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Introduction

Due to the high energy prices and reduction of
fossil fuels, energy saving is one of the most serious
tasks. Therefore, improving the sources and systems
of energy supply is important in solving these prob-
lems.

Nuclear and thermal power plants are the two
main types of power generation in the Ukrainian
energy system. In addition, thermal power plants
(combined heat and power plants that simultane-
ously produce heating, hot water and electricity), as
well as hydroelectric power stations and PSPPs
(pumped storage stations) occupy a prominent place
in the balance of the Ukrainian electric power indus-
try. According to the results of 2015, the structure of
generating capacities in Ukraine was distributed as
follows: 50 % was accounted for by TPPs, 25 % —
at NPPs, 12 % — at CHPPs, 11 % — at HPPs and
PSPPs, and about 1 % were occupied by various al-
ternative sources, including solar, wind and biogas
plants [1].

Existing urban energy supply systems based on
large steam turbine thermal power plants are gradu-
ally degrading as a result of physical and moral dete-
rioration of equipment, the complexity of the techni-
cal re-equipment of stations and networks using ad-
vanced technologies.

Under the second itions, reconstruction, moderni-
zation and optimization of energy supply systems is
one of the most important. First of all, reconstruction
of physically worn-out thermal power plants built in
the 1950s is necessary. Reconstruction and moderni-
zation involves the replacement of steam turbine
equipment with gas turbine and gas-vapor plants, the
possibility of transferring part of the heat load to
small CHPP with gas piston and gas turbine engines.
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In this regard, the study of the effectiveness of
various options for the technical re-equipment of
existing CHPPs is relevant.

A variety of methods are used to analyze the effi-
ciency of the CHPPs, which differ in essence. Cur-
rently, two methods of thermodynamic analysis of
thermotechnological processes and systems have
been developed: the method of cycles and the exergy
method [2—4].

The essence of the cycle method is to establish a
relationship between energy flows (heat) with the
technical parameters of processes based on I and II
laws of thermodynamics. The cycle method does not
consider the qualitative differences in energy flows
and the features of technological processes, which is
its drawback. This method does not take into ac-
count that heat of different potentials has different
values, it does not allow to detect the main foci of
irreversibility, that is, processes that should attract
attention in order to increase efficiency.

The exergy analysis method is devoid of this
drawback and is the most promising, it allows you to
take into account both the properties of the system
itself and the environment. The exergy analysis indi-
cates the location, magnitude and sources of ther-
modynamic irreversibility in the energy-converting
system. The goals of the exergy method for analyz-
ing technological systems and processes are:

1) studying of the conversions of working energy
for thermal systems in general, the distribution of
exergy losses for the entire thermal system and for
each component;

2) optimization of the whole scheme and those
nodes where the exergy losses are greatest, determi-
nation of rational modes and external conditions of
the system.
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Exergy analysis provides an idea and an opportu-
nity to find the reasons for the inefficiency of a
thermodynamic system.

Darnitsa combined heat and power plant is cho-
sen for analysis.

Crux of problem

The aim of the study is to analyze the efficiency
of thermal power plants by the exergy method, to
determine measures to increase the thermal effi-
ciency of thermal power plants and to choose a ra-
tional option for the reconstruction of thermal power
plants with physically worn steam turbine equip-
ment.

Analysis of recent research and publications

The reliability of technical and economic infor-
mation is particularly important when assessing the
efficiency of simultaneous production of electricity
and heat. If there are well-developed methods to en-
sure compliance of efficiency estimates with the
laws of energy conversion for technological schemes
and plants producing one type of energy, then for
plants producing electrical and thermal energy the
problem of evaluating the efficiency has not been
solved completely. The lack of an effective method
has a negative impact on the development of energy
and leads to the irrational use of fuel and energy re-
sources [2]. In the works of Andryushchenko [3],
Brodyansky [4], Shargut [5], Khlebalin [6], Morosuk
[7] and others the basic principles of exergy analy-
sis, methods of exergy balances and exergy losses
calculation for technical systems, modeling of ex-
ergy distribution between power units have been
developed and implemented in engineering practice.
In work [8] authors offered the technique of drawing
up the energy balance for research of various techni-
cal systems. The method is constructed on the basis
of the first and second laws of thermodynamics. The
technique is based on the using of the concepts of
chemical energy and exergy of substances. The en-
ergy balance composed according to this method
allows to take into account all types of energy, in-
cluding chemical energy of fuel, raw materials,
products and waste of the object under conside-
ration.

The exergy method is developed in the article [9].
The authors propose to simplify the definition of
thermal and economic efficiency of combined heat
and power plant. The authors consider the combined
plant as a generator of an exergy of various energy
carrier flows (steam, hot water). It is proposed not to
divide the equipment into those related to electricity
or heat generation, since a turbine, an electric gen-
erator and a transformer, a network pump and a net-
work heater are just as necessary for both steam
generation and electricity generation.

The method has found further development (for
example, in the works [10, 11, 12]). The method of
exergy analysis is the most rational for assessing the
energy efficiency of combined heat and power
plants. Exergy analysis is used in this work to assess
the thermodynamic efficiency of processes and their
parts, as well as sources of losses. Exergy and en-
ergy analysis allows to identify losses and ways to
eliminate them.

Darnitsa combined heat and power plant de-
scription

Kiev CHPP-5 is the largest cogeneration power
plant. The electric capacity of the CHPP is 700 MW,
the thermal capacity is 1874 Gceal/h. At the first
stage of the thermal power plant, two heating units
with a capacity of 100 MW each, two energy gas-oil
boilers with a capacity of 480 t/h of steam and two
peak hot-water boilers with a capacity of 180 Gcal/h
of heat were installed.

On the second stage, two heating turbine units
with a capacity of 250...300 MW, two boilers with a
capacity of 1000 t/h of steam and one peak hot water
boiler with a capacity of 180 Gcal/h of heat are in-
stalled. The main fuel of the CHPP is coal ASH, the
reserve is natural gas. Direct-flow technical water
supply system. Its main purpose is the heat supply of
the city.

Currently, Kiev CHPP-5 provides hot water sup-
ply and centralized heating to five districts of the
capital: Darnitsky, Solomensky, Pechersky, Go-
loseevsky and Shevchenkovsky. Hot water and heat
from this CHPP also goes to a number of residential
areas, in particular to Osokorki, Poznyaki, Rusa-
novka, Bereznyaki, Teremki, as well as the Kharkiv
housing estate.

The station has a modernization program until
2020, it is planned to reconstruct and increase the
installed capacity of the CHPP by building three
blocks of Siemens combined cycle plants with a ca-
pacity of 47 MW each [13].

Schematic layout of the equipment of the
Darnytsa CHPP is shown in Fig. 1 [12].

It represents a complex of technological equip-
ment, consisting of 4 turbogenerators, having selec-
tions for production and heating purposes, 3 con-
densers, hot water boilers, power boilers and
deaerators.

The energy of fossil fuels is converted into elec-
tricity and heat in form of hot water or steam, which
are used by household and industrial consumers. In
boilers the internal energy of combusted fossil fuels
is transferred to the chemically purified water, what
transforms into steam. In turbine potential steam
energy turns into kinetic energy of rotation of
the turbine rotor.

Volianska L., Pikul M., 2019
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As a result, mechanical energy is converted into
electrical energy and transmitted to external electric
networks.

The baseline data of the Darnitsa coal based
combined heat and power plant [12] are given in
Table 1.

Table 1
The Plant operation parameters
Feed water 1nlej[ temperature £.°C 215
to boiler
Steam flow rate D, ton/h 398
Steam temperature t,°C 540
Steam pressure p, MPa 10
Pressure in condenser p, MPa 0.0058
Nominal steam flow rate in
production selection Oy, ton/h 155
Nominal steam flow rate in
heating selection O, ton/h 130
Production selection pressure Ppss MPa 1.274
Heating selection pressure Dis, MPa 0.118
Electric Power output N, MW 180
Output heating and hot water 0, GCal/h 448
supply
Fuel consumption B, tn/h 22
Lower heating value Q, kl/kg 5300
Specific heat consumption per Ohes 1389 4
kW-h generated ccal/kW-h ’
Specific consumption of 0
i . 7

equivalent fuel per kWh-h ccal/kW-h 282.4
generated.

Thermodynamic model of CHPP is based on
Rankine cycle. The 7-s diagram of the Cycle of the
power plant is shown in Fig. 2. The principal states
of the technological process are shown on the dia-
gram.

T

1.37 MPa

0.14 MPa

\ s
\

0.005 MPa

Fig. 2. Rankine cycle of CHPP

The superheated steam at pressure of 9.8 MPa en-
ters the turbine at state 1 and expand. A fraction of
the total flow is extracted at points 1s and 2s. The
rest of the steam expands through the turbine to state
2. This portion of the total flow is condensed to satu-
rated liquid at state 3. The saturated liquid is

pumped by the condensate extraction pump. Finally,
after increasing the temperature by the feed water
heater and increasing the pressure by the boiler feed
pump to the steam generator pressure working fluid
enters the steam generator at state 8 and is heated in
the steam generator at constant pressure to statel.

The method of analysis

Main stages of the analysis and making of deci-
sions:

« analysis of all energy resources and energy carri-
ers, including secondary ones, within one techno-
logical process and determination of their ther-
modynamic parameters;

« determination of energy and exergy losses at all
stages of the conversion and use of energy in all
elements of technological schemes;

« determination of energy and exergy indicators of
technological processes and the degree of ther-
modynamic perfection of technical systems, in-
stallations, devices based on design and opera-
tional data.

Part of the energy of a system that can be con-
verted into energy of organized forms is called ex-
ergy. The measure of exergy is the maximum useful
work that can be obtained with a reversible change
in state system from a given (with parameters p, T)
to a state of equilibrium with the environment at pa-
rameters po and Typ. Thus, unlike energy, exergy is
not only a function system parameter, but also envi-
ronmental parameters [14]. So, exergy analysis is a
thermodynamic method of a system considered in
the interaction with the environment.

The exergy and energy analysis of the coal based
thermal power plant have been done. In order to per-
form the exergy analysis of the plant, the detail
steam properties, mass, energy and exergy balances
for the components of plant were calculated.

The general performance criteria are power out-
put and thermal efficiency. These parameters are
also decisive performance criteria in the economic
analysis of power plants.

Energy efficiency of a cycle:

n :[(hl_hZ)_GZ(hOZ_hZ)_al(hOI_h’l)_lp]
cycle hl _ hx
where # — enthalpy in ascertain point; o0 — steam
extraction; / , — work of a pump.

According to calculations, n_ .= 0.32. We de-

note that mechanical losses in turbine are:
n,= 0.98, mechanical and electrical losses in genera-

cycle

tor are: n,= 0.98, energy efficiency of a boiler in-

stallation is: m, = 0.91, energy efficiency of steam
pipes: n,, =0.99.

Volianska L., Pikul M., 2019



472

HaykoemHi TexHonorii Ne 4(44), 2019

Heat of fuel combustion in the boiler:

. =B
Sfuel D ’

where B — fuel consumption; Q{ — lower heating

value of fuel; D — steam consumption.
Heat losses in a boiler:
Aqb =(- ﬂb)qﬁwz .

Mechanical losses in turbine:

Aqt =MNNyNe (I- N )qﬁ,el .

Heat losses in condenser:

A9, =N, (1= )G e -

In this study exergy efficiency and exergy de-
struction rate of both the plant and plant component
are determined.

Evaluation of the efficiency of energy processes
is carried out on the basis of exergy balances, re-
flecting the equality of exergy supplied to the sys-
tem, exergy taken away from it and its losses. To
compile an exergy, balance the technological
scheme of the plant (see Fig. 1) is considered.
Exergy balance can be written as:

Zeinput = Zeoutput + Zelossesa
where e;,,,, — total exergy at the entrance, including
exergy of matter, energy flow, heat, fuel, etc; e€mupu —
total exergy at the exit; e, s — total exergy of
losses.

Exergy in each point of the cycle:

e=(h—h)~T,(S—5,)
where # — entropy in a certain point; 4y — enthalpy
of the environment; S — entropy of the environ-
ment; S, — entropy in a certain point; 7, — tem-
perature of the environment.

Exergy of a fuel:

T
€ el = 4 fiel (1 - FOJ

The exergy losses were calculated in the boiler,
feed water heaters, steam turbines and condensers.
The exergy losses for steam turbine and condenser
can be calculate by knowing the thermodynamic
properties of inlet and outlet flow of the steam and
using exergy balance equation.

Exergy losses in turbine:

e =e e l.

imput - output -

Exergy losses in condenser:
Ae, =e

c imput
Exergy losses in the boiler:

Sfuel
input

t

- e()utput *

eb = eimput t+e - eoutput :

Fuel is coal, the lower heating value of coal is
0/ = 27 230 kl/kg, exergy e;= 29 410 kl/kg, and as

coal is solid fuel then e,/ /= 1.08.

Volianska L., Pikul M., 2019

Heat transfer at a finite temperature difference is
an irreversible process, associated with an increase
in entropy and the loss of part of the maximum pos-
sible work.

In this regard, the main indicator of the exergy
method is exergy efficiency [4; 9], which is equal to
the ratio of leaving exergy stream to the total enter-
ing exergy streams.

e,

input — Couput 100 %
_ 0.

einput

N =

When equating the energy and exergy balance,
the losses associated with the heat exchange in the
water heaters of heating-system water were not
taken into account.

Comparison of Energy and Exergy Efficiency

Energy and exergy efficiencies of the overall
power plant were carried out for 50 % and100 % of
loading condition for the design data.

The exergy analysis has been carried out for
components of the plant, to evaluate the exergy
losses in the individual component and then the ex-
ergy analysis for the overall plant has been carried
out and the total plant exergy losses have been com-
puted.

The energy and the exergy losses of the systems
have been determined using their mass, energy and
exergy balance equations.

The energy and exergy efficiencies calculated for
the individual components as well as for the entire
plant are shown in Fig. 3 and Fig. 4. Exergy losses
of the power plant components are shown in Fig. 5.
The first column of tables corresponds to a load of
100 %, and the second column corresponds to a load
of 50 %.

Energy efficiency of power plant is 55 % at
100 % of loading condition and 58 % of 50 % of
loading condition. Consideration of the exergy bal-
ance shows that the total CHPP exergy efficiency is
35 % and 49 %, respectively for loads of 100 and
50 %.

The exergy analysis shows that the boiler has the
largest exergy loss. Feed water heaters have the sec-
ond largest exergy loss.

The relatively low exergy efficiency of the boiler
is due to significant losses occurring in the process
of heat transfer from fuel with high potential chemi-
cal energy to low-potential steam.

The exergy balance of the boiler makes possible
not only to estimate the quality of the heat expended
and all losses found from the heat balance, but also
to identify losses that are not reflected in the heat
balance. Such losses are losses due to the irreversi-
bility of fuel combustion, due to the irreversibility of
heat exchange during mixing.
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Conclusion

The analysis presented in this paper demonstrates
the application of energy and exergy concept to in-
vestigate combined heat and power plant.

From Fig. 5, it is seen that the greatest loss of en-
ergy (59,2 %) occurred in the condenser. Thus, from
the point of view of energy analysis reduction of
losses in the condenser can lead to improved per-
formance of CHPP such an erroneous conclusion
may lead to an incorrect choice of the direction of
modernization, as any improvements in the con-
denser cannot be done. The biggest exergy loss was
in the boiler, up to 80.3 % of total exergy loss.

A small part of exergy loss occurs in the con-
denser. The obtained results show that the most
critical component is the boiler unlike the results
from energy analysis where the condenser is consid-
ered to be most critical.

Therefore, energy analysis cannot be used to de-
termine the directions of modernization of CHPP to
improve efficiency.

Exegetic analysis reveals the essence of energy
transformations in the CHPP as a whole and its
components. Therefore, it is recommended to carry
out the choice of the direction of modernization on
the basis of economic and exergy analysis.

Volianska L., Pikul M., 2019
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From Fig. 5 it is seen that the largest energy loss
(59.2 %) occurred in the condenser. Thus, from the
point of view of energy analysis, a reduction in
losses in the condenser can lead to increasing of the
performance of the CHPP. Such an erroneous con-
clusion can lead to the wrong choice of the direction
of modernization, since no improvements in the
condenser can be made.

The greatest exergy losses occur in the boiler (up
to 80.3 % of the total exergy loss). A small portion
of the exergy loss occurs in the condenser. The re-
sults show that the boiler is the most critical compo-
nent, unlike the energy analysis results, where the
condenser is considered the most critical.

Therefore, energy analysis cannot be used to de-
termine the direction of modernization of thermal
power plants to improve production -efficiency.
Exergy analysis reveals the essence of energy trans-
formations in a thermal power plant as a whole and
its parts.

Therefore, the choice of the direction of mod-
ernization is recommended on the basis of economic
and exergy analysis.
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EHEPTETUYHUI I EKCEPTETUYHUM AHAJII3 TEIIOEJIEKTPOLIEHTPAJII

Y ecmammi nasedeno enepeemuunuil i excepeemuunuil ananiz menioeiekmpoyeumpani. Exkcepeemuunuii ananiz ipy-

HMYEMbCA HA 83AEMOOII cucmemu 3 HABKOTUWHIM cepedosuujem. Lle cnpuse Oinbus mouHOMY OOCTIONCEHHIO eHepeemu-
YHOI YCMAaHOBKU, GUSGNEHHS BY3I1I8 3 HAUOLILUUUMU GMPAMAMU.

s docnioscenns obpana mennogpikayivna cxema Jlapruyvroi TEL]. [{ns po3paxyHKie 631mo aanyioe mexHono2ii-
HOT cxemu, Wo CKIadacmuscs 3 Komia, mypoinu 3 06oma eidbopamu Ha menio@ikayiini i 6upoOHUYi nompebu, KOHOeH-
camopa i Hacoca. Ha niocmasi pobouux napamempis oonaonanns Japrnuyvxoi TEL] npogedeno enepeemuunutl i excep-
2eMUYHUL AHANI3U, BUAGLEH] MOYKU 3 HAUOLTbUWUMYU eHepeeMUYHUMU GMPAMAMU, NPOBeOeHa KINbKICHA OYIHKA empam
eHepeil He3anedCcHO 8I0 npupodu Odxcepena ix uHukHeHHs. OMPUMAaHi PO3PAXYHKOSL XaPaAKMePUCTIUKU NO eKcepeemuy-
HOMY | eHepeemuyHOMY aHALI3aM NOKA3YIOMb PO3NOOLT 6MpPam eHepeii K 6 OKpeMux 8y31ax, max i 01 cucmemu 8 yi-
aomy. Y cmammi npogedeHo nopisuanvbHi po3paxyuku i Hagedero epagiune nopisuanua KK/ i empam enepeii i excepeii
npu pizHomy HaganmasicenHi cmanyii. Iloxazano, ujo 8 pe3yrbmami maxkozo aHanizy ob'ekmugHo 8idobpadiceni 8ci eHe-
peemuuni nepemeoperHs, wo 8i00y8aromvbcCs 8 MEXHOI0IYHOMY TAHYIO2Y MENI0eNeKMPOYEHMPAi, WO CIYHCUMb OCHO-
8010 0714 po3pOOKU 3aX00i8 OO0 800CKOHANEHHS 00CTIONHCY8aHOI cucmemu i ii onmumizayii. Ilokazano, wo onmumisa-
Yis 6y0b-5KUX NAPAMEMPIE PeANbHO20 YUKTY YCHAHOBKU ROJA2AE He 8 00CASHEeHHT Makcumymy it excepeemuunozo KK/,
a 6 3HAXOOJICEHHI eKOHOMIYHO HAUBUZIOHIUO20 PIULCHHS.

MooepHrizayii nionsieae He KOJHCHA YCMAHOBKA 3 HAUOLTbUWUMU 8MPAAMU.

Volianska L., Pikul M., 2019
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Tax, Hanpuknao, enepeemuyHUll AHANI3 6KA3YE, WO BETUKE empamu 6i00Y68amvcs 6 KOHOeHcamopi. Y moil sice uac
eKcepeemuyHUl aHANI3 NOKA3YE, WO NPU OQHUX NAPAMEMPAX HABKOIUUWHbOZO Cepedoguua YOOCKOHANEHHA KOHOeHCa-
mopa He npugede 00 NidGUeHHS eqheKMUBHOCI.

KnrouoBi cnoBa: eHeprisi; ekcepris; TepMOAMHAMIYHWUIA aHani3; eHepreTvka; TennoenekTpoueHTpansb.

Volianska L. G., Pikul M.
ENERGY AND EXERGY EFFICIENCY ANALYSIS OF COMBINED HEAT AND POWER PLANT

The article provides energy and exergy analysis of the combined heat and power plant. Exergy analysis is based on
the interaction of the system with the environment. This contributes to a more accurate study of the power plant, the
identification of nodes with the greatest losses.

For the study, the heating scheme of the Darnitsa CHPP was selected. For calculations, we took a chain of a tech-
nological scheme consisting of a boiler, a turbine with two selections for heating and production needs, a condenser
and a pump. Energy and exergy analyzes were carried out of the operating parameters of the equipment of the Darnitsa
CHPP, points with the highest energy losses were identified. A quantitative assessment of energy losses was carried out
regardless of the nature of the source of their occurrence. The obtained calculated characteristics for exergy and en-
ergy analysis show the distribution of energy losses both in individual nodes and for the system as a whole. The article
provides comparative calculations and a graphical comparison of the efficiency and energy and exergy losses at differ-
ent station loads. It is shown that as a result of such an analysis, all energy transformations occurring in the techno-
logical chain of the cogeneration plant are objectively reflected, which serves as the basis for the development of meas-
ures to improve the system under study and its optimization. It is shown that the optimization of any parameters of the
real installation cycle does not consist in achieving the maximum of its exergy efficiency, but in finding the most eco-
nomically advantageous solution. Not every installation with the greatest losses is subject to modernization. For exam-
ple, energy analysis indicates that large losses occur in the capacitor. At the same time, an exergy analysis shows that
with these environmental parameters, an improvement in the capacitor will not lead to an increase in efficiency.

Keywords: energy; exergy; thermodynamic analysis; energetic; combined heat and power plant.

Boasinckas JL. I'., Ilukyas M. A.
SHEPTETUYECKHWN U SKCEPTETHYECKHN AHAJIN3 TEIUIOSJEKTPOLIEHTPAJINA

B cmamve npusedén smepeemuueckuii u KCcepeemuyecKull aHauu3 menyiodieKmpoyenmpanu. IKcepeemudecKull
AHANU3 OCHOBBIBACMCA HA 83AUMOOCUCIBUN CUCEMbL C OKpyJcarowel cpedoll. dmo cnocobcmeyem Oojiee MOYHOMY
UCCNe008AHUIO IHEP2EMUYECKOL YCIMAHOBKU, BbIAGNIEHUIO V31108 C HAUDOILUUMU NOMEPAMIUL.

s uccnedosanus evibpana mennogurayuonnas cxema Japnuyxou TOL]. s pacuémos 63sama yenouka mexHono-
2UYECKOU cxembl, cocmosiyell u3 Komaa, mypouHsl ¢ 08yMsi Omoopamu Ha meniopUKAyUOHHbIE U NPOU3BOOCHIBEHHbIE
HY2icObL, KOHOencamopa u Hacoca. Ha ocnosanuu pabouux napamempos obopydosanus Japruykoi TOL] nposederwvi
9HepeemudecKull U IKCepeemudeckKull aHaIu3bl, GbisIGIEHbl MOYKU C HAUOOILUUUMU IHEPLEMUYECKUMU NOMEPIMU, NPO-
8e0eHa KOAUUECTNBEHHASL OYEHKA NOMEPb IHEPSUU HE3ABUCUMO OM NPUPOObL UCIOYHUKA UX 803HUKHOGeHUs. Tlonyuen-
Hble pacuemuvie Xapakmepucmuku no KCepeemuiecKomy U IHep2emudeckumM anaiu3am noKa3vleaiom pacnpeoeietue
nomepwb 3Hep2uU KAk 8 OMOEIbHbIX Y31aX, MAK U 05l cucmemsl 8 yerom. B cmamwe nposedenvl cpasnumenvuvie pac-
uyemsl u npugedero epaduuecrkoe cpasnerue KII/J u nomeps snepeuu u sxcepeuu npu pastol nazpyske cmanyuu. Ilo-
Ka3aHo, 4mo 8 pesyivmame maxKoeo aHaiu3a 00beKmUBHO OMpAdCeHbl 6Ce IHepeemuyecKue npespaujerHus, npoucxo-
osuue 8 MeXHOI02UYeCKOU YenoyKe MeniodNeKmpoyeHmpaiu, Ymo CIyiCUm oCHOBOU 08 pa3pabomKu Meponpusmuil
10 YCOBEPUIEHCMBOBAHUIO UCCNIe0YeMOlU cucmemyl U ee onmumuzayuu. Ilokazano, umo onmumuzayus KaKux-mobo na-
pamempo8 peaibHO20 YUKIA YCMAHOBKU 3aK0YAemcs He 8 O0CUdCeHUU Makcumyma ee skcepeemuueckozo KIIJ], a &
HAaxoxcOeHUU SKOHOMUYECKU HaugvleoOHeuue2o peuienus. Mooepuuzayuu noonexcum He Kaxcoas YCMAHOBKA C Hau-
oonvuumu nomepsimu. Tax, Hanpumep, dHEP2EMUYECKULl AHATU3 YKA3bledem, 4mo OOnbulue nomepu npoucxoosim 6
KOHOeHcamope. B mo oice pems skcepeemuyeckutl aHaius HOKa3wvléaem, 4mo npu OAHHbIX NAPAMempax OKpyicaiouen
Cpedbl YCOBEPUEHCBOBAHUE KOHOEHCAMOPA He NPUBedém K NosblueHuIo dQhexmusnocmu.

KnioueBble crnoBa: SHeprus; aKceprysl; TEpMOAUHAMUYECKUIA aHanmn3; aHepreTuka; TeNoaneKkTpoLeHTpansb.
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