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�1(�� �5 �)"$(B3 -��!) # $ �!)"0%� �'�0%�� -����1(B3 � 0%�'(B3 $�1 ,$), %0, 61") (�  �5 

(�3 !��� ((B3 A) # (%�$ - 0� 1�( (�� "5�%" � 4�04��", $B5B$"+2�3 A$%��4��"*�+ $�1(B3 

�!I �%�$. �� 1�( (�, "##�(�, -�-"1"+% $ $�1� #B $ � 56)8%"%  -�$ �3(�0%(�� A��5�� -�'$, 

( -�"$�)8(��� -��# ( (�, #�( �")8(B3 61�!� (��, $ � 56)8%"%  0!��0" 0%���$ 

��$�%(�$�1' 0��3 ��#-) �0�$, !B%�$B3 � 3�5,�0%$ ((�-4 �")8(B3 0%���$ [1]. � -��* 00  

��6���!���%" "5�%" 0� 1�( (�, "##�(�, -�0% - ((� -�1) �"% (�%��4��"*�� 0 6'"0%� # 

#�������"(�5#�$. � 5"$ �. (�  ��6���!���%", (�%��%- � (�%�"%-��(B 1�)�(B -� $�"%�%80, -�1 

1 �0%$� # !"�% ���-1 (�%��4��"%���$ $ �"5��!�"5(B  0� 1�( (�, N2 �)� N2O. �� "�%�$(�  

�"5$�%�  -��#B.) ((�0%� ("�6." %  0% 0%$ ((B� ��6���!���% "5�%", $ � 56)8%"%  ' �� (�%��%B 

� (�%�"%B ("�"-)�$"+%0, $ $�1� #"3.  

H44 �%�$(�0%8 �'�0%�� 0%�'(B3 $�1 �% !��� ((B3 0� 1�( (�� 5"$�0�% �% 0�0%"$" 0%�'(B3 

$�1 � �% -��(,%�� % 3(�)���' 0��� 03 #B �5$) ' (�, 5"��,5(�% ) � $ -��* 00  �'�0%�� [2]. 

�62 0%$6+2�  0 ��1(, ����10��  �'�0%(B  0���6� (�, (  0-�"$),+%0, 0 5"1"' � �'�0%�� 

0%�'(B3 $�1 �% !��� ((B3 A) # (%�$ � (  �! 0- '�$"+% (��#"%�$(�  �"' 0%$� $�1B [3]. ;�%�#6 

!B)� �56' (B -��* 00B ��(��!# ((�� �'�0%�� $�1B �% ��(�$ "##�(�, �5 #�1 )8(B3 �"0%$���$.  

;��* 00B 0��!*�� ��(�$ "##�(�, �5 $�1B -��$�1�)� -�� �0-�)85�$"(�� -����1(��� * �)�%", 

$B0�����0)�%(��� �"%��(�%" ��-2-8 $ Na
+
 � �

+
 4��# , " %"��  0)"!��0(�$(��� �"%��(�%" Dowex 

Mac-3 $ �
+
.  

�B)� 60%"(�$) (B 5"$�0�#�0%� -� 0��!*�� "##�(�, �% 4��#B ��(�%", 0��%(�. (�, "##�(�, 

� �")8*�, $ $�1  � 6��$(, ��(* (%�"*�� ��(�$ $ �"0%$�� . ;��"5"(�, '%� 0�)8(���0)�%(B� 

�"%��(�% ��-2-8 $ Na
+
-4��#  �#  % (�5�6+ 0 ) �%�$(�0%8 -� ��("# "##�(�,, -� 0�"$( (�+ 0 

�
+
-4��#��.  

�), �* (�� $)�,(�, ��(�$ � 0%��0%� (" 0��!*�+ ��(�$ "##�(�, !B)� -��$ 1 (� 

�00) 1�$"(�  -� �5$) ' (�+ "##�(�, $ �
+
-4��#  $ -��06%0%$�� ��(�$ �"

2+
. �0%"(�$) (�, '%� $ 

-��06%0%$�� ��(�$ �")8*�, A44 �%�$(�0%8 0��!*�� ��(�$ "##�(�, (" �"%��(�%"3 ��-2-8 � 

Dowex Mac-3 5("'�% )8(� 0(��" %0,.  

� � ( �"*�+ �"%��(�%" ��-2-8 $ �
+
-4��#  %" $ Na

+
-4��#  -��$�1�)� �"0%$��"#� HCl � NaCl. 

�B)� �-� 1 ) (�, '%� � � ( �"*�, �"%��(�%" ��-2-8 -��3�1�)" )6'.  � !B0%�   -�� 

�0-�)85�$"(�� �"0%$���$ 0�),(�� ��0)�%B $ 0�"$( (�� 0 �"0%$��"#� 3)���1" ("%��,.  

� 0#�%�, (" $ * )�# -�)���% )8(B  � 56)8%"%B 0��!*�� � 1 0��!*�� ��(�$ "##�(�, (" 

�"%��(�%  ��-2-8 $ �
+
-4��# , 1"((B� # %�1 (  -�13�1�% 1), �'�0%�� -����1(B3 $�1 �% "##�(�, 

-�� (")�'�� $ (�3 ��(�$ � 0%��0%�. � %"��3 0)6'",3 * ) 0��!�"5(   �0-�)85�$"%8 -����1(B  

0��! (%B. 

�B)� �00) 1�$"(B -��* 00B 0��!*�� ��(�$ "##�(�, (" * �)�% . ;��"5"(�, '%� 0��!*�, 

"##�(�, (" * �)�%  �5 $�1�-��$�1(�� $�1B -��3�1�% %"� � , �"� � �5 #�1 )8(B3 �"0%$���$. 

�0%"(�$) (�, '%� -��06%0%$�  ��(�$ � 0%��0%� (  $)�, % (" A44 �%�$(�0%8 �5$) ' (�, "##�(�, 

�5 �"0%$��". �%# ' (� 0(�� (�  ��(* (%�"*�� "##�(�, $ �"0%$��  � 6$ )�' (�  $ )�'�(B 

"10��!*�� 0� $� # ( # ��(%"�%" 0 0��! (%�#. � 6$ )�' (� # ��(* (%�"*�� "##�(�, $ �"0%$��  

0% - (8 "10��!*�� $�5�"0%" % � 1�0%��" % -� 1 )8(��� 5("' (�, -��# �(� $ 40 #�/�.  

�0%"(�$) (�, '%� 0% - (8 1 0��!*�� "##�(�, �5 * �)�%" 1�0%"%�'(� $B0��" -�� 

�0-�)85�$"(�� �"0%$��" 3)���1" ("%��,, � #�� % 1�0%��"%8 100%. 
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