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New Models of Industrial Column Absorbers. 2. Counter-current absorption process
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A theoretical analysis of the effect of the velocity radial non-uniformity on the counter-current absorption processes
in the column apparatuses is presented. The average concentration model, where the radial velocity component is equal
to zero (in the cases of a constant velocity radial non-uniformity along the column height), is used in the cases of an
axial modification of the radial non-uniformity of the axial velocity components in the gas and liquid phases. The
modeling problem in the counter-current flows is complicated, because the model equations has to be presented in two-
coordinate systems (in a one-coordinate system one of the equations has no solution due to the negative Laplacian
value).

The use of experimental data, for the average concentrations in the gas and liquid phases at the column end in the
cases of highly and lightly soluble gases, permits to be obtained the gas and liquid phases model parameters, related
with the radial non-uniformity of the velocities. These parameter values permit to be used the average concentration
models for different absorption processes modeling in counter-current columns.

Keywords: Column apparatus, gas absorption, counter-current flows, convection-diffusion model, average
concentration model, velocity radial non-uniformity.

INTRODUCTION models [2] must be replaced by z=z,, z=z, inthe
In two papers [1, 2] was shown, that average gas and liquid phases, respectively. As a result, the
concentration model, where the radial velocity convection-diffusion and average concentration
component is equal to zero (in the cases of a models of the counter-current chemical absorption
constant velocity radial non-uniformity along the processes have the forms:
column height), is possible to be used in the cases ac, d’c, laoc, 0c
of an axial modification of the radial non- ulgle 2 o o |
uniformity of the axial velocity component. The use ‘ ‘
of experimental data, for the average concentration —k(CI —XC );
at the column end, for a concrete process and ac e 1éc. &%
column, permits to be obtained the model uz—zzD{ > +——2+—22J+
parameters, related with the radial non-uniformity 0z, 0z, ror or
of the velocity. These parameter values permit to be +k(‘71 -y, ) —kyc,;
used the average concentration model for modeling a
of different processes in the cases of different r=0, jzo; (1)
values of the column height, average velocity, or
reagent diffusivity and chemical reaction rate oc; _
constant. This possibility will be used for modeling r=r, EEO; Jj=L2

of the gas absorption processes in the counter-
current columns, where the problem is complicated
[3], because the mass transfer process models has to 00 °_p (8c] ) )
be presented in two-coordinate systems (in a one- ! o
coordinate system one of the equations has no s

Counter-current absorption processes

The modeling of the counter-current absorption
processes uses two cylindrical coordinate systems

(r,zj),j:I,Z in the gas (j=1) and liquid (j=2)

phases, ie. the axial coordinates in the co-current
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dC da o dZE 3 _
04 (Z) d_21+;11u161 Dl;fl_k(cl_lcz);
dc. da _ dZE
0{2( ) dz; + dzj u,c, =D, dzjz
+k( - 26) -k
_ dc
2=0. (0)=c!, “1=0 @
dc,
=0, ¢ (0)=0, 250’
Z, Cz( ) -
2% e ar, ()=
a/(Z]):r—z_[Vujcjdr, uj(r)z 117 ’
0 0 ;
Ej(r,zj)zw 1.2,

In (1, 2) u,(r).c,(r.z,).D,,j=12 are the
velocities, concentrations and diffusivities in the
gas and liquid phases, LT/.,Z’j(z/.),jzl,z - the
average velocities and concentrations at the column
cross-sectional area, ﬁ/.(r),Ej(r,zj),j:L2 - the
of the

radial non-uniformities velocities and

concentrations.
Generalized variables

In (1, 2) is possible to be mntroduced the
generalized variables [4-7]:

r=nR, z=IZ, z,=1Z,, u,(r)=u,U;(R),
7,0)=2 v, (w1

y 0_ 3)
a(r.z)=¢C(R.Z), ¢(z)=¢C(Z),

cz(rzz) }(C( )

and as a result is obtained:

2
UﬁLZFOI 8(,; _|_l%_|_a_C2'1 —
o7, oZ} R OR OR
-K,(C,-C,);

2
Uzac2 _FOZ( 0°C, 109G, 0 C2j+

oz, 07> R OR OR
+wK,(C,—C,)-DaC,; (4

oC, oC,
R=0, L=0; R=1, L=0; j=1,2;
OR OR

Z, =0, C =1, 1=U, P*I%;
oz,
Z,=0, C,=0, % _y.
oZ,
dc, dA d’C, -
A(Z)—=L+—=LC =Pe;' —L-K,(C, - C,);
! )dZ dz, dz? 1(1 2)
=
Az(zz)dc dAZC P‘ldc;+
z, dz, dz;
+oK,(C -C,)-DaCy;  (5)
Z, =0, C =1, ﬁ:o,
az
Z,=0, C,=0, 9 .
dzZ

In (4, 5) Fo, Da and Pe are the Fourier,
Damkohler and Peclet numbers, respectively:

Dl ul k,yl
Fo,=—%, Pe,=—, Da=—-,
oun D u,

j
kl = 17(
”1 ”2
In the cases of a physical absorption Da =0.
In (5) are used the functions:

(6)

e=Fo'Pe}!, K = j=12.

J

E,(Zj)zzj'ch(R,zj)dR,
0

_ _Cj(”’zj)_c'(R’Zf)
& (r.z)= c(z) C(z)° (7
a/’(zj):

q,; (ZZA/):
=2jRUj(

R)Md& j=12.
¢ (Z./ )

The convection-diffusion model (4) permits to
be made [1-4] a qualitative analysis of the process
(model) for to be obtained the main, small and
slight physical effects (mathematical operators),
and to be rejected the slight effect (operators). As a
result the process mechanism identification is
possible to be made. On this base are possible to be
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obtained different approximations for high column
(0=£<107?), big average velocities

(0=Fo, <1072, j=1,2),small (0=Da<107?) or
big (0=Da' <107?) chemical reaction rate, highly
soluble (0=w®<107) or lightly soluble

(0=w" <107?) gas. In the industrial absorption
column [2], the model parameters have very small
values:

0,~10°, Fo, ~107",
l71 -6 271 -10 (8)
Pe; ~107°, Pe, ~10
and the models (4, 5) have the convective forms:
dC,
U—= iz =—K,(C -G,);
dcC
) de =wK,(C,-C,)-DaC,; 9)
2
Z,=0, C=l; Z,=0, C,=0.
dC, d4 ~ =
Al(z)dz Z —LC =-K,(C -C,);
dC, dA, = ~ =
Az(zz)dzz+dzzc2=aur<l(c1 C,)-DaC,;(10)
Z,=0, C=1; Z,=0, C,=0.

Physical absorption of the average soluble gases

In the case of physical absorption (Da=0) of
an average soluble gas (@ ~1) from (9, 10) follows

dcC
Uld_le_Kl(Cl —Cz);

1

dC
2d_22=a’K1(C1_C2)5 (11)
2
Z,=0, C=1; Z,=0, C,=0.
dC, dA -
A(z “AC =-K,(C -C,);
! l)azz1 dz, (G-C.):
dC, dA, = R
AZ(Z)dZ desza)Kl(Cl—Cz); (12)
Z,=0, C =1, Z,=0, C,=0.

The theoretical analysis of the model (12) shows
[3-7], that the functions 4, (Zj), j=1,2 is possible
to be presented as linear approximations:

A=a,y+ta,Z,, j=12, (13)
where the model parameters «,,a;,j=12 i
possible to be obtained, using experimental data for
a short column (Z; =0.1, j=1,2).

The presented theoretical analysis shows, that
the basic approximations of the convection-

722

diffusion models (4, 9) and average concentration

o,
model (5, 10) are " =0,;=12.
0z,
Effect of the axial modification of the radial non-
uniformity of the velocity

Let’s considers the velocity distributions [2]:
u, (r Z/”) u/um (r,zjn), j=12 (14)

and axial step changes of the radial non-uniformity
of the axial velocity components in the column:

i, (’”’Z/n):ﬁ/n (FOR’IZ/n):
=U,(R.Z,)=a,-b,R, as)
a,=2-0.1n, b, =2(1-0.1n),

0.In<Z, < 0.1(n+1), n=0,1..9, j=L2,
where the average velocities at the cross section of
the column are constants, while the maximal
velocities (and as a result the radial non-uniformity
of the axial velocity components too) decrease
along the column height.

Ifput (15) in (11), the model has the form:

dcC

UlndTi::_Kl(Cln _CZn)7
0.1n<Z, <0.1(n+1);
dC
2n dZZ” = a)Kl (Cln _C2n)’
2n

0.1n<Z,, <0.1(n+1); (16)
Z,=0.1n, C,(R.Z,)=C,,_ (RZ,);
n=0,.,..9; j=12;

Z,=0, Cy(R.Z,)=1L

Z,, =0, Cy(R,Zy))=0.
The solution of (16), using the method in [2, §],
for concrete process (w =1) and “theoretical” value
of K, =1, permits to be obtained the concentration

distributions C, (R,Z,,), j=1,2 for different

,_01(n+1) i =1,2,n=0,1,...,9. These results

and (7) permit to be obtained the “theoretical”
average concentration values

C.(2,).2,=01(n+1),j=1,2,n=0,1,..
points on Flg. 1) and the function values
4,(Z,).j=1.2 (the points on Fig. 2) for different

Z,=01(n+1),j=1,2,n=0,1,...,9.

Jjn

,9 (the
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Fig. 1. Average concentration C_].(Zj),jzl,Z in
wo=K =1:
C_’j (Zj):E' (Zj,,),j=1,2 as solutions of (16) and

Jn

the case “theoretical” values

(7) for different Z =O.1(n+1),j=1,2, n=0,1,..,9

(points); (j’j(Zj), j=1,2 as a solution of (I8), using

the “experimental” parameter values
K +K
L 2 =1.05 in the

a;,4a;,a,, j=1L2,K =K, =

Table 1 (lines).

Jj0? j2?

11

Fig. 2. different

Function Ajn (Zjn ) for

Z, = 0.1(n+ 1), j=12,n=0,1,...,9 (points);
A_/. (Zj ), j=12 as a quadratic approximation (17)
(line).

From Fig. 2 is
4, (Zjn), n=0,1,...,4, j=1,2 are possible to be
presented as quadratic approximations:
Aj(Zj)zajO+aﬂZj+aﬂZf, j=12, 17
where the (“theoretical”)
j=1,2 are presented in the Table 1.

seen, that the functions

values of

Ay dji> s
As a result (in the case of axial modification of

the radial non-uniformity of the velocity) the model

(10) has the form:

dC,
a, +a,Z, +a,Z) | —-+

( 10 T a4 Tap 1)dZ1
+(6111"'2‘11221)6‘1=_K1( 1 2);

dC
(azo +ayZ, + ‘122222)_2
2

+ (18)

+(ay +2a,Z,)C, =k, (C, - C,);
Z,=0, C =1 Z,=0, C,=0.
Physical absorption of highly soluble gas
(w=Da=0)

In the cases of physical absorption of highly
soluble gas (w=Da=0), from (16, 18) follows

C,, =C,, =0, and as a result the models (16, 18)
have the forms:

dc,,
U, 17 =-KC,; 01n<Z < O.l(n + 1);

1n

Zln :0.1}’1, Cln (R’Zln)zcl(n—l) (R’Zln); (19)
n=0,1,..,9; Z,=0, C,(R,Z,)=1.

dC, —~
(alo +a,Z, +a,Z; )d—Zl—i— (ay, +2a,Z,)C, =
1

=-K,.C; (20
Z,=0, C =1.

The solution of (19) for “theoretical” value of
K, =1 permits to be obtained the “theoretical”
concentration distributions C,, (R,Z,,) for different
Z,=0.1(n+1),n=0,1,..,9. This solution of (19)
and (7) permit to be obtained the “theoretical”
average concentrations C, (Z,) for different
Z,=0.1(n+1),n=0,1,..,9 (the points on the Fig.
3).

Parameters identification in the gas phase

The obtained the values of the function
C,(z,).2,=0.1(n+1),n=0,1,..,9 (using the
solution of (19) and (7)), for the concrete process
(w=Da=0) and “theoretical” value of K =1,
permit to be obtained the concentration values
C (1) and the artificial experimental data:

Cr,(1)=(0.95+0.18,)C/ (1), m=1,..,10, (21)
where 0<B <1,m=1,..,10 are obtained by a
generator of random numbers.

The obtained artificial experimental data (21)

are used for the parameters (a,,, a,,, a,,, K,)
723
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identification in the average concentrations model
(20) by the minimization of the least-squares

function Q, with respectto a,y, a, , a,,, K,:

Ql(alwall’alZ’Kl):
2 (22

10 _
:Z:II:CI(lﬁaloﬂall’au’Kl)_Cl):xp (1):| >

where the values of C(1,a,,a,,4q,,K,) are
obtained as solutions of (20), using the method in
[8]. The obtained after the minimization

“experimental” parameter values aq,aq,,aqa,,K,
are compared with the “theoretical” values on the
Table 1.

The obtained (“experimental”) parameter values
a,,a,,a,, K, are used for the solution of (20)
with the help of the method in [8] and the result
(the Ine) is compared on Fig. 3 with the

“theoretical” average concentrations C,, (Z,,) for
different Z, =0.1(n+1),n=0,1,...,9 (the points).

1

oo f
0sf
o7}
osf

S 05 o
04l —a
0sf
02

0.1

0

0 01 02 03 0.4 05 06 07 08 0.9 1
Z,

Fig. 3. Average concentration distribution C,(Z) in
the case @ =Da =0: “theoretical” values of C,, (Z,)
for different Z, :0.2(n+1), n=0,1,...,9 (points);

G (Z) as solutions of (20) for “experimental” values of
a5y, K (line).

Physical absorption of lightly soluble gas
(0'=0,Da=0)

The models (16, 18) is possible to be presented
as:

724

dC, _
in dZ: =-0'K,(C,-GC,,),
0.In<Z, < O.I(n +1);
dcC.
U, Ak (=6 ) D,
0.1n<Z,, <0.1(n+1); (23)

Z,=0.1n, C,(RZ,)=Cy, (R’Zjn );
n=0,1,..,9; j=12;

Z,=0, C, (R’ZIO ) =1

Zyy =0, Cy(R.Z,)=0.

dcC —
(aw +a,Z +a1222)d_zl+(a11 +2a,Z)C, =

(azo +a,Z+ 612222)£+(azl +2a222) ) = (24)

2
:Kz( | —52)—DaC_?2;
Z,=0, C=1; Z,=0, C,=0.

In(23,24) K, = 0K, .

In the case of physical absorption of lightly
soluble gas (@' =0, Da=0), from (23, 24) follows
C,=1,n=0,1,..,9 and as a result from (23, 24) i
possible to be obtained:

U, Zgz”:Kz(l—Cz,,); 0.1n<2, <0.1(n+1);

2n

Z,,=0.1n, C,,(R.Z,,)=Cy, ,(R.Z,,):

I’l=0,1,...,9; ZZO :O, C20 (R,ZZO):O.
(25)

dC. —
(azo +a,Z, +c122222)d—22+(a21 +2a,7,)C, =
2

:Kz(l_éz); (26)

Z,=0, C,=0.
The solution of (25) for “theoretical” value of
K, =1 (dimensionless interphase mass transfer

coefficient in the liquid phase) permits to be
obtained the “theoretical” concentration

distributions G, (R.Z,,) for  different
Z,,=0.1(n+1),n=0,1,..,9. This solution of (25)
and (7) permit to be obtained the “theoretical”
C,, (ZZn) for
different Z,, =0.1(n+1), n=0,1,..,9 (the points
on the Fig. 4).

average concentration values
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Parameters identification in the liquid phase

The obtained the values of the function
C,(2,,).2,,=0.1(n+1),n=0,1...,9 (using the
solution of (25) and (7)), for the concrete process
(0'=0,Da=0) and
K, =1, permit to be obtained the concentration

“theoretical” value of

values C, (1) and the artificial experimental data:
Cr.(1)=(0.95+0.1B,)C, (1), m=1,..,10, (27)

2exp
where 0<B, <1,m=1,..,10 are obtained by a
generator of random numbers.

The obtained artificial experimental data (27)
are used for the parameters (a,,,a,,a,,,K,)
identification in the average concentrations model
(26) by the minimization of the least-squares
function Q, with respectto a,,a,,,a,,, K,:

0, (azo’azlaazz’Kz) =
2 (28)

0 _
= Z[Cz (Lazo:azlaazz’Kz ) - Cznzexp (1)] ’

m=1
where the values of Ez(l,azo,azl,azz,Kz) are
obtained as solutions of (26), using the method in
[8]. The obtained after the minimization

“experimental” parameter values a,,a,,a,,,K,

are compared with the “theoretical” values on the
Table 1.
The obtained (“experimental”) parameter values

ay, a,y,, 4y, K, are used for the solution of (26)

with the help of the method in [8] and the result
(the Iine) is compared on Fig. 4 with the

“theoretical” average concentrations C,, (Z,,) for
different Z,, =0.1(n+1),n=0,1,...,9 (the points).

L .|
0.9 1

Fig. 4. Average concentration distribution 52 (Z) in
@' =0,Da=0: “theoretical” values of
C,,(Z,) for different Z, =0.2(n+1), n=0,1,...,9
(points); 52 (Z) as solutions of (26) for “experimental”

the case

values of a,, a,,, a,,, K, in the Table 1 (line).

Model parameters in the cases of average soluble
gases

The parameters a,,a,,a,,j=12, i the

model (18) are related with the velocity
nonuniformity in the column, only. Their
“experimental” values are obtained in the cases of
absorption of highly and lightly gases (Table 1).

The parameter K, in (18) must be obtained from
the experimental values of K, and K, in the Table

K, +K,

1 as K = =1.05. The solution of (18),

using the experimental parameter values in Table 1
and K, =1.05, leads to the average concentrations
in the Fig. 1 (lines).

Effect of the gas solubility
The  procedure  for  determining  the
concentrations in (18) is repeated for different
values of the Henry’s number ( y =0.5,1.5) and the
results are presented on the Figs. 5, 6.

09
08

07t

06

05 h\\,,,,
O T
—
o T
04 1
03f 4
// )
o
02f — 1
5
—7
——
01 __—7 Cs
___—
_— [e]
0 .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Zn

Fig. 5. Average concentration C_'_].(Zj),jzl,Z in
w=05,K, =1:
C_'j (Z‘,.)=C_"m (Zj,,),j=1,2 as solutions of (11) and
(7) for Z,,n =0,1,...,9

the cases “theoretical” values

different (points);
(_7]. (Zj ), j=1,2 as solutions of (16) for “experimental”

values of a.,,a.,a

JO> T 1 T2
(lines).

j=1,2,K, =1.05 in the Table 1
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dC
M o . C - - | U, dZ:’ =-K, (Cln -G, ),
% . | 0.1n<Z, <0.1(n+1);
‘\ =< U,, o _ wK,(C, -C,,)-DaC,,,
S osl . °© B 1 2n
o | 0.1n<Z,, <0.1(n+1); (28)
:: / Z./'” =0. ln’ Cjﬂ (R’Zn ) = C./'(n—l) (R’Zjn );
01l ] n=0,1,..,9; j=12;
o‘.| 02 m.‘a 014 %5" ofs cf7 o.‘a o‘.g 1 ZIO = O, CIO (R, ZIO ) = 1,

B ( ) Z,,=0, C, (R,ZO)=O.

Fig. 6. Average concentration Cj Zj ,j=L2 i dc _
2 _1 =

the cases w= 15’ Kl — 1 : “theoretical” Values (Cl10 + a] IZ + alzz ) dZ + (all + 2a122) Cl

E]_ (Zj): Ejn (Zjn), j=1,2 as solutions of (11) and =K, (61 -C );
(7)  for different Z ,n=0,1,..,9 (points); dcC _
’ (a20 +a,Z+ azzZz)—dZ2 +(a21 + 261222)C2 = (29

(_jj (Zj.), j =12 as solutions of (16) for “experimental” )
values of @, a;,,a,, J =1,2, K, =1.05 in the Table 1 =wkK, (61 —52)—Da52;
(fines). z,=0, C=1 Z,=0, C,=0.
Table 1. Parameters a,,a,,a,,K,,j=12, The solution of (28) for a concrete processes
(physical absorption) e (w=1Da=1,2) and a ‘“theoretical” value of

—s ' - K, =1 permits to be obtained the concentration
Parameters  “Theoretical “Experimental

values values distributions  C,, (R,Zjn), j=12 for different
a 0.919 0.567 Z,=0.1(n+1), j=1,2,n=0,1,..,9. This solution
a 0.420 0.443 of (28) and (7) permit to be obtained the
a, —0.427 —0.420 “theoretical” average concentration
ay, 0.433 0.414 C.(2,).2,=01(n+1),j=1,2,n=0,1,..,9 (the
a,, 1.105 0.910 points in the Figs. 7, 8).
a,, —0.632 —0.766
X, 1 1.077
K, 1 1.029 w N
T
0.7 \ﬁ\g/‘l
Chemical absorption osf S~
~ \("\ B —
In the case of chemical absorption, from (9, 10, o P
16, 18) follow the models: “T
03l P // q
02 ﬁi/é
04t /OO/
0.1 0.2 013 0‘4 DZ‘.SH 0.6 0.7 0.8 0.9 1

Fig. 7. Average concentration Cj (Zj)’jzl’z in
the cases @=1,Da=1: “theoretical” values
C,(2,)=C,(2,),j=12 as solutions of (28) and

(7) for different Z :O.l(n+1),j:1,2,n:O,l,...,9
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(points); EI(Z/.), j=1,2 as a solution of (29), using

the “experimental”
a,,ad,,a

parameter values
j=12 in the Table 1 (lines) and the

J0> T T2

“experimental” value of K =1.05.

0.9r
0.8

0.7

&}

0.4+
0.3F

02t o

01F _— °

Fig. 8. Average concentration EI(ZJ),jzl,Z in
w=1,Da=2:
C_'j (Z‘,.)=C_"m (Zj,,),j=1,2 as solutions of (28) and

the cases “theoretical”  values

(7) for different Z, = O.l(n + 1), j=L2,n=0,1...9
(points); 5}. (Zj), j=1,2 as a solution of (29), using

the “experimental” parameter values

ajo,ajl,ajz,jzl,Z in the Table 1 (lines) and the

“experimental” value of K, =1.05.

CONCLUSIONS

The modeling of the counter-current processes
in column apparatuses is complicated because the
hydrodynamic models has to be presented in two-
coordinate system (in a one-coordinate system one
of the equations has no solution due to the negative
Laplacian value). The presented numerical analysis
of a counter-current absorption process in column
apparatus shows, that the average concentration
model, where the radial velocity components in the
phases are equal to zero (in the cases of constant

velocity radial non-uniformities along the column
height), is possible to be used in the cases of an
axial modification of the radial non-uniformities of
the axial velocity components.

The use of experimental data, for the average
concentrations in the gas and liquid phases at the
column end in the cases of highly and lightly
soluble gases, permits to be obtained the gas and
liquid phases model parameters, related with the
radial non-uniformity of the velocities. These
parameter values permit to be used the average
concentration models for different absorption
processes modeling in counter-current columns
(different values of the parameters @, Da, ie.

different values of the column height, average
velocities, chemical reaction rate constant and gas
solubility).
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HOBU MOJIEJIV HA MHYCTPUAJIHA KOJIOHHU ABCOPBEPM.
2. TIPOTUBOTOYHU ABCOPBLIMOHHU TTPOLIECH

b. bosaxues, Xp. bosgxues
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ITonyuena na 13 romy, 2017 r.; npuera Ha 21 ronu, 2017 r.
(Pe3rome)

IIpenctaBen e TeopeTHdyeH aHaNM3 Ha edekTa Ha paapajHaTa HEpAaBHOMEPHOCT HAa CKOPOCTTA NPH NPOTHBOTOYHU
abcopOIMOHHN TPOIeCH B KOJOHHU amapaTi. MoJeTsT Ha CpeJHUTe KOHICHTPAIUH, KbICTO paJuaHaTa KOMIIOHEHTA
Ha CKOPOCTTa € HyJia (B CiIyJaWTe Ha IOCTOSHHA paJyanHa HEpaBHOMEPHOCT Ha CKOPOCTTa MO BHCOYMHATA Ha
KOJIOHATA), € W3MOM3BaH B CIy4YaWTe HAa aKCHAIHO M3MEHEHHE HAa pajdalHaTa HEPaBHOMEPHOCT Ha aKCHAJHUTE
KOMIIOHEHTH Ha CKOPOCTUTE B ra3oBata M TeyHaTa (aszu. [[poOGneMbT Ha MOACIMPAHETO MPH MPOTUBOTOYHHUTE MOTOLHM €
YCIIO)KHEH, 3all0OTO MOJCJIHUTE YpaBHEHUsl TpsOBa Ja ce NPEACTaBIT B JiBE KOOPJMHATHH cucteMu (B elHa
KOOp/MHATHA CHCTEMa ypaBHEHUsTA HAMAT PElICHHe 0pay OTpHIaTe]IHaTa CTOWHOCT Ha Jlamnacuana).

W3nomsBaHeTo Ha eKCIIEPUMEHTAIHM JaHHH 332 CPEeJHHUTE KOHICHTpAllMM B ra3oBaTa M Te4HaTa (pa3su Ha M3X0Ja UM
OT KOJIOHATa, B CJly4aWTe Ha CHJIHO M ci1abo pa3TBOPUMH ra3oBe, MO3BOJIIBA Jia C€ HaMEpsT MOJCIHUTE IapaMeTpH,
CBBP3aHM C pajJdajHaTa HEPAaBHOMEPHOCT Ha ckopoctute. CTOMHOCTUTE HAa Te3M MapaMeTpH ca M3IMOJI3BaHU 32
HAMHUpaHe Ha MOJEIUTe Ha CpPEIHWTE KOHICHTPAIMH 3a MOJCIMpaHe Ha pPa3iMYHU aACOPOIMOHHM IIPOIECH B
MIPOTUBOOYHH KOJIOHH.
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