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Abstract. This article examines the development of models for determining and regulating the
value of active and reactive power based on the analysis of the state of normal operation
introduced into the system by the enterprise at the highest loads of consumers. In contrast to the
methods existing in practice, when the energy characteristics of consumers of electrical energy
exceed the standard values, an optimal method for controlling the modes of consumption of
electrical energy is proposed. As an example, the energy characteristics of technological
electrical installations of the production workshops of the Navoi Machine-Building Plant are
given, in order to control the modes of electricity consumption, to maintain the maximum and
minimum values of the active and reactive power of consumers of electrical energy.

1. Introduction

At present, the automatic regulation of electricity consumption modes at industrial enterprises is one of
the most pressing issues in the energy system. Industrial enterprises suffer not only from fines that are
paid as a result of non-compliance with established standards for electricity consumption, but also as a
result of the mandatory shutdown of technological equipment directly involved in the production
process. Between the power system and industrial enterprises, based on the normal operating state at the
highest load of consumers of electrical energy, the maximum half-hour (0.5 hour) power consumption
ordered by the enterprise for the power system acts as the limit value. If during a quarter the maximum
number of hours of operation of the electric power system exceeds 5% of the maximum, half-hour
capacity of the enterprise's asset at the established rate, the enterprise pays an additional fee to the
electric system [1]. In connection with the above, the problem arises of regulating the value of active
and reactive power in order to determine the optimal value of the asset of the half-hour power of the
proposed power system and not exceed its established norm. To prevent such circulation, it is necessary
to create an information-logical scheme for controlling the modes of power consumption of
technological electrical appliances of industrial enterprises, as well as to develop optimal methods and
models of control.

2. Method

Information-logical diagrams allow studying methods of controlling power consumption modes of
industrial enterprises, building mathematical models and performing the following functions of
controlling power consumption modes:
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e the task of regulating the half-hour capacity asset of the enterprise;

e the task of compiling normative tables of consumers of active power of a shop at industrial
enterprises;

o the task of regulating the reactive power of the enterprise;

o the task of maintaining the voltage in the nodes of the electrical network of the enterprise within
the established norms.

o the task of regulating the half-hour capacity asset of the enterprise;

YN P () = XM SR Pu(f) X S Pe 1)

here Pn(f) — is the corresponding active power (n" input, that is, the place of connection to the computer);
Pu(f) — is first quarter number, k - ordinal number of years;
P.—is limitation on the load of assets of industrial enterprises (at the time of normal operation, this value
is taken as the equivalent of the current capacity in the power supply system).

If the amount of energy consumed by the consumer's electrical energy at industrial enterprises

N P.(H=XM_, Zf;l P (f) x4 ), P.is less than or equal to the value, the volume of electrical

energy consumed by the enterprise is less than or equal to the value, the volume of electrical energy
consumed by the enterprise exceeds P,normally, or vice versa, the volume of electrical energy
consumed by the enterprise, exceeds the norm, or vice versa, the volume of electrical energy consumed
by the enterprise exceeds.

Using the above formula (1), we will be able to regulate the maximum active half-hour power
consumed by the enterprise by technologically electrical devices.

3. Result and discussion
A clear picture of the difference between the consumption of loads of an industrial enterprise and the
regulatory limit of the capacity of an asset is shown in figure 1.

The red line in this graph represents the limited amount of active power in the contract between the
Navoi machine-building plant and the electric grid, and the blue line is the cost of active power
consumed in the standard of technological electrical devices in the machine-building workshop of the
plant.

If the blue line crosses the red one, then the following relationship is obtained,

N M K
Z P.(f) — Z z P (f) X > Fe
n=1 m=1k=1

an alarm is sent to alert the control computer.

The task of compiling normative tables of the main production active capacities of workshops that
consume electrical energy at industrial enterprises;

The construction of normative tables of industrial enterprises' utilization is based on a broad
retrospective material of electricity consumers. Regulatory charts are built on the basis of ensembles for
the sale of active electric charges for electricity consumers over the past period (for amonth or a quarter)
[2,3,4]. If for the original ensemble there are no realizations that exceed the average value, then the value
obtained for the average realization is taken as the standard. If there are realizations that exceed the
average values, then these realizations are selected as characterizing the mode of irrational power
consumption. The implementation of the results obtained after the average average is considered
normative for the next period. Since the nature of loading tables depends on the day of the week, the
latter are divided into groups depending on the degree of "proximity" of the loading tables. The mean
square distance between the load curves is taken as a measure of proximity.
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Figure 1. The normative limit of the capacity of assets taking into account the
consumption of loads of industrial enterprises.

Based on the results of the analysis of power consumption modes of industrial enterprises, which
have a discrete and discrete-continuous nature of production, it is possible to divide the days of the week
into five groups according to the characteristics of power consumption: Monday; Tuesday; Wednesday;
Thursday; Friday. Currently, the number of groups depends on the enterprises themselves (some
enterprises have five days off, others have six days off). Figure 2 shows a cross-section of a standard
asset charge table (thick line) of an enterprise, obtained by averaging five electrical charge applications
(thin lines)[6,7].
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Figure 2. Normative standard scheme for loading assets of industrial enterprises.

If, when constructing a standard table of consumer loads of electricity, there is a significant
discrepancy in the average statistical data, then the lower confidence limit of this table is used for making
management decisions. Optimal control of active power consumption modes is achieved by maintaining
the standard load of the tables established for them by the Ce of an industrial enterprise, as well as by
performing the task of operational control of power consumption modes of industrial enterprises[8].

The task of regulating the reactive power of the enterprise;
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Qmin (f) < Zgzl [Qn(f) - Zmil S:) (f)cmn] < Qmax (f) (2)

here Qn(f) —is the corresponding reactive power of the enterprise (n-th input, that is, the place of
connection to the computer
Qmin and Qmax — are the lowest and highest values of the daily reactive power of industrial enterprises;

E,’l‘) — is the reactive power of a high-voltage source installed at the main step-down substation of the
enterprise;
n- is a part of the entrance;
m- is a section number connected to reactive energy;
mn - is the total number of reactive energy source sections;
Cmn —iS the network variable is equal to 1 if section m is included or otherwise, it is equal to 0.

If the value of reactive power consumed by industrial enterprises (Zﬁﬂ[Qn(f)—

Z%’;l E,’l‘) (f)cmn] ), is within the values of Qmin and Qmax, then the given half-hour maximum power

of the enterprise is maintained, or rather, if the value of reactive power consumed by the enterprise is
less than Qmax and more than Qmin. Here, the green line indicates the reactive power of the installation in
normal operating condition, the red line - to the minimum the reactive power value in working condition,
and the red line is at the maximum reactive power value in working condition[9].

If the green line passes below the red line or above the bard line, then an alarm will be sent to the
control computer immediately.

A visual representation of the difference between the consumption of industrial enterprises of loads
and the regulatory limit of reactive power is shown in figure 3.
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Figure 3. Regulatory limit of reactive power at consumption of loads by industrial
enterprises.

The task of maintaining the voltage in the nodes of the power grid of the enterprise within the
established norms.

Umin < Uy(f) < Umax (3)

here U,,; and U,,,, are the maximum and minimum voltage values that ensure the normal operation
of electrical equipment;
U, (f) -isthe voltage value at the point of connection of the reactive power source.
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The voltage in electrical receivers of industrial enterprises should not exceed the permissible limits:
Umax and Umin values established by regulatory enactments, and if the voltage exceeds these values,
the company will incur heavy losses. The last method of maintaining the voltage at the nodes of the
power grid of the enterprise within the permissible limits is due to the fact that the voltage value is
strongly correlated with reactive power. In connection with the maintenance of voltages and their strong
interdependence, it is desirable to carry out, within the framework of this task, the regulation of reactive
power in the nodes of the electrical networks of the enterprise[10].

A visual representation of the fact that the voltage value consumed by technological electrical devices
at industrial enterprises is within the range of maximum and minimum voltage values specified in
regulatory documents, is shown in figure 4.
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Figure 4. Voltage limit between the maximum and minimum values of the operating
voltage of technological electrical devices in industrial plants.
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We use information and logical schemes, optimal control models and methods created to control the
modes of consumption of electrical energy at industrial enterprises through computer programs.
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The block diagram of the control model based on the information-logical diagram of the modes of
electricity consumption by industrial enterprises is shown in figure 5.

We can regularly monitor technological electrical devices of industrial enterprises, the values of
electrical parameters, as well as their energy characteristics, which we obtain above, in the control
computer [5].

4. Conclusion

If we manage the operating modes of technological electrical devices operating at the Navoi machine-
building plant, based on information-logical diagrams and introduce this control system into production
as an optimal model for managing electricity consumption modes, then as a result we will be able to
regularly monitor the operating modes of technological electrical devices working at the Navoi machine-
building plant., this will allow you to quickly find solutions for managing the energy consumption
profiles of the enterprise, as well as put loads on a more even schedule throughout the day, in addition,
an increase in the efficiency of energy consumption profiles will be achieved.
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