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The relevance of the research is caused by the need to improve the energy efficiency of heating systems, since all types of fuel are be-
coming more expensive. In this regard, there is a need to create a method of thermodynamic improvement of heat engineering systems.
The main aim of the research is the creation of a method for improving heating systems, the application of this method on the example of
a boiler unit PP-2650-255 GM.

Objects: a direct-flow boiler PP-2650-255 GM, for which a thermodynamic analysis of the processes occurring in individual elements of
the boiler - an air heater, economizer, firebox, and superheater — is performed. The article analyzes all heat fluxes on each element of the
boiler.

Methods. An exergy method of thermodynamic analysis is used as a research tool. It allows taking into account the energy potential of
thermal processes. To date, the most effective method of parametric optimization of heat and power processes is the method of integration
of heat flows (pinch method). However, the pinch method is based on a change in flow enthalpy, which does not take into account the
qualitative characteristics of energy. In the article, the development of the pinch method continues; flow exergy is used instead of flow
enthalpy. Optimization of heat engineering parameters is carried out using an exergy pinch method.

Results. Exergy pinch analysis allows you to identify unused exergy and determine in which part the loss occurs. According to the calcula-
tions and the graph, it can be seen that hot flows lost 1503,57 MW of exergy, cold flows took 1295,57 MW of exergy, taking into account
cooling of the working fluid by bypass. Thus, 47,9 MW of unused exergy was detected in this boiler unit. The results of the exergy pinch
analysis allow us to formulate and justify specific design measures to improve the energy efficiency of the boiler unit. This analysis allows
you to effectively use the energy and resources of heating equipment.
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Introduction

Currently, a fully developed approach has been devel-
oped to assess the energy efficiency of technical systems.
This approach is based on the well-known methods of
thermodynamic analysis — energy, entropy and exergy.
Each of these methods has well-known advantages, dis-
advantages, and limitations.

The energy (enthalpy) method of assessing energy ef-
ficiency is the most common one. However, this does not
take into account the patent of various types of energy
and energy resources, since the enthalpy method is based
only on the first law of thermodynamics [1, 2].

The valid value of energy and resources can be pro-
vided by an exergy method that takes into account the
quality of energy and its ability to transform under the
conditions of functioning of the studied object [3, 4].

The works of the following authors: D.P. Gokhshtein,
V.M. Brodyansky, Y. Shargut, R. Petela, B.S. Sazhina,
A.P. Bulekova, A.l. Andryushchenko, Y.M. Rubinstein,
M.1. Shchepetilnikova, and others were the theoretical
foundation basis of exergy analysis.

Recently, many researchers have focused on exergy
analysis of thermal power plants to optimize energy
quality.

A.B. Bogdanov in proves [5] that the application of
the concepts of exergy and energy allows the classifica-
tion of the quality of heat and electric energy.
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G. Tsatsaronis and P. Moung-Ho [6] were the first to
develop the concepts of preventable and inevitable de-
struction of exergy, which were used to determine the
potential for improving the thermodynamic characteris-
tics and economic efficiency of the system.

Many modern scientists consider thermodynamic pro-
cesses using exergy analysis. They get good results [7, 8].

The theoretical foundations in the field of integration
of thermal processes and pinch analysis are presented in
the works of B. Lynnhoff, J. Klemesh, L.L. Tovazhnyan-
sky, R. Smith, L.M. Ulieva, P.A., Kapustenko, etc.

To solve the issue of the effectiveness of technical
systems, first of all, the issues of thermodynamic optimi-
zation of processes occurring in the elements of heat
power equipment and in the heat power systems them-
selves are considered. One of the most effective methods
for parametric optimization of heat and power processes
is a pinch analysis or a method for integrating thermal
processes [9, 10]. One of the main limitations of this
method is its orientation toward the enthalpy approach to
the analysis and optimization of heat fluxes in the system
under consideration.

Jouan Rashidi and D.S. Agapov investigated systems
by exergy analysis and pinch analysis [11, 12]. But no
one has yet tried to combine these two methods into one.

Thus, it is necessary to develop a method that com-
bines the advantages of the exergy method and the pinch
method.
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Exergy pinch analysis of the boiler

In the theory of pinch analysis, all heat flows can be di-
vided into two groups. The first group is the flows which
require cooling. They are called «Hot streamsy. The second
one is the flows which require heating before further work
with them. They are called «Cold streamsy [9].

The change in the enthalpy of the flow at various ini-
tial and final temperatures is expressed by the formula:

dH=C -M-dT, ()]
where C, is the specific heat of the flow, J/(kgK); M is
the mass flow rate of the substance flow, kg/s; T is the
temperature, K; H is the flow enthalpy, W.

We carry out an exergy analysis of the direct-flow
boiler PP-2650-255 GM using the Pinch method.

The direct-flow boiler PP-2650-255 GM is used at
powerful thermal power plants in Russia (Surgutskaya

Table1.  Boiler parameters
Taonuya 1. Ilapamempol komaa

GRES-2, etc.), so we will take this boiler as an example
for exergy analysis using the Pinch method.

We analyze heat flows in all elements of the boiler
unit: economizer, firebox, convection shaft, convective
superheater, secondary superheater, air heater, screen
superheater, bypass, discharge and hanging pipes.

In calculations and graphs, instead of flow enthalpy,
we will use flow exergy. In our case, we will consider the
flue gases that give off heat to be «Hot Streams». The
second group of streams will include those streams that
need to be heated — «Cold Streamsy. In this boiler unit,
«Cold Streamsy» is water in the economizer, water in
hanging pipes, steam in the walls of the furnace and
hearth, heating air from the air heater, etc. Thus, in the
boiler unit there are 13 hot streams, and 14 cold streams.
The data for 27 streams are presented in the table 1.

Initial temperature | Final temperature | Mass flow | Specific heat, ki/kg K | Flow exergy,
Heat flows Temmeparypa Temmeparypa kals VnenbHast MW
TenoBble MOTOKH HayajbHas KOHEYHast MaccoBsrit TEIIOEMKOCTb, Dkceprus
°oC pacxon, Kr/c kJx/kr K notoka, MBT

Flue gas in the economizer ) 523 391 760 12 71.93
YXOIUIIJ_IPIC T'a3bl B S3KOHOMaun3€epe
Water in the economizer/Boa B 3xoHOMaii3epe 273 315 686 5,06 —70,42
FITE S 10 ETalTig ppEs 816 523 760 1,2 183,47
YXOLUIIJ_IPIC Ta3bl B IIOABECHBIX pr6ax
Water in hanging pipes/Boza B nojBecHbIx Tpy6ax 315 320 686 5,43 -9,39
Flue gases in the walls of the furnace wall and the
horizontal flue/Yxonsuue rasst B 5kpanax creH 2100 1361 760 1,2 574,26
TOIKU U 1OJAa TOPU30HTAJIBHOI'O Ira30XoAa
Water evaporation/HcriapeHne Bost 320 320 686 —367,87
Steam in the walls of the furnace and the bottom of
the horizontal flue/ITap B sxpanax cTeH TONKU U 320 420 686 7,84 —292,40
110/1a TOPU3OHTAJIBHOI'O ra3oxoaa
Flue gases in the screens of the ceiling of the fur-
nace, horizontal duct, rotary chamber 1361 1324 760 12 2762
YXOHFIH.II/IC Ta3bl B SKpaHaX IIOTOJIKA TOIIKH,
TOPHU30HTAJIBHOTO ra30Xx0/1a, IOBOPOTHOM KaMephl
Steam in the screens of the ceiling of the furnace,
horizontal flue, rotary chamber 420 440 206 8,38 20,14
Hap B OKpaHaX MOTOJIKA TOIIKH, TOPU30HTAIIBHOT'O
ra30x0/a, IOBOPOTHOM KaMephl
Flue gases in the screens of a horizontal duct,
convection shaft/Yxomsiue ras3sr B 9kpanax 1324 1311 760 1,2 9,67
TOPU30HTAJIBHOI'O razoxojaa, KOHBEKTHBHOM IIAXTHI
Steam in screens of horizontal flue, convection shaft
ITap B 9kpaHax TOPH3OHTAIBHOTO Ta30X0/a, 424 427 686 8,32 -9,95
KOHBCKTHBHOU MIAXThI
Flue gas in the screen/Yxoasmue rassl B mmupme 1311 1176 760 1,2 99,32
Steam in the screen/ITap B mmpme 417 448 722 7,75 -101,44
Flue gases in the inlet stage of the convective
superheater/Yxomsiiue ra3sl BO BXOIHOM CTYEHH 1176 1059 760 1,2 84,21
KOHBEKTHBHOI'O IapoIeperpeBaTest
Steam in the inlet stage of the convective superheater
ITap BO BXOJHO¥ CTyNEHN KOHBEKTHBHOTO 448 488 722 4,86 -97,69
IapoIneperpeBaTens
Flue gases in the outlet stage of a convective super-
heater/Yxomsitiune ra3pl B BBIXOJHON CTYIICHH 1059 899 760 1,2 111,72
KOHBCKTHUBHOT'O ITAapONEPETPEBATCIIA
Steam in the output stage of the convective super-
heater/ITap B BEIXOHO¥ CTYIIEHH KOHBEKTHBHOTO 479 545 736 3,8 -115,85
TaponeperpeBarens
Flue gases in the control stage of the secondary
superheater/Yxozsiiye ra3sl B peryinupyromeii 592 523 760 1,2 40,71
CTYIIEHH BTOPMYHOIO IIapOIEperpeBaTes
Steam in the control stage of the secondary super-
heater/ITap B perynupyomieii CTyleH:H BTOPHIHOTO 291 504 127 2,6 —-39,65
naponeperpeBarens
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Table 1
Oxonuanue maon. 1

Flue gases in the intermediate stage of the secondary
superheater/Yxosiire ra3sl B IpOMEKYTOYHON 767 592 760 1,2 110,37
CTYIIEHU BTOPUYHOTI'O IapOIIEpErpeBaTEiis
Steam in the intermediate stage of the secondary
superheater/ITap B mpoMeKyTOYHO# CTYIICHH 386 455 600 2,4 -58,15
BTOPUYHOIO IapoIneperpeBaTesst
Flue gas in the exhaust pipes 816 767 760 12 3239
yXOI[F[I.LII/IC Ta3bl B OTBOAAIINX Ipy6ax
Steam in the exhaust pipes/Ilap B oTBoasiumX Tpy6ax 455 478 600 2,2 -19,02
Flue gases in the outlet stage of the secondary super-
heater/Yxozsuue ra3sl B BBIXOAHOM CTyHEHH 899 816 760 1,2 56,07
BTOPUYHOIO NaponeperpeBaTess
Steam in the outlet stage of the secondary superheater
[Tap B BBIXOZHO¥H CTYIIEHH BTOPUYHOTO 478 545 600 2,2 -57,29
naponeperpeBares
Flue gas in the air heater/Yxomsimue rassi B 391 127 760 1,16 101,83
BO3YXOIOAOIrpeBarTee
Air in heater/Bo3ayx B Bo3myxomoorpeBarene 50 339 350 1,02 -36,32
Hot streams gave
Topstiane TOTOKK 1503,57
OTAAIH
Cold streams took
X0JI0qHbIE —1295,57
TIOTOKH ITPUHSIINA
The dependence of the exergy function Ex on the 796 K
amount of heat is calculated by the formula: x| 196K —664K — 273K -In K- 71,93Mw.

Ex=m-e, (2)

where m is the mass flow rate of the substance flow, kg/s;
e is the specific exergy, J/kg.

Specific exergy for a stream that has a final and initial
temperature is determined by the formula [12]:

2

e:cp-{ﬂ—Tz—ﬂflnl}, 3
T

where ¢, is the specific heat of the flow, J/(kg'K); Ty is
the initial temperature, K; T, is the final temperature, K;
To is the ambient temperature, K.

Formula (3) is valid for continuous and stationary pro-
cesses, as Well as for processes without phase transitions.

It is also possible to determine the exergy of flows us-
ing the device [14]. The device displays the exergy values
on the display. This device allows you to avoid errors in
data collection and calculations.

Steam at different temperatures has different specific
isobaric heat capacity.

Specific heat capacities of steam and water are determined
according to the table at a given temperature and pressure.

The average specific heat capacity of a substance is
defined as:

C_ _ cptZ +cptl
P2

where cuand cyrp are standard specific isobar heat capaci-
ties of a substance at temperatures t; and t,, respectively.

The data are presented in table 2.

We determine the exergy for the flue gases in the
economizer («Hot stream 1») by the formula (2), (3). We
take the ambient temperature equal to 0 °C.

E, =1, 2 K 760K
kg-°C c

, )
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Then we determine the exergy that the water received
in the economizer — «Cold Stream 1»:

E, :5,06k—J~686k—gx
kg-°C c

x| 546K —588K — 273K-ln% =-70,41MW.
588K

In this way, we determine the exergy for all elements
of the boiler unit, except the exergy for the screen of the
furnace walls and the bottom of the horizontal gas duct.
This is due to the fact that the exergy of the exhaust gases
in this element is spent not only on heating, but also on
water evaporation.

We give a calculation of this element in more details.
To begin with we need to determine the exergy that the
exhaust gases give off in the walls of the furnace and the
horizontal gas duct (from 2100 to 1361 °C, «Hot Stream
3»). We use formulas (2), (3)

E,, —12 X 760%9
kg-°C c

x| 2373K —1634K — 273K -In 2373K
1634K

} =574,26 MW .

There are two processes in the furnace:

1) water turns into steam;

2) steam heats up.

Therefore, we will use two types of exergy.

During evaporation or condensation, as well as melting
or crystallization from the melt, which occur at a constant
ambient temperature, the thermal specific exergy is [15]:

e :Ah-[l—-_:_—oj, ()

where Ah is the increment of enthalpy.
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Table 2. Specific heat capacity of water and steam for flows
Tabnuua 2. Yoenvuaa menioemkocns 00bl u napa 0Jis NOMOKO8
Temperature Pressure, MPa Specific heat
Temneparypa, °C |[laBnenue, MIla 'V nenbHasi TEIIOEMKOCTh
Heat flows ) 5 3 g 3 5 o &
TeruoBbIe MOTOKH sz sZ|SE|sE =i T E 2=
23 S o | 25 =) 25 =} S
£ = Lzs| Sz | kit £ x5 Lz > a
= S < S < S <O
as = as X an <
Water in the economizer 273 | 315 | 31 | 305 | 477 | 5351 | 506
Bona B sxoHOMaiizepe
Water in hanging pipes 315 | 320 | 305 | 285 | 5351 | 5512 | 543
Bopa B nosiBecHbIX TpyOax
Steam in the walls of the furnace and the bottom of the horizontal flue 320 420 285 8 5,512 10176 7.84
l'Iap B OKpaHaX CTEH TONKH H I10J1a TOPU30OHTAILHOI'O Ira3oxoaa
Steam in the walls of the furnace and the bottom of the horizontal flue 420 440 28 276 | 10176 6,589 8,38
Hap B OKpaHaX CTEH TOIIKH U 10J1a TOPU30HTAJIBHOI'O Ira3oxoaa
Steam screens of horizontal flue, convection shaft 5 424 427 276 27 8,828 7,826 8,327
Hap OKpaHax TOPU3OHTAIBHOI0 ra30x0/a, KOHBEKTUBHOU IIAXThI
Steam in the screen 417 | 448 | 27 | 265 | 9908 | 5596 | 7,75
Ilap B mupme
Steam in the |n|§t stage of the convective superheater 448 488 265 | 262 5,596 4118 4,857
l'Iap BO BXOJHOU CTYIICHH KOHBEKTHUBHOI'O IIAapOIIEPETPEBATEIIA
Steam in the outPut stage of the convective superheater 479 545 262 | 255 4313 33 38
Hap B BBIXOJTHOU CTYIIEHU KOHBEKTHBHOTI'O ITAPOIIEPErPEBATEIISA
Steam in the control svtage of the secondary superheater 291 504 3.9 3,86 2,962 2.279 2,62
Ilap B perynupyiomeii cTyneHH BTOPHYHOTO aporeperpeBares
Steam in the |ntermed|f1te stage of the secondary superheater 386 455 386 | 371 2,58 2,287 243
Ilap B mpoMeXyTO4YHOH CTYNEHH BTOPUYHOIO aponeperpeparelis
Steam in the exhaust pipes as5 | 478 | 371 | 37 | 2287 | 2278 | 228
ITap B oTBOIINX TPyOax
Steam in the outvlet stage of the secondary superheater 478 545 37 3,65 2,278 2273 2,27
Ilap B BBIXOAHOM CTYNeHH BTOPUYHOTO MaporneperpeBaTens

In the theory of pinch analysis, the flow enthalpy is ex-
pressed in MW, since the mass flow rate (kg/s) is used in
the calculations, this can be seen from formula (1). There-
fore, in our calculations, the exergy is expressed in MW.

The full exergy of evaporation («Cold Stream 3») is
determined by the formulas (2), (5):

K9 (14000
c kg

(1— 273[(] 367,87 MW.
593K

In order to determine the exergy of steam, it is neces-
sary to know the average specific heat (the data are pre-
sented in table 2). According to the table, we determine
the specific heat capacity of the steam in the furnace at
the initial and final temperature and find the average by
the formula (4):

P 5,512+10,176 _7.84 kJ .
’ 2 kg -°C
When heating steam (“Cold Stream 4») we use the
thermal component of exergy, which is found by the for-
mulas (2), (3):

kd)

=686— —2500 g)

kJ

_784 1 6g6kd
kg-°C

c

593K } =-293,40MW.

x| 593K —693K - 273K - In——
693K

Then the remaining flows are calculated by the formu-
las (2), (3), the calculated data are taken from table 1.

In the calculations, we take into account the cooling of
flows using bypass 1, bypass 2, bypass 3 and the cooling
of the secondary steam using bypass 4.

According to the theory of pinch analysis, external en-
ergy sources are called external utilities. Energy carriers
supplying energy to the system, such as steam, burning gas,
etc., are called hot utilities, and energy carriers that divert
energy from processes — cooling water, etc., are called cold
utilities [9]. In our case, bypass is a cold utility.

We calculate the amount of exergy that the bypass re-
ceives from steam according to the formulas (2), (3). The
calculated data are presented in table 3.

Table 3.  Bypass specifications
Tabnuua 3. Xapaxmepucmuxu 6atinaca
Temperature Mass flow | Specific heat, Exer
Temmeparypa, °C kg/s kJ/kg K gy,
Bypass M . MW
M . . accoBblil | YnenbHas
Baiimac| Initial Final Oxceprus,
pacxon, |TemI0eMKOCTb,
Havanshas | Koneunas MBT
Kr/c kJx/kr K
1 427 417 36 42 0,87
2 488 479 14 4.2 0,32
3 440 424 480 4,2 18,85
4 504 386 478 4.2 140,01
Total:
Uroro: 160,05

We convert heat flows into a hot composite curve and
a cold composite curve according to the theory of pinch
analysis. Composite curves in the exergy — temperature
coordinate system, are shown in Fig. 1.
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Compound curves in the exergy—temperature coordinate system
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The projections of the curves onto the exergy axis
overlap. This means that the heat removed from the hot
composite curve (set of hot streams) can be used to heat
the cold composite curve (set of cold streams) by arrang-
ing heat transfer between the streams [16, 17].

According to the theory of pinch analysis, each of the
composite curves has a section which projection onto the
abscissa axis does not overlap with the projection of anoth-
er curve. This means that in its upper part the cold compo-
site curve requires an external heat source (power Qu, min),
and the hot composite curve in its lower part needs an ex-
ternal heat source (Qc power, min). These values represent the
theoretical needs for hot and cold energy [16, 18, 19].

Results and discussions

Analyzing the Figure, we conclude that 47,9 MW of
unused exergy remains at the bottom of the graph. Thus,
we can optimize the boiler unit using these 47,9 MW ex-
ergy. Below the pinch point, the cold flow is air in the air
heater; therefore, to optimize thermal processes, the heat-
ing surface area of the air heater can be increased.

The exergy method also determines the need to take
into account the fuel exergy of the boiler unit.

Most of the fuel exergy is chemical exergy. Z. Rant de-
fined a formula for calculating specific fuel exergy [20, 21]:
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For liquid fuel:

¢, =0,975-Q, , (6)

where Qj is the higher calorific value of fuel.

The formula (6) is valid if the molecule contains more
than one carbon atom. The formula (6) is not suitable if
there is a noticeable amount of methane, hydrogen and
carbon monoxide in the gases.

We calculate the fuel exergy for the selected boiler
according to the formulas (2), (6). Fuel is fuel oil with a
higher calorific value Q, = 42,98 MJ, the flow rate is
51 kg/s.

Eyy = 51"?9-0, 975-42,98MJ = 2135,7 MW.

The boiler received 2135,7 MW of fuel exergy, but
hot flows gave 1503,37 MW of exergy. Therefore, the
loss of fuel exergy is 29 %. This makes it necessary to
find ways to reduce the loss of fuel exergy in a given type
of heat power equipment and a specific boiler unit.

Conclusion
Exergy pinch analysis allows identifying unused exer-

gy and determining in which part of boiler the loss occurs.
According to the calculations and the graph, it can be
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seen that the hot flows gave 1503,57 MW of exergy, the
cold flows took 1295,57 MW of exergy, taking into ac-
count the cooling of the working fluid bypass with
160,05 MW of exergy. Thus, 47,9 MW of unused exergy
was found in this boiler unit. It was also determined from
the graph that below the pinch point, the cold flow is air
in the air heater; therefore, from the point of view of op-
timizing thermal processes, the heating surface area of the
air heater can be increased. In support of this fact, it was
revealed that the lowest exergy efficiency of the heat ex-
changers of the boiler is the efficiency of the air heater,
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1 CaHkT-IeTepByprekui ropHbIA YHUBEPCHTET,
Poccus, 199106, r. CankT-lNeTtepOypr, 21-9 nuHns BacunbeBckoro ocTpoBa, 2.

AxkmyanbHocmb uccnedogaHus 0bycrogneHa Heo6X00UMOCMbI0 NOBbILIEHUS 3HEP203hhEKMUBHOCMU MENTOMEXHUYECKUX CUCMEM,
mak Kkak ece eudbl monsuga dopoxatom. B amoli cessu 8o3Hukaem Heobxodumocmb co3daHus Memoda mepMoOUHaMUYECK020 ycosep-
WEHCMB08aHUSi MeNIOMeXHUYECKUX CUCMEM.

Lenb: co30aHue memoda ycogepuweHcmeogaHus MenmomexXHUYECKUX cucmem, npuMeHeHue daHH020 Memoda Ha NpUMepe KOmerbHO20
aepezama [11-2650-255 M.

06BekmbI npamomoyHbIii komen [11-2650-255 'M, dns komopo2o npou3godumcs mepmModUHaMUYECKUL aHanu3 npoueccos, npomeka-
fowux 8 omoenbHbIX aneMeHmax komna -8030yxonodozpesamene, 3koHomalizepe, monke, naponepezpesamene. lpogodumcs aHanu3
8CeX mensosbIx NOMOKO8 Ha KaxdoM 3rieMeHme Komna.

Memodb1. B kayecmse uHcmpymeHma uccredogaHusi UCNOb308aH dKcepeemuyeckutl Memod mepmoOUHaMU4YecKoe0o aHanu3a, no3go-
NIAIWUG ydumbigams NomMeHyuan sHepeuu (kayecmeeHHble Xapakmepucmuku) menniosbix npoyeccos. Ha ce2o0HswWHuUl OeHb Haubonee
ahhekmugHbIM Memodom napamempuyeckoli onmuMU3aUUU Meno3Hep2emuUYecKUX NPoueccos sensemcs Memod UHmeapayuu men-
1108b1X nomokos (nuH4-memod). OOHaKo NUH4Y-Memod OCHOBaH Ha U3MEHeHue SHManbnuu, Komopas He yyumbisaem KadecmeeHHble
Xapakmepucmuku sHepauu. B cmamee npodomkaemces passumue nuH4Y-Memoda, 6MeCmo 3HmManbnuu ucnonsb3yemcs akcepeus. Onmu-
MUu3ayust mensiomexHUYeCKUX napamempos npou3godUMCs nymem UCNOMb308aHUs SKCEP2eMUYeCcK020 NUHY-Memoda.

Pe3ynbmambi1. Jkcepeemuyeckuli NUHY-aHanu3 Nno3eossiem 8bIg8UMb HEUCNOMb3YeMylo Kcepauto U onpedenums, 8 Kakol yacmu Ko-
mesbHo20 agpezama npoucxo0sim nomepu. [lo pacyemam u epaghuky 8udHo, ymo eopsyue nomoku omdanu 1503,57 MBm skcepauu,
X000Hble nomoku npuHsinu 1295,57 MBm skcepauu ¢ yyemom oxnaxdeHust paboye2o mena 6ainacom. Takum obpasom, 8 daHHOM
Kkomnoazgpeaame obHapyxunocs 47,9 MBm Heucnonb3yemoli skcepauu. Pe3ynbmambi 3KCepeemuyecko20 NUHY-aHamu3a no3eosnsiom
cehopmynupogams U 060CHO8aMb KOHKDEMHbIE KOHCMPYKMUBHbIE MEPbI NO NOBBLILIEHUIO IHEP2OIHHEKMUBHOCMU KOMENbHO20 agpe-
2ama. [aHHbIl aHanu3 no3gosnsem aghehekmueHO UCNoMb308amb SHEP2UIO U PECYPChI MENIOMEXHUYECK020 060pyO08aHUS.

Knroyeenie crnosa:
OHepa03hghekmugHOCMb, 3KCepaust, IKkcepeemuyeckull aHanus, menosoli banaHc, skcepeemuyeckull 6anaHc, NUHY-aHau3.
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