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The application of the instruments of architectural planning and structural design
for the compensation of road traffic noise to permissible levels in the urban
development area

Abstract. The purpose of our research is aimed to fulfill the third provision of "Sustainable Development" - "Sound Health", which
organically transitions to the implementation of the eleventh provision - "Sustainable Development of Cities and Communities”. In
general, the provision of "Sustainable Development" is the basis that allows modern cities to reach the level of Smart City. The
methodology of research relies on the concept that forms the basis of the compensation technique aimed at reducing the harmful
acoustic impact on people located in the adjacent territorySpecial pavilion-type "shelters" are placed on the noise-affected
territory, in the middle of which the recreational function can be performed in conditions of significantly reduced harmful acoustic
impact on people from external sources by architectural planning and structural design means. The findings of the study indicate
that the acoustic calculation of the necessary noise protection of the external structures of the designed "shelters" of various
volume-planning and structural solutions, located on the adjacent territory near the complex of residential buildings No.5 - No.12
with preschool educational institutions and a school (Fig. 6). Forecast of the expected isolation of airborne noise of "shelters"
external enclosure was prepared, an assessment of the noise regime of “shelters" premises was carried out in comparison with
the permissible noise norm. The originality of this research lies in the predictionof the noise regime inside the “shelters", performed
within the framework of the energy and wave theory of applied acoustics. Calculation of the compensating action of the "shelters"
takes into account the combined action of air noise by the structures of the external enclosure and the reduction of noise by the
input units in the "shelters", presented in plain view by chamber mufflers. Special pavilion-type “"shelters" allow protecting people
who are in recreation areas in the territories adjacent to residential buildings in the process of performing recreational and other
functions by them (people).
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Introduction. assessed, practical recommendations are developed
In the course of master planning of building development ~ regarding its (sanitary and ecological condition)

and downstream of engineering and construction, the impact
on people of various types of sources of external noise
pollution is studied, the sanitary and ecological condition of
the territory and the buildings and structures located on it are

improvement. «Excessive occupational exposure to noise
results in a well-recognized occupational hearing loss which
is prevalent in many workplaces, and now it is taken as a
global problem..." [1-5]. The hearing deficiency by workers
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depends not only on industrial noise, but also on household
acoustic load conditions at off-work time. "Work — Everyday
life - Rest" is the basis of urban planning. One of the external
sources that has a significant negative impact on people in the
conditions of residential buildings is traffic noise [6-13].
Modem scientific studies of traffic noise [6—13] refer to
analyzing and forecasting its magnitude by means of
forecasting or modeling. But it is not focused on the
development of qualitative processes of recreation in adjacent
territories, which require an acoustic comfort as well. Its
achievement is the purpose of this study. The purpose of our
research is aimed to fulfill the third provision of "Sustainable
Development" — "Sound Health", which organically
transitions to the implementation of the eleventh provision —
"Sustainable Development of Cities and Communities". In
general, the provision of "Sustainable Development" is the
basis that allows modern cities to reach the level of Smart City
[14,15,24].

In the improvement of practical approaches to
enhancement of the livability of people who are in
conditions of external disturbance of noise, who live in
residential accommodation of apartments, are in non-
residential premises of buildings, as well as in the
territories adjacent to them, a method of their (people)
protection has been developed and implemented into
the practice of modern design and construction. At the
same time, it is often necessary to draw up a reliable
forecast regarding the possibility of ensuring the norm
of permissible noise in urban development, including in
adjacent territories.

The following idea is the basis of the compensation
technique of the harmful acoustic impact on people
staying in the adjacent territory. Special pavilion-type
"shelters" are placed on the noise-affected territory, in
the middle of which the recreational function can be
performed in conditions of significantly reduced
acoustic impact on people from external sources by
architectural planning and structural design means.

The main part

Hereinafter referred to as some practical results are
highlighted, with a list of the possible degree of
acoustic efficiency and the quality of the means of
compensation of road traffic noise up to the acceptable
norm on the example of real projects of urban
development. Below, the method of acoustic
calculation of the sound insulation of "shelters"
developed by the authors for the protection of people in
adjacent territories from traffic noise is provided in
order to check its (methodology) practical suitability
for solving the assigned tasks.

At the current work completion stage, new means
have been added to the existing practice of using
compensation for the negative impact of noise from
external sources on people. They (means) allow
protecting people who are in recreation areas in the
territories adjacent to residential buildings in the process
of performing recreational and other functions by them
(people).

The theoretical and practical expediency of such
solutions is currently being tested and implemented in
design and construction practice. Herein below are

examples of implementation of the proposed approach
in the practice of design and construction of two
actually existing capital construction objects, as
follows:

Hereinafter (Figs. 1-3) it is shown that near residential
building No. 5, which is under construction, as part of
accommodation units complex No. 5 — No. 12 with
preschool educational institutions and a school, there is a
direct acoustic field, taking into account the results of the
calculated assessment of the noise regime of the surveyed
area (see Fig. 1, 2 below), under conditions of practically
non-existent acoustic shadows with equivalent noise levels
of about Laeq. = 63.2 dBA in the daytime period. As long as
this value of the noise level is higher than the permissible
standards, in the case of placement of functional objects
within this territory, their protection is required. In order to
improve the acoustic conditions of the performed function -
the presence of people in the "territory immediately adjacent
to the residential buildings" (line 42 of Appendix 1 (item 3)
and line 8 of Appendix 2 (item 3) [10]), the study presents a
technical solution "shelter" - a pavilion for the protection of
people located in "Territories directly adjacent to residential
buildings".

Hereinafter there is a space-planning and
constructive solution of such a "shelter" intended for
placing in it a part of the "territory directly adjacent to
residential buildings". "Shelter" should be located on
the territory of the allotment directly adjacent to the
investigated residential buildings (on the example of
residential building No. 5).

By engineering design, the proposed enclosing
structures of this "shelter" compensate external negative
effect of noise on people inside it, in the process of their
staying in adjacent territories. Thus, the proposed "shelter"
is arranged in order to ensure the reduction of external noise
levels on the way of its propagation from the source of
origin to the object of protection to acceptable levels (line
42 of Appendix 1 (item 3), line 8 of Appendix 2 (item 3)
[16]). The numerical values of permissible levels of sound
pressure, Laeq in dB, in octave band centre frequencies, Hz
(NC) and permissible sound levels L and equivalent sound
levels, Lacg, dBA in "the territories bordering on residential
buildings", i.e., directly taken from the current Sanitary
Regulations (line 42 of Appendix 1 (item 3), line 8 of
Appendix 2 (item 3) [16]), listed in the table 1 in the
following,

As a source of noise generation, the traffic routes of
aircrafts while performing the operations of flight take-
off are considered. Hereinafter there is the acoustic
design of the airborne noise isolation of the adopted
space-planning and constructive decisions of the
proposed "shelters". The task of such a calculation is to
check the acoustic efficiency of the engineering solutions
adopted to ensure the sanitary standard of permissible
noise for "territories directly adjacent to the residential
buildings" [15]. The first of the proposed "shelters" is a
rectangular pavilion with dimensions of about 12 x 12
meters and a height of about 3 meters (Figs. 3-5). The
Fig. 3-5 hereinafter presents the space-planning decision
of the pavilion in the place of its location.

Hereinbelow there are the results of the assessment
and analysis of the noise regime in the territory inside
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the "shelter" for the "territory immediately adjacent to
residential buildings", i.e., to residential building No.5
before and after the application of measures (placement
of "shelters") that compensate for noise.

The availability with adjacent territories of sufficient
size in residential buildings makes it possible to place
objects of various functional purposes on it. The adjacent
territory of buildings No.5-No.12 is in the direct sound field,
taking into account the results of the calculated assessment
of the noise regime of the surveyed area with noise levels of
the order Laeqday= 63.2 dBA (Fig. 1). Since the numerical
value of the predicted noise level in the adjacent territory is
higher than the permissible norm [10], which is,
accordingly, Lacqaay = 55.0 dBA, compensation for the
negative effect of the noise of the aircraft source on the
"territory directly adjacent to the residential buildings" is
required. The table 1 shows the numerical values of
permissible sound pressure levels Lacgin dB, in octave
bands with geometric mean frequencies, Hz and

permissible sound levels La and equivalent sound levels,
Laeg, dBA in the "territory immediately adjacent to the
residential buildings", (line 42 of Appendix 1 (item 3), line
8 of Appendix 2 (item 3) [16]).

The development of protection measures against
external noise in the area directly bordering on
residential buildings is connected with the need to
conduct a preliminary special acoustic design, which
takes place in the following sequence:

1) The noise regime of the study area of the
residential development was determined. The initial
values of indicators of this noise regime are presented
for the reference point on the adjacent territory near
residential buildings (Fig. 1).

2) As the location area of the calculation point, CP1
was chosen - a place on the area of the territory adjacent
to residential building No. 5, which is being designed

(Fig. 1).

Table 1 — Normalized parameters of noise in octave frequency bands, equivalent and maximum sound levels of penetrating
noise in the premises of residential and public buildings and noise in the countryside territory according to SSC (line 42 of
Appendix 1 (item 3), line 8 of Appendix 2 (item 3) [16])

The location of . Equivalent sound levels (Leq dB) in octave-frequency bands, Hz (NC)
Page the settlement Time of
no. point day 31,5 | 63 | 125 | 250 | 500 1000 2000 4000 8000
dirTellilterr;Oty (| from8
42 yaqacent |\ amto | 90 | 75 59 | 54 50 47 45 44
to residential 10 p.am
buildings P-

Figure 1 — Map (estimation) of sound fields of equivalent corrected sound levels of the studied "territory directly
adjacent to the residential buildings" (to residential building No. 5)
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Figure 3 — General location plan of the placement of the soundproof "shelter" on adjacent territories near residential
building No. 5 made of a steel frame with an external fence made of window blocks as part of a triple-pane glass TPG
3.3.1-16-6M1-8-4M1

Forecasting the noise regime of the objects of
protection under investigation is reduced to the
calculation of sound levels in them based on data on the
acoustic characteristics of active Lp sources, taking into
account the patterns of their external noise distribution
in the adjacent buildings of the study area. The values
of the measured levels of the noise characteristics of the
Lp sound sources are taken as the initial data for the
acoustic calculation.

The above-mentioned ratios are implemented as a
special program for PC "AcousticLab" (CSIP of
Ukraine certificate #43927) [17-21]. With the help of it,
an assessment was made, a forecast was made, and the
noise regime of the investigated protection objects was
visualized. The estimation models are presented in the
form of a map of sound fields in the following way.

The constructed diagram (3D model) of the studied area
with noise sources and protection objects marked on it is
placed in the Cartesian coordinate system. The sound levels
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of all main external sources were determined by calculation
and using the results of instrumental field measurements.

At the second stage of the assessment of the noise
regime of the studied territory, a theoretical calculation
was carried out, and the following visualization of the
sound fields with an indication of the numerical values
of the expected sound levels at the most characteristic
calculation points, which were selected as follows:

- near the facades of residential buildings (2 m from
their facades of residential building No. 5, Fig. 1 and
further in the text);

- on the territory of the residential development, at
a height of 1.5 m from the ground level (Fig. 1 and
further in the text). The evaluation model is presented
in the form of a map of sound fields of equivalent
corrected sound levels in fig. 1. The assessment and
nalysis of the noise regime in the studied area, taking
into account the action of the road traffic noise source
in the "shelter", was carried out, but not presented due
to the awkwardness of such a calculation.

Fig. 2 shows the general plan of the building, with
an explanation of the functional areas subject to
protection from traffic noise: Pos. 1 The territory is
adjacent to secondary school; Pos. 2; The territory is
adjacent to two playgrounds (places for children to
walk); Pos. 3 Recreation area in the leisure area of the
residential complex (recreation area).

Evaluation of the noise regime in the "shelter"

A structure in the form of a pavilion is accepted as an
acoustic "shelter" of the adjacent territories. The scheme
of the general building plan with the explanation of the

functional zones is presented in Fig. 2, and the situational
plan of the location of the noise protection "shelter" in
Fig. 3.

The general view of the plan of sheltering with a
fence in the form of window blocks as part of a triple-
pane glass TPG 3.3.1-16-6M1-8-4M1 (it is also
permissible to use glass units or other translucent
structures with a similar or greater parameter of air
noise insulation) is schematically shown in Fig. 4 and
the location of the "shelters" is marked in fig. 3, which
presents a situational plan for the location of the
"shelter" for the residential buildings made of a steel
frame with an outer shell made of window blocks as
part of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1.

The Fig. 4 shows visualized schemes of the space-
planning decision and the overview of this "shelter".
The Fig. 4 shows the scheme of the plan and facades in
axes 1-7, A-G of the pavilion - a "shelter" made of a
steel frame with an external fence made of window
blocks as part of a triple-pane glass TPG 3.3.1-16-6M1-
8-4M1, to compensate for the negative effect aircraft
noise on people located in the territory adjacent to the
residential buildings under investigation. The fig. 5
shows a general view of "shelters" of both types on
adjacent territories.

The calculation of airborne noise insulation by
external structures that protect from window blocks as
part of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1,
is graphically presented in Fig. 6. The scheme of the
plan of the pavilion - "shelter" of a rounded shape is
given in Fig. 7.
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Figure 4 — Scheme of the plan of the pavilion - shelter made of a steel frame with an external fence made of window
blocks as part of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1, to compensate for the negative impact of traffic noise
on people on adjacent territories.
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Figure 5 — General view of "shelters" of both types in adjacent territories
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Figure 6 — Calculation of airborne noise insulation by external enclosing structures of a triple-pane glass
made of glass with thickness and air gaps according to the TPG formula 3.3.1-16-6M1-8-4M1
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Figure 7. — cheme of the plan of the pavilion - a shelter made of a steel frame with an external fence of window blocks
as part of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1, to compensate for the negative impact of traffic noise on
people staying at adjacent territories.

The theoretical idea of this approach is shown in the
following application example:

After the acoustic design and comparison of the
predicted values of the noise levels in different
residential areas in each of the three above-mentioned
protected zones, a space-planning and constructive
solution for the "shelter" buildings, which are designed
to compensate for the negative impact of aircraft noise
in all "shelters" that are protected, up to permissible
levels; A test of the hypothesis regarding the pass/fail
of the "shelter" of the appropriate type to ensure the
norm of permissible noise in the "territory immediately
adjacent to residential buildings" is carried out.

Hereinafter referred to as, the results of such a
methodological approach to the solution of this task are
presented on the example of the protection against AN
of the territory adjacent to residential building No. 5 in
the project of a residential complex.

Calculation of the expected sound insulation of the
"shelter".

The outer shell of the pavilion is made of window
blocks consisting of a triple-pane glass TPG 3.3.1-16-
6M1-8-4M1, h; =3.1.3 mm, h, =3.1.3 mm, hs =4 mm
and air gaps: 16 and 8 mm.

The calculation is made for the following
conditions: isolation of air noise by a fixed window
with a triple-pane glass, h; = 7 mm, h, = 6 mm, h3 =4
mm and air gaps of 16 and 8§ mm is determined in
accordance with Clause 9.4 [21] as follows:

a) The frequency response characteristic of airborne
noise insulation by one glass is constructed. The

coordinates of points B and C were found according to
the table. 10 [21]:

fg = 6000 : 7 = 857 Hz (we accept the nearest 1/3
octave of 800 Hz); Rg = 35 dB;

fc =12000 : 7= 1714 Hz (we accept the nearest 1/3
octave of 1600 Hz); R ¢ =29 dB,

Points plotted on the graph (Fig. 6) and then
connected. From the point down, a segment BA with a
slope of 4.5 dB per octave is drawn. From the point
above, a CD segment is drawn with a rise of 7.5 dB per
octave. The obtained polyline ABCD is the frequency
characteristic of air noise insulation with a single glass
surface density m; = 15.95 kg/m?. The total surface
density of all glasses is equal to: mgen = 15.95 + 15 =
30.95 kg/m?, hence myen / my = 1.94. From the table 11
[23] it follows that R; = 4.3 dB. An auxiliary polyline
A'B! is constructed parallel to the ABCD curve 4.3 dB
higher. The obtained intermediate curve A'B'C!D!
characterizes the sound insulation of a window made of
two glasses 3,1,3 and 6 mm thick without taking into
account the air gap. The calculation of the air gap is
carried out as follows: b) the frequency of the main
resonance of the structure is determined:

£, =60 __1595+15 =170,6Hz. (D
P 0,016-15,95-15

The value of the resonant frequency of 170.6 Hz is
rounded off to the nearest 1/3 octave, that is, to 160 Hz,
Up to a frequency of 0.8 fp = 125 Hz, inclusive, the
frequency characteristic of the sound insulation of the
window coincides with the auxiliary line A!B!C!D!.
Next, point F is indicated at the frequency fp with the
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ordinate 4.0 dB below the A'B' line. At the frequency of
eight resonant frequencies (1250 Hz), point K is
indicated with an ordinate 22.0 dB greater than the
ordinate of point F, i.e. 46.8 dBA.

Since the point K is outside the frequency range, we
mark the point L at the frequency fz = 800 Hz and the
intersection of the line FK (the line FK itself can be
drawn only from point F to point L with a coordinate of
41.9 dBA). At the frequency fc = 1600 Hz, we mark
point M, which is higher than point C' by R, = 2.6 dB.

AR, — is the excess of point L above the line
ABIC'DL

From point M, we continue to draw a segment with
a slope of 7.5 dB per octave.

According to the current methods, it is theoretically
impossible to determine the overall sound-insulation
value of a window in the presence of a third glass in the
double-glazed unit.

In fig. 6. curve A'B?FLMNP is the insulation of
airborne noise by the construction of a triple-pane glass
window made of glass with a thickness and air gaps
according to the TPG formula 3.3.1-16-6M1-8-4M1. In
the closed position, it (window assembly) has an
acoustic efficiency of at least A=35.1 dBA. The table 2
presents the calculation of airborne noise isolation by
external structures protecting vestibule 1 in axes 1-2
and E-I and vestibule 2 in axes 2-2 and A-U of the
shelter adopted window blocks as part of a triple-pane
glass TPG 3.3.1-16-6M1 -8-41.

The table 3 shows the calculation of the penetrating
airborne noise from the territory through the enclosing
structures of vestibule 1 in axes 1-2 and E-I of vestibule
2 in axes 2-2 and A-Y of the shelter. In table 4, the
calculation of penetrating noise from the vestibule to
the shelter is carried out.

All calculations presented in table 2-9 are
performed according to the methods discussed above in
the text (see section 2) taking into account ratios (2) and
(3). Reduction of sound insulation through a gap
(entrance to the vestibule) is carried out according to
formula (2):

-1
S S
R=10lgd|1+-2.10% R0 |.|1+-9 )

A g
Sf Sy

where: Sg, St — respectively, the area of the gap (for
ventilation of the shelter) and the deaf part of the fence,
M2 As a deaf part of the shelter fence, window blocks
are used as part of a triple-pane glass TPG 3.3.1-16-
6M1-8-4M1

Ro — sound insulation of the blind part of the fence
(in our case, sound insulation of window units as part
of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1,
shown by curve A'B2FLMNP in Fig. 6), dB.

The areas and the amount of sound insulation of the
deaf part of the fence are presented in Table 7. Sound
insulation is necessary when spreading noise from the
free space (from the adjacent territory) into the room
being isolated (vestibule 1 and 2).

Ry =1L, =L, =101g(B; / By) + 3
+101g(S; / Sy)+10lgm+6 @

Where L, is the permissible octave level of sound
pressure at the calculation point, dB; L; — total octave
sound power level of all noise sources, dB; B;— acoustic
level of vestibule 1, 2, Mm% Bo = 1m; S is the area of the
first enclosure structure of the isolated room.

According to the conducted cumbersome acoustic
calculation, which is omitted in this text, adjusted
according to the "A" scale, the equivalent noise level
inside the shelter was 52.7 dBA at the permissible norm
of 55.0 dBA for the "territory adjacent to the residential
buildings" (line 42 of Appendix 1 (item 3) and line 8 of
Appendix 2 (item 3) [24]).

Thus, the real "shelter" ensures the norm of
permissible noise (with a margin of 2.3 dBA) in the
"territory immediately adjacent to the residential
buildings" (line 14 of Table 3 [23]).

Further on in the text, the acoustic calculation of the
"shelter" of another volume-planning solution is given.
The figure 5 shows the scheme of the plan and facades
in axes 23-32 of the shelter pavilion made of a steel
frame with an external fence made of window blocks as
part of a triple-pane glass TPG 3.3.1-16-6M1-8-4M1,
to compensate for the negative impact of aircraft noise
on people who are on the territory adjacent to the
surveyed residential buildings.

According to the acoustic calculation, which is also
not given in this text for the above reasons, adjusted
according to the "A" scale, the equivalent noise level
inside the shelter was 53.6 dBA at the permissible norm
of 55.0 dBA for the "territory adjacent to the residential
buildings", (line 14 of table 3 [23]).

Thus, real "shelters" provide the norm of
permissible noise (with a margin of 1.4 - 2.3 dBA) in
the "territory immediately adjacent to the residential
buildings" (line 42 of Appendix 1 (item 3) and line 8 of
Appendix 2 (item 3) [24]).

Conclusions

In the course of performance of this work, an
investigation of the current state of acoustic pollution
of capital construction objects under construction was
carried out - residential building No.5, which is being
built as part of a complex of residential buildings No.5
- No.12 with preschool educational institutions and a
school, which are part of the residential development,
under the action of an aviation source.

During the implementation of this work, the
acoustic calculation of the necessary noise protection of
the external structures of the designed "shelters" of
various volume-planning and structural solutions,
located on the adjacent territory near the complex of
residential buildings No.5 - No.12 with preschool
educational institutions and a school (Fig. 6) and a
forecast of the expected isolation of airborne noise of
its external enclosure was prepared, an assessment of
the noise regime of their premises was carried out in
comparison with the permissible noise norm.
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The acoustic calculation was carried out in order to
determine the possibility of ensuring the norm of
permissible noise by applying the proposed
construction-acoustic ~ and  constructive-technical
measures that compensate for the AN in protection
objects with normalized noise levels (in residential
areas).

Conducting an acoustic design of the expected noise
levels inside the premises of "shelters" in order to
further compare them with the permissible norm and
make a decision on the possibility/impossibility of its
(permissible norm) compliance, carried out taking into
account the shielding ability in terms of air noise
isolation by wall materials and structures of the
designed "shelter" (taking into account the applied
design solutions of external walls, glazing and coating,
the possibilities of solving the functional purpose of
protected premises, etc.). The acoustic design of sound
levels before and after the application of measures that
compensate for AN was carried out for each of the
inspected premises of "shelters" located on the adjacent
territory of the residential complex as part of buildings
No.5 - No.12 with preschool educational institutions
and a school.

Forecasting was implemented on the basis of
theoretical calculation of expected values of sound
levels inside both rooms of "shelters" located near
building No.11 before and after carrying out the
construction-acoustic ~ and  constructive-technical
arrangements that compensate for noise. Such a

decision is due to the fact that high levels of aircraft
noise are observed in the premises of the "shelters". The
possibility of ensuring the sanitary norm of permissible
noise levels in the premises of "shelters" on the adjacent
territory protected near building No.ll during the
implementation of the proposed noise compensation
measures indicates the possibility of achieving the
sanitary norm of permissible noise levels through the
implementation of the same measures in all other
places, where there are smaller or the same levels of
external aircraft noise and have similar functional,
volume-planning and constructive solutions.

It is clear from the materials given above by text that
the practical implementation of the proposed noise
compensation measures will have sufficient acoustic
efficiency to ensure the norm of permissible sound
levels regulated (line 42 of Appendix 1 (item 3) and line
8 of Appendix 2 (item 3) [23]) in all premises of the
proposed "shelters" that will be located near residential
buildings.

Therefore, in this paper in the initial approximation,
a hypothesis has turned up its evidence for possibility
of carrying out the assessment, analysis and forecast of
quantitative indicators of noise regime up to
permissible standards in the premises of designed
"shelters" in adjacent territories, that are located near
residential and non-residential buildings as part of
urban development, which are protected from adverse
effects of road traffic noise.
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3acTocyBaHHS! IHCTPYMEHTIB apXiTEKTYPHOMO MnaHyBaHHA Ta CTPYKTYPHOro
NPOEKTYBaHHS AJ11 KOMMeHcaLl LLyMy AOPOXHbOr0 pyxy A0 A0MYCTUMMUX PIBHIB Y
MiCbKilA 326y 00Bi

AnHoTaujs. MeTolo [OCNIMKEHHS € BUKOHAHHS TPeTbOro MosioeHHs «Cranoro poseutKy» - «MiuHe 300poB's», ike opraHiuHo
nepexoouTb 0O pearnisauii ofMHapUATOro NonoXeHHss - «CTanuii po3BUTOK MICT Ta rpoMaf». 3arasnoM, nosoxeHHs «Crasnoro
PO3BUTKY» € OCHOBOIO, SIKa [LO3BOJISIE Cy4aCHUM MiCTaM J0CArTU piBHS Po3yMHoro MicTa. B ocHoBi MeToaMKKM KoMMeHcaU|T LLKigIMBoro
aKyCTWUYHOro BryMBY Ha fnkofiel, siki nepeGyBatoTb Ha NpUrernii TepuTopii, NeXuUTb HacTyrnHa iges. Ha TepuTopii, Wp 3a3Hae BrMBY
LLyMy, PO3MILLYHOTBCA CrieLliarnbHi «YKPUTTs» MaBiNbAOHHOMO TUMY, Mocepen, KX peKpealiiHa tyHKLjs MoXe BUKOHYBaTUCA B
YMOBax 3HauHO 3HWKEHOrO LLKiAJIMBOrO aKyCTUYHOro BrUMBY Ha Jtofeid Bif, 30BHILLHIX [DKepen 3a [OMOMOrol apXiTeKTypHo-
MNaHyBasbHUX Ta CTPYKTYPHUX MPOEKTHWMX 3acoiB. [ig, Yac BUKOHaHHS Lj€i po6oTu 6Gyno npoBefeHo aKyCTUYHMIA PO3paxyHOK
HeoBXigHOro LLYMO3aXMCTY 30BHILLHIX KOHCTPYKLH MPOEKTOBAHUX «YKPUTTIB» Pi3HUX 06'€MHO-M/aHyBanbHUX Ta KOHCTPYKTUBHUX
pilLeHb, PO3TALLOBaHWUX Ha NpUAErTiii TepuTopil MoBM3y KOMMEKCY XUTIoBUX 6yauHKIE N25 - N212 3 fOLLKINbHUMM HAaBYaNbHAMM
3aKnafiaMv Ta LWKosoto (puc. 6). Byno niproToBneHo MporHo3 oYiKyBaHo! i30NiALYi MOBITPSIHOMO LLyMy 30BHILLHBOrO OrOPOMKEHHS!
«YKPUTTiB», NPOBEAEHO OLHKY LLYMOBOI0 PEXUMY MPUMILLIEHb «YKPUTTIB>» Y MOPIBHAHHI 3 [0MYCTUMORO HOPMOIO LLyMy. [TporHo3yBaHHS
LLYMOBOI0 PEXUMY BCEpeAHI «YKPUTTIB», BUKOHaHe B paMKax eHepreTyHol Ta XBUsIboBOI Teopii MPUKSIaaHoI akycTUKW. Po3paxyHok
KOMrIEHCYo4OI fijiil «YKPUTTiB» BpaxoBYE KOMOIHOBaHY [it0 MOBITPSHOMO LUYMYy KOHCTPYKLISIMU 30BHILLHbOrO OrOPOMKEHHS Ta
3HWKEHHS LLYMY BXiOHUMU 6I0KaMU B «yKPUTTAX», NPeACTaBNEHUMU HAa BUOHOTI KaMepHUMM FyLHUKaMU. [pakTUUHa LHHICTb
pesynbTaTiB Monsirae B ToMy, LD CrieLlianbHi «yKpUTTs» MaBifIbIAOHHOMO TUMY [O3BOMAOTb 3aXMCTUTK Mtofel, siki nepebyBatoTb y
30HaX BiNOYMHKY Ha TEPUTOPISIX, MPUNErIUX [0 XUTNOBUX BYAMHKIB, Y NPoLLeCi BUKOHaHHS HUMU (MTHofbMM) peKpeaLtifHUX Ta iHLLKX
hYHKLIA.

KntouoBi CroBa: LyM TpaHCMopTy, PO3yMHE MIiCTO, YKPUTTS, 3BYKOi301sILLIS.
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