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One year of sound monitoring since July 2020 during COVID-19
pandemic at one neighborhood in Lima, Peru

Montano W.A.**, Gushiken E.I.2
! Technical Director, Gualeguaychu, Argentina
2 Manager, Lima, Peru
L2 ARQUICUST Acoustic in situ Measurements Laboratory

Abstract

In Lima City, it is not possible to know the sound levels previous to the COVID-19 because there is
no governmental sound monitoring network. A private noise monitoring has been conducted since July 2020 at
one neighborhood in this city, and, consequently, the changes in the soundscape produced by different sound
levels that were a concern of the successive quarantines and lockdown due to COVID-19 have been registered.
In the residential area under analysis, one of the noise sources comes from the circulation of cars and buses;
the other one is produced by aircraft night overflights. The emergence of the virus new variants had forced
the authorities to implement different social confinement orders prohibiting people’s mobility; therefore, it was
possible to measure the lowest possible sound levels ever. This paper analyzes in one neighborhood in Lima,
Peru, the environmental sound levels since July 2020 during different periods due to the COVID-19.

Keywords: acoustics, sound monitoring, COVID-19, soundscape, aircraft noise, environmental sound
levels, statistics.

OnuH rox TiaTeJbHOro MOHHTOPHHra ¢ uiojsa 2020 roga BO BpeMsl HaHIEeMHI
COVID-19 B oguom paiione B JIume, Ilepy

Mounrano B.A., I'ymuken E.I.
! Texmmaecknit qupexrop, r. I'yameryaitay, Aprenrumna
2 Vopapasrompiii, r. JImvma, Iepy
L2 JTaboparopus HaTypHbIX akycrmiecknx m3mepermit ARQUICUST

AHHOTanUA

B Jlume orcyrcrBytor gamabie 06 ypoBHsix 3Byka g0 COVID-19, mocKoibKy B ropoae OTCyTCTBYET
rocyapCTBeHHAs ceTh MoHuTOpHHTa 3ByKa. C miosst 2020 roga B OHOM U3 PAHOHOB rOpo/ia IPOBOJUTCS YaCTHBIT
MOHUTOPHHT IIyMa. BbLIn 3aperncrpupoBaHbl H3MEHEHUsI B 3BYKOBOM JIAHAIA(pTE, KOTOPhIE OBLIN BBI3BAHBI
Hocje0BaTe/IbHbIME KapanTunamu u osiokupoBkavu n3-3a COVID-19. B anajim3upyeMoM >KujioM PafioHe OJuH
13 HCTOYHUKOB IIIyMa HCXOJHT OT JBUKEHHS aBTOMOOUIe H aBToOyCOB; JIPYTrOH-0T HOYHBIX ITOJIETOB CAMOJIETOB.
IlosiB/tenne HOBBIX BapHAHTOB BUPYCA BBIHY/HIO BJIACTH BBECTH PA3JIHYHBIE ITOCTAHOBJIEHUSI O COIIHAJIBHOM
OrpAHHIEHHH, 3AIIPEIatoIIie MOOHIbHOCTD JIFOJEI; MO3TOMY CTaJI0 BO3MOXKHBIM H3MEDHTH MAKCUMAJIbHO HU3KHUIT
YDPOBEHb IIIyMa, KOTJAa~-JHOO CyIIecTBOBaBIINii. B 3Toii crarbe aHAIH3UpyeTcsi YPOBEHB IIIyMa OKDY KaIOIIert
cpeapr ¢ urosist 2020 roga B oanom pasione Jlumbr, Ilepy B pasabie nepuogpr COVID-19.

KurrogeBbie ciaoBa: akycruka, mouuropunr 38yka, COVID-19, 3BykoBoii Jtanquiagt, ABHAITHOHHBIIH

IIYM, YPOBHH IIyMa OKDYXKalolieil Cpesbl, CTATHCTHKA.

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

The emergence and rapid spread in 2020 of the SARS-CoV-2 (Severe acute respiratory
syndrome coronavirus 2) around the world, and now in 2021 its new variants surprised everyone
equally. As of July 28", 2021, unfortunately, Peru is at the top of the toll death worldwide
per one million population (the US is at fifth place) [1] [2]; therefore, it is for this reason that
health prevention policies are maintained throughout Peru, and specifically in Lima City there
is a nighttime curfew, restriction of traffic on the streets in daytime, and a ban on circulation
of private vehicles on Sundays, all of these to reduce and prevent the coronavirus spreading,
which resulted in an overall reduction of the urban sound levels.

In 2020 the authorities of each country were forced to impose different public health
measures to prevent contagions. The immediate international airports’ shutdown was the first
action taken, and to prevent the people movement to ensure their quarantine, the temporary
closure of all nonessential activities and ban of vehicles circulation in streets disrupted traffic
patterns; all of these were decisive for a radical change in the soundscape perception because
the amount of background noise in cities has fallen substantially. It is now an emerging topic
of paramount importance to register this unique soundscape motivated by an observable effect
on urban sound levels.

The general lockdown around the world had a relevant impact on the cities’ soundscape,
associated with people’s confinement and the closure of nonessential activities such as in-person
education, leisure activities, tourism, etc. Worldwide acousticians had the opportunity to
measure the atypical soundscape due to COVID-19-related sound levels reductions, and others
have taken different initiatives to track the soundscape changes by means of questionnaires to
citizens, perception, sound recordings, etc., to try and attain subjective data. Among dozens
of articles about the sound levels decreasing due to COVID-19 lockdowns, it is possible to
mention a few of them about: the noise from port in Ljubljana, Slovenia [3]; noise from music
festival areas in Montreal, Canada [4]; aircraft noise in Lima, Peru [5]; in large cities of Italy
[6] or Stockholm, Sweden [7]; global seismic noise [8]; in quiet residential areas in Tokyo, Japan
[9]; and so on. Also, taxonomy and some method of sound levels evaluation for this unusual
situation have been proposed from Spain by Ascencio et al. [10].

Because the present research does not have external funding, this article is limited to
analyzing the soundscape changes at one neighborhood in Magdalena del Mar, one of the 43
Lima districts, produced by traffic noises during daytime and evening time and by airplane
noises on night hours, from July 2020 to June 2021, and how the background environmental
sound changed through the time span under analysis, accompanying the different phases of
social confinement to prevent the virus dissemination.

1. DMaterials and methods
1.1. Defining the interval timewise to analyze the measurements by period

The soundscape analysis presented in this article covers four distinguishable selected
timewise periods:

e Period 1: From July 1% to October 31%%, 2020, COVID-19 first-wave partial
reopening.

e Period 2: From November 1% (when the Lima international airport was opened) to
December 315, 2020.

e Period 3: From January 1% to February 28", 2021, COVID-19 second-wave.

e Period 4: From March 1% to June 30", 2021, flight restriction from Peru due to new
variants and several partial closing/opening of nonessential activities.

The authors have been presented at ‘8" All-Russian Research to Practice Conference’
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a complete analysis of the Lima soundscape registered before and during the first phase of the
COVID-19 outbreak form March 1% to June 30*", 2020, which was published as an article in
[3], but the location of the monitoring station since July 2020 onwards is different, therefore
the results presented here cannot be directly compared with those.

1.2. Sound monitoring station location and description

The authors’ office is in a neighborhood in Magdalena del Mar, one of Lima’s City
districts, and because of the surrounding urbanization is under the flight pass-by of airplanes
which take off from Lima International Airport at 7.75 km from the monitoring location, they
decided to measure the aircraft noise impact using their own noise monitoring station, which
is on a fourth-floor rooftop, and this spot is in the middle of a block far away from any avenue
(12°05'24”S-77°03°5070). This position (see Figure 1) is important because the city background
noise is low enough on nighttime to measure properly the noise from passing airplanes flying
to the west-south toward the Pacific Ocean to leave Lima City.

Pacific
Ocean

Pacific Ocean Monitorin,
Station

Fig. 1. Picture of Lima’s airport and the monitoring station location

While the monitoring station is located to the south-east of the Lima airport runway,
even so, it is within the aircraft noise footprint. Considering that this location is at 1.45 km
from the Pacific Ocean, therefore, the marine inversion layer has an important effect on sound
waves propagation: ‘When planes fly above an inversion layer the aircraft noise reaching the
ground is spread out farther at a lower intensity, when the aircraft is below the inversion layer
the overall sound will be greater and spread over a farther distance’ [11].

The sound monitoring station being used is a TA120 noise sensor manufactured by
CESVA® from Barcelona [12], the instrument comprises a Class 1 sound level meter that
records the Ly4.,15 and transmits it every second to NoisePlarform® cloud located in Spain,
that allows to download the data in csv format.

1.3. Metrics and sound descriptors

To correlate the results of the sound levels registered in this survey with similar data
from European studies, the day-evening-night L4, noise indicator as is defined in ISO 1996-
1:2016 [13] is used in this article. To processes the data, modular programming was used and all
functions were written into .NET framework computer language to use the large math library
available on the Internet.
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1.3.1.  Sound levels metrics

The TA20 monitoring station uses the A and C-weighting curve defined in TEC 61672-
1:2013 [14]. For Lyge, calculation of the day-evening-night noise indicator, equation 1 is used
with the penalties as defined in Directive 2002/49/EC [15].

Lg

ay evening Lnig}zt+10
10

L +5
44107 48107 ),dBA (1)

1
Lm=14—«uq
d 0 g24 0

The reference time intervals chosen to calculate the Lg., are the following [15]:

® Lpay2n (or Lp) is the continuous equivalent sound level from 06.00 h to 18.00 h,
® Lgyeningan (0r L) is the continuous equivalent sound level from 18.00 h to 22.00 h,
® Lyightsn (or Ly) is the continuous equivalent sound level from 22.00 h to 06.00 h.

1.3.2. Statistical functions

The statistical function used for this article are the following: (i) Percentile sound
levels, they are not normalized descriptors yet, but there is an agreement about their meaning:
L1, 10% percentile level which describes the contribution of emergent sound events; Lgg, 90%
percentile level, used to estimate the background noise; (ii) trend, it is useful for extracting
an underlying pattern of environmental sound level behavior in a time-history which would
otherwise be partly or nearly completely hidden by the sound levels fluctuation; (iii) boxplot,
it is a significant tool to conduct special analysis, where the boxes indicate the sound levels
range in which the middle 50% of all sound levels registered are placed, into the box the solid
lines indicate the median and the dashed lines the mean value, all points (above and below)
are considered outliers that are further away than 1.5 times from the interquartile sound levels
values; (iv) range, is the difference between the max and min sound levels.

1.3.3.  Soundscape concept

For this article, the term ‘soundscape’ is used to describe a subjective acoustic
environment perception as defined by the Canadian composer and acoustician Murray Schafer
in the 1970s: ‘psychoacoustic concept in which a soundscape is an acoustic environment as
perceived and analyzed by humans’ |16], and it is not used like ISO metric [17].

2. Soundscape after the economic opening on July 1%, 2020

The Peruvian government decreed on July 1%, 2020, a controlled opening to non-
essential activities applying several public health procedures to ensure social distancing and
to reduce the possibility of people meetings or family reunions. Figure 2 shows the L 4cq24p
time-history (red line) from July 1!, 2020, to June 30™, 2021, in which is identified the four
timewise periods previously indicated (that were marked by the advance of the COVID-19 and
its new variants in 2021) from spreading, with their long-term trend (dashed lines).
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Fig. 2. L peq24n sound levels evolution from July 2020 to June 2021 [red line|, and the
statistical trend by each time period under analysis [dashed lines| (dB re 20 pPa)

2.1. Period 1: Lima soundscape from July 1°' to October 31°, 2020

The state of emergency was partially lifted on July 1%, 2020, however all educational
institutions remained closed (also some nonessential activities), and social life showed a gradual
tendency ‘to return to normal,” it is likely that the life patterns of people did not change
significantly from those during the mandatory quarantine. The soundscape after this ‘abnormal’
opening (first-wave partial reopening) after the total quarantine and general lockdown, was
really atypical because ‘the opening’ didn’t include those such as in-person education as well
as leisure events.

Building construction and industrial activities started gradually, public passenger
transport services were increased as the numbers of people were authorized to circulate in the
street increased, and the authorities in some days had to backtrack on decisions by imposing
momentary restrictions on people’s mobility in order to ensure an adequate social distancing
among people. In Figure 2 for this period 1, it is observed that the L 4cq 24, long-term trend
(blue dashed line), regarding over the span of four months the opening to some non-essential
activities, increased by 6.3 dBA.

Some important facts to highlight on the part of Lima’s authorities are that they
imposed a restriction on circulation of buses and other public transportation on Sundays to
ensure social distancing (it was requested for everyone to self-restraint at home) and reduce
the possibility of people meetings or family reunions, then it is possible to see in Figure 2 a
regular pattern due to those sanitary decision: The sound levels leap down regularly, meaning
a noiseless soundscape perception on Sundays.

2.2. Period 2: Lima soundscape from November 1°' to December 31°, 2020

On November 1%, 2020, the Lima international airport has been partially opened
only to commercial flights (internationals and nationals) but not for tourism proposes. It is
interesting to observe in Figure 2 that the L., 24, long-term trend (green dashed line) for this
period 2, shows a decreasing of 3.5 dBA, albeit the fact that there were aircraft flights every day;
therefore, this overall reduction of the L 4cq245 is due to the fact that the authorities imposed
several measures of partial closures and openings to gradually reduce people’s mobility by
cars/buses throughout the city, which resulted in a consequent diminishing of the environmental
noise. A few spikes were produced by some night aircraft overflights which are highlighted in
the orange square. The most strict confinement order was given for Christmas FEve and New
Year’s night, family reunions were not allowed for more than ten people, and as a results of
these, the L ¢4 24, 0f those days was lower than 50 dBA.
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2.3. Period 3: Lima soundscape from January 1° to February 28", 2021

In Peru the year 2021 started with the COVID-19 second wave, and then Peruvian
authorities were forced to restrict people’s mobility even more. January 2021 began with a
confinement order which was tightened between January 15 and 31!, 2021 because people
were reluctant to self- restraint at home. Despite this, the number of contagions continued to
rise, the quarantine measure was extended to February 2021, reinforcing controls to prevent
people from circulation in the streets on Sundays, introducing a ban on the circulation of buses
and private cars.

In Figure 2 for this period 3, it is observed that the L 4¢q 245 long-term trend (light-blue
dashed line) increased around 1.2 dBA. As a result of the street construction works carried out
around the block where the monitoring station is located, anomalous noise events have resulted
in an erratic behavioral pattern (see in Figure 2 the green square); therefore, it is possible to
be sure that the increase in the noise levels are due to the aforementioned works in this time
span.

2.4. Period 4: Lima soundscape from March 1° to June 30", 2021

Many US and European airports were temporarily closed to flights from Peru due to
the resurgence of COVID-19 in this country. At this fact, the fewer night flights, the lower the
noise, and taking into account that during the days prior to and during the entire Holy Week
there was an almost total ban on people’s mobility (to reduce the spread of the COVID-19
variants), very low noise levels were achieved within this time span. In Figure 2 for this period
4, it is observed that the L 4., 245 long-term trend (dark-orange dashed line) displays a gradual
decay of the sound levels around 1.2 dBA. In 3.2 a further analysis will be presented.

3. Analysis of sound levels measurements

The evaluation that provides the more noticeable information is the soundscape
comparison between period 1 vs. period 4, basically because during March-June 2021, the
Peruvian economy was almost entirely open (except for in-person classes and leisure activities)
and the Lima international airport was operating but not for tourism; and despite all this, the
noise levels were lower than those of the July-October 2020 interval.

3.1. Soundscape evaluation using percentile sound levels

Since January 2021, the Peruvian government have imposed a strict curfew between
20.00 h and 06.00 h (in April it was prolonged from 22.00 h to 04.00 h), which resulted in
a low background sound levels during nighttime, providing a soundscape perception as never
before imagined. Figure 3 shows the Lgy sound levels evolution as follow: Daytime background
represented by the Lgg pa, (blue line), being the 90" percentile level calculated for daytime
hours (from 06:00 h to 18:00 h); nighttime background represented by the Lgg nigne (red line),
being the 90" percentile level calculated for nighttime hours (from 22:00 h to 06:00 h). The
Lgo, Evening is not presented here because it has a random behavior, consequently it does not
offer conclusive information.
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Fig. 3. Lgop and Lgy y sound levels evolution from July 2020 to June 2021 (dB re 20 pPa)

With respect to daytime background sound levels evolution, it is noteworthy that they
have a fluctuating behavior (for period 1 among 42.2 dBA and 56.3 dBA and for period 4 among
41 dBA to 50.3 dBA). Despite the sound levels decreased on Sundays and increased again on
Mondays, a gradual diminution over time can be determined since January 1%.

The Lgy n sound levels evolution increased close to 5 dBA considering period 1 and
period 2 together. On the contrary, since January to June 2021 the Lgy x sound levels have fallen
and the Lgy y shows a median pattern around of 36.5 £2.3 dBA, being this as a consequence of
the elimination of some night flights besides the ban on circulation in streets and strict curfew.
The nighttime background sound levels were low as never before.

3.2. Lp, Lg and Ly boxplots comparison of each period under analysis

The boxplot is a significant tool to conduct special analysis, some examples of the use
of this statistical function for this unusual environmental situation (marked by the COVID-
19-related sound levels variation) are presented in [18] [19]. Figure 4 shows the sound levels
averaged by Lp, Ly and Ly of each period under analysis (from July 1%, 2020, to June 30",
2021) distributed by means of a boxplot.
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Fig. 4. Lp, Lg and Ly boxplots ordered by period under analysis from July 1%¢, 2020, to June
30", 2021 (dB re 20 puPa)
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In Figure 4 it is observed the following:

e The daytime levels (Lp,,), whereas period 1 and period 4 have almost the same
range (£0.5 dBA), the 50% of the sound levels in period 4 (with the economy very nearly open
and the Lima airport operating) are more distributed than period 1 (with the economy partially
closed and the Lima international airport under lockdown). For period 2 the sound levels are
more distributed than period 1. For period 3 the sound levels are concentrated around 60 dBA,
but this was a consequence of noise from construction activities on surrounded streets where
the sound monitoring station is installed.

e The evening time levels (Lgyening), for all periods the quartiles Q1 and Q3, which
are ‘close’ to each other the 50% of their sound levels are highly concentrated around 50 dBA
(£2.5 dBA), this is because people had to be at their homes before the curfew, so the traffic
noise levels due to cars and buses were high.

e The nighttime levels (Ly;gnt), in period 1 during the first-wave partial reopening,
the range of Ly levels is 12.2 dBA and its median is 42.9 £1.6 dBA. On the contrary, in period
4 (although the night aircraft overflights) the range of Ly levels is 7.2 dBA and its median is
41.4 £0.8 dBA, meaning that they are lower and highly concentrated than in period 1 when
the Lima airport was under lockdown.

4. Summary of sound levels measurements registered during one year
4.1. Lg., sound levels comparison among periods under analysis

In order to understand the COVID-19-related sound levels reduction in this Lima
City district, due to different confinement orders, lockdown and curfew, Table 1 summarizes
straightforward the Lp, Lg, Ly sound levels of each period and their corresponding Ly, noise
indicator calculated by means of Eq. 1.

Table 1
Lgen noise indicator comparison for each period under analysis from July 1%¢, 2020, to June
30" 2021 (dB re 20 puPa)

Period Lp Lg Ly Len

Period 1: July 1% to October 315, 2020. ‘Abnormal’ opening | 59.0 | 50.6 | 43.9 |57.3
and limited de-escalation

Period 2: November 1% to December 31, 2020. Airport | 61.1 | 52.8 | 47.1 | 59.7
opening (not for tourism)

Period 3: January 1° to February 28" 2021. New curfew | 61.1 |49.2 | 46.8 | 59.2
order and partials lockdowns

Period 4: March 1% to June 30", 2021. Flight restriction | 58.3 [ 49.0 |42.1 |56.4
from Peru due to new strains + strict night curfew

In Table 1 it is interesting to note that:

e In period 2 the Lp, Ly and Ly are higher than in period 1, because more people
in streets were allowed to circulate due to de-escalation and more nonessential activities were
partially open, besides the Lima International airport was opened.

e In period 3 the Lp was equal than period 2, despite the restriction on circulation,
but it was as a consequence of the construction noises (it was commented above).

e In period 4 the sound levels are 1 dBA lower (with the economy very nearly open
and the Lima airport operating) compared to period 1 (with the economy partially closed and
the Lima international airport under lockdown).
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e In period 4 the Ly is 5 dBA lower than in period 2, due to the strict nighttime
curfew. It has to keep in mind, also, that the quantity of flights in period 4 are much higher
than in period 2, and yet despite this, the sound level is lower; therefore, the noise levels were
produced by cars/busses traffic.

e In period 4 the Lp and Lg are 3 dBA lower than period 2, basically as a consequence
of the health policies about restriction on circulation in streets, not because ‘there is less
movement of people.’

4.2. Lg., of one year of sound monitoring during the COVID-19

As previously mentioned, the results of this monitoring can be correlated with European
studies, Table 2 summarizes the Ly, results by Equation 1, averaged by each semester and
annually from July 1%, 2020, to June 30", 2021.

Table 2
Lgen noise indicator summary from July 1%¢, 2020, to June 30%*, 2021 (dB re 20 puPa)

Interval time Lp Lg Ly Lgen
July 15" to December 315, 2020 (first semester) 60.0 |51.5 |453 |58.4
January 1°¢ to June 30", 2021(second semester) 59.6 | 49.1 | 44.1 | 57.7
July 1°¢, 2020 to June 30™, 2021 59.8 [ 504 | 44.7 | 58.0

5. A suggestion to make about the special soundscape derived from
people’s mobility restriction: ‘Car-free Sunday’ after the pandemic is
overcome

Important health policies decisions have been implemented by Lima’s authorities to
note on Sundays (which is still maintained today), a temporary scenario defined by (i) a
restriction on circulation in the avenues of buses/private cars from 07.00 h to 13.00 h, and
(i) people self-restrain at home, all of this in order to reduce outdoor people’s mobility
and preventing the COVID-19 spreading. Whereby, the soundscape on Sundays is healthier;
therefore, it is important to analyze the unique opportunity that these policies offer temporarily.
Figure 5 shows a comparison of daytime [06.00 h—18.00 h| sound levels between weekdays (red
box) and Sundays (light-blue box) from July 1!, 2020, to June 30", 2021.
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Fig. 5. Lp Sundays vs Lp weekdays from July 1%, 2020, to June 30, 2021 (dB re 20 pPa)

For the weekdays’ boxplot, the holidays are not considered as data for the analysis.
In Fig. 5 it is observed that 50% of the sound levels on Sundays are more concentrated at
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lower values than on weekdays. The Lp Sundays are 10 dBA fewer, which means at least 500%
off acoustic energy under the environmental scenario described above concurrently during the
COVID-19 pandemic. At this point, a forthcoming suggestion to make to the governmental
authorities by the authors is having a ‘Car-free Sundays’ after the pandemic is overcome, to
minimize the risk on people of having noisy soundscape on a day that it supposes should be
quiet.

Conclusions

In this paper the authors have presented the measurements results of the sound levels
in this location with the sound pressure level of the Magdalena del Mar as a whole. Unlike the
case of Lima City, the results shown here are only an example of this neighborhood (and those
which are under the aircraft footprint of Lima international airport) and are not intended to
be generalized since differences in behavioral patterns are likely to occur in other areas of Lima
City, depending on the attributes of the people living there and the surrounding environment.
Rather, it is easy to imagine that each city neighborhood has its own unique behavior and
that it is not easy to generalize the results from a specific one to others, but it is considered
necessary to accumulate examples from various locations to gain insight.

The noise levels that were registered during the COVID-19 at this residential
neighborhood in Lima City, seems to be quite different with those reported in other large cities,
mainly because there was no gradual lockdown de-escalation in Peru, on the contrary, the
activities and people’s mobility increased but applying a strong traffic circulation restriction
in the streets, then, this is why in June 2021 the night noise level is lower than in July 2020,
although in 2021 there is much more commercial activity than a year ago, also taking into
account that the Lima airport now is currently open: This may seem like a paradox, but it is
certainly not.

It has to be noted that the traffic restriction measures and the strict nighttime curfew
are the key to retain the noise level low during nighttime hours; therefore, aircraft overflight
noise is one of the components of environmental noise, but it is not a sound source capable of
raising sound levels averaged at night; perhaps overflights that occur at dawn, when people are
in the most sensitive sleeping period, can be considered a nuisance.

The sound levels immediately after the lifting of the quarantine in July 2020 was high,
perhaps it was due to people needing to leave their homes after four months of mandatory
confinement, and also maybe rather unusual behavior of people to reorganize their activities
under the atypical social situation signed by the COVID-19 outbreak. The sound levels during
the four periods under analysis have fluctuated as a function of several factors; one of them
was defined by cars and buses circulation because as the streets and avenues were empty, they
circulated at high speed.

The COVID-19 outbreak has changed the way of life sending everyone to confinement
for months. The Worldwide acousticians have been able to register a distinct soundscape
during the lockdown, being this exceptional situation a historic fact which will be important
to keep the sound monitoring survey going into the future for further comprehension of what
the SARS-CoV-2 had done on urban sound issues.

Unfortunately: (i) the results obtained in this survey cannot be directly correlated with
sound monitoring carried out in other cities of the world, because the ‘random’ measures of
temporary closures and openings taken by the Peruvian authorities have caused the sound levels
to vary ‘disorderly,’ i.e., it is not possible to analyze the long-term trend sound evolution, but
only for undersized periods of time; (ii) it was not possible to conduct a subjective investigation,
such as questionnaires, because it is forbidden to talk to people anywhere (closed or even open
spaces) yet.
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Sharing to Peruvian authorities the information on healthy environmental sound levels
that the authors had registered is still in debt because the actual governmental priorities are
to put under control the COVID-19 outbreak, so when the time it comes, the authors would
communicate their findings about the soundscape which took place in this Lima district (as
a private research with no external funding), in order to develop some possible environmental
and health policies about the impact of aircraft noise in this residential neighborhood.

Finally, a suggestion to make is ‘Car-free Sundays,” because it has been objectively
demonstrated with sound measurements of this survey that the soundscape on Sundays is really
healthy due to a restraint on circulation in streets; then, establishing a vehicle circulation
restriction on Sundays morning after the pandemic is overcome should be an environmental
policy not only for Lima City but also (why not) a worldwide policy.

This work was made by the authors during their free time and both monitoring and
reporting don’t have any external financial /funding support; this article is part of a particular
interest in research and is a corporate social responsibility of ARQUICUST (the authors’
company). The authors declare there are no conflicts of interest.
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AnHoTanuga

Kowmrutekcnas orerka BO3IefCTBHSA NIyMa B JUTEHHOM IIE€XE SBJISIETCS OCHOBHOM 11€JIbI0 PAOOTHI.

Ilo pe3sysbraram amasu3a HPEIACTABIEHBI OCHOBHbIE HEOJIATOMOJIYyYHBIE YYaCTKU C IIPEBLIIIEHUEM
JIOIyCTUMOIO YPOBHS IIyMa — YYaCTKH BbLIOMBHBIX DPEIIETOK U yYaCTKH OYUCTKU JiuThd. lIpenjoxkennr
PEKOMEHITAIMN TIO0 BBIOOPY TEXHUYECKUX MEDPONPUATHI, BKJIIOUAIOIINX PAIMOHAIHLHOE pa3MeIleHne
000pyIOBaHUs, PEXKUM MX PADOTHI, YCTAHOBKY AKYCTUYECKUX IKPAHOB U 3BYKOU3OJUPYIONIUX MEPETOPOIOK Y
HE3AIUIIEHHBIX PA0OYUX MECT, 3 TaKKe PAIMOHAJBHBIM MOI00D IKBUBAJIEHTHON ILIOMIAIN 3BYKOIIOTJIOMIEHNUST
ITOMEIIEHUs T[€XA, KOTOPbIE MO3BOJIAT PEITUTh 33/1a9y CO3JaHns OE€30MaCHBIX YCIOBUIl MPOU3BOICTBA.

UccnenoBano ymydIneHue yCJIOBHHM TPY/Ia OMEPATOPOB JUTEMHOTO IeXa 3a CUeT CHUIKEHWS MIyMa Ha
UX pabounMx MECTaX: YBEJUYEHUE 3BYKOMOIJIOMIEHWS B CAMOM KOPIIYCe APOOECTPYHHOI KaMephl W YCTAHOBKA,

LIyMO3AIIATHBIX IKPAHUPYIOMIMX KOHCTPYKIUI /1J1s1 OrPAK/IEHHUS y9ACTKOB ¢ HanbOJIee HHTEHCUBHBIM Iy MOM.

KuroueBbie ciioBa: myM, BUOpalus, JUTEHHOE MPOU3BOACTBO, APOOECTPYHHBIA yUIACTOK,

MIYMO3aIIUTHBIE YKPAHUPYIOIINEe KOHCTPYKIUU, 3BYKOIOIIOIIEHHE.

Analysis of the impact of noise on the operators in the foundry
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Abstract

A comprehensive assessment of the impact of noise in the foundry is the main goal of the work.

Based on the analysis results, the main unsuccessful areas with an excess of the permissible noise level
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Beegenne

Pabora mocssiniiena KOMILIEKCHOW OIEHKE BO3efCTBUsI UbLIW, HIyMa U BHOpamuu Ha
O0C/TyKUBAIONAI TePCOHAT JIUTeHHOrO Tpom3BoACTBa.  CJI0XKHOCTD TEXHOJIOTHH, HAJIUYNE
BpeHbIX (DAaKTOPOB TPOM3BOJCTBA B pabodUeil 30HE OMEPATOPOB HETATHBHO CKA3BIBAETCS HA
Ka4vecTBe BO3JYIIHON cpejbl JIMTEHHOTO IeXa, YTO HPUBOJUT K HAPYIIEHUIO TpeOOBaHMI
CAHUTAPHO-TUTHEHUICCKAX  HOPM. CuernuaibHoe 00OpYIOBaHHE, KOTOPOE HAXOJIUTCS B
JIUTEHHOM TeXe, MOMOJHUTEIbHO BBIJENAeT B BO3AYX PabouMX 30H OOJBIION 00beM Teria.
Haxkomienne w3/nKOB Temia B CBOKO OYepesh HPUBOJAUT K WM3MEHEHHUSIM MHUKPOKIAMATA
BHYTPH HPOU3BOJACTBEHHBIX ITOMEITIEHUI JTUTEHHBIX [IEX0B.

Viydinenue KadecTBa H3JIEJHH JUTbs, TOJIOBEYHOCTH W HAJEKHOCTH ITPOIYKIIMH
HPOU3BOJICTBA B OOJIBbINEH CTeleHdu 3aBUCAT OT YUCTOTHI MOBepxHOCTeil. B mpoMbINIeHHBIX
nporeccax HauboJjiee PacHpoCTPaHEeHbl TaKue CrocoObl 00pabOTKU, Kak: JIpodecTpyiHblil,
APOoOeMETHBIH 1 APOOEeMETHO-APOOECTPYIHBI B ApobeMeTHBIX OapabaHax W KaMepax. DTO
obopy/loBaHWe OTHOCUTCHA K TpyIine Hanbojee 3KOJOTMYecKH HeOJIAromoaydHoro: 0oJbInoe
KOJIMYECTBO BBIJEAA€MON IBbLIM, HaJM4YMe JApobh, IIoJaBaeMOil IOJ JaBJIEHHEM, KOTOPBIE
CONPOBOXKIAIOTCS BBICOKUMH YPOBHAMH HM3JIy9a€MOI'0 IIyMa U POCTOM BHODPAIMOHHOM
aktupnoctu. Cjieyer OTMETUTH, TEXHUYECKH CJIOZKHBIM SIBJISIIOTCSl IPUBEJICHUE IIyMa u
BUOpAINK /10 HOPMATHUBHBIX BeJIMYWH. BpeaHOe BO3IeHCTBHE IyMa M BUOPAIUN HA OPraHU3M
"esI0BeKa TPOSIBJSIIOTCS B PA3JIWIHOM BHJE, 3TO W TIyMOBasi (HEBDHT CJYXOBOTO HepBa) W
BuOparuonHasa 00JIe3HH, W MOBBIIICHHE YTOMJISEMOCTH, W CHHKCHHE NPOU3BOIUTEJILHOCTH H
KadecTBa Tpyda. A B HacTosdllee BpeMs IMyMOBasg W BHOpaInOHHAs OOJIE3HH B JIUTEHHOM
IPOM3BOJICTBE 3AaHNMAIOT BTOPOE M TPEThE MECTO B CIIUCKe TPodeccHOHATbHBIX 3ab01eBanuii [1].

B wmreitHoM TpoW3BOJCTBE MNPUYUHON HAMOOJBIIEr0 dYHCTAA MPOGHECCHOHATBHBIX
3abosieBaHuil ABJeTCS BO3JEHCTBHE UPE3MEPHOro IIIyMa OT HUCIOJb3yeMOro 0OOPYIOBaHUS Ha
omepaTopoB JuTeiinoro mexa. Hambosiee BbIcOKH# Ko3(bunmeHT 3a60/16Ba€MOCTH HEBPUTOM
CJYXOBOI'O OpPraHa B JIMTEHHBIX IeXaX MPUXOIUTCI Ha Mpodeccun 00pyOINKOB, (POPMOBIIUKOB,
CTEPKEHIUKOB, ILJIABUJIBIIUKOB W YUCTUJIBIMUKOB JIMThd, PabOTAIOIMKUX C 1pobecTpyidHBIM
000pyTOBAHUEM.

1. XapakTepuCTUKH IITyMa Ha y4aCTKaX JIMTENHBIX IE€XOB

OpHOlt U3 3a7a9 HACTOSAIIETO HCCACIOBAHUS SABISETCS aHAIN3 SKCIEPUMEHTATHHBIX
XapaKTEepHUCTUK IIyMa B padodeil 30He JUTEHHOrO IIPOU3BOJCTBA IIPH BBIIOJHEHUN PA3JTHIHBIX
ONepanui.

Pesysibrarbl  mccaegoBaHuil OKA3a/Id, 9YTO IapaMeTPhl IIMIyMa OCHOBHBIX BHIOB
JIATEHHOTO MPOU3BOACTBA HE COOTBETCTBYIOT JOIMYCTHMBIM HOPMaM ITyMa Ha pabodunx MecTax.
HawGosbIine mpeBbITIieHsT TOMYCTHMBIX YPOBHE# 3ByKa [2| ormedarorcss Ha pabodnx MecTax
(0 YPOBHSIM 3BYKOBOT'O JIABJIEHUs1): CTepKHeBble U (DOPMOBOTHbIE BCTPAXUBAOIINE MAIITHDI
- #a 12-23 1B, BbiOuBHBIE pemeTKu - Ha 17-26 n1b, o6pybouno-ouncTHOE 000PYIOBAHUE - Ha
16-27 ab |3].

CuekTphl IIyMa OT OCHOBHOTO O0OpYIOBaHHS JHATEHHOrO Iexa, SABISIOTCA
A POKOIOJIOCHBIMEU. [Ipu 3TOM 3ByKOBOE IOJI€ B pabodYuX 30HAX Ie€Xa HEOJHOPOJHO B CBA3H C
TeM, YTO OCHOBHbIE MCTOYHHUKHU IIYMa HMMEIOT PAa3JUYHble MOIIHOCTH M XapaKTepbl CIIEKTPA.
Mamunasl ¢ yIapHBIM PEeKUMOM pabOThl H3AYYal0OT HEIMOCTOSHHBIA MIyM ¢ MaKCHMAaJbHBIM
YPOBHEM 3BYKOBO# MOIIMHOCTH B O0OJACTH CPEIHUX M BBICOKHX YaCTOT, KOTOPbIe Hambojee
YyBCTBUTEIbHBI U OMACHBI /IS YETOBEKA.

B Tabaune npuBegeHbl 3HaAYCHUs] WHIEKCA 3arpsa3HeHds 10 MyMoBOMY dakrTopy K
JIJIST PA3JIMIHBIX YIACTKOB JIMTEHHOTO MPOU3BOJICTBA, MOJIYIEHHbIE PACIETHBIM IIyTeM Ha OCHOBE
SMIIMPUYECKUX JlaHHbIX. Kak BHJAHO u3 Tab/juilbl HamboJibillee BO3/EHCTBHE OT IYyMOBOI'O
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dakTopa orMeuaeTcs Ha ydacTKaxX (DOPMOBIIUKOB, BBIOMBAJILIIUKOB (hOpM, OOPYOIIMKOB H
YHCTHIIBIIUKOB JIUThs |3].

Tabama 1
3HadyeHne HHJEKCA 3arpga3HeHHd 110 IIYMOBOMY (haKTOpy Ha ydacTKaX JIMTEHHBIX IIEXOB C
Pa3INYHLIM XapaKTepoM HMPOU3BOICTBA

Suadenns K mo nrymoBoMy pakTopy
YdacTok mexa B IleXaX C XapaKTepOM IIPOU3BOJICTBA
MaccoBbIiM CepuitHbiM MenkocepuitHbIM
[HwxTOBBIH 0,22 0,16 0,11
[LraBUIbHO-32/TUBOTHBI T 0,79 0,38 0,22
CmecenpuroToBUTETHHBIIH 0,71 0,35 0,23
CreprkueBoit 0,45 0,19 0,35
POpPMOBOIHBIH 1,43 0,79 0,53
Bribupnoii 2,74 2,13 1,27
O6pybOIHO-0UUCTHOM 2,67 2,46 1,66
[IBeTHOTO JIUTHA - 0,22 -
JIUThs rIIb3 - 0,47 -
Kokuibabrit - - 0,82
Cpeanee 3HAYEHHE TIO TEXY 1,29 0,80 0,65

Hebonbmoit ypoBeHh aBTOMATH3aIlMA W MeXaHHU3AIMH MPOIECCOB JIHTEHHBIX IIEXOB
CepWTHOTO TPOM3BOJCTBA TO3BOJgET BHIOpAThH 00Jee panuoHAJbHOE W, KaK IPaBUJIO,
U30JUPOBAHHOE PACIOJOXKEHNe ODOPYIOBAHUs, CO3/AIONIEr0 MOBBIIIEHHBIE YDPOBHU NIyMa.
Crnenyer OTMETHTB, YTO B ITHX IeXaX pabora 00OpYIOBaHWS TPOUCXOJUT MUKIUIHO W,
COOTBETCTBEHHO, SKBUBAJICHTHBIC YPOBHU TIyMa OYIyT MMETh MeHbImue 3HadeHus. (OcobeHHO
9TO MOYXKHO HAOJIIONATH B JUTEHHOM Iexe, paboTaioneM B CTyHEeHYaTOM pexkuMe. BblOuBHbIE
pemmteTKn paboTal0OT B TPETHIO CMeHY, KOTJa MPOWCXOAUT TOJIbKO BBHIOMBKA OTJIWBOK W3
dopm. Ilosromy akTyaabHBIM dBjsgeTcs pa3paboTKa PeKOMeHJAINil M0 CHUZKEHUIO MIyMa B
JUTEHHOM TIexe 3a c4YeT ODOCHOBAHHOTO BBIOOPA TEeXHUYECKHX MEPONPUATHH, BKJIIOYAIONINX
pAIMOHAJILHOE pa3MeleHne 0OOPYAOBAHUS, PEeXKWM HX pabOThI, YCTAHOBKY aKyCTHYECKHX
9KPAHOB W 3BYKOM3OJHMPYIONINX MEPErOPOJOK Y HE3AIUIEHHBIX pPAadOYMX MeCT, a TaKzKe
PAIMOHAJIBHBIH OO0 SKBUBAJEHTHON TJIOMA/ M 3BYKOIOTJIONIEHNS TIOMEIEeHNs TieXa 3a cIeT
yBeJIUYeHus ILIOMAIN 3BYKOIOIVIONMAONEN OOJHUIIOBKHA CTEH TeXa W IIPUMeHEeHHS MITYJIHBIX
3ByKOMoraoTuresei [4].

2. HcrouyHukm 1mrymMa apoOecTpyHHBIX KaMep U IIyTH €ro CHUKEHUHA

O/tHO# W3 OCHOBHBIX 33129 HACTOSIIIETO MCCJICIOBAHNS SIBJISIOCH BBIIE/I€HNE OCHOBHBIX
HCTOYHUKOB M3JIYYaeMOI'0 IMyMa Ha OYUTCKHBIX YYaCTKaX, HMEIONIUX HAaWOOJbIINNE HHIEKC
3arpg3HeHus Mo myMoBoMy dhakTopy Ky, B 9aCTHOCTH B JIpobecTpyitHoil KaMepe.

OHuM U3 CAMBIX PACIPOCTPAHEHHBIX METOIOB 00PabOTKU ITOBEPXHOCTH METAJLITIECKUX
Jetajieil aBjseTcd aApobecTpyiinas WM rmecKocTpyiiHad 3aducTia. Jlamnasg TexHosormvyeckas
ollepanud IPOBOJUTCA B JApobecTPYilHOM Kamepe U II03BOJIAeT KadyeCTBEHHO OTHLIH(OBATD
JINTHeE.

KoMiuiekcublit  1OJX0J] 10 CHUKEHUIO YPOBHH IIyMa U [bLIM, U3Jy4aeMblX B
nporecce JApoOecTpyHHONR OYMCTKHU, BKJIOYAIONIUIA:  OIpeJieJIeHHe OCHOBHBIX W3JTyYalOIHX
IMyM UCTOYHWKOB, OIEHKY (DOPMUPYIOIIETOCs 3BYKOBOTO TOJIS B KaMepe, YIeT 3BYKOU30 AN
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CTEHOK KaMepbl, BBIOOD MaTepHAIOB, 00ECIEIHBAIOININX CHUZKEHNE NIyMa, a TaKyKe YCTAHOBKA
HIyMO3AIIUTHBIX KOHCTPYKIHI IIO3BOJISIET HOC/IEA0BATEIBLHO DEIIUTh 33434y CO3IaHUs
Ge30macHBIX YCIOBHIT IPOU3BOACTBA [5)].

Ha pucynke 1 npejcrasieHa pa3spaboTaHHAs aBTOPAMIE CXeMa Ipo0ecTpyHHON KaMepsl
B IIyMO3ATIYIIEHHOM HCIIOTHEHHH.

Puc. 1. Cxema npobecTpyiiHoit KaMepbl JTUTEHHOTO MPOU3BOICTRA!
1 — npobectpyitHasg KaMepa; 2 — 3arpy30YHBIN CEKTODP OUHINAEMbBIX JeTajell; 3 — OKHO MOIadn
JnpobecTpyitHoro annaparta; 4 — TeXHOJIOTHIECKOe OTBEPCTUE [T YIAJICHUS TIPOOH;
D — MarucTpasb C:KaToro BO3ayXa; 6 —BO3ayX0oBOJ ¢ nmukaonom; 7 — B/IM
(Bubpogemdbupyomuii Marepuan); 8 — 3IIM (3Bykomoromaonuii Marepuas );
9 — KOHCTPYKITHOHHBIN MaTepuall.

[Ipornecec  apobectTpyiinoit oYuCTKE (DYHKIMOHUPYET B OJHOCMEHHOM pEXKUME C
HE3HAYUTEILHBIMU 110 BPEMEHUM TEeXHOJOTHYECKUMH TepepbiBaMu. J[pobecTpyiiHyio O4ucTKY
OTJIMBOK IIPOU3BOJAAT B KaMepax, IIPEJACTaBIAIONINX CODOOH 3aKpLITYI0 MeTAJIHYeCKYIO
KoHCcTpyKIuio pazmepom 2000 x 2000 x 2500 MM, BHYTpeHHsIsSI OOIIMBKA KaMepPhbl BBIMOJTHEHA
U3 CTAJIbHOIO JiMcTa TOmMHOE 3 MM u nokpeita B/JIM (pesunoii) rtosmuuoit 10 mwm, Ha
pe3uHy HaHeCeH 3BYKOTOTJIOMAIONINI MaTepuas ToJrmuaol 30 M. B Bepxueit wactu
KaMepa TOJICOeIMHIETCS MOCPEJICTBOM MaTpyOka juamerpoM 630 MM K MeCTHONH BBITSKHOIM
BEHTUJISIIUE, KOoTopas cofep:kut nukaon [TH-11 g ynanenus mouiu [6].

Kak moka3zajn ucciaeaoBanus, IpoOb JHAMETPOM B CPEJTHEM 0 2 MM IIOTOKOM CXKATOTO
BO3JyXa €O CKOpOCThIO 30 M/C HAIpaBIsIeTCsl Yepe3 OKHO MOJadd Ha MOBEPXHOCTb H3JIEJIHsL.
[Tpunmnun jgeiicTBUs TPOCTOTO HATHETATEIHLHOTO JAPOOECTPYWHOrO anmnapara OCHOBaH Ha padboTe
repMeTHYeCKN 3aKpPBIBAEMOI0 pe3epByapa, B KOTOPOM HAaXOJUTCS JIPOOb II0JI JABJICHHEM
ckaroro Bozjayxa. llom gelficTBueM CHJIBI TSXKECTH W JIaBJICHUS CKATOIO BO3JyXa, IpoOb
nofaercd B Kamepy. [Ipm sTom mponcxoanT m3aydenue NryMa HOBBITEHHOW WHTEHCUBHOCTH.

OcHoBHoOe BO3jeiicTBEe Ha (HOPMUPOBAHKE 3BYKOBOTO IMOJA B ApObECTpPYiiHONI Kamepe
OKa3bIBAET TITyMOW3JIYUYeHNE CTPYW TOJAaBAEMOTO MO, JaBJeHWEM CyKAaTOTO BO3/yXa, TO
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eCTh a’dpoJMHAMUYECKHit myM. JIIsd CHHXKEeHHS a3pOAUHAMHUYECKOTO IIyMa HCIOJIb3YIOTCS
pa3/indHble 3BYKOIOT/IOMAIONINE JIEMEHThl C KPUBOJHHEHHbIME KaHasiamu.  CHuKeHue
A9POMIMHAMUIECKOTO TIIyMa BO3MOYKHO TaKzKe IIyTeM VIYUIIeHUsl adPOIUHAMIIECKHUX
XapPaKTEPUCTUK MAIIHH.

ABTOpaMu mpeIoyKeHbl TeXHHIECKHe MEPOIPHSATHS 0 CHHKEHHIO YPOBHEH ITyMa 3a
CYeT ONTUMAJIBHOTO MOAO0PA 3BYKOU3OJIUPYIONINX U 3BYKOIOIIOMIAIONINX 9IEMEHTOB KOPIYCOB
Jgpobectpyiinoit ycraHoBku. [lepednciieHHbIE MEPOIPUATHST 00eCIIeYnBAIOT CHUYKEHHE YPOBHEI
IyMa BHYTPH YCTAHOBKYW M CHUKAIOT IyM BHE KOPITyCa Apo0ecTPyiHON yCTaHOBKH.

DKcIepuMeHTaIbHbIE — HCCAeJ0BaHUSd  KOIPMUIMEHTOB  IMOIVIOMEHUA  OOJIBIIOro
KOJINYECTBA, OOJUIIOBOYHBIX MATEPUAJIOB B OKTABHBIX II0JIOCAX CIIEKTPa 3BYKOBBIX YacCTOT,
npejacrapiensie B pabore |[7], mosBosmam coszgarb 6a3y JAHHBIX, HEOOXOJAMMBIX IS
NPOEKTUPOBAHUA Kamep JIpobe- W TecKocTpyiiHoit obpaborku.  Meroauka WHYKEHEPHOTO
pacuera aKyCTHYECKUX XapaKTePUCTUK JTUTEHHOTr0 060PYA0BaHUs JaJ1a BO3SMOKHOCTH CO3/1aTh
CHUCTEMY aBTOMATHU3UPOBAHHOIO IPOCKTUPOBAHUS Jpobe- M HeCKOCTPYHHBIX YCTAHOBOK,
MUHHEMHU3HPOBAHHBIX 110 YPOBHIO IIYMa 3a cYeT MoAO0pa ONTHMAJIBHOTO COYETAHHUS TOJIIIAHBI
CTEH ¥ MapOK OOJIMIIOBOYHOIO MaTEepHAJIA.

ABTOpamMu TpPeNIOKEHO  COXPAHWTH B obecTpyitHOIt ~ Kamepe  TOJIIHHY
KOHCTPYKIIMOHHOT'O MaTepuaJsia, pPaBHON 3 MM, HMeIuiicd CcjJ0il TpUKJIeeHHONW pe3uHb
TOJIMUHONK 10 MM OCTaBUTH, KaK JONOJHUTEILHYIO 3BYKOH3OJSIUIO CTEHOK KaMmepbl. Kpowme
TOT0, PE3UHOBAs MPOCTIOIKa OyIeT BBHIMOIHATH POJb BHOpoAeMIbupoBaHus. JlomoHATE/IHHO
HA BHYTPEHHIOI MOBEPXHOCTH KAMEPHI MIPE/IArAJI0Ch HAHECTH 3BYKOIOTIOMAIONINNT MATEPHA.

Db EKTUBHOCTH TTPUMEHEHHST 3BYKOIMOT/IOMIAIOIINX MATEPUAJIOB TECHO CBI3aHA C
TOJIIIHHOR OCHOBHOI'O MaTepraja KOPIyca M TeM, HAaCKOJIbKO OH repMeTHdeH.  AHaaus
KO3 PUIHEHTOB  3BYKOIOIJIONICHHST PA3JIUIHBIX MATEPHAJIOB IOKA3aJa, dYTO HauOOJIbIIe
9bGEKTUBHOCTBIO 00J1/[aI0T MHHEDPAJIbHbIE BAThl U BOWJIOK (Kpome HH3KHX vacTor). Bbuio
IIPE/JIOZKEHO HCIOIb30BaTh B Kadecrse 3IIM 3Bykonorsomaromue 6azanbrossie Marst (B3M)
tosmuHoN 30 MM, TTpeCTaBAAoNIne OO0 W3 /1e/sl, H3TOTOBJIEHHBIE U3 PHIXJIOTO CJIOS XOJICTOB
0a3aJIbTOBBIX CYHEPTOHKHX BOJOKOH B 000JI0YKe U3 CTeKJAdHHON TKanu. Koapdumuenr
3BYKOIIOTVIOIIEHUST TAKUX MaTEePHAJOB B CPEJIHE-BHICOKOYACTOTHOM JIMAIa30He KOJIeOJIeTCs OT
0,5 10 0,88.

[IpoBeennbiit npeaBapuUTE/IbHBI pPacIeT CHHYKEHHsI IIyMa Ha pabodeM MecTe
ollepaTropa IpH HCHOJb30BAHUU IIpeJjlaracMbIX MEpOIPHATHNR IIOKa3aJ O HEBO3MOXKHOCTH
OXKMJIAEMOr'0 IIyMa JIOCTHYb TpeOOBaHHMil CaHUTApHLIX HOpM. B pesyiabrare BBINOJIHEHHS
YKa3aHHBIX BBHIIE MEPOIPUATHIl YPOBEHD IIyMa Ha pabodeM MecTe omepaTopa JapodecTpyitHoi
00pabOTKM BHE KaMepbl MOKeT ObITh CHHKeH He Oojiee, yem Ha 8-10 1B B HOpMHUpyemMoM
JMana3oHe YacToT.

Jlnsg MUHHUMHU3AIUU YPOBHS IIyMa HEOOXOAUMBI IMPABHJIbHBIE TEXHOJOIHYECKHE
MEpPOIPUATHUS II0 BHEJAPEHHIO AMCTAHIIMOHHOIO YIIPaBIEHUd U padOTa IO IFepMeTHU3AIUU |
n30,1s1un 000PYA0BaAHUSI, YTO MO3BOJISIET COKPATUTD IIIYMOBOE 3arPA3HEHNE CPA3y B UCTOUHUKE
ero obpazosanus [8].

ABTOpBI TaK:Ke IPeIaraloT yCTAHOBUTD Iy MO3AITATHBIE 9KPAHUPY IOIIHe KOHCTPYKITUT
U OIPAJIUTD YIACTKU pabodux MecT ¢ HanboJiee HHTEHCUBHBIM IIIYMOM, YTO IO3BOJIMT YBEIUIHTD
JUCCHTIANMIO U chOPMUPOBATH 3BYKOBYIO 3AIMUTY s OoJiee OJIaronpuATHOTO aKyCTHIECKOTO
1OJTs B JINTEITHOM 11€Xe, U B 9aCTHOCTH U Ha pabodeM MecTe omeparopa JApodecTpyitHOl KaMepHhl.
9]

Kpome Toro, yxke ormedasoch, dYTO B JUTEHHBIX IeXaX UKJHYIHAad paboTa
o0OpyIoBaHUS BJIMACT Ha 3HAYeHHE SKBUBAJEHTHBIX YpOBHEH ImymMa Ha pabodeM MecTe
orrepaTopa JApodbecTpyRHOTO Iponecca, KOTopbie Oy/IyT UMETh MEHbITHE 3HATCHUS.

Tax kak, HECMOTPS Ha MPEIJIOKEHHbIE MEDPONPUATHS JIOCTUYb HOPMATHBHBIX
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3HAYEHUI 110 MOKa3aTeJIdM HMEIOINerocs IIyMa B HACTOAIIUIT MOMEHT 0e3 W3MeHeHHsI
KOHCTPYKIUU JPpobecTpyiiHONl Kamepbl TeXHUYECKU HEBO3MOXKHO, TO JIJIs OII€PATOPA MOKET
OBITH TIPEJJIOKEHO MCIOJb30BAHUE CPEJICTBA MHAMBHYAJIBHON 3aIlAThl — 3aIUTHBIA HLIEeM C
IPOTHUBOITYMOBBIMI HayTHIKaMu [10].

3akJrJdyeHue

B pabore mnpejacraBieH aHaaM3 BAUSHHAS I[IyMa Ha ONEPATOPOB JIMTEHHOIO
MIPOU3BOJICTBA W WCCIAEAOBAHO YJIYUIICHUE VCJIOBUH TpPyJa OIEPATOPOB JUTEHHOrO Iexa
3a cUYeT CHHUKEHHs IIyMa Ha HX pabouumx MmecTax. PaccMoTpenHas Tema SBJIAETCA BaxKHOM
CONMAJIBLHO-9KOHOMHUYIECKOMN, IKOJTOTUIECKON U HAyUIHO-TeXHUIECKoi mpobaeMoii. K ocHOBHBIM
pe3yabTaTaM MOXKHO OTHECTH CJIEIYIONINe BBIBOJBI:

1. Ompemenensl y9acTKi JUTEHHOTO MTPOW3BOJICTBA C TPEBBINIEHUEM JIOTMYCTHMOTO
YPOBHd IIyMa — YYaCTKH BBIOUBHBIX PEIIETOK M YYACTKH OYHCTKHA JIUThbd METOJIOM
JpobecTpyitnoit 06paboTKH.

2. VcTaHOBJIEHO IMPEBBINICHUE YPOBHEH NIymMa Ha padoduX MecTax olneparopoB Kamep
NecKOCTPYitHOI n ApobecTpyitHoil 00pabOTKM 10 CPABHEHWIO C HOPMATUBHBIMH 3HAYCHUSAMHU HA
4-18 1b.

3. ABTOpamu mpemiaraloTcs peKOMEHIAIIMH [0 CHHKEHHMIO ITyMa Ha padodeM MecTe
orieparopa JpodecTpyilHOfl KaMepbl 3a CYeT CHUXKEHHUs [IyMa B CAMOW Kamepe U yCTaHOBKHU
MyMO3AIMUTHBIX 3KPAHUPYIONINX KOHCTPYKIMI J/Is OTrpak/IeHHs YYacTKOB ¢ Hambosee
WHTEHCUBHBIM TIYMOM.
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A4deednple MOIEJIM KOHIIEHTPUPOBAHHBIX 3MYJIbCUIl chepuiecKnx
KalleJib

Kazakos JI.I1.
K.db.-M.H., Begymuit HaydHbIi COTPYAHUK, THX00OKEAHCKHH OKEaHOJOTHIeCKUiT HHCTHTYT UM.
B.I. Unsnuésa IBO PAH, r. BaaguBoctok, PP

AnHoTanus

PaccMoTpeHBr B TMHEHHOM TPUOIHKEHUN TApPMOHUYECKHE BHIHYZKIEHHbBIE KOJEOAHNUS BSI3KUX Kalle/lh
B BSI3KOil HECKMMAEMOH KUJIKOCTH B YCJAOBUAX CTECHEHHOTO OOTEKAHWSA B SUCETHOM MOHOIHMCIIEPCHON MOJIE/TH
SMYJIbCAW TIOA, JeHCTBUEM TI€PEMEHHBIX MAaCCOBBIX CHWJI, CHJI TOBEPXHOCTHOTO HATSIYKEHUS W OCIUJIIANNN
BMEITAIOIIEH >KUJAKOCTH. Y UTeHBbI TOJBKO Bs3KHe morepu. V3ydeHO moBemeHme MPOOHON KAl B sSUeiike C
JKECTKON HEBeCOMOit cdepuyaeckoit 000109Koii. Ha 3T0ii 0CHOBE IyTeM MOOYepPEeTHOrO 3aaHUsT IBPUCTHIECKUAX
rpaananbix ycaosuit Keamauna, Xannens u Kysabapsr Ha BoOOparkaemoil chepuaecKoil TTIOBEpXHOCTH sTIeiKu
MIOJTy 9€HbI PEIICHUS ISl STUX TPEX BAPUAHTOB dMyJsbcrun. HaligeHbl HU3KO- U BHICOKOYACTOTHBIE IPUOIHKEHHSI.
Ilocnennwe crnpaBemiuBBI I BCEX UETHIPEX PAa3HOBUAHOCTEH sMysabcmit. Ilpm Masoit KOHIEHTpamuu u3
HUX CJAEIYIOT PA3HbIE YACTHBIE CJIyYad IBHKEHHsS OXWHOYHOW KAILIM B JKHUIKOCTH, HAIpUMep, (OopMyIbl
Priounnckoro-A namapa, Kénura w gpyrwe. JIas mpow3BOJILHBIX KOHIEHTpAIWMH Karejlb TOJIyYeHbI 00Iue
bOpMyJIBI 11 KOMILJIEKCHOMN TIJIOTHOCTH BAPUAHTOB MOJIEJIE SMYJIbCHIT TPU PACITPOCTPAHEHUN B HUX 3BYKOBBIX

KOJieOaHUIA.

KittoueBble cjioBa: KOHIEHTPUPOBAHHBIE dMYJIbCUU, TAPMOHUYECKHE KOjebaHusi, BA3KUE TOTEpH,

A49eedHble MOJENIN, 'PaHUYHbIE YCIIOBUA, KOMILJIEKCHAA IITOTHOCTD.

Cellular models of concentrated emulsions of spherical drops

Kazakov L.I.
PhD, leading researcher, Pacific Oceanological Institute named after V. I. I[ichev FEB RAS, Vladivostok,
Russia

Abstract

Harmonic forced oscillations of viscous droplets in a viscous incompressible liquid under conditions of
constrained flow in a monodisperse cell model of an emulsion under the action of variable mass forces, surface
tension forces, and oscillations of external liquid are considered in a linear approximation. Only viscous losses
are taken into account. The behavior of a test drop in a cell with a rigid weightless spherical shell is studied.
On this basis, by alternately setting the heuristic boundary conditions of Kvashnin, Happel, and Kuvabara on
an imaginary spherical cell surface, solutions for these three emulsion variants are obtained. Low-and high-
frequency approximations are found. The latter are true for all four types of emulsions. At a low concentration,
they are followed by various special cases of the movement of a single drop in a liquid, for example, the
Rybchinsky-Hadamard, Koenig, and others formulas. For arbitrary droplet concentrations, general formulas

are obtained for the complex density of variants of emulsion models when sound vibrations propagate in them.

Keywords: concentrated emulsions, harmonic oscillations, viscous losses, cell models, boundary

conditions, complex density:.

Email: lev-kazakov@rambler.ru (Kaszakos JI.I1.)
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Beegenne

BOJBIUHCTBO M3BECTHBIX TEOPETHYECKHX PAbOT 110 PACIPOCTPAHEHWIO 3BYKA B
aucnepcHbX  cpenax  (mampumep, [1-4]) orHOCHMTCS K cpemaM ¢ MaJbIMH  OObEMHBIMU
KOHIEHTPAIMAMN B3BENICHHLIX YACTHIl, HE NPEBBINIAIONIME HECKOJIHKHX IPOIEHTOB,
KOrJa OOJIbIIHe PACCTOAHAS MeXKJIy YaCTHIAMU HO3BOJILIOT CUYATATL MX 000COOJCHHBIMU
1 HeB3aMMOIEHCTBYIOIIUMHA APYT C APYTOM. DKCIEPUMEHT OOBIYHO HOATBEPKIACT TEOPHIO IIPU
kouteHTpaiuu vactui] 10 9%. lamee mpoucxoaut peskoe ux pacxoxjaerue [2|. Omnako pabor,
HCCJIETY OIIUX KOHIEHTPUPOBAHHbIE JIUCIEPCHBIE CPeJibl, Topa3/I0 MeHbine (Hanpumep, [5-9]).

HanGosree amekBaTHONW MOAEABIO JJIA ONWCAHUS JUCIIEPCHBIX CPEJ TTPOU3BOJBHBIX
KOHIIEHTPAIMH sIBJIsleTCsl  sideevHasi MoJefb.  Ho OHa uWMeeT KpymHble HemocTaTku: 1)
IPUMEHUMOCTD JIMIIb K MOHOAUCIIEPCHBIM CpelaM, KOTJa BCe BKJIOYEHHS OIUHAKOBBI II0
pazmepam, ¢dopme u CBOHCTBaM; 2) yHOPSIJIOYEHHOCTH CTPYKTYDBI, He XapakTepHasl s
peasbHBIX CpeJl; 3) HEeONIpeJeJeHHOCTh TPeOyeMbIX TDAHUYHBIX YCJIOBHH Ha MOBEPXHOCTH
AYEHKU, KOTOPBIE HEM3BECTHO Kak 3ajaparTh. OOBIMHO MCHOIL3YIOT CJIELyIONre HalIeHHbIe
IBPUCTUYECKUM [yTeM IpaHUYHBbIE YCIOBHs: KecTkKasg obosnouka sdeitku [10, ¢.152, 518|;
yeaosue Kpammauna |11, ¢.154]; yeaosue Xanmess [10, ¢.447); yeaosue Kysabapsr [10, ¢.450].

PaccmorpuM  nocrynaresbHbIe TapMOHMYECKHE KOJEOAHUA KAILIM B  OKDPYKECHUH
HOJABUZKHOMN KECTKOH 000/I0UKH, 00 JAPYTHX TAKHX YK€ KaleJb, MOJ JAeHCTBIeM NepeMEeHHbIX
MACCOBBIX CHJI, CHJI IIOBEPXHOCTHOIO HATSAXKCHHS M OCHUJLIANMI BHEIIHEH YKUJIKOCTH.
O6e xuakoctn OymeM CUUTATH BA3KHMH, HECKHMACMBIMH M OUPAHMYMMCH JTHHEHHBIM
npubamkenueM ypapoenua Hasne—Crokca. Kanuiigproe maBienue IpeIiIookKuM HACTOILKO
OOJIbIIIMM, YTO HpU KoJieOaHUAX Kalljid coxpanser chepudeckyio ¢opmy. Dyjaem ydurbiBaTh
TOJIBKO BA3KHE MOTEPU 3SHEpruu, npenedOperas rtemnoBbiMu.  CHadasa pemmM 3a1a4y o
KOJIeOAHMAX KaIlIv, MOMEINEeHHOW B HEeHTD »KeCcTKoi cdepnyeckoit obosoukn. 3arem OymyT
HCCIeIOBAHBl KOJe6aHus COOCTBEHHO AYEEUHBIX MOJEJCH MOHOIMCIEPCHON CHCTEMBI KAIleIhb
[10] mpu Tpex yKa3aHHBIX BBIIIE BADHAHTAX MPAHUYHBIX YCJIOBHUII HA TIOBEPXHOCTH STIEHKH.

1. 2KecrTkag oboJiouKka g4yeiikmn

Ucxonble ypaBHEHHsI TaDMOHUYIECKUX KOJOAHUH B 3AIlUCH JJTsl BHENIHEH JKUJIKOCTH
HMeIOT BUJI (OIyCKAEMbIii BPEeMEHHONH MHOKHTETH - e “!) [12, ¢.73]:

—iwpT = pF — VP4 AT,  divT =0, (1.1)

rje W - IUKJINYecKasd YacToTa; p W 1) - IUIOTHOCTh U BA3KOCTb JKUJKOCTH; P -
KOMIIJICKCHAas aMILIUTYAa JABJICHUAL; 7 u - AMILTATYABI, COOTBETCTBEHHO, KOJebATeIbHOI
CKOPOCTH W BHEIIHeH CHJIBbI, JIeHCTBYIONMe Ha eIWHUILYy MacChl KUJIKOCTU. B aHaJIOTWYHBIX
YpaBHEHUAX JIJIA BHyTpeHHeIU/I O6ﬂaCTI/I BCJIMYHUHDBI, XapPaKTEpU3YyKoHiue CBOHCTBA U ABH2KCHIEC
KUAKOCTH B Kallje, CHa6,ZLI/IM HITPpUXaMH.

Ob6o3HAYIM aMIUTUTYIBl KOJIeOaTeTbHBIX CKOPOCTeH Kallih KaK MeJ0r0 W YKeCTKOI
000JIOUKY OTHOCUTEJHHO HEMOABUKHOU CHCTeMbl KOODJIUHAT, COOTBETCTBEHHO, Yepe3 u 7,
CUUTASL 3aaHHoi. BekTops 7, u Oy/ieM mosaraTh HAPABIECHHBIMHU BJIOJTb TOJISPHOM
ocu cepudecKoil cucTeMbl KOOPJUHAT, HA49a/ 10 KOTOPO COBMEIIEHO C IEHTPOM KOJIe0IoIIeics
Kaman. Takasi cucreMa OTCUYeTa HemHepIuajbHa, IMOITOMY B Hefl cjiejyeT ydecTh jeficTBue
MaCCOBBIX CUJI MHEPIUU, 3allNCaB

.
?:J%+ —iwl + G, (1.2)

rJe 5 - YCKOPEHHE OT BO3MOKHBIX "OOBIYHBIX'" MACCOBBIX CHII.
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B npungroii cucreme KOOpJAWHAT HA BHYTPEHHEH MOBEPXHOCTH 000/I0YKU pajuyca R
U Ha MOBEPXHOCTH KAILIM pajinyca R JIOZKHBI BBIIOJHATHCS CJAEYIONne KHHeMAaTHIecKue o
JUHAMHYECKHe FPAHUYHBIE YCIOBUL:

vpr(Ry,0) = (V —U) cosb, vp(Ry,0) = (U — V) sinb,
v (R,0) =v.(R,0) =0, vo(R,0) = vy(R,0),
~P(R,0) + 21(%),_r — 2(A + Bw) cosf = wam+2’(w) , (1.3)
r=R

T

10v, | Ove _ v _ 1 nfg — g (L0 L % v
NG5+ 5= %),k R<A+BV0)Sm9—77<raa ar .

riae 0 - MoJadgpHBIH yroJ. 37ech IepBas Iapa YCJIOBHH O3HAYaeT, 4YTO 00O0JIOYKA
¢ mpuieramoleii K Hell KUIKOCTbIO JIBUMKETCS OTHOCHTETBHO KAILIH CO  CKOPOCTBHIO
(V. — U). Cueayomue jBa TpeboBaHusi - 9T0 00pallleHHe B HyJib HOPMAJIbHBIX U
PaBE€HCTBO TaHI'€HIOUAJIBHBIX CKOpOCTefI }KI/I,ZLKOCTeﬁ Ha IIOBEPXHOCTHU HeHO,ZLBI/I}KHOﬁ B 1 E€JIOM
n HegedOpMHUpYeMoOil Kaman. B aImHaMUYecKWX TPaHHYHBIX yeaoBusax BegwdnHa A + By
XapaKTepu3yeT MepPeMeHHYI BJOJIb T'PAHUIBI pasfiena JKUJIKOCTeH dYacTh MOBEPXHOCTHOTO
HaTsykeHus () corIacHo COOTHOIICHHUIO

a(f) = ap+ (A+ Byy) cos, oy = const, (1.4)

e vy = Vp(R,m/2) - raHreHnmajbHash CKOPOCTh KHJIKOCTEH Ha SKBATODE KallIW;
sHavenus BequduH A u B 10/KHbI ObITh HAHCHBI OTAENABHO, IPH PACCMOTPEHUH KOHKPETHOTO
MeXaHU3Ma W3MEHEHUsI MOBEPXHOCTHOTO HaTs»KeHus. [Ipm 3rom Moxker okazarhes, ato A = 0,
a B # 0, Kak, HAIpUMED, B CIydae 3apsrkKeHHBIX KHJIKOMETAJIMIECKUX Kallelb B PacTBOPE
SJEKTPOJIATA B OTCYTCTBHE JEKTPHUIECKOTO MOJst 7).

YauThiBasi OCECHMMETDHYHOCTh 3ajadi, pelieHne ypapHeHuii jpuzkenus (1.1),
YAOBJIETBOPSIOIIEe TPAHNIHBIM yeaoBusiM (1.3), Oymem uckarb B Buje |13, ¢.397]

v, = f(r)cosf, vg=p(r)sinf, P=n [w(r) + %T} cosf, (15)
v, = f'(r)cosf, wvy=¢'(r)sing, P =1 [@/}’(r) + 'i;—Fr} cos 0, '
rie

F =iwU +G. (1.6)

IToncranoBka 9TuX BeIpazkenuii B ypasuenue (1.1) mpuseer x cucreme qud depenunagbbix
ypaBHenuii ornocurenbno byt f(r), o(r), ¥ (r), penms KoTopyio Haiigem |7]:

f( ) Ol T 6mr C Zm"—i— —mr + bl + b27

(ikr)3 iKT)
QO(T) _ _% 7112:;%;%7") kT 4 Co 1+le:};|;§2/€7‘) —iKkT + b12_3 _ b27 (17)
Y(r) = bl(mgﬂ — by(ir)?r,
rie C1 2, by o - HeOLPe IeIeHHBIE TIOCTOAHHBIE; K = “:)p = (1+41),/32 n - BOJIHOBOE THCJI0

CABHUT'OBBIX BOJIH BHENIHEN 2K JKOCTH.
/

B dopmymrax (1.7) aas byuxmwit f/(r), ¢'(r), ¢ (r) cieayer nonoxurs by = 0,C) = CY,
9TO0BI YCTPAHATH PACXOJAMMOCTH B HA9AJIe KOOPAMHAT. B pe3yabrare MOIydmM:

f(r ) = 20/ (smm" — K'r cos K'r) + b,
90/(7“): w {[ (k'r)?] sin k'r — K'r cos k'r} — b, (1.8)
W'(r) = —by(ir')?r,
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) . /
e kK = /% = (1+1), /‘5—7?, - BOJTHOBOE YHCJIO COBUTOBBIX BOJIH *KUIKOCTH KAILIW.

[Moacrasus Boipaskenns (1.5), (1.7), (1.8) B rpammunsie ycgosus (1.3), mpumem K
cucTeMe U3 BOCbMU yPaBHEHUII OTHOCHTEJIBHO HeolpeieseHHbIX HocToaHHbIX O, Cy, by, by, C7, b5
M UCKOMBIX cKopocTelt U ¥ 1, KOTOPYIO YIPOCTUM JIO CUCTEMBI JIBYX YPaBHEHHI OTHOCUTEIHHO

Cl n Cgi

/ C / C 2 /
27D (y) + 311.] w(—y)y—§ — [2nD(~y) + 31] w(y)y—§ = A+ @ +30)b, (L9)
(& Cy
w(—z)E - W(Z)E = by, (1.10)
rie
1— v _ v
D(y) = s : 72 6 )
1—y+ 5

31, = 37'Q(x) + B,

(6 — 2?)xcosz — (6 — 32?)sinx

Q) = 3[(3 — 22)sinz — 3z cos 7
%
w(y) = (1—|—y+§) e, (1.11)
9 I F 2
b = M7 (1.12)
3ny
r=rR, y=IikR, z =ikRy. (1.13)
Pemrernme cucremsr ypasuenuit (1.9), (1.10) naer:
Cia | {nlules) = DEpu)] + 30 [u(Es) —wlp b+ du(EDA

v 2n[D)w(z)w(-y) — D(=y)w(—2)w(y)] + 3n. [w(z)w(—y) — w(—2)w(y)]’

[Jie B YHCIUTE/e BEPXHHUE 3HAKM IIPU apryMeHTax y u z GYHKOmiA w u [ OTHOCATCS K
C1, a amxane — K (.

Buast by, C1,Cy HalijeM 3HAYEHUsI OCTAJbHBIX HEM3BECTHBIX W B IEPBYIO OYepeb
CKOpPOCTEM

o) Cy

Vo = —g w(_y)E - w(y); —bi|, (1.15)

U= _% [(1—y)e? — (1= 2)e*¢®] + =2 [(1+y)e ¥ — (1 +2)e "] + (1 — b+ V, (1.16)
rie

€= E, (1.17)
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2. Slgyeeunble MOIEIN IMYJIbCHI

[IpeacTaBuM SMyJIBCUIO M3 OJMHAKOBBIX KalleJib B BHUIE VIOPSAOYEHHOU CTPYKTYPBHI
sgJeeK THIIA TeKCcaroHaJabHOH ILToTHelmeil ymakoBku. Kazkaas Kalis HAXOAUTCA B IHEHTPe
SJIEMEHTAPHOM fueiiku B OKPYZKeHUHU BMeIaonei K ugkoctu. ['ujipojiuHaMudecKoe u TeIjioBoe
B3aUMOJIeficTBIE KaILId C COCeJHUMHU KaILISIMH OCYIIECTBJISeTCsS depe3 BOOOparkaemyro
BHEITHIOIO TPAHUILY d4YeiKH, MPUOJIMKEHHO AlMPOKCUMUPYEMYIO CHEePUIeCKOi MOBEPXHOCTHIO
pamuyca R;. DToT pamyc BHIOHpPAOT TaK, dTOOB BeimdmHa &£ coBmaga ¢ 0ODbeMHOI
KOHIIEHTpAIlieil Kameab B SMYJbCHH. TakuM o0pa3oM, CBOMCTBA IMYJILCHU OIpEIe/IsdeT
1oBeJIeHuEe POOHOM Kalliun B sideiike.

Bajada 0 ABUKEHWH KAIlId B STYEEYHOI MOJEIN aHAJOTHIHA PACCMOTPEHHON 3aaade
0 ddveiike ¢ KecTKoi 000/109Koii. Pasmuna junmb B 3a/laHUM WHBIX TPAHUYHBIX YCJIOBHI
HA TOBEPXHOCTH sdveiiku. Kax 3To ciaesarb TOYHO HEHM3BECTHO, XOTs Obl IOTOMY, YTO
He OIpeje/ieHa W caMa IpaHdIa. A OHa, KOHEYHO, MHOIO CJIOKHEee, 4YeM IIPHOIUKEHHO
3aMernailas ee npocras cdepudeckasi MOBEPXHOCTb. [lodToMy 3ajlaHue TOYHBIX YCJIOBHUIA
BPSAJ JII BO3MOXKHO W TPHUXOJUTCH TPOOOBaTH pasHbie OoJiee WM MeHee IPaB/Ionoa00HbIe
BapUaHTHl i cepudeckoil moBepxHocTu sgdeiiku. Ha moBepxHOCTH Ke KallId I'PAHUYHBIE
YCJIOBUSI OCTAIOTCsI MPEKHUMHU. DBymem cuutarh, uTo B moJwocax sdeilku (mpu 6 = 0,7)
CKOPOCTH BHEIIHEeH »KUJIKOCTH 3aJlaHa U paBHa V' B HEOABHMXKHON cucTeMe KoopauHat. Torma
C€AUHCTBCHHBIM TI'PaHUYHbIM YCJOBHECM, IOIJIEXKAIUM 3aMeHe, OKa3blBa€TCd YCJIOBUE [IJId
TaHFeHHHaJIbHOfI CKOPOCTH 2KHJIKOCTH Ha I'PaHUILE SYeNKU.

CHavyaja MNpealloJIOKUM, YTO Ha IOBEPXHOCTH sAYEHKH BBIIOJHSAETCS YCJIOBHE
KBamuanna

vy 0 dp
—_— = uan —
or ’ dr

T.e. MUHAMYM TaHTE€HIUAIBHON CKOPOCTH 10 PaJuaIbHON KoopauHaTe. llo-BuauMomy,
9TO UMEeT MeCTO, 110 KpaiiHeil Mepe, B JIBEHA/IATH TOYKaX CEePUIECKON TOBEPXHOCTH sd4deiiku
- TaM, TJie OHA COIpHUKAcAeTcd ¢ OamzKaimmmu coceguumu sgdeiikamu. Juddepennupys

dbyukmuo ¢(r) w3 (1.7), yoeaumcest, ato ycaopue (2.1) MoKeT OBITH 3alUCAHO B BHJIE

— 0, (2.1)
r=Ry

4 Cy
U)l(—Z)E — U)l(Z)E = b17 (22)
raoe
22 2’2
wi(z) = 1+z+§+§(1+z) e ”. (2.3)

Dopwmyaa (2.2) 3amensier ananorngnoe Buipazkerue (1.10) n coBMecTHO ¢ ypaBHeHHEM
(1.9) mosBoutster onpeenuts nocrosuubie C1 u Co dopmynamu (1.14) ¢ TOi TONBKO pasHUIIEH,
9ro B HUX w(z) HYKHO 3aMeHHTH Ha wi(z) no dopmyre (2.3). HanbHeifnme BHIYUCICHAS
HPOBOJSTCS TaK Ke, KaK U B CJIyYae C XKeCTKON 000JOUKOI.

Pacemorpum Temeph yeiaopue Xammedig. OHO cOCTOMT B TpeOOBAaHWH, YTOOBI HA
IpaHuIe sveiikun o0pamaInch B HyJlb KacaTeJbHbIe HAPAKEHUS

10v, Oy v,
097“:77<_ +_6__0) :07
r=R1

r 00 or r
Win
dy f(R1) + o(R)

— = 0. 2.4
dT’ r=R; R1 ( )
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Ucnonn3yst coornomenust (1.7), mpeacrasum (2.4) B BuIe

Ci Cy
U)Q<—Z)E - UJQ(Z)E = b17 (25)
rie
22 22
wy(z) = 1+z+§—|—g(1—l—z) e ”. (2.6)

Cpasuubag Beipazxkenus (2.5) u (1.10), Buaum, uaro Teneps B dbopmynax (1.14) ans Cy
1 Cy HyKHO 3aMeHuTh w(z) Ha we(z) mo dbopmye (2.6).

Veaosue KyBabapsbl mocty/upyer OTCYTCTBUE 3aBUXPEHHOCTU TEYEHHsSI HA I'DAHUIIE
a9eiikn 7’0257(]%1,9) =0, wm

ovy vy 10, B
(W+7_289) Y
Orcroma o (1.7) naiigem:
d
ap n f(Ry) + o(Ry) —0
d?" r=R, Rl

Ci(1 —2)e* = Cy(1 + 2)e >

Do 3amensier ypasuenne (1.10). Boipaxkenus qns Cp u Cy B JAHHOM CJIydae MOKHO
nostyanth w3 dbopmya (1.14), ecom B HUX BMecTo w(2) MOACTABATD

w3(z) = (14 2)e 7,

a B gncuTeaax cantarh w(y) = w(—y) = 0.
Huskouacrornsle npubiuzkenus i ckopocteit U u 1, cipaBeIuBble DU

2 R2 2 R2
Wl wp <<1, m:u}p1<<1,
2 2n 6 6n

1IOJIYy4Y€HbI B BHUJIC

20D [, (€) + 0,0 (€)] — 2 A (€)

U=—21 +V, 2.7
NGRS 20
(p'=p)R*F _ A
vy = 3 Oén(g) / ,¢n<§)7 n — 07172’3. (28)
20 (&) + 3y, (€)
3nech ungekc n = (0 OTHOCHTCS K s9eiike C 2KecTkoit 0bosioukoit, n = 1,2,3

K BapuaHTaM si9eedHOil MOJEIM B TOM TOPHA/Ke, KaK OHH pPacCMOTpPeHbl Bbile. @OyHKIUN
aprymenTa { UMerT BUI:
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Po(§) =1—36+385 -5 (&) =1— 36+ 363 - 265+ ¢6
Yo(§) =1+ %557*) Y =1—6  ap(§) =1 —2¢% + 3¢5
p1(§) =136 =25+ 365 (&) =1 — Ze+ 365 4 367 — 3¢5,
P1(§) =1~ -55 YiE) =1+ 38, an(§) =1—26% - 2¢%;
902(5)21—5 E+E8  oh(6)=1-3¢64326° - 56*

() =1 -6 Wh(E) =142 a(§) =1-&%
p3(€) =156+ 3565 @h(€) =136+ — 35
V3(€) =1, &) =1 az(§)=1-¢&%

OTMeueHHBIE BBIPAYKEHUsT COBIAIAIOT ¢ W3BECTHBIMH Pe3y/JIbTaTaMH MPEANTeCTBYIOMNX
paboT 1O CTAIMOHAPHBIM T€UYEHHSIM B sueedHbIX Mojeasx [10, c. 155, 156, 449]. Dru dyHkunu
CBSI3aHBI COOTHOIITEHUEM

30n ()Y (€) = 20,(§)¥n(§) + ar(€), (2.9)

KOTOpPO€ BBIBOIMTCS CJAEAVIONUM oOpa3oM. 3amgaauM BeamdnHy A Taxoil, IToObI
aucsanTeab Gopmyast (2.8) obparusicss B HyJdb, T.e. 9TOOBI MOBEPXHOCTH KAl OKA3aJIaCh
zaropMmozkennoii. Takas kamrs Oyger HeoTIMYUMa OT TBepAOil cdepwl, n KomedaTeTbHYIO
CKOPOCTH ee TeHTpa Mace U MOXKHO BbIYuCAuThH 110 dopmye (2.7), gmbo ToACTaBUB B Hee
3ajanHoe 3HadeHwe A, mO0 momokuB (hopMaTbHO 7, = oo. V3 paBeHCTBA MOJIY4YeHHBIX
TakuM 00pa3oM BbIpazkenuil 1yist U caeayer coornomenune (2.9). B ero cnpapejinBOCTH JIETKO
yOeINTHhCA W HEeMoCPeICTBeHHO mpoBepKoit. Kpome Toro, mMeeT MeCcTO paBEeHCTBO

2 (8) +3¢,,(§) =5

Broicokouacrorubie npubjmzkenus Jyisg ckopocreit U u 1 cupaBejjiuBble 1Ipu

BBIIIOJITHEHHU yCJIOBI/IH
wp 3v2(1 — lnf)
2| =/ —R1 > ————F—=
n 1-¢

JAIOTCS  CAEAYIONAMM eJIWHBIME JJIs PACCMOTPEHHBIX 4-X Mojeseil CTeCHEeHHOro
o0TeKaHus Kaleab (popMyJIaMu:

2(p/ p JE (15 (y) + 0,5 (y)] — 2A(1 —y) + V (1 —y+ %) 2nD(y) + 3]
2nT (y) + 301" (y)

U= . (2.10)

2
20T (y) + 3n,.1"(y) 7

(o' =p)R2G (1 _ AT 1= (1 _ 0 )2V
UG (1 _ ) — AT/ (y) — 1=0(1 — )y o

vy =

rae

S =(1-¢)(1-H+2 (1-1) 50 =1-¢+%(

T(y) = [1- U2 -y + L - (-] (-4 &,
T(y) = [1- 28] (1 -y +[1- (1= ¢ £,
W_Zpgip

npudyeM uMeeT MeCTO COOTHOINeHue
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3S(y)T'(y) = 25" ()T (y) + (1 — ),
SIBJISTEOITIEECS] BBICOKOUACTOTHBIM aHAJIOroM hopmysbt (2.9).
[Mosepum npubsuzKenus npejeababivMu nepexogamu. [lpu € — 0 u3 (2.10) caemyer:

. (212)

D1a dopMysa COAEPKHUT pasHble YACTHBIE CAyYAH JBHZKEHHS OJHHOYHOH KAIUIH B
kugkocrn. Tak, 1 aBmzkenns B noxosmeiics kuakoctu (V' = 0) ¢ MOCTOSHHONR CKOPOCTHIO
(w, ly| = 0) B moste cunpr Tsxecru (G = ¢) mosy4nM

2(p' — p)gR*3n+ 3y + B 2A/3
9 2n+3ny+B 2n+3y + B’
Ecin 1oBepXHOCTb KalIi CBOOOJHA OT 3JIEKTPHYECKUX 3apsajoB, IHOBEPXHOCTHO-
AKTHBHBIX BEIeCTB W T.II., T.e. Koraa «(f) = ag = const u, caenosareasno, A = 0, B = 0, o

ITO BBIPAZKEHUE LEPEXOAUT B u3BeCTHYIO (opmyny Pribunnckoro—Ajamapa [12, c. 100]. IIpu
G=0,A=0,n.] >>nu3 (2.12) caenyer:

U:

U 1—y+%
R AL T
Vi l-y+ %

D10 u3Bectnasg dbopmyaa Kénnra (W.Konig, 1891 r.), morydennas takxke B [1]. Ona
CJIY2KUT OCHOBOM aKyCTHYIECKHUX TeOPHUil pasbaBIeHHBIX CYCIEH3UI.
Jlnst MasioBa3kux Kanesib, korjga |1),| << n,G =0, A = 0 no (2.12) noay4um:

Kaxk u B npespIayiiem ciaydae, OTHOIEHTE aMILIATY/ T CKOPOCcTeil 6JIM3KO K eTMHUTIE TIPU
ly| << 1 u crpemures K v npu |y| >> 1. Tak, s ra30Boro mysbipbKa B BOJIe B 110JIe 3BYKOBOIi
BOJIHBI JIOCTATOYHO BBICOKO# dacToTel U/V ~ 3.

C nomornpio (2.12) (npu A = 0,V = 0) naiijiem cuiy CONPOTUBICHUS JBUKEHUIO KAILIH
[14]:

2n(1—y+y§—§’—;>+3n; <1—y+%>
3n(1—%)+3mn, '

Orcioga mosyduM  vacrtoble (GOPMYJbI I CHJIBL  COIPOTHUB/ICHUS JIBUXKCHHIO B
HETIOJIBUKHON HA GECKOHEYHOCTH KUJKOCTH KAILIU, TBEPIOil cepbl, ra30Boro mysbipbka [12].
Tak, st TBepoii cepwr (' — 00) nveem

Fres = —6mnRU

Y

9

910 nepexoaut B (popmyay Crokca npu w — 0, a ipu n — 0 gaet:

2 . RQ
Fres = _67T77RU (1 -y + y_) ) y2 = _pr
n

2 . 2 dU
F..=—"nR¥p(—i = _“rR3p—
es 37rR p(—iwl) 37rR p o
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YTO BBIPAyKAeT M3BECTHBIH PE3Y/NbTAT: MPUCOEINHEHHAS MACCa UAeaJTbHOM KUIKOCTH
JUIs OCIMJLIMPYTOTEil ¢cepbl paBHA IOJIOBUHE MACCHI KHJIKOCTH, BHITECHEHHON cepoii.

Korjga maioTHOCTH KUIAKOCTEH B 3MYJIbCHHM DPa3HATCS, KoJebarejnbHble cKopocTu U
u V He CcOBHANAIOT, T.e. KaIUld JIBUKETCS OTHOCHTEJHLHO BMemiaiomiei xkujaxkoctu. [lpum
9TOM 3a CYeT BI3KOCTell 00enx >KUJAKOCTeH MPOUCXOMUT YACTOTHO3ABHCHMAS JTUCCHUITAIMS
MeXaHHIeCKO# sSHepruu. JIjis 3BYKOBOW BOJIHBI, JJIMHA KOTOPOH 3HAYUTENTHHO INPEBBLINIAET
pasMepbl 3IJIEeMEHTApHON sSYeiiku, 3MYJAbCUsl TpeJCTaeT 'MUKDPOHEOTHOPOAHOH" cpemoit ¢
3bHEKTUBHON KOMILIEKCHO# TI0THOCTHIO [7,8]:

~ - e P —p.U
o) = i) +ira(e) =p (14 L),
p V
Orrortenust ckopocreit (mpu G =0, A = 0) npejcTaBuM B BHjIE

g:;,nzo,l,li’).
Vo 1-1q,

Jlas derwsipex pPacCMOTPEHHBIX BBHINIE BAPUAHTOB HYEEUHBIX MOJEJel IMYIbCH
MOJIYYEeHbI TOJIHbIe BbIpaykKeHus (QYHKIUH ¢,. Chyuait xecTko# 000J09KH MTOAPOOHO
paccmorpen B pabore [8]. I cOOCTBEHHO SYEHCTHIX MOJEJell HMeeM: [PU  YCJIOBUH
Kpamranua

2 —p)wB? SW{f%zﬁJr[z(175+%£2)+§(17%5753+§§4)]ch[z(lfg)]f
o 2{ [2(0-6)+ 2 (2—de+3e2 €3+ e2(1-20)|ehlz(1-¢))-
—[1-de+ 257 (1-§ -0 4et) 5 (6-¢h) |shlz(1-¢)] }+3n { 226+ [(1-€+26)+

T (Gery) e gefata-olren{[:0-0r g 0-0

+%5(1_£3)]Ch[z(1_£)]_[1_2§+%(2+3£2—2§3)]sh[z(l_g)]} .
T e ehlo(1-6)) - [14 % (2-3E+€2)— 5 £(3-26) | shl=(1-€)] |

q1 =

pu ycjioBuu Xammeasd

b= Q(p/_gp)sz ' 37]{—%z§+£z(1—§£+£§)+%3(1—§_§3+§4)}ch[z(12—5)]—
" 2n{[2(1-6)+ 2 (1-€)3+ 52(1-¢) | ehl=(1-€)) - |1+ 5 (1-€)2—
—[1-6+5 (1- 26+ 262-6%) — 25 6(1-6%) | shl2(1-6)] }+30t, { 256+ [2(1- L6+ 8€2)+
- (1-dere) - 5560 sl -o psm { [20-9+ 3 (136262 + 55 € fehl=(1-6))-
+2 (1-69) | ehlo(1-€)] - [1- 36+ 5 (1482 —€9)|shlz(1-€) |
) 142 (3-66+2€2)- 5 €(1-6) | shl=(1-€)] } ’

npu yciosuun KyBabapsl

o) —p)wR? 3 2n{ [-26(1-6)+ 3 (3-6)(1-€%) | ch[=(1-¢)] -
o o lT1-0)+ 2 (36 —€8) [enlz(1-6))- [1- % (26 —€2)—
—[6+5 (14262-6%)- 2 6(1-6%) shl=(1-)] b+3n{[- 2 (1-€)+
T —xelsla-olfan{[z0-o+Fe]enlz0-e)- 7
+27 (1-6%)] chl2(1-6)]— [~€+ 5 (14362 —€%)] sh[2(1-€)]}
) - [1+5 -3 shlz0-9)} '

q3 =

Vuaer cunobix hakTopoB G u A BO3MOXKEH, HO TPOMO3IOK.
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3akJrJdyeHue

IlpuBeieHBl OCHOBHBIE PACYETHl AKYCTHYECKHX XAPAKTEPUCTHK SYEEUHBIX MOJeJIei
SMYJIbCHIl cPepuUecKuX Kalledb IIPOU3BOILHBIX KOHIEHTparuii.  PaccMoTpeHbl deTbIpe
BAPHAHTA M3BECTHBIX TIPDAHMYHLIX YCJOBUI Ha 1OBEepXHOCTH ddefiku. [losydensl HuU3KO- u
BBLICOKOYACTOTHBIC NPUOIUKCHUS I XaPAKTEePHBIX CKOPOCTEH KAIIM IPH TapMOHHYECKHX
KOJIe0aHUAX TOJ, JCHCTBHEM MACCOBBIX CHJI, TEPEMEHHBIX CHJI TOBEPXHOCTHOTO HATAYKEHUS U
OCIHWJLIANMA BMematomeii Kuakoctu. K Tpem BapuaHTaM 3MYJIbCHH JAHBI HOJHBIE (DOPMYJIBI
JUUIS pAcYeTa UX KOMILIEKCHBIX 3(EKTUBHBIX ILIOTHOCTEH B 3ByKOBOM HoJie. acTHBIE CoIydan
orux HopMmys s cycren3uii umeorest B padore |9).

[TocKONIbKY MHOTHME JKUAKOCTH HUMEIOT OIM3Khe 3HA4YeHus IJIOTHOCTeH, T.e. p = p
TO BA3KHE 3BYKOBBIE IIOTEPH B TAKUX SMYJbCHAX MOIYT OKAa3aTbCs HE3HAYUTEJbHBIMHU, 9TO
norpedyer ydera M TEIIOBBIX HOTE€pPb, HE 3aBUCAIIMX OT T'HJAPOJMHAMHYECKHX IPAHUIHBIX
YCJIOBHIl Ha IMOBEPXHOCTH g9eiikn. [ pacuera TeILIOBBIX HOTePbh HEOOXOIUMO HCIIOIL30BATh
pesyabrarsl paborer [15], kparko uzsoxkenusie B [8]. IIpum srom KommiekcHOi Oymer Takxke
3hPeKTUBHAST CKUMAEMOCTh 3MYJIHCHH.
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Pacuyer nrymMo3amiuTHBIX OrparkJaeHuil AJjid CHUXKEHUS IIyMa
OIepaTOPOB METAJLJIO00padaTHIBAIONINX CTAHKOB

Mlamypun A.E.'*, Kypuenxo I1.C.2, Toryaase M.I'.3, Pazaxos 2K.I1.4
L M.r.n., mpodeccop xadenpsl «DKOIOTHA U IPOU3BOACTBEHHAS 0€30HACHOCTD»
2.3 Muaammit HayqHbIH COTPYARUK, POCTOBCKTIT TOCYIAPCTBEHHLIH YHIBEPCHATET IyTeil
coobtenusd, r. Pocros-na-/lony, PO

* Cockaresn
L4 BI'TY «BOEHMEX» nm. J1.®. Yerunosa, r. Cankr-Ilerepoypr, PO

AnHoTanusa

ViIydineHuio ycaoBmii Tpyma Ha pabOYMX MeCTaX MAIIAHOCTPOUTENHHBIX MPEIIPUSTHN TTOCBIIIEHO
MHOTO pabor. B crarbe mokasan moaxo[d K CHUYKEHWIO YPOBHEH IyMa, OT MEeTaJLI000pa0daTHIBAIONIAX CTAHKOB.
PaccMoTpeHBI BOMIPOCHI CHUZKEHHUsI YPOBHEH IIIyMa B COPA3MEPHBIX MOMENIEHUSX, TJe B OJHOM MOMENIeHUN
PACIIOJIAraeTC CTAHOK ¥ IIPOAHAJIU3UPOBAH BAPUAHT, IJE B IEXe PACIIOJIOXKEHO N-0e KOJI-BO 06opymoBanus. C
YYETOM 3TOI0 MEHSIETCs XapaKTep IIyMOOOPA30BAHUS B IIEXE U PACUYETHI BELyTCs C YI€TOM BKJIAA OTPAXKEHHOIO
IyMa B 3BYKOBOE MOJie HA pabOvYeM MeCTe W C yY4eTOM MHOXKecTBa o6opymoBaHHs. B crarbe paccMOTPEeHbI
pacdersl 3DPEKTUBHOCTH MEPONPUATUI IO CHUXKEHHWIO IIIyMa HA ydYacTKax TPOMUIBHO W KOODIUHATHO-
mIngOBATBHBIX CTAHKOB, VKA3aHBI WX BO3MOXKHBIE KOMIIOHOBKY, TOKA3AaHBI PE3YIBTATHI IKCIEPUMEHTA.
Ilokazan pacder cucTeM CHHKEHHS IIIyMa CHCTEMbBI «y3eJ nimdoBanus — mndyeMmas 3aroroBkay. [loka3anbr
MATEpPUAJIBbI, KOTOPbIE MOIYT IIPUMEHATHCS JJIs CHUKEHUs 3BYKOIOMJIOMEHUs B nexaX. llpejcraBien pacder u

MMPOEKTUPOBAHNE aKyCTHYECKOTO IKPAHA 30HBI NIIHGOBAHUS KOOPAMHATHO-NIIN(OBATLHOTO CTAHKA.

KurroueBsbie cioBa: 3ByKOBOe naBieHne, 3H@HEKTUBHOCTD, MIYMO3AIIUTHOE OTDAXKIEHUE, 3BYKOBOE

niojie, AU PAKIHS, MOIIHOCTh, SHEPTHSI.
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Abstract

Many works have been devoted to improving working conditions at the workplaces of machine-building
enterprises. The article shows an approach to reducing noise levels from metalworking machines. The issues
of reducing noise levels in commensurate rooms, where the machine is located in one room, are considered and
the variant where the nth number of equipment is located in the workshop is analyzed. With this in mind, the
nature of noise generation in the workshop is changing and calculations are carried out taking into account the
contribution of reflected noise to the sound field at the workplace and taking into account a variety of equipment.

The article considers the calculations of the effectiveness of noise reduction measures in the sections of profile

*E-mail: 7596890@mail.ru (Iamypusa A.E.)
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and coordinate grinding machines, their possible layouts are indicated, and the results of the experiment are
shown. The calculation of noise reduction systems of the "grinding unit — the workpiece being ground" system
is shown. Materials that can be used to reduce sound absorption in workshops are shown. The calculation and

design of the acoustic screen of the grinding zone of the coordinate grinding machine is presented.

Keywords: sound pressure, efficiency, noise barrier, sound field, diffraction, power, energy.

Beegenne

[ToBbITIIeHHBIE YPOBHU ITyMa 3a49acTyIO SBISIOTCS OCHOBHBIM BPETHBIM (DaKTOPOM
Ha paboYnx MecTax OIepaTopOB METaI000padaThbIBAIONINX CTAHKOB. DOJIBIIOE KOJMYECTBO
CTAHKOB, YCTAHABIWBAEMBIX B MAITHMHOCTPOUTENHHBIX I€XaX YCHJIHBAIOT OOIIHiIl yPOBEHH
myma B 1exe. Ha mpakTuke MCHOB3YIOT pPa3Hble IMOJAXOJABI IO CHUYKEHWIO MTyMa HMEHHO OT
ctanka. CHUXKeHHe TMyMa B CaMOM HCTOYHWKE DA3JUYHBIMHU CHOCOOAMM, CHUKEHHH TIyMa
HA TMYTH PACHPOCTPAHEHUS — PA3JIUYHBbIE NTyMO3AIMUTHBIE OTPAKICHWS U CHUYKEHHS TIyMa B
3aMUIIAEMOM O0OBbEKTa, B JAHHOM Cjydae 3TO Oepylin Wu HAyNIHUKH. B crarbe Onucanbi
HEePBBLIA U BTOPOH METObL.

1. DddekTuBHOCT, MEPONPHUATHA N[O CHUXKEHUIO IITyMa HA YydYacTKax
npoduIbHO U KOOPAUHATHO-IIIN(POBAIBHBIX CTAHKOB.

BesteicTBue MOBBINIIEHHOW TOYHOCTU OOPAbOTKH jeTasieil CTAaHKH JaHHBIX MOjesell B
OOJIBIITUHCTBE CIYYaeB PACIONATaIOTCS B OTAETbHBIX MPON3BOICTBEHHBIX TOMEIEHUIX, KOTOPhIe
OTHOCATCS K KaTeropuu copa3MepHBIX. [lo3ToMy pacdeTbl aKyCcTHYeCKHMX XapaKTepPUCTUK
HEOOXO/IMMO BBINOJIHATH HA OCHOBE CXeMbl, NPHUBEJICHHON Ha puc.l, MOCKOJbKY B pacyerax
JOJKHBI TPHUCYTCTBOBAaTH IIapaMeTphbl I[POU3BOJACTBEHHOI'O IIOMEITeHUsI W OJHOBPEMEHHOIO
U3JIy4YC€HUA 3BYKOBOI 3HEPIUN HECKOJIBKUX CTAHKOB, 3a49aCTYI0 XapaKTePU3YEMbIX Pa3INIHBIMUA
VPOBHSAMH 3BYKOBOTO HABJCHUS.

o |

-

2~

-

Puc. 1. PacdgeTrnag cxema ydacTka: 1 - copa3MepHOe MOMeIeHne; 2 - CTaHOK; 3 -
aKycrudeckuit skpan; 4 - pabodee MecTo

KoMmionoska 1npodujibHO #  KOOPAUHATHO-NLIN(OBAJBHBIX CTAHKOB, a TaKKe
YCJAOBUS 3SKCIUIyaTallud TPAKTHYECKH MOJHOCTHIO HCKJIIOYAIOT WCIOJIH30BAHUE PA3JTHYHBIX
orpakieHuit 30HBI TLIUgoOBaHuA. HaJjmdue ke MIyMO3AlUTHOTO SKPaHA TEXHOJOTHYECKH
OPOCTO peajnu30BaTh W He COXPAHUTH YIA0OCTBO B OOCTYKWBAHHHM MHPU 3SKCIUTyaTAllUd U
00ecrevnuTh 3alluTy ONepaTopa He TOJNbKO OT aKyCTHYecKOro BO3JefICTBHA, HO W TPaBM,
CBHA3aHHBIX C HOJOMKAMM TOHKHMX HIJIM(OBAJIBHBIX KPYI'OB, B OCOOEHHOCTH, IIPU BBICOKHX
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4acTOTaxX BpallleHUs.
Jlnst Takofl pacdeTHOW CXeMbl € MCHOJIb30BaHMEeM JaHHbIX pabor |[1,2] mosydeno
cJIeyIollee BhIpaKeHue yCJa0BUil 1ymMa

XcWe . 4Yn
L=1L — A2 +101 1
P2 +10le 272 * B, )’ (1)
rae L,y - OKTaBHBIE YDPOBHH 3BYKOBOHl MomuocTH, Ab; AD — akycTmueckad

3P HEKTUBHOCTD IKpaHa, J1bB; X, - KOAMMUIIMEHT UCKAYKEHUS TTOJIS Y CTAHKA; Q. - KOIDPUITUEHT
HAIIPABJIECHHOCTU CTaHKA; 1, — Koddduiuent auddpy3HocTH MPOU3BOACTBEHHOIO MOMEIIECHUA;
B, - IOCTOSIHHAA TPOU3BOJICTBEHHOrO OMEIIeHns, M.

B, = %; Sy - IWIOMAAb HPOM3BOACTBEHHOTO IOMENICHHS, M2, (v - 9aCTOTHO-
3aBUCHMbIE KOI(DDUITUEHTHI 3BYKOTOTJIONEHNST TPOU3BOCTBEHHOIO TTOMEITEHHS.

st copasMepHOro MOMeIeHHs MOXKHO NPHHATH ¢, = 1. I[loCKOJBKY INpeBbIIIeHUs
ypoBHel myMa 3aduKcHpoBaHbl B nHTepBaje dactoT 125 [ 1 BbIIe, TO IO TaHHBIM PAabOTHI
[1] . = 1.

ITo namubIM 3TOM Ke paboThl KoaddunneHT anddy3HOCTH OpeieisaeTcs mo (popmyJie
v, =1-0,3E2

o S

Torya 3aBucumocTh (1) mpumer Buj

1 —1,3a,

L=1 101lg (4-107%
py T & + S,

+6— A9, (2)

Crenyer OTMETHTH, HYTO TPU HAIUYUU HECKOJIBKHUX OJHOBPEMEHHO pAabOTAIONINX
CTAHKOB Ha y4acTKe CYMMapHbIE yPOBHU NIy Ma OIPE/IEISIIOTCH IHEPTeTHIeCKIM CYMMHPOBAHUEM
L,v=101g>" (100’1L1 + 1002 4 100,1ch), rje L; - ypOBHU 3BYKOBOI MOIIIHOCTH KazKJ0T0
cTaHKa, 1D; k¢ - KoIu1ecTBO OTHOBPEMEHHO pabOTAIONINX CTAHKOB.

Y10o06BI cOOTIOCTU YPOBHU IITyMa B HOPMHPYEMOM JTUANA30HE HA YIACTKE BHIIEYKA3aAHHBIX
CTAHKOB IIPE/IIIOJIATAETCs, YTO Y OUEPATOPOB KazK/IOI'0 CTAHKA BKJIAJ[ OT KarKJIOI'0 MCTOYHUKA
IyMa JIOJIZKHBI ObITh YMeHbIenbl Ha 4-5 1b.

Torya 3aBUCHMOCTD (2) IpUMET BUJI

1—13a,
L,44—®:Lﬁ;+mg<4404+——ifi)+6—Aa (3)
aHH

2. IIpoekTupoBaHume M pPacYe€T CHUCTEM CHHXKEHHS IIIyMa CHUCTEMbBI <«Yy3€eJ
nitndoBannd - nandyemMas 3aroToBKay

Taxue cucTeMbl TOJKHBI COBMEIATH 3(PDEKTH 3BYKOUZOISIIUN U BUOPOIIOTIONIEHUS.
Ciieiyer OTMETUTH, YTO CHHZKEHHE YPOBHeil miyma mniindOBaJbHBIX KPYyIOB M 3ar0TOBOK,
00yCJIOBJIEHHBIX BHOPOIOIJIOIIEHNEM, OIIPeJIe/IAeTCs 0 U3BeCcTHOM dopmyJre

AL = 10lg %, A€ Toew - KOIDDUIUEHTHI IMOTEPh KOJIeOATeJbHON SHEPrun
ILIAPOBAIBHOTO KpPyTa. DTH JAHHBIE 33JaI0TCS 110 YPABHEHHUIO PErpeccHu, HOJIYICHHOMY IO
9KCIIePUMEHTAIbHBIM JaHHBIM. /lasiee mpuBecTn pacdeT 1o MLIAGOBAJILHOMY KPYTY.

DKCIEPUMEHTATbHBIE WCC/IEI0BAHUS MOKA3a M, 9YTO MaKCHMAaJbHBIE YPOBHH 3BYKA
Ha paboumx wmecrtax gocruraor 95 aBA y npodwmnbao-mmdoBanbapix u 10371BA y
KOOPAUHATHO-NLIH(DOBATBHBIX. Takum 00pa3oM, CHHUXKEHHe YPOBHEH 3BYKOBOI'O JIaBJICHUS
I0KHO cocTaBadTh 20 1BA y mpodunbHO-TIHGOBANBHEIX U 23-29 1BA y KOOpIHWHATHO-
MLInPOBATHHBIX. Oanako mepecder ypoBHeil IymMa € y4eTOM BPEMEHH pPeasn3alliuu
TEXHOJIOTHIECKUX MPOIECCOB MOKA3a/J, 9TO CHCTEMBI TIyMO3AIMUTHI JOJKHBI HWMeTb
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akycruueckyo addekrusaocts 13 1BA uw 18 aBA (coorsercrBenHo). Y NpodHIbHO-
nLInpOBATBLHOTO CTaHKa Tpebyemasi akycTudeckKas d(DEEKTUBHOCTb JIOCTHTAETCS CHCTEMOi
3BYKOU3OJIAIMY U BUOPOLOLJIONIEHUS y3J/1a HuinoBanusd u nindyeMoil 3aroToBKU B THCKaX.
Cucrema CHUZKEHHUS ITyMa W BHOPAINN y3/1a Pe3aHus MpejCTaB/IeHa HA PHUC.2-a, a 3arO0TOBKHU
Ha puc.2-6.

>
\— /* 4 5 / 6

XXXX
XXXX

XXXXXX

ol |

a) 6)

Puc. 2. Cucrembl CHUZKeHUS TTyMa y3J1a Pe3aHus U 3ar0TOBKH NPOMUIbHO-TLIIHGOBATIHHOTO
craka: 1 - mundoBaJIbHBINR KPYT; 2 - KOPIYC W CTEKJIOTEKCTOMNTA (TOMIHHA 2-3 MM); 3 -
BHOPOIIOTIONIAIONIHE 3JIEMEHTHI U3 MATCHUTOILIACTA TOJIIMHHON 5-6 MM; 4 - pe3HHOBBIe MAaiObI
(pesuna Mapku 1002 TomuHON 8 MM Ha CTOPOHY), YCTAHABIUBAEMBIE HA OINPABKY
nIMdOBaJILHOIO Kpyra; o - nuindyemoe uzjesune; 6 - ryOku THCKOB; 7 U 8 - IJIACTUHBI U3
CTEKJIOTEKCTOJINTA TOJIIHHON H-6 MM

Taxme KOHCTPYKIIMH O0ECIeUYWBAIOT CHUXKEHHE IIyMa 3a CcYeT KaK YacTHIHON
3BYKOM3OJIAIMN  ILJIOMIAAM, W3JAyJalolieil 3BYK IIOBEPXHOCTH HCTOYHHKA u  3pdekra
BubOponoraomenust.  PacdeTsl MOKasaad, 9YTO CHUXKEHHE YPOBHEH IMyMa y3/a pe3aHus
coctapyisieT: 7 1B - 3a cdeT yMEHBbIIEeHUs TIOMIA/IM U3JIydeHus mjindoBaIbHoro Kpyra; 3 jab -
3a cueT 3 deKTa BUOPOIONIONeHus nindoBaIbHoro Kpyra; 4 ab - 3a cuer BHOPONOI/IONICHUS
MLIAPYEMOro  U3JIEJIHSI. QaxTudeckn I NpoPUIbHO-TLIAGOBAIBHBIX CTAHKOB SKpPaH
HEJ1eCO00Pa3eH TOJBKO /I MPEJIOTBPAIleHsT TPABMUPOBAHUS CTAHOYHHKOB IMPH IIOJOMKAX
NI OBAJIHLHOIO KPyTa.

Jlnsg  KOOpAMHATHO-NLIM(OBAIBLHBIX CTAaHKOB CHCTEMa CHHUXKEHHS YPOBHER IryMa
y3J10M IIHMOBAHUS HE EIec000Pa3Ho BCISICTBIHE BEPTHKAILHOIO PACIOJJIOKEHUS MIITHHIEs.
OpHako Mogo0HAs cHCTeMa sl 3aTOTOBOK ¢ 3(PMEKTHBHOCTHIO CHUXKEHUH ITyMa MOXKeT OBITH
HOBBIIIEHA 0 H-6 gB mpH HCHOIb30BAHUM ABYXCJAOWHBIX ILIACTHHOK M CTEKJIOTEKCTOJIHTA
n wmarepuasa <«ATAT» roamumuoit 2-3 MM M aKyCTHYECKOTO SKpaHa € aKyCTHYeCKOii
spdekruBHocThIO 10-12  1bB. Kpowme 3TOrO0 B MeECTaxX PACHOJIOXKEHAd Ha CTaHKax
HPOU3BOJICTBEHHOTIO IOMEIEHU S 3BYKOIIOTJIOIIAIONIHAX nagesneii wu3 0a3aJIbTOBBIX
3BYKOIOTIONIAIONINX MATOB HMEIONUX K03 uImeHTh 3ByKonororienus 0,5-0,75 B auamazone
gactor 1000-4000 T (puc.3) aubo KOHCTPYKIWiA, pa3paboTaHHBIX sl pabOYMX MecT
nyabTOBIHKOB 3| (puc.4).
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Puc. 4. Koadpdunuenrpbl 38ByKOHOIJIONEHUS TUIIOBBIX COTOBBIX KOHCTPYKIIUU

3. Pacyer m mpoeKTHUPOBAHME AKYCTHYECKOTO 3KpaHa 30HbI HMLIN(OBAHUI
KOOPJUHATHO-IIIN(OBAJIBHOTO CTAHKA

OaHnM W3 HaJIEeXKHBIX TOIXOIOB YMEHBINEHUsS 3BYKOBOTO JIABJEHHs HA CTAHKaX
opu  paboTe ¢ MeTAIOM ABAAIOTCS J0pabOTKa CTAHKA KOXKYXaMH, HePeropoIKaMu,
HEePEKPHIBAIONIAME MPSIMOl 3BYK OT WMCTOYHHKOB ImyMa 10 pabouero mecrta. Oauum u3
Hanbo/Tee TPEMOYTUTEHHBIX CPEJICTB CHUYKEHUsI YPOBHEH 3ByKa B IeXaxX MPeIIpUATHil
Yy MeTajutoo0pabaThiBAIONIMX CTAHKOB CUHTAETCH IMPUMEHEHHE pA3JUIHBIX IePeropojiok,
3aKPBIBAIONIUX 30HY O0OpabOTKH, BO3MOXKHO C PA3JBUKHBIME JIBEPIAMH H JIp. [4].
3BYKO3AIUTHBIE JEMEHTHl TAKUX KOHCTPYKIWI WM3rOTABJIMBAIOTCA W3 MeTaJIa, CJIYZKAT
JIJIST CHUZKEHUsI MPSIMOTO TIyMa, MOMAaHus Ha PA0OTHUKA SMYJIbCH, MBLIX W HP. 3a4aCTYIO
B KOHCTPYKIMU WUCIOJB3YIOT CEHJBHUY TAHEIN, T.e. METaJI, MEXKJIY KOTOPBIM HAXOIUTCS
3BYKOIOTJIONIAIOIIII MaTepuaJl, KOTOPHIt B CBOIO 0Yepe/Ib CIYKUT HeKUM jemiipbepom. Mecra
HPHUJIEraHds KOHCTPYKIMH K CTaHKY JIOJKHBI ObITH akyctmuecku. Jlist yaobcrBa pabOTHI
U BHU3YAJIBHOTO OCMOTPA JIEJAI0T KOMOWHHPOBAHAHHYIO KOHCTPYKIMIO CEHIBHY-MOHOJIATHBIN
nosimkapoonar, jnbo moauverumeraakpuiar. Co CTOPOHBI, OOPAIIEHHON K MCTOYHUKY IIyMa
J00ABJIAIOT 3BYKOIOIJIOIAIONNI MaTepuas, Jisi CHUKEHHs JOJU TEePEOTPAaKEHHOrO MIyMa.
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Huxke nmpopaboTaH IOAXOJI, IO3BOJILIOMMEA MPOBOAUTH BBHIOOD KOHCTPYKIHUH, YUIUTHIBAIOIIMIA
IJIOMAIN, TeOMETPUIO W XapaKTePUCTUKH JIEMEHTOB TTyMO3AIIUTHI.
CxemaTndHoe M300parkeHne SKPAHA MPEJICTABICHO HA PHCYHKE D.

Puc. 5. lllymo3zamuTHOE OrpazKjieHne s YMEHbIIeHNs aKyCTHIeCKOTO BO3IeHCTBHUSA Ha
pabounx Mecrtax pabOTHUKOB MeTasioobpabarsiBatonux: 1- uctoanuk myma (MIIT); 2 —
mymosanuraoe orpaxkaenne (II130); 3 — pacuernas Touka (PT); — nepeorparkenus: 3ByKa;
N — nqudpakiys 3ByKa

CHuzKeHueM IIyMa Pas/ImIHbIMUA OTPazKJIeHUSIMHU 3aHuMajuch ydenoie Vsanos H.I.,
Mamypur A.E. u ap. [5]. Cornacro 0630py METOJUK pacuera MpejjiaraerTcst UCIOIb30BaTh
teoputo, BeABuHYTYIO [lamypunsim A.E.

JI7sT BBINIOJTHEHWST DPACYeTOB B HAIIEM CJIydae CJiejlaeM HeKOTOPhIe JIOMYIINeHNs,
rakue kak: B PT 3Byk mudparmpyer depes Bce CTOPOHBI orpakjienus (sxpana); U u
cBobogubie pedpa 130 mpuHATH JUHEHHBIME H3JIyYaTeIsSIMH IIyMa; OrPaKIeHUe sIBJISeTCS
KOMOMHUPOBAHHBIM, COCTOLIIUM U3 3BYKOU3OUPYIONIEH HaHe/g u ¢ 00JIMIIOBKOW U HPO3PATHOIO
3BYKOHM30JHPYOIIETO MJIaCTHKA TOIIMHON He MeHee 16 MM 1 3ByKom3o./Isnneii mopsaka 34 1BA
JJIST TOTO, 9TOOBI TIIYM 9Yepe3 caMo Orpark/eHne He YIUThBaTh (pHc.6).

Puc. 6. YcnoBhnag cxema KOMOMHHPOBAHHOTO MTyMO3AIUTHOTO OrpaxKjaenus: 1 -
3BYKOM30/IUPYIONIHT MaTepuaJs ¢ 0OJUIOBKOI; 2 - MpO3pavHblii MOHOJUTHBIN MOJMKapOoHaT

B pabore [6] man pacuer addekTuBHOCTH Orpazkmenns. Ha ocHoBe 3TOro pacdera,
HO C YYeTOM 3BYKOBOTO MOJIsI, KOTOpOe 00pa3yeTcd B OIPAHHYEHHOM IIPOCTPAHCTBE MEXKJLY
HUCTOYHUKOM IIyMa M OUPaXKJIAoNieii KOHCTPYKIHHU, BBIBEJIEHBI YIPOIIEHHBIe (DOPMYJIbI J1JIst
pacdeTa mapamMeTpoB KOHCTDYKIIUH.

CHIKeHMe TIyMa OTPaKIeHUEM OIPeIeISIOT:
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7B/
_ PT
ALmmo = 101g I%WJLB (4)
rjie: I}Eém - uHTeHCHUBHOCTD 3ByKa B PT or U Ges I1130; Br/m2. Igémg'o - TOXKe C
yeranosennbiv 11130, Br/wm?.
Nurencusnocts 38yKa B PT 6e3 1I130:
WI/ICT lI/ICT
o = arctg————— (5)

PT ol (R4 1) 2(R+r)’

rae: Wyer — akyctuaeckas moiraocts VI, Bt [, — mmuna WL, m; » — paccTosinue
or I no LI30, m; R — paccroguue ot 1130 no PT, m.
3BykoBas sHeprus, nagatonias wa [1130

cmzo  AWier (1 — o)
15180 — (6)
PupAmp

IIe Qs — CpeaHnii Ko UuIuenT 3ByKONOIJIONMEHUs B mpocTtpancTBe Mexkay UL u
I30; @6 - KO3PbUIIEHT HEPABHOMEPHOCTH 3BYKOBOTO 10Jis1; Ay — SKBUBAIEHTHAS MJIOMIA/TH
3BYKOIOTIOIIEHNSI;

1130 1130
Anp = ao7p lmsohote + oorlimmsolnora + auctlucthuct + 4lmso, (7)
re:  agBe — kosdbduument 3pykomormomenus orpaxkaomeid wacrn 11130; horp

— BHICOTA, M; 30 — JUIAHA, M; Qilso; — KO3 DUIMEHT 3BYKOMOLIOMEHAs MOTIOMAIONIeH

qactu 11130 (3IIM); hpors — BBICOTA TOLMOMAOIEH dacTu, M; apcr — Koxbdurment
spykonorsornienns NI lycr — gouna NI, m; hycr — Beicora NI, Mm;

hinzo = hotp + hmori- (8)

Jlsl yaydimenns B HOCJAeAYIOIUX pacdeTrax T.K. MepBbIil  TpeTuil wiensl B (popmye
(7) mpenebpexkumo Maibl (o = 0,01) dbopmysra moxker 6biTh npeobpazosana: (lyct = lizo)

Aos = liso (anorihnora + 4r), (9)

o A06
Syt + 4Ses.06 + Stzo

(10)

Qop

rae Sy — IJI0MAIE HCTOYHAKA TIYMa, M2 Sep.op — IIOIAIL CBOGOIHOIO IPOCTPAHCTBA

mezk ity ucrognukom myma 1 11130, m?; Siso — MI0Mma/Ib Ny MO3AIMINTHOTO OTPazKeHHd, M2,

AxkycTraeckast MOITHOCTH Ha ¢BOOOTHBIX pedpax [T130:
Wiso = I5/M39 Sipso, (11)
riae Simo — mromans NI, m?;

Stzo = o (horp + Prnag)- (12)

Nurencusnocts 38yka B PT ¢ III30: npunumast csoboaubie pedpa 1130 puneiinbivu
OTpazKeHHBIMH HCTOYHHKAMH 3BYKa (IPH 9TOM CBOOOJHBIX MOBEPXHOCTE]H).
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7C/IB0 _ AWn30 Brudgp

l
tg—> 13
PT 27TZH_[30R req ( )

2R’
rie Buupp — Kodbdurmenr nudpakimuu Ha cBo60AHOM pebpe (IPHHUMAEM OTMHAKOBOE
sHaueHne Suupp = 5=)

[Moncrasasiem B (13) dopmyast (6), (9), (11) u (12)

7C/mIs0 _ AWner(1 — @os) linso (horp + Pran) 4B mdp
PT =

lox
arctg—=2. (14)

@oslimzo (amormhmnor + 4r) 2R

[Tocne yuporenuit u IpuHIB BTOpOe caaraeMoe A

c/mzo  SWaer(1 — @s) (Rorp + Puax)4Baudp
I = A (15)
= ¢up(anorthnorn + 4r) o R ’

[Moacrasum (5) n (15) B (4)

Waer — Yos(aniorihmiort + 4r) o R A lner
ALjizo = 101g — arctg
27 lyer (R + 7)8Woer (1 — @ios) (hort + hore ) lmso R Brudp 2(R+r)
(16)
[IpumeM li30 = lpcT ¥ cAeaeM yIpOIieHus,

a h 4r —
AlLmzo = 101g s + 101g oy, + 101g ( noramerity ) —101g(1 — teg)— (7

~101g 51— + 101g (aretg!432) + 101g (aretg 4227 ) — 101g 16, 1.

[Ipumensis JaHHYIO CXeMy pacdeTa, HHXKeHep MOXKeT IoJA0UpaTh MapaMeTphl U
KOHCTPYKTHBHbIE OCOOEHHOCTH MaTepuaJia 3BYyKOOI'PAXKIAI0NIel KOHCTPYKIIUH.

Cornacuo pabore [7] mpum Mmaibix obbeMax 3BYKOBOTO TOJIsI JaHHBIE TPH pacyderax
apKTaHT'€HCOB MeHAIOT 06myio ddekrusnocts He 6o0see, dem 0,1-0,2 1B, 4To Menbie, dem
HOTPEITHOCTD MPUOOPa TPU IIPOBEJACHUH IKCIEPUMEHTAIBHON IPOBEPKHU, MOITOMY B JAHHOM
caydae g yaoOCTBa WHKEHEPHBIX PACYETOB UMH IIPeaaraeTcs npeHedpedb.

Taxum obpazoM 3pHEKTUBHOCTH OrparKJAeHus OnpeenasaeTcs mo (popmy.ie:

Dlanrso = 101 sy + 1018 gy + 101 CHATISE — 101g(1 — )~

—101g Bmibp —12

3akJJdyeHue

B crarbe npejcraiaens pacaersl 3DGEKTUBHOCTD MEPOTIPUATHN 0 CHUYKEHHIO TIIYMa
HA yJacTKaX TPOMUILHO U KOOPJAMHATHO-TLINGOBAILHBIX CTAHKOB, YKA3AHBI UX BO3MOYKHBIE
KOMIIOHOBKH, JaHbI CI)OpMyJ'IbI pac4deTa U IIOKa3aHbl PE3YyJbTaThl IKCIIEpUMeEHTa.

[Tokazan pacyeT cucTeM CHUXKEHHUS IIYMa CUCTEMBbI «y3e 1 MLTudgoBaHusd — nuindyemMas
3ar0TOBKa» TIPE/JIOKEHBI MEPOIPUSITHSI, KOTOPBIE TO3BOJIAIOT CHU3UTH YPOBHU IIYMA.

HOKaSaHbI MaTepuaJibl, KOTOPbIC MOTI'YT IIDUMEHATHCA AJ1d CHUZKEHN A 3BY KOIIOIJIOIIECHU A
B IIeXaX C aKyCTHYCCKUMU XapPaKTePpUCTUKaMHM.

[IpescraBien pacder W NPOEKTHPOBAHUE AKYCTHYECKOTO SKpaHA 30HBI NMLTHMDOBAHUSA
KOODJAMHATHO-TIIA(POBAIHHOIO CTAHKA C YHPOIIEHHBIM IOJIXOI0M, COYeTAIomui B cebe
UHKEHEPHBIE PACYETHI C YI€TOM 3BYKOBOTO IMOJIST MEXK/Iy CTAHKOM U OTPAZKJICHUEM.
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I'maBHast penb ceteporo HayuHoro JKypnasia "Noise Theory and Practice"
— CII0COOCTBOBATh Pa3BUTHIO BUOPOaKyCTUKM (HayKa O IITyMe 1 BUOparym).

OcHOBHBIE 3a1aUm
OcnoBHBIMY 3atauamy JKypHaiia ABJIAIOTCA:

e OTPaXeHMe IOCIIeAHMX JIOCTVDKEHUII B TeOpUM W IIpakTuKe OOpbObBI ¢
LIIyMOM U BUOparyen;

OTpaXkeHle pe3ysIbTaTOB Hay4HO-MCCIeJOBaTeIIbCKMX PabOT II0 M3y YeHWIO
IIPOLIecCcoB IIIyMOOOpa3oBaHys, pacIpOoCTpaHeHNs 3ByKa V1 BUOparmm;

OTpakeHue pe3ysIbTaToOB pa3paOOTKM CPelCTB LIyMO- ¥ BUOPO3AIUTHI, a
TaK>XXe pe3yJIbTaTOB MHBIX paboT, IIPOBOAMMBIX B 00JIacTV BUOPOAKyCTUKY,
V1 BBIITOJIHSAEMBIX Hay4YHbIMY cOTpyAHMKaMyt BY30B 11 nHBIX opranmsanmig;

IIpefocTaBjIeHle CBeeHI O IUIaHNpPyeMbIX KOH(epeHIIX, ceMuHapax,
mpoBoauMBbIX B Poccunt 1 gpyrux crpaHax;

IIpe1ocTaBjieHVie apXrBHbIX MaTE€PVaJIOB TPy OB Hay4YHbIX I(OH(pepeHU,T/IVI,
ITOCBAIIT€HHDBIX BT/I6p03.KYCTT/IKe.

Hayunoe nutuposaHme JXXypHasa

)KypHaH ABJIAETCA O6HJ;€,U,OCTYHHBIM Il YTeHv:d HeOorpaHMYeHHbIM
YCJIOM ITOJIb30BaTeJIev.

Matepuaner XypHasla  MHOEKCMPYIOT B  HayKOMeTpUYecKmx  0Oasax
Poccunckoro Manekca Hayunoro Lutuposanus (PVIHLI), Google Scholar.
XypHhal BKIIOUeH B Hay4Hble 3jIeKTpoHHble Ombimorekn "Kubep/lenmnka',
Conmonert, CiteFactor, ROAD.

C 21 nos0pa 2019 r. Xypnan "Noise Theory and Practice" BxiroueH B
ITEPEYEHD pelieH3npyeMbIX Hay4dHBIX M3OaHWUI, B KOTOPBIX JOJDKHBL OBITH
oIy OJIKOBaHBI OCHOBHBIE Hay4Hble pe3yJIbTaThl [VICCepTalUii Ha COVICKaHVe
YUYeHOVI CTelleH) KaHawujaTa HayK, Ha COVICKaHVe y4eHOWV CTeIleHU IOKTOpa
HayK (1. 42).
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