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Anotation. The study addresses the problem of creating realistic reverberation sound effects
in computer games. The primary features of existing reverberation generation methods are
outlined, including the complexity of manual sound parameter adjustments, the static nature
of models, and limited adaptability to the geometry of the game environment. It was deter-
mined that the problem of creating realistic reverberation effects for computer games is
achievable only when using modern approaches that reduce manual tuning and increase the
adaptability of sound parameters. Based on the analysis, it was determined that there are sig-
nificant obstacles that reduce the realism of acoustic accompaniment using available meth-
ods.
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Statement of the problem. Interactive media, particularly computer games, are becom-
ing integral to modern digital culture. Every year, the gaming industry demonstrates rapid
growth in terms of the number of users and the complexity and realism of the products pre-
sented. One of the key elements of the success of modern games is the creation of a deep im-
mersion of the user in the virtual environment, which is achieved through the complex inte-
gration of visual, audio, and interactive components.

Sound in computer games performs several important functions: it not only enhances
the emotional impact on the player but also serves as a tool for communication with the game
world, providing essential clues about events and actions of characters. One of the most im-
portant components of the audio system is the effects of reverberation - the phenomenon of
multiple reflections of sound waves from surrounding objects. Reverberation creates a sense
of volume and depth in the space in which the player is located and makes the sound envi-
ronment more realistic and immersive.

In most modern games, the reverb effect is implemented using static algorithms based
on predefined sound settings or templates. This approach, although it allows you to achieve
high-quality sound, has a number of significant limitations. In particular, static reverb effects
cannot adequately adapt to changes in the game space in real-time, which can reduce the real-
ism of interaction with dynamic game environments. In large open worlds or complex archi-
tectural structures, this becomes especially noticeable when the player moves between differ-
ent rooms or open spaces, where the acoustic properties of the environment change.
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In this regard, there is a need to develop new approaches to generating sound effects
that would allow for automatic and dynamic change of reverberation characteristics in ac-
cordance with the parameters of the environment.

History of the development of approaches to creating reverberation effects. Rever-
beration as an acoustic phenomenon has attracted the attention of scientists and engineers
since long before the advent of digital technologies. Initially, reverberation was studied in the
context of architectural acoustics for the design of concert halls, theaters, and churches. It af-
fects how sound reflects off walls, ceilings, floors, and other surfaces and how this echo is
perceived by the human ear. Important moments in the history of the development of ap-
proaches to reverberation are the emergence of both theoretical research and technological
innovations that led to its integration into the digital audio industry.

Early studies of reverberation. The first systematic studies of reverberation in the
framework of architectural acoustics were carried out as early as the 19th century. The pio-
neer in this field was the American physicist Wallace Clement Sabine [1], who in 1898 first
formulated the basic principles of reverberation in architectural spaces. Sabine discovered the
connection between the volume of the room, its surface, and how quickly the sound decays in
the room after the source is turned off. His research became the basis for developing many
architectural norms and approaches to the acoustic design of spaces. In the 20th century, with
the advent of sound systems for cinemas, reverberation began to be actively used to improve
sound perception in films and music. During this period, engineers began to experiment with
electromechanical methods of reproducing reverberation, using large rooms or special rever-
beration chambers to provide natural echo for audio recordings [2].

The beginning of the digital era: algorithmic reverberation methods. With the ad-
vent of digital computers and audio technology in the 1960s and 1970s, there was a shift from
physical models to digital ones. The first important step in this field was the development of
digital algorithms for reverberation simulation. One of the first significant algorithms was
proposed by M.R. Schroeder in 1961 [3]. Schroeder developed a digital reverberator based on
a combination of finite impulse response (FIR) and infinite impulse response (lIR) filters,
which allowed the creation of the first synthetic reverberation models suitable for use in audio
systems.

Schroeder's algorithm was designed to create artificial reverberation using simple digital
circuits that mimicked the process of sound decay in a room. This approach became the basis
for the development of many future reverberators used in music and film. One of the key ad-
vantages of Schroeder's algorithms was that they required relatively few computational re-
sources, which allowed for real-time reverberation on the computing devices available at the
time.

Physically based models. Researchers have since developed more accurate, physically
based models of reverberation. A significant advance in this direction has been using ray trac-
ing and numerical methods to simulate the propagation of sound waves in environments with
different acoustic properties. This approach has been particularly useful for modeling com-
plex acoustic environments, such as theaters or open-air venues [4]. Some of the most influen-
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tial works in this field include the work of Allen and Berkeley [5], who proposed the "mirror
source" acoustic model method for calculating sound reflections in enclosed spaces. This
method became the basis for further developments in the field of convolution reverberation,
which allowed the use of real impulse responses of rooms to create the most realistic
effects [6].

Algorithmic reverberation and its role in the industry. From the late 1980s to the
present, digital reverb algorithms have become the standard in the audio industry. An im-
portant step was the emergence of software and hardware reverb solutions, such as the Lexi-
con and Eventide reverbs, which allowed musicians and sound engineers to create high-
quality effects on studio equipment. Reverberators such as the Lexicon 480L, which entered
the market in 1986, pioneered the application of digital reverb in practice. Using advanced
Schroeder algorithms and other techniques, these devices allowed the creation of detailed and
multi-layered reverb effects that are still used in the music industry today. These algorithms
were especially useful for processing vocals, and instruments, and creating sound effects in
film.

Procedural reverberation and dynamic algorithms in games. The recent develop-
ment of computer games and interactive media has prompted researchers to search for new,
more dynamic approaches to generating reverberation effects that could adapt to changes in
the environment in real-time. In the 2000s, researchers such as Tsingos et al. (2007) proposed
new dynamic reverberation methods that used ray tracing algorithms and voxel-based meth-
ods to accurately model sound reflections in complex environments.

Another important advance in procedural reverberation generation has been the use of
path tracing methods, which allow for real-time simulation of sound reflections in interaction
with the geometry of the environment. For example, [7] showed how voxel models can be
used to simulate sound propagation in complex rooms, taking into account multiple reflec-
tions and attenuation.

Modern systems such as AudioKinetic Wwise and FMOD actively use these methods to
provide realistic reverberation in games. However, the problems of computational resources
and adaptation to real-time changes remain relevant, which encourages further development
of procedural approaches.

Classical reverberation methods. Classical reverberation methods used before the ad-
vent of modern algorithms can be divided into several main categories, including mechanical,
electronic, and digital approaches [8]. These methods have played an important role in creat-
ing realistic sound reproductions in music, film, and other audiovisual media. However, de-
spite their importance, classical methods have their limitations, which has led to the need to
develop new approaches.

Mechanical Reverb. Plate Reverb. One of the first methods of artificial reverberation
to be widely used in studio recording was the plate reverberator. This method originated in the
1950s and involved the use of a thin metal plate on which transducers were placed. The plate
was driven by an audio signal, creating complex vibrations that simulated the effect of rever-
beration. The signal was recorded by a microphone located at the other end of the plate.

Advantages:
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— Plate reverberators provided rich, warm sound effects that were particularly valued in
the music industry for vocals and instruments.

— Their design allowed for adjustable reverberation time, making them flexible for a
variety of applications.

Disadvantages:

— High cost and bulkiness: such systems took up a lot of space in the studio and re-
quired special care.

— Unrealistic: Plate reverberation did not fully reproduce natural acoustic spaces, as its
sound was too flat and did not contain enough high-frequency detail characteristic of real
rooms.

Spring Reverb. Another classic mechanical method was the spring reverberator, often
used in guitar amplifiers and portable sound systems. The sound signal was transmitted
through a spring that vibrated, creating a reverberation effect.

Advantages:

— Compactness: Compared to plate reverberators, spring reverberators were signifi-
cantly smaller and cheaper to manufacture.

— Relatively affordable for use on stage and in the studio.

Disadvantages:

— Poor sound quality: spring reverbs gave the reverb a characteristic "ringing" sound
that didn't always sound natural.

— Limited control over reverberation parameters: Compared to other methods, spring
reverbs had less controllable parameters, which limited their flexibility.

Electronic Reverb. With the development of electronics in the 1960s, external elec-
tronic reverberators such as the Lexicon 224 pioneered the field of artificial reverberation.
These devices used digital processors to create a variety of reverberation effects, simulating
the echoes of sound waves in different rooms.

Advantages:

— The ability to precisely adjust reverb parameters such as delay time, echo density,
and brightness.

— Compact compared to mechanical systems.

— Rich functionality: electronic reverberators offered the ability to create a wide range
of reverb effects.

Disadvantages:

— High cost of equipment in the early stages of development.

— Technological limitations: Early electronic reverbs had limited sound quality, espe-
cially compared to modern algorithms.

Digital Reverb. Algorithmic Reverb. In the 1970s and 1980s, digital reverberation be-
came dominant due to the development of algorithms such as the Schroeder algorithm. These
algorithms are based on digital signal processing, using mathematical models to simulate the
behavior of sound in enclosed spaces. The main types of algorithms included convolution-
based methods and infinite impulse response filters (1IR) [9].
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Advantages:

— Flexibility: Digital algorithms allowed any type of room, from small rooms to large
cathedrals, to be simulated by changing parameters using software.

— Real-time implementation: Digital processors allowed reverberation to be applied
without significant delay, which was important for live performances and interactive applica-
tions such as computer games.

— Ability to integrate with other effects: Reverb algorithms could be easily combined
with other digital effects, allowing the creation of multi-layered soundscapes.

Disadvantages:

— Early sound quality: Early digital reverbs did not always reproduce the natural be-
havior of sound. Their algorithms sometimes generated unrealistic or overly "metallic” ech-
0es.

— High computational complexity: While modern processors are capable of handling
complex algorithms, early versions required a lot of computational resources, which limited
their use in real-time or on low-cost hardware.

Convolution Reverb. With the advent of more powerful computing systems, the convo-
lutional reverberation method emerged, which allowed the use of real impulse responses to
simulate the reverberation characteristics of specific rooms. This method consists of superim-
posing the recorded impulse response of the room onto the audio signal, which allows for a
very accurate reproduction of the sound of a specific room.

Advantages:

— High realism: Convolutional reverberation allows for extremely accurate and natural
results.

— Flexibility in room selection: Users can record impulse responses in any real space
and use them to create the desired reverb effect.

Disadvantages:

— High computational complexity: Convolutional reverberation requires significant
computational resources, especially for large impulse responses.

— Limited dynamics: Compared to algorithmic methods, convolutional reverberation is
less flexible in adapting to real-time changes, making it less suitable for interactive applica-
tions such as computer games.

Classical reverberation methods, despite their importance, had a number of limitations
that necessitated their improvement or replacement with new technologies.

Procedural generation of reverberation effects: modern scientific developments.
Procedural generation of reverberation effects has become an important research area in the
field of sound processing with the advent of modern algorithms and increasing demands for
sound quality and realism in interactive environments such as computer games, virtual reality
(VR), and augmented reality (AR) [10]. Compared to classical methods with limited capabili-
ties in reproducing realistic spaces, procedural generation offers more flexible and adaptive
approaches that allow for the dynamic generation of reverberation effects in real-time.
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Algorithmic approaches and physically based models. One of the key directions in
procedural reverberation generation is the development of algorithmic approaches based on
physical models of acoustic spaces. Current scientific developments in this area focus on sim-
ulating sound waves' complex interactions with spatial boundaries, such as walls, floors, and
ceilings, using accurate mathematical models [11].

Ray Tracing. One of the most common methods for modeling acoustic spaces is the ray
tracing method [12]. This approach allows you to track the paths of sound waves as they re-
flect from different surfaces in a room. In computer games and VR environments, this method
can be used to create realistic reverberation effects that change depending on the location of
the object or the user.

Advantages:

— Realism: The method allows for accurate reproduction of the behavior of sound
waves in complex spaces, especially in large architectural structures such as cathedrals, con-
cert halls, or tunnels.

— Dynamics: Ray tracing can be applied in real-time, allowing the reverberation to
adapt to changes in the scene, such as the movement of objects or changes in the configura-
tion of the room.

Disadvantages:

— High computational cost: This method requires significant computational resources
to track the trajectories of numerous sound beams accurately. Although modern computing
systems are capable of handling this task, optimization of the algorithms is required for inter-
active applications.

Diffusion-based Models. Another popular method is diffusion-based models, which
simulate reverberation in enclosed spaces with complex, uneven surfaces. These models simu-
late the scattering of sound waves after multiple reflections, allowing for more realistic effects
for sound scenes [13].

Advantages:

— Ability to model complex environments, including rooms with soft or uneven surfac-

es.

— Ability to precisely control sound propagation and energy dissipation in a room.

Disadvantages:

— Difficulty in real-time implementation due to computational costs.

Procedural approaches to generating sound environments. Current research also
aims to develop procedural methods that allow for the automatic generation of reverberation
parameters based on room geometry. Such methods are particularly relevant for interactive
environments where space structure can change in real-time (for example, in computer
games).

Voxel-based Sound Propagation is an innovative approach to the procedural generation
of reverberation effects, where space is divided into voxels (three-dimensional pixels), each of
which is responsible for a particular part of the space. Sound waves are modeled as propagat-
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ing through these voxels, which allows for the creation of detailed and realistic sound envi-
ronments that adapt to changes in space.

Advantages:

— Ability to realistically simulate sound environments with various obstacles and ob-
jects.

— Adaptation to dynamic changes in space in real-time, making this approach ideal for
computer games and VR.

Disadvantages:

— High computational resource requirements for accurate simulation of large spaces.

— The need for accurate voxel mesh definition for efficient simulation.

Modern scientific achievements. Today, the development of the procedural generation
of reverberation effects is intensive and multifaceted. Many companies and research institutes
focus on combining physical models, algorithmic approaches, and machine learning to create
realistic, interactive, and high-quality reverberation effects [14].

Machine learning and neural networks. Recently, the scientific community has been
working on the application of neural networks to simulate reverberation effects. Such models
are able to learn from large data sets and generate reverberation that corresponds to real
acoustic conditions. One direction is the use of convolutional neural networks to process im-
pulse responses and create realistic reverberation.

Real-time impulse reverberation. While convolutional reverberation has long been used
to create realistic acoustic environments, new research is focusing on optimizing it for real-
time use. The introduction of optimization techniques allows impulse reverberation to be used
even in interactive applications with high frame rates.

Despite significant progress in the development of procedural generation of reverbera-
tion effects, current approaches have a number of challenges that require further research. For
example, the main problem remains in optimizing computational processes to implement
high-quality reverberation in real-time. Other challenges include the need to adapt models to
specific environments and usage scenarios, such as computer games with high performance
and graphics requirements. Machine learning and hybrid approaches may become key tools to
overcome these limitations in the future.

Comparison of global and domestic achievements in the field of audio technologies.
Audio technologies, particularly reverberation effects, occupy an essential place in the mod-
ern entertainment industry, and developments in this area are carried out globally and domes-
tically. Comparison of achievements allows us to assess the place of domestic innovations in
the global context and determine their potential for further development [15].

Western companies and scientific institutes are actively developing innovative technol-
ogies for the simulation of reverberation and sound environments. In particular, corporations
such as Waves Audio, iZotope, and Avid are leaders in creating professional audio tools for
the music industry, cinema, and computer games. The main areas of their research are the de-
velopment of algorithms to improve the realism of sound effects and the integration of ma-
chine learning to improve the quality of sound simulation [16].
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One of the most significant world achievements is the development of convolution re-
verb, which allows you to create virtual acoustic environments based on the impulse charac-
teristics of real rooms. This technology has become an integral part of audio production in
various industries due to its ability to convey spatial sound effects realistically. In addition, in
the field of interactive applications, such as virtual reality (VR) and augmented reality (AR),
procedural acoustic modeling methods are actively used, allowing you to adapt reverberation
effects to dynamic changes in the scene.

Realistic reverberation technologies for games are also being actively developed around
the world. Companies such as Epic Games and Unity Technologies [17] are integrating ad-
vanced audio solutions, such as ray tracing techniques for acoustic environments, into their
game engines, allowing for effects that are as close to real-world conditions as possible.

In Ukraine, the development of audio technologies, especially in reverberation, also has
its achievements, although the domestic industry is smaller in scale compared to world lead-
ers. However, several domestic research centers and universities are actively working on new
approaches to sound processing. For example, the institutes of Taras Shevchenko National
University of Kyiv and the National Technical University of Ukraine "Kyiv Polytechnic Insti-
tute” are researching methods of sound synthesis and processing for interactive environments
and multimedia systems. It is especially worth noting the contribution of Ukrainian develop-
ers in the field of audio technologies for music applications. For example, the Ukrainian com-
pany Warm Audio, which is engaged in creating high-quality analog audio devices, has re-
ceived international recognition. Although domestic companies mainly focus on hardware,
there are also innovative attempts to create software solutions, in particular in the gaming in-
dustry, where Ukrainian studios often work on integrating audio technologies into modern
game engines.

The global audio industry is characterized by a greater diversity of research and innova-
tion due to access to greater financial resources and an advanced technical base. Companies in
Europe, the USA, and Japan can invest in the development of algorithms and use high-
performance computing systems to simulate sound effects in real-time. At the same time, do-
mestic developments have potential, especially in integrating audio processing with low com-
putational costs, which is relevant for small game studios and startups.

However, Ukraine still has to overcome a number of challenges to reach the world level.
These include insufficient research funding, limited opportunities for implementing complex
algorithms in the industry, and the lack of wide access to modern hardware for simulating re-
verberation effects.

Analysis of similar solutions on the market. The market for audio processing, particu-
larly reverberation effects, is actively developing and offers a variety of software and hard-
ware solutions for professionals in the music industry, film, computer games, and other areas
where a realistic sound stage is a key component. Analysis of existing products on the market
allows us to identify the advantages and disadvantages of modern technologies, determine
their competitiveness and opportunities for improvement [18].
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Software solutions. Among the software for creating and processing reverberation,
several key products can be distinguished that occupy leading positions in the market.

1) Waves Audio — Abbey Road Reverb Plates

This plugin emulates the classic reverb plates used in the legendary Abbey Road studi-
0s. The plugin allows users to adjust reverb parameters, creating warm and deep effects for
vocals and instrumental recordings.

Advantages:

— Realistic reproduction of vintage sound, ideal for the music industry.

— Numerous settings allow you to precisely select reverb parameters for different gen-
res of music.

Disadvantages:

— Limited use in interactive environments such as games or VR due to the specificity
of reverberation effects.

2) iZotope — Neoverb

Neoverb from iZotope is one of the most innovative solutions on the market, using arti-
ficial intelligence to automatically adjust reverb parameters based on audio content. This tool
allows you to quickly obtain high-quality reverb effects, focusing on the characteristics of the
input sound.

Advantages:

— Use of artificial intelligence to optimize parameters, which greatly simplifies the
sound processing process.

— High-quality reverberation with minimal settings, which saves time.

Disadvantages:

— High license cost for small studios or individual users.

3) Valhalla DSP — ValhallaRoom

ValhallaRoom is one of the most popular reverb plugins due to its ease of use and effi-
ciency. It allows you to create reverb that can be customized for different types of rooms -
from small studios to large concert halls.

Advantages:

— High performance with low system resource requirements.

— Extensive customization options and affordable prices make it popular among indie
developers and small studios.

Disadvantages:

— Lack of advanced capabilities such as artificial intelligence or realistic modeling of
complex spaces, which limits use in high-budget projects.

Hardware solutions. In addition to software tools, there are also hardware solutions on
the market that allow you to implement reverb effects.

1) Lexicon PCM92

Lexicon is a legendary manufacturer of hardware reverbs, providing exceptional sound
quality used in the music and film industries. The PCM92 is one of the leading solutions for
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creating realistic reverb effects thanks to advanced algorithms and high-quality sound pro-
cessing.

Advantages:

— High sound quality and the ability to adjust reverberation for large acoustic spaces.

— Reliability and stability of operation, which is important for large studios and concert
venues.

Disadvantages:

— High cost makes this device inaccessible to individual users or small studios.

2) Bricasti M7

Another well-known hardware reverb is the Bricasti M7. It is used in many leading stu-
dios to create high-quality reverb effects, including in the film industry and for music record-

ing.

Advantages:

— Advanced sound processing technology with the ability to simulate various types of
reverberation.

— High accuracy and realism of reverb effects.

Disadvantages:

— Like the Lexicon PCM92, the device is expensive and more suitable for large studios
than for individual use.

The global market offers a wide range of solutions for creating reverb effects, from
software products aimed at various audio industries to professional hardware. Software
plugins such as ValhallaRoom are affordable and offer a sufficient level of flexibility for
small projects, while more advanced solutions from iZotope or Lexicon provide the highest
quality but require a significant financial investment.

There is also interest in creating software solutions for reverberation in the Ukrainian
market, but these products are often focused on budget options or narrowly specialized tasks,
such as music production, with less attention to interactive environments, such as game en-
gines.

Conclusions. Despite significant progress in the development of audio technologies and
the creation of reverberation effects, there are a number of unresolved problems that require
further research and improvement. They are concerned with both optimizing technologies for
interactive environments and improving sound quality under conditions of limited computing
resources [19].

1) Computational complexity of reverberation algorithms

One of the main problems remains the high computational complexity of current rever-
beration algorithms, especially when simulating realistic acoustic environments in real-time.
Procedural methods such as ray tracing for acoustic effects or convolutional reverberation re-
quire significant CPU and memory resources, which is problematic for interactive applica-
tions such as computer games or virtual reality (VR).
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Research area: further improvement of procedural algorithms for reverberation, in par-
ticular by implementing machine learning methods to reduce computational requirements and
improve real-time efficiency.

2) Reverb quality in dynamic environments

Another essential problem is to provide realistic reverberation in dynamic environ-
ments, where the acoustics change depending on the position of objects, changes in the room,
or the movement of sound sources. Although modern reverberation plugins allow for accurate
simulation of reverberation for static rooms, the technology still needs improvement for dy-
namic scenarios such as virtual environments or games.

Research area: development of adaptive reverberation methods that automatically adjust
to changes in the acoustic environment in real-time, taking into account the movement of ob-
jects and changes in spatial parameters.

3) Integration with game engines and VR environments

Although many software solutions for reverberation exist in the music and film indus-
tries, integrating these technologies with game engines such as Unity or Unreal Engine is still
challenging. Creating realistic reverberation in games requires accurate sound modeling and
optimization to work on a wide range of devices, including mobile platforms.

Research area: Research on optimized reverberation algorithms for integration into
game engines, with a particular focus on efficiency for mobile platforms and systems with
limited resources.

4) Reverb for immersive technologies

With the development of immersive technologies such as augmented reality (AR) and
virtual reality (VR), there is a need for even more realistic reproduction of acoustic effects
that change according to the user's or objects’ movement in the virtual environment. Tradi-
tional reverberation algorithms do not always provide the necessary level of realism for such
scenarios [20].

Research area: development of new reverberation methods for AR and VR that will take
into account the position and movement of the user in the virtual space to create a full immer-
sion effect.

5) Reverberation effect on sound perception

Reverberation is an essential factor in the perception of soundstage and spatial sensa-
tion, but its impact on the audiopsychological perception of listeners has not yet been thor-
oughly studied. Different types of reverberation can affect the perception of space, time, and
sound timbre in various ways, especially in interactive media.

Research area: conducting experimental studies on the impact of different types of re-
verberation on the psychoacoustic perception of the sound environment and integrating the
results into the creation of new algorithms.

6) Acoustic ecology

Another challenge is the application of reverberation technologies to improve acoustic
conditions in public spaces, such as concert halls, offices, or shopping malls. Modeling the
acoustics of such environments requires special attention to detailing the reverberation effects
to ensure comfortable sound perception.
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Research area: studying reverberation methods to improve the acoustic characteristics of

large spaces, in particular public spaces, to create acoustically pleasant environments.
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Ananiz HayKoeux i nNpaKmMuyHuxX 00CAHEHb
Y cehepi cenepauii pesepoepayinnux egpexmie
Y pobomi pozenanymo npobremy cmeopenHs peanicmudHux 38yKoeux eghekmis pesep-
bepayii 6 xomn romeprux iepax. Iloxazano ocHOBHI 0COOIUBOCMI ICHYIOUUX MemOOi8 2eHe-
payii pegepbepayii, ceped SKUX CKAAOHICMb pYUHOL 0OPOOKU napamempié 38yKy, CMAmMuy-
Hicmb MoOenell ma ooMenHceHa adanmusHicms 00 eeomempii iepogoco npocmopy. Busnaueno,
wo npobema cmeopenHs pearicmudHux pegepoepayitinux egpekmis 0 KOMN 10OMEPHUX i20p
€ 00CAICHOIO Tuule NPU 3aCMOCYS8AHHI CYYACHUX NIOX00i8, WO 3MEHULYIOMb PYUHE HANAUMY-
BaHHA MA NIOBUWYIOMb A0ANMUBHICb 38YKOBUX napamempie. Ha niocmasi ananizy eusnave-
HO, WO ICHYIOMb 3HAYHI NepeuKooU, sKi 3HUNCYIOMb PealiCMUYHICMb aKyCMU4H020 CYnpo8o-
0y 00CMYNHUMU MEeMOOAMU.
Knouoei cnosa: pesepbepayis, akycmuuni Xapakmepucmuku, npoyeoypHa ceHepayis,
MAuuHHe HA84YAHHS, KOMN TOMEPHI iepu.
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