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ABSTRACT

The article analyzes the mathematical apparatus used in hydro-gas dynamics. The purpose of the study is an analytical review of the elements of the mathematical apparatus studied in the course of the discipline of hydro-gas dynamics and mathematics, necessary for performing calculations, course design and scientific research. It is stated that the mathematical apparatus includes various designations, parameters, laws and vector characteristics describing the processes of phenomena in formulas, differential and integral terms. The study allowed us to determine the theoretical significance, as a representation of the analytical use of mathematical apparatus in hydro-gas dynamics, to create models for improving the efficiency of agro-industrial enterprises. It is possible to propose an algorithm for using the potential of applied sciences to improve the efficiency of enterprises of the agro-industrial complex in the course of applied research to solve problems of enterprises of the agro-industrial complex: the problem, the analysis of the laws of hydro-gas dynamics, the creation of a mathematical model, modeling the solution of the problem, the creation of a machine or equipment, technology solving the problem. This analysis suggests that these achievements constitute the theoretical significance of the study. The practical significance of the study is determined by the conclusions of the importance of knowledge of the mathematical apparatus of hydro-gas dynamics, models for improving the efficiency of enterprises of the agro-industrial complex, the study of machine parameters. The mathematical apparatus includes various designations, parameters, laws and vector characteristics describing the processes of phenomena in formulas, differential and integral terms, models. The practical significance of the mathematical apparatus of hydro-gas dynamics also lies in the calculations of modeling and design of machines and devices aimed at protecting the environment. Within the framework of the science of hydro-gas dynamics, the potential for improving engineering and technical maintenance of production in agricultural enterprises can be realized. For example, wastewater treatment of the machine-tractor fleet of the agrocomplex enterprise. Washing and disinfection of dairy equipment, cleaning of bacterial contamination of milk. Theoretical provisions of mathematics and hydro-gas dynamics can be used in the calculation of an aspiration installation by determining pressure losses per unit length of the air pipeline. The complex use of the mathematical apparatus makes it possible to perform practical tasks of calculating simple and complex pipelines, designing the drainage of an industrial enterprise, performing calculations in applied scientific research. The analysis of the mathematical apparatus makes it possible to use it in solving practical problems, optimize technical processes and environmental protection phenomena, make it possible to comprehensively use the mathematical apparatus in the calculation of applied research, including the design of machines and mechanisms for environmental protection, equipment of the agro-industrial complex.
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INTRODUCTION
The agro-industrial complex (AIC) is a set of branches of the agricultural system aimed at growing, processing raw agricultural products and obtaining a wide range of goods for consumers [1]. Mastering almost any profession requires knowledge of applied sciences, mathematics and hydro-gas dynamics, etc. The application of the laws of hydrogas dynamics allows the design of processes, machines and aggregates, mathematical expressions allow you to model processes and phenomena, machines and mechanisms, take into account the features of the product being developed, and reduce the number of independent parameters [6 pp.34-38]. This approach will solve the problems that arise in the agro-industrial complex in the context of import substitution [25].

THE RESULTS AND THEIR DISCUSSION
MATERIALS AND METHODS
In the course of the research, methods of system analysis, theory and practice, statistics and comparison, structural analysis and data comparison were in demand.

DISCUSSION
Bryukhanov A.Yu., considered a structural method for determining the composite amount of pollutants from agricultural production, machinery and technological equipment on the habitat. He argues that a structural approach to agricultural facilities makes it possible to assess the impact on the environment and systematically identify negative impacts [3].

Vdovin D.S., Sidorov A.A., Vasin R.A. studied an oil hydrodynamic retarder with an active diameter of 220 mm, comparing two methods for constructing the torque characteristic of a hydraulic brake – the analytical solution of the Euler equation for turbomachines and the solution by the finite volume method in a three-dimensional formulation, taking into account flow turbulence. It is established that in the absence of coolant flow through the flow part of the hydraulic coupling, the results obtained by applying the methods under consideration are qualitatively and quantitatively consistent. The deviation of the results obtained using both methods does not exceed 5%. The study showed that the flow rate passing through the hydraulic coupling has a significant effect on the torque response, as a result of which it is concluded that it is advisable to use finite volume flow to solve this type of problem, if it is necessary to take into account the flow of working fluid through the hydraulic brake cavity [7].

Vlasova E.Ya., Yandyganov Ya.Ya. studied the system of interrelation "society – environment of nature". He argues that it is necessary to ecologize the agricultural production process. Its implementation should include an approach to resource and energy conservation of agricultural enterprises in order to reduce "pressure on the natural environment" [9].

Golubeva O. L. analyzed the implementation of mathematical and computer modeling in solutions for managing agro-industrial systems. She revealed the agro-industrial complex as an object of management, classified mathematical models in the agro-industrial complex. She showed the main types of agroindustrial complex models: linear, nonlinear, dynamic, stochastic, and simulation [10].

Glushchenko L.F., Glushchenko N.A., Bukreev S.A. conducted a study of the problem of increasing the pace of production development. It is argued that mass transfer and heat during the phases of substance transition during diffusion are the main processes of food and agricultural production. Therefore, methods of water treatment for the purpose of using it to change the properties of dry substances and increase the efficiency of mass and moisture exchange processes are considered important. In these conditions, the development of production is possible with the development of resource-saving technologies [11].

Dobrinov A.V. when creating agricultural machinery, he suggests the implementation of a methodological approach to the unity of research, design, creation of machinery and production processes. The structural model in the design of tillage units during research and calculations, the creation of physical and mathematical models of processes, substantiates the parameters of agricultural machinery and equipment, to achieve a new level and the functioning of techniques. When solving these stages, computer technologies of technical design are used, which can increase the technical potential of agricultural machinery [14].

Malenkina I. F., Timofeev V. V., Koklin I. M. The study substantiates the proposal to create a special range of agricultural machinery using natural gas, as economically and environmentally beneficial. Provides environmental damage averted - 5.7 million rubles [19].

Makolova L. V. studied the problem of the agro-industrial complex from the perspective of resource conservation. Proves that fuel and lubricants negatively affect the environment. Waste oils can be collected, regenerated and reused [20].

Nikitchenko S.L., Aleksenko N.P., Kotovich A.V., Oleinikova I.A. The study concluded that agricultural machinery is the main means of producing agricultural products, and the cost of its operation has the greatest share in the cost of products. The concept of machine use management in agricultural production was proposed. Based on the automation of the search for information for reference technology on the maintenance of agricultural machinery and machine technology stations, it is proposed to increase the economic effect during field work, reduce machine downtime, and reduce resource consumption by increasing the efficiency of maintenance and routine maintenance of manufacturing plants [22].

A.I. Svitachev studied the determination of the dynamic characteristics of machine and tractor park units. He proposed a mathematical model for determining the parameters of machine-tractor units in the MathCad program [23].

Shukhanov S.N., A.V. Kuzmin A.V., Boloev P.A., characterize modern development conditions that require innovative approaches in agricultural production, involving the creation of technical means and technologies for automotive support. To do this, it is necessary to define the principles of modeling the work processes of machine-tractor units performing various operations and transfer functions [27].

RESULTS
Hydrogasdynamics is closely related to various general theoretical and special scientific disciplines. The theoretical basis of hydrogas dynamics consists of physics, higher mathematics and theoretical mechanics. On the other hand, knowledge of hydro-gas dynamics is required to study such important disciplines as hydraulic drives, engines and basic machines, water supply, heating and ventilation, hydraulic engineering, etc.

A mathematical apparatus (MA), or mathematical model, is a mathematical representation of reality designed to predict the behavior of a real object in an idealized format. A mathematical apparatus is a set of formulas, conditions, and ratios that are used to solve certain modeling problems. Some basic designations on which the hydrogazodynamics model is based are: length (L, m), mass (m, kg), time (t, s), volume (V, m3), velocity (v, m/s), acceleration (a, m/s2); pressure p = F/S, N/m2; temperature (t); density (q) = m of air / V, revealing general approaches to analysis, calculations of processes and phenomena, solving the problem of agricultural enterprises [21].

For example, the continuity model of the environment allows us to implement an algorithm for performing applied scientific research to solve the problems of the agro-industrial complex in order to increase the efficiency of enterprises [20].

Using the Euler method, the characteristics of fluid changes at the fixation point during their transition to other points are studied in space.
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Euler's variables x, y, z, t, are functions of velocity and pressure. A typical example of the use of theoretical provisions is the research of scientists Vdovin D.S., Sidorov A.A., Vasina R.A. who examined the determination of the torque characteristic of a hydraulic coupling in stop mode using numerical modeling and compared two methods for constructing the torque characteristic of a hydraulic brake – the analytical solution of the Euler equation for turbomachines and the solution by the finite volume method in a three-dimensional formulation taking into account flow turbulence. In the course of the study, scientists have shown that the flow rate passing through the hydraulic coupling has a significant effect on the torque response, as a result of which it is concluded that it is advisable to use finite volume flow to solve this type of problem, if it is necessary to take into account the flow of working fluid through the hydraulic brake cavity [7].

Calculations of specific mechanisms and machines are based on the basic equations and laws of hydrogas dynamics [14]. The Bernoulli equation for fluid flow gives the relationship between P, V and the piezometric height in an elementary stream during steady-state fluid motion and expresses the law of conservation of energy of a moving fluid.
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The patterns of hydrogas dynamics of sedimentation processes underlie wastewater treatment plants from various types of impurities. Sand traps, settling tanks, silt traps, oil traps, resin-fat-oil traps, the parameters of which it is advisable to calculate. Thus, the main parameter for calculating the settling tank and its elements is the deposition rate of various types of particles [8]:

1. The calculation of the deposition rate of impurity particles under the action of centrifugal force is carried out according to the formula:
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2. The coefficients of proportionality k and the exponent m, depending on the hydrodynamic regime, in the case of a laminar regime with a Reynolds number, are determined by the formula:

3. 
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m = 2; A: = 1.7 – 10-4; for the transient mode at Re = 16 ...420; m = 1.2; k= 2.49·10-3; for the turbulent mode Re > 420; m = 5.36; k = 0.5.
Theoretical positions of hydrogas dynamics can be used in calculations of the aspiration unit using the calculated method of pressure losses along the air duct length. The calculated data for a particular site is entered in the table.
It is advisable to start the calculation with the aspiration of a section of flexible air duct of a number of places for extraction of harmful or dusty areas of the milling industry. It should be noted that air ducts with flexible hoses have a higher resistance than galvanized ones. With a flexible air duct diameter of 100 mm, its resistance, according to the schedule, loses pressure per meter. The pressure reduction of moving air at a speed of 21 m/sec per 1 meter of flexible pipeline is 98 Pa. At the same time, the collection points of flour dust do not add resistance, which allows them to be considered zero in aspiration machines. It is advisable to take the local resistance and its coefficients at the air inlet from the tabular values for calculating the initial sections of the network [4 p.86-87].
Considering food and agricultural production, it should be noted that their production is associated with the processes of heat and mass exchange, where the substance changes into a different state when using the diffusion process. As a result of the processes of absorption, drying, distillation and rectification, extraction and crystallization, products appear [11].
Considering the "society – natural environment" system, it is necessary to take into account environmental well-being in agricultural and industrial production [9]. Therefore, to equip the machine tractor fleet and fisheries, the following can be developed: a wastewater treatment system in a complex, consisting of buildings in which solid impurities (sand, stones, etc.) are removed by settling, purification from suspended solids and petroleum products, and wastewater [3]. To do this, it is advisable to calculate: an oil trap, an oil and gas separator, a sorption filter, wells for various purposes, etc. [17].
The Bernoulli equation is the essence of calculating water supply systems and the operation of devices:
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A Venturi flow meter has been created to determine the flow rate of a liquid (Fig.1).
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Fig. 1 Venturi Flow Meter
 

It is used to design devices for measuring liquid pressure, for example, Pitot tubes [13].

The practical significance of the mathematical apparatus of hydrogas dynamics also lies in the calculations of modeling and designing machines and apparatuses aimed at protecting the environment [15].

It is advisable to carry out technological and technical transformation of agricultural production in Russia using scientific and technical results, taking into account energy- and resource-saving technologies, efficiency of activities, etc. [26]. In these conditions, the development of machinery for agricultural production is the development of agricultural machines that realize the possibility of agricultural production efficiency, ensure environmental and labor safety [18].

By modeling the problem, it is possible to solve the problems of quadratic interpolation [2]. Thus, mesh nomograms can be demonstrated as a flat cross-section of general-looking surfaces that are defined by the functions F(x,y,z)=0, and the Monge method can be used to construct flat equivalents of complex spatial nomograms, the process of empirical processing of mathematical data, as an element of surface design in machines, equipment, etc. The initial dependency can be set in tabular form. In the Cartesian coordinate system (0 u v), three pairs of values of variables (u 1 v1), (u 2 v2), (u 3 v3) correspond to the interpolation curve v = au 2 + bu + c (15), the parameters for which are determined from the system of equations:

	│u1  u12 v11│
│u2 u22 v2 1│ = 0 (7)
│u3 u32 v3 1│                

│u u v 1     │

	


The method of graphical transformations used in the construction of curved surfaces allows to obtain smoothly rounded, streamlined shapes. At the same time, mastering the mathematics and graphics section will allow for the design and construction of scientific research, models, processes and phenomena [12]. For example, an air purification model (Fig. 2). Air absorber filters are used in drinking water tank farms to purify air from dust that enters one or a group of tanks when the water level in them decreases. 
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Figure 2. Example. Filter absorbers for clean water tanks (RVC)
 

In the practice of calculating pipelines of industrial enterprises, irrigation systems, etc. The formula of Pavlovsky et al. can be used:
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where n is the roughness coefficient (Table);

R is the hydraulic radius, m (0.1 m<R<3 m);

y is the exponent of 
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The Forheimer formula (for open earthen channels) can be used to calculate open water channels


[image: image14.wmf]2

0

1

,

R

n

С

=

               (9)

The movement of the liquid is caused by friction (viscosity), as well as a change in the flow configuration. Therefore, hydraulic resistances are divided into pressure losses due to friction along the flow length and losses due to local resistances (Fig.3).
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Fig. 3 Types of local resistance

1 – entrance to the pipe; 2 – sudden expansion; 3 – mesh; 4 – sudden narrowing; 5 – diffuser; 6 – diaphragm; 7 – confuser; 8 – turn; 9 – tee; 10, 12 – turn; 11 – valves, plugs; 13 – entrance to the tank

 

The loss of pressure (energy) during the sudden expansion of the pipe is spent on vortex formation associated with the separation of the flow from the walls, i.e. to maintain the rotational continuous movement of liquid masses.

When the pipe is expanded, local pressure losses can be found using the Board formula
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or according to the formula 
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The flow of velocity in the diffuser is accompanied by its decrease and increase in pressure, and consequently, the conversion of kinetic energy of the liquid into pressure energy. In the diffuser, as well as in the case of a sudden expansion of the channel. The total pressure loss in the diffuser is considered as the sum of two terms:
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where h tp and h expansion are pressure losses due to friction and expansion (vortex formation).

In expression (13)
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where n = sh 2 / sh 1 is the degree of expansion of the diffuser.
Pressure loss due to sudden expansion of the pipe (fig.4), which can be calculated:
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where k is the mitigation coefficient, at b= 5...20° k = sin b.

	Fig. 4 Conical diffuser


 

Considering (13) and (14), expression (12) can be written as:
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In a turbulent regime, if Re=2·10⁴-5×10⁴, for transition pipes, according to the Alstuhl formula,
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The coefficient l in the turbulent regime depends on the ratio of the diameter d to the roughness of the pipes ∆ under a certain mode of fluid flow (Re). For smooth pipes, according to the Blasius formula, if Re=10⁴-10⁵
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For smooth pipes, according to the Nikuradze formula, if Re>10⁵
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For the area of rough pipes, according to the Shifrinson formula, if Re=5·10⁴-106
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Thus, considering the efficiency of an agro-industrial complex enterprise as a set of indicators: economic, social, technological, environmental, financial, institutional, innovative, investment [16], the potential of natural and applied sciences should be used to innovate the work of enterprises. Within the framework of the science of hydrogas dynamics, the potential for improving engineering and technical maintenance of production in agricultural enterprises can be realized. For example, wastewater treatment of the machine tractor fleet of an agricultural complex enterprise. Washing and disinfection of dairy equipment, cleaning of bacterial contamination of milk [5]. Calculation of water supply and irrigation systems.

The analysis of the interrelation of applied sciences in solving practical problems allows us to propose an algorithm for using the potential of sciences to increase the efficiency of agro-industrial enterprises in the course of applied research to solve problems of agro-industrial enterprises: the problem, the analysis of the laws of hydrogas dynamics, a mathematical model, modeling the solution of the problem, the creation of a machine or equipment, technologies solving the problem.

CONCLUSIONS
Thus, the study made it possible to determine the theoretical significance, as a representation of the analytical use of mathematical apparatus in hydrogas dynamics, to create models for increasing the efficiency of agro-industrial enterprises. It is possible to propose an algorithm for using the potential of applied sciences to improve the efficiency of agro-industrial enterprises in the course of conducting applied research to solve problems of agro-industrial enterprises: the problem, the analysis of the laws of hydrogas dynamics, the creation of a mathematical model, modeling the solution of the problem, the creation of a machine or equipment, technology solving the problem. This analysis suggests that these achievements constitute the theoretical significance of the study. The practical significance of the study is determined by the conclusions of the importance of knowledge of the mathematical apparatus of hydrogas dynamics, models for increasing the efficiency of agro-industrial enterprises, and studies of machine parameters. The mathematical apparatus includes various designations, parameters, laws, and vector characteristics that describe the processes of phenomena in formulas, differential and integral terms, and models. The practical significance of the mathematical apparatus of hydrogas dynamics also lies in the calculations of modeling and designing machines and apparatuses aimed at protecting the environment. Within the framework of the science of hydrogas dynamics, the potential for improving engineering and technical maintenance of production in agricultural enterprises can be realized. For example, wastewater treatment of the machine tractor fleet of an agricultural complex enterprise. Washing and disinfection of dairy equipment, cleaning of bacterial contamination of milk. The analysis of the hydrogasdynamic apparatus allows it to be used in solving practical problems, optimize technical processes and environmental protection phenomena, and make it possible to comprehensively use the mathematical apparatus in calculating applied research, including the design of environmental protection machines and mechanisms, and equipment for the agro-industrial complex.
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