
� �*&, D2 – ; � ��!�" %" 6%�)&5"*&, -��#�0)�$�3 & -�!6%�$�3 $&13�1&$. �6'"0(&  ��% 3(�)��&7 

$�1��'�2 ((, %" $�1�-&1��%�$��. 
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�4013. �&1�#� [1, 2], 2� 6 0�)"1& $&13�1&$, ,�& -�0%&�(� 6%$��++%80, 6 $ )��&� �&)8��0%&, 0 � 1 

&(.�3 ( ! 5- '(�3 � '�$�( -��06%(& %"��� & $"��& # %")�. �  ��)��&'(�7 %�'�� 5��6 ("�!&)8.�7 

6$"�� 5"0)6��$6+%8 %& $"��& # %")�, ,�& / ("�!&)8. ( ! 5- '(�#� 1), ��$�3 ���"(&5#&$ %" 

("$��)�.(8��� 0 � 1�$�2". � � 1 (�3 ("�!&)8. -�.�� (& 0$�( *8, �"1#&�, (&� )8, �%6%8, 3��#, 

*�(�, #&18 %" "�0 (. �&13�1�, ,� -�"$�)�, (  - � ��!),+%80, & $&)8(� -�%�"-),+%8 6 ("$��)�.(/ 

0 � 1�$�2 , 5"!�61(++'� ����. �0�!)�$6 ( ! 5- �6 5 %�'�� 5��6 -�% (*&�(��� 5"!�61( ((, 

1�$�&)), $"���#� # %")"#�, $&1-�$&1(� 1� [2], 0%"(�$),%8 $&13�1� �")8$"(&'(��� $���!(�*%$" %" 

# %")6��&,, " %"��� ( ! 5- '(& ��#-�( (%� -�!6%�$�3 $&13�1&$, ,�& 1�0)&1� (& "$%��"#� [3, 4]. 

� %�+ 1"(��� 1�0)&1� ((, / "(")&5 -�% (*&�(�3 1� � ) & .),3&$ ("13�1� ((, $"���3 # %")&$, 

,�& #&0%,%80, 6 0�)"1& $&13�1&$, 6 1�$�&)),. 

�$"7)2  4- +- %  *)0'&/)71. ��)�$(�#� "(%��-�� ((�#� 1� � )"#� ("13�1� ((, $"���3 

# %")&$ $ !&�04 �6 / -&1-��/#0%$" 5 $�1�!6$"((, & - � ��!�� '��(�3 %" ��)8���$�3 # %")&$, 

% -)�$&  ) �%��0%"(*&7 & % -)�* (%�")&, %�"(0-��%, #".�(�!61&$(" %" 3&#&'(" -��#�0)�$&0%8, 

0&)808����0-�1"�08�  $���!(�*%$�, ��%)�$�-��#6(")8(& ��#-) �0�. �"��� 06%%/$�#� 

( 0%"*&�("�(�#� 1� � )"#� 5"!�61( ((, ("$��)�.(8��� 0 � 1�$�2", ��&# "$%�%�"(0-��%6, / 

"$&"*&,, 2� $�����0%�$6/ 0$�(* $�$#&0(�� ! (5�(, & �"� %(�-��0#&'(" % 3(&�". � !"�"%8�3 

� �&�("3 ���"7(�, 6 5$’,5�6 &5 $&106%(&0%+ $ )���7 �&)8��0%& -��#�0)�$�3 �!’/�%&$ �")65 � 

-��#�0)�$�0%&, �1(�# 5 ��)�$(�3 1� � ) $"���3 # %")&$ / -�)&��(� -�!6%�$�3 $&13�1&$. �("'(" 

'"0%�(" $"���3 # %")&$, ,�& #&0%,%80, (" -�)&��("3 6 0�)"1& $&13�1&$, -�%�"-),/ $ ?�6(%, ,��� 

0)6��%8 -�%6�(�# "�6#6),%���# & -�"�%�'(� (  $%�"'"/ 73 5 '"0�#. �"��� $�0���� $#&0% $"���3 

# %")&$ 6 4&)8%�"%& -�)&��(&$ -�!6%�$�3 $&13�1&$. �" �0(�$& -��$ 1 (��� "(")&56, "$%���# 

-&1��%�$) (" %"!)�*, 1, $ ,�&� 65"�")8( (& 1� � )" ("13�1� ((, ("�-�.�� (&.�3 $"���3 

# %")&$ 6 ("$��)�.(/ 0 � 1�$�2  6 0�)"1& $&13�1&$. 

 

�)(7$89 1 – �)#"/ *'0)7$ 1 4"7)2/ +/2: 2/+ 
�&)"8/, +/2: 2/+ �'0)7$, 9"/ */4090549 1 +/2: 2): 

C # (% Zn, Pb, Cu, Ni, Cr, Cd, As 

:"�#"* $%�'(& & $ % ��("�(& -� -"�"%� Zn, As 

;�9--)"0%�� Hg, Cd 

; 0%�*�1� Hg, Cu, Pb, As, Zn, Cd, Ni 

:"�!�, )"�� Pb, Cr, As, Hg, Cu, Zn 

�"%"� ��� Pb (PbSO4), Cr (Cr2O7), Zn, Cd, Ni, Hg, Cr, Hg 

;�)&��"4&'(" -��16�*&, Pb, Cr, As, Hg, Cu 

� ) $&5��� Pb, Hg 

	�6#6),%��� Ni, Cd, Pb, Zn 

�) �%��(&�" Pb, Cg, Hg 

�+#&( 0* (%(& )"#-� Hg, Cu, Ni, Zn, Pb 

��)8���$  0�)� Cu (CuO), Pb (PbO), Cd( CdS, CdSe) 

�$4- +"$. ��0)&1� ((, 1� � ) $"���3 # %")&$ 6 0�)"1& $&13�1&$ -��"5")�, 2� ��)�$(�#� 73 

-�0%"'")8(��"#� 6 1�$�&)), / # %")6��&,, % -)� ( �� %��", %�"(0-��%, #".�(�!61&$(" %" 3&#&'(" 

-��#�0)�$&0%8, 0&)808����0-�1"�08�  $���!(�*%$�. �"��� $"��#�# 1� � )�# / -�!6%�$& $&13�1�, 

$ - �.6 $&13�1�  ) �%��'(��� %"  ) �%��((��� �!)"1("((, %" )"��4"�!�$& $���!�. 
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