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Abstract

Modern acoustic design is an important aspect of the design of premises, which should be
taken into account at the planning and construction stage. It allows us to create a comfortable and
functional sound environment in various types of premises, including concert halls, recording
studios, offices and residential premises. To achieve optimal sound quality, it is necessary to use
special materials for sound absorption and dispersion, as well as consider acoustic parameters at
the design stage and conduct field measurements to assess acoustic characteristics and adjust the
design if necessary. Software modeling can be a useful tool for predicting acoustic response and
optimizing room design. Architects should consider not only the visual design of the room, but
also its acoustic characteristics. To do this, various methods can be used, such as coating concave
surfaces with sound-absorbing material, splitting concave surfaces into smaller scattering
surfaces, or using finely perforated metal to create an acoustic boundary of the room. Software
modeling can be used to predict the acoustic response of aroom and optimize its design. However,
in order to achieve optimal sound quality, it is necessary to take into account acoustic parameters
at the design stage and conduct field measurements to assess acoustic characteristics and adjust
the design if necessary.
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Introduction

Contemporary acoustic design is the process of designing and creating spaces in which the sound
environment is optimized to achieve maximum comfort and functionality. This includes the use of
various technical solutions such as sound-absorbing materials, sound-diffusing surfaces, acoustic
ceilings and walls, and sound management systems. Modern acoustic design can be used in a variety
of types of spaces, from concert halls to offices and homes. It can also take into account the individual
needs of users and the characteristics of a particular room.

Main content

Itis arecognized that concave surfaces can lead to echo and reverberation of sound in a room. This
can create an unpleasant listening environment, especially in concert halls or recording studios where
maximum purity and clarity of sound is required. To eliminate these problems, special materials can
be used that absorb sound waves and reduce the level of reverberation. In addition, sound-diffusing
surfaces can be used to distribute sound waves throughout the room, creating a more uniform sound
field. In general, modern acoustic design strives to create more comfortable and functional listening
conditions in various types of rooms.

However, to achieve optimal sound quality in such rooms, it is necessary to use special materials
for absorption and dispersion of sound and consider acoustic parameters at the design stage. It is also
important to conduct field measurements to evaluate acoustic performance and adjust the design if
necessary. Software modeling can be a useful tool for predicting acoustic response and optimizing room
design.

Contemporary architectural and acoustic design can take many forms, depending on the objectives
and requirements. These include buildings that are built using environmentally friendly materials, have
an effective energy saving system and use renewable energy sources. Modern design takes into account
people's needs for comfort and functionality, so rooms are designed in such away as to make maximum
use of the available space. To ensure a comfortable sound environment in rooms, various technical
solutions are used, such as sound-absorbing materials, sound-diffusing surfaces, etc. Natural light can
be used to create a pleasant atmosphere in rooms, which also reduces energy costs for lighting. When
designing buildings and spaces, the cultural and social characteristics of those who will use them are
considered. For example, when designing museums or exhibition halls, the characteristics of the
exhibits and visitors are considered. Modern design can use new technologies such as virtual reality or
interactive devices to create more interesting and functional spaces.

Achieverment of good acoustic quality in large interiors formed by curved surfaces is a challenge
for both acousticians and architects. Design of an appropriate acoustic field for different applications
determines the requirements for auditorium volume and shape to achieve an even distribution of sound
energy in the room: these conditions are immediately violated if some of the adjacent surfaces of the
room are concave.

Consider acoustic phenomena dependent on concave surfaces in enclosed spaces, mainly focusing
whispering, aimed at achieving uniform distribution of sound energy in a room, exploring some
approaches to architectural acoustic design and architectural solutions. Starting with the development
of a conceptual design, without changing the shape of the concave body and base, the aim of the study
is to develop a proposal for the use of the concave shape in multi-purpose spaces.

Architects are accustomed to the need for compromise in building design and rely onarchitecturally
acceptable ways to avoid these unpleasant effects, but often acoustic consultants suggest other room
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shapes that avoid concave surfaces. To control the acoustic field to produce a uniform sound
distribution of energy in a room without changing the shape of the room and the layout of the area
requires the study of several approaches and solutions in the field of architectural acoustic design,
starting with the development of a conceptual design.

The first method is to cover a concave, curved wall or ceiling with sound-absorbing material.
Absorption is effective at high frequencies; at lower frequencies, treatment is required, which includes
several thick absorbing layers that eliminate many reflections from walls and ceilings. This approach
allows the architect to maintain the appearance of a curved surface, but it eliminates many reflections
from the walls and ceiling, even if they are not inherently irregular. The complete lack of reflections
from walls and ceilings is a disadvantage, at least for all types of musical performances. Therefore, it
is necessary to replace useful reflections that are lost in heavy sound-absorbing materials.

The second way to avoid focusing is to break the concave surface into smaller scattering surfaces
and thus change the geometrically focused reflection into a diffuse reflection. The dimensions of these
scattering elements must be comparable to the wavelengths of the sound field. Finding a technical
solution to integrate such acoustic elements into an aesthetic design scheme is not an easy architectural
task.

A third approach to avoid focusing allows one surface to be the acoustic boundary of the room,
while the other surface (visual boundary) is made of finely perforated metal that forms a suitable shield
for light waves but allows sound waves to pass through. All three approaches can be used when
designing a new space and for renovating an existing building. In this latter case, field measurements
are recommended to evaluate the acoustic performance.

To avoid the disturbing effects of focus and whisper and to control the acoustic field to achieve
uniform distribution of sound energy in a space with curved surfaces without changing the shape of
envelope and physical plan, the design process is determined in stages.

These steps indicate the methodology that must be applied before selecting the optimal acoustic
range for various acoustic parameters according to the possible use of the room. In detail this is to:

—test prediction methods for acoustic field analysis at the design stage (simulation or scale models)

— find technical acoustic solutions to control the acoustic field, which must be integrated into the
aesthetic design scheme, evaluating the possibility of testing acoustic properties in a reverberation
chamber.

To evaluate the ability to predict the acoustic response using software, instead of constructing a
scale model for measurements, a smaller segment to which the laws of concave surfaces apply was
selected using software.

The software allows one to import avirtual model realized using 3D cad. The value ofthis software
is demonstrated by its use in similar studies.

Software modeling begins with the development of a space model. Based on previous studies, the
simulation is performed by fixing the parameters. Setting the scattering coefficients considers the
sensitivity of the software based on the degree of geometric discretization of the volume model. Shapes
in which some surfaces of room boundaries are concave can be incorporated into modern architectural
and acoustic design.

Conclusion

To achieve optimal sound quality in such rooms, it is necessary to use special materials for
absorption and dispersion of sound and take into account acoustic parameters at the design stage. It is
also important to conduct field measurements to evaluate acoustic performance and adjust the design
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if necessary. Software modeling can be a useful tool for predicting acoustic response and optimizing
room design.

Architects should consider not only the visual design of a space, but also its acoustic characteristics.
This can be done through avariety of methods, such as covering concave surfaces with sound-absorbing
material, breaking concave surfaces into smaller dispersive surfaces, or using finely perforated metal
to create an acoustic boundary for the room.

Software modeling can be used to predict the acoustic response of a room and optimize its design.
However, to achieve optimal sound quality, it is necessary to consider acoustic parameters during the
design phase and carry out field measurements to evaluate acoustic performance and adjust the design
if necessary.
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AHHOTALUSA
CoBpeMEHHBbIH AaKyCTUYECKUWM JW3aiiH SBISAETCS BAXXHBIM AaCHEKTOM IPOEKTUPOBAHMUSA
IIOMEILEHNM, KOTOPBIM JOJDKEH YYMTHIBATHCSA Ha dTale IUIAHUPOBAHMUS U cTpouTenberBa. OH
MO3BOJISIET CO3aBaTh KOM(POPTHOE M (PYHKIMOHAIBHOE 3BYKOBOE OKPYXCHHE B Pa3IMUHBIX THIIAX
MOMELICHHH, BKIIOUasi KOHLEPTHBIE 3aJIbl, CTYAUH 3BYKO3AaIIUCH, O(HCHI U )KUJIbIE ToMenieHus. s
JOCTUXKEHUS OINTHMAJIbHOTO 3BYKOBOIO KayecTBa HEOOXOJMMO HCIOJIb30BaTh CIEIHATIbHbIE
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MaTePUAJIBI JUIS TTOTJIONICHUS U PACCCHBAHMS 3BYKA, a TAKKE YIUTHIBATh AKyCTHYCCKUE TTapaMeTphI
Ha JTafe MPOCKTUPOBAHUS W TPOBOJIUTH IOJEBBIE HM3MEPEHUs I OLEHKA aKyCTHYECKHX
XapaKTePUCTHK W KOPPEKTUPOBKH JHM3aiiHA MpHU HeoOX0auMOocCTH. [IporpaMMHOe MOJIeIMpOBaHNE
MO>KET OBITh TTOJIC3HBIM HHCTPYMEHTOM JIJIS IPEJICKA3aHUs aKyCTUUECKOTO OTBETa M OTITUMU3AINN
MU3aiiHa TIOMEIIEHUs.. ApPXUTEKTOPbl JOJKHBI YYHUTHIBATh HE TOJBKO BH3YyallbHBIN AM3aiiH
MOMEIICHHS, HO M €r0 aKyCTUUYECKHE XapaKTepUCTHUKU. JlJIT 3TOr0 MOTYT HCIOJIB30BATHCS
pa3NuyYHbIE METOJbl, TAaKW€ KAaK TOKPHITHE BOTHYTHIX IOBEPXHOCTEH 3BYKOIOTJIOMIAIOIINM
MaTepuagoM, pa3OMeHne BOTHYTHIX [TOBEPXHOCTEN Ha Oojiee MEJIKUE pacCcerBAIOIME TTOBEPXHOCTU
WITU HCIIOJB30BAaHUE TOHKO Mep(OpUPOBAHHOTO METallIa JUIsl CO3MaHUS aKyCTHYECKOW TPaHUIIBI
nomenieHus. IlporpaMMHOe MojeIMpOBaHHE MOMET OBITh HCIOJIB30BAHO JJISl TPEACKa3aHUs
aKyCTUUYECKOTO OTBETa MOMEIICHUSI W ONTHUMHU3ANHMH ero au3aiiHa. OJHako UIsl OCTHIKEHUS
ONTHMAIIbHOTO 3BYKOBOTO KayeCTBa HEOOXOJMMO YUMTHIBATh aKyCTUUYECKHE MapaMeTphl Ha dTare
MIPOCKTUPOBAHUS U TIPOBOIUTH ITOJICBBIC H3MEPEHUS ISl OIEHKN aKyCTHUYECKHX XapaKTEePUCTHUK H
KOPPEKTUPOBKHU JW3aifHa MPU HEOOXOTUMOCTH.
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