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Abstract. The industrial environment of production workshops encompasses a range of harmful and hazardous
factors that negatively impact workers’ health and performance. Among these, high levels of noise generated by
operating equipment during technological processes are particularly significant. Prolonged exposure of workers
to elevated noise levels, exceeding 80 dB, without collective and individual protective equipment, leads to
occupational hearing diseases and disruption of other bodily systems. The purpose of this study was to develop
protective measures against industrial noise in workshops with operating equipment, thereby improving working
conditions. The research employed scientific generalisation and analysis of existing literature on the harmful
effects of industrial noise,along with regulatory documents concerning permissible noise parameters in workshops.
Permissible noise parameters in the working areas of industrial premises have been substantiated. Based on
applicable regulatory acts, scientific recommendations were proposed for the design of a noise-insulating panel
to reduce broadband and low-frequency noise using soundproofing and sound-absorbing materials. It has been
established that the use of a sound-insulating panel increases the effectiveness of noise reduction in working
areas of premises to the level of sanitary standards. The practical significance of the obtained results lies in
reducing noise levels in industrial premises through the summary localisation of sound waves and their subsequent
absorption within the sound-insulating panel. This allows for the improvement of working conditions in industrial
workshops with operating equipment and a reduction in occupational morbidity among industrial workers

Keywords: sound level; sound insulation; sound wave; sound-absorbing layer; mineral packing; sound-insulating
panel

Introduction
The relevance of this research lies in the fact that in-  dressing and transportation equipment,all of which pro-
dustrial production in the mining is linked to the ex-  duce high levels of noise. Metallurgical production also
traction and processing of raw materials using crushing, employs various types of equipment, the operation of
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which is accompanied by intense noise, contributing to
the deterioration of working conditions. The increasing
power and productivity of dressing and metallurgical
equipment, along with the use of transport equipment,
leads to an increase in industrial noise in workshops.
Infrasound and ultrasound generated during equip-
ment operation also negatively impact the human body.

The study by A. Mehrotra et al. (2024) examined
the complex impact of noise on workers, encompassing
hearing loss, tinnitus and sleep disturbances, in addi-
tion to non-auditory problems such as irritability, cog-
nitive impairment and psychological stress linked to
cardiovascular disorders. The study by D. Hillesheim et
al. (2024) focused on the relationship between the
occurrence of dizziness among Brazilian workers due
to industrial noise exposure. Studies have shown that
nearly a quarter of workers who suffer occupational
hearing loss experience episodes of dizziness.

The results of C. Krittanawong et al. (2023) demon-
strated the progressive effects of noise on workers,
indicating that noise-induced psychological stress
and mental health disorders, such as depression and
anxiety, negatively impact the progression and severi-
ty of cardiovascular disease. Reduced sleep quality and
duration increase sympathetic nervous system activity,
which may contribute to the development of diseases
such as hypertension and diabetes. Noise exposure also
disrupts the hypothalamic-pituitary axis, increasing the
risk of cardiovascular diseases. The authors concluded
that noise is the second main factor for disease devel-
opment in Europe after air pollution.

The evidence outlined above confirms the ongo-
ing problem of excessive noise levels from operating
equipment in mining and metallurgical facilities, which
not only affect workers’ well-being but can also lead to
hearing loss and increase the risk of workplace injury.
Considering the morally and physically outdated equip-
ment that has exceeded its operational lifespan, is not
regularly inspected, and remains in use without timely
replacement or modernisation in accordance with legal
requirements, the issue of noise reduction in produc-
tion workshops requires urgent resolution. The study by
M. Yaman et al. (2024) addressed the need for a com-
prehensive approach to industrial noise control and
reduction. The authors emphasised that noise should
be reduced at its source, along its transmission path,
and at the worker’s location. Depending on the origin,
noise can be classified as aerodynamic, mechanical (vi-
brational), electromagnetic, or hydrodynamic.

The research conducted by D. Rieznik et al. (2024)
regarding the negative impact of noise on workers in
industrial premises with operating equipment primarily
focused on preventive recommendations for reducing
its level or developing the measures: modifying tech-
nologies to reduce equipment-generated noise; iso-
lating noise sources; absorbing noise; using personal
protective equipment; developing hygiene regulations;
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organising regular medical examinations for workers in
noisy workshops.

The study by O. Levchenko et al. (2023) presented
typical technical measures for reducing industrial noise
in workshops: replacing stamping machines with press-
ing machines; high-precision manufacturing of equip-
ment components; improving the fastening of vibrating
equipment components; substituting metal compo-
nents with plastic ones; using centrifugal fans instead
of axial ones, etc. However, the authors noted that rein-
forcing moving components does not completely elimi-
nate their oscillations or the associated noise.

C.Singh & S.Deswal (2025) propose reducing noise
directly at its source. To limit spatial propagation, they
recommend using acoustic glass materials to enclose
noisy equipment. To reduce the transmission of aerody-
namic, electromagnetic, and partially mechanical noise
between workshops, recommendations by S. Sorin et
al. (2020) regarding the rational selection of building
materials can be employed to improve the sound-insu-
lating properties of building structures.

A. Arjunan et al. (2024) proposed equipping recre-
ation areas for workers, dispatch rooms, observation
rooms, control rooms, offices, laboratories, and other
premises with sound-insulating walls, partitions, etc.,
lined with sound-absorbing materials. MJ. Crocker
& J.P. Arenas (2020) noted that an effective means of
noise reduction in buildings is the use of sound-ab-
sorbing materials, such as fibreglass, foam, perforated
cardboard, felt, cotton, etc.

Therefore, a promising direction for research is
the integrated use of sound-insulating and sound-ab-
sorbing materials, which increases the effectiveness of
noise reduction. The purpose of this article was to de-
velop effective means of protection against industrial
noise, such as the sound-insulating panel, which will
improve the working conditions of workers in work-
shops with operating equipment.

Materials and Methods

The study analysed existing measures and means of
protection against industrial noise and recommenda-
tions for their implementation, which allowed for the
identification of ways to increase their effectiveness.
The physical characteristic of industrial noise is that
mechanical vibrations of solid and gaseous substanc-
es in the air produce sounds across different frequency
ranges; that is, noise consists of a collection of sounds
with varying frequencies. Industrial noise generated
within industrial premises is characterised by several
parameters: amplitude and frequency of oscillation,
sound pressure, sound intensity,and the speed of sound
wave propagation.

To develop effective protective means against in-
dustrial noise, it is essential to understand its physi-
cal parameters, which were described in the work by
O. Lapshyn et al. (2023):
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1. Amplitude of sound oscillations (A, mm) - the
extent to which pressure deviates from the equilibri-
um position; the greater the amplitude, the higher the
sound pressure and the louder the sound.

2. Frequency of oscillations (f, Hz) - the number of
acoustic oscillations per second.

3. Sound pressure (P, Pa) - the difference between
the pressure generated during sound production and
the ambient pressure in the absence of noise (P,)).

4.Sound intensity (/, W/m?) - the average sound en-
ergy flow per unit surface area.

The speed of acoustic oscillation propagation de-
pends on the elastic properties, temperature, and den-
sity of the medium in which they travel.

To measure noise levels, specialised instruments
known as sound level meters are used (e.g. VShV-003,
ISHV-1,and devices from Testo, PCE, Tenmars, etc.). These
typically consist of a microphone, frequency-weighting

filters, detector, integrator and indicator. Since the hu-
man ear’s sensitivity varies with both sound frequency
and intensity, sound level meters are equipped with
several filters that correspond to different noise intensi-
ty levels. These filters simulate the ear’s amplitude-fre-
quency response at specific sound intensity levels and
are labelled A, B, C,and D. Filter “A” approximates the re-
sponse of the “average ear” under low noise conditions,
“B” corresponds to high noise levels, “C”is used for peak
level assessment, and “D” was developed for evaluating
aircraft noise. According to DSN 3.3.6.037-99 “Sanitary
Norms of Industrial Noise, Ultrasound, and Infrasound”
filter “A” is used for norming noise (Resolution of the
Ministry of Health of Ukraine No. 37,1999). The permis-
sible sound pressure levels in octave frequency bands,
sound levels, and equivalent noise levels at work-
places for broadband continuous and non-continuous
(excluding impulse) noise were provided in Table 1.

Table 1. Sound pressure levels and noise levels at workplaces

. Sound pressure levels (dB) in octave bands with frequencies, Hz Noise level
Type of labour activity ?
31,5 63 125 250 500 1,000 2,000 4,000 8,000 dBA

Creative activity 86 71 61 54 49 45 42 40 38 50
Highly skilled work 93 79 70 68 58 55 52 50 49 60
Operator work 96 83 74 68 63 60 57 55 54 65
Workplaces at control panels 103 91 83 77 73 70 68 66 64 75
Workplaces in industrial premises 107 95 87 82 78 75 73 71 69 80

Source: developed by the authors based on Resolution of the Ministry of Health of Ukraine No. 37 (1999)

Given that most industrial equipment generates
noise in the 1,000-5,000 Hz range, healthy working
conditions in production workshops require that sound
pressure levels not exceed 70-75 dBA. For research on
the development of a sound-insulating panel, the Ten-
mars ST-109R sound level meter from Tenmars Elec-
tronics (Taiwan) was used, which allows for measuring
noise in the range from 30 to 130 dB with a frequency
range from 20 Hz to 16 kHz. The selection of the pan-
el’s structural parameters and sound-absorbing mate-
rial was conducted by measuring the noise level be-
hind a barrier (panel). Noise level measurements were
taken at least three times.

Results and Discussion

The maximum permissible noise levels at permanent
workplaces within premises and across enterprise
territories must not exceed 80 dBA. The impact of
various noise levels on the human body leads to the
following sensations: 30-55 dB - does not disturb
tranquillity; 60-85 dB - stress on the central nerv-
ous system, prolonged exposure causes neurosis;
90-120 dB - prolonged exposure results in hearing
loss; 120-150 dB - pain threshold, eardrum rupture;
above 160 dB - death. Depending on the type of work
activity, noise levels at workplaces range from 60 to
130 dB (Table 2).

Table 2. Noise levels of some sources in workshops

Noise source

Noise level, dB

Note

Medium loudness conversation

60 At a distance of 1 m

Metal-cutting machines 80-95 At the workplace
Jackhammers 90-110 At the workplace
Woodworking machines 100-120 At the workplace
Forging and stamping equipment 110-115 At the workplace
Pneumatic drills 110-130 At the workplace

Source: developed by authors
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According to DSTU 2867-94 (1994), at mining and
metallurgical enterprises, noise control is carried out
through the use of collective and individual means.
Preference is given to collective means, which include:
means of noise reduction at its source, and those that
block sound waves during their propagation. While re-
ducing noise at its source is the most effective solution,
this often depends on the equipment’s design, which
can only be altered by the manufacturer. Consequently,
enterprises are typically left with less effective meth-
ods, such as sound insulation and sound absorption.

The principal noise control strategies in industrial
settings include:

Replacing noisy technological processes or mech-
anisms with less noisy alternatives. For example, sub-
stituting pneumatic drilling hammers with electrically
powered devices or using centrifugal fans, which oper-
ate more quietly than axial ones.

Considering permissible sound pressure levels dur-
ing equipment design, as outlined in Table 1. These
norms aim to prevent occupational hearing disorders.
It is important to note that the auditory system is more
sensitive to higher-frequency sounds.Accordingly,as fre-
quency increases, so does the harmful impact of sound,
necessitating lower permissible sound pressure levels.

To mitigate noise at the source, the following
measures are recommended: where possible, replac-
ing metal components of mechanisms with non-metal
components; reducing clearance gaps in component
joints; using sound-absorbing gaskets; better balanc-
ing of rotating components; replacing impact mech-
anisms with impact-free, and reciprocating motions
with rotary motions. Where it is not feasible to reduce

noise through structural changes, devices should be
installed to inhibit its propagation. For example, gear
reducers and similar components should be enclosed
in sound-insulating housings or filled with lubricants
to dampen noise.

Aerodynamic noise produced by turbulence or air/
gas exhaust (e.g. fans, pneumatic machinery and tools)
can be mitigated using built-in or attached mufflers, as
discussed in the studies by C. Gaonkar & T.N. Sreeniva-
sa (2024), W.Yang et al. (2025), and B. Liu et al. (2025).
Aerodynamic noise mufflers can be active and reac-
tive. The operation of active mufflers is based on the
principle of absorbing sound energy and converting
it into heat. In this case, porous sound-absorbing ma-
terials play a main role, as emphasised by X. Tang &
X.Yan (2017). The simplest active muffler attached to
an exhaust outlet is a piece of pipe or hose, the inner
surface of which is lined with felt. In a reactive muffler,
noise attenuation is achieved by incorporating expand-
ing chambers into the air duct. Reactive mufflers that
effectively dampen air pulsations are used in compres-
sor and pneumatic installations.

For example, to reduce the noise produced by a
hammer drill during blasthole drilling in quarries and
mines, a rubber muffler is fitted, as illustrated in Fig-
ure 1. The muffler operates by permitting exhaust air
from port 5 to enter the muffler chamber 4, where it
loses energy through expansion, and exits gradually
through port 6. The noise level of the hammer drill,
which is 111-124 dBA, is reduced to 85-90 dBA. The
reduction of aerodynamic noise generated by stationary
fan units used to ventilate mine workings is 25-30 dBA
when using a PGS (plate muffler wall) muffler (Fig. 2).

7 8

Figure 1. Schematic diagram of muffler placement on hammer drill PR-25MV
Notes: 1 - flexible handle; 2 - crossbar; 3 - bracket; 4 - muffler; 5 — exhaust port; 6 — muffler window; 7 — rubber-metal holder;

8 — drill bit
Source: O. Lapshyn et al. (2023)

A-A 1 2

Figure 2. Schematic diagram of a muffler for stationary fan units
Notes: 1 - PGS muffler section; 2 - vertical bend, lined with fibreglass material; 3 - PGS plate muffler; 4 - reinforced concrete

diffuser; 5 - fan
Source: O. Lapshyn et al. (2023)
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According to Figure 2, the plate-type silencer 3 is
installed in the outlet duct before the diffuser 4 and
consists of six to eight parallel vertical partitions (made
of reinforced concrete plates or porous slag blocks) ar-
ranged 300-400 mm apart along the channel.To reduce
noise transmitted through the metal casing and ring
diffuser of the fan, a removable enclosure construct-
ed from sheet metal, wooden boards, felt, and leather-
board is used. The annular gaps in the fan casing are
filled with sand or slag.

Timely maintenance is a well-known and effec-
tive means of noise control. As research M. Kalifa et

al. (2025) demonstrated that loose or poorly adjusted
machines, tools, and pipelines significantly increase
noise and vibration levels.

Where technical solutions are not sufficient to re-
duce noise at the workplace, the use of personal hear-
ing protection is required.

Personal hearing protectors must comply with the
relevant DSTU standards that are harmonised with
European regulations. As of 2025, Ukraine recognises
at least 10 such standards. These standards delineate
safety and performance requirements, testing protocols,
and selection criteria (Table 3).

Table 3. Ukrainian requirements and standards for personal hearing protection devices

Standard

Responsibility

DSTU EN 352-1:2018 (2018

Defines requirements for earmuffs

Defines requirements for earplugs

(2018)
DSTU EN 352-2:2018 (2018)
DSTU EN 352-3:2018 (2018)

Defines requirements for earmuffs attached to safety helmets

DSTU EN 352-5:2015 (2015)

Defines additional requirements for earmuffs with active noise reduction systems

DSTU EN 13819-1:2005 (2005)
and DSTU EN 13819-2:2005 (2005)

Defines the test method common to all types of hearing protective devices

DSTU EN 352-4:2014 (2014)

Defines additional safety requirements and associated testing procedures

for level-dependent earmuffs

DSTU EN 352-6:2005 (2005)

Defines additional requirements for earmuffs with electrical audio input circuits

DSTU EN 352-7:2005 (2005)

Defines additional requirements for level-dependent earplugs

DSTU EN 458:2005 (2005)

Applies to the selection, use, care, and maintenance of hearing protective devices

Source: developed by the authors

Earplugs (DSTU EN 352-2:2018, 2018) are per-
sonal hearing protection devices worn either inside
the ear canal (aural) or positioned just outside it
(semi-aural). Earplugs may be disposable, reusable,
custom-moulded, or headband-supported. Earmuffs
(DSTU EN 352-1:2018, 2018) are personal hear-
ing protection devices consisting of independent
sound-insulating shells that are pressed against the
ears or surrounding head area. These shells are held
in place using a headband positioned over the head,

behind it, or under the chin. The clamping force must
not exceed 14 N. The sound-insulating shells of ear-
muffs are hollow components mounted on a clamp-
ing device. Sealing cushions are attached to these
shells to enhance comfort and their fit to the head,
along with a sound absorber designed to improve
the acoustic performance of the earmuffs at specific
frequencies. The minimum acoustic attenuation per-
formance of earplugs and earmuffs must not be less
than the values specified in Table 4.

Table 4. Requirements for acoustic attenuation performance of earplugs and earmuffs

Noise frequency, Hz 125 250 500

1,000 2,000 4,000 8,000

Noise reduction, dB 5 8 10

12 12 12 12

Source: developed by the authors based on Table 3

Manufacturers of personal hearing protection de-
vices have developed earmuffs equipped with elec-
tronic systems that provide active noise cancellation by
phase-shifting the incoming sound field by 180°. This
achieves a reduction of 10-15 dB in the low-frequency
range (50-300 Hz), where conventional hearing pro-
tection is least effective. Some earmuffs also feature
communication systems or playback of functional back-
ground music. The need for personal hearing protective
equipment can be determined using the methodology
proposed by M. Romas & O. Tsybulska (2015), which

accounts for risk management approaches to worker
health damage and the fundamental requirements of
current occupational safety legislation.

Given the diversity of industrial equipment in use,
all types of noise, including ultrasound, are typically
present, with levels varying across production sites and
often exceeding 100 dB. Sources of ultrasound in indus-
try include ultrasonic equipment used for technologi-
cal or research purposes, as well as equipment where
ultrasound generation is a concomitant phenomenon.
Workers may be exposed to ultrasonic vibrations either
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through direct contact with tools, fluids, or components,
or indirectly by being within the ultrasonic field. Other
environmental factors, such as high humidity and vi-
bration, can intensify the negative effects of ultrasound,
especially when accompanied by high-frequency noise.
The soundproofing method used to counteract this in-
cludes the use of protective enclosures with air gaps
between the housing and the equipment, or isolating
noisy devices in dedicated chambers.

A disadvantage of existing noise protection de-
vices is that they are primarily utilised for reducing
high-frequency sound levels through screening, which
diminishes their effectiveness in protecting against
low-frequency noise, such as mechanical and aerody-
namic noise. A more effective solution is the sound-

insulating panel proposed by Utility Model Patent
No. UA 59305 (2011), which incorporated a housing
with a sound-absorbing lining. The disadvantage of
this panel lies in its limited applicability, as it cannot
effectively reduce the overall noise level generated by
both low- and high-frequency sounds. For example, in
small volume premises, numerous reflections of sound
waves from enclosing structures create a non-uniform
(diffuse) field, where the maximum noise level may oc-
cur outside the sound-insulating device. To enhance the
effectiveness of industrial noise protection, a novel de-
sign for a sound-insulating panel was proposed, which
shown in Figure 3. This panel is capable of reducing
noise to normative levels through the summary absorp-
tion of sound waves across a broad frequency spectrum.

A-A B-8
B A
I~ _
s
o
SRR

Figure 3. Noise-insulating panel
Notes: 1 - soundproof base; 2 - metal foil; 3 - mineral wool; 4 - flexible sheath; 5 - support shelves; 6 - perforation holes

Source: developed by the authors

The sound-insulating panel was designed as a com-
bined arrangement of sound-impervious and sound-ab-
sorbing layers. Specifically, the sound-impervious layer
was constructed as a flat, sturdy base to which a sheet
of metallic foil is rigidly affixed. The sound-absorbing
layer comprised a packing of mineral wool encased
in a perforated flexible casing. The perforations on
the casing were arranged in a staggered pattern, and
the mineral wool is supported by horizontal support
shelves positioned along the height of the panel. The
operational principle of this panel is that industrial
noise sound waves enter the sound-absorbing layer 3
through the perforation holes 6 in the sheath 4 and
are absorbed by the fibres of the mineral wool, which is
packed onto the support shelves 5. During this process,
the absorption of sound waves by the mineral wool fi-
bres is accompanied by the conversion of sound energy
into thermal energy. The sound waves that penetrate
the mineral wool fibres then impinge upon the sheet of
metal foil 2, rigidly secured to the flat sound-impervi-
ous base 1.These waves are reflected from the foil and
return to layer 3, where they are finally absorbed by the
mineral wool fibres occurs.

The advantage of utilising this sound-insulating
panel lies in its ability to reduce overall noise level
across various frequency spectra, owing to the reflection
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and absorption of sound waves generated by operat-
ing equipment. While the use of specialised sound-in-
sulating enclosures is an effective measure, it proves
challenging and costly to implement, especially when
dealing with much equipment within a workshop due
to complex machinery configurations. Consequently, the
widespread adoption of sound-insulating barriers or
cabins, lined with sound-absorbing materials or panels,
has been observed.

The study conducted by P. Deuszkiewicz (2021)
demonstrated that the use of multi-layered construc-
tions can enhance noise reduction effectiveness within
the frequency range of 8 Hz to 8 kHz. However, it is es-
sential to consider the frequency characteristics of the
sound source when modifying the design of multi-lay-
ered sound insulation panels.J. Nurzynski (2021) inves-
tigated the sound insulation effectiveness of partition
panels, which consisted of a core made of polyurethane
foam and mineral wool, with metallic surfaces attached
to both sides. The weighted sound reduction index for
models of varying configurations, with a thickness of
50 mm, ranged from 31 dB to 45 dB.

To reduce low-frequency noise (up to 2,000 Hz),
M.A. Elkasaby et al. (2020) proposed creating sound-in-
sulating barriers from nanofibre composites made from
polymer materials (polyvinyl alcohol, polystyrene, and
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polyvinyl chloride), further modified by the addition
of fillers such as carbon nanotubes, graphene, wollas-
tonite, and fibreglass, to improve their sound insula-
tion properties. Additionally, to reduce the volume of
accumulated industrial waste, some researchers sug-
gested its utilisation for noise protection. For example,
A.Zeleznik et al. (2025) proposed using recycled plastic
as a sound-absorbing material, which would addition-
ally address plastic waste disposal issues. D.G.K. Dis-
sanayake et al. (2021) recommended the development
of sound-insulating materials from textile waste, such
as cotton and polyester fabric remnants.

Consequently, the conducted analysis of existing
measures and means for protecting against industrial
noise and recommendations for their implementation
has shown that introducing measures to alter techno-
logical processes, equipment, or individual equipment
components can achieve a noise level reduction, on
average, of 5-12 dBA. For example, replacing stamping
machines with pressing machines avoids impact ac-
tions, yet the noise level is only reduced by 5-6 dBA.
This reduction is insufficient to significantly improve
working conditions in premises where much equipment
is operating.

Conclusions

The equipment used in mineral processing facilities
generates high levels of noise, the prolonged exposure

of mechanisms with rotary ones); substitution of struc-
tural equipment components (e.g., rolling bearings with
plain bearings, metal components with plastic compo-
nents, reducing the mass and surface area of impacting
components); relocating noise-generating equipment
outside the production workshop.

Among the noise protection measures, the most
widely adopted include: the use of sound-insulating
casings and gaskets; lining impacting components
with sound-absorbing materials; using sound-insulat-
ing cabins for personnel; employing sound-reflecting
screens; utilising active and reactive mufflers; applying
personal protective equipment. To mitigate the harm-
ful effects of industrial noise in production premises,
this paper proposed a novel design of a sound-insulat-
ing panel capable of absorbing broad-spectrum sound
waves emanating from operating equipment. Future
research aims to substantiate the technical parame-
ters of a wide range of sound-screening and sound-ab-
sorbing substances, and to develop effective methods
and means for reducing noise generated by operating
equipment.
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AHotauis. BupobHuye cepenoBuLLe MPOMUCIOBUX LEXIB SBASIE COOOK KOMMEKC WKIANMBUX Ta Hebe3nevyHux
YMHHUKIB, SKi HEraTMBHO BMAMBAOTb HA 340pPOBA Ta Mpaue3faTHICTb NpauiBHMKIB. Cepen HUX MOXHA BUAINUTH
BMCOKMI piBEHb LLIYMY, SKUI reHepye npaLtoroye 061afHaHHA Nif 4aC BUKOHAHHA OnepaLii TeXHOMOMYHUX NpoLeciB.
MNepebyBaHHA NpaLiBHUKIB Y CEpeaoBULLI NiABULLEHOrO piBHS WyMy — Hinbwe 80 ab - 6e3 3aco6iB KONEKTUBHOMO Ta
iHOMBIAYaNbHOrO 3aXMUCTY, BUKMKAE Y HUX NpodeciiMHe 3aXBOPOBAHHS OPraHiB CyXy Ta NMOpYLIEHHS HOPMANbHOI
pob0TH iHWMX CUCTEM OpraHiaMy. MeTow LbOro AocnigkeHHs Byna po3pobka 3acobiB 3axuCTy Bif, BUPOOHMYOTO
WyMy B Liexax 3 MpauiloloynMM obnagHaHHAM AN MOKpalleHHs YMOB npaui. Y pocnifxeHHi Oynu 3acTtocoBaHi
HayKOBe y3arasbHeHHs i aHani3 NiTepaTypHUX AXepen 3i LWKiAAMBOCTi BUPOOHMYOro WyMy, @ TaKOX BMKOPUCTaHI
HOPMATMBHI aKTW i MOJMIOXEHHS 3 pernaMeHTalii napameTpiB WyMy y BUPOOHUUMX NpuMilLeHHsX. OBrpyHTOBaHO
[OonycTMMi napameTpu WyMy B pobOYMX 30HAX BMPOOHMUMX NpuMilleHb. Ha nigctaBi HOPMATMBHMX akTiB Ta
NONOXeHb 3anpoMOHOBAHO HAyKOBi pekoMeHAauii 3 po3pobKM 3BYKOI30/MKOKYOI MaHeNni AN 3HUXKEHHS PiBHS
LYMY LUIMPOKOCMYFOBMX | HW3bKMX Y4ACTOT 3BYKOHENPOHUKHWUM i NOMMHANbHUM MaTepianamu. BctaHoBneHo, Wwo
BMKOPUCTAHHS 3BYKOI30/100401 NaHeni NiaBULLYye edekTUBHICTb SHMKEHHS PIBHS LYMY B pOOOUYMX 30HAX NPUMILLEHb
[0 piBHS CaHITapHUX HOpM. lpakTUYHE 3HAaYeHHS OTPUMAHUX PE3YNbTATIB MONArAE Y 3HMXKEHHI PiBHA WYMy B
NPOMUCNOBUX NPUMILLEHHAX 33 PaXYHOK CYMapHOi NOKani3aLii 3ByKOBUX XBUAb i HACTYMHOO NOMIMHAHHS X B MEXaxX
3BYKOi30/1H0K040I NaHeni, Lo LO3BOJISE NOAIMUMTI YMOBM NpaLi B MPOMMUCIOBKX Liexax 3 NPaLOYMM 061alHAHHAM
Ta 3MeHWUTH NpodeciviHy 3aXBOPIOBAHICTb NPALLIBHUKIB Y MPOMUCIOBOCTI

KalouoBi cnoBa: piBeHb 3BYKY; 3BYKOi30ALis; 3BYKOBA XBMW/S; 3BYKOMOMIMHANbHMIA LAp; MiHEepasbHa YNaKOBKa;
3BYKOIi30/10t04a NaHeNb
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