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Abstract 
 

This article discusses the main indicators that contribute to the development of an econometric model 
suitable for the refining industry. A model based on the relationship between production results, labour 
resources and capital is modelled. A non-linear function with two factors is obtained: innovative fixed 
assets and investments in non-current assets, which puts the importance of innovation in the business 
process at the forefront. The model was tested for adequacy and statistical significance by replacing 
indicators with different values, which proves its compliance with the requirements and adaptation to 
current trends and tendencies. The analysis allows companies to apply this model to increase the selected 
indicators and increase labour productivity. Also analysed are the macroeconomic indicators that 
characterize the development environment of the oil refining industry. The necessity of using innovations 
at enterprises to increase the efficiency of their activities from the point of view of econometric accounting 
and statistics has been proved. A detailed study was carried out to model the optimal model using the 
production function. The influence of innovation on output is shown due to the specification of classical 
factors of production through the transition from factors of a higher order to less. The transformation of 
econometric research in the direction of modelling the production process is described.   
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1. Introduction 

The success of proving any hypothesis in economics depends entirely on the availability of statistical 

information. The use of a number of official sources helps to identify patterns and main trends for 

theoretical proof of the significance of the developed models. Theory and practice show that there is a huge 

relationship between the result of production, expressed in the company's revenue, the volume of finished 

products or profits, and the elements of the production process: capital (fixed assets and material costs) and 

living labour. Although in recent years, due to the penetration of digital technologies into all spheres, more 

and more economists point to the need to take into account the "labour" of IT objects (automata, robots, 

artificial intelligence, etc.), but until now, the methods of accounting for this factor production is not 

developed. The production function is intended to reflect the relationship between the effect (product) and 

causes (resources) from the quantitative point of view, to the study of which the activity will be directed. 

The creation of a model taking into account the linear growth of the values of independent variables will 

increase the gross revenue of the enterprise, hence the importance and relevance of the development of an 

optimal econometric model, which contributes to the growth of the company's revenue, enhances its 

competitiveness and makes it possible to assess the degree of equipment of the enterprise with innovative 

developments and the scale of investments in innovation. Therefore, economics closely borders on research 

in the field of economics - statistical models, which become the basis for analytics of the current state of 

the company and forecasts for the next few years, taking into account the obvious dynamics of indicators.  

 

2. Problem Statement 

It is believed that the theory of production functions began its development with the work of Douglas 

and Cobb "Theory of production" (1928) (Cobb & Douglas, 1928), where in their article the researchers 

proved the existence of a connection between the output and the cost of resources (labor and capital) of 

industrial enterprises in the United States by constructing a multiple power regression equation. Of course, 

theoretical and empirical work in the direction of modeling the production process has been undertaken 

earlier. So, at the end of the XIX century. Walker (2007) formulated the theory of general economic 

equilibrium, which was mathematically substantiated only in the XX century. Further development of 

mathematics and software has made it possible to significantly expand the range of models related to 

production functions. So, in the future, under the production function, an economic and mathematical model 

is considered that reflects the influence of production factors (resources) on the output of products (goods, 

services) in physical or value terms. From a mathematical point of view, the production function can be 

described by the following relationship: 

𝒚𝒚 =  𝒇𝒇(𝒙𝒙𝟏𝟏,𝒙𝒙𝟐𝟐, …𝒙𝒙𝒎𝒎) 

where: y - output of products in kind or in value form; 

𝒙𝒙𝟏𝟏, 𝒙𝒙𝟐𝟐,… 𝒙𝒙𝒎𝒎 - types of resources used in production. 

In the monograph by Smagina (2018) identifies a number of properties of the class of models related 

to production functions (Figure 1). 
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Figure 1. Properties of production functions  

Source: authors based on (Smagina, 2018). 

 

The revealed properties impose a number of restrictions on the application of production functions 

in the practice of economic analysis, statistics and econometrics, nevertheless, the field of application of 

the type of functions under consideration is significant, over the years of theoretical development and 

practical application, a large number of models have been created and formulated that make it possible to 

describe almost all production options as micro- and macro-level (Antipina, 2019). Table 1 shows the main 

types of production functions most commonly used in economic research. 

 

Table 1. Production functions used in economic research 

Name The essence 

"Leontief " function 

𝒚𝒚 = 𝒎𝒎𝒎𝒎𝒎𝒎�
𝒙𝒙𝟏𝟏
𝒂𝒂𝟏𝟏

,
𝒙𝒙𝟐𝟐
𝒂𝒂𝟐𝟐
� 

where: y - production results; x1, x2 - factors 

of production; a_1, a_2 - model parameters. 

It is used to simulate deterministic 

technological systems, most often automated (robotic). 

"Cobb-Douglas" function 

𝒚𝒚 = 𝒂𝒂𝟎𝟎𝒙𝒙𝟏𝟏
𝒂𝒂𝟏𝟏𝒙𝒙𝟐𝟐

𝒂𝒂𝟐𝟐 

It is used to describe objects with stable 

performance. 

Linear function 

𝒚𝒚 = �𝒂𝒂𝒋𝒋𝒙𝒙𝒋𝒋

𝒎𝒎

𝒋𝒋=𝟏𝟏

 

  

It is used for modeling at the macro level 

(economy as a whole, type of economic activity, 

corporation). Assumes output is dependent on a variety 

of factors. 

Function of CES 

𝒚𝒚 = (𝒂𝒂𝟏𝟏𝒙𝒙𝟏𝟏
𝒂𝒂𝟐𝟐 + 𝒂𝒂𝟑𝟑𝒙𝒙𝟐𝟐

𝒂𝒂𝟑𝟑)𝒂𝒂𝟒𝟒 

It is used when there is no information about 

the level of resource interchangeability. 

Function of LES 

𝒚𝒚 = 𝒙𝒙𝟏𝟏
𝒂𝒂𝟎𝟎(𝒂𝒂𝟏𝟏𝒙𝒙𝟏𝟏 + 𝒂𝒂𝟐𝟐𝒙𝒙𝟐𝟐 )𝒂𝒂𝟑𝟑 

It is used in cases where the substitution of 

resources depends on their proportions. 

Source: authors based on (Kleiner, 2016; Smagina, 2018). 

 

Production is impossible in the absence of at least one resource

Output does not decrease with an increase in the cost of production resources

As the amount of one resource increases with constant amounts of others, the
marginal efficiency (productivity) of this resource does not increase

The production function is characterized by a certain return on the scale of
production
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As shown in Table 1, the Manufacturing Function Family offers a wide range of models that can be 

used to simulate virtually any process under a wide variety of conditions. Kleiner in his monograph 

"Production functions: Theory, methods, application" identifies a number of scenarios for the use of 

production functions:  

⁻ determination of the volume of output at pre-fixed values of the indicators of basic resources; 

⁻ determination of the volume of output in the case of resource values that significantly differ from 

all observed in the past; 

⁻ determination of the volume of output at the values of indicators of resources belonging to a given 

continuous area; 

⁻ determination of the impact on the output of small independent changes in the size of one or more 

resources; 

⁻ determination of the characteristics of the production process, expressed through the parameters 

of the production function (Kleiner, 2016). 

If we turn to the field of application of the considered class of models in economic research, then it 

can be noted that production functions are used everywhere both at the macro level and at the micro level. 

In the first case, the object of study is the country (less often the industry), in the second, a specific enterprise 

(less often a group of similar enterprises). The production function at the lower level is built to assess the 

growth reserve of output, which is achieved through simulation, i.e. setting the modes of independent 

variables (factors of production) at which the maximum volume of output (works, services) is achieved. 

Accordingly, an econometric model in the form of a production function at the macroeconomic level is 

built in order to analyze and predict the efficiency of the functioning of the national economy of the country 

(industry) (Akberdina & Volodin, 2020).  

Turning to the scientific literature on the construction of production functions, there are no clear 

guidelines on the set of variables involved in modeling. Obviously, the choice of one or another indicator 

for building a model depends on the information available, the objectives of the analysis and the scale of 

the studied objects. If such an object is a country (macrolevel), then output is identical to GDP (GNI), and 

resources are human and reproducible capital, and they must be measured in value terms in view of a variety 

of diverse activities (Gilli et al., 2019). 

At the micro level, classical factors are mainly used, these are labor costs in the form of a wages 

fund (wages of workers) and capital, which are reflected in fixed assets, respectively, the output variable is 

the output of products (works, services). The conclusion is that the production functions currently used in 

economic research are rather archaic and include only two factors of production. But the development of 

the economy, widespread digitalization and the transition to the sixth technological order pose the task of 

revising the set of factors and expanding it towards taking into account new trends. If we turn to the micro 

level, which is more valuable for our study, then changes in output volumes under the influence of new 

(innovative) technologies can be tracked by directly analyzing dynamics. In this direction, you can apply: 

an S-curve, a piecewise linear model, or a model with a dummy switch variable. But this approach has a 

drawback, which is the loss of some information when moving from multiple regression to pair regression 

(Sokolov, 2020). The most promising direction in reflecting the influence of innovation on the output of 

products (works, services) is the inclusion of new variables by detailing the classical factors of production 
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through the transition from factors of a higher order to less (decomposition of factors into components) 

(Wiśniewski, 2020). Obviously, in the extractive and refining oil industry, the effect of the introduction of 

innovations can be taken into account by dividing capital into production and innovative fixed assets. Thus, 

it is necessary to take into account the power of the impact of innovation on product output. 

 

3. Research Questions 

During the study, a number of issues were considered, including the study of econometric models. 

It was found out why the assessment of the selected parameters influences the result of the enterprise 

functioning. The question of why enterprises need this econometric model has been resolved. It was decided 

what role innovation plays in development in terms of their inclusion in the model. It is found out what are 

the limitations in modelling the model taking into account the peculiarities of the production function and 

statistical parameters. The answer is given why innovative fixed assets and investments in non-current 

assets lead to an increase in the company's revenue. It is found out why it is necessary to make an adjustment 

for the producer price indices of manufacturing industries. It is shown what is the interpretation of the 

results obtained and their use in practice, that is, the issue of the relevance and applicability of the study is 

resolved. 

 

4. Purpose of the Study 

The aim of the study is to create an econometric model from the point of view of the influence of 

production factors (including innovations) on the result of the functioning of the analysed enterprise, taking 

into account the assessment of the available parameters. The goal also includes the study of a refinery using 

innovative developments in its activities. The goal is not to integrate the innovative technologies themselves 

into the process, but only includes their imposition on an economic model, in which innovation and 

information technology are reflected using variables. The goal also includes the formulation of a non-linear 

function with two factors: innovative fixed assets and investments in non-current assets, which lead to 

revenue growth. The goal is also to prove that the innovation component and investment leads to a positive 

result, i.e. growth of gross revenue of the enterprise. The goal also lies in proving the practical importance 

of using econometric methods in analysing the economic potential of a company and increasing its 

competitiveness in the market. The goal is also driven by evidence that an increase in innovative fixed 

assets by at least 1% leads to an increase in the average gross revenue of an enterprise by 0.463%. 

 
5. Research Methods 

Official sources were used in the study. Information on macroeconomic processes and phenomena 

that influence the emergence of innovations in the extractive and manufacturing industries (including in the 

oil and gas industry) were selected from the official statistical publications published by the Federal State 

Statistics Service of the Russian Federation (Federal State Statistic Service, 2020). In particular, 

information from the collection Indicators of innovation in the Russian Federation was used. Additional 

information characterizing the role and place of Russia in the world oil and gas market was taken from the 

Indicators of innovation in the Russian Federation (Ditkovsky et al., 2018). The indicators given in these 
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publications made it possible to analyze the factors that shape innovation, both in dynamics and in structure. 

Analytical data collection was carried out. The selection of the necessary information allowed us to model 

forecasts for the next year in the innovative potential of the company.  

Also, to assess the effectiveness of the introduction of innovations at the micro level, we used 

information from the internal reporting of JSC Antipinsky Oil Refinery for a number of years, which made 

it possible to evaluate the parameters of the econometric model of the influence of production factors 

(including innovations) on the result of the functioning of the analyzed enterprise (Antipinsky Refinery, 

2020). 

   

6. Findings 

Russia, possessing significant reserves of natural resources, has been holding leading positions in 

the world oil market for many years, so at the end of 2019 the volume of production was 554.3 million tons, 

or 12.4% of the total production. But it is worth pointing out the significant competition in this market, and 

a sharp increase in production in the United States, in connection with which Russia has been ranked second 

in the ranking for several years. Strengthening competition and a number of other macroeconomic factors 

pose the task of finding a solution to the problem; one of the ways out of this situation is the widespread 

introduction of innovations and new technologies at oil enterprises. The proposed approach has been 

adapted to JSC Antipinsky Oil Refinery, which is a typical manufacturing enterprise, in particular, the 

enterprise in question is engaged in oil refining and obtaining various types of products and actively uses 

innovative developments in its activities. The basis of economic analysis will be a qualitative and 

quantitative study of the influence of factors on generalizing economic indicators, the whole process of 

which can be presented in the form of three stages, shown in Figure 2. 

 

 
Figure 2. Stages of building a mathematical-statistical (econometric) model  

Source: authors. 

 

The chain of the above actions was adapted based on the data of Antipinsky Oil Refinery JSC. 

1. When creating a system of indicators reflecting the dependence of the output of a refinery, we 

will be guided by the theoretical calculations given above. 

It is worth noting that the list of indicators that will be used in the analysis largely depends on the 

available open data, thus, we use gross revenue (Y) as a dependent variable, the list of independent variables 

is as follows: production fixed assets (X1); innovative fixed assets (X2); personnel costs (X3); investments 

in non-current assets (X4). Since the cited variables are cost variables, which means they are subject to the 

influence of inflation, before proceeding with the construction of a regression model, it is necessary to 

adjust for the producer price indices of manufacturing industries (December in percent to December of the 

previous year). Four indicators have an upward trend, investments in non-current assets are growing until 

2013, and then the growth rate slowed down, which can be associated with the consequences of the 2014 

1 
st

ag
e formation of a system of 

indicators

2 
st

ag
e estimation of parameters 

of an econometric model

3 
st

ag
e simulation modeling
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crisis, which had a strong negative impact on the oil and gas industry in Russia. To reflect the relationship 

between the indicators characterizing the production process, it is possible to use a wide range of production 

functions, so the calculation will be based on a multiple power function. 

Thus, the parameters are estimated using the following regression equation: 

𝒀𝒀′ = 𝒂𝒂𝟎𝟎𝑿𝑿𝟏𝟏
𝒂𝒂𝟏𝟏𝑿𝑿𝟐𝟐𝒂𝒂𝟐𝟐𝑿𝑿𝟑𝟑𝒂𝒂𝟑𝟑𝑿𝑿𝟒𝟒𝒂𝒂𝟒𝟒 

Since this is a nonlinear dependence, we cannot directly apply the least squares method to this 

equation, the variables must first be linearized, namely, take the logarithms on the right and left sides of the 

equation. 

3. The simplest, and accordingly the most frequently used, method for estimating the parameters of 

the regression equation is the least squares method, the application of this algorithm to the available data 

using a step-by-step construction method leads us to the following econometric model: 

𝑳𝑳𝑳𝑳 𝒀𝒀’ =  𝟏𝟏,𝟗𝟗𝟐𝟐𝟐𝟐 +  𝟎𝟎,𝟒𝟒𝟒𝟒𝟑𝟑⋅𝑳𝑳𝑳𝑳 𝑿𝑿𝟐𝟐 +  𝟎𝟎,𝟕𝟕𝟕𝟕𝟗𝟗⋅𝑳𝑳𝑳𝑳 𝑿𝑿𝟒𝟒 

This model can be written in a more familiar form, but having previously carried out the procedure 

for potentiating the parameter 𝒂𝒂𝟎𝟎.  

𝒀𝒀′ = 𝟒𝟒,𝟖𝟖𝟑𝟑𝟕𝟕 ∙ 𝑿𝑿𝟐𝟐𝟎𝟎,𝟒𝟒𝟒𝟒𝟑𝟑 ∙ 𝑿𝑿𝟒𝟒𝟎𝟎,𝟕𝟕𝟕𝟕𝟗𝟗 

It should be noted that variables X1 and X3 were not included in the equation due to their statistical 

insignificance. 

The resulting model is characterized by the following values of the Student's t-statistics: 

𝒕𝒕(𝒂𝒂𝟎𝟎)=2,624, 𝒕𝒕(𝒂𝒂𝟐𝟐)=5,570, 𝒕𝒕(𝒂𝒂𝟒𝟒)=2,843. In this case, the tabular value at α=0,05 and df = 10 is 2.228. 

Hence, we draw a conclusion about the statistical significance of the parameters of the estimated regression 

equation. The empirical value of Fisher's F-statistic is 122.79, comparing it with the table value equal to 

4.103 (α= 0.05, df1 = 2, df2 = 10), we come to the conclusion that the whole regression equation is 

statistically significant. The value of the multiple coefficients of determination equal to 0.961 indicates a 

high degree of adequacy of the constructed equation by the actual value of the dependent variable, since 

only 3.9% of fluctuations in gross revenue are not described by the variables included in the equation. The 

surface reflecting the dependence of production results on factors is shown in Figure 3.  

 

 
Figure 3. Dependence of gross revenue of the enterprise on innovation and investment in 

production 
Source: authors in STATISTICA package. 
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The interpretation of the obtained parameters of the regression equation is as follows: 

First, the growth of innovative fixed assets (X2) by 1% leads to an increase in the average gross 

revenue of the enterprise by 0.463%, with the remaining factors unchanged. Secondly, an increase in 

investment in non-current assets (X4) by 1% leads to a change in the dependent variable by 0.759%. Third, 

since the regression parameters are comparable with each other (expressed as a percentage), it can be argued 

that investments have a greater impact on gross revenue than innovation (0.759> 0.463). Fourth, the sum 

of the two regression coefficients is greater than one (0.463 + 0.759> 1), indicating an increasing return to 

scale, i.e. an increase in resource costs leads to an even greater increase in the result (Table 2). 

 

Table 2. The result of forecasting the gross revenue of the enterprise for the period 2020 -2022 

Indicators Model Year Point 
forecast 

Confidence limit 

bottom upper 

Innovative fixed 
assets 

𝑌𝑌′ = 6,835 ∙ 𝑋𝑋20,463 ∙ 𝑋𝑋40,759  2020 8,614 6,033 11,195 
2021 9,455 6,583 12,326 
2022 10,296 7,126 13,465 

Investments in non-
current assets 

𝑋𝑋2’ =  −3,156 +  0,841 ∙ 𝑡𝑡  2020 28,115 23,223 33,008 

2021 29,866 24,422 35,310 

2022 31,617 25,609 37,625 

Gross proceeds 𝑋𝑋4’ =  3,603 +  1,751 ∙ 𝑡𝑡  2020 232,640 170,178 318,028 
2021 254,498 184,418 351,209 
2022 276,412 198,321 385,252 

Source: authors. 

 

The simulation results show that, taking into account the linear growth of the values of the 

independent variables, and provided that this trend persists, in the forecast period 2020 - 2022. In practice, 

an increase in the company's gross revenue will be observed. 

 

7. Conclusion 

Consideration of the class of production functions has shown a sufficiently developed theoretical 

basis, which makes it possible to choose a model to describe almost any production, both at the macro- and 

microeconomic level. It was also found that, depending on the goals of modeling and the level of the 

analyzed system, the set of variables involved in the model is different, but at the same time they reflect the 

relationship between one explained variable characterizing the result of production and two factors that 

reflect human resources and capital. This set of factors does not allow reflecting new trends in the economy, 

such as digitalization and the transition to a new technological order. In this regard, in addition to the 

classical factors in the analysis, we used variables reflecting innovation and investment. As a result of 

evaluating the parameters of the production function, we obtained a nonlinear function with two factors: 

innovative fixed assets and investments in non-current assets. According to the coefficients of the model, 

the first factor leads to an increase in the company's gross revenue by 0.463%, and the second by 0.759%. 

The sum of the coefficients indicates an increasing return to scale, which means that the result grows faster 
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than the cost of resources. We consider the obtained results of econometric modeling to be logical and in 

line with modern trends in the Russian economy. Testing the model for adequacy and statistical significance 

showed that it meets all the requirements, as a result, the gross revenue levels were predicted under the 

influence of changes in factors, which indicates further growth of the dependent variable in the period 2020-

2022. Simulation modeling was also carried out, for this, the values of independent variables were 

alternately substituted into the model, starting from the minimum and ending with the maximum. The 

received responses of the explained variable also show an increase with increasing values of the explanatory 

variables. Thus, an increase in the innovation component and investment leads to a positive result, i.e. 

growth of gross revenue of the enterprise. 
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