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Low-Frequency Noise is underestimated by dBA. After 80 years, an
LFN descriptor for rating annoyance is necessary

Montano W.A.!
! Director, ARQUICUST Acoustic in situ Measurement Laboratory, Gualeguaychu, Argentina

Abstract

The dBA was defined in 1936 to measure low levels up to 55 dB; the oldest sound level meters
included two panel switches: one for sound pressure and the other for frequency weighting. It became easier to
measure just the dBA in late 60‘s, but this was not the best decision since low-frequency noise and infrasound
are underestimated by dBA weighting. WHO recommends the use of dBC-dBA and suggests that when this
difference is greater than 10 dB, an analysis should be applied. For more than 80 years, the common worldwide
laws against noise have forced us ‘to feel the noise in dBA levels,” which is not true because our body ‘senses’
the whole flat frequency bandwidth. Few countries have legislation on how to assess ILFN levels. This Article
discusses the necessity to create a paradigm for LEN measurement (based on ISO 1996), in order to ‘retire’ the

dBA noise descriptor.

Keywords: Low-frequency, noise descriptor, standards, audibility, philosophy of technology.

HuskouactorHbili miyM 3aHu>kaercs npu npumenennn 1BA. Yepe3 80 jser craia
HeoOX0 UM AeCKPUNTOP HU3KOYACTOTHOTO IITyMa JJIsi OL[EHKH Pa3pa>KaroIiero
BO3deiicTBUS

MomnTtano B.A!
v upexrop, Jlaboparopus HaTypHEIX akyctmdecknx msmepennii ARQUICUST, I'yaneryaiiay, Aprenruna

AHHOTaUA

JBA 6b11 onpenenen B 1936 rogy st H3MEpeHHs HHU3KHX ypOBHeH jgo 55 nB; cambie crapble
H3MEPHTEIH yPOBHS 3BYKa BKJIIOYAJIN JBa MAHEJbHBIX IMEPEKJII0YaTe/IsI: OJUH JJIsS 3BYKOBOIO JAaBJICHUS, &
JPYTOIt JIJIsT 9aCTOTHOH KOppeknun. B konie 60-x rogoB crajio npolire u3MepsarTs TOJbKo JBA, HO 910 6bLI0 He
JIYUIIAM peITeHueM, TTOCKOJIBKY HHU3KOYACTOTHBIH TIIyM U HH(pPA3BYK 3aHUXKAIOTCS npn koppeknnu 1bA. BO3
PEKOMEH/IyeT HCIO0Jb30Barh ABH-1BA u npeiaraer NpoOBOAHTH AHAJIU3, €CJH 3Ta pasHua mpespimaer 10 1b.
Voke 6osee 80 jier oOIENPUHSTHIE BO BCEM MHPE 3aKOHBI IPOTHB IIyMa 3aCTaBJISAIOT HAC "4yBCTBOBATH ILIyM
Ha ypoBHe 1BA", uro HeBepHO, mOTOMY 4YTO Haiie Teao "dyBcrByer" Bech IJIOCKHIT quamnaszoH 4acror. Jluib
HEeMHOTrHe CTPAHbI HMEIOT 3aKOHOJATEJIHCTBO O TOM, KakK OI€HHBATH YDPOBHH HH(pPPA3BYKa U HH3KOYIACTOTHOTO
myma (ILFN). B paHHoii crarhbe pacCcMaTpHBAETCS HEOOXOAUMOCTH CO3JAHHS HAPAJUTMBI I H3MEPEHUs

HU3KO4aCcTOTHOIO uiyma (ocaopannoii na craggapre ISO 1996), urobpbr "ybpars" neckpunrop nyma nBbA.

KuroueBble cioBa: HwuskogacToTHBIH, JECKPHIITOD IIyMa, CTAHAAPTHI, CABIIIHMOCTD, (DHIOCO(DHST

TEeXHOJIOT'HH.

*E-mail: wmontano@arquicust.com (Montano W.A.)
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Introduction

The development of the first frequencies weighting curves in 1936 was a great scientific
and technological effort, but it became as Standardized under Z24.3 in 1944 by ANSI. The
‘A’ frequency weighting was defined only for low sound levels up to 55 dB; the ‘B’ frequency
weighting was defined for medium sound levels 55-85 dB, and the ‘C’” was defined for high sound
levels upon 85 dB and it was flat, not frequency weighting at all.

The so-called ‘A’, ‘B’, and ‘C’ curves were ‘approximate’ the inverse of the 40-, 70-,
and 100-phon equal loudness curves [1], they were defined in IEC 123 as International Standard
in 1961, and a frequency weighting was established to ‘C’.

The sound level meters used in those early years had two panel switches: one for sound
pressure (attenuator in 10 dB step) and the other for frequency weighting. It called for the
operator to be a trained person, because he had to adjust the attenuator switch for an on-scale
deflection of the indicating meter [2]. The following is the direction on how to measure:

2.3 SELECTION OF WEIGHTING NETWORK. Many early noise criteria specified
weighted sound levels, using this rule of thumb: “A” weighting for sound levels from 24 to 55
dB, “B” for levels from 55 to 85 dB, and “C” for levels from 85 to 140 dB. (The appropriate
range was selected after a preliminary C-weighted measurement.) More recent opinions favor
selection of weighting network on the basis of the type of noise measurement; for instance, “A”
weighting is often preferred for speech-interference measurements, while “B” is recommended for
surveys of traffic noise. In the absence of specific weighting requirements, it is usually helpful
to take measurements on all three weighting networks. [2]

It is obvious that the operator had to deal with changing the switches at every
moment, but at the end of the 1960s decade, everybody used the A-weighting only because of
equal loudness human response to noise, this conduct being a consequence of measuring the
occupational noise in dBA values no matter the noise level.

For many years, the sound pressure levels in dBA measurements was correlated with
loudness and the human perception, in the sense of having a sound descriptor to describe
the nuisance or annoyance because of noise, but that information was weak in cases when
the infrasound or low-frequency noise level were high. James Botsford was one of the first
acousticians who realized that with a lot of experimental data, publishing a Paper about it
in 1969, that year being the milestone of starting an on-going discussion: The A-weighting
frequency does not inform the real noise impact on people.

1. Science and early technologies to measure the sound level and the
auditory response at low-frequency range

The interest in having a means to measure a sound wave for analysis purposes has
been a concern for centuries. Greeks philosophers used strings to identify musical notes; Felix
Savart (1791-1841) invented the Sonométre to measure musical tones by strings resonance
with weights circa 1827, and after that, a perforated wheel [3]; until 1878 many mechanical
devices were developed using flames, mirrors, sirens, etc., when Thomas A. Edison (1847-1931)
invented the Phonograph and recorded the Elevated train noise of New York City [4] for further
analysis.

1.1. Seeking of one quantitative unit
1.1.1.  Fechner and the psychophysics of auditory system

For centuries, many scientists had been saying it was impossible to describe the human
sensations by quantification units. Gustav Theodor Fechner (1801-1887), a Philosopher
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dedicated to Psychophysics, was the first who elicited and conceptualized in 1860 that the
‘auditory system hears in a logarithmic way’ [5], but the right instrumentation didn’t exist to
verify that.

1.1.2.  Preyer and the limits of the perception of tones

William Thierry Preyer (1841-1897) was one of the first who studied systematically the
hearing of lowest tones; he published his investigation in 1876 ‘On the limits of the perception
of tones’ [6], he used very deep, loaded tongues, in reed pipes, to produce bass tones from 8
cps; he reached the next astonishing conclusions after many repetitions:

Fig. 1. Compilation of observed perception of bass tones vibrations (Preyer, 1876)

Preyer didn’t use any instrumentation to do the measurements ‘These were set into
strong vibration by blowing, and then on interrupting the wind, the dying off of the vibrations
was listened to by laying the ear against the box’, he wrote the sensation that they felt [6]:

a) 8-9: No sound; one hears an intermittent friction noise, the intermissions of which
are countable.

b) 10 to 14: no sound; you feel the vibrations and see the movements, the rattling
becomes weaker.

¢) 15: no sound; some have a dull sensation of sound.

d) 16 to 18: The sensation of sound begins; in addition to the vibrations of the air that
can still be felt by the sense of touch, many hear a dull sound.

e) 19-20: here the sound sensation becomes clear to many; the sound is humming softly.

There are more conclusions in his publication, but for this article the most important
issue to bring out is his pioneering work on the human hearing sensation in infrasound and
low-frequency sound region.

1.1.3. Helmholtz and the earliest studies on low-frequency hearing

Hermann L. F. Helmholtz (1821-1894) published the first edition in German his influent
book ‘On the sensation of tone...’ in 1863, and the final edition in 1877, for this article, the
English translation of the last one [7] was used. For the first experimentation (in 1862 before
Preyer) Helmholtz used a Savart wheel, long organ tubes and other primitive resources, but
he could not generate frequencies below 30 vibrations (cps) free of distortion or upper partial
harmonics, but he did experience 24 vibrations (cps).
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It is interesting that in the English version of this book, the translator (he was an
expert into acoustics) in 1877 after Preyer* is replicated his experimentation because Preyer
asked to, and the translator used similar apparatus as well as Prayer in order to check out the
right frequencies’ vibrations. The translator improved the Helmholtz book, because he made a
correlation between the Helmholtz results and the Preyer one.

1.1.4. Hartmann and the hearing test on a graphical representation

The German otologist Arthur Wilhelm Hartmann (1849-1931) in 1889 published an
important book ‘Die krankheit des ohres und deren behandlung’ (‘Ear disease and its treatment’)
[8]; in its Chapter 4 ‘Hearing test’ he analyzed different hearing responses of metal workers by
putting in a graphical representation for the results of their hearing test (first conceived by
himself in 1885), using eight tuning forks for the experiment; he pointed out the use of wood
box for amplifying the sound intensity of lower frequency forks in order to maintain the equal
hearing sensation. It was not until the invention of the valves in 1906, that the sound levels
could be accurately measured.

1.1.5. Low-frequency noise nuisance in 1895 Newspaper article

The nuisance and annoyance produced by low-frequency noise began with the use of
big machinery, such as boilers, steam machines, electric generators, etc.; it is interesting how he
people react to the ‘unheard noise’ produced by these new technologies. In 1895, the following
article was published a newspaper [9]:

20 THE SAN FRANCISCO CALL, SUNDAY, AUGUST 11, 1895.

A Uxit oFr Sousp,—
Hiram 8. Maxim, who
independent of his
conprehensive knowledge of guns and fiy-
ing machines, has a wide grasp of scien-

All owners of electrical plants
are liable to be complained of for making
a noise. Sometimes it is said that their
machinery causes vibrations to the sur-
rounding buildings or grounds; then
again, that they disturb telephonie- com-
munications. Manufacturers are con-
stantly having injunctions served on
them for making too much noise
when, perhaps, as a matter of fact,

the noise is mnot even audible

tific subjects, proposes that there shall be
to those who make the complaint.

established a unit of sound.

Fig. 2. Low-frequency noise mentioned in 1895 (extraction)

This article is remarkable because the famous Hiram Stevens Maxim (1840-1916) was
called to attend that problem about low-frequency noise. It is obvious that in 1895 they couldn’t
identify the frequencies range responsible for the nuisance, but they pointed out ‘the noise s
not even audible’. [9]

1.2. Earlier studies on human hearing at infrasound and low-frequency
region

1.2.1. Relationship between hearing thresholds and frequency. Wien’s work

Max Wien (1866-1938) made an early measurement of the lower limit of sound intensity
that is audible, and his research brought several advances on how to understand the auditory
sensations in the lowest audibility region; additionally he was the first who could demonstrate
the de Fechner Principle that the auditory system hears in a logarithmic way.
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Wien published a Paper with his research in 1903 titled ‘About the sensitivity of the
human ear to sounds of different heights’ (‘Ueber die empfindlichkeit des menschlichen Ohres
fir téne verschiedener Héhe’) 10|, he analyzed three different telephone’s devices.

Wien used a telephone receiver to measure absolute intensity thresholds, and an
alternating current siren —as sound source— to generate a periodic current change in order to
determine this sensitivity at different frequencies. In the experiment, the current amplitude
was first reduced until no sound was heard, and then increased again beyond the threshold of
perception; Wien, therefore, goes over to logarithmic sensitivity with base 10.

Wien first carried out a frequency-independent shift of the sensitivity curves obtained.

The chart shows the relationship between hearing thresholds and frequency, as one can see in
Figure 3-a.
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Fig. 3. (a) Sensitivity of the human ear as a function of frequency (Wien, 1903);
(b) Equal loudness contours (Laird & Coye, 1929) taken from [11]

Wien also thought about ‘what would happen to the sensitivity values for hearing
impaired people?’ He was already thinking of using its apparatus to diagnose hearing loss.

1.2.2.  Laird and Coye and the pioneer research on low-frequency hearing

At Colgate University, the investigations of two psychologists Donald Anderson Laird
(1897-1969) and Kenneth Coye (7-7) were focused on how different stressors affected people at
workplaces, among them noise was a central subject. They published in the first issue of ASA’s
Journal in 1929 ‘Psychological measurements of annoyance as related to pitch and loudness’
[11], a complete work and the first of its kind, analyzing, and put together in one graphic the
equal loudness contour and the equal annoyance contour, as one can see in Fig. 3-b. The
importance of some of their studies is the observation on the annoyance of low levels of low
frequency-noise at workplaces.

1.2.3. Von Békésy on the tactile sensation vs hearing at infrasound and low-frequency
region

Georg von Békésy (1899-1972) is considered to be the first to publish a complete
audiogram on human hearing covering the infrasound and low-frequency sound region; he
succeeds in perceiving a tone of 1 Hz in human hearing threshold tests done in 1936; at such
low frequencies, Békésy discovers a relationship between ‘audible stimuli” and ‘stimuli that can
be felt by touch’ [12]. Von Békésy found discrepancies on the absolute threshold in a previous
investigation of the perception of sinus tones at the border to infrasound, which suggests an
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explanation by hierarchically-organized neuronal oscillations. He contributed significantly to
the understanding of the production and measurement of low-frequency sine waves on the one
hand and the perception on the other.

1.3. The beginning of Electroacoustics Era: The first condenser
microphone for sound measurements

Since the invention of the microphone used for the telephone communications, a lot
of scientists tried to adapt it for sound measurements, but they had a poor quality because of
the magnetic coupled. Edward Christopher Wente (1889-1972) working at Bell, designed and
patented in 1917 [13] a condenser microphone with: plus 15 kHz bandwidth, undistorted and
flat response, with real possibilities of calibration, electric circuit stability.

The ‘Wente microphone’ measures any kind of arbitrary noise in Sound Units intensity
and was capable of dealing with low levels of sound using an internal valve to amplify the voltage
delivered by the membrane. For the first time, the acousticians could measure the minimum
audible sound. This microphone was used for acoustic instrumentation, and it was applied for
more than 50 years as the Standard reference. One version has worked as a master transducer
in an artificial ear, also.

2. Barkhausen: The inception of Phon concept and the dawn of sound
level meters

The German scientist Heinrich Georg Barkhausen (1880-1956) worked on different
physics areas, and during the 1920s he concentrated on electroacoustics [14]. His goal was to
make an apparatus which could measure the sound levels in terms of sensation. In Barkhausen‘s
time, the sound pressure in Europe was measured in ‘Wien’ (named in honor of physicist
Max Wien); its scope ranges from ‘1 Wien = hearing threshold’ to ‘16,000 Wien = pain
thresholds.” To push this area onto a manageable scale, Barkhausen used -according to Fechner-
the logarithm to base 2: Doubling of the volume impression resulted in an increase of his point
by one point. ‘T would like to suggest the term ‘Phon‘ for this volume unit’ [15]; and with that,
the ‘Barkhausen-Phon’ was created.

The concept of Phon as measure unit was finally internationally accepted in June 1937
at the first ‘International acoustical conference’ [16] which took place in Paris, but its actual
concept as magnitude is totally different to that one.

There are a lot of publications about the use of Barkhausen’s phonometer in sound
intensity measurement, and it was extensively used for acoustic isolation measurement until
the 1950s. The 1931 version was the most precise model (under the Siemens trademark), and
its characteristics were replicated by some US companies, but in 1933 because of its German
origin, in the US its use was banned.

3. Fletcher and Munson equal-loudness curves

Harvey Fletcher (1884-1981) joined Western Electric Company in 1916, and he
was more interested in the acoustics field -specifically on speech and human hearing- than
telecommunication. It is important to note that at the same time of Fletcher’s work at Bell
(in America), Barkhausen was working in the same field but at Siemens (in Europe), and their
works were quite similar with some differences between them.

Fletcher together with Wilden Andrew Munson (1902-1982) have done the first
important research on hearing sensitivity and loudness in 1933 [17], with certain limitation
but it was revolutionary during those years. Although the previous research on low-frequency
hearing (one of them published in the first ASA Journal by Laird&Coye), Fletcher and
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Munson did not take care about it: ‘Note that as Fletcher informally observed, the loudness of
low-frequency comparison tones changed more rapidly with changes in the level of the standard
tone than did tones in the mid-frequency range near the 1000-Hz standard’. |18|

It is well known that in two important issues of that research: (a) they used single sine
waves as signals at different levels, in order to get the answer about loudness from the subjects
under study, and (b) for hearing the signals, subjects used sealed headphones on their heads;
(c) the responses curves do not take account the torso and human head frequencies filtering of
the sound field.
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Fig. 4. (a) Loudness level contour (Fletcher&Munson, 1933);
(b) Z24.3-1944 frequencies weighting curves (Beranek, 1954)

For drawing the final level contour, Fletcher and Munson selected empirically the data
but from those subjects who showed a ‘normal hearing’ for each ear independently [17]. So,
under this ‘a very unnatural way to listen to a very unnatural sound,” the A-weighting frequency
was born.

4. From ANSI Z24.3-1936 to IEC 61672-1:2013
4.1. ANSI Z24.3-1936 and the initial frequency weighting curves

On December 27, 1928 at the Bell Telephone Laboratories in New York City,
approximately 40 scientists and engineers interested in acoustics founded the Acoustical
Society of America (ASA). In May 1932, a specialized Sub-Committee was formed in order
to work on noise measurement. They developed in 1936 the ‘Z24.5 American tentative
standards for sound level meters for measurement of noise and other sounds’. Although the
Fletcher-Munson curves were published in 1933, their shapes were too complicated for using
with analog technology, so the following weighting curves were proposed (See Fig. 4-b):

a) ‘A’ frequency weighting was conceived only for low sound levels up to 55 dB, and
was from the 40-dB equal-loudness contour modified by the difference between random and
normal free-field thresholds [19];

b) ‘B’ frequency weighting was conceived for medium sound levels 55-85 dB, the
response curve was between that of A-weighting frequency and a flat frequency response.

c¢) ‘C’ was defined for high sound levels above 85 dB, with equal response over entire
range.

After several attempts, the Standard Z24.3 for sound level meters was published in
1944 |20], with a small adjustment to ‘A’ and ‘B’ curves and the ‘C’ remained as flat. Contrary
to the general thinking, the response to the frequency of the Standardized weighting curves
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does not approximate the Fletcher-Munson curves; they do not have ‘reciprocity’ as one can
compare in Fig. 4. Houser [18] shares a really interesting comment:

It is crucial to recognize, and is evident in the evolution of sound level metrics, that the
work at Bell Labs involving sound was focused almost entirely on telephone communication,
and not on general principles of hearing. [1§]

4.2. Technical references about the weakness of A-weighting to measure
loud noises, complex sound or with low-frequency contents

Since almost the beginning of use of the weighting curves, acousticians realized that the
A-weighting did not ‘communicate’ the real noise loudness. For instance, in 1938 Blair Foulds
published a Paper ‘Recent advances in the use of acoustic instruments for routine production
testing’ |21] in which he proposes the sound level meters as a tool to identify the quality of the
mechanical motors, but one of his observations is really remarkable:

Whereas the noise meter is intended to measure the level for loudness of a sound, the
human observer not only gets the loudness of the entire sound but involuntary analyzes the
sound (... ) the overall loudness of a motor is controlled largely by the low frequency component
and does not reflect small changes in mid or high frequency ranges. [21]

We have to take into account that paper was published just two years after the
introduction of the first weighting curves (for sound level measurements with instruments).

Leo L. Beranek (1914-2016) in his influential Book ‘Acoustics’ published in 1954 has
pointed out ‘It is emphasized that although these weighting networks are useful in giving the
loudness level of pure tones, they are not able to give the loudness level of complex noises’; [20]
and it is clear that the dBA it was not defined to measure compounded sounds in its spectral
shape, and it is inadequate for sounds with discrete tonal components or sounds with high
levels of low-frequency characteristics.

Clayton L. Stevens in his Paper ‘Filter Networks’ [22] written in 1957, he provides very
interesting technical opinions: Extensive work has been performed and reported by many trying
to find a workable formula for equating the sound pressure levels recorded using the A, B, and
C networks to loudness levels. All efforts have resulted in essentially the same findings: that
the readings can be useful only if the noises measured were simple sounds of one predominant
frequency. (...) Past performance has proved that the A and B weighting networks can only
be used in a few specific applications. [22]

Houser wrote [18] in reference to similar situations:

A-weighting is largely derived from studies of human listeners utilizing tonal signals and
likely does not fully capture the relationship between complex signals and perceived loudness.
It does not account for the frequency spectra of signals and likely underestimates contributions
of complex signals across the frequency range of hearing.

4.3. IEC 123:1961 the first international Standard for sound level meters

[EC/TC 29 group was established in 1953, following the first International Congress
on Acoustics, at which the urgent need for international standardization in electroacoustics was
recognized, and at which time some topics were discussed in detail and some working draft
documents produced. These were completed at the first meetings of TC 29 in The Hague, in
1953 [23]. After several discussions, in 1961 the first international Standard was published for
sound level meters. The IEC 123 was a Recommendation with the objective to specify the
characteristics of equipment to measure certain weighted sound pressure levels.

The ‘A’ and ‘B’ curve had almost the same weighting frequency as ANSI Standard,
and to the ‘C’ at low frequencies and high frequencies a weighting was added. It is important to
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note that IEC 123 stated in its clause 4.3: ‘Although these weightings approximate very roughly
certain properties of the ear, they are to be considered merely as conventional’.

4.4. The path through different Standards toward the IEC 61672-1:2013

For this Paper, the objective is not to explain these Standards, but to extract the
concepts that the dBA is not a curve that simulates the human hearing response, for instance:

a) IEC 179:1973, states in clause 4.3: ‘Although the curves A, B and C take certain
properties of the ear into account, they must be considered to be purely conventional’.

b) IEC 651:1979, states in clause 2.3.3: ‘In the past, frequency weighting and time
weighting have been associated with certain characteristics of the ear. However, recent work
has not substantiated these historical associations so that frequency and time weighting
characteristics of sound level meters may be considered to be conventional. The A weighting
characteristic s now frequently specified for rating sounds irrespective of level and is no longer
restricted to low sound levels’.

c) IEC 61672 First Edition was published in 2002, and it does not say anything about
the origin of statement of the A-weighting, the ‘B’ curve was eliminated and a ‘Z’ or flat
frequency response was added.

d) IEC 61672 Second Edition was published in 2013, and it does not say anything about
the origin of statement of the A-weighting.

4.5. The ISO 1996-1:2016 Third Edition

It is important not to forget the most important international Standard about noise
measurement, the ISO 1996; it states in 6.2 Frequency weightings [24]| ‘Frequency weighting
A is generally used to assess all sound sources except high-energy impulsive sounds or
sounds with strong low-frequency content’. (The underlines were made by the author)

5. Robinson and Dadson curves and the ISO 226

After the Fletcher and Munson publications, several researchers have published
different concepts of the loudness or the human sensation (like Stevens, Newman, Zwicker,
etc.). However, it wasn’t until 1956 that a precise investigation was published. Donald
William Robinson (1920-1999) and Robert S. Dadson (1908-7) did a controlled research in
England on human hearing in free field conditions (with a frontal sound incidence of pure
tones via a center loudspeaker in an anechoic room) titled ‘A Re-determination of the Equal-
Loudness Relations for Pure Tones’. The equal-loudness contours known as Robinson-Dadson
curves, map intensity in dB SPL to loudness-related log-like measure phons [25] (but not in
‘Barkhausen-phon’ directions).
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Fig. 5. Loudness level contour comparison: Fletcher-Munson (F) Robinson-Dadson (R)

The Robinson-Dadson equal-loudness contours curves are so different from the Fletcher-
Munson equal-loudness contours curves, as one can observe in Fig. 5 (from [26]).

The Robinson—Dadson curves were used for the first international standard of loudness
and hearing: the ISO 226 was published as a Recommendation in 1961. Moller analyzes the
line-life of this Standard [27], and for its First Edition he wrote:

The data of ISO R226:1961 were based on a comprehensive investigation made by
Robinson and Dadson. Their experiments included up to 120 test subjects and covered the
frequency range 25 Hz-15 kHz and levels up to 129 dB. The main part of the experiment was
made in a free-field environment, but at low frequencies the listeners were placed with head and
shoulders inside a duct, which established a free progressive wave. As seen from the frequencies
and levels covered by the investigation, the data of ISO R226:1961 at the lowest frequencies
and at the highest levels must have been extrapolated. [27]

About the Second Edition of the ISO 226 published in 1987, Moller wrote: Despite of
the changes, the data material was virtually unchanged but the upper frequency limit had been
lowered from 15 kHz to 12.5 kHz, and the dynamic range had been restricted to 120 dB at low
frequencies, 110 dB at middle frequencies and 100 dB at the highest frequencies. Evidently,
doubt must have been raised about the data at the highest frequencies and at the highest levels
of the former version. [27]

For the Third Edition of the ISO 226 published in 2003, the lowest frequency was the
same of previous versions (20 Hz) and it was used for pure sinus tones also. The equal-loudness
contours values below 1 kHz are much higher than previous ones, but the most important issue
of this Edition is that the data used came from different countries.

6. The 1960s, decade of the universalization of the dBA as a single
descriptor for human response to noise

Although the A-weighting frequency was defined to measure sound levels between 24
and 55 dB, there are dozens of research and publications in the 1960s about noise and loudness
perception in homes, offices, and workplaces using the dBA with higher sound levels. Several
statistics investigations on people that were exposed to broadband noises showed that a high
levels of those with the analysis done by means of loudness instead of sound pressure level.
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It shows a good correlation between the A-weighting frequency responses to approximate the
human ear’s response to a broadband noise with no tonal components.

In 1966, Karl David Kryter (1914-2013) talked about ‘measuring the sound level in
terms of loudness’, and that ranking or rating the acceptability of real-life sounds should be
made in terms of their loudness. He wrote this in a Report to NASA: While this is undoubtedly
true, it overlooks the possibility that other basic attributes of a sound, such as pitch, complexity,
etc., might interact with loudness to produce different judgments of acceptability than loudness
alone. Indeed, as we shall see later, such an interaction does apparently take place. 28]

This Report was conducted by the Bolt, Beranek and Newman Company.

Another important issue about this simplification of the A-weighting frequency (no
matter the sound levels) is that the researchers were using pure tones:

When used with individual pure tones, one would expect the sound level meter to give
reasonably good estimates of loudness. One might feel, however, that this would not be true
for more complex sounds. Nevertheless, as will be demonstrated later, when the network with
40 phon weighting is used with broadband sounds in the region from perhaps 60 to 100 phons,
the obtained reading agrees reasonably well with judgment data of the loudnesses if the energy
of the sounds is concentrated in the frequency regions below 500 cps or so, or above 2000 cps
or so. The validity and use of the sound level meter with weighting networks for the evaluation
of noises will be discussed below. [28]

It is clear that: (a) the ‘network with 40 phon weighting’ is the A-weighting frequency,
and (b) they are talking about the ear response at low-frequency, ‘the obtained reading agrees
reasonably well with judgment data of the loudnesses if the energy of the sounds is concentrated
in the frequency regions below 500 cps or so’. He mentioned some statistics results but using
motor vehicles as a noise source:

It should be noted in figure 19 that in these experiments in which the subjects were
asked to rate only the sounds from motor vehicles, dB(A) is often as good or better a predictor
of judged loudness or noisiness (except when the vehicles were diesel-powered trucks) than
phons(Z), phons(S), or PNdB. The ability of dB(A) levels to predict the subjective ratings of
motor vehicle noise is perhaps partially due to the homogeneity of the spectrum of the sound.
The spectrum of the sound from these vehicles is always predominantly in the frequency region
below 500 cps or so. [28]

Throughout the whole Report, the sound levels compared pressure measures (dBA
and dBC) against sound loudness measures. Perhaps the goal was to know the deviation of
using different descriptors on the same noise. The most ‘amazing’ conclusion of the Report is
‘On logical grounds, dB(C) and dB(A), being single measures taken over all frequencies, should
perform the worst of the objective methods in estimating subjective loudness or noisiness...’
[28].

7. Botsford and his pioneer work on analyzing the content of low-frequency
level by means of C-weighting and A-weighting frequencies together

Howard James Botsford (1925-1984) worked in the steel industry and was worried
about human exposure to high sound levels. Among his jobs was a governmental Consulter
for noise problems. In 1969, he published the most influential Paper about creating a noise
descriptor for analyzing the low-frequency noise problem; the ASA comments in his Obituary
[29] were:

Use of the A-weighted sound level was further developed in his paper ‘Using Sound
Levels to Gauge Human Response to Noise,” where its relationships to hearing conservation
criteria, speech interference levels, annoyance of neighborhood noise, desirable sound levels in
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rooms, and perceived noise levels were established.|[29]

Knowing the amount level of low-frequency content in a sound spectrum, in terms of
sound pressure, that was not unknown, was noted by Beranek in 1954:

Readings are usually taken with each of the three weighting networks. From these
readings, information regarding the frequency distribution of the noise can be obtained. (...) if
the sound level is greatest with network C, the sound predominates in frequencies below 150
cps. [20]

Botsford after analyzing 953 different spectral noise measurements registered at
different industries, he obtained from the measurement in 1/3 octave bands the L, and
L¢ values, observing a particular behavior: when the value of the difference between the
C-A was high, that index is correlated with acoustic emissions with high energy content at
low-frequencies. His conceptual idea of using C-A difference value, is transcribed in Community
Noise (published by WHO in 1995) ...t is suggested to use: sound pressure level in dBC and
dBA and their difference as a first estimate of the low frequency content. ..’ [30].

8. The problems of measurement using the dBA take place among
acousticians

8.1. Are our noise laws adequate?

In 1973, an interesting Paper was published by M.E. Bryan and W. Tempest: ‘Are our
noise laws adequate?’ |31], about not using the data resulting from experimental research on
noise annoyance using dBA measurements (among other issues):

This exclusion has been made because the laboratory experiments seem to be almost
totally unrelated to the real-life situation; the laboratory listeners are voluntary, and are short-
term, the noise will finish when they go home, and they are being asked to express an opinion
as to the relative noisiness or unpleasantness of a range of sounds. [31]

They analyzed some noise descriptor (PNdB, Traffic Noise Index, etc.) mentioning a
1968 study ‘Subjective response to traffic noise’ with the following statement:

Individual dissatisfaction scores correlated poorly with physical measures. This finding
is believed to be the result of wide individual differences in susceptibility to and experience of
noise, as well as patterns of living likely to be disturbed by noise. Attempts to allow for these
factors were unsuccessful. |31]

They share some concepts from a 1969 survey about traffic noise done by D.W.
Robinson ‘Whilst noisiness ratings were related to the average measures of loudness level and
overall level in dB(A), they did not provide a reliable guide to the probable acceptability of the
noise climate.’ |31] Finally, they comment on a traffic study done by Salsford University in 1971:
The survey results are presented in Fig. 3, which shows annoyance rating against external noise
level in dB(A). (...) This data provides evidence that the Noise Advisory Council’s recently
suggested (Ljp) 70 dB(A) maximum permitted noise level for houses adjacent to motorways
will be unsatisfactory. [31]

They show evidence that the psychological conditions of the sensitive people to noise
are important, but sometimes the noise limits in dBA values are not conclusive, and it should
include some other spectral components inside the noise which provokes an annoying condition
under some circumstances on people.

8.2. The first international colloquium concerning infrasound only, 1973

The first international colloquium concerned with infrasound only was held in Paris
in 1973, organized by Leonid Pimonow (1908-2000). It was the first time that acousticians
discussed the infrasound and low-frequency noise problem, and the inadequacy of using the



NOISE Theory and Practice 19

dBA for their analysis [32]. Since then, a long journey has started for several researchers to
establish a noise descriptor apart from dBA to assess the low-frequency noise.

9. Broner and Leventhall: Their researches and publications about ILFN

Despite the existence of several specialists on ILFN (to the authors criterion), Dr.
Norman Broner is the most remarkable researcher with his contributions on how to analyze
the low-frequency problems. Among his dozens of investigations, in 1978 ‘The effects of low
frequency noise on people - A review’ with a complete resume of other researchers [33] about
ILFN annoyance, effects, criteria, etc. was published. They have proposed a low-frequency
noise rating curves in 1983 [34] to assess this phenomenon.

They analyzed many low-frequency noise complaints (also 700 letters sent to the
‘Sunday mirror’). The Introduction of their Paper offered:

It is becoming increasingly apparent that the SPL(A) value is not a valid basis for
validating a complaint where the intruding noise is unbalanced, so that it contains most energy
in the lower frequencies. (...) It is, therefore, apparent that annoyance due to low frequency
noise is experienced by members of the general population. Now that the problem has been
recognized, more complaints are coming forward. [34]

They add a comment on loudness perception: ‘The common assumption that the
assessment of loudness and annoyance are equivalent also breaks down in these cases (Tempest,
1973: Bryan, 1976) and this may be due, in part, to the unsteady nature of much low frequency
noise.” |34] Fig. 6 presents the proposed Low frequency noise rating curves.
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The conclusion of their publication on LEN annoyance assessment is:

Low-frequency noise annoyance problems are more common than originally believed
and are becoming increasingly recognized as awareness of the problem develops. (...) Tt
is necessary to measure the annoying noise in the environment concerned, not externally as
recommended by most guides and standards. [34]

10. Analyzing dBA measurements with low-frequency content

This chapter will present a few of the most emblematic cases that the author has
encountered in his professional work (at least 85 similar cases in 15 years) where the impact
of low-frequency noise was important, and it demanded a specific acoustics analysis because
the C-A level in those cases was lower than 10 dB but the presence of the predominant tonal
characteristics was important or a low-frequency sound was possibly heard (like a buzz or hum,
i.e., annoying noise). The following instrumentations for sound measurements were used:

a) Sound level meter analyzer with one-third-octave band, CESVA instruments, a class
1 SC420 model. Digital audio recorder, a portable sound recorder ZOOM HI1.

b) Sound level meter analyzer with one-third-octave band, CESVA instruments, a class
1 SC310 model. Digital audio recorder, a portable sound recorder ZOOM HI1.

c¢) Sound level meter analyzers with one-third-octave band, BSWA instruments, a class
1 308 model. Digital audio recorder, a portable sound recorder ZOOM H1.

d) A class 1 sound calibrator, CESVA CB005 model.

10.1. Case 1: Hospital‘s intermediate recuperation room

For the installation of HVAC equipment due to the expansion of the MRI room (on a
second floor roof), they did not take into account their proximity of the intermediate recovery
rooms on the fourth floor of the same building. The nursing team received many complaints
from patients in which a persistent buzzing noise did not allow them to rest, mainly during
night hours. The following graphics show the sound measurement inside of one patient room,
using the time history (Fig. 7-a) in which the intervals of the HVAC noise alone had to be
extracted, and their frequencies spectrums analyzed (Fig. 7-b).

Noise spectrum comparison

dBA Noise immission from HVAC system inside a room 70

b R W
i Mu/m )

---- Lower noise immission
— Higher noise immission

+++- Lower noise emission

Lower HVAC noise Higher HVAC noise Tl
— Higher noise emission

Fig. 7. Sound pressure level inside an intermediate recuperation room (re dB 20 pPa)

According to the basic criteria of C-A difference levels, the results are the following:

a) Lower HVAC immission noise — dBC-dBA = 56.6 - 46.7 = 9.9 dB

b) Higher HVAC immission noise — dBC-dBA — 59.4 - 50.6 — 8.8 dB

As one can see, in both cases the C-A difference is lower than 10 dB. It is important
to note that the dBA does not ‘communicate’ the high level of energy in infrasound and low-
frequency areas, and the tonal components is characteristics of the sound under analysis.
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10.2. Case 2: Coworking open plan offices

At the top floor of a new building, a company decides to offer places for a Coworking
labor environment, because they wanted to give a view of the Lima city through the glass
facade. They did not realize that the electrical sub-station and all the electromechanical
installations are above of that space, however, on a precast reinforced concrete slab. People
were developing strong headaches, mental distractions and discomfort because of the steady
low-level of humming noise. The following graphics show the sound measurement in the middle
of the open-plan office, where it is possible to see that the difference between C-A level always
is less than 10 dB (Fig. 8-a), and their spectrums have a high sound level in 125 Hz and strong
energy in middle frequencies (Fig. 8-b).

P - N ) N 20
dB Sound time-history in the middle of open-plan office .Noise spectrum comparison

50 WWMW“WMV%}»UMMWHMWW 50

: 250 Hz
30 35H 125 Hz

—LC 56.8dBC 20
2 — Inside office 51.5 dBA » 56.8 dBC

. 10
LA 51.5dBA — Electric sub-station 77.2 dBA » 81.4 dBC

Fig. 8. Sound pressure level inside an open plan office (re dB 20 pPa)

According to the basic criteria of C-A difference levels, the results are the following:
a) Noise immission in open-plan offices — dBC-dBA = 56.8 - 51.1 = 5.3 dB

b) Noise emission in electrical room — dBC-dBA = 81.4 — 77.2 = 4.2 dB

As one can see, in both cases, the C-A difference is lower than 10 dB. It is important to

note that the dBA does not ‘communicate’ the tonal components characteristics of the sound
under analysis.

& /! "

\ i i
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Fig. 9. Pictures taken in the places where the measurements were done (Case #1)
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Fig. 9. Pictures taken in the places where the measurements were done (Case #2, Case #3)

10.3. Case 3: Immision noise in outdoor areas from a paper mill industry

The criterion for applying the C-A value is not only useful for indoor measurements
but also for outdoor measurements. It is important in these cases to eliminate the unwanted
sound from vehicles passing by; the author proposes one method to determinate the Specific
Sound of one particular noise source from the Total Sound measurement, published in this
Journal in December 2018 [35].

Time-history of the Total sound noise immission

kil

The sound levels below to Ly, belong to Paper mill noise emissions

»
i
i
|

— Total sound R
20 X,

--- Specific sound to be analyzed \,

Fig. 10. Outdoor noise level from a paper mill industry (re dB 20 puPa)
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In Fig. 10-a one can see the time-history of the Total Sound of one measurement, but
for the analysis the Specific Sound level was used and its sound spectrum is in Fig. 10-b.

11. Rating dBC-dBA measurements using the whole bandwidth

In order to take into account the possible LEN annoyance when a dBA measurement is
conducted, the first work that suggests adding a ‘penalty’ for these characteristics. Published in
1994 by Lambert & Valet ‘Study related to the preparation of a communication on a future EC
Noise Policy,” they proposed tentatively that when the average difference between dBC and
dBA is 10 dB or more, a penalty should be added for a L., of less than 60 dBA [30]|. They
talked of using dBC minus dBA, so it is necessary to consider the whole frequency bandwidth;
there are no further clarifications or explanations.

Canada has some industrial noise regulations based on similar criterion (Quebec,
Alberta), a few municipalities in Spain, one Ordinance in Lima (Peru), and a couple Australian
cities. Also, it is being discussed to incorporate it into an Argentinian Standard.

But what about when the dBC-dBA difference gives a small value less than 10 dB?
There are many situations where this is possible just when the dBA level is high, usually when
the measurement point is close to the noise source. In these cases, it is possible to get wrong
judgments, because the Lo — L 4 value is lower than 10 dB, and because the sound level in dBA
units does not ‘communicate’ the strong energy in the low-frequency region (like in Case #1)
and is useless with high tonal sound levels (like in Case #2).

12. Rating dBC-dBA measurements using the low-frequency bandwidth

WHO in [30] also suggests ‘since a large proportion of low frequency components in the
noise may increase annoyance considerably, they should be assessed with appropriate octave or
1/3 octave instruments.” For the measurements that were made to this Paper it used C-A in
a low-frequency region (as it is recommended in the Draft of German DIN 45680:2013 [36]), it
means to calculate Lo — Ly just using the equivalent continuous sound pressure level (ECSPL)
but, for this Paper, it had been used the results of the averaging C-weighted and A-weighted
from 16 Hz to 200 Hz (identified as dBCrp and dBApF respectively), according to ISO 1996
Third Edition ‘low-frequency sound’ definition [37].

In Table 1 the equivalent sound levels in 1/3rd octave band of the two measurements
inside Hospital's intermediate recuperation room are presented, in order to calculate its ECSPL
in a low-frequency bandwidth.

Table 1
Case #1: Calculation of ECSPL in low-frequency bands in intermediate recuperation room

,0 Hz

(re dB 20 pPa)

— 100 Hz
©1125 Hz
©1 160 Hz
=1 200 Hz

| 16 Hz

N
=
o]
(A
3.

©1 25 Hz

N N
T T
o o
= o
2. 8.

= 63 Hz
= 80 Hz

nof 31

91533 |4 5| 48.5 2 Sound

measured L,

42.4 1 47.1 | 45.2 | 49.8 | 50.5 | 47.2 | 50.2 | 44.4 | 40.9 | 39.0 | 39.5 | 40.2 | 57.3 | Lc., 1
(dBCLF)

-5.8 1 28 | 49 | 134|179 | 183 | 24.8 | 22.4 | 22.1 | 23.1 | 26.2 | 29.3 | 336 | La,r
(dBALF)
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Table 1 (Continuation)
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In Table 2 the equivalent sound levels in 1/3rd octave band of the measurement in the

middle of the open-plan office is presented, in order to calculate its ECSPL in low-frequency
bandwidth.

Table 2
Case #2: Calculation of ECSPL in low-frequency bands in open-plan office
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In Table 3, on the other hand, the differences between those values are calculated, and
as one can see, the differences are always greater than 10 dB.

Table 3
Case #2: Calculation of ECSPL in low-frequency bands in open-plan office

Location Le,,r La,,r dBCr— | Difference
Case #1: Lower HVAC immision noise 57.3 33.6 23.7 >10
Case #1: Higher HVAC immision noise 58.3 35.3 23.0 >10
Case #2: Open-plan office 75.4 55.2 20.2 >10

13. Relationship between ‘L — L4 using the whole bandwidth’ and ‘dBC-
dBA using the low-frequency bandwidth’

It is important to note in a simple way (see Table 4) how different the results of these
two low-frequency sound descriptors are, because in some particular cases:

a) The Lo — L4 value (using the whole bandwidth) is less than 10 dB and this criterion
does not express objectively the low-frequency content.




NOISE Theory and Practice

25

b) The Lo — L4 value (using the whole bandwidth) is less than 20 dB and this criterion
does not express objectively the high low-frequency content.

The author presented at ICSV 26" a Paper with an exhaustive analysis [38|, for the
present article some of those data is shared, and enhanced with new ones:

Table 4

Comparison among different measurements Lo — Ly and dBCr — dBApp (re dB 20 pPa)

Whole bandwidth

Third band

16 Hz to 200 Hz

Location dBC | dBA LC — LA dBCLF dBALF dBOLF—
dBALr
Steel casting control site Point #1 81.1 | 72.7 5.2 80.4 60.1 20.3
Steel casting control site Point #2 83.1 | 77.9 2.9 81.2 61.1 20.1
Steel casting control site Point #3 88.7 | 85.0 3.3 85.8 65.8 20.0
Case #1: Lower HVAC noise 56.6 | 46.7 9.9 57.3 33.6 23.7
Case #1: Higher HVAC noise 59.4 | 50.6 8.8 58.3 35.3 23.0
Case #2: Open-plan office 56.8 | 51.5 5.3 75.4 55.2 20.2
Dwelling impacted by pump noise 62.6 | 55.3 7.3 58.6 42.9 15.7
Tech office inside a factory #1 67.6 | 53.0 14.6 67.5 41.7 25.8
Tech office inside a factory #2 67.6 | H1.7 15.9 67.4 41.6 25.8
Tech office inside a factory #3 67.6 | 51.6 16.0 67.3 41.5 25.8
Tech office inside a factory #4 67.6 | 51.4 16.2 67.5 41.7 25.7
Tech office inside a factory #5 67.2 | 50.1 17.1 67.2 41.5 25.8
Case #3. Point #1 day hour 71.7 | 56.3 15.4 71.8 50.1 21.7
Case #3. Point #2 day hour 70.5 | 55.8 14.7 70.7 46 24.7
Case #3. Point #3 day hour 72.4 | 58.6 13.8 72.5 50.4 22.1
Case #3. Point #1 night hour 69.1 | 53.4 15.7 69.2 46.5 22.7
Case #3. Point #2 night hour 73.0 | 53.8 19.2 73 52.4 20.6
Case #3. Point #3 night hour 69.9 | 56.1 13.8 69.7 47.7 22.0
Office #1 impacted by traffic noise 67.4 | 56.9 10.5 66.8 45.2 21.6
Office #2 impacted by traffic noise 67.2 | 56.2 11.0 66.5 45.2 21.3
Office #3 impacted by traffic noise 69.6 | 58.2 11.4 69.3 48.2 21.1
Dwelling #1 close to cooling towers | 53.9 | 43.7 10.2 52.9 34.7 18.2
Dwelling #2 close to cooling towers | 57.8 | 45.7 12.1 57.1 34.4 22.7
Dwelling #3 close to cooling towers | 61.8 | 48.1 13.7 61.4 39.2 22.2
Mechanical adjustment control point | 69.6 | 60.7 8.9 68.4 49.4 19.0
Electrical adjustment control point 82.8 | 77.2 5.6 80.2 61.4 18.8
Quality control point 87.4 | 78.1 9.3 86.4 67.3 19.1
Elemental school classroom 71.9 | 60.4 11.5 72.1 53.2 18.9
Kinder school classroom 60.7 | 46.1 14.6 60.9 38.5 22.4
Pre-kinder school classroom 68.1 | 55.2 12.9 68.3 48.6 19.7
School playground 66.4 | 56.1 10.3 68.7 45 23.7
Music classroom close to HVAC 63.1 | 59.2 3.9 60.2 43.3 16.9

Some legal references point out that an LEFN condition may exist when the time-
weighted average Lo — L4 (using the whole bandwidth) is equal to or greater than 20 dB, but
as it can observe in the above table that it is not completely true, it means that the C-A value

using the whole bandwidth does not have robustness.
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For this article the author presents some results, but clarifies that he found out the
same behavior in 85 different cases in the sense of the direct C-A value was less than 14 dB and
on the contrary, their dBCr — dBALr was greater than 15 dB or even greater than 20 dB.

14. Standards and national references to prognosis or forecast the LFN

Some countries have their own legislation about LFN assessment, such as: Poland (10
to 250 Hz), Germany (8 to 125 Hz), Sweden (31.5 to 200 Hz), Denmark (10 to 160 Hz), Finland
(20 to 200 Hz), The Netherlands (10 to 200 Hz), Japan (10 to 80 Hz), Great Britain (10 to 160
Hz), Russia, Spain, etc., and it is very difficult to correlate the researches from those countries,
because their references values are quite different from each other.

The ANSI/ASA S12.9 Part 4:2005 (R2015) in its Annex D ‘Sounds with strong low-
frequency content,” presents a descriptor based on the time-mean-square sound pressures in
the 16, 31.5 and 63-Hz octave bands, so the corresponding low-frequency sound pressure level
is symbolized by LLF; this descriptor should be applied only for strong low-frequency content
and when C-A is greater than 10 dB, but this Annex is just ‘informative’, it is not mandatory
its use or application.

The idea of using just the spectrum of inferior frequencies bands to analyze the LEN
was born in Germany: ‘In German-speaking countries can refer to the field tests by Wietlake
and Kubicek. This was the basis for the first draft of DIN /5680 standard for the years 1990 to
1992 on determination and assessment of low-frequency noise emissions.” [39]. This Standard
was the first to introduce the C-A method, but using the results of the averaging C-weighted
and A-weighted from 8 Hz to 100 Hz, was published in 1997. Even though the last version of
DIN 45680 recommends the use of C-A but it does not consider frequencies above 125 Hz [36].

It could be interesting of having one single Standardized low-frequency sound descriptor
like dBCpr — dBALF, the one is presented in this Article.

15. Defining a specific sound descriptor to assess the LFN: dBCr —dBALr

The ISO 1996 Third Edition does not propose as mandatory any ‘correction’ or
‘adjustment’ for sound with strong low-frequency content [37] compared with the previous
ones; because of this the author believes that it is important to have an International
standardized sound descriptor for low-frequency assessment. The ILFN annoyance is not
just a problem inside dwellings but is also important at workplaces when a mental work
is needed not just in offices but in control production points in noisy areas. Because the
time-weighted average Lo — L4 using the whole bandwidth ‘will give a crude information about
the contribution of low frequency sounds’ [30], it is not recommended to use this parameter.

Conclusions

Over the past 50 years, plenty of information about the ILFN impact on people’s health
exists, but legislation is not always mandatory to make a right assessment for low-frequency
content. Mostly it is just when its presence is suspected or if it is proven to exist.

After more than 80 years, it is time to ‘retire’ the A-weighting frequency for measuring
sounds with complex spectrum or tonal components, and even more to consider that it does not
express the low-frequency content in noise. Throughout the life of the dBA, many acousticians
have been warning that its use does not consider the real impact of low-frequencies, and the
A-weighting curve lacks validity especially at frequencies below 250 Hz, because its noise level
is underestimated.

‘A-weighting is largely derived from studies of human listeners utilizing tonal signals
and likely does not fully capture the relationship between complex signals and perceived loudness.
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It does not account for the frequency spectra of signals and likely underestimates contributions
of complex signals across the frequency range of hearing.’ [18]

Prediction parameter for LFN annoyance assessment

In order to suggest a single parameter to assess the LFN, under the concepts of
International Standard ISO 1996, the author proposes using the difference between dBCpr —
dBALF, because if the low-frequency components are a concern (at workplaces or housing) the
reference threshold value should be equal to or greater than 15 dB; so, in this way with the
averaging of 1/3rd octave band from 16 Hz to 200 Hz (the standardized ISO low-frequency
range), the uncertainties because of the energy in middle or high frequencies are discarded.
For this calculation is possible to write simple software and should be considered as a tool to
improve the sound analysis that contains tonal or high levels of low-frequency noise.

The author wants to acknowledge and thank: Gretchen lorio (Up-Wares, Waterbury)
for revising the writing and spelling; Alberto Behar (Ryerson University Toronto) for sharing
his experiences and his time to discuss LFN impact at workplaces, Eduard Puig (SPCCAL,
Generalitat de Catalunya), Andrea Bauerdorff (Umweltbundesamt, Germany), and Iulia
Rassoshenko (Noise Theory and Practice Journal).
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MopenmupoBaHue NryMOoOOpa30BaHUSA CHEIAAJIBHOTO PACTOYHOTO
CTAHKa

Toryajaze M.I.!
L Acnmmpant, PocToBeknii rocynapcTBeHHBIH YHUBEPCUTET MyTeil U cooOIIeHnil,
Pocros-na-/lony

AnHoTanusa

VpoBHu miyma Ha padodmx MecTaxX OIeparopoB MeTAJLIO00pabATHIBAIONINX CTAHKOB 3a9acTyI0
MPEBBIMNAIOT HOPMATUBHBIE 3HAYEHUS U JTOCTUTAIOT ypoBHEH 3ByKa 10 90-95 1BA. XapakTepHoii 0COOEHHOCTHIO
JAHHOTO TUIA CTAHKOB SBJISETCS HAJWYWE JIBYX OJHOBPEMEHHO pabOTAONUX OOPIITAHT, MPETHAZHAICHHBIX
JJI9 PACTAuYMBAHUS OTBEPCTU PA3IUIHOTO JUAMETPa. B 3To# cTaThe PAcCMOTPEH MPOIECC MOIASTUPOBAHUS

1uryMo0oOpa30BaHusl CHEIUAIBHOIO PACTOYHOIO CTAHKA.

KitroueBble cjoBa: ypoBHU 3BYKa, [IyM, PACTOYHBIE CTAHKU.

Simulation of noise generation of a special boring machine

Goguadze M.G.!
I Postgraduate, Rostov State Transport University, Rostov-on-Don

Abstract

Noise levels in the workplaces of Metalworking machine operators often exceed the standard values
and reach sound levels up to 90-95 dBA. A characteristic feature of this type of machine is the presence of two
simultaneously working boring bars designed for boring holes of different diameters. This article describes the

process of modeling the noise generation of a special boring machine.

Keywords: sound levels, noise, boring machines.

Beegenune

VpoBHE mIymMa Ha pabouMX MecTax OlnepaTopoB MeTaJLI000padaThIBAIONINX CTAHKOB
3a9ACTYI0 MPEBBIMAIT HOPMATHBHBIE 3HAUEHUsI W JIOCTUTAIOT ypoBHeil 3Byka ;0 90-95 nBA.
Mexkmy TeM pabovme CKOPOCTH CTAaHKOB € KaXKJIBIM T'OJIOM BO3PACTAIOT, U 3TO MOXKET B psdjie
CIyYaeB TPUBOJIUTH K ellle OOJIBIIMM WPEBBINIEHUsM YPOBHell IymMa B IeXaX W BUOparuit
Ha pabOYMX MecTaxX, MPEBLINIAIONINX YCTAHOBICHHBIE CAHWUTApHbIE HOPMBI. B nammoii crarbhe
PACcCCMOTPEH TPOIECC MOJIECTUPOBAHUS IIIYMOOOPA30BaAHUS CHEIUAIBHOIO PACTOYHOTO CTAHKA.

XapakTepHOil 0COOEHHOCTBIO ONMCHIBAEMOTO THIIA CTAHKOB SBJIAETCd HAJTUIHE JIBYX
OJTHOBPEMEHHO PAbOTAIOIMNX OOPINTAHT, IpeTHA3HAYEHHBIX [JI PACcTadYWBaHUs OTBEPCTUI
PA3JUIHOTO JHaMeTpa. ITa OCOOEHHOCTH YUUTHIBAETCS B AHATUTUYECKOM 33JaHUU CHJIOBOTO
BO3JIEHCTBUS 1I0CJIe CYMMbI CUJI pe3aHus oT Kaxkjioi Oopmranru. Ha kaxkoit Gopiiuranre mnpu
O/IMHAKOBOM mojiade IiyOMHAa W CKOPOCTH pe3aHusd pPa3IudHbl U, CJAEI0BATE/IHHO, PA3TUIHBI
YaCTOTHI CTPYKKOOOPA30BaHMSA, KOTOPHIE MO JAHHBIM BBIMOJIHIEMBIX pabOT 3a/Ial0TCH HUKE
npeJICTaBIeHHBIM 00Pa30M.

*E-mail: maratlex@mail.ru (Toryasgze M.I")
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1. MogeanpoBaHue BUOPOAKYCTUIECKOIl JUHAMUKN KOPITYCOB

Ha cranke o0pabarbiBaioTCsi KOPILYCa HJCHTUYHOW KOHMUIYpaluu, HO HMEIOIUe
pa3/InYHbIe FeOMETPUYECKIE PAa3Mephl U, YTO OCOOEHHO BaYKHO, PA3/INYHbIe 3HAYEHUS U3rHOHOM
JKECTKOCTU oOpadarbiBaeMbIx m3jennii. [loaTomy HuzKe paccMOTpeHbI JiBa BapuaHTa Mojeiei
BUOPOAKYCTHIECKON TMHAMHUKH PACTAYMBAEMBIX KOPIIYCOB:

1. Kak mrapHupHo-onepToii 000 J10TKH

2. OBOJIOUKE € YKECTKO 3aKPEIJIEHHBIMUA KPAsIMHI.

Bwibop Mojem 3aBHCHT OT COOTHOIIEHHWS W3THOHONH YKEeCTKOCTH 0OpabaThiBaeMoit
JIeTaJIu U YKECTKOCTH OIOP.

[TockobKy cria pe3aHus MpeICTaBasIeT cOO0 CUTOBBIE BOMYIIEHUS, TIePEMEITAIONTNECS
BJI0JIb 06pabaThiBaeMON 3ar0TOBKH €O CKOPOCTBIO MOAAYH, TO ¢ Yy4eTOM JaHHBIX paborsl [1]
ypaBHEHUA U3rHOHBIX KOJeOAHUil TTPEJICTAaBUM B CJAEIYIONIEM BHJIE:

EJxax4 Jzaﬂaﬁ +pF.55 8t2 = P,(t)d(z — x0)

, 1)
EJyax4 Py, 28t2 +ché)t2 = P.(1)6(z — o)

rie F, J,, — Monynb yupyrocty, Ila, m MoMeHTHI nHepnun 00pabaTbiBacMoil JeTaal B
HaIpaBJIeHHH COOTBETCTBYIONIUX oceil KoopauHat, M*;

&, € - UpOMOJIbHBIE MepPeMeINIeHns OT CUJIOBOTO BO3JEHCTBUS B HANPABICHUU OCEi
koopaunar (OY u OX);

F. - miomaap noIepedHoro CedeHns, M2;

p — IWIOTHOCTH Marepuala, Kr/m>;

P, , — cocraBngionue cuibl pesanus, H;

d(x — x¢) — mesnbra GYHKIUS, CMEIIEHHAS TT0 KOOPIUHATE X.

Jlns  ycnoBuil  3akpervieHusl  U3JeJus, COOTBETCTBYIONIUX  IMTAPHUPHO-OMOPHOMH
0bosioukn, jauddepeHnuaabuble ypaBHEeHUs TOTEPEeYHbIX KoiebaHuil IpUMyT BUI:

i 2P, 2P,
EJ, g ‘¢ — pr—afgth + pF, 2% atQ = yl Z sin Zhst jp TR 4 1"’2 Z sin T8t gjp ke

k=1 : k=1 : :
o (2)

2P, (t) kst k 2P ( kst k
J— 1 RSt TTRT 2 RSt TTRT
5 2(%2 ch dt2 = k§ 1 sin == sin 7= + l; 1 sin = sin 7=

EJyd$4 — pJy 5%y

[ — JUMHA PacTavYMBaEMOr0 OTBEPCTHUS, M;
$ — CKOPOCTD TOJIAYN PACTOYHOTO pPe3a, M/ ¢;

P, n P, — cocrasngiomue cuiabl pe3anusd, H;

W — NUKJINYECKad KOOpJAUHATA, %;
t — Bpem4d, C.

ITo mamubiM paborsl [3] cunsl pesamust P, , P, 3a13/uM B CJIeAyIOMEM BUIE:

P,, = P, (14 0,3 cosw;t);
P, = P, (1+0,3coswit);

8

., = P, (14 0,3 coswst);
e = Py, (1 40,3 coswat).

Mcmonb3yss MeTon pas3feleHds IepeMeHHBIX, MHOAYYAM — CJICAYIONYI0 CHCTEeMY
nupdepeHnuaibHbIX yPaBHEHUIN:

Qe
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p| e (35)" + F| %5 + BJ, (%) '€ =

:21?1{Zsm”—’“t—i—()w[51n(”7“—w1)t+sm W—ks—i—wl }+

k=
i m”—’“st—i—015[sm(%— )t—i—sm ”—ks—i—wg

1} . ®)
}

)+ F| 95 + B, () e =

= %= {Z sin T2t 4 0,15 [sin (T — wy) ¢+ sin (52 +wi) t] p +

k=
+21}2 {1; sin ”Tkst + 0,15 [Sin (”T’“’ — wg) t+ Sm 7r_ks + w2

Pemntenne ypaBHeHHii OTHOCHTEJLHO CKOPOCTEH KOJEDAHUI IOJyYeHO B CJIEAYIOIIEM
BUJIE:

0o 2P, > “Tks coS ’r—kst
- = +
o {z¥w<%>—pp<—>—F]<>2

ks ks

4015 |: (T—wl) cos (T—wl)t :
B (%) = p |1 (%) = B (22 — )

(T + wy) cos (T2 + wy) ¢ } } N

B, (%) = p [ 1 (%) = B] (552 + )

2P, = 7rT"fscos”—’“zf
T {ZEJ [ () B ()
k=1 w(l) P a:(l) c (l)

(”—ks — wg) cos (”fs wz) t

+0,15 |: " 5
B ()~ o [ ()~ F] (7~ )

”Tksqug) cos(”—ks—i—a@) ] }
p

— [ ()" = B] (28 )’

_|_

Wcnonb3ys 3aanue MOy YIPYTOCTH B KOMILIEKCHOH dbopme E = E(1+ jn), (ve
7 - koaddunueHT noTeph KostebaTebHO SHEPIUH ), TOJLY IUM:
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o, [ {BL ) =] () B} = cos
+l rk\4 k)2 ks )22 27rk2+
=B () = o [0 () = B] (52)°} + B ()
o5 {EJy (zE 4—p[Jy (z% 2—Fc]} <”T’“—WQ)QCOS(”§“ wy) t N
(B2, () = p [, () = F] (

{22, =0 [ ()" - B] (3 )"} + ) ()

2. BeiBog 3aBucmMoOCTeil yYpOBHe# IMymMa U BuUOpammii pPexKyIIero
WHCTPYMEHTA

Ornmame pacdera BUOPOAKYCTHYECKUX XAPAKTEPUCTUK PACTOYHBIX  OOPIITAHT
BaKJIFOYAETCS B TOM, 9YTO B Tporecce 0OpabOTKN KOODAWHATHI TPUIOKEHUST CHJIbI PE3AHUA
He U3MEHAI0TCsd, MOITOMY OOPIITAHTH W Pe3Ibl, UMesd MOCTOSHHBIN OCeBOl MOMEHT WHEepPIUH,
AMMPOKCUMUPYIOTCA TMIAPHUPHO-OMOPHBIMI OaTKAMU TIOCTOSAHHOTO CedeHus .

B srom cityuae jpudpdepennualibibie ypaBHeHus OOPIITAHD U PE3IOB IIPUMYT B/

EJl cae + my, 8(‘)215%1 - le(5<£lj' - xOl);

Ozd
EJl% + mol% = P, 6(x — x,);
EJ?% + mol% = P.,0(z — z0,);
EJQ%Z% +m01% = P,,0(z — x0,),

riae E - momyab yupyrocru, [la;
Ji n Jo — MOMEHTHI HHepIuH, M*;

To, U To,— KOOPJUHATHI TIPUJIOKEHUST CUJT Pe3aHusi (COOTBETCTBEHHO);

P, n P, — cocraBngiomue CUIbl pe3anusd, H;

Mg, - PACIpe/ieJIeHHAs MACCca e THHUIIbL JJIHHbI OOPIITAHTH, KT /M.

Pacuer cmnekTpoB BuHOpanmii pe3moB M PACTOYHBIX OOPIITAHT € KOHCOJBHBIM
3aKpelJieHneM OCHOBaH Ha TOM, 4YTO KOOPJMHATA IPUJIOKEHUS CHJIOBOIO BO3J/IEHCTBUS
MOCTOSIHHA, OTHOCUTEJIbHO MeCTa 3aKpeILIeHUS. QyHKINA, COOTBETCTBYIONASA KPAEBBIM

YCJOBUSAM, 3aJaHa CJIeIYIONell 3aBUCUMOCTHIO:
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Camkr L2k —1 9(, L2k Bk )
QO = S1n COS T — — S11 T S111 T —
2l 2l 32 21 21

3 (kL k=1 N8 (L 8-5k Tk 6
—_— S1n X Sin X — S11 X S11 X —

32 ol " ol " 32 ol " ol

1 gLk L Ok
—_— S1n i S1n X

32 o " o "

[IpumenuTeabHO K GOPIITAHTAM KPYIJIOrO CEYEHUs] CHCTEeMa yPaBHEHUN MPHMET BHI:

> 1—2k\" 1074P,
ﬂ"‘l(ﬂd%( > z1 = . (1+0,3coswt);

dt2 l d3l
d;;?l + 1072 (%Z_ 1)4221 = 10d24lP (1+03coswt);
ddjjl 107d2 (%)42’31 _ %SZBPZ (1+0,3coswt);
d;j§1+107df (5]{;;1)4241:%(14—0?)0%@(125) -
d;fzm 107 (g)él%l _ % (1+0,3coswt);
Tt () = PR v
d;/;?l 107 (#)4 2 = % (14 0,3coswt);
djl;an 107 <9kl_ 1>4281 _ %%E)_sz (1+0,3coswt).

Pemennst ypaBHeHH#I OTHOCHTEIBHO JAEHCTBUTENBHON YACTU CKOPOCTe# KoJebaHuii B
HanpapiaeHun ocu OZ OUpeaesiiorcs CAeAyOMIMI 3aBUCHMOCTIMU:

107813 /1 —2k\? 1—2k\?
|Re{vy, }| = PZIZ{ ( z )sin3,2-103d§( ; >t—

3.10 5w 0,3 [107612 (=2 Zk) wQ} sin wt

A [0 (2)" - 2]+ (onag? (52"

(8)

10783 /3k — 1\ 3k— 1\
|Re{vp,, }| = PZIZ{ ( z )sin3,2-103d§( ; >t—

3.10 5w 0,3 [10761% (%)4 - wﬂ sin wt

d3l [107d2 (3k 1) w2]2 + (107d%77)2 (Skl__l)8
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10783 [k —1)\7 k—1\>
|Re{vy,, }| = lez{ ( z )sin3,2-103d$ (T) t—

1
3. 1075(4} 0,3 |:107d2 (kT) ] sin wt ( O)
@l Y s [
! 1072 () _wﬂ + (107d2n)? (E2)
10813 5k—1\" 5o 5k —1\7
|Re{vy,, }| = PZIZ l sin3,2+ 10%d] { — t—
11
3. 1075(.0 0,3 |:107d% (#)4 - w2i| sin wt ( )
B d3 772 (5k—1 512 7 2\2 (5k—1\8 [
(1077 (252) — 2|+ (107d3)? (252)
10783 (3 —5k\> 3—5k\>
|Re{vy,, }| = PZIZ{ ( z ) sin 3,2 - 10°d? (T) t—
12
3. 10-5, 0.3 [1078 (352)* - w?| sinwt (12)
& 792 (3-5k 2]? 7223751{8;
1077 (322)" — 2|+ (107dR)? (222)
10783 [Tk —3\? Tk — 3\’
|Re{vy, }| = PZIZ{ ( z ) sin 3,2 - 10°d? (T) t—
1
3. 10-5, 0.3 [1078 (Z72)* - w?| sinwt (13)
& 772 (Th—3 2] 7 2\2 (k=318 |
1077 (B2) — 2|+ (107d3)? (252)
107883 (1 —k\? 1—k\°
|Re{vy,,, }| = lez{ ( ) sin 3,2 - 103d? (T) t—
14
3. 10-5, 0.3 [1073 (17£)" — 2| sinwt (14)
@ ey 2 Y
! 1077 (1) = 2|+ (107d3n)* (134)
10813 9k —1\° o (9k—1)\7
|Re{vpg, }| = PZIZ z sin3,2- 10°d ( —— | -
1
3. 10-5, 0.3 [1078 (%71)* - w?| sinwt (15)
B d3l 702 (9k—1 512 7 2.\2 (9k—1)8
(1077 (272)* — 2|+ (107d3n)? (272)

Cxopoctu kosebanuii 6opiranru B Hanpasaenun ocu OX ONpenessrioTCs 3aMeHO

P, ma P,,.
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AHaJOrmIHBIM  00pa30M  OHPEeIeISIOTCS CKOPOCTH KoJieDaHUil B  HAIpaBICHHH
COOTBETCTBYIOMUX oceil Bropoit Oopmranru. [lockosibky oOHa wumeer Jpyroit juamerp u
paboraer mpu BO3AEHCTBUU CUJ Pe3aHUdA, OTJIUYHLIX OT IEepBOil OOPIITAHTH, TO B CUCTEME
VDaBHEHUII U B PeNIeHNsIX OTHOCHUTEJIBHO CKOpocTeit Kojebannit d; n P,, P,, 3aMeHAIOTCA HA
dQ n Pz27 sz.

CobOcTBeHHBIE YACTOTHI KoJieOaHuit OoprmTanr fi, ', Kak KOHCOJIbHO-3aKpeILTeHHBIX
CTepKHEH KPYIJIOrO CedeHUs OUPEIEIAIOTCS CIEYIONel 3aBUCUMOCTHIO:

2
fk:5~102(2kl_1) d. (16)

rje [ - JJIMHA PacTavyuBaeMOro OTBEPCTHUS, M;

k — xecTKOCTB, KT/

d - quameTp MUJIMHIPA, M.

Pestpr Ha crienuaibHOM 0CETOKAPHOM CTaHKE MMEIOT CeYeHHe MPSIMOYTOJIBHON (hOPMBI
¢ pasmepamu b x h (h > b). Momentnl unepuun Jy u Jo, M*, B HallpaBJIeHUE COOTBETCTBYIOIIUX
oceil KOOpIMHAT OIMPeIeaTCa KaK:

hbv? bh?

J =2 -
L=y 27y

Torna ypaBuenust Kosiebaumnii pe3ma B HanpasaeHun ocu OZ ONpeessioTCs e Ly FOTIIM
obpa3zom:

A2z 6.0 (1 —2k\" 7-107°P,
W+210h < I ) 21:T(1+0,3C08wt>;
4?2, 610 (3k—1Y" 7-107°P,
A2z 6o [(E—1Y" 2.107°P,
W—FQlO h T) 3 = —T(l—i—o,?)coswt);
& E—1\* 2.1075P,
x5 qoep2 (2 = =2 g 3 eoswt):
dt? l bhl an
d?z5 P A 2-1075P,
— +2:10% <T) z5:T(1—|—03coswt)
d*z 6.0 (Th—3\" 2-107°P,
yry +2-10°h <— 26 = T(l—i—(),?)coswt);
Az 62 ! 10°P,
W“FQ-lO h — il (1+03C08wt)
d? _107°P;
dtZ?S +2- 1O6h2( ) o (14 0,3 coswt).

CobcrBennbie 9acToThl Kostlebanuit pesna fi, ['1, onpegensorcs kak:

2
fo="5-10* (2kl_1> h. (18)

riae k u | To xe, uro B popmyste (16);

h - pa3smep TITaHTH, M.
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[lpu pacTaunBaHWU OTBEPCTUH BHYTPEHHWI BO3IAYIIHBIK 00bEM BO3OYKIAETCS
KoJieDaHusIMu OOPIITAHIM U [PHU OIEHKE YPOBHEH IyMa B paboueil 30HE CJiejlyeT yYuThIBATD
M3JIy9eHNe 3BYKOBOIl 9HEPIUU U3 TOPIIOB OTBEPCTHSL.

3BYKOBOE JaBJICHHE BO BHYTPEHHEM BO3ILYIIHOM 00bEME ¢ JKeCTKHME CTEHKAMH (KOPILYC
pacTaunBaeMoil JeTan) OnpeesIsieTcsl U3 BOJIHOBOIO YpaBHEHHsI |2].

2P 10P 10°P 9P 18P 0 gt
[ - _ _ . 14T 1
or? + r Or = r2 8g0 T 02 C% ot? po@t(Qd}N oXPp ): (19)

rie P — 3ByKoBoe namienue, [la;

Po M Cop — TWIOTHOCTH BO3JIyXa, KI‘/Mg, I CKOPOCTH 3BYKa B BO3JyXe, M/C;

() — TPOU3BOJUTEIHLHOCTD UCTOYHUKA [IyMa, M/C;

YN — 3HadeHne (pyHIaMeHTAIbHON DYHKIUN I MTUINHIPAIECKOTO 00beMa.
PeHleHI/Ie 9TOT'O ypaBHEHUA IJid CpeAHEKBaAPaTHIHOI'O 3BYKOBOI'O JaBJICHUA UMEET BU

[2]:

2 ZZ kak T w2)7 (20)

2&]1\751\[ (wN

e Wy, - KPyroBhle COOCTBEHHBIC JaCTOTH KojeOanuii 6opurranrd, ¢ L;

WHN - Kpyrosblie COOCTBEHHBIE YaCTOTHI KOJIeOAHUIA BO3AYIIHOI'O obbeMa pacTaduBaeMOI'O

OTBepCTHUL, ¢ 1

l

On — Ko3(bduImenT 3aTyxannus 3BYKOBOIl BOTHBI, -

[IpumenuTesbHO K HapamMeTpaM pPACTAYMBAEMOr0 OTBEPCTHSA I  COOCTBEHHDIX
JacTOT KOJeOAHUIl BO3AYIIHOTO 00beMa U KOI(P(DUIMEHTOB 3aTyXaHUd TOJIYIEHBI CJIeIyIOIIHe
3aBUCUMOCTH:

Co ng\2 4dn,+2m+1
_ e T AT~ 21
fn Wl) P (21)

C() (0%
2
2, (%JF%JF%)

rae « — KO(PpPUIUEHT 3BYKONOTJIONICHUST;

Sy = (22)

[, dy — mMHA U JEaAMeTp OTBEPCTHA, M;

Ny W M — IeAble YUCAa, XapaKTepU3YIONe COOTBETCTBYIONIYIO MOAY KojeOaHuii
BO3LYIIHOTO obbemal4].

[TpoM3BOANTENBHOCTH UCTOUHUKA TIyMa Qr, M3 /¢, (B JaHHOM cydae GOpIITAHTH):

Qk = 7Td6l67/k67 (23)

rie dg u lg — qnaMeTp u jyuHA OOPIITAHTH, M;
Vg, — CDEJTHEKBAJPATHIHAS CKOPOCTH Kostebanuii Goprrtanru, M/ c.

3akJdyeHue

B crarpe mokasaHa mpoOJieMa IOBBIIIEHHOIO YPOBHS IIyMa Ha pabodmx MecTax
OIIepaTOPOB  MeTATLI000pabaTHIBAIONINX CTAHKOB.  PaspaboraHa MmaTeMaTHdecKas MOJIe/b
BUOPOAKYCTUYECKON JIMHAMUKU KOPIIYCA. DBBbIIOJHEHO MOJIEJIMPOBAHUE 3aBUCUMOCTEN IIyMa
oT BHOpaNUU KOHCTPYKIIHIl. QakTUYECKH CpaBHEHUE PACYETHLIX YPOBHEH 3BYKOBOI'O
AdaBJIeHUA C MPpeaeJIbHO-JOIIYCTUMBIMA 3HAYCHUAMU IIO3BOJIUT Ha CTaJUHA TPOEKTHUPOBAaHUA
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[3] omenuTh OXKuTAEMBIE BEJUYHHBI MPEBBINIEHUH aKYCTHYECKUX XAPAKTEPUCTUK — HA
pabouux MecTax OIeparopoB HaJ CAHUTAPDHBIMH HOPMaMH H O0DOCHOBATH IMapaMeTPhI
KOHCprKL[I/Iﬁ CUCTEM IMYMO3allUThHI IO HU3HAYaJIbHOMY BLIIIOJTHECHHUIO HOPMATHUBHLIX BEJ/JIWMYHH.
ITonb3ysich TpencTaBAeHHOW METOANKON, B OyAyIIeM, MOKHO OyIeT MOIEJWPOBATH MPOIECCHI
IIyMOOOPa30BaHusd Ha JIPYTHX METALI000padaThIBAIONINX CTAHKAX.
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MaJIOTabapUTHOTO 3BYKOU3OJMPYOIIEro KOXKYyXa
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AnHoTanusa

BoimosiHeHbI  9KCIEPUMEHTAJbHBIE HCCJIEIOBAHUS 3BYKOW3JIYUEHUS KPBIIIKA MAaJIOrabapuTHOTO
3BYKOM3O/IMPYIOMIET0 KOXKYXa HA HUBIIUX PE3OHAHCHBIX YACTOTAX W3TMOHBIX KOJIeOaHWil MpW OTCYTCTBUU
¥ HAJIWYWK HA Hell TOHKOrO apMHUPOBAHHOTO BUOPOIOTJIONIAIOINErO MOKPHITHs. lloka3aHo, 94TO OOJIHIIOBKA
KDBILIKY I[IOKPbITUEM, COJEPKAIUM IIOJIMMEPHYIO IJIEHKY Ha OCHOBE IIOJIMBUHUJIALETATA, IIPUBOAUT K
moBbINeHnI0 3(MEKTUBHOCTH KOXKyXa HA YaCTOTAX, [J€ 3BYKOIOIJIOMIAIONNE MATEPHUAIbl C CYIIECTBEHHO

OOJBIIIAMHY TOMIIUHAMEA HEe PabOTaioT.

KurroueBsbie ciioBa: 3BYKOU3OJUPYIONINE KOXKYXU, 3PHEKTUBHOCTD, HU3KUE YaCTOThI, BHOPOITOTJIOIIAIOIIHE

TIOKPBITHUS, 3BYKOTIOTJIOIIEHE.

Experimental study of low-frequency effectiveness of small sound isolation
enclosure

Kirpichnikov V.Yu.', Kosheev A.P.?, Dobrynin D.G.?, Drozdova L.F.*
L' Chief researcher, > Head of the stand, ® Engineer
1.2,3 Federal state unitary enterprise "Krylov State Research Centre", St. Petersburg
4 Professor, Baltic State Technical University "VOENMEH" named after D.F. Ustinova,
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Abstract

Experimental studies of the sound emission of the cover in a small sound isolation enclosure at the
lower resonant frequencies of bending vibrations in the absence and presence of a thin reinforced vibrating
coating have been carried out. It is shown that the cover with a coating containing a polymer film based on
polyvinilatetate, leads to an increase in the effectiveness of the enclosure at frequencies where sound-absorbing

materials with significantly greater thicknesses do not work.

Keywords: sound isolation enclosures, effectiveness, low-frequency, vibration-absorbing coatings,
sound absorption.
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Beegenne

3BYKOU30UPYIONINE KOKYXH ABIAOTCH  Hamubosaee >PMEKTUBHBIM — CPEICTBOM
YMEHBIIIEHUS IIIyMa, CO3/IaBaeMOro ODOPY/IOBaHHEM HA CPEJHHX M BBICOKMX YacTOTaX.
B jmamazoHe HH3KHX 3BYKOBBIX dYacToT (opmeHTHpoBoYHO 10 300 I'm) 3bderTuBHOCTD
KOXKYXOB, KaK IIPABHUJIO, JIMOO OTCYTCTBYeT, JTUOO OKA3bIBAETCs HEBBICOKONH. (HAKO MMEHHO
HU3KOYACTOTHBI TIIyM 000Opy/I0oBaHus, OCOOEHHO INpH HAJUYUH TOHAJBHBIX COCTAB/ILAIONINX,
4acTO OKa3bIBaeT Haubojiee HeOJATONpPUATHOE BO3JIEHCTBHE HA YeJIOBeKa. B 3THX c/ydasx
3ajla4a CHUYKEHUs YPOBHEH IIyMa OT PadOThl 000PYI0BAHHUS € MOMOIIBLIO 3(PEPEKTUBHOTO Ha
HU3KHX YaCTOTaX KOxKyXa IpuobperaeT 0codYI0 aKTYyaJdbHOCTD.

Hesbicokast 3h@PeKTUBHOCTD KOXKYXOB Ha HU3KUX 4YacTOTaX OObACHAETCHd MEHBIIEH,
4eM Ha CPEJHUX ¢ BBICOKHUX YaCcTOTaX, 3BYKOU3OJMIUENl €ro CTEeHOK, YBEeJUYeHueM
YPOBHE IIyMa BO BHYTPEHHEM BO3JyIIHOM OObeMe KOXKyXa M MPAKTHYECKUM OTCYTCTBHEM
3bdEKTUBHOrO HA HU3KUX 4acTOTaX 3BYKOMOIJIOIIAIONEro Marepuasia (NP  peasbHBIX
TOJIIUHAX ), YCTAHABIUBAEMOTO HA BHYTPEHHUE MOBEPXHOCTH CTEHOK. BMecTe ¢ TeM, IyM BO
BHYTDeHHEM 0ObeMe BO3JAeHCTByeT Ha OrpayKieHus (CTeHKH, KPBIIIKa) KOXKyXa, BHOpanuu
W 3BYKOM3/Iy4deHHe KOTOPHIX YMEHBINAIT HX 3BYKOU3OJsIuio |1] u oKa3wpiBalOT HeraTwBHOe
BiusgHue Ha 3PGEeKTUBHOCTD KOXKyXa. II3BecTHO, 4TO HanboJbIlIee OTPUNATETHLHOE BJIMAHHE
5Toro (paKToOpa HMeeT MEeCTO Ha HHU3IIMX PE30HAHCHBIX YaCTOTaX M3THOHLIX KOJieOaHmii
HEMOJIKPEILIEHHBIX ONPAXKICHUN WM UX YIACTKOB MEXKIY COCeTHUMH ITOTKPEILICHUSIMHE.

C yderoMm Wu3/I0XKEHHOTO, YMEHBINEHHE YPOBHEH BuOparum ¥ 3BYKOU3/TYUIEHUS
OTpaKJIeHUI KOXKyXa Ha HU3IINX PE30HAHCHBIX YacTOTaX W3THOHBIX KOJeOaHUil sBJIseTCS
OJIHOM U3 MePCIeKTUBHBIX 33/1a49 MOBBIIIECHUA HU3KOYACTOTHON P(PEKTUBHOCTH KOXKYXA.

Haubosree mmmpokoe mnpuMmeHeHue s BUOpoaeMIpUPOBAHUSA KOHCTPYKIIUHA, B TOM
YUCjie W OUPak/IeHHWH KOXKYXOB, HAILIM AapMUPOBAHHBIE BUOPOIMOIJIOMIAIONINE HOKPBITHS
(ABIIIT). ABIIIT cocTosT w3 AMCCHIATHBHOIO CJIOS, KaK IPABHJIO HA OCHOBE DE3WH WJIH
PE3UHONOMOOHBIX MATEPUAJTIOB, ¥ METAJIMIECKOI0 apMUPYIONEro cjaod. TOJIMUHBI MOT00HBIX
HOKPBHITHI B JIBa U OoJIee pa3 MPEBOCXOAAT TOJIIHHY JeMI(pHPYEMOil KOHCTPYKIIUU, & Macca
nokpoiTuii cocrasaser 40-50% ee maccwr [2]. B mociennue romsr crasm mpumensts ABIIIT
C CYLIECTBEHHO JIyUIIMMU MaccorabapuTHBIMU CBoOiicTBamMu. B kKadyecTBe JUCCHUIATUBHOIO
cross B takux ABIIIT ucnonb3ytor nommvepnyio mienky. Hambosbireit 3¢dhdekTuBHOCTHIO
00J1a1aI0T TOKPBHITHSA € TJIEHKOW Ha OCHOBE IOJUBUHU/IAIETATA — MaTepuaja, KOTOPBIi
SIBJISIETCS] PEKOPJICMEHOM 10 BUOPOIOTJIOIIEHIIO CPe/i CYIIeCTBYIONMX MaTepraios [3,4].

ddbdexkruBnoe BubpogeMipupoBaHue KOHCTPYKIUI MOXKeT ObIThb JIOCTUTHYTO
IpU YCTAHOBKE Ha HUX HE TOJBKO IMOKPLITUH, HO W CHENHAJbHBIX BUOPOMOTJ/IONIAIOIIHX
ycrpoiicTB. B oT/imdme oT NpocTpaHCTBEHHO PAaCHpE/Ie/IeHHBIX TOKPBITHH BUOPOIIOTJIONIAIOIIIE
yCTPOHMCTBA, OCHOBHBIMH pabOYUMM  3JIEeMEHTAMH KOTOPBIX  SBJIAIOTCS  OOJUIOBAHHBIE
MOKPBITHEM  PE3OHUPYIOIIHE IIACTUHBL (MOJOCHI), MOTYT OBITH OTHECEHBl K KJACCY
JIOKATHHBIX [IACTUHYIATHIX (MOJOCOBBIX) BUOpomoraoTureteil. HekoTopble THIBI MOJTOOHBIX
BHOpONOTIOTUTEIE, KOTOpbIe MOIYT OBbITh HCIOJb30BAHbI JIJI YMEHbBIIECHUs BUOpAIUU U
TIyMOU3JIyYeHUS CTEHOK KOXKYXa, pacCMOTpeHbl B MoHOorpadun [5].

Hespio HacTosIeil pabOTHI  ABJISIOCH IKCIEPUMEHTAJILHOE HCCAeI0BAHUE CIIOCO0a
HOBBIIIEHUsT HU3KOYACTOTHOH 3(p(HEKTUBHOCTH MAJIOradapUTHOTO 3BYKOU3OJIHPYIOIIETO KOXKYXA
nyreMm BuOpojeMiihupoBaHusd ero KpbIiKi, BHOCAIIEH OCHOBHOI BKJIaJ| B CyMMapHbIil yPOBEHD
3BYKOU3JIy9€HUA OTPaAKIACHHAN.
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1. DKconepuMeHTAJbHOE HUCCaAeA0BaHNE 3(PPEeKTUBHOCTH 3By KON30JINPYIOMIETO
KOXKyXa

DKcIepuMeHTaIbHbIE HCCAeI0BAHNS BBIIOJIHSIINCH C HCIIOJIb30BAHIEM MaI0TabapUTHOIO
3BYKOM30JIMPYIONIET0 KOXKyxXa, (poTorpadun KOTOporo npuBeaeHb Ha Pucynke 1.

&)

Puc. 1. ®oro Kokyxa: BUJ Ha BHYTPEeHHHUIT 06beM ¢ TPOMKOTOBOpHUTEIEM (a),
KOKYX U paMKa ¢ maacTuHoi, obaunosanuoii ABITIT (6)

Kopuyc koxkyxa mnpejcrapiser coboit Kapkac u3 CTaabHBIX yTroakoB 20XxX20x1,5 M.
K kapkacy 3akpemieHbl CTaJbHblE ILIACTUHLI TOJIIUHON 2 MM. Pasmepbl ODOKOBBIX CTEHOK
0,3x0,5 M. Pazmepsl kpoimiku 1 aaa 0,5x0.5 M. Kaxkgasg 60KoBasi CTeHKa KOXKYXa CHAPYZKH
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MOJKPeIJIeHa [AThI0 BepTHKaJbHBIME (4Xx40 MM) W OJHUM TOPU30HTAJBHBIM (4X60 MMm)
NpAMOYTOJLHBIMU  pedpaMu  *KECTKOCTH, a JIHO — TpeMs CTaJbHbBIMH YTOJKAMHU paHee
YKa3aHHOTO pa3Mepa U MepeKpPecTHBIM PebpOM KeCTKOCTH ¢ padMepoM 4x 60 M.

B kadecTBe HCTOYHHKA TITyMa TTOCIEIOBATEIBHO UCIOIB30BAINCH TPOMKOTOBOPUTENH C
auaMerpom pynopa ~180 u 360 MM, ocu KOTOPBIX, JJjid JIy4IIero Bo30yKIeHUs KPBIIIKK Ha
HU3IEH Pe30HAHCHON YacToTe, HAXOAWINCH HA HOPMAJIM K €€ TMOBEPXHOCTH, IMPOBEIECHHON u3
reOMeTPUYIeCKOTo TeHTpa. Kpardaiiliee paccTogHre ME¥XKy TPOMKOIOBOPUTEIEM U KPBITITKOM,
3aKpeIIeHHO Jub0 Ha TOPU3OHTATBHBIX YTOJKAX KapKaca KOyKyXa, JUOO Ha YKeCTKOH pamke
BoicOTOM ~0,08 M, coctaBisiio ~0,1 u ~0,2 M coorBercTBeHHO. (PaMKa ycTaHABIMBAIACH HA
YTOJIKM KapKaca KOKyXa 4epes IPOKJIAKU U3 IOPUCTON Pe3uHbl TOMUuHOHE 10 MM).

B kadecTBe JAUCCUTIATUBHOTO CJIOS APMUPOBAHHOTO BUOPOIOIJIONIAIONIETO TOKPBLITHS
ObLTa npuMeHena 1enka Mapku BIIC-2,5 ¢ moBblmennoit paboTocIocoOHOCTBIO B JUAIIa30HEe
OOBIIHBIX TEMIIEPATYDP BO3/IYXa B MPOU3BOJCTBEHHBIX HoMernennsx (mopsaka 10-30°C) [6].

Jliist yMmeHbllleHus BKJIaJa OOKOBBIX CTEHOK U JIHA B CYMMapHO€ 3BYKOU3JIy4YeHUe
OTpazKIaIoNUX KOHCTPYKIMI KOXKyXa B HAIPABJICHUH HAJ €ro KPBIIKOH, Ha KOTOPYIO
YCTaHABJIUBAJIOCH CPEJCTBO BUOpomemndupoBanus, onu obauropkiBagnch w3uytpu ABIIIT ¢
JIICCUTIATUBHBIM CJI0EM U3 TOPHCTOM pe3wHbl TosamuHoil 10 MM, apMHPOBAHHON CTAJIbHBIM
auctom toamuaoi 1 Mwm.  Cranpnbie jmersl ABIIIL ma crenmkax u jgHe OOJHIIOBLIBAJIUACH
spykonowiomatoomum  Marepuajgom (3IIM) rommmuoir 30 MM ¢ 0OBEMHON IUIOTHOCTBIO
~40 kr/m3. BBLI0 yeTaHOBIEHO MPAKTHIECKOE OTCYTCTBHE BJIUSHUS 3BYKOU3JIYUIEHHST CTEHOK
U JIHA Ha 3BYKOBOE I0JIe HaJ KPBIMKON KOXKyxXa B pabodeM juamna3oHe HU3IINX PE30HAHCHBIX
JACTOT ee U3TUOHBIX KOTeOaHui.

N3mepenns ypoBHeil 3ByKOBOTO JIaBIE€HNS BBIMOJTHIAINCH HA HOPMAJIN, TPOBEIEHHON U3
reoOMeTPUYIeCcKOro meHTpa Kpouimkn Ha paccTtogaugx 0,5, 1,0 u 1,5 M OoT ee mOBEepXHOCTH.

Boiin  wcneiTanbl MoCaeI0BaTE/IBHO JIBA BapuaHTa KPBIMKKA B BUJE OJHOPOIHON
(HemoAKPeILIeHHOI ) CTATBHON TACTHHBL TOIMIHHOM 2 11 3 MM. ApPMIPOBAHHBIM BUGPOMOTIOIIAIOTIIM
HOKPBITHEM Ha OCHOBe mosuMepHoil miaenku tuna BIIC - 25 obsmmosbiBasach ogHa u3
noBepxHocreit Kpeimkn.  TojmuHa mienku cocrasisia 0,5 M. ApMEPYOIEAM  CJI0EM
HOKPBITHA Ha KPBIIITKE TOJINUHON 3 MM ABJIsAJIach aJIOMUHUEBAs IJIaCTUHA TOJIIUHONR 1 MM, a
Ha KPBIMIKe TOJIMUHON 1,5 MM — JIHCT KPOBEJBHOTO yKejre3a Toamumuaoil 0,46 Mmm. OTHoTIeHHEe
maccel ABIIIT x Macce Kpplukn cocrapiagio npuMepno 12 u 30% coorsercrsenHo.

2. AHajan3 NOJIyYEHHBIX PE3YyJILTATOB

Ha nagasbHOM 3Tarne ucnbitanuii onpejessiiach sbdexrusaocrs (D), 1B, Kaxkmoro
BapuaHTa KPBIIKH 0€3 apMUPOBAHHOTO BHOPOOIIT/IONIAIONIEr0 IIOKPHITUS KaK PA3HOCTH YPOBHEi
3BykoBoro gasienns (Y3/1), 1B, npu orcyrcrsun Ly, 1B, un ycranoske Ly, 1B, Kpbimkm.

Tepmun 3dbdekTHBHOCTH, HA HAII B3IV, O0Jee TOYeH, TaK KaK YIUTHIBAET HE TOJBKO
3BYKOU3OJUPYIONIYIO CIIOCOOHOCTL KPBITKU, HO U eé BuOpogemduposanue. llpm orcyrcrBun
cpeJicTB  BUOpOjieMIbupoBanusi B KpPBIMIKE TEPMUHBL 3(POEKTUBHOCTH M 3BYKOU3OJISAIMS
UJIEHTUYHBI, & IpU OOJUIOBKE TepMHUH 3PMEKTUBHOCTEL 00Jiee TOYEH, YUUTHIBASA HE TOJHKO
BUOPOM30JIAINIO, HO U BHOPOaeMiIpupOBaHEE.

Ha Pucynkax 2 u 3 B KauecTBe mpuMepa mpuBejieHbl y3konosocubie (Af = 4 I'n) u
TPETHOKTABHBIE CHEKTPBI YPOBHE{T 3BYKOBOIO JIABJICHUST IPU OTCYTCTBUH (KpHUBast 1) U HAJMYUH
(kpuBas 2) Ha KOXKyXe KDBIIIKH TOJIHHON 2 - 1073 M.
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Lp. aB

10 ab

50 100 150 200 250 300 350 400
Yactora, Ny

Puc. 2. Y3KOIOJIOCHBIE CIIEKTPBI YPOBHETT 3ByKOBOIO JaBjieHus pu orcytcrsun (1) u
HAJIMIUA KPbIITKY Tomuaoi 2 MM 6e3 ABIIIT (2). Kpusas 3 — donoBasi momexa

Lp. AB

1046

250 356
Yactora, Ny

Puc. 3. TperbokTaBHBIE CIIEKTPHI yPOBHEH 3BYKOBOTO JaBJeHUd Mpu oTcyTcTBun (1) u
HAJMYUU KPHITTKA Tosamuaoi 2 MM 6e3 ABIITT (2) u ¢ ABIIIT (3).
Kpupas 4 — ¢poHoBas momexa

BuauMm, 9TO ycTaHOBKA KPBINIKH IIpUBea K CYIIECTBEHHOMY VBeJIMYEHUIO yPOBHel
3BYKOBOT'O JIaBJIEHHs HAJ KpBIMKoii Ha gacrorax 61,4 u 68,5 T'm (pme. 2), a Takxke B
TPETHOKTABHOMN 10JI0Ce €O cpejuereomerpudeckoit yacroroit 63 I'm (puc. 3). Iunrencushoe
3BYKOU3/IY4YEHUE KPBIIMIKA Ha YKA3aHHBIX YacTOTaX OOYCJIOBJIEHO IOBBIIIEHHBIMU yPOBHIMHE
ee BUOpAIMM Ha PE30HAHCHBIX (hopMax M3THOHBIX KOJeOaHWil ¢ MOJYBOJHON B HAIpaBJIeHUN
Kazkj10it Kpomku. CoracHo pacdeTy, 9acToTa fi) HPH »KECTKOM KDeILIeHHH KPOMOK KPBIIIKH
K JKeCTKOMY KapKacy KoxKyxa paBHgeTcsa ~bH8 ['m. PasmBoenme dwacToThl fi; cBA3aHO €
0COOEHHOCTSIMU KPEIJIeHUST KPOMOK KPBIIIKH K PE30HUPYIOMINM YIOJKaM KapKaca.

BosanknoBenmne wunTeHCHBHOrO 3BYKOW3aydenusi uHeoOnumoanuoit ABIII kpbrirmkn
IPUBEJO K ee OTPUIATeJbHONU Ha YKa3aHHBIX YacTOTaX 3ByKom3osdanuu. Ha Oosiee BBICOKHX
PE30HAHCHBIX 4YacTOTAaX, WU3-3a CYIIEeCTBEHHO Xy/mieif BUOPOBO3OYAMMOCTH KpPBIIIKH TIPU
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HPAKTHYECKN PABHOMEDHOM pacIpe/ie/ieHHl Ha Hell BO30YKJIAIONIMX 3BYKOBBIX JIaBJICHUI
U B3aUMHONH KOMITEHCAIUU 3BYKOU3JIYUEHUS OT COCEAHUX MPOTHBOMAZHBIX TMOJYBOJHOBBIX
YYaCTKOB €€ MOBEPXHOCTH, YPOBHU 3BYKOBOT'O JIaBJ€HUs HaJi KPBIIIKOH MPH ee yCTAHOBKE He
HOBBIIIAIOTCS .

O6a npuseieHHBIX (DAKTOPA 110 CYTH SABJISTIOTCS IPUIUHON YBEJTUICHIS 3BY KOU3OJISIITIH
KPBITITKH. DPdekTUBHOCTL KPBHIMKE pPACTeT C yBeJWdeHneM dYacTorel or ~8 b B
TperbokTaBHOil mosioce 80 'y 10 ~38 nB B momoce 160 ' (puc. 3). Ha Gosee BbICOKHX
qacToTax 3POEKTUBHOCTh KPBIIIKA B padodyeM JIHala3oHe YacTOT HPAKTHYECKH OCTAeTCS
HEU3MeHHOM.

Anajiormuneiit  gacTorHbiit  xapakrep 3ddexktupHoctn Heobmumoanuoit  ABIIII
KPBIITKH GBI OOHAPYYKEH W MPH HCILITAHHAX ee BTOPOrO BapHaHTa Toimumuoil 3 - 1073 a,
3aKpeIyIeHHOI0 Ha KapKace depe3 2KeCTKYIO, B JIHAalla30He HCCJIEAYEeMbIX YacTOT, PaMKYy.
Orpunarenbias 3p@OEKTUBHOCTh KPBIIIKA ObLIa 3aperucTpUpoBaHa Ha HU3IIEH pe30HAHCHON
JacToTe ee U3CHOHBIX KoJaebauuit fi, ~ 157 I'm.

OG6smmmoBka 00eWX WCHBITAHHBIX KPBIMEK apPMUPOBAHHBIM — BHOPOIIOTIONIAIOIIIM
HOKPBITHEM TPHUBOAMIA K CYIIECTBEHHOMY yBeaudeHuio ux 3@dekTuBHOCTH Ha HU3MIEH
PE30HAHCHOI YacToTe M3rMOHBIX KOJebaHuii. YPOBHH 3BYKOBOI'O JaBJIEHUsS HaJ KPBIIIKOM
tommunoii 2 - 1073 M ymenbmmmancs ma 11 1B (61,4 T'n) u ~15 ab (68,5 I'n), a Hax KpbIMIKOii
rosmuuoit 3107 m — na 10 aB (puc. 4).

Lp. AB

56

100 280 300
Yactora, Ny

Puc. 4. Y3K0mOIOCHBIE CIIEKTPHI YPOBHEH 3BYKOBOI'O JABJCHHS DU HAJHIHH KDPDLIIIKH
rosmumuoit 3 MM Ge3 ABIIIT (1) u ¢ ABIIII (2). Kpusas 3 - donoBas momexa

TpeTboKTaBHBIE YPOBHU 3BYKOBOTO JaBJIeHUS HAJT KPBIIITKAMHI B TTOJ0CAX, COTEPKAITUX
HUBIIYIO PE30HAHCHYIO YacTOTY WX KOJeDaHUWil, mpu OOJUIIOBKE KPBINIEK CHUXKAJNCH Ha 8 1B
(na puc. 3 pasuuia mMexkjay KpusbiMu 2 u 3 B nosoce 63 ') u na 5 1B (B nomoce 160 ')
coorBercTBeHHO. Ha 60Jiee BBICOKHUX 9aCcTOTAX, N3-33 MAJIOTO BIANUSHUS PE30HAHCHBIX KOJTe0aHTi
KPHBINIEK HA 3BYKOBOe ToJe, ymerbinenune Y 3/] npu nx obsmnoske ABIIIT e mpeBwimmaio, kak
npasuio, Beauduny 2—3 ab. IlosydeHHBIe pe3ysbTaThl He 3aBUCEM OT MeCTa HaXOXK/IeHUs
ABIIII — Ha ero BHyTpeHHe# WU BHEIIHEH MOBEPXHOCTH.

Heckoibko menbinee (8 nbB) cHukenume ypoBHeH 3BYKOBOIO JIaBJIeHHSI Ha HU3IIEH
pesonancuoit gactore 11 u3rubHBIX KOJeOaHWT KPBIMIKK TOJIMUHON 3 MM OBLIO TOJTy9IeHO
IIPH YCTAHOBKE HA Hee HACTPOEHHOIO Ha fi; PE30HUPYIOIIEr0O IIOJOCOBOTO BHOPOIOIIOTHTE IS
(PIIB). Macca PIIB cocraBmisiia ~3% oT Macchl KPBIIIKH.
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Ha 3aBepmiaiomiem 3tarne wucubiTanuii onpejensiach 33H@PEKTUBHOCTL OOJIUNOBKU
BHYTPEHHHEH MOBEPXHOCTH KPBITIKK 3ByKonoromamomum marepuagom (3IIM) mroraocThiO
20-40 kr/m®. Tommuna 3IIM cocrasigna 3 - 1072 M. Dddekrupnocts 3IIM B auanasone
HUBIIUX PE30HAHCHBIX YacTOT M3THOHBIX KoJIeOAHWiI MCHBITAHHBIX BapUAHTOB KPBIIIKH
oTcyTcTBOBaa. YMenbinenue Y3/l mpu ycranoske 3IIM 6bLI10 3aperncTpupoBaHO JIMIIHL HA
gacrorax f > 800 I'n. Pa3zmernenne 3IIM Ha BHemHEel TOBEPXHOCTH KPBIIIKU HE IPUBOIUIO K
3aMeTHOMY yMeHbinenuio Y3/ u Ha 6o/iee BHICOKHX YacTOTaX.

3akJrdyeHue

1. MlarencuBHOE 3BYKOM3IYUEHHE OTPAKIEHUN MaorabapuTHOTO KOXKyXa Ha HHU3IIEi
pe3oHaHCHO# JacToTe fi; MX M3rMOHBIX KOJeOaHUil MPUBOJUT K CYIIECTBEHHOMY YXY/IICHUIO
ero 3(@PeKTUBHOCTH.

2. YaydnieHue aKyCTHYECKIX CBOWCTB MaJOrabapuTHOTO 3BYKOU3OJIUPYIONIETO KOKYXa
Ha dacToTe f1; MOXKeT OBbITh JOCTUTHYTO OOJIHIOBKOIl OrparKJeHWIl TOHKMM apMHPOBAHHBIM
BUOPOITOT/TOTIAIOIINM TOKPBHITHEM. 3BYKOIOT/IOIIAIOIIIE MAaTePHAIbl ¢ CYIECTBEHHO OOJIbImeit
TOJINUHON HA YKa3aHHOW JacToTe He PabOTAIOT.

3. Dddexrunocts ABIIII He 3aBHCHT OT MecTa €ro HaXOKIEHHUsI HA OrParKIeHIH
(BHYTDeHHsIsT WM BHEIIHSsI TOBEPXHOCTB ).

Asropser Gnaromapar M.B. Urymikuny, BBITTOJTHUBIIYI OCHOBHOH 00beM pabOThI 110
0(POPMJIEHUIO U TIOATOTOBKE CTATHYU K HEJIATH.
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MoaemunpoBaHe BUOPOAKYCTUIECKUX IIPOIECCOB BHYTPEHHUX
NCTOYHUKOB HMIyMa OBOIllepe3aTeJIbHbIX MAaIlluH
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Tyran-bBapanosckoro, 1. /lorenk

AnHoTanusa

IIpoBemeno momenupoBaHue BUOPOAKYCTHYECKHWX IIPOIIECCOB B KOHCTPYKIIASIX OBOIIEPE3ATETbHBIX
MaIrHAX OOIECTBEHHOTO MUTaHus. [10/IydeHbl 3aBUCHUMOCTH aMILIATYIbI BHOPOCKOPOCTEH MACC IBYXMAaCCOBOM
JmHamudeckoil Bubpoakycrudeckoii cucrembl (BAC), KOTOPOil MOAENIMPYIOTCS MOHOIOJILHBIE WM3J1yYaTe u,
OT AMILIATY/bI BO3MYIIAIONMIEN CHJIBI U KPYTrOBOM 9YaCTOTHI BBIHYXK/IEHHBIX KOJie0aHuil, W3 KOTOPBIX BHIHO,
9TO BUOPOCKOPOCTH YBEJWYMUBAIOTCS C BO3PACTAHMEM AMILIUTYAbI BO30YKIAIOIIEHl CHJIBI M YMEHBIIAIOTCS C
BO3paCTaHUEM 3HAYEHUN KPYTrOBOW YACTOTHI BHIHYKIAEHHBIX KOjaebanmit. OmpesesieHbl 3aBUCHMOCTH W3MEHEHU T
AMILIUTYIbI BHOPOCKOPOCTEH MAacC OT yAEJbHOrO COMPOTHUBJIEHWS HAPE3AHUIO0 MPOAYKTa PAOOYMM OPraHOM U
MaCC CHCTEMBI. YCTAHOBJIEHA 3aBUCUMOCTD AMIIJIUTYIbI BUOPOCKOPOCTH MACC OT TIEPBO MACCHI, C YBETUIEHUEM
KOTOPO# 3HaYeHHs BHOPOCKOPOCTEH yBEINIUBAIOTCS. BBITOTHEHO MOAETHPOBAHUE KOIMDDUINEHTA, W3TY ICHIS
IyMa HCCIeAyeMOro Kjacca MalinH. B pabore mccimemoBaH KO3(D@HUIIMEHT MOTEPh KOJeODATENHHON SHEPTUH
B KOHCTPYKIMSAX HUCCIeayemMbrx mamuH. Ha mepemarodnbie ¢dbyHKINKA MacC HanbOJIE€E CYIECTBEHHOE BIIMSTHUE
OKa3bIBAET YACTOTA BBIHYXKJIEHHBIX KOJE€OAHUI, B OCOOEHHOCTH HA, BTOPYIO, TOITOMY JJIs YJIydIIE€HUs
BUOPOAKYCTHYECKUX XAPAKTEPUCTHUK IEIECO00PA3HO CHUKATH MepenaTOuHy0 (DYHKIINIO, TPEXKIE BCEro MepBOit

MAacChbl, a TaKKe CHU?KaTb aMILJIUTY bl BHEIIHEH HAIrDY3KU.

KitroueBble cjioBa:  OBOIIEpe3aTebHAS MAIUHA, BHOPOAKYCTHYECKUU IIPOIECC, IEePeIaTOIHAS

dyuknus, Ko3hbunreHT moTePs KOIeOATETHHON IHEPTUH.

Modeling of vibroacoustic processes internal noise sources
of a vegetable-cutting machines

Eremenko D.O.', Zapletnikov I.N.2, Pilnenko A.K.?
I Assistant Professor of Department of Food Technology and Equipment, PhD
2 Professor, Head of Department of Food Production Equipment, DSc
3 Assistant Professor of Department of Food Production Equipment, PhD
1 Sevastopol State University, Sevastopol 23 Donetsk National University of Economics and Trade named
after Mikhail Tugan-Baranovsky, Donetsk

Abstract

Modeling of vibroacoustic processes in structures of vegetable-cutting catering machines was carried

out. There are obtained dependence of vibration speeds’ amplitude of masses of two-mass dynamic vibroacoustic
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system (VAS), which models monopoly radiators, on amplitude of disturbing force and circular frequency of
forced oscillations, from which it is visible that vibration speeds increase with increase of amplitude of exciting
force and decrease with increase of values of circular frequency of forced oscillations. Dependence of amplitude’s
change of vibration mass speeds on specific resistance to product cutting by working tool and system masses are
determined. Dependence of amplitude of mass vibration speed on the first mass is established, with increase of
which values of vibration speeds increase. Simulation of noise emission coefficient of analyzed class of machines
is performed. The work examined the vibration energy loss coefficient in the structures of the researching
machines. The transfer functions of the masses are most significantly influenced by the frequency of forced
oscillations, especially the second, so it is advisable to reduce the transfer function, especially the first mass, as

well as to reduce the amplitudes of the external load to improve the vibration acoustic characteristics.

Keywords: vegetable-cutting machine, vibroacoustic process, transfer function, vibration energy loss
coefficient.

Beegenne

B mexanmueckmXx — cucremMax — TEXHOJOTHMYECKOro  00OpyIOBaHUS  TPEIIPUATUI
OOIECTBEHHOTO MUTAHUS BOZHUKAIOT KO/1€0aHNs 3BYKOBOH 4aCTOTHI, IPUYHHAMHI BO3SHUKHOBEHU S
KOTODPBIX, ABJISIOTCS HEYPABHOBENIEHHOCTH BO3MYIIAIONINX CHUJI, 3BEHBEB CHUCTEMBI, MOMEHTOB
CONPOTHUBJIEHNs, HAJUYUE 3a30POB B KHHEMATHUECKUX IapaX, YIPYTOCTh 3BEHBEB CUCTEMBI
U Jp. AHaIW3 NPeabIYIIX UCCAeTOBAHUNA B JAHHOM HAIPABICHUN MOKA3A, IYTO HANOOIBINTI
YPOBEHb IIyMa H3/JydaeT MMeHHO H3MeJbauTe bHoe 0bopynoBanue [1].

MoHUTOPHUHT ITyMOBBIX XapaKTEPUCTUK BBISIBUI NX COOTBETCTBHE CAHUTAPHBIM HOPMaM
no myMy npu pabore mamuH 0e3 mpoaykTa. llpm pabore 1moa HArpy3KOil XapaKTepPUCTUKHU
3HAYUTEHHO BO3PACTAIOT.

NccneioBanne BUOPOaKyCTHYECKHUX TTPOIECCOB OBOIIEPE3ATE/IHHBIX MAITUH, HCIOJIb3YEMbIX
HA TPEANPUATAAX TUTAHU, C [EJBI0 YIYUIIEeHUs CAHUTAPHO-TUTHEHUYECKUX YCJIOBUU TPYIA,
HO3BOJIUT OTKPBITH HOBbIE BO3MOXKHOCTHU JJIf peIleHus 3a/a9 MOBbIIeHud 3)deKTUBHOCTI
IPOU3BOJICTBA, YBEIHUYEHH KOHKYPEHTOCITOCOOHOCTH CEPUITHO BBITYCKAEMOT'O TEXHOJIOTTIECKOTO
000pPYI0BAHUSI.

[esibio MAHHBIX UCC/ICIOBAHNIN ABJISCTCA AHAJTUTUYECKOE OIMMCaHue BUOPOAKYCTHIECKHX
IPOIECCOB B OBOIIEpPe3aTeTbHBIX MAaIIMHAX OOIMEeCTBEHHOIO NHUTAaHWA HAa OCHOBE CHHTE3a
AKYCTUYECKUX W JUHAMWIECKHX MOjeseil, YTO B JaJbHeNIeM JIsKeT B OCHOBY pa3paboTKu
MHKEeHEPHOI MeTOJMKH pacdera BUOpoakycTHUecKuX xapakrtepuctuk (BAX) mamroro kiacca
MallliH Ha CTAJUU ITPOCKTUPOBAHUSI.

Peannzanms mocTaBieHHON NEIN OCYIIEeCTBUMA ITyTeM PelTeHns CIeayonnX 3a1a4:

— BBIMOJHUTH MOJIEJIUPOBaHNE KOIMDMUIMEHTa W3IMYUeHHs MIyMa BHYTPEHHUMUI
UCTOTHUKAMU MCCJIETYeMBIX MAITUH;

— IpoBecTH aHaym3 Kodpdunuenra norepb KojebaTe/LHON IHEPIUE B KOHCTPYKITUAX
MaIlnH;

— OIpee/IUTh BJAUSHUE KOHCTPYKTUBHBIX W SKCILIYATAIIMOHHBIX IapaMeTpoB Ha
nepeTaTodHble (DYHKINHA MacC JUHAMHYECKUX Mojedell JaHHBIX MeXaHHIeCKUX CHUCTeM TpHU
JIMHEHHBIX KOJIeOAHUSX.

JLnst TOoro 4TobbI ONKUCATH AHAJTUTHYECKH BUOPOAKYCTHYECKHUE MPOIECCHl TEXHOJI0TTYECKOT0
000pYI0BaHUS HEOOXOIUMO TOCTPOUTH MOJEIN, OIMCHIBAIONINE BUOPAIMOHHBIE ITPOIECCHI,
IPOUCXOMIAIINE BO BHYTPEHHUX UCTOTHUKAX ITYyMa, H3JIydeHne KoeOaHuil 3BYKOBOM JaCTOTHI B
BO3JIYIITHOE MPOCTPAHCTBO CTEHKAMH MAIMUHBI, a TaKyKe PACHPOCTPaHEeHUe 3BYKOBBIX BOJIH JI0
HpUEMHUKA TOro usjydenus. [Ipu JimHelinbix KoJeOaHUAX MOJIEJIBIO JIAHHON MeXaHU4YeCKOi
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CHCTEMBI SIBJISETCS CHCTEMA MACC, KOTOPbIE CBsI3aHbl YINPYTMMH KHHEMATHYECKUMH U
JUCCUIIATUBHBIME 3JI€MEHTAMHU.

[Tpeap ayImuMu UCCAEA0BAHMSIMU YCTAHOBJIEHO, YTO MOJE/IBI0 HCCJIEJIYyeMbIX MAIInH
SIBJISTIOTCS JIBYyXMACCOBBIE JIMHAMMYECKHE CHCTEMbI, KOTOPbIE MOJETUPYIOTCH MOHONOJIHHBIME
uzsygarensvu [2]. Kunemarnueckue cxeMmbl BCeX OBOIIEPE3ATENbHBIX MAIIUH [PEINDPUsITHIL
NUTAHUS TOT00HBL [3)].

1. MogeanpoBaHue BUOPOAKYyCTUIECKNX IMMPOIECCOB BHY TDEHHNX NCTOYHUKOB
nryMa

C moMompl0 JUHAMWYECKHX MoJesell JUHEeHHBIX KOoJedDATeTbHBIX MPOIECCOB MOYKHO
OTIPEJIETUTH BUOPOCKOPOCTH MOBEPXHOCTH KOPIYCa MAIUHBI, OTHAKO ITOrO HEJOCTATOTHO
g OUpeeeHns BeJUYUHBI MOITHOCTH W3JIYYEHUS OT BHYTPEHHHX HCTOYHUKOB IIIyMa.
Akycrudeckne MOIeN TO3BOJSIOT 3TO CAearTh.  Paccunrarbh 3BYKOBOE TOJE CJIOXKHOMN
KOJ1e6aTeIhHON CHCTEMBI 3a9aCTyi0 BbI3biBaeT 3arpyanenus [4]. axke B Tom ciaydae, Korma
Takofl pacueT BO3MOXKEH, MOJTyYeHHe pe3yJbraTa TpebyeT Oonbmux ycmanit. llostromy B psme
HAYYIHBIX PadOT, MEeJbI0 KOTOPHIX SBJISETCS pelleHue 3TON mpobJeMbl, peajbHble W3IydaTenn
MOI'YT OBbITh CMOJIEJUPOBAHbI YIPOIIEHHBIMU KOHCTPYKIUAMU, B KadeCTBE KOTOPbIX MOIYT
OBITH TPUHATHI IIPOCTEHIINe UCTOYHUKHU IIIyMa: MOHOIIOJU, JIUIOJH, KBaJPYHOJIH, & TaKKe
UX COBOKYMHOCTH. YacTOTHI BBIHYKJIEHHBIX KOJEOAHUI JBYXMAaCCOBOW CHCTEMBbI, K KOTOPBIM
OTHOCATCA M KOHCTPYKIUH OBOIIEPE3aTeJbHBIX MAIIUH ONPENeIdi0OTCd, HCIOJIb3ysd CUCTEMY
YyPaBHEHUH, KOTOPbIe OMUCHIBAIOT KOJIeBaHust STUX Mace [5]:

mll"i -+ 11 — 02(1’2 — .Il) =0

: (1)

mgl."g + CQ(ZL‘Q - ZEl) =0

rJe M; — Macca poTopa 3JIEKTPOJBUTrATE/Nd ¢ BEIYIIUM ITKUBOM, KI'; €] — YKECTKOCTD
KJMHOBOTO peMHsl mepefadn, H/m; mo — cymma macc Baiga pabodero opraHa ¢ BeIYIIHM
IITKABOM, PabOYUM OPraHOM W H3MeJbIaeMbIM IPOAYKTOM, KT Cp — yAeJIbHOE CONMPOTUBIEHHE
HAPE3AHUIO TPOIYKTA pabounM opranom, H /M.

Buoinyxjaennbie juHeiinbie  KojebaHUs  JIBYyXMACCOBBIX — JUHAMUYECKHX  CHCTEM,
UMEIOTIMX HECKOJbLKO CTerneHeil ¢BOOOJbI, OIMUCHIBAIOTCA CHCTeMON auddepeHnuaabHbIX
yPaBHEHUI BTOPOTO MOPSAIKA ¢ MpaBoil 4acTbio. B MarpuwaHoil popme Ta cucreMa nMeeT BHI:

101} + sl {ds} + Il {ai} = {Poi, @)

rae ||Myll, ||Cyl| — xBaaparmbie marpunsl KOI(OGUINEHTOB HHEPIUH U ZKECTKOCTH;
{qi , 3Gi ¢ — BEKTOPBI-CTOJIOIHI ODOOIEHHBIX KOOPJAWHAT W yckopeuwuit; H;; — wmarpuia
kodbdurmentoB cun  gemndupopanus; ¢ — o000menubie ckopocru; {Pp;} — Marpuna

00O0OIIEHHBIX BO3MYIIAIONIHUX CHI.

B kagectBe 0000IEHHONE KOOPAMHATHI BBHIOMpPAETCS IepeMelleHrne X B HAIpaBIeHUU
JeifcTBus Bo3MyInaiomnieil cuisl. Pacemorpum ycranopusiuniicss pexxum kojebanuit || H;;|| = 0.
[Ipu BBIHYXKIEHHBIX KOJEOAHUSX JIBYXMAacCCOBOIl CHCTEMBI C JIByMsI CTElmeHsIMH CBOOOIHI,
BO30Y XK 1aeMoil rrepuoandeckoit cuoit P, = Py cos wyt, MpuIoyKeHHOH K TepBoii Macce cucrema
ypasHenwuil (1) 3amumiercst B Buje:

Mz + 1z — ca(xe — 1) = Pycoswyt

(3)

mgl.:g + CQ(ZEQ - 1’1) =0

[Ipunumasg, 910 Macchl KOJEOIIOTCS 110 TapMOHHYECKUM 3aKOHAM, PellleHie ypaBHeHU
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JUTsT aMIUTATYIBL BEOpOCKopocTeii Mace uMeer Bu [6]:

max

$.1 = P()(CQ — Mg — wﬁ)wkﬁp, (4)
fz = P002wk9p, (5)
1

6, =

6)
2 2 2 (
(c1 4 o — mw)(c2 — mawy) — 3

rje P, — ammuTyaa Bosmymawoieil cuiibl, H; wy, — KpyroBas 4acToTa BBIHYKJIEHHBIX
koseGanmit, ¢!, Ha pucynkax 1 u 2 MOKa3aHbl 3aBUCAMOCTH AMILTATY B BAGPOCKOPOCTH TIEPBOii
M BTOPOH MACChl OT AMILIMTY/Ibl BO3MYIIAIOIEH CUJIbI M KPYIOBOH YaCTOThI BBIHYZKJIECHHBIX
KOJIe0aHuit.

max

x1 -.‘10*3,9 i 3
M/C
8 |
/
/
—
6 ———]
— 4
‘/ 5 P,. H

5 -

130 140 150 160 170

Puc. 1. I3amenenue aMILuTyibl BAOPOCKOPOCTH TIEPBON MaCChl B 3aBUCHMOCTHU
OT aMILTUTY/bl BO3MYIIAIONIEH CUJIBI U KPYTOBOM YaCTOTHI BBIHYKJICHHBIX KOJIeOaHMUil:

l—w,=130c2—w, =140 c 3 —wp, =150 ¢4 4 —w, =160 ¢4 5 —wy, = 170 ¢ L.

max max

Kak BugHO 13 rpabukoB o1 U T9 YBEJIUUHBAIOTCS C BO3pacTaHueM Py 0 yMeHbIIaloTC

max max
C BO3pAaCTAaHWEM Wy. JHAUEHUS Ty W T9 YMEHBIIATCI C YBeJIWYEHHEM 1My. Benwawna
BUOPOCKOPOCTH BTOPOMl MacChl YMEHBINAETCS € YBEJIUYEeHUEM Co. Banguue yaeabHOrO

COIIPOTUBJIEHUA HapPe3aHUIO IIPOAYKTa HO2KOM pa6oqero OpraHa HeECYHIeCTBEHHO BJIUAET Ha
max

BIOGPOCKOPOCTh TIepBOil Macchl x7 . Ha pucyHKax 3 u 4 NMOKa3aHbl 3aBHCHMOCTH H3MeHEHMs
AMILTHTYIbI BAOPOCKOPOCTH MIEPBOM U BTOPOH MacCChl OT YAEJAbHOIO CONMPOTUBJICHHS HAPE3AHUIO
HPOJIYKTa HOXKOM Pabodero opraHa # BTOPO# MacCHhI.

Pexxum BbIHYKAEHHBIX KOJeOaHHUII CHCTEMbI Ha TIEPBOIl PE30HAHCHON YacToTe:

&
2 2
by = — (7)
)
COOTBETCTBYET aHTUPE30HAHCY JJisi nepBoit Maccel (7). Ha srom upuniune crposites
JAuHaAMHu4eckne racuren kojedanuit. Ha Bropoit pesonancuoii gacrore:
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ol

dmime miMo

p2 - micy + MaCo (m162 -+ m201)2 C1Co
= ————————
2mims

BHJIEH BTOPOH MAKCHMYyM TEPeIaTOuHbIX DYHKIHHA crucTeMbl (8).

max

x2 -107°,35
4 1 s
M/C

25 =" ~ /l34-""

\

/

-
130 140 150 160 170

Po, H

Prc. 2. V3MeHenue aMIUTATYIbI BUGPOCKOPOCTH BTOPOHl MAacchl B 3aBHCHMOCTH
OT aMILUTUTYIbI BO3MYIIAIONIEH CH/IBI M KPYTOBOH YACTOTHI BBHIHYZKICHHBIX KOJeOAHMIA:
l—we=130c2—w, =140 c ;3 —wp, =150 c 4 —w, =160 ¢4 5 — wy, = 170 ¢ L.

B kaugecrBe Yipyroro »sJjieMe€HTa KOHEYHOI'O 3B€Ha JABYXMACCOBbLIX MEXaHUYCCKUX
CHCTEM (I/IﬂI/I IMPpUBEJCHHDLIX K HI/IM) TEXHOJOI'MYCCKUX MAIIUH IIPUHUMAECTCA HI/I]l[GBOfI IIPpOOdYKT,

C KOTOPBIM B3amMojieficTByeT pabounii opram.
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X1 £ P— "_ 3 7y
M/c
12 1
2
10
3
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6 Z*f
4 | | | | p Cr.HM
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Puc. 3. Iavmenenne aMmuTyibl BAOPOCKOPOCTH MEPBOI MACChl B 3aBUCUMOCTHU OT
VJIeTbHOTO COMPOTUBJIEHNS HAPE3AHUIO MPOIYKTa HOKOM pabodero oprana u BTOPOI MacChI:
1—my=2kr;2—my=3Kr;3—my=4Kr;4—mo=25Kr; 5— my =6 KI.

B peasbHBIX yCIOBUAX SKCILIYATAIIMU YKECTKOCTb TPOJAYKTa OYIeT H3MEHSThCS B
OTIpeJIeJIEHHOM JTMANa30He B 3aBUCHUMOCTH OT (DU3WKO-MeXaHHYeCKUX CBOWCTB MPOAYKTA, €ro
CTPYKTYPBI, KOHCTPYKIIMH Pab0OYero oprana, W3HOCA PeXKyIleil KPOMKHU W Psja JAPYTUX MeHee
3HAYUMbIX (PAKTOPOB.

Jlng nojjiepzKanusd B CUCTEMe aHTHPE30HAHCHONW 4acTOThl HEOOXOJIMMO UMETH CHCTEMY
YIPaBJIeHU aMILTUTYI0fl BO3MYTIAOMNIEl CHJIBI, MPONOPINOHAIBHON M3MEHEeHHWI0 YKECTKOCTH
YIPYTOTO JIEMeHTa, YCUIUIO WM KPYTAIeMy MOMEHTY Ha pabovyeM Oprase.

Ha pucynke 5 npupejena 3aBUCHMOCTb aMILIUTY/Ibl BUOPOCKOPOCTHU MEPBOI U BTOPOI
maxr max

Macchl OT mepBoif Macchl. C yBeJmdeHneM m, 3HAYEHUS T1, To YBEJIMUHBAIOTCH.

B qunamMuyeckux m BUOPOAKyCTHYECKHX pacdeTax TEXHOJOIMYECKUX MAIIUH B IIEPBOM
NpuOJIMKEHNH B KaUeCTBe KeCTKOCTH TPOYKTa MOYKHO HCIIOJb30BaTh VAEIbHOE CONPOTUBIEHNE
MPOAYKTa, B3anuMojieiicTBrue ¢ pabounM OpraHOM MJIM 3aKOHOMEPHOCTH 3TOTO B3aMMO/IeHCTBISI.
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max

x: 107,
5 I'y
M/c A 1
4 //‘(
”":,Ar”’— 3
3 " “——‘L’.’.

» €2 H/nm
400 500 600 700 800

Puc. 4. 3menenne aMIInTyapl BAOPOCKOPOCTU BTOPOIl MAcCHl B 3aBUCUMOCTHU OT Y/I€JIBHOTO
COIPOTHUBJIEHUS HAPE3AHUIO ITPOJIYKTa HOXKOM pabovero opraHa u BTOPOH MacChl:
1l—mo=2xr;2—mo=3xkr;3—myo=4%Kr;4—my=>5Kr;d—me =06 KL

Ha mnepemarounsie ¢dbyukImm macce Haumbosiee CYMIECTBEHHOE BJHSHUE OKA3LIBAET
4aCcTOTA BBIHYZKJIEHHBIX Kojebanuii, B ocobernnoctn Ha Fo. ITlosromy mas ymyumenms BAX
TEXHOJIOTHIECKUX MAITHH IeJecO00pa3Ho CHUXKATh MepeaTOYHYI0 (DYHKIIHIO, TPEKJe BCEro
nepBoii Maccor [1].

MoraoCTh W3JIyUeHNs BHYTPEHHUX UCTOYHUKOB IMTyMa B OKTABHBIX ITOJIOCAX YACTOT:

Nar = 2mpeo R*Pymiywi0p (i — wy)*oun, (9)

re ¢g = 344 M/c¢ — CKOPOCTD 3BYKa B BO3JLYXE; MMy — Macca pabovero oprasa, npoyKra 1
BEJIOMOT'0 IIKHBA ¢ BajloM paboduero oprama, Kr; p — IJIOTHOCTb Bo3jyxa, Kr/M%; Kp — BOJHOBOE
YUCJI0; ) — KO3DPUIUEHT noTeph KoaedaTebHON SHepT.

3ByKOBass MOIIHOCTH  HU3JIydYaTesJeil  MEeXaHHIecKoro IMIyMa — TeXHOJOTHIECKOrO
000PYIOBaHUS 3aBHCUT OT Pa3MEpPOB UCTOYHUKA IITYMa U KBAIpaTa aMILTATYIB BEOPOCKOPOCTH
ero TMOBepXHOCTH. [IpuHHMasi BO BHUMaHHE MapaMeTpbl juHamuveckoil cucrembr (4) u (5),
CHUZKEHHE 3BYKOBOIl MOITHOCTH BHYTPEHHUX UCTOIHUKOB 1IyMa Ny TOCTHTALTCS Y MEHBITEHIEM
HAIPY3Kd Ha paboduit Opram MaIlUHbl, OBEPXHOCTH W3JyYeHUs, HOBBIIICHUEM YaCTOTDI
BLIHYZKIEHHBIX KOJIEOAHHH U JIeMIIHUPYIOMIHUX CBOHCTB CUCTEMBI.
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w107 1\\;\\&\
max 18 I —
X2 1074, /
N 1
I\I/L 15
12
2
9 \
6 > m,, KT
34 35 36 37 38

Puc. 5. l3amenenne aMILIMTY/IbI BEOPOCKOPOCTH

MEPBOA W BTOPOUA MAaCCHI B 3aBUCUMOCTH OT NEPBON MACCHI:
max max

1— 2 -1073 M/c; 2— @y -107* M/c .

Kopmycubie jgerasu  oBorepe3aTebHBIX MalIUH — Pa3/JIHYa0TCd  KOHCTPYKTUBHO,
dopmoit, radbapuTaMm W MaTepHaIOM, T.e. ABJIAIOTCH  CJIOYKHBIMU  KOJIe0aTeTbHBIMU
cuctemamu. KosebaTeabHas SHEPrus BHYTPEHHHX UCTOYHHKOB IIYMa IMepesiaeTcs Ha KOPILYC
TEXHOJIOTHIECKOTO 00OPY/IOBAHNSI, KOTOPBIH SABASIETCS UCTOYHUKOM aKyCTUIECKUX KOJIeOaHwmii,
yJaaBnBaeMbix Mukpodorom mymomepa, ¢gopmupytomum BAX. Kopryca texnosornueckux
MaIlliH PACCMATPUBAIOTCH KaK M3JIy4aTe/JU-IJIACTUHBI, COBEPIIAIONINE W3THOHbIe KOJICOAHUS
Mo/, ieficTBHeM BHYTDEHHUX HCTOIHUKOB nryma [1, 2|. MomrocTs u3nydenns kosrebarenbHOl
SHEPTHH TJIOCKUM KOPILYCOM OBOITepe3aTeTbHON MAaIlWHBI, HA HU3KUX W CPETHUX YacTOTaX,

ectn f < fi, [7]:

_ pCOKBZIZQP(?m%WI%HQ(p% - Wl%

2Xo

IJIe Xo — BOJHOBOE YHC/I0 U3THOHBIX KOJeOaHUil KOpIlyca Mallunbl; [ u [y — pa3Mepsbl
cTeHkn Kopmyca, M; Iy — pyukmus beccesst Hy1eBOro mopsijika mepBoro poja.

N, ) [1— Io(Kpl)] (10)

Ecau kpas mIacTHHBI OTCTOAT JIPYT OT JIpPyra MeHbIlle, YeM Ha IOJOBUHY JJINHBI
3BYKOBO#l BOJHBI, TO 3BYKOBas MOIMHOCTH, W3JyvdaeMas ILIACTHHON, yJABauBaeTcd. BoaHoBoe
YKCJI0 U3rUOHBIX KOJIEOAHUH [LJIOCKOIO KOPILYCa MAIIMHbL Ha KPUTHIECKOM YacTore Yo = /wg/L:

B
201 - 12)°

MOH_[HOCTB n3JjaydeHund IJIOCKUM KOPIIyCOM MallWMHBbI Ha BBICOKHX YaCTOTaX:

(11)

Ny = 0,25pco Pymiwi0p(p} — wi)*lalan, (12)

~ MOITHOCTD U3JTy4eHus upu f = fi,
~ Ha HU3KHX 4acTOTax Ipu Yo > Kp
N, = PE§1111277
4mm2wrm3(pi — wi)?0,’

(13)

rJie My, — yJe/abHas MAacca IACTUHBL; O HOCTOsHHAS Jyid [IaCTul; [)) — nepegarodnast
dyukus mepnoit maccer BAC;
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— Ha BBICOKHUX JacToTax Yo << Kp

E2, 141
Nn — 5 21 ; 27 - 7 (14)
8m,m3alp(p; — wi)?/wy
— Ha KpUTU4eckoil yacrore Kpg = xo
N E%Xglllﬂln Pu (15)
" SWQ(P — w20t myan/wr 1+ B
PCOXG
ﬁn - 5 16
wrmyy/1 — x?/ K% (16)
MomHOCTh W3y YeHus] TUINHIPAIECKHM KOPITYCOM MATITHHBIL:
npu KR, <1
Ny = 07257TZPCOZHK§R§POQW 9P°”k( - W}%)2777 (17)
npn KRy >>1
Ny = 0,572 peg Ryl P2ma0awi (p? — wi)?n. (18)

[Tostyuennbie BblpaykeHUs MOLUTHOCTU U3J1y Y€HU ILJIACTUHOM U IUJIMHJIPOM UCHOJIb3YIOTCs
JJIg  pacdera CTPYKTYPHOTO IIyMa — OJHOW W3 COCTaBJIAIONCH BHOPOAKYCTUYECKUX
XapPaKTePUCTUK TEXHOJOrm4IecKoil marmumubl. J[ist pacdera cocrapisromux BAX or apyrux
HCTOYHUKOB IIIyMa MPUMEHsIeM H3BECTHYIO 3aBHCHMOCTD [8].

Nu = pCOO_uSuV2777 (19)

rae S, — IJIOMAAb W3AyYalolel MOBepXHOCTH, M%; V — ycpenHeHHasd 110 BPEMEHH H
IIOBEPXHOCTH HOPMAJIBHON COCTABJIAIONIEH BEKTOpA KOJIEGATENIBHOM CKOPOCTH, M/C.

Hopmasnbnasi cocrasisioniasd BeKTopa Kojebare/ibHO CKOPOCTH Ha I[MOBEPXHOCTH
n3JIydaTess Mpejrno/araeTcss paBHOW HOPMAaJIbHON COCTaBJsIONIEell KoaedaTeabHOil CKOPOCTH B
BO3JIyXe Iepe/l MOBEPXHOCTHIO c(hepuuecKoro u3aydareis, IPU STOM aMILTUTY bl KojebaHuii B
JII000# TOYKE MOBEPXHOCTH OJIMHAKOBDLI. B aKycTHYeCKHX pacdeTaX aMILIATYIbl BAOPOCKOPOCTei

Mace ompezensiior mo sapucumoctsv (4) w (5).  I[lnomans w3stydaromeil MOBEPXHOCTH
06OpyIOBAHAs, PACIOIAraeMOr0 B MPOM3BOJICTBEHHOM INOMeNeHnn Ha moay S, = 2mR%
YpoBeHb 3ByKOBOI MOIHOCTH MCTOYHUKA U3JIydeHusd L, ; paBeH:

L,, = 10(lg N, + 12),1B (20)

2. MogenupoBaHue ko3(dduiinenTa n3JaydeHnd MIyMa OBOIIEPE3aTeIbHBIX
MalnmH

MzyiydeHne myMa MaIIdHON OIpeesigeTcst IMIaBHBIM 00pa30M KOJUYEeCTBOM 3BYKOBOI
SHEPIUM B CIUHMILY BPEMEHHM. B0 MHOIMX CIyYagx NPUHATO KO3(DDHUIUMEHT u3/IydeHus
HPOU3BOJIBHO BHIOPAHHON MOBEPXHOCTH € ITPOM3BOJILHBIM PaCIHpe/e/IeHueM 3HAYCHUH BEKTOPa
KOJ1e0aTeIhHON CKOPOCTH BhIpazkarh dopmystoit [1]:

P
Oy — ,\,2—, (21)
VZ2.p-c-S
rje P — 3ByKOBasl MOITHOCTR, N3JIydaeMas KoaeOomeiicsa KOHCTPYKIneit; ¢ — da3oBas
CKOPOCTDH PacCIpOCTpaHeHHs 3BYKa; p — IUIOTHOCTH BO3jyxa; S — ILIONAJb MOBEPXHOCTH
uzaydarens; V2 — cpejlHee 3HadeHHe KBajpaTa CKOPOCTH, M3MePEHHOe IIepIIeHIUKYIAPHO K
HOBEPXHOCTY HU3JTyIeHUS.
Kosdpdunuenr uziydenus nryma, KOTOPbIH 3aBUCAT OT pa3MepoB, (POPMbI, a TaKKe
YaCTOTHI 3BYKOBBIX KOJIeOaHUil, XapaKTePU3yeTCsd CJICAYIONMMHA OCOOCHHOCTSIMU:
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— ecJi KoJieOaHUs CHHXPOHHBI B TeX 00J1acTIX, pa3Mepbl KOTOPBIX OOJIbIIE JITHHBI
BOJIHBI KoJiebaHuii B Bo3jayxe (MPOTSKHBIH WCTOYHUK), TO 0, = 1. B TexHOJIOTHYECKOM
000py/IOBAHUN MOYKHO HPUHUMATh 0, = 1 iy Juana3ona okraBHbix dactor ot 63 g0 8000 I'i
C y4eTOM rabapuTOB WU3/IE/IN;

— ecJIM “JJIMHA BOJIHBI M3/IydaTe/is TPUOJIM3UTE/THHO PaBHA JJINHE 3BYKOBON BOJIHBI,
TOT1a 0, MOXKeT ObITH DoJIbIe 1;

— ecJi KOJIeOAHHUST UCTOYHMKA ITyMa CHHXPOHHBI TOJILKO B OIPAHHMYEHHBIX 00/1acTSX,
10 0, < 1.

B kadecTBe MPaKTHUECKOTO BHIBOAA /s CHUYKEHHS IIyMa M3IydaTean PEKOMEHIYIOT
JIeJ1aTh 110 BO3MOXKHOCTH HEOOJIBIINMI, & 00J1acTH IPOTHBOGMA3 pacioiararb Kak MOXKHO OJIHzKe
OJIHA K JIPYTO# (JIUIIOJb BMECTO MOHOIOJsI, KBAJAPYNIOJIb BMECTO JIUINOJsI, HepdOopupoBaHHAS
IJIACTHHA BMECTO MOHOJUTHON W ap.). MHOrja 3BYKOM3IyYeHHE MOYKHO CHU3HTH 33 CUer
pa3MeleHns JOMOJHUTEJIBHOIO HCTOYHUKA 3BYyKa (AHTHHCTOYHUKA) € IIPOTHBONOJOXKHOI
dazoit u HemocpeCTBEHHON OJM30CTH OT WMEMIIErocs UCTOUYHWKA.B oTaumdnme 0T 3TOTO JIst
U3JIyIeHUs BBICOKOH HEPIUd NPUMEHATb HCTOYHUKH, pa3Mepbl KOTOPBLIX JIOJZKHBI OBITD
OOJIbIIIe JIJIMHBI 3BYKOBOW BOJIHBIL. I TOYedHOro wm3jydare/id, T.e. MAaJIOro Teja, o0beMm
KOTOPOT'0 U3MEHSIeTCSI BO BpeMeHH, U3aydeHne B OeCKOHEUHYIO CPeLy paBHO:

S0
pleyat) = - 2 vs (= rfe) = 7o o g (L= /o), (22)

rje S — MOBEPXHOCTH TeJIa; ' — PACCTOSHUE MKy UCTOYHUKOM U TOYKON U3MEpPEHHU;

q — 00bLEeMHBIN TTOTOK.

MormrocTe  mW3Ay4YeHHS 1mapa  pajguycoM R, MyJbCHPYIONIETO €O  CKOPOCTHIO
jow-t

Vg = Vg, " € pPaBHa:
2 p2
p-c , KpR® _
N=L"C 4 7. pp BT 5 (23)
2 1+ K2R ™
KosddunuenT nzaydenuss BHYTPEHHUX UCTOYHUKOB MOYKHO OIIPEIC/TUTh:
KZ2R?
gy=— (24)
1+ K2R?

3. UccaenoBanme Ko3ddunmeHTa MOTEPh KOJe0ATEJIbHON >YHEPrUu B
KOHCTPYKIIASIX OBOINEPE3aTEeNbHBIX MAIITIH

3BYKOBYIO BHODAIMIO U3MEPSIOT C TEIbIO OMpeIeIeHI MEXaHNIECKNX XaPaKTePUCTUK
TBEPBIX TeJ (MeXaHWdecKasl CIIeKTpocKonwusi). [IpejcTaBisiioniue nHTepec XapaKTepHCTHKN —
3TO B OCHOBHOM MApaMeTPhl yIPYrocTh (MOIY/Ib MPOJOJbHOIN YIPYTOCTH WK MOJY/Ib CJBHUTA),
a TaKKe MOKa3aTe/lb BHYTPEHHUX TTOTEePh SHePruu Kojebanuii (koadduruenrta noreps). Kpome
u3Mepenuss uMueanca (1o sejaudune u hasze) MEXAHUUECKHE XAPAKTEPUCTUKU OlPEIE/ISIoT
nyTeM U3MEpPeHHs PEe30HAHCHBIX dYacTOT W BPEMEHH WX 3aTyXaHHs WIH TOJYITHPUHBI
pe3onancHoit kKpuBoil. Vcxomada u3 3amMepeHHOil pe30HAHCHOW YacCTOTHI, MOJYYaiOT UCKOMBI
MOJIYJIb, &, 3Hagd BpeMs 3aTyXaHus (peBepOepaliiu) WIH MOJYIITMPUHY PE30HAHCHON KPUBOIi,
HaXoJAT KO3MMUIUEHT IOTePh.

Buibop criocoba u3mepenuns 3aBUCUT OT Olpe/ie/isieMoil Xxapakrepuctuku. Ha npakruke
MMUPOKO TPUMEHSIOT MaJjible 00pa3iibl, KOTOPhIE BMECTe C MaCCOoi 00pa3yoT pPEe30HAHCHYIO
cucrtemy. Kpome Toro, ciejgyer obpaliarh BHUMAHHE HA TO, YTOObI He OBLIO YTEYKU SHEPIrUu
B MecTe KpelieHHsd o0pas3la WIW W3-3a MOTepb B pe3ysabTaTe H3JIydeHWs, OCOOEHHO MpHu
c1ab0 JeMIpupoBaHHBIX oOpa3nax. B mpoTuBHOM ciydae 3amMepbl HEOOXOIMMO ITPOBOIUTL B
Bakyyme. CorjiacHO JIMHEIHON Teopuu 3BYKOBBIX IIPONECCOB, MPHU JAeMI(DUPOBAHUN 3BYKOBBIX
BHOpaIit Ko3GPUIHEHT TOTePh MOKHO ONpPEIeTUTh CJepyonmM obpasom [8):
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Wi
=— 25
" 2-7-W,’ (25)
rie W, — Bubpanmonuasi SHEpPIrus, TepSIONAsicad B CHCTeMe 3a KDPyroBOi ITHKJI

koJsiebanuit; W, — BubpanuonHas SHepPrus, BHOBb NOCTYIUBINAS B CUCTEMY.

Cxuronnocts Bo36yauTesss BAC k mepenade BuOpanun MOXKHO OIEHHTD IT€pPeIaTOIHOIMN
dyuknueit E, onpenenseMoil OTHOIIEHHEM aMILIATYH BEOpocKopocTeil Ha BbIXode Vo W BXoIe
cucrembl Vi [3, 9, 10, 11|. Tus momenn, Bo3OyKaaeMoil 9acTOTON Wy

Vi = Xowk, (26)

Avmuryay Vo HaXomuM CaeayionuM 00pa3oM:

: Pyy/w? + 4e? 2
Ty = % sin | wit + arctan - : (27)
m(w; + 4e?) W
P
Vo= —— (28)

my/w? + 4e2’

[lepenarounasa dynknus ognomaccopoit BAC ¢ memmdgupoBanuem:

E, = B , (29)
2

2
Xowymp (;k) +7°

Anajim3 3aBucuMocTeil mapaMerpoB KosiebaTe ibHON OIHOMACCOBON cucteMbl K u 5 or
€€ OTHOCHUTEJbHOH 4YacTOTHOI XapaKTepUCTHKHU IMOKA3bIBAET, YTO B JOPE30HAHCHOM peyKuMe

(%) < 1 koaddunuent quramuanocTn (ycuaenus) (3, onpegesnsieMbiii mo dpopmy.ie:

5= ! , (30)

2 272 2
N et 3 Wk

BO3pacCTaeT C IIOBbIIIE€HHUEM YaCTOTbl BbIHY2KI€HHBIX KoIeOaHnil W CHUKEHHEM

JeMIUPYIONIUX CBOKCTB cHCTEeMBl. B pe30oHaHCHOM pexKume (%) = 1 yBesuuenue [

HauboJjiee 3HAYUTEJIBHO OT 00 JI0 2. B 3TuX pekmMax Ha BO3pacTaHHe aMILTATYAbI KOJIeOaHmii
CYIIECTBEHHOE BJIMSHUE OKA3BIBAIOT JAeMIpHUPYIONIHE CBOMCTBa cHCTeMbl. B 3ape3oHancHOM

peKmMe (%) < 1 Ko3dpuImeHT TMHAMIIHOCTH CHUKAETCS 10 BeJIMIUHBI MEHbBIIeH e IMHHUIIbI.

Ilepenarounas &dyukiusgs BAC yMmeHbIIaeTcss ¢ BO3pacTaHHEM YacTOTHI BBIHYKIEHHBIX
KoJiebaHMil BO BceX pexkuMax paboThl obopynoBanudg. Jlemmdupyionme cBOHCTBA CUCTEMBI
OKa3bIBAIOT BJAUSHUE HA BEJUYMHY F IIPAKTUYECKHU JIUIIb B J0pe3oHaHcHoil obyactu. [loaromy
IpU YCTAHOBHUBIIEMCS PeKHME PabOThl 000PYI0BAHUS % > 4 BjugHHeM JIeMII(pUPYIOIHX
CBOMCTB Ha TepefaTouYHyl0 (DYHKIWIO MOXKHO MpeHeOpedb, TOTIa pacdeT MepeaaTOqHOl
GYHKIIUH YIPOCTUTCS:

Fo
Ey=——. (31)
Xomwy,
Cumxkenne mepengarounoii ¢ynkmun BAC gocturaercs yBelndeHHEM MAacChl U
YACTOTbHI BbIHYKJIEHHbIX KOJieOaHUil, a TakyKe CHUKEHUEM aMILIUTY/Ibl BHeINIHel Harpy3ku. B

CBA3M C TeM, 4YTO pacder Koddduiumenra morepb Koj1e0ATETbHON HEPIHU B KOHCTPYKITHSAX
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TEXHOJIOTTIECKHX MAITUH aHAJTATHIECKHM [Ty TeM CJIOYKeH M3-3a BJHAHUS PA3TUIHBIX PaKTOPOB,
1eJecO00PA3HO OMPEIENATh 1) YKCIEPUMEHTATBHBIM MyTeM M0 BeJIUYnHEe BUOPOCKODOCTH HA
BXOJ€ U BBIXOJE CHCTEMBI II0 PE3y/IbTaTaM I'apMOHMYCCKOrO aHAJM3a OCHUJIOIPDAMM IPOLECCa
HATPY2KeHHS MAIlUHbI B POIecce padboThl.

3akJ/roueHue

[IpoBegennbie HccIeI0BaHASA BUOPOAKYCTHYECKHUX MPOIECCOB BHYTPEHHUX MCTOYHUKOB
IIyMa OBOIlllepe3aTe/ibHbIX MalllMH LUPeJUPUSTUHl [HUTaHUs [103BOJU/IA MaTeMaTU4YeCKU
OIMCATh BHOPOAKYCTHYECKHE TIPOIECCHI, IMPOUCXOJAIINE B KOHCTPYKIHMAX ISTHX MAIUH,
UCTIOJIB3Ysl CHHTE3 aKyCTHYeCKUX W JuHamMudeckux Mojeseii. IlepcrnekTuBa jaabHeRTmx
UCCJICJIOBAHUI JIEZKUT B pa3pabOTKe METOJUKH pacdeTa BUOPOAKYCTUUCCKHUX XaPAKTEPUCTHK
OBOIIIEPE3aTE/IBHBIX MAIIHH NPEAIPUITHH 0OMEeCTBEHHOIO TUTAHUSI.
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MoxkeT Jam OJUTeIbHOE HOIIIeHNEe HAYIIMTHUKOB YBEJIMUNUTH PUCK
pa3BUTUSA TUNIEPaKy3uu”’
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L nan., mpodeccop, BI'TY "BOEHMEX" umenu 1.®. Yerunosa
2 k.1.1., mpodeccop, BI'TY "BOEHMEX" nmenn /I.®. Yerunosa
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4 KAMLH., cT. HayuH. coTp., CankT-lleTepOypreknil HayIHO-NCCICI0BATENLCKAN HHCTHTYT yXa,
ropJia, Hoca u peun Munszapasa PO

AnHoTanusa

DdderT BO3AEHCTBUST IUTETLHOTO HOIIEHUs] HAYIIHUKOB HAa (DYHKIMU CIYXOBOTO AHAIM3ATOPA
CPaBHUTEJIHHO XOPOITO W3y4Y€H, HO BJUSHAE HAYNIHUKOB HA PA3BUTHE HUINOMATHYECKON THUMEPAKy3WH He
oTpaxkeno B mybaukamusx. [IpoBemeno obciaemoBanme ABYX rpymn J00poBOJbIeB. B cocras 1-it rpymnmbl ObLin
BKJfoYeHbl 20 CTYAEHTOB, HPOCJYIIMBAIOMMX Ay/IUOIJIeep C HAylIIHMKAMU-BKJIAJbIIIAME OoOsiee 3-X 4acoB B
JIeHb Ha [POTs?KEHUW HOcJenHux 3 jer (B 7 ciydasx — He MeHee 6 4acoB B seHb). Bo 2-10 rpylily Boumuiu
CTYZIEHTHI, HE HUCIOJIb3YIONINE AyIUOIJIeeD WM IMPOCIYIABAONME ero Menee 1 daca B JeHb. He BbISIBIEHO
BIUSHAE JJUTETHHOTO TPUMEHEHHWS HAYITHUKOB-BKIQJBINENH HA YaCTOTY WIUOTATUYIECKON THUIEpPaKy3WH,

OHAKO HEOOXOIMMO MPOJOIKUTH MCCIEIOBAHNE STOTO BOMPOCA B JUHAMHUKE.

KirroueBble cjioBa: HayUIHUKU, AyUOILIEED, PUCK, UIEPAKY3HUS.

Can long wearing of headphones increase the risk of the development of
hyperacusia?
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Abstract

The effects of prolonged wearing of headphones on the functions of the auditory analyzer are relatively
well understood, but the impact of headphones on the development of idiopathic hyperacusis is not reflected in
the publications. The 1st group included 20 students listening to an audio player with in-ear headphones for
more than 3 hours a day for the past 3 years (in 7 cases - at least 6 hours a day). The 2nd group included
students who did not use an audio player or who listened to it for less than 1 hour per day. The effect of
prolonged use of in-ear headphones on the frequency of idiopathic hyperacusia was not detected, however, it is

necessary to continue the study of this issue in dynamics.

Keywords: headphones, audio player, risk, hyperacusis.
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Beegenne

Cozgare/in mepBOTO TMOPTATHBHOIO KacceTHOro marautodona Sony B 1979 romy He
MOTJIM TPE/INOIOKHUTD, 9TO UX M300peTeHne MpuBeeT K HACTOAIICH SMUJIEMUN TYTOYXOCTH.
[locTostHHOE TpOCJAYIINBaHUE I'PDOMKON MY3BIKH 4Yepe3 HAyIIHUKU Ha YJUIE, B CIOpT3aJie, B
TPAHCIIOPTEe W Be3Je, Ile TOJHKO MOYKHO, HeH30eKHO BelleT K CHUKeHHIo ciayxa. OcobeHHo
MHOrO TakuxX HaydHbix coobmenuit B CIHIA, rme, manpumep, npu ompoce 280 CTyIeHTOB U
ACIMUPAHTOB OKA3aJI0Ch, 9T0 84% W3 HUX - HOCTOSIHHBIE MOJIb30BaTen HayHUKOB (N = 236).
Pesyabrarer mokaszanu, aro 44% pecnoHgaeHToB, KOTOPHIE MCHOAL3YIOT HAYITHUKN €7KeJHEBHO,
He CYUTAIOT, YTO HUCIOJb30BaHWE HAYIIHUKOB MOXKET KAKUM-JTHOO0 00pa30oM MOBJIMATH HA HX
cayX. Tpuamars mponeHTOB pPeCHOHJEHTOB HOJATBEP/NJIN, YTO OHHW HMCIHOJIB3YIOT HAYITHUKH,
IOTOMY 4YTO MX HCIOJIL3YIOT JApYIHe IOAPOCTKH, B TO BpeMd Kak 25% NDoATBepAuM/Id, 4UTO
HOC/Ie MCIOJb30BAHUA HAYIIHUKOB OHM CAbIAT 3BOH B ymax. Oxosno 33% coobmmin,
9TO WCHBITBIBAIOT MOTEp cHa Houbio [1]. B mocieanme rogpl momdepKuBaeTcs, dTO
HCII0/Ib30BaHIE HAYIITHUKOB-BKIAIBITIEH BhI3BIBALT HAMOOJbINKE moTepn ciayxa. Obcyxkaercs
TakyKe BJIWSHHEe HAYINTHUKOB Ha CJIYXOBYIO (DYHKIHMIO HEKOTOPHIX KaTeropuit pabOTHUKOB.
YVrayOneHHble UcCCaeOBaHUS Yy pabOTHUKOB KOJLI-TEHTPOB, IUCHETYEPOB, 3BYKOOIEPATOPOB,
paboTaoIIMX B HAYIIHUKAX, TaKKe M0KAa3aJii Pa3BUTUE TYIOYXOCTH Y 4acTU O0CJIe0BAHHBIX
[2, 3, 4]. Baxkno ormeTuTh, YTO HApSLYy CO CHHYKEHHEM CJIyXa IOJIh30BATEH HAYITHUKOB
NPEIbIBIAIOT KaJ00bl HA HEMOTUBUPOBAHHBIN TIIYM B YIITax, TPYAHOCTH ¢ TOHUMAHUEM DPEYH,
rOJIOBOKPY KeHNe, MUCKOMMOPT B OTHOIIEHHH I'PDOMKHX 3BYKOB U YYBCTBUTEIBHOCTH K IIIYMY
[5,6,7]. Takue siBienuss Gosiee XapaKTEPHBI JJisl MOPAaYKeHWH YIUTKA U JJIsl EHTPATBHBIX
MEXaHU3MOB HapyIIeHWs CIYXOBOTO aHAIN3aTOpPa, a HAa MPAKTUKE OHU HEPEIKO COYeTaloTCS
¢ runepakysueii. Ecjiu BONpoc BO3AefiCTBUS JJIMTEIHHOTO HOIIEHUS HAYNIHUKOB Ha (DYyHKIIHH
KaK mepudepruyeckoro, Tak U MEeHTPAJBHOTO OTJ/EJIOB CJIYXOBOIO aHAJIU3aTOpPa CPABHUTEIHLHO
XOpOIIO M3Y4YeH, TO TaKoe BJIMSHUE Ha Pa3BUTHE THUIEPAKY3UH He IPHUBJIEKAJIO BHUMAHUE
HCCJIE0BATEIIEN.

lNunepaky3usi mnpejcraBiager cobOil COCTOsHME, HPH KOTOPOM OOJIbHBIE OIEHUBAIOT
cinabble W cpejHeil MHTEHCUBHOCTU 3BYKHM KaK CBEPXI'DOMKHE, JaKe C OOJIEBBIM OTTEHKOM
[8,9,10]. Hepeako 310 Mernraer BBHINOJHATH TeKyIlylo pabory. HapyimeHus: meHTpasbHBIX
nporieccoB 06pabOTKU 3BYKOBO# WHMOPMAIIUN TPUBOIUT K TOMY, UYTO 3BYK MOYKET UMETh MAJIYIO
CHUJTy, HO OTPOMHOE CUTHAJIbHOE 3HaUeHne. B omHNX caydasax runepaky3us aBIsgeTcs BTOPUIHBIM
CHHJPOMOM IIPH IEJIOM Dsifie CDABHHTEeJbHO peakux 3aboiesanuii [11,12] u B nameit pabore
He PACCMaTpPHBAIOTCA. B JADYrHX Caydadx HAMONATHYECKYIO (BBI3BAHHYIO HEyCTAHOBJIEHHOI
NPUYUHON ) PHIIEPAKY3HI0 PACCMATPUBAIOT KAK CAMOCTOSITEIbHOE 3a60/1eBaHie, COOTBETCTBYIOIIEe
MOHSTHIO «UIMONATHYECKAsT HEIIEPEHOCUMOCTh OKpyzKaromieil cpeisi» (IEI) mpuMenuTe bHO K
IITYMOBBIM BO37eiicTBUAsAM. B nasibHeiireM Mbl OyIeM MOTb30BaAThCA TEDMAHOM «HIHOTATHIECKas
runepakysus (UT'A)», kak oxnoit uz dopm IEL. K nanbosiee BeposiTHbIM HPUYMHAM DA3BHTUS
NT'A moryr ObITh OTHECEHBI HMEHTPAJIbHBIE PACCTPOICTBA CJIyXa W HAPYIIEHWS BEreTaTUBHON
PeryJIsInH.

1. Omnenka BJANSHNA BHY TPUKAHAJIbHBIX HAYIIIHUKOB HA YaCTOTY CUMIOTOMOB
TUIEpPaKy3Uu y JIUIL MOJIOJOr0o BO3pacTa

Henbto  ganHONl  pabOTHI  dABJISETCA  HUCCJIEMOBAHWE YACTOTHI  MIHMONATHIECKOI
TUTePaKy3uu Y MOJIOJIBIX JIIOAEH, JTJIMTEeTbHO UCIOB3YONMNX BHY TPUKAHAIbHbBIE HAYIITHUKN.

UccrenoBanns Obln poBesieHbl y 38 100poBoJibieB (16 MyzK9uH, 22 JKEHIUHBI) B
Bo3pacte or 18 10 25 Jier (cTymentoB). B 9Ty rpyniy He BKIOYAINCH JHIA C YKAIOOAME
Ha TATOJOTHUI0 OPTaHOB CJIyXa, CEPAeYHO-COCYINCTON W HepBHOM cucteM. B cocrap 1-it
rpyuibl ObLin BK/IOYeHbl 20 CTYJIEHTOB, HPOCYIIUBAIONIAX Ay IUOILJIEED C BHY TPUKAHAJbLHbIME
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HayTTHUKaMu GoJiee 3-X 9acoB B JIeHb Ha MPOTSKEHNW TOCAeTHUX 3 JjieT (B 7 ciydasx — He
MeHee § 9acoB B JIeHb). B0 2-10 rpyImy BOILIH CTYJIEHTHI, HE UCIOJb3YIONIHe ayUOILIeeD WK
IPOCJIYITMBAIOIIHE ero MeHee 1 yaca B jienb (puc 1). Kpome Toro, y Jtui 2-if rpyInb! BeISICHSLIN,
10JIb30BAJIUCH JIU OHU ay/uolljieepaMy paHee U CKOJIbKO 4acoB B JieHb. B ucciieyeMbie rpyIiibl
He BKJIIOYAJINCH JIUTA, UCIOJAb3YIONHEe ayIuomieep oT 1 10 3-X 9acoB exKeTHEBHO.

Kon-so Kon-so
MeHee yaca M bonee 6u4acos M Bonee 3 yacos M ManonaTtuyeckan runepakysua M Het xanob

25 25

20 20

10 100% 10

Mpynnal lpynna2 Mpynnal Mpynna2

Puc. 1. Vcrosib30BaHme HAYTTHAKOB Pnc. 2. Pacnpenesenne kajiob Ha
y 100pOBOJIHIIER runepakysuto y jgobpososbies (P>0,05)

Bcewm obcnenyempbiM mpoBoauics yrryoaennsiit ocmorp JIOP-cnemuastncTa, BKIIOYAONT
OTOCKONHWIO, UMIIEJAHCOMETPUIO W PETUCTPAIAIO 3aJePKAHHON BBIZBAHHOW OTOAKYCTHYECKON
smuccnn (3BOAD). na soigpienus VIIA 6pin mcmosnb3oBan onpocHuk Bammrreiina [13],
3 PEKTUBHOCTH KOTOPOTO ObLTa TOATBEPZKIEHA U B COBDEMEHHBIX HCcaeqoBanusx [14, 15].

Pezysibrarnt uceieioBanns NOKa3a/in, 9T0 y CTYIEHTOB, ITPOC/IYITUBAIONIIX &y HOILIeeD
6osiee 3-X 4YacOB B JIeHb, W y HEe UCIOJB3YIOMNX TakoBoit nmpusnaku VI'A obuapyxuBatoTcs
B 25% u 22%, coorBercrBenno (P>0,05). To ecTh, HA HepBBI B3MJsI, WCIOJb30BAHUE
BHYTPUKAHAJTBHBIX HAYITHUKOB He CBSI3aHO € HEMEPEHOCHMOCTBIO PA3JUYHBIX IIYMOB (puc. 2).

Opanako yryyOJIeHHBIHE OHPOC B HUCC/AEAYEMBIX TPYNNax IOKa3aj CyIeCTBOBAHUE
Gostee caoxkHOM 3akoHOMepHOcTH (puc. 3). B 11 u3 38 ciyuaes obGcienoBaHHbIe yKa3auu,
9TO CTaJU TOJb30BATHLCS HAYITHUKAMU B CBSI3U C Pa3/ParKaiolNuM JIeiicTBHeM TIyMa B
nepuoj, paborel wau orasixa (P <0,05). Oxanako B JajbHeIeM mecTepo OTKA3AJIUCDH
OT HAYNIHUKOB (2-s1 Ipymia) , Tak KakK WX <«pas3jipazkaer Jo0o# 3BykoBoil ¢don». Takoe
sIBJICHHE 10 Pe3ysibTaraM TecTHpoBaHus He Bceerja MoxkuO orHectu kK VI'A um ckopee oo
cooTBeTCTBYeT Oo0Jjiee MUPOKOMY MOHATHIO «(poHODoOusay. (OMHAKO B MEPCHEKTHBE HEIb3sI
UCKJIIOYATHh PA3BUTHE Y HUX TMOJHOINEHHOW THuiepaky3un. KEime 2 dejoBeka w3 2-if IPYIIIbI
paHee OTKA3aJIUCh OT JJTUTEJIBHOIO TPOCJYIIHBAHKS ayauoIeepa (10 3TOro UCHOIb30BAIH €ro
3-6 4acoB B JIeHb) M3-3a KAJ00 HA HEMEPEeHOCHMOCTH TPOMKHUX 3BYKOB, YTO 10 COBOKYITHOCTH
coorBercTBOBaJIO HOHsITUIO «TA». B 4 u3 20 ciayuasx B 1-it rpylie ucciejyemMmbie 00bsCHAIN
HOIIEHHE ayNoILIeepa HeOOXOMMOCTBIO 3alUThl OT APYTUX BHOB IIyMa (TPDAHCHOPTHBIA My M,
TesleBU30p U Ap.). [Ipw 9TOM BCe OHH OTMEYaJIH, YTO <«3all[UTHOE» JefiCTBHE ayIHOIIeepoB
HOCTENeHHO c1abeer.
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B cronb3oRaHWe HayLWHUKOB A8 MPOCAYLIMBaHUA ayAuonaeepa, anob He BbiaBIeHO
® Ycnonb3oBaHWe HayLWHUKOS N8 MaCKMPOBKK OT Wyma
B OTKa3 OT MCMOMb30BAHMA HAYLWHMKOB B CBA3MU C "doHodobuel" (ckpbiTaa MIA)

® OTKas OT MCMo/b30BaHMA HaYLWHMKOB B CBA3M C HEMEPEHOCMMOCTBIO FPOMKMX 3BYKOB (cKpbiTaa UTA)

Puc. 3. Pacnpenenenune NpuyYrH UCHOJB30BAHUS WA OTKA3a OT HAYNTHUKOB y 00CIeTyeMBIX

Takum obpa3oMm, pacHpOCTPaHEHHOCTb AayJIHOILIeePOB B  COBPEMEHHOM  MHUpE
MOJUITUOJIOTAYHA W OJHOW W3 TPUYUH ITOTO SBJEHUs SBJISIETCH IIYMOBOE 3arps3HeHue
OKpyKalomei cpeabl. MoJIosible JTIOAN Hepe KO UCIOIB3YIOT ayauoIIeephbl He I peKpearun,
a JIg 3amuThl o7 Hazoiauoro iyma. Ho B mojioBuHE ciiydaeB B JlajdbHEHIIEM OT
HUX OTKa3bIBAIOTCSA 110 PA3HLIM TpPUYMHAM.  DBce BBIMEn3/I0KEeHHOe CBUJIETEIbCTBYET O
HEOOXOIMMOCTHU  IIPOJIOJIZKUTD HCCJIeIOBAHUE NPUYUH U IOCJIEJICTBHIl JITUTEJIHLHOIO HOIICHUS
HaymuukoB. [Ipm sTOM ciemyer NMpoBecTH CKPUHHUHTOBOE MCCJIEJOBaHHE B Ipejestax OoJee
CTAPIIUX BO3PACTHBIX TPYII, TaK KaK 3IBOJIOINUS TUNEPUYBCTBATEJIBHOCTH K TTYMOBBIM
Pa3JpaKUTEJIM - HPONECC JOCTATOYHO JJINTEJIbHBIN. Jannbiit Boupoc wumeer ocoboe
3HAYEHMe JIJIsT OXPaHbl TPY/a MepcoHasa, paboTaoINero B HaylHIKaxX (CBS3HCTHI, PaOOTHUKH
KOJIJI-TIEHTPOB, JUCIETYEPhI, 3BYKOOTIEPATOPHI ).

BaxxHo 0OTMeTHTH, UYTO IPU3HAKHU PaHee IMepPeHeCeHHBIX BOCHAJIUTEILHBIX 3a001eBaHni
CpPeJ/IHETO0 M BHYTPEHHEro yXa, HapylleHHs 3BYKOIPOBEJIEHHS WM 3BYKOBOCIHPUATHS HUKAK
He ObLIN CBS3aHBI C HENEPEeHOCHMOCTBHIO TpoMmkux 3BykoB (P>0,05). Tlosyuenuble nanHble
CBUJIETEIBCTBYIOT 00 OTCYTCTBUU CBsA3u Mexkay cuHiapomom VT'A w u3meneHusmu B cpejgHem
M BHYTPEHHEM yXe (HApYIIeHUs 3BYKOIPOBEJEHUS W 3BYKOBOCHPUSATHSI). DTO MOATBEPXKIAET
MHEHHE O pelIaolneM 3HAUeHUH BereTaTHBHBIX HapylneHuil B passurun VI'A.

3akJ/rouyeHue

B npomecce wuccieioBanus  He BBISBICHO BJAUSHUE JIJIUTEJBHOTO [PUMEHEHUS
BHYTPUKAHAJIHHBIX HAYNTHUKOB HA YaCTOTY WIHONMATHUYECKON rumnepaky3un. He obHapyzkeHo
TaKyKe CBS3W MeXKJy HENePeHOCHMOCThI0 TPOMKHWX 3BYKOB W U3MEHEHUsIMH B CpeJHEM W
BHyTpeHHeM yxe. B 29% ciy4aeB Mosioable JIIOJM CBA3BIBAJIU JJTUTENbLHOE IPUMEHEHHE
ayJINOTLIeepOB ¢ HEOOXOAUMOCTHIO 3AIUTHl OT BHEITHEeTo IyMa B TepHoj, PadoOTHl U OT/BIXA,
HO I03/[HEe B MOJIOBUHE CJAYy9YaeB OT HHUX OTKA3aJMCh. ODTO CBUJIETEIbCTBYET O TOM, UYTO
NPUYUHONH paciupoCTpaHeHUs ay/IMOIJIeepPOB SABJIsSIETCS He TOJAbKO MOJA WJH pPeKpealusi, HO U
HapacTarolas 1MyMOBas 3arpsiI3HEHHOCTh OKPYZKaIOIeit Cpejibl.
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IITym aBTOMOOMJIBLHOTO TPAHCIIOPTA
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AnHoTanus

ITokazano, 94T0 OCHOBHBIM (DAKTOPOM HEraTUBHOI'O BO3EUCTBUS HA OKPYKAIOULYI0 CPEIy SBJISIETCH
IIyM aBTOMOOMJIBHOrO TpaHcmopra. PaccMarpwBaioTCs NTPUYUHBI BO3HUKHOBEHUS IyMa ABTOTPAHCIIOPTA,
KaK €JWHUYHBIX HCTOYHUKOB ITyMa, TaK W ABTOTPAHCIOPTHOTO MOTOKA. OUHCAHBI SBIEHUS, BIUAIONIAE
Ha PpACIpOCTpaHeHWe W 3aTryXaHwe 3ByKa. llpencraBiena obmas wHAGOpPMAIUS O METOIAX OIPEIe/ICHUs
TMyMOBO# XapaKTEePUCTUKN aBTOTPAHCIIOPTHOTO TTOTOKA C TIOMOIIIBIO HATYPHBIX M3Mepennii. PaccMoTpen Bompoc
mopmupoBanus imyma B Poccum m apyrux crpamax. Jlawmo mpejcrassienne 06 OCHOBHBIX IIIyMO3AIIUTHBIX
MEPONPUATUAX [IJIsi ABTOTPAHCIIOPTHOTO MOTOKA. llokazambl cyrmecTByfoIue npobIeMbl, CBSI3aHHbBIE C OIEHKOM

IryMa aBTOTPAHCIOPTHOTO TTOTOKA.

KuroueBbie cjioBa: IIIyM, ITyM TPAHCIOPTHOTO MOTOKA, PACUYET TIyMa, PACTPOCTPAHEHUE IIyMa,

CHUKEHUE MTyMa, MyMO3alUTHBIE 3KPaHbl, HOpMUPOBaHUE TITyMa.

Highway Traftic Noise

Vasilyev V.A.', Ksenofontova V.K.?
L Applicant, 2 Post graduate student
1.2 Baltic State Technical University « VOENMEH» named after D.F. Ustinova, Russia, St. Petersburg

Abstract

It is shown that the key factor of the adverse environmental impact is the motor vehicle noise. The
causes of the motor vehicle noise from individual noise sources and traffic flow are considered. Phenomena
affecting the sound propagation and attenuation are described. General information about methods for
determining the traffic flow noise characteristics using in-situ measurements is presented. The issue of noise
regulation in Russia and other countries is considered. An idea of the main traffic noise mitigation measures is

given. The existing problems related to the traffic noise estimation are shown.

Keywords: noise, traffic flow noise, noise calculation, noise propagation, noise reduction, noise

barriers, noise regulation

Bsenenue

B xagecTBe 0/1HOI0 13 OCHOBHBIX (DAKTOPOB HEMATHBHOI'O BO3/IEHCTBIS HA OKPYKAIOTILY 0
CpeJly CerojiHsI pacCMaTPHUBAIOT IITyM aBTOMOOWJILHOTO TpaHCIopTa. BceMupHasi opraHu3aims
snpasooxpanennss (BO3) mpusHaer myMm, Kak Cepbe3HYI0 U IIHPOKO PACIPOCTPAHEHHYIO
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OMACHOCTH JIJIs 3/10pOBbs 4esioBeka. Illym okaswiBaeT HeraTWBHOE BO3JEHCTBHE Ha HEPBHYIO
U CEePJEYHO-COCYIUCTYIO CHUCTEMBI, PEIPOJAYKTHBHYIO (DYHKIIMIO YeI0BEKAa, BbI3BIBAET
pazjpakenue, HapyIIeHHe CHA, YTOMJIEHHE, AarpecCUBHOCTH, CIOCOOCTBYET MCHXUIECKUM
zabosieBanusm. BO3 coobimaer «... 1m0 MeHbIneil Mepe, OJuH MUJLIKOH JIeT 3J0POBON KU3HU
TepsIeTCst KazKbIil NO OT BO3AEHCTBHsI MOBBIIIEHHOIO MIyMa, B 3amaaaoil yactu EBpombiy [1].
Jlannasi cUTyalus BbI3BIBAET BCE DOJIBIIYIO 03a009€HHOCTD.

C 1esibl0 MUHUMH3UPOBATD BJIHSHUE aBTOMOOUIBHOTO IMIyMa, HEOOXOAUMO MOHUMATH
IPHUPOJY BO3HUKHOBEHHUSI MTYMa aBTOMOOWIHHOTO TMOTOKA, KAaK MPOUCXOAUT PAaCIpOCTpaHEHHe
1myMa, U Kakue MeTOJbl CHUZKeHUs IyMa cyinecTByior. Ha pucynke 1 mokaszaHbl OCHOBHbBIE
JIEMEHTHI BOS,ZLefICTBHH aBTOMO6I/IﬂbHOFO nryMma.

B ucmodHuke wyMa; __ Ha nymu " Dfvexkm Boadedcmbus:

-mun abmompaxcnopma ; pacnpocmpaHeHus: ; -yenobek
-UHMeHCUBHoCME . -pensed -xubomHuie
-CKopocme dBuxexus -3kpaHupobakue
=MuUn NoKPsIMUS =3fpexrm 3emMau

-3fdexrm amMocPeps

Puc. 1. Cxema Bo3feiicTBUS TIIyMa

1. UcToyHUKU aBTOTPAHCIOPTHOTIO IITyMa

OCHOBHBIMH ~MCTOYHHKAMY ABTOTPAHCIIOPTHOTO MIYMa SBJIAIOTCA:  IMIYM  IIPU
B3aUMOJICHCTBUN TIMH ¢ JOPOXKHBIM mosoTHOM (40 — 120 KM/4), aspojamHAMHYECKHii
HIyM Kopiryca aBroMobusisi (TypOy/ieHTHbIe moToKH) (npeBasupyer Ha ckopoctr or 120 KM/ 4),
W IIyM, BBI3BAHHBIN arperaraMi aBTOMOOWIIs (JBHraTelh, BBIXJION, TPAHCMUCCHS W JIp.)
(mpeBasmpyer Ha ckopoctu 10 40 km/4) [2, 3, 4].

BzanmogeiicTBue MexkIy IMHHAMH H JIOPOXKHBIM ITTIOKPBITHEM SIBJISIETCST CJIOKHBIM
LPOIECCOM, BKJIIOYAIONIMM adPOJAUHAMUYCCKUN IIyM BpAIEHUs KOJIECA M IIUHBI, IIyM OT
BUOpAIMY OBEPXHOCTH IMHHBI W B3aWMOJEHCTBHUS C JIOPOKHBIM IOKPBITHEM, a TaKKe,
KoJebaHMe JaBieHns B jgeMenTax nporekropa [5]. Ha mym aBTOMOOHIBHBIX INMHH BIHSIOT
TaKde MapaMeTpbl, KaK PUCYHOK MPOTEKTOpa, KOHCTPYKIMA IIMHIOB W JaMeseil, JaBleHue
B IIWHEe, TabDapHTHBIE pa3Mepbl, a TakKe, TUI M COCTOSHWE JOPOKHOTO MOKPBITHSA, IO
KOTOPOMY OCYIIECTBJIsIeTCsl JBUzKeHue [6]. YBeqnuenue MUPUHBL U YIJIa KAHABKH MPOTEKTOPA,
nobaBjieHne K TONEPEYHbIM KAaHABKAM KOJBIEBBIX H «DAaHJIOMHU3AIA» PUCYHKA MPOTEKTOPA
NPUBOIST K CHUZKEHHIO mryma [7).

B neificTBytomeit HOpMaTHBHON JTOKYMEHTAIIUN PacCMaTPUBAIOTCA TPHU TUTIA TOKPHITUI
npoesxkeii wacru:  GeToH (HIepoxoBaTas TOBEPXHOCTHast o6paboTka), acdaabrobeToH u
mebeHouno-mMacTuaubiii  achaaproberon (IIIMA). Haubosee tuxum, B COOTBETCTBUH C
HOpMATHBHON Jokymenrtarueii (8], sBasiercs mokpeirne ITIMA. Crour ormernTsh, 4WTO Ha
MIYMHOCTH TOKPBITHI BIUSET 36PHUCTOCTH COJAEPYKAIUXCS TPAHYJ U OCTATOYHAS TTOPUCTOCTH
(MeHbIIHUiT pa3sMep TPaHYJ U BBICOKasl MOPUCTOCTH (HopMUpPYIOT Gojiee THXHE TTOKPHITHSA).
Yro Kacaercs GETOHHBIX MOKPHITHH, TO HA WX IIYMHOCTb BJIMSIET TEKCTYpa MOBepXHOCTH [6].
Baxkuoit 3ajaueii siBjsieTcst HOJJiepKaHue aKyCTUYECKUX CBOHCTB MAaJIONIYMHBIX HOKPbITHI
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Ha TIEPUOJI KCILIyaTauu. B JaHHblil MOMEHT BeJyTcs pabOThI MO pa3padOTKe MajIoNTyMHBIX
IMMOKPBITUIA ¢ TOBBIIMEHHOU JTIOJTOBEYHOCTHIO.

VpoBHE MyMa U CIIEKTPAJBHBIH COCTAB 3aBUCAT OT XapaKTEPUCTUK aBTOTPAHCIIOPTHOTO
IMOTOKa: HHTEHCHUBHOCTH, CKOPOCTH, COCTaBa, a TaKXKe, 0T THIla JOPOZKHOI'O IIOKPBITHA. HO
CITEKTPAJbHOMY COCTaBYy JUIS MacCaykKUpPCKOrO0 W JIETKOBOTO TPaAHCIOpPTa, KaK TPaBUJIo,
XapakTepHbl 4acToThl 0K0s0 1000 I'm, mas rpysosoro tpancmopra ot 500 mo 1000 T'i [6].
Bricoknii mpoIeHT Irpy30Boro u o0IIECTBEHHOIO aBTOTPAHCIIOPTA, OKA3bIBAET CUILHOE BIIMSIHHE
Ha [IYMOBYIO XapaKTePHCTHKY AaBTOTPAHCIHOPTHOrO TMOTOKA (OJWH TSMXKEJNblli TPY30BUK
MOXxkKeT ObITh paBeH 110 TpoMkocTu 10 JIerKOBbIM aBTOMOOWJIAM BMECTe BSHTBIM) [9]
CootBercrBeHHO, U 3PMOEKTUBHOCTH MAJONIYyMHBIX MOKPBITHII BBINIE, I JIETKOBBIX U
MaCCaAKUPCKUX TPAHCIOPTHBIX CPEJICTB.

2. OmnpeaesieHne IIIyMOBO# XapaKTE€PUCTUKNA aBTOMOOHMJIBHOTO IMMOTOKA

B kadecTBe TIYMOBBIX XapaKTepPUCTUK TPAHCIOPTHOTO IMOTOKA, B COCTaB KOTOPOTO
MOTYT BXOJIWUTH JIETKOBBIE W TPY30BbIe aBTOMOOWJIU, aBTOMOE3/1a, aBTOOYCHI, TPOJLIEHOYCHI, B
I'OCT 20444-2014 «Illym. Tpaucnoprabie motoku» [10] ycraHOBIEHBI SKBUBAJEHTHBIH Loy, 1
MaKCUMATbHBIH Lyaxe YPOBHH 3BYKa, CO3/IaBacMble MOTOKOM B OMOPHOIl TOYKE Ha PACCTOAHUH
7,5 M or ocu, OimKaiiliedl K pacdeTHOW ToYKe (TOYKe HaDJIOIEHWUs), MOJOCHI JIBUZKEHUs
aBTOMOOWJILHOTO TPAHCIOPTa M Ha BhICOTe 1,5 M HaJl yPOBHEM MpPOe3zKedl JacTH.

Ha craguu paspaborku mpoekTa, JeTajbHON IJAHUPOBKU WJIU IIPOEKTA 3aCTPOHKH,
pacydeT IMIYMOBBIX XapaKTEPUCTUK aBTOMOOUJILHBLIX TPAHCIOPTHBIX MOTOKOB B COOTBETCTBUU C
[8, 11| ceayer BHIOJHATD C yYIETOM:

® UHTEHCUBHOCTH JBHKEHHUS aBTOTPAHCIIOPTA B YaChl UK JHEBHOI'O IEPHOJA CYTOK U
HanOoJIee MyMHBIH Yac HOYHOTO MEePUOIA CYTOK;

® CyMMapHOIi JIOJH IPY30BbIX aBToMOOWIedl 1 aBTOOYCOB B MOTOKE (DU 9TOM, €cJiu
HE UCCJIEyeTCd MO OT/AECJTbHOCTH BIUSHHUE Ha IIYM MOTOKA TPOJLIEHOYCOB M TPaMBAaeB, TO JIJIs
pacyeTa MIyMOBBIX XapaKTePHCTUK YUUTBIBAIOT CYMMApHYIO JOJIO I'PY30BBIX aBTOMOOWIEN u
OBIIECTBEHHOTO TPAHCIIOPTA);

e cpejHeil CKOPOCTH JBHKEHUsI aBTOTPAHCIOPTA B IMOTOKE.

JIns TOBBINNEHUS TOYHOCTH PACYeTa IIYMOBBIX XapPaKTEPUCTHK aBTOMOOMJIHLHBIX
TPAHCTIOPTHBIX TTOTOKOB B COOTBeTCTBUH € [8, 11] HEOGXOANMO yUUTHIBATH PSIJL AOTIOJHUTETBHBIX
apaMeTpoB, CBA3AHHBIX C PacCMaTpuBaeMoil yauieil (10poroii), Takux Kak:

® [POJIOJIbHBIA YKJIOH IIPOe32Kedi dactu yuuibl (Joporu);

® THII BEPXHEIO MOKPBITUS TIPOE37Keil 4acTu;

e MIMPUHA Pa3/IeTUTEIbHON HOJOCH (MPH ee HAJINYNN);

® YHCJIO MOJIOC JIBUZKEHUS TPAHCIIOPTA;

® JIUTEIHHOCTD CBeTOMOPHOTO MUKJIA HA ePECeUeHUsIX YIIUIL (I0POT) CO CBeTOMOPHBIM
peryaupoBaHueM (JJIATeTLHOCTD paspeniatonieil /3anpemaionieil gpasbr cserodopa).

Ha panunbiit MomenT, jgefictByiornias B Poccun HopMaTuBHash JOKYMEHTAIUA IO PacYéTy
IIyMOBOH XapaKTepPUCTUKU aBTOMOOUIBHOrO mOoTOKa |8, 11|, mpu cpaBHEHHU ¢ Pe3y/abraTaMu
U3MepeHuil TTOKA3hIBAET PACXOXKIeHHE B OOJIBIIYI0 cTropony — 10 20 1BA 1m0 9KBUBAJEHTHOMY
ypoBHIO 3BYyKa 1 70 11 1BA 1mo MakcuMagbHOMY YPOBHIO 3BYKa TIPU HPOUUX PABHBIX JTAHHBIX.
HaubGosbIimyto cxoauMocTh mokKasbiBaeT pacaér mo ¢opmyae 7 CIT 276.1325800.2016 10
8 — 10 aBA. Tlpuumnamu TAKOTO PACXOKIEHWS, BEDPOSITHEE BCErO, SIBJISIETCS W3MEHEHUE
IMyMHOCTH TPAHCHOPTHBIX CPEJICTB, TaK KaK C KayKJBIM TOJOM BBITYCKAeMbie aBTOMOOUJIH
CTAHOBATCH BCE OoJiee TUXWMHU, YTO B CBOIO OUepe/Ib CHUYKAET IMYMHOCTb TPAHCIIOPTHOTO
noroka. A bopMysbl, TpeCcTaBICHHBIE B JIeHCTBYIONEH HOPMATHBHON JOKYMEHTAINH,
OCHOBBIBAIOTCSI WJIM TIOJIHOCTBIO JAyOMpyIoT jmreparypuble ucrounukn |12, 13|, koropbie B
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CBOIO OUepeanb Oblin omybsnkoBans 6osee 25 jer nazaz [14, 15].

3. PacnpocTpanenue iryMa aBTOTPAHCHOPTHOrO MOTOKA

TpancnopTublif MOTOK, HE3aBUCUMO OT €ro HMHTEHCUBHOCTH, PACCMATPUBAETCH U
KaK JIMHeHHbIi HCTOYHMK TyMa (9TO 3HAYUTETHHO ympormaer pacuérsi). OmHAKO, Cieayer
UMeTb B BHJIY, YTO 3TO JIONYIIEHHE CIPABEIIUBO TOJBKO I TeX CJAydaeB, KOIJia IIYMOBOI
XapaKTEePUCTUKON IOTOKA, JexKalleil B OCHOBe pacdeTa, SBJIA€TCS SKBUBAJEHTHBIH yPOBEHD
3BYKa 3a IePHUO/ BPEMEHH, TPEBBIITAIONINN TPOI0IKATEILHOCTD MPOXOXK IEHUS TPAHCIIOPTHOTO
cpejcrBa. [losinoe hopMupoBanue aKyCTHYECKOr0 10/ OT TPAHCIOPTHOI'O IIOTOKA ITPOUCXO/UT
Ha paccrosgHum 7,5 M. Ha pacmpocrpanenue IiymMa BJIUSIOT: TeOMeTPUYeCKasi JHBEPTeHIN,
apdekT 3aTyxanusd n3-3a BJIUAHUS 3eMju, arMocdepubie adpdekTs u 3dpdexT nudpakiun.

Ha pucynke 2 npejcrasiena cxeMa pacuipocTpaHeHus IIyMa OT TPAHCIIOPTHOIO MOTOKA.
PaccmaTpuBatoTcest ABa MyTH PAcHpOCTpAHEHUs IIyMa TPSIMOil U BIOJIb MOBEPXHOCTHU 3EMJIN.
[Ipsimoii myTh pacnpocTpaHeHUs XapaKTepeH JJis TPY30BbIX aBTOMOOWIIEH, JJIsi JIeIKOBBIX
XapaKTepeH IIyTh BJOJbL MOBEPXHOCTH 3emju. Ha pacrnpocTpaHenue BOJIb TOBEPXHOCTH
3eMJIM OKA3bIBAET BJIMSHUE HAJUYHE TPABBI, PHIXJIOCTh M JIPDYTHE HapaMeTpPhl, YBEIUINBAIOIIHE
3BYKOIIOIVIOIIEHHUE TOJACTHIAIONICH TOBEPXHOCTH, YTO HAKJIAIBIBACT JOIOJHUTEILHBIN dbdeKT
3aryxaHusg okoao 1,5 n1BA ma ymaBoenme paccrosuus. B I'OCT 31295.2-2005 pasmen 7.3
npejcrapjieHa OoJiee jerajbHas cxema pacuéra dhdekra 3aTyXaHus U3-33 BJIUSHHUS 3€MJIA C
YYETOM DA3JUYHBIX THIOB MOKPHITHH B 30HE MCTOYHHKA (MATONTYyMHBIH acdanbr, TpyHTOBaS
060YrMHA) U TPUEMHHKA.

Puc. 2. Cxema pacrpoctpatnenus mmyma 6]

Hapsany ¢ »sddexramu 3aryxanuss wn3-3a HaJWIAA  3BYKOIMOIJIOMIAMONEH  WIn
OTpazKaloleil MOBEPXHOCTH, HEOOXOAMMO YUHTHIBATL arMocdepHbie 3pdekTol. Ilormormenue
BO3JyXa IposiBiasgercsd Ha dvactorax Bbime 2000 I'm m B HeOOJBIION CTENEeHM 3aBUCHT OT
BJjakHocTH. B GoJiblieil crereHn Ha paclpoCTPaHEHHE IHIyMa BJIUSET HPEJIOMJIEHNE 3BYKOBOM
BOJIHBI B pe3yJibrare JIefiCTBHs BeTpa (CKOPOCTh BeTpa B 3aBUCHMOCTH OT BBICOTHI HAJ YPOBHEM
3eMJIM ¥ HAMPABJEHNS ), H3MEHEHHe TeMIIepaTyphl ¢ BhICOTOI [23].

[Ipamoe pacmpocTpaHeHHe 3BYKOBOH BOJIHBI, 0€3 NpeJoMIeHUuH, BO3HUKAET B
Oe3BeTpeHHbIH, OO0JAYHBIA JIeHb, C PaBHOH TeMIepaTypoil IO BBICOTE. [Ipn ycmoBumsax
«IIPOTHB BETPay, MPOUCXOUT IIPEJIOMJIEHIE 3BYKOBOW BOJIHBI BBEPX, YPOBEHb 3BYKa y 3€MJIH
CTAHOBUTCS HUXKEe, YeM B HeWTpaJbHBIX YCJAOBHUSX. lIpum MOJBETPEHHO IMOroae ypOBEHD
3BYKa y 3eMJin Bbimie. [Ipesomsenne 3ByKOBOW BOJIHBI BBEPX IIPOMCXOJIUT B COJIHEYHBIE H
Oe3BeTpeHHbIEe JTHU, KOIJIA y 3€MJIM TeMIIepaTypa BO3/yXa BBIIIE, B 9THX YCJIOBUIX YPOBEHD
3BYKa Y 3eMJIH CTAaHOBATCA HEkKe. [Ipenomienue 3BYKOBO# BOJHBI BHHU3 HPOUCXOINT B
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Oe3BeTpeHHbIE TPOXJIAJHbIE HOYM TOCJIE COJHEYHBIX JIHEH, KOrja 3eMJIsd OCTBhIBAeT ObIcTpee,
4eM BO3JIyX HAJ[ Hell, U B 9THX YCJOBUAX 3BYK CTAHOBHUTCA Bbime y 3emun [23|. Vmtroctpanuu
ONMCAHHBIX BHINIEe dBJIEHHN MOXKHO YBHIeTh Ha pHcyHKe 3. lcciemoBamums mokasasau, 4TO
pedpaknuonnbie 3ddeKT BecbMa cymecTBeHHB. OIHO W3 HCCIETOBAHWI TMOKA3aJo, 4YTO
YPOBHU 3ByKa BapbupyioTcs Ha 5 j1BA Ha paccrosauu 0koj0 60 METPOB OT aBTOAOPOrU ©
Ha 10 1BA ma paccrosamum 300 merpos. Camble BBICOKHE YPOBHU 3ByKa ObLIN H3MEPEHBI B
YCJIOBUSIX WHBEPCHW TeMIeparyphbl Ha paccrere [17].
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Puc. 3. PacnpocrpaHerue 3ByKa B 3aBUCUMOCTH 0T aTMocdepHbix 3dbderTos [23]

Ha pacupocrpanenne miymMa JOPOKHOTO JIBUKEHUSI BJINAIOT €CTeCTBEHHblE WX
UCKYCCTBEHHBIE O0BEKTHI, KOTOPBIE TIOJHOCTBIO MM YaCTUIHO OJOKUPYIOT MYTh ITPOXOZK/IEHUS
3BYKOBOH BOJIHBI, YTO MPUBOJUT K CHUKEHUIO YPOBHS 3BYKA. DJIeMEHTAMU, OKA3BIBAIOIIHE
sxpanupyommii 3 dext, saBasirores: penbed, 3eseHble HACAXKAEHNS (HA BBICOKHX YaCTOTAX ),
3/IaHUs, BBIEMKHU, HACHIIHU, 3a00PbI, MTyMO3AIUTHBIE 3KPAHbI, MOAIOPHBIE CTEHKU, 3€MJISHBIE
BaJIbl U JIP.

4. Meroabl HATYPHOTO ONPEEJIEHNd IIIyMa aBTOTPAHCIIOPTHOTO TMOTOKA

B P® wnarypusie mamepenusi nposogagarca Ha ocHoBanuu ['OCT 20444-2014 «ITywm.
Tpancnoprubie noroku. MeToapl onpejesenus MyMoBo#t XapakTepuctukus». lIpoBojgsarcs
U3MEepEeHHs MYMOBOM XapaKTePUCTUKH aBTOMOOMILHON JOPOrH, BKIIOYas JIETKOBBIE U I'PY30BbIE
ABTOMOOHJIM, ABTONOE3/a, ABTOOYCHI, TPOJLIEHBYCHI, TpaMBaW, MOTOCPEICTBA (MOTOIMKJIbI,
MOTOPOJIIIEPHI, MOIE/IbI, MOTOBEJIOCHIIE/IB), & TAKZKE JPYIUe BHJbI TPAHCIOPTHBIX CPEJCTB, HA
paccrosHum 7,5 M oT OJmzKaiinieit ocu aprogoporu, Ha Beicore 1,5 M. ITo TOCT P 53187-2008
«Axycruka. [IlymMOBOit MOHHTOPWHT TOPOJCKUX TEPPUTOPHUit» TMPOBOAATCA H3IMEPEHWS HAa
Pa3JIMYHbIX PACCTOAHULAX MPH YIAJEHUU OT aBTOMOOMJIBLHON JOporu, Ha Bbicore 1,5 M. Crour
OTMETUTH, YTO pacdérHbie MeTomuku [8, 11, 12, 13| He mpemycMaTpuBarOT yUéT JIBUKEHUS
MOTOCPE/ICTB, IIPU OLIPEJIeJIEHUH 1I1YMOBOU XapaKTePUCTUKU aBTOTPAHCIIOPTHOIO OTOKA.

B HopmaruBHO#i jmokyMmeHTanmu, gefictByromeit Ha Teppuropun CIITA [21],
IpelyCMAaTPUBACTCA IPOBEJICHHEe H3MepeHuil Ha paccroguue 15 M or Osumzkaiiiieir ocu
aBTO/IOpOrH, Ha BBIcOTe 1,5 M. [Ipm 3TOM BO3MOXKHO NMPOBOJUTH U3MepeHUsT Ha PacCcTOosHUE 7,5
u 30 M.

5. Hopmuposanue

Beemupnas opranusanus 3apasooxpatenns (BO3) pekoMenyer ciepyomuii moaxo.
K BBIOOPY HOPM — HE3aBHCHUMO OT HCTOYHHKA IIyMa U MECTOPACIIOJOXKEHHUS HOPMHPYEMBIX
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00bEKTOB HOPMBI JIOJI2KHBI OBITH OJIMHAKOBBIMU, TaK, HAIpPUMep, clejaano B [epmanuu,
H3MEHATHCA HOPMBI JTOJIZKHBI TOJILKO B 3aBUCHMOCTH OT BpeMeH: cyTok. Pekomenmarmuu BO3
npeacrapiensl B Tabaume 1 (18, 20].

Tabuma 1
Hopmbr myma B HoMeIneHuAX 2KIJIbIX U O0IECTBeHHbIX 31aHIHA U NIYMa Ha TePPUTOPUH KO
3acTpoiiku, pekomenayembie BO3 [18, 20|

Hopwmet miyma Ly, , 1BA
JueBHOIT mepuon Hounoii nepuof,
MecTopacmnoJioykeHue (7:00-23:00) (23:00-7:00)
B Ha B Ha
MOMEINEeHUH | TEPpPUTOPUN | MIOMEINEHUN | TEPPUTOPUN
2Kunag zactpoiika 35 25 - -
CnaJyibHu - - 30 He Borime 45
HIxoan 35 5%} - -
Boapunis He Bomme 35 | He Boime 50 30 He Boime 45

Hopwmbr, mpunsaTsie B Hamieil crpane, B OOJBIIHHCTBE CJAYYa€B COOTBETCTBYIOT
pekomerganusaM BO3. OcHOBHBIM JIOKYMEHTOM, perjamMeHTupyommM unx, dapiasgercas CH
2.2.4/2.1.8.562-96 «IIlym Ha paGouux MecTax, B MOMEINEHUAX YKUIBIX, OOIIECTBEHHBIX 3IaHUH
U HA, TEPPUTOPHUH KHUJIOH 3acTpoiikuy. B Tabiunie 2 mpuBegeHbl HOPMBbI IIYMa, B IIOMEIIEHUAX H
HA TEPPUTOPUH JI/Tsi HOPMUPYEMBIX 00bEKTOB aHAJOTHIHBIM pekoMeHganuam BO3, npuusTee
B PO [19].

Tabuma 2

JlotrycTuMble YPOBHU 3BYKOBOI'O JIABJICHNS, YPOBHU 3BYKa, SKBUBAJEHTHBICE U MAKCUMAJLHbLIE
YPOBHU 3BYKa IIPOHUKAIONIECTO MIyMa B IMIOMEIIECHUAX 2KUJIBIX 1 O6H.[eCTBeHHbIX 3,ZLaHI/H71 n 1nryMa
Ha TEPPUTOPHH KUJIOH 3acTpoiiku [19]

Hopwmbr myma Ly, , IBA
JlueBHOIT mepuon Hounoii nepuof,
MecTopacmnoJsioykeHue (7:00-23:00) (23:00-7:00)
B Ha B Ha
IMOMEIIEHUN | TEPPUTOPUH | MIOMEMIEHNN | TEPPUTOPUN
Kunag 3actpoiika 40 95 30 45
CnaJyiban 40 55 30 45
[TTxoJ1BI 40 5%} - 45
Boapunis 35 45 25 35

[To mHEHWIO aBTOPOB, OTEYECTBEHHBIE HOPMBI ITyMa SBJAIOTCS B IEJI0M MOJHBIMU
u mpoayMaHHBIMA. [loMWMO SKBHBaJIEHTHOTO YDOBHd 3ByKa B HUX TaKyKe HOPMHUPYeTCs
MAaKCHMAaJbHBI yPOBEeHb 3ByKa. Tak ke, OOJIBIIMM JOCTOMHCTBOM 3THX HOPM SIBJSETCH TO,
YTO TOMEMO YpPOBHe#t 3ByKa, NBA TpUHATH W JOMyCTHMbIE 3HAUEHWsS YPOBHEH 3BYKOBOTO
napjienud, nab. B To ke Bpems, eCJiM OCHOBBIBATHCH HA JIAHHBIX O Pa3/JIMYHOM BO3/eiiCTBUI
IyMa B 3aBUCUMOCTH OT XapaKTepa UCTOYHUKOB, MOZKHO ObLI0 OBl AudpepeHnupoBaTh HOPMbI
10 TPEM TPYIIIaM OCHOBHBIX MCTOYHHUKOB (ABTOMOOWJIBHBINA U KeJE3HOIOPOXKHBIH TPAHCIOPT,
CTPOUTETHCTBO). [IpuHSATHE TAKUX HOPM MOIJIO Obl MPUHECTH OMPEeETeHHbIH SKOHOMUIECK Uil

adbdexr [12].
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6. CHm>XKeHUe MryMa aBTOMOOMJIBHOTO TPAaHCHOPTA

MeTonpl  CHMJKGHHS IMyMa aBTOTPAHCIIOPTHOIO IIOTOKA  IOAPA3IeIAIOTCS  HA
Tpu OOJBIIMX TPYNNLL:  CHUKAIONEE IIyM B HCTOYHHMKE, CHHKAIONUE IOyM HA IYTH
PaCIpOCTpaHeHHd, B 3AIIAIIAEMOM O0BLEKTe.

JIjst  aBTOTPAHCIOPTHOIO IIOTOKA IIPEANOIAraloTCa  CJICAYIOIUe IIyMO3aIluTHBIE
MepOIIPUTHSL:

e B ucrounmke: uCHoab30BaHAE MAJOIIYMHOTO acaibra, MArKOH pe3HHbI HOKPBIIIKH,
HCK/IIOUCHAE JBUKEeHUA Ha MIMIOBAHHON Pe3WHE B TEILILIA IIePHOJ BPEMEHH IOJa, CHUKCHHE
HIyMa BBIXJIONA, Y/IYYIIEHHE a3POJAMHAMMYECKMX XAPAKTEPUCTHK aBTOTPAHCIOPTA, KOHTPOJIb
paboThl ABUTATE/IS;

e Ha nyru pacupocrpanenus:: BbiemMkn (PucyHok 4, a), IIyMOBAIIUTHBIE SKPAHBI
(Pucynok 4, 6), 3eM/IsHBIE BAJIbI, HACBIIH U JP.;

e B samumaemom oObekTe: 3ByKOmM3osmpytomiee octekiaenue (PucyHok 5, a) c
YCTAHOBKOI KJamanoB nposerpuanus (PucyHok 5, 6).

a 0

Puc. 4. BapuanTsl UCITOJTHEHUS TITYMO3AIUTHBIX MEPOIPUATHN HA ITYTH
pacnpocTpanenus nryma. a) Boiemku, 6) IIymo3amuTHbiil SKpaH

Puc. 5. BapuanTbl UCHOJHEHUS TIIYMO3AIIUTHBIX MEPOIPULATUI B 3aIUIITAEMOM 00'bEKTe
a) 3Bykomzoaupytoiiee ocrekiaenue, 6) Kinanan nposerpuBanus

Haubosiee wactToit mepoit GOpbOBI € TIYMOM SABJLIOTCA IHIyMO3AIUTHBIE SKPaHbI,
yCTaHABJIUBAaeMble BJOJb ABTOOPOr, 3aKPBIBAIOIIHE IMPSIMO IIyTh pPACIPOCTPAHEHHSA 3BYKA
(no 5 n1BA), nanuoii a3ddekruBHOCTH JerKo goctrdb. Toctuzkenue addextusnoctr 10 1BA
TpebyeT yMeHbIIeHUs 3BYKOBoii sHepruu Ha 90%, noctukenne qanuoii 3¢bdeKTHBHOCTH TpebyeT
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CyIecTBeHHO GoJibInedi 3arpaThl cpenct. K npumepy, cpegnsia nena (no Cankr-Ilerepbypry)
IIyMO3AIMUTHOIO dKpaHa, ¢ YyIeTOM MOHTaXka, CTOeK M naHesei, coctapjisger 21 000 pyb.eii
3a KBaJIpaTHBI# MeTp. Bplcokas cTOMMOCTH IIYMO3AIIUTHBIX YKPAHOB TPeOyeT IOBBIIICHUS
TOIHOCTH MOJIEIMPOBAHNA W TPOTHOSUPOBAHUS yPOBHEH TIyMma.

Tabauma 3

JlomrycTuMble YPOBHU 3BYKOBOI'O JIABJICHNS, YPOBHU 3BYKa, SKBUBAJEHTHBICE U MAKCHUMAJLHLIE
YPOBHU 3BYKa ITPOHUKAIONIECTO MIyMa B IMMOMEIIEHUAX 2KUJIBIX 1 O6H_[eCTBeHHbIX 3,[LaHI/H71 n 1nrymMa
Ha TEPPUTOPHH YKUJIOH 3acTpoiiku [19]

Dddexrusnocts, 1bA | Crenenn caokuocTu jgocrnzkenus | CHuKenue 3ByKOBOH snepruu, %
> Jlerko 68
10 JoctnzRumMo (BO3MOXKHO) 90
15 CioxknO 97
20 Od4eHb CII0XKHO 99

CymecTByeT MHOXKECTBO KOMOWHAIWMIT MAaTepUaJioB s TaHeJell IyMO3aIlIuTHOTO
SKpaHa. Hawnbosiee BaxkubiMu akTOpaMu dBJLIOTCH:  IPUMEHEHHE MATEpPUaoB C
JIOCTATOYHON 3BYKOU3O/IAIIHEH /Il UCKAIOUeHUA TPOHUKHOBEHUS TIIyMa Yepe3 My MO3alUTHBI I
9KpaH; CIJIONTHOCTh moBepxHocTn I119, 6e3 pas3pbiBOB 1  Imeieii. Jlns  WcKaoYeHnst
spderTa oTpaxkeHus, B ciaydae MapasuieabHOil ycraHoBku [ Ha TpOTHBOMOIOXKHBIX
CTOpOHAX JIOPOTH, W mepeoTpazkenusi, Mexiay IIID wu aBrorpaHcnoprHoM (0COGEHHO
IPOSIBJISIETCST IPU MPOE3J1€ BHICOKOIO aBTOTPAHCIIOPTA), PEKOMEH/IYETCsl BHIIOJHIATE MAHETH CO
3BYKOMOTJIONIAIONIAM HAIOJHEHUEM, PU 3TOM HEOOXOJIMMO YCTaHABAUBATD Mep(OpPUPOBAHHDIE
JIUCTBI CO CTOPOHBI MUCTOYHUKA IIyMa. DB HEKOTOPHIX Cjydasx, YCTAHOBKA MIyMO3AIATHBIX
9KPAHOB He OcCyliecTBAMa Win UX 3PQOEKTUBHOCTH HEJOCTATOYHA. B 3TOM ciaydae MOXKHO
UCTIOJb30BaTh YIOMSHYTBIE PaHee MepONPUATHsS:  MAJOIIYMHBINA acdaabT, HCKJIIOYeHne
JIBUZKEHUs HA IIUIOBAHHOW pe3uHe B TeIIbifl 11epuoji BPEMEHU I'0/ia, 3BYKOU30JUPYIOIEe
OCTEKJIEHUE C YCTAHOBKO KJAIIAHOB MPOBETPUBAHUSA, YIPAB/ICHHE JBUKEHUEM, CTPOUTETHCTBO
MTyMO3AIMUTHBIX COOPYZKEHUIA.

7. CymecTByomnme mpobaeMbl

CymecTByeT HECKOIBKO MPOOJIEM, CBI3aHHBIX ¢ OIEHKON ITyMa, JOPOYKHOTO JIBUKEHUSI.
Hexotopsie n3 HUX KpaTKO IpeICTaB/IeHB HUZKE:

N3menenue niyMoBbIX XapakTepUCTUK aBTOMOOUJIBHOI'O TPAHCIOPTA

Co BpeMeHeM IIYMHOCTH aBTOMOOHWJIEH MeHSeTCd, ¢ KaxKJIbIM T'OJOM BBIITYCKaeMble
aBTOMOOMJIM CTAHOBATCS BcE Oojiee THUXHMH, YTO, B CBOIO OYepeb, CHUXKAET IIYMHOCTD
TPAHCTIOPTHOTO TOTOKa.  POPMYJbI, HCHOJIb3yeMble Ha JaHHBIII MOMEHT B HOPMAaTHBHOM
JIOKyMEHTaIUK, ObLIM MOJY4YeHbl, B OCHOBHOM, HECKOJILKO JECATKOB JIET TOMY Ha3aJi U TpedbyioT
YTOYHEHUS B COOTBETCTBUU C MPAKTUKOIA.

Maur OlIYMHbBI€ IHHOKDBITHA

Bcé bosbiiiee BHIMAHWE YAEJAI0T MAJIOITYMHBIM TOKPBITHAM. OCHOBHOMN 33/1a9eil 9Tux
UCCJICJIOBAHU fABJIAETCS MOJIYyUYeHHe MOKPLITUN € HAWIYUIINMH aKyCTUIECKUMH CBOWCTBAMHU,
6e3 yiiepba UX JI0JTOBEYHOCTH, ¥ PEIIeHUE 33724 110 TOCTOSHHOMY IOJJIEPKAHUIO MaTepHAIA
B pabodeM COCTOSTHUH.



Bacuibes B.A., Kcenopourosa B.K.

IITym aBToMo6HIBHOIO TPaHCIOPTA 74

Binsitawe myma Ha JAKYIO HPHPOIY

YesoBeuecTBO  MpogABIgeT  0eCOKOHCTBO, O HeOJAronpusaTHOM  BO3/EHCTBUH
JOPOKHOT'O IMyMa Ha JUKYIO IPUPOLY. CymecTBYIOT cepbe3Hble ONaceHUus IO TOBOIY
ImyMa, MeIIAIoIero B3anMOIEeHCTBUIO KWUBOTHBIX, WX MUTPAIUd W Pa3MHOXKeHUo. Muorue
HPOEKTbl aBTOMAarucrpaJjeil npoxogdr d4epe3 pailoHbl AMKOW OPpUpOAbl, U HWHXKEHEPbL HE
UMEIOT AJIeKBATHBIX MHCTPYMEHTOB JIId OINEHKH COOTBETCTBYIONINX BO3/efcTBUil U GOPHOBI C
3arpa3HeHueM.

3akJJdyeHue

1. Ilpobyema myMoBOro BO3/IEHCTBHSI aBTOMOOMJIBHOTO TPAHCIOPTA, XOTh U SIBJISETCS
JIOCTATOYHO M3YYeHHOH, HO Tpedyer akTyaau3aluu, B COOTBETCTBUHU C CYHIECTBYIOINIMMHU
peajqngMu, 3TO B YACTHOCTH OTHOCUTCHA K PaCUYETHBIM (DOpMy/IaM, ONPeaessiouM Ty MOBYIO
XapaKTEePUCTHKY W TOKA3BIBAIOIINM PACXOKIeHNE ¢ pe3yabraramu uamepennii 10 11-20 n1BA.

2. Ananms cymecrByfomux B Poccun HOpM IOKa3aJ HEOOXOIMMOCTH I'DAJAINHE HX B
COOTBETCTBUH C XapaKTePOM MCTOYHHMKOB IIyMa. MoxKHO ObLI0 Ob1 gud hepeHnupoBaTh HOPMbI
110 TpeM rpynnam (aBTOMOOHJIBHBI U 2KeJIe3HOMOPOKHbI TPAHCIIOPT, CTPOUTENBCTBO).

3. Boapiiero BHuManus TpeOyIOT TakKHe BONPOCH KakK: HU3y4YeHHe, pa3paboTKa u
BHEJIpEHHE MaJIONIyMHBIX TMOKPBITHH, a Tak:Ke, BOINPOC 3aIUTHI JUKOH MPUPOIALI OT IIyMa
aBTOMOOHILHOI'O TPAHCIIOPTA.
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NOISE Theory and Practice

' aKYCTNYECKIX KOHCTRYKLIWM

OO011eCTBO C OTPAHUYECHHON OTBETCTBEHHOCTHIO
"NHCTUTYT aKYyCTUYECKUX KOHCTPYKUUin'"

00O "MAK" 3aHuMaercs pa3paboTKO#l IyMO3auIUTHBIX MeponpusThil 6onee 10 ner.

OpranuzaimoHHas CTpyKTypa NpeaupHsITHSL:
® OT/IEJI AKYCTHUKU;
® OT/EJ IPOEKTUPOBAHUS;
® HCIIbITaTeNIbHAs TAOOpaTOPHs, aKKPEAUTOBAHHASI HA U3MEPEHUSI (PU3NUECKUX (PaKTOPOB;
® OT/IEJI CTPOUTEIBCTBA;
® OTJI€J1 HAYYHBIX UCCIEI0BaHUN U pa3paboToK;
® OT/ICJI BHEAPEHNUS,
® [JIAHOBO-3KOHOMMYECKUH OTIEN.

3a roapl pabOTHI OpraHU3alMEH 3aMpPOEKTUPOBAHO OOJBIIOE KOJMYECTBO ITyMO3AIIMTHBIX
KOHCTPYKLMIA B pa3Iu4HbIX peruoHax Poccum (Ha CKOPOCTHBIX aBTOMAarucTpajisix, MOCTaXx,
KEJIE3HBIX Jnoporax, 3CTaKajax), B TOM qHUCIIe 51 Ha TaKUX
MacmTaOHbIX 00beKkTaX, Kak KombiieBas aBtromopora u 3anaaaeiii  CKOPOCTHOW — guaMeTp B
Cankr-Ilerepbypre, oobekTax onmumnuiickoro Coun u Pecnybnuku KpbiM, peKOHCTpyKIUU
benepanpHBIX aBTOHOpOr M-8 "Xommoropsr", M-4 "Jlon" u ap. Opranu3anuei BHITOTHSIIOTCS
POEKTHO-U3BICKATEIBCKUE PAOOTHI MO MPOSKTUPOBAHUIO IIYMO3ALIUTHl Ha nepBoi B Poccuu
BricokockopocTHON  Kene3HoJopoxkHOM ~ Maructpanu  'MockBa-Kazanp".  Cunamu
UCTIIBITATENIFHOW 1a00paTOpPUH OCYIIECTBISIOTCS aKyCTUYECKHE HWCCICIOBAHUSA, OTIEIaMHU
aKyCTUKA U TPOEKTHPOBAHMUS pa3paldaThIBAIOTCS IIYMO3AIUUTHBIE MEPOINPHUSATUS Ha
IPOMBIIIVICHHBIX, JHEPTeTUYECKUX, KYJIbTYPHBIX M O3JOPOBHUTEIBHBIX OOBEKTaX Hallel
ctpanbl. [IpoW3BOACTBO, OpraHM30BaHHOE Ha 0a3e MPEANPHITHS, MO3BOJISECT BBHIMYCKATh
T00bIe IYMO3AIIUTHBIE KOHCTPYKIMH, OTBEYAIOIIME BCEM TpeOOBaHUSM TrOCYIapCTBEHHBIX
CTaH/JapTOB, a OMBITHBIA MEPCOHAN B KpAaTYAKIIINE CPOKH MPOU3BOIUT COOPKY U MOHTAXK.

"Hawa komnanus obaadaem MOWHLIMU HAYYHBIM U NPOEKMHBIM
noopazoeneHusMu ¢ COBPEMEHHbIMU MEXHUUECKOU U UHMENNeKMYalbHoU 0a30l,
N03B0NAIOWUMU B8bINOJIHAMb NPOEKMbL HO WYMO3auume a000U CLOXCHOCMU OM

uoeu 00 sonnoweHus. B ceoetl desmenbHocmu Mbl onupaemcs Ha ayduiue mpaouyuu,
couemas ux ¢ nepeodosuIMU MEXHONOSUAMU U CIMAPAEMCS COeNamb Haul OKPYHCAIOWULL
mup muwe."

Aunekcannap [Hlamrypun
['enepanbHbIi TUPEKTOP
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CeteBont Hayunbsin XKypHas
"Noise Theory and Practice"

OO0 "MAK"
riput BI'TY "BOEHMEX" mm. 1.®. YcrnHosa

I';taBHAsA 11es1b

I'maBHag 1esb cereboro HayuyHoro JKypnasza "Noise Theory and Practice"
— CII0COOCTBOBATh Pa3BUTHIO BUOPOaKyCTUKM (HayKa O IITyMe 1 BUOparium).

OcHOBHBIE 3agaun
OcnosHbIMYI 3aauamy Ky pHasia SBJISFOTCH:

e OTpa)kKeHMe MOCJIETHMX JIOCTVDKEHUN B TEOpUM W IHpaKTuKe OOpbOBI C
LIIyMOM U BUOpariyen;

e OTpaXeHrne pes3yJibTaTOB Hay4YHO-MCCIIEI0BaATEJIbCKMUX pa60T 110 M3Y4Y€HIO
IIpOoLeCcCcoOB H_IYMOO6pa30BaHT/I$I, pacipocTpaHeHVIA 3ByKa 1 BI/I6paI_T,T/IT/I,'

o OTpaXeHMe pe3yJIbTaTOB pa3pabOoTKM CpecTB IIyMO- M BUOPO3allUThl, a
TaKXXe pe3yJIbTaTOB MHBIX pabOT, HPOBOAMMBIX B 00JIacTV BUOPOaKyCTUKY,
V1 BBIITOJIHSAEMBIX Hay4YHbIMY cOTpyAHVKaMy BY30B 11 vHBIX opranmsanmig;

e IIPEIOCTaBJIEHTVIE CBeIeHUI O IUTaHNPYEeMBbIX KOHCpepeHLH/IﬂX, CceEMIMHapax,
IIPOBOIAVMBIX B Poccrm n APYyImxX crpaHax;

e IIpeocTaBjIeHle apXMBHBIX MaTePUaJIOB TPYIOB HayUYHBIX KOH(EPEHIINTA,
IIOCBAIIEHHBIX BUOPOaKyCTHKe.

Hay4anoe nuruposanmne JXKypHaina

>KypHan ABJTIETCH O6H.I€)10CTYHHBIM IJIL  YTeHUsT HeorpaHMYeHHbBIM
YICIIOM I10JIb30BaTEJIeV.

Matepuaner  XKypHasla WMHOeKCHMpPYIOTCS B HayKOMeTpUYecKmMx 0asax
Poccunckoro Wunekca Hayunoro Llutuposanmsa (PVIHL), Google Scholar.
Xypnayl BIIOUeH B Hay4Hble 3jIeKTpoHHble Oubimorekn "KubepllenvHka",
Coumoner, Figshare.

C 21 nos0psa 2019 r. Xypnan "Noise Theory and Practice" BxiroueH B
ITEPEYEHD pelieH3upyeMbIx Hay4dHBIX M3OaHWUI, B KOTOPBIX JOJDKHBL OBITH
OIlyOJIMKOBaHBI OCHOBHBIE Hay4Hble pe3yJIbTaThbl AVCCepTaliil Ha COMCKaHVe
y4YeHOV CTelleHV KaHaugaTa HayK, Ha COMCKaHVe Y4eHOV CTelleHM IOKTopa
HayK (1. 42).

Www.noisetp.com






