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�#l �"(l$�&��l �& o�#�x"$" %��#��&��l x#�j��, �" �"(#��k%u!�(l, � m�&�"��&��l o%#" 
��'�x&�" *'"�"�k%��!� !'���#�x& i+ "o'"o#&��l *"(!�e��j (!'%j"j &#&)!'�)� m ��*'%$"u 200 	. 
��� h�( *'"�&�&��l �"(#��% h&'&m )"k�� 5 +� (300 () m��j�#� *")�m��)� ��!'�! &#&)!'"&�&'$�i � 
'"m'�+"�%��#� *�!"j% &#&)!'"*'"�����(!� � )"&g���n�! g�#�!'���i ('�(. 2). 

����)& %��#��&��l !�&'�"i g�m� x#�j% � m�&�"��&��l e"$" *"h���#"(� �� �'%$�e $"���� 
"o'"o)� *"(!�e��j (!'%j"j &#&)!'�)�. �� ���)#uh&��l �k&'&#� ��*'%$� � &#&)!'�h��e j&'&k� 
��l�#l#�(� ��l���(!� &#&)!'�h�"$" (!'%j%. �m x#�j% ����#l#�(� '&x!)� �"#"$�, !�&'��e x#�j 
*&'&(!���� o%!� &#&)!'"*'"�����j, mj&�x%��#�(� �" �%#l &#&)!'"*'"�����(!� � ��!'�!� 
&#&)!'"&�&'$�i m� j�)(�j%j% )"&g���n�!� g�#�!'���i. 

�� mo�#�x&��l (!%*&�l %��#��&��l x#�j% �(& j&�x�j� (!�u!� x*�'� � ���j&!'� )�*�#l'�� 
"!�"'�� % !�&'�"j% x#�j�, �" *'��"��!�, "h&����", �" (!�"'&��l *"���e�"$" &#&)!'�h�"$" x�'% �� 
*"�&'+�� '"m��#% g�m � ��l�#&��l m�)"�"j�'�"(!&e &#&)!'""(j"(% � &#&)!'"g"'&m% [2]. 

�'"o#&�� '"m'�+%�)� ���j&!'�� )�*�#l'�� % m�&�"��&�"j% x#�j� *��!�&'��#� i+ '"mj�' �� '���� 
4–10 Å, �" ��n mj"$% (!�&'�k%��!�, �" �� )�*�#l'� � x*�'� "!"!"k�uu!� �"��� � 
m�"'"!�""(j�!�h�� )���#� j&jo'�� [3, (. 92]. �"k#��" !�)"k, �" � "(!����e j"j&�! g�#�!'���i � 
m�&�"��&��l x#�j% j� j�nj" (*'��% m *"!&����#"j !&h�i. 

�l '"o"!� ��n mj"$% (!�&'�k%��!�, �" j"k#��& '&$%#u����l m�&�"��&��l j&!�#%'$�e�"$" 
x#�j%, �" �j���n m�#�m", *�� ��nu $'���!���e��+ (�# m i+ "o'"o#&��lj *"(!�e��j (!'%j"j 
&#&)!'�)�. ¸�(!)"�& m�&�"��&��l x#�j�� �" 20 % �"#"$� % ��+ �"(!�!�n �#l ��)"'�(!���l % x�+!� 
�#l ��*#��)� h��%�%. �'� ��"j% j"k#��" mj&�x�!� "o"�’lm)"�& m�"#"k&��l x�+!� � ���j"��!�(� 
��� g�#�!'���i x#�j�� �� ��)%%j��+ g�#�!'�+. �& ��(!� m��h�% &)"�"j�u � ()"'"!�!� !'%�"�� � 
&�&'$&!�h�� ��!'�!�. 
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�5QN@>5- G N+;5N8HICBBO B5N@T >CTB5F5LGM NGHGL;8� N8IF@N< ;5FS < N@;GACBBG 
+;5RFCK@ 5?@�CBBO NGH-@HB@T L8QGN. �HE5;RJGO B8 JC5FG>8T – KC>5H, O-@M 5E5RF@N5 
C]C->@NB@M HFO N@H8FCBBO 5-E@HGN B@QS-@T -5BJCB>;8JGM, N@N?CBBO +8;8KC>;GN 
8HE5;RJGP 5-E@HGN E<FS]<;< >8 8Q5><. 

Development and introduction of new gas clearing technologies will play a significant 
role for decision the problem of gas cleaning processes. The purpose of this work is a studying 
of operation factors of adsorption of NOx and SO2 development of the mathematical model of 
this process with following using in practice. 

D5E>8B5N-8 +;5RFCK@ G PP QN'OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. ���#�m &)"#"-
$�h�"i (�!%���i (�"$"��� *")�m%n, �" ��e��k#���x�j� *'"o#&j�j� �� *#��&!� n (j"$ � ��)���, �" 
��)#�)�u!� *�'��)"��e &g&)!, %!�"'&��l )�(#"!��+ �"���. �& m%j"�#&�" �j�(!"j � �!j"(g&'� SO2, 
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NOx, CO2 � �&l)�+ �%$#&�"����, �" ��l�#lu!� ��(")% +�j�h�% �)!����(!�. 
)(��� �m"!% NOx (NO � 
NO2) !� (�')� (SO2) – "��� m ��e�&o&m*&h��x�+ m�o'%��u��h�� �!j"(g&'�"$" *"��!'l. 
���j m 
*&'(*&)!����+ ��*'lj)�� � "h��&��� ��j"��+ $�m�� n ("'o��e�� j&!"��, �" ¨'%�!%u!�(l �� 
*"$#������ ")(���� '�m��j� ("'o&�!�j�. ��e*'�e�l!��x�j� ��("'o&�!�j� % ��"j% '�m� j"k�� 
���k�!� (��!&!�h�� �&"#�!�, �" j�u!� �%k& '"m���%!% ��%!'�x�u *"�&'+�u � m��!�� ��o�')"�" 
("'o%��!� j"#&)%#� m $�m"�"i (%j�x�. �� *'"!���$% ��x�j j&!"��j, ��("'o��l ")(���� �m"!% !� 
(�')� �� �&"#�!�+ – �#�!&'��!����e j&!"�, l)�e "("o#��" &g&)!����e �#l ����#&��l ")(���� �m"!% 
!� (�')� ��m�)�+ )"��&�!'���e.  

 
�C>8 ;5R5>@ – &)(*&'�j&�!�#��" �"(#���!� *�'�j&!'� ��("'o��i ")(���� �m"!% !� (�')� m 

*"!")% $�m"�"$" (&'&�"����, *"o%�%��!� j�!&j�!�h��e "*�( !� ��m��h�!� "*!�j�#��� *�'�j&!'� 
��"$" *'"�&(% m *"��#�x�j ��)"'�(!���lj e"$" % *'�)!���.  

��("'o��e�� *'"�&(� *����u!�(l ��e()#����x"j% j�!&j�!�h�"j% "*�(% ���(#��") �&#�)"$" 
'"mj�i!!l )��&!�h��+ h����)��, �" (%*'"�"�k%u!� ��g%m�u ("'o�!% � j�)'"-, j&m"- � j�)'"*"'�+ 
("'o&�!% � �&"o+����(!u �'�+%����l (*&��g�h��+ +�'�)!&'�(!�) l) (�j"$" ("'o&�!% (��*'�)#��, 
()#�� � �#�(!��"(!� �)!����+ �&�!'��, %j"�� '&$&�&'���i), !�) � "("o#��"(!&e �m�nj"��i � )"�)'&!��e 
(�(!&j� ��("'o&�! – ��("'o�! � �� (!���i ��("'o��i, � �� (!���i '&$&�&'���i. 
 m�'lm)% m ��j (!��"��!� 
��!&'&( '"m'"o#&��l j�!&j�!�h�"i j"�&#� ")(���� �m"!% !� (�')� �� �&"#�!�+ [1]. 

�"o"!� ��)"�%��#�(� m$���" m �&'kou�k&!��j m�j"�#&��lj �84-2008 «�"m'"o)� !&+�"#"$�i 
��("'o��e�"$" "h��&��l ��)����+ $�m�� �� �&"#�!�+» *'�"'�!&!�"$" ��*'lj% «�o&'&k&��l 
���)"#�x��"$" *'�'"��"$" (&'&�"���� !� (!�#�e '"m��!")». 

 
�-E+C;@KCB>8FSBC H5EFGHICBBO. �&"#�!�, �" j�(!l!� �&#�)% )�#�)�(!� )�!�"���, m��!�� 

&g&)!���" � (&#&)!���" ��#%h�!� '�m�� �"�� m $�m��, m�o&m*&h%��!� i+�n )"��&�!'%����l. �&"#�!� 
��("'o%u!� #�x& !� j"#&)%#�, )'�!�h��e ���j&!' l)�+ ���*"����n '"mj�'�j )���#�� (!'%)!%'� 
)�')�(�. �'�o�� '"mj�'� )���#�� m%j"�#uu!� m��!��(!� �&"#�!�� �" '�m)" ��'�k&�"i ��o�')"�"i 
��("'o��i. �#l "���)� j"k#��"(!� ��("'o��i j"#&)%# �&"#�!�j� ��)"'�(!"�%u!� $�m")��&!�h��e 
���j&!', m%j"�#&��e j"#&)%#l'��j� �#�(!��"(!lj� '&h"���. 	�o�')"�� ��("'o��l �� �&"#�!�+ 
j"k#��� � !"��, )"#� j"#&)%#� %(�+ )"j*"�&�!�� (%j�x� �"(�!� j�#� � ��#��" *'"��)�u!� � 
��("'o��e��e *'"(!�'. �� ��x�+ %j"� "oj���� )�!�"�� n ��("'o��e��j� �&�!'�j� � ��m��h�u!� 
(*&��g�)% �m�nj"��i *�� h�( ��("'o��i �� �&"#�!�+ j"#&)%# '�m�"i o%�"�� !� &#&)!'"��"i (!'%)!%'�. 
�j��uuh� *'�'"�% !� '"mj�' "oj���"$" )�!�"��, j"k�� *��(�#�!� h� *"(#�o�!� &�&'$�u ��("'o��i. 
�'�j �m�nj"��i m *"m�!����j m�'l�"j )�!�"���, j"#&)%#� ��("'o�!� j�n (�#���e ��(*&'(�e��e �*#�� 
m o")% ��x�+ �!"j��, �" %!�"'uu!� (!��)� )���#�� �&"#�!%. 
��& m ��k#���+ *�!��� ��("'o��e�"i 
�m�nj"��i �� �&"#�!�+ – m'l(%����l *'�'"�� �)!����+ �&�!'��.  

�)(*&'�j&�!�#��& �"(#��k&��l *'"�&(% ��("'o��i ")(���� *'"�"��#� �� (��!&!�h��+ 
�&"#�!�+ X- !� �-!�*% (��'"o���!�� Süd Chem�e) � �m"!&'j�h��+ %j"��+ m� )"��&�!'���i ")(���� � 
*"!"�� 5 %. 
 *'"�&(� &)(*&'�j&�!%����l �"(#��k%��#� �*#�� !�)�+ *�'�j&!'��, l) ��!'�!� $�m%, 
!&j*&'�!%'�. ���h&��l )"��&�!'���i ")(���� �� ��+"�� m ��("'o&'� g�)(%��#� j&!"�"j j�("-
(*&)!'"j&!'�i. �� "(�"�� "!'�j���+ ����+ *"o%�"���" +�'�)!&'�(!�h�� )'��� m�#&k�"(!� 
)"��&�!'���i ")(���� �m"!% �� ��+"�� m ��("'o&'� m h�("j. �'��� j�u!� g�)!�h�" *'lj")%!�% g"'j% 
(g�)!�h�" j�!!n�" �"(l$�n!�(l ��(�h&��l ��("'o&�!%). �� mo�#�x&��l ��!'�!� $�m% (5–20 #/$"�) !� 
!&j*&'�!%'� (25–50 0�) *'�()"'un!�(l *'"�&( ��(�h&��l ��("'o&�!%, m� !&j*&'�!%'� � o�#�x&  
35 0� � ��!'�!� $�m"�"$" *"!")% *'"�&( *'�()"'un!�(l �&m��h�". ¸�( ��(�h&��l �� �&"#�!�+ �-!�*% 
m��h�" *&'&���%n h�( ��(�h&��l �� �&"#�!�+ �-!�*%, �" $"�"'�!� *'" ���% ��("'o��e�% m��!��(!� 
�&"#�!�� �-!�*%. 

 
�5HCF*N8BBO +;5JCE< 5?@E>-@ L8QGN. �#l j�!&j�!�h�"$" "*�(% *'"�&(% ��("'o��i ")(���� 

�� �&"#�!�+ m�*'"*"�"���" j�!&j�!�h�% j"�&#�, *"o%�"���% �� "(�"�� '���l�� j�!&'��#��"$" 
o�#��(% 
-$" x�'% *" !�&'��e � $�m"��e g�m�+ (1), (2) [2] m ��)"'�(!���lj '���l��l �#l '"m'�+%����l 
*"$#���#��"i m��!�"(!� ��("'o&�!% [3], % *'�*%�&���, �" *'"�&( ��("'o��i-�&("'o��i – 
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�m"!&'j�h��e; m�#&k��(!� (!%*&�l ��("'o��i ��� j"#l'�"i h�(!)� )"j*"�&�!� #���e��; ��g%m�l 
'&h"��� �&m��h��, $�m"��e *"!�) h&'&m %(� )���#� "���)"��e; ���(%!�l �&m�)!�����l ��("'o&�!% *�� 
h�( &)(*&'�j&�!%. 

��(��)% o%#" *"��#&�" �� N x�'�� � *'�e�l!", �" '"m*"��# j"#��"i h�(!)� ()"��&�!'���i) NO 
*" �"�k��� x�'% #���e��e, m���(� j�!&'��#���e o�#��( �� i-j% x�'� j�n ��$#l�: 

m� $�m"�"u g�m"u 

,
, , , 0

2
{ ( ) };��� i t

�� i ��� i i V i i
i t

dy FPRT y y k y q w
dt V P RT

� 
 
 � � � �;
+      

(1) 

m� !�&'�"u g�m"u 

),dt
�
y

t(
RT
MP

dt
dF�

Hi tt

i,��

i
�

NOt
i,��i,V <

(


�;
0

     (2) 

�& 2/)( ,, i���i��i ��y 
�  – (&'&��l j"#l'�� h�(!)� $�m% �� 
-j% x�'�; k – )"�(!��!� ��("'o��i, (-1; 

3 4 00 / qqqv 
�;  – ��("'o��e�� m��!��(!�; q – )�#�)�(!� ")(��%, �" ��("'o%n!�(l, �� "�����u j�(� 

��("'o&�!%, )j"#�/)$; q0 – *"$#��&�� )�#�)�(!� ")(��%, �" ��("'o%n!�(l, �� "�����u j�(� 
��("'o&�!%, )j"#�/)$; �t  – h�( ��(�h&��l ��("'o&�!%, $"�; V – "o’nj ��(��)�, j3; w – j�(� ��(��- 

)�, )$; N – )�#�)�(!� x�'��; NVVi /�  – "o’nj x�'%, j3; Nwwi /�  – j�(� x�'%, )$. 

 
D5;GNBOBBO C-E+C;@KCB>8FSB@T H8B@T Q H8B@K@, 5>;@K8B@K@ Q8 K5HCFF*. �� '�(. 1 !� 2 

*"'���l�" &)(*&'�j&�!�#��� ���� m ����j�, "!'�j���j� m� j"�&##u; m"o'�k&�" m�#&k��(!� 
)"��&�!'���i ")(���� �m"!% �� ��+"�� m ��("'o&'� m h�("j m� !&j*&'�!%'� 25, 35, 45 0� � ��!'�!� 
$�m"�"$" *"!")% 5, 10, 15 #/$"� �� �&"#�!�+ 13X, L�LSX ���*"����".  

��&)��!��(!� j"�&#� ����j, "!'�j���j % '&m%#�!�!� *'"�&�&��l &)(*&'�j&�!��, m��e(�u��#� 
m� )'�!&'�nj �"+'&��, '"m'�+"���& m��h&��l l)"$" ��l��#"(l m��h�" j&�x�j ��� !&"'&!�h�"$" 
( 1737.0)60,1,05.0(07665.0 �=� TP GG ). 
!k&, m�*'"*"�"���� j"�&#� ��&)��!�" "*�(%n *'"�&( 
��("'o��i ")(���� �� �&"#�!� � ii j"k�� ��)"'�(!"�%��!� *�� h�( %�"()"��#&��l !� '"m'"o#&��l 
�"�"$" "o#������l �#l "h��&��l $�m�� ��� x)��#���+ '&h"���. 
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\�	. 2. I��
��
��
 ���H�����H
� NO �� �����
 � ��	��G���  
� ��	�� �� ��
�� ������� J�����J� ������  

 

�@EB5N-@. 	 '&m%#�!�!� �"(#��k&��l o%#" ��m��h&�", �" *'"�&( ��("'o��i ")(���� �m"!% !� 
(�')� &g&)!���" *&'&o�$�n �� (��!&!�h��+ �&"#�!�+ �-!�*% (�"(l$�n!�(l j�ek& 100 %-�& *"$#�-
����l ")(���� ��("'o&�!"j). 	�m��h&�" "*!�j�#��� %j"�� *'"�&�&��l *'"�&(% !� �"�&�&�" 
�"��#���(!� ��)"'�(!���l j�!&j�!�h�"$" j"�&#u����l *�� h�( *'"&)!%����l !&+�"#"$�e !� 
*'�#���� "h�(!)� $�m�� ��� x)��#���+ '&h"���.  
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