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Image of the Experimental 3D Concentration Field of the Separated Gas
with Specified Thermophysical Properties under Conditions of Mechanical
Equilibrium Instability in an Isothermal Ternary Mixture

Isothermal diffusion and convective mixing in a ternary He—Ar—N, mixture at varying pressures and initial
compositions were examined experimentally by means of the two-flask method. The study was conducted
under strictly controlled laboratory conditions to ensure precise, comparable, and reproducible results across
all experiments. It was found that when the density decreases with height, the mechanical equilibrium of the
mixture can be disturbed, causing gravitational flows and partial convection within the system. Anomalous
transfer of the component with the greatest molecular mass was detected at particular pressures and starting
compositions, pointing to the influence of supplementary convective processes beyond ordinary diffusion.
When the experimental results were plotted in the phase space of the three variables — pressure, initial com-
position, and diffused component concentration — a pronounced wave-like iso-concentration surface
emerged. This surface appeared in regions corresponding to well-developed convective flows. Its formation
correlated with the highest intensity of partial component mixing, highlighting the combined influence of
pressure, composition, and gravitational effects on the mixture’s dynamic equilibrium. These findings provide
insight into the interplay between diffusion and convection in multicomponent gas systems, revealing condi-
tions under which gravitationally induced flows significantly alter component transport and overall mixture
behavior.
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Introduction

Modern technologies for material production and the prediction of natural phenomena require a more
accurate interpretation of heat and mass transfer processes in liquid and gaseous media. Complexities in the
description of multicomponent systems are caused by the simultaneous influence of different heat and mass
transfer mechanisms. The control of processes in such systems requires new knowledge about the specifics
of combined mass transfer at different stages of mixing, especially in conditions where equilibrium is
disturbed by gravitational convection [1, 2]. The generalizations presented in review studies [3, 4] on the in-
vestigation of non-isothermal mixing have shown that the emergence of different types of equilibrium insta-
bilities is related to the complex interaction between temperature and concentration gradients. It was also
noted that the transition of the studied system to a thermo-gravitational mixing regime can be realized within
the framework of convective stability theory by determining the critical Rayleigh numbers that define the
transition of the system from a convective state to a mixing regime. Researches of stability of equilibrium
states of binary systems in non-isothermal conditions, carried out on the basis of methods presented in [1-4],
have shown the existence of various specific features of thermal-concentration mixing, associated with the
nature of boundary conditions, interface surfaces and the appearance of combined flows, and so on. These
findings make it possible to systematically refine and apply the obtained information within the context of
the studied problem. For example, the investigation of the mixing of binary mixtures of magnetic fluids in a
non-uniform temperature field has shown that as a result of positive thermo-diffusion, density inversion re-
gions are formed, which under the action of gravity destabilize the equilibrium of the system, causing the
development of convective bursts [5, 6]. The peculiarity of this mixing regime is that the corresponding hy-
drodynamic currents manifest themselves in the so-called subcritical region, i.e., at Rayleigh numbers lower
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than the critical value that defines the transition between regimes, indicating a situation where, at the initial
stage of mixing, the system exhibits a stable state of mechanical equilibrium.

A similar situation can occur in isothermal gas mixtures due to the diversity of diffusion mixing mecha-
nisms. However, for binary mixtures, convective transfer arises within the traditional framework of Ray-
leigh-Taylor gravitational convection [7], which represents the mixing of a denser medium with a less dense
one and corresponds to Rayleigh numbers exceeding the calculated critical value [8]. The opposite direction
of the mixture’s density gradient determines diffusive mixing [9], which is characterized by Rayleigh num-
bers significantly lower than the critical value that marks the onset of convection. Nevertheless, in ternary
gas mixtures isothermal diffusion under certain conditions is capable of causing the appearance of analogs of
convective bursts similar to those noted in [5, 6], with the subsequent development of concentration gravita-
tional convection [9]. Despite the similarity of the effects observed in thermal and isoconcentration convec-
tion, the mechanisms responsible for the formation of inversion layers exhibit distinctive features. These dif-
ferences are associated with the presence of multiple concentration gradients that give rise to specific diffu-
sion regimes [10], which are absent in the thermal diffusion mixing described in [4—6]. One manifestation of
such special diffusion regimes was reported in [11], where significant differences in the diffusion coeffi-
cients of the components lead to a nonlinear concentration distribution in a vertical channel, ultimately re-
sulting in the inversion of the density gradient and the subsequent onset of isothermal gravitational convec-
tive flows. Several other features of diffusion mechanisms that cause concentration-driven gravitational con-
vection are discussed in the review [12]. Among them, it is worth noting experimental results showing that
the loss of system equilibrium stability leads to isothermal concentration gravitational convection accompa-
nied by a synergistic increase in the rate of component mixing [9, 13]. In this case, the mixing intensity ex-
hibits a nonlinear dependence on pressure, initial composition, and several other thermophysical parameters.

Thus, failure to take diffusion into account in multicomponent mass transfer leads to distortion in the
description of concentration fields and their subsequent evolution. The need to take into account the appear-
ance of gravitational convection in gas mixtures due to the violation of the mechanical equilibrium of the
system will allow for a more accurate description of heat and mass transfer in multicomponent mixtures,
which is not always done in diffusion experimental and computational-theoretical studies. This paper pre-
sents experimental results on the study of diffusion and the recording of convective currents caused by the
disturbance of the equilibrium of a ternary mixture of helium, argon, and nitrogen in a wide range of concen-
trations and pressures and at a constant temperature. Based on the obtained experimental data, a quantitative
assessment was made of the degree of mixing of the partial component fluxes in both the diffusive and com-
bined regimes.

Materials and methods
Experiment

Experimental device and experimental procedure

Experimental studies were performed on a device that implements the two-flask method [14], upgraded
to measure the partial concentrations of components not only in diffusion modes, but also in the field of con-
vective transfer using flat and cylindrical channels with different geometric parameters [15]. The schematic
representation of the measuring complex is reproduced in Figure 1.

Linear parameters and dimensions of the measuring device (diffusion cell) correspond to the following val-
ues: volume of the upper bulb V, = (185.0 + 0.5)-10° m>; volume of the lower bulb V, = (186.0 + 0.5)-10° m?;
dimensions of the rectangular vertical channel axbxL = (30.00 + 0.05 x 6.00 + 0.05 x 165 + 0.05)-10° m
(Figure 1b). In all measurements, the temperature was 298 K. Mixing time 300 s.

The features of isothermal mixing were studied by analyzing the concentration and baric dependences
of the ternary system He (1) + Ar (2) — N, (3) at constant temperature. Table 1 presents the mutual diffusion
coefficients as well as some thermophysical characteristics of the miscible components at normal pressure
and temperature T = 298.0 K. In further discussion, we will assume that the numbers in parentheses after the
chemical element determine its numbering in the system under study. The values given before the chemical
elements of the mixture determine the initial composition in mole fractions. It should also be noted that in the
pressure range of 0.1-2.0 MPa and temperature T = 298.0 K, the studied helium — argon — nitrogen mix-
ture can be considered ideal for any initial compositions.
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a) Experimental setup scheme b) Diffusion cell

Figure 1. Implementation of the two-column method

Table 1
Some thermophysical properties of the mixture components and coefficients of mutual diffusion of gases

Properties of gases [16]

Gas Molecular weight, 10" kg/mole Density, kg/m® Viscosity, 10 °Pas
Helium He 4.0026 0.16 1.997
Nitrogen N, 28.0134 1.13828 1.775

Argon Ar 39.94 1.6 2.271
Interdiffusion coefficients of gases, Dy- 10™ m*/s [8, 16]
DHe-Ar DHe—Nz DAr-Nz
0.745 0.621 0.230

At the initial stage of the experiment, aimed at studying both diffusive and convective separation of gas
mixtures, the procedure of vacuumization of the internal volumes of the unit, including the main elements of
the diffusion cell: the upper flask (2), the lower flask (3) and the connecting channel (1) is carried out. In the
process of vacuumization the valve (4) remains closed. Further, the upper flask (2) is filled with a gas mix-
ture of helium and argon from the cylinder (5) through open valves (9) and (11) with closed valve (13). The
pressure of the mixture is brought to the experimental value and controlled by the manometer (7), after
which the valves (9) and (11) are closed. The lower flask (3) is filled with nitrogen from the cylinder (6)
through the open system of valves (10) and (12) with the valve (14) closed. The gas is supplied until the re-
quired pressure is reached, monitored by the manometer (8). When the filling of the lower flask is complete,
valves (10) and (12) are closed. When the procedure of pressure equalization in flasks (2) and (3) is complet-
ed, valve (4) is opened and the process of multi-component mixing begins.

Experimental studies were carried out at pressures ranging from 0.15 to 2.55 MPa and temperature
298.0 K. The accuracy of temperature control was 0.1 K, pressure — 0.02 MPa. Determination of compo-
nent concentrations was performed by gas chromatography with relative error not more than 1-3 %. Direct
measurements were carried out for argon and nitrogen, and helium concentration was calculated from the
condition of particle number conservation

> =1
i=1
where ¢; is the concentration of the i-th component. To increase reliability, the results were averaged over

several series of measurements under identical conditions. In all experiments, the upper flask of the diffusion
cell contained a mixture of helium and argon, whereas the lower flask contained nitrogen.
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The method of obtaining the concentration and baric dependence for isolated argon from experimental
data

The intensity of diffusive and convective mixing in ternary gas mixtures was quantitatively evaluated
by comparing experimental concentration data with values calculated from kinetic models assuming diffu-
sion [8]. If the experimental and calculated data coincided within the experimental error, then this type of
displacement was defined as diffusive. In the case of a discrepancy between them of tens or more percent,
we can talk about the manifestation of convective transfer. By applying this approach at different pressures
and initial compositions of the mixture and observing the constancy of all other experimental conditions in
two-dimensional coordinates, it is possible to obtain baric or isoconcentration dependencies that characterize
the corresponding type of mixing. By combining the characteristic dependencies and fixing the pressure, the
initial mixture composition, and the concentration of the component governing the mixing behavior, an
isoconcentration surface can be obtained in the coordinates of pressure, initial composition, and concentra-
tion of the transferred component.

Results and discussion

The main key parameter for understanding the dynamics of mixing and the kinetic transition from the
diffusion regime to the convective one is to record the discrepancy between experimental and calculated
concentrations at a certain value of the variable parameter (pressure, initial mixture composition). Figure 3
illustrates typical dependences of the concentrations of components diffused into the lower (helium and ar-
gon) and upper (nitrogen) flasks of the diffusion cell, respectively. Figure 2a shows that in the 0.68 He(1) +
0.32 Ar(2) — Ny(3) system, in the pressure range of 0.1-1.5 MPa, the coincidence of experimental and calcu-
lated using the Stefan-Maxwell equations [8] concentrations of components is recorded. This type of mixing
can be characterized as diffusion. With an increase in the fraction of argon, the component with the highest
molecular weight in the mixture, a dependence uncharacteristic of diffusion is observed: the mixing intensity
increases with increasing pressure (Figure 2b).
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Figure 2. Concentrations of components at different pressures in a vertical flat channel at T = 298.0 K:

(a) — System 0.66 He + 0.34 Ar — N,. Experimental points 1 — ¢ correspond to argon. Solid line 2 is calculated
assuming diffusion for argon; (b) — System 0.43 He + 0.57 Ar — N,. Experimental points ¢, A correspond to:
1 — argon, 2 — nitrogen. Solid line 3 and dotted line 4 correspond to data calculated assuming diffusion
for argon and nitrogen

For a number of compositions, pressure ranges are noted in which argon has a transport advantage over
other components. This deviation from the classical diffusion concepts, assuming a weakening of mass trans-
fer with increasing pressure, indicates the occurrence of convection due to the violation of mechanical equi-
librium of the ternary system. The range of thermophysical parameters that determines the change in the
“diffusion-convection” modes can be defined within the framework of stability theory [2], extended to the
case of isothermal ternary gas mixtures [9]. However, it cannot be extended to describe combined mass
transfer in the range of parameters significantly exceeding the boundary values for which nonlinear depend-
encies of the intensity of partial mixing of components on pressure are marked in Figure 3b. In this case, the
condition of neutrality of convective perturbations [2] is violated, and the formalism of stability theory leads
to significant quantitative discrepancies between experimental and calculated data.
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Figure 3 shows the baric dependences of ternary mixtures with different argon contents in the mixture.
Further experimental results are given for argon, since convective effects are most pronounced for argon.
This allows us to avoid excessive detailing in the graphs and provide a more visual representation of the ob-
served phenomena. The points correspond to experimental data for different argon contents in the initial
composition of the mixture under study. Solid lines are approximation curves. According to the data obtained
and the results published in [9, 13], an increase in the mixing intensity is observed as the content of the com-
ponent with the highest molecular weight in the mixture increases. Visualization of this type of mixing car-
ried out in [17] showed the presence of complex convective flows with structural formations. It should also
be noted that for some convective regimes, the maximum mixing intensity is fixed.
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Figure 3. Baric dependencies of argon concentrations when mixing in the He + Ar — N, system with different initial
compositions at T=298.0 K. The mixing time is T = 300 s. The points determine the argon content at different pressures
in the initial composition of the mixture expressed in mole fractions and correspond to: € — 0.340; = — 0.420;

—0.516; X —0.570; * — 0.610; » — 0.649; + — 0.697. Solid lines are approximations of experimental data
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Figure 4. Argon concentrations when mixing in the He + Ar — N, system at a given pressure and various
initial compositions of argon in a binary mixture with helium at T = 298.0 K. The mixing time is T = 300 s.
Points at different compositions are determined by a given pressure value in MPa and correspond to:
€ —0.60; m—0.70; A — 0.80; X — 0.90; * — 1.00. Solid lines approximate the experimental data
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Figure 4 shows the isoconcentration lines, a distinct nonlinear dependence is observed: with increasing
content of the component with the highest molecular weight, the intensity of convective mixing increases
significantly. Also, as for the previous case, there are characteristic areas of the initial composition (0.55-
0.65 mole fractions of argon) at which a pronounced nonlinearity of the mixing intensity is recorded. In fig-
ures 3 and 4, a number of characteristic modes of mass transfer can be distinguished:

1 — at concentrations of 0.34 mole fractions of argon and below, we observe a purely diffusive mass
transfer;

2 — at concentrations from 0.34 to 0.61 mole fractions of argon, determining the condition of mixture
density decrease with height, convection and diffusion processes are observed in the system, generating sep-
aration of the mixture into heavy (in terms of density) and light components. At certain pressures and com-
positions, the preferential transfer of argon is observed, which is atypical for diffusion processes;

3 — at concentrations from 0.61 to 0.649 mole fraction of argon in the system under study, the condi-
tion of approximate parity of densities in the upper and lower parts of the channel is realized (approximate
equality of the mixture density gradient to zero). Convective mixing modes continue in the system, but the
signs of nonlinearity of partial mixing are not registered,;

4 — at concentrations from 0.649 to 0.697 mole fractions of argon, the density gradient of the mixture
changes sign, convective and diffusion processes separate the components of the mixture according to the
mechanisms determined by Rayleigh—Taylor convection [7].
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Figure 5. Three-dimensional field of argon concentrations in diffusion and convection modes
in the He + Ar — N, system at T = 298.0 K and various initial compositions and pressures. Mixing time T =300 s

Combining the experimental data presented in Figures 3 and 4, in the coordinates “pressure — initial
composition of the mixture — diffused concentration of the component” and supplementing them with ap-
proximation lines, it is possible to obtain an experimental surface characterizing the concentration field in
both diffusion and convective modes. Figure 5 shows a three-dimensional argon concentration field in the
diffusion regime (up to 0.34 mole fractions of argon in the initial composition of the mixture) and then a ki-
netic transition to a state of gravitational concentration convection with a pronounced nonlinear increase in
the intensity of mass transfer in the pressure range (0.25-0.7) MPa and the initial composition
(0.42-0.57) mole fractions. The experimental values presented allow us to speak about the occurrence of
spatial concentration waves, which occur at certain ratios between mixture composition and pressure leads to
preferential transfer of the most dense component (see Table 1), i.e. argon. Such resonant manifestations sig-
nificantly turbulate convective flows created as a result of instability of the mechanical equilibrium, as can
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be judged by comparing the concentrations of argon during mixing at the diffusion—convection boundary and
in areas where pronounced nonlinearities are present. Moreover, as can be seen from Figure 5, the resulting
concentration wave can be controlled not only by pressure and temperature, but also by the influence of these
two parameters simultaneously.

Conclusion

The conducted studies show that in multicomponent mixtures, the difference in the diffusion coeffi-
cients leads to a violation of the mechanical equilibrium of the mixture and the occurrence of gravitational
concentration convection. Experimental study of the helium + argon — nitrogen system under the condition of
decreasing density of the mixture with altitude has shown that in certain pressure ranges and initial composi-
tion of the mixture there is a nonlinear increase in the mixing intensity for the component with the highest
molecular weight, which is not characteristic of classical diffusion. Representation of this effect in the phase
space of the three measured quantities —“pressure — initial mixture composition — diffused component con-
centration” — showed a non-monotonic, isoconcentration wave-like surface that appears in the region of de-
veloped convective flows. Its emergence corresponds to the highest intensity of partial component mixing.
Control of its displacement in the phase coordinates can be achieved either through individual variations in
pressure and initial mixture composition or by simultaneous adjustment of these parameters.
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B.H. Kocos, C.A. Kpacukos, M.K. AcembaeBa, E. MelipamGexyJibi

HN30TepMUANBIK YHITIK KOCAAAFbI MEXAHUKAJIBIK Tene-TeHIIK TYPAKChI3AbIFbI
JKAFIabIHIA KOPCETIITeH JKbLTY QU3HKAJIBIK KACHeTTepi 6ap 06/1iHreH ra3abiH
TI:xKipuOenik 3D koHeHTpanus OpiciHiH KecKiHi

Wzorepmusineik  quddysust sxoHe He—Ar—N, ymTik ra3 KocmachlHAarbkl KOHBEKTHBTIK apaiacy opTypii
KBICBIMIIAp MCH OacTamkpl Kypamzaap Ke3iHJe TiK jKa3blK KaHAJIMEH >KaJFaHFaH €Ki Kojba oici apKbUIbI
3KCHEPUMEHTTIK Typae 3eprrenmi. 3eprreynep 0,15-ten 2,55 Mlla-Fa neifiHri KpICBIMAAp JHMATa30HBIHA
xkoHe 298,0 K Temmeparypama okyprizinmi. Kochma KOMIOHEHTTEpIHIH KOHICHTPAIMSIIAPBI  Ta3/IbIK
xpomaTtorpadus omiciMeH aHBIKTaNABl. benrimi Oip maprrapma Toxipube OipHelne peT KalTanaHbIN,
OJIIIICHIeH IaMallap/bl OpTalia ajdy apKbUIbl KOMIIOHEHTTEPIiH KOHIEHTPALMSsIAPbIHBIH HAKTHl MOHIEpI
aHBIKTaNABl. KOCIaHBIH THIFBI3ABIFEI OMIKTIK OOMBIHIIA a3asThIH JKaFdainapaa KOMIIOHEHTTEpAiH auddy3us
K03 GUIMEHTTePiHIH opTYpii OOMyBl KyHene THIFBI3ABIKTHIH CTPAaTH(OUKAIMACHIHA OKENETiHI KOPCETiNII.
by e3 keseriHie MeXaHHWKAIBIK TeMe-TCHMIKTIH TYPAKTBUIBIFBIHBIH OY3bUTYybIHA ceOem OOMBIN, IpTYpIi
KapKBIHIUIBIKTaFbl TPABUTAIMSIIBIK aFbIHIAP/BIH Takiga OONYbIH TYBIHAATAIBl. OKCICPUMCEHTTIK TYpJC
Oenrim Oip KbICEIMIap MEH KypamIap Ke3iHAe YIITIK JKy#enepae KOCHaaarbl MOJCKYNalbIK Maccachl ¢H
YJIKEH KOMITOHEHTTIH 0achIM TachIMajlaHybl OaiiKanaThIHEI aHBIKTaNAel. MyHIail apanacy auddysusra ToH
emec. ToxipuOenik HOTWKENEPAI «KBICBIM — KOCIHAHBIH OacTamkbl Kypambl — aupy3usuiaHaTHIH
KOMITOHEHTTIH KOHIIEHTPAMsACHD) aTThl YII OJIICHETIH Imama (as3aiblK KeHICTITiHAE YCBhIHY OapbICBIHAA
TOJIKBIH TOPi3/i M30KOHLIEHTPALMSUIBIK OET aHBIKTANAbl. bysr OeT nJaMbpiFaH KOHBEKTHBTIK aFbIHOAPFa COHKEC
KeJIeTiH KBICHIM MEH KypaM aiiMakrapbiHga maiga 6omamsl. OHBIH KalbIITaCybl MOJIEKYIIANBIK MAaccachl eH
YJIKEH KOMIIOHEHTTIH apajiacy KapKbIHIBUIBIFBIHBIH KOFapbl OOJIyBIMEH, COHMai-aK KbICHIM MEH KYpPaMHBIH
KOCTIaHbIH JMHAMHKAJIBIK TEMe-TCHIITIHE dCePiMEH OalIaHbICTHI.

Kinm ce30ep: nubdy3us, TYpaKChI3AbIK, KOHBEKIIUS, KbICHIM, 0ACTAIKbI KYPaMbl, KOHIICHTPAIHS

B.H. Kocos, C.A. Kpacukos, M.K. AcembaeBa, E. Meiipambexyibl

N300paskenne 3kcniepuMeHTaIbHOr0 3D moJisi KOHIEHTPALMM BbIJIeJIEHHOT0 ra3a
€ 3aJaHHBIMHM TEeIUI0(PU3NYECKMMHU CBOMCTBAMM B YCJIOBHUSX HEYCTONYHUBOCTH
MEXaHMYEeCKOIr0 PaBHOBECUA B H30TEPMHUYECKON TPOHHOU CMeCH

N3orepmuueckas aud@y3us 1 KOHBEKTHBHOE MepeMeNInBaHue B TPOWHOIT razoBoil cmecu He—Ar—N, mpu
pa3IMYHBIX JaBICHHUSAX U Ha4albHBIX COCTaBaX OBUIM YKCIIEPUMEHTAILHO MCCIIEIOBAaHBl METOIOM JBYX KOJIO,
COEIMHEHHBIX BEPTHKAJIbHBIM IUIOCKUM KaHajoM. VccienoBaHus MPOBOAMIMCH B JUANa3oHE JIaBJIEHUH OT
0,15 mo 2,55 MIla u npu Temneparype 298,0 K. KoHIeHTpaIiu KOMIIOHEHTOB ONPEEISUTUCh METOI0M ra30-
Boit xpomarorpadun. [Ipu 3a1aHHBIX YCIOBHSAX OMBIT MMOBTOPSJICS HECKOJBKO Pa3, M ITyTeM YCPEIHEHHS H3-
MepsIEMBIX BEJIMYHH ONPEIe/IOCh KOHKPETHOE 3HaUeHHEe KOHIIEHTPAIMK KOMIIOHeHToB. [Toka3aHo, 4To mpu
YCIIOBHSX, KOT/Ia TNIOTHOCTh CMECH YMEHBIIIAETCS ¢ BBICOTOH, pasnuane KoddduimentoB nupdy3un KomIo-
HEHTOB HPHBOIUT K CTPATH(UKAIMA TUIOTHOCTH B CHCTEME C ITOCIEAYIONIMM HapYIICHHEM yCTOHYHBOCTH
MEXaHUYECKOTO PaBHOBECHUS, KOTOPOE BBI3BIBAET IOSBIECHHE IPAaBUTALMOHHBIX MOTOKOB PAa3IMYHON MHTCH-
CHUBHOCTH. DKCIIEPUMEHTAJIILHO OOHAPY)KEHO, YTO MPHU OIpEAETICHHBIX IAaBICHUSIX M COCTaBaX B TPOMHBIX
CHCTEMax BO3HHMKAET NMPHUOPUTETHBIN MEPEHOC KOMIIOHEHTA ¢ HauOOJIBIINM MOJEKYJISIPHBIM BECOM B CMECH.
Takoe cMmereHust He TUOMYHO UTsl (U dy3un. [Ipu npencraBIeHUH ONBITHBIX PE3yJIbTaTOB B (ha30BOM MpO-
CTPAHCTBE TPEX U3MEPSIEMBIX BETHINH — «IaBJICHHE — HAYaJIbHBII COCTaB CMECH — KOHIIeHTpanus 1uddyH-
JUPYIOLIEro KOMIOHEHTa» — OblIa 0OHapy)XeHa BOTHOOOpa3Has H30KOHICHTPAMOHHAS MOBEPXHOCTh. JTa
MOBEPXHOCTH TIOSIBIISIETCS. B 00JIACTSAX JABJIEHHS U COCTAaBa, COOTBETCTBYIOMNX PAa3BUTHIM KOHBEKTHBHBIM Te-
yenusM. E€ popmupoBanme cBsi3aHO ¢ HanOOJbIIeH NHTCHCHBHOCTHIO ITEPEMEIINBAHIS KOMIIOHEHTa C HaH-
OOJBIINM MOJICKYJISIPHBIM BECOM U BIMSHUEM AABJICHHUS U COCTaBa HAa AUHAMUYECKOE PaBHOBECHE CMECH.

Kuouegvie crosa: nuddysus, HecTaOHUIBHOCTb, KOHBEKIIMS, JaBICHHE, HCXOAHBIA COCTaB, KOHIICHTPALUS
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