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I. I. Slavin the forgotten Russian acoustician who de�ned in 1956 the

noise levels limits for workplaces the �rst in world practice

Montano W.A.∗

Director, ARQUICUST Acoustic in situ Measurement Laboratory, Gualeguaychu, Argentina

Abstract

Ilya Ilyich Slavin was an important Russian acoustician in 1949-1959 decade; he defended his Thesis

in 1940 and during the war he worked as a senior researcher at the Acoustics Laboratory of the Physics Institute

named after P.I. Lebedev Academy of Sciences of the USSR. In 1948 he returned to Acoustics Laboratory of

the Leningrad Institute of Labor Protection of the All-Union Central Council of Trade Unions (LIOT), where

he developed his career and became an outstanding specialist in the �eld of noise control. This article presents

Slavin's most in�uential work, he is the one which developed and scienti�cally substantiated the noise limits for

workplaces, and he outlined the �rst noise level references curves in di�erent frequency intervals that in February

1956 the USSR have legally introduced them. Slavin presented at XII International Congress of Occupational

Health (Helsinki, 1957), that normative and later in 1959, his work became worldwide known.

Keywords: Occupational noise, standards, noise limits, audibility, history of science.

È. È. Ñëàâèí - çàáûòûé ðîññèéñêèé àêóñòèê, êîòîðûé â 1956 ãîäó îïðåäåëèë
ïåðâûå ïðåäåëüíûå óðîâíè øóìà äëÿ ðàáî÷èõ ìåñò

Ìîíòàíî Â.À.∗

Äèðåêòîð, Ëàáîðàòîðèÿ íàòóðíûõ àêóñòè÷åñêèõ èçìåðåíèé ARQUICUST, ã. Ãóàëåãóàé÷ó, Àðãåíòèíà

Àííîòàöèÿ

Èëüÿ Èëüè÷ Ñëàâèí áûë âàæíûì ðóññêèì àêóñòèêîì â 1949-1959 ãã .; çàùèòèë äèññåðòàöèþ â

1940 ãîäó, à âî âðåìÿ âîéíû ðàáîòàë ñòàðøèì íàó÷íûì ñîòðóäíèêîì â ëàáîðàòîðèè àêóñòèêè Ôèçè÷åñêîãî

èíñòèòóòà èì. Ï.È. Àêàäåìèÿ íàóê Ëåáåäåâà ÑÑÑÐ. Â 1948 ãîäó îí âåðíóëñÿ â Àêóñòè÷åñêóþ ëàáîðàòîðèþ

Ëåíèíãðàäñêîãî èíñòèòóòà îõðàíû òðóäà Âñåñîþçíîãî öåíòðàëüíîãî ñîâåòà ïðîôñîþçîâ (ËÈÎÒ), ãäå

ðàçâèâàë ñâîþ êàðüåðó è ñòàë âûäàþùèìñÿ ñïåöèàëèñòîì â îáëàñòè áîðüáû ñ øóìîì. Â ýòîé ñòàòüå

ïðåäñòàâëåíà íàèáîëåå âëèÿòåëüíàÿ ðàáîòà Ñëàâèíà, îí ðàçðàáîòàë è íàó÷íî îáîñíîâàë ïðåäåëû øóìà

äëÿ ðàáî÷èõ ìåñò, è îí íàìåòèë ïåðâûå ýòàëîííûå êðèâûå óðîâíÿ øóìà â ðàçíûõ ÷àñòîòíûõ èíòåðâàëàõ,

êîòîðûå â ôåâðàëå 1956 ãîäà ÑÑÑÐ îôèöèàëüíî ââåë èõ. Ñëàâèí ïðåäñòàâèë íà XII Ìåæäóíàðîäíîì

êîíãðåññå ãèãèåíû òðóäà (Õåëüñèíêè, 1957), ÷òî íîðìàòèâíî, à ïîçäíåå, â 1959 ãîäó, åãî ðàáîòû ñòàëè

âñåìèðíî èçâåñòíûìè.

Êëþ÷åâûå ñëîâà: Ïðîôåññèîíàëüíûé øóì, ñòàíäàðòû, ïðåäåëû øóìà, ñëûøèìîñòü, èñòîðèÿ

íàóêè.

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

The History of Science is an important branch to every scienti�c discipline, because
it is a tool to study and understand the development of empirical, theoretical, and practical
knowledge about them. The History of Science is most common to �nd in social studies
�eld, but it is a big support for the engineering �eld, where the research was conducting for
philosophers at the beginning and lately, the History of Science, is becoming a specialization
inside each engineering area individually.

Talking about the Acoustics �eld, there are plenty of works concerning the History
of Science research, and an important event took place in the last International Congress on
Acoustics in Aachen ICA2019: A special Session on `Modern history of acoustics' has been
introduced (promoted by Max Planck Institute for the History of Science), being this event the
starting point between this two disciplines.

This article has been written using the few documents and references that are free in
Internet and which are available from Argentina (it is well-known that web search engines not
always display all the information): �ve of them are into Russian, one into German, and the
rest are into English.

This article is a contribution to the History of Science where the works of I. I. Slavin
are commented: He was a Russian researcher into acoustics �eld who de�ned scienti�cally the
noise level limits at workplaces, the �rst in world practice.

Slavin presented a noise limits curves at ISO/TC43 Group, in order to develop an
international standard, and also the former German Democratic Republic (and the other ex-
Communist countries), implanted that noise references for its occupational legislation.

Slavin was responsible and Chairman of some Acoustical Congress which took place
in Russia, and he participated at XII International Congress of Occupational Health (Helsinki,
1957) where he presented `Tentative Standards and Regulations for Restricting Noise in
Industry,' and lately it was published posthumously in 1959 in ASA Noise Control magazine.

1. Early days of Slavin's life

At the moment of writing this article, the only reference about Slavin's life is the
Obituary published a few months after his death, in Journal of Acoustics of Russian Acoustical
Society (Àêóñòè÷åñêèé Æóðíàë):

Ilya Ilyich Slavin was born in 1912. In 1935 he graduated from the Faculty of Physics
and Mechanics Leningrad Polytechnic Institute, where he later taught and scienti�c work. In
1940, Slavin defended his thesis, after which he headed the Laboratory for the Suppression
of Industrial Noise of the Leningrad Institute of Labor Protection of the All-Union Central
Council of Trade Unions (LIOT). [1]

The following picture of Slavin is in that Obituary and it is not dated.
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Fig. 1. Ilya Ilyich Slavin (1912-1959)

2. The acoustic work of Slavin during the World War II

There are brie�y references about the Slavin participation when he was working, during
the World War II, at Acoustic Laboratory in the Atomic Nuclear Laboratory of the Lebedev
Physical Institute.

Scientists of the Acoustic Laboratory and the Atomic Nuclear Laboratory of the
Lebedev Physical Institute, evacuated to Kazan in July 1941, from the �rst days of the
evacuation began to look for applications of their knowledge in solving acoustic problems that
could be useful to the front. [2]

Vladimir Iosifovich put forward the idea of improving acoustic means for detecting noise
sources by replacing the operator with an electronic device - a two-channel objective detector
- direction �nder, based on the method of matching signals from several sensors, widely used
in elementary particle physics. [3]

Talking about speci�cally on Slavin work:

I. I. Slavin worked as a senior researcher at the Acoustics Laboratory of the Physics
Institute [1]

At the beginning of 1942, Sukharevsky was sent to Moscow to establish contacts
with military organizations in the �eld of defense applications of acoustics, he was sent to
the command of the air defense forces with the order to assist in the improvement of horn
sound absorbers for detecting the noise of aircraft and pointing anti-aircraft guns on them,
and above all with the task of protecting the horns from aerodynamic interference, which made
sound catchers in windy conditions almost inoperative. When in 1942 full-scale studies of sound
catchers conducted in the western region of Moscow's air defense (the engineers of the acoustic
laboratory were I.P. Zhukov and I.I. Slavin). [3]

In the spring of 1942, a group led by Sukharevsky, the Acoustic Laboratory sta�s,
Zhukov and I.I. Slavin, were carried out in the Western part of the Moscow air defense ring
in the vicinity of Art. Kubinka, they worked on the study and improvement of sound pickup
aircraft noise. In particular, the noise immunity of the receiving horns of sound absorbers to
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wind noise was studied, which led to a signi�cant decrease in the detection range of targets. [2]

3. Slavin's publications, books, Papers, patents

There is one isolated data about Slavin work during 1946-1947, that he `. . . attempts
were made to apply materials with large losses for damping vibrations of metal structures' [4],
this publication of 1967 is a summary of 50 years' Soviet acoustics; according to himself he
contribute to develop, to design and improve some noise level meter devices [5].

3.1. Books and Papers published by Slavin

The following list lists the titles of his Technical papers and books that were written
by Slavin (of those available on the Internet).

a) Izv. AN USSR, Vol. XIII, 1949, p.6.
b) Silencers for mine pneumatic engines. M., Ugletekhizdag, 1952.
c) Objective noise measurements with a loudness scale. Tr. Comis. Acoustics,

Academy of Sciences of the USSR, 1953.
d) Industrial noise and its control (Ïðîèçâîäñòâåííûé øóì è áîðüáà ñ íèì) 1955.
e) Norms and liked to limit noise in the workplace (project) LIOT, 1955; Temporary

sanitary rules for limiting noise in the workplace (draft). Sat Tr. Scienti�c LIOT.
f) Standards and rules for organizing noise in industry. Leningrad, 1955.
g) The main tasks and ways of dealing with industrial noise. LIOT, 1955.
h) Noise abatement on ships. Navy. LIOT, 1955.
i) Temporary sanitary norms and rules for the limitation of noise in the workplace,

1956.
j) Scienti�c conference on the �ght against noise and the e�ects of noise on the body.

Àêóñòè÷åñêèé Æóðíàë, 1957.

3.2. Paper about Philosophy of Technology

The Slavin's scienti�c work is immeasurable, he wrote an interesting paper titled `A
summary of works on the study of noise and on the �ght against noise in the USSR for the
period before 1957' (Êðàòêèé î÷åðê ðàáîò ïî èññëåäîâàíèþ øóìîâ è ïî áîðüáå ñ øóìàìè
â ÑÑÑÐ çà ïåðèîä äî 1957 ã.) [5], posthumously published in Journal of Acoustics of Russian
Acoustical Society (Àêóñòè÷åñêèé Æóðíàë), Slavin have wrote a brief review of Soviet work
on the study of noise in the �ght against them, he describes the evolution of the acoustics
science in the USSR: The earlier research done by Russian physicians, the development of the
�rst noise level meters, the use of sound absorbing materials, and so many historical issues; the
conclusion of this paper is:

In conclusion, it should be noted that even our brief outline of Soviet work on the
study of noise and �nding methods to combat them shows that Soviet acoustics have done a lot
and continue to expand work in this important area, where the results of studies of technical
improvements are directly aimed at improving working conditions and rest of millions of citizens
of our country. [5]

3.3. Industrial patent

There is a few data available in Internet about industrial patents, for Slavin case there
is only one reference: `The way to improve the acoustic properties of the room' [6].
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Fig. 2. The Slavin patented device for sound absorption (Edited from [6])

The device is a `sound absorber panel,' here is a brief description of the patent:

Known methods for improving the acoustic properties of rooms using sound-absorbing
material, such as bags of cotton, enclosed in boxes with perforated walls. The present invention
relates to the same method of improving the acoustic properties of a room and aims to reduce
the consumption of sound-absorbing material, aimed at reducing reverberation and attenuating
the volume of the echo. In the described invention, this is achieved by using a concave surface,
for example, of wood, �xing the sound, with the location in the place of concentration of sound
energy of sound-absorbing material. [6]

According to the sketch and its explanation (see Fig. 2), the Slavin's acoustic device
has to be installed `between the unit emitting noise and the workers servicing this unit, such
screens measuring 1.4 X 2 m reduced the intense hissing noise of air-jet devices from 116 dB
(in front of the screen) to 102 dB (behind the screen)' [5].

4. Slavin and his proposal of having legal noise limits at workplaces

In the Slavin´s paper mentioned above [5], he explains the study that they had done
at LIOT and the previous one about the physiology of the inner ear and the human response
to di�erent noise levels. Slavin mentions the following:

A great in�uence on the development of noise control activities could be provided by
scienti�cally sound legislation to limit industrial noise. Work in this direction was conducted
by the LIOT laboratory. Based on an analysis of experimental data on the e�ect of noise
on hearing and the general condition of people, as well as special studies conducted by the
Laboratory, Slavin developed in 1954 a production noise standardization system, which was
introduced in 1956 by the USSR Ministry of Health in as mandatory in the Soviet Union. [5]

It is important to highlight the year: 1956; this means that the ex-USSR was the �rst
country in the world to legalize the maximum noise limits at industrial noisy places and non-
noisy location workplaces. The original Slavin's Paper into Russian is not available on Internet
yet, so the author has to use the CIA translation into English [7], and one article published in
Noise Control magazine by Acoustical Society of America (ASA) in 1959 [8].

The amazing contribution that Slavin have done is the fact to de�ne three frequencies
intervals (see Fig. 3) to stablish the industrial noise levels limits:
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Fig. 3. Permissible noise levels de�ned by Slavin in 1954 (Edited from [8])

Fig. 4. Permissible noise levels curves de�ned by Slavin in 1954 (Edited from [8])

This astonishing scienti�c proposal would have been revolutionary for the time it was
proposed, and the most impressive thing is that Slavin have de�ned sound limits on low-
frequencies range, it means he had account the auditory response in frequencies below 300 Hz
(see Fig. 3), and not just `one single number;' the table above was translated to a drawing as
noise reference curves (see Fig. 4).

The curves in Fig. 4 are di�cult to understand and they had to been simpli�ed, as
one can see the followings charts in Fig. 5.

Fig. 5. (a) Curves into a familiar form [8] (b) Slavin noise limits (Edited from [9])

Chart in Fig. 5-b is known as `Slavin-curve,' it was used in German literature [10] and
it was mentioned in several US publications (it is impossible to mention all of them).
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Reading the whole document [7] gives us the idea on how advanced was the studies
about the noise impact on worker at industries in the USSR during the �rst half of 1950 decade
(and studies about testing intelligibility of speech under noisy conditions); there are dozens of
actual Russian publications that mention them.

Fig. 6. Translation by CIA of Slavin paper (Edited from [7])

Slavin explicates how to use a sound level meter (SLM) in `Methods of noise
measurements' [7], it is important to quote that the acousticians at LIOT have used
Standardized frequencies weighting networks in 1950 decade (an explanation about those old
curves have been published by the author in this Journal [13]). Unfortunately to this day,
pictures of SLM manufactured by LIOT and used in the ex-USSR during 1950 decade are not
available on Internet yet.

Talking about how to make the analysis using the noise limits curve, Slavin recommends
making the analysis of the noise measurement results as follows: Record the sound level on each
frequency octave band, and draw the spectrum in a chart, then by using a transparent sheet
that has drawn the noise limit curve, superimpose it and observe at what frequency the limit
has been exceeded, or not.

The author of this article knows nothing of the investigations carried out at LIOT - like
the rest acousticians of the `western world' - or in other research centers of the ex-USSR during
the `Cold War Era', the Slavin paper `Brief description of the works on the study of noise and
on the �ght against noise in the USSR for the period before 1957' [5] is an excellent starting
point to know their work, and among them there is one that aroused the author curiosity: In
1940 they have `proposed a device for the hygienic assessment of the harmfulness of noise. The
device had a frequency response in the form of an �equal annoyance" curve by Laird and Coye,'
[5] this is an incredible scienti�c achievement, because the Laird&Coye studies weren't widely
known (even in 2020), but at LIOT they have a speci�c device which used their curves (an
explanation of Laird&Coye study is in [13]).

Last but not least, it is worth mentioning how advanced was Slavin's research about
human hearing perception, according to him the results that they had got at LIOT are almost
the same of US ones, and he suggested `In the future, based on the same idea of increasing the
unit of the scale, Slavin was proposed to take sound volume at a level of 40 phons as a unit,
which turned out to be very convenient' [5]; we have to keep in mind that 40 phon loudness
curve is close to 85 dBA value.
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5. Slavin participation and mentions at International Congress

5.1. XII International Congress of Occupational Health ICOH1957

Slavin have participated at XII International Congress of Occupational Health (ICOH)
which took place in Helsinki, 30th June-5th July 1957, where he presented `Tentative Standards
and Regulations for Restricting Noise in Industry,' [9] originally written into German; the paper
is a summary of his 1955 work `Standards and rules for organizing noise in industry,' the one
used as background to USSR legal noise level for the occupational law.

Fig. 7. Images extracted from [9] Slavin paper presented at 12th ICOH, 1957

This Congress was really important because the Slavin's noise levels limits were
internationally known; according to him `Noises allowed by Soviet norms are close in their
values to those reported at the Congress in the order of discussion by scientists from the USA
([Charles R.] Williams) and Japan ([Shiji] Katsuki)' [9].

5.2. Third International Congress on Acoustics ICA1959

Slavin died in January 1959, but his work was presented posthumously at Third
International Congress on Acoustics, ICA1959 which took place in Stuttgart, by D. Brodhun an
acoustician from the ex-GDR, he presented a deep analysis of Slavin curve and the evaluation
of his noise criteria [11].

The Slavin paper is not in ICA Proceedings, but in the well-known `Wireless World'
magazine of October 1959 issue, they pointed out that `In Russia, according to a paper by I.
I. Slavin and J. M. Iljaschtschuk three classes of noise spectra are recognized (low, middle and
high frequency) each with a permissible upper limit of intensity.' [12], this comment gives the
idea that Slavin work was Oral presented (perhaps) by Jurij Iljaschtschuk who worked at LIOT,
he developed a sound analyzer among other devices [5].

6. The international impact of Slavin's proposal on the legal noise limit

Slavin's work on engineer noise control and noise legal limits are mentioned in several
international publications, this gives us an idea of the scienti�c magnitude of his work into
acoustics, noise control engineering, and auditory prophylaxis, limiting high noise levels at
workplaces.

6.1. Slavin recommendation in US publications

Charles R. Williams was chairman of American Industrial Hygiene Association and
met Slavin at ICOH; he published in Noise Control ASA magazine the Slavin Paper in 1959[7],
and it has been referenced in several USA medical and technical publications since then.
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It is interesting the fact that Slavin is mentioned more in US technical publications
than ex-Communist countries, a brief list of the American institutions are:

a) NASA, `Hygienic characteristics of industrial noise' [14], [15]
b) US Navy, `Control of noise and sonic vibration in ships' [16]
c) US Department of Commerce `Soviet noise-control research' [17]
d) EPA, `A basis for limiting noise exposure for hearing conservation' [18]
e) Central Intelligence Agency, CIA digital repository [19][20][21][22]

The well-known American acoustician Karl D. Kryter, who worked at Bolt-Berank-
Neumann and NASA into several hearing conservations programs, he highlighted that `Slavin
states his contours are meant to be a practical balance between hearing conservation and
necessary industrial noise conditions' [23].

6.2. The ISO/TC-43 Group and the Slavin recommendation about noise
limits

According to Slavin, the Russians representatives at ISO presented his work about
noise limits in workplaces; probably they did it in 1958 to discuss it in ISO/TC-43 board:

Currently, the International Committee for Standardization (ISO/TC-43), with the
participation of representatives of the USSR (A.V. Rimsky-Korsakov, I.G. Rusakov, V.V.
Furduev), is preparing for standardization of the volume scale. It should be pointed out that
this standardization is associated with great di�culties and may turn out to be premature so
far, due to the possible introduction of new curves of equal loudness for noise. There is also
no doubt that for assessing the physiological e�ect of noise, noise characteristics such as the
degree of its unpleasantness, harmfulness and the like are also of great importance. These
characteristics are not yet quanti�able. [5]

Unfortunately, there is no other information available on Internet yet, surely his criteria
was discussed in ISO/TC-43 board meetings work, but his noise curve criteria was never
�nalized as a technical proposal.

Slavin comments in another paper that, in September 1955, I. G. Rusakov from
Moscow Central Research Institute of Physical-Technical and Radar Measurements presented
at ISO/TC-43 `an international recommendations for the study and measurement of airborne
noise in order to standardize values and measurement methods' [24].

6.3. Publication about hearing conservation

Among several scienti�c publications on hearing conservation which mention the
Slavin's work, according to the author, there are two that stand out from the rest, because
both publications rescue Slavin's work at the end of 1960 decade:

a) Walter Reichardt, `Loudness level Loudness noise' [10]
b) Rummer�eld,&Rummer�eld, `Noise Induced Hearing Loss' [25]

Conclusions

The author found the Slavin noise limits curve as serendipity when he was seeking
information for one of his investigations, about the history of the inception of `85 dBA' as
unique value for noise limit, but the Slavin proposition is previous to those criteria and it does
not �t into the same study branch.

This article is a tribute to the memory of I. I. Slavin, rescuing his work in acoustics
science to the 21st century, because he has done an important contribution into the �eld of
human hearing conservation, and because his scienti�c research ended as legislation being the
�rst of this kind in the world, later it was used as reference for other countries.
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The Acoustics has a few representatives' scientists; perhaps Ilya Ilyich Slavin could
be among those who have made contributions to this discipline, speci�cally in the area of
occupational noise, hearing conservation or similar.

The author wants to acknowledge and thank Iuliia Rassoshenko (Noise Theory and Practice
Journal) who encourage him to write about I. I. Slavin.

References

1. Àêóñòè÷åñêèé Æóðíàë (1959) ¾È. È. Ñëàâèí¿, available at:
http://www.akzh.ru/pdf/1959_2_255.pdf (accessed: 06.05.2020)

2. Ñóõàðåâñêèé, Þ. Ì. (1995) ¾Äåíü ïîáåäû (1945-2015ãã)¿ Ôèçè÷åñêèé èíñòèòóò
Ï. Í. Ëåáåäåâà Ðîññèéñêîé àêàäåìèè íàóê, available at:
http://sites.lebedev.ru/ru/sites/victory/3556.html (accessed: 06.05.2020)

3. Ñóõàðåâñêèé, Þ. Ì. (1987) ¾Â ãîäû âîèíû Âîñïîìèíàíèÿ î Â. È. Âåêñëåðå¿,
available at: http://elib.biblioatom.ru/text/veksler_2003/go,29/ (accessed: 06.05.2020)

4. Acoustic Magazine (1967) ¾Ñîâåòñêàÿ àêóñòèêà çà 50 ëåò¿ Àêóñòè÷åñêèé
Æóðíàë, available at: http://www.akzh.ru/pdf/1967_4_481-532.pdf (accessed: 06.05.2020)

5. Slavin, I.I. (1959) ¾Êðàòêèé î÷åðê ðàáîò ïî èññëåäîâàíèþ øóìîâ è ïî
áîðüáå ñ øóìàìè â ÑÑÑÐ çà ïåðèîä äî 1957 ã¿ Àêóñòè÷åñêèé Æóðíàë, available at:
http://www.akzh.ru/pdf/1959_2_221-230.pdf (accessed: 06.05.2020)

6. Russian patent (1957) ¾Ñïîñîá óëó÷øåíèÿ àêóñòè÷åñêèõ ñâîéñòâ ïîìåùåíèÿ¿ SU
119669 A1: https://patents.google.com/patent/SU119669A1/ru (accessed: 06.05.2020)

7. Slavin, I.I. (1959) ¾Tentative sanitary standards and regulations for restricting
noise in industry¿ CIA digital repository, available at:
https://www.cia.gov/library/readingroom/docs/CIA-RPD80-00246A004500310001-7.pdf
(accessed: 06.05.2020)

8. Slavin, I.I. (1959) ¾Soviet Tentative Standards and Regulations for Restricting
Noise in Industry¿ Noise control magazine. Published by Charles R. Williams, available at:
https://asa.scitation.org/doi/10.1121/1.2369390 (accessed: 06.05.2020)

9. Slavin, I.I. (1957) ¾Gesetzliche L�armnormativsystem in der Siwjetunion und
ihre Wissenschaftliche Grundlagen¿ http://repository.icohweb.org/helsinki-1957/ (accessed:
06.05.2020)

10. Reichardt, Walter (1966) ¾Loudness level Loudness noise¿ Journal of audiological
technique, available at:
https://www.uzh.ch/orl/dga-ev/publikationen/zfaudiologie/archiv/HGAk_1966_05-1.pdf
(accessed: 06.05.2020)

11. Brodhun, D. (1959) ¾Direkte anzeige von sollkurven-�uberscheritungen¿ in
Proceedings of the International Congresses on Acoustics, available at:
https://www.icacommission.org/proceedg.html (accessed: 06.05.2020)

12. Wireless World (1959) ¾International Congress on Acoustics. Topics discussed
at this year's meeting in Stuttgart¿ Wireless World magazine October issue, available at:
https://www.americanradiohistory.com/UK/Wireless-World/50s/Wireless-World-1959-10.pdf
(accessed: 06.05.2020)

13. Montano, W.A. ¾Low-Frequency Noise is underestimated by dBA. After 80 years,
an LFN descriptor for rating annoyance is necessary¿ Noise Theory and Practice, Scienti�c
Journal, available at: http://media.noisetp.com/�ler_public/50/f3/50f3c4f8-3c30-4031-adb8-
f70ab05c78e1/noisetp2020issue1_6pp7-29.pdf (accessed: 06.05.2020)



NOISE Theory and Practice 17

14. NASA (1959) ¾Hygienic characteristics of industrial noise¿ Google free-book
15. NASA (1973) ¾Noise and noise and sickness¿ available at:

https://archive.org/stream/nasa_techdoc_19730019203/19730019203_djvu.txt (accessed:
06.05.2020)

16. US Navy (1963) ¾Control of noise and sonic vibration in ships¿ available at:
https://archive.org/download/DTIC_AD0404940/DTIC_AD0404940.pdf (accessed: 06.05.2020)

17. US Department of Commerce (1961) Soviet noise-control research
18. EPA (1973) ¾A basis for limiting noise exposure for hearing conservation¿ available

at: https://nepis.epa.gov/Exe/ZyPDF.cgi/9101XEFB.PDF?Dockey=9101XEFB.PDF
(accessed: 06.05.2020)

19. Tartakovsy, B.D. (1952) ¾An extensive conferencie of the commitee on acoustics of
the Academy of Sciences¿ CIA digital repository, available at:
https://www.cia.gov/library/readingroom/docs/CIA-RDP82-00039R000200050007-8.pdf
(accessed: 06.05.2020)

20. Tartakovsy, B.D. (1951) ¾Topics and speakers at soviet acoustics conference¿ CIA
digital repository, available at: https://www.cia.gov/library/readingroom/docs/CIA-RDP80-
00809A000700040561-3.pdf (accessed: 06.05.2020)

21. Slavin, I.I. (1959) ¾Tentative sanitary standards and regulations for restricting
noise in industry¿ CIA digital repository, available at:
https://www.cia.gov/library/readingroom/docs/CIA-RPD80-00246A004500310001-7.pdf
(accessed: 06.05.2020)

22. Russian Acoustic Journal (1950) ¾Conference on the use of Ultra-acoustics¿ CIA
digital repository, available at: https://www.cia.gov/library/readingroom/docs/CIA-RDP84-
00581R000300800009-8.pdf (accessed: 06.05.2020)

23. Kryter, Karl D. (1970) ¾The E�ects of Noise on Man¿ Elsevier (Page 181 available
at Google books on-line)

24. I.I. Slavin (1957) ¾Íàó÷íàÿ êîíôåðåíöèÿ ïî áîðüáå ñ øóìàìè è äåéñòâèþ
øóìà íà îðãàíèçì¿ Àêóñòè÷åñêèé Æóðíàë. http://www.akzh.ru/pdf/1957_1_83-85.pdf
https://www.uzh.ch/orl/dga-ev/publikationen/zfaudiologie/archiv/HGAk_1966_05-1.pdf
(accessed: 06.05.2020)

25. Rummer�eld, P.S.; Rummer�eld, M.J. (1969) ¾Noise Induced Hearing Loss¿,
available at: https://journals.sagepub.com/doi/pdf/10.1177/216507996901701105 (accessed:
06.05.2020)

26. Òàðòàêîâñêèé, Á.Ä. (1949) ¾Ðàñøèðåííîå ñîâåùàíèå àêóñòè÷åñêîé êîìèññèè
àêàäåìèè íàóê ÑÑÑÐ¿ Óñïåõè Ôèçè÷åñêèõ Íàóê. https://ufn.ru/ru/articles/1949/8/j/
(accessed: 06.05.2020)



NOISE Theory and Practice 18

ÓÄÊ: 534.83:628.83

OECD: 01.03.ÀÀ

Çâóêîçàùèòíûå ñâîéñòâà âèíòîâîé âñòàâêè â âîçäóõîâîäàõ

âåíòèëÿöèè

Ìóðçèíîâ Â.Ë.1∗, Ìóðçèíîâ Ï.Â.2, Ìóðçèíîâ Þ.Â.3, Õàëÿïèíà Ñ.Ñ.4
1 Ä.ò.í., ïðîôåññîð êàôåäðû ¾Òåõíîñôåðíàÿ è ïîæàðíàÿ áåçîïàñíîñòü¿

2 Ê.ò.í., çàâåäóþùèé ëàáîðàòîðèåé ¾Èññëåäîâàíèå àêóñòè÷åñêèõ ïðîöåññîâ¿
3 Ê.ò.í., äîöåíò êàôåäðû ¾Ýëåêòðîïðèâîä, àâòîìàòèêà è óïðàâëåíèå

â òåõíè÷åñêèõ ñèñòåìàõ¿
4 Èíæåíåð êàôåäðû ¾Òåõíîñôåðíàÿ è ïîæàðíàÿ áåçîïàñíîñòü¿

1,2,3,4 Âîðîíåæñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Âîðîíåæ, ÐÔ

Àííîòàöèÿ

Â ñòàòüå ðàññìàòðèâàåòñÿ çàäà÷à îöåíêè ýôôåêòèâíîñòè ïîäàâëåíèÿ àýðîäèíàìè÷åñêîãî

øóìà âèíòîâîé âñòàâêîé â âîçäóõîâîä âåíòèëÿöèè. Ìåõàíè÷åñêèå âåíòèëÿöèîííûå ñèñòåìû ïîëó÷èëè

øèðîêîå ðàñïðîñòðàíåíèå äëÿ îáåñïå÷åíèÿ ñàíèòàðíî-ãèãèåíè÷åñêèõ èëè òåõíè÷åñêèõ ïîòðåáíîñòåé

âî ìíîãèõ îáëàñòÿõ ïðîìûøëåííîñòè, áûòîâûõ óñëîâèÿõ, ìåñòàõ ïðåáûâàíèÿ áîëüøîãî ÷èñëà ëþäåé.

Îäíàêî ìåõàíè÷åñêèå âåíòèëÿöèîííûå ñèñòåìû èìåþò íåãàòèâíóþ ñòîðîíó, îíè ñîçäàþò øóì, êîòîðûé

ðàñïðîñòðàíÿåòñÿ ïî âåíòèëÿöèîííûì êàíàëàì è ìîæåò ñòàòü ïðè÷èíîé óõóäøåíèÿ íîðìàëüíûõ óñëîâèé

òðóäà è îòäûõà. Äîëÿ àýðîäèíàìè÷åñêîãî øóìà ñóùåñòâåííî ïðåîáëàäàåò íàä ñòðóêòóðíûì øóìîì.

Ïîýòîìó ïîäàâëåíèå àýðîäèíàìè÷åñêîé ñîñòàâëÿþùåé øóìà âåíòèëÿöèîííûõ ñèñòåì ÿâëÿåòñÿ àêòóàëüíîé

çàäà÷åé. Ñóùåñòâóþò ðàçëè÷íûå ñðåäñòâà ñíèæåíèÿ øóìà ïîòîêîâ â âîçäóõîâîäàõ. Â ñòàòüå ðàññìîòðåíû

ìåòîäû è êîíñòðóêöèè, îáåñïå÷èâàþùèå ñíèæåíèå àýðîäèíàìè÷åñêîãî øóìà è ïîêàçàíû ðàçëè÷íûå

êîíñòðóêòèâíûå ðåøåíèÿ, íà÷èíàÿ îò êîíñòðóêöèé, ïðåäñòàâëåííûõ â íîðìàòèâíûõ äîêóìåíòàõ è êîí÷àÿ

îðèãèíàëüíûìè ñîâðåìåííûìè ðàçðàáîòêàìè. Îòìå÷åíà ýôôåêòèâíîñòü ïðèìåíåíèÿ â âîçäóõîâîäàõ

ñïèðàëüíûõ âñòàâîê â âèäå ãåëèêîèäîâ. Ïðèìåíåíèå ãåëèêîèäîâ ïðàêòè÷åñêè íå óâåëè÷èâàåò

ãèäðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ âîçäóõîâîäîâ. Èñïîëüçîâàíèå çâóêîïîãëîùàþùèõ ìàòåðèàëîâ äëÿ

îáëèöîâêè âîçäóõîâîäîâ è èçãîòîâëåíèÿ ãåëèêîèäîâ, ïîçâîëèëî ïîëó÷èòü ñèíåðãåòè÷åñêèé ýôôåêò

ñîâìåñòíîãî ïîäàâëåíèÿ èìè àýðîäèíàìè÷åñêîãî øóìà, â ðåçóëüòàòå ÷åãî, ïîëó÷èëîñü çíà÷èòåëüíîå

ñíèæåíèå àýðîäèíàìè÷åñêîãî øóìà â äèàïàçîíå ñðåäíèõ è âûñîêèõ ÷àñòîò.

Êëþ÷åâûå ñëîâà: ñíèæåíèå øóìà, àýðîäèíàìè÷åñêèé øóì, âåíòèëÿöèÿ, âîçäóõîâîä,

ãåëèêîèä, ñïèðàëüíàÿ âñòàâêà, ãëóøèòåëü.
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Abstract

The article deals with the problem of evaluating the e�ectiveness of aerodynamic noise suppression

by a screw insert in the ventilation duct. Mechanical ventilation systems have got widespread to provide

sanitary-hygienic or technical needs in many industry areas, for living conditions, and places destined for the

vast number of people. However, the mechanical ventilation systems have a negative feature as well: they make

noise spreading through the ventilation ducts which can cause deterioration of normal working and resting

conditions. The portion of the aerodynamic noise substantially prevails over the portion of the structural noise.

Therefore, the suppression of the aerodynamic component of the noise in the ventilation systems is a relevant

objective. There are various means of reducing the noise of air�ows in the ducts. We have considered methods

and structures that reduce aerodynamic noise and showed various design solutions starting from structures

presented in regulatory documents to original modern developments. We have noted the e�ciency of the

application of helical inserts (helicoid type) in the ducts. The use of helicoids practically does not increase the

hydrodynamic resistance of the air ducts. The use of sound-absorbing materials for the ducts �nishing and

helicoids production made it possible to obtain a synergistic e�ect of joint suppression of the aerodynamic noise

resulting in a signi�cant reduction of the aerodynamic noise in the medium and high frequency range.

Keywords: noise reduction, aerodynamic noise, ventilation, air duct, helicoid, spiral insert, mu�er.

Ââåäåíèå

Ìåõàíè÷åñêèå âåíòèëÿöèîííûå ñèñòåìû ïîëó÷èëè øèðîêîå ðàñïðîñòðàíåíèå äëÿ
îáåñïå÷åíèÿ ñàíèòàðíî-ãèãèåíè÷åñêèõ èëè òåõíè÷åñêèõ ïîòðåáíîñòåé âî ìíîãèõ îáëàñòÿõ
ïðîìûøëåííîñòè, áûòîâûõ óñëîâèÿõ, ìåñòàõ ïðåáûâàíèÿ áîëüøîãî ÷èñëà ëþäåé.
Øèðîêîå ðàñïðîñòðàíåíèå ýòèõ ñèñòåì îáúÿñíÿåòñÿ íåîáõîäèìîñòüþ ïîääåðæàíèÿ
âîçäóõà â ïîìåùåíèè çàäàííîãî ñîñòàâà. Îäíàêî ìåõàíè÷åñêèå âåíòèëÿöèîííûå ñèñòåìû
èìåþò íåãàòèâíóþ ñòîðîíó, îíè ÿâëÿþòñÿ èñòî÷íèêîì àýðîäèíàìè÷åñêîãî è ñòðóêòóðíîãî
øóìà, êîòîðûé ñòàíîâèòñÿ ïðè÷èíîé óõóäøåíèÿ íîðìàëüíûõ óñëîâèé òðóäà è îòäûõà.
Îñíîâíîé ïðè÷èíîé âîçíèêíîâåíèÿ øóìà ÿâëÿåòñÿ ðàáîòà öåíòðîáåæíûõ è îñåâûõ
âåíòèëÿòîðîâ, èõ ýëåêòðîäâèãàòåëåé, íàëè÷èå òóðáóëåíòíûõ ïóëüñàöèé âîçäóõà è íå
âñåãäà îïòèìàëüíîé êîíôèãóðàöèè âîçäóõîâîäîâ[1].

Ïî âîçäóõó, çàêëþ÷åííîìó â âîçäóõîâîäàõ, ðàñïðîñòðàíÿåòñÿ àýðîäèíàìè÷åñêèé
øóì, à ïî ñòåíêàì âîçäóõîâîäîâ è ïî ñòðîèòåëüíûì êîíñòðóêöèÿì, ãäå ðàñïîëîæåíû
ýëåìåíòû âåíòèëÿöèîííîé ñèñòåìû � ñòðóêòóðíûé øóì. Äîëÿ àýðîäèíàìè÷åñêîãî
øóìà ñóùåñòâåííî ïðåîáëàäàåò íàä ñòðóêòóðíûì øóìîì. Ïîýòîìó ïîäàâëåíèå
àýðîäèíàìè÷åñêîé ñîñòàâëÿþùåé øóìà âåíòèëÿöèîííûõ ñèñòåì ÿâëÿåòñÿ àêòóàëüíîé
çàäà÷åé[2]. Ïðè ýòîì â âîçäóõîâîäàõ âåíòèëÿöèîííûõ ñèñòåì íå äîëæíî áûòü óâåëè÷åíèÿ
ãèäðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ. Âîçäóõîâîäû ïðåäñòàâëÿþò ñîáîé ýôôåêòèâíûå
êàíàëû ïåðåäà÷è çâóêîâûõ ïîòîêîâ îò âåíòèëÿöèîííîé óñòàíîâêè[3] â ïîìåùåíèÿ,
êîòîðûå ìîãóò íàõîäèòüñÿ äîâîëüíî äàëåêî. Êðîìå òîãî, âåíòèëÿöèîííàÿ ñèñòåìà
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ìîæåò ïåðåäàâàòü çâóêîâîé ïîòîê íå òîëüêî èñõîäÿùèé îò âåíòèëÿòîðà, íî è èç îäíîãî
ïîìåùåíèÿ â äðóãîå ïî âîçäóõîâîäàì. Ïðè ýòîì øóì ïîïàäàåò â ïîìåùåíèå ÷åðåç
âåíòèëÿöèîííûå îòâåðñòèÿ è ÷åðåç ñòåíêè âîçäóõîâîäîâ.

1. Ñíèæåíèå øóìà âåíòèëÿöèîííûõ ñèñòåì ìåòîäàìè, ïðåäñòàâëåííûìè

â íîðìàòèâíûõ äîêóìåíòàõ

Ñíèæåíèå àýðîäèíàìè÷åñêîãî øóìà âåíòèëÿöèîííûõ ñèñòåì ÿâëÿåòñÿ îäíîé
èç àêòóàëüíûõ çàäà÷. Â íîðìàòèâíîì äîêóìåíòå[4] ïîêàçàíû âîçìîæíûå êîíñòðóêöèè
ãëóøèòåëåé, îáåñïå÷èâàþùèõ ïîäàâëåíèå àýðîäèíàìè÷åñêîé ñîñòàâëÿþùåé øóìà.

Ñíèæåíèå óðîâíÿ øóìà â âîçäóõîâîäå îïðåäåëÿåòñÿ åãî äëèíîé, ñå÷åíèåì
è êîýôôèöèåíòîì çâóêîïîãëîùåíèÿ ìàòåðèàëà, êîòîðûì îáëèöîâàíà åãî âíóòðåííÿÿ
ïîâåðõíîñòü. Ïðè îäíîì è òîì æå ìàòåðèàëå, èç êîòîðîãî ñäåëàí âîçäóõîâîä, è ðàçëè÷íûõ
åãî ñå÷åíèÿõ ñíèæåíèå øóìà áóäåò òåì ìåíüøå, ÷åì áîëüøå ñå÷åíèå. Ñëåäîâàòåëüíî,
âîçäóõîâîä áîëüøåãî ñå÷åíèÿ èìååò ìåíüøåå ãèäðàâëè÷åñêîå ñîïðîòèâëåíèÿ è,
ñîîòâåòñòâåííî, ìåíüøåå ñíèæåíèå øóìà.

Â ñëó÷àÿõ, êîãäà íåîáõîäèìî îñëàáèòü øóì â âîçäóõîâîäàõ, ïðèìåíÿþò
àêóñòè÷åñêèå ãëóøèòåëè. Âûáîð òèïà ãëóøèòåëÿ îïðåäåëÿåòñÿ â îñíîâíîì ÷àñòîòíûì
ñîñòàâîì øóìà è òðåáóåìûì ñíèæåíèåì åãî îáùåãî óðîâíÿ. Ïðè ýòîì ãëóøèòåëè íå
äîëæíû îêàçûâàòü çíà÷èòåëüíîãî ñîïðîòèâëåíèÿ ïîòîêó âîçäóõà. Èõ ñëåäóåò äåëàòü ïî
âîçìîæíîñòè ìàëîãàáàðèòíûìè, ïðîñòûìè è äîëãîâå÷íûìè â ýêñïëóàòàöèè.

Ïðîñòåéøèì ãëóøèòåëåì ÿâëÿåòñÿ êàíàë, îáëèöîâàííûé çâóêîïîãëîùàþùèì
ìàòåðèàëîì è ñ îòêëîíåííûì ïîòîêîì, ïîêàçàííîì íà ðèñ. 1, à). Â ãëóøèòåëÿõ ýòîãî
òèïà çâóê ðàñïðîñòðàíÿåòñÿ âäîëü ïîãëîùàþùåãî ñëîÿ. Êîíñòðóêòèâíî òàêèå ãëóøèòåëè
âûïîëíÿþò â âèäå ðÿäà ïàðàëëåëüíûõ ïðÿìîóãîëüíûõ (ðèñ. 1, á)) èëè êðóãëûõ êàíàëîâ
(ðèñ. 2, à)). Áîëüøåé ýôôåêòèâíîñòüþ ïî ñíèæåíèþ øóìà îáëàäàåò êîëåí÷àòûé
ãëóøèòåëü, èçîáðàæåííûé íà ðèñ. 2, á). Îäíàêî èçìåíåíèå íàïðàâëåíèÿ ïîòîêà ñîçäàåò
áîëüøèå ãèäðàâëè÷åñêèå ñîïðîòèâëåíèÿ.

Ðèñ. 1. Ãëóøèòåëü: à) ñ îòêëîíåíèå ïîòîêà; á) ñ ïàðàëëåëüíûìè ïëàñòèíàìè áåç
ïðîìåæóòî÷íûõ ñëîåâ. 1 � âåíòèëÿöèîííûé êàíàë, 2 � çâóêîïîãëîùàþùèé ìàòåðèàë.
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Ðèñ. 2. Ãëóøèòåëü: à) êðóãëûé ãëóøèòåëü ñ êîíöåíòðè÷åñêèì êîæóõîì; á) êîëåí÷àòûé
ãëóøèòåëü. 1 � âåíòèëÿöèîííûé êàíàë, 2 � çâóêîïîãëîùàþùèé ìàòåðèàë.

×àñòî ùåëè ïëàñòèí÷àòîãî ãëóøèòåëÿ çàìåíÿþò ñèñòåìîé êàíàëîâ î÷åíü ìàëîãî
ñå÷åíèÿ, ñóììàðíàÿ ðàáî÷àÿ ïëîùàäü êîòîðûõ ðàâíà ïëîùàäè âîçäóõîâîäà áîëüøîãî
êàíàëà. Ñòåíêè ýòèõ êàíàëîâ òàêæå ïîêðûâàþò çâóêîïîãëîùàþùèìè ìàòåðèàëàìè.

Îñëàáëåíèå øóìà, ñîçäàâàåìîå çâóêîïîãëîùàþùåé îáëèöîâêîé, çàâèñèò îò åå
òîëùèíû, ðàññòîÿíèÿ ìåæäó ïëàñòèíàìè, äëèíû îáëèöîâàííîé ÷àñòè è êîýôôèöèåíòà
ïîãëîùåíèÿ îáëèöîâêè. Â ðàáîòå[5] ðàññìîòðåíà ìîäåëü ãëóøèòåëÿ äëÿ ïîâûøåíèÿ
ýôôåêòèâíîñòè ñíèæåíèÿ óðîâíÿ øóìà â øèðîêîì äèàïàçîíå ÷àñòîò â ëèíåéíîì
âîçäóõîâîäå. Âîïðîñû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ãëóøèòåëåé øóìà è ïîäàâëåíèÿ
çâóêà â âîçäóõîâîäàõ ñ ïîãëîùàþùèìè ñòåíêàìè ïîêàçàíû â ðàáîòàõ[6, 7, 8]. Ïðèâåäåí
ñðàâíèòåëüíûé àíàëèç ðàçëè÷íûõ êðèòåðèåâ ýôôåêòèâíîñòè ãëóøèòåëåé øóìà, óêàçàíû
èõ ïðåèìóùåñòâà è íåäîñòàòêè.

Ïðàêòè÷åñêîå èñïîëüçîâàíèå ãëóøèòåëåé ñ ëèíåéíûì ïåðåìåùåíèåì ïîòîêà
ïîêàçûâàåò íå äîñòàòî÷íóþ ýôôåêòèâíîñòü èõ ðàáîòû. Ãëóøèòåëè ñ âûñîêîé
ñòåïåíüþ øóìîïîäàâëåíèÿ, êàê ïðàâèëî, èìåþò áîëüøîå ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå,
à âîçäóõîâîäû ñ ìàëåíüêèì ãèäðàâëè÷åñêèì ñîïðîòèâëåíèåì îáëàäàþò íèçêèìè
çâóêîçàùèòíûìè ñâîéñòâàìè.

2. Âèíòîâûå âñòàâêè â âîçäóõîâîäàõ âåíòèëÿöèè

Îäíèì èç íàïðàâëåíèé â îáëàñòè ñíèæåíèÿ øóìà â âåíòèëÿöèîííûõ ñèñòåìàõ
ÿâëÿåòñÿ ïðèìåíåíèå àêóñòè÷åñêèõ ãëóøèòåëåé, ñîçäàþùèõ âèíòîâûå ïóòè äëÿ
ïåðåìåùåíèÿ ãàçîâîé ñðåäû è àêóñòè÷åñêîé ýíåðãèè, ñîïðîâîæäàþùåé ãàçîâîé ïîòîê.
Ïðè ýòîì ðåøàåòñÿ çàäà÷à ïîâûøåíèÿ ýôôåêòèâíîñòè ñíèæåíèÿ øóìà è ñîõðàíåíèÿ
íåèçìåííûì ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ â âåíòèëÿöèîííûõ êàíàëàõ.

Ðàíåå, ïðèìåíèòåëüíî ê âûõëîïíîé ñèñòåìå àâòîìîáèëÿ, áûëî ïðåäëîæåíî
ïîãëîùàòü àêóñòè÷åñêóþ ýíåðãèþ, ñîïðîâîæäàþùóþ ïîòîê òåêó÷åé ñðåäû, òàêîé
êàê âîçäóõ, ïóòåì ïðîïóñêàíèÿ å¼ ïî âîçäóõîâîäó, â êîòîðîì ðàñïîëîæåí âèíòîâîé
ýëåìåíò[9]. Áëàãîäàðÿ âèíòîâîìó ýëåìåíòó ãàçîâàÿ ñðåäà ñëåäóåò ïî âèíòîâîé òðàåêòîðèè
÷åðåç âîçäóõîâîä (ðèñ. 3). Òàêèå óñòðîéñòâà áûëè ïðåäëîæåíû äëÿ èñïîëüçîâàíèÿ
â àâòîìîáèëüíûõ ãëóøèòåëÿõ, â êîòîðûõ íèçêèå àêóñòè÷åñêèå ÷àñòîòû íèæå 60 Ãö
îñëàáëÿþòñÿ äî íîðìàòèâíûõ çíà÷åíèé.

Çâóêîâûå ïîòîêè ñ áîëüøîé äëèíîé âîëíû â òàêèõ ãëóøèòåëÿõ ñ âèíòîâûì
ýëåìåíòîì íå ìîãóò ïåðåìåùàòüñÿ, áåñïðåïÿòñòâåííî äâèãàÿñü ïî îêðóæíîé âèíòîâîé
äîðîæêå. Çâóêîâûå ïîòîêè ñðåäíèõ è âûñîêèõ ÷àñòîò, ñ äðóãîé ñòîðîíû, íåçíà÷èòåëüíî
îñëàáëÿþòñÿ ýòèì óñòðîéñòâîì, òàê êàê, â îòëè÷èå îò íèçêî÷àñòîòíîé àêóñòè÷åñêîé
ýíåðãèè, èõ áîëåå êîðîòêàÿ äëèíà âîëíû ïîçâîëÿåò ïåðåìåùàòüñÿ îòðàæåíèÿìè ïî
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âèíòîâîé òðàåêòîðèè. Òàêèì îáðàçîì, çâóêîâûå ïîòîêè ñî ñðåäíèìè è âûñîêèìè
àêóñòè÷åñêèìè ÷àñòîòàìè ïðîõîäÿò ÷åðåç îòêðûòûé êîíåö êàíàëà è âûõîäÿò èç íåãî
ïðàêòè÷åñêè íå ïîãëîùåííûìè.

Ðèñ. 3. Àêóñòè÷åñêè ïîãëîùàþùèé âîçäóõîâîä. Àêñîíîìåòðè÷åñêàÿ ïðîåêöèÿ ñ ìåñòíûì
ðàçðåçîì. 1 � çâóêîïîãëîùàþùèé ìàòåðèàë, 2 � ëîïàñòè ïåðôîðèðîâàííûå, 3 � îñü

êðåïëåíèÿ ëîïàñòåé.

Ñíèæåíèå øóìà â ñèñòåìå âåíòèëÿöèè ìîæåò îñóùåñòâëÿòüñÿ ïðèìåíåíèåì
ñïèðàëüíûõ âñòàâîê èëè âñòàâîê â âèäå ãåëèêîèäà. Ãëóøèòåëü, èñïîëüçóþùèé ñïèðàëüíûå
âñòàâêè ïîêàçàí íà ðèñ. 4. Ñïèðàëüíûé ãëóøèòåëü èñïîëüçóåòñÿ äëÿ âîçäóõîâîäîâ,
êàíàëîâ âåíòèëÿöèè, êîíäèöèîíèðîâàíèÿ âîçäóõà èëè ïîäîáíûõ èì óñòðîéñòâ è ñîäåðæèò
òðóá÷àòûé êîðïóñ 1, ïîêðûòûé çâóêîïîãëîùàþùèì ìàòåðèàëîì. Âíóòðè òðóá÷àòîãî
êîðïóñà 1 ðàñïîëàãàåòñÿ ñïèðàëüíûé êàíàëüíûé ýëåìåíò 2, êîòîðûé ðàñïîëîæåí âíóòðè è
ïðîäîëüíî â óêàçàííîì òðóá÷àòîì êîðïóñå 1. Ñïèðàëüíûé êàíàëüíûé ýëåìåíò 2 óêðåïëåí
íà îñè 3[10]. Âñå ýëåìåíòû óñòàíàâëèâàþòñÿ â âîçäóõîâîäå 4.

Ñïèðàëüíàÿ âñòàâêà çàñòàâëÿåò âîçäóõ â êàíàëå ñëåäîâàòü ïî óäëèíåííîé
âèíòîâîé òðàåêòîðèè, êîòîðàÿ ïðèâîäèò åãî ê âçàèìîäåéñòâèþ ñî çâóêîïîãëîùàþùèì
ïîêðûòèåì. Òàêîå äâèæåíèå îáåñïå÷èâàåò ñíèæåíèå àýðîäèíàìè÷åñêîãî øóìà â
âîçäóõîâîäå è íå ñîçäàåò äîïîëíèòåëüíîãî ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ.

Ðèñ. 4. Ñïèðàëüíûé ãëóøèòåëü øóìà. 1 � òðóá÷àòûé êîðïóñ èç çâóêîïîãëîùàþùåãî
ìàòåðèàëà, 2 � ñïèðàëüíûé êàíàëüíûé ýëåìåíò, 3 � îñü êðåïëåíèÿ ñïèðàëüíîé

íàïðàâëÿþùåé, 4 � âîçäóõîâîä.
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Â Âîðîíåæñêîì ãîñóäàðñòâåííîì òåõíè÷åñêîì óíèâåðñèòåòå ðàçðàáîòàëè áîëåå
ïðîñòóþ êîíñòðóêöèþ çâóêîïîäàâëÿþùåãî âåíòèëÿöèîííîãî êàíàëà (ðèñ. 5)[11], â êîòîðîì
óñòàíîâëåíà çâóêîïîãëîùàþùàÿ ïàíåëü â âèäå ãåëèêîèäà (ðèñ. 6), óñòàíîâëåííîãî ïëîòíî
áåç çàçîðîâ â âîçäóõîâîäå, îáëèöîâàííîì ïî âíóòðåííåé ïîâåðõíîñòè çâóêîïîãëîùàþùèì
ìàòåðèàëîì.

Ðèñ. 5. Çâóêîïîäàâëÿþùèé âåíòèëÿöèîííûé êàíàë. 1 � âîçäóõîâîä, îáëèöîâàííûé ïî
âíóòðåííåé ïîâåðõíîñòè çâóêîïîãëîùàþùèì ìàòåðèàëîì; 2 � ãåëèêîèä � ñïèðàëüíûé

ýëåìåíò; 3 � çâóêîïîãëîùàþùèé ìàòåðèàë.

Ðèñ. 6. Ãåëèêîèä � ñïèðàëüíûé ýëåìåíò.

Ïðèíöèï ôóíêöèîíèðîâàíèÿ è ñíèæåíèå óðîâíÿ àýðîäèíàìè÷åñêîãî øóìà
çàêëþ÷àåòñÿ â ñëåäóþùåì. Ïîòîê âîçäóõà è ñîïðîâîæäàþùèé åãî çâóêîâîé ïîòîê
ïåðåìåùàþòñÿ â íàïðàâëåíèè, ïîêàçàííîì íà ðèñ. 5, âñòðå÷àåò íà ïóòè ñâîåãî
äâèæåíèÿ ãåëèêîèä 2. Ïðè ýòîì âîçäóøíûé ïîòîê ïëàâíî ïåðåõîäèò âî âðàùàòåëüíîå
äâèæåíèå, à çâóêîâîé ïîòîê, ïîïàäàÿ íà ãåëèêîèä 2, ÷àñòè÷íî ïîãëîùàåòñÿ èì è
÷àñòè÷íî îòðàæàåòñÿ, ïîïàäàÿ íà çâóêîïîãëîùàþùèé ìàòåðèàë 3. Çâóêîïîãëîùàþùèì
ìàòåðèàëîì 3 çâóêîâîé ïîòîê òàê æå ÷àñòè÷íî ïîãëîùàåòñÿ è ÷àñòè÷íî îòðàæàåòñÿ.
Çâóêîâîé ïîòîê ïîäâåðãàåòñÿ ìíîãîêðàòíîìó îòðàæåíèþ è ïîãëîùåíèþ áëàãîäàðÿ òîìó,
÷òî ãåëèêîèä 2 èìååò âèíòîâóþ ñòðóêòóðó. Çâóêîâîé ïîòîê, ìíîãîêðàòíî îòðàçèâøèñü,
è ìíîãîêðàòíî ïîãëîòèâøèñü çâóêîïîãëîùàþùèì ìàòåðèàëîì, òåðÿåò àêóñòè÷åñêóþ
ýíåðãèþ. Çâóêîïîãëîùàþùèé ìàòåðèàë è åãî ñâîéñòâà ïîêàçàíû â ðàáîòå[12]. Îäíàêî
ýòîò ïîòîê âîçäóõà íå ïðåòåðïåâàåò ñóùåñòâåííûõ ïîòåðü íàïîðà èç-çà ãëàäêîé
ïîâåðõíîñòè ãåëèêîèäà, èç-çà îãðàíè÷åííîãî ïîïåðå÷íîãî ñå÷åíèÿ ãåëèêîèäà è èç-çà
îãðàíè÷åííîé òîëùèíû çâóêîïîãëîùàþùåãî ìàòåðèàëà. Øóì, êîòîðûé, ñîïðîâîæäàåò
âîçäóøíûé ïîòîê, óìåíüøàåòñÿ áëàãîäàðÿ ñèíåðãåòè÷åñêîìó äåéñòâèþ óïîìÿíóòîãî
ãåëèêîèäà è óïîìÿíóòîé âíåøíåé îáâîëàêèâàþùåé îáîëî÷êè. Ïðåäëàãàåìàÿ ìåòîäèêà
ñíèæåíèÿ àýðîäèíàìè÷åñêîãî øóìà ìîæåò áûòü ñ óñïåõîì ïðèìåíåíà, íàïðèìåð, äëÿ
ïíåâìîêîíâåéåðîâ íà âîçäóøíîé ïîäóøêå[13, 14], êîòîðûå ñíàáæåíû êàíàëàìè äëÿ
ïåðåìåùåíèÿ âîçäóøíûõ ïîòîêîâ.
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3. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ óðîâíÿ çâóêîâîãî äàâëåíèÿ øóìà,
ðàñïðîñòðàíÿþùåãîñÿ ïî âîçäóõîâîäàì âåíòèëÿöèîííûõ ñåòåé, áûëè ïðîâåäåíû äëÿ
ðàçëè÷íûõ âàðèàíòîâ êîíñòðóêòèâíîãî èñïîëíåíèÿ ëèíåéíîãî âîçäóõîâîäà. Âàðèàíò 1 �
ëèíåéíûé âîçäóõîâîä áåç èñïîëüçîâàíèÿ çâóêîïîãëîùàþùèõ ìàòåðèàëîâ. Âàðèàíò 2 �
ëèíåéíûé âîçäóõîâîä, îáëèöîâàííûé çâóêîïîãëîùàþùèì ìàòåðèàëîì. Âàðèàíò 3 �
ëèíåéíûé âîçäóõîâîä, îáëèöîâàííûé çâóêîïîãëîùàþùèì ìàòåðèàëîì ñ ãåëèêîèäîì èç
çâóêîïîãëîùàþùåãî ìàòåðèàëà.

Ðèñ. 7. Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà ëèíåéíîãî âîçäóõîâîäà ñ ãåëèêîèäîì.

Íà ðèñ. 7 ïðåäñòàâëåíà ýêñïåðèìåíòàëüíàÿ óñòàíîâêà äëÿ îïðåäåëåíèÿ óðîâíÿ
çâóêîâîãî äàâëåíèÿ îò âûñîêîêà÷åñòâåííîãî äèíàìèêà 1, ñâÿçàííîãî ñ èñòî÷íèêîì 2
¾áåëîãî øóìà¿, ïðîøåäøåãî ÷åðåç âåíòèëÿöèîííûé êàíàë 3. Â êà÷åñòâå ëèíåéíîãî
âîçäóõîâîäà 3 áûë âçÿò âîçäóõîâîä èç ïðîïèëåíà äëèíîé 1 ìåòð è äèàìåòðîì 200 ìì.
Òîëùèíà ñòåíêè âîçäóõîâîäà 3 ñîñòàâëÿåò 3 ìì. Âåëè÷èíà çâóêîâîãî äàâëåíèÿ ¾áåëîãî
øóìà¿, âûøåäøåãî èç âîçäóõîâîäà 3 èçìåðÿëàñü ìèêðîôîíîì 4 ïðåöèçèîííîãî øóìîìåðà
5 � àíàëèçàòîðà ñïåêòðà ¾ÎÊÒÀÂÀ � 110À¿. Âîçäóõîâîä 3 áûë óñòàíîâëåí â îòâåðñòèå
ñòåíû 5, ðàçäåëÿþùåé äâà ïîìåùåíèÿ. Â îäíîì ïîìåùåíèè íàõîäèëñÿ èñòî÷íèê 2
¾áåëîãî øóìà¿, à â äðóãîì � øóìîìåð 6 ¾ÎÊÒÀÂÀ � 110À¿. Õàðàêòåðíûå ðàçìåðû
ýêñïåðèìåíòàëüíîé óñòàíîâêè ïîêàçàíû íà ðèñ. 7.

Äëÿ âàðèàíòà 2 êîíñòðóêòèâíîãî èñïîëíåíèÿ âîçäóõîâîäà åãî âíóòðåííÿÿ
ïîâåðõíîñòü áûëà îáêëååíà çâóêîïîãëîùàþùèì ìàòåðèàëîì 7 ¾Øóìàíåò-ÁÌ¿ òîëùèíîé
15 ìì. Äëÿ âàðèàíòà 3 êîíñòðóêòèâíîãî èñïîëíåíèÿ âîçäóõîâîäà 3 áûë äîáàâëåí ãåëèêîèä
8, èìåþùèé ïîëòîðà ñïèðàëüíîãî âèòêà. Ãåëèêîèä 8 áûë èçãîòîâëåí èç ìåòàëëè÷åñêîé
ñåòêè è îáêëååí ñ îáåèõ ñòîðîí ýòîé ñåòêè çâóêîïîãëîùàþùèì ìàòåðèàëîì 6 ¾Øóìàíåò-
ÁÌ¿. Òîëùèíà ãåëèêîèäà 8 ñîñòàâèëà 20 ìì.

Ïðîöåäóðà èçìåðåíèÿ ïðîâîäèëàñü ñëåäóþùèì îáðàçîì. Äëÿ êàæäîãî âàðèàíòà
êîíñòðóêòèâíîãî èñïîëíåíèÿ ïîäàâàëñÿ ¾áåëûé øóì¿ â âîçäóõîâîä. Èíòåíñèâíîñòü
¾áåëîãî øóìà¿ âñåãäà áûëà ïîñòîÿííîé. Çâóêîâîé ïîòîê, âûõîäÿùèé èç âîçäóõîâîäà
3, èçìåðÿëñÿ ìèêðîôîíîì 4 øóìîìåðà 6 ¾ÎÊÒÀÂÀ � 110À¿. Ðåçóëüòàòû èçìåðåíèé
ïðåäñòàâëåíû â òàáëèöå è íà ðèñ. 8.
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Òàáëèöà 1

Ýêñïåðèìåíòàëüíûå çíà÷åíèÿ óðîâíÿ çâóêîâîãî äàâëåíèÿ îò ¾áåëîãî øóìà¿ äëÿ
ðàçëè÷íûõ êîíñòðóêòèâíûõ ñõåì âîçäóõîâîäà, äÁ

Âàðèàíòû ×àñòîòà, Ãö
êîíñòðóêòèâíîãî èñïîëíåíèÿ 63 125 250 500 1000 2000 4000 8000

Âàðèàíò 1 69,4 70,8 70,1 69,2 66,7 67,4 64,7 60,1
Âàðèàíò 2 68,2 65,3 57,5 50,4 48,8 53,1 58,6 61,7
Âàðèàíò 3 68,3 64,2 53,1 46,8 36,2 31,3 24,2 18,4

Ðèñ. 8. Ãðàôèê óðîâíÿ çâóêîâîãî äàâëåíèÿ â âîçäóõîâîäå ïðè ðàçëè÷íûõ åãî
êîíñòðóêòèâíûõ èñïîëíåíèÿõ.

Íà ðèñ. 8 ïîêàçàíû ãðàôèêè óðîâíÿ çâóêîâîãî äàâëåíèÿ äëÿ ðàçëè÷íûõ
êîíñòðóêòèâíûõ èñïîëíåíèé âîçäóõîâîäà. Èç ãðàôèêîâ âèäíî, ÷òî íàèáîëüøèé ýôôåêò
ñíèæåíèÿ óðîâíÿ çâóêîâîãî äàâëåíèÿ äîñòèãàåòñÿ ïðè ñîâìåñòíîì èñïîëüçîâàíèè
çâóêîïîãëîùàþùåãî ìàòåðèàëà íà âíóòðåííåé ïîâåðõíîñòè âîçäóõîâîäà ñ ãåëèêîèäîì,
ïîêðûòûì çâóêîïîãëîùàþùèì ìàòåðèàëîì. Â ýòîì ñëó÷àå âåëè÷èíà ñíèæåíèÿ
çâóêîâîãî äàâëåíèÿ â îáëàñòè âûñîêèõ ÷àñòîò ñîñòàâèëà îêîëî 40 äÁ ïî ñðàâíåíèþ
ñ äðóãèìè âàðèàíòàìè êîíñòðóêòèâíîãî èñïîëíåíèÿ. Â îáëàñòè ñðåäíèõ ÷àñòîò âåëè÷èíà
ñíèæåíèÿ óðîâíÿ çâóêîâîãî äàâëåíèÿ ñîñòàâèëà îêîëî 30 äÁ â ñðàâíåíèè ñ âàðèàíòîì 1
êîíñòðóêòèâíîãî èñïîëíåíèÿ è îêîëî 10 äÁ ïðè ñðàâíåíèè ñ âàðèàíòîì 2 êîíñòðóêòèâíîãî
èñïîëíåíèÿ.

Çàêëþ÷åíèå

Àíàëèç çâóêîïîäàâëÿþùèõ âîçìîæíîñòåé âåíòèëÿöèîííûõ ñèñòåì ïîêàçàë, ÷òî
ïðèìåíåíèå çâóêîïîãëîùàþùèõ ìàòåðèàëîâ äëÿ îáëèöîâêè âíóòðåííåé ïîâåðõíîñòè
âîçäóõîâîäîâ ñíèæàåò óðîâåíü àýðîäèíàìè÷åñêîãî øóìà. Êðîìå òîãî, èñïîëüçîâàíèå
ðàçëè÷íûõ ãëóøèòåëåé òàê æå ñïîñîáñòâóåò ñíèæåíèþ øóìà âåíòèëÿöèîííûõ ñèñòåì.
Íàèáîëåå ýôôåêòèâíûì êîíñòðóêòèâíûì ðåøåíèåì ñòàëî èñïîëüçîâàíèå ñïèðàëüíûõ
ýëåìåíòîâ, ñîçäàþùèõ âèíòîâîå äâèæåíèå ïîòîêà â âîçäóõîâîäàõ, îáëèöîâàííûõ ïî
âíóòðåííåé ïîâåðõíîñòè çâóêîïîãëîùàþùèì ìàòåðèàëîì è ñïèðàëüíûì ýëåìåíòîì â
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ôîðìå ãåëèêîèäà, âûïîëíåííûì òàê æå èç çâóêîïîãëîùàþùåãî ìàòåðèàëà. Ïðè ýòîì
âèíòîâîå äâèæåíèå ïîòîêà ñîçäàåò íåçíà÷èòåëüíîå ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå.
Áëàãîäàðÿ òàêîìó òåõíè÷åñêîìó ðåøåíèþ ïðîÿâèëñÿ ñèíåðãåòè÷åñêèé ýôôåêò îò
ñîâìåñòíîãî äåéñòâèÿ çâóêîïîãëîùàþùåãî ìàòåðèàëà è âèíòîâîãî äâèæåíèÿ âîçäóõà
è çâóêîâîãî ïîòîêà, ÷òî ïîçâîëèëî çíà÷èòåëüíî óìåíüøèòü àýðîäèíàìè÷åñêèé øóì
âåíòèëÿöèîííûõ ñèñòåì â îáëàñòè ñðåäíèõ è âûñîêèõ ÷àñòîò.
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Ñîáñòâåííûå ÷àñòîòû êîëåáàíèé ïëàñòèíû íà óïðóãîì îñíîâàíèè

âèíêëåðîâñêîãî òèïà

Êàíåâ Í.Ã.∗

Äîöåíò, ÌÃÒÓ èì. Í.Ý. Áàóìàíà, ã. Ìîñêâà, ÐÔ

Àííîòàöèÿ

Óñòàíîâëåíà ïðîñòàÿ âçàèìîñâÿçü ìåæäó ñîáñòâåííûìè ÷àñòîòàìè êîëåáàíèé ïëàñòèíû

ïðîèçâîëüíîé ôîðìû íà óïðóãîì îñíîâàíèè âèíêëåðîâñêîãî òèïà ñ ïðîèçâîëüíûìè ãðàíè÷íûìè

óñëîâèÿìè, ñîáñòâåííûìè ÷àñòîòàìè êîëåáàíèé ýòîé ïëàñòèíû áåç óïðóãîãî îñíîâàíèÿ è æåñòêîñòüþ

îñíîâàíèÿ. Íà ïðèìåðå ïðÿìîóãîëüíîé ïëàñòèíû ñ îïåðòûìè êðàÿìè ïîäðîáíî ðàññìîòðåíà çàäà÷à î åå

êîëåáàíèÿõ íà æåñòêîì îñíîâàíèè. Ïîêàçàíî, ÷òî æåñòêîå îñíîâàíèå â çíà÷èòåëüíîé ñòåïåíè äåìïôèðóåò

êîëåáàíèÿ ïëèòû è èõ ðåçîíàíñíûå ñâîéñòâà íå ïðîÿâëÿþòñÿ.

Êëþ÷åâûå ñëîâà: ñîáñòâåííûå ÷àñòîòû êîëåáàíèé, ïëàñòèíà, îñíîâàíèå Âèíêëåðà.

Eigenfrequencies of a plate on a Winkler elastic foundation

Kanev N.G.∗

Associate Professor, Bauman Moscow State Technical University, Moscow, Russia

Abstract

A simple relationship is established between the eigenfrequencies of a plate of arbitrary shape on a

Winkler elastic foundation with arbitrary boundary conditions, the eigenfrequencies of this plate without the

elastic foundation, and the foundation elasticity. On the example of a simply supported rectangular plate, its

oscillations on a rigid foundation are considered in detail. It is shown that the rigid foundation signi�cantly

damps plate oscillations and their resonant properties do not appear.

Keywords: eigenfrequencies, plate, Winkler foundation.

Ââåäåíèå

Çàäà÷è î êîëåáàíèè ïëàñòèí íà óïðóãîì îñíîâàíèè âîçíèêàþò â ðàçëè÷íûõ
îáëàñòÿõ ïðèêëàäíîé àêóñòèêè. Âàæíîå çíà÷åíèå äëÿ ïðàêòè÷åñêèõ ðàñ÷åòîâ èìåþò
ñîáñòâåííûå ÷àñòîòû êîëåáàíèé òàêèõ ïëàñòèí, îñîáåííî â îáëàñòè ïåðâûõ ðåçîíàíñîâ.
Êîëåáàíèÿ ïëàñòèí íà óïðóãîì îñíîâàíèè èññëåäîâàíû âî ìíîãèõ ðàáîòàõ [1-4], â
îòäåëüíûõ ñëó÷àÿõ ïîëó÷åíû ôîðìóëû äëÿ ðàñ÷åòà ñîáñòâåííûõ ÷àñòîò ïëàñòèí [5,6].
Â íàñòîÿùåé ðàáîòå ïðèâîäèòñÿ ïðîñòîé ñïîñîá ðàñ÷åòà ñîáñòâåííûõ ÷àñòîò èçãèáíûõ
êîëåáàíèé ïëàñòèíû ñ ïðîèçâîëüíûìè ãðàíè÷íûìè óñëîâèÿìè, ðàñïîëîæåííîé íà
óïðóãîì îñíîâàíèè âèíêëåðîâñêîãî òèïà.

*E-mail: nikolay.kanev@mail.ru (Êàíåâ Í.Ã.)
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1. Ñîáñòâåííûå ÷àñòîòû ïëàñòèíû

Ðàññìîòðèì ïëàñòèíó ïðîèçâîëüíîé ôîðìû òîëùèíîé h. Ïëîòíîñòü ïëàñòèíû ρ,
èçãèáíàÿ æåñòêîñòü D. Ñìåùåíèå ïëàñòèíû w çàäàåòñÿ èçâåñòíûì óðàâíåíèåì[7]:

ρh
∂2w

∂t2
+D∆2w = 0. (1)

Ïóñòü êðèâàÿ L ÿâëÿåòñÿ ãðàíèöåé ïëàñòèíû, íà êîòîðîé âûïîëíÿþòñÿ, êàê
ïðàâèëî, äâà ãðàíè÷íûõ óñëîâèÿ:

F1(w)|
L

= 0, F2(w)|
L

= 0. (2)

Êîíêðåòíûé âèä ôóíêöèé F1 è F2 çàâèñèò îò òèïà ãðàíè÷íûõ óñëîâèé. Íàïðèìåð,
äëÿ çàùåìëåííîé ïëàñòèíû îíè èìåþò âèä F1(w) = w è F2(w) = ∂w/wn. Äàëåå äëÿ
îïðåäåëåííîñòè ïëàñòèíó, êîëåáàíèÿ êîòîðîé îïðåäåëÿþòñÿ óðàâíåíèÿìè (1) è (2), áóäåì
íàçûâàòü íåíàãðóæåííîé, ò.å. åå ïîâåðõíîñòü ñâîáîäíà îò âíåøíåé íàãðóçêè.

Ãàðìîíè÷åñêèå êîëåáàíèÿ ïëàñòèíû îïèñûâàþòñÿ óðàâíåíèåì:

−ρhω2w +D∆2w = 0. (3)

ãäå ω - êðóãîâàÿ ÷àñòîòà. Ïðèìåì, ÷òî ðåøåíèå ñèñòåìû óðàâíåíèé (2) è (3)
ïðåäñòàâëÿåòñÿ â âèäå íàáîðà ñîáñòâåííûõ ôóíêöèé un ñ ñîáñòâåííûìè ÷àñòîòàìè ωn,
n = 1,2,3,.... Ñâîáîäíûå êîëåáàíèÿ ïëàñòèíû èìåþò âèä w =

∑
n

Anun.

Òåïåðü ðàññìîòðèì ïëàñòèíó íà óïðóãîì îñíîâàíèè âèíêëåðîâñêîãî òèïà ñ
æåñòêîñòüþ k. Â óðàâíåíèå äâèæåíèÿ (1) íåîáõîäèìî äîáàâèòü ñèëó, äåéñòâóþùóþ íà
ïëàñòèíó ñî ñòîðîíû îñíîâàíèÿ:

ρh
∂2w

∂t2
+D∆2w = −kw. (4)

Èç (4) ïîëó÷àåì óðàâíåíèå äëÿ ãàðìîíè÷åñêèõ êîëåáàíèé:

(−ρhω2 + k)w +D∆2w = 0. (5)

Ââåäåì ÷àñòîòó ω̃2 = ω2 − k
ρh
, òîãäà (5) ïðåîáðàçóåòñÿ ê âèäó:

−ρhω̃2w +D∆2w = 0. (6)

Óðàâíåíèÿ (3) è (6) èìåþò îäèíàêîâûé âèä, ïîýòîìó èõ ðåøåíèÿ â ñîâîêóïíîñòè ñ
ãðàíè÷íûìè óñëîâèÿìè (2) òàêæå îïðåäåëÿþòñÿ íàáîðîì ñîáñòâåííûõ ôóíêöèé un, íî ïðè
ýòîì ω̃n = ωn. Òàêèì îáðàçîì, ïëàñòèíà íà óïðóãîì îñíîâàíèè èìååò òå æå ñîáñòâåííûå
ôóíêöèè, ÷òî è íåíàãðóæåííàÿ ïëàñòèíà, íî èõ ñîáñòâåííûå ÷àñòîòû îòëè÷àþòñÿ. Ïðè
ýòîì îíè ñâÿçàíû ïðîñòûì âûðàæåíèåì:

Ω2
n = ω2

n + ω2
0. (7)

ãäå Ωn - ñîáñòâåííûå ÷àñòîòû ïëàñòèíû íà óïðóãîì îñíîâàíèè, ω2
0 = k/ρh -

ðåçîíàíñíàÿ ÷àñòîòà ïîðøíåâûõ êîëåáàíèé ïëàñòèíû íà óïðóãîì îñíîâàíèè (ïðîñòåéøàÿ
êîëåáàòåëüíàÿ ñèñòåìà - ìàññà ρh íà ïðóæèíå k).

Òàêèì îáðàçîì, åñëè èçâåñòíû ñîáñòâåííûå ÷àñòîòû êîëåáàíèé íåíàãðóæåííîé
ïëàñòèíû ëþáîé ôîðìû è ñ ëþáûìè ãðàíè÷íûìè óñëîâèÿìè [8], òî ñîáñòâåííûå ÷àñòîòû
åå êîëåáàíèé íà óïðóãîì îñíîâàíèè ñ èçâåñòíîé æåñòêîñòüþ ìîãóò áûòü ëåãêî íàéäåíû ñ
ïîìîùüþ âûðàæåíèÿ (7).
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Åñëè ïåðâàÿ ñîáñòâåííàÿ ÷àñòîòà íåíàãðóæåííîé ïëàñòèíû ω1 çíà÷èòåëüíî áîëüøå
ðåçîíàíñíîé ÷àñòîòû ω0, ò.å. ω1 >> ω0, òî æåñòêîñòü îñíîâàíèÿ ìàëà ïî ñðàâíåíèþ ñ
æåñòêîñòüþ ïëàñòèíû, ïîýòîìó òàêîå îñíîâàíèå ìîæíî íàçâàòü ìÿãêèì. Â ýòîì ñëó÷àå
óïðóãîå îñíîâàíèå íå îêàçûâàåò ñèëüíîãî âëèÿíèÿ íà ñîáñòâåííûå ÷àñòîòû ïëàñòèíû,
ïîñêîëüêó Ωn ≈ ωn.

Â ïðîòèâîïîëîæíîì ñëó÷àå æåñòêîãî îñíîâàíèÿ, ò.å. ω1 << ω0, íåñêîëüêî
ïåðâûõ ñîáñòâåííûõ ÷àñòîò ïëàñòèíû íà îñíîâàíèè èìåþò áëèçêèå çíà÷åíèÿ Ωn ≈ ω0 ïðè
n < n0, äëÿ êîòîðûõ ωn0 < ω0. Òàêèì îáðàçîì, æåñòêîå îñíîâàíèå çíà÷èòåëüíî âëèÿåò
íà ñîáñòâåííûå ÷àñòîòû ïëàñòèíû.

Àíàëîãè÷íûå ðåçóëüòàòû ñïðàâåäëèâû äëÿ áàëêè íà óïðóãîì îñíîâàíèè [6], äëÿ
êîòîðîé ãðàíè÷íûå óñëîâèÿ (2) çàäàþòñÿ íà êîíöàõ áàëêè. Åñëè èçâåñòíû ñîáñòâåííûå
÷àñòîòû áàëêè ñ íåêîòîðûìè ãðàíè÷íûìè óñëîâèÿìè, òî ñîáñòâåííûå ÷àñòîòû áàëêè íà
óïðóãîì âèíêëåðîâñêîì îñíîâàíèè ðàññ÷èòûâàþòñÿ ñîãëàñíî (7).

2. Æåñòêîå îñíîâàíèå

Ðàññìîòðèì ïîäðîáíåå ñëó÷àé æåñòêîãî îñíîâàíèÿ íà ïðèìåðå ïðÿìîóãîëüíîé
ïëàñòèíû ñ îïåðòûìè êðàÿìè. Ñîáñòâåííûå ÷àñòîòû êîëåáàíèé íåíàãðóæåííîé ïëàñòèíû
îïðåäåëÿþòñÿ ñëåäóþùèì âûðàæåíèåì [7]:

ωn,m = π2

√
D

ρh

((n
a

)2

+
(m
b

)2
)
. (8)

ãäå a è b - äëèíû ñòîðîí ïëàñòèíû, n,m = 1,2,3,....

Ââåäåì ïàðàìåòð γ = a/b, òîãäà (8) ìîæåò áûòü âûðàæåíî ñëåäóþùèì îáðàçîì:

ωn,m = ω1,1
n2 + γ2m2

1 + γ2
. (9)

Äàëåå îòíîðìèðóåì âñå ÷àñòîòû çàäà÷è íà ÷àñòîòó ω1,1 (òåðìèí áåçðàçìåðíûå
áóäåì îïóñêàòü äëÿ êðàòêîñòè):

ωn,m = ωn,m

ω1,1
- ñîáñòâåííûå ÷àñòîòû êîëåáàíèé íåíàãðóæåííîé ïëàñòèíû;

Ωn,m = Ωn,m

ω1,1
- ñîáñòâåííûå ÷àñòîòû êîëåáàíèé ïëàñòèíû íà óïðóãîì îñíîâàíèè;

ω0 = ω0

ω1,1
- ðåçîíàíñíàÿ ÷àñòîòà ïîðøíåâûõ êîëåáàíèé ïëàñòèíû íà óïðóãîì

îñíîâàíèè;

ω = ω
ω1,1

.

Òåïåðü âûðàæåíèå (7) ìîæåò áûòü ïðåäñòàâëåíî â âèäå:

Ω
2

n,m =

(
n2 + γ2m2

1 + γ2

)2

+ ω2
0. (10)

Î÷åâèäíî, ÷òî ÷àñòîòà ω0 õàðàêòåðèçóåò æåñòîêîñòü óïðóãîãî îñíîâàíèÿ ïî
ñðàâíåíèþ ñ èçãèáíîé æåñòîêîñòüþ ïëàñòèíû, äëÿ æåñòêîãî îñíîâàíèÿ ω0 >> 1. Íà
ðèñ. 1 ïðèâåäåíî ñîïîñòàâëåíèå ñîáñòâåííûõ ÷àñòîò ïëàñòèíû ñ ðàçìåðàìè γ = 2 íà
æåñòêîì îñíîâàíèè ω0 = 10 è ñîáñòâåííûõ ÷àñòîò íåíàãðóæåííîé ïëàñòèíû ω0 = 0.
Ïðîêîëîòûå òî÷êè íà ðèñ.1 ïðåäñòàâëÿþò ñîáñòâåííûå ÷àñòîòû íåíàãðóæåííîé ïëàñòèíû,
ïîýòîìó ìîæíî ëåãêî îöåíèòü èçìåíåíèå ñîáñòâåííûõ ÷àñòîò ïëàñòèíû ïðè åå óñòàíîâêå
íà óïðóãîå îñíîâàíèå.

Íàèáîëüøåå îòëè÷èå ìåæäó ÷àñòîòàìè Ωn,m è ωn,m èìååò ìåñòî äëÿ ñàìîé
íèçêîé ñîáñòâåííîé ÷àñòîòû ω1,1 = 1. Ñ óâåëè÷åíèåì ωn,m ðàçíèöà ìåæäó ñîáñòâåííûìè
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÷àñòîòàìè ïëàñòèíû íà óïðóãîì îñíîâàíèè è íåíàãðóæåííîé ïëàñòèíû óìåíüøàåòñÿ. Â
ïðåäåëå ωn,m →∞ ñîáñòâåííûå ÷àñòîòû ñòàíîâÿòñÿ ïî÷òè îäèíàêîâûìè Ωn,m ≈ ωn,m.

Ðèñ. 1. Çàâèñèìîñòü áåçðàçìåðíûõ ñîáñòâåííûõ ÷àñòîò Ωn,m ïëàñòèíû ñ ðàçìåðàìè γ = 2
íà æåñòêîì ω0 = 10 (•) è ìÿãêîì ω0 = 0 (◦) îñíîâàíèÿõ îò áåçðàçìåðíûõ ñîáñòâåííûõ

÷àñòîò ωn,m íåíàãðóæåííîé ïëàñòèíû

Êàê âèäíî íà ðèñ.1, âáëèçè ÷àñòîòû ω0 íàõîäèòñÿ íåñêîëüêî ñîáñòâåííûõ
÷àñòîò Ωn,m.

Íàéäåì êîëè÷åñòâî ñîáñòâåííûõ êîëåáàíèé ïëàñòèíû N , ÷àñòîòû êîòîðûõ íèæå
÷àñòîòû ω äëÿ íåíàãðóæåííîé ïëàñòèíû è ïëàñòèíû íà óïðóãîì îñíîâàíèè. Äëÿ
íåíàãðóæåííîé ïëàñòèíû ýòîò ïàðàìåòð ëåãêî ìîæåò áûòü íàéäåí àíàëèòè÷åñêè:

N ≈ π

4

1 + γ2

γ
ω. (11)

Ïëîòíîñòü ìîä dN/dω íå çàâèñèò îò ÷àñòîòû. Çàâèñèìîñòü N(ω) äëÿ ðàçëè÷íûõ
ðåçîíàíñíûõ ÷àñòîò ω0 ïðèâåäåíà íà ðèñ. 2. Êîëè÷åñòâî ìîä íåíàãðóæåííîé ïëàñòèíû
óâåëè÷èâàåòñÿ ëèíåéíî ñ ÷àñòîòîé ñîãëàñíî (11), ïðè ýòîì ïëàñòèíà íà óïðóãîì îñíîâàíèè
íå èìååò ñîáñòâåííûõ êîëåáàíèé íà ÷àñòîòàõ íèæå ω0. Íî âûøå êîëè÷åñòâî ìîä ðåçêî
ðàñòåò, ïðè ω >> ω0 çàâèñèìîñòè N(ω) äëÿ îáîèõ òèïîâ ïëàñòèí ñòàíîâÿòñÿ áëèçêèìè.

Îòìåòèì îòëè÷èå ÷àñòîòíîé çàâèñèìîñòè ïëîòíîñòè ìîä çâóêîâûõ êîëåáàíèé â
äâóìåðíîì ïîìåùåíèè. Êîëè÷åñòâî ìîä ïîìåùåíèÿ ïðîïîðöèîíàëüíî êâàäðàòó ÷àñòîòû
N ∼ ω2, à èõ ïëîòíîñòü ðàñòåò ëèíåéíî ñ óâåëè÷åíèåì ÷àñòîòû [9]. Íà äîñòàòî÷íî
âûñîêèõ ÷àñòîòàõ ïëîòíîñòü ìîä ñòàíîâèòñÿ òàêîé, ÷òî ðåçîíàíñíûå êðèâûå êîëåáàíèé
ïåðåêðûâàþò äðóã äðóãà, à ðåçîíàíñíûå ñâîéñòâà êîëåáàíèé îêàçûâàþòñÿ ñîâåðøåííî
ñòåðòûìè. Â ðàññìàòðèâàåìîì ñëó÷àå ïëàñòèíû íà æåñòêîì îñíîâàíèè ïîäîáíàÿ êàðòèíà
íàáëþäàåòñÿ, íàïðîòèâ, â îáëàñòè ïåðâûõ ðåçîíàíñíûõ ÷àñòîò.
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Ðèñ. 2. Êîëè÷åñòâî ñîáñòâåííûõ êîëåáàíèé N ñ ÷àñòîòàìè íèæå ω íåíàãðóæåííîé
ïëàñòèíû è ïëàñòèíû íà óïðóãîì îñíîâàíèè, æåñòêîñòü êîòîðîãî îïðåäåëÿåòñÿ

÷àñòîòîé ω0

3. Ýíåðãèÿ êîëåáàíèé ïëàñòèíû

Â çàäà÷àõ âèáðîèçîëÿöèè îñîáîå çíà÷åíèå èìåþò ýíåðãåòè÷åñêèå õàðàêòåðèñòèêè
êîëåáàíèé âèáðîèçîëèðîâàííûõ ñòðóêòóð. Äëÿ èññëåäîâàíèÿ ýíåðãèè êîëåáàíèÿ ïëàñòèíû
íà óïðóãîì îñíîâàíèè ââåäåì êèíåòè÷åñêóþ ýíåðãèþ:

E =
1

2
ρh

∫ a

0

∫ b

0

|v(x,y)|2dx dy =
1

2
ρhω2

∫ a

0

∫ b

0

|w(x,y)|2dx dy, (12)

ãäå v = w - ñêîðîñòü ïëàñòèíû.

Ðàññìîòðèì ïëàñòèíó, îïåðòóþ ïî êîíòóðó, åå ñìåùåíèå � ýòî ñóïåðïîçèöèÿ
ñîáñòâåííûõ êîëåáàíèé:

w(x,y) =
∑
n,m

Anmϕnm, (13)

ãäå ϕnm = sin πnx
a

sin πny
b

- ñîáñòâåííûå êîëåáàíèÿ, Anm - àìïëèòóäà ìîäû (n,m).

Ñîáñòâåííûå ôóíêöèè îðòîãîíàëüíû, ïîýòîìó:∫ a

0

∫ b

0

ϕnmϕn‘m‘dx dy =
ab

4

{
1, ïðè n = n‘,m = m‘

0, ïðè n 6= n‘,m 6= m‘
. (14)

Ñ ïîìîùüþ (14) íàõîäèì èç (12):

E =
1

8
Mω2

∑
n,m

|Anm|2, (15)

ãäå M - ìàññà ïëàñòèíû. Àìïëèòóäà ìîäû ìîæåò áûòü çàïèñàíà â ñëåäóþùåì
âèäå:
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Anm =
Fnm

ρh (Ω2
nm(1 + iε)− ω2)

, (16)

ãäå ε - êîýôôèöèåíò ïîòåðü, ââåäåííûé ñîãëàñíî [10], Fnm - êîýôôèöèåíò
âîçáóæäåíèÿ ìîäû, çàâèñÿùèé îò ñïîñîáà âîçáóæäåíèÿ êîëåáàíèé ïëàñòèíû.

Ñîãëàñíî (15) è (16) íåíàãðóæåííàÿ ïëàñòèíà èìååò ìàêñèìóì êèíåòè÷åñêîé
ýíåðãèè íà ïåðâîé ñîáñòâåííîé ÷àñòîòå ω1,1:

E1,1 =
M

8ρ2h2ω2
1,1ε

2
|F1,1|2. (17)

Â ïåðâóþ î÷åðåäü íàñ èíòåðåñóåò ýíåðãèÿ êîëåáàíèé ïëàñòèíû, à íå ñïîñîá
âîçáóæäåíèÿ ýòèõ êîëåáàíèé, ïîýòîìó äëÿ óïðîùåíèÿ ïîëîæèì Fnm îäèíàêîâûì äëÿ
âñåõ ìîä. Èç (15), (16), (17) ìîæíî ââåñòè áåçðàçìåðíóþ êèíåòè÷åñêóþ ýíåðãèþ:

E =
E

E1,1

= ε2ω2
∑
n,m

1

|Ω2

nm(1 + iε)− ω2|2
. (18)

Ðàñ÷åò ýíåðãèè êîëåáàíèé íåíàãðóæåííîé ïëàñòèíû è ïëàñòèíû íà óïðóãîì
îñíîâàíèè ïðèâåäåí íà ðèñ. 3 äëÿ êîýôôèöèåíòà ïîòåðü ε = 0.1. Ýíåðãèÿ ìàëà íà
÷àñòîòàõ íèæå ω0 è ìàêñèìàëüíà íà ÷àñòîòå ω0. Ïðè ýòîì äëÿ ïëàñòèíû íà óïðóãîì
îñíîâàíèè íåò îñòðîãî ïèêà íà ÷àñòîòå ω0, à ìàêñèìàëüíàÿ àìïëèòóäà êîëåáàíèé
óìåíüøàåòñÿ ñ ðîñòîì ω0. Òàêèì îáðàçîì, ïðè áîëüøîé ïëîòíîñòè ìîä ðåçîíàíñíûå
êîëåáàíèÿ ïëèòû íå ïðîÿâëÿþòñÿ.

Îöåíèì ýíåðãèþ íà ÷àñòîòå ω0 äëÿ æåñòêîãî îñíîâàíèÿ (ω0 >> 1). Âáëèçè ω0 åñòü
ïðèìåðíî N(ω0) ìîä, ïîýòîìó èç (18) ïîëó÷àåì:

E(ω0) ≈ ε2ω2
0

N(ω0)

(Ω
2

nmε)
2

=
π

4

1 + γ2

γ

1

ω0

. (19)

Òàêèì îáðàçîì, æåñòêîå îñíîâàíèå çíà÷èòåëüíî äåìïôèðóåò èçãèáíûå êîëåáàíèÿ
ïëàñòèíû: ýíåðãèÿ êîëåáàíèé ïëàñòèíû óìåíüøàåòñÿ ñ óâåëè÷åíèåì æåñòêîñòè îñíîâàíèÿ.

Ðèñ. 3. Êèíåòè÷åñêàÿ ýíåðãèÿ êîëåáàíèé ïëàñòèíû



Êàíåâ Í.Ã.
Ñîáñòâåííûå ÷àñòîòû êîëåáàíèé ïëàñòèíû íà óïðóãîì îñíîâàíèè
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Çàêëþ÷åíèå

Ïðåäëîæåí ïðîñòîé ñïîñîá ðàñ÷åòà ÷àñòîò ñîáñòâåííûõ êîëåáàíèé ïëàñòèíû,
ëåæàùåé íà ñïëîøíîì óïðóãîì îñíîâàíèè. Åñëè èçâåñòíû ñîáñòâåííûå ÷àñòîòû ïëàñòèíû
ïðîèçâîëüíîé ôîðìû ñ ïðîèçâîëüíûìè ãðàíè÷íûìè óñëîâèÿìè è æåñòêîñòü îñíîâàíèÿ,
òî ñîáñòâåííûå ÷àñòîòû ýòîé æå ïëàñòèíû íà îñíîâàíèè ìîãóò áûòü ðàññ÷èòàíû ïî
ôîðìóëå (7). Ïðè ýòîì ôîðìû ñîáñòâåííûõ êîëåáàíèé ïëàñòèíû íå èçìåíÿþòñÿ.

Ìÿãêîå îñíîâàíèå, æåñòêîñòü êîòîðîãî ìàëà ïî ñðàâíåíèþ ñ èçãèáíîé æåñòêîñòüþ
ïëàñòèíû, ñëàáî âëèÿåò íà ñîáñòâåííûå ÷àñòîòû ïëàñòèíû. Îñíîâàíèå, æåñòêîñòü
êîòîðîãî âåëèêà ïî ñðàâíåíèþ ñ èçãèáíîé æåñòêîñòüþ ïëàñòèíû, íàïðîòèâ, ïðèâîäèò ê
ñóùåñòâåííîìó óâåëè÷åíèþ çíà÷åíèé ñîáñòâåííûõ ÷àñòîò. Íåñêîëüêî ïåðâûõ ñîáñòâåííûõ
÷àñòîò îêàçûâàþòñÿ íàñòîëüêî áëèçêè äðóã ê äðóãó, ÷òî ðåçîíàíñíûé õàðàêòåð êîëåáàíèé
ïëèòû íå ïðîÿâëÿåòñÿ.
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Àýðîàêóñòèêà ïðîìûøëåííîé àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11:

ìåòîäèêà èçìåðåíèÿ èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ

Öâåòêîâ À.È.∗

Äîöåíò, ÁÃÒÓ ¾ÂÎÅÍÌÅÕ¿ èì. Ä.Ô. Óñòèíîâà, ã. Ñàíêò-Ïåòåðáóðã, ÐÔ

Àííîòàöèÿ

Èíòåðåñ ê èññëåäîâàíèþ àýðîàêóñòèêè ïðîìûøëåííûõ àýðîäèíàìè÷åñêèõ òðóá îáúÿñíÿåòñÿ

âûñîêèìè òðåáîâàíèÿìè ïî ñíèæåíèþ øóìà â îòêðûòîé ðàáî÷åé ÷àñòè è â ðàáî÷èõ êàíàëàõ

àýðîäèíàìè÷åñêèõ òðóá. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ìåòîäèêà èçìåðåíèÿ èíôðàçâóêîâûõ

ïóëüñàöèé äàâëåíèÿ â àýðîäèíàìè÷åñêîé òðóáå ÀÒ-11 ÑÏáÃÓ è ïðîâîäèòñÿ ñðàâíåíèå ïîäõîäîâ ê

èçìåðåíèþ òàêèõ ïóëüñàöèé äëÿ òðóá ÀÒ-11 è Ò-103 ÖÀÃÈ.

Êëþ÷åâûå ñëîâà: àýðîàêóñòèêà, àýðîäèíàìè÷åñêàÿ òðóáà, èíôðàçâóêîâûå ïóëüñàöèè

äàâëåíèÿ.

Aeroacoustics of industrial wind tunnel ÀÒ-11: method of measurement of

infrasound pressure pulsations

Tsvetkov A.I.∗

Associate Professor, Baltic State Technical University `VOENMEH' named after D.F. Ustinov,
Saint-Petersburg, Russia

Abstract

The interest in the study of aeroacoustics of industrial wind tunnel is explained by the high

requirements for noise reduction in the open working section and in the working channels of wind tunnels. This

paper considers the method of measurement of infrasound pressure pulsations in wind tunnel ÀÒ-11 (SPbSU)

and compares approaches to measurement of such pulsations for ÀÒ-11 and Ò-103 (TsAGI).

Keywords: aeroacoustics, wind tunnel, infrasound pressure pulsations.

Ââåäåíèå

Àýðîäèíàìè÷åñêèå òðóáû äîëæíû îáåñïå÷èâàòü â ðàáî÷èõ ÷àñòÿõ ïîòîêè
ñ íàä¼æíî èçìåðÿåìûìè ãàçîäèíàìè÷åñêèìè è àýðîàêóñòè÷åñêèìè ïàðàìåòðàìè.
Òðåáîâàíèÿ ê ïàðàìåòðàì ïîòîêîâ ìîãóò áûòü ñîâåðøåííî ðàçëè÷íûìè è çàâèñÿò
îò íàçíà÷åíèÿ àýðîäèíàìè÷åñêèõ òðóá. Òàê, òðóáû ìîãóò áûòü ïðåäíàçíà÷åííûìè
äëÿ ïðîâåäåíèÿ àýðîäèíàìè÷åñêèõ ýêñïåðèìåíòîâ â ïîòîêàõ ñ íèçêîé ñòåïåíüþ
òóðáóëåíòíîñòè è ìèíèìàëüíîé íåðàâíîìåðíîñòüþ ñêîðîñòè ïî ÿäðó ïîòîêà. Òðóáû
ìîãóò áûòü ïðåäíàçíà÷åííûìè äëÿ ïðîâåäåíèÿ àýðîäèíàìè÷åñêèõ ýêñïåðèìåíòîâ â
ìîäåëèðóåìûõ âåòðîâûõ ïîòîêàõ ñ âûñîêîé ñòåïåíüþ òóðáóëåíòíîñòè ïîñëåäíåãî, â
ïîòîêàõ ñ âåòðîâûìè ïîðûâàìè.

*E-mail: acvetkov@yandex.ru (Öâåòêîâ À.È.)
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Âìåñòå ñ òåì, ñóùåñòâóþò ïðîáëåìû, ñâÿçàííûå ñ êà÷åñòâîì ïîòîêà â îòêðûòîé
ðàáî÷åé ÷àñòè äîçâóêîâûõ àýðîäèíàìè÷åñêèõ òðóá çàìêíóòîãî òèïà, êîòîðîå â
áîëüøåé ñòåïåíè îïðåäåëÿåòñÿ íàëè÷èåì èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ â
àýðîäèíàìè÷åñêîì òðàêòå, à òàêæå ñóùåñòâîâàíèåì è äðóãèõ èñòî÷íèêîâ øóìà.
Ñóùåñòâîâàíèå èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ â àýðîäèíàìè÷åñêîì òðàêòå òðóáû
äåëàåò íåâîçìîæíûì áåçîïàñíóþ ýêñïëóàòàöèþ àýðîäèíàìè÷åñêèõ òðóá è ìîæåò èìåòü
ñëåäñòâèåì ðàçðóøåíèé óçëîâ òðóáû è çäàíèÿ.

Èññëåäîâàíèå ìåõàíèçìà èíôðàçâóêîâûõ ïóëüñàöèé, èñòî÷íèêîâ øóìà ìîæåò
ñïîñîáñòâîâàòü ïîèñêó ðåøåíèé ïî äåìïôèðîâàíèþ è óïðàâëåíèþ èíôðàçâóêîâûìè
ïóëüñàöèÿìè, ïóëüñàöèÿìè ñêîðîñòè è äàâëåíèÿ â îòêðûòîé ðàáî÷åé ÷àñòè àýðîäèíàìè÷åñêèõ
òðóá, óïðàâëåíèþ ñòåïåíüþ òóðáóëåíòíîñòè è àýðîàêóñòè÷åñêèìè ïàðàìåòðàìè òðóá,
âíåäðåíèþ ýòèõ ðåøåíèé â ïðàêòèêó èññëåäîâàíèé íà ñóùåñòâóþùèõ àýðîäèíàìè÷åñêèõ
òðóáàõ.

Äàííàÿ ðàáîòà ïðåäñòàâëÿåò èíòåðåñ â ïëàíå íåîáõîäèìîñòè ñîâåðøåíñòâîâàíèÿ
è ðàçâèòèÿ ýêñïåðèìåíòàëüíîé áàçû ïðîìûøëåííûõ àýðîäèíàìè÷åñêèõ òðóá, â ïëàíå
ïîñòàíîâêè ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ â
òðóáàõ äëÿ ðåøåíèÿ ïîñëåäóþùåé çàäà÷è äåìïôèðîâàíèÿ èíôðàçâóêîâûõ ïóëüñàöèé
äàâëåíèÿ. Â ðàáîòå, íà ïðèìåðå ââåä¼ííîé â 2010 - 2012 ãã. â ýêñïëóàòàöèþ
àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11, ðàññìîòðåíà ïîñòàíîâêà ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ
èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ.

1. Î ìîäåëèðîâàíèÿ ïóëüñàöèé â àýðîäèíàìè÷åñêèõ òðóáàõ

Â àýðîäèíàìè÷åñêèõ òðóáàõ âõîä â äèôôóçîð äåëàåòñÿ èëè â âèäå êîëëåêòîðà
èëè ñ äåôëåêòîðîì, îõâàòûâàþùèì äèôôóçîð è âûñòóïàþùèì íàâñòðå÷ó ñîïëó. Ñõåìû
êîíòóðîâ íà ÀÒ íà âõîäå â äèôôóçîð ïðèâåäåíû íà ðèñóíêå 1.

Ðèñ. 1. Ñõåìû êîíòóðîâ à) ñ êîëëåêòîðîì è á) äåôëåêòîðîì

Íà ðèñóíêå 2 ïðèâåäåíà ñõåìà, èëëþñòðèðóþùàÿ îòêðûòóþ ðàáî÷óþ ÷àñòü, ñîïëî,
äèôôóçîð è äåôëåêòîð àýðîäèíàìè÷åñêîé òðóáû.
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Ðèñ. 2. Îòêðûòàÿ ðàáî÷àÿ ÷àñòü è ñîïðÿæ¼ííûå ñ íåé óñòðîéñòâà

Äèàìåòð Dä âõîäíîãî ñå÷åíèÿ äèôôóçîðà, äèàìåòð Dñ âûõîäíîãî ñå÷åíèÿ ñîïëà,
äëèíà îòêðûòîé ðàáî÷åé ÷àñòè Lð÷, ïðè îòñóòñòâèè ìîäåëè â îòêðûòîé ðàáî÷åé ÷àñòè,
â ñîîòâåòñòâèè ñ òåîðèåé òóðáóëåíòíûõ ñòðóé, [1-3], ñâÿçàíû ìåæäó ñîáîé ñëåäóþùèì
ñîîòíîøåíèåì:

D∂ = Dc + α1Lð÷; (1.1)

ãäå α1 - áåçðàçìåðíûé êîýôôèöèåíò, ó÷èòûâàþùèé ðàñøèðåíèå ñòðóè ïî äëèíå
ðàáî÷åé ÷àñòè.

Çíà÷åíèÿ îòíîñèòåëüíûõ äèàìåòðîâ äèôôóçîðà Dä = Dä/Dc â çàâèñèìîñòè îò
îòíîñèòåëüíîé äëèíû ðàáî÷åé ÷àñòè Lð÷ = Lð÷/Dc ïîêàçàíû íà ðèñóíêå 3.

Ðèñ. 3. Èëëþñòðàöèÿ ê îïðåäåëåíèþ äèàìåòðà äèôôóçîðà
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Äèàìåòð Dp ïðîõîäíîãî ñå÷åíèÿ äåôëåêòîðà ðàññ÷èòûâàåòñÿ ïî ñîîòíîøåíèþ, [1]:

D∂ = Dc + α2Lð÷; (1.2)

ãäå α2 = 0,37.

Ñîîòíîøåíèå (1.2) îïðåäåëåíî â ðàáîòå [1] èç óñëîâèÿ ñîõðàíåíèÿ ìàññû
âòåêàþùåãî â àýðîäèíàìè÷åñêóþ òðóáó è âûòåêàþùåãî èç íå¼ ãàçà. Ñîîòíîøåíèÿ (1.1) è
(1.2) ñïðàâåäëèâû ïðè óñëîâèè ðàñïîëîæåíèÿ âõîäíûõ ñå÷åíèé äåôëåêòîðà è äèôôóçîðà
â îäíîé ïëîñêîñòè.

Ðåçóëüòàò ñðàâíåíèÿ òðóá ïî äèàìåòðàì ïðîõîäíûõ ñå÷åíèé äåôëåêòîðîâ
ñóùåñòâóþùèõ àýðîäèíàìè÷åñêèõ òðóá ïðèâåäåí íà ðèñóíêå 4.

Ðèñ. 4. Äèàìåòðû äåôëåêòîðîâ àýðîäèíàìè÷åñêèõ òðóá
(Àýðîäèíàìè÷åñêàÿ òðóáà ÀÒ-12 - òðóáà ÑÏáÃÓ)

Â îòíîøåíèè ðàçìåðîâ ðàáî÷èõ ÷àñòåé è ñîïðÿæ¼ííûõ ñ íåé óñòðîéñòâ, ñ ó÷¼òîì
ðàçìåðîâ äëèí äèôôóçîðîâ, ìîæíî óòâåðæäàòü, ÷òî ëþáàÿ àýðîäèíàìè÷åñêàÿ òðóáà
ïðåäñòàâëÿåò ñîáîé îðèãèíàëüíóþ êîíñòðóêöèþ. Òðóäíî â ýòèõ óñëîâèÿõ ñîáëþäàòü
ãåîìåòðè÷åñêîå ïîäîáèå ïðè ìîäåëèðîâàíèè ïóëüñàöèé â àýðîäèíàìè÷åñêèõ òðóáàõ.

Çäåñü ñëåäóåò òàêæå îòìåòèòü, ÷òî â ñóùåñòâóþùèõ ïóáëèêàöèÿõ ïðàêòè÷åñêè
íå ïðèâîäèòñÿ èíôîðìàöèÿ î ãåîìåòðè÷åñêèõ ðàçìåðàõ ñîïðÿæåííûõ ñ ðàáî÷åé ÷àñòüþ
óçëîâ.

Îáùåïðèçíàííûì â àýðîäèíàìè÷åñêèõ òðóáàõ ñ îòêðûòîé ðàáî÷åé ÷àñòüþ
ñ÷èòàåòñÿ ìåõàíèçì ïóëüñàöèé, ðàññìàòðèâàåìûé êàê àâòîêîëåáàòåëüíûé ïðîöåññ,
îñíîâíûì ýëåìåíòîì êîòîðîãî ÿâëÿåòñÿ ïåðèîäè÷åñêîå âèõðåîáðàçîâàíèå íà ãðàíèöå
ñòðóè â îòêðûòîé ðàáî÷åé ÷àñòè è óäàðû âèõðåé î êðîìêó äèôôóçîðà, [4]. Àêóñòè÷åñêèå
êîëåáàíèÿ â çàêðûòîé ÷àñòè òðóáû ðåãóëèðóþò ïåðèîäè÷åñêîå âèõðåîáðàçîâàíèå, òåì
ñàìûì êîëåáàíèÿ ïîääåðæèâàþòñÿ íåçàòóõàþùèìè.

Èç òåîðèè ïîäîáèÿ ñëåäóåò, ÷òî ÿâëåíèå ïóëüñàöèé â àýðîäèíàìè÷åñêèõ òðóáàõ
ìîæíî ñ÷èòàòü ïîäîáíûì, åñëè ñîõðàíÿåòñÿ ðàâåíñòâî ïî ÷èñëàì Ñòðóõàëÿ Sh è
Ìàõà Ì ïîòîêà. Ñâÿçü ìåæäó ÷èñëàìè Ñòðóõàëÿ Sh è Ìàõà Ì èìååò ïðàêòè÷åñêîå
çíà÷åíèå, åñëè îïûòû ïðîâîäÿòñÿ íà ìîäåëè àýðîäèíàìè÷åñêîé òðóáû â òîì æå äèàïàçîíå
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ñêîðîñòåé, â êîòîðîì ðàáîòàåò àýðîäèíàìè÷åñêàÿ òðóáà. Â ìåõàíèçìå ðàçâèòèÿ ïóëüñàöèé
ñóùåñòâåííóþ ðîëü èãðàåò òàêæå âÿçêîñòü, ò.å. ìåõàíèçì ïóëüñàöèé è õàðàêòåð ÿâëåíèÿ
çàâèñÿò îò ÷èñëà Ðåéíîëüäñà Re. Òàêèì îáðàçîì, ïðè ìîäåëèðîâàíèè ÿâëåíèÿ ïóëüñàöèé
íåîáõîäèìî ðàññìàòðèâàòü ÷èñëà:

Sh =
l

vt
;M =

v

a
;Re =

ρvl

µ
=
vl

v

çäåñü v - ñêîðîñòü ïîòîêà â ì/ñ; t � õàðàêòåðíîå âðåìÿ â ñ, íàïðèìåð,
ïåðèîä ïóëüñàöèé T ; l - õàðàêòåðíàÿ äëèíà â ì, íàïðèìåð, äëèíà ðàáî÷åé ÷àñòè
àýðîäèíàìè÷åñêîé òðóáû; a- ñêîðîñòü çâóêà â ì/ñ; ρ- ïëîòíîñòü âîçäóõà êã/ì3; µ -
êîýôôèöèåíò äèíàìè÷åñêîé âÿçêîñòè â H ·ì−2; v -êîýôôèöèåíò êèíåìàòè÷åñêîé âÿçêîñòè
â ì2/c.

Â òàáëèöå 1 ïðèâåäåíû äàííûå èç [4] ïî ãåîìåòðè÷åñêèì ðàçìåðàì è ñêîðîñòè
ïîòîêà àýðîäèíàìè÷åñêèõ òðóá Ò-103 (ÖÀÃÈ) è ÀÒ-11. Ñðàâíèòåëüíûé àíàëèç ïî ÷èñëàì
Ðåéíîëüäñà Re ïîêàçûâàåò, ÷òî òðóáû ÀÒ-11 è Ò-103 áëèçêè äðóã äðóãó.

Òàáëèöà 1

� ï/ï Òðóáà Ñîïëî Äëèíà ðàá. ÷àñòè Ñêîðîñòü ïîòîêà
1 Ò - 103 Ýëëèïñ 4000 õ 2350, ìì2 4740 ìì 10 - 100, ì/ñ
2 ÀÒ - 11 ∅ 2250 ìì 4000 ìì 10 - 75, ì/ñ

Ðèñóíîê 5 èëëþñòðèðóåò ñðàâíèòåëüíûå äàííûå ïî ÷èñëàì Re, âû÷èñëåííûì ïî
äëèíå ðàáî÷åé ÷àñòè äëÿ òðóá Ò-103 è ÀÒ-11. Ìîæíî ïîëàãàòü, ÷òî ÿâëåíèÿ ïóëüñàöèé
â ýòèõ òðóáàõ, ïðè áëèçêèõ ÷èñëàõ Ðåéíîëüäñà Re, áóäóò èäåíòè÷íûìè. Ïî êðàéíåé
ìåðå, ïîÿâëÿåòñÿ âîçìîæíîñòü ñðàâíèâàòü ïîëó÷àåìûå ðåçóëüòàòû ïî òðóáå ÀÒ-11 ñ
ðåçóëüòàòàìè ðàáîòû [4] ïî òðóáå Ò-103.

Â äèàïàçîíå ïî ÷èñëàì Ìàõà Ì îò 0,08 äî 0,18 è ïî ÷èñëó Re ìîæíî îæèäàòü
ïîäîáèÿ àâòîêîëåáàòåëüíûõ ïðîöåññîâ â äâóõ àýðîäèíàìè÷åñêèõ òðóáàõ: ÀÒ-11 è Ò-103.
Èç ðàâåíñòâà ïî ÷èñëàì Ñòðóõàëÿ Sh ñëåäóåò ñîîòíîøåíèå l1f1 = l2f2, ñïðàâåäëèâîå ïðè
îäèíàêîâûõ ñêîðîñòÿõ ïîòîêà â îòêðûòîé ðàáî÷åé ÷àñòè.

Ðèñ. 5. Äèàãðàììà-èëëþñòðàöèÿ ê ïîäîáèþ ÿâëåíèé â òðóáàõ Ò-103 è ÀÒ-11
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Äëèíû ðàáî÷èõ ÷àñòåé àýðîäèíàìè÷åñêèõ òðóá: ÀÒ-11 � 4000 ìì: Ò-103 - 4740 ìì.
Ñëåäîâàòåëüíî, ÷àñòîòà ïóëüñàöèé â àýðîäèíàìè÷åñêîé òðóáå ÀÒ � 11 ìîæåò ïðåâûøàòü
÷àñòîòó ïóëüñàöèé â Ò � 103 â 1,18 ðàçà â äèàïàçîíå ïî ÷èñëó Ìàõà Ì îò 0,08 äî 0,18.

Ñõåìû àýðîäèíàìè÷åñêîé òðóáû Ò-103 è ÀÒ-11ïðèâåäåíû íà ðèñóíêàõ 6,7.

Ðèñ. 6. Ñõåìà àýðîäèíàìè÷åñêîé òðóáû Ò-103 ÖÀÃÈ, [4]

Îñíîâíûå ýëåìåíòû êîíòóðà àýðîäèíàìè÷åñêîé òðóáû Ò-103 âûäåëåíû íà
ðèñóíêå 7 íàäïèñÿìè.

Ðèñ. 7. Ñõåìà àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11

Êîíòóð àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11 ñîñòîèò èç ñëåäóþùèõ îñíîâíûõ
ýëåìåíòîâ: îòêðûòîé ðàáî÷åé ÷àñòè 1, äåôëåêòîðà 2, äèôôóçîðà 3, ïåðåõîäíîãî ó÷àñòêà
4, îäíîñòóïåí÷àòîãî îñåâîãî âåíòèëÿòîðà 5, ïîâîðîòíûõ ñåêöèé 6; ïîâîðîòíûõ ëîïàòîê
7 â ïîâîðîòíûõ ñåêöèÿõ, âîçâðàòíîãî êàíàëà 8, ó÷àñòêà áûñòðîãî ðàñøèðåíèÿ ïîòîêà
9, õîíåéêîìáà 10, ôîðêàìåðû 11, êîëëåêòîðà (ñîïëà) 12. Ýëåìåíòû êîíòóðà òðóáû
ðàñïîëîæåíû â ãîðèçîíòàëüíîé ïëîñêîñòè.
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2. Ìåòîäèêà èçìåðåíèÿ èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ, íà
ïðèìåðàõ àýðîäèíàìè÷åñêèõ òðóá Ò-103 è ÀÒ-11

Ýêñïåðèìåíòàëüíûå îïûòû â ðàññìàòðèâàåìûõ àýðîäèíàìè÷åñêèõ òðóáàõ
ðàçëè÷àëèñü ïî ñâîåé ïîñòàíîâêå. Ðàçëè÷èå îáúÿñíèìî âðåìåííûì ëàãîì â ðàçâèòèè
èçìåðèòåëüíûõ òåõíèê è òåõíîëîãèé.

Â ðàáîòå [4] èçìåðåíèåì ïóëüñàöèé äàâëåíèÿ ïðîâîäèëîñü ïðè óñòàíîâêå
ñïåöèàëüíî ðàçðàáîòàííûìè ãðóáûìè ìèêðîôîíàìè, óñòàíîâëåííûìè íà ñòåíêå ñîïëà (1
ìèêðîôîí) è íà ñåðåäèíå ñëîÿ ñìåøåíèÿ ñòðóè (1 ìèêðîôîí) â îòêðûòîé ðàáî÷åé ÷àñòè
àýðîäèíàìè÷åñêîé òðóáû, ñì. ðèñóíîê 8.

Â íàñòîÿùåé ðàáîòå äëÿ èçìåðåíèÿ ïóëüñàöèé äàâëåíèÿ èñïîëüçîâàëèñü
èíäóêòèâíûå äèôôåðåíöèàëüíûå äàò÷èêè äàâëåíèÿ ÄÌÈ - 0,1. Òåõíîëîãèÿ èçìåðåíèÿ
ïóëüñàöèé äàâëåíèÿ òàêèìè äàò÷èêàìè, òàðèðîâêà äàò÷èêîâ äàâëåíèÿ è óñòðîéñòâî äëÿ
òàðèðîâêè äàò÷èêîâ èçëîæåíû â ðàáîòàõ [5, 6].

Ñõåìó óñòàíîâêè äàò÷èêîâ Ä1, Ä2, Ä3 è Ä4 â àýðîäèíàìè÷åñêîé òðóáå ìîæíî
òàêæå âèäåòü ïî ðèñóíêó 8. Áëîê- ñõåìà ñèñòåìû èçìåðåíèé ïîêàçàíà íà ðèñóíêå 9.
Äàò÷èêè Ä1, Ä2, Ä3 è Ä4 (äàò÷èêè òèïà ÄÌÈ - 0,1) ïîäêëþ÷åíû ê èíäóêòèâíûì
âûñîêî÷àñòîòíûì ïðåîáðàçîâàòåëÿì ÈÂÏ - 2. Âûõîäû èçìåðèòåëüíûõ êàíàëîâ ÈÂÏ - 2
ñîåäèíåíû ñ èçìåðèòåëüíî-âû÷èñëèòåëüíûì êîìïëåêñîì PULSE ïîñðåäñòâîì ñèñòåìû
ñáîðà èíôîðìàöèè LAN - XI (àïïàðàòóðà Áðþëëü è Êúåð) è ñ öèôðîâûì îñöèëëîãðàôîì
(ñ 4-õ ëó÷åâûì îñöèëëîãðàôîì LECROY WaveSurfer 24Xs - A).

Öèôðîâîé îñöèëëîãðàô ïîçâîëÿåò ïðîèçâîäèòü ðåãèñòðàöèþ âðåìåííûõ
ðåàëèçàöèé ñèãíàëîâ äàò÷èêîâ ïî îòêðûòîìó èëè çàêðûòîìó âõîäàì Y-óñèëèòåëåé,
à òàêæå ìîæåò ðàáîòàòü êàê 2-D ïëîòòåð, â ðåæèìå ðåãèñòðàöèè X-Y ñèãíàëîâ. Â ðåæèìå
ðåãèñòðàöèè X-Y ñèãíàëîâ ìîæíî ïîëó÷èòü îòêëèêè ñèãíàëîâ íà ïóëüñàöèè äàâëåíèÿ
â òî÷êàõ óñòàíîâêè äàò÷èêîâ â ôóíêöèè ñêîðîñòíîãî íàïîðà, èçìåðÿåìîãî ñ ïîìîùüþ
òðóáêè Ïèòî-Ïðàíäòëÿ è äàò÷èêà Ä3 è ðåãèñòðèðóåìîãî öèôðîâûì îñöèëëîãðàôîì.

Ðèñ. 8. Ñõåìû ðàñïîëîæåíèÿ ìèêðîôîíîâ íà òðóáå Ò-103, [4], è äàò÷èêîâ Ä1, Ä2, Ä3, Ä4
íà òðóáå ÀÒ - 11



NOISE Theory and Practice 43

Ðèñ. 9. Áëîê - ñõåìà ñèñòåìû èçìåðåíèé

Â òðóáêå Ïèòî - Ïðàíäòëÿ è â ñîåäèíèòåëüíîì øëàíãå îò òðóáêè äî äàò÷èêà Ä 3
íàáëþäàþòñÿ ïóëüñàöèè äàâëåíèÿ, âûçâàííûå âèáðàöèåé òðóáêè Ïèòî - Ïðàíäòëÿ â ïîòîêå
è ïóëüñàöèÿìè ñàìîãî ïîòîêà. Ïîÿâëÿåòñÿ íåîáõîäèìîñòü â äåìïôèðîâàíèè ïóëüñàöèé
äàâëåíèÿ â òðóáêå Ïèòî -Ïðàíäòëÿ è â ñîåäèíèòåëüíîì øëàíãå. Äëÿ óäîâëåòâîðèòåëüíîãî
äåìïôèðîâàíèÿ äîñòàòî÷íî æåñòêî çàêðåïèòü òðóáêó Ïèòî - Ïðàíäòëÿ ê êîíñòðóêöèè
àýðîäèíàìè÷åñêîé òðóáû è âûïîëíèòü äëèííûì ñîåäèíèòåëüíûé øëàíã îò òðóáêè äî
äàò÷èêà Ä3.

Îðãàíèçîâàííûå òàêèì îáðàçîì èçìåðåíèÿ ïîçâîëÿþò ïðè èññëåäîâàíèè
ïóëüñàöèé äàâëåíèÿ â àýðîäèíàìè÷åñêîé òðóáå ÀÒ-11 îïðåäåëèòü äëèíó ñîåäèíèòåëüíîãî
øëàíãà îò òðóáêè Ïèòî - Ïðàíäòëÿ äî äàò÷èêà Ä3 (äëèíà ∼ 6 ì).

Âëèÿíèå äëèíû ñîåäèíèòåëüíîãî øëàíãà îò òðóáû Ïèòî - Ïðàíäòëÿ äî äàò÷èêà
Ä3 èëëþñòðèðóåòñÿ ðèñóíêå 10.

Ðèñ. 10. Ïóëüñàöèè äàâëåíèÿ â òðóáêå Ïèòî - Ïðàíäòëÿ.
Äëèíà òðóáêè Ïèòî - Ïàíäòëÿ - 1ì; äëèíà ñîåäèíèòåëüíûõ øëàíãîâ: à) 1ì; á) 4ì; â) 6ì

Îñü Õ íà ðèñóíêå 10 � ñêîðîñòíîé íàïîð èëè ïîëíîå äàâëåíèå íà îñè ïîòîêà,
ðåãèñòðèðóåìîå ïî îòêðûòîìó âõîäó Õ - óñèëèòåëÿ öèôðîâîãî îñöèëëîãðàôà. Öåíà
äåëåíèÿ ïî îñè Õ - 145 Ïà. Îñü Y íà ðèñóíêå 10 � ïóëüñàöèè äàâëåíèÿ â ñîåäèíèòåëüíîì
øëàíãå, ðåãèñòðèðóåìûå äàò÷èêîì è ïåðåäàâàåìûå íà çàêðûòûé âõîä Y-óñèëèòåëÿ
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(ðåãèñòðèðóåòñÿ äèíàìè÷åñêàÿ ñîñòàâëÿþùàÿ ïóëüñàöèé). Öåíà äåëåíèÿ ïî îñè Y �
29 Ïà.

Ïðîâåðêà ïðàâèëüíîñòè òî÷åê ðàçìåùåíèÿ äàò÷èêîâ â äèôôóçîðå è â ôîðêàìåðå
èëëþñòðèðóåòñÿ ñëåäóþùèì ðèñóíêîì, ñì. ðèñóíîê 11.

Ðèñ. 11. Ïóëüñàöèè ñòàòè÷åñêîãî äàâëåíèÿ â ôîðêàìåðå (Ä1), â äèôôóçîðå(Ä2) è â
áëèæíåì ïîëå (Ä3)

Íà ðèñóíêå 11 îñü Õ � ñêîðîñòíîé íàïîð â ïîòîêå íà âûõîäå ñîïëà; îñü Y �
äèíàìè÷åñêèå ïóëüñàöèè ñòàòè÷åñêîãî äàâëåíèÿ â òî÷êàõ óñòàíîâêè äàò÷èêîâ. Êàê âèäíî
èç ïðåäñòàâëåííûõ êàðòèí, â äèôôóçîðå è â ôîðêàìåðå, íà÷èíàÿ ñ ìàëûõ ñêîðîñòåé
ïîòîêà íà âûõîäå ñîïëà, ðàçâèâàåòñÿ â çàêðûòîì êàíàëå àýðîäèíàìè÷åñêîé òðóáû
àâòîêîëåáàòåëüíûé ïðîöåññ. Î êàêèõ-ëèáî õàðàêòåðíûõ òî÷êàõ èëè çîíàõ (ðåæèìàõ) â
ýòîì àâòîêîëåáàòåëüíîì ïðîöåññå ïî ýòèì ñíèìêàì ãîâîðèòü íå ïðèõîäèòñÿ. Ïðîöåññ
æèâåò âî âñåì äèàïàçîíå ñêîðîñòåé. Çîíà îïàñíûõ ïóëüñàöèé äàâëåíèÿ íà÷èíàåòñÿ ñ
420 îá/ìèí âàëà âåíòèëÿòîðà àýðîäèíàìè÷åñêîé òðóáû.

Â áëèæíåì ïîëå ïîòîêà âíå îòêðûòîé ðàáî÷åé ÷àñòè àýðîäèíàìè÷åñêîé òðóáû
îòñóòñòâóþò èíòåíñèâíûå ïóëüñàöèè äàâëåíèÿ.

Íà ðèñóíêå 12 ïðèâåäåíû ñïåêòðîãðàììû ïóëüñàöèé â äèôôóçîðå (ñëåâà) è
ôîðêàìåðå (ñïðàâà) ÀÒ-11 äëÿ îäíîãî èç ïðîìåæóòî÷íûõ ðåçóëüòàòîâ ïðè èññëåäîâàíèè
èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ.

Ðèñ. 12. Ïóëüñàöèè äàâëåíèÿ â äèôôóçîðå è ôîðêàìåðå. Äåìïôèðóþùèå îòâåðñòèÿ
îòñóòñòâóþò; âûëåò äåôëåêòîðà l/Dc = 0,1

Íà ðèñóíêå 13 ïîêàçàíû ôîòîãðàôèÿ äàò÷èêà äàâëåíèÿ ÄÌÈ 0,1 è çàäåëêà
äàò÷èêà â ëàìåëü èç äåðåâà ïðè óñòàíîâêå ëàìåëè íà ñòåíêàõ ôîðêàìåðû è äèôôóçîðà.
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Ðèñ. 13. Ôîòîãðàôèÿ äàò÷èêà è çàäåëêà äàò÷èêà â ëàìåëü

3. Äîñòèãíóòûå ðåçóëüòàòû ïî äåìïôèðîâàíèþ èíôðàçâóêîâûõ
ïóëüñàöèé äàâëåíèÿ â àýðîäèíàìè÷åñêèõ òðóáàõ Ò-103 ÖÀÃÈ è
ÀÒ-11 ÑÏáÃÓ

Èññëåäîâàíèþ â äîçâóêîâûõ àýðîäèíàìè÷åñêèõ òðóáàõ ÖÀÃÈ èíôðàçâóêîâûõ
ïóëüñàöèé äàâëåíèÿ è ïîèñêó óñòðîéñòâ äëÿ èõ äåìïôèðîâàíèÿ ïîñâÿùåíà ðàáîòà [4]. Ïî
òðóáå Ò-103 äîñòèãíóòû ñëåäóþùèå ðåçóëüòàòû:

1. Îñëàáëåíèå âîçìóùåíèé, ñîçäàâàåìûõ óäàðàìè âèõðåé î âõîäíóþ êðîìêó
äèôôóçîðà äîñòèãàåòñÿ ðàçìåùåíèåì ó âõîäà â äèôôóçîð äåôëåêòîðà è âûïîëíåíèåì
ñêâîçíûõ îòâåðñòèé â ñòåíêå äèôôóçîðà;

2. Îñëàáëåíèå âîçìóùåíèé äîñòèãàåòñÿ ðàçìåùåíèåì ïðåïÿòñòâèé äëÿ ïåðèîäè÷åñêîãî
îáðàçîâàíèÿ êîëüöåâûõ âèõðåé íà ãðàíèöå ñâîáîäíîé ñòðóè, â ÷àñòíîñòè, ðàçìåùåíèåì
äåìïôèðóþùèõ ïëàñòèí ó êðîìêè ñîïëà.

Äîñòèãíóòûå ðåçóëüòàòû ïî äåìïôèðîâàíèþ èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ
â àýðîäèíàìè÷åñêèõ òðóáàõ Ò-103 è ÀÒ-11 ñâåäåíû â òàáëèöó 2.

Òàáëèöà 2

Äåìïôèðóþùèå
óñòðîéñòâà

Ò-103 ÀÒ-11

Äåôëåêòîð âûëåò äåôëåêòîðà ïî îòíîøåíèþ
ê âõîäíîìó ñå÷åíèþ äèôôóçîðà íå
óêàçàí; Dc = 2350 - îäíà èç îñåé
ýëëèïñà

âûëåò äåôëåêòîðà ïî
îòíîøåíèþ ê âõîäíîìó
ñå÷åíèþ äèôôóçîðà −0,3Dc;
Dc = 2250.

Äåìïôèðóþùèå
ïëàñòèíû

óñòàíîâëåíû òðàïåöèåâèäíûå
ïëàñòèíû çà âûõîäíûì ñå÷åíèåì
ñîïëà

óñòàíîâëåíû êëèíîâèäíûå
ïëàñòèíû â âûõîäíîì
ñå÷åíèè ñîïëà

Äåìïôèðóþùèå
îòâåðñòèÿ

1. ñóììàðíàÿ ïëîùàäü îòâåðñòèé
S∑ äî 0,6S (S - ïëîùàäü
ýëëèïñîâèäíîãî ñîïëà); 4 ðÿäà
îòâåðñòèé, îòâåðñòèÿ ì. áûòü
çàøèòû áðåçåíòîì
2. ðàññòîÿíèå îò âõîäà â
äèôôóçîð äî îòâåðñòèé: ðÿäû
îòâåðñòèé ðàñïîëîæåíû â
ïðåäåëàõ ïî Ld îò 0,55Dc äî
0,9Dc , Ld - äëèíà äèôôóçîðà

1. ñóììàðíàÿ ïëîùàäü
îòâåðñòèé S∑ = 0,77S;
3-ðÿäà îòâåðñòèé çàøèòûõ
òîíêîé ðåçèíîé;
2. ðàññòîÿíèå îò âõîäà â
äèôôóçîð äî îòâåðñòèé:
1-ûé ðÿä - 1/3Ld, (S1 äî
0,52S)
2-îé ðÿä - 2/3Ld, (S2 äî 0,1S)
3-èé ðÿä - âáëèçè ëîïàñòåé
âåíòèëÿòîðà, (S3 äî 0,15S)
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Ôîòîãðàôèè, ïðèâåäåííûå íà ðèñóíêå 14 ñ âèäîì íà ñîïëî è äèôôóçîð
àýðîäèíàìè÷åñêîé òðóáû Ò-103, äàþò ïðåäñòàâëåíèå î äåìïôèðóþùèõ óñòðîéñòâàõ.

Ðèñ. 14. Âèäû íà äèôôóçîð è ñîïëî àýðîäèíàìè÷åñêîé òðóáû Ò-103.

Íà ðèñóíêå 15 ïðåäñòàâëåíà ñõåìà èñïîëíåíèÿ îòêðûòîé ðàáî÷åé ÷àñòè
àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11, ïîêàçûâàþùàÿ ðàñïîëîæåíèå âûïîëíåííûõ ïî
ðåçóëüòàòàì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ
äåìïôèðóþùèõ óñòðîéñòâ.

Ðèñ. 15. Ñõåìà èñïîëíåíèÿ äåìïôèðóþùèõ îòâåðñòèé íà òðóáå ÀÒ-11

Íà ðèñóíêå 16 ïðèâåäåíû ñïåêòðîãðàììû ïóëüñàöèé â äèôôóçîðå è ôîðêàìåðå
äëÿ âàðèàíòà ÀÒ ñ èñïîëíåíèåì 1-îãî, 2-îãî è 3-åãî ðÿäîâ äåìïôèðóþùèõ îòâåðñòèé
(S1+S3+S2) â äèôôóçîðå ïðè âûëåòå äåôëåêòîðà â ñòîðîíó ñîïëà 1/Dc = 0,29 è
äåìïôèðóþùèìè ïëàñòèíàìè íà âûõîäå ñîïëà. Äîñòèãàåìàÿ ñêîðîñòü ïîòîêà ïðåâûñèëà
63 ì/ñ. Äàëüíåéøèå ýêñïåðèìåíòû ïî ñíèæåíèþ ïóëüñàöèé äàâëåíèÿ íà äàííîì ýòàïå
áûëè ïðèçíàíû íåöåëåñîîáðàçíûìè, ïîñêîëüêó ïóëüñàöèè äàâëåíèÿ ñîñòàâèëè âåëè÷èíó,
ñðàâíèìóþ ñ ÷óâñòâèòåëüíîñòüþ äàò÷èêîâ äàâëåíèÿ ÄÌÈ - 0,1. Ñðàâíåíèå ðåçóëüòàòîâ
èçìåðåíèÿ ïóëüñàöèé äàâëåíèÿ â òðóáå Ò-103 ÖÀÃÈ è â ÀÒ-11 ïîêàçàíî íà ðèñóíêå 17.
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Ðèñ. 16. Ïóëüñàöèè äàâëåíèÿ â äèôôóçîðå è ôîðêàìåðå. Äåìïôèðóþùèå îòâåðñòèÿ:
S1+S3+S2

+êëèíüÿ â ñîïëå; âûëåò äåôëåêòîðà l∂ = 0,29

Ðèñ. 17. Ïóëüñàöèè äàâëåíèÿ â òðóáàõ Ò-103 è ÀÒ-11: äåìïôèðîâàíèå îòâåðñòèÿìè â
äèôôóçîðå, êëèíüÿìè â ñîïëå è äåôëåêòîðîì

Çàêëþ÷åíèå

Íîâàÿ ìåòîäèêà èçìåðåíèé èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ â
àýðîäèíàìè÷åñêîé òðóáå çàêëþ÷àþòñÿ â òîì, ÷òî ðåãèñòðàöèÿ ïóëüñàöèé äàâëåíèÿ
ïðîèçâîäèòñÿ â ôîðêàìåðå, â äèôôóçîðå, â îòêðûòîé ðàáî÷åé ÷àñòè è â áëèæíåì ïîëå
ïîòîêà èíäóêòèâíûìè ìàëîãàáàðèòíûìè äèôôåðåíöèàëüíûìè äàò÷èêàìè äàâëåíèÿ òèïà
ÄÌÈ-0,1, ðàáîòàþùèìè â êîìïëåêòå ñ èíäóêòèâíûìè âòîðè÷íûìè ïðåîáðàçîâàòåëÿìè
äàâëåíèÿ. Äàò÷èêè èìåþò àìïëèòóäíî-÷àñòîòíóþ õàðàêòåðèñòèêó (À×Õ) îò 0 äî 5 êÃö è
ïîçâîëÿþò ïðîâîäèòü èçìåðåíèÿ äàâëåíèÿ â äèàïàçîíå èíôðàçâóêîâûõ ÷àñòîò.

Â îáñóæäàåìîì âàðèàíòå íîâîé ìåòîäèêè ñóùåñòâîâàëà íåîáõîäèìîñòü â
ïðîâåðêå ïðàâèëüíîñòè óñòàíîâêè äàò÷èêîâ. Ïðîâåðêà çàêëþ÷àåòñÿ â òîì, ÷òî íå
îêàçàëèñü ëè òî÷êè ðàçìåùåíèÿ äàò÷èêîâ â äèôôóçîðå è â ôîðêàìåðå â óçëå èëè â
ïó÷íîñòè àêóñòè÷åñêîé âîëíû â çàêðûòîì êàíàëå àýðîäèíàìè÷åñêîé òðóáû. Òàêàÿ
ïðîâåðêà ëåãêî âûïîëíÿåòñÿ ïî íîâîé ìåòîäèêå â ïðîöåññå ïðîâåäåíèÿ èçìåðåíèé.

Íîâàÿ ìåòîäèêà èçìåðåíèÿ èíôðàçâóêîâûõ ïóëüñàöèé äàâëåíèÿ ïîòðåáîâàëà
è íîâûõ ïîäõîäîâ ê ìåòðîëîãè÷åñêîìó îáåñïå÷åíèþ ñèñòåì èçìåðåíèÿ, ÷òî áûëî
îáåñïå÷åíî ðàçðàáîòêîé óñòðîéñòâà äëÿ òàðèðîâêè äàò÷èêîâ àêóñòè÷åñêèõ ïóëüñàöèé
äàâëåíèÿ. Â äàëüíåéøåì, ïðåäïîëàãàåòñÿ ïóáëèêàöèÿ ìàòåðèàëîâ ïî äåìïôèðîâàíèþ
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èíôðàçâóêîâûõ ïóëüñàöèé â äèàïàçîíå äî 75 ì/ñ ïî ñêîðîñòè ïîòîêà â îòêðûòîé ðàáî÷åé
÷àñòè àýðîäèíàìè÷åñêîé òðóáû ÀÒ-11.

Ïî ðåçóëüòàòàì èññëåäîâàíèé íàìå÷àåòñÿ íîâûé ïîäõîä ê ïðîåêòèðîâàíèþ
äîçâóêîâûõ àýðîäèíàìè÷åñêèõ òðóá äëÿ àêóñòè÷åñêèõ èññëåäîâàíèé.

(75 ì/ñ - îãðàíè÷åíèå ïî ñêîðîñòè ïîòîêà îáóñëîâëåíî ðàáîòîé ïðèâîäà
ïîñòîÿííîãî òîêà).
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Êëàññèôèêàöèÿ àýðîïîðòîâ ïî óðîâíÿì øóìà è ðàçðàáîòêà

øóìîçàùèòíûõ ìåðîïðèÿòèé

Áóòîðèíà Ì.Â∗

Äîöåíò, Áàëòèéñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò
¾ÂÎÅÍÌÅÕ¿ èì. Ä.Ô. Óñòèíîâà, ã. Ñàíêò-Ïåòåðáóðã, ÐÔ

Àííîòàöèÿ

Ðåçóëüòàòû êàðòèðîâàíèÿ øóìà íà òåððèòîðèè Ñàíêò-Ïåòåðáóðãà ïîêàçûâàþò, ÷òî ïîä

âëèÿíèåì øóìà àýðîïîðòà Ïóëêîâî íàõîäèòñÿ ïîðÿäêà òðåòè ãîðîäñêèõ òåððèòîðèé. Àâèàöèîííûé øóì

ÿâëÿåòñÿ íàèáîëåå ðàçäðàæèòåëüíûì ïî ñðàâíåíèþ ñ äðóãèìè âèäàìè øóìà, ÷òî âûçûâàåò óâåëè÷åíèå

êîëè÷åñòâà æàëîá ñî ñòîðîíû íàñåëåíèÿ. Â íàñòîÿùåå âðåìÿ íà òåððèòîðèè ÐÔ äåéñòâóåò ìåòîäèêà ïî

îöåíêå óðîâíåé øóìà àýðîïîðòîâ íà îñíîâàíèè ìàêñèìàëüíûõ óðîâíåé çâóêà, ñîçäàâàåìûõ ñàìîëåòàìè

ðîññèéñêîãî ïðîèçâîäñòâà, ðàçðàáîòàííàÿ íà îñíîâàíèè ýìïèðè÷åñêèõ äàííûõ, îòíîñÿùèõñÿ ê 1980-ì

ãîäàì ïðîøëîãî âåêà. Íà îñíîâàíèè òåõíè÷åñêèõ ïàðàìåòðîâ àýðîïîðòîâ ðàçðàáîòàíà êëàññèôèêàöèÿ

àýðîïîðòîâ ïî ýêâèâàëåíòíûì óðîâíÿì çâóêà, êîòîðàÿ ìîæåò ÿâëÿòüñÿ îñíîâàíèåì äëÿ ðàçðàáîòêè êàðò

øóìà àâèàòðàíñïîðòà. Íà îñíîâàíèè ïðåäëîæåííîé êëàññèôèêàöèè ðåêîìåíäîâàíû øóìîçàùèòíûå

ìåðîïðèÿòèÿ äëÿ àýðîïîðòîâ ðàçëè÷íûõ êàòåãîðèé.

Êëþ÷åâûå ñëîâà: àâèàöèîííûé øóì, êàðòû øóìà, êëàññèôèêàöèÿ, øóìîçàùèòíûå

ìåðîïðèÿòèÿ.

Classi�cation of airports by noise levels and noise protection measures

Butorina M.V.∗

Assistant professor, Baltic State Technical University `VOENMEH' named after D.F. Ustinov,
St. Petersburg, Russia

Abstract

The results of noise mapping in St. Petersburg show that about a third of urban areas are a�ected by

the noise of Pulkovo Airport. Aviation noise is the most annoying compared to other types of noise, which causes

an increase in the number of complaints from the public. Currently, the Russian Federation has a methodology

for assessing airport noise levels based on maximum sound levels created by Russian-made aircraft, developed

on the basis of empirical data relating to the 1980s of the last century. Based on the technical parameters of

airports, a classi�cation of airports by equivalent sound levels has been developed, which may be the basis for

the development of noise maps of air transport. Based on the proposed classi�cation, noise protection measures

for airports of various categories are recommended.

Keywords: aviation noise, noise mapping, classi�cation, noise protection.
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Ââåäåíèå

Àýðîïîðò � ýòî êîìïëåêñ ñîîðóæåíèé, ïðåäíàçíà÷åííûé äëÿ ïðèåìà è
îòïðàâêè âîçäóøíûõ ñóäîâ è îáñëóæèâàíèÿ âîçäóøíûõ ïåðåâîçîê, âêëþ÷àþùèé
àýðîäðîì ñî âçëåòíî-ïîñàäî÷íîé ïîëîñîé, ñëóæåáíî-òåõíè÷åñêóþ òåððèòîðèþ, îáúåêòû
ðàäèîíàâèãàöèè è äðóãèå ñîîðóæåíèÿ. Íàèáîëåå çíà÷èìûì èñòî÷íèêîì øóìà â ñîñòàâå
àýðîïîðòà ÿâëÿåòñÿ îñóùåñòâëåíèå âîçäóøíûìè ñóäàìè âçëåòíî-ïîñàäî÷íûõ îïåðàöèé.
Ïîñêîëüêó òðàåêòîðèè âçëåòà è ïîñàäêè ñàìîëåòîâ èìåþò çíà÷èòåëüíóþ ïðîòÿæåííîñòü,
à óðîâíè øóìà ñàìîëåòîâ âûñîêè, ïîä âëèÿíèåì ïîâûøåííîãî øóìà àýðîïîðòîâ
îêàçûâàåòñÿ òåððèòîðèÿ íà ðàññòîÿíèÿõ äî 30 êì îò àýðîïîðòà. Êàê ïîêàçûâàþò
ðåçóëüòàòû êàðòèðîâàíèÿ øóìà íà òåððèòîðèè Ñàíêò-Ïåòåðáóðãà, ïîä âëèÿíèåì øóìà
àýðîïîðòà Ïóëêîâî íàõîäèòñÿ ïîðÿäêà òðåòè ãîðîäñêèõ òåððèòîðèé.

Ðåçóëüòàòû àíàëèçà âîçäåéñòâèÿ óðîâíåé àâèàöèîííîãî øóìà íà ÷åëîâåêà
ñâèäåòåëüñòâóþò î òîì, ÷òî àâèàöèîííûé øóì ÿâëÿåòñÿ íàèáîëåå ðàçäðàæèòåëüíûì ïî
ñðàâíåíèþ ñ äðóãèìè âèäàìè øóìà [1]. Äëÿ îöåíêè àâèàöèîííîãî øóìà èñïîëüçóþòñÿ
òàêèå åäèíèöû, êàê ýêâèâàëåíòíûé è ìàêñèìàëüíûé óðîâíè, ýôôåêòèâíûé óðîâåíü
âîçäåéñòâèÿ SEL, óðîâåíü âîñïðèíèìàåìîãî øóìà PNL è ýôôåêòèâíûé óðîâåíü
âîñïðèíèìàåìîãî øóìà EPNL. Ýôôåêòèâíûé óðîâåíü âîçäåéñòâèÿ SEL õàðàêòåðèçóåò
îáùóþ ýíåðãèþ çâóêîâîãî ñîáûòèÿ, ïðèâåäåííîìó ê îïîðíîìó èíòåðâàëó è îïðåäåëÿåòñÿ
êàê ýêâèâàëåíòíûé ïî âðåìåíè óðîâåíü çâóêà. Óðîâåíü âîñïðèíèìàåìîãî øóìà
(PNL) ñâÿçàí ñ ñóáúåêòèâíîé ðåàêöèåé ÷åëîâåêà íà ñàìîëåòíûé øóì è îïðåäåëÿåòñÿ
ïóòåì äîáàâëåíèÿ êîððåêöèè ê ìàêñèìàëüíûì óðîâíÿì çâóêà. Ýôôåêòèâíûé óðîâåíü
âîñïðèíèìàåìîãî øóìà (EPNL) áàçèðóåòñÿ íà èçìåðåíèè óðîâíåé çâóêîâîãî äàâëåíèÿ
ïî ÷àñòîòàì è ó÷åòå âðåìåíè äåéñòâèÿ. Îäíàêî â öåëÿõ íîðìèðîâàíèÿ âñå óðîâíè
âîçäåéñòâèÿ àâèàöèîííîãî øóìà ïðèâîäÿòñÿ ê ýêâèâàëåíòíûì è ìàêñèìàëüíûì óðîâíÿì
çâóêà äëÿ ñðàâíåíèÿ ñ ïðåäåëüíî äîïóñòèìûìè óðîâíÿìè.

Äîïóñòèìûå çíà÷åíèÿ ýêâèâàëåíòíûõ óðîâíåé çâóêà, ñîçäàâàåìûõ íà ñåëèòåáíûõ
òåððèòîðèÿõ â ðàéîíå àýðîïîðòîâ ïðè ýêñïëóàòàöèè âîçäóøíîãî òðàíñïîðòà, â ðàçëè÷íûõ
ñòðàíàõ ñîñòàâëÿþò îò 70 äÁÀ â Íîðâåãèè, Äàíèè è Øâåöèè äî 75 äÁÀ â Àâñòðèè,
Ãåðìàíèè, ßïîíèè è ÑØÀ [2]. Â áîëüøèíñòâå ñòðàí çà äîïóñòèìûé óðîâåíü ïðèíèìàåòñÿ
âåëè÷èíà 75 äÁÀ äëÿ êðèòåðèÿ Ldn, êîòîðûé ðåêîìåíäîâàí ÈÊÀÎ [3]. Â Ðîññèè
äîïóñòèìûå ýêâèâàëåíòíûå óðîâíè çâóêà äëÿ àâèàöèîííîãî òðàíñïîðòà, êàê è äëÿ
ëþáîãî äðóãîãî, ñîñòàâëÿþò 55 äÁÀ â äíåâíîå è 45 äÁÀ â íî÷íîå âðåìÿ ñîãëàñíî
ÑÍ 2.2.4/2.1.8.562-96. Äåéñòâóþùèé â Ðîññèè ÃÎÑÒ 22283-2014 äîïóñêàåò äëÿ âíîâü
ïðîåêòèðóåìûõ àýðîïîðòîâ è òåððèòîðèé ïðåâûøåíèå óêàçàííûõ â ÑÍ 2.2.4/2.1.8.562-96
óðîâíåé íà 10 äÁÀ. Òàêèì îáðàçîì, â Ðîññèè äëÿ ñóùåñòâóþùèõ àýðîïîðòîâ äåéñòâóåò
ïîêàçàòåëü äîïóñòèìîãî ýêâèâàëåíòíîãî óðîâíÿ çâóêà â äíåâíîå è íî÷íîå âðåìÿ, êîòîðûé
íà 20-30 äÁÀ íèæå çíà÷åíèé, ðåêîìåíäóåìûõ ÈÊÀÎ è óñòàíîâëåííûõ â ñòðàíàõ ÅÑ,
÷òî ïðèâîäèò ê íåâîçìîæíîñòè îáåñïå÷åíèÿ äîïóñòèìîãî óðîâíÿ àâèàöèîííîãî øóìà íà
òåððèòîðèè æèëîé çàñòðîéêè.

1. Ïðîöåññû øóìîîáðàçîâàíèÿ àâèàöèîííîãî òðàíñïîðòà

Íà ïðîöåññû øóìîîáðàçîâàíèÿ ñàìîëåòîâ âëèÿþò òèï ñàìîëåòà, îáóñëîâëåííûé,
â ïåðâóþ î÷åðåäü, òèïîì åãî äâèãàòåëÿ, à òàêæå ðåæèì ïèëîòèðîâàíèÿ (âçëåò, ïîñàäêà,
ìàêñèìàëüíàÿ òÿãà).

Îñíîâíûì èñòî÷íèêîì øóìà ïðè âçëåòå è ïîñàäêå ñàìîëåòà ÿâëÿåòñÿ åãî
ñèëîâàÿ óñòàíîâêà (äâèãàòåëü). Ê âíóòðåííèì èñòî÷íèêàì øóìà ãàçîòóðáèííîãî
äâèãàòåëÿ îòíîñÿòñÿ âñå èñòî÷íèêè àêóñòè÷åñêîãî èçëó÷åíèÿ, ðàñïîëîæåííûå â òðàêòå
ãàçîãåíåðàòîðà, çà èñêëþ÷åíèåì âåíòèëÿòîðà, êîìïðåññîðà, òóðáèíû è ðåàêòèâíîé
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ñòðóè. Êàìåðà ñãîðàíèÿ ñîçäàåò øèðîêîïîëîñíûé íèçêî÷àñòîòíûé øóì, îáóñëîâëåííûé
òóðáóëåíòíûì ãîðåíèåì è ðåçîíàíñíûìè ÿâëåíèÿìè â êàìåðå ñãîðàíèÿ, à òàêæå
âçàèìîäåéñòâèåì ïîòîêà íà âûõîäå èç êàìåðû ñãîðàíèÿ ñ ëîïàòêàìè òóðáèíû. Îáòåêàíèå
ïîòîêîì ðàçëè÷íûõ êîíñòðóêöèé â òðàêòå äâèãàòåëÿ òàêæå ïðèâîäèò ê âîçíèêíîâåíèþ
øèðîêîïîëîñíîãî øóìà. Øóì ýòèõ èñòî÷íèêîâ èñïûòûâàåò äèôðàêöèþ íà êðîìêå
ñîïëà, ðàññåÿíèå è ïðåëîìëåíèå ïðè ïåðåñå÷åíèè ïîãðàíè÷íîãî ñëîÿ ñòðóè è íàïðàâëåí
ïðåèìóùåñòâåííî â çàäíþþ ïîëóñôåðó äâèãàòåëÿ [4].

Øóì âèíòà ñîñòîèò èç äâóõ êîìïîíåíòîâ: øóìà îò âðàùåíèÿ, êîòîðûé èìååò
÷àñòîòó, ðàâíóþ ÷èñëó îáîðîòîâ â ñåêóíäó, óìíîæåííóþ íà ÷èñëî ëîïàñòåé âèíòà, è øóìà
îò âèõðåé. Îñíîâíûì ÿâëÿåòñÿ øóì îò âðàùåíèÿ, êîòîðûé èìååò íèçêóþ ÷àñòîòó.

Øóì îáòåêàíèÿ ýëåìåíòîâ ïëàíåðà îïðåäåëÿåòñÿ ïóëüñàöèÿìè ïàðàìåòðîâ
òóðáóëåíòíûõ ïîòîêîâ â ùåëåâûõ îáúåìàõ, îáðàçóåìûõ ïðåäêðûëêàìè è çàêðûëêàìè ïðè
âçëåòíî-ïîñàäî÷íûõ ðåæèìàõ ïîëåòà, â ïîãðàíè÷íûõ ñëîÿõ íà ïîâåðõíîñòÿõ îáøèâêè è â
ñëåäàõ çà ýëåìåíòàìè ïëàíåðà ñàìîëåòà. Øóì íàèáîëüøåé èíòåíñèâíîñòè îáðàçóåòñÿ ïðè
îáòåêàíèè øàññè, çàêðûëêîâ çàäíåé êðîìêè è ïðîðåçåé ïåðåäíåé êðîìêè êðûëà. Ïðè
âûïóùåííîé ìåõàíèçàöèè êðûëà èç-çà âèõðåâûõ òå÷åíèé â ùåëåâîé îáëàñòè ñîçäàåòñÿ
çíà÷èòåëüíûé àýðîäèíàìè÷åñêèé øóì, êîòîðûé äîñòàâëÿåò ñèëüíîå áåñïîêîéñòâî,
îñîáåííî âáëèçè çåìëè.

Íà óðîâåíü øóìà òóðáîðåàêòèâíûõ äâèãàòåëåé âëèÿåò ñêîðîñòü èñòå÷åíèÿ ñòðóè,
êîòîðàÿ îïðåäåëÿåòñÿ ñòåïåíüþ äâóõêîíòóðíîñòè (îòíîøåíèå ðàñõîäà âîçäóõà ÷åðåç
âíåøíèé êîíòóð ê ðàñõîäó ÷åðåç âíóòðåííèé êîíòóð) äâèãàòåëÿ. Ðàíåå ïðèìåíÿâøèåñÿ
îäíîêîíòóðíûå äâèãàòåëè èìåëè áîëåå âûñîêóþ ñêîðîñòü èñòå÷åíèÿ ñòðóè, ïîýòîìó èõ
óðîâíè øóìà ïî÷òè â äâà ðàçà âûøå, ÷åì ó áîëåå íîâûõ äâóõêîíòóðíûõ äâèãàòåëåé. Ñ
ïîâûøåíèåì ñòåïåíè äâóõêîíòóðíîñòè äâèãàòåëÿ óðîâíè øóìà ñíèæàþòñÿ äî 15 äÁÀ.

Øóì ñòðóè îáðàçóåòñÿ â ðåçóëüòàòå ñêà÷êîâ óïëîòíåíèÿ è ñìåøåíèÿ ðåàêòèâíîé
ñòðóè ñ àòìîñôåðíûì âîçäóõîì. Øóì, îáóñëîâëåííûé ñêà÷êàìè óïëîòíåíèÿ, õàðàêòåðåí
òîëüêî äëÿ òóðáîðåàêòèâíîãî äâèãàòåëÿ ñ íèçêîé ñòåïåíüþ äâóõêîíòóðíîñòè, à òàêæå ïðè
ðàáîòå â ðåæèìå ìàêñèìàëüíîé òÿãè, êîãäà âåëèêà ñêîðîñòü èñòå÷åíèÿ ñòðóè. Ñìåøåíèå
ñòðóè ñ àòìîñôåðíûì âîçäóõîì ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì øóìà âûõëîïà äâèãàòåëÿ
ïðè áîëüøèõ çíà÷åíèÿõ ñòåïåíè äâóõêîíòóðíîñòè. Ýòîò èñòî÷íèê èãðàåò ñóùåñòâåííóþ
ðîëü ïðè âçëåòå.

Â îòëè÷èå îò ïðîìûøëåííûõ âåíòèëÿöèîííûõ óñòàíîâîê àâèàöèîííûå
âåíòèëÿòîðû õàðàêòåðèçóþòñÿ áîëüøèì ÷èñëîì è äëèíîé ëîïàòîê, ñëîæíîñòüþ ôîðìû è
êîíñòðóêòèâíîãî èñïîëíåíèÿ. Óðîâåíü øóìà âåíòèëÿòîðà çàâèñèò îò îêðóæíîé ñêîðîñòè
åãî âðàùåíèÿ. Íà äîçâóêîâûõ ñêîðîñòÿõ øóì âåíòèëÿòîðà ïðîÿâëÿåòñÿ â áîëüøåé
ñòåïåíè ïðè çàõîäå ñàìîëåòà íà ïîñàäêó. Ïðè ñâåðõçâóêîâûõ ñêîðîñòÿõ ïîÿâëÿåòñÿ øóì
âðàùàþùèõñÿ óäàðíûõ âîëí, êîòîðûé âîçíèêàåò ïðè âçëåòå è íîñèò íèçêî÷àñòîòíûé
õàðàêòåð. Îáùèé øóì âåíòèëÿòîðà íà ñâåðõçâóêîâûõ ñêîðîñòÿõ âûøå, ÷åì íà äîçâóêîâûõ.
Ïîýòîìó ïðè âçëåòå óðîâíè øóìà íà 3-6 äÁÀ âûøå, ÷åì ïðè ïîñàäêå.

Îñíîâíûì èñòî÷íèêîì øóìà âèíòîâûõ ñàìîëåòîâ ÿâëÿåòñÿ âðàùåíèå âîçäóøíîãî
âèíòà, êîòîðûé èñïîëüçóåòñÿ â êà÷åñòâå äâèæèòåëÿ äîçâóêîâûõ ñàìîëåòîâ. Âèíò ñîçäàåò
àýðîäèíàìè÷åñêèé øóì âñëåäñòâèå òóðáóëåíòíîñòè íàòåêàþùåãî ïîòîêà, îáðàçîâàíèÿ
âèõðåé, ñðûâà âèõðåé, âçàèìîäåéñòâèÿ óäàðíûõ âîëí ñ ïîòîêîì íà êîíöàõ ëîïàñòåé
è äð. Èíòåíñèâíîñòü øóìà îïðåäåëÿåòñÿ ÷àñòîòîé âðàùåíèÿ âèíòà, à òàêæå åãî
àýðîäèíàìè÷åñêèìè è ãåîìåòðè÷åñêèìè ïàðàìåòðàìè. Â íàñòîÿùåå âðåìÿ øóì âèíòîâûõ
ñàìîëåòîâ â ñðåäíåì íà 5-10 äÁÀ âûøå, ÷åì ðåàêòèâíûõ.
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2. Ôàêòîðû, âëèÿþùèå íà øóìîâóþ õàðàêòåðèñòèêó àâèàöèîííîãî
òðàíñïîðòà

Â ñîîòâåòñòâèè ñ ÑÏ 51.13330.2011 [5] øóìîâîé õàðàêòåðèñòèêîé âîçäóøíîãî
òðàíñïîðòà ÿâëÿþòñÿ ýêâèâàëåíòíûé è ìàêñèìàëüíûé óðîâíè çâóêà â ðàñ÷åòíîé òî÷êå.
Â ñîîòâåòñòâèè ñ ìåæäóíàðîäíîé áàçîé äàííûõ ëåòíî-òåõíè÷åñêèõ õàðàêòåðèñòèê,
ðàññòîÿíèÿ, íà êîòîðûõ îïðåäåëÿþòñÿ óðîâíè øóìà âîçäóøíîãî ñóäíà, ñîñòàâëÿþò îò 200
ôóòîâ (îê. 61 ì) äî 25000 ôóòîâ (7620 ì), áàçîâîå ðàññòîÿíèå ñîñòàâëÿåò, êàê ïðàâèëî
300 ì, èçìåðåíèÿ ïðîâîäÿòñÿ íà âûñîòå 1,2 ì íàä ïîâåðõíîñòüþ çåìëè [6].

Ñîãëàñíî äåéñòâóþùèì èçìåðèòåëüíûì è ðàñ÷åòíûì ìåòîäàì íà ïðàêòèêå
øóìîâàÿ õàðàêòåðèñòèêà ïîòîêà âîçäóøíîãî òðàíñïîðòà íå ïðèìåíÿåòñÿ, îïðåäåëÿþòñÿ
øóìîâûå õàðàêòåðèñòèêè îòäåëüíûõ âîçäóøíûõ ñóäîâ, êîòîðûå ïîòîì ñóììèðóþòñÿ
ïî êàæäîìó ïóòè ïðîëåòà. Îäíàêî çíàÿ ïàðàìåòðû àýðîïîðòà, ãäå ôóíêöèîíèðóþò
âîçäóøíûå ñóäà, ìîæíî ïðèáëèçèòåëüíî îöåíèòü çîíó ïîâûøåííîãî óðîâíÿ øóìà,
êîòîðóþ îíè ñîçäàþò.

Â Ðîññèè ïðèíÿòà êëàññèôèêàöèÿ àýðîïîðòîâ ïî ãîäîâîìó îáú¼ìó ïàññàæèðñêèõ
ïåðåâîçîê (ïàññàæèðîîáìåíó) � âûäåëÿåòñÿ 7 êëàññîâ, ïî äëèíå âçëåòíî-ïîñàäî÷íîé
ïîëîñû (ÂÏÏ) âûäåëÿþòñÿ êàòåãîðèè À-Å, ïî âçë¼òíîé ìàññå ïðèíèìàåìûõ ñàìîë¼òîâ
(5 êëàññîâ). Â ñîîòâåòñòâèè ñ ðóêîâîäÿùèìè äîêóìåíòàìè ÈÊÀÎ êëàññèôèêàöèÿ
àýðîäðîìîâ îñóùåñòâëÿåòñÿ ïî êîäîâîìó îáîçíà÷åíèþ. Êîäîâîå îáîçíà÷åíèå ñîñòîèò
èç äâóõ ýëåìåíòîâ. Ýëåìåíò 1 ÿâëÿåòñÿ íîìåðîì, îñíîâàííûì íà äëèíå ëåòíîé ïîëîñû
� îò 800 ì äëÿ 1 êëàññà äî áîëåå 1800 ì äëÿ 4 êëàññà, à ýëåìåíò 2 ÿâëÿåòñÿ áóêâîé,
ñîîòâåòñòâóþùåé ðàçìàõó êðûëà ñàìîëåòà (îò 15 ì äëÿ êëàññà À äî 60 ì äëÿ êëàññà Å)
è ðàññòîÿíèþ ìåæäó âíåøíèìè êîëåñàìè îñíîâíîãî øàññè (îò 4,5 ì äëÿ êëàññà À äî 14
ì äëÿ êëàññà Å). Òàêèì îáðàçîì, ýìèññèþ øóìà âçëåòíî-ïîñàäî÷íûõ îïåðàöèé ìîæíî
îïðåäåëèòü èñõîäÿ èç òàêèõ õàðàêòåðèñòèê àýðîïîðòà, êàê èíòåíñèâíîñòü îïåðàöèé,
äëèíà ÂÏÏ è òèï ïðèíèìàåìûõ ñàìîëåòîâ.

Îò òèïà ñàìîëåòà çàâèñèò áîëüøèíñòâî ïàðàìåòðîâ ýìèññèè øóìà, òàêèõ êàê
ïðîöåäóðíûå ýòàïû (âçëåò, ïîñàäêà è ò.ï.), òðàåêòîðèÿ ïîëåòà, áîêîâàÿ íàïðàâëåííîñòü
çâóêà, îáóñëîâëåííàÿ ìåñòîì óñòàíîâêè äâèãàòåëåé è áîêîâîå çàòóõàíèå.

Ìåñòîïîëîæåíèå äâèãàòåëåé âëèÿåò íà õàðàêòåð èçëó÷åíèÿ øóìà, îáóñëîâëåííûé
ïðîöåññàìè îòðàæåíèÿ, ïðåëîìëåíèÿ è ðàññåèâàíèÿ òâåðäûìè ïîâåðõíîñòÿìè è
àýðîäèíàìè÷åñêèìè ïîëÿìè ñêîðîñòåé ïîòîêà. Ýòî ïðèâîäèò ê íåîäíîðîäíîé
íàïðàâëåííîñòè çâóêà, èçëó÷àåìîãî â áîêîâîì íàïðàâëåíèè îò ïðîäîëüíîé îñè ñàìîëåòà,
íàçûâàåìîé ¾áîêîâîé íàïðàâëåííîñòüþ¿. Âåëè÷èíà áîêîâîé íàïðàâëåííîñòè äëÿ
âèíòîâûõ ñàìîëåòîâ ñîñòàâëÿåò 0 äÁÀ, à äëÿ ðåàêòèâíûõ äâèãàòåëåé äîñòèãàåò 3,5 äÁÀ.

Áîêîâîå çàòóõàíèå ïðåäñòàâëÿåò ñîáîé ýôôåêò ïåðåîòðàæåíèÿ ïðÿìîãî
çâóêà è çâóêà, îòðàæåííîãî îò ïîâåðõíîñòè çåìëè. Ïðè ìàëûõ óãëàõ âèçèðîâàíèÿ
îí ìîæåò âûçâàòü çíà÷èòåëüíîå ñíèæåíèå óðîâíåé çâóêà, íà êîòîðîå îêàçûâàåò
âëèÿíèå ïðåëîìëåíèå çâóêà, âûçâàííîå ãðàäèåíòàìè âåòðà è òåìïåðàòóðû, à òàêæå
òóðáóëåíòíîñòüþ. Â íàñòîÿùåå âðåìÿ â ðàñ÷åòíûõ ìåòîäèêàõ ó÷èòûâàåòñÿ áîêîâîå
çàòóõàíèå çâóêà íàä ìÿãêîé ïîâåðõíîñòüþ. Âëèÿíèå äàííîãî ýôôåêòà ìîæåò äîñòèãàòü
âåëè÷èíû îò 1 äî 11 äÁÀ (ðèñ. 1).
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Ðèñ. 1. Ñíèæåíèå óðîâíåé çâóêà (â äÁÀ) â ðåçóëüòàòå áîêîâîãî çàòóõàíèÿ â çàâèñèìîñòè
îò óãëà âèçèðîâàíèÿ [6]

Óðîâåíü âîçäåéñòâèÿ øóìà âîçäóøíîãî ñóäíà, ïðèâåäåííûé â áàçå ëåòíî-
òåõíè÷åñêèõ õàðàêòåðèñòèê, îòíîñèòñÿ ê ñàìîëåòó, âûïîëíÿþùåìó íåïðåðûâíûé,
ïðÿìîëèíåéíûé è óñòàíîâèâøèéñÿ ãîðèçîíòàëüíûé ïîëåò. Ïðèìåíåíèå îòðèöàòåëüíîãî
çíà÷åíèÿ ïîïðàâêè äëÿ ó÷àñòêà êîíå÷íîé äëèíû ∆F = 10log(F), ãäå F � êîýôôèöèåíò
çâóêîâîé ýíåðãèè, ïîçâîëÿåò äîïîëíèòåëüíî ñêîððåêòèðîâàòü ýòîò óðîâåíü äî çíà÷åíèÿ,
êîòîðîå ñîîòâåòñòâîâàëî áû ïîëåòó ñàìîëåòà òîëüêî ïî ó÷àñòêó êîíå÷íîé äëèíû.
Êîýôôèöèåíò çâóêîâîé ýíåðãèè F çàâèñèò îò òðåóãîëüíèêà ¾îáçîðà¿. Âêëàä äàííîãî
ôàêòîðà â øóìîîáðàçîâàíèå çàâèñèò îò äèñòàíöèè ïðîáåãà ñàìîëåòà ïî ÂÏÏ è ìîæåò
äîñòèãàòü íà áàçîâîì ðàññòîÿíèè â 300 ì âåëè÷èíû îò -3,5 äÁÀ äëÿ ÂÏÏ äëèíîé 500 ì
äî -0,5 äÁÀ äëÿ ÂÏÏ äëèíîé 3200 ì.

Ýìèññèÿ øóìà ðåàêòèâíûõ ñàìîëåòîâ, îñîáåííî ñàìîëåòîâ ñ áîëåå íèçêîé
ñòåïåíüþ äâóõêîíòóðíîñòè, õàðàêòåðèçóåòñÿ ëåïåñòêîâîé äèàãðàììîé íàïðàâëåííîñòè
(ðèñ. 2), ÷òî âûçâàíî øóìîì, ïðîèçâîäèìûì âûõëîïíîé ñòðóåé. Òàêàÿ íàïðàâëåííîñòü
õàðàêòåðíà äëÿ ñëó÷àÿ, êîãäà ñêîðîñòü èñòå÷åíèÿ ðåàêòèâíîé ñòðóè âûøå ñêîðîñòè
ñàìîëåòà. Ýòî ïðîèñõîäèò, êîãäà ðàñ÷åòíàÿ òî÷êà îêàçûâàåòñÿ ïîçàäè òî÷êè íà÷àëà
ðàçáåãà. Íàïðàâëåííîñòü èñòå÷åíèÿ ñòðóè ìîæåò äàòü óâåëè÷åíèå óðîâíåé çâóêà íà
âåëè÷èíó äî 6 äÁÀ ïðè âçëåòå ñàìîëåòà [6].
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Ðèñ. 2. Íàïðàâëåííîñòü èçëó÷åíèÿ ðåàêòèâíîãî ñàìîëåòà [6]

Íà óðîâåíü øóìà ñàìîëåòà çíà÷èòåëüíîå âëèÿíèå îêàçûâàåò ìîùíîñòü,
èñïîëüçóåìàÿ ïðè ïèëîòèðîâàíèè. Íà ðèñ. 3 ïðåäñòàâëåíà çàâèñèìîñòü ìàêñèìàëüíîãî
óðîâíÿ øóìà ñàìîëåòà ïðè ðàçëè÷íûõ ìîùíîñòÿõ íà ðàçëè÷íûõ ðàññòîÿíèÿõ. Êàê
ïîêàçûâàåò àíàëèç ðèñóíêà, ïðè óäâîåíèè ìîùíîñòè óðîâåíü øóìà óâåëè÷èâàåòñÿ íà
5 äÁÀ.

Îäíèì èç ôàêòîðîâ, âëèÿþùèõ íà óðîâåíü ýìèññèè øóìà ñàìîëåòà, ÿâëÿåòñÿ
òàêæå ðåâåðñ òÿãè, êîòîðûé âêëþ÷àþò, êîãäà íåîáõîäèìîãî òîðìîæåíèÿ íåâîçìîæíî
äîñòè÷ü ñ ïîìîùüþ êîëåñíûõ òîðìîçîâ. Â ðåçóëüòàòå áûñòðîãî èçìåíåíèÿ ìîùíîñòè
äâèãàòåëåé ñ ðåæèìà ìàëîãî ãàçà íà ðåæèì ðåâåðñà âîçíèêàåò ðåçêîå óâåëè÷åíèå óðîâíÿ
øóìà íà âåëè÷èíó äî 5 äÁÀ. Îäíàêî, ó÷èòûâàÿ, ÷òî ðåâåðñ òÿãè âêëþ÷àþò äîâîëüíî
ðåäêî, à êàæäàÿ ÂÏÏ èñïîëüçóåòñÿ êàê äëÿ âçëåòà, òàê è äëÿ ïîñàäêè ñàìîëåòîâ, äàííûé
ôàêòîð ïðè îöåíêå øóìîâîé õàðàêòåðèñòèêè ñàìîëåòîâ, ôóíêöèîíèðóþùèõ íà äàííîé
ÂÏÏ äîïóñêàåòñÿ íå ó÷èòûâàòü.



NOISE Theory and Practice 55

Ðèñ. 3. Íàïðàâëåííîñòü èçëó÷åíèÿ ðåàêòèâíîãî ñàìîëåòà [6]

Êðîìå òîãî, èç ðèñ. 3 âèäíî, ÷òî ðàññòîÿíèå ÿâëÿåòñÿ îñíîâíûì ôàêòîðîì,
êîòîðûé âëèÿåò íà çàòóõàíèå àâèàöèîííîãî øóìà â ïðîñòðàíñòâå. Àíàëèç äàííûõ
ïîêàçûâàåò, ÷òî ïðè óâåëè÷åíèè ðàññòîÿíèÿ â 2 ðàçà ìàêñèìàëüíûé óðîâåíü çâóêà
ñàìîëåòà ñíèæàåòñÿ íà âåëè÷èíó ïîðÿäêà 7 äÁÀ, ò.å. ïðèìåðíî ñîîòâåòñòâóåò õàðàêòåðó
èçëó÷åíèÿ òî÷å÷íîãî èñòî÷íèêà øóìà.

3. Ðàñ÷åòíûå ìåòîäèêè äëÿ îöåíêè øóìîâîé õàðàêòåðèñòèêè
àâèàöèîííîãî òðàíñïîðòà

Ïî ìåòîäèêå, äåéñòâóþùåé â ÐÔ, ðàçðàáîòàííîé åùå â ÑÑÑÐ è ïðèâåäåííîé
â ¾Ðåêîìåíäàöèÿõ ïî óñòàíîâëåíèþ çîí îãðàíè÷åíèÿ æèëîé çàñòðîéêè â îêðåñòíîñòÿõ
àýðîïîðòîâ ãðàæäàíñêîé àâèàöèè èç óñëîâèé øóìà¿ [7], ìîæíî îöåíèòü ìàêñèìàëüíûå
óðîâíè çâóêà â äàííîé òî÷êå ïðè ïðîëåòå ñàìîëåòà, íà îñíîâàíèè êðèâûõ ïðèâåäåííûõ
ìàêñèìàëüíûõ óðîâíåé çâóêà íà ìåñòíîñòè â çàâèñèìîñòè îò óäàëåíèÿ îò òîðöà ÂÏÏ
èëè îò íà÷àëà ðàçáåãà, êîòîðûå áûëè ïîëó÷åíû ýìïèðè÷åñêèì ñïîñîáîì äëÿ ñàìîëåòîâ,
âûïóñêàåìûõ â ÑÑÑÐ â 1980-å ãîäû ïðîøëîãî âåêà.

Íàèáîëüøèå óðîâíè áûëè óñòàíîâëåíû äëÿ ñàìîëåòîâ ïåðâîé ãðóïïû (ÈË-86, Àí-
22), íàèìåíüøèå äëÿ ïÿòîé ãðóïïû (òèïà ÀÍ-28, Ë-410). Áàçîâîé ãðóïïîé ÿâëÿåòñÿ II
ãðóïïà ñàìîëåòîâ, äëÿ îñòàëüíûõ ãðóïï óñòàíàâëèâàþòñÿ îòêëîíåíèÿ îò áàçîâîãî óðîâíÿ,
êîòîðûå ñîñòàâëÿþò îò +5 äî -15 äÁÀ. Ìàêñèìàëüíûå óðîâíè çâóêà äëÿ áàçîâîé ãðóïïû
ñàìîëåòîâ ïðè óäàëåíèè îò òîðöà ÂÏÏ, à òàêæå ïðè áîêîâîì óäàëåíèè îò îñè ÂÏÏ
ïðèâåäåíû íà ðèñ. 4. Äëÿ îñòàëüíûõ êëàññîâ ìàêñèìàëüíûå óðîâíè îïðåäåëÿþòñÿ ïðè
ïîìîùè èíòåðïîëÿöèè ñ ó÷åòîì îòêëîíåíèÿ îò áàçîâîãî óðîâíÿ çâóêà, óñòàíîâëåííîãî äëÿ
äàííîãî êëàññà ñàìîëåòîâ.

Îãèáàþùàÿ êðèâûõ ðàâíûõ ïðèâåäåííûõ ìàêñèìàëüíûõ óðîâíåé çâóêà äëÿ âñåõ
òðàññ ïðåäñòàâëÿåò ñîáîé ãðàíèöó âîçäåéñòâèÿ ñîîòâåòñòâóþùåãî óðîâíÿ çâóêà.
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Ðèñ. 4. Ðàññòîÿíèå äîñòèæåíèÿ ìàêñèìàëüíûõ óðîâíåé çâóêà âîçäóøíûõ ñóäîâ 2 êëàññà
íà ðàçëè÷íûõ ðåæèìàõ [7]

Âûøåîïèñàííûé ïîäõîä äîâîëüíî ãðóáûé, îí íå ó÷èòûâàåò òîò ôàêò, ÷òî
óñòàðåâøèå ñàìîëåòû ðîññèéñêîãî ïðîèçâîäñòâà âûâîäÿòñÿ èç îáðàùåíèÿ è âñå áîëüøå
çàìåíÿþòñÿ íà ñàìîëåòû èìïîðòíîãî ïðîèçâîäñòâà, êîòîðûå èìåþò ìàêñèìàëüíûå óðîâíè
çâóêà 70 äÁÀ è ìåíåå óæå íà ðàññòîÿíèè 10 êì îò òîðöà ÂÏÏ.

Íîâûé ïîäõîä ê ïîñòðîåíèþ êîíòóðîâ ðàâíûõ óðîâíåé çâóêà îòðàæåí â
¾Ðóêîâîäñòâå ïî ðåêîìåíäóåìîìó ìåòîäó ðàñ÷åòà êîíòóðîâ øóìà âîêðóã àýðîïîðòîâ¿
[6]. Ñîãëàñíî Ðóêîâîäñòâó ÈÊÀÎ êîíòóðû øóìà ñòðîÿòñÿ äëÿ êàæäîé òðàññû ïðîëåòà
ñàìîëåòà, èñõîäÿ èç øóìîâîé õàðàêòåðèñòèêè ñàìîëåòà, îòðàæåííîé â ëåòíî-òåõíè÷åñêèõ
õàðàêòåðèñòèêàõ âîçäóøíîãî ñóäíà, êîòîðûå ïðèâîäÿòñÿ â ïàñïîðòå âîçäóøíîãî ñóäíà, à
òàêæå â ìåæäóíàðîäíîé áàçå äàííûõ. Â êà÷åñòâå èñõîäíûõ äàííûõ äëÿ ðàñ÷åòà òàêæå
âûñòóïàþò îïèñàíèå ãåîìåòðèè òðàåêòîðèè ïîëåòà, ïðîôèëÿ ñêîðîñòè è òÿãè (ìîùíîñòè).

Â áàçå äàííûõ ïî êàæäîìó êîíêðåòíîìó ñàìîëåòó ñîäåðæèòñÿ áàçîâàÿ
èíôîðìàöèÿ î êðèâûõ çàâèñèìîñòè øóì-ìîùíîñòü-ðàññòîÿíèå. Ïî óìîë÷àíèþ â áàçå
äàííûõ ñîäåðæèòñÿ èíôîðìàöèÿ î ïðîöåäóðíûõ ýòàïàõ, òàêèõ êàê âçëåò, íàáîð âûñîòû,
ïîñàäêà è ò.ï. Îïðåäåëÿåìûå ÷åðåç áàçó äàííûõ áàçîâûå óðîâíè çâóêà åäèíè÷íîãî
âîçäåéñòâèÿ êîððåêòèðóþòñÿ ñ ó÷åòîì ðàçíèöû ìåæäó ôàêòè÷åñêèìè è èñõîäíûìè
àòìîñôåðíûìè óñëîâèÿìè, ñêîðîñòüþ ñàìîëåòà è ðàçíèöû ìåæäó óðîâíÿìè çâóêà,
èçëó÷àåìîãî âíèç è â áîêîâîì íàïðàâëåíèè.

Ïðè ìîäåëèðîâàíèè øóìîâûõ êîíòóðîâ ïðîèçâîäèòñÿ ñåãìåíòàöèÿ òðàåêòîðèè
ïîëåòà. Ñåãìåíòàöèÿ ïðåäñòàâëÿåò ñîáîé ïðîöåññ, ñ ïîìîùüþ êîòîðîãî ìîäåëü ïîñòðîåíèÿ
êîíòóðîâ øóìà àäàïòèðóåò äàííûå ïî êàæäîìó ñàìîëåòó, ñîîòâåòñòâóþùèå áåñêîíå÷íîé
òðàåêòîðèè, è äàííûå áîêîâîé êîððåêòèðîâêè â öåëÿõ âû÷èñëåíèÿ óðîâíÿ øóìà,
ãåíåðèðóåìîãî ïðè íåðàâíîìåðíîé òðàåêòîðèè ïîëåòà. Äëÿ öåëåé ðàñ÷åòà óðîâíÿ çâóêà
ïðè åäèíè÷íîì ïðîëåòå ñàìîëåòà òðàåêòîðèÿ ïîëåòà ïðåäñòàâëÿåòñÿ â âèäå ðÿäà ñìåæíûõ
ïðÿìîëèíåéíûõ ó÷àñòêîâ, êàæäûé èç êîòîðûõ ìîæåò ðàññìàòðèâàòüñÿ êàê êîíå÷íàÿ ÷àñòü
áåñêîíå÷íîé òðàåêòîðèè, äëÿ êîòîðîé èçâåñòíû çíà÷åíèÿ NPD è áîêîâûå êîððåêòèðîâêè.
Çà ìàêñèìàëüíûé óðîâåíü øóìîâîãî ñîáûòèÿ ïðèíèìàåòñÿ íàèáîëüøåå çíà÷åíèå èç
ñîîòâåòñòâóþùèõ âåëè÷èí ïî îòäåëüíûì ó÷àñòêàì. Ýêâèâàëåíòíûé ïî âðåìåíè óðîâåíü
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çâóêà âñåãî øóìîâîãî ñîáûòèÿ âû÷èñëÿåòñÿ ïóòåì ñóììèðîâàíèÿ çíà÷åíèé óðîâíÿ øóìà
ó÷àñòêîâ, êîòîðûå âíîñÿò ñóùåñòâåííûé âêëàä â ñóììàðíûé óðîâåíü çâóêà äàííîãî
øóìîâîãî ñîáûòèÿ.

Äàííûé ïîäõîä îòðàæåí â ñîâðåìåííûõ ðàñ÷åòíûõ ïðîãðàììàõ, òàêèõ êàê
SoundPLAN (Ãåðìàíèÿ) è INM (ÑØÀ). Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòà ïî ðàçëè÷íûì
ìåòîäèêàì ïðèâåäåíî â [8]. Êîíòóðû, ðàññ÷èòàííûå ïî ïðîãðàììàì INM è SoundPLAN,
ïî ïëîùàäè çíà÷èòåëüíî ìåíüøå êîíòóðîâ, îïðåäåë¼ííûõ ïî ðîññèéñêèì ïðîãðàììàì.
Îòëè÷èåì çàðóáåæíûõ ïðîãðàìì ÿâëÿåòñÿ îòñóòñòâèå â èõ áàçàõ äåéñòâèòåëüíûõ
äàííûõ äëÿ ðîññèéñêèõ ñàìîëåòîâ, îòëè÷àþòñÿ ìåòîäû ïèëîòèðîâàíèÿ, ÷òî èçìåíÿåò âèä
òðàåêòîðèè ïîëåòà, è ñàìè ðàñ÷åòíûå ìåòîäû èìåþò ðàçëè÷íóþ òî÷íîñòü.

Äëÿ îöåíêè ðîññèéñêîãî è çàïàäíîãî ïîäõîäîâ ê ðàñ÷åòó óðîâíåé øóìà
àâèàöèîííîãî òðàíñïîðòà áûë ïðîâåäåí àíàëèç óðîâíåé øóìà íà ïðèìåðå àýðîïîðòà
Ïóëêîâî, êîòîðûé ñîîòâåòñòâóåò êëàññó ¾âíåêëàññíûå¿ èñõîäÿ èç ðîññèéñêîé êëàññèôèêàöèè.
Äëÿ îöåíêè óðîâíåé àâèàöèîííîãî øóìà áûëè âûáðàíû ðàñ÷åòíûå òî÷êè íà ñåëèòåáíîé
òåððèòîðèè íà ðàçëè÷íîì óäàëåíèè îò àýðîïîðòà. Ðåçóëüòàòû èçìåðåíèé ïðèâåäåíû íà
ðèñ. 5.

Ðèñ. 5. Ðåçóëüòàòû èçìåðåíèé óðîâíåé çâóêà àâèàöèîííîãî òðàíñïîðòà íà ðàçëè÷íîì
ðàññòîÿíèè îò àýðîïîðòà Ïóëêîâî [10]

Àíàëèç ðåçóëüòàòîâ èçìåðåíèé ïîêàçûâàåò, ÷òî äîïóñòèìûå óðîâíè ñîáëþäàþòñÿ
íà ðàññòîÿíèè 25 êì îò àýðîïîðòà Ïóëêîâî, ïðè ïðèìåíåíèè ðîññèéñêîãî ïîäõîäà îöåíêè
óðîâíåé ðàññòîÿíèå îáåñïå÷åíèÿ ÏÄÓ ñîñòàâèëî áû 35 êì, ò.å. èç ñîñòàâà òåððèòîðèé,
ïðèãîäíûõ äëÿ æèëîé çàñòðîéêè, âûâîäèòñÿ ïëîùàäü áîëåå 10000 ì2.

Ðåçóëüòàòû ðàñ÷åòíûõ äàííûõ è èçìåðåíèé óêàçûâàþò íà íåîáõîäèìîñòü îöåíêè
óðîâíåé øóìà àýðîïîðòîâ ïî ýêâèâàëåíòíûì óðîâíÿì çâóêà. Â öåëÿõ ðàçðàáîòêè
êëàññèôèêàöèè àýðîïîðòîâ ýêâèâàëåíòíûå óðîâíè çâóêà, ñîçäàâàåìûå àýðîïîðòàìè
ðàçëè÷íûõ êàòåãîðèé, ìîãóò áûòü ðàññ÷èòàíû ñ ó÷åòîì èõ îñíîâíûõ ïàðàìåòðîâ,
ïðèâåä¼ííûõ â íîðìàòèâíîé äîêóìåíòàöèè (òàáëèöà 1).
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Òàáëèöà 1

Êëàññèôèêàöèÿ àýðîïîðòîâ ïî óðîâíÿì øóìà

Êëàññ Òèï Ñðåäíÿÿ Ïàðà- Ïîïðàâ- Ýêâèâàëåí- Ðàññòîÿíèå
ðàñ÷åò- ìåòðû êà íà òíûé ÓÇ îáåñïå-
íàÿ èí- ÂÂÏ äëèíó (íà r0= ÷åíèÿ
òåíñèâ- (øèðè- ïîëîñû, 300 ì), äÁÀ ÏÄÓ, êì

íîñòü, âçë- íà), ì äÁÀ ïî- âçëåò ïî- âçëåò
ïîñ/÷ ñàäêà ñàäêà

âíåêëàñ- - 22 3500-4000 0,0 72 75 19 25
ñíûå
I A 19 3200 õ 60 -0,6 66 70 11 18
II Á 17 2600 x 45 -0,7 62 66 7 11
III Â 16 1800 x 42 -1,0 58 62 4,2 7

Ã 14 1300 x 35 -1,4 57 61 3,8 6
IV Ä 10 1000 x 28 -1,9 51 56 2 3,3
V - 5 - -2,5 44 48 0,9 1,4

íåêëàñ- Å 4 500 x 21 -3,5 39 43 0,5 0,75
ñèôèöè-
ðîâàííûå

Êàê ïîêàçûâàþò ðåçóëüòàòû ðàñ÷åòîâ, ïðè îöåíêå óðîâíåé øóìà àýðîïîðòîâ
ïî ýêâèâàëåíòíûì óðîâíÿì çâóêà ðàçìåð çîíû îáåñïå÷åíèÿ ÏÄÓ çíà÷èòåëüíî ìåíüøå,
÷åì ïðè îöåíêå ìàêñèìàëüíûõ óðîâíåé çâóêà è ëó÷øå êîððåëèðóåò ñ ðåçóëüòàòàìè,
ïîëó÷åííûìè â õîäå èçìåðåíèé. Òàêèì îáðàçîì, ïðåäëîæåííàÿ îöåíêà íà îñíîâàíèè
ýêâèâàëåíòíûõ óðîâíåé çâóêà áîëåå òî÷íàÿ, ÷åì ðàíåå ïðèíÿòûé ïîäõîä ê îïðåäåëåíèþ
ðàçìåðà çîíû ñàíèòàðíîãî ðàçðûâà íà îñíîâàíèè ìàêñèìàëüíûõ óðîâíåé çâóêà.

Êëàññèôèêàöèÿ àýðîïîðòîâ ïî óðîâíÿì øóìà ÿâëÿåòñÿ îñíîâàíèåì äëÿ
ðàçðàáîòêè êàðò øóìà è øóìîçàùèòíûõ ìåðîïðèÿòèé.

4. Ñíèæåíèå øóìà âîçäóøíîãî òðàíñïîðòà

Ìåòîäû, èñïîëüçóåìûå äëÿ ñíèæåíèÿ øóìà àâèàöèîííîãî òðàíñïîðòà, ìîãóò
íîñèòü êàê àäìèíèñòðàòèâíûé, òàê è êîíñòðóêòèâíûé õàðàêòåð [9]. Ê àäìèíèñòðàòèâíûì
ìåðîïðèÿòèÿì îòíîñÿòñÿ: ââåäåíèå îãðàíè÷åíèé íà ýêñïëóàòàöèþ ñàìîëåòîâ â íî÷íîå
âðåìÿ, îãðàíè÷åíèÿ íà âçëåòû è ïîñàäêè âîçäóøíûõ ñóäîâ, âûäåëåíèå ìàðøðóòîâ ñ
ìèíèìàëüíûìè óðîâíÿìè øóìà, îãðàíè÷åíèå èíòåíñèâíîñòè ïîëåòîâ, ñìåùåíèå âõîäíîé
êðîìêè ÂÏÏ, ââåäåíèå ïëàòû çà îòêëîíåíèå îò óñòàíîâëåííûõ òðàññ ïðîëåòà âîçäóøíîãî
ñóäíà, çàìåíà óñòàðåâøèõ ñàìîëåòîâ áîëåå íîâûìè ñ ïîíèæåííûìè óðîâíÿìè øóìà.

Ê ìåðîïðèÿòèÿì ïî ñíèæåíèþ óðîâíÿ øóìà â èñòî÷íèêå îòíîñèòñÿ ïîâûøåíèå
ñòåïåíè äâóõêîíòóðíîñòè äâèãàòåëÿ, çà ñ÷åò ÷åãî îáåñïå÷èâàåòñÿ ñíèæåíèå óðîâíÿ
ñîçäàâàåìîãî èì øóìà. Äëÿ ñíèæåíèÿ øóìà äâèãàòåëÿ â çàäíåé ïîëóñôåðå âûõîäíîå
ñîïëî äâèãàòåëÿ îáðàáàòûâàåòñÿ ïðè ïîìîùè øåâðîííîé îáðàáîòêè. Ïðè òàêîé îáðàáîòêå
â îáëàñòè ìàêñèìóìà ñïåêòðà ñíèæåíèå øóìà ñòðóè äîñòèãàåò âåëè÷èíû 4-5 äÁ êàê ïðè
îòñóòñòâèè ñïóòíîãî ïîòîêà, òàê è ïðè åãî íàëè÷èè.

Ñèñòåìû øóìîãëóøåíèÿ ñèëîâûõ óñòàíîâîê ñîâðåìåííûõ ñàìîëåòîâ îñíîâàíû
íà ïðèìåíåíèè â êàíàëàõ ìîòîãîíäîë è äâèãàòåëåé çâóêîïîãëîùàþùèõ êîíñòðóêöèé
ñ ðåçîíàíñíûìè èëè îáúåìíûìè ïîãëîòèòåëÿìè, êîòîðûå ÿâëÿþòñÿ ñåãîäíÿ íàèáîëåå
ýôôåêòèâíûì ìåòîäîì ñíèæåíèÿ èíòåíñèâíîñòè øóìà, ãåíåðèðóåìîãî ëîïàòî÷íûìè
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ìàøèíàìè òóðáîðåàêòèâíîãî äâèãàòåëÿ. Â ïðàêòèêå ñíèæåíèÿ øóìà ïàññàæèðñêèõ
ñàìîëåòîâ øèðîêîå ïðèìåíåíèå ïîëó÷èëè ðåçîíàíñíûå ¾ñîòîâûå¿ çâóêîïîãëîùàþùèå
êîíñòðóêöèè.

Äëÿ ñòîåê øàññè è êðîìîê ñàìîëåòíûõ çàêðûëîê â ßïîíèè ðàçðàáîòàíû
íàêëàäêè, ñïîñîáíûå ñíèçèòü îáðàçîâàíèå òóðáóëåíòíîãî ïîòîêà âîçäóõà. Êðîìå ýòîãî,
ìîäèôèêàöèÿ çàêðûëîê ñëóæèò óìåíüøåíèþ çàçîðîâ ìåæäó èõ êðàÿìè è êðûëîì
ñàìîëåòà. Íàêëàäêè óëó÷øàþò àýðîäèíàìèêó ýëåðîíîâ è ñïîñîáñòâóþò óìåíüøåíèþ óãëà
èõ âûïóñêà. Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè çíà÷èòåëüíóþ ýôôåêòèâíîñòü ïîäîáíîé
ðàçðàáîòêè â îáëàñòè ñíèæåíèÿ øóìà: àýðîäèíàìè÷åñêèé øóì áûë ñíèæåí íà 3 äÁÀ, à
øóì îò øàññè � íà 4 äÁÀ.

Ïðîöåäóðû, íàïðàâëåííûå íà óìåíüøåíèå øóìà ïðè âçëåòå è ïîñàäêå, âêëþ÷àþò
óìåíüøåíèå òÿãè çà ñ÷åò ÷àñòè÷íîãî èëè ïîëíîãî çàêðûòèÿ çàêðûëêîâ íà âçëåòå
èëè çà ñ÷åò äðîññåëèðîâàíèÿ äâèãàòåëåé. Â ýòèõ öåëÿõ ïðèìåíÿåòñÿ ïðèåì âçëåòà è
ðåçêîãî íàáîðà âûñîòû ïðè âûäåðæèâàíèè ñðàâíèòåëüíî íåâûñîêîé ñêîðîñòè ïîëåòà
è äðîññåëèðîâàíèè òÿãè äâèãàòåëåé âî âðåìÿ ïðîëåòà ñàìîëåòîâ íàä íàñåëåííûìè
ïóíêòàìè, ÷òî ïîçâîëÿåò îáåñïå÷èòü ñíèæåíèå øóìà îò 2 äî 6 äÁÀ. Ïðè çàõîäå íà
ïîñàäêó ïî äâóõëó÷åâîé ãëèññàäå óðîâíè çâóêà ñíèæàþòñÿ íà âåëè÷èíó ïðèìåðíî
2-3 äÁÀ. Ïðè ñíèæåíèè ñàìîëåòà èñïîëüçóåòñÿ óëó÷øåíèå àýðîäèíàìè÷åñêîãî êà÷åñòâà
ïëàíåðà, ïðèâîäÿùåå ê óìåíüøåíèþ ðåæèìà ðàáîòû äâèãàòåëåé è ñíèæåíèþ øóìà íà
8�14 äÁÀ â çàâèñèìîñòè îò ñòåïåíè äâóõêîíòóðíîñòè äâèãàòåëÿ.

Äëÿ ñíèæåíèÿ óðîâíåé øóìà â æèëîé çàñòðîéêå ïðèìåíÿåòñÿ ïðàêòèêà âçëåòà
âäîëü íåçàñåëåííûõ ïðèðîäíûõ òåððèòîðèé, à òàêæå ðàâíîìåðíîå ðàñïðåäåëåíèå íàãðóçêè
ïî âñåì íàïðàâëåíèÿì ïîëåòà.

Ñìåùåíèå âõîäíîé êðîìêè ÂÏÏ ÿâëÿåòñÿ åùå îäíèì ýôôåêòèâíûì ìåðîïðèÿòèåì
ïî ñíèæåíèþ øóìà àýðîïîðòà. Â àýðîïîðòàõ ýòó òî÷êó ñìåùàþò òàêèì îáðàçîì, ÷òî
ðåàëèçóåìàÿ òðàåêòîðèÿ ñíèæåíèÿ íà ïîñàäêó èëè âçëåòà âîçäóøíîãî ñóäíà ðàñïîëàãàåòñÿ
âûøå çåìíîé ïîâåðõíîñòè. Ñ óâåëè÷åíèåì ýòîé âûñîòû ñîêðàùàåòñÿ âûñîòà ïîëåòà ïî
ãëèññàäå, à, ñëåäîâàòåëüíî, ðàçìåðû øóìîâîãî êîíòóðà, ñîçäàâàåìîãî ñàìîëåòîì.

Ýôôåêòèâíûì ìåðîïðèÿòèåì ïî ñíèæåíèþ øóìà â íî÷íîå âðåìÿ ÿâëÿåòñÿ
ââåäåíèå óñëîâèé ýêñïëóàòàöèè âîçäóøíûõ ñóäîâ, ÷òî óñïåøíî ïðèìåíÿåòñÿ â
ìåæäóíàðîäíûõ àýðîïîðòàõ òàêèõ ãîðîäîâ êàê Âàøèíãòîí, Æåíåâà è Ëîíäîí, ãäå
óñòàíîâëåíû îãðàíè÷åíèÿ íà ïîëåòû â íî÷íîå âðåìÿ. Îñîáåííî ýôôåêòèâíûì ÿâëÿåòñÿ
çàïðåò ôóíêöèîíèðîâàíèÿ â íî÷íîå âðåìÿ ñàìîëåòîâ ñ óðîâíÿìè øóìà, îïðåäåëåííûìè â
õîäå ëåòíî-òåõíè÷åñêèõ èñïûòàíèé, áîëåå 95 äÁ PN.

Â êà÷åñòâå äîïîëíèòåëüíûõ ìåðîïðèÿòèé ïî ñíèæåíèþ ïðîëåòíîãî øóìà
ïðèìåíÿåòñÿ óâåëè÷åíèå çâóêîèçîëÿöèè æèëûõ äîìîâ è äðóãèõ íîðìèðóåìûõ îáúåêòîâ,
à òàêæå ââåäåíèå îãðàíè÷åíèé çîí çàñòðîéêè âáëèçè àýðîïîðòîâ.

Îáîáùåííàÿ ýôôåêòèâíîñòü ìåðîïðèÿòèé ïî ñíèæåíèþ øóìà àâèàòðàíñïîðòà
ïðèâåäåíà â òàáëèöå 2.
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Òàáëèöà 2

Ýôôåêòèâíîñòü ìåðîïðèÿòèé ïî ñíèæåíèþ øóìà àâèàòðàíñïîðòà

Ìåðû è êîíñòðóêöèè øóìîçàùèòû Ýôôåêòèâíîñòü, äÁÀ
Çàìåíà óñòàðåâøèõ ñàìîëåòîâ íîâûìè ñ áîëüøåé 8-14

ñòåïåíüþ äâóõêîíòóðíîñòè
Ïðèìåíåíèå øóìîçàùèòíûõ ìåðîïðèÿòèé â èñòî÷íèêå 3-5

Ñìåùåíèå êðîìêè ÂÏÏ 1-3
Óìåíüøåíèå òÿãè (ïðèìåíåíèå ðåæèìà ïèëîòèðîâàíèÿ 2-6

íà ìàëîé ñêîðîñòè è äðîññåëèðîâàíèå òÿãè)
Çàïðåò èñïîëüçîâàíèÿ ðåâåðñà òÿãè 5
Èñïîëüçîâàíèå ìàëîé ìîùíîñòè 5 äÁÀ íà êàæäîå

ñíèæåíèå â 2 ðàçà
Óäàëåíèå òðàåêòîðèé ïðîëåòà îò 7 äÁÀ íà óäâîåíèå

íîðìèðóåìûõ îáúåêòîâ ðàññòîÿíèÿ
Ñíèæåíèå øóìà â äîìàõ (øóìîçàùèòíîå îñòåêëåíèå) äî 37

Â ñîîòâåòñòâèè ñ êëàññèôèêàöèåé àýðîïîðòîâ ïî óðîâíÿì øóìà, ïðèâåäåííîé â
òàáëèöå 1, äëÿ àýðîïîðòîâ ðàçëè÷íûõ êàòåãîðèé ìîãóò áûòü ðåêîìåíäîâàíû ñëåäóþùèå
ìåðîïðèÿòèÿ:

- âíåêëàññíûå � óäàëåíèå òðàåêòîðèé ïðîëåòà îò æèëîé çàñòðîéêè, çàìåíà
óñòàðåâøèõ ñàìîëåòîâ, ñíèæåíèå øóìà â èñòî÷íèêå, øóìîçàùèòíîå îñòåêëåíèå,
îãðàíè÷åíèå îïåðàöèé â íî÷íîå âðåìÿ;

- I êëàññ � óäàëåíèå òðàåêòîðèé ïðîëåòà, çàìåíà óñòàðåâøèõ ñàìîëåòîâ, ñíèæåíèå
øóìà â èñòî÷íèêå, øóìîçàùèòíîå îñòåêëåíèå;

- II êëàññ � óäàëåíèå òðàåêòîðèé ïðîëåòà, çàìåíà óñòàðåâøèõ ñàìîëåòîâ,
ñíèæåíèå øóìà â èñòî÷íèêå, îãðàíè÷åíèå îïåðàöèé â íî÷íîå âðåìÿ;

- III, IV êëàññû � çàìåíà óñòàðåâøèõ ñàìîëåòîâ, ñíèæåíèå øóìà â èñòî÷íèêå;
- V êëàññ, íåêëàññèôèöèðîâàííûå � óìåíüøåíèå òÿãè, çàìåíà óñòàðåâøèõ

ñàìîëåòîâ.

Òàêèì îáðàçîì, äëÿ âñåõ ðîññèéñêèõ àýðîïîðòîâ ïåðâîî÷åðåäíûì ìåðîïðèÿòèåì
ÿâëÿåòñÿ èñïîëüçîâàíèå íîâûõ ñîâðåìåííûõ ñàìîëåòîâ ñ âûñîêîé ñòåïåíüþ äâóõêîíòóðíîñòè,
â êîòîðûõ èñïîëüçóþòñÿ íîâåéøèå ìåòîäû ñíèæåíèÿ øóìà. Ýòà òåíäåíöèÿ â íàñòîÿùåå
âðåìÿ âñå áîëüøå ïðîñëåæèâàåòñÿ, ÷òî ïîäòâåðæäàåòñÿ äàííûìè ðîññèéñêîãî ðååñòðà
âîçäóøíûõ ñóäîâ, ñîãëàñíî êîòîðîìó â íàñòîÿùåå âðåìÿ íà òåððèòîðèè ÐÔ â ýêñïëóàòàöèè
íàõîäèòñÿ ïîðÿäêà 2000 óñòàðåâøèõ âîçäóøíûõ ñóäîâ, êîòîðûå, â îñíîâíîì, èñïîëüçóþòñÿ
äëÿ íóæä âîåííûõ, Ì×Ñ è â ÷àñòíîé àâèàöèè.

Êðîìå òîãî, ïèëîòû âîçäóøíîãî ñóäíà äîëæíû ñîáëþäàòü ðåæèì ïèëîòèðîâàíèÿ,
èñêëþ÷àþùèé èñïîëüçîâàíèå ðåâåðñà òÿãè, ïèëîòèðîâàíèå íà ìàëîé ìîùíîñòè è íà ìàëîé
ñêîðîñòè ñ èñïîëüçîâàíèåì äðîññåëèðîâàíèÿ òÿãè. Ñàìîëåòû íå äîëæíû îòêëîíÿòüñÿ îò
óñòàíîâëåííîé òðàññû ïðîëåòà, êîòîðóþ íåîáõîäèìî âûáèðàòü â îáõîä æèëîé çàñòðîéêè.

Ïðè ïðîåêòèðîâàíèè àýðîïîðòîâ è íîâûõ ÂÏÏ ñëåäóåò âûáèðàòü òðàññû âçëåòà
âäîëü òåððèòîðèé, íà êîòîðûõ îòñóòñòâóþò çàùèùàåìûå îáúåêòû, à òàêæå ñîáëþäàòü
ðàçìåðû ðåêîìåíäîâàííûõ ñàíèòàðíûõ ðàçðûâîâ, âûíîñÿ çà èõ ïðåäåëû îáúåêòû ñ
íîðìèðóåìûìè óðîâíÿìè øóìà.
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Çàêëþ÷åíèå

Ïîä âëèÿíèåì øóìà àýðîïîðòà ìîæåò íàõîäèòüñÿ ïîðÿäêà òðåòè ãîðîäñêèõ
òåððèòîðèé. Ïðè ýòîì àâèàöèîííûé øóì âûçûâàåò íàèáîëüøåå ðàçäðàæåíèå ó íàñåëåíèÿ
ïî ñðàâíåíèþ ñ äðóãèìè âèäàìè øóìà.

Íà óðîâåíü øóìà ñàìîëåòîâ âëèÿþò òèï ñàìîëåòà, îáóñëîâëåííûé, â ïåðâóþ
î÷åðåäü, òèïîì åãî äâèãàòåëÿ, à òàêæå ðåæèì ïèëîòèðîâàíèÿ (âçëåò, ïîñàäêà,
ìàêñèìàëüíàÿ òÿãà). Îò òèïà ñàìîëåòà çàâèñèò áîëüøèíñòâî ïàðàìåòðîâ ýìèññèè
øóìà, òàêèõ êàê ïðîöåäóðíûå ýòàïû (âçëåò, ïîñàäêà è ò.ï.), òðàåêòîðèÿ ïîëåòà, áîêîâàÿ
íàïðàâëåííîñòü çâóêà, îáóñëîâëåííàÿ ìåñòîì óñòàíîâêè äâèãàòåëåé è áîêîâîå çàòóõàíèå.

Íà ïðàêòèêå øóìîâàÿ õàðàêòåðèñòèêà ïîòîêà âîçäóøíîãî òðàíñïîðòà íå
ïðèìåíÿåòñÿ, îïðåäåëÿþòñÿ øóìîâûå õàðàêòåðèñòèêè îòäåëüíûõ âîçäóøíûõ ñóäîâ,
êîòîðûå ïîòîì ñóììèðóþòñÿ ïî êàæäîìó ïóòè ïðîëåòà. Çàòóõàíèå óðîâíåé øóìà
îöåíèâàåòñÿ â çàâèñèìîñòè îò ðàññòîÿíèÿ.

Íà îñíîâàíèè ðîññèéñêîé ìåòîäèêè ìîæíî îïðåäåëèòü ìàêñèìàëüíûå óðîâíè
çâóêà âîçäóøíûõ ñóäîâ, ïîëó÷åííûå ýìïèðè÷åñêèì ïóòåì äëÿ ðîññèéñêèõ ñàìîëåòîâ, è
îöåíèòü ðàññòîÿíèå, íà êîòîðîì îáåñïå÷èâàþòñÿ ïðåäåëüíî äîïóñòèìûå óðîâíè øóìà ïðè
ïðîëåòå ñàìîëåòîâ íà äàííîì ðåæèìå ïèëîòèðîâàíèÿ.

Ñ èñïîëüçîâàíèåì íîâîãî ïîäõîäà, ðåêîìåíäîâàííîãî ÈÊÀÎ, ðàçðàáîòàíà
êëàññèôèêàöèÿ àýðîïîðòîâ ïî ýêâèâàëåíòíûì óðîâíÿì çâóêà, îñíîâàííàÿ íà ïàðàìåòðàõ
àýðîïîðòîâ è îïðåäåëåíû ðàññòîÿíèÿ, íà êîòîðûõ äîñòèãàþòñÿ äîïóñòèìûå óðîâíè
øóìà. Êàê ïîêàçûâàþò ðåçóëüòàòû èçìåðåíèé, âûïîëíåííûõ äëÿ àýðîïîðòà Ïóëêîâî,
ïðåäëîæåííûé ïîäõîä áîëåå òî÷íûé, ÷åì ðàíåå ïðèíÿòàÿ îöåíêà çîíû ñàíèòàðíîãî
ðàçðûâà àýðîïîðòà.

Íà îñíîâàíèè ðàçðàáîòàííîé êëàññèôèêàöèè ïðåäëîæåíû øóìîçàùèòíûå
ìåðîïðèÿòèÿ äëÿ àýðîïîðòîâ ðàçíûõ êëàññîâ, âêëþ÷àþùèå óäàëåíèå òðàåêòîðèé ïðîëåòà
îò æèëîé çàñòðîéêè, çàìåíó óñòàðåâøèõ ñàìîëåòîâ, ñíèæåíèå øóìà â èñòî÷íèêå,
øóìîçàùèòíîå îñòåêëåíèå, îãðàíè÷åíèå îïåðàöèé â íî÷íîå âðåìÿ.
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Àííîòàöèÿ

Ïîâûøåííûå óðîâíè øóìà íà ðàáî÷èõ ìåñòàõ ìåòàëëîîáðàáàòûâàþùèõ ïðåäïðèÿòèé îäèí

èç ïðåâàëèðóþùèõ âðåäíûõ ôàêòîðîâ. Àíàëèç êîìïîíîâîê ñòàíêîâ ïîêàçûâàåò, ÷òî ìåòîäîì

âèáðîïîãëîùåíèÿ íå âñåãäà äà¼ò âûñîêèé ðåçóëüòàò è íå ñíèæàåò óðîâíè øóìà äî íîðìàòèâíûõ

çíà÷åíèé. Äëÿ ñíèæåíèÿ øóìà âñå ÷àùå èñïîëüçóþòñÿ ðàçëè÷íûå îãðàæäåíèÿ è ýêðàíû. Â ñòàòüå

ïîäðîáíî îïèñàíû ìåòîäû ðàñ÷åòà òàêèõ êîíñòðóêöèé ñ ó÷åòîì ïàðàìåòðîâ ïîìåùåíèÿ, ñ ó÷åòîì

ãåîìåòðè÷åñêèõ ðàçìåðîâ êîíñòðóêöèé. Âûïîëíåíèå ðàñ÷åòîâ ïî ïîëó÷åííûì ôîðìóëàì ïîçâîëÿåò

çíà÷èòåëüíî óòî÷íèòü ðàñ÷åò óðîâíåé çâóêîâîãî äàâëåíèÿ îò èñòî÷íèêîâ è ñîîòâåòñòâåííî, ñèñòåì

ñíèæåíèÿ øóìà. Ðàçðàáîòêà ìåðîïðèÿòèé ïî øóìîçàùèòå ñ ïðåäëîæåííîé ìåòîäèêîé ïîçâîëèò ñíèçèòü

óðîâíåé øóìà â öåõàõ ìåòàëëîîáðàáàòûâàþùèõ ïðåäïðèÿòèé äî íîðìàòèâíûõ çíà÷åíèé.

Êëþ÷åâûå ñëîâà: øóì, ñíèæåíèå øóìà, ðàñòî÷íûé ñòàíîê, îñåòîêàðíûé ñòàíîê,

ìåòàëëîáðàáàòûâàþùèé ñòàíîê, øóìîçàùèòà.

Noise mitigation measures e�ciency for boring and axle lathe machines
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Abstract

Excessive noise in the workplaces of the metalworking enterprises is one of the prevailing harmful

factors. Analysis of the machine layouts shows that the vibration absorption method does not always give a

high result and does not reduce noise levels to standard values. Various barriers and screens are increasingly

used to reduce noise. The article describes in detail the methods for calculating such structures, taking into

account the parameters of the premises and geometric dimensions of the structures. Performing calculations

based on the obtained formulas provides signi�cantly more accurate calculations of sound pressure levels from

sources and, accordingly, noise reduction systems. Developing noise mitigation measures using the proposed

method will reduce the noise levels in the workshops of metalworking enterprises to standard values.

Keywords: noise, noise reduction, boring machine, axle lathe, metalworking machine, noise

protection.
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Ââåäåíèå

Àíàëèç êîìïîíîâîê ìåòàëëîáðàáàòûâàþùèõ ñòàíêîâ è õàðàêòåðíûõ îñîáåííîñòåé
òåõíîëîãè÷åñêèõ ïðîöåññîâ ðàñòà÷èâàíèÿ îòâåðñòèé [1] è òî÷åíèÿ äâóõ ïîñàäî÷íûõ
ïîâåðõíîñòåé îñåé êîëåñíûõ ïàð ïîêàçûâàåò, ÷òî ñíèæåíèå øóìà ðåæóùåãî èíñòðóìåíòà
è îñåé ìåòîäîì âèáðîïîãëîùåíèÿ íå âñåãäà öåëåñîîáðàçíî.

Âûïîëíåíèå ñàíèòàðíûõ íîðì ïî óðîâíþ øóìà íà ðàáî÷èõ ìåñòàõ îïåðàòîðîâ
òåõíîëîãè÷íåå è ïðîùå äîñòè÷ü ïàññèâíûìè ìåòîäàìè, òàêèìè êàê ëîêàëüíûå
îãðàíè÷åíèÿ è øóìîçàùèòíûå ýêðàíû. Àêóñòè÷åñêàÿ ýôôåêòèâíîñòü ñèñòåìû ñíèæåíèÿ
øóìà ïðåäñòàâëÿåò ñîáîé ðàçíèöó ìåæäó ôàêòè÷åñêèìè îêòàâíûìè óðîâíÿìè çâóêîâîãî
äàâëåíèÿ íà ðàáî÷èõ ìåñòàõ îïåðàòîðîâ è ïðåäåëüíî-äîïóñòèìûìè çíà÷åíèÿìè.

1. Òðåáóåìàÿ ýôôåêòèâíîñòü ñíèæåíèÿ øóìà ñòàíî÷íîãî îáîðóäîâàíèÿ

Â äàííîé ñòàòüå ïðåäïîëàãàåòñÿ, ÷òî ñèñòåìû øóìîçàùèòû äîëæíû îáåñïå÷èâàòü
ñàíèòàðíûå íîðìû íà ðàáî÷èõ ìåñòàõ îïåðàòîðîâ íå òîëüêî îäíîãî îòäåëüíîãî ñòàíêà, íî è
â óñëîâèÿõ ðàáîòû ó÷àñòêîâ, òî åñòü íåñêîëüêèõ îäíîâðåìåííî ðàáîòàþùèõ ñòàíêîâ. Áûëè
ïðîâåäåíû çàìåðû óðîâíåé øóìà êàê îò îòäåëüíûõ ñòàíêîâ, òàê è â öåõå â öåëîì. Çíà÷åíèÿ
íåîáõîäèìîé äëÿ âûïîëíåíèÿ ñàíèòàðíûõ íîðì øóìà àêóñòè÷åñêîé ýôôåêòèâíîñòè äëÿ
ðàññìîòðåííûõ â ðàáîòå ñòàíêîâ ïðèâåäåíû â òàáëèöå 1. Âåðõíèå öèôðû ñîîòâåòñòâóþò
ðàáî÷åìó ìåñòó äëÿ îäíîãî ñòàíêà, íèæíèå � óñëîâèÿ ïðîèçâîäñòâåííîãî ó÷àñòêà ñ ãðóïïîé
ñòàíêîâ.

Òàáëèöà 1

Àêóñòè÷åñêàÿ ýôôåêòèâíîñòü ñèñòåì øóìîçàùèòû

Òðåáóåìàÿ âåëè÷èíà ñíèæåíèÿ øóìà (äÁ) â
Òèï ñòàíêà îêòàâíûõ ïîëîñàõ ÷àñòîò (Ãö)

63 125 250 500 1000 2000 4000 8000
Ðàñòî÷íîé - - - 5 13 8 7 6

- - - 9 16 12 11 10
Ãèäðîêîïèðîâàëüíûé - - 4 11 10 7 - -

- - 7 14 14 10 - -
Ìîäåðíèçèðîâàííûé - - - 8 8 5 - -

- - - 11 11 9 - -
Ñ ïðÿìîóãîëüíûìè - - 5 12 15 7 5 2
ðåçöîâûìè ãîëîâêàìè - - 8 16 18 10 8 5
Ñ êðóãëûìè ðåçöîâûìè - - 8 13 17 10 7 4

ãîëîâêàìè - - 11 16 20 14 11 8

Ñîãëàñíî êîìïîíîâêàì èñòî÷íèêîâ øóìà è òðåáóåìûì çíà÷åíèÿì ñíèæåíèÿ
óðîâíåé çâóêîâîãî äàâëåíèÿ ðàçðàáîòàíû è ïðåäëîæåíû ñëåäóþùèå ìåðîïðèÿòèÿ:

- äëÿ ãèäðîêîïèðîâàëüíîãî ñòàíêà � óñòàíîâêà ñèñòåìû çâóêîïîãëîùåíèÿ íà
âåðòèêàëüíóþ ïàíåëü è àêóñòè÷åñêîãî ýêðàíà íà ñòàíèíó, çàêðûâàþùåãî çîíó ðåçàíèÿ;

- äëÿ ìîäåðíèçèðîâàííîãî ñòàíêà � óñòàíîâêà äâóõ àêóñòè÷åñêèõ ýêðàíîâ çîíû
ðåçàíèÿ íà ïåðåäíåì è çàäíåì ó÷àñòêàõ ñòàíèíû;

- äëÿ ñòàíêîâ ñ ðåçöîâûìè ãîëîâêàìè � óâåëè÷åíèå çâóêîèçîëÿöèè è
âèáðîïîãëîùåíèÿ ñåðèéíûõ îãðàæäåíèé çîíû ðåçàíèÿ;

- äëÿ ñïåöèàëüíîãî ðàñòî÷íîãî ñòàíêà � óñòàíîâêà áûñòðîñúåìíûõ âûáðîïîãëîùàþùèõ
ïîêðûòèé íà ðàñòà÷èâàåìîì êîðïóñå, óñòàíîâêà îãðàæäåíèÿ ñ âûñîêîé ñòåïåíüþ
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ãåðìåòèçàöèè ìåæäó áëèæíèì ê ðàáî÷åìó ìåñòó òîðöîì êîðïóñà è ïðèâîäàìè äâèæåíèÿ.

2. Àêóñòè÷åñêèé ðàñ÷åò ñèñòåìû ñíèæåíèÿ øóìà

Ïðè ðàñ÷åòå îêòàâíûõ óðîâíåé çâóêîâîãî äàâëåíèÿ íà ðàáî÷èõ ìåñòàõ îïåðàòîðîâ
ñëåäóåò ó÷èòûâàòü ïàðàìåòðû ïðîèçâîäñòâåííîãî ïîìåùåíèÿ è ñèñòåìû øóìîçàùèòû.
Èñïîëüçóÿ äàííûå ðàáîò [2, 3], çàâèñèìîñòü óðîâíåé çâóêîâîãî äàâëåíèÿ íà ðàáî÷èõ ìåñòàõ
ïðèâåäåíû ê ñëåäóþùåìó âèäó:

- ïðè íàëè÷èè àêóñòè÷åñêèõ ýêðàíîâ â ïîìåùåíèè:

L = Lp + 10 lg

(
XÏ

4πr2
+

4ϕÏ

BÏ

)
+ 10 lgK − ÀÝ; (1)

- ñ ñèñòåìîé øóìîçàùèòû â ïðîèçâîäñòâåííîì ïîìåùåíèè:

L = Lp + 10 lg

(
XÏ

4πr2
+

4ϕÏ

BÏ

)
− ÇÈ + 10 lg

Sc
Xc

+ 10 lg

(
XÏ

S1
c

+
4ϕc
Bc

)
+ 10 lgK, (2)

ãäå Lp - óðîâíè çâóêîâîé ìîùíîñòè, ñîâîêóïíîñòè èñòî÷íèêîâ øóìà, äÁ;

r - ðàññòîÿíèå îò èñòî÷íèêà øóìà äî ðàñ÷åòíîé òî÷êè, ì;

BÏ - ïîñòîÿííàÿ ïðîèçâîäñòâåííîãî ïîìåùåíèÿ, ì2;

XÏ, ϕÏ è Xc, ϕc - êîýôôèöèåíòû èñêàæåíèÿ ïîëÿ è äèôôóçíîñòè (ñîîòâåòñòâåííî)
ïðîèçâîäñòâåííîãî ïîìåùåíèÿ (èíäåêñ ¾ï¿) è ñèñòåìû øóìîèçîëÿöèè (èíäåêñ ¾ñ¿);

ÀÝ - àêóñòè÷åñêàÿ ýôôåêòèâíîñòü ýêðàíà, äÁ;

ÇÈ - çâóêîèçîëÿöèÿ îãðàæäåíèÿ, äÁ;

Bc - ïîñòîÿííàÿ îáúåìà ñèñòåìû øóìîèçîëÿöèè, ì2;

Sc - ïëîùàäü ñèñòåìû øóìîèçîëÿöèè, ì2;

S1
c - ïëîùàäü ñèñòåìû øóìîèçîëÿöèè ó èñòî÷íèêà øóìà, ì2;

K - êîëè÷åñòâî ñòàíêîâ, øò.

Èñïîëüçóÿ èçâåñòíûå çàâèñèìîñòè, ñâÿçûâàþùèå çâóêîâîå äàâëåíèå è çâóêîâóþ
ìîùíîñòü, à òàêæå ñîîòíîøåíèÿ ðàçìåðîâ èñòî÷íèêîâ, ðàññòîÿíèå äî ðàñ÷åòíîé òî÷êè è
èõ êîìïîíîâêó, çàâèñèìîñòü ïðèíèìàåò âèä:

- ïðè íàëè÷èè àêóñòè÷åñêèõ ýêðàíîâ, çîíû ðåçàíèÿ ãèäðîêîïèðîâàëüíîãî è
ìîäåðíèçèðîâàííîãî ñòàíêîâ:

L = 10 lg
[
2 · 10lg(ab+bc+ac)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+ 12+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+ 10 lgK − ÇÈ + 18,

(3)

ãäå a, b, c - äëèíà, øèðèíà è òîëùèíà ðåçöà, ì;

k � êîëè÷åñòâî ñòàíêîâ;

νkp � ñêîðîñòü êîëåáàíèÿ ðåçöîâ, ìê;

νk0 - ñêîðîñòü êîëåáàíèÿ îñè, ìê;

αÏ è S1
Ï - êîýôôèöèåíò çâóêîïîãëîùåíèÿ è ïëîùàäü âíóòðåííåé ïîâåðõíîñòè

ïðîèçâîäñòâåííîãî ïîìåùåíèÿ (ì2);

d0 � äèàìåòð îñè, ì;

ÀÝ � òî æå, ÷òî è â ôîðìóëå (1);

n - êîë-âî ðåçöîâ, øò.;

l0 � äëèíà îñè, ì;

r � ðàññòîÿíèå äî ðåçöà, ì.

- ïðè íàëè÷èè îãðàæäåíèÿ çîíû ðåçàíèÿ îñåòîêàðíûõ ñòàíêîâ ñ ðåçöîâûìè
ãîëîâêàìè ïðÿìîóãîëüíîãî ñå÷åíèÿ:
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L = 10 lg
[
2 · 10lg(ab+bc+ac)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏSÏ

]
+ 10 lg

0,8αc + 1

αc
+ 10 lgK − ÇÈ + 18,

(4)

ãäå αc - êîýôôèöèåíò çâóêîïîãëîùåíèÿ îãðàæäåíèÿ;

S1
Ï ïëîùàäü çîíû îãðàæäåíèÿ, ì2;

a, b, c, n, d0, k, l0, r, αÏ,νkp, νk0, K òî æå, ÷òî â ôîðìóëå (3);

ÇÈ òî æå, ÷òî è â ôîðìóëå (2).

Ïðè íàëè÷èè îãðàæäåíèÿ çîíû ðåçàíèÿ îñåòîêàðíûõ ñòàíêîâ ñ êðóãëûìè
ðåçöîâûìè ãîëîâêàìè:

L = 10 lg
[
2 · 10lg πdr(dr+lr)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+ 10 lg

0,8dc + 1

dc
+ 10 lgK + 18 − ÇÈ,

(5)

ãäå dr - äèàìåòð ðåçöîâîé ãîëîâêè, ì;

lr - òîëùèíà ðåçöîâîé ãîëîâêè, ì;

dc - äèàìåòð îãðàæäåíèÿ, ì;

νkp, n, d0, l0,νk0, r,αÏ, S
1
Ï, K,ÇÈ òî æå, ÷òî è â ôîðìóëå (4).

- ïðè íàëè÷èè îãðàæäåíèÿ çîíû ðåçàíèÿ ñïåöèàëüíîãî ðàñòî÷íîãî ñòàíêà ñ
îãðàæäåíèåì, óñòàíîâëåííûì ìåæäó êîðïóñîì è ïðèâîäîì áîðøòàíã:

L = 10 lg
[
2 · 10lg πd1l1+2 lg νk1 + 10lg πd2l1+2 lg νk2 + 10lg πd2

îòâ1
+2 lg νkîòâ1+

+10lg πd2
îòâ2

+2 lg νkîòâ2
]

+ 10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+

+10 lg
0,8dc + 1

dc
+ 10 lgK + 18 − ÇÈ,

(6)

ãäå d1, d2 - äèàìåòðû áîðøòàíã, ì;

l1 - äëèíà áîðøòàíãè ìåæäó òîðöîì êîðïóñà è ïðèâîäîì, ì;

dîòâ1, dîòâ2, äèàìåòðû ðàñòà÷èâàåìûõ îòâåðñòèé, ì;

νk1 - ñêîðîñòü êîëåáàíèÿ áîðøòàíãè 1, ì/c;

νk2 - ñêîðîñòü êîëåáàíèÿ áîðøòàíãè 2, ì/c;

νkîòâ1 - ñêîðîñòü êîëåáàíèÿ îòâåðñòèÿ 1, ì/c;

νkîòâ2 - ñêîðîñòü êîëåáàíèÿ îòâåðñòèÿ 2, ì/c;

dc, K,ÇÈ, r, αÏ, S
1
Ï òî æå, ÷òî è â ôîðìóëå (5).

Äëÿ ðàñ÷åòà òðåáóåìûõ çíà÷åíèé àêóñòè÷åñêîé ýôôåêòèâíîñòè ýêðàíà è
îãðàæäåíèé â ëåâóþ ÷àñòü âûðàæåíèé (5) è (6) ïîäñòàâëÿþòñÿ ïðåäåëüíî-äîïóñòèìûå
îêòàâíûå óðîâíè çâóêîâîãî äàâëåíèÿ, òîãäà:

ÀÝòðåá = L+ 10 lg
[
2 · 10lg(ab+bc+ac)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+ 12+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+ 10 lgK − Lc,

(7)

ãäå ÀÝòðåá - òðåáóåìàÿ ýôôåêòèâíîñòü ýêðàíà, äÁ.
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Äëÿ îñåòîêàðíûõ ñòàíêîâ ñ ðåçöàìè ïðÿìîóãîëüíîãî ñå÷åíèÿ:

ÇÈòðåá = L− 10 lg
[
2 · 10lg(ab+bc+ac)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏSÏ

]
+ 10 lg

0,8dc + 1

dc
+ 10 lgK + 18,

(8)

ãäå ÇÈòðåá - òðåáóåìàÿ çâóêîèçîëÿöèÿ ýêðàíà, äÁ.

Äëÿ îãðàíè÷åíèÿ îñåòîêàðíûõ ñòàíêîâ ñ êðóãëûìè ðåçöîâûìè ãîëîâêàìè:

ÇÈòðåá = L− 10 lg
[
2 · 10lg πdr(dr+lr)+2·lg νkp + 10lgnd0l0+2·lg νk0

]
+

+10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+ 10 lg

0,8dc + 1

dc
+ 10 lgK + 18,

(9)

Äëÿ îãðàæäåíèÿ ñïåöèàëüíîãî ðàñòî÷íîãî ñòàíêà:

ÇÈòðåá = L− 10 lg
[
2 · 10lg πd1l1+2·lg νk1 + 10lg πd2l1+2·lg νk2 + 10lg πd2

îòâ1
+2 lg νkîòâ1+

+10lg πd2
îòâ2

+2 lg νkîòâ2
]

+ 10 lg

[
0,32

r2
+

16(1 − αÏ)

αÏS1
Ï

]
+ 10 lg

0,8dc + 1

dc
+ 10 lgK + 18,

(10)

Ïðàêòè÷åñêè íàèáîëåå ïðîñòî è ýôôåêòèâíî îáåñïå÷èòü òðåáóåìóþ çâóêîèçîëÿöèþ
îãðàæäåíèÿ ñëåäóåò ïîäáîðîì òîëùèíû ýëåìåíòîâ îãðàæäåíèÿ. Ïðè íîðìàëüíîì ïàäåíèè
çâóêà çâóêîèçîëÿöèÿ îïðåäåëåíèÿ êàê:

ÇÈòðåá = lg
[
1 + 5,7 · 10−5(ρhf)

]
, (11)

ãäå ρ - ïëîòíîñòü ìàòåðèàëà îãðàæäåíèÿ, êã/ì3;

h - òîëùèíà, ì;

f - ÷àñòîòà, Ãö.

Òîãäà, ñ ó÷åòîì òîãî, ÷òî ïðåâûøåíèÿ óðîâíåé çâóêîâîãî äàâëåíèÿ íà÷èíàþòñÿ ñ
÷åòâåðòîé, à ÷àùå ñ ïÿòîé îêòàâû, òîëùèíà îãðàæäåíèÿ îïðåäåëÿòüñÿ ïî ôîðìóëå:

hòðåá = 100,534+2,6(ρf)−1, (12)

ãäå ρ, f òî æå, ÷òî è â ôîðìóëå (12),

hòðåá - òðåáóåìàÿ òîëùèíà êîíñòðóêöèè, ì.

Äàííàÿ çàâèñèìîñòü ïîçâîëÿåò îïðåäåëèòü ìàòåðèàë è òîëùèíó, êîãäà îãðàæäåíèå
âûïîëíåíî èç åäèíîãî ìàòåðèàëà. Ïðè íàëè÷èè â îãðàæäåíèè ñìîòðîâûõ îêîí, ÷òî
õàðàêòåðíî äëÿ îñåòîêàðíûõ ñòàíêîâ ñ ðåçöîâûìè ãîëîâêàìè ñëåäóåò èñïîëüçîâàòü
çàâèñèìîñòü ïðèâåäåííîé çâóêîèçîëÿöèè [3]. Ïðèìåíèòåëüíî ê ðàññìàòðèâàåìûì
ñòàíêàì çàâèñèìîñòü çâóêîèçîëÿöèè îïðåäåëÿåòñÿ êàê:

ÇÈòðåá =ÇÈîñí − ∆ÇÈ = ÇÈîñí − 10 lg
[
S1
îñí + S1 · 100,1(ÇÈèñò−ÇÈ)

]
+

+10 lg(S1
îñí + S1),

(13)

ãäå S1
îñí è ÇÈîñí - ïëîùàäü (ì) è çâóêîèçîëÿöèÿ (äÁ) îñòåêëåíèÿ;

ÇÈòðåá òî æå, ÷òî è â ôîðìóëå (8), ÇÈ òî æå, ÷òî è â ôîðìóëå (2);

∆ÇÈ - ïðèâåäåííàÿ çâóêîèçîëÿöèÿ,äÁ;

S1 - ïëîùàäü êîíñòðóêöèè ñèñòåìû øóìîçàùèòû,ì2;

ÇÈèñò - çâóêîèçîëÿöèÿ ðàññòà÷èâàåìîãî èñòî÷íèêà,äÁ.
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Çàêëþ÷åíèå

Òàêèì îáðàçîì, ðàñ÷åò è ïðîåêòèðîâàíèå ñèñòåì ñíèæåíèÿ øóìà ïðàêòè÷åñêè
çàâèñèò îò òî÷íîñòè ðàñ÷åòîâ êîíñòðóêöèé è ðàñ÷åòà ñêîðîñòåé êîëåáàíèé èñòî÷íèêîâ
øóìà. Òàêèå ðàñ÷åòû ïðèìåíèòåëüíî ê ãåîìåòðè÷åñêèì ðàçìåðàì è ñïîñîáàì çàêðåïëåíèÿ
îáðàáàòûâàåìûõ èçäåëèé è ðåæóùåãî èíñòðóìåíòà ìîãóò áûòü âûïîëíåíû ïî àëãîðèòìàì
è ïðîãðàììíîìó îáåñïå÷åíèþ ðàáîòû [4]. Îäíàêî îòëè÷èå ïîëó÷åííûõ çàâèñèìîñòåé
çàêëþ÷àåòñÿ â ó÷åòå äèññèïàòèâíîé ôóíêöèè, çàäàâàåìîé êîýôôèöèåíòîì ïîòåðü
êîëåáàòåëüíîé ýíåðãèè îòäåëüíûõ çàãîòîâîê ðàçëè÷íîé êîíôèãóðàöèè [5], ñ ó÷åòîì âñåé
òåõíîëîãè÷åñêîé ñèñòåìû. Âûïîëíåíèå ðàñ÷åòîâ ïî ïîëó÷åííûì ôîðìóëàì ïîçâîëÿåò
çíà÷èòåëüíî óòî÷íèòü ðàñ÷åò óðîâíåé çâóêîâîãî äàâëåíèÿ îò èñòî÷íèêîâ è ñîîòâåòñòâåííî,
ñèñòåì ñíèæåíèÿ øóìà. Ðàçðàáîòêà ìåðîïðèÿòèé ïî øóìîçàùèòå ñ ïðåäëîæåííîé
ìåòîäèêîé ïîçâîëèò ñíèçèòü óðîâíè øóìà â öåõàõ ìåòàëëîîáðàáàòûâàþùèõ ïðåäïðèÿòèé
äî íîðìàòèâíûõ çíà÷åíèé.
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Àííîòàöèÿ

Â äàííîé ñòàòüå îòìå÷åíî, ÷òî àâòîìîáèëüíûé òðàíñïîðò ÿâëÿåòñÿ èñòî÷íèêîì çíà÷èòåëüíîãî

çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû øóìîì è âûáðîñàìè. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ øóìîâîãî

çàãðÿçíåíèÿ îò àâòîòðàíñïîðòà óëè÷íî-äîðîæíîé ñåòè è îò âðåìåííîé ñòðîéïëîùàäêè â ã. Ìîñêîâñêèé.

Îòìå÷åíî, ÷òî èçìåðåííûå óðîâíè øóìà íà èññëåäóåìîì îáúåêòå (1-é ìèêðîðàéîí ã. Ìîñêîâñêèé)

ïðåâûøàþò ïðåäåëüíî-äîïóñòèìûå. Ïðåäëîæåíû ìåðû ïî øóìîçàùèòå äëÿ äîñòèæåíèÿ ñàíèòàðíûõ

íîðì â æèëîé çàñòðîéêå. Òàêæå ïðåäëîæåíû ìåðîïðèÿòèÿ è ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòîâ ïî

ñíèæåíèþ âàëîâûõ âûáðîñîâ çàãðÿçíÿþùèõ âåùåñòâ îò íåïàññàæèðñêîãî àâòîòðàíñïîðòà â óêàçàííîì

ãîðîäå.

Êëþ÷åâûå ñëîâà: óðîâåíü çâóêà, óðîâíè çâóêîâîãî äàâëåíèÿ, òðàíñïîðòíûé øóì,

øóìîçàùèòíûå ýêðàíû, âåòðîâàÿ íàãðóçêà íà øóìîçàùèòíûå ýêðàíû, ñíèæåíèå âûáðîñîâ îò àâòîìîáèëåé.

Impact on the levels of tra�c noise and emissions of measures to improve the

e�ciency of land transport in Moscovski town
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Abstract

This article notes that road transport is a source of signi�cant environmental pollution by noise and

emissions. The results of the study of noise pollution from vehicles of the road network and from a temporary

construction site in Moscovski town were presented. It was noted that the measured noise levels at the studied

object (1st microdistrict of Moscow) exceed the maximum permissible levels. Noise protection measures were

proposed to achieve sanitary standards. Measures are also proposed and the results of calculations to reduce

gross emissions of non-passenger vehicles in the speci�ed city are presented.
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Ââåäåíèå

Äëÿ òåêóùåãî âðåìåíè õàðàêòåðíà òåíäåíöèÿ ê ðîñòó ïëîòíîñòè ãîðîäñêîé
çàñòðîéêè, à òàêæå ê ñîêðàùåíèþ ñâîáîäíûõ îáúåìîâ â çäàíèÿõ, âñëåäñòâèå ÷åãî
ñîêðàùàþòñÿ ïóòè ðàñïðîñòðàíåíèÿ øóìà, óõóäøàåòñÿ àêóñòè÷åñêàÿ ñèòóàöèÿ. Òàêæå
ðîñò ïëîòíîñòè æèëîé çàñòðîéêè ïðèâîäèò ê áîëüøåé ïîòðåáíîñòè æèòåëåé ïîñòàâèòü íà
ñòîÿíêó ñâîé ëè÷íûé (êàê ëåãêîâîé, òàê è ãðóçîâîé, òî åñòü íåïàññàæèðñêèé) òðàíñïîðò
ó äîìà, âî äâîðå, íî ìåñòà ÷àùå âñåãî íå õâàòàåò, à çàñòðîéùèê íå õî÷åò òðàòèòü ëèøíèå
äåíüãè è èçíà÷àëüíî ñòðîèòü ïîäçåìíûé ïàðêèíã. Âñëåäñòâèå ýòîãî, æèòåëÿì ïðèõîäèòñÿ
ïàðêîâàòüñÿ äàëåêî îò ïîäúåçäà, â ñîñåäíåì äâîðå èëè ñ íàðóøåíèåì ïðàâèë äîðîæíîãî
äâèæåíèÿ. Â ñâÿçè ñ ýòèì, áûâàþò ñèòóàöèè, êîãäà ïðèõîäèòñÿ åçäèòü âîêðóã äîìà â
íàäåæäå íà ñâîáîäíîå ìåñòî, ÷òî â ñâîþ î÷åðåäü, ïðèâîäèò ê óâåëè÷åíèþ êàê âàëîâûõ
âûáðîñîâ îò àâòîìîáèëåé, òàê è óðîâíåé øóìà, âîçäåéñòâóþùèõ íà æèëóþ çàñòðîéêó.

1. Îáúåêò èññëåäîâàíèÿ

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ îòíîñèòåëüíî íîâûé ðàéîí ïîä íàçâàíèåì ãîðîä-
ïàðê ¾Ïåðâûé Ìîñêîâñêèé¿, ðàñïîëîæåííûé â ãîðîäå Ìîñêîâñêèé, â 12 êì îò ÌÊÀÄ
ïî Êèåâñêîìó øîññå. Íà âûáðàííîì îáúåêòå èìåþòñÿ âñå âûøåóêàçàííûå ïðîáëåìû, â
ñâÿçè ñ ýòèì ïîâûøåíèå ýôôåêòèâíîñòè èñïîëüçîâàíèÿ íåïàññàæèðñêîãî òðàíñïîðòà â ã.
Ìîñêîâñêèé ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé.

Îñíîâíûì è ïîñòîÿííûì èñòî÷íèêîì øóìà (ÈØ) â ãîðîäå ÿâëÿåòñÿ óëè÷íî-
äîðîæíàÿ ñåòü (ÓÄÑ) ñî ñâîèìè àâòîòðàíñïîðòíûìè ïîòîêàìè. Âðåìåííûì èñòî÷íèêîì
øóìà ÿâëÿåòñÿ ñòðîéïëîùàäêà, ðàñïîëîæåííàÿ íà ïåðåñå÷åíèè óë. Àòëàñîâà è óë.
Íèêèòèíà. Íà äàííîé ñòðîéïëîùàäêå îñóùåñòâëÿåòñÿ ñòðîèòåëüñòâî ÷åòûðåõýòàæíîãî
çäàíèÿ áóäóùåãî òîðãîâîãî öåíòðà. Äëÿ îöåíêè êàê øóìîâîé ýêñïîçèöèè â æèëîé
çàñòðîéêå, òàê è âåëè÷èíû ðèñêîâ äëÿ çäîðîâüÿ íàñåëåíèÿ, ïðîæèâàþùåãî â íåé, áûëè
ïðîâåäåíû çàìåðû øóìîâûõ õàðàêòåðèñòèê òðàíñïîðòíûõ ïîòîêîâ (ØÕÒÏ), óðîâíåé
çâóêà (ÓÇ) è óðîâíåé çâóêîâîãî äàâëåíèÿ (ÓÇÄ) â ñîîòâåòñòâóþùèõ òî÷êàõ. Çàìåðû
ØÕÒÏ ïðîèçâîäèëèñü íà ðàññòîÿíèè 7,5 ìåòðîâ îò îñè áëèæàéøåé ïîëîñû äâèæåíèÿ íà
âûñîòå 1,5 ìåòðà íàä óðîâíåì ïðîåçæåé ÷àñòè [1].

Âûáîð òî÷åê äëÿ àêóñòè÷åñêèõ èçìåðåíèé è äàëüíåéøèõ ðàñ÷åòîâ îïðåäåëÿåòñÿ
ðàñïîëîæåíèåì ìåñò ïîñòîÿííîãî ïðîæèâàíèÿ íàñåëåíèÿ, çîí îòäûõà, âíóòðèäîìîâûõ
òåððèòîðèé, äåòñêèõ ó÷ðåæäåíèé, à òàêæå ìåñòàìè ñ çàäàííûì ñöåíàðèåì îöåíêè ðèñêà.

2. Ðåçóëüòàòû èññëåäîâàíèÿ

Âñåãî ñîãëàñíî ÃÎÑÒ 23337-2014 áûëî âûáðàíî 11 òî÷åê äëÿ çàìåðîâ óðîâíåé
øóìà [2]. Çàìåðû óðîâíÿ çâóêà ïðîèçâîäèëèñü â äíåâíîå (07:00-23:00, Lday) è íî÷íîå
(23:00-07:00, Lnight) âðåìÿ ñ ïîìîùüþ øóìîìåðà Îêòàâà-110. Â äàííîé ñòàòüå, â êà÷åñòâå
ïðèìåðà, ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèé â äâóõ îñíîâíûõ òî÷êàõ, à èìåííî: ÓÇ îò
òðàíñïîðòíîãî ïîòîêà ïî Êèåâñêîìó øîññå (ïîñòîÿííûé ÈØ1) â 2 ìåòðàõ îò ôàñàäà ó
áëèæàéøåãî ê øîññå æèëîãî çäàíèÿ (òî÷êà �1) ñîñòàâèë 60,4 è 58,0 äÁÀ â äíåâíîå è
íî÷íîå âðåìåíà ñîîòâåòñòâåííî; øóì îò ñòðîéïëîùàäêè (âðåìåííûé ÈØ2) â 2 ìåòðàõ îò
ôàñàäà æèëîãî çäàíèÿ, ðàñïîëîæåííîãî ïî àäðåñó óë. Íèêèòèíà, 4 (òî÷êà �2) � ñîñòàâèë
61,0 è 57,2 äÁÀ. Âçàèìíîå ðàñïîëîæåíèå âûáðàííûõ òî÷åê ïðåäñòàâëåíî íà ðèñóíêå 1.
Èçìåðåííûå ÓÇÄ (äåíü) â îêòàâíûõ ïîëîñàõ ÷àñòîò äëÿ òî÷åê �1 è �2 ïðèâåäåíû íà
ðèñóíêå 2.
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Ðèñ. 1. Âçàèìíîå ðàñïîëîæåíèå òî÷åê çàìåðîâ óðîâíåé øóìà â ã. Ìîñêîâñêèé

Ðèñ. 2. Ñïåêòðû øóìà: 1 � òî÷êà �1, 2 � òî÷êà �2, ÑÍ � íîðìàòèâ øóìà ïî
ÑÍ 2.2.4/2.1.8.562 � 96

Èç ãðàôèêà âèäíî, ÷òî ÓÇÄ íà òåððèòîðèè æèëîé çàñòðîéêè ïðåâûøàþò
ïðåäåëüíî-äîïóñòèìûå óðîâíè (ÏÄÓ) â èíòåðâàëå ÷àñòîò 63 - 8000 Ãö íà 6-22 äÁ
äëÿ òî÷êè �1 è íà 0,7-28 äÁ äëÿ òî÷êè �2 ñîãëàñíî ÑÍ 2.2.4/2.1.8.562-96 ¾Øóì íà
ðàáî÷èõ ìåñòàõ, â ïîìåùåíèÿõ æèëûõ, îáùåñòâåííûõ çäàíèé è íà òåððèòîðèè æèëîé
çàñòðîéêè¿ [3]. Ïðè ýòîì, óðîâíè çâóêà ïðåâûøàþò ÏÄÓ íà 6 � 14 äÁÀ.

Äëÿ ñíèæåíèÿ óðîâíÿ øóìà â óêàçàííûõ òî÷êàõ íàìè ïðåäëîæåíî âîñïîëüçîâàòüñÿ
îäíèì èç ñàìûõ ïîïóëÿðíûõ è íàèáîëåå èçâåñòíûõ ñïîñîáîâ çàùèòû îò øóìà, â òîì ÷èñëå
è òðàíñïîðòíîãî � óñòàíîâêîé øóìîçàùèòíûõ ýêðàíîâ (ØÝ).

Äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ êàê ïîñòîÿííîãî øóìîçàùèòíîãî ýêðàíà (çàùèòà
îò òðàíñïîðòíîãî øóìà, Êèåâñêîå øîññå íà âúåçäå â ã. Ìîñêîâñêèé), òàê è âðåìåííîãî
ýêðàíà (çàùèòà îò øóìà ñòðîéïëîùàäêè) áûëà èñïîëüçîâàíà ìåòîäèêà, ïðåäñòàâëåííàÿ
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â ÎÄÌ 218.2.013-2011 ¾Ìåòîäè÷åñêèå ðåêîìåíäàöèè ïî çàùèòå îò òðàíñïîðòíîãî øóìà
òåððèòîðèé, ïðèëåãàþùèõ ê àâòîìîáèëüíûì äîðîãàì¿ [1]. Ïðè ýòîì, ñíèæåíèå óðîâíÿ
çâóêà ýêðàíîì (∆LAýêð

, äÁÀ) îïðåäåëÿåòñÿ ïî ôîðìóëå:

∆LAýêð
= 18,2 + 7,8 log(δ + 0,02), (1)

ãäå δ ðàçíîñòü õîäà äèôðàãèðîâàííîãî è ïðÿìîãî çâóêîâûõ ëó÷åé, ì.

Áûëè ðàññ÷èòàíû àêóñòè÷åñêàÿ ýôôåêòèâíîñòü ýêðàíîâ ðàçëè÷íîé âûñîòû, à
èìåííî: äëÿ ïîñòîÿííûõ ØÝ � 2, 4 è 6 ìåòðîâ (ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû â
òàáë.1), äëÿ âðåìåííûõ ØÝ � 1, 2 è 4 ìåòðà (ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû â òàáë.2).

Òàáëèöà 1

Ðåçóëüòàòû ðàñ÷åòîâ ïîñòîÿííîãî øóìîçàùèòíîãî ýêðàíà

Âûñîòà ýêðàíà hýêð, ì 2 4 6
a 32,00 32,02 32,39
b 145,00 145,03 145,09
c 177,00 177,00 177,00
δ 0,001 0,02 0,47

∆LAýêð
, äÁÀ 7,2 12,6 15,8

Òàáëèöà 2

Ðåçóëüòàòû ðàñ÷åòà âðåìåííîãî øóìîçàùèòíîãî ýêðàíà

Âûñîòà ýêðàíà hýêð, ì 1 2 4
a 50,00 50,01 50,09
b 40,00 40,01 40,11
c 90,00 90,00 90,00
δ 0 0,02 0,20

∆LAýêð
, äÁÀ 5,0 7,5 13,1

Â ÎÄÌ 218.2.013-2011 ðåêîìåíäîâàíî äëèíó øóìîçàùèòíûõ ýêðàíîâ Løý, ì,
îïðåäåëÿòü èç óñëîâèÿ îáåñïå÷åíèÿ ðàññòîÿíèÿ îò ïðîåêöèè êðàéíèõ òî÷åê îáúåêòà
çàùèòû (ñîîòâåòñòâåííî ÐÒëåâ., ÐÒïðàâ.) íà ØÝ äî ñîîòâåòñòâóþùåãî êîíöà ïîñëåäíåãî
íå ìåíåå, ÷åì â 4 ðàçà áîëüøå êðàò÷àéøåãî ðàññòîÿíèÿ îò îáúåêòà çàùèòû äî ØÝ (Dëåâ.,
Dïðàâ., ì). Ïðè îïðåäåëåíèè äëèíû ýêðàíà íåîáõîäèìî òàêæå ó÷èòûâàòü è äëèíó ó÷àñòêà
ìåæäó ÐÒëåâ. è ÐÒïðàâ. (L, ì) ïî ëèíèè, ïàðàëëåëüíîé ØÝ (ðèñóíîê 3) [1]:

LØÝ = 4Dëåâ. + L+ 4Dïðàâ.. (2)

Â ñòàíäàðòå îòìå÷åíî, ÷òî ýòî ñîîòíîøåíèå ïîëó÷åíî èç óñëîâèé âîçìîæíîñòè
ïðåíåáðåæåíèÿ äèôðàêöèåé çâóêà íà áîêîâûõ ðåáðàõ ØÝ.
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Ðèñ. 3. Ñõåìà îïðåäåëåíèÿ òðåáóåìîé äëèíû ØÝ

Òàê êàê äëÿ òî÷êè �1 ìû ýêðàíèðóåì îäíî çäàíèå ñ ïðèäîìîâîé òåððèòîðèåé,
òî Dëåâ. = Dïðàâ. = 145 ì; L = 121 ì è, ñëåäîâàòåëüíî, äëèíà ýêðàíà LØÝ = 1281 ì.
Îêîí÷àòåëüíûå ðåçóëüòàòû ðàñ÷åòîâ ïàðàìåòðîâ, ïðåäëàãàåìûõ ØÝ (ñ ó÷åòîì âñåõ
ïîïðàâîê ñîãëàñíî óêàçàííîé ìåòîäèêå [1]), ïðèâåäåíû â òàáëèöå 3.

Òàáëèöà 3

Ðåçóëüòàòû ðàñ÷åòà âðåìåííîãî øóìîçàùèòíîãî ýêðàíà

Íàçíà÷åíèå Âûñîòà, ì Äëèíà Àêóñòè÷åñêàÿ ýôôåêòèâíîñòü, Âèä
ýêðàíà ýêðàíà, ì (∆LAýêð

, äÁÀ)
Ïîñòîÿííûé 6 1281 15,8 Îòðàæàþùå-

ïîãëîùàþùèé
Âðåìåííûé 4 110 13,1 Îòðàæàþùèé

Â ðåçóëüòàòå ïðîâåäåíèÿ ïðåäëîæåííûõ øóìîçàùèòíûõ ìåðîïðèÿòèé (ÈØ1,
ïîñòîÿííûéØÝ) ýêâèâàëåíòíûé óðîâåíü çâóêà îò òðàíñïîðòíîãî øóìà â æèëîé çàñòðîéêå
ñíèçèòñÿ äî 64,0−15,8 = 48,2 äÁÀ � äëÿ äíåâíîãî óðîâíÿ øóìà è äî 58,0−15,8 = 42,2 äÁÀ
äëÿ íî÷íîãî, ÷òî ïîçâîëèò íå ïðåâûñèòü ñàíèòàðíûå íîðìû â 55 è 45 äÁÀ äëÿ äíåâíîãî
è íî÷íîãî âðåìåíè [3] ñîîòâåòñòâåííî.

Ïðè óñòàíîâêå âðåìåííîãî ýêðàíà âûñîòîé 4 ì (ÈØ2, øóì ñòðîéïëîùàäêè) òàêæå
óäàñòñÿ ñíèçèòü óðîâåíü çâóêà íà 13,1 äÁÀ è îáåñïå÷èòü íîðìàòèâíûå çíà÷åíèÿ ïî øóìó
â æèëîé çàñòðîéêå.

Ðàñ÷åò øóìîçàùèòíûõ ýêðàíîâ íà âåòðîâóþ íàãðóçêó

Òàê êàê ïðåäëîæåííûé íàìè ïîñòîÿííûé øóìîçàùèòíûé ýêðàí âäîëü Êèåâñêîãî
øîññå èìååò äîñòàòî÷íî áîëüøóþ âûñîòó (6 ì), òî ñëåäóåò ïðîâåñòè ðàñ÷åò åãî
óñòîé÷èâîñòè íà âåòðîâóþ íàãðóçêó ïî ìåòîäèêå [4, 5]:

ωm = ω0 · k(ze) · c. (3)

Ìîñêâà îòíîñèòñÿ ê 1 òèïó âåòðîâîãî ðàéîíà, ñëåäîâàòåëüíî, õàðàêòåðèñòè÷åñêîå
çíà÷åíèå âåòðîâîãî äàâëåíèÿ ω0 = 0,23 êÏà.
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Ïðè ýòîì àýðîäèíàìè÷åñêèé êîýôôèöèåíò c äëÿ øóìîçàùèòíûõ ýêðàíîâ, òî åñòü
ïëîñêèõ ñïëîøíûõ êîíñòðóêöèé, ñòîÿùèõ íà çåìëå, ïðèíèìàåòñÿ ðàâíûì 1,2.

Êîýôôèöèåíò k(ze), ó÷èòûâàþùèé èçìåíåíèå âåòðîâîãî äàâëåíèÿ äëÿ ãîðîäñêèõ
òåððèòîðèé, ëåñíûõ ìàññèâîâ è äðóãèõ ìåñòíîñòåé, ïîêðûòûõ ðàâíîìåðíî ïðåïÿòñòâèåì
âûñîòîé áîëåå 10 ì, ïðèíèìàåòñÿ ðàâíûì 0,65 (äëÿ ýêðàíîâ âûñîòîé > 5 ì).

Ðàñ÷åòíûå çíà÷åíèÿ ïî [4, 5] ñðåäíåé ñîñòàâëÿþùåé âåòðîâîé íàãðóçêè (ωm, êÏà)
ïðåäñòàâëåíû â òàáëèöå 4.

Òàáëèöà 4

Ðàñ÷åòíûå çíà÷åíèÿ âåòðîâîé íàãðóçêè

Íàçíà÷åíèå Ïðîòÿæåííîñòü, Âûñîòà, ì Ïëîùàäü, ω0, k(ze) c ωm,
ýêðàíà ì ì ì2 êÏà êÏà

Ïîñòîÿííûé 1281 6 7686 0,23 0,65 1,2 0,18

Èç ïðåäñòàâëåííûõ â òàáë. 4 ðàñ÷¼òíûõ äàííûõ âèäíî, ÷òî äëÿ îáåñïå÷åíèÿ
¾âåòðîâîé¿ óñòîé÷èâîñòè ïðåäëàãàåìîãî ØÝ òðåáóåòñÿ äîñòàòî÷íî ïðî÷íûé ôóíäàìåíò
(íàïðèìåð, ëåíòî÷íûé), ïðè ýòîì äëÿ êðåïëåíèÿ íåñóùèõ ñòîåê ê ôóíäàìåíòó íåîáõîäèìî
èñïîëüçîâàòü êàê ìèíèìóì 6 àíêåðíûõ áîëòîâ íà êàæäóþ ñòîéêó.

Ðàñ÷åò äîïîëíèòåëüíûõ âàëîâûõ âûáðîñîâ îò íåïàññàæèðñêèõ

àâòîìîáèëåé ïî ïðè÷èíå ïîèñêà ïàðêîâêè

Â ìèðîâîé ïðàêòèêå ðàçðàáîòàíî äîñòàòî÷íî áîëüøîå ÷èñëî òðàíñïîðòíûõ
ìîäåëåé äëÿ ðàçíûõ âèäîâ òðàíñïîðòà. Â ðàìêàõ äàííîé ðàáîòû, â ïåðâóþ î÷åðåäü,
ïðåäñòàâëÿþò èíòåðåñ ìîäåëè äëÿ ìîòîðèçîâàííîãî òðàíñïîðòà.

Ìåòîä COPERT-5 (Computer programs to calculate emission from road transport)
ó÷èòûâàåò ýìèññèþ â ðàçëè÷íûõ ðåæèìàõ äâèãàòåëåé, âîæäåíèÿ è ñêîðîñòè, à òàêæå
ñîñòîÿíèå äîðîæíîé èíôðàñòðóêòóðû è òåõíè÷åñêîå ñîñòîÿíèå òðàíñïîðòíîãî ñðåäñòâà.
Ïðîãðàììà COPERT-5 ïîçâîëÿåò ðàññ÷èòûâàòü ýìèññèè îò àâòîòðàíñïîðòíûõ ñðåäñòâ
(ÀÒÑ) ïî ìíîãèì ïàðàìåòðàì è ðàçëè÷íûì ðåæèìàì âîæäåíèÿ àâòîìîáèëåé [6].
Ýòîò ìåòîä èìååò âîçìîæíîñòü îöåíèâàòü ýìèññèè äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ
(áåíçèíîâûå, äèçåëüíûå è äâèãàòåëè, ðàáîòàþùèå íà ñæàòîì ïðèðîäíîì ãàçå) êàê
îñíîâíûõ ïàðíèêîâûõ ãàçîâ (CO2, N2O è CH4), òàê è ãàçîâ-ïðåäøåñòâåííèêîâ (CO,
NOx, íåìåòàíîâûõ óãëåâîäîðîäîâ NMVOC). Ýìèññèè îò àâòîìîáèëåé ðàññ÷èòûâàþòñÿ
ïî ñëåäóþùèì ïàðàìåòðàì: ñðåäíåãîäîâîé ïðîáåã, ñðåäíÿÿ ñêîðîñòü, ñêîðîñòü äâèæåíèÿ
àâòîìîáèëåé íà ãîðîäñêèõ, ñåëüñêèõ è ãëàâíûõ äîðîãàõ, òèïû òðàíñïîðòíûõ ñðåäñòâ,
îáúåì äâèãàòåëÿ, òèï òîïëèâà. Äëÿ ðàñ÷åòà ýìèññèè ñîãëàñíî ìåòîäîëîãèè â ïðîãðàììó
âêëþ÷àþòñÿ ñëåäóþùèå äàííûå: êîëè÷åñòâî àâòîìîáèëüíûõ ñðåäñòâ äëÿ êàæäîé
èç êàòåãîðèé ñòàíäàðòà Åâðî ñ ðàçäåëåíèåì ïî èñïîëüçóåìîìó òîïëèâó, ãîäîâàÿ
òåìïåðàòóðà îêðóæàþùåé ñðåäû, ãîäîâîå àòìîñôåðíîå äàâëåíèå, ãîäîâûå äàííûå ïî
âëàæíîñòè. Â ïðîãðàììå COPERT-5 ïðèìåíÿþòñÿ êîýôôèöèåíòû, ðàçðàáîòàííûå
ñîãëàñíî òåõíè÷åñêîìó ïîëîæåíèþ è ãîäó âûïóñêà àâòîìîáèëåé.

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ðàñ÷åòíîé ìåòîäèêè (Copert-5) íåîáõîäèìî,
ïîìèìî ðàçäåëåíèÿ àâòîìîáèëåé ïî ýêîëîãè÷åñêèì ñòàíäàðòàì ÅÂÐÎ è ïî âèäó
ïîòðåáëÿåìîãî òîïëèâà (áåíçèí, äèçåëü, ïðèðîäíûé ãàç), îöåíèòü ñðåäíåãîäîâîé ïðîáåã
äëÿ êàæäîé ãðóïïû òðàíñïîðòíûõ ñðåäñòâ. Äëÿ ëåãêîâûõ àâòîìîáèëåé íåîáõîäèìî
äîïîëíèòåëüíî ðàçäåëåíèå ïî îáúåìó ðàáî÷åãî äâèãàòåëÿ, äëÿ ãðóçîâûõ àâòîìîáèëåé - ïî
ãðóçîïîäúåìíîñòè, à äëÿ àâòîáóñîâ - ïî âìåñòèìîñòè.
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Äàííûå î ñòðóêòóðå àâòîïàðêà áûëè âçÿòû èñõîäÿ èç èíòåíñèâíîñòè â îäèí èç
ðàáî÷èõ äíåé, çàìåðåííîé âî âðåìÿ èññëåäîâàíèÿ. Òàê êàê ïðîáëåìó ëèøíèõ âûáðîñîâ
âî âðåìÿ ïîèñêà ïàðêîâêè ñîçäàþò òîëüêî ëåãêîâûå àâòîìîáèëè, èç èòîãîâîãî ðàñ÷åòà
áûëè èñêëþ÷åíû ãðóçîâîé òðàíñïîðò è àâòîáóñû. Ïîäñ÷åò èíòåíñèâíîñòè ïðîèçâîäèëñÿ
íà ïåðåêðåñòêå, íàõîäÿùèìñÿ íà âúåçäå â ãîðîä. Ïåðåêðåñòîê ïðåäïîëàãàåò äâà ïóòè
äâèæåíèÿ � ïðÿìî (óë. Àòëàñîâà) è íàïðàâî (1-é ìèêðîðàéîí). Ïîñëå ïîâîðîòà íàïðàâî
80% àâòîìîáèëåé èäåò íà ðàçâîðîò äëÿ äàëüíåéøåãî ïðîåçäà â èññëåäóåìûé íàìè ðàéîí.

Â ðàñ÷åòàõ ïî óìîë÷àíèþ âñå ëåãêîâûå àâòîìîáèëè áóäóò óêàçûâàòüñÿ ñ îáúåìîì
ðàáî÷åãî äâèãàòåëÿ 1,4-2,0 ëèòðà, òàê êàê äàííûé îáúåì ÿâëÿåòñÿ íàèáîëåå ïîïóëÿðíûì
ïðè ïîêóïêå íîâîãî àâòîìîáèëÿ.

Äàííûå ïî äâèæåíèþ � âåëè÷èíû ñðåäíåãîäîâîãî ïðîáåãà, ñðåäíÿÿ ñêîðîñòü è
äîëÿ ïðîáåãîâ ïî ðåæèìàì äâèæåíèÿ äëÿ ðàçëè÷íûõ òèïîâ ðàçíîâîçðàñòíûõ ÀÒÑ è
ðàçëè÷íûõ òèïîâ ó÷àñòêîâ ÓÄÑ âçÿòû ïî ðåçóëüòàòàì èññëåäîâàíèé êàê ñîáñòâåííûõ,
òàê è âûïîëíåííûõ â ÌÀÄÈ, à òàêæå ïî äàííûì ÃÈÁÄÄ è Ðîññòàòà.

Ñðåäíåãîäîâîé ïðîáåã ïî âûáðàííîìó ðàéîíó áûë âûáðàí èñõîäÿ èç ðåçóëüòàòîâ
ñîáñòâåííûõ èçìåðåíèé, à èìåííî: ïðè àâòîïàðêå â 2500 ëåãêîâûõ àâòîìîáèëåé â
ðàéîíå 80% èç íèõ óåçæàåò íà ðàáîòó êàæäûé áóäíèé äåíü è 50% óåçæàåò â âûõîäíûå,
âîçâðàùàÿñü îáðàòíî â òîò æå äåíü. Ñðåäíÿÿ äëèíà êðóãà äëÿ ïîèñêà ïàðêîâî÷íîãî
ìåñòà îðèåíòèðîâî÷íî ðàâíà 2,5 êèëîìåòðà. Êàæäûé àâòîìîáèëü â ñðåäíåì äåëàåò 2
êðóãà, òàêèì îáðàçîì ñðåäíåãîäîâîé ïðîáåã êàæäîãî àâòîìîáèëÿ ïî óêàçàííîìó ðàéîíó
äîñòèãàåò 1875 êì â ãîä.

Ðàñ÷åò âûáðîñîâ çàãðÿçíÿþùèõ âåùåñòâ (ÇÂ) ïðîâîäèëñÿ ïî ìåòîäèêå COPERT 5.
Èíñòðóìåíòîì îöåíêè ýôôåêòà ïî ñíèæåíèþ âûáðîñîâ áóäåò ÿâëÿòüñÿ ïðîöåíòíîå
ñîîòíîøåíèå ýôôåêòà ¾äî¿ (áàçîâûé ñöåíàðèé) è ¾ïîñëå¿ (ïåðñïåêòèâíûé ñöåíàðèé).
Ýôôåêòîì ¾äî¿ áóäåò ÿâëÿòüñÿ êîëè÷åñòâî âûáðîñîâ ÇÂ ïðè òåêóùåé ñèòóàöèè, òî
åñòü êîãäà áîëüøèíñòâî âîäèòåëåé èùåò ìåñòî äëÿ ïàðêîâêè. Ýôôåêòîì ¾ïîñëå¿
áóäåì ñ÷èòàòü âûáðîñû ÇÂ ïîñëå âíåäðåíèÿ ìåðîïðèÿòèé ïî ðàñøèðåíèþ ïàðêîâîê �
ñòðîèòåëüñòâî ìíîãîóðîâíåâîé ïàðêîâêè è ðàçìåùåíèå ïàðêîâî÷íûõ ìåñò âäîëü óë.
Íèêèòèíà. Ïîñëå âíåäðåíèÿ óêàçàííûõ ìåðîïðèÿòèé ïðîáåã âíóòðè äâîðîâ óìåíüøèòñÿ
â 3 ðàçà, à ñóììàðíûé ïðîáåã - â 2 ðàçà. Ðåçóëüòàòû ðàñ÷åòà âàëîâûõ ãîäîâûõ âûáðîñîâ
ÇÂ äëÿ îáîèõ ñöåíàðèåâ ïðåäñòàâëåíû â òàáëèöå 5.

Òàáëèöà 5

Êîëè÷åñòâî âûáðîñîâ ÇÂ îò ÀÒÑ äëÿ ðàçëè÷íûõ ñöåíàðèåâ

Âûáðîñû, òîíí â ãîä Áàçîâûé ñöåíàðèé Ïåðñïåêòèâíûé ñöåíàðèé Ñíèæåíèå, %
(ðàñøèðåíèå ïàðêîâîê)

CO2 1023,000 353,830 65,413
NOx 0,198 0,084 57,374

PM (2,5) 0,062 0,024 61,699
PM (10) 0,112 0,043 61,607

Êàê âèäíî èç ïðèâåäåííûõ äàííûõ, êîëè÷åñòâî âàëîâûõ âûáðîñîâ ÇÂ îò ÀÒÑ
ñíèçèòñÿ: ïî ÑÎ2 - íà 65,4%, ïî NOx - íà 57,4%, ïî âçâåøåííûì ÷àñòèöàì äèàìåòðîì 2,5
è 10 ìêì � íà 61,7% è íà 61,6% ñîîòâåòñòâåííî.

Ê ñîæàëåíèþ, â íàñòîÿùåå âðåìÿ íàì íåèçâåñòíû êàêèå-ëèáî ìåòîäèêè,
ïîçâîëÿþùèå îöåíèòü âëèÿíèå øóìîçàùèòíûõ ýêðàíîâ íà ðàññåèâàíèå âûáðîñîâ
çàãðÿçíÿþùèõ âåùåñòâ â àòìîñôåðå îò àâòîìîáèëüíîãî òðàíñïîðòà. Îäíàêî, ìîæíî
ñ óâåðåííîñòüþ ïðåäïîëîæèòü, ÷òî ïðè óñòàíîâêå ØÝ ñíèçèòñÿ, ïî êðàéíåé ìåðå,
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ïðèçåìíàÿ êîíöåíòðàöèÿ ÇÂ â æèëîé çàñòðîéêå.

Çàêëþ÷åíèå

Â äàííîé ñòàòüå áûëî ðàññìîòðåíî òåõíè÷åñêîå ðåøåíèå ïî óñòàíîâêå ØÝ âûñîòîé
6 ì è äëèíîé 1168 ì âäîëü Êèåâñêîãî øîññå íà âúåçäå â ã. Ìîñêîâñêèé, ÷òî ïîçâîëèò
ñíèçèòü óðîâåíü øóìà íà 15,8 äÁÀ è äîñòèãíóòü òðåáóåìûõ íîðìàòèâíûõ óðîâíåé çâóêà
â 55 è 45 äÁÀ äëÿ äíåâíîãî è íî÷íîãî âðåìåíè â æèëîé çàñòðîéêå ñîîòâåòñòâåííî [3].

Òàêæå áûë âûïîëíåí ðàñ÷åò âðåìåííûõ ýêðàíîâ (âûñîòà - 4ì, ∆LAýêð
= 13,1 äÁÀ)

âîêðóã ñòðîéïëîùàäêè (ïåðåñå÷åíèå óë. Àòëàñîâà è óë. Íèêèòèíà) äëÿ äîñòèæåíèÿ òåõ
æå íîðìàòèâîâ â æèëîé çàñòðîéêå.

Ïðè ýòîì, áëàãîäàðÿ ðàñøèðåíèþ ïàðêîâîê â èññëåäóåìîì ðàéîíå, óäàñòñÿ
äîñòèãíóòü ñíèæåíèÿ ãîäîâûõ âàëîâûõ âûáðîñîâ îò íåïàññàæèðñêèõ ÀÒÑ (çà ñ÷åò
óìåíüøåíèÿ äîïîëíèòåëüíûõ ïðîáåãîâ ÀÒÑ) íà ñëåäóþùèå âåëè÷èíû: CO2 - íà 65,4%,
NOx - íà 57,4%, âçâåøåííûå ÷àñòèöû äèàìåòðîì 2,5 è 10 ìêì - íà 61,7% è íà 61,6%
ñîîòâåòñòâåííî.
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Общество с ограниченной ответственностью
 "Институт акустических конструкций"

 ООО "ИАК" занимается разработкой шумозащитных мероприятий более 10 лет.

Организационная структура предприятия:
· отдел акустики;
· отдел проектирования;
· испытательная лаборатория, аккредитованная на измерения физических факторов;
· отдел строительства;
· отдел научных исследований и разработок;
· отдел внедрения;
· планово-экономический отдел.
 За годы работы организацией запроектировано большое количество шумозащитных
конструкций в различных регионах России (на скоростных автомагистралях, мостах,
железных дорогах, эстакадах), в том числе и на таких
масштабных объектах, как Кольцевая автодорога и Западный Скоростной диаметр в
Санкт-Петербурге, объектах олимпийского Сочи и Республики Крым, реконструкции
федеральных автодорог М-8 "Холмогоры", М-4 "Дон" и др. Организацией выполняются
проектно-изыскательские работы по проектированию шумозащиты на первой в России
Высокоскоростной железнодорожной магистрали "Москва-Казань". Силами
испытательной лаборатории осуществляются акустические исследования, отделами
акустики и проектирования разрабатываются шумозащитные мероприятия на
промышленных, энергетических, культурных и оздоровительных объектах нашей
страны. Производство, организованное на базе предприятия, позволяет выпускать
любые шумозащитные конструкции, отвечающие всем требованиям государственных
стандартов, а опытный персонал в кратчайшие сроки производит сборку и монтаж. 

             "Наша компания обладает мощными научным и проектным
подразделениями с современными технической и интеллектуальной базой,
позволяющими выполнять проекты по шумозащите любой сложности от

идеи до воплощения. В своей деятельности мы опираемся на лучшие  традиции,
сочетая их с передовыми технологиями и стараемся сделать наш окружающий

мир тише."

 Александр Шашурин
Генеральный директор
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Сетевой Научный Журнал
"Noise Theory and Practice"

ООО "ИАК"
при БГТУ "ВОЕНМЕХ" им. Д.Ф. Устинова

Главная цель
Главная цель сетевого научного Журнала "Noise Theory and Practice"
— способствовать развитию виброакустики (наука о шуме и вибрации).
Основные задачи
Основными задачами Журнала являются:

· отражение последних достижений в теории и практике борьбы с
шумом и вибрацией;

· отражение результатов научно-исследовательских работ по изучению
процессов шумообразования, распространения звука и вибрации;

· отражение результатов разработки средств шумо- и виброзащиты, а
также результатов иных работ, проводимых в области виброакустики,
и выполняемых научными сотрудниками ВУЗов и иных организаций;

· предоставление сведений о планируемых конференциях, семинарах,
проводимых в России и других странах;

· предоставление архивных материалов трудов научных конференций,
посвященных виброакустике.

Научное цитирование Журнала
Журнал    является    общедоступным    для   чтения   неограниченным
числом пользователей. 
Материалы Журнала индексируются в наукометрических базах
Российского  Индекса Научного Цитирования  (РИНЦ), Google Scholar.
Журнал включен в научные электронные библиотеки "КиберЛенинка",
Соционет, Figshare.
C 21 ноября 2019 г. Журнал "Noise Theory and Practice" включен в
ПЕРЕЧЕНЬ рецензируемых научных изданий, в которых должны быть
опубликованы основные научные результаты диссертаций на соискание
ученой степени кандидата наук, на соискание ученой степени доктора
наук (п. 42).
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