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Abstract

In this paper some aspects of the Environmental Noise Directive 2002/49/EC (END) state of
implementation in EU countries are presented with special regard to public information and participation in
action plans and to the experiences of participatory approaches to planning and design of solutions for noise
mitigation. The results of public and stakeholders involvement are shown in case studies implemented in Italy
and in other EU countries, in pilot areas of EU funded projects, regarding END implementation issues. The
review includes examples of participatory design derived by strategic noise mapping and action plans
implementation for agglomerations and infrastructures of transport. The International Noise Awareness
campaigns are considered as a very important event for public information and participation.

Key words: environmental noise, directive, action plans, participation, awareness.
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Introduction

Among the aims of Environmental Noise Directive 2002/49/EC (END) there is the
definition of a common approach intended to map, prevent or reduce, on a prioritized basis,
the harmful effects, including annoyance, due to exposure to environmental noise. The END
also aims at providing a basis for developing Community measures to reduce noise emitted by
the major sources, in particular road and rail vehicles and infrastructure, aircraft, outdoor and
industrial equipment and mobile machinery.

The END (1) provides indications and recommendations about items such as noise
mapping, action planning, quiet areas and the importance of communication and
dissemination towards citizens.

In many cases only definitions and general indications are made available by the
END, while specific suggestions about how to deal in practice with the above cited items are
still absent. To help solving this problem the EU funded projects LIFE+2008 HUSH (2-4),
LIFE+2009 NADIA (5-7) and LIFE+2010 QUADMAP (8-13) have given important
contributions to END interpretation and implementation.

In this paper, after a brief analysis of the state of the art about the END
implementation, aspects related to public participation and information are further discussed.
The results of public and stakeholders involvement are shown in case studies implemented in
Italy and in other EU countries, in pilot areas of HUSH and QUADMAP EU funded projects.

1. State of art of END implementation

Noise mapping and action planning have been performed for almost all EU
agglomerations and main infrastructures. At this time, agglomerations and main
infrastructures are currently working for the updating their noise maps and action plans. In
particular, END has been transposed in all 28 Member States and any transposition and
legislative issues have been resolved. In 15 member States the END was the first national
legislative milestone in the frame of environmental noise. Concerning the administrative
approach to the END implementation, some Member States have preferred a centralised
approach, while others a decentralised one; moreover, also combined approaches have been
adopted. In terms of noise mapping and action planning implementation, significant delays
have been encountered both in the first (2007/2008) and in the second (2012/2013) rounds. As
a relevant example, in the last round (to be completed in 2012) more than 30% of the maps
were missing at the time of analysis at the end of 2014 (5).

On the technical point of view, the END made available only definitions and general
indications, while specific suggestions about how to deal in practice with the above cited
items are absent. Concerning the preparation of noise maps, a significant methodological
reference used by the operators is the Good Practice Guide (GPG) published by European
Commission (14). Anyway, referring to the GPG practical application, numerous publications
in recent national and international congresses pointed out the difficulties in noise mapping
procedures (15/18).

Referring to the main aspects defined by END like action planning, quiet areas and
information and participation of public, since a few years ago practical guideline were not
available. Some relevant contributions came from some EU funded projects like LIFE+2008
HUSH, LIFE+2009 NADIA and LIFE+2010 QUADMAP that have given important
contributions to END interpretation and implementation.

Concerning the evaluation of the END through the Regulatory Fitness and
Performance Programme (REFIT), according to criteria of Relevance, Coherence,
Effectiveness, Efficiency and EU added value, good outcomes have been achieved.
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Moreover, considerable progresses have been made towards the development of a
common approach to noise assessment methods in Europe thanks to CNOSSOS-EU process,
which was completed in 2015. Some important news have recently come with the
introduction of European Directive 2015/996 (19) that defines new calculation procedures to
be used for noise mapping. The new procedures will be mandatory effective in 2018 and it
will be important to understand possibilities and limits of new calculation procedures. In fact,
the effectiveness of new calculation methods and their adaptability to different territories need
to be verified in practice. Finally, European Directive 2015/996 clarifies some issues on noise
mapping which have been left open by European Directive 2002/49: required accuracy levels,
use of default data, verification of how methods are implemented by different software (20).

Moreover, concerning the second objective, its achievement is considered reasonably
effective (21-22).

2. Public Participation and Noise Reduction Actions

The article 9 of END (1) established that information to the public must be ensured
by Member States as the strategic noise maps are adopted and the action plans are drawn up.
Data should be made fully available and disseminated to the public, information must be
clear, comprehensible and accessible. It sounds evident that information, communication and
participation are important keywords for a correct and effective implementation of the
Directive. Sometimes the participation of public is needed to make the best choice among
different solutions for actions of noise reduction plan and acoustic quality improvement in
strategic action plans, sometimes the public can be involved, as main stakeholder, in the
definition of policies for noise control at local level including regulations for the correct use
of entertainment areas and quiet areas as well.

2.1. Public participation: general definition

As a general definition, it can be said that public participation is a process that
directly engages the public in decision-making and gives full consideration to public input in
making that decision. If we consider public participation as a process, its basic steps consist of
a series of activities and actions aiming to both inform the public and obtain input from the
public. In figure 1 the general scheme of public participation process, proposed by US
Environmental Protection Agency (23) and agreed by all the most important experts in
environmental issues governance and policy makers, is shown.
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Fig. 1. Representation of a typical process of public participation (Source EPA, 2014)

2.2. Public participation: a definition for noise control and reduction

In figure 2 a more detailed table of actions and expectations (24), in terms of goals
and promises, is proposed. It can be easily applied to noise control issues and in particular to
the strategic actions that END requires in the Action Plans for agglomerations and transport
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infrastructures authorities. The general plan and the punctual solution can be designed and
implemented following the five-step path, listening to public and stakeholder suggestions,
defining consequently the goals and the promises.

INCREASING IMPACT ON THE DECISION

INFORM CONSULT INVOLVE

-l To provide the public To obtain public To work directly with
é with balanced and feedback on analysis, the public throughout
= cbjective information alternatives and/or the process to ensure
IQ- to assist them in decisions. that public concerns
-l understanding the and aspirations
1] problem, alternatives, are consistently

opportunities and/or understood and
E solutions. considered.
e
2
2

We will keep you We will keep you We will work with
LA informed. informed, listen to you to ensure that
g and acknowledge your concems and
a concerns and aspirations are directly
E aspirations, and reflected in the
P provide feedback alternatives developed
- on how public and provide feedback
9 input influenced the on how public
! decision. We will seek  input influenced the
E your feedback on decision.

drafts and proposals.

Fig. 2. Public participation: actions and expectations (Source IAPP, 2016)

According to the END disposals, urban areas and areas located in proximity of
infrastructures are identified by means of their acoustic climate and of the number of citizens
exposed to relevant levels of noise in the areas: consequently hotspots (noisy critical areas)
are individuated and action plans are defined and implemented for reducing noise in hotspots
and, at the same time, for preserving quiet and for improving soundscapes in quiet areas. In
the EU countries, following the disposals of END (1), methods like questionnaires, surveys,
soundscapes analysis are frequently used in combination with traditional methods for
mapping territory and planning noise management and control, adding information and
preferences of residents to measured data.

In the case studies and pilot areas experiences reported in this paper, public
orientation has been considered in the various phases of decisional processes regarding noise
management and control planning. The public participation in decision on general strategic
choices and on specific issues as well, has been considered submitting checklists of problem
and solutions, collecting lists of possible expectations, and being careful in checking that
expected solutions are actually feasible. Annoyance and heavy annoyance, as defined by the
WHO guidelines for Europe (25) and general comfort indicators have been taken in account.

The five-steps procedure for public participation defined in figure 1, as detailed in
figure 2, has been adapted to noise policies and noise actions required by END as shown in
figure 3. In this general scheme, after the preliminary analysis and data collection, operated
by the agglomeration or infrastructure authorities, stakeholders and end-users of areas are
involved in dynamic and participative processes that carry to shared strategies and shared
actions (compatible with strategies), respectively.
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Preliminary Territorial
analysis and data
data collection

1
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Public strategy )
participation
Users’ Interviews ™
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Meetings

Planning ACTION PLAN

Design and
implementation STRATEGIC ACTIONS DIRECT ACTIONS

Fig. 3 — Flowchart of public participation in the frame of END implementation

2.3. Examples of participatory design of barriers for school and school yards

According to the END Directive and to the National Legislation of European
Countries, schools are considered sensitive receivers. Local administrators and policy makers
must consider with particular care the noise mitigation in schools and their external areas. In
the following examples the Participatory Design Scheme has been implemented in action
plans and noise reduction plans relative to a group of primary schools of Florence involved in
some project co-funded by the European Union. Stakeholders opinions have been collected on
strategic issues, end user questionnaires have been defined to collect the perceived level of
acoustic comfort and acoustic quality of investigated areas, aiming to carry out, via simple
analysis, useful results for designing phase.

The noise reduction interventions are generally designed with the only aim of noise
reduction without considering other environmental aspects and the effective perception from
the end-users. However, the participatory design and awareness-raising activities are
considered as valuable tools for informing, consulting and involving the students and
scholastic staff in general in the intervention designing process (26).

2.3.1. Participatory design for smart acoustic barriers

In the frame of HUSH (27) and QUADMAP projects (28), three interventions of
noise reduction for the school courtyards have been developed according to the participatory
design approach. The first intervention, as pilot-case of HUSH Project (27), regards the
acoustic requalification of the courtyard of “Don Minzoni” School in Florence. In this case
study the students have been involved into the design process with ideas and drawings about
their courtyard. The school has followed the INAD experience during the three years for
designing and construction of the intervention.
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Fig. 4— Drawmgs' for the design of the new garden made by pupllsof “Don Minzoni” School

The intervention has been defined and implemented according to the indications
emerged by end-users questionnaire and suggestions derived by involvement of pupils,
parents and teachers in a noise awareness campaign. It consists of:

- integrated barriers with elements that make the barrier enjoyable to pupils during
lessons and playtime;

- integrated playground and outdoor spaces for educational purposes, including a
mobile amphitheater where to give lesson in the garden.

The location of different functions is closely related to the noise climate of the
garden sub-areas. A noise barrier has been built with a continuous bench very useful as a part
of playground for children, and as a seat for teachers and parents as well.

N F zg 5 - Barriers andplayground at “Don Minzoni” School

The second intervention, as pilot-case of QUADMAP Project (28), regards the noise
reduction in the garden of “Dionisi” Primary School in Florence.

The intervention defined and built according to the indications given by end-users
questionnaire consisted of a noise barrier with some blackboards applied in the internal side,
allowing to be used from students and teachers when they are in the garden.

Fig. 6 — Intervention at “Dionisi” School

Another pilot case of QUADMAP Project (28) is relative to noise reduction in the
garden of “Vamba-Montessori” School in Florence where the results of the acoustic
measurements in ante-operam scenario had shown the need to protect the school garden from
the noise emitted by the nearby road infrastructure. This need has been confirmed by the non-
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acoustic investigation. For this reason, the intervention implemented for the noise reduction in
the scholastic courtyard has been a noise barrier. A part of this barrier is made of plants for
botanical education.

In this case the non-acoustic investigation showed the need to design a space for
teaching in external. To do this a wooden gazebo in the garden area protected by the barrier
has been designed. This element has been used for the external teaching and is shaded, as
required by end-users.

it TR A
i ¢ h.
N A ;1-.,*' X Y 'm

ma-Montessori” School

ig 7 — Intervention at *

In the following paragraphs the results of the participatory design approach are
analysed comparing with a traditional design approach and by using data collected in ante and
post operam scenarios.

2.3.2.Comparative analysis between traditional and participatory design approaches
in the schools

The participatory design method has been evaluated also through the comparison
with the traditional design procedures. The case-studies used for the comparison is the
intervention carried out in the HUSH project in “Don Minzoni” school performing a
participatory design approach and the intervention implemented some years before (2007) in
"M. L. King" school in Florence, consisting in a noise barrier, realized with a traditional and
non-participatory design approach.

The comparison has been carried out through the definition of objective and
subjective criteria. The objective evaluation is based on the analysis of all documents (reports
and technical drawings) foreseen in the several design phases and the effectiveness of the
design process. Referring to the subjective criteria, specific end-users questionnaires have
been defined and collected in post-operam scenario (29).

According to results obtained from objective and subjective evaluation previously
described, the participatory design developed in the school pilot cases have produced the
following results:

- the participatory design was effective: the end-users can give a “direction” to the
designing phase (based on the ante-operam questionnaire results);

- the intervention is able to match the expectations of end-users (based on the post-
operam questionnaire results);

- the intervention is able to take into account noise reduction together with other non-
acoustic aspects (based on objective comparison of the design of a similar intervention
developed for another school of Florence).

In the pilot-case of "Dionisi” School the satisfaction of the intervention according to
participatory design has been evaluated through the comparison between the results in ante
and post-operam scenario.
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In figures 8 and 9 some results of the survey on levels of perceived pleasantness are
reported. They show that the percentage of people who consider the current soundscape as a
good acoustic environment is higher in the post-operam scenario as well as people who
consider the current sounds very congruent with the scholastic garden. The considered rating
of pleasantness consists in five categories of agreement, from 5 (strongly agree) to 1 (strongly
disagree).

100%
80% m5
60% a4
a3
40%
m2
20% -

I consider in general the ma type very sensitive to I consider the current sgunds.
curment soundscape o noise WVENY Congruent with this place
acoustic environment as good

Fig. 8 — Agreement with pleasantness statement in the ANTE-OPERAM SCENARIO

100%

a5
80% 04
60% a3

m2
40%

o1

20%

0%

| consider in general the I'matype very sensitive | consider the current
current soundscape or 1o noise sounds very congruent
acouslic environment as wih this place
good

Fig. 9 — Agreement with pleasantness statement in the POST-OPERAM SCENARIO

2.4.  Participatory design for noise masking and active soundscape correction

In the frame of HUSH project, a strategical intervention of noise masking for the school
yard of “Paolo Uccello” School has been developed according to the participatory design.

The school staff had expressed both the disagreement with barrier and the desire of a more
interesting and pleasant soundscape in the garden, that was not used by students because of
road traffic noise.

The intervention consists of the introduction of sound sculptures in the school garden
(shown in figure 10) that diffuse composed soundscapes as a mix of natural sound and
artificial sounds typical of the area with the aim of masking the traffic noise in active control
mode.
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Fig. 10 — Noise masking in the “Paolo Uccello” school yard

Also in this case the participatory design procedures have been tested in the pilot cases,
based on ante and post operam end-users questionnaires. In figure 11 the chart shows the
users’ opinion on the improvement of sound quality, the increased use of the area and the
cost/benefit ratio of the project.

Directional sound modules - P.Uccello school garden
50
44

45 2 gma2

40 B Perception of square sound quality
improving

35

30 26 27 B perception of increased use of the
area

25 24

20 — . X .
Perception of cost/benefit ratio of the

16 16
15 intervention
15 ”
10
10
7
6 6
5 |
0
1 Low 2 3 4 5 High

Fig. 11 — Users’ opinion about the intervention at “Paolo Uccello” School

2.5.  Participatory design for acoustic comfort in classrooms

In the "Papini™ School a participatory approach in designing the acoustic correction of
classrooms, canteen, gym, auditorium and art-laboratory. The children took part in a project
called "Planning together the acoustics of your school”. During this project, students after
some lesson on basic concepts of acoustics, materials, etc., have joined the acousticians
involved in the measurements of reverberation time and other parameters. In the second phase
of the project the students have provided together with their teachers a relevant contribution in
the design of the intervention (choice of materials, shapes and colors).
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Fig 13— Intervention at “Papini” School

3. Noise awareness and Public Participation

Information, communication and participation are important keywords for a correct
and effective implementation of END. Following the article 9 of END, information to the
public must be ensured by Member States as the strategic noise maps are adopted and the
action plans are drawn up. Data should be made fully available and disseminated to the
public, information must be clear, comprehensible and accessible.

Sometimes the participation of public is needed to make the best choice among
different solutions for actions of noise reduction plan and acoustic quality improvement in
strategic action plans. In other situations the public can be involved, as main stakeholder, in
the definition of policies for noise control at local level including regulations for the correct
use of entertainment areas and quiet areas as well.

One of the most important event to increase the information of public and the public
noise awareness consists of the International Noise Awareness Day (INAD), launched by the
American Center for Hearing and Communication in 1996 and celebrated every year in the
last week of April. In general, during this event, students and teachers of primary and
secondary schools are invited, with the help of acousticians, to give direct contribution in
terms of participatory design of quieter schoolyards and green areas open to neighborhood as
well as more comfortable classrooms. Since 1996, every year, some private and public
institutions, together with schools, in a growing number of nations, organize initiatives
involving students and citizens.

The event involves also Communities responsible of regulating the noise problems in
public spaces and neighborhood. In the INAD frame of activities, communities can hold a
town meeting to "sound off on noise” inviting local officials from the Police Department, City
Council and the Department of Environmental Protection; attend public meetings, meet with
town or city officials and educate them about the hazard of noise; analyze local noise
ordinances and share the results of Noise Maps and Action Plans, according to END.



Luzzi S., Natale R, Partalucci C, Borchi F., Carfagni M. 12
Environmental Noise Directive implementation: state of art. public participation and noise awareness

3.1 Noise awareness in the Italian experience

In the past seven years AIA (the Acoustic Society of Italy) working group has
involved schools of different level in educational events on the theme of Noise Awareness
(1). Original materials have been produced and distributed in schools, the Quiet Diet has been
presented and a web connection among “schools of the world” participating at the event has
been established on the last week of April. A very active Facebook group has been created,
developed and updated in the following months with news and information regarding sound
and noise, stimulating interest of the numerous young and adult members of the group itself.

AIA has also defined the general objectives of “Noise Awareness Day — Italia”, the
awareness program to be implemented in Italy, drafting the initiatives yearly organized in
Italian schools, aiming to: inform and increase awareness of students and citizens on noise
reduction by social media (posters, publications, social networks, etc..); measure and assess
noise in schools (indoor and outdoor); design solutions for noise mitigation and improve
acoustic climate; describe soundscapes of schools and scholastic gardens; write and / or draw
an advertising campaign on noise; understand, define and observe a "quiet diet"; distribute
and collect questionnaires and interviews about sound quality in schools and in living
environments; invent games and playing activities related to acoustic and noise; take a minute
for listening to silence; create links between schools in different cities and countries to share
the actions taken.

¢ O
b~ The INAD ltalia
HUSH GIORNATA INTERNAZIONALE .
& = DI SENSIBILIZZAZIONE experience
SUL RUMORE
INTERNATIONAL
g W ¥ NOISE'AWARENESS DAY
i‘é»mm L e . oot
) INTERNATIONAL
»

INQIL x  AEr e NOISE AWAR

INTERNATIONAL
NOISE AWARENESS DAY
Apete 2013

NESS
in o5

o = 2

Fig. 14 — INAD Italia — posters of past 7 editions (2010-2016)

3.2 INAD 2017 in Europe —the EAA proposal

The European Acoustics Association (EAA), that includes in its membership the
national societies of 32 European countries, interested to promote development and progress
of acoustics in its different aspects, plans to organize in 2017 a wide campaign in order to
raise the interest of the European citizens towards noise and its bad effects on the quality of
life and their health. It is the purpose of the EAA to collaborate with the European
Commission (in particular the DG-Environment) and the European Environment Agency for
promoting and coordinating specialized activities during this year, among EAA Member
Societies, European and National authorities, associations, schools, museums, etc. in order
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that a wide audience gets the most accurate and scientifically correct information on noise
effects.

Conclusions

The END provides indications and recommendations about items such as noise
mapping, action planning, quiet areas and the importance of communication and
dissemination towards citizens.

In this paper some examples of solutions based on participatory design process, using
also the awareness campaigns, are shown. The participatory design represents an opportunity
for a better education in acoustics and for designing more appropriated solutions according to
end-users expectations.

The participation of public seems to be needed to make the best choice among
different solutions for actions of noise reduction plan and acoustic quality improvement in
strategic action plans, sometimes the public can be involved, as main stakeholder, in the
definition of policies for noise control at local level including regulations for the correct use
of entertainment areas and quiet areas as well. Information, communication and participation
are important keywords for a correct and effective implementation of END.
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[TokazaHa akTyanbHOCTH MPOOJEMBI OOPHOBI CO CBEPXHOPMATHBHOM aKyCTOIIYMOBOH Harpy3koil Ha
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On the possibility of application of acoustic screens-resonators to reduce noise in the area
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Abstract

The urgency of the problem of fight against excessive noise load in urban areas. Engineering is
considered a passive protection against noise in the way of its propagation from the source to the protected
object, the most common of which are acoustic screens. The possibility of application of acoustic structures,
made on the basis of Helmholtz resonators. Described experimental model of the acoustic screen, the acoustic
screen, made in the form of a resonator with an adjustable gap width of the slotted holes and irregular depth of
the cavity. We analyzed the results of experimental data on the level of the reflected sound signal in the area in
front of the screen. In the experiment, we considered the ability of the resonant acoustic structures. The
conclusions on the work done.
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BBenenne

Bonbiioe koaM4ecTBO TEXHOIEHHOTO IIymMa BOKPYTI HAc CO3Aa€TCs pa3IMuHbIMHU
UCTOYHUKAMH, TaKUMU KaK aBTOTPAHCIOPT, MPOMBIILJICHHbIE U  JHEPreTHYecKue
OPEINPHUATHs, OOIICCTBEHHBIC YUPSKICHUS, a TaKKe pa3InyHble WMCTOYHHUKH MIyMa,
CBSI3aHHBIE C XKU3HEJCATEIbHOCTDIO JIIO/IeH (HampuMep, CIOPTUBHBIE M UTPOBbBIE TIOLIAKH U
np.). M3 Bcero 3toro pasHoOOpasuss HCTOYHMKOB IIymMa Haubojiee 3HAYUMBIM IS
ypOaHN3UPOBAHHOTO IPOCTPAHCTBA SBJISIETCS aBTOTPAHCIIOPT.

YpoBEeHb TPAHCIOPTHOTO IIIyMa 3aBUCUT OT TrabapUTHBIX pPa3MEpPOB aBTOMOOWMIIS,
TUTA €ro JIBUraTelisd, CKOPOCTH JABHMXKEHHS aBTOMOOWIIS, OT KaTE€ropHH YJIUI[ U JIOpOT, OT
WHTEHCUBHOCTU M HEPAaBHOMEPHOCTU JIOPOKHOTO JIBIJKEHMs, a TakKXke OT COCTaBa
ABTOTPAHCIOPTHOTO TOTOKA, T.€. COOTHOIICHUS Pa3IUYHbIX KaTEropuil TpaHCIOpTa:
aBTOOYCOB, TPY30BBIX U JISTKOBBIX aBTOMOOHUIICH.

ym cBeime 80 nBA oka3piBaeT BpeAHOE BIMSHUE Ha (PU3UYECKOE COCTOSIHHE
YyeJIoBeKa. ABTOTPAHCIIOPTOM MOTYT gocturaThes Mukd B 100-120 nbA, 4To m10Xo BIUSET Ha
3nopoBbe mrofeil. Celfyac Ha TJABHBIX MAarucTpaisX OOJBIIMX TOPOJOB YPOBHU HIYMOB
npeBblmaoT 90 1bA ¥ UMEIOT TEHJECHUMIO K yBEeTW4YeHUIo Kaxabld ronx Ha 0,5 nBA, uro
ABIETCS OONBIIONW Yrpo30oM [l OKpyXaromied cpeapl B palioHaX  OXXHBJIEHHBIX
TPaHCHOPTHBIX ~Maructpaseii [1]. MenunuHCcKHe WCCACIOBaHHUS  IMOKAa3bIBAIOT, YTO
MOBBILICHHBIE YPOBHH IIIYMOB CIIOCOOCTBYIOT Pa3BUTHUIO HEPBHO-TICUXMYECKUX 3a00JIeBaHUM
U TUTIEPTOHUYECKOW Oosie3Hun. Bcé 3TO MO3BOMNSET CKa3aTh, YTO BBIOpPAHHAS TEMa SBISETCS
aKTyaJIbHOM.

Lenpto paboOTHI SBISIETCS HCCIEIOBAHUE BO3MOXHOCTH IMPUMEHEHHUS IMAaCCUBHBIX
CPEICTB 3allMThl OT IIIyMa, BBIIOJHEHHBIX HAa OCHOBE pe3oHaTopa [enbMromsia,
MPUMEHSAEMBIX Ha OTKPBITHIX TMpocTpaHcTBax. Mcxons w3 3TOro, ObUIM TMOCTaBIICHBI
CJEeNYIOIINE 3a/1auu:

— pa3paboTKa CPEICTB CHIKEHHS IITYMOBOTO 3arpsi3HEHUS;

— UCIIBITAaHHUE aKYCTUYECKUX IKPAHOB - PE30HATOPOB B HATYPHBIX YCIOBUSX;

— o00paboTka TOJNYYEHHBIX PE3YJbTaTOB M BHIPAOOTKA PEKOMEHIAIMK 10 HX
MPUMEHEHHUIO.

1. Metoasl 60pbOBI ¢ LIyMOM

B kagectBe O0pbOBI C IIYMOM HUCHOJIB3YIOTCS CIEAYIOIINE METOBI:

— apXHUTEKTYPHO-CTPOUTENBHBIA. JTOT METOJl OCHOBAaH Ha TOM, YTO WHTEHCUBHOCTh
mrymMa Ha ypOaHM3MPOBaHHBIX MPOCTPAHCTBAX 3aBHCUT HE TOJBKO OT MPSIMOTO, HO U OT
OTpaXEHHOTO 3ByKa. Eciam B KakoW-TO CUTyallMH HET BO3MOXHOCTH YMEHBIIUTH MPSIMOU
3BYK, TO JUIi CHH)KEHHUS IIyMa MOXXHO YMEHBIIUTh 3HEPTHI0 OTPa)KaeMbIX BOJIH. ITO
JIOCTUTAETCS YBEJIMYEHHEM SKBUBAICHTHOM IUIOIIAAM 3BYKOIOTJIOIIEHUS C IMOMOUIBIO
HaHeceHUsl Ha dacajbl 3/aHUM U JApYrHe apXUTEKTYpHbIE AJIEMEHTHI 3BYKOIMOTJIOLIAIOIINX
OOJIMIIOBOK.

— IUIAaHUpPOBOYHBIH. bomee 1mIymMHbIEe  yIOUIBI, MPOMBILIUIEHHBIE OOBEKTHI,
CTOPTIIONIAIKA U MPOYHE ITyMHBIE OOBEKTHI TPU TUTAHUPOBKE JTOJDKHBI pacrojaraTbCs Ha
JIOCTATOYHOM DPACCTOSIHUU OT CHAJIBHBIX PailOHOB, JAETCKUX Ca/J0B, OOJBHMII M LIKOJ U Jp.
Ecnu npennpusitue pacroyiokeHo B 4epTe ropojia, TO IIYMHbIE 11€Xa JO0JKHBI HaXOJUThCS B
rI1yOuHE ero TepPUTOPHUH.

— HUH)XeHepHO-TexHu4Yeckui. CyThb 3TOro MeToAa 3aKJI0YaeTcss B 3KPaHHPOBAHUU
3alIUIIAEMbIX ~ OOBEKTOB  HMHXCHEPHO-TEXHHUUECKUMH  COOPYKEHUsIMH,  HauboJee
pacIpoCTpaHEHHBIMH U3 KOTOPBIX SIBISIOTCS aKyCTHYECKHE SKpaHbl (AD).

HHxeHepHO-TeXHUYECKHE CpeAcTBa OOPHOBI C IIYMOM MOXKHO KJIACCH(HUIIMPOBATH
KaK aKkTUBHbIE M maccuBHbIE. [laccuBHBIE cpencTBa HE TPeOYIOT 3HEPreTHMYECKUX 3aTpar,
JIOCTAaTOYHO MPOCTHI B HM3TOTOBJICHWM, HO OHM HMMEIOT HEJIOCTaTO4HO Ooibuiol 3¢ddexr
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IMOoAaBJICHHUA IIyMa, TOrJga KaK aKTHBHBIC MCTOABI I'aCiaT IIYM B OonplIel crermeHu. B cBoro
oucpeab AKTHBHBIC MCTOJAblI HMMCHOT CYHICCTBCHHBLIC HCIOCTATKH — BBICOKAasd CTOUMOCTD,
CJIOKHOCTB p€ajin3dallvu U IIp.

2. Moaeanb HCIBITYEMOI'0 AKYCTUYECKOI'0 3KPaHa

AD MOXXHO KJIacCU(PUIIMPOBATH MO CIETYIOIIUM ITPU3HAKAM:

— (U3NYECKOMY IPUHIUITY CHUKCHUS IIIyMa;

— BHJly BEpXHEH 4acTH dKpaHa;

— MarepHajaM aKyCTHYeCKOW MaHeH;

— 00J1aCTsIM IPUMEHEHUSI.

B 3aBucumoctn OT (pU3MUYECKOTO NPHHIMIA MOJABICHUS IIyMa aKyCTHUYECKHE
SKpaHbl Pa3AesioT Ha:

— OTpakalolIne;

— OTpaxkarolie-MoraouaoIIue.

B pabGore B KadecTBe CpeICTBAa 3alIUTHl OT IIyMa HCIHOJIB30BAJACh MOJIEIh
OTpakarolllee-TOrIONIA0IIET0 aKyCTUYECKOTO JKpaHa, CKOHCTPYMPOBAHHAsS Ha OCHOBE
pe3onaropa ['enbmrosbua (puc. 1).

KoHCTpYKTHBHOII OCOOEHHOCTBIO 3TOH MOJENU SBISETCS COBMEIICHHE OOBIYHOM
IIYMO3AIIUTHOW KOHCTPYKIMH (aKyCTHYECKOro 95KpaHa) C PE30HAHCHBIM TOTJIOTHTEIEM
['enpMmrosbia, obpasyrommmMces Onaroaaps HalU4YMIO BHYTpeHHero oObnéMma skpana. Kopryc
MOJIENIM BBINIOJTHEH W3 (aHepsl TommuHOW 15 Mm. OcHOBa Kopmyca — U3 JCPEBSHHBIX
OpycKkoB, HIBBI (COWICHEHHUs JHCTOB) 00paboTaHbl repmeTukoMm. Ilepennsas manens AD-
pe3onaropa umeer pasmepsl 1,58 x 1,58 M u mepdopupoBaHa IIETEBBIMH 3a30paMH,
00pa3yIoIMMU TOPJIOBHUHBI pe30HaTOpoB. Ilpum mpoekTHpoBaHUM OMNBITHOM Moaenn AD-
pe3oHaTopa pyKOBOICTBOBAIKCH ITPUHITUIIAMHU, H3JI0KEHHBIMU B [2].

a) 0)

a) QppoHTaIBHAS MMaHeN b Nep(oprpoBaHHas MIETIEBBIMU POpe3siMu (BUJ criepenn); 6) BU COOKY;
1 — nepennsis manens AD ¢ 1IeNeBBIMU IPOPE3SIMU; 2 — HIeJIeBbIE TPOpe3u (FOPIOBUHBI)

Puc. 1. Akyctndeckuil s5KpaH, CIPOEKTUPOBAHHBIN Ha OCHOBE pe3oHaTopa I'enpmronsna

JIist 3aiMThl OT BO3HUKHOBEHHUSI COOCTBEHHBIX PE30HAHCHBIX KOJICOaHUH mepenHeit u
3aJHEN MaHeNel NpU MAJCHUN Ha IEPEIHIOK MOBEPXHOCTh AKYCTUYECKOM BOJHBI, BHYTPH
KOHCTPYKIIMM TIPUMEHEHBI JIOTIOJIHUTEIBHBIC JJIEMEHTBI  KPEIUICHHS, OOECIeUHBAIOIIHE
MOBBIIICHUE KECTKOCTHU OKpaHa. B MOACIIN UMECTCA BO3SMOXKHOCTE PETYJIMPOBAHNA BEJIMYUHBL
3a30pa IIEJEBBIX TOPJOBUH PE30HATOPA 3a CUYST WM3MEHCHHUS TMOJIOXKCHUS aATFOMHHUEBBIX
YrOJIKOB, 3aKPEIUIEHHBIX IO KpasM IIEJEeBbIX mpopeseit. Takue KOHCTPYKIMH O0O0JIafaroT
CMOCOOHOCTBIO K JIeMIT()UPOBAHUIO BO3yXOM, T.€. 00J1a1at0T CBOMNCTBOM 3BYKOIIOIaBlicHHUs [4].
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[IpuHuun neicTBUS pe3oHATOpa OCHOBAaH Ha OOPa30BAaHWUU CTOSYECH aKyCTHUECKOU
BOJIHBI pa3nuyHoi (aspl. Ilpu momaganun QpoHTANLHONW 3BYKOBOW BOJHBI HA MEPEIHIOI0
4acTh PE30HATOpPa, CKOPOCTh MMOTOKA YACTULl B TOPJIOBHHE HAUOOJbIIAs, a 3HAUYUT, 00IaaeT
KMHETUYECKOW BSHepruei. 3aqHss 4acThb BBIIOJHEHA 3aMKHYTOM M HMMEET OIIpe/eICHHbIN
00BbEM, 4YTO INpU CXKaTUU oOOecleyrBaeT HAKOIJIEHWE MOTEHIMAJbHOM »Hepruu. B
pe3oHaTOpax BO3HUKAIOT KoJeOaHWs Jake OT CpPaBHUTENBHO CJAOBIX 3BYKOBBIX BOJIH,
najalolIuX Ha HUX. Pe30oHaropel, B 3aBUCUMOCTU OT (a3bl, 00pa3yroleicss B KOHCTPYKIIUN
CTOSIYEH BOJIHBI, MOTYT KaK YCUJIMBATh, TaK U OCJIA0JIATh 3ByKOBOM CUTHAII.

PaccunTarh COOCTBEHHYIO 4YacTOTy pe3oHaropa, ['1, C IeneBbIMH OTBEPCTUSAMHU
BO3MOXHO 110 opmyiie [3]

=gt 0

27 thlmb

rue fo — pe3oHaHcHas yactora pe3oHaropa, ['ii;
Co — CKOPOCTb 3BYKa B BO3/yXe, M/C;
b — mmpuna menu, Mm;
L — paccrosiHue MexXy IIEISIMHU, M,
hp — paccTosiHEE OT BEpXHETO JHCTa O JHA pe30HaTopa (IIy0rHa pe30HaTopa), M;
l,p — b dexTrBHAs JUTMHA TOPIIOBUHBI, M.

W3mensist mapameTpbl TIJIyOWMHBI, WIMPUHBI TOPJIOBUHBI M BHYTPEHHHH O00BEM
pe30HaTOpa, MEHSETCs COOTBETCTBEHHO COOCTBEHHAs 4acTOTa pe30HaTopa. DTO MO3BOJSET
KOHCTpyHpoBaTh AD-pe30HaTOpbl HACTPOEHHbIE Ha OINpEAENeHHbIE YacTOThl, T.C.
a/IalITUPOBAHHBIE K ONPE/IEICHHBIM aKyCTUYECKUM YCIOBUSAM KOHKPETHOM MECTHOCTH.

[IpumeHneHne Takux KOHCTPYKUMH MMEET psJ NMPEUMYLIECTB, HauOOsee 3HAYUMbIM
U3 KOTOpBIX siBisercss 3HauutenbHoe (10 10-12 nbA) yMmeHbllleHHE YpPOBHS OTPaXEHHOTO
3BYKOBOIo curHaia. Kpome Toro, KoHCTpyKUnu AD-pe30HaTOPOB MMEIOT HE3HAYUTEIIbHYIO
Maccy, IO CpPaBHEHHIO C AD-CTEHKaMHu, 4YTO [JAeT BO3MOXKHOCTb IIPUMEHEHHUS TaKHX
O0JIErYeHHBIX KOHCTPYKIIHIA B YCIIOBHSX OIPAaHUYCHHSI MACChl COOPYKEeHHUs (MOCTBI, CTaKa bl

u mp.) [3].

3. HcnbiTanune AJ-pe30oHATOPa B HATYPHBIX YCJIOBHUSAX

DKCcIepUMEHT MPOBOAMIICS B YCIOBUAX OTKpbITON MecTHOCTU. Touka (T), B koTopoii
MIPOU3BOJMIICS 3aMep 3BYKOBOIO JIaBJICHMsI, pacroiarajach Ha pacCTOSIHUM 7 M OT UCTOYHHUKA
3Byka (U3) u 1,5m ot GetoHHO# cTeHbl (puc. 2). BeicoTa crensl 3 M, TonmuHa — 15 cM,
nnuHa Oonee 30 M. [l m3MepeHMsi 3BYKOBOTO JAaBJIEHUS HCIOJIB30BAJICS CTaHIAApTHBIN
mymomep BIIIB-003-M3, BkiIIOU€HHBIH B pEXHME CpPEIHEro SKBUBAJEHTHOTO YPOBHI.
W3mepeHus: IpoBOAUINCH Ha CPETHET€OMETPUUYECKUX YAaCTOTaX TPETHOKTaBHBIX JMAINa30HOB
63; 80; 100; 125; 160; 200; 250; 315; 400; 500; 630; 800; 1000; 2000; 2500; 3150; 4000;
5000 I'm.
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IKPAHOM
— bemoHHOAa cmeHa
b h=3m, 1=15cM
(K]
‘N\“
1,5M TMm
a)
— bemorHaa cmeHa
¥ h=3m, [=15cMm
M |
AJ (K]
| =
| =
L
15M TM
0)

a) pasmMernieHre AD-pe3oHaTopa B MPSIMOM MOJI0KEeHHH; 0) pazmelneHue AD-pe3oHaropa B 00paTHOM
MOJIOXKECHUH
Puc. 2. Cxema npoBeieHuUs SKCIIEpUMEHTA

AD-pe3oHaTop ycTaHaBIMBAJICS HEMOCPEICTBEHHO Nepea OSTOHHON CTEHOM B JIBYX
MOJIOKEHHUSAX: TPSIMOM, TOPJOBHHAMH B CTOPOHY HMCTOYHMKA aKyCTHYECKOTO CHTHala
(puc. 2,a), 1 00paTHOM, OOpamIEHHOM K HMCTOYHHKY THUIOBOW 4YacThio (puc. 2,0). B obomx
ClydasiX BBIACP)KABAJICS OJMHAKOBBIA Yrojl TaJeHUs 3BYKOBOH BOJHBI Ha (POHTAIHHYIO
na”enb AD-pe3oHaTopa. B xozie skcnepumeHTa MccienoBangach peakuus AD Ha CUTHANI MpU
IBYX (PUKCHpOBaHHBIX 3HaueHUsX 3a30poB — 1,0 u 3,0 mm. B kaxmom cirydae mpoBoaniICS
PsLT U3MEPEHUH, U ONPEEIsIOCh CPeIHECTATUCTUYECKOE 3HAUCHHE.

Ouenka cTeneHn ociabieHns] aKyCTHYECKOT0 CUTHANIA OCYIIECTBISUIACh ISl CITydast
OTpaKeHMs TMajarollell Ha TMepeiHIo MaHelb AD 3BYKOBOW BOJHBI, T.€. B 30HE IMepen
skpanoM (B T). KommdecTBeHHBIE OIEHKHM BETUYMHBI OCIIA0JICHHS] CHTHAJA B TPSMOM
NOJIOXKEeHUH AD TOJy4YeHbl B COMOCTABICHUU YPOBHEW CO clydaeM JKpaHa B BHUJE IIIyXOH
CTEHKH (3KpaH yCTaHOBJIEH B 00PaTHOM IOJIO’KEHUN ).

4. TIpakTHYecKHe U3MepPEeHHs M BbIBO/bI

OneHKkr W3MEHEHUs YpOBHEH OTpaxEHHOTO OT AD CHTHala MMOKa3aHbl Ha pHC. 3.
daktryeckd pedb HAET 00 oOcCnalleHWH YPOBHS IymMa B 30HE, HEMOCPEICTBEHHO
NpUMBIKaroIei k skpany. OleHKH JaHbl i AByX BennuuH 3a30poB (b) — 1,0 mm (puc. 3,a) u
3,0 mm (puc. 3,0).
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Puc. 3. 'ucrorpammsl ociiabyieHus! OTPaXXEHHOTO CUTHAJIA TP 33/1aHHBIX BEJIMUMHAX 3a30pOB

W3 mnpencraBieHHBIX TMCTOTPAMM BHUAHO, YTO MPU UMEKOUIMXCA KOHCTPYKTHBHBIX
OCOOCHHOCTSIX KOHKPETHOM MOJIETHM SKpaHa MMEET MECTO, KaK OcjlabjieHue, Tak U yCUJICHHE
OTpakEHHOTO curHama. Tak, Ha oOOeMX THUCTOrpaMMax B IIEIOM MOXHO TOBOPUTH O
MOJIOKUTEITFHOM 3((dEKTe C TOYKH 3peHHUs OCIabJIeHHs YPOBHS aKyCTHUECKUX CHUTHAJIOB.
HMmeroTcs HEKOTOpBIE PE30HAHCHBIE SIBIICHUS HA OTAENIbHBIX YacTOTaX, BKIIOUYAs «BCIJIECKU» JI0
ypoBHs 9 nb nHa wactore 1600 I'm (puc. 3,a). Ilpm Bemmumne 3a3opa 3 MM (pwuc. 3,0)
pPE30HAHCHBIE SABIIEHUsI OoJiee BhIpakeHb! U gocturaroT 11-12 nb na wacrorax 1600 u 4000 I

Hanuumne pe3oHaHCHBIX «BCIUIECKOB» BMECTE C OCJIa0JICHUEM CHUTHaIA OOBSICHSICTCS
YK€ OTMEYaBIIeWCS CIHOCOOHOCTBIO pPE30HAaTOpoB [enbMronpila Kak YCHUJIMBaTh, TaK U
0CJIa0MATh aKyCTHUYECKUU curHaI. OYeBUIHO, YTO B JAHHOM KOHKPETHOM CIIydae COYETaHHE
pa3MepoB IIENEBHIX 3a30POB U BHYTPEHHETO MEPEMEHHOr0 00bEMa pe30HaTOpa 00eCIIeYMBaAET
MMEHHO TaKO€ COYETAaHWE pEeaKIU{ Ha MNpUIIEAMHN curHal. o momaydeHus Apyroro
COUETaHMS «BCIJIECKOB» U «IIPOBATIOB» HEOOXOAMMO U3MEHUTh KOHCTPYKIIMIO DKpaHa WU
MPUMEHUTH APYro€ COUYETaHWE OCHOBHBIX XapPAKTEPUCTUK, OMPEACISIONMNX PE30OHAHCHBIC
SBJICHUS], HAIPUMEP, TPUMEHUTh COUETAHUE PA3TUYHBIX IIEJIEBBIX 3a30POB.

3aka04YeHue

Ha nannom 3tane paboTbl MOXXHO c(hOPMYITUPOBATH CIETYIOIIUE BHIBOJIBL:
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9KPAHOM

1) kaKk TmMOKa3bIBAIOT HATYPHBIC SKCICPUMEHTHI, MPUMCHEHHE aKyCTHYECKUX
9KpaHOB HA OCHOBE PE30HATOPOB ['elbMroiblla Ha OTKPBITHIX MPOCTPAHCTBAX B IEIOM
o0ecrieyrBaeT IMOJyYCHHE IOJIOKUTEIILHOTO pe3ybTaTa B 30HE HEMOCPEICTBEHHO Tepel
HKPAHOM — OCJIabJICHHE YPOBHS aKyCTUYECKOTO IIIyMa;

2) HaIMYHEe PE3OHAHCHBIX SBJICHUN TpeOyeT MpeaBapUTEIbHOTO —aHaIU3a
CIEKTPAILHOTO COCTaBa IOMHUHHUPYIOIIETO aKyCTUYECKOTO IITyMa Ha KOHKPETHON TEPPUTOPUH
TOPOACKOM Cpeibl ¢ NENbl0  «1oa00pa» KOHCTPYKTHUBHBIX — IApaMETPOB  JKpaHa,
o0ecreunBarOIINX Kak MUHUMYM — OTCYTCTBHE TAaKOTO PE30HAHCA HA 3HAYMMBIX YaCTOTaX
JMarnasoHa;

3)  [nmanbHEHIIME WCCIEAOBaHMs CIICAyeT HANpaBUTh B CTOPOHY COYETAHUS
pa3IMYHBIX 3a30pOB, YTO, KaK TNPEACTABISICTCS, [JODKHO OOECIEYUTh B3aUMHYIO
KOMIICHCAITMIO BO3MOKHBIX PE30HAHCHBIX SBJICHH.

Paboma evinonnena npu noooepoicke epanma PODPHU Ne14-08-00186.
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IIlyMOBbIe XapaKTePUCTHKH MAIIMHBI U3MeJIbYeHUs MsIca IS
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AHHOTANHSA

VYcranoBnensl nrymoBbele XapaktepucTHku (IIIX) MamwmHbl Ui U3MeENbYeHHS Msca W PHIOBI B
YCIOBUSIX 3KCIUTyaTallid B pa3IMdHBIX pexuMax. /laHa olleHKa BIMSHHSA COCTaBHBIX YacTel MamuHbl Ha ee 111X
B 3aBHCUMOCTH OT NIEPEMEHHBIX TEXHOJIOTUYECKUX (aKTOPOB.

KiloueBble cjoBa: MalllMHAa M3MENIbUYEHUS MsCa, MIyMOBas XapaKTECpHUCTHUKA, MaTeMaTUdeCKas
MOJ¢Jb, YPOBCHb 3ByKOBOI>i MOIITHOCTHU, U3MCJIIBYCHUC, MHOFO(baKTOpHa?I MOACIIb.

Noise characteristics of the machine grinding meat for use in catering establishments
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Abstract

The article shows established noise characteristics (NC) of machines for shredding meat and fish in
operation in different modes. Authors indicate the estimation of influence of machine components to NC,
depending on variables technological factors.

Key words: Machine grinding meat , Noise performance , Mathematical model, Noise level, Grinding,
multifactor model.

BBenenune

Mammnsl ans  usMmenvyeHuss msca (MUM) npumeHsroTcss Ha TNpEeANpUSTHSAX
IUTaHUs, CTOJOBBIX, Kae, pecTopaHax, TOPTOBBIX M KYJIWHAPHBIX MPEINPUATHAX, a TaKKe
HOPEeINpUATHI MUIIEBOW MPOMBIIIJIEHHOCTH M B ObITy. B 3aBucMMOCTH OT Ha3HaueHUS M
0o0JacTH  TNPUMEHEHUST OHM  pa3NIMYyaroTcs IO  TEXHOJOTMYECKHMM  (QYHKIUSAM  —
MIPOU3BOIUTENILHOCTH, CTETIEHH U3MENIbUEHUS; TI0 KOHCTPYKTUBHBIM — rabapuTamu, pabouum
OpraHoM, MPUBOJIHBIM MEXaHHU3MOM, KOPITYCOM, CIIOCOOOM YCTaHOBKH; IO JIEKTPUUECKUM —

*E-mail: pilnenko_a@mail.ru (Turenenxo A.K.), obladn@kaf.donnuet.education (3anremnuxoe H.H.),
gordienko_aleksa@mail.ru (I'opouenxo A.B.), kvilinskiy93@mail.ru (Keunurnckuii O./].)




Tunvnenxo A.K., 3annemnurxos U.H., I'opouenxo A.B., Keuruncxuii O./].
Lllymogvle xapaxmepucmuku Mauunsbl UsMEIbYEHUS MACA OA5 IKCHIYAMAYUU Ha NPEONPUSMUSIX 24
00WecmeenHo20 NUManus

YCTAaHOBJIEHHONW MOLIHOCTBIO IIPUBOJA, IOABOAMMBIM HampsbkeHueM. Kak mnokaszanu
pe3ynbTaThl npeasiaymux uccienoBanuii 111X MUM [1] naubosnee cymecTBEeHHOE BIUSHUE
Ha HUX OKAa3bIBalOT KOHCTPYKTHBHBIE (hakTopbl. OCOOEHHO 3TO Kacaercsi MPHBOJHOTO
MexaHu3Ma. B kauecTBe MPUBOJHOTO MEXaHHU3Ma HCIONB3YIOT 3yOdaTbhle WM YEepPBSUHBIC
nepeaayn, a Takke KIMHopeMeHHble. HanbombIumii ypoBeHb IIyMa U3y4aroT IpsMO3yObie U
Koco3yOrle mepenaur. HecMoTpss Ha 3TO 00OCTOSITENHCTBO, MpousBoauTenu Mamund MUM
OTJAIOT NPEANOYTeHHE NPUMEHEHHIO 3yOuaThIX Iepeaad M3-3a BBHICOKON HaleKHOCTU HpHU
U3METBPYCHUN MsCa U PbIObI, a TaK)KE€ MEHBIIEMY >HEpPronoTpeONICHUIO, YEM Y UYEPBSYHBIX
nepeaay.

Ha npenmpustusx o01ecTBEHHOIO MUTAHUS HAILIU IIUPOKOE MPUMEHEHHE MAIlIUHBI
MUM nHebonpmmx rabaputoB, Mmpou3BoauTenbHOCTRI0 OT 80 mo 500 kr/4, ¢ 3y04areiM
MIPUBOAOM, KOPIIYCOM M3 aJIOMHUHHMEBBIX CIUIABOB, YCTAHABIMBAEMBIX HA TEXHOJOTHYECKOM
CTOJIE Ha aMOPTU3ATOPAX UJIU KECTKO.

Mamunast MUM cepuitno Beinmyckatores ais crpadn CHI' bapaHoBuuckuM 3aBoAOM
ToproBoro MammuHOcTpoeHusi (PecnyOnmuka bBemapycp), a Takke HTAIbSIHCKUMH,
XOpBAaTCKUMHU, HEMEUKUMH, (HpaHIly3cKUMH U Ap. 3apyOexxkHeiMu (upmamu. Ha peiHOK 3Tu
MalIuHbI TOCTYMAIOT CEPTUPUIIMPOBAHHBIMHU, B T.4. 110 IIYMOBBIM XapaKkTepucTukam. Bmecrte
¢ TeM ycTaHoBieHO [2], uto LIIX mammuH B npouecce 3KCILTyaTaluu «I1erpagupyroT» BIUIOTh
JI0 «IIyMOBOT'O OTKa3a», KOrjJa Hu3jdydyaemass MallMHOW 3BYKOBas MOIIHOCTh IPEBBIIIAET
npenenbHo qomyctumble HOpMbI o mymy (ITJJLIX). Hapymenue canuTapHO-TUTHEHUYECKUX
HOpPM [0 IIyMYy OTpPULIATEIbHO CKa3blBA€TCS Ha 3/J0pPOBbE TPYISAIIMXCA MPEANPUATHHI
MUTaHMS, a IPU MPUMEHEHUH STHX MAIlUH B OBITY U Ha 3JOPOBBE HE TOJILKO B3POCIBIX, HO U
nereit [3]. Cnenyer OTMETUTh, UYTO B HOPMAaTUBHO-TEXHUYECKON uTeparype cBeaenus o X
MallliH OTCYTCTBYIOT, Jake IIpu paboTe 0e3 Harpys3KH.

[IpeBpillieHHE  MalIMHAMM ~ CAHUTAPHO-TUTMEHUYECKHMX HOPM B IIpolecce
OKCIUTyaTalli CEPUITHO BBIMYCKAEMbIX W CEpTU(UIHMPOBAHHBIX MAIIMH HEOOXOINMO
NepPUOANYECKH KOHTpoiupoBaTh. CaHUTapHbBIE CIY>KOBI TOPOJOB U JAPYTUX MECTHOCTEN 3TOMN
paboToil He 3aHMMaIOTCS.

[TosTomMy 1ienbio naHHOM paboThl siBhsiercss yctaHoBieHue IIX mammuasr MUM B
pa3MuYHBIX pEeXHMax MpH padoTe ¢ Harpy3koil u 0Oe3, ycraHoBieHue BinusHus Ha [IIX
MAaIIUHbBI €€ OTJEJIbHBIX COCTaBJISIONINX, BIUSHUSA BUJA MPOJIYKTA, OCTPOTA HOXKEH U yCHUIIUS
Ha TOJIKaTelle.

1. MeToauuecKkue MNPEeANOCbIIIKHA

N3mepenus nmpoBoauauchk B Jabopatopun BUOPOAKYCTHKHU Kadenpbl 000pyI0oBaHUs
nuieBblx npousBoActB JloHHYOT B peBepOepanmonHoil kamepe oObemom 70 M B
cootBeTcTBUU co ctangapToM MCO 3743-1-94; 3743-2-94. PacxoxaeHHe MeXITy BHEITHHUM
IIyMOM M HMCTOYHUKOM 3ByKa coctaBmio Oosiee 10 n1b (1bA) kak B OKTaBHBIX MOJOcCax
4acToT, TaK ¥ M0 KOPPEKTHPOBAHHOMY 1O A ypOBHIO 3ByKa. MI3mMepeHus ypoBHEH 3ByKOBOTO
naBienust (Y3/]) mpoBOAMIIOCH aTTECTOBaHHBIM ITymMoMepoM «AccucteHT» (Poccus) B
OKTaBHBIX I0JIOCAX YaCTOT U YPOBHIO 3BYKa. MUKpO(OH yCTaHABIMBAJICS HA U3MEPUTEIILHOM
paccrosiHuu 1 M.

B kavectBe wmcciemyemMoro oOpasia ucmnoib3oBasiack MamuHa Koncar MEM 12E
XOpBaTCKOr0 TIPOMU3BOJACTBA. OTH MAIIMHBI [JOCTaTOYHO UIIMPOKO IPUMEHSIOTCS Ha
NpeanpusaTHsIX o0mecTBeHHOro nuTanus U B ObiTy B cTpaHax CHI' u EBpomne. Koncrpykuuio
npodeccuoHaIbHBIX MsicopyOok Koncar oTimyaer mpocTora M OTIWYHBIE HPOYHOCTHBIC
XapakTepucTUKU. Kopryc M IIHEK HM3rOTOBJICHBI M3 BBICOKOKAUYECTBEHHOW HEp)KaBEIOUIEH
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cTaju, BCC MOJICITH KOMILICKTYIOTCS OJIHOCTOPOHHUM HOXXOM u
pemerkoii P4 mm. [IpousBogutensHocTh MamuHbl — 100 Kr/4, ycTaHOBIIGHHAsT MOIIHOCTb
anektpoasurarens — 250 B, Tok nepemenHsIi, Hanpsokennem 220 B, macca — 11 xr, uncio
obopotoB paboyero oprana — 280 o6/mMuH, TabGaputbel — 420x250x250 Mm. MamuHa
YCTaHABJIMBACTCS HA TEXHOJIOTHYSCKOM CTOJIC Ha CICIUAIIbHBIX PE3MHOBBIX aMOPTHU3aTOPaX,
MPUBOAHONW MEXaHU3M — 3y0Ouartas mnepenada. MammHa npegHazHaueHa s U3METbUYCHHS
CBEXKEro W JeGppoCTUPOBAHHOTO Msica U phIObL. [logaua mpoaykra B MaliuHy MPOU3BOJIUTCS
OTepaToOpOM TOJIKATEJIeM BpYydYHYIO. B KadecTBe pabouero opraHa HUCHOJB3YIOTCS HOXKHU
CKOJIB3SIIET0 pe3aHusT M HOXKeBas pelieTka, Iojada MpoJIyKTa K pabdoueMy opraHy
OCyILeCTBIsIeTCS WHEKOM. [Iprkarue HOXka K HOXKEBOW PEIIETKE BBITOIHACTCS HATSHKHOU
raiikoil. 111X MammHbl M Harpy3ka Ha MPUBOJ 3aBUCAT OT YCHWJIMS 3aTSHKKUA ATOM TaiKu,
KOTOPasi BBIMOJIHSAETCS BPYUYHYIO OIIEPaTOPOM.

B nporecce skcniepuMenTa st GUKCUPOBAHHOW BEJTMYMHBI I10JaYH UCTIOJIb30BAIUCH
TapUpPOBaHHBIC TPY3bl PA3IMYHOW MAcChl, HO TaKOW, KOTOpas oOecreuuBania Obl IMoaady
npoaykta B MamuHy: 2,95 u 1,48 kxr. I'py3bl BBINOJIHEHBI B BUJAE JIUCKOB C LIEHTPAJIbHBIM
OoTBepCcTHEM. J{naMeTp OTBEPCTHI MO3BOJISUT HAJIEBATh IPY3bl HA PYUKY TOJIKATEIIA.

2. Pe3yabTaThl JKCIIEPUMEHTAJIBHBIX HCCI€I0BAHUI

Nznygaembie ypoBHU 3ByKOBOM MormHoctu (Y3M) mamuust MUM Koncar npu
paboTe 0e3 Harpy3KH U C HArpy3KOi B OKTABHBIX MOJIOCaX MPHUBEACHBI HA PUCYHKE 1.
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Puc. 1 — Yponu 3BykoBOM MomHocTH Mammmabl MUM Koncar: 1 —Y3M mammabt
MM 6e3 Harpy3ky; 2 — Y3M npu pezanuu peiosl; 3 — Y3M npu pezanuu msica; 4 — [TIIIX

KoppektupoBanHblii 10 A ypOBHIO 3BYyKOBOW MOIIIHOCTH COCTaBJISIFOT: IIpU pabote 6e3
Harpy3ku — 75 1bA, npu pabote ¢ Harpy3koi — u3MenbueHue msca — 74 n1bA.
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VpaBHeHust perpeccuu u3MenbueHHsT Y3M B OKTaBHBIX I0JOCaX YacTOT B
3aBUCUMOCTH OT YaCTOTHI UMEIOT BUJI:

— 6e3 Harpysku: Lpi=31,1+36°x3-5,82-x*+28,4x; R*=0,9. (1)

— ¢ Harpy3Koii npu pesanuu Msca: Lp,=36,5+0,1'x%-3,0-x°+18,6'x; R°=0,96.  (2)

— ¢ Harpys3Koii pu pesanuu peiosr Lps=57,8-0,16-x>+1,04-x%+0,39-x; R?=0,85. (3)

Ananuz 11X MamuHbl B OKTaBHBIX MOJ0CaX YacTOT MOKa3ajl, YTO HauboJiee BHICOKUI
YPOBEHb M3JIYy4YEHHUs MpU paboTe Oe3 Harpy3Kd NMPUXOJUTCS HA CPEIHUE YACTOTHI, MPEKIE
Bcero Ha yactotax 1000 I't m cocrabnisier 77 nb. Ipesimenue [TJIIIX—- 5 n1b. Ha octanbHbIX
yactoTtax npesbiieHus ITIIIX ne oonapyxeno. Ha 3 1BA nMeer mecto npeBsllieHHE 110 A
Lya =80 nba.

Cpasuenue IX mammuasr MM Koncar ¢ Harpy3koil u 6e3 Hee 1mokasaio, 4To Mpu
paboTte Oe3 Harpy3KH YpOBEHb LIIyMa HUKE, YeM I0J] Harpy3Koil Ha HU3KHX YacTOoTaX, Ha
CpenHMX YacToTax — Bbiie Ha 8 nb, Ha Beicokux — Ha 5-7 1b 1 mo Lpa — Ha 8 nBA. DT
JJAHHBIE CBUJETEJIbCTBYIOT O HAJIMYMM YAAPHBIX HArpy3ok B MamuHe. CHuxenue Y3M
MalIuHbl TOJ] HAarpy3koud, B OTJIWYUE OT JPYIUX TEXHOJOTHYECKHUX MAIIUH MHUIIEBBIX
MIPOU3BOJICTB, MPOUCXOTUT B pe3yjbTaTe CMa3Ku pabOuero oprana MsCHBIM COKOM, KOTOPBIH
BBIICJISICTCSI TIPH TIPOJABIMBAHUM MSICA ITHEKOM Ye€pe3 HOXKEBYIO PEIIETKY. AHaJIOTHYHBIN
pesysbTar HabmoaeTcst U B MammuHax MUM apyrux koHctpykuuid [1].

JIisi OLIEHKM BIMSHHS COCTAaBHBIX YacTed KOHCTpyKuMM MamuHel Ha [IIX
HCIIOJIb30BAaH METO/] OTCOEAMHEHUS OT/IEIbHBIX 3JIEMEHTOB, IPUBEACHHBIX HA PUCYHKE 2.

Puc. 2 — HccnenoBanvie BIMSHUS COCTaBHBIX YaCTEH KOHCTPYKIMU MamnHbl Ha [IIX:
1 — mrymomep «Accuctent» (Poccus); 2 — mukpodon; 3 —mamura MM Koncar; 4 —
3arpy304HbIN JIOTOK; 5 — KOPIYC KaMmepbl; 6 — IIHEK; 7 — HOX; 8 — HOKEBas pelIeTKa.

MukpohoH HaXOAMJICS B TE€X K€ TOYKAX M3MEPUTEIHHON MOBEPXHOCTH, UYTO U MpPH
n3mepenun 111X Bceit mammnbl. Pe3ynbraThl n3MepeHuil npuBeaeHs! B Tadbmue 1.
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Tabnuya 1
YpOBHM 3ByKOBOM MOITHOCTH 31eMeHTOB MUM

YpoBHM 3BYKOBOI MOIITHOCTH, Ab, B KoppekTupo-

OKTaBHBIX II0OJI0CAX YaCTOT, I'11 BaHHBIN 110 A
63 |125|250(500(1000{2000(4000{8000| VY3M, nbA

MIM B cbope 55166 |72 75| 76 | 67 | 65 | 70 80
MUM 6e3 noTKa 3arpy3Ku 541676770 71 | 66 | 60 | 70 79
MMUM 6e3 noTka 3arpy3ku u Hoxa |94 |68 |69 |69 | 71 | 67 | 62 | 52 74
MUM 0e3 n0TKa 3arpy3Ku U HOXa 54168 166169! 72 | 67 | 65 | 53 70
U IIHEeKa
MUM 06e3 n0TKa 3arpy3Ky U HOXKa, 5416968167172 | 68 | 64 | 54 70
IITHEKa ¥ KaMephl
PenykTop u snekTpoaBUraTens 54168 |66 |67 | 70 | 67 | 64 | 55 73
ITAHIX 94186 |79 |75| 72 | 70 | 68 | 66 77

AHanus pe3ysbTaTOB 3TUX UCCIECIOBAHMM ITOKa3aja, YTO HAJIWYME JIOTKA yXYyALIAeT
X mamuuel Ha 1-5 1b Ha HU3KMX yacToTax, HAa 5 b Ha cpenHux vacrorax u 1-5 nb Ha
BBICOKHMX YacToTax. Yxyamatorcs IIX mammubsl oT BUOpanuu jJotka Ha yacrtorax 250, 500,
1000 u 4000 I'm. Jnst cHuKeHUs BIUSHUS KOHCTpyKuuu Jjotka Ha UIX wmamuHel
1eJ1eco00pa3HO YBEIMUUTh KECTKOCTh JIOTKA ITyTEM €ro opeOpeHus.

Hannuue HOXka ¢ pelIeTKo OKa3pIBacT HECYIIECTBEHHOE BiMsiHUE Ha 111X ManmuHel
B OKTaBHBIX II0JOCax 4YacToT, B mpeaenax 1-2 nb. Hanuuume mHeka B MallMHE TakKxke
He3HauuTenbHOo BiuseT Ha X mamumubl, xota Habmonaercs u yxynumenue LIX nva 3 nb Ha
gactore 4000 I'. Paboyas kamepa MaImvHbBI, B KOTOPOH pa3MeIIeHbI IITHEK, HOX M HOXEBas
peleTKa, HaTsKHas raika TakxkKe, IPaKTHUYECKH, He OKa3biBaeT BiMsAHUA Ha [IIX mammHbL
HauOonee 3nHauntensHblit Bkiax B 11X mammubl okaszpiBaer IIIX 3y0uaroro penykropa u
AIIEKTPOIBUTATEIIS.

3. MoaenupoBanue pe3yJibTaTOB UCCJIEI0BAHUS

C nenpro moiaydeHuss HHPOPMAIUU O BIUSHUM psifa MPOU3BOJCTBEHHBIX (aKTOPOB
Ha [IX mamuuael MUM 1 nonydenus MHOTOQaKkTOPHBIX MOJIETIEH ITUX MPOLIECCOB MPOBEIEH
AKTUBHBINM SKCIIEPUMEHT 110 MeToay bokca-Yuicona Buaa 2%, B kauectBe 1eneBor QyHKIIUU
npuHuManuck 3HaueHus 11X B Bune Y3M B OKTaBHBIX MOJIOCAX YAaCTOT U MO XapaKTEPUCTUKE
A. He3aBUCHUMBIM TEpPEeMEHHBIMHU (pakTopaMu ObUIM TPUHATHI: BUI NPOAYKTa, YCHIHE Ha
TOJIKATeJe U OCTPOTA HOXKA. YPOBHU UM MHTEPBAIBI BapbUPOBAHMS MPHUBEIACHBI B TabIUIE 2.
Martpuiia naaHupOBaHUS SKCIIEPUMEHTA M 3HaYeHHsI (DYHKIIUU OTKJIMKA B OKTABHBIX MOJOCAX
4acTOT U MO XapakTepucTuke A mpuBefeHbl B Tabnuie 3. B pe3ynbraTte COOTBETCTBYOIIEH
00paboTKM MaHHBIX [4] TONy4YeHBl 3HAYMMbIE aJEKTBATHBIE PETPECCHOHHBICE MOJEIU B
KOJINPOBAHHBIX NMEPEMEHHBIX.

Tabauya 2
YpOBHH W UHTEPBAIBI BAPLUPOBaHUS (HaKTOPOB
DaxTopsl
YpoBHH Monys ynpyrocti Ycunne Ha ToJKartene, Ocrpora
MPOYKTa, X, H HOXa,
Xy, xl1a ’ X3, pajg
OcHoBHOI 0 16 22,15 1,02
Bepxuuii +1 26 29,5 1,57
Hwxuuii -1 8 14,8 0,51
WutepBas BapbupoBanusi| Ai 8 14,7 0,51
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Tabnuya 3
Matpwuiia IIaHupOBaHUsI SKCIIEPUMEHTA
DakTOpHI 3HayeHus (YHKIMU OTKIIMKA 3BYKOBOM MOITHOCTH, b
No < % | x Lpes, | Lpazs, | LPaso, | LPsoo, | LPiooo, | HP2000, | LPaooo, | LPsoco, | LP,
122128 g | 4y | 1 | #b | ap | AB | AB | aBb [nBA
1 |+ + |+ (608 |56,2 |66,1 |663 |68,8 |63,1 |553 (494 |715
2 |+ | - - |57,0 (64,1 |674 |67,3 |69,8 (63,2 (548 (484 |72,2
3 |+ + | - |538 |66,2 |68,9 |70,3 |719 [646 |552 464 74,1
4 | - | - - |51,5 (62,8 |67,7 |66,9 |699 [62,5 |54 48,3 |72,1
5 | -| + | +1]540 |623 |67,3 |[66,8 [720 |652 |56,2 |48,8 |74,0
6 | -| - | + (535 |628 |67,1 |66,6 |71,7 |64,5 |558 |48,5 |73,6
7 |+ - | + (623 |58,9 |67,7 |66,7 |70 63 55,4 49,1 72,3
8 | -| + | - |52,7 |61,8 67,2 (653 [70,3 (62,7 |549 |50,1 |72,4

JIns HU3KHUX 4acToT:

Y, (X, Xy, X3) =557+ 2,775-X,—0,375-X,+1,95-X,+1125- X, X5, n1b (4)
HJ'ISI CPCAHUX YaCTOT:

Y, (X, Xy, X5) = 70,6 —0,425-x,+0,2 -X,—0,8 - X,X; — 0,4 - X, X3, 16 (5)

JInst BBICOKMX YaCTOT:

Y5(X,, X5, X5) =55,5-0,35-x,+0,525-x,+0,15-X;,-0,45- X, X; , nb (6)
ITo KOppEeKTUPOBAHHOMY YPOBHIO:

Yoa(X, Xy, X3) = 72,78 0,25-%,+0,225-X,-0,7 -X, X3 — 0,325- X, X3, nBA  (7)

Bemuunbbl k03¢ OUIIMEHTOB perpeccuu MO3BOJSIOT OIEHUTH CTENEHb BIUSHUS
nepeMeHHbIX (hakTopoB Ha GyHKIHMIO oTKIMKA — [IIX mMamuHeI.

Mopyns ynpyrocty mpojykTa oka3bsiBaeT HanbOosblnee Biusaue Ha 111X Ha HU3KHX
4acToTax, ¢ ero yBenudeHuem Bo3pactaeT Y3M. Ha cpenHux M BBICOKMX 4acToTax IO
XapaKTEePUCTUKE A €ro BIUSHUE HE3HAYUTEIHHO, TOUTH Ha MOPSIOK MEHBIIIE.

BnusHue ycunusi Ha TOJIKaTelle TaK)Ke HEBEIMKO B HccienyeMoMm auana3zone. C
yBenuueHueM ycwims Ha Ttoikarene IIIX Bospacraior, KpomMe HHU3KHX dYacTOT, TIE
HabmoaeTcst oopatHas kapTuHa. ClenyeT 3aMeTUTh, YTO BEPXHHM WHTEPBAJl BapbUPOBAHHS
YCWIHMST Ha TOJIKATeJie OTPAaHWYMBACTCS JPrOHOMHYECKUMHU TpPEOOBAaHUAMH K YCHIIUSIM
orepaTopa mpu padoTe ¢ MaIIUHOM.

OcTpoTa HOXa aHAJIOTMYHA BIWSHUIO Ha (PYHKIMIO OTKIWKA JIUIIhL Ha HHU3KHUX
4acToTax, N0 A U OCTaJIbHBIM YacToTaM Jijisi MaimuH MM — He3HauuTenbHO.

[Tapnoe B3ammoneiictBue (akTopoB X3X3, XoX3 NPUBOAUT K YMEHBIIECHUIO
BenuuuHbl 111X MammHel Ha CpeIHUX, BHICOKUX YaCTOTaX M XapaKTEPUCTUKE A.

JakioueHue

IIpoBeneHHBIE HCCAEAOBAaHUSA IIOKA3ald, YTO M3Jy4aeMble YPOBHU 3BYKOBOU
MOIIHOCTH MaIllMHbl Ay u3MenbueHuss msca Koncar MEM 12E xopBarckoit ¢upmbl B
YCIOBUAX SKCIUTyaTauuu npu padore Oe3 Harpysku npesbimaer [IJIHIX na 3 n1bA u Ha
gactore 1000 I'm — wa 5 nb. Ilpu pabore mammubl mox Harpyskoi ee IIX, Ha HHM3KHX
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OKTaBHBIX IOJIOCAX YAacTOT HUXKe, 4eM 0e3 Harpy3Kd, a Ha CPeAHHUX M BBICOKHMX 4YacTOTax
BBIIIIE, BCJICICTBUE HAIMYUS yIAPHBIX IIPOLECCOB.

MeTtonoM OTCOeAMHEHHs MALIMHbBI HA COCTaBHbIE YaCTH YCTAHOBJIEHO, YTO BUOpaLus
notka yxyamwaer HIX wmammsbel. Crnenyer yBelnMUUTh KECTKOCTh €ro KOHCTPYKIUH.
OCHOBHBIM UCTOYHUKOM IIIyMa B MAlIMHE ABJISIETCS 3y0UaThlii peIyKTop.

[To pe3ynbraTtam (pakTOpPHOTO SKCIIEPUMEHTA BUIA 23 YCTaHOBIJIEHO, YTO BO3pacTaHue
VY3M cBs3aHO ¢ 00paboTKON MpoaykTa ¢ 0osiee BHICOKMM MOAYJIEM YIPYTOCTH, a TAKXKe C
3aTYIUIEHUEM HOXa. JTO SIBJIEHUE CKa3bIBAa€TCs Ha HU3KMX 4YacTroTax. Yxyxamarorcs 11X
MAIWHBI [IPY YBEJIMYCHUH YCUIIUS Ha TOJIKATEIIE.

JlanpHeie HCClIeqOBaHUS MPEIyCMAaTPUBAIOT TOJIYYEHHE MHOTO(aKTOPHBIX
MojieJIel B HaTypaJIbHBIX TIEPEMEHHBIX U anpodarus MetoaoB yinyumeHus [HX MUM.
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Oyenka u anaius ulyma KOMnPecCcoOpHbIX CIAaHyull

OHeHKa N aHAJIU3 IIYMa KOMIIPECCOPHBIX CTaHHI/Iﬁ
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AHHOTaLUA

Paccmorpena oOmacte mpumeneHus kommpeccopHbix cranmmii (KC), TpeOGoBaHUs, NpenbsBIseMbIe
HNOTPEOHUTEIAMI KOMIIPECCOPOB. BBINONHEH MaTeHTHO-WH(GOPMALMOHHBIH MOMCK C LEJIBI0 BBISBICHHUS Hamboiee
MIEpPCTICKTHBHBIX HANPABJICHUI W HOBBIX TEXHUYECKHX PEUICHUH B pa3paOoTKe IIyMO3arylIalomnuX KOHCTPYKIUI.
HpOBeHeH aHaJIu3 METOJIOB U CPEACTB CHUIKCHUS LIyMa KC B 3aBuCcHMOCTH OT THIIA MPUMEHACMBIX KOMIIPECCOPOB.
Kak moxa3zan mpoBeNeHHBIH aHalu3, Cpeld CYLIECTBYIOIIMX CPEICTB CHIKEHUs IIymMa M BUOpanuu HamOoiee
KOMIIJICKCHBIM SBJIACTCA KallOTUPOBAHUE 010Ka JABUT'aTCIIb-KOMITPECCOP. HpI/IBC[[eHI)I YCPECAHCHHBIC aKyCTUYCCKHUC
XapaKTePUCTUKH OTEYSCTBEHHBIX U 3apyOexHbIx [IKC.

KiroueBble ciioBa: KOMIIpECCOpHasA CTaHLUA, MMaTCHTHBIA IMOUCK, XAPAKTCPUCTUKHU, MCTOJAbI U CPEACTBA
CHUI)KCHUS 1ITyMa.

Evaluation and analysis of noise of compressor stations

Drozdova L.F.}, Kudaev A.V. 2
! Professor of the Department «Ecology and life safety»
*Associate Professor of the Department «Ecology and life safety»
BSTU « VOENMEH» named after D.F. Ustinov, Russia, Saint-Petersburg, 1 Krasnoarmeyskaya, 1

Abstract

This paper considers the region of using of compressor stations (CS) and the requirements of the
consumers to the compressors. Patent information search to identify the most promising directions and new
technical solutions in the development sound-proofed designs are presented. The analysis of methods and means of
noise reduction of the compressor stations depending on the type of the used compressors was made. As shown by
the analysis among the existing means to reduce noise and vibration is to enclose block engine-compressor, the
main noise source. The average acoustic characteristics of domestic and foreign movable compressor stations are
described.

Keywords: compressor station, patent information search, characteristics of noise, methods and means of
noise reduction.

BBenenune

VYayuieHue u 03J0pOBJICHUE YCIOBUN TPY/la, YCTPAaHEHHUE MPUYUH TTPOU3BOICTBEHHOTO
TpaBMaTu3Ma H Mpo(ecCHOHANBHBIX 3a00JICBAaHUN SIBISETCS BaXHOW 3ajauell. YcIenrHoe
pelleHre 3aJauM 1Mo CO3JaHui0 0e30MacHbIX U Oe3BpeIHBIX YCIOBHM Tpyaa Bcex paboTarommx
BO MHOTOM 3aBUCHUT OT IIIMPOKOTO MPUMEHEHHUsI 0€30MacHON TEXHUKU M KOJJICKTUBHBIX CPEICTB
3aIUTHI.

Bo wMHoOrux otpaciasix MNOpOMBIIIIEHHOCTH, B TOM 4YHUCJIE, B MAalIMHOCTPOEHUH,
MPUMEHSIOT KOMIIPECCOPHBIE YCTAaHOBKH: CTalmoHapHble KomripeccopHble ctaHiuu (KC) u
nepensxkHbie KommpeccopHbie ctanmuu (IIKC). OcoOblit nHTEpec HpeacTaBiseT HE TOJIBKO
ofOecrieueHre 0O€30MacHOM OJKCIUTyaTallud KOMIIPECCOPHBIX CTaHIUM, HO U CHIDKEHHE
BO3JICUCTBUS UX HA OKPYXKAIOIIYIO CPEY.

TpeGoBaHusT K  KOMIIPECCOPHOW  TEXHHKE, TMPEANoJiaraeéMoil K  CEpUiHOMY
NPOM3BOJICTBY, € XapaKTePUCTUKA U UX TMPHOPUTETH OOYCIABIMBAIOTCA 00JAacThIO U
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XapakTepoM €€ TPUMEHEHUs, CHUCTEMOW MPEeANOUYTEeHUN IMOTpeOuTeNeld ATON TEXHUKU MpHU
BbIOOpPE KOHKPETHBIX MOJIENEH KOMIIPECCOPHBIX cTaHuMi. Cucrema NpearoyTeHHi, B CBOIO
ouepelb, ONpenesieTcs LEIsIMU HUCIOJIb30BAHMS M YCIOBUSMU NMPUMEHEHHUS KOMIIPECCOPHBIX
CTaHLMM, COOTBETCTBMEM J3TUM LEISAM U YCIOBUSAM MX TEXHHYECKUX XapaKTEPUCTUK,
0€30MacHOCTBIO KCIUTyaTallui, TEXHOJIOTUYECKMM YPOBHEM MPOM3BOACTBA, YIKOHOMUYECKUMHU,
reorpaueCKUMH U TICUXOJIOTUYECKUMHU (pakTopaMu. BakHeHImMM mokasareneM Mpu BbIOOpE
CTaHIMK SIBJIAIOTCS €€ IIyMOBBIE XapaKTEPUCTHUKH, IMO3BOJISIIOIINE PACIIUPUTH OOJACTh HX
IIPUMEHEHHUS.

1. O6nacTH NpUMeHeHHsI KOMIIPECCOPHBIX CTAHIUI

B Hactosmee Bpems 00OpYyIOBaHHE, HCIONB3YIOIIEE CXKAaThId  BO3AYX H,
COOTBETCTBEHHO, 000PY0BaHUE Ul €ro BhIPAOOTKH, LIMPOKO INPUMEHSETCS B TaKUX OTpacisax
HYKOHOMHKH, KaK:

- MAalIMHOCTPOEHHUE, XUMHUUECKasl IPOMBIIIJICHHOCTb, LIBETHAsI U Y€pHasi METAJUTypIHus,
MeOenbHOE MMPOU3BOCTBO U AEPEBO0OPAOOTKA, THUIIEBAs IPOMBIIUIEHHOCTh, CTPOHHH Y CTPUS;

- TPaHCIOPT U JOPOXKHOE CTPOMUTEIHCTBO, KOMMYHAJIBHOE XO35ICTBO M PEMOHTHas
0Tpacib, Fe0JIOTOpa3BeIKa.

Ha nmpennpusatusix 3TUX oTpacieil cKaTblii BO3AYyX HCIIOJIb3YeTCs AJIi MHOTHX BHU/IOB
00OpyIOBaHUs, TaKWX KakK: MTHEBMOOOOpPYJOBaHHWE KY3HEUYHBIX II€XOB, ITHEBMOIBHIATEIH,
(GopMOBOUHBIE MalllMHBI, [THEBMAaTHYECKHE BCTpsXUBAKOUIMEe (OPMOBOYHBIE  MAIIHHBI,
THEBMOTPaMOOBKH, BBIOMBHBIE YCTPOWMCTBA ¥ MAIIMHBI, BUOPATOpPbI, NECKOCTPYWHBIC U
npoOecTpyiHble ammaparbl, MAaIlWHBl JUISI MbIThSl 0] JAaBJICHHEM, ITHEBMOTOJKATEIH,
THEBMOMOJIOTKH, ITHEBMOJPENM, NHEBMONLIM(MAIINHBI, KJICMAIbHbIE THEBMOMAIIWHBL,
o0opynoBaHue Uil  MOJBEMHO-TPAHCHOPTHBIX — PadoT, nepdoparopsl, OETOHOJIOMBI,
THEBMOKPACKO ¥ OETOHOPACTIBUTUTENN U MHOTHE JpPYyTHE.

OCHOBHBIMH ~THUIIAaMH KOMIIPECCOPOB, KOTOPBIMHU OCHAIIAIOTCS  KOMIIPECCOPHBIE
CTaHLIMW,  SBJSIOTCS.  TIOpPIIHEBBIE (B TOM  YHCIE€  aKCHAJbHO-TIOPIIHEBBIE U
CBOOOJTHOTIOPIIIHEBbIE), ~ POTOPHbIE  BHMHTOBBIE,  IUIACTUHYAThle,  TYpPOOKOMIIPECCOPHI,
MeMOpaHHbIe, TOPIIHEMEMOPAHHBIE U JIp.

HauOonbiiee mnpumMeHeHHE B MEPEABIKHBIX M YHU(QUIMPOBAHHBIX C HUMHU
CTallMOHAPHBIX KOMIIPECCOPHBIX CTAHIUSAX HMEIOT KIIACCHYECKHE IOPIIHEBbIE W BUHTOBBIC
KOMITPECCOPHI.

ITpu sTOM B 00JaCTH MPOM3BOAUTENBHOCTH 10 1,5 M /mun 1 nanenns 0.4 - 0.6 MITa
peo0JIaaroT MOPIIHEBIE, a B 001acT nmpou3BoauTenbHOCTH 1.8 — 10 M*/MuH 1 nasnenus 0.7 -
0.8 Mna — BUHTOBBIE.

Crnemyer OTMETUTH, YTO JJIsl CTPOMTENBCTBA XapaKTEPHO HCIIOJIF30BAaHHE B OCHOBHOM
MOOWJIBHBIX CPEJICTB MEXaHHU3aIUU, UCIIOIB3YIOIUX CXKAThIH BO3AYX, 1 UMEHHO CTPOUTEIIbHBIE
U PEMOHTHBIC OpPTaHHW3AIWU SBISIOTCS OCHOBHBIMH TIOTPEOWTENSIMHA PBIHKA TEPEIBIKHBIX
KOMITPECCOPHBIX CTAHIUM.

HemanoBakHBIM SIBJISIETCSI TO, YTO JJISI Pa3lIUYHBIX MOTpEOHUTENe HEOOXOIUM pa3HBIHA
Bo3aAyX. Ecnum Hammume Mmaciia B BO3JAyXe, HMIyIIEM Ha NHUTaHHE OTOOMHBIX MOJIOTKOB U
THEBMOJIBUTATENIEH MOKHO CUMTATh B KaKOW-TO Mepe JaKe TOJE3HBIM, TO JJIS MaJSPHBIX WA
OETOHHBIX PabOT 3TO BpPENHO, a B HEKOTOPBIX CTpaHax (B 4acTHOCTH, B ['epmaHMM) Hamuuue
Maciia 3ampemieHo CTaHgapTtamMu. TpeOoBaHHMS K TeMIepaType BO3[AyXa Yy pPa3InIHBIX
noTpeOuTeNeil Toke MOTYT OTJIMYAThCs, HAlPpUMEp, MPH HEKOTOPHIX BUAAX MaJSIPHBIX PadoT
KelaTelbHa TeMieparypa B auamasone 60 — 70°C, B napyrux ciydasx TpeOoBaHHs OyayT
UHBIMH.

B cBs3M ¢ TmpUCYTCTBHEM IIOJeH TpU TPOBENECHHUH pPadOT B IMPOU3BOICTBEHHBIX
MOMEIICHUAX, TJE MCIOIb3YIOTCS KOMIIPECCOPHBIE CTAHLUHM, YCHJIMBAIOTCS TPeOOBaHUS IO
YPOBHIO LIIyMa M 3ara30BaHHOCTU. AKYCTMUYECKUE XapaKTEPUCTHUKU KOMIIPECCOPHBIX YCTaHOBOK
SIBJISIIOTCSI B&XKHBIMH HE TOJIBKO IS KOMIIPECCOPHBIX CTaHLUH, pabOTaIONIMX B MOMELICHUH, HO
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OMeHKa U arRalu3 wyma KomnpeccopHsvlx cmaHt;mZ

u ana IIKC, pabotarommx Ha OTKPBITHIX IUIOIIAAKaX, B OCOOCHHOCTHM Ha CEIUTEOHOMN
TEPPUTOPHUH, BOJHM3H IIKOJI, OOJLHUII U IPYTHUX OOHEKTOB.

2. IlaTeHTHO-UH(OPMAIMOHHBII MOMCK METO0B U CPeACTB cHMKeHus myma KC

C uenblo BBIABIGHHMS HauOosiee NEPCHEKTHBHBIX  HANpPaBICHUH U HOBBIX
IPOTPECCUBHBIX TEXHUYECKUX PEIICHUH B pPa3pabOTKe HIYMO3ariTyIIAIOUINX KOHCTPYKIIHMA,
IOPUMEHSEMbIX B MallMHAaX pPa3JIMYHOro Mpodwisd, aBTOpaMu ObLI IPOBEAEH MaTEHTHO-
UH(POPMALMOHHBINA MOUCK.

ITouck m orGop Marepuana, TPOBOIMJCA TO Beaymum crpaHam wmupa: CIHIA,
BenukoOpuranus, ['epmanust, @pannus, Uranus, HBenus, Anonus, Poccus u ap.

B pesynprare M3ydyeHHs M aHaiM3a MATEHTOB M AaBTOPCKHUX CBUJAETENILCTB ObLIM
0TOOpaHbl MaTepHAJIbl, IPEICTABIISAIONINE HAUOOBIINMI HHTEPEC.

Asropamu Boisseau, J. P., Bodet, M., Wabco Frace snc., (Smonus) mpezmiaraercs
KOHCTPYKLIMSI TOPUIHEBOTO, OOBEMHOTO KOMIIpeccopa (ra3oBoro Hacoca) HeOOJIbIION
IPOU3BOUTENBHOCTH. Ero OCHOBHas 0OCOOEHHOCTh — HOPILEHb, KayaroIIMHCS B IUIOCKOCTH,
NEPIEeHIUKYJIAPHON OCH BpPALLEHUS KPUBOIIMIIHOTO Bajla. YIUIOTHEHHE BBINOJIHEHO B BUJE
3JIACTUYHONW MaHXKeTbl. BcachblBaHME NPOMCXOIUT 4Yepe3 3a30p MEXIYy MaHKETOH U CTEHKOM
IMHIpa. BceackiBaeMmblii BO3yX OXJIaXJaeT NOAUIMIIHMKM Bajla U IIATyHa, HpPUYEM
BCACchbIBaHHUE ITPOU3BOAUTCS yepe3 (GUIbTPBI - NIYIIUTEIH IIyMa Ha BCAChIBAHUM.

@upma Nitto Kohki Deutschland GmbH (I'epmanus) BbITycKaeT BO3AYIIHbIC
komrnpeccopbl Mapku DPO 102 ¢ GeciiéTouHbIM MPUBOJHBIM JIBUTATENIEM, KOTOPBIA MO3BOJISIET
CHHM3UTH YpOBEHb Iryma 70 45 nBA u noBsimaet cpox ciyx0b1 10 5000 gacos.

3Bykouzoampytomiee mokpeitue s gsuratens Akustikabdeckung  (Iepmanws),
BBIMIOJIHEHHOI'O W3 M30JMPYIOIIET0 MaTepualla W 3aKpbIBAIOLIET0 MOJHOCTBIO WM YAaCTUYHO
BEPXHIOI0 YacTh JBUTaTelss, o0JIafaeT cleayroned OCOOEHHOCThIO: OHO HMEET JIIOKH JUIs
JI0CTyNa K arperaram, TpeOylOIUM PEryJIUPOBKU WM OOCITYKUBAHUS, U MOXKET 3aKperIsiThCA,
BMECTE C pACIOJIOKEHHBIMH [0 HHUM arperatramu, He TpeOys JONOJHHUTEIbHBIX ONOp HU
KpEILJICHUM.

dupma Ingersoll-Rand Co. Ltd (BenukoOputaHusi) BbITyCKAaeT JETKUH U KOMIAKTHBIN
2-X (4-X) OCHBIN aBTONpHUIEH C 3aKPBITBIM KYy30BOM, JJISi pa3MELICHHs] B HEM IE€peIBHKHON
MallliHbl — KOMIIPECCOPHOI0 arperara ¢ MPHUBOJOM OT JABHMraTeis BHYTPEHHEro CropaHHs.
Huxnss1, cuiioBast yacTh U3roTaBIMBAETCS U3 IMPOYHOTO IUIACTUKA U (POPMYETCsl BMECTE C paMoi
KOMIIPECCOPHOI'0 arperara, yCUJICHHON peOpamM, AHHUIIEM, HHUIIAMH KOJIEC U KPBUIbSIMHU U3
yJIapOIpPOYHOro MJIaCTHKa Ha 06a3e HeiJoHa MM MOJUATUIIEHA BBICOKOM IIIOTHOCTH. BepxHss —
oOTeKkaeMblil KamoT — W3 aKpWIOHUTpUIAa OyTaJUEHCTHpPEHAa, HWMEIOLIEro XOpollne
3BYKOM3O0JUPYIOIIME KAauecTBa MPU MEHbLIEH IMJIOTHOCTH, YeM Yy MAaTepHUaioB HIDKHEH YacTH.
Omna Taxke UMeeT yCHUIMBAIoUe pedpa 1 MpoeMbl JJisl yCTaHOBKU CHEMHBIX (OTKUAHBIX ) IIIUTOB,
oOecreynBaroOIUX JIETKHH JOCTYH K OCHOBHBIM Y3JlaM KOMIpPECCOpHOro arperara. Jlis
W3TOTOBJICHHS BEpXHEH M HWIKHEW JacTel HanboJjee parioHaieH Croco0 JIUThS MO BAKyYMOM.
[Tpunien KOMIUIEKTYETCS IBIIIJIOM, HEMOABM)KHO KpEIMAIIMMCS K OCH €ro Kosiec. BepxHsas u
HUDKHSISL 4acTh COENMHSAIOTCS MEXAYy cOOOH Ha MEeTIsiX, OCHOBAaHHUS KOTOPBHIX (OPMYIOTCS MpHU
usrorosneHud. [punen nmeer maccy Ha 325-425 Kr MEHBIIYIO, YEM Y METAJUIMYECKOTO MpHIIeTna
AQHAJIOTMYHOTO Ha3HAa4YeHHs] U 00ecleyuBaeT JYYIIyl0 3BYKOM3OJSLHUI0 KOMIPECCOPHOTO
arperara.

Snonckue paspadborunku Hondo.Giken Koayo K. K, Sakashita Masao. Kawai Noriaki,
Nozawa Yasuji. Ta-keda Naoaki momyunnu matent B CHIA Ha crmoco0 riyumeHus nryma Ha
BCaChlBaHME B JBUTaTeJIb BHYTPEHHETO CrOpaHMs 3a CYET BBINOJHEHUS IOCEpEeANHE, IO
MEHbBIIIEH Mepe, OJHOrO0 M3 LWJIMHIPOB CKBO3HOTO pPE3bOOBOrO OTBepcTHs. B oTBepcTHE
BBEPHYTa Mojasg NpoOKa, BHYTPEHHsISI, BO3AYIIHAs IMOJOCTh KOTOPOW OTHENEHa OT pyOallku
OXJIAXKJICHUS ynpyroi memOpaHoil. [IpumeHeHme Takoro crnocoba TIIIyIIEHUS OIymMa Ha
BCAChIBAaHMM 3HAYMTEIBHO CHUXKAET €r0 YPOBEHb IIPU PabOTE KOMIIpeccopa.
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dupmoii  «Hydrovane Compressor Company» (BenukoOpuTaHust) BBITYCKACTCS
KOMIIPECCOpHAsl CTaHLUA C 3JIEKTPOJIBUraTeNIeM. Y pOBEHb 3ByKa Ha PacCTOSHUU | M COCTaBIIsET
Bcero 60 1bA, 4TO SKBUBAJICHTHO MPUIITYIIEHHOMY IIIYMY B TOCTHHOM. [IoMUMO ucnionb30BaHus
AIIEKTPOTIPUBOAA (DJICKTPOABHUTaTENb H3Iy4aeT Bcero /8 nbA Ha paccrossHum 1 M), Takou
HU3KHI YpOBEHb 3ByKa JOCTHTHYT 3a CUET KallOTHPOBAHUS U BUOpoHu30isuu. OXJIaxIaronui
BO3/JyX BCAacChIBae€TCs M BBIIIYCKAaETCS 4epe3 AJIMHHBIE BO3YyXOBOJBI-IIYLINTENU. BHyTpeHH:s
MOBEPXHOCTh KaroTa oOnuioBaHa 50-MM cioeMm meHomnoiuyperaHa. Kamor cHabxkeH 3-mMm
HOJIOHOM. BHOPOHM30IATOPI € XapaKTepUCTUKAMHU, COOTBETCTBYIOIIMMH OCHOBHBIM 4aCTOTaM
JBUTATENS M KOMIIPECcopa, OTAEISIOT YCTaHOBKY OT MOJIZIOHA U PaMBl.

MarnomrymMHbie BUHTOBBIE KOMIIpeccophl BbimyckaeT ¢upma «Leise laufender
Schraubenverdichter hat einen direct angekuppelten Antrieb. Maschinenmarkt. (I'epmanus).

dupma Boge Kompressoren Otto Boge GmbH (I'epmanmusi) Takke BBITyCTHIIA
BHUHTOBBIE KOMIIpeccOpbl cepuu SL ¢ HU3KUM ypoBHEM Iryma. OHU MMEIOT MHTEIEKTYaIbHYIO
cucremy ympasinenus ARC u cucremy oxnaxaenus. HoBele komMmpeccopbl, UMEIOT MpPsIMON
npuBoJ 0e3 MOTephb, XapaKTEepPHBIX MepeJayaM WU KIMHOBBIM pemHsAM. @upma pazpaboTtana
TUIIOPAa3MEpPHBIM  pAl S BUHTOBBIX KoMmmpeccopoB Mozaemsmu SL 270 u SL340 ¢

HEIOCPEACTBEHHBIM IIPUBOJIOM. Mopnenu SL IIOCTAaBJISIIOTCS B 3BYKO- u
CYIIEeP3BYKOIOTJIOMIAIOIINX KOXKYyXaX, ¢ 3Q(QEKTUBHBIM MACIOOTACTUTEIIEM, C BO3YITHBIM HITU
BOAsSHBIM oxjaxaeHueMmM. Cucrema ARC — ympaBiaeHusi, pEryJlMpOBaHHMS M KOHTPOJIS

o0ecreynBaeT ONTUMAIBHBIA XOJIOCTONW X0/ KOMIIPECCOPOB, YTO TAKXKE MPHUBOAHUT K CHUKCHHUIO
HIyma U 3Hepros3arpar.

®upma «Sullairy (CHIA), 3anaTenToBasIa Psii TEXHUYECKUX PEIICHUN B TIEPEIBIIKHBIX
KOMIIPECCOPHBIX CTalUsIX C IOHMW)XEHHbIM YypoBHeM Iuyma (75 nbA). OcoOwlif uHTEpec
IPEJICTaBIsIET KOHCTPYKLIKS 3BYKOU30IUPYIOIIEro KarnoTa.

UsBectnas ¢upma «Atlas Copco» (LlIBeuus) paspaborana MoOIENb MEPEIBHIKHOTO
xommpeccopa XAS 97. Komnpeccop XAS 97 cHaOkeH MOIMATHICHOBBIM Koxkyxom HardHat™,
KOTOpPBIM 3alUIiaeT OT BMATHH, L@APANUH, KOPPO3UHM W M3JIyYeHHUs IIyMa JIydlle Ipyrux
KOXKYXOB, TPEACTaBJICHHBIX CETOMHS Ha pbIHKE. Kpome TOro, oH MMeeT HU3KHH BeC, T.K.
U3TOTOBJIEH U3 CBEPXNPOYHOTO TMOJMATHICHOBOTO MaTepHuajga, a €ero YCTOWYMBOCTb K
TIOBPEXICHUSIM U KOPPO3UH, CHIDKAET BPEMsI M 3aTPaThl HA €T0 PEMOHT U IEPEKPACKY.

BrsiBIIeHHBIE TTATEHTHI M TIOJTYYeHHAsT WH(GOPMAIHS COAEPIKAT TEXHUYECKHE PEIICHHUS
[0 3BYKOM3OJMPYIOUIMM MEperopojakaM, 3KpaHaMm, KamoraMm, BUOpOAeMIGUPYIOIUM U
3BYKOIIOTJIOIIAIONIMM MaTepuaaM, M CBHJETEIbCTBYIOT O TOM, UTO 3a PYOE€XoM yaensercs
3HAYUTEIbHOE BHUMaHHE pa3pabOTKe HIYMO3ALIUTHBIX KOHCTPYKIMHM MalmldH M B YaCTHOCTH
kommpeccopoB. K coxanenuto, B Poccun nocnennue 10-15 met paboT Mo CHUKEHHIO IIyMa
HepeABMKHBIX KOMIIPECCOPHBIX CTAHLIUN MPAKTUYECKU HE BEAETCS.

Camxenne myma KC — crnoxHas 3amada, BKJIIOYArOmas B ceOS psl BOIMPOCOB,
CBSI3aHHBIX C aKYCTHKOM, TEIUIOBBIMU U adpOAMHAMUYECKUMU MPOLECCAMHU, KOHCTPYKTUBHBIM U
TEXHOJIOTUYECKAM HCIIOTHEHHEM OTACIbHBIX JeTalel W y3JI0B, pabodmM MpOILEccoM B
KOMIIpECCOpPE U MPUBOJHOM JIBUTATENE. DTy 3a7a4y MOYKHO pelaTh AByMs MyTSIMHU:

- YCTaHOBKOW  3BYKONOIJIOMAIOIIAX W  3BYKOOTPAXKAMOIIUX  KOHCTPYKIIHA
(3BYKOM3O0JIMPYIOIIErO KaroTa, TIyIIuTeNneil, aKkyCTUYeCKMX SKPaHOB U 3BYKOM3OJIUPYIOIIUX
MEPEropoIoK IMOJ KaroTOM, 3BYKOIOIJIOIIAIOIIMX K BUOpOAEMN(UPYIOUIUX MOKPBITUH,
BUOPOU3OIISLMY U JIP.);

- CHIDKEHHEM [IyMa HEeMOCPEICTBEHHO B HCTOYHHKE.

AHanu3 TUTEepaTypHBIX U MAaTEHTHBIX JAHHBIX MOKA3bIBA€T, YTO B HACTOSAIIEE BPeMs HET
3¢ (EeKTUBHBIX CIOCOOOB CHIKEHHS IIyMa HEMOCPEACTBEHHO ABHUIaTelsi U KomIpeccopa 10
TpeOyeMoro ypoBHs. D(PQEKT OT YCOBEPIIEHCTBOBAHUS KOHCTPYKIMH JBUTATENsl B ILEJSAX
CHIDKEHHUs ero myma moka He mpeBbicrsl S5 nBA. Tloatomy Hambosiee paaukaibHOW Mepou
SBIISICTCSA ONIMKHSS 3BYKO-BHOPOM3ONIALMS. YUYHUTBIBAs, YTO JBUraTelb — OCHOBHOW HCTOYHUK
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OMeHKa U arRalu3 wyma KomnpeccopHsvlx cmaHt;mZ

myma HKC, NEPCUUCIICHHBIC BBIIIC MCPbl CHMIKCHUS IIyMa ABUIATCIIA IMPUMCHSAIOTCA W IJIA
KOMITPECCOPHBIX CTaHI_II/Iﬁ B IICJIOM.

2. MeToabl u cpeacrea CHUKEHUSI ITyMa KOMIIPECCOPHBIX CTAaHIMH

Jlig CHIKEHUS IIyMa KOMIIPECCOPHBIX CTAaHILMN HCIOJIb3YIOTCS Pa3IUYHbIE METObI B
3aBUCHMOCTHU OT TUIla IPUMCHACMBIX KOMITPECCOPOB.

lym BcacbiBaHUSI MOPIIHEBBIX KOMIIPECCOPOB MOXKET OBITh CHUXEH C IOMOIIBIO
rrymurtene: B auanazoHe dvactoT 200-500 ['m ¢ moMOIIpi0  KOJBIEBBIX PE30HATOPOB,
HACTpaMBaeMbIX Ha O0O0JacTb HaWOOJbIIEH HWHTEHCUBHOCTH IIyMa, B BBICOKOYACTOTHOM
JAUarra3oHe — aKTHUBHBIX I‘J'Iyn.[HTCJICﬁ CO 3BYKOIIOIVIOIIAKOIHUMU 3JICMCHTAMU TPCHUS B BUAC
nieseil ¥ OTBEPCTH, MPEICTABISIONINX NapauleIbHbIe KaHAJbI [Tl IEPEMEHHON COCTaBISIONIEH
IOTOKA.

Jlig roymeHus nrymMa Ha BIIYCKE MOPIIHEBBIX KOMIIPECCOPOB HCIOJIB3YIOT MPOCTOE U
MPAKTUYECKOE YCTPOMCTBO, MpeACTaBistomiee coOoi pe3oHarop [empmronbma ¢ OGOKOBBIM
oTBeTBIIeHHEM. D()PEKTUBHOCTHL €ro BEJIMKa Ha PE30HAHCHBIX YacTOTaX, MOITOMY PE30HATOP
11eJ1€c000pa3HO KCII0JIb30BaTh B CiydasX, KOIJla Ha BIYCKE KOMIIpECCOpa HU3JIYy4aroTcsl OYEHb
CWJIbHBIE 3BYKH YHUCTBIX TOHOB. IllyM Ha BIYyCKE pOTAIIMOHHBIX KOMIIPECCOPOB CHHUKAIOT
TIIYIIXUTCIIW AKTUBHOI'O THIIA, YTO MPOJUKTOBAHO 3HAYUTCIBHO 0oee BI)ICOKOI\/JI, UM Yy
MOPIIHEBBIX KOMIIPECCOPOB, YACTOTON 3BYKA.

YPaBHOBGCI/ITI) IIGHTpO6e)KHI)IC CHJIbl U CHUJIBI MHCPLHUH TMOCTYIATCIIbHO ABHKYIIUXCS
Macc B LIEJISAX CHIKEHUS MEXaHMYECKOro IIyMa MOPIIHEBBIX KOMIIPECCOPOB MOKHO C MOMOIIBIO
CIICHUaJIbHOI'0 ME€XaHHM3Ma HJIN MHOFOpﬂI{HOﬁ, Harpumep, OIIITO3UTHON CXEMBI PacCIoJIOKCHHUA
uIMHIPOB. [Ipy KOHCOJIBPHOM HCIONHEHUW LUJIMHAPOB BO3HUKAIOIIUME U3THOHBIE KOJIEOaHUS
CHWIKAIOTCSI TyTeM YyCTpaHeHusi pe3oHaHca. [l w3MeHEeHHsT COOCTBEHHOM 4YaCTOTHI
YBEJIMUUBAIOT KECTKOCTh OCHOBAHUS KOHCOJIH.

K 3HaunTenbHOMY CHHKEHHIO IIyMa MOPIIHEBOIO KOMIIPECCOpa BO BCEM HOPMUPYEMOM
JUana3oHe 4YacTOT NPHUBOAUT 3aMEHa BO3JIYIIHOTO OXJaXJIEHUS BOASHBIM. BopasgHas
oXJaxxJarouas pyoaiika U30JUpyeT IIyM, T€HEPUPYEMbIl LIUJIUHAPOM, a TAK)KE IIyM KJIalaHOB
3a CYET 3HAUUTENHHOTO YBETUYECHUS MACCHI.

[Ilym Ha BbIIyCKE W3 KOMIpECCOpa MOXET OBITh CHIKEH 3a CUeT pa3MEeUIeHMs
BO3JyXOIIPUEMHHUKA O] 3BYKOM3OJUPYILMM KamoToM. MOXKHO TakXe HCIOJIb30BaTh MallbIi
BO3JyXONPUEMHUK, JEHCTBYIOIIMH Kak IIyIIMTEIb BHUOpAIlMM, YCTAHOBHB €ro MEXay
KJIallaHaMM KOMIIPECCOpa M OCHOBHBIM BO3JYXONPUEMHUKOM. OTO YMEHBIIMT KOJIUYECTBO
KoJIeOaHUH 1aBJI€HNUs B OCHOBHOM BO3/TyXOIIPMEMHHUKE M YPOBEHb U3Iy4aeMOro 3ByKa.

CHmwxkeHne KoyieOaHUW TPyOONPOBOJOB JOCTUTAETCS YCTAHOBKOW JOMOTHUTEIHHBIX
KpeIUICHUH Ui U3MEHEHHsl KECTKOCTH U COOCTBEHHBIX YacTOT TPYOONpPOBOJOB, a TaKkKe
}IpOCCGJ'IBHOI\/’I mafiobl WM BEHTWISL B TOYKE, TAc KojiebaTenpHast CKOpPOCTH CTOAYUX BOJIH
JOCTUTHET MAaKCUMyMa.

21.]'[5{ npeaoTBpaliCcHrud nepeaadn SHEPTUHU COOTBCTCTBYIOHIUMX 3BYKOBBIX YAaCTOT IIPpU
YCTAHOBKE KOMIIpeccopa Ha paMHble KOHCTpYKIMH TM HE0OX0aMMO NpeayCMOTPETh €ro
BHOpOHM30ISIIINI0 OT paMbl. C 2KOHOMHYECKOW TOYKM 3peHusi 0ojiee BBITOJHO HMCIOJIB30BATh
3BYKOM3OJHUPYIOIIME KaroThl, IO BO3MOXHOCTH BHOPOHM3OJMPOBAB MX OT HCTOYHHUKA IIyMa.
KanoT cHukaeT He TOJBKO LIyMbI, U3JIydaeMble KOPIYCOM KOMIIpEccopa M JBUTATeNsl, a TaKkkKe
a’POJIMHAMUYECKHE TyMbl BO3YIIHBIX OXJIAXKJAIOIIUX MOTOKOB U JPYrHUe€ — IIYMbI PUBOJHBIX
MEXaHU3MOB, KOJIeOaHUH KOMMYHHUKAITUH U TPyOOIIPOBOIOB U T.J.

Pa3memienue arperara «IBUraTellb-KOMIIPECCOP» MOJ KallOTOM OTPaHMYMBAET JOCTYI
XOJIOTHOTO BO3/yXa U3 OKpyXkatomiei cpenpl. [loaToMy npu riaymeHuu myMma TakuM cocooom
H€O6XOI[I/IMO, I-ITO6I>I TCMIICpAaTypa CMA30YHOTO Macja NOAACPKUBAIACHL B OHNPCACICHHBIX
rpaHuax, 00ecrneunBaroINX JOCTATOYHYIO €r0 BSI3KOCTh, a TAaK)Ke MCKIII0Yanach BOZMOKHOCTh
neperpena JABUraTessi U KOMIIPeccopa, roplovero B 6akax W HarpeBa aKKyMYJISATOPHBIX OaTapei.
Jist 3TOrO Ciy’KaT BEHTWISLMOHHBIE KaHaJlbl, KOTOPbIE, OHAKO, HE JOJDKHBI CHIXKATh 3 dexTa
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nrymornorioiieHus. C moMouso Neperopoiok, pa3BopoTa MoToka U 0OJUIIOBKY CTEHOK KaHAJIOB
MOJKHO JOOHUTHCS TpeOyeMoro 3 eKra NryMOrTyIIeHUS B COUCTAaHUN C HOPMAJLHBIM TETIJIOBBIM
OaaHCOM.

3a pyOexoM HaKOIUJICH LEHHBIN MPAKTUUECKHUI OMBIT CHUXKEHUSI IITyMa KOMIIPECCOPHBIX
cTaHIMi. B KauecTBe OCHOBHBIX Mep, 00€CTICUNBAIONINX CHIDKCHUE YPOBHS 3ByKa Ha 10-15 nbA,
UCIIOJIB3YIOTCS:

- pa3MelleHre arperara «IBUraTellb-KOMIIPECCOp» TMOJ  3BYKOU3OJIUPYIOIINM
KaloTOM W3 METAJUIMYECKOT0 JIMCTa WM CTEKIIOIUIACTUKA, OOJIUIOBAHHOTO
3BYKOIOTJIOLIAIOIIIM MaTEePHAIIOM;

- aKycTHueckas 00paboTka CTEHOK KaHAJIOB IS MOABO/IA M OTBOA OXJIAXKIAFOIIETO
BO3/yXa;

- YCTaHOBKa TJIYIIMTENICH IIyMa BBIITYCKAa Ha BBIXJIOMHOM TpakTe ABUTaTeNs (AJis
ABC);

- BUOPOM3OJISIMS arperaTa «JIBUraTeIb-KOMIIPECCOP» OT PaMBbl.

HoBectu 3pdext no yposHs, npesbimaromiero 20 1bA (cynepurymosaraymenasie KC),

MO>KHO B JIONIOJIHEHHE K MEPEUUCICHHBIM MEPaM:

- YCTaHOBUTh NIYMOTJIYLIMTENM Ha BcachlBalIiue (QUIBTPBl ABUTATENs H
KOMITPECCOpa, a TAaK)Ke Ha MPEAOXPaHUTEIbHBIN KIIallaH,

- nemMrpupoBaTh 3BYKOM30JIUPYIONIUI KallOT U OCHOBHBIE U3JIydaTed BUOpAIIHH;

- BHOPOU30JIMPOBATH KAMoT, BCE TPYOOIPOBOIbI, TIIYIIUTENb BBIITYCKA,

- M3rOTOBUTH JIONACTH BEHTWIATOpPA M3 ATIOMUHHS WIM IJIaCTMAcChl, 00ecredynB
TIIATEIBHYIO €r0 OAJIaHCUPOBKY;

- YCTaHOBUTH TIYIIUTENb BBIMYCKA O] KAOT UIN YBEIUYUTH 3BYKOU3OJISILIUIO €r0
CTEHOK.

Kpome toro, ans raymenus myma nepeaBuKHbIX KOMIIPECCOPHBIX CTAHLIUNA UX MOXKHO
pa3Meniath B JETKUX 3ByKOU3OIUPYIOMKX nanatkax (3ddekr He npesbimiaet 4-6 nbA). [Tanatku
pEeKOMEHIyeTcsl UCIoNb3oBaTh mpHu dkcmuryartanud [IKC BOmu3M OONMBHUIL, MIKOJ, AETCKHX
YUPEKIACHUN.

AHanM3 TEXHUYECKON JTUTEpATypbl U MPOBEACHHBIN MAaTEHTHBIN MOUCK MOKAa3aJid, 4TO
MONBITKK TOHU3UTH IIYM B HMCTOYHUKE WIM HE JAIOT CYHIECTBEHHOro 3¢¢dexTa, UIu HE
MIPUMEHUMBI U3-3a CII0)KHOCTHU JKCIUTyaTaliu.

OCHOBHBIM HAaNpaBICHUEM CHUWKEHUS IIyMa KOMIIPECCOPHBIX CTAHLMM SBISIETCS
KarmoTUPOBaHUE OJIOKA «JIBUTATEITH-KOMITPECCOPY.

3BYKOU3OIUPYIOMIMA KarmoT sBIseTcsS S()(PEKTUBHONW KOHCTPYKIMEH IIyMO3AIllUTHI,
MO3BOJISIIOIIEH 00€CTIeUnTh TP MPOSKTUPOBAHUU HA OCHOBAHUHU pacueTa, TpeOyemble YpOBHU
CHUKEHUS LIyMa.

4. XapakTepucTHKH IIyMa nepeaBH:KHbIX koMnpeccopHbIx cranuuii (ITKC)

[IIym mepeaBMKHBIX KOMIPECCOPHBIX CTAHIMNA 3aBHCUT OT MHOTHX ()aKTOpOB, B TOM
quCIe:

- BUJa MIPUBOJIa-ABUTaTEIh BHYTPEHHETO CrOpaHus (IU3eNb WU KapOIOpaTOpHbBIN) WK
AJIEKTPOJIBUTATENTh;

- TUMA TPUMEHSEMOr0 KOMIIpECCOpa — BHHTOBOM, TOPIIHEBON, MeMOpaHHBIH,
JIONMACTHOW, POTAIIMOHHBIN;

- pexxuma paboThI;

- HAJIMYUS WK OTCYTCTBUS ITyMO3aTyIIAOIINX CPEACTB;

- npousBoautenbHocTu [IKC.

Haubonee monmynsipHBIMU  SIBISIOTCS  TEPEABMIKHBIE  KOMIIPECCOPHBIC  CTaHIIUU
MPOU3BOAUTEIBHOCTBIO OT 2.5 110 5 M>/MHH — OKkono 40% OT OOLIero Ymcia MOZCNCH, a Ha
nuanasod 7.5 - 15 M>/MUH npuxoauTcs okoJio 18% moneneil.
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Oyenka u anaius ulyma KOMnPecCcoOpHbIX CIAaHyull

B Tabnume 1 mnpuBeneHBl yCpeAHEHHBIE XapaKTEPUCTUKHU MIyMa TEpPEeIBHKHBIX
KOMIIPECCOPHBIX CTAHLMM Pa3HOM NPOU3BOAUTENBHOCTH C Pa3IMYHBIM IIPUBOIOM.

Tabnuya 1
Axyctuueckue xapakrepuctuku IIKC Ha paccrosiHum 7 M
Tun Tun npuBoaa [Ipons3BOAUTENHLHOCTD, YpoBeHb 3ByKa,
HACIIOJIHEHUS M /MuH nbA
Juzenb 5,2 98
10,5 101
Hemrymo3sarnymmeHHbIi DeKTpoO-IBHIATED 5,2 90
10.0 94
KapOropatopHblii 5.2 96
5,0 70
[Iymo3armynieHHbIH Jusers 10,6 75
DJIEKTPO-/IBUTaTENb 5.0 58

Kak BuIHO M3 TaOuuUIbl, aKyCTUYECKHUE XAPAKTEPUCTUKH IIyMa HEIlyMO3ariylIeHHbIX
[1IKC 3HaunTeNbHO MPEBHIIAIOT TPEOOBAHMS CAHUTAPHBIX HOPM KaK C IPUBOJIOM OT JBHUTATEINs
BHYTPEHHETO CrOpaHus, TaK U OT 3JIEKTPOABUTrATEIIA.

3akao4yeHue

Cranuonapusle kommpeccopHsle cranuuu (KC) u mnepenBukHble KOMIIPECCOPHBIE
craniuu (IIKC) mmpoko HpUMEHSIIOTCS B pa3iMUHBIX OTpacisx SKoHOMUKH. HamOombiiee
IPUMEHEHHE B NEPEIBMKHBIX U YHU(UIMPOBAHHBIX C HUMH CTAlMOHAPHBIX KOMIIPECCOPHBIX
CTaHIIMI MMEIOT KJIACCUYECKHE MOPIIHEBbIE U BUHTOBbIE KOMIIPECCOPHI MPOU3BOAUTEIBHOCTHIO
10 10 M*/mus 1 nasnernem ot 0.4 - 0.8 MITa. AKyCTHYECKHE XapaKTEPUCTUKU KOMIIPECCOPHBIX
YCTAaHOBOK SIBJISIFOTCSI BaXXKHBIMH HE TOJBKO NI paboTarouux B momemnieHuH, Ho u ans 11IKC,
paboTarouMX Ha OTKPHITHIX IUIOLIA/IKaX, B OCOOCHHOCTH Ha CEIUTEOHON TEeppUTOpUH, BOJIU3U
HIKOJI, OONBHUIl U JApYyrux 00beKToB. IIpoBeneHHBIN aBTOpaMH MAaTEHTHO-WH(OPMALMOHHBIN
IOUCK TOKa3aJl, YTo K 4Yucilay Haumbosiee H(PQPEKTUBHBIX CPEICTB CHIDKEHHUS IIyMa MOXHO
OTHECTHU: KAallOTHUPOBAaHUE J[BUraTelis W KOMIIPECCOPA, 3BYKOM3OJIUPYIOIIME IEPErOPOAKH U
HKpaHbl MOJ KaloTOM, IIYIIUTENH, 3BYKOMNOIJIONAOIINe U BUOPOIEMII(PUPYIOLIIE MOKPHITHS,
BUOpou3oisinuio U Ap. CHIKEHHE IIyMa B UCTOYHHMKE WM HE Jar0T CYLIECTBEHHOro 3ddexra
(He 6onee 5 1BA), UM He MPUMEHUMBI U3-3a CII0)KHOCTHU SKCILTyaTalluH.

Cnucok JiuTeparypbl

1. Kowmmpeccoppt ATLAS COPCO ans  BeinyBanusa  w3nenmuid w3z [19T
(monuaTHieHTepedTaIaTa) CTAIN NEPBBIMU KOMIIPECCOPaMHU, CEPTU(GUIIMPOBAHHBIMU 10 KJ1accy
0. Kommpeccopnas texauka u maeBMatuka. 2008, No 7, c. 42-43.

2. AO «Kowmmnpeccop» — KomrpeccopHass TeXHHMKa Ha YpOBHE MHUPOBBIX CTaHJApPTOB.
Kysznenos 10.J1., Aaukun A.JI. Komnpeccopnas TexHuka u nHeBmatuka. 2016, Ne 4, c. 5.

3. llym npu pabote KOoMIIpeccopoB U ero cHuxenue. ['maBHbIi sHepretuk. 2009, Ne9, c.
59-61.

4. Teopuss W NpakTUKa CO3JaHHUS MAJOUIYMHBIX U SHEProd((HEeKTUBHBIX T€PMETUYHBIX
XJIaZOHOBBIX KomriipeccopoB. Habepexusix A.W., [lemeneB A.B., [lanunos A.M. B cOopHuke:
CoBpeMeHHasi poccuiicKasi Hayka TIJla3aMHd MOJOJIBIX uccienoBareneii. Marepuansr |
MexayHapoIHOM HaydHO-TIPAaKTHYECKOW KOH(EPEHIIMH MOJIOBIX YUEHBIX U CIHELHaTHCTOB.
Hayuno-NunoBanmonnstit nientp. 2013. C.188-208.
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cranuuii. Tpynsl mkonsl-cemuHapa «HoBoe B Teoperndeckoit u mpukiaanoit akycruke» CIIO.:
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HccnenoBanue ypoBHSI aKYCTHYECKOT0 H3JIyUEeHHS CHCTEMbI «IIHHBI
ABTOTPAHCTIOPTHOI'O CPECTBA — JOPOKHOE MOKPHITHE

Bacuines A.B.l, Kowuk E.A.2
! 33BCHYIOIHHﬁ Kaq)ez[poﬁ «XuMHYecKasi TeXHOJIOTHS U MNPOMBIIIICHHAA 3KOJIOTU»
2 Hayunslii coTpyaHuK
12 Camapckuii Tocy1apcTBEHHBIH TeXHUIECKHH yHIBepeHTeT, aapec: 443100, Poccus, r. Camapa,
Monoporsapaeiickas, 244

AHHOTANHSA

PaccMaTpuBaloTCS BONPOCHI HCCIIENOBAaHUS LIyMa aBTOMOOWJIBHOTO TPaHCIOPTa B  YCIOBHAX
ypOaHM3UpOBaHHBIX TeppuTopuil. [IpoBeneH aHannM3 aKyCTHYECKOTO H3JIyYEHHMs, CO3/1aBacéMOro IIWHAMHU
ABTOTPAHCIIOPTHOTO CPEJCTBA NPHU €ro JBHKEHUH. PacCMOTpPEeHbI MOAXOIB! K pacdyeTy YPOBHS 3ByKa CHCTEMBI
«UIMHBI aBTOTPAHCIIOPTHOTO CPEICTBAa — JOPOKHOE MHOKphITHE». ONHcaHO MPOTrpaMMHOE IMPUIOKEHHE IS
OTIpeieNIeH s IIIyMa IIUH NP ABMKEHUU aBTOTPAHCIOPTHOTO CPeCTBa. Pe3ynbTaThl HCCIe0BaHU TO3BOJISAIOT
OCYyLIECTBIIATH 3P (HEKTUBHYIO OLICHKY IIyMa aBTOTPAHCIIOPTa U pa3pabaThiBaTh 3P EeKTHBHBIE MEPOIIPUATHS 1O
€ro CHIKEHHIO IyTeM pa3pabOoTKM MaJOIIyMHBIX KOHCTPYKIMH aBTOMOOWMJIBHBIX IIMH W YIIy4IICHHS
aKyCTHYECKOTO KauecTBa JOPOXKHBIX TTOKPBITHH.

KnrodeBble cnoBa: akyCTHYeCKOE H3JIydeHUE, aBTOTPAHCIOPTHOE CPEICTBO, IIUHBI, IOPOKHOE
MOKPBITHE.

Investigation of level of acoustical radiation of system «tires of vehicle — road surface»

Vasilyev A.V.}, Komlik E.A.2
'Head of Department of Chemical Technology and Industrial Ecology
’Researcher
1.2 samara State Technical University, Russia, Samara, Mologvardejskaya, 244

Abstract

Questions of research of noise of automobile transport in conditions of urban territories are
considered. Analysis of acoustical emission created by tires of vehicles during the movement is carried out.
Approaches to calculation of level of system «tires of vehicle — road surface» are considered. Program provision
for estimation of tires noise during vehicle movement is described. Results of research are allowing to carry out
efficient estimation of vehicle noise and to develop efficient measures of vehicle noise reduction.

Key words: acoustical radiation, vehicle, tires, road surface.

Beenenne

[IpoGnema CHIKEHHS IIIyMa, CO37aBA€MOr0 aBTOTPAHCIOPTHBIMU CpPEICTBAMH,
CTaHOBUTCS BCE Oojiee aKTyalbHOM Kak B CBSI3W C BO3pacTaHHWEM OOILEro 4ucia eIuHUI]
aBTOMOOWJIBHOTO TPAHCIIOPTa, TaK W BBUIY KadecTBa JAOPOXKHBIX mMokpeiTuii [1-12]. B
HACTOAIIEE BpEeMs pE3EpPB CHIDKEHUS IIymMa 3a CYeT MOJEpPHU3ALNUN aKyCTHUYECKUX
nokaszarejel camMoro aBTOMOOWIS B CYIIECTBEHHOM crTemeHH wucueprnaH. JlanbHeliee
CHI)KEHHME IyMa aBTOTPAHCIOPTHBIX CPEICTB B 3HAYUTEIHLHOW Mepe OyAeT CBSI3aHO C
MPUMEHEHUEM MAJIONTYMHBIX KOHCTPYKIIUI aBTOMOOUIBHBIX IIUH U JTOPOKHBIX MTOKPBITUH.

lym, co3zmaBaeMblii IIMHAMU aBTOMOOWJIS TMPU €ro JBUKEHHH, IMPH CKOPOCTH
JIBUKEHHS CBbIME 50 KM/4 CTaHOBUTCS OCHOBHBIM HCTOYHHUKOM BHEITHETO aKyCTHYECKOTO
u3lydeHus. B HacTosee BpeMs MpOrpaMMHBIX CPEACTB IO PacyeTy YPOBHSI aKyCTHUECKOTO

*E-mail:vasilyev.av@samgtu.ru (Vasilyev A.V.)
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U3ITyYEHUS! CHUCTEMBbl «IIMHBI aBTOTPAHCIOPTHOTO CPEICTBA — JOPOXKHOE IOKPBITHEY,
VUUTBHIBAIOIIMX KOMIUIEKC JTaHHBIX, HEOOXOIUMBIX HJsi pacdyera C JOCTAaTOYHO BBICOKOH
CTEMEeHbI0 TOYHOCTH, HET HE TOJbKO B Poccuu, HO M B cTpaHax JalibHErO U OJMKHETro
3apy0exbs. OCOOCHHO aKTyalbHBIM PAaCueTHOE M AKCIIEPUMEHTAIBHOE HCCIIEJOBAHUE YPOBHS
AKyCTHUYECKOTO H3JIYYCHHSI CHUCTEMbl «IIMHBI aBTOTPAHCIOPTHOIO CPEACTBA — JOPOKHOE
MOKPBITHE SABJISIETCS B YCIOBUSX Poccuu, npuHUMas BO BHUMaHUE BBICOKYI0 HHTEHCUBHOCTD
ABTOTPAHCIOPTHBIX MOTOKOB U KAUYECTBO JOPOKHBIX MOKPBITHH.

Hacrosiimast crathsi mocBsilieHa UCCIEAOBAHUIO aKYCTUYECKOTO U3JIYYEHHUS! CUCTEMBI
«IIMHBI aBTOTPAHCIOPTHOTO CPE/ICTBA — TOPOKHOE MOKPHITHEY.

1. AnHanu3 aKyCTHYeCKOIr 0o U3JIy4YeHHu, €03/1aBaeMoro IMHAMH
aBTOTPAHCIIOPTHOTI'O CPeICTBA MPH €ro ABUKEHUHU

OCHOBHBIMH HCTOYHUKAMH IITyMa aBTOTPAHCIIOPTHOTO CPEZCTBA SBISIFOTCS

- CHJIOBasl yCTAHOBKAa — JBHUraTeib (KOpIyC ABMraTesisi, CUCTEMbl BIyCKa U
BBIIyCKA JIBUTATENSA, TIPOIECC CrOpaHMs, KPHUBOIIMITHO-UIATYHHBIM MEXaHU3M, IIyM
MeXaHU3Ma ra3opacrpeieieHus);

- TOIUIMBOIOJIAIOLIAs aNapaTypa;

- BEHTWJISITOP CUCTEMbI OXJIAKIACHUS ABUraTENs;

- TpaHcMHuccus (KopoOka nepeaay v 3aiHUM MOCT);

- IIUHBI (TIPU JIBUKCHUN );

- KOPITyC aBTOMOOWIIS;

- BCIIOMOTaTeIbHOE 000pYI0BaHHE.

3aBUCUMOCTh IIyMa aBTOMOOMWJIEM OT CKOPOCTH MABM)KEHHUS M IEpeAayd HOCHUT
CJIOKHBIA Xapaktep. Ilpm ManbIx ckopocTsix aBwkeHHs (MeHee 50 KM/4ac) OCHOBHBIM
MCTOYHUKOM IlIyMa aBTOMOOWJIS SBJII€TCS JBUTATENb, @ XapaKTEPUCTUKH IIyMa aBTOMOOUIIEH
B MEHbIIEH CTENEeHU 3aBUCAT OT CKOPOCTH JABWXKeHMs. Hambonee nrymHble — Tpy30BBIE
aBTOMOOWIIN C IM3€NIbHBIM IpuUBOJoM Oosbioii (6onee 150 kBt) momuocTu. Ilpu ckopoctax
JBWOKEHUs cBble 50 kM/4 Hanbosee MHTEHCUBHBIM UCTOYHHKOM aKyCTHYECKOTO M3ITy4eHUs
SIBIISIETCS IIIyM, BO3HUKAIOMIMK TPW B3aUMOCWCTBUU IIMH aBTOTPAHCIOPTHOTO CPEACTBA C
JTIOPOXKHBIM ITOKPBITHEM.

K wucrounumkam miyma, co3/aBaeMOro IIMHAMHU aBTOTPAHCIIOPTHOTO CpEACTBA,
OTHOCATCS: adpPOAMHAMHYECKUH IIyM BpallleHUs Kojeca M IIMHBL, IIyM OT BHOpaunuu
MOBEPXHOCTH IIMHBI M B3aWMOJICHCTBHS C JIOPOKHBIM ITOKPBITHEM, a TakXe KOJIeOaHus
JIaBJIEHUs] B 3JeMeHTax mnpotekrtopa [1, 2, 7]. Ha ypoBeHb IIyma aBTOMOOMJIBHBIX ILIMH
BIMSIOT TakKWe MapaMeTphl, Kak PUCYHOK IMPOTEKTOpa, KOHCTPYKIHS IIUIOB W JIaMeJeH,
JIaBJIEHUE B LIMHE, Ta0apUTHbBIE pa3Mephl, a TAK)KE THIl U COCTOSHUE JTOPOKHOTO MOKPBITHUS,
10 KOTOPOMY OCYIIECTBIISIETCS ABH)KEHHUE.

HccnenoBanust BIMAHUS Ha IIYM TE€OMETPHUYECKUX IapaMeTpoB MpOoQMiIs IIHH
MO3BOJIMIIM  YCTAHOBUTBH, YTO HHU3KOMPO(HUIBHBIE WIMHBI, KOTOPBIE B HACTOSIIEE BpEMs
MOJYy4aloT CTOJb IIMPOKOE PAaCHpOCTpaHEHHWE BO MHOTHMX CTpaHax, BEAyT 3a cyeT Oosee
HIMPOKOTO M MEHee KOPOTKOIo MSATHA KOHTAKTa K HEKOTOPOMY YBEJIMYEHHUIO YPOBHEH mIyma
IIMH, B3aUMOICHCTBYIOIIUX C IOPOTOM.

Ha xapakrepucTuky 1rymMa TPaHCIOPTHBIX CPEJICTB CYIIECTBEHHBIM 00pa3oM TakKke
BJIMSIIOT COCTaB M COCTOSIHHE JIOPOXKHOTO MOKpBITUS. Tak, OeToHHOE mokpbiTHe Ha 2-3 n1BA
Oosee mymMHoO, 4eM acanproBoe. Ha BiIa)kHOM MOKPBITHH YBEIMUEHUE IIIyMa IIUH TOCTUTAeT
10 nbA, a B cHeromag MoXXeT CHU3UTHCS Ha 3-5 1BA. JloposkHOE MOKpBITHE, U3TOTOBIEHHOE
U3 MarepHualia ¢ XOpOIIMMH 3BYKOMOTJIOUIAIOIIMMH CBOWCTBAMU (HAIllpUMep, C BKIIIOUEHUEM
OTXOJIOB PE€3UHBI), CHUXKAET 1IyM IKH Ha 2-4 nBA [8].

ABTOMOOWJIbHBIC IIMHBI KJIACCH(UIIUPYIOTCSA IO HAa3HAYCHHUIO, BBICOTE MPOQUII,
rabapuTam, KOHCTPYKIIMH, YCIOBHUSM KCILUTyaTallluu.



Bacunves A.B., Komnux E.A.

Hccneoosanue YPOBHA AKYCMUUECKO20 U3TYHEeHUS CUCTEeMbl «(UUHbL A6MOmMpPAaHCnopmuozo cpe()cmea -
()O]DOJfCHoe NOKpblmue»

40

1. Ilo Ha3HAYEHUIO MIMHBI PA3TUYAIOTCS ISl IPUMEHEHHUS:

— HAa JICTKOBBIX aBTOMOOWIISIX;

— Ha IPY30BbIX aBTOMOOWJISIX Majol Ipy30M0AbEMHOCTH;

- Ha MHUKPOaBTOOycax W TpHICTIaX K HUM BO BCEX KIMMATHYECKHX 30HAX MPH
TeMnepaTrype okpyxarouien cpeanl ot -45C° no +55C°;

- Ha TPY30BBIX  aBTOMOOWJSX, TMpHIENax, MNOJyNpHUIlenax, aBToOycax,
TpoJuielibycax BO BCceX KIMMAaTHYECKHX 30HAX IPH TeMIIepaType OKpYXKaroulell cpeasl a0 -
45C°.

2. Ilo BeIcOTE TTpOGMIISA MHHBI KJIACCUDHUITUPYIOTCS CIEAYIOIIMM 00pa3oMm:

— MHUHBI 00BIYHOTO TIPOWIIS ¢ OTHOMIEHUEM BBICOTHI Mpoduns (H) k ero mupune
(B) 6oxee 0,89;

— mumHbI HU3KOoNpoduasHbie — H/B = 0,7-0,88;

— IMHBI cBepXxHU3KONpoduipHbe — H/B =< 0,7.

3. Ilo rabapuram MUHBI ACIATCS HA:

— HHBI KpynHorabapuTHele ¢ mupunoit npopuis 350 mm (14 mroiiMoB) u Gonee,
HE3aBUCHMO OT ITOCAI0YHOTO AUAMETPa;

- IMUHBI cpeaHerabaputHeie ¢ mupuHOW mpodmis ot 200 mm 1o 350 MM (ot 7
1014 nroliMoB) U 1ocaiouHbIM uaMeTpoM He meHee 457 mum (18 aroiimoB);

— IIMHBI MaJorabapuTHBIC ¢ MHUPUHON npoduiist He 6osee 260 MM (o 10 mroiiMoB)
U TI0CaJI0OYHBIM JramMeTpoM He Oosee 457 (18 mroiimMoB).

4. Tlo KOHCTPYKIIMH LITUHBI ACTATCS Ha!

— JMaroHalIbHbIC, Y KOTOPBIX HUTH KOpJa Kapkaca u Opekepa MepeKpemuBaloTCs B
CMEXHBIX CIIOSIX, @ YTOJI HAaKJIOHA HUTEMH Mo cepeinHe OEroBoil TOpOoKKHU B KapKkace U Opekepe
ot 45° o 60°;

— panuanbHble, (paauaibHble IIHHBI OBIBAIOT CO CHEMHBIM MPOTEKTOPOM) Y
KOTOPBIX YroJl HaKJIoHa HUTEH Kopaa kapkaca 0°, a Opekepa — He MeHee 65°. DTH IIMHBI
UMEIOT KapKac C MEHBIIUM YHCJIOM CJIOEB KOpJa, YeM Yy JMAaroHaIbHBIX, MOIIHBIA Opekep
Yaiie METAJUIOKOPIHBIM, 9TO 00eCleYrBacT MEHBIIIHE OKPYKHYIO Je(hOpPMAIUIO TIHHBI ITPU
KaueHUM U MPOCKAIB3bIBAHUU MPOTEKTOpAa B KOHTAKTE C JOPOKHBIM TOKPBITHEM M Kak
CIICJICTBUE PaJMATbHBIC IMIMHBI UMEIOT MEHBINME TEIUI000pa30BaHWE M MOTEPH HA KadeHUE,
0OJbIINE CPOKH CITYKObI, MAKCUMAIIbHYIO HATPY3KY U JOMYCTUMYIO CKOPOCTb.

B Hacrosmiee BpeMs JUIsl JIETKOBBIX aBTOMOOWJICH B OCHOBHOM HCIIOJIB3YIOTCS
paauanbHble MHUHBL. OCHOBHBIMH MPEUMYIIECTBAMH PaJAUaTIbHBIX IIUH SIBISIFOTCS MEHbIIIEEe
COIIPOTHBJICHUE KA4YCHHUIO, JydIllee CIEIUICHHE C JOPOTOM M 3HAYUTEIBHO OOJNBIIUI CPOK
CIIy’KOBbI M3-32 MaJlOTO M3HAIUBAHUS MPOTEKTOPA, YTO OCTUTAETCS 3a CueT pabdoThHI Mmosca,
OXBAaTBIBAIOIIETO KapKac, 0COOEHHO €CJIM OH U3TOTOBJIEH U3 METAJUIOKOP/IA.

Takum 00pazoMm, ypOBEHb aKyCTHUECKOTO H3IYYCHHsI, CO3/1aBa€MOr0 IIMHAMHU
AaBTOTPAHCIIOPTHOTO  CPEICTBA, 3aBHCHT OT KOMIUIEKCA  OKCIUTYaTalldOHHBIX U
KOHCTPYKTUBHBIX (DaKTOPOB U TapaMETPOB: TOTOJHBIC YCIOBHS, CKOPOCTh JIBHIKEHUS
ABTOMOOWIISI, COCTOSTHUE JOPOYKHOTO TIOKPBITHS, YCIOBHAS MIMPUHA TIPOGUIIs, HOMUHAIBHOE
COOTHOIIIEHUE BBICOTHI MPO(HIISL K MIUPUHE, MOCATOYHBIA TUAMETpP, MOJEb, BUJ PUCYHKA
MPOTEKTOPA U JIp.

2. Pacuer ypoBHSI 3ByKa CHCTEMbl «IIIMHbI ABTOTPAHCHOPTHOIO CpeICcTBA —
JO0POKHOE MOKPBITHE

Pacuer ypoBHsS 3Byka, BO3ZHHKAIONIETO MPU OOTEKAHWU JBIDKYIIMXCS OOBEKTOB
MIOTOKOM BO3/YyXa, CBOJUTCA K PEHICHUIO 33aJla4l aKyCTHKW, OCHOBAHHOW Ha aKyCTHYECKUX
anajorusx Jlaitxumia. Pacuer TypOyJeHTHOTO TOTOKa >KHUIKOCTH, TIOPOXKIAIOIIETO 3BYK,
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MPOU3BOJIUTCS B CPaBHUTEIHHO HEOOJBIIOM KOHEYHOM oOwbeme. [lanee mo TypOyneHTHOMY
IIOJIFO BBIYMCIISIETCS] BOSHUKAIOLIUI OT 3TOT0 MOJIs 3BYK (LIyM).

PacmipocTpanenre BOJIH B OKUAKOCTSAX W ra3zax [OAYUHSETCS HEIUHEHHBIM
YpaBHEHUSM a’pOTHAPOJAMHAMUKUA — YPABHEHUSM JIBUIKEHHSI, HEPA3PHIBHOCTH U COCTOSIHUS,
TOYHOE pElIeHHE KOTOPBIX MPEICTaBISECT 3HAYUTENbHbIEe TpyaHOcTU. [loaToMy B akycTHke
JUISL  ONKCaHUS 3BYKOBOTO IIOJISI WCIONB3YIOT NPUONMIKEHHBIC YPaBHEHHS, KOTOPBIE
MOJIyYaloTCsA TpU JIMHEApU3alUuu YPAaBHEHUH a’pOTUAPOAMHAMHMKH, YTO BO3MOXKHO JUIS
OOJIBIIMHCTBA PEATIBHBIX 3BYKOBBIX IIPOLIECCOB.

Hcnonb3yst obmue MeToAbl pelieHds HEOJHOPOJHOTO BOJHOBOTO ypaBHEHUS IS
aKyCTUYECKOTO JIaBJICHUS B TOUKE HAOJIOACHUS Ha OCHOBE Teopuu JIalTXniia 1 pe3ylbTaToB
uccienoanus Kepna, popmyna [1s pacuera ypoBHSI aKyCTUUECKOTO H3ITYYSHHs] UMEET BUJI:
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rae S — MMEIIIAACS B IIOTOKE MOBEPXHOCTh, M*; O — IUIOTHOCTb HEBO3MYILIEHHOMN
3. . .
cpefbl, KI/M”; U — CKOPOCTb ABMXKEHHMSI, KM/4; I' — PacCTOSHUE MEX1Y TOUKON HaOII01eH!s U
Toukod Ha mnoBepxHoctH Kupxroda, m; P, — HyneBoil mnopor cuemmmuMocty, Ila

(P, =2-107° Ia); C, — ckopocTb 3ByKa, M/C; N, — COCTaBJISIONIas BEKTOPA HOPMAJIH; O —

nenbta Kponekepa; u — xoaddunmeHnt auHamudeckoil Bsizkoctu, Ila-c; P — 3BykoBoe
nasnienue, [Ta; Q) — npocTpaHCTBEHHAs 00MIACTh; U;,V; — COCTABIISAIOIIME BEKTOPA CKOPOCTH.

Ha mpaktuke BbhIUMCIECHUE YPOBHSI 3BYKa CHCTEMBl «IIIUHBI aBTOTPAHCIIOPTHOTO
CpelICTBa — JOPOKHOE MOKphITHE» Mo ¢opmyne (1) 3arpyaaurensHo. (s TOCTHXKEHUS
MOCTAaBJICHHOM 3a7]a4M MPUMEM CJIEAYIOIINE TOTYIICHHUS

- INIOCKOCTh JBUKEHHUS aBTOTPAHCIIOPTHOI'O CPEACTBA — TOPU3OHTAJIbHAS,

- paccMaTpUBAIOTCS TOJBKO adPOIMHAMHYECKHE UCTOUYHUKH 3BYKA.

[Ipeobpasyem Beipaxenue (1) k cienyromemy BUdy:

2 X _C2?.
L =20lg i.j%[p.ui.ni]d_hi. o' (2x-(P-Ci-p)))|2
T

r 4z 0Ox0X, r Py
. )
— 201g j( 9L |=201g (i-—p's"))i _ 201g 208250
P 4z r-t PR, r-t-p,

CBs3b YPOBH: 3BYKa C q)HBI/I‘leCKI/IMI/I napameTpamu, BO3)1€I7ICTBYIOH_[I/IMI/I Ha 00BEKT
JABVOKCHHUA, OCHOBAHO Ha MPCOJOJICHHU CHJI COIPOTUBJIICHHA IBUKCHHA. HpI/I JABHXCHHHN
aBTOMOOMIIS OHEpPTUsA, NOABCACHHAA K BEAYIIHUM KOJICCaM, paCXOAyCTCd Ha MPCOAOJICHUC CHUIT
COIIPOTUBJICHUA ABUXKXCHHUIO, K KOTOPBIM OTHOCATCA: CUJIa Pf COIIPOTUBJICHHA KAQYCHHUIO KOJIEC
ABTOMOOMJIS 11O Aopore, cujia PA COIIPOTUBJICHUS, BOBHUKAIOMIAA NP ABUKCHUN aBTOMOOMIIS
Ha IMoabEM, CUJIa Pj COITPOTUBJICHUA pa3roHy aBTOMOOUJIA IIpru IBMKCHUKU YCKOPCHHO, CHJIa
PW COIIPOTUBJICHUA BO31yXa, CUJId P(p CHCIIIICHUA, HpOTHBO,Z[CfICTBYIOH.I&H CKOJIBKCHHUIO KOJICC
OTHOCHUTECIIBHO JOPOTH.

P«=P,+R/+P, +P +P, ()
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[ToacTaBuM 3Ha4Y€HMS] CHJI CONPOTHUBJICHHS, YPaBHEHHUE TATOBOTrO OanaHca MPUMET
BUI:

—ME':'O’N :WGA+ka2+%+GAf +92Z,, (4)
K

B cnyuae aBukeHHs aBTOMOOWIISL [0 MHEPIUU, CHIIBI CONPOTHUBIEHUS ABMXKECHHUIO
IIPEO0JIEBAOTCS 3a CUET HAKOIUIEHHOM B IIEPUOJ] pa3roOHa KUHETUYECKOM SHEPIUH.
B pe3ynbrarte TOXK/1€CTBEHHBIX TPe0Opa3oBaHuil (2) MOIyInM:

N¢ -60-735.5-i 057
27N

G,d

_WGA_
0.08-p-S-
r K

L =20lg P )
0

-G,f -9p2Z,,

rae i, — HepefaToyHoe YUCIo KOpoOKH mepenad; i, — HepeaToqHOe YHCIIO TIIaBHOM
nepefavn; 77, — MEXaHHYSCKUN K.I.J. TPAHCMHCCHUU; N— YHUCIO OOOpPOTOB JIBHTATEIIs, IIT.,
Np— wmommnocts pgsurarens, Br; G, — cuma Tsbkecry, M/CZ; f — xoaddurment
conpotuBieHus: kaueHuto; K — koddounmeHt comportuBiieHus Bo3ayxa; f — moboBas
IUIOIA/b ABTOMOOWIS, M; W — CyMMapHblii KO3()()UIIMEHT CONMPOTHBICHUS NOpOTH; ( —
YCKOPEHHUE CHUJIBI TSKECTH, M/c? (g =981 M/CZ); 0 — kK0d(h(}UIMEHT yueTa BpalalomInuXCcs
macc; Z,,— pajuallbHas peaklMs BeOyIluX Kojec; I, — paguyc KaueHHs Koieca, M; ¢ —
KOX((UIIMEHT CLETITICHHSI ITUH BEAYIIMX KOJIeC aBTOMOOMIIS C JOPOTOM.

3. [IporpaMMHOe NpPHUJIOKEHUE JIsi ONPeNeJeHHs] IIyMa IIUH NPH JABHKEHUH
ABTOTPAHCIIOPTHOTO CPeICTBA

Pe3ynbTaToM BBIIIEU3IOKEHHOTO MAaTEMAaTUYECKOTO OMHCAHUS W PEIIECHUs 3aJauu
AKyCTHKH CTAJIO CO3[JaHUE NPOrPaMMHOI0 ITPUIIOKEHUS, TIO3BOJISIOLIETO ONPEAEIATh YPOBEHb
3BYKOBOI'O JIaBJIEHMSI, CO3/1aBA€MOT0 IpPH JABM)KEHHUU IIMHAMH TPAaHCIOPTHOTO CPEICTBA, C
YUYETOM CIEAYIOMHUX (aKTOPOB:

— CKOpOCTb JBHKEHHS TPAHCIIOPTHOT'O CPEJICTBA;

— XapaKTepUCTUKH JOPOKHOTO MOKPBITHS;

— KJIMMaTUYeCKHEe XapaKTEPUCTUKH (TeMIepaTrypa OKpYXaroIled cpeiabl, OCaaKu B
BUJIE JOXK/I WM CHETa U 1p.);

KOHCTPYKTUBHBIE XapaKTEPUCTUKHU IIUHBI TPAHCIIOPTHOTO CPEJICTBA;
PHUCYHKA IPOTEKTOPa aBTOMOOMIIBHOM IIKHBI,

rabapuTHBIE pa3Mepbl TPAHCTIOPTHOT'O CPEJICTBA;

Macca TPaHCIIOPTHOTO CPEJICTBA;

MOIIIHOCTb JIBUTATEIs;

JTaBJICHUE B IIMHE;

— IUIOTHOCTB CPe€Zbl BHYTPU IIMHBI U T.A.

BHemnuil Buj OKHa NpOrpaMMHOIO IPUJIOKEHHUS JUIsSl pacyeTa BHELIHETO IIyMa HINH
OpU  JBUKEHUU JIETKOBOIO aBTOMOOWIS TOKa3aH Ha pucyHke 1. CpaBHeHHe
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SKCIIEPUMEHTANBHBIX  JAaHHBIX €  PACYCTHHIMHU  IIOKA3bIBAeT  BBICOKYID  TOYHOCTh
pa3zpabotanHoi Mozenu. [lorpemHocTs pacueta ypOBHS 3ByKa C HCIOJIb30BAaHUEM
MPOrPaMMHOTO MPUIIOKEHHSI COCTaBIsAeT He Oonee 5 %.

{; PacueT YPOEHA BHe WHe No Wyssa e rKoBono aBTomo KA

24092010 19:32:13

Knnmatudeckue XapaKTepHUCcTHKA PacyutaTb YPOoEeHb BHelUHero
TernepaTypa okpyska el cpeasl © |14 T WwyMa nerkoeoro aBToMoBKMNA
e Amna :|‘ BemucauTe L= 69.28 nbA
CKOpOCTHble XapaKTepMCTHKA

CrOpOCTE AEMKEHMA aETOMOOMNA *  |E0 KAy

XapaKTepchMKM OOPOXHOro NOKPbITHA

JopokHoE NOKPETHE® SCPanETOGETOHHDE  +

KOHCTpYKTMEHbIE XapakTepCcTHUKA aBTOMOBKNA

CHapAseHHaA Macca asTorotkaa® 1400 kI MowHocTE AEMraTena” nc.
Hamnbonewan eeicoTa aeTomodaa®  |1.402 ™ MNepeaaTodHoe YMCND FNABHON Nepeaau”  |3.7

HamnSonewas WhpkHa SeTarotHaa®  |[1.65 M

KOHCpr‘KTMBHbIe XapakTepUCcTHUKKM aBTOMOBUABHOW WHHbI

Wup1Ha npodiing * IT Pt MAOTHOCTE CREAL! BHYTPM WkHEI ’W P |
Cepua * 70 [NaeneHue B wiHe 2 Bap
MocagoyHeE paguys * |13— il

PUCYHOK MpOTEKTORE "Ibmp— Buifpare... Nanewe | Bbimon ‘

Puc. 1. BHemHuil Bua OKHa IPOrpaMMHOTO NMPUIIOKEHUS ISl pacueTa BHEIIHETO IyMa IINH
IpU ABMXKEHUH JIETKOBOT'O aBTOMOOMIIS

3ak/ao4yeHue

[IpemioxeHnHple  METOAMKAa  pacyeTa  YpOBHS  3ByKa  CHUCTEMBl  «IIMHBI
ABTOTPAHCIIOPTHOTO CPEACTBA — JOPOXKHOE MOKPBITHE» W NMPOTrpaMMHOE MPUIOKEHHE IS
OmnpeNeNeHusT IIyMa IIWH NpH JBWKEHUHM aBTOTPAHCHOPTHOTO CPEICTBA MO3BOJSIOT
OCYIIECTBIIATh  A()PEKTUBHYIO OIIEHKY IIyMa aBTOTpaHCIOpTa U  pa3pabarhiBaTh
b (heKTUBHBIE MEPONPHUATUS IO €ro CHUXKEHHIO IyTeM pa3paboTKh MallOIIyMHBIX
KOHCTPYKIIUHA aBTOMOOWJIBHBIX IIIMH W YIYYIIEHUS aKyCTHYECKOTO KadecTBa JTOPOIKHBIX
MTOKPBITHH.
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¢ PeKTUBHOCTH MAJIBIX AKYCTHYECKUX IKPAHOB JIJIsl 3allIUTHI OT IIyMa
KeJIE3HOAOPO0KHOT0 TPAHCIIOPTA

Bacunbses A.l, JIn-Ko-IlIuna IO.l, Kynaes A.B.z, Kyxnun I[.A.Z, Marsees I1.B.?
! MaructpaHt kadenpsl «KOIOrus U 6€30MaCHOCTh KU3HEICATEIHLHOCTI
2 JoueHT xadenpsl «KoJIOTHs U 0€30MIaCHOCTD KU3HEACITCILHOCTI
L2 BI'TY «BOEHMEX» um. J.®. Ycrunosa, P®, Cankr-IlerepOypr, yi. 1-s
Kpacnoapwmeiickas, 1. 1

AHHOTANHSA

HpOBe,ueHa OKCIICPUMCHTAJIbHasl OIICHKa 3(1)(1)6KTI/IBHOCTI/I AKYCTHYCCKOI'O JSKpaHa Majioi BBICOTHI.
Hpe)ICTaBJleHa METOAWKA MPOBEACHUSA OKCIICPUMCHTA. BrinonHeHo CpPaBHCHHUC IIOJYYCHHBIX PE3yJIbTAaTOB C
HOCTpOGHHOﬁ paHnee pacquHoﬁ MaTeMaTHICCKON MOICIBbIO OKpaHa.

KiroueBble ciioBa: aKYCTI/I‘IeCKI/Iﬁ OKpaH MaJon BBICOTBI, SKCIICPUMCHTAJIbHAsA OLCHKA, MAaTCMaTHICCKas
MOJCJIb, MCTOANKA U3MCPCHUA.

The effectiveness of small noise barriers for protection of railway noise

Vasilev A%, Li-Ko-Shin Y.%, Kudaev A.V.?, Kuklin D.A.?, Matveev P.V.?
'Undergraduate student of the Department "Ecology and life safety"
“Associate Professor of the Department "Ecology and life safety"
BSTU « VOENMEH» named after D.F. Ustinov, Russia, Saint-Petersburg, 1 Krasnoarmeyskaya, 1

Abstract

Experimental evaluation of the efficiency of the noise barrier of small height. Present experimental
method. The comparison of obtained results with previously the estimated theoretical model of the small noise
barrier.

Keywords: Small noise barriers, experimental evaluation, theoretical model, methods of measurement.

Beenenne

Ha temy akycTHuyeckux SKpaHOB HamMcaHO OECKOHEYHOE YHUCIO paboT, MPOBEACHBI
HKCIEPUMEHTHI, pa3paboTaHbl HOBblE MaTepHaibl. Kaxkercs, 4To Bce yke M3y4eHO, HO 4TO-TO
MOJIBUTaeT HccienoBaTelied NpoAobKaTh padoTaTb B ATOM HampaBiIeHUH. Y JKpaHOB
KJIACCUYECKON KOHCTPYKIIMM MMEETCS PsIi CYLIECTBEHHBIX HEJNOCTaTKOB, HAIIPUMEpP, B KPUBBIX
M3-3a SKpaHa NponaaeT BUAUMOCTh U MPUXOIUTCS MO0 OTOABUTATH SKPaH, YTO YMEHBILIAET €ro
3P PEKTUBHOCTD, JINOO OTKA3bIBATHCS OT HEro LEIMKOM. Bompoc 6e30macHOCTH SBISETCS OYEeHb
BaXHBIM IPU KOHCTPYHMPOBAHUU SKpaHa, U YACTUYHO OTPAHUYUBAET €ro npumeHeHue. Gaktopsl
[[EHBI, CIa0BIX TPYHTOB, YCTAaHOBKHM SKPAHOB HA HACHIMSIX W T.JA. TaKK€ YUUTBHIBAIOTCS TPHU
MpOeKTHpOBaHUU. Pazymeercs, BCTa€T BOIMPOC O COBMENIEHUH Bcex TpeboBaHuil. Ho BO3MOXkHO
mu 310? KoHeuHo na! AHanmm3upys XapaKTepUCTUKHU LIyMa >KeJIe3HOJOPOKHOTO TpaHcrnopra [1]
MOYKHO OTMETHTh, YTO OCHOBHOM MCTOUYHHMK Iryma (cormiacho I1. Pemunrrony u JI. Tomrcony) —
3TO myM KaueHus. To ecTb KOHTAaKT Koisieco-penbc. Monens Pemunrrona-Tomncona
MIPEANOIaracT U3JIy4eHUe IIyMa B Iape KOJIECO-PENIbC B CIEAYIOIIEH 3aBHCHUMOCTH. KOJIECO —
30%, penbc — 70%. KoHewuHO, MPUMEHUMO M W3JIyYCHHUE IIMajaMH, HO corjacHo monenu [1]
mnana H3Iy4aeT ypoBeHb 3Byka Ha 10 nb Messbmie, yem koneco wmnm penbe. Otcrona
c(hOpMYyIIMPOBAH BBIBOJI, YTO 3AIUTUTHCS MOXKHO HE IIEIMKOM OT IITyMa BCETO BaroHa, a TOJBKO
oT HanboJiee U3Ty4arollel ero 4YacTu, TO €CTh CUCTEMBI KoJieco-pesibc. COOTBETCTBEHHO MOXHO
YCTaHOBUTH HEBBICOKHMM JKpaH, 3allUIIAONINNA TOIHKO O00JACTh HM3IYYCHHUS IIymMa KadeHWs,
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MaKCHUMAaJIbHO HpI/IGHI/ISI/IB €T0 K IIYTAM, 3allCpCB IIYM B IMOJABAIOHHOM IPOCTPAHCTBC, U, TAKUM
00pa3zoM, co3/1aB HEKHMI KaIloT ¢ JTMHHOM IIEJIbI0 BJIOJIb cocTaBa. KOHEUHO, HA TOM ITyTH TOXKE
€CTh OrpaHWYCHUs — TabapuT UPHOIMKEHUS CTPOCHHM, OINPEACTSIONUN BO3MOXHOCTh
YCTAaHOBKHM SKpaHa MaKCUMAaJIbHO OJM3KO K HCTOYHHMKY IIyMa, 4YTO OCOOEHHO 3aMETHO 3a
IrpaHUIIaMU CTAHIIMH, TJI€ pPa3MEIICHHE SKpaHa BO3MOXKHO TOJBKO HA pacCTOSHUSAX Oolee
2450 MM OT OCH TIyTH, YTO CYIIECTBEHHO CHIDKAeT 3(P(GEKTUBHOCTh JAHHOTO ITYMO3AIIUTHOTO
JKpaHa. YCTaHOBKA Majoro 3KpaHa, B IpeJesax IPaHULl CTAaHUMHA MPOU3BOJUT MAKCUMAJIbHBIN
3¢ dexT, MOCKOIBKY MpU pa3peméHHoN BbIcOTe dKkpaHa 1100 MM OT YpOBHSI T'OJIOBKH pelibca
paccrostHue OT ocu myTu cocraBisier 1920 mM. Takum 00pa3om HepeKpbIBACT MOIBAarOHHOE
IPOCTPAHCTBO, TeNexKy Kon€ca. OngHako Ha uAealbHble (U3MYECKUE MPUHIIHUIIBI
HAKJIQIBIBAIOTCS €IIE¢ OTPaHUYEHUsST — 3TO MPOBO3 HErabapHUTHEBIX TPY30B M yOOpKa CHera, a Tak
JKe MaJIeHUe dKpaHa Ha IMyTH B cIyyae MOJIOMKH.

1. O0BeKT uccjae1o0BaHus

OCHOBBIBasICh Ha 3THUX MOJOXKEHUSX, OBbLJI CIPOCKTHPOBAH M YCTAaHOBIIEH Ha MPSIMOM
yuactke OKTAOpbCKOM >KeIe3HOM AOPOrH, Mallblii akycTudeckuit skpan JumHoi 800 M, BBICOTOM
850 MM HaJ ypOBHEM TOJIOBKH penibca U Ha paccrossHum 2710 MM oT ocu mytu. BHemnuii Bua
JKpaHa MpeCTaBlieH Ha pucyHke 1.

\

Puc. 1. — BHemHuii BUJ 5KpaHa

DKpaH MMeeT 3BYKOIOTJIONIAIONIYI0 TOBEPXHOCTh, 0OpAIIEHHYIO K HICTOUYHHUKY ITyMa. B
9KpaHe CJeNaHbl TPOEMBI ISl MPOXOJOB, KOTOPBIE 3allUINEHBI KOHTPIKPAHAMHU BBICOTOM
1400 MM OT ypOBHS T'OJIOBKH peJibca.

Pacuér ¢ dexTuBHOCTH SKpaHa MPOBOIMICS MO MOJEIH W 3aBUCHMOCTSIM, OITUCAHHBIM
B [2].

bazoBoit popmynoii mis pacuéra 3¢ HEKTUBHOCTH ObLIa CIIEIYIONas 3aBUCUMOCTH:

(hya, + hya, +ra, +71)
ALMA3 = 101g 1 + 1Olgl/)06 -

—101g(1 — atpg) — 101g(1 — a0p) + 10lg—— — 6, 1B 1)

Brnop

[To nmawHoOit dopmyne >hdekTUBHOCTL dKpaHa [OMKHA OblIa OBITH OTpAKEHUEM
rpaduka (pUCYHOK 2).
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Puc. 2 — Pacuérnas 3 (peKTHBHOCTH MAJIOro aKyCTHYECKOTO IKpaHa B 3aBUCIMOCTH OT YaCTOTHI

2. U3mepenne 3(p(peKTUBHOCTH MAJIBIX IKPAHOB

[Tockonbky ans ompeneneHuss 3PPEKTUBHOCTH MaJIbIX 3KPAHOB HET YTBEP)KICHHOMN
METOAMKH U3MEPEeHUH, OblIa pazpaboTaHa WHIMBH Iy bHAS TPOTPAMMa-METOANKA OTIPEICTICHHS
3¢ (HEeKTUBHOCTH MaJlOTo dKpaHa.

1. DOxcnepuMeHTanbHas OLEHKA IPUBEIEHHOMN aKkycTndeckoi 3(h(peKTUBHOCTH IKpaHa,
YCTQHOBJIEHHOTO Ha MecTHocTH, mpoBogutcs B cootBerctBuM ¢ ['OCT 33328-2015 ¢
MCIOJIb30BaHUEM HEMPSAMOT0 METOa NP COOIIOIEHNH CIEIYIOINX YCIOBUMN:

— M3MEpPEeHUsI POBOJIAT C UCIOIb30BAaHUEM PEATLHOI0 MCTOYHHMKA LIyMa — HMPOXOJISIIUX
M0€37/10B;

— U3MEpEHHus IMpPOBOJAAT OJHOBPEMEHHO B KOHTPOJBHOM (JUIs  oOIpenesieHus
aKyCcTU4YeCKOM 2P (HEeKTUBHOCTH PKpaHA) U OMOPHOM (1151 0OeCreueHus MoI00MsT XapaKTePUCTHK
UCTOYHHUKA IIyMa) TOYKaX MpU HAJTMYUU aKyCTHUECKOTO SKpaHa U 0e3 aKyCTHUECKOro SKpaHa;

— MIPH TIPOBEICHUU CEPHId UCTIBITAHUHN C aKyCTUYECKUM SKPAaHOM H 0e3 aKyCTHYECKOTO
9KpaHa XapaKTepUCTHKM HCTOYHMKA IIyMa, BIMAIONIME HA aKyCTHUECKYI0 3()PEeKTHBHOCTDH
9KpaHa (YacCTOTHBIM CIIEKTP, HANpPaBJICHHOCTh W3IYYCHHUsS, MPOCTPAHCTBEHHBIC KOOPIMHATHI,
CKOpPOCTh JIBMIKEHHS, YUCIO W TUIN HMCTOYHHKOB ITyMa (TP HAJIMYUM HECKOJBKUX IyTeH))
JOJDKHBI OBITh WICHTHYHBI (IOITyCKAaeTCsl W3MEHEHHWE YPOBHEH 3ByKa B OIOPHOW TOYKE MpHU
NPOBEJICHUY CEPUI NCTIBITAHUI C aKyCTUYECKUM KpaHOM H 0e3 Hero B mpenenax £1,5 nbA).

2. KoHTpompHYIO TOYKY pa3MemaloT B CEpelrHE JUIMHBI aKyCTHYECKOTO JKpaHa Co
cTopoHbl 00BekTa 3amuThl Ha Bbicote (1,5 £ 0,1) M Ha paccTosHMM 25 M OT aKyCTHYECKOTO
JKpaHa.

3. Tlonmoxxenue omopHoOW TO4kM BbIOMpaioT Ha BbicoTe (1,5 £ 0,1) M oT BepxHero
pebpa aKyCTMYECKOTO »JKpaHa; NpU OTCYTCTBHM aKyCTHYECKOTO OJKpaHa OIMOPHYIO TOYKY
pacrosararotT Ha BeIcOTe, paBHOM (N,p+1,5) M, re h,g — BBICOTa aKyCTHYECKOT0 dKpaHa.

4. KoHTponbHas W OMOpPHAs TOYKH JOJDKHBI OBITH PACIIONIONKEHBI B OJJHOW TUIOCKOCTH,
HEPIEHINKYISPHON K INIOCKOCTH aKyCTHUECKOr0 KpaHa COrfIaCHO PHCYHKY 3.
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1 — akycTuueckuil 3KkpaH; 2 — OMOpHAsk TOUYKA; 3 — KOHTPOJIbHAS TOYKA B CEPEIUHE
aKyCTUYECKOTI'0 3KpaHa; 4 — KeIe3HOA0POXKHBIN yTh
Puc. 3 — Pacnonoxenne TOYeK U3MEPEHUS

5. U3mepeHust ypoBHEH IIyMa ¢ aKyCTHIECKHAM SKPaHOM U 0€3 aKyCTHYECKOTO dKpaHa
HAYMHAIOT B MOMEHT, KOIJla MHMO KOHTPOJILHOM TOYKH IPOXOJUT JIOKOMOTHB IO€3[a WU
TOJIOBHOM BaroH 3JIEKTPOIIOE3/1a, a 3aKAaHYMBAIOT, KOTJIa MUMO KOHTPOJIHON TOYKH IPOXOIUT
[IOCIICIHHH BAaroH.

6. MuHHMaIBHOE YKCIO HU3MEPCHUI ONMPENEISETCS YHCIIOM II0€3/I0B, MPOXOIAIINX
MHMO KOHTPOJIBHOM TOYKH:

— Ha OJHOIYTHOM Yy4YacTK€ MHHHMAJbHOE YHCIIO IOE3[0B KaKIOM KaTeropuu, Ipu
IPOXOXKIECHUU KOTOPBIX JOJKHBI OBITh IPOBEIEHBI U3MEPEHHUS, PABHO TPEM;

— Ha JBYXIYTHOM YYaCTKE MHHHMMAIIbHOE YHCJIO ITO€3/I0B KaXKIOH KaTeropuH, IPH
MPOXOX/IEHUH KOTOPBIX JIOJDKHBI OBITh TMPOBEACHBI W3MEPEHHs, PABHO IIECTH, MPH 3TOM IO
KQKIOMY M3 MyTeH MpeaycMaTpHBaeTCs MPOXOXICHHE OJWHAKOBOTO YHCIA MOE37I0B B 000MX
HarpaBJIeHUAX.

7. BnusHue (pOHOBOTO IIyMa Ha Pe3yibTaThl U3MEPEHHI YUMTHIBACTCSA B COOTBETCTBHH C
m. 8.

8. Tlo pe3ymbTataM HM3MEpEHHUI MPH HMCHBITAHUSAX C aKyCTHYECKUM DKpaHOM U 0e3

AaKyCTHYECKOI'0 3KpaHa PACCUMUTHIBAIOT CPEIHUE OKTABHBIE YPOBHU 3BYKOBOTO JaBieHus L , nb,

WIN YpOBHU 3ByKa L, , 1bA, B KOHTPOJIBHOM U OMIOPHOM TOUYKaX MO (popMyiam:

L =10lg %Zmo,uw v
i=1
L, =10lg %2100’1“/"”” , 3)

i=1
rae N — Yuciao U3MEpPEeHu M, mrT.;
Li (L4 — n3MepeHHbIE OKTaBHBbIE YPOBHHU 3BYKOBOIO JaBiieHus, Ab, uim ypoBHH
3BYyKa, 1bA;
ki — koppeknus Ha (GOHOBBIN 1IyM, onpenensercs B 1b (nbA) [4]/
9. Tlpw HCIIOIB30BAaHUH HETIPSMOTO METOJIa U3MEPEHUH MPUBEICHHYIO aKyCTHYICCKYIO
a¢dextuBHOCTS FKpaHa ALy, 1b (1bA4), paccunTsiBaroT 1o Gopmyie
AL — (Lg/S _( Li/Q _ CC/S)) _ (Lg/S _( Li/S _ CE/S)) , (4)
rae C° (C®?) — xoppeKiys, YIUTHIBAIOAsS PACIIONOKCHHE KOHTPOIBHOM TOUKH, 1B
(1bA4), ¢ akycTHUecKHM 3KpaHOM U 0€3 aKyCTUYECKOI0 IKpaHa COOTBETCTBEHHO:
c? (CE /9) =0 nb (nbA) nnst ycrnoBuit CBOOOIHOTO 3BYKOBOTO TIOJIS;
c? (CB/ 7) =3 1B (zbA), ecii KOHTPOIBHAS TOUKA PACIIONIOKEHA BOIM3U 0OBEKTA
3alIUThI, MHUKPO(OH pacmojaraercs Ha pPACCTOSHUU 2 M OT OTrPaXTAIIUX KOHCTPYKIIHMMA
00BEKTA 3aIUTEI.
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10. PesynbTaThl pacueToB akycTH4ecKoW 3ddexTuBHOCTH 3KpaHa 1o dopmyne (3)
OKpPYIJISIIOT /10 ONMKAaWIIero IeJoro YWClia W CPaBHHUBAIOT C 3asBJICHHBIM B TEXHHUYECKOH
JOKYMEHTAallMd Ha  aKyCTHYECKHM OSKpaH 3HAYCHHEM [PHUBEICHHOM  aKyCTHYeCKOMH
s dexktuBHOCTH ALy

Ecnu okaszeiBaercs AL < Algy, ompenensioT UM yCTPaHSIOT MPUYUHBI HEIOCTATOYHOM
aKyCTHUYECKOH 2()EeKTUBHOCTH IKPaHa M UCIILITAHUS TOBTOPSIOT.

Pe3ynbratel 3KcnepUMEHTanbHONW OIEHKH 3(P(GEKTUBHOCTH DJKpaHa sl TPY30BBIX
[I0€3/10B IIPE/ICTABICHBl HA PUCYHKE 4.

==@==pPYy30B0OW Nnoesz, 72 BaroH == rpy30B80oW noesa, 57 saroHoB

==fe==Tpy30B0M Noe3s, 63 BaroHa  ==<=rpy30BOi Nnoe3a, 54 BaroHa
== rpy30B0M noesz, 75 BaroHoB =@=rpy30Boi noesza, 56 BaroHoB
rpysoBoii noesg, 64 saroHa

Puc. 4 — Pe3ynbpTaThl SKCIEPUMEHTATHHOM OIEHKH d(PHEKTUBHOCTH dKpaHa

3akjaueHue

[IpenBapuTenpHas OlleHKA MOJIYYEHHBIX Pe3yJbTaTOB IMOKA3bIBAET, YTO B MOCTPOECHHON
pacueTHON Mojenu OBLTM HE YYTCHBI PE30HAHCHBIC SBJICHUWS, BO3HUKAIOIIME TPH IBMKEHUH
MOJBM)KHOTO COCTaBa MEXJY KOHCTPYKIMEH 5KpaHa U 3JIEMEHTaMHU IOJBMXKHOI'O COCTaBa, a
TaKXe IMOABarOHHBIM MTPOCTPAaHCTBOM. [IpenBapuTenbHO 3P PEKTUBHOCTh aKyCTHUECKOTO dKpaHa
cocraBiser 0,5-6,8 nb B amanmazone 31,5-8000 I'm. TpeOyercs nanbHeiilee yToyHEHHE
MOJTYYCHHBIX PE3yJIbTaTOB.
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