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Abstract. Maintaining the current level of production and living standards, while caring for the environment and good health
condition of societies, is possible due to rational management of energy resources and proper shaping of the energy
performance of erected buildings, as well as improving the characteristics of existing buildings. The essence of
implementing a deep thermal modernization program for existing buildings is to achieve benefits, not only economic but also
environmental, functional, community, social, integration and others. About 70 % of energy in the buildings is consumed for
heating and hot water preparation. Households are the largest heat consumers. In the article, the analysis of the effects of
heat consumption reduction was performed for residential buildings. The basic effects of conducted thermal modernization
relate to economic issues associated with the reduction of fuel, water and electricity consumption, and thus incurred fees.
The effects also refer to reducing the amount of air pollution, improving indoor microclimate conditions and user safety, as
well as eliminating energy poverty and stimulating public awareness of energy-saving activities.

Keywords: energy consumption, energy efficiency, air pollution, indoor microclimate conditions.

Introduction. The increase in energy consump-
tion in recent years has led to a significant depletion
of natural resources and environmental pollution. In
Europe, the implementation and operation of build-
ings consume 40 % of total energy consumption
and in the United States about 65 % [1, 2, 3]. This
energy consumption in Europe causes 36 % of
greenhouse gas emissions to the atmosphere and in
the United States — about 30 % [1, 2, 3]. About
70 % of the energy in a building is consumed for
heating and hot water preparation [1]. From among
approximately 200 million buildings operated in the
European Union, a large part of them was built be-
fore 1990. Their low thermal insulation is the
reason for significant energy consumption. In the
framework of the development of European Union
countries, there are aims to:

* increase energy efficiency;

* reduce greenhouse gas emissions;

* implement a low carbon policy;

* increase the share of renewable energy in

overall energy consumption [5-8].

Member States of the European Union have
made a commitment compared to the levels of 1990
to [9, 10]:

* increase energy efficiency by 20 %

* reduce greenhouse gas emissions by 20 %

* increase the share of renewable energy

sources in final energy consumption by 20 %
by 2020.

The share of energy consumption for heating
in the overall energy consumption balance is
steadily decreasing, in recent years, which is asso-
ciated with the introduction of increasingly strin-
gent requirements in terms of thermal insulation
and energy-efficiency, installation of more effi-
cient heating devices and intensification of activit-

ies in the field of thermal modernization of build-
ings. It is estimated that the annual energy savings
achieved through thermal modernization may in
2030 reach 26 % of consumption from 2013 [11].

Implementation of the energy efficiency pro-
gram brings measurable benefits. Fig. 1 presents
cumulated energy savings since 2000, which illus-
trate how much higher energy consumption would
be in a given year if improvements in energy effi-
ciency were not introduced [12]. According to ex-
pert estimates from Buildings Performance Insti-
tute Europe, the total net social benefits of imple-
menting a deep thermal modernization program by
2045 could reach about 170 billion euros [11].

Starting from 2021, all newly constructed build-
ings will require very low energy, covered mainly
by renewable resources. The share of energy from
renewable sources is steadily increasing (Fig. 2.)
Renewable energy can supply two-thirds of the total
global energy demand, and contribute to the signi-
ficant greenhouse gas emissions reduction [13-16].
Using new datasets for renewable energy, the tech-
nical and economic possibilities of accelerating the
implementation of this type of energy to 2050, were
tested. The share of renewable energy in total
primary energy supply would rise from 14 % in
2015 to 63 % in 2050. The share of renewable en-
ergy in the power sector would increase from 25 %
in 2015 to 85 % in 2050. Energy efficiency, low-
carbon economy, and renewable energy would res-
ult in emissions reductions of 48-58 % by 2030 and
95 % by 2050. It has been also estimated that the
potential for reducing carbon dioxide emissions in
the operation of buildings up to 2030 is 3,7 Gt. Per-
centage share in each region is shown in Fig. 3 [7,
13-16].
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Fig. 1. Cumulated energy savings [12]
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Fig. 2. Share of energy from renewable sources [13-14]:

m — share of energy from renewable sources in gross final consumption of energy, 2005;
m — target for share of energy from renewable sources in gross final consumption of energy, 2000
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Fig. 3. The potential for reducing CO, emissions in the operation of buildings up to 2030 [13-14]

Reducing energy consumption by introducing
innovative technologies and solutions and adapt-
ing existing buildings to energy-saving construc-
tion standards combines energy and economic ef-
fects with care for the health and comfort of users
and limiting the negative impact of buildings on
the environment and climate.

It is estimated that households are the largest
heat consumers, their share in the heat consump-
tion market is about 50% [17]. Bearing in mind
the implementation of energy efficiency and the
principles of sustainable development in building
construction, the effects of reducing energy con-
sumption in the group of 9 residential buildings
were analysed.

In Poland, there are about 6 million buildings.
About 85 % of them are characterized by signific-
ant heat losses due to inappropriate thermal insu-
lation of individual building envelope [18]. About
60 % of heating and 70 % of hot water prepara-
tion in these buildings is carried out from indi-
vidual sources based on solid fuels [19]. It is
mainly coal (domestic fuel), which often is poor
quality. This results in a significant emission of
air pollutants into the atmosphere. Therefore, air
quality in Poland continues to give cause for
severe concern [20]. As air quality declines, the
risk of stroke, heart disease, lung cancer, chronic
and acute respiratory diseases, including asthma,
increases. Air pollution shortens the lives of the
average European Union citizen by more than 8
months. For the Polish residents, this value in-
creases by 1-2 months. It causes the premature
death of about 46,000 people in Poland every year
[21, 22]. This is 10 times more than in the case of
road accidents. Households have been causing
55 % particulate matter PM 2.5 and 23% nitrogen
oxides emissions in recent years [23].

Purposes of the article. Given the significant
heat consumption in residential buildings and
their negative impact on the environment, particu-
larly due to low carbon emissions and the phe-
nomenon of smog, including this group of build-
ings in the program of deep thermal moderniza-
tion should bring measurable benefits resulting
from the reduction of energy consumption. This
will not only economic but also the environ-
mental, utility, and social benefits [11, 24-27].

Estimated buildings. The group of analysed
buildings are multi-family residential, built in the
1950s and 1960s. The buildings were made in tra-
ditional technology with brick walls and precast
beam and hollow tile ceiling. The buildings were
3 and 4 storeys. They have a complete basement
and an unused attic. Although the structural ele-
ments were intact, the general technical condition
of the buildings was poor. First of all, the facades
were damaged. There were numerous defects in
the external plaster and flashings. Old wooden
windows and doors were characterized by low in-
sulation and tightness. The installations were out-
dated and inefficient. There was a lack of patency
of some chimney and ventilation ducts. The ab-
sence of thermal insulation, both in the walls and
ceilings, resulting in significant heat loss. Heating
of buildings and preparation of hot water was
mainly based on solid fuels.

Based on auditing analysis, the actions to
deep thermal modernization in the studied build-
ings were taken. Insulation of partitions using
mainly polystyrene and mineral wool and replace-
ment of wooden windows for modern UPVC win-
dows and doors, as well as modernization of the
heating and hot water preparation system were
carried out. The values of heat transfer coeffi-
cients for building envelope before and after
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thermal modernization are presented in Table 1.
Two buildings were already connected to the
central heat network, three — to the local heat net-
work. They had gas water heaters. The others
equipped by individual heating and hot water pre-
paration. In buildings with individual heating, the
creation of own boiler rooms, central heating sys-
tem and preparation of hot water was proposed. In
addition, during the thermal modernization, the
works should include the necessary overhaul of
the cold water and sewage system, as well as, de-
fective ventilation must be cleared.

Energy and economic effects. The economic
benefits resulting from the energy effects associ-
ated with the reduction of fuel, water and electri-
city consumption are, above all:

* the reduction of charges incurred for the

use of buildings;

* the increase in economic development in
sectors related to thermal modernization,
which causes the creation of new jobs;

* reduction of expenses for improvement of
public health and the state and protection of
the environment.

As a result of the thermal modernization, the
final energy demand for heating, ventilation and
hot water preparation decreased by in the range of
35-65 %. Before thermal modernization, the final
energy demand for heating and hot water prepara-
tion was on average 186.4 kWh/(m*year) at
standard deviation 54.6 kWh/(m*-year). After
thermal modernization, it will be decreased to
89.6 kWh/(m?-year) on average at standard devi-
ation 21.3 kWh/(m*-year).

The average usable floor space of a flat in
Poland is 78.2 m’. The average annual energy
consumption in a household is 84 GJ and its cost
is about 1000 euros [17]. Due to the steady in-

crease in the costs of fuels and energy, there is a
continuous increase in the costs of operating
buildings. However, measurably skipping the
thermal modernization program would increase
these costs. Especially, the replacement of coal
into gas fuel may not cause measurable economic
benefits. However, it will significantly reduce
low-carbon emissions and costs associated with
coal boiler operation.

Reduction of energy demand in the analysed
group of buildings will cause an average of about
40 % decrease in fees. After thermal moderniza-
tion the consumption of water decreased by about
10 %, and also the electricity of about 26%, cer-
tainly due to the lack of necessity to reheat the
rooms and the use of energy-saving lighting.

Environmental effects. Environmental be-
nefits are associated with the reduction of emis-
sions into the atmosphere of harmful substances
from the combustion of fuels, primarily solid,
used to generate energy. The substances lead to:

* negative changes in the Earth's climate
* deterioration of the quality of life

* problems of human health

* increase in mortality.

Harmful substances for humans that espe-
cially increase the risk of cardiovascular and res-
piratory diseases or death are [28, 29]:

* above all particulate matters PM10 and
PM2.5;

* polycyclic aromatic hydrocarbons, e.g.
benzo(a)pyrene, dioxins;

* sulphur dioxide;

* nitrogen oxides;

* carbon monoxide;

* carbon dioxide;

* heavy metals.

Table 1

Heat transfer coefficient of analysed buildings (own research)

Heat transfer coefficient, W/(m* K)

Building envelope Before thermal modernization After thermal modernization
Harmonic mean | Standard deviation [ Harmonic mean | Standard deviation
Walls 1.32 0.18 0.22 0.03
Ceilings under attics 1.47 0.34 0.17 0.02
Ceilings above basements 1.29 0.25 0.32 0.06
Windows 2.50 0.40 1.60 0.20
Doors 3.42 0.59 2.53 0.86
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Poor air quality is particularly troublesome
during the heating season. Pollutants introduced
into the air as a result of emissions accumulate
around the place of their production and are, un-
der unfavourable weather conditions, the cause of
the formation of smog.

Reduction of energy demand leads to decreas-
ing the amount of fuel necessary to it produce
(hard coal was accepted for district heating). This
causes a reduction of burdensome emissions into
the atmosphere of harmful substances arising in
the process of fuel combustion. This is particu-
larly beneficial for individual boiler rooms. The
percentage reduction in emissions of individual
harmful substances into the atmosphere when
leaving coal as an energy source after thermal
modernization is shown in Fig. 4. The use of gas
will result in an almost 98-100 % reduction of
pollution into the atmosphere.

Usable effects. The utility benefits are associ-
ated with the improvement of the quality of the
indoor environment, thermal comfort and living
comfort. An improper condition of the indoor en-
vironment can lead to the phenomenon of sick
building syndrome. Prolonged stay in such an en-
vironment causes and intensifies the symptoms
associated with the malfunctioning of the body
and leads to its weakness or disease. The results
of research conducted among residents regarding
the conditions of interior microclimate and
thermal comfort of people also indicate a signific-
ant improvement in the room's environmental
conditions and the feelings associated with being

Particulate matter PM2,5

Particulate matter PM10

Nitrous oxide (N20)

Sulfur oxides (SOx)

Carbon monoxide (CO)

Carbon dioxide (CO2)

Methane (CH4)

Benzo(a)pyrene B(a)P

0% 10 %

20%

in them. An increase in indoor air temperature and
a decrease in air humidity were observed. High
humidity due to energy-saving (low internal tem-
perature) is unfavourable due to growth of fungi,
which releases carcinogenic mycotoxins, and
damage of internal surface finishing.

The conditions of the thermal comfort of the
inhabitants were also radically improved. Before
carrying out thermal modernization works, as
much as 71 % of residents indicated the inad-
equate condition of the indoor environment
(Fig. 5). During the research, the sick building
syndrome symptoms were noted in people staying
in the rooms, which they identified with long-
term staying in a given environment. The study
was based on questionnaires. The occurrence of
symptoms in the studied respondents before and
after thermal modernization is presented in Table 2.

Some of the sick building syndrome symptoms
such as above all flu-like symptoms or nose irrita-
tion and rhinitis partly receded after thermal mod-
ernization. Increased fatigue, sleepiness and diffi-
culty in concentration which may be related to
overheating of the rooms, excessive tightness of
windows or the growth of the level of carbon diox-
ide in the rooms. An important aspect of thermal
modernization, especially in buildings with a low
technical standard, is the increase in the value of
housing resources and the building itself, as well as
their attractiveness related to the possible sale as
well as the aesthetics of the building and its sur-
roundings.

30% 40% 50% 60% 70%

Fig. 4. Percentage reduction in emissions of individual harmful substances (own research)
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Fig. 5. Percentage of thermal fillings of respondents before and after thermal modernization (own research):

M _ before thermal modernization;
m — share of energy from renewable sources in gross final consumption of energy, 2005;

I _ after thermal modernization

Sick building syndrome symptoms before and after thermal modernization [own research] fuble2
Symptom occurrence, %
Sick building syndrome symptoms
before thermal modernization after thermal modernization
Eye irritation 21.6 7.4
Throat irritation, cough 46.7 17.5
Nose irritation, rhinitis 39.5 25.6
Headache 35.6 30.4
Itching and dry skin 14.1 11.2
Flu-like symptoms 29.2 9.9
Malaise 37.9 17.4
Difficulty in concentration 26.7 42.1
Fatigue and sleepiness 23.6 41.2
As a result of the thermal modernization, elderly.

there was an improvement in safety related to the
elimination of individual heating sources and the
risk of poisoning from inefficient smoke and
ventilation ducts. In individually heated buildings,
the creation of a central heating system and hot
water preparation has contributed to the improve-
ment of the standard of flats and the quality of
their use, which is especially important for the

The elimination of individual heating sources
has contributed to increasing the cleanliness of
the rooms and reducing the costs of renovating
them. In general, residents rated the quality of in-
door before thermomodernization as unsatisfact-
ory (51.3 %) and poor (12.3 %). After the thermal
modernization, the majority of residents assessed
the quality of the indoor environment as very

11
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good.

As a result of the renovation of the fagade,
thermal modernization activities brought an aes-
thetic effect. It was further strengthened as a res-
ult of ordering the environment and its greening,
made thanks to the involvement of the residents
themselves. The works improve the standard of
the apartments and the whole building, contribut-
ing to the increase in the value of the apartments
as well as the attractiveness for their sale.

Social effects. Social benefits are primarily
associated with the reduction of energy poverty,
stimulating public awareness of energy-efficient
activities and the phenomenon of social exclusion
due to the poverty. Conducting activities related
to deep thermal modernization of the building
structure, especially within degraded areas, can be
a positive element conducive to urban regenera-
tion.

Conducting a deep thermal modernization of a
building allowed reducing the costs associated
with its operation, which undoubtedly improves
the financial situation of the poorer residents. An
increase in fuel prices could lead these inhabitants
to energy poverty, which occurs when the costs of
ensuring an adequate indoor temperature in
winter and summer exceed 10-20 % of the house-
hold budget.

Preparation, implementation and use of the
results of a thermal modernization project may
also result in many of beneficial elements in the
area of functioning of the local community. The
social awareness and activity of the inhabitants
are stimulated. They are more willing to take care
of the common property, which is the renovated
building.

The implementation of energy-efficient solu-
tions favours the energy-saving and ecological at-
titude of residents and is a model for the owners
of neighbouring residential buildings. Exemplar-
ily implemented thermal modernization projects
can become an impulse to stimulate this type of
activities among building owners and administrat-
ors, especially in smaller, often more integrated
local communities.

Conclusions. Maintaining the current level of
production and living standards, while caring for
the environment and good health condition of so-
cieties, is possible due to rational management of
energy resources and proper shaping of the energy
performance of erected buildings, as well as im-
proving the characteristics of existing buildings,
taking into account the economic, environmental
and social efficiency of the conducted projects.

Such activities perfectly fit into the idea of sus-
tainable development, which assumes satisfying
the basic needs of society as well as preserving,
protecting and restoring the proper condition of
the natural environment of the Earth. Conducting
deep thermal modernization not only allows for
rationalization of energy consumption or reduc-
tion of building operation costs but at the same
time minimizes the harmful impact of the build-
ing on the environment, resulting from the use of
natural resources and the emission of harmful
substances generated in the process of fuel com-
bustion to the atmosphere, improves the condition
of the interior environment, increases its comfort
use and brings numerous benefits in the social
sphere. The article presents the results of thermal
modernization activities carried out in a group of
multi-family residential buildings. The problem of
non-compliance with applicable requirements in
the field of thermal protection of buildings is ex-
tremely important as it currently concerns a signi-
ficant part of existing housing resources. In addi-
tion to the economic benefits resulting from the
obtained energy effect, thermal modernization
activities have contributed to the improvement of
the outside air quality, interior microenvironment
and thermal comfort of people, as well as to the
increase in the standard of use of buildings and
the quality of life of their residents. Improving the
comfort and safety of use is important especially
for people in elderly age, who are often the major-
ity of residents of buildings with particularly un-
favourable energy parameters. Creating one boiler
room in a building prevents the combustion of all
kinds of plastics or rubber waste, so commonly
practised by individual furnace users, which is a
source of highly toxic, polycyclic aromatic hydro-
carbons, dibenzofurans or dioxins. This contrib-
utes to the increase of ecological awareness of the
local community in the scope of reducing envir-
onmental pollution by combustion products dur-
ing the heating of buildings. Thermal moderniza-
tion was particularly beneficial for people with
lower incomes. Conducting thermal moderniza-
tion allows radical reducing of operating costs,
and thus, improve the financial situation of poor
social groups, eliminates the phenomenon of en-
ergy poverty, and also increases the value of an
owned property. An underestimated effect of
thermal modernization was also the possibility of
a beneficial effect on the consolidation and stimu-
lation of the activity of local communities.
Thermal modernization can also be an impulse to
undertake revitalization activities.
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Anomayis. 36epedcenHa NnomouHozo obOca2y i AKOCMI UpPOOHUYMEa, pieHA dcumms npu O00AlIUEOMY CMAGIEHHI 00
HABKONMUWIHBO20 Cepe0suLya, d MaKodic 3abe3nevents 300pos s CyCRilbCmea MOJICIUSE 3A605KU PAYIOHANLHOMY YNPAGIIHHIO
enepzopecypcamu i npasuibHOMY QOPMYBAHHIO eHEPeeMUYHOT XAPAKMepUCMUKY 36e0eHUX OYOUHKIG, d MAKOINC NONINUEHHS
eHepeemuuHux eracmueocmell HaseHux Oyodigenv. Cymov peanizayii npoepamu 2iubOKoi mepmomooeprizayii HAs6HUX
6y0dieenb nonseac 6 O0CASHEHHI He MIIbKU eKOHOMIYHUX, alle U eKONOSIYHUX, YHKYIOHANbHUX, COYIANbHUX, [HMEeSPaAyiiuHUX
ma inwux nosumusHux egexmis. bnusvko 70 % enepeii 6 6y0ienax GUKOpUCMOBYEMbCA 0Nl ONANEHHA MA 6UPOOHUYMEA
eapayoi 6oou. Jlomawini cocnooapcmea € HaudINLUWUMU CROJICUBAHAMY MEeNIomU. Y cmammi ananizyemocs 6NIUG 3HUICEHHS
CROJMCUBAHHA MENIOMU HA eKcnayamayitui xapakmepucmuku 0yoieni. OCHO8HI eKOHOMIUHI eghekmu mepmomooepHizayii
noe’s3ami 3i CKOPOUEHHAM CNOJNCUBAHHA NANUBA, 600U Ui elekmpoeHepaii, a omoice, Qinancosumu sumpamamu. Haeedeni
ehexmu makosic no6’s13ani 3i 3MEHUIEHHAM 3A0PYOHEHHsl NOGIMPs, NOMINUIEHHIM YMO8 MIKDOKAIMAmy 6 NpUMIilyeHHsX |
be3nexu Kopucnmyeauie, a makodiC YCYHEHHAM eHepeemuyHoi OiOHoCcmi | nioGulyeHHsAM 0DI3HAHOCMI CYCRITbCmea 6 2aysi
eHepeoehexmuenocmi. Y cmammi npedcmaeieni pesyibmamu  3ax00i8 3 MOOepHI3ayii, NpogedeHux 'y pyni
bazamokeapmupHux Hcumnosux 0younkie. IIpobnema negionoioHOCMI YUHHUM 6UMO2AM Y 2ay3i menio3axucniy 0yoigens €
HAO038UYALHO 8AJICTIUBOI0, OCKINLKU HAPA3T CIOCYEMbCA 3HAYHOT YACTMUHU HAABHUX JCUMII08UX pecypcis. OKpimM eKoHOMIYHUX
6UC00 6I0 OMPUMAHO20 €EHePEeMUYHO20 epeKmy, Mennosi MoOepHi3ayii CRpUANU NOKPAWEHHIO AKOCMI 306HIUHbLO2O
noGImpst, MIKpOKIIMAmMy ma meniogo2o Komgpopmy noell, a makodic niosulyeHHI0 pieHs sUKopucmants Oyoieens ma Akicms
ocumms  ix mewxanyie. Pesynemamu Oocniodcenv noxazanu piske 3MeHUleHHs KITbKOCMI He3a00801€eHUX CMAHOM
BHYMPIUHBLO20 NOBIMPAHO20 cepedosuwya niciis mepmomodeprizayii. Iliosuwenns Komgpopmy ma b6e3nexu GUKOPUCAHHS
8aJICIUBO 0COOIUBO O MH0O0Ell NOXUN020 GIKY, SKI HACMO € OInbUicmIo MeuKanyie 6yOuHKi@ 3 0COOIUBO HECNPUAMIUSUMU
eHepeemuyYHUMU Napamempamu.

Kurouosi cnosa: eumepeocnosicueanns, enepzoehekmusricmos, 3a0pyOHeHHs NOBIMPs, MIKPOKIIMam
NPUMILYEHHI.
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OueHka 3(p(heKToOB CHMXKEeHUA NOTPebreHNsa aHeprum Ha oTonsieHne 3g4aHun

A. Ilnc

K.T.H.,. UeHCTOXOBCKHUiI MOMUTEXHUIECKHI yHUBepcuTeT, YencToxosa, [lonbiua, anna.lis@pcz.pl, ORCID: 0000-0001-9497-5754

Annomayus. Coxpanenue meKyuje2o YpoeHs NPOU3GOOCMEA U CMAHOAPMO8 JICUZHU NpU OepelCHOM OMHOUIeHUU K
OKpydIcalowell cpede u obecneuenul Xopouieco 300po8bs 0OUecmea 803MOACHO ONaA200aps PAYUOHATLHOMY VYAPAGIEHUIO
SHEpaopecypcamu U NpasuibHOMY (QOPMUPOSAHUIO IHEPLEMUYECKOU XAPAKMEPUCMUKU 603600UMbIX 30aHUll, d Maxice
VIYYUEHUIO IHep2emudeckol xapakmepucmuky cyuecmeyiowux 30anutl. Cymos peamuzayuu npoepammvl  2iyOoKou
MEPMOMOOEPHUZAYUU  CYUeCBYIOWUX 30QHULL  3aKTI0OYAEMCcsl 68 OOCMUIICEHUU He MOAbKO IKOHOMUYECKUX, HO U
9IKONO2UYECKUX, (DYHKYUOHAILHBIX, COYUANbHBIX, UHMESPAYUOHHBIX U OPY2UX NoLodcumensuvix pesyismamos. Okoro 70 %
SHepeuu 8 30aHUAX UCHOb3Yemcs O07A OMONWIeHUs u nodozpesa ecopauell 600bl. JlomauwiHue X03atcmea AGIAIOMCs
KpynHeuwumu nompebumenimu meniomsel. B cmamve ananusupyemcs enusuue cuudiceHus nompeOieHus meniomvl HA
akcnayamayuonnvle Hysucovl. OCHOBHbIE IKOHOMUYECKUE IPpexmbl mepmMoMOOepHU3AYUL, CESA3AHbI C  COKPAUCHUEM
nompeonenus. monaued, 6006l U INEKMPOIHEPSUU, A CLe008AMENbHO, GUHAHCO8LIMU pacxodamu. [Ipusedénnvie 3¢hghexmot
Makoice CGA3AHLI € YMEHbUIEHUEM 3a2PSI3HEHUsl B030YXd, YAyHUleHUeM YCA06Ull MUKDOKIUMAMA 6 NOMEWeHUsIX u
6ezonachocmu  Jlcumenetl, a MaKdce YCMPAHEHUEM IHEPLEMUYECKOU OeOHOCMU U NOGbIUEHUEM O0CE8EOOMIEHHOCMU
obujecmea ¢ obnacmu suepeodghpexmuenocmu.

Kniouesvie  cnosa:  smnepeonompebnenue,  duepeodppexmusHocmy,  3acpAsneHue  6030yxa,
MUKPOKTIUMAM NOMEU eHUU.
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