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Introduction. Infrasonic and low frequency noise (LFN) are environmental and occupational hazards, whose proportion
continually increases. Commonly accepted hygienic standards and requirements to their measurements are absent and vary
from country to country.

The purposes of the article are to conduct a literature review concerning current legislation of occupational exposure to LFN
and infrasound; compare levels of LFN using frequency analysis in 1/3-octave bands in the ranges from 2 to 250 Hz at the
workplaces and living settlements; analyze subjective complaints of people working/living in the areas of conducted measure-
ments; propose an approach to the hygienic evaluation of LFN and infrasound.

Materials and methods. Analytical review of scientific publications was carried out using scientometric databases, periodicals
and regulations. Sanitary and hygienic measurements of infrasound and LFN were conducted by the Octave 110A sound level
meter in octave and 1/3 octave bands with geometric mean frequencies in the range of 2—250 Hz at office premises, Academic
Vernadskyi Antarctic Station,on the territory and premises of the residential area «Nova Darnytsia», on maritime transport
of the DAT «Chernomorneftgaz» in accordance with current Ukrainian sanitary norms. A survey concerning subjective com-
plaints about the parameters of physical factors (microclimate, artificial lighting, noise) was carried among 30 office workers
of State Institution «Kundiiev IOH AMS of Ukraine».

Results. Most of the published articles, dedicated to the impact of LFN and infrasound, consider results of measurements
using A-weighting characteristics, which essentially reduces information about LEN. Our results show that LFN in the range
2—250Hz is widespread in the industrial environment, in transport, residential areas, living premises. Despite the fact that
noise levels measured using correction «A» do not exceed sanitary norms, up to (44.0 & 3.7) % of respondents complain about
noise at the workplaces. The spread of noise increases with a prevalence of low frequency bands in its spectrum. So, an absorp-
tion of acoustic oscillations by building structures is 8 dB at frequency of 31.5 Hz and 14—16 dB at frequency of 250 Hz.
Acoustic oscillations in the range of 2—8 Hz at marine vessels are spread approximately by 1,000 times better than the sound
perceived by the human ear.

Conclusions. Existing approaches to the problem of the assessment of occupational and habitual exposure to the infrasonic
and LFN don’t enable to substantiate generally accepted hygienic standards for these physical factors. National standards
vary from country to country and differ from each other by established limits and measuring methods. Most of the published
articles consider results of measurements using A-, C- and G-weighting characteristics, which do not provide objective infor-
mation about spectral characteristics of the exposure hazard level. The authors suggest that the further identification of the
problem should start from a common approach. The authors proposed the methodology of data acquisition measuring in the
1-500 Hz range using 1/3 octave bands, linear scale and linear RMS, Min and Max detector for the purpose of profound
identification of low frequency sources and for objective analysis of human organism reactions to its exposure.
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Introduction

Low-frequency noise (LFN) is a background noise
whose proportion continually increases in modern
urban environments. The World Health Organization
(WHO) recognized LFN as an environmental problem
[1]. LEN and infrasound are also occupational hazards.
Being generated by pumps, compressors, diesel
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engines, gas turbines, ventilation, heating and air con-
ditioning systems and so on, they become the charac-
teristics of various workplaces at airports, petrochemi-
cal plants, mines, transport, manufacturing enterpris-
es, industrial control rooms, office-like areas etc.
Unlike the well-studied audible noise which can
cause damage of hearing and various non-audible
effects, LFN and infrasound remain underexplored.
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First attempts in their understanding were made

25—30 years ago. Usually, infrasound is defined as a

noise in the range of 1—20 Hz. Unfortunately, the

upper and lower limits of LFN are still under discus-
sion. Some European countries do not have national
sanitary norms establishing admissible levels of inira-
sound and LFN. On the other hand, numerous stud-
ies confirm the negative impact of this noise on
human beings [2—4]. Besides, available national
standards and suggested methods of LFN and inira-
sound measurement are to some extent controversial.
The present article is aimed to:

— conduct a literature review concerning current leg-
islation of occupational exposure to LFN and infra-
sound;

— compare levels of LFN using frequency analysis in
1/3-octave bands in the ranges from 2 to 250 Hz at
the workplaces (office premises, marine transport,
Academic Vernadskyi Antarctic Station) and living
settlements (based on our own results);

— analyze subjective complaints of people working/
living in the areas of conducted measurements;

— propose an approach to the hygienic evaluation of
LFN and infrasound.

An overview of current sanitary legislation in
some European countries for infrasound and
LFN

According to Leventhall G., LFN is considered the
noise with dominating sound energy in the frequency
range from about10 to 200 Hz [2], which is a com-
mon conception. So far, these boundaries are not
fixed. In scientific literature, LFN can also be defined
in different limits: 10 to 250 Hz[3], from 20 to 250 Hz
[4] and even from 20 to 500 Hz [5]. German standard
DIN 45680:1997 [6] establishes lower and upper lev-
els of LFN from 10 to 100 Hz, Lithuanian — from 16
to 200 Hz [7]. Several examples of various limits sug-
gested by different authors and national standards are
shown in the Table 1.

There is a very indistinct boundary between infra-
sound and LFN which often causes confusion.
[SO 7996:1995 [ 10] defines infrasound as noise with
frequency within 1—20 Hz, although earlier it was dif-
ferent. For instance, Polish norms PN 86/N-01338 —
out of order[11] had specified infrasound in the range
from 2 to 50 Hz. It is generally accepted that infra-
sound is nonaudible. However, this common assump-
tion is incorrect because sound at the frequencies
below 16 Hz is clearly audible if the level is high [12].

Table 1
Suggested upper and lower limits of LFN
in scientific literature and national standards

=
10-200 Leventhall G. et al, 2003 [2]
10-250 Pawlaczyk-Luszczynska M. et al, 2010 [3]
20-250 Berglund B. et al, 1996 [4]
20-500 Alves-Pereira M. et al, 2007 [5]

10-100 DIN 45680:1997, 1997 [6]

16200 HN 30:2016 [7]

10-160 Danish Environmental Protection
Agency N 9/1997 [8]

31.5-200 SOSFS 1996:7/E [9]

Sometimes, LFN and infrasound are noteven sepa-
rated from each other, which also leads to misunder-
standing for they cause a bit different physiological
effects in the human body, have dissimilar absorption
and, correspondingly, the ability to spread through
various mediums.

The variety of hygienic standards for limits of occupa-
tional exposure to infrasound in the range 2—20 Hz
accepted in different countries are shown in the Table 2.

The above mentioned International standard
[SO 7996:1995 specifies G-weighting characteristics
for the determination of infrasound. This characteristics,
which was specially intended for infrasound, looks as a
triangle with maximums at 20 Hz and minimums at 0.2
and 300 Hz correspondingly and differs from another
weighting characteristics (Fig. 1). Leventhall G. [2]
underlines that «too much reliance on the G-weighting,
..may divert attention from problems at higher frequen-
cies ...in the 30 Hz to 80 Hz range».

As it can be seen from the Table 2, the national
standards vary from country to country. In some
cases, admissible levels exceed hearing threshold
(56.3 dB at the frequency 31.5 Hz), established by
[SO 226. Such huge difference can be explained by
the application of different measuring methods. It is
necessary to underline that hygienic assessment of
LFN differs from high frequency noise analysis.
However, there is still no established guideline for
LFN assessment at the workplaces. Some European
countries use specific regulations on LFN control in
apartments [17, 18]. Most of them are based on the
frequency analysis in 1/3-octave bands in the fre-
quency ranges from 8 to 250 Hz using nominal
A-weighting correction [19]. This approach is being
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Table 2
Admissible levels of infrasound in normative documents of different countries
Frequency, [Hz
Country/document 4 o e
2 4 8 16 31.5
Poland/PN-86/N-01338 — out of order [11]
— Performing basic functions in observations cabins and remote - 90 90 90 85
control, or premises for precise work
— Performing basic functions on premises for administration, design 3 85 85 85 30
offices, research work, data handling
Poland/PN-Z-01338:2010 [13] 102
Ukraine/JICH 3.3.6.037-99 [14] 105 105 105 105 86-107*
Sweden/AFS2005:16 [15] 130 118 106 94 61
Germany DIN 45680 [6] - - 103 79 55.5
Denmark (at night)** [2] - - - 76.7 59.4

Note. *Depending on a type of work.

highly criticized in scientific literature [20]. Alves-
Pereira et al. compared the overall (Leq) values mea-
sured with A-weighting filter (dB/A) and without it
(dB/Lin)in a cockpit of the Airbus-340[21]and com-
muter train in motion [22]. The levels of noise in a
train and in a cockpit measured in dB/A were the

&R

same (72.1 dB/A) but levels without A-weighting
were 95.6 dB/Lin and 83.2 dB/Lin correspondingly.
In other words, people can hear the same level of
noise in a train and a cockpit, but they are exposed to
different amounts of acoustical energy. The point is,
A-weighting filter is based on equal-loudness threshold
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and quite well simulates human’s auditory thresholds.
That’s why it is primarily used for evaluating the risk
of noise-induced hearing loss. Currently, we know
that LFN has unique characteristics, quite different
from the noise of higher pitch. It is reduced less by
various shields, crosses greater distances, produces
resonance in the human body (abdomen, chest,
throat) etc. Moreover, ear protection devices are
much less effective against it. So, application of
A-weighted scale neglects sources below 50 Hz and
does not consider physical peculiarities of LFN.
According to the Canadian researchers studying avia-
tion noise, it can lead to leaving out occupational
health risks in the working population exposed to this
occupational hazard [23]. The authors suggested using
C-weighted sound exposure level metric as indicator
for LEN annoyance. This suggestion is based in the
fact that C-weighting level includes nearly all of the low
frequency energy in a signal and, correspondingly, is
more appropriate for LFN assessment.

Based on a literature review, Broner N. [24 ] recom-
mends using dB/C — dB/A difference of at least
20 dB to indicate the presence of LEN problem (as
an indication of an unbalanced spectrum towards
low frequencies). This method is inadequate for the
identification of LFN at the workplaces with low
noise levels (45dB/A or less) considering the pres-
ence of self-generated noise of sound analyzers
[16]. Therefore, there are no commonly established
hygienic norms and standardized methods of mea-
surement of LFN and infrasound, so their criteria vary
from country to country [25]. WHO [26] admits that
using of A-weighted scale is unfitted to measure-
ments of noise levels with prevalence of low frequen-
cies, but it does not suggest any alternative.
Additionally, some industrial and natural sources may
generate impulse-like low frequency noise. It means
that commonly used SLOW time constant is not
enough for the comprehensive analysis.

Materials and methods

Sanitary and hygienic measurements of infrasound
and LFN were conducted by the Octave 110A sound
level meter in octave and 1/3 octave bands with geo-
metric mean frequencies in the range of 2—250 Hz at
office premises (State Institution «Kundiiev IOH
AMS of Ukraine» (Kyiv, 2020), Academic Vernadskyi
Antarctic Station (Antarctic Peninsula, 2004)), on
the territory and premises of the residential area

«Nova Darnytsia» (Kyiv), on maritime transport of
the DAT «Chernomorneftgaz» (2012—2013). Hygie-
nic assessment of sound pressure levels was con-
ducted in accordance with current Ukrainian sanitary
norms: SSN 3.3.6.037-99 «Sanitary Norms of
Industrial Noise, Ultrasound and Infrasound» and
Order of the Ministry of Health of Ukraine dated
22.02.2019 N 463» State Sanitary Norms of permis-
sible noise levels in residential and public buildings
and in residential areas». A survey concerning subjec-
tive complaints on the parameters of physical factors
(microclimate, artificiallighting, noise) was carried
among 30 office workers of State Institution « Kundiiev
IOH AMS of Ukraine».

Results

According to the data of instrumental measurements,
the levels of sound and sound pressure levelsat office
premises with and without air conditioning systems
(Fig. 2) meet the requirements of sanitary norms.
Nevertheless, results of the survey, conducted among
workers show that (44.0 + 3.7) % respondents com-
plain about the noise level at the workplaces.
Considering the fact, that parameters of acoustic load
at the workplaces did not exceed admissible level in
65 dB/A, this fact needs further research in the terms
of its irritating and interfering action on the human
organism and the ability to concentrate at work.

During scientific expedition to the Antarctic Penin-
sula, the levels of LFN were measured at the diesel
room and living premises of Academic Vernadskyi
Antarctic Station. A main building with scientific labo-
ratory and living rooms was located 15 m from the
diesel room, generating LFN by three diesel Volvo
engines. Our results show, that the absorption of the
noise by the walls of the premises and double-glazed
windows at the frequency 25 Hz was only 9 dB and at
the frequency 80 Hz — 25 dB (Table 3).

Sound pressure levels at these frequencies do not
meet sanitary standards for living premises at night
time. At the higher frequencies (above 160 Hz)
absorption by building structures was much better,
making up 47—61 dB.

Various kinds of diesel engines produce infrasonic
and LFN in the range of 2—63 Hz in marine transport
and affect crew of the ship during performing their
duties and at the rest, evidenced by the study of work-
ing conditions at the vessels of the DAT «Chernomor-
neftgaz» (Table 4). It was found that the main sources
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of noise (31.5—8000 Hz) and infrasound (2—16 Hz)
at the ships of I—III categories are diesel generators
with power from 50 to 2500 kW. This equipment
works constantly, not only when the ship is going to
sea, but also when it is at a standstill, in a mode of
lower power. At the same time, the maximum noise
levels can reach 109 dB/Ain the mode of putting the
diesel into operation, and 112—115 dB/Lin (infra-
sound range). The equivalent noise level (Leq) in the
engine room (mechanics, electricians and electrome-
chanical technicians of all types) is 90—98 dB/A. For
sailors and boatswains working on the deck and in the
service rooms, noise load with levels 84—92dB/Ais
formed mainly due to the usage of pneumatic and
electric vibrating tools during repair actions. It should
be noted that most specialists perform activities
inside the premises with different levels of fluctuating
or intermittent noise. At the workplaces of the man-
agement and auxiliary personnel, the noise load was
only 62—67 dB/A and exceeded the permissible level
only at 25—40 % of total workplaces. However, in all

125

—admissible levels

250

sound
pressure
level, dBA

Fig. 2. Comparison of admissible
sound pressure level and measured
at the offices of State Institution
«Kundiiev IOH AMS of Ukraine»

Frequencies, Hz

these rooms there was a significant infrasound level
(88—97 dB/Lin) with the maximum acoustic energy
at the frequencies of 2—4 Hz.

Measurements of infrasound levels in the main
areas of the ship showed that in the cabins it exceeds
the threshold of adverse effects (interfering, irritating
action) for living premises by 9—15 dB/Lin according
to the literature data (Izmerov N. F et al., 1997). This
fact indicates that the crew does not have adequate
conditions to rest and recover. Infrasound in the range
2—8 Hz is absorbed by the vessel constructions only
by 10—12 dB. At the same time, noise levels are
reduced by 36—44 dBA. This shows that infrasound
in the range of 2—8 Hz penetrates through the prem-
ises of sea vessels in about 1000 times better than the
audible sound, perceived by human ears.

People are exposed to infrasonic and LFN not only at
work, but also in residential areas. The main sources of
these physical factors in settlements are various installa-
tions inside the buildings (ventilation and climatization
systems) andsounds from the outside of the buildings

Table 3

LFN measurements in the premises of the diesel and living premises
of the Academic Vernadskyi Antarctic Station

Sound pressure levels (dB) in 1/3-octave bands with geometric mean frequencies, [Hz]
Place of measurement
25 31,5 40 50 63 80 100 125 160 200 250
Diesel room 79 66 73 74 77 93 78 86 89* 98* 94%*
Admissible level* 107 95 87 82
Living premises 68* | 53 | a8 | 41 | a8 [esr | 41 | 40 | 42 | 33 | 32
Admissible level** day/night 68/63 57/50 48/40 41/33

Note. *State Sanitary Norms 3.3.6.037-99, **State Sanitary NormsNr 463-2019.
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Tahle 4
Comparison of infrasound level in the main areas of ship to hygienic requirements
Sound pressure level (dB) in 1/3 octave bands at ge(:met- General level of infra-
Place of measurement ric mean frequencies, M =+ 0, [dB] sound/sound, [dB]
2 4 8 16 dB Lin dBA
Engine rooms 97 +2.8 87+£2.5 84 +£3.1 93+42 103+34 97 +4.2
Admissible levels* 105 105 105 105 110 80
Central control panel, office 87+4.0 79 £3.5 75+£3.6 79 +£3.1 92 +£4.1 68 + 4.6
Admissible levels** 95 90 85 80 95 -
Cabin 84+32 77+£3.0 72+2.8 75+33 87+3.6 57+34
Admissible levels*** 75 70 65 60 75 -

Note. *State Sanitary Norms 3.3.6.037-99, **Izmerov N. F. (for the work, requiring emotional and intellectual strain),

***Izmerov N. F. (for the living premises).

(primarily transport). Measurements conducted in resi-
dential area «Nova Darnytsia» (Kyiv) showed exceeding
of admissible levels of noise in the range of 31.5—250 Hz
during the day and night (Fig. 3).

As it can be seen, exceeding of the sound pressure
levels is up to 16 dB comparing to existing sanitary
norms, especially at night. Acoustic oscillations are

920

absorbed by building structuresby 8 dBatthe frequen-
cy of 31.5 Hz during the day (8 AM—10 PM) and
night (10 PM—8 AM) and by 14—16 dB at the fre-
quency of 250 Hz. Unfortunately, absence of stan-
dards regulating admissible level of sound pressure in
the range 2—31.5 Hz make hygienic assessment
impossible. On the other hand, presence of numerous
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subjective complaints on the noise level and its irrita-
tive effect at the workplaces and residential areas rises
a significant hygienic problem concerning establish-
ing safe levels of exposure to infrasound and LFN.
Solution of this task should include collection of com-
prehensive bases of measurements of infrasound and
LFN at different workplaces, studying of dose-effect
relationship which is based not only on subjective
complaints, but analysis of objective physiological
changes caused by such exposure (hearing thresh-
olds, heart rate variability), investigation of individual
sensitivity to noise ete. Such an approach will allow to
substantiate hygienic standards and develop effective
collective and individual preventive measures.

Conclusions

1. Existing approaches to the problem of assessment
of occupational and habitual exposure to the
infrasonic and LFN haven't allowed yet to
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Muuwenko L.}, HasapeHko B. 1.2, Ctona M.}, MacAakesu4 M.!

NPOMECINHNIN BNAVB IHDPA3SBYKY TA HU3bKO4YACTOTHOMO WYMY: AKTYAABHI
NPOGAEMMU rriEHIYHOT PEFAAMEHTALLIT

AkpeanTOoBaHa AabopaTopis ririeHn Ta 6esnekn npadi, BpoUASBCLKNIN YHIBEPCUTET HayKW | TEXHIKN,
M. Bpounas, MonbLua

2/\epykaBHa ycTaHoBa «IHCTUTYT meanunHM npadi imeHi 0. |. IKyHaieBa HauioHaAbHOT akaaemii MeAVHHUX HayK
YkpaiHn», m. Kuis, YKpaiHa

Bemyn. TndpasByk i Hu3bkouactotHuit mym (HYULL) € mikinauBumMuy A HaBKOJUIIHBOTO CEpeaoBuIla Ta MpodeciitHol
NiSUTBHOCTI ¥ IXHil BIUIMB MOCTIHO 3pocTa€. 3araibHOMPUIAHATI i yHi(iKOBaHi TirieHiYyHi CTaHIAPTU Ta BUMOTH JI0 1XHiX
BUMIpPIOBaHb BiJICYTHI I BiIpi3HSIIOTHCSI B PI3HUX KpaiHaXx.

Mema docaidxcenHs — IPOBEIEHHS aHAJIi3y JaHUX JIiTepaTypH 111010 OLiHKY rpodeciiiHoi ekcrrosuiii HYLL ta indpa3ByKy i
nopiBHsaHHSA piBHiB HYILLI 3a nomomororo 4acToTHOTro aHamisy B 1/3-oKTaBHMX Aiama3zoHax y miarmasoHax Bin 2 po 250 Ii1 Ha
POOOUHMX MICIISIX i B HACEJIEHUX IMyHKTaX, aHali3 Cy0 €EKTUBHUX CKapr 0ci0, sIKi MPalllol0Th/TIPOXXUBAIOTh Y MiCLISIX POBEIEH-
HsI BUMipIOBaHb, BU3HAUEHHS METOAMYHUX ITiAXO/iB 10 YAOCKOHAJIeHHs ririeHiuHoi ouinku HYIL Ta iHdpa3ByKy.
Mamepiaru ma memodu docrioxwcenns. AHATITUIHWIA OTJISI HAYKOMETPUIHUX 0a3 MaHWX i HOPMATUBHO-IPABOBUX aKTiB
mono pernamenTartii HYI. CanitapHo-ririeHidHi BumiptoBanHs indpas3Byky Ta HULL npoBogmmmcs mrymomipom Octave
110A B okTaBHUX i 1/3 OKTaBHMX CMyrax 4acToT 3 CepeTHbOTEOMETPUUYHUMU YacToTaMM B mianazoHi 2—250 [i1 B odicHux
MPUMIIIEHHSIX, MPUMIIIIEHHSIX aHTapKTUYHOI CTaHLii «AKagemik BepHaacbkuii», Ha TepuTOpii XXuUTJI0BOro MacuBy «Hosa
Hapuuus» (M. KuiB), Ha Mopcbkux cynax JIAT «HopHoMopHadTras» BiiMoBiAHO 10 YMHHUX CaHiTapHUX HOPM YKpaiHU.
ITposeneHo onutyBaHHs 30 cniBpoOiTHUKIB Y «IHcTuTyT Menuumuu ripaui imeHi FO. 1. Kynniesa HAMH VYkpainu» 1om0
HasIBHOCTI CKapr Ha YMOBH Mpaili (1IlyM, MiKpOKJIiMaT, OCBIiTJI€HHS TOLLO).

Pesyavmamu. binbliicte onyonikoBaHux crateil, npucBsuyeHux BBy HYI Ta iHdpa3ByKy, po3riasgaoTh pe3yabraTtu
BUMIpIOBaHb 3 BMKOPMCTAaHHSIM A-3BaXXylHOUuOi XapaKTepHUCTUKM, IO CYTTEBO 3ByXye iHdopmariro mpo HYILL. Hamri
pe3yabTaTti MokasywTh, mo HYI y gianazoni 2—250 [i1 miMpoKo MOMIMpPEeHUil y TPOMUCIOBOMY CEPEIOBMIII, Ha TpaH-
CIOPTi, Y XXKUTJIOBUX MPUMILLIEHHSIX i Ha TEPUTOPIi XKUTI0BOI 3a0ynoBu. He3Baxkalouu Ha Te, 1110 piBHI LIyMy, BUMIipsIHi 3a
JIOTIOMOTOI0 XapaKTePUCTUKU «A», HE TMEPEBUIILYIOTh CaHITAPHUX HOPM, Ha IIyM Ha poOOYMX MiCLSIX CKapXKaThCsl A0
(44,0 = 3,7) % pecnoHAEHTIB. 3MaTHICTh 1O PO3MOBCIOIKECHHS IIyMY 30iTbITYETHCS 3 YACTUHOI HU3BKMX YaCTOT B
IOT0 YacTOTHOMY cIieKTpi. Tak, MOTIMHAHHS aKyCTUIHUX KOJMBAaHb OYIiBETbHUMU KOHCTPYKILiISIMU CTAaHOBUTH 8 1B
Ha vyacroti 31,5 Iix i 14—16 nb mpu yactoti 250 [i1. AKycTruHi KoMBaHHS B giana3oHi 2—8 i1 Ha MOPCHKMX CYIHAX MOLLIM-
protoTbest mpubau3Ho B 1000 pasiB Kpalile, HixX 3BYK, SIKUI CIIPUMMAETHCS BYXOM JIIOAVHM.
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Bucnosru. IcHyioui migxoau a0 npoOjeMu OLiHKK npodeciitHoro BIUMBY iH(ppa3Byky ta HUIL nmoku He mo3BONMIU
OOI'PYHTYBATH 3arajiIbHOMPUIAHSITI Tiri€HiYHI HOpMU 1151 LMX (bisnyHUX hakTopiB. HallioHanbHi cTaHAAPTH BiAPi3HAIOTHCS
BiJl KpaiHU 10 KpaiHU i BiIPi3HAIOTHCS ONMH Bil OAHOTO BCTAHOBJICHUMM MEXaMU Ta METOAaMU BUMipIOBaHHS. bilpuiicTh
OTYOJIIKOBAaHMX CTaTeil PO3MIANAIOTh pe3yIbTaTy BUMipIOBaHb 3 BUKOPUCTAaHHSAM A-, C- i G-3BaXXyBaTbHUX XapaKTepuC-
THK, SIKi HE Taf0Th 00’ EKTUBHOI iH(opMallii Mpo CreKTpaibHi XapaKTepUCTUKM PiBHS HeOe3neKu. BU3HaeThes, 1110 mogaib-
111e BU3HAYEHHS MTPOOJIeMU CTill TOYMHATH 3 3arajabHoro miaxomay. Jist 6inabin rmubokoi ineHTudikartii akepea HU3bKovyac-
TOTHOTO LIYMY Ta JUIsl 00’ €KTUBHOIO aHajli3y peakliiii opraHizaMy JIIOAMHU aBTOpaMU 3alpOrOHOBAHO METOIO0JIOTII0 BUMi-
proBaHHS naHux y mianazoHi 1—500 [ir 3 BUKOpMCTaHHSIM Hiana3oHy 1/3-OKTaBHMX CMYT, JIiHIMHOI IIKaJIX Ta JIIHIHOTO
RMS, nokaznukiB Min i Max piBHiB 1Oro BILIUBY.

KuarouoBi cmoBa: HUBbKOYACTOTHMIL HIyM, iH(pas3ByK, npodeciiine onpoMiHeHHs, riricHiune HOPMyBaHHSA

Muuwerko W.), Hasapenko B. N.2, Ctona M.!, Macnakesu4 M.!

NPOMECCNOHAABHOE BOSAECTBUE NHOPA3BYKA W HUSKO4YACTOTHOIO
WYMA: AKTYAABHBIE NPOGAEMbI TMMMEHU4YECKOW PEFAAMEHTALUN

JAKKpeAnToBaHHas AabopaTopus rmrreHsl 1 6e3o0nNacHOCTY TpyAa, BpOUAGBCKUIA YHUBEPCUTET HayKn 1
TexHuKn, r. Bpounas, MNoAbLla

2[ocyAapCcTBEHHOE yupeXaeHue «IHCTUTYT MeAnunHbI Tpyaa uMeHn 0. V. KyHavesa HaumoHansHoM
aKaAeMn MeANUNHCKX HayK YKpauHbl», . Knes, YKkpanHa

Bemynaenue. UndpasByk 1 Hu3kovyactoTHbiit uym (HYILL) siBasiioTcst BpenHbIMUM (hakTopaMu OKpyxKarolieit 1 Mpou3Bo/I-
CTBEHHOU Cpelbl U WX BIUSHUE ITOCTOSTHHO yBenmuuBaeTcs. OOIIEeNpUHAThIe TUTHEeHUIEeCKUe CTaHIAPTHI TT0 UX U3Mepe-
HUSIM OTCYTCTBYIOT M OTJIMYAIOTCSI B Pa3HBIX CTpaHax.

Ilenv uccredosanus — MpoOBEICHNE aHAIN3A JaHHBIX JIUTEPATYPHI IO OlLIeHKe MpodeccnoHanbHoil akcrmo3uunyn HYI n
nHbpas3Byka, cpaBHeHue ypoBHeit HULLI ¢ momotipio yactoTHOro aHanusa B 1/3-0KTaBHBIX AMana3oHax B AMana3oHax oT
2 no 250 I Ha paboyux MecTax U B pailoHaX XKUJIOM 3aCTpOMKU, aHAIU3 CYOBEKTUBHBIX XKaja00 JIMIl, padoTaloIIMX,/TIPO-
>KMBAIOLIMX B MECTaX MPOBEACHUST UBMEPEHU I, ONpe/ieIeHUEe METOANYECKUX MTOIX0I0B K YCOBEPLIEHCTBOBAHUIO TUTUEHU -
yeckoit otienku HYLI un nngpassyka.

Mamepuanst u memoods! uccredosanus. AHATUTUIECKUI 0030p HAYKOMETPUIECKNX 0a3 MaHHBIX U HOPMATUBHO-TIPABOBBIX
akToB OoTHocuTeabHO perinameHtannu HYII. CanutapHo-rurneHndYecKue mcciaenoBanus nHdpaspyka 1 HUIL nposo-
nunrch mymoMepom Octave 110A B oKTaBHBIX U 1/3-0KTaBHBIX MOJI0CAX YACTOT CO CPEIHETeOMETPUISCKUMU YacTOTaMU B
nuara3zoHe 2—250 i1 B o(pMCHBIX TTOMEILEHUSIX, TTOMEILIEHUSIX aHTaPKTUYECKOI CTaHLUMU «AKaneMuK BepHaackuii», Ha
TeppuTopuM Xunoro maccuba «Hoast JapHuua» (r. Kues), Ha Mmopckux cynax [AO «HYepHomopHedTeraz» B COOTBETCTBUU
C ICWCTBYIOIIMMA CAaHUTAPHBIMU HOpMaMM YKpawHbI. Beut mposeneH omnpoc 30 cotpyaHukoB ['Y « MHCTUTYT MeIMITMHEL
tpyna nmenu 0. W. Kyanuesa HAMH YkpawHbl» Ha Haauuue Xaxo0 OTHOCUTENTHHO YCIOBUU Tpyda (MUKPOKIMMAT,
HMCKYCCTBEHHOE OCBEILIEHUE, IITYM).

Pezyavmamut. BoAbIIMHCTBO OMyOJIMKOBAaHHBIX CTaTeil, mocBseHHbIX BausHuio HYI n nuHbpasByka, paccMaTpuBaioT
pe3yJbTaThl U3BMEPEHUI C UCITOIb30BaHUEM A-B3BEIIMBAIOLIEH XapaKTePUCTUKHU, YTO CYLIECTBEHHO CykaeT MH(MOPMaLIUIo
00 HYIL. Hamwu pe3ynbrarsl mokassiaioT, utro HUILL B nuanazone 2—250 i1 mpoKo pacnpocTpaHeH B MPOMBILIIEHHOM
cpele, Ha TPAHCITOPTE, B XKWJIBIX IIOMEIICHUSIX U Ha TePPUTOPUU XUJIOi 3acTpoitku. HecMoTps Ha TO, UTO ypOBHU IIyMa,
M3MEPEHHBIC C TTOMOIIBIO XapaKTepUCTUKH A, HE MPEBBIIIAIOT CAHUTAPHBIX HOPM, Ha IIIyM Ha pabovYrX MeCTaX KaayloTCs
10 (44,0 £ 3,7) % pecnonnenToB. CriocOGHOCTD K PaCIpOCTPAHEHMIO LIyMa YBEIMIMBACTCS C JOJI€ HU3KUX YaCTOT B €TO
yacTOTHOM crekTpe. [TokazaHo, 4To TMOrJolIeHne aKyCTUUECKUX KOJIeOaHUi CTPOUTEIbHBIMUA KOHCTPYKIIUSIMUA COCTaB-
nget 8 nb Ha vacrote 31,5 Ity u 14—16 1B ipu yactore 250 [11. AKycTrueckue KojebaHus B auamnasoHe 2—8 I Ha MOpCKUX
cynax pacnpocTtpaHsoTcs npuMepHo B 1000 pa3 syuiie, yeM 3ByK, BOCIPUHUMAEMbI YXOM YeIoBeKa.

Buvi6odwbi. CytiecTByOIIME TIOIXOIBI K TIPOOIeMe OLIEHKH MpodeccuoHaibHOTo Bo3aeiicTBus nHdpa3syka 1 HUILI moka He
TTO3BOJIMJIA 000CHOBATh OOIICTIPUHSITBIC TUTHEHNISCKIE HOPMBI TSI 3TUX (DU3NUECKUX (pakTopoB. HalmoHambHbIE CTaH-
JapThl B pa3HbIX CTpaHaX OTIMYAIOTCS APYT OT Ipyra yCTAHOBJICHHBIMU TIpeeaMy SKCITO3ULIMY U METOJaMU U3MEPEHMSI.
BonbmmMHCTBO OMyOIMKOBAaHHBIX CTaTell paccMaTpUBAIOT pe3yabTaThl M3MEPEHMi ¢ ucmoab3oBaHMeM A-, C- u
G-B3BeIIMBAIOLIMX XapaKTEPUCTUK, HE NAIOIIMX OObEKTUBHOU MHGMOPMAILIMKU O CIIEKTPATbHbBIX XapaKTepUCTUKAX U YPOB-
Hsix onacHOCTH. [1pu3HaeTcs, 4yTo AajbHeiiliee onpeneaeHe NpooaeMbl caelyeT HauMHaTh ¢ oolIero noaxona. s 6omnee
TTyOOKOM MIEHTUMUKAIIMY NCTOYHUKOB HU3KOYaCTOTHOTO IITyMa ¥ 0ObeKTUBHOTO aHAJI3a peaKInii opraHu3Ma JeioBeka
aBTOpaMM TIPEIJIOXKEHA METOMOJOTUS M3MEpPeHUs MaHHBIX B auarasoHe 1—500 [ir ¢ wmcmojb3oBaHMEM AWaria3oHa
1/3-0KTaBHBIX TIOJIOC, TMHEIHO IIKAJIBI ¥ JIMHEMHOTO cpelHeKBaapaTHIHOro B3BemmBanusa (RMS), mokazateneit Min u
Max ypoBHeii ero Bo3IeiCTBUSI.

KiroueBbie c10Ba: HUSKOYACTOTHBIN 1ryM, uH(Pa3ByK, npodeccuoHalbHoe 00/yueHne, TirneHnJecKoe HOpMIPOBaHNIe
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