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Summary. The article is devoted to the further development and implementation of technologies that
allow some considerable reducing energy consumption and, as a result, reduce greenhouse gas emissions. In
Ukraine and abroad, a huge amount of heat is lost through the external enclosing structures of buildings. The
largest specific heat losses occur through translucent enclosures, in particular, windows, the main elements of
which are double-glazed windows. Today, manufacturers offer double-glazed windows, which are characterized
by different costs and energy efficiency. The buyer does not know which double-glazed window to choose. We have
proposed a clear and understandable method of solving this issue. For example, two different double-glazed
windows were considered and a comparison was made on their cost, thermal resistance of heat transfer, and the
ability to save certain amounts of heat and money for its purchase during operation. A feasibility study of
additional capital investments in double-glazed windows with improved characteristics instead of conventional
double-glazed ones has been carried out. Its results show that, at the current stage of the society development, the
use of double-glazed windows with improved characteristics, despite their higher cost, is economically more
appropriate than conventional double-glazed windows. This applies to external translucent fences of buildings of
any purpose and form of ownership - both residential and industrial, public, which are on the balance sheets of
local and state budgets, etc. The results of all calculations are explained in detail and presented in the form of a
table. In addition, a simple and clear scheme of technical and economic substantiation of additional capital
investments in a double-glazed window with improved characteristics is presented instead of an ordinary one,
which can be used at the design stages of new construction or thermal renovation of existing buildings to ensure
the selection of the most rational structural solutions. The materials of the article can be generalized to any other
cases of technical and economic substantiation of the choice of options for technical solutions in energy-efficient
projects.
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Problem statement. The present military-political and economic situation in Ukraine
accompanied by the changing technological order has set some new challenges for both the
national energy sector and its products consumers. Our country has been in the state of a full-
scale military invasion by the country-aggressor, and a considerable part of its territory has
been occupied. The biggest in the last 80 years war on the European continent has
significantly escalated the energy crisis caused by the long-term, regular, and purposeful
damage or destruction of the generating, transforming, transporting, and distributing
capacities by the country-terrorist by means of different types of rockets and drones-
kamikaze. The energy industry of Ukraine has urgently needed to take a wide range of
measures on repairing and modernization of the infrastructure objects of the fuel-energy
complex, as well as information-communicational technologies development, and intelligent
network implementation. At the same time, energy use efficiency should be increased, and
clean safe technologies and processes must be implemented [1]. Thus, not only power
engineering specialists should deal with the energy crisis but all energy consumers without
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any exception. Nowadays, a project of the European Union is being implemented in Ukraine
on providing our citizens with several dozens of millions of LED lamps. Each household is
able to exchange 5 old incandescent lamps for new ones free of charge. According to
predictions, it will enable us to reduce the load on the energy system of Ukraine by
approximately 1 GW and to reduce electrical energy consumption by the volume generated
by one power-generating unit of an atomic power plant per certain period of time (as it is
well-known, that the single-unit power of the vast majority of APS power-generating units in
Ukraine is 1000 MW). What does it mean? An energy gap is compensated not by a generating
company due to the installation and putting into operation of some extra generating capacities,
but by the final consumers via the exchange of outdated lighting units for modern and
considerably more energy-saving ones (approximately 7-8 times).

A similar situation happens in the case of heat production and consumption. The cost of
heat energy is very high as most natural gas is used to produce it, and its price has broken all
historic records in the last two years. Ukraine produces approximately half of this resource of
the required amount, so we have to buy and import the rest from European countries. The
consumption of heat by end-users remains largely inefficient, so large volumes of natural gas
need to be purchased for its generation. Over the past 5-10 years, alternative fuels, including
renewable energy sources, have also been largely used for heat generation. This makes thermal
energy slightly cheaper, but it does not solve the problems of energy efficiency in the
functioning of heating systems and end-users, namely the consumers of thermal energy. One of
the largest consumers of heat is the heating system of buildings of various purposes - residential,
public, industrial, etc. The thermal energy that reaches the heating devices of end-users leaves
the room where these devices are located in the same amount through their enclosing
structures — external walls, windows, the ceiling of the top floor, the floor of the bottom floor,
entrance doors, etc. The external enclosures of buildings, which were constructed in different
years of the 20th century, do not meet modern norms of thermal resistance of heat transfer.
They do not have thermal insulation as such at all. In particular, old structures of translucent
external enclosures (windows, stain-glass windows, etc.), which account for the highest specific
heat losses, are also very far from compliance with modern window structures in terms of their
ability to resist the penetration of thermal energy through them. Therefore, the unprecedented
energy crisis that Ukraine is currently experiencing concerns not only electrical but also thermal
energy, and it should be overcome not only by heat supply enterprises but also by thermal
energy consumers.

In the article under consideration, we will discuss modern translucent elements of
window and door units, namely double-glazed windows. Nowadays, in Ukraine, new external
windows are mainly equipped with double glazing. They are also used to replace outdated
single-glazed translucent structures in order to reduce heat loss during the heating period.
Taking into account that double-glazed windows can have different formulas, there is a problem
with choosing the best formula for the specific time and economic usage conditions.

Currently, the most recommended double-glazed windows for use in Ukraine are those
of the following structures: 1) ordinary; 2) with improved characteristics. The first ones consist
of three glass panes, two of which are ordinary, and the third one (internal, facing the room) is
energy-saving (with a soft coating). The second ones also have three panes, though not one of
them, but both (outer and inner) are energy-saving. In order to improve the heat-insulating
properties, inert gas (mainly argon (for economic reasons), less often krypton or other gas (or a
mixture of gases) (for the reasons of providing considerably higher thermal resistance of heat
transfer, and, as a result, energy efficiency) is used instead of air in the inner chambers of both
the first and second double-glazed windows. Double-glazed windows with improved
characteristics, of course, have better heat-insulating properties, but their price is higher. In
order not to make a mistake in choosing the formula for the double-glazed window, it is
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necessary to carry out a convincing technical and economic feasibility. The problem is that this
issue has not been completely covered in the works of national and foreign scientists. Therefore,
the article under consideration is devoted to its solution.

Analysis of the available investigation. In paper [2], the dependence of investment
costs and energy savings on the glazing coefficient of the facade was determined in the case of
using modern translucent structures with a thermal resistance of 0.75 m?-°C/W, assuming that
the cost of heat carriers is 375 UAH/Gcal and 1000 UAH/Gcal. However, the specific formula
for the glass package is not specified in the economic calculation. It is noted that the payback
period for translucent structures with a thermal resistance of 0.75 m?-°C/W is 713 years, but
it is unclear how the figure of 13 (years) was obtained according to the text of the study. The
question of the economic feasibility of using double-glazed units with improved characteristics
instead of conventional ones was not considered.

In paper [3], some recommendations were developed for the rational use of energy-
efficient window structures. The article [4] discusses the numerical modeling of heat transfer
through a double-glazed window. The authors of the above-mentioned works have carried out
very important scientific research related to the physics of the processes that occur in double-
glazed windows during their operation, but they did not consider any economic issues.

In the paper [5], the author investigated heat transfer through modern window structures.
Some measures were proposed to reduce the heat consumption of an administrative building
that was studied regarding the energy-efficient windows installed. According to the author, the
thermal resistance value for heat transfer through single-window structures of 1 m2-°C/W can
be achieved due to the implementation of the proposed innovative measures. However, the
payback period or other economic indicators of these measures were not determined within the
framework of this paper.

The article [6] investigates the dependence of the relative and absolute glazing area on
the configuration and total area of the window opening. However, the authors did not consider
the impact of these features of double-glazed units on their total cost. Based on the analysis of
well-known research results, it should be noted that economic issues related to the installation
of modern double-glazed units in Ukraine have not been sufficiently studied.

The aim of the work is to justify the feasibility of equipping the windows of heated
buildings with double-glazed windows with improved characteristics in order to reduce heat
energy expenditure on heating and increase the energy efficiency of buildings to which heat is
supplied in order to maintain the desired indoor air temperature during the cold period of the
year.

The problem setting. To achieve the stated goal, the following tasks need to be solved:

1. Analyze the existing methods and results of technical and economic substantiation
for choosing a formula of double-glazed windows for glazing the external enclosing structures
of buildings, and identify their advantages and disadvantages.

2. Perform a technical and economic comparison of two modern designs of double-
glazed windows that differ in their energy efficiency level and price.

3. Propose a clear and user-friendly process scheme for technical and economic
substantiation for choosing a more energy-efficient technical solution from the two cases under
consideration, using a translucent external enclosure of a building as an example.

Input data and research methods. The input data for the study under discussion are
the technical and economic characteristics of double-glazed windows with different levels of
energy efficiency and fuel (natural gas) used to produce thermal energy. The economic
feasibility of purchasing a double-glazed window with improved characteristics instead of a
standard double-glazed window was determined by finding the simple payback period for
additional capital investments in implementing such a technical solution and comparing it with
the maximum allowable value of this indicator.
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Conditions and restrictions accepted in the article. The following conditions and
restrictions are accepted in the article under discussion:

1. The natural gas tariffs only from gas production companies and/or importers have
been taken into consideration in the technical-economic feasibility. The cost of the “blue fuel”
supply has not been included.

2. The price of thermal energy made of natural gas is influenced by a wide range of
different factors (for example, electrical energy expenditure on the boiler operation and on
circulation pumps drive, boilers and heat networks service and repair costs, and others).
Though, only one of them has been taken into consideration in the article under discussion,
namely the efficiency of a water heating boiler.

3. Any possible leakage of inert gas argon from the chambers of double-glazed
windows has not been taken into account.

4. Simple payback periods for additional investments in purchasing double-glazed
windows with improved characteristics instead of regular ones have been calculated.
Discounting, i.e. taking into account changes in the value of money over time, will become a
tool to increase the accuracy of the results in our further research.

Results of the study. The research results show that modern double-glazed windows
with improved characteristics allow for a reduction in heat loss through windows by
2.2-4.2 times or more compared to single-pane windows (not to mention double-glazed
wooden windows with separate panes in paired or separate casements). To achieve the
maximum possible energy efficiency of the building's translucent facade, it is necessary to
select the formula for the glass unit that provides the highest value of thermal resistance of
heat transfer. Typically, this is a double-glazed unit with two energy-efficient glass panes
and a third (middle) pane made of ordinary glass, with the cavities (chambers) filled with
the inert gas krypton and the thickness of these chambers is the maximum possible (the
largest thickness of the spacer frames of glass units known to the authors of this article is
24 mm). To minimize initial capital costs, it is necessary to stop at a double-glazed unit
with one energy-efficient glass pane and two ordinary panes whose cavities (chambers) are
filled with argon. However, if future operating costs for the purchase of heat for heating or
fuel from which this heat is generated are taken into account, then, perhaps, the best option
to choose will be something between maximum energy efficiency and the minimum price
of a double-glazed unit. To confirm or refute this assumption, a detailed technical-economic
comparative analysis of two types of double-glazed windows — ordinary and with improved
characteristics (Table 1) will be carried out.

The heat loss per time unit through a double-glazed window are determined by the
formula

Q= F (tin=tou)s W, (1)

where R, — thermal resistance of the heat transfer to a double-glazed window, (m?-°C)/W;
F — the glazing area, m?;

tin — air temperature in the room where a double-glazed window is installed, °C;

tout — the average temperature of external air during the heating period °C.

We assume that a double-glazed window area is equal to F=1 m?, the temperature of
internal air tix=+18 °C, the average temperature of external air during the heating period
tout=0,5 °C (this value corresponds to the average statistical data of meteorological
observations in Ternopil city).

The heat loss (in Joules) per time unit (a second) through an ordinary double-glazed
window of the area F=1 m?:
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Table 1

Technical and economic characteristics of double-glazed windows

The thermal

Type of a double-glazed The formula of a double- resistance of the heat Cost of a double-

Ne window lazed window * transfer to a double- | glazed window B,
g glazed window R,, UAH/m?2***
(mZ-OC)NV**
y | Adouble-glazedwindow | ;1A 4n,-10Ar-4i 0,71 2075

ordinary

A double-glazed window
2 with improved 4i-10Ar-4M;-10Ar-4i 1,07 2225
characteristics

Notes: *The formula of a double-glazed window, for example, 4M1-10Ar-4M;-10Ar-4i, is decoded in a
flowing way: 4 — the glass thickness, mm; M; — ordinary transparent window float-glass; 10 — the thickness
of a distance frame (a spacer), mm; Ar — argon (gas filling the chamber of a double-glazed window); i —
energy-saving glass with soft cover; 4+10+4+10+4=32 mm - the thickness of a double-glazed window; the
order of glazing — from the external surface.

**Information about the thermal resistance of a double-glazed window heat transfer is borrowed from the
following source: DBN V.2.6.-31:2006 with amendment Nel of July the 1%t 2013. Construction of buildings
and structures. Heat insulation of buildings.

*** Information about the cost of a double-glazed window is borrowed from the following
source: the cost of a double-glazed window, UAH/m?, VAT included, and using the glass of
4 mm thickness. The company «GLASS LLC» (Kyiv region, Vyshneve town). URL:
https://www.busel.ua/ua/catalogs/14/14/41/144/2 .pdf (date of application: 15.02.2023).

0, = RLM.F - (tin—tou) = == 1- (18- (-0,5)) = 26,056 ~ 26 W. 3

,71

Heat losses per unit of time through a double-glazed window with improved
characteristics of the area F=1 m?:

Qy = — F  (tin—tou) = — 1+ (18- (=0,5)) = 17,897 ~ 18 W, 3)

Ry 1,07

Heat losses through a double-glazed window of the area F=1 m? during the heating
season of r =180 days:
a) a double-glazed window ordinary:

Ei=Q, 1=26-(180-24) =112320W-h = 112 kW-h; 4)
b) a double-glazed window with improved characteristics:
E,=Q, -7=18-(180-24) =77760 W-h = 78 kW-h. (5)

The use of a double-glazed window of the area F=1 m? with improved characteristics
instead of a double-glazed window ordinary of the same area during a heating season that lasts
7 =180 days will allow us to save the following amount of heat energy:
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E=E, —E,=112-78 = 34 kW. (6)

One of the most popular kinds of fuel for heat production in Ukraine is natural
gas, as it is a low calorie and convenient in use energy. In January 2023, for example,
in Ternopil region the combustion heat of natural gas lower was approximately
QUi=8299 kcal/m3=34746 kJ/m3=9,652 kW-h/m® (Ukrainian section of the gas
pipeline @Urenhoi — Pomary — Uzhhorod@) [quality indices of natural gas. URL:
https://drive.google.com/file/d/1fWuztiF6tOAIJNfnERbDA3ebODfKfIxu/view  (date  of
application: 15.02.2023)]. Amount of heat energy produced by a hot-water boiler of 1m?* of
natural gas of the following quality:

Qb = Qg -1 = 9,652 0,9 = 8,6868 kW-h/m®. %

In formula (7) #=0,9 is the boiler efficiency.

According to the tariff plan «All inclusive» (for small businesses) of the gas supplying
company «Naftogasy», the average price of 1 m® of natural gas for the last 12 months has been
(March 2022 — February 2023 included)

Crn1=(42,0+43,806+49,104+40,056+30,996+36,09+49,9896+ (®)
+46,50+34,998+42,0+34,5+25,068)/12=39,5923 UAH/M3~4,10198 UAH/(kW-h).

[source: tariff plans GC «Naftogasy. URL: https://gas.ua/uk/business/tariffs (date of
application: 15.02.2023)].

According to the tariff plan «Fixed» (for individuals) of the same gas supplying company
the average price for one m® of natural gas for the last 12 months has been (March 2022 — February
2023 included) C12=7,95689 UAH/M®=0,82438 UAH/(kW-h) (the same source of information).

In the case of using the natural gas bought by the tariff plan «All inclusive» and a hot-
water boiler of the efficiency #=0,9 the produced heat energy cost will be equal to
Cr1=Cr1/n=4,10198/0,9=4,55778 UAH/(kW"h).

In the case of using the natural gas bought by the tariff plan “Fixed” and a hot-water
boiler of the efficiency #=0,9 the cost of the produced heat energy will be equal to
Cr2=Cr/n=0,82438/0,9=0,91598 UAH/(kW-h).

The use of a double-glazed window of the area F=1 m? with improved characteristics
instead of a double-glazed window ordinary of the same area during a heating season that lasts
7 =180 days will allow us to save the following sum of money (due to the savings of heat energy
that was produced of the natural gas bought by the tariff plan «All inclusive»):

B; =E-C;; =34-4,55778 = 155 UAH. 9)
In the case when for heat production the natural gas is used that was bought by the tariff
plan «Fixed», the money savings will be as follows:
B, =E-C,, =34-0,91598 =~ 31 UAH. (10)
The payback period of extra investments for buying a double-glazed window with
improved characteristics of thickness 32 mm (two e-glasses, the gap filler is argon) instead of
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an ordinary double-glazed window of the same thickness (one e-glass, the gap filler is argon)
in the case of using the natural gas bought by the tariff plan «All inclusive» for heat energy
production:

T1 — (BczB_Bcl) — (Zzzi;:O75) — 0’968 ~ 1 year' (11)
1

In the case of using the natural gas bought by the preferential tariff plan «Fixed» for
heat energy production, the payback period of extra investments will be as follows:

_ (Bez—Ba1) (2225 -12075)
B B, - 31

T, = 4,839 = 5 years. (12)

In formulae (11) and (12) B.1 and B, are the prices of 1 m? of an ordinary double-glazed
window and a double-glazed window with improved characteristics respectively (table. 1).

The main results of calculations, carried out above, are given in tabl. 2. To understand
the process of technical-economic substantiation of choosing the more energy-efficient
technical solution from the two ones under consideration as well as possible, its scheme is
shown in fig. 1.

Table 2

Technical and economic comparison of double-glazed windows with different energy efficiency

°
3 3
© o
=) £38 4
£ @ = = 33
No | Technical and economic 8 Units of 535 3 s 'g | Extrainvestments and
B indices 3 measurement 8 £ s Eg energy efficiency
2 >3 TE S
< QL =z =
£ 8§30
= 3
o a
1 2 3 4 5 6 7
Y 150
1 | Specific value of B. UAH/M? 2075 2225 (extra specific
double-glazed windows investments)
Specific losses of 8
2 | thermal power through Q W/m? 26 18 .
double-glazed windows (instant energy effect)
Specific losses of
thermal power through e, 34
3 double-glazed windows E KW h/(myear) 112 8 (annual energy effect)
during a heating season

Technical and economic indices of fuel (natural gas), energy converter (hot-water boiler), heat energy, extra specific
investments for double-glazed windows with improved characteristics installation instead ordinary ones
4 Combustion heat of Qu KW-h /m? 9,652
natural gas lower
Efficiency of a converter
of chemical energy of dimensionless
natural gas into heat (hot- n quantity
water boiler)
Amount of heat energy
6 | produced by a boiler of | Qy kW-h m? 8,6868
1m? of natural gas

0,9
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The end of the table

1 2 3 4 5 6
- 0,82438
! natir;zflf:; \(/aflall;i;’flff) G UAH /(kWh) (tariff lai&g}fglclusive”) (tariff plan
gas g P «Fixed»)
g | Specificvalue of heat | UAH /(kW-h) 4,55778 0,91598
energy (heat tariff)
Annual savings on heat
energy production or
buying when 2.
9 calculating per 1m? of a B UAH/(m*year) 155 31
double-glazed window
area
Payback period
10 (simple) of extra T years 0,968 4,839
investments

Fuel — natural
gas

——

Double-glazed window with
improved characteristics

———

Double-glazed
window

——

Combustion Specific value of
. Specific losses of Capital Specific losses of heat of pec

Capital costs B cal o natural gas (gas

thermal power costs Bo thermal power (- natural gas ariff) ¢,

lower Qg :

. Annual Efficiency of a converter of

Annual specific . . .
heat loss £ specific heat chemical energy of natural gas into

AL AL loss £z heat (hot-water boiler)
I M | [

Thermal energy

Amount of heat energy
produced by a boiler of 1m* of
natural gas

Specific value of

Annual energy effect £ .
y heat energy (',

Extra specific investments 3,

Annual savings on heat energy production
or buying when calculating per Im* of a
double-glazed window area B

Payback period (simple) of extra investments 7

Figure 1. Schematic representation of the process of technical and economic substantiation of the choice of a
more energy-efficient technical solution from the two under consideration, using a translucent external enclosure
of a building as an example

The obtained values of T1 and T2 have proved, that investing in the purchase of double-
glazed windows with improved characteristics is economically beneficial both for both the
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businesses and budget organizations, and for individuals. Moreover, the expected rise in energy
prices promises to increase this benefit significantly.

In the vast majority of cases, it is economically feasible to implement a project when its
simple payback period T < Tmax = 5 years. However, for projects that solve global problems,
such as reducing carbon dioxide emissions, an individual approach is needed to choose Tmax.
It should take into account not only the economic but also the ecological component. The
authors of this article are aware of a thermal power plant project that uses the heat of geothermal
water-bearing layers instead of fuel for its operation. Its estimated payback period is 40 years.
It has been recently implemented in one of the European Union countries. As for the external
enclosures of buildings, modern window constructions, in particular, are characterized by high
durability, namely several decades, and in case of careful handling, they will serve for half a
century and even more. Therefore, during the techno-economic sustantiation of the choice of
energy-efficient double-glazed windows, Tmax = 10 years can be accepted without any
hesitation. During the first 10 (or fewer) years, they will work off the funds spent on their
purchase, and the next 10-30 (and this is not the limit) years they will save the budgets of
private households, enterprises, institutions, and organizations on the purchase of thermal
energy or fuel for its generation. The use of external translucent enclosures, which are
characterized by high values of thermal resistance of heat transfer, also allows us to reduce CO>
emissions into the atmosphere significantly due to the corresponding reduction in thermal
energy generation, and in this way to accelerate the transition of the national economy to a
model of sustainable development, which ensures not only economic progress, but also the
growth of economic efficiency social justice provision, as well as environmental protection.

Scientific novelty. The economic feasibility of using double-glazed windows with
improved characteristics instead of ordinary double-glazed windows in new construction and
in the case of replacing morally outdated single-glazed structures has been mathematically
proved. An illustrative and understandable scheme of the process of technical and economic
substantiation for choosing a more efficient energy-saving technical solution aimed at reducing
heat consumption for heating purposes has been created from two proposed options.

Conclusions. A detailed technical -economic comparative analysis of two modern
double-glazed window designs has been conducted, which are currently most commonly
recommended by manufacturers and their representatives for glazing the external enclosing
structures of buildings — a regular double-glazed window and a more energy-efficient double-
glazed window with improved characteristics. The question of which of these designs to choose
for a specific location and under current economic conditions is a matter to which we could not
find a sufficiently convincing and argumentative answer. The same applies to any other type of
double-glazed windows.

A technical — economic comparison of the two designs of modern double-glazed
windows described in point 1 was carried out under real operating conditions (air temperature
in the room — «+18 °Cy, average outside air temperature during the heating period — «-0.5 °Cy,
duration of the heating period — 180 days). The simple payback period of additional capital
expenditures in purchasing a more energy-efficient (by 50.7%) and slightly more expensive (by
150 UAH/m? or 7.2%) double-glazed window was determined. If natural gas is used for heat
production at the average annual price of 39.5923 UAH/m3 (for small businesses), the payback
period is slightly less than 1 year. In the case of a gas price of 7.95689 UAH/m?® (for
households), the payback period is 4.8 years, which is less than the maximum allowable value
of 5 years. Therefore, from an economic point of view, the use of a more energy-efficient
double-glazed window with improved characteristics in both gas price scenarios is more
reasonable than using a regular double-glazed window. The main results of the techno-
economic comparison of double-glazed windows are presented in tabular form for convenience.
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Ensuring the energy efficiency of heat supply energy systems functioning by justifying the choice of glazing units
for the external enclosing structures of buildings

A scheme for the process of technical-economic substantiation for choosing a more
energy-efficient technical solution from the two ones under consideration has been developed,
using the example of translucent external enclosing structures of a building. The input
parameters include the technical and economic characteristics of the double-glazed windows
and the primary energy source used to produce thermal energy (natural gas). The output
parameter is presented by the simple payback period. The scheme allows us to understand the
process of technical-economic substantiation as well as possible for choosing a more energy-
efficient technical solution, and in this way, to avoid any probable mistakes at any stage of the
process.

The materials of this article are important not only from a technical and economic point
of view, but also from an ecological perspective, as they open up opportunities for significant
(as shown in the example given in this study — by 1.5 times) reduction in carbon dioxide
emissions into the atmosphere by reducing the volume of thermal energy generation for
buildings heating.

The methods and approaches to solving the problem of choosing an energy-efficient
technical solution for the external building enclosure proposed in this paper can be
generalized to any other cases of technical and economic substantiation of energy-efficient
projects.

The prospects for further research in this direction lie in more detailed technical and
economic substantiation of the choice of the formula for double-glazed units for glazing the
external enclosure structures of buildings, taking into account more factors.
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3ABE3IIEYEHHA EHEPITOE®EKTUBHOCTI ®YHKIIOHYBAHHA
EHEPITETUYHUX CUCTEM TEIIVIONIOCTAYAHHSA IIJIAXOM
OBIPYHTYBAHHSI BUBOPY CKJIOIMAKETIB JJI51 30BHILITHIX
3AI'OPO/’KEHDb BY IIBEJIb

Baaum Koansb; Mupocaas 3inb; JIro6oB Koctuk; Ouer bynsik

Tepnoninbcokuu HayionanbHuu mexuivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Peztome. Cmamms npuceauena nooaibuiomMy pO3GUMKY I 6MINEHHIO 6 JCUMMA MEXHON02iU, AKI
00360IA10Mb 3HUNCYBAMU CHONCUBAHHA eHepeli | HACTIOOK Yb020 3MEHUy8amu SUKUOU NAPHUKOBUX 2a3is. B
Vrpaini ma 3a ii mescamu eeruyesna KinbKicmv mennia emMpayvyaemvpcs uyepe3 306HIUHI 3A20P00XNCYBATbHI
KOHCmpYKyii 6yoieenv. Haubinvwi numomi émpamu menia Maioms Micye uepes Ceimionpo3opi 3a20p00XiCeHHs,
30Kpema 6iKHA, OCHOBHUMU eeMeHMaMu AKux € ckaonakemu. Ha cbo200mi 6upobHuKU NPOnoHyI0Omyb CKIOnaKemu,
SKI Xapakmepuszylomscsi pi3HOI0 6apmicmio i enepeemuunoro egpexmusnicmio. [loxyneys abo inwa 3ayikasnena
ocoba He 3HAE, HA AKOMY CKIONAKemi 3ynunumu ceii uodip. Mu 3anpononysanu uimxuii i 3p03yMinui memoo
BUDIWEHHS Yb020 NUMAHHA. [N npuxiady, po3ensiHymo 06d pisHi CKIONaKemu U GUKOHAHO NOPIGHAHHA iX
eapmocmi, mepmMiyH020 ONOpPY MenionepeddsanHs ma 30amHoCmi 3a0wadxicygamu mi yu iHwi oocaeu menia u
KOWMIG HA 11020 3aKYNieNo y npoyeci excniyamayii. BUKOHAHO MeXHIKO-eKOHOMIUHe 0OTPYHIYBAHHS 000AMKOBUX
KanimanokaadeHb y O0BOKAMEPHULl CKIONAKem 3 NOKPAWEHUMU XAPAKMepUCMUKAMY 3aMicmb 36UNAUHO20
deoxamepnozo. Hoeo pesynomamu noxkasyioms, wo Ha cyuacHomy emani po3eumxy CyCninbCmea 6UKOPUCMAanHs
080KAMEPHO20 CKAONAKemd 3 NOKPAWEHUMU XAPAKMEPUCTIUKAMU, He 36AHCal04U HA DLIbULY 8apmMicmb, 3 021140Y
EeKOHOMIKU € OOYLNbHIWUUM ) NOPIGHAHHI 3i 36UYAIIHUM 0BOKAMEPHUM CKIonakemom. Lle cmocyembcs 306HiuHIX
C8IMONPO30pUX 3a20pooiicensb 0y0igent OYOb-AKUX NPUSHAYEHb § POpM BIACHOCMI — AK JHCUMAOBUX, MAK i
NPOMUCTIOBUX, 2POMAOCLKUX, AKI nepebdygaromv Ha Oarancax micyesux i 0epicasHoz2o 0100dcemie ma iH.
Pezynomamu 6cix po3paxynxie 0emanvbHo nosacHero i ukiadeno y opmi madauyi. Kpim moeo, npedcmagneno
npocmy U 3pO3VMILY CXemy MexHiKO-eKOHOMIYHO20 OOIPYHMY8aHHA O000AMKOBUX KANIMANIOBKIAOEHb Y
080KAMEPHUL CKIONAKem 3 NOKPAWEHUMU XAPAKMEPUCIUKAMU 3aMiCMb 36UUALIHO20 080KAMepHO20. Bona modice
Oymu BUKOPUCMAHA HA emanax nPoeKmy8aHus H08020 0y0ieHUYMBa abo mepmopenogayii icnyouux 6yoisenv 0
3abe3neuenHs 6UOOPY HAUPAYIOHANHIWUX KOHCMPYKMUHUX piutens. Mamepianu cmammi modcyms O6ymu
y3azanvHeni 1l Ha 0YOb-AKI iHWI UNAOKU MEXHIKO-eKOHOMIYHO20 0OIPYHMYBAHHS 6UOOPY 8APIAHMIE MEXHIUHUX
piutens y enep2oeekmueHUx nPOEKMax.

Knrouogi cnosa: enepeoegpexmusnicms, 080KamepHuil CKIonaKem, i-Ckio, mepMmiH OKYRHOCHI, Meniosd
eHepeisi.
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