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A Performance Study on Indirect Acoustic Flow Resistivity
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Abstract

Various empirical models have emphasized the dependence of sound absorption coefficient on static
airflow resistivity, and thus its measurement becomes essential. In this paper, the two-cavity and two-thickness
indirect acoustic methods are implemented based on a standard impedance tube for evaluating the static flow
resistivity of foam. A comparison is made between the resistivity results obtained by the two-cavity and two-
thickness method, and later validated with results of an alternating air-flow test setup which is developed as
per the ISO 9053 guidelines. Further, the empirical relations are utilized to estimate the absorption coefficient
from measured values of flow resistivity and are compared with measured absorption coefficient in an impedance
tube. The results discussed in this study presents the feasibility and suitability of the indirect acoustic methods

for evaluating the flow resistivity.

Keywords: Static flow resistivity, Two-cavity, Two-thickness method, Impedance Tube, Absorption
Coefficient.
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CTATHIECKOTrO YJEJIBHOTO COMPOTHBJJICHHS TPOJYBAHHIO JJIsI MEHBI DPEAJTH30BAHBI KOCBEHHBIE AKYCTHYECKUE
METOJbl JBYX II0JOCTE€ll H JABYX CJIOEB. IlpoBeneno cpaBHeHHE pe3yJIbTATOB H3MEPEHHS YAe/JbHOIO
COIIPOTHBJIEHHS, IOy YeHHbIX METOAOM JABYX HOJOCTeH H JBYX CJIOEB, & 3aT€M IIOATBEPXKICHHBIX PE3YIbTaATaAMI
paboThl HCHBITATETBHOH YCTAHOBKH MEPEMEHHOrO BO3JIYVIIHOIO IIOTOKA, pa3paboTaHHOI B COOTBETCTBHI
¢ mopmamu ISO 9053. Jlamee sMmupuYecKme COOTHOHIEHHS HCIIOJIB3YIOTCS JJIS OLEHKH KO3gduirmenra
MOTJIOIIEHHST 110 H3MEPEHHBIM 3HAYEHUSIM YVJEJbHOIO CONPOTHBJICHUS MPOJYVBAHHIO H CPABHHUBAIOTCS C
H3MEPEHHbIM KO3(hDHIIHEHTOM HOIVIOIEHUs B HMIIEJAHCHOI Tpybe. Pe3y/ibrarbl, pACCMOTPEHHbIE B HACTOSIIEM
HCCJI€IOBAHHH, HOKA3BIBAIOT HEJIeCO0OPAa3HOCTh H IPHIOJHOCTH KOCBEHHBIX aKyCTHYECKHX METOOB JIJIs OLEeHKH

YAeJIbHOI'O COOPOTHBJIEHUS IIPOIYBAHUIO.

KuirrouyeBble cJjI0Ba: CTaTHYECKOE CONpOTHUBJIEHHE NIPOAYBAHUIO, ,ZIByXHOJIOCTHOI;'I MeTo/, MeTO ABYX

CJIOEB, HMIIETAHCHAST TPY0a, KOI(D(DHUIHEHT MOTJIOICHHSI.

Introduction

The empirical models [1, 2, 3, 4] have been extensively used for estimating the sound
absorption coefficient of a homogenous sound absorbing material. These empirical relations
require the knowledge of the material’s static flow resistivity as a prerequisite which could be
readily determined by using various standards or methods. Delany and Bazley [2] recommended
the use of simple power law functions to represent the normalized characteristic impedance and
propagation constant as a function of the frequency parameter (ratio of frequency to flow
resistivity) for fibrous absorbent materials. It was observed that fibre size and bulk density are
the two important parameters influencing flow resistivity of fibrous materials. The power law
functions could be appropriately used for values of frequency parameter ranging from 0.01 to
1 m3/kg. The empirical relations recommended by Delany and Bazley could not be confidently
used to determine the intrinsic properties for small values of the frequency parameter [1|. Hence,
Bies and Hansen [1] further extended the Delany and Bazley empirical relationships to approach
the correct limits for small, medium and large values of the frequency parameter. Dunn and
Davern [3| followed the Delany and Bazley approach and proposed new regression constants
for open-pore polyurethane foams. Thus, depending on the material and frequency considered
for the study, a suitable empirical equation could be utilized to estimate the sound absorption
coefficient from the known value of static flow resistivity. So, one of the required acoustic
material properties is static flow resistivity for estimating sound absorption coefficient using
empirical equations. The methods available for measuring the flow resistivity can be categorized
as a direct or steady airflow method [5, 6], the alternating airflow method [6, 7|, the comparative
method [8] and the acoustic method [9, 10, 11, 12, 13].

The direct airflow method requires measurement of two parameters, i.e., the pressure
drop across the test specimen and the volume velocity of steady airflow through the test
specimen. On the other hand, the alternating airflow method requires only the measurement
of pressure drop across the test specimen for a known volume velocity. In case of the ISO
9053 alternating air flow method, the pressure drop is measured at a low frequency of 2 Hz.
Dragonetti et al.[7] proposed an alternating method in which the flow resistivity is estimated by
using imaginary part of transfer function between two microphones kept in two cavities coupled
by a speaker. This method eliminates the need for special instrumentation and calibration as
required in case of ASTM C522 and ISO 9053 standards. Thus, the pressure measurements
can be performed at frequencies greater than 2 Hz. Stinson and Daigle [8] developed the
comparative method based on an electronic system involving two resistive elements placed in
series for the measurement of flow resistance. The two elements consist of one with calibrated
resistance and the other with unknown resistance. Since, the volumetric flow of air across the
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elements is constant, the ratio of the pressure drops across each element is the same as the ratio
of the values of flow resistance.

The acoustic methods for flow resistance measurement is normally carried out in
impedance tubes which can be broadly classified as indirect and inverse methods. The inverse
method [9] relies on a sound absorption coefficient, while the indirect method [10, 11, 12, 13]
requires evaluation of two intrinsic acoustic properties such as effective density and effective
bulk modulus of the material. The indirect acoustic methods can further be classified as
two-microphone and three-microphone methods. Ingard and Dear [11] proposed that at
low frequencies the ratio of the sound pressures on both sides of the specimen measured
in tube-like structure can be used to estimate normalized static flow resistance of acoustic
material. Woodcock and Hodgson [13] adopted the two-cavity [14] and two-thickness [15]
methods for evaluating the characteristic impedance and propagation constant of fibrous
materials and then utilized the Delany and Bazley inverse equations for calculating the
effective flow resistivity. Tao et al. [12| proposed an acoustic method based on the impedance
transfer function for determination of the static airflow resistivity using a standard impedance
tube used in ISO 10534.2 [16]. Doutras et al. proposed three-microphone impedance tube
method to evaluate non-acoustic properties like flow resistivity, tortuosity, viscous and thermal
characteristic lengths by measuring material’s effective density and bulk modulus [10].

The main aim of this research is to discuss the existing flow resistivity measurement
methods and to find the feasibility of acoustic methods in measuring static flow resistivity.
In this paper, the two-cavity method with arbitrary air-gap and the two-thickness method
are implemented for measuring the static flow resistivity of foam samples. In addition, a
test setup has been developed as per the ISO 9053 alternating airflow method guidelines for
validation of the obtained static flow resistivity values. The performance of the implemented
methods is assessed based on the absorption coefficient estimated from their respective static
flow resistivity. The results and discussion presented in this study will help in the selection of
a suitable method for measuring the static flow resistivity.

1. Methodology

The material’s flow resistivity can be basically categorized as dynamic and static.
The dynamic flow resistivity varies with frequency. However, it tends to remain constant at
low frequencies and hence is termed as static flow resistivity [17]. Panneton and Olny [18]
expressed the dynamic flow resistivity as a function of the material’s intrinsic properties, i.e.
the propagation constant (complex wave number) and characteristic impedance. The real part
of the low-frequency limit of the dynamic resistivity yields the static flow resistivity (Ns/m?)
as follows [18],

o = Re [lim(v7;)] (1)
7 = Re [lim(jk,Y;)] (2

Where, v, k, and Y}, are the propagation constant (m™!), complex wave number (m™!) and the
characteristic impedance (Pa-s/m) of acoustic material, respectively.

The intrinsic properties are evaluated using the indirect acoustic methods based on
standard impedance tube method, viz. the two-cavity method [14] and two-thickness method
[15]. The two-cavity method involves measurement of the surface impedances for the conditions
of the specimen when backed by rigid termination and an arbitrarily chosen back cavity of depth
L and the complex wave number and characteristic impedance of acoustic material are evaluated
as follows [12],
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1 Z AV ]
kp _ tan_l ﬁ N 12[ 22 . 11] (3)
2l ZH [le]
Yp = jZH tan Qkpl (4)

Where, Z;; and Zj5 are the specific acoustic impedance (Pa-s/m) at the front surface of the
specimen of thickness | when the specimen is backed by rigid termination and arbitrarily chosen
back cavity. On the other hand, Zy is the acoustic impedance at the back surface of the test
specimen when backed by the arbitrarily chosen back cavity and is written as [20)],

oy = —jpccot kL (5)

Where, p is the air density (kg/m?), c is the speed of sound (m/s), L is the arbitrarily chosen
back cavity depth (m) and k is the wave number defined as k = 27 f /¢, where f is the frequency.

In case of the two-thickness method, the acoustic impedances are measured at the
front surface of the specimen having two different thicknesses, in which it is experimentally
convenient to make second specimen thickness twice of the other. The surface impedance of
the specimen is estimated from the measured pressures at two locations along the length of
impedance tube using standard impedance tube technique. In this method samples are backed
by rigid termination and the intrinsic properties are obtained as follows [15],

1 I1+a
7—E1n<1_a) (6)

Y, = /2112212 — Z11) (7)

2212_211
a=, 2220 8
7 (8)

Where, Z1; and Zj5 are the specific acoustic impedance (Pa-s/m) at the front surface of the
specimen having thickness 2/ and 4l, respectively.

Tao et al. [12] evaluated the specific acoustic impedances utilizing the transfer function
method [19, 20, 21| based on the ISO 10534.2 standard impedance tube. Another way of
evaluating impedance is to record the individual complex pressures at the two microphone
locations and then utilize the analytical formulation given below,

z=pe |7 )

Where, A and B are the complex pressure amplitudes of the incident and reflected wave,
respectively. Figure 1 depicts a standard impedance tube design according to ISO 10534.2.
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\J

Fig. 1. ISO 10534.2 standard impedance tube

To validate the static flow resistivity results evaluated using the two-cavity and the two-
thickness method, a test setup has been developed in compliance with the ISO9053 alternating
airflow method guidelines. A sinusoidal alternating airflow is generated with the help of motor-
driven piston cylinder arrangement at a frequency of 2 Hz. The piston movement leads to
volume modulation which in turn results in pressure modulation in the vessel whose end is
closed by means of a sound absorbing material. The quantity of pressure modulation is directly
related to the airflow resistivity. Figure 2 depicts the schematic diagram of ISO9053 alternating

airflow setup.

Oscillating piston

X
<

Sample

Microphone

Fig. 2. Schematic diagram of ISO 9053 alternating airflow setup

Once the static flow resistivity is evaluated and validated. Then, characteristic
impedance and propagation constant can be estimated using empirical equations given by
Delany and Bazley [2].

Y, = pc

P 0,75 o 0,73
1+ 0,051 (?) ] —0,077jpc (?) (10)

o\ %70
1+ 0,086 <?> ] (11)

The surface impedance, reflection and absorption coefficient could be deduced as
follows [22],

o\ 059
Y = jk, = 0,175k <?) + jk

Z = —jY, cot 2k,l (12)
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Z — pc

R= P (13)
Z + pc

a=1-—|R? (14)

2. Results and discussion

Initially, the two-cavity method with arbitrary air-gap was implemented and the
individual pressure measurements were carried out for foam sample at the two microphone
locations. The specific acoustic impedance was analytically evaluated from the pressure
measurements. The frequency range considered is 100-500 Hz by setting the microphones at
wide spacing.

Fig. 3. Impedance tube foam test sample of 100 mm diameter with 22 mm thick

As per the impedance tube requirement, a 100 mm diameter foam sample is prepared
from a 22 mm thick sheet. The dynamic flow resistivity for 22 mm thick foam sample subjected
to 50 mm back cavity depth is depicted in Fig. 4.

120000

90000

60000

30000

Flow Resistivity (N-s/m*)

0

— 1 T T T T T T T T T T T
100 150 200 250 300 350 400 450 500
Frequency (Hz)

Fig. 4. Flow resistivity as a function of frequency for 22 mm thick foam subjected to 50 mm
back cavity depth in two-cavity method
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The value of static flow resistivity is expected to be acceptable when the measurement
frequency is few hundreds of Hz or lower [12]. Due to poor signal to noise ratio below 200 Hz,
the static flow resistivity was evaluated in the 200-300 Hz frequency range. The mean and
standard deviation (%) of flow resistivity values for 22 mm thick foam in the 200-300 Hz range
are listed in Table 1. Mean value can be considered as the static flow resistivity.

Table 1
Static flow resistivity for 22 mm thick foam in two-cavity method

Static Flow Resistivity (Ns/m?) in 200-300 Hz frequency range
Acoustic Material | Mean Standard Deviation (%)
Foam 12069 25,62

Thus, the static flow resistivity results for 22 mm thick foam sample was measured
using the two-cavity method with 50 mm back cavity depth. The back cavity was arbitrarily
chosen and could be subject to changes depending on the availability and the experimenter’s
rational. Thus, it becomes very much essential, to study the effect of a change in air-gap on
flow resistivity. For the same reason, the 22 mm thick foam sample was subjected to varying
air-gaps; 50 mm, 100 mm and 125 mm and the flow resistivity as a function of frequency is

evaluated as shown below.
60000
—=— 50 mm airgap
—o— 100 mm airgap
—a— 125 mm airga

45000 —

30000

Flow Resistivity (N-s/m*)
a
b=
|

y T ) T u T T
200 225 250 275 300
Frequency (Hz)

Fig. 5. Effect of change in air-gap on flow resistivity for 22 mm thick foam

From Fig. 5, it could be seen that the change in flow resistivity with respect to a
change in air-gap is insignificant and the larger air-gap leads to more stable results. The same
is depicted in tabular form (Table 2),

Similarly, the effect of a change in thickness of sample on measured flow resistivity
is studied. Two foam samples are chosen with thickness of 22 mm and 44 mm and provided
an air-gap of 50 mm in the impedance tube. The measured flow resistivity as a function of
frequency is shown in Fig. 6.
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Table 2
Effect of change in air-gap on static flow resistivity of foam in two-cavity method
Air Gap 50 mm | 100 mm | 125 mm
Static Flow Resistivity (Ns/m?%) | 12069 | 13043 12896
Standard Deviation (%) 25,62 8,23 8,58
60000

—o— 22 mm thick
—&— 44 mm thick

45000 -
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<+
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: . . . . : .
200 225 250 275 300
Frequency (Hz)

Fig. 6. Effect of change in thickness on flow resistivity of foam subjected to 50 mm back
cavity depth in two-cavity method

From Fig. 6, it could be seen that the change in flow resistivity with respect to a
change in thickness is insignificant and the larger thickness leads to more stable results. The
measured values of static airflow resistivity for two different thicknesses are shown in Table 3.
In addition, the effect of a change in air-gap and thickness on flow resistivity is summarized
in Table 4.

Table 3
Effect of change in thickness on static flow resistivity and measured standard deviation of foam
in two-cavity method

Thickness 22 mm | 44 mm
Static Flow Resistivity (Ns/m*) | 12069 | 13051
Standard Deviation (%) 25,62 | 15,34

From Table 4, it could be seen that larger air-gap and thickness leads to improved flow
resistivity results in case of foam. Also, change in either condition doesn’t seem to significantly
affect the mean static flow resistivity values for the implemented two-cavity method.
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Table 4

Effect of change in thickness on static flow resistivity and measured standard deviation of foam

in two-cavity method

Air Gap 50 mm 125 mm
Thickness 22 mm | 44 mm | 22 mm | 44 mm
Static Flow Resistivity (Ns/m?*) | 12069 | 13051 | 12896 | 13304
Standard Deviation (%) 25,62 | 15,34 8,58 6,44

120000

90000

60000

30000

Flow Resistivity (N-s/m*)
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Fig. 7. Flow resistivity as a function of frequency evaluated using two thickness method for
22 mm and 44 mm thick foam in the 100-500 Hz range

The two-thickness method was also implemented for 22 mm and 44 mm thick foam
samples in the 100-500 Hz frequency range. The complex impedance data was analytically
evaluated from the individual pressure measurements at the two microphone locations and the
dynamic flow resistivity as a function of frequency is shown in Fig. 7. It is observed that flow
resistivity values in the 100-500 Hz range are fluctuating more as compared to the two-cavity
method. The mean and the standard deviation (%) of the measured dynamic flow resistivity in
the 200-300 Hz frequency range as chosen in the two-cavity method is listed in Table 5. Mean

values is considered as static flow resistivity.

Table 5

Static flow resistivity for foam evaluated using the two-thickness method

Static Flow Resistivity (Ns/m?) in 200-300 Hz frequency range

Acoustic Material

Mean

Standard Deviation (%)

Foam

11357

91,68

A comparison is made between the flow resistivity values evaluated using the two-
cavity method with arbitrary air-gap and the two-thickness method for foam samples in the

200-300 Hz frequency range.
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Fig. 8. Comparison of flow resistivity as a function of frequency evaluated using two-thickness
and two-cavity method (125 mm back cavity depth) for foam in the 200-300 Hz range

The mean and standard deviation of the flow resistivity values in the 200-300 Hz
frequency range of two methods are compared in the Table 6.

Table 6
Comparison of static flow resistivity for foam in the 200-300 Hz frequency range

Indirect Acoustic Method Two-Thickness | Two-Cavity (125 mm air-gap)

22 mm thick | 44 mm thick
Static Flow Resistivity (Ns/m?) 11357 12896 13304
Standard Deviation (%) 91,68 8,58 6,44

From Table 6, the static flow resistivity evaluated using the two-thickness and the
two-cavity method seems to be in good agreement. Though the mean values appear close,
from Fig. 8, it could be seen that the variation in flow resistivity with respect to the frequency
obtained from the two-thickness method is large as compared to the flow resistivity evaluated
using the two-cavity method with arbitrary air-gap. Thus, for the foam samples (in the 200-
300 Hz frequency range), it could be summarized that the implementation of the two-cavity
method with arbitrary air-gap leads to a more stable trend in flow resistivity than the two-
thickness method.

The static flow resistivity evaluated using the two-cavity and the two-thickness method
is validated by means of the developed test setup as per the ISO 9053 alternating airflow method
guidelines. The 44 mm thick foam specimen was tested using the developed setup and the
airflow resistivity was measured as 10608 Ns/m?*. A comparison is made between the static
flow resistivity results obtained using the two-cavity method, two-thickness method, and the
developed alternating airflow test setup and shown in Table 7.
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Table 7

Validation of static flow resistivity results for foam

Measurement Method

Two-Cavity

(125 mm air-gap)

Two-Thickness

Alternating Airflow Setup

Static Flow Resistivity (Ns/m?) 13304

11357

10608

From Table 7, it could be seen that the maximum difference between the static flow
resistivity results obtained ranges around 25%. The acceptability of this variation could be
determined based on the variation in the estimated absorption coefficient values.
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Fig. 9. Comparison of absorption coefficients estimated from flow resistivity values of 13304
Ns/m? (two-cavity method) and 10608 Ns/m* (alternating airflow method)
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Fig. 10. Comparison of measured and estimated absorption coefficients as a function of
frequency for 44 mm thick foam
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The Delany and Bazley empirical relations are used to estimate the absorption
coefficients from the flow resistivity values given in Table 7, and are shown as a function of
frequency in Fig. 9. It could be seen that the estimated absorption coefficients are in good
agreement despite the 25% variation in the static flow resistivity values. This indicates that
the 25% variation may be reasonable for estimation of absorption coefficient. The absorption
coefficients for the 44 mm thick foam sample are also directly measured using the impedance
tube and the results are compared with the estimated absorption coefficients. The measured
and estimated absorption coefficients seem to be in good agreement from Fig.10.

Conclusions

The two-cavity method with arbitrary air-gap and the two-thickness method were
implemented for evaluation of characteristic impedance and propagation constant and hence
flow resistivity for foam samples in the 100-500 Hz frequency range. The flow resistivity was
found to be constant, i.e. static in the 200-300 Hz range and hence the post-analysis was carried
out considering this frequency range. In case of a two-cavity method with arbitrary air-gap,
the effect of a change in air-gap and thickness on mean static flow resistivity was insignificant.
Larger air-gaps and thicknesses resulted in a more stable trend in flow resistivity plot as a
function of frequency. The static flow resistivity values evaluated using the two-cavity and
the two-thickness method for foam in the 200-300 Hz range was found to be in reasonable
agreement. Though the mean values appear close for the two methods, the variation in flow
resistivity with respect to frequency for the two-thickness method was significantly large as
compared to the two-cavity method. The flow resistivity results were validated using a test
setup developed based on ISO 9053 alternating airflow method guidelines and the maximum
variation was in the range of 25%. This variation was found to be acceptable due to a close
agreement between the absorption coefficients estimated from the flow resistivity values using
the Delany and Bazley empirical relations. In addition, the estimated absorption coefficients
for foam samples were found to be in good agreement with the absorption coefficients directly
measured using the impedance tube, thus indicating good suitability and feasibility of the
considered static flow resistivity measurement methods.
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AnHoTanusa

Ilenpio paboTHl SABISETCA BAWSHHE BHYTPUKAHAJIBLHBIX HAYITHUKOB HA 3BYKOBOCIPHUSTHE Y JIHII
MOJIOZIOTO BO3PACTa, IMyTel MpOMUIAKTUKY BBIABIEHHBIX HapymreHuii. VlccmemoBanusi ObLIn TpOBeAeHb y 38
106poBobIeB (16 My:kumH, 22 KeHmuH) B Bo3pacre or 18 mo 25 jer (crymentos). Bcem mnposomuiocs JIOP
obclieIoBaHme, BKIIIOUAIONIEE MMIEIAHCOMETPHUIO W PETMCTPALNIO 3aJEP>KAHHON BHI3BAHHON OTOAKYCTUYECKOMN
9MUCCUN. Pe3yJH)Ta,TI)I IIOKa3aJik, YTO [AJIHUTEJbHOE€ HOIIECHHE BHYTPHKAHAJbHbBIX HAYITHHUKOB OKa3bIBa€T
HEraTHBHOE BO3JeicTBHE HAa (PYHKIUH KaK MepudepUIecKoro, TaK H IEHTPATLHOTO OTAEN0B CIYXOBOIO
anasju3aropa. PekomenmoBano Buepenue riiobanspaoro crangapra BO3-MCD g mepCcoHalbHBIX ayAHuOCUCTEM
u ycrpoiicrs(WHO /NMH/NVI/19.4).

KuroueBbie cjioBa: HAYITHUKU, ayIUOTLIEED, PUCK, 3BYKOIPOBEIEHNE, 3BYKOBOCIIPUSATHE.

Influence of in-channel headphones on sound perception
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Abstract

The aim of the work is the influence of in-ear headphones on sound perception in young people, ways
of preventing detected violations. Studies were conducted in 38 volunteers (16 men, 22 women) aged 18 to
25 years (students). An ENT examination was conducted for all, including impedancemetry and registration
of delayed evoked otoacoustic emission. The results showed that prolonged wearing of in-ear headphones has

a negative effect on the functions of both the peripheral and central departments of the auditory analyzer.
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Implementation of the WHO-ITU global standard for personal audio systems and devices (WHO / NMH / NVI

/ 19.4) is recommended.

Keywords: headphones, audio player, risk, sound perception.

BBenenue

[To nanubiv Beemupnoit opranusanun 3apasooxpanenust (BO3), okoso 1,1 Musuinapia
MOJIOABIX JIIO7Zeifl BO BCEM MHDEe TOJBEPKEHBl PHUCKY MOTEPH CJyXa W3-3a BO3IAefCcTBHS,
BBI3BAHHOTO HEDE30TAaCHBIM WCHOJB30BAHUEM JIHIHBIX ayauoycrpoiictB.  [yasas ceromms
0 VJIUIAM JII0OOOTO TOpOJa MOXKHO 3aMETUTh, YTO MOJABJILIONIEe YHCIO IIPeacTaBUTe/ el
MOJIOJIOTO TIOKOJIEHUsI XOAAT II0 TOpoay B HayIrHuKax. llpudeM HX ¢ KaxKIbIM TOJIOM
craHoBUTHC BCe Oosibiie.  [Tourn nmosioBuHA BCEX LOAPOCTKOB M MOJIOABIX Jirojeit (12-35
JeT) B CTPAHAX CO CDPEJHHM H BBICOKHM YDPOBHEM [OXOJ@ MHOIBEPIKEHbl HEe0e30MacHOMY
YPOBHIO 3ByKa HPH HCIOJIH30BAHUHM MEPCOHAJBHBIX ayauoycTpoiicTs, m okoso 40% wu3 nux
OJIBEPKEHBl TTOTEHIINATIBHO BPEJHBIM YDPOBHSM IIIyMa B KJaybax, JuUCKOTeKax u Oapax [1].
Ompoc yuanuxcs B Jlanuu (1689 genosek B BO3pacte 12-19 ser) mokasan, uro 90% u3 Hux
CJIyIIAIN MY3BIKY 4epe3 HaymHuku Ha MP3-mwreepax; 32,8% ObLau 4acTBHIME II0IB30BATEISMH,
48,0% umcnob30BaMH BLICOKHE HACTPOIKH IPOMKOCTH, H TOJILKO 6,8% Beerma manm mouru Bceraa
HCII0/Ib30BAIN OTPAHUYNTEh MyMa. JacThie MOab30BaTen B 4 pa3a daiie CIyIaan My3bIKy
C BBICOKOH I'DOMKOCTDLIO[2|. B GosbimucTBe cirydaeB HCIOIB3YIOTCS HAYITHHKH-BKIAIBIIN [3].
HebnaronpugarnoMy myMOBOMY BO3JEHCTBHIO HAYIIHUKOB MOABEPralOTCS TaK:Ke JUCIETYephl,
3BYKOOIIEPATOPBI, PAbOTHUKU CBSI3W U Jpyrue npodeccrnonatbubie rpynmsl [4, 5). Ounenka
BO3/IeiCTBUS 1IIyMa U HOPOTOBBLIX YpPOBHei cjayxa y 78 omneparopoB call-nenrTpa mnoka3saJia,
aro y GosbmuacTBa (92,3%) yIaCTHUKOB HCCIeIOBaHUS ObLT HOPDMAJBHBIA CJyX Ha 06a yxa.
Tem ne menee, ux mokasareju B juanaszone gactor or 0,25 mo 8 kl'm ObLIM XyzKe, UeM B
KOHTPOJIe, TorIa Kak Bbiiie 8 KI' Gl comocraBumbl [6]. Oxpana Tpyna npodeccHoOHATbHBIX
KOHTUHIE€HTOB, PA0OTAIOIINX B HAYIIHHKAX U IPABUIBHBIN TOI00D MOCAEIHUX — aKTyaJbHAs
3aJ1a4a, i CIEIMAJINCTOB B 00/IaCTH OXPaHbl TPyAa B psjae obsacreil mpombinienrnoctu. O
PABOMEDHOCTH HCIOJIH30BaHUs PAOOYNME &y IHOILIEePOB ¢ HAYNTHUKAMHU BO BpeMsi pabOTHI ¢
TOYKHU 3PEHNST TEXHUKN O€30MACHOCTH HEMAJIO CIIOPSAT CIIEINAJTUCTHI. Bce 3aBUCUT OT XapakTepa
Tpyna padbornuka. Hamnpumep, pa3zpaboTdyukaM IpOrpaMMHOIO obeciievdeHus, KOTOPLIM HAaJIO0
COCPEIOTOYUTRLCS, TO MHOIJA MOMOTaeT B PaboTe, MOBBLIMIAA UX ITPOU3BOAUTEILHOCTH. Ho
B I€Xe MAIIUHOCTPOUTEJLHOTO MPEJNPUATUS — OOBEKTA [MOBLIIMIEHHON OIMACHOCTU, HYXKHO
OBITH BCe BpeMs BHUMATE/IbHBIM U ObITh MOTOBBIM YCJIBIIIATH MPELYIPEZKIAIONIHe T0I0COBBIE
KOMaH/Ibl, CHTHAJIHI MAITUH, KPUKH APyTuX pabounx. B 3ToMm ciydae UCIOIb30BaHNSA paboInMu
ayJIMOILIEEPOB ¢ HAyIIHUKAMH BO BpeMsl PAOOTHI JOJIZKHO OBITH 3aIIPEIeHO.

BeraBHble HAyIIHUKH (BKJIAJBIININ) BCTABJISAIOTCS HEIMOCPEJICTBEHHO B HAPYKHBII
CJYXOBOW MNPOXOJ W SIBJASIOTCA OJHUMHU U3 CAMBIX pacupocTpaHeHHbix.  OOmenpuHsThIil
crangapt Obi paszpaboran eme B 1991 roay wmmxkenepamm komnanunm Etymotic Research,
a IPapoIUTE/J MU BCTaBHBIX HAYIIHUKOB CTaJd HCIOJb3yeMble B Hay4YHLIX IEHTPax

ayIuOJOTHIECKe HAYITHUKH. PexkomenaoBano cyObeKTHBHO BBIUYHCJIATD AKYCTHYECKO-
JacTOTHBIE XapakTepucTuku HaymHukoB B [OCT 28728-89 (Meron mpsMoro wusMepeHus
— CpaBHUTEJbHAS 4YaCTOTHAsl XapaKTEPUCTUKA HAYIIHUKOB B CBOOOJHOM IOJI€). Crout

obpaTuTh BHUMaHHE HA TO, YTO »KECTKOIO CTAaHAAapTa He CYIIeCTBYET, U 3TO JaeT BO3MOYKHOCTH
MPOM3BOIUTENSIM YKa3biBaTh JaHHbIE U3 MapKeTHHIOBBHIX cooOparkenmit. MOXKHO ykasarh
OOJIBIIYIO YYBCTBUTEJBHOCTD I JIYUIINX IIPOJIAK OIpeJIeJIeHHOW Mojenau, Kak 0OoJee
YYBCTBUTEJNBHON, & MOYXKHO 3aHU3UTH 3HAUEHUE, JIJISI COOTBETCTBUS TOKa3aTeslell CAaHUTAPHBIM
HopMaM. Takzke HeKOTOpbIe ITPOU3BOAUTEN MOI'YT HPUBOAUTH 4YBCTBUTE/JILHOCTH HAYIITHUKOB
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UCXOJ/IST U3 YYBCTBUTEJIHHOCTU KalCIOJdA, HE YYUTHIBAsg, YTO HMTOTOBAasl YYBCTBUTEJIHHOCTD
HAYIIHUKA B cOope OYIeT OTIHYAThCS.

Herarusmubie moc/ieICTBUS OT UX MPUMEHEHUS 3aBUCIT OT AaHATOMUYECKIX OCOOCHHOCTE
desoBeka (GOpMBI CIIyX0BOro mpoxoa). [loporu B 9THX ciydasx cMerneHbl mpumepto 10 20 n1b
HL npu 4 kI’ [7]. E:kemneBHOE Bpemsi MPOCJIYITHBAHUS TaK:Ke BIMSIIO Ha TIOPOTH CJIYXa.
Brlto o0Hapy:KeHo, 9TO g MOJIb30BaTeell BHYTPUKAHAJIBHBIX HAYIIHUKOB CpeHee BpeMs
MY3BIKaJBHOTO BO3/IEHCTBIA B TeUeHWe TPeX YacOB IMMPUBOJUT K moTepe cayxa Ha 10-15 n1b HL
Ha OoJlee BBICOKHMX dYacToTax.  lcmosib3oBaHWe KaK OTKPBITBIX, TaK M ITOJTYOTKPBITHIX
HAYITHUKOB, 10 MHEHUIO aBTOPOB, He BJIMLET Ha HapylleHus cjayxa. Haubosibiime norepu
cIyXa HaOJIIOJAJINCH Y JIIO/IeH, KOTOpble padoTaloT WHYKEHEPAMH 10 YCUJIEHHUIO 3BYKa, U, KPOMe
TOTO, JJId HUX He ObLIO OOHAPYZKEHO BJIHAHUSA THIOB HAYITHUKOB.

1. O6'beKTI/IBHa§I OII€HKa BJINAHNA BHYTPpUKaHAJIbHBIX HAYIITHNKOB Ha
IIOKa3aTeJil 3BYKOIIpOBedeHMAd M 3BYKOBOCIIPpMATHULA Yy JHUI MOJOIOTO
BO3pacra

]_[eJIbIO ,ZLaHHOfI pa6OTbI ABJIdETCAd HCCJAed0BaHNe BJAUAHUA BHYTPHKaHAJIBHBIX
HAyIIHUKOB HA 3BYKOBOCIPHUATHE Y JIAI MOJOAOTO BO3pacTa, MyTell MNpOMOUIAKTUKA
BBISIBJIEHHBIX HapPYIIEeHUH.

UccrepnoBanus Oblin nposejensl y 38 100poBosbieB (16 Myzx4muH, 22 KEHIIUH) B
Bozpacre or 18 10 25 et (cTymentoB). B 3Ty rpynmy He BKIOYAJNCH JHIA C Kaaobamu
Ha TTATOJIOTHIO OPTAHOB CJIyXa, CepJIevdHO-COCYAUCTOH 1 HepBHOW cucteM. B coctas 1-it rpymibt
ObLTH BKJTIOYeHBI 20 CTYIE€HTOB, TPOCIYIIMBAIONINAX ayauonieep Gosee 3-X YacoB B JiIeHb Ha
NPOTSZKEHUU TOCJeHUX 3 JieT (B 7 ciydasx — He MeHee 6 9acoB B JieHb). Bo 2-10 rpymmy
BOIILIIN CTY/IE€HTHI, He UCHOJB3YIONINEe ayIuoIIeep WIN MPOCTYIINBAIONINe ero MeHee 1 Jaca B
Jnenb. B wmccejenyemble rpymibl He BKJIOYAIUCH JIMIA, UCHOJB3YIONUEe ayauorjeep or 1 1o
3-X 1acoB exKeJIHEBHO.

Bocnpugrune 3Byka MoxKeT OBITH HAPYIIEHO BCIEJCTBIE HECKOTBKUX MpuinH. Hanbosee
paclpoCcTpaHeHbl — HapYIIeHus 3BYKOIPOBEIEHUS. K wnapymennsaM 3BYKONpPOBeIeHUS
OTHOCATCS 3a00JIEBAHUS HAPYKHOI'O U CPEJIHEr0 yXa: MHOPOJHBIE TeJa B CJYXOBOM IPOXOJE,
OCTpPbI€ U XPOHUYECKHE OTUTBI, TPaBMbI CPEJIHEI'O YXa, a TaKzKe OTAAJICHHBIC ITOCJICJCTBUA 9TUX
3abosieBanuit. [Ij1st BRISTBJIEHUST TAKWUX SIBJIEHMH (B T.9. B HAUAJbHON’ CTa/IHI/I) BCeM 00C/IeIyeMbIM
nposoauicsa ocMoTp JIOP-cnenmanucTa, BRKIIOYAONII OTOCKONHIO, IMIIeTaHCOMETPHIO.

Jpyrast npuumHa Hapylienuil cjiyxa — HapylIeHUs 3BYKOBOCIPHUSTHUS CBA3aHbI C
narojiorueit BHyTpeHHero yxa. (CaMbiM paHHUM TPU3HAKOM CJIEIyeT CUUTATH MOPAYKEHUE
3BYKOBOCIIPHATHS HA YPOBHE HAPYKHBIX BOJOCKOBBIX KJIeTOK yauTku|8, 9] . s BeisBICHUSA
MATOJIOTMU BHYTPEHHero yxa (B T.9. B HaYaJbHO{l cragum) mposoausics ocmorp JIOP-
CIIENIAIUCTA, PETUCTPAIUS 33/IePKAHHON BBI3BAHHON oTOoaKycTHYecKOi svuccnu (3BOAD).

Pesyabrarsl ucciepoBanus npuBejieHbl B Tabsmie 1.
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Tabuma 1
YacTora HapylleHns 3BYKOIPOBE/IeHNS, 3BYKOBOCIIPUATHAA U IEHTPAJbHBIX HAPYIIEHNN CJIyXa
Yy JIMIL ¢ UAUONATUYCCKON rulepaKysueit

Hapymenuns cayxa 1 rpynma 2 rpynmna
n=20 n—=18
Hapymrenne 3sykonposenenus | 4 u3z 20 (26,7%) | 3 u3 18 (16,7%)
Hapymenue 3ykoBocupusitust | 5 u3 20 (25,0%) | 2 u3 18 (11,1%)
Beero 7 u3 20 (35,0%) | 3 u3 18 (16,7%)
P-0,05

Peszynbrarshl uccienoBanns MOKa3aid, ITO pa3InvdHble HAPYIIEHUS 3BYKONPOBEIEHUS
y UCCAEyeMbIX 1-if IpyIIbl ObLIN BBISBICHBI HECKOJBKO Yallle, YeM Y JIUI], He HCIIO/Ib3YIONNX
BHYTPUKAHAJIbHbIE HAYITHUKA. B OCHOBHOM W3MEHEHHUs OBbLIU TPEJICTABJICHBI &JT€3MBHBIME
U3MEHEeHHUSIMU CTPYKTYD CpeJHero yxa, BCJIeJICTBHEe paHee IepeHeCeHHBIX BOCIAJIUTEeIbHBIX
3aboJieBaHUil CcpeJlHETO yXa. CxofiHBIE pe3yabTaThl OBLIM TOJYYEHB MpU W3YUEeHUU
3BYKOBOCIPUATHS Y 9TOTO0 KOHTHHTEHTA: HadaJbHBble TPU3HAKN CEHCOHEBPAJIbHONU TYTOYXOCTH
ObLIM BBISIBJACHDBL Y 25% M1, MCIIOIB3YIOMUX HAYITHUKHU GoJiee 3-X 4acoB B JeHb u y 2 u3 18 jmn
koHTpOsbHOIT rpymmel (11,1%). B nesom, pesyabrarbl BO3AeHCTBUS JIHTEJIBHOIO HOIICHUS
BHYTPHUKAHAJbHBIX HAYITHUKOB Ha 3BYKOBOCIIPHHUMAIONTYIO (DYHKIIHIO CIYXOBOI'O aHAJII3ATOPA
YKa3bIBAIOT HA MOBBINIEHHYIO YacTOTy Takoro pojga uapymrenuit (P<0,05). Iloayuenubie
JIAaHHBIE CBUJIETETHCTBYIOT O HEJIOMYCTUMOCTH JJTUTETLHOTO UCIOJIB30BAHNS BHY TPUKAHATBHBIX
HaymHUKOB. OHHU MOTYT OBITH PEKOMEHIOBAHBI TOJIBKO IS STMU30AUIECKOTO HUCIIOIH30BAHUST
(HampuMep, TpH aBHanepeserax), HO He Jis PeryJagpHOr0 NPUMEHEHHs, KaK B OTIAEIbHBIX
npoeCCHOHAMBHBIX IPYTITAX, TAK U C MeJbio pekpeannun. OJHAKO MOJYIeHHbIE JaHHBIE HETb3sI
paccMaTpuUBaTh KaK CBHJIETENHCTBO O O€30MaCHOCTH KaK OTKPBITHIX, TaK U ITOTYOTKPBITHIX
HAYTITHUKOB.

2. Pekomengamunm BcemupsHoii opranmnzanmnn 3apasBooxpanenus OOH mo
CHI>KEHUIO PUCKA Pa3BUTHA MOTEPH CJIyXa B pe3yjbTaTe IIPUMEHEHUd
HAYIITHUKOB

B 2019 romy OOH (BO3) pekomemgoBana 6osee Ge30macHble HAYNTHUKH KaK sl
nesefl pekpeanun, Tak U s pabOTHHKOB COOTBETCTBYMOMUX Hpodeccuii (3ByKOOIepaTophl,
JHCIeTYephl, pAOOTHUKH KOJJI-TIEHTPOB H T.1I.).

BO3 pekomenjyer BBeieHue B JieicTBHE W INPOIABHXKEHHE IJIOOAJBLHOIO CTaHIAPTA
BO3-MC3 masa mepconanbubix ayauocucreMm u ycrpoiictB( WHO/NMH/NVI/19.4), a Takxke
cojeiicrBae OE30MaCHOMY HPOCJIYIIMBAHUIO JIJIsi CHUXKEHUS PUCKA PA3BHTHUsl IMOTEPH CJAyXa B
pe3y/abTaTe BO3AEHCTBHS PEKPEealrnonHoro myma B pamkax naumunarussl BO3 «He moapepraiire
CBOI CJyX ONAaCHOCTH>. [lepconayibubie  ayIMOyCTPONCTBA JOJIPKHBI  OBITH OCHAIIEHBI
HPOrPaMMHBIM OOecIledeHreM, OTCJIEKUBAIONIUM YPOBEHb IMIyMa U MPOJOJIKATEJTHHOCTD
€ro BO3/IEHCTBUS Ha I0JH30BaTe/Is B IIPOIEHTAX OT CTAHIAPTHOIO 3HAYEHHS, U3BECTHOTO KaK
«JIONYCTUMOE BO3MeiicTBHE TIyMay. [losb3oBaTenb ¢MOXKeT BHIOpATh OMWH U3 ABYX PE:KUMOB,
OIIPEAEISIONIUX OOy 103y MIyMa, He IMPEACTABISIONIY0 OIACHOCTH /I CayXa.

Pexnum 1 ang s3pocanix: 80 1B B Tedenme 40 gacoB B HeAeJIIO.

Pexxum 2 nna neteii: 75 n1b B Tedenme 40 yacos B Hemgenio [lepcoHasim3upoBaHHAS
undopmaImsi. Y 1epcOHAJIbHOIO ayuoyCTPORCTBA JOJKHA ObITh (DYHKIUS CO3/JaHUS
UHUBUIYAJIHHOTO HPOGUAT TPOCJAYIIUBAHUS HA OCHOBAHUU WCTOPUHM  WCIOJIH30BAHUS
yCTpOﬁCTBa KOHKPETHBIM ITOJB30BaTEC/IEM.



Jleuna E.A., Jlesun C.B., Ilerpos C.K., Xpamos A.B

Binsane BHYTPHKAHAJIbHBIX HAYIMMHAKOB Ha 3BYKOBOCIIDUATHE Y JIUI] MOJIOZOTO BO3pacTa 24

[To cBoemy mpoduIio MOJAB30BATENb CMOMXKET CYJIUTHh O TOM, HACKOJIBKO OE30MacHBIM
(nm onacHpIM) JUIsi HEro OBLIO HPOCJIYIIUBAHUE 3BYKOBBIX MATEPHAJIOB HYepe3 HCIOJIb3YeMoe
ycrpoiicto. [Ipennasznadennoe jig 3TOr0 NporpaMMHOE obecriedeHne CyMMUPYeT JaHHbIe IO
MMYMOBOI HArpy3ke B MPOIEHTaX OT JOMYCTUMOTO YPOBHSI BO3JEHCTBUSI U HA OCHOBAHWW TOM
uHGOPMAIAT YBEIOMJISET TMOIb30BATE T O HeOOXOIUMOCTH TPUHATUS Mep.

OYHKIUE OrPAHUYCHUS] TPOMKOCTH. [lepconaabnoe ayauoycTpoOUCTBO JTOJKHO
00/18/1aTh (PYHKITHSIMU, TO3BO/ISIIONIME [TOTH30BATE/I0 OIPAHNYNBATH MAKCUMAJIbHBIN yPOBEHD
IPOMKOCTH, HampumMep: O QYHKIHEH ABTOMATHYECKOTO CHHUYKEHUsI TPOMKOCTH, KOTOPast
YMeHbIaeT YPOBEHb 3BYKA HA OCHOBaHWH MHMOPMAINY, YKa3aHHOHN B MpOoduIe MOTb30BATE .
Ecau monb3oBaTe b CAUIIKOM JIOJITO MPOCIYITUBAET 3BYKOBbIE MATEPUAJIBI TTPH BHICOKOM YPOBHE
I'PDOMKOCTH, YCTPOHCTBO aBTOMATHYECKN CHUXKAET TPOMKOCTH; O (hyHKIHEl pPOIUTESTHCKOTO
KOHTPOJIsI, ¢ TIOMOIIIBIO KOTOPOil POAUTEN MOTYT yCTAHABIUBATH I'POMKOCTH HA, OIIPEIeIeHHOM
ypoBHe. Broibpannas nacTpoiika Gymer 3amuinena naposem [10, 11].

B cramgapre BO3-MCY <«Be3zonmacuble s ciayxa yeTpoficTBa W CHUCTEMBI»
PEKOMEHTyeTCsl OCHACTUTD MEePCOHATBHBIE Ay THOYCTPORCTBA CIeAYIOMUMHA (PYHKIUIMHA:

e (byHKIUS «IOMyCTHMOE BO3JAEHCTBHE TIyMas: nporpaMmHoe —obecnedeHue,
OTCJIC’KUBAIOIIEE YPOBEHDb IIyMa U MPOJIOJIZKUTEJIHLHOCTh €ro BO3JAEfiCTBUS Ha MOJb30BATEIS B
HOPOIEHTAX OT CTAHJAPTHOI'O 3HAUEHUS;

® TepPCOHAJM3NPOBAHHBIA TPOMWIL: WHIUBHAYAJbHBIN MTPOMOUIL TPOCTYITHBAHUS,
OCHOBAHHBI HA HCTOPUU WCIOIb30BAHUSI YCTPOUCTBA KOHKDETHBIM IOJB30BATEIEM, II0
KOTOPOMY IOJIb30BATEIb CMOXKET CYJAUTbh O TOM, HACKOJIBKO 0€30MaCHBIM (WM ONACHBIM)
OBLITO /I HErO MPOCJYIMTUBAHUE, W TMOJYIATh MPAKTHIECKHE PEKOMEHIAINNN Ha OCHOBE JTOi
nHMOpPMAaIIIH;

e (byHKIUYN OrpaHNYeHNs TPOMKOCTH: BO3MOXKHOCTH JIJIsl OTPDAHUYEeHNs] MAaKCUMAJIBHOTO
YPOBHS TPOMKOCTH, BKJIIOYas aBTOMAaTHYECKOE CHHKEHHe TPOMKOCTH W POTUTETbCKU
KOHTPOJIb;

e npejlocTaBeHue oOIell WHGOpMAIMKU:  BblJIada TOJL30BATEN0 WH(MOPMAIUA U
yKa3aHUii 1o BHIOOPY OE30MACHBIX BAPUAHTOB MPOCAYIIMBAHWUS, KaK depe3 TMepCOHAJbHBIE
ayJInOyCTPOHCTBA, TAK M BO BPeMs PA3JIUIHBIX JIOCYTOBBIX MEPOIPUATHII.

3akJrJdyeHue

ITo gamapim BO3, cerognst npakTHYeCKH KarKJblil HSITBIi TOPOACKOIl KUTEJb Ha
IJIaHeTe UMeeT TpPoOJeMbl CO cayxoMm. [Ipm Tyroyxocrm HaduHaeT CTPaIaTh U HHTEJLIEKT.
MaccoBoe wncnoib30BaHWEe MOJIO/IEKbI0 BHYTPHKAHAJBHBIX HAYITHUKOB BBHI3BAJIO TPEBOTY
cypaoJioro. BoJibiras 9acts paboT OCHOBBIBAJIACH Ha 2Kaj00axX IMOJIb30BaTesell HAYIIHUKOB,
OJIHAKO B IIOCJIETHUE TOJIbI MOSBUIMCH UCCIEI0BAHUs, OCHOBAHHBIE HA OO bEKTUBHBIX KPUTEPHUSIX
OIIEHKM 3BYKOBOCHPUsITUsi. B HallleM HCC/Ie/I0BAHUN KMCIIOJIb30BaJIaCh UMIIEJ[QHCOMETPHSI U
perucrpaius 3aJepKaHHONl BbI3BaHHON oroakycrudeckoii smuccun (3BOAD). Pesynbrars
MoKa3aJ/n, 4TO HOIIeHWe BHYTPHUKAHAJIHHBIX HAYITHUKOB yBEJIMYMBAET YaCTOTY TAKOTO POIa
HApPYIIEHUH, YTO CBUJIETEIbCTBYET O HEJONYCTUMOCTH JIIHTEIBHONO HUX HCIOJb30BAHUI.
B 2019 romy OOH (BO3) pekomengosasia 6osiee Ge3onacHble HAyNIHUKH Kak JJisl 1eJieii
peKpeanun, TaK " JJisi PaAbOTHUKOB COOTBETCTBYIONHUX Tpodeccuil (3ByKOOmepaTophl,
JHCHeTYephl, DPADOTHUKH KOJUI-IEHTPOB M T.JL.). Bce Boimensiioxkennoe 00OCHOBbIBAET
HEOOXOMMOCTh JIydIlle O3HAKOMHUTH Hacenenne ¢ pexomernganusvun BO3. Paboraukn,
IIOCTOSIHHO HCIOJIB3YIOIINe HAYIIHUKH (HAIPUMED, JUCIETYepPbl) JOJZKHBI OBITH 00ecHedeHbl
UBJIETUAME, COOTBETCTBYIONIUMH YKA3AHHBIM PEKOMEHIANNAM. DTO JOJKHO OBITH OTPAYKEHO B
COOTBETCTBYIONINX HOPMATHUBHBIX JOKYMEHTAX B 00JIACTH OXPAHBI TPY/Ia.
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BriBo1bI:

1. ZLTII/ITGJIBHOG HOIIEHNE BHYTPHKAaHAJBbHBIX HAYIITHHKOB OKa3blBa€T HeEraTuBHOE
Bo3eficTBue Ha QYyHKINKM Kak nepudepudeckoro, Tak M MEHTPAJIHHOIO OTIEJ0B CJIyXOBOTO
AHAJU3ATOPA.

2. BuyTpukaHajabHble HAYITHUKE MOTYT OBITH PEKOMEHJOBAHBI  TOJBKO  JIJIst
SMU30AUIECKOTO MCTONB30BAHUS (HAIPUMED, TPU aBHATIEPEIeTaX), HO He s JJIUTEJTLHOTO
IIpUMEHEeHU .

3. Ha mpousBojictBe M B OBITY HYXKHO COJIEfiCTBOBATH MCIIOJH30BAHUIO HAYNTHUKOB,
COOTBETCTBYIONUX IrobaibHOMy cTapaapTy BO3-MCY nid nepcoHaJTbHBIX ayaHOCUCTEM U
yerpoiicrs (WHO/NMH/NVI/19.4), a takxke nmunuatruse BO3 «He noasepraiite cBoii ciyx
OTTACHOCTH .
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A4deeunbie Moaean cycneH3uil cphepuiecKnX YaCTHUIL IIPU Pa3HBIX
TPAHUYHBIX yCJIOBUAX

Kazaxos JIL.IT.M*
! K.d.-M.H., Beaymuit HayqHbIi COTPYIHNK, THXOOKEAHCKIH OKeAHOJOTHICCKHIT MHCTHTYT MM.

B.U. Unbwaépa IBO PAH, r. BaaguBocTok

AnHoTanusa

IIpuBenensr akycTudeckue XapaKTEPUCTUKU SYEEUHBIX MOJEel MOHOIUCIIEPCHBIX —CYCIEH3WT
cepuueckux YaCTUI[ MPOU3BONHHBIX KOHIEHTPAIWI I YeThIPEX 9YAallle BCEro HCIOIb3YEMbIX TI'DAHUIHBIX
yCJIOBUMIi HA TIOBEpXHOCTH sueliku. CpaBHEHNE PACUETHBIX W W3BECTHBIX IKCIIEPUMEHTAJIBHBIX JAHHBIX MTOKA3aJI0,
9TO HAWJIydIllee WX COBMAJEHWE BO BCEX CJIyYasX HAOJIOJAETCS TPU OKPYKEHUU sTYefiKM TOHKON HEBECOMOIt
KecTKoit 00osoukoii. Takoe rpaHmYHOE yCJIOBHE OOECIEYMBAET MHUHUMYM BS3KOH TUCCHIAIMH 3BYKOBOM
SHEPI'UU IPU MAJbIX U YMEPEHHBIX 3HAYEHUAX OTHOIIEHUS [IUaMEeTPA YACTHIL K TUIyOMHe TPOHUKHOBEHUS BA3KON
BOJIHBI B 2KUIAKOCTb. 1Ipu OO/BINKMX 3HAYEHUSAX ITOTO MapaMerpa BsI3KHUE MOTEPU MUHUMAJIBHBI IPA TPAHUIHOM

yciaoBumn Xamnmneasa ¥ MaKCUMaJIbHbBI IIpH 2KEeCTKUX 000JIOUKAX.

KurroueBbie cjoBa: sueedHbIe MOJEN CyCIeH3uil, chepruyeckrne YaCTHUIlbl, "PAHWYHBIE YCJIOBUS,

BA3KME 1I0TE€pU, MUHUMYM JIUCCULIAIIMYA SHEPIUU.

Cellular models of spherical particle suspensions under different boundary
conditions

Kazakov L.I.'*
L K. F.-M. N., leading researcher, Pacific Oceanological Institute named after V. I. IIichev FEB RAS,
Vladivostok 9

Abstract

Acoustic characteristics of cell models of monodisperse suspensions of spherical particles of arbitrary
concentrations for the four most commonly used boundary conditions on the cell surface are presented.
Comparison of calculated and known experimental data showed that the best coincidence in all cases is
observed when the cell is surrounded by a thin weightless rigid shell. This boundary condition provides a
minimum viscous dissipation of sound energy at small and moderate values of the ratio of the particle diameter
to the depth of penetration of the viscous wave into the liquid. At high values of this parameter, viscous losses

are minimal under the Happel boundary condition and maximal under rigid shells.

Keywords: cellular models of suspensions, spherical particles, boundary conditions, viscous losses,

the minimum energy dissipation.
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Beegenne

JloCcTOMHCTBO fd4YeedHBIX MOJlesell — BO3MOXKHOCTb UX IPUMEHeHHUs JJIs UCCIIeIOBAHUS
CBOHNCTB JUCIEPCHBIX CPeJl MPOU3BOJIbHBIX KOHIeHTpaluii. Ho OHM nMeroT Tpu cyliecTBeHHBIX
HeJoCTaTKa: 1) TPUMEHMMOCTH JIWITh K MOHOJMCIEPCHBIM CPeJaM, KOTJIa BCE BKJIIOUEHUS
OIMHAKOBBI 10 pazMepaM (pagmyca R), dopme u cBoiicTBaM; 2) yHOPSAI0IEHHOCTh CTPYKTY I,
NpUBOAAIIAS WHOT/IA K TIOSIBJIEHWIO HeyKeJaTeTbHbIX PEe30HAHCOB BHYTPH dYelKu 1pu
rapMOHIYECKIX KOJeOAHUAX; 3) HEOIPEeJIeHHOCTh TpeOyeMbIX YCIOBHH Ha TDAHUIE sTYeiiKu,
HOCKOJBKY MEeXaHU3M T'UJIPOJMHAMUYECKOTO B3aUMOJEHCTBUs BKJIIOYEHHIl He BIIOJHE $CeH U
HEU3BECTHO KaK 33JIaTh 3TU YCJIOBUS.

B nureparype ucnosb30Baanuch pa3Hble TPAHUYHBIE YCJIOBUS HA MOBEPXHOCTU SYEHKH,
OCHOBaHHbIE HA 9BPUCTHYECKUX COOOPaKeHUsX (KayKJIOMY YCJIOBHIO HUZKE TIPUCBOEH HOMED n):

1. n = 0: xkecTkasg 060JI0YKa AUeiKM, GECKOHEUHO TOHKas u Jerkas [1, c. 152, 518|;

2. n = 1: ycnosue Kpamnuna 0Ve/Or = 0, T.e. MEHUMYM TaHTE€HIHAIBHONR CKOPOCTH
0 paJuaabHOl KoopauHate |2, ¢.154]; mo-BuuMoMy, 9TO YCJIOBHE BBIIOIHSETCsI, 110 KpaiiHeii
Mepe, B 12 Toukax cdepudeckoil MOBEPXHOCTH SAYEHKH — TaM, TJIe OHA CONPUKACAETCH C
OMKARIIIME COCETHUME sTIefiKaMu ([P FeKCATOHATBHON IIOTHEH el yaKOBKe MOCJIeTHIX );

3. n = 2: ycigoBue Xalress, cOCTOsdIIee B TpeOOBAHUH, YTOOBI HA T'DAHUIE SUEHKH
obpamnainch B HyJIb KacaTeIbHble HANPsKeHus o, (R1,0) = 0 [1, c. 447|, [3|, tne Ry — paauyc
A4ueiiku;

4. n = 3: ycygosue KyBabapbl MOCTYJIMPYeT OTCYTCTBUE 3aBUXPEHHOCTU TEUYCHUS HA
rpanune gueiiku rotV (R, ©) =0 [1, c. 450], [4].

1. AxycTumyeckme XapaKTE€PUCTHKU CyCHEH3MIl

dveeunbie Mojead AMYJIbCHH chEpUUECKUX U IWIHHAPAYECKUX KaleJb s
rapMOHMYECKUX KOJeOAaHUH HpHM YeThpeX BapHaHTAX YKA3AHHBIX TPAHMYHBIX YCJIOBHH Ha
MOBEPXHOCTH sTIefiki m3ydeHsl B pabotax [5] m [6]. Ho Tam mosmydensr jumms HH3KO-
M BBICOKOYACTOTHBIE npubinzkenus. B pabore [7] npeacraBieHbl IIOJHBIE BblPAKEHUS
AKYCTHYECKUX XAPAKTEPUCTUK STCEUHON MOJENN SMYJLCHH C YKECTKHUMHU O0OJOUKAMHI SICEK
(n = 0). B ganHHOil cTaThbe NOPUBEJEHbI MOJHbIE BBIDAYKEHUs [T ellle TPeX BapUAHTOB
cycrensuit (n = 1,2, 3).

Eciu jpymmna 3BYyKOBOIl BOJIHBI B g4€€4HOl JIUCHEPCHON Cpejie HAMHOI'O IPEBBIIIAET
pasmep sUeKM, TO TaKyl0 CpeLy CYHTAIOT <«MHKDPOHEOZHOPOAHOI» ¢ 3bdEKTHBHBIME
mapaMerpamMn — MIOTHOCTHIO p (kr/M%), cxumaemocteio k (TTa~'), cKopocThio 3ByKa
¢ (m/c) m apyrmvu [8; c. 56,57|. ITlocKOJMbKY Nmpu paCHpOCTpAHEHWH 3BYKA B JHCIEPCHOl
cpeie Hem30eKHBI BA3KHE M TEILIOBbIE IOTEpH, TO €€ IapaMeTpbl CyTh KOMILIEKCHBIE
4ACTOTHO3ABUCUMBIE BEJIMUNHDL:

pw) = pr(w) + ipa(w), (1)

/%(w) = I (w) + il%g((.d), (2)

npudeM WX JAeHCTBUTEIbHBIE W MHHAMBIE YacTW OJJHO3HAYHO CBA3aHBI JTUCITEPCHOHHBIMU
cooTHOIIeHusIMI  Tulia  Kpamepca-KpoHura, BbIpasKaOMUIMH PUHIUI TPHYAHHOCTH |6,

c. 65, |9]. Kommiaekcnasi ckopocts 3Byka B cpejie |8, ¢. 28] ¢ = ———, (m/c), BosHOBOE
kp
~ w ~
YUCI0 TAPMOHMYECKOIT 3BYKOBOH BOMHBL k = — = wi/kp), (M~ 1), rie w — Kpyropas 9acToTa
¢

KoJsiebaHuil. 3aBUCUMOCTD IIEPEMEHHBIX OT BpeMeHHU ¢ Olpe/ieJIuM MHOXKATeeM et nanpumep,
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U(t) =Ue ™ tae U (M/c) — KOMILIEKCHAA aMILTHTYIA KOJIeGATEIBHON CKOPOCTH YaCTHUIIBI.

OOBLIYHO CUMTAIOT MAJILIM OTHOCHTEILHOE YOLIBAHUE 3a CYeT MOLVIOIIECHHS aMILIHTY/IbI
3BYKOBOTO JlaBJeHus Ha jauHe BOHBL [10, c. 424]. Dro o3Havaer, 410 ko << ki, po << p1. B
TAKOM CJIy4Yae MMEIOT MECTO IIPUOIUKCHUS:

R(w) = R (W) + iR (W) & — o +ifn(w) , M7,

Cop(w)
rae
B 1
o) A e e
ki(w)p1(w)
dazoBasg CKOPOCTDb 3BYKa B CYCIICH3UH;
];: ~
%Q(W w 2(('0) + pQ(W) , Mfl o (3)

~ 2ea@) \ (@) | Aiw)

AMILTUTYIHBIA KOXPMUIMEHT IOIVIONEHHA 3BYKa B MHOXKHUTEJIe e Faw)z

yOBIBaHUE aMILTUTYIBI KOJEOAHUN ¢ PACCTOSHUEM .

, XapaKTepusymIleM

B (3) mepsoe caraemoe B CKOOKAX OIPEIEISET TEILIOBBIE MOTEPH, BTOPOE — BsI3KHE.
Huke wu3yunm TOJILKO BHA3KHE IOTEPH, CUYHUTasd, YTO JUCHEpCus cxumaemocreit a3 u,
COOTBETCTBEHHO, TEILIOBBIE IOTEPU OTCYTCTBYIOT, T.e. 3(M(EeKTUBHAA CKIMAEMOCTh l;:(w) (2)
SIBJISIETCS BEIECTBEHHOI TTOCTOSTHHOM Bestmanuoit [8, . 57:

k=K +k(1-8%),
e K'(Tla™') — cxumaemocts wactunp, k(ITa™!) — cxxumaemocth BMemarwouieil BA3KOil
xwugkoctn, £ = R/Ry, € = € — obbemHas KOHIEHTpalUsl BKJIOUeHHil B cycnensuu. Eciam
HEOOXOMMO YUeCTh TEIUIOBBIE MOTEPH, CJeAYeT HCHOIB30BaTh pe3yabraTsl paborsl [11]. Omnu
KPaTKO U3JI0KEHBI B [7].
Kommekcnas mwrornocrs (1) morydena B paborax [6], [7]:

) = 1(w) + i) = p+ (9 = PIET, /e (4)

riae p — IWIOTHOCTH YKUJIKOCTH, p' — IUIOTHOCTH BKJIOYEHHsI, V (M/C) — aMIUIATYAa CKOPOCTH
HOJTIOCOB sTueiiku. DTa (hopMyJia BIBEJIEHA /s HECXKIUMAEMO YKITKOCTH, KAKOBOH €€ u cjieryer
CIATATh B MaJOii OTHOCHTETHHO JITNHBI 3BYKOBOM BOJIHBI d4eifke CyCIIeH3WH.

Takum 06paszom, coracHo (4), Bce ompejiesieT OTHOIIeHHe CKopocTeii a3, a OHH
pasHble TPU PA3HBIX MJIOTHOCTAX. 3a CYeT ITOH PasHOCTH W MPOHUCXOAAT BA3KHE 3BYKOBBIE
norepu. st 0JlMHOYHON YacTUIlbl OTHOIIEHHE CKOpOCTeil jlaeT u3pecTHast popmysia Kénura
(W.Konig, 1891r.), sBasormasics OCHOBOH BCeX AKYCTHYECKHX TEODHH BSA3KHX HOTEDPh B
MaJIOKOHTIEHTPUPOBAHHBIX CYCIIEH3UIX:

U Q a a2
Vv 1 3 /3 6\ (5)
—+ i+
v« a o«
riae
2R
a= 2L ogp= = (6)
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n (Ila-c) — MHAMHYecKasd BASKOCTb IKUIKOCTH, Opuse = (20/wp)t/? (M) — rayGuma
IIPOHUKHOBEHUs! BSI3KOH BOJIHBI B KuakocThb [10, ¢. 123,

3p
— _ 7
Uiy (7)

TTostable BbIpazKC€HHUs JAJidd OTHOIIEeHU A CKOpOCTefI IpeacraBuM B BUJC:

U 1

Vi 1-1q,
II€ ¢, — CBOE JIJI KayKJIOT0 IPAHUYIHOrO YCJIOBUS TOUYHOE BHIPAXKCHUE.

7n:07172737

1.1. 2Kecrkas obojouka ssdeiiku, n = 0:

[7], 3mech mpuBeseHO J1JIsI cCpABHEHMUIA:

o 20 = PR —226+ 2(1+ E)eh[2(1 = )] - {1 —e+ 50 5%} shlz(1 — )]

2 9

Mo fu-9-Zea-gfaa-1- |1+ Sa-sere+ S| sl -e)

rje
«Q

V26
MCHOJII)ByH paS.HO)KeHI/IH AJIA Ch " Sh nu COKpaTI/IB qucJauTeJib U 3HaMeHaTeJlb Ha 25,
HOJIy‘{I/IM a.HI)TepHaTI/IBHOG HpeﬂCTaBﬂeHI/IeI

Njw

(8)

z2=1

s — poi 2, Fom O = O
qo = e ;
SO SR RO
rae
bl = ZG N 4 gyt (14 52 e ).

5(m + 1)(m + 2)
2(2m + 5)!

Wi (§) = (=€) +2m(1 - &) + T(4m - 221 - 9)| .

1.2. YcaoBme Kpamiauua, n = 1:

3

g g S0 a0 -0

Q= 3 2°
I {2(1 &)+ %(1 — &2+ 352} chlz(1 - &)]-

. [1 o Darag 25%} shl=(1 - )]

?

-1+ Se-sere) - S -0 sl - )
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2(p' — p)wR? W;i;o @, (O)[z(1 — )P

0 = 9 o )
5 W)l - P
rae
i = %{(1—5)[(m+2)(1—€+2€2)+£]+(m FACNED) (o 114 29)(1 + €+ €) 3¢ }
,  (m+2) 5 2m+5 4
Ui (€) —m{(l—@ t—3 Cm+1+60 -8 +---
+<%n+m@mgﬁx%n+5kK%n+lﬁ+(L—GB—2Q}-
1.3. YcaoBme Xamnmes, n = 2:
$i3e) g e chlz(1 - &)]—
0" z(p/_p)sz | —Q_Zf—i- {Z (1—54-55 ) + 6(1 & )} h[ (1 f)]
Mo fu-ge Sa-serae s S| aka- o)
C yrguse-@feea-a
-+ S s - S -] sk o)
sy OB O
SR v M CERD)
rae
o = (;;jf;)!{u ~9 0= S i e o
D) o 4 38)1 464 - 3&2]},
,  (m+2) 5 2m—+5 9 3
W, (€) = (2m+5)!{<1—5> + 22 [(2m - 3)(1 - 2€) 3+ 66 26 (1 -+ -+

N (m + 1)(2m;r 3)(2m + 5)

gﬂmn+n§+a1—9ﬂ}.
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1.4. Ycaosue KyBabappl, n =3:

o pers s -0+ S0 -€)| e - )= |+ T3 - )] skl -6
meos -9+ T el - 0] - |14 Fetc -3 sl - )
b= Q(Pl _ p)wR2 . 7rLZ:0¢ém(€) [2(1 - 5)} "
RO SR M ECE) et
b = 3(m<;—m2)—£15; €) {_5(1 e (2m + 3)3(2m +5) (1+¢+6€)— Mu 4362~ 53)1 ,
Ui(©) = ot Ja - g Bt B gy0 g,

ITpu ¢ — 1 Bce 3mauenns g, — 0, re. U/V — 1, kak 370 u q071KHO ObITh. [lpm
£ — 0 no (8) snagenue z — 00, th{z(1 — )] — —1, 4ro BO Beex 4YeTbIpeX CjlyvasX HPUBOJUT K
dbopmyae Kénura (5) ana U/V.

2. CpaBHeHus C 3KCII€pUIMEHTAMU

N3 paccmarpuBaeMbiX —4eThIPEX BapUAHTOB I'PDAHUYHBIX YCJIOBHI  (busmyecku
COCTOATEJIbHBI J[Ba — JKecTKad 00oJIouKa u ycjoBue Xannensd. Ilociaennee, B mpuHiue,
MOZKeT OBITh PeaiIM30BaHO OKPYKEHUEM s49efiKi TOHKHM CJIOEM UJIeaIbHON YKUJIKOCTH.

g cTanmoHapHOTO TedeHWs TPUHITAIT MUHAMYMa BA3KHUX MOTEPh B dU9eifKe SMYIbCHI
paboThl 7] qUKTYeT HEOOXOIUMOCTh OKPYKEHUsT sTIeiiK JKeCTKO 060/1049Koi. JloKa3aTeIheTBo
caenytomee. PermaeM cranmoHapHyIo 3a1ady, Kak 9T0 ¢legaHo B kuure [12, ¢. 397...], vo ¢
ydeTroM BHertHel cusbl F', qeficTBytoreii Ha e fuHUILy Macchl kuakoctu (dero B [12] mer). Kosb
CKOPO PaJinajibHast CKOPOCTH UINETCA B BUJIE v, = f(r) cos ©, TO M3BECTHO JIHIIIb OJTHO 'PAHIIHOE
ycaoBre Ha oBepxuoctn siaeikm: f(Ry) = V—U, rae V — 3a1annas CKOpOCTD MOJIOCOB STICHKH,
U — cKOpOCTh KaILTH, KOTOpYI Hamao0 Haiitu. Kak 3amarh 371ech vg = ¢(r)sin © Hem3BecTHO.
3anucaB Bce TpAaHUYHBIE YCJOBHS 33/a49H, [IOJIy9UM CHCTEMY U3 CEMHU yPABHEHHT OTHOCUTE/IHHO
BOCbMH HEHM3BECTHBHIX: 6 MCKOMBIX KoadpuimeHToB ckopocreii, mwioc U, mwioc Vy — cKopocThb
JKUJTKOCTEH Ha 9KBATOPE KATLIH.

Hcnonb3ya m3BecTHOE BBIpaKeHWe JJId JUCCUTIANNT SHEPTUN B HECXKUMaeMOW BA3ZKON
xujkocru [12, ¢. 16|, naiinem sHepruio, auccunupyemyio B sideiike B eJIMHUIYY BPEMEHH

R1
i m{/ (W22 s ) + o)+ 22 sRig ) + ) }
' (0
- b b I S
f(r)= 3 + =+ B3+ arrs, p(r) = 53 o Ps — 2a1r-.
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Orcioga BugHo, uro W 3aBHCHT JHIIbL OT TpeX MOCTOAHHBIX (31, [P W ay, OaHA U3
KOTOPBIX (a7) ocraercs nemssecTHoi. [Tojcrasus B (9) Haiijennnie 3Hadennst f) u Pa, MOJyIUM
3aBuCcuMOCTh W TONBKO OT 3TO HEM3BECTHOH MOCTOSHHON. J3HaudeHHe IMOCaegHeil Haiimem,

mMuaumMu3upysd W, T.e. u3 HeOOXOIUMOIO YCJIOBUS MUHUMYMA o = 0. Vbeaumcs TakzKe
ai
92(~W)

8@12
ypaBHEHUS OTPE/Ie UM KPUTHYECKOe 3HadeHne a;. [lojcTtaBuB ero B HaiigeHHbIe (DOPMYJIBI JJI

U u Vy, obHapyKuM, 9TO B HUX HA CBOH MeCTa BOABOPHIHCH DYHKIHU ©oo(E), Yoo (€), ©ho(€),
00(€), xapakTepHbIe JJisl S9eeK IMYIbCHH C ZKECTKUMH 000JTOIKAMH.

B BBIIIOJIHEHUH JOCTATOYHOTO YCJIOBUS MUHUMYMAa > 0. Jlajee w3 npeabIayIiero

Takum obpazom, s JIIOOOTO CTAIMOHAPHOTO TeYeHusl J0Ka3aHa HEOOXOUMOCTH
HAJUYUS  YKECTKOH O0OJOUKM /I  BBIMOJHEHUs] MPWHIAIA MHHUMyMa BSI3KHX IIOTEPb.
HoctarouHocTb obeciievdeHa BApUAIMOHHBIM TpUHIUIOM [esbMrodibia [13, c. 415].

Buaumo, Bce 3TO cmpaBeIIuBO W I KBa3UCTAIMOHAPHOIO CJaydYasi, T.e.  JJId
JOCTATOYHO HHU3KOYACTOTHOIO 3ByKa (AHAJIOPMYHBIE DE3yJIbTAaThl IIOJYYEHbl TaKkKe sl
STICETHON MOJIeH ¢ IIJIHHApUYIecKuME Karisivu [14]).

BwmecTe ¢ TeM, npuBeieHHbIe HHKE PACUYETHI MOKAZAJIH, YTO IPU KECTKUX 000JI0UYKAX
sd49eeK CYCIEeH3UHU MMOTepH MUHHMAJIbLHBI B OYeHb IMMPOKOM JIHAIA30HE YaCTOT, & He TOJbKO Ha
HUBKHX 9acTOTaX. TakKe BhIACHHIOCH, YTO BA3KHE IIOTEPH MOI'YT ObITh MUHHUMAJIbLHBIME U [IPH
BBIIIOJTHEHIH ycioBus Xamnmess (n = 2). Kpurepuem ocyIecTBIeHrst TONO WK HHOTO BADHAHTA
CJIY’KUT OTHOITIEHNE

1 1
8= 2 = = —z (10)

P2 1
Ko9 Iml—, 1+ (&B3Re—
— 142 1 —iqo

rie ( = p'/p—1; Sn, Rn2, n CYTh GYHKINE TPEX apryMeHToB: (, &, v, IPHYeM OMpPe e IsiOIIIM
dbakTopom siBIsIeTcst He yacTora, a 3Hadenue o (6). Ilpu a << 1lum a ~ 1 s, < 1, T.e. noTEPH
MUHUMAJIbHBI NIPH YKeCTKO# 06osouke (n = 0); B 9TOM Cjlydae HE3aBUCHMO OT 3HA4YeHUil (
UMEeM: 5193 Q 1, s123 @—1> 0,25 T.e. TpeBBITIIEHNE MOTEPHh HAJT caydaeM n = (0 JOXOJUT

J0 4 pa3. Ilpu Gonpmux 3HAYEHHAX ¢ S, > 1 W NOTEPH MUHHMAJBLHBI IIpH N = 2, IpHIEM
S123 — 1+ &' nna mobwix snavennii (. Hizke npuBeienbl mpuMepsl 060X BapHAHTOB.
a—r00

Jlamee Ha PHUCYHKAX KDYIHBIMH TOYKaMu (e) OGO3HAYEHBI JKCIEPUMEHTATHHBIE
pesyabrarhl.  COOTBETCTBHE DPACUYETHBIX KPUBBIX T'DAHUYHBIM YCJOBHAM CJIEIYIOIIEe: ——
— kectkas obonouka (n = 0); --- — ycaosue Kpammuna (n = 1); — — — yesopue Xarmess
(n =2); — - — — ycaosue Kysabapst (n = 3).

Ha puc. 1 mokasanbl pesyiabrarbl u3aMmepenuii Xemnronom (Hampton, 1967) [15]
saryxanusi A(e) = 8,686k, (e) 3Byka wactororo 100 kI'1f B moauancnepcHoil CycneH3nn 4acTuy
KAOJIMHHUTA B BOJAE B 3aBHCHMOCTH OT OOBEMHOW KOHIICHTpAIUH dacTul &. llapamerpsr

CYCHEH3WH: IJIOTHOCTH vactun p/ = 2,71 - 10° xr/m?, ux cxkmumaemocts k' = 107! ITa™!;
IIOTHOCTL BOABL p = 0,9982 - 103 xr/m3, Baskocts n = 1,004 - 1073 Tla-c , CKEMAEMOCTD
k= 4557 - 10719 Tla™!, cxopoctb sByka ¢ = 14827 wm/c; cpeanmii pasmep uacTuiy

2R = 2,50 - 107 = 2,5 Mmxv; o = 1,397; ¢ = 1,715. [lpuBegeHnl TakyKe pacdeTHHIE
Kpusble 3aryxanus A, (g). BuaHo, 9T0 1jis1 TEOPETUIECKOTO OObACHEHHsI SKCIIEPUMEHTATbHBIX
JAHHBIX TOJXOJUT TOJBKO HUKHssi Kpubasg (n = (), jamolias HauMeHbIIHe U3 YeThIPex
BAPUAHTOB BSI3KME 3BYKOBBIE MMOTEPH.

Ha puc. 2 upencrasnenst pesyabrarsl u3mepennii Y pukom (Urick, 1948) [16] 3aryxamust
3ByKa 4actororo 1,0 My B mosmaucepeHoii CyclieH3un 9acTull, KaOJnHa B BOJE TIPU Pa3HBIX
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KOHICHTPAIMAX YACTHIL. 3HadeHusa mapamerpos: p = 2,71 -10% kr/m3, ¥ = 1071 ITa™!,
¢ = 1,715, a = 1,635. Cpennuii guamverp gacrui 2R = 0,925 - 107 = 0,925 mxm. U 31ech
MUHUMAJIbHBIE BA3KNE TIOTePH ONNCHIBAeT HUKHASA KPUBAs, Oy IeHHA [T T9eeK ¢ KeCTKAMHE
060T0YKaMI 1 HamboIee TPUTOAHAS /IS WHTEPITPETAIINH SKCITePUMEHTAThHBIX JaHHBIX.
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Puc. 1. 3aryxanue 3Byka gactoroio 100 k' B moiuauciepcHoil cycreH3un KaoIuHUTA B BOJIE
JUTsl DA3HBIX OObeMHBIX KOHIEHTPAIMI € 9acTHIl CpeHUM auaMerpoM 2R = 2.5 MM [15]
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Puc. 2. 3aryxanue 3Byka gactororo 1,0 MI'm B monmuaucnepcroit cycnensnn KaoJwHa B BOJIE
JUIST DA3HBIX OO'bEMHBIX KOHIEHTPAIUii & 4acTuIl cpeaum auamerpom 2R = 0,925 mxwm [16]

Ha pucynkax 1, 2 Bpsiy Jim cjiejlyeT pacCYUThIBATH Ha JIydlllee COBIIa/IEHUE
TEOPETHIECKNX KPHUBBIX C pe3yJbTaTaMU W3MepeHWil, MMOCKOJIbKY pacdeTHble KPHUBBIE I
MOJIMIUCTIEPCHBIX CYCIEH3WH TOJyYeHbl C Y9eTOM JIMITh CpeJaHero pas3Mepa YacTull Tpu
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MIHPOKOM CIIEKTPE MX Pa3sMepoB, UTO ABJISETCA TpyObIM IpubImMKeHrneM. JacTUIpl CyCcIeH3nii
3aBEIOMO HeperyJasapHoii ¢popMbl B pacueTax HPUHUMAIOTCH CEPHUECKUMH € PaJdyCaMu,
OIIpeJIeIIEMbIME CEIMMEHTAIMOHHBIMU (T.€. CTAIMOHADHBIMHA) U3MEPEHUSAMH, U OCTAETCS JIUIIID
HAJEATHCS, 9TO 3TH 3HAYCHMs PAIMYCOB YACTHI] MIPUMEHUMbI U K ONUCAHUIO BA3KUX 3BYKOBBIX
noTeph B IMUPOKOM juamnazone dacror [15], [16]. Kpome Toro, He ydTeHbl TENIOBbIe MOTEPH.
HewnssecTHa TakzKe TOUHOCTH H3MEPEHUil — He BBICOKAsd, Cy/Id 110 pa3bpocy TOYeK.

Ha puc. 3 npuBeneHo cpaBHeHHE DACYETHBIX W H3MEPEHHBIX B pabore [17| 3nauennii
3BYKOBBIX TOTeph B cycnensusx dvactun, pytuaa (TiOz) B Boge mast pasHbIX O0bHEMHBIX
KounenTparnuit ma sacrore 10,3 MI'n. Ilomumo Baskux noreps (B 0B/ (cm-MI'm))

8,686 w  pa(w)
©100-10,3 2¢p(w) pr(w)’

AJId 9eThIpeX I'PaHUYIHbBIX yCJIOBHfI IIpu pac4deTre ydTeHbl TaKzKe TEIlJIOBbIE IMOTEepU

BIT,(¢)

8,686 w  ka(w)

T 1004103 28s(w) Ky (w)

He 3aBUCANIAE OT THIAPOJAMHAMUYECKMX I'PAHUYHBIX YCJAOBHI Ha moBepxHocTH aueiiknm. Onn
B34THl U3 cTaThi [7], Tae paccauranbl mo dhopmyaaM, AyOJIUPYIONEM pe3yiabTaThl paborst [11].
[TapaMeTpsl cycnensun dactun pytmia: p = 3,92 - 10° kr/m?, ¢ = 2,929. Cpennuii pazmep
qacTuI coraacuo [17] 3asucur or Kounentpannu: 2R(g) = (0,3 + 0,3478 ¢) MrM. 3HaueHus o —
B npejgenax 1,70 — 2,59.

TII(e)
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Puc. 3. Baryxanue 3Byka dacroroio 10,3 MT'n B cycnensuu pyruna (TiOy) B Bose B
3aBHCUMOCTH OT 00HEMHON KOHIEHTPALMH € YaCTHIL CPEIHHM JIHAMETPOM
2R(e) = (0,3 +0,3478 ¢) mxMm [17]: **** — pacuer Baskux noreps Bllg(e) mia xecTroit
0B0JI0UKH; - = = = — pacyer TemIoBeX norepsb TII(g).

Kak u B mpejiplyIux cJayvasix, HAHIYUIIEM TPUGINKEeHHEeM K IKCIePUMEHTAIbHbBIM
nanubiM cryxkur kpusast Bllg(e) + TII(e), mpeicraBisiionas MEUHEMATbHBIE CYMMAapHBIE
BSA3KUE M TEILIOBBIE 1I0OTEPU B MOJIEJIU CYCHEH3MU C KeCTKuMH 00osioukamu siueek. Kpusbie
CyMMAapHBIX [OTEPh JII MOJENEH C JAPYIUMU PDAHUYHBIME yCJIOBHAME HAMHOIO MPEBBIIIAIOT
pPe3yAbTATHI U3MEPEHU.
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Pa6ora [18] comepxkuT nanubie u3mepennii B quanazone yactor 20 - 300 k't 3aTyxaHust
3BYKa B BOJI€, HACBIIIEHHONW ¢ 00beMHO#l KoHmeHTpanueit € = 0,635 crek/isgHHbIMUA OyCHHKAME
cpeamero mmamerpa 2R = 1,8 - 107*m = 0,18 mm. UMmbie mapameTphl 3Toif cycmensum: p =
2,45 - 10% xr/v?, ¢ = 1,4544, v = 0,5077 (0 (7)), & = 10,06 - fur’? (n0 (6)). Ha puc. 4
TOYKAMHE TTOKa3aHbl (B (DYHKIMH OT MapamMeTpa «v) SKCIepUMeHTaIbHbIe JaHHbie paborel [18] u
HaHeCceHbl pacdeTHbe KPUBBIE.

40

3aryxauue An(c), aAB/m

0 50 100 150 200

a
Puc. 4. Hacrornas 3aBUCUMOCTD 3aTyXaHUs 3BYKa B CYCIIEH3UHU CTEKJISHHBIX OYCUHOK

nunamerpom 2R = 0,18 mm B Boge npu o = 10,06 - prul/Q [18]

BepxHsist KpuBast IIPeJICTaBJIsieT TOYHBIE pacdeTHble 3HaYeHust B 0B /M 3aryXaHus npu
n = 0. Huxke — BbICOKOYACTOTHOE TPUOIMKEHNE I KECTKOH 000J0UKH

AO = 8,686 . f%[)Q = 1,9057\/ fKrH, aB/M,

CJIEJIYIOIEe U3 BBIPAYKEHUS JIJI aMILTUTYIHOTO KoxbuimenTa noriomnenust 3syka |7, (33)]:

() = SV
W21 = (1 =)&) p(o0)ie(c0) R

rie

3(1 — )&
21— (1 =&

¢(o0) = 1917,2 m/c — cpemuee 3uauenue GazoBoil ckopoctu mo u3MmepenusMm B [18]. Huxuune
TPU TOYHBIE KpuBble (n = 1,2 3) OpakTHYeCKH CIMBAIOTCs. HecMoTpst Ha mpeicKa3biBaeMble
UMW MUHUMAJIbHBIE TIOTePH, 3T KPUBbIE He TOAATCS /I AllTPOKCUMAIIAN SKCTIePIMEHTATbHBIX
JAHHBIX, ¢ 4eM Herwioxo cupasisiercst (kpome Hizkaux 20, 30, 40 x['n) BepxHsisi KpuBbasi,
OTHOCATIASICST K 7KeCTKOi 060/109Ke (n = 0) 1 OMHCHIBAOIIASI, HA 3TOT pa3, HAHOOIBIITHE BA3KHE
HOTEPH.

p(oo) = pq 1+ ko /n,

Kpurepun s, = Rgo/Rn2 TpencTaBieHsl Ha puc. b. YactoTraM u3MepeHus
COOTBETCTBYIOT 3HAUEHUd MapaMerpa «, OxXBaTbiBalomme jauanaszon ot 45 ngo 174, rue
BCIOAY S, > 1, m MUHHMAJbHBIE TTOTEepH ODecIieYnBaeT T'PAHUYHOE YCJIOBHE XAallejs, a He
JKecTKasg 000J109Ka.
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Puc. 6. loGporuoctu Q) () MoOJie el cycrieH3nil TpHu BA3KUX MOTEPIX

NudopmaTuBHbI TaK:Ke -3aBHCUMOCTH <«JI0OPOTHOCTEl» Mojeseil cycleH3uili mpu
BA3KWX 3BYKOBBIX MOTEPIX.

1
1+ C&Re (—1 — iqn(a))

Qun(a) = fmlc) =

(@) ey (%)

Jnst nanubix pabor [18] onn nokazausr Ha puc. 6.
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3akJrJdyeHue

BBINOJHEHABIE CPABHEHUS TIOKA3aJM, YTO TOJBKO TPH HCIIOIB30BAHUN TDAHHIHOIO
VCJIOBHSI B BUJIE YKECTKON ODOJIOUKH YIAETCs XOPOIIO WHTEPIPETUPOBATEH IKCIEPUMEHTATbHBIE
JAHHBIE, TOIJ[a KAK TPH JPYTUX TPAHUYIHBIX YCJIOBHSI JJisl STOTO HE TOJSATC.

[TepBoHaYaTHHO KeCTKasT 000JI0YKA TOSIBUIACH B CBSI3U € TpeOOBAHWEM MUHUMATHHBIX
OTepb, NPU3BAHHBIM 3aMEHUTH HEJOCTAIONIee TPAHUYHOE YCIOBHE HA HMOBEPXHOCTH SUCHKH.
«IIpuHIMT MEHEMYMa, JTUCCHIAINY — 9TO OJUH M3 BAXKHEHIINX MPHHIUIIOB 0TOGOPA PeaTbHBIX
JBUZKEHUH M3 9UCIa BUPTYAJIbHBIX. ... [IpHpOsa 9TUM HPHHIMIOM HAM JEMOHCTPHDYeT
YAUBATEIBHYIO OCOOEHHOCTH: OHA JIOMYCKAET He IMPOCTO Te JIBHZKEHUsI, TIPH KOTOPBIX SHTPOIUS
pacrer, a TOJBKO Te, IPU KOTOPHIX pOcT MuHUMAaseH... OH CTPOro HUKOT/Ia He ObLT 0O0CHOBAH.

Ho, ¢ apyroit ¢cTOpOHBI He CYIIECTBYET HPUMEPOB, KOTOpBIE OBl eMy mpoTuBopedmnn» |19
c. 49|. Ilpu cranmoHApHOM TeYEHHH B sideiiKe MPUHINI MHHUMYMA BSI3KAX HOTEPb JTUKTYET
HEOOXOIMMOCTD OT'PAHUYEHHS ee KeCTKOH 000,10uKoii. OOpaTHO, KOJIb CKOPO KeCTKask 000JI0UKA
Ha TPaHUIe S9efiKu yrKe UMeeTcs, TO COIJIACHO BAPHAIMOHHOMY HpuHIUIY [esbMmrosbia [13,
c. 415|, neficTBuTeIbHOE MEJIEHHOE CTAIMOHAPHOE TeYeHNe BA3KON HECKIMAeMOil KHUIKOCTH
IIPOMCXOJUT € HAWMEHBIICHl JUCCHOANUEii SHEPrUd, B OTIAYAE OT JIOOBIX JOIMYCTHMBIX
BUPTYAJIbLHBIX TEICHUIT ¢ TEM K€ PACIPENeJeHHeM CKOPOCTell Ha MOBEPXHOCTH SUCiKH, T.e. CO
CKOPOCTSIME CaMOil xKecTKOM 06010uKkn. Takum 06pa3oM, JJTsl CTAIIMOHAPHBIX TeUCHNUH KECTKAST
060109Ka HeoOXOMMa U JOCTATOTHA JIJIs BHIIOJHEHUS MPUHITAIA MHHUMYMA JUCCHTIAIIH.

Ho nanst 3ByKOBBIX KosiebaHuil mpuHIUN [eJbMroJbiia HEMPUMEHHM.  37eCh, Kak
IOKA3AHO BBIIIE, 3BYKOBBIE TEUCHUS CYCHEH3WH C ZKECTKHMH ODOJOYKAMH sI9€eK CKOpee
CJEYIOT TPHHIIAIY SKCTPEMAJIBHBIX (CTAIMOHAPHBIX) MOTEPh — B 3ABHCHMOCTH OT 3HAYCHUS
mapamerpa « (6) MEUHUMAJBHLIX (dalle) WM MAKCUMAJIBHBIX B CDABHEHUH C TCYCHHSIMU IIDH
JPYTUX IPAHUYHBIX YCJIOBHAX U JAPYTUX PACHpeeIeHusX IPAHUYHBIX cKopocreil. s Gosee
YBEPEHHBIX BBIBOJIOB BOIPOC TpeOyeT AajbHEHITHX MpopaboToK (B TOM YHCJIE MPUMEHUTETHHO
K 9MYJIBCASM U BA3KOYIPYTHM JHCIEPCHBIM CPEJIaM) W CPABHEHHIN ¢ 9KCICPUMEHTAMH.

[IpenozkenHas 37€Ch TEOPUsT TTPUMEHHMA K PacdeTy 3BYKOTACAIINX Cpefl. 3aMEHHB B
CYCIIEH3UH KU IKOCTh BO3/LyXOM, IOy 9uM (DUBHUYECKYTO MOJEIH 36PHUCTOIO 3BY KOIMOTJIOIIAIOIIEr0
marepuasa [20, c. 49]. Ero omrmanresnbHas 0coGeHHOCTH — OOJIBIIOE 3HAYEHHE MApAMETpa
¢ >> 1, Kak u B cJiydae BOJOKHUCTBIX 3BYKomororureseil [14].

Beimostaus Bo Beex dopMmynax 3iech (a Takyke B [14]) 3aMeny JamHAMHYeCKOil
ssaskocru xxugkocru 7)(Ia-c) ma ip*(w)/w, roe p*(w) = p(w)|l - id(w)] (ITa) — xoMIIeKCHBI
MOJLYJIb CJBHTA BS3KOYIPYTOIO MaTepuasa, HAIPUMep, Pe3HHbI, MOJYYHM CPeJCTBO pacdera
AKYCTHYECKUX XapAKTePHCTHK DPE3UHOMOJAO00HON Cpebl ¢ TBepIbIME CHepUIeCKUMA  HTH
IUJIMHPAIeCKIMI BKITIOYeHusiMu [21].
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O coBepIeHCTBOBAHNY KOHCTPYKIINYW KYXOHHBIX MAITWH 14
YJAY4YIlleHUd UX NIyMOBOW XapaKTEPUCTUKU

Bamnernukos .H.!, [Tunpnenko A.K.2, Ksumunckuii O. /1.3
! Baseayromuit kadeapoit 060py0BaHId NUIIEBBIX HPOU3BOICT
2 TomnenT kadeapbl 060PyI0BAHAS THIIEBLIX TPON3BOJICTB
acnupanT KadeJapbl 060pyI0BaHUS MUIIEBBIX TPOU3BOICTB
1,23 Jlonenkuil HATMOHAIBHBIH YHUBEPCATET SKOHOMUKH U TOPTOBJIN MMEHH
Muxauia Tyran-Bapanosckoro (JouHYIT), 1. lonenk, YKpauna

3

AnHOoTanusa

Yuupepcanbubie Kyxonubie Mmamuabl (YKM) umeor mumpokue BO3MOXKHOCTH OOPAOOTKHU IIHMIIEBBIX
MPOAYKTOB, a TAKKe BBIMOJIHIIOT PA3JMNYHBIE TEXHOJOTWYECKHE OMEPAllid B MPOW3BOJICTBEHHOM IEXY
TIPEIPUITHI TUTaHUusI. 3aBOJIOM M3TOTOBHTEIEM i Bcex TumoB Y KM sasiserca Ilepmckumii 3aBo TOPTOBOIO
MarmuHOCTpoeHust, Poccusi. Bombimoe pacmpocTpanenne Ha MPEANPUITHAX MUTAHUA Toyuniaa mammaa Y KM
rurna [1Y-0.6, 11-2, YMM-IIP u YKM. Muoroneraune ucciaepoanus JJonHHYIDT miymMoBbix xapakTepucruk
MAIllMH YKa3aJd Ha TEH/EHINI0 HA WX W3MEHEHWs KOHCTPYKIMH B CTOPOHY CHUKEHHS H3JIy9aeMOro IIyMa,
T.e. TOBBIMIEHUS TEXHUYECKOIO YPOBHS MAIIUH W UX KOHKYypeHTocnmocoOHocTu. OmaHAKO, HEKOTOPBIE MOIETH
YKM mnoka3ajii TpEeBBINIEHNE TPEIETHHO-IOMYCTUMBIX HOPM IO IIYMY, a UMEHHO CO CMEHHBIM MEXaHW3MOM
i B3OWBAHUS W MTPOCEMBAHNS THUINEBBIX MPOAYKTOB. IIpengoKeHbl pEKOMEHIAINU 0 YCOBEPIIEHCTBOBAHUIO

KOHCTPYKIMKU MEXaHU3MOB.

KittoueBble cjoBa: IIyMOBas XapaKTePUCTUKA, YHUBEPCAIbHAA KyXOHHAS MAIIMHA, COBEPIIIEHCTBOBAHNE

KOHCTPYKITUH.

Directions and problems of engineering acoustics

Zapletnikov I.N.', Pilnenko A.K.2, Kvilinskii O.D.?
I Professor
2 Assistant professor
3 Postgraduate
1,2:3 Donetsk National University of Economics and Trade named after Mikhail Tugan-Baranovsky
(DonNUET), Donetsk, Ukraine

Abstract

Universal Kitchen Machines (UKM) has ample opportunities for processing food products, as well
as performs various technological operations in the production workshop of catering enterprises. By a plant
a manufacturer from all types of UKM is the Perm plant of trade engineer, Russia. Long-term researches of
DonNUET of noise descriptions of machines specified on a tendency on their changes of construction toward
the decline of the radiated noise, i.e. increases of technical level of machines and their competitiveness. UKM
models have exceeded the maximum permissible noise standards namely with interchangeable mechanism for

whipping and sifting food. Suggestions for design improvements mechanisms.

Keywords: noise characteristic, universal kitchen machine, design improvement.
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Beegenne

YHEUBepcaJdbHBle KYXOHHbIE MAITMHBl TITUPOKO MTPUMEHSIOTCS Ha MPEIIpPUITHIX
NUTAHUs 0J1aroJapsd BO3MOXKHOCTH BBIITOJHEHHS PA3HOOOPA3HBIX TEXHOJOTHMYECKHX OINEpPAIUii:
00paboTKKN Msica M pbIObI, 00OPAOOTKM CHIPHIX M BApPEHbIX OBOIIEll, B30MBaHUA PA3IUIHBIX
KUJIKUX  THUIIEBBIX MPOJAYKTOB, TepeMeIuBaHusd, NPOCEHBAHUs, JPOOJEHUS W OYHUCTKH
MUIIEBOTO CHIPbsI W MPOJAYKTOB. BBIMIOIHEHNE STUX OTlepallii MPOU3BOIUTCH MyTEeM 3aMeHbI Ha
IIPHBO/HOM MEXaHHU3Me COOTBETCTBYIONMUX CMEHHBIX Mexanu3MoB [1-3|. Kommiekraocts YKM
CMEHHBIMH MeXaHH3MaMU pa3jndHas. MalmuHbl BuIIYIIEHb cepuiitno llepMckum 3aBogoM
TOProBoro MamrmHocrpoenus PO.

ITeponauaabuo 3aBoj BhiTycKas npupom [TV-0,6, zarem npusox I1-2, B Hacrosimiee
Bpems Boimyckatores Y KM. Kpome Toro, [lepmcknm 3aB0I0M TOPrMalil BHIIYIIEH MaI0TabapUTHBIH
npuBog, Y MM, KOTOpHIil ycTaHaBIMBaeTCsl B MAaJbiX KYXOHHBIX MOMENIEHWSAX, B BaroHax —
pecTopaHax, Ha CyJax # JIp.

YKM npu pabore u3iaydaer ypoBeHb IIyMa, OKa3bIBAIOIIMII BpeIHOE BO3/eHCTBHE
HE TOJILKO Ha OOC/IY>KUBAIONIUI MepcoHa, HO W HA MOCETUTENJeH NpeANPUATHH NHUTAHUSI.
Tem 6GoJiee, 9TO NPOU3BOJACTBEHHDLIE IOMEIIEHHS ITUX IPEINPUATHN aKyCTHYECKH CBS3aHBI,
3a9acTyIo, ¢ 3aJaMi 0OCTYKUBAHUS.

[Mepmckuit 3aBox Toprmaint ([I3TM) mepuoanvecku coBepiieHCTBYeT KOHCTDYKIIHIO
BhITycKaeMbix ¥ KM 11 yiydrenus ux 3KCILUIYaTallMOHHBIX XapPaKTEPUCTUK, B T.9. TTYMOBBIX.

B rexHuIecKuX WHMOPMAIMOHHBIX HCTOYHIKAX CBEJIEHUS O IyMoBoil xapakrepuctuke (111X)
HCCTIeIyeMBbIX MAIITHH OTCYTCTBYIOT, T.K. OHH SIBJISTIOTCS OJHUM U3 MOKa3aTe /el UX TeXHUIECKOrO
YPOBHS U KOHKYPEHTOCIIOCOOHOCTH.

1. DBojgoonma KOHCTPYKIIUYM YHUBEPCAJbHBIX KYXOHHBIX MAIIUH # WX
IIYMOBBIX XapaKTEPUCTUK

[IpoBoaumblie Kadeapoit obopyaoBaHUs MHUIIEBBIX IHPOU3BOACTB YHUBEPCUTETA
JorHYT mHOroseTHue 3KcnepuMeHTATbHBIE UCCIEI0BAHUS TIIYMOBBIX XapakTepucTuk Y KM
MO3BOJIMJIN TIPOCJIEIUTH IBOJIIOIUIO 3TUX XaPAKTEPUCTUK CO BPEMEHEM.

[lenbio paboThl sIBJIIETCS HaydHOE ODOCHOBAHWE HAIPaBJIEHUS COBEPITEHCTBOBAHUSA
KOHCTpYKIuid YKM 171 cHUZKeHUS H3/Iy9aeMOro IMyMa U, TeM CAMbIM, YJIYUYIIeHHS CAHUTAPHO-
IUTUEHUYECKHUX YCJIOBHI TPy1a pabOTHUKOB OOIIECTBEHHOIO MHTAHMSI.

Pesyabrarsr mposeennbix nccepopanuii [HIIX VKM npejcrasiens: B Tabiuie 1 B Bujie
YPOBHeil 3BYKOBOI MOIIHOCTH 1O XapakTepuctuke A [4].

B Ttabmuie 1 gacrora BpalieHusi BHIXOJHOTO Basta 1 coorBercryer 170 06 /MuH, a 2 —
qactore 330 06,/ MuH.
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Tabuma 1
[IIyMmoBBIE XapaKTePUCTUKN YHUBEPCAIbHBIX KYXOHHBIX MAIIHH

[lIymoBBIe XapakTepucTuKu, 1BA
TexnoMOTHYECKAS OTTepaIlis Twum marmmHb

I1y-0,6 | I1-2 | YKM | YMM-IIP
CobCTBEHHO TIPUBO/L
CKOpPOCTH 1 7 77 74 83
CKOPOCTH 2 - 82 80 -
N3mesibaenune
OBOIIIEiH 7 90 82 86
MsIca 80 84 | 79,7 83
Babusanne
cKOpocTh 1 78 88 77 84
CKOPOCTH 2 82 92 84 86
[lIepememmBanme 83 88 7 -
JIpobaenne cyxapeit 81 83 - -
[IpocenBanue - 98 82 -
[Iporupanue - 90 - -
OuncTKa KOPHEKJIYOHEILTIONOB - - - 88

AHa/IM3 HOJIYIeHHBIX pe3YIbTaTOB M UX IpadudecKas HHTEPIpPeTaIus MOKA3bIBAET,
qro [1IX cobcTBEHHO HPUBOJIOB UMEIOT TEHJIEHIUMIO K UX CHUXKEHHMIO, YTO CBHUIETEJbCTBYET O
MOBBITIIEHUN KAYeCTBA U TEXHUIECKOIO YPOBHS WX KOHCTPYKIIHNH.

L, 06A
84 -
81 o
78 A
75 A
72 4
69 A

83

77 77

74

DOUNNNNN

o6 1 | ymmne [ ny.os n2 VKM

63 - "

60 T T T 1
1982 1978 1982 2012 foda

N

Puc. 1. IIIX yHUBepCcaJLHOTO TTPUBOIA

Yro KacaeTcs MCMOIH30BAHUS MAITUH CO CMEHHBIMU MEXaHW3MAMHU JJIs BBIMOTHEHUS
OT/JEJbHBIX TEXHOJOIMYECKHUX Olepaluil, TO aHaJOIMYHas TEHJEHIUS COXPAHIeTCs JIUIIb [IPH
cpasuenuu [IX npusoga [1-2 u YKM. ¥V yausepcanabuoro npusoja [1YV-0,6 11X, BeimyieHHoro
pamee, OKa3aJUCh HUKe, 4eM y npuboja [1-2, cepuiino Boimymmennoro [I3TM mos:xke, B3amen
I[1Y-0,6. dTo cBa3ano ¢ yBeaudeHneM Ha [I-2 ycTaHOBIEHHOU MOIIHOCTH 3JIEKTPOJBUTATENS C
0,6 kBt 10 0,8 kBT 1, BO3MOXKHO, CHUKEHHEM MacChl MaIuHbl ¢ 48 Kr 10 41 KT.

X mocnenneit momndukammun YKM yayamenst va 2-8 n1BbA, mo cpaBHenui c
npuojioMm [I-2 kKak 1O XapaKTepucTuke COOCTBEHHO TPUBOJIA, TAaK ¥ TIPU BBINOJTHEHUH
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OTHEJIbHBIX TeXHoJorudeckux omepanuii. Vckmodenne coctapaser X mpu mpocenBanuu
MyKku. Bejnmdunna cHUXKeHUsT H3/Iy9aeMoro Iryma yMmenbinena Ha 16 1B A 3a cuer pekoHCTpyKIun
HOJIITAITHUKOBOTO y3/1a, KOTOPOe MPUBEIO K CHUZKEHUIO OMEHUS CHTA.

HaubGosbmuit ypoenn myma Y KM uzirydaer mpu padoTe ¢ MpOCEeUBAIONIAM CMEHHBIM
mexaau3mMoM — 90 a1BA. OCHOBHBIM HCTOYHHMKOM IIIyMa B MAIIHHE SIBJISETCS BPAIIAIOIIeecs
CUTO ¢ YacToToi 12 c-1, mocaxkeHHoe KOHCOTBLHO Ha Baj. llocTymaromuii HepaBHOMEPHO U3
OyHKepa ChIIIy4Ynil NPOJAYKT B CUTO CO3JAeT JIONOJHUTEIbHYIO HEHTPOOEKHYIO HArpy3Ky Ha
Baj. bajancupoBka cuta, B pe3yjabrare, He jaer HykHOrO 3pdexra. Curo BuOpupyer u
U3JIydaeT IMOBLIIIEHHBIA YpPOBEHb IyMa. Kopiyc mnpoceuBaresid He CHUKAET H3JIyd4aeMOro
myMa, T.K. HIUTAONUA OYHKEp aKyCTHYECKH CBS3aH € ITPOM3BOJACTBEHHBIM IIOMEIIECHHEM.
Jlns masbHeifiero cHu:KeHus u3aydaemoro myma YKM ¢ mpocemBaTesieM 1esiecooOpasHo
JlaJibHedinee COBEPIIEHCTBOBAHNE KOHCTPYKIIMHM MPOCEUBATE/S B HAIPABJICHUH: HEOOXOIUMO
Pa3HeCTH TOAIMMUIHUKOBBIE OMOPhl. OJHY Pa3MecTuTh B HUYKHEH YaCTH CUTA, a BTOPYIO — B
BepxXHeil YacTU CHUTa, IIPOIYCTUB BaJ depe3 CUTO.

WNcTouHrKOM MOBBIMIEHHOTO IIyMa BO B3OHBAJIHLHOM MeXaHU3Me sIBJIdeTcd 3yOuaThiii
IJIAaHETAPHBIIT MeXaHU3M BHYTPEHHEro 3alieiienus npunoja B3dusaress. K yinyumenuo HIX
MeXaHH3Ma IIPUBEIET 3aMeHa 3y09aToro BeHIa BHYTPEHHETO 3aleljIeHns Ha ILJIACTMAaCCOBOE W3
KOMIIO3UTHBIX MaTepHaJOB WM KalpoJioHa.  Takoe YCOBEPIICHCTBOBAHUE KOHCTPYKIIUH
He TOJBKO CHU3UT wuanydennme myma YKM, HO # uckmaounT HEOOXOAMMOCTH CMa3Ku
3allellIeHusT © BO3MOXKHOCTD TIONMAJaHUs CMAa3KU B JIEKY C IPOJIYKTOM. pyrum Hampas/ieHuem
COBEPIITEHCTBOBAHUS B30MBAJIHLHOTO MEXaHU3Ma MOXKET OBIThL 3aMeHa 3y0darToil mepegadnd Ha
nepeJiady TpeHueM.

Beicokuil ypoBenb uzsaydenus rryma (84 nBA) mocnenneit mogemn YKM Bosnukaer
Ha OOJIBINOHM YacToTe BpalleHUs BBIXOIHOIO BaJia IpU paboTe MAIUH HAa B30MBAHUU IMUIIEBBIX
npoaykToB. OIHAKO, MPOBEJICHHBIE IKCIEPUMEHTAIbHbBIE HCCIeT0BAHUSA CBUICTETLCTBYIOT U O
TOM, YTO IIPU B3OUBAHUU CMecell Ha BHICOKOU CKOPOCTH MMEET MECTO MPEBbIINICHUE CAHUTAPHBIX
HOPM.

Boicokuit yposenp mryma umzsaydaercs mamumnoi YMM-IIP — 88 1BA npu ouunctke
KapTodess u3-3a yIapoB KIyOHeil 0 cTeHKH pabodeil KaMephl.

Obparaer Ha cebs BHUMaHWE W JOCTATOYHO BBICOKHI yPOBEHB ITyMa, W3J/Iy9aeMbIil
VKM 1pn uzmenbaennn oBorreit. OCHOBHBIME HCTOYHUKAMHE TIIYMa B MAIMTUHAX SBJISIETCS TIIYM,
U3JIy9aeMbIil COOCTBEHHO IPUBOJIOM, IIIYM KOHHYECKO Iepe/iadu BpallleHus OT MPUBOJIA K BaJIy
pabodero opraHa, IIyM OT B3aHMOJIECHCTBHs HOXKeil pabodero oprana ¢ mpoaykrtom. [lym
KOHHYECKOH Tepeadn BO MHOTOM 3aBUCUT OT KadecTBa cOOPKHU Mepeladn, Ipexk e BCero 3a30pa
MeXKJly 3yObsiMu U cMas3Ku 3yddaroit nepegaun. Yayumienue [IX ganHoft MammmHbl BO3MOXKHO
myTeM 3aMeHbl KOHUYIECKOH mepeadn Ha 9ePBATHY0. DKCIEPUMEHTHI TIOKA3AH, YTO TIPH STOM
YPOBEHDb 3BYKOBOII MOITHOCTH u3/aydenus mryma cumzxkaercd xa 18-20 nBA. KauectBo cmasku
nepeavy 3aBUCUT B OCHOBHOM, OT MEPHOJUYHOCTH 0OC/IyzKuBaHud. Ha 1rym B3amMmojeiicTBus
HOXKeil ¢ IPOAYKTOM CYIIECTBEHHOE BIUSHUE OKA3BIBAET UX 3a0CTPEHUE U YCUIHE Ha TOJIKaTe e,

[TepBoiit daxkTOp onpesessiercs KaveCcTBOM OOC/IYKHBAHHSI MAaIllUHBI, & BTOPO# —
HAJTUYUEM JIeMII(PUPYIONIEro 3jIeMeHTa U JIATYMKOM MaKCUMAJbHOTO YCHJIUS, OTKJIIOYAIONIEro
eKTpoaBuTrareab Y KM.

[Tpepenbuo-monycrumas tmymoBast xapakrepucruka (ITIIIX) VKM 1o ypoBHIO
3BYKOBOH MONTHOCTH (xapakTepucTuka A) cocrapisger 82 nBA. Drta xapakTepuCTHKA Oy 9eHA
UCXOJ/I W3 JIOMYCTUMOI'O YPOBHS 3ByKa IMOMEIIECHUN NpPEANPUSTHIl OOIECTBEHHOT'O ITHTAHUS
70 nBA u TOCT 31252-2004 (UCO 3740:2000) u TOCT 30530-97. Cpasuenue 111X npusoma
YKM c I[IIIIX nokassiaeT, uro X cobcrBeHHOro MpHUBOJa H IPHUBOJIA C PSIIOM CMEHHBIX
MeXaHHU3MOB PaBHBI WK He IpeBbliaior 3uadenne [TIIIX.
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3akJrJdyeHue

Taxkum obpazom, jajbHeiiliee COBEPIICHCTBOBAHUE KOHCTPYKIMH YHUBEPCAJIbHBIX
KYXOHHBIX MAIMWH C TEeJABI0 YJIYUIIeHNns CAHUTAPHO-TUTHEHWYECKNX YCJAOBUH SKCITyATAITUN
1e1ecoodpa3Ho  HAaIpPaBUTL HA  YCOBEPIIEHCTBOBAHUE  IIPOCEUBAIOINIErO,  B30MBAJIBLHOIO
CMEHHOT'0 MEXaHH3Ma, a TaKKe M3MeJbUeHHs OBOIINEH B COOTBETCTBUM € alpOOMPOBAHHBIMH
PEKOMEH TATTUSIMU.
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Ilorepm akycTmdeckoii 3HepTUM MPU IMTPOXO0XKIEHUN 3BYKOBOII BOJTHBI
gepe3 NOPUCTO-BOJIOKHUCTBIN MaTepuaJl
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AnHoTanusa

B macrosmeii craThe paccMaTpWBaeT BONPOC HAJWYUS W y4YeT MOTE€Ph 3BYKOBOH 3HEPTUW BOJIHBI
IIPU €€ IPOXOXKICHUU B MOPUCTO-BOJOKHHACTLIX MATEPUAIAX, PACCMATPHUBACTCS POJIb JIUHAMUYIECKON BA3KOCTH
mMarepuasia B JIAHHOM lipouecce. PaccMarpuBaercs COLPOTUBIEHUE BA3KOIO TPEHUH B 3aBUCUMOCTU OT pasMepa
nop. BruiBox ¢opMy/ibl HOTEpH aKyCTHYeCKOH SHepruy IPH HPOXOXKIEHUU 3BYKOBOH BOJIHBLI 4Yepe3 MOPUCTO-
BOJIOKHUCTBI MaTepuas, a, CleJoBaTebHO, IOLIOIIeHHe AKyCTHYeCKOH SHepruM, BbI3BAHHBIC BA3KOCTLIO
(koabdunpent BazkocTu — KOIGMDOUIMEHT TOTEPH) U TEILIONPOBOAHOCTHIO (KOI(DMUIMEHT TENJIONPOBOIHOCTH)

MaTepuaJa.

KiroueBbie ciioBa: [IOTEPU  AKYCTUYECKONH SHEPIUM, IIOPUCTO-BOJIOKHUCTHIE MATEPHUAJIBL,

AKyCTH4YECKHEe MaTepPHAJIbI.

Loss of Acoustic Energy During the Passage of a Sound Wave Through a Porous
Fibrous Material

Gerasimov A.L', Vasilyev M.D.2*, Svetlorussova A.M.?
1 PhD, Associate Professor, Moscow State University of Civil Engineering, Moscow, Russia
2 Master’s student, Moscow State University of Civil Engineering, Moscow, Russia
3 Master’s student, Moscow State University of Civil Engineering, Moscow, Russia

Abstract

We consider the issue of the presence and accounting of the losses of sound energy of a wave during its
passage in porous-fibrous materials; the role of the dynamic viscosity of the material in this process is considered.
Viscous friction resistance is considered depending on the pore size. The derivation of the formula for the loss
of acoustic energy during the passage of a sound wave through a porous fibrous material, and, consequently,
the absorption of acoustic energy caused by the viscosity (viscosity coefficient - loss coefficient) and thermal

conductivity (thermal conductivity) of the material.

Keywords: loss of acoustic energy, porous fibrous materials, acoustic materials.

BBegenne

Kak wm3Becrno [1,4], 1Mo cBOMM MeXaHWYECKHM XapaKTEPHCTHKAM aKyCTHIECKHe
MaTECPUAJIBl W3 MHHEPAJbHOTO W CTCKJAAHHOTO BOJIOKHA, OTHOCATCA K YIPYTO-BA3KUM U
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MaTepHuaaM, MeXaHU4IeCKHue CBOMCTBAa KOTOPBIX OMPEJEISIOTCS TJIABHBIM 00pa30M MO/IyJIeM
VOPYTOCTH W BA3KOCThIO. [lpm pacmpocTpanenmu 3ByKa B arMocdepe Ha 3HAYUTEbHBIE
PACCTOAHUA CYIMIECTBEHHYIO POJb HMIPAeT NOIJIONIEHHEe 3BYKA — YacTh 3HEPTrUH 3BYKOBOM
BOJIHBI [PEBPAIIAETCS B TEIJIO. IJTH [OTEPU IHEPIHH HPOIMOPHUOHAIBHBI OJHON HEpPrun
BOJIHBI, T.e. Ha KaXKIOW eJIuHUIE JIJIWHLI [YTH PaclpOCTPaHEHUs PacCeuBaeTcs OJHA U Ta
JK€ OTHOCHUTEJIbHAA JI0JIs BCeil SHeprum BOJIHBI. [Ipu TMONJIONIEHHH TIOTOK 3BYKOBOW 3HEPrUu
MEPEXOJIUT B TEIJIOBOHM NOTOK, & IIPU PACCETHAN OCTACTCA 3BYKOBBIM, HO YXOIUT U3 HAIIPABJICHHO
pacrpocTpansdonmerocs nydka. lloryomenne 3Byka 00yCI0BIMBaeTCs BHYTPEHHUM TpEHUEM
U TeIJIONPOBOTHOCTBIO cpedbl. Img omHON m TOU Ke cpeJbl TMOTJIONeHNe TOMePEeYHBbIX BOJIH
MEHBIIIE, 4YeM MPOJOJbHBIX, TAK KaK OHU HE CBA3aHBLI C AJAMaDATUYECKUMH H3MEHEHUSMU
obbeMa, MpH KOTOPHIX TOSIBJISIFOTCS MOTEPH Ha TeTJIONPOBOIHOCTE [2,4].

1. BriBoag ¢dopmMyabl IOTEPH AKYCTHUYECKOIl 3HEepTuu TPU HPOXOXKIACHUN!
3BYKOBOI1 BOJIHbI Y€P€3 MOPUCTO-BOJIOKHUCTBIN MaTepuaJl

Panee Obuto usydeno [4,5], uro axkycruueckast 3bGEKTUBHOCTD JAHHBIX TTOPUCTO-
BOJIOKHUCTBIX MATEPUAJIOB B 3HAUUTEIBHOI CTETIEHN ONpeIeasdeTcsd UX (PU3UKO-MEeXaHNIeCKIMHI
U BOJHOBBIMU TapaMeTpaMu, XapaKTepU3yIoluX WX CBOHCTBA: JUHAMUYECKHH MOJILYJ/Ib
yHpyrocTu, Ko3pduimenT morepb, NOCTOSIHHAS PACIPOCTPAHEHUE U BOJHOBOE COMPOTUBJICHHE
B TEOpHUH JHHEHHOH BI3KOyIpyrocTu mo anagoruu ¢ 3akonoMm ['yka (0 = E - €), npunaro
CIUTATH (DYHKITUIO By — KOMIUIEKCHBIM JIMHAMHYECKIM MOJIY/IEM YIPYTOCTH.

an) = RE ’ an) + [m ’ E?iw)’ (1)
rie: R, - an) = Fa(w) — neficTBuTeIbHAS YACTh — THHAMHYECKHH MOJLY/Th YIPYTOCTH;

Iy - B,y = En(w) — MHMMas 4acTh — MOJY/Ib LOTEPb;

17 — KO3(hPUIMEHT noTeph NPU KOJIEDAHWAX B Pe3yjbTaTe BHYTPEHHHX IOTEPh B
MaTepHaJe.

Kak wu3BecTHO, mporecc TPOXOXKIEHHS 3BYKa 4Yepe3 CJIOH TOPUCTO-BOJOKHUCTOTO
MaTepHuasia COIPOBOXKJIAETCH 3aTyXaHHWeM | IOIVIONIEHUEM 3HEPIrud 3BYKOBBIX BOJIH B
nopax MaTepuasa, BBI3BAHHOH MEXaHWYECKON BA3KOCTBIO (TpeHI/IeM) U JUHAMHAYECKON
TENJIOMPOBOAHOCTHIO [1].

B akycrmyecknx cumcTeMax, KOTODbIE TPEJICTABALAIOT CODOIl MOPUCTO-BOJOKHUCTHIE
MaTepHUaJibl, 3BYKOBasl SHEPIUs IIPEBPAIIAETCS B TEILUIOBYIO B PE3YJIHTATE BA3KOI'O COIPOTUB/IEHUS
3a cYer mepeadn 3BYKOBBIX BOJIH 4epe3 Hophl (y3Kue Kauaubi) |2,3].

[Topsl — y3KHUe KaHAJBI, ABJISIOTCA IPUMepPAMU aKyCTHIYeCKAX COMPOTUBIeHUil. Kpome
AKTUBHOTO CONPOTHUBJIEHUS UMeeTCd TaKKe PEeaKTHBHOE COMPOTHBIIEHWE: OTHOIIEHWE ITHX
JIBYX COCTABJISIONINX COTTPOTHUBIIEHUE, siBadeTcd byHKIMel pazmepon. Jlanubiii hakT BUgeH U3
yDaABHEHUS aKyCTHYECKOIO HMIIEJAHCA Y3KOro Kanasa (mesu) |1]:

el 6p-l-w
h3-b 50 - h
rie: j — K03 DUIIeHT BA3KOCTH, paBHbIi g Bosjyxa 1,86 - 1074 r/cm?;
p — WIOTHOCTH MaTepuaJa, r/cm?;
[ — nyivHa eI B HAIIPABJIECHUH MOTOKA, CM;
b — mupuHa 1e/iM B HAlPABJIEHUH TIOTOKA, CM;
h — BBICOTA IE/N B HANPABJIEHUH MOTOKA, CM;

w = 2m f — yrJIoBas 4acrtora, paj/c.

PaccMoTpuM  mporece  MOTJIONIeHWsI, OOYCJOBAEHHBIN BA3ZKOCTHIO. YpaBHeHHe
pacupocrpaleHud I1JIOCKOW 3BYKOBOIl BOJIHBI B LOPUCTOHR cpejie ¢ y4eroM COLPOTUBJICHUA,
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KOTOpOE TIPEJICTABJISIET BJINSHIE BSI3KOCTH [4]:

)
— L =+ R (3)
xXr

Ecau mopbl (KaHaJbl) OY€Hb MaJibl, — COMPOTHBJIEHHE BI3KOIO TPEHUS] 3HAUUTENHHO
IIPEBOCXO/IUT MHEPIUOHHOE U ypaBHeHHe (3) MPUHUMACT BUJL:

dp
P _R. 4
e v (4)
BBemem cMmerenne, u mMoyduM CJIeIyIOITANR BUI:
dp ou
_r_p.Z= )
ox ot )

Bosaymmnoe conporuienne R (aKTHBHOE) MPSIMO MPONOPIHOHATIBHO THHAMHYECKOMH
BSA3KOCTH [t W OOPAaTHO MPONOPIMOHATHLHO KBAJpaTy pajanyca KaHalta (B COOTBETCTBHH C
Moe/ b0 Pastes):

R=t (6)

C spyroii CTOpOHBI € Y4YETOM YDABHEHUsI HENPEPBIBHOCTH (HEMOCPEeJICTBEHHbBIE
BBIYHCJICHNS] N3MEHeHUST JABJICHUST P B 3aBUCHMOCTH OT CzKaTHsl BO3/yXa B MOPaX MaTephaJia)
nMeeT BU]I:

9, 1 d%u
e Z g (7)
Jdx S 0x?
rae S — IMHAMUYECKAS KeCTKOCTb BO3LYXa.
U3 ypaprennit (2) u (6) moayaum:

1 Q%u ou

. _p.= 8
S Ox? ot (8)

B coorserctBuu ¢ [4], B y3Kux mopax (KaHajgax) KOHTAKT ¢ MOBEPXHOCTHIO 3HAYUTEICH
¥ 9TO TIPUBOJUT K TOMY, ITO TEIIOOOMEH COBEPIIAETCSI MTHOBEHHO U MPOIIECC POTEKALT CKOpee
U30TepMUYICCKU, IEeM a,ZLI/Ia6aTI/ILIeCKI/I, IIpHu 3TOM:

dp OV
7[) + v = 0; pV = const, 9)

rae V — obbeM Top, 3alOJTHEHHBIX BO3ILYXOM.

ov 1
__ o _1 1
5= ~33=5 (10)

Jlnst ckopocTu pacipocTpaHenus 3ByKa B BsA3Koii cpeje |5]:

2
2 1 _p _c
Cl__S___? (11)
Po Lo
I‘,ZLe b — OTHOIIIeHue y,ZLe.HbeIX TeIlJ10T HpI/I IIOCTOAHHOM ,ZLaBJIeHI/H/I "N IIOCTOAHHOM O6T>€Me.
2
Orxyna: 1 _pm-a
S b

C yuérom Beipaxkenust (11) u ypasuenus (8) 3amumem B Buje:
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2 92
po-cy Ou ou
0 e (12)
i 02 b-R 0
p.2u_b R Ou (13

02 p Ot

Pemenunem ypaBuenusi MoxeT ObITh:

P(z) = py- et - e, (14)

V(z)=Vy- e e ", (15)

rjie po 1 Vy — aMILTUTY 16l B30BITOMHOIO 3BYKOBOTO JaBJIEHUs U KOJedaTeIbHON CKOPOCTH;
7 — MOCTOSTHHAST PACITPOCTPaHeHust 1/cM;
w — Kpyrosag dacrora, w = 27 f, I'm.
v = a+if, rae o — k03D OUIMEHT 3aTyXaHUI AMILTATY bl JABI€HUS TLJIOCKON 3BYKOBOIT
BOJIHBI B TIOpaxX MaTepuaJa.

2rf  w
= —~ = — — (a3oBas MOCTOSTHHASI.
Co Co
2r f
Paz0Bast MOCTOSTHHAS BO3/LyXa B OPAX MaTepuaJ/ia PAaBHO BOJHOBOMY 4YHCIY k = ——.
Co

KommaekcHoe BOJIHOBOE YHCIO COCTOUT U3 ACHCTBUTEALHON M MHUMONH COCTABILIONINX:

- w o

=g

Co  2poco

Kosddunuent BA3KOCTH [ MOXKHO OIpPEJIE/JUTh dYepe3 CTPYKTYPHBIH dakTop ¢
(CTpYyKTypHas XapaKTepUCTHKA BOJIOKHUCTOTO Marepuasa) [4], mo dpopmye:

(16)

q + qo
_dtd 17
rie ¢ = 0,01lp1/po — UpuBeeHHAS MIOTHOCTh, MPOMOPIIMOHATBHASI OTHONIEHUIO ILJIOTHOCTH
MaTepHasIa p1, Kr/M® 1 Bo3myxa pg, Kr/M°, npu t = 20°C, Torna: q = p/123,
2 f
k — BOJTHOBOE YHCJIO BO3AyXa; k = ——;
Co

dy — JpaMerp BOJOKHA, MKM.

Orciona o = (10¢* +0,5¢7 1 4+ 0,5+ k* - d* - h=2)"! — pequunna, yunreBaomas BinsHue
HOJATJIMBOCTH CKeJIeTa BOJOKHHCTOH Cpeipl Ha ee aKyCTHYeCKHe CBoicTBa, rae h — minHa
BOJIOKHA, CM.

[Ipu 1POXOKAEHMH 3BYKOBOII BOJIHBI HPOIECC CZKATHS BO3JAyXa B II0pax (KaHajax)
COIIPOBOZKIAETCS TEIIOOOMEHOM MEXKJy BO3/yXOM H HOBEPXHOCTBLIO HOP.

PacnpocTpanenne W MHOTJIONIEHHe 3BYKa (3BYKOBOW BOJIHBI, 3BYKOBOH 3Hepruu) B
HOPUCTOM MATEpUale ¢ y9eTOM BS3KOCTH, BBI3LIBAIONICH II€pexXoj] 3BYKOBOH SHEPrUH B
TEIJIoBY10, ounuchbiBaeTcs juddepenuaibubivM ypasaenuem [4,5]:

dp  Q dv
%_;.po.%_lr_rU’ (18)

re: v —CKOpPOCTb KoJiebaHuil, M/c;
r — yJeJbHOe CONPOTUBIeHHEe NPOayBaHuio, [1a-c/M.

Ucxopst u3 [4], norsonenne akycTudecKoil SHEPIud, BbI3BAHHON BSI3KHM COIPOTUBIICHAEM
ormuchIBaeTcs (hopMyJoit:
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8m2u
a1 = ESV N (19)
PoCo

rae A — JIJIMHA BOJIHBI, M.

PaccMOTpUM — MeXaHH3M — 3aTYXaHWs, OOYCJIOBJIEHHBIH TEILIONPOBOTHOCTHIO (6e3
yuera BSI3KOTO compoTusienus) [5]. B aroMm ciyuae B cucTeMy ypaBHEHHUI, OMUCHIBAIONINX
pacImpocTpaHeHne ILIOCKOH 3BYKOBOH BOJHBI B IHOpax MaTepuaja, HA00aBjseM ypaBHEHHE
TEIIOIPOBOIHOCTH]

dp ou
halad - = 20.1
ot + P 0 (20.1)
Orciona npeobpazyem:
Ju  Jp
— — 2 -2
Pogs T o 0 (20.2)

[Ipeobpaszyem Bbileonucanubie GOPMYJIbI B CUCTEMY:

R T RANT (21)

P=p-R-T

riae R — razosas nocrosuuasi, [k /(Moss-K);
T — abcostoTHad Temieparypa, K.
[Ipu mOCTOSHHOM /aBJICHUN YypaBHEHHE TEILJIOMPOBOJHOCTH UMEET OJHOPOIHDBIN BHI:

Q=A1- T+ Ay- e, (22)

rae Ay u Ay — ammumry el Geryieit (inbo cTosiIeli) BOJIHBI H 9KCIOHEHIIUATIBHO 34Ty XaOMNX
BOJIH COOTBETCTBEHHO, M.
[Tocne psima npeobpa3oBaHMii MOIyYaeM JTUCIEPCHOE COOTHOIIECHUE:

w 1-Cy - po \/ 1-C, - po
E=4+"4/0,7(1+ —22)+4/049(1 + —2—=
- (14— AN+ ——

rae C), — ylaesbHasd TeIVIOEMKOCTD IIPH IOCTOAHHOM JaBJIeHHUH,
A — K03 DUIHEHT TeILIOIPOBOIHOCTH.

Z"Oza'/)o

—14
’ Aw

), (23)

3Hak «+» (IUIIOC) O KOPHEM JaeT XapaKTepHCTHKY AKyCTHYeCKOil BOJHBI, a 3HaK
«—» (MHUHYC) — TEIIOBOIL.

[ToTepn akycTHYecKO#l SHEPIHH, BBISBAHHBIE TEILIONPOBOIHOCTHIO MOXKHO OIEHHUTDH
K03(bDUIUEHTOM OTIONIEHNIST (vo.

_ A

Qg =
2
Co Po-C ©Cp Cy

-1 (24)

c
[TockosibKy noKazaTes b ajuabarsl s Bo3ayxa — = 1,4, seipaxcenue (24) 3auumem B
c

v
BHIE:

2w2 04\
&- Wi ¢

Qg = (25)
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rie Wi — BOJIHOBOe CONPOTHUBJIEHNE BO3/IyXa.

Cyvmmapubie 1oTepm, &, CJeJ0BaTeIbHO, IOIJIOIMIEHUE AKYCTUYECKOH ISHEPrum,
BBI3BAHHBIE BI3KOCTBIO (KO3hdUImenT BA3KocTn — KO3G@UIUEHT NOTEPD) U TEIIOIPOBOIHOCTHIO
(ko3buIIeHT TEMIONPOBOAHOCTH) MaTeprasa, OJIyYuM B BUJE:

2. 2w? 0.4\
i w5 (26)
C,

3akJrJdyeHue

Kaxk nokasasu uccyiefopanus |2,4,5], Hanbosiee cymecTBeHHYIO POJIb B IIPOIECCe MOTEPH
3BYKOBOU HEPIHU B MOPUCTO-BOJOKHUCTHIX MATEPHAJIAX UIPAET JTUHAMUIECKAS BAZKOCTH (( =
1), TOTEpH, BBI3BAHHBIE TEILIONMPOBOIHOCTHIO, COCTABAAIOT He Gostee 10% oT BenvIuHbI fi.

En-10° HAM
0.8 +—
kS
B —
K 3
L p=150 ka/W
//
07—+ #
g
//
06— P
/
* - —
// j//-’;' p=70 kz/m’
05— / o
/ Pl
/ =
0.5 ! d
S | //
| // *
*
0.b— V4 *
03—
e Ed
* p=kl ka/1?
0.2 1 . *
*
01—+
| | | | | | |

\ \ \ \ \ \ \
63 125 250 500 1000 2000 4000 f.Tu

PI/IC. 1 LIaCTOTHbIe XapaKTepUCTUKU JUHAMUYICCKOI'O MOAYJIA ITOTEPh MUHEPAJIOBATHBIX
marepuaaoB ISOVER rommunroit 50 vw.

Ha puc. 1, B kauecTBe mnpumepa, MPEJCTABJACHBI IKCIEPUMEHTAIbHBIE YaCTOTHBIE
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Yepe3 MOPHCTO-BOJTOKHHCTBIH MaTepHaJl 02

XapaKTePUCTUKH JUHAMUYECKOTO MOYJId IOTEPD /1 MuHepaJioBaTHeIX MaTepruaaoB ISOVER,
rommuuoit 50 MM 1 wIoTHOCTHIO p = 40, 70 1 150 K/M.

Taxkum obpazom, 1OTEpH, BLI3BAHHLIE JIMHAMUYECKONH BA3KOCTHIO, B OCHOBHOM
OIPEIEAIOT W  CONPOBOXKIAIOT TPOIECC TONJIONMIEHUS 3BYKOBOIl 3SHEPruM B MOPUCTO-
BOJIOKHHUCTOM MaTepHaJie. Jlnsg  JaHHOrO THIIA MAaTepUAJIOB BeJIUYHHA KOdppuimenTa
OTePh MOXKET OBITh ONpeJesieHa ¢ MOMOIILI0 MeTofa mepegarounodt dyuknuu [5], mubo mo
dbopmyiie (17) "epes BOMHOBBIE U CTPYKTYPHBIE XAPAKTEPUCTUKHE MATEPUHATIA.
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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';taBHAgA 11€71B

I'maBHast penb ceteBoro HayuHoro JKypnasia "Noise Theory and Practice"
— CII0COOCTBOBATh Pa3BUTHIO BUOPOaKyCTUKM (HayKa O IITyMe 1 BUuOparym).

OcHOBHBIE 3a1aUm
OcnoBHBIMY 3aauamy KypHaiia ABJIAIOTCA:

e OTPaXeHMe IOCIIeAHMX JIOCTVDKEHUII B TEOpUM ¥ IIpakTuKe OOpbOBI C
LIIyMOM U BUOpariyer;

OTpaXkeHle pe3ysIbTaTOB Hay4HO-MCCIeJOBaTeJIbCKMX Pa0OT II0 M3y YeHWIO
IIPOLIeccOB LIIyMOOOpa3oBaHys, pacIpOoCTpaHeHNs 3ByKa ¥ BUOparmm;

OTpakeHue pe3ysIbTaToB pa3spaOOTKM CPelcTB LIyMO- M BUOPO3AIUTHI, a
TaK>XXe pe3yJIbTaTOB MHBIX paboT, IIPOBOAMMBIX B 00JIacTV BUOPOaKyCTUKY,
V1 BBIITOJIHSAEMBIX Hay4YHbIMY cOTpyAHVMKaMy BY30B 11 vHbBIX opranmsanmiz;

IIpefocTaBIeHle CBeeHI O IUIaHNpPyeMbIX KOH(epeHIIX, ceMuHapax,
poBoauMBIX B Poccunt 1 gpyrux crpaHax;

IIpegocTaBjieHrie apXrBHbIX MaTEPVaJIOB TPYHLOB Hay4YHbIX I(OH(l)epeHU,T/IVI,
ITOCBAIITI€HHDBIX BT/I6POEIKYCTT/IK€.

Hayunoe nutuposaHme JXXypHaa

Xypnan sgBisiercss  OOIIENOCTYHHBIM  [IJId UYTeHMs HeorpaHWYeHHBIM
YICIIOM II0JIb30BaTeslelt B peXrviMe on-line 11 IipeficTaB/IeH B OTKPBITOM JOCTYIIe
C BO3MOXXHOCTBIO cCOXpaHeHMs1 B ¢popmate pdf.

Matepuaner  XypHasla  MHOEKCHMPYIOT B HayKOMeTpUYecKnx  0Oasax
Poccunckoro Manekca Hayunoro Lutuposanus (PVIHLI), Google Scholar.
Xypnasl BIIOUeH B Hay4Hble 3JIeKTpoHHble Oubimorekn "KubeplleHvHka",
Coumosner, Figshare, CiteFactor, ROAD.

wWww.noisetp.com
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