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Summary. The paper is devoted to further development of small hydropower on the basis of reliable and
cheap unregulated tubular propeller hydroturbines with rigidly fixed operating and guide blades. Such turbines
are used mainly at low-pressure small hydroelectric power stations. Their main drawback is the impossibility of
generated power regulation. However, solutions that minimize this shortcoming are proposed in this paper. Matrix
of 4 model series of tubular propeller hydroturbines has been created. The nomenclature of turbines presented in
this matrix is aimed at improving technical characteristics of small hydropower plants and reducing their negative
impact on the environment. The rules for equipping machine platforms of low-pressure small hydroelectric power
plants with capacity up to 200 kW with models of turbines from the created matrix are proposed, and their
technical and environmental justification is performed. According to the recommendations given in the paper, at
least two different adjacent turbines from the same model line should be installed at one HPP. The best option is
three different adjacent turbines from the same model series, but technical and economic analysis should be
performed for more detailed justification of the choice of the number of turbines. This is the subject of our further
investigations. The application of scientific and practical results presented in the paper will improve technical
characteristics of small hydropower plants with tubular propeller turbines and minimize their possible negative
impact on the life of river flora and fauna in lower basin.
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Statement of the problem. The change in technological systems, which is currently
taking place in Ukraine, poses new challenges to the domestic energy sector and industry.
The energy industry requires a wide range of measures to restore and modernize
infrastructure facilities of the fuel and energy complex, the spread of information and
communication technologies, and the introduction of intelligent networks. At the same time,
the efficiency of energy use should be increased, environment-friendly and safe
technologies and processes should be introduced, and the share of renewable energy sources
should be increased [1]. One of these resources is hydropower of medium and small rivers,
which is used by one of the sub-branches of renewable energy — small hydropower. Taking
into account the fact that the topography of Ukraine is mainly flat with extensive network
of small and medium-sized rivers, our country has great opportunities for the construction
of new low-pressure (up to 5 meters of water column, less often — from 5 to 10 m water
level) micro-hydroelectric power plants with up to 100 kW capacity, less often — from 100
to 200 kKW. At present, such stations are equipped mainly with tubular axial turbines. They
are adjustable, partially adjustable or non-adjustable (propeller). In this paper, we will
consider only non-regulated turbines, which differ from the other two types of hydraulic
machines mentioned above by the highest reliability and the lowest cost. Their main
drawback is the impossibility of generated power regulation. However, if the engine room
of the micro-hydroelectric power plant is properly equipped and the required sizes of
hydroturbines are available, this drawback can be minimized.
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Domestic and foreign enterprises produce a wide range of tubular propeller
hydroturbines with standard sizes. However, the problem is that some standard sizes of turbines
produced by them do not meet the requirements of ensuring the best control characteristics of
micro-hydroelectric power plants equipped with such hydraulic machines. The paper is devoted
to this problem solution.

Analysis of available investigation results. The paper [2] presents in detail
indisputable technical and economic advantages of small hydropower over other sub-sectors of
fuel-free alternative energy are presented in detail in paper [2]. One or another advantage
provides specific effect(s) indicated in this paper. In addition, the problems arising during the
organization of the construction of small hydroelectric power plants, as well as ways to solve
them, are presented. But what technical decisions should be made in each specific case are not
given. In particular, the issue of building matrixes of turbine models and the issue of selecting
turbine models for equipping small hydroelectric power plants are not considered.

Peculiarities of small hydropower in comparison with other branches of renewable
energy are described in detail in paper [3]. Program for the development of small hydropower
is also proposed, but it has primarily organizational and not technical nature.

In paper [5], the authors note organizational, technical, legal and financial problems of
restoration and construction of small hydroelectric power plants in Ukraine. However, their
final recommendations are exclusively organizational and not technical: creation and
improvement of the legislative framework, development of tax incentives, creation of the
conditions for attracting investments in small hydropower, etc.

The experience of «Minihydro» Ltd (Kharkiv) in hydroturbines design, as well as
technical characteristics of hydroturbines for small hydroelectric power stations manufactured
by this company is highlighted in this paper. Particularly, it is noted that the company produces
5 standard sizes of axial horizontal propeller four-blade tubular hydroturbines with water flow
within the range of 0.5+8.5 m%/s — T-32, T-50, T-65, T-80, T-90 (the figure in the designation
of the turbine model means the diameter of the impeller in centimeters). At present, T-80 turbine
is not longer manufactured. Instead, the company is setting up production of T-120 model,
which has much higher transmissive capacity and power. On the basis of which initial data the
company has chosen the impellers diameters for serial hydroturbines of its own production, the
author does not specify. It is also mentioned in this paper that in modern conditions network
(non-autonomous) small hydroelectric power plants are forced to operate «following the water
flow», that is, they must adjust to the flow of water in rivers, which, according to the data of
hydrological services, can change (primarily depending on weather conditions) in sufficiently
wide ranges. Therefore, at low-pressure (up to 15 m) small hydroelectric power plants, at least
two (or even better - 3 or more) propeller hydroturbines should be installed, but the exact ratio
between the diameters of their operating wheels is not indicate by the author (in propeller
hydroturbine characterized by simplicity, reliability, speed and high efficiency (the latter,
however, applies only to the case when the water consumption by the turbine is equal to the
nominal (5%) for the given pressure), it is known that there is no regulation of water
consumption). The author also offers to equip low-pressure micro-hydroelectric power stations
with sets of replaceable impellers with different geometry of the operating blade apparatus. This
solves to some extent the problem of water flow regulation, but at the expense of a certain
decrease in the efficiency of the turbine (especially because the guide vane device (when
replacing the impeller with another one that has the same outer diameter, but the remaining
geometric dimensions are different) is not adjustable ). It is worth noting that the company also
produces T-32, T-50, T-65 and T-90 hydroturbines with adjustable directional blade device, but
they are much more complicated and more expensive than non-adjustable ones. In addition,
replacing the impeller of tubular axial hydro turbine manufactured by «Minihydro» Ltd. is
rather time-consuming operation that is performed during at least one working day.
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The environmental consequences of the operation of 27 small hydroelectric power
plants with similar consequences of the operation of 3 large hydroelectric power plants in
Norway (the total capacity of both mentioned groups of hydroelectric power plants is
approximately the same) are compared in paper [7]. The results of this comparison show that
large hydroelectric plants have lower environmental impact than many small-scale projects, but
insufficient data accuracy and weak methodological basis introduce uncertainty into the
reliability of the research results. If necessary methodology is created, it will be possible to
carry out more perfect comparative assessment of the development of small and large
hydropower capacities, which will allow better coordination of the goals of energy and
environmental policy. Here it should be noted that climate and topography of the territories of
Ukraine and Norway are significantly different, so similar comparison for our conditions can
show the opposite result. In our work, we try to do our best to reduce the negative impact of
low-pressure micro-hydroelectric power plants on the environment to minimum. In order to do
this, we create mathematically structured matrix of tubular propeller hydroturbine models and
develop clear and understandable recommendations for equipping low-pressure micro-
hydroelectric power plants with turbine models from this matrix. Similar investigations have
not been carried out in paper [7].

The objective of the paper is to create the matrix of model series of tubular propeller
turbines for low-pressure small hydroelectric power plants which operate «following the water
flow» (that is, adjust to the flow of water in the river) and transmit all generated electricity to
the network at preferential “green” rate, so that they (hydroelectric power plants with the
specified turbines) ) in the process of operation could provide the best regulatory characteristics
and are as «friendly» as possible to river flora and fauna.

Statement of the problem. In order to achieve the set goal, the following problems
should be solved:

1. To investigate the existing model series of unregulated tubular propeller turbines for
low-pressure micro-hydroelectric power stations, to determine their advantages and
disadvantages and, on their basis, to create a number of new mathematically justified model
series of such turbines, which should have clear functional relationship between themselves and
form the integral structure in the form of a matrix.

2. To propose and substantiate the principles of layout of machine platforms of
low-pressure micro-hydroelectric power plants with tubular propeller hydroturbines.
The problems to be resolved are the following: a) the number of turbines for machine
platform of one HPS; b) standard sizes of turbines for the specified site. These problems
should be comprehensively investigated primarily in terms of improving technical
characteristics of micro-hydroelectric power plants and minimizing their negative impact
on the environment.

Initial data and investigation methods. The initial data of the investigation are
domestic and foreign developments in the fields of small hydropower and hydro-
turbomachinery. System analysis and system approach are used to create the matrix of model
series of tubular propeller hydroturbines. The principles of layout of machine platforms of low-
pressure micro-hydroelectric power plants with pipe turbines are formulated using analytical
methods.

Conditions and restrictions accepted in the paper. The following restrictions and
conditions are accepted in this paper:

1. Only unregulated tubular propeller hydroturbines are considered.

2. Only geometrically similar turbines (the linear dimensions of which are proportional,
and the angular dimensions are identical) are considered.

3. The diameters of the operating wheels of hydroturbines are rounded to the whole
number with one centimeter accuracy.
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4. The designations of the models of tubular propeller hydroturbines in newly created
model series correspond to the designations of the turbine models of the same type of
«Minihydro» Ltd. (Kharkiv) (for example, in the designation T-90, the letter «T» means
«Turbiney, and the figure «90» impeller diameter in centimeters).

5. Each newly created model series of tubular propeller hydroturbines is the geometric
progression with denominator 2*2 (for example, for two adjacent models of turbines of the first
series T-23 and T-32 (Table 1), the dependence 23-2Y2=32 is fulfilled).

6. In each newly created model series of tubular propeller hydroturbines, with the same
water pressure, any two adjacent turbines differ in the following way: power — by 2 times, water
consumption — by 2 times, rotation speed of the turbine shaft — by 22 times (for example, under
the same pressure, the T-32 turbine of the first row has 2 times more power than the adjacent T-
23 turbine of the same row; the throughput capacity of T-32 turbine is also 2 times greater than
the throughput capacity of T-23 turbine; however, the shaft rotation speed of T-32 turbine, on the
contrary, is lower only by 22 times in comparison with the rotation speed of T-23 turbine shaft).

7. Micro-HPPs with unregulated tubular propeller hydroturbines operate only
«following the water flowy, that is, they adjust to the flow of water in the river (but not to the
consumers needs) and deliver all the generated electricity to the network for sale at preferential
«green» rate.

Investigation results. The main result of the investigation is matrix of model series of
tubular propeller hydroturbines for small hydropower plants (Table 1).

Table 1

Matrix of model series of tubular propeller hydroturbines (TPHT) for small hydroelectric power plants

TPHT maodels (the figure in the model designation means

diameter of the hydraulic turbine impeller in centimeters)

No| The title of the model range Approximate power of hydroturbines in kW at the same

pressure (approximately 3.5 m water level) (power of T-90
turbine is taken as 100 kW)

Model series of TPHT
1 «Minihydro» Ltd. T-82 | T-50 | 165 | T-90 | T-120
: 13 30.9 52 100 178
(Kharkiv)
The first TPHT model series
9 (formed by modernization of T-23 | T-32 | T-45 | T-64 | T-90 | T-127
TPHT model series of 6 13 25 50 100 200
«Minihydroy Ltd.)
The second TPHT model

series (formed on the basis of

3 | the first model series using

2Y4 proportionality
coefficient)

T-19 | T-27 | T-38 | T-54 | T-76 | T-107 | T-151
4.7 9 19 38 75 150 300

The third TPHT model series
(formed on the basis of the T-21 | T-29 | T-41 | T-58 | T-83 | T-117

second model series using 2Y8 5.2 10 21 41 83 165
proportionality coefficient)

The fourth TPHT model
series (formed on the basis of
5 | the third model series using
218 proportionality

coefficient)

T-25 | T-35 | T-49 | T-69 | T-98 | T-139
8 16 313 63 125 250
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In Table 1, under the codes of the turbine models, the approximate powers of these
turbines in kW for one pressure are given. The turbine power of T-90 model is assumed to be
equal to 100 kW. It corresponds to the net pressure of approximately H,=3,5 m. Approximate
capacities of all other turbine models in Table 1 are accepted for the same numerical pressure
value. They (powers) are rounded to the whole numbers for better understanding (with the
exception of four values).

The first TPHT model series is formed on the basis of TPHT model series of
«Minihydro» Ltd. Small T-23 turbine with 23 cm impeller diameter is added to the existing
series, T-50 turbine is replaced by T-45 turbine, T-65 by T-64 turbine, T-120 by T-127 turbine,
so that the newly formed series of diameters of hydraulic turbine impellers is the geometric
progression with denominator 2%/2,

Turbines of the second TPHP model series occupy the intermediate position between
adjacent turbines of the first model series. For example, under the same pressure, the power of
T-90 turbine (series 1) is 100 kW, T-64 (series 1) is 50 kW, and the T-76 turbine (series 2) is
75 KW (this is presented, in particular, by the design feature of the belt Table 1, which
corresponds to the second model series).

Turbines of the third TPHT model series occupy the intermediate position between
adjacent turbines of the first and second model series, but under the condition that the turbine
of the second series is smaller than the turbine of the first series. For example, under the same
pressure, the power of T-90 turbine (series 1) is 100 kW, T-76 turbine (series 2) is 75 kW, and
T-83 turbine (series 3) is 83 kW (to be more precise, 82.5 kW).

Turbines of the fourth TPHT model series also occupy the intermediate position
between adjacent turbines of the first and second model series, but under the condition that the
turbine of the second series is larger than the turbine of the first series. For example, under the
same pressure, the power of T-90 turbine (series 1) is 100 kW, T-107 turbine (series 2) is
150 kW, and T-98 turbine (series 4) is 125 kW.

Under the same pressure, the ratio of diameters of geometrically similar turbines is equal
to the square root of the ratio of powers (and water consumption, see below in this paragraph)
of these turbines: for example, for T-90 and T-50 hydraulic machines of TPGT of «Minihydro»
Ltd. (Kharkiv) series (Table 1) d2/d1=90/50=1.8; (N2/N1)*?=(100/30.9)*>=1.8 (in the above
mentioned expressions, symbol d indicates the diameters of the turbines' operating wheels in
cm, and symbol N - approximate power of the turbines in kW). Under the same conditions, the
rotation speed w1 of T-50 turbine shaft is also 1.8 times greater than the similar indicator w, of
T-90 turbine (w1/w2=1.8), and the ratio of water consumption Qzand Q1 is equal to power ratio:
Q2/Q1= N2/N1=100/30.9=3.24; (Q2/Q1)"?=3.24%2=1.8.

Recommendations regarding the installation of low-pressure micro-hydroelectric
power plants with basic hydraulic machinery equipment. At low-pressure micro-
hydroelectric power plants, we recommend to instal two or three (three are better from the point
of view of technology and ecology,) tubular propeller hydroturbines. Turbines should be
selected from one of the proposed model series (first, second, third or fourth) (Table 1). Both
in the first and second cases, all models of hydroturbines at any micro-hydroelectric power plant
must be different, but adjacent. This makes it possible to provide better adjustment
characteristics of the hydroelectric power plant and at the same time contribute to better
preservation of the diversity of river flora and fauna on the the lower basin of the plant. technical
and economic justification of the selection of the main hydraulic machine equipment for low-
pressure micro-hydroelectric power station is not carried out in this paper, it will be the
objective of our further investigation.

Adjustment characteristic of micro-hydroelectric power plant, equipped with two
different adjacent tubular propeller hydroturbines of the same model series are presented in
Fig. 1, and the same one but with three different adjacent turbines is shown in Fig. 2. Complete
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set of machine platform according to Fig.1 provides uniform three-step adjustment
characteristic (CC) of micro-hydroelectric power plant with control discreteness 6=33 % and
control depth 4=67 %. Complete set according to Fig. 2 provides much smoother, uniform
seven-step CC of micro-HPP with control discreteness 6=14% and control depth of 4=86%.
Seven-step CC makes it possible (compared to three-step CC):

— toadjust the micro-hydroelectric power plant to water consumption in the upper basin
of the plant much easier;

— to reduce the frequency of hydraulic units switching, contributing to the increase of
their service life and reduce energy consumption for performing the adjustment function (in
manual or automatic mode);

— to reduce considerably the negative impact of micro-hydroelectric power plant on the
hydrosphere of the lower basin, since the «jumps» of water levels in the lower basin (daily, for
two days, weekly, etc.), caused by the operation of hydroelectric power plant, will be much
(approximately 2.4 times ) smaller.

N Od Ni 0O
kw % kW %
il i 1o T g3 T 58+ T-a1| 7t stair “
T-90 + T-64 |3rd stair ~ 1241
100 o7 ] . 104+
. 83|
T-90 2nd stair
62 —
50 33 p
T-64 Ist stair 21
o 0 -— o 0 -
7, hours 7, hours
Figure 1. Adjustment characteristic of Figure 2. Adjustment characteristic of
micro-hydroelectric power plant equipped with two micro-hydroelectric power plant equipped with three
different adjacent tubular propeller hydroturbines different adjacent tubular propeller hydroturbines
T-90 and T-64 of the same (first) model series T-83, T-58 and T-41 of the same (third) model series

The following notations are adopted in Fig. 1 and Fig. 2: N is the total power of the
activated hydroturbines of micro-HPP, kW, for net pressure approximately H,=3.5 m; Q is
water consumption by hydroelectric plant, %; 7 is time, hours; ¢ — discreteness of adjustment,
%; A is the adjustment depth, %.

For better understanding of the presented material, Fig. 1 also shows the example of the
complete set of micro-hydroelectric power plant with two adjacent turbines T-90 and T-64 of
the first model series (total power — 150 kW), and Fig. 2 — with three adjacent turbines T-83,
T-58 and T-41 of the third model series (total power — 145 kW) (Table 1). In these figures, it is
also indicated which turbines are turned on to ensure the implementation of this or that «stair»
of regulation (for example, in Fig. 2, the implementation of the 5th «stair» of adjustment is
carried out due to the switching on two turbines - large one T-83 and small one T-41; the middle
turbine T-58 is currently in the disabled mode).

The scientific novelty is that for the first time mathematically structured matrix of
models of unregulated tubular propeller hydroturbines for low-pressure micro-hydroelectric
power plants has been created. The matrix consists of four rows and six columns (seven
columns only for the second row) and contains in total 25 elements. The number of matrix
columns can be increased both to the left (decreasing) and to the right (increasing). System
analysis and system approach have been used during the creation of turbine models matrix.
The matrix has not only theoretical, but also practical significance, since targeting to it
makes it possible to avoid numerous mistakes and miscalculations at the design stages of
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both non-regulated tubular propeller hydroturbines with impeller diameters from 19 to 151
cm, as well as low-pressure micro-hydroelectric power plants based on these turbines. The
principles of matrix creation are clear and understandable, in case going beyond its limits,
any qualified specialist will be able to expand it competently and, probably, even somehow
to improve it.

Conclusions. Matrix of model series of geometrically similar tubular propeller
hydroturbines for low-pressure micro-hydroelectric power plants with impeller diameters from
19 to 151 cm has been created. It represents four model series of the specified turbines, each of
which (more precisely, the numbers with which the turbine models are encrypted) is geometric
progression with 212 denominator.

It is substantiated technically and ecologically that in the case of using tubular
propeller hydroturbines to complete low-pressure micro-hydroelectric power plants,
the number of such turbines at one station should be two or three (preferably three). Taking
into account the same aspects of the microhydropower operation, in order to execute
the specified task, it is necessary to choose different, but adjacent turbines from only
one model series. This makes it possible to ensure the best adjustment characteristics of
micro-HPP and minimize the harmful effects of micro-HPP on the river flora and fauna
(there will be smaller daily «jumps» of water levels in the lower basin, which are caused by
the plant operation, (HPP) will adjust to the natural flow of water in the upper basin more
accurately).

Matrix of model series of geometrically similar tubular propeller hydroturbines can be
considered as a guide to the operation of hydroturbomachinery enterprises whose products are
designed for low-pressure microhydropower. One enterprise, no matter how big and powerful
it is, should not master the production of all 25 models of hydroturbines that are presented in
the matrix. The best option is when there are four enterprises, and each of them takes only one
of the four model series of turbines for production development (each enterprise produces
another series).

The method of creating the matrix of model series of tubular propeller hydroturbines,
which is covered in this paper, can be generalized to other types of hydroturbines.

Prospects for further investigations in this direction are technical and economic
substantiation of the selection of the number of tubular propeller hydroturbines (two, three or
any other number) for equipping machine platforms of low-pressure micro-hydroelectric power
plants.

References

1. Denysiuk S. P., Strelkova H. H., Pfaifer K. F., Strelkov M. T., Ishchenko O. S. Yevropeiski tendentsii
innovatsiinoho rozvytku v enerhetychnomu sektori ta sferakh kintsevoho enerhospozhyvannia. Enerhetyka:
ekonomika, tekhnolohii, ekolohiia. 2018. No. 2 (52). P. 7-19. [In Ukrainian].

2. Tarasenko M. H., Zin M. M., Pidhainyi Y. B. Perevahy i problemy kilkisnoho rozvytku maloi
hidroenerhetyky ta shliakhy yikh rozviazannia. Visnyk Kremenchutskoho natsionalnoho universytetu
imeni Mykhaila Ostrohradskoho, Kremenchuk. 2014. Iss. 2 (85). P. 31-40. [In Ukrainian].

3. Tarasenko M. H., Zin M. M., Pidhainyi Y. B. Shliakhy pryskorennia tempiv rozvytku maloi
hidroenerhetyky v Ukraini. Visnyk Kremenchutskoho natsionalnoho universytetu imeni Mykhaila
Ostrohradskoho. 2014. Iss. 4 (87). P. 56-61. [In Ukrainian].

4. UNITED NATIONS. SUSTAINABLE DEVELOPMENT. Transforming our world: the 2030 Agenda for
Sustainable Development. URL: https://sustainabledevelopment.un.org/post2015/transformingourworld
(mara 3Bepuenns: 08.01.2023).

5. Dehtiarenko O. H., Shashkov S. V. Dotsilnist ta perspektyvy rozvytku maloi hidroenerhetyky v Ukraini,
Visnyk Sumskoho derzhavnoho universytetu. Seriia “Ekonomika”. 2010. No. 1. P. 89-96. [In Ukrainian].

6. Bumarskov S. A. Pro dosvid proektuvannia hidroturbin dlia nyzkonapirnykh i vysokonapirnykh malykh
HES. Visnyk Natsionalnoho universytetu vodnoho hospodarstva ta pryrodokorystuvannia. 2013. Iss. 2 (62).
P. 309-313. [In Ukrainian]. https://doi.org/10.1016/j.egypro.2012.03.019

7. Bakken T. H., Sundt H., Ruud A., Harby A. Development of small versus large hydropower in Norway
comparison of environmental impacts. Energy Procedia. 2012. No. 20. P. 185-199.

30 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (109), 2023 https://doi.org/10.33108/visnyk_tntu2023.01


https://doi.org/10.33108/visnyk_tntu2023.0
https://doi.org/10.1016/j.egypro.2012.03.019

Myroslav Zin, Vadym Koval, Mykola Tarasenko, Ivan Sysak

Cnucoxk BUKOPHCTAHHUX JIZKepeJI

1. Henuctok C. II., Ctpenkosa I'. T'., [1paiidep K. ®., Crpenxos M. T., lienko O. C. €Bporneiickki TeHIeHIIT
IHHOBAaI[iIHHOTO PpO3BUTKY B CHEPreTHYHOMY CEKTOpi Ta cdepax KiHIIEBOTO EHEProCIOKHBAHHS.
Eneprernka: ekoHOMika, TeXHOIOTII, exororis. 2018. Ne 2 (52). C. 7-19.

2. Tapacenko M. T'., 3imp M. M., Iligraitaunit 10. b. IlepeBaru i mpoGiemMu KiNBKICHOTO PO3BHTKY Maioi
TiAPOEHEePTeTUKH Ta IIJIIXH X po3B’a3aHHsA. BicHIK KpeMeHTIyIIbKoro HaIliOHAIEHOTO YHIBEPCUTETY iMEHi
Muxaiina Octporpaacekoro. 2014. Bum. 2 (85). C. 31-40.

3. Tapacenxko M. T'., 3imp M. M., Iligraitaunit 10. b. Ilnaxu TpUCKOPEHHS TEMIIB PO3BUTKY Mayoi
rizpoeHepreTuky B YKpaiHi. Bicuuk KpemeHuyIpkoro HarioHaJbHOTO yHiBepcHuTeTy imeHi Muxaitna
Octporpazacekoro. 2014. Bum. 4 (87). C. 56—61.

4. UNITED NATIONS. SUSTAINABLE DEVELOPMENT. Transforming our world: the 2030 Agenda for
Sustainable Development. URL: https://sustainabledevelopment.un.org/post2015/transformingourworld
(marta 3BepHenHs: 08.01.2023).

5. Hertspenko O. I'., Illamkor C. B. JloninbHICTh Ta MEpCHEKTUBH PO3BUTKY MaJIOi TiAPOESHEPTETHKU B
VYkpaini. Bicank Cymcrkoro nep:xaBHoro yHiBepcurery. Cepist «EkoHomikay. 2010. Ne 1. C. 89-96.

6. Bymapckor C. A. [Ipo mocBix mpoeKTyBaHHS TiAPOTYPOiH I HI3HKOHAIPHUX 1 BUCOKOHAIIPHUX MaJIIX
I'EC. Bicauk HarioHanmpHOTO yHIBEpCHTETY BOJHOTO TOCIIONAPCTBA Ta MpHpojokopucTyBaHHS. 2013.
Bum. 2 (62). C. 309-313. https://doi.org/10.1016/j.egypro.2012.03.019

7. Bakken T. H., Sundt H., Ruud A., Harby A. Development of small versus large hydropower in Norway
comparison of environmental impacts. Energy Procedia. 2012. No. 20. P. 185-199.

YK 621.224-225.12; 621.311.2.21

CTBOPEHHSA 11 OBIPYHTYBAHHS MATPHUIII MOJIEJBbHUX PSAIIB
TPYBHUX ITPOIIEJIEPHUX TYPBIH IS MAJIUX I'EC

Mupocaas 3inb; Bagum KoBanb; MukoJsa Tapacenko; IBan Cucak

Tepnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Peztome. Cmammio npucesseno nooarbuomy po3sumKy Manoi ciopoenepeemuru Ha 06a3i HAOIUHUX |
Oeulesux HepezyibO8aHux mMpyoOHUx nponenepuux 2iopomypoin 3 Hcopcmro 3agikcosanumu pobouumu i
HanpamHumu aonamamu. Taki mypOinu euxopucmogylomvcs nepegasxcno Ha Huzvkouanipuux manux ['EC.
OcHogHuM ix HEOONIKOM € HEMONCIUBICMb pe2YNt08aHHs 2eHeposanoi nomyxcrhocmi. Oonax y cmammi
3anpPoNnoHOB8AHO PiulenHs, AKi yell HedOaiK 3600amb 00 MiHiMymy. CmeopeHo Mampuyio MoOerbHUX psoie mpyoHux
nponenepHux 2i0pomypOiH, Ha OCHOBI AKOI NIONPUEMCINBA 3MOJICYMb HALALOONCYBAMU SUNYCK MEXHIYHO U
€K0JI02I4YHO 0OIPYHMOBAHOT HOMEHKAAMYPU MaKux mawux. Mampuys ckiadaemocs 3 YOMmupbox MOOeIbHUX PAOIE,
KOJICEH 3 AKUX MiCmumb wicmv Mooenetl mypOin (nuuie Opyauti MooenbHull psd — cim moodenetl). Bes mampuys
micmums 25 modeneti mypOin, ane y 8unaoky nompeou it ModcHa po3uwiupumu 6 OiK 30i1buleH A ab0 3MeHUIeHHS.
IHpunyun cmeopenns mampuyi noasieae 8 MoMmy, wjo KOdceH il MOOenbHUll PO € 2e0MemMPUYHOIO0 NPOSPECIEr 31
suamennuxom 22, Y axocmi nouamxy ma unenie 2eomempuunoi npozpecii ucniynaiomo diamempi pobouux Koic
mypoin. Memoouky cmeopenHs mampuyi MOOenbHUX psdie MpYOHUX NpPONerepHuUx 2iOpomypoin MOIHCHA
PO3N0GCIOOUmY 1 Ha THWE munu mypoin. 3anpononosano marKodlc MexHiuHo i eKoI02iUHO 0OTPYHMOBAHT NPABUIA
KOMNJIEKMY8AHHA MAUUHHUX MatlOaHyukie Huzbkonanipuux mamux I'EC nomyaxcnocmi 0o 200 kBm moodensimu
myp6in 3i cmeoperoi mampuyi. 32i0n0 3 Hasedenumu pexomenoayiamu Ha 00nii I’ EC nosunno Oymu 6CmanosieHo
He MeHWt, HidIC 081 Pi3HI CyMidcHi mypOiHu 3 00H020 MOOenbHo20 pady. Hatikpawuil eapianm — mpu pizui CyMIisCcHi
mypOiHU 3 00H020 MOOEIbHO20 Py, ale Ol OeMAIbHIUO020 00IPYHMY8AHHS 8UOOPY KilbKocmi mypoin ue 6yoe
nOMpIOHO BUKOHAMU MEXHIKO-eKOHOMIYHUU ananiz. Lle Oy0e memamukow Hauwiux HACMYRHUX OOCTIONCEHb.
Buxopucmanns nayxoso-npakxmuynux pesynvmamis, 8UKIAOeHUX Yy cmammi, 003601UMb NOKPAWUMU MEXHIUHI
xapaxkmepucmuxu manux I'EC 3 mpyonumu nponeneprumu mypOiHamu ma 36ecmu 00 MIHIMYMY IX MONCIUBULL
He2amueHUll BNIUE HA HCUMMEOIILHICMb PIUK060T (hnopu i haynu y HUdNICHIX 6 eghax.

Kniouoei cnosa: mampuys, modenvhuii psao, mpyoua nponenepua eiopomypoina, mana I'EC, nusbkuii
Hanip.
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