IRSTI 29.17.15
https://doi.org/10.53939/1560-5655_2025_2 104

Mukamedenkyzy V'., Tolepbergen A.G.", Akberdiev B.?, Altenbah H.}

'Al-Farabi Kazakh National University, Almaty c., Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty c., Kazakhstan
3 Otto-von-Guericke-Universitat, Magdeburg c., Germany

ANALYSIS OF CONVECTIVE FLOWS DURING ISOTHERMAL
MIXING OF THREE-COMPONENT GAS MIXTURES BY COMPUTER
SIMULATION

Abstract. In multicomponent gas mixtures, there is a wide variety of mixing
regimes. A key challenge is determining the boundary between diffusion and
convection regimes, as well as identifying the parameters that define the
convective mode, which plays a crucial role in mass transfer processes. This study
presents a computational model for examining isothermal diffusion transport in
three-component gas mixtures. The analysis focuses on the relationship between
transport coefficients over time using a three-dimensional numerical simulation
in a vertical cylindrical channel with finite dimensions. By separating the physical
parameters of the studied system, the isothermal diffusion mixing process in three-
component gas mixtures within cylindrical vertical channels is investigated. The
results indicate that in systems where the diffusion coefficients of the components
are comparable, mechanical equilibrium is unstable. In cases where there is a
significant difference in diffusion coefficients, convective motion may emerge.
Initially, these convective flows develop at low speeds, but they eventually evolve
into structured flow patterns. The computational results align well with experimental
data, supporting the proposed approach for determining the boundary between
diffusion and concentration-driven convection regimes in gas mixtures.
Keywords: diffusion, convection, gases, computational modeling.

Introduction. Multicomponent gas mixtures exhibit a wide variety of
mixing mechanisms, ranging from purely molecular diffusion to complex
convective flows. The nature and intensity of mass transfer in such sys-
tems depend on the dominant transport processes, which can be molecu-
lar, convective, or a combination of both [1,2]. In many practical scenarios,
the role of molecular diffusion is often considered secondary to convec-
tive effects. However, diffusion alone can sometimes lead to instability,
disrupting the mechanical equilibrium of the system. This instability may
result in the spontaneous formation of convective motion, significantly en-
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hancing the overall efficiency of mass transfer [3]. Understanding these
processes is essential for accurately predicting mixing behavior in various
applications, such as chemical engineering, environmental sciences, and
industrial gas separation technologies.

One of the critical challenges in studying mass transfer in multicompo-
nent gas mixtures is identifying the conditions under which diffusion-driv-
en mixing transitions into convective motion. Unlike traditional thermal
convection, where fluid motion is driven by temperature gradients, con-
centration-driven convection can arise purely from differences in diffusion
rates between gas components [4,5]. This phenomenon has been ob-
served not only in classical Rayleigh-type stratification problems but also
in cases where stable density stratification theoretically prevents large-
scale motion. Experimental and numerical studies have shown that, in
certain conditions, diffusion alone can generate convective flows, leading
to the development of structured flow patterns that significantly alter the
expected mixing dynamics.

Previous research on multicomponent gas mixing has demonstrated
that convective motion can emerge due to differences in diffusion coef-
ficients between components [6-8]. When the diffusion rates of different
gases vary significantly, the resulting imbalance can trigger flow patterns
resembling a sedimentation effect, where heavier and lighter components
separate dynamically [9-12]. This effect introduces additional complexity
in predicting and modeling mass transfer in such systems, making it es-
sential to develop computational approaches that accurately capture the
interplay between diffusion and convection [13,14].

To address these challenges, this study presents a computational
model designed to investigate the diffusion-driven transport of gases un-
der isothermal conditions. The focus is on three-component gas mixtures
with varying transport properties, analyzed through a two-dimensional nu-
merical simulation of a vertical cylindrical channel with finite dimensions
[15]. The numerical results are systematically compared with experimen-
tal data to validate the approach and improve our understanding of the
mechanisms governing the transition from diffusion to convective mixing
[16].

Materials and methods. By exploring the interplay between diffusion
and convection in multicomponent gas mixtures, this research aims to
provide valuable insights into the fundamental principles of mass transfer
in such systems. The findings may have significant implications for opti-
mizing industrial processes, refining theoretical models of gas transport,
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and developing more efficient strategies for controlling mixing dynamics in
practical applications. The objective of this study is to conduct a numerical
simulation of the transition from a purely diffusive state to a convective
state in a multicomponent system, where mechanical equilibrium instabili-
ty is observed. This simulation will be performed using the ANSYS Fluent
software package [17]. Additionally, the study aims to compare the numer-
ical results with experimental data. Through this analysis, we seek to gain
deeper insights into the mechanisms governing the shift between diffusion
and convection and to develop recommendations for a more precise char-
acterization of mixing processes in multicomponent systems.

Problem statement and setup algorithm. Figure 1 illustrates the
schematic representation of the diffusion cell (DC) utilized in the two-flask
apparatus, where concentration measurements were conducted to study
both diffusive and convective mixing processes [11]. The experimental
method enabled the capture of shadow images of structural formations,
as demonstrated in [17], allowing for a rapid identification of the mixing
type and facilitating comparisons with numerical simulation results. During
the numerical modeling process, it was assumed that, initially, the upper
chamber of the apparatus contained a gas mixture with a chemical com-
position different from that of the gas in the lower chamber. Additionally, it
was considered that, at the initial moment, the density of the three-com-
ponent mixture decreased with height.

The model's analyzed region comprises three primary components:
the upper cylinder, the lower cylinder, and the diffusion channel connect-
ing them. This structure serves as the foundation for examining the mech-
anisms governing mass transfer and the transition between diffusive and
convective mixing regimes. The cylinder volumes were assumed to be the
sameV =V, = 227x10°m? and the dimensions of the diffusion channel
are as follows: d=6.1 x10°m — diameter, L = 165x710°m — height.

In this study, a hybrid mesh model was employed, where triangular el-
ements were used to discretize the upper and lower cylinders, and square
elements were applied to discretize the diffusion channel. This combina-
tion ensures an efficient adaptation to the different geometrical character-
istics of the system components.

The grid element size was set to 1.5 mm to achieve a detailed rep-
resentation of the geometry and ensure the convergence of the numeri-
cal solution. The total number of grid elements reached 404 395, which
demonstrates the model’s high resolution and its ability to accurately cap-
ture the key physical processes occurring within the system.
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The use of both triangular and square elements strikes a balance
between modeling precision and computational efficiency. Triangular
elements in the cylindrical regions offer flexibility for adapting to curved
surfaces, while square elements in the channel simplify calculations in
areas with simpler geometry. This approach aligns with modern practices
in computational mesh design, where the choice of element type and size
is guided by the complexity of the geometry and the required modeling
accuracy.

Figure 1 — 3D model of the diffusion cell and the simulation area under study

The pressure-based coupled algorithm is designed to simultaneously
solve the momentum equations and the pressure-based continuity equa-
tion as a unified system. This differs from the segregated approach, where
these equations are handled separately in consecutive steps. In the cou-
pled method, momentum and pressure corrections are computed together
in a single operation, while the remaining governing equations are still
solved independently, as in the segregated approach [17].
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Each iteration of the coupled algorithm follows a structured sequence
of steps:

1. Updating Fluid Properties — The physical properties of the fluid, such
as density, viscosity, and specific heat, are recalculated based on the cur-
rent solution state. Additionally, turbulent viscosity (or diffusivity) is updat-
ed to maintain accurate flow dynamics.

2. Solving Momentum Equations — The momentum equations are
solved sequentially using the most recent values of pressure and mass
flux at cell faces.

3. Solving the Pressure Correction Equation — The pressure correction
equation is formulated and solved based on the newly computed velocity
field and mass flux values.

4. Applying Corrections — Face mass fluxes, pressure values, and ve-
locity fields are corrected using the pressure correction obtained in the
previous step.

5. Solving Additional Scalar Equations — If additional scalar equations
are present (such as those for turbulence, energy, species transport, or ra-
diation intensity), they are solved using the most recent solution variables.

6. Updating Source Terms — The source terms resulting from interac-
tions between different phases are updated (for example, the source term
representing the influence of discrete particles on the carrier phase).

7. Convergence Check — The solution is evaluated for convergence,
ensuring numerical stability and consistency.

ANSYS Fluent offers multiple schemes for interpolating pressure val-
ues at the faces of computational cells. By default, the Second Order
scheme is used for general applications. However, for simulations involv-
ing multiphase flow models such as the Mixture Model or VOF (Volume
of Fluid) Model, the PRESTO! (Pressure Staggering Option) scheme is
preferred to enhance accuracy.

The Second Order scheme reconstructs face pressure using a central
differencing approach, ensuring improved accuracy in pressure distribu-
tion. The pressure values at cell faces are computed as:

1 1 - 7
P= (R +P)+- (VR T +VE To) (1)

The SIMPLE algorithm establishes a connection between velocity and
pressure corrections to ensure mass conservation, allowing for the accu-
rate calculation of the pressure field.
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If the momentum equation is solved using an initial guessed pressure
field, the resulting face flux may be inaccurate and require corrections to
achieve mass conservation and accurate flow predictions.

Jy=Jy+d (p.-p) )
To address this issue, a correction term is added to the face flux. This

adjustment ensures that the corrected face flux satisfies the continuity
equation, maintaining mass conservation in the flow simulation.

J,=J,+J; (3)

The SIMPLE algorithm assumes that the corrected face flux can be
expressed as a combination of the initial flux and a correction term:

Jy=d,(p ~p) 4)

The SIMPLE algorithm inserts the flux correction equations (3)-(4) into
the discrete continuity equation. This process leads to a discrete equation
that solves for the pressure correction in each cell, ensuring that mass
conservation is satisfied throughout the domain [17].

app‘ = Zanbpynb + b
nb

(5)
where the source term is the net flow rate into the cell:
Nﬁzces .
b= Zf: J A, o

The pressure-correction equation (4) can be efficiently solved using
the algebraic multigrid (AMG) method outlined in the Algebraic Multigrid
(AMG) section. After obtaining the solution, corrections are applied to both
the cell pressure and face flux to improve the accuracy of the flow field and
ensure mass conservation.
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p=p +a,p
Jy=Jy+d,(p = p) "

The parameter a represents the under-relaxation factor for pressure,
which helps stabilize the solution process. With this correction, the face
flux ensures that the discrete continuity equation is fully satisfied at each
iteration, improving convergence and solution accuracy.

When working with ANSYS Fluent, it is essential to configure all param-
eters to ensure both computational efficiency and a high level of accuracy.
The key settings and adjustments made in this study are outlined below.

Model Setup and Physical Parameters

Physics:

» Energy equation: Enabled

* Turbulence model: Standard k-w

 Material properties: Helium (He), Argon (Ar), and Nitrogen (N,) added
to the material database

 Species model: Species Transport

» Boundary conditions: Defined operating pressure, temperature, and
density; walls specified as steel

Solution Settings

* Residuals: Set to 107 for all variables to ensure solution accuracy.

*Numerical Methods: SIMPLE (Semi-Implicit Method for Pressure-Linked
Equations) scheme was chosen for pressure-velocity coupling.

« Initialization: Applied patching for pressure, temperature, and mole
fractions to establish initial conditions.

* Report Definitions: Created plots of mole fractions as a function of time
to track species evolution during mixing.

Post-Processing and Results Analysis

 Contour Plots: Generated mixing contours for the heavier element to
visualize concentration distribution.

By carefully configuring these parameters, the simulation effectively
models the mixing of multicomponent gas mixtures with high accuracy, con-
sidering the given geometry and thermophysical conditions.

The study focuses on mixing under conditions where the density gra-
dient is positive (Figure 1). Specifically, a denser binary gas mixture is
placed in the upper chamber of the diffusion cell, while a lighter gas is con-
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tained in the lower flask. This configuration replicates experimental conditions
observed in real laboratory setups.

All physical and chemical properties of the gases were assumed to be con-
stant and sourced from the ANSYS 2024 R2 chemical library [17].

Since the system operates as a closed apparatus, the boundary condi-
tions were set to impermeability, preventing any mass transfer across system
boundaries. This ensures that no gas components enter or leave the system.
Additionally, thermal boundary conditions were applied to maintain isothermal
mixing conditions, with the walls defined as solid stainless steel surfaces. The
corresponding material properties were retrieved from the ANSYS 2024 R2
library [17].

A pressure-based solver was used for all simulations. The pressure-velocity
relationship was handled using the SIMPLE scheme, as previously mentioned.
Computational Fluid Dynamics (CFD) equations were solved using spatial dis-
cretization methods, which have demonstrated high effectiveness in prior stud-
ies [11] (Table 1).

Table 1 — Solution methods

Quantity Discretization
Gradient Least Square Cell Based
Pressure Second order
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Specific Dissipation Rate Second Order Upwind
Pseudo Time Method Off
Transient Formulation Second Order Implicit

Computer modeling results. Table 2 presents a comparison between
experimental and numerically simulated component concentrations under
different transport assumptions. The table includes:

» Experimental concentration values, obtained under controlled labo-
ratory conditions.

 Theoretical concentration values, calculated assuming purely diffu-
sive transport based on the Stefan-Maxwell equations.

» Numerical concentration values, obtained using ANSYS Fluent,
which accounts for both diffusive and convective transport mechanisms.

The results demonstrate a high degree of agreement between the ex-
perimental data and the numerical simulation results, indicating that ANSYS
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Fluent accurately captures the impact of convective processes on the sys-
tem. Conversely, the theoretical calculations using the diffusion-only model
fail to reflect these convective effects, highlighting the limitations of the pure-
ly diffusive approach in describing real mixing dynamics.

Table 2 presents both experimental and numerically calculated compo-
nent concentrations, assuming purely diffusive transport, as well as par-
tial concentrations obtained using ANSYS Fluent for the case of combined
transport. The data show that the numerical simulation results align well
with the experimental findings, confirming the software’s capability to ac-
count for the impact of convective flows within the system. In contrast, the-
oretical calculations based solely on the Stefan-Maxwell diffusion model do
not capture these convective effects.

Table 2 - Amount of diffusing gas from one flask to another as a function of
experimental pressure

0.8846 H, + 0.1154 CH, — He (t=3 hours, P=4.07 MPa, T=295 K)

Method H, CH, He
Stefan-Maxwell 0.0299 0.0012 0.0312
Experiment [11] 0.1190 0.0310 0.1500
Ansys 0.1297 0.0273 0.6497

The median deviation between the numerical simulation and experi-
mental data across all gases is approximately 12%. However, some indi-
vidual discrepancies exceed too much, particularly for the lightest com-
ponent in the mixture. This may be due to non-idealities in the numerical
calculations, as simulations inherently approximate physical processes.
Another possible reason is the difference in molecular properties (such
as molecular weight, viscosity, and diffusivity) between the actual gases
and their assumed values in the computational model. Despite these
inconsistencies, the overall agreement between experimental and nu-
merical results confirms the capability of ANSYS Fluent for quantitative
estimation of partial fluxes in conditions where mechanical equilibrium is
disrupted. In contrast, calculations based solely on the diffusion model
(using the Stefan-Maxwell approach) show errors exceeding hundreds
of percent, further emphasizing the presence of convective currents in
the system.

In an experimental study [11], an attempt was made to evaluate the
evolution of the occurrence of convective flows when the mechanical
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equilibrium of the mixture is unstable, the intensity of partial mixing of the
components decreases, and the subsequent diffusion occurs. Figure 2
shows the characteristic stages of multicomponent mixing and numerical
values of component concentrations.

=

7
J

Wolume-Averigle off molef-h2

flow-timo [s]

aozo0n

Volumo-Averago of molof-cihvd

Figure 2 — Calculated values of component concentrations at different mixing
times in the system 0.8846 H, + 0.1154 CH, — He by Ansys Fluent: a - change in
the hydrogen concentration in the lower flask; b - change in the methane concen-

tration in the lower flask;
¢ - change in the helium concentration in the upper flask.
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For gases hydrogen and methane, one pattern is visible — an intensive
transfer of the amount of gas occurs in the first 2000 seconds, then an
almost constant straight line is observed, which indicates a diffusive type
of mixing. This is also confirmed by experimental data. But for the helium
that was originally in the lower flask, a different picture is observed. The in-
itial stage of transfer corresponds to diffusion mixing — the first 2000 s, but
then a sharp increase in the amount of gas from 2000 s to 5000 s. At the
end, you can see, again, a monotonous change in concentration. There is
a double transition here, first from the diffusion of convection, then back
from convection to diffusion.

Conclusion. This study explored convective mixing in an isothermal
helium-argon-nitrogen system through both experiments and numerical
simulations using ANSYS Fluent. The results showed that the software
could accurately describe the combined mass transfer processes, closely
matching experimental data and proving its reliability for modeling com-
plex multicomponent mixing. The research also provided insights into the
transitions between different types of convective mixing, identifying key
stages such as diffusion, the formation of convective currents, and their
further development. The findings highlight the intricate nature of mass
transfer and demonstrate how ANSYS Fluent effectively captures structur-
al flow patterns, including rising and sinking convective currents. Moreo-
ver, the study confirmed that, with the right initial and boundary conditions,
ANSYS Fluent can account for crucial factors like density gradients, ini-
tial composition, pressure, temperature, and the geometry of the diffusion
channel. This accuracy in reproducing experimental results reinforces its
potential as a valuable tool for studying such processes.

Overall, the approaches and models developed in this work can be ap-
plied to optimize various technological processes involving both convec-
tive and diffusive mass transfer, making them useful for future research
and industrial applications.
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MykamegneHkbi3bl B.', Toenen6eprex A.F.', Ak6epaues B.E.2, AnbTeH6ax X.?
'9n-®apabu atbiHaarbl Kasak ¥nTTelk YHUBepcuTeTi, Anmathl K., KasakcTaH
2AGann aTbiHOarbl Kasak ¥niTblk [Megarorukansik YHuBepcuteTi, Anmatbl K.,
KasakcTaH

3 OT1T10 hoH epuke yHmuBepcuteTi, Maraebypr K., Fepmanus

YL KOMMOHEHTTI TA3 KOCMANAPbIH U3OTEPMUATBIK APANTACTbIPY
KE3IHAEN KOHBEKTUBTI AFbIHOAPAbI KOMMbIOTEPIIK MOOENBAOEY
SOICIMEH TANOAY

TyniHpgeme. Ken KOMMNOHEHTTI ra3 kocnanapbiHaa apanacy pexvMaepiHii anyaH
Typniniri 6ap. XKyMbICTbIH, Heridri MmakcaTbl AN dy3nanbIK XoHe KOHBEKTUBTI pe-
XMMAep apacblHAaFbl LeKkapaHbl aHbIKTay, COHAan-aK maccartacbiMangay npo-
LecTepiHde wWeLlyLli pen aTkapaTblH KOHBEKTUMBTI PEXVUMAi aHbIKTauTbiH napa-
MeTpriepai aHbiKTay. byn 3epTTey YLWKOMMOHEHTTI ra3 KocnanapbiHaa U3oTepmaik
Andy3unsansik TacbiMangayabl 3epTTeyre apHarnfaH ecentey MOAeniH ycbiHaabl.
Tangay COHfbl enwemMaeri Tik LMNMHOPINIK apHaja ywenwemai caHablK MOAEerb-
Aeyai KornpaHa OTbIpbin, yakbIT OoMbiHWA TacbiMangay KoauLUMEHTTEPIHIH
apakaTblHacbliHa GarbiTTanFaH. 3epTTeneTiH XyWeHiH duankanbik napameTpriepiH
Oeny apkbiibl UMAVHOPIIK TiK apHanapAarbl YLWKOMMOHEHTTI ra3 KocnanapbliHbIH
n3otepMAaik anddy3uaneik apanacy npoueci 3epTreni. Hotmxkenep KOMMNOHEHT-
TepaiH anddysnanbik KoadduuneHTTepi canbiCTeipMansl bonaTtbiH Xyrenepae
MexaHuKarnblK Tene-TeHAiK Typakcbi3 ekeHiH kepcetedi. Ouddysma koaddu-
LMEHTTEpPIHAE aiTapnbiKTan arblipMallbinbiK 6onFaH araanoa KOHBEKTUBTI KO3-

116



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

Fanbic nanga 6onybl MymKiH. Bactankbiga 6yn KOHBEKTUBTI aFbiHAAP TOMEH XbiJl-
aamapikneH aamuabl, 6ipak yakbIT eTe Kene onap KypbifbiIMAbIK aFblHAapFa aHa-
nagbl. Ecentey HaTwxkenepi ras kocnanapbliHAaFbl KOHUEHTpaumsaFa 6annaHbICTbI
andbdy3nsa MeH KOHBEKLUS pexnmaepi apacbiHaarbl LekapaHbl aHbIKTayFa yCbl-
HbINIFaH TaCiNai KongaHa OTbIPbIN, SKCMEPUMEHTTIK EPEKTEPMEH XKaKCbl YAneceai.
Tywninai cespep: avddyans, KOHBEKLUS, razgap, KOMNbIOTEPNIK MoAenbaey.

MykamegneHkbi3bl B.', Tonen6epren A.l'.', Ak6epaueB B.E.?, AnbTeH6ax X.?
'Kasaxckuin HaumoHanbHbIi  YHuBepcuteT uM. anb-dGapabu, r. Anmarbl,
KasaxctaH

2Kasaxckmn HaumoHanbHbil  Meparornyeckuin  YHuepcuteT um.  Abas,
r. Anmartbl, KasaxctaH

3 YuueepcuteT um. OTTO (hoH Mepuke, r. Margebypr, Mepmanus

AHAINN3 KOHBEKTMBHbIX MOTOKOB NMPU U3OTEPMUYECKOM
NEPEMELUMBAHUU TPEXKOMMOHEHTHbIX FA30BbIX CMECEW
METOOOM KOMMNbOTEPHOIO MOAENTMPOBAHUA

AHHOTaumsA. B MHOrOKOMMOHEHTHBIX ra3oBbIX CMECHAX CyLlecTByeT 6onbLuoe pas-
HoOGpa3ue pexvmmoB nepemeluvBaHus. KnoyeBow 3agaden sBnseTcs onpee-
neHvie rpaHuubl Mexay AnddY3MOHHBIM Y KOHBEKTUBHBIM PEXNMaMK, a Takke
onpegerneHne napameTpoB, ONPeensiolnX KOHBEKTUBHbLIA PEXUM, KOTOPbIN
urpaeT peLuarLylo porb B Mpoueccax macconepeHoca. B gaHHom uccriegosa-
HUM NpeacTaBrieHa BblYMCIUTENbHAA MOAENb ONA U3YYeHUS U30TEPMUYECKOTO
AndPy3MOHHOro nepeHoca B TPEXKOMIMOHEHTHBIX ra3oBbiX cMecsax. AHanms ¢o-
KyCupyeTCst Ha COOTHOLLEHMN KOA(PULIMEHTOB NepeHoca C TEYEHNEM BPEMEHN C
MCMONb30BaHNEM TPEXMEPHOrO YMCMEHHOTO MOAENUPOBaHWS B BepPTUKANbHOM
LMNMHOPUYECKOM KaHare KOHeYHbIX pa3mepoB. [lyTem pasgeneHus husnyeckmx
napameTpoB UCCreQyemMon CUCTEeMbl MCCMefoBaH MpoLecC M30TEPMUYECKOrO
A y3MOHHOTO NepeMeLLnBaHNS TPEXKOMMOHEHTHBIX Fra30BbIX CMECEN B LIMINH-
OPVYECKNX BepTuKarnbHbIX kaHanax. PesynbTatbl nokasbiBaloT, YTO B cUCTEMAX,
roe koacpduumneHTbl Andpy3mm KOMMNOHEHTOB COMOCTaBNMbI, MEXaHUYECKOe paB-
HOBecCKe HeyCcToM4MBO. B Tex cnyyasx, korga CyLlecTByeT 3Ha4MTenbHasa pasHuua
B koadhpuumeHTax onddysnn, MoxXeT BO3HNKHYTb KOHBEKTUBHOE ABWKeHME. [ep-
BOHa4arnbHO 3TU KOHBEKTUBHbIE MOTOKM Pa3BUBAKOTCS C HU3KMMU CKOPOCTAMM, HO
CO BPEMEHEM OHV MPEBPALLATCA B CTPYKTYPUPOBAHHbIE CTPYKTYpbl. PedynbTatsl
pacyeToB XOPOLLO COrNacyloTCsl C AKCNepUMEHTanbHbIMW OAaHHBIMUW, NMOATBEPX-
Aas NPeAnoXeHHbIM NOAX04 K ONpeaeneHnio rpaHnLbl Mexay pexumamv anddy-
31N 1 KOHBEKLMKN, OBYCNOBNEHHON KOHLIEHTPaLUuen, B ra3oBbIX CMECSX.
KnroueBble cnoBa: auddysuns, KOHBEKLMS, rasbl, KOMMbIOTEPHOE MOLENMPOBa-
Hue.
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