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Abstract. Development and operation of modern power supply systems of consumers which are the part of 

distributed generation (DG) systems with their communication with electric power system (EPS) and 

renewable energy sources (RES) demand changes in estimation of their reliability indicators on the basis of 

corresponding mathematical apparatus. It is shown that DG systems refer to structures with several 

overlapping zones of action, which determines their peculiarities, which are represented by some integral 

characteristic - efficiency of operation, which characterizes the degree of expediency of use of the DG 

system in different modes. The approach based on evaluation of effectiveness of such systems is offered. 

Examples of calculation of relatively simple structures of DG systems performing several tasks 

simultaneously are given.   
Keywords: reliability, structure, efficiency, distributed generation, mode 

 

1 Status of issue 

A specific feature of distributed generation (DG) sys-

tems is the complexity of their energy, technological and 

organizational structure. On the one hand, it allows to 

solve a complex of problems of ensuring reliable and 

effective power supply of consumers, and, on the other 

hand, to provide stable operation in case of violation of 

the working capacity of separate generating installations 

(GI) and even their groups. It is known that for such sys-

tems there is no generally accepted concept of "failure", 

because changes in the structure of DG system due to 

failures of separate GI and their connections lead, as a 

rule, only to decrease in its functioning since the bounda-

ries between serviceable and faulty, as well as between 

operational, partially operational and non-operational 

states are blurred and often conditional [1]. This is due to 

some redundancy of the structure, presence of reserve GI 

(overlapping zones), switching capabilities and connec-

tions, peculiarities of relay protection (RP) and emergen-

cy automation (EA), means of correction modes (reac-

tive power compensation and voltage regulation), possi-

ble errors of operational personnel. 

Since DG systems are represented by structures with 

several overlapping zones of action, this determines the 

features of their work, which can be assessed by some 

integral characteristic – efficiency of functioning – the 

degree of expediency of using the DG system in differ-

ent modes. However, issues related to the peculiarities of 

calculating the efficiency of systems with overlapping 

zones have not been fully investigated [2-5, 8, 9], which 

makes the topic relevant and the practical implementa-

tion of the overlapping zones method necessary. 

Even formally in the state of full operability the DG 

system may not perform all the functions required of it. 

This is due to unfavorable circumstances (uneven distri-

bution of power by renewable energy sources (RES), 

overload with increased consumer demand, unauthorized 

external influences (cyber attacks)) [7]. 

It should be taken into account that the behavior of 

autonomously operating GI of DG systems differs signif-

icantly from their behavior in the system. In the latter 

case, the features of hierarchical structure, modes and 

switching capabilities of network may appear; interde-

pendence of failures of individual elements of DG sys-

tem; interdependence (sequence) of their recoveries, etc. 

This leads to the need to take into account the fact that 

the behavior of single K element of xk is determined by 

the background of some or even all other elements [4]: 

𝑥𝑘(𝑡 + 𝑑𝑡) = 𝑓𝑘[𝑥𝑘(0, 𝑡),  𝑥1(0, 𝑡), … , 𝑥𝑛(0, 𝑡)] , 
where 𝑓𝑘 – function, determined by the specific fea-

tures of the system.  

Therefore, the state of the system is determined by 

the n-dimensional random value  

𝑋(𝑡) = [𝑥1(𝑡), 𝑥2(𝑡), … , 𝑥𝑛(𝑡)], 
and the trajectory of its behavior in the time interval 

(t, t + θ) n-dimensional random function 

𝑋(𝑡, θ) = [𝑥1(𝑡, θ ), 𝑥2(𝑡θ), … , 𝑥𝑛(𝑡θ)]. 
Therefore, there is a need to expand the concept of 

"reliability" [7] and the transition to performance indica-

tors of DG system when it performs certain tasks in spe-

cific conditions [2-5]. Efficiency indicator is a measure 

that quantifies the quality of functions performed by DG 

system, that is, a measure of usefulness of DG system 

operation in a certain situation while providing power 
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supply to consumers in specific operating modes of the 

GI. 

2 DG system with overlapping zones of 
action 

Since any electric power system (EPS), including DG, 

belongs to the class of large systems with several levels 

of functioning, has a complex structure, multifunctionali-

ty, redundancy, it cannot be represented by single classi-

cal reliability indicators. Failures of its individual ele-

ments (in this case the GI and the links between them) 

do not lead, as a rule, to the failure of the system, but 

only reduce the efficiency of its functioning. 

In the simplest case [8] efficiency is the probability 

of performing an autonomous GI task for uninterrupted 

power supply to consumers. The efficiency coefficient E 

in this case additionally acquires the meaning of proba-

bility that the implementation of this task will not be 

disrupted due to the impossibility of implementing some 

modes (failures). We consider that 𝑁Σ is a set of all pos-

sible operating modes of GI implemented to provide 

power supply to consumers; N is a set of actually exist-

ing modes. However, some additional permissible modes 

are possible, forming a plurality of 𝑁0 together with N. 

Then 𝑁 ∈ 𝑁0 ∈ 𝑁Σ (fig. 1). 

 

Fig. 1. Possible ratio of GI modes. 

Efficiency here is the probability p that the mode n 

belongs to the set N, that is, 𝐸 = 𝑝{𝑛 ∈ 𝑁}. Similarly is 

𝐸0 = 𝑝{𝑛 ∈ 𝑁0}. The probability that the mode of opera-

tion of GI simultaneously belongs to two sets N and N0 

will be 

𝑝{𝑛 ∈ 𝑁, 𝑛 ∈ 𝑁0} = 𝑝{𝑛 ∈ 𝑁}, 

because 𝑁 ⊂ 𝑁0 (fig. 1).  

According to the probability multiplication theorem 

we get 

𝑝{𝑛 ∈ 𝑁, 𝑛 ∈ 𝑁0} = 𝑝{𝑛 ∈ 𝑁0} ⋅ 𝑝{𝑛 ∈ 𝑁|𝑛 ∈ 𝑁0}. 

 The efficiency coefficient is defined as 

𝐸 =
𝑝{𝑛 ∈ 𝑁}

𝑝{𝑛 ∈ 𝑁0}
=

𝑝{𝑛 ∈ 𝑁, 𝑛 ∈ 𝑁0}

𝑝{𝑛 ∈ 𝑁0}
= 𝑝{𝑛 ∈ 𝑁|𝑛 ∈ 𝑁0}. 

(1) 

The given expression (1) has probability that power 

supply to consumers will be carried out in any mode of 

GI operation. 

Considering the difficulty of obtaining estimates of 

efficiency of DG systems, it is necessary to develop and 

improve the corresponding mathematical apparatus. In 

general, the efficiency of the DG 𝐸𝑠𝑦𝑠𝑡(𝑡) is come down 

to calculation according to the formula offered in [2] 

𝐸𝑠𝑦𝑠𝑡(𝑡) = ∑ 𝑝𝑋𝑘
(𝑡)𝐸𝑋𝑘

,

2𝑛

𝑘=1

 (2) 

where 𝑋 = (𝑥1, 𝑥2, … , 𝑥𝑛) is system condition of DG; 

n is number of system’s elements, being in two condi-

tions (𝑥𝑖 = 1 – efficient, 𝑥𝑖 = 0 – failure); 𝑝𝑋𝑘
(𝑡) – 

probability that the system is Xk condition at time t; 𝐸𝑋𝑘
 

– efficiency of system being in 𝑋𝑘 condition. 

When n is large, the calculation of efficiency accord-

ing to (2) is quite complicated. Therefore, we consider 

the approach offered in [2, 3, 5]. It is based on the fact 

that in some territory there are several GI united in the 

system, providing power supply to consumers not only 

directly connected to "their" GI, but also (with a suffi-

cient reserve of power and network capacity) other, geo-

graphically close and located in the overlapping zones of 

adjacent GI. 

If in the system of n elements the i element with 

probability 𝑝𝑖  is in good condition, the results of its op-

eration apply to the area𝑆𝑖.  Coverage zones of two, 

three, etc. elements can intersect, forming area 

𝑆𝑖,𝑗 , 𝑆𝑖,𝑗,𝑘, … , 𝑆𝑖,𝑗,𝑘,…,𝑛 with corresponding elements of 

influence. In general case such zones can be 2𝑛. Scope 

of the whole system is represented by the union of all 

zones of action of elements 𝑆 = ⋃ 𝑆𝑖
𝑛
𝑖=1  [2]. 

Suppose that conditional power district representing 

system of DG and consisting of four GI (power plants), 

each of which provides operation of consumers of elec-

tric power of "their" zone. Ω = ⋃ 𝑍𝑖
4
𝑖=1 . There are areas 

in each zone, which intersect adjacent two or more 

zones. Consequently, system with overlapping zones of 

action is formed. 

The part of zone that does not intersect with others is 

designated as 𝑆𝑖 , (𝑖 = 1,4), and the areas of intersection 

are 𝑆𝑖,𝑗 , 𝑆𝑖,𝑗,𝑘   (𝑖 = 𝑗 = 𝑘 = 1,4). All selected zones do 

not intersect and define the district S of GI operation of 

investigated DG system (Fig. 2). 

The efficiency coefficients of selected areas are de-

noted by W with corresponding indexes. If, for example, 

GI whose main consumers are located in zone Z2 fails, 

the efficiency coefficients of areas covered by this zone 

will change. Instead of E12, E23, E24, E234 we get E1, E3, 

E4, E34. Naturally, in each practical problem the efficien-

cy coefficients for intersection areas are determined in-

dividually. 

Such division of energy district of DG system, con-

sisting of n GI can significantly reduce the number of 

selected areas relative to the value of 2n, that is, simpli-

fies the calculation of the efficiency coefficient of DG 

system. 

 

Fig. 2. Zones of operation of GI of DG. 
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Its calculation includes calculation of efficiency coef-

ficients of each areas and their summation taking into 

account  

 power output from generating units;  

 switching capabilities of power supply schemes;  

 network mode settings;  

 composition, features of operation and installations 

of RP and EA systems;  

 power consumption and technological features of 

consumers located in corresponding zone;  

 other indicators characterizing the transition of DG 

system to restrictive regime. 

The component of efficiency coefficient ei in result-

ing sum for Si area without S overlapping with other 

zones is defined as 

𝑒𝑖 = 𝑆𝑖𝐸𝑖𝑝𝑖, 

where pi is probability of GI failure in Zi area with 

power supply failure of consumers in Si.  zone. 

The component for the overlap area of Zi and Zj 

zones is equal to 

𝑒𝑖𝑗 = 𝑆𝑖𝑗(𝐸𝑖𝑗𝑝𝑖𝑝𝑗 + 𝐸𝑖𝑝𝑖𝑞𝑗 + 𝐸𝑗𝑞𝑖𝑝𝑗).  

The component formed by the overlap of three zones 

Zi, Zj and Zk 

𝑒𝑖𝑗𝑘 = 𝑆𝑖𝑗𝑘(𝐸𝑖𝑗𝑘𝑝𝑖𝑝𝑗𝑝𝑘 + 𝐸𝑖𝑗𝑝𝑖𝑝𝑗𝑞𝑘 + 𝐸𝑖𝑘𝑝𝑖𝑞𝑗𝑝𝑘

+ 𝐸𝑗𝑘𝑞𝑖𝑝𝑗𝑝𝑘 + 

+𝐸𝑖𝑝𝑖𝑞𝑗𝑞𝑘 + 𝐸𝑗𝑞𝑖𝑝𝑗𝑞𝑘 + 𝐸𝑘𝑞𝑖𝑞𝑗𝑝𝑘) . 

Estimation of efficiency coefficients of each area 

with more zones is done in the same way. 

Note that efficiency coefficient determines the aver-

age level of quality of the system, due to the reliability of 

its elements. It can be dimensionless (probability of exe-

cution of requirements of consumer) and have the di-

mension (the amount of generated power, the amount of 

consumption, profit, damage, etc.) In case of GI failure 

in Zi zone losses (damage) are determined by conse-

quences of power supply failure of consumers located in 

Si area. In other areas of overlap with other zones, there 

will (or may) be some decrease in the efficiency of func-

tioning of consumers (reduced productivity, changes in 

the parameters of the technological process and (or) the 

quality of products) located in these zones [1]. The dam-

age Yi in zone Si can be estimated by expression 

𝑌𝑖 = 𝑆𝑖𝐸𝑖 + 𝑆𝑖𝑗(𝐸𝑖𝑗 − 𝐸𝑖) + 𝑆𝑖𝑗𝑘(𝐸𝑖𝑗𝑘 − 𝐸𝑖)+. ..  .  

An approximate estimate of the magnitude of total 

damage 𝑌Σ based on the probability pi of failure GI in 

different zones of DG systems will be 

𝑌Σ = ∑ 𝑝𝑖𝑌𝑖 .

𝑛

𝑖=1

 

3 Bases of estimation of efficiency of 
DG systems with overlapping zones of 
action 

Consider a system of DG consisting of two identical GI, 

each of which can operate in two modes: 𝑥1 и 𝑥2. 

If both modes 𝑥1 ∪ 𝑥2 are possible then the effective-

ness of system of DG – 𝐸 = 𝑆2; if 𝑥̅1 ∪ 𝑥2 or 𝑥1 ∪ 𝑥̅2, 

then 𝐸 = 𝑆1, (if 𝑥̅𝑖, 𝑖 = 1,2 mode fails) and 𝑆1 < 𝑆2; if 

𝑥̅1 ∪ 𝑥̅2, then 𝐸 = 0 [9]. 

The state of DG system is characterized by vector 

with components 

{𝑥1
(1)

𝑥2
(1)

𝑥1
(2)

𝑥2
(2)

}, (3) 

where the upper index is the number GI, lower index 

- corresponding mode. 

Each component (3) takes two values: 𝑥𝑖
𝑗
j - power 

supply mode of consumers is performed; 𝑥̅𝑖
𝑗
 - the mode 

is impracticable. 

When 𝐸 = 0 we have:  

{𝑥̅1
(1)

𝑥̅2
(1)

𝑥̅1
(2)

𝑥̅2
(2)

}. 

When 𝐸 = 𝑆1 two modes can be: а) arbitrary, but on-

ly one component of vector (3) takes the value 𝑥𝑖
𝑗
, and 

other – 𝑥̅𝑖
𝑗
; b) DG system state is characterized by one of 

vectors 

{𝑥̅1
(1)

𝑥2
(1)

𝑥̅1
(2)

𝑥2
(2)

},   {𝑥1
(1)

𝑥̅2
(1)

𝑥1
(2)

𝑥̅2
(2)

}. (4) 

When 𝐸 = 𝑆2 two modes are also possible: а) at least 

three components of vector (3) take the value 𝑥𝑖
𝑗
 (one of 

GI is completely serviceable); b) DG system state is 

characterized by one of vectors 

 

{𝑥̅1
(1)

𝑥2
(1)

𝑥1
(2)

𝑥̅2
(2)

},   {𝑥1
(1)

𝑥̅2
(1)

𝑥̅1
(2)

𝑥2
(2)

}. (5) 

  

Comparison of expressions (4) and (5) shows that in 

both cases the system consists of two GI operating in one 

of possible modes; the number of impossible modes is 

also the same, but efficiency indicators are different. The 

difference is determined by the nature of conditions for 

power supply of consumers. According to (4) the DG 

system is fully operational at the expense of two partially 

operational GI. 

First of all the estimation of effectiveness of DG sys-

tems should be based on fundamental knowledge about 

their structural, technological and organizational peculi-

arities, principles of operation of the main and control 

elements, relay protection systems and automation, 

which are part of them [10, 11]. The order of even the 

preliminary estimation of the effectiveness of DG sys-

tems is determined by the following sequence: 

 obtaining information on main circuit-mode charac-

teristics and technical and economic indicators of opera-

tion of DG system; 

 possible tasks of DG system operation are investi-

gated; 

 DG system operation conditions are determined in 

parallel with EPS, independently and in combined mode; 

 estimated the expected frequency of repetition of 

tasks and modes of DG system operation; 

 functional diagram of the system is drawn up; 

 DG system is divided into separate elements 

(zones, regions); 

 quantitative measure of functioning quality of ac-

ceptable for this system of DG is chosen; 

 reliability indicators of elements characterizing 

probability of state of each element at different moments 

of time are calculated; 
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 probabilities of average (if necessary permissible 

and/or limit) states of DG system are calculated on the 

basis of probabilities of states of separate elements; 

 efficiency indicators of possible states of DG sys-

tem are evaluated. 

If for each state of DG system it is possible to esti-

mate the "instant" value of its functioning efficiency 

(output effect), the efficiency coefficient is defined as 

the average value of the output effect for all states of the 

system [2]. 

4 Examples of indicative estimation of 
the effectiveness of DG systems 

We illustrate the method of calculating the efficiency 

coefficient of DG system on simple examples in which 

the traditional calculation of reliability indicators is quite 

complex. 

1). Non-intersecting coverage zones of GI in DG 

system. Each of two identical GI in DG system provides 

power supply to consumers in its zone with probabil-

ity𝑝 = 0,9. The coefficient of readiness of each GI will 

take as 𝐾𝑔 = 0,95. The coefficient of interval readiness 

𝐾𝑔
∗(𝑡, 𝑡 + 𝑡0) is introduced in order that the system was 

efficient not only in any required timepoint, but also it 

would be able to work smoothly during the required time 

interval𝑡 + 𝑡0. In general case 𝑝∗(𝑡) ≠ 𝑝 is because 𝑝 is 

probability of no-failure operation, since condition of 

full working capacity, and 𝑝∗(𝑡) is probability of no-

failure operation, since one of possible intermediate con-

ditions of working capacity. For simplicity, assume that 

𝑡 → ∞ and 𝑝∗(𝑡) = 𝑝 = 0,9. Then 

𝐾𝑔
∗(𝑡) = 𝐾𝑔𝑝∗(𝑡). 

In case of failure of one of GI DG system splits into 

two independent subsystems, each of which can provide 

only half the load of consumers. The efficiency coeffi-

cient of one GI is defined as 

𝑒𝑔𝑖(𝑡) = 0,5𝐾𝑔𝑝 = 0,5 ∙ 0,95 ∙ 0,9 = 0,4275. 

Therefore, the considered system of DG provides the 

efficiency coefficient equal to 𝐸Σ = 2𝑒𝑔𝑖 = 0,855.  

2). Point-by-point estimation of operation efficiency 

of DG system in case of the simplest GI. The power 

supply system (DG) consists of two identical power 

plants (GI): Sa and Sb, providing power to consumers 

with the maximum power consumption 𝑃Σ = 36 MW. 

The Sa station operates in the power output mode in the 

range from 𝑃 = 0 to 𝑃 = 22 MW, and the Sb station – 

from 𝑃 = 14 to 𝑃 = 36 MW. The power distribution 

zones of these stations are shown in Fig. 3. 

Fig. 3. Zones of power distribution of GI. 

It is required to find the probability of providing the 

load of consumers appearing at any time in the range 

0 ≤ 𝑃 ≤ 36  MW, if the reliability of providing the nec-

essary power by these stations at this moment: 𝑅𝑎 =
𝑅𝑏 = 0,95. Thus probability of reliable power supply of 

the consumers which are in a zone of action of each of 

GI – 𝑅1 = 𝑅2 = 0,9, and in zone of simultaneous action 

of both stations (in a zone of overlapping) 

𝒫 = 1 − (1 − 𝑅1)2 = 0,99.  

Suppose that the load of consumers at given time is 

𝑃0 MW. The probability that the DG system will be able 

to provide it at this point in time 

𝒫0 = 𝑅𝑎 ∙ 𝑅𝑏 = 0,95 ∙ 0,95 ≈ 0,9.  

At the interval from 𝑃 = 14 to 𝑃 = 22 MW (overlap 

zone – 𝑃п = 8 MW), the load of the consumer is provid-

ed by both stations, and within zones (from 𝑃 = 0  to 

𝑃 = 14 and from 𝑃 = 22 to 𝑃 = 36 MW) – by one GI. 

The efficiency index 𝐸0 of DG system state at given 

load 𝑃0MW is determined by weighted average 

𝐸0 =
𝑃𝑆𝑎∩𝑆𝑏

𝑃Σ

𝒫 +
𝑃𝑆𝑎−(𝑆𝑎∩𝑆𝑏) + 𝑃𝑆𝑏−(𝑆𝑎∩𝑆𝑏)

𝑃Σ

𝒫0

=
8

36
∙ 0,99 +

14 + 14

36
∙ 0,9 = 0,92.  

Note that "weight" here is states of DG system, and 

not its separate elements (GI). In the same DG system, 

"weight" of an element essentially depends on the state 

for which it is considered. If the failure of i-element oc-

curred for all working elements, it is obvious that it is 

accompanied by consequences different from the case 

when this i-element failed after the failure of one j 

(𝑖 ≠ 𝑗)or several elements of this system. However, for 

DG systems, in many cases, an element is more im-

portant than another in one state of the system proves to 

be more important in another state of the system. 

The probability of system state when the load limits 

0 < 𝑃𝑎 < 22 MW has one station Sa, and in the range 

22 < 𝑃 < 36 MW – none, 

𝒫𝑎 = 𝑅𝑎(1 − 𝑅𝑎) = 0,95 ∙ 0,05) ≈ 0,05. 

The efficiency index 𝐸𝑎 of DG system state at a load 

of 𝑃𝑎 MW will be determined as 

𝐸𝑎 =
22

36
∙ 0,9 +

14

36
∙ 0 = 0,55.  

Since in given example the states of Sa and Sa are 

absolutely identical, so we get the resulting efficiency of 

operation of analyzed DG system: 

𝐸Σ = 𝒫0𝐸0 + 2𝒫𝑎𝐸𝑎 = 0,9 ∙ 0,92 + 2 ∙ 0,05 ∙ 0,55 =
0,883. 

3). Estimation of technical efficiency of DG system 

at a certain time interval. The power supply system (GI) 

consists of two identical power plants (GI). In case of 

operability of both stations the load provided by them is 

P MW. In case of failure of one of them, the value of 

provided load is reduced to the value of 0,3Р. In case of 

failure of two stations, the power supply of consumers is 

disrupted completely. The failures of GI are independent 

events. The probability of failure-free operation of each 

GI obeys the exponential distribution law 

𝑝(𝑡) = 𝑒−
𝑡

𝑇 = 𝑒−𝜆𝑡. 

Considering DG systems of this type it is necessary 

to take into account that the GI will not give the required 

power to consumers when stopped as a result of preven-

Sa 
Sb 

36 MW 

0 

1

4 

2

2 
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tive maintenance, as well as the impact of any external 

factors (weather conditions, if the composition of the GI 

is determined by RES). However, in order to simplify 

the problem, we assume that the distribution law remains 

exponential. 

If we take the duration of the calculation period 𝜏 = 𝑡 

equal to the average uptime of each GI 𝑡 = 𝑇 = 1 in a 

year, the probability of uptime GI will be 

𝑝 = 𝑒−
𝑡

𝑇 = 𝑒−1 = 0,368. 

Indicators of technical efficiency of DG system states 

are determined by multiplication of transmitted power on 

time of operation: 

1) technical efficiency of DG system operation when 

both stations are operable during considered period 𝜏  

𝐸0 = 𝑃𝜏 
2) technical efficiency of DG system operation, 

when the first GI failed at the moment of 𝑡𝑖  

𝐸𝑖(𝑡𝑖) = 0,3𝑃𝜏 + 0,7𝑃𝑡𝑖      𝑡𝑖 < 𝜏;    𝑖 = 𝑎, 𝑏; 
3) technical efficiency of DG system operation, 

when the first GI failed at the moment of 𝑡𝑖, and the sec-

ond one – at the moment of tj  

𝐸𝑖𝑗(𝑡𝑖, 𝑡𝑗  ) = 0,3𝑃𝑡𝑗 + 0,7𝑃𝑡𝑖     𝑡𝑖 < 𝑡𝑗 < 𝜏,      

The resulting estimation of efficiency of analyzed 

DG system according to the theory set in [4, 5] is got 

according to formula: 

𝐸 = 𝑝2𝑃𝜏 + 2𝑝{0,3𝑃𝜏(1 − 𝑝) + 0,7𝑃𝜏[1 − 𝑝(1 + 𝜆𝜏)]}
+ 

+2{0,3𝑃𝜏[0,75 − 𝑝(1 + 𝜆𝜏) + 0,25𝑝2(1 + 2𝜆𝜏)] + 

+0,7𝑃𝜏[0,25 − 𝑝 + (0,75 + 0,5𝜆𝜏)𝑝2]} = 

= 0,3682𝑃𝜏 + 2 ⋅ 0,368{0,3𝑃𝜏(1 − 0,368)
+ 0,7𝑃𝜏[1 − 0,368(1 + 1)]} + 

+2{0,3𝑃𝜏[0,75 − 0,368(1 + 1) + 0,25
⋅ 0,3682(1 + 2)] + 

+0,7𝑃𝜏[0,25 − 0,368 + (0,75 + 0,5)0,3682]} = 

= (0,135 + 0,28 + 0,138)𝑃𝜏 = 0,553𝑃𝜏. 
The analyzed DG system can be considered as a sys-

tem with additive efficiency indicators [4, 5], since each 

GI of this system contributes its independent share of 𝑐𝑘 

to the overall output effect. Then the effectiveness of 

system will be determined according to following ex-

pressions 

𝐸0 = 𝑃𝜏𝒫0 = 𝑃𝜏[1 − (1 − 𝑝)2] = 𝑃𝜏[1 −
(1 − 0,368)2] = 0,6𝑃𝜏; 

𝐸𝑖(𝑡𝑖) = 0,3𝑃𝜏𝒫0 + 0,7𝑃𝑡𝑖(1 − 𝑒−
𝑡𝑖
𝜏 );      

𝐸𝑖𝑗(𝑡𝑖 , 𝑡𝑗 ) = 0,3𝑃𝑡𝑗 (1 − 𝑒−
𝑡𝑗

𝜏 ) + 0,7𝑃𝑡𝑖 (1 − 𝑒−
𝑡𝑖
𝜏 ) ;    

𝐸(𝑡) = ∑ 𝐸𝑘𝑐𝑘 = 𝐸0𝑐0 + 𝐸𝑖(𝑡𝑖)𝑐𝑖

𝑛

𝑘=1

+ 𝐸𝑖,𝑗(𝑡𝑖,𝑗)𝑐𝑖,𝑗 ,    ∑ 𝑐𝑘 = 1,

𝑛

𝑘=1

   

where 𝑐𝑘 is the coefficient of ratio participation of 

each GI operating in DG system. 

 

4 Conclusion 

Despite the fact that the reliability of the elements is 

increasing, the rate of this growth lags behind the rate of 

increase in the complexity of the system. The nature of 

functions performed by DG system requires its high reli-

ability, but a large number of elements, their links and 

modes of operation can adversely affect the efficiency of 

the system as a whole. 

The absence of practical methods for estimation of 

effectiveness of DG systems, characterized by a variable 

structure that can be changed at random and intersecting 

GI zones of operation, is extremely relevant and requires 

solving these problems, meeting the requirements of 

competitiveness in the world market. 

The effectiveness of operation of DG system must be 

assessed by a specialist familiar with the system as a 

whole, who knows the requirements for it, its structure, 

modes, methods and means of control and protection. 
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