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ABSTRACT 

The digitalization of agro-industrial complex in Russia is at an extremely low level due to the insufficient 

level of their state support. The aim of this research is to offer an original concept for the effective regulation 

of the agricultural sector. The methodological basis of the research is a systematic and comparative analysis, 

cause-and-effect analysis, observation, comparison and grouping, as well as the methodology of the inno-

diversification approach. The research was based on information taken from the database of the National 

Union of Milk Producers. A theory of paradoxical regulation is proposed, an action mechanism is developed 

that allows, using actual data taken from open sources, to develop digital models for regulating the parameters 

of the dairy industry in the Siberian Federal District and the Novosibirsk Region. The developed mechanism 

was taken as the basis for the design of the digital technology algorithm, based on formulas in the form of 

mathematical software, obtained by the method of the inno-diversification approach. Digital technologies 

developed on the basis of digital models made it possible to predict with a reasonable degree of certainty the 

probable values of industry parameters depending on the regulatory impact. 
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1. INTRODUCTION 

The current level of digitalization of domestic sectors of 

the agro-industrial complex (AIC) is at an extremely low 

level due to the insufficient level of their support in the 

form of state regulation [1]. Therefore, in order to 

eliminate the lagging behind of the agro-industrial 

complex of Russia, it is necessary to increase the volume 

of state support for the agro-industrial complex [2]. In its 

turn, in order to determine the necessary level of 

effectiveness of such support, it is necessary to determine 

the mechanism of its impact on the basic indicators of the 

agro-industrial complex. According to the authors, it is 

advisable to present such a mechanism in the form of a 

digital model. 

The aim of this research is to propose an original concept 

for the regulation of the agro-industrial complex, to 

develop a model, mechanism and technology for its 

application and test them on the example of the dairy 

industry in one of the districts and regions of the Russian 

Federation. To achieve this goal, it is necessary to solve 

the following tasks: 

1. Conduct an a priori analysis of information on 

regulation of the dairy industry. 

2. To substantiate methods and approaches for assessing 

and forecasting indicators of the dairy industry, depending 

on the impact of regulatory parameters. 

3. Test the proposed concept, approaches and mechanisms 

on the example of the Siberian Federal District (SFD) and 

the Novosibirsk Region (NR). 

4. Predict the development trends of the dairy industry in 

the SFD and the NR depending on the volume of state 

support for this industry as the main regulatory parameter.. 

2. RESEARCH METHODOLOGY 

The methodological basis of the research is a systematic 

and comparative analysis, cause-and-effect analysis, 

observation, comparison and grouping, as well as the 

methodology of the inno-diversification approach [3]. The 

research was based on information taken from the database 

of the National Union of Milk Producers [4-5]. 

3. PARADOXICAL THEORY OF 

REGULATION 

3.1. The concept of paradoxical theory of 

regulation 

To develop a digital model, it is necessary to determine the 

possible parameters characterizing the dairy industry. As 

such parameters, using the methods of economic 
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interpretation, the author identified 15 key indicators 

(Table 1). 

To determine the possible relationship between the 

indicators (Table 1), it is advisable to conduct a correlation 

analysis, which will allow to establish not only the 

interrelation, but also its proximity to a linear form.  

The results of correlation analysis showed a large spread 

of multidirectional correlation coefficients: 

positive from 1 to 0.03. 

negative from -0.12 to -0.86. 

This indicates that there is not only a linear, but also an 

unambiguous relationship between the parameters of the 

dairy industry, although there is a linear relationship 

between its individual indicators, but there is a risk [7-8] 

of deviation from the predicted results. Therefore, it is not 

possible to establish the interrelation between the 

parameters using traditional methods. Thus, the authors 

proposed a paradoxical theory, which suggests considering 

the direct interrelation between the parameters, where 

possible, and indirect, where such an interrelation cannot 

be established.  

 

 

Table 1. Indicators characterizing the dairy industry [4-5] 

Designation Name 

X1 Milk production in farms of all categories, thousand tons 

X2 Production of marketable milk, thousand tons 

X3 Livestock of cows in farms of all categories at the end of the year, thousand animal 

units 

X4 Livestock of cows at the end of the year in the agricultural organizations, peasant 

farms, private subsidiary farms, thousand animal units 

X5 Proportion of brood cows in the agricultural organizations, peasant farms, private 

subsidiary farms, %  

X6 Proportion of brood cows of milk and mixed production, % 

X7 Milk production of cows in farms of all categories, kg/year 

X8 Milk production of cows in agricultural organizations (AO), kg/year 

X9 Milk production of cows in peasant farms (PF), kg/year 

X10 Milk production of cows in private subsidiary farms (PSF), kg/year 

X11 Milk production of brood cows, kg/year 

X12 Production of milk and dairy products per capita, kg/year 

X13 Consumption of milk and dairy products per capita, kg/year 

X14 Milk processing and production of dairy products recalculated as milk, tons 

X15 Volume of state support funds for the dairy industry, mln. RUR 

 

3.2. Paradoxical regulatory model 

Based on the conducted a priori analysis, the authors 

proposed a hypothesis that assumes the existence of a 

multi-level model, which with a sufficient degree of 

accuracy will be able to describe the interaction of the 

parameters characterizing such a diverse industry as the 

dairy one [6]. 

Based on the given task, conditions and restrictions 

imposed when solving it, the authors admit the existence 

of a four-level model of the following proposed 

configuration for the types of interaction of indicators of 

the dairy industry, the structure of which is shown in Figure 

1. 

3.3. The implementation mechanism of the 

paradoxical model 

The mechanism for implementing a multilevel model of 

stepwise interaction is shown in Figure 2. In the “Initial 
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data” block (Figure 2), information on the number of 

parameters studied (K), analysis time periods (P), and the 

matrix X (K, P) of the values of each parameter in time 

intervals is inputted. In the “Regulator selection” block, a 

parameter (one or several) is assigned, the effect of which 

on other indicators is subject to analysis. 

 

 
Figure 1. The four-level model of the relationship between the parameters of the dairy industry 

Source data: 

K, P, X(K, P)

The choice of controller

Correlation analysis of the 

matrix: X(K, P)

The choice of controller

Exclusion of the regulator 

from the matrix: K=K-1

The ranking of correlation 

coefficients (R)

Model level definition: 

U=U+1

Selection of significant 

indicators by criterion:

 |R| >0,5

Exclusion of significant 

indicators from the matrix: 

K=K-1

Regression analysis of 

significant indicators

K>0

Yes

Select the indirect controller 

U level according to the 

criterion of R=>max

|R|>0,5

Yes

No

The derivation of 

the mathematical 

dependencies

No

 
Figure 2. The algorithm of the implementation mechanism of the paradoxical model 

4. RESEARCH RESULTS 

Using the regression analysis technique, we can obtain the 

relationship between the main parameters in the form of a 

linear function. The digital technology algorithm for 

predicting the results of regulating the parameters of the 

dairy industry in the SFD is shown in Figure 3, and the NR 

– in Figure 4. 

 

1st level – parameters that 
can be directly affected

2nd level – parameters that can be 
indirectly affected

3rd level – parameters that have 
secondary indirect effect on them 

4th level – parameters that can have tertiary 
indirect effect on them 
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Figure 3. Algorithm of the model for the interrelation of the parameters of the dairy industry in the SFD 

 

Figure 4. Algorithm of the model for the interrelation of the parameters of the dairy industry of the NR 

 

As a result of designing digital model algorithms for 

regulating the parameters of the dairy industry in the SFD 

and NR, both general patterns and specific features were 

established. 

 

Digital technologies developed on their basis made it 

possible with a sufficient degree of reliability (deviations 

did not exceed 10%) to predict the likely values of the 

industry parameters depending on the regulatory impact. 

Input source data 
X15

X14 = -0,1965 • 
X15 + 3772,959

X5 = 0,000438 • 
X15 + 18,5237

X4 = 0,01344 • 
X15 + 677,067

X2 = 12,144 • X4 
- 5804,95

X3 = -1,07368 • 
X4 + 2190,875

X1 = 38,199 • X3 
- 48934,5

X6 = -0,000822 • 
X1 + 12,587

X9 = 0,0683 • 
X1 + 1895,828

X12 = 0,0458 • 
X3 + 120,508

X7 = 7,2126 • X4 
- 1654,542

X8 = 19,3645 • 
X4 - 9822,869

X13 = -0,321 • 
X4 + 481,869

X10 = 0,0754 • 
X15 + 2931,437

X11 = 0,1282 • 
X15 + 4983,443

Input source data
X15

X4 = 0,009878 • 
X15 + 134,186

X1 = 
6,634324 

• X4 -
255,723

X2 = 
10,37241 

• X4 -
949,852

X14 =-164,429 • X2 
+ 251345,285

X3 = 0,00017 • X14 
+ 162,947927

X5 = 
0,467732 

• X4 -
51,2205

X6 = 
0,492792 

• X4 -
56,2171

X7 = 
58,20987 

• X4 -
4410,82

X8 = 
76,64832 

• X4 -
6569,93

X12 = 
1,64969 • 

X4 -
42,404

X10 = 5,891 • 
X12 +1738,445

X13 = 0,5063 • 
X12 + 186,7629

X9 = 
49,55294 

• X4 -
4141,81

X11 = 1,388184 • 
X15 + 7187,9351
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5. DISCUSSION OF THE RESEARCH 

RESULTS 

A direct forecast of indicators of the dairy industry in the 

region has been developed. In contrast to the existing 

developments, the forecast is based on the use of not only 

a temporary factor, but also the amount of state support 

funds in three scenarios of the industry's development: 

pessimistic, expected and optimistic.  

Forecasting results for 2019 showed that a decrease in the 

state support could lead to a sharp deterioration of the 

situation in the dairy industry of the NR. Maintaining 

financing at the same level can only slow down its decline. 

This indicates an acute current underfunding of the dairy 

industry by the state authorities. The situation may change 

for the better with an increase of the state support funds at 

least in two times compared to current funding. 

A reverse forecast has been developed for the necessary 

volumes of state support to achieve the targeted indicators 

for the dairy industry at any level of effect.  

To achieve the recommended rational consumption rate (of 

milk and dairy products recalculated as milk) 325 

kg/year/person, allocation of state support funds in the 

amount of 5,773 mln RUR will be required. and, as a 

result, occasionally will lead to an increase in the annual 

production of milk and dairy products per capita up to 273 

kg/person. and an increase of 46 thousand animal units of 

livestock of cows at the end of the year in agricultural 

organizations, peasant farms, private subsidiary farms. It is 

unlikely to achieve such a result in one year; therefore, the 

calculated amount of funds will need to be distributed over 

several years. With the optimistic development of the 

scenario, it will be possible to achieve the recommended 

rational consumption rate (of milk and dairy products 

recalculated as milk) in the NR not earlier than after four 

years, and with the expected scenario after 8 years. 

However, the estimated time frame will vary depending on 

the actual amount of state support funds allocated. Digital 

technology allows you to make appropriate adjustments 

depending on regulatory effects. If we exclude from the 

calculations the factor of regulatory effect from the 

volume of state support and leave only the time one, then 

it will be possible to achieve the recommended rational 

consumption rate (of milk and dairy products recalculated 

as milk) in the NR no earlier than 30 years later 

(pessimistic option). 

6. CONCLUSION 

Based on the proposed theory of paradoxical regulation, a 

mechanism of action was developed that made it possible, 

using evidence taken from open sources, to develop digital 

models for regulating the parameters of the dairy industry 

in the SFD and NR.  

The developed mechanism was the taken as a basis for the 

design of the digital technology algorithm, based on 

formulas in the form of mathematical software, obtained 

by the method of the inno-diversification approach. 

As a result of designing digital model algorithms for 

regulating the parameters of the dairy industry in the SFD 

and NR, both general patterns and specific features were 

established. The regulators of direct and indirect effects 

are the same, and differences arise only at the lower levels 

of interaction. 

Digital technologies developed on the basis of digital 

models made it possible to predict with a reasonable 

degree of certainty the probable values of industry 

parameters depending on the regulatory effect [9]. 

Direct and reverse forecasts of indicators of the dairy 

industry in the region have been developed. In contrast to 

existing developments, the forecast is based on the use of 

not only a temporary factor [10], but also the amount of 

state support funds in three scenarios of the industry's 

development: pessimistic, expected and optimistic. 

The proposed theory of paradoxical regulation should be 

applied not separately, but in combination with simulation 

modeling of the scenario approach [11]. Testing the 

proposed paradoxical theory of regulation is supposed to 

be carried out in other sectors and regions. 
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