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Abstract

Purpose. Performing the analysis to determine energy-efficient modes and assess the characteristics of the main indicators
of electric power consumption by mine water-drainage installations based on the developed research mathematical model.

Methods. To achieve the purpose set, a methodology is used to develop the multiple multifactor correlation-regression
modeling with respect to the modes of electric power consumption by electrical and mechanical complexes of mine water-
drainage installations. The amount of consumed electric power is found as an effective feature. The expediency of using the
nonlinear multiple regression analytical ratios has been substantiated during the model development. A comparative analysis
of a multiple multifactor regression model, presented in the form of a power and linear function, has been performed.

Findings. The research results make it possible to determine that the greatest influence on the electric power consumption is
made by water inflow, and the smallest influence — by the depth of water pumping from underground horizons. The expedi-
ency of using a multiple multifactor regression model in the form of a power function has been substantiated. The elaborated
quantitative values of the factors of electric power consumption by electrical and mechanical complexes of mine water-
drainage installations have become the basis for the introduction of innovative technological solutions at the relevant iron
ore enterprises to optimize the cost characteristics of the electric power consumption.

Originality. For the first time for the analysis and assessment of the operating modes of the main water-drainage installa-
tions of mines, the use of mathematical modeling based on the multiple correlation-regression method is proposed. The
developed model takes into account a complex of technological parameters of influence on the water-pumping process. The
analysis of the proposed model makes it possible to identify significant factors influencing the modes of electric power
consumption by electrical and mechanical complexes of water-drainage installations in the mines and to conduct water-
drainage assessment for constructing an algorithm for optimal control of this process in the cost-target direction.

Practical implications. The research tactics are proposed for determining the energy-efficient operating modes of the main
water-drainage installations of the mines by the method of mathematical modeling. The analysis of the obtained results of
mathematical and statistical modeling makes it possible to take into account the complex of technological parameters of the
influence on the water-pumping process, to identify and assess the modes of electric power consumption by the main water-
drainage installations, as well as to obtain the initial data for the development of the structure of the control algorithm for
mine stationary installations of this type in the cost-target aspect.
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1. Introduction

The mining and metallurgical industry, as in the years of
the USSR, and now in Ukraine, is the main one in the coun-
try’s GDP formation [1], [2]. Meanwhile, if in the days of the
USSR this tandem of economy and statehood was dominated
by the metallurgical component, then in our time in Ukraine,
this role has been taken over by the mining sector [3]. It is
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thanks to the functioning of this industrial complex that
Ukraine is in the top ten world leaders in the extraction of
such a strategically important type of minerals as iron ore.
This makes it possible to annually replenish foreign ex-
change reserves by 60-70% and remain the basic component
of both macro and microeconomics of the state [4].
Meanwhile, the production cost of iron ore raw materials
(IORM) is growing every year, both for objective reasons
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(increase in the mining depth, which in the underground
method exceeds the level of 1500 meters with a prospect of
2000-2300 m), and for a number of subjective ones [5], [6].
This situation has a negative impact on the economy of en-
terprises, on their competitiveness in the world market of raw
materials and on the state economy as a whole.

One of the negatively progressing factors in the growth of
production costs for mining the iron ore raw materials is the
constant growth of energy segment in this indicator, includ-
ing its component — electric power (EP) [7]. Thus, in the
production costs of mining the iron ore raw materials by
underground method, about 30% of the total volume is
energy costs, of which, in turn, more than 95% falls on elec-
tric power costs [8].

In [7], it is proved that an increment in the volume of EP
consumption by iron ore mines, without taking into account
the increase in electric power prices, is growing annually by
more than 1 kWh per 1 ton of mined iron ore raw materials.

Meanwhile, according to the research [9]-[11], including
data of the authors in [12]-[15], for these types of enterprises,
the problem of electric power efficiency is not limited by the
factor of setting the significant electrical capacities and cor-
responding levels of EP consumption, but is further compli-
cated by significant fluctuations of the above levels during
the day, months, seasons.

As determined from the analysis of these processes [13],
the continuous EP consumption during the day is character-
ized by the greatest range of fluctuations. Thus, the range of
existing fluctuations in hours of the day in terms of the level
of EP consumption by domestic iron ore mines, on average,
exceeds 4-fold values [13]. This fact additionally has a nega-
tive impact on the energy economy of these enterprises. Such
fluctuations in the levels of EP consumption are not observed
in any other type of industrial enterprises, including even in
the analogs closest to iron ore mines of underground mining
method — coal, shale, salt-mining and other types of the
mines [10]. This is due to the specificity of the technology
for mining the iron ore raw materials and the corresponding
types of energy-intensive consumers involved in this process.

Among the iron ore mines, the main water-drainage in-
stallations are the most energy-intensive consumers, which
consume about 26-33% of the total volume of consumption
with significant levels of fluctuations of the EP consumption
during the day [14].

In order to reduce costs for consumed electric power, en-
terprises, in accordance with the existing hourly time-of-use
tariffs, have changed the modes of functioning of the main
water-drainage installation by transferring certain periods of
their operation to economic — post-peak zones. At the same
time, it should be noted that such a positive direction is based
rather on the priori vision of this energy-oriented direction
than on the realities of the condition and the possibility of
achieving a significant positive effect on the cost-target com-
ponent of payment for consumed electric power.

It is trivial, but strategically correct to assert that the ways
to achieve a real level of energy efficiency increase in the
main water-drainage installation should be based not only on
purely technical solutions, but, first of all, on a perfect multi-
factor algorithm for controlling the process of EP consump-
tion by a given consumer, taking into account both techno-
logical and economic criteria.

In this perspective, additional motivations are required,
one of which is not a new, but, so far, insufficiently studied
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and implemented solution for optimizing the operating
modes of the main water-drainage installation in hours of the
day with the additional control actions of cost-oriented man-
agement, since at present, tariffs are formed mainly in hours
of the day per kWh of consumed electric power.

This solution implementation can be achieved by the con-
trol process in the context of the operating scheme develop-
ment of the corresponding automated control system (ACS)
with elements of artificial managerial intelligence. The basic
component of this process is the problem of developing an
adaptive control algorithm based on the existing set of crite-
ria and constraints [15].

By itself, such an interpretation of the approach to solv-
ing the problem of efficiency of the main water-drainage
installation operation is not new [16]-[18]. But the present-
day realities and potential possibilities of the technological
and technical implementation of the corresponding automat-
ed control system open up new opportunities for this. More-
over, in recent years, research has intensified on the creation
of electric power complexes on the basis of main water-
drainage installations that can operate in the mode of gener-
ating electric power during peak hours [19]-[22]. That is, the
boundaries of control over the main water-drainage installation
operating modes are expanding, and the existing structure of
the electrical and mechanical water-drainage complex of the
“consumer-regulator” electric power type is transformed into
the “consumer-regulator-producer of electric power” option.

The expediency or inexpediency of such an option is not
the subject of research in this paper. However, the reality of
such a main water-drainage installation development in a
synergistic version of functioning has the right to exist as a
fact. Meanwhile, it is logical that such a direction additional-
ly complicates the functioning of the main water-drainage
installations. This stresses the need for additional research
and, above all, to assess the factors influencing on the modes
of their operation.

It is in this direction that modern scientific research has
been transferred, among which the research of scientists and
scientific practitioners of Canada, Germany, South Africa,
Australia and a number of other countries is distinguished by
its practical orientation [19], [22]. Nevertheless, in the avail-
able publications there are no or insufficient coverage of the
issues of assessing the levels of EP consumption condition
and the water-drainage technology of a particular studied
object. This fact to a large extent makes it impossible to
assess the level of expediency and, most importantly, the
degree of real effectiveness of the proposed solutions.

In recent years, a certain level of scientific intelligence in
the analyzed direction has been reviving in the scientific
community of Ukraine. Thus, the first positive results have
been obtained in a new vision of the energy perspective
scheme for the main water-drainage installations of the
mines [18], [23], [24].

However, there is still no adequate solution for the
“roadmap” formation for increasing the efficiency of the
main water-drainage installation operation in iron ore mines.
The very same “adequacy” of this process, in the modern
version of the vision, should consist in the economic substan-
tiation and assessment of the levels of achieving the maxi-
mum possible results in one or another option of decisions.
At the same time, no matter how trivial it may seem, purely
technical solutions cannot give the expected positive result.



O. Sinchuk et al. (2021). Mining of Mineral Deposits, 15(4), 25-33

To achieve the purpose, an integrated assessment is re-
quired of the parameters of the main water-drainage installa-
tion functioning and determination of the technological and
technical parameters influencing on this process, based on
the economic energy-directed final option. This forms the
logics of research: obtaining real output parameters of the
main water-drainage installation functioning with subsequent
modeling in order to determine the optimal energy-oriented
modes of its operation.

2. Methods

Thus, there is an objective need for correlation-regression
analysis as one of the most effective economic and statistical
methods for identifying the influence of the most significant
factors on an effective feature and developing an adequate
mathematical model based on it.

It is known that most often when using mathematical and
statistical methods, linear regression models are selected,
which make possible to easily determine the parameters that
are included in these models. Therefore, the structure of the
regression equation is set in a linear form:

W, =a+b-V+c-h+d-(P-n), )
where:

W, — the amount of consumed electric power, KWh;

V — water inflow, m3/h;

h — horizon,m;

P — pump capacity, kW,

n — number of pumps, pcs;

a, b, ¢, d — parameters.

To find the parameters included in model (1),

necessary to solve the system of equations:

it is
W =a+bvy+chy+d-(Rny)

W =a+b-V+c-h+d-(R-m) )

WM =a+b-vy +c-hy +d-(Py -ny)

where:

W (i), Vi, hi, Pi, nj — statistical data;

N — the amount of statistical data.

It is known that the condition for solving the system of
Equations (2) is its compatibility, in particular, that the
number of equations is equal to the number of unknown
values. If the number of unknown valus is four, and the
number of equations is seven, then the system of equations is
incompatible. To get over this difficulty, the least squares
method (LS method) is used, which generalizes the concept
of solving a system of equations. To do this, a function of the
total residual is created in the form of the sum of the residu-
als from each of the equations:

N :
F(abcd,e)=X(a+b-V;+c-h+d-(R-m)-W?2. (3)
i=1

This function is integral and equal to zero when the right
and left parts of the calculated system coincide. In this case,
the closer the right-hand parts of the system (2) equations to
the left-hand parts, the lower the value of the residual
function (3). This gives reason to consider the following
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values of the parameters a”, b”, ¢*, d” as a solution to system
(2), for which the residual function is minimal, that is:

F@ ,b",c’,d)= min F(ab,cd).
a,b,c,d

Thus, to solve the incompatible system of Equations (2),
it is sufficient to minimize the function of the total residual
(3) as a function of several variables.

To find the parameters, let us use the least squares

method in matrix form. To do this, the system of

Equations (2) is written in matrix form:

A-X =W, (4)
In matrix form, formula (3) is represented as:

F(X)=(A-X -W)T -(A-X -W), (5)

where:

()T — matrix transposition.

The minimization problem solution (5) leads to solving
the matrix equation:

X =(AT- AT AT W, (6)
where:

(.)* = inverse matrix.

For comparison, the mathematical model power structure
of EP consumption by water-drainage installations is chosen,
which is possible, since all variables are positive:
W, =a-vP.ht.pd.n®, @)
where:

a, b, ¢, d — parameters.

To find the parameters, the power structure is reduced to
a linear one by taking the logarithm:

®)

To determine the parameters, we use the least squares
method by minimizing the functional:

Ian =Ina+b-InV +c-Inh+d-InP+e-Inn.

\ (Ina+b-InV; +c-Inh; +

Q(Ina,b,c,d,e)=3

i=1+d -InB +e-Inn;

2. 9
_InWF()I))Z ( )

To calculate, the determination coefficient is found by the
formula:
S

D

RZ=1- (10)
where:

§?%, — the average sum of statistical data deviations on the
EP consumption by water-drainage installations from the
calculations by (9);

D — dispersion of statistical data on the EP consumption
by water-drainage installations.

To calculate the determination coefficient by (10), the
formulas are used:

17
s2==
0 7i§1

. a2 N o
(Wél)_Wn(Wl)) ' D:%é(wél) _Wp)z’ (11)

where:
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- duf)

~N| =
LA~

The average coefficients of elasticity for linear regression
are calculated by the formula:

(12)

The coefficients indicate the percentage by which, on
average, the result can change when the corresponding factor
changes by 1%. The average indicators of elasticity can be
compared with each other and, accordingly, the factors can be
ranked according to the strength of their influence on the result.

Thus, a model is constructed that includes significant factor
peculiarities, for which the estimated regression parameters are
calculated. Based on the model, conclusions are drawn about
the influence of the factors on an effective feature.

3. Research results

The specificity and individual peculiarities of the
technology of functioning the iron ore enterprises in terms of
the unpredictable changes in the parameters of EP consumption
by receivers, including the main water-drainage installations,
and, therefore, the choice of a suitable model for research is a
complex and, to a certain extent, a venture problem.

It is trivial, but, as noted above, the tactics of the scien-
tific search process, as a research complex, for a sufficient
level of adequacy to the realities of the results obtained,
should provide for both theoretical and experimental compo-
nents. However, it is impossible to perform experimental
research in the required scope under the conditions of operat-
ing mines for a number of both technical reasons and the life
safety at the enterprise. The modern computer possibilities
make it possible to minimize this inconvenience. Therefore,
research “roadmap” is drawn up according to such a scheme.

3.1. Research on the operating modes of the main
water-drainage installations in the mines

The water is pumped out from the underground horizons
of ore mines by electrical and mechanical hydropower com-
plexes with a complex structure and operating modes [12].
This is difficult due to the fact that, firstly, the water inflow
in the mines and the volumes of water for pumping out are
not constant over time (Fig. 1). Secondly, the so-called “wet
conservation” of abandoned mines occurs, which leads to
“linkage”, that is, the joining of underground horizons of
adjacent mines into a single complex.

4.5 —&— Ternivska mine —@— Hvardiiska mine

204 Zhovtneva mine —&— Rodina mine

3.5+
3.0
25
2.0

154

Water inflow coefficient, %

101

2012

05 4

0.0

2016 2017 2018 2019 2020

Years

2013 2014 2015

Figure 1. Water inflow coefficient in iron ore mines of Kryvyi Rih
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All this predetermines a solution to the problem of choos-
ing the rational operating modes for water-drainage pumps as
multilevel electrical and mechanical complexes functioning
in a multi-criteria algorithm with a fuzzy forecast [23], [24].

For a certainty of the expected effect that is tangible for
the mining enterprise economy and the appropriate measures
adopted to change the algorithm for the main water-drainage
installation functioning, it is required a differentiated
assessment of the corresponding range of technological
components influencing on the analyzed drainage process.

Experimental research performed by the authors makes it
possible to obtain a definite pattern of these processes.

Table 1 presents the indicators for the water inflow in a
number of mines of Ukraine (data provided by the energy
services of the certain mines). As can be seen from the
information provided, the indicators differ significantly
from each other.

Table 1. Average indicators of daily water inflows in iron ore
mines for the period of 2012-2021

Mine Specific intake of mine water, m%day

Ternivska 4452
Hvardiiska 3042
Zhovtneva 4110
Rodina 8989
Frunze 1800
Yuvileina 2520
Mittle Stice 5988
Hihant-Hlyboka 8551
Ekspluatatsiina 46000

To analyze the parameters of the main water-drainage
installation functioning in the mine, such a parameter as the
water inflow coefficient is determined, which is the ratio of
the turnover of the annual water inflow (m®) to the volume of
the annual water inflow into iron ore mines (Fig. 1).

As the graph shows (Fig. 1), this coefficient is not
constant and is characterized by a significant level of
fluctuations in individual mines. This influences the levels of
EP consumption by the main water-drainage installations.

The analysis of EP consumption by electrical and me-
chanical complexes of water-drainage installations in
absolute units for the same period from 2014 to 2020 is
given in Figure 2.

6000 1
5000 -

4000
3000

i

2000
1000
2014 2015 2016 2017 2018 2019 2020
Years

E lectric pow er consumption, thnd kWh

Figure 2. Histogram of the cumulative electric power consump-
tion by water-drainage installations in the mines of the
Kryvyi Rih iron ore basin for the period of 2014-2020

As can be seen from Figure 2, there is a decrease in abso-
lute units of the EP consumption for the period of 2020. This
can be explained both by the results of the policy implemen-
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ted in the Kryvyi Rih iron ore region to redistribute the water
inflow between mines with an emphasis on pumping out of
groundwater from existing mines to those that are on “wet
conservation”, and some organizational a priori measures
taken at these mines.

However, this result does not solve the problem, since the
total EP consumption by mines has decreased slightly, and
the level of payment for consumed electric power has in-
creased significantly. As an example, the Hihant-Hlyboka
mine, which is under conservation, consumes more electric
power for pumping out of water (Fig. 3) than a number of
operating mines (Fig. 4).

ES -
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X 4500 -|
2

£ 4000 -
S 3500 -
=4 A
S 3000
3 2500
c

S 2000 -
5

: 1500
2 1000
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500 -

—&— 2013
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Figure 3. Electric power in hours of the day, consumed by the
main water-drainage installation of the Hihant-Hlyboka
mine, which is under conservation (Kryvyi Rih)

The dynamics of EP consumption levels, forming the cor-
responding dynamics of fluctuations in payment for kW of
consumed electric power in hours of the day, stresses the
need for enterprises to adapt to these realities.

3.2. Modeling the process of setting
the energy-oriented modes of functioning
the main water-drainage installations

Monitoring and controlling the level of energy efficien-
cy of difficult-to-control technologies for the functioning of
such electrical and mechanical systems as water-drainage
installations, based on the existing methodological support
without its thorough revision, is practically impossible,
since it is aimed at using simplified analytical and empirical
dependences designed for the same initial data, regardless
of the conditions.

When studying the process of forming the EP consump-
tion, interconnection measurement methods play an important
role in time, in particular, correlation-regression analysis and
the use of nonparametric methods for determining the relation-
ships. It is these methods, which, in conditions that are diffi-
cult for the development of control schemes for such enter-
prises as mines, make it possible to analyze, assess and deter-
mine the structure of the algorithm to control the electric pow-
er consumed by water-drainage installations.

When studying the process of EP consumption by the
main water-drainage installations of iron ore mines, it is
expedient to determine the set and content of indicators that
can make it possible to more reasonably assess the use of
applied and consumed resources at all stages of operation; to
plan the current activity of the process of EP consumption by
water-drainage installations in iron ore mines; identify re-
serves to increase the production, etc.
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Figure 4. Daily curves of electric power consumed by electric
drives of water-drainage installations in a number of
mines of the Kryvyi Rih iron ore basin: (a) Ternivska
mine; (b) Hvardiiska mine; (c) Rodina mine; (d) Zhovt-
neva mine
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Thus, under current conditions of the information space
structure in the process of electric power consumed by water-
drainage installations in iron ore mines, analytical infor-
mation should occupy a more significant place. In this re-
gard, the timeliness and reliability of the relevant information
becomes an important factor providing the possibility of
increasing the efficiency of electric power consumption.

In this case, a special place is occupied by the initial in-
formation about the studied object. As a rule, it is character-
ized by a certain set of spatial features influencing the effi-
ciency of EP consumption as a complex technological pro-
cess. A large number of factor values necessitates the use of
precisely the methods of multiple correlation-regression
analysis, which make it possible to distinguish the most sta-
tistically significant factors and assess their relationship with
the effective feature, which as a result is presented in the
form of a certain numerical expression [24]-[27].

It should be especially noted that the solution to each
problem must begin with a thorough preliminary analysis. In
accordance with the solution to this problem for the analysis
and optimization of EP consumption by water-drainage
installations, it should be noted that it is necessary to set a
relationship in a simplified formulation between the electric
power consumed for pumping out the water and the mass of
water that is pumped out from a given depth.

Let us use the energy conservation law. To raise the
water, it is necessary to do the work:

A=m-g-h, (13)

where:

m — mass of water, kg;

g — free fall acceleration, m/s?,

h — the depth from which the water is raised, m.

If the volume of water is taken into account, then (13)
takes the form:

A=pV-g-h, (14)

where:

p — density of water, kg/m?;

V — water volume, m3.

For converting energy from joules to kWh, the coefficient
6 =2.78-107 kWh/J is used.

Then (13) takes the form:

A=p-V-g-h-5. (15)

To develop a regression model, the input and output data
are distinguished. In our case, V and h are the input variables,
and W is the output variable. (14) combines these variables.

Thus, (14) is a regression model, which takes the form:

A=0.00272-V -h. (16)

But it does not reflect the real situation. According to the
presented methodology, the corresponding calculations have
been performed. Statistical indicators characterizing the EP
consumption by water-drainage installations in the Ternivska
mine are presented in Table 2. A detailed research of the
above methodology for studying the EP consumption by
water-drainage installations is conducted. To study the de-
pendence of the EP consumption by water-drainage installa-
tions in the Ternivska mine, the method of mathematical
modeling is used to develop a regression model based on the
statistical data given in Table 2.

Table 2. Statistical indicators of electric power consumed by the
water-drainage installations in the Ternivska mine

W), V, h, P, n, Pn, W,

Year gy wh  m¥h m kW pes kW-pes  kWh

2011 3268.88 177.8 527 800 2 1600 3305.493
2012 4904.88 171.6 1050 800 3 2400 4870.651
2013 5920.88 1759 1200 250 3 750 5788.457
2017 10228.7 180 1350 315 3 945 12287.04
2018 14609 181 1350 315 3 945 13334.6
2019 11807.1 179 1350 315 3 945 11239.48
2020 12897.1 180.5 1350 315 3 945 12810.82

Let us distinguish the indicators for which the calcula-
tions of W, V, h, P, n are made.

According to the determined parameters of system (2), in
our case the number of unknowns is four, and the number of
equations is seven, that is, since N=7 >4, the system of
equations is incompatible. The least squares method is used.

Using the data from the Table?2, the quantitative
parameters of equation (4) can be determined:

1 1778 527 1600 3269

1 171.6 1050 2400 4905 a

1 1759 1200 750 5921 b
A=|1 180 1350 945 |»W =|10229|: X = el

1 181 1350 945 14609 q

1 179 1350 945 11807

1 180.5 1350 945 12897

Substituting the values of the matrices, according to (4),
and calculating with the use of the matrix rules, we obtain:
—-193561
* 1047.6
~| 1061
3.14

As a result, according to (7), the following values of the
parameters a” =-193561, b"=1047.6, ¢"=10.61, d"=3.14
have been obtained.

Taking into account (8), the regression Equation (1) takes
the form:

W, =-193561+1047.6-V +10.61-h+3.14-P-n. 17)

The value of electric power, consumed by water-drainage
installations in Ternivska mine, is calculated according to (9)
in matrix form:

3305.6
4870.8
5788.6
Wq = A- X" =(12287.1 |- (18)
13334.6
11239.5
12810.8

The obtained values (18) are given in the last column of
the Table 2.
In turn, in the power form, according to (7), we have:

W, = 1.81543-10_7 WV 0.98193 h0.50013 . P0.3914 . n—7.5881_ (19)
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Figure 5 shows the calculation results according to (19),
which indicate a good approximation to statistical data and
practically do not differ from the -calculation results
according to Formula (5), that is, for the linear structure of
the mathematical model.
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Figure 5. Real and calculated values of multiple linear and power
regression models

Substituting the data in Table 2 in (11), we determine
§%, = 887220, D = 19179437.4. Then, according to (10), we
calculate the determination coefficient R? = 0.954. It should
be emphasized that for the power structure of the
mathematical model, the determination index is R? = 0.9275.

Comparison of the determination coefficient and the
index of determination indicates their approximate equality,
which evidences a practical coincidence of the results of
modeling by linear and power structures.

Visual analysis of curves in Figure5 confirms the
above statements.

After performing an analytical analysis of the multifactor
power model, it can be concluded that (19):

—there is a marginal efficiency, which characterizes the
increase per unit of the marginal increase in the volume of
EP consumption in the case of a change in each factor per
unit. Thus, a change in water inflow leads to an increase in
the volume of EP consumption by 0.982; horizon is in-
creased by 0.5; capacity of pumps — by 0.391; number of
pumps leads to a decrease in EP consumption by 7.588;

—the value of the calculated total elasticity indicates that
with a simultaneous increase by 1% of all the considered fac-
tors, the value of the indicator of electric power consumed by
water-drainage structures at iron ore enterprises is 5.715%.

The calculated determination indexes have confirmed the
correctness of selected nonlinear models.

In accordance with the methodology of multiple correla-
tion-regression analysis, calculations have been made for
industrial enterprises to conduct a corresponding research.

The constructed multiple regression models for specific
iron ore enterprises are given in Table 3.

Table 3. Multiple regression models

Mine Multiple regression equations
Zh‘r)n"itr?:va y =1426.31+2.29 % + 4.19- X, + 3.77 - X5 — 9.28- X,
Rodina y =167.63+4.59-x, +1.67 X3 —3.62- X,
mine

When analyzing the obtained indicators (Table 3), the
following should be noted: an increase in the factor feature
(X1) of water inflow by 1% in the Zhovtneva mine can lead
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to an increase in the volume of EP consumption by 1.89%; an
increase in the factor feature (X2) of the underground horizon
depth by 1% can lead to an increase in the volume of EP
consumption by 3.89%, and an increase in the factor feature
(X3) of the pump electric drive capacity by 1% can lead to an
increase in the volume of EP consumption by 3.87%. As for
the factor feature (X4), which signifies the number of operat-
ing pumps, the EP consumption can decrease by 9.39%.

According to the Rodina mine, an increase in the factor
feature (X1) leads to an increase in EP consumption by
3.78%, an increase in the factor feature (X3) leads to an in-
crease in EP consumption by 1.89%; an increase in the factor
feature (X4) leads to a decrease in EP consumption by 3.78%.

The conducted research makes it possible to draw some
basic conclusions: the factor of the water inflow volume has
a greater influence; a factor feature, such as the determined
electrical capacity of the pump electric drives can be consid-
ered essential. Such a factor feature as the depth of water
pumping from underground horizons, as shown by the multi-
ple regression model analysis on the example of the Rodina
mine, can be considered insignificant.

At the same time, it is advisable to note that the small
volume of statistical data does not allow the use of statistical
criteria to confirm the results obtained. Thus, it is expedient
to use the results obtained for interpolation purposes, that is,
within the ranges of changing the variables.

4. Conclusions

The proposed research methodology for determining the
energy-efficient modes of functioning of the main water-
drainage installations in the mines using the method of ma-
thematical modeling makes it possible to identify and as-
sess such modes at a specific, separately taken underground
enterprise, taking into account the complex of technological
parameters influencing on the water-pumping process. On
the basis of the methodology, developed and proposed for
practical implementation, a multiple correlation-regression
model for the modes of electric power consumed by water-
drainage installations in the mines has been constructed and
analyzed. This made possible to reveal that the greatest
impact on EP consumption is the water inflow factor, and
the smallest — the depth of water pumping from under-
ground horizons. It has been determined that with an in-
crease in underground water inflow by 1% (with a constant
level of the share of other factors), the volume of EP con-
sumption increases by 5.715%.

The dependences of the influence of technological pa-
rameters in the underground iron ore mining at the level of
EP consumption by the main water-drainage installations of
the mines have been determined, which make possible to
develop the algorithm of their functioning for the conditions
of the individuality of a separately taken enterprise with the
possibility of variation of the disturbing factors.
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OuiHoBaHHS BILIMBOBHUX (PAKTOPIB /151 (POPMYBAHHS €HEPrOOPi€HTOBAHMX PE:KUMIB
CIO’KMBAHHSA eJICKTPHUYHOI eHeprii BOAOBIVINBHUMH YCTAHOBKAMM IIAXT

O. Cinuyk, 1. Cinuyk, T. bepinze, 10. ®@inimm, K. byarikos, O. Jfo3openko, P. Cxenenki

Merta. [IpoBeneHHs aHaii3y 3 BU3HAYCHHs €HEProe()eKTUBHUX PEKHUMIB Ta OL[IHIOBAHHS XapaKTEPUCTHUK OCHOBHUX MOKA3HHKIB CIIOXKH-
BaHH EIEKTPUYHOI eHeprii BOAOBIVIMBHUMH YCTAaHOBKAaMH ILIAXT Ha OCHOBI PO3POOJICHOT TOCIAHUIIBKOI MaTeMaTUYHOT MOJIEII.

Metoauka. [[jis1 IOCATHEHHS MOCTaBJICHOT METH 3aCTOCOBaHA METOJMKa MOOYIOBM MHOKHHHOTO 0araTodakTOpHOTrO KOpessiiitHoO-
perpeciiiHOro MOJIENIOBaHHS II0/10 PEKUMIB €JIEKTPOCIIOKUBAHHS €IEKTPOMEXaHIYHUMH KOMIIEKCAMH BOJIOBI/VIMBHUX YCTAaHOBOK IIAaxT. B
SIKOCT1 pe3yNbTaTUBHOI O3HAKM BU3HAYEHO KIUJIBKICTH CIIOXKHTOI eNeK-TpUYHOI eHeprii. JloBeeHO HOUiIbHICTh 3aCTOCYBAaHHS B MPOIECi pO3-
OyZOBH MOJIeINi HETIHIMHIX MHOKHHHUX PErpeciiHUX aHaTITHYHUX CIiBBiTHOMIEHb. [IpoBeIeHO MOPIBHAIIBHHUN aHai3 MHOXHHOI Oarato-
(akxTopHOI perpeciiiHoi MOJETI MpeACTaBIeHOI Y OPMi CTENICHEBOI Ta JTiHIHHOT QyHKIIIT.

PesyabraTn. Pesynsraty nocimipKeHHS TO3BOINIM YCTAaHOBHTH, 110 HAHOLIBIIMIT BIUIMB Ha CIIOKHBAHHS €JIEKTPUYHOI €Hepril CTAHOBHUTD BO-
JIOTIPUTOK, @ HAWMEHIIHIT — IIMOVMHA BifIkadyBaHHS BOIM 3 ITiI3EMHHX Topr30HTIB. OOrpyHTOBAHO JOLUIEHICTH 3aCTOCYBaHHSI MHOXKHMHOI Oaratoda-
KTOPHOI perpeciitHoi Mozeni y ¢opMi creneneBoi ¢pyHkiii. OnparboBaHi KilbKiCHI 3HAYSHHST YMHHUKIB €IeKTPOCTIOKHUBAHHSI eJIeKTPOMEXaHI YHIMU
KOMIUIEKCAMH BOJIOBIUIMBHUX YCTAQHOBOK ILIAXT CTAJM MIATPYHTSIM IIOAO BIPOBA/DKCHHS 1HOBALIMHMX TEXHOJIOTIYHMX PILICHb HA BiAMOBITHHX
3aTi30pyIHUX HiIIIPUEMCTBAX 3311 ONITUMI3allil BAPTICHUX XapaKTEPUCTHK CIIOKHBAHHS €IEKTPUYHOT €HEprii.

HaykoBa HoBu3HA. Briepuie, 11 aHamizy Ta OLIHKK PEKUMIB (YHKIIIOHYBaHHS TOJIOBHUX BOJOBIAJIMBHUX YCTAHOBOK IIAaXT, 3aIPOIO-
HOBAHO 3aCTOCYBAaHHS MaTeMaTHYHOTO MOJIEIIOBAHHS Ha 3acajaX MHOXKHHHOTO KOpeIsiiiHO-perpeciiinoro meroxy. IToGynoBana monens
BPaxOBY€ KOMIUICKC TEXHOJIOTIYHMX MapaMeTpiB BIUIMBY Ha MPOIEC BOJOBIIKAaTyBaHHS. AHANI3 3alIPONOHOBAHHOI MOJIEINI 03BOJISIE BUIBUTH
CYTTEBI YNHHHKH BIUIMBY II[O/I0 PEXKXHUMIB €IEKTPOCHIOKUBAHHS €JIEKTPOMEXaHIYHUMH KOMIIEKCAMH BOJIOBIUTMBHHUX YCTAHOBOK IIIAXT Ta IPOBE-
CTH BiJIBOBIJJHE OL[IHIOBAHHS 33 U151 PO30YI0BY aJITOPUTMY ONTUMAIIBHOTO KEPYBaHHS [IUM IPOIIECOM Y BapTiCHO-LIILOBOMY CIIPSIMYBaHHi.
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ITpakTH4HA 3HAYHUMICTB. 3aIPONIOHOBAHA TAKTHUKA JOCIIIKEHb 3 BCTAHOBJICHHS €HEProe(eKTUBHUX PEXKUMIB QyHKIIOHYBaHHS I'OJIOB-
HUX BOJOBIUIMBHUX YCTaHOBOK IIAXT METOJOM MAaTEMaTHYHOIO MOJENIOBAHHA. AHali3 OTPUMaHMX pe3yJbTaTiB MaTeMaTHKO-
CTaTHCTHYHOTO MOJICIIFOBAHHS JIO3BOJISIE BPAXOBYBATH KOMIUIEKC TEXHOJOTIUYHMX ITapaMeTpiB BIUIUBY Ha MPOLEC BOAOBIIKauyBaHHS, BUSIBHU-
TH Ta MPOBECTH OLIHIOBAHHS PEKUMIB CIIOKUBAHHS CIIEKT-POCHEPTIi FOJOBHUMH BOJOBIINTMBHAMH yCTAaHOBKAMH Ta OTPUMATH BUXITHI JaHi
JUISL po30yJOBY CTPYKTYPH JITOPH-TMY KEpYBaHHS JaHUM BHJOM CTaI[lOHAPHUX YCTAHOBOK IIAXT y BapTiCHO-LILOBOMY aCIEKTi.

Kniouosi cnoea: noxasnux, pezpecisi, Mooenb, e1eKmpoCnONCUBAHH, 80008IONUEHI YCMAHOBKU

Ounenka BJIMATENBHBIX (GaKkTOPOB GOPMHPOBAHUS €HEPrOOPHEHTHPOBAHHBIX PE:KMMOB
NoTpedJIeHNs JIeKTPUYECKOi JHepIrui BOJAOOTINBHBIMI YCTAHOBKAMH MIAXT

O. Cunuyk, U. Cunuyk, T. bepunze, FO. @ununn, K. bynuukos, O. [Jo3openko, P. Crxenenxku

Heas. [IpoBenenne aHanusa 1o ONpeAeNaeHI0 SHEProdHEKTUBHBIX PEXUMOB U OLIEHKH XapaKTEPHCTUK OCHOBHBIX ITOKa3aTelnel moTped-
JIEHHSI ANEKTPHUUYECKOH 3HEPIUH BOJAOOTIMBHBIMU YCTAaHOBKAMH IIAXT HA OCHOBE Pa3pabOTaHHOH HCCIIeI0BATENILCKON MaTEMAaTHIECKOH MOIEITH.

MeToauka. {1 TOCTIDKEHHS IOCTABICHHON IETIH MPUMEHEHA METOUKA MTOCTPOCHHUSI MHOXXECTBEHHOTO MHOTO()AKTOPHOTO KOPPEIs-
IHOHHO-PETPECCHOHHOTO MOAEIMPOBAHMS OTHOCHTENIHFHO PEXXHMOB IICKTPOIMOTPEOICHUS 3TEKTPOMEXaHHIECKIMU KOMIUICKCAMU BOJO-
OTJIIMBHBIX YCTAaHOBOK IIaxT. B kadecTBe pe3ylbTaTUBHOTO NPHU3HAKA ONPENEIICHO KOJIWYECTBO MOTPEOIICHHOH AIIEKTPUIECKON SHEPTUH.
JloxazaHa 1iesiecoo0pa3sHOCTh NPUMEHEHHS B IIpOLiecce PA3BUTHS MOJETH HEJIMHEHHBIX MHOXK €CTBEHHBIX PETPECCHOHHBIX aHAINTHIECKUX
cooTHoUIeHUH. [IpoBeieH CpaBHUTENBHBIH aHAIN3 MHOXKECTBEHHOW MHOTO(AaKTOPHOI perpecCHOHHONM MOJIeIH MPEACTaBICHHON B (hopMe
CTETICHHOW ¥ JIMHEIHOH (QYHKIHH.

Pe3ynbTartsl. Pe3ynpTaTsl Hcclie10BaHUS TO3BOIMIN YCTaHOBHUTH, YTO HanOOJIbIIee BIUSHUE HA MOTPEOICHNE SIEKTPHUECKOH SHEPrun
COCTaBIIIET BOAONPUTOK, & HAUMEHbIIIEe — INTyOMHA OTKAYKH BOABI U3 MOA3EMHBIX ropH30HTOB. OO0OCHOBaHA 1eNec000pa3HOCTh MPUMEHE-
HUSI MHOJKECTBEHHOH MHOTO(aKTOpHOH perpeccHoHHOM Mozenn B dopme creneHHoi ¢yHkiun. OO0paboTaHB KONMMYECTBCHHBIC 3HAUCHUS
(haKTOpPOB ANMEKTPONOTPEOTCHHS ITEKTPOMEXAHHIECKUMH KOMIUICKCAMH BOJOOTIHMBHBIX yYCTAHOBOK INAXT CTaJM OCHOBOH IO BHEAPEHHIO
HMHHOBAIIMOHHBIX TEXHOJIOTHYECKUX PENICHHUH HA COOTBETCTBYIONIHX XKEIE30PYAHBIX MPEANPUATUAX UL ONTUMH3AINI CTOMMOCTHBIX Xapak-
TEPUCTHK OTPEOICHNUS DIIEKTPUICCKOH SJHEPTUH.

Hayunas HoBH3Ha. BriepBrle /1 aHaM3a U ONEHKH PEKMMOB ()YHKIMOHHPOBAHUS IJTaBHBIX BOJOOTIMBHBIX YCTAHOBOK IIAXT, Ipe.-
JI0)KEHO TPUMEHEHUE MaTeMaTHYeCKOro MOJEIMPOBAaHHs HA OCHOBE MHO)KECTBEHHOTO KOPPEISIIMOHHO-PErpeccMoHHOro Merona. IToctpo-
€HHas MOJeJIb YYUTHIBACT KOMIUICKC TEXHOJIOTHUYECKHX IapaMeTpOB BIMSHUSA Ha IPOLECC BOAOOTKAUKU. AHANW3 MPEJIOKEHHOW MOoJenu
MO3BOJISIET BBIIBUTH CYIIECTBEHHBIE (DAKTOPHI BO3JECHCTBUS B OTHOIICHUH PEXUMOB 3IIEKTPONOTPEONIECHHS 3NIEKTPOMEXaHUIECKIMHU KOM-
IUIEKCAaMH BOAOOTIMBHBIX YCTAHOBOK IIAXT M NMPOBECTH COOTBETCTBYIOILIEE OLIEHUBAHUE JUIS PA3BUTHS alrOpPUTMa ONTUMAIBHOTO YIpaBie-
HUSL 3TUM TIPOIIECCOM B IEHHOCTHO-IIEJICBOM HAIIPABICHUH.

IIpakTHyeckasi 3HAYHMOCTh. [IpeToxKeHHas TaKTHKa UCCIICJOBAHMI MO YCTAaHOBIICHHIO SHEPro3((eKTUBHBIX PEXKUMOB (DYHKIHOHUPO-
BaHMS IVIaBHBIX BOJOOTIMBHBIX YCTAHOBOK IIaXT METOAOM MaTEMaTUUECKOrO MOJEIUPOBaHUs. AHAIIN3 [IOJY4YCHHBIX Pe3yIbTaTOB MATEMaTUKO-
CTaTHCTUYECKOr0 MOJICIUPOBAHUS MO3BOJISET YUUTHIBATH KOMIUIEKC TEXHOJIOIMYECKUX IapaMeTpOB BIMAHMSA HA MPOLECC BOJOOTKAUKH, BbI-
SBUTh U IIPOBECTU OLICHKY PEKUMOB IMOTPEOICHHS 3IEKTPOIHEPT U TTIaBHBIMU BOJIOOTIMBHBIMU YCTAHOBKAMHU U MOJTYYHTh UCXOJHBIE JAHHBIC
UL Pa3BUTHS CTPYKTYPBI aJITOPUTMA YIIPABJICHUS JaHHBIM BUIOM CTAaLIMOHAPHBIX YCTAHOBOK LIAXT B LIEHHOCTHO-LIEJICBOM acIIeKTe.

Knioueewie cnoga: noxazamens, pecpeccust, MOOeb, d1eKmMponompedierus, B0000MaUGHbIE YCMAHOBKU
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