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Abstract

In the present paper, the problem of structure-borne interior noise generated in an aircraft cabin has
been considered using a simplified reduced-scale model of a passenger aircraft. Experimental investigations
included measurements of frequency response functions at several positions of a microphone inside the aircraft,
when an electromagnetic shaker exciting structural vibrations was located at different places. Numerical
investigations have been carried out as well, and they included finite element calculations of structural and
acoustic modes as well as frequency response functions for interior acoustic pressure. Some of the obtained
numerical results have been compared with the experimental ones. The observed reasonably good agreement
between them indicates that structure-borne interior noise in the described reduced-scale aircraft model can be
predicted and understood rather well. This demonstrates that the proposed approach employing simplified
reduced-scale structural models can be used successfully for prediction and mitigation of aircraft interior noise.

Keywords: Aircraft interior noise, Structure-borne noise, Finite element modelling, Experimental
modelling.

YQucnennoe u IKCcnepumenmaibHoe Mooeﬂuposalme CMPYKmMYPHO20 6HYMPEHHE20 uiyma
camoniema
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Y Ipogpeccop, Kagpeopa asuayuonnoii u asmomobunsroii mexuuxu, Yuusepcumem Jlagbopo, Jagéopo,
Jlecmepwup, LE11 3TU, Beruxobpumanus
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Annomauusn

B oannoui pabome paccmampusaemcs npobaema cmpyKmypHo20 8HYmMpeHHe20 WyMd, co30d8aemozo 8
Kabune camonema, C UCHONL3OBAHUEM YNPOUEHHOU MOOeNU YMEHbUIeHHO20 MACUmaba naccaxrcupckozo
camonema. DKCHePUMEHMANbHbIE UCCIe008ANUSL BKIIOYANU USMEPEHUs. (QYHKYUL YACMOMHO20 OMKIUKA 8
HeCKONIbKUX NONONHCEHUAX MUKPOGDOHA 6HYMPU camonema, Ko20d 31eKMpPOMASHUMHbBIN 8UOpamop 8030yxcoai
cmpyKmyphvle Koaebauus 6 pasuvix mecmax. Ilpoeedenvl makdice yucieHHvle UCCIE008AHUS, GKIIOYAIOUUE 8
cebs pacuemvl MemoOOOM KOHEUHbIX DJIeMEHMO8 CMPYKMYPHBIX U AKYCMUYECKUX Mo0, a makxdce QyHKyutl
YACTMOMHO20 OMKAUKA OJid GHYMPEHHe20 AKYyCmuweckozo o0aeieHus. Hexomopvle u3 nomyueHHbIX YUCLEHHbIX
pe3yibmamos Ovliu COnOCmaegieHsvl ¢ IKcnepumenmanvuvimu. Habnwooaemoe oocmamouno xopowee coenacue
MedHcOy HUMU YKaA3bleaem HA Mo, YMmoO CMPYKMYPHbI 6HYMPEHHUL WYM 6 ONUCAHHOU MOOelu camonemd ¢
VMEHbULEHHbIM MAcuimabom modicem Oblmb NPeOCKA3aH U XOpoulo NOHAM. Omo OeMOHCmpupyem, umo
npeodnazaemviti NOOX00, UCNOAL3YIOWUL YAPOUEHHble CMPYKMYPHblE MOOeIU YMEHbUEeHH020 Macumabad,
Modicem Oblmb YCReUHo UCRONIb308AH OJisl NPOZHOZUPOBAHUS U YMEHbULEHUS GHYMPEHHe20 WyMa Camonemd.

Knrwouesvie cnosa: Buympennuii wiym camonema, CmpykmypHuiii wiym, Mooeruposanue memooom
KOHEUHbIX 91eMeHmos, DKCnepuMeHmanbHoe MoOeIuposaHie.
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Introduction

Over the last decades, attention has been paid to investigations of structure-borne
interior noise in aircraft and road vehicles (see e.g. [1-6]). Excessive noise levels can create an
unacceptable noise environment, causing passenger discomfort, interference with
communication, crew fatigue and malfunction of equipment. Different approaches can be
used to predict structure-borne interior noise in vehicles and aircraft. These approaches show
different levels of success, and their areas of application depend on frequency ranges being
looked at. The main current approaches include Finite Element Method (FEM) and Statistical
Energy Analysis (SEA). It should be noted that it can be difficult to apply FEM for real
structures due to the complexity of the structures involved. It is often more practical to use
FEM on simplified structural models, which can be carried out at relatively low frequencies.
Application of SEA requires a high modal density, and therefore it is usually useful only at
higher frequencies. Reduced-scale simplified modelling is an alternative and promising
approach to studying structure-borne interior noise in aircraft and road vehicles [7-13]. Using
reduced scale simplified models of aircraft and vehicles, experimental measurements and
numerical calculations can be carried out in order to predict structure-borne interior noise in
real vehicles and aircraft.

In comparison with the case of road vehicles, reduced-scale simplified modelling has
been in limited use for studying aircraft interior noise so far. For example, numerical
calculations for a simplified reduced-scale model combined with the experimental
measurements were carried out for a part of a fuselage [7]. It should be noted in this
connection that structure-borne noise in aircraft can be generated by a variety of sources. The
main source is unbalanced forces from engines located on wings. Other sources of aircraft
structure-borne noise can be wakes on the surfaces of the wings, air conditioning systems,
hydraulic pumps, effects of jet and boundary layer, etc. [5, 6]. Whereas most investigations of
noise inside aircraft cabins concentrated on regular-shaped enclosures, such as plain cylinders,
authors of the paper [14] looked at irregular fuselage shapes. Such shapes were formed by
circular cylindrical shells and flat metal sheets welded inside the shell to simulate the cabin
floor. Measurements were carried out by applying an electromagnetic shaker and using
accelerometers to measure the response of the structure. Research has been carried out also
into the ability of FEM to predict the modes in actual fuselage structures [15]. The observed
inaccuracies were associated with the need for refinement of the model at the interface
between skin and stringers.

Development of simplified reduced-scale models of entire aircraft is a relatively
unexplored area. As was mentioned above, there have been a limited number of studies done
into noise associated with parts of fuselage structures [7, 14, 15]. However, comparisons with
real measurements show that ignoring some parts of aircraft structures, especially wings,
results in substantial errors. Therefore, the development of more informative reduced-scale
aircraft models capable of simulating different types of aircraft structures would greatly
enhance the modelling process. With the noticeable progress in reduced-scale modelling of
vehicle interior noise [9-13], there may be a clearer way for developing reduced-scale noise
modelling for aircraft applications. An important aspect following from the above is the need
to model the entire aircraft, and not just the portions of interest.

In the present paper, the results are reported on combined experimental and
numerical investigations of structure-borne interior noise in a simplified reduced-scale model
of the entire aircraft.
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1. Reduced-scale Model of the Aircraft
1.1. Scaling of the Model

The scaling of the model is an important issue that requires attention if there is any
expectation from the model to describe a real aircraft structure. In purely acoustic models,
scaling follows the law that, if the linear dimensions are reduced by N times, the increase in
resonant frequencies will also be by N times. Vibration fields in structures are combinations
of different types of elastic waves, and scaling laws are less obvious for structural models. It
can be proven though that, if all linear dimensions are scaled, i.e. length, width and height of
the model and, which is especially important, thickness of the material, are reduced by N
times, then the resonant frequencies will again increase by N times. This law is valid not only
for simple plate-like structures, but also for structures of any complexity. If this were not the
case, reduced-scale structural-acoustic modelling would be useless. Scaling is not valid for
structural and acoustic attenuation due to complex physical mechanisms of energy loss.
Therefore, in studies involving reduced-scale models damping is usually neglected.

1.2. Development of the Aircraft Model

A reduced-scale simplified model of an entire aircraft has been designed and
developed specifically for this investigation. The model was based and scaled from the major
dimensions of the passenger jet A330-200. The model has been simplified as much as
possible to ease manufacturing costs and time, and it utilised the lowest level of complexity
that such a model would require. The scaling of the developed aircraft model was 1:50.
Essentially the model was made up from a tube of circular cross-section, modelling the
fuselage, and a wing section cut from a metal plate. The wings were simple swept wings also
manufactured from flat steel plate. Both starboard and port wings were welded to a centre
section, so that they formed a continuous wing structure. This wing structure passes through
the fuselage, and it is welded into position on the fuselage. Masses were attached to the wings
to model the engines. A vertical control surface was also attached to the fuselage. This surface
was also made from sheet steel and welded to the fuselage. At each end of the fuselage,
circular end plates were welded in place to provide the cabin’s enclosed volume. All acoustic
measurements were to be taken in this enclosed space. The model was also manufactured with
the possibility of a cabin floor being built into it. Figure 1 shows a picture of the aircraft
model design. This picture was drawn using the MSC/NASTRAN finite element software,
and it shows that the model is vastly simplified in comparison with the real case.

Even though the model is vastly simplified, it was important to copy certain aspects
of the structure as close to the real case as possible. If the model structure is nothing like the
real case, it will not react in the same way that the real aircraft would. Every attempt was
made to copy the structure as closely as possible, within reason, throughout the development
process. Aspects of the design that needed to be similar included: accurately scaled
dimensions from the real case; materials as close as possible to the real case without the cost
becoming excessive; and similar main structure to the real case, including structural layout
and material thickness. The limitations of manufacturing techniques also provided some
constraint, especially concerning the thickness of materials used.
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Fig. 1. A simplified aircraft model drawn using MSC/NASTRAN software

The aircraft model was constructed entirely from sheet steel. The wings and fin have
been manufactured from 2 mm sheet steel and welded to the fuselage. On real aircraft, the
wings and stabilisers are considerably stiff to carry the large lift loads produced. Therefore,
the wings and fin have been made of a thicker material than the fuselage to make them stiffer.
The fuselage was produced from 1 mm thick sheet steel as this is the thinnest material that
could be welded. The end plates were also manufactured from 1 mm sheet steel and welded to
each end of the fuselage. It was felt that welding of all joints would be best to simulate the
real case. Using nuts and bolts was felt to be inappropriate as the connections provided would
not be as similar to the real case as desired.

The masses attached to the model to simulate the engines were placed according to
the scaling from the real aircraft and were approximately 10% of the overall weight of the
aircraft. Figure 2 shows the manufactured aircraft model that was experimented on.

1.3. Finite Element Calculations

In addition to experimental measurements, finite element calculations of structure-
borne interior noise were carried out for the reduced-scale aircraft model under consideration.
The methodology was the same as the one earlier used by some of the present authors for
calculations of structure-borne interior noise in simplified reduced-scale models of road
vehicles (see e.g. [11-13]). The aircraft model under consideration was drawn in
MSC/PATRAN standard package and then imported for the calculations to be carried out
using MSC/NASTRAN software. The amplitude of the force applied from the
electromagnetic shaker was equal to 2.6 N. This value of the force was used in all numerical
calculations.
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Fig. 2. The manufactured aircraft model placed on the laboratory table

2. Experimental Setup and Procedure
2.1. Equipment Used

All measurements have been carried out in the Noise and Vibration Laboratory at
Loughborough University. Sound Pressure Level (SPL) inside the aircraft compartment was
measured using a condenser microphone. The amplifier used for the microphone was a Bruel
& Kjaer Type 5935 amplifier. The accelerometer used was a Bruel & Kjaer Type 4344. The
accelerometer was connected to the analyser through a charge amplifier. The amplifier used
was a Bruel & Kjaer Type 2365. A Bruel & Kjaer Type 8200 force transducer was also used
during testing. This was connected to the analyser in the same way as the accelerometer
through a Bruel & Kjaer Type 2365 charge amplifier. The force transducer was attached to
the electromagnetic shaker via a push rod. The shaker used was a Ling Dynamic Systems 200
series. All measurements were recorded using a Hewlett Packard (HP) 3566 FFT analyser.

2.2. Model Support

In normal operation conditions, the ways that aircraft are supported are very different
from the case of road vehicles. Vehicles are supported by their four wheels, but an aircraft in
flight is supported by distributed lift forces. As a simple approximation, it could be said that it
is held in the air by two points on the wings. These are called the centre of lift of the wing.
Unfortunately, suspending the model aircraft from these two points was impractical, and
consequently other methods had to be considered. Even though suspending the model would
best reflect the real case, the possibility of testing the model while resting on foam on a flat
area as well as other positions were also investigated. Finding a suitable method to securely
attach the model was a challenge. Finally, it was decided that it would be best to test the
model while suspending it over the fuselage. This decision was made after some initial
measurements that were taken in each position. Figure 3 shows the suspension method used
for the model aircraft. This method allowed the easiest attachment of the shaker and also
made inserting the microphone into the interior especially easy.
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Fig. 3. The manufactured reduced-scale aircraft model supported by suspensions

2.3. Experimental Procedure

Hann windowing was used, and thirty averages were taken for each data recording.
Because the aircraft model was scaled by a large amount, the frequency range that the data is
measured over needed to be increased. The frequency range of 0 to 3200 Hz was used for the
aircraft model testing.

The number of parameters that could be varied during the model aircraft testing was
somewhat limited. This was due to the limited number of places the shaker could be reliably
attached to and also due to the size of the model interior. The interior compartment of the
aircraft was relatively small and hard to access, and consequently it was not possible to
further the investigations using inserted damping materials. Subsequently, the two aspects of
the testing procedure that were varied were the shaker and microphone positions.

2.3.1. Microphone and Accelerometer Positions

It was decided to take readings at three points along the fuselage length. Two of the
points were chosen at the front and rear of the interior compartment. The third point was
chosen above the wing structure. Sound pressure levels as functions of frequency at all these
three points have been measured and analysed. An accelerometer was also placed on the top
surface of the fuselage above these three positions. Figure 4 shows the three microphone
positions investigated. Foam was used to fill the gap around the inserted microphone.
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POS 1 POS 2 POS 3

6c0
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1000

Fig. 4. Microphone positions inside the model aircraft (distances are in mm)

2.3.2. Shaker Positions

Three shaker positions have been selected. Two of them were on the wing: one at the
engine and the other at arbitrary point on the wing. The third shaker position was on the
fuselage. Unfortunately, due to the curvature of the fuselage and the flat contact surface of the
shaker it was difficult to obtain good contact between them, which was affecting the results.

The three shaker positions are shown in Fig. 5.

WING LOCATION

220

q\ 370 |
_"_":} FUSELAGE LOCATION

Fig. 5. Positions of the electromagnetic shaker on the aircraft model (distances are in mm)
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3. Experimental Results
3.1 General Remarks

The testing procedure included a number of initial testing phases as well as main
measurements. The data was collected using the analyser in the laboratory and then was
exported into Matlab. Aspects of the data that were of particular interest were the sound
pressure level (SPL) within the aircraft model interior, the point mobility, and the coherence
of the data.

3.2 Effect of Microphone Positions

Figure 6 shows the values of SPL measured by a microphone located in the position
1 - at the front part of the aircraft model, and in the position 2 - over the wing structure. The
electromagnetic shaker was located at the wing. It can be seen from Fig. 6 that the behaviour
of SPL is generally similar for both positions, except frequencies between 500 and 1500 Hz.
The observed frequency peaks correspond to contributions of structural and acoustic modes.

Figure 7 shows a comparison between the values of SPL measured by a microphone
located in the position 1 - at the front part of the aircraft model, and in the position 3 - at the
rear part of the aircraft model. The electromagnetic shaker in these cases was also located on
the wing. It can be seen that SPL at these two microphone positions also exhibit very similar
behaviour. Once again, the region between 500 and 1500 Hz is of interest. In this region the
position 3 data shows slightly higher peaks, whereas the position 1 data tends to shows
slightly higher sound levels in all other areas.

Frequency Response from Experimental Data with Different Microphone Positions (WING)
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Fig. 6. Measured SPL at the microphone positions 1 and 2 for a shaker located on the wing
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Frequency Response from Experimental Data with Different Microphone Positions (WING)
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Fig. 7. Measured SPL at the microphone positions 3 and 1 for a shaker located on the wing
The results of the numerical calculations of SPL for the microphone positions 1 and
2 subject to the excitation by an electromagnetic shaker located on the aircraft wing are shown
in Fig. 8.

Frequency Response fram Mumerical Data with Different Microphane Positions (WING)
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Fig. 8. Numerically calculated SPL for the microphone positions 1 and 2 (Wing Shaker)

It can be seen from Fig. 8 that the numerical results demonstrate very similar
behaviour at the microphone positions 1 and 2. In both positions, there is an increase in SPL
between 1500 and 2500 Hz, but not to the extent seen in the experimental data. This increase
in SPL between 1500 and 2500 Hz is clearly visible, but it is much higher than in the
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experimental data. These differences could be due to FEM’s inability to accurately model all
details of the structure, especially around the centre of the fuselage. It also has to be taken into
account that FEM only produces reliable results at low frequencies.

3.3 Effect of Shaker Positions

The aircraft model used in the experiments had a limited number of shaker locations
to choose from. This was a result of the lack of easy points to mount the shaker to provide a
variety of results. The two different shaker positions that are analysed below are at the engine
and on the wing. Figure 9 shows the observed behaviour of SPL at the engine and wing
shaker locations for the microphone position 2. Essentially the graphs are very similar, both
showing similar oscillations with frequency. Also a large number of resonant peaks are
common on both graphs, which is in agreement with the theory of structure-borne interior
noise involving coupled structural and acoustic modes [9-11]. There is, however, a difference
in sound pressure levels between the data from the wing and engine positions of the shaker.

Frequency Response from Experimental Data with Different Shaker Positions (Pos 2)
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Fig. 9. Experimental SPL for different shaker positions (Microphone Position 2)

The observed SPL for the shaker located on the wing is on average by approximately
10 dB higher throughout the frequency range. This can be explained by the fact that a wing
shaker location further out along the span corresponds to higher displacements in some
structural modes of the entire aircraft, causing their more efficient excitation by a shaker [9-
11]. This may account for the higher SPL. The same experimental data, but at the microphone
position 1, are shown in Fig. 10. This figure is displaying the similar patterns, as expected.
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Frequency Response from Experimental Data with Different Shaker Positions (Pos 1)
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Fig. 10. Experimental SPL for different shaker positions (Microphone Position 1)

Figure 11 shows the numerically predicted SPL for the two different shaker positions
- at the engine and on the wing. Surprisingly, a little difference between the results for the two
shaker locations can be seen. Unlike the experimental data, the numerical data does not show
higher sound levels associated with the wing shaker. The reason for that is yet unclear.

Frequency Response from Numerical Data with Different Shaker Positions (Pos 2)

SPL dB (re 20E-6)

Frequency (Hz)

Fig. 11. Numerical SPL for two different shaker positions (Microphone Position 2)
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4. Comparison of Experimental and Numerical Results

In what follows, a direct comparison is made between the experimental and
numerical results for SPL inside the model aircraft cabin. Only the wing shaker position is
used in this analysis. Let us first consider the experimental and numerical results obtained for
the microphone position 3. The comparison of these results is shown in Fig. 12. The shapes of
the two curves show very good similarity, with regions of elevated noise levels occurring in
the same frequency ranges. The actual SPL for the experimental and numerical data shows
good resemblance in most parts of the frequency range. The agreement between the numerical
and experimental SPL is worse at the beginning and at the end of the entire bandwidth. Partly
this could be explained by possible errors in collecting the experimental data at lower
frequencies due to some problems with coherence. At high frequencies, the reliability of the
numerical results from FEM is lower due to the influence of such factors as mesh size.

Camnparisan of Frequency Response from Experimental and Murerical Data (WING-Pos 3)

SPL dB (re 20E-8)

a 500 1000 1500 2000 2500 3000
Freguency (Hz)

Fig. 12. Comparison of experimental and numerical data (Microphone Position 3)

Some frequency peaks from the numerical and experimental data have been plotted
also in the zoomed-in view to see whether there is good correlation between them. The results
are show in Fig. 13. One can see that there is a good correlation between the numerical and
experimental peaks, thus showing the accuracy of the FEM at predicting the frequency
response of the structure.

Figure 14 shows the numerical and experimental results that came from the
microphone position 2. Up to 1500 Hz, the experimental data shows a peak in SPL. However,
this trend is not mirrored by the numerical data, causing the predicted and measured noise
levels to be very different in this range. Microphone position 2 is above the one-piece wing
structure that passes through the fuselage. The observed discrepancy might be due to the fact
that FEM is not describing this part of the aircraft model particularly well.
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Comparison of Frequency Response from Experimental and Numerical Data (WING-Pos 3)
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Fig. 13. Zoomed-in view of Fig. 12
Comparison of Frequency Response from Experimental and Numerical Data (WING-Pos 2)
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Fig. 14. Comparison of experimental and numerical data (Microphone Position 2)

Another possible reason for the differences between the results shown in Fig. 14
could be the way the model was supported during the testing. The model aircraft was
suspended by ropes to try and mirror the ideal case. The finite element model might not
reflect these suspensions correctly, which could have caused some discrepancies in the
results. There may be also other aspects that could induce errors, such as geometrical
differences between the real and numerical models.
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The comparison between the numerical and experimental data at the microphone
position 1 is similar to the case of the microphone position 3, and it shows a good correlation,
as can be seen in Fig. 15. Overall, the correlation between the numerical and experimental
results is quite reasonable, taking into account all the factors that could have degraded the
results obtained.

Comparison of Frequency Respanse from Experimental and Murmerical Data (WING-Pos 1)
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Fig. 15. Comparison of experimental and numerical data (Microphone Position 1).

5. Conclusions

The experimental results and the results of the numerical calculations of structure-
borne interior noise in the simplified reduced-scale aircraft model under consideration have
shown reasonably good agreement. This demonstrates that the combined experimental and
numerical approach to investigation of structure-borne aircraft interior noise based on
simplified reduced-scale structural models can be successfully used in practice.

The downside of using reduced-scale models for aircraft investigations is a too big
scaling required in this case. Whereas typical road vehicle models are scaled as 1:4, the
aircraft model described in this paper was scaled as 1:50. This resulted in the loss of many
important structural details. A larger aircraft model would probably provide more practically
relevant results and would allow a greater variety of tests to be carried out. But the larger the
model the more unmanageable it becomes. However, even massively reduced-scale simplified
aircraft models, like the one described in this paper, do show some promise, and their further
investigations could make them more useful for practical applications.
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IIlyMoBbIe XapaKTePUCTHKH 000Py10BaHHS 00IIECTBEHHOI0 MUTAHUS U
NMOKAa3aTe/Iu ero KayecTBa
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1,23

AHHOTaUUA

[IpencraBneHsl pe3ynbTaThl ONpereieHuss [IyMoBbIX xapakTtepuctuk (IIX) oGopynoBanms
OOIIECTBEHHOIO MHTaHMS M ycTaHoBiIeHO BiusHue IIIX MamumH Ha Mokas3arellb KadecTBa KOHCTPYKIIHH.
Hcnonb30BaH KBAIMMETPUUECKUH METOJ, IPUMEHAEMBIN IS OLICHKU KadyecTBa MPOAYKLUU MAIIMHOCTPOEHUS.
Pacmmpena BpIOOpKa MaIlIMH Pa3IMYHOTO TEXHOJOTMYECKOT0 Ha3HAYeHHs, OJM3KHUX T10 MAacCe U KHHEMAaTHIECKH
nogoOHbIX. OnpeseneHsl eMHIYHBIE, KOMIUIEKCHbIE H 00001IeHHbIe TToka3ateny ¥ LIX mammuH. YcraHoBneHa
KoppemsiuorHas cBa3b LIX u 00oOmeHHoro mokasarens KadecTBa. IlosydeHBl afeKBaTHBIE 3aBUCHMOCTH
mexkay 1IX mammH 1 0000IIEHHBIM TOKa3aTeneM KadecTBa Ul padoThl MamiMH 0e3 Harpy3kh W B pabouem
pexume. B kauectse 111X MaluHbl HCIOJIB30BAIICS KOPPEKTUPOBAHHBIA YPOBEHb 3BYKOBOI MOLTHOCTH.

KaroueBble c1oBa: myMoBasi XapakKTepHCTHKA, KOPPEKTHPOBAaHHBIN YPOBEHb 3BYKOBOH MOIITHOCTH,
MOKa3aTe b KauecTBa.

Noise characteristics of public catering equipment and indicators of its quality
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Abstract

The results of determining the noise characteristics (NC) of public catering equipment are presented
and the influence of NC machines on the quality index of the structure is established. A qualimetric method used
to evaluate the quality of engineering products was used. The selection of machines of various technological
purposes, close in mass and kinematically similar, has been extended. Single, complex and generalized
indicators and NC machines were determined. The correlation between NC and the generalized quality index is
established. Adequate dependencies between NC machines and a generalized quality index for the operation of
machines without load and in operating mode are obtained. As a NC machine, a corrected sound power level
was used.

Key words: noise characteristic, corrected sound power level, quality indicators.
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rOCY/IapCTBEHHBIX CTAaHJAPTaX U TEXHUYECKMX YCJIOBHMSIX HA KOHKPETHBIE THUIIBI W3JEIHH.
HecooTBeTcTBHE [MaHHOTrO TMOKa3aTelis HOPMATUBHBIM TpeOOBaHUSIM  OOYCJIOBIMBAET
HEOOXOJUMOCTh  TPOBENEHHs paboT MO  YIYYIICHHIO I[IYMOBBIX  XapaKTEPUCTHUK
000py/10BaHUs MUIIEBBIX TPOU3BOJICTB.

IX o6opyaoBaHUs MHUIIEBBIX MPOM3BOJCTB JOHKHBI COOTBETCTBOBATH IMPEICIBHO
JOIYCTUMBIM IIyMOBBIM Xapaktepuctukam (IT1IX), koTopble ycTaHABIUBAIOTCS, UCXOS U3
TpeboBaHuil obecneueHusI Ha paboUnX MECTax JOMYCTUMBIX YPOBHEH IIyMa B COOTBETCTBHH
C HOPMAaTUBHOM BEJIMYMHOW SKBHUBaJICHTHOIro ypoBHS 3Byka 80 nBbA. Ilpaktudecku Ha Bcex
tunax obopyzmoBanus obuiectBeHHoro muranus LIX mpessmmator ITIIIX mpu pabote c
npoaykTom [1].

[IpeBbilieHNE CEPUIHO BBITYCKAEMOTr0 3aBOJIaMU TEXHOJIOTHYECKOTO 000PYAOBAHUS
CaHUTAPHBIX HOPM I10 IYMY CBSI3aHO C PSIOM OOCTOSITENIBCTB: BIUSHUEM KOHCTPYKTUBHBIX U
TEXHOJIOTMYECKUX HeNoCTaTKoB, yxyamenuem LIIX B mpouecce 3kcmlyaranuu, CBA3aHHbBIX C
W3HOCOM oOOopymoBanus W aApyrumu ¢aktopamu. Hambonee 3¢ddexkTHBHBIM CcriocoOoM
yaydmenuss 11X wmamumH SBIsSETCS yCOBEpIIEHCTBOBAHHWE €€ KOHCTPYKLIMHM Ha CTaIuu
MPOEKTUPOBAHUS HOBOM MalllMHBl WIM ee MojepHu3anuu. HeoOxomumo 3akiajapiBaTh B
KOHCTPYKLHUIO MalIuHbl Takoi pecypc 1o 111X, uroOsl ero ObI0 JOCTATOUYHO Ha BECH MEPHO]
0€30TKa3HOM pabOTHI.

Onenuts 3¢ ¢dexkTnBHOCT, MepornpusTuii 1o ynydmenuto X o6opymnoBaHus
MUIIEBBIX MPOU3BOJACTB MOXKHO OOIIMMU METOJIAaMU KBaJTUMETPUU, MPUMEHSIEMBIMH IS
KOJIMYECTBEHHOM OLIEHKU KaueCTBA MPOIYKIIHH.

1. Pacyer noka3zareseil kauecTBa 000py/10BaHUS

JIiist OLIEHKH YPOBHSI KQUeCTBA MCIIONB3YIOTCA UG PepeHINaTbHBINA, KOMIUIEKCHBIH 1
CMEIIAHHBII METOJbl, a OIpENEICHUE 3HAYCHMM IIOKa3aTelled KadecTBa IPOBOJIUTCS
U3MEPHUTEIBHBIM, PETHCTPAIMOHHBIM U pacYeTHBIM MeToaamHu [3].

Heo6xoaumoii coctapisitonied paboT MO YIYyYIIEHHIO IIYMOBBIX XapaKTEPUCTHK
000py/I0BaHUsl MHUILIEBBIX MPOU3BOJCTB SBISETCS KOJIWYECTBEHHAs] OLEHKA KOMILIEKCHOIO
MOKa3aTeNnsl MX TEXHMYECKOTO YPOBHS M KauecTBa IPU peaju3aluyd MEpOINPHUATHI 110
cHIKeHMIO 1yma. IIpoBeneHue Takol oLeHKH TpeOyeT pa3pabOTKU METOJIMKH pacuera
KOMILJIEKCHOTO TIOKa3aTelns Uil 00OpylOoBaHMs MMILIEBBIX MPOM3BOJCTB Ha OCHOBE OOLIMX
METOJIOB KOJIMYECTBEHHOM OLIEHKH KauecTBa MPOAYKILIHH.

Ienbto paboOThl SBISETCS OLIEHKAa KayecTBa OOOPYHAOBAaHUS KBAJTMMETPHUECKUMHU
METOJIaMHU.

B kauecTBe 0ObeKTa McCCiIEOBaHUI BBHIOPAHO OYHMCTHUTEIBHOE U M3MENBbUYUTEIBHOE
000py/10BaHNE NMUIIEBBIX MPOU3BOACTB, HAM0O0JIEE NCIIOIB3YEMOE Ha MPEANPUATUAX TUTAHHUS.
K sTomMy 000pynOBaHUIO OTHOCSTCS MAaLIMHBI OYMCTKH Kaprodens, cBexibl (MOK), myka
(MOJI), nporupounsie (MII), mw©Hapesku oBomeir (MPO, «l'amma», CL-30a),
oBolepesarensHo-potupoynsie (MIIP) u wmsacopybku (Koncar MEM-12 E, MUM-250,
MHUM-300, MHMM-500). IIIX TtexHOJOrMYECKOTO  OOOPYIOBAHMSI  ONpPENEISUINCH
IKCICPUMEHTAIbHO ~TEXHHYECKHM METOJOM B COOTBETCTBHHM €O CTaHaaproM [2].
CpennexBaapaTHYHOE OTKJIIOHEHHE BOCIIPOM3BOIUMOCTU U3MepeHui He npeBblmaio 1,5 1bA.
TexHuueckue TaHHbIE HUCCIIEyeMOro 000pyI0BaHUs IPUBEACHBI B Tabmuie 1.
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Tabnuya 1
TexHUYECKHE TaHHBIC UCCIIEYEMOTr0 TEXHOJIOTHYECKOTO 000y I0BAHUS
HaumeHoBaHue IIpousBoauTe/ib YcranoBJieHHas Macca | KoppekTnpoBaHHBIH
MAaIIUHBI HOCTB Q, Kr/4 MOIIHOCTh MAIIMHBI | YPOBEeHb 3BYKOBOI
3JIeKTPOABUIATE ISt m, Kr MOIITHOCTH, 1BA
N, Br X.X p-X
Koncar MEM-12 E 100 350 11 79,7 74,1
MWM-250 250 1100 56 84 84
MHM-300 300 1900 55 87 87
MHM-500 500 2200 140 81 84
MOK-250 250 550 99 72 78
MOK-350 350 550 70 73 81
MOK-150 150 370 55 67 79
MOJI-100 100 370 55 64 78
MPO 50-200 200 400 27 70 77
MPO-350 350 370 27 79 83
Tamma-5A 400 370 30 74 89
RobotCoupe CL-30A 80 500 15 66 68,6
MIIP-350M 350 370 27 76 88
MII-800 800 1100 85 74 74
MII-1000 1000 750 50 71 77
MPO 400-1000 1000 750 50 76 82

JIisi OLEHKH TPUMEHSIEMOTO0 TEXHOJOTHYECKOr0 OOOPYAOBaHHUS HCIOIb30BAHbI
CJIEAYIOIINE TEXHUUECKUE MTOKa3aTelu:

- yaenbHas Macca MamuHbl My = M/ Lpy [kr/0bA];

- yaensHOe norpebnenue snektposneprun Ny = N/ Lpa [BT/nBA];

- yaenbHas npou3BoaAuTenbHOCTE Qy = Q/ Lpa [(kr/49)/nbA].

B kauectBe Lo npuHMMAanock 3Ha4eHHE ypOBHA 3BYKOBOW MOIIHOCTH, H3MEPEHHBIX
HKCIEPUMEHTAIBHO IIPH paboTe ¢ MPOJYKTOM U Ha X0JI0CTOM Xoxy [1].

OObenrHeHNe B OHOM IOKa3aTese pe3ylbTaToOB OLIEHKH OCHOBHBIX COCTaBJISIOIIMX
TEXHUYECKOTO YPOBHS O0OOPYIOBaHUS MUIIEBBIX NMPOU3BOJICTB 00ECTIEYMBAECT KOMIUIEKCHBIH
merox [3, 4]. C »Toil 1enpio0 ompeaereHbl KOMIUIEKCHBIE MOKa3aTeld B BHJE: CPEAHMUN
B3BEIICHHBIN apudmeTnyeckuil IoKaszareiab, pacCUMTaHHbI 1o 3aBucuMoctu (1),
CpeHEB3BEILIEHHBIN reOMETPUYECKHU MToKa3aTenb (2), cpe/iHsas rapMOHHYECKas 3aBUCUMOCTb,
paccuntanHas 1o Qopmyne (3) W CpeAHEB3BEIICHHAs CTENEHHas 3aBUCUMOCTH (4).
OO00OIIeHHbII TIOKa3aTeNb KadecTBa MJs OMPEJCNICHUS TEXHHUYECKOTO YPOBHS MAIIWHBI
OTIpeIeTISIICS TI0 3aBUCUMOCTH (5).

KU1ZZm:Mi*qi (1)

i=1

m M;

K,=]]() (2)

i=1
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M;

L ©

Qi

Ko4:1/§:(MiQi2) (4)

KZS\Iqu'qu'ny (5)

rae M — ko3¢ umeHT BeCOMOCTH 1-T0 MOKa3aTes;

-

K03:I

-

1]
=

ql — CIAWMHHUYHBIC II0KAa3aTClIkM, pPaCCUUTAHHBLIC II0 OTHOMICHUIO YACIIbHBIX

[oKa3aresel MalliH K aHaJIOTUYHBIM I0Ka3aTesisiM 000py10BaHus, IPUHATOTO 3a 0a3y;
aqy ANy:Odmy — CAMHHYHBIC IOKA3aTENM YACHBHOW MPOM3BOIAUTEIBHOCTH,

YCTaHOBJICHHOW MOIIHOCTH U MacChl.
KoaddurnmenTsr BecoMocTr HaXoasTes 1Mo Gpopmysie:

Mi:mi/Zn:mi (6)

rJie M; — mapamMeTpbl BECOMOCTH.

Pesynbrarel  pacduera yIENBHBIX TOKa3aTeICH MacChl, TPOW3BOJUTEILHOCTH U
YCTaHOBJICHHOM MOIIHOCTH HCCIIEYeMOIO TEXHOJOTHYECKOr0 O0OpYHIOBaHMs IPUBEICHBI B
Ta0auIe 2.

O1eHKY eIMHUYHBIX ITOKa3aTelei MPOBOAMIH 10 (hopMyJie:

P P
i . 1545
qi = ) qi = (7)
P, P
rae Pj — 3HaueHue 1-ro rmokasaresi KauecTBa OLIEHUBAEMOM MPOAYKIIUH;
Pisq; — 6a30BO€ 3HAUEHHE 1-TO MTOKA3aTesl.

W3 nByX mpuBEAEHHBIX 3aBUCUMOCTEH IPUHUMAIOT TY, IPH UCIIOJIB30BAaHIH KOTOPOH

YBEJIMYEHUE OTHOCUTENBHOIO MTOKAa3aTeNsl COOTBETCTBYET MOBBILIEHUIO TEXHUUYECKOTO YPOBHS

MPOIYKIUH [5]. DTOMY yCIOBUIO COOTBETCTBYET 3aBUCUMOCTH (2).

Tabnuya 2
Y nenbHbIe MOKa3aTeNnu UCCIeNYEMOTO TEXHOJIOTHIECKOT0 000pyA0BaHuUs
HaunmenoBanue Y a.npou3BoaUTEeIbHOCTD Ya.momnocts Ny, Ya.macca My,
MAIIMHBbI Qy [kr/4 /nBA] [Bt /nBA] [kr/abA]
X.X. p-x. X.X. p-X. X.X. p-Xx.
Koncar MEM-12 E 1,25 1,35 4,39 4,72 0,14 0,15
MUM-250 2,98 2,98 13,10 13,10 0,67 0,67
MIM-300 3,45 3,45 21,84 21,84 0,63 0,63
MUIM-500 6,17 5,95 27,16 26,19 1,73 1,67
MOK-250 3,47 3,21 7,64 7,05 1,38 1,27
MOK-350 4,79 4,32 7,53 6,79 0,96 0,86
MOK-150 2,24 1,90 5,562 4,68 0,82 0,70
MOJI-100 1,56 1,28 5,78 4,74 0,86 0,71
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HaumenoBanue YA.mpou3sBOIMTENLHOCTH Ya.mommnocts Ny, Ya.macca My,
MAaIIMHbI Qy [kr/4 /nBA] [BT /nbA] [xr/nbA]
X.X. p.X. X.X. p.x. X.X. p.X.
MPO 50-200 2,86 2,60 5,71 519 0,39 0,35
MPO-350 4,43 4,22 4,68 4,46 0,34 0,33
Iamma-5A 5,41 4,49 5,00 4,16 0,41 0,34
RobotCoupe
CL-30A 121 1,17 7,58 7,29 0,23 0,22
MITP-350M 4,61 3,98 4,87 4,20 0,36 0,31
MII-800 10,81 10,81 14,86 14,86 1,15 1,15
MII-1000 14,08 12,99 10,56 9,74 0,70 0,65
MPO 400-1000 13,16 12,20 9,87 9,15 0,66 0,61

Haunbonee KOHKYpeHTOCIIOCOOHOW MAaIIMHOW ISt MPEANPHUSITUNA TMUTAHUS SBIISCTCS
mscopyoka Koncar MEM-12 E. B c¢Bsi3u ¢ 3TUM naHHas MamyrHa ObliIa MPUHATA B KaU4eCTBE
6a3oBoro oopasia. Pe3ynbTaTsl pacuera eIMHUYHBIX [TOKa3aTeNIe MPUBEACHBI B Ta0OIHIIE 3.

Tabnuya 3

Enqunnynbie mokaszateian KauecTBa HCCICAYyEeMOI0O O60py,I[OBaHI/I$I

HaumenoBanue En. nokasarens o, |  Ex. mokasarens quy En. nokasareib quy
MaIlIuHbI X.X. P-X. X.X. p-X. X.X. P-X.
1 2 3 4 5 6 7
Koncar MEM-12 E 1,00 1,00 1,00 1,00 1,00 1,00
MHM-250 0,42 0,45 0,34 0,36 0,21 0,23
MHWM-300 0,36 0,39 0,20 0,22 0,22 0,24
MHWM-500 0,20 0,23 0,16 0,18 0,08 0,09
MOK-250 0,36 0,42 0,57 0,67 0,10 0,12
MOK-350 0,26 0,31 0,58 0,70 0,15 0,17
MOK-150 0,56 0,71 0,79 1,01 0,17 0,22
MOJI-100 0,80 1,05 0,76 1,00 0,16 0,21
MPO 50-200 0,44 0,52 0,77 0,91 0,36 0,43
MPO-350 0,28 0,32 0,94 1,06 0,41 0,46
Camma-5A 0,23 0,30 0,88 1,14 0,35 0,45
RobotCoupe CL-
30A 1,03 1,16 0,58 0,65 0,62 0,69
MIIP-350M 0,27 0,34 0,90 1,12 0,39 0,49
MII-800 0,12 0,12 0,30 0,32 0,12 0,13
MII-1000 0,09 0,10 0,42 0,48 0,20 0,23
MPO 400-1000 0,10 0,11 0,44 0,52 0,21 0,25
Koadpdpumment
BECOMOCTH 0,31 0,31 0,46 0,47 0,23 0,22
Pesynbrartel pacuera 0000IIEHHBIX TMOKa3aTene kadectBa MamuH 1o X

NpUBEJICHbI B TabmuIe 4.
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Tabnuya 4
O0o0meHHbIe TIOKa3aTeNN KadecTBa Hccieqyemoro obopynoBanus mno X Ha Xomoctom
XOJly ¥ B paboueM pexume

HaumenoBanue Ko Koz K3 Kos K
MAIIMHBI X.X. | p.Xx. X.X. p.X. XX. | pX. | XX | pX. | X.X. | p.X.
Koncar MEM-12 E 1,00 | 1,00 | 0,0331 | 0,0324 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
MUM-250 0,33 | 0,36 | 0,0010 | 0,0012| 0,31 | 0,34 | 0,34 | 0,37 | 0,31 | 0,33
MHNM-300 0,26 | 0,28 | 0,0005 | 0,0006 | 0,24 | 0,26 | 0,27 | 0,29 | 0,25 | 0,27
MHM-500 0,16 | 0,17 | 0,0001 | 0,0001| 0,14 | 0,16 | 0,16 | 0,18 | 0,14 | 0,15
MOK-250 0,40 | 0,47 | 0,0007 | 0,0011| 0,26 | 0,30 | 0,44 | 0,52 | 0,28 | 0,32
MOK-350 0,38 | 0,46 | 0,0007 | 0,0012| 0,28 | 0,34 | 0,43 | 0,51 | 0,28 | 0,34
MOK-150 0,58 | 0,74 | 0,0025 | 0,0049 | 0,40 | 0,52 | 0,63 | 0,80 | 0,42 | 0,54
MOJI-100 0,63 | 0,84 | 0,0032 | 0,0071| 0,42 | 0,56 | 0,69 | 0,90 | 0,46 | 0,61
MPO 50-200 0,57 | 0,68 | 0,0040 | 0,0065| 0,52 | 0,61 | 0,60 | 0,72 | 0,50 | 0,59
MPO-350 0,61 | 0,70 | 0,0036 | 0,0050| 0,46 | 0,53 | 0,68 | 0,78 | 0,48 | 0,54
I'amma-5A 0,55 | 0,72 | 0,0023 | 0,0049 | 0,40 | 0,52 | 0,63 | 0,82 | 0,41 | 0,53
RobotCoupe
CL-30A 0,73 | 0,81 | 0,0121 | 0,0165| 0,68 | 0,76 | 0,76 | 0,85 | 0,72 | 0,80
MIIP-350M 0,59 | 0,74 | 0,0032 | 0,0060 | 0,45 | 0,56 | 0,66 | 0,82 | 0,46 | 0,57
MII-800 0,20 | 0,22 | 0,0001 | 0,0002 | 0,16 | 0,18 | 0,22 | 0,24 | 0,16 | 0,17
MII-1000 0,26 | 0,31 | 0,0002 | 0,0004 | 0,17 | 0,20 | 0,30 | 0,35 | 0,19 | 0,23
MPO 400-1000 0,28 | 0,33 | 0,0003 | 0,0005| 0,19 | 0,22 | 0,32 | 0,38 | 0,21 | 0,24

COOTBETCTBEHHO, €CJIM BEIMYMHA OOOOIIEHHOr0 IMOKa3aTeass OoJblne 1, MOXHO
YTBEPXKIaTh, YTO €€ TEXHUUCCKUI YPOBEHb BBIIIIE, UEM Y IPUHSITOH 3a 6a3y MalllUHBI.

2. AHAJIU3 pe3yJIbTAaTOB PacueTOB

AHanu3 pe3ynbTaToB TaOMUIbI 4 TOKa3al, YTO KOMIUIEKCHBIC MOKa3aTell KayecTBa
JUTSL UCCIIeTyeMO# BBIOOPKH MAIIWH JOBOJIBHO CYIIECTBEHHO OTIUYAIOTCS OT O0OOOIICHHOTO
MoKa3aTensl 3a HMCKIIOUEHHWEM, KaK W mosaraercs, 0a3oBoro obOpasma. [Ipubnmxkarorcs K
00001IeHHOMY TMOKa3aTeto kadecTBa K nump koMIiekcHbIN moka3arensb K3, paccunTanHbIi
KaK CpeIHsIsl TapMOHUYECKasi 3aBUCUMOCTb.

IIpennaraerca pacuer moKazarened kadectBa wmamumH no X Bectu 1o
000011IeHHOMY TTOKa3aTelto.

Cpemu wucciemyemMoro oOOpyAOBaHUS B YCIOBUAX OJKCIUTyaTallMd HAMITYYIIUMH
nokazarensiMu kadectBa mo IIIX mpu pabore Ge3 HaArpy3ku W MOJA HArpy3koil oOimagaroT
oBomepe3arenbupie  MamuHel  RobotCoupe CL-30A, MPO50-200, MPO-350, omnako
BeJIMYKMHA 0000IIEHHOT0 MOKa3aTelNs He MPEeBBIIaeT 3HaueHU 0a30Boro odpasia, a 3HaYuT
MO’KHO YTBEP)KIaTh, YTO UX TEXHUYECKHI YpOBEHb HUKE, YEM Y MPUHATON 3a 6a3y MaIlIUHBI.

Ha ocHoBaHuM MOMy4eHHBIX pE3yNbTAaTOB ObUI MOCTPOEH TpaduK 3aBUCUMOCTHU
BJIUAHUA KOPPCKTUPOBAHHOTO YPOBHA SBYKOBOI\/'I MOITHOCTU HMCCICAYEMbIX MallMH K
00001IeHHOMY TTOKa3atelnto kauectBa (Puc.l).
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Puc.1. I'papuk 3aBUCUMOCTH BIUSHUS KOPPEKTHPOBAHHOTO YPOBHS 3BYKOBOM MOIIIHOCTH
UCCIIEIyeMbIX MAIlIMH K 0000IIeHHOMY [TOKa3aTeso KauecTBa

Cratuctudeckas 3aBUCUMOCTb BIIHMSHUS KOPPEKTHPOBAHHOTO YPOBHSI 3BYKOBOM
MOIITHOCTH UCCJICyeMbIX MAIIHH Ha 00O0OIICHHBIH MOKA3aTelh KaueCTBa ISl IBYX PEKUMOB
npencraBieHa B Buae ¢yHkiui (8) u (9). [ns criuaxkuBaHHMs WX HMCMONb30BaHA (DYHKIIHS
l'aycca.

Xonocron Xxoxn

K = 0,613 —0,0029x +0,113sin(0,433* (x — 61,635)) , R*=0,986 (8)

C mpoaykToM

X X

K = 3,949 + 0,00095¢4%%° —0.875e*%5%° R?=0,9518 (9)




3annemnuxoe U.H, Cesamoposa U.C., [Tunonenxo A.K.
Lllymogvie xapaxmepucmuxu o00opy008anus 00WeCmeeHHo20 NUMAHUA U NOKA3AMENU €20 Ka4ecmad

I'papuueckas uHTepnperauus BblpaxkeHuid (8) um (9) ykaszpiBaeT Ha TO, YTO
3aBUCUMOCTb MEXJly YPOBHEM 3BYKOBOW MOIIHOCTH M Kay€CTBOM MAIlMH HOCHUT JIOBOJIBHO
CIOXHBIA xapakTep. [lompITka omucaTh 3Ty 3aKOHOMEPHOCTH 0oJiee MPOCTHIMH (YHKITUSIMU
HE yBeHUajach ycrnexoM. KoadduimneHT MHOKECTBEHHON KOPPEISITUN R? He npesbiman 0,2,
YTO CBHUJETEIBCTBYET O CJIa00N CTAaTUCTUYECKOW CBSI3M HccieayeMbix o0bekToB. Cremyer
TaKkKe OTMETHTb, 4TO R? npu paboTe MamMH 0e3 Harpy3Kd BbIIIE, YeM C Harpy3KOu.
[Tonaraem, 4yto 3TO CBsi3aHO ¢ BiusHUMeM Ha IIIX Mamumebl mpouecca B3aUMOIEHCTBUS
pabouero oprana c¢ mnpoaykroMm. Criaxkupawomas (QYHKIUS XapakTepusyeT TEHICHIUIO
BisiHUA 11X MalmH Ha Ka4eCTBO UX KOHCTPYKLIHMH.

3akarouyeHue

1.  VYcraHoBieHa mpuemiieMas K HCIOJB30BAHUIO CTATUCTUYECKAs 3aBUCHMOCTH
BiustHus LLIX 06opymoBaHus 00IIECTBEHHOTO TMTaHUS HA KAYECTBO UX KOHCTPYKIIHH.

2. B pacderax mpeamoyTeHHE CIeAyeT OTAaBaTh AaHHbIM 1o LIIX mammH npu
pabote 0e3 Harpy3KH.

3. C Bo3pacTaHmeM ypOBHS IIIyMa MAIlliH UX KQ9€CTBO MOHOTOHHO YXYAIIASTCS.
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OneHka ¥ CHHKEHHE mymMa Ha CTAaHIIMA METPOITIOJIMTEHA OTKPBITOI'O THIIA

Anapromienko A K.
Acnupant, BI'TY « BOEHMEX» um JI.®. Ycrunosa
r. Cankr-IlerepOypr, 1-1 KpacHoapmeiickas, 1. 3

AHHOTaNUA

B pabote paccMmaTtpuBaeTcs mpobiieMa MPEBHIICHNH YPOBHEH IIyMa B MacCaKUPCKUX IMOMEIICHUIX
crannuii [leTepOyprckoro MeTpomojWTeHa W IIYyTH ee pemieHns. Ha OCHOBaHMHM HATYPHBIX H3MEPEHUH
OTIpEZIeTICHBl YPOBHU IIyMa B ITACCAKHMPCKUX IOMENICHUSX, HAa PACIOJOXKEHHBIX B HHUX pabodmx Mecrax
COTPYJHHKOB, YCTAHOBJICHBl OCHOBHBIE MCTOYHHMKH IIyMa U MX XapaKTEPUCTHKH, ONPEAEICHBI aKyCTHYECKHE
HapaMeTpsl TOMEIIEHUH. PaccCMOTpEHBI THITOBBIE TEXHUYECKIE MEPONPHUSTHS, IPUMEHEHHNE KOTOPBIX HE TpedyeT
TEXHHUYECKOTO MepeoOOpyJOBaHMSl CTAHIUMH M TO3BOJSIOIIME CHU3UTh YPOBHM IIyMa B IAcCaXHPCKUX
MOMEIICHUSX.

KiroueBble c10Ba: METPOIOIMTEH, MacCaXXHMPCKUE IMOMEIIEHHUS, YPOBEHb IIyMa, IIyMO3al[UTHBIC
MEpPOTPHUAITHS.

Assessment and noise reduction at the station of the subway of open type

Andryushchenko A.K.
Postraduate student, Baltic State Technical University “VOENMEH” named after D.F. Ustinov
1-st Krasnoarmeyskaya str., h. 1, St.-Petersburg, Russia

Abstract

In work the problem of excesses of noise levels in passenger premises of the stations of the St.
Petersburg subway and a way of her decision is considered. On the basis of natural measurements noise levels
in passenger rooms, in the workplaces of employees located in them are determined, the main sources of noise
and their characteristic are established, acoustic parameters of rooms are determined. Standard technical
actions which application doesn't demand technical re-equipment of stations and the noise levels allowing to
lower in passenger rooms are considered.

Key words: subway, passenger rooms, noise level, noise-protective actions

BBenenune

Cankr-IleTepOyprckuit METPOIIOIUTEH IPEICTABIISIET COOOM CUCTEMY MACCAKUPCKUX
U CIYXEOHBIX MOMEIICHUH, MO3BOJISIOUINX OCYHIECTBIIATH TPAHCIOPTHPOBKY MACCa)KUPOB U
paboTy cHucTeM B YCIOBUSAX OOJNBIIOrO MaccaXUpomnoToka. OCHOBHBIMHU MAaCCAKUPCKUMHU
MOMEIEHUSIMU TUMOBBIX cTaHIMi [lerepOyprckoro MeTpomnoiuTeHa SBISIOTCSA: BECTUOMONb
CTaHIINH, PACIOJOXKEHHBIH B HAJ3€MHOM YacTH CTAHIIWU, SCKaTaTOPHBIA TOHHENb (JJs
CTaHIMM TIIyOOKOIro 3allo’KeHUs), MiIaTGOpMEHHBIH 3ai (MoJA3eMHas 4acTb CTAHIUHU) U B
HEKOTOPBIX CIIy4asiX MepecaouHblil KOPUAOP MEXAY CTAaHIUSMU.

enb paboThl — CHMXKEHHE IIyMa B MACCAKUPCKUX MOMEIICHUSIX U PACTIONOKEHHbBIX
B HUX pPabOYMX MeCTaxX CTaHIMU METPOIMOJUTEHA, IOCTIKEHHUE MPENeIbHO TOMYCTHMBIX
ypoBHe#. HopMaTuBHBIE YPOBHM JJII pabOunX MECT M MACCAKHUPCKUX TOMEIIEHUNW CTAHITHI
MeTpononuTeHa (nanee — CM) conepskarcs B [1] u ycTaHaBIHMBAIOT:

E-mail: Ivasishinaa@gmail.com (4noprowenxo A.K.)
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Tabnuya 1

[IpenensHO MOMyCTHMbIE YPOBHHU IIyMa JJIsi MACCAKUPCKHUX IMOMEHIICHUH METPOIOJIUTCHA U
pacmonoxeHHbix B HuX paboumx wmect (CII 2.5.1337-03 «CanuTtapHble  MpaBuiia
IKCIUTyaTalii METPOTIOJIUTEHOB))

YpoBHHU 3BYKOBOT'O AaBJIeHUs, 1B, B OKTaBHBIX

Bunpl moMemenui, V3u | Maxkc.
N . 110JI0CaxX CO CPEAHEreOMETPUUECKUMHU YacToTamy, ['1g
i TPYAOBOM JESITENBHOCTH, 9kB. ¥3,| V3,
padouue mecta 315 | 63 | 125 | 250 |500(1000/2000| 4000 | 8000 | APA | ABA
1 [Tpou3BOACTBEHHBIE TOMEICHHUS

Pabora, Tpebyromas
COCPEIOTOUYEHHOCTH, C
MOBBIIIEHHBIMU TPEOOBAHHUAMH K
mporieccaM HaOMIOACHHS U
r | muctaHIWoHHOTO ynpasienus, | 103 | 91 | 83 | 77 [ 73 | 70 | 68 66 64 75
pabounie MecTa B IIOMCIICHUSX C
IIIyMHBIM 000PYIOBaHUEM H TIP.
(pabouue mecma 0excypHo20 no
8eCmMubIONI0 U NO ICKALAMOpY)

BeImonHeHre BceX BUIOB paboT
(3a UCKITFOUCHHEM
MEPEYHCIICHHBIX B IL.IL la...lr)
Ha ITOCTOSTHHBIX pabovYHuX MecTax
B IIPON3BOJICTBEHHBIX
Il | moMemieHusx 1 Ha tepputopun | 107 | 95 | 87 | 82 |78 | 75 | 73 | 71 69 80
MIPEANPUATHIH.
(paboune mMecTa IeKYpPHBIX 110
OTIPABJICHHUIO TTOE3]I0B,
yOOPIIMKOB, paboueit 30HbI
MaITMHHOTO 3aJ1a)

2 [Naccaxupckue oMemeHHs 93 79 | 70 | 63 |59 | 55 | 53 51 49 60 75

CraHums  MeTpONOJUTEHa, Ui KOTOPOM  OCyllecTBsulack  pa3zpaboTka
IIYMO3AIIUTHBIX MEPONPUITHN — KOJIOHHAs, TITyOoKoro 3anoxenus (~ 64 m). Kononsusr (1o
39 mr. ¢ Kaxa0il CTOPOHBI) NMEPPOHHOrO 3aja OONMIIOBaHBI OenbiM MpamopoM. [loner —
CepbIM TPAHUTOM, IIyTEBbIE CTEHbI OOJIMIIOBAaHBI 3€NEHOM ¢ YEPHBIMM BKpAIICHUSIMU,
KepaMu4eckod puQIEHON TUIMTKOW. OCKamaTOpPHBIA TOHHENb (BBIXOJ CO CTaHIUM),
coJiepkalnii 3 sckajmaTopa, pacloyioKEeH B H0KHOM Toplie craHiuu. [lepekpbiTre moronka
BECTHUOIOJISI COOPYKEHO € MPUMEHEHNEM METAITIMUECKUX OanoK, KOTOPbIE COEAMHEHBI MEXKIY
co0o0i1 B BIJIe TPEYTOJIbHUKOB U KBaipaToB. CTaHLIMS UMEET 2 MyTH CIIEJOBaHUS OE3/10B.

bbun mpoBeieHbl HaTypHBIE N3MEPEHUS YPOBHEN IIIyMa B TOMEILEHUSX:

° BECTHOIOJISI CTAHIINY,
. ACKAJIATOPHOTO TOHHEJIS;
. 1aT(OPMEHHOTO 3aj1a CTAHIUH.

Jlst onpeniesieHust ypoBHEH ITymMa Ha pabOdnX MECTax COTPYIHWUKOB CTAHIIMU, ObLIH
IPOBE/ICHBI U3MEPEHNs YPOBHEH HA pabO4YMX MecTax JEKYPHOTO MO BECTHOIOIIO, IeKypHOU
0 3CKAJIaTOPy U B pabouell 30He MAITMHHOTO 3aJla 3CKaJIaTOPHOM.

N3mepenus NpoBOANINCH B THEBHOE U HOUHOE BpeMs AJIs CIIEYIOIIMX TTO3ULININA:

. M3MEpEeHUs YpOBHEH LIymMa IpH ABM>KeHUU noe3noB 1o I, II mytu, ybopounsix
MaIIHH, 3BYKOBOI peKJiaMbl, TaCCAKUPOB U paboTe IBYX ICKAIATOPOB B JHEBHOE BPEMS;
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. TO K€ IpU paboTe TpeX ICKAIATOPOB B JHEBHOE BPEMS;

J u3MepeHne POHOBOTO YPOBHS IIIyMa B «HOYHOE OKHOY;

J U3MEpEHHUs] YpPOBHEW IymMa mpu paboTe OAHOrO 3CKajgaropa U YOOPOUHBIX
MAaIIMH B «<HOYHOE OKHOY;

J TO K€ TIpH paboTe IBYX ICKATATOPOB B KHOYHOE OKHOY;

J TO K€ TIpU PaboTe TPEX ICKATATOPOB B «KHOYHOE OKHOY;

J U3MepeHe YpoBHEH I1ymMa npu padore yOOPOUHBIX MAIIUH B «(HOYHOE OKHO.

1. Pe3yabTaThl H3MepeHNii YPOBHel mIyma

Becmuoiwone
OCHOBHBIMU HCTOUYHUKAMH 1IIyMa B IOMELIEHUH BECTHOIOJIS SBIISIOTCS:
e ammaparsl 10 IPUEMY IJIATEXKEN U BbI1a4Ye KETOHOB;
e IIpeAyNpeauTENIbHAs CUTHAIN3ALNS BXOIHBIX TYPHUKETOB;
e 3CKanaTopsl (IPU 3TOM, YPOBEHB IlIyMa B BECTUOIOJIC CTAHIIMH MaJIO 3aBUCHUT OT
KOJIMYECTBA OJJHOBPEMEHHO paloTaromux 3ckanaropoB (pasHuua B 1 n1bA npu
U3MEPEHHSX PabOThI ABYX M TPEX ICKATATOPOB OJJHOBPEMEHHO)).

B xone u3mepeHuil yCTaHOBJIEHO, YTO SKBUBAJICHTHbBIE YPOBHU 3BYKa B Yac-TIHK U B
[IEPUOJ MUHUMAJIbHOTO KOJIMYECTBA MACCAKUPOB UMEIOT HECYLIECTBEHHBIE OTINYHS.

CornacHo pe3yiabTaTaM HW3MEpPEHUN YPOBHEW IIyMa, B MAaCCaXUPCKOM MOMELICHUH
BECTHOIOJISI CTAHIIMK IPEBBIIEHUE NPEAebHO AONYCTUMBIX YPOBHEH IllymMa cOCTaBisieT 3-
7 nBA nnst 5KxBUBaJIEHTHOTO YPOBHS U 2-3 AbA JIsl MAKCUMAJIBHOTO YPOBHS 3BYKa.

Ackanamopnwviit mounens

HcTounnkamu nryma B 3CKalaTOPHOM TOHHENE CTaHLUU SBJISIOTCS:

®  OCKaJIATOPBI;
e 3BYKOBas pekjama.

B xone u3aMepeHMil yCTaHOBJIEHO, UYTO 3BYKOBas pekjlaMa HE SBJIAETCS 3HAYUMBIM
UCTOYHHUKOM IIyMa, BIIMSHUE KOTOPOTO IPOCIEKUBACTCS TOJNBKO JUIsI OOJIACTH BBICOKHX
yacToT. OTMeueHO TakXe, YTO TMpU MEpPEeIBHKEHUU MACCAXUPOB IO HCKajlaTopam
YCTPAHAIOTCA IOCTOPOHHHE UIYMbl B BHUAE YIApOB U IIOCTYKMBAHMM CTyNEHEH O
HEMOJIBUKHBIE D3JIEMEHTBl YCTPOMCTBA, T.K. MACCAXXUPHl CO3JAIOT HA HUX Harpysky,
UCKJTIOYAIOIIYI0 MUKPO JHO(THI CTYTIEHEH.

CornacHo pe3ynabTaTaM HM3MEpPEHUH YpOBHEH IllyMa, B NAacCaXMPCKOM IOMELICHUU
ACKAJaTOPHOIO TOHHEJNS CTAaHLMHU MPEBBILICHUE MPENeIbHO JOMYCTHUMBIX YPOBHEW IIyma
cocraBiseT 7-14 nbA 171 DKBUBAJIEHTHOTO YPOBHS 3ByKa. MakcUMasbHbIE YPOBHH 3BYKa HE
HOPMUPYIOTCS, IOCKOJIBKY IIYM B 3CKaJIAaTOPHOM TOHHEJIE OINPEIEIeH KaK NOCTOSHHBIM.

Ilhamghopmennwuii 3an

HcTounnkamu nryma B HOMEUIEHUH MJIaTGOPMEHHOTO 3aJla SIBISIOTCS:

e JIBIKCHHE JJIEKTPOIOE3/I0B;
e cucTeMa BEHTWISALUU BOo3AyXa ((POHOBBIH IIyM, YCHIIMBAIOIIMKICS ISl TOPLIEBOI
YacTH TIaTGOPMEHHOTO 3aJ1a).

CornacHo pe3ynbTaTaM H3MEpeHHH YpoBHEH Iyma, B IUIaT(GOPMEHHOM 3aje
CTaHIIMU TPEBHINIEHHUE MPENEITBHO JOMYCTHMBIX YPOBHEW ImIyma cocTtaBiseT 25-26 nbBA mis
SKBUBAJIEHTHOTO ypoBHs U 20-23 nBA nns MakcMManbHOTO YpOBHS 3BYKa.

Paobouue mecma

bbutn mpoBeneHbl M3MEpeHUs: ypoBHEH IIymMa Ha paboduMx MecTax JeKypHOIro Mo
BECTHUOIOIIIO, IE)KYPHOM IO ACKAIaTOpPy, I€KYPHOU MO CTaHIINU.

CornacHo pe3ynbTaTaM U3MEpEeHHI YpoBHEH IIyma, Ha paboYnX MecTax IeKYypHOTO
0 BECTHOIJII0O M JACKYPHOM IO 3CKalaTOpy YpPOBHHM IIyMa HE MPEBBIMIAIOT IMPEAETbHO
JOITYCTUMBIE YPOBHH.
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s paGoueil 30HBI NEKYpHOU IO OTIPABICHHIO MOE3N0B (MIaT(opMeHHBIN 3ai)
SKBHUBAJICHTHBIA YpOBEHb 3BYKa MPEBBIIAET MPEAEIbHO AoMycTUMble YpoBHM Ha 10 gbA.
MakcuMasnbHble YPOBHH 3BYKa HE IIPEBBILLIAIOT IPEAEIBHO J0IYCTUMBIE YPOBHHU.

2. AKycTHYeCKHe CBoiicTBa maccakMpckux mnomemenunidi CM u onucaHue
NMPoueccoB IIyMOOOPa30BaHUsA B IJIAT()OPMEHHOM 3aJie

Jlns co3paHusi MaTeMaTH4eCKOM MOJenu NMOMEUIEHWH W NPOBEACHUS pacueToB, B
YacCTHOCTH IS pacueTa YpOBHS 3ByKa OT MHCTOYHHKOB IIyMa M  OIpPEICICHUS
3BYKOIIOTJIOUIAIOMIEH  CIIOCOOHOCTH  OTPAXKAAIOLIMX KOHCTPYKLUUH IMOMELIEHUH, Obuin
IIPOBEJEHBl U3MEPEHUsI aKyCTHMUECKHUX I1apaMeTpOB IOMEIleHUuN B cooTBercTBuU c [3]. B
coorBercTBUM ¢ JaHHbIM ['OCTom, npoBOAMIOCHE H3MEpEHHE BpPEMEHM peBepOepanun
OPUEHTHPOBOYHBIM METO/I0M, METOAOM MPEPHIBAEMOTO IIIyMa.

Ha ocHoBaHuMU mONydeHHBIX 3HAYEHMH BpEeMEHU peBepOepauuu 1o ¢opmyie
Otipunra (1) Obut ompezaeneHbl KOA((GUIMEHTH 3BYKOMOTJIOMIEHHS Ul TacCaXKHPCKUX

nomemnieanit CM (tabi1. 2).
0,162V
T — — ) (1)
Sarplnfl_acp::'
rae V — 00beM IOMEILEH NS, M3;
Sorp — INIOIIA/Ib OIPAXKIAIOIINX KOHCTPYKIHI TOMEIICHUS, M°

[ 4
P — k03¢ (PULIHEHT 3BYKOMOTJIOMICHHUS.

Tabnuya 2
Cpennnii K03 PUIMEHT 3BYKOIOIIIOMIEHUs U SKBUBAJICHTHAS IUIOIIAb 3BYKOMOTJIOUICHUS
naccaxupckux nomemennit CM

OKTaBHBIE MTOJIOCHI CPETHETEOMETPUIECKUX
ITaccaxxupckoe nomeuieHue yacToT, I'1
125 250 500 1000 2000 4000

0,16 0,17 0,16 0,15 0,15 0,18

Cpenuuii KO3 GHUIUEHT 3BYKOIOTIOMICHHUS
(Becmubionv cmanyuu) ,
DKBHUBAJICHTHAS IJIOIIA b 3BYKOIOTJIOMICHHS, M 326 330 319 301 301 371
(Becmubions cmanyuu)

Cpenuuit KO3pGHUIUEHT 3BYKOIOTIOMICHHUS
(Dcxanamophulii mounenn)

DKBHMBAJCHTHAS IUTOMIAb 3BYKOTOTTIOMICHHS, M*
(DckanamopHviii monHenw)

Cpenuuii KO3QPUIUEHT 3BYKOTOTIOMICHHUS
(IInamgpopmennvwlii 301 cmanyuu)
DKBUBAJICHTHAS [UIOIIA b 3BYKOMOTIOMEHHS, M
(Ilhamghopmennulii 3a1 cmanyuu)

0,09 0,1 0,12 0,11 0,11 0,13

134 146 171 161 156 192

0,05 0,05 0,05 0,05 0,06 0,08

416 394 389 421 452 659

Pe3ynbrarhl pacyeToB MOKa3bIBAIOT, YTO MACCAXUPCKHUE IOMELIEHUs IpH
JIOCTAaTOYHO OOJBIIMX OOBbeMaxX IOMEIIEHUH MMEIOT Mallble SKBUBAJICHTHBIC IUIONIAAN
3BYKOIIOTJIOIIEHUS] M 3BYKOBOE I10JI€ NMOMELIEHUHA COAEPKUT OOJBIIYIO JOII0 OTPaKEHHOI'O
nryma.

B xozne n3mepeHuit ypoBHe#l myma B mIaTOPMEHHOM 3ajie CTAaHI[MM YCTAHOBJICHO,
YTO OCHOBHOM BKJIAJ] B MPOLIECCHI IIYMOOOPA30BaHUsI BHOCUT IIIyM OT JBHKEHHS MOJIBUKHBIX
COCTaBOB. AHaJIN3 COCTABIISAIOUINX, BXOJIAIIMX B 00Iee W3TydeHHEe OT MOJBM)KHOTO COCTaBa
MOKa3aj, 4TO HMEIOTCA 3 BaXHBIX OTAENbHBIX HCTOYHUKA H3IYYEHHS, (OPMUPYIOLIUI
3BYKOBOE II0JI€:

- IIyM JIBUXKYILIETOCS COCTaBa, BO3HUKAIOIIEH B CUCTEME «KOJIECO-PENIbCY;
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- YIapHBII OIyM OT B3aUMOJEUCTBHUSl CHUCTEMBI «KOJECO-PEIbC» MPHU MPOXOKIACHUU
4yepe3 U30JUPYIOLIUE CTHIKH;

- myM paboThl >JEKTPOJBUTATENss W Jpyroro oOOpyAoBaHUA TMoe3[a Mpu
OTMPABJICHUH CO CTAHIIUU.

YcTaHOBNIEHO, YTO NpPU MPUOBITUM HA HCCIEAYEMYIO CTAHIIMIO AJIEKTPOJBHUraTElb
MOJIBIDKHOTO COCTaBa HE 3a/ICHCTBOBaH, TMOO MMEET MUHUMAIbHYIO Harpy3ky. Mcxoas w3
3Toro ¢akra, ObUIM MPOU3BEIACHBI M3MEPEHUS OTIENBbHO Ui MPEObIBAIOIIETO HA CTaHIIUIO
noe3fa. M3imyyaeMblil py 3TOM IIYM ONpeeieH Kak IIyM B3aUMOJICUCTBUS «KOJIECO-PEIbCH»
(mpu pacyere CyMMapHOI 3ByKOBOW Harpy3ku IpH BbE3/Ie COCTaBa Ha CTAHIIMIO, B IyME OT
CUCTEMBI «KOJIECO-pPeNIbc» OBUT y4TEH BKJIAJ OT IMOJBIIKHOTO COCTaBa B 4acTH TOPMO3HOM
CUCTEMBI, IIIyM JIBUTaTelIell HE YUUTHIBAJICH).

[lym snekTpoaBuratens ObUT MHTCHCHBHBIM BO BpEMsi OTIpPABICHUS IOe37a CO
cTaniuu. J{ns BblIeNeHUs BKJIaJa IIymMa OT JJIEKTPOJABHraTels ObUla MpOU3BENEHA CepHs
U3MEPEHUI TPy OTIIpaBJICHUU moe3na. HabmroneHus 3a mpuObITHEM U OTIPABICHUEM MOe3/1a
MOKA3bIBAIOT, YTO IIYM OT B3aUMOJAEHUCTBUS «KOJIECO-PENIbCY» HAOII0JaeTCsl ISl MPUOBITUS U
OTMPABJICHUS TIOJIBHXKHOTO COCTaBa, a IIYM AJIEKTPOABHUTATENICH TOJIBKO MJisi OTHPABJICHHUS,
YTO ONPEAEINIIO MPOLEHTHOE BpeMs Bo3AeHCcTBUS UICTOUYHUKOB 100% — «komneco-penbey, 50%
— DJIEKTPOJIBUTATEIIH.

[TonydyeHHble XapaKTEPUCTUKM HCTOYHHKOB IIymMa B IUIAT(OPMEHHOM 3aje
npeacTaBieHsl B Tabnuie 3. B pacuerax Takxke yd4TeHO BpeMsi BO3JCHCTBUS MCTOYHHMKA HA
naccaxxupa. Ha OCHOBaHMM NPUHATOTO YyCIOBHUS pPabOTHI BBEJEHA MOMpPaBKa Ha BpeMs
BO3JECHCTBUS UCTOYHUKA.

Tabnuya 3
XapaKTepI/ICTI/IKI/I HUCTOYHHKOB IIyMa B HJ'IaT(l)OpMeHHOM 3aJI€
YpoBHH 3BYKOBOTO naBieHHs (1b) B OKTaBHBIX MMOJOCaX
HcrovnuK mryma TeOMETPUYCSCKUX YacToT, 11
315 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

CrcreMa «KOJIEeCO-PeIbey 78 75 74 83 83 79 73 67 60
Tonpaexa na epems go3oeticmsust -3 -3 -3 -3 -3 -3 -3 -3 -3
Pabora s1ekTpoaBuraTens 76 69 74 81 86 82 76 67 62
Tonpaexa na epems go3oeticmsust -6 -6 -6 -6 -6 -6 -6 -6 -6
Crpik 1 60 71 59 74 78 77 69 65 61
Crpik 2 60 59 66 76 77 76 70 65 58
Tonpaexa na epems go3oeticmsust -3 -3 -3 -3 -3 -3 -3 -3 -3

B pacuere ypoBHeil myma B miuaTpopMEHHOM 3ajie He Obula ydeHa pabota
BEHTWISIIMM M 3CKaJaTopoB, T.K. B paccMaTpUBaeMOW CHUTyallUM 4Yaca-TIHK JaHHbIE
HCTOYHHKHU HC BHOCAT OLIYTHUMOI'O BKJjIa/la B ITYMOBYIO KaPTHHY IMOMCIICHUA.

JUisl macca)kupcKuX MOMENEHUH ObUIM pacCMOTPEHbl KOMITIEKCHI ITyMO3aIUTHBIX
MCpOHprlTHﬁ, MO3BOJIAIOIUE CHU3UTH YPOBHHU 3BYKA, KaK B UICTOYHUKEC 06p330BaHI/I$[, Tak "
Ha TMyTH pacnupocTpaHeHus Iuyma. I[Ipm STOM JaHHBIE MeEpONpHATHS He TpeOyroT
KapAMHAJIBHOTO TEXHOJIOTUYECKOTO Iepeo0OpyI0BaHUsl CTAaHIMM (3aMEHbl TOJBUKHBIX
COCTaBOB METPOMOJIUTEHA) U MO3BOJISIOT JOOUTHCS TOCTHKEHHUS JOMYCTUMBIX YPOBHEH 11ymMa
Ha paboyux MecTax.
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3. TumnoBble MepoNpHUATHS MO CHUKEHHI0 YPOBHell IIyMa B MACCAKMPCKHUX
NnoMelleHusIX 1 Ha padounx mecrax CM

3.1 DckaJaTOpPHBIH TOHHE/b

Jisa  >bhekTUBHOrO CHWKEHHMSI YpOBHEH IllymMa pEKOMEHAYEeTCsl BBEJICHHE
JIOTIOTHATEITFHOW SKBUBAJIICHTHOW TJIONIAJN 3BYKOIOTJIONIEHUSI HA CTEHBI M MOTOJIOK B BUIE
3BYKOIOTJIOUIAIOIET0 MaTepuana. B KadecTBe Takoro marepuana MOXKET CIIYXHUTb
3BYKOIIOTJIOMIAIONINI  MaTepuaj, HAHOCUMBI Ha T[OBEPXHOCTH B BHJE OOBEMHOMN
HITYKaTypKH, ¥ MOXKET OBbITh HCIIOJIb30BaH B KOMILJIEKCE C JAPYTUMHU 3BYKOIOIIIOIIAIOIIUMU
KOHCTPYKIIUSIMU TIOJT HUM.

st pacuera 3¢ PeKTUBHOCTH HCTONIB3YeM (opmyiy (2), MO3BOJISIONIYIO OLICHUTH
9¢(EeKTUBHOCTh CHI)KCHHS IIyMa B T[OMEIICHWH TPU  HCIOJIH30BAaHUHM  CPEICTB

3BYKOIIOTJIOIICHUS:
As
AL, = 10Ig=2
ﬂi’ , (2)
rae A1 1 A> — DKBUBAJEHTHBIE TUIOIIATN 3BYKOIIOT'JIOLICHU S (M ), B IIOMEILCHUH JI0 U
MIOCJIC IPUMCHEHHUSI 3BYKONOTJIOIIAI0IIEro MaTepHrala COOTBETCTBEHHO:

n
A= 2im % Sy 3)
m
A =1 512, (4)
oC, O _5'1. ’
rae i, R Y 1 2 — COOTBETCTBEHHO Koaq)chuHeHT 3BYKOIIOTJIOLICHUST U

IUIOINAAb I-i OrpakAaromieii MOBEPXHOCTH (MZ) no (uHIekc «1») m mocne (MHIOEKC <«2»)
aKycTu4yeckon oopadboTku [4].

Tabnuya 4
OKBUBaJCHTHAs IUIOIIA[b 3BYKOIOTJIOUICHUS ACKAJTaTOPHOTO TOHHENs Ha TeKyllee
MIOJIO’KEHUE U PeKOMEHIyeMasi K BBEJICHUIO

OKTaBHBIE TOJIOCHI
[Taccaxxupckoe momerieHue CpeIHEreOMEeTPUUECKUX YacToT, 11
125 250 | 500 | 1000 | 2000 | 4000

DddexkruBHOCTH
MepomnpusaTus, 1bA

DKBHMBaJICHTHAs IUIOMIA/b
3BYKOIOTJIONICHHS 10 mpumenenust | 134 | 146 | 171 | 161 | 156 192 -
IIYMO3AI[UTHOTO MEPOIIPHUSITHS, M
JloGaBouHast 5KBUBaJICHTHAS
IUIOINAb 3BYKOTIOTJIONICHHUS
(TutoIaas OOMIIOBKY CTEH U
csoma S=1000 MZ), M

280 | 520 | 720 | 940 | 990 | 850 1o 5 nbA

B kadecTBe AONOIHUTENBHOIO NIYMO3AIIATHOIO MEPOIPUATHS PEKOMEHAYETCS
YCTPaHATh INEAM M 3a30pbl MEXAY BHEIIHEH YacTbI JOCKaJIaTOPOB U BHYTPEHHUM
o0opynoBanueM. Takxke, B  KauyecTBE JIOMOJHUTEIBHOTO  MEPONPUSTUS  MOXKET
paccMaTpuBaThCsl  YIUIOTHEHHWE  3BYKOM3OJSIIMM  OalltoCcTpazbl  MyTeM  HPUMEHEHHS
MaTepHaIOB, UMEIOIUX OONBIIYI0 3BYKOM3OJALMIO, ¢ IMPUMEHEHUEM 3BYKONOMIIOIIAIOLIETO
MaTepuiia Ha BHYTPEHHIOK ITOBEPXHOCTDh OTPaXKJACHMUS.

3.2 Bectuorwanr CM

Jns  cHWKEHMs ypOBHEM IIyMa B KayeCTBE OCHOBHOTO ILIYMO3AIMTHOTO
MEpONPUATHS PEKOMEHAYETCS BBEACHUE JIOMOJHUTEIBHOTO 3BYKOINOIJIONIEHUS B BHUIE
3BYKOIOTJIOMIAIONINX MAaTEPHAIOB U KOHCTPYKIMKA (OOMUIIOBKM CTEH 3BYKOIOTJIOMIAIONTUMHI
MarepuayiaMi ¥ (WJIM) HCIOJIB30BAHUE TITOJIBECHBIX 3BYKOIOTJIOMIAIONINX KOHCTPYKIIHA.
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JlaHHOE MEpOTMPHUATHE HAIPABICHO HAa YMCHBIICHHE OTPAKEHHOTO 3ByKa B MOMEIICHUAX C
6OJIBHII/IMI/I O6’beMaMI/I 1 MaJIBIMHU DSKBUBAJICHTHBIMU IJIOIIAIAMMU SBYKOHOFJ'IOH_ICHI/ISI. HpI/I
9TOM CJIeAyeT YYUTBIBATh, YTO IIyM B TOYKAX, HAXOIAIIUXCS B 30HE MPSAMOrO 3ByKa, HE
MOXKET GBITB JO0CTATOYHO CHUKCH.

B cBs3u ¢ 3THM, PEKOMEHIyeTCS NMPUMEHEHHE IIyMO3AIMUTHBIX MEPONPUATHI B
KOMIIJICKCE C MepOHpI/ISITI/IﬂMI/I, HaHpaBHeHHbIMI/I HAa CHHIXCHHC I_HYMa B BCKaHaTOpHOM
TOHHEJE, T.K. 3CKalaTOPbl SBJISIOTCS OCHOBHBIM MCTOYHHKOM IIyMa B ITOMELICHUU
BECTHOIOIIS.

Tabnuya 5
OKBUBAJICHTHAS ILIOMA]b 3BYKONOIJIONICHHUs BecTHO0is1 CM Ha Tekylee IOJIOKEHHUE U
pEKOMEH TyeMasi K BBEACHHIO

OKTaBHBIE MOJIOCHI CPETHETEOMETPUIECKIX O dexTuBHOCTH
[Maccaxupckoe nmoMerieHue 4acToT, I'1 MEpONPHATHS,
125 250 500 | 1000 | 2000 | 4000 JbA

DKBHMBaJICHTHAs IUIOMIA/b
3BYKOIOTJIOIIIEHUS JI0
HpI/IMCHeHI/ISI IHyMO3aU_[I/ITHOFO
MEpONPHUATHS, M2
Jlo0aBoUHas SKBUBAJIEHTHAS
IUTOIIA b 3BYKOIOTJIOIIEHHSI
(cymmapHas miomas 06IMLOBKH 560 1040 | 1440 | 1880 | 1980 | 1700 no 7
CTEH U IOABECHBIX
3BYKOIOTJIOTUTENEH
Sew=2000 M°), M°

327 330 |319 | 301 | 301 371 -

[To pesynpraTam pacueToB 3(PPEeKTUBHOCTh JAHHOTO KOMIUIEKCA HIYMO3AIIUTHBIX
MEPOTIPUATHIA COCTaBIACT 00 7 0BA, 4TO MO3BOJUT CHU3UTH 3HAUEHHUS SKBUBAJICHTHOTO U
MaKCHMaJbHOTO YpOBHEH 3ByKa BO BCEl 30HE NpeodIagaHusi OTPaXKEHHOTO 3BYKa
[ACCA)KUPCKOT0 IOMELIEHUU BECTHOIOJIA CTAaHUMU JO HOPMATHUBHBIX 3HaueHUd B 60 wu
75 nbBA.

3.3 [lnardopmennsbiii 3a0 CM

Oobopyoosanue deccmbiko6020 nymu. B KadecTBe IIyMO3AIIUTHOTO MEPONPUATHUS
pEeKOMEHAyeTCsT 000pYyIOBaHUE OECCTHIKOBOTO ITYTH, KaK MEpPONPHUSTHE, HAlpaBJICeHHOE Ha
CHIDKEHHE IITyMa B CaMOM MCTOYHUKE 00pa30BaHMsI (CHCTEMA «KOJIECO-PEIILCY).

B mnargopmenHoMm 3aiie paccMaTpuBaeMoOW CTAHIUHU ObUIO BBISIBJICHO HaJWYHE
TEMIIepaTypHBIX U M30JIMUPYIOLIMX CTHIKOB (puc. 1 a, 0). TemnepaTypHblif CTBIK COCTOUT U3
ABYX JIBYXTOJIOBBIX METANIMYCCKUX HAKJIAAOK W KOMIIJICKTA 00JITOB C raikaM U rpoBE€pamHu.
N3onupyromuii CTBIK COCTOUT U3 JABYX CTEKJIOIUIACTHKOBBIX HAKJIAJOK, KOMILJIEKTa OONTOB ¢
FaﬁKaMH, BTYJIKaMH, TPOBCpaAMU U IINIaHKAMH, KOMITIJICKTA U30JIUPYIOIIUX ITPOKIIaI0K.
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a) TeMIepaTypHBIHA CTHIK 0) M30UPYIONIUH CTBIK

i @
Puc. I — Ctbiku penbe

B xoxe m3mepeHuii ypoBHEHl IIymMa BBISBICHO, YTO Pa3HUIA B HM3JIyYCHUH IIymMa
MEXIYy TEMIEPATYypPHbIM CTBIKOM M IPSAMBIM Y4YacTKOM IIyTH OTCYTCTByeT. Hamporus
U30JIMPYIOIINX XK€ CTHIKOB YPOBHHU IIyma cocTaBisitoT 87 nbA, uro Ha 1-2 nBA Beiie, uem
HAIpPOTHB POBHOTO y4acTKa MyTH.

B kauecTBe NIYMO3AIIMTHOTO MEPONPUSATHS Ul CHH)KGHHS YpPOBHEW IIyma B
HOMEIIEHNH TUIaT(POPMEHHOTO 3aJ1a PEKOMEHIYeTCsl 000pyA0BaHHE OECCTHIKOBOTO IMYTH, KaK
MEpOIpUsATHE, HANpaBICHHOC Ha CHW)KEHHE IIyMa B CaMOM HMCTOYHHKE O0Opa3oBaHUS
(cucremMa «KOJIECO-PEIIBCY).

B 1abn. 6 mpencrasieHsl pe3yabTaThl H3MEPEHHH YPOBHEH IIyMa HEIOCPEICTBEHHO
HAIpPOTUB M30JUPYIOIIMX CTHIKOB HAa IYTAX U HAPOTUB POBHOIO OECCTBIKOBOI'O Y4acTKa
IYTH Ha paccTosHUU 1,3 M OT Kpast I1aTOpPMBI.

Tabnuya 6
Pe3ynbTarhl M3MepeHWN ypOBHEH IIyMa HANPOTHB CTHIKOB M HAIMPOTHUB OECCTHIKOBOTO
y4acTka myTu

o YPOBHI/I 3ByKOBOFO JaBJICHUSA ,I[B B OKTABHBIX ITOJIOCAX
M3mepsemblit DKB. YPOBEHb
ACTOK CpeZ[HGFeOMCTpI/I‘ICCKI/IX 4acToT, FI_[ 3ByI(a Z[BA

v 315 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 ’

Hanporus 79 | 77 | 77| 85 | 86 | 82 | 77 70 64 87
CTBIKOB

Hanporus 77 | 75 | 76 | 84 | 8 | 81 76 68 60 85

pOBHOl"O y‘laCTKa
Paznuya 2 3 1 1 1 2 1 2 4 2

Kak BHIHO U3 pe3ynbTaToB N3MEPEHH, pa3HHIIA MEXKTY YPOBHSIMH IITyMa Ha POBHOM
y4acTKe M y4acTKe pelibC CO CThIKaMu cocTaBisieT 1-4 1b, uto B cymme naet 3pPpekTUBHOCTD
10 2 0bA 110 Y5KBUBAJICHTHOMY YPOBHIO 3BYKA.

Buoépooemngpuposanue penvc. YMeHblIeHUE IUIOMAANA U3TYyYE€HUS OT MCTOYHMKA
IIymMa «KOJIECO-PEITbCy IMO3BOJISIET CHU3UTh M M3JIy4aeMbIi IIyM B LEJIOM. B CBs3H C 3THM,
peKoMeHIyeTcs IpUMEHEHHE TaKoro IIYMO3ALIUTHOTO MEPOIPUSATHS, KaK
BuOpoaemmdupoBanue peiabc. OHO TPEACTaBIIeT COOON IIYMOTOTJIOMAOIINE MPOPUIH U3
BBICOKOTEXHOJIOTHYECKOM CMeCH PE3UHBbI, KOTOphIe HAKJIaJbIBAIOTCA Ha MIEHKY peibca U
MOTJIOUIAIOT IIYM M BUOpalMu Ha MecTe BO3HMKHOBEHHs (puc. 2). BubpomemndupoBanue
penbC PEKOMEHJIyeTCs MPOBOJIUTH C OOEUX CTOPOH peibca Ha OTKPHITOM YYacTKe MYyTH
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m1aThOPMEHHOTO 3aja CTAHIMM C TMPOJJICHHEM B TYHHEIbHOW 4yacTh Ha JuHY 150 M C
KaxxJ10#1 croponsl (1. 5.7.1.1 [1]).

a) | — KIIeMMa U3 CTEKJIOBOJIOKHHUCTOTO KOMIO3UTA; 2 — TPYHTOBKA; 3 — IIyMOIIOTJIOIIAONINN TPODIIIL U3
BYJIKaHW3UPOBAHHOI cMecH pe3uHsl; 0) [Ipumep rcnonb3oBaHus BUOPOAEMIPHUPYIOMNX HAKIAIO0K HA IEHKY
penbca

Puc. 2— BubpoaempupoBaHue penne

O¢(dekTuBHOCT,  JAHHOTO  UIYMO3AIIUTHOIO  MEpPONPUATHS Ha  OCHOBaHWUHU
NPOBEICHHBIX W3MEPEHUH (PKCIEPUMEHTAIBHBIN ydacToK OKTSAOPHCKOW KEIEe3HOH TOPOTH)
npejcTaBieHa B Tabnuue 7.

Tabnuya 7

D¢ (heKTHBHOCTH IIYMO3AIIUTHOTO MEPONPHUATHS IO BUOPOAEMII(PUPOBAHUIO PEIbC
Ha OCHOBaHUM n3MepeHui (1 M oT penbca)

Vismeperus Y31, b co cpenHereoMeTpUIEeCKUMHU OKTaBHBIMHU TIOJIOCAMHU 9acTOT, ['11
31,5 63 125 250 | 500 | 1000 | 2000 | 4000 8000
Be3 Hakmamok 114 111 106 100 93 94 94 88 80
C Hakmagkamu 112 105 102 96 91 90 91 86 75
Dppexmusnocmo 2 6 4 4 2 4 3 2 5

IIo pe3yiibTaTaM pacd€TOB NMPUMCHCHUSA JAHHOTO MCEPOIPHUATHUA HA YUYACTKE ITYTU

1aT(GOPMEHHOTO 3aJla CTAHIMH, CHUYKEHUE YPOBHEH IIymMa B pacueTHBIX TOYKAaX COCTAaBUT 1-
2 obA.

Beseoenue oononnumenvnozo 3gykonoznoujenun. /s CHUKEHUS YpOBHEW IIymMa B
1aThOPMEHHOM 3ajie CTaHIIUU PEKOMEHYETCS BBEJICHUE JTOMOJHUTEIHLHON YKBUBAJICHTHOU
IJIOIIAM 3BYKOIOIJIONIEHUSI HA CTEHBI M MOTOJIOK B BHJE 3BYKOIOIIOUIAIOLIEr0 MaTepHuana.
Ha pwuc.3 mnpencraBiena cxema BO3MOXHOW OOJIMIIOBKM CT€H, CBOJOB M IOTOJIKA
m1aT(OPMEHHOTO 3aj1a CTaHIUH.
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Tabnuya 8
DKBHBAJICHTHAS ILIOIIA/b 3BYKOIOTJIOMIEHHUS I1aT()OPMEHHOIO 3aj1a Ha TEKYIIEE MOI0KEHNE
U PEKOMEH/IyeMasi K BBCICHHUIO

OKTaBHBIE MT0JIOCH! CPETHETEOMETPUIECKHUX D¢ deKTHBHOCTD
ITaccaxupckoe oMeniecHue yactoT, I'ny MEPOIPUATHS,
125 250 500 | 1000 | 2000 | 4000 JbA

DKBUBaJCHTHAS TUIOLIA b
3BYKOIIOTJIOIMIEHHS 0 TPUMEHEHHS 416 394 | 389 | 421 | 452 | 659 -
[IyMO3AIIUTHOTO MEPONIPHSATHS, M

JlobaBouHas SKBUBAIEHTHAS TUIOIIAIH
3BYKOIIOTJIOIICHHSI HA TOBEPXHOCTH
KOJIOHH (S¢y, =620 M? — miomans 174 322 446 583 | 614 | 527 2-3
OOJIMIIOBKHU MMOBEPXHOCTH KOJIOHH,
pasmepamu 0,7x0,8x2,65), Ve

JloOGaBouHast S5KBUBAJICHTHAS ILIOIIAb

3ByKOHOFHOH.lCHPI§I HacTeHBl y | 1 2 336 624 864 | 1128 | 1188 | 1020 3-4
IyTH (Sey,=1200 M2 — Hnomam)

OGIIHIIOBKH TIOBEPXHOCTH), M

JloOGaBouHast S5KBUBAJICHTHAS TUIOIIA/Ib

SBYKOTIOTIIOMIEHHA Ha CTCHBI M CBOLY | 7009 | 1300 | 1800 | 2350 | 2475 | 2125 5-7
1 12 mytu (Sey,=2500 M2 — nnomam)

OGIIHIIOBKH TTOBEPXHOCTH), M

JloGaBouHas SKBUBAJICHTHAS ILIOIAAE
3BYKOIIOTJIONICHHSI HA CTEHBI U CBOJ Y
1 12 nyrH, Ha NOTONI0K 1025 | 1903 | 2635 | 3440 | 3623 | 3111 6-8
HaamIaTGOpPMEHHOMN YacTH 3aja
(Seyy=3660 M — IUIOIIAAb OOJIUIIOBKHA
TIOBEPXHOCTH), M

S

{H [

Lcﬂ[?, 00 J( @7( Slole) JFJ

[A0377] ’iAL 10317 [Fo317] ]Iq\i ]|031j

EE T3 [ H B _C 3 il
Vi 1] |/

1 — crenst KOIIOHH (Seyn=620 M %); 2 — crennl y | u 2 myTeii, (Seyn=1200 M ?); 3 — CBOJ [IOTONKA Y MyTei
(SCyM 2500 M — TUIOIIAIb OOJIUIIOBKY CTE€H U CBOJIA); 4 — CBOJ MOTOJIKA HAATIIATGOPMEHHOM JacTH 3aia
(Seyn=3660 M’ — MIoIaak OGTHIOBKH CTEH ¥ CBOJA y ITyTeii, MOTONKA HAaAMIaTGOPMEHHOMN YacTH 3aa)

Puc. 3 — O61m110BKa 3ByKOIMOTJIONIAIONAM MaTEPUATIOM OTPAXIAIOITUX TTIOBEPXHOCTEH
m1aTGOpMEHHOTO 3aja
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ITo pesympraram  pacueToB, 3((GEKTHBHOCT  JAHHOTO  IIyMO3ALIMUTHOTO
MEpOTPHUATHS COCTaBIsIET 2-8 0bA B 30HE OTPAXEHHOTO LTyMa.

[TockonbKy TaHHOE IIYMO3AIUTHOE MEPONPUSATHE HAIPABICHO HA CHH)KEHHUE IIyMa
Ha MYTH €r0 paclpocTpaHeHus, ero 3((EeKTUBHOCTh 3aBUCUT OT PACIOJIOKEHHUS PACUETHBIX
toyek. [Ipy HaXOXXJAeHHMM pacyeTHOH TOYKM B 30HE MPSIMOro IIymMa OT HCTOYHHKA,
3¢ (HEeKTUBHOCTh JAHHOTO MEpONpHsITHs OyneT 3HauuTeNbHO HIbke [4]. B cBsi3u ¢ aTHM, ero
HEO0OXO0AMMO MPOBOANUTH B KOMIUIEKCE C MEPONPHUSATHAMH 10 CHIDKCHHUIO IIIyMa B UCTOYHHKE.

Yemanoexka 3eykouszonupyrowux oOapvepos mexncoy nymamu u niaamgopmoil.
[IymMO3aIuTHBIM MEpONpPUATHEM, HANpaBICHHBIM Ha CHIDKGHHE INyMa Ha IYTH €ro
pacrpoCTpaHeHHs  SABISIETCSA  YCTaHOBKA CIUIOIIHOTO  Oapbepa  (3BYKOM3OIHPYIOLIEH
HEepPEerOPOAKH, CTEHKH), OTIEJIAIOIIEr0o HCTOYHHMK IymMa OT maccaxupoB. llpemmaraercs
ycTaHOBKa Oapbepa 1o JuIMHe Bce miaTdopMel, 10 CBOJA MOTOJKA, O€3 IIeJei U 3a30poB, ¢
000py/IOBaHHBIMH aBTOMaTHYECKUMH JIBEPHMH.

st oueHkn 3()(HEKTUBHOCTH IIYMO3AUIMTHOTO MEPOIPHITHA OBLIM HCCIEIOBAHBI
CyIIECTBYIOIIME Oaphepbl Ha CTaHIMAX [leTepOyprckoro METponoJIMTEHa 3aKPHITOTO THIIA.
Jljist 5TOTO Ha MYTSIX YCTaHABIMBAJICS BCEHAIPABICHHBIN MCTOYHHK ITyMa M HA OAWHAKOBOM
PACCTOSIHUU OT MCTOYHMKA OBLIM M3MEPEHBI 3HAYCHUS YPOBHEH IIyMa Ha CTAHIIMH KOJIOHHOTO
¥ Ha CTaHILIMU 3aKPBITOTO TUIIA (C 3aKPBITHIMU JIBEPHMH).

CoryacHO pe3yibTaTaM NPOBEACHHBIX CPAaBHUTENBHBIX W3MEPEHHH Ha CTAHIMSIX,
MUHHMaJIbHAsE 3G GEKTUBHOCTh CHUKECHUS 11yMa 0apbepom gocturaet 10 11 0bA (tabi. 9).

Tabruya 9
Pe3ynbTarhl M3MepeHH YpOBHEH IIyMa Ha CTAHIMSX OTKPBITOTO M 3aKPBITOTO THUIIOB

YpoBHU 3BYKOBOTO AaBieHUs, 1b
THm CTaHIUK B OKTaBHBIX MIOJIOCAX CO CPEAHEreOMETPHIECKUMH YacToTaMu [ 1t ;,1331’&
125 250 | 500 | 1000 | 2000 | 4000 8000
OTKpHITHIHA 103 98 99 100 94 86 78 103
3aKpBITHIA 94 92 91 87 81 72 59 92
Cpeas pacuetsas 9 6 8 13 13 | 14 19 11
3¢ EKTHBHOCTD

Dphexkmusnocms paznuunvix KOMNIEKCO8 PACCMOMPEHHBIX WYMO3ZAUAUMHBIX
meponpusamuii ¢ naamgpopmennom CM. bpina paccmoTpeHa Takke 3((EKTUBHOCTH
IIYMO3AIIATHBIX MEPOTIPUSATHI, TIPY YCIOBUU UX MPUMEHEHHSI B pa3IMYHBIX KOMITJIEKcax. Mx
pacueTHas 2 PeKTUBHOCTH npeacTaBieHa B Tadmuie 10.

Tabnuya 10
O} PeKTHBHOCTh KOMITJIEKCOB IITYMO3AIMIUTHBIX MEPOTIPUITAN

D¢ dexTHBHOCTH KOMILTEKCA

Kommieke nryMo3aInuTHEIX MEpOIPHATHH "
M potp MeponpusTHii, 1bA

1. O6opynoBanue 6€CCTHIKOBOTO MYTH

2. BubponemndupoBanue perbe do 3
1. O6opynoBaHue 6€CCTHIKOBOTO MyTH
2. Bubponemndupopanue penbc 8-10

2
3. BBeJIeHHE JIOTOJIHUTENIBHOTO 3BYKONOTIIOMEHHS (Scy,=2500 M* —
IUIOIIA b OOJIUIIOBKU IOBEPXHOCTH)

1. YcraHOBKa 3BYKOM30JHPYIOMUX 6aphepoB (CTEHOK) 0o 27




Anoprowenko A.K.
Oyenka u CHUdICEHUE WYyMA HA CIMAHYUU MemPONOIUMEHd OMKPbIMO20 MUund

D¢ dekTHBHOCTH KOMILTEKCA

Kommiexe mryMo3amyuTHBIX MEpONpUSTHHA .
Y t porp MeponpusTuii, 1bA

2. ObopynoBaHne OECCTHIKOBOTO IYTH

3. BubponemmpupoBanue peibe

4. BeneHue 3ByKOIOTJIOIIEHHS B U30JIMPOBAHHBIN TyTE€BOM TOHHEb
¥ w1aThopMeHHbIH 3a1 (Sy,=2500 M’ — TUI0IA/b OGIUIIOBKH
MIOBEPXHOCTH)

3akiarouyeHue

B coorBercTBHE € pe3yiabTaTaMM HM3MEPEHUN YpPOBHEM ILIymMa B MACCAKUPCKUX
IIOMEIICHUAX CTaHLMU METPOIOJIUTEHA BBIABICHBI IPEBBINICHUS YPOBHEH Iyma Haj
HOPMAaTUBHBIMH 3HAUEHUSIMHU.

HcTouHukaMu 11yma, BHOCSIIMMH OCHOBHOM BKJIaJ B IIYMOBYIO XapaKT€PUCTUKY
BECTHOIOJISI CTAaHIIMU SIBJISIOTCS:

o paboTa 3 3cKaaTopoB;
o CUTHAJIbI OTIOBELICHUS BXOAHBIX TYPHUKETOB;
o anmapartsl [0 MpueMy IJIaTeKel U Bbljaue )KETOHOB B BECTUOIOJIE CTAHIIUU.

HcTouHukaMu I1yma, BHOCSIIMMH OCHOBHOM BKJIaJ B IIYMOBYIO XapaKT€PUCTUKY
ACKaJIaTOPHOI'O TOHHEJS SIBJIsSIETCA padoTa cCaMUX 3CKaJlaTOPOB BO BpeMsl ABU)KECHHUS.

HcTouHrKkaMu 11yma, BHOCSIIMMHU OCHOBHOHM BKJaJl B LIYMOBYIO XapaKT€PUCTUKY
IaT(GOPMEHHOTO 3aJ1a SBISIOTCS:

o JJIEKTPOJBUTATENIM B MOMEHT OTIpABJIEHUS TOe3[a OT CTaHIHUH 10 000uM
yTAM;

. IIYM OT CUCTEMBI «KOJIECO-PEIBCY;

o U3JIy4EHHE IIyMa Ha N30JIMPYIOIIUX CThIKAX ITyTEH.

Jis  paccMaTpUBaeMbIX  IOMEIICHMH  pa3pa0OTaHbl  KOMIUIEKCHI — THIIOBBIX
[TYMO3AIIUTHBIX MEPOIPHUITHIA, TTO3BOJIIOIINE CHIU3UTh YPOBHU IIIyMa 32 CUET YMEHBIIICHHS
U3ITy4eHUs 3ByKa OT CAMUX UCTOUYHHUKOB U YMEHBIIIEHHUS YHEPTUU OTPAKEHHOTO 3BYKa.

D PeKTUBHOCTD THITOBBIX MEPOIPHUATHIA M PACYCTHBIC YPOBHU IIyMa MPEICTaBICHBI
B Tabmmite 11.

Tabnuya 11
DD PEeKTUBHOCTD THITOBBIX NIYMO3ANIUTHBIX MEPONPHUATHN JUIS  ITACCAKUPCKIX
MOMEIIEHUI CTaHIIMU METPOTIOJIUTEHA OTKPHITOTO TUTIA C KOJJOHHAMU

OkB. Y3 1o
A D dexTuBHOCTH
[TymMo3amuTHBIE MEPOTIPUATHS MIPUMEHCHUS
M, nbA
1M
Ocxanamophulii mounenn
BBezieH1e 10MOTHUTENHLHOTO 3BYKOMOTJIOIIEHHS Ha CTEHBI 1
2
cBO/ (S¢y,=1000 M“ — cymMMapHas TUIoN1ab OOIUIIOBKH 74 Io 5
MTOBEPXHOCTH)
Becmubions cmanyuu
BreneHue JONMOTHUTEIEHOTO 3BYKOTIOTIIONICHUS Ha CTCHBI H
HOTONOK (Scy,=2000 M - CyMMapHas IIoma b OOIUIIOBKH 67 107
CBOJIOB) B KOMIDIEKCE C MEPOIIPHATHEM IS 3CKAIATOPHOTO
TOHHEJIS
ITnam@opmenuwiii 3an
O6opynoBaHue 6ECCTHIKOBOTO IIyTH 87 J0 2
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OxB. Y3 10
DddexTuBHOCTH
[TymMo3amuTHBIC MEPOIPUATHS MPUMEHCHUS
IIIM, nBA
M

Bubpoxemnduposanne pensc 87 1o 2
Brenenne JONOTHUTEIFHOTO 3BYKOTIOTIIOMICHUS (SCyM:620
M2 —IUTOIIA/Ib OOHIIOBKY ITOBEPXHOCTH KOJIOHHBI, 87 2-3
pasmepamu 0,7x0,8x2,65)
Brenenne JONOTHUTEIFHOTO 3BYKOTIOTIIOMICHHUS (SCyM:1200 87 3-4
M’ — IUI0Iab OGITHIIOBKH MTOBEPXHOCTH)
BBezieHHe NOIOTHUTENBHOTO 3BYKOTIOTIOMEHHS (Scy,=2500 87 5.7
M’ — IUI0Iab OGITHIIOBKH MTOBEPXHOCTH)
BBezieHHe NOMOTHUTENBHOTO 3BYKOTIOTIOMEHHS (Scy,=3660 87 6-8

M? — [IOMA/1h OGIHIIOBKH TOBEPXHOCTH)

YcraHOBKa 3BYKOU30JIMPYIOMINX 0apbepoB (CTEHOK) MEKAY
MyTsIMU 1 Tu1aTdopMoii (6e3 3a30poB U Ieleil, BINIOTHYIO 87 14-15
COEIMHEHHBIX CO CBOJIAMH CTallHH)

Komnnexcol meponpusmuii

1. O6opynoBaHue OCCCTHIKOBOTO MyTH

2. BubponemndupoBaHue pensc 87 a0 3
1. O6opynoBaHHe OECCTHIKOBOIO ITyTH
2. BubponemndupoBaHue pensc 87 8-10

3. Be/eHue JOMOJIHUTEIBHOTO 3BYKOMOTIIOMCHUS
2
(Seyn=2500 M — mmomans OOIUIOBKH MOBEPXHOCTH)

Kommekc nryMo3amuTHBIX MEPONPUATHIA TI0 YCTAaHOBKE
3BYKOHM30JIPYIONIUX 6apbepoB (CTEHOK), OpraHU3alUuH
0eCcCTHIKOBOTO IMyTH U BUOPOIeMII(UPOBAHHS PEIIbC, 87 1o 27
BBEJICHUE 3BYKOIIOIJIOIICHHUS B U30IMPOBaHHbII IIyTEBOI
TOHHEJIb U IIaTOPMEHHBIN 3aJ1

Bce paccMOTpeHHBIE — IIYMO3alUMTHBIE  MEPOIPUATHS [PU  BHEIPEHUU B
[aCCaXUPCKUX CTAaHIMAX METPOIOJUTEHAa He TpeOyloT paJuKalbHbIX Mep I0 3aMeHe
MOJIBU’KHOTO COCTaBa MOE3/10B WM MX YacTell U MOTYT OBbITh pealn30BaHbl B IIpeienax OJHON
craHuuu. [Ippumenenne qaHHBIX MEPONIPUATHN B Pa3JINYHOM MX COYETAHUM ITO3BOJIUT JOCTUYD
JIOIIyCTHMBIE YPOBHH IIIyMa.

ITo uroram npoBeaeHHBIX padOT MO U3MEPEHUSIM YPOBHEH ITyMa ObUIH pa3paboTaHb
JIB€ METOAUKH U3MEPEHUN YPOBHEH IIyMa:

. Meroavka U3MEPEHUHN IIyMa B MAaCCAKUPCKUX MOMELIEHUAX METPOIOIUTEHA.
MU NAK-16-044;

o Meroauka W3MEpEHMI BHEIIHETO IIyMa OT IOJBHYKHOIO  COCTaBa
meTtpononuteHa. MU MAK-16-043.
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5. CH 2.2.4/2.1.8.562-96 «lllym Ha pa®ouux MecTax, B MOMEHICHUSX >KUIbIX,
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BinsiHue myMa KOMIIPECCOPHBIX CTAHIUNA HA OKPYKAIOUIYIO CPeay

Hpo3noBa H.(D.l, Kynaes A.B.Z, Kyxnun Z[.A.l, YeboTapepa El0.2
! podeccop xabeapsr «IKOTOTHs U 6E30MACHOCTb KU3HEICATETHHOCTI
JoueHnT xadeapsl «KoJa0rus U 6€30MaCHOCTDb KUZHEACSITEIbHOCTI
3 BakanaBp xadenpsr «K0IOTHS U OE30IMACHOCTD KU3HEEATEIIEHOCTI
BI'TY «BOEHMEX» um. JI.®. Yctunosa, Cankt-IletepOypr, yiu. 1-1 KpacHoapmetickas, a. 1

AHHOTaUUA

IIpoBeneHa sKcIepUMEHTalbHAs OICHKA LIYMOBOTO BO3ACHCTBHSI KOMIIPECCOPHOTO arperara B
cBOOOZHOM 3BYKOBOM Tiosie. IlomydeHBl XapakTepUCTHKH BHEIIHETO IIyMa KOMIIPEccopa Ha pPas3HBIX
paccTostHUAX. PaccumTaH ypoBeHb 3BYKOBOW MoIHOCTH. OmpeneneHsl aKyCTHYECKHE XapaKTEPHCTHKH
KOMIIPECCOPHOTO arperara, BCTPOCHHOTO B TPAHCIOPTHOE CPEACTBO Ha pPAcCTOSTHUM 7,0 M. TPH CTOSHKE.
OmpeneneH mIyM OT KOMIIPECCOpa B ITaCCAXHPCKOM CaJloHE. BBIABICHBI OCHOBHBIC HMCTOYHHKH LIyMa
komItpeccopa. [TpeasnokeHsl myTH BO3MOXKHOTO CHIKEHHS IlIyMa KOMITPECcopa BO BHEIIHEE TOJIE.

KnaroueBrblie ciioBa: KOMIIPECCOP, OKCIICPUMCHTAJIbHAA OLICHKA, TPAHCIIOPT, HOPMATUBHbLIC 3HAYCHUS.

The influence of compressor stations noise on the environment

Drozdova L.F.!, Kudaev A.V.?, Kuklin D.A.*, Chebotareva E.Y.?
!Professor of the Department "Ecology and life safety"
?Associate Professor of the Department "Ecology and life safety"
%Undergraduate student teaching of the Department "Ecology and life safety"
BSTU « VOENMEH» named after D.F. Ustinov, Saint-Petersburg, 1 Krasnoarmeyskaya, 1

Abstract

The experimental evaluation of noise effect of compressor unit in a free sound field was carried.
External compressor noise characteristics are obtained at different distances. Sound power level is calculated.
Noise characteristics of compressor unit built into the vehicle at a distance of 7.0 m in parking lot are received.
Noise from the compressor in the passenger cabin were obtained. The main sources of noise compressor are
identified. Suggest ways possible compressor noise reduction in the external field.

Key words: compressor, experimental evaluation, vehicle, normative values.
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OJIHOW M3 BAXHEWINWX 3a]ad COBPEMEHHOTO oOmiecTBa. boiblias HACBHIIIEHHOCTh ATHX
paiioHOB TEXHMKOW M HMHTEHCHBHOE €€ HCIOJb30BAaHUE CO3JAI0T HEOJAarompUATHBINA JUIs
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O0oprbe c MmIyMOM B JKWIbIX pailoHax. B ropomax 3ampelieHbl 3BYKOBBIE CHUTHAIbl Ha
TPAHCIIOPTE, YTO 3HAUUTEIBHO CHM)KAET IIYM Ha YJIMLAX M IIOCcCEeHHBIX Aoporax. B Mockse
YpOBEHb TPOMKOCTH YJIWYHBIX HIYMOB CHU3MWICA Ha 6-8 ¢oH. OpgHAKO ypoBEeHb IIymMa Ha
yJIULax eIlle J0CTaTOYHO BBICOK — JHEM B cpeaHeM 80-85 nb (A), a HOUBIO HE CHMIKAETCS
Hiwke 72 1b (A).
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1. OnpenesieHne aKyCTHYECKHX XapPaKTePUCTHK KOMIIpeccopa

Oana W3 MNPUYMH YBEJIMYEHHUS IIyMa — pOCT MEXaHU3AllUU PEMOHTHBIX H
CTPOUTENILHBIX PadOT, KOTOPBIA NMPUBEN K YBETUYCHUIO YUCIIa BCIIOMOTATEIbHBIX arperaros,
paboTaronux Ha ynuue. bonpiias yacTh 3TUX arperatoB MPUBOIUTCS B JCHCTBHE CKATHIM
BO3/[yXOM, KOTOPBII BbIpAOATHIBAETCS NIEPEIBUKHBIMU KoMIipeccopabiMu cTaHusmu (ITKC),
ABIIAIOIIMMUCS HamOojee MIYMHBIMH MAIIMHAMU, HCIHOJB3YEMbIMU B CTPOMUTEIBHBIX U
PEMOHTHBIX paboTax.

OpHako riynieHye myMa He MeHee akTyallbHO U JUIS CTallMOHAPHBIX KOMIIPECCOPOB.
Tak, cranMOHapHBIE KOMIPECCOPHI, pabOTalIINEe B XMUMHUYECKOW MPOMBIILIEHHOCTH, IO
YPOBHIO CO37aBaeMOro IIyMa 3aHHMAlOT MEPBOE MECTO Cpelu O00OpyHOBaHUS XMMHUYECKUX
IPEANPUATHIN.

JJ1s BCero KOMITPECCOPOCTPOEHUS B 1I€JIOM, IpoOieMa CHUKEHHSI IITyMa CTAaHOBUTCS
Bce OoJiee BaXKHOW BBUJIY YBEIMYCHHS MOIIHOCTH U YUCJIa 000POTOB KOMIIPECCOPOB, a TAKKE
pocTa napka mamuH [1].

B nacTosimiee Bpemsi KOMIIPECCOPHBIE arperaThl UCHOJIb3YIOTCS U B aBTOJOPOKHOM
Tpancnopre. Tak kommpeccopHslii arperat BuHTOBOro THma APM.AKB.0,42/0,9J1.Y2 (nanee
— KOMIIpeCcop) TMpeaHa3HaueH Ui CHAOXKEHHS CXKAThIM BO3AYyXOM ITHEBMOCHCTEM
Tposuielibyca, TpaMBasi, a Tak e APYrux norpeduTeneil B MHTEpBalie pabouux TemmepaTyp
oKkpy»xaroiero Bozayxa ot munyc 50 °C no mroc 50 °C.

s ompeneneHrs OCHOBHBIX HMCTOYHUKOB IIyMa KOMIIpeccopa, ObUIM MPOBEIEHBI
M3MEPEHHsST YPOBHEHM IIymMa B OTKPBHITOM 3BYKOBOM mosie. Ha puc. 1 mpexacraBiena cxema
TOYEK HM3MEpPEHUs] Ha paccTOSHUSAX 1M u 7,5 M OT KOMIIPECCOPHOTO arperara, pe3yjiabTaThl
3aHeceHbl B Tabuuny 1.

o3

7,5M

7,5M A 75 M

Im \
[Tyt

o 5 yIIpaBIeHHs

Puc. I — Cxema pacnoniokeHus TOUEK U3MEPEHUI BHEIIHETO IITyMa KOMIIPECCOPHOTO
arperara BuntoBoro tuna APM.AKB.0,42/0,9J1.Y2
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Tabnuya 1
AKYCTHYECKHE XapaKTEPUCTUKU KOMIIPECCOPHOI'O arperara Ha paccTosiHusAX 7,5 M u 1 M
Ne | VpoBHU 3ByKOBOIO 1aBiieHUMs], 1b, B OKTaBHBIX I1OJIOCAX v
Bel4nHa TOYKHN 4aCTOT CO CPEAHETCOMETPUICCKUMHU YaCTOTAMU, FH SI];(})/EI;H
vePY 315) 63| 125/ 250/ 500) 1000| 2000| 4000| 8000  xBA
@DOHOBBIH TyM - 84| 78| 68| 58| 52| 51 50 47 42 59
. 1 | 76| 68] 61| 65| 60| 58 | 56 | 54 | 49 64
Ha”;gf:;ﬁi 2 | 73| 66| 57| 57| 61| 57 | 56 | 53 | 47 63
75pM 3 | 70| 64| 55| 55| 59| 56 | 57 | 59 | 59 65
’ 4 1 70| 64] 56| 63| 58| 58 | 55 | 54 | 51 63
Cpennee 3HaueHue
YPOBHCH Ha 72 | 65| 57| 60| 59| 57 | 56 | 55| 51 64
I/I3MepI/ITeJIbHOI/I
IIJIOCKOCTH
CH :
224218562\ ." " 90 | 75| 66| 59| 54| 50 | 47 | 45 | 44 55
23 4.
-96
[TpeBbImeHue - - - 1 5 7 9 10 7 9
cH ¢23
2.2.4/2.1.8.562 83 | 67| 57| 49| 44| 40 | 37 | 35| 33 45
-96 o 74.
[TpeBbImeHue . . 0| 11| 15| 17 19 20 18 19
5 | 76| 69| 68| 81| 74| 75| 73| 71| 64 80
[Iym arperata 6 76| 68| 66| 83| 76| 74 70 70 67 80
Ha PACCTOSIHUU 7 78 72| 67| 81| 73| 70 69 68 69 78
1™ 8 | 67| 65| 68| 84| 79| 75| 72| 71| 68 81
9 | 72/ 66| 65| 78] 76| 72| 69 | 67 | 60 77
Cpennee 3HAUYCHUE
YpOBHEH § M4 74| 68| 67| 81| 76| 73| 71| 69 | 66 79
HU3MCPUTCIIBHOU
IIJIOCKOCTHU
Yposin SBYKOBOM g5 | 79 | 78 | 92 | 87 | 84 | 82 | 80 | 77 90
MOIIHOCTH Ly
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f, My

Puc. 2 — AkycTuueckasi XapakTepHUCTUKa KOMIIPECCOPHOI'O arperara Ha BeicoTe 1,5 M 1 Ha
paccTossHuu 7,5 M OT €€ KOHTypa

Kak BugHO M3 mpuBeneHHBIX B Ta0u. 1 u Ha puc. 2 pe3ylbTaTOB U3MEPEHUM, LIyM
KomIipeccopHoro arperata B coorBerctBun ¢ CH 2.2.4/2.1.8.562-96 [2] na TepputOpHsX,
HETIOCPEACTBEHHO NMPWJIETAIONINX K JKUJIBIM JOMaM, MPEBBIIIaeT TPEOOBaHUS HOpPMATHBA Ha
BBICOKHX 4acTOTaXx.

Taxoke ¢ 1enbIo onpeeNeHust ypOBHS 3BYKOBOW MOIITHOCTH OBUIH TIOJTYYEHBI YPOBHHU
nryMa KoMIpeccopa Ha pacCTOSTHUH 1 M.

2. lllym kommpeccopa B cocTaBe 3JeKTpodyca

Jlanee ObIIM MPOBENEHBI U3MEPEHUSI aKyCTUUYECKUX XapaKTEPUCTUK KOMIIpeccopa B
coctaBe wuzaenus (dnextpolOyca). Kommpeccop ycTaHOBJIEH B OTCEKE, HaxXOHSIIEMCS Ha
IPOTHBOIOJIOXKHOM MECTy BOJAUTENs KOHIE JJIeKTpoOyca. YUWThIBas pacHoOJIOXKEHHE
KOMIIPECCOPA B OTCEKE HANPOTHB BEHTUJISIMOHHOW PEIIETKH, HAXOMSIIECHCS B TOPLIEBOM
YacTU CTEHKU 3JIeKTpoOyca, ObIIIM MPOBEAECHBI U3MepeHus: Ha paccTossHuM 0,5 M OT pelieTku
(puc. 3a).

C uenbto ompezeneHHs BKJIaJa KOMIpPECCOpa BO BHEIIHUH IIyM H3Jenus ObUIH
MIPOBEICHBI U3MEPEHMS Ha paccTosiHun 7,0 M OT anekTpodyca (puc. 30).

Taxxe mnpoBeneHa OICHKAa BKJIaJa KOMIIpECCOpa BO BHYTPEHHEE IPOCTPAHCTBO
anektpoOyca. IlpoBeneHbl H3MEpeHMs] Ha 3aJHEM [AacCaXUPCKOM CHJIEHUHU, Hauboiee
OJIM3KOPACHIOTIOKEHHOM K KOMIIPECCOPY.

Cxema Touek M3MEpEeHHUs NMpuBeAeHa Ha puc. 3a-3B. Pe3ynbTaThl H3MepeHus Lryma
KOMIIpECCcOopa B COCTaBe M3JIeNNs IPUBEACHBI B Ta0. 2.



NOISE Theory and Practice

42

Tabauya 2
V31, nb u Y3, 1BA ot arperara KOoMnpeccopHOro BUHTOBOTO B COCTaBE M3JIEIUS
No YpOBHHU 3BYKOBOT'O J1aBlieHUs, 1B, B OKTaBHBIX MOJIOCAX
No YpoBHUH
Bemuia TOYKH amepe 9aCcTOT CO CPETHETCOMETPUICCKUMU YacTOTaMu, 1 11 3ByKa,
PVP® | mma | 31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | ABA
@DOHOBBIH TyM - 1 64 |59 | 57 | 46 | 42 | 43 43 37 29 48
[Iym nznenust
(30 cm ot 1 2> | 69 |63|64 |63 68|62 |64 |61 | 65| 71
BEHT.
pELIETKH)
[Iym nznenust
(50 cm ot
BEHT.
peIIeTKH, 1 3 — - | - - - — - — — 85
3a00p
KOMIIPECCOPOM
BO3/yXa)
[IIym n3nenus
Ha PACCTOSTHUH 2 4 68 | 65|55 | 59 | 53 | 51 50 48 44 60
7™
[Tym uznenus
B CAJIOHE HA 3 5 67 |71 |61 | 71 | 60 | 55 59 53 45 66
3aJIHEM MECTe
Visaenue 70m Uspenune
N3penne ,/ TouKa nsmepeHma Ha
s / 1
o 1 334HEM CULEHUU
- ° o /
| o
a) 0) B)

3akao4YeHue

Puc. 3 — Cxema pacnonoxeHust TOUEK U3MEPEHUI:
a) 50 cM OT BEHTHJISIIMOHHOMN pelieTky; 0) Ha paccTossHUH 7,0 M OT U3IETus;
B) 3aJlHEE CUJICHHUE U3/IEeIIUS

AHanmu3 pe3yiapTaTOB HCCIEAOBAaHUM ITOKa3bIBAET, YTO IIYM KOMIIPECCOPHOTO
arperara BBICOKMH BHYTpH 3JieKTpoOyca u 3a ero mpenenamu. OCHOBHBIMH HCTOYHHKAMU
MOBBIIIEHHOTO IIyMa SBJSIOTCS BCACHIBAIOIMNUNA (DHIIBTP, DJIEKTPOIBUTATENIF M CHCTEMA
OXJIAKJICHUSI KOMIIPECCOPA.

YuuteiBas TpeOOBaHHMS CAHUTAPHBIX HOPM JUIA OKpyXaromeil cpeasl [2] 1o
AKyCTHUECKHM XapaKTEpUCTUKaM, HEOOXOIMMO MPOM3BECTH IOPAOOTKU MO OIpeAeTICHHIO
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Brustnue wiyma KoMnpeccopuvix Cmanyuil Ha OKpYs#caiomyio cpedy

PaIMOHAILHOTO PACIIOOXKEHUST KOMIIPECcopa BHYTPH BJIEKTpoOyca, ¢ IEIbI0 HCKITIOYCHUS
PAacCIIONIOKEHHST OCHOBHBIX MCTOYHUKOB BOJIM3M BEHTHIIALIMOHHON PENIETKH WIIM HUCIIOTHEHHUS
BEHTUJIAIIMOHHON PEIICTKHA B BHUJIE JKAIIO3M, MTPAIOIIUX POJIb SKpaHa IS BEHTHIISIIMOHHBIX
npoemos [3].
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OO0 uCcTOYHNKE IIIyMA MOTPAHMYHOTIO CJIOSI BA3KOI0 TEIUIONPOBOIHOIO ra3a

Boponkos C.C.
3aB. kadeapoii ToOpoKHOTO cTpouTenseTBa [IckoBlY
180000 r. IlckoB, mn. Jleauna, 1. 2

AHHOTaNUA

PaccMOTpeH HCTOYHHK ITyMa MOTPAHUYHOTO CJIOS BSI3KOTO TEIUIOMPOBOJHOTO Ta3a, 00yCIOBICHHBIN
HaJIMYMEM [IHCCUIIALMHA 3HEPTHH M TEIUIOOOMEHa. AHaIM3UPYeTCsl ypaBHEHHE U IyJlbCaluil JaBICHUS B
BSI3KOM TEIUIONIPOBOAHOM Ta3e, MONyd4eHHOE aBTOpoM. IlokazaHO, YTO MONYyYCHHOE ypaBHEHHE OOBSCHSET
MEXaHN3M BO3HMKHOBEHHS ITyJIbCAIIMH TaBJICHNS B CTAIIHOHAPHOM IIOTOKE BSI3KOTO TEIUIONIPOBOAHOTO I'a3a MpH
HaJlMYNM TPAJMCHTOB CKOPOCTH M TemmepaTypsl. IlpeanmoxkeHa MaTemMaTwdeckass MOJEb, ONMCHIBAIOMIAS
paccMaTpuBaeMble Ipouecchl. [IpuBoaaTCsS pe3ynbTaThl BEIUUCIUTEIBHOIO HKCIEPUMEHTA MO BO3HUKHOBEHUIO
MyJIbCALUI TaBIEHUS B IOTPAHUYHOM CJIO€ BSI3KOTO TEIUIONPOBOAHOTO I'a3a Ha MIOCKOM MIacTHHE.

KiroueBble c10Ba: HCTOYHMK IIyMa, YpaBHEHHE A MyJbCalldil JaBleHMs, MOTPAHUYHBIA CIIOH,
BS3KUU TEIUIONPOBOIHBII ras.

On the noise source of the boundary layer of a viscous heat-conducting gas

Voronkov S.S.
Head of the Department of road construction, Pskov State University
Russia, Pskov, sg. Lenina, h.2

Abstract

The noise source of the boundary layer of a viscous heat-conducting gas is considered, due to the
presence of energy dissipation and heat transfer. The equation for pressure pulsations in a viscous heat-
conducting gas, obtained by the author, is analyzed. It is shown that the obtained equation explains the
mechanism of occurrence of pressure pulsations in a stationary flow of a viscous heat-conducting gas in the
presence of velocity and temperature gradients. A mathematical model describing the processes under
consideration is proposed. The results of a computational experiment on the occurrence of pressure pulsations
in a boundary layer of a viscous heat-conducting gas on a flat plate are presented.

Key words: source of noise, equation for pressure pulsations, boundary layer, viscous heat-
conducting gas.

BBenenne

B aspoakycTrke ypaBHEHMsI, OMMCHIBAIOLINE PACIPOCTPAHEHUE 3BYKa, BBHIBOJASATCS,
KaK [paBWJIO, W3 YypPaBHEHUH COXpaHEHMs] Macchl M KOJuuecTBa JBWkeHUs [l] wu
NpPEJCTaBISAIOT COOOH BOJHOBOE HEOAHOPOJHOE YpaBHEHHE, IMpaBas 4YacTb KOTOPOIO
COJIEP)KUT pazNUYHble HCTOYHUKM 3ByKa. llpu »53ToM Juccumanue dHEpruv U
TEIUIONPOBOAHOCTBIO  TNpeHeOperaroT Kak BEJIWYMHAMH BTOPOTO TOPSJIKA MAaJOCTH.
HcTtoyHukamMy 1Iyma, H3Iy4aeMoro TypOYJIEHTHBIM TOTPaHUYHBIM CIIOEM, SIBIISFOTCS
WHTCHCUBHBIE IyJIbCALlUU JaBJICHUs, TPUYMHON KOTOPBIX, KaK CUUTAECTCS, SIBISIOTCS
JJIEeMEHTapHbIE BUXPH, paclajaroniiecs W BHOBb oOpasyembie [2]. B mamuHapHOM
NOTPAaHUYHOM CJIO€ TaKXK€ BO3HUKAIOT IyJIbCALlUU JaBJIEHUS, HO HMHTEHCUBHOCTb HX
3HauuTeNbHO HIKE [3]. M 37ech BO3HMKAET BONPOC: YTO SIBISIETCS NMPUUYMHOM MyJbCaluil
JIaBJICHUS B JAMUHAPHOM ITOTPAHUYHOM CJI0€ BS3KOT'O TEIJIONPOBOIHOTO ra3a?

E-mail: voronkovss@yandex.ru
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B paGore [4] mnonydeHO ypaBHEHHE I TYJIbCalldid JaBICHUS B BSI3KOM
TEIIONPOBOJHOM Ia3e

dp zdp
—- k-1
e =(k-1)o, (1)

rae p, p — AaBJICHUE U IJIOTHOCTH rasa,
a s a,Z[I/IaGaTHOC M U303HTPOITHOC 3HAYCHNE CKOPOCTH 3BYKA,
O — (byHKI_II/IH, YUuThIBaromasa AUCCUIIaliuiO SHEPTUU U TENJI000MEH:

ox\ ox) oy\ oy) oz\ oz
2 2 2 2

(8u} ov (awj oV ou

| — | +|— | +H —| [+ —+—| +
oX oy 0z oxX oy

+ U ) \ ;

LW, v +(5_U+@j _2fou, v ow
oy oz 0z 0oX 3lox oy oz

T — Temmnepatypa rasa;

V — BEKTOp CKOPOCTH Ta3a C MPOEKIUsMH U, V, W Ha OCH JICKapTOBOU
CHCTEMBI KOOPJAUHAT X, Y, Z COOTBETCTBCHHO;

A — K03 PUITUESHT TEIIONPOBOHOCTH;

U — K03 UIMEHT AUHAMUYIECKON BA3KOCTH;

t — Bpems;

K — mokasarenb aguabarsl.

[MonHbIe POU3BOIHBIC B ypaBHEeHHH (1) MPEACTaBISIFOT COOO0M CyMMY JIOKAJTbHON U

KOHBCKTHBHOM MPOU3BOIHBIX U PACIIHCHIBAIOTCS:

dp op
——=—"+V - gradp, 2
dt ot geadp @)
do op
— =—+V-gradp. 3
d ot gadp @)

VYpaBHenue (1) BbIBEIEHO M3 YpPaBHEHUS SHEPIUU C NPUBJICUYEHUEM YpPaBHEHHI
HEpa3phIBHOCTH M COCTOSIHMSL JUIS COBEpPIICHHOrO ra3a [4], Mo3TOMYy OHO MOXET
paccMaTpuBaThCsl KaK aHAJOT ypaBHEHHUS OHHEPIUH, HO 3alMCAaHHOIO OTHOCUTEIIBHO
IyJIbCALIUH JTABJICHMUS.

N3 ypaBHenus (1) creayer, 9YTO B BSI3KOM TEIUIOMPOBOJHOM ra3e Ipu
BO3HHUKHOBEHUH TPAJMEHTOB CKOPOCTH, HANpPHMEp, B TOTPAHHMYHOM CJIO€, B CTPYHHBIX
TEUEHUSIX U JIp., OyyT BO3ZHUKATH MyJIbCAllMU JaBJICHUS, SBISIOIIMECS HICTOUHUKOM LIyMa.

B paborax KauanoBa, KosnoBa u JleBuenko [5] ycraHoBieHa BaykHasi pOJIb
nepeaHel KPOMKHU IJIACTUHBI B (POPMUPOBAHUN BUXPEBBIX BOJIH IMOTPAHUYHOIO CIIOS — BOJH
Tonmuna-11Inuxtruara (cM. prc. 1), HO 10 KOHIIA HE SICEH MEXaHU3M BO30YKICHHUS ITUX BOJH.
PaccMoTpuM MexaHM3M TeHepaluu 3TUX BOJNH, mpuBiekas ypaBHeHue (1). KauecTBenHsrii
aHaJTM3  ypaBHEHUS IIOKa3bIBaeT: BO3HHKHOBEHHE TPAJUEHTOB CKOPOCTH  IOTOKA

ou Ou oV ov
—,—,—,— Ha Hepe,[[HeI/I KpOMKe IIJIACTUHBI BCJICIACTBUC HpI/IJ‘II/IHaHI/IH II0TOKA Ha CTCHKEC

ox oy ' ox oy

IJIaCTUHBI (U = O, v=0 ), MOpOKAACT HECTALIMOHAPHBIC ITYJIbCAIUU TaBJICHUA dp B IINIOCKOCTH
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XY, KOTOpbIE TEHEPUPYIOT BUXPEBBIE BOJIHBL. Y paBHEHUE (1) MO3BOJIAET IO MHOMY B3IVISIHYTh
Ha MEXaHM3M BO3HHKHOBEHHUS TypOYICHTHOCTH B [OTPAHMYHOM CJOEC  BS3KOTO
TEIIONPOBOAHOTO Ta3a [6].

ogeHue 80/1H

%Oaﬂu'é“uquoeo‘ cnos | —
) | A
Uen i ' L At ""i
—> Zt 7 77 ]
| Rekp | ;Ren
- ~ ——e -
AuHeldrasi obnacme He -
AUHEUHAS
obsiacms

Puc. 1. CxeMa OCHOBHBIX CTaJIMi MPoIecca Mepexo/ia B MOrPaHHIHOM CJI0E
(prcyHOK B3SIT U3 paboThI [5])

1. Maremaruyeckasi MOIeJIb

[IpuBeneM MaTemMaTHYECKyH0 MOJENb, OINKMCHIBAIONIYIO IPOLIECC BO3HUKHOBEHUS
NyJabCalliii JaBJ€HHUS B BS3KOM TEIUIONPOBOJAHOM Ta3e B TPEXMEPHOM IOCTaHOBKE,
BKJIIOYAIOLIYIO:

1. YpaBHenue Hepa3pblBHOCTH [7]

dp .
— +pdivV =0. 4
4 P 4)

2. Vpasuenne HaBbe-CTOKCa B POEKIUAX HA OCH X, VY, Z [7, 8]

pd_u:_@+i ZM[a—u—ldlvV) o 8_u+@ +
dt oX OX ox 3 ay oy OX

()
of (ou ow
Pl Bl el
82[ (az axﬂ
o _ @+2Hﬂ+‘9_“H+i{z“(@_ldivvﬂ+
dt  ay x| \ox oy)| oy| \oy 3 .
o) (o, ow (
| " oz oy )|
Jw_ a“aw au)}rg v owl|,
Pt~ oz ox|Max ez )| eyl Mz ey -

i 2 (%—ldIVVj
0z oz 3

3. YpaBHeHnue sHepruu [4]

dp 2dp
— k-1
i =(k-1)o. (8)
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4. YpaBHEHME COCTOSIHUS 111 COBEPILIEHHOTO Ta3a
p=pRT, 9)

rac R — razoBas mocrossHHAas.

B 31Ol cucteme u3 miecTH ypaBHEHHMM HEM3BECTHBIX 6 BenuuuH: P, p, T, U, V,W,
(mpu ycioBHH, U4TO L= CONSt 1A =const).

JIisi TIOBBIMIEHWST TOYHOCTHM UHCIEHHBIX PACUu€TOB B KauyeCTBE HEU3BECTHBIX
UCTIONIB3YIOTCS KOHCEpBaTUBHBIC mepemeHHbie [8]: p, pu, pv,pW, a Takxe daBJICHHEC P U

temneparypa T. Cucremy ypaBaenuit (4-9) ynoOHo 3anmucarb B BEKTOPHOM BHUJIE
o oF oG oD
—+—+—+—=0, (10)
ot ox oy oz
rne Bekropel U, F, G, D mnpeacraBisioT coOoOW yHoOpsiioueHHbIE HAOOPHI
KOMOWHAIMI OCHOBHBIX MepeMeHHBIX [8].
UYucnenHoe peuieHue cucreMbl ypaBHeHUH (10) ocylecTBisuioch 1Mo ABYX IaroBOM
cxeme bpaunnosckoii [8]
SF" 38G" aD"
+ +
ox dy oz

U™ =u"-

At, (11)

SF™ SFD 8G™ 8GT, SD™ 8D,
+ + + + +
OX OX oy oy oz oz

Un+l — Un _

AL, (12)

rae [ u V — MHJIEKCH COOTBETCTBEHHO HEBSI3KUX U Bs3KHX wieHOB pyHkuuii F, G u
D;
d d | p¥e]
—, — M — TIPEJICTABJISIOTCA EHTPATbHBIMU pasHocTsamu, F' =F, (U”+1) U T. I
oX oy 0z
[Mporpamma peanmzoBana B cpeae MathCad Professional.

2. Pe3yJbTaThbl BBIYMCJIUTEIbHOI0 IKCIIEPHMEHTA

B kauecTBe HaYaNBbHBIX YCIOBUH 3alaBAJIOCh CTAlMOHAPHOE PACHPEIEICHHUE IOJIA
CKOpPOCTEH U U V B MOTPAHUYHOM CJIO€ HEC)KMMAECMOW KUIKOCTU Ha IIJIOCKOW IUIACTHHE B
JBYMEPHOM NpUOIMKeHUH [9].

Kosn4ecTBo y3110B KOHEYHO-Pa3HOCTHOM MPSIMOYTOJIBHOU CETKH I, |, K 1Mo ocsm X, y
u z npuHuMaercd 11. IIlar KOHeYHO-pa3HOCTHON CETKH IPUHUMAETCSI PABHOMEPHBIM 110 OCSIM

X, y U z2 AX=Ay=Az=0,25-10" M. Pacuer BwImoNHsAeTCA Il (pparMeHTa MOTPAHCIIOA,
HauuHas C paccTOsiHUS OT mepenHedl kpomku muactubl XxI1=0,1 m. Illar nmo Bpemenu
OTIPEJIeNIANCS U3 YCIOBHs YCTOHUMBOCTH M TIPHHUMAICS paBHBIM At =2,5-107" ¢. KommaecTso

I1aroB Mo BpeMeHu npuHuMaiocs N =100.
AHaIM3UPOBAJIOCh  BJIHMSIHWE  TPAJAMCHTOB  CKOPOCTH  IOTOKa  BS3KOTO
TEIJIONPOBOAHOTO ra3a B OTPAaHUYHOM CJIO€ Ha BOSHUKHOBEHHUE MYJbCAIIUI TaBIEeHUS.
AHanu3 W3MEHEHMsI JaBl€HUS B PACUETHOM O0OJAacTH MOTPaHUYHOrO  CJIOS
NOKa3bIBaeT (pHC. 2), 4TO B CKUMAEMOM ITOTOKE BSI3KOTO TEIUIONPOBOAHOTO Ta3a, Jaxe Npu
3aJJaHWW TTIOCTOSTHHOTO JaBJICHHsI Ha TPaHMIIAX PacdyeTHOW 00NacTH, JaBIIEHWE B PacdyeTHOU
00J1aCTH SIBIISICTCS HECTALIMOHAPHBIM.

47



Boponkos C.C. 48
06 ucmoyHuKe uwyma nOCPAHUYHOZO CIOA 8A3K020 MENIONPOBOOHO20 2a3d

1.0105-10°

101-10°

jEEN

jELTN

Thy b ALpE MAETERECT, [T

1.0095 107

1.008 10"

20 40 il a0 100

n
Ilar 0 EpeMeHED

Puc. 2. Ilynpcanyu gaBieHUs] BO BpEMEHH B IOTPAHUYHOM CJIO€ BSI3KOTO TETIJIONPOBOJIHOTO
ra3a B Toukax i=2 j=3 u i=9 j=3 B ceuenuu k=6

Ha puc. 3 npuBeaeHbl 3HaueHHUs IUIOTHOCTH BSI3KOT'O TEIUIONPOBOAHOIO rasa B
pacdeTHOM 00IacTH MOrPAaHUYHOTO CIIOSL.

1.2004

1.2002

11903

11994

11994 1] n 40 il an 100

n
1l4r 10 Ep eNEEE

Puc. 3. Ilyabpcaniuu mIOTHOCTH BO BPEMEHH B MMOTPAHUYHOM CJI0€ BSI3KOT'O TEIIONPOBOIHOTO
rasa B Toukax i=2 j=3 u i=9 j=3 B ceuenun k=6

Ha puc. 4 npuBeneHbl 3HaYCHUS TEMIEPATypbl BS3KOTO TEILIONPOBOJHOIO Taza B
pacueTHOM 00JIaCTH MOTPAHUIHOTO CIIOS.
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20304
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202,072
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a a0 40 &0 a0 100

I
14T 100 EpenieHED

Puc. 4. Illynscauuu TemMriepaTypbl BO BDEMEHH B TOTPAHUYHOM CJIO€ BSI3KOTO
TETUIOTIPOBOAHOTO ra3a B Toukax i=2 j=3 u i=9 j=3 B ceuenuu k=6

Ha puc. 5 u 6 npuBeaeHbl 3Ha4eHUsI CKOPOCTEH U U V B pa3IMUHbIX CEUECHUSX.
1

10 ——
"-11._-i /
o
w g
E =,
E G r4
g

=1/
/

0 2 4 [ g 10 12

i
Homep y=2ma o oty

Puc. 5. I3mMeHeHne CKOPOCTH U B NTONEPEUYHOM CEUEHHUH MOTPAHCII0s B cedeHnu k=6 B
MoMeHT BpemeHu N =100
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04

vij 03

n2

CropocTs , Mt
o

12

i
Homep y2ma o oty

Puc. 6. I3meHeHne CKOPOCTH V B IMIONIEPEYHOM CEUCHUH MTOTPAHCIION B CEYeHUU k=6 B
MoMeHT BpemeHu N =100

3akao4yeHue

[ToxazaHo, YTO MOJY4YEHHOE YpaBHEHHE OOBSACHSAET MEXAaHU3M BO3HUKHOBEHUS
nyJdbCalluid  JaBJI€HUS B  I[OTPAHUYHOM  CJIO€  CTallMOHApHOIO  IIOTOKA  BSA3KOIO
TEIUIONPOBOJAHOIO Ta3a Ha IUIOCKOW IUIACTUHE MpPU HAJIUYUU TPAJUEHTOB CKOPOCTH U
TeMIIepaTyphl.

YcTaHoOBICHHBIC MyJibCallu AaBJICHUA ABJIAAIOTCA HCTOYHHUKOM IIyMa MOTrpaHUu4YHOI0
CJ1051, 00YCIIOBJICHHOT'O TMCCHUIIALIUEH SHEPIUU U TEINIOOOMEHOM.
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