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 ( . 1). 
 . 1 :  

– KV –  -
; 

– tnach –  
, ° ; 

– Nnach –  
, ; 

– H – , %; 
– D – , ; 
– Pr1 – , ;  
– sn – , ; 
– Dn – , ; 
– s – , 

. .; 
– Dm – -

 Matlab, ; 
– % –  

, % 
 .  1,  
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 ( -

, -
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,  
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. , -
-
-

. -
,  
.  
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, , -
. , -

, ,  
 (1 )  

.  3  
 84%,  7  – 

 57%,  11  –  34%.  
 20   

, .  

 1  
  

 
 

KV tnach Nnach H D Pr1 sn Dn s Dm % 
0,05 -26,70 107 75 5 3 1,67 0,17 995,30 4,7 -6 
0,1 -26,70 107 75 5 3 1,67 0,17 995,30 4,95 -1 
0,15 -26,70 107 75 5 3 1,67 0,17 995,30 5,2 4 
0,2 -26,70 107 75 5 3 1,67 0,17 995,30 5,6 12 
0,25 -26,70 107 75 5 3 1,67 0,17 995,30 5,95 19 



 
 

6 . 1(58). 2023 
 

 2 
 

 ( )  
 

tnach Nnach H D Pr1 sn Dn s Dm % 
-27,50 275 73 5 5 1,00 0,18 993,6 4,3 14,0 
-22,80 352 79 5 5 1,00 0,21 988,4 6 20,0 
-27,20 258 75 5 6 0,83 0,17 989 4,3 14,0 
-24,70 326 77 5 6 0,83 0,19 999,5 4,3 14,0 
-26,70 107 75 5 3 1,67 0,17 995,3 4,9 2,0 
-19,6 0 99 5 3 1,67 0 993,4 4,3 14,0 
-22,0 108 96 5 3 1,67 0,05 988,2 5,4 8,0 
-14,0 0 70 5 14 0,36 0,91 988,6 4,5 10,0 
-30,6 246 72 5 6 0,83 0,14 992 4,3 14,0 
-18,2 169 97 5 5 1,00 0,07 974,6 4,1 18,0 
-12,4 322 88 5 5 1,00 0,24 983,4 4,5 10,0 
-12,3 226 98 5 2 2,50 0 986,1 4,5 10,0 
-27,6 298 87 5 6 0,83 0,1 994,4 4,3 14,0 
-13,4 99 95 5 8 0,63 0,08 992,8 6 20,0 
-34,4 276 83 5 5 1,00 0,05 991,4 4,3 14,0 
-31,8 0 81 5 6 0,83 0,09 1002,3 5,5 10,0 
-28,0 225 84 5 5 1,00 0,09 990,8 4,3 14,0 
-15,4 315 96 5 3 1,67 0,09 991,9 4,8 4,0 
-18,0 135 88 5 5 1,00 0,2 975,2 5,6 12,0 
-19,6 311 89 5 4 1,25 0,13 993,3 5,5 10,0 
-30,9 108 84 5 4 1,25 0,07 987,7 5 0,0 
-13,3 292 95 5 5 1,00 0,11 992,3 4,3 14,0 
-16,5 67 91 5 6 0,83 0,17 985,2 5,4 8,0 
-15,5 202 94 5 3 1,67 0,09 987,2 5 0,0 
-12,3 292 96 5 6 0,83 0,12 977,3 4,3 14,0 
-4,9 0 100 5 9 0,56 0 988,7 5,5 10,0 
-22,7 104 78 6 5 1,20 0,22 985,6 6,2 3,3 
-22,0 0 79 6 8 0,75 0,22 990,1 6 0,0 
-24,9 307 76 6 5 1,20 0,2 989,2 6 0,0 
-18,2 102 82 6 5 1,20 0,25 992 6,4 6,7 
-28,7 123 74 6 8 0,75 0,15 993,6 5,3 11,7 
-17,8 258 86 6 5 1,20 0,21 989,5 6 0,0 
-24,9 0 86 6 3 2,00 0,12 1000,8 5 16,7 
-31,8 0 82 6 5 1,20 0,09 981,2 5,9 1,7 
-8,8 0 100 6 3 2,00 0 982,7 6,1 1,7 
-28,8 0 87 6 3 2,00 0,09 998,9 5,2 13,3 
-20,8 0 88 6 6 1,00 0,12 985,9 6 0,0 
-13,1 142 91 6 9 0,67 0,22 980,7 6,2 3,3 
-10,8 0 93 6 6 1,00 0,13 989,7 6,3 5,0 
-17,9 112 94 6 6 1,00 0,08 993,4 6,5 8,3 
-17,7 273 83 7 7 1,00 0,26 987,3 6,4 8,6 
-13,5 271 86 7 9 0,78 0,31 981,3 6 14,3 
-15,3 0 94 7 3 2,33 0,09 975,8 6,2 11,4 
-3,5 0 97 7 3 2,33 0,15 983,6 7,1 1,4 
-17,7 315 96 7 10 0,70 0,08 991,8 7,2 2,9 
-17,8 337 95 7 9 0,78 0,08 980,8 7,4 5,7 
-14,8 247 88 8 9 0,89 0,24 982,8 8,7 8,7 
-20,3 173 84 8 6 1,33 0,2 989,1 8,1 1,3 
-22,3 125 89 8 9 0,89 0,1 994,3 8 0,0 
-22,4 45 86 8 8 1,00 0,15 984,2 8,4 5,0 
-21,7 0 94 8 6 1,33 0,05 989,1 8 0,0 
-25,9 0 86 8 5 1,60 0,11 993,5 7 12,5 
-21,7 250 86 8 9 0,89 0,16 995,8 8,4 5,0 
-20,9 285 90 8 8 1,00 0,11 990,1 7,2 10,0 
-14,0 315 95 8 8 1,00 0,1 989,6 8,4 5,0 

 
 Fuzzy 

logic controller8 , . 
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INFORMATION IN ENGLISH 

DEVELOPMENT OF THE ICE FORMATION FORECASTING SYSTEM MODEL 

Valeriya S. Popova 

Postgraduate student, Komsomolsk-on-Amur State Technical University, Komsomolsk-on-Amur, Russia, 
https://orcid.org/0000-0002-1874-0598 

Vyacheslav A. Solovyev 

D.Sc. (Engineering), Professor, Head of the Department, Electric Drive and Automation of Industrial Installations  
Department, Komsomolsk-on-Amur State Technical University, Komsomolsk-on-Amur, Russia, epapu@knastu.ru, 
https://orcid.org/0000-0001-7930-0601 

The article considers one of the possible options for 
expanding the existing system for predicting icing on power line 
wires using fuzzy identifiers [2]. This option implies the use of 
secondary parameters that affect the ice formation process, such 
as atmospheric pressure at the station level, saturation deficit, 
cloudiness, weather at the observation time and the local 
geophysical parameters. The article describes the setting of a 
fuzzy identifier, with such input variables as the atmospheric 
pressure at the station level and the saturation deficit. The 
membership function distribution for input and output variables 
of this fuzzy identifier is shown. The rule database of this fuzzy 
identifier is given. The influence of the weighting factor on the 
perturbing effect on the output variable of this identifier is shown, 
and the weighting factor choice for it is also made.The modeling 
of the output variable (deposit diameter) was carried out by 
substituting statistical data for the Bratolyubovka, Bolshoy 
Shantar, Yelabuga, Nikolaevsk and Zeya stations into the model 
inputs. The average deviation of the simulated value from the 
statistical value was found for all the above stations. It is 
concluded that at these meteorological stations an additional 
influence on the process of icing is exerted by secondary 
parameters that have not yet been considered. It is shown that the 
introduction of additional controllers into the icing prediction 
system makes it possible to take into account additional 
parameters that affect the icing process. As the input data of these 
fuzzy identifiers, it would be advisable to consider the distance 
from the power line to the forest belt, height above sea level, 
cloudiness and precipitation, as the output data of these fuzzy 
identifiers, and also consider the wind speed. In conclusion, the 
article presents the resulting system for forecasting icing. 

Keywords: modeling, forecasting, icing, power line, fuzzy 
identifier, fuzzy logic, membership functions, weather stations, 
statistical data, intelligent system 
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EXCESSIVE RECOVERY DISPOSAL IN THE CONTACT NETWORK OF ELECTRIC VEHICLES WHEN CHARGING 
A STATIONARY STORAGE DEVICE 
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The energy recovery flows in the rolling stock of mountain 
electric transport during braking are considered. The influence of 
the network load power on the useful recovered energy flow 
directions during rolling stock braking is determined. The energy 
consumption coefficient for traction and non-traction needs is 
derived as an intrinsic characteristic of the system for performing 
transport work in the GET. The change in the energy recuperation 
flow patterns during charging of a stationary energy storage 
device in the contact network is analyzed. The effect of additional 
energy saving by a stationary storage device, not previously 
described in the literature, has been revealed in addition to the 
fact that it supplies previously stored energy of excessive 
recovery to the load in the contact network. Additional useful 
utilization of the mobilized excess energy recovery occurs during 
the drive charging, when part of it is consumed directly, i.e. 
without staying in the drive, by the network load, which does not 
occur without the stationary drive presence. This phenomenon 
has been given the name "BCF effect".  The basis is  laid for the 
method for calculating the direct consumption amount by the 
network load of the mobilized excess recovery during the drive 
charging at the current level of accounting tools development and 
application. 

Keywords: regenerative braking, recuperative energy flows, 
useful and excess energy recovery, stationary storage, contact 
network, traction substation, rolling stock, traction load, non-
traction load 
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IMPROVING THE POWER PLANT ENERGY EFFICIENCY THROUGH THE USE OF FREQUENCY-CASCADE 
REGULATION PRINCIPLE FOR FEED PUMP DRIVES 
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The paper considers the issue of improving the factory 
power plant energy efficiency. The literature review was carried 
out, which presents domestic scientific works. The analysis 
results of the current state of power plant energy efficiency in the 
country are presented.  It  is  revealed that  one of the main factors 
reducing the power plant energy efficiency is the consumption of 
electricity for their own needs. In order to reduce the electricity 
consumption by own needs, it is proposed to use the principle of 
cascade-frequency regulation to control the pumps group. Feed 
pumps of a factory power plant with feed water cross-links were 
selected as the research object. An example of the four feed pump 
operation on a common collector with the condition of 
maintaining the necessary water flow at a given network pressure 
is considered. Instead of traditional throttling, it is proposed to 
regulate the pump performance by changing the drive rotation 
speed. This reduces the consumption of electrical energy. A 
distinctive feature of the proposed control scheme is that part of 
the pumps necessary to maintain a given feed water flow rate are 
connected to the single frequency converter. The regulation takes 
place with the same rotation speed. To bring the pump into 
nominal operation mode, a workaround is provided that allows 
you to connect the electric drive directly to the mains. A 
flowchart for choosing the optimal operating mode for a group of 
similar pumps has been developed. For a given network 
characteristic, various options for connecting pumps via 
frequency converters and their resulting characteristics are 
obtained. The operation expediency of a pump group with 
different frequency and load when working on a common 
network is considered. Recommendations have been developed 
for the use of frequency-controlled noses, taking into account the 
minimum costs for the given performance. 

Keywords: power plant, efficiency improvement, self-
consumption, throttling, adjustable drive, frequency converter, 
feed pumps, power saving 
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The influence of the inverter system operating in the system 
of a solar power station (SPS) on the power quality indicators and 
the influence of the regime parameters of the network on the 
inverter operation is estimated. The following power quality 
indicators were measured: frequency deviation, slow voltage 
change and auxiliary parameters (active and reactive power, 
frequency, current and voltage waveforms) at the point of 
connection of a 54 kW solar power station to a 0.4 kV (the supply 
line) power supply system of a medical institution. An algorithm 
for analyzing the impact of inverter operation with a driven 
network has been developed. The operating modes of the inverter 
system of solar power stations, where Japanese-made inverters of 
the Omron brand are installed, are considered using the example 
of the SPS of the Research Institute of Obstetrics, Gynecology 
and Perinatology in Dushanbe. The influence of the inverter 
operation on the power quality in distributed networks of 0.4 kV 
was considered. The results of measuring the indicators of the 
power quality and auxiliary parameters at the considered power 
factory are evaluated. The operating modes of the inverter system 
were analyzed for 7 days. In idle mode, the reactive power 
consumption of the inverter system from the grid is up to 5% of 
the installed power. When the inverter system is fully loaded, the 
reactive power consumed increase up to 15%, relative to the 
converted active power. When the value of the frequency and 
voltage of the network goes beyond the established corridor 
(± 0.4 Hz) for frequency and voltage (± 10%), the inverter system 
disconnects the SPS from the network. A method for choosing 
compensating devices, depending on the load of inverters, is 
proposed. 

Keywords: solar power station, measurements, inverter, 
distribution networks, controlled network, supply line, frequency 
deviation, voltage deviation, active and reactive power 
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The theme of the article is justified by the situations arising 
in the process of slurry pumping station operation accompanied 
by the increasing frequency of electrical equipment flooding, 
which is the reason for the reconstruction. It should be noted that 
it  is  necessary  to  find  the  solution  for  the  increase  in  the  
redundancy level are the accidents when the slurry pump station 
is completely without power supply or the long-time switching to 
the reserve input due to the delay made by the personnel. Such 
causes result in significant losses due to flooded electrical 
equipment due to power failure and the pump house being 
underground as well as stopping the technological process of 
continuous production of a large shop for several days. The 
purpose of this investigation is to find the optimum design 
solution for a slurry pumping station under specific industrial 
conditions considering its location and operating conditions in the 
process of operation. To solve the problem of the pumping station 
flooding, the choice of electric power supply schemes, in which 
reliability and redundancy will be increased, is offered. The 
scheme choice is based on a complex approach considering the 
reliability parameters, reduction of downtime and losses, estimate 
of steady-state parameters, emergency and post-emergency 
modes, as well as no-risk, prospect for expansion of the pump 
house and approximate economic evaluation of the suggested 
solutions. Some circuit solutions are implemented in Katran 
software package based on a combination of modified 
equivalence and sequential intervals methods to determine the 
values of steady-state parameters of the system as well as to 
calculate the emergency closing at 10 kV sections to estimate 
post-emergency parameters and to further implement them. The 
design of power supply schemes for reconstruction of a slurry 
pumping station with the purpose of increasing the reliability of 
uninterrupted power supply to responsible consumers to increase 
the degree of object reservation was carried out in this work. The 
authors suggest scheme variants and estimate the possibility to 
realize  them  in  the  conditions  of  the  present  object.  Besides,  a  
tentative evaluation of reliability and safety of the presented 
power supply schemes with reference to conditions of the 
oxygen-converter plant is given. Their comparison is made, and it 
is described, which of the schemes may be used in practice. Their 
economic component and convenience are also evaluated. In 
addition, steady-state, emergency, and post-emergency mode 
have been calculated in order to study the reliability of the 
optimal scheme. 

Keywords: power supply scheme, reliability, slurry pump 
house, reliability categories, power supply quality, voltage level 

calculation, redundancy, pump house flooding, losses, additional 
backup input 
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The paper considers the issue of modeling the control system 
of general industrial transport equipment such as transport roller 
tables. The description of technological equipment is given, 
structural and kinematic schemes of the considered industrial 
mechanism are given. The key features of mechanisms of this 
type are considered, the requirements for the control system of 
electric drives of this equipment are separately mentioned. Lifting 
and transport mechanisms, which include the considered 
industrial unit, are widespread in the structure of industrial 
enterprises. Furnace roller tables, which are a special case of 
transport roller tables, are characterized by non-stop operation in 
the line of technological units, where special requirements are 
placed on the accuracy and overload capacity of the drive. For 
electric drives of this type, the use of asynchronous motors with a 
squirrel-cage rotor and sensorless control systems is typical. The 
control system must maintain the constancy of the speed of roller 
tables group, provide the necessary rate of acceleration and 
deceleration according to the mechanical coefficient of friction of 
the metal on the rollers. Also, such systems are characterized by 
functioning in the range from 10 to 60-70 Hz. A tool that allows 
leveling the shortcomings of such features of the object operation 
can be considered as the method related to the integration of 
neural network mathematical functions into the structure of the 
control system. The paper presents various adaptation 
mechanisms of neural network structures, describes their 
advantages and disadvantages. The article also mentions the 
issues of dynamic stability of the above-mentioned electric drive 
systems, research modeling of structures with different 
approaches to the architecture of the control system is carried out. 

Keywords: simulation, variable speed drive, control system, 
vector control, asynchronous motor, Predictive controller, 
observers, sensorless vector control, learning, neural networks 
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Changing the characteristics of the hot blast stoves in the 
unit  makes  it  necessary  to  correct  the  mode  maps.  The  
implementation of such a correction is episodic, and often the 
very value of the correction of the operation time periods of the 
hot blast stove unit is determined from the empirical experience 
of the technologist and is based on assumptions about the real 
state of the hot blast stove without evaluating the "history" of its 
operation. Such an approach to control does not allow for 
continuous maintenance of maximum efficiency of the hot blast 
stove unit and leads to a decrease in blast productivity, which 
affects the economic performance of the blast furnace. The article 
considers a control system that performs a continuous analysis of 
the condition of the hot blast stoves in the unit and corrects the 
time of the blowing period for each stove. Evaluation of the 
capabilities  of  the  hot  blast  stove  unit  is  performed  using  a  
linguistic variable, for which two terms are formed - "weak" and 
"strong" hot blast stove, which determine the ability of the hot 
blast stove to heat the blast for a given cycle time. Using fuzzy 
logic methods, taking into account the characteristics of a "weak" 
hot blast stove at the end of each operation cycle, the value of the 
blowing period correction for the entire unit is formed. Thus, the 
system allows for continuous correction of the mode map taking 
into account the changing characteristics of the hot blast stoves in 
the unit. The conducted calculation experiment with models of 
hot blast stoves with different characteristics showed that the 
transition from the original mode card with the same time of 
blowing periods to the new mode card occurred in 15 full cycles 
of the unit or in 37.5 hours. At the same time, the average 
temperature of the blast increased by 32.8 °C, and the minimum 
temperature of the hot blast from the "weak" hot blast 
stovesincreased by 133.6 °C. 

Keywords: hot blast stove, fuzzy logic, mathematical model, 
heat transfer, mode map 
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 uart_rx -
 UART : 

module uart_rx (  
 input wire  clk, 
 input wire  reset, 
 input wire  uart_rxd, 
 input wire  uart_rx_en, 
 output wire        uart_rx_valid, 
 output reg [PAYLOAD_BITS-1:0] uart_rx_data 

); 
 

uart_rx  [20].  
 clk  

. -
 50 .  

-
 CLK_HZ  uart_rx [20]. 

 reset  
 UART.  uart_rxd -

 RX.  uart_rxd -
 TX .  

 USB-UART, 
.  

 UART -
 9600 . -

 BIT_RATE  
 uart_rx [20].  uart_rx_en -

. 
 uart_rx_valid  

.  
.  uart_rx_data 

 8- .  
. 

 uart_rx  
 .  1.   reset, uart_rx_en  

 «1». 
 8- -

 0x00,  0xFF. -
 

,  
 uart_rx. : 

 always @ (posedge CLOCK_50) 
 begin 

 if (rx_valid) 
 begin 
 if (RX_FreqSet == 0 || RX_FreqSet == 8'b11111111) 
  begin 
  FreqSet <= 0; 
  end 
  else 
  begin 
  FreqSet <= RX_FreqSet; 
  end 
end 
end 

 
. 1.  uart_rx  UART 
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 50  .  -

 
uart_rx_valid.  rx_valid , -

 uart_rx_data -
 uart_rx  0x00  0xFF.  

 
 FreqSet  0x00, 

 0 . -
 

FreqSet  uart_rx_data. 
-

 . 2. 

 

-
 8 -

,   
 1  50 ,  

 FreqControll.  
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–  50 
, ; 

– , -
 (ROM)  0  49; 

– -
.  

 
:  

module FreqControll ( 
input clk, 
input [7:0] comp 
output outclok_dev 
); 
reg  [20:0] count = 0; 
wire [20:0] temp; 
reg [20:0] var = 0; 
reg [20:0] var_half = 0; 
 
single_port_rom_freq (.addr(comp),.clk(clk),.q(temp)); 
 
always @(posedge clk) 
begin 

 var <= temp; 
 var_half <= temp >> 1; 

 count <= count + 1'b1; 
 if (count >= (var-1)) 
 begin 
 
assign outclok_dev = (count == (var_half)) ? 

1'b0:1'b1; 
endmodule 

 FreqControll  
.  input clk  

 50 .   input 
comp . 

 outclok_dev  
. 

 FreqControll -
 single_port_rom_freq,  

 (single port ROM) -
.  

.  
: 

module single_port_rom_freq 
#(parameter DATA_WIDTH=21, parameter 

ADDR_WIDTH=7) 
( 
input [(ADDR_WIDTH-1):0] addr, 
 input clk,  
 output reg [(DATA_WIDTH-1):0] q 
); 
 reg [DATA_WIDTH-1:0] 

rom[2**ADDR_WIDTH-1:0]; 
 initial 
 begin 
  $readmemb("rom_init_freq.txt", rom); 
 end 
 always @ (posedge clk) 
 begin 
  q <= rom[addr]; 
 end 
endmodule 

 single_port_rom_freq -
, -

 « » 
.  

DATA_WIDTH  21  ,   
ADDR_WIDTH  7 . 

 
. 2. 
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 $readmemb ("rom_init_freq.txt", rom), 

 rom_init_freq.txt –  
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N, dec  N, bin 
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-
-

 FreqControll  
 outclock_dev.  

,  
0   99.   

.  
 ROMRead: 

module ROMRead #(parameter NumberPoint = 100) ( 
 output reg [(NumberPoint-1):0] q, 
 input clk  
); 
reg [NumberPoint-1:0]count=0; 
always @(posedge clk) 

begin 
  if (count >= (NumberPoint-1)) 
  begin 
  count <= 0; 
  end 
   else  
   begin 
   count <= count + 1;  
   end 
q <= count; 
end 
endmodule   

 
 0  99. 

 ROMRead . -
,  

 NumberPoint.  
, -

 
. , -

  single_port_rom_phase_A : 
module single_port_rom_phase_A 
#(parameter DATA_WIDTH=8, parameter 

ADDR_WIDTH=8) ( 
input [(ADDR_WIDTH-1):0] addr, 
input clk,  
output reg [(DATA_WIDTH-1):0] q 
); 

reg [DATA_WIDTH-1:0] rom[2**ADDR_WIDTH-1:0]; 
initial 
begin 
$readmemb("rom_init_phase_A.txt", rom); 
end 
always @ (posedge clk) 
begin 
  q <= rom[addr]; 
end 
endmodule 

 
, ,  8 

.  -
 FreqControll. 

 
 Voltage: 

module Voltage ( 
input clk, 
input [6:0] PhaseA, 
input [6:0] PhaseB, 
input [6:0] PhaseC, 
input [6:0] Freq, 
output [6:0] outPhaseA, 
output [6:0] outPhaseB, 
output [6:0] outPhaseC 
); 
reg [6:0]calcVlotagePhaseA = 0; 
reg [6:0]calcVlotagePhaseB = 0; 
reg [6:0]calcVlotagePhaseC = 0; 
reg [6:0]tempA = 0; 
reg [6:0]tempB = 0; 
reg [6:0]tempC = 0; 
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reg [6:0]tempFreq = 0; 
always @(posedge clk) 
begin 
 tempA <= PhaseA; 
 tempB <= PhaseB; 
 tempC <= PhaseC; 
 tempFreq <= Freq; 
calcVlotagePhaseA <= (tempA*tempFreq)/50; 
calcVlotagePhaseB <= (tempB*tempFreq)/50; 
calcVlotagePhaseC <= (tempC*tempFreq)/50; 
end 

assign outPhaseA = calcVlotagePhaseA; 
assign outPhaseB = calcVlotagePhaseB; 
assign outPhaseC = calcVlotagePhaseC; 
   endmodule 

 Voltage  
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delay_N_clock_shift_reg  
 700 .  
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reset -

.  enable -
, -

.  
delay_N_clock_shift_reg  

: 
module delay_N_clock_shift_reg  
#(parameter N=35) (  
 input in, clk, reset, 
 output out 
); 
 

right_shift_register #(.N(N)) (.MSB_in(in), .clk(clk), 
.reset(reset), .LSB_out(out)); 
endmodule 
 

module right_shift_register  
#(parameter N=4)( 
input MSB_in, 
input clk,reset, 
output reg [N-1:0] Data_out, 
output LSB_out 
); 
assign LSB_out = Data_out[0]; 
always @(posedge clk) 
begin 
 if (~reset) 
begin 
 Data_out <= 0; 
end 
else 
begin 
Data_out <= {MSB_in, Data_out[N-1:1]}; 
end 
end 
endmodule   
 

-
.  -

 35 ,  
700  50 .  

, -
 

 « »,  
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.  « »  
 N. 

 .  8  
» delay_N_clock_shift_reg -
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For variable frequency drive applications, a control method 
based on vector pulse width modulation is widely used. The 
modulation algorithm is mainly implemented using software based 
on microcontrollers or digital signal processors. However, such 
solutions are not always optimal due to the limited speed of the 
software implementation and scaling difficulties. As an alternative 
solution, an implementation of a scalar control device for a 
frequency converter of an adjustable electric drive is proposed, 
which is made at the hardware level based on a programmable 
logic integrated circuit (FPGA). The scalar control is implemented 
with a simplified space-vector pulse-width modulation. Thanks to 
the flexibility of using FPGA resources, restrictions on the ability 
to scale the performance of variable speed drives are removed. 
Individual modules of the frequency converter are implemented in 
the Verilog hardware description language, which makes it possible 
to transfer the considered approach to any programmable logic of 
sufficient capacity. Methods of digital signal processing are used 
and their practical application in digital control systems is shown. 
The presented approach made it possible to reduce the design costs 
since it did not use the calculation of trigonometric functions in the 
FPGA. This became possible due to the implementation of simple 
synchronous circuits consisting of memory blocks and control 
logic. A practical example of the frequency converter development 
with a simplified space-vector PWM is given. The algorithms are 
implemented in the free (limited) integrated development 
environment Quartus Prime Lite Edition. Experimental 
oscillograms of output voltages obtained during testing of the 
project loaded into the FPGA are presented. This article can be 
practically useful for developers of commercial inexpensive scalar 
frequency converters. 

Keywords: programmable logic integrated circuit, FPGA, 
PWM, Verilog, Quartus Prime Lite Edition, UART, 
asynchronous motor, frequency converter, hardware description 
language, scalar control, ROM 
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When developing a source for smooth regulation of the 
voltage supplied to the primary circuit of the resonant circuit of a 
high-potential test transformer, the task is to protect the source 
from abnormal operating modes and to continuously measure the 
current, as well as to research and develop a protection circuit for 
an adjustable AC voltage source with continuous measurement of 
the output current load not exceeding ± 5%. In solving the 
problem, the authors proposed to develop and investigate current 
sensors of world manufacturers of semiconductor devices and, on 
their basis, for the purpose of import substitution, develop a 
current sensor that can meet or even exceed similar devices in 
terms of technical characteristics. In the course of the study, a 
current sensor of the DT-RS-1.0A type was developed, which 
makes it possible to measure the output current of an adjustable 
AC voltage source within the average value of the main reduced 
error of 1.26%. The use of the developed solution for measuring 
the output current of an adjustable AC voltage source for the 
purpose of continuous monitoring and protection against 
exceeding the specified settings will allow creating on its basis a 
number of digital measuring ammeters that allow measuring and 
controlling alternating current in the range from 1 mA to 1000 
mA. 

Keywords: adjustable AC voltage source, pulse-width 
modulation, insulation test, overvoltage, high-voltage test setup, 
test object, resonance. 
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Reactive power compensation in power supply systems of 
industrial enterprises can be carried out by operated synchronous 
motors. However, for their effective use, it is necessary to 
accurately determine the loss of active power depending on the 
operating modes of these motors. The purpose of the work was to 
develop a methodology, algorithm and program for assessing the 
state of a synchronous motor when changing control actions. For 
a synchronous motor, control actions mean the excitation current 
and voltage of the stator windings. The assessment of the 
synchronous motor state and the study of the regulatory effects of 
control actions on the basis of the developed methodology and 
algorithm, as well as the existing method of conducting a 
complete factor experiment is implemented on a computer 
program. The condition assessment was carried out for a high-
voltage synchronous motor of the DSM 260/39-36 brand with a 
voltage of 6 kV, in which a change in the excitation current  can 
be provided by an excitation control system, and a change in the 
voltage of the stator coil, a voltage regulation device under load 
(RPN), a transformer of the main step-down substation of an 
industrial enterprise that supplies the distribution electrical 
network the power supply system to which the synchronous 
motor is connected. The study of the regulatory effects of the 
control actions of a synchronous motor has shown that reactive 
power compensation when regulating the excitation current or 
voltage of the stator windings has different efficiency in terms of 
the active power cost for the reactive power generation, and the 
regulation of the voltage of the stator windings can significantly 
reduce these costs. The presented method of condition assessment 
allows us to consider synchronous motors as an active element of 
the power supply system of an industrial enterprise, or a group of 
active elements for solving a wide range of power supply tasks. 

Keywords: synchronous motor, active power losses, 
excitation current, stator winding voltage, active power, reactive 
power, mathematical model, algorithm, program, control actions, 
control effect 

REFERENCES 
1. Litvak L.V. Ratsionalnaya kompensatsiya reaktivnykh 

nagruzok na promyshlennykh predpriyatiyakh [Rational 
compensation of reactive loads at industrial enterprises]. 
Moscow, Energoatomizdat Publ., 1963. 256 p. (In Russian) 

2. Syromyatnikov I.A. Rezhimy raboty asinkhronnykh i sink-
hronnykh dvigateley [Operating modes of asynchronous and 
synchronous motors]. Moscow, Energoatomizdat Publ., 
1984. 240 p. (In Russian) 

3. Nikulin I.A. Calculation of the excitation mode of a syn-
chronous motor providing a minimum of power losses. El-
ektrichestvo [Elektrichestvo], 1965, no 4, pp. 8-13.  
(In Russian) 

4. Vershinin P.P. Povyshenie effektivnosti rezhimov peredachi i 
potrebleniya elektroenergii v otraslyakh tyazheloy promysh-
lennosti na baze kompleksnogo ispolzovaniya sinkhronnogo 
dvigatelya. Doct. Diss. [Improving the efficiency of trans-
mission modes and electricity consumption in heavy indus-
tries based on the integrated use of a synchronous motor. 
Doct. Diss.]. Dneprodzerzhinsk, 1984. (In Russian) 

5. Arkhipenko V.V. Method for determining active power loss-
es in a synchronous motor. Elektrichestvo [Elektrichestvo], 
1973, no 2, pp. 12-14. (In Russian) 

6. Filatov A.N., Sizganova E.Yu., Panteleev V.I., Petu-
khov R.A., Pilyugin G.A. Static characteristics and meth-
ods for calculating the steady-state operating modes of a 
synchronous motor. Journal of Siberian Federal University. 
Engineering&Technologies, 2015, no 6, pp. 795-801.  
(In Russian) 

7. Arushanyan I.O. Chislennye algoritmy resheniya 
nelineynykh uravneniy [Numerical algorithms for solving 
nonlinear equations]. Moscow, Moscow State University 
Moscow State University Publ., 2018. 39 p. (In Russian) 

8. Gur'ev E.K., Nikulin A.M. Iteratsionnye metody resheniya 
nelineynykh uravneniy [Iterative methods for solving nonlin-



 ,
 

. 1(58). 2023 91 
 

ear equations]. Moscow, MATI Publ., 2005. 176 p.  
(In Russian) 

9. Panteleev V.I., Filatov A.N., Pilyugin G.A. Otsenka sos-
toyaniya sinkhronnogo dvigatelya [Synchronous motor con-
dition assessment]. Computer program RF, no. 2021680084, 
2021. 

10. Pilyugin G.A., Panteleev V.I., Filatov A.N. Simulation of a 
synchronous motor as an active-adaptive element of the 

power supply system of an industrial enterprise. Problemy i 
perspektivy razvitiya energetiki, elektrotekhniki i ener-
goeffektivnosti: materialy V Mezhdunarodnoy nauchno-
tekhnicheskoy konferentsii [Materials of the V International 
Scientific and Technical Conference "Problems and pro-
spects for the development of energy, electrical engineering 
and energy efficiency"]. Cheboksary, Ulanov Chuvash State 
University Publ., 2021, pp. 55-60. (In Russian) 

., ., .  
-

 //  
. 2023.  1(58). . 84-91. 

https://doi.org/10.18503/2311-8318-2023-1(58)-84-91 

 Pilyugin G.A., Panteleev V.I., Filatov A.N. Method for 
Assessing the Synchronous Motor State when Control 
Actions Change. Elektrotekhnicheskie sistemy i kompleksy
[Electrotechnical Systems and Complexes], 2023, 
no. 1(58), pp. 84-91. (In Russian). 
https://doi.org/10.18503/2311-8318-2023-1(58)-84-91 

  



 
 

92 . 1(58). 2023 
 

 

 –  .  
. , , , -

 « », , 
, , top.df.mpei@ya.ru 

 –  .  ,  
, , -

, -
. . , 

, , andreev.asc@gmail.com, 
https://orcid.org/0000-0003-0735-6723 

 – . . , 
, ,  

. -
, , , javod@ttu.tj, 

https://orcid.org/0000-0002-9869-288X 

 – -
,  « », , 

, ivanbond1998@mail.ru, https://orcid.org/0000-
0003-0150-3024  

 – -
, , -

 « »,  
, , , 

zoko1981@mail.ru 

 –  .  .  ,  
, , 

 
», , , -

, dzhuraevsh@mpei.ru, https://orcid.org/0000-
0003-4092-2758 

 – . . 
, ,  « », , 

, proton764@mail.ru 

 – . . 
, , -

,  
. . , -

, , rotjuil720@mail.ru, https://orcid.org/0000-
0002-5280-5666 

 – . . , 
, , -

, 
, , skopytov@mail.ru, 

https://orcid.org/0000-0002-7967-9460 

 – ,  
, -

-
. . , , , 

eligin@ya.ru, https://orcid.org/0000-0001-8884-4846 

 – . , 
, , -

,  
, , , mesherek@yandex.ru, 

https://orcid.org/0000-0003-0984-5133 

 – ,  
 

-
,  

, , , mukhametshinav@yandex.ru, 
https://orcid.org/0000-0002-5098-6483 

 – . . 
, , , -

, -
 « », , , -

, hurshed84@mail.ru, 
https://orcid.org/0000-0002-4347-5239 

 –  .  ,  -
, , , -

-
, ,  

,  
, , , 

zpavlova@mail.ru, https://orcid.org/0000-0003-4767-972X  

 –  .  ,  
, , 

 
, , , pvi0808@rambler.ru, 

https://orcid.org/0000-0002-8676-3177 

 –  
, , -

-
, , , SFU_PI_PILYUGIN@mail.ru, 

https://orcid.org/0000-0001-6073-9542 

 – , -
, 

, , https://orcid.org/0000-
0002-1874-0598 

 – , -
, -

. . 
, , , Aspr.88@yandex.ru, 

https://orcid.org/ 0000-0001-6191-1156 

 – ,  
,  

, , , evgenysentsov@yandex.ru, 
https://orcid.org/0000-0002-8383-5139 

 – -
,  «  

», , , serdiukaa@ed-electro.ru, 
https://orcid.org/0000-0002-9259-5122 

 – ,  
, -

. . , 
, , artem_snigur@mail.ru 

 – .  ,  
, , -

, 
-



 
 

. 1(58). 2023 93 
 

, , , epapu@knastu.ru, 
https://orcid.org/0000-0001-7930-0601 

 –  ,  -
, 
-

. . , , , an-
dreyt2001@yandex.ru 

 –  .  .  
, ,  
,  « -

» . . , , , 
Ulianov2@mail.ru, https://orcid.org/0000-0003-2548-9132 

 – . . , 
, ,  

, 
, , anf.24@mail.ru 

 – .  .  ,  -
,  

,  
, , , 

khazievart@mail.tu, https://orcid.org/0000-0002-7075-0363 

 – , -
, 
-

. . , , , Shal-
imov-alexey@mail.ru 

 – . 
. , , -

, -
. . , , -

, n.shvidchenko@magtu.ru, https://orcid.org/0000-
0002-3917-9218 

 – . , 
, , -

, -
 ( ), , , mx_sh@mail.ru, 

https://orcid.org/0000-0003-3300-5193 
 



 
 

94 . 1(58). 2023 
 

! 
 

 « ». 
 « »  1996 .  

, , , -
.  2014 . « »  

. 
 02.02.2016 . , -

,  
.  

 07.03.2023 . -
: 
1.2.2. ,  ( ) 
2.3.1. ,  ( ) 
2.3.3.  ( ) 
2.4.1.  ( ) 
2.4.2.  ( ) 
2.4.3.  ( ) 
2.4.4.  ( ) 
 

 c 06.12.2022 .  2. 
 

: 
 ; 
 ; 
 , ; 
 ; 
 , ; 
 , . 
 

. 
, , . 

. 
 

,  esik.magtu.ru  « -
». ,  

. 
 

, .  
 ( , , .), , -

. ,  
, -

.  30% -
! 

 (  ecis.red@gmail.com): 
 , ; 
  ( ); 
 ; 
 , ; 
 . 
  


	ЭлСиК 1(58) - обложка - 1.pdf
	ЭлСиК_1(58)_2023_ИТОГ.pdf

