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O. Sinchuk, Yu. Filipp, M. Maksimov, R. Zaytsev 
Kryvyi Rih National University  
vul. Vitaliya Matusevycha, 11, Kryvyi Rih, 50027, Ukraine. E-mail: speet@ukr.net  
Parameters, distinctive features of heavy-duty power converter circuits and daily graphs of active and reactive power of 

both hoisting equipment's electric drives in particular and power consuming units of the Kryvbas (Kryvyi Rih Iron Ore 
Basin) iron ore mining companies as a whole were analyzed. It was found that the use of electric drives as per the frequen-
cy converter–synchronous motor system instead of as per the generator–motor one had made it possible to reduce active 
power levels at no load by 2 to 4 times. As compared with the thyristor converter–motor system, the frequency converter–
synchronous motor one also makes it possible to significantly reduce the levels of reactive power consumption, 6 kV volt-
age deviation levels at the substations' bus sections, and to improve the power factor. It was revealed that the upgrading of 
hoisting equipment's electric drives having various power conversion systems requires a more thorough analysis of the 
interaction between those drives' converters and power supply circuits, as well as the introduction of efficient measures to 
ensure the electromagnetic compatibility of the two. It was corroborated that the insufficient attention to the distinctive 
features of power supply circuits of each individual mine and an increase in the installed capacity of electric drives, all that 
being concurrent with deepening of mines, can lead to the deterioration of quality parameters of electricity in the power 
supply circuits, to negative effects on the operation of both the in-house power consuming units and those connected to the 
mine substations (municipal power networks, municipal electricity-powered transport, municipal water supply and sewage 
pumping stations). It was recommended to use the MATLAB environment mathematical modelling methods for the pre-
liminary assessment of the impact of heavy-duty mine-specific electric drives on the power supply circuit. 
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ВПЛИВ РЕГУЛЬОВАНИХ ЕЛЕКТРОПРИВОДІВ ПІДЙОМНИХ УСТАНОВОК ШАХТ  
НА ПОКАЗНИКИ ЯКОСТІ ЕЛЕКТРОЕНЕРГІЇ В ЖИВЛЯЧИХ МЕРЕЖАХ 
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Проаналізовано параметри, особливості силових схем перетворювачів і добові графіки активної й реактив-

ної потужностей як електроприводів підйомних установок, так і в цілому електроприймачів видобувних залізо-
рудних підприємств Кривбасу. Встановлено, що використання електроприводів за системою перетворювач час-
тоти–синхронний двигун замість генератор–двигун дозволяє у 2–4 рази зменшити рівні активної потужності на 
холостому ході. Також система перетворювач частоти–синхронний двигун порівняно із системою тиристорний 
перетворювач–двигун дозволяє суттєво зменшити рівні споживаної реактивної потужності, рівні відхилень на-
пруги 6 кВ на секціях шин підстанцій та підвищити коефіцієнт потужності. Виявлено, що модернізація елект-
роприводів підйомних установок з різними системами перетворювання енергії потребує більш ретельного ана-
лізу взаємодії перетворювачів електроприводів і живлячих мереж, запровадженню ефективних заходів по за-
безпеченню їх електромагнітної сумісності. Підтверджено, що недостатня увага до особливостей схем електро-
постачання кожної окремо взятої шахти та підвищення встановлених потужностей електроприводів при заглиб-
ленні шахт може призвести до погіршення якісних показників електроенергії в живлячих мережах, що негатив-
но впливає на роботу як внутрішніх споживачів електроенергії шахт, так і на роботу субабонентів шахтних під-
станцій (міські електромережі, міський комунальний електротранспорт, насосні станції водопостачання та ка-
налізаційні насосні станції). Рекомендовано для попередньої оцінки впливу потужних електроприводів шахт на 
живлячу мережу використовувати методи математичного моделювання в середовищі MATLAB.  

Ключові слова: гармоніки, перетворювач, моделювання, якість електроенергії, лічильники. 
 
PROBLEM STATEMENT. The power supply of the 

Kryvbas iron ore mines is conducted through main and 
district step-down substations by means of 330, 154 and 
35 kV overhead transmission lines. In order to ensure the 
required degree of reliability of the power supply for 
mine consuming units, two heavy-duty transformers with 
secondary windings of 6 kW are used at those substations 
[1]. The specification of the power facilities of the divi-
sions of iron ore companies is determined by the process 
of extracting and processing iron ore material, by the 
mine power consuming units and by the power supply 
circuit. The components of that aggregate of power facili-

ties were selected both at the mine designing stage and at 
subsequent upgrading stages. Designing and commission-
ing of power supply systems of the Kryvbas iron ore 
mines were carried out as early as the 1950–1970, while 
the respective upgrading was effected proportionately to 
the components wear and tear and their eventual break-
downs [2]. In doing so, the upgrading was carried out not 
only by the equivalent replacement of defective compo-
nents of electric drives, but also by using more up-to-date 
varieties and types of electric motors and power convert-
ers [3–5]. However, as is known, the use of DC and AC 
converters to feed the respective motors leads not only to 
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an improvement in the technical and economic perfor-
mance of process mechanisms (increase in speed, produc-
tivity, load capacity, etc.), but also to a deterioration of 
the power compatibility of electrical equipment of pro-
cess installations with the power supply circuitry (mains 
voltage deviations and fluctuations, its waveform distor-
tion, electric current and voltage resonance phenomena, 
reactive power flows, etc.) [6, 7]. The most undesirable 
phenomenon of using converters in power supply circuits 
is the distortion of the electric current and voltage wave-
forms, which is caused by the presence of higher harmon-
ics [8, 9]. That leads to the adverse effects (loss of power, 
motor overheating and vibration) on consuming units 
connected in parallel to the load centres, to overloads of 
compensating capacitor batteries and filters, to the nega-
tive impact on cabling items (additional heating, aging 
and insulation breakdown), to malfunctions of communi-
cation devices and those of remote control [10, 11]. 

When analyzing the impact of heavy-duty mine-
specific converter-equipped consuming units on the 
circuitry, of the greatest interest is therefore the model-
ling of the mains voltage distortion patterns with the 
mine power supply structure and the set-up of the in-
house consuming units taken into account [12–15]. 

EXPERIMENTAL PART AND RESULTS  
OBTAINED. The PJSC "Kryvbaszalizrudkom" iron ore 
mining combine has four mines extracting ore, i.e. "Ro-
dina", "Zarya", "Gvardeyskaya" and "Lenina". Each 
mine has distinctive features of its own as regards the 
power supply circuits, power supply transformers and 
power consuming units.  

The mines use various electric drive systems for 
hoisting equipment: G–M, TC–M and FC–SM.  
Table 1 presents data on generators, converters and mo-
tors of the most powerful skip hoisting units (SHU). 

 

Table 1 – Equipment options 
 

Drive 
system Electrical equipment 

G–M 
Synchronous  motor  СДС3-290-12/16 
DC generator П21-40 
The DC motor П2Ш-800-255 

TC–M Thyristor converter ТП3-6300/1050 
DC motor П2Ш-800-255 

FC–SM 
Thyristor frequency converter  
ACS 6109 A06 2s9 
The AC motor AMZ 2500 LL 16  

 

The G–M system electric drive is operated at the 
"Rodina" and "Gvardeyskaya" mines. The SHU load 
capacity at the "Rodina" mine is 50 tons while that at 
the "Gvardeyskaya" mine is 25 tons. 

After an upgrade, the "Lenina" and "Zarya" mines 
(the "Oktyabrskiy" mining operation) have and operate 
ABB-manufactured FC–SM electric drives (brushless DC 
motors). The SHU load capacity at the "Lenina" mine is 
30 tons while that at the "Zarya" mine is 35 tons. 

The daily graphs of the skip hoisting units' active 
power consumption are shown in Fig. 1. As can be seen 
from the graphs, significant active power consumption 
levels occur at the "Rodina" mine due to high load ca-

pacity of the skips. It should be borne in mind that the 
power value is influenced by both the weight of material 
being hoisted to the surface and the velocity of the skip 
movement or rather by their combined effect. 

 

 
 

It should be noted that the "Lenina" and "Zarya" mines 
operate skip hoisting with FC–SM electric drives, whose 
level of idle power is significantly lower than that of the 
G–M skip hoisting drives at the "Rodina" and "Gvar-
deyskaya" mines (about 100 kW compared to 200 kW at 
the "Rodina" mine and 450 kW at the "Gvardeyskaya" 
one). It is difficult to analyze the reactive power levels of 
individual consuming units because the inductive reactive 
energy meters are off at mines in order to minimize the 
load of instrument voltage transformers and to prevent 
them from transcending their measurement accuracy clas-
ses. Connected remained only commercial electronic reac-
tive power meters, which include ones at the input of sup-
ply substations, meters of consumers of municipal power 
supply networks, as well as those of water supply and sew-
age pumping stations, and of public electric transport. The 
automated electric power metering systems make it there-
fore possible to produce reactive power consumption 
graphs for an individual mine as a whole. Fig. 2 shows the 
reactive power consumption graphs of the four PJSC 
"Kryvbaszalizrudkom's" iron ore mines.  

 

Figure 1 – The daily graphs of the skip hoisting 
units active power consumption of the four  
PJSC "Kryvbaszalizrudkom" iron ore mines 

Figure 2 – The reactive power consumption graphs 
of the four PJSC "Kryvbaszalizrudkom's" iron  

ore mines 
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The minimum reactive power consumption levels 
were observed at the "Gvardeyskaya" mine. That was 
conditioned by the debugging procedure of the skip 
hoist power converter synchronous motor's excitation 
mode. It should be noted that reactive power fluctua-
tions are caused by the work of drainage and skip hoist-
ing equipment in the daytime and at night respectively 
due to the difference in electricity tariffs, the said work 
being performed on the basis of appropriate arrange-
ments. The lowest reactive power consumption levels 
are also observed at the "Lenina" mine, which is associ-
ated with the operation of ABB converter-equipped skip 
hoist electric drives that have a relatively high power 
factor and low levels of reactive power consumption. 

Much greater levels of reactive power are observed 
at the "Oktyabrskaya" and "Rodina" mines, as those 
mines have more powerful skip hoist electric drives as 
well. The "Rodina" mine also features low levels of 
reactive power, as the excitation process of the drive 
synchronous motor of the skip hoist G–M converter was 
properly debugged, which ensures a higher power fac-
tor. High levels of reactive power at the "Oktyabrskiy" 
mining operation are attributed to the fact that the 
graphs presented also contain the work patterns of skip 
hoist electric drives of the "Zarya" and "Oktyabrskaya" 
mines, the "Oktyabrskaya" mine having a TC–M skip 
hoist electric drive of lower power than that of the  
"Zarya" mine. 

The graphs forms of mine reactive power consump-
tion are affected by the reactive power consumption 
patterns of asynchronous motor drives of drainage 
equipment that operates mostly at night. 

The mine power supply substations are equipped 
with the 154/6 kV transformers of the following types: 
TRDN–32 (the "Rodina" and "Zarya" mines),  
TDTN–40 (the "Lenina" mine) and TDTN–63 (the 
"Gvardeyskaya" mine) having a short circuit voltage of 
10.9, 10.7 and 10.5 % respectively. 

The introduction of the TC–M electric drive for the 
skip hoisting system at the "Lenina" mine had a significant 
impact on the power supply network. That impact mani-
fested itself in deviations and distortions of the voltage 
waveform both at the mine as such and at the municipal 
power supply networks that are connected to the 
"Leninskaya" substation. That led to the development of 
respective technical designs and upgrading of hoisting 
equipment electric drives using ABB frequency-converter-
equipped synchronous motors. Although such electric 
drives are more expensive, they still have more up-to-date 
control systems and algorithms that make it possible to 
significantly reduce both the mains voltage deviation and 
improve the converter current harmonic composition and 
the shape of the supply voltage waveform (Fig. 3). 

A significant improvement of the power factor was 
also attained due to the lower reactive power consump-
tion (Fig. 4). The positive result of equipping the  
"Lenina" mine's skip hoist with a variable frequency 
electric drive gave impetus to the development of a re-
spective technical design and the subsequent equipping 
of the "Zarya" mine (the "Oktyabrskiy" mining opera-

tion) with such a drive. The difference between the elec-
tric drive of the "Lenina" mine and that of the "Zarya" 
mine is that the latter has two motors and a more power-
ful frequency converter due to the fact that its skip 
hoist's load capacity is 35 tons as distinct from 25 tons 
at the "Lenina" mine. 

 

 
Let us examine the distinctive features of the power 

supply of the "Zarya" mine, which is part of the "Ok-
tyabrskiy" mining operation. In addition to the "Zarya" 
mine which is used for hoisting iron ore, that mine op-
eration also includes the "Oktyabrskaya" mine with a 
cage hoisting system and the "Novo-Severnaya" and 
"Yuzhnaya" ventilation shafts. All those installations are 
supplied with electric power via two 154 kV overhead 
lines fed to the 154/6 kV "Oktyabrskaya" substation, 
which is equipped with two TRDN–32 transformers  
(Т1 and Т2) (Fig. 5). 

Some mine production areas of the "Oktyabrskiy" 
mining operation have substations of their own: the  
6 kV "DCASCS–2" compressor station (District Cen-
tralized Air Supply Compressor Station), the "Ok-
tyabrskaya" mine's 6 kV substation, the "Zarya" mine's 
6 kV substation, the 6 kV "Novo-Severnaya" substation, 
etc. All those substations are supplied by the  
154/6 kV "Oktyabrskaya" substation through current-

Figure 4 – The daily graphs power factor  
at the substation "Leninskaya" 

Figure 3 – The daily graphs of voltage deviations 
for 6 kV substation "Leninskaya" 
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limiting reactors. The substation's main consuming units 
are 3200 kW synchronous motors of the K–500 com-
pressors. The "Zarya" mine's 6 kV substation supplies  
6 kV voltage for the variable frequency drives of that 
mine's skip hoists, as well as for the electric drives of 
the drainage pumps servicing Levels 437, 965 and 1115 
of the mine.  

 

 
 

Figure 5 – The power supply of the "Zarya" mine 
 

The 6 kV "Novo-Severnaya" and 6 kV "Yuzhnaya" 
substations feed the mine fans' high-voltage synchro-
nous motors.  

Fig. 6 shows the skip hoist electric drive power sup-
ply single-line diagram for the "Zarya" mine.  

 

 
 

Figure 6 – The skip hoist electric drive power supply 
single-line diagram for the "Zarya" mine 

 
6 kV Voltage from the 154/6 kV "Oktyabrskaya" 

substation is fed to the "Zarya" substation, to which the 
Т2 and Т4 frequency converter transformers, as well as 
the Т5 and Т6 exciter transformers are connected.  

There are the ACS6000 frequency converter, two 
(ARU1 and ARU2) rectifiers, as well as two (ІNU1 and 
ІNU2) inverters. The М1 and М2 synchronous motors' 
stator windings are fed from the inverters. The motors' 
field windings are connected to the EXU1 and EXU2 
thyristor exciters. 

 
Figure 7 – The equivalent for the substitution  

of the "Zarya" mine's power supply circuit 
 

The equivalent for the substitution of the "Zarya" 
mine's power supply circuit is shown in Fig. 7. In that 
substitution circuit, the Т1 and Т2 transformers and the 
L2 reactor are represented by the XT1, XT2 and XL2 induc-
tive reactance elements respectively. The compressors' 
synchronous motors and the drainage installations' 
asynchronous motors are in turn represented by the XК 
and XВ inductive reactance elements, also respectively. 
The variable frequency drives of hoisting equipment 
generate electric current's higher harmonics that spread 
out across the elements of the mine power supply cir-
cuit. In addition to the generation of harmonics of the 
supply mains electric current, the reactive power is con-
sumed by the hoisting equipment's electric drives and 
by other consuming units, including electric drives of 
compressors and drainage installations' pumps. At the 
"Zarya" mine's substation, the ratio of inductive reac-
tance of the Т1 transformer and the L1 reactor deter-
mines voltage dips caused by switching frequency con-
verter rectifier thyristors as per the following equation: 

       

1 2

1 2 2

T L
ì

T L T

X X
U U

X X X



 

 ,  (1) 

where Uм is the mains voltage. 
Voltage dips occurring at the sections of the  

154/6 kV "Oktyabrskaya" substation are determined by 
the following formula: 

         

1
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X X X


 
 .  (2) 

 
Figure 8 – A simplified equivalent circuit 

 

The analysis of the (1) and (2) formulas leads to the 
conclusion that voltage dips at the 154/6 kV "Ok-
tyabrskaya" substation, when the converter operates, 
will be significantly lower due to the presence of the L2 
current-limiting reactor. 
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To analyze the higher harmonics' electric currents, a 
substitution circuit can be used shown in Fig. 8.  

To calculate the T1 transformer higher harmonics' 
voltage, that circuit can be simplified if the series and 
parallel connections of inductive reactance elements are 
reduced to a certain form. The inductive reactance of the 
X1 series connection and that of the X2 parallel connec-
tion is determined as follows: 

1 1 2T LX X X  ;   (3) 
 

2
К В

К В

X X
X

X X



.   (4) 

 

The equivalent reactance of those parallel circuits is 
determined as 

 

    

1 2
12

1 2

X X
X

X X



.  (5) 

 

The voltage at the X1 and X2 inductive reactance el-
ements can be calculated as 

 

12 12 1 1 2 2n n n nU I X I X I X   . (6) 
 

The T1 transformer higher harmonics' electric cur-
rents are determined based on the latter formula: 

 

       

12
1

1
n n

X
I I

X
 ,   (7) 

where n is the electric current harmonic's sequence 
number. 

In our case, the higher harmonic current's voltage is 
determined as 

 

2
2 13 100T

n n
кз

U
U nI %

S
 ,  (8) 

 

where U2T1 is the transformer rated voltage of the second-
ary winding; Sкз is the short-circuit power at the T1 trans-
former secondary winding, which can be calculated as 

 

1 100T
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S
S %

u
 ,   (9) 

 

where SТ1 is the T1 transformer rated power; uкз is T1 
transformer short-circuit voltage, percentage. 

The aggregate voltage harmonic distortion coeffi-
cient can be calculated as 
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 . (10) 

In addition to canonical harmonics, non-canonical 
ones can also occur. The latter are conditioned by vari-
ous reasons: frequency converter control algorithms and 
methods, distinctive features of the converter power 
circuit, power supply circuit and load structure, etc. It is 
therefore necessary to take into account the above cir-
cumstances and to reconcile them with the frequency 
converter Manufacturer when calculating the aggregate 
voltage harmonic distortion coefficient and selecting the 
appropriate measures to ensure compliance with the 
requirements of the relevant standards. 

After the introduction of the skip hoist FC–SM sys-
tem electric drives at the "Zarya" mine, 6 kV section of 

the "Oktyabrskaya" substation has been featuring signif-
icantly greater curvature of the mains voltage waveform 
than the "Lenina" mine's substation did when the same-
type system electric drives operated the latter mine's 
skip hoisting. 

The graphs in Fig. 9 demonstrate both the switching 
voltage fluctuations and the impact of the higher har-
monics (Fig. 9). That is a consequence of the fact that 
during the implementation of the technical design for 
the introduction of the skip hoist electric drive at the 
"Zarya" mine the distinctive features of that mine's 
power supply circuit were not taken into account, which 
was exactly the reason why the subsequent deterioration 
of the electric power quality in the in-house power sup-
ply circuit actually occurred. When developing a Mod-
ernization Technical Design Specification for electric 
drives, it is therefore necessary, in our opinion, to ana-
lyze in a more profound fashion those drives' possible 
impact on the power supply circuit and the quality of 
electricity. With that said, methods of mathematical 
modelling of electrical processes in the «electric drive-
power mains» systems may be useful as a research ap-
paratus to determine the degree of impact of the electric 
drive on the power supply circuit and parameters of 
power-consuming devices to compensate for such an 
impact. 

 
For that purpose, modelling applications can be 

used, e.g. MATLAB [15]. 
To investigate the effects of the "Zarya" mine's skip 

hoist variable frequency electric drive on the power 
supply circuit, the authors developed a respective model 
shown in Fig. 10.  

That model features the 154/6 kV "Oktyabrskaya" 
mine substation network, which involves such elements 
of the skip hoist electric drive power supply circuit as 
the Т1 heavy-duty transformer and the L1 reactor of that 
substation, as well as the Т4 heavy-duty transformer of 
the 6 kV "Zarya" mine substation. 

 

Figure 9 – The switching voltage fluctuations  
for the substitution of the "Zarya" 
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To assess the power quality at the operating substa-
tions, viz. the 154/6 kV "Oktyabrskaya" mine substation 
and the 6 kV "Zarya" mine one, the model involves 
electric current and voltage meters, which are connected 
to the inputs of the Scope blocks via the Mux blocks. 
That makes it possible to simultaneously monitor phase 
currents and line voltages, switching voltage dips and 
high-frequency fluctuations in particular, that adversely 
affect the power consuming units fed from the "Zarya" 
mine's substation buses. 

Fig. 11 and 12 show the voltage and electric current 
graphs at the 154/6 kV substations of the "Zarya" and 
"Oktyabrskaya" mines.  

 

 
The voltage graphs demonstrate switching voltage 

dips and high-frequency fluctuations during the rectifier 
thyristors' locking. The "Zarya" mine's substation fea-
tures much larger range of switching voltage dips  
(Fig. 11) than that of the 154/6 kV "Oktyabrskaya" mine 
(Fig. 12). 

That adversely affects consuming units of such mine 
production areas as the crushing and screening plant, 
cage hoisting and underground drainage systems. 

In order to reduce the negative impact of the hoist 
electric drive converter on other power consuming units 
of the "Zarya" mine, it is therefore necessary that those 

units were fed from the 154/6 kV "Oktyabrskaya" sub-
station by means of individual cable lines. The current-
limiting reactor will then protect the said consuming 
units from such an impact. 

 

 
Meanwhile, we would like to note that the amplitude 

of switching voltage dips and fluctuations depends on 
many factors: Т4 heavy-duty transformer resistance, recti-
fier heavy-duty thyristors' parameters and the correct 
choice of the parameters of RC-circuits, which are con-
nected to the above thyristors. The parameters of the  
RC-circuits are therefore laid down by the converter 
Manufacturer, but they may at the same time be adjusted 
during the converter's debugging process at the mine.  

As can be seen from the above, the «electric drive-
power mains» system model suggested by the authors 
can be used to simulate the effects of the converter-
equipped electric drive on the supply mains. In order to 
assess the supply mains quality parameters, that model 
can be complemented with the relevant blocks for the 
calculation of those parameters. 

CONCLUSIONS. 1. The analysis of the daily graphs 
of active and reactive power at the Kryvbas iron ore 
mines having different (G–M, TC–M, FC–SM) skip hoist 
electric drive systems made it possible to establish that 
the TC–M system substantially affects the deviation and 
distortion of the mains voltage waveform curves, while 
the ABB-manufactured FC–SM system with sophisticat-
ed control algorithms makes it possible to minimize the 
impact of the electric drive on the mains power quality. 

2. Insufficient attention to the distinctive features of 
power supply circuits of each individual mine and an 
increase in the capacity of electric drives, all that being 
concurrent with deepening of mines, can lead to the 
deterioration of quality parameters of electricity in the 
power supply circuits, which will adversely affect the 
operation of both the in-house power consuming units 
and those connected to the mine substations (municipal 
power networks, municipal electricity-powered 
transport, water supply and sewage pumping stations).  

3. For the preventive assessment of the effects of 
heavy-duty mine-specific electric drives, mathematical 
modelling methods in the MATLAB environment can 
be used. 

 

Figure 12 – The voltage and electric current graphs at  
the 154/6 kV substations of the "Oktyabrskaya" 154/6 кV 

Figure 11 – The voltage and electric current graphs 
at the 154/6 kV substations of the "Zarya" 

Figure 10 – The circuit model for power quality 
studies of the skip hoisting of the "Zarya" mine 
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ВЛИЯНИЕ РЕГУЛИРУЕМЫХ ЭЛЕКТРОПРИВОДОВ ПОДЪЕМНЫХ УСТАНОВОК ШАХТ  
НА ПОКАЗАТЕЛИ КАЧЕСТВА ЭЛЕКТРОЭНЕРГИИ В ПИТАЮЩИХ СЕТЯХ 

О. Н. Синчук, Ю. Б. Филипп, М. Н. Максимов, Р. В. Зайцев   
Криворожский национальный университет 
ул. Виталия Матусевича, 11, Кривой Рог, 50027, Украина. E-mail: speet@ukr.net  
Проанализированы параметры, особенности силовых схем преобразователей и суточные графики активной 

и реактивной мощностей как электроприводов подъемных установок, так и в целом электроприёмников добыч-
ных железорудных предприятий Кривбасса. Установлено, что использование электроприводов по системе пре-
образователь частоты–синхронный двигатель вместо системы генератор–двигатель позволяет в 2–4 раза 
уменьшить уровни активной мощности на холостом ходу. Также система преобразователь частоты–
синхронный двигатель по сравнению с системой тиристорный преобразователь–двигатель позволяет суще-
ственно уменьшить уровни потребляемой реактивной мощности, уровни отклонений напряжения 6 кВ на сек-
циях шин подстанций и повысить коэффициент мощности. Выявлено, что модернизация электроприводов 
подъемных установок с различными системами преобразования энергии требует более тщательного анализа 
взаимодействия преобразователей электроприводов и питающих сетей, внедрения эффективных мер по обеспе-
чению их электромагнитной совместимости. Подтверждено, что недостаточное внимание к особенностям схем 
электроснабжения каждой отдельно взятой шахты и повышение установленных мощностей электроприводов 
при увеличении глубины шахт может привести к ухудшению качественных показателей электроэнергии в пи-
тающих сетях, негативному влиянию на работу как внутренних потребителей электроэнергии шахт, так и суба-
бонентов шахтных подстанций (городские электросети, городской коммунальный электротранспорт, городские 
насосные станции водоснабжения и канализационные насосные станции).  

Ключевые слова: гармоники, преобразователь, моделирование, качество электроэнергии, счетчики.  
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