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Annotation. The necessity of constant monitoring and maintenance of the environmental component in the organization of electric energy transit is substantiated. An original technique aimed at improving the efficiency of the functioning of the air electric network, based on the laws of environmental cybernetics and the basics of automatic control, is considered. The proposed scientific tools allow you to automatically monitor and control all processes that affect the efficiency of electric energy transit from the point of view of its environmental friendliness, and also allows you to form optimal regulatory influences aimed at stabilizing negative processes and disturbing factors arising inside the artificial electrobiological organism "Electric Line - Nature - Man", which violate the stability of its ecological state.
1. Introduction. In turn, the large-scale growth of overhead power lines has a very adverse effect on naturally formed natural landscapes, often leading to the displacement of wildlife from their natural habitat and the suppression of the growth of tree and bush vegetation [1]. Unfortunately, the reality is that the growth of the length and branching of overhead power lines, accompanied by a multiple increase in the amount of energy transmitted, is not always ensured by timely and complete repair and restoration work [2]. As a result, the dynamics of various emergencies on overhead power lines is increasing, which is especially pronounced in recent years, due to the increasing incidence of weather and climatic anomalies [3]. Emergency situations on overhead lines, more and more often become the causes of forest and landscape fires and often lead to fatal electrical injuries and death of animals. Taking into account the fact that the full impact of the growing power grid infrastructure on the natural environment is unlikely to be avoided, the main task of the modern electric power industry is to prevent a point of no return, when the irreversible consequences of this inevitable impact will become one of the causes of the global environmental crisis [4-6]. In this regard, the entire spectrum of negative influence of overhead power transmission lines must be limited in every possible way, as well as its consequences must be calculated and minimized, so that wildlife has all the possibilities and strengths to adapt to them [7]. The principle of the described dynamic homeostasis, in this case, can be briefly formulated as follows – effective provision of environmental sustainability of the artificial electro-biological system "Electrical line - Nature - Man" can be carried out with full control and effective management of all processes (social, biological, technical and other), reflecting the interaction of its elements.
2. Purpose of the study. The main objectives of this research work are approbation and substantiation of the appropriateness of the application of a new, original methodology aimed at ensuring effective transit of electrical energy by maintaining a sustainable ecological balance within the artificial electro-biological organism "Electrical lines - Nature - Man", based on the laws of ecological cybernetics and the basics of automatic process control. 
3. Conditions, materials and methods. At the present stage of the formation of scientific and technological progress, characterized by the active introduction of various nature-like technologies in various scientific areas and branches of the industrial sector, research in the field of cybernetics is actively disseminated and popularized as a science that studies the management processes of complex closed systems, primarily with objects of biological origin. One of the characteristic and specific branches of cybernetics, engaged in the scientific study of new methods, forms and means of control in ecology, allowing them to be used in the most effective way, is ecological cybernetics. All the resources of modern ecological cybernetics, at present, are aimed at studying, analyzing and synthesizing complex systems and structures (biotechnical, electrobiological and others), which today do not have a reliable scientific interpretation, or the lack of the possibility of obtaining it. To date, a large number of scientific research works, both domestic and foreign authors, devoted to ecological cybernetics are known, which consider the issues of improving the theory of the system approach and methods of mathematical and physical modeling [8-11].

However, none of the well-known, domestic and foreign works allows to fully, reliably reflect and adequately interpret the patterns and processes occurring inside the artificial electrobiological system "Electrical line-Nature-Man", which makes research in this scientific direction very relevant and in demand. The rapid development of scientific and technological progress, in particular, the development of telecommunication technologies and the evolution of information-computing systems, opens broad horizons before the scientific community for the development of fundamentally new, more effective ways and methods of control of artificial electro-biological and electrical structures. This circumstance allows to minimize the risk of global ecological crisis caused by anthropogenic human activities related to transmission of electric energy through overhead power lines [12-15].
4. Results and discussion. A graphic display revealing the specifics of the functioning of the developed new approach is presented in Figure 1 in the form of a functional automation diagram. The key objects of management of the electrobiological system "Electrical line - Nature - Man" are the following main elements: electrical grid infrastructure (L); sanitary protection zone of the overhead electrical grid (S); plant representatives (F); representatives of the animal world (G); human community (H). The current state and nature of the interaction of elements is controlled by an automatic control system (ACS). It includes the following main components: - meter-recorders (sensors) that generate hardware information from outputs 1-13, which can be stationary (ground), mobile (airborne), including space-based; - information converters    SY 1-14; - technological controllers №1 and technological controllers №2; - regulators XC 1-22; - starting stations and actuators NS 1-22 with outputs 14-35. The control information characterizing the dependence of the accident rate on overhead power lines on meteorological characteristics comes from the outputs of the meters-recorders 1-9 through the corresponding information converters SY 1-9 to the process controller No. 1 with the specialized software "Sizam" pre-installed on it [13].

The functioning of the specialized software "Sizam" is based on the foundations of mathematical modeling, based on statistics on accidents at overhead electrical lines and data characterizing weather and climatic factors over the past five years. Specialized software allows you to quickly and reliably determine the number of failures per hundred kilometers of the overhead electrical grid, characterized by different voltage, length and technical condition. At the same time, the algorithm for determining the number of failures is different for the warm and cold seasons.

The authors selected the following factors as the most significant weather and climatic factors that significantly affect the degree of influence of an element of the Electrical grid infrastructure (L) on the sustainability of the ecological state of the artificial electro-biological system "Electrical Line - Nature - Man" [15]: 
For the warm season, valid from the beginning of April to the second decade of October, inclusive: X1 - average surface temperature (°С ); X2 - average wind speed (m/s); X3 is the amount of precipitation (mm); X4 - duration of thunderstorm activity (h).

For the warm season, valid from the beginning of the third decade of October to March inclusively: X'1 - average air temperature (°С); X'2 - average wind speed (m/s); X'3 - amount of precipitation (mm); X'4 - number of days with ice load (days);

The regression equation characterizing the dependence of the number of incidents associated with the failure of overhead electrical lines and the violation of the stability of the functioning of the artificial electro-biological system "Electrical line-Nature-Man" (Y) on four weather and climatic factors (X1, X2, X3, X4) is identified by the mathematical equation of the first order [16, 17]:
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Previous studies made it possible to determine with high accuracy the coefficients of the equation for various categories of overhead electrical lines, characterized by different lengths and technical conditions, as a result of which the necessary series of corresponding equations was obtained [18]. 

For example, in the warm season, with an average length of overhead transmission lines and a good technical condition, the number of accidents is determined as follows:

[image: image2.wmf])

00174

,

0

(

)

00230

,

0

(

)

00189

,

0

(

)

00428

,

0

(

)

00180

,

0

(

)

00424

,

0

(

10174

,

0

4

3

2

1

4

1

2

1

4

2

1

X

X

X

X

X

X

X

X

X

X

X

Y

+

-

+

-

+

+

+

+

=

                (2)

[image: image3.png]Warm season

Cold season

Wind speed (S)

Surface

Wind speed (S)

Q

5

Air

temperature (T)

Number of
thunderstorm

temperature (T)

—5—

6

Number of
days

hours (K)

Precipitation (Q)

Power grid
infrastructure (L)

Sanitary protection
zone of the overhead

power grid (S)

Representatives
of the animal
world (G)

of ice (K)






Figure 1. Figure 1. Functional diagram of automatic control of the artificial electro-biological system "Electrical line - Nature - Man ", providing it with a stable ecological state
Continuation of figure 1
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Technological controller technological controllers №1, with pre-installed specialized software "Manager-ecologist" [14], through UY 10-14 converters, receives hardware information that qualitatively and quantitatively characterizes the state of elements (L; S; F; G; H), via various communication channels, coming from measuring recorders with outputs 9-13.
Fulfilling the algorithm laid down by the authors, aimed at ensuring a stable ecological state of the artificial electro-biological system "Electrical line - Nature - Man", the technological controller generates commands to the relevant regulatory bodies, launching means and actuators to stabilize negative processes and disturbing factors that arise within this system. It should be noted that the functioning of the specialized software "Manager-Ecologist" is based on the classical, cybernetic foundations of flow graphs, which allows qualitatively and quantitatively to make a reliable assessment of the influence of the electrobiological system on each element, as well as the influence of the elements on each other and on the entire system as a whole. At the same time, both direct influence and indirect (through other elements) are assessed [19-20].
The block of flow graphs presented on the functional diagram clearly displays the degree of interaction of five elements: overhead electrical grid infrastructure (L); sanitary protection zone of the overhead electrical grid (S); plant representatives (F); representatives of the animal world (G); human community (H) [12]. 
Analysis of the generated flow graph shows that it contains ten cycles formed by two vertices (Θ2.1-Θ2.10), twenty cycles formed by three vertices (Θ3.1-3.20), thirty cycles formed by four peaks (4.1-4.30), as well as 24 cycles formed by five tops (5.1-5.24). In this case, the following effects of the influence of individual cycles are obtained: Θ2.1-Θ2.10, Θ3.1-Θ3.20, Θ4.1-Θ4.30, Θ5.1-Θ5.24.

The combined effect of these cycles can be expressed as [21]:

Θ = 1 / (1- (Θ2.1-Θ2.10) - (Θ3.1-Θ3.20) - (Θ4.1-Θ4.30) - (Θ5.1-Θ5.24)                  (3)

Thus, for the considered artificial complexly organized electro-biological system, it is possible to determine the degree of influence of individual elements on each other.
For example, the overhead electrical grid infrastructure (L) can be affected by the elements: the human community (H), the sanitary protection zone of the overhead electrical grid (S); plant representatives (F); representatives of the animal world (G).
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The complex effect of an artificial electro-biological system on the overhead electrical grid infrastructure (L) is determined by the formula:


[image: image9.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

Q

-

Q

-

Q

-

Q

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

=

¬

å

å

å

å

=

=

=

=

10

1

20

1

30

1

24

1

5

4

3

2

1

)

4

3

3

1

(

1

)

4

4

4

1

(

1

)

3

3

2

1

(

1

)

2

2

2

1

(

1

i

i

i

i

i

i

i

i

F

S

H

G

G

S

H

F

G

F

S

H

G

F

H

S

HSFG

L

   (8)

The influence of the human community (H) on the artificial electro-biological system "Electrical line-Nature-Man" is determined by the expression:
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Considering the fact that it is not realistic to obtain the degree of influence on the electro-biological system of the parameters F1-F4, G1-G4, H1-H4, S1-S4, L1-L4, even through continuous and widespread observation, since this will require colossal material and technical costs, the authors consider it expedient to use linguistic variables, qualitatively and quantitatively reflecting the degree of influence of any quantity, first used in the scientific work of J. Ostergaard [22]. 
Table 1 summarizes the membership functions for the proposed use of linguistic concepts.

Membership functions are set for continuous values ​​of variables; in practice, you can use their point estimates: mean values, variances, medians, etc.

Table 2 summarizes the values ​​of modes, mathematical expectations and standard deviations corresponding to the membership functions presented in table 1.
The use of the input evaluation information presented in Table 2 will provide the control automation with the ability to effectively assess the stability of the functioning of the electro-biological system "Electrical line-Man-Nature" directly on the basis of linguistic terms.

At the same time, the technological controllers №2 technological controller will form the appropriate proactive commands for the XC 1-22 regulatory bodies (structural divisions and services), to activate the necessary NS 1-22 launch resources and actuators with outputs 14-35, implementing effective measures of continuous, intermittent and relay control actions, which ensure the stabilization of the ecological balance of the electrobiological system "Electrical line-Man-Nature".

As executive mechanisms used to stabilize the ecological balance, various organizational, technical and other measures can be used to ensure the protection of flora and fauna, the safety of human life, and also increase the operational reliability of the overhead electrical transmission line.
Table 1. The membership functions of the proposed linguistic concepts
	Linguistic term
	Membership Function Expressions
	Linguistic term
	Membership Function Expressions

	"Very positive"
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	"Neutral" 
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	"Positive"
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	"At least negative" 
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	"Fairly positive"
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	"Seemingly negative" 
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	"Seemingly positive"
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	"Fairly negative" 
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	"At least positive"
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	"Negative" 
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	"Very negative"
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Table 2. Values ​​of modes, mathematical expectations and standard deviations, corresponding to membership functions
	"Linguistic term"
	E(x)
	G(x)
	Мода
	"Linguistic term"
	E(x)
	G(x)
	Мода

	"Very positive"
	0,64
	0,24
	1,0
	"Neutral"
	0,00
	0,44
	0,00

	"Positive"
	0,55
	0,30
	0,75
	"At least negative"
	-0,13
	0,44
	-0,1

	"Fairly positive"
	0,44
	0,35
	0,5
	"Seemingly negative"
	-0,23
	0,37
	-0,25

	"Seemingly positive"
	0,23
	0,37
	0,25
	"Fairly negative"
	-0,44
	0,35
	-0,5

	"At least positive"
	0,13
	0,37
	0,1
	"Negative"
	-0,55
	0,3
	-0,75

	
	
	
	
	"Very negative"
	-0,64
	0,24
	-1,0


If an incorrect or ineffective work is detected, any of the activated executive measures, a complete prohibition, partial blocking or correction of further work will be introduced, for the corresponding ineffective mechanism, through managerial orders H 1-22, formed by operators (authorized experts), manually carrying out continuous selective control over the ecological state of the electro-biological system "Electrical line-Nature-Man", which, if necessary, can also control and implement the functions of information converters SY 1-14. According to the canons of classical automation, automatic control systems (ACS) are capable of providing the following three control options: 1 - by the deviation of the controlled value; 2 - by disturbance of the controlled value; 3 - combined [23]. The process of interaction of the elements of the artificial electro-biological system "Electrical transmission line-Nature-Man", one way or another, proceeds with the appearance of various kinds of disturbing factors characterized by positive, neutral or negative influences, including weather and climatic ones, which can entail a violation of the ecological equilibrium of the electrobiological system. The developed criterion for the operational safety of overhead electrical transmission lines and the criterion for the environmental safety of overhead electrical transmission lines [24, 25] allow to control the efficiency of functioning of the artificial electrobiological system "Electrical line-Man-Nature". Figure 2, a, shows the ACS operating according to the disturbance deviation algorithm, the work of which is that if, under the action of external disturbances, the excess (deviation) between the actual and prescribed criterion (value) of the controlled variable will exceed the limit set by the operator, then the input of the regulating device will receive such a reference action at which this deviation will decrease.
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Figure 2. Possible variants of control methods: a - by deviation; b - by perturbation; c – combined.

RB - regulatory body, EM - Executive mechanism, OR - object of regulation, CE - comparison element, x (t) - setting action, Z1 (t) and Z2 (t) - internal control actions, у (t) - controlled value, F (t) - disturbing action. 

Any of the executive mechanisms (measures) aimed at ensuring a stable ecological state of the artificial electro-biological system " Electrical line - Nature - Man" is activated when the controlled value is deviated, and this action is directed in such a way that it always reduces the deviation.

The ES comparison element is introduced in order to obtain the difference in values [23]:

ε (t) = x (t) -y (f)                                                                 (1)
The perturbation control algorithm (perturbation compensation) is based on the principle of compensating for the influence of a change in the perturbing effect by using a special device.

Figure 2, b shows the ACS operating according to the disturbance compensation algorithm.

Taking into account the fact that there can be several disturbing influences and they can be initiated by different reasons, in practice it is advisable to limit ourselves to considering the disturbing influences initiated only by the main cause, since otherwise the operation of the automatic control system becomes significantly more complicated.

Figure 2, c shows the ACS operating according to the combined control algorithm, which combines the two previously considered algorithms, respectively, according to the deviation of the disturbing value and according to the disturbance. The combined regulation algorithm is widely used, as a rule, in the construction of more serious ACS that implement high quality regulation, for example, in critical situations, when the harmonious existence of its elements is threatened within the framework of the functioning of the “Electrical line-Nature-Human” electro-biological system. Based on Figure 2, it follows that for any method of regulation, the automatic control system consists of two parts, the regulated part is the object of regulation and the regulating part is the hardware part.
The regulating, hardware part includes the following elements: meter-recorder, which controls the current value of the controlled variable; a comparison element that determines the amount of deviation of the controlled value from the prescribed value; regulating organ, responsible for formation of corresponding signals, providing stabilization of regulated value; actuating mechanism, responsible for setting regulated value to the previous level, after its deviation.

During continuous control of the nature of interaction of the elements of the artificial electro-biological system "Electric Line - Nature - Man", by means of ground, air and space based measuring-recorders, the control hardware signals, through various communication channels, arrive at the input of the controlling device continuously. However, the control actions arriving at the input of regulators and providing them with a necessary algorithm of functioning can be continuous or discontinuous. The curve of deviation Δu, the controlled variable y, in time from the set value y0, is shown in Fig. 3, and the lower part of the figure shows how the control action Z for the actuator activated in operation is changing continuously.
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Figure 3. Main regulating actions and their schemes: a - continuous, b, c - discontinuous, d - relay
The regulating action, in the first version, is displayed by a series of pulses of the same duration Δt, following at regular intervals t1 = t2 = t, while the magnitude of the pulses Z = f (t) is proportional to the value of the control signal at the time of the formation of the control action. The regulating action, in the second version, is displayed by pulses of the same magnitude Z = f (t), following at the same time intervals t1 = t2 = t, but they have different duration Δt, which is determined by the value of the control signal at the moment of the formation of the control impact. In this case, the regulatory action from the regulatory body to the executive mechanism comes with appropriate interruptions, as a result of which the executive mechanism forms a regulatory action also intermittently. Also find relay control systems (see Figure 3, d), the regulatory bodies of which ensure the principle of two-position regulation, characterized by two stable positions. The relay controller switches to the first position, when the deviation of the regulated quantity exceeds the set positive limit + Δy, and to the second position it switches when the deviation changes the sign and reaches the set negative limit - Δy. At the same time, it should be noted that in each situation the control actions are formed, which are the same in absolute value, but differ from each other in sign. On the basis of the above, it follows that control using a relay-regulator causes sharp activation of the controlled object, in connection with the fact that the absolute value of the deviation, in the process of functioning of the controlled object, always decreases. In case the deviation Δu changes and reaches the acceptable positive value + Δu (point 1), the relay regulator generates a signal through which a corresponding regulating influence Z, equal in value to the positive value of the regulating influence + Z, but differing from it by a sign, is delivered to the controlled object through the regulating organ and the executive mechanism. In the preset time interval the regulated quantity deviation will decrease, while the deviation value Δu (point 2) will become equal to the permissible negative value -Δu and the technological controller will issue a corresponding control signal, and the regulating action Z will change its sign to the opposite one accordingly, and so on. If we compare relay control with other control methods, its circuitry is simple to implement and cheap, so it is advisable to use it where there are no serious requirements for regulation, i.e. when high sensitivity is not needed to respond to disturbing influences.
5. Conclusions. Based on the presented justification of expediency of cybernetic automatic control system, with a detailed consideration of the specifics of functioning of its theoretical and circuit parts, it follows that it allows to provide reliable and continuous control of the environmental situation and the formation of effective regulatory impacts aimed at stabilizing it. In this regard, we can, with a high degree of probability, believe that the engineering and technical solution presented by the authors, aimed at ensuring the effective transit of electric power through overhead power grids of different voltage classes, using the principles of environmental cybernetics and automatic control, can interest advanced power supply companies, having the desire and resources to minimize anthropogenic impact initiated by their infrastructure, as well as increase the operational reliability of overhead lines.
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