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I. I. Slavin the forgotten Russian acoustician who defined in 1956 the
noise levels limits for workplaces the first 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 field of noise control. This article presents
Slavin’s most influential work, he is the one which developed and scientifically substantiated the noise limits for
workplaces, and he outlined the first noise level references curves in different 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.

U. . CinaBuH - 3abbITHI poccuiickuii aKkyCTHK, KOTOPbIIf B 1956 roxgy ompegeana
nmepBbhle MpeJgejbHbIEe YPOBHU HIyMa JJIs8 pabodux MecT

Monrano B.A.*
upekrop, Jlaboparopus HatypHbIX akycrudeckux mamepenuti ARQUICUST, r. I'yaneryaiidy, Aprenrnna

AHHOTaUA

Nnpsa Unpua CnaBua 6bLT BaXKHBIM PYyCCKHM aKyCcTHKOM B 1949-1959 rr .; 3amuTuin JHCCEPTAIIHIO B
1940 rozxy, a Bo BpeMst BOHHBI pabOTAJ CTAPIIIHM HAYIHBIM COTPYIHUKOM B jaboparopun akycruka Pu3maeckoro
uacruryra uMm. I1.1. Akagemus nayk Jlebenesa CCCP. B 1948 rony oH BepHYJICsS B AKyCTHYIECKYIO JTabOPATOPHIO
JIeHHHIPaJICKOrO HHCTHTYTa OXpaHbl TpyJa Bcecorosnoro mnenrpanbuoro coera mpoccorosos (JIMOT), rae
Pa3BHBAJI CBOIO Kapbepy H CTaJl BBLIAIOMIIMCS CHEIHAJIACTOM B objactu 60ppbbl ¢ mymoM. B 3roif crarbe
npeJcrapieHa Hanbosiee BausreabHas pabora CraBuaa, OH pa3paboTas u HAYIHO OOOCHOBAJ HPEJEJIbI IIyMa
JUTsT pabOvIHX MECT, H OH HAMETHJI IEPBBIE STAJOHHBIE KPDHBBIE YPOBHSI IIIyMa B PA3HBIX JACTOTHHIX HHTEDPBAJIAX,
koropsie B ¢eBpasie 1956 roga CCCP ogunuansao Been nx. CnaBux npeacraBuia Ha XII MexxayHapogHom
KoHrpecce ruruensl Tpyaa (Xeascuukm, 1957), 4T0 HOpMATHBHO, a mosaHee, B 1959 roxy, ero paboThl cTajm

BCEMHPHO U3BECTHDIMH.

KuroueBble cioBa: IlpogeccrnonaapHbBII MIyM, CTAHAAPTHI, IIPEIEBI IIIyMa, CJABIIITHMOCTD, HCTOPHST

HayKH.

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

The History of Science is an important branch to every scientific 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 find in social studies
field, but it is a big support for the engineering field, 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 field, 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 TCA2019: 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): five 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 1. I. Slavin
are commented: He was a Russian researcher into acoustics field who defined scientifically the
noise level limits at workplaces, the first 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 (Akycruueckuii 2Kypuan):

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 scientific 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. Tlya Ilyich Slavin (1912-1959)

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

There are briefly references about the Slavin participation when he was working, during
the World War 11, 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 first 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 Tosifovich 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 finder, based on the method of matching signals from several sensors, widely used
in elementary particle physics. [3]

Talking about specifically on Slavin work:

I. 1. 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 field 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 1.I. Slavin). [3]

In the spring of 1942, a group led by Sukharevsky, the Acoustic Laboratory staffs,
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 significant 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 (ITpousBomcrBerubiii nrym u 6oprda ¢ HEM) 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. Scientific 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) Scientific conference on the fight against noise and the effects of noise on the body.
Axycruuecknit 7ZKypnast, 1957.

3.2. Paper about Philosophy of Technology

The Slavin’s scientific work is immeasurable, he wrote an interesting paper titled ‘A
summary of works on the study of noise and on the fight against noise in the USSR for the
period before 1957 (Kparkuit ouepk pabor 10 UCCIEJIOBAHUIO TIYMOB U 10 GOpbOe ¢ IIyMamu
B CCCP 3a nepuog mo 1957 1.) |5, posthumously published in Journal of Acoustics of Russian
Acoustical Society (Axycruuecknii 7Kypnas), Slavin have wrote a brief review of Soviet work
on the study of noise in the fight against them, he describes the evolution of the acoustics
science in the USSR: The earlier research done by Russian physicians, the development of the
first 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 finding 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].



NOISE Theory and Practice 11

ONMUCAHUE M3OBPETEHMA

H ABTOPCHOMY CBHWAETENLCTBY

H. W, Caaman

CRGCE YIAVYIMEHHA AKYCTHYECKAX CHONCTR
NOMELE WA

Indoors, 1n the zone of action of a
sound source or other noisy
object/screens 2 are installed with
concave surfaces towards the sound
source. Screens are placed indoors in
places of concentration of sound
energy and place sound-absorbing
material 3 in the face of the screens.

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, fixing 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 different noise levels. Slavin mentions the following:

A great influence on the development of noise control activities could be provided by
scientifically 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 effect 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 first
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 define three frequencies
intervals (see Fig. 3) to stablish the industrial noise levels limits:
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Description of Noises

Table 1 Permissible Levels in Industry for Various Noises
Permissible

Sound Pressure

Level, db re

1—-Low-frequency noises (produced by
non-percussive units of slow operat-

ing speed,
sound-proof

noises penetrating through
ing barriers, such as walls,

ceilings, casings), whose highest levels
in the spectrum are situated below a

frequency ol
become low
octave)

f 300 cps, above which levels
er (by no less than 5 db per

0.0002 microbar

90-100

2—Median-frequency noises (noises pro-
duced by most non-percussive machines,
mills and plant units), whose highest

levels in th

e spectrum are situated be-

low a frequency of 800 cps, above which
levels become lower (by no less than

5 db per oc

tave) 8

5-90

Permissible
Sound Pressure
Level, dbre
Description of Noises 0.0002 microbar

3—High-frequency noises (ringing, hissing

and whistling sounds characteristic of
percussive units, air and gas streams,
and units operating at high speeds)
whose highest levels in the spectrum
are situated above a frequency of
800 cps 75-85

Fig. 3. Permissible noise levels defined by Slavin in 1954 (Edited from [8])
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Fig. 1. Permissible noise levels for Soviet industry are set by
this graph. Octave-band levels relative to the highest octave-
band level are plotted on the chart. The resultant plot must not
exceed by more than 3 db the stondard curve corresponding to the
measured overall sound pressure level relative to 0.0002 microbar.

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

This astonishing scientific proposal would have been revolutionary for the time it was
proposed, and the most impressive thing is that Slavin have defined 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 difficult to understand and they had to been simplified, as
one can see the followings charts in Fig. 5.

‘OCTAVE PASS BANDS IN CYCLES PER SECOND
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o
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— Frequenzen in HZ

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 first half of 1950 decade
(and studies about testing intelligibility of speech under noisy conditions); there are dozens of
actual Russian publications that mention them.

_ Apﬁ}oved For Release 2008/1 2/10 : CIA-RDP80T00246A004500310001-7

TENTATIVE SANITARY STANDARDS AND REGULATIONS
® W YOR RESTRICTING NOISE IN INDUSTRY

I.I. Slarvin.

APPROVED by Chief
Inapector of Health of
the USSR V. Zdanov.

A. Tentative Standards for Permissible Noise levels in Industry

-17 - Appendix 4
TRSTING INTELLIGIBILITY OF SPEECH UNDER NOISY CONKDITIONS

Under given conditions of nolse, an announcer (or an individual vith good
elocution) reads mmbers of several’(fou.r or five) digits in a voice of ng:nl
loudness. Four or five listeners record these numbers at a distance of 1.5
lotarstgonit:nl;:::?ﬁr. If, of the 50 numbers read, over 40 are recorded
correc nte ty 1s teken to be satisfacto and the noise
sidered m':t to exceed permissidle standards. i i ;on-

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 fight 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 scientific achievement, because the Laird&Coye studies weren’t widely
known (even in 2020), but at LIOT they have a specific 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.
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00.5 GESETZLICHE LARMNORMATIVSYSTEM
IN DER SOWJETUNTION UND IHRE WISSEN-
SCHAFTLICHE GRUNDLAGEN

I. I. Slawin, der Leiter der Laboratorien fiir Lidrm-
bekdmpfung des Leningrader Instituts fiir Arbeits-
schutz (LTOT) Td4SSR
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Lirmnormativen sind mit Wirkung vom Februar
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der Laboratorien fiir Lirmbekéimpfung des Lenin-
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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 1.
L 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 scientific 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, 1.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 difficulties 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 effect 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 quantifiable. 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
finalized 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 scientific 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) Rummerfield,&Rummerfield, ‘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 fit 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 field of
human hearing conservation, and because his scientific research ended as legislation being the
first 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, specifically in the area of
occupational noise, hearing conservation or similar.

The author wants to acknowledge and thank Tuliia Rassoshenko (Noise Theory and Practice
Journal) who encourage him to write about I. I. Slavin.
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YIK: 534.83:628.83
OECD: 01.03.AA

3ByKO3alIUTHBIE CBOICTBA BUHTOBOI BCTABKU B BO3JIyXOBOJaX
BEHTUJIAIIN

Mypsunos B.JL.'*, Mypsunos I1.B.2, Mypsunos [0.B.?, Xagamuna C.C.
U 11.1.1., mpodeccop kKadenps! «TexnocdepHad u mozkapHad 6€30MACHOCTD >
2 K.1.1., 3aBe ytomuii jaboparopueil «lccienopanue akKyCTHIeCKIX TPOIECCOB»
3 K.T.1., gonenT Kadeapbl «JIeKTPONPUBOJI, aBTOMATHKA U yIIPABJICHHE
B TEXHUYECKUX CHCTEMaX>»
n T 0
HxkeHep Kadeapbl «TexunocdepHas u mokapHast 6€30TaCHOCTb»
1,2,3:4 Boponexkckuit TOCyJapCTBEHHBII TeXHUUeCKNil yAUBepcuTeT, I. Boponex, PO

AnHoTanus

B crathe paccmarpuBaeTcs 3aada ONEHKH 3(PHEKTHBHOCTH TOJABICHUST a3POINHAMUIECKOTO
mmyMa BUHTOBOII BCTaBKOHW B BO31YXOBOJ BEHTUJIAIINN. MeXaHI/I'{eCKI/Ie BEHTUJIAITUOHHBIE CHUCTEMBI TIOJIYYIUJIN
IIAPOKOE PACIPOCTPAHEHHE st O00ECIIeYeHHs CAHUTAPHO-TUTMEHUYECKHX WM TEXHUIECKHX IOTpPeOHOCTEH
BO MHOTHX ODJIACTSIX MPOMBIIMLIEHHOCTH, OBITOBBIX YCIOBHSAX, MECTaX MPeObIBaHMWSA OOJBIIOr0 YUHUCIa JIIOME.
OrZLHa,KO MEXaHUYICCKNEe BEHTUJIANNOHHBIC CUCTEMBbI UMEIOT HETATUBHYIO CTOPOHY, OHU CO3Jal0T IMyM, KOTOprI7I
PaCIIPOCTPAHACTCA IO BEHTUJIAIIMOHHBIM KaHaJlaM U MOXKET CTaTh HpI/I‘II/IHOﬁ yXyaimeHnd HOpMaJIbHBIX yC,HOBI/Iﬁ
Tpyda W OTAbIXa. JloJsd a’pOAMHAMUYECKOrO IIIYyMa, CYIIECTBEHHO MPEeo0IaIaeT HaJ CTPYKTYDPHBIM IIIYMOM.
HOSTOMY II0JaBJICHHUE aSpO,z‘lI/IHaMI/I‘{eCKOfl COCTaBJ'[HIOHLefI IIyMa BEHTH/IATTUOHHDBIX CUCTEM ABJIACTCA aKTyaJ’IbHOﬁ
zagageit. CyImecrByoT pa3indHble CPEJICTBA CHUYKEHHUSI IIyMa TIOTOKOB B BO3/yX0BOJAX. B craThbe paccMOTPeHbI
METOAbI W KOHCTPYKITHH, 066CH€‘II/IB&IOIHI/I€ CHUKCHHE aAIPOAUMHAMHYICCKOrO IMyMa H IIOKA3aHbI Pa3JIMIHbIC
KOHCTPYKTUBHbBIC DEINICHUA, HaYHaA OT KOHCprKHHﬁ, TpeaCTaBJICHHBIX B HOPDMATUBHBIX JJOKYMEHTAX U KOHYaA
OPUTMHAJIBHBIMIA COBpeMeHHbIMU pa3paborkamu. Orvedena 3P HEKTUBHOCTh TPUMEHEHUS B BO3IYXOBOIAX
CIIMPpaJIbHbIX BCTAaBOK B BH/E TI'€JIMKOHUI0B. HpI/IMeHeHI/Ie FeJIMKOUJ0B IIPpAKTHYECKHW HE YBE/JINYHUBaCT
THAPOINHAMAIECKOTO COIMPOTUBJIEHUST BO3MYXOBOAOB. VICIIOIBb30BaHWE 3BYKOIIOIIOMIAIONINX MATEPUATIOB I
OOJIMIIOBKY BO3IYXOBOJOB M WM3TOTOBJEHHUsI TEJIMKOUIOB, IO3BOMIIO TOJNYYUTh CHHEPreTHIecKuii 3¢ dexT
COBMECTHOT'O TOJABJIEHUS WMHU adPOJUHAMHUYECKOrO IIIyMa, B PE3yJIbTATe Yero, MOJyYIUOCh 3HAYUTETHHOE

CHU?KEHUE adPOJNHAMUYIECCKOTO IMyMa B AUalla30HE CPEIHUX U BBICOKUX YaCTOT.

KiroueBbie cioBa: CHM2KEHUEe ILIyMa, adpOoJuHAMHUYeCKui IIyM, BEHTWIALUA, BO3JYyXOBOJ,

reJIMKOH/I, ClIMpajbHasd BCTaBKA, IVIYIIUTEb.
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Abstract

The article deals with the problem of evaluating the effectiveness 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 airflows 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 efficiency 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 finishing and
helicoids production made it possible to obtain a synergistic effect of joint suppression of the aerodynamic noise

resulting in a significant reduction of the aerodynamic noise in the medium and high frequency range.

Keywords: noise reduction, aerodynamic noise, ventilation, air duct, helicoid, spiral insert, muffler.

Beegenne

Mexann4eckne BEHTHUIAIMOHHBIC CHCTEMBI HOIYUUIN MMUPOKOE PACTIPOCTPAHEHNE JIIs
obecreueHnsl CAHUTAPHO-IUTHEHAIECKUX MM TEXHUIECKUX IOTPeOHOCTER BO MHOIMX 0OJIACTAX
IIPOMBIILIEHHOCTH, OBITOBBIX YCJIOBHAX, MeCTax HpeObIBaHWd OOJIBIIOrO YHCIA JIIOIEH.
[ITupokoe PpacupoCTpaHEHHE HTUX CHCTEM OObACHACTCH HEOOXOJMMOCTHIO  IOMJIEPIKAHMA
BO3/lyXa B NMOMEIIECHUH 3aJaHHOr0 cocTapa. OMHAKO MEXaHMYECKNEe BEHTUIANMOHHLIE CHCTEMbBI
MMEIOT HETaTUBHYIO CTOPOHY, OHH ABJSIOTCH UCTOYHUKOM a3POJANHAMUYECKOTO U CTPYKTYPHOIO
IIyMa, KOTOPbIii CTAHOBUTCS HPUUMHON yXY/IIEHHS HOPMAJbHBIX YCJOBHH TPYJa U OTJbIXA.
OCHOBHOIT TPWYHHON BOSHUKHOBEHHs IIyMa SBJISETCs paboTa MEeHTPOOEKHBIX U OCEBBIX
BEeHTUIATOPOB, UX 3JIEKTPOABUTATE]el, Hajaudue TypOYJEHTHLIX MyJbCalldii BO3AyXa M He
BCErJIa ONTHMATBHON KOH(MUTYPAIHH BO3/yX0BOAOB|1].

ITo BO3/yXy, 3aK/II0YEHHOMY B BO3/yXOBOJAX, PACIPOCTPAHIETCA adPOJuHAMUYECKU
IIyM, & II0 CTEHKaM BO3IYXOBOJOB M IO CTPOMTEIbHBIM KOHCTPYKIMAM, IJI€ PACIOJIOKEHbI
9JIEMEHTBl BEHTUIAIMOHHONR CHCTEMbl — CTPYKTYPHBIA myMm.  Joasd a’spoamHAMUYECKOIo
HIyMa CYHMIECTBEHHO 1peodJsajaer HaJl CTPYKTYPHBIM  IIyMOM. [Tosromy moOmaBieHuE
A3POJMHAMUICCKOIT COCTABIAIONEH IMyMa BEHTHJSIMOHHBIX CHCTEM SBJISETCH aKTyaJbHOM
sanadeii[2]. TIpu 5TOM B BO3IYXOBOJAX BEHTUJISAIMOHHBIX CHCTEM HE JOJIZKHO ObITh YBEJHUeHUS
I'UIPOJUHAMHYECKOTO CONPOTHBJICHHS.  BO3IYXOBOJIBI IPEJCTABIAIOT C000# 3PdeKTuBHbIE
KAaHAJBl [epelavud 3BYKOBBIX IOTOKOB OT BEHTUJISAIMOHHOW YCTAHOBKHU|3| B moMerieHwus,
KOTOPBbIE MOI'YT HAXOJUTHCS JOBOJIBHO JIAJIEKO.  Kpome TOro, BeHTHJISIMOHHAZA CHCTEMA
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MOYKET TiepeJaBaTh 3BYKOBO# TIOTOK HE TOJIBKO WCXOISIINNA OT BEHTHUJISATOPA, HO W W3 OJHOTO
MOMeIlleHnsl B Jpyroe 1Mo BO3ayxXoBomaMm. IIpm 3ToM mym momajsaeT B MOMeIeHHe depes
BEHTWJISIIIMOHHBIE OTBEPCTUS W Yepe3 CTeHKH BO3JIYXOBOJIOB.

1. Cuuxeunne oryMa BEHTUJIAIINOHHBIX CUCTEM MeTOdaMU, IIPpeJCTaBJICHHbIMU
B HOPDMATUBHBIX AJOKYMEHTAaX

CHImKeHne a3pPOJNHAMUYIECKOTO IMyMa BEHTU/ISIITHOHHBIX CHCTEM SABJISIETCS OJIHOM
M3 aKTyaJbHBIX 33J1a4. B HOpMATHBHOM JOKyMeHTe|4| moKa3aHbl BO3MOMKHBIE KOHCTPYKIIHH
JIYIIATE e, 00ecednBaIOMNX HOIABICHHEe adPOJIUHAMHIECKON COCTABIIAIONICH MyMa.

CHmKeHne ypoBHSI IIyMa B BO3IYyXOBOJE OIPEIE/ISeTCs €ero JINHON, CedeHueM
1 KO3(pPUIMEHTOM 3BYKOIOT/IOMEHUST MATepPHaad, KOTOPHIM OOJUIIOBAHA €r0 BHYTPEHHSISI
HOBEPXHOCTH. 1Ipu 0/IHOM U TOM 2Ke MaTepuaJsie, u3 KOTOPOro CIeJaH BO3/yXOBO, 1 PAIUIHBIX
eT0 CeYeHHUAX CHUXKEHHE IyMa OyJeT TeM MeHblne, uem 0oJbire cedenue. CregoBaTesbHO,
BO3/IyXOBOJ OOJBIIETO CeYeHWs HUMeeT MeHbIee THAPABIHIECKOe CONPOTUBICHHUS W,
COOTBETCTBEHHO, MEHBIIIEE CHUKEHUE TITYyMA.

B ciayuaax, xorjia HEOOXOAMMO OCJaOUTHL IIyM B BO3JYXOBOJAX, HPUMEHSAIOT
AKyCTHYECKHUe TUIYIIUTETH. BBIOOp THIA IVIYIIUTEsS OIpPeIeaseTcss B OCHOBHOM YaCTOTHLIM
COCTABOM MIyMa # TpeOyeMbIM CHHUKeHHeM ero obmiero yposus. [lpm stom riaymurenud He
JIOJIZKHBI OKa3bIBATH 3HAYUTEIBHOIO CONPOTHUBJICHHS IMOTOKY BO3iayxa. VX ciemyer jgenars 1o
BO3MOYKHOCTH MaJIoraDapuUTHBIME, MTPOCTBIMU U JIOJTOBEYHBIME B SKCILTYaTAIUH.

[Ipocreiiiium  IyIIUTEIEM SBASETCS KaHas, OOJHMIIOBAHHDBINA 3BYKOIOIVIOMIAIOIAM
MATEPHAJIOM U € OTKJIOHEHHBIM MOTOKOM, MOKA3AHHOM Ha puc. 1, a). B maymurensx 91oro
THUTIA 3BYK PACIPOCTPAHSAETCS BJIOJIbH MOTIOMIAIONIErO C10sg. KOHCTPYKTHBHO TaKue TJIYITHTEH
BBIIIOJTHSIIOT B BHJIE Psijia HapaJlIebHbIX IPAMOYTOIbHBIX (puc. 1, 6)) WM KPYIVIbIX KaHAJIOB
(puc. 2, a)). DBoapmeil 3bGEKTUBHOCTBIO O CHUXKEHHIO MIymMa obJagaer KOJeHIaThIi
DIYIIATEb, U300pazkeHHbIl Ha puc. 2, 6). OnHAKO M3MeHeHHe HAPaBJIeHHs MOTOKA CO3/Iaer
HOJIBINTNE THAPABIMICCKHE CONPOTHBIICHUS.
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Puc. 1. Tymmuresb: a) ¢ OTKJIOHEHHe MOTOKA; 6) ¢ HApAJIETHHBIMHA IIACTHHAME Ge3
MPOMEKYTOUHBIX CJI0€B. 1 — BEHTHJISIIMOHHBIN KaHaJI, 2 — 3BYKOITOTJIONIAOIINIT MaTepuall.
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Puc. 2. Tnymaress: a) KpyIblii TIYIIATETb ¢ KOHIEHTPUIECKAM KOKYXOM; 6) KOJEHIATHII
IJIymuTe b, 1| — BEHTWJIAIMOHHBIA KaHaJ I, 2 — 3BYKONOIJIOMAIONINI MaTepuaJ.

YacTo menn mIacTUHIATOr0 TIYIIHTEIS 3aMEHSIOT CHCTeMON KaHAJI0B OYeHb MAaJIoro
cedeHus, CymMMapHas pabodas ILIOIIAIb KOTOPBIX PaBHA IJIOMAIH BO3LYXOBOIA OOJIBIIOrO
kaHaa. CTEeHKN 5THX KAHAJOB TaKzKe IMOKPBIBAIOT 3BYKOIOIIOMAIOIUMI MaTepPHaJTaMHI.

OcJrabyienne 1yma, co3jaBaeMoe 3BYKOIOIVIOMAIoNeil OOJIMIIOBKOM, 3aBUCHT OT ee
TOJIIIUHBI, PACCTOSHUSA MEXKIY ILIACTHHAMH, JJIMHBI OOJHMIOBAHHOH YacTH M KO3 pHUImeHTa
norviomenusi obmnoBku. B pabore|b| paccmorpena Mojesb DIyHIATENst IS HOBBIIICHUS
3P OEKTUBHOCTH CHUKEHHsI YPOBHA IIIyMa B IMHPOKOM JHAMA30HE YacTOT B JIHHEHTHOM
BO3yX0OBOZE. Bompochl MaTeMaTHndecKoro MOJAEINPOBAHU TAYITHTENe MyMa W T0IaBJICHIS
3BYKa B BO3/IyXOBOJIaX C HOTJIONIAIONIMME CTEHKAMHU TOKa3aHbl B paborax|6, 7, 8. Ilpusenen
CpPaBHHUTEIbHBIN aHAIN3 PA3IUIHBIX KPUTEpHeB 3(DPEeKTUBHOCTH TUIYIIHTEIeH IyMa, YKa3aHbI
UX MPEHMYINECTBA U HeJOCTATKH.

[IpakTHyeckoe HCIOAB30BaHUE TAYHOIATEAEH ¢ JHHEHHBIM IepeMeIeHneM ITOTOKA
OKAa3bIBaeT HE JJOCTATOYHYI0 3S(P@MEKTUBHOCTH UX pabOTHI. [nymurenn ¢ BBICOKOM
CTENEeHBIO ITYMOIIOIABJIEHHs, KaK IIPABMIJIO, UMEIOT OOJIBIIOE THAIPABIHYECKOe COMPOTUBJIEHNE,
a BO3IYXOBOIHI € MAJEHbKMM THIPABJINICCKAM COIPOTHBICHHEM O0JaJal0T HU3KHMHI
3BYKO3AIIUTHBIMI CBORCTBAMI.

2. BwmHTOBBIE BCTAaBKU B BO3/yXOBOJAAX BEHTUJIAIIAN

OpnuM w3 HaupaB/ieHUN B 00JACTH CHUYKEHUs MyMa B BEHTUJISIITUOHHBIX CHCTEMAaX
ABJI4eTCAd HNPUMEHEHUEe aKyCTHYeCKUX [IJIYIIUTeJeid, CO3JAI0IUX BUHTOBbBIC MYTH JIJId
nepeMelenns ra3oBoil cpeabl U aKyCTUYECKOW SHepruu, CONPOBOXKJIAIONIEH ra30oBOM MHOTOK.
IIpu sToMm pelaercd 3ajada TMOBBIMEHUS DHEKTUBHOCTH CHUKEHUs IIyMa W COXPaHEHUs
HEU3MEHHBIM I'HJIPaBINYCCKOr0 COIIPOTUBJICHUA B BEHTUIAIIMOHHBIX KaHaJIaX.

Panee, npumeHuTe/IbHO K BBIXJIONHON cucTeMe aBTOMODWIIS, OBLIO IPEJIOKEHO
HOIVIOIATH AKYCTUYECKYH) DSHEPruio, COINPOBOXKJIAIIIYI0O MOTOK TeKy4eill cpejbl, Takou
KaK BO3/yX, IyTeM IPOIYCKaHUd e€ IO BO3JYyXOBOJY, B KOTOPOM pPAaCIOJOXKEeH BUHTOBON
sseMenT|9]. Buaarogapst BAHTOBOMY JeMEHTY ra3oBasi cpeJia CJeyer 0 BUHTOBON TPAeKTOPUH
depe3 Bozayxosoj (puc. 3). Takume ycTpoilcTBa ObLIN MPEJIONKEHBI TSI MCIOJb30BAHUS
B aBTOMOOWJIbHBIX IJIYIIHTE/SAX, B KOTOPbIX HHU3KHE aKycTudeckKue dacTtorTbhl Huzke 60 [
0CJIADAIOTC 10 HOPMATUBHBIX 3HAYCHUI.

3BYKOBbIE MOTOKW € OOJIBIION JAJTWHOW BOJTHBI B TAaKUX TIJIYIIUTEJNSIX C BHHTOBBIM
9JIEMEHTOM He MOTYT IepeMelaThCs, OeclpensdTCTBEHHO JIBUTAsCh MO OKPYYKHOW BHHTOBOM
JIOPOKKE. 3BYKOBbIE MOTOKH CPEJIHUX U BBICOKHX YaCTOT, C JPYTOH CTOPOHBI, HE3HATUTEIHLHO
0CJIADAAIOTCHI 3TUM yCTPOMCTBOM, TaK KakK, B OTJIMYME OT HU3KOYACTOTHON aKyCTHYeCKOil
SHeprum, ux 0o0Jee KOPOTKAs JJINHA BOJIHBI TO3BOJILET MEPEMENIATHCH OTPAKEHUSIMU O
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BHHTOBOI TpaekTopuu. Takum o006pa3oM, 3BYKOBBHIE IOTOKH CO CPEIHUMH M BBICOKUMH
aKyCTUYECKUMH YacTOTaMU TPOXOJAT 4epe3 OTKPLITHIM KOHEIl, KaHaja W BBIXOJIAT W3 HEro
MPaKTHYIEeCKN HE MOTJIOTEHHBIMH.

Puc. 3. Akycrudeckn TOTJIOMIAOMIIA BO3IYXOBOA. AKCOHOMETpHYECKAsT MTPOEKINS ¢ MECTHBIM
pa3pe3oM. 1 — 3BYKOIOIVIOMAIONIUI MaTepruaJs, 2 — JIONAcTU nepdOopupoBaHuble, 3 — 0Ch
KpeILICHUS JIOTIACTEN.

CHmKenwe IMyMa B CHCTEME BEHTHJISIIIAM MOXKET OCYHICCTBIATHCS MPUMEHEHHEM
CIUPATBHBIX BCTABOK WM BCTABOK B BHJIE PeJIMKOUIA. [UIyITHTE b, HCIOIB3Y IOIHI CIHPATbHBIE
BCTaBKM NOKazaH Ha puc. 4. ConupaibHBI [JIYIIATE/Ib HCIOJIB3YeTCs s BO3/LyXOBOJIOB,
KaHaJIOB BEHTUJIAIIUN, KOHANITTIOHUPOBaHUA BO3AYXa UJIN HO,ZLO6HBIX nM yCTpOﬁCTB n COACPZKUT
TpyOuaThii Kopryc 1, TOKPBITHINH 3BYKOMOTJIONIAIONINM MaTepuaaoM. Buyrpu TpyddaToro
Kopiryca 1 pacrosiaraercsi ClupasibHblii KAHAJIBHBII JIeMeHT 2, KOTOPbI# PACIONIOKEH BHYTPH
IIPOJIOJIBHO B YKA3aHHOM TpyOuaTom Kopiyce 1. CroupasbHblii KAaHATLHBI 91eMeHT 2 YKpeIieH
na ocu 3[10]. Bee ssiemenTor yeraHaBamBaoTCs B BO31yXoBojie 4.

CuupasibHasi BCTaBKa 3aCTaB/seT BO3JyX B KaHajJe CJeJ0BaThb MO0 YIJINHEHHO
BUHTOBOIl TPaeKTOPHH, KOTOpas IPHBOJIUT €ro K B3aUMOJEHCTBUIO CO 3BYKOIOIJIOMIAIONIAM
HOKpbITHeM.  Takoe JBUKeHHe OOECIeYHBACT CHUXKEHHE adPOJUHAMHYECKOrO IIyMa B
BO3/LyXOBOJIE W HE CO3/IAeT JIOMOJHATENLHOTO THIPABINIECKOTO COMPOTUBICHHUSI.

Puc. 4. Cnupasibubliit rirymuresib mymMa. 1 — Tpy0daThiii KOPIYC U3 3BYKOHOIVIOMIAIONIETO
MaTeprasa, 2 — CIUPAJbHBIN KaHAJIBHBIN 3JIEMEHT, 3 — OCh KPelJIeHus CIUPaIbHO
HaIpaBdone, 4 — BO3TyX0OBOI.
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B BoOpoHEKCKOM TroCyIapCTBEHHOM TEeXHUYECKOM YHHUBEPCHTETe paspaboTannm Gosee
IIPOCTYIO KOHCTPYKIMIO 3BY KOLOAABJISIONIEr0 BEHTHISIIMOHHOTO Kanasa (puc. 5)[11], B kotopom
YCTAHOBJIEHA 3BYKOMOTJIONIAIOIIAs IAHEeb B BUJe reukonaa (puc. 6), yCTaHOBJIEHHOTO IJIOTHO
6e3 3a30pOB B BO3YX0BOJE, OOJUIIOBAHHOM T10 BHYTPEHHElH MOBEPXHOCTH 3BYKOMOTIOMIAOIINAM
MATEPHATIOM.

Puc. 5. 3ByKomomgaBasionnii BEHTUIAIIMOHHBIN KaHaT. 1 — BO3LyX0BOJ, OOJHUIIOBAHHBIN 11O
BHYTpeHHel OBEPXHOCTH 3BYKOIOTJIOMIAIOINIAM MaTepUaaIoM; 2 — TeJIMKOU — CIUPAJIbHBIN
JIEMEHT; 3 — 3BYKOIOTJIOMAIOMNN MaTepuaJ.

Puc. 6. T'ejinkoun 1 — criupaJibHbIil 3JIeMEHT.

[Ipunnun  QGyHKIMOHUPOBAHUS U CHUZKEHUE YPOBHS a’dPOJMHAMHYECKOI'O IIyMa
3akjodaercd B ciaeayiomeM.  [[oToOK BO3gayXa M CONPOBOXKIAONIMN €ro 3BYKOBOH IOTOK
nepeMenanTcd B HAIPaBICHUU, TOKA3aHHOM HAa pHUC. O, BCTpeYaeT Ha IIYTU CBOEro
nBUzKeHnd requkous, 2. [lpm 3ToM BO3AYIIHBINA MOTOK IJIABHO IIEPEXOJUT BO BpallaTeIbHOEe
JIBUZKEHUe, a 3BYKOBOH NOTOK, MONajiasg Ha TeJUKOUJ 2, YaCTUYHO IOIJIONIAeTCS UM U
JACTUIHO OTPAYKAETCS, TOMaaas Ha 3BYKOMOIVIONAONINN MaTepraa 3. 3BYKOMOTJIONIAIONTIM
MaTepHaJoM 3 3BYKOBOIl MOTOK TaK K€ YAaCTUYHO MOIJIOMAETCS U YaCTUYHO OTPAKAETCH.
3BYKOBOIT TIOTOK TO/IBEPTraeTCsi MHOTOKPATHOMY OTPAYKEHUIO W TMOTJIOMEHUIO OJIarogaps TOMY,
YTO TeJTUKOU[ 2 WMeeT BUHTOBYIO CTPYKTYPY. 3BYKOBOM HOTOK, MHOTOKPATHO OTPA3UBIIUCH,
U MHOTOKPATHO TOTJIOTHBIIUCH 3BYKOIOTJIOMIAIONIAM MAaTEPUAJTIOM, TepsieT aKyCTHYeCKYIo
SHEPIHI0. 3BYKOMOMIOMAIONINNA MaTepual U ero colicTsa mokasaubl B pabore[l12|. Onnako
9TOT TOTOK BO3JyXa He IperepreBaeT CyNeCTBEHHbIX [OT€ph Halopa H3-3a IJIAJIKOI
HOBEPXHOCTH TEJIUKOUJIA, W3-33 OrPAHUYEHHOTO MOMEPEYHOI0 CEYEHUs TeJIMKOWIAa U H3-33
OTPAHUYEHHON TOJIIMHBI 3BYKOTONIOMAaonero marepuajia. Illym, koTopwiit, conpoBoXkKaer
BO3JIYIITHBIN TIOTOK, YMeHbITaeTcsd OJarojaps CHHEPreTHIeCKOMY JIefCTBHIO YIOMSIHYTOTO
reJIMKOUIa W YIOMSHYTOMH BHeNTHell oOBoJlakuBalonieit obomoukn. [Ipemraraemas meroanka
CHUZKEHUS A3POJUHAMUYECKOIO IIyMa MOXKeT ObITh C yCIIeXOM IIPUMEHeHa, HalpuMep, JiJis
THEBMOKOHBeiiepoB Ha BosmymrHoit momymke[13, 14|, koropele cHaO:XKeHBI KaHAJTaMH IS
nepeMenenns: BO3/IyIITHBIX TOTOKOB.
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3. KcIepuMeHTAJbHbIE UCCJIETOBAHUS

DKCIEPUMEHTATHHBIE UCCJIeJ0BAHUA  YPOBHA  3BYKOBOI'O  JaBJICHUA  IIyMa,
PACIPOCTPAHAIONIETOCA TO BO3AYXOBOJAM BEHTHJISIUOHHBIX CeTell, ObLIM TPOBEIEHbI JIIs
PA3JMYHBIX BapUAHTOB KOHCTPYKTUBHOTO UCIOJHEHUd JIMHEHHOrO BO3/yXoBoja. BapumanTt 1 —
JUHEHHBIN BO3TyX0BOJ, 0€3 UCHOJb30BaHWUS 3BYKOIOIVIONMIAIONINX MaTepuajoB. BapwaHt 2 —
JIMHEHHBIN BO3/yXOBOJ, OOJHIIOBAHHBIN 3BYKOMOIVIOMIAIONIUM MaTepuagoM. Bapuant 3 —
JIMHEWHbBIT BO3/1yXOBOJ, OOJIMIIOBAHHBINA 3BYKOIOIVIOMIAIONIUM MATEPUAIOM C TEeJIMKOUJIOM W3
3BYKOIIOIVIOLIAIOIIEI0 MaTepuaJia.

A

015 m

11w

Puc. 7. DxcrnepuMmenTaabHasg yCTAHOBKA JIMHEHHOTO BO3/IYXOBO/IA C M€JTUKOUIOM.

Ha puc. 7 mnpejcrapiieHa 3KCliepuMeHTAJIbHAs YCTAHOBKA JIJIsI OLPEJIEJEHUS YPOBHS
3BYKOBOT'O JdaBJiIeHUd OT BbBICOKOKaQYeCTBEHHOI'O JUHaMUKa 1, CBA3aHHOTO € UCTOYHUKOM 2
«besoro mymay, IPOIIE/INIero 4Yepe3 BeHTUIANUOHHLIA Kanaa 3. B kadecTBe JimHEHHOTO
BO3/yXOBOJa 3 OBLI B3AT BO3IYXOBOJ M3 IpoNHjeHa JiuHOE 1 MeTp m gmamerpom 200 MM.
TommuHa CTEHKH BO3AYXOBOJA 3 COCTaBAseT 3 MM. BenaumunmHa 3BYKOBOTO JaBJeHHST «OEIOr0
[yMa>, BBIIIE/NIEr0 U3 BO3/IYyX0BOAA 3 U3MEPsIach MUKPOMOHOM 4 TPEIU3nOHHOI0 Iy MOMepPa
5 — amanuzaropa cumexkrpa «OKTABA — 110A». BosayxoBos 3 ObLT yCTAHOBIEH B OTBEPCTHE
CTeHBI O, pa3Jendionieil 1Ba IMOMelleHnud. DB oJHOM ITOMeNeHuHW HaXOIW/JACA HCTOYHHK 2
«bestoro mymay, a B apyrom — mymomep 6 «OKTABA — 110A». XapakTepHble pa3Mepsbl
SKCIEPUMEHTAJTBHON YCTAaHOBKY TTOKA3aHBI HA PUC. 7.

ZLHH BapHaHTa 2 KOHCTPYKTHUBHOT'O HCIIOJTHEHHUA BO3AYXOBOJda €I'0 BHYTpPEHHAA
MOBEPXHOCTH ObLIa 00KJIeeHa 3ByKonoromatomum Marepuaiom 7 «IIlymaner-BM» Tomunoii
15 mm. i BapuanTa 3 KOHCTPYKTHUBHOI'O HCIIOJTHEHHS BO3YX0BOJIA 3 OBLI 100aBJICH I'eJIHKOU/T
8, UMEIONIHH MOJITOpa CHUPAIBHOTO BUTKA. [enukoua 8 ObLI M3rOTOBJEH U3 METAIIHYECKO
ceTKu u 0OKJieeH ¢ 00enx CTOPOH ITOH ceTKu 3BYyKouoromawmum marepuaiom 6 «Illymaner-
BMy». Tommunra reankonna 8 cocrapmia 20 M.

[Iponeypa u3aMepeHus MpOBOAUIACH CJeAYIOMEUM obpaszoM. g KaxKkIoro Bapuanta
KOHCTPYKTHBHOI'O HCIOJHEHHS MOJaBaJICd <«OeJblif ImMyM» B BO3AyX0BOA. VIHTEHCHBHOCTD
«besoro mymay BcerJa ObLIa MOCTOAHHON. 3BYKOBO# IMOTOK, BBIXOISIIUN U3 BO3IYXOBOIA
3, m3mepsiica mMukpogonom 4 mymomepa 6 «OKTABA — 110A». Pesyabrarer u3mepenuit
Npe/ICTaBJICHBl B TAOJIUIE U HA PUC. 8.
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Tabuma 1
DKcllepuMeHTaIbHbIe 3HAYeHHsd YPOBHS 3BYKOBOI'O JIABJIEHUSA OT <«0eJoro ImymMay JIid
PA3JUIHBIX KOHCTPYKTUBHBIX CXeM BO3IyXOBOIa, 1B

Bapuantbr Yacrora, ['n

KOHCTPYKTHUBHOTO ucnosanerud | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
Bapuant 1 69,4 | 70,8 | 70,1 | 69,2 | 66,7 | 67,4 | 64,7 | 60,1
Bapuant 2 68,2 | 65,3 | 57,5 | 50,4 | 48,8 | 53,1 | 58,6 | 61,7
BapwuanT 3 68,3 | 64,2 | 53,1 | 46,8 | 36,2 | 31,3 | 24,2 | 184
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Puc. 8. I'paduk ypoBHs 3ByKOBOI'O JaBJIEHHUS B BO3AYXOBOJE NPH PA3IUIHBIX €TI0
KOHCTPYKTUBHBIX HCIIOJTHEHUSX.

Ha puc. 8 mnokasanbl rpaduku ypoBHS 3BYKOBOI'O JIABJIEHUS JIjIs Pa3JIMYHBIX
KOHCTPYKTHBHBIX HCIOJHEHUH BO3ayxoBoAa. M3 rpadukoB Buano, 4T0o Hanboabimii s¢pdexr
CHUKEHUsI YPOBHS 3BYKOBOTO JIABJICHWS JOCTUTAETCA TPU COBMECTHOM HCIIOJIH30BAHUH
3BYKOIOTJIONIAIONIETO MaTepHasjga Ha BHYTPeHHeH MOBEPXHOCTH BO3YXOBOJA C TeTHKOUIOM,
HOKPBITBIM  3BYKOHOTJIOMAIOIIAM MAaTePHATIOM. B »sToM ciydae BenmuMHA CHUKEHUS
3BYKOBOI'O JlaBjieHHsI B O0JIACTH BBICOKHUX YacToT cocraBuia okojgo 40 nb 1o cpaBhHenuio
¢ JAPYTUMHU BapUaHTAMU KOHCTPYKTUBHOTO HCHOJHeHUA. B 06/1acTH CPEJHUX YaCTOT BEJIMYMHA
CHUZKEHUs YPOBHS 3BYKOBOTO JIaBJIEHHS cOcTaBmaa 0KoJio 30 b B cpaBHeHUU ¢ BapuanToMm 1
KOHCTPYKTHBHOT'O UCIIOJIHEeHU 1 0K0Ji0 10 1D 1ipu cpaBHeHHH ¢ BApHAHTOM 2 KOHCTPYKTUBHOTO
UCTIOJTHEHUS.

3akJrodyeHue

AHann3 3BYKONOIABIAIONINX BO3MOYXKHOCTEH BEHTUISAIIMOHHBIX CHCTEM MOKA3aJ, UYTO
NMpUMeHEeHNe 3BYKOIOIJIONIAOIINX MaTepUaJioB JJid OOJWIIOBKA BHYTPEHHEH MOBEPXHOCTH
BO3/IyXOBOJOB CHHUKAET YPOBEHb a’dpOJIMHAMHYECKOro ImyMa. Kpome TOro, HCIOJIb30BAHHE
Pa3JIMYHBIX TJIYIIATENel TaK Ke CIOCOOCTBYET CHHMYKEHHMIO IYMa BEHTHUISIHUOHHBIX CHCTEM.
Haubosiee s3dpdekTuBHBIM KOHCTPYKTUBHBIM PEIIeHUEeM CTaJI0 HCIOJb30BaHUE CIUPAJIbHBIX
9JIEMEHTOB, CO3/AIOINX BHHTOBOE JIBU)KEHWME IOTOKAa B BO3/AyXOBOJAaX, OOJMIIOBAHHBIX II0
BHYTPEeHHEH ITOBEPXHOCTH 3BYKOIOTJIOMIAKIINM MaTepuajioM ¥ CHUPAJIbHBIM 3JIEMEHTOM B
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dopme reamKonaa, BBIMTOTHEHHBIM TaK Ke U3 3BYKOMOIJIONAMONero mMarepuasia. Ilpu srom
BUHTOBOE JIBUKEHHUE [IOTOKA CO3/aeT HEe3HAYUTE/JIbHOE TI'MPABINYECKOE COLPOTUBJICHUE.
Brarogaps TakoMy TEXHUYECKOMY DEIIeHUIO0 MPOdIBUJCA CcuHepreTudeckKuii 3ddexT or
COBMECTHOTO JICHCTBUS 3BYKOIOIJIOMAIONIETO MaTepHuaja W BUHTOBOTO JIBUYKEHHS BO3JIyXa
U 3BYKOBOI'O TOTOKA, YTO MMO3BOJHJIO 3HAYUTENbHO YMEHBIIUTH adPOIMHAMHYECKUN MIyM
BEHTWIAIIMOHHBIX CUCTEM B ODJACTH CPETHUX U BBICOKAX JACTOT.
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Cob6cTBeHHbIE YaCTOTHI KOJie0aHMil TIJIACTUHBI Ha YIIPYTOM OCHOBAaHUU
BUHKJIEDOBCKOTO THUIA

Kanes H.I'.*
Honent, MI'TY um. H.9. Baymana, r. Mockpa, PD

AnHoTanusa

VYcraHoBJIeHA MPOCTasi B3AUMOCBA3b MEXKIy COOCTBEHHBIMH YaCTOTAMHU KOJIEOAHUN TJIACTUHDI
HpOI/IBBOJIbHOfI (bOpMI)I Ha YOPYTOM OCHOBaHUM BUWHKJIEPOBCKOI'O TUIMA C TMTPOU3BOJBHBIMU TPDAHUYIHBIMU
yCIOBUAMU, CO6CTB€HHI)IMI/I qaCTOTaMu KOJ'Ie68,HPII71 ATOHA TIJIACTUHBI 663 yupyroro OCHOBaHUA W YKECTKOCTHIO
ocHoBanus. Ha mpumepe mpsaMOyroabHON IJIACTHHBI C ONMEPTHIMA KPasiMH HOIPOOHO PACCMOTPEHA 33/1a9a O ee
KOeOaHUsIX HA YKECTKOM ocHOBaHnU. [[0Ka3aHO, UTO KECTKOe OCHOBAHKE B 3HAYUTEILHON CTENeH! AeMIpupyer

KOJIeOAHUS ILIUTHI U UX PE30HaAHCHBIE CBOIiCTBA HE IPOABJIAIOTCA.

KuroueBblie ciioBa: COOCTBEHHBIE YACTOTHI KOJIEOAHNUH, TIIaCTHHA, OCHOBaHNe Buukiepa.

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 significantly
damps plate oscillations and their resonant properties do not appear.

Keywords: eigenfrequencies, plate, Winkler foundation.

BBenenue

Bagaun 0 KosieDaHWHM ILIACTHH HA YIPYrOM OCHOBAHWHM BO3HHKAIOT B Pa3IHIHBIX
00J1acTIX MPHUKIAIHON aKycTHKH. BaxkHoe 3HadeHue g HPAKTHYECKHX PACIETOB HMEIOT
cobCTBEHHBIE YaCTOTHI KOJIeOaHUi TaKuX ILIACTHH, 0COOEHHO B 00JIACTH HMEPBBIX PE30HAHCOB.
Kosiebanust MIaCTHH HAa YOPYroM OCHOBAHHUU MCCIEJOBAHBI BO MHOrMX paborax [1-4], B
OTJICJIBHBIX CJIy9asdx MoJaydeHbl (hopMysbl jyis pacdera COOCTBEHHBIX 4acTOT HJAcTHH [5,6].
B macrogmieit pabore mpmMBOAMTCS TPOCTOH crocod pacydera cOOCTBEHHBIX YaCTOT M3TMOHBIX
KoJieDaHuil TLIACTUHBI C MPOU3BOJILHBIMA T'DAHUYHBIMHU YCJIOBUSME, PACIOJOXKEHHON Ha
YIPYIOM OCHOBAHUHU BUHKJIEPOBCKOI'O THIIA.

*E-mail: nikolay.kanev@mail.ru (Kanes H.I".)
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1. CoOcTBeHHBIE YAaCTOTHI IIJIACTAHLI

PaceMOTpuM TIACTHHY TPOU3BOIBHON (HOPMBI TOMIMUHON h. TII0THOCTH MIACTHHBI p,
u3rnbnas xecrkocth D. CMerenue mIacTHHBL W 3a/aeTCs U3BECTHBIM ypaBHeHneM|7]:
9w
2, —
phﬁ + DA*w = 0. (1)
[Tycth KpuBast L ABIAETCA TPAHUIEH IIACTHHBI, HA KOTOPOH BBINOJIHAIOTCH, KaK
IPABUJIO, JIBA T'PAHUIHBIX YCJIOBHSL:

Fi(w)|, =0, Fp(w)], = 0. (2)

Kounkpernwrit Bug dpyuxmuit £ u Fy 3aBucuT oT THIIA TPAHUYHBIX yeaoBuit. Hampumep,
JUTd 3aIeMJICeHHON IIacTUHBl OHH uMeioT Buji Fi(w) = w u Fy(w) = Jw/wn. Hanee nia
OIPEJIEIEHHOCTH TLIACTHHY, KOJIeOaHus KOTOPOii ompeesiiorest ypasHenusmu (1) u (2), Gymem
Ha3bIBATH HEHATDPYYKEHHOIi, T.e. ee MOBEPXHOCTh CBOOOIHA OT BHEINHEH HAIPY3KH.
Tapmonuueckne KoaebaHus IIACTHHBI OMUCHIBAIOTCS Y PABHEHUEM:

—phw?w + DA*w = 0. (3)

rle w - Kpyropasl 4acToTa. lIpuMem, WTO pelieHue cucreMbl ypapuenuii (2) u (3)
npeJicTaBisgercd B Bujie HAOOpa COOCTBEHHBIX (DYHKIUN U, ¢ COOCTBEHHBIMU YACTOTAMU W,

n = 1,2,3,.... Coboanbre KosebaHUsT TJIACTHHBI HMEIOT BUI W = » A, uy,.
n

Tenepsr paccMoTpuM ILIACTHHY HA YIPYyroM OCHOBAHWHM BHHKJIEPOBCKOI'O THIIA C
JKecTKocThio k. B ypasaenwe gpikenusi (1) HeoOX0quMO 1006aBUThH CHIy, TeHCTBYIONIYIO Ha
IJIACTUHY CO CTOPOHBI OCHOBAHUS:

2

ph%—tf + DA%w = —uw. (4)

U3 (4) nonyyaeMm ypaBHEHHE JIIsi TADMOHUYECKUX KOJIeOaHMii:

(—phw? + k)w + DA*w = 0. (5)

2 _ 2 __ k

Beenem wacrory w* = w® — %, Toraa (5) mpeoGpasyeTcst K BHILY:

—pha*w + DA*w = 0. (6)

Ypaprenus (3) u (6) UMEIOT OTMHAKOBBII BUJI, MOTOMY HX DeIeHHs] B COBOKYITHOCTH €
IPAHWIHBIMHA YCJIOBHAMHE (2) TaKKe OMpeeasoTcst HAGOpOM COOCTBEHHBIX (DYHKIHI Uy,, HO TIPH
ITOM W, = Wwy,. Takum 0O6pa3oM, IIACTUHA HA YIPYIOM OCHOBAHUH MMEET Te yKe COOCTBEHHbBIE
byHKIMH, 9TO ¥ HEHATPYKEHHAs IJIACTHHA, HO WX COOCTBEHHBIE YaCcTOTHI oTyimdaioTcs. [lpu
9TOM OHU CBSI3aHBI IPOCTHIM BbIPAZKEHUEM:

02 = w2 +wp. (7)

rie ), - cOOCTBEHHBIE YACTOTHI ILTACTHHBI HA YOPYTOM OCHOBaHWH, wi = k/ph -

PE30HAHCHAS YACTOTA TIOPITHEBBIX KOJIeGAHUIT TIACTHHBI HA YIIPYTOM OCHOBAHUU (TIpocTeifias
KoJiebaresbHast cucTeMa - Macca ph Ha npyzxkuHe k).

Taxkum obpa3om, ecjum W3BECTHBI COOCTBEHHBIE YAaCTOTHI KOJIEOAHWH HeHATPYKEHHON
ILIACTHHBL J11000i (GOPMBL U ¢ JTIOOBIMI MPAHIYHBIME YCJIOBUAME [8], TO cOGCTBEHHBIE TACTOTHI
ee KoJeOanuit Ha yOpyromMm OCHOBAHUHU C W3BECTHOH »KECTKOCTHIO MOTYT OBITH JIETKO HAMIEHBI ¢
1omMo1bio Bbipazkenust (7).
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Ecan nepBast cobcTBeHHast 9acTOTa HEHATPY )KEHHOI TJIACTUHBI W1 3HAYUTEIHHO DOJIhITTE
PE30HAHCHON YacTOTHI Wy, T.e. Wi >> Wy, TO KECTKOCTh OCHOBAHUA MaJja IO CPaBHEHWIO C
JKECTKOCTDBIO ILTACTUHBI, TIOITOMY TaKoe OCHOBAaHHE MOXKHO Ha3BAaTh MATKHM. B 3ToMm ciydae
yIPYI'O€ OCHOBaHHE HE OKa3bIBAET CHJIBHOI'O BJIMSIHUYA Ha COOCTBEHHBIE YACTOTHI ILJIACTUHBI,
MOCKOJBKY §), & w,.

B mporwBomosiozKHOM cJydae KeCTKOTO OCHOBaHHS, T.e. w; << Wy, HECKOJBbKO
HEPBBIX COOCTBEHHBIX YAaCTOT ILJIACTUHBI HA OCHOBAHHH MMEIOT OJIM3KHe 3HadeHus (), &~ wy NpH
n < ng, IJIST KOTOPBIX W,y < Wo. TaKUM 00pa3oM, »KEeCTKOe OCHOBAHHE 3HAUYUTEILHO BIUAET
Ha COOCTBEHHbBIE YAaCTOTHI ILJIACTUHBI.

AHaJIOTHYHBIE Pe3yabTAThl CIPABEJINBHI st GaJKi Ha yIpyroMm ocHoBanuu (6|, st
KOTOpOIl TpaHWYHbIe yCJI0BHs (2) 3aJal0TCs HA KOHIAX Gajku. Ecau u3BeCTHbI COOCTBEHHbBIE
JaCTOThI OAJIKH ¢ HEKOTOPBLIMH I'PAHUYHBIMU YCJIOBHSIMH, TO COOCTBEHHBIE YACTOTHI DAJKH HA
YIPYIOM BHHKJIEPOBCKOM OCHOBAHUH PACCYMTHIBAIOTCS cOracHo (7).

2. 2ZKecTkoe ocHOBaHUe

Paccmorpum mospoGHee cirydaii yKECTKOTO OCHOBAHHS HA IIPUMepe MPSIMOYTOTIbHOM
IUIACTUHBL ¢ onepThIME KpasMu. CobcTBeHHble JacTOTHI KolebaHuil HeHarpyKeHHOH! I1JIaCTHHBL
OIIPEJE/ISAIOTCS CJIeLYIONUM BhIpazKkenueM |7:

Whm = 7 p% (g)Q + (%)2 . (8)

rje a u b - JIMHBI CTOPOH TIacTUHbL, n,m = 1,2,3,....
Beesem mapamerp v = a/b, Torna (8) MoxkeT ObITH BHIPAYKEHO CJIELYIOIIAM 00PA30M:

n2 + 42m?
1442

Wnm = W11 (9)

Jlasee orHOpMEHpYeEM BCe YACTOTHI 3aJa4d HA 4YacTOTY Wi (TepMuH Oe3pasMepHbIe
Oy/ieM OIyCKaTh JJisl KDATKOCTH ):

Wn,m

o T cOOCTBEHHbIE YaCTOTHI KOJeOaHnil HeHATPYKEHHON ILIACTHHBI;

wn,m =

a Q "
Qo = —=™ - cOOCTBEHHBIE YACTOTHI KOJI€OAHMI IIACTHHBI HA YIPYTOM OCHOBAHWH;
n,m w11 )
Wo = - - Pe3OHAHCHAs 4acTOTa MOPLIHEBBIX KOJEOaHMH IIaCTUHbI Ha YIDPYroMm
OCHOBaHW; '

= -«

w11

Teneps Boipazkenue (7) MOKeT ObITH HPEJCTABICHO B BUJIE:

2 2,2\ 2
=2 _ (nT+y'm 9
nm 2 + Wo- (10)
I+~
O4eBHIHO, YTO YaACTOTA Wy XapPaKTepU3yeT KECTOKOCTh YIPYroro OCHOBAHHSA IIO
CpaBHEHUIO C U3rHOHOI »KECTOKOCTBIO ILIACTHHBI, JIJIs »KECTKOI'0 OCHOBaHus wy >> 1. Ha
puc. 1 IpHUBEIEHO CONOCTABJIEHHE COOCTBEHHBIX YaCTOT ILIACTHHBI C pa3MepaMu Yy = 2 Ha
JKeCTKOM OCHOBaHUU Wy = 10 M cOOCTBEHHBIX YaCTOT HEHArpy:kKeHHo#l miacTuubl wy = 0.
[Ipokosiorbie TOYKU HA pUC.] NPEACTABALIOT COOCTBEHHbIE YACTOTHI HEHAIPY 2KEHHOH ILJIACTUHBI,
MMO9TOMY MOZKHO JIEI'KO OI€eHUTHb M3MEHEHHe CO6CTB€HHbIX JaCTOT IIJIaCTHUHBI IIPHU €€ YCTaHOBKE
Ha YIIPyTOe OCHOBAHWE.

Haubosbiree oramuue Mexay dacroramu §,,, U Wy, HMeeT MecTO [Id caMoi
HU3KO COOCTBEHHON 4aCTOTHI w1y = L C yBesindeHuem Wn,m PA3HULA MEXKIY COOCTBEHHBIMU
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JacTOTaMM IJIACTUHBI Ha YIIPYTOM OCHOBAHWW W HEHArpYy:KeHHOW ITACTHUHBI yMeHbIaeTcsd. B
npejese Wy, — 00 COOCTBEHHBIe YaCTOTHl CTAHOBATCA MOYTH OJUHAKOBBIMU {1y, 1, R Wi, -

ﬂn:m 25 '..:;r
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o
[}
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o® =
[ ]
10 { we*** @
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Pnc. 1. 3aBucumocts Ge3pa3sMepHBIX COOCTBEHHBIX 4acTOT {1, ,, IVIACTHHBI ¢ pa3MepaMu 7y = 2
Ha KeCTKOM Wy = 10 (e) u Msarkom Wy = 0 (o) ocHoBaHHAX OT Ge3pa3MEPHBIX COOCTBEHHBIX
qaCTOT Wy, ,, HEHATPYKEHHON IJIACTUHBI

Kak Bmmro ma puc.l, BOIM3W HYACTOTHI Wy HAXOAUTCI HECKOTBKO COOCTBEHHBIX
JacTOT ﬁn,m.

Haiijiem kosimdecTBO cOOCTBEHHBIX KOJI€OAHUN MiacTUHbLL [N, 4aCTOTHl KOTOPBIX HHUZKE
YaCTOThl W JIId HEHATPYKEHHON IJIACTHHBLI W IJIACTUHBI Ha YIPYrom ocHoBanuu. Jlid
HEHArpy KeHHOI ILTACTUHBI 3TOT MapaMeTp JIETKO MOYKeT ObITh HailJleH aHAJIUTHIeCKH:

1 2
N TIPS (11)
4 v

[Tnornocrs Mo dN/dw we 3aBucut 01 9acToThl. 3aBucuMoctb N (W) JJist PA3IMIHBIX
PE30HAHCHBIX YacTOT Wy IpuBeJeHa Ha puc. 2. KoamdecTBo MOI HEHArpYy:KEHHON MJIACTHHBI
YBEJIMIMBAETCsI JIMHEHHO ¢ 9acToToil cornacHo (11), mpu 9TOM IacTHHa Ha YIPYTOM OCHOBAHUH
He UMeeT COOCTBEHHBIX KoseOaHmii Ha 4acTOTaX HHKE Wo. HO BbINIEe KOJMYECTBO MO PE3KO
pacrer, Ipu W >> Wy 3aBucuMocTH N (W) a1t 060UX TUIOB IVIACTHH CTAHOBATCS OJTM3KIMH.

OrmMeTuM OT/IMYHe YaCTOTHON 3aBHCHMOCTH IIJIOTHOCTH MOJ 3BYKOBBIX KojiebaHUil B
JBYMEDHOM HoMerteHnu. KoamdecTBo MO/ MOMEIIeH sl MPOTOPIMOHATBHO KBAJADATy YacTOThI
N ~ ©?, a uX IJIOTHOCTH pacTeT JuHelHo ¢ ypenandennem dactorel |9]. Ha mocrarodno
BBICOKHX YaCTOTaX IUIOTHOCTH MOJ CTAHOBHTCs TAaKOii, UTO PE30HAHCHBIC KPUBBIE Kosaebamumii
IEePEKPBIBAIOT JIPYT JPYra, a Pe30HAHCHBIE CBOWCTBAa KOIeOAHWI OKA3BIBAIOTCS COBEPIIEHHO
cTepThIMH. B paccMaTpuBaeMOM CJIydae MJIACTHHBI HA KeCTKOM OCHOBAHUU 110J00HAsT KADTHHA
HaOJII0/IAeTCs, HAIPOTUB, B OOJIACTH TEPBBIX PE30HAHCHBIX YACTOT.
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T

-

Puc. 2. KonudecTBo coOCTBEeHHBIX KOJebaHuit N ¢ gacToTaMu HUYKe (W HEeHATPYKEHHOI
IJTACTUHBI U IJIACTUHBI HA YIIPYTOM OCHOBAHUHU, YKECTKOCTH KOTOPOT'O OIPEJIe/1deTCsd
q4acTOTOR Wy

3. DuHeprus KojieDaHUI MJIACTUHBI

B 3anagax Bubpousosgnuu 0ocoboe 3HaYCHNE UMEIOT JHEPTeTUICCKHUE XapaKTePUCTUKU
KoJiebaHuil BAOPOU30TUPOBAHHBIX CTPYKTYP. g ucciaeoBanus SHepruu KoieOaHus MJ1acTHHBI
Ha YIIPYTOM OCHOBAHUHU BBEIEeM KHHETHIECKYIO IHEPIHUIO:

1 a b 1 a b
E="Lton / / o) Pde dy = - phes? / / fw(zy)|2dz dy, (12)
2 0 Jo 2 0 0

IJe ¥ = W - CKOPOCTh ILJIACTUHBI.
PacemorpuMm mtactuHy, OmEpTyIo IO KOHTYPY, €€ CMeIIeHHe — 3TO CYHNepPIHO3UINA
COOCTBEHHBIX KOJIEOaHMUN:

w(x,y) = ZAnm(ana (13)

TAC Ppm = Sin %

CobcTBennbie (DYHKIIUE OPTOIOHAJIBHBI, TIO9TOMY:

a b
b |1 =n' =m'
/ / ('Onmgon‘m‘dx dy = a_ PR o " . (14)
o Jo 4 10, mpun#n‘,m#m

sin 3¢ - cobeTBennbIe Koaebanus, Ay, - aMIIATYAa MOIBL (1,m).

C nomorpio (14) maxogum u3 (12):

1 2 2
E =M > Al (15)

n,m

rae M - macca maacTUHBL. AMIUIATYIa MOJIBI MOXKET OBITH 3AllMCAHa B CJIELYONEM
BHIC:
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an
. )
ph (02, (1 +i2) — o)
rie £ - kodbdunuenT norepb, BBejeHHbIH cornacuo [10]|, Fy,, - koahbdumment
BO30OY:KJIEHHST MOJIbI, 3aBUCAIIHI OT CIOCO0a BO3OYKIeHNST KOJIeOAHUN TIIACTUHI.

A = (16)

Cornacuo (15) u (16) HeHarpy:kKeHHasl IJIACTHHA MMEET MAKCHMYM KHHETHYECKOii
SHEPIUHU HA 1epBOil cOBCTBEHHOI YacToTe w1

M
|F1,1 2

(17)

Bii=c355—=

) 212,22

8p*h*wi 1€

B uepsyio odepenp Hac uHTEpeCyer IHEPrHst KOleOAHUH IUIACTHHBI, & HE CIOCOD

BO3OYZK/IeHHsST STHX KOJeOaHuUil, MOITOMY JJIsi YINPOINEHUS MOJTOKUM Fl,, OJMHAKOBBIM JIs
Beex mMog. U3 (15), (16), (17) moxHO BBecTH Ge3pasMepHYI0 KHHETHIECKYIO SHEPIHIO:

— E 1
E=_—"—=:%%) — : (18)
Eiq mzm\Qim(quia) — w22

Pacuer smeprum kojeGaHWii HEHATDYKEHHOU TJIACTHHBI M IJIACTHHBI HA YIIPYTOM
OCHOBaHWM HPUBEJEH HA puc. 3 s kodpdunuenta norepp ¢ = 0.1. Dueprusg maja Ha
4acTOTaX HHUYXKE Wy M MaKCHUMaJ/ibHa Ha 4YacToTe Wy. lIpm 3TOM i ILIACTUHBI Ha yIPyTrOM
OCHOBAHUM HET OCTPOro MUKA Ha YacTOTe Wy, a MaKCHMaJbHas aMILIUTY/a KojeDanmii
YMEHBITAeTCsl ¢ POCTOM Wwy. TakmMm obpazoMm, mpu OOJBINONW MJIOTHOCTH MOJ, pPe30HAHCHBIE
KOJIeDAHWS TINTHI He TTPOSBISIOTCS.

OneHnM SHEPIUI0 Ha 9acTOTe Wy IJIA KECTKOIO OCHOBAHUS (wo >> 1). Bosmsu wy ecthb
npumepro N (Wy) Moa, mosromy u3 (18) moxydaem:

EWy) ~ewf—m—""—=——"—. 19
(0) 0 —2 5)2 4 ,.)/ wo < )

Taxum o6pa3oM, KeCTKOe OCHOBAaHUE 3HAYUTEJIHHO JIeMIpUPYeT U3rHOHbIe KOoIeOanns
IJIACTHHBL: SHEPTUs KOJIeOAHHil JIACTUHBI YMEHbBIIAETCS ¢ YBEJINIeHIEeM KeCTKOCTH OCHOBAHHSI.

E 1

@y =0 (HeHarpy:KeHHAd IITACTHHA)

0.1

0,01

Puc. 3. Kunernueckas sneprus KoJjieDaHul 11J1aCTUHBI
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3akJrodyeHue

ITpeuioxken mnpocToii cocod pacdera YacTOT COOCTBEHHBIX KOJeOaHWH ILIaCTHHBI,
JieyKalei Ha CILJIONTHOM yIPYTOM OCHOBaHUHU. Kcjm n3BecTHb cOOCTBEHHbBIE 9aCTOTHI IJIACTUHBI
HPOU3BOIBHON (DOPMBI € IIPOU3BOIBHBIMHA I'DAHUIHBIMH YCJIOBHUSIMH U K€CTKOCTH OCHOBAHHSI,
TO COOCTBEHHBIE YACTOTHI ITOH K€ IJIACTHHBI HA OCHOBAHHU MOIYT OBITh PACCUUTAHBI IIO
dbopmyie (7). Tlpu srom HOPMBI COBCTBEHHBIX KOJIEOAHUIT TIACTHHBI HE U3MEHSTIOTCS.

Msrkoe ocHOBaHIE, YKECTKOCTH KOTOPOroO MaJia 110 CPABHEHHIO ¢ HU3THOHOI KECTKOCTHIO
MJIaCTUHBI, Cﬂa60 BJINAET Ha CO6CTB€HHBI€ YaCTOTHI TIJIACTHUHHI. OCHOBaHI/Ie, KECTKOCTH
KOTOPOI'0 BEJIMKA 0 CPABHEHHWIO ¢ M3THOHON KEeCTKOCTHIO ILIACTHHBI, HAIIPOTHB, MPUBOIUT K
CYIIECTBEHHOMY YBEJIHYEHHIO 3HATEHN COOCTBEHHBIX YacTOT. HecKOJIbKO MepBhIX cOOCTBEHHBIX
4ACTOT OKA3bIBAIOTCS HACTOJIBKO OJIM3KU JIPYT K JIPYLY, 4TO PE30HAHCHBIN XapakKTep Kojiedanuii
IIJINTHI HE IIPOABJIACTCA.
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A»poakycTnKa MpPOMBIIIJIEHHON a’poanmHaMuydeckoi Tpyosr AT-11:
METOANKa n3MepeHns MHAPa3BYKOBbIX MYJIbCAIUA JaBJIeHUA

LserkoB A.I1.*
Houent, BI'TY «BOEHMEX>» um. J[.®. Yerunosa, r. Cankr-Ilerepbypr, PO

AnHoTanusa

WNuTepec K HUCCIEIOBAHWIO A9POAKYCTHKYM ITPOMBINIIEHHBIX A9POJUHAMUIECKAX TPYO OO0bACHSIETCS
BBICOKHMHU TPEOOBAHUSMHU TIO CHUKEHWIO IIyMa B OTKPBITOH pabodueii vYacTh u B pabOYMX KaHAJIAX
asponmHamudeckux Tpyb. B mamHOI paboTe paccMaTpuBaeTCs METOANKA U3MEpeHus WHQPA3BYKOBBIX
myJbcanuit gasieHus B aspoauHamudeckoir tpybe AT-11 CII6I'Y u npoBomurcsi CpaBHEHHE IOAXOJOB K

U3MEpPEHuto Takux myabcarmii Jus tpyd AT-11 u T-103 ITATU.

KuroueBsbie ciioBa: a9POAKYCTUKA, a’dpOoAmHAMUYecKasi Tpyda, WHQPA3BYKOBLIE IIyIbCAIIAN

JaBJICHUS.

Aeroacoustics of industrial wind tunnel AT-11: method of measurement of
infrasound pressure pulsations

Tsvetkov A.L*
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 AT-11 (SPbSU)

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

Keywords: aeroacoustics, wind tunnel, infrasound pressure pulsations.

BBenenue

AspommHamuyeckue TPyObl JOKHBI obecrednBaTh B pabOYUX dacTsaX I[TOTOKH
C HaJAEXKHO W3MEpPSIeMbIMHU Ta30JHHAMUYECKUMH U a’dPOaKyCTUYECKUMH TapaMeTpPaMu.
TpeboBanus K mnapameTrpaM IOTOKOB MOLYT OBITh COBEPIIEHHO pa3JUYHBIMH M 3aBHCAT
OT Ha3HAYEHUs a’dpoauHaMudecKux Tpyd. Tak, TpyObl MOryT OBITH IpeaHa3HAYCHHBIMH
JIIST TMPOBEJEHUsT a’dPOJMHAMUYECKHX 9JKCIEPUMEHTOB B IMOTOKAX € HHU3KOH CTemeHbIO
TYpOYJIEHTHOCTH M MHUHUMAJILHONH HEPaBHOMEPHOCTBHIO CKOPOCTH 10 sJIpY LOTOKa. 1 pyOb
MOryT OBITh IpeJIHA3HAYEHHBIMU JIJISI [POBEJIEHUS a3POJMHAMUYIECKUX SKCIIEPUMEHTOB B
MOJEJINPYEMBIX BETPOBBIX TOTOKAX C BBICOKOH CTeNeHbi0 TYPOYJIEHTHOCTH IOCIEIHero, B
IOTOKAaX C BETPOBLIMH ITOPBIBAMH.

*E-mail: acvetkov@yandex.ru (IIserkos A.Il.)
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Bwmecre ¢ Tem, cymecTBYIOT NpobJeMbl, CBI3aHHBIE C KAYeCTBOM MOTOKA B OTKPBITOMN
paboueil YacTW JO3BYKOBBIX a’3pOAMHAMHYECKHX TpyO 3aMKHYTOrO THIA, KOTOPOe B
OosbINell  cTemeHW oOmpefesseTcd HaaIndreM WHQPA3BYKOBBIX MYJbCANUNl TaBJIEHAS B
A3PO/IMHAMUYECKOM TpPaKTe, & TaKzxKe CYNEeCTBOBAaHUEM U JIPYIHX HCTOYHUKOB IIyMa.
CymecTBoBanme WH(PA3BYKOBHIX IMYAbCAIINAN [ABJE€HUS B adPOIHHAMHYECKOM TPaKTe TPYyObI
JIeJIaeT HEBO3MOYKHBIM O€30TACHYIO IKCILIYATAIUI0 adPOJAMHAMHYECKUX TPYD M MOXKET HMETh
cJIeICTBHEM Pa3pyIIeHnil y3/I0B TPYOBl U 3/TaHUS.

UccnenoBanme mexanusMa WHGPA3BYKOBBIX MYIbCAINil, UCTOYHUKOB TIYMa MOYKET
c1I0cOOCTBOBATHL TMOUCKY PelieHuil 1Mo aeMiUpoOBAHUI0 U YIPABJICHUIO HHQPPA3BYKOBBIME
MyJILCAIUSMU, Y IHLCAIMAMI CKOPOCTH U JIAB/ICHUS B OTKPBITON padodeil 4acTu adpoHHAMUYeCKUX
TpyO, YUPAaBJEHUIO CTENEHbIO TYPOYJIEHTHOCTH W a’dPOAKYCTUIECKUMHU IMapaMeTpaMu Tpyo,
BHEJIDEHUIO ITUX PelleHuil B NPAKTUKY MCCIeOBaHUIM Ha CYNIECTBYIONIUX a3POJINHAMATIECKHX
Tpybax.

JlarHag pabora IpeJcTaBAsgeT WHTEPeC B IJIaHE HEOOXOJIUMOCTH COBEPIIEHCTBOBAHUS
U Pa3BUTHUS IKCIEPUMEHTAIHLHONH 0a3bl MPOMBINIJIEHHBIX adpPOJIMHAMHYECKUX TPYyO, B ILIaHE
NOCTAHOBKY JKCIIEPUMEHTATBLHOTO HCCIeT0BaHUS WH(MPA3BYKOBBIX IY/IbCAIMNA JTaBJIeHHT B
Tpybax /I pellleHus Mocjaenyiomeil 3amadan JeMIpupoBaHUS HH(MPA3ZBYKOBBIX IMYIbCAIIAN
gapjienus. B pabore, na upumepe Bpejénnoit B 2010 - 2012 11, B 3KCILLyaTAIMIO
aspoamaamuaeckoii Tpyosr AT-11, paccMoTpena mocTaHOBKA SKCIEPUMEHTAILHOTO HCCIEI0BAHNSA
nH(MPA3BYKOBBIX MYJILCAINH JTaBICHUSI.

1. O mMogenupoBaHud MyJbCalnuii B a9pOguHAMUYECKNX TPybdax

B aspommnamudeckux Tpybax BX0a B auddpy30p JeaeTcs WX B BHIE KOJIEKTOPA
win ¢ aedaIeKTopoM, oXBaThIBaOmuM Auddy30p U BRHICTYHAIOIINM HaBCTpedy comry. CxeMbl
kouTypoB Ha AT Ha BxOme B auddy30p npusesensl HA pucyake 1.

s

-

a 0

Puc. 1. CxeMbl KOHTYPOB a) ¢ KOJUIEKTOPOM 1 6) gediekTopom

Ha pucynke 2 npuBemena cxeMa, HITIOCTPUPYIONIAA OTKPHITYIO pab0IyIo YaCTh, COILIO,
auhdy3op u gedieKTop adpoInHAMHIECKON TPYOBI.
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Lp
COILIO g dyzop ; A

Dp -
=

Dn

d Dec —
Len | -""‘_"‘-‘—"Q\ acTpyo
X KOJIBIIEBOIH
Lpu L I

Puc. 2. Orkpoitast pabodasi 9aCcTh 1 CONPSIKEHHBIE C HEll yCTpOiicTBa,

Junamerp Da Bxogamoro ceyenuns auddyzopa, quamerp Dc BBIXOAHOTO cedeHUs COILIA,
JUINHA OTKPBITON paboueil 9acTu Ly, TPHU OTCYTCTBUM MOJEIN B OTKPBLITON pabodeil JacTw,
B COOTBETCTBUU ¢ TeopHeil TypOyleHTHBIX c¢Tpyil, [1-3], cBaA3aHBI MeKIy COOOM CJIeIyIOIIIM
COOTHOIIIEHUEM:

Dy = D, + o1 Lps: (1.1)

e o - 0e3pasMepHbIil KO UIMEHT, YIUTHBAOIINI pacIIupeHne CTPYH 1O JIJINHE
paboueii qacTu.

3HavYeHHs OTHOCHTEIBHBIX nuameTpoB auddysopa D, = D,/D, B 3aBUCAMOCTH OT
OTHOCHTEJILHON JyuHbl paboueil gactu Lyy = L/ D, MOKa3aHbl Ha PUCYHKE 3.

123 1104

Do AT-12 T
12 N / /T-103_

N AT-11

T-129 & =0.05

_ N 1
1.1 / |

\CTIOTTY| 7 pu

1.0 1,5 2.0 2.5

?

Puc. 3. nmoctpanus K onpenenenuio guamerpa auddy3opa
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Huamerp D, IpoXoAHOTO cedeHns JgedaeKTopa pacCIUTHBAETCS [0 COOTHOIICHHIO, [1]:

Dg = D, + cg Ly (1.2)

rae as = 0,37.

Coornomenne (1.2) oupemeneno B pabore [1| w3 ycioBus cOXpaHeHHsI MAaCCHI
BTEKAIOIIEro B a3pOJMHAMUYECKYI0 TPyOy U BhITeKatorero u3 Heé raza. CoorHomenus (1.1) u
(1.2) cupaBeIUBBI IPU YCJIOBUHU PACIONOKEHUS BXOMHBIX cedenuii pedrekropa u auddysopa
B OJHOU ILJIOCKOCTH.

Peszysibrar cpaBuenusi TpyO 10 JmaMerpaM IHPOXOJHBIX CedeHuil j1edJIeKTOpoB
CYIIECTBYONIAX adPOINHAMIYECKUX TPyD MPUBEIEH HA PUCYHKE 4.

50 AT-11 T-104
2.0 \ [
T-103
&, =037
1,5 ;
AT-12
Lpu
1 1.5 2,0 2.5

Puc. 4. Jlnamerpsl j1ep1eKTOPOB adpOJUHAMUYECKAX TPYO
(Aspommnamuyaeckas tpyba AT-12 - tpyba CIIGLY)

B ornomenun pazMepoB paboduux dacTeil U CONPSKEHHBIX ¢ Heil yeTpoUcTB, ¢ yIéToM
pasmepoB uH AuMOY30pOB, MOKHO YTBEPKIATH, UTO J0Oas a’dpoauHaMudeckass Tpyoda
npejcTaBiger cob0ifl OPUTHHAJIBHYIO KOHCTPYKIHUIO. TPYyIHO B 3TUX YCAOBHSX COOJIIOAATH
reoMeTpPUIecKoe MoA00 e P MOIETHPOBAHUN MY/IbCAIUI B adPOINHAMIIECKHX TPybax.

3jech caelyeT Tak:Ke OTMETUTh, YTO B CYIIECTBYIONIUX NYOJUKANMSAX IMPAKTUICCKU
He TPUBOAUTCA UHAMOPMAIMS O TeOMETPHUUYECKUX Pa3Mepax CONpPsKeHHLIX ¢ paboueil 4acTbhio
y3JI0B.

OOmenpu3HaHHBIM B a3pOAMHAMUYECKUX TPybax ¢ OTKPBITOH pabodeil dHacTbio
CYUTAETCSI MEXaHH3M IyJbCallMil, paccMaTpUBAaeMbIii KaK aBTOKOJIeOATeJbHBIH IIpoIiece,
OCHOBHBIM 3JIEMEHTOM KOTOPOI'O $BJSETCS INEePHOIUYECKOe BHUXPeoOpa3oBaHue Ha I'DAHHIIE
CTPYH B OTKPBITO paGodeil gacTu u ynapsl Buxpeit o kpomky auddysopa, [4]. Akycrudeckue
KOJIeDaHNsT B 3aKPBITOH dacTu TPyObl PEryupyioT MepHOAMIeCKOe BUXPeoOpa30oBaHUe, TeM
CaMBIM KOJTE0AHUSI TMOJIIeP’KUBAIOTCS HE3ATYXATOIIIMHE.

W3 teopun 1momobust ciaejayer, 9To dBJICHUE MyJIbCAIMH B adpoIdHAMUUYECKHX TPybax
MOXKHO CYHMTATh IOJO00HBIM, €CJH COXpaHseTcs paBeHCTBO mo qucaaM Crpyxanas Sh wu
Maxa M moroka. Csasb mexuay uuciaamu Crpyxaias Sh mw Maxa M mmeer mpakrmaeckoe
3HAYEHUE, €CJTH OIBITHI MIPOBOIATCS HA MOJIEIN adPOIHHAMUIECKONH TPYObl B TOM Ke IHuara3oHe
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CKOPOCTeii, B KOTOPOM paboTaeT adpoJuHaMuIecKas TpyOa. B MexaHW3Me pa3sBUTHS MyJIbCAIUit
CYIIECTBEHHYIO POJIb UT'PAeT TaKyKe BI3KOCTh, T.e. MEXaHU3M MyJIbCaIWil M XapaKTep sBJIeHUs
3aBucdT oT yucja Peitnosbica Re. Takum obpazom, npu MoJIe/IMPOBAHUM SIBJICHUS 11YJ/IbCAIIHI
HEOOXOIMMO PacCMATPUBATD YHCJIA!

l v vl vl
Sh:—;M:—;Re:p—:—
vt a 7 v

3/eCb U - CKOPOCTb MOTOKA B M/c; t — XapakKTepHOE BpeMs B €, HaIpuMep,

nepuoi, nyjabcanmii 1'; [ - xapakTepHas JUIMHA B M, HalpuMmep, JJnHa paboyeil dHacTu
a’pOoJIMHAMUYECKOIl TPYOBI; a- CKOPOCTh 3ByKa B M/C; p- MJIOTHOCTH BO3JyXa Kr/M>; [ -
k03D PUIMIEHT THHAMIYECKOH BA3KOCTH B H - M™% v -K03pPUIIEHT KHHEMATHIECKOH BA3KOCTH
B M?/c.

B rabmune 1 npuBesensl naHubie u3 [4] mo reomerpuueckuM pasMepaMm H CKOPOCTH
noroka aspoguHamudecknx Tpy6 T-103 (ITATT) u AT-11. CpaBHuTe bHbIH aHATN3 IO YHCTAM
Peitronbaca Re mokaseiBaet, aro Tpyost AT-11 u T-103 63k apyr apyry.

Taoruma 1
Nen/m | Tpyba Corio Jnuna pab. yactu | CKOPOCTH HOTOKA,
1 T - 103 | Damumnce 4000 x 2350, mm? 4740 MM 10 - 100, m/c
2 AT - 11 @ 2250 MM 4000 mm 10 - 75, m/c

Pucynok 5 mamocTpupyeT cpaBHUTebHBIE JaHHBIE IO YucaaM Re, BBIYUCIEHHBIM II0
jumHe pabdodeit yactu g Tpyo T-103 mw AT-11. MoxKHO mosararh, 9TO SBJIEHHS ILyIbCAIIMI
B TUX Tpybax, npu OM3KuX umcaax Peitnonbiaca Re, Oyayr mmentuwuanbiMu. [lo kpaiineii
Mepe, TOSIBJISIeTCS BO3MOYKHOCTH CPAaBHUBATH IMOJIydaeMmbie pesysiabrarbl 1o Tpybe AT-11 ¢
pesyabraramu pabors 4] mo rpyGe T-103.

B nmamazone mo wmcaam Maxa M ot 0,08 1o 0,18 m mo umeay Re MOXKHO 0XKuIaTh
no100usI aBTOKOJIe0aTeTbHBIX IPOLIECCOB B IBYX a’dpommHaMmudeckux Tpyoax: AT-11 u T-103.
N3 papencrBa 1o unciaam Crpyxass Sh ciaeayer coornomenue [ fi = lofo, cupaBeainBoe npu
O/IMHAKOBBIX CKOPOCTHAX MOTOKA B OTKPBITOI paboueil yacTu.

M

T-103

0.2 1 .
;; AT-11
0.1 + - s ¥ - /

lg Re

th
N
-

o

Puc. 5. Iuarpamma-uniocTpanng K nogobuto asaennii B pybax T-103 u AT-11
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Jlmuaer pabouux gacreit aspomuHamudeckux Tpy6: AT-11 — 4000 mm: T-103 - 4740 M.
CreoBaTeIbHO, YacTOTA MyJabcanuit B aspoguHamudeckoir Tpybe AT — 11 MoxKeT MpeBHIIIATh
yacrory myJbcanuii B T — 103 B 1,18 pasa B juanaszone 1o yuciay Maxa M or 0,08 10 0,18.

Cxembr aspoguHavudeckoit Tpyost T-103 u AT-11upusenenst na pucyakax 6,7.

PaGouas wacts ~ AedIexkTop Orsepcrus

T-—

Beutmnsarop

s OO0parHslil KaHan
. — . — . e e e S —— | ——
NONAaTKH A
s ﬂosomruueV {
30430 NIOMaTKH l

Puc. 6. Cxema aspogunamudeckoit Tpyoer T-103 ITAT, [4]

OcHoBHBIE 3JIEMEHTBHI KOHTYpa a’poauHamudeckoir Tpyosl T-103 BbIIeeHBI Ha
PHCYHKE 7 Ha/JIITUCSIMU.

Puc. 7. Cxema aspogmramudaeckoit Tpyosr AT-11

Konryp aspommrammueckoit Tpybor AT-11 cocromT wu3 CAeIyIONNX OCHOBHBIX
9JIEMEHTOB: OTKPBITO# paboueit wactu 1, nedexkropa 2, nucddysopa 3, mepexoHOro y4acTka
4, OJHOCTYHEHYATOI'O OCEBOTO BEHTUJIATOPA D, MOBOPOTHBIX CEKIMH 6; MMOBOPOTHBIX JIOIATOK
7 B HOBOPOTHBIX CEKIHAX, BO3BPATHOTO KaHAJa 8, y4acTKa OBICTPOrO PACIIUpPEHHUs IIOTOKA
9, xoneiikomba 10, doprameps 11, kossekropa (comna) 12. DjaeMenTbl KOHTYypa TPYObI
PACIIOIOKEHBI B TOPU3OHTAIBHON IIOCKOCTH.
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2. Meroagnka wusmepennsa uHQ@PA3ZBYKOBBIX MOYyJbcaliuii JaBJieHUs, Ha
npuMepax aspoamaamMmdeckux Tpyo T-103 m AT-11

DKCIEPUMEHTABLHBIE ONBITHl B  PACCMATPUBAEMBIX — A3POJAMHAMUYECKUX Tpybax
pa3jimyajiuch 1o cBoeil nmocranoBke. Pazianyme oObACHUMO BPEMEHHBIM JIATOM B Pa3BUTHH
U3MEPUTETbHBIX TEXHUK U TeXHOJIOTHIA.

B pabGore [4] wu3sMepeHmeM Iyabcanuii JAaBJIEHHs MPOBOJAUIOCH TPH YCTAHOBKE
CHIENUAJIBHO PAa3PabOTAHHBIMK IPYOBIMU MUKPOMOHAMH, YCTAHOBJIEHHBIME HA CTeHKe cotia, (1
MuKPOGOH) 1 Ha cepeaune ¢10s cMmerternst ¢Tpyu (1 MukpodoH) B OTKpHITOil pabodeil dacTu
A3POAMHAMUYECKOH TPYObI, CM. PUCYHOK 8.

B macrosmeit pabore d u3MepeHUS NYIbCAIME JaBJIeHWS WCIOTb30BAJINCH
HHAYKTUBHBIE auddeperimaabubie gatanku gapiaeraus MU - 0,1. Texmonorusa m3aMepeHus
MyJIbCAIMI JIaBJICHUSA TAKUMU JIaTYNKaMU, TAPUPOBKA JIATYMKOB JABJICHUS U YCTPOKCTBO JIjIst
TAPUPOBKHU JIATIMKOB U3JI0KEHBI B paborax |5, 6].

Cxemy ycranoBku jgarumkos /1, 12, /I3 u /14 B aspoaunamMudeckoii Tpyde MOXKHO
TakKe BHJIETH MO PUCYHKY 8. DJoK- cxema cucTeMbl m3MepeHWit TOKa3aHa Ha PHCYHKe 9.
Haraugu 1, 12, A3 w J4 (maraukn tuna JIMUW - 0,1) nogx/rodeHbl K MHIYKTHBHBIM
BBICOKOYACTOTHBIM npeobpazoBarenam VBII - 2. Breixoapr uzmepurenbubix kanaaos UBIT - 2
COEJIMHEHBI C W3MePHUTeIbHO-BRIIHCIUTETbHBIM KOoMILTIeKcoM PULSE mocpeacTtBom cucremb
c6opa uadopmanun LAN - XI (anmaparypa Bprosns u Kbep) u ¢ nudposbiM ocriuiorpadbom
(¢ 4-x smyuesniM octmaorpacdom LECROY WaveSurfer 24Xs - A).

[Mudpposoit  ocumanorpad  MO3BOJILAET MPOU3BOIUTL  PETCUCTPALIMIO  BPEMEHHBIX
peajin3anuii CUrHAJIOB JATYUKOB IO OTKPBITOMY WM 3aKPLITOMY BXOJaM Y-yCHJIUTEJICH,
a Tak:Ke MoyKeT paborarhb Kak 2-D miorTep, B pe:kuMe perucrpaiiuid X-Y CUrHaJIOB. B pexume
peructpanud X-Y CUTHAJOB MOYKHO TOJYYUTH OTKJWKH CHTHAJIOB Ha MYJbCAIAU JTaBJIEHUS
B TOYKAX YCTAHOBKHU JATUYNKOB B (DYHKIIMU CKOPOCTHOTO HAIOPAa, U3MEPSIeMOro C TOMOIIHIO
1pyoku [Turo-Tlpanarisa n garuuka /I3 u perucrpupyemMoro nudpoBbIM OCIULIOIPAdOM.

edIeKTO 10
Adaddvio
M1
%
| =
M2 ‘
<=
n aidl |
=]
& E‘ L l
14
oA e i
PopKamepa

Puc. 8. Cxembl pacnosoxenust Mukpodoros wa tpybe T-103, [4], u maruukos 11, 12, 13, 14
na tpyoe AT - 11
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HBK bproae 1 Knep

: LAN XI
s HBII-2 ' -
JIMU - PR
mwm /
: NBII-2
AMIT  —
ET
’
Ocummnorpad | i
urdpoBoii . HBK PULSE /
Y-KaHaBl
’ X-KaHal

Puc. 9. Byiok - cxema cucrembl u3MepeHuit

B 1pybxke [Turo - Ilpanaris u B cOeMHUTEILHOM TIJIaHTe OT TPYOKHU 10 jgarduka I 3
HA0/TI0/1AI0TCH Y/IHCAIMY JIABJICHIS, BbI3BaHHble BuOparueit Tpyoku [Turto - [panarisg B noToke
U IyJIbCAIUAMI caMoro 1moroka. IlogBiagercd HEOOXOAUMOCTH B JAeMIUPOBAHUHU Iy /IbCAIIHI
Jgapienus B Tpyoke lluto -Ilpanarisa u B coeiMHATEIHLHOM TLIaHTe. /1 YI0BI€TBOPUTEIHLHOTO
JeMIpUPOBAHUST JOCTATOYHO KECTKO 3aKpenuTh TPyOky Iluto - Ilpanaris K KOHCTPYKIUU
a3POJIMHAMUYECKON TPYyObl U BBINOJHUTH JJUHHBIM COEJIMHUTEIbHBIN ILJIAHT OT TPYOKHU J10
naraunka /3.

OpranuzoBaHHble TaKHM O00pa30M U3MEpPEHHsS IO3BOJIAIOT IIPU  HCCJIEIOBAHUN
nyabcaluii naBaeHus B adpoaumHaMudeckoi Tpyde AT-11 onpeneauTs IJIHHY COeTHHATEILHOIO
muianra ot Tpyoku [Turo - Tpawarag go garunka /13 (nmuHa ~ 6 M).

Baunguue gamHbl cOeMHUTENLHOrO Nutanra or Tpyowl [Into - Ilpanarias jgo garduka
3 mnmroctpupyercda pucyake 10.

L ]
—

e i e KB oS COARE [ TP —
L1

P

Vi g LW 1S ek 0

i g (I 18 i 0 )

- =

Tiaaman st {155 M we | aswing E L - = =
Mitsse Asweane {1 63 s 53 1 anwrep

NOJTHOE JaBJIeHHEe MO/IHOE JaB/IeHHE noJaHOE JABJIeHHE

VT L p—

OVIBCALHH JaBIeHHNA
B TpvOKe IInTo-ITpanaTas

Puc. 10. Ilynbcanun pasienust B Tpyoke [luro - Ilpanaris.
Hmana tpy6ku [Turo - TTanamas - 1M; JTMHA COeTMHATENBHBIX MIAHTOB: a) 1M; 6) 4M; B) 6M

Ocp X mHa pucynke 10 — CKOpPOCTHOM HAIIOp WX IIOJHOE JIaBJICHHEe Ha OCH IOTOKA,
PETUCTPUPYEMOE II0 OTKPBITOMY BXOay X - ycuauresas mudposoro ociuaiorpada. lLlena
nesernst 1o ocu X - 145 ITa. Ocb Y Ha pucysnke 10 — mysabcariuu AaBaeHUs] B COCIMHUTEIHHOM
[JIAHTe, PEerucTPUpyeMble JaTYUKOM U I[epejaBaeMble Ha 3aKPBITHIT BXOJ Y-YCHJIUTEJIS
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(perucTpupyercst JIUHAMHYECKas COCTABJAIONas myiabcanuii). Ilema nesqenuss mo ocu Y —
29 Ila.

ITpoBepka npaBUABHOCTH TOYEK pa3MeIeHnsd JTaTdukoB B guddy3ope u B hopkamepe
WJLTIOCTPUPYETCS CJIeAYIONNM PUCYHKOM, CM. pUCYHOK 11.

30HA OMACHBIX l]}'."lbca]]]]ﬁ
JABJICHHHA

Tyt dgm Aieis ) §eopramiaps [T e Sumaibi=ns @ ARG EST
== m—a

a1 A2

L A P
iy gm0 i s 1

by e 170 [ ma

OYJIBCAOHH TABTeHHA

aw = N

b fass s (1%

- - " ——
Mama saazac mRiRG 22 Y SEETEH Lo s b

HOIHeE fanicHme NoTHOE AaBleHHe M0JIHOE TABJIeHHE

Puc. 11. Tlyapcamun cratudeckoro gasienusi B dopkamvepe (/11), B quddyszope(12) u B
Omzkaem mogie (J13)

Ha pucynke 11 och X — CKOpoOCTHO#I Hamop B IMTOTOKe Ha BBIXOAE COILIA; OCh Y —
JIMHAMUYECKUE TYIbCAIMH CTATHIECKOTO JABICHUS B TOYKAX YCTAHOBKHU JIATINKOB. KaK BUIHO
U3 TpeJCTABJCHHBIX KapTuH, B gauddy3ope n B dopKamepe, HaAYMHAA C MAJIBIX CKOPOCTeil
IIOTOKa Ha BBIXOJIE COILIA, Pa3BUBAETCI B 3aKPBITOM KaHAJE a’dpPOJUHAMHUICCKON TpyObI
aBTOKOJIe0aTe b bl mporece. O KaKuX-Tub0 XapaKTepHBIX TOYKAX WM 30HAX (peuMmax) B
9TOM aBTOKOJIeOATEIbHOM IIPOIEcce MO ITHUM CHUMKAM TOBOPUTH He mpuxomutTcs. I[Iporecc
JKHBET BO BCEM JIMAla30He CKOPOCTel. 30HA ONACHBIX IYJIbCAINN JTABJIEHUS HAYUHACTCS C
420 06/MUH Basia BEHTUISITOPA a3DOJANHAMUIECKOH TPYOHI.

B GsmxneM moJie moTOKa BHE OTKPBITOH pabodeil 4acTH adpoJMHAMHUYECKONR TpPyOBI
OTCYTCTBYIOT MHTEHCHBHBIE IIYIbCAIUN JABJICHHSI.

Ha pucynke 12 upuseiensl cuekTporpaMmbl mysbcanuii B auddysope (ciesa) u
dbopramepe (cnpasa) AT-11 st OTHOTO M3 TPOMEKYTOUHBIX PE3YJIBTATOB MPH HCCJIeTOBAHUH
uH(PA3BYKOBBIX IYJILCAIUI TaBICHUSI.

— o e, g e aomr Sy

max 42nm/¢ -
bt} i
2 | n 06/MHH
S ' o
F.I'm FI'n

Puc. 12. Tlynbcanun nasnenust B gupdysope u popkamepe. lemndupyromue oTBepcTHs
orcyTerBytor; BblteT gediexktopa 1/De = 0,1

Ha pucynke 13 mokazanbl ¢ororpacdhus naruumka gasiaenus MW 0,1 u 3amenka
JIATYMKA B JIAMEJIb U3 JIePeBa IPU YCTAHOBKE JlaMesn Ha creHkax dopkamepbl u auddysopa.
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MoTOK

aaryak JMH-0,1

pe3HHA

4 JdaMelb

Puc. 13. ®ororpadus garduka u 3a/1ejKa JaTUNKa B JaMelb

3. docTurmyTtbie

pe3yJbTaTbl 10

aeMiiupoBanuil0 HHPPaA3BYKOBBIX

nmyJabcanuii JaBjaeHud B a’poamHammueckmx Tpybax T-103 HATU n
AT-11 CIIeI'y

UccnenoBanuio B m03BYKOBBIX aspommaamudeckux Tpybax [TATU wudpaszBykoBbIX
yJIbCaIuii [aBAeHHs U TIONCKY YCTPOHCTB J7ist uX JAeMiupoBanus mocssiera padbora [4]. Tlo
Tpy6e T-103 MOCTUTHYTHI CJIeyIONIe pe3yIbTaThl:

1. Ocnabyienre BO3MYINEHHUi, CO3JaBAeMbBIX VIapaMH BHXpPeil O BXOIHYIO KPOMKY
auddysopa jlocTuraercs pasmenienneM y Bxojga B auddy3op jged ieKTopa U BBIINOJHEHHEM
CKBO3HBIX OTBepcThit B cTerke muddys3opa;

2. Ocabenue BO3MYIIEHHIT JIOCTUTAETCA pa3MelleHueM IPelsTCTBHH /I IePUOIMIeCKOro

0o0pa3oBaHud KOJBIEBBIX BUXpeil HA I'paHUIle CBOOOIHON CTPYH, B YACTHOCTHU, pa3MelleHHeM
JeMIPUPYIONIUX ILIACTHH ¥ KPOMKH COTLIA.

JlocTurnyTbie pe3yabTaThl 10 AeMI(UPOBAHNIO MH(PA3ZBYKOBLIX MYIbCAIUN JTaBICHU
B aspoamaamudeckux Tpydax T-103 uw AT-11 cBesnensr B Tabuiy 2.

Tabuma 2

Hemndupytomme | T-103 AT-11

yCTpORCTBa

HedaekTop BbLIET JieJIEKTOPA 110 OTHOIIEHWIO | BBLJIET JiedpsiekTopa 110
K BXOJHOMY cedeHnto qudpdy30pa He | OTHOIIEHUIO K BXOJHOMY
ykazan; D, = 2350 - ogna u3 oceii | ceuenuio quddyszopa —0,3D,;
SJJINIICA D, = 2250.

Jemmupyrtoriue | ycTaHOBJIEHBI TpaNenueBuIHbIe | YCTAHOBJIEHBI  KJIWHOBWTHBIE

ILJTACTUHBI IIACTHHBI 33 BBIXOJHBIM CEYCHHEM | IJIACTHHBI B BBIXO/IHOM
COILTA CceYeHuHu COILIA,

Hemndupyiomue | 1. cymMMapHasd ILIONIAIL OTBEepCTHH | 1. cyMMapHas  ILTOMAIb

OTBEPCTUSI Sy go 0,65 (S - mwromane | orBepcTHii Sy 0,775
SJUITMIICOBUJHOIO coma); 4 psja | 3-psja  OTBepCTHl  3alInTHIX
OTBEpPCTUH, OTBEPCTHH M. OBITH | TOHKOI PE3UHOI;
3aIMUTHl OPE3EHTOM 2. paccrosiHEmEe OT BXOJa B
2. paccrosnue OT Bxojga B | Auddy3op 10 orBepCTHil:
muddyzop g0 orBepermit:  psanwl | 1-biit psag - 1/3Lg, (S1 10
oTBepCTUit PACIOJIOZKEHbBI B | 0,525)

npenenax uno Lg or 0,55D. 5o
0,9D,. , Ly - nnuna auddyzopa

2-0it psin - 2/3Lg, (S9 no 0,1S)
3-mit psanx - BOM3M Jionacreit
BeHTIIISITOPA, (S3 10 0,15S)
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Qotorpacdun, upuBeIeHHbIe HAa pUcyHKe 14 ¢ Buaom Ha comio u jauddy3op
aspoauHamudeckoit Tpyosr T-103, maroT mpeacraBiaenue o JeMIMUPYIONIX YCTPORCTBAX.

Puc. 14. Bugst na quddysop n comio aspogunamudeckoin Tpyost T-103.

Ha pucynke 15 mupejcraBieHa cxemMa HUCIHOJHEHUsT OTKpPbITOH paboueit dvacTu
aspomuHamudeckoit  TpyOber  AT-11, mokaspiBamIIas PaACIOIOKEHHE BBIIOJHEHHBIX 10
pe3ysbraraM SKCIePUMeHTAJIbHBIX HCCAeI0BaHUi WHAPA3ZBYKOBBIX IYIbCAINI JTaBJIeHU

JIeMIPUPYIONIUX YCTPORCTB.

aedpaexrop, aemndupyiommue Iornepcrnu
FE /‘-‘Q‘-\ r—irg .
— -
: =i
. Yt . ]
L/3 penTHasTop,
L‘N’&/’ s |

L

A A

|
1

AT-11: paHa aagysopa 6,8M; gaamerp cona 2,25Mm

S1 ﬁ Sz+ S39

Puc. 15. Cxema ucnonHeHns aeMnupyommnx orsepeTuii #Ha Tpybe AT-11

Ha pucynke 16 mpupejenbl crieKTporpaMmbl nysbcannii B quddy3ope n dopkamepe
g Bapuanta AT ¢ ucmosHeHmeM 1-oro, 2-oro m 3-ero psjioB JAeMI(UPYIONUX OTBEPCTHIl
(S14+S3+S2) B muddysope npu BbLTeTe HediekTopa B cTopony comia 1/D. = 0,29 u
JeMIpUPYIONUMA IIACTHHAME Ha BBIXoje comia. JlocTuraemasi CKOpOCTh TMOTOKA IMPEBBICHIIA
63 M/C. JlanbHefinme SKCIEePUMEHThI 110 CHUXKEHUIO MyJIbCallnil JaBjieHusl Ha JIAHHOM 3dTalle
6BIJH/I IMpU3HaAHBL HeL[eJIeCOO6pa3HbIMI/I, IIOCKOJIBKY IIYJIbCalluU JaBJC€HHA COCTaBUJIM BECJIUYHUHY,
CPAaBHUMYIO C YyBCTBUTEIBHOCTHIO jgaTankoB fAasienus IMU - 0,1. CpaBuenne pe3ynbraToB
u3MepeHns myJabcanuit rapaenns B Tpyoe T-103 LHAI'U u B AT-11 nokasano Ha pucyHke 17.
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——— Autospectrum(@opkanepa) - Input (Magnitude) | FFT Analyzer (Multibuffer)

Autospectrum(Auddpyzop) - Input (Magnitude) \ FFT Analyzer (Multibufer)

[Pa, 0-Fk [Pa, 0-Fk
28

20 (] 6
5i 8 A 5
%
10 3 P 3
7 2

T 7 T T ; T : ; L T T T T T T 1
5 10 15 20 25 30 35 40 a5 50 L(Index) 5 10 15 20 25 30 35 40 45 5o Ll(Index)

Puc. 16. llynbcanuu nasienust B puchdysope u popkamepe. emipupyionue oTBepCTUsi:
S14-S3+4-S2
+KJIWHBS B coluie; BbuIeT gedektopa lg = 0,29

I — 15 L-hﬂ" 1A FURARS T

Myancanm B coodaamodl crpye

Puc. 17. Tlynbcamun nasiaenus B Tpybax T-103 u AT-11: memmdpupoBaHne OTBEPCTUSIMHA B
Jquddysope, KIMHbIME B COILIE U J1e(DIEKTOPOM

3akJJdeHue

HoBas wmertoamka wusMepenuii mHEAPPA3BYKOBBIX MNyJabCanuil JaBJ€HUHA B
a3POJMHAMUYECKON Tpybe 3aKJII0YaoTCd B TOM, YTO PErHCTPAIUs IyJIbCAIlAi JIaBJICHUS
npousBoiuTcs B (popkamepe, B auddy3ope, B OTKPHITON paboueil yacTu u B OJMKHEM TOJIe
NOTOKA WHIYKTUBHBIMH MaJoradapuTHBIME JuddepeHInaIbHbIMI JaTINKAMA JaBIeHUS TUIIA
JIMU-0,1, paboTalomuMu B KOMILIEKTe € HHAYKTHBHBIMU BTOPHYHBIMHU MPEOOPA30BATEISIME
JaBiaennsi. JlaTauku HMET aMIUIUTYAHO-9acToTHY10 Xapakrepuctuky (AUX) or 0 g0 5 k' u
MO3BOJIAIOT IPOBOAUTH U3MEPEHUs JABICHUSA B JIMaNa30He HHPPA3BYKOBBIX YACTOT.

B obcyxkmaeMoM BapumaHTe HOBOM METOJWKHU CYIIECTBOBAIa HEOOXOAUMOCTH B
IpOBePKe MPAaBUJIBHOCTH YCTAHOBKW JATYMKOB. I[IpoBepka 3akiaiodaercs B TOM, UYTO He
OKAa3aJUCh JTU TOYKH pa3MelleHus AaTuukoB B Auddysope m B dopkaMepe B y3je WA B
MYyYHOCTH aKyCTUYECKOW BOJHBI B 3aKpPbITOM KaHaJje a’dpojiuHamMu4eckoit TpyObl. Takas
MPOBEPKA JIETKO BBLITIOJHAECTCS 110 HOBOM METOJIMKE B MPOIECCE MPOBEJICHIS U3MEPEHUI.

HoBag meToanka n3MepeHns nH(MPa3BYyKOBbBIX MYJIbCALuii JTaBIeHNs NOTpeboBaIa
U HOBBIX IMOJIXOJ0B K METPOJOTHYECKOMY OOeCIeYeHUI0 CUCTeM WU3MEPeHHs, 4YTO ObLIO
obecriedeHo pa3pabOTKON yCcTpoiicTBa Jijisi TApUPOBKHU JIATYUKOB AKyCTUYECKUX I1yJIbCAIIHI
napjienud. B panbueitniem, npejnonaraercd myOJaHKaldsg MAaTEPUAIOB IO JIeMI(MDUPOBAHUIO
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nHGPA3BYKOBBIX TYThCAIMN B JIHATIA30He 0 75 M/C MO CKOPOCTH TOTOKA B OTKPBITOi pabouei
JacTH a’dpoauHaMuIeckoir Tpyosr AT-11.

[To pesyabraTtam wuccjie/loBaHUl HaMe4aeTcsd HOBBIH MOAX0/] K ITPOCKTUPOBAHUIO
JAO03BYKOBBIX a3pOJUHAMUYICCKHUX pr6 AJId aKyCTUYIECKUX I/ICC.HG,ZLOB&HI/II'?'I.

(75 M/c - orpaHmueHdme IO CKOPOCTH IOTOKA OOYCJIOBIEHO paboToii TpuBOIA
IIOCTOSIHHOTO TOKA).
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Kunaccudukanmsa a3ponopToB 0 YPOBHAM IIyMa M pa3paborka
IITYMO3AIMUTHBIX MEePONPUATHIA

Byropuna M.B*
Homnent, banaTuiicknit rocy1apcTBeHHBIN TeXHUYECKUH YHUBEPCUTET
«BOEHMEX» uwm. /1.®. Ycrunosa, 1. Cankr-Ilerepoypr, PO

AnHoTanus

Pesynbrarer kaptupoBanusi 1ryma Ha Teppuropun CankT-lIlerepOypra MOKa3bIBAOT, dYTO TOL,
BimsiHUEeM [1yMa adponopra [IysJiKoBO HAXOIUTCs MOPS/IKA TPETU FOPOJACKHUX TEePPUTOPHUil. ABHAIMOHHBIN I1yM
SIBJISIETCsT HAMOOJIee PA3/IPaXKUTEbHBIM 110 CPABHEHWIO C JAPYTUMU BHJAMHU IIIyMa, 9TO BbI3bIBAET yBEJIUYEHUE
KOJTMYIECTBA KAJI00 CO CTOPOHBI HaceneHusi. B Hacrosiiee BpeMsi Ha Teppuropun P® meiicTByer MeTomnka 1mo
OIIEHKE YPOBHEH ITyMa a’pPOMOPTOB HA OCHOBAHUU MAKCHUMAJIHLHBIX YPOBHE!H 3ByKa, CO3/IaBAEMbBIX CaMOJIETaMU
POCCHUIICKOTO TPOM3BOICTBA, pa3paboTaHHas Ha OCHOBAHUN IMIHUPUIECKUX JAHHBIX, OTHOCAIMIMXCS K 1980-m
roJilaM Iponuioro Bexka. Ha OCHOBAHMM TEXHUYECKUX [MAPAMETPOB a’3PONOPTOB pa3zpaboTaHa KJIACCHDUKAIMS
a3pOIIOPTOB TI0 IKBUBAJIEHTHBIM yPOBHSAM 3BYKa, KOTOPAask MOXKET SBISATHCA OCHOBAHHEM JJis PA3pabOTKU KapT
IyMa aBuaTpaHcrnopra. Ha OCHOBaHWM TPEJIOKEHHONW KIACCH(DUKAIME PEKOMEHIOBAHBI Iy MO3AIUTHBIE

MEPONPUATUA /IJId adPONOPTOB PAINYHBIX KATETOPHUiA.

Kirouesnlie cioBa: aBHaHHOHHbeI MyM, KapThl TIIyMa, KJIaCCI/ICbI/IKaL[I/IH, MTYMO3aIluTHBIE

MEpPOILPUATUA.

Classification 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 affected 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 classification 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 classification, noise protection measures

for airports of various categories are recommended.

Keywords: aviation noise, noise mapping, classification, noise protection.

*E-mail: marina_ butorina@inbox.ru (Byropuna M.B.)



Byropnra M.B.

Krnaccugurarmss asponopToB Mo yPOBHSIM MIyMa H Pa3pabOTKa MIyMO3AIUTHBIX MEDOIPHSITHIT o0
Beegenne
Aspormopr — 9TO KOMILIEKC COOPY2KEHHH, IpeJHa3HAYEHHBIH I OpHeMa H

OTIPABKHU BO3AYIIHBIX CYI0B M OOCHY:KHBAHUS BO3IYIIHBIX IEPEBO30K, BKJIIOYAIONTAI
a3POJPOM CO B3JIETHO-IIOCAIOYHON OJ0COH, CIIyzKeOHO-TEeXHUYECKYIO TePPUTOPUIO, OOBHEKTHI
paJMOHABHUTAIUN U JIpyTrHe coopyxkenus. Hanbosiee 3HAYMMBIM HCTOYHUKOM ITyMa B COCTaBE
a3pOTOPTa dBJIAETCS OCYIIECTBJIEHHE BO3MYITHBIMHU CYJIaMU B3JETHO-IIOCAJOYHBIX OIepaIuii.
[TockobKY TpaeKTOpPUHU B3JIeTa H MOCATKU CAMOJIETOB UMEOT 3HAUUTETbHYIO MTPOTSIKEHHOCTD,
& YPOBHH TIIyMa CaMOJIETOB BBICOKW, IO/ BJIUSHUEM TIOBBINIEHHOTO TIYMa adpPONOPTOB
OKa3bIBAETCHd TEepPUTOPUd Ha paccroguudax 1o 30 KM or ajponopra. Kak TOKa3bIBAIOT
pe3yabTaThl KapTupoBanus miyma wa tepputopun Caskt-lTlerepOypra, moj BAUSHHEM TIyMa
asponopra [lyTKoBO HaxonIUTCA MOPAAKA TPETU TOPOJCKAX TEPPUTOPHIA.

Pesynbratel ananmsa BO3eHCTBUS YpOBHeil aBHAIMOHHOTO IIIyMa Ha 4YeJ0BeKa
CBUJIETEJILCTBYIOT O TOM, YTO aBUAIMOHHBIN 1IyM sdBJIseTCs HauboJjiee pa3pazKuTe/IbHbIM 110
CPaBHEHWIO ¢ Jpyrumu Bugamu mmyma [1].  JIas oneHKM aBHAIIMOHHOTO IIyMa HCHOJb3YIOTCS
TaKue eJUHUIBI, KAaK SKBUBAJEHTHBIH W MaKCUMaJbHBI YPOBHHU, 3(PEPEKTUBHBIN ypPOBEHD
BozjeiicrBuss  SEL, ypoBenb Bocupunumaemoro myma PNL u sddekTuBnblii  ypoBeHD
BocupunuMaemoro myma EPNL. DddexTuBnbiit ypoenb BosmeiictBust SEL xapakrepusyer
OOTILYIO SHEPTHIO 3BYKOBOTO COOBITHS, MPUBEICHHOMY K OMOPHOMY WHTEPBAJIY W OMpPEIe/IsIeTcs
KaK SKBUBAJEHTHBIII 1[0 BpPEMEHH YPOBEHbH 3BYyKa. YpoBeHb BOCHPUHUMAEMOIO IIyMa
(PNL) cmsazan ¢ cyObeKTHBHON peakiimell 4YesloBeKa Ha CAMOJETHBIH IMyM W ONpeIesisercs
nyTeM J00aB/JeHHA KOPPEKIHH K MAKCHMAJbHBIM YPOBHAM 3BYKa. DM@EKTUBHBIN ypPOBEHD
pocpuauMaemoro myma (EPNL) Gasupyercs Ha W3MepeHUH YPOBHEH 3BYKOBOIO JIaBJICHUS
N0 YacTOTaM U yueTe BpeMeHn jeiictBus. OJHAKO B IeJIX HOPMUPOBAHHUS BCE YDOBHU
BO3JICHCTBUS aBUAIMOHHOrO 1IyMa HPUBOAATCH K IKBUBAJIEHTHBIM U MAKCUMAJIbHBIM yPOBHAM
3BYKa JIJI CPABHEHUS C MPEJIEIHHO JIOMYCTUMBIMHU YPOBHSIMHU.

JlomycTuMble 3HaYEeHUs SKBUBAJEHTHBIX YPOBHEH 3BYKa, CO37laBaeMbIX Ha CETUTEeOHBIX
TEPPUTOPHUSAX B pailoHe a3POMOPTOB MPHU IKCILIYATAIIUN BO3IYIITHOTO TPAHCIOPTA, B PA3TUIHBIX
crpanax cocrapisitor or 70 nBA B Hopserun, danum u [Isemmu no 75 1BA B Acrpun,
Tepmanuu, Anonun u CIITA [2]. B GosbmnHcTBe cTpaH 3a JOMYCTHMBIH yPOBEHD TPHHHUMAECTCS
peananra 75 nBA gans kpurepnsi Lg,, koropwiii pekomengosan INKAO [3]. B Poccun
JIONYCTHMble SKBUBaJEeHTHbIE YPOBHH 3BYKa /IJIsI ABHAIIMOHHOTO TPAHCIOPTa, KaK W JJId
JM000ro apyroro, cocrapiagioT 55 1BbA B aHesHoe m 45 n1BA B HOYHOe BpeMs COIVIACHO
CH 2.2.4/2.1.8.562-96. [eitcrsytommit B Poccun 'OCT 22283-2014 jouyckaer /st BHOBb
IPOEKTUPYEMBIX a3POIMOPTOB W TeppUTOpHil npesbienne ykazanubix 8 CH 2.2.4/2.1.8.562-96
yposreit Ha 10 1BA. Takum obpasom, B Poccum jjist CyIecTByOMUX adpONOPTOB JeHCTByeT
MOKa3aTesb JAOIMYCTUMOrO SKBUBAJEHTHOTO YPOBHS 3BYKa B J/IHEBHOE U HOYHOE BpeMs, KOTODBIi
Ha 20-30 1BA mHmke 3Hadenuit, pekomenayembx VKAO u ycranoBnennnix B crpanax EC,
YTO MPUBOJAUT K HEBO3MOKHOCTH OOECIeUeHUs JOMYCTUMOTO YPOBHSI aBUAIMOHHOTO ITyMa Ha
TEPPUTOPHUN KUJION 3aCTPORKN.

1. IIpomeccs! rrymMmooOpa3oBaHUs aBUAIMOHHOTO TPAHCIOPTA

Ha nponeccrl myMoo6pa3oBaHus caMOJIETOB BAUSIOT THII CAMOJIETa, O0YCJIOBICHHDIHA,
B TIEPBYIO OUYepejib, TUIIOM €ro JBUTaTess, & TAKXKe PesKUM MUJIOTHPOBAHUS (B3JIET, MOCajIKa,
MaKCHMAaJIbHASI TATA).

OCHOBHBIM HCTOYHMKOM NIYMa TIPH B3JICTC M MOCAJKE CAMOJIETa ABJILACTCA €ro
CHJIOBAasl YCTAHOBKA (J[BUTATEND). K BHyTpeHHHUM MCTOYHHKAM IOyMa Ia30TypOHHHOIO
JNBATATEIA OTHOCATCS BCE UCTOYHUKH AKyCTHYCCKOTO HM3/IYyYEHH, PACHOIOKEHHBIE B TPAKTE
ra3oreHeparopa, 3a MCKIIYCHHEM BEHTU/ISATOPA, KOMIPECCOpa, TYPOMHBI U  PEAKTHBHOMN
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ctpyu. Kamepa cropanust co3gaeT IMHUPOKONOJOCHBIH HU3KOYACTOTHBIN TTyM, OOYCJIOBJI€HHBII
TYpOyJIEHTHBIM TI'OpPEHUEM U PE30HAHCHBIMU $BJEHUSIMU B KaMepe CropaHusd, a TaKzkKe
B3aMMOJIeICTBIEM TIOTOKA HA BBIXO/E W3 KAMEPhl CTOPaHus C jJonarkaMu Typounbl. ObOTekaHme
MOTOKOM Pa3JAMYHBIX KOHCTPYKIIMN B TPaKTe IBATATENS TaKzKe MPUBOJINT K BOSHUKHOBEHWIO
MTAPOKOMOTOCHOTO TyMa.  IIyM 3THX HCTOYHWKOB HCHBITHIBaeT JAUMPPAKIUI Ha KDPOMKe
COIlJIa, paccedHue W IPeJIOMJICHHe HIPU [epecedeHud IMOIPAHUYHOrO CJIOd CTPYU W HallpaBJieH
IPEUMYIIECTBEHHO B 33/IHIO0 nostycdepy asuraress [4].

[Mlym BuHTA COCTOMT W3 JIBYX KOMIIOHEHTOB: IIIYMa OT BpPAIEHUs, KOTOPBIH mMeeT
JaCTOTY, PABHYIO YHCJIYy 0OOPOTOB B CEKYH/Y, YMHOXKEHHYIO Ha YUCJIO JIOIACTell BUHTA, U IIyMa
oT Buxpeil. OCHOBHBIM SBJISI€TCS TIYM OT BPAIlleHNs, KOTOPBIH MMeeT HU3KYIO JacTOTY.

[MIym oOrekanus 3JIeMEHTOB ILJIaHEPa OHPEIE/IAeTCHd IIyJbCAlUsAMH apaMeTpoB
TYpOYJIEHTHBIX IIOTOKOB B IEJIEBBIX 00beMax, 00pa3yeMbIX MPEJIKPbLIKAMEA U 3aKPbLJIKAMU [IPH
B3JIETHO-TTOCAIOYHBIX PEKUMAX IM0JI€Ta, B TOTPAHUYHBIX CJ0SIX Ha MOBEPXHOCTAX OOIIUBKYU W B
cJIeTax 3a dJeMeHTaMu I1aHepa camosera. [Ilym mandompieit ”HTEHCUBHOCTH 0Opa3yeTcs Ipu
O00TeKAHUU TIACCH, 3aKPBLIKOB 3a/IHeil KPOMKHU W Tpope3eil mepemHeil KpoMku Kpbuia. [lpm
BBIIIYIIEHHONH MeXaHU3allMu KpbLja M3-33 BUXPEBBIX TeYeHWIl B I1eseBoil 0bjiacTu co3jaercs
3HAYUTE/IBHBI  a9POAMHAMUYECKUI TIIYM, KOTOPBIH JOCTaBIgeT CUJIbHOE OeCroKoiCTBO,
0CODEHHO BOJIN3U 3EMJIU.

Ha yposenb myma TypOOpeakTUBHBIX JABUTATeJENl BAUSIET CKOPOCTh HCTEUYeHHd CTPYH,
KOTOpAasi ONPEJIEIAeTCs CTENeHbI0 JIBYXKOHTYPHOCTH (OTHOIEHHE pPacXofia BO3JyXa 4epes
BHEITHUA KOHTYD K Dacxojy Uepe3 BHYTPEHHUII KOHTYD) ABuraressi. PanHee mpuMeHSBIIHECS
O/IHOKOHTYPHBIE JBUTATE/JIM UMen 00Jiee BBICOKYIO CKOPOCTH HCTEYEHUS CTPYHU, MOITOMY HX
YPOBHU IIyMa IOYTH B /IBa pa3a BBIIIe, YeM y 0oJiee HOBBIX JBYXKOHTYDHBIX JBurareneii. C
HOBBIIIIEHHEM CTENEeHHU JIBYXKOHTYPHOCTH JIBUTATE/sI YPOBHU IIyMa CHHXKAIOTCs j10 15 nBA.

[MIym crpymn obpasyercs B pe3yJibTare CKAYKOB YILJIOTHEHUS U CMeIleHUs PeaKTUBHON
cTpyu ¢ arMocdepubiM Bo3ayxoM. [Ilym, oOycoBIeHHbIN CKaYKaMu YILJIOTHEHUS, XapaKTepeH
TOJIBKO JIJIE TYPOOPEAKTHUBHOTO JIBUTATEIS C HU3KOM CTENEHbIO JIBYXKOHTYPHOCTH, & TAKZKe MPH
paboTe B peKMMe MAKCHUMAJbHON TATH, KOTJIa BeJIMKa CKOPOCTh HcTedeHus cTpyu. CmerreHne
CTPYH ¢ aTMOChEPHBIM BO3/IYXOM SIBISETCA OCHOBHBIM HCTOYHUKOM IIIYMa BBIXJIONA JBUTATES
upu OOJIBIINX 3HAYECHUSX CTEHEHU JBYXKOHTYDPHOCTH. DTOT UCTOUYHUK UIPACT CYIIECTBEHHYIO
pOJIb TIPHU B3JIETE.

B ommume OT OpOMBINLJIEHHBIX BEHTUJIAINMOHHBIX YCTAHOBOK  AaBHUAIIMOHHBIE
BEHTWJIATOPBI XapaKTePU3YIOTCS OOJIBITUM YUCTIOM U JITMHON JIONATOK, CJIOKHOCTHIO (DOPMBI 1
KOHCTPYKTHBHOTO UCHOJTHEHUS. Y POBEHBb NMIYMa BEHTWJIATOPA 3aBUCUT OT OKPYZKHOMH CKOPOCTH
ero Bpamenus. Ha J03BYKOBBIX CKOPOCTSX TIYM BEHTUISATOpPA WPOSBJIAETCd B OOJIbIIei
CTEIEeHN TPU 3aX0jie caMoJieTa Ha Mocajky. [Ipum cBepX3BYKOBBIX CKOPOCTHAX MOSBJISAETCH IIIYM
BPAIAIOIIUXCA YJAPHBIX BOJIH, KOTODBI BO3HUKAET IIPU B3JeTe U HOCUT HU3KOYACTOTHLIHA
xapakTep. OOnmuit mryM BEHTHJIATOPA HA CBEPX3BYKOBBIX CKOPOCTSX BBITIE, UeM Ha JO3BYKOBBIX.
[Tosromy mpu B3JieTe ypoBHE IiymMa Ha 3-6 ABA BbIITe, 9eM TPH MOCAJIKE.

OCHOBHBIM HCTOYHUKOM TIIyMa BHHTOBBIX CAMOJIETOB SIB/ISIETCS BPAIEHNE BO3IYITHOTO
BUHTA, KOTOPBIl UCTIOJIHL3YETCS B KA9eCTBE JIBUKUTES JTO3BYKOBBIX CaMO/IeTOB. BUHT co3maer
A3DO/IMHAMUYIECKHI TITyM BCJIEJICTBHE TYPOYJIEHTHOCTH HATEKAIOIIero MOTOKa, 00pa30BaHUs
BHXpPei, CpblBa BUXPEH, B3aUMOJICHCTBUA YAAPHLIX BOJH C HOTOKOM Ha KOHIAX JIONACTEH
u ap. VIHTeHCHBHOCTH TIIymMa OmpeessdeTcd YacTOTOW BpallleHus BHHTA, & TaKyKe ero
A3POJNHAMUYCCKUME M I'€OMETPUYECKUMHU MapaMeTpaMu. B HacTosiiee BpeMs IyM BHHTOBBIX
caMoJIeToB B cpeaneM Ha 5-10 nBA Bbitiie, YeM peakTHBHBIX.
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2. ®dDakTopbl, BAMLAIOININE HA IMTYMOBYIO XapaKTEPUCTUKY AaBUAIIMOHHOTO
TpaHCIIOpTa

B coorercreun ¢ CIT 51.13330.2011 [5| mrymoBOil XapaKTepUCTHKONH BO3YIIHOIO
TPAHCIIOPTA ABJILAIOTCS SKBUBAJEHTHBI U MaKCHUMAJbHBI YPOBHU 3ByKa B PAacYeTHON TOYKeE.
B coorBercTBHE ¢ MeXIyHapoaHO 0a30it JAHHBIX JIETHO-TEXHHYECKHUX XapaKTEPHCTHK,
PACCTOSIHUSA, HA KOTOPBIX OIPEIeIAI0TCS YPOBHHI IIYMa BO3AYIIHOTO CYAHA, cOCTaBIsIOT oT 200
dbyros (ox. 61 M) 1o 25000 dbyros (7620 M), Ga30Boe pACCTOSIHHE COCTABIISIET, KAK IIPABUIIO
300 M, n3MepeHnst MPOBOAATCS Ha BbICOTE 1,2 M HaJi TIOBEPXHOCTHIO 3eMutu [6].

CornacHo JIeCTBYIONIMM HM3MEPUTEJIbHBIM M PACcYeTHBIM METOJaM Ha IpPaKTHKe
IIyMOBast XapaKTePUCTHKA IOTOKA BO3AYIIHOTO TPAHCIOPTA HE IMPUMEHSETCS, ONPEIe/IAI0TCS
MMyMOBBIE€ XapPaKTEPUCTUKU OTJAETbHBIX BO3IYIIHLIX CYI0B, KOTOpPbIe MOTOM CYMMHUDYIOTCS
0o KaxkjaoMy mytu mposera. (OJHAKO 3HAA MapaMeTpbl adpomnopra, riae (PYHKIHOHHPYIOT
BO3JIyIITHBIE CY/d, MOYKHO TPUOJU3UTEJIHHO OINEHUTH 30HY TOBBIIIEHHOTO YPOBHS TIyMa,
KOTOPYIO OHHU CO3/IaIO0T.

B Poccun npunsgTa Kiaaccudukamnyms adporopToB IO FOJI0BOMY 00bEMY MacCCasKUPCKHX
IEPEBO30K  (MACCa’kUPOOOMEHY) — BBLAEISETCS 7 KJACCOB, 10 JUIMHE B3JIETHO-TIOCAI0YHOT
nostochkt (BIIIT) Beiaessioress kareropun A-E, mo B31€THON Macce MPUHIMAEMbBIX CaMOJIETOB
(5 kmaccoB). B coorBerctBum ¢ pykopogsimiumu  gokymentamn NKAO knaccndurarmst
a3POJPOMOB OCYINECTBJIACTCA 10 KOJIO0BOMY obo3HadeHuio. KomoBoe obo3HaueHHe COCTOUT
U3 IBYX JIEMEHTOB. JIeMEeHT 1 sBJseTcs HOMEePOM, OCHOBAHHBIM HA JJIMHE JIETHOH IOJIOCHI
— or 800 m suia 1 Kjaacca jgo 6osiee 1800 m jist 4 Kjacca, a 3JjeMeHT 2 sBJigercs OyKBOIA,
COOTBETCTBYIOMIEl pa3maxy Kpblaa camosera (ot 15 M s kiaacca A 1o 60 M ans knacca E)
M PACCTOSTHUIO MeKJIy BHENTHUMM KOJIeCAMH OCHOBHOTO mmaccu (ot 4,5 m mias kiracca A no 14
M s Kiacca E). Takum o6pa3oM, SMECCHIO IIyMa B3JIETHO-TOCATOUYHBIX OMEPAIlHi MOKHO
OIIPEIeIUTh HUCXOJA M3 TAKHX XapaKTEPHCTHK adPOINOpTa, KaK HHTEHCHUBHOCTHL OIepaIuid,
jyinia BIIIT u tuin npuHuMaemMbIx caMoJIeTOB.

Ot Tuma camosiera 3aBUCHT OOJBITHHCTBO MAPAMETPOB 3MUCCHH ITyMa, TAKHX KaK
IpOIe/IypHbIe STambl (B3JeT, MOCAIKa U T.II.), TPAEKTOPHUs MoJeTa, GOKOBasg HANPABIEHHOCTD
3BYKa, 00YCJIOBJICHHAS MECTOM YCTAHOBKH JIBUTaTe/ell 1 OOKOBOe 3aTyXaHue.

Mecronosioxkenue JBuraresieil Bjauger Ha XapaKTep U3J/y4eHus 1yMa, 00yCJA0BI€HHbIT
nporeccaMy  OTParKeHWUsd, IPEJOMJICHHS W PACCEUBAHUSA TBEPABIMHU MOBEPXHOCTAMHU U
A3POJAMHAMUYECKUME  TOJISIME  CKOPOCTEH  MOTOKA. DTO TPUBOAAT K HEOIHOPOIHOM
HAIIPABJIECHHOCTH 3BYKa, U3Jy4aeMOro B OOKOBOM HAIIPABJIEHUU OT MPOJOJILHON OCH camMoJeTa,
Ha3bIBaeMOIl «OOKOBOII HAIIPABIEHHOCTBIOY. Benuuuna 6oKoBO#I HAIPABIEHHOCTH JJIs
BUHTOBBIX camosieToB cocrapssier 0 1BA, a jyist peaktuBnbix aBurareseil jgocruraer 3,5 nbBA.

Bokosoe 3aryxanme mupejcraBiser co0oil  3hdeKT nepeoTparkeHus IPIMOro
3BYKa M 3BYKa, OTPayKEHHOTO OT IOBEPXHOCTH 3eMJid. lIpu MajbIX yriax BU3HPOBAHUS
OH MOXKEeT BBLI3BaTh 3HAUYMTENbHOEC CHHXKEHHE YPOBHEH 3ByKa, Ha KOTOPOE OKa3bIBaeT
BJIMSTHUE TIPeJOMJIEHHEe 3BYKA, BBI3BAHHOE TI'PAJUEHTAMH BETPa U TEMIEPaTyphl, a TaKiKe
TypOyJIeHTHOCTBIO. B HacTosiee BpeMs B PacuYeTHBIX METOJAUKAX YUYUTHIBACTCH OOKOBOE
3aTyXaHue 3ByKa HaJl MATKOW MOBEPXHOCTBHIO. Biuguue jgannoro addexra MoKeT JOCTUTATD
Besanansbl ot 1 710 11 1BA (puc. 1).
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Puc. 1. Cunzxenne yposreit 38yKa (B 1BA) B pe3yiabrare GOKOBOTO 3aTyXaHHs B 3aBHCUMOCTH
0T yria Bu3upoBaHus |6

YpoBeHb BO3AEHCTBUS IIyMa BO3AYNIHOTO CYIHA, INPUBEJICHHBI B 0a3e JETHO-
TEeXHUYECKUX XAPAKTEPUCTUK, OTHOCHTCH K CaMOJIETy, BBIIOJHSIONIEMY HEIPEPbIBHbIM,
NPSAMOJIUHEHHBIH W YCTAHOBUBINHUICA NOPU30OHTANBHBIN mojeT. [IpuMenenue oTpunareabHOro
3HAYeHUsl [MOMPABKU JiJIg ydaacTka Koneunoii miumabl AF = 10log(F), rne F — koadbdurment
3BYKOBOIl 9HEPIHUH, MO3BOJIET JOIMOJHUTEILHO CKOPPEKTUPOBATHL 9TOT YPOBEHDL JI0 3HAYCHHS,
KOTOPOEe COOTBETCTBOBAJIO OBl IOJETY CaMoJeTa TOJBKO II0 YYaCTKY KOHEUHOH JITHHBI.
Koadpdpunuenr 3BykoBoit sneprum F 3aBucut or TpeyrosibHuka «ob63opar. Briaj JaHHOrO
daxTopa B 1ymoobpa3oBaHHe 3aBUCHT OT JAUCTaHIuu npodera camosera mo BIIIT u moxker
nocTurath Ha 6azoBoM paccrogauu B 300 M Beamuuubl oT -3,5 a1bA masg BII mpmwmaoit 500 m
10 -0,5 1BA nna BII gauroit 3200 M.

OMucCHs IIyMa PEaKTHBHBIX CaMOJIETOB, OCODEHHO CaMOJIeTOB ¢ Oojiee HHU3KOI
CTEIEHBIO JIBYXKOHTYPHOCTH, XapaKTepPU3yeTCs JICMeCTKOBOW JuarpaMMoil HaIlpaB/JIeHHOCTH
(puc. 2), 9TO BBI3BAHO IITYMOM, MPOM3BOJANMBIM BBIXJIOMHON cTpyeii. Takasi HampaBIeHHOCTb
XapakTepHa Jid CJaydad, KOIJld CKOPOCTb HCTeYeHHsS PEAKTUBHON CTPYH BBIIIE CKOPOCTH
caMmoJieTa. DTO IPOUCXOJUT, KOTJA pacdeTHas TOYKA OKA3BIBACTCS IO3aJUd TOYKH HAYAJIA
pasbera. HampaBaeHHOCTH HCTEUYEHHSI CTPYH MOXKeT JaTh YBeJIWUYEeHHE YPOBHe#l 3ByKa Ha
seanunny 10 6 1BA npu B3sere camosiera [6].
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Puc. 2. HanpapiieHHOCTD W3JIyYeHnsT PEAKTHBHOTO camoJera 6]
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Ha ypomens mryma camosieTa 3HAYUTENbHOE BJIUSHUE OKA3bIBAET MOIIHOCTD,
UCIIOoJIb3yeMasd IpH nuiortupoBanuu. Ha puc. 3 mpejcrapiieHa 3aBUCUMOCTH MAaKCAMAJILHOTO
YPOBHS IIIyMa caMoJieTa MPH PA3IUIHBIX MOIIMHOCTSX Ha PA3IHYHBIX PAaCCTOAHMAX. Kak
HOKA3BIBAET AHAIN3 PHCYHKA, NPH VABOCHHH MOIIHOCTH YPOBEHb IMyMa VBEJUYNBACTCS HA,
5 nBA.

OaunM u3 (HaKTOPOB, BIUSIONIMX HA YPOBEHb SMUCCHU TITYMa, CAMOJIETa, SIBJISIETCS
TaK»Ke pPEeBepC TATH, KOTOPBI BKIIOYAIOT, KOIJa HEOOXOAUMOIO TOPMOXKEHHUsI HEBO3MOMKHO
JIOCTUYIb ¢ IOMOIIBIO KOJIECHBIX TOPMO30B. B pe3syiabrare ObBICTPOTO M3MEHEHHs] MOITHOCTH
aBUraTesieil ¢ pekuMa MaJioro ra3a Ha PeXKUM PeBepca BO3HUKAET PE3KOe YBEJMUYCHHE yPOBHS
myma Ha BeauduHy ;10 5 AbBA. OaHAKO, yYUTHIBas, 9TO PEBEPC TATH BKIOYAIOT JTOBOJHHO
peiko, a kaxkaas BIIIT ucnonb3yercs Kak st B3JieTa, Tak W JIJIs MMOCAAKW CAMOJIETOR, TaHHBIM
dakTOp mpH OIEHKe ITyMOBOW XapaKTEePUCTUKH CAMOJIETOB, (DYHKIMOHUPYIONIUX HA JAHHOMI
BIIII momyckaeTcsd He YIUTHIBATD.
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Puc. 3. HanpapiieHHOCTD W31y 4eHnsT PEAKTHBHOIO camoJiera 6]

Kpome Toro, u3z puc. 3 BHIHO, YTO PACCTOSHUE SIBJSIETCS OCHOBHBIM (DaKTOPOM,
KOTOPBIil B/MSET HA 3aTyXaHUE ABHAIMOHHOIO MIyMa B HPOCTPAHCTBE.  AHAJM3 JAHHBIX
MOKa3bIBAET, YTO IPHU yBEJIHUYEHWH PACCTOdHHS B 2 pa3a MaKCHMaJIbHBIM yPOBEHb 3ByKa
caMoJjIieTa CHUKAETCS Ha BEJUYUHY NOpsika 7 MDA, T.e. MpUMePHO COOTBETCTBYET XapaKTepy
U3JIYUeHUA TOYEYHOTO UCTOYHUKA TIyMa.

3. PacuyeTrHble METOAMKH [Jd OIEHKU IIyMOBOIl XapaKTepPUCTUKU
aBHAIIMOHHOI0 TPaHCIOPTAa

ITo meromuke, npeiictByomeit B P®, paspaborannoii eme B CCCP u mpuBenenHoi
B «PekoMeHanusx 1Mo yCTAHOBIEHUIO 30H OIPAHWYEHUsI YKUJIOH 3aCTPONKH B OKPECTHOCTAX
a’POIOPTOB T'PAXKIAHCKON aBHAINH W3 YCJIOBHM mryMay [7], MOXKHO OINEHUTH MAKCHMAJIbHbBIE
YPOBHH 3BYKa B JIAHHOHM TOYKe IPHU IIPOJIETE CaMOJIeTa, Ha OCHOBAHUU KPHUBBIX IPUBEICHHBIX
MaKCHMAJIbHBIX YPOBHEil 3ByKa Ha MECTHOCTH B 3aBHUCHUMOCTH OT yaajenuss oT tTopia BIIII
WJIN OT HAaYa/Ia pa3dera, KOTOPbie ObLIN MOJYIeHBl IMITUPUIECKUM CIOCOOOM JIJIsi CAMOJIETOB,
Boiyckaembix B CCCP B 1980-e rozpr mporwioro Beka.

HawuGosibIine ypoBHU OBLIH YCTAHOBJIEHBI JJIs CAMOJIETOB TepBoii rpymmsl (MJ1-86, An-
22), mauMenbIitnme s natoil rpynnsl (tuna AH-28, JI-410). Basooii rpynmoit siisiercs 11
I'PYIIIA CAMOJIETOB, JIJI OCTAJBHBIX TPYII YCTAHABIUBAIOTCS OTKJIOHEHUsI OT 0DA30BOI0 YPOBHSI,
KOTOpPBIe cOCTaBasaoT OT +5 10 -15 1BA. MakcumasibHbie yPOBHU 3BYKA i 0A30BOil IPYIIIHI
camoseroB npu yaajgenunu ot topria BIITI, a mak:ke npu 6oxkoBom yranaenum ot ocu BIITI
npuBeseHbl Ha puc. 4. [Ias ocTaJabHBIX KJaCCOB MaKCHMAJIbHBIE YPOBHHU OILPEICTAIOTCS MIPH
HOMOIIY MHTEPIIOIAINK C YIeTOM OTKJIOHEHHs OT 6a30BOr0 YPOBHS 3BYKA, YCTAHOBICHHOIO JIJIsT
JIAHHOT'O KJIACCA CAMOJIETOB.

Orubaroriasi KpUBBIX PABHBIX IIPWBEIEHHBIX MAaKCHUMAJIbHBIX YPOBHEH 3BYKa IS BCEX
Tpace IpeJcTaBiger coO0i IPaHMILy BO3/ICHCTBHSA COOTBETCTBYIOIIETO YPOBHS 3BYKA.
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Puc. 4. Paccrosinue J0CTHXKeHHsI MAKCUMAJIBHBIX YPOBHEH 3BYKa BO3/IYIIHBIX CYJI0B 2 KJacca
Ha Pa3JINYHBIX pekuMax [7]

Beimmeonncanublit  MOAXOJ JOBOJBHO TPYOBIH, OH He YYHTBIBAeT TOT (DaKT, YTO
yCcTapeBIIne caMoJIeThl POCCUIICKOTO IPOU3BOJACTBA BBIBOJATCH N3 OOpalleHust U Bce OoJiblire
3aMEHSIOTCH Ha CAMOJIEThl UMIIOPTHOTO MPOU3BOJICTBA, KOTOPbIE UMEIOT MaKCUMAJbHbIE Y POBHH
3Byka 70 1BA u menee yxe na paccrossaun 10 kv ot Topra BIITI.

Hospiit moaxom K TOCTPOEHWIO KOHTYPOB PABHBIX YPOBHeH 3BYKAa OTpaKeH B
«PykoBoJicTBE MO PEKOMEHIYeMOMY MeTOIy pacdeTa KOHTYDPOB TIYMa BOKPYT adpPONOPTOBY
[6]. Cormacuo PykosoacrBy NKAO KOHTYDHI IyMa CTPOSITCsI JJisl KaXKJI0H TPACCHI MPOJIeTa,
camoJjieTa, UCX0/Id U3 MIyMOBON XapaKTEePUCTHKHU CaMOJIETa, OTPAYKEHHONH B JIETHO-TEXHUIECKHX
XapaKTePUCTUKAX BO3/YITHOTO Cy/IHA, KOTOPble NPUBOAATCA B MACIOPTe BO3IYIIHOTO CYIHA, &
TakKe B MeXKIYHAPOIHOM Oa3e JaHHBIX. B KadecTBe MCXOIHBIX JTAHHBIX JJIS pacueTa TaKiKe
BBICTYIIAIOT OMUCAHUE TEOMETPHUU TPACKTOPUH MOJIeTa, TPOMUIst CKOPOCTH U TATH (MOIHOCTH ).

B 0aze pgamoblXx TO KaxKJOMy KOHKPETHOMY CaMOJIeTy COJep:KuTcd Oa3oBas
undopMaIysa 0 KPUBBIX 3aBUCUMOCTH TTyM-MOIIHOCTh-paccrosguue. [lo ymonyanuio B 6a3ze
JIAHHBIX COMEPYKUTCS MHMOPMAId O MPOIeyPHBIX ITAalax, TAKUX KaK B3JeT, HaGOp BBICOTHI,
nocajka u T.0. Onpeaensembie depe3 0a3y JaHHBIX 0a30Bble YPOBHU 3BYKa €JIHHUYHOTO
BO3JICHCTBUS KOPPEKTUPYIOTCA C YUYETOM PA3HUILI MEXKIY (PAKTHICCKUMU W UCXOTHBIMU
aTMOC(EpPHBIMU  YCJIOBUAMHU, CKODPOCTHIO CAMOJIETa W PA3HUIBI MEZKJy YPOBHIMH 3BYKA,
U3JIy4aeMOro BHU3 U B HOKOBOM HAIpPaBJICHUH.

[Ipu MomenupoBaHWU WIYMOBBIX KOHTYPOB IPOU3BOJUTCSA CETMEHTANHUS TPAEKTOPUH
noJsteta. CerMeHTalUs MPECTaBIsgeT cobOoil PoIece, ¢ MOMOIIBI0 KOTOPOTO MOJIETh TOCTPOEHU S
KOHTYPOB IIyMa aJIallTUPyeT JaHHbIe M0 KAaXKJIOMY CaMOJeTy, COOTBETCTBYIONINE OECKOHEYHO
TPAGKTOPUU, U JaHHble OOKOBOW KOPPEKTHUPOBKU B MEJAX BLIYUC/ACHHSI YPOBHS IIyMa,
reHepupyeMoro Mpu HepaBHOMEPHOU TpaekTopuu noJera. s mesneil pacyera ypoBHS 3ByKa
IpU eJMHUIHOM TTPOJIETe CAMOJIETa TPAEKTOPHUS MOoJIeTa PeICTABIAeTCS B BUe PA/la CMEeXKHBIX
OPSIMOJUHERHBIX YIACTKOB, KaXK Il 13 KOTOPBIX MOYKET PACCMATPUBATHCS KAK KOHEYHAS YACTh
OEeCKOHEYHOM TPAaeKTOPUH, Jijisd KOTOPOii n3secTubl 3nadenuss NPD u O0KOBble KOPPEKTUPOBKH.
3a MakCHMaJbHBIH yPOBEHB ITYMOBOIO COOBITHS TPWHUMAETCS HAWOOJIbIIee 3HAYEHUE U3
COOTBETCTBYIOIIUX BEJUYUNH 1O OT/EJHHBIM yYaCTKAM. JKBUBAJEHTHBIII O BPEMEHU yPOBEHD
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3BYKa BCEro IMYMOBOIO COOBITHSI BBIYUCISIETCS MyTeM CYMMHPOBAHUA 3HAYEHUN yPOBHS ITyMa
YYaCTKOB, KOTOPBIE BHOCAT CYIECTBEHHBIN BKJ&/J B CyMMAapHBIl YPOBEHb 3BYKa JaHHOIO
ITyMOBOT'O COOBITHS.

JlaHHBI TOAXOJ OTParKeH B COBPEMEHHBIX PAaCYeTHBIX IIPOrpaMMaxX, TaKHX Kak
SoundPLAN (Tepmanusi) u INM (CIITA). CpaBHenne pe3yibTaToB pacdera 10 pPa3JIdIHBIM
MeTofukaM npuseneno B [8]. Koutypsi, paccuntanubie no nporpammam INM u SoundPLAN,
10 IJIONIAJM 3HAYUTEBbHO MeHbllle KOHTYPOB, OIPENEJEHHBIX 10 POCCUICKUM HPOrpPAMMAaM.
OrnmuneM 3apy0erKHBIX MPOrPAMM  SIBJISIETCS OTCYTCTBHE B HUX 0a3axX JeHCTBUTEIbHBIX
JIAHHBIX JIJI0 POCCUUCKUX CAMOJIETOB, OTJINYAIOTCA METOIbI MUJIOTHPOBAHUSA, YTO U3MEHAET BHU]T
TPAGKTOPHH I0OJIeTa, ¥ CAMU PACYETHBIE METOIbI UMEIOT PA3JIUYHYIO TOTHOCTD.

Jliist OnEHKM POCCHMHCKOTO M 3allaJHOTO  IOJXOJ0B K pacydery ypoBHeil 1ryma
ABUAIIMOHHOI'O TPAHCIIOPTa OBbLT MPOBEJIEH aHaJ M3 yPOBHEH IIyMa Ha IpUMepe a’3ponopTa
ITy1K0BO, KOTOPHI COOTBETCTBYET KJIACCY «BHEKJIACCHBIE» MCXO/sT U3 POCCUIICKOM KraccupuKaIn.
st oleHKH YpOBHEi aBHAIMOHHOIO IIyMa OBLIM BHIOpAaHbI pacdeTHbIE TOYKHU Ha CeIUTEOHOM
TEePPUTOPUN HA PA3IUYHOM VIAJEHUH OT a’3pomopTa. Pe3ynbTaThl M3MepeHuil MpuBeIeHbl Ha
puc. 5.
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Puc. 5. Pe3ynbrarsl m3Mepennil ypoBHel 3ByKa ABHAIMOHHOIO TPAHCIOPTA HA PA3IHIHOM
paccrostaun ot asponopra ILyakoso [10]

Ananu3 pe3ybTaToB U3MEPEHUH MOKA3bIBAET, UYTO JIOMYCTUMBIE YPOBHH COOJIIONAIOTCS
Ha paccTOTHUM 25 KM OT asdponopta [IyakoBo, mpu MpUMEeHEHHH POCCUHCKOTO MOIXO/Ia ONEHKN
ypoBHeii paccrosinue obecrieuenus [I/IY cocraBmyio 661 35 KM, T.e. U3 COCTaBa TEPPUTOPHIT,
NPUTOAHBIX JJTA JKAJI0H 3aCTPOHKH, BRIBOANTCS Tuioma s 0osee 10000 m2.

PesyabTaThl pacyeTHBIX JAHHBIX W H3MepPeHU! YKa3bIBAIOT Ha HEOOXOANMOCTDH OIEHKH
YPOBHeH IIIyMa a’poNoOpPTOB MO IKBUBAJEHTHBIM YPOBHSIM 3ByKa. B 1ensax paspaboTku
KJACCU(PUKAIMT  a3POIMOPTOB JKBUBAJEHTHBIE YDPOBHU 3BYKA, CO3/aBAa€Mble a3POIOPTaMU
PA3/IMYHBIX KATeropuii, MOTryT OBbITH PACCUUTAHBI C YI€TOM HUX OCHOBHBIX MHAPAMETPOB,
NPUBEIEHHBIX B HOPMATHBHON JOKyMeHTannu (Tabsnma 1).
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Tabuma 1

Knaccudukanusa adpornopros 10 YPOBHAM IIIyMa

Knacc | Tun | Cpeangasa ITapa- IlompaB- | DKBuUBaJIeH- Paccrognue
pacdert- MeTPBbI Ka Ha THBIN Y 3 obecne-
Hasd WH- BBII JJIARY (wa ro= JYeHUus
TEeHCHUB- (mumpu- | mosocer, | 300 m), aBA IIY, km
HOCTH, B3JI- | HAa), M aBbA mo- | B3JIET | IIO- | B3JIET
moc/4 caaka cagka
BHEK.JIAC- - 22 3500-4000 0,0 72 75 19 25
CHBbIC
I A 19 3200 x 60 -0,6 66 70 11 18
II b 17 2600 x 45 -0,7 62 66 7 11
I1I B 16 1800 x 42 -1,0 58 62 4,2 7
r 14 1300 x 35 -1.4 57 61 3,8 6
v pil 10 1000 x 28 -1,9 51 56 2 3,3
\Y - 5 - -2,5 44 48 0,9 14
HEKJIaC- E 4 500 x 21 -3,5 39 43 0,5 0,75
cudumm-
POBaHHBIE

Kak mokaspiBalOT pe3y/bTaThl pacdeToB, IIPH OIleHKEe YPOBHEH ITyMa a3polopTOB
10 9KBHUBAJCHTHBIM YPOBHSM 3BYKa pasmep 30HBI obecredenus [IJIY 3HauuTeIbHO MEHBIIE,
YeM TIpU OIleHKe MaKCHUMaJbHBIX YPOBHEH 3ByKa W JIydIllle KOpPpeaupyeT ¢ pe3yJIbTaTaMu,
HOJIYyYeHHBIMU B Xojie u3Mepenuii. Taxkum obOpaszoMm, npejjlozKeHHas OIEHKAa Ha OCHOBAHUH
SKBHBAJCHTHBIX YpOBHEil 3ByKa 0ojiee TOUHAs, YeM paHee TPUHATHII MOJIX0M K ONPEIeTeHUTO
pa3Mepa 30Hbl CAHUTAPHOT'O pa3pbiBa HA OCHOBAHUM MaKCHMAJbHBIX YPOBHEN 3ByKa.

Knaccudukanus a’pornoproB IO YPOBHAM IIyMa dBASIETCSI OCHOBaHUEM JIJId
pa3paboOTKU KapT HIyMa U I1YyMO3AIIUTHbIX MEPOIPUIATH.

4. CHukeHme HNIyMa BO3AYHIHOTO TPAHCIIOPTA

Meropl, ucHOJIb3yeMble Il CHUZKEHUS NIyMa aBHAIMOHHOIO TPAHCIOPTA, MOIYT
HOCHTH KaK aJIMHHUCTDATHBHBIN, TAK U KOHCTPYKTUBHBIA XapakTep [9]. K aaMurncrparuBHbiM
MEPOIPUATUAM OTHOCATCH: BBEJICHUE OTPAHUYEHUI Ha IKCILIYATAIMIO CAMOJIETOB B HOYHOE
BpeMsl, OlpaHUYEHHdA Ha B3JETHl U IMOCAJKH BO3JYIIHBIX CYIOB, BbIJEJICHHE MapIIPYTOB C
MUHUMAJIbHBIMH YPOBHAMHE IIyMa, OIPpaHHYeHHe MHTEHCUBHOCTH IOJIETOB, CMEIIeHne BXOIHOM
kpomku BIITI, BBejenue miarbl 3a OTKJAOHEHHE OT YCTAHOBJIEHHBIX TPACC LIPOJIETA BO3/LYIITHOIO
Cy/lHa, 3aMEHa YCTapPEBIINX CaMOJIeTOB 00Jiee HOBBIMHU C IMTOHUZKEHHBIMH YPOBHAMU TIIYMa.

K meponpudTugM 10 CHUXKEHHIO YPOBHS IIYMa B HCTOYHUKE OTHOCHUTCH IOBBIIICHHE
CTEIeHH JIBYXKOHTYPHOCTH JBHUTATENs, 3a& CYET Yero o0ecHedruBaeTCs CHUKEHHE YPOBHS
CO3/IaBaeMOT0 MM ImyMa. g cHUKeHUs IIymMa JBHUTaTeNs B 3ajHel moycdepe BBIXOIHOE
COTLIO JIBUTaTE 151 oOpabaThiBaeTcs IIPU OMOIIH 1TeBpoHHOi oOpaborku. [Ipu Takoit odpaborke
B 00/IaCTH MAaKCHUMyMa CIIEKTpa CHUYKEHUE ITyMa CTPYHU JIOCTUTAET BeJmduHbl 4-5 1B kak mnpu
OTCYTCTBUH CIIyTHOI'O IMOTOKA, TaK M IIPU €r0 HAJIUIHH.

CucreMbl TIYMOTIYIIEHHsST CHJIOBBIX YCTAaHOBOK COBPEMEHHBIX CAMOJIETOB OCHOBAHBI
HA [PUMEHEHUU B KaHaJaX MOTOIOHJOJ M JIBUTATeseil 3BYKOIOIJIONAIONIMX KOHCTPYKIIHI
C PE30HAHCHBIMU WJIM OOBEMHBIMH TOTJIOTUTEASIMU, KOTOPBIE $BJISIOTCH CErojHsd Hambosee
3P HEKTUBHBIM METOJIOM CHUYKEHUSI WHTEHCHBHOCTU TIIYMa, TeHEePUPYEMOTO JIOMATOYHBIME
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MaIlMHAMHA TYPOOPEAKTHBHOIO JBUTATEsd. B NpaKTUKe CHUMKEHWS IIyMa MaCCAXKUPCKHUX
CaMOJIETOB IIMMPOKOE NPUMEHEHUE MOJIYYUIN PE30HAHCHBIE <COTOBBIE» 3BYKOIOIJIONIAIOIIHIE
KOHCTPYKITUH.

Jng cToek mraccm W KPOMOK CAMOJIETHBIX 3aKDPBUIOK B SmoHWUU pa3paboTaHbl
HAKJIAJKHU, CIIOCOOHBIe CHU3UTH 0Opa3oBaHUe TYypOYJIEHTHOrOo MOTOKa BO3ayxa. Kpowme sToro,
MoauUKANUS 3aKPBLIOK CAYKAT YMEHBIIEHUIO 3a30POB MEXKJIy WX KpasMHU U KPBLIOM
camoJjiera. Hak/ajku yaydnaioT adpoJiHHAMUKY 3JI€POHOB U CIIOCOOCTBYIOT YMEHDBIIIEHUIO YIJIa
UX BBINIyCKa. Pe3ysibTaThl MUCHBITAHUN TOKA3a/Id 3HAYUTEIBHYIO 3DEIHEKTUBHOCTD MOL00HOM
pazpaboTKu B O0JACTH CHUKEHUS IIyMa: adpOJUHAMUYECKHIl 1myM ObLT cHHXKeH Ha 3 n1BA; a
IyM OT Imaccu — Ha 4 nBA.

[Iponeiypbl, HAIIPABIEHHbIE HA YMEHbIIIEHUE IIIYyMa IIPU B3JIeTe U [IOCAJIKE, BK/IIOYAIOT
YMEHBIIIEHHE TITU 3a CYeT YaCTUYHOIO WJIM IIOJIHOTO 3aKPBITHS 3aKPLLIKOB Ha B3jeTe
WK 3a CYET JIPOCCETUPOBAHUs JBHTaTe/eil. B 3Tux mensdx npuMeHsieTcs NpHeM B3JeTa H
pe3Koro Habopa BBICOTH TPHU BBIAEPXKUBAHUU CPABHHTEIBHO HEBBICOKOW CKODOCTH MOJeTa
U JIPOCCEJIUPOBAHWM TATW JBUTATeNell BO BpeMs MpOJIeTa CaMOJIETOB HaJ HACeJIeHHBIMU
IyHKTaMM, 9TO II03BOJigeT obecneduTh CHuXKeHme mryma or 2 o 6 aBA. Ilpm 3axome Ha
HOCAJIKy MO JABYXJYYeBOil TJiMccaje YPOBHU 3BYKa CHHUZKAIOTCH HA BEJIUYUHY MPHUMEPHO
2-3 a1BA. Tlpu camkenum camojieTa UCIOJIb3YETCS YJIyUIeHne a’dpOIMHAMIIECKOT0 KAadecTBa
nJaHepa, MPUBOJLAINee K YMEHBITEHUIO pexkKuMa paboThl JBHTATeNeil W CHUKEHUIO ITyMa Ha
814 1BA B 3aBUCHMOCTH OT CTENEHHU JIBYXKOHTYPHOCTH JIBHTATEIS.

Jlnst cHuzKeHusl YpOBHEH IIymMa B YKHUJIOH 3acTpOfike IPUMEHSAETCS IPaKTUKA B3JeTa
BJIOJIb HE3aCEJCHHBIX MIPUPOIHBIX TEPPUTOPHUIA, & TAKZKE PABHOMEPHOE PACIpe/Ie/IeHIe HATPY3KH
[0 BCEM HAIPaBJIEHUIM TIOJIETA.

Cwmemenne Bxoguoit kpomku BIII aBiasercs eme oganm 3dbdeKTHBHBIM MepOTpAATHEM
[0 CHUZKEHUIO NIyMa a’3ponopra. B asponoprax 3Ty TOYKY CMEIIAI0T TaKUM 0Opa30oM, 4TO
peajin3yeMas TPACKTOPUS CHUZKEHUS HA MOCAJKY WJIM B3JI€TA BO3AYITHOIO CY/IHA PACIIOIATAeTCS
BBITIIe 3eMHOI moBepxHOCTH. C yBe/JWYeHMeM 3TOW BHICOTHI COKPAIIAETCS BBICOTA MOJIETA TI0
LIIACCaJIe, a, CAeJ0BATeNbHO, Pa3Mephl MyMOBOTO KOHTYPA, CO3/IaBAEMOT0 CAMOJIETOM.

ODMEKTUBHBIM MEPONPUATHEM 10 CHHUXKEHUIO IIMyMa B HOYHOE BpPEMS SBJISETCS
BBEJICHUE YCJIOBHI 3SKCIUIyaTallud BO3/YIIHBIX CY/J0B, 4YTO YCIENIHO TPUMEHAETCA B
MEZKIYHAPOJIHBIX a3ponopTax TaKuX TopojioB kak Bamunrron, 2Kenesa wu Jlowmon, rje
YCTAHOBJICHBI OTPAHUYECHHUS Ha IOJIeThl B HOUHOe BpeMd. (OcobeHHO 3(PDeKTUBHBIM sSBJISAETCS
3anpetr (pYHKIINOHUPOBAHUS B HOUHOE BPeMs CAMOJIETOB ¢ YPOBHAMH TIyMa, ONpeIeJeHHBIMH B
X0/Ie JIETHO-TeXHUYECKNX HCIbITanuii, bomaee 95 1b PN.

B kadecrBe JONOJHUTEILHBIX MEPONPUATUI TIO CHUYKEHUIO TPOJETHOIO TIyMa
NPUMEHSIETCS YBeJUYeHUEe 3BYKOUBOIAINNN KUJIBIX JIOMOB U JIDYTUX HOPMHUPYEMBIX 00BHEKTOB,
a TaKzKe BBeJ/leHe OIPAHWYeHUN 30H 3aCTPOIKN BOJU3U a9POMOPTOB.

O6obmennast 3POEKTUBHOCTL MEPOUPUATUIT [0 CHUZKEHHUIO IIyMa aBHATPAHCIIOPTA
npuBejieHa B TabJuie 2.
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Tabmma 2
Db dekTUBHOCTD MEPONPHUATHI 110 CHHKEHHIO IIIYMa aBUATPAHCIOPTA

Mepbl 1 KOHCTPYKIUH IIIyMO3AMIUTHI DddekTusHocTs, 1BA
3aMeHa ycTapeBIINX CAMOJETOB HOBBIMH C OOJIBIITei 8-14
CTEMEHbI0 IBYXKOHTYPHOCTHI
[IprMeHeHre MYMO3AIIUTHBIX MEPOIPUATHI B HCTOYHHKE 3-5
Cwmemienne kpomku BIIII 1-3
YMeHblleHne TArH (IPIMeHeHne PeKUMA THIOTHPOBAHS 2-6
Ha MaJIOil CKOPOCTH U JIPOCCETUPOBAHUE TSTH)
3ampeT HCIOIb30BAHUS PEBEPCA TATH 5
Ucnonp3oBanne Maaoil MOITHOCTH 5 1BA mHa Kaxkgoe
CHHU2KEHHE B 2 pa3a
Vaanenue TpaekTopuil mposera oT 7 1BA mHa ynBoenme
HOPMHPYEMBIX 00bEKTOB PACCTOSHUSA
CHuzkenue 1yMa B goMax (IMyMO3aIUTHOE OCTEKJIeHNUe) 5o 37

B coorBercTBUEN ¢ KitaccudpuKanpueir adpornoproB MO YPOBHSM IIyMa, IMPUBEICHHON B
Tabsauie 1, JJIg a3pomopTOB PA3IUUHBIX KaTeropuil MOryT OBITH PEKOMEHIOBAHBI CJIeIYIOIIHe
MEePOILPUATUA:

- BHEKJIACCHBbIC — yJaJleHue TPaeKTOpU# IIpojera OT KWJIOH 3aCTpOWMKHU, 3aMeHa
yCTapeBITUX CAMOJIETOB, CHHUXKEHHEe TIIyMa B WCTOYHHKE, IIIYMO3AIIATHOE OCTeKJeHNne,
OTpPaHUYIeHNe Ollepaluii B HOUHOE BPeMsd;

- 1 kJracc — yjrajienue TpaeKTOpHil poJieTa, 3aMeHa yCTapeBIInX CAMOJIeTOB, CHUYKEHHE
MyMa B UCTOYHHUKE, IIIYMO3aIIUTHOE OCTEKJIEHHUE;

- II kjracc — yaajeHue TPAeKTOPHil MpoJera, 3aMeHA YCTApPEBIIUX CAMOJIETOR,
CHUZKeHHUe TIyMa B UCTOYHWKe, OTpaHUYIeHe Ollepaliuii B HOTHOe BpeMs;

- III, IV knaccel — 3aMeHa yCTapeBIIUX CaMOJIeTOB, CHUKeHUe TITyMa B HCTOUHUKE;

-V kJjacc, HekjJacCcuUIUPOBAHHbIE — YMEHbIIEHHE TATM, 3aMeHa YyCTapeBIIUX
CaMOJIeTOB.

Taxum ob6pa3oM, JijId BCeX POCCHUCKHX adpPOIOPTOB IIEPBOOYEPEIHBIM MEPOIPUATHEM
SABJIETCS UCTIOJIB30BAHIE HOBBIX COBPEMEHHBIX CaMOJIETOB C BHICOKOH CTeTeHbIO TBYXKOHTYPHOCTH,
B KOTOPBIX HCIOJIb3YIOTCS HOBEHIINE METOIbl CHUKEHHS IIYyMa. DTa TEHICHIUsS B HACTOSIIEe
BpeMs Bce OO0JIbIle MPOCIEXKUBAETCSA, YTO IMOATBEPIKIACTCH JTaHHBIMU POCCHUICKOIO peecTpa
BOB/IYIITHBIX CY/0B, COIIACHO KOTOPOMY B HacToOsiiiee BpeMs Ha Tepputopun PP B sKkcryaTamun
HaxouTcs nopsika 2000 yecrapeBIIUX BO3/IYIITHBIX CYJ/I0B, KOTOPbIe, B OCHOBHOM, UCIIOJIb3YIOTC
Jist Hy2K1 BoeHHbIX, MYUC u B yacTHOU aBUAIUH.

KpOMe TOro, nNuJjIOTbl BO3AYIIHOI'O Cy/JHa J0JI2KHbL CO6J’IIO,ZLaTb pexKUuM IMUJIOTUPOBAHUA,
MCKJTIOYAIONIHi NCIT0/Ih30BaHIe PeBepca TATH, MIJIOTHPOBAHNE HA MaJIoil MOIITHOCTH W Ha MaJIOi
CKOPOCTH C HUCIIOJB30BaHUEM JAPOCCECJINPOBAHUA TATH. CaMOJIeTbI HE JOJIZKHBI OTKJIOHATHCA OT
YCTAHOBJICHHOM TPACCHI IIPOJeTa, KOTOPYIO HEOOXOIUMO BBHIOMPATh B 00XOJ YKUJIOH 3aCTPOMKH.

[Ipu mpoexkTupoBanuu asponoproB n HOBLIX BIIII ciaexyer BhIOMpaTh Tpacchl B3JIeTa
BJOJIb TEPPUTOPHil, Ha KOTOPHIX OTCYTCTBYIOT 3aluilaeMble 00bEKTHI, a TaKyKe COoOJI0/aTh
pa3sMepbl PEKOMEHAOBAHHLIX CAaHUTAPHBIX Pa3pbIBOB, BBIHOCA 3a HUX IIPpeaeJIbl O6’b€KTbI C
HOPMHUPYEMBIMU YPOBHAMH IITYMa.
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3akJrJdyeHue

[lox BiMsgHEEM IIyMa a’pOIMOpPTa MOXKET HAXOMUTbCS IOPAIKA TPETH T'OPOICKHX
tepputopuii. [Ipu 3TOM aBHAIIMOHHBIH IIIYM BBI3BIBAET HAMOOJIbIIIEe pa3IparkeHHe Y HaCeJeHHs
0 CPABHEHMIO C APYTUMH BHIAMH IIyMa.

Ha ypoBerb 1ryma caMoJieTOB BJIMAIOT THII CaMoOJieTa, OOYCJIOBJIEHHBIH, B IEPBYIO
o4depeab, TUTIOM €ro JBHuUTraTeJId, a  TaKXKe pPeXUM MTHUJIOTUPOBAHUA (BSJIGT, nocaaKa,
MakcuMasibHast Tsara). OT Tma camosieTa 3aBHCAT OOJIBIIMHCTBO MAPAMETPOB SMHUCCHH
MIyMa, TAKAX KaK MPOIEYPHBbIE ITANbl (B3JeT, MOCATKa U T.II.), TPAEKTOPHUsI MoJeTa, HOKOBas
HAIPABJIEHHOCTD 3BYKa, OOYCJIOBJIEHHAST MECTOM YCTAHOBKH JBUTATE/ e 1 DOKOBOE 3aTyXaHUe.

Ha mnpakrTuke mrymMoBasg XapaKTepUCTHKA MOTOKA BO3JYIIHOTO TPAHCIOPTA He
HPUMEHSIETCS, OLIPEeIeSIOTCS IIYMOBBIE XapaKTEPHCTUKH OTAEJbHBIX BO3IVIIHBIX CY/IOB,
KOTOpBIE IIOTOM CYMMHPYIOTCS 110 KaKJIOMy HyTH IIpoJieTa. 3aTyXaHHe YpOBHe# IIyma
OIIEHUBAETCS B 3aBUCHMOCTH OT PACCTOSHHUS.

Ha ocnoBanmm poccuiicKoii METOJIMKN MOZKHO OIPEJIEJUTh MaKCHMaJbHbIE yPOBHU
3BYKa BO3JIYIIHBIX CYIO0B, IOJYUEHHBIE SMINPUICCKAM IIYTeM I POCCHHCKHX CaMOJIETOB, W
OLIEHUTH PACCTOSHUE, HA KOTOPOM 00eCIednBaOTCs IIPEIeIbHO JTOIMYCTHMbIE YPOBHHI IIyMa IPU
IpoJIeTe CaMOJIETOB Ha JAHHOM pPeXKHMe HUIOTHPOBAHUSI.

C wmcmoap30oBaHHEM HOBOIO IMOAXOda, pekomenmoBannoro HMKAOQO, paspaborana
KJaccupuKaIms a3ponopToB MO IKBUBAJEHTHBIM yPOBHAM 3BYKa, OCHOBaHHAS HA HapaMeTpax
a’9pOIIOPTOB M OIIPeJIeJIeHbl PACCTOSHHUsI, HAa KOTOPBIX JOCTHTAIOTCS JOIMYCTHMBIE YPOBHU
myMa. Kak mOKasblBalOT pe3y/IbTaThl W3MepeHHil, BBIIOJHEHHBIX s a’pomopra [lyikoso,
OpeI0KeHHBI MOoAXoa 6ojee TOUYHBIHA, YeM paHee TPHUHSTAs OIEHKA 30HBI CAHUTAPHOIO
pPa3pbiBa, adPOIOPTA.

Ha ocnoBanum paszpaboranHoil KJjaccupUKAIUU OpPeII0KeHbl  IIyMO3aIHTHbIE
MEPOIPHUATHS /I a3POHOPTOB PA3HBIX KJIACCOB, BKIOYAIOIINE YIaJJeHIe TPAeKTOPUI MpoJeTa,
OT JKWJIOH 3acTpOfKH, 3aMeHy VCTapeBIINX CAaMOJETOB, CHHUXKEHHEe INyMa B HCTOYHHKE,
Iy MO3AIIUTHOE OCTEKJICHNEe, OTPAHUYECHHE OIePaliii B HOUHOE BPEMSI.
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Db deKTUBHOCTH MEPONIPUATHIT TI0 CHUXKEHUIO MTyMa PAaCTOYHOTO 1
OCETOKAPHBIX CTAHKOB
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«BOEHMEX>» nm. JI.®. Verunosa, . Cankt-Ilerepoypr, PO
3 Acmupant, PocroBeknit roCy/IapCTBEHHBIH YHUBEPCUTET IIyTell U cOODIIEHUIA,
r. Poctos-na-lony, PP

AnHoTanus

IloBbIlIeHHbIE YPOBHHU IIyMa HA PA0OYMX MECTaX MEeTALI000pabaTHIBAIOMMX IPEAIPUITHI OIUH
U3 TMPEBAJUPYIOMUX BPEIHBIX (HAKTOPOB. AHamum3 KOMIIOHOBOK CTaHKOB IMOKA3bIBAET, YTO METOJIOM
BUOPOTIOIJIOIIEHNST HE BCETJa JaéT BBICOKUI pE3yJIbTaT W HE CHUXKAET YPOBHH IIyMa, 0 HOPMATUBHBIX
suadennit. Jljisg CHUXKEHUWS ITyMa BCE dYallle WCIOJb3YIOTCS DPAa3/IMdHble OTPAXKJIEHWS W JKpPaHbl. B crarbe
MOIPOOHO OMUCAHBI METOMbl PACYETd TAKWX KOHCTPYKIMI C yYETOM TApaMETPOB TOMEIIEHUs, C YIeTOM
PEOMETPUYECKUX PA3MEPOB KOHCTPYKIuit.  BplosiHeHre pacderoB 10 MOMyYeHHBIM (OpMyJIaM IO3BOJISET
3HAYUTENHHO YTOYHUTH PACYET YPOBHEH 3BYKOBOIO JABJIEHHS OT HCTOYHHUKOB U COOTBETCTBEHHO, CHCTEM
CHUXKEHUS TIyMa. Pa3zpaboTka MeponpusiThil 1O IMIyMO3AIUTE ¢ TPEIJI0KEHHON METOIUKON TTO3BOIUT CHU3UTD

YPOBHEH IITyMa B I[€XaX METAJI000PA0ATHIBAIOIINX MPEANPUITHIN 10 HOPMATUBHBIX 3HAYEHU.

Kirodesnle cioBa: Iy m, CHUZKEHUEe TIIyMa, p&CTO‘{HbIﬁ CTaHOK, OCQTOK&prIﬁ CTaHOK,

MeTaLI00pabaThIBAIONINN CTAHOK, IIIYMO3AIIHATA.

Noise mitigation measures efficiency for boring and axle lathe machines

Shashurin A.E.', Lubianchenko A.A.?, Goguadze M.G.3*
! DSc, professor of department ‘Ecology and life safety’
2 Phd, senior lecturer of department ‘Ecology and life safety’
1.2 Baltic State Technical University ‘VOENMEH’ named after D.F. Ustinova, St.Petersburg, Russia
3 Postgraduate student, Rostov State Transport University, Rostov-on-Don, Russia

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 significantly 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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Beegenne

AHanus3 KOMIOHOBOK MeTaLI00pabaThBAIOIINX CTAHKOB M XapaKTEePHBIX 0COOCHHOCTEeH
TEXHOJIOTHYCCKUX HPOIECCOB paCTaYuBaHHA OTBepCTI/Iﬁ [1] n TOYeHHud [ABYX IOCAAJOTHBIX
MOBEPXHOCTEN OCel KOJIECHBIX AP MTOKA3bIBAET, UTO CHUZKEHHE NIyMa PErKYIIero HHCTPYMEHTA
1 oceil MeTOI0M BHOPOIIOLJIOIIEHNSI He BCEIIa 11eJ1ecO00PasHO.

BrinoHeHne caHUTapHBIX HOPM II0 YPOBHIO IIyMa Ha PabOYUX MECTax OIepaToOpoB
TexHoJiorgiaee wu  1Hpome JA0CTH4b 1HaCCHUBHBIMM  METOJdaMU, TaKUMNU KaK JIOKaJIbHbIEC
OI'paHUYeHUd WU ITYMO3AIIUTHBIC 9KPaHbI. AKyCTI/I‘{eCI(aH SCbeeKTI/IBHOCTb CUCTEMBI CHUZKEHU A
myMa mpeJcTaB/isger coboit pa3Huily Mexkay hakKTHYeCKUMH OKTABHBIMU yPOBHSIME 3BYKOBOTO
JlaBJIeHUs Ha PabOIMX MeCcTaX OIepaTOpOB U IIPeIebHO-TOMYCTUMBIMA 3HAYEHUSIMU.

1. Tpebyemas 3¢pHeKTUBHOCTD CHU>KEHUS IITyMa CTAHOYHOTO 000PY/I0BAHUS

B namnnoii crarhbe mpenoaraeTcs, YTO CUCTEMBbI Ty MO3AITUTHI JOJKHBI 00eCIeYnBaTh
CAHUTapHBIE HOPMBI HA pabOYNX MECTaX ONePaTOpPOB He TOJIBKO OJTHOTO OTJIEIBbHOTO CTaHKA, HO U
B YCJIOBUSX pabOTHl yYACTKOB, TO €CTh HECKOJIBKUX OTHOBPEMEHHO PAOOTAIONINX CTAHKOB. BbLn
HPOBEJICHBI 3aMEPbI yPOBHEH ITyMa KaK OT OT/EJIbHBIX CTAHKOB, TAK U B [IEXE B IIEJIOM. 3HAYCHUSI
HEOOXOIMMO# JIJIsE BBIIIOIHEHUS CAHUTAPHBLIX HOPM IIIYyMa aKyCTHYeCKO# 3hdeKTuBHOCTH JIIs
PAcCMOTPEHHBIX B PaboTe CTAHKOB MpHUBeeHbl B Tabuie 1. Bepxuue mudpbl COOTBETCTBYIOT
paboueMy MecTy JJIs OIHOTO CTaHKa, HIKHIE — YCJIOBUS MPOU3BOICTBEHHOT'O YIACTKa C TPYIIIOi
CTAHKOB.

Tabruma 1
Axycruueckas 3(pHeKTHBHOCTD CHCTEM TIIYMO3AIUATHI

Tpebyemasi BeTUIMHA CHUYKeHUs 1yMa (1B) B

Tun cranka OKTaBHBIX ToJI0cax dactor (')
63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
Pacrounoit - - - D 13 8 7 6
- - - 9 16 12 11 10
['mapokonupoBaIbLHBLI - - 4 11 10 7 - -
- - 7 14 14 10 - -
MonepunsnpoBaHHbBIi - - - 8 8 5) -
- - - 11 11 9 - -
C npsMOyroJibHBIMU - - D 12 15 7 D 2
PE3TOBBIMH TOJOBKAMHI - - 8 16 18 10 8 5)
C KpyrabIMu PE3LIOBBIMH | - - 8 13 17 10 7 4
TOJIOBKAMH - - 11 | 16 20 14 11 8

CorylacHO KOMIIOHOBKAM HCTOYHUKOB IIyMa W TPeOyeMbIM 3HAYEHUSM CHUZKEHUSI
YPOBHEI 3BYKOBOTO JABJICHUS PA3padOTaHbl U IMIPEII0ZKEHbI CJAeLYIONHE MEPOTIPUATHA:

- I 2udPOKONUPOBAALHO20 CMAHKG — YCTAHOBKA CHCTEMBbI 3BYKOIOLJIOIICHHS Ha
BEPTUKAJIBHYIO MTAHEIb U aKyCTHYECKOTO S9KpaHa Ha CTAHWHY, 3aKPBIBAIOIIETO 30HY PEe3aHUsd;

- I MOOEPHUSUPOBAHHO20 CMANHKG — YCTAHOBKA JIBYX aKyCTHYECKHX IKPAHOB 30HBI
pe3aHus Ha NepegHeM W 3aHeM Yy9aCTKaX CTAaHWHBI;

- JUISE  CMAHKO08 C  Pe3yosbMl  20406KAMU — yBeJIWYeHWe 3BYKOWU3OJISIIIAU WU
BHOPOIIOT/IONIEHIST CEPUIHBIX OI'PaXKJICHUI 30HbI PE3aHMUsI;

- IS CNEYUGADHOZ0 PACTNOYHO20 CIMAHKG — YCTAHOBKA OBICTPOCHEMHBIX BEIOPOIIOTIONIAIOIINX
HOKPBITUI HA pacTadMBaeMOM KOPILyCe, YyCTAaHOBKA OIPaxKJIEHUS € BBICOKON CTEelneHbIo
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repMeTH3alnuu MexK Iy OJTMKHUM K pabodeMy MeCTy TOPIIOM KOPILYCa U TMPUBOJAMU JTBUZKEHUS.

2. Akyctumyeckuii pacyeTr CUCTEMbI CHHUXKEHUS IIIyMa

[Ipu pacdyeTe OKTaBHBIX YPOBHEH 3BYKOBOTO JaB/JIeHHUS HA pabOUIUX MeCTaX OIepaTopoB
cJle/lyeT YUYUTBIBATH INapaMeTpbl IIPOU3BOJACTBEHHOIO ITOMEIIEHUSI U CHUCTEeMbl IIYMO3AIUTHI.
Ucnonb3ys ganabie pabot |2, 3|, 3aBUCHMOCTD YPOBHEH 3ByKOBOTO JaBJIeHUsT HA PAOOYNX MECTax
NPUBEJIEHBI K CJIEAYIONEMY BUJLY:

- TIPU HAJWYIAHU aKyCTHIECKUX SKPAHOB B TMOMEIEHNN:

Xn  4en

L=1L,+10lg( 5+
11

+101g K — AD; (1)

- C CHCTeMOI IIYyMO3alllUThl B IIPOU3BOJCTBEHHOM IIOMEIICHUM:

Xn 4 S, Xn 4
L:Lp+101g< 90“) —3M+10lgy—|—1()lg( Pe

101g K 9
472 Bp Sl C)+Og’ 2)

rae L, - yPOBHH 3BYKOBOI MOITHOCTH, COBOKYITHOCTH MCTOYHHUKOB TIyMa, 1B;

T - PACCTOSIHHE OT MCTOYHHUKA IIyMa JI0 PAacYeTHOH TOYKH, M;

B - IOCTOSHHAA TPOU3BOJICTBEHHOIO OMEIIECHUS, M;

X1, on 1 X, @ - koaddunuenTs nckazkenns moJst u 1uddy3HOCTH (COOTBETCTBEHHO )
IPOM3BOJICTBEHHOTO TIOMEIIEeHNs (MHJIEKC «I») U CHCTEMBI MIYMOU30JISIUN (HHIEKC «C»);

AD - akycrmyeckas 3pPeKTUBHOCTD SKpaHa, 1b;

38U - 3ByKOM3OJIANMSA OrpazKaeHus, 1b;

B, - IocTogHHAA 00beMa CHCTeMBI IMIyMOM30IAINH, M;

S, - ILIOMAIL CHCTEMBI IMTYMOU30IAINAT, M2;

Sl - mromaas cucTeMBI MIYMOU30IAIME Y MCTOYHUKA TIyMa, M

K - xonm4ecTBO CTAHKOB, IIT.

HNcnonb3ya M3BeCTHBIE 3aBUCUMOCTH, CBSI3BIBAIONINE 3BYKOBOE JTaBJICHHE W 3BYKOBYIO
MOIITHOCTh, & TaK»Ke COOTHONIEHWS Pa3MepoOB MCTOYHUKOB, PACCTOAHUE JIO PACYETHON TOYKH U
WX KOMTIOHOBKY, 3aBUCHUMOCTH MTPUHUMAET BUJI:

- IpW HaJUYAU aKyCTHYECKHX IKPAHOB, 30HBI pe3aHus THIPOKONHPOBAIBHOTO H
MOJIEPHU3UPOBAHHOTO CTAHKOB:
L =10 lg [2 . 101g(ab+bc+ac)+2-lg Vip 1Olg ndplo+2-lg I/ko] + 124+

0,32  16(1 — 3
32 | 16( f‘“) +101g K — 31 + 18, 3)
r2 an Sy

rjie a,b, c - jpauHa, mupuHa U TOJIINUHA PE3Ia, M;

+101g

k — KOJIM9eCTBO CTAHKOB;

Vkp — CKOPOCTH KoJIeGaHUsl Pe3IOB, MK;

Vko - CKOPOCTH KOJiebaHus OCH, MK;

ag u S - Ko3dduIEeHT 3BYKONOMIONEHAS U IJIOMA/b BHYTPEeHHEeH MOBEPXHOCTH
IIPOU3BO/ICTBEHHOr0 HoMerenud (M?);

dy — quamMerp ocu, M;

AD — 10 xe, uro u B Popmye (1);

N - KOJ-BO PE3IOB, IIT.;

lo — mmmHA OCH, M;

7 — PACCTOsIHUE JI0 Pe3lia, M.

- OpW HAJWYHU OrPasKJeHUsI 30HBI PE3aHWsl OCETOKAPHBIX CTAHKOB € PE3IOBBIMU

TOJIOBKAME HMPSIMOYTOJIBHOTO CeUeHMUSI:
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L=10 lg [2 . 101g(ab+bc+ac)+2~lg Vip + 101gnd0l0+2~lg Vko] +

0,32 16(1 — 0,8a, +1 4
+101g | =5~ + (1= an) +1OIgL+101gK—BI/I—I—18, 4)
T OZHSH (0%

riae o, - Ko3hQGUIUEHT 3ByKONOIIOIEHH OIPAZKICHNS;
SE mIomanh 30HbI OrpazKIeHusd, M2;
a,b,c,n,do, k,lo, 7, an,Vip, Vko, K TO ke, aro B dbopmye (3);
3U To xe, uto u B dopmyie (2).
[Ipy HATMYMU OrpaKICHUS 30HLI PE3aHUsS OCETOKAPHBIX CTAHKOB C KPYTJIBIME
PE3IOBbIMHU I'OJIOBKAMM:

L =10 lg |:2 . 101g7rdr(dr+lr)+2~lgl/kp + 101gnd0l0+2-lguk0] +

0,32  16(1 — 0,8d, + 1 5
o+ (1= an) D0t L 1019 K 4+ 18 — 311, (5)

+101g +101g

CYHS%[ c
rae d, - JuaMeTp pe3roBOil TOJIOBKHU, M;
[, - TOMIIMHA Pe3MOBOil TOJIOBKH, M;
d. - TMaMeTp OTpaKJICHUS, M;
Vip, M, do, Lo, Vo, 501, Sy, K, 311 T0 ke, uto m B dbopmyae (4).
- PV HAJMYHH OTPAKIEHUsI 30HBI PE3aHUs CIENHAIBHOTO PACTOYHOIO CTAHKA C
Or'PaXK/IEHUEM, yCTAHOBJICHHBIM MEZKJ1y KOPILYyCOM M HPUBOJIOM OOPIITAHT:

L=10 lg [2 X 101g7rd1l1+21gl/k1 + 101g7rd2l1+21g1/k2 + 101g7rd(2n~31+21gl/k0'r}31+

0,32  16(1 — ar)
72 + anSy 6)

_l_lolgﬂdgTBQ—i-ng chmﬂ] +10 lg |:

0,8d. + 1

c

+101g +101g K + 18 — 31,

rae dq, dy - nuaMeTpbl ODOPIITAHT, M;

[1 - amaHa GOPIITAHIE MEYKJLY TOPIOM KOPILYCa M HPUBOIOM, M;

dors1, dorp2, AMAMETPHI PACTAUNBAEMBIX OTBEPCTHI, M;

V1 - CKOPOCTH Kosiebanust Gopmrranru 1, m/c;

Vo - CKOPOCTH KoJiebanust boprTanru 2, M/c;

Vkorsl - CKOPOCTH KoJiebanust oTBeperust 1, m/c;

Vkors2 - CKOPOCTH KOJIEOAHUST OTBEPCTHST 2, M /C;

de, K, 30,7, ar, S To xe, uro u B dhopmyie (5).

Jlng  pacdera TpeOyeMbIX 3HAYEHHIl aKyCTHYECKOH 3(PDEKTUBHOCTH 3KpaHa U
orpazKJeHuii B JeByI0 4dacTh Bhipazkenuii (5) u (6) MOICTABIAIOTCS TPeIETBHO-TOMYCTHMBIE
OKTaBHBbIE YPOBHH 3BYKOBOI'O JABJIEHUS, TOLIA:

AB.pes = L+ 101g [2 . 108labtbetac)+2lg vy, 4 1 lendolot2le yko] 1124

2 16(1 — 7
032 160 -an)| ok 1, (7)

+101g 2 aHS%[

rae ADypes - TPebyeMas 3hPeKTUBHOCTL SKpaHa, 1b.
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JIyist oceToKapHbBIX CTAHKOB € PE3MaMH IPSIMOYTOJIbHOTO CeYEHUST:

BMTpeG —L—10 1g [2 . 101g(ab+bc+ac)+2-lg Vkp | 101gndolo+2.lgyk0} +

032 16(1 — 0.8d, + 1 8
32, 16(1 — an) D8t L 10lg K + 18, (8)
7”2 O./HSH dc

+101g{ } +101g

rae 3 pes - TPeOyemas 3BYKOU30/IAUA SKpaHa, 1b.
Jlist orpaHUYeHnsT OCETOKAPHBIX CTAHKOB € KPYTJIBIMH PE3IOBBIMHU TOJTOBKAMMU:

3MTpe6 =1 — 101g [2 . 1OlgWdf'(d'r'+l7‘)+2'lgykp + 1Olgnd0l0+2'lng0} +

0,32 16(1 — 0,8, + 1 9
+101g{ — + (1~ an) 28t 0l K + 18, (9)
T

}+101g

1
QHSH c

g orpakieHns CIenuaJbHOr0 pacTOYHOTO CTaHKA:

BI/ITpeG =] — 101g [2 . 101g7rd1l1+2~1guk1 + 101g7rd211+2~1gl/k2 + 101g7rd§TBl+2lngom+

032 16(1 0,8, +1 (10)
+101g”d§m+21g”km?} +101g { =T (& Sfm)} +101g % +101g K + 18,
II°171 c

[IpakTuyecku Hauboaee HpocTo U AIPEPEKTUBHO 00ECTIEUUTD TPEOYEMYIO 3BYKOU30IAIHIO
OrpazKIeHHs CIeIYeT MOI00POM TONIIHHEI 3JIeMeHTOB orpaskaenus. [Ipn HopMaIbHOM IIaIeHun
3BYKa 3BYKOMBOJISIUS ONPEICTCHIA KaK:

BWipes = 1g [1 45,7 107°(phf)] (11)

rjie p - IWIOTHOCTH MaTepua/ia orpazxienus, Kr/m>;

h - TonmuHA, M;

f - gacrora, I'm.

Torma, ¢ yaeToM TOTO, 9TO MPEBBINIEHUsT YPOBHEIl 3BYKOBOTO /aB/I€HUs] HAYHHAIOTCS C
YeTBEepPTOM, & Jale ¢ HITO OKTaBbI, TOJIIKHA OIPAXKIEHH ONPEIeIIThCs 110 (hopmyJie:

Ppes = 100534526 (p £y~ (12)

rie p, f 10 xke, uro u B dhopmye (12),

hpes - TpeOyeMast TOJIIUHE KOHCTPYKIUH, M.

ﬂaHHaH 3aBUCUMOCTD IIO3BOJIACT OIlpeAeJIUTh MaTepuaJl U TOJIMUHY, KOT'JJa OT'PpazKACHHUE
BBLIIIOJIHCHO M3 €JUHOTO MaTepuasia. LIpy Haauuumy B OrpazkKIeHHH CMOTPOBBIX OKOH, 4TO
XapaKTepHO JId OCeTOKAPHBIX CTAHKOB € PE3IOBBIME TOJOBKAMH CJICJyeT HCIIONb30BaTh
3aBUCUMOCTH TPHBEJCHHON 3ByKomsoasamuu [3|.  I[IpuMeHHTeNbHO K paccMaTPUBAEMbIM
CTaHKaM 3aBUCUMOCTD 3BYKOHU3OJIAIUK OIIpEeAeIAeTCA KaK:

BU,pes =3Uoen — ABU = BUye, — 101g [S]

1o+ gl. 100,1(BI/IHCT—31/I)] +
+101g(S)ey + S1),

(13)

re Sl 1 3y, - wiomann (M) u 3Bykousossnug (1B) ocreknenus;
3. pes TO xKe, 110 u B popmyie (8), 31 1o xe, uro u B bopmyte (2);
A3 - mpuBeenHas 3ByKOu30.1si1us,1b;

Sl - miomanh KOHCTPYKIUM CHCTEMBI IIYMO3AIUTHL,M;

BU e - 3BYKOU30JISIHUS PACCTAUYNBAEMOT0 UCTOUHNKA, IB.
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3akJ/roueHue

Takum obOpa3om, pacdeT ¥ HPOEKTHPOBAHHE CHCTEM CHIKEHHS IMyMa HPaKTHIECKH
3aBHCHT OT TOYHOCTH PACUeTOB KOHCTPYKIUA M pacdeTa cKopocTell KoaebGaHHi HCTOYHHUKOB
myMa. Takme pacdeThl IPIMEHUTEILHO K TeOMETPUIECKIM PAa3MepaM H CIocobaM 3aKpeILIeHns
00pabaTbiBaeMbIX M3/IEJHUIl U PEZKYIIEr0 HHCTPYMEHTa MOT'YT ObITh BBIIIOJTHEHBI 110 aJIrOPUTMaM
W TporpaMMHOMY obecredenuto paborbl [4].  OgHako oTJauYWe TMOJYUYeHHBIX 3aBHCHMOCTE
3aKjI04aeTcd B ydeTe JIUCCHNATHBHON (pyHKIWMH, 3ajaBaeMoil Ko3ppUIIMEHTOM HOTEPD
KOJIe6aTeIbHON IHEPTUHN OTIEIBHBIX 3ar0TOBOK Pa3iInvHOil KoHburypamuu [5], ¢ yaerom Beeii
TEXHOJIOTHIECKOH CHUCTeMBI. BbIIOJHEeHne pacyeToB MO MTOIYYEHHBIM (OPMYIaM TO3BOJISET
3HAQYUTEJIbHO YTOYHUTDL pacydeT ypOBHeﬁ 3BYKOBOI'O AaBJICHUA OT HCTOTYHHUKOB U COOTBETCTBEHHO,
CHUCTEeM CHUXKEHUd IyMa. Pa3paboTka MepompudaTuii 1o IyMO3AIUTe € [PeIT0KEeHHOM
METO/IMKOil MO3BOINT CHU3UTD YPOBHHU IIYMa B IeXaX METaLI000padaThIBAIOIINX IPeIIPHITHI
JI0 HOPMATUBHBIX 3HAYEHHH.

Crucok aureparypbl

1. Analysis of the experimental study of the axle lathe machine vibroacoustic
characteristics for workplace noise reduction, A. Shashurin M. Goguadze A. Chukarin,
AKUSTIKA, Volume 34, 2019, c¢. 104-107 ISSN 1801-9064.

2. Nsanos H.I., Hukudopos A.C. Ocuoswr Bubpoakyctuku. — CII6.: Tlosurexnuka,
2000. — 482 c.

3. bopucos JI.IL., ['yxkac JI.P. 3Bykoumsojsdnus B MaIIHHOCTPOCHHUH. - M.
Mammnoctpoenne, 1990. — 250 c.

4. Yykapua A.H. Teopuss m Merojpl aKyCTHYECKHX PACUYETOB U IPOEKTHPOBAHUSI
TEXHOJOTHYECKIX MAIIHH [T MeXxanndeckoit obpaborku // Pocros un//1: Uszgarensckuii nenrp
JIT'TY, 2004. 152 c.

5. Homyer C.@. OcHOBB BUOPOAKYCTHYECKHX PACUYETOB OTeUYeCTBEHHBIX 3JIEKTPOBO30B:
monorpadusa / C.D. Iomycr, A.H. Yykapun, U.B. Borycmasckuit. — Pocros u//I:
Nsnarennckuit nenrp ATV, 2014. — 157 c.

References

1. Analysis of the experimental study of the axle lathe machine vibroacoustic
characteristics for workplace noise reduction, A. Shashurin M. Goguadze A. Chukarin,
AKUSTIKA, Volume 34, 2019, c. 104-107 ISSN 1801-9064.

2. Ivanov N.I., Nikiforov A.S. Osnovy vibroakustiki. — SPb.: Politekhnika, 2000. —
482 p.

3. Borisov L.P., Guzhas D.R. Zvukoizolyaciya v mashinostroenii. — M.: Mashinostroenie,
1990. — 250 p.

4. CHukarin A.N. Teoriya i metody akusticheskih raschetov i proektirovaniya
tekhnologicheskih mashin dlya mekhanicheskoj obrabotki // Rostov n/D: Izdatel’skij centr
DGTU, 2004. -152 p.

5. Podust S.F. Osnovy vibroakusticheskih raschetov otechestvennyh elektrovozov:
monografiya / S.F. Podust, A.N. CHukarin, I.V. Boguslavskij. — Rostov n/D: Izdatel’skij centr
DGTU, 2014. — 157 p.



NOISE Theory and Practice 69

YIK: 625.098
OECD: 01.03.AA

Biusane Ha ypoBeHb TPAHCHOPTHOTO IIIyMa W BIOPOCOB
MEPOIIPUATHUI 10 TTOBBINIEHUIO 3(P(PEKTUBHOCTI HA3EMHOTO
TpaHcropTa B . MoOCKOBCKMIt

Jlebenes O.A.1*, Dapkun 10.11.2
! Marucrpant
2 MIpodeccop, A.T.H.
1.2 MockoBckuii aBTOMOOUIBHO-I0POKHBIH IOCYIapCTBeHHbIH TeXHIUeCKHH YHUBEPCUTET

(MAII), r. Mocksa, PO

AnHoTanusa

B nmammoOi#i crarbe OTMEYEHO, UTO aBTOMOOMIHHBIA TPAHCIOPT SBIAETCA UCTOUYHUKOM 3HAYUTETHHOTO
3arpsi3HEHNs OKPYKAIOIIEH Cpebl IryMoM u BbhiOpocamu. [IpencraBiieHbl pe3yabTaThl HCCIEI0BAHNS IITyMOBOTO
3arpsI3HEHUS OT ABTOTPAHCIIOPTA YIUYIHO-IOPOXKHONW CETH W OT BPEMEHHOM CTPOUTLIONAAKM B T. MOCKOBCKWMIl.
O1MeueHO, 4TO U3MEpEeHHble YDOBHUM LIyMa Ha ucciaepyemom obbekre (1-it muxpopaiion r.  Mockosckuii)
MPEBBIIMIAIOT TPEIETbHO-TONYCTUMbIE. [IpeaToXKeHbl MepPhI 10 IIyMO3AIMATE s JOCTUKEHUST CAHUTAPHBIX
HOPM B JKWJIOH 3acTpoiike. Takke MpemIOKeHbI MEPOIPHUITHS W IPUBEIEHBI PE3yJbTAThI PACIETOB IO
CHUKEHWIO BAJIOBBIX BBIOPOCOB 3arpsA3HSIONINX BEINECTB OT HEMACCAXKUPCKOrO0 aBTOTPAHCIOPTA B YKA3AHHOM

ropoJe.

KiroueBbie cioBa: YPOBEHb 3BYKAa, yPOBHH 3BYKOBOI'O J[IABJIEHHS, TPAHCIOPTHBIN IIyM,

[y MO3aINATHBIE SKPAHbI, BETPOBAs HATPY3Ka HA [IIyMO3AIIUTHBIE SKPAHbI, CHU2KEHUE BHIOPOCOB OT aBTOMODOUIIEI.

Impact on the levels of traffic noise and emissions of measures to improve the
efficiency of land transport in Moscovski town

Lebedev O.A.'*, Elkin Y.I.2
! Undergraduate
2 Professor, DSc
1.2 Moscow Automobile and Construction State Technical University (MADI), Moscow, Russia

Abstract

This article notes that road transport is a source of significant 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 specified city are presented.

Keywords: sound level, sound pressure levels, traffic noise, noise screens, wind load on acoustic

screens, car emission reduction.
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Biusinne Ha ypoBeHb TPAHCHOPTHOTO HIYMa U BHIODOCOB MEPOIPHSITHI

110 HOBBIIIEHUIO 3(PPEKTHBHOCTH HA3EMHOIrO Tpancuopra B . MockoBckuit 70

Beegenne

s TekyIero BpeMeHU XapaKTepHa TeHJEeHIHS K POCTY ILIOTHOCTH TOPOJCKOI
3aCTPONKU, a TakyKe K COKPAIIEHUI0 CBOOOTHBIX OOBEMOB B 3JAHHUAX, BCJIEICTBHE YEro
COKPAIIAIOTC IyTH PACIPOCTPAHEHHS IIyMa, yXY/IIIAeTcsd aKyCTHYecKas curyaius. Takxke
POCT IJIOTHOCTH KHJIOH 3aCTPOIKN TPUBOIUT K OOJIBINEH MOTPEOHOCTH KUTEJIeH MOCTaBUTh Ha
CTOSTHKY CBOM JINUHBIN (KaK JIEMKOBOM, TaK M IPY30BOii, TO €CTh HEMACCAKUPCKUIT) TPAHCIOPT
Yy JIOMa, BO JIBOpe, HO MecCTa 4Yallle BCero He XBaraerT, a 3aCTPOMIIUK He X04YeT TPATUThL JIUIITHAE
JIeHbI'U ¥ U3HAYAJIbHO CTPOUTDH MO/I3eMHBIH MapKUHT. BeseacTBue 9Toro, XKATEIIM MTPUXOTUTCS
LHAPKOBATHCA JAJICKO OT LIO[Abe3/1a, B COCeJHEM ABOPE WJIUM C HAPYLICHUEM HPABUJI JOPOXKHOI'O
aBuzKkenus. B cBa3u ¢ 31uM, OBIBAIOT CUTYaIUU, KOIJA MPHUXOMUTCH €3JUTh BOKPYT J0Ma B
HAJIEXKJe Ha CBODOIHOE MECTO, YTO B CBOIO OYEPE/Ib, TPUBOJIUT K YBEJIUYECHUIO KAK BAJOBBIX
BBIOPOCOB OT aBTOMOOMJIEH, TAK U YPOBHEH IIyMa, BO3JIEHCTBYIONUX Ha YKUJIYIO 3aCTPOIKY.

1. OOwbekT uccaemoBaHusa

OO beKTOM UCCIIIOBAHKS SIBJISIETCS] OTHOCUTEIHHO HOBBIH PAOH 110/ HA3BAHUEM TOPO/I-
napk «llepsorit MockoBckuiiy, pacmoso:xenubrit B ropoge Mockoseknit, B 12 kv ot MKAJT
no Kuesckomy tmocce. Ha BbiOpaHHOM 00BEKTE MMEIOTCS BCE BBHINNEYKA3aHHBIE ITPOOJIEMbI, B
CBS3U C 9TUM MOBbITIeHHe 3P HEKTUBHOCTH UCTIOJIb30BAHNS HEACCAYKIPCKOTO TPAHCIOPTA B T.
MockoBckuii gdBageTcd aKTyaJ bHON 3aadei.

OcHoBubIM 1 mocTosiHEBIM uceTogHukoM 1myma (M) B ropome siBisiercsa ynamano-
nopoxkuas cetb (YJIC) co cBOMMH aBTOTPAHCIOPTHBIME MOTOKAMH. BpeMeHHBIM HCTOYHHKOM
IIyMa sBJSETCA CTPOUILIONIAIKA, PACIOJOXKEHHAS HA IepecedeHuu yia. ArgacoBa u Y.
Hukutnra. Ha mamHON cTpONIIIOMA Ke OCYIIECTBIAETCS CTPOUTETBCTBO UETHIPEXITAZKHOTO
3MaHud OyIyIero TOproBoro meHTpa. JljIsg OmeHKHW Kak NIyMOBOW SKCIO3UIUHU B YKUJIOH
3acTpoiike, TaK U BEJIMYMHBI PUCKOB JIjis 3JI0POBbs HACEJEHUd, IPOKUBAIONIEIO B HEl, OblLIn
IPOBEJIEHbI 3aMephl IYMOBBIX XapakrTepucTuk tpaHcnopTabix motokos (IIIXTII), yposwei
3Byka (Y3) u ypoBreii 3BykoBoro gapierust (Y3/]) B COOTBETCTBYIONMX TOYKAX. 3aMephl
LIXTII npousBoguInch Ha PACCTOSHUU 7,5 METPOB OT OCH OJIMKAUIIEN MOJIOCH JIBUKEHUS Ha
BBICOTE 1,5 MeTpa HaJ ypOBHEM Tpoes:keil yactu [1].

Buibop TodUeK i aKyCTHYECKUX U3MEpeHUil W JaJbHEHINX PacueToB OIpPE/Ie/IseTCs
PACIIOJIOZKEHHEeM MECT IMOCTOAHHOTO TPOKUBAHUSA HACEJIEHUs, 30H OTJbIXa, BHYTPHIOMOBBIX
TePPUTOPHUIL, TeTCKUX YUPEeKIeHUH, a TaK:Ke MeCTaMU € 33/JaHHBIM CIIeHApHeM OIIeHKH DPUCKA.

2. Pe3yapTaThl NCCIEIOBAHULA

Bceero cormacno I'OCT 23337-2014 6bL10 BBHIOpano 11 Todek M1 3aMepoB ypOBHeM
myma [2]. 3Bamepst yposus 3ByKa mnpoussoguwiauch B jauesnoe (07:00-23:00, Lg,,) u nounoe
(23:00-07:00, Ly;ign:) Bpems ¢ momompio nymomepa Oxrasa-110. B gannoit crarbe, B KadecTse
HpUMepa, IIPeJICTaBIeHbl Pe3yJIbTaThl U3MEPEHUH B JIBYX OCHOBHBIX TOYKaX, a UMEHHO: Y3 OT
TPaHCIOPTHOTO TMoToKa 1o Kuesckomy miocce (mocrostanbiit VIIL) B 2 MeTpax or dacaga y
OamzKaiimero K mocce Kunoro 3ganust (Touka Nel) cocrasun 60,4 u 58,0 1BA B aHEBHOE U
HOYHOE BpEeMeHa COOTBETCTBEHHO; IyM oT crpoifmiomaku (Bpemennsiii NI112) B 2 merpax or
dbacaga Kuaoro 31aHUs, PACHONIOKEHHOTO 1o ajapecy yia. Hukuruna, 4 (rouka Ne2) — cocraBut
61,0 u 57,2 1BA. B3aumHOoe pacnoso:keHne BbIOpaHHBIX TOYEK HpEeJCTaBIeHO HAa PHUCYHKe 1.
Usmepennbie Y3/1 (1eHb) B OKTaBHBIX MOJOCAaX dacTor st Todek Nel u N2 mpuBejieHBl Ha
pUCYHKe 2.
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Puc. 2. Cuekrps! miyma: 1 — touka Nel, 2 — Touka N2, CH — nopMaTus 1ryma 1o
CH 2.2.4/2.1.8.562 — 96

N3 rpaduka Bugno, uro Y3J/[ Ha TeppuTOpHH KUIOH 3aCTPORKH IIPEBLIIIAIOT
npejesnbHo-gonycrumbie yposuu (II1Y) B uaTepBase gacror 63 - 8000 I'm ma 6-22 nb
aast rouku Nel w ma 0,7-28 nB jmiag touku Ne2 cormacno CH 2.2.4/2.1.8.562-96 «Illym Ha
pabounx Mecrax, B IOMEIIEHHSIX »KHJIbIX, OOIIECTBEHHBIX 3J/IAHUIl U Ha TEPPUTOPHUU KUJION
sactpoiikuy [3]. TIpu s1oMm, ypoBHu 3BYKa npesbimaoT [11Y #a 6 — 14 1BA.

Jlnst cHUKEeHH S YPOBHA IIIYMa B YKA3aHHBIX TOYKAX HAMU IIPEJII02KEHO BOCIOIb30BATHCA
OJIHMM U3 CaMBIX HOIYJISPHBIX U HAHOOJIee H3BECTHBIX CIIOCOOOB 3AIMTHI OT IMyMa, B TOM YHCJIe
M TPAHCIOPTHOTO — YCTAHOBKOIl MTyMO3AIMUTHBIX SKpanoB (I119).

Jlnst onpeseseHusi mapaMeTpoB Kak MOCTOSHHOTO TIyMO3AIUTHOIO 3KpaHa (3arura
OT TpaHCIOpPTHOro mryMma, Kuesckoe mocce Ha Bbesfe B I. MOCKOBCKHIl), TAK U BPEMEHHOIO
9KpaHa (3aIluTa OT IIyMa CTPOUILIONAIKY) ObLIa HCMOIH30BAHA METOIHKA, TPEJICTABICHHAS
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B OJIM 218.2.013-2011 «Merommdyeckne peKOMEHIAIMHA 10 3aIATe OT TPAHCIOPTHOTO IIIyMa
TePPUTOPHIi, TPUIEraromuX K aBTOMOOHIBHBIM goporaMs [1]. Tlpu 31OM, CHUZKeHHe ypOBHS
3ByKa 9kpanoM (AL4, , nBA) onpezesnsercsa no dbopmy.e:

IKP

ALy, =182+ 7,81log(d + 0,02), (1)

rae 0 pasHoCTh X043 Au(PArnpoOBAHHOIO W IPAMOTO 3BYKOBBIX JIy4eil, M.

Bbuin paccumranbl akycrudeckag 3(OQEKTUBHOCTh SKPAHOB PAa3JIMYHOM BBICOTHI, a
MUMEHHO: Jist MOCTOSHHBIX 111D — 2, 4 u 6 MeTpoB (pe3yJbTaThl PACUeTOB IPEJICTABICHBI B
tab:1.1), aist Bpemennbix 1119 — 1, 2 u 4 MeTpa (pe3yabraTsl pacieToB IPeJICTABICHBI B Ta0JI.2).

Tabama 1
PeSyﬂbTaTbI pacdeTOB NOCTOAHHOT'O ITYMO3AIIUTHOI'O 9KpaHa
Bricora skpaHa My, M 2 4 6
a 32,00 | 32,02 | 32,39
b 145,00 | 145,03 | 145,09
c 177,00 | 177,00 | 177,00
) 0,001 0,02 0,47
ALpy,,,, 1BA 7,2 12,6 15,8

Tabuma 2
Pesyabrarer pacdera BpeMEHHOTO IMIyMO3AIMATHOTO SKPAHA
BricoTa sxkpana hayp, M 1 2 4
a 50,00 | 50,01 | 50,09
b 40,00 | 40,01 | 40,11
c 90,00 | 90,00 | 90,00
4] 0 0,02 | 0,20
ALy, , 1BA 5,0 7,5 13,1

B OJIM 218.2.013-2011 pexoMeHIOBAaHO JJNHY NIYMO3AIUTHBIX SKPAHOB LImd, M,
ONpeesIITh W3 YCAOBUS ODECTeYeHnsT PACCTOSHUS OT MPOEKINH KpPalHUX TOYeK OObeKTa
samuThl (coorBeTcTBEHHO P10, PTypas) Ha LIID 10 COOTBETCTBYIOMEro KOHIA IIOCJIETHETO
He MeHee, 4eM B 4 pasza 6oJibliie Kpardaifiero pacctosaust o 00bekra 3amuThl 10 11D (D ey,
Dipas.; M). IIpu onpeenennu JIHHBL 9KpaHa HEOOXOIUMO TAKyKe YINTHIBATL N JIIHHY YIaCTKA
MeKIAY PTes. @ PTypas. (L, M) o smann, napastensnoit 119 (pucynok 3) [1]:

LH.[S = 4DJ‘I€B. + L+ 4anaB.- (2)

B cranjapre orMedeHo, 4TO 9TO COOTHOIIEHUE IOJIYYEHO U3 YCJOBUN BO3MOYKHOCTHU
npeneOpexkenust gudpakimeii 3Byka Ha 60KoBBIX pedpax [119.
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He meHee 4D pacyemHbie moyku (PT)

i
3

Puc. 3. Cxema onpegenenus TpedyeMoit aaunnt 11D

Tax kak g Touku N1 MbI 9KpaHUPYEM O/HO 3/aHHE C IIPUJIOMOBON TeppPUTODHUEH,
TO Dyep. = Dppas. = 145 M; L = 121 M u, ciaenosaTebHO, JjUHa 3KpaHa Lprs = 1281 m.
OKoHYATEIbHBIE DPEe3YIbTATH PACUETOB MapamMeTpoB, mpepraraembix 19 (¢ yuerom Bcex
IIONIPABOK COIJIACHO YKa3aHHON Merouke [1]), mpuBenensr B Tabiaune 3.

Tabauma 3
Pesyaprarhl pacuera BpeMEHHOIO IMIyMO3AIUTHONO IKPaHA

Haznagenne | Bricora, M Jmaa Axkycrudeckast 3¢pHeKTUBHOCTbD, Bug
SKpaHa SKpaHa, M (AL, ., 1BA)
[TocTosgaubBII 6 1281 15,8 Orpazkarorie-
MOTJIONITAIOIITN A
Bpemennsbrit 4 110 13,1 OTpazkaionuii

B pesysabrare mpoBeieHHsI MPEJIOKEHHBIX TMTyMo3amuTHeX Meponpustuii (MIT11,
nocrosiaublii 1119) 9KBUBaJIEHTHBIN YPOBEHb 3ByKa OT TPAHCIIOPTHOTO MIyMa B XKIJIOH 3aCTpOiiKe
cam3uTes 10 64,0 — 15,8 = 48,2 1BA — 11 nHeBHOrO ypoBHS myMa u 10 58,0 — 15,8 = 42,2 n1BA
JIJIT HOYHOTO, 9TO MO3BOJUT He IIPEBLICUTL CAHWTApHbIe HOPMBI B b5 1 45 n1BA ai1s aueBHOrO
I HOYHOT'O BPEMEHH [3] COOTBETCTBEHHO.

[Ipu ycraHOBKE BpeMEHHOTO 9KpaHa BbicoToil 4 M (MIII2, mrym cTpORILIONAIKN) TaKKe
yIACTCS CHU3UTH YPOBeHb 3ByKa Ha 13,1 1BA u obecnednTh HOpMATUBHBIE 3HAYEHHS O IIIYMY
B KWJIOU 3aCTPOUKE.

Pacuem wymo3aWUMHBLT IKPAHOE8 HA 8EMPOBYI0 HAPY3KY

Tax Kak IIpeIoKeHHbIH HAMH ITOCTOSHHBINA ITYMO3AIIUTHBINR SKpaH BI0Ib KHeBCKOro
MIOCCe MMeeT JIOCTATOYHO OOJIbIIyI0 BbicOTy (6 M), TO CJeIyer HPOBECTH pacdeT ero
YCTOHYHBOCTH Ha BETPOBYIO HAIPY3KY 10 MeTomauke |4, 5]:

Wi = wo - ks - € (3)

MockBa oTHOCUTCA K 1 THIY BETPOBOTO paitoHA, CIeJ0BaTETbHO, XapaKTePUCTIIECKOe
3HadYeHWe BeTPOBOTO JaBjieHnd wy = 0,23 xlla.
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[Ipu 3rom a’dpoaunamMuydeckuiit KOG UIUEHT € Jjid NIYMO3AIIUTHBIX JKPAHOB, TO €CTh
IJIOCKUX CILIONTHBIX KOHCTPYKITUH, CTOAIINX HA 3eMjie, IpUHUMaeTcd paBHbiM 1,2.

Kosdpdunuent k(.,), yIuTbIBalOmuil H3MeHeHIe BETPOBOTO JABJEHUA JJIf FOPOJCKHX
TepPUTOPUil, JECHBIX MACCHUBOB U JIDYTUX MECTHOCTEM, MOKPHITHIX PABHOMEPHO ITPENITCTBAEM
BoicOTOf Gostee 10 M, npuauMmaercs paBabiM 0,65 (/1711 SKPAHOB BBICOTON > 5 M).

Pacuernbie 3nauenus 1o |4, 5| cpeaueii cocrapasitorieii BeTpoBoil HATPY3KH (Wy,, KI1a)
npeJcTaBIeHbl B TaOaure 4.

Tabuma 4
Pacuernble 3HaueHnsT BETPOBOil HAIPY3KM

Hasmagenme | IIporszkennocrs, | Beicora, M | ILlmomanp, | wo, | ke | ¢ | W,
SKpaHa M M M2 klla klla
ITocTossHHBIM 1281 6 7686 0,23 1 0,65 | 1,2 | 0,18

N3 npejcraBieHubix B Taba. 4 pacyéTHBIX JaHHBIX BUJHO, 9TO I OobecreveHus
«BETPOBOii» ycTroiumBocTH IpearaeMoro 119 Tpedyercs mocTaTovHO NPOYHBIA (DYHIAMEHT
(HaTpUMep, JIEHTOUHBIN ), TPH ITOM JIJIs KPEIJIEHUsT HECYTITUX CTOEeK K (DYHIAMEHTY HEOOXOIUMO
UCIO/Ib30BATh KAK MUHUMYM 6 aHKEPHBIX OOJITOB HA KAXKJIYIO CTOUKY.

Pacuem 0onoaHumesbHbLL 6G.A08bLL 6’bL6pOCOB om HeNaccadNcupcruxr
asmomobuaeti no npuvuHe noucxKa naproeru

B wmumpopoii mpakTHke pa3paboTaHO JOCTATOYHO OOJBIIOE YHCIO TPAHCIOPTHBIX
Mogeeil IS pasHbIX BHJIOB TpaHCIOpTa. B pamMkax maHHOH# pabOTHI, B HEPBYIO OYepeb,
HPEJCTAB/IAIOT HHTEPEC MOJIEJN JI/Isi MOTOPU30BAHHOIO TPAHCIIOPTA.

Meronq COPERT-5 (Computer programs to calculate emission from road transport)
YUIATHIBAET SMEICCHIO B PA3IUYHBIX PEKUMAX JIBUrATeeil, BOXKJIEHHS M CKOPOCTH, a TaKrxKe
COCTOSIHME JIOPOKHOH MH(MPACTPYKTYPHI U TEXHUIECKOE COCTOSIHHE TPAHCIOPTHOTO CPEeICTBA.
[Iporpamma COPERT-5 mo3BosisgeT paccUuThIBATH SMUCCHH OT aBTOTPAHCIOPTHBIX CPEICTB
(ATC) no mHOrmM mapameTrpaM " Da3jIMIHBIM peKUMaM BOXKJeHUs aromobusteii [6].
9TOT METOd HnMeeT BO3MOXKHOCTDL OICHHUBATb 3MUCCHU ,ZLBI/IFaTeJIeIU/I BHYTpEeHHEro CropaHud
(GeH3MHOBBIE, [U3eJbHBIE W JBHrATETH, pPabOTAIOIIHe Ha CXKATOM IIPHPOJHOM Ta3e) Kak
oCHOBHBIX NapHUKOBBIX Ta30B (COs, NoO um CHy), mak u razos-npemmecrsenaukos (CO,
NO,, nemeranoBbix yriesogopogos NMVOC). Dmuccun o aBroMOOWIEH PACCUATHIBAIOTCS
1O CJEYIONIMM ITapaMeTpaM: CPeJIHero0Boil mpober, cpegHss CKOPOCTh, CKOPOCTD JIBUKEHUSI
aBToOMODOMIel HAa TOPOJCKUX, CEIbCKUX U TJIABHBLIX JIOPOTAX, THUIIBI TPAHCIOPTHBLIX CPEJICTB,
O6’beM ABUTaTeJId, TUI TOIIJINBA. ZLHSI pacdeTa 3MUCCUU COTJIACHO METOAO0JIOTUN B IIPOrpaMMy
BKJIIOYAIOTCS  CJIEAYIONIHe JaHHBbIe:  KOJMIEeCTBO ABTOMOOWMJIBHBIX CPEICTB JJIsI KaxKIoi
U3 KaTeropuii crammapra EBpo ¢ pasmereHneM II0 HUCIOAB3YEMOMY TOILIHBY, TOIOBAast
TeMIeparypa OKpyKalomieil cpejibl, rogoBoe arMocdepHoe JjaBjeHne, TOJ0Bble JIAHHBIE IO
praxkaoctu. B uporpamme COPERT-5 mnpumensiorcs koadgunuentsr, paspaboTaHHBIE
COTJIACHO TEXHUYECKOMY IMOJIOKEHHUIO U TOJY BBITYCKA aBTOMOOMIEN.

B coorBercTBum ¢ TpebGoBaHusMu pacuerHoit meromuku (Copert-5) HeobxoamuMO,
MOMHMO pa3jieJieHnsT aBToMoOmIeil 1o 3IKojgormdeckuM crangapraM EBPO u mo Bumy
norpebisieMoro Torina (6€H3WH, IU3eJb, NPUPOAHBIA ra3), ONEHUTh CPEeIHEeroJ0BOH mpoder
JIS KayKJO# TIPYHIbl TPAHCHOPTHBIX cpeAcTB. g JierkoBbix aBTOMOOHMIEl HEOOXOIUMO
JIOIIOJIHATEIFHO pa3jeaeHne o oobeMy pabodero ABUTaTe s, I/l IPY30BbIX aBTOMOOWIEH - 110
I'PY30IOIbEMHOCTH, & JJIsi ABTOOYCOB - 110 BMECTUMOCTH.
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JlanHble O CTPYKType aBTOMapKa ObLIN B3STHl UCXO/s W3 WHTEHCUBHOCTH B OJWH W3
pabounx jiHeil, 3aMepeHHOI BO BpeMs HCCJeaoBaHnsdg. Tak Kak mpodJieMy JIMITHUX BhIOPOCOB
BO BpeMs IOMCKA MMapKOBKU CO3JAI0T TOJILKO JIETKOBBIE aBTOMOOWJIM, W3 HUTOrOBOTO pacyeTa
OBLIM UCKJIIOYEHBI IPY30BOM TpaHcHopT U aBToOychl. l[logcueT MHTEHCUBHOCTH HPOU3BOIUIICS
HA IepeKpecTKe, HAXOMSIIMMCS Ha Bbe3zie B Topoia. llepekpecTok mpeamosaraer jaBa IyTH
apuzkenusi — npsamo (yia. Arnacosa) m Hanpaso (1-it mukpopaiion). ITocie moBopora Hampaso
80% asromobmIeil MaET HA PA3BOPOT I JAJBHEHIIEro Npoe3a B UCCIeyeMblii HAMH PaifoH.

B pacyerax mo yMOT4aHHUIO BCE JIETKOBBIE aBTOMOOMIM OYAYT YKa3bIBATHCSA ¢ 00bEMOM
pabouero apuraress 1,4-2,0 aurpa, TaKk Kak JaHHBIH 00beM dBjsgeTcs Haubojee MOIYIsaPHBIM
[PHU OKYIIKE HOBOIO aBTOMOOUJIS.

JlaHHBIE IO JBUZKEHUIO — BEJIMYWHBI CPEIHEr00BOTO Tpobera, CpeaHsis CKOPOCTh U
JIOJIS TTPO0EroB MO pexKMMaM JIBHKEHHS JIJIsi PA3JIMYHBIX THUIOB pa3sHoBO3pacTHBHIX ATC u
Pa3JIMYHbIX THIOB y4acTKoB Y/IC B3g4Thl 1O pe3yiabTaraM HCCJIEJIOBAHUNA KaK COOCTBEHHBIX,
tak 1 BuimoaHeHHBIX B MAJIN, a Takxke no panusiM ['MBJ1/1 n Poccrara.

Cpenuero1oBoii mpober mo BHIOPAHHOMY paiioHy ObLT BBIOPAH HUCXO/sl U3 PE3YIbTATOB
COOCTBEHHBIX HU3MepeHuil, a uMeHHO: npu aBronapke B 2500 JIErKOBBIX aBTOMOOWJIEil B
paitone 80% u3 HuX yes:kaeT Ha paboTy Kaxkiplii Oyanuil genb u H50% yes:kaeT B BBIXOIHEBIE,
BO3BpAIAsiCh 00paTHO B TOT Ke JeHb. CpenHss JIMHA Kpyra s IIOHCKA MapKOBOYHOIO
MeCTa OPHEHTHUPOBOYHO paBHa 2,5 Kujomerpa. Kaxk/plii aBroMobU/Ib B CpejHeM jiejiaer 2
Kpyra, TakKuM O0pa3oM CpeaHerooBoil npoder KazKaoro aBTOMOOHISA 110 YKA3aHHOMY pailoHy
nocruraer 1875 KM B ro.

Pacyer BeIGpOCcOB 3arpsisustomux semects (3B) mposoauics mo meroguke COPERT 5.
NucTtpymeHnTOM OIEeHKEH 3MdeKTa M0 CHUKEHHI0 BBIOPOCOB OyIeT SABIITHCS ITPOIEHTHOE
coorrorenne 3hderra «10» (6a30BbIA ClieHApHUil) W «HOCAe» (IePCIeKTUBHBIH ClieHapHii).
DbdexTom «m0» OyIeT ABAATHCS KOJMIECTBO BbIOpocoB 3B mpum Tekyrmeit curyaruu, TO
eCTh KOr/Ja OOJIBIIMHCTBO BOJIMWTEJEH HINeT MEeCTO g HapKoBKH.  DdderTom «Iocaes
oyzem cuuTaTh BeIOpochl 3B mocie BHeApeHHS MEPONPHUSATHH MO PACIIHPEHUIO MAPKOBOK —
CTPOUTEIHCTBO MHOTOYPOBHEBON MAPKOBKH H pa3MelleHHe TAapKOBOYHBIX MeCT BIOJb YJI.
Hukwuruna. Tlocsie BHenpenusi yKa3aHHBIX MEPOIPHATHI MPOOEr BHYTPH JBOPOB YMEHbBIITUATCS
B 3 pasa, a cymMMapHbIii pober - B 2 pa3a. Pe3yabrarsl pacdera BaJIOBBIX I'OJIOBBIX BHIOPOCOB
3B 1151 060ux crieHapueB MpeacTaBIeHbl B TAOJIUIE .

Tabauma 5
Komngectso Beibpocos 3B or ATC myisa pasjnanbix crieHapuen
Bri6pocsl, Tonn B ron | Basosbiil cuenapuii | Ilepcnexktusnblii cnenapuii | Camzkenne, %
(pacimpenue HapKOBOK)
COq 1023,000 353,830 65,413
NO, 0,198 0,084 57,374
PM (2,5) 0,062 0,024 61,699
PM (10) 0,112 0,043 61,607

Kak BuaHO W3 mpUBEIEHHBIX JAHHBIX, KOJIUYIECTBO BajoBbIX BhIOpocoB 3B or ATC
cumsured: mo CO,y - ma 65,4%, no NO,, - na 57,4%, 10 B3BeIICHHBIM YAaCTHIAM AHAMETPOM 2,5
u 10 mxm — Ha 61,7% u Ha 61,6% cooTBeTCTBEHHO.

K coxanenmio, B HacTogIiee BpeMs HAM HEM3BECTHBI KaKue-I1n00 MEeTOINKH,
MO3BOJISIIOIINE OINEHUTh BJAWSHAE IMIyMO3AINUTHBIX 3JKPAHOB Ha paccenBaHHe BBIOPOCOB
3arpga3H4I0IIUX BEIECTB B arMocdepe oT aBTOMOOMJIBHOTO TpaHcmopra. (JIHaKO, MOXKHO
C YBEPEHHOCTBIO IPEIIOJOXKUThL, 4YTO NpH ycranoke 119 cuusurTcs, mo kpaitHeit Mepe,
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npu3eMHasi KOHIeHTpanusa 3B B Kujioit 3acTpoiike.

3akJ/rouyeHue

B jmannoit ctaTbe OBLIO PACCMOTPEHO TEXHUYECKOE pelenue 1o ycranopke 119 BeicoToit
6 M u gumHOM 1168 M Bmoab Kuesckoro mocce Ha Bbe3ge B I. MOCKOBCKHM, YTO IIO3BOJIHAT
CHU3WTH YPOBEHB IIyMa Ha 15,8 1BA um qocTUTHYTH TpeOyeMbIX HOPMATUBHBIX YPOBHEH 3BYKa,
B 55 1 45 1BA jyIg JHEBHOIO W HOYHOTO BPEMEHH B YKHJIOH 3aCTPOHKE COOTBETCTBEHHO [3].

Tax>Ke GBI BHINOIHEH PAcYeT BPEMEHHBIX 9KPAHOB (BbicoTa - 4M, ALy, = 13,1 1BA)
BOKDYT CTpOHILIOMAIKA (mepecedenue yia. AriacoBa u yi. HUKATHHA) 71T TOCTHKEHUST TEX
K€ HOPMATHBOB B KWJION 3aCTPOMKe.

IIpu sToMmM, OJiaromapsi pacIIUpPEHUI0 MapKOBOK B HCCJAeAyeMOM paiioHe, yaacTcs
JOCTUTHYTH CHUKEHHS TOJOBBIX BaJOBHIX BbIOpocoB oT Hemaccaxkupcknx ATC (3a cuer
YyMeHbIIIeHust gonoaHuTebHbX npoberos ATC) wa caeayroniue Besmaunbl: COy - Ha 65,4%,
NO, - na 57,4%, B3pemennsle yacTunpl guaMerpom 2,5 m 10 MxMm - mHa 61,7% un ma 61,6%
COOTBETCTBEHHO.
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' aKYCTNYECKIX KOHCTRYKLIWM

OO011eCTBO C OTPAHUYECHHON OTBETCTBEHHOCTHIO
"NHCTUTYT aKYyCTUYECKUX KOHCTPYKUUin'"

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

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

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

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

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

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

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

I';taBHAsA 11es1b

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

OcHOBHBIE 3agaun
OcnosHbIMYI 3aauamy Ky pHasia SBJISFOTCH:

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

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

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

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

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

Hay4anoe nuruposanmne JXKypHaina

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

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

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

Www.noisetp.com






