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Summary

Fast technological development has made noise an inevitable part of
everyday life. The main sources of noise are: machines, factories, traffic
and noise from the neighbourhood. As a mixture of sounds of different
charcteristics, noise can be permanent, nonpermanent and impact with
different levels, duration and time distribution. Due to the harmful effects of
noise on human health, it is necessary to undertake steps which will
conrtribute to the reduction of noise levels. Noise pollution and activities
for the protection against noise have been analysed in this paper.

Keywords: acoustics, noise.

Introduction

Noise is most often defined as undesirable sound, and in that sense,
it obeys all laws of acoustics as a special part of physics which studies
generation, propagation and perception of sound.

Sound representes a type of a mechanical wave which can be
detected by the sense of hearing (Georgijevi¢, 2005, pp.253-257). It is
created by oscillating, in other words, by compression and spreading of air
molecules travelling under the influence of an external force. As every
mechanical wave, sound is determined by two basic physical parameters -
wavelength and frequency. Wavelength is a distance between two
neighbouring condensations, as well as two neighbouring attenuations of
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the medium through which sound travels. Frequency is the number of
oscillations produced in one second and is measured in the unit called
Hertz (Hz). A normal human ear can hear frequencies in the range from 20
to 20 000Hz. Every sound below a frequency of 20 Hz is called infrasound
and every sound under 20 000 Hz is called ultrasound; they have wide
application in medicine and technology. Certain animals (such as dogs,
cats, bats, etc.) have a much wider spectrum of hearing sounds (Figure 1).

Till 35,000 Hz Till 120,000 Hz

Till 25,000 Hz

Till 100,000 Hz

Figure 1 — Range of audibility in animals
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)
Puc. 1 - [uana3soH crbIiluuMocmu U80MHbIX
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)
Cnuka 1— Cnekmap 4yjHocmu Kod XUu8omuH-a
(http://www.znanje.org/i/i25/05iv08/05iv08091 1fll/zvuk.htm, 2016)

Sounds are, according to their characteristics, divided into two main
groups: murmurs and tones. A murmur is a sound which appears by
irregular oscillations of a sound source where the frequency is constantly
changed. A tone appears by regular oscillations of a sound source where
the frequency is constant.

Intensity of noise

Like every other type of a mechanical wave, a sound is determined
also by its intensity, which represents the amount of sound energy passing
through the surface area unit (Vuci¢ & lvanovi¢, 2000, pp.301-303). Also,
every sound source possesses certain power which is equal to the energy
which in the time unit passes through the surroundung space and is
expressed in Watts (W). The ratio of power and intensity of a sound wave
is given by the following expression (Sas, 2007, pp.6-7):

P=4m? = I[W] (1)

where:
P — source power
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I — sound intensity on the surface of the imaginary sphere
r—radius of the imaginary sphere

A direct application of the linear scale for measuring sound intensity
would lead to very big numbers which are, therefore, very difficult for
manipulation. Besides, the human ear does not respond to sound
stimulations linearly but logarithmically. For that reason, the concept of
subjective sound intensity is introduced in practice as (Sas, 2007, pp.7):

L= loloil(dB) )
[0
where:
| — objective sound intensity for the given subjective
l—objective sound intensity for the referent intensity (threshold of
hearing -10"W/m?)

The unit for this logarithmic ratio is decibel (dB).

A mechanical wave which has an intensity of about 10W/m? is not
experienced as a sound, because it produces pain in the ear. This value is
called the limit of pain. Subjective intensity of sound at the threshold of
hearing is 0 dB, whereas subjective intensity of sound at the limit of pain is
120 dB (Georgijevi¢, 2005, p.283). However, depending on the type of
sound, the feelings of pleasantness and unpleasantnessare not directly
connected to sound intensity. Some examples of sound intensity levels for
certain cases are given in Table 1 (Georgijevi¢, 2005, p.283).

Table 1 — Levels of sound intensity for characteristic cases
Tabnuua 1 — YpogeHb epoMKOCMU 38yKa XapaKkmepHbIX UCMOYHUKO8
Tabena 1 — Hueo ja4uHe 38yKka Kapakmepucmu4HUX usgopa

Sound intensity level Examples from the environment

130 jet engine at a distance of 20m

120 loud rock music

110 compression drill at a distance of 2m
100 motorcycle without silencers

90 car horn at a distance of 5m

80 loud shouting, heavy traffic

70 playing the piano, noisy restaurant
60 conversation, office

50 normal conversation, quiet street

40 quiet conversation, quiet music

30 very quiet surroundings

20 very quiet garden outside the town
10 rustling of leaves in the quietest wind
0 threshold of hearing
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Sources of noise

Noise represents an important, undesirable pollutant of the
environment. The level of noise depends on sound source power,
soundpath propagation length, i.e. on the distance from the emitter to the
sourounding of the recipient (Cvetkovi¢ & Pras€evi¢, 2005, pp.111-117).
The main sources of noise in urban areas are traffic noise, noise from the
neighbourhood and industrial noise (Beli¢ et al, 2009, p.5), (Damjanovi¢ &
Miti¢, 2015, pp.19-21). Traffic noise is present in most of the cities. It is
estimated that,duringa rush hour in city streets with heavy traffic, sound
intensity varies from 80dB onwards. A special threat to the population from
noise represents the proximity of airports wherethe level of noise in
adiameter of 1km is estimated to be 90dB and higher. As for the noise
from the neighbourhood, which includes playgrounds, schools,
kindergardens, etc., its general estimation is difficult and it mainly depends
on a concrete case. A pleasant place for living is considered to be a place
in which its intensity does not exceed 60dB at a distance of 25m from the
sound source.Industrial plants have different influence depending on
working places, but in most cases they represent a source of so-called
constant noise which appears in the uniform work regime. Particularly
harmful to health are sound sources representing different types of very
fast impacts or explosions (less than 1s). They are, by the rule, differently
categorised in order to determine their impact on the human health.

Influence of noise on the human health

Contemporary processes of urbanization and industralization are
constantly increasing the number of noise sources so that today there is
almost no working place or settlement not exposed to noise. Noise is
among physical agents harmful to health and, besides hearing damage, it
has a number of nonauditive effects (Nikoli¢c & Nikoli¢, 2013, pp.93-96),
(http://www.b92.net/zdravlje/prevencija.php, 2016).

Disruption of sleep is considered to be the basic and the most important
one because it further leads to mood swings, feeling of tiredness, apathy,
decrease in working ability, headache and pronounced nervosis. A number of
field studies have indicated that sleeping is particularly badly affected by heavy
vehicles and trains. For a good night's sleep, it is desirable that noise doesnot
exceed 30dB. It is considered that noise of about 65dB can cause anxiety,
irritability or headachein very sensitive persons. Noise of about 90dB can affect
hearing and cause neurovegetative problems (hypertension, endocrine and
metabolic disorders). When the level of noise exceedsa value of 90dB,
permanent damage of hearing occurs as well as serious neurovegetative

problems.
1020
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Noise protection measures

Since today noise often disturbs basic human activities such as work, rest
and sleep and can also be a cause of permanent hearing damage, different
protection measures are introduced in order to reduce noise levels to the
permitted values. In order for the problem of noise level reduction to be solved
in a proper way, it is necessary to provide reliable noise measurements. Noise
measuring represents obtaininga precise sound intensity value which further
determines which sound can cause potential damage and which protection
measures should be undertaken in order to improve the acoustics of dwellings,
industial plants, music and movie halls, etc.

Nowadays, there are a number of standard methods for measuring
the physical parameters of noise which are relatively simple for use; their
purpose is to assess the level of damage in accordance with the rules and
norms for certain conditions. The basic instrument for noise level
determination is a phonometer (soundmeter, measurer of the noise level)
(Bruel & Kjaer, 1984, pp.10-15). It is presented at Figure 2.

Figure 2 — Phonometer (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-
nivoa-buke-sa-pc-interfejsom, 2016)
Puc. 2 — ®oHomemp (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-nivoa-
buke-sa-pc-interfejsom, 2016)
Cnuka 2 — ®oHomemap (http://www.3me.rs/portfolio-item/db-200-profesionalni-merac-
nivoa-buke-sa-pc-interfejsom, 2016)

A phonometer is often equiped with a filter (octave, one-third octave)
which can determine the noise amplitude spectrumas well.

If a place is affected by a number of different noise sources (n), then
the equivalent noise level can be obtained by the expression (Sas, 2007,
pp.21):

Ly, L, L,,

L=10log 10 +101 +...+10 3)
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Table 2 gives an overview of several annual noise levels at several
different locations in the city of Belgrade (Damjanovi¢ & Miti¢, 2015, pp.73-74):

Table 2 — Overview of the noise level in the city of Belgrade
Tabnuua 2 — O630p yposHs wyma 8 2opode benepad
Tabena 2 — lNpeaned Hugoa byke y epady beoepady

Measuring place Time of day | 2003. | 2005. | 2010. | 2013.
Bul. Despota Stefana :%{]t g? ;g gé 2(13
Bul. Kralja Aleksandra g%{]t 23 g? 28 gg
KB ight 4047|5451
Zeleni Venac g%yht 2(83 ;g (73? (753
Jurija Gagarina day 65 |59 |60 |60
night 63 49 55 55
o[ s %
Narodnog Fronta :;{]t g; g; 22 22
Ustanigka glagyht 22 gg gg gg
Vojvode Stepe ot 6260|7164
SR —

The measured values indicate that the levels of communal noise are
very high and mostly exceed prescribed values.

The main noise protection measure is the reduction of noise at its
very source. New and silent technologies allow that certain machines are
quieter than conventional equipment. The noise protection measures are
divided in two main groups: individual and group protection measures
(Sas, 2007, pp.38-48). Individual protection implies wearing different types
of earsets, helmets and earplugs providing protection power in the range
from 15 to 30dB, even more. Collective or general protection measures
present raising different walls, obstacles and absorption elements (trees,
etc.) along sound waves propagation paths in blocks of flats, hospitals,
schools and other objects where people dwell. (Cvetkovi¢ & Prascevic,
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2005, pp.159-179). It is important to highlight that even small holes in such
obstacles reduce their efficiency. In residential areas, problems with noise
can be solved by relocating roads out of such areas or by building
underground traffic. And finally, if noise is not reduced at its source, the
only way left to decrease its influence is on the way from the emitter to the
recipient. This protection method is realised through: spatial planning, the
layout of the rooms in the building, construction of partitions of certain
characteristics, construction of walls and windows in accordance with
defined norms and fixing house installations in accordance with the norms
for noise protection (JUS U.J6.201, 1990).

Social-legal aspects of noise protection present different types of
technical regulations about noise measuring methods, about permitted
noise levels, as well as the ways of controlling and sancioning noise
polluters. Harmful effects of noise at working places in our country were for
the first time defined in the document ,Pravilnik o opStim merama i
normativima zasite na radu od buke u radnim prostorijama® (Sluzbeni list
SFRJ, 21/92). The maximum allowed levels of noise in the environment
are given in the document “Pravilnik o dozvoljenom nivou buke u Zivotnoj
sredini” (Sluzbeni glasnik RS,54/92). The document “Zakon o zastiti od
buke u Zivotnoj sredini®, (Sluzbeni glasnik RS, 36/09, 88/10) defines the
most important obligations within the framework of protection against noise
and vibrations.

Conclusion

Noise is an indispensable part of modern living. It is considered to be
every undesirable, disturbing sound, which means that not every sound is
regarded as noise. In the past few decades in industrially developed
countries, noise has become one of the main sources of disturbance of
many different human activities but also a cause of complex damage to the
human health. In order to monitor harmful effects and undertake certain
protection measures in the concrete conditions, it is necessary to
determine the noise level by measurements. In practice, it is often the case
that the level of noise varies, more or less in time. In order to protect
people, in most of the countries, a lot of attention is paid to defining the
highest allowable noise level, which, depending on the type of the activity,
can be between 35dB and 90dB. This can be mainly achieved by so-called
ecological protection measures which imply the use of the best spatial
layout in order to decrease noise effects.
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WyM, NCTOYHWKW LLYMA N UX BOS,D,EVIC'I:BVIE
HA KAHYECTBO PABOYEN N OKPY>XAIOLLEW CPE[bI

CaHs I. Kopuua, KpucmuHa [. Monosny
YHuBepcuTeT «YHNOH — Hukona Tecnay», ®akynbTeT 9Konorum n oxpaHbl
oKpy>katoLen cpeasl, r. benrpag, Pecnybnuka Cepbus

OBJIACTb: akycTuKa, WyM, 3alumuTe OKpyxatoLLien cpeapl
B/ CTATbW: npodeccrnoHanbHas cratbs
A3bIK CTATbW: aHrnumnckmin

Pe3some:

Bcrnedcmesue mexHoIo2u4eckoeo pa3sumusi 8 CO8PEMEHHOM MUpe, WyM
cman HeomwemrieMoli yacmbio  riogceOHesHocmu.  OCHOBHbIMU
UCMOYHUKaMU  WymMa SIefstomcsi  pasfiuyHble  MauwluHbl, CMaHKU,
habpuku, 3as00bl, MpaHCoOPmM U Mpovue 38yKU U3 OKpy»KeHus. Kak
COBOKYIMHOCMb Pa3fuUYHbIX 38YK0O8 WyM MoXxem 6bimb cmayuoHapHbIM U
HecmauUOHaprlM, NMOCMOSAHHBIM U HEernoCMmMOoOsIHHbIM, KO.I'leGﬂiOLL(UMCFI,
rpepbIBUCMbLIM U UMITYSIbCHbLIM, OM/UY4amsCsi 10 YPOBHIO U repuody
s8o30elicmeus. Tak Kak WyM okasblgaem HezamugHoe eo3delicmeue Ha
300posbe 4Yeriogeka, HeOOXOOUMO MPUHSIMb 8CEe B803MOXHbIE MepPbI M0
CHUXEHUIO YypoeHsl wyma. B daHHolU cmambe npedcmaesrieH aHanus
HeeamueHo20 6030elicmausi wyma U orucaHbl Mepbl U cpedcmea o
3awjume om wyma.

Knroyesnbie criosa: akKycmuka, wym.

BYKA, N3BOPU BYKE U HbEH YTULIAJ HA KBAJTIUTET
PAOHE N XXMBOTHE CPEOVNHE

Cama Jb. Kopuua, Kpucmuna [. Nonosuh
YHuBepanteT YHUOH — Hukona Tecna, @akynTeT 3a eKonorunjy n sawtuty
XVBOTHe cpeaunHe, beorpaa, Peny6nuvka Cpbuja

OBJIACT: akycTuka, Oyka, 3aLUTUTa XMBOTHE CpeanHe
BPCTA YJTAHKA: cTpy4Hn YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Ybp3aHUM MexHOMOWKUM pa3eojeM caspeMeHoz HoeedaHcmea Oyka je
rnocmarna HeusbexaH 0eo ceakoOHesHoe xueoma. OCHOBHU U3eopu byke
Ccy MauwuHe, ¢habpuke, caobpahaj, kao u 3e8yuu u3 cycedcmea. Kao
MewasuHa 38yKoea pas3fuyumux Kapakmepucmuka Oyka Moxe bumu
mpajHa, ucripekuGaHa u ydapHa, MPOMJeHSbUBUX HUB0A, pas/iuyurmnoe
mpajarba U 8peMeHcKe pacriodesie. 3602 HeHo2 WmemHoe ymuuyaja Ha
JbyOCKO 30paerbe rnompebHo je npedysemu odpeheHe akmueHocmu

Korica, S. et al, Noise, sources of noise and its influence on the quality of work and living environment, pp.1017-1026



padu pedykosara Hugoa Oyke. Y o0eom paly aHanusupaHa je
3aecaheHocm bykom u OerlamHOCMU Ha rnaHy 3awmume 00 He.

KrbydHe peuu: akycmuka, byka.
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