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ELECTRIC ENERGY LOSS FLOW PROBLEM AND CORRECTION FACTORS FOR TRANSMISSION TARIFF 
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The article considers the method of distribution of losses 
between nodes of electricity supply from the network on the basis 
of the distribution of electricity flows. The approach is based on 
the balance equations for the nodes and branches of the design 
scheme, which are written for electricity flows and loss flows. 
The method makes it possible to obtain a loss distribution similar 
to the proportional sharing method without calculating the 
targeting coefficients. On the basis of the distributed losses, 

correction factors are introduced for transmission tariffs that 
encourage consumers to further reduce losses. 

Keywords: transmitssion tarif, electric energy losses, energy 
flow model, balance problem, correction factors. 
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The  quality  of  electrical  energy  is  a  component  of  
electromagnetic compatibility and is determined by a set of 
characteristics. Deterioration in the quality of electrical energy 
causes damage to electrical equipment, increases the energy 
intensity of technological processes and affects people's health. 
To prevent such consequences, it is necessary to conduct 
methodological, technical and organizational measures. One of 
the indicators of the quality of electrical energy in accordance 
with GOST 32144-2013 is a flicker. In this case, the flicker value 
is the most difficult indicator of the quality of electricity in terms 
of calculation. There is an special state standard in which a 
description of the structure of the flickermeter is given, the 
technical requirements and test methods for this device are 
considered. The article provides a comparative analysis of 
software and hardware solutions for assessing the flicker value on 
the Russian market. The developed software “Flicker” for the 
calculation of the short-term flicker value is presented and the 
main modules of the program are presented. The algorithm of 

calculation according to the characteristics of an electric steel-
smelting furnace is considered, which allows determining the 
short-term flicker value at the design stage of an electrical 
engineering complex. The Flicker software algorithm and the 
method for calculating the instant and short-term flicker value 
using the database of instantaneous voltages were reviewed. A 
module for visual presentation of voltage changes and 
instantaneous flicker values in the form of scalable graphs is 
presented. The analysis of the obtained calculation results 
obtained using the developed software is given. 

Keywords: power quality, voltage fluctuations, flicker, 
instantaneous flicker value, short-term flicker value, weighing 
filters, «Flicker» software. 
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The industrial static var compensator reacting power reserve 
assessment methodology for balancing internal voltage sags is 
developed in this paper. This methodology makes it possible to 
determine the average value of the compensated voltage sag 
based on the available source data on the power supply system 
(PSS) and the parameters of the electrical receiver loads. The 
experimental data on voltage sags at the metallurgical enterprise 
CJSC «MMK Metalurji» in Iskenderun, Turkey, is used as initial 
information. The effect of voltage sags on the sensitive electric 
receivers, such as frequency converters (FC) with active rectifiers 
(AR) reliability,  is  examined on the basis of this  enterprise.  The 
methodology for voltage sags compensation through the use of 
powerful SVC reserves of electric arc furnaces (EAF) is 
proposed. The results obtained allowed us to introduce the 
concept of damping coefficient, which is defined as the average 
relative deviation between the required reactive power at single-
phase and three-phase voltage sags. A mathematical analysis of 
the SVC required reactive power on the magnitude of the voltage 
sags dependence is carried out. This analysis makes it possible to 
develop a new approach in the design of intra-shop power supply 
systems. The results obtained are of great practical importance for 
compact metallurgical enterprises, including electric steelmaking 
and rolling production. 

Keywords: electric arc furnace, static var compensator, 
voltage sag, reactive power compensation, power quality. 
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The article presents the successful practices of development 
of dispatching of electric facilities on the example of a number of 
industrial enterprises of mining and metallurgical complex, im-
plemented through digital transformation. The main directions of 
improvement of system of dispatching of electric facilities of the 
enterprises taking into account successful practices on implemen-
tation of systems of management of energy resources are formu-
lated. The results of the pilot project of building a dispatching 
control  system  at  one  of  the  zinc  enterprises  at  the  level  of  the  
Department – sulfuric acid shop-are described. Reduced down-
time of process equipment by more than 25% has been achieved. 
According to the results of the study at a number of metallurgical 
enterprises of the current state of their dispatching control system 
and management of electric facilities, an algorithm for improving 
dispatching as a new step towards its digital transformation has 
been developed. The work on the algorithm is transformed into a 
pre-project study with the development of technical specifications 
for the implementation of the proposed technical solutions and is 
a preparation for the planning of a pilot local project at the unit 
level. The article provides recommendations for replacement of 
the power equipment of the substation with the digital transfor-
mation and justification for the development of system collapse 
based on the assessment of the sustainability of technocenosis. 
The paper presents an example of constructing elements of expert 
system for condition assessment of power equipment of substa-
tions, as well as significant technological equipment of enterpris-
es on the basis of the indicative method enabling to generate data 
to predict equipment condition and control the cost of repairs and 
maintenance of equipment.  

Keywords: dispatching, electrical equipment, algorithm, 
technocenosis, indicative method, equipment condition 
assessment, digital transformation. 
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The design of an electrical substation is a complex task, 
which involves the execution of a series of the same type of cal-
culations, which take considerable time. It is rational to use spe-
cialized CAD software to perform such operations. Currently, the 
existing CAD systems of electric power facilities are either de-
signed for calculating electric networks, or they allow only one or 
several stages of the substation project to be performed. This 
paper is devoted to the development of a CAD algorithm for elec-
trical substations that carries out computer-aided design in a 
complex, from the terms of reference to the formation of a set of 
design documentation. The article describes the algorithm for the 
automated selection and verification of high voltage cables im-
plemented in this CAD system. The algorithm takes into account 
the requirements of the rules for the operation of electrical utili-
ties and the current guidelines for the operation of cables in nor-
mal, heavy and emergency conditions. 

Keywords: CAD, cable line, substation, thermal stability, 
heating, heavy duty, short circuit, design, automation/ 
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The  aim  of  the  research  work  is  to  limit  dynamic  loads  of  
electro-mechanical systems of rolling mill stand rolls operating 
with impact application of load. The investigations were carried 
out  using  data  from  the  electric  drive  of  a  reverse  stand  of  the  
plate mill 5000 of the PJSC “Magnitogorsk Iron and Steel 
Works” (PJSC “MMK”). It is noted the problem is really urgent 
due to the increase of the product range and introduction of new 
rolled products from difficult-to-form steel grades. The research 
group found that the cause of the over-tolerance dynamic loads 
during metal pick up by the rolls was the angular gaps in the 
power transmission. The paper considers the mechanism of 
impact origination in spindle junctions at the moment of closing 
of the angular gap. It was shown that at present the main way to 
limit them is to pick up metal in the mode of electric drive 
acceleration. The research group carried out the analysis of 
oscillograph records of motor torques and drive shaft torques of 
the reversing stand of the mill 5000 during metal pickup by the 
rolls. It was concluded that in spite of the significant limitation of 
loads, this method can’t provide the necessary reduction in the 
dynamic torque. It was stated that the main reason of this was 
overregulation of the torque caused by the setting of the double-
loop automatic control system of the electric drive speed. In order 
to limit this component, a new method was proposed, which 
surpasses acceleration by the value of the dynamic deviation of the 
speed control at the impact application of load. Empirical equations 
were proposed to calculate deviations in the single- and double-
integrating automatic control systems of speed. The paper shows 
oscillograph records of the electric drive coordinates during metal 
pickup when the developed algorithm was implemented at the 
rolling mill 5000. The value of the impact load decreased by 1.45 

times confirming the technical efficiency of the developed method. 
To further reduce the dynamic loads, it was recommended to 
form speed diagrams of the electric drive providing motor 
breaking with the preset rate after the metal pickup. 

Keywords: plate rolling mill, reversing stand, the main line, 
spindle joint, angular play, load, impact application, torque, 
overregulation, limitation, electric drive, speed, method, system, 
development, experimental investigations, recommendations.   
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INFORMATION IN ENGLISH 

EXPERIMENTAL RESEARCH OF STEP-UP DC-DC CONVERTER 
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stitute), Moscow, Russia. ORCID: https://orcid.org/0000-0002-9081-8660 

Oleg I. Osipov  

D.Sc. (Engineering), Professor, the Department of automated electric drive, Moscow Power Engineering Institute (MPEI) 
(National Research Institute), Moscow, Russia.  

A variant  of  the  power  part  of  a  step-up  DC-DC converter 
for supplying autonomous voltage inverters for industrial inverter 
frequency converters is proposed. The converter feature is the 
operation of three autonomous voltage inverters modules for 
separate high-frequency transformers, the primary windings of 
which are connected respectively to each autonomous voltage 
inverters module, and the secondary windings are connected in 
series, which makes it possible to increase the converted power 
without exceeding the rated parameters of industrial modules. To 
limit overvoltages on the diodes of the output rectifier and to 
accelerate the process of their switching (closing), an additional 
circuit is used in the converter with a branch from the smoothing 
choke of the DC link filter. The principle of operation of a step-
up DC-DC converter illustrated by diagrams of control signals of 
its power switches is considered. The results of the simulation of 
switching processes and experimental studies of them on a real 
step-up DC-DC converter, which are presented in the paper, 
confirmed the efficiency and effectiveness of the proposed 
version of its power circuit while ensuring all the required 
operating modes. 

Keywords: DC-DC converter, high-frequency transformer, 
rectifier, overvoltage, control system, experimental studies, 
mathematical modeling. 
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In this article, the results of experimental and analytical 
research of the electric drive of continuous casting machine and 
the way it affects the quality of the cast slabs are presented. It is 
shown that pulling roll barrels deformation, which is bending or 
wear, leads to the slabs quality reduction since the deformed roll 
barrels apply additional static and dynamic forces to the slab 
during crystallization process. The methods that make it possible 
to estimate the rolls defect influence on the slab quality are 
presented. As a research result the new technological demands to 
the continuous casting machine electric drive were designed and 
tested, which is described in the paper. 

Keywords: continuous casting machine electric drive, pulling 
out strengths, continuous cast slab quality, pull out rolls, pulling 
out strength stability. 
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The article is concerned with a three-phase capacitive 
stabilizing output current device that is designed to be powered 
through an unregulated electric arc rectifier. The research group 
offered a mathematical description of the electrical system, 
constructed a vector diagram of a stabilizer characterizing the 
change in the position of the output phase voltage vectors and 
gave an expression to calculate the output voltage and output 
current when the load resistance changes. 

Keywords: current stabilization, vector diagram, capacitive 
device, rectifier, current-voltage characteristic, electric arc plant. 

REFERENCES 
1. Anshakov A.S., Urbakh E.K., Urbakh A.E., Faleev V.A. 

Processing of industrial wastes in electric-arc plasma. lter-
nativnaya energetika i ekologiya [International Scientific 
Journal for Alternative Energy and Ecology], 2008, 
no. 9(65), pp. 131–135. (In Russian). 

2. Lukashov V.P., Vashchenko S.P. and etc. Plasma-Thermal 
Processing of Solid Waste Products. Ekologiya i promysh-
lennost Rossii [Ecology and Industry of Russia], 2005, no. 
11, pp. 4-9. (In Russian). 

3. Cherednichenko V.S., Anshakov A.S., Kuzmin M.G. 
Plazmennye elektrotekhnologicheskie ustanovki [Plasma 
Electro technological Plants]. Novosibirsk, NSTU Publ., 
2011, 600 p. (In Russian). 

4. Anshakov A.S., Cherednichenko V.S., Urbakh E.K. et al. 

The treatment of mixed wastes using the thermal plasma. 
Progress in Plasma Processing of Materials, Begell House, 
Inc., 1999, pp. 737-743. 

5. Zhukov M.F., Lytkin .Ya., Khudyakov G.N., nshakov 
.S. Elektrodugovoj nagrevatel gaza postoyannogo toka 

[DC electric arc gas heater]. Certificate of authorship USSR, 
no. 599732, 1982. 

6. Meshcheryakov V.N., Evseev A.M., Pikalov V.V., 
Chuprov V.B., Konev V.A. Electrodugovoj plazmotron 
[Electric arc plasmatron]. Patent RF, no. 188618, 2019. 

7. Mchedalov S.G. Electrodugovoj plazmotron [Electric arc 
plasmatron]. Patent RF, no. 2465748, 2012. 

8. Domanov V.I. Influence of random factors on the operation 
of the current control system of an arc smelter. Privodna-
ya tekhnika [Drive technologies], 2019, no. 6, pp. 16-19. 
(In Russian) 

9. Domanov V.I., Domanov A.V., Karpuchin K.E. and etc. 
Razrabotka i issledovanie sistem upravleniya tokom ehlek-
tricheskoj dugi [Development and research of electric arc 
current control systems]. Ulyanovsk: UlSTU Publ., 2018, 
242 p. (In Russian) 

10. Petrov S. Methods of regulation and stabilization of the load 
current of welding inverters. Silovaya elektronika [Power 
electronics], 2008, no. 18, pp. 67-73. (In Russian) 

11. Klyuchev V.I. Teoriya elektroprivoda [Electric drive theory]. 
Moskow: Eneroatomizdat Publ., 2001. 704 p. (In Russian) 

., ., ., -
. -  

 // -
. 2019.  3(44). . 63-67. 

https://doi.org/10.18503/2311-8318-2019-3(44)-63-67 

 Meshcheryakov V.N., Evseev A.M., Danilova O.V., 
Lastochkin D.V. Capacitive-Switched System of Current 
Stabilizing for Electric Arc Plant. Elektrotekhnicheskie 
sistemy i kompleksy [Electrotechnical Systems and Com-
plexes], 2019, no. 3(44), pp. 63-67. (In Russian). 
https://doi.org/10.18503/2311-8318-2019-3(44)-63-67 

  



-  
 

68 . 3(44). 2019 
 

-   

 621.31 https://doi.org/10.18503/2311-8318-2019-3(44)-68-72 

.1, .3, .2, .1 

1 . .  
2  « » 
3  « » 

-  
 

 
. -

. ,  
-
-

. .  
. -

 ( , ) .  
 « -OptActivePower». -

 
. , -

, -
, ,  - 

, .  
.  

, . 

: , , , , 
, , , , .. 

 

 
-

, -
.  

, -
 
 

 [1]. 
 

 [2], -
 [3],  [4]. -

 
 [5],  -

 [6]. -
:  

 [5], -
 [6] . [1]. 

-
-

 [7]. 
, 

,  
.  

 
-

 [8].  
-

 [9]. 

                                                
© ., .,  

., ., 2019 

-
, -

 
 [10],  

 [11], -
 [12]. 

-
-

 [13, 14] . 
 

.  
 [15] , -

-
 

. 
 [16]  

, -
, -

-
. -

 
, , , -

. 
-
 

 [17]  [18]. 
,  

, , 
,  

. 
, -

 
 

-OptActivePower.  



 -
 

. 3(44). 2019 69 
 

 
-
-

. 

 
  

 

 
-

.  
 - Op-

tActivePower [19].  
-
 

 

( ) min,W W P  (1) 

 – ,  ./ ;  W  –  
, ; P  –  -

,  ;   –  -
, ./ ;  – , . 

 

,P  (2) 

P  – -
, ; P  –  

, . 
 

: 

min max

min max

;

,
i i i

i i i

U U U
S S S

 (3) 

 Ui min, Ui max –  
 (±10% ), 

; Si min,  Si max – -
, -

,  
, . 

-
-

: ,  
-

 [20],  
 [21]. -

 
.  

,  
 [22], , ,  

 ( ). 
-
 

. 
-

  

! ,
!

mn
m k  (4) 

 n – ; m – -
-

; k  –  
. 

 . 1. 

 
. 1.   

 
  

-
 

-
: -

, . 

 
-

 ( .  2) -
 

. 
 3 -

-
 10, 12  15 -

.  
16, 11, 9. 

 
 ( . ). -
 (4)  6. 

 
,  

-  
,  

n = m!/(m-k)!

i = 1...n

 
 

»

 
 

 



-  
 

70 . 3(44). 2019 
 

 12 9, 10  - 11  15  – 16. 

 
. 2.  

 
  

 
,  ,  ., 

 9 11 16 
10 12 15 112128 316,186 
10 15 12 106258,8 299,727 
12 10 15 98112 312,128 
12 15 10 110726,4 276,577 
15 10 12 116858,4 425,178 
15 12 10 117748,4 475,98 

 

-
 

-
-

. -
 

-
.  

-
. 

 
, -

 
. 

 
1. .  

 // -
. : 

. 2017. . 17.  3. . 76-85. 
2. Sovban  E.  A.,  Filippova  T.  A.,  Panteleev  V.  I.  and  Trufak-

in S.S. "The Features of Mathematical Optimization Models 
of Modes Hydro-Power Stations," 2018 XIV International 
Scientific-Technical Conference on Actual Problems of Elec-
tronics Instrument Engineering (APEIE), Novosibirsk, 2018, 
pp. 428-432. 

3. Zhang  S. et al. "Compilation and optimization of nuclear 
power plant preventive maintenance program," 2013 Inter-
national Conference on Quality, Reliability, Risk, Mainte-
nance, and Safety Engineering (QR2MSE), Chengdu, 2013, 
pp. 748-753. 

4. Li Y. and Li R. "Simulation and Optimization of the Power 

Station Coal-Fired Logistics System Based on Witness Simula-
tion Software," 2008 Workshop on Power Electronics and Intel-
ligent Transportation System, Guangzhou, 2008, pp. 394-398. 

5. . -
-

 //  
. 2018.  1. . 17-22. 

6. Li X. "Application of Fuzzy Adaptive Genetic Algorithm in 
Reactive Power Compensation Optimization of Power Sta-
tion," 2011 International Symposium on Computer Science 
and Society, Kota Kinabalu, 2011, pp. 214-217. 

7. Dzobo O. "Virtual power plant energy optimisation in smart 
grids," 2019 Southern African Universities Power Engineering 
Conference/Robotics and Mechatronics/Pattern Recognition 
Association of South Africa (SAUPEC/RobMech/PRASA), 
Bloemfontein, South Africa, 2019, pp. 714-718. 

8. .,  . -
 // 

-
. 2014. 2. .82-84. 

9. ., .  
-

 // . 
2018. 4. .99-108. 

10. -
 / . , 

. , . , .  //  
. . 

2012. 1-2. .82-89. 
11. ., ., . -

-
 // -

, . 2016. 1. .20-25. 
12. .  

 // 63- -
 « ». . -

: , 2011. . 238–242. 
13. . -

 // -
. 2018. 12. .374-381. 

14. .  
-

 // . 2016. 12. 
. 21-25. 

15. .  
-



 -
 

. 3(44). 2019 71 
 

 //  VIII  
. 2017.  . 41-44. 

16. ., . -
-

 // , -
. 2017. .385. 

17. ., . -
 

 // -
 

 « -
. . -

». 2018. 5(87). .69-74. 
18. ., ., ., . 

 
 

 // -
: III -

: . . 2012. . 280-284. 

19. . 2019618397 . -
OptActivePower / ., .; -

 « -
. . ».  2019616954; 

. 07.06.2019; . 01.07.19. 
20. ., ., . -

-
-
-

 // . 2016. 
4(33). . 29-34. 

21. ., ., . -
-
 

 //  
. 2009. 4. . 34-38. 

22. ., .  
 

 // -
. 2016.  1 (30). . 24-28. 

 23  2019 . 

INFORMATION IN ENGLISH 

TECHNICAL AND ECONOMIC SUBSTANTIATION OF THE PLACE OF INSTALLATION OF SOURCES  
OF DISTRIBUTED GENERATION 

Aleksandra V. Varganova 

Ph.D. (Engineering), Associate Professor, Department of Electric Power Supply of Industrial Enterprises, Power Engineer-
ing and Automated Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: ale-
ksandra-khlamova@yandex.ru. ORCID: https://orcid.org/0000-0003-4675-7511 

Julia M. Bayramgulova 

Engineer, Joint-stock company «Magnitogorskij Grazhdan Proekt», Magnitogorsk, Russia. E-mail: Luiza-marsovna@ya.ru. 

Irina N. Goncharova 

Engineer, Joint-stock company «Magnitogorskij Gipromez», Magnitogorsk, Russia. E-mail: irina_goncharova_2018@mail.ru. 

Olga A. Krotkova 

Master’s degree student, Department of Electric Power Supply of Industrial Enterprises, Power Engineering and Automated 
Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. 

The article proposes an approach to determine the optimal 
location of distributed generation sources in the power supply 
systems. The development of the approach is due to the need to 
increase the operating efficiency of existing and commissioned 
electric power facilities. The work reflects a technique that makes it 
possible, at the stage of designing a new or reconstruction of an 
existing electric network, to search for an economically feasible 
installation site for electric and thermal energy sources depending 
on their capacity and distance from consumers. The criterion of 
optimality is the minimum cost of power transmission in the 
network. The algorithm is implemented using the direct 
enumeration method. The restrictions on the throughput of 
individual elements of the power supply system (power lines, 
transformers) and the allowable voltage loss in its nodes are taken 
into account. The technique is adapted to the conditions of the 
KATRAN-OptActivePower software and computer complex. The 
determination of the cost of power loss in the network is 
determined using a modified dynamic programming method in 
combination with the sequential equivalentization method. For the 
initial data for the calculation, technical and economic models of 
generators are used, which are the dependence of power on the cost 
per ton of fresh steam needed to generate thermal and electric 
energy for sources of thermal power plants, and the dependence of 
power on the cost of the energy source used for gas turbine, 
combined-cycle and gas piston units. The models take into account 

the operational characteristics of energy sources and are presented 
in the tabular form. The article provides calculations to assess the 
optimal installation location of generators in the conditions of the 
current power supply system according to the criterion of the 
minimum cost of active power loss. 

Keywords: electric network, power supply system, 
distributed generation, gas turbine installation, combined-cycle 
plant, technical and economic indicators, costs, power losses, 
electricity tariff. 
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