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1.��������  

��)%-�&.  - /%-%!��+%�  ���'%#�#%�  �  (.��+�*  -�)�+ )�&#�*  
-����*  (��  #��+�)3+%/  �.��!  '�  -#�0%/  -%))%�#�( ), -�)�+ ).  
+���&./  (-�+&�-�)�+ ). ) �������  %2 "�)35�0�  !%�)�  
$�(��&�6�%/��  0& $$%&�(�+ (-�#�-�&#./  2(�#3�( ). ��&-%#  
(.��+�-�)�+ )�&#.�  ���'%#�#%�  ��#��%���  + (�����(�- , 
%-�6�%-  -�)�+ )�&# 6  -���  "�)��  !�-  104. ��)�+ ).  ��+%/  
���'%#�#%*  #�2.(�6�  -�+&�-�)�+ )�-% . 

7%-%� (.��+�-�)�+ )�&#./  ���'%#�#%*  (/%-%� ��� ) 
$&�'���()���  ��"�*  ���".*   &�2'�)  /%-%!��+�*  #� +%. 	"8�+��-%  
%��)�'�(�#%�  /%-%% ���  �()�6���  -�+&�-�)�+ ).  
�%#���%!��+�0�  % $&%&�'#�0�  $&�%�/�4'�#%� , �������%�  %2 
$�(��&�6�%/��  -�#�-�&#./  2(�#3�(  %)% -�)�+ )�&#./  
0& $$%&�(�+, ���'%#�##./  /%-%!��+%-% �(�2�-%  % ��'�&4��%�  (  
0)�(#�*  ,�$% ���-.   0)�&�'� , �  ��+4�  +%�)�&�'� , �2���  % ��&. . ��  
��#�(�  (.��+�-�)�+ )�&#./  ���'%#�#%*  ($�)%-�&�( ) 
&�2&�"��.(�6���  -#�0�!%�)�##.�  -���&%�). , "�2  +���&./  
#�(�2-�4#�  $&�'���(%�3  4%2#3 ��(&�-�##�0�  !�)�(�+� .  

 

1.1 �$��'�+�$��(  �$,���  
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�� !#��  �")���3  % ����(����(�##�  '%�,%$)%#�, +���& 6  
��0�'#�  #�2.(�6�  "�.��+�-�)�+ )�&#.�  ���'%#�#%� ", 2�&�'%)��3  
(  +�#,�  XIX #�!�)�  XX ���)��%�  (  &�-+�/  �&�/ , ��0'�  ���  #�  
�)%5+�-  �(�2�##./  '& 0  �  '& 0�-  #� + : �&0�#%!��+�*  /%-%% 
(�%#��2), +�))�%'#�*  /%-%% (%2 !�#%� &���(�&�(  % '%�$�&�%*  
(.��+�-�)�+ )�&#./  (�����( ) % 1%2%+% (%2 !�#%� ��& +� &.  % 
-�/�#%!��+%/  �(�*��(  $�)%-�&#./  ��) ). ��&-%#  “$�)%-�&%� ” ".)  
((�'�#  (  #� +  � . ��&,�)% ��-  (  1833 0�'  ')�  �"�2#�!�#%�  
���"�0�  (%'�  %2�-�&%%, $&% +���&�*  (�����(�  ($�)%-�&. ), 
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%-�6�%�  �'%#�+�(.*  �����( , �")�'�6�  &�2)%!#�*  -�)�+ )�&#�*  
-����* , #�$&%-�& 9�%)�# % " �%)�# , +%�)�&�'  % �2�# . ��+��  
��'�&4�#%�  ��&-%#�  #�  ����(����(�(�)�  ��(&�-�##.-  $&�'���( -
)�#%�-  �  $�)%-�&�/ . “���%##.� ” �%#���%!��+%�  $�)%-�&.  + ��-  
(&�-�#%  ���  #�  ".)%  %2(���#. . ��'  $�)%-�&�(  ".)  $�) !�#  ���  (  
$�&(�*  $�)�(%#�  XIX (�+� . 	'#�+�  /%-%+% ��0'�  �".!#�  $.��)%�3  
$�'�(%�3  $�)%-�&%2�,%6  % $�)%+�#'�#��,%6 , +���&.�  (�)%  + 
“ ��-�)�#%6 ” $&�' +��(  ��#�(#�*  /%-%!��+�*  &��+,%%, � .� ., 
��"��(�##� , + �"&�2�(�#%6  $�)%-�&�(  ('�  �%/ $�& $�)%-�&.  !����  
#�2.(�6�  “ �-�)�-% ”). 

��&(.�   $�-%#�#%�  �  �%#���%!��+%/  $�)%-�&�/  ��#������  + 
1838 0�'  ($�)%(%#%)%'�#/)�&%' ). ��&(.�  ��+&.�%�  (  9��*  
�")���%  ".)%  �'�)�#.  �) !�*#� . ��+ , ��#3�  (:&�#,%� ) ".)�  
�"#�& 4�#� , !��  #�  ���#+�/  �-+���%  �  (%#%)/)�&%'�-  $�'  
'�*��(%�-  �(���  �"&�2 ����  �-�)��"&�2#.*  $&�' +� , �(�*��(�  
+���&�0�  ��)%!�6���  ��  �(�*��(  %2(���#./  + ��-  (&�-�#%  
�&0�#%!��+%/  ���'%#�#%* . 	'#�+�   !�#.*  #�   '�)%)  ���"�0�  
(#%-�#%� $�) !�##�-  (�����( , +���&�� , +�+ -.  ��$�&3  2#��- , 
".)�  $�)%(%#%)/)�&%'�- . 

�  1839 0�'  (  ��&-�#%% �%-�#��#�-  ".)  �%#��2%&�(�# 
$�)%��%&�) . ��"����  ��  ��%&�)�- , /%-%+ �"#�& 4%)  (  +�)"�/  % 
&���&��/  +�+�*  ��  #�&���(�&%-.*  $�&�5�+ . 	'#�+�  #�  $&%'�)  
9��-  2#�!�#%� . �$��)�'��(%%  �+�2�)��3 , !��   $�-�# ���  (  �0�  
$ ")%+�,%�/  (�����(�  ���3  #�  !��  %#��, +�+ $�)%��%&�) . 

��)%-�&%2�,%�  (%#%)/)�&%'�  $�'  '�*��(%�-  �(���  ($�&(.�  
".)�  %2 !�#�  ; . �� -�#�-  (  1872 0. 	'#�+� , $&�-.5)�##��  
$&�%2(�'��(�  �%#���%!��+%/  $�)%-�&�(  #�!�)��3  2#�!%��)3#�  
$�24� . ��+  % �)�'�(�)�  �4%'��3 , (#�!�)�  !�)�(�!���(�  ���)�  
$&%-�#��3  (  ".�  % (  ��/#%+�  /%-%!��+% -�'%1%,%&�(�##.�  
$&%&�'#.�  $�)%-�&. . �#�+�(.-  ��".�%�-  �(%)��3  ��+&.�%�  
$&�,����  ( )+�#%2�,%% #�� &�)3#�0�  +� ! +� . � )+�#%2�,%�  ��&�*  
".)�  ��+&.��  #�2�(%�%-�  � '3%&�-  (��� ) (  1839 0. % ��#+�+�-  
(�#0)%� ) (  1849 0. �  1846 0. � . ��&+�  $&�')�4%)  �$���"  /�)�'#�*  
( )+�#%2�,%%. ;��  ��+&.�%�  '�)�  (�2-�4#���3  $�) !�#%�  #�  
��#�(�  #�� &�)3#�0�  +� ! +�  &�2%# % &�2%#�-��/#%!��+%/  %2'�)%*, 
+���&.�  �()�6���  #�2�-�#%-.-%  +�+ (  ��/#%+� , ��+  % (  
$�(��'#�(#�*  4%2#%. �2�"&���#%�  &�2%#. (  �(�6  �!�&�'3  �.0&�)�  
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�0&�-# 6  &�)3  (  &�2(%�%% -�5%#���&��#%� , ��/#%+% % '& 0%/ 
��&��)�*  $&�-.5)�##���% .   

���&��  $�)�(%#�  19 (�+�  �2#�-�#�(�)��3  ��+4�  $�) !�#%�-  
$�&(./  $�)%-�&#./  -���&%�)�(  #�  ��#�(�  /%-%!��+% 
-�'%1%,%&�(�##�*  ,�))6)�2. .  �)�+��#'&�-  ��&+��-  (  1862 0�'  
#�  "�)35�*  -�4' #�&�'#�*  (.���(+�  (  ��#'�#�  ".)�  
$&�'�-�#��&%&�(�#�  (�����(� , +���&��  $ ")%+�  �+&���%)�  
$�&+�2%#�- . ;��  ".)   �&0�#%!��+%* -���&%�) , $�) !�##.*  %2 
,�))6)�2. , +���&�� , $&%#�( $&% #�0&�(�#%% �$&�'�)�## 6  1�&- , 
��/&�#�)�  ��  (  ���.(5�-  ������#%% . ��&+�   �(�&4'�) , !��  #�(.*  
-���&%�)  -�0  (.$�)#��3  (��  1 #+,%% +� ! +� , #�  %2'�)%� %2 #�0�  
" ' �  �"/�'%�3��  '�5�()� . ��&+�2%# -�0  ��+4�  ".�3  $&�2&�!#.- , 
% �-  -�4#�  ".)�  $&%'��3 $&�+�%!��+% )6" 6  1�&- .  

�-�&%+�#�,  4�#  ���)%  7�*��  (  1866 0�'  %2�"&�) ,�)) )�%'  
– $)���-���  #�  ��#�(�  #%�&���  ,�))6)�2. . �$�&(.�  
$&�-.5)�##��  $&�%2(�'��(�  ,�)) )�%'�  #�!�)��3  (  
��)%+�"&%��#%% (  1868 0. ��'�����+�-  9��0�  -���&%�)�  �+�2�)��3  
�� , !��  ,�)) )�%'  ��)%!�����  $�(.5�##�*  0�&6!���36 , �  �0�  
��#�(  �����()�6�  #%�&��.  ,�))6)�2. , %�$�)32 �-.�  ')�  
$�) !�#%�  (2&.(!��./  (�����( . ��5�#%�-  9��*  $&�")�-.  ���)�  
'�"�()�#%�  $)���%1%+���&�  +�-1�&. . ��2'�##.*  -���&%�)  % 
$�) !%)  �1%,%�)3#��  #�2(�#%�  «,�)) )�%' ». �.)�  
2�&�0%��&%&�(�#� #�')�4����  ��&0�(��  -�&+�  (Celluloid TM). ;��  % 
".)  $�&(.*  (  -%&� ��&-�$)���%+  – (�����(� , +���&�-  $&%'�(�)% 
1�&-  $�'  ��-$�&�� &�*  % '�()�#%�- , % 9��  1�&-�  ��/&�#�)��3 , 
+�0'�  (�����(�  ���.(�)� . �2  ,�)) )�%'�  ���)%  '�)��3  $�&( 6  
1��� - % +%#�$)�#+ .  

�%�+�2�  (%�+ ���(�##.*  5�)+ ) – ���  �'%#  -�'%1%,%&�(�##.*  
(%'  ,�))6)�2.  – ".)�  %2�"&���#�  (  1891 0�'  1&�#, 2�-  � %  
��&%  �)9&  ��&#%0�. 	#  %�+�)  �$���".  $&�%2(�'��(�  
%�+ ���(�##�0�  5�)+� . ��")6'��  2� 5�)+�(%!#.-%  !�&(�-% , �#  
$�#�)  � �3  $&�,����  - !�&(% $&�%2(�'��  #�+ 6  4%'+���3 , +���&��  
2��(�&'�(���  #�  (�2' /�  % $&�(&�������  (  5�)+ . 	#  &�5%) #�*�%  
%�+ ���(�##.*  2�-�#%��)3  9��*  4%'+���% . 	'#�+�  �0�  %2�"&���#%�  
".)�  �)%5+�-  )�0+�  (��$)�-�#�6�%-�� . ;��  $&�")�-�  ".)�  
$�24�  &�5�#�  <�&)32�-  ��19-�- . ��+  $��(%)��3  (%�+�2� .  

��))�1�#  - ".)  $�) !�#  '�+��&�-  =�+�-  ;'(%#�-  
�&�#'�#"�&0�&�- , 5(�*,�&�+%-  ��+��%)3#.-  %#4�#�&�-  (  1900 
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0�' . 	#  �+�#��& %&�(�)  -�5%# , $&�%2(�'%(5 6  )%��.  (%�+�2.  – 
���".-  �"&�2�-  �"&�"���##�*  ,�))6)�2. , +���&.�  ".)%  #�2(�#.  
,�))�1�#�- . ���)�  #�+���&./  '�&�"���+  ,�))�1�#  ���)  $�&(�*  (  
-%&�  ���*!%(�*  + (�'�  0%"+�*  $�+�(+�* .  

7%-%!��+��  -�'%1%+�,%�  ,�))6)�2.  $&%(�)�  ��+4�  + 
$�) !�#%6  -��%),�))6)�2. , +���&��  ($�&(.�  ".)�  �%#��2%&�(�#�  
� %'�  (  1905 0.  

��+%-  �"&�2�- , + #�!�)  20 (�+� , $&�-.5)�##���3  &�2(%�./  
��&�#  (.$ �+�)�   4�  ,�).*  &�'  $�)%-�&#./  -���&%�)�( . ���  �#%, 
�'#�+� , ".)%  /%-%!��+% -�'%1%,%&�(�##.-%  $&%&�'#.-%  
$�)%-�&�-% . ��&(.-  4�  �%#���%!��+%-  $)���%+�- , (.$ �+��-.-  (  
$&�-.5)�##�-  -��5��"� , ���)  "�+�)%�  – -���&%�)  #�  ��#�(�  
1�#�)� -1�&-�)3'�0%'#./  �-�) , &�2&�"���##.*  (  1907 0�'  
�-�&%+�#�+%-  /%-%+�-  ���  ��*+)�#'�- . ��*+)�#'  $&%' -�)  
�$$�&�� , +���&.*  �#  #�2.(�)  «"9*+�)�*2�& ». �  �0�  $�-��36  �#  -�0  
-�#��3  ��-$�&�� &  % '�()�#%� , +�#�&�)%& �  /%-%!��+ 6  &��+,%6 , 
!��  �"��$�!%)�  (�2-�4#���3  ��2'�#%�  9+�#�-%!#�0�  -���'�  
$&�%2(�'��(�  $&����(�##./  %2'�)%*. � ��-  $�)%+�#'�#��,%%  
1�#�)�  �  1�&-�)3'�0%'�- , �#  ��2'�)  �-�) , +���&�� , $&�$%�.(��  
(�)�+#%��.*  #�$�)#%��)3 , ".��&�  �(�&'�)�  $&% #�0&�(�#%% % 
$&%#%-�)� 1�&-  �-+���% , (  +���&�*  #�/�'%)��3 . ��+�)%�  #�  0�&�) , 
#�  +%$�), #�  $)�(%)��  % #�  &���(�&�)��  #% (  +�+�*  +%�)���  %)% 
&���(�&%��)� . ;��  % �'�)�)�  �0�  ��-.-  ) !5%-  %2 (��/  «$)���%+�(  
�(��0�  (&�-�#% ». �&�-�  ��0� , "�+�)%�  �")�'�)  /�&�5%-%  
9)�+�&�%2�)�,%�##.-%  �(�*��(�-% , ".)  /%-%!��+% ���"%)3#.- , 
4�&����*+%- , �0�  1�&-�  % ,(��  #�  %2-�#�)%�3 $�'  ()%�#%�-  
��)#�!#./  ) !�* , -�&�+�*  ��)%  % � .' . �0�   #%(�&��)3#���3  % 
 #%+�)3#.�  +�!���(�  $&%(�)% + ��- , !��  �0�  ���)%  5%&�+� 
%�$�)32�(��3  % %�$�)32 6�  '�  #�������0�  (&�-�#% . 

��&(.�  '����%)��%�  20 (�+�  �2#�-�#�(�)%�3  #�!�)�-  
$&�-.5)�##�0�  ��(��#%�  �%#���%!��+%/  $�)%-�&�( , $�) !��-./  
-���'�-  $�)%-�&%2�,%%. ��+ , (  ��&-�#%% (  1920 0. $�  $���#�  
	��&�-.�)�#�+�0�  #�!���  $&�-.5)�##��  $&�%2(�'��(�  $�)%� -
�%&�)� . �  9��*  4�  ��&�#�  (  1930 0. ".)  �� ����()�#  $�&(.*  
$&�-.5)�##.*  �%#��2 $�)%(%#%)/)�&%'�  -���'�-  9- )3�%�##�*  
$�)%-�&%2�,%%. �&%-�&#�  + 9��-  4�  (&�-�#%  ��#��%���  
$&�-.5)�##��  ��(��#%�  $&�%2(�'��(�  $�)%-��%)-���+&%)���  – 
�&0�#%!��+�0�  ���+)� . ;���  -���&%�)  �&�2  #�5�)  �!�#3  "�)35��  
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$&%-�#�#%� (  �(%�,%%. �2  #�0�  ���)%  %20���()%(��3  $&�2&�!#.�  
+�)$�+% "��(./  ��-�)���( .  

�#��#�%(#��  &�2(%�%� ��/#%+%, �(��-�"%)���&��#%� , �(%�,%% % 
'& 0%/ ��&��)�*  $&%(�)�  + ��- , !��   4�  (  20 0�'.  #�� &�)3#.*  
+� ! +  #�  -�0  �"��$�!%�3  # 4'.  ��&��)�*  $&�-.5)�##���%  (  
&�2%#�-��/#%!��+%/  %2'�)%�/ . �����)�  ���&��  #��"/�'%-���3  
$�) !�#%�  �%#���%!��+�0�  �#�)�0� . �#��#�%(#.�  $�%�+% �$���"�(  
�%#��2�  +� ! +� , (  +���&./   !���(�(�)%  +& $#�*5%�   !>#.�  
-#�0%/  ��&�#  (� . � 5�&'� , � . �%)'�# , �  ��&&%�� , � . � . ��#'�+�( , 
� . � . ��"�'�(  % '& 0%�) ��%- )%& 6�  &�2(%�%� #� +% �  $�)%-�&�/  (  
��  0�'. . �& $#��  $&�-.5)�##��  $&�%2(�'��(�  �%#���%!��+�0�  
+� ! +�  ".)�  ($�&(.�  �� ����()�#�  (  ����%%  (  1932 0. $�  �$���"  
� .� . ��"�'�(� .  

�#��&��#�  ��-��%�3 , !��  $&�-.5)�##��  $&�%2(�'��(�  
$�)%-�&#./  -���&%�)�(  �� ����()�)��3  ".��&�� , !�-  &�2(%(�)%�3 
2#�#%� �  $�)%-�&�/  +�+ �"  ���"�-  (%'�  -���&%%. 	'%#  %2 9��$�(  
(�2#%+#�(�#%�  /%-%% $�)%-�&�(  +�+ #� +% �(�2�#  �  ��2'�#%�-  
� .� . � �)�&�(.-  ���&%% /%-%!��+�0�  ��&��#%�  �&0�#%!��+�0�  
(�����(� . � . � . � �)�&�(  %2 !�)  �(�23  -�4'  ��&��#%�-  % 
��#��%��)3#�*   ���*!%(���36  -�)�+ ) , $&��()�6��*��  (  &��+,%�/  
$�)%-�&%2�,%%. �  #�!�)�  20 (�+�  &�2(%(�6���  ��+4�  ���&��%!��+%�  
$&�'���()�#%�  �  ��&��#%% $�)%-�&�( . �#�!�)�  $&�'$�)�0�)��3 , !��  
��+%�  "%�$�)%-�&. , +�+ ,�))6)�2� , +&�/-�) , +� ! + , "�)+%, �  
��+4�  #�+���&.�  �%#���%!��+%�  $�)%-�&. , �/�'#.�  �  #%-% $�  
�(�*��(�-  (#�$&%-�&, $�)%%2�$&�#), �������  %2 -�)./  -�)�+ ) , 
�")�'�6�%/  #��".!#�*  �$���"#���36  ����,%%&�(��3  (  &���(�&�  (  
+�-$)�+�.  +�))�%'#�*  $&%&�'.  ")�0�'�&�  #�+�(�)�#�#.-  �(�2�-  
(���&%�  “-�)./  ")�+�( ”). ;��  �5%"�!#��  ��!+�  2&�#%�, 
� ����(�(�)�  '������!#�  '�)0�  % $�''�&4%(�)��3  "�)35%#��(�-  
(.'�6�%/��   !�#./  ��0�  (&�-�#% . ������!#�  #�2(��3  %-�#�  
��+%/   !�#./  +�+ ���� , ��&&%�� , =�+  6+)�  % '& . �  #��������  
(&�-�  -.  2#��- , !��  ��+%�   �(�&4'�#%�  ".)%  ��#�(�#.  #�  
��&3�2#./  9+�$�&%-�#��)3#./  �5%"+�/  $&% �$&�'�)�#%%  
-�)�+ )�&#./  -���  $�)%-�&�( . �(��&�-  $&%#,%$%�)3#� %#�0� 
$&�'���()�#%�  �  $&%&�'� $�)%-�&�(  ".)  #�-�,+%*   !�#.*  ��&-�#  
��� '%#0�& . 	#  (  1921 0�'  $�+�2�) , !��  -�)�+ ).  +� ! +�  % 
'& 0%/ +�))�%'#./  ���'%#�#%*  �������  %2 �0&�-#�0�  !%�)�  ���-�(  
(��  �.��!  '�  -%))%�#�( ), ���'%#�##./  +�(�)�#�#.-%  �(�2�-% , 



��	���
 

(�$&�+% 0��$�'��(�(�(5%-  ��0'�  $&�'���()�#%�- , !��  �#% 
�"&�2 6���  %2 ��#��%��)3#�  #%2+�-�)�+ )�&#./  ���'%#�#%*  $�'  
'�*��(%�-  #�+%/ «����,%��%(#./  �%)». �  1920–1922 00. 
��� '%#0�&  $&�(�)  0%'&%&�(�#%� +� ! +� , $�) !%(  0%'&�+� ! + , 
+���&.*  �+�2�)��  &���(�&%-.-  +�))�%'�- . ;��  &���(�&%-���3  
".)�  �"8��#�#�  %- '�*��(%�-  (�)�#�#./  �%). �  1922 0. 
��� '%#0�&  $&�')�4%)  #�2.(��3  $�'�"#.�  -�)�+ ).  
«-�+&�-�)�+ )�-% ». �#��&��#�  ��-��%�3 , !��  ��� '%#0�&  
�����%(�)  �(�%   (20)�'.  �#�!�)�  $&�+�%!��+% (  �'%#�!+ . 
��  $����$�##�  �-   '�)��3  �+)�#%�3  + 
�(��*  ��!+�  2&�#%� #�  $&%&�'  $�)%-�&�(  
"�)35%#��(�  %2(���#./   !�#./ . �#�+�(.-  
��".�%�- , $�2(�)%(5%-  $�'�(�&'%�3  
$&�'���()�#%�  ��� '%#0�&� , ".)�  
%2�"&���#%�  �(�'"�&0�-  $�&(�*   )3�&�,�# -
�&%1 0% – $&%"�&�, $�2(�)%(5�0�  
�$&�'�)��3  -�)�+ )�&#.�  -���.  $�)%-
-�&�( . �  1922 0�'  ��� '%#0�&  (.'(%# )  
���&%6  ,�$#�0�  ��&��#%�  -�+&�-�)�+ ) , �  
$��+�)3+  �#�  #�  -�0)�  �"8��#%�3  $���&6  
#�+���&.-%  $�)%-�&�-%  �$���"#���%  
&���(�&��3�� , '�$�)#%)  ��  $&�'���( -
)�#%�-%  �  &�2(��()�##./  -�+&�-�)�+ )�/  
% �&�/-�&#�*  $�)%-�&#�*  ���+� . �  1934 
0�'  ��+&.)  (��(-���#�  �  � .7�*�&�- ) 
&��+,%6  �&�/-�&#�*  $�)%-�&%2�,%%. 
��2 )3���.  (��/  9�%/ &�"��  ���)%  
%�$�)32�(��3��  ���  '�  2�(�&5�#%�  
'%�+ ��%*  $�  $�(�'  $&�(%)3#���% 
���&��%!��+%/  $&�'���()�#%*  �  ��&��#%% +� ! +�  % $&%(�)% + 
2#�!%��)3#�-   (�)%!�#%6  $&�%2(�'��(�  %�+ ���(�##./  
(.��+�-�)�+ )�&#./  ���'%#�#%* . �  1932 0. (  ��&)%#�  (.5)�  +#%0� 
��� '%#0�&�  «�.��+�-�)�+ )�&#.�  �&0�#%!��+%�  ���'%#�#%� », 
+���&��  �()����� , $�  (%'%-�- , $�&(�*  -�#�0&�1%�*  (  �")���%  
/%-%% (.��+�-�)�+ )�&#./  ���'%#�#%* . ��"�'�  %'�*  9��0�  
 !>#�0�  2����(%)�  &���-��&%(��3  $�)%-�&.  +�+ +�!���(�##�  #�(.*  
�"8�+�  %��)�'�(�#%�  /%-%% % 1%2%+%.  

 

 

.�'"��  �������/�'   
(Staudinger, Hermann) 

(1881–1965) 
���
������  
���� ���  ����� , 
����	������  �  1953! . 
"����������  �����  
��  �����   



��
���
 

�  ��&�'%#�  30-/  0�'�(  ".)�  '�+�2�#�  � ����(�(�#%�  
�(�"�'#�&�'%+�)3#�0�  % %�##�0�  -�/�#%2-�(  $�)%-�&%2�,%%.  
��)35 6  &�)3  (  &�2(%�%% $&�'���()�#%*  �  $�)%+�#'�#��,%%  
�.0&�)%  &�"��.  � . ��&�2�&�� . 	'%#  %2 )%'�&�(  $�)%-�&#�*  
$&�-.5)�##���% , +�-$�#%�  DuPont, ���)�  + 2#%,�*  &�2)%!#./  
%##�(�,%* , +���(5%/��  #�(./  &�2&�"���+  (  9��*  �")���% . 

�  )�"�&���&%%  9��*  +�-$�#%% 
&�"���)  ��))��  ��&�2�&� , -�)�'�*  
/%-%+ %2 ��&(�&'� , +���&.*  �()�)��  
�'#%-  %2 $��)�'�(���)�*  ���&%% 
��� '%#0�&�  �  ��& +� &�  $�)%-�&�( . 
��&�2�&�  ".)  $�&(.- , +��  $�#�) , !�� , 
2�-�#��  9)�-�#�.  (  /%-%!��+�*  
,�$�!+� , -�4#�  ��2'�(��3  (�����(�  �  
&�2#.-%  �(�*��(�-% . ��&�2�&�  ���)  
%2(����#  �(�%-%  &�"���-%  (  �")���%  
$�)%+�#'�#��,%�##./  $&�,����(  
( &�(#�#%�  ��&�2�&�� ). ��(�&5�#��( �  
-���'.  �&0�#%!��+�0�  �%#��2� , �#  
$�+�2�)  (�2-�4#���3  �%#��2�  )%#�* -
#./  -�+&�-�)�+ )  �� $�#!���*  +�# -
'�#��,%�*  "%1 #+,%�#�)3#./  ��� -
'%#�#%*, %2 !%) &�(#�(��%�  -�4'  
,%+)%2�,%�* % )%#�*#�*  $�)%+�# -
'�#��,%�* . ��-  ��-.- , ".)  #�#���#  
�+�#!���)3#.*   '�&  $�  ���&.-  
(�22&�#%�- , ��&%,�(5%-  -�+&�-�)� -
+ )�&# 6  $&%&�'  $�)%-�&�( . 
��&�2�&�  $�) !%)  %2(���#���3  ��+4�  �(�%-%  $&%+)�'#.-%  
&�"���-% . �-  ".)  &�2&�"���#  #�*)�# . �  1938 0�'  /%-%+% %2 
+�-$�#%% DuPont %2�"&�)% ��1)�# ,  #%+�)3#���3  +���&�0�  
2�+)6!�����  (  ��- , !��  �#  #�$&�#%,��-  ')�  )6"./  (%'�(  +%�)��  % 
 ���*!%(  + )6".-  ��-$�&�� &�-  (+�+ #%2+%-, ��+  % (.��+%- ), !��  
'�)�  (�2-�4#���3  $&%-�#�#%� �0�  +�+ (  ".� , ��+  % (  ��/#%+� . 

��2(%�%�  #� +% �  $�)%-�&�/  ".)�  ".  #�-.�)%-�  "�2  (#�'&�#%�  
#�(./  -���'�(  %��)�'�(�#%� , +���&.�  -�0)%  ".  �'#�2#�!#�  
/�&�+��&%2�(��3  -�+&�-�)�+ )�&# 6  $&%&�'  $�)%-�&�( . �  

 

 

�0��1��
  (Carothers) 
��%%�$  �2#"  

(1896-1937)  
#����
�����  ����� . 
$��	�����
�  ����� -
������  �
����  (1934), 

�
��	
�  �������� -
���  ��	��  ��������	�
  
����!�  ���	�	������!�  
������
  �
����
  (1939). 
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��+�(.-  ��#��%)%�3 , $&�4'�  (��0� , -���'.  �$&�'�)�#%�  
-�)�+ )�&#./  -��� , -���'.  %2 !�#%� ��&��#%�  $�)%-�&�( . 

��$�)32�(�#%�  ��+%/  -���'�(  
%��)�'�(�#%�  $�2(�)%)�  $�'�(�&'%�3  
$&�(%)3#���3  $&�'���()�#%*  
��� '%#0�&�  �  -�+&�-�)�+ )�&#�*  
$&%&�'� $�)%-�&#./  �"8�+��( . 
��)35��  2��) 0�  (  9��-  #�$&�()�#%% 
$&%#�')�4%�  �-�&%+�#�+�-   !�#�-  
��&-�#  ��&+ . �0�  ��#�(#.�  &�"��.  
$��(���#.  %2 !�#%6 ��&��#%�  
$�)%-�&�(  1%2%!��+%-% -���'�-% , 
%��)�'�(�#%6  1�&-.  % &�2-�&�(  
-�+&�-�)�+ )  (  &���(�&� . �  %-�#�-  
��&-�#�  ��&+�  (�  -#�0�-  �(�2�#�  
���#�()�#%�  #� +% �  $�)%-�&�/  (  
��� .  

���)�'�(�#%�  (  �")���%  (.��+� -
-�)�+ )�&#./  ���'%#�#%* , $&�(� -
'%-.�  (  ����%% , "�& �  �(��  #�!�)�  ���  
��  &�"��  � �)�&�(�  � .� ., +���&.*  
$&�')�4%)  &���-��&%(��3  �$���"#���3   

 #�$&�'�)3#./  ���'%#�#%*  + 
$�)%-�&%2�,%% (  +�!���(�  +&%��&%� %/ 
&��+,%�##�*  �$���"#���% . 	��6'�  
"�& �  �(��  #�!�)�  +)���%!��+%�  &�"��.  
(  �")���%    $�)%-�&%2�,%�##./    
$&�,����(    � . � . :�(�&�+�0� ,   � . � . 
�$��3�(�  % � . � . ��"�'�(� .  

�  30—40-�  0�'.  /%-%+�-   '�)��3  
&�5%�3 ,�).*  &�'  $&�")�- , �(�2�##./  
�  (.��#�#%�-  -�/�#%2-�  �(�"�'#� -
&�'%+�)3#�*  $�)%-�&%2�,%% 
#�$&�'�)3#./  ���'%#�#%* . ;��  '�)�  
 !�#.-  +)6!  + $�2#�#%6 -���'�(  
 $&�()�#%�  $�)%-�&%2�,%�##.-%  
$&�,����-% . 

��+ , �+�'�-%+  � . � . ��-�#�( , 

 

��'�  (Mark) .�'"��  
3'4�$�$  

(&�'%)��  (  1895 (  ��#� ) 
#����
�����  ����� , 
���
������  ��� �
���	  
�  ���
�	�   
�����������������  
���������� . 

 
�+�'�-%+  ��-�#�(  

�%+�)�*  �%+�)��(%!  
(1896-1986) 

$���
�  	����   �����  
�
� ��  
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" ' �%*  )� &���  ��"�)�(�+�*  $&�-%% $�  /%-%%, (  30-�  0�'.  
&���-��&%(�)  $�)%-�&%2�,%6  +�+ �'%#  %2 $&%-�&�(  ,�$#./  
&��+,%* . �  9��-  #�$&�()�#%%, � ����(�##.*  (+)�'  (#��)%  
%��)�'�(�#%�  � .� . ��'(�'�(� . �-  ".)�  &�2&�"���#�  ���&%�  
$�)%-�&%2�,%�##./  $&�,����(  (1937—1943), (.��#�#  -�/�#%2-  
-#�0%/  &��+,%*  $�)%-�&%2�,%%. 

	#   ���#�(%)  ,�$# 6  $&%&�'  
�(�"�'#�&�'%+�)3#�*  $�)%-�&%2�,%%, 
$�+�2�)  (2�%-��(�23  +%#��%!��+�*  % 
��& +� &#�*  ,�$�*  �"&�2�(�#%�  $�)%-� -
&�, !��  $�2(�)%)�  �-  #�*�%  (1940-1950) 
�$���"   $&�()�#%�  9��*  &��+,%�* . �+� -
'�-%+�-  ��'(�'�(.-  � .� . (.$�)#�#.  
%��)�'�(�#%�  -�/�#%2-�  % 2�+�#�-�& -
#����*  9- )3�%�##�*  $�)%-�&%2�,%%. 	#  
% �0�   !�#%+% �%#��2%&�(�)% #�(.�  
9)���%!#.�  -���&%�).  �  $�(.5�##�*  
��$)����*+���36 . �� !#��  % $�'�0�0% -
!��+��  '����)3#���3  � .� . ��'(�'�(�  ".)�  
��+4�  �(�2�#�  �  �2"�+%���#�- , �  %-�##� , 
��  �&�'#��2%���+%-   #%(�&�%����-  (  
��5+�#��  (1920 0.). 	#  ��+4�  2�(�'�(�)  
��#�&�)3#�*  /%-%!��+�*  )�"�&���&%�*  
$&% �2"�+�+�-  ��(���  #�&�'#�0�  
/�2�*��(�  (1921 0.).  

�)�(#�*  $&%!%#�* ��0� , !��  + #�!�)  1950-/  0�'�(  #� +�  �  
$�)%-�&�/  �1�&-%&�(�)��3  (  ��-�������)3# 6  �")���3  /%-%%, 
���)�  ���2#�#%�  &�5�6��*  &�)% "-�+&�-�)�+ )�&#���% " +�+ 
#��"/�'%-�0�  �"��0�  +�!���(� , ")�0�'�&�  +���&�-  $�)%-�&#.�  
(�����(�  ����(����( 6��0�  /%-%!��+�0�  �����(�  % ��&��#%�  
�$���"#.  (.$�)#��3  &�2#��"&�2#.�  1 #+,%%. �&���  0�(�&� , 
��)3+�  ��)� , $���&��##.�  %2 ')%##./  -�)�+ )�&#./  ,�$�* , -�0 �  
�")�'��3  �(�*��(�-%  (.��+�9)���%!#./  &�2%#, (.��+�$&�!#./  
#�/& $+%/  (�)�+�#  % $)���%+�( , �(�&'./  ��) , �$���"#./  #�" /��3  
(  4%'+����/ , $�0)����  %/ (  +�)%!���(�  ����#  % �.��!  $&�,�#��(  ��  
��"��(�##�0�  %�/�'#�0�  �"8�-� . ��)3+�  %2 -�+&�-�)�+ )  -�0 �  
".�3  $���&��#.  (�����(�  ��  �$�,%1%!��+%-% �(�*��(�-%  "�)+�(  % 
# +)�%#�(./  +%�)�� .  

 

0����"��  ��������  

�'/�(  
�'/����+  

(1891-1970). 
$���
�  	����  

��������
 ������  
�� �����  
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	0&�-# 6  &�)3  (  ���#�()�#%%  #� +% 
�  $�)%-�&�/  �.0&�)  �+�'�-%+  
� .� .��&0%#. ��!�(  �(�6  #� !# 6  
+�&3�&  +�+ +)���%!��+%*  /%-%+-
�#�)%�%+ % 1%2%+�-/%-%+, �#  (  +�#,�  
1930-/  0�'�(  ($�&(.�  $�+�2�)  (��(-���#�  
�  � .� . ��$+�(.-  % � .� .��0�(%#.- ), !��  
&���(�&.  $�)%-�&�( , (�$&�+% ��0'�5#%-  
$&�'���()�#%�- , �()�6���  ��&-�'%#� -
-%!��+% �"&��%-.-%  �%���-�-% , $�'!% -
#�6�%-%��  $&�(%)  1�2 . ���)�'�(�#%�  
-�/�#%!��+%/  �(�*��(  $�)%-�&�(  (  
5%&�+�-  %#��&(�)�  ��-$�&�� &  $&%(�)% 
� .� .��&0%#�  + $&%#,%$%�)3#� (�4#.-  
(.(�'�-  �  $&%&�'� %/ 1%2%!��+%/ % 
1�2�(./  ������#%* . �'��  �  �(�2% 
#�'-�)�+ )�&#�*   ��& +� &.  �  1%2%+�-
-�/�#%!��+%-%  �(�*��(�-%  $�)%-�&� , 
(.�+�2�##��  (  ��&�'%#�  1950-/  0�'�( , (  
'�)3#�*5�-  $�) !%)�  -#�0�!%�)�##.�  
9+�$�&%-�#��)3#.�  $�'�(�&4'�#%� . �  
��(&�-�##�*  #� +�  �  $�)%-�&�/  - 9��  
�'%#  %2 +&�� 0�)3#./  +�-#�* . ��  ��0'�  
9��  %'��  $&�" '%)�  0) "�+%*  %#��&��  
1%2%+�-/%-%+� � .� . ��&0%#�  + /%-%% 
$�)%-�&�( : �%#��2  % /%-%!��+�*  -�'%1%+�,%% -�+&�-�)�+ )  +�+ 
�&�'��(�-  #�$&�()�##�0�  1�&-%&�(�#%�  #�'-�)�+ )�&#�*  
��& +� &.  $�)%-�&#./  ��) . 	#�  4�  �$&�'�)%)�  -���'�)�0%6  % 
-�&5& �.  %��)�'�(�#%*  5+�).  �+�'�-%+�  � .� .��&0%#�  (  
$��)�' 6�%�  0�'. . �#��&��  + 9�%- %��)�'�(�#%�-  ".)  �" �)�()�#  
(  $�&( 6  �!�&�'3  -#�4%(5%-%��  $&�+�%!��+%-% $&%-�#�#%�-% 
$�)%-�&�( , 2#�!�#%�  +���&./  +�+ #�2�-�#%-./  -���&%�)�(  
#�$&�&.(#�  (�2&����)�  (  �(�2% �  $��&�"#����-%  &�2)%!#./  
��&��)�*  $&�-.5)�##���% : +� ! +% , %�+ ���(�##.�  % �%#-
���%!��+%�  (�)�+#� , $)���-���.  % �&0�#%!��+%�  ���+)� , )�+� -
+&���!#.�  $�+&.�%� . �  9���  4�  $�&%�'  $����$�##�  $&���#�)��3  
�$&�'�)�6���  &�)3  $�)%-�&#./  (�����(  (  4%(�*  $&%&�'�: "�)+%, 
# +)�%#�(.�  +%�)��. , $�)%��/�&%'. . � .� . ��&0%# ".)  ��#� -
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(���)�-  % $�&(.-  2�(�' 6�%-  +�1�'&�*  (.��+�-�)�+ )�&#./  
���'%#�#%*  ���+�(�+�0�  0�� '�&��(�##�0�   #%(�&�%����  %-. � .� . 
��-�#���(� .  

�  50-�  0�'.  XX (�+�  $�)%-�&.  $&�(&��%)%�3 (  �'#  %2 
��#�(#./  -%&�(./  %#' ��&%* , +���&��  ()%���  #�  (��  �1�&.  4%2#% 
!�)�(�+� . ��)%-�&.  $�2(�)%)%  ��(�&5�#��(�(��3  $&�%2(�'��(�  
«+)���%!��+%/ » (%'�(  $&�' +,%% –  $�+�(+% , �+�#�*  % � .' . ��  
��-��  0)�(#��  – %2 #%/ ���)%  $&�%2(�'%�3 #�( 6  $&�' +,%6 , 
+���& 6  !�)�(�!���(�  &�#��  #�  2#�)� : $�)%-�&.  %�$�)32 6���  (  
$&�%2(�'��(�  9)�+�&�#%+%, ��)�(%2�&�( , �(��-�"%)�*  % � .' . 
�)���%+�(.�  -���&%�).  $�) !%)%  5%&�+��  &��$&���&�#�#%�  (  
-�'%,%#�  – 2�-�#%��)%  +&�(%, %�+ ���(�##.�  �&0�#. , $&���2. . 
��#��  ��+��  +�2�)��3  1�#����%+�* . 

�#��&��#�  ��-��%�3 , !��  ��-.*  &��$&���&�#�##.*  (  #��������  
(&�-�  $�)%-�&  – $�)%9�%)�# - ".)  $�) !�#  $�24�  -#�0%/  '& 0%/ 
+�#��& +,%�##./  -���&%�)�( . ;��  ".)�  �(�2�#�  �  ��- , !��  9�%)�# �  
"�)35%-  �& '�-  $�)%-�&%2 ����  $�  &�'%+�)3#�-  -�/�#%2- . �  
1933 0�'  "&%��#�+%� /%-%+% :�����  % �%"��# , 9+�$�&%-�#�%& �  �  
&�2)%!#.-%  -�#�-�&�-%  $�'  (.��+%-  '�()�#%�- , � -�)%  $�) !%�3  
$�)%9�%)�#. ���)�  (��&�*  -%&�(�*  (�*#.  $�)%9�%)�#, $�) !��-.*  
$�  &�'%+�)3#�-  -�/�#%2-  $&% (.��+�*  ��-$�&�� &�  % '�()�#%%  
($�)%9�%)�# (.��+�0�  '�()�#%� ), #�!�)  5%&�+� %�$�)32�(��3��  (  
$��&�"%��)3�+�*  �1�&� , &���  �0�  $�$ )�&#���%  ".)  "��$&�,� -
'�#�#.- .  

�  #�!�)�  50-/  0�'�(  $&�%�/�'%�  &�(�)6,%�##��  ��".�%�  (  
/%-%% XX ���)��%� , 2#�!�#%�  +���&�0�  #�(�2-�4#�  $�&��,�#%�3 . 
	#�  �(�2�#�  �  ��+&.�%�-  � . �%0)�&�-  % 4 . �����*  -���) -
)�+�-$)�+�#�0�  +���)%2�  $�)%-�&%2�,%% �)�1%#�( . ;��  ��+&.�%�  
%-�)�  #�  ��)3+�  (.'�6�����  #� !#��  2#�!�#%� . 
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	#�  ��+4�  $&%(�)�  + 
$&%#,%$%�)3#� #�(�-  % 
��#��%��)3#�  $&����-  
$ �% $�) !�#%�  �'#�0�  %2 
(�4#�*5%/  $&�-.5)�# -
#./  $�)%-�&�(  – $�)%9-
�%)�#�  – % �%#��2  #�%2-
(���#./  &�#��  +&%���) -
)%!��+%/  ���&��&�0 )�& -
#./  $�)%�)�1%#�( , (  
!���#���% , $�)%$&�$%)�#�  
% '& . �  1954 0. #�-�,+%*  
/%-%+ �%0)�&  ��+&.)  
+�-$)�+�#.�  (�-�5�##.� ) 
+���)%2���&. , �������%�  
%2 �&%9�%)�)6-%#%� % 
0�)�0�#%'�(  �%��#� , �  
$�-��36  +���&./  %- ".)  
�� ����()�#  
#%2+���-$�&�� &#.*  �%#��2 $�)%9�%)�#� . �  &�2 )3����  
-�'%1%+�,%% +���)%2���&�(  �����  (  ��-  4�  0�'  #�  9��*  ��#�(�  
&�2&�"���)  �$���".  $�)%-�&%2�,%% '& 0%/ $&���./  #�#��.��##./  
 0)�(�'�&�'�(  % �� ����(%)  �%#��2 ���&��&�0 )�&#./  $�)%-�&�( . 
�  #��������  (&�-�  $�'  ��&-%#�-  «+���)%2���&.  �%0)�&� –����� » 
$�#%-�6�  5%&�+%* &�'  �%���- , $&�'���()�6�%/  ��"�*  +�-$)�+�.  
���'%#�#%*  $�&�/�'#./  -���))�(  (TiCl4, TiCl3, (� 5� 5)2TiCl2 % '& .) �  
�)+%)3#.-%  $&�%2(�'#.-%  % '& 0%-% ���'%#�#%�-%  -���))�(  I–III 
0& $$. ��) !�##.*  �%0)�&�-  $�)%9�%)�# #%2+�0� '�()�#%�  ".)  
!�&��! &  «4���+%- » % #� '�"#.-  ')�  $�&�&�"��+% . ��-$�&�� &�  
�0�  &�2-�0!�#%�  % $)��#���3  �+�2�)%�3  2#�!%��)3#�  (.5� , !�-    
5%&�+� %2(���#�0�  (  ��  (&�-�  $�)%9�%)�#�  (.��+�0�  '�()�#%� , 
��2'�##�0�  �#0)%*�+%-% /%-%+�-% $�&�'  (��&�*  -%&�(�*  (�*#�* . 
�#�)%2%& �  &�#�0�#�0&�--.  +�4'�0�  (%'�  $�)%9�%)�#� , �����  
(%'�) , !��  +&%���))%!#���3  ,%0)�&�(�+�0�  $�)%9�%)�#�  �����()�)�  
90%, (  ��  (&�-�  +�+ $�)%9�%)�#�  (.��+�0�  '�()�#%�  – (��0�  50%. 
��& +� &�%+  $�  �+)�'  -.5)�#%� , �����  &�5%) $&%-�#%�3 
,%0)�&�(�+%*  +���)%2���&  + $&�$%)�# . ��&(.�  9+�$�&%-�#�.  �  
�&%�)+%)�)6-%#%�-  % ���&�/)�&%'�-  �%��#�  (+���)%2���&  

5�/%�'  ��'%  
��%2��"�'  

(26.XI.1898 – 
11.VIII.1973) 

�����  �6�%��  
(26.II.1903–
02.V.1979) 

&
��
	�  "����������  �����  ��  
�����  1963 ! . �	����  ��� ���
�%��  
�����  ���  �
	
���
	��� , 
�����������  ������	��	%  ���	��  
�	����!������  �������� .    
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�%0)�&� ) (  +�!���(�  $&�' +��(  '�(�)%  �-��3  $�)%$&�$%)�#�(  �  
�-�&1#.-%  % +&%���))%!��+%-% 1&�+,%�-%. ��0'�  #��+�)3+�  
-�'%1%,%&�(�(  +���)%2���&  ((-����  � iCl4 ".)  %�$�)32�(�#  � iCl3), 
�����  $�) !%)  #�(.*  +)���  �%#���%!��+%/  (.��+�-�)�+ )�&#./  
���'%#�#%*  – �	����!������  ������� . ��+%-  �"&�2�- , (  1954 
0. �#  % �0�  +�))�0%  ��+&.)%  -���'  +���)%�%!��+�*  $�)%-�&%2�,%% 
$&�$%)�#� , $&% +���&�-  �"&�2 6�%*��  (.��+�-�)�+ )�&#.*  
$&�' +�  ��)%!�)��  ��- , !��  (��  "�+�(.�  ,�$% +�4'�0�  -�#�-�&#�0�  
2(�#�  (  #�-  ".)%  &��$�)�4�#.  $�  �'#  ���&�#  -�)�+ ). , �  #�  
�&%�#�%&�(�#.  +�+ $�$�)� . �2 !%(  ��&��#%�  $�) !�##�0�  %- 
$�)%$&�$%)�#� , �����  $�$&��%)  �(�6  4�#  – $&�1����&�  
)%#0(%��%+% - #�*�%  $�'/�'����  #�2(�#%�  ')�  �$%��#%� 9��*  
��& +� &. , % �#�  $&�')�4%)�  ��&-%#  «%2���+�%!��+%* », !��  
�2#�!���  «(��  #�  �'#�*  ���&�#� ». ;���  #��)�0%2-  -�-�#��)3#�  
(�5�)  (  /%-%!��+ 6  )%��&�� & . ��  �#�)�0%% ".)%  
�/�&�+��&%2�(�#.  % '& 0%� &�0 )�&#.�  ��& +� &.  $�)%-�&�( . 
�����  �"#�& 4%) , !��  #�(.*  $�)%-�&  ".)  $&�!#.- , �")�'�)  
(.��+�*  ��-$�&�� &�*  $)�()�#%� , (.��+�*  ���$�#36  +&%���) -
)%!#���%  % (�  -#�0%/  ��#�5�#%�/  $&�(��/�'%)  $�)%9�%)�#, 
$�) !�##.*  �%0)�&�- . �&�(�'�##.�  %- &�#�0�#�0&�1%!��+%�  % 
9)�+�&�#�0&�1%!��+%�  %��)�'�(�#%�  #�(�0�  -���&%�)�  �  ,�)36  
 ���#�()�#%�  �0�  -�)�+ )�&#�*  ��& +� &.  $�+�2�)% , !��  #�(.�  
+���)%2���&.  �%0)�&�  (.2.(�)%  �"&�2�(�#%�  -�+&�-�)�+ )  �  
#��".+#�(�##.-  &�0 )�&#.-  ���-#.-  $&���&�#��(�##.-  
��&��#%�- . ��) !�#%�  +&%���))%!��+�0�  $�)%$&�$%)�#�  ��+&.)�  
#�( 6  �")���3  $�)%-�&#�*  /%-%% – �	������ ���������  
��������
 �� . ��(.*  +)���  $�)%-�&�(  ��  ���&%!��+%  
 $�&�'�!�##�*  ��& +� &�*  $�) !%)  #�2(�#%�  ���&��&�0 )�&#./ , �  
+���)%�%!��+%�  �%���-.  #�  ��#�(�  �&%�)+%)�)6-%#%� % 
�&%/)�&%'�  �%��#�  % '& 0%� $�'�"#.�  ���)%  #�2.(��3  
+���)%2���&�-%  �%0)�&� –����� . ;�%  +���)%2���&.  $�2(�)�6�  
/%-%+�-  �� ����()��3  #% �  !�-  #�  �&�(#%-.*  +�#�&�)3  #�'  
��& +� &�*  % $&���&�#��(�##�*  �&%�#��,%�*  #�(./  $�)%-�&�( . 
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�)3#�*5��  &�2(%�%� /%-%% 
(.��+�-�)�+ )�&#./  ���'%#�#%*  (  
60-70�  0�'.  XX (�+� , $&%(�)�  + 
��2'�#%6  -#�4���(�  #�$&�()�#%* , 
�(�2�##./  +�+ �  (�$&���-%  �%#��2� , 
��+  % �  %��)�'�(�#%�-  1%2%+�-
/%-%!��+%/  % 1%2%+�--�/�#%!��+%/  
�(�*��(  $�)%-�&�(  % +�-$�2%,%*  #�  
%/ ��#�(� . �  +&��+�-  %���&%!��+�-  
�"2�&�  #�(�2-�4#�   $�-�# �3  (��  
#�$&�()�#%�  #� +% �  $�)%-�&�/ , 
$�) !%(5%/  &�2(%�%� (  9�% 0�'. . 
��2�(�-  ��)3+�  #�+���&.�  %2 #%/.  

	�#�(#.�  #� !#.�  &�"��.  �+� -
'�-%+�  � .� . ��"�#�(�  �/(��.(�6�  
�")���%  %��)�'�(�#%�  +%#��%+% % 
-�/�#%2-�(  $�)%-�&%2�,%�##./  $&�-
,����( , %#��&$�)%-�&#./  &��+,%* , 
�(�*��(  % $&%-�#�#%� %#��&$�-
)%-�&#./  +�-$)�+��( , -�'�)% -
&�(�#%�  "%�$�)%-�&�(  ((  ��-  !%�)�  
1�&-�#��( ) �%#���%!��+%-%  -�)�+ -
)�-% , ��2'�#%�  $�)%-�&#./  "%�)�0%!��+% �+�%(#./  �0�#��( . 
�-����  ��  �(�%-%   !�#%+�-%  �#  �"��#�(�)  % &�2&�"���)  
+�#,�$,%6  +�-$)�+�#� -&�'%+�)3#�*  $�)%-�&%2�,%% (%#%)�(./  % 
�))%)�(./  -�#�-�&�(  +�+ ���"�*  &�2#�(%'#���%  $�)%-�&%-
2�,%�##./  $&�,����( , (  +���&./  +�-$)�+���"&�2�(���)%  (.�� -
$�6�  (  &�)% +���)%2���&�(  %)% 2�-�')%��)�*  9)�-�#��&#./  �+��(  
&���� , �"&.(�  % $�&�'�!%  ,�$%. �-  ��+4�   ���#�()�#.  
$&%#,%$%�)3#.� ���"�##���%  &�'%+�)3#�*  $�)%-�&%2�,%% %�##./  
-�#�-�&�( . � .� . ��"�#�(  �"#�& 4%)  % +�)%!���(�##�  %��)�'�(�)  
&��+,%% -�+&�-�)�+ )�&#�0�  �"-�#�  % 2�-���#%�  (  %#��&$�)%-
9)�+�&�)%�#./  +�-$)�+��/ , +���&.�  %-�6�  &�5�6���  2#�!�#%�  
$&% "-�)�+ )�&#�-   2#�(�#%%" % ��-��"�&+�  � $&�-�)�+ )�&#./  
$�)%9)�+�&�)%�#./  ��& +� & . ;�%  %��)�'�(�#%�  �.0&�)%  (�4# 6  
&�)3  (  &�2&�"��+�  #� !#./  ��#�(  ��2'�#%�  %-- #�0�#�(  % (�+,%# 
#�(�0�  $�+�)�#%� .  �   1972-1977 0�'�/  $�'  &�'�+,%�*  � .� . 
��"�#�(�   ".)�  %2'�#�   ";#,%+)�$�'%�  $�)%-�&�( ",  +���&�*   -.   
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$�)32 �-��  % $�  ��*  '�#3 .  �+�'�-%+   � .� . ��"�#�(  '�)0%�  0�'.  
(�20)�()�)  +�1�'&  (.��+�-�)�+ )�&#./  ���'%#�#%*  ���  %-. 
� .� . ��-�#���(� .  
	'#%-  %2 (.'�6�%/��  $&�'��� -
(%��)�*  &���%*�+�*  $�)%-�&#�*  
#� +% ".)  �+�'�-%+  �%+�)�*  
�)31&�'�(%!  �)��9 . 	#  ".)  
 !�#%+�-  �+�'�-%+�  � . � . ��&0%#�  % 
�'#%-  %2 $�&(./  (.$ �+#%+�(  
+�1�'&.  (.��+�-�)�+ )�&#./  ��� -
'%#�#%* ���+�(�+�0�  0�� '�&�� -
(�##�0�   #%(�&�%����  %-. � . � . 
��-�#���(�  (#�&�'  �  �+�'�-%+�-%  
� . � . ��"�#�(.-  % � . : . ��+��(.- ). 
	#  ".)  +& $#.-  �&0�#%2���&�-  
#� +%. � . � . �)��9  ��2'�)  +�)%-
!���(�## 6  ���&%6  &��+,%�# -#�*  
�$���"#���%  1 #+,%�#�)3#./  0& $$ 
-�+&�-�)�+ )  +�+ #� !#�*  ��#�(.  
-�'%1%+�,%% $�)%-�&#./  -��� -
&%�)�( , ��+&.)  ��&-��&�$#.�  4%'+� -
+&%���))%!��+%�  $�)%-�&.  �  -�2� -
0�##.-%  0& $$�-%, !��  $&%(�)�  + ��2'�#%6  #�(�0�  $�+�)�#%�  
4%'+�+&%���))%!��+%/  $�)%-�&�(  % +�-$�2%�#./  -���&%�)�(  ')�  
�$�%+%, 9)�+�&�#%+% % '& 0%/ ��&��)�*  (.��+%/  ��/#�)�0%* . � .� . 
�)���   ���#�(%)  ��#�(#.�  2�+�#�-�&#���%  $�(�'�#%�  $&%(%�./ 
")�+��$�)%-�&�(  (  ��$����()�#%%  ��  �(�*��(�-%  �����()�6�%/  %/ 
$�)%-�&#./  +�-$�#�#��( , %2 !%) ��& +� &  % 1%2%+�-/%-%!��+%�  
�(�*��(�  0&�"#�(%'#./  $�)%-�&�( . 

�  1970-1980 00. $�'  & +�(�'��(�-  �+�'�-%+�  �)��9  2�&�'%)��3  
#�(��  �")���3  #� +% – /%-%� -�'%+� -"%�)�0%!��+%/  $�)%-�&�( . �  
�(�2% �  9�%-, �'#%-  %2 $�&�$�+�%(#./  #� !#./  #�$&�()�#%*  ".)%  
�%#��2 % %��)�'�(�#%�  "%�)�0%!��+% �+�%(#./  $�)%-�&�(  �  
1 #+,%�*  0�-�  - % %-- #���%- )�,%% . �&�'%  �0�  #� !#./  
��+&.�%*  ��+4�  ��2'�#%�  �&%0%#�)3#�0� #�$&�()�#%�  (  �")���%  
$�)%-�&#./  -���&%�)�(  -�'%+� -"%�)�0%!��+�0�  #�2#�!�#%�  — 
��)�+�%(#./  ��&"�#��(  ')�  '���+�%+�,%%  �&0�#%2-� !�)�(�+� , 
"%���(-���%-./  $�)%-�&#./  -���&%�)�(  ')�  $&���2�( , �&0�#�(  % 

 
0����"��  ����%�(  
0%2-'�����+  8%��4  

(1934-2006). 
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������  ������ , 
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�+�#�* . ��'  & +�(�'��(�-  � .� . �)��9   '�)��3  &�5%�3 $&%#-
,%$%�)3#� (�4# 6  $&�")�-  ��2'�#%�  #�(�*  "�2%#8�+,%�##�*  
)�+�&��(�##�*  1�&-.  %#� )%#� ')�  )�!�#%�  '%�"��� .  

�&�0&���  #� +% �  $�)%-�&�/  (  $��)�'#��  (&�-�  �(�2�#  �  
&�2&�"��+�*  #�(./  $�'/�'�( , �(�2�##./  �   $&�()�#%�-  &��+,%�*  
$�)%-�&%2�,%% % $�) !�#%�-  $�)%-�&�(   �  2�'�##�*  ��& +� &�*  % 
-�)�+ )�&#.-%  /�&�+��&%��%+�-% . �  9��*  �(�2%, "�)35�*  #� !#.*  
% $&�+�%!��+%* %#��&��  $&�'���()�6�  -���'.  +�#�&�)%& �-�0�  
�%#��2�  -�+&�-�)�+ )  -���'�-%  $��('�4%(�*  &�'%+�)3#�*  
$�)%-�&%2�,%%. 	�+&.�%�  -�/�#%2-�  $��('�4%(�*  &�'%+�)3#�*  
$�)%-�&%2�,%% �(�2�#�  �  %-�#�-%  ��+%/   !�#./  +�+ � . 
���3�4�(�+%  (��� ), � .� . �-%&#�(  (����%� ), ���' , �%,,�&'�  
(�(��&�)%� ), � .� . ��!%#�( , � .� . ��) "�( , � .? . ��&�-�+%* ,  .: . 
�&%5%# (����%� ). �&�%- ����(�  $��('�4%(�*  $�)%-�&%2�,%% $�  
�&�(#�#%6  �  �&�'%,%�##.-%  -�/�#%2-�-%  �%#��2�  -�+&�-�)�+ )  
2�+)6!�����  (  (�2-�4#���%  $�) !�#%�  $�)%-�&�(  �  2�'�##.-%  
-�)�+ )�&#.-%  -����-%  %  2+%- -�)�+ )�&#� --����(.-  
&��$&�'�)�#%�- . ��#�&�)%& �-.*  �%#��2 -�+&�-�)�+ )  ��+&.(���  
��+4�  "�)35%�  $�&�$�+�%(.  ')�  -�)�+ )�&#�0�  '%2�*#�  % 
$�) !�#%�  $�)%-�&�(  % ��$�)%-�&�(  �  2�'�##�*  ��& +� &�* .  

��+%-  �"&�2�- , /%-%� (.��+�-�)�+ )�&#./  ���'%#�#%*  
$����$�##�  (.'�)%)��3  (  ��-�������)3# 6  �")���3  #� +%, +���&��  
($%��)�  (  ��"�  '���%4�#%�  �&0�#%!��+�* , 1%2%!��+�*  % 
+�))�%'#�*  /%-%% % 5%&�+� $�)32 ����  -���'�-%  %��)�'�(�#%� , 
2�%-��(�(�##.-%   %2 1%2%+%. 	!�#3  (�)%+ %, $� -(%'%-�- , " '��  
(��  "�)��  (�2&�����3 , (+)�'  /%-%% (.��+�-�)�+ )�&#./  ��� -
'%#�#%*  (   &�2(%�%�  #�&�'#�0�   /�2�*��(� .  
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1.2  �
�����   �01�����   �0���   �   8�����0�   �  
�1����
�0��  

�����#�(+�  $�&(./  &�"��  $�  /%-%% $�)%-�&�(  (  �2"�+%���#�  
�(�2�#� , (  $�&( 6  �!�&�'3 , �  %-�#�-  +& $#�*5�0�   2"�+�+�0�  
 !�#�0�  (  �")���%  #� +% �  $�)%-�&�/  7�-'�-�  ��-�#�(%!�  
��-�#�(� , +���&.*  ".)   !�#%+�-  
�+�'�-%+�  � .� . ��&0%#� . �  1946 0. 
7�-'�-  ��-�#�(%!  - '�,�#�  +�1�'&.  
1%2%!��+�*  /%-%% ���� . 	#  !%����  
�� '�#��-  + &�  )�+,%*  $�  /%-%!��+�*  
��&-�'%#�-%+� , 1%2%!��+�*  /%-%% % 
#�!%#���  2�#%-��3��  %��)�'�(�#%�-%  (  
�")���%  /%-%% $�)%-�&�( , 5%&�+� 
%�$�)32 �  ��&-�'%#�-%!��+%�  -���'.  
$&% %��)�'�(�#%%  $&%&�'#./  $�)%-
-�&�( . 

�  �2"�+%���#�  %��)�'�(�#%�  (  
�")���%  /%-%% % 1%2%+% ,�))6)�2.  
%-�6�  �0&�-#��  #�&�'#�/�2�*��(�# -
#��  2#�!�#%� , ��+  +�+ �+�)�  96% 
/)�$+�(�0�  (�)�+#�  �����()���  
$&%&�'#.*  $�)%-�& -,�))6)�2� .  

X.� . ��-�#�( , " ' !%  '�,�#��-  
�#%(�&�%���� , 2�#%-�����  %2 !�#%�-  /)�$+�(�0�  (�)�+#� .  

�  1950 0. X. � . ��-�#�(  �&0�#%2�(�)  $�&( 6  (  ���$ ")%+�  
)�"�&���&%6  $&%&�'#./  $�)%-�&�( . �$���"#���%  X. � . ��-�#�(�  
+�+  !�#�0� -�&0�#%2���&�  ���"�##�  �&+�  $&��()�)%�3  $&% ��2'�#%% 
/%-%!��+%/  %#��%� ��(  ��  ��2 . �  1952—1956 00. $&�1����&  X. � . 
��-�#�(  ���)  (�  0)�(�  �#��%� ��  /%-%% ��  �2��� . �  1956 0. #�  
"�2�  #��+�)3+%/  )�"�&���&%*  9��0�  %#��%� ��  �#  �&0�#%2�(�)  
�#��%� �  /%-%% &���%��)3#./  (�����(  % /)�$+�  % ".)  '�  1959 0. 
�0�  $�&(.-  '%&�+��&�- .  

�  %-�#�-  �+�'�-%+� , 2��) 4�##�0�  '����)�  #� +% �2"�+%���#�  
��5%'�(�*  � .� . �(�2�#�  &�2(%�%� +& $#�0�  #� !#�0�  #�$&�()�#%�  
- $�) !�#%�  % %��)�'�(�#%�  -���))�+�-$)�+��(  $&%&�'#./  % 
�%#���%!��+%/  $�)%-�&�( , �  ��+4�  �%#��2 % %��)�'�(�#%�  
"%�)�0%!��+% �+�%(#./  $�)%-�&�(  �  1 #+,%�*  %-- #���%- )�,%% . 

 
0����"��  �$"����  
��"��"  �$"�����+  

(1916-1994). 
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: #'�-�#��)3#.�  &�"��.  �+�'�-%+�  ��5%'�(�*  � .� . %-�)% �(�6  
$&�+�%!��+ 6  &��)%2�,%6 . 

�  1980 0. ".)%  #�!��.  %��)� -
'�(�#%� , +���&.�  2���-  $�&�&��)%  (  
$�&�$�+�%(#��  #� !#��  #�$&�()�#%�  – 
��2'�#%�  $�)%-�&#./  $&�$�&��%(#./  
1�&-  /%-%!��+%/  �&�'��(  2��%�.  
&����#%* , %2 !�#%� (2�%-�'�*��(%�  
$�)%-�&�(  �  4%(.-  �&0�#%2-�-  
(��-�#�-% ). ���)%2�,%�  '�##./  %��)� -
'�(�#%*  $�2(�)%)�  (#�'&%�3  $�'/�' , 
�(�2�##.*  �  $&%-�#�#%�-  $�)%-�&�(  
')�  +�$� )%&�(�#%�  ��-�#  ��)3�+� -
/�2�*��(�##./  &����#%* , +���&��  
$�2(�)���  � ����(�##�   ) !5%�3  
$���(#.�  +�!���(�  ��-�#  % (  +�#�!#�-  
%��0�  $�(.�%�3   &�4�*#���3 . �  
�2"�+%���#�  #�  2�(�'�/  $�  $�'0���(+�  
$���(#./  ��-�#  /)�$!��#%+�  �4�0�'#�  
$&%-�#�6�  9+�)�0%!��+% "�2�$��# 6  
��/#�)�0%6  +�$� )%&�(�#%�  ��-�#  % 
#�(.�  $�)%-�&#.�  $&�$�&��%(#.�  
1�&-.  /%-%!��+%/  �&�'��(  2��%�.  
&����#%* . 

����-#�##��  2��) 0�  �+�'�-%+�  
��5%'�(�*  � .� . 2�+)6!�����  (  &�2-
(%�%% -�4'%�,%$)%#�&#�0�  $�'/�'�  (  
1�&-%&�(�#%% $&�'���()�#%*  �  $�)%-�&#�*  #� +� , +�+ �"  
%#��0&%&�(�##�* �")���%  2#�#%�, (+)6!�6��*  (  ��"�  /%-%6, 1%2%+  
% ��/#�)�0%6  (.��+�-�)�+ )�&#./  ���'%#�#%* .  

�� +�  �  $�)%-�&�/  &�2(%(�)��3  ��+4�  (  ��,%�#�)3#�-  
 #%(�&�%����  �2"�+%���#� . ��&(.�  %��)�'�(�#%�  $&%&�'#./  
$�)%-�&�(  $&�(�'%)%�3  ��-�#�(.-  7 .� . (  50-/  0�'�/  #�  +�1�'&�  
1%2%!��+�*  /%-%%. ��2'#�� , (  ��!�#%�  $�!�%  $�)�(%#.  (�+� , /%-%� 
$�)%-�&�(  (  ��,%�#�)3#�-   #%(�&�%����  �2"�+%���#�  &�2(%(�)��3  
$&% #�$��&�'��(�##�-   !���%%  % $�'  & +�(�'��(�-  2��) 4�##�0�  
'����)�  #� +% �2"�+%���#� , $&�1����&�  � ���(�  � . � . (1936-2007 
00.). �-  $&�(�'%)%�3  %��)�'�(�#%�  (  �")���%  �%#��2�  #�(./  

 
0����"��  ��������  
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�������� , �����	���  
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�	�  �����  
�������  �  ���	�	� -
������  �������� .  
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-�#�-�&�(  % $�)%-�&�( , �")�'�6�%/  +�-$)�+��-  ���"./  �(�*��(  
')�  $&%-�#�#%� (  -�'%,%#� , (���&%#�&%%, (  +�!���(�  
)�+�&��(�##./  �&�'��(  #�(�0�  $�+�)�#%�  % (  #�&�'#�-  /�2�*��(� .  

�  1979 0. � ���(  � .� . �&0�#%2�(�)  #� !#�  – %��)�'�(� -
��)3�+ 6  )�"�&���&%6  $�)%-�&�(  -�'%,%#�+�0�  #�2#�!�#%�  $&% 
+�1�'&�  1%2%!��+�*  /%-%%  #%(�&�%���� , �  ��+4�  �&0�#%2�(�)  % 
(�20)�(%)  +�1�'&  /%-%% �%#���%!��+%/  $�)%-�&�( , +���&��  #�  
$&���4�#%% (��/  $&�5�'5%/  )��  �� ����()���  $�'0���(+  
(.��+�+(�)%1%,%&�(�##./  �$�,%�)%���(  (  �")���%  /%-%% 
(.��+�-�)�+ )�&#./  ���'%#�#%* .  ��$�5#��  &�"���  +�1�'&.  (�  
-#�0�-  �(�2�#�  ��+4�  �  &�"���-%  $&�1 . ��"��(�  � .� ., %2(���#�0�  
 !�#�0�  (  �")���%  &�'%+�)3#�*  $�)%-�&%2�,%%, $�'�0�0�  % 
#����(#%+�  -�)�'�4%   

��2(%�%�  1%2%!��+�*  % &�'%�,%�##�*  /%-%% $�)%-�&�(  (  
���2  �(�2�#�  �  %-�#�-  $&�1����&�  �%))��(�  � .� . ��'  �0�  
#� !#.-  & +�(�'��(�-  $&�(�'%)%�3  %��)�'�(�#%�  $�  $�) !�#%6  
%#��&$�)%-�&#./  +�-$)�+��( , %2 !�#%� %/ ��&-�'%#�-%!��+%/  % 
1%2%+�-/%-%!��+%/  �(�*��(  %  ���#�()�#%�  2�+�#�-�&#����*  
��& +� &�  – �(�*��(� . ��+4�  %- &�2&�"���#.  1%2%+�–/%-%!��+%�  
��#�(.  ��2'�#%�  $�)%-�&#./  %#0%"%��&�( % �#�%+�&&�2%�##./  
$�+&.�%*  #�  ��#�(�  (��&%!#�0�  �.&3�  % ��/�'�(  /%-%!��+�*  
$&�-.5)�##���% .  

�&�1����&�-  �%&)%"��(.-  � .� . (1938-2010 00.) �%#��2%&�(�#�  
"�)��  170 �&0�#%!��+%/  ���'%#�#%* , %2 !�#.  %/ �(�*��(�  % 
�")���%  $&%-�#�#%�. 	#  (�)  #� !# 6  &�"��  $�  �%#��2  (%#%)�(./  
���'%#�#%*  �)%1��%!��+%/  % �,��%)�#�(./  �$%&��( , 1�#�)�  % �0�  
$&�%2(�'#./ , �-%#�( , +�&"�#�(./  +%�)��  % '& .  

�  #�!�)�  70-/  0�'�(  (  7%-%+�-��/#�)�0%!��+�-  %#��%� ��  ((  ��  
(&�-�  /%-%!��+%* 1�+ )3���  ��5+�#��+�0�  $�)%��/#%!��+�0�  
%#��%� �� ) ".)�  ��2'�#�  $&�")�-#��  )�"�&���&%� , �$�,%�)%��.  
+���&�*  $&�(�'%)%  %��)�'�(�#%�  $&�,����(  �%#��2�  $�)%-�&�( . 
�.)%   ���#�()�#.  2�+�#�-�&#���%  '�#�&#� -�+,�$��&#�0�  
%#%,%%&�(�#%� &�'%+�)3#�*  $�)%-�&%2�,%%, $�2(�)%(5%�  
$&�(�'%�3  �%#��2 $&%  -�&�##�*  ��-$�&�� &� . �#�!%��)3#��  !���3  
%��)�'�(�#%*  $&�")�-#�*  )�"�&���&%%  $��(���)��3  (�$&���-  
9- )3�%�##�*  $�)%-�&%2�,%% (%#%)�(./  -�#�-�&�( . 
� ����(�##.*  (+)�'  (  '����)3#���3  $&�")�-#�*  )�"�&���&%%  
(#��)%  �+�'�-%+  ��+�&�(  � .� ., $&�1 . 4�)%)�(  � .� .  
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��2(%�%�  1 #'�-�#��)3#./  % $&%+)�'#./  2#�#%* (  �")���%  
#� +% �  $�)%-�&�/   %-���  �(��  $&�+�%!��+��  (�$)���#%� .  �  
#��������  (&�-�  ���$ ")%+�  �2"�+%���#  �")�'���  &�2(%��*  
$&�-.5)�##���36 , (.$ �+�6��*  $�)%-�&#.�  -���&%�). . �&�4'�  
(��0� , 9��  ��#��%���  + $&�%2(�'��(  $�)%9�%)�#�  #�  � &��#�+�-  
0�2�/%-%!��+�-  +�-$)�+�� , +���&.*  $�)#���36  �"��$�!%(���  
�2"�+%���#  #�%"�)��  (�4#.-  +�#��& +,%�##.-  -���&%�)�- .  

�  0. ��(�%  �� ����()�����  $&�%2(�'��(�  �+&%)�#%�&%)� % 
$�)%�+&%)�#%�&%)� ((�)�+#�  �%�&�# ). 

�  �2"�+%���#�  %-�����  &�'  $&�%2(�'��(  $�  (.$ �+  /)�$+�(�*  
,�))6)�2.  % ��  91%&�(.  

�  �#��%� ��  /%-%% % 1%2%+% $�)%-�&�(  ��  ��2  &�2&�"���#�  
��/#�)�0%�  $&�%2(�'��(�  $�)%�-%#���/�&%'�(  - /%�%#� % /%��2�#�  
%2 + +�)�+  � ��(�0�  5�)+�$&�'� . 

��  ��(&�-�##�-  9��$�  (  �2"�+%���#�  $&�'�)4�6�  �+�%(#�  
&�2(%(��3��  %��)�'�(�#%�  (  �")���%  /%-%%, 1%2%+% % ��/#�)�0%%  
$�)%-�&�( . �  ")%4�*5��  (&�-�  " ' �  ��(��#.  #�(.�  
+& $#���##�4#.�  $&�%2(�'��(�  $�)%$&�$%)�#�  % $�)%(%#%)-
/)�&%'� . �(�'����  #�(.�  -��#���%  $�  (.$ �+  /)�$+�(�*  
,�))6)�2.  % ��  $&�%2(�'#./ . ��)35��  &�2(%�%� $�) !���  
-�)���##�4#��  $&�%2(�'��(�  $�)%-�&�(  ��  �$�,%�)3#.-%  
�(�*��(�-% .  

 
1.3  ��
�����   �����   �   3�1���   8�������  
0�0�����   �0��   ��
8�����   �1����
�0�  

�#�+�(.-  ��".�%�-  (  %���&%% 
#� +% �  $�)%-�&�/  (  �2"�+%���#�  
�(%)��3  $&�(�'�#%�  (  1978 0. (  
��5+�#��  ��4' #�&�'#�0�  �%-$� -
2% -�  ����	  78,  �$�5#��  &�"���  
+���&�0�  '�)�  �%)3#.*  %-$ )3�  (  
2�&�4'�#%% % &��)%2�,%% %'�% 
�&0�#%2�,%% �+�'�-%!��+�0�  
,�#�&�  $�  +�-$)�+�#�-  %��)�'�(�#%6  �%#���%!��+%/  $�)%-�&�( . 
�  1979 0. �+�'�-%+%  ��-�#�(  7 .� ., ��"%�(  � .� . % ��'.+�(  	 .� . 
(.�� $%)%  �(��&�-%  %'�% �&0�#%2�,%% 	�'�)�  /%-%% $�)%-�&�( , 
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+���&.*  % ".)  ��2'�#  �  $&�(�-%  #� !#� -%��)�'�(���)3�+�0�  
%#��%� �� . 

� +�(�'%��)�-  �0�  ".)�  #�2#�!�#�  ��*�&�  ��&�1�(#�  
��5%'�(� . 	�'�)  /%-%% $�)%-�&�(  #�)�'%)  ���#.�  �(�2% �  
#� !#.-%  5+�)�-%  %2(���#./   !�#./  (  �")���%  /%-%% % 1%2%+% 
$�)%-�&�(  - �+�'�-%+�-%  � .� . ��"�#�(.- , � .� . �)��9 , � .� . 
;--�# 9)�- , � .� . ��&5�+�- , � .� . �#%+�)�$�(.- , +���&.�  �+�2�)%  
#��,�#%- 6  $�-��3  (  ���#�()�#%%  % &�2(%�%% -�)�'�0�  
+�))�+�%(� . �(�&!��+%*  % �&0�#%2�,%�##.*  &���  	�'�)�  /%-%% 
$�)%-�&�(  $&%(�) + �0�  $&��"&�2�(�#%6  (  1981 0. (  �#��%� �  
/%-%% % 1%2%+% $�)%-�&�(  ��  �2"�+%���#� , '%&�+��&�-  +���&�0�  
�()�����  ���) 4�##.*  '����)3  #� +% �2"�+%���#� , �+�'�-%+  
��5%'�(�  � .� . 	�#�(#.-  #�$&�()�#%�-  %��)�'�(�#%*  �#��%� ��  
".)%  &�"��. , �(�2�##.�  �  �%#��2�-   -���))�+�-$)�+��(  
(�'�&���(�&%-./  $�)%-�&�( , $�) !�#%�   % %��)�'�(�#%�  
$&%&�'#./  $�)%��/�&%'�( . ��4#.-  #�$&�()�#%�-  ".)%  
%��)�'�(�#%�  2�+�#�-�&#����*  �%#��2�  $�)%-�&�(  -���'�-  
&�'%+�)3#�*  $�)%-�&%2�,%%. ;�%  %��)�'�(�#%�  (  �2"�+%���#�  
".)%  #�!��.  �+�'�-%+�-  ��+�&�(.-  � .� . ��'  �0�  & +�(�'��(�-  
 ���#�()�#.  ��#�(#.�  2�+�#�-�&#���%  -�/�#%2-�(  % $ �% 
 $&�()�#%�  &�'%+�)3#�*  $�)%-�&%2�,%�*  % ��$�)%-�&%2�,%�*  &�'�  
(%#%)�(./  % �))%)�(./  -�#�-�&�( . �#�+�(.-  ��".�%�-  (  %���&%% 
%#��%� ��  �(%)��3  �0�  �"8�'%#�#%�  (  $�&(�*  $�)�(%#�  90-/  0�'�(  �  
�#��%� ��-  /%-%% % ��/#�)�0%%  ,�))6)�2. . ;��  �"8�'%#�#%�  
$&%(�)�  + &�2(%�%6 &�'�  #� !#./  #�$&�()�#%* , �(�2�##./  �  
$�) !�#%�-  ,�))6)�2. , �  ��+4�  ��  $&���./  % �)�4#./  91%&�( #�  
"�2�  -���#�0�  �.&3� .  

�#��%� �  /%-%% % 1%2%+% $�)%-�&�(  �+�'�-%%  #� +  
���$ ")%+%  �2"�+%���#  �()�����  (�' �%-  #� !#.-  ,�#�&�-  (  
��#�&�)3#�*  �2%% (  �")���%  /%-%%, 1%2%+% % ��/#�)�0%%  
�%#���%!��+%/  % $&%&�'#./  $�)%-�&�( . �  �7:�  ��  ��  (�' ���  
1 #'�-�#��)3#.�  %��)�'�(�#%�   #�  ��.+�  /%-%% % 1%2%+% 
$�)%-�&�( . ��2&�"���#.  $&%#,%$. ��2'�#%�  (�'�&���(�&%-./  
�%#���%!��+%/  % $&%&�'#./  $�)%-�&�(  ')�  ��)3�+�0�  /�2�*��(�  % 
-�'%,%#.  �   !���-  &�0%�#�)3#./  $&�")�-  % 9+�)�0%!��+�*  
�%� �,%%. ��2&�"���#.  "�2�$��#.�  ��/#�)�0%%  +�$� )%&�(�#%�  
��-�#  ��)3�+�/�2�*��(�##./  + )3� &  - /)�$!��#%+� , &%��, ��/�&#�*  
�(�+). , + + & 2. , $5�#%,. , �(���"�/!�(./ , �  $&%-�#�#%�-  
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-�)���+�%!#./  $�)%-�&#./  (�'�&���(�&%-./  $&�$�&��%(#./  
1�&-  /%-%!��+%/  �&�'��(  2��%�.  &����#%* , $&�5�'5%/  
(�����&�##66  �$&�"�,%6  % $�2(�)%(5%/  $�(.�%�3  911�+�%(#���3  
$&% 2#�!%��)3#�-  �#%4�#%% &��/�'�  '�*��( 6�%/  "%�)�0%!��+% 
�+�%(#./  +�-$�#�#��( . �  #��������  (&�-�  &�"���  �#��%� ��  
(�'����  (  �)�' 6�%/  ��#�(#./  #� !#./  #�$&�()�#%�/  (  �")���%  
/%-%%, 1%2%+% % ��/#�)�0%%  $�)%-�&�( : 

·  �%#��2 , /%-%!��+��  -�'%1%+�,%�  % %��)�'�(�#%�  
"%�)�0%!��+%-�+�%(#./  $�)%-�&�(  #�  ��#�(�  $&%&�'#./  
$�)%��/�&%'�(  -  /%�%#�, /%��2�#� ,  ,�))6)�2.  % �> $&�%2(�'#./ .  

·  ��+�#�-�&#���%  1�&-%&�(�#%�  % 1 #+,%�#%&�(�#%�  
#�#�!���%,  % #�#���& +� &  (  $�)%-�&#./  �%���-�/ . 

·  %2�*#  -�+&�-�)�+ ) , +�&&�))�,%�  �%#��2-��& +� &� -
�(�*��(� , /%-%!��+��  % 1%2%!��+��  -�'%1%+�,%� , $�)%-�& -
$�)%-�&#.�  �-��% , $�)%-�&-���))�+�-$)�+�. , &���(�&.  
$�)%-�&�( ;  

·  ��) !�#%�  +�-$�2%,%�##./  $�)%-�&#./  -���&%�)�(  �  
#�#���& +� &#�*  -�&1�)�0%�*  % %��)�'�(�#%�  %/  1%2%!��+%/ % 
1%2%+�-/%-%!��+%/  �(�*��( .  

·  ��/#�)�0%�  $�) !�#%�  -�)���##�4#./  $�)%-�&�(  
�$�,%�)3#�0�  #�2#�!�#%� ;  

�.��&.*  $&�0&���  #� +% (  XX (�+�  $&%(�) + $��()�#%6  + 
+�#,  80-/  0�'�(  -���'�(  +�#�&�)%& �-�0�  �%#��2�  #�#�!���%,  % 
#�#���& +� &  (  $�)%-�&#./  �%���-�/ . ����&%�). , %-�6�%�  
��& +� &  �  #�#�&�2-�&#�*  -�&1�)�0%�* , �")�'�6�  ��(�&5�##�  
#�(.-%  �(�*��(�-% . �&%'�(��  -���&%�)�-  % �%���-�-  
$&%#,%$%�)3#� #�(.�  +�!���(� , #�#���/#�)�0%�  �"��$�!%(���  
$&�0&���  $&�+�%!��+% (�  (��/  � ����( 6�%/  �")����/  
4%2#�'����)3#���%  !�)�(�+� . ����#�()�#%�   �)�(%*  1�&-%&�(�#%�  
#�#���& +� &  (  $�)%-�&�/ , $�) !�#%�  #�(./  -���&%�)�(  % 
+�-$�2%,%*  #�  %/ ��#�(�  �()�����  �'#%-  %2 ��#�(#./  
#�$&�()�#%* , &�2(%(��-./  (  #��������  (&�-�  (  �7:�  ��  ��2  (  
&�-+�/  #� +% �  $�)%-�&�/ . ��2&�"��+�  �$���"�(  $�) !�#%�  
#�#���& +� &  (  $�)%-�&�/  ��+&.(���  $�&�$�+�%(  $&�%2(�'��(�  
9+��&�-�)3#./ , �  ��!+%  2&�#%� $��&�"%��)3�+%/  +�!���( , 
-���&%�)�(  �  $&�0&�--%& �-.-%  �(�*��(�-% , ��+%-% +�+ 
�(�&/(.��+��  $&�!#���3 , $)���%!#���3 ,  �'�$��,%�  + (#�5#%-  
(�2'�*��(%�- . ���)�'�(�#%�  (  �")���%  /%-%% "%�)�0%!��+% 



�������
 

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

 

 

�+�'�-%+  
��5%'�(�  � .� . 

��( . )�"�&���&%�*  
�%#��2�  $�&�$�+�%(#./  

$�)%-�&�(  

 

' .� .#., $&�1 .  
��&.-��+�(  � .� . 
��( . )�"�&���&%�*   

/%-%% % ��/#�)�0%%  
/)�$+�(�*  ,�))6)�2.  

% ��  $&�%2(�'#./  

 

' .� .#., $&�1 . 
�5 &�(  � .� . 

��( . )�"�&���&%�*  
#�#�+�-$�2%,%�##./  

$�)%-�&#./  -���&%�)�(  
 

 

+./ .#. ?0�*  � .� .  
��( . ��"�&���&%�*  1%2%+�-/%-%!��+%/  

-���'�(  %��)�'�(�#%�  

 
+.1-- .#. � &0�)%�(  � .� .  

��(  )�"�&���&%�*  ���&��%!��+%/   
��#�(  /%-%% % 1%2%+% $�)%-�&�( . 

�� +�  �  $�)%-�&�/  �()�����  -�4'%�,%$)%#�&#�*  #� +�* , 
(+)6!�6��*  (  ��"�  ���#�  �(�2�##.�  �")���%  /%-%% % 1%2%+% 
(.��+�-�)�+ )�&#./  ���'%#�#%* . �  �(�2% �  9�%-, ')�  
0�&-�#%!#�0�  &�2(%�%� '�##�*  �")���%  2#�#%* $�  %#%,%��%(� 
�+�'�-%+�  ��5%'�(�*  � .� . (  -��  1994 0�'�  #�  1%2%!��+�-  
1�+ )3����  ��,%�#�)3#�0�  �#%(�&�%����  �2"�+%���#�  ".)�  
�&0�#%2�(�#�  +�1�'&�  1%2%+% $�)%-�&�( . ��5�#%�-  �!�#�0�  
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��(���  ��5��  ��  8 �#(�&�  1998 0�'�  +�1�'&�  ".)�  $&��"&�2�(�#�  (  
�!�"#� -#� !#.*  ,�#�&  #�  "�2�  �#��%� ��  /%-%% % 1%2%+% 
$�)%-�&�(  ��  ��2 . �##.*  ,�#�&  �()�����  �'%#��(�##.-  (  
��#�&�)3#�*  �2%% $�  $�'0���(+�   (.��+�+(�)%1%,%&�(�##./  
+�'&�(  $�  �$�,%�)3#���%  01.04.19-”:%2%+� $�)%-�&�( ”. 
�#�!%��)3# 6  &�)3  (  �&0�#%2�,%% &�"��.  +�1�'&.  (#��)%  $&�1 . 
��-�#�(  � .� . % ' .1-- .#. 7�)- -%#�(  � .� . 

���"/�'%-�  ��-��%�3 , !��   !�"#.*  ,�#�&  �'#%-  %2 $�&(./  (  
 #%(�&�%����  ".)  %#��0&%&�(�# (  �%���-  �+�'�-%%  #� +  
���$ ")%+% . ;��  $�2(�)���  $�)#��  %�$�)32�(��3  #� !#.*  
$���#,%�)  �+�'�-%!��+�0�  %#��%� ��  $&% $�'0���(+�  �$�,%�)%���(  
+�+ ')�  #� +%, ��+  %  ')�  $&�%2(�'��(� . �!�"#� -#� !#.*  ,�#�&  
$�����##�  (�'��  +�#��+�.  +�+ �  �+�'�-%!��+%-% , ��&��)�(.-%  
%#��%� ��-%  ��&�#  ��� , ��+  % � 2�-%  ")%4#�0� , '�)3#�0�  
2�& "�43� . 

�  2014 0�'   �  ,�)36   �%)�#%�  %#��0&�,%% �+�'�-%!��+�*  
#� +% % (.�5�0�  �"&�2�(�#%�  (  ����(����(%%  �  �����#�()�#%�-  
�&�2%'�#��  ���$ ")%+%  �2"�+%���#  "	  -�&�/  $�  '�)3#�*5�*  
�$�%-%2�,%% ��& +� &.  �+�'�-%%  #� +  ���$ ")%+%  �2"�+%���#  % 
 +&�$)�#%6  %#��0&�,%% �+�'�-%!��+�*  #� +% % (.�5�0�  
�"&�2�(�#%�  &��$ ")%+%", �#��%� �  /%-%% % 1%2%+% $�)%-�&�(  
$&��"&�2�(�#  (  �� !#� -%��)�'�(���)3�+%*  ,�#�&  /%-%% % 1%2%+% 
$�)%-�&�(  $&% ��,%�#�)3#�-  �#%(�&�%����  �2"�+%���#� . 

  
!������  �  ����  1 

1. ��+%�  ��#�(#.�  9��$.  ���#�()�#%�  #� +% �  $�)%-�&�/  (  
��-�������)3# 6  '%�,%$)%# ? ��)3  � . ��� '%#0�&�  (  ���#�()�#%%  
��(&�-�##./  $&�'���()�#%*  �  $�)%-�&�/ .  

2. ��+%�  $�&(.�  �%#���%!��+%�  % $&%&�'#.�  $�)%-�&.  ".)%  
$�) !�#.  /%-%+�-% (  19 (�+� ?  

3. ��0'�  #�!�)��  $&�-.5)�##.*  (.$ �+  �%#���%!��+%/  
$�)%-�&�( ? ��+%�  $�&(.�  �%#���%!��+%�  $�)%-�&.  ���)%  
(.$ �+��3��  (  $&�-.5)�##�-  -��5��"� ? 

4. �#�'&�#%�  +�+%/ #�(./  -���'�(  %��)�'�(�#%�  
�$���"��(�(�)�  ���#�()�#%6  ��(&�-�##./  $&�'���()�#%*  �  
$&%&�'� $�)%-�&�( ? 



�������
 

5. ��+��  2#�+�(��  ��".�%�  ��&�'%#.  50-/  0�'�(  20 (�+�  '�)�  
#�%"�)��  -��#.*  %-$ )3�  &�2(%�%6 +& $#���##�4#�*  
$�)%-�&#�*  %#' ��&%%? 

6. ��2�(%��  %2(���#./   !�#./  - ��#�(�$�)�4#%+�(  #� +% �  
$�)%-�&�/  (  �2"�+%���#� ? 

7. ��+%�  #� !#.�  ,�#�&.  (  �2"�+%���#�  $&�(�'��  %��)�'�(�#%�  
(  �")���%  #� +% �  $�)%-�&�/ ? 

8. ��+��  #� !#��   !&�4'�#%�   �()�����  (  �2"�+%���#�  
�$�,%�)%2%&�(�##.-  %#��%� ��- , 2�#%-�6�%-��  $&�")�-�-%  
/%-%%, 1%2%+% % ��/#�)�0%%  $�)%-�&�( . ��0'�  % $�  +�+�*  $&%!%#� 
�#  ".)  �&0�#%2�(�# ? 

9. ��2�(%��  ��#�(#.�  $&�%2(�'��(� , 2�#%-�6�%���  (.$ �+�-  
$�)%-�&#�*  $&�' +,%% (  �2"�+%���#� ? ��+%�  $�)%-�&.  �#% 
(.$ �+�6� ? 
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2. ��9��  
������� . �8��������  �  ������	  

��������  	�����  �  ����������  �
���  �  
������
� . $	��	�
  �������� . )���������  
�	�����  ���������   ��� . *���	��  �  
�����������  �
���  �  ���������� -�
������  

���������� . +�	���  ����������  ������ -
�����  �
��  �������� .  

 
�.��+�-�)�+ )�&#.�  ���'%#�#%�  #�2.(�6�  $�)%-�&�-% , ��)%  

%/ -�+&�-�)�+ ).  $���&��#.  %2 $�(��&�6�%/��  2(�#3�(  �'#�0�  
�%$� % ��$�)%-�&�-% , ��)%  %2 #��+�)3+%/ . ���'%#�#%� , %2 +���&./  
$�) !�6�  (�� )$�)%-�&. , #�2.(�6�  -�#�-�&�-% . �&�,���  
�"&�2�(�#%�  -�+&�-�)�+ )  %2 -�#�-�&�(  #�2.(�6�  
$�)%-�&%2�,%�* . �  2�(%�%-���%  ��  -�/�#%2-�  9��*  &��+,%% 
-�#�-�&.  ���'%#�6���  (  -�+&�-�)�+ ).  "�2  %2-�#�#%� 
/%-%!��+�0�  �����(�  %)% �  #�+���&.-%  %2-�#�#%�-%. ��#�-�&. , 
$��)�'�(���)3#�  �(�2�##.�  (  -�+&�-�)�+ ) , #�2.(�6���  
-�#�-�&#.-%  2(�#3�-% . <%�)�  -�#�-�&#./  2(�#3�(  (  
-�+&�-�)�+ )�  #�2.(�����  ���$�#36  $�)%-�&%2�,%%.  

	������������  – -�)�+ )�  �  "�)35�*  -�)�+ )�&#�*  -����* , ��  
���3  9��  /%-%!��+%* �#��-")3 , ��'�&4��%*  "�)35��  !%�)�  ���-�(  
% ���-#./  0& $$. �&���.-  $&%-�&�-  -�+&�-�)�+ ).  
�&0�#%!��+�0�  ���'%#�#%�  �()�����  -�+&�-�)�+ )�  $�)%9�%)�#� , 
$&�'���()�##��  1�&- )�*  ,����'&#:�/�$&  n '�)  2(�#�  
(-�#�-�&#�0�  2(�#� ), ��������0�  %2 '( /  -��%)�#�(./  0& $$, 
+���&.�  �"&�2�(�)%�3  $&% &�2&.(�  @ - �(�2% (  -�)�+ )�  9�%)�#� : 

CH2=CH2 –[� H2-CH2]n– 

"���"�' . 
(9�%)�#) 

��(��&�6�����  n '�)  
-�#�-�&#��  2(�#�  (  $�)%-�&�  

($�)%9�%)�#) 
��+&�-�)�+ )�  $�) !%)�  #�2(�#%�  $ ��-  $�'���#�(+%  $&�1%+�� 

����  - + #�2(�#%6  -�#�-�&�  – $�)%9�%)�#. �  �) !��  2�-�#.  ���-�  
(�'�&�'�  +�+�*  )%"�  1 #+,%�#�)3#�*  0& $$�*  (R), -�4#�  
$�) !%�3   "�)35 6  0& $$  $�)%-�&�(  �  �"��*  1�&- )�* : 

 



���
���
 

��$&%-�& , $&�'���(%��)�*  0�-�)�0%!��+�0�  &�'�  9��#�  
(,�%��%�-�� , ��)%  R–�)+%)3#.�  2�-���%��)%  – �� 3, - � 2� 5 % 
'& .), %)% '& 0%/ $&�%2(�'#./ , ��'�&4��%/  1 #+,%�#�)3#.�  
0& $$. : Cl, F, OH, COOH, OCOR, OR, CN, CONH2 % �  .' . �)�' ��  
2�-��%�3 , !��  #�2(�#%�  $�)%-�&�(  $�) !�#.  (  "�)35%#��(�  �(��-  
#�  "�2�  �&%(%�)3#./  %)% &�,%�#�)3#./  #�2(�#%*  %�/�'#./  
-�#�-�&�(  �  $&�1%+��-  $�)% -, #�$&%-�& : $�)%�+&%)�(��  +%�)���  
–[CH2-CHCOOH]n–, $�)%�+&%)�#%�&%) –[CH2-CHCN]n–, $�)%(%-
#%)�(.*  �$%&� –[CH2-CHOH]n– % �  .' . ���  �#% %'�#�%1%,%& 6���  
(  ����(����(%%  �  #�-�#+)�� &�*  % +)���%1%+�,%�*  �&0�#%!��+�*  
/%-%% – 0�)�%'$&�%2(�'#.� , �$%&�. , +�&"�#�(.�  +%�)��.  % %/ 
$&�%2(�'#.�  (�)�4#.�  % $&���.�  91%&., #%�&%)., �-%'. ), �-%#.  
% %/ ��)%  % �  .' . �%4�  $&%(�'�#.  #�2(�#%�  % 1�&- ).  #�+���&./  
&��$&���&�#�##./  -�#�-�&�( . ��  $&�+�%+� �".!#�  $&%-�#�6�  
�&%(%�)3#.�  #�2(�#%�  -�#�-�&�( , +���&.�  $&%(�'�#.  (  �+�"+�/ :  

 
��%-�#�(�#%�  % ��& +� &#��  
1�&- )�  -�#�-�&�  

��& +� &#��  1�&- )�  
-�#�-�&#�0�  2(�#�  (  
$�)%-�&�  

�%#%)"�#2�)  (��%&�) ) 

 

��)%��%&�)  

 
�&�$�#�(��  (�+&%)�(�� ) 

+%�)���  

 

��)%�+&%)�(��  +%�)���  

 
�&�$�#  ($&�$%)�#) 

 

��)%$&�$%)�#  
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���%)  2--��%)$&�$�#��  
(���%)-���+&%)�� ) 

 
 

��)%-��%)-���+&%)��  

 

 
	�#�(#��  $�)%-�&#��  ,�$3  (  -�+&�-�)�+ )�  -�4��  ".�3  

$���&��#�  %2 �&�-��%!��+%/  2(�#3�( . �&%-�&  – $�)%1�#%)�# : 

 
��+4�  ��#�(#��  $�)%-�&#��  ,�$3  -�4��  �������3  %2 

!�&�' 6�%/��  �)%1��%!��+%/  % �&�-��%!��+%/  2(�#3�( . �&%-�&  – 
$�)%9�%)�#1�#%)�# : 

 
	�#�(#��  $�)%-�&#��  ,�$3  -�+&�-�)�+ )  -�4��  ��'�&4��3  

#�$&�'�)3#.�  �(�2%: 

 
�.5�  &�!3  5)�  ��)3+�  �  )%#�*#./  -�+&�-�)�+ )�/  �%$� –�  – 

�  – �  – �  –, 0'�  �  – 9��  $�(��&�6�%���  2(�#3� .  
�&% �$&�'�)�##./   �)�(%�/  �%#��2�  &��+,%�  �"&�2�(�#%�  

-�+&�-�)�+ )  -�4��  $&%(�'%�3 + �"&�2�(�#%6  &�2(��()�##./  
-�+&�-�)�+ ) , $&%!�-  (��()�#%�  -�0 �  ".�3  +�&��+�,�$#.-%  %)% 
')%##�,�$#.-% : 



�������
 

 
�&%-�&�-%  -�)�+ )  �  +�&��+%-% ��(��()�#%�-%  -�0 �  

�) 4%�3  -�)�+ ).  %2�" ��#� , %2� - % #��$�#��#�( , 2,2,3-
�&%-��%)$�#��#� , $&%!�-  &�)3  ��(��()�#%*  (  #%/ %0&�6� 
-��%)3#.�  0& $$. . <�-  "�)35��  !%�)�  ���-�(   0)�&�'�  �"&�2 ��  
�)+%)3#.*  2�-���%��)3 , ��-  ')%##��  ��(��()�#%� : 

 
��+&�-�)�+ ).  $�  �(��*  ��& +� &�  -�0 �  ".�3  $&���&�#�� -

(�##�  �5%�.-% : 

 

�5%�.�  -�+&�-�)�+ ).  (�&�/-�&#��  ��& +� &� ) �"&�2 6���  
$&% $&���+�#%% $�"�!#./  &��+,%*  %)% $&%  !���%%  �$�,%�)3#�  
((�'�##./  (�����(  (�5%(�6�%/  �0�#��( ), %�#%2%& 6��0� 
%2) !�#%�  % '& 0%/ 1�+��&�( . )�  $�)%-�&�(  �&�/-�&#�*  
��& +� &.  #�  %-���  �-.�)�  $�#��%�  -�)�+ )�&#��  -���� , 
$��+�)3+  (��  -�+&�-�)�+ ).  �(�2�#.  -�4'  ��"�* . �5%�.�  
$�)%-�&.  /�&�+��&%2 6�  $�  !������  �5%(+% -�+&�-�)�+ )  % 
-�)�+ )�&#�*  -����  ��&�2+�(  -�4'   2)�-%  �5%(+%.  

��+&�-�)�+ ).  -�0 �  ".�3  �+�#��& %&�(�#.  %2 -#�0%/  
/%-%!��+%/  9)�-�#��( , +���&.�  #�/�'����  (  �$�����(  (/%����( ) 
,�$% %)% (  "�+�(./  2�-���%��)�/ . ��)%  ,�$3  $���&��#�  ��)3+�  %2 
���-�(   0)�&�'� , ��  ��+�*  $�)%-�&  ��#����  + ��'7�*�,� " . 
�&%-�&.  ".)%  $&%(�'�#.  (.5� . ��)%  (  ��#�(#�*  ,�$% $��()�6���  
'& 0%� 9)�-�#�.  (!���  (��0�  	 , N, S, P % '& .), ��  $�)%-�&  
��#��%���  + /���'�*�,� " . ��$&%-�& :  



�������
 

 
�&%&�'�  ���-�( , $�&�'�+  % �$���"  %/ !�&�'�(�#%�  �$&�'�)�6�  

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

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

���'�$�'����'��&  ������'����$�2  -�4��  ".�3  (.2(�#�  
(# �&%-�)�+ )�&#.-%  $�&�0& $$%&�(+�-% (#�$&%-�&, $&��� -
�&�$#��  %2�-�&%�), %#(�&�%�* /%&�)3#���%  ���-�(   0)�&�'�  (  
$�(��&�6�%/��  2(�#3�/ , #�&�0 )�&#���36  (  $��)�'�(���)3#���%  
-�#�-�&#./  2(�#3�(  (  0�-�$�)%-�&�/  %)% (  ��$�)%-�&�/ , 
&�2)%!#.-  �%$�-  $&%���'%#�#%� -�#�-�&#./  2(�#3�( , #�$&%-�& 
$�  �%$   0�)�(�  + 0�)�(� , %)% 0�)�(�  + /(��� . 

 

��+&�-�)�+ ).  -�0 �  ��)%!��3��  $�  ���$�#%  &�2(��()�##���%  
��#�(#�*  ,�$%, $�  /%-%!��+�-  �����(  (��",�)�*�����&  
������'����$�2  $�)%-�&�( ), $�  ��'�&4�#%6  % !�&�'�(�#%6   ��  -,  
	
��  - 2(�#3�(  ( �� - % 	
�� -��+�%!#���3 ), /�&�+��&  !�&�'�(�#%�  
$�(��&�6�%/��  2(�#3�(  �  S- %)% R- /%&�)3#.-%   0)�&�'�-%  
(-%+&���+�%!#���3 ), $�  +�#1�&-�,%�-  ��'�)3#./  ��&�2+�(  
-�+&�-�)�+ )  (+�#1�&-�,%�##��  %2�-�&%�) % $�  ')%#�  
-�+&�-�)�+ )  (,�%���$,�'$��$�2 , $�)%-�)�+ )�&#���3 ). 
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5�$ -, �'��$  - �)�"�'�&  
��)%-�&%2�,%�  '%�#�(  �  $&%���'%#�#%�-  + ��#�(#�*  ,�$% 

$�&(�0�  % !��(�&��0�  ���-�(   0)�&�'�  $&%(�'%� + �"&�2�(�#%6  
-�+&�-�)�+ )  �  #�#��.��##.-%  �(�2�-%  (  ��#�(#�*  ,�$% %, 
�)�'�(���)3#� , + (�2#%+#�(�#%6 ,%� - % �&�#�  - %2�-�&%%. 
��)%-�&.  '%�#�(  (  9��-  �) !��  #�2.(�6���  �&�#�  - 1,4 
$�)%%2�$&�# % ,%�-1,4 - $�)%%2�$&�#, �&�#� -1,4-$�)%" ��'%�#  % 
,%�-1,4-$�)%" ��'%�# . ��$&%-�& : 

 
,%� – %2�-�&    �&�#�  – %2�-�& 

 

��%���%&'��&  "�$$�  ,�%�"�'�� . ��%���%&'�� -"�$$����  
'�$,'���%���� . 8�%���$,�'$��$�2  

��#��%�  �	����	��%���  �����������  �
���  2�+)6!�����  (  
��#�5�#%%  �&�'#�*  -���.  (�����(�  (  ����(����(%%  �  �0�  1�&- )�*  
+ 1/12 -���.  ���-�   0)�&�'� . 	�#��%��)3#��  -�)�+ )�&#��  -����  
(-�)�+ )�&#.*  (�� ) – "�2&�2-�&#��  (�)%!%#� , % �#�  %�$�)32 ����  
+�+ �%#�#%- ��&-%#�  «���������
�  �
��
 ». ��)�&#��  -����  
(�����(�  – 9��  -����  (�����(� , '�)�##��  #�  �0�  +�)%!���(� , 
%-�6���  &�2-�&#���3  0/-�)3  %)% +0/-�)3 . ��)%  -�)�&#��  -����  
%-���  &�2-�&#���3  0/-�)3 , ��  ��  2#�!�#%�  ��($�'�6�  �  
��#��%��)3#�*  -�)�+ )�&#�*  -����*  (-�)�+ )�&#�*  -����* ).  

�%$%!#��  &��+,%�  �"&�2�(�#%�  -�+&�-�)�+ )  %2 -�#�-�&�( , 
#�$&%-�&, &��+,%�  $�)%-�&%2�,%% $&���+���  (   �)�(%�/  '�*��(%�  
����%��%!��+%/  2�+�#�( , �  9��  2#�!%�, !��  ')%#.  -�+&�-�)�+ )  (  
)6"�-  �"&�2,�  &�'+�  ��($�'�6� . 

��4#�*5�*  /�&�+��&%��%+�*  -�+&�-�)�+ )  �()�����  $��,��2  
,�%�"�'�)�*��  n. ��'  ���$�#36  $�)%-�&%2�,%% n (��0'�  
$�'&�2 -�(�6�   �&�'#�## 6  (�)%!%# : n =M /m, 0'�  M - �&�'#��  
-�)�+ )�&#��  -����  $�)%-�&� , �  m – -�)�+ )�&#��  -����  
$�(��&�6��0���  2(�#�  (-[CH2-CHR]-). 

��&�0�  �$&�'�)�## 6  ')%#  %-�6�  ��)3+�  -�+&�-�)�+ ).  
��+%/  $&%&�'#./  (.��+�-�)�+ )�&#./  ���'%#�#%*  +�+ "�)+%, 
# +)�%#�(.�  +%�)��.  % '& . ���$&�'�)�#%�  -�+&�-�)�+ )  $�   



�������
 

-�)�+ )�&#.-  -����-  (�� ) �$&�'�)�����  �  $�-��36  
�#�)%�%!��+%/  1 #+,%* , ��+%/  +�+ &��$&�'�)�#%�  � )3,� , 
&��$&�'�)�#%�  ��#0�  % &��$&�'�)�#%�  �� ��� . ��4'.*  �"&�2�,  
�%#���%!��+�0�  $�)%-�&�  /�&�+��&%2 ����  �(�%-  &��$&�'�)�#%�-  
$�  �� , (.&�4��-.-  1 #+,%�*  &��$&�'�)�#%�  %)% +&%(�* 
&��$&�'�)�#%�  $�  �� . 	!�(%'#� , !��  ��  $�)%-�&�(  �()�����  
)%53 �&�'#�����%��%!��+�*  (�)%!%#�* . �  2�(%�%-���%  ��  -���'�(  
 �&�'#�#%�  &�2)%!�6�  �&�'#�(���(.�  (Mw, (  ��(&�-�##�*  
)%��&�� &�  !����   $��&�")�6�  ��&-%#  �&�'#�-����(�� ), 
�&�'#�!%�)�(.�  (%)% �&�'#�!%�)�##.� , Mn),  �&�'#�(�2+���#.�  
(MA),  z - �&�'#%�  ��  % '& . ��%"�)��  (�4#.-%  /�&�+��&%��%+�-%  
�()�6���  �&�'#�(���(��  % �&�'#�!%�)�(��  -�)�+ )�&#.�  -���. . 
�&�'#�!%�)�(��  ��  -�4��  ".�3  �$&�'�)�#�  -���'�-% , 
$�2(�)�6�%-%  �,�#%�3  +�)%!���(�  (�����(�  ((  '�##�-  �) !��  
-�+&�-�)�+ ) ) (  &���(�&� . ;��  ��+%�  -���'.  +�+ �'��$��,�&  �  
47�%��$��,�& , +���&.�  ��#�(�#.  #�  ��- , !��  ')�  &�2"�()�##./  
&���(�&�(  &�2#���3  ��-$�&�� &  2�-�&2�#%�  %)% +%$�#%� &���(�&�  % 
&���(�&%��)�  $&�$�&,%�#�)3#�  +�#,�#�&�,%%  &���(�&�##�0�  
(�����(� . �$"�"��'�&  – -���'  ��#�(�#  #�  %2-�&�#%% 
��-��%!��+�0�  '�()�#%�  &���(�&�(  #��+�)3+%/  +�#,�#�&�,%*  (  
�$�,%�)3#./  $&%"�&�/  — ������	
� . �&%#,%$ '�*��(%�  
��-�-��&�(  2�+)6!�����  (  ��- , !��  &���(�&%��)3 , ��'�)�##.*  ��  
&���(�&�  $�) $&�#%,��-�*  -�-"&�#�* , $&�#%+���  !�&�2  #��  (  
&���(�&  '�  ��/  $�&, $�+�   &�(�#3  $��)�'#�0�  (  +�$%))�&�  #�  
$�&����#��  %2-�#��3�� . 

�&�'#�(���(��  ��  – Mw – �$&�'�)�����  -���'�-  
$����'�$$�&��& . )�  �$&�'�)�#%�  -�)�+ )�&#�*  -���.  $�)%-�&�  
9�%- -���'�-  #��"/�'%-�  �  $�-��36  &�1&�+��-��&�  %)% 
%#��&1�&�-��&�  �$&�'�)%�3  +�911%,%�#�  $&�)�-)�#%�  &���(� -
&%��)�  % �0�  %2-�#�#%� �  +�#,�#�&�,%�*  d� /d�  (%#+&�-�#�  
$�+�2���)�  $&�)�-)�#%� ) % �  $�-��36  #�1�)�-��&�  — %2".��!#��  
�(���&�����#%� .  

�  $��)�'#��  (&�-�  5%&�+��  &��$&���&�#�#%�  $&% �$&�'�)�#%%  
-�)�+ )�&#./  /�&�+��&%��%+  $�)%-�&�(  $�) !%)�  /�%2-
,'�����#:�&  !'�"���/'�-�&  (��7 ), $&�%- ����(�  +���&�*  (  
��- , !��  �  ��  $�-��36  -�4#�  �$&�'�)%�3  +�+ �&�'#�!%�)�( 6 , ��+  
% �&�'#�(���( 6  -�)�+ )�&#.�  -���. .  
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�&% %��)�'�(�#%%  0%'&�'%#�-%!��+%/  �(�*��(  &�2"�()�##./  
&���(�&�(  $�)%-�&�(  �$&�'�)�6�  �&�'#�0%'&�'%#�-%!��+%�  ��  - 
�&�'#�(�2+���# 6  (M, ), �&�'#���'%-�#��,%�## 6  (+ S), 
'%11 2%�## 6  (MD). )�  �$&�'�)�#%�  ��  �".!#�  %�$�)32 6�  
��!���#%�  0%'&�'%#�-%!��+%/  -���'�( . )�  �$&�'�)�#%�  
-�)�+ )�&#./  -���  0%'&�'%#�-%!��+%-% -���'�-%  �$&�'�)�6�  
/�&�+��&%��%!��+ 6  (�2+���3  $�)%-�&�(  -���'�-  (%�+�2%-��&%%, 
+�#���#�  ��'%-�#��,%%  S – -���'�-  �+�&���#�*  ��'%-�#��,%%  #�  
�#�)%�%!��+�*   )3�&�,�#�&%1 0� , +�911%,%�#�  '%11 2%% 
-�+&�-�)�+ )  D – #�  '%11 2�-��&�/ .  

<����  (-����  -�)�+ )�&#�*  -���.  %�$�)32 6�  $�#��%�  
$��,��2  ,�%�"�'�)�*�� , +���&��  &�(#�  ��#�5�#%6  -�)�+ )�&#�*  
-���.  $�)%-�&�  (Mw %)% Mn)  + -�)�+ )�&#�*  -����  -�#�-�&#�0�  
2(�#�  (+ 0). �  2�(%�%-���%  ��  -���'� , +���&.-  �$&�'�)�)��3  ��  
$�)%-�&� , ���$�#3  $�)%-�&%2�,%% ��+4�  ".(���  �&�'#�(���(��  %)% 
�&�'#�!%�)�(�� : 

- w = Mw / + 0  %)%  - n= Mn / + 0  (2.1) 
	"&�2�,  �%#���%!��+�0�  $�)%-�&�  $&�'���()���  ��"�*  �-��3  

-�+&�-�)�+ )  &�2#�*  -�)�+ )�&#�*  -���. . ;��  �(�*��(�  
$�)%-�&�(  #�2.(�6�  ,�%���$,�'$��$�2# , �  -�+&�-�)�+ ).  
�'#�0�  /%-%!��+�0�  �����(� , #�  &�2#�*  -�)�+ )�&#�*  -���.  - 
,�%�"�'/�"�%�/�"� .  

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

��2)%!�6�  %#��0&�)3#.�  % '%11�&�#,%�)3#.�  +&%(.�  ���  
(�%� .2.1), +���&.�  -�0 �  ".�3  !%�)�(.-%  % (���(.-%  (  
2�(%�%-���%  ��  -���'� , +���&.-  �$&�'�)�)��3  ��  1&�+,%* 
$�)%-�&� .  

�#��0&�)3#��  +&%(�� ���  – 9��  2�(%�%-���3  -�4'  ��  % 
%#��0&�)3#�*  (���(�*  (%)% !%�)�(�* ) '�)�*  1&�+,%* $�)%-�&� . 
%11�&�#,%�)3#��  +&%(�� ���  $&�'���()���  ��"�*  2�(%�%-���3  
��  ��  (���(�*  (%)% !%�)�(�*  (�<� )) '�)%  1&�+,%*. ;�%  +&%(.�  
�".!#�  #�  ��($�'�6� , ��+  +�+ #�  !%�)�(��  &��$&�'�)�#%�  "�)35��  
()%�#%� �+�2.(���  ��'�&4�#%�  #%2+�-�)�+ )�&#./  1&�+,%*, �  #�  
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(���(��  &��$&�'�)�#%�  "�)35�  ()%�6�  (.��+�-�)�+ )�&#.�  
1&�+,%% (�%� . 2.2).  
 

 
�%� .2.1 �&%(.�  '%11�&�# -
,%�)3#�0�  (1) % %#��0&�)3#�0�  (2) 
���  �'#�0�  �"&�2,�  $�)%-�&� . 

 

�"�,%���  ,�#�&�  ��4���%  $)���'% , �0&�#%!�##�*  +&%(�* 1 
(�%� .2.2) &�(#�  Mn, �  �"�,%���  ,�#�&�  ��4���%  $)���'% , 
�0&�#%!�##�*  +&%(�* 2 (&%�.2.2) &�(#�  Mw.  

 

 

�%� .2.2 �&%(.�  !%�)�(�0�  
(1) % (���(�0�  (2) ���  
�'#�0�  �"&�2,�  $�)%-�&� . 

�&%(.�  ���  -�0 �  %-��3  �'%#  -�+�%- -  (+�+ #�  �%� . 2.1 % 
2.2). �  9��-  �) !��  ���  #�2.(�����   #%-�'�)3#.- . ��+4�  -�4��  
".�3  '(�  %)% "�)��  -�+�%- -�( . �  9��-  �) !��  ���  #�2.(�����  
"%-�'�)3#.-  %)% $�)%-�'�)3#.- . 

�&% �'#�*  % ��*  4�  �� , $�)%-�&.  -�0 �  �")�'��3  5%&�+%- % 
 2+%- ���  (�%� .2.3).  

 

 
 
 
�%� .2.3 �&%(.�  ���  

�"&�2,�(  $�)%-�&�(  �  
�'%#�+�(�*  ��  �  5%&�+%- (1) 
%  2+%- (2) ��� . 
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)�  �,�#+%  5%&%#. ���  !����  %�$�)32 6�  $�#��%�  
,�'�"��'�  ,�%���$,�'$��$�� , +���&.*  $&�'���()���  ��"�*  
��#�5�#%�  �&�'#�(���(�*  ��  + �&�'#�!%�)�(�* : 

-  = Mw / Mn       (2.2) 
<�-  5%&� ��� , ��-  "�)35�  " '��  (�)%!%#�  $�&�-��&�  

$�)%'%�$�&�#���% . <����  (  9��-  ����#�5�#%%  (-����  (�)%!%# ��  
%�$�)32 ����  ���$�#3  $�)%-�&%2�,%% (2.1).  

 

!������  �  ����  2 

1. <��  �"�2#�!�6�  ��&-%#.  «$�)%-�& » % «-�+&�-�)�+ )� » 
2. �&%(�'%��  ��& +� &#.�  1�&- ).  #�+���&./  #�%"�)��  
%2(���#./  $�)%-�&�( , #�2�(%��  %/.  
3. ��+  &�2)%!�6���  $�)%-�&.  $�  ��& +� &� ? 
4. ��+  &�2)%!�6���  $�)%-�&.  $�  /%-%!��+�-  ��&��#%6  
��#�(#�*  ,�$%? 
5. ��+%�  %-�6���  -���'.  �$&�'�)�#%�  -�)�+ )�&#./  -���  
$�)%-�&�( ? 
6. <��  ��+��  $�)%'%�$�&�#���3  $�)%-�&�( ?   
7. ��+  &�2)%!�6�  -�)�+ )�&#.�  -���.  (  2�(%�%-���%  ��  -���'�  
 �&�'#�#%�  $&% �$&�'�)�#%% ? ��+  �#% �"�2#�!�6��� ? 
8. ��+%-% -���'�-%  -�4��  ".�3  �$&�'�)�#�  �&�'#�!%�)�(��  
-�)�+ )�&#��  -����  $�)%-�&�( ? 
9.  ��+%-% -���'�-%  -�4��  ".�3  �$&�'�)�#�  �&�'#�(���(��  
-�)�+ )�&#��  -����  $�)%-�&�( ? 
10. <��  $&�'���()���  ��"�*  -�)�+ )�&#�  – -����(��  
&��$&�'�)�#%�  $�)%-�&� ? 
 

�������������  �
��������  �  �����  1 
  2 

1. ��5%'�(�  � .� . ��&�$�+�%(.  &�2(%�%� #� +% % ��/#�)�0%%  
$�)%-�&�(  (  ���$ ")%+�  �2"�+%���#  #�  $�&�0�  21 (�+� . �  �" . �& '�(  
�#��%� ��  /%-%% % 1%2%+% $�)%-�&�(  ��  ��2 , $��(���##�-  20-
)��%6  ��  '#�  �&0�#%2�,%% �#��%� ��  /%-%% % 1%2%+% $�)%-�&�( . 
��5+�#� . 1999. �  6. 
2. ��-!%+�(  ? . . �.��+�-�)�+ )�&#.�  ���'%#�#%� . � .: 
�+�'�-%� . 2003.  
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/%-%��%” ��5+�#� , “DB%� (!%” 1993, 350 " . 
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25. :%)%-�5+%#  � .� . �(�'�#%�  (  #� +  �  $�)%-�&�/  
(��+&�-�)�+ )� , :%2%+� $�)%-�&#�0�  ��)� , :%2%!��+��  /%-%� 
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3. �
����	�   �����	   8��;����   8�������  

.
	�
�  �

�	���	��
  ��������  
��������  ���������  �������� .  

� ����( 6�  �)�' 6�%�  ��#�(#.�  $ �% $�) !�#%�  
$�)%-�&#./  -���&%�)�( : 5�,��&  ,�%�"�'�)�*�& , $��,��+���&  
,�%�"�'�)�*�&  �%�  ,�%�������$�*�& , ,�%�"�'���%�/�+� �  
,'��'�:���&  �%�  !�"�+�$��&  "���-���*�&  ,�%�"�'�� . 

8�%�"�'�)�*�&  �� ����()�����  $ ��-  $��)�'�(���)3#�0�  
$&%���'%#�#%� -�#�-�&�  + &��� ��*  ,�$%, %-�6��*  #�  +�#,�  
�+�%(#.*  ,�#�& . �  2�(%�%-���%  ��  $&%&�'.  �+�%(#�0�  ,�#�&�  
$�)%-�&%2�,%�  &�2'�)�����  #�  '�����%2��# , �����#  - 
��������#  % �������# . ����(����(�##� , &��� �%�  
-�+&�-�)�+ ).  (  &�'%+�)3#�*  $�)%-�&%2�,%% $&�'���()�6�  ��"�*  
-�+&�&�'%+�). , �  (  %�##�*  – -�+&�%�#. . �+�%(#.�  ,�#�&.  (  
%�##�*  $�)%-�&%2�,%% &�'+�  �()�6���  �(�"�'#.-%  %�#�-%. 
	".!#�  (  �����(  �+�%(#�0�  ,�#�&�  #�&�'  �  -�+&�%�#�-  (/�'%�  
$&��%(�$�)�4#�  2�&�4�##.*  +�-$�#�#�  – $&��%(�%�# . �  ��-  
�) !�� , +�0'�  $&��%(�%�#  $&%#%-��� #�$��&�'��(�##��   !���%�  (  
�+��  &����  ,�$%, �"&�2 �  �  -�)�+ )�*  $&%���'%#�6��0���  
-�#�-�&�  +��&'%#�,%�##.*  +�-$)�+� , ��  ��+ 6  $�)%-�&%2�,%6  
#�2.(�6�  �����  – ���'����*�����( . 7�&�+��&#.-  $&%2#�+�- 
,�$#�*  $�)%-�&%2�,%% �()�����  �!�#3  +�&��+��  (&�-�  4%2#% 
�+�%(#�0�  ,�#�&� . 	".!#�  �#�  �����()���  '�)%  ��+ #'. . �-�##�  2� 
��+��  (&�-�  $&�%�/�'%�  �"&�2�(�#%�  -�+&�-�)�+ ). . �%4�  
$&%(�'�#�  '%�0&�--� , +���&��  '�-�#��&%& ��  (2�%-��(�23  
��#�(#./  �$���"�(  $�) !�#%�  (.��+�-�)�+ )�&#./  ���'%#�#%* . 
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��$#��  /%-%!��+��  &��+,%�  �".!#�  (+)6!���  �&% 
$��)�'�(���)3#.�  ���'%%  – %#%,%%&�(�#%�, &���  % �"&.(  
+%#��%!��+�*  ,�$%. 

��2(%�%�  +%#��%!��+�*  ,�$% ��$&�(�4'�����  �"&�2�(�#%�-  
,�$% -���&%�)3#�* . � ����( ��  ��+4�  ���'%�  $�&�'�!%  
+%#��%!��+�*  ,�$%, ��$&�(�4'�6�����  �0&�#%!�#%�-  ,�$% 
-���&%�)3#�* .  


��,��+���&  ,�%�"�'�)�*�&  %)% ,�%�������$�*�&  
�� ����()�����  2� �!��  &��+,%*  1 #+,%�#�)3#./  0& $$ $�)%-�&�( , 
���'%#�#%�  +���&./  !����  ��$&�(�4'�����  �"&�2�(�#%�-  
#%2+�-�)�+ )�&#�0�  $&�' +��  ((�'� , �--%�+  %.� .' .). �  /�'�  
�� $�#!���*  $�)%-�&%2�,%% $&�,���  �"&�2�(�#%�  -�+&�-�)�+ )  
$&���+���  !�&�2  $��)�'�(���)3#��  �"&�2�(�#%�  '%-�&�( , �&%-�&�( , 
���&�-�&�(  %.� .' ., $&%!�-  9�% $&�' +�.  -�0 �  ".�3  (.'�)�#.  #�  
�$&�'�)�##�*  ���'%%  &��+,%%. �)�' ��  ��-��%�3 , !��  &�#��  
$�)%-�&%2�,%6  % $�)%+�#'�#��,%6  &�2)%!�)% %-�##�  $�  
���/%�-��&%% , ��  ���3  + $�)%-�&%2�,%% ��#��%)%  $&�,���. , $&% 
+���&./  $�)%-�&  �()�)��  �'%#��(�##.-  $&�' +��-  &��+,%%, �  + 
$�)%+�#'�#��,%%  – ��  $&�,���. , (  +���&./  #�&�'  �  �"&�2�(�#%�-  
-�+&�-�)�+ )  #�")6'�����  ��+4�  �"&�2�(�#%�  #%2+�-�)� -
+ )�&#./  $&�' +��( . 	'#�+�  ��+��  &�2'�)�#%�  �+�2�)��3  #�  ��(��-  
$&�(%)3#.- . ���)3#.�  %��)�'�(�#%�  +%#��%+% $&�,����(  
$�+�2�)% , !��  &�2)%!%� )�4%�  #�  (  �����(�  (.'�)�6�%/��  
$&�' +��( , �  (  -�/�#%2-�  &��+,%* . �  ��)%!%�  ��  ,�$#�*  $�)%-� -
&%2�,%%, $�)%+�#'�#��,%�  $&�'���()���  ��"�*  ��(�+ $#���3  
"%-�)�+ )�&#./  &��+,%* , +���&.�  +%#��%!��+% #�  �(�2�#.  '& 0  �  
'& 0�- . ��  9��-  $&%2#�+ , #�$&%-�&, $&�,���  $�) !�#%�   
$�)% &���#�(  %2 '%%2�,%�#���(  % '%�)�(  ��#��%���  + 
$�)%+�#'�#��,%% , /���  $&% 9��-  ��� ���( ��  �"&�2�(�#%�  
#%2+�-�)�+ )�&#./  ���'%#�#%* . �  ��(&�-�##�*  )%��&�� &�  ��&-%#  
$�)%+�#'�#��,%�  !���  $&%-�#�6�  (  �) !�� , +�0'�  �� $�#!����  
$�)%-�&%2�,%�  ��$&�(�4'�����  (.'�)�#%�-  #%2+�-�)�+ )�&#�0�  
$&�' +�� .  

����-��&�##.�  (.5�  $&%-�&.  +���)%�3  �) !��( , +�0'�  
(.��+�-�)�+ )�&#.�  ���'%#�#%�  �"&�2 6���  %2 #%2+�-�)� -
+ )�&#./ . � ����( 6�  ��+4�  �$���".  $�) !�#%�  $�)%-�&#./  
-���&%�)�(  $ ��-  /%-%!��+�*  -�'%1%+�,%%  4�  � ����( 6�%/  
-�+&�-�)�+ ) . �  ��/  �) !��/ , +�0'�  /%-%!��+��  -�'%1%+�,%�  
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-�+&�-�)�+ )  #�  ��$&�(�4'�����  '���& +,%�*  ��#�(#�*  
$�)%-�&#�*  ,�$% %�/�'#�0�  $�)%-�&� , �#�  #��%�  #�2(�#%�  
,�%�"�'���%�/�+� �  ,'��'�:���& . �  &�'�  �) !��(  9���  �$���"  
$�) !�#%�  $�)%-�&�(  �()�����  �'%#��(�##.-  (�2-�4#.-  $ ��-  
�"&�2�(�#%�  -�+&�-�)�+ ) . �)��  -.  "�)��  $�'&�"#�  ����#�(%-��  
#�  +�4'�-  %2 �$���"�(  $�) !�#%�  $�)%-�&�( .  

 
!������   

1. ��2�(%��  ��#�(#.�  -���'.  $�) !�#%�  $�)%-�&#./  
-���&%�)�( ? 

2. �  !�-  2�+)6!�����  $&%#,%$%�)3#�� &�2#%,� -�4'  
$�)%-�&%2�,%�*  % $�)%+�#'�#��,%�* ? 

 

3.1  ������%2��&  ,�%�"�'�)�*�&  

��������  �	
���  
���
�%���  ��������
 �� . 
$������  ��� ����
��� . -��	 , ���� , ����
�
  
 ��� . *���	��  �  !��%-�����	� . ��!�����
��� . 
.���	��
  
���
�%���  ��������
 �� . 
+��������� -�
������  
���������� . *���	��  
�  ������(����  
���
�%���  ��������
 �� .  

 
��+   4�  �)�' ��  %2 ��-�0�  #�2(�#%� , &�'%+�)3#��  

$�)%-�&%2�,%�  ��#��%���  + ,�$#�*  $�)%-�&%2�,%%, �+�%(#.-  
,�#�&�-  +���&�*  �()�����  &�'%+�) . ��  &�'%+�)3#�-  -�/�#%2-  
$�)%-�&%2 6���  %�+)6!%��)3#�  -�#�-�&. , ��'�&4��%�  '(�*#.�  
 0)�&�' - 0)�&�'#.�  �(�2% (/ -�(�2%). ;��  ��+%�  -�#�-�&.  +�+  
��%&�) , (-�� )�+&%)��. , 9�%)�# % -#�0%�  '& 0%�. 

 
��'%+�)3#��  $�)%-�&%2�,%�  �!�#3  &��$&���&�#�##.*  �$���"  

$�) !�#%�  $�)%-�&�( , !��  �(�2�#�  �  5%&�+%- ����&�%-�#��-  
-�#�-�&�( , �$���"#./  + $�)%-�&%2�,%% $�  &�'%+�)3#�-  
-�/�#%2- .  

�&�,���  &�'%+�)3#�*  $�)%-�&%2�,%% /�&�+��&%2 ����  4 
��#�(#.-%  ���'%�-%  – %#%,%%&�(�#%�, &���  ,�$%, �"&.(  ,�$% % 
$�&�'�!�  ,�$%. ����-��&%-  $�'&�"#�  +�4' 6  %2 ���'%* .  
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��� ����
���  
)�  %#%,%%&�(�#%� &�'%+�)3#�*  $�)%-�&%2�,%% #��"/�'%-�  

�"&�2�(�#%�  (  &��+,%�##�*  �%���-�  &�'%+�)� , �")�'�6��0�  
'������!#�*  �+�%(#���36 , !��".  �� ����(%�3  (2�%-�'�*��(%�  �  / - 
�(�236  -�#�-�&� . �  2�(%�%-���%  ��  �$���"�  �"&�2�(�#%�  &�'%+�)�  
%#%,%%&�(�#%� &�2'�)�����  #�  (�����(�##��  (/%-%!��+�� ), 
1���/%-%!��+�� , &�'%�/%-%!��+��  % ��&-%!��+�� .  

�&% /%-%!��+�-  %#%,%%&�(�#%% $&%-�#�6���  (�����(� , 
#�2.(��-.�  %#%,%���&�-%. �#%,%���&.  �$���"#.  &��$�'��3��  $�'  
'�*��(%�-  ��-$�&�� &.  �  �"&�2�(�#%�-  �+�%(#./  &�'%+�)�( . 
��%"�)��  5%&�+� $&%-�#��-.-%  %#%,%���&�-% �()�6���  
$�&�+�%'.  (�,%) , �)+%), 0%'&�$�&�+�%'.  % $�&91%&.), �  ��+4�  
�2����'%#�#%� , %2 +���&./  #�%"�)��  5%&�+� %2(����#  2,2 – �2�"%�  
%2�" �%&�#%�&%) %)% '%#%�&%) �2�  %2�-��)�#�*  +%�)��. . 
	��"�##���36  9�%/ ���'%#�#%*  �()�����  %/ �$���"#���3  
&��$�'��3��  $�'  '�*��(%�-  ��-$�&�� &. . �%4�  $&%(�'�#�  &��+,%�  
&��$�'�  #�%"�)��  %2(���#�0�  %#%,%���&� – '%#%�&%)� �2�  
%2�-��)�#�*  +%�)��. :  

 
�+�&���3  &��+,%% &��$�'�  %#%,%���&� $&% �$&�'�)�##�*  

��-$�&�� &�  2�(%�%� ��  �0�  /%-%!��+�*  ��& +� &. . ��9��-  (."�&  
%#%,%���&� �" �)�()�# , $&�4'�  (��0�  (#�  #�  ��)3+� ) ��-$�&�� &�* , 
$&% +���&�*  �)�' ��  $&�(�'%�3  $�)%-�&%2�,%6 . )�  9��0�  
#��"/�'%-�  &��$�)�0��3  '�##.-% , /�&�+��&%2 6�%-%  �+�&���3  
&��$�'�  $&% �$&�'�)�##�*  ��-$�&�� &� . 	".!#�  $&%#%-�6� (�  
(#%-�#%� +�#���#�  &��$�'�  %#%,%���&� (. 
�� ) % 9#�&0%6 
%#%,%%&�(�#%�. �#%(�&��)3#�*  /�&�+��&%��%+�*  �()�����  $�&%�'  
$�) &��$�'�  %#%,%���&� (01/2). �#��  (�)%!%#  01/2, -�4#�  &���!%���3  
+�#,�#�&�,%6  %#%,%���&� (  )6"�*  -�-�#�  $�)%-�&%2�,%%: 

[I] = [I0]e
-.
��  t      (3.1.1) 

0'�  t – (&�-�  $�)%-�&%2�,%%, [I] % [I0] – +�#,�#�&�,%%  
%#%,%���&� ��+ ���  % #�!�)3#�� , . 
��  – +�#���#��  &��$�'�  
%#%,%���&�. 

)�  %#%,%%&�(�#%� $�)%-�&%2�,%% �)�' ��  $&%-�#��3  
%#%,%���&.,   +���&./  $�&%�'  $�) &��$�'�  ��%2-�&%-  �  
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$&�'�)4%��)3#���36  $&�,����  $&% 2�'�##�*  ��-$�&�� &� . )�  
"�)35%#��(�  %2(���#./  %#%,%���&�( 2#�!�#%�  $�&%�'�  
$�) &��$�'�  % +�#���#�  &��$�'�  $&% 2�'�##�*  ��-$�&�� &�  
$&%(�'�#.  (  �$&�(�!#�*  )%��&�� &� . ��4#�  ��-��%�3 , !��  
'%#%�&%) �2�  %2�-��)�#�*  +%�)��.  �".!#�  $&%-�#�6�  $&% 
$&�(�'�#%%  $�)%-�&%2�,%% $&% 50-80 0� , $�&�+%�3 "�#2�%)�  $&% 
60-90 0� . ��0'�  ���"�##���%  �%#��2�  �&�" 6�  $&�(�'�#%�  $&�,����  
$&% "�)��  (.��+%/  ��-$�&�� &�/ , ��  (  ��+%/  �) !��/  &�+�-�#' ����  
$&%-�#��3  (  +�!���(�  %#%,%���&�( �&�� -" �%)$�&�+�%"�#2��� , 
$�&�+�%'  + -%)� , '%-�&�� -" �%)$�&�+�%' , +���&.�  911�+�%(#.  $&% 
��-$�&�� &�/  (.5�  100 0� .  

 
:���/%-%!��+��  %#%,%%&�(�#%� 
�&% 1���%#%,%%&�(�#%% �"&�2�(�#%�  �+�%(#�0�  &�'%+�)�  

$&�%�/�'%�  2� �!��  $�0)���#%�  �: -�") !�#%�  -�)�+ )�-%  
-�#�-�&�  %)% 1���%#%,%���&� . ��)�+ ). , $�0)����  +(�#�  
9#�&0%%, (�2" 4'�6��� , �  2���-  &��$�'�6���  #�  &�'%+�). , +���&.�  
�$���"#.  %#%,%%&�(��3 $�)%-�&%2�,%6 . �&�-��  �") !�#%�  
-�#�-�&� , +�+ $&�(%)� , -�)�911�+�%(#� , $�9��-  
1���$�)%-�&%2�,%6  !���  $&�(�'��  (  $&%� ���(%% 
1���%#%,%���&�(  – (�����( , &��$�'�6�%/��  (  �&�" �-�*  �")���%  
�: -�$�+�&�  �  '������!#�  (.��+%-  +(�#��(.-  (./�'�- . �  +�!���(�  
1���%#%,%���&�(  -�0 �  $&%-�#��3��  #�+���&.�  %#%,%���&., 
%�$�)32 �-.�  (  /%-%!��+�-  %#%,%%&�(�#%% (#�$&%-�&, '%#%�&%) 
�2�  %2�-��)�#�*  +%�)��.  %)% $�&�+%�3 "�#2�%)� ). ��%"�)��  
911�+�%(#.-%  1���%#%,%���&�-%  �()�6���  �&�-��%!��+%�  +���#.  
% %/ $&�%2(�'#.� . �  $&�-.5)�##���%  (  +�!���(�  1���%#%,%���&�(  
%�$�)32 6�  "�#2�%#, "�#2%)+���)3  % %/ $&�%2(�'#.�  

 
�+�&���3  1���%#%,%%&�(�#%� �$&�'�)�����  ����#�5�#%�- : 

V� # = 1 I ��!      ( 3.1.2) 
0'�  1 – 911�+�%(#���3  %#%,%%&�(�#%� – +�)%!���(�  

�"&�2�(�(5%/��  �+�%(#./  ,�$�*  #�  1 $�0)���##.*  +(�#�  
�") !�#%� ; 

I ��!  – !%�)�  +(�#��(  �") !�#%� , $�0)���##./  2� �'%#%,  
(&�-�#%  �'%#%,�*  �"8�-� .  
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:���/%-%!��+��  %#%,%%&�(�#%� 5%&�+� $&%-�#�����  #�  
$&�+�%+� ')�  #�#���#%�  $�)%-�&#./  $�+&.�%*  #�  -���)) , '�&�(� , 
+�&�-%+ , (  ���-���)�0%%  ')�  ��(�&4'�#%�  +�-$�2%,%*  2 "#./  
$)�-" , (  1���)%��0&�1%% , -%+&�9)�+�&�#%+� % '& 0%/ �")����/ . 
��'�����+�-  1���%#%,%%&�(�#%�, �0&�#%!%(�6�%-  (�2-�4#���%  
�0�  $&%-�#�#%�, �()�����  ".��&��  $�'�#%�  �0�  911�+�%(#���%  �  
 (�)%!�#%�-  ��)�%#.  �") !��-�0�  �)�� , (�)�'��(%�  $�0)���#%�  
�") !�#%� , $�9��-  1���%#%,%%&�(�#%� $&%-�#�6�  $&% 
$&�(�'�#%%  $�)%-�&%2�,%% (  ��#+%/  �)��/ .  

��'%�,%�##��  %#%,%%&�(�#%� 
�  ��)%!%�  ��  1���%2) !�#%� , &�'%��+�%(#��   �()�����  

%�#%2%& 6�%- % �")�'���  0�&�2'�  "�)35�*  $&�#%+�6��*  
�$���"#���36 , !��  �"8��#�����  "�)35�*  9#�&0%�* �0�  !���%, . �  
+�!���(�  %���!#%+�(  %2) !�#%* #�%"�)��  5%&�+� $&%-�#�6�  
&�'%�,%�##� -/%-%!��+%�   ���#�(+%  �  %2���$#.-%  %���!#%+�-%  2 – 
%2) !�#%�  60�� . ��#%2�,%�  �") !��-�0�  (�����(�  �()�����  
�)�'��(%�-  «(."%(�#%� » 9)�+�&�#�(  %2 �0�  -�)�+ ) : 

h 3 
+     �    + + • 

��'%+�). , �$���"#.�  %#%,%%&�(��3 $�)%-�&%2�,%6 , 
(�2#%+�6�  (  &�2 )3����  '�)3#�*5%/  $&�(&���#%*  (  �%���-� . �&% 
9��-  (  &��+,%�##�*  �&�'�  $&%� ���( 6�  +�+ �(�"�'#.�  &�'%+�). , 
��+  % %�#. , !��  �" �)�()%(���  (�2-�4#���3  %#%,%%&�(�#%� +�+ 
&�'%+�)3#�* , ��+  % %�##�*  $�)%-�&%2�,%%. �  "�)35%#��(�  �) !��(  
$&���+���  &�'%+�)3#��  $�)%-�&%2�,%� , �'#�+�  $&% #%2+�* 
��-$�&�� &�  (  ��� ���(%�  (�'.  % '& 0%/ $&%-���* , 
'�2�+�%(%& 6�%/  %�#. , ')�  ��'�)3#./  -�#�-�&�(  #�")6'�����  
%�##��  $�)%-�&%2�,%� .  

 
��&-%!��+��  %#%,%%&�(�#%�  
�-�����  �!�#3  -�)�  $&%-�&�(  ��&-%!��+�0�  %#%,%%&�(�#%� 

&�'%+�)3#�*  $�)%-�&%2�,%%. ��'�4#�  �#   ���#�()�#  ��)3+�  ')�  
$�)%-�&%2�,%% ��%&�)�  % (%#%)$%&%'%#�(.  �  "�)35%#��(�  '& 0%/ 
�) !��( , �$�#��##��  ��&-%!��+��  $�)%-�&%2�,%�  -�#�-�&�(  
�" �)�()�#�  %#%,%%&�(�#%�- $�&�+%�#.-%  ���'%#�#%�-% , 
+���&.�  )�0+�  �"&�2 6���  #�  �(��  '�4�  $&% +&��+�(&�-�##�-  
+�#��+��  -�#�-�&�(  �  +%�)�&�'�-  (�2' /� .  
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�%#��%+�  %#%,%%&�(�#%�, 911�+�%(#���3  %#%,%%&�(�#%�, 
911�+�  +)��+%  

���'%�  %#%,%%&�(�#%� &�'%+�)3#�*  $�)%-�&%2�,%% (+)6!���  (  
��"�  2 ��#�(#.�  9)�-�#��&#.�  &��+,%%: 

1. ���$�'  -�)�+ ).  %#%,%���&� #�  2 �+�%(#./  &�'%+�)� , 
#�$&%-�& &��$�'  $�&�+%�% "�#2�%)� : 

                                                               � &��$  
� 6� 5�		  - 	�	� 6� 5 �  2� 6� 5�		

••  �  � 6� 5�		
• + � 6� 5

• + �	 2 

�)%  (  �/�-��%!#�-  (%'� :   
. 
��  

I    �   2R• 
 
2. �2�%-�'�*��(%�  �+�%(#�0�  &�'%+�)�  �  '(�*#�*  �(�236  

-�#�-�&�  �  �"&�2�(�#%�-  $�&(%!#�0�  -�#�-�&#�0�  &�'%+�)� : 

0'�  7  – 
2�-���%��)3  (9��  -�4��  ".�3  ���-  0�)�0�#� , � 6� 5 %)% '& 0��  

0& $$�) 
�)%  (  �/�-��%!#�-  (%'� :   

� %#   
R. + M  �  M1

.  
��)%!���(�  �+�%(#./  &�'%+�)�( , �� ����()�6�%/  

%#%,%%&�(�#%� &�'%+�)3#�*  $�)%-�&%2�,%% (��0'�  -�#35� , !�-  
+�)%!���(�  &�'%+�)�( , �"&�2 6�%/��  $&% &��$�'�  -�)�+ ).  
%#%,%���&�. ;��  �(�2�#�  �  ��- , !��  &�'%+�).  R. $�-%-�  
%#%,%%&�(�#%� $�)%-�&%2�,%% 2� �!��  (2�%-�'�*��(%�  �  '(�*#�*  
�(�236  -�#�-�&� ,  !���( 6�  (  $�"�!#./  &��+,%�/ . ;11�+�  +)��+% 
2�+)6!�����  (  ��- , !��  '(�  &�'%+�)� , �"&�2 6�%/��  $&% &��$�'�  
%#%,%���&� #�  -�0 �  (  ��!�#%�  #�+���&�0�  (&�-�#%  &�2�*�%�3 , 
$��+�)3+  %/ '%11 2%% $&�$����( 6�  �+& 4�6�%�  -�)�+ ).  
-�#�-�&�  % &���(�&%��)� . �  9���  -�-�#�  �  '������!#�  (.��+�*  
(�&���#���36  -�0 �  $&���+��3  $�"�!#.�  &��+,%%. 	'#�  %2 
(�2-�4#./  $&%(�'�#�  #%4�:   

2� 6� 5�		
••   �  � 6� 5�		 -� 6� 5 +�	 2 
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	�#�5�#%�  +�)%!���(�  &�'%+�)�( ,  !���( 6�%/  (�  (��&�*  
9)�-�#��&#�*  ���'%%  %#%,%%&�(�#%� + �"��-  +�)%!���(  
&�'%+�)�( , �"&�2 6�%/��  $&% &��$�'�  %#%,%���&�, 
/�&�+��&%2 ����  (�)%!%#�*  911�+�%(#���%  %#%,%%&�(�#%� f . 
�#�!�#%�  f !���  (��0�  #�/�'����  (  $&�'�)�/  0.6 < f < 0.8, ��  ���3  
2�-��#�  -�#35�  �'%#%,. . ��)%!%#�  911�+�%(#���%  %#%,%-
%&�(�#%� 2�(%�%� ��  -#�0%/  1�+��&�(  - (�2+���%  &��+,%�##�*  
�&�'. , $&%&�'.  %#%,%���&�, -�#�-�&� , &���(�&%��)� . �  
 (�)%!�#%�-  (�2+���%  (./�'  &�'%+�)�(  %2 +)��+% 2��& '#����� , % 
911�+�%(#���3  %#%,%%&�(�#%� $�'��� . �#%4�#%�  f #�")6'�����  
��+4�  �   (�)%!�#%�-  ���$�#%  +�#(�&�%%, ��  ���3  '�)%  -�#�-�&� , 
$&�(&��%(5�0���  (  $�)%-�& .   

 ��#���#��  &��$�'�  %#%,%���&� . 
��    �".!#�  %-���  2#�!�#%�  
$�&�'+�  10-5 – 10-4 � -1

.  ��0'�  +�+ 2#�!�#%�  +�#���#�.  
%#%,%%&�(�#%� . ��    �����()�6�  �".!#�  10-103

 ) /(-�)3 •� ). �  �(�2% �  
9�%-, �+�&���3  $�&(�*  9)�-�#��&#�*  ���'%%  %#%,%%&�(�#%� 
#�-#�0�  -�#35� , !�-  �+�&���3  (��&�*  ���'%% . �+�&���3  )6"�0�  
$&�,����  (#�  ��)3+�  /%-%!��+�0� ) �$&�'�)�����  �+�&���36  ��-�*  
-�')�##�*  �0�  ���'%% . ��9��-  �+�&���3  %#%,%%&�(�#%� 
�$&�'�)�����  ()%-%�%& ���� ) �+�&���36  &��$�'�  %#%,%���&� – 
��-�*  -�')�##�*  ���'%�* . �+�&���3  %#%,%%&�(�#%� (V�� ) 
�$&�'�)�����  (.&�4�#%�- : 

V��  = 2f . 
��  [I]      (3.1.3) 

0'�  [I] – +�#,�#�&�,%�  %#%,%���&�.  
-��	   ���   
����  ,�$% (  &�'%+�)3#�*  $�)%-�&%2�,%% �� ����()�����  $ ��-  

$��)�'�(���)3#�0�  $&%���'%#�#%� -�#�-�&�(  + �+�%(#�-  ,�#�& .      

 
0'�  7  – 2�-���%��)3 , .   – +�#���#��  �+�&���%  &����  ,�$%, R – 

&�'%+�) , �"&�2 6�%*��  $&% &��$�'�  %#%,%���&� 
�)%  (  �/�-��%!#�-  (%'� :   

    .    

� 1
• + M  �  M•

1+1 



���	���
 

����  ,�$% �� ����()�����  �!�#3  ".��&� . �&�-�  4%2#% 
&�'%+�)�  �����()���  �".!#�  '�)%  ��+ #'. . ��  9��  (&�-�  
�%#��2%& ����  -�+&�-�)�+ )�  �  �$&�'�)�##�*  -�)�+ )�&#�*  
-����* . �2�%-�'�*��(%�  -�+&�&�'%+�)�  (&�'%+�)�  &����  ,�$% � •) + 
-�#�-�&  !���  �� ����()�����  $�  $&%#,%$  «0�)�(� » + «/(��� ». 
��  ���3  -�+&�&�'%+�)  («0�)�(� ») (2�%-�'�*��( ��  �  -��%)�#�(�*  
0& $$�*  '(�*#�*  �(�2% -�#�-�&�  («/(��� »). �#�!�#%�  +�#���#�.  
&����  ,�$% �".!#�  �����()�6�  (�)%!%#.  $�&�'+�  102 - 104 ) /-�)3 •� . 
��)%!%#�  .    2�(%�%�, $&�4'�  (��0� , ��  $&%&�'.  -�#�-�&�  % 
��-$�&�� &.  &��+,%%. �  2�(%�%-���%  ��  /%-%!��+�*  ��& +� &.  
-�#�-�&.  &�2)%!�6���  $�  �(��*  &��+,%�##�*  �$���"#���%  (�- . 
&�2'�)  &��+,%�##��  �$���"#���3  -�#�-�&�( ). ��(.5�#%�  
��-$�&�� &.  (��0'�  $&%(�'%� +  (�)%!�#%6  +�#���#�.  �+�&���%  
&����  ,�$% (  &�'%+�)3#�*  $�)%-�&%2�,%%. ��  (�)%!%#  +�#���#�.  
&����  -�4��  �+�2.(��3  ()%�#%� &��+,%�##��  �&�'� . ;��  $&�%�/�'%�  
(  ��-  �) !�� , +�0'�  -�#�-�&  (%/%)% -�+&�&�'%+�) ) �"&�2 ��   �  
-�)�+ )�-% , %-�6�%-%��  (  &��+,%�##�*  �&�'�  @ – +�-$)�+�. , 
'�#�&#� -�+,�$��&#.�  +�-$)�+�.  %)% (�'�&�'#.�  �(�2%. �  ��+�-  
�) !��  $�)%-�&%2�,%�  $&���+���  $�  +�-$)�+�#�&�'%+�)3#�-  
-�/�#%2- , % (�)%!%#.  .    -�0 �  %2-�#��3�� . ���+,%�  &����  ,�$% (  
&�'%+�)3#�*  $�)%-�&%2�,%% -�4��  2�(�&5��3��  2� �!��  &��+,%*  
�"&.(�  ,�$% %)% $�&�'�!%  ,�$%.  

 
����   ���  
���+,%�  �"&.(�  $&%(�'%� + 0%"�)% +�+ -���&%�)3#�* , ��+  % 

+%#��%!��+�*  ,�$%. �  +)���%!��+�*  &�'%+�)3#�*  $�)%-�&%2�,%% 
�"&.(  ,�$% �()�����  "%-�)�+ )�&#�*  &��+,%�* , $&���+�6��*  2� 
�!��  (2�%-�'�*��(%�  '( /  -�+&�&�'%+�)�( . 	"&.(  -�4��  
�� ����()��3��  2� �!��  &�+�-"%#�,%% %)% '%�$&�$�&,%�#%&�(�#%�  
-�+&�&�'%+�)�( , +�4'��  %2 +���&./  /�&�+��&%2 ����  ��"��(�##�*  
+�#���#��*  �"&.(�  (. � ’  % . � ” ).  

��+�-"%#�,%� : �&% &�+�-"%#�,%% �"&�2 ����  +�(�)�#�#��  
�(�23  -�4'  -�+&�&�'%+�)�-%  2� �!��  (2�%-�'�*��(%�  -�4'  ��"�*  
#��$�&�##./  9)�+�&�#�( . 

 



���
���
 

%�$&�$�&,%�#%&�(�#%� : �&% '%�$&�$�&,%�#%&�(�#%% ���-  
(�'�&�'�  $&�'+�#,�(�0�   0)�&�'�  �'#�0�  -�+&�&�'%+�)�  $�&�/�'%�  
+ +�#,�(�-  ���-   0)�&�'�  '& 0�0�  -�+&�&�'%+�)� .  

 

��&���#���3  �"&.(�  $�  ��-  %)% %#�-  -�/�#%2-  2�(%�%� ��  
�+�%(#���%  -�+&�&�'%+�)�(  % ��  ���&%!��+%/  ($&���&�#��(�##./ ) 
1�+��&�( . ��+  ')�   -�)��+�%(#./  &�'%+�)�(  % $&% #�)%!%% 
#�"�)35%/  2�-���%��)�*  7  (  -�#�-�&�  "�)��  /�&�+��&#�  &��+,%�  
&�+�-"%#�,%%. ���+,%�  '%�$&�$�&,%�#%&�(�#%�  !���  (��&�!�����  
$&% $�)%-�&%2�,%% 1,1 '%2�-���##./  9�%)�#� .  

 
7�&�+��&  �"&.(�  ,�$% �+�2.(���  � ����(�##��  ()%�#%� #�  

-�)�+ )�&# 6  -���  $�)%-�&� . �%'#� , !��  $&% 
'%�$&�$�&,%�#%&�(�#%% %2 '( /  -�+&�&�'%+�)�(  �"&�2 6���  '(�  
-�+&�-�)�+ ). , �'#�  %2 +���&./  %-���  +�#,�( 6  '(�*# 6  �(�23 , �  
$&% &�+�-"%#�,%% %2 '( /  -�+&�&�'%+�)�(  �"&�2 ����  �'#�  
-�+&�-�)�+ )� . ��9��-  -�)�+ )�&#��  -����  $�)%-�&�  $&% 
'%�$&�$�&,%�#%&�(�#%% (  2 &�2� -�#35� , !�-  $&% &�+�-"%#�,%%.  

��#���#�.  �+�&���%  �"&.(�  . �  (  &�'%+�)3#�*  $�)%-�&%2�,%% 
%-�6�  2#�!�#%�  $�&�'+�  106 - 108 ) /-�)3 •� . ��  . �  � ����(�##��  
()%�#%� �+�2.(���  (�2+���3  &��+,%�##�*  �-��% . �(�)%!�#%�  
(�2+���%  $&%(�'%� + �#%4�#%6 +�#���#�.  �+�&���%  �"&.(� . ;��  
$&�%�/�'%�  $�  �)�' 6��*  $&%!%#�. �%-�)�+ )�&#.*  �"&.(  
�����%�  %2 �&�/  $��)�'�(���)3#./  ���'%* : 

1) ���� $���)3#��  '%11 2%� '( /  -�+&�&�'%+�)�(  '& 0  + 
'& 0 ; 

2) ��0-�#��)3#��  '%11 2%� - (2�%-#��  �")%4�#%�  �+�%(#./  
+�#,�(  (�)�'��(%�  '%11 2%% ��'�)3#./  ��0-�#��(  -�+&�&�'%+�)� ; 



�������
 

3) ��$��&�'��(�##�  /%-%!��+��  (2�%-�'�*��(%�  '( /  
&�'%+�)�(  �  �"&�2�(�#%�-  �'#�*  %)% '( /  -�+&�-�)�+ )  
(&�+�-"%#�,%�  %)% '%�$&�$�&,%�#%&�(�#%� ). 

�&��3�  ���'%�  �"&.(�  – /%-%!��+��  &��+,%�  $&���+���  
#���$����(%-�  ".��&�� , !�-  $�&(.�  '(�  ���'%% , �(�2�##.�  �  
'%11 2%�*  -�+&�&�'%+�)�( . �  �(�2% �  9�%-, &��+,%�  
"%-�)�+ )�&#�0�  �"&.(�  (  &�'%+�)3#�*  $�)%-�&%2�,%% �()�����  
'%11 2%�##� -+�#�&�)%& �-.-  $&�,����- . ��0)��#�  2�+�#  
;*#5��*#� , +�911%,%�#�  '%11 2%% �"&��#�  $&�$�&,%�#�)�#  
(�2+���%  �&�'. . ;��  �"8��#���  ()%�#%� (�2+���%  #�  �+�&���3  
�"&.(�  ,�$%. )�  "�)35%#��(�  %2 !�##./  -�#�-�&�(  ��-�*  
-�')�##�*  �()�����  (��&��  ���'%�  – ��0-�#��)3#��  '%11 2%�. 
��9��- , %-�##�  �#�  )%-%�%& �� (�$&�'�)��� ) �+�&���3  
"%-�)�+ )�&#�0�  �"&.(� .   
��)3  – 911�+�  

%11 2%�##.*  +�#�&�)3  &��+,%% "%-�)�+ )�&#�0�  �"&.(�  
,�$% (  &�'%+�)3#�*  $�)%-�&%2�,%% �" �)�()%(���  #�)%!%� 0�)3 -
911�+��  $&% &�'%+�)3#�*  $�)%-�&%2�,%%. 	�#�(.(���3  #�  �"�%/  
2�+�#�-�&#����/  /%-%!��+�*  +%#��%+%, -�4#�  ".)�  �4%'��3 , !��  
 -�#35�#%�  +�#,�#�&�,%%  -�#�-�&�  % %#%,%���&� (�)�'��(%�  �0�  
&��/�'�  (  $&�,����  �%#��2�  " '��  $&%(�'%�3 + �#%4�#%6 �+�&���%  
$�)%-�&%2�,%%. 	'#�+�  9+�$�&%-�#��)3#.�  '�##.�  �(%'� -
��)3��( 6� , !��  $�)%-�&%2�,%�  "�)35%#��(�  -�#�-�&�(  
��$&�(�4'�����   �+�&�#%�-  &��+,%% �   (�)%!�#%�-  (./�'�  
$�)%-�&� . ��+��   �+�&�#%�  $�) !%)�  #�2(�#%�  0�)3-911�+�� . �0�  
#�)%!%� �" �)�()�#�  '%11 2%�##.-  +�#�&�)�-  &��+,%% 
"%-�)�+ )�&#�0�  �"&.(�  ,�$%. ��  -�&�   (�)%!�#%�  +�#(�&�%% 
((./�'� ) (  &��+,%�##�*  �-��%  $&�%�/�'%�   (�)%!�#%�  
+�#,�#�&�,%%  $�)%-�&� , !��  �" �)�()%(���  &���  (�2+���%  
&��+,%�##�*  �&�'. . ���+�)3+  +�#���#��  �+�&���%  ')�  
'%11 2%�##�  +�#�&�)%& �-./  &��+,%*  �"&��#�  $&�$�&,%�#�)3#�  
(�2+���%  (�- .  &�(#�#%�  ;*#5��*#� ), ��   (�)%!�#%�  +�#(�&�%% 
$&%(�'%� + �#%4�#%6 +�#���#�.  �+�&���%  �"&.(�  ,�$%. ;��  -�4#�  
$���#%�3  �)�' 6��*  '%�0&�--�* : 



�������
 

 

�)�' ��  ��-��%�3 , !��  $&% &�'%+�)3#�*  $�)%-�&%2�,%% �  
 (�)%!�#%�-  +�#(�&�%%  �#%4�����  ��+4�  % +�#���#��  �+�&���%  
&���� , #�  9��  �#%4�#%� #�  ��+��  2#�!%��)3#��  +�+ ')�  +�#���#�.  
�+�&���%  �"&.(� . ;��   �(�&4'�#%�  -�4#�  $&�%))6��&%&�(��3  
�)�' 6�%-  $&%-�&�-  �%� . 3.1.1: 
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�%� .3.1.1 �)%�#%�  ���$�#%  $&�(&���#%�  #�  �+�&���3  
$�)%-�&%2�,%% -��%)-���+&%)���  (1) % (&�-�  4%2#% &�'%+�)�  (2) 
$&% 22.5 0�  ((2���  %2 +#%0% 	 '%�#  4 . 	�#�(.  /%-%% $�)%-�&�( . 
� .: �%&. 1974. 614 � .) 



�������
 

 
�&%-�&#�  '�  40% +�#(�&�%% �&  -�#�����  '������!#�  �)�"� . 

�&% 9��-  ��  �#%4�����  (  50 &�2. ��+��  %2-�#�#%� ����#�5�#%�  
+�#���#�  $&%(�'%� + &���  �+�&���%  % ���$�#%  $�)%-�&%2�,%%. �&% 
+�#(�&�%% (.5�  50% �+�&���3  $�)%-�&%2�,%% #�!%#���  �#%4��3�� , 
#��-��&�  #�  �� , !��  +�#���#��  �"&.(�  $&�'�)4���  #� +)�##�  
 -�#35��3�� . ;��  (.2(�#�  %2-�#�#%�-  +�#���#�.  �+�&���%  &���� . 
�)�  (  ��- , !��  $&% (.��+%/  ���$�#�/  +�#(�&�%% '%11 2%�##�  
+�#�&�)%& �-.-%  ���#�(����  ��+4�  &��+,%% �   !���%�-  
#%2+�-�)�+ )�&#./  �0�#��( , (  !���#���% , &���  ,�$% % 9��  $&%(�'%� 
+ �#%4�#%6 +�#���#�  �+�&���%  &���� . �&% 0) "�+%/  ���$�#�/  
$&�(&���#%�  (&�-�  4%2#% &�'%+�)�(  (�)�'��(%�  %/ #%2+�* 
$�'(%4#���%   (�)%!%(�����  % -�4��  �����()��3  '����+% , % '�4�  
���#%  ��+ #' . ���$�#3  $&�(&���#%� , $&% +���&�*  #�")6'�����  
#�!�)�  0�)3 -911�+�� , 2�(%�%� ��  -�)�+ )�&#�*  -���.  $�)%-�&� . 
�&% �'#�*  % ��*  4�  +�#,�#�&�,%%  $�)%-�&�  (  &���(�&�  (�2+���3  
" '��  (.5�    &���(�&� , ��'�&4���0�  $�)%-�&  �  "�)��  (.��+�*  
-�)�+ )�&#�*  -����* .  ��#,�#�&�,%�  $�)%-�&� , $&% +���&�*  
#��� $���  0�)3 -911�+�  (4), �(�2�#�  ��  ���$�#36  $�)%-�&%2�,%% (- ) 
����#�5�#%�- :  

.  = -  45 

0'�  .  % 5 – +�#���#�. , 2�(%���%�  ��  $&%&�'.  $�)%-�&� , 
&���(�&%��)�  % ��-$�&�� &. . 

��)3  911�+�  �()�����  $&%!%#�* ��0� , !��  $�)%-�&. , 
�%#��2%& �-.�  $�  &�'%+�)3#�-  -�/�#%2- , �")�'�6�  5%&�+%- 
-�)�+ )�&#� --����(.-  &��$&�'�)�#%�-  (��� ). ��$�����#��(�  
+%#��%!��+%/ +�#���#�  (  ��!�#%�  (��0�  $&�,����  �%#��2�  $&%(�'%� 
+ ��- , !��  �%#��2%& �-.�  -�+&�-�)�+ ).   %-�6�  &�2)%!# 6  
-�)�+ )�&# 6  -��� . )�  ��0� , !��".  $�) !%�3  $�)%-�&.  �  "�)��  
 2+%- ��� , #��"/�'%-�  $&�(�'%�3  �%#��2 (   �)�(%�/ , +�0'�  
�0&�#%!�#%� ')%#.  -�+&�&�'%+�)�  (-���&%�)3#�*  ,�$%) 
$&�%�/�'%�  2� �!��  +%#��%!��+% +�#�&�)%& �-./  &��+,%* , 
#�$&%-�&, 2� �!��  &��+,%%  $�&�'�!%  ,�$%.  
 

*���
�
   ��� .  
���+,%�  $�&�'�!%  ,�$% 2�+)6!�����  (�  (2�%-�'�*��(%%  

�+�%(#�0�  &�'%+�)�  �  $�'(%4#.-  ���-�-  (%)% 0& $$�*  ���-�( ) ��  



�������
 

-�)�+ ).  �  �"&�2�(�#%�-  #��+�%(#�*  -�)�+ ).  % #�(�0�  &�'%+�)� . 
��$&%-�& : 

 
0'�  � s  - +�#���#��  �+�&���%  $�&�'�!%  ,�$%. 
��)%  (  &�2 )3����  $�'�"#�*  &��+,%% �"&�2 6�%*��  &�'%+�)  � • 

�")�'���  '������!#�  (.��+�*  �+�%(#���36 , ��  �#  �$���"�#  
$&�'�)4��3  ,�$# 6  &��+,%6 , (2�%-�'�*��( �  �  '(�*#�*  �(�236  
-�#�-�&� : 

     . ��  

� • + M   �  �� • 
���+,%�  $�&�'�!%  ,�$% (  9��-  �) !��  $&%(�'%� +  -�#35�#%6  

-�)�+ )�&#�*  -���. . ��)%  (�)%!%#�  . ��  ��$����(%-�  �  (�)%!%#�*  
+�#���#�.  �+�&���%  &����  ,�$%, ��  �+�&���3  $�)%-�&%2�,%% $&% 
$�&�'�!�  ,�$% #�  %2-�#����� . & 0%-% �)�(�-% , $&�%�/�'%�  0%"�)3 
-���&%�)3#�*  ,�$% (�"&�2 ����  -�+&�-�)�+ )� ), #�  +%#��%!��+��  
,�$3  $&�'�)4���  4%�3.  

�  &�'%+�)3#�*  $�)%-�&%2�,%% �".!#�   &���-��&%(�6�  4 (%'�  
$�&�'�!%  ,�$% – #�  %#%,%���&, -�#�-�& , &���(�&%��)3  (%)% 
�$�,%�)3#�  ((�'%-.*  �0�#� ) % $�)%-�& . �&% $�)%-�&%2�,%% #�  
#�!�)3#./  ���$�#�/  $&�(&���#%� , $&% -�)�*  +�#(�&�%% -�#�-�&�  
(  $�)%-�& , &��+,%6  $�&�'�!%  ,�$% #�  $�)%-�&  �".!#�  #�  
 !%�.(�6�  % ���$�#3  $�)%-�&%2�,%% (- ) (.&�4�����  �)�' 6�%-  
 &�(#�#%�- : 

1/- n = . �  V�  /. 
2 [M] 2 + $ �  +$ s [S]/[M] + Ci [I]/[M] (3.1.4)

  
0'�  - n – �&�'#�!%�)�(��  ���$�#3  $�)%-�&%2�,%%; V�  – �+�&���3  

$�)%-�&%2�,%%; [M], [S] % [I] – +�#,�#�&�,%%  -�#�-�&� , 
&���(�&%��)�  % %#%,%���&� ����(����(�##� ; $ � , $ s, Ci – +�#���#�.  
$�&�'�!%  ,�$% #�  -�#�-�& , &���(�&%��)3  % $�)%-�& . �)�' ��  
&�2'�)��3  $�#��%�  +�#���#��  $�&�'�!%  ,�$% % +�#���#��  �+�&���%  
$�&�'�!%  ,�$%. ��#���#�.  $�&�'�!%  ,�$%, $&%(�'�##.�  (  9��-  



�������
 

 &�(#�#%%, �()�6���  "�2&�2-�&#.-%  (�)%!%#�-% – 
��#��%��)3#.-%  +�#���#��-% . 	#% &�(#.  ����(����(�##� : 

$ �  = . � /.  ,  $ s = . s/.  , Ci= . i/.   
0'�  . � , . s % . i �()�6���  +�#���#��-%  �+�&���%  $�&�'�!%  ,�$% % 

(.&�4�6���  (  ) /-�)3 •� . ����-��&%-  $&%-�&.  &��+,%*  $�&�'�!%  
,�$%. 

 
��&�'�!�  ,�$% #�  %#%,%���& 
��)%!%#�  +�#���#�.  $�&�'�!%  ,�$% #�  %#%,%���& 2�(%�%� ��  

�0�  $&%&�'. . �#�!%��)3#.-%  (�)%!%#�-% +�#���#�  $�&�'�!%  ,�$% 
/�&�+��&%2 6���  $�&�+%�%, !��  �" �)�()�#�  #�)%!%�-  '������!#�  
�)�"�*  	 -	  �(�2%. �%4�  (  +�!���(�  $&%-�&� $&%(�'�#�  $�&�'�!�  
,�$% #�  $�&�+%�3 "�#2�%)� : 

� i 
� •  + � 6� 5�		 -	�	� 6� 5 �  �  -	 -� 6� 5 + � 6� 5�		

• 
 ;��  &��+,%� , $�  � ����( , �()�����  %#' ,%&�(�##.-  &��$�'�-  

%#%,%���&�.  
������!#�  (.��+��  +�#���#��  $�&�'�!%  ,�$% #�  %#%,%���& 

#�")6'�����    0%'&�$�&�+%��*  – 0%'&�$�&�+%�3 �&�� -" �%)� , 
0%'&�$�&�+%�3 + -�)� . ��&�'�!�  ,�$% �� ����()�����  2� �!��  
��&.(�  ���-�  (�'�&�'� : 

. i 
� •  + R		 -�  �  � -�  + RO	 • 

�)%�#%�  $�&�'�!%  ,�$% #�  %#%,%���& #�  -�)�+ )�&# 6  -���  
$�)%-�&�  !���  (��0�  #�(�)%+�  (�)�'��(%�  #%2+%/ +�#,�#�&�,%*  
%#%,%���&� (10-4 - 10-3 -�)3 /) ), $&%-�#��-./  (  &�'%+�)3#�*  
$�)%-�&%2�,%%.  

 
��&�'�!�  ,�$% #�  -�#�-�&  
��&�'�!�  ,�$% #�  -�#�-�&  !���  (��0�  2�+)6!�����  (  ��&.(�  

$�'(%4#�0�  ���-�  (�'�&�'�  %)% 0�)�0�#�  ��  -�)�+ ).  -�#�-�&�  
$&% &��+,%% �  �+�%(#.-  &�'%+�)�- , #�$&%-�&: 

 
0'�  7  – 2�-���%��)3 , � -  – +�#���#��  �+�&���%  $�&�'�!%  ,�$% 
 



�������
 

��#���#�.  $�&�'�!%  ,�$% ')�  "�)35%#��(�  (%#%)�(./  
-�#�-�&�(  #�(�)%+% % �����()�6�  (�)%!%#.  $�&�'+�  10-5 – 10-4 . ��  
(�)%!%#.  $ �  � ����(�##��  ()%�#%� �+�2.(���  $&%&�'� -�#�-�&� . 
��%"�)��  (.��+%-%  2#�!�#%�-%  $ �  /�&�+��&%2 ����  
$�)%-�&%2�,%�  (%#%)�,�����  % (%#%)/)�&%'� . ;��  �(�2�#�  �  ��- , 
!��  9�% -�#�-�&.  %-�6�  �+�%(#.*  &�'%+�)  &����  ,�$%. ��#���#�.  
$�&�'�!%  ,�$% #�  -�#�-�&  �$&�'�)�6�  -�+�%-�)3#�  (�2-�4# 6  
���$�#3  $�)%-�&%2�,%% lim Pn �  1/C� . ;��  �)�' ��  %2 �#�)%2�  
 &�(#�#%�  (3.1.4). �  ,�)�- , #�"�)35%�  (�)%!%#.  +�#���#�  
$�&�'�!%  ,�$% #�  (%#%)�(.�  -�#�-�&.  #�  $&�$����( 6�  
$�) !�#%6  (.��+�-�)�+ )�&#./  ���'%#�#%* .  

��(�&5�##�  %#�� �%� �,%�  #�")6'�����  $&% $�)%-�&%2�,%% 
���'%#�#%*  �))%)�(�0�  &�'� , (  ��& +� &�  +���&./  %-�����  
-��%)�#�(��  0& $$� (  5 - $�)�4�#%%  $�  ��#�5�#%6  + '(�*#�*  
�(�2%  

�� 2=�� -�� 2-R1 

0'�  R1 – 2�-���%��)3  $&% �))%)3#�*  0& $$� 
�  &�'%+�)3#�  - ,�$#�-  $&�,����  �   !���%�-  �))%)3#./  

���'%#�#%*  %-���  -����  '�0&�'�,%�##��  $�&�'�!�  ,�$% (�� ) 2� 
�!��  ��&.(�  )�"%)3#�0�  ���-�  (�'�&�'�  ��   0)�&�'� , #�/�'���0���  
(  5 - $�)�4�#%%  $�  ��#�5�#%6  + '(�*#�*  �(�2% �  �"&�2�(�#%�-  
�))%)3#�0�  &�'%+�)� : 

 
	"&�2 6�%*��  �))%)3#.*  &�'%+�)  ���"%)%2%&�(�# 

��$&�4�#%�- , (�)�'��(%�  !�0�  -�)��+�%(�#  % !����  #�  �$���"�#  
$&�'�)4��3  &���  ,�$% 2� �!��  (2�%-�'�*��(%�  �  '(�*#�*  �(�236  
$�)%-�&%2 6��0���  -�#�-�&� . ��)�'��(%�  9��0� , �+�  $�&�'�!%  
,�$%, #�2.(��-.*  '�0&�'�,%�##�*  $�&�'�!�*  ,�$%, $�  � ����(  
�()���  ��"�*  �"&.(  ,�$%. �&%!%#� ���"%)%2�,%% �))%)3#�0�  
&�'%+�)�  2�+)6!�����  (  '�)�+�)%2�,%%  #��$�&�##�0�  9)�+�&�#�  $�  
/  - �&"%��)%. �&%!�- , (  ��)%!%�  ��  &���-��&�##./  (.5�  $&%-�&�( , 
��  $&%(�'%� + 0%"�)% +�+ -���&%�)3#�* , ��+  % +%#��%!��+�*  
,�$%. ��&�'�!�  ,�$% #�  �))%)3#.�  ���'%#�#%�  '������!#�  (.��+�  
%-�##�  (�)�'��(%�  (.��+�*  )�"%)3#���%  5 – �� 2 – �(�2% % 
���"%)%2�,%% &�'%+�)� . ��  +�#���#�  $�&�'�!%  ,�$% #�  �))%)3#.�  
���'%#�#%�  -�4��  �+�2.(��3  ()%�#%� $&%&�'� 2�-���%��)�  R1. ��+ , 



�������
 

$&% $�&�'�!�  ,�$% #�  �))%)"�#2�)  (  ��$&�4�#%%  !���( 6�  #�  
��)3+�  ���-.    0)�&�'�  �))%)3#�*  0& $$. , #�  % "�#2�)3#�0�  
+�)3,� . ��)�'��(%�  9��0� , &�'%+�)  �))%)"�#2�)�  ���  "�)��  
���"%)%2%&�(�# ��$&�4�#%�- , % +�#���#��  $�&�'�!%  ,�$% #�  #�0�  
(.5� , !�-  #�  '& 0%� �))%)3#.�  ���'%#�#%� .  ��)��  $�'&�"#�  9���  
911�+�  " '��  &���-��&�#  (  0)�(�  4.1. ��)%!%�  ��  #�  $�2(�)���  
$�) !��3  #�  ��#�(�  �))%)3#./  ���'%#�#%*  (.��+�-�)�+ )�&#.�  
���'%#�#%�  (  &�-+�/  +)���%!��+�*  &�'%+�)3#�*  $�)%-�&%2�,%%. 
)�  $�) !�#%�  $�)%-�&�(  #�  ��#�(�  �))%)3#./  -�#�-�&�(  
$&%-�#�6�  $�'/�'.  +�-$)�+�#�&�'%+�)3#�*  $�)%-�&%2�,%% (  
$&%� ���(%% $&���##./  %)% )36%��(./  +%�)�� . 

��&�'�!�  ,�$% #�  &���(�&%��)3  %)% #�  �$�,%�)3#�  ((�'%-.*  
�0�#� . 

��&�'�!�  ,�$% #�  &���(�&%��)3  � ����(�##�  2�(%�%� ��  �0�  
/%-%!��+�0�  ��&��#%� . �&% $�)%-�&%2�,%% &�2)%!#./  -�#�-�&�(  
#�%"�)��  %#�&�#.-  &���(�&%��)�-  �()�����  "�#2�)  $ s ~ 10-5. ����-  
%' �   0)�(�'�&�'. , �$%&�.  #�&-�)3#�0�  ��&��#%�  $ s ~ 10-4. ��)��  
�+�%(#.  (  &��+,%% $�&�'�!%  ,�$% &���(�&%��)%  �  (��&%!#.-  % 
���"�##�  �&��%!#.-  ���-�-   0)�&�'� . �%4�  $&%(�'�#  $&%-�& 
&��+,%% $�&�'�!%  ,�$% #�  %2�$&�$%)�(.*  �$%&�.  

 
	"&�2 6�%*��  (  &�2 )3����  '�##�*  &��+,%% &�'%+�)  �+�%(#.*  

% �$���"�#  $&�'�)4��3  ,�$# 6  &��+,%6 , (2�%-�'�*��( �  �  
'(�*#�*  �(�236  -�#�-�&� .  

��%"�)��  (.��+ 6  �+�%(#���3  (  &��+,%�/  $�&�'�!%  ,�$% 
%-�6�  0�)�0�#��'�&4��%�  ���'%#�#%�  (�� l4, CBr4) % ���"�##�  
-�&+�$��#. . )�  $��)�'#%/  (�)%!%#�  $ s>> 1. �)�' ��   !%�.(��3 , 
!��  (�)%!%#�  +�#���#�.  $�&�'�!%  ,�$% �$&�'�)�����  #�  ��)3+�  
/%-%!��+%-  ��&��#%�-  �0�#��  $�&�'�!%  ,�$%, #�  % $&%&�'�*  
$�)%-�&%2 6��0���  -�#�-�&� . 	$&�'�)�6�%-  1�+��&�-  (  9��-  
�) !��  �()�����  �+�%(#���3  &�'%+�)� . )�  �'#�0�  % ��0�  4�  �0�#��  
$�&�'�!%  ,�$%, (�)%!%#.  +�#���#�  $�&�'�!%  ,�$% -�0 �  
&�2)%!��3��  �!�#3  � ����(�##� . <�-  �+�%(#��  -�+&�&�'%+�) , ��-  
"�)��  (.��+��  (�)%!%#�  +�#���#�.  $�&�'�!%  ,�$% #�  �'%#  % ���  4�  
�0�#� . ;��  %))6��&%& ����  �)�' 6�%-%  $&%-�&�-% (��") .3.1.2) 
��+&�&�'%+�)  $&% $�)%-�&%2�,%% ��%&�)�  �")�'���  #%2+�* 



�������
 

&��+,%�##�*  �$���"#���36  (�)�'��(%�  #�)%!%� (  -�)�+ )�  / - /  
��$&�4�#%� . �  -�)�+ )�  (%#%)�,����� , #�$&��%( , ��$&�4�#%�  
��� ���( ��  % �0�  -�+&�&�'%+�)  �")�'���  (.��+�*  �+�%(#���36 . 
�)�'��(%�-  9��0�  �()�����  ��+��  "�)35��  &�2#%,� (  (�)%!%#�/  
+�#���#�  $�&�'�!%  ,�$%.  

��")%,�  3.1.2 
�#�!�#%�  ��#��%��)3#./  +�#���#�  $�&�'�!%  ,�$% $ s ×104 #�  

&�'  ���'%#�#%*  $&% $�)%-�&%2�,%% ��%&�)�  % (%#%)�,�����  ((2���  
%2 +#%0% ��-!%+�(  ? . . �.��+�-�)�+ )�&#.�  ���'%#�#%� . � .: 
�+�'�-%� . 2003) 
 

��&�'��!%+  ,�$% 
��#�-�&  

��%&�)  �%#%)�,����  
��#2�)  0.023 2.4 
�%+)�0�+��#  0.063 7 
�  - " �%)�(.*  �$%&� 0.8 20 
�&%9�%)�-%# 7.1 370 
���&�/)�&%'  
 0)�&�'�  

98 7300 

�  - " �%)-�&+�$��#  21000 480000 
 

)�  ��0� , !��".  9+�$�&%-�#��)3#�  �$&�'�)%�3  (�)%!%#  
+�#���#�.  $�&�'�!%  ,�$% %�$�)32 6�   &�(#�#%�  ��*� : 

1/- n = 1/- n0 + $ s [S]/[M] 
;��   &�(#�#%�  $�) !�#�  %2 ��#�(#�0�   &�(#�#%�  (3.1.4) $&% 

%�$�)32�(�#%% %#%,%���&� -�)�  �+�%(#�0�  (  &��+,%% $�&�'�!%  
,�$% % (  #�"�)35%/  +�)%!���(�/ .  

���+,%%  $�&�'�!%  ,�$% %-�6�  5%&�+��  $&�+�%!��+��  
$&%-�#�#%� ')�  &�0 )%&�(�#%�  -�)�+ )�&#�*  -���.  $�)%-�&�( . 
��0'�  �0�#�.  $�&�'�!%  ,�$% $&%-�#�6�  ')�  9�%/ ,�)�* , ��  %/ 
#�2.(�6�  &�0 )���&�-% . 	��"�##�  "�)35 6  $&�+�%!��+ 6  
,�##���3  %-�6�  &�0 )���&. , +���&.�  %-�6�  (.��+%�  (�)%!%#.  
+�#���#�.  $�&�'�!%  ,�$%, !��  $�2(�)���  911�+�%(#�  &�0 )%&�(��3  
-�)�+ )�&# 6  -���  $�)%-�&�(  $ ��-  ((�'�#%�  (  &��+,%�## 6  
�-��3  #�"�)35�0�  +�)%!���(�  &�0 )���&� . �)�' �� , �'#�+� ,  
 !%�.(��3 , !��  $&% (�)%!%#�/  $ s >> 1 &��/�'  &�0 )���&�  (  
&�'%+�)3#�*  $�)%-�&%2�,%% �� ����()�����  2#�!%��)3#�  ".��&�� , 
!�-  &��/�'  -�#�-�&� . ��9��- , $&% �$&�'�)�##�*  ���$�#%  



���	���
 

+�#(�&�%% (��3  &�0 )���&  %2&��/�' ���� , % $�)%-�&%2�,%�  " '��  
�� ����()��3��  (  #�&�0 )%& �-�-  &�4%-� , !��  $&%(�'��  + 
&��5%&�#%6 ��� . 	$�%-�)3#.-  (�&%�#��-  �()�����  �) !�* , 
+�0'�  $ s ~ 1. ��0'�  -�#�-�&  % &�0 )���&  &��/�' 6���  (  $&�,����  
�%#��2�  �'#�(&�-�##� .  

���+,%%  $�&�'�!%  ,�$% %�$�)32 6�  ')�  ,�)�*  �%#��2�  
�)%0�-�&�(  % ')�  �#%4�#%� 0�)3  911�+��  (  &�'%+�)3#�*  
$�)%-�&%2�,%%.  
 
��&�'�!�  ,�$% #�  $�)%-�&  
���+,%�  $�&�'�!%  ,�$% #�  $�)%-�&  ���#�(%���  2�-��#�*  $&% 
0) "�+%/  ���$�#�/  $&�(&���#%� , ��  ���3 , +�0'�  +�#,�#�&�,%�  
$�)%-�&�  (  &��+,%�##�*  �&�'�  '������!#�  (.��+�� . 	#�  /�&�+��&#�  
')�  $�)%-�&%2�,%% -�#�-�&�( , �"&�2 6�%/  �+�%(#.�  &�'%+�).  
&����  ,�$%. �  ��+%-  -�#�-�&�-  ��#������  9�%)�#, (%#%)�,���� , 
(%#%)/)�&%'. ��%"�)��  �+�%(#�  &��+,%�  $�&�'�!%  ,�$% #�  $�)%-�&  
$&% $�)%-�&%2�,%% 9�%)�#� . 	#�  $&���+���  $�  (# �&%- % 
-�4-�)�+ )�&#�-  -�/�#%2-�- . �  $�&(�-  �) !��  &��� �%*  
&�'%+�)  (�)�'��(%�  0%"+���% ,�$% ���+ ��  ��"��(�## 6  
-�+&�-�)�+ )  

 
 

�&% -�4-�)�+ )�&#�*  $�&�'�!�  ,�$% -�+&�&�'%+�)  ��&.(���  
���-  (�'�&�'�  ��  '& 0�*  -�+&�-�)�+ ). : 

 
���+,%�  $�&�'�!%  ,�$% #�  $�)%-�&  (  �"�%/  &���-��&�##./  

�) !��/  $&%(�'%� + �"&�2�(�#%6  &�2(��()�##./  $�)%-�&�( . 
��'�"#.*  -�/�#%2-  /�&�+��&�#  % ')�  $�)%-�&%2�,%% (%#%)�,�����  
% (%#%)/)�&%'� , �'#�+�  !������  &�2(��()�#%�    #%/ 2#�!%��)3#�  
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-�#35� , !�-    $�)%9�%)�#� . ��2(��()�##��  ��&��#%�  �+�2.(���  
� ����(�##��  ()%�#%� #�  �(�*��(�  $�)%9�%)�#� . ��2(��()�##.*  
$�)%9�%)�#  %-���  "�)��  #%2+ 6 $)��#���3  % ���$�#3  
+&%���))%!#���%  $�  �&�(#�#%6  �  )%#�*#.- .  

 
�#0%"%&�(�#%� 
�#0%"%��&�-%  #�2.(�6���  ���'%#�#%� , &��0%& 6�%�  �  

&�'%+�)�-  �  �"&�2�(�#%�-  ���'%#�#%� , #��$���"#�0�  + 
$&�'�)4�#%6  +%#��%!��+�*  ,�$% %)% -�)��+�%(#�0�  (  9��-  
#�$&�()�#%%. ���  %#0%"%��&. '�)����  #�  �%)3#.�  % �)�".� . ;��  
'�)�#%�  '������!#�   �)�(#� . )�  5%&�+�0�  +& 0� $&�+�%!��+%/  
2�'�!  $&%#%-�6�, !��  %#0%"%��&. �  . � >1000 ) /-�)3 ×�  – �%)3#.� , �  
. � <100 ) /-�)3 ×�  – �)�".� . . �  – +�#���#��  �+�&���%  %#0%"%&�(�#%�. 
�%)3#.�  %#0%"%��&. &��0%& 6�  �  &�'%+�)�-%  &���� , ��'�&4��%-%  
1-2 -�#�-�&#./  2(�#�  %)% �  $�&(%!#.-%  &�'%+�)�-%  
(�"&�2 6�%-%��  $&% &��$�'�  %#%,%���&�). �  �%)3#.-  
%#0%"%��&�- ��#����  ���'%#�#%� , #�2.(��-.�  ���"%)3#.-%  
&�'%+�)�-% . ���"%)3#.�  &�'%+�).  9��  /%-%!��+%�  ���'%#�#%� , 
��'�&4��%�  (  �(��-  �����(�  #��$�&�##.*  9)�+�&�#  % �")�'�6�%�  
"�)35�*  ')%��)3#���36  4%2#%. ���+,%�##��  �$���"#���3  
$�'�"#./  !���%,  �!�#3  #%2+��. 	#% #�  �$���"#.  %#%,%%&�(��3 
$&�,���  $�)%-�&%2�,%%, #�  �$���"#.  �"&.(��3  &��� �%�  ,�$%, 
(2�%-�'�*��( �  �  �+�%(#.-%  &�'%+�)�-% . �%$%!#.-%  
$&�'���(%��)�-%  ���"%)3#./  &�'%+�)�(  �()�6���  #%�&�+�%)3#.�  
&�'%+�). , #�$&%-�& 2,2,6,6-���&�-��%)$%$�&%'%# -1-�+�%)  
(����	 ), ��& +� &�  +���&�0�  $&%(�'�#�  #%4�: 

 
�&% (2�%-�'�*��(%%  ���"%)3#�0�  &�'%+�)�  �  &�'%+�)�-  &����  ,�$% 
�"&�2 ����  #��.��##��  ���'%#�#%� : 

~M• + T• �  ~M-T 
�%)3#.�  %#0%"%��&. $&%-�#�6���  (  9+�$�&%-�#��)3#�*  /%-%% 
(.��+�-�)�+ )�&#./  ���'%#�#%*  ')�  �$&�'�)�#%�  �+�&���%  
%#%,%%&�(�#%�. �&% ((�'�#%%  ���"%)3#�0�  &�'%+�)�  (  
&��+,%�## 6  �-��3  (  ��!�#%�  �$&�'�)�##�0�  (&�-�#%  
$�)%-�&%2�,%�  #�  $&�%�/�'%� .  
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�%� .3.1.2 ��(%�%-���3  (./�'�  
$�)%-�&�  ��  (&�-�#%  �%#��2�  
$&% +�#,�#�&�,%%  [����	 ] × 
105 = 0 (1), 3.97 (2), 6.62 (3), 
13.25 (4). [�� ] = 0.37 -�)3 /) . 
[�� ] = 10-2 -�)3 /) . 

;���  $&�-�4 ��+  (&�-�#% , #�2.(��-.*  %#' +,%�##.-  
$�&%�'�-  (.2(�#  ��- , !��  (��  �"&�2 6�%���  �+�%(#.�  &�'%+�).  
&��0%& 6�  ��  ���"%)3#.-  &�'%+�)�- . ��(%�%-���3  (./�'�  
$�)%-�&�  ��  (&�-�#%  �%#��2�   $�+�2�#�  #�  &%� #+� 3.1.2 #�  $&%-�&�  
&�'%+�)3#�*  $�)%-�&%2�,%% N-(%#%)+�$&�)�+��-�  (�� ) (  
��� ���(%%  % (  $&%� ���(%% ����	   

�&�,���  $�)%-�&%2�,%% #�!%#�����  $��)�  ��0� , +�+ (��3  
���"%)3#.*  &�'%+�)  %2&��/�' ���� . ;���  $�'/�'  !����  
%�$�)32 ����  #�  $&�+�%+� ')�  �$&�'�)�#%�  �+�&���%  
%#%,%%&�(�#%�. ��+ , ��)%  �'#�  -�)�+ )�  %#0%"%��&� �$���"#�  
�"�&(��3  �'#  +%#��%!��+ 6  ,�$3 , ��   

V��  = [X]/0���  , 0'�  [) ] – +�#,�#�&�,%�  %#0%"%��&� 
                            0���  – %#' +,%�##.*  $�&%�'  

�+�&���3  $�)%-�&%2�,%% $��)�  �+�#!�#%�  %#' +,%�##�0�  
$�&%�'�  !����  ".(���  &�(#�  �+�&���%  $�)%-�&%2�,%% (  ��� ���(%%  
%#0%"%��&�. 	'#�+�  ')�  #�+���&./  -�#�-�&�(  #�")6'�����  911�+�  
(��&%!#�0�  %#0%"%&�(�#%�, +���&.*  �" �)�()�#   !���%�-  (  
&��+,%% $�&�'�!%  ,�$% �'' +��   ~M-T.   

R• + ~M-T.  �  ~M-R + T• 
�)�' ��  ��-��%�3 , !��  2�-��#��  ()%�#%� (��&%!#�0�  

%#0%"%&�(�#%� #�  +%#��%+  $�)%-�&%2�,%% #�!%#���  �� ���3��  
$&% (.��+%/  +�#,�#�&�,%�/  ����	 , $�&�'+�  10 -3 -�)3 /) . ��0'�  
+�+ ')�  �$&�'�)�#%�  �+�&���%  %#%,%%&�(�#%� $&%-�#�6�  
+�#,�#�&�,%%  #�  $�&�'�+  #%4�. ��-%-�  ���"%)3#./  &�'%+�)�(  + 
�%)3#.-  %#0%"%��&�- ��#������  ��+4�  #�+���&.�  -�)�+ )�&#.�  
���'%#�#%�  - "�#2�/%#�# , /)�&�#%)  % '& .  

��)�+ )�&#.*  -�/�#%2-  %#0%"%&�(�#%� (+)6!���  #��+�)3+�  
&��+,%* : 



�������
 

1. ��&�'�!�  ,�$% 2� �!��  $&%���'%#�#%�  �+�%(#�0�  &�'%+�)�  + 
-�)�+ )�  – %#0%"%��&  

 . �  
~M• + 7  �  ~M-7 • 

%)% $�&�/�'  ���-�  (�'�&�'�  (%)% 0�)�0�#� ) ��  %#0%"%��&� �%$� �7  
+ -�+&�&�'%+�)  

    . �  
~M• + �7  �  ~M�  

+ 7 • 
2. ��)%  �"&�2 6�%*��  &�'%+�)  ~M-7 • %)% 7 • �$���"�#  
$&�'�)4��3  ,�$# 6  &��+,%6 , (2�%-�'�*��( �  �  '(�*#�*  �(�236  
-�#�-�&� : 

        . ��  
~M-7 • + �   �  ~M-

7 -� • 
              %)%  

  . ��  
7 •+ �  �  7 -� • 

��  $&�,���  �()�����  #�  %#0%"%&�(�#%�-, �  $�&�'�!�*  ,�$%. �  
��-  �) !�� , ��)%  &�'%+�).  

 ~M-7 • %)% 7 • 
#�  �$���"#.  &�%#%,%%&�(��3 $�)%-�&%2�,%6 , (2�%-�'�*��( �  �  
'(�*#�*  �(�236  -�#�-�&� , %)% �%#<<�& , ��   $&�,���  �()�����  
%#0%"%&�(�#%�-.  

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

 
	"&�2 6�%*��  (  &�2 )3����  '�##�*  &��+,%% &�'%+�)  �()�����  

-�)��+�%(#.-  % #��$���"�#  $&�'�)4��3  ,�$# 6  &��+,%6 . 
�)�".�  %#0%"%��&. �".!#�  $&%-�#�6���  ')�  �#%4�#%� 

���$�#%  % �+�&���%  $�)%-�&%2�,%%. �)�".�  %#0%"%��&. &��0%& 6�  
�  &�'%+�)�-%  &���� , '���%05%-%  �$&�'�)�##�*  ���$�#%  
$�)%-�&%2�,%%. �&�' +�.  %/ (2�%-�'�*��(%�  -�0 �  %#%,%%&�(��3 
&���  #�(./  ,�$�* : 

 



�������
 

. �  
~M• + �7   �  ~M�  + 7 • 

     . ��  
7 • + �  �  7� • 

��+   4�   $�-%#�)��3  (.5� , (  ��)%!%�  ��  $�&�'��!%+�(  ,�$%, (  
'�##�-  �) !��   . �� <<.  , $�9��-  (  $&%� ���(%% �)�"./  
%#0%"%��&�( �+�&���3  $�)%-�&%2�,%% � ����(�##�  2�-�')����� . 
��9��-  �)�".�  %#0%"%��&. #�2.(�6�  ��+4�  2�-�')%��)�-%  
$�)%-�&%2�,%%.  

��-�')%��)�-%  $�)%-�&%2�,%% �()�6���  �))%)3#.�  
���'%#�#%� . ;11�+�  �)�"�0�  %#0%"%&�(�#%� (  '�##�-  �) !��  
2�+)6!�����  (  '�0&�'�,%�##�*  $�&�'�!�  ,�$%, +���&��  ".)�  
&���-��&�#�  (.5� . �&% $&�(�'�#%%  $�)%-�&%2�,%% (  $&%� ���(%% 
�))%)3#./  ���'%#�#%*  �+�&���3  % ���$�#3  $�)%-�&%2�,%% 
� ����(�##�  �#%4�6���  (&%�.3.1.3).  

 
�%� .3.1.3 ��(%�%-���3  

�+�&���%  $�)%-�&%2�,%% 
��%&�)�  ��  +�#,�#�&�,%%  
�))%)"�#2�)�  (1) % 
�))%)1�#%)�(�0�  91%&� (2) (  
&��+,%�##�*  �-��% . �#%,%���&  
'%#%�&%) �2�  %2�-��)�#�*  
+%�)��. , 50 0�  
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��)%!%#�  +�#���#�.  %#0%"%&�(�#%� (�/ /�& ) " '��  

� ����(�##�  2�(%���3  ��  $&%&�'.  $�)%-�&%2 6��0���  -�#�-�&� . 
�'��3  " '��  %0&��3 &�)3  $�)�&#.*  1�+��& . �&�%- ����(�##�  
(2�%-�'�*��( 6�  &�'%+�).  % %#0%"%��&., %-�6�%�  
$&��%(�$�)�4# 6  $�)�&%2�,%6  �+�%(#./  ,�#�&�( . ��4# 6  &�)3  
%-���  ��+4�   �+�%(#���3  -�+&�&�'%+�)� . ��)%!%#�  +�#���#�.  
%#0%"%&�(�#%� " '��  ��-  (.5� , !�-  �+�%(#��  $�)%-�&%2 6�%*��  
&�'%+�) .  

 
�$���� �  ������+�$���  )�����"�'��$��  '�����%2��(  

,�%�"�'�)�*��  
�&�(#�#%� , �(�2.(�6���  �+�&���3  &�'%+�)3#�*  $�)%-�&%2�,%% 

V �  +�#,�#�&�,%�-%  -�#�-�&�  [+ ] % %#%,%���&� [I], )�0+�  -�4��  
".�3  $�) !�#�  $&% '( /  '�$ ��#%�/ : 



�������
 

1. ��#,�#�&�,%�  &�'%+�)�(  [	 ·] �  #�!�)�-  $�)%-�&%2�,%% 
".��&�  '���%0���  $�����##�0�  2#�!�#%�  % '�)��  #�  %2-�#�����  (� .� . 
'���%0�����  $��*����'���  $�$��&��� ); 

2. &��+,%�##��  �$���"#���3  -�+&�&�'%+�)�(  #�  2�(%�%� ��  
���$�#%  %/ $�)%-�&%2�,%%. 

��&(��  '�$ ��#%�  �()�����  �)�'��(%�-  $&%#,%$� 
���,%�#�&#���%  ��'�#5��*#� , ��0)��#�  +���&�-  $&% 
#�&�2(��()�##�*  ,�$#�*  &��+,%% �+�&���3  �"&�2�(�#%�  &�'%+�)�(  
&�(#�  �+�&���%  %/ 0%"�)%. ���&��   '�$ ��#%�  ��#�(�#�  #�  
$&%#,%$� :)�&% , ��0)��#�  +���&�-  &��+,%�##��  �$���"#���3  
1 #+,%�#�)3#�*  0& $$.  /%-%!��+�0�  ���'%#�#%�  #�  2�(%�%� ��  �0�  
-�)�+ )�&#�*  -���. . �!%�.(�� , !��  �+�&���3  $�)%-�&%2�,%% &�(#�  
�+�&���%  &����  ,�$% (��+  +�+ -�#�-�&  (  ��#�(#�-  &��/�' ����  #�  
&��+,%6  &����  ,�$%), %, $&%-�#��   2�+�#  '�*��(%�  -��� , $�) !%- : 

[ ] [ ][ ].·=-= mMk
dt
Md

V p  

�  '�##�-  �) !��  [m•] �"�2#�!���  +�#,�#�&�,%6  &�'%+�)�(  
&����  &�2)%!#�*  -�)�+ )�&#�*  -���. . �+)�'  $�&(%!#./  &�'%+�)�(  
R• (  �"� 6  ���,%�#�&# 6  +�#,�#�&�,%6  &�'%+�)�(  #%!��4�# , � .+. 
#�$��&�'��(�##�  $��)�  �"&�2�(�#%�  �#% $&%���'%#�6���  + 
-�#�-�&�- . �  ���,%�#�&#�-  ������#%%  [m•�]=const, !��  �()�����  
�)�'��(%�-  &�(�#��(�  �+�&����*  �"&�2�(�#%�  % 0%"�)% &�'%+�)�(  
($&%#,%$ ���,%�#�&#���% ), ��  ���3  �+�&���3  %#%,%%&�(�#%� &�(#�  
�+�&���%  �"&.(�  Vo=V�� . �!%�.(�� , !��  �"&.(  ,�$% 
"%-�)�+ )�&#.* : 

V��  = Vo = Ko[m•]2 

�.&�2%-  %2 '�##�0�   &�(#�#%�  +�#,�#�&�,%6  -�+&�&�'%+�)�( , 
[m•] = V��

0.5/ Ko
0.5 

$�'���(%(  (�)%!%#  +�#,�#�&�,%%  -�+&�&�'%+�)�(  (   &�(#�#%�  
�+�&���%  &����  ,�$%, $�) !��- : 

V = V��
0.5 [M] .  / Ko

0.5 
�##��  (.&�4�#%�  �()�����  ��#�(#.-   &�(#�#%�-  �+�&���%  

&�'%+�)3#�*  $�)%-�&%2�,%%. �2  #�0�  �)�' �� , !��   �+�&���3  
&�'%+�)3#�*  $�)%-�&%2�,%% $&�$�&,%�#�)3#�  +�#,�#�&�,%%  
-�#�-�&�  (  $�&(�*  ���$�#%  ($�&�'�+  $�  -�#�-�&  &�(�#  1) % +�&#6  
+(�'&��#�-  %2 �+�&���%  %#%,%%&�(�#%�. �!%�.(�� , !��  �+�&���3  
%#%,%%&�(�#%� $&�$�&,%�#�)3#�  +�#,�#�&�,%%  %#%,%���&� (3.1.3), 



�������
 

0�(�&�� , !��  �+�&���3  &�'%+�)3#�*  $�)%-�&%2�,%% %-���  $�&�'�+  
$�  %#%,%���& , &�(#.*  0.5.  

�#��  +�&�%#� #�")6'�����  (  �) !��/ , +�0'�  �0&�#%!�#%� 
+%#��%!��+�*  ,�$% %'��  #�  2� �!��  "%-�)�+ )�&#�0�  �"&.(� , �  $�  
-�#�-�)�+ )�&#�-  -�/�#%2- . ��$&%-�&  – 2� �!��  
'�0&�'�,%�##�*  $�&�'�!%  ,�$%, +���&��  /�&�+��&#�  ')�  
$�)%-�&%2�,%% (  $&%� ���(%% �))%)3#./  ���'%#�#%* . �&%#,%$ 
���,%�#�&#���%  $&%-�#%- % (  9��-  �) !�� : 

~m� + X  ¾®¾ xk
~mH + X~ 

0'�  7 - �))%)3#.*  -�#�-�&  
X~- ���"%)%2%&�(�##.*  ��$&�4�#%�-  �))%)3#.*  &�'%+�)  
kx- +�#���#��  �+�&���%  '�0&�'�,%�##�*  $�&�'�!%  ,�$% 

Vo=kx [ ·m ] [X] 
 !%�.(�� , !��  Vo=V�  -�4#�  (.&�2%�3  +�#,�#�&�,%6  

-�+&�&�'%+�)�( : 

[ ]
[ ]Xk

V
m

x

�=·
. 

��'���(%(  '�##��  (.&�4�#%�  (   &�(#�#%�  ')�  �+�&���%  
$�)%-�&%2�,%%  

Vn=kp[ ·m ] [M],    $�) !%-   

[ ] [ ]M
Xk

Vk
V

x

�p
n = . 

�2  9��*  1�&- ).  �)�' �� , !��  �+�&���3  &�'%+�)3#�*  
$�)%-�&%2�,%% ')�  �) !�� , +�0'�  �"&.(  ,�$% �� ����()�����  2� 
�!��  -�#�-�)�+ )�&#�0�  �"&.(� , $&�$�&,%�#�)3#�  �+�&���%  
%#%,%%&�(�#%� (  $�&(�*  ���$�#% . ��  ���3  $�&�'�+  &��+,%% $�  
%#%,%���&  &�(�#  1. ��&�'�+  $�  -�#�-�&  ��+4�  &�(�#  1. 

��+��  +�&�%#� " '��  #�")6'��3��  (  ��-  �) !�� , ��)%  (��  
-�+&�&�'%+�).  0%"# � $�  -�/�#%2-  '�0&�'�,%�##�*  $�&�'�!%  
,�$%. <���  (��&�!�����  �%� �,%� , +�0'�  (  �%���-�  %-���  -����  +�+ 
"%-�)�+ )�&#.* , ��+  % -�#�-�)�+ )�&#.*  �"&.(  

Vo=k�  [ ·m ] 2 

V'�
� =kx [ ·m ] [X] 

�  9��-  �) !�� , (�)%!%#�  $�&�'+�  $�  %#%,%���&  " '��  
�$&�'�)��3��  ����#�5�#%�-  �+�&����*  &��+,%*  �"&.(�  % �����(%�  
0,5<n<1. ��+��  #�")6'�����  (  ��/  �) !��/ , +�0'�  $�)%-�&%2�,%�  
$&���+���  (  $&%� ���(%% �)�"./  %#0%"%��&�(. � ����( ��  $&�����  



�������
 

(.&�4�#%� , �(�2.(�6���  (�)%!%#  $�&�'+�  $�  %#%,%���&  n �  
911�+��-  %#0%"%&�(�#%� (V/V0): 

n = 1/(1+(V/V0)
2) 

0'�  V % V0 – �+�&���%  $�)%-�&%2�,%% (  $&%� ���(%% % (  
��� ���(%%  %#0%"%& 6��* '�"�(+% . ��  &%� #+� 3.1.4 $�+�2�#� , +�+ 
()%���  +�#,�#�&�,%�  �))%)3#./  ���'%#�#%*  #�  (�)%!%#  $�&�'+�  
&��+,%% $�  %#%,%���&  

 
�%� .3.1.4 ��(%�%-���3  

$�&�'+�  &��+,%% $�)%-�&%2�,%% 
$�  %#%,%���&  ��  +�#,�#�&�,%%  
�))%)"�#2�)�  (1) % 
�))%)+�$&�)�+��-�  (2) (  
&��+,%�##�*  �-��%  $&% 

$�)%-�&%2�,%% 
(%#%)+�$&�)�+��-� , [X] – 
+�#,�#�&�,%�  �))%)"�#2�)�  %)% 

�))%)+�$&�)�+��-� , n – $�&�'�+  $�  %#%,%���& .  
 
����-��&�##.*  (.5�  �) !�*  +���)��  $�)%-�&%2�,%% 


�
����  -�#�-�&�(  (  $&%� ���(%% �0�#��(  $�&�'�!%  ,�$%, 
'�6�%/  -�)��+�%(#.*  &�'%+�) . 

����-��&%-  ��$�&3  �) !�*  $�)%-�&%2�,%% �))%)3#./  
���'%#�#%* , +���&.�  �()�6���  �'#�(&�-�##�  -�#�-�&�-%  % 
�0�#��-%  $�&�'�!%  ,�$%. 

�!%�.(�� , !��  $&% $�)%-�&%2�,%% �))%)3#./  ���'%#�#%*  
-�4��  $&�%2�*�% +�+ &��+,%�  &�'%+�)�  &����  �  -�#�-�&�-  �  
&��+&.�%�-  '(�*#�*  �(�2%, ��+  % '�0&�'�,%�##��  $�&�'�!�  ,�$%. 

kp

k x

~ X
.
+ X

~ X - X
.

~ X H + X ~ 
�+�&���3  &����  &�(#�  

V =k  [)
•] [X] 

�+�&���3  -�#�-�)�+ )�&#�0�  �"&.(�  
V� =k�  [)

•] [X] 
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�&%-�#��  $&%#,%$ ���,%�#�&#���%   V� =V� , $�) !%-   &�(#�#%�  
')�  +�#,�#�&�,%%  &�'%+�)�(   

V� =k�  [)
•] [X] 6 [ ] [ ]Xk

V
)

x

�=· . 

��'���(%(  9��   &�(#�#%�  (   &�(#�#%�  ')�  �+�&���%  &���� , 
$�) !%-   

[ ]
[ ] V

k

k

)
)

V
k

k
V �

x

p
�

x

p
p ==  

��+%-  �"&�2�- , �+�&���3  $�)%-�&%2�,%% �))%)3#./  
���'%#�#%*  #�  2�(%�%� ��  +�#,�#�&�,%%  -�#�-�&�  % )%#�*#�  
2�(%�%� ��  �+�&���%  %#%,%%&�(�#%� (# )�(�*  $�&�'�+  $�  
-�#�-�& , $�&(.*  $�&�'�+  $�  %#%,%���& ). 

��)%!%#.  +%#��%!��+%/ $�&�'+�(  &��+,%*  $�  %#%,%���&  % $�  
-�#�-�&  -�0 �  '��3  #��"/�'%- 6 , #�  #�  '������!# 6  
%#1�&-�,%6  �  -�/�#%2-�  $�)%-�&%2�,%%. 	�+)�#�#%�  $�&�'+�  $�  
%#%,%���&  ��  0,5 -�4��  ".�3  (.2(�#�  #�  ��)3+�  #�)%!%�-  
'�0&�'�,%�##�*  $�&�'�!%  ,�$%. �&% (.��+%/  +�#,�#�&�,%�/  
%#%,%���&� (.��+�  (�&���#���3  �"&.(�  ,�$�*  #�  $�&(%!#./  
&�'%+�)�/ : 

���$�'  %#%,%���&�: 
I 6  2R• 

~m• + R•6  ~m-R 
�  9��-  �) !��   (�)%!%#�  $�&�'�+  $�  %#%,%���&  " '��  #%4� 

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

$�&(%!#.-%  &�'%+�)�-% , �$&�(�')%(�   &�(#�#%� : 

[ ]2

'
M

k

kk
V

o

��p= , 

0'�  '
ok - +�#���#��  �+�&���%  &��+,%% $�&(%!#./  &�'%+�)�(  �  

-�+&�&�'%+�)�-% . �  9�%/  �)�(%�/  �+�&���3  $�)%-�&%2�,%% #�  
2�(%�%� ��  +�#,�#�&�,%%  %#%,%���&�. 

�&% 0���&�0�##�*  (0���&�1�2#�* ) $�)%-�&%2�,%%, +�0'�  
$�)%-�&  (.$�'���  (  ���'�+ , +) "+% -�+&�&�'%+�)�(  $)��#�  
�(�&# �. , % �+�%(#.*  +�#�,  &�'%+�)�  -�4��  �+�2��3��  (  ,�#�&�  
��+�0�  +) "+�  % (%)%) (# �&% �0&�0���  �)%$5%/��  -�+&�-�)�+ ) , 
#�'��� $#./  ')�  '& 0%/ &�'%+�)�( . ;��  �2#�!���  +%#��%!��+ 6  
0%"�)3 &�'%+�)�  &���� , � .� . -�#�-�)�+ )�&#.*  �"&.( . ��+  ".)�  
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$�+�2�#�  (.5� , -�#�-�)�+ )�&#.*  �"&.(  (�'��  + $�&(�-  $�&�'+  
$�  �+�&���%  %#%,%%&�(�#%�. ���)3#�  $&% 0���&�1�2#�*  
$�)%-�&%2�,%% %-���  -����  +�+ -�#� -, ��+  % "%-�)�+ )�&#.*  
�"&.( , $�9��-  $�&�'�+  $�  +�#,�#�&�,%%  %#%,%���&� 0,5<n<1. 

��&�'�+  $�  +�#,�#�&�,%%  -�#�-�&�  '������!#�  &�'+�  &�(�#  
�'%#%,� . 	".!#�  �#   2�+)6!�#  -�4'  1 % 1,5 , !��  
$&�'$�)�4%��)3#�  �"8��#�����  ()%�#%�-  -�#�-�&�  #�  
911�+�%(#���3  %#%,%%&�(�#%� % �+�&���3  &��$�'�  %#%,%���&�. �  
$��)�'#�-  �) !��  '�$ �+�����  �"&�2�(�#%�  +�-$)�+��  -�#�-�& -
%#%,%���&. 

� ����(�##��  ()%�#%� #�  &�'%+�)3# 6  $�)%-�&%2�,%6  
�+�2.(���  ��-$�&�� &�  $�)%-�&%2�,%%. ���+�)3+  $&�,���  
$�)%-�&%2�,%% �����%�  %2 9)�-�#��&#./  &��+,%* , ��  � ����( ��  
$�#��%�  � --�&#�*  9#�&0%% �+�%(�,%% $�)%-�&%2�,%%, 
�+)�'.(�6��*��  %2 9#�&0%* �+�%(�,%*  9)�-�#��&#./  &��+,%* . 
�&�(#�#%�  ')�  �+�&���%  +)���%!��+�*  &�'%+�)3#�*  $�)%-�&%2�,%% 
�)�' 6��� : 

[ ] [ ]( )
5.0

0

5.0

p

2
kV

k
IfKpacn

M=  

�)%�#%�  ��-$�&�� &.  #�  �+�&���3  /%-%!��+�*  &��+,%% 
(.&�4�����   &�(#�#%�-  �&&�#% �� : 

.  = #exp(-7/RT) 
0'�  .  – +�#���#��  �+�&���%  /%-%!��+�*  &��+,%%, 7 – 9#�&0%� 

�+�%(�,%%, # – $&�'9+�$�#�#,%�)3#.*  -#�4%��)3 , R – 
 #%(�&��)3#��  0�2�(��  $�����##�� . ��-�#%(  +�4' 6  %2 +�#���#�  
 &�(#�#%�  ')�  �+�&���%  $�)%-�&%2�,%% #�  ��  (.&�4�#%�  %2 
 &�(#�#%�  �&&�#% �� , $�) !%- : 

Ln V = ln [Ap(A
�� /# � )
0.5] + ln(2f[I] 0.5[M]) – (Ep+1/2E
�� -1/2 7 � )/RT 

0'�  Ep, E
�� , 7 �  – 9#�&0%% �+�%(�,%% 9)�-�#��&#./  &��+,%*  
&���� , &��$�'�  %#%,%���&�, �"&.(� . Ap, A
�� , # �  – ����(����( 6�%�  
!�����#.�  1�+��&. .  

� --�&#��  9#�&0%� �+�%(�,%% $&% +)���%!��+�*  &�'%+�)3#�*  
$�)%-�&%2�,%% �$&�'�)�����  �)�' 6�%-  (.&�4�#%�- : 

7 
 =7  +½7 
�� - ½7 �  
�)%�#%�  ��-$�&�� &.  #�  ���$�#3  $�)%-�&%2�,%% -�4��  ".�3  

(.&�4�#�  �#�)�0%!#.-  �"&�2�-  %2  &�(#�#%*  ')�  ')%#.  
+%#��%!��+�*  ,�$% (3) 

3 = Vp/Vo = Kp[m•][M] / K o[m•] 2 = Kp [M] / K o[m•] 
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��+  ".)�  $�+�2�#�  (.5� , 
 [m•] = V ��

0.5/ Ko
0.5  = (2f . 
�� [I]) 0.5/ Ko

0.5 , 
$�'���(%(  9��  (.&�4�#%�  (   &�(#�#%�  ')�  ')%#.  +%#��%!��+�*  

,�$%, $�) !%- : 
 3 = Vp/Vo =  Kp [M] / (2f . 
�� [I]) 0.5 Ko0.5   

�.&�2%(  +�4' 6  %2 9)�-�#��&#./  +�#���#�  !�&�2   &�(#�#%�  
�&&�#% �� , -�4#�  $�) !%�3  � --�&#��  2#�!�#%�  9#�&0%% 
�+�%(�,%% ')�  ���$�#%  $�)%-�&%2�,%% (EP): 

EP = Ep-1/2E
�� -1/27 �  
�)�' ��  ��-��%�3 , !��  $&%(�'�##.�  (.5�   &�(#�#%�  

/�&�+��&#.  ')�  �) !��  +)���%!��+�*  $�)%-�&%2�,%%. �  
2�(%�%-���%  ��  (%'�   &�(#�#%�  �+�&���%  $�)%-�&%2�,%%, 
&���-��&�##.�  (.5� , ����(����(�##�  %2-�#����  %  &�(#�#%�  ')�  
9#�&0%* �+�%(�,%%. ��$&%-�& , ')�  �) !��  $�)%-�&%2�,%% (  
$&%� ���(%% �))%)3#./  ���'%#�#%*   &�(#�#%�  ')�  � --�&#�*  
9#�&0%% �+�%(�,%% " '��  �)�' 6��� : 

7 
 =7  +7 
��  - 7 �  
0'�  7 �  – 9#�&0%� �+�%(�,%% '�0&�'�,%�##�*  $�&�'�!%  ,�$% 
��$�)32 �  %2(���#.�  2#�!�#%�  9#�&0��%!��+%/  $�&�-��&�(  

$�)%-�&%2�,%%, -�4#�  �'�)��3  �)�' 6�%�  (.(�'.  �  ()%�#%% 
��-$�&�� &.  #�  �+�&���3  % ���$�#3  $�)%-�&%2�,%%: 

1. ���+�)3+  7&��$  �".!#�   $��&�")��-./  %#%,%���&�( 
2�+)6!�#.  (  $&�'�)�/  125-150 +4 /-�)3 , �  (�)%!%#.  7  % 7� , 
����(����(�##� , (  $&�'�)�/  20-40 +4 /-�)3  % 2-20 +4 /-�)3 , 
� --�&#��  9#�&0%� �+�%(�,%% $�)%-�&%2�,%% #�%"�)��  
&��$&���&�#�##./  -�#�-�&�(  �����()���  7
 F80-90 +4 /-�)3 . ;��  
�2#�!��� , !��  �+�&���3  $�)%-�&%2�,%% (�2&������  (  2-3 &�2� #�  100 � , 
!��  $&%-�&#� ����(����( ��  $&�(%)  ��#� -��11� . �&%-�#�#%�  
�+%�)%��)3#� -(�����#�(%��)3#./  �%���-  �#%4���   ��  $&%-�&#� 
('(�� . ��)%!%#�  � --�&#�*  9#�&0%% �+�%(�,%% ���$�#%  
$�)%-�&%2�,%% ��&%,���)3#�  % �".!#�  ")%2+� + – 60 +4 /-�)3 , 
$�9��-  -�)�+ )�&#��  -����  $�)%-�&�  (��3-�  2�-��#�  $�#%4�����  �  
&����-  ��-$�&�� &. . 

2. �&% 1���/%-%!��+�*  $�)%-�&%2�,%% 9#�&0%� %#%,%-
%&�(�#%� 7 �� =0, $�9��-  �+�&���3  % ���$�#3  $�)%-�&%2�,%% 
(�2&����6�  �  &����-  ��-$�&�� &.  (�)�'��(%�  $�)�4%��)3#�*  
(�)%!%#.  � --�&#�*  9#�&0%% �+�%(�,%%, ")%2+�* + 20 +4 /-�)3 . 
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3. ;#�&0%� �+�%(�,%% &��+,%% $�&�'�!%  ,�$% 2�-��#�  
$&�(��/�'%�  9#�&0%6 �+�%(�,%% &��+,%% &���� , �".!#�  7   - 7s =-
(20-60) +4 /-�)3 . ;��  �2#�!��� , !��  $&% $�)%-�&%2�,%% (   
$&%� ���(%% �0�#��(  $�&�'�!%  ,�$%, $�(.5�#%�  ��-$�&�� &.  
$&%(�'%� +  -�#35�#%6  ���$�#%  $�)%-�&%2�,%%. 

 
��%���%&'�� -"�$$����  '�$,'���%����  (��� ) ,'�������  

'�����%2��(  ,�%�"�'�)�*�� .  
��  ��#�(�#%%  &���-��&�##�*  +%#��%!��+�*  �/�-.  &�'%+�)3#�*  

$�)%-�&%2�,%% -�4#�  (.!%�)%�3  1 #+,%6  &��$&�'�)�#%�  
�"&�2 6�%/��  -�+&�-�)�+ )  $�  ���$�#�-  $�)%-�&%2�,%%. 
7�&�+��&  9��*  1 #+,%% ��&�4���  &�)3  &�2)%!#./  &��+,%*  
�0&�#%!�#%� &����  ,�$%. �2 !�#%�  ���  $&�' +��(  $�)%-�&%2�,%% 
$�2(�)���  '���)3#�  &�2�"&��3��  (  -�/�#%2-�  $&�,���� . )�  (.(�'�  
1 #+,%% ���  ((�'�-  $�&�-��&  G., �$&�'�)�6�%*  (�&���#���3  
0%"�)% &��� ��0�  &�'%+�)� : 

 
0'�  Vo (+)6!���  (  ��"�  (��  �$���".  �0&�#%!�#%� &��� �%/  

,�$�* , /�&�+��&#.�  ')�  '�##�*  �%���-. . ��0'�  (�&���#���3  
$&�'�)4�#%�  &����  ,�$% &�(#�  1-5, �  1 #+,%� , �$%�.(�6���  
(�&���#���3  �"&�2�(�#%�  -�+&�&�'%+�)� , ��'�&4���0�  +  2(�#3�( , 
" '��  %-��3  (%' : 

 
�&�'$�)�4%- , !��  �0&�#%!�#%� &��� �%/  ,�$�*  $&�%�/�'%�  (  

&�2 )3����  &��+,%*  '%�$&�$�&,%�#%&�(�#%�  % $�&�'�!%  ,�$%. 
����%��%!��+%  9�% &��+,%% 9+(%(�)�#�#. , � .+. -�+&�&�'%+�).  (  
�"�%/  �) !��/  0%"# � $�  -�#�-�)�+ )�&#�-  2�+�# , � .� . %2 
+�4'�0�  -�+&�&�'%+�)�  ���$�#%  $�)%-�&%2�,%% +  �"&�2 ����  �'#�  
-�+&�-�)�+ )�  ��*  4�  ���$�#%  $�)%-�&%2�,%%. �&% 9��-  1 #+,%�  
&��$&�'�)�#%�  "-�&�(./ " ,�$�*  Wn'(+ ) " '��  ��($�'��3  �  1 #+,%�*  
&��$&�'�)�#%�  "4%(./ " ,�$�*  % $&% '������!#�  "�)35�-  +  (5<<1) 
-�4#�  #�  �!%���3��  �  '%�+&��#���36  &����  ,�$%, � .� . $�&�*�%  ��  
� --%&�(�#%�  + %#��0&%&�(�#%6. �!%�.(�� , !��   , ')�  
!%�)�##�*  1 #+,%% &��$&�'�)�#%�  "-�&�(./ " ,�$�*  $�) !��- : 
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�2   �)�(%�  #�&-%&�(+% �)�' �� , !��  5 = 1/+ n, 0'�  + n – 
�&�'#�!%�)�(��  -�)�+ )�&#��  -����  $&�' +��(  $�)%-�&%2�,%%. 
	+�#!���)3#�  ')�  - n(+ ) (  �) !��  �0&�#%!�#%� &��� �%/  ,�$�*  $�  
&��+,%�-  '%�$&�$�&,%�#%&�(�#%�  % $�&�'�!%  %-��- : 

 
�  ')�  (���(�*  1 #+,%% &��$&�'�)�#%� , �$&�'�)��-�*  +�+: 

 
$�) !%- : 

 
����(��  % !%�)�##��  1 #+,%% &��$&�'�)�#%�  $�  -�)�+ )�&#.-  

-����-  �'#�0�  % ��0�  4�  �"&�2,�  $�)%-�&� , �$%�.(��-.�  
$&%(�'�##.-%  (.5�   &�(#�#%�-% , $&%(�'�#.  #%4�: 

 
�%� .3.1.5 

�&�'#�!%�)�##��  (1) % 
�&�'#�(���(��  (2) '%11� -
&�#,%�)3#.�  1 #+,%% 
&��$&�'�)�#%�  $�  -�)�+ -
)�&#.-  -����-  $�)%-�&� , 
$�) !�##�0�  &�'%+�)3#�*  
$�)%-�&%2�,%�*  $&% �0&� -
#%!�#%% &��� �%/  ,�$�*  $�  
-�/�#%2-  '%�$&�$�& -
,%�#%&�(�#%� % $�&�'�!%  
,�$%. 

+  – -�)�+ )�&#��  -����  
(+ ) – 1 #+,%�  

&��$&�'�)�#%�  
 

 

��$�&3 , &���-��&%-  �) !�*  �0&�#%!�#%� &��� �%/  ,�$�*  $�  
-�/�#%2-  &�+�-"%#�,%%. ��+&�&�'%+�).  " ' �  &��$&�'�)��3��  
$�  -�)�+ )�&#.-  -����-  $�  ��-  4�  2�+�# , !��  % (  $&�'.' ��-  
�) !�� . 	'#�+�  "-�&�(.� " ,�$% " ' �  �"&�2�(.(��3��  2� �!��  
���'%#�#%�  '( /  "4%(./ ". ��  ���3  ,�$�!+�  �  -�)�+ )�&#�*  -����*  
+  �"&�2 ����  $&% (2�%-�'�*��(%%  ,�$�*  �  -�)�+ )�&#.-%  -����-%  
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N % +  - N, 0'�  N %2-�#�����  ��  0 '�  + . : #+,%�  &��$&�'�)�#%�  
"-�&�(�0� " $�)%-�&�  $�) !�����  $ ��-  %#��0&%&�(�#%� 
$&�%2(�'�#%�  (�&���#����*  � ����(�(�#%�  -�+&�&�'%+�)�(  �  
-����-%  N % + –N. 

 
��+ '�  

 
�&% �'#�(&�-�##�-  '�*��(%%  �"�%/  -�/�#%2-�(  �"&.(�  

1 #+,%6  &��$&�'�)�#%�  $�) !�6�  $&���.-  � --%&�(�#%�-  
1 #+,%*  Pw % Pn �   !���-  %/ (+)�'�  (  � --�&# 6  �+�&���3  
�0&�#%!�#%* &��� �%/  ,�$�* . ��)%  '�)�  �"&.(�  $ ��-  
&�+�-"%#�,%% &�(#�  p , �  '�)�  '%�$&�$�&,%�#%&�(�#%�  % $�&�'�!%  
,�$% (1- p) , ��  

 
�&% 9��-  ��#�5�#%�  �&�'#�(���(�*  -�)�+ )�&#�*  -���.  + 

�&�'#�!%�)�##�* , /�&�+��&%2 6���  5%&%#  -�)�+ )�&#� -
-����(�0�  &��$&�'�)�#%� , " '��  &�(#� : 

 
�2  $&%(�'�##�0�  (.5�   &�(#�#%�  �)�' �� , !��  ��)%  �"&.(  ,�$% 

�� ����()�����  2� �!��  &�+�-"%#�,%% (-  = 1), ��  $�&�-��&  
$�)%'%�$�&�#���%  &�(�#  1.5. ��)%  �0&�#%!�#%� &����  
-�+&�-�)�+ )  �� ����()�����  2� �!��  '%�$&�$�&,%�#%&�(�#%�  %)% 
$�&�'�!%  ,�$% (-  = 0), ��  $�&�-��&  $�)%'%�$�&�#���%  &�(�#  2. 
��+��  4�  (�)%!%#�  $�&�-��&�  $�)%'%�$�&�#���%  " '��  (  ��-  
�) !�� , ��)%  &��+,%�  $�&�'�!%  ,�$% ��$&�(�4'�����  �)�".-  
%#0%"%&�(�#%�-.  

���  (.(�'�##.�  (.5�   &�(#�#%�  �$&�(�')%(.  ')�  &�'%+�)3#�*  
$�)%-�&%2�,%% ��  �����%���  �	������  ���
�����  ������
  �  
������  (��  �����
����  10%). �&% "�)35%/  0) "%#�/  
$&�(&���#%�  #�")6'�6���  ��+)�#�#%� , �(�2�##.�  �  (�2&����#%�-  
(�2+���%  &��+,%�##�*  �&�'.  $&%  (�)%!�#%% +�#,�#�&�,%%  
&���(�&�##�0�  (  #�*  $�)%-�&� , !��  $&%(�'%� + 2�-�')�#%6  
'%11 2%% -�+&�&�'%+�)�(  % &�2+�  -�#35���  (�&���#���3  %/ 
&�+�-"%#�,%% %)% '%�$&�$�&,%�#%&�(�#%� . �  �(�2% �  9�%- 
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911�+�%(#��  +�#���#��  �+�&���%  �"&.(�  2#�!%��)3#�   -�#35����� . 
��#,�#�&�,%�  &�'%+�)�(  (  �%���-�  (�2&������ , �  �+�&���3  
$�)%-�&%2�,%%  (�)%!%(����� . �&��()�����  “0�)3 -911�+� ”, 
+���&.*  $&%(�'%� + ���  "�)��  5%&�+�-  ��� . ��)%  $&% 
&�'%+�)3#�*  $�)%-�&%2�,%% �"&�2 ����  $�)%-�& , #�&���(�&%-.*  
%)% �0&�#%!�##�  #�" /�6�%*  (  &��+,%�##�*  �&�'� , ��  911�+�. , 
�(�2�##.�  �  '%11 2%�##.-  ��&-�4�#%�-  &��+,%% 
"%-�)�+ )�&#�0�  �"&.(� , $&��()�6��� ,  4�  #�!%#��  �  �!�#3  -�)./  
0) "%# $&�(&���#%� . 

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

/�&�+��&%2 ����  #�)%!%�-  '%11 2%�##�  +�#�&�)%& �-./  &��+,%*  
�"&.(�  ,�$%, $&���+�6�%/  $�  "%-�)�+ )�&#�-  -�/�#%2-  2� �!��  
&�+�-"%#�,%% %)% '%�$&�$�&,%�#%&�(�#%�  -�+&�&�'%+�)�( . 
�&�-�  4%2#% &�'%+�)�  �".!#�  �����()���  '�)%  ��+ #'. , !��  #�  
#��+�)3+�  $�&�'+�(  -�#35�  (&�-�#%  (��0�  $&�,����  
$�)%-�&%2�,%%. ;��  $&%(�'%� + ��- , !��  $�)%-�& , 
�%#��2%&�(�##.*  '�  0) "�+%/  ���$�#�*  $&�(&���#%� , ��'�&4%�  (  
�(��-  �����(�  -�+&�-�)�+ ). , �%#��2%&�(�##.�  (  &�2#./  
 �)�(%�/ , $��+�)3+  �  ��!�#%�-  (&�-�#%  &��+,%% %2-�#�����  
+�#,�#�&�,%�  +�-$�#�#��(  &��+,%�##�*  �-��% . �  &�2 )3���� , 
-�+&�-�)�+ ). , �%#��2%&�(�##.�  #�  &�2)%!#./  ���$�#�/  
$&�(&���#%� , � ����(�##�  ��)%!�6���  $�  -�)�+ )�&#�  - -����(.-  
/�&�+��&%��%+�- . ��)�'��(%�  9��0� , $�)%-�&. , �%#��2%&�(�##.�  
-���'�-  &�'%+�)3#�*  $�)%-�&%2�,%%, /�&�+��&%2 6���  5%&�+%- 
��� . ;���  #�'������+  &�'%+�)3#�*  $�)%-�&%2�,%% �()�����  
#�%2"�4#.-  �)�'��(%�-  #�)%!%� #��"&��%-�*  &��+,%% 
"%-�)�+ )�&#�0�  �"&.(�  ,�$�* .  

�  +)���%!��+�*  ���&%% &�'%+�)3#�*  $�)%-�&%2�,%%, 
�"&�2 6�%*��  $�)%-�& , +�+ $&�(%)� , $&�'���()���  %2 ��"�  
-�&�(.*  $&�' +� , #�   !���( 6�%*  (  '�)3#�*5%/  &��+,%�/  (2� 
%�+)6!�#%�-  $�&�'�!%  ,�$% #�  $�)%-�& ). �  $��)�'#��  (&�-�  -#�0�  
(#%-�#%�  '�)�����  #�(�-  �%$  $�)%-�&%2�,%�##./  $&�,����( , 
+�0'�  &��+,%�  �"&�2�(�#%�  -�+&�-�)�+ ).  #�  �()�����  
#��"&��%-.-  $&�,����- . �  ��+%/  �%���-�/  -�+&�&�'%+�)  
#��'#�+&��#�  0%"#�� % (�2&�4'�����  (  ��!�#%�  (&�-�#%  �%#��2�  
$�)%-�&� . ��+%�  $&�,���.  #�2(�#.  ��&-%#�-  $��('�4%(��  
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&�'%+�)3#��  $�)%-�&%2�,%� . �  9��-  �) !�� , (-����  #��"&��%-�0�  
"%-�)�+ )�&#�0�  �"&.(�  ,�$�*  %-���  -����  �"&��%-��  &��+,%�  
&�'%+�)�(  ��  �$�,%�)3#.-%  '�"�(+�-% . ���('�4%(��  
$�)%-�&%2�,%�  '���  (�2-�4#���3  �� ����()��3  +�#�&�)%& �-.*  
�%#��2 -�+&�-�)�+ )  �  2�'�##�*  ��& +� &�*  % -�)�+ )�&#.-%  
/�&�+��&%��%+�-%  (�%� . 3.1.6) 

 
�%� . 3.1.6. ��2-�4#���%  $��('�4%(�*  $�)%-�&%2�,%% ($�  � . 

���3�4�(�+% ).  
�)��  $&%(�'�#.  #�+���&.�  $&%-�&.  $��('�4%(./  

&�'%+�)3#./  $&�,����( . 
��)%-�&%2�,%�  (  $&%� ���(%% %#%1�&��&�( 
  �#%1�&��&�-%  #�2.(�6�  ��+%�  &�'%+�)3#.�  %#%,%���&., 

+���&.�  �'#�(&�-�##�  $&%#%-�6�  !���%�  (  &��+,%�/  �"&.(�  % 
$�&�'�!%  ,�$%. �#%1�&��&  $&% &��$�'�  �"&�2 ��  2 &�'%+�)� , 
&�2)%!�6�%/��  $�  �(��*  �+�%(#���% . �+�%(#.*  &�'%+�)  
%#%,%%& �� $�)%-�&%2�,%6 , �  #��+�%(#.*  $&%#%-���  !���%�  (  
&��+,%% �"&.(�  ,�$%:  
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R-X �  R. + X ~   (&��$�'  %#%1�&��&� #�  �+�%(#.*  (R.) % 
#��+�%(#.*  (X ~) &�'%+�). ) 
R. + nM �  Pn

.    (&���  ,�$%) 
Pn

. + X ~   H   PnX (�"&��%-.*  �"&.( ) 
���('�4%(�*  -�/�#%2-  $�)%-�&%2�,%% �"��$�!%(�����  %-�##�  

�"&��%-.-  /�&�+��&�-  $��)�'#�*  &��+,%%. �& 0  %#%1�&��&�( 
'������!#�  5%&�+. �-%  -�0 �  ".�3  �&0�#%!��+%�  '%�%�+�&"�-��. , 
�&%1�#%)-��%)3#.�  % '%1�#%)-��%)3#.�  $&�%2(�'#.�  %.� .' .  
 

��)%-�&%2�,%�  �  $�&�#���-  ���-�  0�)�0�#�  (ATRP) 
�#��#�%(#�  &�2(%(�6��*��  �")���36  $��('�4%(�*  

&�'%+�)3#�*  $�)%-�&%2�,%% �()�����  $�)%-�&%2�,%�  �  $�&�#���-  
���-�  0�)�0�#�  ATRP (Atom transfer radical polymerization).  �&%-�&  
$�)%-�&%2�,%% $�  -�/�#%2-  ATRP $�+�2�#  #%4�:  

�  �%���-�  $&%� ���( ��  %#%,%���& - $�&�  2�-���##.*  
1�#%)� )31�#%)/)�&%'  (R-SO2Cl), +���)%2���&  CuCl (  (%'�  
+�-$)�+��  �  "%$%&%'%#�- % -�#�-�&  - ��%&�) . 	"���  �/�-�  
$�)%-�&%2�,%% (.0)�'%�  �)�' 6�%-  �"&�2�- : 
1. �#%,%%&�(�#%� 
R-SO2Cl + CuCl  �  RPhSO2

• + CuCl2 

 
2. ����  ,�$%: 

 
3. �%"�)3  % (�2&�4'�#%�  -�+&�&�'%+�)�  

 
��  $�&(�-  9��$�  �'#�(�)�#�#��  ��)3  -�'%  &��0%& ��  �  

%#%,%���&�-  %, ����$)��  0�)�0�# ,  -�#���  �(�6  (�)�#�#���3  �  1 #�  
2. �&% 9��-  �"&�2 ����  &�'%+�) , '������!#�  �+�%(#.*  ')�  
(2�%-�'�*��(%�  �  '(�*#�*  �(�236 . ��  �&��3�-  9��$�  '( /(�)�#�#��  
��)3  -�'%  &��0%& ��  �  -�+&�&�'%+�)�- , +���&.*  0%"#�� (�)�'��(%�  



�������
 

(2�%-�'�*��(%�  �  &�'%+�)�-  /)�&� , �  -�'3  $&% 9��-  ���#�(%���  
�#�(�  �'#�(�)�#�#�* . �)��  (�2-�4�#  �"&��#.*  $&�,���  - 
�"&�2�(�#%�  %2 -�+&�-�)�+ ).  -�+&�&�'%+�)�  $ ��-  
(2�%-�'�*��(%�  CuCl �  0�)�0�#�- , #�/�'��%-��  #�  +�#,�  ,�$% 
(�"&��#��  &��+,%�  3). ��+%-  �"&�2�- , (  �%���-�  #�/�'����  (  
'%#�-%!��+�-  &�(#�(��%%   CuCl2 % CuCl, % &��+,%�  " '��  
$&�'�)4��3��  '�  $�)#�0�  %�!�&$�#%� -�#�-�&� . 	�)%!%��)3#�*  
(#�5#�*  ���"�##���36  ��+�*  $�)%-�&%2�,%% " '��  �()��3��  
#�$&�&.(#.*  &���  -�)�+ )�&#�*  -���.  $�)%-�&�  �   (�)%!�#%�-  
���$�#%  +�#(�&�%%. �&% 9��-  -�)�+ )�&#� --����(��  &��$&�'�)�#%�  
'������!#�   2+��  (Mw/Mn #�  (.5�  1.8), !��  �()����� , $� -(%'%-�- , 
�)�'��(%�-  ��� ���(%�  "%-�)�+ )�&#�0�  �"&.(� . 	$%�.(��-.*  
$&�,���  %-���  +�4 �����  �/�'��(�  �  4%(�*  $�)%-�&%2�,%�*  $�  
(#�5#%-  $&%2#�+�-. ��  � ����(�##��  ��)%!%�  2�+)6!�����  (  ��- , 
!��  (&�-�  4%2#% &�'%+�)�  (  '�*��(%��)3#���%  -�)� , #�  +�4'��  
�"&�2 6�����  -�+&�-�)�+ )�  �$���"#�  + #�(�-  %#%,%%&�(�#%6, 
��  ���3  + "(�2&�4'�#%6 ", % 9��  " '��  $�(��&��3��  -#�0�+&��#�  (  
��!�#%�  (��0�  (&�-�#%  �%#��2� . ��  (  ,�)�- , (  �"8�-�  &��+��&�  
" '��  #�")6'��3��  #�$&�&.(#.*  &���  +�#(�&�%% ��  (&�-�#%  
�%#��2� , $��+�)3+  (  &��+,%�##�*  �&�'�  $�����##�  $&%� ���( 6�  
+�+ &��� �%�  &�'%+�). , ��+  % -�+&�-�)�+ ). . �  $�'�"#./  
�%���-�/  (�2-�4#�  � ����(�(�#%�  ")�!#�*  ��$�)%-�&%2�,%%. 
��)%  (.'�)%�3  $�)%-�&  #�  #�+���&�*  ���'%%  $&�,����  % 2���-  
$�-���%�3  �0�  (  �&�'  '& 0�0�  -�#�-�&�  (  $&%� ���(%% CuCl, ��  #�  
-�+&�&�'%+�)�/  " '��  $&�'�)4��3��  &���  ,�$% 2� �!��  
$��)�'�(���)3#�0�  $&%���'%#�#%� '& 0�0�  -�#�-�&� . 

 
��)%-�&%2�,%�  �  $�&�'�!�*  ,�$% $�  -�/�#%2-  $&%���'%#�#%� 

- 1&�0-�#��,%%  (RAFT-$�)%-�&%2�,%� ) 
�##.*  (%'  $��('�4%(�*  $�)%-�&%2�,%% �()�����  (  $��)�'#��  

(&�-�  ��-.-  $�&�$�+�%(#.-  % '%#�-%!#�  &�2(%(�6�%-��   
$�'/�'�- . ��/�#%2-  ��  '������!#�  �)�4�#  % 2�+)6!�����  (  
-#�0�+&��#�*  $�&�'�!�  ,�$% �   !���%�-  �&%)'%� )31%'�( . �  
#��������  (&�-�  �%#��2%&�(�#�  "�)35��  +�)%!���(�   RAFT 
�0�#��( , $&%-�&.  +���&./  $&%(�'�#.  #%4�:  

Ph C S C(CH3)2Ph

S

EtO C S CH2CN

S

S C

S

SPhCH2 CH2Ph 
0'�  Ph – C6H5 , Et – C2H5 
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�/�-  &��+,%*   -�4#�  $&�'���(%�3  �)�' 6�%-  �"&�2�-  : 
���$�'  %#%,%���&�:  I �  2R. 

�#%,%%&�(�#%� % &���  ,�$%:   R. + n M � ~(M)n-1-M
. 

��&�'�!�  ,�$%: 

 

R1
. + m M � ~(M)m-1-M

. 

 

RAFT – $&�,���  $&%0�'�# ')�  $�)%-�&%2�,%% 5%&�+�0�  +& 0� 
-�#�-�&�( .  ;�%-  -���'�-   '�)��3  $�) !%�3  $�)%-�&.  
-�)��+�%(#./  -�#�-�&�(  - (%#%)/)�&%'�  % (%#%)�,����� . 

 
��)%-�&%2�,%�  (   �)�(%�/  �"&��%-�0�  %#0%"%&�(�#%� 

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

�()�����  $�)%-�&%2�,%�  (  $&%� ���(%% ���"%)3#./  #%�&�+�%)3#./  
&�'%+�)�( . 	$%��#�  2 ��#�(#./  �$���"�  �� ����()�#%�  
$��('�4%(�*  $�)%-�&%2�,%% (   �)�(%�/  �"&��%-�0�  
%#0%"%&�(�#%� #%�&�+�%)3#.-% &�'%+�)�-% . ��&(.*  - �  
%�$�)32�(�#%�-  (  +�!���(�  %#%,%���&�( �)+�+�%�-%#�(  %)% 
�'' +��(  #%�&�+�%)3#./  &�'%+�)�(  � . �  �+�%(#.-%  &�'%+�)�-%  R. . 
�  9��-  �) !�� , #%�&�+�%).  �"&�2 6���  $&% &��$�'�  �)+�+�%�-%#�(  
$&% (.��+�*  ��-$�&�� &�  (120-130 0� ). �&% ��+%/  ��-$�&�� &�/  
&��+,%�  (2�%-�'�*��(%�  -�+&�&�'%+�)  - ���"%)3#.*  &�'%+�)  
���#�(%���  �"&��%-�* .  

R°+ T°«  R-T 
�)+�+�%�-%#.  !���  (��0�  $�) !�6�  &�2)�4�#%�-  %#%,%���&� (  
$&%� ���(%% #%�&�+�%)� (  %#�&�#�*  �&�'� . & 0�*  �$���"  
$&�(�'�#%�  $�)%-�&%2�,%% (  $&%� ���(%% #%�&�+�%)�(  2�+)6 -
!�����  (�  ((�'�#%%  ���"%)3#./  &�'%+�)�(  (  $�)%-�&%2�,%�## 6  
�%���-  (  ����#�5�#%%  ���"%)3#.*  &�'%+�) : %#%,%���& 1.2:1.   

;�%-  -���'�-  $�)%-�&%2 6� , (  ��#�(#�-  ��%&�)  % �0�  
��$�)%-�&. . 	"�%-%  $&%2#�+�-%, /�&�+��&#.-%  ')�  (��/  
$�'/�'�( , �()�����  )%#�*#.*  &���  -�)�+ )�&#�*  -���.  $�)%-�&�  �  
 (�)%!�#%�-  +�#(�&�%%, �  ��+4�   2+��  ���  $�)%-�&�( , !��  
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#�'���%4%-�  $&% &�'%+�)3#�*  $�)%-�&%2�,%% (  +)���%!��+%/  
 �)�(%�/ .   

�  $&%� ���(%% �)+�+�%�-%#�(  $&% (.��+�*  ��-$�&�� &�  
$&�%�/�'%�  &��$�'  �'' +��  #�  �+�%(#.*  % ���"%)3#.*  &�'%+�). . 
�+�%(#.*  &�'%+�)  %#%,%%& �� $�)%-�&%2�,%6 : 

R. + nM �  Pn
. 

	"&.(  ,�$% �� ����()�����  $&% (2�%-�'�*��(%%  �+�%(#�0�  
&�'%+�)�  &����  ,�$% ��  ���"%)3#.-  &�'%+�)�- : 

Pn
. + � .  «  Pn -T 

	"&��%-.*  /�&�+��&  9��*  &��+,%% �"��$�!%(���  $��('�4%(�*  
-�/�#%2-  $&�,���� .  

	"&��%-��  %#0%"%&�(�#%� ��+4�  -�4��  ".�3  %�$�)32�(�#�  (  
+�!���(�  %#��& -�#��  ")�!#�*  ��$�)%-�&%2�,%%. ��)%  (.'�)%�3  
$�)%-�&  #�  #�+���&�*  ���'%%  $&�,����  % 2���-  $�-���%�3  �0�  (  
�&�'  '& 0�0�  -�#�-�&� , ��  #�  -�+&�&�'%+�)�/  " '��  $&�'�)4��3��  
&���  ,�$% 2� �!��  $��)�'�(���)3#�0�  $&%���'%#�#%� '& 0�0�  
-�#�-�&� . 

 
!������  �  ����  3.1 

1. ��+��  $�)%-�&%2�,%�  #�2.(�����  &�'%+�)3#�* ? 
2. ��+%�  ��#�(#.�  9)�-�#��&#.�  &��+,%% $&���+�6�  $&% 
&�'%+�)3#�*  $�)%-�&%2�,%%? 
3. ��+%-  �"&�2�-  -�4��  �� ����()��3��  %#%,%%&�(�#%� $&% 
&�'%+�)3#�*  $�)%-�&%2�,%%? 
4. <��  ��+��  «911�+�  +)��+%» % +�+ �#  ()%���  #�  911�+�%(#���3  
%#%,%%&�(�#%�? 
5. ��+%-  �"&�2�-  �� ����()�����  &���  ,�$% $&% &�'%+�)3#�*  
$�)%-�&%2�,%%? ��+�(�  $&%-�&#��  (&�-�  4%2#% &�'%+�)� ?  
6. ��  +�+�-  -�/�#%2-  -�4��  $&���+��3  "%-�)�+ )�&#.*  �"&.(  
,�$% $&% &�'%+�)3#�*  $�)%-�&%2�,%%? ��+  2�(%�%� -�)�+ )�&#��  
-����  $�)%-�&�(  ��  -�/�#%2-�  "%-�)�+ )�&#�0�  �"&.(� ? 
7. ��2�(%�� , %2 +�+%/ ���'%*  �����%�  "%-�)�+ )�&#.*  �"&.( ? 
��+��  ���'%�  �()�����  )%-%�%& 6��* ? 
8. <��  ��+��  0�)3  911�+� ? ��!�-  �#  (�2#%+���  $&% &�'%+�)3#�*  
$�)%-�&%2�,%%? 
9. <��  ��+��  &��+,%�  $�&�'�!%  ,�$%? ��+%�  (�����(�  -�0 �  
 !���(�(��3  (  &��+,%�/  $�&�'�!%  ,�$%? 
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10. ��+  %2-�#�����  -�)�+ )�&#��  -����  $�)%-�&�  $&% $�&�'�!�  
,�$% #�  -�#�-�& , &���(�&%��)3  %)% �$�,%�)3#�  ((�'%-.*  �0�#� ? 
11. ��+  %2-�#�����  ��& +� &�  $�)%-�&�  $&% $�&�'�!�  ,�$% #�  
$�)%-�& ? 
12. <��  ��+��  %#0%"%&�(�#%�? �  !�-  ��)%!%�  %#0%"%&�(�#%� ��  
$�&�'�!%  ,�$%? 
13. ��+  %2-�#�����  -�)�+ )�&#��  -����  $�)%-�&�  % �+�&���3  
$�)%-�&%2�,%% $&% $�&�'�!�  ,�$% #�  ���'%#�#%� , �()�6�����  
�)�".-  %#0%"%��&�- (2�-�')%��)�- ) $�)%-�&%2�,%%? 
14. ��+  2�(%�%� �+�&���3  $�)%-�&%2�,%% ��  +�#,�#�&�,%%  
%#%,%���&� % -�#�-�&�  (  �) !��  +)���%!��+�0�  -�/�#%2-�  
&�'%+�)3#�*  $�)%-�&%2�,%% �  "%-�)�+ )�&#.-  �"&.(�-  ,�$%? 
15. �&% $�)%-�&%2�,%% ��%&�)�  (  $&%� ���(%% %#%,%���&� 
'%#%�&%)� �2�  %2�-��)�#�*  +%�)��.  $&%  (�)%!�#%% +�#,�#�&�,%%  
%#%,%���&� (  2 &�2� �+�&���3  $�)%-�&%2�,%% (.&��)�  (  1.8 &�2�. 
��+%-% $&%!%#�-% -�4��  ".�3  (.2(�#�  ��+)�#�#%�  ��  
+)���%!��+�0�  -�/�#%2-�  $�)%-�&%2�,%%?  
16. �&%(�'%��   &�(#�#%�  ')�  � --�&#�*  9#�&0%% �+�%(�,%% 
&�'%+�)3#�*  $�)%-�&%2�,%% ')�  �) !��  +)���%!��+�*  
$�)%-�&%2�,%% % ')�  �) !��  �0&�#%!�#%� -�)�+ )�&#�*  -���.  2� 
�!��  '�0&�'�,%�##�*  $�&�'�!%  ,�$%.  
17. ��+  ()%���  ��-$�&�� &�  #�  �+�&���3  % ���$�#3  $�)%-�&%2�,%%? 
18. ��+%�  (�)%!%#.  $�&�-��&�  $�)%'%�$�&�#���%  /�&�+��&#.  ')�  
&�'%+�)3#�*  $�)%-�&%2�,%%? 
19. <��  ��+��  $��('�4%(��  &�'%+�)3#��  $�)%-�&%2�,%� ? 
20. ��+%-% #�%"�)��  %2(���#.-%  $ ��-%  -�4��  �� ����()��3��  
$��('�4%(��  &�'%+�)3#��  $�)%-�&%2�,%� ? 

 
3.2 ��������&  ,�%�"�'�)�*�&  

*���	��  �
	������  ��������
 �� . 
��������  ��� �
	�� . 8�����	
���  
�
� ��  �
	������  ��������
 �� . 
.���	��
  ��������
 �� . �������  �������  
���	��
  �
  �����	%  ��������
 ��  �  
�����������  �
���  �������� .  

���%�##��  $�)%-�&%2�,%�  – ,�$#��  $�)%-�&%2�,%� , (  +���&�*  
�+�%(#.-  ,�#�&�-  �()�����  +��%�# . ���%�##��  $�)%-�&%2�,%�  
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(�2" 4'�����  '������!#�  5%&�+%- +& 0�-  (�����( , +���&.�  
�()�6���  �+,�$��&�-%  9)�+�&�#�( . �  ��+%-  (�����(�-  ��#������ : 
1. �&���##.�  +%�)��. : H2SO4 , H3PO4, HClO4 , � F3COOH, � I % 
'& .  
2. �$&���##.�  +%�)��.  (+%�)��.  �36%�� ) �"��*  1�&- ).  
MeXn, 0'�  Me – -���)) , X – 0�)�0�# , #�$&%-�& BF3, BCl3, AlCl3, 
SnCl4 % '& .  
3. ��)�0�#.  – I2, ICl, IBr . 
4. ��)%  +�&"�#%�  : Ph3C

+Al -,  Ph3C
+SbCl6

- , Ph3C
+PF6

 – % '& .  
5. ��)%  �+��#%�  (�� 3) 3 	

+ BF4
 – , (� 2� 5) 3 	

+ SbCl6
- % '& . 

6. �)+%)$&�%2(�'#.�  -���))�( , �"��*  1�&- ).  R3Al,  R3Zn, 0'�  
R - �� 3 , � 2� 5 
��2" '%��)%  +��%�##�*  $�)%-�&%2�,%% #�2.(�6�  +���)%2���&�-% . 
�$��&�")�����  ��+4�  ��&-%#  «%#%,%���&». ���%�##��  $�)%-� -
&%2�,%� -�4��  ��+4�  (�2" 4'��3��  $�'  '�*��(%�-  %2) !�#%* 
(.��+�*  9#�&0%%.  
���%�##��  $�)%-�&%2�,%�  /�&�+��&#�  ')�  -�#�-�&�( , ��'�&4��%/  
#�#��.��##.�  �(�2%  
� =� , � =	  % ')�  0���&�,%+)%!��+%/  ���'%#�#%* . �&�'%  (%#%)�(./  
-�#�-�&�(  + +��%�##�*  $�)%-�&%2�,%% �+)�##.  �� , +���&.�  %-�6�  
9)�+�&�#�'�#�&#.�  2�-���%��)% : 

�� 2=�� -	 -R (�� 3)2C=�� 2 �� 2=�� - � 6� 5 
�&���.�  (%#%)�(.�  

91%&. 
�2�" �%)�#  ��%&�)  

����-��&%-  ��#�(#.�  �$���".  %#%,%%&�(�#%� +��%�##�*  
$�)%-�&%2�,%%. 
�#%,%%&�(�#%� $&���##.-%  +%�)���-%  
�  #�%"�)��   $��&�")��-.-  ')�  %#%,%%&�(�#%� +��%�##�*  
$�)%-�&%2�,%% +%�)���-  ��#������  � F3COOH, � I % '& .  

 
%)% (  �"��-  (%'� : 

��  + �� 2=�� -7   �  � 3� - � +�7  + � - 

�#%,%%&�(�#%� +%�)���-%  �36%�� . 
�%�)��.  �36%��  �()�6���  �$&���##.-%  +%�)���-% . ;��  �'#%  %2 
��-./  &��$&���&�#�##./  %#%,%���&�( +��%�##�*  $�)%-�&%2�,%%. 
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�/  $&%-�#�6�  (  ��!���#%%  �  ���'%#�#%�-% , �$���"#.-%  
0�#�&%&�(��3  +��%�# . ��$&%-�& :  

 
�)% :  

AlCl 3 + (CH3)3CCl         (CH3)3C
 +[ AlCl 4]

- 
                     �  

�%�)���  �36%��   
� �#�&                
$&���#�  

  �   +�&"+��%�#   

�&���#.  %)% +�&"+��%�#.  �$���"#.  (2�%-�'�*��(�(��3  �  
9)�+�&�##�*  $�&�*  -�#�-�&� .  
�#%,%%&�(�#%� %�#%2%& 6�%- �") !�#%�-  
�&% �") !�#%%  (%#%)�)+%)�(./  91%&�(, %�#%2%& 6���  �") !�#%�  
$&%(�'%� + �"&�2�(�#%6  +��%�#  – &�'%+�)�(  

        %2) !�#%�          •          + 

�� 2=�� -	 -R         �                  �� 2-�� -	 -R + e+ 
 

���%�#  – &�'%+�).  �$���"#.  '%-�&%2�(��3��  �  �"&�2�(�#%�-  
'%+��%�#�( , �$���"#./  %#%,%%&�(��3 $�)%-�&%2�,%6 : 

 
:���%#%,%%&�(�#%�  +��%�##�*  $�)%-�&%2�,%%. 
;���  �%$ %#%,%%&�(�#%� (�2-�4�#  (  $&%� ���(%% ���'%#�#%* , 

&��$�'�6�%/��  $�'  '�*��(%�-  �: -%2) !�#%�  #�  &��+,%�##� -
�$���"#.�  +��%�#.  % '������!#�  ���"%)3#.�  �#%�#. . :���%#% -
,%%& �-��  +��%�##��  $�)%-�&%2�,%�  $&%-�#�����  (  1���)% -
��0&�1%%.  

����-��&%-  "�)��  $�'&�"#�  -�/�#%2-  +��%�##�*  
$�)%-�&%2�,%%: 

���*��'������  
�#%,%%&�(�#%� #�  $&%-�&� +��%�##�*  $�)%-�&%2�,%% 

%2�" �%)�#�  (  $&%� ���(%% � F3 % #�"�)35%/  +�)%!���(  (�'.  
(��+���)%2���&� ) -�4#�  $&�'���(%�3  �)�' 6�%-  �"&�2�- :  

� F3 + H2O       � F3 •H2O �  H+[BF3OH]- 

�  &�2 )3����  (�2#%+���  �+�%(#.*  +��%�#  +�&"�#%�  % 
����(����( 6�%*  �#%�# ($&��%(�%�# ), +���&.*  (  �&�'�/  �  
#�(.��+�*  '%9)�+�&%!��+�*  $&�#%,��-���36  ��������  (  #�$� -
�&�'��(�##�*  ")%2���% ��  +��%�#� , �"&�2 �  �  #%- %�## 6  $�& . 
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��$�  *�,�  $&�%�/�'%�  $ ��-  $��)�'�(���)3#�0�  $&%���-
'%#�#%� -�)�+ )  -�#�-�&�  + +��%�# : 

 
�7' �  *�,�  $&% +��%�##�*  $�)%-�&%2�,%% - �()�#%�  &�'+�� . 

�  ��)%!%�  ��  &�'%+�)3#�*  $�)%-�&%2�,%% &��+,%�  �"&.(�  ,�$% 
$&% +��%�##�*  $�)%-�&%2�,%% %-���  $�&(.*  $�&�'�+  ��#��%��)3#�  
+�#,�#�&�,%%  �+�%(#./  ,�#�&�( . )�  #�+���&./  �%���-  0%"�)3 
�+�%(#./  ,�#�&�(  #��� $���  (  &�2 )3����  (2�%-�'�*��(%�  
-�+&�+��%�#�  �  $&��%(�%�#�- , )%"�  2� �!��  $�&�/�'�  %�##�*  �(�2% 
(  +�(�)�#�# 6 , !��  #�")6'����� , #�$&%-�&, $&% $�)%-�&%2�,%% 
��%&�)� , +���)%2%& �-�*  � F3�		� : 

 
)%"�  2� �!��  $&%���'%#�#%� �#%�##�0�  1&�0-�#��  $&��%(�%�#�  + 
&��� ��-  +�&"+��%�# : 

 
�2  $&%(�'�##./   &�(#�#%*  (%'#� , !��  �"&.(  ,�$% %-���  

$�&(.*  $�&�'�+  ��#��%��)3#�  +�#,�#�&�,%%  �+�%(#./  ,�#�&�( . 
��4#.-  -�-�#��-  �()�����  �� , !��  $&% +��%�##�*  $�)%-�&%2�,%% 
�!�#3  !����  $&�,���  $&���+���  "�2  &��+,%% �"&.(� , �  �0&�#%!�#%� 
')%#.  -���&%�)3#�*  ,�$% �� ����()�����  2� �!��  &��+,%*  
$�&�'�!%  ,�$%.  

8�'���+�  *�,�  
�  �%���-�  %2�" �%)�#  — � F3 �0&�#%!�#%� ')%#.  

�"&�2 6�%/��  -�+&�-�)�+ )  $&�%�/�'%�  0)�(#.-  �"&�2�-  (  
&�2 )3����  $�&�'�!%  ,�$%, +���&��  -�4��  �� ����()��3��  
$�&�#���-  $&���#�  ��  &��� ��0�  -�+&�%�#�  + $&��%(�%�# : 
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��)3  $�&�'�6��0�  �0�#��  -�4��  ��+4�  %0&��3 -�#�-�&  %)% 
&���(�&%��)3 . �&�-�  ��0� , $�&�'�!�  ,�$% -�4��  $&�%�/�'%�3  
$�&�#���-  %�#�(  H- %)% CH3 - $�  �/�-� : 

~ P+ + RH �  ~ PH + R+ 

�'������&  �%& $��'�$��  �  $��,���  ��������(  
,�%�"�'�)�*��  

�'%#�*  +%#��%!��+�*  �/�-.  ')�  �$%��#%� �+�&���%  +��%�##�*  
$�)%-�&%2�,%% % -�)�+ )�&#./  -���  $�) !��-./  $�)%-�&�(  #�  
� ����( �� , $��+�)3+  $&�+�%!��+% +�4'��  +�#+&��#��  �%���-�  
-�#�-�& —+���)%2���& —&���(�&%��)3  /�&�+��&%2 ����  
%#'%(%' �)3#.-%  +%#��%!��+%-% 2�+�#�-�&#����-% . )�  (.(�'�  
 &�(#�#%*  ')�  �+�&���%  +��%�##�*  $�)%-�&%2�,%%, $&�4'�  (��0� , 
�)�' ��   !%�.(��3 , +�+��  ���'%�  %#%,%%&�(�#%� ( &�(#�#%�  1 %)% 
 &�(#�#%�  2, ��") . 3.2.1) �()�6���  )%-%�%& 6�%-% ')�  �+�&���%  
%#%,%%&�(�#%�. �  ��)%!%�  ��  &�'%+�)3#�*  $�)%-�&%2�,%%, 0'�  
)%-%�%& 6��*  ���'%�*  (��0'�  �()�����  ���'%�  &��$�'�  
%#%,%���&�, (  +��%�##�*  $�)%-�&%2�,%% �+�&���3  %#%,%%&�(�#%� 
-�4��  �$&�'�)��3��  %)% $�&(�* , %)% (��&�*  ���'%�*  
%#%,%%&�(�#%�. ����-��&%-  +%#��%!��+ 6  �/�-  $�)%-�&%2�,%%, 
$&�'$�)�4%( , !��  &��+,%�  %#%,%%&�(�#%� �$&�'�)�����  
 &�(#�#%�-  (1, ��") . 3.2.1) , �0&�#%!�#%� ')%#.  ,�$�*  $&�%�/�'%�  
��0)��#�  $&%(�'�##.-   &�(#�#%�- , % #��  $�&�'�!%  ,�$% #�  
&���(�&%��)3 . �.&�4�#%�  ')�  �+�&����*  ����(����( 6�%/  
9)�-�#��&#./  ���'%*  %-�6�  (%' : 

��")%,�  3.2.1 
;)�-�#��&#.�  ���'%%  +��%�##�*  $�)%-�&%2�,%% 

 

���'%�  

$�)%-�&%2�,%% 
�%#��%!��+��   &�(#�#%�  

�&�(#�#%�  ')�  

�+�&���%  &��+,%% 

�#%,%%&�(�#%� 
� F3 •H2O �  H+[BF3OH]-                     (1) V��  = . �� [I] 

��  + �� 2=�� -7   �  � 3� - � +�7  + � - (2) V��  = . �� [I] [ + ] 

����  ,�$% ~ P+ + �  �  ~ P+ V  = .  [P
+] [M] 

	"&.(  ,�$% ~ P+ �  ~ P V�  = . � [P
+] 

��&�'�!�  ,�$% ~ P+ + �  �  ~ P +M V�  = . � [P
+] [M] 
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0'�  [I] — +�#,�#�&�,%�  +���)%2���&� , [M] — +�#,�#�&�,%�  
-�#�-�&� , [P+] — +�#,�#�&�,%�  �+�%(#./  ,�#�&�( .  

�&�'$�)�4%( , !��  (.$�)#�����   �)�(%�  +(�2%���,%�#�&#���% , 
� .� . V�� =Vo, $�) !��-  ')�  �+�&���%  $�)%-�&%2�,%%: 

Vp = (. ��  .  / . � ) × [M] [I] 
 

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

- n = Vp/(V� +V� ) 
��'���(%(  (  '�##��   &�(#�#%�  (.&�4�#%�  ')�  �+�&����*  

9)�-�#��&#./  &��+,%* , $&%(�'�##.�  (.5� , $�) !%- : 
- n = .  [M] /( . �  + . � [M]) 

�)% : 
1/ - n =  (. � / .  [M])  + . � / .   

�2  9�%/ ����#�5�#%*  �)�' �� , !��  �+�&���3  $�)%-�&%2�,%% 
$&�$�&,%�#�)3#�  [I], �  -�)�+ )�&#��  -����  �"&�2 6��0���  
$�)%-�&�  ��  [I] #�  2�(%�%�. 

����-��&%-  ��$�&3  �) !�* , +�0'�  �+�&���3  %#%,%%&�(�#%� 
�$&�'�)�����   &�(#�#%�-  2, ��") . 3.2.1, ��0'�  $�) !�����  %#�� 
(.&�4�#%� : 

V%#=Vo ($&%#,%$ +(�2%���,%�#�&#���%  $&%-�#%- % (  9��-  
�) !�� ) 

. �� [I] [ + ] = . � [P
+], 

 
[P+] = . �� [I] [ + ]/ . �  

$�'���(%(  '�##��  (.&�4�#%�  (   &�(#�#%�  ')�  �+�&���%  &���� , 
$�) !%- : 

Vp = (. ��  .  / . � ) × [M] 2 [I] 
� --�&#��  9#�&0%� �+�%(�,%% $&�,����  &�(#� :  

7 ��� =7 �� +7  � 7 � . 
;#�&0%� �+�%(�,%% �"&.(�  ,�$% 7 � , $&���+�6��0�  $�  

&���-��&�##.-  (.5�  &��+,%�- , #�&�'+�  -�4��  �+�2��3��  "�)35� , 
!�-  � --�  7 ��  + 7  , ��0'�  7 ��� <0, � .� . �+�&���3  &��+,%% (�2&������  
$&% $�#%4�#%% ��-$�&�� &.  (  ��)%!%�  ��  &�'%+�)3#�*  
$�)%-�&%2�,%%. ��+�� , (  !���#���% , #�")6'�����  $&% +��%�##�*  
$�)%-�&%2�,%% %2�" �%)�#� . 
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�%�&���  $'��  (  %�##�*  $�)%-�&%2�,%% �(�'%���  (  ��#�(#�-  
+ ���"%)%2�,%% ��/  %)% %#./  1�&-  �"&�2 6�%/��  %�#%2�(�##./  
�����()�6�%/  �+�%(#�0�  ,�#�&�  % + %2-�#�#%6 &��+,%�##�*  
�$���"#���%  �+�%(#./  ,�#�&�( . ���"%)%2�,%�  2�&�4�##./  
�+�%(#./  ,�#�&�(  -�)�+ )�-%  &���(�&%��)�  � ����(�##�  $&% 
��-�-  %/ (�2#%+#�(�#%%, $��+�)3+  $&% 9��-  +�-$�#�%& 6���  
9#�&0��%!��+%�  $���&% #�  0���&�)%�%!��+%*  &�2&.(  /%-%!��+%/  
�(�2�*  $&% �"&�2�(�#%% %#%,%%& 6�%/ %�#�( . �2-�#�#%�  
&��+,%�##�*  �$���"#���%  �+�%(#./  ,�#�&�(  (  &�2)%!#./  �&�'�/  
$&�%�/�'%�  2� �!��  ()%�#%� $�)�&#���%  �&�'. , �$�,%1%!��+�*  
��)3(���,%% , ��+���)%�%!��+�0�  '�*��(%�  &���(�&%��)� . �  
+��%�##�*  $�)%-�&%2�,%% �&�'%  9�%/ 1�+��&�(  '�-%#%& 6�%-  
�()�����  $�)�&#���3  �&�'. . 	".!#� , $&%  (�)%!�#%% $�)�&#���%  
�&�'.  �+�&���3  +��%�##�*  $�)%-�&%2�,%% % -�)�+ )�&#��  -����  
�"&�2 6��0���  $�)%-�&�  (�2&����6� . ��+  $&% $�)%-�&%2�,%%, (  
�%���-�  ��%&�) —Sn� 14— &���(�&%��)3  �+�&���3  &��+,%% 
(�2&������  $&%-�&#� (  100 &�2, �  -�)�+ )�&#��  -����  — (  5 &�2 $&% 
$�&�/�'�  ��  "�#2�)�  (9=2,3) + #%�&�"�#2�)  (9=36), 0'�  9 – 
'%9)�+�&%!��+��  $&�#%,��-���3  �&�'. . �  &�'�  �) !��(  &�5�6� 6  
&�)3  %0&��� #�  ��)3+�  $�)�&#���3  &���(�&%��)� , #�  % �0�  
��)3(��%& 6���  �$���"#���3 . ��)�+ ).  &���(�&%��)� , �$���"#.�  
+ +�-$)�+���"&�2�(�#%6  �  -�)�+ )�-%  (�2" '%��)� , -�0 �  �%)3#�  
%2-�#%�3, �  (  #�+���&./  �) !��/  ��(�&5�##�  $�'�(%�3  �0�  
�+�%(#���3 . ��+ , � -#%�&���) �)  % 9�%)�(.*  �$%&� %-�6�  ")%2+ 6  
'%9)�+�&%!��+ 6  $&�#%,��-���3 , �'#�+�  (  �&�'�  �$%&��, (  ��)%!%�  
��  &��+,%% (  � -#%�&���) �)�  +��%�##��  $�)%-�&%2�,%�  #�  %'�� . 

 

'�������  $��'�$��(  ��������(  �  '�����%2��(  

,�%�"�'�)�*�(  
	".!#�  �+�&���3  +��%�##�*  $�)%-�&%2�,%% (.5� , !�-  

&�'%+�)3#�* . ;��  $&�%�/�'%�  $�  '( -  $&%!%#�-: 
1. �+�&���%  9)�-�#��&#./  &��+,%*  &����  % �"&.(�  ,�$% (  

+��%�##�*  $�)%-�&%2�,%% #%4�, !�-  (  &�'%+�)3#�* . 	'#�+�  
(�)%!%#  �+�&���%  $�)%-�&%2�,%% �$&�'�)�6�  #�  +�#���#�.  
�+�&����*  9)�-�#��&#./  &��+,%* , �  %/ ��#�5�#%�  .  /. �

0.5 ')�  
&�'%+�)3#�*  $�)%-�&%2�,%% % .  /. �  (%)% .  /. � ) ')�  +��%�##�*  
$�)%-�&%2�,%%. �  &�'%+�)3#�*  $�)%-�&%2�,%% .  /. �

0.5 �".!#�  
%-�6�  2#�!�#%�  ~ 10-2, ��0'�  +�+ (  +��%�##�*  .  /. � ~ 10 2.  
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2. ��#,�#�&�,%�  �+�%(#./  ,�#�&�(  $&% +��%�##�*  
$�)%-�&%2�,%% #���$����(%-�  (.5� , !�-  (  &�'%+�)3#�* . 	#�  
��$����(%-�  �  +�#,�#�&�,%�*  +���)%2���&� , +���&��  �".!#�  
�����()���  (�)%!%#  ~10-3 -�)3 /) . �&% &�'%+�)3#�*  $�)%-�&%2�,%% 
+�#,�#�&�,%�  &�'%+�)�(  �".!#�  �����()���  ~10-7  - 10-9  -�)3 /) . 
��9��-  �+�&���3  +��%�##�*  $�)%-�&%2�,%% (.5� . 

��%���%&'�� -"�$$����  '�$,'���%���� . 
��)�+ )�&#� --����(��  &��$&�'�)�#%�  �$&�'�)�����  

-�/�#%2-�-  �"&.(�  ,�$%. �&% +��%�##�*  $�)%-�&%2�,%% $&% 
�"&.(�  �'#�  +%#��%!��+��  ,�$3  �"&�2 ��  �'#  -�+&�-�)�+ ) . 
��9��- , 5%&%#� -�)�+ )�&#� --����(�0�  &��$&�'�)�#%�  " '��  
��+�*  4� , +�+ % (  �) !��  &�'%+�)3#�*  $�)%-�&%2�,%% (  $&%� ���(%% 
$�&�'��!%+�  ,�$% % (%)%) $&% �"&.(�  +%#��%!��+�*  ,�$% 2� �!��  
'%�$&�$�&,%�#%&�(�#%� , ��  ���3  + w/Mn = 2. �   (�)%!�#%�-  
+�#(�&�%% (�)%!%#�  $�)%'%�$�&�#���%  � ����(�##�  (�2&������ .  

 
!������  �   ����  3.2 

1. ��+��  $�)%-�&%2�,%�  #�2.(�����  +��%�##�* ? 
2. ��+%�  (�����(�  $&%-�#�6���   ')�  %#%,%%&�(�#%� +��%�##�*  
$�)%-�&%2�,%%? 
3. ��+%�  -�#�-�&.  -�0 �  $�)%-�&%2�(��3��  $�  +��%�##�-  
-�/�#%2- ? ��+  ()%���  ��& +� &�  (%#%)�(./  -�#�-�&�(  #�  %/ 
�$���"#���3  $�)%-�&%2�(��3��  $�  +��%�##�-  -�/�#%2- ? 
4. ��+%�  ��#�(#.�  9)�-�#��&#.�  &��+,%% $&���+�6�  $&% 
+��%�##�*  $�)%-�&%2�,%%? �&%(�'%��  $&%-�&.  9)�-�#��&#./  
&��+,%* .  
5. ��+  2�(%�%� �+�&���3  +��%�##�*  $�)%-�&%2�,%% ��  +�#,�#�&�,%%  
-�#�-�&�  % %#%,%���&�? 
6. ��+  2�(%�%� -�)�+ )�&#��  -����  $�)%-�&� , �%#��2%&�(�##�0�  $�  
+��%�##�-  -�/�#%2-  ��  +�#,�#�&�,%%  -�#�-�&�  % %#%,%���&�? 
7. ��+  ()%���  ��-$�&�� &�  #�  �+�&���3  +��%�##�*  $�)%-�&%2�,%%? 
8. �  !�-  2�+)6!�����  ()%�#%� &���(�&%��)�  #�  �+�&���3  +��%�##�*  
$�)%-�&%2�,%% % -�)�+ )�&# 6  -���  $�)%-�&� ? 
9. ��!�-  �+�&���3  +��%�##�*  $�)%-�&%2�,%% �".!#�  (.5� , !�-  
�+�&���3  &�'%+�)3#�*  $�)%-�&%2�,%%? 
10. ��+�(�  $�)%'%�$�&�#���3  $�)%-�&�( , �%#��2%& �-./  $�  
+��%�##�-  -�/�#%2- ? 
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3.3 0������&  ,�%�"�'�)�*�&  

��� �
	��  
�������  ��������
 �� . 
8�����	
���  �
� �� . .���	��
 . 
�������  
�	���	���  �  ��	������
  �
  
����	���  ��������
 �� . :��
�  
�����
�  
��������
 �� .  

�#%�##�*  #�2.(�����  %�##��  $�)%-�&%2�,%� , $&% +���&�*  
+�#,�(�*  ���-  &��� ��*  ,�$% #����  ��&%,���)3#.*  2�&�' , ��  ���3  
�+�%(#.-  ,�#�&�-  #�  +�#,�  &��� ��*  ,�$% �()�����  �#%�#. �+�  
&����  ,�$% (  �#%�##�*  $�)%-�&%2�,%% 2�+)6!�����  (  
# +)��1%)3#�*  ���+�  �#%�#�  #�  1 –  0)�&�'#.*  ���-  -�#�-�&� , (  
&�2 )3����  !�0�  (�2#%+���  #�(��  ;  – �(�23 , �  $�&�  9)�+�&�#�(  / -
�(�2% �-�������  #�  +�#�!#.*  5- 0)�&�'#.*  ���- : 

 
�#%�##��  $�)%-�&%2�,%�  (�2-�4#�  ')�  5%&�+�0�  +& 0� 

-�#�-�&�( . ��4#�*5%�  �&�'%  #%/: 
� ) #�#��.��##.�  ���'%#�#%�  CH2=CXY, 0'�  X – 2�-���%��)3 , 

$�#%4�6�%*  9)�+�&�## 6  $)��#���3  #�  '(�*#�*  �(�2% (-NO2, -CN, 
-COOR, -CH=CH2, C6H5), Y – (�'�&�' , �)+%) %)% (��&��  0& $$� 
�%$� X. �$���"#���3  (%#%)�(./  % '%(%#%)�(./  -�#�-�&�(  + 
�#%�##�*  $�)%-�&%2�,%% (�2&������  �   (�)%!�#%�-  
9)�+�&���&%,���)3#���%  2�-���%��)� ; 

� ) +�&"�#%)3#.�  ���'%#�#%� , ��'�&4��%�  0& $$   � =	 ; 
� ) &�'  0���&�,%+)%!��+%/  ���'%#�#%* , +���&.�  

$�)%-�&%2 6���  �  &��+&.�%�-  ,%+)� . 
)�  %#%,%%&�(�#%� �#%�##�*  $�)%-�&%2�,%% $&%-�#�6�  

+���)%2���&.  �#%�##�*  $�)%-�&%2�,%%:  8���	����������  
����������  - -���)).  I % II 0& $$, %/ �)+%).  (!����  %�$�)32 6�  #-
" �%))%�%* ), �&%). , �-%'. , ��+4�  $�)%-�&%2�,%�  -�4��  $&���+��3  
$�'  '�*��(%�-  %�#%2%& 6��0� %2) !�#%� . �%$%!#.-%  
+���)%2���&�-%  �) 4��  �-%'.  ��)�!#./  -���))�( , ��)�!#.�  
-���)).  % %/ &���(�&.  (  4%'+�-  �--%�+�  % (  '& 0%/ 
��)3(��%& 6�%/  9)�+�&�#.  &���(�&%��)�/  �%$� 91%&�, 
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-���))��&0�#%!��+%�  ���'%#�#%�  ��)�!#./  -���))�( , #�$&%-�&, 
-���))�)+%).  % '& .  

��/�#%2-  �#%�##�*  $�)%-�&%2�,%% $�'  ()%�#%�-  
-���))�)+%)�  -�4#�  (   $&���##�-  (%'�  $&�'���(%�3  �/�-�* : 

 
�#%,%%&�(�#%�: 

 
 

����  ,�$%: 

 
��  �#�)�0%!#�-  -�/�#%2-  $&�%�/�'%�  �#%�##��  

$�)%-�&%2�,%� , +���)%2%& �-��  ��)�!#.-%  -���))�-% . ��2)%!%�  
2�+)6!�����  )%53 (  ��- , !��  #�  ���'%%  %#%,%%&�(�#%� (�2#%+�6�  

���� -
���
��  2� �!��  $�&�#���  9)�+�&�#�  ��  -���))�  #�  -�)�+ )  
-�#�-�&� : 

 
�#%�# -&�'%+�).  ".��&�  &�+�-"%#%& 6� , '�(��  '%�#%�#. . 

��+%-  �"&�2�- , &��+,%�##��$���"#.-%  �+�2.(�6���  �"�  +�#,�  
&��� ��*  ,�$%: 

 
�&% �#%�##�*  $�)%-�&%2�,%% &��+,%% �0&�#%!�#%� &����  

,�$�*  (�2-�4#.  +�+ 2� �!��  &��+,%*  $�&�'�!%  ,�$% ($ ��-  ��&.(�  
�+�%(#.-  ,�#�&�-  $&���#�  ��  &���(�&%��)�  %)% -�#�-�&� ). 
��&�'�!�  ,�$% !�&�2  &���(�&%��)3  $&���+��� , #�$&%-�&, $&% 
�#%�##�*  $�)%-�&%2�,%% ��%&�)� , +���)%2%& �-�*  &���(�&�-  
+�)%�  (  4%'+�-  �--%�+� : 
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�#%,%%&�(�#%�: 

 
 
����  ,�$%: 

 
 
��&�'�!�  ,�$%: 

 
 
 
	"&.(  ,�$% (  �#%�##�*  $�)%-�&%2�,%% -�4��  $&�%�/�'%�3  

$&% &��+,%% -�+&��#%�#�  �  $����&�##%-%  $&%-���-% , 
%-�6�%-%��  (  &��+,%�##�*  �-��% , #�$&%-�& �  (�'�* : 

 
��9��- , $&�(�'�#%�  �#%�##�*  $�)%-�&%2�,%% �&�" ��  ��#+�*  

�!%��+% -�#�-�&�  % &���(�&%��)�*  ��  $&%-���* . ���&��%!��+% , $&% 
��� ���(%%  $&%-���* , �0&�#%!�#%� &����  ,�$% -�4��  $&�%�/�'%�3  
2� �!��  $�&�'�!%  ,�$% #�  &���(�&%��)3 .  

��+  % ')�  '& 0%/ (%'�(  ,�$#�*  $�)%-�&%2�,%%, + �#%�##�*  
$�)%-�&%2�,%% $&%-�#%- $&%#,%$ ���,%�#�&#�0�  ������#%� , 
+���&.*  $&�'$�)�0���  $�����#��(�  +�#,�#�&�,%*  �+�%(#./  
,�#�&�(  ((  '�##�-  �) !��  �#%�#�( ) (  $&�,����  $�)%-�&%2�,%%. 
�&�(#�#%�  ')�  �+�&����*  &����  (Vp), %#%,%%&�(�#%� (V�� ) % �"&.(�  
,�$% (.0)�'��  �)�' 6�%-  �"&�2�- : 

Vp = Kp[m
-][M] (3.3.1) 

 
(3.3.2) 

Vo = Ko [m
-] [H2O] 

 
(3.3.3) 
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0'�  .  – +�#���#��  '%���,%�,%%  NaNH2, . �� , Kp, Ko – +�#���#�.  
�+�&����*  %#%,%%&�(�#%�, &����  % �"&.(�  ,�$�* , [m-] – 
+�#,�#�&�,%�  �+�%(#./  ,�#�&�(  (�#%�#�( ).  

��)�(%�  ���,%�#�&#���%  $&�'$�)�0���  &�(�#��(�  �+�&����*  
%#%,%%&�(�#%� % �"&.(�  (&��+,%% 3.3.2 % 3.3.3). �.&�2%(  ���6'�  
+�#,�#�&�,%6  �+�%(#./  ,�#�&�(  [m-]: 

 

(3.3.4) 

% $�'���(%(  (   &�(#�#%�  3.3.1, $�) !%-   &�(#�#%�  ')�  �+�&���%  
$�)%-�&%2�,%%: 

 
(3.3.5) 

���$�#3  $�)%-�&%2�,%% �$&�'�)�����  ��#�5�#%�-  �+�&����*  
&����  ,�$% + � --�  �+�&����*  &��+,%* , �0&�#%!%(�6�%/  ')%#  
$�)%-�&#�*  ,�$%: 

-  = Vp/ (V�  + VS) 
0'�  VS – �+�&���3  &��+,%% $�&�'�!%  ,�$%.  

 

$��)�  ��+&���#%�  $�) !%- : 

 

(3.3.6) 

0'�  $ �  = Ko/ Kp , $S = KS/ Kp 
 

<����  $&% �#%�##�*  $�)%-�&%2�,%%  '�����  %2"�4��3  &��+,%*  
�0&�#%!�#%� &����  ,�$%. �  9��-  �) !�� , $&�,���  $&���+���  (  
&�4%-�  «6�� ! » *�,�(  (6���&  �������&  ,�%�"�'�)�*�& ). ��0'�  
$��)�  $&�(&���#%�  (��0�  -�#�-�&� , (  &��+,%�##�*  -����  
��/&�#�6���  �+�%(#.�  $�)%-�&#.�  +�&"�#%�#.  — "4%(.� " ,�$%, 
!%�)�  +���&./  &�(#�  !%�)  $�&(�#�!�)3#�  ((�'�##./  -�)�+ )  
+���)%2���&�  2� (.!���-  $&�&��0%&�(�(5%/  �  $&%-���-%  — 
2�0&�2#�#%�-% $�)%-�&%2�,%�##�*  �&�'. , ��&�()�6�%-%  
+���)%2���& . �  $&����*5�-  �) !��  /�&�+��&  +%#��%+% ��+�0�  
$&�,����  �$&�'�)�����  ��)3+�  ��#�5�#%�-  +�#���#�  �+�&����*  
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&��+,%*  %#%,%%&�(�#%�  % &���� . �&% �%# >> � p ')�  �+�&���%  
&��+,%% % -�)�+ )�&#�*  -���.  (.$�)#�6���  $&���.�  
����#�5�#%� : 

Vp = Kp[I][M] (3.3.7) 

P = nq [M0]/ [ I0] (3.3.8) 
 

0'�  q — ���$�#3  $&�(&���#%� , n=1 %)% 2 (  2�(%�%-���%  ��  
-�/�#%2-�  &����  ,�$% (  �'%#  %)% '(�  +�#,� , ����(����(�##� , �  [M]0 
% [I]0 — %�/�'#.�  +�#,�#�&�,%%  -�#�-�&�  % %#%,%���&� 
(+���)%2���&� ) (  �%���-� . �&% �%# >> . p, � .� . (   �)�(%�/ , +�0'�  (��  
,�$% #�!%#�6�  &���% $&�+�%!��+% �'#�(&�-�##� , (�2-�4#�  
�"&�2�(�#%�  $�)%-�&�(  �   2+%- -�)�+ )�&#� - -����(.-  
&��$&�'�)�#%�-  (Mw/MnI 1.1). 

�  �) !��  4%(�*  $�)%-�&%2�,%%, $&�,���  $&�'�)4�����  '�  
$�)#�0�  %�!�&$�#%� -�#�-�&� , % $�  �0�  �+�#!�#%%, �+�%(#.�  
,�#�&.  (-�+&��#%�#. ) ��/&�#�6���  (  ��!�#%�  1-2 #�'�)3 . �  
��!�#%�  9��0�  $�&%�'�  $�)%-�&%2�,%�  -�4��  ".�3  (�2�"#�()�#�  
$&% '�"�()�#%%  #�(�*  $�&,%% -�#�-�&� . 	�#�(#.-%  $&%2#�+�-% 
4%(�*  $�)%-�&%2�,%% �()�����  )%#�*#.*  &���  -�)�+ )�&#�*  
-���.  �   (�)%!�#%�-  ���$�#%  $&�(&���#%�  ( &�(#�#%�  3.3.8),  2+��  
��� . 

�&�(�'�#%�  $�)%-�&%2�,%% (  &�4%-�  4%(./  ,�$�*  $�2(�)���  
$�) !��3  ")�+ -��$�)%-�&. . ;���  $&�,���  &��)%2�(�#  (  
$&�-.5)�##�-  -��5��"� . 	"�%*  $�'/�'  2�+)6!�����  (  ��- , !��  
$�  �+�#!�#%% $�)%-�&%2�,%% �'#�0�  -�#�-�&�  + �0�  4%(.-  ,�$�-  
'�"�()�����  '& 0�*  -�#�-�& . �  #�+���&./  �) !��/  (�4#�  
�!�&�'#���3  $�)%-�&%2�,%%. ��+ , 4%(.�  ,�$% ��%&�)�  -�0 �  
%#%,%%&�(��3 $�)%-�&%2�,%6  -��%)-���+&%)��� , #�  #�  #��"�&�� .  

�  �"��-  �) !��  $ ��-  $��)�'�(���)3#�*  4%(�*  �#%�##�*  
$�)%-�&%2�,%% &�2#./  -�#�-�&�(  -�0 �  ".�3  $�) !�#.  
��$�)%-�&. , ��'�&4��%�  -#�0�  &�2#./  ")�+�(  (- )3�%")�!#.�  
��$�)%-�&. ). ��%"�)��  %2(���#.-%  %2 ")�+ -��$�)%-�&�(  �()�6���  
��&-�9)����$)���. , (  +���&./  �'%#  ")�+  ��#��%���  + 9)����-�&�- , 
�  '& 0�*  + $)���%+�- . �&�'%  ��&-�9)����$)����(  #�%"�)��  
&��$&���&�#�#.  ")�+ -��$�)%-�&.  ��%&�)�  �  " ��'%�#�-  % 
%2�$&�#�- .  
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�%�&���  ,'�'��  '�$���'���%& , ,'���������  �  
��",�'���' . 

�+�&���3  �#%�##�*  $�)%-�&%2�,%%, +�+ % �+�&���3  +��%�##�*  
$�)%-�&%2�,%%, (  2#�!%��)3#�*  ���$�#%  2�(%�%� ��  $&%&�'.  
&���(�&%��)� , % �".!#�  (�2&������  �   (�)%!�#%�-  �0�  
'%9)�+�&%!��+�*  $&�#%,��-���% . �&% 9��-  ()%�#%� &���(�&%��)�  
#�  �+�&���3  �#%�##�*  $�)%-�&%2�,%% "�)35�  $�  �&�(#�#%6  �  
+��%�##�*  % �" �)�()�#� , (  $�&( 6  �!�&�'3 , %2-�#�#%�-  ���$�#%  
'%���,%�,%%  %�##�*  $�&. . )�  4%(�*  �#%�##�*  $�)%-�&%2�,%%, 
�+�&���3  $�)%-�&%2�,%% �$&�'�)�����   &�(#�#%�-  3.3.7. �  ��")%,�  
3.3.1 $&%(�'�#�  ()%�#%� '%9)�+�&%!��+�*  $�����##�*  &���(�&%��)�  
#�  +�#���#�  &����  ,�$%.  

��")%,�  3.3.1 
�)%�#%�  &���(�&%��)�  #�  4%( 6  �#%�## 6  $�)%-�&%2�,%6  

��%&�)� , t= 250C 
(��-!%+�(  ? . . �.��+�-�)�+ )�&#.�  ���'%#�#%� . � .: 

�+�'�-%� . 2003). 
����(�&%��)3  %9)�+�&%!��+��  

$�����##�� , e 
Kp,  

) /(-�)3 * � ) 
��#2�)  2.2 2 
1,4-%�+��#  2.2 5 
���&�0%'&�1 &�#  7.6 550 
1,2 - %-���+�%9��#  5.5 3800 

��/�#%2-  % +%#��%!��+%� 2�+�#�-�&#���%  �#%�##�*  
$�)%-�&%2�,%% !���� , ���"�##�  $&% $&�(�'�#%%  &��+,%% (  
#�$�)�&#./  �&�'�/ , ��)�4#�#.  ����,%�,%�*  -�)�+ )  +���)%2���&�  
% �+�%(#./  ,�#�&�( , (�' �%/  &���  ,�$%. 

�  �#%�##�*  $�)%-�&%2�,%%, ��+  4�  +�+ % (  +��%�##�* , 
�+�%(#.�  ,�#�&.  #�  +�#,�/  &��� �%/  ,�$�*  -�0 �  #�/�'%�3��  (  
(%'�  %�##./  $�& �  &�2)%!#�*  ���$�#36  &�2'�)�##���%  (+�#��+�#.� , 
��)3(��#�  &�2'�)�##.� ) % (  (%'�  �(�"�'#./  %�#�( . �&% 
$�)%-�&%2�,%% #�  %�##./  $�&�/  $&%&�'� $&��%(�%�#�  �+�2.(���  
()%�#%� #�  +�#���#�  '%���,%�,%%  %�##�*  $�&.  % �+�&���3  
$�)%-�&%2�,%% (�%� .3.3.1) 

�&%(�'�##.*  #�  &%�.3.3.1 911�+�  �(�2�#  �   -�#35�#%�-  
$)��#���%  2�&�'�  $&��%(�%�#�  % ���$�#%  �0�  ��)3(���,%%  
&���(�&%��)�- . ������(�##� , !��  &��+,%�##��  �$���"#���3  
�(�"�'#./  %�#�(  &����  #�  2�(%�%� ��  $&%&�'.  $&��%(�%�#� .  
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�%� .3.3.1 ��(%�%-���3  
+�#���#�.  �+�&���%  &����  
,�$% $&% $�)%-�&%2�,%% 
��%&�)�  (�& ) ��  +�#���#�.  
'%���,%�,%%   (�' ) %�##�*  
$�&.  (  2�(%�%-���%  ��  
$&%&�'.  $&��%(�%�#�  1- Li+ , 
2-  Na+, 3- K+, 4- Rb+, 5- Cs+ 

(��-!%+�(  ? . . �.�� -
+�-�)�+ )�&#.�  ���'% -
#�#%�. � .: �+�'�-%� . 2003). 
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�)%�#%�  ��-$�&�� &.  #�  �+�&���3  �#%�##�*  $�)%-�&%2�,%% 

�(�2�#�  �  %2-�#�#%�-  ���$�#%  '%���,%�,%%  %�##�*  $�&.  % 
�&&�#% ��(�+�*  2�(%�%-���36  .   ��  ��-$�&�� &. . ;#�&0%� 
�+�%(�,%% '%���,%�,%%  %�##�*  $�&.  ��&%,���)3#� , $�9��-  $&% 
 -�#35�#%%  ��-$�&�� &.  +�#���#��  '%���,%�,%%  %�##�*  $�&.  
(�2&������ . �  '& 0�*  ���&�#. , 9#�&0%� �+�%(�,%% &��+,%% &����  
,�$% $�)�4%��)3#�  (#�2�(%�%-�  ��  ��0�  %'��  )% $�)%-�&%2�,%�  #�  
%�##./  $�&�/  %)% �(�"�'#./  %�#�/ ), �)�'�(���)3#� , +�#���#��  
&����   -�#35�����  ��  �#%4�#%�-  ��-$�&�� &. . ��+��  
$&��%(�$�)�4#��  ()%�#%� ��-$�&�� &.  #�  +�#���#�  '%���,%�,%%  
%�##�*  $�&.  % +�#���#�  &����  ,�$% $&%(�'%� + ��- , !��  9#�&0%� 
�+�%(�,%% 4%(�*  �#%�##�*  $�)%-�&%2�,%% (  /�&�5%/  
&���(�&%��)�/  /�&�+��&%2 ����  #%2+%-% 2#�!�#%�-% . ��+  $&% 
$�)%-�&%2�,%% ��%&�)�  (  ��)3(��%& 6��-  &���(�&%��)�  – 
���&�0%'&�1 &�#� , 7=4.2 +4 /-�)3  (%#%,%���& Na – #�1��)%# ). 
	'#�+�  $&% 9��*  4�  $�)%-�&%2�,%% (  �)�"�  ��)3(��%& 6��-  
&���(�&%��)�  – '%�+��#�  7=37.6 +4 /-�)3 . ;��  �"8��#�����  ��- , 
!��  (  �)�"�  ��)3(��%& 6�%/  &���(�&%��)�/  +�#���#��  '%���,%�,%%  
�)�"�  2�(%�%� ��  ��-$�&�� &. , $�9��-  � --�&#��  9#�&0%� 
�+�%(�,%% �$&�'�)�����  (  ��#�(#�-  9#�&0%�* �+�%(�,%% &��+,%% 
&����  ,�$%, +���&��  (  '�##�-  �) !��  '������!#�  (�)%+� .  

�)�' ��  ��+4�  ��-��%�3 , !��  +�#���#��  &����  ,�$% (  �#%�##�*  
$�)%-�&%2�,%% � ����(�##�  2�(%�%� ��  �%$� �+�%(#./  ,�#�&�( . 
�&% $�&�/�'�  ��  +�#��+�#�0�  �%$� �+�%(#./  ,�#�&�(  + ��)3(��#�  
&�2'�)�##.-  % + $�)%-�&%2�,%% #�  �(�"�'#./  %�#�/  � ����(�##�  
(�2&������  �+�&���3  �#%�##�*  $�)%-�&%2�,%%.   
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!������  �   ����  3.3 
1. ��+��  $�)%-�&%2�,%�  #�2.(�����  �#%�##�* ? 
2. ��+%�  ��#�(#.�  (%'.  %#%,%���&�( $&%-�#�6���  $&% �#%�##�*  
$�)%-�&%2�,%%? 
3. ��+%�  -�#�-�&.  -�0 �  $�)%-�&%2�(��3��  $�  �#%�##�-  
-�/�#%2- ? ��+  ()%���  ��& +� &�  (%#%)�(./  -�#�-�&�(  #�  %/ 
�$���"#���3  $�)%-�&%2�(��3��  $�  �#%�##�-  -�/�#%2- ? 
4. ��!�-  $&�(�'�#%�  �#%�##�*  $�)%-�&%2�,%% �&�" ��  ��#+�*  
�!%��+% -�#�-�&�  % &���(�&%��)�*  ��  $&%-���* ? 
5. ��+  ()%���  +�#,�#�&�,%�  -�#�-�&�  #�  �+�&���3  % ���$�#3  
$�)%-�&%2�,%%? 
6. <��  ��+��  4%(��  �#%�##��  $�)%-�&%2�,%� ? ��+%�  ��#�(#.�  
$&%2#�+% 4%(�*  $�)%-�&%2�,%%? 
7. <�-  �" �)�()�#�  ()%�#%� &���(�&%��)�  #�  �+�&���3  �#%�##�*  
$�)%-�&%2�,%%? 
8. <�-  �" �)�()�#�  ()%�#%� $&��%(�%�#�  #�  �+�&���3  �#%�##�*  
$�)%-�&%2�,%%? 
9. ��+�(�  9#�&0%� �+�%(�,%% $&% �#%�##�*  $�)%-�&%2�,%%? ��+%�  
1�+��&.  �+�2.(�6�  #�  #��  ()%�#%�? 
10. �  !�-  $&%#,%$%�)3#�� ��)%!%�  $��('�4%(�*  &�'%+�)3#�*  
$�)%-�&%2�,%% ��  4%(�*  �#%�##�*  $�)%-�&%2�,%%? 

 
 

3.4 ����� -���'����*�����&  ,�%�"�'�)�*�&  

*���	��  �  �	����������  ���������   ��� . 
.
	
���
	��  <�!��
 -"
		
 . +��
����  
��������
 �� . 8�����	
���  �
� �� . 
$	��	����  ���������	�  �����	����
 , 
���������!�  �
  �
	
���
	�
�  <�!��
 -"
		
 . 

�  $�)%-�&�/  (%#%)�(./  -�#�-�&�(  +�4'.*  �&��%!#.*  ���-  
 0)�&�'�  (  $�)%-�&#�*  ,�$%, �()�����  ��%--��&%!#.-  – ,�#�&�-  
$&���&�#��(�##�*  %2�-�&%% %)% ���&��,�#�&�- . �&�'�)3#�  
(.��# ���  ,�$3  -�+&�-�)�+ ).  %-���  +�#1%0 &�,%6 $)��+�0�  
2%02�0�. �&% 9��-  ��%--��&%!#.*  ���-   0)�&�'�  -�4��  
� ����(�(��3  (  '( /  +�#1%0 &�,%�/ , ��  ���3  2�-���%��)%  -�0 �  
#�/�'%�3��  $�  &�2#.�  ���&�#.  $)��+���% , (  +���&�*  )�4��  ���-.  
 0)�&�'�  ��#�(#�*  ,�$%: 
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�  )%��&�� &�  '(�  &�2#.�  +�#1%0 &�,%% ��%--��&%!#�0�  ���-�  

 0)�&�'�  �"�2#�!�6�  %)% r % s , %)% d % l .  
��0 )�&#���3  (  &��$�)�4�#%%  ��%--��&%!#./  ���-�(   0)�&�'�  

(  ��#�(#�*  ,�$% �$&�'�)�����  $�#��%�-  ��+�%!#���3 . �&% 9��-  
(�2-�4#.  �)�' 6�%�  �) !�% : 

1. ���+�%!��+%*  $�)%-�&  – 9��  $�)%-�& , (  +���&�-  d % l  
���-.  &��$�)�4�#.  $�  ,�$% �) !�*#.-  �"&�2�- . 

2. ��+�%!��+%*  $�)%-�&  – 9��  $�)%-�& , (  +���&�-  d % l  
���-.  &��$�)�4�#.  $�  ,�$% &�0 )�&#� , �'#%-  %2 '( /  (�2-�4#./  
�$���"�( . 

��+�%!��+%*  $�)%-�&  -�4��  ".�3  %2���+�%!��+%-  %)% 
�%#'%���+�%!��+%- . �  %2���+�%!��+�-  $�)%-�&�  %-�6���  
��%--��&%!#.�  ���-.  ��)3+�  �'#�*  +�#1%0 &�,%%, ��  ���3  (��  
2�-���%��)%  7  &��$�)�4�#.  $�  �'#  ���&�#  ��  $)��+���%  2%02�0� 
$�)%-�&#�*  ,�$%.  

 
�  �%#'%���+�%!��+�-  $�)%-�&�  2�-���%��)%  &��$�)�4�#.  $�  

�"�  ���&�#.  ��  $)��+���%  2%02�0� $�)%-�&#�*  ,�$%, ��  ���3   
&�0 )�&#�  !�&�' 6���   d % l  +�#1%0 &�,%% ��%--��&%!#./  ���-�(  
 0)�&�'�  $�)%-�&#�*  ,�$%.  

 
��)%-�&.  �  ��+�%!��+�*  ��& +� &�*  ,�$% (%2���+�%!��+�*  %)% 

�%#'%���+�%!��+�* ) #�2.(�6���  ���&��&�0 )�&#.-% . 
���&��&�0 )�&#.�  $�)%-�&.  #�  -�0 �  ".�3  $�) !�#.  $&% 

«�(�"�'#�- » &����  ,�$% (   �)�(%�/  &�'%+�)3#�*  %)% %�##�*  
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$�)%-�&%2�,%%. ��$&%-�& , $&% &�'%+�)3#�*  $�)%-�&%2�,%% 
+�#�!#��  2(�#�  -�+&�&�'%+�)� , -�4��  �(�"�'#�  (&����3��  (�+& 0  
+�#�!#�*  �  – �  �(�2% ��#�(#�*  ,�$%. :%+��,%�  �0�  
$&���&�#��(�##�0�  $�)�4�#%�  $&�%�/�'%�  �) !�*#.-  �"&�2�-  $&% 
$&%���'%#�#%% �)�' 6��0�  -�#�-�&#�0�  2(�#� . ��2#%,�  (  
9#�&0%�/ �+�%(�,%% $&% $&%���'%#�#%% -�#�-�&�  (   ��  - %)% 
������  - $�)�4�#%�  $�  ��#�5�#%%  + $&�'.' ��-  2(�#  �!�#3  
#�2#�!%��)3#�  % ��$����(%-�  �  9#�&0%�* ��$)�(�0�  '(%4�#%� . 
��9��-  $&% ,�$#�*  $�)%-�&%2�,%% ��  �(�"�'#.-  &����-  ,�$% 
�"&�2 6���  ���+�%!��+%�  $�)%-�&. .  

)�  $�) !�#%�  ��+�%!��+%/  $�)%-�&�(  #��"/�'%-�  1%+�%&�(��3 
$&���&�#��(�##��  $�)�4�#%�  -�#�-�&�  (  -�-�#�  $&%���'%#�#%� �0�  
+ �+�%(#�-  ,�#�&  % '�)��  '�  �)�' 6��0�  �+��  &��+,%% &���� , ��  
���3  '�  $&%���'%#�#%� �)�' 6��0�  -�#�-�&� . ;��  2�'�!�  &�5�����  
(  &�-+�/  +��&'%#�,%�##� -%�##�*  $�)%-�&%2�,%% 2� �!��  
�"&�2�(�#%�  +��&'%#�,%�##�*  �(�2% -�#�-�&�  �  ���-�-  �+�%(#�0�  
,�#�&�  &��� ��*  ,�$%. ���&'%#�,%�  (  +�-$)�+��  �"��$�!%(���  
�&%�#��,%6  -�)�+ )  -�#�-�&�  % ���&���$�,%1%!��+��  &��+&.�%�  
+&��#�*  �(�2%, % ��-  ��-.-  �$���"��( ��  ��"�&  �$&�'�)�##�*  
+�#1%0 &�,%% +�4'�0�  �!�&�'#�0�  -�#�-�&#�0�  2(�#� , 
$&%���'%#�6��0���  + &��� ��*  ,�$%. 

 
3.4.1 ��!���)"  ����� -���'����*�����(  ,�%�"�'�)�*��  

��##� -+��&'%#�,%�##�*  #�2.(�����  $�)%-�&%2�,%� , $&��� -
+�6���  #�  +���)%2���&�/  �%0)�&� -����� . 	#% �()�6���  #�%"�)��  
 #%(�&��)3#.-%  %#%,%���&�-% ���&��&�0 )�&#�*  $�)%-�&%2�,%%, 
% ��)3+�  �  %/ $�-��36  -�4��  ".�3  �� ����()�#�  $�)%-�&%2�,%�  5 
– �)�1%#�( , #�$&%-�& $�)%$&�$%)�#� .  

�  #��������  (&�-�  $�'  +���)%2���&�-%  �%0)�&� -�����  
$�#%-�6�  +�-"%#�,%6  '( /  ���'%#�#%*  – $�&�/�'#�0�  -���))�  % 
-���))�  I – III 0& $$. �&%-�&�-  ��+�*  �%���-.  �()�����  
TiCl3+AlRnCl3-n . ��&(�#�!�)3#�  �%0)�&  %�$�)32�(�)  �%���-  
TiCl4+Al(� 2� 5)3.  

�  "�)35%#��(�  �) !��(  $�)%-�&%2�,%�  #�  +���)%2���&�/  
�%0)�&�  – �����  -�4��  ".�3  ��#���#�  + �#%�##� -+��&'%#�,%�##�* . 
;��  ��#��%��� , $&�4'�  (��0� , + $�)%-�&%2�,%% #�$�)�&#./  
-�#�-�&�( , ��+%/  +�+ 9�%)�#, $&�$%)�#, ��%&�) . ��#�-�&.  �  
9)�+�&�#�'�#�&#.-%  2�-���%��)�-% , ��+%�  +�+ G – -��%)��%&�)  
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%)% %2�" �%)�# , (%#%)�,����  % �+&%)��.  $�)%-�&%2 6���  $�  
+��%�##�-  %)% �#%�##�-  -�/�#%2-�-  (  2�(%�%-���%  ��  
$�)�&#���%  '(�*#�*  �(�2%.  

��%"�)��  5%&�+��  $&%-�#�#%� +���)%2���&.  �%0)�&� -�����  
$�) !%)%  $&% $�)%-�&%2�,%% �)�1%#�(  – 9�%)�#� , $&�$%)�#�  % 
��$�)%-�&�(  �)�1%#�( .  

����)%2���&  �%0)�&� -�����  �"&�2 ����  (  &�2 )3����  �)�4#./  
$&�,����( , &�2(%(�6�%/��  $&% �-�5�#%%  +�-$�#�#��(  
+���)%2���&� . 	"&�2�(�#%�  +�-$)�+��  ��$&�(�4'�����  &�'�-  
&��+,%* , %2 +���&./  #�%"�)��  2#�!%-�  &��+,%�  �)+%)%&�(�#%� 
$�&�/�'#�0�  -���))� , $��+�)3+  (  '�)3#�*5�-  &��+,%�  &����  ,�$% 
�� ����()�����  (#�'&�#%�-  -�#�-�&�  $�  �(�2% �%��# - 0)�&�' : 

TiCl4+Al(� 2� 5)3  �  TiCl3� 2� 5+Al( � 2� 5)2 Cl 

TiCl3� 2� 5 �  TiCl3 + •� 2� 5 

TiCl3 + Al(� 2� 5)3  �  TiCl2� 2� 5+Al( � 2� 5)2 Cl 

�  /�'�  (�����#�()�#%�  Ti4+ '�  Ti3+ ((��&��  &��+,%� ) �"&�2 6���  
�(�"�'#.�  &�'%+�). , $��()�#%�  +���&./  �"8��#���  %2(���#.�  
1�+�.  %#%,%%&�(�#%� &�'%+�)3#�*  $�)%-�&%2�,%% #�+���&./  
-�#�-�&�(  #�  +���)%2���&�/  �%0)�&� -����� .  

� ����( 6�  '(�  -�'�)%  �+�%(#�0�  ,�#�&�  #�  0���&�0�##�-  
+���)%2���&�  �%0)�&�  – ����� : -�#� - % "%-���))%!��+�� . 
��#�-���))%!��+%*  -�/�#%2-  &����  ".)  $&�')�4�#  %��)3�#�+%-  
%��)�'�(���)�-  ����% . �  9��-  (�&%�#��  ,�#�&�)3#��  (#%-�#%� 
 '�)�����  ��)3+�  $�&(�-  +�-$�#�#�  +���)%�%!��+�*  �%���-. , �  
(��&�*  +�-$�#�#�  (.$�)#���  )%53 (�$�-�0���)3# 6  &�)3 . 
��#�-���))%!��+%*  -�/�#%2-  ��#�(�#  #�  �+��9'&%!��+�*  
+�#1%0 &�,%% ���-�  Ti, +���&��  $�) !�����  %2 %�/�'#�*  
���&�9'&%!��+�*  +�#1%0 &�,%% $&% (2�%-�'�*��(%%  Ti �  
�)+%)�)6-%#%�- . �  &�2 )3����  ���-  Ti (  +&%���))%!��+�*  &�5��+�  
&��$�)�0�����  (  ,�#�&�  $&�(%)3#�0�  �+��9'&�  % %-���  $��3  
)%0�#'�(  % �'#  (�+�#�# 6  d-�&"%��)3 , &��$�)�4�## 6  (  �'#�*  %2 
(�&5%# �+��9'&� . <��.&�  )%0�#'�  – ���-.  /)�&�  �#  '�)%�  �  
����'#%-%  ���-�-%  �%��#� .  
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 �/�-  &����  ,�$% �  +��&'%#�,%�*  $&%���'%#�6��*��  

-�)�+ ).  -�#�-�&�  #�  (�+�#�#�*  d-�&"%��)% -�4#�  $&�'���(%�3  
�)�' 6�%-  �"&�2�- : 

 

0'�  Et  - � 2� 5 

�  ����(����(%%  �  9�%- -�/�#%2-�-  +��&'%#�,%�  -�#�-�&�  
$&%(�'%� + $�&�/�'#�-  +�-$)�+�  %2 !��.&�/  ���-�( , (+)6!��  
�)+%)3# 6  0& $$%&�(+ . ����-  $�&�/�'#.*  +�-$)�+�  ".��&�  
$�&���&�%(�����  2� �!��  (#�'&�#%�  -�)�+ ).  -�#�-�&�  $�  �(�2% 
Ti– Et. 	'#�(&�-�##�  �  (#�'&�#%�-  -�#�-�&�  % &����-  ,�$% 
$&�%�/�'%�  &�0�#�&�,%�  (�+�#�#�*  d-�&"%��)% Ti. �$���"  ��  
&�0�#�&�,%% �$&�'�)���  (�2-�4#���3  $�) !�#%�  ��*  %)% %#�* 
���&����& +� &.  $�) !��-�0�  $�)%-�&� . ��)%  (�+�#�#��  �&"%��)3  
&�0�#�&%& ����  (  %�/�'#�-  $�)�4�#%% , ��  $�)%-�&%2�,%�  
$&%(�'%� + $�) !�#%6  %2���+�%!��+�0�  $�)%-�&� . ��)%  4�  
&�0�#�&�,%�  (�+�#�#�*  d–�&"%��)% Ti +�4'.*  &�2 ��$&�(�4'�����  
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%2-�#�#%�-  ��  &��$�)�4�#%�  (  �+��9'&%!��+�*  +�#1%0 &�,%%, ��  
$�)%-�&%2�,%�  $&%(�'%� + �"&�2�(�#%6  �%#'%���+�%!��+�0�  
$�)%-�&� . 

 
�%-���))%!��+%*  -�/�#%2- , $&�')�4�##.*  ����� , -�4#�  

$&�'���(%�3  �)�' 6��*  �/�-�* : 

 

�  ����(����(%%  ��  �/�-�*  &���  ,�$% $&�%�/�'%�  $�  �#%�##� -
+��&'%#�,%�##�-  -�/�#%2- . ��4'.*  �+�  $&%���'%#�#%� 
-�#�-�&�  #�!%#�����  ��  ���'%%  �"&�2�(�#%�  p- +�-$)�+��  '(�*#�*  
�(�2% -�#�-�&�  ('�#�& ) �  $�&�/�'#.-  -���))�-  +���)%2���&�  
(�+,�$��&  9)�+�&�#�( ). �)�0�'�&�  #�)%!%6 #��$�&�##./  d-
9)�+�&�#�( , $�&�/�'#.�  9)�-�#�.  �+,�$�%& 6�  9)�+�&�#.  
9)�+�&�#�'�#�&#./  (�����( , �"&�2 �  +�-$)�+�#.�  ���'%#�#%�  �  
(.��+%-  +��&'%#�,%�##.-  !%�)�-  (6÷8). ��2#%+#�(�#%�  p - 
+�-$)�+��  $&%(�'%� + ��)�")�#%6  -���%!#�*  �(�2% �� ….R, !��  
�")�0!���  (#�'&�#%�  -�#�-�&�  (  "+�&�#3" &��� ��*  $�)%-�&#�*  
,�$%. ��+�*  -�/�#%2-  $�2(�)���  �"8��#%�3  (.��+ 6  
%2"%&���)3#���3  +���)%2���&�(  �%0)�&� -�����  % (�2-�4#���3  
$�) !�#%�  #�  #%/ $�)%-�&�(  ��)3+�  %2���+�%!��+�*  ��& +� &. . �  
�"&�2�(�#%6  p - +�-$)�+��(  �  #%-% '�)4#.  ".�3  "�)��  �+)�##.  
-�#�-�&.  �  $�(.5�##�*  9)�+�&�##�*  $)��#���36    '(�*#�*  
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�(�2%, � .� . �� , ')�  +���&./  /�&�+��&#�  +��%�##��  $�)%-�&%2�,%� . �  
��  4�  (&�-�  �+�  (#�'&�#%�  �!�&�'#�0�  -�#�-�&�  $�  �(�2% �� � �  
-�4#�  &���-��&%(��3  $�  �#�)�0%% �  &��+,%�*  �#%�##�0�  &���� . 

��/�#%2-  ���&��&�0 )%&�(�#%�  (  �"�%/  �) !��/  �" �)�()�#  
�"8�-#.-%  % 9)�+�&�����%!��+%-%  (2�%-�'�*��(%�-%  2�-���%��)�  
$&% '(�*#�*  �(�2% -�#�-�&�  % �+& 4�#%�  �%��#� , � .� . )%0�#'�(  
$�&�/�'#�0�  -���))� .  

���+,%%  %#%,%%&�(�#%� % &����  ,�$% $&% $�)%-�&%2�,%% #�  
+���)%2���&�/  �%0)�&� -�����  $&�+�%!��+% #�  ��)%!�6��� . �  �"�%/  
�) !��/  %-���  -����  (#�'&�#%�  -�#�-�&�  $�  �(�2% Ti – � .  

���+,%%  $�&�'�!%  % �"&.(�  ,�$% �+�2.(�6�  2�-��#��  ()%�#%� 
#�  %�##� -+��&'%#�,%�## 6  $�)%-�&%2�,%6 . ��%"�)��  2#�!%-.  
&��+,%% $�&�'�!%  ,�$% #�  -�#�-�&  % �)+%).  #�$�&�/�'#�0�  
-���))� :  

 

 
�  ��+4�  &��+,%% �$�#��##�0�  �"&.(�  % �"&.(�  #�  ���'%#�#%�/  

�  $�'(%4#.-  ���-�-  (�'�&�'� , (+)6!��  -�)�+ )�&#.*  (�'�&�'  

 
 

 

���)�'#��  &��+,%�  5%&�+� %�$�)32 ����  (  $&�-.5)�##���%  
')�  &�0 )%&�(�#%�  -�)�+ )�&#�*  -���.  $�)%-�&� . ��+4�  �)�' ��  
��-��%�3 , !��  �%��#��'�&4��%�  $&�' +�. , $�) !��-.�  (  
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&�2 )3����  $&%(�'�##./  (.5�  &��+,%*  �$���"#.  %#%,%%&�(��3 
$�)%-�&%2�,%6 . ��9��-  $�)%-�&%2�,%6  #�  +���)%2���&�/  
�%0)�&� -�����  -�4#�  &���-��&%(��3  +�+ 4%( 6 .  

 
3.4.2 
'�������  ,�%�4��%��� , ,�%�+��"�/�  '�����%2��(  �  

����� -���'����*�����(  ,�%�"�'�)�*��( . 8�%�4��%��  
,'��)���$���  ��'���$��/�  /�)�!�"�+�$��/�  ��",%��$� . 

��)%9�%)�#  -�4��  ".�3  $�) !�#  -���'�-%  &�'%+�)3#�*  % 
%�##�-+��&'%#�,%�##�*  $�)%-�&%2�,%%. �&�' +�.  $�)%-�&%2�,%% 
$&%#,%$%�)3#� ��)%!�6���  '& 0  ��  '& 0�  +�+ $�  1%2%+�-
-�/�#%!��+%-  �(�*��(�- , ��+  % $�  ��/#�)�0%%  $�) !�#%� . 
��)%9�%)�#  (.��+�0�  '�()�#%�  (#%2+�* $)��#���% ) $�) !�6�  
-���'�-  &�'%+�)3#�*  $�)%-�&%2�,%% $&% (.��+�-  '�()�#%%  
(LDPE). �  +�!���(�  %#%,%���&�( %�$�)32 ����  -�)�+ )�&#.*  
+%�)�&�'  % &�2)%!#.�  (�����(� , )�0+�  $�'(�&0�6�%���  
0�-�)%�%!��+�-  &��$�'  �  �"&�2�(�#%�-  �(�"�'#./  &�'%+�)�( . 
��%"�)35��  &��$&���&�#�#%�  $�) !%)%  &�2)%!#.�  $�&�+%�% – 
$�&�+%�3 '%-�&��  – " �%)� , �&�� -" �%)$�&"�#2���  % '& . �&�(�'�#%�  
&�'%+�)3#�*  $�)%-�&%2�,%% (  4���+%/   �)�(%�/  $&%(�'%� + ��- , 
!��  $�)%9�%)�#, $�) !��-.*  $�  &�'%+�)3#�-  -�/�#%2- , %-���  
"�)��  (.��+ 6  ���$�#3  &�2(��()�#%� , �" �)�()�## 6  $&���+�#%�-  
&��+,%*  $�&�'�!%  ,�$%. 	#  �")�'���  5%&�+%- -�)�+ )�&#� -
-����(.-  &��$&�'�)�#%�-  % #%2+�* ���$�#36  +&%���))%!#���% .  

�&% $�)%-�&%2�,%% $�  �#%�##�  - +��&'%#�,%�##�-  
-�/�#%2-  (  $&%� ���(%% +���)%2���&�(  �%0)�&� -�����  $�) !�����  
$�)%9�%)�#  �  #%2+%- !%�)�-  &�2(��()�#%* . ;��  �" �)�()�#�  +�+ 
"�)��  #%2+%-% ��-$�&�� &�-%  $�)%-�&%2�,%%, ��+  %  -�#35�#%�-  
&�)% &��+,%*  $�&�'�!%  ,�$% $&% $�)%-�&%2�,%%. �%#�*#��  
��&��#%�  ��+�0�  $�)%-�&�  �" �)�()%(���  "�)��  (.��+ 6  ���$�#3  
+&%���))%!#���%  % "�)��  (.��+ 6  $)��#���3  $�)%-�&� . ��9��-  
$�)%9�%)�#, $�) !��-.*  $�  �#%�##�  - +��&'%#�,%�##�-  
-�/�#%2-  #�  +���)%2���&�/  �%0)�&� -�����  #�2.(�����  $�)%9�%)�# 
#%2+�0� '�()�#%�  ($�)%9�%)�# (.��+�*  $)��#���%  (HDPE)). 
�&%#,%$%�)3#��  ��)%!%�  $�)%9�%)�#�  (.��+�0�  '�()�#%�  (#%2+�* 
$)��#���% ) ��  $�)%9�%)�#�  #%2+�0� '�()�#%�  ((.��+�*  $)��#���% ) 
2�+)6!�����  (  ��&��#%% -�+&�-�)�+ )  (&%�.3.4.1).  
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�%� .3.4.1 �/�-�  ��&��#%�  -�+&�-�)�+ )  $�)%9�%)�#�  #%2+�0� 
'�()�#%�  (�;� ), (.��+�0�  '�()�#%�  (�;� ) % )%#�*#�0�  
$�)%9�%)�#�  #%2+�* $)��#���%   (��;�� ).  

 
�  $�)%9�%)�#�  (.��+�0�  '�()�#%� , $�) !��-�0�  $�  

&�'%+�)3#�-  -�/�#%2-  $&% (.��+�*  ��-$�&�� &�  % '�()�#%% , 
%-�6���  +�+ +�&��+� -, ��+  % ')%##�,�$#.�  ��(��()�#%� , 
-�)�+ )�&#��  -����  +���&./  ��$����(%-�  �  -�)�+ )�&#�*  -����*  
��#�(#�*  ,�$%. ��+��  ��& +� &�  �()�����  �)�'��(%�-  $&���+�#%�  
&��+,%*  $�&�'�!%  ,�$% $&% &�'%+�)3#�*  $�)%-�&%2�,%% 9�%)�#� . �  
�;�  %-�����  )%53 #�"�)35��  !%�)�  +�&��+�,�$#./  
��(��()�#%* . :%2%+�--�/�#%!��+%�  �(�*��(�  $)�#�+  #�  ��#�(�  
$�)%9�%)�#� , �%#��2%& �-�0�  #�  +���)%2���&�/  �%0)�&� -����� , 
��)%!�6���  ��  $)�#�+ , $�) !�##./  %2 $�)%9�%)�#�  (.��+�0�  
'�()�#%� . ��+ , ')�  $�)%9�%)�#�(./  $)�#�+ , $�) !��-./  -���'�-  
9+��& 2%% �  &�2' (�-  & +�(� , 1%2%+�--�/�#%!��+%�  $�+�2���)%   
%-�6�  2#�!�#%� , $&%(�'�##.�  (  ��")%,�  3.4.1. 
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��")%,�  3.4.1  
��$����()�#%�  1%2%+�--�/�#%!��+%/  /�&�+��&%��%+  $)�#�+ , 

$�) !�##./  %2 $�)%9�%)�#�  (.��+�0�  '�()�#%�  % $�)%9�%)�#� , 
�%#��2%&�(�##�0�  #�  +���)%2���&�/  �%0)�&�  – ����� . 

  

�.&3�  

��2& 5�6���  #�$&�4�#%�  $&% 
&�2&.(� , +0�/�- 2 �')%#�#%�  $&% &�2&.(� ,% 

�  $&�'�)3#�-  
#�$&�()�#%% 

�  $�$�&�!#�-  
#�$&�()�#%% 

�  $&�'�)3#�-  
#�$&�()�#%% 

�  $�$�&�!#�-  
#�$&�()�#%% 

��)%9�%)�# , 
$�) !�##.*  
&�'%+�)3#�*  
$�)%-�&%2�,%
�*  $&% 
(.��+�-  
'�()�#%%    

161-336 91-189 150-410 180-560 

��)%9�%)�# , 
$�) !�##.*  
#�  
+���)%2���&�/  
�%0)�&� -
�����  
($�)%9�%)�# 
#%2+�0� 
'�()�#%� ) 

224-721 252-308 150-340 20-40 

 

��)%9�%)�# , $�) !��-.*  #�  � &��#�+�-  0�2�/%-%!��+�-  
+�-$)�+�� , �%#��2%& 6�  $�  �#%�##�  - +��&'%#�,%�##�-  
-�/�#%2-  (  $&%� ���(%% +���)%2���&�(  �%0)�&� -����� , $&%!�-  
'�*��( 6���  ��/#�)�0%�  $�2(�)���  &�0 )%&�(��3  $)��#���3  
$�)%-�&�  (  5%&�+%/ $&�'�)�/ , $�) !��  $�)%9�%)�# (.��+�* , 
�&�'#�*  % #%2+�* $)��#���%  2� �!��  ((�'�#%�  (  ��#�(# 6  
$�)%-�&# 6  ,�$3  2(�#3�(  " ��#�  -1. ��9��- , $�)%9�%)�#, 
$&�%2(�'%-.*  #�  � &��#�+�-  0�2�/%-%!��+�-  +�-$)�+�� , $�  
� ����(  �()�����  ��$�)%-�&�-  9�%)�#�  �  " ��#�- -1. �  �����(  
-�+&�-�)�+ )  ��$�)%-�&�  9�%)�#� , $�) !��-�0�  $&% #%2+�- 
'�()�#%% , (/�'��  "�+�(.�  +�&��+�,�$#.�  ��(��()�#%� , ')%#�  
+���&./  �$&�'�)�����  ��$�)%-�&%2 �-.-  -�#�-�&�-  (" ��#  - 1). 
��9��- , $�)%9�%)�# #%2+�* $)��#���%  � &��#�+�0�  $&�%2(�'��(�  
#��%�  #�2(�#%�  )%#�*#.*  $�)%9�%)�# #%2+�* $)��#���%  (LLDPE). 
�%#�*#.*  /�&�+��&  -�+&�-�)�+ )  $�)%9�%)�#�  ��7�  
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�" �)�()%(���  � ����(�## 6  �#%2��&�$%6 �(�*��(  $)�#�+  #�  �0�  
��#�(� . �%#�*#.*  $�)%9�%)�# #%2+�* $)��#���%  $�  #�+���&.-  
$�+�2���)�-  ($&�!#���3  $&% &�2&.(� , ���*+���3  + &���&��+%(�#%6 , 
��$)����*+���3 ) %-���  $&�%- ����(�  $�&�'  $�)%9�%)�#�-  #%2+�* 
$)��#���% , $�) !��-.-  -���'�-  &�'%+�)3#�*  $�)%-�&%2�,%%, $�  
'& 0%-  $�+�2���)�-  ($&�2&�!#���3  $)�#�+ , ��#��%��)3#��  
 ')%#�#%�  $&% &�2&.(� ) – $�&�'  $�)%9�%)�#�-  #%2+�0� '�()�#%� .   

 
!������  �  ����  3.4 

1. <��  �$&�'�)�����  $�#��%�-  ��+�%!#���3 ? 
2. 	$%5%��  (�2-�4#.�   �) !�%  &��$�)�4�#%�  ��%--��&%!#./  
���-�(   0)�&�'�  (  ��#�(#�*  ,�$%.  
3. ��+%�  $�)%-�&.  #�2.(�6���  ���&��&�0 )�&#.-% ? 
4. ��!�-  ���&��&�0 )�&#.�  $�)%-�&.  #�  -�0 �  ".�3  $�) !�#.  
$&% «�(�"�'#�- » &����  ,�$% (   �)�(%�/  &�'%+�)3#�*  %)% %�##�*  
$�)%-�&%2�,%%. 
5. <��  $&�'���()�6�  ��"�*  +���)%2���&.  �%0)�&� -����� ? 
6. �&%(�'%��  -�/�#%2-  &����  ,�$% #�  +���)%2���&�/  �%0)�&� -
����� .  
7. ��+��  ()%�#%� �+�2.(�6�  &��+,%% $�&�'�!%  % �"&.(�  ,�$% #�  
%�##� -+��&'%#�,%�## 6  $�)%-�&%2�,%6 . 
8. <�-  ��)%!�����  $�  �(��*  ��& +� &�  % �(�*��(�-  $�)%9�%)�# 
$&�%2(�'��(�  � &��#�+�0�  0�2�/%-%!��+�0�  +�-$)�+��  ��  
$�)%9�%)�#�  (.��+�0�  '�()�#%�  % $�)%9�%)�#�  #%2+�0� '�()�#%� ? 

 
 

3.5 ��'"�����"���  ,�%�"�'�)�*��  

��
	����	%  �
� ��  ��	
   ��� . 
=������
������
�  �����(���	%  ��������
 �� . 
-
�������
�  ��� ��	
 ��  ������
 . �������  
�	��	��  ������
  �
  	������
��������  
�����(���	%  ��������
 �� .  

���+,%�  &����  ,�$% �"&��%-� . ��9��-  #�&�'  �  
$&%���'%#�#%�-  -�#�-�&�  + �+�%(#�-  ,�#�&  -�4��  $&�%�/�'%�3  
% �0�  ����$)�#%� -'�$�)%-�&%2�,%� : 

~� i-M
. + M H  ~� i+1-M

. 
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�  &��+,%�##�*  �&�'�  (��0'�  ��������  #�+���&��  +�)%!���(�  
-�#�-�&� , &�(#�(��#��  +�#,�#�&�,%�  +���&�0�  �$&�'�)�����  
��&-�'%#�-%!��+%-%  /�&�+��&%��%+�-%  �%���-.  % $�9��-  #�  
2�(%�%� ��  -�/�#%2-�  $&�,���� . ��&-�'%#�-%!��+��  (�2-�4#���3  
$�)%-�&%2�,%%, +�+ % )6"�*  /%-%!��+�*  &��+,%%, �$&�'�)�����  
 �)�(%�- : 

               (3.5.1) 
0'�  >G, >H, >S – %2-�#�#%� %2�"�&#� -%2���&-%!��+�0�  

$���#,%�)� , 9#��)3$%% % 9#�&�$%% �%���-.  $&% $&�(&���#%%  1 
-�)�  -�#�-�&�  (  $�)%-�& .  
�2-�#�#%�  %2�"�&#� -%2���&-%!��+�0�  $���#,%�)�  &��+,%% �(�2�#�  
�  +�#���#��*  ��  &�(#�(��%�  (. 
� )  &�(#�#%�- : 

   (3.5.2) 
0'�  >G0 $&�'���()���  ��"�*  &�2#���3  %2�"�&#� -%2���&-%!��+%/  

$���#,%�)�(  -�#�-�&�  % $�)%-�&�  (  ���#'�&�#./  ������#%�/  (')�  
-�#�-�&�  — 9��  4%'+���3  %)% �'#�-�)�&#.*  &���(�& , ')�  
$�)%-�&�  — 9��  �-�&1#.*  %)% �)�"�+&%���))%!��+%*  $�)%-�& , 
)%"�  �0�  �'#�-�)�&#.*  &���(�&  (  &��!���  #�  $�(��&�6�����  2(�#�  
$�)%-�&� ). �&% &�(#�(��%%  >G = 0, �)�'�(���)3#� : 

    (3.5.3) 
�%#��%!��+%-   �)�(%�-  &�(#�(��%�  �()�����  &�(�#��(�  �+�&����*  
&����  % '�$�)%-�&%2�,%% ,�$%. ��#���#��  $�)%-�&%2�,%�##� -
'�$�)%-�&%2�,%�##�0�  &�(#�(��%�  (K
� =kp/k� ) $&% '������!#�  
"�)35�*  -�)�+ )�&#�*  -����  �"&�2 6��0���  $�)%-�&�  2�(%�%� 
��)3+�  ��  &�(#�(��#�*  +�#,�#�&�,%%  -�#�-�&� : 

K&�(#  = 1/ [M]&�(#       (3.5.4) 

�2   &�(#�#%*  3.5.3 % 3.5.4 $�) !��- : 

 
��+ '�  �)�' �� : 

     (3.5.5)  
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   (3.5.6) 
�2   &�(#�#%*  (3.5.5 % 3.5.6) �)�' ��  �'#�2#�!#��  �(�23  -�4'  

=
�  % [M] 
� , ��  ���3 , $&% '�##�*  ��-$�&�� &�  $�)%-�&%2�,%�  %'��  
��)3+�  $&% +�#,�#�&�,%�/  -�#�-�&� , $&�(.5�6�%/  &�(#�(��# 6  
+�#,�#�&�,%6 , �$&�'�)��- 6  %2  &�(#�#%�  (3.5.6). �  ��  4�  (&�-�  
')�  &���(�&�  -�#�-�&�  )6"�*  +�#,�#�&�,%%  %2  &�(#�#%�  (3.5.5) 
-�4#�  #�*�%  ��+ 6  ��-$�&�� & , $&% +���&�*  $�)%-�&%2�,%�  #�  
" '��  %'�%, ��+  +�+ �+�&���3  &����  % '�$�)%-�&%2�,%% $&% 9�%/ 
 �)�(%�/  &�(#. . ��+  �)�' ��  %2  &�(#�#%�  (3.5.1), 
��&-�'%#�-%!��+��  (�2-�4#���3  �� ����()�#%�  $�)%-�&%2�,%% 
�$&�'�)�����  %2-�#�#%�-  +�+ 9#��)3$%%, ��+  % 9#�&�$%% �%���-. , 
$&%!�-  (+)�'  9#�&�$%*#�0�  1�+��&�   " '��  %2-�#��3��  �  
��-$�&�� &�*  &��+,%%. �&% $�)%-�&%2�,%% $�  #�#��.��##.-  
'(�*#.-  �(�2�-  9#�&�$%� �%���-.  (��0'�   -�#35����� , � .� . 
$&�,���  $�  9#�&�$%*#.-  ���"&�4�#%�-  #�(.0�'�# . ���!��.  % 
%2-�&�#%� 9#�&�$%% ')�  $�)%-�&%2�,%% "�)35%#��(�  (%#%)�(./  
-�#�-�&�(  $�+�2.(�6� , !��  >S0 �����()���  –100 - 120 4 /� .-�)3 . 
�)�"��  2�(%�%-���3  >S0 ��  $&%&�'.  -�#�-�&�  �(�2�#�  �  ��- , !��  
��#�(#�*  (+)�'  (  >S0 (#��%�  $���&�  $��� $���)3#./  ���$�#�*  
�(�"�'.  -�)�+ )  -�#�-�&�( . ��$&��%( , >" 0 %2-�#�����  (  
2�(%�%-���%  ��  /%-%!��+�0�  ��&��#%�  -�#�-�&�  (  '�(�)3#�  
5%&�+%/ $&�'�)�/  (>Q = ->H (�&3%& ����  ��  #��+�)3+%/  +4 /-�)3  
'�  100 +4 /-�)3 ), !��  �" �)�()�#�  &�2)%!%�- $&%&�'.  +&��#�*  
�(�2% % ��  2�-���%��)�* . 	�&%,���)3#.�  2#�!�#%�  >" 0 

�(%'���)3��( 6�  �  ��- , !��  $�)%-�&%2�,%�  (.0�'#�  �  ��!+%  2&�#%� 
9#��)3$%*#�0�  1�+��&� . �&% �".!#./  ��-$�&�� &�/  $�&�'+�  25 0�  
$�)%-�&%2�,%�  ��&-�'%#�-%!��+%  &�2&�5%-�  ')�  -�#�-�&�( , 
��$)�(�*  911�+�  +���&./  $&�(.5���  40 +4 /-�)3 . ;��   �)�(%�  
��")6'�����  ')�  "�)35%#��(�  (%#%)�(./  -�#�-�&�( . 	".!#�  ')�  
-�#�-�&�( , %-�6�%/  '(�*#.�   0)�&�' - 0)�&�'#.�  �(�2%, #�%"�)��  
/�&�+��&#.�  2#�!�#%�  9#��)3$%% $�)%-�&%2�,%% #�/�'����  (  
%#��&(�)�  70-90 +4 /-�)3 . ;��  �"��$�!%(���  (.��+%�  $&�'�)3#.�  
��-$�&�� &.  $�)%-�&%2�,%% % #%2+%� &�(#�(��#.�  +�#,�#�&�,%%  
-�#�-�&� . ��+)6!�#%�  �����()���  5- -��%)��%&�) ,   +���&�0�  
9#��)3$%�  $�)%-�&%2�,%% �����()���  34.3 +4 /-�)3  (��") .3.5.1). 
;���  -�#�-�&  #�  -�4��  $�)%-�&%2�(��3��  $&% ��-$�&�� &�/  (.5�  
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61 0� , $��+�)3+  9��  ��-$�&�� &�  �()�����  (�&/#�*  $&�'�)3#�*  
��-$�&�� &�*  $�)%-�&%2�,%% !%���0�  -�#�-�&� . ��  % $&% "�)��  
#%2+�* ��-$�&�� &�  $�)%-�&%2�,%�  5- -��%)��%&�)�  ��������  
#�")�0�$&%��#�*  �  ��&-�'%#�-%!��+�*  ��!+%  2&�#%�. �&% 250�  
&�(#�(��#��  +�#,�#�&�,%�  5- -��%)��%&�)�  �����()���  2.2 -�)3 /) , 
!��  ����(����( ��  $&�'�)3#�*  +�#(�&�%% �+�)�  50 %. ���  "�)��  
#�")�0�$&%��#��  �%� �,%�  #�")6'�����  $&% $�)%-�&%2�,%% 
+�&"�#%)3#./  ���'%#�#%* , #�$&%-�& �)3'�0%'�( . �&% $�)%-� -
&%2�,%% $�  � =	  �(�2% ��$)�(.�  911�+�.  #%4� 40 +4 /-�)3 . 
��9��-   �)�(%�  >G<0 ��")6'�����  ��)3+�  $&% '������!#�  #%2+%/ 
��-$�&�� &�/ , +�0'�  |>T >S0 | < |>" 0|. ��+)6!�#%�-  �) 4%�  
1�&-�)3'�0%' , ')�  +���&�0�  >" 0 = 46.4  +4 /-�)3 . 

�2(���#.  -�#�-�&. , ')�  +���&./  $&% $�)%-�&%2�,%% 
$&�%�/�'%�   (�)%!�#%�  9#�&�$%%. ��+��  %2-�#�#%� >S0 /�&�+��&#�  
')�  #�+���&./  #�#�$&�4�##./  ,%+)�( . �&%!�- , $��+�)3+  
$�)%-�&%2�,%�  �+�2.(�����  (.0�'#�*  �  9#�&�$%*#�*  ��!+%  2&�#%�, 
�#�  -�4��  $&���+��3  '�4�  $&% ��&%,���)3#./  ��$)�(./  911�+��/  
($�)%-�&%2�,%�  ,%+)�(  S8 % Se8 �  �"&�2�(�#%�-  )%#�*#./  
$�)%-�&�( ).  

��")%,�  3.5.1 
��&�-��&.  $�)%-�&%2�,%�##� -'�$�)%-�&%2�,%�##�0�  &�(#� -

(��%�  #�+���&./  -�#�-�&�( . (��!%#�(  � .� ., <�&#%+�(�  � .� . 
����'%!��+%�  &�2&�"��+% + $&�+�%!��+%-  &�"���-  $�  �%#��2  
(.��+�-�)�+ )�&#./  ���'%#�#%* . <���3  1.  � .: ��� , 2002. 58� .) 

 
 
��#�-�&  

 
-J� �  (+4 /-�)3 ) 

[M] &�(  
(250� ) 
(-�)3 /) ) 

��&/#��  $&�'�)3#��  
��-$�&�� &�  $�)%-� -
&%2�,%%  �  ( .$&., 0�  

(%#%)�,����  88.0 1×10-9 - 
��%&�)  69.0 1×10-6 310 
-��%)-���+&%)��  57.0 1×10-3 220 
G - -��%)��%&�)  34.3 2.2 61 

�#�!�#%�  =� .� . % '& 0%/ $�&�-��&�(  $�)%-�&%2�,%�##� -
'�$�)%-�&%2�,%�##�0�  &�(#�(��%�  &�'�  -�#�-�&�(  $&�'���()�#.  (  
��")%,�  3.5.1, "�)��  $�'&�"#.�  '�##.�  -�4#�  #�*�%  (  �$&�(�!#�*  
)%��&�� &� . 
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!������  �  ����  3.5 
1. ��")6'�#%�  +�+�0�   �)�(%�  �()�����  #��"/�'%-.-  ')�  
��&-�'%#�-%!��+�*  (�2-�4#���%  $�)%-�&%2�,%%? 
2. 	�  !�0�  2�(%�%� +�#���#��  $�)%-�&%2�,%�##� -'�$�)%-� -
&%2�,%�##�0� &�(#�(��%� ? 
3. ��+�4%��  (2�%-��(�23  &�(#�(��#�*  ��-$�&�� &.  % &�(#�(��#�*  
+�#,�#�&�,%%  -�#�-�&�  $&% $�)%-�&%2�,%%.  
4. ��+  ��& +� &�  -�#�-�&�(  ()%���  #�  ��&-�'%#�-%!��+ 6  
(�2-�4#���3  $�)%-�&%2�,%%? 

�������������  �
��������  �  ����  3 
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2003.  
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��$�)%-�&%2�,%�*  #�2.(�����  $&�,���  $�)%-�&%2�,%% '( /  
%)% "�)��  -�#�-�&�( . �  2�(%�%-���%  ��  �%$� �+�%(#./  ,�#�&�( , #�  
+���&./  �� ����()�����  $&�,���  ��$�)%-�&%2�,%%, &�2)%!�6�  
&�'%+�)3# 6  % %�## 6  ��$�)%-�&%2�,%6  (+��%�## 6  % 
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�#%�## 6 ). ��$�)%-�&%2�,%�  �()�����  �'#%-  %2 $ ��*  -�'%1% -
+�,%% �(�*��(  $�)%-�&�( , $��&�'��(�-  +���&�*  -�4#�  
� ����(�##.-  �"&�2�-  ()%��3  #�  %/ �(�*��(� . ��+ , #�)%!%� 2(�#3�(  
'& 0�0�  -�#�-�&�  (  $�)%-�&#�*  ,�$% -�4��   -�#35��3  ���$�#3  
+&%���))%!#���%  $�)%-�&�( . ���&�'��(�-  ��$�)%-�&%2�,%% 
-�4#�  911�+�%(#�  ()%��3  #�  -�4-�+&�-�)�+ )�&#��  (2�%-� -
'�*��(%�  ( -�#35��3  �0�  %)%  (�)%!%(��3 ), (  2�(%�%-���%  ��  
�&�"�(�#%* , $&�'8�()��-./  + $�)%-�&#�-  -���&%�) .  

��)%  (  ��$�)%-�&%2�,%%  !���( 6�  2 &�2#./  -�#�-�&� , ��  
��+��  ��$�)%-�&%2�,%�  #�2.(�����  7���'��( . ��)%  (  $&�,����  
$&%#%-�6�  !���%�  �&% &�2#./  -�#�-�&� , ��  ��+��  ��$�)%-� -
&%2�,%� #�2.(�����  ��',�%�"�'�)�*��( .  

�%#��%!��+��  �/�-�  ,�$#�*  ��$�)%-�&%2�,%% 
�&% "%#�&#�*  ��$�)%-�&%2�,%% (  &��+,%�##�*  �-��%  

$&%� ���( 6�   '(�  -�#�-�&� . �&% 9��-  �����(  ��$�)%-�&�  
$&�+�%!��+% (��0'�  ��)%!�����  ��  �����(�  -�#�-�&#�*  �-��% . ;��  
(.2(�#�  &�2)%!#.-%  �+�&����-%  (2�%-�'�*��(%�  �+�%(#�0�  ,�#�&�  
�  �'#%-  %)% '& 0%-  -�#�-�&�- .  

�  $&����*5�-  �) !�� , &���  ,�$% $&% ��$�)%-�&%2�,%% '( /  
-�#�-�&�(  � 1 % � 2 �� ����()�����  $��&�'��(�-  !��.&�/  
9)�-�#��&#./  &��+,%*  &���� : 

          . 11 
~ � 1* + � 1 �   ~ � 1*  

           . 21 
~ � 2* + � 1 �   ~ � 1* 

          . 12 
~ � 1* + � 2 �   ~ � 2* 

          . 22 
~ � 2* + � 2 �   ~ � 2* 

0'�  ~ � 1* % ~ � 2* ����(����( 6�%�  �+�%(#.�  ,�#�&.  
(-�+&�&�'%+�).  %)% -�+&�%�#. ), ��'�&4��%�  #�  +�#,�  
-�#�-�&#��  2(�#�  � 1 %)% � 2. 

)�  ��0� , !��".  (.(���%   &�(#�#%� , �(�2.(�6���  �����(  
-�#�-�&�  �  �����(�-  &��+,%�##�*  �-��% , #��"/�'%-�  2�$%���3  
+%#��%!��+%�  &�(#�#%�  ')�  +�4'�*  %2 !��.&�/  &��+,%* : 

d[� 1]/dt = . 11 [~� 1*] [ � 1] 
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d[� 1]/dt = . 21 [~� 2*] [ � 1] 

d[� 2]/dt = . 12 [~� 1*] [ � 2] 

d[� 2]/dt = . 22 [~� 2*] [ � 2] 
 

���6'�  �)�' �� , !��  &��/�'  -�#�-�&�  �  % -�#�-�&�  �  (  
��$�)%-�&%2�,%% &�(�# : 

d[� 1]/dt = . 11 [~� 1*] [ � 1] + . 21 [~� 2*] [ � 1]   (4.1) 

d[� 2]/dt = . 12 [~� 1*] [ � 2] + . 22 [~� 2*] [ � 2]   (4.2) 

 
��2'�)%(  �'#�   &�(#�#%�  #�  '& 0�� , $�) !%- : 

   (4.3) 
�   �)�(%�/   ���#�()�#%�  ���,%�#�&#�0�  ������#%�  $&�,����  

��$�)%-�&%2�,%% �+�&���%  &��+,%*  $�&�+&���#�0�  &����  &�(#.  
-�4'  ��"�* : 

. 21 [~� 2*] [ � 1] = . 12 [~� 1*] [ � 2] 

�.&�2%(  %2 9��0�   &�(#�#%�  +�#,�#�&�,%6  �+�%(#./  ,�#�&�(  

[~� 1*] = . 21 [~� 2*] [ � 1] /  . 12  [� 2] , 

$�'���(%(  (   &�(#�#%�  (4.3) %  -#�4%(  !%�)%��)3  % 
2#�-�#���)3  #�  . 21 

.. 12, $�) !%- : 

   (4.4) 
0'�  r1 = . 11/ . 12 , �  r2 = . 22 / . 21 

�&% +)���%!��+�*  ��$�)%-�&%2�,%% &��/�'  -�#�-�&�  �  % �  
&�(�#  �0�  +�)%!���( , +���&��  (+)6!�����  (  $�)%-�&# 6  ,�$3 , ��  
���3 : 

d[� 1] = [m1] 
d[� 2] = [m2], 

0'�  [m1] % [m2] – +�#,�#�&�,%%  2(�#3�(  � 1 % � 2 (  ��$�)%-�&� . 
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�&�(#�#%�  (4.4) �()�����  ��#�(#.-   &�(#�#%�-  
��$�)%-�&%2�,%%. 	#�  #��%�  #�2(�#%�  �&�(#�#%�  ��*�  - �36%�� .  

��#���#�.  r1 % r2  #����  #�2(�#%�  ���$����  $�,�%� -
"�'�)�*��  %)% ����$���%2� �  �������$��  "���"�'�� . ;��  
+)6!�(.�  $�#��%�  ���&%% ,�$#�*  ��$�)%-�&%2�,%%. 	#% 
$�+�2.(�6� , (�  �+�)3+�  &�2 �+�&���3  (2�%-�'�*��(%�  �+�%(#�0�  
,�#�&�  ��  «�(�%- » -�#�-�&�-  (.5� , $�  �&�(#�#%6  �  ! 4%- . 
�#.-%  �)�(�-% , �#% /�&�+��&%2 6�  %2"%&���)3#���3  &��+,%% 
&����  $&% ��$�)%-�&%2�,%%. ��9��- , $&% %2 !�#%% $&�,����  
��$�)%-�&%2�,%%, #��"/�'%-� , $&�4'�  (��0� , �$&�'�)�#%�  
+�#���#�   r1 % r2  . 	$&�'�)%�3  +�#���#�.  ��$�)%-�&%2�,%% -�4#� , 
%�/�'�  %2  &�(#�#%�  (4.4), %2 !%( 2�(%�%-���3  �����(�  ��$�)%-�&�  
��  �����(�  -�#�-�&#�*  �-��% . �&�(#�#%�  (4.4) �$%�.(���  
-0#�(�##.*  �����(  ��$�)%-�&� , ��  ���3  �0�  �����(  (  '�##.*  
-�-�#�  ��$�)%-�&%2�,%%. ��9��- , ')�  �$&�'�)�#%�  +�#���#�  r1 % 
r2  ��$�)%-�&%2�,%6  $&�(�'��  '�  #%2+%/ ���$�#�*  $&�(&���#%�  
(#%4� 10%). ���+�)3+  -�#�-�&.  &��/�' 6���  �  &�2#.-%  
�+�&����-% , ��  $&%  (�)%!�#%% ���$�#%  $&�(&���#%�  ����#�5�#%�  
-�#�-�&�(  (  &��+,%�##�*  �-��%  " '��  %2-�#��3�� . ;��  %2-�#�#%� 
(  �(�6  �!�&�'3  $&%(�'��  + %2-�#�#%6 �����(�  ��$�)%-�&�  $�  
�&�(#�#%6  �  %�/�'#.- . �)�'�(���)3#� , $&%  (�)%!�#%% ���$�#%  
$&�(&���#%� , ��$�)%-�&  " '��  �������3  %2 -�+&�-�)�+ )  �  
&�2)%!#.-  �����(�- . ;��  &�2#%,� (  �����(�  -�+&�-�)�+ ) , %2 
+���&./  �����%�  ��$�)%-�& , /�&�+��&%2 ��  ��",�)�*�����#  
������'����$�2  ��$�)%-�&� .  

����-��&%-  ��#�(#.�  2�(%�%-���%  �����(�  ��$�)%-�&�  ��  
�����(�  -�#�-�&#�*  �-��% , +���&.�  -�0 �  %-��3  -����  $&% 
��$�)%-�&%2�,%%: 

 
�%� .4.1 ��(%�%-���3  ��'�&4�#%�  2(�#3�(  m1 (  ��$�)%-�&�  ��  

��'�&4�#%�  -�#�-�&�  � 1 (  &��+,%�##�*  �-��% .  
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:�&-�  +&%(./  #�  '%�0&�--�  �����(�  2�(%�%� ��  2#�!�#%*  r1 % r2. 
�&% 9��-  (�2-�4#.   �)�' 6�%�  �) !�% :  
1) r1=r 2=1, � .� . ')�  (��/  ����#�5�#%*  +�#,�#�&�,%*  -�#�-�&�(  (  
&��+,%�##�*  �-��%  �����(  ��$�)%-�&�  &�(�#  �����(  %�/�'#�*  
�-��%  ($&�-��  1); 
 2) r1<1 % r2>1, � .� . ')�  (��/  %�/�'#./  ����#�5�#%*  +�#,�#�&�,%*  
-�#�-�&�(  ��$�)%-�&  �"�0���#  2(�#3�-%  ������
  M2  (+&%(�� 2), 
3) r1>1 % r2<1, � .� . ')�  (��/  ����#�5�#%*  +�#,�#�&�,%*  -�#�-�&�(  
(  %�/�'#�*  �-��%  
��$�)%-�&  �"�0���#  2(�#3�-%  + 1 (+&%(�� 3), 
4) r1<1 % r2<1, � .� . $&% -�)./  ��'�&4�#%�/  M1 (  %�/�'#�*  �-��%  
-�#�-�&�(  ��$�)%-�&  �"�0���#  2(�#3�-%  + 1, �  $&% "�)35%/  — 
2(�#3�-%  M2 (+&%(.�  (  % ' ). �  $��)�'#�-  �) !��  #�")6'�����  
�+)�##���3  + !�&�'�(�#%6  (  ��$�)%-�&�  2(�#3�(  + 1 % + 2, +���&��  
��-  "�)35� , !�-  ")%4�  + # )6  2#�!�#%�  r1 % r2.  
�) !�*  r1>1 % r2>1, +���&�-  '�)4#�  ����(����(�(��3  ��#'�#,%�  + 
&�2'�)3#�*  $�)%-�&%2�,%% -�#�-�&�(  (  �-��% , �".!#�  #�  $&�+�%+� 
#�  &��)%2 ���� . 	��"�  �)�' ��  ����#�(%�3��  #�  �) !�� , +�0'�  r1=0, �   
r2L0. �&%(��  2�(%�%-���%  �����(�(  $&% 9��-  %-���  (%' , +�+ 
$�+�2�#�  #�  &%� #+� #%4�. 

 
�%� .4.2 ��(%�%-���3  ��'�&4�#%�  2(�#3�(   m1 (  ��$�)%-�&�  ��  

��'�&4�#%�  -�#�-�&�  � 1 (  &��+,%�##�*  �-��%  ')�  �) !��  r1=0, �   
r2>1 (1), r1=0, �   r2<1 (2).  
��")6'�����  $&�'�)  $�)%-�&%2�,%%. ��$�)%-�&  #�  -�4��  
��'�&4��3  2(�#3�(  -�#�-�&�  � 1 "�)35�  50%, ((%'  #�(�2-�4#���%  
&��+,%%: 

~ � 1* + � 1 �   ~ � 1* 
 �&�,���  ��$�)%-�&%2�,%% $&�+&�������  $&% $�)#�-  %�!�&$�#%% 
�+�%(#�0�  -�#�-�&�  � 2. ��+��  +�&�%#� #�")6'�����  $&% 
��$�)%-�&%2�,%% �))%)3#./  -�#�-�&�( . �  !���#���% , $&% 
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��$�)%-�&%2�,%% �))%)0)%,%'%)�(�0�  91%&� �  '%-��%)�-%#� -
9�%)-���+&%)���-  %-���  -����  2�(%�%-���3 , �#�)�0%!#��  +&%(�* (1).  

��)%!%#.  +�#���#�  ��$�)%-�&%2�,%% �" �)�()�#.  &��+,%�# -
#�*  �$���"#���36  -�#�-�&�( , (�� $�6�%/  (  ��$�)%-�&%2�,%6 . 

 
!������  �  ����  4 

1. ��#��%�  ��$�)%-�&%2�,%%. <�-  ��)%!�����  "%#�&#��  
��$�)%-�&%2�,%�  ��  ��&$�)%-�&%2�,%%? 
2. �&%(�'%��  ��#�(#.�  +%#��%!��+%�  &�(#�#%�  &����  ,�$% ')�  
"%#�&#�*  ��$�)%-�&%2�,%%.  
3. �.(�'%��  ��#�(#��   &�(#�#%�  ��$�)%-�&%2�,%%.  
4. <��  ��+��  +�#���#��  ��$�)%-�&%2�,%%? 
5. <��  ��+��  +�-$�2%,%�##��  #��'#�&�'#���3  ��$�)%-�&�( ? 
6. �&%(�'%��  0&�1%+% 2�(%�%-����*  �����(�  ��$�)%-�&�  ��  �����(�  
-�#�-�&#�*  �-��%  ')�  &�2)%!#./  2#�!�#%*  +�#���#�  
��$�)%-�&%2�,%%.  
7. <��  ��+��  $&�'�)  $�)%-�&%2�,%%? ��0'�  �#  #�")6'����� ? 

 
4.1 ����*�����&  $,�$�7��$�2  "���"�'��  

@
�	�� , �����������  �
� ������  ��� -
������	%  �������� . $���(���� , �������	% , 
�	��������  �
�	� . #�	�����  �  ��
�	�����  
������� . �������  �
�	���  �
� ������  
���������	�  ��������  �
  ����������
 �� . 
*����������	����
�  ����
  #����  – *
��
  

��'  &��+,%�##�*  �$���"#���36  �$&�'�)�6�  �$���"#���3  
-�#�-�&�(  (�� $��3  (  &��+,%%, $&%(�'��%�  + �"&�2�(�#%6  
-�+&�-�)�+ ) . ���+,%�## 6  �$���"#���3  -�#�-�&�(  -�4#�  
/�&�+��&%2�(��3  +�#���#��-%  �+�&����* , 9#�&0%�* �+�%(�,%% %)% 
9#��)3$%�*  �+�%(�,%% ����(����( 6�%/  &��+,%* . �&% 
$�)%-�&%2�,%% -�&�*  ��#��%��)3#�*  &��+,%�##�*  �$���"#���%  
-�#�-�&�(  �()�6���  +�#���#�.  �+�&���%  &��+,%*  $&%���'%#�#%� + 
�'#�-  % ��-  4�  �+�%(#�-  ,�#�& : 

� 1*  + � i �  � i* 

��$��&�'��(�##��  �$&�'�)�#%�  +�#���#�.  �+�&���%  '�##�*  
&��+,%% 2��& '#%��)3#� . ��9��- , ')�   ���#�()�#%�  ��#��% -



��������
 

��)3#�*  �+�%(#���%  #��+�)3+%/  -�#�-�&�( , -�4#�  %��)�'�(��3  %/ 
��$�)%-�&%2�,%6  �  �'#%-  % ��-  4�  -�#�-�&�-  (#�$&%-�&, ��  
��%&�)�- ). ��0'� , (  +�!���(�  -�&.  ��#��%��)3#�*  &��+,%�##�*  
�$���"#���%  -�4��  �) 4%�3  �"&��#��  +�#���#��  ��$�)%-�&%2�,%% 
1/r1 =  k1i/k11. �#�!�#%�  r1 -�0 �  ".�3  #�*'�#. , %�/�'�  %2 
2�(%�%-���%  �����(�  ��$�)%-�&�  ��  �����(�  -�#�-�&#�*  �-��% .  

���+,%�##��  �$���"#���3  -�#�-�&�(  (  &�'%+�)3#�*  
��$�)%-�&%2�,%% �$&�'�)�����  ��$&�4�#%�- , $�)�&#���36  % 
���&%!��+%-  1�+��&�- , +���&.*  (  �(�6  �!�&�'3  �$&�'�)�����  
!%�)�- , &��$�)�4�#%�-   % &�2-�&�-  2�-���%��)�*     ���-�(  
 0)�&�'�  '(�*#�*  �(�2%. �   (�)%!�#%�-  9#�&0%% ��$&�4�#%�  (  
-�#�-�&�  (�2&������  �0�  �+�%(#���3  (  &��+,%�/  $&%���'%#�#%� + 
&�'%+�)�-  (�)�'��(%�  &�2�#�#�#�*  ���"%)%2�,%% $�&�/�'#�0�  
������#%� . ��  9��*  4�  $&%!%#�  (�)%!%(�����  ���"%)3#���3  
�"&�2 6�%/��  &�'%+�)�( . 

��+  ".)�  $�+�2�#�  (.5� , $&% +)���%!��+�*  "%#�&#�*  
��$�)%-�&%2�,%% -�#�-�&�(  � 1 % � 2 -�/�#%2-  $&�,����  -�4#�  
$&�'���(%�3  !��.&3-�  ��#�(#.-%  &��+,%�-%  &����  ,�$%.  

)�  &��!���  +�#���#�  ��$�)%-�&%2�,%% r1 % r2, #��"/�'%-�  
$�) !�#%�  9+�$�&%-�#��)3#�*  2�(%�%-���%  �����(�  ��$�)%-�&�  ��  
����#�5�#%�  +�-$�#�#��(  %�/�'#�*  -�#�-�&#�*  �-��% . 
����(����(�##� , (  '�)3#�*5�- , #�*'�##.�  +�#���#�.  
��$�)%-�&%2�,%% '�6�  (�2-�4#���3  &���!%���3  �����(  ��$�)%-�&� , 
+���&.*  $�) !�����  $&% �$&�'�)�##�-  �����(�  %�/�'#�*  
-�#�-�&#�*  �-��% .  

�  #�������0�  (&�-�#% , ')�  +�)%!���(�##�*  �,�#+%  
&��+,%�##�*  �$���"#���%  -�#�-�&�(  (  ��$�)%-�&%2�,%% #�%"�)��  
5%&�+��  &��$&���&�#�#%�  $�) !%)�  $�) +�)%!���(�##��  �/�-�  
�)1&��  - �&�*�� , +���&��  $�2(�)���  $&���.-  �"&�2�-  �(�2��3  
+�#���#�.  ��$�)%-�&%2�,%% �  $�&�-��&�-% , /�&�+��&%2 6�%-%  
$&%&�'  -�#�-�&�(  (�/�-�  Q -  e). �  ��#�(�  -���'�  )�4%�  
'�$ ��#%�  �  ��- , !��  +�#���#�  �+�&���%  $&%���'%#�#%� &�'%+�)�  
i + -�#�-�&  j -�4#�  $&�'���(%�3  (  (%'� : 

kij = PiQjexp(-eiej) 

0'�  P % Q - $�&�-��&. , /�&�+��&%2 6�%�  &��+,%�## 6  
�$���"#���3  &�'%+�)�  % -�#�-�&� , �  - $�&�-��& , /�&�+��&%2 6�%*  
$�)�&#.�  �(�*��(� , $&%!�-  -�#�-�&  % ����(����( 6�%*  �-  



��������
 

&�'%+�)  /�&�+��&%2 6���  �'#%-  % ��-  4�  2#�!�#%�-  � . ��&�-��&  Q 
�$&�'�)�����  ���$�#36  ��$&�4�#%�  (  #�#��.��##�-  -�#�-�&�  %, (  
#�+���&�*  ���$�#% , ���&%!��+%-%  ���"�##����-% . ���-��&�  #�  
9-$%&%!��+%* % $&%")%4�##.*  /�&�+��&  9��*  �/�-. , %�$�)32 �  �� , 
-�4#�  ���&��%!��+%  &���!%���3  +�#���#�.  ��$�)%-�&%2�,%% ')�  
$�&.  -�#�-�&�( , %�/�'�  %2 %2(���#./  ����#�5�#%* : 

r 1 = Q1/Q2exp[-e1(e1-e2)]     (4.1.1) 

r 2 = Q2/Q1exp[-e2(e2-e1)]     (4.1.2) 

��)%!%#.  Q % �  (.!%�)�6��� , %�/�'�  %2 9+�$�&%-�#��)3#./  
2#�!�#%*  +�#���#�  ��$�)%-�&%2�,%%. ����-��&%-  ��$�&3  ()%�#%� 
+�4'�0�  %2 $�&�!%�)�##./  1�+��&�(  #�  &��+,%�## 6  �$���"#���3  
-�#�-�&�( . 

��&�-��&  Q �$&�'�)�����  ���$�#36  ��$&�4�#%�   (  
#�#��.��##�-  -�#�-�&�  %, ��!���% , ���&%!��+%-  1�+��&�- . ���  
-�#�-�&.  -�4#�  &�2'�)%�3  #�  �+�%(#.�  % #��+�%(#.� . �+�%(#.-%  
-�#�-�&�-%  �()�6���  ��  -�#�-�&. , +���&.�  %-�6�  (  �(��-  
�����(�  ,�$3  ��$&�4�#%� . �  ��+%-  -�#�-�&�-  ��#������  
���'%#�#%� ,   +���&./  (%#%)3#�� 0& $$� ��$&�4�#�  �  �)+�#%)3#�* , 
1�#%)3#�* , +�&"�#%)3#�*  %)% #%�&%)3#�* 0& $$�-%, #�$&%-�&:  

 

�  $&%(�'�##./  ��& +� &�/  &��)%2 ����  /  – /  – ��$&�4�#%� , 
$�(.5�6���  &��+,%�## 6  �$���"#���3  '(�*#�*  �(�2%.  

�  #��+�%(#.-  ��#������  ��  -�#�-�&. ,   +���&./  ��$&�4�#%�  
��� ���( �� , #�$&%-�& 9�%)�#, �  ��+4�  ��  -�#�-�&. ,   +���&./  
,�$3  ��$&�4�#%�  &�2�&(�#� , #�$&%-�&: 



����	���
 

 
�  $&%(�'�##./  ���'%#�#%�/  ,�$3  ��$&�4�#%�  $&�&.(�����  #�  

0���&����-� , #�$��&�'��(�##�  �(�2�##�-  �  (%#%)3#�* 0& $$�* .  
	��"�##�  %#��&��#�  �&�(#%�3 (%#%)�,����  % -��%)�+&%)�� . ;�%  

-�#�-�&.  ")%2+% $�  �(��*  ��& +� &� , %-�6�  �'%#�+�(.*  
/%-%!��+%* �����( , % �"�  ��'�&4��  (  �(��-  �����(�  �)�4# 6  
91%&# 6 0& $$ . ��    -��%)�+&%)���  � =	  0& $$� #�$��&�'��(�##�  
�(�2�#�  �  (%#%)3#�* 0& $$�* . ��9��- , (  9��-  -�#�-�&�  
&��)%2 ����  /  – /  – ��$&�4�#%� , % �#  �()�����  �+�%(#.- . �  
(%#%)�,�����  -�4'  (%#%)3#�* 0& $$�*  % � =	  0& $$�*  #�/�'%���  
���-  +%�)�&�'� . �  �(�2% �  9�%-, ,�$3  ��$&�4�#%�  #�& 5�#� , % 9���  
-�#�-�&  �()�����  #��+�%(#.- .  

���+ , �   (�)%!�#%�-  9#�&0%% ��$&�4�#%�  (  -�#�-�&� , 
(�2&������  �0�  �+�%(#���3  (  &��+,%�/  $&%���'%#�#%� + &�'%+�)�-  
(�)�'��(%�  &�2�#�#�#�*  ���"%)%2�,%% $�&�/�'#�0�  ������#%� . ��  
9��*  4�  $&%!%#�,  (�)%!%(�����  ���"%)3#���3  �"&�2 6�%/��  
&�'%+�)�( . �)�'�(���)3#� , &�'.  �+�%(#����*  -�#�-�&�(  
$&��%(�$�)�4#.  &�'�-  �+�%(#���%  ����(����( 6�%/  &�'%+�)�( . 
;��   �(�&4'�#%�  �����()���  � �#���3  $&�(%)�  �#�%"��#���% . <�-  
"�)��  �+�%(�#  -�#�-�& , ��-  -�#��  �+�%(�#  �"&�2 6�%*��  %2 #�0�  
&�'%+�)  % #��"�&�� :  

�+�%(#.*  -�#�-�&  (��%&�) ) ��)��+�%(#.*  &�'%+�)  

  
���+�%(#.*  -�#�-�&  

((%#%)�,���� ) 
�+�%(#.*  &�'%+�)  

  



����
���
 

�&% 9��-  ��$&�4�#%�  �  2�-���%��)�-  �#%4���  �+�%(#���3  
&�'%+�)�  "�)��  2#�!%��)3#� , !�-  $�(.5���  �+�%(#���3  -�#�-�&� . 
��#�-�&  "�)��  �+�%(#.*  (  ��$�)%-�&%2�,%%, 0�-�$�)%-�&%2 ����  
�".!#�  �  -�#35�*  �+�&���36 . �+�&���3  0�-�$�)%-�&%2�,%%  
-�)��+�%(#./  -�#�-�&�(  �".!#�  (.5� , !�-    �+�%(#./ . ;11�+�  
��$&�4�#%�  ���  "�)��   �%)%(����� , ��)%  (  -�)�+ )�  -�#�-�&�  
%-���  -����  ��$&�4�#%�  /  – /  – �  '( -�  0& $$�-%. 7�&�+��&#.-  
$&%-�&�-  �()�����  1, 1 '%1�#%)9�%)�#. ��$&�4�#%�  (  9��-  
-�#�-�&�  �!�#3  (�)%+�  (  �(�2% �  ��- , !��  (%#%)3#�� 0& $$� 
#�$��&�'��(�##�  �(�2�#�  �  '( -�  1�#%)3#.-%  0& $$�-%. �  
����(����(%%  �  $&�(%)�-  �#�%"��#���% , �"&�2 6�%*��  %2 #�0�  
&�'%+�)  �")�'���  #����)3+�  #%2+�* �+�%(#���36 , !��  
$�)%-�&%2�,%�  9��0�  -�#�-�&�  $�  &�'%+�)3#�-  -�/�#%2-  #�  
$&���+��� . 

 
 7�&�+��&#��  ()%�#%� ��$&�4�#%�  #�")6'�����  $&% 

��$�)%-�&%2�,%% #��+�%(#./  -�#�-�&�(  �  �+�%(#.-% . ��$&%-�& , 
$&% ��$�)%-�&%2�,%% (%#%)�,�����  ��  ��%&�)�- , #�2#�!%��)3#.�  
'�"�(+%  �+�%(#�0�  ��%&�)�  $&%(�'��  + 2�-�')�#%6  ��$�)% -
-�&%2�,%%. �+�%(#.*  ��%&�) , $&%���'%#���3  + &�'%+�)�-  
(%#%)�,����� , $�&�(�'%�  %/ (  #��+�%(#.� , �  +���&.-%  (2�%-� -
'�*��(%�  #��+�%(#�0�  (%#%)�,�����  2��& '#�#� . �)�'�(���)3#� , 
�+�&���3  ��$�)%-�&%2�,%% �#%4����� . ;���  911�+�  �()�����  
�"�%-  $&% ��$�)%-�&%2�,%% -�)��+�%(#./  -�#�-�&�(  �  
�+�%(#.-% .  

�)�' ��  ��-��%�3 , !��  $�) !�#%�  ��$�)%-�&�( , ��'�&4��%/  (  
�(��-  �����(�  ��$����(%-��  ����#�5�#%�  2(�#3�(  �'#�0�  % ��0�  4�  
-�#�-�&� , (�2-�4#�  ��)3+�  $&% ��$�)%-�&%2�,%% -�4'  ��"�*  
'( /  �+�%(#./  -�#�-�&�(  %)% '( /  -�)��+�%(#./  -�#�-�&�(  
(+&%(�� 4 #�  &%�.4.1). �&% ��$�)%-�&%2�,%% �+�%(#�0�  -�#�-�&�  
(� 1) �  -�)��+�%(#.-  -�#�-�&�-  (� 2), +�#���#�.  ��$�)%-�&%2�,%% 



��������
 

" ' �  �%)3#�  &�2)%!��3��  -�4'  ��"�*  r1>>1, r2<<1. �&% 9��-  
��$�)%-�&  " '��  �"�0���#  2(�#3�-%  -�#�-�&�  � 1 (�  (��-  
'%�$�2�#�  �����(�(  -�#�-�&#�*  �-��%  (+&%(�� 3 #�  &%�.4.1). �  ��/  
�) !��/ , ��)%  r1>>1, r2 ~0, -�+&�-�)�+ )�  " '��  (+)6!��3  (  ��"�   
�'%#�!#.�  2(�#3�  -�#�-�&�  � 2, &�2'�)�##.�  ")�+�-%  -�#�-�&�  
� 1, (�)%!%#�  +���&./  " '��  2�(%���3  ��  �����(�  %�/�'#�*  
-�#�-�&#�*  �-��% , #�$&%-�&: 

-� 1� 1� 1� 1� 1� 2� 1� 1� 1� 1 � 2� 1� 1� 1 � 2� 1� 1� 1� 1� 1� 1- 

��+%�  -�+&�-�)�+ ).  �"&�2 6��� , (  !���#���% , $&% 
��$�)%-�&%2�,%% �))%)3#./  -�#�-�&�(  �  (%#%)3#.-%.  

�)�' ��  ��-��%�3 , !��  ��$&�4�#%�  (  -�)�+ )�  �+�2.(���  
()%�#%� #�  ��)3+�  #�  $&�,���  &����  ,�$%, #�  % #�  &��+,%6  
$�&�'�!%  ,�$%. �  &�2'�)�  3.1 0�(�&%)��3  �"  �))%)3#./  
���'%#�#%�/ , +���&.�  �()�6���  &�0 )���&�-%  $�)%-�&%2�,%% 
(�)�'��(%�  %/ (.��+�*  �+�%(#���%  (  &��+,%�/  $�&�'�!%  ,�$%. 
;+�$�&%-�#��)3#.�  %��)�'�(�#%�  $�  %2 !�#%6 ()%�#%� &�'�  
�))%)3#./  ���'%#�#%*  #�  %/ �+�%(#���3  (  &��+,%% $�&�'�!%  ,�$%  
$�+�2�)% , !��  #�%"�)35%�  (�)%!%#.  +�#���#�  $�&�'�!%  ,�$%  
#�")6'�6���  (  $&%� ���(%% �))%)"�#2�)� . ��$�-#%- , !��  &��+,%�  
$�&�'�!%  ,�$% #�  �))%)3#.�  ���'%#�#%�  $&���+���  2� �!��  ��&.(�  
$�'(%4#�0�  ���-�  (�'�&�'�  -��%)�#�(�*  0& $$. , #�/�'���*��  (  5 
– $�)�4�#%%  $�  ��#�5�#%6  + '(�*#�*  �(�2%. 

 �#��&��#�  ��$����(%�3  (�)%!%#.  +�#���#�  $�&�'�!%  ,�$% #�  
�))%)"�#2�)  % �))%)1�#%)�(.*  91%& (��")%,�  4.1). ;�%  ���'%#�#%�  
��)%!�6���  ��)3+�  #�)%!%�-    $��)�'#�0�  ���-�  +%�)�&�'�  -�4'  
�))%)3#�*  0& $$�*  % "�#2�)3#.-  +�)3,�- .  

 

 
�))%)"�#2�)   

�))%)1�#%)�(.*  91%& 



��������
 

��")%,�  4.1 
��)%!%#.  +�#���#�  $�&�'�!%  ,�$% #�  �))%)"�#2�)  % 
�))%)1�#%)�(.*  91%&. �#%,%���&  '%#%�&%) �2� -%2�-��)�#�*  
+%�)��. , &���(�&%��)3  – '%�+��# , t 500C 

��#�-�&  
��#���#��  $�&�'�!%  ,�$% � x #�  �))%)3#.�  

���'%#�#%�  
�))%)"�#2�)  �))%)1�#%)�(.*  91%& 

�%#%)$%&&�)%'�# 0.078 0.036 
��%&�)  0.084 0.048 
�%#%)+�$&�)�+��-  0.370 0.295 
���%)�+&%)��  0.014 0.011 
� �%)-���+&%)��  0.073 0.035 

 
��)��  (.��+��  �+�%(#���3  �))%)"�#2�)�  $�  �&�(#�#%6  �  

�))%)1�#%)�(.-  91%&�- (  $&�,����  $�&�'�!%  ,�$% �"8��#�����  �  
$�2%,%* ��$&�4�#%�  (  -�)�+ )� . �(�#��(� -/%-%!��+%�  &��!��.  
$�+�2�)% , !��  �))%)"�#2�)  /�&�+��&%2 ����  #�%"�)��  #%2+%-% 
2#�!�#%�-%  9#�&0%% '%���,%�,%%  ��  �(�2% -��%)�#�(�*  0& $$. , 
#�/�'���*��  (  5 - $�)�4�#%%  $�  ��#�5�#%6  + '(�*#�*  �(�2%. 
:�&-.  (.�5%/  2�#��./  -�)�+ )�&#./  �&"%��)�*  &�'%+�)�(  
�))%)"�#2�)�  % �))%)1�#%)�(�0�  91%&� $&%(�'�#.  #%4�: 

 

��'%+�)  �))%)"�#2�)�  

 

��'%+�)  �))%)1�#%)�(�0�  91%&� 
 
�2  $&%(�'�##./  �/�-  (%'#� , !��  (  &�'%+�)�  �))%)"�#2�)�  

#��$�&�##.*  9)�+�&�#  '�)�+�)%2�(�#  #�  ��)3+�  $�  �&�-  ���-�-  
 0)�&�'�  �))%)3#�*  0& $$. , #�  % $�  (��-  ���-�-   0)�&�'� , 
(+)6!��  "�#2�*#��  +�)3,� . �  �))%)1�#%)�(�0�  91%&� (  
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��$&�4�#%% $&�+�%!��+%  !���( 6�  ��)3+�  ���-.   0)�&�'�  
�))%)3#�*  0& $$. . ��+%-  �"&�2�- , &�'%+�)  �))%)"�#2�)�  %-���  
"�)��  ')%## 6  ,�$3  ��$&�4�#%� , � , �)�'�(���)3#� , �+�2.(�����  
"�)��  ���"%)3#.-  $�  �&�(#�#%6  �  &�'%+�)�-  �))%)1�#%)�(�0�  
91%&�. ;��  �"8��#�����  �)�' 6�%-%  ���"�##����-%  
-�)�+ )�&#�0�  ��&��#%� . �  �))%)"�#2�)�  "�#2�)3#��  +�)3,�  
#�$��&�'��(�##�  �(�2�#�  �  �))%)3#�*  0& $$�* , � .� . %/ 9)�+�&�##.�  
�")�+�  &��$�)�4�#.  (  �'#�*  $)��+���% . ;��  �" �)�()%(���  
-�+�%-�)3#��  %/ $�&�+&.(�#%� . ��  9��*  $&%!%#� 9)�+�&�##��  
�")�+� , �"&�2 6�����  #��$�&�##.-  9)�+�&�#�-  &�'%+�)�  
�))%)"�#2�)� , '�)�+�)%2%& ����  $�  (��-   0)�&�'#.-  ���-�- , 
(+)6!��  ���-.   0)�&�'�  "�#2�)3#�0�  +�)3,� . �  #��$�&�##.*  
9)�+�&�#  &�'%+�)�  �))%)"�#2�)�  %-���  "�)35 6  ')%#  (�)#.  % 
"�)��  #%2+ 6 9#�&0%6. ;��  �" �)�()%(���  �0�  ���"%)%2�,%6 . �  
-�)�+ )�  �))%)1�#%)�(�0�  91%&� '�)�+�)%2�,%�  $&�%2�*'��  
��)3+�  $�  �))%)3#.-  0& $$�- . ;��  �"8��#�����  9)�+�&�##.-   
��&��#%�-  ,�#�&�)3#�0�  ���-�  - +%�)�&�'�  91%&#�* �(�2%. �  
&�2 )3����  sp3 – 0%"&%'%2�,%% ���-�  +%�)�&�'�  (�2#%+�6�  !��.&�  
&�(#�,�##.�  0%"&%'#.� �&"%��)%, #�$&�()�##.�  + (�&5%#�-  
���&�9'&� . (�  sp3 – �&"%��)% 2�#��.  #��$�&�##.-%  9)�+�&�#�-% , �  
'(�  '& 0%� – 9)�+�&�##.-%  $�&�-% . <��".  ".�3  9#�&0��%!��+% 
���"%)3#.- , �&"%��)% &��$�)�0�6���  $�'  �$&�'�)�##.-   0)�- , 
+���&.*  �" �)�()%(���  #�(�2-�4#���3  $�&�+&.(�#%�  9)�+�&�##./  
�")�+�(  2�-���%��)�* . ;�%-  �"8��#�����  "�)��  #%2+�� �+�%(#���3  
�))%)1�#%)�(�0�  91%&� (  &��+,%% $�&�'�!%  ,�$% $�  �&�(#�#%6  �  
�))%)"�#2�)�- .  

���&%� , &���-��&%(�6���  &��+,%�## 6  �$���"#���3  
-�#�-�&�(  % &�'%+�)�(  ��)3+�  �   !���-  9#�&0%* ��$&�4�#%�  % #�  
 !%�.(�6���  $�)�&#./  % $&���&�#��(�##./  911�+��( , #�2.(�����  
���&%�*  %'��)3#�*  &�'%+�)3#�*  &��+,%�##�*  �$���"#���% . �  
&��)3#./  �%���-�/ , $&% �$%��#%% &��+,%�##�*  �$���"#���%  
-�#�-�&�( , $�-%-�  ��$&�4�#%� , �)�' ��   !%�.(��3  ()%�#%� 
$�)�&#�0�  1�+��&�  % ���&%!��+%/  ($&���&�#��(�##./ ) 2��& '#�#%* . 

��)�&#.*  1�+��&  /�&�+��&%2 ����  (�)%!%#�*  �  (  �/�-�  
�)1&�� -�&�*�� . ;��  (�)%!%#�  �(�2�#�  �  $�)�&#���36  (%#%)3#�* 
((%#%)%'�#�(�* ) 0& $$.  -�#�-�&�(  % /�&�+��&%2 ��  #�)%!%� 
��&%,���)3#�0�  %)%  $�)�4%��)3#�0�  2�&�'�(  (")%2% 1 – 
 0)�&�'#�0�  ���-�  #�#��.��##�*  �(�2%. ����#�()�#� , !��  
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(�)%!%#�  �  /�&�5�  +�&&�)%& ��  �  &�2#���36  2#�!�#%*  /%-%!��+%/  
�'(%0�(  ���  (�'�&#.*  -�0#%�#.*  &�2�#�#� ) #�  13�  5 – % 1 – 
 0)�&�'#./  ���-�(  '(�*#�*  �(�2%. �&% &�'%+�)3#�*  
��$�)%-�&%2�,%% -�#�-�&�(  �  $&��%(�$�)�4#�*  $�)�&%2�,%�*  
'(�*#./  �(�2�*  �&+�  $&��()�����  ��#'�#,%�  + $�&�+&���#�-  
&��� , ��  ���3  $&%���'%#�#%6 -�#�-�&�(  + ! 4%-  &�'%+�)�- , ��  
���3  &��)%2 ����  �) !�*  r1<1, r2<1. ��)�&#���3  '(�*#�*  �(�2% 
-�#�-�&�  �+�2.(���  �!�#3  � ����(�##��  ()%�#%� #�  $&�,���.  
%�##�*  (�� )$�)%-�&%2�,%%. ���'%#�#%� , /�&�+��&%2 6�%���  
��&%,���)3#.-%  2#�!�#%�-%  � , +�+ $&�(%)� , /�&�5�  
$�)%-�&%2 6���  $�  +��%�##�-  -�/�#%2- , �  $�)�4%��)3#.-%  
2#�!�#%�-%  $�  �#%�##�- .  

�&���&�#��(�##.�  911�+�.  (���&%!��+%*  1�+��& ) $&��()�6���  
$&% &���-��&�#%%  &��+,%�##�*  �$���"#���%  '%2�-���##./  
9�%)�#� . )�  1,1 – '%2�-���##./  9�%)�#�  �  #�"�)35%-%  $�  �"8�-  
2�-���%��)�-% , +�+%/ – )%"�  $&���&�#��(�##./  2��& '#�#%*  $&% 
$�)%-�&%2�,%% #�  #�")6'����� . ��$&��%( , 1,2-'%2�-���##.�  
9�%)�#�  #�  �$���"#.  + $�)%-�&%2�,%% (�)�'��(%�  ����)+%(�#%�  
2�-���%��)�*  -�#�-�&�  % &�'%+�)�  (  $�&�/�'#�-  ������#%% . 
��%"�)��  /�&�+��&#.-  $&%-�&�-  -�#�-�&� , +���&.*  #�  �$���"�#  
$�)%-�&%2�(��3��  (�)�'��(%�  ���&%!��+%/  2��& '#�#%* , �()�����  
-�)�%#�(.*  �#0%'&%': 

 

	'#�+� , 1,2 '%2�-���##.�  ��$�)%-�&%2 6���  �  -�#� - %)% 1,1 
'%2�-���##.-%  9�%)�#� ,   +���&./  ��� ���( 6�  2�-���%��)%    M - 
 0)�&�'#�0�  ���-�  ��+  ".)�  ��-�!�#�  (.5� , 2#�#%� (�)%!%# Q % e 
$�2(�)���  $&�'�+�2.(��3  2#�!�#%�  +�#���#�  ��$�)%-�&%2�,%% $�&.  
-�#�-�&�( . 	'#�+�  $�) !�#%�  �"8�+�%(#./  '�##./  $�  $�&�-��&�-  
&��+,%�##�*  �$���"#���%  ��$&�4�#�  �  %2(���#.-%  �& '#����-% , 
�(�2�##.-%  �  ��- , !��  -�/�#%2-  ��$�)%-�&%2�,%% "�)35%#��(�  
�%���-  '������!#�  �)�4#.*  % #�  �0&�#%!%(�����  $&%(�'�##.-%  
(.5�  !��.&3-�  &��+,%�-%  &����  ,�$%. �%���-.  ��+�0�  &�'�  
$�) !%)%  #�2(�#%�  ��)�4#�##./ . �  &�'�  �) !��(  #�  &�'%+�)3# 6  
��$�)%-�&%2�,%6  �+�2.(���  ()%�#%� $&%&�'� &��+,%�##�*  �&�'. . 
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��$&%-�& , �"&�2�(�#%�  +�-$)�+��(  -�4'  -�)�+ )�-%  
&���(�&%��)�  % &��0�#��-%  $��&�'��(�-  �)�"./  /%-%!��+%/  �(�2�* . 
�2�%-�'�*��(%�  -�4��  $&�%�/�'%�3  �   !���%�-  +�+ 
1 #+,%�#�)3#./  0& $$ -�#�-�&�( , ��+  % �+�%(#./  ,�#�&�( . 
7�&�5�  %2(���#.  911�+�. , �(�2�##.�  �  �"&�2�(�#%�-  '�#�&#� -
�+,�$��&#./  �(�2�* . � ����(�##.�  %2-�#�#%� (  �����(�  
��$�)%-�&�  #�")6'�6��� , +�0'�  1 #+,%�#�)3#��  0& $$� -�#�-�&�  
��$&�4�#�  �  &��+,%�##.-  ,�#�&�- . ��'�"#.�  911�+�.  #�  
 !%�.(�6���  +)���%!��+�*  �/�-�*  ��$�)%-�&%2�,%%. �  �(�2% �  
9�%-, $&�'���()�����  #�$&%�-)�-.-  �$&�'�)�#%�  (�)%!%# Q % �  $�  
&�2 )3����-  %��)�'�(�#%�  ��$�)%-�&%2�,%% �'#�*  $�&.  
-�#�-�&�(  �  $��)�' 6�%-  &��!���-  $�  1�&- )�-  4.1.1 % 4.1.2. 
��) !�##.�  ��+%-  �"&�2�-  &�2 )3���.  $&�'���()�6���  2�!��� 6  
�"��)6�#�  #�%#1�&-��%(#.-%  % $&��%(�&�!��%�  2'&�(�-  
�-.�) .   

��) !�#%�  �"8�+�%(#./  2#�!�#%*  $�&�-��&�(  &��+,%�##�*  
�$���"#���%  -�#�-�&�(  Q % �  �&�" ��  $&�(�'�#%�  ')%��)3#./  
9+�$�&%-�#��(  $�  �$&�'�)�#%6  +�#���#�  ��$�)%-�&%2�,%% 
%��)�' �-�0�  -�#�-�&�  �  &�'�-  /�&�5�  %2 !�##./  -�#�-�&�(  �  
$��)�' 6��*  �"&�"��+�*  $�) !�##./  &�2 )3����(  (  +��&'%#���/  
 &�(#�#%�   

(ln Q1/r1)  ----   e1
2 =  -   e1e2 + ln Q2    (4.1.3) 

0'�  Q2 % e2  - %�+�-.�  $�&�-��&.  &��+,%�##�*  �$���"#���%  
-�#�-�&�( , Q1 % e1- - $�&�-��&.  &��+,%�##�*  �$���"#���%  
%2(���#./  -�#�-�&�( , r 1 +�#���#��  ��$�)%-�&%2�,%%.  

�  9��-  �) !�� , $�) !�6�  #�+���&.�   �&�'#�##.�  2#�!�#%�  Q % 
e. ��#��#� , !��  !�-  "�)35��  !%�)�  �%���-  %��)�'�(�#�  ')�  
$�) !�#%�  +�#���#�  ��$�)%-�&%2�,%%, ��-  "�)��  �"8�+�%(#.-%  
�+�4 ���  #�*'�##.�  2#�!�#%�  $�&�-��&�(  &��+,%�##�*  
�$���"#���%  -�#�-�&�( .  

��)%!%#.  Q % e -�0 �  ".�3  �,�#�#. , %�/�'�  %2 1%2%!��+%/ 
�(�*��(  -�#�-�&�( . ��+ ,  ���#�()�#.  )%#�*#.�  +�&&�)�,%% -�4'  
Lg Q % N@-@ – -�+�%- -�-  $�)��.  $�0)���#%�  '(�*#�*  �(�2% (  
�: - �$�+�&�  ( )3�&�1%�)���(�-  �$�+�&� ) -�#�-�&� . ��)%!%#�  e, 
+�+  4�  ��-�!�)��3  (.5� , +�&&�)%& ��  ��  2#�!�#%�-%  /%-%!��+%/  
�'(%0�(  13�  '(�*#�*  �(�2% -�#�-�&� , �$&�'�)��-.-  -���'�-   
��� .  
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)�  $&�'(�&%��)3#�*  �,�#+%  $�&�-��&�(  &��+,%�##�*  
�$���"#���%  -�#�-�&�( , -�4#�  $&%-�#��3  ��+4�  -���'.  
+(�#��(�*  /%-%%. ��+   ���#�()�#� : 

 
Q ~ � ’ L~RTLnQ e~q 

� ’ – $�&�'�+  
'(�*#�*  �(�2% 

-�#�-�&�  

L – ;#�&0%� 
)�+�)%2�,%% 

q – ��&�'  #�  M – 
 0)�&�'#�-  ���-�  

-�#�-�&�  
 
��+%-  �"&�2�- , %�/�'�  %2 +(�#��(�/%-%!��+%/  (.!%�)�#%* , 

-�4#�  �'�)��3  (.(�'.  �  &��+,%�##�*  �$���"#���%  -�#�-�&�(  % 
$&�'�+�2��3  %/ $�(�'�#%�  (  $&�,����/  ��$�)%-�&%2�,%%.  

)�  �,�#+%  &��+,%�##�*  �$���"#���%  -�#�-�&�(  $&%-�#�# 
-���'  -���-��%!��+�0�  -�'�)%&�(�#%� . �  !���#���% , 
+�)%!���(�##.�  ����#�5�#%�  ��& +� &�  – �(�*��(� , ��#�(�##.�  #�  
$&%-�#�#%% ���&%% 0&�1�( . ��+�*  $�'/�'  $�2(�)���  �  
�$&�'�)�##�*  '�)�*  (�&���#���%  $&�'�+�2.(��3  +�+ (�)%!%#.  Q % 
e -�#�-�&�( , ��+  % %/ +�#���#�.  ��$�)%-�&%2�,%% r1 % r2, %�/�'�  
%2 %#1�&-�,%% �"  %/ /%-%!��+�-  ��&��#%%. �&%-�#�#%�  -���'�(  
-���-��%!��+�0�  -�'�)%&�(�#%�  '���  (�2-�4#���3  $&�(�'%�3  
$&�'(�&%��)3# 6  �,�#+  $�(�'�#%�  -�#�-�&�(  (  ��$�)%-�&%2�,%% 
% $�2(�)%�  � ����(�##�  ��+&��%�3  9+�$�&%-�#��)3# 6  &�"�� . 

�  %�##�*  $�)%-�&%2�,%% &��+,%�##��  �$���"#���3  -�#�-�&�(  
�".!#�  ��0)�� ����  �  9)�+�&�##�*  ��& +� &�*  (%#%)3#�* %)% 
(%#%)%'�#�(�*  0& $$. ;��  ��&�4���  ��")6'�#%�  $&�(%)�  ��-��� , 
+���&��  $&%-�#%��)3#�  + %�##�*  ��$�)%-�&%2�,%% -�4#�  2�$%���3  
(  (%'� : 

Lg(1/r1) = OP     (4.1.4) 
0'�  O – +�#���#�� , �(�*��(�##��  '�##�-  �%$  $�)%-�&%2�,%%, 

P – +�#���#�� , /�&�+��&%2 6���  9)�+�&�#�'�#�&#.�  %)% 
9)�+�&�#��+,�$��&#.�  �(�*��(�  2�-���%��)�  (  -�#�-�&� . ��+  
$�+�2.(�6�  '�##.�  $�  ��$�)%-�&%2�,%% ��%&�)�  (� 1) �  �0�  
$&�%2(�'#.-% , ��'�&4��%-%  &�2)%!#.�  2�-���%��)%  (  "�#2�)3#�-  
+�)3,� , (�)%!%#�  O %-���  $�)�4%��)3#.�  2#�!�#%�  ')�  �#%�##./  % 
��&%,���)3#.�  2#�!�#%�  ')�  +��%�##./  �%���- .  

)�  (%#%)3#./ -�#�-�&�(  #�")6'�����  +�&&�)�,%�  
&��+,%�##�*  �$���"#���%  -�#�-�&�(  (  %�##�*  $�)%-�&%2�,%% �  
2�&�'�-  #�  M –  0)�&�'#�-  ���-�  -�#�-�&� . �  +��%�##�*  



��������
 

$�)%-�&%2�,%% &��+,%�##��  �$���"#���3  -�#�-�&�(  (�2&������  �  
 (�)%!�#%�-  ��&%,���)3#�0�  2�&�'�  #�  M –  0)�&�'#�-  ���-�  
-�#�-�&� . ��+ , &��+,%�##��  �$���"#���3  -�#�-�&�(  (  +��%�##�*  
$�)%-�&%2�,%%  (�)%!%(�����  (  &�' : 

 

;��  $&�(%)�  -�4��  #�& 5��3��  (  ��-  �) !�� , ��)%  -�#�-�&.  
��'�&4��  (  �(��-  �����(�  # +)��1%)3#.�  ,�#�&. , �$���"#.�  
+�#+ &%&�(��3  ��  �(�236  � =� . ��+�(�*  �()�����  +�&"�#%)3#��  
0& $$� (  �)�4#./  (%#%)�(./  91%&�/. ��  ��#��%��)3#�  (.��+%*  
��&%,���)3#.*  2�&�'  �" �)�()%(���  $&�+�%!��+ 6  $���%(#���3  
$�'�"#./  -�#�-�&�(  $&% +��%�##�-  %#%,%%&�(�#%%, /���  9�% 
-�#�-�&.  %-�6�  '������!#�  (.��+%*  ��&%,���)3#.*  2�&�'  #�  1 – 
 0)�&�'#�-  ���-� : 

 
<��+��  +�&&�)�,%�  -�4'  &��+,%�##�*  �$���"#���36  (  

+��%�##./  $&�,����/  % 9)�+�&�##�*  ��& +� &�*  -�#�-�&�  
 ���#�()�#�  #�  $&%-�&� ��$�)%-�&%2�,%% $&���./  (%#%)�(./  
91%&�( �� 2=�� -	 -R �  � -� 4� 9	�� =�� 2. �  9��-  �) !��  
��#��%��)3#��  �+�%(#���3  -�#�-�&�(  (�2&������  �  $�(.5�#%�-  
9)�+�&�#�'�#�&#./  �(�*��(  2�-���%��)�  R, !��  %))6��&%& ��  
��")6'�#%�  $&�(%)�  4.1.4. 

�&% �#%�##�*  $�)%-�&%2�,%% #�#��.��##./  -�#�-�&�(  
+�&&�)�,%�  &��+,%�##�*  �$���"#���%  ��  ��& +� &#.-%  % 
9)�+�&�##.-%  /�&�+��&%��%+�-%  %2(���#�  ')�  $&�%2(�'#./  
��%&�)� . )�  9�%/ -�#�-�&�(  ��")6'�����  $&�(%)�  4.1.4. �  ,�)�- , 
 (�)%!�#%�  ��#��%��)3#�*  �+�%(#���%  -�#�-�&�(  (  �#%�##�*  
$�)%-�&%2�,%% &�����  (  &�'  " ��'%�# < ��%&�) < -���+&%)��. < 
�+&%)��. < �+&%)�#%�&%)< #%�&�9�%)�#< (%#%)%'�#�(.�  -�#�-�&.  
CH2=CXY, 0'�  X % Y – &�2)%!#.�  %)% �'%#�+�(.�  $�)�&#.�  
0& $$. . 	'#�+�  ��&�0��  2�+)6!�#%�  �  (2�%-��(�2%  ��& +� &#./  
���"�##����*  -�#�-�&�(  % %/ &��+,%�##�*  �$���"#���36  (  
�#%�##�*  $�)%-�&%2�,%% 2��& '#%��)3#�  %2-2� &�'�  �"������)3��( . 
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��4#�*5��  %2 #%/ 9��  �+)�##���3  $&��%(�%�#�(  �#%�##./  �+�%(-
#./  ,�#�&�(  + �"&�2�(�#%6  +�-$)�+��(  �  -�#�-�&�-%  � 1 %)% � 2. 

�&% �,�#+�  &��+,%�##�*  �$���"#���%  -�#�-�&�(  (  %�##./  
�%���-�/  #��"/�'%-�  %-��3  (  (%'  $&%&�'  �+�%(#�0�  ,�#�&�  '�4�  
(  $&�'�)�/  �'#�0�  �"��0�  +)����  &��+,%*  (#�$&%-�&, �#%�##�0� ). 
�#�0��"&�2%�  %�##./  �+�%(#./  ,�#�&�(  �&�" ��  '%11�&�# -
,%&�(�##�0�  $�'/�'�  + (.�()�#%6  &��+,%�##�*  �$���"#���%  
-�#�-�&�(  �   !���-  1�&-  � ����(�(�#%�  &��� �%/  ,�$�*  (  
��$����(%-./  �) !��/ .  

 
!������  �  ����  4.1 

1. <��  ��+��  &��+,%�##��  �$���"#���3  -�#�-�&�( ? ��+%-% 
1�+��&�-%  �#�  �$&�'�)����� ? 
2. ��+  ()%���  ��$&�4�#%�  #�  &��+,%�## 6  �$���"#���3  -�#�-�&�  % 
&�'%+�)� ? 
3. �&%(�'%��  $&%-�&.  -�#�-�&�( , (  �����(�  +���&./  %-�����  ,�$3  
��$&�4�#%� .  
4. ��+%�  -�#�-�&.  �()�6���  �+�%(#.-% , +�+%� #��+�%(#.-% ? 
��+%�  %2 #%/   $�)%-�&%2 6���  �  "�)��  (.��+�*  �+�&���36 ? 
5. ��+  ()%���  ��$&�4�#%�  #�  �+�&���3  ��$�)%-�&%2�,%%? 
6. ��+  ()%���  $�)�&#.*  1�+��&  -�#�-�&�(  #�  ��$�)%-�&%2�,%6 ? 
7. �  +�+%/ �) !��/  #�")6'�����  � ����(�##��  ()%�#%�  
���&%!��+�0�  1�+��&�  #�  $&�,���  $�)%-�&%2�,%%? 
8. ��!�-  $�) +�)%!���(�##��  �/�-�  �)1&��  – �&�*��  #�  -�4��  
�) 4%�3  #�'�4#.-  %���!#%+�-  ')�  $&�'�+�2�#%�  +�#���#�  
��$�)%-�&%2�,%%? 
9. ��+%-  �"&�2�-  $�) !�6�  2#�!�#%�  $�&�-��&�(  �)1&��  �&�*��  Q 
% e? 
10. ��+  2#�!�#%�  Q % e -�#�-�&�(  +�&&�)%& 6�  �  
/�&�+��&%��%+�-% , $�) !�##.-%  #�  ��#�(�#%%  �$�+�&��+�$%!��+%/  
%��)�'�(�#%* ? 
11. ��+  2#�!�#%�  Q % e -�#�-�&�(  +�&&�)%& 6�  �  
/�&�+��&%��%+�-% , $�) !�##.-%  #�  ��#�(�#%%  +(�#��(� -
/%-%!��+%/  %��)�'�(�#%* ? 
 

�������������  �
��������  �  ����  4 
1. 79-   . ��$�)%-�&%2�,%� . � .: 7%-%�, 1971. 616 � .   



����	���
 

2. Zaikov G.E., Howell B.A. (ed.) Polymer Reactivity (���+,%�##��  �$� -
��"#���3  $�)%-�&�( )  N-Y. :Nova Science Publishers, 2006. – 194 &.  
3. ��-!%+�(  ? .  . ��(&�-�##��  %#��&$&���,%�  �/�-.  Q-e.// 
�.��+�-�)�+ . ���' . � . -1990. - 32, E  2. - � . 243 – 252 
4. Greenly R. An expanded listing of revised Q and e values// J. 
Macromolec. Sci. Chemistry. 1980. Vol. A14. N 4. P. 427-443.  
5. ��-!%+�(  ? . . ����%��%!��+%�  ��$�)%-�&. .//��&���(�+%*  
�"&�2�(���)3#.*  4 &#�)  1997. E 5, � .43-47.  
6. ��0!�#+�(  � .� ., :&�#+�)3  � .� . ��-$�2%,%�##��  #��'#�&�'#���3  
��$�)%-�&�( . � .: 7%-%� 1988. 248 �   
7. �2��(  � .� . ��)%-�&.  % ��$�)%-�&.  -�)�%#�(�0�  �#0%'&%'�.  
��+ , ;)- , 1984. - 160 � .  
8. Fried J.R. Polymer Science and Technology. (:&%'  4 .� . 7%-%� % 
��/#�)�0%�  $�)%-�&�( )  2nd ed. – New Jersey, Prentice Hall PTR, 
1995. – 509 p. 
9. Gnanou Y., Fontanille M. Organic and physical chemistry of polymers 
(�#�#  � ., :�#��#%)3  � . 	&0�#%!��+��  % 1%2%!��+��  /%-%� 
$�)%-�&�( )  Hoboken, New Jersey: Wiley, 2008. – 617 p 
10. � '.5+%#  � .	 . ��/%'�(�  � .� ., �%'�&�#+�  	 .� ., ��5%'�(�  
� .� . % '& . 	  $&%-�#�#%% �))%)"�#2�)�  % �))%)1�#%)�(�0�  91%&� (  
+�!���(�  �0�#��(  $�&�'�!%  ,�$% (  &�'%+�)3#�*  $�)%-�&%2�,%%.// 
= &# . �&%+). /%-%% 2004. � .77. E .6  
11. ��&�$�(  � .� ., � '.5+%#  � .	 ., ��5%'�(�  � .� . % '& . 
��'�)%&�(�#%�  $�&�-��&�(  &��+,%�##�*  �$���"#���%  -�#�-�&�(  (  
&�'%+�)3#�*  ��$�)%-�&%2�,%%// = &# . ��& +� . 7%-%%. 2004. � .45. 
E 6. � .994-998 
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����  
�����������
 ��� . 

��)%+�#'�#��,%�  – 9��  $&�,���  �%#��2�  (.��+�-�)�+ )�&#./  
���'%#�#%* , (  +���&�-  &���  -�+&�-�)�+ )  $&�%�/�'%�  $ ��-  
/%-%!��+�0�  (2�%-�'�*��(%�  %�/�'#./  -�)�+ )  '& 0  �  '& 0�- , �  
&��+,%�##��$���"#.-%  0& $$�-% n--�&�(  ('%-, �&%, ���&�  %.� .' .), 
#�+�$)%(�6�%/��  (  /�'�  &��+,%%, �  ��+4�  -�)�+ )  n--�&�(  -�4'  
��"�* . �  ��(&�-�##�*  )%��&�� &�  (��&�!�����  ��+4�  ��&-%#  
�� $�#!����  $�)%-�&%2�,%� . ��0)��#�  9��-  �$&�'�)�#%6  �/�-  
&��+,%% $�)%+�#'�#��,%%  -�4#�  $&�'���(%�3  �)�' 6�%-  �"&�2�- : 

~Mi + ~Mj Q ~M i+j 
0'�  – ~Mi , ~Mj % ~Mi+j - ����(����(�##� , i, j % i+j� -�&. , $&%!�-  i % 
j -�0 �  ".�3  )6".-  !%�)�- , (  ��-  !%�)�  % �'%#%,�* . )�  
$�) !�#%�  -�+&�-�)�+ )  $ ��-  $�)%+�#'�#��,%%  -�4��  ".�3 , (  
$&%#,%$�, %�$�)32�(�#�  )6"��  &��+,%�  +�#'�#��,%%  %)% 
$&%���'%#�#%�, %2(���#��  (  �&0�#%!��+�*  /%-%%. �&% &��+,%�/  
+�#'�#��,%%  #�")6'�����  (.'�)�#%�  #%2+�-�)�+ )�&#./  (�����(  
((�'. , �$%&��, �--%�+� , /)�&%���0�  (�'�&�'�  % � .' .). �&%-�&�-%  
-�0 �  �) 4%�3  &��+,%% $�)%9��&%1%+�,%%: 
HO–R–COOH + HO–R–COOH Q  HO–R–COO–R–COOH + H2O 

% � .' . 
$�)%�-%'%&�(�#%� : 
H2N–R–NH2 + ClOC–R’–COCl Q H2N–R–NHCO–R’–COCl + HCl 

% � .' . 
�&% 9��-  �  �	�����  �	   �����   ��������
 �� , 9)�-�#��&#.*  

�����(  $&�' +��(  $�)%+�#'�#��,%%  #�  ��($�'���  �  �����(�-  
-�#�-�&#./  ���'%#�#%* , � .+. +�4'.*  /%-%!��+%* �+�  
$�)%+�#'�#��,%%  ��$&�(�4'�����  (.'�)�#%�-  -�)�+ ).  
#%2+�-�)�+ )�&#�0�  $&�' +��  (� 2	 , HCl % '& .). 

�-�6���  ��+4�  &�2#�(%'#���%  $&�,����( , +���&.�  #�  
��$&�(�4'�6���  (.'�)�#%�-  #%2+�-�)�+ )�&#./  $&�' +��( . �  %/ 
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!%�) , #�$&%-�&, ��#��%���  �%#��2 $�)% &���#�(  %2 0)%+�)�*  % 
'%%2�,%�#���( : 

�� –R–� H + O=C=N–R'–N=C=O Q  HO–R–� –CO–NH–R'–N=C=O % � .' . 

��'�"#.�  $�)%+�#'�#��,%�##.�  $&�,���.  !����  #�2.(�6�  
����������������� . ��  +%#��%!��+%- 2�+�#�-�&#����-  &��+,%% 
$�)%$&%���'%#�#%� (��3-�  �/�4%  �  &��+,%�-%  $�)%+�#'�#��,%% . �  
�"��/  �%$�/  $�)%+�#'�#��,%�##./  $&�,����(  &���  -�+&�-�)�+ )  
�� ����()�����  $ ��-  (2�%-�'�*��(%�  1 #+,%�#�)3#./  0& $$ 
-�)�+ )  -�#�-�&�(  %)% ��+%/  4�  0& $$ #�/�'��%/��  #�  +�#,�/  
 4�  �"&�2�(�(5%/��  ,�$�*  &�2)%!#�*  -�)�+ )�&#�*  -���. . 
��) !��-.�  (  &�2 )3����  9�%/ &��+,%*  $&�-�4 ��!#.�  
$�)%-�&#.�  $&�' +�.  �()�6���  '������!#�   ���*!%(.-%  
���'%#�#%�-%  % -�0 �  ".�3  (.'�)�#.  (  �(�"�'#�-  (%'� . 	'#�+�  
�#% ��'�&4��  #�  +�#,�/  &��+,%�#��$���"#.�  0& $$.  % $�9��-  
�$���"#.  + '�)3#�*5%-  &��+,%�-  +�#'�#��,%% , +�+ '& 0  �  '& 0�- , 
��+  % �  ����(����( 6�%-%  -�#�-�&#.-%  -�)�+ )�-% . 	��6'�  
�)�' �� , !��  ���&��%!��+%  $�)%+�#'�#��,%�  -�4��  �!%���3��  
2�(�&5�##�*  )%53 ��0'� , +�0'�  $&�&��0%& 6�  (��  +�#,�(.�   
1 #+,%�#�)3#.�  0& $$. , (  &�2 )3����  !�0�  '�)4#�  �"&�2�(��3��  
�'#�  0%0�#��+��  ,%+)%!��+��  -�+&�-�)�+ )� . ��  $&�+�%+�, �'#�+� , 
9��  #%+�0'�  #�  '���%0����� .  

��+%-  �"&�2�- , $&%#,%$%�)3#�� ��)%!%�  $�)%+�#'�#��,%%  ��  
,�$#�*  $�)%-�&%2�,%% 2�+)6!�����  (  &�2)%!%% ��-�0�  �$���"�  
&����  -�+&�-�)�+ ) . ��$�-#%- , !��  $&% $�)%-�&%2�,%% &���  ,�$% 
�� ����()�����  $ ��-  $��)�'�(���)3#�0�  $&%���'%#�#%� ��)3+�  
-�#�-�&#./  �'%#%, + �+�%(#�-  +�#,  &��� ��*  ,�$%. �  
)%��&�� &�  $�)%+�#'�#��,%6  #�2.(�6�  ��+4�  �� $�#!���*  
$�)%-�&%2�,%�* .  

 
5.1 ��)�������$��  ,�%�������$�*��  

��)%+�#'�#��,%� , (  +���&�*   !���( 6�  ��)3+�  "%1 #+,%� -
#�)3#.�  -�)�+ ). , $&%(�'%� + �"&�2�(�#%6  )%#�*#./  -�+&� -
-�)�+ ) . ��+ 6  $�)%+�#'�#��,%6  �".!#�  #�2.(�6�  �������� . 
��)%+�#'�#��,%� , (  +���&�*   !���( 6�  -�)�+ ).  �  �&�-�  %)% 
"�)35%-  !%�)�-  1 #+,%�#�)3#./  0& $$, $&%(�'%� + �"&�2�(�#%6  
&�2(��()�##./  %)%, (  +�#�!#�-  �!��� , �&�/-�&#./  (���!��./ ) 
��& +� & . ��+ 6  $�)%+�#'�#��,%6  #�2.(�6�  
���	�������  (%)% 
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	������� ). ��)%+�#'�#��,%� , (  +���&�*   !���( ��  ��)3+�  �'%#  
-�#�-�& , ��'�&4��%*  -%#%- -  '(�  1 #+,%�#�)3#.�  0& $$. , 
#�2.(�����  !��������������
 ��� : 

! HO-(
 H2)6–COOH = H-[ -� -(CH2)6-CO-)x-OH + (x –1)H2O 

��)%+�#'�#��,%�  �   !���%�- , $�  +&�*#�*  -�&� , '( /  &�2#./  �%$�(  
-�#�-�&�( , +�4'.*  %2 +���&./  ��'�&4%�  �'%#�+�(.�  
1 #+,%�#�)3#.�  0& $$. , &��0%& 6�%�  ��)3+�  �  1 #+,%�#�)3#.-%  
0& $$�-% '& 0�0� , #�2.(�����  !�	�������������
 ���  (#�$&%-�&, 
�%#��2 $�)%0�+��-��%)�#�'%$�-%'�  (#�*)�# -6,6) %2 0�+��-��% -
)�#'%�-%#�  % �'%$%#�(�*  +%�)��. ): 

! NH2–(CH2)6–NH2 + xHOOC–(CH2)4 –COOH �  

� H-[NH-(CH2)6-NH–CO–(CH2)4 –CO-]xOH + (x –1)H2O 

�&% 0�-� - % 0���&�$�)%+�#'�#��,%%  �"&�2 6���  -�+&�-�)�+ ).  
0�-�$�)%-�&�( , +���&.�  �������  %2 $�(��&�6�%/��  2(�#3�(  �'#�0�  
�%$�. � ����( 6�  ��+4�  &��+,%% � ������������
 �� , $&%(�'��%�  
+ �"&�2�(�#%6  ��$�)%-�&�( . �  $��)�'#�-  �) !��  -�+&�-�)�+ ).  
��'�&4��  $�(��&�6�%���  2(�#3�  #��+�)3+%/  �%$�( . �  ��+%-  
&��+,%�-  ��#����  ��(-���# 6  $�)%+�#'�#��,%6  -�#�-�&�(  
(�-%#�  - %)% �+�%+%�)�� ), +�4'.*  %2 +���&./  �$���"�#  (�� $��3  (  
&��+,%6  0�-�$�)%+�#'�#��,%% .  ��$&%-�& , $&% 
"%$�)%+�#'�#��,%%  �-%#�+�$&�#�(�*  % �-%#�9#�#��(�*  +%�)�� : 

xNH2–(CH2)5–COOH + yNH2 – (CH2)6 – COOH �  

� H[NH -(CH2)5–CO]x-[NH–(CH2)6–CO-]yOH + zH2O 

�"&�2 ����  ��$�)%-�& , (  �����(  +���&�0�  (/�'��  '(�  
&�2)%!�6�%/��  2(�#� . ��)��  &��$&���&�#�#.  &��+,%% 
��	��������������
 ��  �   !���%�-  �&�/  -�#�-�&�( . 
: #+,%�#�)3#.�  0& $$.  '( /  %2 9�%/ -�#�-�&�(  (#�2.(��-./  
��-�#�-�&�-% ) #�$��&�'��(�##�  -�4'  ��"�*  #�  &��0%& 6� , #�  
�$���"#.  (2�%-�'�*��(�(��3  �  1 #+,%�#�)3#.-%  0& $$�-% 
�&��3�0�  -�#�-�&�  (#�2.(��-�0�  %#��&-�#�-�&�- ). ��$&%-�& , $&% 
&��+,%% 0�+��-��%)�#'%�)�  % 9�%)�#0)%+�)�  �  /)�&�#0%'&%'�-  
��&�1��)�(�*  +%�)��. ; 

�� -(
� 2)6-� H + �� -(
� 2)2-� H + CICO-Ph-COCI �  
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�  H[- � -(CH2)6-OC(O)-Ph –(O)CO-(
 H2)2-O-]H + HCI 

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

5.2 ��'"�����"���  ,�%�������$�*��  

�&% $�)%+�#'�#��,%% , #�&�'  �  )%#�*#.-%  -�+&�-�)�+ )�-% , 
(  +�!���(�  $�"�!#./  $&�' +��(  �"&�2 6���  ,%+)%!��+%� 
#%2+�-�)�+ )�&#.�  ���'%#�#%� . �  ��&-�'%#�-%+�  $�)%+�# -
'�#��,%%  &���-��&%(�6�  '(�  �%$� &�(#�(��%* : 
1) -�4'  )%#�*#.-%  $&�' +��-%  +�#'�#��,%%  % 
#%2+�-�)�+ )�&#.-  (�����(�- , (.'�)�6�%-��  (  &�2 )3����  
&��+,%%, /�&�+��&%2 �-��  +�#���#��*  &�(#�(��%�  . : 

 
2) -�4'  )%#�*#.-%  % ,%+)%!��+%-% $&�' +��-%  
$�)%+�#'�#��,%% , ����#�5�#%�  -�4'  +���&.-%  �$&�'�)�����  
+�#���#��*  &�(#�(��%�  K': 

 
��)%!%#�  . ' 2�(%�%� ��  &�2#���% ��&-�'%#�-%!��+%/  

$���#,%�)�(  )%#�*#./  % ,%+)%!��+%/ $&�' +��( : 

    (5.1) 
0'�  >G, >H, >S — &�2#���% ���#'�&�#./  (�)%!%# 

��&-�'%#�-%!��+�0�  $���#,%�)� , 9#��)3$%% % 9#�&�$%% 
$�)%+�#'�#��,%%  (  &��!���  #�  ��#�(� --�)3 . )�  �"&�2�(�#%�  
+�4'�0�  %2 (�2-�4#./  ,%+)%!��+%/ $&�' +��(  /�&�+��&#�  �(��  
+�#���#��  &�(#�(��%� , . ', (�)%!%#�  +���&�*  (  $�&(�-  $&%")%4�#%% 
�"&��#�  $&�$�&,%�#�)3#�  +�#,�#�&�,%%  -�#�-�&� . �%+)%2�,%� — 
-�#�-�)�+ )�&#��  &��+,%� , �  )%#�*#��  $�)%+�#'�#��,%�  — "%-� -
)�+ )�&#�� . ��9��-  ��  
��
������  ���	���  �	����	��%���  
����(
���   ����������  ����������  ���
�	
�	 , % $&% '������!#�  
-�)./  +�#,�#�&�,%�/  ��#�(#.-  $&�' +��-  $�)%+�#'�#��,%%  
'�)4#.  ".�3  ,%+).  ($&�(%)�  &�2"�()�#%�  �%0)�&� ). ��$&��%( , 
����������  ��� ��	
 ��  ������
  ��
!����	�	���	  ��
�� -
�
���  �������!�  �����	
 . ��+  %2(���#� , #�%-�#35�*  #�$&� -
4�##���36  (� .� . J� �  &��+&.�%�  ,%+)�  -�+�%-�)3#� ) �")�'�6�  5-�% 



��������
 

% 6-�% !)�##.�  ,%+). , �  ��+4�  ,%+).  �  !%�)�-  ���-�(  "�)��  20. 
)�  "�)35%#��(�  �%���-  >So ��&%,���)3#�  % (�2&������  �  
 (�)%!�#%�-  !%�)�  ���-�(  (  ,%+)� . ��9��-  $&% $�(.5�#%%  
��-$�&�� &.  $�)%+�#'�#��,%%  (./�'  ,%+)%!��+%/ $&�' +��( , +�+ 
$&�(%)� , (�2&������ . ��%"�)35�*  ��&-�'%#�-%!��+�*   ���*!% -
(���36  (>Go &��+&.�%�  -�+�%-�)3#�  % $�)�4%��)3#� ) �")�'�6�  5-
�% % 6-�% !)�##.�  ,%+). . >Go &��+&.�%�  '& 0%/ ,%+)�(  
��&%,���)3#� , $�9��-  (  +�!���(�  0)�(#�0�  $&�' +��  $�)%+�# -
'�#��,%%  $&�!%/  "%1 #+,%�#�)3#./  ���'%#�#%*  $�) !�����  
)%#�*#.*  $�)%-�& . 

)�  ���'%#�#%*  �  !%�)�-  ���-�(  "�)��  20 (�&���#���3  
,%+)%2�,%% �$&�'�)�����  ��#�5�#%�-  (�&���#����*  �� '�&�#%*  
+�#,�(./  1 #+,%�#�)3#./  0& $$ �'#�*  % ��*  4�  -�+&�-�)�+ ).  % 
�� '�&�#%*  +�#,�(./  0& $$, $&%#�')�4��%/  &�2#.-  -�+&�-� -
)�+ )�- . ��&���#���3  �"&�2�(�#%�  "�)35%/  ,%+)�(  �!�#3  -�)�  % 
 ".(���  �   (�)%!�#%�-  &�2-�&�  ,%+)� . 	"&��%-��  ��$�&3  + 
&�(#�(��%6  -�4'  %�/�'#.-%  #%2+�-�)�+ )�&#.-%  (�����(�-%  % 
$&�' +��-%  )%#�*#�*  $�)%+�#'�#��,%% . �  2�(%�%-���%  ��  �"�� -
)6�#�0�  2#�!�#%�  +�#���#�.  &�(#�(��%�  .  &�2)%!�6�  ��
	����  
(
��������� ) �  ����
	����  (��
��������� ) �����������
 �� . 
��)%  (   �)�(%�/  &��+,%% ���$�#3  $&�(&���#%�  % -�)�+ )�&#��  
-����  $�) !��-./  $�)%-�&�(  �$&�'�)�����  &�(#�(��#.-%  
+�#,�#�&�,%�-%  &��0�#��(  % $&�' +��(  &��+,%%, ��  ��+��  
$�)%+�#'�#��,%�  #�2.(�����  
���������  ���  ��
	���� . �'��3  
�)�' ��  ��-��%�3 , !��  (��  &��+,%% $�)%+�#'�#��,%%  �()�6���  
�"&��%-.-% , �'#�+�  +�#���#�.  &�(#�(��%�  &��+,%*  $�)%-
+�#'�#��,%%  � ����(�##�  ��)%!�6���  (  2�(%�%-���%  ��  $&%&�'.  
-�#�-�&�( . �&�,���.  �  . =10÷100 #�2.(�6�  �"&��%-.-% . 
��$&%-�& , $&% $�)%9��&%1%+�,%% $�#��-��%)�#0)%+�)�  % 
�'%$%#�(�*  +%�)��.  � =6, �  $&% $�)%�-%'%&�(�#%% R - 
�-%#� #'�+�#�(�*  +%�)��.  �  =8.9. ��)%  4�  . >103, ��  ���$�#3  
$&�(&���#%�  1 #+,%�#�)3#./  0& $$ % -�)�+ )�&#��  -����  
$�) !��-�0�  $�)%-�&�  �$&�'�)�6���  #�  ��&-�'%#�-%!��+%-% , �  
+%#��%!��+%-% 1�+��&�-% , ��+ 6  $�)%+�#'�#��,%6  #�2.(�6�  
��
���������  ���  ����
	���� . ��+ , $&% $�)%+�#'�#��,%%  
'%�-%#�(  �  '%/)�&�#0%'&%'�-%  �&�-��%!��+%/  '%+�&"�#�(./  
+%�)��  � >>1015. �  �) !��  �"&��%-�*  $�)%+�#'�#��,%%  &�(#�(��%�  
-�4'  $&�' +��-%  +�#'�#��,%%  % (.'�)�6�%-%��  #%2+�-� -



��������
 

)�+ )�&#.-%  ���'%#�#%�-%  '���%0�����   4�  $&% �&�(#%��)3#�  
#�"�)35%/  ���$�#�/  $&�(&���#%� . ��9��-  ')�  $�) !�#%�  
$�)%-�&�  (.��+�*  -�)�+ )�&#�*  -���.  (  9��-  �) !��  %2 �%���-.  
#��"/�'%-�  $�����##�   '�)��3  �"&�2 6�%*��  #%2+�-�)�+ )�&#.*  
$&�' +� . ��$&��%( , $&% #��"&��%-�*  $�)%+�#'�#��,%%  &��+,%%, 
�"&��#.�  &��� , $&�+�%!��+% #�  � ����(�##. .  
 

5.3 ��������  ,�%�������$�*��  

	".!#�  $&% &���-��&�#%%  -�/�#%2-�  $�)%+�#'�#��,%%  
$&%#%-�6�, !��  &��+,%�##��  �$���"#���3  1 #+,%�#�)3#./  0& $$ 
#�  2�(%�%� ��  ')%#.  -�)�+ )�&#�*  ,�$%, +���&�*  �#�  $&%#�')�4%�  
% ��  (�2+���%  &��+,%�##�*  �&�'. , +���&��  �%)3#�  (�2&������  $&% 
$�)%+�#'�#��,%%  ($&%#,%$ :)�&% ). �&%#��%�  9�%/ '�$ ��#%*  
$�2(�)���  $&% &���-��&�#%%  +%#��%+% $�)32�(��3��  �'%#�*  
+�#���#��*  �+�&���%  &��+,%% +�#'�#��,%%  % +�#,�#�&�,%�-%  
1 #+,%�#�)3#./  0& $$.  

1. &�����
�  �����������
 �� . �+�&���3  )%#�*#�*  
$�)%+�#'�#��,%%  %2-�&�����  �+�&���36  %2-�#�#%� +�#,�#�&�,%%  
�'#�*  %2 &��/�' �-./  (  &��+,%% 1 #+,%�#�)3#./  0& $$ (C
  %)% 
$ � ): 

  (5.2) 
0'�  k’ — +�#���#��  �+�&���% . [$ �
	 ] — +�#,�#�&�,%�  +���)%2���&� , 
+���& 6  $&%#%-�6�  $�����##�*  (  ��!�#%�  (��0�  $&�,���� . ��)%  
[$ 
 ]=[$ � ]=[$ ], �� : 

     (5.3) 
0'�  k=k’[C �
	 ] . ����)%2���&�-%  $�)%+�#'�#��,%%  �) 4��  ��  4�  
���'%#�#%� , +���&.�  +���)%2%& 6�  �#�)�0%!#.�  &��+,%% 
-�#�1 #+,%�#�)3#./  (�����( . ��$&%-�& , (  +�!���(�  
+���)%2���&�(  $�)%9��&%1%+�,%% %�$�)32 6�  -%#�&�)3#.�  
+%�)��. , � )31�+%�)��. , +%�).�  ��)%  % � .' . ���)�  %#��0&%&�(�#%� 
 &�(#�#%�  (5.2) $�) !%- : 



��������
 

     (5.4) 
0'� : 

 

q— 0) "%#�  $&�(&���#%� . [$ 0] % [$] — #�!�)3#��  % ��+ ���  
+�#,�#�&�,%%  1 #+,%�#�)3#./  0& $$, ����(����(�##� . �&�(#�#%�  
(5.4) �$&�(�')%(�  ')�  #�&�(#�(��#./  $&�,����(  % ')�  #�!�)3#�*  
���'%%  &�(#�(��#./  $&�,����( , +�0'�  -�4#�  $&�#�"&�!3  �+�&���36  
�"&��#�*  &��+,%%. �%#��%!��+%�  /�&�+��&%��%+% 9�%/ $&�,����(  
�%)3#�  &�2)%!�6��� . ��(#�(��#.�  $&�,���.  /�&�+��&%2 6���  
-�).-%  �+�&����-%  (k~10-3-10-5 ) /-�)3 .� ) % �&�(#%��)3#�  (.��+%-%  
2#�!�#%�-%  9#�&0%% �+�%(�,%% (85 - 170 +4 /-�)3 ); �#% -�0 �  ".�3  
9+2�- % 9#'���&-%!��+%-% . )�  "�)35%#��(�  �) !��(  
#�&�(#�(��#�*  $�)%+�#'�#��,%%  /�&�+��&#.  (.��+%�  �+�&���%  (k 
'���%0���  105 ) /-�)3 .� ) % #%2+%� 2#�!�#%�  9#�&0%% �+�%(�,%% (8÷40 
+4 /-�)3 ); 9�% $&�,���. , +�+ $&�(%)� , �%)3#�  9+2���&-%!#. . 
�&�'#��  ���$�#3  $�)%-�&%2�,%% �"&�2 6��0���  $�)%-�&�  - n (  
��� ���(%%  &��+,%*  �"&��#�*  &���  (.&�4�����  (  (%'� : 

   (5.5) 

�  ����(����(%%  �  9�%- �$&�'�)�#%�-  (�)%!%#�  - n ')�  
$�)%+�#'�#��,%�##./  $&�,����(   !%�.(���  (+)�'  (��/  n--�&�( , 
(+)6!��  (+)�'  -�)�+ )  -�#�-�&�( , $&%� ���( 6�%/  (  
&��+,%�##�*  �&�'� . (��$�-#%- , !��  ')�  $�)%-�&%2�,%�##./  
$&�,����(  9��  (�)%!%#�  /�&�+��&%2 ��  ��)3+�  -�)�+ ).  $�)%-�&�  
"�2   !���  (+)�'�  -�)�+ )  -�#�-�&� ). ��+  (%'#�  %2  &�(#�#%�  (5.5) 
- n )%#�*#�  (�2&������  (�  (&�-�#%  &��+,%%, 9+�$�&%-�#�  (&%�. 5.1) 
/�&�5�  $�'�(�&4'���  9���  &�2 )3��� . 



��������
 

 

 
 
��$ . 5.1. ��(%�%-���3  �&�'#� -
!%�)�(�*  ���$�#%  $�)%-�&%2�,%% 
��  (&�-�#%  &��+,%% $&% $�)%+�# -
'�#��,%%  �'%$%#�(�*  +%�)��.  % 
9�%)�#0)%+�)�  $&% 1090� , [� -
CH3C6H4SOOH] = 0,4 -�)3 %. 
 

�2   &�(#�#%�  (5.5) �)�' �� , !��  (.��+�-�)�+ )�&#.�  $&�' +�.  
-�0 �  ".�3  $�) !�#.  ��)3+�  $&% ���$�#�/  $&�(&���#%�  ")%2+%/ + 
1 (q>0.95). �&% -�#35%/  ���$�#�/  $&�(&���#%�  �"&�2 6���  )%53 
�)%0�-�&#.�  (�����(�  ((  ��)%!%�  ��  ,�$#�*  $�)%-�&%2�,%%, +�0'�  
(.��+�-�)�+ )�&#.�  $&�' +�.  -�0 �  �"&�2�(��3��   4�  $&% ��-./  
-�)./  ���$�#�/  $&�(&���#%� ). �  ����(����(%%  �   &�(#�#%�-  (5.5) 
$&% )%#�*#�*  $�)%+�#'�#��,%%  $&�'�)3#��  2#�!�#%�  ���$�#%  
$�)%-�&%2�,%% '�)4#�  ���&��%!��+%  "��+�#�!#�   (�)%!%(��3��  �  
&����-  q. 	'#�+�  $&�+�%!��+% '���%!3  ���$�#%  $�)%-�&%2�,%%, 
$&�(.5�6��*  103 �!�#3  �& '#� . 	'#�  %2 $&%!%# 9��0�  — 
�& '#���3  '���%4�#%�  ��&�0�*  ���/%�-��&%%  &��0%& 6�%/  
1 #+,%�#�)3#./  0& $$ %2-2� $&���+�#%�  $�"�!#./  &��+,%* . ��)%  
���/%�-��&%�  #�  ��")6'�����  ��+ , !�� , #�$&%-�& [$a]<[ $ � ] , ��  
2#�!�#%�  �&�'#�!%�)�(�*  ���$�#%  $�)%-�&%2�,%% (.&�4�����  
 &�(#�#%�- : 

    (5.6) 

– ��#�5�#%�  %�/�'#./  +�#,�#�&�,%*  
1 #+,%�#�)3#./  0& $$. 

��(%�%-���3  $&�'�)3#�0�  2#�!�#%�  ���$�#%  $�)%-�&%2�,%% ��  r, 
+���&��  -�4��  ".�3  '���%0# ��  $&% q = 1, � .� . $��)�  %�!�&$�#%� 



��������
 

(��/  1 #+,%�#�)3#./  0& $$, $&%� ���(�(�(5%/  (  %�/�'#�*  
&��+,%�##�*  �-��%  (  #�'�����+� , $&�'���()�#�  #�  &%�. 5.2. �%'#� , 
!��  ')�  $�) !�#%�  $&�' +��(  (.��+�*  -�)�+ )�&#�*  -���.  �����(  
�-��%  '�)4�#  ".�3  (��3-�  ")%2�+ + ���/%�-��&%!��+�- , 
#�$&%-�&, ')�  r = 0.82 - n = 10, ')�  r = 0.98, - n = 100, �  - n = 1000 
'���%0�����  ��)3+�  $&% q = 0,998. 

 

 
 
��$ . 5.2. �)%�#%�  ����#�5�#%�  
"%1 #+,%�#�)3#./  &��0�#��(  
#�  ���$�#3  $�)%-�&%2�,%% - n 
$&% $�)%-+�#'�#��,%% . 
 

�&%!%#�*  $�#%4�#%� - n -�4��  ".�3 , (  !���#���% , $&%� ���(%�  
-�#�1 #+,%�#�)3#./  (�����( , $&%���'%#�#%� +���&./  + +�#,  
&��� ��*  ,�$% $&%(�'%� + �"&�2�(�#%6  #�&��+,%�##��$���"#./  
+�#,�( . ��#�1 #+,%�#�)3#.�  ���'%#�#%�  -�0 �  �"&�2�(.(��3��  (  
&��+,%�##�*  �%���-�  (  &�2 )3����  $�"�!#./  &��+,%* , #�$&%-�&, 
'�+�&"�+�%)%&�(�#%�  +�&"�+�%)3#./  0& $$ $&% $�(.5�##./  
��-$�&�� &�/ . �  #�+���&./  �) !��/  #�"�)35%�  +�)%!���(�  
-�#�1 #+,%�#�)3#./  ���'%#�#%*  �$�,%�)3#�  ((�'��  (  
&��+,%�## 6  �-��3  ')�  &�0 )%&�(�#%�  -�)�+ )�&#�*  -���.  
�"&�2 6�%/��  $�)%-�&�( . ��+%�  '�"�(+%  #�2.(�6�  
���"%)%2���&�-%  -�)�+ )�&#./  -��� . ��(%�%-���3  - n ��  ���$�#%  
$&�(&���#%�  $&% $�)%+�#'�#��,%%  (  $&%� ���(%% 
-�#�1 #+,%�#�)3#./  ���'%#�#%*  ��+4�  (.&�4�����   &�(#�#%�-  
(5.6), 0'�  

 

�   [Cx] — +�#,�#�&�,%�  -�#�1 #+,%�#�)3#�*  '�"�(+% . 
& 0�*  $&%!%#�* �0&�#%!�#%� &��� �%/  ,�$�*  $&% 

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



����	���
 

#�)3#.�  0& $$.  �'#�*  % ��*  4�  -�)�+ ). , $&%(�'��%�  + 
�"&�2�(�#%6  ,%+)�( , #�  �$���"#./  + '�)3#�*5�-  &���  ,�$�* . 
	�#�(#.-%  1�+��&�-%  �0&�#%!�#%� -�)�+ )�&#�*  -���.  $&% 
)%#�*#�*  &�(#�(��#�*  $�)%+�#'�#��,%%  �()�6���  �"&��%-���3  
��#�(#�*  &��+,%%, �  ��+4�  '���& +,%�  �"&�2�(�(5%/��  -�+&� -
-�)�+ )  (  &�2 )3����  %/ $�"�!#./  &��+,%*  �  #%2+�-�)�+ )�&#.-%  
(�����(�-% . �  ��� ���(%%  $�"�!#./  &��+,%*  $&�'�)3#�  '���% -
4%-��  ���$�#3  $�)%-�&%2�,%% $&% &�(#�(��#�*  $�)%+�#'�#��,%%  
�$&�'�)�����  ��&-�'%#�-%!��+%-%  1�+��&�-%  % -�4��  ".�3  
(.&�4�#�   &�(#�#%�- : 

     (5.7) 
0'�  .  — +�#���#��  $�)%+�#'�#��,%�##�0�  &�(#�(��%� ,  
n — -�)�&#��  '�)�  #%2+�-�)�+ )�&#�0�  $&�' +��  &��+,%% 

��� ����( 6��0�  (  �%���-�  (  &�(#�(��%%  �  $�)%-�&#.-  
$&�' +��- . �2   &�(#�#%*  (5.6) % (5.7) �)�' �� , !��  ')�  '���%4�#%�  
'������!#�  (.��+%/  2#�!�#%*  -�)�+ )�&#�*  -���.  $&% �"&��%-�*  
$�)%+�#'�#��,%%  #��"/�'%-�  �����)3#�   '�)��3  #%2+�-� -
)�+ )�&#.*  $&�' +�  &��+,%%. ��+ , ')�  $�) !�#%�  �)�4#./  
$�)%91%&�( �  - n=100 (� =4.9 $&% 280 °� ) ��'�&4�#%�  (�'.  (  
&��+,%�##�*  �%���-�  (  +�#,�  &��+,%% #�  '�)4#�  $&�(.5��3  
#��+�)3+�  �.��!#./  '�)�*  $&�,�#�� . 	'#�+�  #�  $&�+�%+� $&% 
&�(#�(��#�*  $�)%+�#'�#��,%%  ���$�#3  $�)%-�&%2�,%% �".!#�  #�  
'���%0���  $&�'�)3#./  2#�!�#%* , �$&�'�)��-./  +�#���#��-%  
$�)%+�#'�#��,%�##�0�  &�(#�(��%� , %2-2� +�#+ &�#,%% &��+,%*  
&����  -�+&�-�)�+ )  �  $�&�))�)3#�  $&���+�6�%-%  $�"�!#.-%  
$&�,����-% , $&%(�'��%-%  + '�2�+�%(�,%%  1 #+,%�#�)3#./  0& $$. 
�  "�)35%#��(�  �) !��(  -�)�+ )�&#��  -����  $�)%+�#'�#��,%�##./  
$�)%-�&�(  �$&�'�)�����  #�  ��&-�'%#�-%!��+%-% , �  +%#��%!��+%-% 
1�+��&�-%  % ���/%�-��&%�*  �����(�  -�#�-�&#�*  �-��% . ��+  
�"&��%-�� , ��+  % #��"&��%-��  $�)%+�#'�#��,%�  $&%(�'%� + 
$�) !�#%6  #��'#�&�'#./  $�  -�)�+ )�&#�*  -����  $&�' +��( . 
����%��%!��+%*  (.(�'  1 #+,%% &��$&�'�)�#%�  (  $&�'$�)�4�#%%  
(.$�)#�#%�  $&%#,%$� &�(#�*  &��+,%�##�*  �$���"#���%  
1 #+,%�#�)3#./  0& $$ ($&%#,%$� :)�&% ) $&%(�'%� + "#�%"�)��  
(�&���#�-  &��$&�'�)�#%6 ", (.&�4��-�-  1�&- )�-% : 



����
���
 

    (5.8) 

0'�  Nx — !%�)�##�� , �  Wx — (���(��  '�)�  1&�+,%% ��  ���$�#36  
$�)%-�&%2�,%% � , q — ���$�#3  2�(�&5�##���%  &��+,%%, &�(#��  
��#�5�#%6  !%�)�  $&�&��0%&�(�(5%/  1 #+,%�#�)3#./  0& $$ + %/ 
#�!�)3#�-  !%�) . ��$�-#%- , !��  &��$&�'�)�#%�  ��0�  4�  �%$� 
$�) !�����  $&% &�'%+�)3#�*  $�)%-�&%2�,%% (  �) !��  �"&.(�  ,�$% 
$�  -�/�#%2-  '%�$&�$�&,%�#%&�(�#%�  % $�&�'�!%  ,�$%. 
���&��%!��+%�  +&%(.�  !%�)�(�*  % (���(�*  1 #+,%*  &��$&�'�)�#%�  
$�  -�)�+ )�&#.-  -����-  $&% &�2#./  2#�!�#%�/  q $&%(�'�#.  #�  
&%�. 5.3. 

 
��$ .5.3 <%�)�(��  (� ) % (���(��  (" ) 1 #+,%% ���  $&�' +��(  
$�)%+�#'�#��,%%  $&% &�2)%!#./  ���$�#�/  $&�(&���#%� . 

����-��&�##.�  (.5�  +%#��%!��+%� 2�+�#�-�&#���%  )%#�*#�*  
$�)%+�#'�#��,%%  (.$�)#�6���  $&% ��")6'�#%%  $&%#,%$� :)�&% . 
��  ��-�-  '�)�  (�  -#�0%/  �%���-�/  #�")6'�6���  ��+)�#�#%�  ��  
$&%#,%$� &�(#�*  &��+,%�##�*  �$���"#���%  1 #+,%�#�)3#./  
0& $$, !���  (��0�  �(�2�##.�  �  "911�+��-  ����'� ". ��+ , (  
-�#�-�&�/  �&�-��%!��+�0�  &�'�  (#�$&%-�&, /)�&�#0%'&%'�  
��&�1��)�(�*  +%�)��. ) $&�(&���#%�  $�&(�*  1 #+,%�#�)3#�*  
0& $$.  �" �)�()%(���  %2-�#�#%� &��+,%�##�*  �$���"#���%  
����(5�*��  1 #+,%�#�)3#�*  0& $$. . �%#��%!��+%�  2�+�#�-�& -
#���%  ��+%/  $&�,����(  "�)��  �)�4#. . 



��������
 

2. $�����	�
�  �����������
 �� . �����(  $�)%+�#'�#��,%�##./  
��$�)%-�&�(  % &��$&�'�)�#%�  2(�#3�(  (  -�+&�-�)�+ )�/  -�0 �  
-�#��3��  $�  /�'  $&�,����  (  &�2 )3����  #�9+(%(�)�#�#���%  
+�)%!���(  ��-�#�-�&�(  )%"�  %/ &�2)%!#�*  &��+,%�##�*  
�$���"#���% . ��)%  ��-�#�-�&.  (2��.  (  9+(%(�)�#�#./  
+�)%!���(�/ , ��  �����(  ��$�)%-�&�( , �"&�2 6�%/��  $&% �"&��%-�*  
%)% #��"&��%-�*  ��$�)%+�#'�#��,%%  $&% #�(.��+%/  ���$�#�/  
$&�(&���#%�  $�  %#��&-�#�-�& , �"�0���#  "�)��  &��+,%�##� -
�$���"#.-  ��-�#�-�&�- . ��  -�&�  $&���+�#%�  &��+,%% '�)�  -�#��  
�+�%(#�0�  ��-�#�-�&�  (  ��$�)%-�&�  (�2&������  % $&% $�)#�-  
%�!�&$�#%% -�#�-�&�(  �����(  $�) !�##�0�  ��$�)%-�&�  
����(����( ��  �����(  %�/�'#�*  -�#�-�&#�*  �-��%  ("�2  
#%2+�-�)�+ )�&#�0�  $&�' +�� , ��)%  �#  (.'�)�����  (  &�2 )3����  
��$�)%+�#'�#��,%% ). �&% �"&��%-�*  ��$�)%+�#'�#��,%%  &��+,%% 
�"-�#�  -�4'  -�+&�-�)�+ )�-% , $�) !�##.-%  #�  &�2#./  ���'%�/  
$&�(&���#%� , �".!#�  $&%(�'��  + $�&�&��$&�'�)�#%6  2(�#3�(  
��-�#�-�&�(  %, (  +�#�!#�-  %��0� , (�2-�4#�  �"&�2�(�#%�  
$�)#���36  ����%��%!��+%/  ��$�)%-�&�( . 

3.=�����
�  �����������
 �� . �&% $�)%+�#'�#��,%%  
-�#�-�&�( , ��'�&4��%/  "�)��  '( /  &��+,%�##��$���"#./  
1 #+,%�#�)3#./  0& $$, �"&�2 6���  &�2(��()�##.�  % �5%�.�  
(���!��.� ) $�)%-�&. . 7�&�+��&#.-  $&%2#�+�- �&�/-�&#�*  
$�)%+�#'�#��,%%  �()�����  0�)��"&�2�(�#%� , +���&��  #�")6'�����  
$&% �$&�'�)�##�*  ���$�#%  $&�(&���#%� , 2�(%����*  ��   �)�(%*  
&��+,%%. ��)%-�&#.*  0�)3  #�&���(�&%- , $��+�)3+  �#  
$&�'���()���  ��"�*  /%-%!��+% �(�2�## 6  ���!�� 6  ��& +� &  
-�+&��+�$%!��+%/  &�2-�&�( . �&�-�  0�)�  (  &��+,%�##�*  �&�'�  
� ����( ��  &���(�&%-��  2�)3 -1&�+,%� . ���)�  '���%4�#%�  0�)3-
��!+%  +�)%!���(�  2�)3 -1&�+,%% ".��&�   ".(���  2� �!��  
$&%���'%#�#%� )%#�*#./  -�+&�-�)�+ )  + ���!���*  ��& +� &� . 
:%2%!��+��  ������#%�  &��+,%�##�*  -���.  $&% 9��-  &�2+� 
%2-�#����� . �&% $&%")%4�#%% + 0�)3  - ��!+�  (�2+���3  �%���-.  
&�2+� (�2&������ , (  0�)3 -��!+�  &��+,%�##��  -����  ��&���  ��+ !���3  
% $&%�"&�����  9)���%!#���3 , �  $&% 2�(�&5�#%% &��+,%% $�&�/�'%�  (  
�(�&'.*  % #�$)�(+%*  -���&%�) . �%#��%!��+%-   �)�(%�-  
�"&�2�(�#%�  0�)�  �()�����  �"&���#%�  (  "��+�#�!#���3  
�&�'#�(���(�*  -�)�+ )�&#�*  -���.  �%���-. , �&�'#�!%�)�(��  
-�)�+ )�&#��  -����  $&% 9��-  #�(�)%+� , $��+�)3+  (  &��+,%�##�*  



��������
 

�&�'�  + 0�)3-��!+�  ��������  -#�0�  #�$&�&��0%&�(�(5%/  -�)�+ ) . 
�&% (.$�)#�#%%  $&%#,%$� &�(#�*  &��+,%�##�*  �$���"#���%  
1 #+,%�#�)3#./  0& $$ 2�(%�%-���%  - n % - w ��  ���$�#%  2�(�&5�#%�  
&��+,%% ('�  0�)3 -��!+% ) �$%�.(�6���  �)�' 6�%-%  
����#�5�#%�-% : 

      (5.9) 

     (5.10) 
0'�  f — 1 #+,%�#�)3#���3  -�#�-�&�( , $&%� ���( 6�%/  (  

&��+,%�##�*  �&�'� . ��+ , $&% f=2 (�) !�*  )%#�*#�*  
$�)%+�#'�#��,%% )  &�(#�#%�  (5.9) $�&�/�'%�  (   &�(#�#%�  (5.5), % 
- w ���&��%!��+%  �"&�������  (  "��+�#�!#���3  ��)3+�  $&% qQ 1. 
�&%�%!��+��  +�#(�&�%�  0�)��"&�2�(�#%�  $&% $�)%+�#'�#��,%%  
-�#�-�&�(  �  1 #+,%�#�)3#���36  f >2 -�4��  ".�3  #�*'�#�  %2 
 &�(#�#%�  (5.10) $&% - w QS  , � .� .:  

 
�&% f = 3, q�  = 0.5 $&% 9��-  - n �����()���  4. ;+�$�&%-�#��)3#�  

�$&�'�)��-��  +�#(�&�%�  0�)��"&�2�(�#%�  -�4��  ��)%!��3��  ��  
&���!%��##�*  0�)3-��!+%  (�)�'��(%�  #�(.$�)#�#%�  $&%#,%$� 
:)�&% , �  ��+4�  (�2-�4#���%  �"&�2�(�#%�  ,%+)�( . 

 
5.4 
,�$�7  ,'�������&  ,�%�������$�*��  

&�������  �����������
 ��  $&�(�'��  (  &��$)�(� , (  &���(�&� , #�  
0&�#%,� &�2'�)�  1�2  ("-�41�2#��  $�)%+�#'�#��,%� "), �  ��+4�  (  
�(�&'�-  ������#%% . ��)%+�#'�#��,%6  (  &��$)�(�  �".!#�  $&�(�'��  
$&% 200-280°�  (  ��-��1�&�  %#�&�#�0�  0�2�. ��  +�#�!#�*  ���'%%  (  
&��+��&�  ��2'�6�  (.��+%*  (�+  - , !��  $�2(�)���  '���%!3  #�%"�)��  
$�)#�0�   '�)�#%�  (.'�)�6�%/��  (  &��+,%% #%2+�-�)�+ )�&#./  
���'%#�#%* . ��)%+�#'�#��,%�  (  &��$)�(�  — ��#�(#�*  
$&�-.5)�##.*  -���'  )%#�*#�*  $�)%+�#'�#��,%% . �0�  
'����%#��(�-  �) 4%�  (�2-�4#���3  $�) !�#%�  (.��+�-� -
)�+ )�&#�0�  $�)%-�&�  �  '������!#�  (.��+�*  �+�&���36  % (  
��� ���(%�  &���(�&%��)� ; #�'�����+�-  — #��"/�'%-���3  $�) !�#%�  



��������
 

&��$)�(�  $�)%-�&� , !��  2��& '#%��)3#�  %)% #�(�2-�4#�  ')�  
(.��+�$)�(+%/  $�)%-�&�( . ��)%+�#'�#��,%6  (  &��$)�(�  
$&%-�#�6�  ')�  $�) !�#%�  $�)%�-%'�( , $�)%91%&�( % '& . 

�&% $�)%+�#'�#��,%%  (  &���(�&�  ��$�'���  #��"/�'%-���3  
$�) !��3  &��$)�(  $�)%-�&� . 	'#�+�  -�#35%�  �+�&���%  &��+,%* , 
"�)35��  (�&���#���3  �"&�2�(�#%�  ,%+)%!��+%/ $&�' +��(  % 
�& '#���3   '�)�#%�  #%2+�-�)�+ )�&#./  $&�' +��(  &��+,%% 
�0&�#%!%(�6�  $&%-�#�#%� 9��0�  -���'� . 	"&��%- 6  $�)%+�# -
'�#��,%6  (  &���(�&�  (  $&�-.5)�##���%  %�$�)32 6�  &�'+� . 
��$&��%( , #��"&��%-��  $�)%+�#'�#��,%�  (  &���(�&�  #�/�'%�  (  
$��)�'#%�  0�'.  (��  "�)��  5%&�+��  $&%-�#�#%� (  $&�-.5)�##./  
$&�,����/ .  

��2#�(%'#���36  $�)%+�#'�#��,%%  (  &���(�&�  �)�' ��  �!%���3  
#��"&��%- 6  -�41�2# 6  $�)%+�#'�#��,%6 , $&% +���&�*  $�)%-�&  
�"&�2 ����  #�  0&�#%,� &�2'�)�  '( /  #��-�5%(�6�%/��  4%'+%/ 1�2 . 
��$&%-�& : 1) (�'#�0�  &���(�&�  0)%+�)�  %)% '%�-%#�  % 2) &���(�&�  
/)�&�#0%'&%'�  '( /��#�(#./  +%�)��  (  �&0�#%!��+%/  &���(� -
&%��)�/ . �2�%-�'�*��(%�  -�#�-�&�  $&�%�/�'%�  ".��&�  $&% #%2+%/ 
��-$�&�� &�/  % $&�+�%!��+% #��"&��%-� ; +&�-�  ��0� , 
(.'�)�6�%*��  /)�&%��.*  (�'�&�'  �&�2  4�  $�0)�������  (�'#�*  
1�2�* . ��'�!�  +�-$�#�#��(  (  2�#  &��+,%% &�0 )%& ����  
�+�&���36  %/ '%11 2%% + 0&�#%,� &�2'�)�  1�2 , $�9��-  ��$�'���  
#��"/�'%-���3  ��")6'�#%�  ���/%�-��&%!��+�0�  ����#�5�#%�  
%�/�'#./  +�-$�#�#��( . �&% $�)%+�#'�#��,%%  #�  0&�#%,� &�2'�)�  
1�2  �"&�2 6���  $�)%-�&.  (.��+�0�  -�)�+ )�&#�0�  (��� . & 0%-  
$&�%- ����(�-  -���'�  �()�����  (�2-�4#���3  $�) !�#%�  
(.��+�$)�(+%/  $�)%-�&�( . ;�%-  -���'�-  $�) !�#.  $�)%91%&., 
$�)%�-%'. , $�)% &���#. , $�)%-�!�(%#.  % '& . �&%-�#��  
-�41�2# 6  $�)%+�#'�#��,%6 , -�4#�  ��(-���%�3  $�) !�#%�  
$�)%-�&�  % $&�%2(�'��(�  %2 #�0�  %2'�)%*: (�)�+�# , $)�#�+ . �  
!%�)  #�'�����+�(  -���'�  ��#��%���  #�(.��+��  !%�����  % 
#��'#�&�'#���3  $�) !��-./  $�)%-�&�( . 

=�����
�  �����������
 �� . ����'.  $�)%+�#'�#��,%%  (  9��-  
�) ! ae �$&�'�)�6���  ��- , !��  +�#�!#.*  $&�' +�  &��+,%% #�  
$�''�����  #%+�+�* $�&�&�"��+� , +&�-�  -�/�#%!��+�* . ��  $�&(�*  
���'%%  &��+,%% $�) !�6�  $)�(+%�  (.��+�-�)�+ )�&#.�  )%#�*#.�  
$&�' +�. , +���&.�  2���-  �5%(�6�  �  $�) !�#%�-  �&�/-�&#�0�  



��������
 

#�&���(�&%-�0�  $�)%-�&� . ���& 6  ���'%6  �".!#�  ��(-���6�  �  
%20���()�#%�-  %2'�)%* %)% $�+&.�%* .  

5.5 ���7�%��  '�$,'�$�'����� �  ,�%�"�' , ,�%�+��" �  
,�%�������$�*��( . 

�  #��������  (&�-� , "�)35%#��(�  $�)%-�&�( , $�) !��-./  (  
-%&� (  $&�-.5)�##�-  -��5��"� , �%#��2%& 6�  $��&�'��(�-  
$�)%-�&%2�,%%. 	'#�+�  $�)%+�#'�#��,%�##.�  $&�,���.  ��+4�  
'������!#�  5%&�+� %�$�)32 6���  ')�  $�) !�#%�  &�2)%!#./  
$�)%-�&�( . ��4#�  $&%(���% �)�' 6�%�  $&%-�&. .  
@����� -���
�%��!�����  �����  
��  $�&(�*  ���'%%  &��+,%% 1�#�)�  % 1�&-�)3'�0%'�  $&���+�6�  
�)�' 6�%�  $&�,���. : 

 
�&% %2".�+�  1�&-�)3'�0%'�  -�0 �  ��+4�  �"&�2�(.(��3��  
�)�' 6�%�  ���'%#�#%� : 
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��  (��&�-  9��$�  +�#'�#��,%%  %'��  �"&�2�(�#%�  -��%)�#�(./  
�(�2�*  % $&���./  '%"�#2%)91%&#./ 0& $$ -�4'  "�#2�)3#.-%  
�'&�-% , +���&.�  $&%(�'��  + �"&�2�(�#%6  ���!���*  ��& +� &. .  

 
 

:�#�)� -1�&-�)3'�0%'#.�  �-�).  – $�&(.*  (  -%&� 
�%#���%!��+%*  $�)%-�& , +���&.*  #�!�)  (.$ �+��3��  (  
$&�-.5)�##�-  -��5��"� . ��#��  5%&�+� $&%-�#�)��  $&% 
$&�%2(�'��(�  9)�+�&���/#%!��+%/  %2'�)%*. �  #��������  (&�-�  
�")���3  �0�  $&%-�#�#%� � ����(�##�   -�#35%)��3  (�)�'��(%�  
"�)35�0�  &��$&���&�#�#%�  $�)%-�&%2�,%�##./  �-�) .  

 
+������� -���
�%��!�����  �����  
��) !�6�  $�)%+�#'�#��,%�*  -�!�(%#.  % 1�&-�)3'�0%'�  (  

$&%� ���(%% +���)%2���&�( . �   -�&�##�  ��#�(#./  �&�'�/  
�"&�2 6���  -��%)�)3#.�  $&�%2(�'#.�  -�!�(%#. . �%4�  $�+�2�#  
$&�,���  �"&�2�(�#%�  -�#�  - % '%-��%)�)-�!�(%#. : 
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��  (��&�-  9��$� , (  #�*�&�)3#�*  %)% �)�"�+%�)�*  �&�'�  
)%#�*#.�  -�)�+ ).  &�2)%!#�*  -�)�+ )�&#�*  -���.  �"&�2 6�  
�&�/-�&# 6  ��& +� & :  

 
 

�#�)�0%!#.-  �"&�2�-  %'��  �"&�2�(�#%�  ���
���� -
���
�%��!�����  �-�) . ��& +� &�  -�)�-%#�  $&%(�'�#�  #%4�: 

 
��!�(%#�  – 1�&-�)3'�0%'#.�  % -�)�-%#�  – 1�&-�)3'�0%'#.�  

�-�).  #����  �"���  #�2(�#%�  
�������
�%��!�����  ����  
(
������
�	� ) % $&%-�#�6���  ')�  %20���()�#%�  $�+&.�%*  ')�  
-�"�)% , )�+�(  % '& .  

 
*����	����	���	
�
	  
��) !�6�  &��+,%�*  $�)%+�#'�#��,%%  ��&�1��)�(�*  +%�)��.  �  

9�%)�#0)%+�)�- . ;��&%1%+�,%% $�'(�&0�6�  � �$�#2%6  
��&�1��)�(�*  +%�)��.  (  9�%)�#0)%+�)� . �  +�!���(�  +���)%2���&�(  
%�$�)32 6�  �,����.  Ca, Mn, Co % '& 0%/ -���))�( . �&�,���  
�� ����()�6�  $&% 200 0� . 
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�&% $�(.5�##�-  '�()�#%%  $&�,���  $�)%+�#'�#��,%%  -�4��  
".�3  �� ����()�#  "�2  +���)%2���&� .  

��)%9�%)�#��&�1��)��  -�4��  ".�3  ��+4�  $�) !�#  &��+,%�*  
��&�1��)�(�*  +%�)��.  �  �+%�36 9�%)�#� : 

 
 
�&% 9��*  &��+,%% #�  (.'�)�����  #%2+�-�)�+ )�&#.*  $&�' +� . 

���+,%6  $&�(�'��  (  (�'�  %)% (  %#�&�#�-  �&0�#%!��+�-  
&���(�&%��)�  (  $&%� ���(%% +���)%2���&�( .  

��  (��/  �) !��/  $�)%9�%)�#��&�1��)��  %-���  �)�' 6� 6  
��& +� & : 

 
��)%9�%)�#��&�1��)��  %�$�)32 6�  ')�  $�) !�#%�  

$�)%91%&#./ (�)�+�# , $)�#�+ , )%�3�(./  %2'�)%*, $�� '. . �  
$��)�'#%�  0�'.  �#  $�) !%)  �!�#3  5%&�+��  &��$&���&�#�#%� . �2  
#�0�  $�) !�6�  ��&  ')�  $&�/)�'%��)3#./  #�$%�+�( , $��+�)3+  �#  
�")�'���  #%2+�* 0�2�$&�#%,��-���36 .  

 
*�����	
��  – '������!#�  "�)35�*  +)���  $�)%-�&�( . 

��)% &���#�-%  #�2.(�6�  (.��+�-�)�+ )�&#.�  ���'%#�#%� , 
��'�&4��%�  (  �(��*  ��& +� &�  2(�#3�   

 
��)% &���#.  $�) !�6�  $�)%$&%���'%#�#%�-  '%%2�,%�#���(  

(!����  $&%-�#�6�  ��) %)�#'%%2�,%�#�� ) �  ���'%#�#%�-% , 
��'�&4��%-%  #�  -�#��  '( /  0%'&�+�%)3#./  0& $$ (  -�)�+ )� : 

 
 
)�  �%#��2�  &�2(��()�##./  % �5%�./  $�)% &���#�(  $&%-�#�6�  

���'%#�#%� , %-�6�%�  #�  -�#��  �&�/  1 #+,%�#�)3#./  0& $$ (  
-�)�+ )�  �'#�0�  %2 +�-$�#�#��( .  
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�%#�*#.�  $�)% &���#.  $&%-�#�6�  (  +�!���(�  $)���-��� , 
/�&�+��&%2 6�%/��  (.��+�*  4���+���36  % #�"�)35%-  
()�0�$�0)���#%�- . �5%�.�  $�)% &���#.  $&%-�#�6�  (  +�!���(�  
$�#�$)����( , ')�  %20���()�#%�  )�+�( , (�)�+�# , +)��(  % 0�&-��%+�( .  
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1. �  !�-  $&%#,%$%�)3#�� &�2)%!%� $&�,����  $�)%+�#'�#��,%%  % 
$�)%-�&%2�,%%? 
2. ��+%�  &�2#�(%'#���%  $�)%+�#'�#��,%%  $&%(�'��  + �"&�2�(�#%6  
$�)%-�&�(  �  )%#�*#�*  %)% �&�/-�&#�*  ��& +� &�* ? 	�  !�0�  
2�(%�%� ��& +� &�  $�)%-�&�(  $&% $�)%+�#'�#��,%% ? 
3. ��+%�  %2(���#.  ��#�(#.�  &�2#�(%'#���%  $�)%+�#'�#��,%% ? 
4. ��+%�  '(�  �%$� &�(#�(��#./  &��+,%*  #��"/�'%-�   !%�.(��3  $&% 
&���-��&�#%%  ��&-�'%#�-%+%  $�)%+�#'�#��,%% ?  
5. �  !�-  ��)%!%�  ,%+)%2�,%% ��  $�)%+�#'�#��,%%  $�  -�/�#%2-  
&��+,%%?  
6. �  !�-  2�+)6!�����  $&�(%)�  &�2"�()�#%�  �%0)�&� ? 
7. ��  +�+%� 2 (%'�  &�2)%!�����  $�)%+�#'�#��,%�  (  2�(%�%-���%  ��  
�"��)6�#�0�  2#�!�#%�  +�#���#�.  &�(#�(��%� ? 
8. ��+%�  '�$ ��#%�  $&%#%-�6���  (�  (#%-�#%� $&% &���-��&�#%%  
+%#��%+% $�)%+�#'�#��,%% ? 
9. ��+  2�(%�%� -�)�+ )�&#��  -����  ��  ���$�#%  $&�(&���#%�  $&% 
)%#�*#�*  $�)%+�#'�#��,%% ? 
10. ��+%-   &�(#�#%�-  (.&�4�����  $&�'�)3#�  '���%4%-��  ���$�#3  
$�)%-�&%2�,%% $&% &�(#�(��#�*  $�)%+�#'�#��,%%  $&% ��� ���(%%  
$�"�!#./  &��+,%* ? 
11. <��  ��+��  ��(-���#��  $�)%+�#'�#��,%� ?  
12. ��+%-% $&%2#�+�-% /�&�+��&%2 ����  0�)3 -��!+�  $&% �&�/-�&#�*  
$�)%+�#'�#��,%% ? 
13. ��+  &�2)%!�����  $�)%+�#'�#��,%�  $�  �$���"  ��  $&�(�'�#%� ? 
14. �&%(�'%��  $&%-�&.  #�%"�)��  %2(���#./  $�)%-�&�( , 
$�) !��-./  -���'�-  $�)%+�#'�#��,%% . 

 
�������������  �
��������  �  ����  5 

1. �%#�0&�'�(�  � .� ., ���#�(  � .� . ��)%+�#'�#��,%�##.�  
$&�,���.  % $�)%-�&. . ���+(� : �� +� , ����  "�� +� /�#��& -
$�&%�'%+�". 2000. - 373 � .  
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2. �#'&%�#�(  � .� ., ��#�-�&�(  ? .� . ��#�$)���.  #�  ��#�(�  
1�#�) -1�&-�)3'�0%'#./  $�)%-�&�( . �2'���)3��(�  �����(�+�0�  
 #%(�&�%���� . 1987. 80 � .  
3. �(�#�(  � .� ., ���)�(�  � .� . 7%-%!��+��  �"�&+�  -�+&�-�)�+ )  
(  $&�,����/  $�)%+�#'�#��,%% . ���+(� , ���7� , 2001. - 50 � .  
4. ��&5�+  � .� . (&�' .) ��#�-�&.  ')�  $�)%+�#'�#��,%% .  ���+(� , 
�%&, 1976. - 632 � .  
5. ��&5�+  � .� ., �%#�0&�'�(�  � .� . ��(#�(��#��  
$�)%+�#'�#��,%� .  ���+(� , �� +� , 1968. - 440 � .  
6. ��+�)�(�  � .� ., ��&5#�(  � .� . �� $�#!��.�  &��+,%% �%#��2�  
$�)%-�&�( .  ���+(� , ���7�  %-. � . � . ��-�#���(� , 1998. - 23 � .  
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6. ��0�5��  �  5�8��  8�����0  

-�
� ��  �   ����  �������� . *����  �������
 ��  
���	�	�������  �  �������  �������� . *��������  
������������!�  ���	
 . *��	��  �  ���(���  ����  
 �������� . )�	��
� . *���	
�  ����������
 �� . 
����
���
 ��  �
������ . �����
���  �
��� . �	��( -
�����  ����������  ���� . 

�$�7����$��  "��'�"�%���%  ���  '��/����� . �  ����(����(%%  �  
'�$ ��#%�-  :)�&% , &��+,%�##��  �$���"#���3  1 #+,%�#�)3#./  
0& $$ #�  2�(%�%� ��  ')%#.  ,�$%, �  +���&�*  9��  0& $$� �(�2�#� . ;���  
$&%#,%$ !����  ��")6'����� . 	'#�+�  (�  -#�0%/  �) !��/  
-�+&�-�)�+ )�&#��  $&%&�'� &��0�#��  �" �)�()%(���  &�'  
�$�,%1%!��+%/  ���"�##����* . ��+ , $&% $�)%-�&�#�)�0%!#./  
$&�(&���#%�/  (  &�2"�()�##./  &���(�&�/  -�)�+ ).  &���(�&%��)�  % 
#%2+�-�)�+ )�&#�0�  &��0�#��  -�0 �  #�&�(#�-�&#�  &��$&�'�)��3��  
-�4'  $�)%-�&#.-%  +) "+�-%  % ����)3#.-  �"8�-�-  &���(�&�  
(�)�'��(%�  %2"%&���)3#�*  ��&",%% % ��)3(���,%% . ��+�*  +) "�+  
-�4#�  &���-��&%(��3  +�+ -%+&�&��+��& , )�+�)3#��  +�#,�#�&�,%�  
&��0�#��  (  +���&�-  � ����(�##�  ��)%!�����  ��  �&�'#�*  
+�#,�#�&�,%%  &��0�#��  (  &���(�&� . �  �%)  ��+�0�  
+�#,�#�&�,%�##�0�  911�+��  +%#��%!��+%� 2�+�#�-�&#���%  
$�)%-�&�#�)�0%!#./  $&�(&���#%*  % ��+�*  4�  &��+,%% 
#%2+�-�)�+ )�&#�0�  �#�)�0�  " ' �  &�2)%!#. . 

�%#��%+�  $�)%-�&�#�)�0%!#./  $&�(&���#%*  �   !���%�-  
$�)%%�#�(  ��)�4#�����  9)�+�&�����%!��+%-%  911�+��-% , 
$&��()�6�%-%��  (   -�#35�#%%  ���$�#%  %�#%2�,%% $�  �&�(#�#%6  �  
#%2+�-�)�+ )�&#.-%  �#�)�0�-%  $&% �'#%/  % ��/  4�  2#�!�#%�/  &�  
% (  %2-�#�#%% 9)�+�&�����%!��+�0�  $&%��4�#%� %)% ����)+%(�#%�  
#%2+�-�)�+ )�&#�0�  %�#� $&% %2-�#�#%% ���$�#%  %�#%2�,%%. 

�2-�#�#%�  $&% $�)%-�&�#�)�0%!#./  $&�(&���#%�/  /%-%!��+�*  
$&%&�'.  2(�#3�(  -�4��  �+�2.(��3��  #�  &��+,%�##�*  �$���"#���%  
����'#%/  1 #+,%�#�)3#./  0& $$. ;���  911�+�  ����'#%/  2(�#3�(  
-�4��  $&%(�'%�3 + 2#�!%��)3#�-  �(�� �+�&�#%6  &��+,%% (0%'&�)%2 
$�)%�+&%)���( , $�)%-���+&%)���( , $�)%(%#%)�,����� ) %)% ��  
�(��2�-�')�#%6  (/)�&%&�(�#%�  $�)%9�%)�#� , +(���&#%2�,%�  $�)%-4-
(%#%)$%&%'%#� �)+%)- % "�#2%)0�)�0�#%'�-% ).  
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�  +�#1%0 &�,%�##.-%  911�+��-%  �(�2�#.  &�2)%!%� (  
+%#��%+� % -�/�#%2-�  $�)%-�&�#�)�0%!#./  $&�(&���#%*  
$�)%-�&�(  &�2)%!#�*  +�#1%0 &�,%%. ��+ , �+�&���3  0%'&�)%2� 
%2���+�%!��+%/  $�)%-��%)-���+&%)���  % $�)%-��%)�+&%)���  (.5� , 
!�-  �%#'%���+�%!��+%/ . ��#1�&-�,%�##.*  911�+�  (.2(�#  
%2-�#�#%�-  '��� $#���%  1 #+,%�#�)3#./  0& $$ ')�  
#%2+�-�)�+ )�&#�0�  &��0�#��  (  &�2 )3����  %2-�#�#%� +�#1�&-�,%%  
-�+&�-�)�+ ).  (  /�'�  ��-�*  &��+,%% % (�2-�4#���3  ()%�#%� #�  
&��+,%�## 6  �$���"#���3  #�  ��)3+�  ")%4�*5%/ , #�  %  '�)�##./  
$�  ,�$% 0& $$. ;���  911�+�  ���"�##�  �&+�  $&��()�����  (  &��+,%�/  
"%�$�)%-�&�( , %-�6�%/  �$�,%1%!��+%�  +�#1�&-�,%% . 

��'-�)�+ )�&#.*  911�+�  �" �)�()�#   -�#35�#%�-  
'��� $#���%  1 #+,%�#�)3#./  0& $$ (  0���&�0�##./  �%���-�/ , 
$&%!�-  �+�&���3  $�)%-�&�#�)�0%!#./  $&�(&���#%*  (  
2#�!%��)3#�*  -�&�  �$&�'�)�����  -�&1�)�0%�*  $�)%-�&�  
(#�$&%-�&, $&% /)�&%&�(�#%% $�)%9�%)�#�  (  �(�&'�*  1�2�  �+�&���3  
&��+,%% (  �-�&1#./   !���+�/  (.5� , !�-  (  +&%���))%!��+%/ ; 
$&�'(�&%��)3#��  �&%�#��,%�   -�#35���  �+�&���3  �+%�)�#%�  
$�)%$&�$%)�#� ). 

8�%�"�'���%�/�+� �  ,'��'�:���&  – �'%#  %2 �$���"�(  
$�) !�#%�  $�)%-�&�( , 2�+)6!�6�%*��  (  /%-%!��+�*  &��+,%% 
1 #+,%�#�)3#./  0& $$ -�+&�-�)�+ )  �  #%2+�-�)�+ )�&#.-%  
���'%#�#%�-% , (  $&�,����  +���&./  %2-�#�����  $&%&�'� 
1 #+,%�#�)3#./  0& $$ -�+&�-�)�+ ) , #�  ��/&�#�����  ')%#�  
-�+&�-�)�+ ) . ��)%-�&�#�)�0%!#.�  $&�(&���#%�  �()�6���  �'#%-  
%2 (%'�(  /%-%!��+�*  -�'%1%+�,%% $�)%-�&�(  %  '������!#�  5%&�+� 
$&%-�#�6���  #�  $&�+�%+�. �  &�'�  �) !��(  $�)%-�&�#�)�0%!#.�  
$&�(&���#%�  �()�6���  �'%#��(�##�  (�2-�4#.-  �$���"�-  $�) !�#%�  
$�)%-�&�( . ��%"�)��  /�&�+��&#.-  $&%-�&�-  ��+%/  &��+,%*  �()�����  
$�) !�#%�  $�)%(%#%)�(�0�  �$%&��. �0�  -�4#�  $�) !%�3  0%'&�)%2�- 
$�)%(%#%)�,����� : 

 
;���  $�)%-�&  -�4��  ".�3  $�) !�#  ��)3+�  $ ��-  $�)%-� -

&�#�)�0%!#./  $&�(&���#%* , $��+�)3+  -�#�-�&�  (%#%)�(�0�  



��������
 

�$%&�� #�  � ����( �� . ��)%(%#%)�(.*  �$%&� (.$ �+�����  (  
$&�-.5)�##./  -��5��"�/  % %�$�)32 ����  (  ��+��%)3#�*  
$&�-.5)�##���% , �  ��+4�  ��-  �()�����  %�/�'#.-  �.&3�-  ')�  
$�)%-�&�#�)�0%!#./  $&�(&���#%* . 	"&�"��+�  $�)%(%#%)�(�0�  
�$%&�� �)3'�0%'�-%  % +���#�-%  $&%(�'%� + �"&�2�(�#%6  
$�)%�,���)�*  %)% $�)%+���)�* , �()�6�%/��  /�&�5%-%  
$)�#+��"&�2 6�%-%  (�����(�-% . �  !���#���% , %2 #�0�  $�) !�6�  
$�)%(%#%)" �%&�)3: 

 
��)%(%#%)" �%&�)3#.�  $)�#+% 5%&�+� $&%-�#�6���  (�  (��-  

-%&� (  -#�0��)�*#./  ���+)�/  �%$� �&%$)�+� . �  &�2 )3����  
��&-��"&�"��+%  $�)%(%#%)�(�0�  �$%&�� -�0 �  $&�%�/�'%�3  
&��+,%% '�0%'&���,%%  % (# �&%-�)�+ )�&#�*  ,%+)%2�,%%:  

 
;�%  &��+,%% ��+4�  '������!#�  5%&�+� &��)%2�(�#.  #�  

$&�+�%+�. �  &�2 )3����  ��&-��"&�"��+%  #%��*  $�)%(%#%)�(�0�  
�$%&��, �1�&-%&�(�##./  (.��4+�*  %2 &���(�&�( , $�) !�6�  
$�)%(%#%)�$%&��(.�  (�)�+#� , %2(���#.�  $�'  #�2(�#%�-  (%#�) .  

��%"�)��  5%&�+��  �")���3  %�$�)32�(�#%�  $�)%-�&�#� -
)�0%!#./  $&�(&���#%*  – $�) !�#%�  $&�%2(�'#./  $&%&�'#./  
$�)%-�&�( . ��+ , $ ��-  $�)%-�&�#�)�0%!#./  $&�(&���#%*  %2 
,�))6)�2.  $�) !�6�  &�'  ,�##./  $�)%-�&#./  -���&%�)�( : 

 

��))6)�2�  

�)�4#.�  91%&. 
,�))6)�2.  

�&���.�  91%&. 
,�))6)�2.  
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�)�4#.�  91%&. ,�))6)�2.  – �,����.  – $�) !�6���  $&% 
&��+,%%  ,�))6)�2.  �   +� �#.-  �#0%'&%'�-  (  $&%� ���(%% 
+���)%2���&�  – ��&#�*  %)% /)�&#�*  +%�)��. : 

 
�&%(�'�##��  &��+,%�  �()�����  9+2���&-%!��+�* . �2  �,�����  

,�))6)�2.  %20���()%(�6�  �,����#.�  (�)�+#� . ��#��  �#�  5%&�+� 
%�$�)32�(�)��3  ')�  $�) !�#%�  +%#�$)�#+%.  

 
�%�&��.  ,�))6)�2.  $�) !�6�  '�*��(%�-  #�  ,�))6)�2  �-��%  

�2��#�*  % ��&#�*  +%�)�� : 

 
�##��  &��+,%�  $&���+��� , #�!%#��  �  0 0� . ���$�#3  

9��&%1%+�,%% �$&�'�)�����  �����(�-  #%�& 6��*  �-��% . �%�&��.  
,�))6)�2.  (  2�(%�%-���%  ��  ��'�&4�#%�  (  #%/ �2��� , $&%-�#�6�  
')�  $&�%2(�'��(�  $)���-��� , ,�)) )�%'� , ')�  $&%0���()�#%�  )�+�(  
% 9-�)�* , ')�  $&�%2(�'��(�  "�2'.-#�0�  $�&�/� , '%#�-%��  % '& 0%/ 
(2&.(!��./  (�����( . �%�&��.  ,�))6)�2.  �()�6���  �'#%-% %2 
��-./  $�&(./  -�'%1%,%&�(�##./  $&%&�'#./  $�)%-�&#./  
-���&%�)�( . �$�&(.�  $&�' +�  (2�%-�'�*��(%�   ,�))6)�2.  �  � NO3 
".)  $�) !�#  (  1832 0. � . �&�++�#� . 	�#�(#�*  #�'������+  #%�&���(  
,�))6)�2.  – %/ (.��+��  0�&6!���3 , $�9��-  �#% $����$�##�  
(.���#�6���  '& 0%-% $�)%-�&�-%  – �,�����-%  ,�))6)�2.  % 
�%#���%!��+%-%  $�)%-�&�-% .  

��4#��  2#�!�#%�  %-���  ��+4�  �'#�  %2 ��& +� &#./  
-�'%1%+�,%*  ,�))6)�2.  – 0%'&��,�))6)�2�  (,�))6)�2�  II). 	#�  



��������
 

$�) !�����  $ ��-  ��& +� &#�*  -�'%1%+�,%% $&%&�'#�*  
,�))6)�2.  (,�))6)�2.  I): 
1. 	��4'�#%�-  %2 &���(�&� . 
2. 	"&�"��+�*  &���(�&�-%  ��)�!�*  �  $��)�' 6�%-  
&�2)�4�#%�-  ��)�!#�*  ,�))6)�2. . 
3. ;��&%1%+�,%�*  % $��)�' 6�%-  �-.)�#%�-  �)�4#./  
91%&�(. 
4. ��2-�)�- .  
�&�(&���#%�  $&%&�'#�*  ,�))6)�2.  (  0%'&��,�))6)�2  
��$&�(�4'�����  %2-�#�#%�-  $&���&�#��(�##�0�  &��$�)�4�#%�  
2(�#3�(  -�+&�-�)�+ )  ,�))6)�2. . ��  �(��-  /%-%!��+�-  �����(  
0%'&��,�))6)�2�  �#�)�0%!#�  %�/�'#�*  ,�))6)�2� . �2  0%'&��-
,�))6)�2.  $�) !�6�  %�+ ���(�##.�  (�)�+#� , +���&.�  #�2.(�6�  
0%'&��,�))6)�2#.-% . �%&�+�  %2(���#.  0%'&��,�))6)�2#.�  
$)�#+%, #�2.(��-.�  ,�))�1�#�- .  

 
�&���.�  91%&. ,�))6)�2. . �&% %/ $�) !�#%%  ,�))6)�2�  

$&�'(�&%��)3#�  �+�%(%& ����  $ ��-  �"&�"��+%  ��)�!36 . �&% 9��-  
�#�  #�" /��� . �  +�!���(�  �)+%)%& 6�%/  �0�#��(  %�$�)32 6���  
�)+%)0�)�0�#%'. , �)+%)� )31��.  % '& . ���+,%�  �"&�2�(�#%�  
-��%),�))6)�2.  $&���+���  $&% 80-1000�  % $�'  '�()�#%�- : 

 
[C6H7O2(OH)3 

. xNaOH]n +nx CH3Cl �    [C6H7O2(OCH3)x (OH)3-x]n + 
nx H2O + nx NaCl 

�./�'  &��+,%%  (�)%!%(�����  �   (�)%!�#%�-  '�()�#%�  % �  
 -�#35�#%�-  ��-$�&�� &. . ���%),�))6)�2�  -�4��  (.$ �+��3��  �  
&�2)%!#.-%  ���$�#�-%  2�-���#%� . ��'�&���(�&%-��  -��%) -
,�))6)�2�  #�/�'%�  ��-��  &�2#��"&�2#��  $&%-�#�#%� (  &�2)%!#./  
�")����/  ��/#%+%. ��  %�$�)32 6�  ')�  %20���()�#%�  &�2)%!#./  
+)��(  (')�  +�4%, $�#�$)����( , " -�0% ). �  +�&�-%!��+�-  
$&�%2(�'��(� , (  ��&�%��)3#./  &���(�&�/ , "���#�/  -��%),�))6)�2  
$&%-�#�6�  +�+ �(�2 6�%* , $)���%1%,%& 6�%*  % &�0 )%& 6�%*  
 ���*!%(���3  -���  +  ��'+�  �0�#� . ���%),�))6)�2  $&%-�#�6�  (  
+�!���(�  9- )30���&�  % ���"%)%2���&�  )���+�#./  +&���+ , 
�+(�&�)3#./  $��� , $&% � �$�#2%�##�*  % 9- )3�%�##�*  
$�)%-�&%2�,%%, +�+ ���"%)%2���&  +&�-�( , (�'#�  - 4%&�(./  
9- )3�%* , 5�-$ #�* , (  +�!���(�  2�0 ��%��)�  % ���"%)%2���&�  
&���(�&�(  % � �$�#2%*  %#��+�%,%'�(  % %#��+��1 #0%,%'�( , �  ��+4�  



��������
 

+�+ (�'�&���(�&%- 6   $�+�(�!# 6  $)�#+  ')�  0&�# )%&�(�##./  
 '�"&�#%* . ��2#��"&�2#�  ��+4�  $&%-�#�#%� -��%),�))6)�2.  (  
1�&-�,�(�%!��+�*  % $%��(�*  $&�-.5)�##���% .  

 
��&"�+�%-��%),�))6)�2�  (Na��� ) ��) !�����  $&% 

(2�%-�'�*��(%%  ��)�!#�*  ,�))6)�2.  �  -�#�/)�& +� �#�*  
+%�)���*  %)% �  ��  #��&%�(�*  ��)36 : 

[C6H7O2(OH)3 
. xNaOH]n +nx ClCH2�		 Na �  

�  [C6H7O2(OCH2�		 Na)x (OH)3-x]n + nx NaCl + nx H2O 

���+,%�  9+2���&-%!��+�� , $&���+���  2� 1.5 – 2 ! . �&% 
��-�$&�%2(�)3#�-  $�(.5�#%%  ��-$�&�� &.  ��  20 '�  400� .  

Na���  5%&�+� $&%-�#�6�  ')�  ���"%)%2�,%% 0)%#%��./  
� �$�#2%* , $&%-�#��-./  ')�  " &�#%�  �+(�4%# , (  +�!���(�  '�"�(+%  
+ -�6�%-  �&�'��(�- , ')�  �"&�"��+%  �+�#�* , +�+ 2�0 ��%��)3  
$�!��#./  +&���+ , +�+ +)�����  (�����(� , (  +�!���(�  $)���%1%+���&�  
0)%#. (  +�&�-%!��+�*  $&�-.5)�##���%  % (  '& 0%/ �")����/ .  

7%�%# % /%��2�# . 7%�%# �()�����  (��&.-  $��)�  ,�))6)�2.  $�  
&��$&���&�#�##���%  $&%&�'#.-  $�)%-�&�- . �0�  �4�0�'#��  
�"&�2�(�#%�  (  $&%&�'� �����()���  #��+�)3+�  '����+�(  -%))%�&'�(  
��## . 7%�%# �()�����  ��#�(�*  �+�)��#�*  �%���-. , 
$�''�&4%(�6��*  +)���!# 6  ��& +� &  �+�#�*  (  $�#,%&�/  
&�+��"&�2#./ , + �%+ )�  #���+�-./ , +)���!#�*  ���#+�  0&%"�( % 
"�+��&%* . ��%"�)��  '��� $#.-%  %���!#%+�-%  /%�%#� �) 4��  
��/�'.  $&�-.�)�  -�&�+%/  "��$�2(�#�!#./  % -%,�)%*  #%25%/ 
0&%"�(. )�  �2"�+%���#� , 0'�  %-�����  (.��+�&�2(%���  
5�)+�(�'��(� , "�)35 6  $�&�$�+�%(  %-���  $�) !�#%�  /%�%#� %2 
+ +�)�+  � ��(�0�  5�)+�$&�'� .  

�  #��������  (&�-�  -%&�(��  $&�%2(�'��(�  /%�%#� % �0�  
$&�%2(�'#./  �����()���  �+�)�  3000 � . (  0�' . ��(.5�##��  
(#%-�#%� + (�$&���-  &�,%�#�)3#�0�  %�$�)32�(�#%�  $&%&�'#./  
&�� &��( , &�5�#%6  9+�)�0%!��+%/  $&�")�- , (  ��-  !%�)�  $ ��-  
&��5%&�#%� %�$�)32�(�#%�  "%�'�0&�'%& �-./  (&�2& 5��-./  
%-�6�%-%��  (  �+& 4�6��*  �&�'�  -%+&��&0�#%2-�-%) $�)%-�&�( , 
+ +���&.-  ��#������  /%�%#, �  ��+4�  5%&�+%� (�2-�4#���%  
%�$�)32�(�#%�  /%-%!��+%/  $&�(&���#%*  /%�%#�, '�)�6�  9���  
$�)%-�&  �'#%-  %2 ��-./  %#��&��#./  % $�&�$�+�%(#./  (%'�(  �.&3�  
')�  &�2)%!#./  �")����*  $&%-�#�#%�. 
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7%�%# $&�'���()���  ��"�*  )%#�*#.*  $�)%��/�&%' , 
#�&�2(��()�##.�  ,�$% +���&�0�  �������  %2 9)�-�#��&#./  2(�#3�(  2-
�,���-%'� -2-'�2�+�% -D-0)6+�2. , ���'%#�##./  1,4-1-0)%+�2%'#�* 
�(�236 : 

 

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

�&����*5��  $&�%2(�'#��  /%�%#� — /%��2�# , 
�-%#�$�)%��/�&%'  2-�-%#� -2-'�2�+�% -1-� -0)6+�# , �"&�2 6�%*��  
$&% '�2�,��%)%&�(�#%%  /%�%#�: 

 

�  ��)%!%�  ��  /%�%#� $�) !��-.*  $&% �0�  '�2�,��%)%&�(�#%%  
/%��2�#  &���(�&�����  '�4�  (  &�2"�()�##./  �&0�#%!��+%/  +%�)���/ , 
#�$&%-�&, (  (�'#�-  &���(�&�   +� �#�*  +%�)��. . 

7%-%!��+%�  $&�(&���#%�  /%�%#� % /%��2�#�  #�  $&���4�#%% 
"�)��  $�) (�+�  (.2.(�6�  "�)35�*  %#��&�� , (  ��#�(�  +���&�0�  
")%2���3  1 #+,%�#�)3#�0�  �����(�  9�%/ $�)%��/�&%'�(  % 
,�))6)�2.  (#�)%!%� (  9)�-�#��&#�-  2(�#�  0%'&�+�%)3#./  0& $$), 
�  (  �) !��  /%��2�#�  ��+4�  % �-%#�0& $$  % (�2-�4#���3  $�) !�#%�  



��������
 

$&�%2(�'#./ , �#�)�0%!#./  �%#��2%&�(�##.-  &�#��  ����(�� -
��( 6�%-  $&�%2(�'#.-  ,�))6)�2. . �&�'%  #%/ &�2#��"&�2#.�  
$&���.�  91%&. (-��%)�(.� , 9�%)�(.� , +�&"�+�%-��%)�(.� , 
0%'&�+�%9�%)�(.� ) % �)�4#.�  91%&. #��&0�#%!��+%/  (#%�&��. , 
� )31��. , +��#��0�#��. ) % �&0�#%!��+%/  (�,����. ) +%�)�� .  

7%�%# % /%��2�#  5%&�+� $&%-�#�6���  (  $%��(�*  % 
��+��%)3#�*  $&�-.5)�##���% , -�'%,%#�  % "%���/#�)�0%% . 
�  $��)�'#%�  0�'.  "�)35��  (#%-�#%�  '�)�����  �%#��2  $&%(%�./ 
��$�)%-�&�(  /%��2�#�  �  �%#���%!��+%-% $�)%-�&�-% . �#��&��  + 
$&%(%�.-  ��$�)%-�&�-  /%�%#� % /%��2�#�  �" �)�()�#  ��- , !��  
$�'�"#.�  �%���-.  #�  ��)3+�  ��!���6�  (  ��"�  �(�*��(�  
�����()�6�%/  %/ $�)%-�&�( , #�  % (  &�'�  �) !��(  $&��()�6�  #�(.�  
�(�*��(� , #�  /�&�+��&#.�  ')�  %�/�'#./  +�-$�#�#��( . ��)%!%�  
/%-%!��+%/  �(�2�*  $&�$����( ��  -�+&�&���)�%(�#%6  �%���-  �  
(.'�)�#%�-  ��'�)3#�*  1�2. . �%#��2  $&%(%�./ ��$�)%-�&�(  '���  
(�2-�4#���3  ��!����3  (  �'#�*  -�+&�-�)�+ )�  2(�#3�  
&�2#��"&�2#./  $�  �(�*��(�-  $�)%-�&�( . �  #��������  (&�-�  -�4#�  
(.'�)%�3  �&% #�$&�()�#%�  $�) !�#%�  $&%(%�./ ��$�)%-�&�(  
/%�%#� % /%��2�#�  $�  &�'%+�)3#�-  -�/�#%2- : 
1. ��)%-�&%2�,%�  $&% %#%,%%&�(�#%% %�#�-% ,�&%� . 
2. ��)%-�&%2�,%�  $&% %#%,%%&�(�#%% $�&� )31���-%  % 
$�&�+�%'�-% . 
3. ��)%-�&%2�,%�  $&% %#%,%%&�(�#%% �") !�#%�- . 

	"�%-  (  9�%/ $�'/�'�/  �()�����  �� , !��  #�  $�&(�-  9��$�  
$&�,����  �+�%(#.�  &�'%+�).  �"&�2 6���  #�  -�+&�-�)�+ )�  
$&%&�'#�0�  $�)%-�&�  (2� �!��  (2�%-�'�*��(%�  �  +���)%2���&�-%  
%)% 2� �!��  �") !�#%� ). 

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

�  #��������  (&�-�  �%#��2%&�(�#�  "�)35��  +�)%!���(�  
$&%(%�./ ��$�)%-�&�(  /%��2�#� . �2(���#.  ��$�)%-�&.  /%��2�#�  �  
&�2)%!#.-%  -���+&%)���-% , �+&%)�#%�&%)�-, (%#%)�,�����- , 
(%#%)+�$&�)�+��-�-  % (%#%)$%&&�)%'�#�-.  
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6.1 8�%�+����  ,�%�"�'��  �'�!"�'��(  $�'����' . 

�������  ,�%�"�'� !  *�,�(  

�5%(+�  -�+&�-�)�+ )�&#./  ,�$�*  $�2(�)���  � ����(�##�  
 ) !5%�3  �(�*��(�  $�)%-�&�( , $�(.�%�3  %/ ��&-����"%)3#���3 , 
 ���*!%(���3  + '�*��(%6  &���(�&%��)�* . �%4�  $&%(�'�#.  
#�+���&.�  $&%-�&.  $�) !�#%�  $�)%-�&�(  �&�/-�&#�*  ��& +� &. . 

 
�.�./�#%�  +&���+  
��) !�#%�  )�+�+&���!#./  $�+&.�%*  �()�����  �'#�*  %2 (�4#./  

�")����*  $&�+�%!��+�0�  $&%-�#�#%� $�)%-�&#./  -���&%�)�( . ��  
�2.+�  )�+�+&���!#�*  $&�-.5)�##���%  $&�,���  �"&�2�(�#%�  
�&�/-�&#�*  ��& +� &.  )�+�+&���!#�0�  $�+&.�%�  #�2.(�����  
(.�./�#%�- . �5%(+�  $�)%91%&�(, �)+%'#./  �-�)  -�4��  
�� ����()��3��  $ ��-  &�'%+�)3#�*  ��$�)%-�&%2�,%% #�#��.��# -
#./  �(�2�* , +���&.�  �$�,%�)3#�  ((�'����  (  �����(  $�)%91%&� �  
&�2)%!#.-%  -�#�-�&�-% . (�*#.�  �(�2%,  !���( 6�%�  (  $&�,����  
�5%(+% -�0 �  #�/�'%�3��  +�+ (  ,�$% -�+&�-�)�+ ). , ��+  % (  
+�#,�(./  0& $$�/ . �%4�  $&%(�'�#.  $&%-�&. : 

��)%91%& - ��$�)%-�&  -�)�%#�(�0�  �#0%'&%'� % 0)%+�)� : 

 
�)+%'.  % �)+%'#.�  �-�). : 

 
�5%(+�  %)% (.�./�#%�  ���&�*5%/  %2 )�+�+&���!#./  

-���&%�)�(  – -��)�#./  +&���+ , ��#�(  +���&./  �����()���  �)%1�  % 
#�#��.��##.�  �)+%'#.�  �-�).  $&���+���  $ ��-  (2�%-�'�*��(%�  �  
+%�)�&�'�-  (�2' /�  !�&�2  �"&�2�(�#%�  0%'&�$�&�+�%'�( , )�0+�  
&��$�'�6�%/��  #�  &�'%+�). .  
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	"&�2 6�%���  &�'%+�).  &�+�-"%#%& 6�  -�4'  ��"�*  �  

�"&�2�(�#%�-  � -� , � -	 , 	 -	  �(�2�*  -�4'  -�+&�-�)�+ )�-% , 
�"��$�!%(�6�%-%  1�&-%&�(�#%�  �&�/-�&#�*  ��& +� &. .  

 
� )+�#%2�,%�  +� ! +�(  
�  $&�-.5)�##���%  �5%(+  $�)%-�&�(  '%�#�( -1,3 

�� ����()�6�  $ ��-  ( )+�#%2�,%% ��&�* . �$�&(.�  9���  $&�,���  
".)  �� ����()�#  � '3%&�-  (  1839 0. 	'#�+�  -�/�#%2-  
( )+�#%2�,%% ".)   ���#�()�#  2#�!%��)3#�  $�24� .  

��&(�#�!�)3#�  �!%��)% , !��  &��+,%�  ��&.  �  +� ! +�-  
$&���+���  $�  &�'%+�)3#�-  -�/�#%2- . 	'#�+�  $��)�' 6�%�  
%��)�'�(�#%�  $&%(�)%  !�#./  + (.(�'  �"  %�##�-  -�/�#%2-�  
( )+�#%2�,%%. 

��&�  � ����( ��  (  (%'�  (��3-%!)�##�0�  ,%+)�  S8. �&% (.��+�*  
��-$�&�� &�  ((.5�  100 0� ) ,%+)%!��+��  ��&�  �"&�2 ��  %�##.�  $�&.  
%)% &�2'�)�##.�  %�#. : 

S8 �  Sm
+…Sn

-                  Sm
d+___ Sn

d- 

���+,%�  %#%,%%&�(�#%� ( )+�#%2�,%% 2�+)6!�����  (  
$&%���'%#�#%% � )31�#%�(�0�  %�#� + #�#��.��##�*  �(�2% 
-�+&�-�)�+ ). : 

 
	"&�2�(�(5%*��  +�&"+��%�#  ".��&�  $&�(&�������  (  "�)��  

 ���*!%(.*  �))%)3#.*  +�&"+��%�# : 



����
���
 

 
�)3#�*5%�  &��+,%% $&%(�'��  + (�2#%+#�(�#%6 

-�4-�+&�-�)�+ )�&#./  �(�2�*  % &�0�#�&�,%% +�&"+��%�#� : 

 

��  $&�+�%+� $&�,���  ( )+�#%2�,%%  �+�&�����  '�"�(+�-%  
 �+�&%��)�*  % �+�%(���&�(  ( )+�#%2�,%%. �  +�!���(�   �+�&%��)�*  
$&%-�#�6�  2--�&+�$��"�#2��%�2�)  % �0�  $&�%2(�'#.� . �  +�!���(�  
�+�%(���&�( ,  �%)%(�6�%/  '�*��(%�   �+�&%��)�* , $&%-�#�6�  
�-��%  �+�%'�(  -���))�(  (#�$&%-�&, ZnO) �  4%&#.-% +%�)���-% .  

�&% $�) !�#%%  &�2%#., $&%-�#��-�*  (  �(��-�"%)3#�*  
$&�-.5)�##���%  $&% %20���()�#%% 5%# % +�-�& , (  $&�,����  
( )+�#%2�,%% ((�'��  $&%-�&#� 4-5% ��&. . �&% 9��-  #�")6'�����  
-�+�%-�)3#��  $&�!#���3  -���&%�)�  (29 -�� ) $&% '������!#�  
(.��+�*  9)���%!#���%        (850 %). �&% (.��+�-  ��'�&4�#%%  ��&.  
('�  50 %), +� ! +  $&�(&�������  (  9"�#%� – 4���+%*  % $&�!#.*  
-���&%�) , $&�+�%!��+% #�  �$���"#.*  + '�1�&-�,%% .  

	�(�&4'�#%�  9$�+�%'#./  �-�)   
;$�+�%'#.�  �-�). , ")�0�'�&�  �(��*  /�&�5�*  �'0�2%% + 

-���&%�)�-  ��-�*  &�2#��"&�2#�*  $&%&�'. , 5%&�+� $&%-�#�6���  (  
+�!���(�  +)��( , 2�)%(�!#./  +�-$� #'�(  (  &�'%�9)�+�&�##�*  
$&�-.5)�##���%  % '& . 
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;$�+�%'#.�  �-�).  �"&�2 6���  (  &�2 )3����  &��+,%% 
9$%/)�&0%'&%#� �  0%'&�+�%)��'�&4��%-%  ���'%#�#%�-% , 
#�$&%-�& 2,2-'%1�#%)�)$&�$�#�-  (  ��)�!#�*  �&�'� . �  &�2 )3����  
$�) !�����  &���(�&%-��  (  �&0�#%!��+%/  &���(�&%��)�/  �-�)�  �  
-�)�+ )�&#�*  -����*  450-4000: 

 
;$�+�%'#.�  0& $$. , %-�6�%���  (  �����(�  �-�). , �")�'�6�  

(.��+�*  &��+,%�##�*  �$���"#���36  $�  ��#�5�#%6  + &��0�#��-  
+%�)��#�0�  % �-%##�0�  �%$�. �  �(�2% �  9�%-, 9$�+�%'#.�  �-�).  
�$���"#.  ��(�&4'��3��  $&% (2�%-�'�*��(%%  �  �-%#�-% , �  
'( /��#�(#.-%  +%�)���-%  % %/ �#0%'&%'�-%, #�$&%-�& �  
-�)�%#�(.-  �#0%'&%'�- . ��%"�)��  5%&�+� %�$�)32 �-.-  #�  
$&�+�%+� ��(�&'%��)�-  �()�����  $�)%9�%)�#$�)%�-%# . ���+,%�  
��(�&4'�#%�  �  �0�   !���%�-  $&���+���  $&% +�-#��#�*  ��-$�&�� &� : 

 
��)%!%�  0%'&�+�%)3#./  0& $$ (  ��(�&4'�##�*  �-�)�  

�$���"��( ��  ��  /�&�5�*  �'0�2%% + '& 0%-  -���&%�)�- . ;��  % 
�" �)�()%(���  �")���3  ��  $&%-�#�#%�.  

!������  �  ����  5 

1. ��+%�  $&�,���.  ��#������  + $�)%-�&�#�)�0%!#.-  
$&�(&���#%�- ? 
2. �&%(�'%��  $&%-�&.  $�) !�#%�  �%#���%!��+%/  $�)%-�&�(  
-���'�-  $�)%-�&�#�)�0%!#./  $&�(&���#%* .  
3. �&%(�'%��  $&%-�&.  $�) !�#%�  -�'%1%,%&�(�##./  $&%&�'#./  
$�)%-�&�(  -���'�-  $�)%-�&�#�)�0%!#./  $&�(&���#%* . �&%(�'%��  
$&%-�&.  $�) !�#%�  $&���./  % �)�4#./  91%&�( ,�))6)�2. .  
4. ��+%-  �"&�2�-  $�) !�6�  /%��2�# ? ��+%�  (%'.  �.&3�  ')�  9��0�  
$&%-�#�6� ? 
5. �&%(�'%��  $&%-�&.  $�) !�#%�  $�)%-�&�(  �&�/-�&#�*  
��& +� &. .  
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6. �  !�-  2�+)6!�����  /%-%2- $&�,����  (.�./�#%�  +&���+ ? 
7. ��  +�+�-  -�/�#%2-  $&���+���  $&�,���  ( )+�#%2�,%% 
+� ! +�( ? 
8. <��  ��+��  9$�+�%'#.�  �-�). ? ��+%-  �"&�2�-  $&���+���  $&�,���  
%/ ��(�&4'�#%� ? 

�������������  �
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1. �)��9  � .� ., �%�-�#�(%!  � . ., ���  	 .� . ��+&�-�)�+ )�&#.�  
&��+,%%.  ���+(� , 7%-%�, 1977. - 256 � .  
2. ��5%'�(�  � .� ., �%) 5�(�  � .? . 7%�%# % /%��2�#  Bombyx mori: 
�%#��2 , �(�*��(�  % $&%-�#�#%�. ��5+�#� : :�# , 2009.  
3. ;#��)%�  � .� ., �(&�%#�(  � .� ., � 2��(  � .� . ���+,%�##��$���"#.�  
�)%0�-�&. . � .: 7%-%�, 1985. 
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5. ��5%'�(�  � .� . �%�)�0%!��+%  �+�%(#.�  $�)%-�&#.�  +�-$�2%,%% 
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7.  ��
����5��  8�������  
 

$	
����  �������� . @�������
�  �  ��������
�  ���	�� �� . 
 

�&% 9+�$) ���,%%  %)% /&�#�#%% $�)%-�&.  ���&�6� , !��  
$&��()�����  (  #�")�0�$&%��#�-  %2-�#�#%% +�-$)�+��  %/ �(�*��( . 
���&�#%�  $�)%-�&�(  -�4��  "-�3  �)�'��(%�-  +�+ 1%2%!��+%/ 
$&�,����( , #�$&%-�&, ��-�$&�%2(�)3#�*  +&%���))%2�,%% %)% 
«(.$���(�#%� » $)���%1%+���&� , ��+  % /%-%!��+%/ , %2 +���&./  
#�%"�)35��  2#�!�#%�  %-�6�  ��& +� &%&�(�#%�  % '���& +,%�  
$�)%-�&� .  ���& +,%�  $�)%-�&�  -�4��  $&���+��3  (  &�2 )3����  
&�2&.(�  %)% &��$�'�  ('�$�)%-�&%2�,%%) ��#�(#�*  ,�$%, 
����$)�#%�  %)% &�2& 5�#%�  2�-���%��)�*  ("�+�(./  0& $$ 
-�+&�-�)�+ ) ). 

��2)%!�6�  1%2%!��+ 6  % /%-%!��+ 6  '���& +,%6 . :%2%!��+��  
'���& +,%�  $&���+���  $�'  '�*��(%�-  ��$)��. , �(��� , %2) !�#%* 
(.��+�*  9#�&0%%, $&% -�/�#%!��+�-  (�2'�*��(%%  %, 
����(����(�##� , #�2.(�����  ��&-%!��+�* , 1���/%-%!��+�* , 
&�'%�,%�##�* , -�/�#�/%-%!��+�*  '���& +,%�* . 

7%-%!��+��  '���& +,%�  $�)%-�&�(  (.2.(�����  '�*��(%�-  
/%-%!��+%/  �0�#��(  - +%�)�� , ��)�!�* , (�'. , +%�)�&�'�  % '& . �&% 
���&�#%% $�)%-�&�(  (  &��)3#./   �)�(%�/  '���& +,%�  �".!#�  
�$&�'�)�����  '�*��(%�-  #��+�)3+%/  1�+��&�( , !�� , +�+ $&�(%)� , 
$&%(�'%� +  (�)%!�#%6  �+�&���%  9��0�  $&�,���� . ���+�)3+  
$�&�&�"��+� , �  !����  % 9+�$) ���,%�  $�)%-�&�(  �(�2�#.  �  
(�2'�*��(%�-  (.��+%/  ��-$�&�� & , �  $&% 9��-  $�)%-�&.  �".!#�  
#�/�'����  (  +�#��+��  �  (�2' /�- , #�%"�)35��  2#�!�#%�  %-�6�  
��&-%!��+��  % ��&-��+%�)%��)3#��  '���& +,%�  $�)%-�&�( . 

 
7.1 ��'"�+�$��&  ��$�'��*�& . 5��%�)�*�&  

=�������
�  ���	�� �� . �������  �����  
��������  �
  	���������  ���	�� �� . *����  
���	�� ��  ����	���  
����	
������  
�������� .  

��&-%!��+��  '���& +,%�  $�)%-�&�  $&���+���  $&% (.��+%/  
��-$�&�� &�/  (  %#�&�#�*  ��-��1�&�  %)% (  (�+  -� . �#�0'�  9���  
$&�,���  #�2.(�6�  $%&�)%2�-. ��&-%!��+%*  &��$�'  #�%-�#��  
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���*+%/  $�)%-�&�(  - $�)%(%#%)/)�&%'�  % $�)%-��%)-���+&%)���  - 
#�!%#�����  $&% 150 % 220 °� , �  #�%"�)��  ���*+%/  - 
$�)%'%-��%)�%)�+��#� , $�)%���&�1��&9�%)�#�  % $�)%%-%'�  - $&% 
300, 400 % 450 °� , ����(����(�##� . 

�  "�)35%#��(�  �) !��(  ��&-%!��+%*  &��$�'  $�)%-�&�(  
$&���+���  +�+ ,�$#�*  &�'%+�)3#.*  $&�,���  % (  ����(����(%%  �  9�%- 
/�&�+��&%2 ����   ���'%�-%  %#%,%%&�(�#%�, &���� , $�&�'�!%  % 
�"&.(�  ,�$%. �#%,%%&�(�#%� ��&-%!��+�0�  &��$�'�  
�� ����()�����  2� �!��  &�2&.(�  /%-%!��+%/  �(�2�*  '( /  �%$�(  - 
�)�"./ , #�$&%-�& �))%)3#./  %)% $�&�+�%'#./ , % $�(��&�6�%/��  
�(�2�*  ��#�(#�*  ,�$%. �  ����(����(%%  �  9�%-, ��&-%!��+%*  &��$�'  
"�)35%#��(�  $�)%-�&�(  $&���+���  (  '(�  ���'%%  - $&% &�2#./  
��-$�&�� &�/  % �  � ����(�##�  &�2)%!#.-%  9#�&0%�-% �+�%(�,%%. 
	�#�(#��  -����  $�)%-�&� , +�+ $&�(%)� , &��$�'�����  #�  (��&�*  
���'%%  ��&-%!��+�0�  &��$�'� .  

�%#��%!��+��  ,�$3  $&% ��&-%!��+�-  &��$�'�  $�)%-�&�(  
&�2(%(�����  (  &�2 )3����  �&�/  9)�-�#��&#./  &��+,%*  - 
'�$�)%-�&%2�,%%, $�&�'�!%  ,�$% % M-&��$�'�  &�'%+�)�( . �  
&�2 )3����  ��&-%!��+�*  '���& +,%%  $�)%-�&  &��$�'�����  #�  
)�� !%�  $&�' +�.  (!����  $�)#���36 ), �����(  +���&./  �$&�'�)�����  
����#�5�#%�-  �+�&����*  9)�-�#��&#./  &��+,%*  &����  ,�$%. 
���& +,%�  ��+%/  -�#�-�&�(  +�+ $�)%-��%)-���+&%)�� , $�)%-G-
-��%)��%&�) , $�)%1�&-�)3'�0%'  % #�+���&./  '& 0%/ 
�� ����()�����  $��&�'��(�-  '�$�)%-�&%2�,%% - &��+,%%, �"&��#�*  
$�)%-�&%2�,%%. �&�+�%!��+%  �'%#��(�##.-  $&�' +��-  ��&-% -
!��+�0�  &��$�'�  ��+%/  $�)%-�&�(  �()�����  -�#�-�&  (��") . 7.1).  

��")%,�  7.1  
�&�' +�.  ��&-%!��+�0�  &��$�'�  #�+���&./  $�)%-�&�(  

��)%-�&  Q 
� , 
0�  

�) "%#�  
&��$�'�  

�&�' +�.  &��$�'� , % 
-�#�-�&  �)%0�-�&   0)�(�'�&�'.  

��)%-��%)-���+&%)��  0.74 300 
60% 2� 
0.5 !���  

~100 �)�'.  �)�'.  

��)%��%&�)  1.00 336 
50% 2� 
2 !���  

39 57 
��) �)  -3 
& 0%�  - 1 

��)%9�%)�#  0.0 330 
3.4% 2� 
0.5 !���  

0.2 96 
� ��# -1 

� ��#  0.8 
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�$�)%-�&%2�,%�  +�&"�,�$#./  $�)%-�&�(  $&���+���  $�  
&�'%+�)3#�-  -�/�#%2- , �  ')�  0���&�,�$#./  $�)%-�&�(  "�)��  
/�&�+��&�#  %�##.*  -�/�#%2-  (#�$&%-�&, ')�  $�)%1�&-�)3'�0%'� ). 
��&-�'%#�-%!��+%-%   �)�(%�-%  '�$�)%-�&%2�,%% �()�6���  =>=�  
% [� ]<[ � ]&�(# . )�  "�)35%#��(�  $�)%-�&�(  (%#%)�(./  -�#�-�&�(  
$&% = > 200 °�  &�(#�(��#.�  +�#,�#�&�,%%  -�#�-�&�(  #�  
$&�(.5�6�  10-3-10-5 -�)3 /) . 	'#�+�  $&% (.��+�*  ��-$�&�� &�  
-�#�-�& , �"&�2 6�%*��  (  &�2 )3����  '�$�)%-�&%2�,%%, ".��&�  
 )�� !%(����� , $�9��-   �)�(%�  [� ]<[ � ]&�(#   �".!#�  
(.$�)#����� . 

��")6'�#%�  ��&-�'%#�-%!��+%/  +&%��&%�( �()�����  
#��"/�'%-.- , #�  #�  '������!#.-   �)�(%�-  '�$�)%-�&%2�,%%. )�  
��  &�2(%�%� #��"/�'%-� , !��".  -�+&�&�'%+�).  �  �+�%(#.-  
,�#�&�-  #�  +�#,�  ,�$% ".)%  '������!#�   ���*!%(. , �  $�)%-�&  #�  
��'�&4�)  ".  $�'(%4#./  ���-�(  (�'�&�'� , �".!#�  #�/�'��%/��  
$&% �&��%!#./  ���-�/   0)�&�'� . ���$�#3  ���"%)%2�,%% �+�%(#�0�  
,�#�&�  #�  +�#,�  ,�$% -�4#�  +�!���(�##�  �,�#%�3  $�  (�)%!%#�  
$�&�-��&�  Q. �##.�  ��") . 7.1 #�/�'����  (  $�)#�-  ����(����(%%  �  
��+%-  (.(�'�- . �  �) !��  $�)%-��%)-���+&%)���  (.$�)#�6���  �"�  
 �)�(%�  ((.��+��  (�)%!%#�  Q % ��#��%��)3#�  (.��+��  [� ]&�(#  (��") . 
3.5.1)), �$���"��( 6�%�  '�$�)%-�&%2�,%%. ��9��-  $&% 
��&-%!��+�-  &��$�'�  9��0�  $�)%-�&�  (./�'  -�#�-�&�  ")%2�+ + 
+�)%!���(�##�- . )�  $�)%��%&�)�  (.$�)#�����  �'#�  %2 '( /  
 �)�(%*  ((.��+��  (�)%!%#�  Q, #�  #%2+�� [� ]&�(#  (��") . 3.5.1)). �  
$&�' +��/  ��&-%!��+�0�  &��$�'�  $�)%��%&�)�  '�)�  -�#�-�&�  
'������!#�  (.��+�  %, �)�'�(���)3#� , &��+,%�  '�$�)%-�&%2�,%% 
%0&��� 2�-��# 6  &�)3 . �  �) !��  $�)%9�%)�#�  (% "�)35%#��(�  
'& 0%/ $�)%�)�1%#�( ) #�  (.$�)#�����  #% �'#�  %2  �)�(%* , 
�$���"��( 6�%/  '�$�)%-�&%2�,%%. ��9��-  $&% ��&-%!��+�-  
&��$�'�  ��+%/  $�)%-�&�(  9���  $&�,���  $&�+�%!��+% #�  $&���+��� . 

��4# 6  &�)3  $&% ��&-%!��+�-  &��$�'�  $�)%-�&�(  %0&��� 
&��+,%�  $�&�'�!%  ,�$%. �&%� ���(%�  #�"�)35�0�  !%�)�  (10-15 %) 
2(�#3�(  �+&%)�(./  91%&�(, ��%&�)�  %)% �+&%)�#%�&%)� (  
��$�)%-�&�  �  -��%)-���+&%)���-  (  #��+�)3+�  &�2 �#%4���  �+�&���3  
�0�  ��&-%!��+�0�  &��$�'�  $�  �&�(#�#%6  �  0�-�$�)%-�&�-  
($�)%-��%)-���+&%)���- ). �  $&�' +��/  ��&-%!��+�0�  &��$�'�  
$�)%-�&�(  �+&%)�(./  91%&�( $&�+�%!��+% ��� ���( ��  -�#�-�& . 
;��  �"8��#�����  �"&.(�-  ,�$�*  '�$�)%-�&%2�,%% (  &�2 )3����  



��������
 

(# �&%- % -�4-�)�+ )�&#�*  &��+,%% $�&�'�!%  ,�$% #�  2(�#3�  
�+&%)�(./  91%&�(, +���&.�  %-�6�  $�'(%4#.�  ���-.  (�'�&�'� . 
��)3  $�&�'�!%  ,�$% �$&�'�)�����  ��+4�  ��- , !��  9��  &��+,%�  
$&%(�'%� + $�&�#��  �(�"�'#�*  (�)�#�#���% . ��+  �)�' ��  %2 ��") . 
7.1, $&% ��&-%!��+�-  &��$�'�  #�+���&./  $�)%-�&�(  ��#�(#.-  
$&�' +��-  �()�����  �)%0�-�& . ��$&%-�& , ��+��  +�&�%#� 
#�")6'�����  ')�  $�)%9�%)�#� . ����#�()�#� , !��  �)%0�-�& , 
�"&�2 6�%*��  $&% ��&-%!��+�-  &��$�'�  $�)%9�%)�#� , �#�)�0%!�#  
�-  $�  /%-%!��+�-  �����( . �&�'#��  -�)�+ )�&#��  -����  
�)%0�-�&�  &�(#�  700, % $�!�%  +�4'��  %2 -�)�+ )  �)%0�-�&�  
��'�&4%�  #�  +�#,�  '(�*# 6  �(�23 . 	"&�2�(�#%�  �)%0�-�&�  $&% 
��&-%!��+�*  '���& +,%%  $�)%9�%)�#� , $�)%��%&�)�  % '& 0%/ 
$�)%-�&�(  �"8��#�����  $��)�'�(���)3#.-  $&���+�#%�-  &��+,%*  
(# �&%-�)�+ )�&#�*  $�&�'�!%  ,�$% % 1-&��$�'�  �"&�2 6�%/��  
&�'%+�)�( : 

 

���+,%�  M-&��$�'�  &�'%+�)�( , �"&�2 6�%/��  (  &�2 )3����  
-�4-�)�+ )�&#�*  $�&�'�!%  ,�$%, #�&�'  �  &��+,%�*  &�2&.(�  
 0)�&�' - 0)�&�'#./  �(�2�*  ��#�(#�*  ,�$% $�  2�+�#  �) !��  
$&%(�'%� ��+4�  + ".��&�-   -�#35�#%6  -�)�+ )�&#�*  -���.  
$�)%9�%)�#�  % '& 0%/ $�)%-�&�(  (  $&�,����  %/ ��&-%!��+�0�  
&��$�'� . 

����-��&%-  #�+���&.�  +�#+&��#.�  $&%-�&.  '���& +,%%  
&��$&���&�#�##./  $�)%-�&�( .  

 
�%+)%2�,%� $�)%�+&%)�#%�&%)�.  
;���  $�)%-�&  5%&�+� $&%-�#�����  +�+ %�/�'#.*  -���&%�)  ')�  

$&�%2(�'��(�  ��+��%)3#./  % (.��+�-�' )3#./  �&-%& 6�%/  
(�)�+�# . �&% #�0&�(�#%% $�)%�+&%)�#%�&%)� '�  250 °�  $�)%-�&  
�+&�5%(�����  (  �(��)� -, 2���-  - (  ��-#� -+�&%!#�(.*  ,(�� , !��  
�(�2�#�  �  �"&�2�(�#%�-  ��$&�4�##./  �(�2�*  (  &�2 )3����  
$�)%-�&%2�,%% #%�&%)3#./ 0& $$ $�  &�'%+�)3#�-  -�/�#%2- : 



��������
 

 

;���  $&�,���  �()�����  9+2���&-%!#.- . ��&�))�)3#�  
(.'�)�����  �--%�+  - %2 +�#,�(./  %-%#�0& $$ ��$&�4�##./  
��& +� &  % ,%�#�(�'�&�' . ���)�'#%*  ����$)�����  ��  2(�#3�(  
�+&%)�#%�&%)�, #�   !���(�(�(5%/  (  $&�,����  ,%+)%2�,%%, +���&.�  
&��$�)�4�#.  -�4'  +�&��+%-% ��$&�4�##.-%  #%�&%)3#.-% 
��& +� &�-% . ;+2���&-%!��+�-  $&�,���  $&�'5���( ��  % 
��$&�(�4'���  �0�  2�-��#��   -�#35�#%�  -�)�+ )�&#�*  -���.  
$�)%-�&�  % (.'�)�#%�  �)%0�-�&#�*  1&�+,%%, !��  �(�2�#�  �  
&�2&.(�-  ��#�(#�*  ,�$%. �&% '�)3#�*5�-  #�0&�(�#%% (.'�)�����  
(�'�&�' . 

��&�'%+�)3#.�  &��+,%% '���& +,%% . �  +�!���(�  $&%-�&� 
&���-��&%-  ��&-%!��+ 6  '���& +,%6  #�+���&./  %2(���#./  
$�)%-�&�( . 

 
��)% &���#.  
 ��&-%!��+%*  &��$�'  $�)% &���#�(  $&���+���  (  '(�  ���'%% . 

�&% �  > 220 °�  $&�%�/�'%�  %�!�2#�(�#%�   &���#�(./  0& $$ (  
$�)%-�&�  "�2  (.'�)�#%�  +�+%/-)%"�  )�� !%/  $&�' +��( . ;��  
$&�%�/�'%�  (  &�2 )3����  '�$�)%-�&%2�,%%: 

 

�  ��)%!%�  ��  ,�$#�*  '�$�)%-�&%2�,%%, &���-��&�##�*  (.5� , 
&�2&.(   &���#�(./  0& $$ $�)% &���#�(  $&���+���  $�  2�+�#  
�) !�� . ��  (��&�*  ���'%%  &��$�'�  (.'�)�6���  )�� !%�  $&�' +�.  (  
&�2 )3����  -#�0�!%�)�##-/  $&�(&���#%*  '������!#�  (.��+�-� -
)�+ )�&#./  $&�' +��(  '�$�)%-�&%2�,%%, #�/�'��%/��  (  «0�&�!�* » 
2�#� . 

 
 



����	���
 

��)%91%&.   
��&(%!#�*  &��+,%�*  �()�����  &��$�'  91%&#�* 0& $$. , !��  

$&%(�'%� + &�2&.(  ��#�(#�*  ,�$%. ���+,%%  $&�'5���( ��  
�"&�2�(�#%�  ,%+)%!��+�0�  +�-$)�+�� : 

 

	�#�(#.�  )�� !%�  $&�' +�.  &��$�'�  �"&�2 6���  (  &�2 )3����  
'�)3#�*5%/  $&�(&���#%*  +�#,�(�*  (%#%)"�#2���#�*  0& $$.  - 
��&�1��)�(��  +%�)��� , �,���)3'�0%' , �+�%'   0)�&�'� . �  -�#35�-  
+�)%!���(�  �"&�2 6���  "�#2�*#��  % �,��%)"�#2�*#��  +%�)��. , 
�#0%'&%'. , �,���1�#�# , +���#. , 9�%)�#, �,��%)�# , -���#�) . 

��)%(%#%)/)�&%' .  
�  #�������0�  (&�-�#%  � ����( 6�  '(�  ��!+%  2&�#%� #�  

-�/�#%2-  '���& +,%%  $�)%(%#%)/)�&%'� . ��0)��#�  �'#�*  %2 #%/, 
�#  �()�����  -�)�+ )�&#.- , ��0)��#�  '& 0�*  - &�'%+�)3#.- . 
��)%(%#%)/)�&%'  - �'%#  %2 #�%-�#��  ��&-%!��+%  ���*+%/  
$�)%-�&�( . �0�  &��$�'  �  2�-��#�*  �+�&���36  #�!%#�����  ��  150 °� . 
�&�' +��-  ��&-%!��+�0�  &��$�'�  $�)%(%#%)/)�&%'�  �()�����  
/)�&�(�'�&�' , �  ��+4�  #�  0) "�+%/  ���'%�/  $��()�6���  �)�'.  
"�#2�)� . 

)�  (.��#�#%�  -�/�#%2-�  &��$�'�  $�)%(%#%)/)�&%'�  ".)�  
%2 !�#�  +%#��%+� '�0%'&�/)�&%&�(�#%�  &�'�  -�'�)3#./  
���'%#�#%* . �2  $&%(�'�##./  #%4� 2#�!�#%*  �)�' �� , !��  2#�!�#%�  
+�#���#�.  �+�&���%  -�#�-�)�+ )�&#�*  &��+,%% '�0%'&�/)� -
&%&�(�#%� $&% 170 °�  2#�!%��)3#�  (�2&������  ')�  ��/  ���'%#�#%* , 
(  +���&./  %-�����  ��$&�4�#%�  �(�2% � -� l �  �'#�*  %)% '( -�  
#�$&�'�)3#.-%  �(�2�-% : 



����
���
 

 
;�%  '�##.�  /�&�5�  �"8��#�6�  �"&�2�(�#%�  $�)%�#�(./  

$��)�'�(���)3#����*  #�  ��-�*  &�##�*  ���'%%  
'�0%'&�/)�&%&�(�#%� . (�*#.�  �(�2%, �"&�2�(�(5%���  $��)�  
�) !�*#�0�  ����$)�#%�  /)�&�(�'�&�'�  ��  ��#�(#�*  ,�$%, 
�+�%(%& 6�  ����'#%�  �(�2% � -� 1. �&%  (�)%!�#%% ')%#.  
#�#��.��##�0�   !���+�  911�+�  �+�%(�,%% (�2&������ . 

��)%�#�(.�  $��)�'�(���)3#���%   (�)%!%(�6���  �  
(�2&����6��*  �+�&���36  '�  ��/  $�&, $�+�  %/ &���  #�  �0&�#%!%(���  
�'#�  %2 &��+,%* , $&%(�'��%/  + $���&�  ��$&�4�#%�  -�4'  
#�#��.��##�*  0& $$%&�(+�* % �(�236  � -� 1. 	'#�  %2 #%/ - &��+,%�  
%)3�� -�)3'�&�  - $&%(�'%� + �5%(�#%6  ,�$�*  % $���&�  
&���(�&%-���%  $�)%-�&� . �  #�& 5�#%6  ��$&�4�#%�  $�)%�#�(�*  
$��)�'�(���)3#���%  ��  �(�236  � -� 1 $&%(�'%� ��+4�  &��+,%�  
(# �&%-�)�+ )�&#�*  ,%+)%2�,%%. 	"&�2 6�%���  
,%+)�'%�#%)3#.�  1&�0-�#�.  $&% (#��+�*  ��-$�&�� &�  
#� ���*!%(. . �&% ��0)���(�##�-  &��$�'�  '( /  �(�2�*  � -� , 
��$&�4�##./  �  '%�#�(�*  $��)�'�(���)3#���36 , ����$)�����  
-�)�+ )�  "�#2�)� : 

 
�+�&���3  '�0%'&�/)�&%&�(�#%�  $�)%(%#%)/)�&%'� , 

%#%,%%& �-�0� (  &�2 )3����  �) !�*#�0�  ����$)�#%�  
/)�&�(�'�&�'� , � ����(�##�  -�#35�  #�")6'��-�*  (  �$.��/ . �2  
9�%/ &�2 )3����(  ".)  �'�)�#  (.(�'  �  ��- , !��  $�&(.�  �+�.  
����$)�#%�  /)�&�(�'�&�'� , +���&.�  -�4#�  &���-��&%(��3  +�+ 
���'%6  %#%,%%&�(�#%�, $&�/�'��  �   !���%�-  �#�-�)3#�  
$�'(%4#./  ���-�(  /)�&� . �  $&�-.5)�##./  �"&�2,�/  
$�)%(%#%)/)�&%'�  ��+%�  ���-.  /)�&� , !����  #�2.(��-.�  
)�"%)3#.-% , -�0 �  #�/�'%�3��  (  #�$��&�'��(�##�*  ")%2���% + 
�) !�*#.-  '�1�+��-  $�)%-�&#�*  ,�$% - &�2(��()�#%�- , +�#��+��-  



��������
 

-�#�-�&�(  $�  �%$  «0�)�(�  + 0�)�(� », $�&�+�%'#.-  %)% 
+%�)�&�'��'�&4��%-  #�#��.��##.-  0& $$�- . 
 
 

7.2 ��'"����$%���%2��&  ��$�'��*�&  

+��
����  	���������	��%���  ���	�� �� . 
�������  �����  ������
  �
  �	�����	%  �  
	���������	��%���  ���	�� �� . -
���  
���������   ���  �  �����
  �
��������� .  

��%"�)��  0 "%��)3#�*  ')�  $�)%-�&�(  $�  �(�%-  $��)�'��(%�-  
�()�����  ��&-��+%�)%��)3#��  '���& +,%� . �!%������ , !��  -�/�#%2-  
�+%�)�#%�  $�)%-�&�(  #�  ��)%!�����  ��  /�&�5�  %2 !�##�0�  
&�'%+�)3#�0�  -�/�#%2-�  �+%�)�#%�   0)�(�'�&�'�( . �#%,%%&�(�#%� 
�+%�)�#%�  «!%���0� » $�)%-�&�  ���&��%!��+%  (�2-�4#�  (  
&�2 )3����  �+%�)�#%�  �(�2�*  � -�  +%�)�&�'�-  (�2' /� , +���&.*   
��)%!�����  (.��+�*  &��+,%�##�*  �$���"#���36 : 

 
	'#�+�  9��  &��+,%�  $&���+���  �  +&�*#�  #%2+�* �+�&���36 . �  

&��)3#./  $�)%-�&�/  %#%,%���&�-% �()�6���  $&%-��% - �����+%  
%#%,%���&�, ���'%#�#%�  -���))�(  $�&�-�##�*  (�)�#�#���% , )�0+�  
�+%�)�6�%���  (�����(�  % � . $. �&%-��%  0�#�&%& 6�  &�'%+�). , 
+���&.�  % %#%,%%& 6� ��&-��+%�)%��)3# 6  '���& +,%6  
$�)%-�&�( : 

 
��2(%�%�  ,�$% �+%�)�#%�  $&���+���  $�  �#�)�0%!#�*  �/�-� : 

  

�2  $&%(�'�##./  (.5�  '( /  &��+,%*  &����  +%#��%!��+�*  ,�$% 
�)�' �� , !��  �#% ��$&�(�4'�6���  $�0)���#%�-  �'#�*  -�)�+ ).  
+%�)�&�'�  % �"&�2�(�#%�-  �'#�*  0%'&�$�&�+�%'#�*  0& $$. . 



��������
 

���)�'#��  )�0+�  &��$�'�����  #�  &�'%+�).  $�'  '�*��(%�-  ��$)�  % 
�(��� : 

 
���$�'  0%'&�$�&�+�%'�(  �+�%(%& ����  -���))�-%  $�&�-�##�*  

(�)�#�#���% : 

 
���$�'  0%'&�$�&�+�%'�(  $&%(�'%� + (.# 4'�##�-  

&�2(��()�#%6  +%#��%!��+�*  ,�$%, ")�0�'�&�  !�-  $&�,���  
�+%�)�#%�  $&%�"&�����  �(��+���)%�%!��+%*  /�&�+��& . 

	"&.(  ,�$% $&% ��&-��+%�)%��)3#�*  '���& +,%%  $�)%-�&�(  
-�4��  $&�%�/�'%�3  (  &�2 )3����  �)�' 6�%/  &��+,%* : 

 

�  2�(%�%-���%  ��   �)�(%*  '�-%#%& ��  �'#�  %2 $&%(�'�##./  
&��+,%* . 

�+�&���3  ��&-��+%�)%��)3#�*  '���& +,%%  �%)3#�  2�(%�%� ��  
$&%&�'.  $�)%-�&� . �  ����(����(%%  �  #�*   0)�(�'�&�'#.�  % 
��'�&4��%�  0���&����-.  $�)%-�&.  �"&�2 6�  �)�' 6�%*  &�' : 
��)%%2�" �%)�#  > $�)%" ��'%�#  > $�)%��%&�)  > $�)%$&�$%)�# > 
$�)%9�%)�#>$�)%(%#%)/)�&%' > $�)%-��%)�+&%)��  > $�)%-� -
�%)-���+&%)��  > $�)%�+&%)�#%�&%) > $�)%���&�1��&9�%)�# . 

	'#%-  %2 #�%"�)��  � ����(�##./  $��)�'��(%*  ��&-��+%� -
)%��)3#�*  '���& +,%%  �()�����  2#�!%��)3#��   -�#35�#%�  
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-�)�+ )�&#�*  -���.  $�)%-�&�  (�)�'��(%�  &��+,%%, $&%(�'�##�*  
#%4� ')�  $�)%$&�$%)�#� : 

 

��&-��+%�)%��)3#��  '���& +,%�  �+�2.(���  �%)3#��  ()%�#%� #�  
�(�*��(�  $�)%-�&�( , ���"�##�  '%�#�(./  +� ! +�( , $��+�)3+  
$�)%-�&. , ��'�&4��%�  '(�*#.�  �(�2% (  ��#�(#�*  ,�$%, 
�+%�)�6���  �  "�)35�*  �+�&���36  ("�)�� , !�-  #�  $�&�'�+ ) $�  
�&�(#�#%6  �  #��.��##.-% . �2-�#�#%�  �(�*��(  -�4��  ".�3  
(.2(�#�  +�+  -�#35�#%�-  -�)�+ )�&#�*  -���.  $�)%-�&�  
(�)�'��(%�  &�2&.(�(  ��#�(#�*  ,�$%, ��+  % �5%(+�*  -�+&�-�)�+ ) . 
�  �) !��  #�� &�)3#�0�  +� ! +�  $&% = < 80 °�  $&��")�'���  �5%(+� , 
$&% = > 80 °�  - &�2&.(  ,�$%. �&�0&�(  #�� &�)8#�0�  +� ! +�  $&% 
100°�  (  ��!�#%�  80 !  $&%(�'%� + $&�+�%!��+% $�)#�*  $���&�  %- 
$&�!#���%  % 9)���%!#���% . ��)%-�&.  % ��$�)%-�&.  " ��'%�#�  
��'�&4��  2(�#3�  �  "�+�(.-%  '(�*#.-%  �(�2�-% , $� -9��-  �#% 
���"�##�  �+)�##.  + �5%(+� . ��  9��*  $&%!%#� &�2%#���/#%!��+%�  
%2'�)%� %2 9�%/ -���&%�)�( , 9+�$) ��%& �-.�  $&% => 100°� , 
#�$&%-�&, (  '(%0���)�/  ".��&�  ��&�6�  9)���%!#���3 . 
 
 

7.3 3�����$�'��*�& . 3������$%����  

+��
����  ��	����	�� �� . -��%  
���������  !���  ������
 . *����  
��	����	�� ��  ����	���  �������� .  
@�	��	
�����
 �� .  

:���/%-%!��+%�  $&�(&���#%�  $&�%�/�'��  (  $�)%-�&�  $�'  
'�*��(%�-   )3�&�1%�)���(�0�  (180<N<400 #- ) % (%'%-�0�  �(���  
(400< N <800 #- ), ��)%  $�)%-�&  ��'�&4%�  /%-%!��+%�  �(�2% %)% 
0& $$. , $�0)���6�%�  �(��  (  9�%/ �")����/  �$�+�&�  (��+  
#�2.(��-.�  /&�-�1�&#.�  0& $$. ). �&% $�0)���#%%  1���#�  
/&�-�1�&#.�  0& $$.  $�&�/�'��  (  (�2" 4'�##��  ������#%� , 
9#�&0%� +���&�0�  -�4��  $&�(.�%�3  9#�&0%6 '%���,%�,%%  
/%-%!��+�*  �(�2%. �  9��-  �) !��  �(�23  '%���,%%& ��  �  



��������
 

�"&�2�(�#%�-  &�'%+�)�( , +���&.�  (.2.(�6�  (��&%!#.� , ��+  
#�2.(��-.�  ��-#�(.� , 1���/%-%!��+%�  &��+,%% &��$�'� , 
'�$�)%-�&%2�,%%, %2�-�&%2�,%%, $�&�'�!%  ,�$% % � .' . �)�' ��  
%-��3  (  (%' , !��  (�2" 4'�##.�  /&�-�1�&#.�  0& $$.  -�0 �  
'�2�+�%(%&�(��3�� , $�9��-  +(�#��(.*  (./�'  (��#�5�#%�  !%�)�  
+(�#��( , (.2(�(5%/  &��+,%6 , + �"��-  !%�)  $�0)���##./  
+(�#��( ) �".!#�  �!�#3  -�) . 

��)#�!#.*  �(�� , '���%05%*  $�(�&/#���%  ��-)% , ��'�&4%�  
 )3�&�1%�)���(.*   !����+  �$�+�&�  �  N >270 #- . ��2�)��3  ". , !��  
%#��#�%(#�*  1���'���& +,%%  '�)4#.  $�'(�&0��3��  )%53 
$�)%-�&. , ��'�&4��%�  (  -�+&�-�)�+ )�/  /&�-�1�&#.�  0& $$. , 
$�0)���6�%�  �(��  (  ")%2+�* �")���%  (+�&"�#%)3#.� , �&�-� -
�%!��+%� ). 	'#�+�  1������&�#%6  $�'  '�*��(%�-  ������(�##�0�  
��(���#%�  $�'(�&0�6���  $&�+�%!��+% (��  $�)%-�&. . ;��  
�" �)�()�#�  ��'�&4�#%�-  /&�-�1�&#./  0& $$ (  �����(�  $&%-���*  
($)���%1%+���&�( , ���"%)%2���&�( ) % (  $&�' +��/  �+%�)�#%�  
$�)%-�&� . ��+%�  #�+�#�&�)%& �-.�  /&�-�1�&#.�  0& $$.  -�0 �  
%#%,%%&�(��3 1������&�#%�  $�)%-�&� , (.�� $��  (  +�!���(�  
1�����#�%"%)%2���&�(  %)% 1���%#%,%���&�( . ��)�+ ).  ��#�% -
"%)%2���&� , $�0)��%(5%�  +(�#�  �(��� , $�&�'�6�  9#�&0%6 
(�2" 4'�#%�  -�+&�-�)�+ )�- , !��  $&%(�'%� + '%���,%�,%%  
/%-%!��+%/  �(�2�* . :���%#%,%���&  $�'  '�*��(%�-  �(���  
&��$�'�����  #�  &�'%+�). , +���&.�  %#%,%%& 6� ,�$#.�  &��+,%% �  
 !���%�-  -�+&�-�)�+ ) . 

��&(%!#.�  $&�,���.  (  $�)%-�&�/ , $&�/�'��%�  $�'  '�*��(%�-  
�(��� , 2�(%���  ��  $&%&�'.  /&�-�1�&#./  0& $$. ��+  ".)�  �+�2�#�  
(.5� , #�%"�)��  !����  (��&�!�6���  +�&"�#%)3#.�  % �&�-��%!��+%�  
/&�-�1�&#.�  0& $$. . ��&"�#%)3#.�  0& $$.  $&% �") !�#%%  
�(���-  �  ')%#�*  (�)#.  270-330 #-  )�0+�  $�&�/�'��  (  (�2" 4'�##��  
�%#0)��#��  (�#�%$�&�))�)3#��  �&%�#��,%�  �$%#�(  @-�(�2%) % 
�&%$)��#��  ($�&�))�)3#��  �&%�#��,%�  �$%#�( ) ������#%� . ����-  
%' �  $&�,���.  $�  -�/�#%2-  ��&&%5�  $�&(�0�  %)% (��&�0�  �%$�. 
�%4�  $&%(�'�#�  �/�-�  &��+,%*  I % II �%$� ��$�)%-�&�  9�%)�#�  �  
�+�%'�-   0)�&�'� : 



��������
 

 
��+  (%'#� , �"�  &��+,%% $&%(�'��  + &�2&.(  ,�$%. �(�"�'#.�  
&�'%+�). , �"&�2 6�%���  (  &��+,%% I �%$�, -�0 �  (.2(��3  (  
'�)3#�*5�-  $&�(&���#%�  (  $�)%-�&� . 
���+,%�  ��&&%5�  I �%$� %0&��� (�4# 6  &�)3  (  1���)%2�  
$�)% &���#�(  (1), $�)%+�&"�#���(  (2), $�)%�-%'�(  (3): 

 

 



��������
 

�  +�!���(�  $&%-�&� 1���)%2�  $�)%-�&� , ��'�&4���0�  
�&�-��%!��+%�  /&�-�1�&#.�  0& $$. , &���-��&%-  $�)%��%&�) . 
�&�,���  1���)%2�  ��$&�(�4'�����  (.'�)�#%�-  #�"�)35�0�  
+�)%!���(�  (�'�&�'� , &�2 )3����-  1���)%2�  �()�����  $�4�)��#%�  
$�)%-�&�  % $���&�  %- &���(�&%-���% . �%4�  $&�'���()�#�  �/�-�  
$&�,���� , $&%(�'���0�  + 9�%- %2-�#�#%�- : 

 

 
��&(%!#.-  �+��-  �()�����  �"&�2�(�#%�  &�'%+�)�(  

 
(  &�2 )3����  ��&.(�  ���-�&#�0�  (�'�&�'�  ��  (�2" 4'�##�0�  

-�#�-�&#�0�  2(�#� , $�0)��%(5�0�  +(�#�  �(��� . ��)�+ )�&#.*  
(�'�&�'  �"&�2 ����  (  &�2 )3����  &�+�-"%#�,%% ���-�(  (�'�&�'� , 
)%"�  (  &�2 )3����  ��&.(�  ���-�  (�'�&�'�  ��  ����'#�0�  ���-�  
 0)�&�'� , !��  $&%(�'%� + �"&�2�(�#%6  '(�*#�*  �(�2%. 
���)�'�(���)3#��  &��$&���&�#�#%�  9��*  &��+,%% ('�)3  ,�$% 
$&%(�'%� + (�2#%+#�(�#%6 «���&�(+�( » ��$&�4�##./  �(�2�* , 
$&%'�6�%/  �+&��+  $�)%-�& . ���'%#�#%�  &�'%+�)�(  $&%(�'%� + 
�5%(+�  % $���&�  &���(�&%-���%  $�)%-�&�- . 

:���)%2  $�)%-��%)-���+&%)���  $&���+���  �  2�-��#�*  
�+�&���36  $&% �") !�#%%  $�)%-�&�   )3�&�1%�)���(.-  %2) !�#%�-  
�  N<250 #- . ��0)���#%�  $�)%-�&�-  +(�#��(  �(���  (.2.(���  
�'#�(&�-�##��  $&���+�#%�  &��+,%*  �&�/  �%$�( : 
��2&.(  ��#�(#�*  ,�$% $�  2�+�#  �) !�� : 



��������
 

 
���$�'  91%&#./ 0& $$: 

 
	���$)�#%�  -��%)3#./  2�-���%��)�* : 

 
�2  ��-#�(./  &��+,%* , (.2.(��-./  �"&�2�(�(5%-%��  $&% 

1���)%2�  &�'%+�)�-% , #�%"�)35��  2#�!�#%�  %-���  
'�$�)%-�&%2�,%� . �&% +�-#��#�*  ��-$�&�� &�  ')%#�  ,�$% 
'�$�)%-�&%2�,%% #�2#�!%��)3#�  % �����()���  $��3 -5���3  
-�#�-�&#./  2(�#3�(  #�  �'%#  &�2&.(  ,�$%. �  $�(.5�#%�-  
��-$�&�� &.   9��  (�)%!%#�  (�2&������  % $&% 160 °�  '���%0���  220 
�'%#%,. �!%������ , !��  $&% 1���)%2�  $�)%-�&�(  -���+&%)�(./  % 
�+&%)�(./  91%&�( #�%"�)��  �"��*  &��+,%�*  �()�����  ��&.(  
�)�4#�91%&#. !  0& $$ % �"&�2�(�#%�  &�'%+�)�(  

 
 	'#�+� , ��)%  (  �) !��  $�)%-��%)-���+&%)���  9�% &�'%+�).  

$&%(�'��  + &�2&.(  ,�$% $��&�'��(�-  1-&��$�'� , ��  (  �) !��  
$�)%-��%)�+&%)���  �#% &�+�-"%#%& 6�  (���'%#�6��� ), !��  
$&%(�'%� + �5%(+�  $�)%-�&� . �  �"�%/  �) !��/  �&�'%  )�� !%/  
$&��")�'�6�  1�&-�)3'�0%' , -���#�) , -���# , �+�%'  % '%�+�%'  
 0)�&�'� .  

:���'���& +,%�  $�)%9�%)�#�  % $�)%$&�$%)�#�  (.2.(�����  
/&�-�1�&#.-%  0& $$�-%, #�/�'��%-%��  (  �����(�  $&%-���* , 
'�"�(�+ , $&�' +��(  �+%�)�#%�  $�)%-�&� , �  ��+4�  '�1�+��-%  
-�+&�-�)�+ )�&#�*  ��& +� &. . �&% $�0)���#%%  %-% +(�#��(  �(���  



��������
 

�"&�2 6���  «$�&(%!#.� » &�'%+�). , ��&.(�6�%�  ���-  (�'�&�'�  ��  
-�+&�-�)�+ ) . 	"&�2 6�%���  -�+&�&�'%+�).  ��(����(�##.  2� 
�5%(+  % &�2&.(  -�+&�-�)�+ ) . ;�%  $&�,���.  �()�6���  ��#�(#.-  
&�2 )3����-  1���'���& +,%%  $�)%�)�1%#�( : 

 
 
:����+%�)�#%� . 7�&�5�  %2(���#� , !��  $�)%9�%)�#�(��  $)�#+� , 

%�$�)32 �-��  (  ��$)%,�/ , %-���  �!�#3  +�&��+%* �&�+  �) 4". . 
�&%!%#�*  ��  &�2& 5�#%�  �()�����  1����+%�)%��)3#��  '���& +,%� . 
��)3  �(���  (  9��-  $&�,����  2�+)6!�����  (  %#%,%%&�(�#%% $&�,����  
�+%�)�#%� . 

��'%+�). , %#%,%%& 6�%� $&�,���  �+%�)�#%� , (�2#%+�6�  (  
&�2 )3����  $�0)���#%�  �(���  /&�-�1�&#.-%  0& $$�-%. 	#% -�0 �  
#�/�'%�3��  (  �����(�  $�)%-�&� , '�"�(�+ , #�$&%-�& 
$)���%1%+���&� , �  ��+4�  (  (%'�  $&%-���* . ��+  $&�(%)� , &�2)%!#.�  
+%�)�&�'��'�&4��%�  0& $$.  �"&�2 6���  (  $�)%-�&�/  $&% %/ 
$�&�&�"��+�  !�&�2  &��$)�( . �  !���#���% , (  $�)%9�%)�#�  -���'�-  
�� -�$�+�&��+�$%%  ".)%  �"#�& 4�#.  +�&"�#%)3#.�  0& $$. .  
��0)���#%�  +(�#��  �(���  +�&"�#%)3#�*  0& $$�*  -�4��  $&%(�'%�3 
+ (�2#%+#�(�#%6  &�'%+�)�(  $�  &��+,%% ��&&%5�  I �%$�, �  ��+4�  $�  
&��+,%%: 

 

�.5�   $�-%#�)��3 , !��  $&% �+%�)�#%% $�)%-�&�(  
#�+�$)%(�6���  0%'&�$�&�+�%'#.�  0& $$. . �(��  %#%,%%& �� &��$�'  
9�%/ 0& $$ %, ��-  ��-.- , %#%,%%& �� �(��+���)%�%!��+%*  ,�$#�*  
$&�,���  �+%�)�#%�  $�)%-�&�( . �  +�!���(�  /�&�+��&#�0�  $&%-�&� 
#%4� $&%(�'�#�  �/�-�  1����+%�)�#%�  ��%&�)� : 



����	���
 

 
 

 

7.4 
��7�%�)�*�&  ,�%�"�'��  

)�  $&�'��(&���#%�  '���& +,%%  $�)%-�&�(  $&%-�#�6�  
�$�,%�)3#.�  (�����(� , #�2.(��-.�  ���"%)%2���&�-% . ;�%  (�����(�  
2�-�')�6�  (%#0%"%& 6�) �+�&���3  /%-%!��+%/  &��+,%* , 
$&%(�'��%/  + '���& +,%%  -�+&�-�)�+ ) . �&%&�'�  �0�#��( , 
(.2.(�6�%/  '���& +,%6  -�4��  ".�3  &�2)%!#�. ��$&%-�&  
+%�)�&�' , �2�# , �(�� , %�#%2%& 6���  %2) !�#%� . �  ����(����(%%  �  
9�%-% 1�+��&�-%   ���"%)%2���&.  #�2.(�6�  ����(����(�##�  
�#�%�+�%'�#��-% , �#�%�2�#�#��-% , �(������"%)%2���&�-% , �#�%-
&�'�-%  % � .' . ���"%)%2���&�-%  ��&-��+%�)%��)3#�*  '���& +,%%  
�()�6���  1�#�). , #�1��). , �-%#�1�#�).  % '& 0%� ���'%#�#%�  �  
$�'(%4#.-  ���-�-  (�'�&�'� , ��+%�  ���"%)%2���&.  �"&.(�6�  ,�$% 
�+%�)�#%� , (2�%-�'�*��( �  �  &�'%+�)�-%  RO•

2 % R• % �"&�2 �  
-�)��+�%(#.�  &�'%+�). , #�$&%-�&:  

RO•
2 + IH = ROOH + I~, 

0'�  IH – #�2(�##.�  (.5�  1�#�). , #�1��). , �-%#�1�#�).  % 
'& 0%�  ���'%#�#%�  �  $�'(%4#.-  ���-�-  (�'�&�'� . I~ 

-�)��+�%(#.*  &�'%+�) .  
;11�+�%(#���3  9�%/ (�����(  � ����(�##�  2�(%�%� ��  %/ 

��&��#%� , (  !���#���%  ��  #�)%!%� 2�-���%��)�*  (  �&�-��%!��+�-  
�'&� . �.��+��+�%(#.-%  %#0%"%��&�-% �()�6���  $&���&�#��(�##�  - 
2��& '#�##.�  1�#�).  �%$� 2,6-'%-�&�� -" �%) -4--��%)1�#�)�  



����
���
 

(%�#�) ) % �&�-��%! . �-%#.  �%$� N-1�#%)-2-#�1�%)�-%#�  (#��2�# -
 ). ;�%  ���"%)%2���&.  #�%"�)��  911�+�%(#.  ')�  $�)%�)�1%#�( .  

& 0%-  �%$�-  ���"%)%2���&�(  �()�6���  ���'%#�#%� , �$���" -
#.�  &��0%&�(��3  �  $&�' +��-%  �+%�)�#%� -0%'&�$�&�+�%'�-% , 
(�����#�()%(��  %/. �  &�2 )3����  ��+%/  &��+,%*  #�  '�)4#.  
�"&�2�(.(��3��  �+�%(#.�  &�'%+�). . �&%-�&.  ��+%/  
���"%)%2���&�(  - �&0�#%!��+%�  � )31%'.  (R2S): 

 

;1%&.  1��1�&%���*  +%�)��.  (1��1%�. ) ��+4�  -�0 �  
%�$�)32�(��3��  ')�  ���"%)%2�,%%. 	"&.(  ,�$�*  �+%�)�#%�  
�&�-��%!��+%-%  1��1%��-%  -�4��  $&�%�/�'%�3  $�  �/�-� : 

 

(� r	 •- #��+�%(#.*  1�#�+�%)3#.*  &�'%+�) ). :��1%�.  % � )31%'.  
-�0 �  ".��&�  &��/�'�(��3��  $&% ���"%)%2�,%% $�)%-�&�(  
(�)�'��(%�  %/ ��"��(�##�0�  �+%�)�#%� . �&�'��(&��%�3  9��  -�4#�  
$ ��-  '�"�()�#%�  (  $�)%-�&  1�#�)�  (%)% �-%#� ), +���&.*  
2�-�')���  �+%�)�#%�  +�+ $�)%-�&� , ��+  % 1��1%�� . �  (�����(�- , 
&�2& 5�6�%-  0%'&�$�&�+�%'#.�  0& $$%&�(+% #�  -�+&�-�)�+ )�/ , 
��#������ , #�$&%-�&, '%)� &%)�%�'%$&�$%�#�� . ������#�(%��)�-%  
0%'&�$�&�+�%'�(  �()�6���  ��+4�  �-%#. , ��)�#%'.  % '& . 

���"%)%2�,%�  $�)%-�&�(  -�4��  ".�3  '���%0# ��   '�)�#%�-  %2 
$�)%-�&�  �0�#��( , +���&.�   !���( 6�  (  &��+,%�/ , $&%(�'��%/  + 
�0�  ���&�#%6 . �  �) !��  ,�$#./  $&�,����(  &�2& 5�#%�  $�)%-�&�(  
#��"/�'%-�  '�2�+�%(�,%�  (�����( , %#%,%%& 6�%/ 2�&�4'�#%�  
,�$�*  (+%�)�&�'� , %#%,%%& 6�%/ $&%-���*  % � . $.) �$���"�-%  
 ��&�#�#%�  ()%�#%� (&�'#./  $&%-���*  (�����+%  %#%,%���&�( 
$�)%-�&%2�,%%, �)�'.  +���)%2���&�( , $&�' +�.  +�&&�2%% 
�$$�&�� &. , $&�' +�.  '���& +,%%  $�)%-�&� ) �()�����  �!%��+�  ��  
#%/ $�)%-�&�  %)% �(�2.(�#%�  %/ (  ���"%)3#.�  +�-$)�+�. . 
�&%-�&�-  $��)�'#�0�  �$���"�  ���"%)%2�,%% $�)%-�&�(  -�4��  
�) 4%�3  �"&�2�(�#%�  -���))�-% -+���)%2���&�-%  #��+�%(#./  
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+�-$)�+�#./  ���'%#�#%*  �  9�%)�#'%�-%#-���&� +� �#�*  +%�)���* . 
�'�)�#%�  	 2, � 2	 , �� 1 %2 $�)%-�&�  %)% �0�  &��$)�(�  (�2-�4#�  
$ ��-  ((�'�#%�  (�����(  �+,�$��&�( . ��$�)32�(�#%�  $��)�'#%/  
,�)����"&�2#�  (   �)�(%�/ , +�0'�  +�#,�#�&�,%�  �+�%(#./  �0�#��(  
#%2+� % +�0'�  %#0%"%��&. ,�$#�0�  �%$� ���#�(����  
#�911�+�%(#.-% , !��  $&�%�/�'%�  �".!#�  $&% ��-$�&�� &�/  (.5�  
2500� . ��)%  �+,�$��&  $�)#���36   '�)���  +%�)�&�'  %2 �%���-. , ��  
��&-��+%�)%��)3#��  '���& +,%�  �(�'%���  + ��&-%!��+�* , +���&��  
$&���+���  ��  2#�!%��)3#�  "�)��  #%2+�* �+�&���36 . �.��+�*  
�+�%(#���36  �")�'�6�  ��+%�  �+,�$��&.  +�+ -�)+�'%�$�&�#.�  
-���)). , �+%�).  $�&�/�'#./  -���))�(  (  #%25�* (�)�#�#���%  Fe, 
FeO, Ni, � u % '& . )�  ���"%)%2�,%% $�)%(%#%)/)�&%'�  (  +�!���(�  
�+,�$��&�(  �� l %�$�)32 6�  ��#�(#.�  % �&�'#%�  ��)%  �(%#,� , 
�)�(��&0�#%!��+%�  ���'%#�#%�  % '& . ��)%91%&. , $�)%�-%'. , 
$�)%�&%)��.  $&�'�/&�#�6�  ��  (&�'#�0�  ()%�#%� ()�0% �  $�-��36  
+�&"�'%%-%'�( , (  !���#���%  '%1�#%)+�&"�'%%-%'�(  ArN=C=NAr.  

)�  $&�'��(&���#%�  1��� - % 1����+%�)%��)3#�*  '���& +,%%  
%�$�)32 6�  1������"%)%2���&. , ��&�4�6�%�  %)% $�0)���6�%�  
 )3�&�1%�)���(��  %2) !�#%� . �  #%- ��#������  ��4� , �+�%'.  
-���))�( , ��)%,%)��. , � -�+�%"�#2�1�#�#. , �+�%"�#2��&%�2�).  % 
'& . ��%"�)��  911�+�%(#.-  1������"%)%2���&�-  ')�  $�)%9�%)�#�  
�()�����  ��4�  (��/#%!��+%*   0)�&�' ), $&%-�#��-��  (  +�)%!���(�  2-
2.5% ��  -���.  $�)%-�&� . )�  911�+�%(#�0�  '�*��(%�  ��4%  +�+ 
���"%)%2���&�  #��"/�'%-�  ��+4� , !��".  $&% ��+�-  ��'�&4�#%%  �#�  
".)�  &�(#�-�&#�  &��$&�'�)�#�   (  �"8�-�  $�)%-�&� . ��4�  #�  
$&�$ �+���  �(��  (  0) "%#  �)��  $�)%-�&�  % 2��%����  �0�  
$�(�&/#���3 . �2  ��4�#�$�)#�##./  -�&�+  $�)%9�%)�#�  (.$ �+�6� , 
(  !���#���% ,  $�)%9�%)�#�(.�  �& ". , $&%-�#��-.�  (  ��)3�+�-  
/�2�*��(� . <�&#.*  ,(��  �& "  �" �)�()�#  #�)%!%�-  (  %/ �����(�  
��4% , +���&��  �"��$�!%(���  �(������"%)%2�,%6  �& "  %  (�)%!%(���  
�&�+  %/ 9+�$) ���,%% .  
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1. <��  ��+��  '���& +,%�  $�)%-�&�( ? ��  +�+�-  -�/�#%2-  �#�  
-�4��  $&���+��3 ? 
2. ��+��  '���& +,%�  #�2.(�����  ��&-%!��+�* ? 
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3. ��+  $&%&�'� $�)%-�&�  �$&�'�)���  $&�' +�.  �0�  &��$�'�  $&% 
��&-%!��+�*  '���& +,%% ? 
4. ��+�(.  ��&-�'%#�-%!��+%�   �)�(%�  '�$�)%-�&%2�,%%? 
5. ��+ 6  &�)3  $&% ��&-%!��+�*  '���& +,%%  %0&��� &��+,%�  
$�&�'�!%  ,�$%? 
6. �&%(�'%��  $&%-�&.  &��+,%*  ��&-%!��+�*  '���& +,%%  #�+���&./  
&��$&���&�#�##./  $�)%-�&�( .  
7. ��+��  '���& +,%�  #�2.(�����  ��&-��+%�)%��)3#�* ? ��+%-% 
(#�5#%-% 1�+��&�-%  �#�  (.2.(����� ? 
8. ��+ 6  &�)3  (  $&�,����/  ��&-��+%�)%��)3#�*  '���& +,%%  -�0 �  
%0&��3 $&%-��%, ��'�&4��%���  (  $�)%-�&�/ ? 
9. ��+  �+�&���3  ��&-��+%�)%��)3#�*  '���& +,%%  2�(%�%� ��  
$&%&�'.  $�)%-�&� ? 
10. ��+%�  1�+��&.  (.2.(�6�  1���'���& +,%6  $�)%-�&�( ? 
11. ��+  ()%�6�  /&�-�1�&#.�  0& $$.  $�)%-�&�(  #�  $&�,���. , 
$&�/�'��%�  (  #%/ $�'  '�*��(%�-  �(��� ?  
12. �&%(�'%��  $&%-�&.  &��+,%*  1���'���& +,%%  #�+���&./  
&��$&���&�#�##./  $�)%-�&�( . 
13. <��  ��+��  1������"%)%2�,%� ? ��+%�  (�����(�  ��#������  + 
1������"%)%2���&�- ? 
14. ��!�-  $�)%9�%)�#�(.�  �& ". , $&%-�#��-.�  (  ��)3�+�-  
/�2�*��(� , '�)4#.  ".�3  !�&#�0�  ,(��� ? 
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1. ��-!%+�(  ? . . �.��+�-�)�+ )�&#.�  ���'%#�#%� . � .: �+�'�-%� . 
2003.  
2. �%/�*)%#  ? .� . ��&-� ���*!%(.�  $�)%-�&.  % $�)%-�&#.�  
-���&%�). .  �2'���)3��(�  "�&�1���%� ", 2006 0. - 624 � . 
3. ��'�&�+%*  � . ��&-%!��+��  &�2)�4�#%�  �&0�#%!��+%/  $�)%-�&�(  
� .:�%& 1967. 328 � . 
4. �&���%  � ., �+���   . ���& +,%�  % ���"%)%2�,%�  $�)%-�&�(  � .: 
�%& 1988. 246 � . 
5. �&%(�)+�  � .� . ��)�+ )�&#��  ��&��#%�  % �(�*��(�  $�)%-�&�(  � .: 
7%-%� 1986. 238 � .  
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6. Patrick S.G. Practical Guide to Polyvinyl Chloride (���&%+  � . 
�&�+�%!��+��  & +�(�'��(�  $�  $�)%(%#%)/)�&%' ). Shawbury, 
Shrewsbury, Shropshire: Rapra Technology Limited, 2005. – 162 p.  
7. ����(�  � .� ., 3�%+�(  � .� . ��&�#%�  $�)%-�&#./  -���&%�)�( . � .: 
�� +� , 1981. - 280 � . 
8. ��&�"3�(�  � .� . 7%-%!��+��  ���*+���3  $�)%-�&#./  -���&%�)�( . 
� .: 7%-%�, 1981. —296 � . 
9. � �(  ? .� . ��2& 5�#%�  $�)%-�&�(  $�'  '�*��(%�-  �0&���%(#./  
�&�' .  � .: 7%-%�, 1972. – 232 � . 
10. ��0%)�(%!  � .� ., �)%��  � .� . 	+%�)�#%�  % �+%�)%��)3#��  
$�)%-�&%2�,%�  #�$&�'�)3#./  ���'%#�#%* . � .: 7%-%�, 1990. - 240 � . 
11. ���&6+  � .� ., ��*'�'%#  � .� ., �1&�-�(�  � .� . 	$&�'�)�#%�  
+%#��%!��+%/ $�&�-��&�(  ��&-�'���& +,%%  $�)%-�&#./  
-���&%�)�(  $�  '�##.-  '%#�-%!��+�*  ��&-�0&�(%-��&%% . ��)0��� . 
–��)0�0&�' , 2010.–12 � .  
12. �)�$#%+�(  ? .� ., �%&65+%# � .� ., ��&3%#  � .� . 
�#�%�+%�)%��)3#��  ���"%)%2�,%�  $�)%-�&�( .  ���+(� , 7%-%�, 
1986. - 256 � . 
13. ;-�# 9)3  � .� ., � !�!�#+�  � .� . 7%-%!��+��  1%2%+� 
-�)�+ )�&#�0�  &�2& 5�#%�  % ���"%)%2�,%% $�)%-�&�( .   ���+(� , 
�� +� , 1988. - 368 � . 
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8 �0��������.��  �  8��;����  8������	�  
�0����0��  

*���	��  «�
���
�	� 
 » �  «#�#���/#�)�0%� ». 
"
��������� ������  ���������  �
	��
�� . 
"
�����	���  ���  �
��������� ������  �
	��
��� . 
$����	��  
���������
	� . �!�������  �
��	���� . 
"
���	��	��  �  ���������  ������ . -��%  ���� -
����������  �  ������
���  �
���	��	� . 

��&-%#.  «#�#�!���%,� » % «#�#���/#�)�0%� » 2� $��)�'#%�  10 – 
15 )��  $&�!#�  (�5)%  (  �"%/�'  % ���)%  ����,%%&�(��3��  �  
$�&�'�(.-%  %��)�'�(�#%�-%  (  #� +�  % ��/#�)�0%% . �&%���(+�  
«#�#� », +���&��  $�  � �%  �(��*  �()�����  &�2-�&#�*  /�&�+��&%��%+�*  
(10-9 - ), $&%�"&�)�  5%&�+��  &��$&���&�#�#%�  (  #� !#�*  % 
$�$ )�&#�*  )%��&�� &� . <��  4�  ��+��  #�#�!���%,. ? �  $�&( 6  
�!�&�'3 , %/ /�&�+��&%��%+�*  �()�����  &�2-�& . 	".!#�  �#  
�����()���  (�)%!%#  ��  #��+�)3+%/  #�#�-��&�(  '�  ����#  
#�#�-��&�( . ��  9��  �$&�'�)�#%�  '������!#�   �)�(#�� , $��+�)3+  
$�#��%�  #�#�!���%,   (+)6!���  (  ��"�  #�  ��)3+�  &�2-�& , #�  % 
$&��()�#%�  -���&%�)�- , �������%-  %2 9�%/ !���%, , ���"./  
�(�*��( , 2�!��� 6  +�&'%#�)3#�  ��)%!�6�%/��  ��  �(�*��(  
-���&%�)� , ��������0�  %2 ��& +� &  "�)35�0�  &�2-�&� .  

�(�*��(�  $�)%-�&#./  -���&%�)�(  �$&�'�)�6���  /%-%!��+%-  
��&��#%�- , #�  #�  ��)3+�  9�%-. ��)35%#��(�  +�#��& +,%�##./  
$)���-����(./  -���&%�)�( , +���&.�  �+& 4�6�  #�� , �������  #�  
��)3+�  %2 $�)%-�&�( , #�  (+)6!�6�  (  ��"�  '& 0%� (�����(�  – 
#�$�)#%��)% , $)���%1%+���&. , ���"%)%2���&. , +&��%��)%, +���&.�  
#��"/�'%-.  ')�  $&%'�#%� -���&%�)�-  �&�" �-./  �(�*��( . 
��9��-  %2'�)%� %2 $)���-���.  $&�'���()�6�  %2 ��"�  
-#�0�+�-$�#�#�# 6  �%���-  % #�2.(�6���  +�-$�2%,%�##.-%  
$�)%-�&#.-%  -���&%�)�-% .  ��)%-�&#.�  +�-$�2%�.  – 9��  
-#�0�+�-$�#�#�#.�  -���&%�). , �������%�  %2 $�)%-�&#�*  
-��&%,.  % #�$�)#%��)� , +���&.�  �"&�2 6�  $�(�&/#���3  &�2'�)�  
1�2 , �%)3#�  ()%�6� 6  #�  +�#�!#.�  �(�*��(�  -���&%�)�  (&%�.8.1). 
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�%� .8.1 �/�-� , $���#�6���  �"&�2�(�#%�  $�)%-�&#�0�  +�-$�2%,%�##�0�  
-���&%�)� . (�%+%���(  � .� . % '& . ����&%�)�(�'�#%�  2009.E 1).  

�  $��)�'#��  (&�-�  �&�'%  $�)%-�&#./  +�-$�2%��(  ���)%  
(.'�)��3  ���".*  +)���  -���&%�)�(  – $�)%-�&#.�  #�#�+�-$�2%�. , 
+���&.�   �)�(#�  /�&�+��&%2 6���  &�2-�&�-  !���%,  #�$�)#%��)�  (  
$&�'�)�/  ��  #��+�)3+%/  '����+�(  '�  #��+�)3+%/  ����#  #�#�-��&�(  
(#�#�#�$�)#%��)3 ) % �")�'�6�  ,�).-  +�-$)�+��-   #%+�)3#./  
/�&�+��&%��%+ . �)�  (  ��- , !��  $&%  -�#35�#%%  '�  ���)3  -�)./  
&�2-�&�(  !���%,  #�$�)#%��)�  &�2+� (�2&������  %/  '�)3#��  
$)���'3  $�(�&/#���% , ����(����(�##� , #�  $�&�'+% (�2&������ , % 
$)���'3  $�(�&/#���%  &�2'�)�  1�2 , �$&�'�)�6���  �(�*��(�  
-���&%�)� , !��  $�2(�)���  $&% -%#%-�)3#./  ���$�#�/  #�$�)#�#%�  
$�) !%�3  $&�' +�  (#�#�+�-$�2%� ) �  /�&�+��&%��%+�-% , 
$&�(��/�'��%-%  �&�'%,%�##.�  (.��+�#�$�)#�##.�  $�)%-�&#.�  
+�-$�2%�. . �  �(�2% �  9�%- (  �")���%  $�) !�#%�  $�)%-�&#./  
#�#�+�-$�2%��(  #�-��%)%�3  �)�' 6�%�  ��#�(#.�  #�$&�()�#%� : 
$�) !�#%�  #�#�#�$�)#%��)�* , &�2&�"��+�  -���'�(  ��2'�#%�  
$�)%-�&#./  #�#�+�-$�2%��(  % (.(�'  #�(./  -���&%�)�(  #�  
$��&�"%��)3�+%�  &.#+%.  

	'#�  %2 ��#�(#./  $&�")�-  $�) !�#%�  #�#�-���&%�)�( , (  
,�)�- , %, (  !���#���% , $�)%-�&#./  #�#�-���&%�)�(  �����%�  (  ��- , 
!��  #�#�!���%,.  �")�'�6�  (.��+�*  /%-%!��+�*  �+�%(#���36  % 
�$���"#���36  + ��-�$&�%2(�)3#�*  �0&�0�,%% �  $���&�*  
 #%+�)3#./  �(�*��( . ��9��- , ')�  $�) !�#%�  #�#�-���&%�)�(  
#��"/�'%-�  &�5%�3 $&�")�-  ���"%)%2�,%% #�#�!���%, . ;��  
$&�")�-�  &�5�����  $ ��-  $&�(�'�#%�  /%-%!��+�*  -�'%1%+�,%% 
!���%,  #�#�#�$�)#%��)�  �  ,�)36  $&%'�#%� %- �&�'��(�  + 
$�)%-�&#�*  -��&%,� . �  #��������  (&�-�  %2(���#�  #��+�)3+�  (%'�(  
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#�$�)#%��)�*  ')�  $�)%-�&#./  #�#�+�-$�2%,%�##./  -���&%�)�( . 
�'��3  -.   $�-�#�-  #�+���&.�  %2 #%/: 

�)�%��.�  �)6-��%)%+��.  (0)%#.) – $&%&�'#.�  
#��&0�#%!��+%�  ��& +� &. , ��+%�  +�+ -�#�-�&%))�#%� , 0�+��&%�, 
(�&-%+ )%� , +��)%# , ��$�#%#  % '& ., 0'�  &�2-�&.  #��&0�#%!��+%/  
�)��(  �����()�6�  $�&�'+�  ����#  #�#�-��&�(  (  ')%#  % 1 #-  (  
5%&%# . �)%#.  $&%'�6�  #�(.�   #%+�)3#.�  �(�*��(�  -���&%�)�- . 
��$&%-�& , '�"�(+�  #�"�)35�0�  +�)%!���(�  ((��0�  #��+�)3+�  
$&�,�#��( ) #�#�!���%,  �)6-��%)%+���(  (  $�)%-�&# 6  -��&%,  
�$���"#�   (�)%!%�3  $&�!#���3  -���&%�)�  (  #��+�)3+�  &�2. �'��3  
�)�' ��  $�-#%�3 , !��  #��+�)3+�  $&�,�#��(  �!�#3  -�)�#3+%/  !���%,  
$&�'���()���  ��"�*  �0&�-#��  %/ +�)%!���(� . �"�(+�  #�#�!���%,  
 ) !5���  #�  ��)3+�  -�/�#%!��+%�  �(�*��(� . ��(.5�����  
��&-����"%)3#���3  -���&%�)� , ��  ���3  �0�  �$���"#���3  + 
��/&�#�#%6  �(�%/  �(�*��(  $�'  ()%�#%�-  (.��+%/  ��-$�&�� & . �  
&�'�  �) !��(   '�����  $�(.�%�3  ��-$�&�� &  9+�$) ���,%%  
-���&%�)�(  #�  100 0� . ��#�+�-$�2%�.  �")�'�6�  $�#%4�##�*  
0�&6!���36 , !��  �!�#3  (�4#�  ')�  %/ $&%-�#�#%� (  +�!���(�  
��&�%��)3#./  -���&%�)�( . 	��"�  �)�' ��  ��-��%�3  $&�(��/�'#.�  
"�&3�&#.�  �(�*��(�  #�#�+�-$�2%��( , ��  ���3  #%2+ 6 $�&� - % 
0�2�$&�#%,��-���3 , !��  (�4#�  ')�  $&%-�#�#%� %/ (  +�!���(�  
 $�+�(�!#./  -���&%�)�( .  

�0)�&�'#.�  #�#��& "+%  % #�#�(�)�+#�  – $&���4>##.�  
,%)%#'&%!��+%� ��& +� &.  '%�-��&�-  ��  �'#�0�  '�  #��+�)3+%/  
'����+�(  #�#�-��&�(  % ')%#�*  '�  #��+�)3+%/  ��#�%-��&�( , �������  
%2 �'#�*  %)% #��+�)3+%/  �(>&# �./  (  �& "+  0�+��0�#�)3#./  
0&�1%��(./  $)��+����*  (0&�1�#�( ) % 2�+�#!%(�6���  �".!#�  
$�) �1�&%!��+�*  0�)�(+�* . �0)�&�'#.�  #�#��& "+%  %-�6�  
4���+���3  % $&�!#���3  (.5� , !�-    )6"�0�  '& 0�0�  -���&%�)� . 	#% 
��&-%!��+%   ���*!%(.  (  (�+  -�  '�  2800 0� , �$���"#.  $&�(�'%�3  
9)�+�&%!��+%* ��+  (  1000 &�2 ) !5� , !�-  -�'#��  $&�(�)�+� , % 
%-�6�  (  2 &�2� "�)35 6  ��$)�$&�(�'#���3 , !�-  �)-�2 , +���&.*  
��+4�  �()�����  �'#�*  %2 1�&-   0)�&�'� . �0)�&�'#.�  #�#��& "+%  
%�$�)32 6���  +�+  �%)%(�6�%�  !���%,.  (  #�#�+�-$�2%��/ . ��+4�  
�#% -�0 �  ".�3  ��#�(�*  ')�  ��2'�#%�  #�(�0�  $�+�)�#%�  
9)�+�&�##./   ��&�*��(  -�#35%/  &�2-�&�(  % "�)��  -��#./ , !�-  
".)%  %2(���#.  &�#�� . ��-%-�   0)�&�'#./  #�#��& "�+ , %-�6���  
���"��#%�  �  ��2'�#%% '����+�(  &�2)%!#./  (%'�(  #��&0�#%!��+%/  
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#�#��& "�+ . �&% 9��-   (  +�!���(�  �����(#./  9)�-�#��(  
2�'�*��(�(�#�  (��  $�&%�'%!��+��  �%���-�  9)�-�#��(  
(�%#��2%&�(�#.  #�#��& "+% , %20���()�##.�  %2 �+�%'�(  $�&�/�'#./  
-���))�(  % 0�)�%'�( , �  ��+4�  #�#��& "+%  %2 )�0%&�(�##�0�  
-���))� , !%���0�  -���))� , #�  ��#�(�  "�&�  % +&�-#%�).  

����))�+�-$)�+�#.�  ���'%#�#%�  (  #�#�&�2-�&#�-  ������#%%  
('�  100 #- ). �  ���  �%#��2%&�(�#.  "-���))%!��+%�  1 ))�&�#. " - 
#�#�!���%,.  2�)��� , ")%2+%� $�  1�&-�  +  0)�&�'#.-  "1 �"�)3#.-  
-�!�- ". ��)�+ ). , (  �����(  +���&./  (/�'%�  16 %)% 18 ���-�( , 
(.0)�'��  +�+ -#�0�0&�##%+% �  $�)���36  (# �&%. �)�0�'�&�  
�$���"#���%  !���%,  -���))�(  ��2'�(��3   $�&�'�!�##.�  ��& +� &.  
(+)����&. ), -���))���'�&4��%�  $�)%-�&#.�  #�#�+�-$�2%�.  -�0 �  
�")�'��3  +�-$)�+��-  ,�##./  �(�*��( . �%$%!#.�  &�2-�&.  
-���))%!��+%/  +)����&�(  ��  1 '�  10 #- , !��  ����(����( ��  %/ 
�0&�-#�*   '�)3#�*  $�(�&/#���% . ��+%�  #�#�+�-$�2%�.  $&��()�6�  
� $�&$�&�-�0#��%2-  % +���)%�%!��+%�  �(�*��(� , $�9��-  %/ -�4#�  
%�$�)32�(��3  $&% ��2'�#%% $�) $&�(�'#%+�( , +���)%2���&�( , 
�$�%!��+%/  % )6-%#��,�#�#./  $&%"�&�( % � .' . 

�  +�!���(�  $�)%-�&#./  �%���- , (  +���&./  1�&-%& 6���  
#�#���& +� &. , -�0 �  %�$�)32�(��3��  &�2)%!#.�  $&%&�'#.�  % 
�%#���%!��+%�  $�)%-�&.  % ��$�)%-�&. , $&�' +�.  %/ -�'%1%+�,%% 
&�2)%!#.-%  (.��+� - % #%2+�-�)�+ )�&#.-%  ���'%#�#%�-% , 
$�)%-�& -$�)%-�&#.�  �-��%  #�  %/ ��#�(�  ("%�)�0%!��+% �+�%(#.�  
�%#���%!��+%�  % $&%&�'#.�  $�)%-�&. , #�$�)#�##.�  % 
(.��+�#�$�)#�##.�  $�)%-�&. ).  

�#��&��  $&�'���()���  1�&-%&�(�#%�  #�#���& +� &  (  
$�)%-�&#./  �-���/ . 	�#�(#��  $&�")�-�  2�+)6!�����  (  ��- , !��  
"�)35%#��(�  $�)%-�&�(  ��&-�'%#�-%!��+%  #���(-���%-.  '& 0  �  
'& 0�- . ��9��-  $&% 1�&-%&�(�#%% +�-$�2%,%% #�  ��#�(�  
$�)%-�&#./  �-���*  !���%,.  $�)%-�&�  �+)�##.  + �0&�0�,%% �  
�"&�2�(�#%�-  +& $#./  !���%, . )�  $&�'��(&���#%�  ��+�*  
�0&�0�,%% $&%-�#�6�  $�)%-�&.  ")�!#�0�  ��&��#%� , (  !���#���%  
'%")�+ -��$�)%-�&. . 	#% �$���"#.  ()%��3  #�  �(�*��(�  -�41�2#./  
0&�#%, (  �-���/  $�)%-�&�(  % %2-�#��3  �'0�2%�##.�  % 
'%�$�&�%�##.�  �(�*��(�  !���%,  (  +�-$�2%��/ . ��+%�  ���"�##���%  
")�+ -��$�)%-�&�(  (.��+�6�  %2 &�2)%!#�0�  �&�'��(�  ")�+�(  + 
+�-$�#�#��-  �%���-. . ��/�#%2-  ���"%)%2�,%% $���#�#  #�  &%�.8.2 
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�%� .8.2 ��/�#%2-  ���"%)%2�,%% #�#���& +� &  (  $�)%-�&#./  �-���/  �  
%�$�)32�(�#%�-  '%")�+ -��$�)%-�&�( . �2���  %2 http://www.graft-

polymer.ru/block.html 

�)�+ -��$�)%-�&.  �()�6���  $�&�$�+�%(#.-%  �"8�+��-%  ')�  
&�2)%!#�0�  &�'�  $&%)�4�#%*, (+)6!��  ��2'�#%�  #�(./  
+�#��& +,%�##./  % 1 #+,%�#�)3#./  -���&%�)�( . �  %/ %2 !�#%% 
'���%0# �  "�)35�*  $&�0&��� , %, $&�4'�  (��0�  9��  ��#��%���  + 
'%")�+ -��$�)%-�&�- . ���$)�(.  ")�+ -��$�)%-�&�(  �$���"#.  
�"&�2�(.(��3  �)�4#.�  -�&1�)�0%!��+%�  ��& +� &. , +���&.�  
2�(%���  #�  ��)3+�  ��  &�2-�&�(  % /%-%!��+�*  $&%&�'.  ")�+�( , #�  % 
��  (#�5#%/   �)�(%* . �2 !�#%�  % $&�'�+�2�#%�  1�&-%& �-./  ")�+ -
��$�)%-�&�-%  -�&1�)�0%*  #�  ��0�'#�5#%*  '�#3  �()�����  �'#�*  %2 
(�4#�*5%/  1 #'�-�#��)3#./  $&�")�- . ��&�'  �  &��$)�(�-% , 
"�)35�*  %#��&��  $&�'���()�6�  ��+4�  &���(�&.  ")�+ -��$�)%-�&�( , 
(  �����(  +���&./  (/�'��  0%'&�1�"#.�  % 0%'&�1%)3#.�   !���+% . 
�&% �$&�'�)�##./   �)�(%�/  ��+%�  -�+&�-�)�+ ).  �"&�2 6�  
&���(�&%-.�  0)�" ).  % +�#�!#.�  �0&�0��. , $&���&�#��(�##��  
1�&-�  +���&./  2�(%�%� ��  $�&�-��&�(  ,�$% % -�4��  %2-�#��3��  (  
2�(%�%-���%  ��  (#�5#%/  1�+��&�( . ���  9�% ���"�##���%  
�-1%1%)3#./  ")�+ -��$�)%-�&�(  '�)�6�  %/ $�&�$�+�%(#.-%  (  
��+%/  �")����/ , +�+ -�'%,%#� , +���)%2 , -�)�+ )�&#��  
&��$�2#�(�#%� . ��)%-�&.  ")�!#�0�  ��&��#%�   4�  #�/�'��  
$&%-�#�#%� $&% -�'%1%+�,%% %  ) !5�#%%  9+�$) ���,%�##./  
/�&�+��&%��%+  $&�-.5)�##./  $�)%-�&�(  % $�)%-�&#./  
+�-$�2%��( .  
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�2  (��0�  �$�+�&�  $&�' +��(  #�#���/#�)�0%%  #�%"�)��  
+�--�&!��+%  $�&�$�+�%(#.-%  �!%��6���  #�#�-���&%�). , (  ��-  
!%�)�  % $�)%-�&#.�  #�#�+�-$�2%�. . ��&(.-%  +�--�&!��+��  
$&%-�#�#%� #�5)%  #�#�+�-$�2%�.  �  #�#�0)%#�-%  %  0)�&�'#.-%  
#�#��& "+�-% . 	�#�(#.-%  �")����-%  $&%-�#�#%� 
#�#�+�-$�2%�#./  $)���-���  (  #��������  (&�-�  �()�6���  
�(��-�"%)���&��#%�  % $&�%2(�'��(�   $�+�(�!#./  -���&%�)�( , #�  
&�2 )3���.  %��)�'�(�#%*  % &�2&�"���+  &��5%&�6�  -��5��".  %/ 
$&%-�#�#%�. ��'  +�-$�#%*   4�  #�)�'%)%  $&�-.5)�##��  
$&�%2(�'��(�  $�)%-�&#./  #�#�+�-$�2%��( , �&�'%  #%/ -�4#�  
(.'�)%�3 : Basell USA, Lanxess, GE Plastics, Honeywell Polymer, 
Hybrid Plastics, Hyperion Catalysis, Kabelwerk Eupen AG, Mitsubishi 
Gas Chemical Company, Nanocor, Noble Polymer, Polymeric Supply, 
PolyOne, Putsch Kunststoffe GmbH, RTP Company, Ube, Unitika, 
Yantai Haili Ind. & Commerce of China. 

��+%-  �"&�2�- , (  -%&�  4�  #�!�)��3  $&�-.5)�##��  ��(��#%�  
$�)%-�&#./  #�#�+�-$�2%,%�##./  -���&%�)�( , ��-$.  +���&�0�  �  
+�4'.-  0�'�-  &��� �  $�  -�&�  ��0� , +�+ &�5�6���  ��$ ���( 6�%�  
$&�")�-.  $�) !�#%�  %  '�5�()�#%�  #�#�#�$�)#%��)�*  (���"�##�  
$�+�2���)3#�  ')�   0)�&�'#./  #�#��& "�+ ), &�2&�"��.(�6���  
��/#�)�0%%  '%�$�&0%&�(�#%� #�#�!���%,  (  $�)%-�&#�*  -��&%,�  % 
�#%4�����  ��"����%-���3  +�#�!#�*  $&�' +,%%. 
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