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New models of industrial column absorbers. 1. Co-current absorption processes
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A new approach to modeling the industrial column absorbers is presented. A theoretical analysis of the effect of the
velocity radial non-uniformity on the co-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 use of experimental data, for the average
concentrations in the gas and liquid phases at the column end, for a concrete process (absorption of an average soluble
gas), permits to be obtained the gas and liquid phase 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 co-current columns.

Keywords: Column apparatus, gas absorption, co-current flows, convection-diffusion model, average concentration

model, velocity radial non-uniformity.

INTRODUCTION

In the first paper [1] was shown, that 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 possible to be used in the cases
of an axial modification of the radial non-
uniformity of the axial velocity component. The use
of experimental data, for the average concentration
at the column end, for a concrete process and
column, permits to be obtained the model
parameters, related with the radial non-uniformity
of the velocity. These parameter values permit to be
used the average concentration model for modeling
of different processes in the cases of different
values of the column height, average velocity,
reagent diffusivity and chemical reaction rate
constant. This possibility will be used for modeling
of the gas absorption processes in a co-current
column.

CO-CURRENT ABSORPTION PROCESSES

The new approach of the processes modeling in
the column apparatuses [2-5] permits to be created
the convection-diffusion and average concentration
models of the gas absorption process. In the cases
of a constant radial non-uniformity of the velocities

along the column height (u; =u;(r), j=1,2), the
convection-diffusion and average concentration

models of a chemical absorption (with a pseudo-
first-order chemical reaction in the liquid phase) in
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a co-current column [6] have the forms:
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In (1, 2) uj(r),cj(r,z),Dj,jzl,Z are the
velocities, concentrations and diffusivities in the
gas and liquid phases, T,,C;(z), j=12 - the

|
average velocities and concentrations at the column
cross-sectional area, Gj(r),éj(r,z), j=12 - the
radial non-uniformities of the velocities and
concentrations.
GENERALIZED VARIABLES

In (1), (2) is possible to be introduced the
generalized variables:

r=rR, z=1Z, u;(r)=0U,(R),
c,(r,z)=c¢/C,(R,Z),

o (rn2)=2¢,(R2), §(2)=cC(z), ©@
X

€z=&0_
A)ZQ@)

and as a result is obtained:

2 2
Ula_Cleol ga_czl+la_cl+a_czl —
oz 0Z?> ROR OR
-K,(C,-C,);
2 2
0,8 o, (6 0G, 120 0
0z 0Z> R OR  OR
+K,(C,—C,)—-DaC,;
. (4)
R=0, —=0;
oR
oC
R=1 —=0;, j=12
OR
Z=0, C =1 C,=0,
1=U, P;lacl, C, _
oz’ oz
dC, dA ,d*C
Z)—L4+1C, =Pe;' —1
Al )dZ dz * ' dz?
_K1< 1 2)1
dC, dA = ., d*C
Z2)—24+-2C =Pe—24
Al )dZ dz ° 2 dz? (5)
+K2(C_31—_2)—DaC_22,
z=0, C,=1 C,=0,
@€ _, 9,
dz ' dz

where Fo, Da and Pe are the Fourier, Damkohler
and Peclet numbers, respectively:
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DI ul
Fo,=—5, Pe;=—-, Dazg,
u;r D; u,
-1pa-1
&=Fo; Pe, (6)

In the cases of a physical absorption Da =0.
In (5) are used the expressions:

Cj(z):szcj(R,z)dR,

6 (r Z):cj(r,z)zcj_(R,Z)

g C(z) ()
a;(z)=a;(12)=A;(2)=
:2£RUj(R)%dR, j=12

The convection-diffusion model (4) permits to
be made [2-6] 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
obtained different approximations for high column
(0=¢<107?), big average velocities
(0=Fo,;<10?, j=12), small (0=Da<10?) or

big (0=Da" <107?) chemical reaction rate, highly
soluble (0=w<10?) or lightly soluble
(0=w'<107) gas.

PHYSICAL ABSORPTION OF AVERAGE
SOLUBLE GAS

Let’s consider the physical absorption (Da=0)
of an average soluble gas (@[ 1)? in an industrial
absorption column (1>1 [m]), in the cases of down
co-current gas-liquid drops flow. The average gas
velocity and the average liquid drops velocity are
0, >1,0, >1 [m.s?], the diffusivities in the gas (air)
and the liquid (water) are D, <107, D, <107
[m2s?] . In these conditions is possible to be
obtained the order of magnitude of the parameters
values:

Pe;t <10, 25107 Fo, <102,

l (8)

Pe,' <10°, Fo, <107,

and the model (4) has a convective form:
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dC
Uld—zlz—Kl(C1 -GC,);
dC
Uzd_zzza)Kl(Cl_Cz); ©)

Z=0, C =1 C,=0.
In the conditions (8) the average concentration
model (5) has the form:

a6, A~ (= =
Ai(z)d_z"'d_zcl Kl(cl C2)1

dC, dA, ~ N
AZ(Z)E+$CZ=¢0K1(01—CZ), (10)

Z=0, C,=1 C,=0.
The theoretical analysis of the model (9) shows
[2-6], that the functions A, (), j=1,2 is possible

to be presented as linear approximations:
A=a,+a,Z, =12, (11)

where the model parameters «;y, a;, j=12 is

possible to be obtained, using experimental data for
a short column (Z =0.1).

The theoretical analysis [6] shows, that the basic
approximations of the convection-diffusion models
(1) and average concentration models (2) are
o /oz=0, j=12..

EFFECT OF THE AXIAL MODIFICATION OF
THE RADIAL NON-UNIFORMITY OF THE
VELOCITY

The radial non-uniformity of the axial velocity
components in a co-current column apparatus is the
result of the fluid hydrodynamics at the column
inlet, where it is a maximum and decreases along
the column height as a result of the fluid viscosity.
For a theoretical analysis of the effect of the axial
modification of the radial non-uniformities of the
velocities in a two phases co-current column, this
difficulty can be circumvented by appropriate
hydrodynamic model, where the average velocities
in the phases at the cross section of the column are
constants, while the maximal velocities (and as a
result the radial non-uniformity of the axial
velocities components too) decrease along the
column height.

Let’s considers [1, 7] the velocity distributions

u,(r.z,)=0,0,(r.z,), j=12 (12)
and an axial step change of the radial non-

uniformity of the axial velocity component in a
column:

;,(r.z,)=0,(RR.1Z,)=
~U,(RZ,)=a, -b,R?,

a,, =2-0.In, b, =2(1-0.1n), (13)
0.In<Z, <0.1(n+1),
n=0.1..9, j=12,

where 0, (r,z,), j =1,2 satisfy the equations:
2% .
Y R T
0

i.e. U; =const, j=1.2.

If put (13) in (9), the convection-diffusion
model has the form:
dc,,

Uln dZn :_Kl(cln_czn);
dC
2n dzzn :a)Kl (Cln _CZn);
0.In<Z <0.1(n+1); (15)

Z,=01n, C,(RZ,)=C;,,(RZ,);

n=01..9 j=12

Z,=0, Cy(R,Zy)=1, C,(R,Z,)=0.

The parameter @ in (15) is known beforehand.
The solution of (15), for concrete process (@ =1)

and “theoretical” value of K, =1, permits to be
obtained the concentration distributions
C,(RZ,), j=12 for different

Z,=0.1(n+1), n=0,1,...,9 (Fig. 1).

NNMNBNNN NN N
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|

Fig. 1.  Concentration distributions
Ci(RZ,), j=12 in the case w=K, =1 for
different Z, =0.1(n+1), n=0,1,...,9.

The solution of (15) (Fig. 1) and (7) permit to be
obtained the “theoretical” average concentration

distributions C_:jn(Zn), j=12 (the points in the
Fig. 2) and the functions A, (Z,), j=12 (the
713



B. Boyadjiev, Chr. Boyadjiev: New models of industrial column absorbers. 1. Co-current absorption processes

points in the Fig. 3) for different

Z,=0.1(n+1), n=0,1,...,9.

] 01 02 03 04 05 0.6 0.7 0.8 0.9 1

Fig. 2. Average concentration C,(Z), j=12 in
o=K, =1:
C;(2)=C,,(Z,). j=1,2 as solutions of (15) and (7)
for different Z, =0.1(n+1), n=0,1...,9 (points);
C;(Z),j=12 as a solution of (17), using the
“experimental” parameter
jos Qjys )z 1=12,K, (lines).

the case “theoretical” values

values

g
99
0

1] 01 0.2 0.3 04 0.5 0.6 0.7 08 09 1
Z,

Fig.3. Function Ajn(Zn), j=1,2 in the case
=K, =1: as a solution of (15) and (7) for different
Z,=01(n+1), n=01,...,9
A (Z), j=12 as a quadratic approximation (16)

]
(lines).

(points);

From Fig. 3 is seen, that the functions
A,(Z,),n=01..,4,j=12 are possible to be
presented as quadratic approximations:

A(Z)=a,+ay,Z+a,z’

(16)
A (Z)=ay +8,Z +a,2%,
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where the (“theoretical™) values of
a0, 8y, 85, ] =1,2 are presented in the Table 1.

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,Z+a,Z%)—+
(3 +auZ +8,2%)
+(ay, +2a,Z)C, =K, (C,-C,);
dC.
Ay + 8,7 +a,Z% | —2 + 17
( 20 21 22 ) dz ( )
+(a, +22,2)C, =K, (C,-C,);
z=0, C =1 C,=0.
where, at an unknown velocity distribution in the
two phases, o is known beforehand for a concrete

process, while the parameters
K, a;0,8;,8;,, J=1,2 must be obtained, using

experimental data.

PARAMETERS IDENTIFICATION

The obtained the values of the functions
Cjn(Zn), j=12, for a concrete process (w=1),
of K;=1 and different
Z,=01(n+1), n=0,1,...,9 (Fig. 2), permit to be
obtained the values of
C;(1)=C,4(Z,),Zy=1 j=12 and the artificial
experimental data:

Ch,(1)=(0.95+0.1B)C, (1),
j=12 m=1..,10,
where 0<B, <1, m=1..10 are obtained by a

generator of random numbers.

The obtained artificial experimental data (18)
are used for the illustration of the parameters
(K a0, 8,855, =42 a4,8,,8,, J=12,K))

“theoretical” value

(18)

identification in the average concentrations model
(17) by the minimization of the least-squares
function with respect to K, a;,,a;,a;,, j=12:

Q(LK,.a),a,a,, j=12)=

— 2
0| C(L,K,a,,,a;,,a,, j=12)-
- 1_(m v ) +(19)
m=1 _Clexp (1)
_ . 2
R C,(LKyaj.a,),,j=1,2)-
m=1 _szexp (1)
where the values of

Ci(LK.aj.8,8,,j=12), i=12 are obtained

J
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as solutions of (17). The obtained (after the
minimization) “experimental” parameter values

Kl,ajo,ajl,ajz,jzl,z are compared with the

“theoretical” values on the Table 1.

Table 1. Parameters
K, a0, a;,a;,, ] =1,2(physical absorption).

Parameters “Theoretical” “Experimental”

values values
a,, 1.0318 0.9348
a, 0.1226 0.1286
a, —0.1640 —0.1616
a,, 0.5301 0.5547
a,, 1.0671 1.0267
a,, —0.6190 —0.6300
K 1 1.0637

The obtained (“experimental”) parameter values
K, a;,a;,a;,, ] =1,2 are used for the solution of
(17) and the results (the lines) are compared with
the “theoretical” average concentration values on
the Fig. 2.

The obtained “experimental” value of K;
permits to be obtained the “experimental” value of
the interphase mass transfer coefficient k = K, T, /1.

18

09
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07 : © -
¢ S —a - Y
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Fig. 4. Average concentration distribution

CJ—(Z), j=12 in the case @w=1.5: “theoretical”
values as solutions of (15) and (7) for different
Z, =O.l(n +1), n=0,1...,9 (points); as a solution of
(17), wusing the “experimental” parameter values

Ky, Qjo, 81, Ajp, j =12 (lines).

In the same velocities distribution in the phases
(the same “experimental” values of
K, a;0,2;,3;,, J=12 in the Table 1), for other
concrete process (w=1.5), the solution of (15) and
(7) permit to be obtained the “theoretical” average
concentrations (_Ij (), j=1,2, which are compared

(Fig. 4), with the solution of (17), using the
“experimental” values of K, a;5,8;,,8;,, J=12 in

the Table 1.

CHEMICAL ABSORPTION

In the case of chemical absorption, from (4, 5, 8,
16) follow the models:
dac,,

Uln dZn __Kl(Cln_CZn);

dC
u,, dZZnn =a)K1(C1n —CZn)—DaCZn;
0.n<Z, <0.1(n+1); (20)
Z,=0.1n, Cjn(R,Zn)zcj(nfl)(R,Zn);
n=01..4, j=12;

Z,=0, Cp(R.Zy)=L Cy(R,Z,)=0.

dc
(aio +a112 + aizzz)d_zl+
+(ay, +2a,2)C, =K, (C,-C,);
dcC.
(am+a21Z +a2222)d_22+ (21)

+(a21 + 2a222)62 =K, (61 —62)— Daéz;
Z=0, Clzl, c_:zzo_
The parameters w, Da in (20), (21) are known

beforehand. The solution of (20) for a concrete
process (w=1, Da=1) and a “theoretical” value of

K, =1 permits to be obtained the concentration
C,(RZ,),j=12 for different
Z,=0.1(n+1),n=0,1,.,9 (Fig. 5).

n

distributions

Fig. 5. distributions

Concentration
C,(R.Z,), j=12 in the case @=Da=K,=1 for

Z,=01(n+1),n=01,...,9

different
absorption).

(chemical

715
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The solution of (20) (Fig. 5) and (7) permit to be
obtained the “theoretical” average concentration

C,,(Z,), j=1,2 (the points in the Fig. 6) and the
functions A, (Z,), j =12 (the points in the Fig. 7)
for different Z, =0.1(n+1),n=0,1,...,9.

From Fig. 7 is seen, that the functions
A.(Z,).Z,=01(n+1),n=01..,9 are possible
to be presented as quadratic approximations (16)
and the “theoretical” values of @y, a;;,a;,, j =12,

are presented in the Table 2.

0.8

07 Q
i}
06+ O.‘ o
(&) — o
G 0.5 | —a -
®
0.4
03+
s o o o —o0—%
02 P S
2]
0.1 o~
[ ]
1] 01 02 03 04 05 06 0.7 [1F:] [X:] 1
Z,
Fig. 6. Average concentration distributions

C,(Z,),j=12 in w=Da=K, =1:
“theoretical” values as solutions of (20) and (7) for
different Z, =0.1(n+1),n=0,1..,9 (points); as a
solution of (21), using the “experimental” parameter
values Ky, a;,,8;;,8;,, j=1,2 (lines).

the case

11 A
5 [
o > T T ———
1.05 b ° ° =
| [=]
; - .
o o
16 ) o 8
2
A
0.95 9 ’
o,
0.9
< 085
(+]
0.8
0.75
07 o
0.65 }f
0.6
0 01 02 03 0.4 05 0.6 07 08 08 1

Fig. 7. Function Ajn(Zn), j=1,2 in the case
w=Da=K, =1: as a solution of (20) and (7) for
different ~ Z, =0.1(n+1),n=0,1...,9
A (Z),j=12 as a quadratic approximation (16)

]
(line).

(points);
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The “theoretical” average concentration values
CJ. (1)=C_Ij9(Zg),ZQ=1,j=1,2 (Fig. 6) are used
for to be obtained and the artificial experimental
data (18). As a result, the minimization of the least-
squares  function (19) with  respect to
K. a0, a;,8;,, j=1,2 permits to be obtained the
“experimental”  values of the parameters
K, a;0,;,8,, ] =1,2, presented in the Table 2.

The “theoretical” average concentration as
solutions of (20) and (7) for different
Z, =0.1(n +1),n=0,1,...,9 (points) are compared
(Fig. 5) with the solution of (21) for the same case
(w=1,Da=1) (the line), where the “experimental”
values of the parameters Ky, a;;, a;,,3;,, =12 in

the Table 2 are used.

Table 2. Parameters K, a;,,d;,,8;,, =12
(chemical absorption).
“Theoretical” “Experimental”
Parameters
values values
aio 1.0346 0.8825
an 0.2378 0.2423
a2 —0.2742 -0.2771
ao 0.6405 0.6586
an 1.0359 1.1074
ax —0.6869 —0.6794
K1 1 1.0684
0.7 s
0.4
Fig. 8.  Average concentration distribution

Ci(Z),j=12 in the case w=1Da=15:
“theoretical” values as solutions of (20) and (7) for
different Z, =0.1(n+1),n=0,1,...,9 (points); as a
solution of (21) (lines), using the “experimental”
parameter values K, a;,8;,,8;,, =12 in the Table
2.

In the same velocities distribution in the phases

(the same “experimental” values of
K a;,8;,8;,, J=12 in the Table 2), for other
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concrete process (w=1, Da=1.5), the solution of
(20) and (7) permit to be obtained the “theoretical”
average concentrations C,(Z), j=1,2, which are
compared (Fig. 8), with the solution of (17), using
the “experimental” values of
K, a;0,;,a;,, ] =1,2 in the Table 2.

PHYSICAL ABSORPTION OF HIGHLY
SOLUBLE GAS (w = Da = 0)

In the cases of physical absorption of highly
soluble gas (w=Da=0), from (15), (17) follows

C,, =C,, =0,n=01..,9, and as a result the
models (15), (17) have the forms:

U, (;CT“ =—K,C,,; 0In<Z <0.1(n+1);

n

Z,=04n, C,(RZ,)=C,,(RZ) (22
n=01..4 Z,=0, Cy(R,Z,)=L.

d
(%+%J+%Jﬁﬁ%+

+(ay, +2a,Z)C,=-K,C; Z=0, C =L
The solution of (22) for “theoretical” value of
K, =1 (dimensionless interphase mass transfer

coefficient in the gas phase) 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 (22)
and (7) permit to be obtained the “theoretical”

1@

(23)

0.9
0.8
07
06 o
o 05 o)
0.4 o
0.3

0.2

Fig.9. Average concentration distribution C,(Z)
in the case w=Da=0:
“theoretical” values of C,, (z,) for different
Z,=0.1(n+1), n=0,1...,9 (points):;

C_Il (Z) as solutions of (23) for “experimental” values of
A, &y, &, Ky (line).

average concentrations C, (Z,) for different
Z,=0.1(n+1), n=0,1...,9 (the points on the Fig.
9), which are compared with the solution of (23)
(the line on the Fig. 9), where the “experimental”
values of the parameters a,,a,,a,, K, in the

Table 1 are used.

PHYSICAL ABSORPTION OF LIGHTLY
SOLUBLE GAS (&' = 0)

The model (15), (17) is possible to be presented
as

dC B
U, dzlnn =—® 1K2 (Cln _CZn);
dC
Uzndenn: K2 (Cln _CZn);
0.In<Z <0.1(n+1); (24)

z,=04n, C,(RZ,)=Cy,,(RZ,);
n=01..9 j=12
Z,=0, Cyu(R/Zy)=1 Cyu(R,Z,)=0.
dC,
Z+a,2%)—=
(3 +8uZ +2,2° )+
+(ay, +2a,2)C, =-0K,(C,-C,);

(2 +8,Z +2,2° )% + (25)

+(a, +2a,7)C, =K, (C, - C,);

Z=0, C, =1 C,=0.

In (24), (25 K,=wK;=1 in the case
w=K, =1.

In the case of physical absorption of lightly
soluble gas (o™ =0), from (24), (25) follows
C,=1n=0,1..9 and as a result from (24) and
(25) is possible to be obtained

dC
U2n dzzn = Kz (1_C2n);

n

0.In<Z, <0.1(n+1);
z,=01n, C,(RZ,)=C,,(RZ,); (26)
n=0,1..,9;

d
+(ay +2a,7)C, =K, (1-C,); (27)

717
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The solution of (26) for “theoretical” value of
K, =1 (dimensionless interphase mass transfer

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

distributions C,n(R.Z,) for
differentZ, =0.1(n+1),n=0,1,...,9. This solution
of (26) and (7) permit to be obtained the
“theoretical” average concentration values C,, (z,)
for different Z =0.1(n+1), n=01..9 (the
points on the Fig. 10), where are compared with the
solution of (27) (the line), where the
“experimental”  values of the parameters
8y, 8y, 8y, K, =K, inthe Table 1 are used.

o0& L L L
0 0.1 02 0.3 0.4 0.5 06 0.7 0.8 09 1
Z,

Fig. 10. Average concentration distribution C,(Z)
in the case @ ' =0: “theoretical” values C,, (Zn) for
z,=01(n+1), n=01..9
C_IZ ( Z) as solutions of (27) for “experimental” values of

Ay, 8y, Ay, K, =K, inthe Table 1 (line).

different (points);

The comparison of the Figs. 2, 9, 10 shows that
the obtained parameters in the cases of highly and
lightly soluble gases can be used at average soluble
gases, Wwhere is necessary an experimental

718

determination of the interphase mass transfer
coefficient, only.

CONCLUSIONS

The presented numerical analysis of a co-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 at column end, for a
concrete process, permits to be obtained the model

parameters (K, a;y,a;,a;,, j=1,2), related with

the radial non-uniformities of the velocities in the
gas and liquid phases. These parameter values
permit to be used the average concentration model
for modeling of physical and chemical absorption,
absorption of highly and lightly soluble gases
(different values of the parameters w,Da, i.e.

different values of the column height, average
velocities, chemical reaction rate constant and gas
solubility).
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HOBU MOJEJIN HA UHAYCTPUAJIHN KOJIOHHU AGCOPBEPH.
1. TIPABOTOYHU ABCOPBIIMOHHU ITPOILIECHU
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Cogus bvreapus
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(Pe3tome)

[IpeacraBeH € HOB MOAXO/ 32 MOJEJIMpPAHE Ha WHIYCTPUAIHU KOJOHHU abcopOepu. IIpemioxken e TeopeTHyeH
aHaiM3 Ha e(eKTa Ha paJraHaTa HEpaBHOMEPHOCT Ha CKOPOCTTA IIPY MPaBOTOYHHU aOCOPOLMOHHH TIPOLIECH B KOJIOHHU
anapaTi. MoJenbT Ha CpeIHUTE KOHIEHTPAlKHU, KbAETO pajualHaTa KOMIOHEHTa Ha CKOPOCTTAa € Hyna (B CIy4auTe Ha
MOCTOSIHHA pajuajiHa HEePaBHOMEPHOCT Ha CKOpPOCTTa IO BHCOYMHATAa HAa KOJIOHATa), € HM3IOd3BaH B clydyauTe Ha
aKCHAJHO M3MEHEHHE Ha pajJualHaTa HEPaBHOMEPHOCT Ha AKCHAJTHWTE KOMIIOHEHTH Ha CKOPOCTHUTE B Ta3oBara U
TeuHarta (a3u. M3mon3BaHETO HA EKCIIEPUMEHTATHY JJaHHHU 32 CPEIHUTE KOHIEHTPALMK B Ta3oBaTa U TeYHaTa (a3u Ha
n3X0/la UM OT KOJIOHATa 3a KOHKPETEH Ipolec (abcopOuust Ha CpPEeAHO Pa3TBOPHM ra3), MO3BOJIABA HAMHPAHETO Ha
MOJIETIHATE TapaMeTpH B ra3oBaTa M Te€4HaTa (pa3u, CBBP3aHH C pajuaHaTa HEPaBHOMEPHOCT Ha CKopocTHTe. Te3un
CTOMHOCTH Ha MapaMeTPHUTE MO3BOJIABAT M3MOI3BAHETO HA MOJEIHNTE HA CPEIHHUTE KOHIICHTPAIWHU 32 MOAEIHMpPaHE Ha
pa3nuuHu a0COPOIMOHHY ITPOLIECH B IPABOTOYHH KOJIOHH.
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