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Abstract--A theoretical study is made of laminar film condensation of a chemically reacting gas with free 
convection heat and mass transfer. Numerical results are obtained for the particular system 
N,O, P ZNO, it 2N0 + Oz. A chemical reaction between noncondensable components, 2N0 + 0, s 
2NO,, is shown to increase the rate of heat and mass transfer in comparison with the “frozen” case. 

Based on the theoretical analysis, the criteria1 equation is derived, the use of which has allowed treatment 
and correlation of the numerical and experimental data on condensation of N,O, of nonequilibrium 

composition. 

NOMENCLATURE 

specific heat at constant pressure; 
diffusion coefficient of component k; 

latent heat of condensation; 
mass source (sink) of component k due to 
chemical reactions ; 
specific enthalpy of a gas system, 

1, first reaction N,O, + 2N0, : 
11, second reaction 2N02 * 2N0 + 0, : 
1, component N,O, ; 
2, component NO, ; 
3, component NO ; 
4, component 0,. 

k=n INTRODUCTION 

= C m,i,; 
k=l 

specific enthalpy of component k; 

diffusive mass flux of component k ; 
thermal conductivity ; 
equilibrium constant; 
rate constant for the reaction of 
dissociation; 
rate constant for the reaction of 
recombination; 
mass fraction of component k : 
molecular weight ; 
Prandtl number, = vc,p/k ; 
gas constant; 
Schmidt number of component k, = V/D, ; 
absolute temperature ; 
velocity components ; 
boundary-layer coordinates. 

Greek symbols 

6, condensate film thickness ; 
A’. absolute viscosity ; 
“3 kinematic viscosity ; 
P? density. 

Subscripts 

i 
I,’ 
max, 
s, 

W, 
6 
x, 

“frozen”; 
component k ; 
values in the liquid phase ; 
maximum value; 
values at the saturation line; 
values at the wall ; 
values at the interface ; 
values in the bulk region ; 

THE PRESENT paper is concerned with condensation of 
a gas containing both condensable and noncondens- 
able components that enter into chemical homo- 
geneous reactions. An example of such a gas is 

provided by the chemically reacting system 
NzO, P 2N02 s 2N0 + O,, which appears to offer 
considerable promise as a coolant of the single-loop 

nuclear power stations [l-3]. When being cooled, this 
system undergoes two recombination reactions in 
succession. The first reaction, 2N0 + 0, e 2NO,, 

proceeds rather slowly and the time required for the 
establishment ofequilibrium, depending on thermody- 
namic parameters, is 10-4-0.1 s, while the relaxation 
time of the chemical reaction 2N0, G N,O, is 
1O-6-1O-8 s and this reaction is, in fact, in equilibrium 
over the whole range of parameters. 

This general problem involves two limiting cases: 
when composition of the mixture is “frozen”, i.e. the 

rates of chemical reactions are zero, there is conden- 
sation of an ordinary vapour-gas mixture, and, on 
the other hand, when the reaction 2N0 + 0, ti 2N0, 
is completed, an “equilibrium” case, there is conden- 
sation of a pure vapour consisting of NO, and N,O, 
only. Both cases are analyzed theoretically in detail in 
[4-lo]. Some of their results have been used in the 
present paper. 

ANALYSIS 

Governing equutions and boundary conditions 

The problem at hand is the classical problem of 
condensation on a vertical plate exposed to a large 
body of quiescent vapour with a condensate film 
flowing downwards under gravity. According to the 
common approach, the system of the initial equations 

385 
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is formulated in the approximations of the boundary- 
layer theory. For the gas boundary layer adjacent to 
the condensate film, the system of differential equa- 
tions for heat and mass transfer in a general case is of 
the form : 

In the energy equation (3) transition from enthalpies 
to temperatures is performed in two ways. When 
composition of a reacting gas corresponds to an 
essentially nonequilibrium state, the use of the equa- 
tion for total energy flux [l l] 

‘-L &=I 

and of the diffusion equation (4) reduces equation (3) 
to: 

where cP/ and J., are the “frozen” specific heat and 
thermal conductivity of the mixture, and cpk is the 
“‘frozen” specific heat of the component k. 

Under equilibrium conditions, the energy equation 
has a more simple form, since the last two terms on the 
RHS of equation (3a) may be discarded, and heat of 
reactions and diffusion therm0 may be taken into 
account by the “effective” specific heat and thermal 
conductivity. 

The present paper deals with the following situation. 

A chemically reacting gas, N,O1. $ 2N02 9 2N0 
+02, is at a temperature and pressure near the 
saturation line. In the main, the gas is composed of an 
equilibrium mixture of the N20, and 2N02 molecules 
(N,O, it 2N02) involving a small amount (up to 
several percent) of the NO and O2 molecules which 
have not managed to recombine. The calculations 
performed have shown that under these conditions the 
thermophysical properties of the gas (specific heat, 
thermal conductivity, viscosity, etc.) differ slightly 
from the “effective” ones, which correspond to the 
equilibrium gas state at the given tem~ratures and 
pressures. Besides, superheating of the gas phase in the 
present problem being small (up to ten degrees in the 
main variants), the temperature dependence of the 
thermophysical variables may be ignored and they can 
be taken constant. However, as has been shown in [7], 
with noncondensable gases, even a small initial tem- 
perature difference gives rise to buoyancy forces in the 

gas phase. Therefore, it is necessary to retain a variable 
density on the RHS of equation (1 ), which is the 
practice in the solution of the boundary-layer pro- 
blems with natural convection [12]. So the system of 
equations of momentum, continuity, energy and dif- 
fusion may be written as: 

(3b) 

The temperature dependence of the gas density was 
given as p = p, [l +@(T- T, )I, where the thermal 
expansion coefficient is calculated with the aid of the 
state equation [13]. Equation (4) is written for the 
noncondensable component OZ. In the “frozen” case, 
when noncondensable components do not take part in 
chemical reaction, I, = 0. 

In a general case, the system of equations for a liquid 
boundary layer should be similar to (1 k(4). However, 
for the specific conditions under consideration we can 
make some simplifications. When the system 
N20, + 2NO,7t 2N0 + 0, condenses, the liquid 
phase, composed of the N204 and NO, molecules 
only, can be treated as a uniform substance which 
permits the diffusion equation to be excluded from the 
analysis. Moreover, following [7, 9, IO], we shall 
ignore the inertia and convection terms in the equa- 
tions of momentum and energy. Thus, the differential 
equations for the liquid phase may be written as: 

(6) 

Following the results of [s], thermophysical proper- 
ties of the condensate were assumed constant and 
evaluated at the reference temperature T* = T, + 0.31 

K-L). 
Equations (l)-(7) are supplemented by the follow- 

ing boundary conditions: 

aty=O 

7;(& 0) = T,, Lll = V[ = 0, 

at .v = (5(x) 

(8) 

(9) 

(10) 

(II) 
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(12) 

sty+ x 

U(X) = 0, T(m) = T,, fffJx~) = mkm. (13) 

The system of equations (l)-(13) for a chemically 
reacting gas is closed both by the kinetic equations for 
the relationship between concentrations of the com- 
ponents and by the equation for the intensity of an 
inner mass source. For the N,04 $ 2N0, G 2N0 

+ O2 system 

Ml P M3 k=4 

ml = jpK,nG, 111~ = 2 -m4, 
M‘! 

,c, ‘% = l 

(14) 

for the liquid phase 

f”‘+ l = 0 (22) 

3” = 0. (23) 

In terms of the transformed variables the boundary 
conditions become : 

on the condensation surface (q = 0) 

f(0) = 0, f’(0) = 0, 9(O) = 3,, (24) 

at the interface 

e(0) = 9(g), F’(0) =f’oL), F”(O) = W’(f’“(rl,, 1 
(25) 

F(O) = Rf(rl,)+~x~~.(rl,)(R-l) (26) 

I, = $K~,lpn7i - 5 M2 p4m4. (15) 
2 3 O’(O) = $ [9(if,J -SW] 

i I, 
In equations (4) and (12) oxygen is chosen as a 

noncondensable component, since it takes part only in 
one reaction, and by it the concentrations of other 
components can be most simply expressed. 

METHOD OF SOLUTION 

Numerical solution of the problem is much eased if, 
following [7], the initial system of differential equa- 
tions is subjected to the following similarity transfor- 
mations. 

Introduce a dimensionless coordinate 

4 

‘I’P & 1:i ! (16) 

which in the liquid phase changes from 0 to rl,, and in 
the gas phase, from 0 to x, with the coordinate v,, in 
the liquid corresponding to q = 0 in the gas. 

If, as usual, the stream function is defined by 

c’* ai 
lI=_, 

CJ L’= -ax’ 

then dimensionless stream functions for the gas, F(q), 
and for the liquid,f(q), phases may be expressed as: 

i 
F(B) = ___ 4cvxo.75’ .f(rl) = 4c p;o.7s 9 (17) 

I I 
where 

c = (&JZ5, 
C( = ($JZi. 

Upon introducing dimensionless temperatures 

(18) 

and using (16)-(18), the initial partial differential 
equations (la)-(7) may be reduced to ordinary differ- 
ential equations : 

for the gas phase 

F”‘+3FF’-2(F’)2+PT,(B-1)= 0 (19) 

x o.5 1 
m~+3m~F’Sck+21,Sck - 0 - = 0 (20) 

9 P 

I!?“+ 3PrFB’ = 0, (21) 
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3vh,, -__ 
TX 

F(O)+;xF’iO)z k (27) 

1 = 0, (28) 

in the gas bulk region (‘I -+ ~8) 

F’(a) = 0, 0(X) = 1, mk(x) = inka. (29) 

In formulae (25)-(26) R = (plpl/pp)o.s. 

The analysis of equations (19)-(29) shows that the 
solution cannot be similar, since the coordinate x 
enters in equation (20) and in boundary conditions 
(26)-(28) as a parameter. For this very reason, the 
dimensionless velocity, temperature and con- 
centration will have different profiles at each of the 
locations along the x axis. However, solution of the 
problem is much eased if the derivative dqJds is set 
equal to zero. Then 

which corresponds to the assumption that the conden- 
sate film has a Nusselt profile, i.e. 6 = const. x0,25. 

It has been shown in [14] that in the case of 

condensation of quiescent vapour on a vertical plate 
surface, the profiles of the condensate film differ but 
slightly for different boundary conditions on the wall 
of the first, second or the third kind, with the film 
profiles at the boundary conditions of the first kind (i.e. 
T, = const.) and of the third kind (i.e. with specified 
heat-transfer coefficient and temperature of the cool- 
ing medium) practically coinciding. Thus, in real 
conditions, the thickness of the condensate film obeys 
the law close to 6 = const.x’.“. Incidentally, this 
approach of specifying the film profile was used by F. S. 
Felicione and R. A. Seban who investigated vapour 
condensation on a vertical plate in the presence of 
noncondensable but soluble gases [l 51. 

In this case the temperature of the surface, where 
condensation takes place, will not be isothermal and it 
should be found from the solution of the problem, but 
then the boundary conditions (26)-(28) assume the 
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following form : 

f-(O) = W(v,,) (26a) 

O’(0) = g (S(q,) - 9,) - 2 F(O) (27a) 
cu 

m;(O)+ 3~n~(o)sc~~(o) = 0. @a) 

The system of equations (14), (15), (19)-(25), 
(26a)-(28a), (29) has been solved on the computer 
“M&k-22” by the numerical method described in 

C143‘ 
in the “frozen” case (when I, = 0), the solutions to 

the differential equations are similar, i.e. the dimen- 
sionless profiles of temperatures, velocities and con- 
centrations are independent of x; the parameters 
T,(x), T, = I;,(x) and m,,,,(x) remain constant. 

The choice of the computational technique with the 
use of condition (30) has appeared to be successful, 
because prediction of all the unknown functions at any 
x does not depend on the results of the previous steps. 
This permits the calculations to be made with any step 
and offers means of reducing computer time con- 
siderably. 

ANALYSIS OF NUMERICAL RESULTS 

The initial quantities are taken to be pressure, bulk 
temperature of the gas, concentration of the noncon- 
densable components, dimensionless film thickness v<, 
and the maximum height X of the vertical plate. The 
last parameter was defined on the basis of the con- 
dition of preserving a Iaminar ffow regime of the 
film condensate. The critical Reynolds number Re = 
4&,/v,, which corresponds to the onset of a wavy 
Aow, was taken to be equal to 40 according to 1171. 

The main calculations were performed for the 
pressures of 1 and 1.6 bar. Thermophysical and trans- 
port properties were taken from [13], the rate con- 
stants for chemical reactions of dissociation and 
recombination were determined as: 

KaIr = 10s.97 exp[- gj, 

%I, = 
1O’.32 exp(960/RT) 

-pp. (31) 

2$2 + 10-‘.ss exp( - lSOO/RT) 
4 2 

Integration of equations (22) and (23) for a liquid 
phase gives a linear temperature profile and the 
profiles of velocity which differ but slightly from the 
Nusselt profile [18]. For revealing the mechanism of 
heat and mass transfer at condensation of a chemically 
reacting gas, the phenomena in a gas boundary layer 
adjacent to the condensate film are of great interest. 

Figure 1 presents djstributions of the velocity in a 
longitudinal direction and in one of the locations 
across the gas boundary layer. The dashed lines 
correspond to the “frozen” case, when there are 
noncondensable gases in the mixture not participating 
in chemical reaction, while the solid lines refer to the 
case when kinetics of the chemical reaction ZNO 
+ O2 # 2N02 is taken into account. It is the character 

3-m4 =0.005 

2 3 4 5 6 7 

yx103, m 

FIG. 1. Streamwise velocity component distribution in the 
gas boundary layer at x = 0.37 m, ‘?a = 0.23. 

of the velocity distribution which attests to the fact that 
free convection predominates in the convective trans- 
fer processes occurring in the gas boundary layer. For 
comparison, curve 4 in Fig. 1 gives the velocity profile 
of a pure saturated condensing vapour without allow- 
ance for free convection, with remainder parameters 
being equal. In this case the derivative au/3y at the 
interface changes its sign to the opposite. 

The profiles of temperatures and concentrations of 
the noncondensable component NO, in a gas phase 
are displayed in Fig. 2, which shows clearly that the 
chemical reaction between noncondensing com- 
ponents levels off their temperature and concentration 
profiles. An essential point is that in the “kinetic” case 
the concentration of a noncondensable gas at the 

FIG. 2. Temperature and concentration profiles of the non- 
condensable component O2 in the gas boundary layer 

(notations of Fig. 1 are employed here). 
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FIG. 3. Ratio of noncondensable gas concentration at the 
interface to that in the bulk region at different condensation 

intensities. 

o.gl 

___14”0 

I - mq:O.OZ 
2-mq:O.Ol 

3-mg:0.005 

o.5i-12 
T,, K 

FIG. 4. Relative condensation intensity vs mean wall tem- 
perature. 
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FIG. 5. Condensation intensity effect on interfacial tempera- 

ture. 

interface is lower than in the “frozen” case, which 
improves heat transfer in the process of condensation. 

A favourable effect of the chemical reaction is more 

evident from Fig. 3, where m,,/m4, is given vs bulk 
concentration of a noncondensable gas. 

The character of condensation heat transfer of a 
chemically reacting gas depends on the relation be- 
tween the three “competing” but interconnected pro- 
cesses: mass exchange (diffusive and convective) be- 
tween the interface and the bulk of the gas; chemical 
reaction, by which noncondensable components are 
transformed into condensable ones ; and condensation 
itself. From the phenomenological viewpoint, the 
intensity of condensation is more clearly characterized 
by the dimensionless parameter Q defined by relation 
(30). Figure 4 gives the numerical results for the ratio 

~L+IG~~, where %Nu is the condensation intensity para- 
meter evaluated as a function of the mean wall 

temperature by using the Nusselt model. These data 
show that a reaction between noncondensable com- 

ponents promotes an essential increase in the conden- 
sation intensity. Figure 5 illustrates variation of the 
interfacial temperature with the condensation in- 

tensity parameter. The analysis of this situation is of 
great practical importance. Just suppose, that it is 
necessary to increase the condensation intensity by 
outer effect (for example, by increasing the heat- 
transfer coefficients of the surrounding medium or by 
decreasing its temperature). As follows from Fig. 5, the 
increase in condensation intensity (i.e. dimensionless 

film thickness) leads to an opposite phenomenon, i.e. 
to an increase in concentration of condensable com- 

ponents at the interface and a decrease in a conden- 
sation temperature. However, the kinetics of a chemi- 
cal reaction noticeably reduces this unfavourable 
effect. 

CORRELATION OF NUMERICAL AND 
EXPERIMETAL DATA 

Of paramount importance for the practical pur- 
poses is correlation of the predicted and measured 
results in a usable criteria1 form. As far as the authors 
know, to date two contributions have been published 
on condensation of the chemically reacting gas 
N,O, it 2N0, s 2N0 + 0, [19, 201, but they differ 
in the methods of treatment ofexperimental data. Thus 
in [ 191 the interpretation of the data has been based on 
the heat-transfer coefficient. However, at present in the 
works on condensation in the presence of noncondens- 
able gases, use is more frequently made of the mass- 
transfer coefficient which characterizes the rate of 
transport of condensable components (vapour) to the 
interface. For a chemically reacting gas, calculation of 
the total mass flux (convective and diffusive) of all the 
condensable components is very complicated, while 
the condition of impermeability of noncondensable 
components (12) provides a good means for determin- 
ing the desired quantity. If the concept of the mass- 
transfer coefficient is introduced and defined as: 

PDk = - 
P& grad mkln 

(32) 
mkd - mka 
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then condition (12) somewhat differs from the tradi- 
tional form of the equation for mass flux as 

(33) 

Though by de~nition the quantity [j,, denotes only the 
diffusional transfer of the noncondensable component, 
the quantity j in equation (33) is the total mass flux of 
the condensable substance (diffllsion~~i and con- 
vective). Thus the problem is reduced to the search for 
an equation for calculation of the mass transfer 
coefficient of one of the noncondensable components. 
For this purpose we shall use the method of”‘float-and- 
sink” analysis of the governing differential equations 
and boundary conditions 1211. In more detail the 
procedure for the condensation problems is described 
in [22]. 

Transform the system of equations (l)- (13) to a 
dimensioniess form using new variables which change 
from O-1 : 

II 
li=--, +!I__ ,c = 2 (5 

X’ 
d=:-. 

&nU t‘,nU nmlx (34) 
m, - UIR,‘> 

$3, = ---, T,- r,. r;=----- _-- F__ _T- r, 

312~~ - ??l&., 7; - T,’ TV8 - r, 

To determine the dimensionless coordinate f. dif- 
ferent scale parameters are chosen depending on the 
type of the equation, which involves this quantity. In 
this diffusion equation .f = Y/C?, and in the momentum 
equation 7 = yfii,,,, where 6, and a,,, are the thicknesses 
of the diffusional and dynamic boundary fayer, re- 
spectively. 

The values of maximum velocity components, II,,,,, 
and rmax, are not known. However, the orders of these 
quantities can be easily determined on reducing the 
governing equations to a dimensionless form. Thus. for 
example. continuity equation (2a) may be transformed 
to: 

Since by definition, all new dimensionless variables are 
of the same order (vary from 0 to i), equation (2b) is 
valid if 

I’W,X _.._- - 
u,,;,,d,,, 

1, or I‘,,,, _ u~~~~$. (35) 

Having normalized boundary condition (11) in a 
similar fashion and taken into account (35). we have: 

(36) 

where hfse is the “effective” latent heat of condensation 
with regard for superheat in the gas phase. 

This procedure of estimation with reduction of the 
system of equations (la)-( 13) to a dimensionless form 
gives the following complexes that characterize con- 
densation mass transfer of a chemically reacting gas: 

But not all of these parameters are independent ofeach 
other. Thus it is easily seen that (d,,,jd,) 5 SC, while the 
quantity atar, is related to the temperature T, by the 
thermodyila~nic condition on the sat~lration line T, 
= f’(~n~,,). The resulting criteria1 equation for calcu- 
lation of the mass-transfer coefficient at condensation 
of a cherni~~~~iy reacting gas is as follows: 

Equation (37) has a clear physical meaning. The terms 
on the RHS show the effect of different factors on mass 

transfer in a gas phase, namely, free convection, At 
number; outer heat flux (surrounding cooling in- 
tensity), Re,.; transport properties of a gas, SC,; 
concentrations of a noncondensable gas. rrti,r,: kinetics 
of a chemical reaction, Da, : interfacial shear, simplex 

(~JP). It is very important that the mass-transfer 
intensity depends directly on the thermal number, Rer.. 
which is indicative of interrelation between the heat- 
and mass-transfer processes. 

Equation (37) has been used to interpret the numeri- 
cal data obtained by the above theory. Over the range 
of parameters P = l.-1.6bar; Ar = (5-53). 10’; lie, 
= 4.418, m,,, = 0.005-0.02 ; ha = 0.569, accurate 

to 6:,;>, the numerical data are correlated by 

Here T,_ has been taken as a reference temperature and 
the height of the vertical walk as a characteristic 
dimension 

This very equation has been employed to treat the 
experimental data of [19] on condensation of the 
chemically reacting gas N,O, ~2 2NOZ + 2NO + O2 
on a horizontal tube (Fig. 6). For pressures of 
1 S-X bar, heat fluxes 4 = (t-- 18). 10” W/rtr’. degrees of 
dissociation of the NOz molecules in the condenser 
volume from 1 to 3591,, these data are correlated, 

4 
I I I I i I I 1 

n-p=6 -aBar I 
4 I I I I I I I 1 

4 6 a 100 2 4 6 8 IO’ 

Rw 

FIG. 6. Correlation of experimental data on condensation 
mass transfer of a chemically reacting gas. 
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accurate to 8% (mean square deviation with reliability 
coefficient of 0.95), by the equation 

NM,, = 0.88. 10-3Ar0~25Re~.~5Sc~~75 
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x m;~.ODa,~ o 2 ; (37b) 
0 

where the tube diameter is taken as a characteristic 
dimension. 

An increase in the exponent of rndx. in equation 

(37b), as compared to equation (37a), is probably due 
to transition from the plane problem to the cylindrical 
one and may be interpreted as an increase in the 
diffusional resistance caused by contraction of the 
front with radial supply to the condensation surface on 
a horizontal tube. 
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CONDENSATION EN FILM LAMINAIRE D’UN GAZ EN REACTION CHIMIQUE 

Rksumb-On &die theoriquement la condensation en film laminaire d’un gaz en rtaction chimique 
avec convection naturelle de chaleur et de masse. On obtient des rt-sultats numkriques pour le systkme 
particulier N,O, 82N0, ti2NO +O,. Une rdaction chimique entre les composants incondensables, 
2 NO +fOZe2 NOz, accroit le transfert de chaleur et de masse, par rapport au cas gel& 

A partir de I’analyse thiorique. l’equation critique est obtenue pour obtenir une corrilation entre les 
valeurs numkriques et expCrimentales sur la condensation de N, O4 dans une composition non 

bquilibrke. 

LAMINARE FILMKONDENSATION EINES CHEMISCH REAGIERENDEN GASES 

Zusammenfassuug-Die laminare Filmkondensation eines chemisch reagierenden Gases mit Warmeiiber- 
tragung durch freie Konvektion und Stotriibertragung wurde theoretisch untersucht. Numerische 
Ergebnisse wurden erzielt fiir das System 

N,O, s 2N0, s 2N0 + 0,. 

Es wird gezeigt, daO eine chemische Reaktion zwischen nichtkondensierbaren Komponenten, 2N0 + 
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0, P 2NO,, den Warme und Stoffiibergang im Vergleich zu dem “eingefrorenen” Fall erhoht. Aufgrund 
der theoretischen Analyse wird eine Kriteriumsgleichung abgeleitet. Sie erlaubt die Behandlung und 
Korrelation der numerischen und experimentellen Ergebnisse von kondensierendem N20, bei 

Nichtgleichgewichtszusammensetzung. 

JlAMMHAPHAIi HJIEHOYHAFI KOHAEHCAHMH XMMMYECKM 
PEAFMPYIOJBEFO FA3A 

AnHoTauHn- npencTaaIieHOaHanHT~SecKoe~ccnenosaHMexapaKTeprlcr~Krenno-~ Macconepeuoca 
npu JIaMHHapHOfi IIJleHO~HO~ KOHLleHCkNlWi XHMH'leCKW pearHpykJtUer0 Ta3a B yC"OWislX CBO60nHOti 

KOHBeKUWH. ~HCfleHHOe peUleHHe nOJly'ieH0 NISI KOHKpeTHOti CMCTeMblNz0z,ti2N01ti2NO~,~ 0,. 

~OKa3~HO,~TOXllMH~eCKaRpeaKU~flMe~flyHeKOH~eHC~pyCMblMllKOMnOHeHTaMW 2N0+0>~2NO, 
CnOCO6CTByeT yBeJlH'ieHHtO NHTeHCHBHOCTM npOLIeCCOB TellJlO- H MaCCOnepeHOCa n0 CpaBHeHWHJ C 

((3aMOpO)KeHHblMN CJlyVaeM. 

HaocHoBeTeopeTwqecKoroaHam3a nonyseH0 KpwTepHanbHoe ypaBHeHkie,c noMotUbto Ko~oporo 

06pa60TaHbl M o6o61ueHt.l pe3yJlbTaThl 'IMCJleHHblX paC'IeTOB M 3KC‘lepMMeHTanbHblX ,laHHblX n0 

KOHfleHCaUHH N,Od HepaBHOBeCHOrOCOCTaBa. 


