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ENERGY LOSSES AND ENVIRONMENTAL CONSEQUENCES OF THERMOTECHNICAL
SYSTEM OPERATION

The paper examines thermodynamic causes of energy losses in thermal power plants and internal combustion
engines and their environmental impact. The aim is to assess efficiency limits of thermotechnical systems and
determine the relationship between energy degradation and environmental consequences such as thermal pollution and
air emissions. The methodology is based on thermodynamic analysis of energy conversion processes, evaluation of
thermal efficiency (including Carnot limits), exergy losses, and assessment of emission levels according to EURO
environmental standards and international statistical data.

The results show that the real efficiency of thermal power plants is typically 35-40%, meaning that up to 60—
65% of fuel energy is dissipated into the environment as low-grade heat. This leads to thermal pollution of water
bodies and air, increases cooling water demand, and indirectly raises fuel consumption and greenhouse gas emissions.
It is demonstrated that thermodynamic constraints between heat source and sink define fundamental, unavoidable
energy losses regardless of technological improvements.

For internal combustion engines, it is shown that despite modern emission reduction technologies, they remain
a significant source of CO,, NO,, hydrocarbons, and particulate matter. Transition from EURO-2 to EURO-6
standards significantly reduces specific emissions per unit distance; however, the total environmental burden remains
high due to the large scale of vehicle usage worldwide.

The study confirms a direct link between energy inefficiency and environmental impact, including greenhouse
gas accumulation, deterioration of air quality, and thermal stress on aquatic ecosystems. Waste heat and harmful
emissions are identified as interconnected results of irreversible thermodynamic processes.

Keywords: thermodynamic analysis, thermal power plants, internal combustion engines, energy losses,
exergy, thermal pollution, harmful emissions.

INTRODUCTION

Environmental protection remains one of the most pressing challenges of the modern era. The
intensive development of industry, transportation, and the energy sector is accompanied by increasing
emissions of harmful substances into the atmosphere, water resources, and soils, which adversely affects
ecosystem stability and public health. The consequences of these processes include global warming, climate
change, depletion of natural resources, and a decline in biodiversity. Particular attention should be paid to the
operation of thermotechnical installations, which are significant sources of greenhouse gases, toxic
compounds, and thermal pollution. In this regard, improving the environmental safety and energy efficiency
of thermotechnical equipment has become strategically important in the context of sustainable development.

ANALYSIS OF LITERATURE DATA AND PROBLEM STATEMENT

The operation of thermotechnical equipment is accompanied by a range of environmental issues
associated with fuel combustion processes, energy conversion, and heat transfer [1]. During the operation of
boilers, heat exchangers, internal combustion engines, and other units, emissions of carbon, nitrogen, and
sulfur oxides, solid particulate matter, soot, and unburned hydrocarbons are released into the environment.
These components contribute to atmospheric pollution, intensify the greenhouse effect, participate in the
formation of acid precipitation, and negatively affect the sanitary and hygienic condition of surrounding
areas [2].

An additional contributing factor is heat losses through flue gases, insufficient thermal insulation, and
suboptimal operating regimes, which lead to excessive fuel consumption and an increase in anthropogenic
pressure on the environment.

The reduction of the negative environmental impact of thermotechnical equipment can be achieved
through the implementation of energy-efficient and environmentally oriented technological solutions. The
main directions for improvement include the modernization of boilers and heat exchangers, the use of high-
efficiency burner systems, and the application of alternative and low-carbon fuels, including biofuels, natural
gas, and hydrogen-based mixtures. An important role is played by the installation of flue gas cleaning
systems for the removal of dust, sulfur oxides, and nitrogen oxides, as well as the automation of combustion
processes aimed at optimizing equipment operating regimes.

An additional effect is provided by the utilization of secondary energy resources, which enables the
reduction of heat losses, decreases fuel consumption, and lowers the level of harmful emissions [3].
Consequently, the thermodynamic analysis of environmental aspects of thermotechnical equipment operation
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represents an important scientific and applied task aimed at improving the efficiency of energy systems and
minimizing their environmental impact [4].

AIM AND OBJECTIVES OF THE STUDY

The aim of this work is to perform a thermodynamic assessment of energy losses in thermal power
plants and internal combustion engines and to determine their impact on the level of environmental load,
taking into account current energy efficiency requirements and environmental standards.

To achieve this aim, the following objectives were addressed:

to analyze the thermodynamic limitations of the efficiency of thermal energy systems based on the
thermal efficiency (Carnot efficiency);

to evaluate the magnitude of energy losses in thermal power plants and their contribution to thermal
pollution of the environment;

to investigate the structure and volume of pollutant emissions from internal combustion engines
considering current EURO environmental standards;

to formulate recommendations for improving energy efficiency and environmental safety of energy
and transport systems.

RESULTS OF RESEARCH

1. Thermodynamic analysis of environmental challenges associated with thermotechnical
equipment operation

The intensive development of industry, transport, and the energy sector requires an ever-increasing
consumption of energy resources in the form of heat and electricity. These processes are accompanied by a
continuous growth in emissions of harmful substances into the atmosphere, water bodies, and soils, leading
to climate change, global warming, depletion of natural resources, and a reduction in biodiversity. According
to the International Energy Agency, global energy-related CO, emissions in 2025 reached nearly 38.4 billion
tonnes [1].

Among the significant sources of greenhouse gases and thermal pollution are thermotechnical
installations. These include boiler units, internal combustion engines, gas turbines, steam power plants,
industrial furnaces, drying equipment, heat exchangers, and other energy systems. The primary energy
source for most of these installations is the chemical energy of fossil fuels, which is converted during
combustion into thermal energy and subsequently into mechanical or electrical energy. The efficiency of
these conversion processes largely determines fuel consumption levels and the magnitude of harmful
emissions.

During the operation of thermotechnical equipment, emissions of carbon, nitrogen, and sulfur oxides,
solid particulate matter, soot, and unburned hydrocarbons are released into the environment. These pollutants
deteriorate air quality, contribute to acid rain formation, intensify the greenhouse effect, and negatively affect
human health. According to IEA assessments, the power generation sector remains one of the largest global
contributors to energy-related CO, emissions [2].

From a thermodynamic perspective, the primary cause of environmental losses is the imperfection of
real energy conversion processes. A significant portion of heat is irreversibly lost with exhaust gases, cooling
media, through insufficient thermal insulation, and due to irreversibilities in combustion, heat transfer, and
friction processes. This leads to reduced efficiency of energy systems, increased fuel consumption, and
higher specific emissions per unit of useful energy produced.

Exergy analysis is an important tool for evaluating such losses, as it allows the degree of
thermodynamic imperfection of equipment to be determined, the main sources of irreversible energy losses
to be identified, and directions for system modernization to be justified [3]. Unlike conventional energy
balances, the exergy approach assesses not only the quantity of energy but also its ability to perform useful
work.

The main approaches to reducing the environmental impact of thermotechnical equipment include
improving system efficiency, optimizing combustion regimes, implementing advanced burner technologies,
recovering secondary energy resources, utilizing flue gas heat recovery, enhancing thermal insulation, and
automating process control. Additional benefits can be achieved through the transition to low-carbon energy
sources such as natural gas, biofuels, hydrogen mixtures, and the use of electrified heating systems.
According to IEA projections, the development of clean technologies already contributes to limiting the
growth of global emissions despite increasing energy demand [1].

Thus, thermodynamic analysis of environmental challenges associated with thermotechnical
equipment operation represents an important scientific and engineering task that integrates energy efficiency,
resource conservation, and environmental safety objectives.

ISSN 2313-5425 , 2026, Ne1 (26)



© Shynkaryk M., Kravets O. 2026

The main environmental challenges include thermal pollution and atmospheric pollution.

2. Thermal Pollution

Prior to the full-scale war, the total installed capacity of combined heat and power plants (CHPs) and
thermal power plants (TPPs) in Ukraine was estimated at approximately 20 GW [4]. As a result of military
actions, damage to generation facilities, and the loss of part of the energy infrastructure, the available
capacity of thermal power generation has significantly decreased. According to open sources, the current
available capacity of TPPs is about 5387 MW, while during peak load periods thermal generation has
provided up to 90% of electricity production, compensating for the deficit in the power system [5].

For a quantitative assessment of the thermal impact of energy systems on the environment, it is
appropriate to use the theoretical thermal efficiency, which defines the maximum possible efficiency of heat
engines under idealized conditions of heat-to-work conversion. This parameter is fundamental in
thermodynamic analysis and allows the estimation of inevitable energy losses that are dissipated into the
environment in the form of thermal pollution [6]:

T’
wheren is the theoretical thermal efficiency of energy systems;
T, is the temperature of the heat source, K;
T is the temperature of the heat sink, K.

n=1-

In thermodynamic analysis, the temperature levels T, and T, are key parameters for evaluating the
limiting (ideal) efficiency of heat-to-work conversion. The difference between the heat source temperature
and the heat sink temperature fundamentally determines the maximum theoretical thermal efficiency of the
cycle.

The temperature T, is constrained by the thermal resistance of structural materials and the reliable
operating conditions of boiler components under high heat loads, which for modern thermal power plants is
approximately 800 K. The lower temperature T, at which heat is rejected, is determined by environmental
conditions and the capabilities of the cooling system and is typically assumed to be around 300 K,
corresponding to average ambient conditions. In practical installations, heat rejection and steam
condensation are mainly carried out using water from natural or technical water reservoirs.

From an environmental perspective, the existence of a finite temperature T, close to ambient
conditions fundamentally limits the possibility of complete conversion of heat into useful work. According to
the second law of thermodynamics, a portion of the supplied heat must inevitably be rejected to the
environment, forming so-called irreversible thermal losses. In real thermotechnical systems, these losses
manifest as thermal pollution of water bodies (through cooling systems), increased thermal loading of the
atmosphere, and higher fuel consumption required to compensate for the reduced useful work output.

Thus, the smaller the temperature difference between T, and T,, the lower the theoretical efficiency
limit of the cycle, and the greater the proportion of energy dissipated into the environment as low-grade heat.
This directly links thermodynamic limitations of heat engine cycles with environmental losses, which appear
as both thermal and associated chemical environmental impacts.

Using the above temperature values T, = 800 K and T, = 300 K, the theoretical thermal efficiency of
energy systems (based on the ideal Carnot cycle) is determined as follows:

3
n =1—-—=0,625.

Thus, even under idealized conditions with no additional losses considered, the maximum theoretical
efficiency of heat-to-work conversion is limited to 62.5%. Accordingly, the fraction of energy that cannot be
converted into useful work and is inevitably rejected to the environment as heat amounts to 37.5%. This
portion of energy forms so-called thermodynamically determined losses, which in real systems further
increase due to irreversibilities in heat transfer, combustion, and mechanical friction processes, thereby
intensifying the environmental burden of energy systems.

The real efficiency of modern thermal power plants (TPPs) is approximately 35-40%, meaning that
60—-65% of the fuel’s supplied thermal energy is not converted into electrical energy and is dissipated into the
environment as heat fluxes. This indicates significant thermodynamic limitations in energy conversion
processes and inefficient use of fuel resources, as approximately 2.5-3 times more fuel must be burned to
produce the same amount of electrical power compared to idealized conditions.
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At an installed thermal power capacity of approximately 5387 MW, total heat losses can be estimated
at around 10,004 MW, which is irreversibly released into the environment through cooling systems, flue
gases, and other heat transfer pathways. Thus, a substantial portion of chemical energy is transformed into
low-grade heat, generating a significant thermal load on surrounding ecosystems.

The operation of TPPs is also associated with intensive water consumption, as water serves as the
main working medium in condensation systems. For steam condensation in condensers, the required cooling
water flow rate is approximately 500-530 times greater than the thermal effect of cooling, reflecting the low
efficiency of heat utilization at the final stages of the cycle. Actual water consumption of condensing TPPs
for compensating evaporation losses is about 0.1-0.2 m*’MWh, whereas water withdrawal from natural
sources reaches 2—3 m*MWh, resulting in significant excess thermal loading of aquatic environments.

At an installed capacity of 5387 MW, this corresponds to water abstraction from natural sources in the
range of 10,774-16,161 m?/h, while the technically required consumption is only 539-1077 m3/h. The
difference between these values is returned to the environment in the form of heated water, leading to local
temperature increases in aquatic ecosystems, disruption of their hydrobiological balance, and the
development of thermal pollution effects.

From a thermodynamic standpoint, these losses can be interpreted as exergy losses, i.e., a reduction in
the ability of energy to perform useful work. A significant portion of the supplied energy in TPPs is
converted into low-grade heat with temperatures close to the ambient environment, which, according to the
second law of thermodynamics, is practically unavailable for further useful conversion. Thus, the
environmental impacts of TPP operation are directly linked to fundamental thermodynamic limitations of
energy cycles, and their reduction is only possible through improving the exergy efficiency of systems and
utilizing secondary heat flows.

Waste cooling water from thermal power plants is typically discharged into natural water bodies with
a temperature increase of 5-10 °C above baseline levels. This thermal load causes significant changes in
aquatic ecosystem functioning, including accelerated eutrophication (water “blooming”), reduced dissolved
oxygen concentration, and deterioration of living conditions for aquatic organisms, including fish and
microorganisms. As a result, the natural equilibrium of aquatic ecosystems is disrupted, and their self-
regulation capacity is reduced.

An additional environmental impact is associated with cooling systems such as cooling towers, where
partial water evaporation occurs. In this case, warm and moisture-saturated air masses are released into the
atmosphere, leading to local microclimatic changes, increased humidity, and additional thermal loading of
surrounding territories.

The low thermodynamic efficiency of thermal power plants directly results in excessive fuel
consumption, which in turn increases emissions of greenhouse gases and pollutants, including CO,, SO,,
NO,, and particulate matter. Thus, thermal inefficiency of energy systems is directly correlated with
intensified global warming processes and deterioration of air quality.

From the perspective of environmental energy systems, an alternative to thermal power plants is the
use of renewable and low-carbon energy sources characterized by minimal environmental impact and
significantly reduced emissions of harmful substances. The main directions include solar energy, wind
energy, and bioenergy, which enable electricity generation without large-scale fossil fuel combustion and,
consequently, without substantial thermal and chemical pollution.

3. Environmental Pollution from Internal Combustion Engine Emissions

The fuel combustion temperature in internal combustion engines of various types ranges from 1800 to
2500 °C, which theoretically enables high thermal efficiency values of about 80-85%. However, under real
operating conditions, a significant portion of heat is removed with exhaust gases, which leave the cylinder at
temperatures of 500-700 °C, and additional losses occur due to friction and cooling systems. As a result, the
actual efficiency of modern internal combustion engines is only 30-55% [4].

The main source of environmental pollution during engine operation is exhaust gases. As of March 19,
2024, there were 13.16 million motor vehicles in Ukraine, of which approximately 9.8 million were
passenger cars, with an average vehicle age of 16.1 years [5]. Such a structure of the vehicle fleet represents
an additional factor of increased environmental pressure.

During gasoline combustion in engines with outdated fuel injection systems, emission levels of
pollutants can be significantly higher compared to modern engines. According to generalized emission
factors for low Euro-class vehicles provided in the EMEP/EEA guidebook [6], elevated emissions of CO,
unburned hydrocarbons (HC), nitrogen oxides (NOx), and particulate matter are typical, reflecting incomplete
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combustion processes and the absence of effective exhaust gas after-treatment systems. Even modern
vehicles equipped with emission control technologies remain a significant source of air pollutants.

On a global scale, the transport sector is one of the key contributors to greenhouse gas emissions. In
the European Union, road transport accounts for approximately 35% of CO, emissions and about 20% of
total greenhouse gas emissions, while in the United States this share reaches around 30%. For Ukraine,
transport-related greenhouse gas emissions are estimated at 8-12% of the total national emissions [7].
Forecasts indicate that by 2026, global CO, emissions from internal combustion engines may increase by
25-44%, intensifying greenhouse effect risks and climate change processes. According to the United
Nations, an increase of approximately 9% in global greenhouse gas emissions has been recorded over the last
decade [7].

The European Union is actively implementing transport decarbonization policies aimed at
significantly reducing greenhouse gas emissions from road transport by 2050 (by up to 60% compared to
1990 levels). A key technological measure is the widespread use of three-way catalytic converters, which
simultaneously reduce CO, NO,, and hydrocarbon emissions under stoichiometric air-fuel mixture conditions

[8].

In addition to structural improvements of engines and exhaust gas treatment systems, an important
approach to reducing environmental impact is the use of alternative fuels. Biofuels derived from renewable
biomass sources and secondary organic resources represent a promising solution. In particular, biodiesel
produced from vegetable oils and fat-containing waste is considered an effective alternative to conventional
diesel fuel [9].

A promising feedstock is technical chicken fat obtained from fat-rich waste of poultry processing
plants, including feathers, blood, offal, and meat-fat residues [10-11]. The cost of such raw material is
approximately three times lower compared to vegetable oils, which increases its economic feasibility.

Biodiesel has several environmental advantages compared to conventional fuels: it is a renewable
energy source, contains lower levels of sulfur and polycyclic aromatic hydrocarbons, and contributes to a
reduction in total pollutant emissions. Additionally, it reduces the impact on the greenhouse effect, since
during combustion it releases approximately the same amount of CO, that was absorbed by plants during
growth, thereby partially closing the natural carbon cycle [9].

DISCUSSION OF RESULTS

Based on the performed analysis of the thermodynamic efficiency of thermotechnical equipment and
the environmental impact of vehicles with internal combustion engines, a set of technical and organizational
measures aimed at reducing emissions and improving energy efficiency can be formulated.

The primary direction is the improvement of the thermodynamic efficiency of thermal energy systems
through the modernization of main equipment. In particular, the implementation of high-efficiency heat
exchangers, the enhancement of burner systems, the optimization of combustion processes, and the use of
advanced thermal insulation materials enable the reduction of heat losses and, consequently, a decrease in
fuel consumption.

An important role is played by the introduction of waste heat recovery systems, including regenerative
cycles and cogeneration units, which increase the overall fuel energy utilization efficiency and reduce the
level of thermal pollution of the environment. Special attention should also be given to improving water
cooling systems, in particular through the implementation of closed-loop or low-water consumption cycles,
which reduce the thermal load on natural water bodies.

For internal combustion engines, a key direction is the reduction of exhaust gas toxicity through the
implementation of modern after-treatment systems, including three-way catalytic converters, particulate
filters, and selective catalytic reduction systems for nitrogen oxides. Additional benefits are achieved by
maintaining an optimal stoichiometric air—fuel ratio and applying electronic engine control systems to
regulate the combustion process.

A significant environmental potential lies in the gradual substitution of conventional fossil fuels with
alternative energy carriers. The use of biofuels derived from plant-based feedstocks or organic waste
materials (including fat-containing residues from the agro-industrial sector) makes it possible to reduce total
greenhouse gas emissions and partially close the carbon cycle.

A separate strategic direction is the development of renewable energy sources such as solar, wind, and
bioenergy, which enable electricity generation without large-scale fossil fuel combustion and, consequently,
without significant emissions of pollutants and thermal discharges.

2026, Nel (26) ISSN 2313-5425



© Shynkaryk M., Kravets O. 2026

The comprehensive implementation of the above measures allows for simultaneous reduction of
anthropogenic environmental impact, improvement of energy efficiency in heat supply and transport
systems, and ensuring sustainable development of industrial and energy enterprises.

CONCLUSIONS

1. The operation of thermal power plants is accompanied by significant thermodynamic energy losses,
which are dissipated into the environment in the form of low-grade heat. This leads to thermal pollution of
water bodies and atmospheric air, deterioration of ecosystem conditions, and indirectly intensifies the
greenhouse effect due to the need for additional fuel consumption to generate the required electrical power.

2. Fundamental limitations of thermodynamic cycles determine a low fraction of useful energy
conversion, resulting in increased resource consumption and considerable environmental losses. From the
perspective of sustainable energy development, the most promising approach is the integration of renewable
energy sources into a balanced energy system with energy storage facilities, which reduces dependence on
fossil fuels.

3. Internal combustion engines are a significant source of atmospheric pollution by carbon oxides,
nitrogen oxides, hydrocarbons, and particulate matter. Their environmental impact can be reduced through
the improvement of emission standards, the development of advanced exhaust gas after-treatment systems,
and the use of alternative fuels, particularly biodiesel.

4. The application of energy-efficient heat exchanger designs, environmentally safe materials, and
automated purification systems for process media contributes to reducing energy losses and anthropogenic
pressure on the environment. This ensures higher overall energy efficiency of industrial systems and aligns
with the principles of sustainable industrial development.
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Hlunkapux M.M, Kpageuys O.l. Eneprernuyni BTpaTH Ta eKOJIOTiYHi HACHIIKH podOTH
TeIIOTEXHIYHUX CHCTEM
PosrnsiHyTO TepMOIUHAMIYHI TPUYUHHE (HOPMYBAHHS €KOJIOTIYHOTO HABAHTAKEHHS, ITOB’S3aHOTO 3
(YHKLIOHYBaHHSAM TEIUIOBUX €JIEKTPOCTAHIIIM Ta IBUTYHIB BHYTPIIIHBOTO 3ropsHHS. MeTa AOCIHiIKeHHS
MOJISITa€ B KOMIUIEKCHOMY OL[IHIOBaHHI €HEPreTHYHUX BTPAT TEIUIOTEXHIYHUX CHUCTEM 1 BU3HAYEHHI iXHBOTO
BIUTMBY Ha JOBKUUIA 3 TMO3WINK APYroro 3aKOHY TEPMOIWHAMIKHM Ta CYyYaCHHUX CKOJIOTIYHHX BHMOT.
MeTtoauka peamiszailii 0a3yeTbcs Ha aHAJITHYHOMY JOCHIHKCHHI TEPMIYHOrO KoedillieHTa KOPHCHOI mil
CHEpPreTHYHNX YCTaHOBOK, OLIHIOBaHHI €KCEPreTHYHMX BTpAT y Hpolecax MEepeTBOPEHHS SHEeprii, aHauisi
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HOPMATHBHUX €MICIHHHUX IMOKa3HUKIB cTaHmapTiB Euro-2—Euro-6, a Tako BHKOPHCTAaHHI CTATUCTHYHHX
JAHUX MI0JI0 EHEPTETUYHOTO CEKTOPY Ta aBTOMOOLITBHOTO TPAHCIIOPTY.

PesynpTatm gocmipKeHHS TOKa3alM, M0 pealbHUi Koe(illieHT KOpPHCHOI [Hii TeIuIoBHX
eJIeKTpoCcTaHIliil mepedyBae B Mexax 35-40 %, mo 3ymoBmtoe BTpatH a0 60—65 % mnepBHHHOI eHeprii
NMaJiiBa y BUIJSAI HHU3BKONOTCHIIWHOI TEIUIOTH, SKa BIJIBOJWUTHCS Yy HABKOJNHWIIHE cepenoBuine. lle
CHPUYHMHSE TETUIOBe 3a0pyqHEHHS BOAHHMX OO0’€KTIB 1 aTMOc(epHOro TMOBITPSA, a TaKOX IOJAaTKOBE
CTHOKMBaHHS TIPUPOJTHUX pecypciB. BcTaHOBIEHO, 110 TEMIOBA MOTYKHICTbh, KA PO3CIIOEThCA Y AOBKIJUIS 32
HasBHUX TCHEPYBAIBLHUX MOTYXKHOCTel, mepepuinye 10 ['Bt, Tomi SK BOJOCIOXHBAHHS CUCTEM
OXOJIOJPKEHHSI 3aJTUIIAETHCS EKOJIOTIYHO 3HAYYIIUM YNHHUKOM BILTHBY.

Jnsi BUTyHIB BHYTPIIIHBOTO 3TOPSHHS MiATBEPIKECHO CYTTEBE CKOPOYCHHS MHUTOMUX BHKHIIB 32
pPaxyHOK TOCITIJJOBHOTO BIPOBaKEHHS cTaHaapTiB Euro, ogHak TpaHCIOPTHUH CEKTOp 1 Hajgasi
3anmumIaeTbcsi BaromuM pkepenoMm BHKHAIB CO,, NO,, HE3ropinmx BYIJIEBOIHIB Ta TBEPAMX UYACTHHOK.
[lokazaHo npsMHUIA B3a€EMO3B’SI30K MK EHEPreTHYHOIO HEE(PEKTHBHICTIO Ta 3POCTaHHIM TEXHOTEHHOTO
HAaBaHTa)XXCHHS HAa JOBKULIS. BUCHOBKM CBiguaTh, 10 KIOYOBUMHU HamNpsMaMd MiHiMi3alii HEraTHBHOTO
BIUTMBY € MiABUIIECHHS eHeproe(eKTUBHOCTI TeIDIOTEXHIYHOTO 00JIaIHaHHS, YTUTi3allisl BTOPUHHOI TETUIOTH,
MOJIEpHi3aIlii CHCTEM OYHINECHHS BWKH[IB, PO3BUTOK BIJHOBIIOBAHOI EHEPreTHKH Ta BIIPOBAKCHHS
IbTEPHATUBHUX TaJIMB, 30KpeMa Oionanusa.

KarouoBi cioBa: TepMOIWHAMIYHMN aHaii3, TEIUIOBI ENeKTPOCTAHIlli, JABUTYHH BHYTPIIIHBOTO
3TOPSIHHS, €HEPTEeTUYHI BTPATH, €KCEPTisl, TEIUIOBE 3a0pyTHEHHS, BUKHU/IH IIKiIJIHBUX PEYOBHH.
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