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Assessment of non-hazardous low-frequency noise exposure

Behar A.
Research associate, Ryerson University, Toronto, Canada

Abstract

Low Frequency Noise (LFN) is a phenomenon found in the environment and generated naturally
(volcanoes, earthquakes) or as a result of human activities (large engines, windmills). When at high levels, it
causes complaints mainly of annoyance, but also of pressure in the chest or others. The assessment of LFN
has been a problem, resulting several methods, adopted in different countries and jurisdictions. The two most
popular assessment methods are based in measurement in dBA and on the difference dBC-dBA. This paper
analyzes their accuracy and point out the needs for research into the variables compounding the annoyance
from LFN.

Keywords: noise, hazardous noise, safety, low-frequency noise, noise exposure.

Ornenka BO3/eiiCTBUS HEOMACHBIX HU3KOYACTOTHBIX IITyMOB

Bexap A.
Hayuanerii corpyaauk, SMART Lab, yuusepcurer Patiepcona, r. Toponro, Kanaja

AHHOTaUA

Huskowacrorupiii mym (HY-uiym) - 310 sBjeHue, Bcrpedaromieecss B OKpyzKamomiell cpeie u
TEeHEPHPYEMOEe EeCTEeCTBEHHBIM IIyTeM (BYJKAHDBI, 36MJIETPSCEHHs) UWJIH B DPE3yJIbTare JesTeJbHOCTH YeJIOBEKa
(6osbmine gBurares, BeTpsiHbie Typ6OuHb). IIpH NOBBINIEHHH YPOBHSI OH BBI3BIBAET *Kaj00bI, B OCHOBHOM Ha
paszaparkeHne, HO TAaKXKe€ W Ha JaBJeHue B rpyau man apyrux opraHax. Ormenka HY-myma mpecraBisiia
1pobJieMy, B pe3yJbrare 4ero HOSBHJIOCh HECKOJIBKO METO/AOB, IPHHSATHIX B PA3HBIX CTPAHAX H FOPHCIUKIHUIX.
/lBa HamboJsiee HOILYJSAPHBIX METOAA OLEHKH OCHOBAHbI Ha u3MepeHun B ABA u Ha pasuune nBbH-nBA.
B saHHOH cTarhe aHAJIH3HPYETCS HX TOYHOCTh H YKA3BIBAETCS Ha HEOOXOMQHMOCTH HCCIEJOBAHHS HMEPEMEHHBIX,

yeyryoasiromnx pasapazkenne or HY-mywma.

KurroueBbre cjioBa: IIyM, OMaCHBIH 1IyM, 6€30IMaCHOCTD, HI3KOYACTOTHBIH IIIyM, BO3AEHCTBIE HIyMa.

Introduction

Most noises found in every-day life are of broad band nature, with their energy quasi-
uniformly spread across the spectrum. Their measurement and assessment is relatively easy
and there are commonly accepted standards on how to do it. There are, however, situations,
where most of the energy is concentrated in the lower end of the audible spectra, the so called
low frequency noises, where the assessment presents problems, not yet solved. That is the
reason for the existence of different methods adopted by different countries [1]. This paper is
to address the assessment process, focusing in particular on the dBC-dBA method.

E-mail: albehar31@gmail.com (Behar A.)
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1. A little bit of history

In 1933 Fletcher and Munson developed a set of equal-loudness contours using pure
tones conveyed via headphones [2]. Contours indicate sounds perceived as being of equal
loudness when presented at different frequencies. They show that the loudness is strongly
dependant of the frequency of the tone as well as of their sound levels. Contours were later
revised by 1956 Robinson and Dadson [3], using loudspeakers in an anechoic environment. They
obtained a new series of curves believed to be more accurate. The curves became the basis for
an ISO Standard that was considered definitive until 2003. Then ISO revised the standard [4]
on the basis of further research conducted by different research groups around the world.

Originally, Sound Level Meters were intended to measure the loudness of sounds. From
the first beginning, they introduced a simplification to the equal-loudness contours using three
filters: A, B and C. The first, A, was intended for sound levels below 40 dB. C was intended
for those above 70 dB, and B for all of those in between. Later on, studies found high
correlation between hearing loss and sound level measurements of workplace noise performed
using the A filter (in dBA)[5]. Consequently, the use of the filter “A” became universal for
assessment of workplace noise. Other studies found correlation between dBA and annoyance for
environmental noise in general, increasing its use even further. Finally, with the use of NRR [6]
for the measurement of the attenuation provided by hearing protectors, the “C” weighting also
came into widespread use. The three curves are specified in an IEC Standard [7].

These curves were also used in the first American standard for sound level meters [8].
This ANSI standard, later revised as ANSI S1.4-1981, had the B-weighting incorporated,
together with the A and C-weighting curves. B-weighting has since fallen into disuse up to
the point that many SLMs do not have it at all.

2. Why dBA
2.1. Hazardous noise

In the field of Industrial Hygiene, noise is considered as hazardous, when it affects the
organ of hearing, the ear, causing hearing loss. As a stress agent, we know that it may generate
other effects such as annoyance, sleep interference, speech interference etc. There can also be
effects of noise exposure on the nervous system, the cardio-vascular system, and other body
systems. However, noise that may lead to effects on systems beyond the ear are generally not
taken into consideration in noise standards.

As a result of laboratory and epidemiological studies, there is an almost universal
consensus that noise exposures in excess of 85 dBA (8hs/day, 5 days/w, 40 years) may cause
hearing loss. This is well documented in the ISO Standard 1999 [9].

A noise assessment is done in two steps. The first consists in the measurement of
the noise exposure. It is performed using preferably an integrating sound level meter or a
dosimeter, set up to measure in dBA and Slow [10|. The second step requires comparing the
measured result to the above mentioned limit of 85 dBA. If the limit is exceeded, then the noise
is considered hazardous.

What is not often mentioned is that this criterion applies to narrow as well as broadband
noises, i.e. noises where the energy is spread uniformly along the audible spectrum. With few
exceptions, industrial noises tend to be broadband.

2.2. Non-hazardous noise?

There are no uniform criteria for non-hazardous sources of noise. There are guidelines,
bylaws and local regulations that vary among countries and among local authorities. One of the
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reasons for this situation is the complexity of the problem. When dealing with non-hazardous
noises, there are many variables that must be considered beyond the sound level.

Some of these variables pertain to the noise itself, such as:

- Frequency content
- Duration
- Impulse characteristics
- Special characteristics of the noise that make is especially irritating
Some of these variables pertain to the context within which the noise occurs:
- Time of the day the noise occurs
- History of previous exposure to the noise in question
Other variables may be considered psychological reactions to the intruding noise!, such
as finding it:
- unnecessary or unnecessarily loud
- a threat to personal health and safety
- a threat to economic investment
- beyond the affected person’s control

Whoever has had dealings with annoying noise has many anecdotes to tell about
situations where a loud noise was dismissed as such on the bases that the person causing
it was a “nice” person. In other situations, the noise was considered intruding just because the
person responsible for the noise and the person affected by the noise were not on the best of
terms with respect to their personal relationship.

A literature analysis relative to noise exposures that can disrupt sleep, communication,
task performance, and productivity was prepared for the World Health Organization by
Berglund and Lindvall [11]. Some conclusions are as follows: Noise measures based only
on energy summation are inadequate for the characterization of most noise environments,
particularly when health assessment and prediction are concerned, and durations of the
measurements depend upon the activities involved. One must measure the maximum values
of noise fluctuations, preferably combined with a measure of the number of noise events, and
assess whether the noise contains a large proportion of low-frequency components. For homes,
recommended guideline values inside bedrooms are 30 dBA for steady-state continuous noise
and 45 dBA (Fast Max) for a single noise event. To prevent a majority of the population from
being seriously annoyed during the daytime, the equivalent level from steady continuous noise
in outdoor living areas should not exceed 55 dBA. During the night, outdoor levels should not
exceed 45 dBA so that people may sleep with bedroom windows open. It is recommended that
in schools, the level should not exceed 35 dBA during teaching sessions. In hospitals during
nighttime, the recommended value is 30 dBA.

It has to be pointed out that too low ambient noise level may annoy some people, as
unwanted sounds are not masked. By the same token, such an environment may be highly
distracting for employees in an office.

Clearly, establishing limits for non-hazardous noise is a very complex task to be
entertained. Annoyance will always be a problem, no matter how well other effects are
controlled.

3. Problems with low-frequency noise (LFN)

There is no definition on low frequency noise. The term applies generally to noise
with most of the energy contained below 200Hz. ANSI does define Infrasound as “sound at
frequencies less than 20 Hz." [12].

Tt is worth remembering the old saying: music is what I do and noise what my neighbor generates...
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LFN does not affect hearing? in general, but it can be quite annoying. Because of its
physical characteristics, it does not decay easily with distance and travels distances without
attenuation by ground. Furthermore, sound barriers, natural or artificial, are mostly ineffective
because of the diffracted energy that goes “over” or “around” the obstacle. Transmission loss of
materials decays with frequency. Therefore, low frequency noise penetrates easily through walls
into enclosures and living places. To make matters even worse, because of the long wavelength
comparable to the size of rooms and offices, low frequency noise can generate standing waves
with clearly audible “hot spots” that are highly annoying and exceedingly difficult to control.

The usage of the A filter under-values the impact of low frequencies. For example,
a sound of 100 Hz is attenuated by almost 20 dB, while a sound of 50 Hz is attenuated by
30 dB. The effect of this attenuation, especially in the low frequencies range below 200 Hz, is
that a noise with mainly low frequencies content (such as the one from a large truck engine)
shows a low reading on a sound level meter, even though an observer can perceive it as an
impressive roar. This author remembers clearly measuring 35 dBA in a workplace that was
perceptibly shaking because of the presence of several looms. The noise was felt in the chest of
the observers, but remarkably, there was no consequential measurement that could be obtained
using the sound level meter.

To summarize, when measuring low frequency sound sources using the dBA weighting,
readings tend to be low, even when the noise is highly annoying. In view of this problem,
several attempts have been made to improve the assessment of LEN. The objective has been to
obtain a relatively easy way to measure the noise with a result that the measurement correlates
with the subjective feeling experienced by those exposed to the noise.

Probably the most popular method to come along is the C-A method. It is relatively
easy to perform using a conventional sound level meter, since it simply requires data points
obtained measuring in dBA and dBC.

4. The dBC-dBA as a descriptor for low frequency noise (LFN)

This method consists of the following:

a) measuring the noise in dBA and dBC

b) using the difference between both readings to characterize the noise as LEN, A large
difference between both readings will indicate that the noise has a large low-frequency content.
(Figure 1 shows both curves. It can be seen how difference between both increases as the
frequency decreases).

¢) If the noise is found to be LFN, a penalty is applied to the measured dBA value[13].

As an example, let’s suppose a jurisdiction has a noise limit of 50 dBA. Suppose also
that a noise level of 45 dBA is measured that would be considered acceptable (<50 dBA).
However, a difference dBC-dBA of 15 dB was also measured. Then, as per the jurisdiction’s
existing bylaw, a 10 dB penalty is applied to the measured level of 45 dBA, resulting in 55
dBA. This exceeds the limit of 50 dBA and the noise is considered inacceptable.

The above simple example of applying the dBC-dBA rule shows that there is a need
to establish:

a) A baseline sound level, in dBA (50 dBA in the above example)

b) A difference dBC-dBA that classify a given noise as “low frequency” (15 dB) and

¢) The size of the penalty to be applied to the measured noise (10 dB). This penalty,
obviously, should be proportional to the dBC-dBA difference.

In other words, the proposed descriptor would ideally define three parameters before

2It may if there was enough energy in or around 150 Hz, that could affect hearing in that region which would
affect voice pitch, leading to problems with voice identity /emotion /etc...
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being adopted as a replacement to the existing dBA. To determine the values of those
parameters, there is a need for psycho-acoustic studies to be performed over statistically
significant samples of populations, studies that we are lacking at present.

A proposal to replace the measurement in dBA by an improved dBC-dBA
descriptor [14] has been made recently. The proposal consists of averaging the “A”
filtered sound levels of the 1/3rd octave bands between 16 Hz and 200 Hz and qualifying the
noise as “low frequency” if the C-A difference is equal or larger than 15 dB.

This proposal includes the need of frequency analysis with the claimed advantage of
classifying as “noisy” situations that otherwise will not be recognized as such. However, on top
of the added complexity required in this new measurement technique, there is still the need for
defining and justifying the parameters mentioned above.

Conclusions

In this paper we have focused on annoyance from non-hazardous, low-frequency noise
and the difficulties in its assessment. The use of dBA is definitely not acceptable, unless different
limits are set, as per ref [1] The dBC-dBA method has also been developed without defining
and justifying the critical parameters mentioned above to provide support for any penalties
applied to measured noise levels.

We see a need for psycho-acoustic researches to be conducted to define and justify these
parameters. In particular:

a) Laboratory studies assessing annoyance from noise with different low-frequency
content, both artificial or real-life (occupational, windmills, transit) and

b) Surveys in real-life situations including measurements and questionnaires.
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Pa3paboTka aKyCcTU1ecKOTro KaJdbKyJATOPa JJis COMPOBOXK/IEHUS
METOANK U3MEPEHU

Tropun A.IL
JL.t.1., mpodeccop kadeapnl «Texnocdepnas 6e30MaCHOCTDY,
OTBOY BO «MxI'TY umenn M.T. Kanamaukosas, 1. Mxkesck, PO

AnHoTanus

B crarbe paccmarpuBaercd 3ajada  pa3pabOTKM  IPOCTEHIIEr0 aKyCTHYeCKOIO KAJIbKYJISTOPA
JIIsl UCIOJb30BAHUsI [PHU BBIMOJTHEHUN AKyCTUYECKUX W3MepeHwit. B obsacru WHXKEHEPHOH aKyCTUKU
CYIIECTBYIOT PACIIPOCTPAHEHHBIE CITyYau OMEepaIuii ¢ JerubeamMu - CIOKEHNe, BEIYUCIeHIe CPEIHEr0 3HAYCHUS,
BBIUMTAHUE, OIEHKA HEONPEIEeHHOCTH U mpod. Kak mnpaBmyio, BbraucieHuss mo ¢hopMysaM, KOTOpPbIE
WCIIO/IB3YIOT WHYKEHEPHI, JIETKO BBIMOJIHSIOTCS JUOO B W3BECTHHIX OMUCHBIX MPOrPAMMHBIX MAKeTaxX, JMOO B
TOM HPOIPAMMHOM OOECIIEYEHUU, KOTOPOE HUCIOJB3YeTCs it 00Jiee CJIOKHBIX AKyCTHYECKUX BbIYUC/IEHUI.
Tem He Menee, HEOOXOUMOCTb B MPOCTEHIIEM KAJIbKYJISITOPE UMEETCsl BCET/IA, B TOM YHUCJIE€ HA MEPBBIX MOPax
paborsr ¢ menubemamu. Kpowme Toro, mpu paspaboTKe METOI0B KOHTPOJISA, ONMEHKH W HOPMHUPOBAHUS OMACHBIX
¥ BPEIHBIX aKyCTUIeCKuX (haKTOPOB ITPOM3BO/ICTBA WMCIOIL30BAHNE TAKOTO MOAX0JA aKTya bHO. Paspaborka
KaJIbKYJITOPa peajn30BaHa B HECKOJbKO 3TamoB: 1) ompenenenne (HyHKIMOHAIBLHOCTH —MPUIOKEHWUS;
2) ompezenenue OOMIEro MmMabJIOHA MTPOEKTUPOBAHUSA; 3) DPEATU3AIMs TPOrPAMMHOTO KOIa; 4) TpoBepKa
(recrupoBanue) Ha Kiaccuueckux npumepax. IIporpamma 103BoJI€T: BBIYUCIIATL CyMMY Jenubest, ux cpejiHee
3Ha4YeHUe, OCYUIECTBIIATh B3AMMHbBIA 11€PEBOJ] aKyCTUYECKUX BEJIMYMH: YPOBHEIl 3ByKOBOIO JaBjieHus (3BYKa),
3BYKOBOT'O JIABJICHNUsI, 3BYKOBOIl MOIITHOCTH, OIEHWBATD ITyM HA PA00YEM MECTE C yIeTOM aKyCTHYIECKOTO BKJIAIA
OTJEeTFHO B3ATOM ONEpanuu B TedeHue paboueil cmenbl. Bce BhramcieHus jis HATJISIHOCTH COMPOBOXK IAIOTCS
BU3yaJIM3alyeil pe3yabTaToB B BUjIe ABYMepHBIX rpadukoB. [IpenMyiiecTBa: MCMOIL30BAHNE KAJIbKYISATOPOB B
BHUIe MOOMTBHBIX MPUJIOXKEHUIT He TpeOyeT J0CTyIa K HHTEPHETY, CIOCOOCTBYET 00Jiee SKOHOMUIHOMY PACXOILY
AKKyMYJIATOPHON Garaped yCTPOWCTBA, W UCIOJIB30BAHUE TOMOGHBIX MPOrPAMM MOMKET OBITh TOJE3HO TAKXKe
JJIS CTYAEHTOB CIIENNAIbHOCTEH, CBA3AHHBIX C AKYCTUIECKUMHU PACUYETAMHU HA ITAME OCBOEHUS AKYCTHIECKON

JTHACIUTIIAHEL.

KurroueBbie cjoBa: aKyCTHUYECKHE KAJbKYJIATODP U PACUEThI, MOOUJIBLHOE MPUJIOXKEHUE, O0yUeHue,

nenubesibl.

Development of an acoustic calculator to support measurement method

Tyurin A.P.
Doctor of technical Sciences, Professor of the Technosphere Security Department,
Kalashnikov Izhevsk State Technical University, Izhevsk, Russia

Abstract

The article discusses the task of developing the simplest acoustic calculator for use in performing
acoustic measurements. In the field of engineering acoustics, there are common cases of operations with decibels -
addition, calculation of the average value, subtraction, estimation of uncertainty, etc. Typically, formulas used

by engineers are easily performed either in well-known office software packages or in software that is used for
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more complex acoustic calculations. Nevertheless, the need for a simple calculator is always there, including at
first working with decibels. Therefore, the development of such "pocket calculators" is quite relevant and in
demand. The development of the calculator is implemented in several stages: 1) determining the functionality
of the application; 2) definition of a common design pattern; 3) implementation of program code; 4) verification
(testing). The program allows you to: calculate the sum of decibels, their average value, perform a mutual
translation of acoustic quantities: sound pressure (sound), sound pressure, sound power levels, estimate noise
at the workplace taking into account the acoustic contribution of a single operation during a work shift. All
calculations for visualization are accompanied by visualization of the results in the form of two-dimensional
graphs. Advantages: the use of calculators in the form of mobile applications does not require access to the
Internet, contributes to a more economical consumption of the device’s battery, and the use of such programs
can also be useful for students of specialties related to acoustic calculations at the stage of mastering the acoustic

discipline.

Keywords: acoustic calculations, mobile application, training, decibels.

Beegenne

Hcnonb3oBanue 1udpoBoii 00pa3oBaTebHOM Cpe/ibl B HACTOMAIINee BpeMs IOJIydaeT Bce
Gostee mupokoe pacrpoctpanenue [1, 2, 3|. He 0601muio 310 U CHeNUATHCTOB-aKyCTUKOB. Pedb
UIET O Pa3JIMIHOTO POJa KAPMAHHBIX KAJbKY/ISITOPaX, MO3BOJSIONIAX ITPOBOIUTEL OMEPAIUN C
genubesiamu. Hecmorpst Ha 110J1€3HOCTH YCTHOI'O CHETa WJIM CYETa B yMe, 3HAYUMOCTb OIIUOKHU
0pu WX HCIOOJh30BaHUU CHUkKaeTca. (C Apyroit CTOPOHBI, HEOOXOAWMO OTMETHUTH, 9TO KakK
B Poccum, tak u 3a pyOeKoM CYIIECTBYET MHOYKECTBO METOJIMK, KOTOPBIE IPEJIN0/IaraioT
BIIOJIHE CEPbe3HbIEe BBIYUCACHUS HA OCHOBE HMEIONIUXCS MCXOIHLIX JaHHbIX. Kak ObITh B
5ToM ciaydae? 3amajiHble CHEIUAJUCTHI IPeIaraloT KaJbKyJISATOPbI, peaJn3oBaHHbIe B MS
Excel ¢ ucnosb3oBanmeM MaxpoCOB, JIOCTYIHbBIE Jijisi CBOOOJHOIO ucioJib3oBanus. B Poccun
BCTPEYAIOTCS CIIy4anl peaju3alnund TPOCTEANNX aKyCTHYECKUX KaJbKYyJAATOPOB B PeEKUME
OHJIaI'7'IH7 KOTOpbIC MPU HAJCKHOM JOCTYIIEC K HHTEPHETY IMOMOI'alOT OIIepaTUBHO BBLIITOJIHUTDL
HEOOXOIMMbIE ITPOCTEHIIne pacyeTsl.

[Ipocreiiimue mpueMbl omepanuii ¢ jgenubesaMd MOMKHO BCTPETUTh B H3BECTHBIX
yueOHbIX u3gaHugx mo akycruke [4, 5. B ciaydae ¢ 6GosbiiuM KOJMYECTBOM JAHHBIX H
Tpe6OBaHI/IHMI/I K TOYHOCTU BBLIYMCJIEHUN BEPOATHOCTD OH_[I/I6KI/I IIpu yCTHOM CYe€Te BO3paCTaeT
U IIOTOMY TaKOW METO/I cueTa CTAHOBUTCHA HEIPHUIOJCH.

B 1menom, akycruueckume KaJbKYJISTOPHI ITOJYYAIOT IIHPOKOE PACIPOCTPAHEHUE.
[TpeumytiecTBEHHO UX MOYKHO Pa3/eJUTh HA JIBE OOJIBIINE IPYIIIIbL: 1) JJ1sl OLlEHKU BO3JIeACTBUA
Ha dYejoBeka (Kak MpaBuao, pabOTHHKA) ImiymMa wid Bubpanuu u pacdera 3(hdeKTHBHOCTH
CpeacTB I/IH,ZLI/IBI/I,ILyaJ'IbHOI'?'I 3alllUThl IO MEeTOAUKaM, OrOBOPEHHBIM B HOPMATHUBHO-TEXHUYICCKUX
JOKYMeHTax; 2) JJis pacueTa BpeMeHH peBepOepallii B MOMENIeHUH TP BHIOOPEe aKyCTHIECKOTrO
OTJEJ0YHOIO MaTepHasa B 00JACTH CTPOUTEJBHON aKycTHKU. B KadecTBe IPOMeErKyTOUHOM
I'PYILIIbI MOZKHO BbIJIEJIMTh KaJbKY/IATOPbI, HallpaBJ/eHHble HA padoTy ¢ Jlenude/iamu.

1. O0630p cyHIeCTBYIOINX BHOPOAKYCTHYECKNX KAJbKYJIATOPOB

B kadecTBe npumepa HMCIOJIb30BAHUS POCTEHINNX KAJIbKY/JAATOPOB MOXKHO HPUBECTU
pazpaborku poccuiickoii npubopocrpoutenbroit komnanun «HTM-3amuras [6]. Bcee onm
peajin30BaHbl B pexkuMe oHjain. Vx npemmyinecTBa 6€CCIOPHBI, TaK KaK B TOM YHUCJ€ OHH
ABIAIOTCA XOPOUIMM MHCTPYMEHTOM IS MONYIAPU3ANUE CBOCH IIPOAYKIUA U €€ IIPOIBUKCHHIS
Ha pblHKe. JlaHHbIe HHTEPHET-PENICHUS MO3BOJLAIOT € JIEFKOCTBIO BBIIOIHATH AKYCTHICCKHE
BbliucCJjieHud, B TOM 4YucCJie, €CJIn eCTb HeO6XO,ZLI/IMOCTb TaKHUX BblYUCJIEHUI IIPUMEHUTECJ/IbHO K
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OlIpeieIeHHON MeTOIMKe, W3JI0KEeHHOH B TOCYIapCTBEHHOM cTaHaapTe. Tak <«KaJbKyJIATOP
pacuera SKCIO3UIUOHHO /103bl TEILJIOBOTO OO/IyYeHUSIy CAYXKUT JjIs PAcdera IKCIO3UINOHHON
JIO3BI TEILTOBOTO OOJIy9YeHWs C yKA3aHWeM KJIacCa YCJIOBUI TPYAa MO TAKAM HapaMeTpaM Kak
WHTEHCUBHOCTH W 1033 TEIJIOBOTO obJiyueHus. [IporpaMma mo3BOJISIET TMOMYYATh PE3yJIBTaATHI
U PEKOMEH IAIMH 10 BO3MOXKHBIM CIIocobaM obecliedeHus JOMYCTUMBIX YCJIOBUI TPY/Ia.

CrernuaibHbIll  «BHOPOAKYCTHUECKHIT KAJBKYIATOP» HeoOXomuM 1  paboThl ¢
nenubeiaMu, KOTOpbie ObLIN MOy YeHbl B Pe3y/IibTare n3MepeHuil ypoBHeil 3ByKa. DTO OIUH U3
YHUBEPCAJIBHBIX KAJbKYIATOPOB, JOCTYIIHBIN U MPOCTOH B MCHOJB30BaHUU. Kro JOCTOMHCTBOM
ABJISIETCS OTCYTCTBHUE IIPUBA3KH K KOHKPETHON MOJIEJIH IIyMOU3MEPHUTEILHOTO Mpubopa.

NucTpyMeHTOM, NPU3BAHHBIM CYIIECTBEHHO OO0JEIYUTh MACCHB  BBIYUCICHUIH,
npegaycmorpennsie B Merogukax no ['OCT P UCO 9612-2016 «Akycruka. 3mepenue
IyMa JIjisi OIEHKH €ro BO3JeiicTBus Ha desioBeka. Merom m3mepenns Ha pabodmx MecTaxs,
SABJISAETCS «KAJIBKYJAATOP-9612». Ipyroit KagabkygaaTop — KaabKyaaTop-20444 — paccauThiBaeT
SKBHBAJCHTHBIH yPOBEHb 3BYKAa TPAHCIOPTHOIO IOTOKA HA HMHTEpBaJie HAOIIOJCHUA C
HEOIIPeAeIeHHOCTHIO Pe3yIbTaTa.

Kpome kasbKyasTopoB, objerdaionmx padory ¢ jernudesamMu, CHennaJucTaMu
pa3pabaTeiBAIOTCA KAJbKYJIATODPBI, KOTOPbIE HAMPABJEHBI HA BBIMOJHEHHE MTPOCTEHTIHX
AKYCTHYECKUX PACICTOB IMOTPEOUTEISIMHU. B 4yactHocTH, Takume pelieHdud IIPHUCYIILH
HPOU3BOJIUTENAM IMYMO3AIMUTHBIX MaTepUaaoB. Takue KaJbKyJdTOPbl ITOMOTAIOT IOA00paTh
AKyCTHYECKYIO OTHEJKY JJasI IOMEIeHuil, BBIMOJHss pacdeThl BpPeMeHH peBepOepalun,
pa3b0pYMBOCTH peYd W IPOY. B JMalla30He OKTaBHbIX moJioc or 125 jgo 4000 I'm ¢ yderom
MaTepuaJia CTeH, MOTOJIKOB, HAJUYUs OKOH WM JBepeil W3 MaTepuasoB, W3 KOTOPBIX OHU
usrorosyenbl (puc.l). Hampumep, Takume OpakTHKU TpeJIararorTcs 3apyOexKHOil KoMmaHueii
«Ecophon» [7]. 1ocTOMHCTBO JaHHOTO MOAXOAA KPOETCSI TAKYKE B BO3MOXKHOCTH COXPAHEHHUsI
BBITIOJIHEHHBIX PacueToB B (popMaTe 3JEKTPOHHOIO AO0KyMeHTa. OIHOBPEMEHHO MOTPEOHTEND
TaKzKe MOJIy9IaeT TapaHTUIO HAEKHOCTH IPUOOPETAEMBIX YCJIYT /TIPOLYKIHH.

K ocHoBHOIt npuvnHe co3maHnst BUOPOAKYCTHIECKAX KAJBKYISITOPOB MOYKHO OTHECTH
aBTOMATH3AIUIO PACYeTOB, OOYCJOBJIEHHBIX TPEOOBAHHSAMHU CIEIUAJIBHBIX METOJIHNK, KaK
3apybeKHOr0, TaK U OTEYEeCTBEHHOI'O NMPOUCXOXKAeHus. Hampumep, 11 peaju3alud MeTOIHK,
u3joxkennbix B pykosojcTBe «Controlling noise at work. The Control of Noise at Work
Regulations — 2005» [8] paspaborana cepusi KaJbKyJasiTOPOB, MPEJCTABICHHBIX HA CTDAHUIIE
Yupassenus 1o oxpane Tpy/a B Beaukobpuranuu https: //www.hse.gov.uk /noise/calculator.htm.
OHHM TO3BOJIAIOT OIEHUTH BO3JEHCTBUE IIIyMa IIPU €XKEeJTHEBHOM WJIH eXKEeHeJIeJIbHOM ero
BO3JIEHCTBIN, a TakKe 3(DMEKTUBHOCTH 3aIMUTHl OpraHoB ciayxa. K HuM orHOCATCs: 1)
KAJIBKYJIATOD pacyeTa SKCIO3UIUH [IIyMa B TeUeHUe JTHs; 2) KAJbKYJIATOP PACUeTa IKCIOIUINH
mymMa B TedeHHe Hemesan; 3) KaJbKyasaTop pacdera 3(MQeKTHBHOCTH 3alfuThl ciayxa; 4)
KAJbKYJIATOD OIEHKHW BO3JEHCTBUS TIyMa B CJAydYae, €CJIH B TEYeHHE HEKOTOPOTrO BPEMEHU
pabodeil cMEeHBI CpeJICTBA 3aITUTHI CJIYXa HE HUCIOJIL3YIOTCS.

JInst Mcnoib30BaHUs TOTOBBIX KAJIBKYJISITOPOB HEOOXOAMMO 3HATH YPOBEHb IIyMa U
HPOJIOJIZKUTETbHOCTD €r0 BO3/eficTBus, HanpuMep, B Tedenue padodeir cmennbl. s onenkn
BO3JICHCTBHUS TIIyMa, KOTOPBIH MePHOINTECKN U3MEHSIETCs B TeUeHHe Hele/In, HeOOX0IMMO 3HATH
SKCIMO3UIINIO TTyMa /TSI KaKA0T0 JTHs pabodueil Heaesn.
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Puc. 1. I'pacduueckuii pe3yjibrar pacuera BpeMeHHn pepepbeparun
(KpacHast JIMHAST — pacdeT BPeMeHH DeBepOepaIii ¢ y4eTOM ONbITa KOMITAHUH,
IITPUXOBas — pacder Ha ocHOBe hopmysbl Ca0uHA)

Kpome cyrybo akyCTHYeCKHX PacueTOB BayKHBI TaKKe pacderbl U BUOPAIMOHHOIO
Bo3JeiicTBus. Bubpanusd, nepenaiomasicd Ha PYKH, SBJISETCS ITHPOKO PACHpPOCTpaHEHHOM
OTIACHOCTBIO JI/IsT pabOTHUKOB BO MHOTHX OTpacagx u cdepax JedTeTbHOCTH. YIIpaBIeHueM
no oxpane Tpyia B Bemukoopuranun — Health and Safety Executive (odunumanbubiii caiir
https://www.hse.gov.uk/) paspabarsiBatorcsa mporeaypsl mo ornerke 3hhEeKTHBHOCTH CPeJICTB
MH/IMBU/IyaJIbHOM 3amuThl pyK or BuOparuu [9]. MeToauku pacdera aBTOMATH3UPOBAHBL B MS
Excel u nozBosgior:

1. Paccunrars 1mTeIbHOCTD MCIIOJIB30BAHUSA CPEJACTB MHINBUIYAJIbHON 3aIUThl PYK
oT BuOpanuu ¢ yaeroM nx 3GH@eKTUBHOCTH 3aIMUThl U BUJIA JeHCTBYIOIEH BUOPaAIU.

2. Paccunrars m03y oOrieil BuOparum, TMOJYUYEHHYIO B TeUYeHUE JHs, HA OCHOBE ee
dU3TIECKUX XapaKTEePUCTHK — YPOBHSA BUOPOCKOPOCTH M BUOPOYCKOPEHHUS IO TPEM OCSIM.

Caydyan WCIOJB30BaHUSA KAIbKYISITOPOB MPOCTHI.  MOXKHO NTPHUBECTH CJEIY IO
KJACCHYECKHUI MPUMEP: OIepaTop HCHOJIb3yeT TPH BHIA BHOPOOMACHOTO HHCTPYMEHTa B
Teyenue paGouero jHd. Bejaumunnbl BuGpoyckopenust cocrasistor 10, 6 u 3.5 m/c? a
obmiee BpeMs BosgeiicTBug 15, 30 u 90 MuHYT cooTBeTcTBeHHO. JlId IIEpBOro MHCTPYMEHTA
(yaapHblil TafikoBepT) ero Kareropusi BHIOMPAETCsl M3 PACKPBIBAOIIETOCs CIUCKA, TPH TOM
ABTOMATHYICCKH BBOJUTCA 3HaveHue uOpamun 10 M/c?, KOTOpoe ABIACTCA <«PEKOMEHIYyeMBIM
HCXOJHBIM 3HAYEHUEM» JJIsi 9TOr0 HHCTPYMEHTa M3 clenuasibHoi Tabyuumnbl « CBOAKA BEJINYNH
BHOpAIUN HEKOTOPBHIX PACIHPOCTPAHEHHBIX MaliuHy». /JljIsg Apyrux HWHCTPYMEHTOB 3HAYCHUS
BBOJIATCS BPydHYyIo. Ilpm BBOme mHMOPMAIMU O TPOJOKATEABHOCTH BO3IEHCTBHS MOYKHO
UCIIOJBb30BATh Yachl, MUHYTHI WM KOMOMHHUPOBAHHBIA ¢dopMaT BpemeHH. ABTOMAaTHYECKH
BBIUHCICHHBIE PE3YIbTATHI MOKA3BIBAIOT 3HAYEHUS SKCIIO3UIUK JIjIsI TPeX BHUIOB HHCTPYMEHTBHI
1 OOLIYIO SKCHO3MIUIO, KoTopast coctasjister 2,8 M/c?. B ciyuae ecjiu Ho/JyueHHOe 3HAYCHUE
9KCIMO3WUIMH PEBHINNAET YCTAHOBJIEHHOE HOPMATHBHOE 3HAYEHHEe, TO B COOTBETCTBYIOIIEi
staeiike BOBHUKAET COOTBETCTBYIOIIEE MpeIyIIPerK IeHune.
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Akycrudyeckue KaJabKYJIATOPHI  SIBASIOTCS  YacTbiO  HMCCIEIOBATEJBCKOH  paboThI
IPOU3BOUTENEIl U YUYEHBIX, 3aHHUMAIONUXCA Pa3pabOTKON IIyMO3ANUTHBIX Marepuaion |10,
11, 12]. B gacraoctu, nHa caiite Knauf moxkHO HafiTu cepuio Kak OHJIAMH KaTbKy/JIATODOB,
TaK W KaJbKYJSTOPOB, PEaTn30BAHHBIX B BHUJe MOOWILHBIX npuyoxkeHuit — Room Acoustic
Calculor [13]. Kamabkyasarop yao6eH JAjist TPOCTEHRINNX PACIETOB MPUMEHATEIHbHO K KOMHATHON
aKyCTHKe, B YACTHOCTH, HPUMEHHUTEJHHO K pacdeTy H HOA00PY IMOIBECHBIX IOTOJKOB CEpHUH
AMF. Hajumuume nojBecHOro mOTOJKA MPUBOJUT K W3MEHEHUIO BpeMeHu peBepbepamun B
MOMEIEHUU, U TO3TOMY ObecredeHre ONTHMATbLHON aKyCTHKHU TOMEIeHUS SBIIeTCH OJTHUM W3
BayKHEHINX TpeOOBaHWiT K KOHCTPYKIUK MOTOJOYHBIX CUCTEM. B 3aBUCHMOCTH OT HA3HAUCHUS
HOMEIeHUsT W ero HCIOJIb30BaHusg TpeboBaHUs BpeMeHH peBepbepaluu OyAyT pa3indaTbCd.
Bs160p COOTBETCTBYIONIErO MOTOJIKA IIOMOTAET OCYIIEeCTBUTh aKyCTHIecKui KaabKyasarop AME,
C TIOMOIIBIO KOTOPOTO MOYKHO JIETKO BBIIOJHSATH PacueThl BpeMEHH peBepOepaliuyd U ONeHHTD
Oy/IyIIYI0 aKyCTHKY TOMEITEeHMS.

Hakomer, eme ojiuH npuMep UCHOIb30BAHUS aKYCTHYECKOTO KaJIbKYyJdTopa B 001aCTh
CTPOUTEJILHON aKYCTHKH MOXKHO BCTDETHTH Ha caiite marckoit kommamun DAMPA [14]. Own
Tak:Ke IpeaHa3sHadeH s IpeIBapUTeIbHON OIEeHKN BpeMeHU peBepOepaliuu Mocjae OTICIKH
HOMEIeHUs aKyCTUYeCKUMHU MarepuajaMmu. Pacder mpejunosaraer cjieyloniue KJIacCuYecKue
9ranbl: 1) BBOJ HCXOAHBIX JAHHBIX — Da3MePOB HOMEINEHUHl W THNA OTAEJKH CTeH, I0Ja,
MOTOJIKA, JBepeil, OKOH; 2) Mmoabop MaTepuaia s aKyCTHYeCKON OTIeJKH W3 KaTaaora
KOMIIAHUY; 3) aKyCTHYeCKHe DAcueThl — pacyeT BPeMeHH pepepOepaluil B CPABHEHUH 0 U
0CTIe PEATU3AINH MePOIPUSITHI; 4) SKCIIOPT Pe3yIbTaTOB BhIUUCIeHUH B aii.

2. IlpakTmyeckasi peaam3aius

Baaueil JaHHOTO UCC/IEIOBAHNS ABJISIACH PA3PA00TKA KAJIBKY/ISITOPA /it cMapTghOHA
noj ynpasjsenueM omnepanuonuoit cuctembl Android.  [Ipocreiiiiiee npuio:keHne MOXKHO
MCTI0/IH30BATh B KAYECTBE HATJISITHOTO W MPOBEPOTHOTO HHCTPYMEHTA TP M3YIE€HUN W3BECTHBIX
AKYCTHYECKUX BEJUYUH — YPOBHEH 3BYKOBOI'O JIABJEHHSA, SKBHBAJCHTHBIX YPOBHEH 3BYKA,
SKCIIO3UIIMH TIIYMa IIPU BO3ICUCTBUM B TeUeHue padbovero gHs u npod. PazpaboTka mporpamMmb
soinostasiachk B cpege Android Studio, npeacrasiasiemoit komnanwmeit Google LLC. Drambt
peain3anuy perenns 3aK/II09aIUCh B CJIELYOMEM:

1. Onpenenenne PyHKIIMOHATLHOCTH HPUIOKEHUS.

2. Onpepnenenue obIIero MadJI0HA TPOEKTUPOBAHUSI.

3. Peanuzanus mporpaMMHOI0 Koja.

4. Anpobarus (TecTHpoBaHUE).

QyHKIUOHAJIBHOCTh IPUIOXKEHHSA, He MNPEeTEeHIYIONero Ha IpodeccuoHaJ bHbINR
KaJIbKYJIATOP, 3aKJI0YaeTCs B TOM, YTO OHO JOJI?KHO BBIIIOJHATD CJEAYIONINE 3 1a4H:

1. Boruucienue cymmbl Jenubelr.

2. Beraucienne cpenero 3HaYeHUS JIEITHOET.

3. BsauMmubIii epeBo/| aKyCTHIECKUX BEJIMIHH: YPOBHE 3ByKOBOTO JlaBIeHusl (3ByKa),
3BYKOBOI'O JIABJICHUS, MOITHOCTU 3BYKA.

4. Onenka myMa Ha pabodeM MecTe ¢ YIeTOM aKyCTHIEeCKOTO BKJIAJIa OTAEIbHO-B3ATON
OTlepaIy B TeUeHue padovueil CMeHBDI.

Bce Bbrumcienus gjig  HATISIHOCTH — JOJKHBI  CONMPOBOYXKIATHCS —BU3YyaJHM3aIueit
pe3yJIbTAaTOB B BUJIe I'PApUKOB.

B kauectBe oOmiero mab/ioHA IPOEKTHPOBAHUsS OBLI BBIOpaH IIA0JIOH IO OOIIUM
nazpanuem Navigation Drawer Activity. Jlannbiii mab/ioH BecbMa MOIYJISIPEH W HCIOJIb3YeTCs
BO MHOTHX TPUJIOKEHUAX TOA00HOT0 TaHa. (OCHOBHBIM 3JIEMEHTOM JAHHOTO MTA0I0HA SIBJISAETCS
NaHe/ b HABUTAINH, B KOTOPOM OTOOparKaeTcs rJIaBHOe MEHI0 HaBUTAIUW MpuIoKeHus. [lamesrn
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HABHUTAIlUM, 10 MeXaHU3MY IOBEJeHHs HAIOMHUHAIONIAA BBIJIBUKEHHE <SIIUKA», MOABISICTCH
1P KaCaHUU 110J1b30BaTe/IeM 3HAYKa sIMKA B BEpXHeil dacTu 3KpaHa ycTpoiicTBa WM 1IPHU
peasm3anuu Kecra NPOJUCTHIBAHUS (AHIVI. SWiping) maableM PYKH OT JeBOIO YaCTH SKDAHA.
3HaYOK TaHe/ W HABUTAIMN OTOOPAYKAeTCsT HA BCEX O0TOOparKaeMbIX 9KPAHAX BEPXHETO YPOBHSI
(MOJLYJIS1X ), HA KOTOPBIX BBIIOJHSAIOTCST KOHEYHbBIE BHIYHCICHUSI.

CrpykTypHas 070K cxeMa TPUIOKEeHH TpeicTaBIena Ha puc.2. s cooTBEeTCTBYIOMINX
MOJIyJIell TIpeJICTaB/IeHbl BXOJHBIE M BBIXOJHBLIE JjaHHble.  TOr BCAKOrO BBIYUC/IEHUS B
nporpaMme CONPOBOKIACTCSA BU3Yyaau3alueil B BUJe MPOCTOTrO Irpaduka.

' h i ™
= YpoBHM 3BYKOBOrO AaBneHus [ seyra
D Mopaynb pacyeTta \ J
CYMMbI .| WTor cymmupoBanua, pacnpeaensHue
9 L J L WCXOAHBIX OAHHbIX
I
s Y
] -~ ~
= . YpoBHM 3BYKOBOTO gasneHus / 3syka
@ D Moayne pacyeta : .
'
g cpeaHero sHa4eHuA | Cpepvee sHaueHue, HEONPELENEHHOCTD,
E \_ ) pacnpefeneHne NCXOOHBIX AaHHBIX
=
E = WEXOAHBIE JaHHBIE B BHOE! YPOBHH 3BYKDEOTD
o] Mo'ﬂ.vﬂb nepe Bﬂ,ﬂa o | Azenedwns, 28yH0B0S NABNSHWE, IHYCTHYECKAR
) D MOWHOCTE
dKYCTHUYEeCKMX iy
no"l Y (MNpeobpa3oBatHbie 3HAULHUA: YDOBHH IBYKOBOIO
0 BENUYHH ——| [aBnEHWA, 3BYROBOE [ABNEHME, BHYCTHUECKAR
: \\_ _/ K MOWHOCTE
E ~ (" CpenHMe 3HAHEHHA Y POBHEH 38YKa, BPEMEHHBIE |
= WHTEPEA/ G COOTBETCTBYIOWMX UM pabounx
Mﬂ,ﬂ,‘f’ﬂb BblMMCNEeHMA L DNEnalHE aARI80 Mbti
D CpE,EI,H €CMEHHOro FBhﬂap,Kanq,ﬂ,Dﬁ onepaiiki B axe. Y3 3a B-yacopoi
3HAYeHWA L | patiounii neHs, IHBHBANERTHEIR Y3 33 B-uacosoi
\ / A | pabouni AeHe C yYeTOM ONepawmi, rpadus

Puc. 2. CrpykrypHas 0JIOK-CXeMa, ITPUIOKEHA

3. Amnpobarnusa HA U3BECTHBIX HpUMEpPax

Hecmorpst Ha TO, 9TO NMPOEKTHPOBAHHE MPOTPAMMBI ITPE/INOJATACT OTHOBPEMEHHYIO
MPOBEPKY HA KOPPEKTHOCTH BBHIUUC/IEHHUSI, TEM He MeHee, JJIs MpoBepKr 3(hheKTUBHOCTH BCeraa
HEOOXOMMO OPUEHTHPOBATHCS HA W3BECTHBIE NpUMephl. [IpuBeeM 3TH TpuMepbl BBIYHUC/IEHNIA,
B3sIThIE U3 JIOCTOBEPHBIX MCTOYHUKOR.

1.Beraucjiernmne cyMMBbI JIeITHOET.

[Tpumep B3sT U3 ucrounuka |5, crp. 45|. Tpebyercs caoxurs 100, 94 u 80 nBA.
Pesynaprar — 101 nBA. BusyaabHo pe3yabTar mpecTaBieH Ha PHC.3, HA KOTOPOM KPAaCHO
JuHuell 0003HAYEH Pe3y/IbTaT CYMMHUPOBAHUS.
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100 Cymma: 101.0 b

94 140+

& 1304

1104

10y 100+ o
1304 ool o
1204 a0l o
1104 704

100+ o B 604

90+ sol

80+ o 404

704 a0l

604 204

20 104

401 o : : -
30 ] 1 2 3

Puc. 3. Borauciaenue cymMMbl Jgeriuoet

2. Bpraucjenune cpeaHero 3Ha9eHHs.

[Ipumep B3aT uz 'OCT 23337-2014 «Illym. MeToapl u3mMepeHus 1myMa Ha CeJTUTEOHON
TEePPUTOPUN U B MOMEIIEHUIX KUIBIX B OOIIEeCTBEHHBIX 31aHui» co cTp. 28.

CpenHee 3HaUEHNE ONPEIEISIIOCH IO (DOPMYIIe:

La,, =101g [ > 10" ) —101gn, (1)

i=1

rie L; - 3HaYeHHe W3MEPEHHOrO YDOBHs 3BYKa (WJIM YPOBHs 3BYKOBOIO JIABJIEHHS),
HOJIYYeHHOE JJId i-r0 U3MepeHus B JIAHHOI ToUuKe u3Mepenus; i—1, 2, 3, ..., n — oblee KOJIUIeCcTBO
H3MEPEHNH B JTAHHOU TOYKE.

Heonpenenennocts no tumy A, CBS3aHHYIO C HOTPEITHOCTSIMA METOJUKYN U3MEPEHUI 1
BJIMSTHUEM (PAKTOPOB OKPYIKAIOMIEH Cpejibl, ONpeieisiach 1mo (opmyiie:

n

> (Li—La,)’

Ua=y = nn—1) 2)

Pacmupennas weoupegesennocth usmepennii U (95 %) just yposHst mosepust 95%

BBIYUCIAIACH TIO (DOpPMY.IE:
U(95%) =2-4/U3 + Uz, (3)

rjie Up — norpentHocts 1mo tuny B, 00yca0B/IeHHaS NHCTPYMEHTATLHON MOTPEITHOCTHIO:
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(4)

e AL — uHCTpYyMeHTaJbHast HOrpeIHocThb. st npubopos 1-ro Kjacca TOYHOCTH
npuanmaercs 0,7 n1BA, aaa 2-ro kmacca — 1,5 1BA.

CpegHee

BriyucneHue cpejHero sHayeHus

140
1304
120
1104
1004

90-

and

CpegHee: 71.5dB

HeonpepaenedHocTe: 1.75 Ab

Bbl4WCnuTE

CpegHee

140
130
1201
1104
100

i
a

Puc. 4. Beraucienne cpejHero 3HadeHus 1 HEOIPE/IeJIEHHOCTH Jijisi ypoBH4 joBepus 0,95

3. IlepeBoii aKyCTHYECKHUX BEJTHYHH.
ITepeBog axkycTHYeCKUX BEJUUYNH ABISETCS HYaCTO HMCIHOJIb3YEMbIM,

OCHOBBI B34THl JaHHble u3 [14]. Jlauupiit OJIOK MPOrpaMMbl IIO3BOJIFET HEPEBOIUTH

B KaydeCcTBe

3BykoBoe Japienue (Ila) B ypoBeHb 3ByKOBOro Jamjienus (1B) u 3ByKOBYIO MomHOCTH (BT).
[Ipeaycmorpenst u npeobpasosanus B jpyrue namnpasjienus. Vcrnoab3yembie pOpmyJibt:

ypOBeHb 3BYKOBOTI'O JaBJIEHHdA B 3BYKOBO€ J1aBJICHHEC:

P= (1o%> P,

(5)

rae Py — onopHBIi ypOoBeHDb 3BYyKOBOro aasienus, Py = 2-107°, Ia.

ypOBeHb 3BYKOBOI'O JdaBJICHHA B 3BYKOBYIO MOIIHOCTD:

W — (10%) W,

riae Wy — onopHoe 3HaueHue 3ByKoBoil MomHoctu, Wy = 1072 Br.

3BYKOBOE JaBIeHIE B yPOBEHb 3BYKOBOI'O JABJJICHUS:

P
0
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3BYKOBOE JIaBJeHNe B 3BYKOBYIO MOIIHOCTbD:

(e ()

SByKOBaH MOIIHOCTH B YPOBEHb 3BYKOBOT'O JaBJICHUA:

L=10lg (%) | (9)

SByKOBaH MOIIHOCTb B 3BYKOBO€ [JaBJICHUE:

L=p (%)0’5. (10)

Hapsiiy ¢ mojydeHHbIME 3HAYEHUSIMH  IIPUBOJMTCS  IIKAJa OPUEHTHPOBOYHOIO
COOTBETCTBHsI YPOBHS 3BYKa (3BYKOBOT'O JIaBJIEHNST) XapPAKTEPHBIM SBIEHHUSIM, TPOSTBJISTFOIITAMECS
B TexHocdepe. Ilpumepsl pacueros mpejcTaBieHbl Ha PUC.D.

19:10 Q .l 53% 6

MNepeBof BENUYMH H

75 [ nb ][ Ma ] 0.112468
3265

140 nb: peakTUBHbIN camoneT Ha R =25 M

130 AB: rpoMm, BbICTpen U3 opyxusa

120 pb: pok-KoHLepT

110 ab: curHan aBToMobuns

100 Ab: OT60MHbIA MOIOTOK, MOTOLIMKIT
90 ob: MexaHM4yeckum Lex

80 ob: ynuyHoe aBWXeHWe, 3BYK BYAUbHUKA
70 pb: wymHoe paboyee mecTo

60 ob: 06bI4YHbIN pasroBop

50 ob: ynuua, Tuxuin odumc

40 nb: 6uénuoTeka, Napk

30 ob: Tuxaa KoMHaTa, WwenoTt

20 gb: KOMapuK, LenecT NUCTbEB

10 gb: AblxaHwe, MOYTK TULLKHA

Puc. 5. TlepeBoa aKyCTHYECKUX BEJTUINH

4. Bpraucienne SKBHBAJIEHTHOI'O YDOBHS 3BYKa 3a 8-MH 9acoBoOii paboumii JTeHb ¢
VIeToOM aKyCcTHIeCKOH KapTHHBI TeXHOJOTHIeCKOH OmepaInim.

B kauectBe npumepa Bbruucjenus B3gTa 3aada, upejgcrasiennas s [OCT P MCO
9612-2013 <«Axkycruxa. V3mepenus: mryma Jjisi ONEHKH €r0 BO3/EHCTBUsS HA YeJOBEKA.
Meroa msmepenuii Ha pabGoumx wmecraxs ([Ipmaoxenwe D, cnpaBounoe). Jleraau mpumepa
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HpUBEJIEHb B CAMOM JOKyMeHTe. KpaTko 3ajada CBOIUTCI K CJAEAYIONIEMY: JaTh OIECHKY
myma Ha pabodeM MecTe CBapliuKa MeXaHH4YeCKOH MacTepCKON C MCIOJb30BAaHUEM CTPaTernu
M3MepeHns Ha OCHOBe pabodeil omepanuu. KiroueBbie mepuojbl paboueil CMeHBI CBapIIHKA:
IJIaHWpOBaHWe paboT, cBapKa jerasieil m ux 3aunmcrka (peska). [lasg kazxzoii onepamnun Ha
OCHOBE <«BBIIOJTHEHHBIX H3MEpeHHil» OBLIM PAacCIUTAaHBl IKBUBAJECHTHLIE YPOBHH 3BYKa KakK
cpe/lHUE 3HAUYeHHUs ITUX W3MepeHWi, moJydeHHble mpejBapuTenbro. Ha puc. 6 mpenctaBien
pesyiabrar pacdera. st ypobersa (Ha puc.6 He NOKa3aHO) HazKaTHE HA KayKLylo HaJIUCh L,
ab; T, mun; Legsi, 1B; Leys, 1D BbI3biBaeT nogBjieHNe JAOMOJHUTEIBHOTO IUAJIOTOBOTO OKHA,
MOSCHSAIONIETO CMBICJI 3TUX BEJIUIHH.

CMeHHBIA YpOBEHb

CMeHHBIA YypOBEHb

LaE Tmui Lex8iab Lex8. ab MonnoTa go 480: 480.0 MuH. | »

70 90 627 84.4
80.8 300 78.8 LE i
90.2 ap) 829 130+

1204
1104
100+

MonHota go 480: 480.0 MuH. | » ]

1404
1304
1204
104
1004

Puc. 6. Ouenka nyma Ha pabodeM mMecTe ¢ y4eToM pabodmx omnepariuii

3akJ/roueHue

Paspaborka MeTOJ0B KOHTPOJIS, OINEHKM W HOPMHUPOBAHUS OIACHBIX U BPEJIHBIX
aKycTHIecKux (hakKTOPOB MPOU3BOACTBA, CIOCOOOB ¥ CPEACTB 3aIUTHI OT HHUX SIBJISETCS
aKTyaJIbHOM 3ajadeil. B mcciemoBanum IpejcraBiieH aJrOPUTM Pa3pabOTKH IIPOCTERIEro
AKYCTHYECKOTO KAJBKY/IATOPa, IIO3BOJIAIOIIEN0 PeImaTh HECKOJBKO MPAKTUICCKUX 3a1ad:
CYMMHUpOBaHHe Henubes W BBIUYUCICHHE CPeIHero 3HadYeHHs, IIePeBOJ YPOBHeH B (pu3MIecKue
BeﬂI/IqI/IHbI, BBIYUCJICHHUE YKBUBAJEHTHOI'O ypOBHH 3ByKa7 ,ZLefICTByIOH.[eFO Ha pa6OTHI/IKa B
TedeHne 8-4acoBoii pabodeil cMeHBI C y4eTOM BKJIaJa KaykJoil pabodeil omepaiuu B OOIIYIO
kapTtuHy Tiyma. [Ipm paspaboTke TakuxX KaJbKyJISITOPOB BayKHO ONPEIEJIUTH TPAHUIIHI WX
HPUMEHIMOCTH, TaK KaK Ha OIIPeJeJeHHOM 3JTale BBIYHCJICHHNH TpeOYIOTCA KOMILIEKCHBIE U
CJIOJKHBIE TOJIXOJbI, pPeaJM30BaHHBIE B PaMKaxX CHEIUAILHOIO HIPOTPAMMHOIO O0eCHeYeHns.
Baarogapst npejcraBJieHHOMY PEIIEHHI0 HEKOTOPbIe 3aJadd, [NPHCYIIHEe aKyCTHIEeCKHM
U3MEpPEeHHSIM, MOTYT ObITh BBIIIOJHEHBI DOJIee OnepaTuBHO. JlOMOTHATEITLHBIM ITPEUMY IIIECTBOM
SIBJISIETCST  OIEHKA HEOMPEeIeIeHHOCTH aKyCTHIECKUX WM3MEPEeHUil ¢ OnpeaeeHHBIM YPOBHEM
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3HAYMMOCTH, KOIJIA MHUHUMAJIHHO HEOOXOAUMOE KOJHUYECTBO U3MepPeHUil MoxKeT OBITh
AOCTUTHYTO, IIpezK/ie 4YeM YCJIOBUA JJId KMX BbIIOJIHEHHA MOI'YT 6bITb HapyHICHDbI. KpOMe
TOrO, TaKO aKyCTI/ILIeCKI/Iﬁ KaJbKYJIATOP 4dBJdeTCd BCIIOMOT'aT€/JIbHbBIM HWHCTPYMEHTOM B
O6pa30BaTeﬂbeIX oeJadax, MOXKeT ABJIATHCA O6’beKTOM NHTEJJIEKTYAJBbHBIX TIDAaB B KadeCTBE
3aperucTpUpoBaHHoil mporpaMmbl s dBM.
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CuukeHne ypoBHSA IITyMa ITpu ApobecTpyiitHoit odpabdboTKe
KPYITHOTA0ApPUTHBIX JeTaJieit

Cososbesa O.C.1, Qabkun FO.11.2
I Maructpant, 2 [Ipodeccop, TOKTOp TeXHUIECKUX HAYK
1.2 MockoBekuit aBToMOOHIBHO-0POKHBLI TOCYIAPCTBEHHBLIT
rexuandecknii yaupepcurer (MAJIN), r. Mocksa, P®

AnHoTanuga

B mammoii crarbe paccMarpuBaeTcs mpodeMa CHUKEHUs IITyMa B KaMepe IpobecTpyitHoit 00paboTKu
KpymHOTabapuTHLIX geraneilt Ha 3AQ «IDKcnepuMeHTAIbHBIN MeXaHwdeckuil 3aBom».  Jjs srtoro ObuIn
LPOU3BEIEHbI 3aMepbl «(DOHOBOIO» YPOBHs liyMa (10Jad4a TOJILKO CXKATOIO BO3/yXa, 0e3 npobu), KOTopble
MMOKA3aJId €ro IMpPeBBIIeHre, KAK [0 YPOBHIO 3BYyKa, TaK W IO CHEKTPY HaJ| HOPMATHBHBIMU MTOKA3ATEJSIMU.
[Ipennoxken MeTox MO CHUXKEHWIO YPOBHS IyMa B JIpoDEeCTPyHHON Kamepe, a WMEHHO:  yBEJIHYECHUE
SKBUBAJEHTHOI mjiomaau 3sykomnoriomenus (3I1) myrem o6aMIOBKE CTeH Kamepbl ILIOCKOCTHbIME 311
KOHCTpyKImsaMu. [IpoBemeH akyCTUYecKwii pacder ypOBHEH IrymMa Ha pabodeM MeCcTe Omeparopa IMOC/Ie
BHEJIPDEHMS IIyMO3AIUTHBIX Meponpustuii. Biiaromaps sromy Kjacce yciaoBuil Tpylda Ha pabodem Mecre

oreparopa apobecrpyitnoii obpaborku 1o dakropy myma caudurcs ¢ 3.4 mo 3.3.

KitoueBble cjoBa:  ypoBeHb 3BYKa, YPOBHH 3BYKOBOIO [ABJEHWS, SKBUBAJIEHTHAS TLIOIIA/Ib

3BYKOIIOTJIOIEHN A, TOCTOAHHAA TTOMENIECHU A, KJIACC yC.HOBI/Iﬁ Tpyda Ha pa60q1/1x MeCTaX.

Reducing the level of noise during shot peening of large parts

Solovieva 0.S.', Elkin Y.I.2
! Undergraduate ? Professor, doctor of technical Sciences
1.2 Moscow Automobile and Construction State Technical University (MADI), Moscow, Russia

Abstract

In this article, there is the problem of noise reduction in the shot blast cabinet of large-sized parts at
CJSC Experimental Mechanical Plant. For this, a “background” noise level was obtained (supplied only with
compressed air, without a fraction), which showed its excess both in sound level and in spectrum over standard
indicators. The proposed method of reducing the noise level in a shot blast cabinet, namely: increasing the
equivalent sound absorption (SA) area by lining the cabinet walls with planar SA structures. Acoustic calculation
of noise levels at the operator’s workplace after the introduction of noise protection measures was carried out.
Thanks to the proposed measures, it was possible to reduce the level of working conditions at the workplace of
the shot blasting operator by noise factor from 3.4 to 3.3.

Keywords: sound level, sound pressure level, equivalent sound absorption area, room constant, class
of working conditions in the workplace.
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Beegenne

Hucrora MOBEPXHOCTH — MPOMBIILIEHHOH —mpoaykiun — (obpabarbiBaeMoil u  He
o6pabaThiBaeMOil) HEMOCPEICTBEHHO CBsI3aHa C KAYeCTBOM, HAEKHOCTBHIO H JIOJTOBETHOCTHIO
npojgyknuu. [lpu yaydmenun KadecTBa 0OJIBINOE 3HAYEHHE UMEET IIOJIOTOBKA IIOBEPXHOCTH
HPOJAYKIIMU U ee YucToTa. Tak, J0CTATOYHO OOJIBIIOE pacHpocTpaHeHue MoJIyduaa o0padboTKa
noBepxHocTeit B npobecTpyitnoit kKamepe. Ilo BozmeiicTBHIO HA OKPYKAIONMIYIO CPEIY TaHHAS
YCTAHOBKA, SBJISIETCA JOCTATOYHO 3SKOJOTHYHON, HO 10 BO3jeiicTBHIO Ha pabodem Mecre
omeparopa — HebJIaromoJiydHoil, Tak KakK B pe3y/brare o0pabOTKM ITOBepXHOCTEl obpa3yercs
MHOIO KBapIEBOil U MeTaInIecKoil Ml (6OJIbITas 3albIIEHHOCT TIOMEIEeHHsI) U CO3aeTCs
BBICOKHUI ypoBeHb myMma. Hambostee c10KHO J0OUTHCS HOPMATUBHBIX ITOKAa3aTeseil 10 YPOBHIO
IyMa, cO3JaBaeMOro Ipu padoTe IpodecTpyHHOTO almapaTa.

B macrosmee Bpemst XOpOIIO H3BECTHO HEOJArOMPHATHOE BO3IEHCTBUE IIIyMa Ha
OpTaHW3M dYeJIOBEKa, PAbOTAINIEr0 B YCJOBUSIX C MOBBIMIEHHBIM ypoBHeM mmyma. I[llymoBas
U BUOpaIHMOHHBIE OOJIE3HH 3aHUMAIOT BTOPOE M TPEThe MECTO B CIHCKe MPOQdEecCHOHAIbHBIX
3abosieBanuit U cocTasasgior 1/3 obmero ux wucaa [1].

[Mesibio Hacrosimieit pabOTHI ABJAETCH CHUZXKEHUE TIyMa YCTAHOBOK JIpOOeCTPYHHOMN
00pabOTKM 3a CYeT 3BYKOMOTJIONIAIONINX IEMEHTOB KOHCTPYKITUH.

1. OObBbeKT uccaemoBaHusa

[peanpusitue 3AO «JKcnepuMeHTATbHBIH Mexanndeckuii 3aBoj (AM3)» crenuanusupyercs
Ha TPOEKTHUPOBAHUU M M3TOTOBJIEHHH IMOIbEMHBIX U pepUKePATOPHBIX CHCTEM, TEHTOBAHHBIX
M U30TEPMUIECKUX KY30BOB (MPHUIENOB U TOJYIPUIIENIOR), & TAKIKE MOCIEIYONINM X MOHTAKE
HA TIACCH 3aKA3YHKOB.

B mpomecce skcmayaramum jgeranan  aBTOMOOW/IEHl WM3HAIMMBAIOTCS, PIKABEIOT, Ha
HUX MOFABJISIOTCS yCTapeBIIHe CJIOM KpPacKH W OKAJHHBI BCe 3TO Tpedyer 0o0pabOTKH u
pereHepamnuy KOHCTpyKnuid. IlosToMy mepen HameceHHMeM Ha JIeTAJIH aBTOMOOHJIS 3aITATHOIO
AHTUKOPPO3UOHHOT'O JIAKOKPACOYHOI'O IIOKPbLITUA OHU IIPOXOAAT ClIICHHUAJIbHYIO 06pa60TKy.

JIast yeTpaHeHusT HeIOCTATKOB, 00Pa3YIONINXCs HA TIOBEPXHOCTH MATEPUATIA B IIPOIECCe
9KCILIyATAIH, HCIOJIb3YyeTcs apobecTpyiiHas Kamepa ¢ pyuHoit oopaborkoit. Ha 3A0 «9M3»
UCIob3yeTcsd abpasuBocTpyiiHast ycranoBka Tuna <«DSG», KoTopas IO3BOJIAET VIAJIUTH C
MOBEPXHOCTeHl JeTaneil cjaegbl W3HOCHI, JUIMHHE HACIOCHHUS W CTApyI0 Kpacky. YCTaHOBKA
COCTOUT U3 METAJLIMYECKOrO COCY/JIa BBICOKOTO nabjeHus (6ak), o6beM KOTOPOro COCTaBIIsIeT
200 .

B mpomecce apobectpyitHoii 00pabOTKH HAINOPHBIH 0OaK TepMETHYHO 3aKPBIT
OBICTPOIEHCTBYIOMNUM 3aTBOPOM, TaKUM 00pa30M, B 6ake JpobecTpyiHOl YCTaHOBKH CO3AaeTCs
BBICOKOE JIABJIEHUE, IIPU IIOMOINK KOTOPOro abpaswB HOCTyIAeT dYepe3 I03UPOBOUHBII
BEHTHJIb B IOTOK C:KAaTOTO BO3JyXa, W depe3 apobecTpyiiHbiit mutanr B commof2]. g
yIpaBIeHNs YCTaHOBKOII Ha KOHIE JIPOOECTPYHHOTO TIIAHTA PSJIOM C COILIOAEPIKATEIEM
HpeayCMOTPEHa  CHeIlUaJbHasl KJABHUINA, KOTOpas I03BOJISeT OCTAaHABJIMBATL IPOIECC
nogaun apobum.  KOHCTpyKIHMs KJIAaBUINM AUCTAHIHOHHOIO VIIPABICHUS IPEIOTBPAIIAET
HPOU3BOJICTBEHHbIE TPABMbl IIPU HEYMbIIILIEHHOM [aJI€HUU HIJIAHTAa B LpoIecce JpodbectpyitHoi
06paboTKM.

2. Pe3yabpTaThl NCCIEI0OBAHULA

Briin niposesierbl 3aMepbi «bOHOBOTO» (Mojiada TOJBKO CKATOTO BO3AYyXa, 0e3 apobn)
YPOBHSI IIyMa B KaMepe, KOTOpble MOKAa3ajd cJleiayoliee. YpoeHb 3ByKa (Y3) BHyTpH
YCTAaHOBKH Ha pabodeM MecTe omeparopa cocrapiager 111,56 n1BA, a cHapyX# yCTaHOBKH -
90 nBA. Yposuu myma na pabodem mecre (PM) omneparopa cornacno CH 2.2.4/2.1.8.562-96
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«IIIym Ha pabounmx MecTax, B TMOMEIIEHUSX YKUJIBIX, OOIIEeCTBEHHBIX 3/IaHWI W HA TepPUTOPUH
JKIJIOf 3aCTPOTKIS |3] MPEBBIIAIOT TIPe/eJIbHO-I0IYCTUMbIe B nHTepBaje dacror 63 - 8000 I'i
na 10-35 n1B. Yposuu 3BykoBoro masiaenus (Y3/]) B OKTABHBIX MOJIOCAX YACTOT BHYTPH KAMEDBI
JapobecTpyitHoit 06paboTKn Ha pabodeM MecTe orepaTopa MpejacTaBJIeHbl Ha PUCYyHKe 1.
L .ob
110
100
90

80

70

60 =

| 1 | 1 1 | | 1
63 2580 1000 4000 f, Ty

Puc. 1. Crnexktpsl myma BHYTpH Kamepbl Ha PM oneparopa: «donossiity Y3/ (mogaua
TOJIBKO C2KATOTO BO31yXa, 6e3 apobu), 2 — Y31 pabouero mporecca (¢ apobbio)[1],
3 — mopmarus myma mo CH 2.2.4/2.1.8.562 — 96

Kak BuaHO u3 mpejcTaBIeHHBIX TaHHBIX, OCHOBHOE BJHsHHE Ha (hOpMHUpPOBAHHE
aKyCTUYECKOTO 10JIsSI BHYTPU KaMepbl OKa3bIBAET HIYMOU3JIYYEHHE CXKATOIO BO3JIyXa, TO €CThb

a’pOANHAMUYECCKUIl HIyM.
CrekTpsl yMa BHYTPH KaMepbl B PA3HBIX ee TOYKaX IpeJICcTaBJIeHbl HA PUCYHKE 2.

L .ab i

110 =

100
90
80
70 2
/4
80 —
I T T 1 | T T 1

63 250 1000 4000 £y

Puc. 2. Cnexrpsl myma BayTpu Kamepbl: 1 —Y 31 okoso asepu; 2 —Y 3]l cipaBa oT ABEpH;
3 —¥V3/ npu nomade npobu; 4 - Hopmarus myma no CH 2.2.4/2.1.8562 — 96

N3 rpadwuka Bugano, uro B marepsase dactor ot 250 I'm mo 8000 ' yponu rryma,
MPEBBINAIOT HOPMATHBHO-IOMyCTUMBIe 3HadeHus Ha 8 — 20 ab. Oxoso apepeit ycTaHOBKH
HAOJTII0IAI0TCA MAKCHMAJIbHBIE YPOBHH IIyMa. DTO CBA3aHO C T€M, UTO B HUXKHEH YaCTU JBEPH,
JIs BBOJA TPOCA TeJEeXKKH, UMeeTCs OTBepCTHe. Y PpOBeHb IIyMa 3HAUYUTEJTHHO CHHUKAETCS
cupaba or jBepu Ha O — 7 Ab B marepBaJie wacror or 1000 ' go 4000 I'n. Pabouwnit nponecc
TaKzKe IPUBOJIUT K YBEJUYEHHUIO YPOBHEH IIyMa TOJHKO B HU3KOYACTOTHOW YACTH CIEKTPa J0

125 T'm.
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g cunzkenns ypoBHs 1myMma Ha PM onmepaTopa HaMU IPeIIOYKEeH MeTOJ, YBeJTHICeHUs]
SKBUBAJICHTHOIT 11JI01Ia1 3BYKOlorIotenus A, M2, jipobecTpyiinoil Kamepsl (1, Kax cjejcTBue,
VBeJIMYeHne ee nocTosHHofl nomentenus B, M?) myTem 00JHUIIOBKH OrpazkIaI0NUX KOHCTPY KU
kamMepbl mrockocTHbME 311 morstorurensivu. /Iyt 3Toro OBLT TPOBEEH TPeICTaBIEHHBII
HUXKE aKYCTHYeCKHi pacder Bo3MmoxkKHOro cHmxkenusa Y3/ m Y3 ma PM omeparopa mnpu
HCTIOJIB30BAHNE BBIINEYKA3aHHOro MeTona [4, 5.

[Tnomaab orpazKIarouX Ieperopogok Kamepbl HaxoauTes o dgopmyre (1):

Sorp =2 (L-D-H+ H-D), m* (1)

Sorp =2+ (16 -4+ 16 - 4,5+ 4 - 4,5) = 308 M,

rae L— [IMHA TIOMEIIeHUs], M;

D— mmmpuHa moMernenus, M;

H— BricoTa mIOMeIeHus, M.

Cpennuit  kosddunuenr 3pykomorjomenust 10 («) u nocite (qq) yCTAHOBKH
3ByKOMoraoTureseil Haxoaarcs mo dbopmyaam (2) u (3):

B

S 2
B+Sopr, ()

«

a; = (A1 + AA)Sepr, (3)
ri1e B— nocrosHHas IOMeIleHus, M2;
A{— SKBUBAJEHTHAS ILIOMALb 3BYKOIOLJIOIMIEHUS IOBEPXHOCTSME, HE 3aHATBIMU
3BYKOIIOLJIOIIAIONICH OOIUIOBKOI, M2
A A— 3BYKOIOTJIONIEHNE, BHOCHMOTO 3BYKOIIOTJIOTHTETAMH, M.
SHavyeHne IOMOJTHUTEIHHOTO 3BYKOMOTJIOIMIEHUSI, BHOCHUMOI'O 3BYKOIOIJIOTHUTEISIMH,

paccauTbiBaercs 1o dhopmyse (4):

AA = Qo * Soﬁn + AH.IT * N, (4)

TJIe (logn— PeBepOepaNnOHHBIH KOI(DMUIMEHT 3BYKOMOTJIONIEHH, B OKTABHBIX MOJIOCAX
YACTOT, JOTOTHUTETHHON 3BYKOTOIIOMIAONTIEH 0OTUIIOBKH;

Sosn— TIIOMAIH OOJUTIOBKH, M2;

A — 9KBUBAJICHTHAS ILIONIA/Ib 3BYKOIOIIONIEHUS B OKTABHBIX MOJI0CAX 9aCTOT OJIHOTO
IITYYHOIO 3BYKOIOLJIOTHTE N, M;

Nmr— KOJMYECTBO 3BYKOILIOIVIOTHTEJICH, 1IIT.

3HaveHWe  3BYKOMOIJIONMIEHWS  HEOOJMIIOBAHHBIX  OTPAYKIAIONINX  MOBEPXHOCTE

paccunTbiBaercs 1o dbopmyne (5):

Al == a(Sorp - SOGJI)7 (5)

raie a— cpeaauii K03 uImeHT 3BYKOIOIJIONEHUs] IIOMENIeHUsI 0 YCTaHOBKHU
3BYKOIIOIJIOMIAOIEH KOHCTPYKIUY;

[Tocrostnabie nomernenus 10 (B) u mocse (Bl) ycTraHOBKE 3BYKOHMOTJIOTHTEIEH MOZKHO
onpeeauTsb mo dopmynam (6) u (7):

B = Biooo - 14, (6)
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By = (A1 +AA)/(1 — ay), (7)

rie Biogy— TOCTOSTHHAA HOMEIeHns Ha cpeaHereoMerpudeckoit yacrore 1000 ', m?;

[4— YACTOTHBIA MHOKHUTEb.

MakcumanbHoe cHuzkenne Y3J[ B pacueTHoO# TOYKe, pACIOJOKEHHOH B 30HE
OTPaKEHHOI'0 3BYKa, IPU YCTAHOBKE 3BYKOIOIJIOMIAIONIEH KOHCTPYKIMHU PACCUUTHIBAETCS 110

dbopmye (8):

AL = 101g(By/B), 1b. (8)

B pesyibraTe pacueroB Oblia BbhIOpaHa KOHCTPYKIIUS OOJTHIIOBKH, COCTOSINALA U3:
- CYIEePTOHKOI'0 0a3aJIbTOBOI0 BOJIOKHA;
- crekaorkann tuna -0,1 (TOCT 19907 — 2015)|6];
- IPOCEYHO-BBITAXKHOIO JIUCTA TOJMIMHON 2 MM, Koaddunuent nepdopamun 54%.

Cpe/igs I1JIOTHOCTL 3BYKOLOLJIOMIAIONIEro Marepuaia = 15 kr/m. Junamerp
orBepcTus — 3 MM. Bozaymiabrit mpomexxyTok - 0 M. Popma 3BYKOMOIIONIAIIUX O0JIUIIOBOK -
napaJenernnne] ¢ pasmepamu 4000%1000*100 mm.

CuenoBarenbHo, B JIpobecTpyiHYI0O Kamepy ¢ pasmepamu 16%4%4.5 M MoxkHO
yCTaHOBHUTH 20 3BYKOIOIVIOMAIONIAX OOJHUIIOBOK IO IMEPUMETPY CTEeH Ha BbICOTe 2,5 MeTpa OT
moJIa.

Pacdernbie pamubie €O 3BYKOINOIIOMAIONIEl OOJUIOBKOI M 0e3 Hee NPUBEJIEHLI B
TabJnie 1.

Tabama 1
Pacyernbie nanabpie 3BYKONOIVIOIIEHUS B ApobecTpyiHONE KaMepe ¢ 00JIMIIOBKON 1 6e3 Hee
Paccuuranubie CpennereomeTpuiecKne 9acTOThI, ['1, OKTAaBHBIX IOJIOC
napaMeTphbl 63 125 250 500 1000 | 2000 | 4000 8000

[Tocrosinnas nomernenus, | 9,36 | 8,93 | 9,22 | 10,81 | 14,40 | 21,60 | 64,56 | 60,48
(B, u*), go/mocre |/ / / / / / / /
yCTaHOBKHY 3ByKomoroml. | 23,00 | 62,2 164,7 | 176,6 | 178,6 | 185,8 | 1944 | 215,6
KOHCTPYKITUT
Cpennuit  koddpdunuent | 0,029 | 0,028 | 0,029 | 0,034 | 0,045 | 0,066 | 0,100 | 0,164
3BYKOIOJITOIIEHUSA,  «, | / / / / / / / /
JI0/Toce ycranoskm | 0,069 | 0,176 | 0,329 | 0,364 | 0,367 | 0,376 | 0,387 | 0,412
3BYKOIIOIJIOLIL.
KOHCTPYKIUU
DKB. ILIOIIA/Ib 6,612 | 6,384 | 6,612 | 7,752 | 10,26 | 15,05 | 22,80 | 37,40
3BYKOIOT/IOIICHU S

Opd  HeOOJHIIOBAHHBIX
OrpazK IAI0IIIX
noBepxHOCTAX, Aq, M>
3Hadenne 14,8 | 454 | 95,0 | 104,6 | 101,5 | 101,0 | 96,4 89,4
JIOTIOJIHUTETHHOTO
3BYKOIOIJIOIIECHHUS,
BHOCHMOT'O
3BYKOIIOTJIOTUTEIAMH,

AA, m?
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Tabanna 1 (Ilponoskenne)

MakcumaJsibHOE 3,9 6,4 12,5 12,1 10,9 9,3 7,5 9,9
CHUKEHHE V3 B

pacdeTHOR TOYKeE,

pacnoJIoKeHHOil B 30HE

OTPaKEHHOT'O 3BYKa,

npu  ycraHoBke  3lI

001unoBokK, AL, 1b

Jng pacdgera ypoBHA 3ByKa Ha pabodeM MecTe OINepaTopa IOCJe INpOBeIeHUsd
YKA3aHHBIX  OIYMO3AIIUTHBIX ~ MEPONPHATHH  HEOOXOAMMO  HCHOJIB30BATL  CIHPABOYHBIE
Koppektupyiomue nonpasku (AL;, 1B) B i-0if okTaBe COrIACHO MIKaJje 4acTOTHON KOppeKImu A.
Tax kak V3 gBIs€TCS OTHOUNCTOBON XapPaKTEPUCTUKOI IITyMa, TO JAHHBIE TIOMPABKHI TO3BOJIAIOT
yY4eCTh HEPABHOMEPDHOCTD Cy6%eKTI/IBHOFO BOCHIPpUATHA TIMTYMa Y€/JI0OBEKOM B 3aBUCHMOCTH OT
9aCTOTBI, & MMEHHO: 3HAYUTEIBHYIO <«TYTOYXOCTh» CIYXOBOIO AaHAJU3ATOPA HA HHU3KHX
9aCTOTaX W CPABHUTENLHO HEGOJIBIIYI0 — HAa BBICOKAX. BeJWYWHBI CKOPPEKTUPOBAHHBIX (110
mkase A) okrasupix Y3/ (L;, 1B) oupenensitorest mo dopmyie (9):

L; = Loy — ALz’> b, (9)

rie Lo;— Y3JI (ab) B i-Toif OKTaBe mocsie BHEADEHHS 3BYKOMOIJIOIIAKOITHX
KOHCTPYKIUii, 1B.

Pacuernpie 3nadenuss okTaBHbIX Y3/ mocie BHeIpeHHA 3BYKOIOIJIOIIAIOIIMX
OBJUIOBOK (¢ y9eTOM KOPPEKTUPYOMIUX MONPABOK MO MKade A) mpuBeieHbl B Tabaume 2.

Tabmma 2
Suagenus Y 3/1
Cpeanereomerpu- | «Pouossbiii» Y31 | I[lomnpaBka nias | KoppekrupoBahn-
YeCKMe YacCTOTHhI, | MOCJIe BHEAPEHUs | YaCTOTHOM HBI II0 IIKAaJie
I, OKTABHBIX | 3BYKOIIOTJIOMIA- KOPPEKINNI mo | A YPOBEHb
I0JIOC fomux obsumnoBok | mkage A (AL;), | 3ByKoBOro
(Ls), nB nb JaBJEeHAd MOCJe
BHEIpEHUs
3By KOIMOIJIOIIA-
IOMIUX ODJHITOBOK
(Lz)7 AB
63 91,1 26,3 64,8
125 91,6 16,1 75,5
250 89,5 8,6 80,9
500 90,9 3,2 87,7
1000 94,1 0 94,1
2000 101,5 -1,2 102,7
4000 93,5 -1 94,5
8000 84,5 1,1 83,4

CaenosaresbHo, ypoBeHb 3Byka (L4, ABA) mocje BHeIpeHHs ITyMO3AIUTHBIX
MepOTpHsTHii, paccauThiBaercst o dopmyae (10):
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L =101g() 10%"*47) = 104,0, 4BA. (10)
Hpe,ZLJIO)KeHHbIe IMyMO3alllUTHbIE MEPOIIPUATHA SHAYUTEJIbHO CHU3AT KaK <<(1)OHOBI)IIL/'I>>

YPOBEHb IIyMa B APOOeCTPYIHHON KaMepe, TaK U YPOBEHb IITyMa Ipu pabodeM mporiecce. Y pOBHA
IyMa 710 U TOCJe YCTAHOBKHU 3BYKOOTJIOMIAIONIUX KOHCTPYKIMI N300pazkeHbl Ha PUCYHKe 3.

LB =

110 = 2 ///\<
100 = //\

- 2 3
80 — ‘//) - .
70  — // 4 AR -
60 —
| | | 1 1 | 1 I
63 250 1000 4000 f,Tu

Puc. 3. «®onoseiit» Y31 (o/a4a ToJbKO czKaToro Bodjayxa), 2 — Y3/ pabouero mponecca
(mo ycranosku 3I1 obsunoskn), 3 — Y3/1 pabodero nponecca (mocae ycranoku 311
obumoskn), 4 — Hopmarus mryma no CH 2.2.4/2.1.8.562 — 96

B cBa3u ¢ nposejeHneM NiyMO3alUTHBIX MEPOIPHUATUN yPOBEHb 3BYyKa CHU3UTCI HA
111,5 — 104,0 = 7,5 n1BA, 61aromaps YemMmy NOHU3UTCS KJjacc ycaoBuit Tpyaa Ha PM omeparopa
no dakropy 1myma (6e3 ydera JumresbHOCTH paboThl apobecTpyiiniuka B cmeny) ¢ 3.4 1o 3.3.
B kadecrBe cpencTBa MHIWBHIYAJBHOH 3aIlUTHl ONEpaTopa OT IIyMa Ha pabodeMm
MeCTe HAMW ITPeJJIOYKEHO OCHACTUTDL 3AIMUTHBIN MIIeM JpoOecTpyHIKa MTPOTHBONTY MOBBIMHI
HayITHUKAMU (DHCYHOK 4), 9T0 H03BOJIHT elre 60J1ee CHU3UTD KJIACC YCJI0BHI Tpy/Ia 1o hakTopy

nyma.

Puc. 4. Tllnem apobectpyiiniuka ¢ MPOTUBONTYMOBBIMIA HAYITHUKAMU
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3akJrJdyeHue

B nmammnoit cratbe paccMoTpen mpoiiece ApobecTpyiiHoit 06paboTKa KpynHOTabapuTHBIX
nerasneit Ha 3A0 «DKcmepuMeHTAIBHBIN MeXaHHYeCcKHii 3aBoa». Ha ocHOBe WHKeHEepHOro
HCCICJOBAHUS IIPOIecca JApodecTpyfHOil 00pabOTKH BBISBJICHO 3HAYUTE/]IbHOE IPEBBIIICHHE
YPOBH# TIiymMa B ApoGecTpyHHON KaMepe HaJ HOPMATHBHBIME 3HadeHHsAMEH ((DAKTOD BBISIBICH
BCJIEJICTBIE W3MEPEHNsT YCJIOBHOTO «(DOHOBOTO» YDPOBHS TTyMa).

B xome paborhl OBLIM TpeIIOKEeHBI METOIBl 110 CHHKEHMIO YPOBHS IIyMa B
npobecTpyiiHOM KaMmepe, a HMEHHO: IMOJOOpaHBI M CIPOEKTHPOBAHBI CPEICTBA KOJLIEKTHBHOI
mrymosamuthl (yeranoka 20-tu 31T 06aMI0BOK), TPOBEJEH aKyCTHYECKHH pacder ypoBHeil
myma Ha pabodeM MecTe Omeparopa MOC/Te BHEADPEHUs IMTYMO3AIUTHBIX MEpPONPUSITHil, a
TaKKe MPeI0KeHO OCHAIEeHNe 3allUTHOTO TIIeMa JIPo0ecTPYHINKa MTPOTHBOITYMOBBIMA
HayIIHUKaMU. bBjaromaps 9ToMy CHHKEH KJIACC YCJIOBHI TPYIa OMepaTopoB ApobecTpyiHOi
0bpaboTKu 1o akTopy nrymy ot 3.4 mo 3.3.
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AKycTudecKuii mMIieJaHC KPYTJIbIX OTBEPCTUiA

Breikos A.M.', Komkun A.11.2*
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L2 MTTY um. H.9. Baymana, r. Mocksa, PD

AnHoTanus

IIpuBoaaTCS pPE3yAbTATHI IKCIEPUMEHTATHHOTO MCCAETOBAHUS AKyCTUUECKOTO MMTIEAHCA KPYTJIOTO
OTBEpPCTHS B CTAJIbHONM ImjactuHe touiuuoi 2 MmMm. Jlmamerp orsepcruii BapbupoBascd OoT 5 10 15 Mwm.
[InacTunbl ycTaHABIMBAINCH HA KOHIE HMIIEJAHCHON TpyObl mumamerpom 99 mwm. eiictBurenbHas 4acTb
MMIIEIAHCA OMUCHIBAIACH Oe3Pa3MepPHBIM CONPOTHUBJICHUEM, & MHUMAas - MPUCOEIUHEHHON IJTUHONW OTBEPCTHUS.
UccnenoBanns moka3amu, YTO I8 TOJIYYEeHNUS TOCTOBEPHBIX 3aBUCUMOCTEN MMIIETaHCA OTBEPCTUSA OT CKOPOCTH
Cpembl B OTBEPCTUU B O0JIACTH PA3BUTON HEJIMHEHHOCTH CKOPOCTh B OTBEPCTHH JIOJIYKHA OMPEIEJISATHCA IO
pe3ynbraram m3mepenuii. V3mepeHusi CKOPOCTH B OTBEPCTHH OCYIIECTBJISIUCH ¢ mOMOIbio Tpyoku Iluto. B
3TOM CJIy4ae 3aBUCUMOCTH JAEUCTBUTEbHON U MHUMON 4acTell UMIeJaHca OT CKOPOCTU B OTBEPCTUU HEJIMHEHHDI,

U JUaMETD OTBEPCTHUA HE BJIHUAECT Ha 3TH 3aBUCHUMOCTH.

KurroueBsbie cjioBa:  CONPOTHBIIEHWE, MPUCOEIWHEHHAS JINHA, HEJUHEHHOCTH, TpyOka IluTo,

W3MepeHue.

The acoustic impedance of the circular orifices

Bykov A.I', Komkin A.I%*
I Assistant, 2 Professor
12 Bauman Moscow State Technical University, Moscow, Russia

Abstract

The results of an experimental study of an acoustic impedance of a circular orifice in a 2 mm thick
steel plate are presented. The diameter of the orifices varied from 5 to 15 mm. The plates were installed at
the end of an impedance tube with a diameter of 99 mm. The real part of the impedance is described by a
dimensionless resistance, and the imaginary attached to the length of the orifice. The studies demonstrate that
in order to obtain reliable dependences of the orifice impedance on the velocity of the medium in the orifice in the
area of developed nonlinearity, the velocity in the orifice must be determined from the results of measurements.
Velocity measurements in the orifice were made using a Pitot tube. In this case, the dependencies of the real
and imaginary parts of the impedance on the velocity in the orifice are nonlinear, and the orifice diameter does

not affect these dependencies

Keywords: resistance, attached length, nonlinearity, Pitot tube, measurement.
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Beegenne

SHaHMe aKyCTHYECKUX XapPaKTEePUCTUK OTBEPCTHUs, B YACTHOCTU €0 aKyCTHIECKOTO
HMIIeIAHCA, HMeeT OOJIBINoe MpakTH4deckoe 3HadeHne. (OTBEpPCTHE OTHOCHTCS K OCHOBHBIM
9JeMEHTaM B IVIYIIUTEIAX MTyMa, OHO MOYKET ABAATHCS TOPJAOM PA3JIHIHOTO POIa PE30HATOPOB,
a TaK:Ke SABJIdeTCd HEeOTheM/IEeMOH YacThbio mepdopupoBaHHBIX IOBepXHOCTeH. To HACKOJIBKO
XOPOIIIO M3BECTHBI €ro aKyCTHYECKHEe XapaKTePUCTHKH, OCODEHHO IIPU BBICOKHX YPOBHSIX
3BYKOBOT'O JABJIEHU, MOXKET OBITh OIpeIedionuM (pakTopoM mpHu pa3zpaboTke 3hheKTUBHBIX
CUCTEM 3allUThl OT HIyMa.

UccnenoBannio akyCTHIECKOTO UMTIETAHCA OTBEPCTUST TIOCBATIEHO OOJTHITIOE KOJTHIECTBO
pabor [1-21]. TIpm 3rtom cieayer cpa3y cka3arb 00 OJHON OCOBEHHOCTH, COCTOMAIIEH B TOM,
YTO 3TH PabOTHl MOXKHO pa3JeauTh Ha JBe rpynmbl. K mepBoil OTHOCATCS HCCJIEI0BAHUS
XapaKTepUuCTuK OTBEpCTUd B PaMKax JIMHeHTHOIT AKYCTUKH, YTO COOTBETCTBYCT HEBBICOKHM
YPOBHAM 3BYKOBOT'O JaBJICHHA. BOﬂleI/IHCTBO OCHOBOIIOJIaralOIIUX pe3yJabTaTOB I10 ﬂHHeﬁHOMy
UMIIEJIAHCY OTBEPCTHS OBLIW TOJIYYEHBl yKe JaBHO. l[Ipm 3TOM HEOOXOJMMO TpeXKjie BCEro
OTMeTUTh Tpyabl Jopia Pames [1| u Kpengamia [2|, M0OXKHO cYuTarh, 9TO K HACTOSIIEMY
BPEMEHHU STOT BOIPOC U3YUEH JOCTATOYHO XOPOIIO, XOTsS M 3/IeCh ellle CYIIECTBYIOT HEKOTOPBIE
BOIIPOCHI, TpeOyoIIue cBoero paspemrennusi. C HHTEHCHBHBIM PAa3BHUTHEM METOIOB KOHEUHO-
9JEMEHTHOTO MOJIEJIMPOBAHUSI B MOCJIE[HEEe BPeMs MHOTHE W3 ITHX BOIPOCOB VIAJIOCH
NpPOSICHUTH. BTopasi rpynna padoT OTHOCHTCSA K WCCAETOBAHWIO WMIIEIAHCA OTBEPCTHIl HAa
HEJIMHEHHBIX peKUMaxX pabOThl, COOTBETCTBYIONIUX BBICOKHM YPOBHAM 3BYKOBOT'O JIABJICHU.
W xoTs 3TH HCCIeA0BAHUS HPOBOAATCS YKe B TEUCHUH IJIUTEILHOIO BPEMEHH 3JeCh OCTaeTCs
erre 0YeHb MHOTO HEepPeHmIeHHBIX TpobJIeM.

Nmmegasc meperopogku ¢ OTBEPCTHEM Z, Pa3MEIIeHHO Ha cpe3e HMIeIaHCHOH TPyObI,
onpeaeadeTcd OTHOHMICHUEeM aMIIJINTYAbl 3BYKOBOT'O JaBJICHHUA P K aMIIJIUTYyde KOﬂe6aTeﬂbHOf/I
ckopoctr U y CTEHKH TEperopojiku B mMmmemancuoit tpybe: 7 = P/U. B cBoio ouepenp,
MMITETAHC CAMOTO OTBEpCTHst B meperopoake Zy = P/Uy, tae Uy - amminTyaa KoaebaTeabHoi
CKOPOCTH B OTBEPCTHH B 1eperopoaku. OHUeBUIHO UMEET MECTO CJISYIONee COOTHOIIEHHE:

Zoy = (U/Uy)Z. (1)

B pamkax JuHelHOU aKyCTUKH B CHJY 3aKOHA COXpaHeHHA OOBEMHBIX CKOpocTeit mpu
IPOXOZKIEHUH 3BYKOBOH BOJHOH OTBEPCTHsI B IEPEropojike cooTHomeHHe (1) MOKHO TakiKe
3alucaTh B BUJIE:

ZO = 9227 (2)

rne g - 0Oe3pa3MepHBI MapaMeTp, PaBHBIIl OTHOIIEHWIO JTUaMeTpa OTBEPCTHS K
JIHaMeTpy UMIeJIaHcHo#i Tpyonl, g = dy/d.

B nanbueiiiiiem Mbl OyjieM paccMOTPUBATL 0Oe3pa3sMEpHbINl MMIIEIAHC OTBEPCTHS,
oTpeieIsIeMbli COOTHOTIIEHneM Z = Zgy/pc, Tae p - WIOTHOCTh BO3/YXa; ¢ - CKOPOCTh 3BYKa B
Bo3yxe. CremyeT mMeTh BBUJY, UTO aKyCTUUECKHUI UMIIEAHC OTBEPCTHS, U B YACTHOCTH €TI0
Oe3pa3sMepHbIil aHAJIOL, SIBISeTCS KOMILIEKCHON BeJIMIUHOMN:

Zy = Ry +iX,. (3)

JleficTBuTesibHASsT  YACTh AKyCTHYECKOrO HUMmenaHca B (3), Tak Ha3bIBaeMoOe
Ge3pa3MepHOe CONPOTHBJEHHE OTBEPCTHs, B DPaMKaX JIMHEHHOH aKyCTHKH OLpe/esseTcs
BSIBKUMH [OTEPSIMU B OTBEPCTUH M ONMUCHIBACTCH BhIpazkenueM [3:

Ro = 2k6,(1/dy + N + E), (4)
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rie k = w/c — BOAHOBOE WWCIO; W - yraoBas WacTota; 0, = (2v/w)Y/? - roybuna
BSA3KOTO MOTPAHC/IOA; v - KHHeMaTHIecKas BA3KOCTh BO3ayXa, v = 1,5 - 1077 w2 /e, | - nnuHa
oTBepcTHsl (TOJNMHA Meperopojku). Ilpu sToM, mepBoe ciaraeMoe B cKoOkax opmyast (4)
olpejeJider BA3KHE 1HOTEPpU Ha CTEHKaX OTBEPCTUA, a BEJIMYUHDbI N n E - BA3KHE 1I0Tepu
HA CTEHKaX IEePEeropoJKd W Ha KPOMKax orepctusd. /Jliag paccMmarpuBaemoil KOHMUTYpaAIUH
IePEropoJIKM, Kak moka3aHo B (3], MmoxHo monoxute N = 0,3 u E = 0,85.

B cBoio ouepens, MEUMYIO 9acTh 6e3pasMepHOro UMIIEIAHCA IPUHATO OUCHIBATE Yepes
IPHUCOCIUHEHHYIO [IUHY OTBEPCTHS:

70 - k‘le, (5)

rae l, - adbdexkrupnasg guHa ropaa, l, = | + ly; [ u ly - nelicTBUTeIbHad IJIHHA
OTBEPCTHUS W €r0 MPUCOEIUHEHHAs JIMHA COOTBETCTBEHHO.

la = (1 = Bg)do, (6)

e @ u [ - MOCTOsTHHBIE KOA(DDUIMEHTDI, 3HAYCHNA KOTOPBIX 3aBUCAT OT TOJIHHBI
Neperopojku.  3HadeHust ITUX KOIDDUIMEHTOB Ha HAYAJIHHOM 3Tare ObLIN OlpeseeHbl
AHAJINTUYECKH JIJIS JIBYX M[peJedbHBIX CJIy4aeB: OeCKOHEeYHO TOHKOH [4] u Geckomedno
Toacroit [5] meperopomok. B mocsenHee Bpemsi, ¢ MNOSBJIEHHEM BO3MOXKHOCTH KOHEYHO-
JIEMEHTHOIO MOJIeJMPOBaHUsl, ObLIO HPOU3BEIeHO X yrodHenue. Tak B [6] 6buio mosydeHo,
YTO, HANpPUMEp, i [eperopojiku Toammuoii 1 mMm kodddumuent « = 0,81, a npwm
JIASIbHETeM  yBeJIMYeHUN TOJIIUHB  €r0o 3Ha4deHue IOCTeNneHHo ypeauduBaercd o 0,82.
Bnadenne KoahdummenTa [ Ipu ToIIKHE Ieperopoaku [ > 1 MM paBro 0,34.

Onpenenenne uMIeTaHCAa OTBEPCTHS Ha HEJIWHEHHOM peyKUMe TpeAcTaBiseT coboil
ropazjo 0oJiee CJI0KHYIO 3ajia4dy. MHOrHe CBA3aHHLIE C ITHM BOIPOCHI OCTAIOTCH 0€3 OTBETa
JI0O HACTOMIIEr0 BPEMEHH, XOTsd MEPBOE HCC/AEJ0OBAHUE B 3TOM HAITPABJICHUE BBITIOJHEHO
Cusuanom ere B 30-e rofbl mponwioro Beka. OH B 9aCTHOCTH YCTAHOBUI [7], 9TO MpH BBICOKUX
YPOBHSIX 3BYKOBOTO JaBJIeHHsS MPOUCXOJNT WHTEHCUBHBIA POCT COMPOTHBIEHUS OTBEPCTUS U
PEIOJOXKIII, YTO COMTPOTUBJIEHHE OTBEPCTHUS JTUHEHHO PacTeT ¢ yBeIudeHHeM KoJiedaTeabHO
CKOPOCTH B OTBEPCTHHM, KaK 3TO HUMeeT MECTO B THJPABJIUKE B COOTBETCTBUH € 3aKOHOM
Bepuyum.  BosbInoit BKAaJ B HUCCACI0BAHUE HEJHMHEIHOTO HMIEIAHCA OTBEPCTHS BHEC
Uwnrapz |7, 8, 12]. Nwm ¢ coaBropaMu MoKas3aHO, 9TO OCHOBHBIM (DaAKTOPOM, OMPeIeIsTIOIInM
UMIIeJJAHC OTBEPCTHS HA HEJWHEUHBIX DPeXKWMaX, sBJIseTcs CTPYHUHBII XapakTep JIBUKEHUs
BO3JIyXa, BBIXOAAMEro m3 orBepctus. llpm sTtom MHrapmoMm compoTuBieHWe TpeHHsS ObLIa

HPEJJIOKUIT CIeYIONTYIo (popmyiLy:

Ro = 2pV2vw(l/do + Ay + Apy), (7)

rie A, - GespasMepHas (OTHeceHHad K dy) JuHeHasg TUCCHIATHBHAS MPHCOIHHCHHAL
JUTMHA OTBEPCTHsSI, OIHUCBHIBAIONIAS BA3KHE IIOTEPH B OKPECTHOCTH OTBEPCTHA M HA €ro
KpoMKax u corjiacno Murapjy pashasi 1; an - Gespasmepnast (orHeceHHasi K dy) HeJMHEeRHAsS
AUCCHUIIaTUBHaA IIPpUCOCAMHEHHadA AJIMHA OTBEPCTHA, OIINCHIBalOIlad ITOTEpU Ha HEJUHETHOM
pexkume padboThI.

Beipaxkenne (7) TPHUBOAUT K  BO3MOXKHOCTH —MpEJCTABIEHHsS —0e3pa3MEPHOro
AKyCTHYECKOTO CONPOTHBICHHA OTBepcTHd B BHAE Ry = Ry/(py/vw). BL6op HOpMHPOBKH
BEJIMYUHBL 1/UW, & HE 00BIYHO UCHOIb3YeMOi ¢ 9TOH MEeIbI0 CKOPOCTH 3BYKA ¢, ObLI MPE/IOKEeH
[Tsarorom u Tonmmawom [14] w TO3BOAMA WM TOAYYHTH 3aBHCHMOCTH COTPOTHBJICHUS
oTBepCTUd OT KOJ’Ie6aTeJIbHOﬁ CKOPOCTH B HEM MHBADUAHTHBIEC OTHOCUTE/JIBHO YaCTOTHI 3BYKa.

Ilonxox IlsuTona u lonnmana K HOPMHUPOBKE COIPOTHBIIEHHS OTBEPCTUS ObLI
ucnosb3oBal nosauee ukeem ¢ coapropamu [16].  ITlosyuennass uMmu sKcnepumeHTagbHAs
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3aBUCUMOCTH 0e3pa3MepHOTO CONMPOTUBJIEHUS OTBEPCTUS OT KOJIeOaTelbHOM CKOPOCTU ObLIa
AIIPOKCUMHUPOBAHA CTEIIeHHON dyHKIMel ¢ nmokazaresiem crenenu n = 1,72. [Ipumeuaresbho,
YTO 3HAYEHHE ITOr0 MOKA3aTe s MPAKTHYECKH COBIIAJIAET ¢ T€M, 4TO 1I0/1y4eno panee Murapaom
B [8].

CrenyeT OTMETHTH, YTO MPOIECC MepeXoia OT JUHEHHOr0 K HeJUHEHHOMY DPeKUMY
uMeeT CJIOXKHBIH XapakTep. MexXay HUMU nMeeTcs HEKOTOpas MepexomHas 30Ha, W TOJbKO 3a
Hell HauMHAaeTCd PexKUM Pa3BUTON HeJIMHEHHOCTH, B KOTOPOI U IIPEAIIOI0KUTEIbHO U HAYNHACT
BBIIOJIHSAThCS 3aKOH Beprymmn. Takyto ocoberHocTh ormedasn, B dactHocTH, WHrapm [12].
Mezkay Tem, B GOJBIIHHCTBE OMYOJIMKOBAHHBIX paboT, 3a uckawodenuem [10|, uccrenoBanms
OIPaHUYUBAJINCE TOJBKO IIEePEXOJHBIM PEXKUMOM.

Eime oana ocobeHHOCTH M3BECTHBIX pabOT 110 HEJIMHEITHOMY WMIIEJIAHCY OTBEPCTUil
3aKJII0YaeTCd B TOM, 4YTO B HHMX, KaK 3TO HH VAUBHUTEJbHO, IPAKTUYECKU HE UCCJICI0BAJIACD
3aBUCHMOCTh WMITEJAHCa OTBEPCTHsI OT ero mumamerpa. B [20] ompesensnochk GespasmepHoe
HeJInHellHoe aKyCTUYeCKoe COLIPOTUBJICHUE OTBEPCTUN B IIPEIIOJIOKEHNH, YTO Ha HeJTMHEeHHOM
peKHMe, BBIIIOJIHACTCA CIIPABEIIUBBIA /I JIMHEHHONW aKyCTHKH 3aKOH COXPaHEeHHs 00beMHO
CKOPOCTH. Bbuio nosydeno, 4rTo HeJMHERHOE COLUPOTUBJIEHUE, B HPOTHBOIIOJIOKHOCTD
JINHEHHOMY, YBEJIUIUBACTCS MPOMOPIHOHATLHO AuaMeTpy orBepcTus. OHAKO, STOT Pe3yabTarT
He UMeeT SICHOI (DU3NYeCKO MHTEPIpeTallui, TaK 9TO TPodIeMa BIUAHUS Pa3MePOB OTBEPCTHS
Ha €0 HeJIMHeWHOe CONMPOTHBJIEHNe TPeOyeT pPelleHns.

B [19] pacemaTpuBaioch BAASHEE BHICOKUX YPOBHE 3ByKOBOTO JABJICHUS HA U3MEHEHHE
OTHOCUTEJIBHON IIPUCOEJUHEHHON JJIMHBI OTBEPCTUL, OLPeAedeMOl COOTHOLICHUEM:

Za == la/lal =1- Alam (8)

rie ly - JuHefiHas TPHCOeINHEHHAsI JJINHA OTBEPCTHsI, olpejesemas corinacHo (6),
la = 081(1 — 1,34g)dy, a Aly, - OTHOCHTEJIBHOE YMEHBIIEHHe MPUCOETMHEHHON JIJTHHBIL,
BBI3BAHHOE HEJIMHEHHBIMH IPOIECCAMH.

VeTaHOBIEHO, 9TO C POCTOM KOJ1e6aTeIbHOI CKOPOCTH B OTBEPCTHH €T'0 IPUCOEINHEHHAST
JJIMHA, CHAadYa a 3HAYUTEJHHO YMEHBIIAETCsS, a Jajiee BBIXOANT Ha IMOCTOSHHBIA YDPOBEHD,
BeJIMYMHA KOTOPOTO YMEHBIAeTCsI ¢ YMeHbIIeHneM juamerpa orBepctuii. Takoii pesysaprar
JlaJIeKO He OYeBHJIeH U TpebyeT JOMOJHHTEILHOTO HCCIeTOBAHUS.

Hacrosmas craTbss MOCBAINIEHa W3YYEHUIO AaKyCTHUYECKOTO HUMIEIAHCA KPYTJIBIX
OTBEPCTHH PA3/JUYHBIX JHAMETPOB B MEPBYIO OUYepe/ib HA HEJIUHEHHbIX peknMax. (OCHOBHBIE
3341 JIaHHOI  paboThl  COCTOAT B IMOJYYEHUU HAJEKHBIX PE3yJIbTaTOB U3MEpeHUil
AKYCTHYIECKOI'O UMIIEJJAHCA OTBEPCTUIl PA3HOrO JTHAMETPa, OMEHKA 3aBUCHMOCTH ITON BEJIMINHBI
0T KoJ1eH6aTeIbHON CKOPOCTH B OTBEPCTHH IIPU €€ H3MEHEHHH B IIMPOKOM THAMA30HEe aMILIATYI,
a TaK:Ke MpPOBepKa MIHPOKO PACIPOCTPAHEHHOTO MPEINOJIOKEHNAsT O TOM, UTO Ha HEeJTHHEeHHBIX
PEKUMAX AKYCTUIECKOE COIPOTUBJIEHNE OTBEPCTHUSI ONPE/IEISIeTCS Ha OCHOBE 3aKOHA BepHy/in.

1. DKcmepuMeHTaJbHasd YCTAHOBKA

B nmammoit pabore ucciaegoBaJicss aKyCTUUECKHI UMIIETAHC OTBEPCTHH B MMIEIAHCHON
TpyOe ¢ BHyTPEHHUM JuaMeTpoM 99 MM B IIMPOKOM J[Mana3oHe YPOBHEH 3ByKOBOI'O JIaBJICHUS.
Cxema 9KCIepuMeHTAIBHON YCTaHOBKH 0ToOparkena Ha puc.l. C oaHO# CTOPOHBI NMITeTIAHCHO
TPyOBI pacroJiarajics uccaeyemMbiit obpaselr, B BUJE CTAJbHONW TJIACTUHBI TOJIIMUHON 2 MM C
MEHTPAJBbHBIM OTBEPCTHEM, JUAMETP KOTODPOTO IMpH MPOBEJEHUN H3MEPEeHUN H3MeHSJICS OT
5 Mmm 10 15 MMm. C apyroit cTOpoHBI, K Tpybe depe3 KOHPY30p MOJCOETUHSICT TUHAMUK
Beyma 12MI100 guamerpom 300 Mmm u momaocTbio 400 Br. Ilpu sToM jiuHaMuk u3Jjiydaln sweep-
curnaj B nosioce 10 I'n ¢ nenrpasibuoit yacroroit 150 ' ¢ jumTenbHOCTHIO pasBepTku — 1 c.
DTOT CHUTHAJ TOCTYMaj Ha JWHAMUK C KOMIBIOTEpPA UYepe3 ycuauTessh MmomnHocThio 600 Br.
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Bce 310 maBanmo BO3MOXKHOCTH CO3/IaBATh B WMIIEIAHCHONH TpyOe 3BYKOBOE JaBJIEHHE C
yposaeMm 510 165 n1B. D10 3ByKOBOE jlaB/ieHHE PETUCTPUPOBAIOCH JIBYMS YeTBEPTHIIONMOBBIMA
mukpodornamu PCB 378C10. Curnamasl MuKpPogOHOB TOAABAJUCH HA TPeIBAPUTETbHBII
yemauresah PCB 482C, a 3arem mocrymanm Ha aHaamszarop curtasoB B&K PHOTON +,
KOTODBIHl BBIUHCJIAI CIIEKTPAJbHBIE XapaKTePUCTHKH U3MEPEHHBIX 3BYKOBBIX JaBienuil. [laree
HOJTYUYeHHBIE XaPAKTEPUCTHKH 00pabaThIBAINCh HA KOMIIBIOTEPE W TaM METOJOM TepeTaTOTHBIX
GYHKIMT Ooupeje/isi/inCh aMIUITY/Ibl IPAMOH M OTPAarKEHHOW BOJIH B UMIIEJAHCHOU Tpybe.
3areM, HCOOJB3Yysl TH 3HAYEHUSA AMILIATY, OCYIIECTBIISICA PACUeT aMILIATY, 3BYKOBOTO
JIABJIeHUS U KOJedaTeJlbHOM CKOPOCTH y BHYTPEHHEH CTOPOHBI MJIACTUHBI, KOIPMOUIIMEHT
OTpaykeHWs IJIACTUHBI W ee aKycTudeckuit ummnedanc. Jlajmee axycTmdeckuit mMmmemgaHc
NJIACTWHBI EPECTUTHIBAJICS B UMIETAHC OTBEPCTHUS.

Komnblotep

- o - AHnaauzarop

JHTENb

| N i JunamMnk
Yeummren ‘

Muxpogonsr 1 2 MOLIHOCTH

HmnenancHas Tpy6a § Koudyzop

Puc. 1. Cxema 3KCIepUMEHTATBHON YCTAHOBKH

2. Pe3yabrarhbl

Ha nepBom 3Tarne ucciegoBaHnil aKyCTHYECKUH UMIIEIaHC OTBEPCTHS OLPEIESISICH C
nomorpio (hopmysbl (2), B TPEANONIOKEHNH, 9TO Ha HEJIHHEHHOM peyKUMe MPH TPOXOZK IeHUH
3BYKOBOI BOJIHOH OTBEepCTUdA B IJIACTUHE BBLIIOJHACTCA, KaK U JIMHEHHOM pexKAMe, 3aKOH
COXpaHeHHs OObEeMHOW CKOPOCTH. OHAKO HCIIOJIB30BAHUE TAaKOI'o IIOAXOJa IMPHUBEIO K
bu3MIECKN MPOTUBOPEUNBOMY PpE3yJabTATy, KOTJa COHPOTHBJIECHUE OTBEPCTHUs, BOIPEKH
OKUJAHUIO, YBEJININBAJIOCH C YBEJMUCHUEM €0 JUaMeTpa.

Yro KacaeTcs MHUMON 4aCTU MUMIIEIAHCA OTBEPCTU, TO OHA OIEHUBAJIACH B TEPMUHAX
OTHOCHTEIBHONH HPUCOEIMHEHHON IuHbl oTBepcTs 10 dopmyse (8).  Okazanoch, dTO
C YBeJHYEHHEM 3BYKOBOI'O JIaBJIEHHUs, &, CJIEeJIOBATENbHO, W KOJeOATeJTbHOH CKOPOCTH B
OTBEPCTHH, OTHOCUTEJIbHAaA MIPUCOeINHEHHAA JJINHA OTBEPCTUA HAUNHAECT CHUXKATHCA, IPUYEM
y’Ke YIOMHHAJIOCh paHee, 4eM MEHbIIEe JUaMeTp OTBEPCTU, 4YeM OOJIbIe BEJIUYMHA ITOrO
camkenns. Takoil pe3yabrarT TakzKe He UMeeT SCHO (DU3NYecKOil HHTePIpeTaIun.

C ydeTom 3THX 0OCTOATEILCTB OBLIO PEIIeHO HMPOBECTH HpsSIMbBIe U3MePeHHs CKOPOCTH
B OTBEPCTHHM Ha HEJUHEHHBIX pe:KHMaxX ¢ IOMOIbio TpyOoku lluto. Ee dyBcTBHTEIBHOCTH
0Ka3aJIaCh JOCTATOYHON JJId HOJYYEeHUdA JOCTOBEPHBIX PE3yAbTATOB IPU YPOBHAX 3BYKOBOI'O
nasjennus L, y orsepcTus 6osee 125 nb, xorga snadennsa xKojebaTeabHON CKOPOCTH B OTBEPCTHH
npepbimaan 3 M/c. TlosyueHHble TP 9TOM De3YJAbTATHl JJIA MSTH THAMETPOB OTBEpPCTHil,
IpeJICTaBJIeHHbIE Ha PUC. 2, TOKAa3aJd, 9TO U3MepeHHasd CKOPOCTh B OTBEPCTHH V() MPAKTHIECKU
HEe 3aBHCUT OT AuaMeTpa orBepcTuil. [lomyueHHBIN NPH 9TOM HEKOTOPBHIH pa3dpoc 3HAYEHMI
cJeJlyeT pacCMaTpuBaTh KaK pPe3yabTaT MOTPEIIHOCTH U3MEepPEeHHil, TaKk KakK OH, 110 CyTH, He
HU3MEHSIETCST ¢ POCTOM YPOBHSI 3ByKOBOTO JiaBieHus B Tpyoe. Cpa3y CTOUT OTMETHTH, 9TO TAKOM
pe3y/IbTaT HANPIMYIO TPOTHBOPEYUT 3aKOHY COXPaHEHUsT 00HEMHBIX CKOPOCTEI.
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0 | 1 | | |

125 130 135 140 145 150 155 160
Lp, nb

Puc. 2. VIameperHas CKOPOCTh B OTBEPCTUH TJIACTUHBI KaK (DYHKIUSA 3BYKOBOIO JIABJICHUS Y
wiactubl: () - 5 mm; (A) - 7 Mm; (A) - 10 v
(#) - 12 mm; (M) - 15 MM; — ammpoKCHMAIIHS

[Tony4yennble JaHHbIE H3MePEHU ObLIN AIIIIPOKCUMUPOBAHBI aHAJTUTHICCKOH (DyHKITHEeH
BHU/IA:

Vo(L,) = 0,02(L, — 123)% + 3. (9)

Ha puc. 2 cmionHOM JIMHWER TpejcTaBieHa BelYHCIeHHAs 1m0 dopmyse (9)
AIIIPOKCUMHUPYIOIaAd KpUuBad, KOTOPad MOKa3bIBACT XOpoHiee COOTBETCTBUEC SKCIIEPUMEHTAJIbHBIM
JIAHHBIM U JIOKa3bIBAET, YTO €JIMHCTBEHHBIM (PAKTOPOM, OLPEJIEILIONHUM CKOPOCTh B OTBEPCTUHI
Vo, aBgercd 3ByKOBOe JaBJIeHHe y Neperopoikn L.

2.1. eticTBuTesqibHAsA 9aCTh UMIEJAHCA OTBEPCTHUS

Annpoxkcumanus (9) Oblia HCTOAB30BaHA Jajiee JIIdg MOCTPOEHUS 3aBUCAMOCTH
HUMIIEJIAHCA OTBEPCTUH PAa3JIMYHBIX JIMAMETPOB OT W3MEPEHHOH KOojebaTeJibHOl CKOPOCTH B
oreepcrun. Popmyna (1) masg WMIegaHca OTBEPCTHsI B 9TOM CJydae Mpeobpa3oBhIBAIACH K

BHUJLY:

Zo = (U/Vo)Z. (10)

Beiuncienubie B coorpercteun ¢ (10) 3aBucuMocTs 6e3pasMepHOro COMPOTUBIEHUS OT
CKOpOCTH V() TIOKa3a/ii, 4TO Ha PEKUMaX pa3BUTON HEJMHEHHOCTH, KOTJIA 3HAYCHUS 3BYKOBOI'O
nasjaenus L, > 145 nb, conpormpienne oTBepCTHA MPAKTUYECKH IepecTaeT 3aBHCETh OT €ro
JuaMeTpa W CBA3aHO ¢ Beamunmnamu L, n V| HenumeitmpiMu 3asucuMmocTaMu. lIpm menbmunx
3HadYeHudax L, u Vj , 3aBUCEMOCTH, COOTBETCTBYIOIUE PA3HBIM JUaMeTpaM, Clajgasd, HadnHAIOT
pacxomutcd. llpm 3ToM Gosbimii gEaMeTp OTBEPCTHUS OINpejenaseT u 0OoJiee KPyToil crman
COOTBETCTBYIOLICH KPUBOW.

Ecam  paceMarpuBaTh 3aBHCHMOCTE Ry OT Vi B IeJIOM, C TOYKH 3DEHHs ee
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AHAJTUTUYECKOTO OMHCAHWS, TO MeIecoo0Pa3HO BBIIEJUTh TPU XapaKTEePHBIX OOJACTH:
JUHEHHDBIA, TepexXOoJubld U PA3BUTON HEJIUMHEHHOCTH.

B suneiinoii obnactu, mpu Vo < 0,7 M/¢, cCONpOTHBIEHNE OTBEPCTUST YMEHBIMACTCS C
yBeJIUUeHneM JuaMeTpa, He 3aBUCUT OT KoJeOaTeJbHONU CKOPOCTH B OTBEPCTHH U ONUCHIBAETCH
B COOTBETCTBHUY ¢ (4) CceayonmM o0pa3oMm:

Ry = 9,8-107*(1/dy + 1,15). (11)

B mepexomnoii obiactu, mpu 0,7 m/c < Vi < 10 Mm/c, Habaoogaercss CJIO0KHAsI
3aBUCUMOCTD CONPOTUBJIeEHUS OoTBepcTusd [y or Vy , KOTOpas MOkKeT ObITh AlllPOKCUMUPOBAHA
BbIDpazKE€HHEeM:

0,9956%(V — 0,6)3
14+ 03(Vp —0,6)3
rae a = —0,01(do/l) + 0,144; b = 0,03(dy /1) + 0,39.

B obsactu pasputoil Hemmmeiinocru, Vo > 10 M/c, aKyCTHYECKOe CONPOTUBIIECHHE

OTBepPCTHUA 1IepecTacT 3aBUCETh OT €Iro JuaMeTpa. BazxkHo OTMETUTDb, YTO JaHHad 3aBUCUMOCTD
HMEET BbIPazKeHHYIO KBaAPaTUIHYIO 3aBUCUMOCTDL OT KoJ1e0aTe IbHOR CKOPOCTH B HEM.

Roy = (Vo — 0,6)° (1 — ) + Ro1, (12)

Rz = 1,2-107*V2 +0,048. (13)

Annpokcumupyromniue rpadguyeckue  3aBUCHMOCTH,  ONpeJejeHHbie  (hopMyTaMu
(11) — (13) ars iuamerpos orBeperrit 5, 10 1 15 MM HpegcTaBieHbl Ha DHC. 3 COOTBETCTBEHHO
TOYEYHOI, MTPUXOBOA U cronHol auauamu. Clieayer OTMeTUTh WX XOpOIlee COBIAICHUe
C COOTBETCTBYIOIIMMHU COIPOTUB/JIEHHEM OTBEPCTHH, KOTODBIE IOJYYeHbl B PE3YJbTaTe
SKCIIEPUMEHTAIBHBIX U3MEPEHUH U OTMEYEHbI TOYKAMH.

|

0.1

| L]

0.01

II I

0.1 1 10 100
V,.M/c

0.001

Puc. 3. Ry xak dbynkmusa Vo B auneitnoit obmactu (I), mepexonnoit obnactu (11) n obmacta
pazsuroii vesmueitnoctu (111) mas orBepernii AuaMeTpom:
(cvoroei)-bmm; (--A--)-10mm; (-0 -) - 15 mvm

2.2. MmHuaumasa 9acTh HMIETAHCA OTBEPCTHS

Barem B paboTe ObLIN UCCAEIOBAHBI 3aBUCHMOCTH MHAMON YaCTH UMIT€IAHCA OTBEPCTHS
oT m3MepeHHoit ckopocTn V. B obiractn passuToit HeIMHEHHOCTH ¢ yBeJINYeHUEM CKOPOCTH Vj
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3HAYEHUST MHUMON YaCTU MMIIEJaHCa OTBEPCTUs CHAaYaJa MeJIeHHO YMEHBIIAIOTCs, a 3aTeM
HAYMHAIOT Bo3pactarh. Cieyer OTMETHTH, 9TO NMPH TAKUX U3MEHEHHSX 3HAYEHUs] MHUMOMN
YACTU UMIIEJIAHCA OTBEPCTUS BCE-TAKU OCTAIOTCH MEHbIe 3HaueHus umiemanca mpu Vo — 0,
COOTBETCTBYIOIIEro JHHEHHON 061acTn 1 onpeessieMoro mo ¢gopmydie (5). DTo MO3BOJIAET HAM
¢dbopMaIbHO ONHCATh W3MEHEHHe MHHMOM YacTH HMMIEJAHCA OTBEPCTHS B OOJACTH PA3BHTOM
HEJIMHEHHOCTU B TePMHUHAX MPUCOEIUHEHHON IJIMHBI, KaK 9TO OOBIYHO JeJIaeTCs B JIMHEHHON
akycruke. Cre/lyer MOMYEPKHYTH, 9TO 3TO (POPMAJBHBIN MMOJAXOJ U OH HE HPUMEHUM JIJIsi
UCIOIb30BaHusd B nepexoanoil obnacru. lcnosb3ysa npusefiennbie Bbile GOPMYJIbl, MHUMAS
qacTh WMIEgaHca Obljla mnpeobOpa3oBaHa B 0e3pa3MepHYIO HEJNHEHHYIO ITPUCOeINHEHHYIO
JUTHHY OTBEPCTHUs, a 3aTeM OBbLIM IMOCTPOEHBI 3aBHCUMOCTH 3TOW BEJUYHHBI OT CKOpPOCTH V),
npeJicTaBJIeHHbIe Ha puc. 4.

095 F

0.9 \

0.85 | 3N
=5 0.8 I \

0.75 = #

0.65 1

0.6 1 1 1 1
0 8 10 15 20 25
V, m/s

Puc. 4. 1, xax dbyuxiusa Vo 11 OTBEPCTHH JTaMeTPOM:
(—o—)-5wmm; (—A—) - 10 mv; (—H—) - 15 mm

OTH pe3yJIbTAThl MOKA3BIBAIOT, YTO HEeJTUHEHHAS IIPUCOeINHeHHAd JJIMHA OTBepCTus [,
c1abo 3aBUCUT OT ero guamerpa dyp. B ¢Boio ouepenb 3aBUCHMOCTD [, OT CKOpOCTH Vi MOXKeT
OBITH ANIPOKCUMUPOBAHA APADOJIMIECKON (DyHKIIHIeii:

Iy =1,22-107*(Vy — 18)% +0,3. (14)

Takasg anmpoKCHManus NOPUMEHUMa TOJBKO i Vo > 5 wm/c.  T'paduk 3roit
AT POKCUMAITMH TIPe/ICTaB/IeH Ha puc. 4 MTPUXOBOil JUHUEI.

3. O6cyxaenue

BaxkupiM 3aMedanueM K padoTe SBJISETCA TO, YTO IOJYYEeHHBIE PEe3Y/IbTaThl BCe-TaKU
HOCSAT OTPAHWMYEHHYIO NMPUMEHUMOCTh. B mepByl0 odepeib pe3yJbTaThl TPUMEHHMBI TOJBKO
K OOJBIINM OTBEPCTHSI, KOTJA TOJIIHHA TOTPAHUYHOTO CI0S JJIg CTEHOK TAaKUX OTBEPCTHii
HAMHOTO MeEHbIIE Juamerpa 3Tux orBepcruit. I[lomumo 3roro, B pabore wucCC/IeI0BAIUCDH
TOJTBKO TIJTACTHHBI TOJAMIWHON 2 MM, MOTOMY CTPOTO TOBOPs, TPEJICTABICHHBIE PE3yJTbTATHI
OYVIyT CIpaBeJJIUBBIMU TOJBKO JIJII OTBEPCTHH ¢ TaKOil TOJIMMHOW I1acTUH. B ToxKe Bpemd,
HO-BHJIUMOMY, OOIIUE 3aKOHOMEPHOCTU BJIUSHUA JTHAMETPa OTBEPCTHsSl Ha €ro aKyCTHYECKH
UMIIeTaHC OyIYyT UMETh TaKoil Ke XapakTep U IIPU PACCMOTPEHHH 0OPA3IOB APYTOi TOJIIIUHBI.

Eie opun Borpoc, TpeOylonmuii pa3perienns, aB/AgeTcsd TPaBOMEPHOCTH MPUMEHEHUS
3aKoHa BepHy/in Tpu pacCMOTPEHUN TTPOXOXKICHUSA 3BYKOBOW BOJTHOW OTBEPCTHUS HA, PEIKUME
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pasBuTOi HeJuHeHHOCTH. 3akKoH bepHy/LIH cupaBelUB JJid IMOCTOSHHBIX TOTOKOB CPEJIbI
4epe3 OTBEPCTHE W CBA3BIBACT JABJICHUE Yy OTBEPCTUA P CO CKOPOCTBIO NCTEYEHUA CPeJibl U3
oTBepcTud V() KBQJIpATHYHON 3aBUCUMOCTDBIO, B KOTOPYIO TAKZKe HE BXOJIUT JHAMETD OTBEPCTHSI.
Kpome Toro sta 3aBUCUMOCTH MOKA3bIBAET, YTO COMPOTHUBJIEHHE OTBECTUS CO CKOPOCTH CPEJIbI
B HeM CBs3aHbl JimHe#Ho. (OJHAKO 9TOT 3aKOH B BCTYIIAET B IIPOTUBOPEUYHE € 3aKOHOM
cOXpaHeHUsT 00beMHBIX CKOPOCTell, KOTOPBI# CIIpaBeIuB sl JHHEHHOW aKyCTUKH W COIVIACHO
KOTOPOMY KOJieDaTe/ibHasi CKOPOCTb B OTBEPCTUM OyJIeT OLUPEIE/IAThCH OTHOLIIEHUEM IO 1ei
HNOTIEPEYHBIX CEYCHHI MMIEJAHCHONU TPYObl M OTBEPCTHHA. DBecoOMbIM apryMeHTOM B IOJIb3Y
JOCTOBEPHOCTH TOJIYYE€HHBIX PE3YJIbTATOB ABJSETCA TO, SKCIEPUMEHTAJIBHO OJYYEeHHBIE TOYKA
HA 3aBUCHMOCTH CONPOTHBAEHUA OTBEPCTHA OT CKOPOCTH B HEM JJId Pa3HBIX JNAMETPOB
OTBEPCTHH JIOXKATBHCA HA OJTHY KPUBYIO.

[ToBejenne MHUMON YacTH UMIIEJAHCA OTBEPCTUS KOHEYHO TakxKe Tpebyer
JIONIOJTHUTETbHBIX UCCAEIOBAHUN U OObACHEHUIA. OHako He/Nb3d HE OTMETHTh, 9YTO B
OTJIMYNE OT IPEJIIIECTBYIONUX paboT, Ijie IPUCOEJMHHALA JJIMHA OTBEPCTUHA OIPEJIe/IsLIach
UCXOJIST U3 3aKOHa COXpaHeHUs 00beMHOM CKOPOCTH W HAOJIIOAAJIOCH CYIIECTBEHHOE CHUKCHHE
MPUCOEJIMHEHHON JIJIUHBI OTBEPCTHA C YBEJIWYEHHEM PACUYETHON CKOPOCTH B HEM, NPHYEM
MEHBIIIEMY JUAMETPY OTBEPCTHS COOTBETCTBOBAJIO OO0JIbIIEe CHUYKEHHE ITPUCOEIMHEHHOM
JIMHBI, HACTOAINad pabdoTa TOKa3aJja, 4YTO CHHUXKEHHE NPHUCOEIUHEHHON JJTUHBI OTBEPCTHUS
NPAKTUYECKN HE 3aBUCHT OT JAMaMeTpa OTBepCTHii n ne npesbimaer 35 %.

3akJJdyeHue

[IpoBenennbie B uMIEIAHCHONW Tpybe HCCJIEIOBAHUS 3aBUCHUMOCTEll aKyCTHYECKOIrO
AMIICJAHCA OTBEPCTUHA OT CKOPOCTHU YacCTHUIl B HEM /IJId PAa3JAAYHbIX AUAMETPOB OTBEpPCTUH
OKA3aJIM, 9TO B HUX MOKHO BBIJICJIUTH TPU XapaKTepHble 00JIaCTh: JIMHEHHYIO, IePeXOIHYIO |
Pa3BUTON HEJIMHEUHOCTH.

VCTaHOBJIEHO, YTO CIPABEIIUBBIN JIAd JUHEHHOH AKYCTHKU 3aKOH COXPaHEeHUS
00beMHO CKOPOCTH TIPU ITPOXOXKAEHNH 3BYKOBO# BOJIHBI Yepe3 OTBEPCTHE B 00JIACTH Pa3BUTOM
HEJIMHEHHOCTH He BbIoJHseTcs. IlpoBegennbie B 91Ol 00JacTH H3MepeHus KojebaTe/bHOM
CKOPOCTH B OTBEPCTHHM C HCIOJb30BanueM Tpyoku lluTo mokasanm, dYTO 3Ta CKOPOCTD
OlLIpeJe/IdeTCd TOJIbKO 3BYKOBbIM JAaBJICHUEM Y OTBEPCTUL U HE 3aBUCUT OT €0 JuaMeTpa.

Onpenenenne WMIETAHCA OTBEPCTUS C WCIOJIB30BAHWEM W3MEDEHHBIX 3HAUYEHHT
CKOpPOCTH B HEM, IPUBOAAT K KApPAWHAJIBHBIM HU3MEHCHHUAM B IIOJIy4aeMbIX pe3yJbTarax
Ha pexXuMe Pa3BUTON HeqwHellHOCTH. TaK, CONMPOTHBIEHWE OTBEPCTHUS V:Ke He 3aBUCHT
OT €ero amaMeTpa, HO B OTJUYAE OT TOrO, UYTO JaeT KJIacCuYecKWit 3akoH bepmynnnm,
3aBUCUMOCTD CONPOTHBJIEHUS OT CKOPOCTHU SABJILETCH He JIMHEHHoi, a kBajparudnoil. Kpome
TOro, (opMabHO BbIpakasg MHHMYIO YacTh IOJHOTO HUMIIEIAHCA OTBEPCTUS Yepe3 ero
HPUCOCAUHECHHYIO JJIMHY, MOJy4aeM, YTO TakKad IMPUCOEJIUHEHHAd JJINHA TAKXKe NPAKTUYECKU
He 3aBUCUT OT JamaMeTpa OTBepcTud. [Ipm 3TOM 3aBHCHMOCTH NPHUCOETUHAEMOM JTMHBI
OTBEPCTHA OT CKOPOCTH B HEM SBJIAETCA HEJIMHEHHOM.
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AHaJin3 NpUYWH MCIIOJIb30BAHUSA MOJIOABIMUY JIFOIbMU ITOPTATUBHBIX
ay/IMOyCTPOMCTB U CJAy4YaeB OTKa3a OT HUX
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2.3.4BanTuiickuit rocy apcTBeHHBI TeXHHIECKUH YHUBEPCATET
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AnHoTanus

B mayuHoit uTeparype aKTHBHO OOCYKIAIOTCS CONMAIbHBIE W MEIUIIMHCKUE MOCIEICTBUST DOJIBINOMN
PACIPOCTPAHEHHOCTU 1IOPTATUBHbBIX ayMOYyCTPOicTs cpeau mosonexu [1,2,3]. B pasubix crpaHax npoBoisrcs
MaciiTabHble ONPOCHI PA3JIMYHBIX KOHTHMHIE€HTOB (IIKOJIbHUKHU, CTyJAeHTbl u ap.) [4,5].  Cuenmanucro
BBICKA3BIBAIOT OOOCHOBAHHBIE OMACEHUsS OO OTHAJEHHBIX MOCTEJCTBUAX, MPEXKIE BCEro — (GOPMUPOBAHUIO
ryroyxocru. K pemteHnio mpoGieMbl akTHBHO HOKJoUmInch crpykrypbl OOH [6]. Ilpm sTom He cieayer
3a0bIBATH O COTHSX ThHICAY DADOTHUKOB, KOTOpbIE, B CBA3U C OcoOeHHOCTAMU Tipodeccun (OmepaTopsr,
JIUCLIETYePbl, [UJIOTbl, PADOTHUKU KOJI LEHTPOB, 3ByKOOLEPATOPbL U AP.), JOJIKHbI HAXOAUTCH B HAyIIHUKAX
Bech pabouwmii genb. VccnemoBanuit B 9TOM HAIMPABJIEHUH COBEPIIEHHO HEJIOCTATOYHO, TAK KAK B BBISIBJIECHUU
MATOJIOTUU HE 3aWHTEPECOBAH, MO MOHATHBIM MPUYMHAM, HE paboTogaTe b, HU PAOOTHUK, KOTOPBIH OMACAeTCst
MOTEPSATH PAOOTY U HE MOXKET MTOITOMY OTKA3ATHCs OT UCIIOIh30BaHUsT HAYMTHAKOB. OOpalenus K CreruaJIncTaMm
HEPEIKO MPOUCXOIAT TOJBKO MPU BBIXOAE HA MeHCHI0. Kpome Toro, MHOTHME KOHCTPYKTOPBI, MPOTPAMMUCTHI,
oducHbe pabOTHUKN (0COOEHHO B oducaXx OTKPBITOTO THMA) W MHOTHE IPYTHe BBIHYXKJIEHBI HMCTOIh30BATH
LHOPTATUBHBIE AYAUOYCTPONCTBA [JIsl 3ALIMThL OT BHEIHEro IyMa, KOTOPbI Meuaer uM cocpeiorodunrbes [7,8].
B stom caydae, mumckoM}OpT MPH KCIOMb30BAHMEM HAYIIHUKOB II03BOJIAET PAOOTHUKY B JI000H MOMEHT
OTKa3aThCs OT HAYIIHUKOB U PEIIaTh Mpo0JeMy 3alllUThl OT MIyMa KaK-TO WHade. AHaIM3 CIydaeB OTKa3a OT

WCIIO/IF30BAHNS HAYITHUKOB MPEICTABISIET OOBINON HAYYHBIH U MPAKTUIECKUNH WHTEPEC.

KirroueBble cjoBa: uH/IUBH/IYAJIbHBIE Ay IMOYCTPONCTBA, HAYIHUKH, OIIPOC, TYIOYXOCThb, OTOMHUKO3,
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Analysis of the reasons and refusal of portable audio devices by young people
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Abstract

Social and medical consequences of the great popularity of portable audio devices among young people

are extensively discussed in the scientific literature [1,2,3]. Large-scale surveys of various groups (schoolchildren,
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students, etc.) are conducted in different countries [4,5]. Experts express reasonable concerns about the long-

term consequences, first of all, occurrence of the hearing loss. The UN entities are actively involved in solving
the problem [6]. At the same time, we should not forget about the hundreds of thousands of employees who,
due to the specifics of their profession (operators, dispatchers, pilots, call center workers, sound operators, etc.),
must wear headphones during their working day. Research in this direction is absolutely insufficient, since
neither the employer nor the employee, who is afraid of losing his or her job and cannot therefore refuse to
use headphones, is not interested for obvious reasons in the detection of pathology. Visits to the specialists
often occur only when retiring. In addition, many designers, programmers, office workers (especially in open
offices), and many others are forced to use portable audio devices to protect themselves from external noise
that prevents them from concentrating [7,8]. In this case, the discomfort when using headphones causes the
employee to avoid using the headphones at any time and solve the problem of noise protection in some other

way. Analyzing cases of refusal to use headphones is of great scientific and practical interest.

Keywords: personal audio devices, headphones, survey, hearing loss, otomycosis, noise.

Bregenune

B mayunOil JnmTepaType aKTHBHO OOCYKITAIOTCS CONHAJIbHBIE W MeJIUNUHCKUE
HOCJIeJICTBUS OOJIBIION PAacIPOCTPAHEHHOCTH HOPTATUBHBIX ay/IMOYCTPOICTB CPeIu MOJIOIEKH.
[TonmyngpHOCTh aKyCTHYECKUX HAYITHUKOB PA3HBIX THIIOB YacTO OOYCJOBIEHA JUIHBIMUA
HPeIOYTeHNIME, MOJON WU ZKeJaHWeM H30/IUPOBATHLCS OT BHEIrHUX (PakToOpoB. ABTOpamn
JIAHHON cTarbu OBLIO TPOBEJIEHO OINPOC-HCCJEJI0OBAHUE, B pPe3y/abTare KOTOPOro ObLIn
YCTAaHOBJIEHbl KOHKPETHble MPUYUHBI HCHOJh30BAHUS WJIH OTKa3a OT WHIUBUIYAJIbHBIX
AKyCTHYECKUX HAyIIHUKOB. B ompoce ydactBoBasu 1412 i oboero moJia. Bee ucciaenyembre
OBLTH pachpeseeHbl B 2 TPYHIB: B COCTaB 1-if TPYyNmbl OBLIM BKJIIOUEHBI 737 UeJOBEK,
UCIIO/IB3YIONNEe HAYNIHUKNA B HACTOSINEE BPEMsi HE MeHee 3-X 4acOB B CyTKH, & BO BTOPYIO -
675 denoBek, paHee HCIOJB30BABIINE JAUYHBIE AYAUOYCTPOHCTBA, HO TO37Ke OTKA3ABIITHECS
or Hux. (OB6e TpymIbl UMET CXOAHBIH TMOJOBOH W Bo3pacTHOi cocra (puc.l). Ompoc
(aHKeTHpOBaHWE) TPOBOAWICS ¢ MOMOIIbI OHalH-cepuca Google-popMbr. Ankera
COZIEPZKUT 7 BOMPOCOB, OTPAKAIOIIMX MPOJIOIKUTEIHHOCTh MOJH30BAHUS HAYTTHUKAMU,
UX THUI, HEPEHOCUMOCTb U OTHOIIECHUE Ye/I0BEKa K mOCTOpOoHHUM IymaMm. CoOpaHHbIE JaHHBIE
CHUCTEeMATU3UPOBAINCH W TPYHIHPOBAJHUCH ABTOMATHYECKH, BCJIEACTBHE ITOTO TOJIYIATOCH
UX TOTOBOE Tpadpuveckoe oToOparKeHwe B BUJE JuarpaMm. Pesyiabrarsl 06c/ieoBaHns ObLIH
00paboTaHbl ¢ UCIIOJIB30BaHKEM IporpaMMbl Excel.

216 509
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Puc. 1. KonmnmaecTBo 1 BO3pacT ONPOIIEHHBIX



NOISE Theory and Practice 47

1. Ileas mccaegoBaHus

Henbio ganuoit paboOTHI ABISTETCI AHAJIN3 TPUIUH KAK TOCTOSHHOTO W TPOIOTKUTETHHOTO
UCIOb30BAHUY JIMYHBIX ayJAHOyCTPOMCTB, TaK W OTKa3a OT HHUX, a TaKkKe, KaJjaod
noJib30BaTe iell, Kak B IePBOM, TaK U BO BTOPOM CJIydvae.

2. Pe3yabTaThl NCCJIEIOBAHUI

Kaxk Buauo na pucynkax 2 m 3, 73% OnpOmeEHHbIX AKTUBHBIX II0JIb30BaTEIelH
HaynHuKoB (1-g rpynma, 737 WesoBeK) NPUMEHSIOT WX €XKeJHEBHO W TOJbKO H,6% - pexe
3-x pa3 B Hefemo. llcmonb3oBanme ayamonseepa MeHee 3-X YacOB B JIeHb OOHApPYZKUBAJIACH
ToabKO ¥ 56% Jsn 1-it rpynmbl Cpenn OTKA3aBHIMXCsl OT HAYUTHHKOB JwIl 2-if rpymmsl (675
4eJI0BEK) paHee TOCTOSHHO WCIOIB30BANN  ayJHOYCTPOUCTBA TOJIBKO KAaXKJblii deTBepThiii
(25%, crarucrnueckas smaunmocrs’ p < 0,01), 65% — rosbko sumzommueckn (p < 0,01).
[Ipumensin HayIIHUKA MeHee 3-X 4YacoB B JIEHb BO 2-i IpyIle TaKzKe JTOCTOBEPHO Yallle,
gem B 1-it (82% mporus 56% coorsercrBenno, p < 0,01). Panee BooGIe He MCHOIB30BATH
HAYIIHUKKA TOJbKO 2% Jan 2-ii rpynnsl.  Takum o6pasoM, IOYTH BCE OIPOIIEHHBIE B
OPONIJIOM HUMEIOT ONBIT TPUMeHeHHs HAYITHUKOB, HO YacTh JIHUIl B JlaJbHeHIIeM OTKa3aJuCh
or uux. Ilocjejnue, Kak IPaBU/IO, U3HAYAJIbHO HE OTHOCWJIUCH K YaCTbIM HOJIb30BATE/IAM
NEPCOHAJIBHBIX AYAUOYCTPONCTB, a IMO3/(Hee M0 Pa3HbIM IMPUYUHAM IIEPECTaj i UCIOIb30BATD
ayMOCUCTeMbl. AHAJM3 TAKUX MPUYUH TPEACTABIAET OOJIBINON HAYJIHBIH W MPAKTHYEeCKUi
HUHTepecC.

fpynna 1 - aKTUBHO UCNONB3YIOT HaYLIHUKK fpynna 2 - or or

2,1% 2%
5,6% -

M KaAbIM AeHb
m Kax bl aexb
M 3-5 pas & Hegento
m 3-5 pas B Hegento B
-3 pas B Mecay
¥ 1-3 pas e Hegenwo
B HECKONbKO Pa3 B Mecal
H 6onbwe 4 pas 8 Mecs!
p u W He caywan/a HUKoraa

Puc. 2. JlmarpamMmma pe3yabTaToB OTBETOB Ha Bompoc «Kak dacto Bor
[OJIb3YeTeCh / MOTH30BATUCH HAYITHUKAMHU? >

fpynna 1 - akTueHo yIoT Hay lpynna 2 - oTKa3zanuch OT HayLUHUKOB

H Gonswe 6 H Gonbwe 6

m3-6 u3-6
m1-3 m1-3

N meHee 1 B meHee 1

Puc. 3. Imarpamma pe3ysibTaToB OTBETOB Ha BOIPOC «CKOJIBKO 4acoB B JeHb Bbl
[IPOBOJATE /TIPOBOANIN B HAYTTHUKAX !>

L'VpoBeHns CcTaTHCTHYECKOH 3HAMIMOCTH OTPaXKaeT BEpPOATHOCTH ommbku. ClenoBaTenbHO, pe3yabTaTl IpH
p=0,01 6osiee Tounbrii, yem upu p=0,05.
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BaMeTHOe yXy/IIeHIe CAMOIYBCTBUS MOC/IE TPOCIYIUBAHUSA Ay IMOCUCTEMbI OTMEYaJIn
26% smn 1-it rpynost (puc.5). B ocHOBHOM Crofla OTHOCHJIHCH JIMIA 9aCcTO W JITTUTEIbHO
UCTIOTH30BABINNE HAYTITHUKH. [Tpeobaamamn obmme kanobbl (Ha obmuii  auckoMdopr,
rOJIOBHYIO 00Jib) UYBCTBO CIABJIMBAHWs TOJOBBI, 3y B ymax (puc.6).  Ormerum, dTo
GOJIe3HEHHOCTh NIPY NPUKOCHOBEHHHM K KOXK€ B OOJIACTH HAPY?KHOIO CJYXOBOIO IIPOXOJA,
KO3€JIKa, YINHONH PAKOBHHBI, BUCOYHON 00J1aCTH I'OJIOBbI, MOKET ObITh CBsA3aHa ¢ HEBPAJIHEi
cpejiHeil BeTBU TPOHHUYIHOTO HepBa, CUMITOMOM ApHosbaa [9] (61M3K0e K KOZKe PaCIONIoKeHne
BeTBeil OJy K IatoIero Heppa (puc.4) u Hapy KHBIM OTUTOM (9AaIlle BCEro — OTOMHUKO30M, YTITHBIM
IpUOKOM ).

YUyBCTBHTEIBHAA H
JBHTATeIRHAA BETBH HepBa

VIIHO-BHCOYHEIH HepB  (BEeIBB
TPOHHHIHOTO HepEa)

Puc. 4. Pacnonoxkenue Berseil Tpoitnnanoro nepsa Henry Gray (1918) [10]

ViHoit 3yn — erie Oojiee XapaKTepPHBI MPHU3HAK OTOMHUKO3a. ['pUOOK MOXKHO JIETKO
«IOJIENNATHY», BOCIOJIb30BABIINCH 9YKUMH HAYITHAKAMH, & BBLICIUTH 3TO 3a00/ieBaHnie ObIBAET
He 1pocTo. B maHHO# pabore MBI He aKIEHTHPOBAJIN BHUMAHME HA BIMSHUN IIPOCTIYIIABAHUSI
HEPCOHAJBHBIX AyANOCUCTEM Ha (POPMUPOBAHNE TYTOYXOCTH, TAK KaK Ta mpodaeMa J0CTaTOIHO
n3ydeHa u Tpedyer crenuaabHbIX METO/0B HCCJIeI0BAHMS CIyXa.

Mpynna 1 - aKTMEHO MENONB2YIOT HAYLWHWKH

B fa, boino
B Hert, He Boino
¥ He 3amedana

B gpyroe

Puc. 5. Inarpamma pe3yibTaToB 0TBETOB Ha Bomnpoc «bbuio m y Bac yxymamenune
CAMOYYBCTBUS MOCJIE UCTOJb30BAHNS HAYITHUKOB? »
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lpynna 1 - aKTMEHO MCNOAB3YIOT HAYLUHHUKK

450 416
400
350
300
250
200
150
100

Puc. 6. Jlnarpamma pe3ysibTaToB OTBETOB Ha Bonpoc «Fciau y Bac yxymmanoch
CaMOYYBCTBHe, TO KaKie CHMIOTOMBI Bol ontymanu? s

BaxkHOo oTMeTHTH, 4TO, HE CMOTPd Ha YXV/IIEHHe YPOBHS 3/I0POBbs, OOJee 4eTBePTH
HOCTOSTHHBIX MTOJIb30BaTeNel ayInocucTeM He OTKA3aJIUCh OT HUX W MPOIOIZKIIH TIOJIb30BAThCS
valie BCErO0 BCTABHBIMM M BHYTPUKAHATHHBIMU HAYIIHUKAMH (HAWOoJIee OIMACHBIMH JIJIs
310poBbs) B 80% ciaydaes (puc.7). B mesom suma 2-if rpynibl HECKOJIBKO Yalle HCHOIb30BATH
B mpomnuioM HakJagabie Haymaukn (21,2% nporus 17% coorsercreenno, p < 0,05). Do
KOCBEHHO OTpazkKaeT OOJbIIyl0 3a00Ty O 370pOBbe Yy JIaHHOIO KOHTHHTEHTa JuIl. 1o
JKe 3actapiager 26% Jui mepBoil IPYIIIBI IIPOJOJIKATH YaCTO M JIHTEIHHO MCIIOJIb30BATh
ayauotieepbl! Bo-mepBbIX, pedb MOXKeT HATH O (GDOPMHUPOBAHUU 3aBHCUMOCTH YeJOBEKA OT
ayauormieepa. B Hacrosiiiee BpeMsi OIMECAHO MHOIO HOMOOHBIX COCTOSHHN (KOMIBIOTE€DHAs,
HIpOBasl 3aBHCHMOCTb W Jp.), HO, PACCMOTDeHHe WX He BXOAUT B 3aJadl JAaHHOW DabOTHI.
Bo-BTOphiX, BO3MOXKHO MBI CTaJKHBaeMcd ¢ OjHOW u3 dopm wuHbanTHIn3Ma. B3pocibrii
4eJI0BeK MOHMMAET OTBETCTBEHHOCTH 3a CBOM MOCTYNKH (B JAHHOM CJIydae - TPOJOJIZKATDH
M0JIB30BAThCS BHYTPUKAHAJIHHBIMA HAYNTHUKAMHU, HECMOTPS Ha TLIOX0€ CAMOYYBCTBHE MOCJE HX
npuMeHeHus ), a pebeHok - Her. Vudanruibaoe nosejenne B Bospacre 18-25 jer B HacTOSIIEE
BpEMs, YBBI, HE PEIKOCTh. B-TperThux, mMpuMeHeHHe MePCOHATBHBIX ayIHOCUCTEM MOYKeT OBITh
CBA3aHO C 3aIUTON OT BHEIIHEro IIyMa.

Tpynna 1 - aKTMBHO MCMO/ILSYIOT HaYLIHUKK fpynna 2 - oTKasanucb OT HayWHWUKOB

64
700
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500

400
300
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scTasHble BHYTPMKBHANLHLIE HaKABAHDIE BCTaBHBIE BHYTDUK3HaNbHBIE HaKnaaHble

Puc. 7. /IlmarpaMma pe3yIbTaToOB OTBETOB Ha Bompoc «Kakoil Tum HaynmHUKOB B
HCHOJIb3YeTe /HCIOIb30Ban ! »

Kak Bujano Ha pucysnke 8, 10JIb30BaTe/ M HEPCOHAJBHBIX ay/IMOCUCTEeM U3 1-if rpyIiibl
HCIBITBIBaJIN pa3ApazKeHne OT BHEHITHEIr'o IIyMa JOCTOBEPHO Yallle, 9eM OTKa3aBHIHECA OT HHX
muna 2-i rpynmer (66,1% nporus 56,1% coorsercrrento, p < 0,05). Paznparkatomiee jeiicTBue
TPAHCIOPTHOTO IMyMa M MY3BIKM B 00X Tpynnax OGHAPYZKHBAJOCH OJUHAKOBO YacTO, HO
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un g deperTHOe OTHOIIEHHE K PA3roBOpaM OKpyzKalonux (Hanpumep, B obucax) B 1-if rpymme
0TMeYasIoch B MoJTopa pasa pexe (28,4% nporus 42,1% coorsercreento, p < 0,01).
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Puc. 8. qunarpamma pesyibraros orseros (%) na Bounpoc «Orryiaere jiu Bol
pasapazkeHne OT IIyMa’y

NuTepecHo OoTMETUTH, UTO Yy JIUI 2-# TPYIIBI HECKOJIBKO pexke OTMedaJMCh ODIIue
JKaJ00Bbl Ha HOCJIEJCTBUST MCIIOAB30BAHUS HAYIIHUKOB B IPOILIOM (9TO 3aKOHOMEDHO B CBSI3H
C UX MEHBIMNM HCHOJIb30BAHWEM ), HO MECTHBIE KaJo0bl Ha 6OIbh W 3y B 00JIaCTH HAPYKHOTO
CJIYyXOBOI'O MPOX0jia OOHAPYKUBAJIUCH IPUMEPHO y KazKJOro IATOro B obeux rpymmax. [lpu
ITOM YJIydIlIeHHe COCTOSHUS (KaK MPABUIIO, OOIIEro COCTOSHIS) MOCJe 0TKAa3a OT MPUMEeHeHUs
HAYNIHUKOB OTMETIIH TOJbKO 42% mum 2-if rpynmsr.

3. OO6cyxkaeHue u BBIBOIBI

[Ipeanosaraioch, dYTO OCHOBHOM HNPUYMHON OTKa3a OT HAYINIHUKOB SBJISIETCH
paszjpazKaloriee JeficTBue MY3BbIKH Ha TOJB30BATEIs U CTpeMJieHue K Turuue. Ho jganubie
OKa3aJIM, 9TO 9TO He TaK: HeraTUBHAas PEaKIMs Ha MY3bIKAJbHBIH (DOH y OTKA3aBIIUXCS OT
ayauocucreM HabJIIOIa1ach 10cToBepHO pexke (p < 0,05). B 1esioM, akTHBHBIE TOJb30BATETH
MEePCOHATBLHBIX ay/IMOCUCTEM OYeHL UYBCTBUTEIBHBI K ITYMOBOMY 3arpsI3HEHUIO OKPYIKAIOMIeil
CpeJdbl W HUCIOJb3YIOT HAYHIHUKK KaK CpPeACTBO 3allUThbl OT IHOCJICAHEro. B 3TON CB43U, B
OsmkaiineM OyIyIeM He CIeyeT OXKHUIATh PaUKAJIbHOIO CHUZKEHHS YHCJa MOJIb30BaTeiei
ayJIMOCUCTEeM, TaK KaK MOJIOJeKHad MOJia WMeeT BTOPOCTENleHHOe 3HadeHuWe. Bcemumpnaga
opranmsanus 3apaBooxpanenns (BO3) u Mexaynaponusiii cows smekrpocssasu  (MCI)
BBIIIYCTHJIN HOBBIH JTOOPOBONIBHBIR MeXKAYHAPOIHBIN CTaHIapT MJId JIIOOBIX IEePCOHATbHBIX
ayauoycrpoiicts [11].

HoBwiit  cramgaprt pexkomenjyer, d9ToOBI BCe TayKeThl C ayJAHOyCTPOHCTBAMUI
BKJIIOYAJIN IIPOrpaMMHOEe obeciiedeHne, KOTOPOe IOMOraJio Obl ONpelessaTb U OrpaHUuYMBATD
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VHIMBUIYAJIbHYIO 03y aKyCTHYecKOH Harpy3ku. Hampumep, mogobHasi cucreMa KOHTPOJIs
eCTh B COBPEMEHHBIX TesiepoHax: MPH JOCTHKEHUN BePXHETr0 HGe30IMacHOr0 mOpora IPOMKOCTH -
POM3BOINTCA WHGOPMUPOBAHKE O TOM, 9TO JaJIbHelTee MOBHIIEeHNe 3ByKa MOYKeT HeraTHBHO
HOBJIUATH HA 3/I0POBbE deoBeKka. Takke ayaHOyCTPOWCTBO MOXKET JIeMOHCTPHUDOBATH HA
9KpaHe rajizKera ypoBeHb 3ByKa (ABA) u IuTeIbHOCTH ero BO3AeHCTBHSI HA MOJIh30BaTeNsl (B
qacax W MHHYTaxX) B T€YeHHE JIHS WM HeJeau. Diarogapsi Takoil HarisyiHoii uadopmanuu
MOJTH30BATE b TIOHUMAET, HACKOJBKO 0e30MacHO OH MOJIB3YETCs] CBOMM ayAHOYCTPOHCTBOM.

[Ipu sTOoM mpejaraeTcd HECKOJbKO BapHAHTOB JAefCTBHUIl, KOTOpbIE 3aIUTIT €ro
OT BpeaHOro Bo3meiicTBus miyma. K COXKaJIEHHIO, OCTAETCS BO3MOKHOCTH HTHOPHPOBATH
IpeIyIPekKIeHUsT W MPOIOJIKATH MPOCTAYIITHBAHAE, HAHOCS BPEJ CBOEMY 30pOBBIO. MBI He
MOZKEM 3alpPeTUTh 3TH MeHCTBHSA B3POCJAOMY 4esoBeKy. Jlasg mereir mpegycmorpena (byHKITHs
«POAMTETBCKOTO KOHTPOJIA», OHA IO3BOJISET YCTAHOBHTH MpeJeIbHbIe 0e301MacHbIe yPOBHU
HPOCJIYIIUBAHUASA 10 TPOMKOCTH H Bpemenu. MOXKHO eIé MoAKII0YUTb U TaKylo (DYHKIIUIO,
9TOOBI TIPY JOCTUKEHUU OIACHOTO YPOBHS MPOCJIYIIUBAHUS TPOMKOCTH aBTOMATHYECKH ObLIA
YMeHbIIeHa 10 mpuemaeMoro yposus (75-80 nBA).

BriBognt:

OnmHoit U3 OCHOBHBIX NPUYUH IIHPOKOTO PACHPOCTPAHEHUS AYTUOCUCTEM SIBJISICTCS
IIyMOBOE 3arpsi3HeHHe OKpyzKawomieil cpeasl. Y 26% mnosb3oBaresieii MOJOIOIO BO3pacTa
IPeIbIABIIIOT TEeJblil psi Kajgob oOIIero u JIOKAJIHHOTO XapaKTepa, He CBI3aHHBIX C
HAPYIIEHUSIME CJTyXA.

HeobxomMo — ycoBepIlieHCTBOBaHUWE  CUCTEM  KOHTPOJIA W MPOPUIAKTUIECKHX
MEPOIPHUATHH, YMEHDIIAIONUX PHCKHA MPUYHHEHHS Bpeia 3/0POBBIO NPU HCIOJH30BAHUN
HAYTTHAKOB.

3akJ/roueHue

[ostydeHHble JaHHBIE MOKa3aid, dro y 26% mosb3oBaTesell MOJIOJOrO BO3pacTa
OPEeIbABISIOT MeJblil psal Kaadoh obImero W JIOKAJbHOTO XapaKTepa, He CBI3aHHBIX C
HADYIICHUSIMU ~ CJTyXA. Bo-nepBrix, gBHO mpocMmarpuBaercs (hopMUpOBaHUE MTATOJIOTUU
HEHTPAJHLHON HEPBHON CHCTEMbI, Ha YTO YKa3blBaeT paCIPOCTPAHEHHOCTb Kajaod Ha
rOJIOBOKPY KEHHe, TOJIOBHYIO 00Jb, oO0Iumii auckomMdopT, 3BOH B yIimax. Hejb3ss HCKIIOYNTH
dbopMupoBaHre y HEKOTODBIX JIHI[ CHHIPOMA THIEePAKY3UuH ([HOBBIIIEHHON 49yBCTBUTEIBHOCTH
K IIy™My). TO, TpexkJe BCero, Kacaercs KOHTHHIeHTa 2-ii TPYIIbI, TaK Kak OOJbHO
runepaky3ueil He CTaHeT 3arjyliaTh OJWH ITYM JPYTUM: IS HEr0 HEeBBLIHOCHMBI JTIOObIe
BHEIITHUE 3BYKH. ODTO ODOCHOBBIBAET HEOOXOIUMOCTDH JOMOJHUTEILHOTO OOC/IeI0BaHUS C
HCIIOAb30BaHneM onpocuuka Baitnmreiina [12]. Hepenku Takzke n jloKaabHbIe KaJI00b! Ha 60D
WU 3y, B 00JIACTH HAPYZKHOTO CJIYXOBOT'O MpOXo7a. [l TaKWX JIUI TaKzKe pa3dpabaTbiBaeTcs
CTeTAJIbHBI OMPOCHUK, MO3BOJIAIONINN HATPABUTH YacTh KOHTHHTeHTa K JIOP-cnenuammcram.
Bce BpImeykazanHOe HEOOXOIUMO 3SKCTPATIOJUPOBATH HA OINEHKY 30POBbsS KOHTHHTEHTOB,
paboTaIUX B HAYIIHUKAX, TaK KaK y HHUX IHOCJEJCTBUS MHOI'OJIETHEI'O WMCIIOJIb30BAHUS
HAYITHUKOB 7-8 YaCOB € KeHEeBHO Oy/I[yT 3aKOHOMEPHO ropas3/o cephe3Hee.
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OcHOBHBIE 3a1aUm
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e OTPaKeHMe IOCIIeAHMX JIOCTVDKEHUII B TEOpUM W IIpakTuKe OOpbOBI ¢
LIIyMOM U BUOparyens;
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