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In recent years, the literature has covered. 

On the issues of the structure, 

implementation and application of control 

systems for distributed information 

processing, an overview of the advantages 

that distributed processing provides in 

comparison with the centralized use of data 

and computing power is given. 

 In [1,2], the issues of effective use of 

information processing tools by many users 

are considered, the problems of managing 

these tools and a network of devices are 

solved. 

In electrical networks, the problems 

of control reliability are solved not by means 

of data processing, but by dispersed, diverse 

network objects (power lines, substations, 

switchgears, etc.), problems of ensuring the 

operation mode of network equipment 

interconnected by material flows, control 

and analysis of the technical condition of 

objects dispersed over large areas, as well as 

control of processing, reception and 

transmission of data of dispersed objects on 

hierarchical levels of management. 

Automated control systems of power 

systems are being developed as part of an  

 

automated dispatch control system 

(ASDU) of power systems and power grids. 

In these works, network control at the PES 

level and inside the substation technological 

control is practically not considered. The 

works [2,3] investigate the issues of 

operation of electrical networks, operation 

schemes and methods for determining the 

economic efficiency of the automated 

control system of the PES. Possible 

approaches to solving the problems of 

planning the number of power grid 

personnel are considered in [1]. In [1,2], the 

improvement of the operation of electrical 

networks of 0.4–20 kV in rural areas is 

considered, the damageability of electrical 

networks and their elements is analyzed, 

organizational and technical measures aimed 

at ensuring the reliability of power supply to 

rural networks are determined. Modern 

methods of organizing and carrying out 

repair work, technical and operational 

maintenance, issues of managing the 

operation of electrical networks, forms of 

work with personnel and improving the NU 

qualifications are described in works [3]. 

The study showed that the problem 

of system analysis of network management, 

the synthesis of control systems and the 

construction of models of geographically 
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distributed systems are poorly studied. 

Therefore, it becomes necessary to develop 

the following scientific and practical 

problems in the field of geographically 

distributed systems: 

• development of methods for 
building a management model; system 

analysis and synthesis of management; 

• development of algorithms and 
software for control problems. 

The formulated problems should be 

solved taking into account the practical 

results obtained in the creation and operation 

of existing control systems for electrical 

networks, as well as using the methods used 

for the mathematical description of 

geographically distributed systems. The use 

of statistical methods meets a number of 

difficulties. Therefore, it is convenient to 

solve the problem from the standpoint of a 

formal-logical approach based on the 

elements of the theory of relations [1]. In 

this case, the description of geographically 

distributed systems is limited by relations, 

each of which is built on a pair of sets of 

elements of this system. 

In the studies considered, individual 

problems of control of electrical networks 

were solved, but their holistic analysis from 

the systemic positions of control is absent. A 

systematic approach to the development of 

control problems, in which the system is 

considered as consisting of a large number 

of subsystems and tasks, is most suitable for 

solving the problems of improving the 

structure of control systems for electrical 

networks. Indeed, the integrated description 

makes it possible to highlight the general 

imbalances in the distribution of the number 

of management personnel of the PES and 

explicitly answers questions; where and 

what kind of inconsistencies and tensions 

take place in the analyzed system, identifies 

general specific management functions, 

recommends complex methods of planning 

and implementing measures for long-term, 

current and operational management. 

Enterprises of electrical networks are 

the most widespread class of objects in 

distributed systems. Indeed, the unified 

energy system (UES) of the country covers 

more than 60 energy systems. Moreover, the 

total number of TPPs in them is more than a 

thousand. They provide electricity to all 

industrial, agricultural and other objects of 

the national economy. Their importance in 

the management of the national economy is 

enormous, even a short-term disruption of 

the functioning of electrical networks can 

lead to irreparable losses of industrial, 

agricultural and other products. 

In order to clarify the current state of 

problems in the management of electrical 

networks, we will consider the results 

obtained by us during the survey of 

electrical networks of the Republic of 

Uzbekistan, the Republic of Azerbaijan, 

Volgograd, Tomsk, Odessa regions. 

The study of control systems for 

electric grids was carried out by methods of 

direct, selective, questionnaire surveys, 

interviewing performers at workplaces, 

personal participation in work, obtaining 

information through conversations and 

consultations. 

They determined all the 

documentation, the principles of its 

formation, established where and how the 

information used in the document was 

obtained, found out the methods of forming 

schemes of document flows, performers, the 

address of receipt of documents, kept a 

record of all planned, reporting and 

mandatory documentation (orders, orders, 
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acts, invoices, operational defective 

statements, etc.), documentation related to 

the correction of previously transmitted 

messages or changes to this information, 

reference information on this document, 

functions performed by individual 

departments, performers, etc.  

For each task, the input and output 

information, performers and the frequency 

of solving tasks, the address of receipt of the 

results of the task, the complexity of the 

solution and the relationship with other tasks 

were determined. 

1. Building a model for analyzing the 

management structure, which includes: 

 building models of objects 

distributed throughout the 

enterprise 

 

        MB = <IB; R1, ..., Rm>;   

  (1) 

 

Region  Mh = <Ih; R1, ..., Rm>; h = (1, H) ̅; 
  (2) 

 

Plot My = < Iy ; R1 ,…,Rm > ;   y=𝟏, 𝒚𝒉̅̅ ̅̅ ̅̅  ;   

 (3) 

 

where IB, Ih, Iy - sets of objects; 

 construction of models of 

subsystems determined by the 

objective functions F: 

MF = <S(F),  R1 ,…,Rm > ;   (4) 

where S (F) is a set of subsystems 

determined by target control functions; 

building problem models 

MD = < D;   

R1 ,…,Rm 

> ; 

  (5) 

where D is a set of tasks for managing sets 

of objects IB, Ih and Iy; 

ordering of structure elements 

 

MВ = < IВ ; R > ;      Mh = < Ih ; R > ;      My 

= < Iy ; R > ; 

                                                               

MF = <S(F),  R > ;         MD = < D;   R > ,                 

(6) 

where R is the preference relation for the 

elements of the sets; 

 grouping of structural elements 

according to their relationships; 

 determination of the number of 

hierarchical levels of 

management L, the degree of 

centralization αi = 
𝑾𝒊𝑾𝒊−𝟏 , where 𝑊𝑖, 𝑊𝑖−1 – are the set of tasks to 

be solved at the l- and (l-1) levels 

of management (l = 𝟏, 𝑳̅̅ ̅̅ ̅) , λ ij – 

the degree of specialization of the 

enterprise divisions; 

 determining the economic 

efficiency of ordering structural 

elements. 

 

2. Building a model for the synthesis 

of a control structure, which consists in 

finding: [2]. 

 distribution of a set of objects on 

hierarchical levels of management 

 
distribution of tasks D by functional 

subsystems 

 
the number of control subsystems Sy; 

 distribution of the set of functions 

over the control subsystems 

 

 

3. Development of a management model, 

which includes: 
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 building a model of the state of 

objects distributed on the territory 

       enterprises 𝑴𝑸В  = <  I ВТ(Q);  R1 ,…,Rm > ; 

district 𝑴𝑸𝒉  = <  I 

hТ(Q);  R1 ,…,Rm > ; 

plot 𝑴𝑸𝒚  = <  I yТ(Q);  R1 ,…,Rm > ; 

where I ВТ(Q), I hТ(Q), I yТ(Q)- a set of 

objects with sets of states 

Q = {q1, q2,…, qh }; 

determination of the correspondence 

of objects and their set of states at the 

moment of time T 𝝍𝑸ВТ  : IВТ                QВТ , 

 

where IBT, QBT   — a set of objects and their 

states; 

 building a model of current control, 

which consists in determining 

MT = < IВТ(QT)ˑ JВТ (EВТ), EВТ, AВТ  

; R1 ,…,Rm > ,  

where MT is the current management model; 

IВТ(QT) - a set of objects, the state of which 

at the moment T is characterized by QT ;ˑ 
JВТ (EВТ) - a set of works due to the 

presence of many EBT defects; AVT - a set of 

material, monetary, labor resources; 

conformity of works and defects 

 
correspondence of defects and states of 

objects 

 
conformity of works and objects 

 
building a model of operational 

management, which consists in determining 

Mτ = <  I Вτ ( ЕВ ), JВτ  (ЕВτ ) ;  ЕВτ , АВτ , 

ИВτ ;  R1 ,…,Rm > , Where Mτ - is the 

operational management model; ИВτ - many 

performers; 

distribution of work by performer 

 

distribution of work in time 

 
4. Development of an operator 

control model, which consists in 

determining: 

models of transmitting system nodes 

Yi = qi Xi + ri ,       i=𝟏; 𝐡̅̅ ̅̅ ̅ , 

where qi —is the node transfer 

function; Xi - signal at the input of the i-th 

node; Yi - output signal; ri is the probability 

of transmitting a false signal; 

 models of systems for connecting 

operators serving distributed objects; 

 number of operators. 

5. Development of a control reliability 

model, including [3]: 

 building a model of data 

transmission from distributed 

objects; 

 determination of the performance 

measure of distributed objects; 

 structural methods to improve the 

reliability of the functioning of 

dispersed objects; 

 operational methods for improving 

reliability; determination of the 

effective range of distributed objects 

taking into account reliability. 

Unlike other methods of constructing 

models, the formal-logical one takes into 

account the peculiarities of geographically 

distributed systems. The problems of 

reliability of the control line for hierarchical 

levels are currently considered mainly for 
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technical systems, and for the class of a 

territorially distributed system of electrical 

networks, it has not yet been practically 

solved. 
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