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Abstract: - The study aims to develop theoretical and methodological provisions for the digitalization of the 
collection and analysis of industry financial indicators. The relevance of the chosen topic is confirmed by the 
emergence of open access to the financial statements of industrial enterprises during the period of digital 
transformation. The process of collecting and analyzing industry financial information causes certain problems 
since there are no methods for determining industry average financial indicators. The study used a system and 
comparative analysis, methods of economic and financial analysis of the industrial enterprises` financial 
information, and methods of statistical assessment of the main parameters of the sample with a lognormal 
distribution. The main attention is paid to the application of multivariate statistical analysis, the use of the 
model of lognormal distributions, recommended for distributions with pronounced right-sided asymmetry. 
During the study, the authors proposed the stages of analysis of the determination of sectoral financial 
indicators and tested the hypothesis about the lognormal distribution of the marginal distributions of the main 
financial indicators of the sample. The paper implements a test of the hypothesis about the jointly normal 
distribution of the multifactorial vector of the financial indicators of the sample. Distributions with a 
pronounced right-sided asymmetry are constructed and an algorithm for testing the hypothesis of the joint 
normality of a nine-dimensional vector is presented. The median and modal values of the industrial average 
financial indicators are obtained. In the paper, it is demonstrated that the orientation towards the generally 
established recommended values of the coverage indicators, financial leverage, immobilization, profitability, 
and turnover seems to be incorrect due to the specific features of the enterprises’ activities. It is recommended 
to calculate the most probable industry average financial ratios by groups depending on the size of the 
enterprise (revenue or capitalization). 
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1  Introduction 
In the period of overall digital transformation, the 
analysis of financial and economic activities is 
necessary for participants in the digitalization 
process for control and management decision-
making. Sectoral financial indicators are used by 
analysts and appraisers in the comparative analysis 
of the financial ratios of the analyzed enterprise with 
the average industry ones, in the selection of analog 

objects in the business assessment, in identifying the 
strengths and weaknesses of the economic entity, in 
building the enterprise development strategy. The 
relevance of the chosen topic is confirmed by the 
emergence of open access to the financial 
statements of industrial enterprises during the period 
of digital transformation. An important advantage of 
digital technologies is financial data processing 
capability, [1], [2], [3]. Nevertheless, the process of 
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digital collection and analysis of industry financial 
information causes certain problems, since there are 
no methods for determining industry average 
financial indicators based on the data obtained. 

Theoretical and practical aspects are reviewed in 
the following directions.  

1. The normative values of the financial stability 
ratios are considered in the works, [4], [5], [6], [7].  

2. It should be noted that when analyzing 
financial statements, various researchers mainly 
consider not individual companies, but groups of 
companies in the same industry, selected according 
to some characteristic, [8]. Sectoral financial ratios 
were investigated [9], including research for the 
energy industry [10], on the example of the oil and 
gas sector [11], on the example of small and 
medium-sized businesses of the regions [12], on the 
example of assessing the potential of the Yamal 
region of Russia [13], on the example of assessing 
the level of industrial development based on fuzzy-
multiple methods [14], [15], on the example of the 
analysis of the financial condition of enterprises by 
type of economic activity [16], [17], [18], [19], on 
the example of enterprises in Nigeria and Georgia, 
industry benchmarking reference book for US 
companies, [20]. 

3. Integral indicators of the financial condition of 
the enterprise by industries are considered in [21] 
(enterprises are divided into groups of growth, 
maturity, and recession according to the financial 
condition), [12] on the example of evaluation of the 
financial state of the region’s metallurgical 
enterprises. In [22] propose to use industry ratios 
(multipliers) in a comparative approach. Authors 
evaluate in their research [23] the financial state of 
steel companies in Egypt using a multi-criteria 
decision-making model. 

We consider it necessary to note that the above 
studies have an applied and fragmentary nature and 
do not disclose the general algorithm for assessing 
the sectoral financial indicators of enterprises. 
It should also be noted that the discrepancy in the 
reported financial data exists due to the differences 
in accounting methods and the reporting standard 
(according to either the Russian accounting system, 
the system of International Financial Reporting 
Standards, or US GAAP). CBR Regulation  
No. 714-P dated March 27, 2020, “On Disclosure of 
Information by Securities Issuers” came into force 
in October 2021 for securities issues in Russia. 

The aim of the study is to develop theoretical and 
methodological provisions for the digitalization of 
the collection and analysis of industry financial 
indicators. 

 

The research objectives are: 
– describe the stages of the analysis for 

determining industry average indicators; 
– describe the process and test the hypothesis 

about the lognormal distribution of the marginal 
distributions of the main financial indicators of the 
sample; 

– describe the process and test the hypothesis 
about the jointly normal distribution of the 
multifactorial random vector of the sample’s 
financial indicators; 

– obtain the most probable values of indicators of 
financial analysis for the oil and gas industry. 

The theoretical significance of the work is the 
algorithm for calculating industry indicators of 
financial analysis proposed by the authors, which 
differs in obtaining modal values based on the 
analysis of the multidimensional lognormal 
distribution of the vector of the sample’s financial 
indicators. 

Practical significance. The methodological 
recommendations given by the authors are of a 
practical nature and are applicable to assessing the 
main financial indicators in dynamics for all sectors 
of the national economy. 

  
 

2  Materials and Methods 
 
2.1  Research Methodology 
The study was carried out on the example of 
enterprises in the oil and gas industry based on the 
methods of systemic and comparative analysis, 
statistical methods, and methods of economic and 
financial analysis. 

Preliminary selection of digital systems for 
disclosing the financial information of enterprises 
by industry is carried out according to such factors 
as the completeness of data, the possibility of free 
access, etc. 

The object of the research is the data of financial 
(accounting) statements (balance sheet and report of 
financial results) of enterprises in the oil and gas 
industry, which are made publicly available at [24]. 

The subject of the research is the sectoral 
indicators of financial analysis. 

The analysis of the selected data of the financial 
statements of the enterprises of the industry is 
carried out according to the algorithm proposed for 
research purposes. The main stages of the analysis 
of the definition of industry financial indicators are 
shown in Figure 1. 
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Fig. 1: The main stages of determining industry 
indicators of financial analysis.  
 
2.2 Knowledge of the Problem 
The algorithm for analyzing the financial and 
economic activities of the organization, given in 
[25], is reduced to the calculation of financial ratios 
for the analyzed company and their subsequent 
comparison with the values recommended in [25]. 
At the same time, many authors [6], [7], [18], [26], 
[27], [28] note that sectoral financial ratios can 
differ significantly from the recommended ones, 
therefore, in a comparative analysis, it is better to 
use sectoral indicators. 

In the public domain on the TestFirm portal 
[29], created by the auditing firm “Avdeev and Со” 
based on data from 2.3 million enterprises of the 
Russian Federation, key financial indicators for 96 
types of activities are given. Sectoral financial ratios 
are derived for the main areas of financial analysis: 
financial stability, solvency, profitability, and 
turnover. The authors of the portal recommend 
using median values, but it is possible to derive 
arithmetic mean values in dynamics since 2012. The 
information on the TestFirm portal [29] is up-to-
date, free, and convenient for comparative analysis. 
But, since the initial data and the algorithm for 
deriving the key financial indicators of enterprises 
by type of activity are not presented, the confidence 
in the derived industry indicators is sharply reduced. 

 
 

3  Results 
Further, the stages of performing the analysis of 
financial data are considered in detail. 

Stage 1. Preliminary analysis of the sample 
For the analysis, only break-even companies 

with positive net profit and net total capital were 
selected for analysis from the one sector of 
the national economy. The sample size was 185 
companies. For all sample enterprises, the most 
popular financial ratios for business valuation were 
calculated using the data of accounting statements 

(balance sheet and income statement) for 2016 from 
the website, [6], [24]:  

– Current ratio (Current assets / Current 
liabilities); 

– Debt-to-equity ratio, or Financial leverage 
(Total debt /Common equity); 

– Immobilization ratio (Current assets / Fixed 
assets); 

– Return on equity (Net income / Common 
equity); 

– Receivables turnover (365 × Accounts 
receivables / Sales revenue), days; 

– Accounts payable turnover (365 × Accounts 
payable / Cost of sales), days; 

– Inventory turnover (365 × Inventory / Cost of 
sales), days; 

– Manoeuvrability coefficient (Own working 
capital / Common equity). 

The distribution of enterprises by revenue was 
constructed (Figure 2). 

The obtained distributions for the main indicators 
have a pronounced right-sided asymmetry. Testing 
the hypothesis about the lognormal distribution of 
the marginal distributions contributes to the further 
estimation of the parameters by the logarithms of 
the indicators. 

 
Fig. 2: Distribution of enterprises by revenue 
(sample size 185 enterprises) 

 
Stage 2. Testing the hypothesis of the lognormal 

distribution of marginal distributions 

We will test the hypothesis about the lognormal 
distribution of revenue and the main financial 
indicators using the Kolmogorov-Smirnov test. 
When testing, we will calculate the probability,  
p-value, with which the numerical series, composed 
of the logarithms of the initial data, satisfies the 
normal distribution law. The hypothesis about the 
agreement of the distribution of the variable with the 
normal law is accepted if the p-value is higher than 
the significance level of 0.05. 

Table 1 below summarizes the p-value 
probabilities for similar testing of the remaining 
components. For the manoeuvrability coefficient, 
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because it has negative values, we introduce an 
artificial variable: 

𝑋̅ = −𝑥̅ + 1.01,  (1) 
where 𝑥̅ is the vector of empirical observations of 
the manoeuvrability coefficient. 
 
Table 1. Results of the p-value for the logarithm of 

the indicators 
№ Indicator P-value 
1 Sales revenue 0.711 
2 Current ratio 0.204 
3 Debt-to-equity ratio 0.197 
4 Immobilization ratio 0.061 
5 Return on equity 0.647 
6 Receivables’ turnover 0.633 
7 Accounts payable turnover 0.455 
8 Inventory turnover 0.062 
9 Manoeuvrability coefficient 0.069 

 
Thus, in the study of marginal distributions, it 

was shown that all of them with varying degrees of 
“quality”, but at a significance level of 95 %, can be 
approximated by a model of lognormal density. 
Therefore, the hypothesis of a lognormal 
distribution of all indicators in Table 1 is not 
rejected and remains a working hypothesis. 

Recall that the mathematical expectation (mean) 
of a sample with a lognormal distribution is 
determined by the formula: 

𝑒𝜇+𝜎2/2 ,   (2) 
the median of the lognormal density is calculated 
using the formula: 

𝑒𝜇,    (3) 
and the mode is calculated using the formula: 

𝑒𝜇−𝜎2.    (4) 
where e is the base of the natural logarithm, a 

mathematical constant; µ is the mathematical 
expectation of the logarithms of the indicator;  is 
the mean square (standard) deviation of the 
logarithms of the indicator from their mean. Details 
of the features of estimating the parameters of a 
sample with a lognormal distribution are considered 
in [14], [22]. 

In Table 2, we give a comparative analysis of 
the main parameters for assessing the indicators of 
the sample with a lognormal distribution of different 
volumes and give the values of the main financial 
indicators according to the TestFirm portal, [29]. 

Table 2 shows how many times the mean values 
and the median can differ from the mode if 
anomalous values are retained in the sample, leading 
to high standard deviations. The result of the 
assessment will be unstable until anomalous values 
are removed from the sample. It is recommended to 
remove brightly distinguished values from the 

sample by technicians known in statistics to remove 
outliers. Such values are always located at a 
considerable distance from the centre of scattering, 
excluding them. We significantly reduce the 
“spread” and make the estimates more stable. 
 

Table 2. The results of calculating the main 
parameters for a sample of indicators 

Indicator 
Estimated values for 

a sample of 185  
Estimated values for 

a sample of 138  
The values of 

TestFirm 
mean median mode mean median mode mean median 

Current 
ratio 2.72 1.55 0.50 2.59 1.67 0.69 2.25 1.08 

Debt-to-
equity 
ratio 

25.93 1.80 0.01 2.07 0.82 0.13 0.04 1.92 

Immobili
zation 
ratio 

7.35 0.98 0.02 3.84 1.30 0.15 0.85 0.64 

Return on 
equity 0.72 0.23 0.02 0.54 0.19 0.02 0.28 0.15 

Receivabl
es’ 
turnover 

318 91 8 114 68 25 371 74 

Accounts 
payable 
turnover 

465 140 13 153 113 62 n / a n / a 

Inventory 
turnover 146 28 1 44 21 5 111 14 

Manoeuvr
ability 
coefficien
t 

-4.05 -0.67 -0.02 -1.20 -0.39 -0.04 -7.19 0 

 
After removing outliers by technical methods, 

138 enterprises remained in the sample, the results 
of the main parameters for the sample are shown in 
Table 2. 

Since model lognormal densities can be selected 
for all indicators, the next step in the study is to test 
the hypothesis of jointly normal distribution of the 
components, [30], [31]. 

Stage 3. Corroborating the hypothesis of the 

jointly normal distribution of the logarithms of the 

components of the financial indicators’ vector 
We combined the data on sales revenue and 

calculated indicators into one array by entering the 
following designations: 𝑋0 – sales revenue, in 
billion rubles per year, 𝑋1 – current ratio, 𝑋2 – debt-
to-equity ratio, 𝑋3 – immobilization ratio, 𝑋4 – 
return on equity, 𝑋5 – receivables’ turnover, 𝑋6 – 
accounts payable turnover, 𝑋7 – inventory turnover, 
and 𝑋8 – an artificial variable 𝑋̅ = −𝑥̅ + 1.01 of 
the manoeuvrability coefficient. 

The hypothesis of the joint normality of the 
logarithms of the variables 𝑋0, …, X8 is the 
hypothesis of the joint normality of a 9-dimensional 
random vector. 
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The following theorem is known: the joint 
distribution of the components of a random vector 
(𝑌1,…, 𝑌𝑛) is normal if and only if any linear 
combination of these components с0𝑌1 + ... + с𝑛𝑌𝑛 
has a normal distribution. Since applying library 
tests and removing outliers for a 9-dimensional 
vector presents some technical difficulties we use 
the following technique (implemented in the R 
statistical package): 

– using the library function runif (9, 0, 1), the 
coefficients с0,…,с8 are randomly generated. The 
generation results are normalized to ∑ с𝑖

8
𝑖=0 ; 

– a linear combination of (с0 𝑙𝑛 (𝑍0) + ... +с8 ln 
(𝑍8)) / ∑ с𝑖

8
𝑖=0  checked for normality by 

Kolmogorov-Smirnov test. The result of the test p-

value is recorded in the element of the array. (Here 
𝑍0, …, 𝑍8 are centred and normalized logarithms of 
variables 𝑋0, …, 𝑋8 empirical observations; 𝑍𝑖 =

(𝑋𝑖 − 𝑋𝑖̅)/√𝐷𝑖̅ where 𝑋𝑖̅ is a selective average of 
the i-th variable, 𝐷𝑖̅ is its sample variance, and 
i = 0, …, 8). 

Figure 3 shows the result of 100,000 repetitions 
of the Kolmogorov-Smirnov test for linear 
combinations with randomly generated weights. 

 

 
Fig. 3: 100,000 generations of Kolmogorov-
Smirnov test repetitions for linear combinations 
 

Numerical calculations showed that out 
of 100,000 generations in 99,685 cases the p-value 
is above the critical level of 0.05, and only in 315 
cases it is below the critical level of 0.05 (which is 
0.315 % of the total number of generations). The 
results of such testing allow us to preserve as a 
working hypothesis the joint lognormal distribution 
of economic indicators and revenues of oil and gas 
industry enterprises selected for research. 

Stage 4. Evaluation by conditional distributions 

of the most probable values of indicators 
With sufficient grounds to preserve as a 

working statistical hypothesis a joint lognormal 
distribution of the values of revenue and economic 
indicators (components), we construct conditional 
distributions of indicators, provided that the 
company's revenue is known and estimate the 

median and modal (most probable) values of 
indicators using conditional distributions. 

Note that further research is carried out under 
the reasonable assumption that the random variables 
𝑋0,…, 𝑋8 have a joint lognormal distribution, and 
the quantities  𝑙𝑛(X0) ,...,𝑙𝑛(𝑋8)  are the joint 
normal distribution. 

Let 𝑌𝑖 = 𝑙𝑛 (𝑋𝑖), i = 0, ..., 7, then 𝑌8 = 𝑙𝑛 (𝑋8) =
𝑙𝑛 (−𝑥8̅̅ ̅ + 1.01), where 𝑥8̅̅ ̅ is a vector of empirical 
observations of the manoeuvrability coefficient. 

It is necessary to construct a conditional 
distribution of quantities 𝑌1, ..., 𝑌8 provided that 𝑌0 
takes a fixed value (i. e., using the logarithm of the 
volume of proceeds, to estimate the maximum point 
of the joint distribution density of the logarithms of 
the economic indicators of enterprises) during 
reverse potentiation, considering the peculiarities of 
the multivariate logarithmically normal distribution. 
This allows determining by the specified value of 
revenue the median or modal (most frequently 
repeated) values of economic indicators for the 
industry. 

Consider the covariance matrix of a 
multidimensional normal random vector, 
𝑌0, 𝑌1,..., 𝑌8 in the following block form: 

       𝐶𝑉 = (
𝜎0

2 𝑐𝑜𝑣(𝑌0, 𝑌⃗ )

𝑐𝑜𝑣(𝑌0, 𝑌⃗ )
𝑇 𝐶𝑂𝑉

),  (5) 

where 𝜎0
2  is the variance of a random 

variable 𝑌0; 𝐶𝑂𝑉 is the covariance matrix of a random 
vector 𝑌⃗ = (𝑌1,…, 𝑌8); 𝑐𝑜𝑣(𝑌0, 𝑌⃗ ) is a row vector of 
covariances 𝑌0 and vector components 𝑌⃗ ; 
𝑐𝑜𝑣(𝑌0, 𝑌⃗ )

𝑇 is a column vector of covariances 𝑌0 
and vector components 𝑌⃗ . 

The conditional mathematical expectation of the 
vector 𝑌⃗  provided that 𝑌0 = 𝑦 is determined by the 
formula: 

𝐸(𝑌⃗ |𝑌0 = 𝑦) = 𝜇 +
𝑐𝑜𝑣(𝑌0,𝑌⃗ )

𝑇

𝜎0
2 (𝑦 − 𝜇0).   (6) 

Conditional covariance matrix provided that 
𝑌0 = 𝑦 is: 

𝐶𝑉(𝑌⃗ |𝑌0 = 𝑦) =  𝐶𝑂𝑉 −
𝑐𝑜𝑣(𝑌0,𝑌⃗ )

𝑇
×𝑐𝑜𝑣(𝑌0,𝑌⃗ )

𝜎0
2 , (7) 

where 𝜇 is the vector of means of the random vector 
𝑌⃗ ; 𝜇0 is the mean of the random variable 𝑌0. 

The absolute maximum (mode) of the density of 
a random lognormal vector 𝑥⃑ is achieved at a point 
with coordinates exp(𝜇 − 𝛴 × 1), where 𝜇 is the 
vector of mathematical expectations of the logarithms 
of the components, 𝛴 is the covariance matrix of the 
components’ logarithms, and 1 is a vector consisting of 
ones. This result is easily obtained from the condition 
that all partial derivatives of the density function of the 
multivariate lognormal distribution are equal to zero: 
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𝑓(𝑥⃑) =
1

(2𝜋)
𝑛
2 √𝑑𝑒𝑡𝛴

2

1

∏ 𝑥𝑖
𝑛
𝑖=1

𝑒𝑥𝑝(−
1

2
(𝛴−1𝑙𝑛(𝑥),⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃑ 𝑙𝑛(𝑥)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃑)), (8) 

where 𝑙𝑛(𝑥)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃑ is the centred random vector. 
Thus, the formula for calculating the conditional 

modal value of a random vector 𝑋  (vector of 
economic indicators of an enterprise) with a known 
annual revenue 𝑋0 = 𝑥 takes the form: 

𝑀𝑂𝐷𝐸(𝑿⃗⃗ |𝑋0 = 𝑥) = exp(𝑬(𝒀⃗⃗ |𝑌0 = 𝑦) −

𝑪𝑽(𝒀⃗⃗ |𝑌0 = 𝑦) × 𝟏).   (9) 
We find median values using the formula: 

𝑀𝐸𝐷𝐼𝐴𝑁(𝑿⃗⃗ |𝑋0 = 𝑥) = exp(𝑬(𝒀⃗⃗ |𝑌0 = 𝑦)).    (10) 
 
Considering that an artificial variable of a type 

𝑋̅ = −𝑥̅ + 1,01 introduced for the latter indicator, 
to produce the final result (as mode or median) 
reverse transformation of the form 𝑀𝑎𝑛𝐶𝑜𝑒𝑓 =
1.01 − 𝑥8 should hold for the manoeuvrability 
coefficient. The corresponding calculations were 
performed in the environment of the R statistical 
package. Tables 3 and 4 present the results of these 
calculations.  

 
Table 3. Median values of indicators for different 
values of enterprises’ revenue (sample size is 138 

enterprises) 
Sales 

revenue,  
billion rubles 

per year 

1 2 5 10 50 100 500 1000 2000 3000 

Indicator 
Current 
ratio 1.5 1.55 1.61 1.66 1.78 1.84 1.97 2.03 2.09 2.13 

Debt-to-
equity ratio 1.05 0.99 0.91 0.86 0.74 0.69 0.6 0.56 0.52 0.51 

Immobilizat
ion ratio 1.34 1.47 1.66 1.82 2.26 2.48 3.08 3.38 3.71 3.92 

Return on 
equity 0.25 0.25 0.24 0.24 0.23 0.22 0.22 0.22 0.21 0.21 

Receivables
’ turnover 62 66 71 75 86 91 103 109 116 120 

Accounts 
payable 
turnover 

135 129 122 117 105 101 91 87 84 81 

Inventory 
turnover 26 24 22 21 18 17 14 14 13 12 

Manoeuvrab
ility 
coefficient 

-0.32 -0.33 -0.34 -0.35 -0.37 -0.38 -0.40 -0.40 -0.41 -0.42 

 
The median values of the current ratio and the 

immobilization ratio tend to increase depending on 
the values of the revenue of the oil and gas 
enterprises, [32]. So, the current ratio increases from 
1.5 calculated for enterprises with revenue of 
1 billion rubles, to 2.13 for enterprises with revenue 
of 3,000 billion rubles. 

 
Table 4. Modal values of indicators for different 
values of the enterprises’ revenue (sample size is 

138 enterprises) 
Sales 

revenue,  
billion rubles 

per year 

1 2 5 10 50 100 500 1000 2000 3000 

Indicator           
Current 
ratio 3.99 4.11 4.28 4.41 4.73 4.88 5.23 5.39 5.56 5.66 

Debt-to-
equity ratio 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Immobilizat
ion ratio 0.75 0.83 0.93 1.03 1.27 1.40 1.73 1.90 2.09 2.21 

Return on 
equity 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Receivables
’ turnover 11 11 12 13 15 15 18 19 20 20 

Accounts 
payable 
turnover 

21 20 19 18 17 16 14 14 13 13 

Inventory 
turnover 2 2 2 2 2 1 1 1 1 1 

Manoeuvra
bility 
coefficient 

0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 

 
For the modal values shown in Table 4, the 

dependence on the volume of revenue is less 
noticeable, i. e., indicators are more stable and can 
be used in assessing industry indicators for 
enterprises` financial analysis.  

The difference between the median and modal 
results is explained by the right-sided asymmetry of 
the distribution. 

Further, an analysis of differences between 
median and modal research results was carried out. 

The importance of this difference is illustrated 
with an example. Since a 9-dimensional random 
vector, and a conditional 8-dimensional random 
vector were considered above, visualization of the 
results is impossible for obvious reasons. For 
clarity, consider a three-dimensional random vector 
(𝑋0, 𝑋4, 𝑋5) where 𝑋0 is the sales revenue in billion 
rubles per year, 𝑋4 is the return on equity, 𝑋5 is the 
receivables turnover. Out of the original sample of 
185 enterprises, after removing outliers for these 
components alone, 175 enterprises remain. For a 
random vector (𝑋0, 𝑋4, 𝑋5), a vector of average 
values of logarithms (0.72; -1.39; 4.33) and a 
covariance matrix for logarithmic components are 
obtained: 

(
9.18 −0.20 −0.23

−0.20 1.38 −0.049
−0.23 −0.049 1.95

). 

 
Consider the conditional modal and median 

values of indicators (components of a random 
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vector) 𝑋4 is the return on equity,  𝑋5 is the 
receivables turnover at two significantly different 
revenue values, for X0 = 0.01 billion rubles per year 
and for X0 = 3,000 billion rubles per year (use 
formulas (9) and (10)). 

In the first case, with  X0 = 0.01 billion rubles in 
a year, the conditional mode is equal to: 

𝑀𝑂𝐷𝐸 (
𝑋4

𝑋5
) = (

0.075
13

), 

the conditional median will be: 

𝑀𝐸𝐷𝐼𝐴𝑁 (
𝑋4

𝑋5
) = (

0.21
63

). 

In the second case, at X0 = 3,000 billion rubles 
per year the conditional mode is equal to: 

𝑀𝑂𝐷𝐸 (
𝑋4

𝑋5
) = (

0.057
10

), 

the conditional median will be: 

𝑀𝐸𝐷𝐼𝐴𝑁 (
𝑋4

𝑋5
) = (

0.21
63

). 

 
Figure 4(a) and Figure 4(b) show in three-

dimensional graphics the surfaces representing the 
density of joint normal distributions of the 
logarithms of the components 𝑋4, 𝑋5. 

 
Fig. 4(a): Density surfaces of joint normal 
distributions of the logarithms of components 𝑋4, 𝑋5 
for the case when 𝑋0 = 0.01 billion rubles per year 
Source: Developed by authors 

 
Fig. 4(b): Density surfaces of joint normal 
distributions of the logarithms of components 𝑋4, 𝑋5 
for the case when 𝑋0 = 3,000 billion rubles per year 
Source: Developed by authors 
 

Figure 5(a) and Figure 5(b) show surfaces 
representing the density of joint log-normal 
distributions of the components 𝑋4, 𝑋5. 

 

 
Fig. 5(a): Density surfaces of joint lognormal 
distributions of components 𝑋4, 𝑋5 for the case 
when 𝑋0 = 0.01 billion rubles per year  
Source: Developed by authors 
 

 
Fig. 5(b): Density surfaces of joint lognormal 
distributions of components 𝑋4, 𝑋5 for the case 
when 𝑋0 = 3,000 billion rubles per year  
Source: Developed by authors 
 

In the transition from the coordinates in 
logarithms 𝑋4, 𝑋5 to the coordinates in 𝑋4, 𝑋5 there 
is a significant change in the surface density 
distribution. The point, which in the logarithms of 
the components 𝑋4, 𝑋5 corresponded to the median 
and coincided with the modal value (as in the case 
of the multivariate jointly normal distribution), with 
such a transformation will take a position on the 
corresponding level line, i. e., in the original 
coordinates 𝑋4, 𝑋5 there is a whole set of points that 
have the same probability as the median point 
obtained by formula (10). Could such a median 
point be used to assess industry performance? Many 
other equally probable and significantly different 
combinations of 𝑋4 (Return on equity) and 𝑋5 
(Receivables’ turnover) are on the corresponding 
level line. View of the level line indicates that such 
combinations of 𝑋4 and 𝑋5 (Figure 6) may have 
significant differences. That’s why it makes no 
sense to talk about the typicality of any one of these 
combinations for the industry. 
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Fig. 6: Scatter plots (level lines of equal probability) 
for the normal distribution of the logarithms of the 
components 𝑋4,𝑋5 
Source: Developed by authors 
 

All that has been said above also applies to 
estimates obtained not from the medians of 
coordinates, but the mathematical expectations of 
coordinates or any other point except for the mode 
of a two-dimensional distribution. The lognormal 
distribution component 𝑋4, 𝑋5 mode is unique. Its 
coordinates 𝑋4, 𝑋5 are the most likely value of the 
return on equity and the receivables’ turnover 
indicators for a given value of the enterprise’s 
revenue. 

Moreover, this point is more typical than all the 
others because it has the highest probability that it is 
in line with the current understanding of the market 
value in the appraisal activity as a calculated amount 
of money corresponding to the most probable price. 
It seems that not only the market value but also 
many related concepts in the assessment would be 
logical to consider in terms of the highest 
probability. Cases of dimension more than three 
have the same logic, although they cannot be 
represented graphically.  

It should be noted that the 8 indicators studied 
for the chosen gas and oil industry, when evaluated 
using the median formula (10) and indicated in 
Table 3, vary significantly depending on the sales 
revenue. On the contrary, the modal values shown in 
Table 4 change insignificantly when the volume of 
the sales revenue changes, and some do not change 
at all. This is because in the studied industry the 
coordinates of the modal point are not very sensitive 
to the value of the enterprise's revenue. Any other 
estimates, including median ones, are highly 
sensitive to the revenue value since they come to 
level surfaces similar to the lines shown in 
Figure 7(b). 

A three-dimensional representation of the 
observed values of the random vector (𝑋0,𝑋4, 𝑋5) 
for 175 gas and oil enterprises can serve as an 
additional illustration of the importance of studying 
modal values. Figure 7(a) and Figure 7(b) show the 
dispersion of empirical observations of indicators 
for 175 enterprises in the original coordinate values 
and in their logarithms, respectively. The cross 
marks the positions of the points of maximum 
density. The dispersion of 10,000 points generated 
in the R statistical package with the same 
parameters as the empirical observations is shown in 
Figure 8(a) and Figure 8(b). 

 

 
Fig. 7(a): Dispersion of empirical observations of 
indicators for 175 enterprises in the original 
coordinate values 
Source: Developed by authors 
 
 

 
Fig. 7(b): Dispersion of empirical observations of 
indicators for 175 enterprises in their logarithms 
Source: Developed by authors 
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Fig. 8(a): Dispersion of 10,000 generated points 
with the same lognormal parameters as the model 
for the original sample in coordinates (𝑋0,𝑋4, 𝑋5)  
Source: Developed by authors 
 

 
Fig. 8(b): Dispersion of 10,000 generated points 
with the same lognormal parameters as the model 
for the original sample in their logarithms  
Source: Developed by authors  
 

Thus, the choice of an ensemble of industry 
indicators that corresponds to the point of maximum 
density seems to be reasonable and consistent with 
the general content of appraisal activities, [33]. 
 
 
4  Discussion 
Note that further research is carried out under the 
reasonable assumption that the random variables 
𝑋0,…,𝑋8 have a joint lognormal distribution, and 
the quantities  𝑙𝑛(𝑋0) ,...,𝑙𝑛(𝑋8)  are the joint 
normal distribution. 

In the paper, it is demonstrated that the 
orientation towards the generally established 
recommended values of the coverage indicators, 
financial leverage, immobilization, profitability, and 
turnover seems to be incorrect due to the specific 
features of the enterprises’ activities. It is 
recommended to calculate the most probable 
industry average financial ratios by groups 

depending on the size of the enterprise (revenue or 
capitalization). 

The paper focuses on the application of 
multidimensional statistical analysis, the use of a 
model of logarithmically normal distributions 
recommended for distributions with pronounced 
right-sided asymmetry. Financial information of oil 
and gas industry enterprises for 2016 was selected 
as statistical material.  

To improve the proposed stages of the analysis 
of the definition of industry financial indicators, 
constant monitoring of the analyzed indicators is 
necessary. The authors plan to conduct similar 
studies on an annual basis. Possible directions of 
future research can be based on the derivation of the 
most probable industry financial coefficients by 
groups, depending on the scale of the enterprise 
(revenue or capitalization) for various sectors of the 
national economy. 
 

 

5  Conclusion 
To conclude, we note the following provisions of 
the research results. 

1. In this research, the authors have developed 
the stages of determining industry average 
indicators for comparative financial analysis on the 
example of the oil and gas industry, but the 
proposed algorithm applies to all sectors of the 
economy. 

2. The paper shows that the orientation towards 
the generally established recommended values of 
the current ratio, financial leverage ratio, 
immobilization ratio, return on equity, and turnover 
ratios seems to be incorrect due to the variety of 
specific features of the enterprise's activities in 
various industries. 

3. We recommend calculating the most probable 
industry coefficients by groups depending on the 
size of the enterprise (revenue or capitalization), but 
the average and median indicators of industry 
coefficients derived by the ‘Avdeev and Co’ 
auditing firm on the TestFirm portal should be used 
with caution. 

4. In the digitalization process, it is necessary to 
create a unified system of information and analytical 
support that would allow standardizing, optimizing, 
and unifying financial analysis procedures. To 
create such a system, it is required to accept uniform 
standards for electronic financial information and a 
calculation algorithm to ensure its automatic 
processing, as well as to ensure reliability 
(relevance) for comparative financial analysis. 

The results of the research together form a 
complete solution to an actual scientific problem. 
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They also form a vector for further scientific 
research with the saturation of models and tools 
with additional and clarifying factors, with the 
consideration of additional digital technologies for 
the analysis of enterprises’ financial and economic 
activities, taking into account industry and regional 
characteristics. 
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