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Abstract — To digitalize the process of managing the 

technological modernization of production enterprises, it is 

important to formulate target indicators and set their achievable 

values, as well as an algorithm for achieving them. 

 It is proposed to solve these problems using the methodology of 

a new type of economic analysis: investment and innovation, the 

basis of which is the calculation and analysis of the values of the 

coefficient of the production processability level and the matrix 

of possible directions of technological development of production 

enterprises and the corresponding values of indicators of 

resource efficiency-material and capital productivity.  The 

developing of actions algorithm is determined by the sequence of 

steps in obtaining answers to four basic questions: whether or 

not technological upgrade of production is needed; what to do - 

to improve existing technology or to introduce a new one; when 

to introduce a new technology; whether its introduction into 

production will ensure the financial stability of the enterprise. 
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I. INTRODUCTION 

 It is obvious that the future development of the world 

economy, including the Russian economy, will be associated 

with its gradual digitalization, with the most important section 

being the digitalization of economic development 

management. However, first of all, it is important to develop 

an appropriate algorithm of actions, that is, an algorithmization 

of the management process. In this case, firstly, the most 

important task in ensuring the effectiveness of management is 

the goal-setting, that is, setting development goals for a certain 

period of time in the form of values of the corresponding target 

indicators. Unfortunately, as we noted in [1], in the field of 

technological development so far, both in theory and in 

practice, this problem has not been solved at all levels of the 

hierarchy of economic systems management: macro, meso and 

micro levels. Accordingly, there is no theoretical and 

methodological approach to such goal-setting that is uniform 

for all levels; therefore, each production enterprise will have to 

solve this problem in its own way, that is, based on its own 

ideas about the development prospects. 

Secondly, the development of actions algorithm for 

managing economic development should be based on some 

methodological base, which, in turn, depends on the type of 

target orientation of the economic systems development. At 

present, and in the near future, the development of production 

enterprises will be based on the Industry 4.0 conception 

implementation, which for Russian enterprises means 

primarily technological modernization of production with its 

transition to the sixth technological paradigm, that is, the 

technological innovations introduction. However, it is obvious 

that these innovations should increase the economic efficiency 

of production and allow to reduce the material intensity of 

production, including to reduce emissions of polluting waste 

into the environment. Moreover, they should substantially 

improve labor productivity in Russia, the level of which is 

much lower than in developed countries. Thus, technological 

update of production enterprises should lead to an increase in 

the resource efficiency of production, but how to ensure this in 

the process of development management? Accordingly, the 

goal of the study is to disclose a methodological approach 

determining the analytical relationship between the 

technological and economic aspects of the production 

enterprises development, and formation of target indicators on 

this basis with the algorithm development for enterprises of 

production technological update to achieve the corresponding 

target values of these indicators. 

II. RESEARCH METHODOLOGY 

Since last century, in Russia, an analysis of economic 

activity has been actively used to analyze the effectiveness of 

production systems [2]. Over the past decades, the 

methodology of this analysis has not changed much [3]. Its 

common drawback is that the used methods do not allow a 

systematic assessment of the impact on the production activity 

efficiency by changing the technology used, that is, improving 

the existing technology or using a new one, since the 

effectiveness of resources used in production is estimated 

separately for their main types of material resources, labor 

resources and fixed assets in the form of indicators of material 

productivity, labor productivity and capital productivity. 

However, apparently, it is impossible to significantly increase 

labor productivity and reduce the material intensity of 

production, that is, increase its material output without 

introduction of technological innovations and raising the level 

of capital productivity. Resource efficiency indicators are 

interconnected, therefore, a change in the value of one of them 

affects the change in the values of the other two, which cannot 

be reflected by current practices and methods used in them. 

This aspect is very important in predicting the production 
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systems efficiency and, above all, in substantiating the 

prospects for their technological modernization. 

The idea of expanding its types (directions) depending on 

the analysis subject is being actively promoted in the scientific 

literature on economic analysis [4]. It is believed that the main 

task of economic analysis is to identify reserves in the use of 

production resources throughout the life cycle of organizations 

[5]. Accordingly, to solve it, it is proposed to develop a 

methodology for factor-driven economic analysis [6,7], which, 

in our opinion, is completely fair, but a change in methodology 

should involve not only a change in the subject of analysis, but 

also its methods. Unfortunately, in such an analysis 

methodology presented to the scientific community, the 

relationship between the efficiency of using different types of 

production resources noted above is not considered in any way. 

Moreover, the assessment of impact on the efficiency of 

production resources use, changes in production technology 

over the life cycle of production organizations is not 

considered. In addition, the methodology used to evaluate the 

effectiveness of investment projects used abroad and in Russia 

[8, 9], including when substantiating the introduction of 

technological innovations, determines the economic feasibility 

of their implementation, regardless of the level of resource 

productivity at a particular enterprise, which may reduce, and 

not increase the future profitability of its activities. 

In recent years, the concept of business analysis has been 

actively developing in Russia and abroad in the field of 

economic analysis [10, 11]. However, its use to assess the 

impact of technological innovations on the efficiency of 

production resources use is almost impossible, since, firstly, 

the relationship between the indicators of resource productivity 

(material productivity, capital productivity and labor 

productivity) is not defined. Secondly, it is not proposed to use 

one or several interrelated indicators as targets for analyzing 

the attainability of their values when changing production 

technology [12-14]. As a result, many indicators are used to 

assess the effectiveness of using innovations at enterprises both 

in Russia and abroad, that are not interconnected, and 

sometimes contradict each other [15]. So according to the data 

mentioned in the study of German scientists [16], for the 

period of 1980-2015, foreign organizations used 82 indicators 

for these purposes abroad. Accordingly, this situation does not 

allow us to consider various options and strategies for 

technological upgrade of production enterprises in the future 

and optimize their use of limited production resources, which 

is one of the most important tasks that industrial business 

analytics is designed to solve [17]. 

There is a functional relationship between the technological 

and economic aspects of the production systems development, 

that is, a change in production technology (improving an 

existing one or introducing a new one) has a direct impact on 

the change in material intensity and capital intensity of 

production, and hence labor productivity. In our opinion, such 

a relationship reflects the proportionality coefficient, 

calculated as the ratio of capital intensity to material intensity 

or as the ratio of material productivity to capital productivity 

[18]. Fundamentally, it corresponds to the “knowledge and 

skills” indicator proposed in the 80s of the last century by 

academician V.A. Trapeznikov to reflect the impact of 

scientific and technological progress on production systems 

[19].  

We have shown that a change in the value of this 

coefficient in one direction or another depends on the degree of 

fixed assets renewal and thus determines the level of economic 

efficiency of the resources used by production enterprises - 

material, labor and physical capital in the form of fixed assets 

through indicators of material intensity or material 

productivity, capital intensity or capital productivity and labor 

productivity. Accordingly, we named this coefficient as the 

coefficient of production processability level (k).  

Based on the analysis of dynamics of the main economic 

indicators of the development of the North regions and leading 

enterprises, we have developed a matrix of possible directions 

and options for development directions depending on the 

effectiveness of the economic resources used. It identifies four 

possible directions and two options in two directions. Their 

interconnection allowed us to develop a graphic model of the 

life cycle of the enterprises technological development, which 

includes six stages that reflect possible directions and options 

for development directions [20]. At the same time, the increase 

of coefficient of production processability level is ensured only 

at three interconnected stages, however, a simultaneous 

increase in the efficiency of all three the above types of 

economic resources is possible only at one these stages. It 

corresponds to the first variant of the enterprise development 

direction, which we named an innovative and effective 

direction. With the enterprise transition to the second 

development option in this direction (the next stage), the value 

of coefficient of technological development level begins to 

decrease, which is a sign of efficiency decrease of the 

production technology used 

III. RESULTS OF THE RESEARCH 

Thus, the life cycle of technological development in 

relation to a particular enterprise allows to determine the stage 

of its development in an appropriate period of time and to 

formulate ideas about its possible future development on this 

basis. As a result, it becomes possible to form a new type of 

economic analysis: investment and innovation. At the same 

time, the main analyzed indicator is the coefficient of 

technological development level, since its value determines the 

level of technological updating of production and therefore it 

can be a target guideline for the enterprise development. 

However, it must be borne in mind that the value of this 

coefficient can be high at relatively low values of material and 

capital productivity, which is typical for most Russian 

production enterprises, therefore, the level of production 

material intensity should be the second target indicator. 

To develop an algorithm for controlling the process of 

technological updating of production enterprises, it is 

necessary to find answers to four basic questions. Firstly, it is 

important to determine the need for technological updating of 

production, since generally, an enterprise can be new and 

working using modern technology. 

 Then the production modernization is premature. Secondly, if 

such modernization is necessary, the answer to the “what to 

do?” question is very important. DO we have to improve the 

existing production technology or introduce a new one? 
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Thirdly, when introducing a new technology, it is necessary to 

calculate the required amount of investment and determine the 

implementation timelines. Fourthly, it will be important to 

determine the real sources of investment and the future level of 

financial stability of the enterprise. 

IV. DISCUSSION OF RESULTS 

To answer the first question, we have to analyze the 

dynamics of the values of production processability level 

coefficient, material productivity and capital productivity for 

several years in a retrospective period (at least three years) 

with the calculation of the number and option for the direction 

of enterprise technological development, and then compare the 

values of the coefficient of technological development and 

material productivity for the last year of enterprise's activity 

with the same indicators of the best enterprises in the relevant 

industry. 

 

 If the enterprise is the best in the industry or the deviation 

from the values of the best enterprises is insignificant (5-10%) 

and it develops in the best direction and development option, 

when the coefficient of technological development level, 

material productivity and capital productivity increase at the 

same time, then it is obvious that there is no need in 

technological update of the enterprise.  

Otherwise, to answer the “what to do?” question, one has to 

consider three possible situations and the corresponding 

options for the enterprise’s actions based on the stage of 

technological development in accordance with the life cycle 

model of technological development.  

In the first situation, the enterprise may be the best in the 

industry or among the best, but if the material productivity in 

the last year of activity already begins to decrease, then a 

transition to a new technology is necessary, since all the 

possibilities for improving the technology have already been 

exhausted. However, if material productivity continues to 

increase, then it is necessary to support the improvement of 

existing technology. In the second situation, the enterprise is 

not among the best, but the dynamics of its development shows 

an increase in the values of the technological development 

level coefficient and material productivity, therefore, this trend 

must be maintained by improving the technology. In the third 

and worst situation, the enterprise has a dynamic decrease in 

the coefficient of technological development level and the rate 

of material productivity, therefore, the urgent need to solve the 

issue of introducing a new production technology. 

To find the answer to the third question, the enterprise first 

needs to determine the values of the target indicators, the 

coefficient of production processability level and material 

productivity, that are desirable to achieve in a certain period of 

time. Accordingly, the target value of the capital productivity 

target value is determined, and then based on the estimated 

volume of products sales and the necessary increase in the 

volume of fixed assets, the required volume of investment in 

fixed assets is calculated. It should be borne in mind that until 

the new technology is introduced, the enterprise will reduce 

material productivity, that is, the material intensity of products 

will increase, which means that the cost of sales will increase 

(other things equal) and the profit of the enterprise will 

decrease. Therefore, when determining the time period for 

introducing a new technology, this factor must also be taken 

into account, that is, the total annual loss of profit must be 

added to the required volume of investment in fixed assets 

taking into account the time factor. 

The answer to the last, fourth question allows to determine 

the real attainability of the initially set values of the two target 

indicators, that is, the coefficient of technological development 

level and material productivity, so when introducing new 

technology, the enterprise should not violate its financial 

stability. Accordingly, if as a result of an investment project 

implementation with borrowed capital, the value of the 

financial leverage coefficient of the enterprise will exceed one, 

then it is obvious that the set values of the two target indicators 

will be unattainable and will have to be adjusted downwards. 

V.  CONCLUSIONS (INFERENCE) 

1. To digitalize the process of managing technological 

upgrade of production at enterprises, it is necessary to 

formulate target indicators and set their achievable values, as 

well as subsequent algorithmization of the control process. 

2. The development of an action algorithm requires an 

answer to four basic questions that can only be obtained using 

the methodology of a new type of economic analysis: 

investment and innovation. 

3. The sequence of actions is shown when answering the 

questions posed, on the basis of which the corresponding 

algorithm is formed. 
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