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Abstract:

Introduction/purpose: The construction industry is one of the main
producers of dust, greenhouse gases and air pollutants. Effective operation
and management of construction site operations can significantly reduce
projects' carbon footprints and other environmental impacts. Through the
cooperation of a scientific and research institution and a construction
company, the real-time monitoring of air quality at a construction site was
implemented using loT technologies.

Methods: An loT-based system framework that integrates a distributed
sensor network to collect real-time data and demonstrates air quality at a
construction site was implemented. Different types of sensors were used
to collect data related to NO2, PM2.5, and PM10 particles, as well as
meteorological parameters — wind speed and direction, humidity, pressure,
and temperature.

Results: The results of real-time measurements provide a picture of the
state of air pollution at the construction site and the connection with
construction activities that can be managed in order to reduce the
concentration of polluting gases and suspended particles. Through on-site
monitoring of a construction site in Belgrade City, this study found that the
dust level due to construction activities is relatively high.

Conclusion: It can be concluded that the construction activity had a
significant impact on the air quality in the construction surrounding areas.
Regarding the main factors affecting the building construction dust
emission, the correlations show that building construction dust emission
was not significantly correlated with meteorological factors.

Key words: construction site, PM concentration, correlation,
meteorology.
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Introduction

With the looming consequences of climate changes, sustainability
measures, including quantifying the amount of air pollution during various
types of activities, have become an important goal in all branches of the
economy, including the construction industry. All construction sites
generate high levels of pollution over a long period of time. The
construction industry is one of the main producers of greenhouse gases
(GHG) with a share of about 12% of the total world emissions. According
to official figures from the Delhi Pollution Control Committee (DPCC), 30%
of air pollution by dust is caused by emissions from construction sites.
Various construction activities such as excavation, diesel engine
operation, demolition, burning and working with toxic materials contribute
to air pollution. The main factor that contributes to air pollution with nitrogen
and sulfur oxides during construction projects is the use of heavy
equipment, ie., machines (excavators, loaders, bulldozers, etc.) as a
result of burning the fuel used by these machines. PM pollution is mainly
attributed to excavation work. A significant source of PM 2.5 particles on
construction sites are exhaust gases from diesel engines and diesel
generator sets, vehicles and heavy equipment. Harmful substances from
oils, glues, solvents, paints, treated woods, plastics, cleaning agents, and
other hazardous chemicals widely used on construction sites also
contribute to air pollution.

In the Balkans, Serbia is the leader in the construction industry which
is growing year by year. In August 2022, 2,562 building permits were
issued. This construction trend promises a further significant increase in
the concentration of greenhouse gases and other pollutants. For these
reasons, it is primarily necessary to introduce monitoring of polluting gases
and PM particles in real time in order to propose measures to reduce the
concentration of polluting gases and PM patrticles through insight into the
amount of pollution present and depending on the atmospheric conditions.

Although emissions of harmful substances in the construction industry
are becoming more and more significant due to the accelerated trend of
construction in Serbia, a real-time emission monitoring tool, essential to
help construction teams avoid excessive emissions of harmful substances,
has not yet been introduced to the construction sites in the Republic of
Serbia. The considerable importance of the application of this system and
the implementation of this type of research is for the health of employees
at construction sites who often have health problems due to the working
conditions, i.e., the poor air quality at construction sites, which sometimes
reaches such a bad quality that it endangers the lives of workers.
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Particulate matter (PM) is one of the most common air pollutants
globally as well as nitrogen oxides (NOx), photochemical oxidants
including ozone (03), carbon monoxide (CO), lead (Pb), and sulfur
dioxides (SO2). (EPA, 2022)

In the last few years, research has been done on the effects on dust
concentration at construction sites, with a focus on PM10 and PM2.5 (De
Moraes et al, 2016; Hassan et al, 2016; Yan et al, 2019). It was found that
there are a number of factors that influence the concentration of PM particles
at construction sites. Certainly, the surroundings of construction sites
represent a source of certain emissions that are transported and registered
on construction sites themselves, independently of the activities on
construction sites. These are so-called background emissions. When it
comes to meteorological factors, several studies have been done on the
connection between meteorological parameters and the concentration of
polluting substances (including PM particles), and there are conflicting views
on that topic. Some authors (Aradjo et al, 2014) believe that meteorology
has an extremely important influence on the concentration of PM particles
at the construction site, although due to the lack of concentration data, they
failed to develop a model for the dependence of PM patrticle concentrations
on meteorological parameters. According to some other authors (Zhang et
al, 2010), dust emissions from construction sites have significant seasonal
changes, which was also confirmed by other researchers in their research
(Zhao et al, 2010). This again indicates a strong relationship between the
concentration of PM particles and meteorological parameters. In some
research (Luo, 2017; Wei et al, 2022) that also studied the relationship
between construction works and meteorological parameters, it was
concluded that PM particles are highly positively correlated with wind speed
and relative air humidity, and weakly with temperature. In addition to
excavation work, internal works on buildings also have a certain contribution
to emissions. Kinsey et al (2004) found that vehicles leaving a construction
site can carry a large amount of dust and sediment to nearby roads, leading
to the rise of secondary dust. Azarmi et al (2014) carried out a detailed
monitoring of certain phases of work on the construction site, such as
concrete mixing, driling and cutting. PM10, PM2.5, and PMO0.1
concentrations of PM particles during drilling and cutting activities were up
to 14 times higher than background concentrations. Moraes et al. (2016)
focused on monitoring the concentration of particulate matter (PM10)
generated from concrete and masonry in construction activities. These and
similar studies have shown that certain phases and activities during work on
construction sites are an important factor that affects the concentration of
PM particles. (Font et al, 2014).
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The goal of this research is a deeper and more detailed analysis of
the relationship between the concentrations of PM particles on the
construction site that are emitted due to excavation work and
meteorological parameters. The data analysis was done to check the
possibility of applying artificial intelligence to predictions of the
concentration of PM particles depending on weather conditions.

Materials and methods

The experiment, which consisted of measuring the concentrations of
suspended particles PM2.5 and PM10, then NO2, as well as
meteorological parameters (pressure, temperature, humidity, speed and
wind direction) was carried out at one construction site in Belgrade (Fig. 1)
during 15 days in July 2022, from the first to the fifteenth of July. The
excavation zone is located west of the location of the measuring station,
while additional sources of emissions on the construction site, such as
waste, carpentry and reinforcement works, are placed on the north from
the monitoring device on the constructin site. Fig. 1 shows the distances
of individual emission sources from the measuring station. Emissions from
other sources come from the south and east direction and can be treated
as background emissions.

reinforcement
plant

waste

excavation zone

measuring
station

O S

Figure 1 — Sketch of the construction site with the marked positions of the measuring
device, the excavation zone, as well as other potential sources of emissions
Puc. 1 — 3cku3 cmpoumernbHoU nnowadku ¢ 0mMeYeHHbIMU Mecmamu PacrosioXeHUs
u3mMepumerbHo20 npubopa, 30HbI 8bIEMKU 2pyHMa, a makxe Opyaux 803MOXHbIX
UCMOYHUKO8 8bI6pOCOo8
Cnuka 1 — Ckuya epadunuwma ca obesniexxeHUM riofioxajuma mepHoz ypehaja, 30He
uckona, Kao u dpyaux rnomeHuyujasaHuUx usgopa emucuja
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During all fifteen days, two electrically-powered machines were
working in the excavation area. All days except Sunday, work was done
from 13:00 to 17:00. The waste was taken away by truck every day.The
devices used were of a sensor type and the results were recorded every 5
minutes. The RS-MG111-WIFI-1 is an air environment multi-element
transmitter. It is used to detect NO2, PM2.5, and PM10. The transmitter
adopts the original imported sensor and control chip, which has the
characteristics of high precision, high resolution, and good stability. Using
WIFI network transmission, it is directly connected to the on-site WIFI
network, and the connection is convenient. With the free monitoring
platform software or the free 10T cloud platform, it directly formed an online
Integrated air environment monitoring system, widely used in building
HVAC, building energy saving, smart home, schools, hospitals, airport
stations, and other places. Another device is the CC-M12 weather station:
an anemometer (WD, WS), temperature, pressure and humidity with
RH&T and 4G communication. The devices are portable (with the
possibility of installation outdoors and indoors). Such a system allows the
manager of the construction site and the company to have a detailed
insight into the quality of the environment in real time. In doing so, sources
of harmful gas emissions are identified from three main activities in
construction: earthworks, transport, and interior works. Different types of
sensors were used to collect data related to NO2, PM2.5, PM10 particles,
as well as data related to meteorological parameters — wind speed and
direction, humidity, pressure and temperature. The web and mobile
application  provides data visualization (map, list, chart),
notifications/alarms when values are outside the defined range, algorithms
for data processing, export to csv file. SPSS 23.0 statistical software was
used for data analysis in this study.

Results and discussion

The measurement results are shown in Table 1. The results are given
as Full Day results (FD), measurement results during the total time, 24
hours a day, for all 15 days, as well as Working Hours results (WH) that
show the separated working hours from 7 a.m. to 5 p.m. on weekdays
(Monday to Saturday).

By monitoring the concentration of polluting substances, three sets of
data were obtained, including PM2.5, PM10, and NO2.

From the results shown, it can be seen that the PM2.5 concentrations
ranged from 1 to 133 pg/m? throughout the day, i.e., in a period of 24 hours
a day, while during working hours they ranged from 1 to 71 pg/m3. The
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average value of the PM2.5 concentration for all 15 days was 15.301 pg/m?
during the whole day's observation, while during working hours it was
14.66 pug/m3. For all 15 days, the average daily concentrations of PM2.5
were, respectively: 26.46, 14.69, 21.06, 26.87, 27.09, 15.76, 15.16, 16.55,
11.66, 7.26, 5.75, 9.38, 8.36, 10.20, and 15.26 pg/m3,

Table 1 — Basic statistical analysis of the measured parameters
Tabnuua 1 — ba3oebili cmamucmu4eckuli aHanu3 uaMepsieMbIX rnapamempos
Tabena 1 — OcHosHa cmamucmuyKa aHanu3a MepeHux rnapamemapa

PM2.5 PM10 NO2 p T hum %
(mg/m®) | (ugim®) | (ug/m3) | (kapa) (°C) (%) (m/s)
FD av | 15.301 16.811 94.243 1004.78 25.192 51.030 0.354
FD 9.5752 11.155 131.989 2.618 6.401 18.534 0.698
SD
FD 1 1 0 999 12.4 18.1 0
min
FD 133 143 510 1010 46.2 98.3 17.8
max
WH 14.660 16.0597 167.741 1004.977 | 28.600 20.2 0.467
av
WH 9.147 10.577 144.859 2.835 5.556 13.749 0.574
SD
WH 1 2 0 999 15.2 91.1 0
min
WH 71 82 510 1010 41.1 40.696 3.2
max

From the results shown, it can be seen that the PM2.5 concentrations
ranged from 1 to 133 pg/m? throughout the day, i.e., in a period of 24 hours
a day, while during working hours they ranged from 1 to 71 pg/m3. The
average value of the PM2.5 concentration for all 15 days was 15.301 pg/m?
during the whole day's observation, while during working hours it was
14.66 pug/m3. For all 15 days, the average daily concentrations of PM2.5
were, respectively: 26.46, 14.69, 21.06, 26.87, 27.09, 15.76, 15.16, 16.55,
11.66, 7.26, 5.75, 9.38, 8.36, 10.20, and 15.26 pug/m?3,

The PM10 concentrations ranged from 1 to 143 pg/m? throughout the
day, i.e., in a period of 24 hours a day, while during working hours they
ranged from 2 to 82 ug/m3. The average value of the concentration for all
15 days was 16.811 pg/m?® during the whole day of observation, while
during working hours it was 16.06 pg/m3. For all 15 days, the average daily
concentrations of PM10 were, respectively: 29.18, 16.22, 23.05, 30.21,
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30.15, 16.97, 16.04, 17.50, 12.69, 7.98, 6.48, 10.55, 9.11, 11.08, and
16.94 ug/m?,

It can be noted that the highest values of PM10 and PM2.5 patrticle
concentrations were during the night hours, which can be attributed to
stabilization of the atmosphere.

According to the WHO limits, PM2.5 should not exceed 5 ug/m3
annual mean, or 15 pg/m3 24-hour mean while PM10 should not exceed
15 pg/m3 annual mean, or 45 ug/m3 24-hour mean. Analyzing the average
24-hour values for PM2.5 and PM10, it can be concluded that PM2.5
represents a far greater health hazard due to far higher values compared
to the prescribed daily limits. It can be observed that more than 50% of
days, including non-working days, PM2.5 exceed the permissible 24-hour
value according to the WHO standards, which is not the case with PM10.

The NO2 concentrations ranged from 0 to 510 ug/m?® throughout the
day, that is, during the 24-hour period, as well as during working hours.
The average value for all 15 days was 167.741 ug/m?® during the whole day
of observation, while during working hours it was 94.243 pg/m3. A
significant increase in NO2 concentration can be observed at the
construction site during working hours. About 70% is a higher average
daily value during 10 working hours compared to all 24 hours.

The impact on the concentration of NO2 can be explained by the
transport of waste that was taken to the construction waste disposal site
by truck every day, but also by the impact of traffic from nearby roads.

By monitoring meteorological data, five sets of meteorological data
were obtained, including wind speed and direction, temperature, humidity,
and atmospheric pressure.

The pressure ranged from 999 to 1010 kPa throughout the day, i.e.,
in a period of 24 hours a day as well as during working hours. The average
value for all 15 days was 1004.977 kPa during whole-day observation,
while during working hours it was 1004.78 kPa.

Humidity ranged from 18.1 to 98.3% throughout the day, i.e., in a
period of 24 hours a day, while during working hours it ranged from 40.696
to 91.1%. The average value for all 15 days was 51.03% during whole-
day observation, while during working hours it was 20.2%.

The temperature ranged from 12.4 to 46.2°C throughout the day, i.e.,
in a period of 24 hours a day, while during working hours it ranged from
15.2 to 41.1°C. The average value for all 15 days was 25.192 °C during
whole-day observation, while during working hours it was 28.6°C.

The wind speed ranged from 0 to 24.8 m/s throughout the day, i.e., in
a period of 24 hours a day, while during working hours it ranged from 0 to
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3.2 m/s. The average value for all 15 days was 0.354 m/s during the whole
day of observation, while during working hours it was 0.467 m/s.

Apart from the basic statistical analysis (Table 1), a correlation
analysis was done between the PM concentration and the meteorological
data. Table 2 shows that the concentrations of PM10 and PM2.5 were not
significantly correlated with any meteorological factor.

Table 2 — Values of the linear correlation coefficient among the measured
parameters
Tabnuya 2 — 3HayeHus KoaghguyueHma nuHelHoU Koppensayuu Mexoy
usmMepsieMbIMU napamempamu
Tabena 2 — BpedHocmu nuHeapHoe KoeguyujeHma Kopenayuje uamehy mepeHux

napamemapa

PM2.5 p hum T %
PM10 0.987 -0.092 0.299 0.201 0.003
PM2.5 1 -0.103 0.297 0.236 0.008
p 1 0.053 -0.416 -0.989
hum 1 -0.660 -0.030
T 1 0.326

A very high correlation between PM2.5 and PM 10 can be observed,
indicating their same origin. The correlation between PM patrticles and the
meteorological parameters shows a small value that is insufficient for the
application of meteorological parameters for predictive purposes using
some form of artificial intelligence such as ANN. The highest correlation,
although lower than 0.3, is between PM particles, humidity, and
temperature.

The reasons that led to this result could be that construction dust is
affected by many factors. Construction activities are a direct factor that
creates construction dust and have a major impact on construction dust
much more than meteorological factors. During the monitoring period,
meteorological factors did not change too much; in this way, the influence
of meteorological factors on construction dust can somewhat be
eliminated. Precipitation is the main factor influencing dust. Therefore, it
can be considered that the emission of construction dust is not significantly
related to any meteorological factor when it does not change too much.
To some extent, it is in accordance with the conclusions of the urban PM10
and PM2.5 research (Tian et al, 2014).

Fig. 2 shows the relationship between the concentration of PM10 and
PM2.5 particles and the direction of wind. The Figure shows the wind
directions in degrees from 0 to 360° on the x-axis. On the y-axis, PM2.5
and PM10 are represented by two different colors. A high degree of
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correlation between PM particles can be observed, but also that the
concentrations of PM2.5 and PM10 patrticles are increased when the wind
takes the direction of 0°, i.e., blows from the north, then 90°, from the east,
while other wind directions are followed by lower concentrations of PM10
and PM2.5 particles. These facts coincide with the position of waste
dosposal.
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Figure 2 — Dependence of the concentration of PM10 and PM2.5 particles on the
construction site on the wind direction
Puc. 2 — 3asucumocms koHUeHmpauyuu Yacmuy, PM10 u PM2,5 Ha cmpoumernbHoU
nnouwadke om HarnpaeseHus eempa
Crnuka 2 — 3asucHocm koHueHmpauuje yecmuua lMM10 u [M2,5 Ha epadunuwmy 00
npasua eempa

Conclusion

The data of meteorological and construction intensity were collected
to determine the main factors affecting the construction dust emission,
which can provide a basis for reducing the impact of dust generated by
construction activities on the surrounding area. The main conclusions of
the article are as follows:

Through on-site monitoring of a construction site in Belgrade City,
this study found that the dust emission level of construction activities is
relatively high. The average PM10 concentration was 16.42 pg/m? and
the PM2.5 concentration was 8.37 ug/m3. Analyzing the average 24-hour
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values for PM2.5 and PM10, it can be concluded that PM2.5 represents a
far greater health hazard due to far higher values compared to the
prescribed daily limits. In addition, compared with the upwind direction
concentrations, the construction site makes PM10 and PM2.5 downwind
direction concentrations increased by around 70% and 35%, respectively,
which indicates that the construction activity had a significant impact on
the air quality in the construction surrounding areas.

Regarding the main factors affecting the building construction dust
emission, the results show that building construction dust emission was
not significantly correlated with any single meteorological factor when it did
not change too much.

Considering a very low correlation between the concentration of PM
particles and the meteorological parameters, the possibility of applying
ANN for the purpose of creating a prediction model is excluded. A further
subject of research will be the application of machine learning in the
development of a predictive model that would aim at smart management
of the construction site while taking into account the quality of the working
and living environment.
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MOHUTOPUWHI 1 aHanNn3 Ka4yecTBa BO34yxa U METEOPONOrMYeCcKmX
napamMeTpOB Ha CTPOUTENBLHON NoLLaaKe C NOMOLLbIO MHTEPHETA
BeLllen

Jlazap b. Munusoesny

YHuepcuteT «YHUOH — Hukona Tecnax», dpakynbTeT ynpaBneHus
cTpouTenbCcTBOM, . Benrpaa, Pecnybnuvka Cepbus

PYBPUKA TPHTW: 28.23.00 VckyCCTBEHHBIN UHTENNEKT,
67.21.25 CTpouTenbHasa KNnMmaTorornsi, MeTeoposnorms
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3some:

BeedeHue/uenb: CmpoumernbHas ompacsib se8rsemcsi 00HUM U3
OCHOBHbIX UCMOYHUKO8 rbliesbi0enieHus], MapHUKOBbIX 2a308 U
3agpssHumeneld 803d0yxa. OppekmusHas  akcrninyamauyus U
yrnpaesneHue onepayusmu Ha o6bekme Mo2ym 3Ha4umersibHO CHU3UMb
yarnepodHhbll cried npoekma u Opyeue 8o30elicmeausi Ha OKpyxarouwyto
cpedy. [lpu  compydHudecmee  Hay4HoO-uccriedoeameribcko20
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yupexo0eHuss €O cmpoumesnbHbIMU KOMAaHusmMu 6bi1  nposedeH
MOHUMOpPUHe Kayecmea 6030yxa Ha cmpoumesnbHol rnnouwjadke 6
pexume peasilbHoe0 B6pPeMeHU C UCIMOIb308aHUEM MmexHooaul
WHmepHema seuwjed.

Memooeb!: Bbina eHeOpeHa cucmemMHasi niamgopma Ha OCHoge
UHmepHema eewell, komopasi UHMespupyem pacrnpedesieHHy
CEHCOPHY0 cemb Orisi cbopa OaHHbIX 8 PeXUME pearibHO20 8PeMeHU U
demMoHCcmpauyuu kadyecmea 6030yxa Ha cmpoumernbHol niouwadke. B
Xxo0e uccredosaHusi UCMOMb308auUCh PasfuyHble murbl 0amyuxkos Ors
cbopa daHHbIX, omHocsawuxcsa Kk yacmuuyam NO2, PM2.5 u PM10, a
makxe MemeoposioeuYeCKUM  napamempam —  cKopocmu U
HarnpaeJsneHuro sempa, ernaxHocmu, dassieHuro U memrepamype.

Pesynbmambi: Pe3ynbmambl onepamueHbiXx u3mepeHuli darom
npedcmasrneHue 0 COCMOSIHUU 3a2PsI3HEHUST amMOCcepHO20 8030yxa
Ha cmpoumernbHOU rowaldke, 6bI38aHHO20 CMPOUMESbHbIMU
pabomamu, KOMOPbLIMU MOXHO yrnpasensimb C UeNbl0 CHUXEeHUS
KOHUEeHmMpayuu 6bIX/I0MHbIX 2a308 U 838eWEeHHbIX Yacmuy. B
pesynbmame MOHUMOPUHea CmMpoumersbHbIX rnaowadok 8 eopode
benepad  ebisienieHo,  4MO  YpOBEHb  3arblIeHHOCMU  1Ipu
cmpoumesibcmee 0MmHOCUMEesIbHO 8bICOK.

Bbigeodbl: Ha ocHosaHuu pesynbmamog uccrnefogaHusi MOXHO
cOennamb 8bI800, YMO cmpoumersibHasi 0esimeslbHOCMb OKa3bieaem
3HayumersnbHoe 8o030elicmeue Ha Kayecmeo 6030yxa 86nu3su
cmpoumenbHoU nnowadky. Ymo kacaemcsi OCHOBHbIX ¢hakmopos,
enusilOWUX Ha ebidesieHue cmpoumernbHolU Mbinu, Koppensuuu
rokasblgarom, 4mo ebidesieHUe cmpoumesibHol Mbiiu He umeem
3HaqyumesnbHOU Koppesnsyuu ¢ MemeoposioaudeckuMu ghakmopamul.

Kntoyesbie cnosa: cmpoumernbHas nnowadka, KoHUeHmpauyus TH,
Koppernayusi, Memeoposioausl.

MOHWUTOPWHT 1 aHanusa KBanuTeTa Basgyxa v MeTeOpOOLLKMX
napameTtapa Ha rpagunuwTy y3 nomoh loT TexHonoruvja

Jlazap b. Munusojesuh

YHuBepauteT ,,YHUOH — Hukona Tecna”, ®akynTeT 3a rpaguterbCcku
meHalmeHT, beorpag, Penybnvka Cpbuja

OBNACT: pauyHapcke Hayke, rpaheBUHapCTBO
KATEFOPWJA (TWIM) YUNAHKA: opurnHanHu Hay4Hu pag

Caxemak:

Yeod/yurw: pahesuHcka uHAycmpuja je jedaH 00 enagHuUx rpousdeohaya
npawuHe U 2acosa cmakiieHe bawme Koju 3a2ahyjy ea3dyx. EcbukacHum
byHKUUOHUCareM U yrpasrbarbeM orepayujama Ha epadunuuimy Moxe
Cce 3HamHO CMarbUmU YelbeHUYHU Omucak rpojekma, Kao u oOpyau
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ymuyaju Ha XueomHy cpeduHy. CapalHOoM Hay4YHOUCmpaXueaydke
ycmaHose U epaljeBUHCKe KOoMMaHuje peanu3osaHo je npaheme
Keanumema sa30yxa Ha gpadunuwimy y peasiHoM 8peMeHy Kopuwhermem
loT mexHoroauja.

Memode: VimnnemeHmupaH je CUCMEMCKU OKeup 3acHoeaH Ha loT
mexHorsoaujama Koju uHmezpuwe ducmpubyupaHy CeH30PCKY MPEXy 3a
MpUKyr/bare rodamaka y peasiHoM 6peMeHy U OeMOHCmpupaHe
Keanumema ea3dyxa Ha epadunuwmy. Pasnuyumu murosu ceH3opa
KopuwheHu cy 3a npukyrnrbake nodamaka kKoju ce oOHoce Ha NO2 u
yecmuye PM2,5, PM10, kao u Ha Memeoporiowike rnapamempe — 6p3uHy
u cmep gempa, 8riaXxxHocm, fpumMucak u memrepamypy.

Pesynmamu: Pesynimamu Mepera y peariHoM 8peMeHy npuKkasyjy CruKy
cmarba 3azaheHocmu easdyxa Ha epadunuwimy U roeesaHocm ca
epahesuUHCKUM akmugHOCMUMa KojuMa ce MOXe yrpasrbamu Kako 6u ce
CMamuna KOHueHmpauuja 3aeafjyjyhux eacoea u cycrieHO08aHuX
yecmuya. [Npaherwem epadunuwma y beoepady ymepheHo je Oa je HUgo
npawuHe ycned epahe8UHCKUX aKmueHOCMU pPeramugHO 8UCOK.

Sakrbyyak: pahesuHcka akmueHocm uUMarna je 3HadyajaH ymuuaj Ha
Keanumem ga3dyxa y OKOnuHU epafjesuHckoe rnodpydja. LLImo ce mudye
anasHuUx hakmopa Koju ymudy Ha emucujy epaliesUHCKe mpauwiuHe,
Kopernayuje rnokasyjy 0a emucuja epalje8uHcKe npawuHe Huje y 3Ha4ajHoj
Kopernayuju ca MemeoposioWwKUM ¢hakmopuma.

KrbyuHe pedu: epadunuwme, KoHueHmpauyuja PM, kopenayuja,
mMemeoporoeuja.
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