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Experimental Investigations of Quasi-flat Acoustic Absorbers Enhanced by
Metamaterial Layers
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Loughborough University, Loughborough, Leicestershire, LE11 3TU, UK
2 Professor, Department of Aeronautical and Automotive Engineering, Loughborough
University, Loughborough, Leicestershire, LE11 3TU, UK

Abstract

The efficiency of acoustic absorbers used for noise control can be improved by providing a smooth transition
from the impedance of air to the impedance of the absorbing material in question. In the present work, such a
smooth transition is materialised via application of gradient index metamaterial layers formed by quasi-periodic
arrays of solid cylinders (tubes) with their external diameters gradually increasing from the external row of tubes
facing the open air towards the internal row facing an absorbing porous layer. If acoustic wavelengths are much
larger than the periodicity of the array, such a structure provides a gradual increase in the acoustic impedance
towards the internal row of cylinders. This allows the developer to achieve an almost perfect impedance
matching between the air and porous absorbing materials, such as sponges, fibreglass, etc. In the present work, a
wide range of measurements of sound reflection coefficients from different absorbing materials combined with
matching metamaterial layers formed by the arrays of brass tubes have been carried out at the frequency range of
500-3000 Hz. Both normal and oblique incidence of sound have been considered. The results show that the
presence of matching metamaterial layers brings substantial reduction in sound reflection coefficients, thus
increasing the efficiency of acoustic absorbers.

Keywords: Acoustic metamaterials; Quasi-flat acoustic absorber; Impedance matching; Acoustic reflection.
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Annomauusn

Dhpexmusnocmv axycmuueckux noziomumenei, UCNOAbIYeMbIX Osl KOHMPOIs YPOGHS UWYMd, MOJCEm
Obimb  yayuuwiena 3a cuem obecneyeHus NIABHO2O NEPexood Om aKyCMUYecKko20 UMNeOoaHcd 6030yxa 00
aKycmuyeckoeo umneoamca noziowaoweco mamepuadia. B Oannoii pabome, maxou niasHull nepexoo
MAMEPUAIU3yemcss ¢ NOMOWbIO NPUMEHEHUs] 2PAOUEHMHBIX Cl0e8 U3 Memamamepuaios, 00pa308aHHbIX
K8A3UNepUOOUeCKUMU PeuemKxamu meepovix YuiuHopos (mpyook) ¢ HewHuMy ouamempamu, nocmeneHHo
VEETUNUBAIOWUMUCS O BHEWHE20 Psi0a MPYOOK, SPAHUYAWUX ¢ OMKPLIMbIM 6030YXOM, K GHYMPEHHEMY POy,
CONPUKACAIOWEeMYCsl C NOAOWAIOWUM NOPUCTIBIM Mamepuanom. Ecau Onunvl axycmuueckux 60aH HAMHO2O
bonbule uyem NEPUOOUYHOCb PeuemKly, MaKdas Cmpykmypa obecneuugaem NOCMENneHHoe Y8eludeHue
AKyCmuyecKo20 UMneoanca Memamamepuald 8 HanpasieHuy K GHYMpeHHUM psoam YUIuHOpos. Mo no3eoasnem
paspabomyuky 0oCmuyb NOUYMU UOEANbHO20 CO2NACOBAHUS UMNEOAHCO8 MedNCOy B030YXOM U NOPUCBIMU
abcopbupyrOWUMU MaAMepuaLamu, maKumu Kax 2yoKu, Cmekio8oiokHo, u m.0. B nacmosueti pabome, wupoxuil
ouanason usmMepeHull Kodpuyuenmos ompadicenusi 36yKa om pa3iudHbIX abcopoOupylouwux Mamepuanos 8
COUemaHuu ¢ COOMEEMCMEYIOWUMU CO2TACYIOWUMU CLOSIMU MemamMamepuand, 00pa3o8aHHbIMU PeuemKamu
JAMYHHBIX MPYOOK, NPo8oounucs 6 ouanasone yacmom 500-3000 I'y. Hccredosanuco kax HopmaibHoe, max u

E-mail: A.Azbaid-El-Ouahabi@Iboro.ac.uk, V.V.Krylov@lboro.ac.uk (corresponding author)
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HAKJIOHHOe naodenue 36)Kd. HOﬂy’ieHHble pe3yibmamvsl NOKA3bl6AOM, YmO HaAludue co2nacyrowmux ciloes
Memamamepuaia npueodum K CyWyeCcmeeHHoM) CHUMNCEHUIO KOQd)¢ML;M€Hm08 ompasiCenusl 36yKa, mem cambim
yeeauduesas agbqbekmusyocmb akycmuyeckux noanomumesneil.

Kniouesvie cnoea: Axycmuueckue memamamepuanvt, Keasu-nnockuil axycmuueckuti no2iomumens,
Coenacosanue umnedancos; AKycmuueckoe ompasjceHue.

Introduction

Acoustic metamaterials are artificially created materials which can provide acoustic
properties that otherwise would be hard or impossible to find in nature. Like metamaterials in
other areas of physics and technology [1-3], acoustic metamaterials gain their properties from
structure rather than composition, using the inclusion of small inhomogeneities to achieve
desirable macroscopic behavior (see e.g. [4, 5]). In particular, in some recent publications [6-
9] the attention has been paid to the design of cylindrical or spherical omnidirectional sound
absorbers using acoustic metamaterials for gradual impedance matching between the air and
the absorbing core.

In the present paper, a new type of metamaterial-based absorbers is described and
investigated - a 'Quasi-Flat Acoustic Absorber' (QFAA) enhanced by the presence of a
gradient metamaterial layer for efficient sound absorption in air. A typical example of such a
device consists of an absorbing layer and a quasi-periodic array of solid cylinders (Brass
cylindrical tubes) with their filling fractions varying from the external row facing the open air
towards the internal row facing the absorbing layer made of a porous material. A gradient
metamaterial layer formed by such cylinders is used to gradually adjust the impedance of the
air to that of the porous absorbing material and thus to reduce the reflection. Different types
of common porous absorbers (Sponges, and Fiberglass) are tested in this work to demonstrate
the importance of matching the effective acoustic impedance at the exit of the metamaterial
layer to that of the porous material in order to ensure maximal absorption into the QFAA.

All the Brass tubes forming the impedance matching metamaterial layers are of the same
length (305 mm) and arranged as a rectangular array placed into a wooden box with the
dimensions of 569 x 250 x 305 mm. The designed structure was manufactured and
experimentally tested in an anechoic chamber at the frequency range of 500 — 3000 Hz.

A wide range of measurements of sound reflection coefficients at normal and oblique
incidence from different absorbing materials combined with matching metamaterial layers
formed by the arrays of brass tubes have been carried out. Part of the material described in
this paper was presented at the conferences [10, 11]. The results show that the presence of
matching metamaterial layers brings substantial reduction in the sound reflection coefficients,
thus increasing the efficiency of sound absorption.

1. Experimental Setup and Procedure

As part of the Quasi-Flat Acoustic Absorber (QFAA) investigated in this work, a wooden
box with the dimensions of 569x250x305 mm was designed with two zones, one for the
impedance matching metamaterial and the other for a porous absorbing material. The zone of
matching metamaterial was drilled in opposite sides to provide an array of holes with
diameters gradually increasing from the external row facing the open air towards the internal
row facing the absorbing material.

The holes were arranged in 12x51 pattern with the square lattice constant a = 11 mm. By
inserting 305 mm long Brass cylinders (tubes) with the increasing external diameters D, =
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1.6 mm + (n-1) 0.8 mm between the opposite-sides of the wooden box into the holes, where
n is the row number, a Quasi-Flat Acoustic Absorber is constructed as a quasi-periodic
system of solid cylinders with varying filling fraction ff backed by a layer of the absorbing
material. Figure 1 shows a 3D schematic view of a Quasi-Flat Acoustic Absorber.

304.8 mm

H=

Fig. 1. Schematic 3D view of a Quasi-Flat Acoustic Absorber (QFAA) showing the absorbing
material zone (on the back) and the impedance matching metamaterial layer formed by a
quasi-periodic array of Brass cylinders

The varying filling fraction ff and the effective acoustic impedance Zg for the system
under consideration can be defined as follows [8]:

2
D
ffon = | 1
”(Zaj 1)
1+ ff
Zeff :ZO 1— ff (2)

Here D is the diameter of the cylinders and Zy,=413 Rayl is the impedance of air. The
calculated effective impedance defined by equation (2) and normalized to the impedance of
air is shown in Fig. 2 as a function of a row number n.

The experiments have been carried out in the anechoic chamber of the Department of
Aeronautical and Automotive Engineering at Loughborough University under normal and
oblique incidence of sound. As a sound source, a loudspeaker was used to produce the
constant broadband sound using a white noise generator. It was fixed on a vertical bar that
allowed it to be rotated around the central point of the QFAA surface in order to allow for
measurements at oblique incidence.



NOISE Theory and Practice
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Row number

Fig. 2. Normalized effective impedance of the metamaterial layer as a function of a row
number

Figure 3 shows the photograph of the experimental set-up used to measure the sound
pressure reflection coefficients in the general case of oblique incidence of sound. The selected
spacing between the centre of QFAA surface and the loudspeaker was d = 2 m in order to
generate the desired almost plane wave front when the sound reaches the sample. Two
nominally identical microphones (G.R.A.S. 40AE, pre-polarized % inch free-field) were
calibrated via the same pistonphone and connected to a PC via a dynamic signal acquisition
module NI-USB-4431 card (four analog input channels and one output channel) for making
sound measurements.

Fig. 3. Photograph of the experimental set-up showing the QFAA (right) and the position of a
loudspeaker (left) for normal and oblique incidence
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The two microphone transfer function method was applied over a relatively large number
of time samples, where the frequency response functions were processed to obtain the
reflection coefficients from the QFAA. The distance from the sample face to the first
microphone was | = 2 cm, and the distance between the microphones was s = 3.5 cm. Figure
4 shows a schematic diagram of the experimental setup.

———MIC2
$=3.5cm
MIC1

s
>
Ll )

Loudspeaker
LA -
!
|
!
S Nt 1
. Q .- !
~ s 1 :
~ s i
S ’ M i —
N - :
~, ! I
N I e
~ X E
E

N I=2cm

TestSample

Fig. 4. Schematic of the experimental arrangement

If a plane wave is assumed to be incident upon a test sample, then for an incident angle 4
the superposition of the incident and reflected waves in the x-direction is:

p= A(eikxcose + Re—ikx cosH) 1 (3)

where R s the reflection coefficient; k is the acoustic wavenumber, and A is a complex

amplitude constant (the sample is assumed to be at x = 0). The dependence on y-coordinate is

the same for incident and reflected waves. Therefore, it is not written down here for shortness.
The transfer function between the two microphones' positions is given by

ikxlcos@ —ikxlcos 4

e +Re
e|kx2c056’ +Re

Ho —ikx2cosg ! (4)

where x1 and x2 are the positions of the microphones shown in Fig. 4. A rearrangement of
formula (4) leads directly to the expression for the reflection coefficient:

H —ikscos@®
_Hp—¢€ 2ik (1+s)cos@ 5
— _ikscos® H € ’ ( )
€ —Hp
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There are some restrictions on the microphone spacing [12]. The lower and upper
frequency limits are given by

0.05¢c 0.45¢c
< f <=,
S S

(6)
where ¢ is the sound velocity. In the present work, the testing frequency range is chosen to
be between 500 Hz and 3000 Hz.

2. Results and Discussion

Measurements of sound reflection coefficients from different absorbing porous materials
combined with matching metamaterial layers formed by the arrays of Brass tubes have been
carried out at normal and oblique incidence. Four types of absorbing porous materials have
been used in the absorbing material zone. Sponges with different densities: spongel (medium
density), sponge2 (reflex medium), sponge3 (reflex firm), and fibreglass. Impedance
measurements for absorbing porous materials have been carried out at normal incidence of
sound using the above-mentioned Two Microphone Transfer Function Method. The
normalized acoustic impedances of sponges and fibreglass (relative to the acoustic impedance
of air Zp) calculated from the measured reflection coefficients are shown in Fig. 5 as
functions of frequency.

5 J . .
| —Sponge'
L N S S —Sponge2
: : —Sponge3
AR —Fibreglass |
350 :
~ 3F
(@]
N
N 25
(2]
Ko}
© 2

1 i % i
QOO 1000 1500 2000 2500 3000
Frequency (Hz)

Fig. 5. Normalized acoustic impedances of sponges with different densities and of fibreglass
calculated from the measured reflection coefficients

Different configurations of QFAA, containing 6, 7, 8 and 9 rows of Brass cylinders, with
sponges of different densities backed the last row of metamaterial layer, and QFAA
containing 10 rows with fibreglass inserted in the absorbing material zone have been
investigated at normal and oblique incidence. Measurements of the reflection coefficients
have been carried out using the Two Microphone Transfer Function Method. The incident
angle 8 was varied from 0° (normal incidence) to 45° with a step of 15° (oblique incidence).
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For normal incidence, the measurements of the reflection coefficients, at frequencies from
500 Hz to 3000 Hz, for the box with spongel (medium density) and for QFAA containing 6 to
9 rows of Brass cylinders with spongel backed the last row of metamaterial layer are shown
in Fig. 6.
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Fig. 6. Sound reflection coefficients measured at normal incidence for the box with spongel
(medium density) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass cylinders
(blue, red, green and light-blue lines respectively), with spongel inserted

The results show almost similar reflection coefficients (in comparison with the box with
spongel only) for the QFAA containing 6, and 7 rows with spongel inserted, and the QFAA
with 8 and 9 rows with spongel inserted shows similar and even higher reflection coefficients
than the box with spongel alone at some frequency range. These observations show that in
this case there is no impedance matching between the spongel (medium density) and the
metamaterial layers containing all the above-mentioned numbers of rows (6, 7, 8 and 9).
Indeed, the impedance of this sponge is already almost equal to the impedance of the air (see
Fig. 5), and the addition of a metamaterial layer only makes things worse for all mumbers of
rows of cylinders (Fig. 2).

In order to study the influence of oblique incidence on the reflection coefficients from the
QFAA containing 6, 7, 8 and 9 rows with spongel inserted, measurements of the reflection
coefficients have been repeated for the angles of incidence 15°, 30° and 45°. The results are
shown in Figs. 7, 8, and 9 respectively.
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Fig. 7. Sound reflection coefficients measured at angle of incidence 15° for the box with
spongel (medium density) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with spongel inserted
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Fig. 8. Sound reflection coefficients measured at angle of incidence 30° for the box with
spongel (medium density) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with spongel inserted
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It can be seen that the reflection coefficients at oblique incidence from QFAA containing
6, 7, 8 and 9 rows with spongel inserted are still similar or higher than the reflection
coefficients from the box with spongel alone. For the case of sponge2 (reflex medium)
backed the last row of metamaterial layer of QFAA with 6, 7, 8 and 9 rows, the measurements
of the reflection coefficients have been carried out in the same way as above at normal
incidence, and the angles of incidence 15°, 30° and 45°. The results, that are not shown here
for shortness, demonstrate that the insertion of the sponge2 does not bring noticeable
reductions in the reflection coefficients. This can be explained by the fact that acoustic
properties of sponge2 are similar to those of spongel (see Fig. 5), and there is no impedance
matching between the sponge2 (reflex medium) and the last rows of the metamalerial layer.

| ‘ == Box with Sponge1
6 b |===QFAA-BR (Sponge1)

= Box with Sponge
—— QFAA-7R (Sponge1)

D

oo o9
N

-y

800 1000 1500 2000 2500 3000 200 1000 1500 2000 2500 3000
Frequency (Hz) Frequency (Hz)

Reflection Coefficient
(=] [a] o
I
Reflection Coefficient

3 = Box with Sponge1
0.6 e —— QFAA-8R (Sponge1) |

: = Box with Sponge1
06 R —— QFAA-9R (Sponge1)

Reflection Coefficient
o
‘ <
Reflection Coefficient

1000 1500 2000 2500 3000 200 1000 1500 2000 2500 3000
Frequency (Hz) Frequency (Hz)

Fig. 9. Sound reflection coefficients measured at angle of incidence 45° for the box with
spongel (medium density) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with spongel inserted

The same tests as above were repeated for sponge3 (reflex firm) as an absorbing porous
material. Its acoustic impedance is greater than that for the spongel and sponge2, see Fig. 5,
so that one would expect its better matching to the effective impedance at the last row of the
metamaterial layer of QFAA with 7, 8 and 9 rows. The results of the measurements of the
reflection coefficients at normal incidence for the box with inserted sponge3 and for the
QFAA with 6, 7, 8 and 9 rows with sponge3 inserted are shown in Fig. 10. It can be seen that
there is no significant difference among the measurement values of reflection coefficients
from box with sponge3 inserted and QFAA with 6 rows with sponge3 inserted. However, the
QFAA with 7, 8 and 9 rows with sponge3 inserted provides lower reflection coefficients than
the box with sponge3 alone. This demonstrates the functionality of matching the impedances
using metamaterial layers.
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Fig. 10. Sound reflection coefficients measured at normal incidence for the box with sponge3
(reflex firm) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass cylinders (blue,
red, green and light-blue line respectively), with sponge3 inserted
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Fig. 11. Sound reflection coefficients measured at angle of incidence 15° for the box with
sponge3 (reflex firm) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with sponge3 inserted
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Fig. 12. Sound reflection coefficients measured at angle of incidence 30° for the box with
sponge3 (reflex firm) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with sponge3 inserted
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Fig. 13. Sound reflection coefficients measured at angle of incidence 45° for the box with
sponge3 (reflex firm) (black line) and for the QFAA with 6, 7, 8 and 9 rows of Brass
cylinders (blue, red, green and light-blue line respectively), with sponge3 inserted
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For the angles of incidence 15° 30° and 45°, the measurements of the reflection
coefficients for the box with sponge3 and for QFAA containing 6 to 9 rows of cylinders with
sponge3 inserted, are shown in Figs. 11, 12 and 13 respectively. It can be seen from Figs. 11,
12 and 13 that at angles of incidence 15° 30° and 45° the QFAA containing 6 rows with
sponged inserted produces similar reflection coefficients that the box with sponge3 does.
However, the QFAA containing 7, 8 and 9 rows produces lower reflection coefficients than
the box with sponge3, and the values of reflection coefficients increase toward the values of
reflection coefficients from the box with sponge3 inserted with the increase of the incident
angle. As the angle of incidence increases, the role of QFAA (7, 8, and 9 rows, with sponge3)
becomes less significant.

1
—Box with Fibreglass
| : — QFAA-10R(Fibreglass)
o OB e e :
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Fig. 14. Sound reflection coefficients measured at normal incidence for the box with
fiberglass (black line) and for the QFAA with 10 rows of Brass cylinders (blue line), with
fibreglass inserted

Let us now consider the effect of matching metamaterial layers on sound reflection from
fibreglass as an absorbing material. A fibreglass as a porous absorbing material for QFAA has
been earlier investigated at normal incidence [10, 11]. In what follows, the results of further
experimental investigations of QFAA containing 10 rows and with fibreglass inserted are
reported, both at normal incidence and at oblique incidence. The results for normal incidence
are shown in Fig. 14, in comparison with the results for the box with fibreglass alone. It can
be seen that at all frequencies the reflection coefficient for the box with fiberglass inserted is
strongly reduced when the QFAA containing 10 rows with fiberglass inserted has been added.

Measurement of the reflection coefficients at oblique incidence have been carried out for
the QFAA containing 10 rows and with fibreglass inserted. The results for angles of incidence
15°, 30° and 45° are shown in Figs. 15, 16 and 17 respectively, in comparison with the results
for the box with fibreglass alone. It can be seen that at all angles of incidence the QFAA
containing 10 rows with fibreglass provides lower reflection coefficients than the box with
fibreglass alone, but the effect of QFAA (10 rows with fibreglass inserted) becomes more
complicated as the angle of incidence increases.
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Fig. 15. Sound reflection coefficients measured at angle of incidence 15° for the box with
fiberglass (black line) and for the QFAA with 10 rows of Brass cylinders (blue line), with
fibreglass inserted

This behaviour can be related to the fact that the reflection coefficients in these cases
depend not only on impedances of the absorbing materials and of the last row of a
metamatterial layer, but on the angle of incidence of sound as well. Also, the effects of edge
diffraction on the measurements of reflection coefficients at oblique incidence could have
played a role.
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1500 2000 2500 3000
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Fig. 16. Sound reflection coefficients measured at angle of incidence 30° for the box with
fiberglass (black line) and for the QFAA with 10 rows of Brass cylinders (blue line), with
fibreglass inserted
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Fig. 17. Sound reflection coefficients measured at angle of incidence 45° for the box with

fiberglass (black line) and for the QFAA with 10 rows of Brass cylinders (blue line), with

fibreglass inserted

It can be seen from Figs. 14, 15, 16 and 17 that, for the QFAA with fibreglass as
absorbing material, the presence of the impedance matching metamaterial layer reduces the
acoustic reflection coefficients for all angles of incidence. This can be explained by the fact
that fibreglass has higher values of the acoustic impedance in comparison with sponges.
Therefore, using impedance matching metamaterial layers in this case brings more substantial
benefits from the point of view of reduction of sound reflection.

3. Conclusions

A quasi-flat acoustic absorber (QFAA) enhanced by the presence of gradient index
metamaterial layers has been designed, manufactured and tested. The impedance matching
metamaterial layers were formed by rows of Brass cylinders of equal length and with
diameters gradually increasing towards the internal row facing the absorbing layer.

It has been demonstrated experimentally that in the case of normal incidence of sound the
values of sound reflection coefficient for the QFAA depend strongly on the impedance
matching between the porous absorbing material (different types of sponge and fibreglass)
and the exit of the gradient metamaterial layer. In particular, for certain numbers of rows of
cylinders very low values of the reflection coefficient can be achieved. This can be explained
by a nearly perfect impedance matching achieved in such cases.

In cases of oblique incidence of sound on the impedance matching metamaterial layers,
the effects of metamaterial layers become more complicated. This behaviour can be attributed
to the fact that the reflection coefficients in these cases depend not only on impedances of the
absorbing materials and of the last row of a metamatterial layer, but on the angle of incidence
of sound as well.

The obtained results show that, for the quasi-flat geometrical configuration considered in
this work, the presence of the impedance matching metamaterial layers in front of porous
absorbing materials with high values of acoustic impedance can bring substantial reductions
in sound reflection coefficients in comparison with the case of sound reflection from the
porous materials alone, which improves the efficiency of sound absorption.
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HcciienoBanue NyMOBBIX XapaKTEePUCTHK MJIaHeTapHOro Mukcepa BM-10
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AHHOTaUUA

YcranoBneHsl 1mrymoBele xapakTepuctuku (IIIX) murameraprHoro mmkcepa BM-10 B ycmoBmsx
9KCIUIyaTallid B Pa3IMYHBIX pekuMax. BeimomHeHo cpaBHeHwe LIIX MamMHBI ¢ HpPEAENbHO TOMYCTHMBIMHU
mrymoBbiME XapakTtepuctukamu (ITJIIX) mo xapakrepucTike A W B OKTaBHBIX IOJIocax 4acToT. OmpeneeHsl
BenuuuHbl npesbiienust TIIIX. [Tpoeenena ouenka BausHUs Ha LLIX MamuHbl €€ COCTaBISIIOIIMX 3JEMEHTOB.
Iomydena muorodakropHas Mozens B3anMocBs3u LIIX ¢ TexHOMOrHIeCKUME (haKTOPaMH.

KaroueBble ciioBa: MHKcep, INEepeMENIMBaHHME, LIYMOBas XapaKTEpPHCTHKA, YPOBEHb 3BYKOBOH
MOIITHOCTH.

Research noise characteristics of VM-10 planetary mixer

Zapletnikov I.N.}, Gordienko A.V.2, Pilnenko A.K.
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® Assistant professor,
123 Donetsk National University of Economics and Trade named after Mikhail Tugan-Baranovsky,
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Abstract

Set the noise characteristics (NC) of the planetary mixer VM-10 in operation in various modes. The
comparison of NC machines with the maximum permissible noise characteristics (MPNC) characterization A
and in octave bands. The values exceeding MPNC. The influence on the machine NC its constituent elements.
Received multifactor model NC relationship with technological factors.

Key words: Mixer, mixing, noise performance, the sound power level.

Beenenne

Cpeay MHOTOYMCIIEHHBIX KOHCTPYKIUH B30MBAJIBHBIX U TECTOMECHIbHBIX MAallluH
IPOM3BOJICTBA 3apyOekHbIX (hupM Hambousbliee pacnpocTpaHenue B ctpaHax CHIT momyuwin
rianetrapHslii Mukcep BEST MIX Sigma monenu BM ¢ pabounmu kamepamMu 060beMOM OT 5
1o 80 1., BeITyckaeMsblii cepuiiHo pupmoit Sigma (Mranust). Mogenu BM-5, BM-10 u BM-20
YHHUBEpCalIbHbIE U MPeAHA3HAUYCHBI AJIs1 HEOONbIINX MPEANPUATHI 00IIECTBEHHOTO MUTAHUS.

Kak mnokaszanu pe3ynbTaThl Npeaplaymmx uccienoanuii 11X B30MBanbHBIX U
TECTOMECWIBHBIX MamuH [1] Hambojiee CyIIEeCTBEHHOE BIWSHHE HAa HUX OKa3bIBAIOT
KOHCTpYKTUBHBIE (akTopsl. Ha peiHOok wmukcepst BEST MIX Sigma mnocrynaror
cepTU(UIMPOBAHHBIMY, B T.Y. 110 IIYMOBBIM XapakTepHcTUKaMm. Bmecte ¢ TeM yCcTaHOBIIEHO
[2], uro IIX mamuH B Hpolecce 3KCILTyaTallud <«AerpajupyroT» BIUIOTh O «ILYMOBOIO

E-mail: obladn@kaf.donnuet.education (3anaemnuxos M.H.), gordienko_aleksa@mail.ru (I'opouenxo A.B.),
pilnenko_a@mail.ru (TTunvnenxo A.K.)
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OTKa3a», KOIJa MH3JIydaeMas MAIIMHOM 3BYKOBas MOIIHOCTb IIPEBBIMIAET MPEIEIbHO
nonyctumble mymoBbie Xapaktepuctuku (ITJLIX). Hapymenue caHuTapHO-TUTHEHUYECKHUX
HOpPM II0 IIyMYy OTpPULATEIbHO CKAa3blBAETCS Ha 3/10POBbE TPYIALIUXCS MPEANPUATUI
MUTaHMS, a IPU MPUMEHEHUH 3THX MAaIlUH B OBITY U Ha 3J0POBBE HE TOJILKO B3POCIBIX, HO U
nereit [3]. Caenyer OTMETUTh, UYTO B HOPMATUBHO-TEXHUYECKON JIuTeparype ceenenus o X
MHUKCEPOB OTCYTCTBYIOT, Jaxke MpH paboTe 6e3 Harpy3Ku.

[IpeBbllieHHE  MAalIMHAaMU  CAHUTAPHO-TUTMEHUMYECKMX HOPM B IIpoliecce
9KCITyaTalldd CEpUHHO BBIMTYCKAEMBIX M CEPTUPHUIMPOBAHHBIX MAIIUH HEOOXOAUMO
NEPUOIMIECKHA KOHTPOIMpOoBaTh. CaHUTapHBIE CIYKObI TOPOAOB M APYTUX MECTHOCTEH 3TOH
paboToii HEe 3aHUMAIOTCS.

[Toaromy nenbto AaHHOM paboThl sBisercs ycraHoBieHue LIX wwukcepa B
pa3MuYHBIX pEeXHMax MpH paboTe ¢ Harpy3koil u 0Oe3, ycraHoBieHue BiausHus Ha 11X
MAalIMHbl €€ OTAEJBbHBIX COCTAaBIISIIOIIMX, BJIUSHUS BHUAA NPOAYKTA, CKOPOCTH BpallEHUS
B30uBaTenss W paznuuyHoi eMkoctu Oauka. CpaBHenwe X wmammael ¢ TIJIIX 1o
XapaKTEepUCTUKE A M B OKTAaBHBIX I10JI0CAaX YACTOT U OIPEAEICHHE BEIUYUH IPEBBIIICHUS
I A0Ix.

1. MeToauuyecKkue NpEeaANnoOCbIIIKHA

M3mepeHuss npoBOIWINCH B JIaOOPaTOpUU BUOPOAKYCTUKH KadeIpbl 000pya0BaHUS
mumessix mpomssoactd JIonHYAT B peBepOepammonnoiil kamepe oGbemoM 70 M° B
coorBeTcTBUM co crangapramu ['OCT P 51400-99 (MCO 3743-1-94, 3743-2-94) wu
['OCT 31252-2004 (MCO 3740:2000). PacxoxmeHue MeXAy BHEIIHUM OIYMOM U
HCTOYHUKOM 3BYyKa cocTtaBuiio 6osee 10 1b (1bA) kak B OKTaBHBIX IOJI0CAX YacTOT, TaK U IO
KOpPPEKTHUPOBAaHHOMY IO A ypOBHIO 3BykKa. MI3mepenus ypoBHei 3BykoBoro nasneHus (Y3J1)
IPOBOJWIOCH AaTTECTOBAHHBIM ILIyMOMepoM «AccucteHT» (Poccusi) B OKTaBHBIX Moj0ocax
4acTOT U YPOBHIO 3ByKa. MHUKpPO(OH ycTaHaBIMBAJICS Ha M3MEPUTEILHOM PAcCTOSTHUM 1 M.
V3]l mepecuuThiBaiiCh Ha ypoBHH 3BYKOBOM MmomrHocTH (Y3M) mo I'OCT 30691-2001
(UCO 4871-96).

B kauecTBe mccienyemoro o0Opasia MCIONB30BaJICs IJIaHETapHBIH MHKcep Sigma
BM-10. VYcranoBneHHass MOIIHOCTh dekrponaBuratenis — 0,5 kBt, Tok mnepeMeHHBIH,
Hanpsokennem 380 B, macca — 55 kr, uncio 06opotoB pabodero oprana — 40-160 mum™,
rabaputsl — 480x610x720 MM, o0bem nexu - 10 1, nuamerp aexu - 250x230 mm. MammHa
yCTAaHABJIMBAETCsI Ha TEXHOJIOTMYECKOM cToje. B kauecTBe oOpabaThiBaeMOro IMpoayKTa
HCIIOB30BAIACh  MOJENbHAS JKHAKOCTb IUIOTHOCTBEO 1000 kr/M® 1 MPECHOE TECTO
mrotHoCTEIO 1220 kr/M°. MojenbHas KHAKOCTh MMHTHpoBana cimBKH. LIX MarmHsl
M3MEPSUTUCh TIPU 3arojHEHWW Oavka MamuHel Ha 271 W 3,81 oO0bema >KHIKOCTH, YTO
coctaBmiio cootBeTrcTBeHHO K=0,2 n K=0,38 o0bema Oauka 10 n. VMcmoap3oBaicss BEHUYUK U
CIIUPATIb.

Pacuer IIJAIIX pans mmanerapHoro wukcepa BEST MIX  Sigma BM-10
MPOU3BOJWIICS B COOTBETCTBHH C MeXrocyaapctBeHHbIM cTangaptom ['OCT 30530-97
«Iym. Metonpl pacdyera npeaeabHO JTOMYCTUMBIX ITYMOBBIX XapaKTEPHUCTUK CTALMOHAPHBIX
MaIIuH» Npu padoTe ¢ IPOAYKTOM U NMPUBEICHBI Aaniee Ha rpaduxe (puc. 1).

CpaBuenne X pans mumanerapHoro Mukcepa Sigma BM-10 ¢ paccuuTaHHBIMH
ITJIIX 1MOo3BOJIAT YCTAaHOBUTH HAIIPaBICHUE COBEPIICHCTBOBAHMS KOHCTPYKIUH MAIIWHBI
JUTSI TIOBBIIIIEHUS €€ TEXHHYECKOTO YPOBHHI.
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2. Pe3yabTaThl 3KCNIEPUMEHTAJBHBIX HCCJIEI0BAHMI

Ha pucynke 1 mnpuBeneHbl H3ilydaeMble YpOBHU 3BYKOBOW MOIIHOCTH MHKCEpa
Sigma BM-10 npu pabote 63 Harpy3Ky U ¢ Harpy3Koil B OKTaBHBIX IT0JIOCAX YaCTOT.

KoppekTrpoBaHHbIii IO A ypOBEHb 3BYKOBOH MOIIHOCTH COCTaBJISIET: MpU paboTe
0e3 Harpy3ku — 74 nbA, nipu paboTte ¢ Harpy3Koi — nepementuBanue tecta — 81 nbA.

£

lgdb

ar

£3 25 25 500 G 2000 4000 8000

Puc. 1. YpoBuHu 3ByKOBOI MoITHOCTH MuKcepa Sigma BM-10: 1 — Y3M 6e3 Harpy3ku;
2 — Y3M npu nepemmBaHiui MOAEIbHOM kuakocTy; 3 — Y3M npu nepeMennBanuu TecTa;
4 — TIAUIX

ypaBHeHI/IH perpeccun V3M IIpu MNEepeMCIIMBaH B OKTABHBIX ITOJIOCAX YaCTOT B
3aBUCHMOCTH OT 4aCTOTHI UMCIOT BU/I:

- 63 Harpyskn: Lpi=0,2172x%-4,5449x%+22,412x+44,086; R?=0,9561. (1)
- C Harpy3Ko# IpH NepEeMEIINBAHUH TECTA:

Lp,=0,553x%-9,1861x°+41,023x+30,929; R?*=0,9767. (2)
- C Harpy3Koi npu B30MBaHUU MOJIEIbHON KHUIKOCTH:
Lps=0,4167x3-7,131x*+33,095x+21,786; R°=0,9227. (3)

Ananmu3 IIIX mammHbl B OKTaBHBIX IOJOCAX YacTOT MOKa3all, YTO TPEBBIIICHUE
[TAIIX nHabmromaeTcss TONBKO MpH NEpeMelIMBaHuM TecTa Ha yactorax 250 'y — Ha 7 b,
500 I'm — ma 12 nb, 1000 I'y — sa 1 b, a Taxxe o A Ha 4 nBA, Lpa=81 nbA.

Ha octanpHbIX yacToTax u pexumax padots! npesbimienre [TIIX He oGHapyxeHo.
Cpasnenne 111X mukcepa Sigma BM-10 ¢ Harpy3koif u 6e3 Hee TOKa3ajo, 4To mpu padorte
0e3 Harpy3KkH YpOBEHb IIyMa HIKE, YEM TOJI Harpy3Koi MpU MepeMEeNTnBaHUU TECTa BO BCEM
JIMana3oHe 4acToT: Ha HU3KUX yactoTax — Ha 10 gb, Ha cpennux vacrorax — Ha 15 nb, Ha
BBICOKHMX 4acToTax — Ha 11ab u mo Lpy — Ha 7 1BA. W Hao6opoT BeIIE, pu 00padOTKE
MOJCIBHON KUJIKOCTH, TaK)Ke€ BO BCEM JHAIla30HE YaCTOT. HAa HM3KMX YyacToTax — Ha 14 ab,
Ha cpeHuX yactoTax — Ha 11 1b, Ha BhICOKHMX YacToTax — Ha 6 1b 1 1o Lps — Ha 8 nBA.

Jns OUEHKM BIMSHUS COCTAaBHBIX 4YacTed KOHCTPYKIMM MammHbel Ha [IIX
WCIIOJIb30BaH METOJ OTCOSAMHEHUSI OTJIECIBHBIX AIEMEHTOB. MUKPOhOH HAXOOUIICS B TEX XKe
TOYKaX HU3MEPUTEIBbHOM NOBEPXHOCTH, 4TO W npu wusmepeHuu X Bceld wmammHBLL
PesynbpTarel n3MepeHuii mpuBeAeHbI B Ta0uIe 1.
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Tabnuya 1
YpoBHU 3BYKOBOW MOIIHOCTH 3eMeHTOB BM-10

YpoBHU 3ByKOBOM MOIIHOCTH, 1b, B | Koppekrupo-

YcnoBus uaMepeHui OKTaBHBIX I10JI0CaX 4acToT, I'Il BAHHBIN 110 A
63 [125|250(500|1000(2000|4000({8000| VY3M, nbA

Marmna B cbope 55,9|74,8(74,5(72,0|169,3 | 61,1 | 51,9 | 42,0 73,4
be3 Benunka 55,2(75,7|77,5(71,5/ 70,8 | 61,9 | 50,5 | 41,2 74,5
be3 baka 54,2(75,4|75,573,4| 69,7 | 62,7 | 52,9 | 45,5 74,4
be3 ceTku 55,0(75,7|77,5(73,1/ 70,1 | 62,2 | 52,0 | 41,9 74,8
bes IMUeBOH saIIKTEL, HO C 54,4(78,3[78,3(71,3/69,3 [ 62,1 | 51,5 | 41,7 74,3
KPBIIIKOMN

be3 kpaiiiku, HO JHIeBOM 3amuToil ©5,4(76,3/81,2(71,5|71,5 [63,9 | 54,1 | 43,1 76,1
be3 KpbIlIKY 1 TULEBO 3aIUTHI 53,7(78,1182,4|71,7/70,8 | 62,5 53,2 | 42,4 76,5
DJIEKTPOABUTATEIb 40,4141,1/53,6(50,0{47,8 {47,3 40,4 | 39,6 53,6
TTJIIX 94186 |79 |75 | 72 | 70 | 68 | 66 77

AHanu3 pe3yJabTaToOB 3TUX UCCIIEIOBAHUM MTOKA3all, YTO HAIMYME BEHUYHMKA yXYAIIAET
X mamuuel Ha 1-2 b Ha yactotax 63, 500, 4000 u 8000 ['u, u HaobopoT ymyumaer X
Ha 1-3 ab na gacrorax 125, 250, 1000 1 2000 I'.

Hanunuue 6aka okaspiBaeT HecyecTBeHHOe BinusiHue Ha 11X mamuHbl B OKTaBHBIX
[10JIOCAX 4acToT, B npenenax 1-2 nb.

Hannuue ceTku B MamMHE TakKe HE3HAUYMTEIbHO BiauseT Ha 111X MamumHbL, XOTS
HaOmonaercs u yxynmenue 111X na 3 nb na gacrore 250 I'.

Kpsbimika n nuneBas 3aniuTa OKa3blBalOT CYIIECTBEHHOE BiusHUE Ha 11X MamuHbL
Tak ux orcyrcTBUE BbI3bIBaeT yxyameHue X mammHapl TpakTHYECKH Ha BCEX YacTOTaxX Ha
1-8 nb. A na gacrote 250 't umeet mecto npesbienue [TIIX wa 3 nb.

JUis cHUKEHMsI BIMSHUSA KOHCTPYKUMHU Kpblmiku Ha LIIX Mammnbl 1ienecooOpa3Ho
YBEJIMYUTh JKECTKOCTh KpPBIIIKA TyTeM €€ OpeOpeHuss WM TMOKPBITh BHYTPEHHIOIO
MOBEPXHOCTh KPBIIIKK YIPYTOBSI3KUMHU MAaCTUKAMH.

Haubonee 3Hauntenpubiit Bkaaa B LIIX mamuns! okaseiBaet LIX snexTpoasurarens.

3. MoaeaupoBaHue pe3yJbTaTOB HUCCJIET0BAHMS

C nenbio noxydyeHus: HHPOPMALMU O BIUSHUM psfa MPOU3BOJCTBEHHBIX (PaKTOPOB
Ha [IIX mukcepa BM-10 1 monmy4deHnst MHOTO()aKTOPHBIX MOJETICH ITHX TPOIIECCOB MTPOBEICH
aKTHBHBIM DJKCIEPUMEHT II0 MeTrony bokca-YwicoHna Buna 23 [4]. B xauectBe weneBoit
byaknun npuHuManuck 3HadeHus IIX B Bume Y3M B OKTaBHBIX MOJ0OCax 4acTOT U IO
xapaktepuctuke A. He3aBUCHMBIMH TepeMEHHBIMH (haKkTOpaMHu OBUIM HPUHATHL O00BEM
NPOAYKTa, IUIOTHOCTh MpPOAYKTa W 4YacToTa BpalleHus padouero opra€a. YpOBHH U
MHTEpBaJIbl BapbUPOBAHUS MPUBEACHBI B Tabiuie 2. Marpuiia niaHupOBaHUS SKCIEPUMEHTA
U 3HaueHUs (YHKIMU OTKIMKAa B OKTAaBHBIX II0JIOCAX YacTOT U MO XapaKTepUCTHKE A
npuBesieHbl B Tabnuue 3. B pesynbrate cCOOTBETCTBYIONIEH 00pabOTKM MOTYYEHHBIX JaHHBIX
[4] mnony4yeHbl 3HAUMMbIE aJ€KBATHBIE PETPECCUOHHBIE MOJEIM B KOJHWPOBAHHBIX
[IEPEMEHHBIX.
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Tabnuya 2
YpOoBHH U UHTEPBAJIBI BapbUPOBaHUs (HaKTOPOB
DaKkTOpbI
Yacrora
YpoBHH OObEM NPOAYKTA, | [I0THOCTH MPOJIYKTa, BpatleHiA
an3 .3 3 pabodero
X110, M7 X Xo, Kr/M
opraH_all, X3,
v
OcHOBHOM 0 2,9 1110 1,495
Bepxamii +1 3,8 1220 2,33
HwxHauit -1 2 1000 0,66
WutepBan BappupoBanusi| Ai 0,9 110 0,835
Tabnuya 3
Marpuiia njiaHUpPOBaHUS IKCIIEPUMEHTA
Marpuiia IiaHupOBaHusI Pabouyast MmaTpuIa Cpenmnee,
& S| X1 | X2 X3 X1X2 X1X3 XoX3 X1X2X3 O0wéMm, | ITnotnocts, | Hacrora, Y Lisa,
Z 4 M Kr/M° ¢t
T o
1 - - - + + + - 2 1000 0,66 66
2 - - + + - - + 2 1000 2,33 72
3 + | - + - + - - 3,8 1000 2,33 73
4 + | - - - - + + 3,8 1000 0,66 65
5 -+ - - + - + 2 1220 0,66 68
6 - + + - - + - 2 1220 2,33 81
7 + | + - 1 -1 -1 -1 3,8 1220 0,66 68
8 + | + + 1 1 1 1 3,8 1220 2,33 81

VYpaBHeHHEe ajekBaTHOM  Maremaruueckod moaenu Y3M  MamuHbl B
KOJIMPOBAHHBIX IIEPEMEHHBIX C YUYETOM ITAPHBIX B3aUMOJCHCTBUN UMEET BUJL:

YLaEA (X, X5, %X3) =71,6—-0,0083-x,+2,79-X,44,9-X3;—0,09- X, - X, +0,24-X,X; +1,39- X, X, )

[Tocne wuckmoYeHUs] HE3HAYMMBIX KO3(PPHUIMEHTOB B MOJEIU HCCIETYEMOIO
npoliecca IMoJIyueHO MHOTO(aKTOPHOE perpeccuoHHoe ypaBHeHHue 3aBucumoctd LIX or
NEepeMEeHHbIX (aKTOpOB B KOAMPOBaHHBIX (5) W HaTypaJbHBIX IepeMeHHBIX (6) 1Mo
KOPPEKTHUPOBAHHOMY YPOBHIO 3ByKOBOM MOIIHOCTHU

YLdEA (X[, Xy, X3) =716+ 2,79-X,+4,9 -X3+1,39- X, X, 5)

LPaBA (p,n) =59,786++0,0027- p—10,93-n+0,015- p-n ©)

ITonmy4eHHOE COOTHOLICHUE ITOKA3BIBAET B3aUMOCBSA3b IIIYMOBOM XapaKTEPUCTUKHU
mammHbel BM-10 ¢ Takumu axktopamu, Kak IJIOTHOCTh MPOJAYKTa M 4YacTOTa BpAIICHUS
pabouero oprana. C yBenndyeHueMm 3HaueHH# 3Tux (akropoB IIX BM-10 Bo3zpactaer.
HanOonp1iee BiusHUE OKa3bIBAa€T YaCTOTA BPAIIECHUS U TAPHOE B3aUMOAEHCTBUE MIIOTHOCTH
OpOAyKTa W 4acToThl BpamieHus. Haumensinee BiusHue Ha IIX okaspiBaeT 00beM
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Hccredosanue uiymosbix Xapaxmepucmux nianemapnoz2o muxcepa BM-10

IepEeMEIINBAaEMOr0 MpPOAYKTa, M 4YTO OCOOCHHO HHTEPECHO, IApHOE B3aMMOJICHCTBHUE
YacTOThl BpallleHUs U o0beMa MPOAYKTa OKa3ajaoch HE 3HAYMMbIM. OOBsICHEHHE NaHHOIO
SIBIICHHSI CIIEAyeT MCKaTh, BUAMMO, B MaJOM HHTEpBajieé BapbUpOBaHUS 00bEMa Maublii
UHTEPBAJl  BAPBUPOBAHUSA  OIPAHUYEH  TEXHOJOTMYECKUMU U KOHCTPYKTHBHBIMHU

rapaMeTpaMu MalllUHbL.
3

MakcumanbHoe 3HaueHue Y3M Habuonaercss mpu o0bEMe MpPOIyKTa 3,8'10'3 M,
wioTHocTy npoaykra 1000 KI/M® ¥ 9aCTOTHI BpaiueHus 2,33 clu paBHO 81 nbA.
I'padmueckas uHTEpHIpETAIUs YpaBHEHUI MpE/ICTaBlIeHAa HA pUCYHKaX 2-3.

I]JI_Q 600

1 ~

()QTL: . 300
P/M

2

1 200 400 a0 200 1000 1200

Puc. 3. I'paduk MOBEpXHOCTH U JINHUM YPOBHS YpaBHEHH B HATYPaIbHbBIX IEPEMEHHBIX
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3akiarouyeHue

[IpoBeneHHbIe HCCIEIOBAHUS TOKA3alld, YTO U3Jy4aeMmble YPOBHU 3BYKOBOM
MOIIHOCTH MHKcepa Sigma BM-10 UTalbsHCKOTO MPOU3BOJICTBA B YCIOBHUAX IKCILTyaTaIlH
npu pabore Oe3 Harpy3ku He mnpesbimaer [IJIIIX, omnako Beime 3navenuit X mpu
00paboTKe MOJIEIBHOM KUJIKOCTH BO BCEM JuamnazoHe 4actoT Ha 6-14 nb. Ilpu oOpaboTke
TecTa HaOoal0TCsl HauBbIcue 3HadeHust 11X MammHbl Takke BO BCEM JUANa30HE YacToT,
a Ha yvacrorax 250, 500 u 1000 I't umeer mecto mpesbimenue [IJIIIX wa 7, 12 u 1 nb
COOTBETCTBEHHO.

MetonoM pa3zeneHusl MallMHbl HA COCTaBHBIE YAacCTH YCTAaHOBIJIEHO, YTO BUOpalus
kpbiiky yxyamaer X mamuuel. Crenyer yBETUYUTh KECTKOCTh €€ KOHCTPYKIUU WM
MOKPBITh BHYTPEHHIOKD TOBEPXHOCTh KPBIINIKKM BHOPOIMOIIIOMIAIOIIMMU  MaTepHallaMH,
JOMYCTUMBIMU JUIsI KOHTaKTa C MUIIEBBIMU NpOoAykTaMu. OCHOBHBIM HCTOYHHUKOM IlymMa B
MAIIMHE SBISETCS SIEKTPOIBUTATEb.

[To pesynpTaTtam (axkTOpHOrOo HIKCIEPUMEHTA BHAA 23 YCTaHOBJIEHO, 4TO
Bo3pactanue Y3M cBs3aHo ¢ 00pabOTKOM mpoayKTa ¢ 60siee BHICOKOH MIOTHOCTHIO, a TAKKE
C YBEJIIMUYEHHUEM YaCTOTHI BpalleHusi pabodyero opraHa. ITO SBJICHHE CKa3bIBACTCS, MPEKIE
BCEro, Ha HU3KUX yacToTax. Yxyamatorcs [IX MamuHbl npyu yBenIudeHHH 00beMa IpOoAYKTa.

JlanpHelye ucciaenoBaHus MPeayCMaTpUBAIOT anpoOalrio METOAOB YIIyYIIEHUS
X mukcepa BM-10.
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BiusiHue MaTepuaJia Ha aKyCTHYECKYI0 3(P(PEeKTUBHOCTH HIYMO3AIUTHBIX
IKPAHOB

VBanos H.W., [Tamrypun A.E2 Boiiko 10.C.2
! J.1.H., mpodeccop, 3aBeayromuii kaheapon « IKoJoTHs 1 0€3011aCHOCTh
KU3ZHEICSITSIIbHOCTI Y,
2K.T.H., JOLCHT Kadenpsl «IKoI0rus U 6€30MaCHOCTD KU3HEIEATEIbHOCTH,
Acniupast kadeapsl « IKOIOTHS 1 0€30IaCHOCTh KU3HEICATEIIBHOCTHY,
23 (Banuiickuit rocyapcTBeHHbIN TexHuueckui yaupepcuteT «BOEHMEX)»
uM. J1.®D. Yerunosay, PO, r. Cankr-IletepOypr, yn. 1 —s1 Kpacnoapmeiickas, 1. 1

AHHOTANHSA

ITokazaH MexaHW3M yMEHBLICHHUS LIyMa 3BYKOM3OJMPYIOIIEH Iperpagoil — IIyMO3AIIMTHBIM 3Kpa-
HOM, IIPOaHAU3NPOBAHBI MaTepHANIbl, UCTIONb3YEMbIE IS UX M3TOTOBIEHHA. [loka3aHO BIMSIHHE MaTe-pHAJIOB
Ha KOHCTPYKIIMIO ITyMO3AIIUTHOTO 3KpaHa M HAa €ro 3BYKOW3OJMPYIOIIHE M 3BYKOMOTJIOMIAIOIINE CBOWCTBA.
JlaHBI naHHBIE PAacUeTOB B CPABHEHHWH C HKCIIEPUMEHTAIbHBIMH JaHHBIMH. [lO0Ka3aHO, YTO HCIHOJB30BAHHUE
3BYKOITOTJIOIIAIOIINAX MaT€PHaAJIOB B KOHCTPYKIIMHU SKpaHa M03BOJIIET YBENUIUTh €ro 3ddexTuBHOCTD HA 2—7 nb
B CpPEJIHE-BBICOKOYACTOTHOM JHAaNa30HaX.

KnaroueBrble ciioBa: HIyMOSaH.[I/ITHHﬁ OKpaH, 3BYKOIIOI'JIOIICHUEC, 3BYKOU30JIA LI, Bq)(l)eKTI/IBHOCTB.

Influence of the material on the acoustic efficiency of the noise barriers

Ivanov N.1.%, Shashurin A.E.% Boiko 1.5.2
! Doctor of Engineering Science, Professor, Head of Department “Ecology and Life Safety”
2Ph.D. of Engineering Science, Lecturer of Department “Ecology and Life Safety”
® Ph.D. Student of Department “Ecology and Life Safety”
Y23 altic State Technical University “VOENMEH " named after D.F. Ustinov,
St.-Petersburg, Russia

Abstract

The mechanism of noise reduction using the soundproof barrier - soundproof screen is shown,
materials used for their manufacture are analyzed. Influence of the materials on the noise screen structure and
its sound insulating and sound absorbing properties is shown. Calculations data in comparison with
experimental data is given. It is shown that using sound-absorbing materials in the screen structure allows
increasing the efficiency by 2 to 7 dB in the medium frequency ranges.

Key words: noise barrier, noise insulation, soundproofing, efficiency.

Beenenne

[Iymo3aimuTHBIE S5KpaHbl Hanbosee 3 heKTHBHAS U YHUBEPCATbHAS KOHCTPYKIIHS,
yCTaHaBJIMBaC-MasA JIsI CHMOKCHHA IIyMa Ha IIYTH OT MCTOYHHKA IIyMa A0 3allyuiacMoro
o0bekTa. DKpaH paboTaeT 1Mo MPHUHIKITY OTPaKEHHs 3ByKa, HO Ha CBOOOIHBIX pedpax 3BYK
audparupyeT W MPOHUKAET 3a DKpPaH. 3a KPaHOM 00pa3yeTcs 3ByKOBas TE€Hb, B KOTOPYIO
CTPEMSATCST Pa3MECTUTh 3allMIIaeMblii 00bekT. Ilpu yCTaHOBKE OSKpaHa XapaKTepHBI
clIeAyIoIIre mporeccs (puc. 1):

— OTpakeHHeE MaaroIIero Ha YKPaH 3BYKa;

E-mail: kb_iak@mail.ru (Asanoe H.H.)
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— nudparupoBaHKe 3ByKa Ha CBOOOTHOM (Ha pUCYHKE BEpXHEM) peOpe IKpaHa;
— YaCcTHYHOE NPOXOXKICHHE 3BYKa uepe3 JKpaH BCIEICTBHE €r0 HEIOCTATOYHOM

3ByKOI/ISOJ'I$H_II/II/I .
Lo
Q
N
§
Iom N %
N 4
L.
1 A =
N 3
g \

N
\ 5

AN 227 N ZZ 2N\ m e\

Puc. 1. Cxema mrymozamuTHoro skpana: 1 — ucrounuk mryma (MI); 2 — mrymozamuTHeii S5KpaH; 3
— pacueTHast TOUKa; 4 — 3ByKOBasi (aKyCTUYECKas) TeHb 3a SKPAaHOM; D — OMIOPHAs IOBEPXHOCTh Ha
cxeMe: |y, — MFHTEHCHBHOCTB IA/IAIOIIET0 Ha 3KPaH 3BYKA, |, — MHTEHCUBHOCTD OTPaKEHHOTO
3BYKA, |yp, — IpoLIIeIIIero yepes 3KpaH, | yg¢p. — THTEHCUBHOCTD 3BYyKa, AU(parupyromero yepes
CBOOOHOE PeOpO IKpaHa

Judpakuus TeM MeHbILE, a, CIeJOBaTeNbHO, 3((HEKTUBHOCTh 3KpaHa TEM BBILIE,
yeM Oosibliie BbI-coTa 3kpaHa u onmke pacnonoxenue UL u PT k sxpany. Ilomumo 3Toro Ha
3P PEKTUBHOCTh 3KpaHa BIIMSAIOT €ro 3BYKOINOIJIOUIAIONIME M 3BYKOU3OIUPYIOIINE CBOMCTBA,
KOTOPBIE ONPEIEIAI0TCS MaTEPHUaA-JIOM, U3 KOTOPOTO U3rOTaBIMBAETCS dKPAH.

KOHCTpYKTMBHO 5JKpaH H3rOTaBIMBAETCA H3 pAJa CTOEK, MEXKIY KOTOPBIMHU
pacnojararotcs naHenu skpana. [lo coctaBy Marepualia B HaHeJNsIX 3KPaHbl MOT'YT ObITh:

— oTpakarouMMH (OeTOH, KUPIUY, CTEKJIO, PO3pavyHble IIACTUKN);
— OTpakarollee-TOoMIOMAOIIMMU  (LIe0OETOH, 3BYKOIOIIOIIAONINE MaTepHaibl
(manee — 3[IM) B cOCTaBHBIX MAHENSX).

CocraBHas MaHelb COCTOMT M3 TpPEX AJIEMEHTOB: CIUIOUIHOW CIIOW (aJFOMMHHUH,
UMIIPETHUPOBaHHAs JApPEBECHHA, OIMHKOBaHHas cTaidb U J1p.), cioit 3IIM (mopomnacr,
MUHEpajJbHas BaTa, I[EHOMOJUCTHPOI U Jp.) U NepPOPUPOBAHHBIN JUCT WU
3BYKOIIPO3payHasl CeTKa.

PaccMoTpuM BiMsiHME MaTepHalioB Ha aKyCTHYECKYIO 3(h(PEeKTUBHOCTD SKpaHa.

2. 3ByKomnorJioneHue

OTpakarorie-morionariye 3KpaHbl 0ojee 3(PPEKTHBHBI, YeM OTpaKaIOIIHE.
3HaueHUe JTOTIOJHUTEIHFHOTO CHIDKEHHS 3BYKAa MOXET OBITh MPUOIMKEHHO OMPEAENeHO IO
dbopmyre

AL, =10lg(l-c,, )’ 5 M

TI€ Olyp — YACTOTHO-3aBUCHMBIN K02()(DULUEHT 3ByKOIOIIOMEHHUS SKPaHa (0lyip=0,8).
Teopernueckne 3HAYEHHUS JIOMOJHHUTEIBHOTO CHIDKEHHUSI YPOBHEH 3BYKOBOTO
nasienus 3IIM npuBenens! B Tabmure 1.
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Tabnuya 1

Brruncnennbie 3HaueHus 1019 (1—0yp)
Koagpdunnenr 0,2 0,3 0,4 0,5 0,6 0,7 0,8
3BYKONOTJIOLIEHUST Uyyp
1019 (1—0,p) 1 1,5 2,2 3,0 4,0 5,2 7,0

3HAUCHUS Oy, CIIETYET OpaTh U3 JAHHBIX SKCIIEPUMEHTOB B HATYPHBIX YCIOBUSX, T.K.
P 5
JaHHBIC, TIOJyUYEHHBIC IS TaHelleld B peBepOepallMOHHBIX KamMepax, 3aMETHO OTIMYAIOTCS
(pazauna 0,1-0,3) oT JaHHBIX, MOJYYCHHBIX B HATYPHBIX YCJIOBHIX (Tabiwmia 2).

Tabnuya 2
OKCHEPUMEHTATIbHBIE 3HAUCHHUS Oy

3Ha4YeHHUS O,y B OKTABHBIX 110J10CAX CO
CpeIHereoMeTpuYeCKUMH YacToTamu, '
63 125 | 250| 500 | 1000| 2000| 4000 | 8000
B peBepbepannonnoit

0,3 0,5 0,8 0,9 1,0 1,0 0,8 0,7
Kamepe
B HatypHbIX yenousix | 0,2 0,4 0,5 0,6 0,7 0,7 0,6 0,6

IIpoBenennnie
IKCIIEPUMEHTBI

JUis KOMOMHUPOBAaHHBIX AKPAHOB, B KOTOPBIX HCIOJB3YIOTCS MOTJIOLIAIONINE U
OTp@KAWII¥e, HANpUMeEp, 3BYKONPO3payHble  MAHENIH, 3HaueHWe  Kod(duimenrta
3BYKOITOTJIOMICHHUS SKpaHa OnpeaessieTcs mo hopmyie:

S +a S

KOMO noen™ noan omp™~ omp

IKp
Snnzﬂ + Somp

, b (2)

TI€ Opors — KOX((GUIMEHTHl 3BYKOMOTJIOMICHHS TMOTJOMIAIONUX MaHened oOIei
IUIOMAABI0 Spom, M2; Oorp — KOO((GUIMEHTHI OTpakaromMX naHenen (oop=0,01 mis Beex
4acTOT) OOLIEH MJIOIALBIO Sorp, M.

Ha crnenmuajbHOM TIONMTOHE OBLIM BBIMOJTHEHBI CPABHHUTEILHBIC HCITBITAHUS
[IYMO3AIIUTHBIX SKPAHOB, U3TOTOBICHHBIX U3 AFOMUHUS U UMIIPETHUPOBAHHON JPEBECHHBI.

JUis TIOHMMaHWs PpOJIM  3BYKOIIOTJIONICHUS  BBIMIOJNHSIJINCH 10 JBE CEPHH
HKCMIEPUMEHTOB. VICTOUHUK IITyMa pacroyiarajics co CTOPOHBI Mep(HOpUpPOBAHHON YacTH U CO
CTOPOHBI OTPAKAIOIIETO CJIOSI. DKCIIEPUMEHTHI BBIITOHSITUCH TIPU U3MEHEHUH BBICOTHI DKpaHa
ot 1 10 6 m.

Ha pucynke 2 TmOKa3aHbl CpPaBHUTEIBHBIC XapPaKTEPUCTUKH OTPAXKAIOMICTO H
OTpaXKaroIIe-TOTJIONIAIOIIETO SKPAHOB.

N3 pucynka 2 BHJIHO, YTO IPUMEHEHHEM 3BYKOIOIVIOMIAONIEIO Marepuana
3¢ (eKTUBHOCTH dKpaHa yBenudeHa: Ha 2—5 nb B HU3KO-CpeIHeYacTOTHOM Juamna3oHax (36—
500 I'm) u Ha 5-8 n1b B BeICOKOUacToTHOM auanazoHe (1000—8000 I'tr). CHmkeHHe ypOBHSA
3ByKa MOXeT tocturath 3—4 nbA.
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Puc. 2. Axycrrueckas 3¢ eKTUBHOCTb SKpaHa BHICOTOM 6 M

Ha pucynox 3 mnpuBeneHa cpaBHUTENbHas akycTHuecKas 3(pQeKTUBHOCTb ABA
DKPAaHOB, W3TOTOBJICHHBIX M3 pa3IM4YHBIX MaTepuasnoB. OTmeTuM, 4YTO0 3((HEKTUBHOCTH
JEPEBSIHHBIX dKPaHOB B cpeAHeM Ha 2 nBbA Bbliie, yem Meraumueckux. [Ipu aTom pazHuna
TEM 3aMeTHee, YeM OoJbllle SKBUBAJIEHTHAs IUIOMIAJh 3BYKOIIOTJIOMICHUS (TIpOM3BECHHE
K03 pHLIMEeHTa 3BYKONOIJIOIECHHS Ha IIOLIA/(b SKpaHa).

ALk, nBA

20 2

18 1

16

12
//

HIF
4

Busicoma A3
M

1 2 3 < 5 6

Pucynoxk 3. Akyctuueckas 3peKTHBHOCTb 3KpaHa BbICOTOM 6 M: 1 — oTpaskarorie-
TIOTJIOIIAOIIIETO, 2 — OTPAKAIOIIETO
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3. 3Bykou30IALHA

JlaHHblE W3MEpEHUl, 3BYKOM3OJIMPYIOLUIUX CBOMCTB IaHENEHd B aKyCTHYECKHX
KaMepax U B HATYPHBIX YCIIOBHUIX NPUBEACHBI B Tabmuie 3.

Tabnuya 3
JlaHHBIC CPAaBHUTEIBHBIX HCITBITAHUHA 3BYKOU3OJISIIUN SKPAHOB
Marepuan | Menbr 3Bykou3ossinus, 15, B OKTaBHBIX MoJiocax, L'y izzfllc(l)::lrs
IKpaHa Tanus | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 lI];I A ’
Merammueck | HY* | 14 | 15 14 | 18 24 24 27 28 22
ui PK** | — 18 23 | 31 36 41 42 — 30
JlepeBsiHHBII HY |17 | 18 19 | 19 22 22 28 32 23
PK — 20 24 | 26 33 36 40 — 29

**HaTypHBIE YCIOBUS
**pepepOepalinoHHas Kamepa

3HaueHus 3BYKou3ossuu mnaHened mocturaer 29-30 abA (ot 14 go 28 ab B
HOPMHUPYEMOM JAMAIa30He JUIs MeTaI4eckuX 1 ot 17 1o 32 nb 1i1s nepeBsiHHbIX YKPaHOB).
[Ipy HaATypHBIX MCHBITAHUAX SKPAaHOB ObUIO YCTAHOBJIEHO, 4YTO HX 3BYKOM3OJIALUS B
HAaTYpPHBIX YCJIOBHSIX cOCTaBiisieT Bcero 22-23 nbA u mouTu cpaBHMMa C MaKCHUMAaJIbHO
JOCTHXKUMOM 3(p(PeKTUBHOCTBIO 3KpaHOB. HeTpyaHO MOHATH, YTO CHIKEHUE 3PPEKTUBHOCTH
HKpPaHOB B 3TOM CIIydyae MOXET COCTaBUThH Oosiee 1-2 nbA, T. €. 3aMeTHO Ha HEe TOBJIHSITH.
Jlis noBbiieHust 3¢ (HEKTUBHOCTH SKPAHOB C LENbIO JOCTHXKEHUS] MAKCHUMAJIBHO BO3MOKHOM
3(¢(EKTUBHOCTH MOXXHO PEKOMEHJOBAaTh JKPaHbl,  HM3TOTOBJIEHHbIE W3 IIENOOETOHA,
3BYKOU3O0JIALUS KOTOPBIX B HATYPHBIX ycinoBusx gocruraer 30-35 nbA.

3akjia0uyeHue

Marepuan, HMX KOTOPOrO W3rOTOBJIEH DJKpaH, OKas3blBacT BIMSHHUE Ha €ro
aKkycTuueckyro 3¢@extuBHocTh. Ilokazano, 4To 3¢ (EKTHUBHOCTH OTpAXKAIOMIMX 3KPaHOB
(HampuMep, PKpaHbl U3 OETOHA, CBETONPO3paYHbIX MaHenel) Ha 3-4 1bA HMXKe, yeM 3KpaHOB,
B KOTOPBIX MCHOJIb3YIOTCS 3BYKOIOTJIOMIAIOIINE MaTepraibl. [Jjist JOCTHKEHUST MaKCUMaJIbHO
BO3MOXHOH  3(P(PEKTUBHOCTH PEKOMEHAYETCS MPUMEHSITh MACCHBHBIE IIaHENH CO
3BYKOIOIJIOLEHUEM, HAIIPUMED, U3 IIEeN00ETOHA.
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Bb100p myMo3alIUTHOT0 OCTEKJIEHUS NP MPOCKTHUPOBAHUM JIMHEHHBIX
00bEKTOB B YCJIOBUAX MHOI03TAKHOM KUJIOH 3aCTPONKHU

Bacunnes B.A.l, Cgersios B.B.%
1CTy,I[eHT, «banTtuiickuii rocynapcTBeHHbIA TeXHUUEeCKU yHUBepcuteT «BOEHMEX)»
uMm. J1.®d. Yerunosay, PO, r. Cankr-IletepOypr, yiu. 1-1 Kpacnoapmerickas, a. 1
’HavanbHHUK HCIIBITATEbHOM nabopatopun, OOO «THCTUTYT aKyCTHYECKUX KOHCTPYKITHII,
P®, r. Cankr-IletepOypr, yin. 1-1 Kpacnoapwmeiickas, 1. 3

AHHOTANHSA

[TpoananmM3MpoOBaHO COCTOSTHHE HOPMATHUBHOWM 0a3bl, NMOKa3aHa TOYHOCTH CYIIECTBYIOLUIMX METOJHK.
PaccMOTpeHBl JHMHEWHBIE HCTOYHMKM MIyMa B YCIOBHSX MHOTO3Ta)XHOH 3acCTpOMKM M IIOPSIOK BBIOOpA
IIyMO3AIIUTHOTO ocTekineHus. [logpoOHO ommcaHbl pa3pabOTaHHBIE METOABI OMPEACICHHS KaTerophu
IIyMO3AIIUTHOTO OCTeKJIeHus. CremaHbl BBIBOABI W TPEICTABICHBl PEKOMEHAAIMM 10  JOpabOTKe
CYIIECTBYIOIIEH HOPMATHBHO-TEXHUIECKOW NTOKyMeHTaluH. [IpeanokeH alroputM BeIOOpa pacyETHBIX TOUYEK H
MOCTPOCHHMS IIYMOBBIX Pa3pe30B UIS OINPEACICHHUS KaTETOPHH IIyMO3AIIUTHOTO OCTEKICHHUS. JlaHbl mpHMEpEI
MOCTPOCHHMS IIYMOBBIX Pa3pe30B A INHEWHBIX HICTOYHUKOB IIyMa.

KiroueBble cjioBa: IIyMO3aIIUTHOE OCTEKJICHHE, JIMHEHHBIN MCTOYHHK ITyMa, HOpMaTHBHas 0asza,
[IyMO3alIH1Ta, TOCTPOCHUE IIIYMOBBIX pa3pe3oB, IIYMO3AIIUTHBIN SKpaH.

Selecting of soundproofing glass in the design of linear objects in a multi-storey residential
building

Vasilyev V.A.Y, Svetlov V.V. %,
L Student, Baltic State Technical University “VOENMEH " named after D.F. Ustinov,
1-st Krasnoarmeyskaya str., h. 1, St.-Petersburg, Russia
?Head of the test laboratory, OOO "lInstitute acoustical designs"
1-st Krasnoarmeyskaya str., h. 3, St.-Petersburg, Russia

Abstract

The article analyzes regulatory framework, shows the accuracy of existing methods. The article
considers linear noise sources in a multi-storey building and the procedure for selecting the soundproofing
glazing. Authors describe methods for determining the category of the soundproofing glazing. The article consist
conclusions and recommendations for finalization of the current regulatory and technical documentation.
Authors offer algorithm for selecting the calculated points and build noise profiles for determine the category of
the soundproofing glazing. The article gives examples of building noise profiles for linear noise sources.

Keywords: noise protection glazing, linear noise source, the regulatory framework, sound insulation,
building noise profiles, soundproofing screen.
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BBICOKHMX 31aHuid Ha 4 M (2 3Tax) cormacHo m.12.5 [1]. Jns MHOTrOATaXHOW 3aCTpONKH
JIOMYCKAeTCsl BBIOOP TOYEK HA YPOBHE CEPEAMHBI OKOH MOCHIeIHUX dTaxked [m. 2.2; 2]. Pacuer,
NPOBEICHHBI B BBIOPAHHBIX PACUETHBIX TOUYKAX C YUETOM 3BYKOM3OJIHMPYIOUIMX CBOWMCTB
OKOHHOTO IMpOEMa, II0Ka3bIBaeT HEOOXOAMMOCTh NPHUMEHEHUs ocTekieHus. OO0mmx
PEKOMEH/IAlMi M aJrOpPUTMOB IO BHIOOPY OCTEKJIEHUS B HOPMATHUBHOW IOKYMEHTAI[MH HE
IPUBOJIUTCS, B CBSI3M C YEM BO3MOXKHBI pPa3jMYHbIE BapUaHThl MOA0OpA OCTEKJICHHS.
Haubonee pacrnpocTpaHeHHBIMH SIBISIETCS BBIOOP OCTEKIEHHMsS s Bcero Qacaga 1o
HauOosbIIeMy TpeOyeMOMY 3HAYEHHMIO M3OJSIUU BO3AYIIHOTO IllyMa WM JeTalbHas
npopaboTKa KaKIAOro dTaXka KHUJIOTO 3[aHUS IyTEM HCIIOJIB30BAaHMS OOJBIIOrO KOJIMYECTBA
pacueTHBIX TOYEK.

Takum 00pa3oM, A1 MHOTOITXXHOTO 3aHUSI POCKTUPOBAHUE OTPAHMUYCHO PACUETOM
Bcero B Tpéx toukax (1,5M, 4 M, mocneAHH 3Tax), YTO MOXKET MPUBECTH K 3aBBILICHHOMY
WIA 3aHIDKEHHOMY 3HAYCHHUSM BBIOPAHHON 3BYKOM3OJSILIUU OKOHHBIX TPOEMOB IS
MPOMEXKYTOUHBIX 3Taxeil. HeoOXonuMo yBENWYUTH YHCIO PACUETHBIX TOYEK, KOJIHMYECTBO
KOTOPBIX ONPENEeNIeTCs] HHINBUIYaIbHO.

C nenplo ymopolieHus penieHusl 3aJayd BbIOOpa HEOOXOJUMOro M JOCTATOYHOTO
KOJIMYECTBA IIYMO3AIIUTHOTO OCTEKJICHHUS B CTAThE MPEICTaBICHBI HOBBIE METO/IBI

1. BbIOOp AOMOIHUTENBHBIX PACUETHBIX TOYEK.

2. IlocTpoeHune mIyMOBBIX pa3pe30B, KOTOPBIC MPEACTABISIIOT COOOW KapThl IIyMma,
MOCTPOCHHBIE B BEPTHKAIBHON IJIOCKOCTH, HA OCHOBAHUU KOTOPBIX, MMPOUCXOTUT PEIICHUE
3aJ1a4 110 BEIOOPY HIYMO3AIIUTHOTO OCTEKIICHHS.

Meton BbIOOpa JOMOJHUTENBHBIX PACYETHBIX TOYEK OCHOBAaH HA HAXOXICHHUH
HEOO0XOIMMOTO M JJOCTATOYHOTO KOJMYECTBA PACUETHBIX JOMOJIHHUTENBHBIX TOYEK, KOTOpBIC
MO3BOJAT C BBICOKOM TOUYHOCTBIO OIpPENENUTh Kak HEOOXOAMMOCTb HpPUMEHEHHUs
IIYMO3AIIUTHOTO OCTEKJICHHUS, TaK M BHIOPATh €ro 3BYKOHM3OJSAIMOHHBIE CBOWCTBA. MeTon
MOCTPOCHMS IIYMOBBIX pPa3pe30B OCHOBAH Ha HCIIOJIb30BAaHUM MPOTPAMMHBIX KOMILIEKCOB,
MO3BOJISIOIINX TPOU3BOANUTE IIOCTPOCHUE KapT IIyMa.

1. AaroputMm BbIOOpa JONOJHUTEIbHBIX PACYETHBIX TOYEK

1. TIpousBoauTcst BeIOOP pacu€THhIX Touek (manee — PT) y dacana, Ommxaiiero
UCTOYHUKY ITyMa (manee — mepeaHuil ¢acajn), B 30HE MPSMOTO IIymMa, HA PACCTOSHUH 2-X
METPOB Ha YPOBHE CEpeIMHBI OKOH TIEPBOTO M TIOCIIEIHEr0 dTaxe cornacHo m.2.2 [2].

[Bokosoi dacan Bokosoi chacag
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JIMHEAHBIA UCTOYHWK LWIyMa

Puc. 1. Cxema ¢acanos
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2. BemmonHsieTcss pacuér ypoBHeW miyma B ycTaHoBieHHBIX PT, ¢ yuérom IID
cornacho 1 7.4 [3].

3. Ompenensiercst  TpeOyemass H30JAIMSA  BO3AyHIHOro myma 1o ¢opmyrne (1)
coryacho 1 8.5 [4].

'ﬂ‘LTpeﬁ = LPT - L,qon (1)

rae Lipes. — TpeOyemMoe CHuKeHue Iiyma (B JaHHOM Cllydae paccMaTpUBAeTCs Kak
TpeOyemast U30Js1Usl BO3AYIIHOIO IryMa), 1BA;
Lpr — paccuntanHbiil ypoBeHb 3Byka B PT B momemenun, 1bA;
L jon— IOIIyCTUMBIN YpOBEHb 3BYKa, COTJIACHO HOPMATHUBHBIM JOKYMeHTaM, 1BA.
4. OcymiecTBiseTcs: BBIOOpP Kiacca MIyMO3AIIUTHOTO OCTEKJIEHUS, B COOTBETCTBHE C
tabaumei 1 cormacuo 1. 4.7.3 [5]. Knacc BeiOuMpaercss Takum 00pa3oM, 4TOOBI CHHIKEHHE
BO3AYIIHOTO IIyMa OCTEKJICHHEM ObLIO OOJIbIIEe WIIM PAaBHO 3HAYCHHSM, PACCUUTAHHBIM IO
1. 3 IPUBEIEHHOTO AJITOPUTMA.

Tabnuya 1
Kitaccsl 3ByKOM30IISILIMN U3AETHIA
Krnacc W3nenus co cHIKeHHEM BO3AYIIHOTO [TyMa CBbIIe, 1bA
A 36
b 34-36
B 31-33
T 28-30
A 25-27

Ipumeuanue: cmanoapmuoe CHUMNCEHUE B030YWHO20 WYMA OKHOM C Y4emoMm
obecneuenuss He0OX00UMO20 8030YX000MeHa (OMKPLIMOU hOpmMouKol) NPpUHAmMo pasuvim 15
0bA (nynkm 7.8 [4]).

5. B ciaywyae oaumHakoBBIX KiaccoB ansi  Bcex BbIOpaHHbIX PT, Bech dacan
OCTEKJIIETCSI B COOTBETCTBUE C 3THM KJIaccoM. EcCiu Ki1acchl pa3iiudHbI, TPOU3BOTUTCS BBIOOD
nononauTenbHONU PT Mexay cyiiecTByOmmME, Aaiee TPOU3BOIUTCS HOBAsi UTEpaIus 1IaroB
L. 2-4.

6. YpoBuu myma B PT Ha GokoBBIX (hacamax MPUHUMAIOTCS PaBHBIMH PACUETHBIM
3HAUEHUSAM JUIS TepenHero gacaga ¢ ydeToM IMONMPaBKHA HA BUAMMOCTh MCTOYHUKA IIymMa —
3 nBA cornacuo 11.7.2.1 [6]. Jlamee mpou3BOAMTCS BBIMOJHEHUE MIAroOB TL.IT. 3-5.

Ilpumeuanue: npu pacnonodicenuu 30aHUll HA OOHOU JUHUU OMHOCUMENLHO
UCMOYHUKA WYMA GbINOJIHEHHbIL pacyuém, Osi paACCMOMPEHHO20 30aHUsL, MOdcem Obinb
NpUMEHUM OJi OCMANbHOU 3ACMPOUKU OAHHOU TUHUU.

2. AJITOpUTM BBHIOOPA OCTEKJIEHHS ¢ MOMOIIbIO MOCTPOEHHS LIYMOBOIO pa3pe3a

1. BeinosaHsieTcss MOCTPOECHUE MIYMOBOTO pa3pe3a ¢ UCIOJIBb30BaHUE MPOrPAMMHBIX
KOMIUIEKCOB JUISL Loy U Lyage, € yuéToM mpoduis moporu, BbicoThl 111D u uMX B3auMHOTO
PAacIIOIOKEHHS.

2. B cooTBeTcTBHM ¢ MacmTaboM, Ha TOJYYCHHBIH IIIyMOBOM pa3pe3 MpOCHUpyeTCs
3[IaHKe Ha 3aJaHHOM PACCTOSHHH OT HCTOYHHKA IIyMa, C YKa3aHHUEM dTaKel.

3. B pe3ynprare MOJYyYEHHOTO IIIYMOBOTO pa3pe3a Uil KaXKIOro W3 JTaxeH
onpeneseTcst SKBUBAICHTHBIHN (Loygs.) 1 MaKCUMaIbHBIHN (Lyaxe) YPOBHHM 3BYKA.

4. Omnpenensiercs Tpedyemast H30JSIKS BO3AYIIHOTO IIyMa 1Mo GpopmyIie:

'ﬁLTpeﬁ = LPT - L,.-:[DF[ + 'ﬁo'rp (2)



Bacunves B.A., Céemnoé B.B.
Tpoexmuposanue wymo3auumHo20 0CMeKIeHUs. ON WymMa TUHEHbIX 00beKmos 32
8 YCIL0BUSIX MHO209MAICHOU 3ACTPOUKU

rae Liyes. — TpeOyemoe cHukeHue nyma, 1bA;
Lpr— ypoBens 3Byka B PT, nbA;
L jon — JIOMTYCTUMBIN YPOBEHbB 3BYyKa, 1bA;
Agrp— TIOIIPaBKa Ha OTPaKEHHBIN OT (acaza 3ByK, J1BA (Ayp=31BA).

BeiOupaercss Haubombiiee TpeOyemMoe CHMXKEHHME Ul Kakaoro u3 staxei. Ha
OCHOBE TIOJIyYCHHBIX 3HAYCHHMH BBIOMpAETCS KJIAacC IIYMO3ALIMTHOTO OCTEKJICHHUS TIO0
tabsuie 1.

5. YpoBHu mryma Ha OOKOBBIX (hacajax MPUHUMAIOTCS paBHBIMH 3HAUCHHSM,
MOJIyYEHHBIM 110 I1. 4 1715 nepenHero (acaaa ¢ y4eroM MONpaBKU HA BUAMMOCTb UCTOYHUKA
mryma — 3 1bA cornacho m.7.2.1 [6].

Ilpumep pacuema

1. C nomompto nporpaMMmHoro kommiaekca «APM AkycTtuka 3» HNpou3BOIUTCA
MIOCTPOEHHE ILIYMOBOIO pa3pe3a JUlsl 3KBUBAJIEHTHOIO M MaKCHUMAalbHOIO YpPOBHEW 3ByKa
COIVIacHO I.I. 1-2 MeTOoAa MOCTPOEHUs LIYMOBBIX pa3pe3oB. B cooTBeTcTBHM ¢ MacuITaboM
Ha M0Jy4eHHOM IIIyMOBOM paspese npoenupyercs dacaj 31aHus Ha 3aJaHHOM PacCTOSHUH OT
HCTOYHUKA LIyMa, C YKa3aHUEM ITaKEH.

Puc. 2. lllymoBoii pa3pe3 Lis, MOCTPOSHHBIN C TOMOIIBIO MPOTPAMMHOT0 KoMIuiekca «APM
Axyctuka 3»
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N | lg_

Puc. 3. IllymoBoii pazpe3 Lyaxe, TOCTPOEHHBIN C TOMOIIIBIO TPOrPAMMHOT0 KOMILIEKCA
«APM Akycruka 3»

2. 3areM, OCHOBBIBAasCh Ha I.I. 3-6 MPEACTaBIEHHOTO AITrOPUTMA, OIMpEeIeseTCs
Kareropusi ocrekiaeHus. bepércs mius mpumepa 4 stax. B coydae ¢ IyMOBBIM pa3pe3oM JUIst
5KBMBAJIEHTHOTrO Y3 MOJIy4eHHOE 3HaU€HHE PaBHO Lines, = 65 1bA—45 nbA+3 nbA=23 nbA,
s MakcumanbHoro Y3 L. = 90 1BA—60 n1bA+3 nbA = 33 nbA. BpiOupaem wus
TIOIy4eHHBIX 3HaueHnil HanOombmmee (Rarmauc). 3aTeM B cOOTBETCTBHHU ¢ Tabn. 1 BeIOMpaeTcs
HeoOXoauMasi KaTeropus IIyMO3AIIUTHOTO OCTeKJeHWs. JlaHHbIe IS HArJIsAHOCTH
npeacTaBieHsl B Tabd. 2. M3omsiiusi TpaHCHOPTHOTO IIyMa CTaHAAPTHOTO OKOHHOTO
3anonHenust («Ct» B Ta0I. 2) mpuHuMaercst paBHO# 15 nBA.

Tabnuya 2
Kiaccerl 3Bykon30msimu u3aenui
Lyon 0 | Lyon mo| IlepBei- | IlpeBsi- Kimacc Kirace
Srasg Lo | Lvaxe | 2KB. | Makc. |mieHue 1o | meHue 1o (R apanc, | OCTEKIEHHUS | OCTEKICHUS
nBbA | obA | HOYB, | HOUB, Loxes Lyvaxes nbA | mepemnero | GokoBoro
nbA nbA nbA nbA (acana dacana
1 50 75 45 60 5 15 18 pil| Cr.
2 50 75 45 60 5 15 18 pil| Cr.
3 55 85 45 60 10 25 28 r pi|
4 65 90 45 60 20 30 33 B r
5 60 90 45 60 15 30 33 B r
6 60 90 45 60 15 30 33 B r
7 60 85 45 60 15 25 28 r Ji|
3akaoueHune

1. Ananu3 cyuiecTBymOIe HOPMAaTUBHOM [TOKyMEHTallMM TOKa3al, 4TO OHa He
COJIEP’KUT AJNTOPUTMOB IO OMNPENEICHUIO H30JIALMK BO3AYIIHOTO IIyMa IpU BbIOOpE

[IYMO3AIIUTHOTO OCTEKIICHHUS.
2. Meton BbIOOpa JIOTIOJHUTEIBHBIX PACYCTHBIX TOYEK SIBIISCTCS OO0OOIICHHEM

UMCIOIMXCA MMOAXO0O0B IO BBI60py HITYMO3AalIUTHOTIO OCTCKIICHUA, MO3BOJISIONIUN C BBICOKOM
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TOYHOCTBIO ONPEAEATh HEOOXOJUMYI H3OJIALMIO BO3IYLUIHOIO HIyMa OCTEKJIEHHS JUIs
JKWIBIX 3JaHUM IIPU 3aTpaTe MUHUMAJIbHBIX BPEMEHHBIX PECYPCOB.

3. Meron moCTpoeHHS IIYMOBBIX pPa3pe30B OCHOBAaH Ha  HCIOJb30BaHHUU
IPOrpaMMHBIX KOMIUIEKCOB JUIsl pacueTa IIymMa M HMeeT psan mnpeumyuiects. OHU
3aKJIIOYAIOTCA B OBICTPOM OMpPEJENCHUH 30HBI TPEBBIICHUS HOPMATHUBHBIX 3HAYCHHHA Yy
dacaga 3maHMS, HAMISIHOCTH W BO3MOXKHOCTH TNPUMEHEHHUS aHAIOTUYHBIX IIIYMOBBIX
pa3pe3oB A7 0OJIBIIOr0 KOJIMYECTBA OJTHOTUITHBIX YYaCTKOB.

4. IlpuBeneHHBIE B CTaTb€ METOABI OCHOBaHbl Ha JEHCTBYIOIIEH HOPMAaTHBHOM
JoKyMeHTauuu. OnuCaHHbIE AJITOPUTMBI SBJISIIOTCS JIOTMYHBIM JIOIIOJHEHUEM, KOTOPOE
COKpaIllaeT BpeMs paboT U yBEIMUMBAECT TOUHOCTh MHKEHEPHBIX PACUETOB.

5. HeoOxoqumMo BHECTM B CYLIECTBYIOILYHD HOPMATHBHYIO JOKYMEHTALUIO
IIOIIPABKH C Y4E€TOM IIPUBEIACHHBIX METOAMK.
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