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Purpose. Development of a methodology for selecting types and quantities of wind turbines built in exclusion zones of indus-
trial enterprises to minimize fluctuations in the power generated by them and increase the efficiency of their use.

Methodology. The work used methods of synthesis of systems, computer modeling in the calculation of the optimal number of
different types of wind turbines, methods of combinatorics.

Findings. The developed method for designing wind power plants built in the exclusion zones of enterprises allows determining
the required number of different types of wind turbines with different capacities and nominal values relative to the wind speed,
which will provide the necessary generated power with minimal fluctuations. This makes it possible to notably reduce the capacity
required for the accumulation of excess generation and to significantly reduce the cost of implementing wind turbines.

Originality. The work proposes a methodology for designing wind power plants based on various wind turbines, taking into
account their type, power and wind characteristics of the area where the wind power plant is being built. It has been found that the
coeflicient of fluctuation of the power generated by the wind power plant built on the same type of wind turbines does not depend
on the capacity of such a station, nor on the number of wind turbines used, but only on the type of the latter and the wind charac-
teristics of the area where it was built.

Practical value. Wind power plants used at enterprises have significant daily and annual fluctuations in the power generated by
them. The proposed approach allows reducing fluctuations of power generated by the station, as well as increasing the amount of
electricity generation in comparison with the use of the same type of wind turbines.

Keywords: wind power plant, power fluctuations, wind characteristics, combinatorial problem, generation, computer modeling

Introduction. Currently, a complex process of Ukraine’s in-
tegration into the international economic system is taking place.
This path is accompanied by the implementation of global and
European standards in various sectors of the national economy.
This is especially important for the energy system of our coun-
try, since its entry into the pan-European system has a strategic
goal of increasing energy security. In this regard, there are a
number of global problems, such as reconstruction of existing
thermal power units and frequency and power control systems;
construction of new substations and power lines, improvement
of existing hydro and nuclear power units.

But at the same time, in Ukraine there is also an increase in
the number of new generating capacities built on renewable en-
ergy sources, which also creates a certain problem — the in-
volvement of additional compensating regulating capacities and
energy storage systems in the existing energy system, since the
production of “green” electricity is accidental due to the depen-
dence of solar and wind generation on climatic conditions.

As it is known, for almost a decade there has been a steady
trend towards the introduction of renewable energy sources
into the power supply systems of mining and metallurgical en-
terprises [1, 2], as well as railway transport, since the latter
have a significant amount of electricity consumption [3]. This
is also due to the fact that they need to increase their energy
efficiency as quickly as possible. The current state of introduc-
tion of alternative energy sources to ensure uninterrupted pow-
er supply and the functioning of consumers of these and other
industrial enterprises also makes it possible to reduce the
harmful impact on the environment and increase the reliabil-
ity of their power grids [4, 5].

Literature review. It is common knowledge that many large
enterprises that consume a significant amount of electricity
have exclusion zones at their acquisitions unsuitable for agricul-
tural production. The latter, under appropriate meteorological
conditions, can be successfully used to place wind power plants
on them in an amount that is sufficient to consider them as a
powerful additional source of electricity for the enterprise.
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For these purposes, iron ore and coal mines, quarries and
mining mills as a whole, railway exclusion zones, free areas
outside the boundaries of agricultural production, etc., can
serve. At all these enterprises, isolated cases of the use of wind
turbines are already known, but unfortunately, so far only in
pilot versions. And that is in the presence of great opportuni-
ties in this regard.

Thus, in mines, in addition to exclusion zones, where some-
times wind turbines are built mainly of horizontal rotation, they
are also used inside to utilize the energy from outgoing air flows.
Itisbelieved that wind turbines with a vertical axis of rotation are
the most suitable for working in the conditions of the ventilation
system of these enterprises. It is advisable to place them in the
areas of the combination of two air crosscuts [6].

Currently, the electricity generated by such installations is
proposed to be supplied not to the power supply system, but to
lighting both surface areas and underground workings. The
power of the specified consumer is usually 1.6—4 kW. There-
fore, the use of wind turbines in this case, unfortunately, is
limited to this for now [7].

There are similar examples in railway transport. The idea
of direct production of electricity there by wind turbines is not
new. So, the authors of the study [8] proposed autonomously
powering monitoring devices from a system using wind energy
inside tunnels, turning it into electricity. Such a system con-
sists of three components: portable wind turbines, a generator
module and an energy storage unit based on a supercapacitor.
Its maximum output power can exceed 100 mW.

An equally interesting idea was also implemented in the
development of Indian researchers [9], who proposed to in-
stall low-power wind generators along the railway track in such
a way that they were exposed to a significant wind flow when
trains are passing. The resulting electrical energy was used to
power both railway signaling devices and nearby residential
buildings or, even, small settlements. To do this, it is recom-
mended to use a significant number of wind turbines with a
capacity of 400 to 600 W.

Similar proposals for the use of technogenic wind flows
in transport for power generation are also considered in the
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work [10], but all of them are not so attractive compared to
the possibility of placing stationary wind turbines in the rail-
way exclusion zone. After all, this makes it possible to create
not only additional sources for traction vehicles, but also lo-
cal power grids to supply a large number of non-traction
consumers in a mode separated from the excessively polluted
main power grid.

In Ukraine, pilot versions of such systems are implement-
ed at the traction substations Sambir and Stary Sambir of the
Lviv Railway. In the first version, 10 kV buses are powered, and
in the second — 35 kV [11]. The initial stage of this project for
the last case was put into operation in 2014.

The mentioned wind power plant is located on the moun-
tain slopes of the Dniester River, where fairly strong wind
flows are formed along it. Their average annual speed exceeds
8 m/s. The plant consists of four generating units based on a
Vestas turbine V112 with a rated power of 3450 kW, whose
wind wheel has a diameter of 112 m with a hub height of 119 m.
The customer hopes that the capital investment for construc-
tion in the amount of 20.5 million euros will be returned in
7 years. At the same time, 38 million kWh of electricity will be
received annually.

It is also interesting to install wind turbines on the dumps
of mining quarries. So, at PJSC “Poltava HZK”, where the
average annual wind speed is 7.5 m/s, wind generators with a
capacity of 50 kW were used [1]. The plant supplies an auxil-
iary switchgear, the power of transformers of which is 63 kVA.
It was, unfortunately, difficult to increase its capabilities and
connect it to general power grids.

All considered proposals for the use of wind turbines at
these enterprises have a general major drawback — significant
daily and annual fluctuations in the power generated by them.
And this greatly complicates their integration into the enter-
prise network. To do this, you need to have either a large ex-
cess of electricity, which is eventually lost, or a large capacity
for its accumulation.

In both of these cases, the cost of the system increases so
much that its practical implementation becomes inadvisable.
Therefore, in order to get the possibility of more large-scale
introduction of such energy sources at enterprises that have
sufficient land plots for this, any real solutions to reduce these
fluctuations are relevant without a doubt.

Purpose. The purpose of the work is to develop a method-
ology for selecting the types and quantities of wind turbines
built in the exclusion zones of industrial enterprises to mini-
mize fluctuations in the power generated by the power plant
and increase the efficiency of its use.

Results. As noted in [3], it is possible to increase the effi-
ciency of implementation of wind turbines in industrial power
networks by compatible use of their different models depend-
ing on the peculiarities of wind speed distribution in the area
under consideration. This will make it possible to reduce fluc-
tuations in the power generated by wind power plants and sig-
nificantly increase its overall operation ratio during the year.
Therefore, the question of determining the required number of
each of the available wind turbines is proposed as a separate
optimization task at the design stage of such power sources.

Indeed, now wind turbine manufacturers offer many of
their models, different in design, rated power and wind char-
acteristics. On sale there are three types of wind turbines: blad-
ed ones with horizontal and vertical axis and screwed ones in
vertical design. All of them have different dependence of gen-
erated power on wind speed.

Fig. 1, as an example of this, shows the mentioned depen-
dencies of different models of wind turbines of close rated
power: horizontal-axial Euro Wind 5 and Low Wind 48B 5/7
[12] and vertical-axial VAWT-5L-5K-AB [13].

As you can see, they differ not only in the nature of the
curves, but also in the nominal wind speeds (12, 13, 15 m/s,
respectively). And if we pay attention to wind installations with
a capacity of 4, 5, 10, 15 kW, which is offered by the “Energo
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Fig. 1 Dependence of power generated by wind turbines on wind
speed:
1 — Euro Wind 5; 2 — Low Wind 48B 5/7; 3 — VAWT-5L-5K

Star LLC” [4], we will see that their specified speeds vary
within much larger limits: 5, 8, 10, 12 m/s, respectively.

Table 1 shows the data on other acceptable wind turbine in
the case under consideration. Therefore, we will find out the
possibility of reducing the power fluctuations generated during
the year by a wind power plant consisting of the turbines se-
lected from this list when they are located in the exclusion
zones of industrial enterprises. The length of such zones along
the perimeter is sometimes up to 25 km. The number of places
on them where wind turbines can be located, in each particular
case, will depend on the topography of the area and the pres-
ence of obstacles to wind flow.

If the total number of places of the wind turbines’ specified
location at the considered exclusion interval is known and
equal to n, and there are m models of wind turbines with differ-
ent capacities and nominal values of wind speed, which ac-
cording to the wind characteristics of this area are acceptable
for use, then first of all, it is necessary to determine all their

Table 1

Technical characteristics of modern wind turbines suitable for
use in the territory of enterprises

Rated = .
- : |5
b = 5 |& |8
Wind turbine 2 54 g g
No. model % - § g 'é
5 % = }5 < E = é%
= ST |2 E|SZ|KEE
‘With horizontal axis
1 Euro Wind 3 Ukrainian 30 | 120 | 4.0 4.5
2 |EuroWinds | 2ltemative oo T 0| 64 | 64
energetics
3 | Euro Wind 10 10.0 | 12.0 | 13.0 | 8.0
4 | Euro Wind 15 15.0 | 16.0 | 21.0 | 11.0
5 | Euro Wind 20 20.0 | 13.0 | 26.5 | 10.0
With vertical axis
6 | Euro Wind/19 | Euro Wind 19.0 | 12.0 | 21.0 | 8.25
Small
Turbines LTD
7 | WS-12/8 kW Winds IDC 8.0 [ 20.0 | 10.0 | 2.0
Production
LTD
8 | WRE 060/6 kW | Ropatec 60 | 140 | 72 33
S.PA.
9 | VAWT-5L-3K | ATMOS- 30 | 120 | 3.6 3.0
10 | vAWT-sL-10K | FERA 100 | 120 | 120 | 60
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possible combinations, where the number of each of them will
vary from 0 to n. All this applies to combinatorial problems,
which are usually solved differently.

As part of the question discussed in this article, the fol-
lowing sequence is proposed for determining the specified
sets with a specific amount of each wind turbine in them.
So, if we consider all possible combinations #A(i=1,m),
without taking into account the reality of their location in

01 1 11 1 01 11 11
02222 20222 22
03 3 33 30333 33
0 n nnon n 0 n nn n n
001 11 1 0011 11
0600222 20022 22
00 3 33 3003 3 33
00 n non n 00 n n n n
1 00 01 1 1.0 00
20002 22000
30003 33000
n 000 n nnOO00O0

After that, instead of a zero value, value 1 is placed in the
first column of the matrix and the sorting is carried out in the
same way. The procedure is repeated until » appears in the first
column. It is clear that the sum of the obtained values of the
number of wind turbines will not be equal to » in all cases
(rows of the matrix), and therefore such combinations cannot
be practically realized. So, it will be necessary to select only

Input No Yes
n,m 0 Qutput of all
fixed
combinations by
b= I=1+1
| hy=h=..=h=h,=0 |
h+h+. . . +h+..+h =k
No
¥
Yes Fixation Fixation
h= b +1 hea=hy ||| hpi=Tom
hy=h 41
ho=h+1
h,=h,+1

Fig. 2. Algorithm for determining wind turbines combinations
with their total number corresponding to their existing loca-
tions in the exclusion zone of enterprises
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the places allocated in the exclusion zone of enterprises,
then the total number of such combinations can be obtained
as follows.

First, it is necessary to form a matrix m x n, the first col-
umn of which consists of zero values, which later move to the
second, third and subsequent columns. Then in the initial ma-
trix there will be already two columns with zero values that will
also gradually move to the right. And then — three, four, etc.

11 11101 I 1110
22 22202 22220
33 33303 33330
n n nnnOn nnnn 0
0 1 I 1100 0O00O0T11
062 22200 00022
0 3 33300 0O0O0 33
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00001 1 0000
00002 20000
00003 30000
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those of them that meet the specified requirement. Fig. 2
shows the proposed algorithm corresponding to the consid-
ered sequence.

As an example of the application of the specified algo-
rithm, the sequences /; are considered under the condition

that i =15, and n = 10. In this case, P =989 combinations can
be implemented. With the increase in the number of places for
installation of wind turbines to 15, the possibility of choosing
an acceptable option increase to 2700. It is obvious that among
the obtained ratios regarding the number of different wind tur-
bine models in the wind power plants, only one of the options
will be able to meet its required capacity, ensuring the smallest
fluctuations in the generation of the latter during the year. It is
proposed to determine it using the algorithm presented in
Fig. 3. The output data obtained from the calculation is shown
in Fig. 4.

The table in Fig. 4 of the example shows the average ca-

pacity of five wind turbines P,, (i =IS) in the corresponding

a=1,12 months of the year. Here k is the minimum possible
value in the given interval of the generated power of 75—90 kW
of the fluctuation coefficient of the latter, which is obtained
using four Euro Wind 3 units (h) and six Euro Wind 20 units
(h). The dynamics of generation of such a wind power plant by
months of the year is shown in the last row of the given repre-
sentation.

In order to obtain the specified information on the P, ca-
pacity, it is necessary to have the results of meteorological ob-
servations and determine the annual distribution of the wind
speed averaged monthly wind speed characteristic of the area
under consideration. For example, near the city of Vasylivka,
Zaporizhzhia region, it is characterized by the dependence
shown in Fig. 5.

The given distribution indicates that the wind speed in
May—August is almost three times less than that observed in
October—March. Therefore, when finding out the possibility
of autonomous supply of specific consumers of industrial
power grids due to energy from such a wind power plant, it is
necessary to focus on the possible amount of its generation in
the period from late spring to early autumn. And this means
that more powerful winter winds, unfortunately, will not be
used.

Taking advantage of the latest data and having dependen-
cies on the powers of the i wind turbines, which are consid-
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Fig. 3. Algorithm for determining the required number of wind
turbines acceptable for the location in the exclusion zone of
enterprises for the minimum fluctuations of the power gen-
erated by them during the year

Number of locations: 10
Pjcpmin = 75; Pjcpmax = 90
Pjcp = 88,9833333333333; delta Pjcp = 52,3194444444444
k= 0,587969032902541
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Fig. 4. View of presentation of output data for calculations using
the developed program

ered, on the speed of wind flow and determine m sequences

P,(a=1,12). The latest dependencies, which are shown in
Fig. 1 in the example of three specific installations, are given
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Fig. 5. Annual distribution of monthly averaged wind speed
typical for the area near the city of Vasylivka, Zaporizhzhia
region

by the manufacturers of such equipment in the relevant tech-

nical specifications. The sequences P, (c=1,12) obtained in
this way with respect to the wind turbines indicated in Table 1
in the case of their location in the above-mentioned area are
presented in the same order in Table 2.

Using the proposed software and the information just
mentioned, it is possible to obtain the dependence of the
minimum fluctuation coefficients of the power generated by
the wind power plant at different averaged values of the lat-
ter and different possibilities for certain wind turbines and
the number of places for their location in a particular exclu-
sion zone of the enterprise. Fig. 6 shows as an example the
following dependencies for 10, 15 and 20 places in the case
of using the first five horizontal (a), then only vertical (b)
and, finally, all ten specified in Table 2, wind turbines (c). It
is obvious that having the information thus obtained and fo-
cusing on a given interval of annual average power required
by consumers, it is possible to determine the type and num-
ber of wind turbines required for this, which will also pro-
vide the minimum possible fluctuations in this power during
the year.

It can be seen from the above dependencies that when
horizontal wind turbines are located at ten exclusion places,
the smallest minimum fluctuations in the generated power
(k =0.5849) will be observed for P = 100 kW, with the pres-
ence of 15 places (k = 0.5879) — 130 kW, and at 20 (k =
=0.5948) — about 145 kW. If only vertical wind turbines are
used or all of them at the same time, these dependencies
have a more complex form, but in these cases there are the
most favorable values of the generated power, at which its
smallest fluctuations will be observed. It should also be not-
ed that in the last two cases the optimal values of the coeffi-
cient k decrease, but occur at lower powers — in the range of
40—60 kW.

The distribution by months of the year of possible genera-
tion of power by the wind power plant in case of implementa-
tion of the obtained nine optimal options is shown in Table 3,
and the values of average capacities and their fluctuation coef-
ficients are shown in Table 4. The number of available wind
turbines recommended for use in each of these cases (Table 1)
is given in Table 5.

Therefore, in conclusion, it can be stated that in the pres-
ence of algorithmic and software tools proposed and used as
an example in this section, it is possible to calculate the re-
quired number of each of the wind turbines types available to
wind power plant designers, for the placement of which spe-
cific places are allocated in the exclusion zone of the enter-
prise, and which provide the necessary generated power with
its minimal fluctuations throughout the year.

In order to quantify the advantages of the proposed wind
power plant design method, a design study was carried out on
the values of the fluctuation coefficient of the generated power
of a wind power plant, which was built, as usual, on the same
type of wind turbines. It is established that it does not depend
on the capacity of such a station, nor on the number of wind
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Fig. 6. The dependence of the fluctuation coefficient of the power generated by the wind farm on its average value per year when using

horizontal (a), vertical (b) and both types simultaneously (c) of wind turbines in the presence of such a number of possible places

relative to their location (10 (0), 15 (O) and 20 (A))

Table 2
Power generated by wind turbines in Table 1 in case of their location in the area under consideration

Wind turbine model Powers by month of year, kW

as per No. in Tablel | ) 3 4 5 6 . 3 9 10 1 2
1 39 2.5 39 29 0.5 0.2 0.25 0.45 0.75 3.2 4.0 3.8
2 6.3 4.1 6.2 5.1 0.9 0.45 0.5 0.8 1.2 5.2 6.3 6.0
3 12.0 7.9 12.0 9.0 1.6 0.9 1.0 1.3 2.5 9.8 12.8 11.8
4 19.0 20.5 19.0 12.5 2.1 0.5 0.6 2.2 4.0 15.0 17.5 18.6
5 22.3 25.0 22.5 13.1 7.0 2.1 2.2 4.1 5.0 13.2 22.0 21.9
6 19.1 19.25 19.1 17.1 4.5 1.1 1.2 4.4 7.0 16.1 19.0 18.5
7 2.3 4.1 2.3 115 0.2 0.1 0.15 0.35 3.8 1.2 2.1 1.8
8 39 6.0 39 2.0 0.15 0.1 0.12 0.14 0.5 2.1 3.5 34
9 3.1 3.55 3.1 1.5 0.25 0.1 0.15 0.3 0.45 1.75 3.0 2.75
10 10.1 12.0 10.1 6.5 0.5 0.2 0.3 0.4 1.1 6.0 10.0 9.1

turbines used, but only on the type of the latter and the wind
characteristics of the area where it was built.

For the wind turbines discussed in Table 1 and wind speed
distribution by months of the year shown in Fig. 5, the coeffi-
cient has the corresponding values: 0.6781; 0.6544; 0.6563;
0.6903; 0.6143; 0.6146; 0.6773; 0.7706; 0.7252; 0.7574. There-
fore, comparing the results with the optimal power fluctua-
tions relative to wind power plants, which are given in Table 4,
we obtain the following results.

If only EuroWind 10 wind turbines, which have a value of
k =0.6303 in this area, are installed at station 1.1, where this
factor has a value of K=0.5859, then the situation with pow-
er fluctuations will impaired by 0.0689, that is, by 11.7596 %.
In the case of use at power plant 3.2, where 15 different types
of wind turbines are installed, and which has the best re-
ceived fluctuation coefficient of the generated power
(0.5205), using the same type of WRE 060/6 kW wind tur-
bines with a vertical axis and the worst values of the specified
coefficient (k=0.7706), then its value relative to the power of
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the entire power plant will increase by 0.2501, i.e., by
48.0499 %.

Therefore, it becomes obvious that depending on the
type of wind turbines that is at the disposal of the designers
of the power plant and the wind characteristics of the area
where they plan to build it, the use of the proposed synthe-
sis method of the latter can reduce fluctuations in the pow-
er generated by it from 10 to 50 percent. And this makes it
possible to significantly reduce the necessary capacity for
the accumulation of excess electricity generated by wind
power plants and significantly reduce the cost of its imple-
mentation.

An equally important advantage of the considered method
for the wind power plant synthesis is also an increase in its
generation. Thus, having the power of the above-mentioned
station 1.1 by months of the year shown in Table 3, it can be
calculated that it is capable of generating 865,382.4 kWh of
electricity per year. If they install ten identical wind turbines of
the Euro Wind 10 type, the capacity of which by the months of
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Table 3

Power values that can be generated by a wind power plant with minimal fluctuations throughout the year near the city of

Vasylivka, Zaporizhzhia region

Power, P, The number of places used in relation to the location of wind turbines
Months kW Wind turbines with a horizontal axis Wind turbines with a vertical axis Wind turbines of both types
of the year 10 15 20 10 15 20 10 15 20
1 167.80 224.10 243.60 64.40 92.70 113.20 63.80 95.30 126.80
2 182.52 240.00 252.50 79.20 114.85 142.60 77.05 118.45 159.85
3 169.20 225.90 245.40 64.40 92.70 113.20 63.90 95.60 127.30
4 100.45 135.30 149.80 48.75 70.45 86.80 43.35 61.05 78.75
5 50.50 66.00 68.50 10.90 16.20 21.20 13.80 21.60 29.40
6 15.30 20.00 21.10 3.10 4.60 6.70 4.30 6.85 9.35
7 16.15 21.30 22.55 3.75 5.55 7.20 4.95 7.75 10.55
8 30.05 39.60 41.85 11.65 17.45 23.20 11.75 17.25 22.75
9 37.25 49.50 53.25 41.70 63.90 88.80 39.80 60.00 80.20
10 102.00 138.00 154.00 46.60 67.50 89.60 92.90 60.90 79.90
11 166.00 222.00 242.00 62.70 90.10 109.60 62.00 92.40 122.80
12 164.7 219.90 238.90 58.70 84.40 102.80 59.00 88.10 117.20
Table 4
Average power and fluctuation coefficient values for wind power plants discussed in Table 3
The number of places used for the location of wind turbines
Indicators Wind turbines with a horizontal axis Wind turbines with a vertical axis Wind turbines of both types
1 2 3
10 15 20 10 15 20 10 15 20
P, kW 100.258 133.475 144.454 100.154 60.030 74.850 40.550 60.440 80.321
K p.u. 0.5859 0.5879 0.5942 0.5849 0.5451 0.5384 0.5265 0.5205 0.5236
Table 5
The number of wind turbines shown in Table 1 used in wind power plants according to Table 3
Wind turbine number according to Table 1
! 2 3 4 5 6 7 8 9 10
& 1.1 3 0 0 0 7 0 0 0 0 0
kS 1.2 6 0 0 0 9 0 0 0 0 0
% 1.3 11 0 0 0 9 0 0 0 0 0
E 2.1 0 0 0 0 0 2 7 0 0 1
g 2.2 0 0 0 0 0 3 11 0 0 1
g < 23 0 0 0 0 0 4 16 0 0 0
B2 3.1 0 1 0 0 1 1 7 0 0 0
2% 32 0 1 0 0 2 1 1 0 0 0
§ § 33 0 1 0 0 3 1 15 0 0 0

the year is shown in Table 2, the annual volume of generation
of such a station will be 594,720.3 kWh, that is, it will decrease
by 270,662.1 kWh, or by 45.5 %.

Conclusions.

1. The existing proposals for the use of wind turbines are
quite difficult to integrate into the power network of enterpris-
es due to significant daily and annual fluctuations in the power
generated by them.

The proposed method for designing wind power plants
built in the exclusion zones of enterprises allows determining
the required number of different types of wind turbines with
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different capacities and rated values relative to the wind speed,
which will provide the necessary generated power with mini-
mum fluctuations.

2. Using the proposed method of wind power plant design
allows reducing fluctuations of power generated by the station
from 10 to 50 %, as well as to increase the volume of electricity
generation up to 45 % compared to the use of the same type of
wind turbines.

3. This approach allows significantly reducing the capacity
required to accumulate excess generation and significantly re-
ducing the cost of wind power plant implementation.
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Meta. Po3pobka MeToauKku BUOOPY TUMIB i KiILKOCTI Bi-
TpoesiekTpoyctaHoBoK (BEY) mpu ix OyniBHMLTBI B 30Hax
BiIUY>KE€HHSI IPOMUCIOBUX MiAMPUEMCTB IJIs1 MiHiMi3allii KO-
JIUBaHb 3T€HEPOBAHOI HMMH TOTYXKHOCTI 1 MiABUILEHHS
e(eKTUBHOCTI X BUKOPUCTaHHSI.

MeTtoauka. ¥ poOOTi BUKOPHUCTOBYBAJIUCS METOIU CUH-
Te3y CUCTEM, KOMIDIOTEPHOTO MOMIETIOBAHHS ITif Yac po3pa-
XYHKY ONTUMaJIbHOI KiJIbKOCTI pisHOTUIIHUX BEY, Mertonn
KOMOIHATOPUKHU.

PesyabraT. Po3po06ieHuii MeTon mpoeKTyBaHHS BiTpoe-
JIEKTPOCTAHILiA, 1110 OYIyIOThCS B 30HAX BiMUy>KEHHS MMiANpH-
€MCTB, 103BOJISIE BUBHAYUTU HEOOXiMHY KiJTbKiCTh Pi3HOTUII-
Hux BEY 3 BiIMiHHMMM TOTY>XHOCTSIMM ¥ HOMiHAJbHUMU
3HAYEeHHSIMU 11010 LIBUAKOCTI BiTpY, sIKi 3a0e3rneyarh He00-
XiIHY 3reHepOBaHy MOTYXHICTb 3 MiHIMAJIbHUMU 1i KOJMBaH-
Hsimu. Lle 1o3BoJIsIE 3HAUHO 3MEHIIUTU EMHICTh, HEOOXiIHY
IUTSI HAKOTIMYEHHST HaJUIAIIKY TeHepallii, Ta CyTTEBO 37elle-
BUTH peaiizailito BirpoenekTpoctaHiiit (BEC).

HaykoBa HOBHM3HA. Y pO0OOTi 3alpoONOHOBaHA METOIMKA
MPOEKTYBaHHS BiTpoeJeKTpocTaHliil Ha pi3HuXx BEY, 110
BPAXOBYE iX TUIT, TOTYXHICTb i BITPOBY XapaKT€PUCTUKY MiC-
ueBocrTi, ae oynyerbcsi BEC. BecraHoBieHo, 110 KoedilieHT
KOJIMBaHb 3r€HEPOBAHOI BITPOEJEKTPOCTAHIIIEIO MOTYXHOC-
Ti, 30ynoBaHoi Ha ogHoTUIHUX BEY, He 3anexuTs Hi Big no-
TY>KHOCTI TaKOI CTaHLii, Hi Bill KiJIbKOCTI BUKOPUCTAHUX Bi-
TPOYCTaHOBOK, a JIMIIIE Bill TUITYy OCTaHHIX i BITDOBOI XapakTe-
PUCTUKU MiCLIEBOCTI, ¢ BOHA 30y10BaHa.

IIpakTiyna 3HayumicTh. BiTpoenekTpoycTaHOBKM, 1110
BUKOPHUCTOBYIOTHCS Ha MiANPUEMCTBAX, MAIOTh 3HAYHi 1000~
Bi I piyHi KOJIMBaHHSI 3reHEPOBAHOI HUMMU TMOTYXXHOCTI. 3a-
MPOTIOHOBAHMI MiAXi JO3BOJISIE 3MEHILIUTH KOJIUBAHHS 3Te-
HEepOBaHOI CTAHIII€I0 MOTYKHOCTI, a TAKOX 301JIbILIUTH 00CsI-
'Y reHepallii eJ1eKTpUYHOI eHEPTii B OPiBHSIHHI i3 3aCcTOCY-
BaHHSIM OJHOTUITHUX BiTPOEJIEKTPOYCTAHOBOK.

KmiouoBi cnoBa: gimpoesexmpocmanyis, Koausams no-
mydscHocmi, 8impoxapakmepucmuka, KombiHamopHa 3adaua,
2eHepauis, KOMN>IOmMepHe MOO0eNI08AaAHHS

The manuscript was submitted 16.06.22.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 1 121



