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���� 

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

'�"!� &'-*"%�!6!*%$!2 ')' 0!" � «�%)!��0», �*% +!��,�& ��*�# !��& 

0�/��&�%�!"  %�*'",1 �'��!�5� &, +%4 " ��0!; 3 4� !��&, ! �"!�.,�& #0' 

��, <' %"�'0 "'�'�!4 ��.%� ,+, +��'�%+, ! /�%� ,2 �%+'��!2 ' #0'"'�,�, 

 %�*'"! �'��!�5�  �  % #!���%"! '�0,+% ,1 / % &, �+! & ! �'�"!��. 

7%"�%  �+ +%)!���0�&*'- �,��0�%$!-  % "!�+! � "!� �,#�'+ ')' #0'�*�� 

«�#�$!%�!��%» 4  � #0'�*��"%  � (0'/0'(��  �) #�" ')' '(’4*�%, % 

�� �
������ #�" ,1 "�%��,"'���2 '(’4*�% [1]. 

��+% �% /+!�� �,��0�%$!2 '- 0'('�, /% �#�$!%�& !��3 8.05050303 

“	(�%� %  � �!�'"')' *'+#��*��”  +%3�&  "!�#'"!�%�, �% !2 �#�$!%�& '��! 

! '� '" ,+  %#0�+*%+  %�*'"'- 0'('�, *%6��0, �����.  

���'�,. ! 0�*'+� �%$!- �*�%�� !  % '� '"!  '0+%�," ,1 

�'*�+� �!" ���� «
��» �% *'�,; &')' ��
 �*0%- , [1-3]. 

 

1 ���� �� 
�
����� ���	��������� ��������	� 

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

#!�)'�'"*, �% +%4  % +��! [2]: 

– �,���+%�,/%$!3, /%*0!#��  � ! #')�,(��  �  %(��,1 ��'0��,. ,1 

/ % & ! 6'0+�"%  � �+! & /%��'��"%  � $,1 / % & #!� .%� ",0!;�  � 

*' *0�� ,1  %�*'",1 �% #0,*�%� ,1 /%"�% &; 

– 0'/",�'* *'+#��� $!2 �%+'��!2 '-  %�*'"'-�'��!� '- 0'('�, 2 

'"'�'�!  � +��'�,*'3 ��'0��,. ,1, �*�#�0,+� �%�& ,1 !  %�*'"'-

#0%*�,. ,1 �'��!�5� &; 

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

�'��!�5� &, 6'0+��3"%  �  '",1 ",� '"*!" ! #'�'5� &,  %(���� �'�"!�� -1 

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

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

'�,  / '� '" ,1 *0,��0!-" #0, '$! $! �*'��! 0�%�!/%$!- "!�#'"!� '- 

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

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

 

2 
�
����� �� ���	�������� ��������	� 

7%"�%  �  % +%)!���0�&*� �,��0�%$!3 ",(,0%4�&�� "!�#'"!� ' �' 

'� '" ,1  %#0�+*!"  %�*'"'- 0'('�, *%6��0,, % � 0%/! ",*' %  � 

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

�!3�& �')'"'0, #0' �#!"#0%$3, �!3.,+ �)'�%+. 7%"�%  � 6'0+��34�&�� 

 %�*'",+ *�0!" ,*'+ ! /%�"�0�5�4�&�� /%"!��"%.�+ *%6��0, "!�#'"!� ' �' 

�!3.,1  '0+%�," ,1 �'*�+� �!" ���� «
��» [1,2,4]. �%*'5  %�*'",2 

*�0!" ,* 0'/0'(��4 #�%  #!�)'�'"*, +%)!��0% �% "!�#'"!� ' �' ",+'), 

 %"��� ,1 " [1]. 

70%/'* �,���& ')' %0*�;% +%)!���0�&*'- �,��0�%$!-  %"��� ,2 " 

�'�%�*� �, /0%/'* (�% *� /%"�%  �  % +%)!���0�&*� �,��0�%$!3  " 

�'�%�*� 8, 6'0+% #�% � #!�)'�'"*, +%)!��0% �%  " �'�%�*� �. 

3 �����, ��������� �� �����  

���	��������� ��������	� 

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

�%*'5 �'�%�*!" [1,2,4]. 

����# % .%��, % +!��,�& �%*! ��0�*��0 ! ���+� �,: '(*�%�, *� ! 

�,���& ,2 %0*�; ! /%"�%  �, 0�6�0%�, /+!��, #�0��!* �+'" ,1 #'/ %.� &, 

�,+"'�!", �*'0'.� & ! ��0+! !".  

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

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

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

'�0,+% ,1 0�/��&�%�!". 

�' �'�%�*!" +'5��& (��, "*�3.� !: 

– �'�%�*'"! !�3��0%$!- %(' �%(�,$!; 

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

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

�'*%/,, 0'/0%1� *,; #0'�'*'�, ",#0'(�"% &; *'#!� ��1 !. ')' /%"�%  �, 

#0')0%+, 0'(!�, �')'"'0�; ! ��0�*$!-, +��'�,*,, '#,� 0'/0'(�� ,1 

*'+#’3��0 ,1 #0')0%+ �% ! .); 

– '#,�  '"'- %#%0%��0, ! #0,�%�!", <' ",*'0,��'"�3�&�� #!� .%� 

#0'"���  � �*�#�0,+� ��. 

	0!4 �'" ,2 '(��) +%)!���0�&*'- �,��0�%$!- 80-120 ��'0! '* 

6'0+%�� �4. 

 

4 
��
	
�� �� 
�������� ����������� �������	
 

���	��������� ��������	�  

 

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

 %"��� ,1 [1-3]. �,+'), �' ",*' %  � ���0*��0 ,1 ���+� �!" 

+%)!���0�&*'- �,��0�%$!-  %���# !: 

������� 

��6�0%� #0,/ %.� ,2 ��� '/ %2'+��  � / �,��0�%$!43. �!  +%4 (��, 

��,��,+, ! 6'0+%�," ,+ ! +!��,�, ! 6'0+%$!3, <' �'/"'��4 0'/*0,�, 

��� !��& �'��!�5�  �. ��6�0%� '(��)'+ �' �"'1 ��'0! '* �*0%- �&*'3 �% 

! '/�+ ,+, (% )�!2�&*'3, 60% $�/&*'3 �'<') +'"%+, +%4 +!��,�,:  

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

�5�0�� /% #�0��!*'+ #'�,�% &; 

– ��*�� 0�6�0%��; 
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– *�3.'"! ��'"%.  

 

��	
�  

7+!�� +%4 "!�(,"%�, *' *0�� ,2 #'��%# ,2 #�%  0�%�!/%$!- 0'('�,, 

-- ��0�*��0�. 7+!�� +!��,�&  %2+� �"%  � �%  '+�0, #'.%�*'",1 ��'0! '* 

��!1 0'/�!�!", #!�0'/�!�!" �% #� *�!" (�*<' "' , +%3�& /%)'�'"'*), /'*0�+%, 

"���#�, ",� '"*!" �' 0'/�!�!", /%)%�& ,1 ",� '"*!", �'�%�*!", �#,�*� 

",*'0,��% '- �!��0%��0, �% ! . 

 

�����	
 ������� ���������, 
�����	�, 

������� 	 ����	�	� 

�*<' " �,��0�%$!- "5,�% �#�$,6!. % ��0+! '�')!�, % �%*'5 

",*'0,��% ' +%�'"!�'+! �*'0'.�  �,  '"! �,+"'�,, #'/ %.�  � �'<', �' 

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

��0��!* �0�(% �0�*�"%�, �"'+% *'�' *%+,, � �*,1 /�!"% /% %(��*'3 

 %"'���&,  %#0,*�%�, �*'0'.�  �, �#0%"% – -1 3 ���%�& � 0'/;,60'"*�. 

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

#'/ %.�  �  �'<' #'"�'033�&�� +� ;� �0&'1 0%/!", #�0��!*  � �*�%�%3�&, 

% -1 4 ���+%.�  �  %"'���& � ��*��! #0, #�0;'+� /)%��"%  !. 

 

�
����� ��
���� 

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

0'/�!�!" �% ",� '"*!" !/  ,1, % �%*'5 ",� '"*, (/%)%�& !). 
'5 ,2 0'/�!� 

#'., %3�& !/  '"'- ��'0! *,.  

 


���  

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

#!���%", ! ",1!� ! �% ! ��� 0'/0'(*, ��+,, '(=0� ��"%  �  �'(1!� '��! 

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

0�*'+� �'"% !2  ,5.� #'��!�'" '��!. 

 

�!��"#$%���$ �&�' 

>��1'+ *0,�,. ')' % %�!/� �% #'0!" �  � / "!�'+,+, 0'/"'�/%  �+, 

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

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

*'0,��& �*0%- ,. 

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

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

/%"�%  �. 

 


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


'0'�*' ",*�%�%3�& /"'�/'* ",(0% ')'  %#0�+*� �'��!�5� & / 

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

��05%" ,+, #�% %+, �% #0')0%+%+,. 

	('" '�/*'"' /%/ %.%3�&  '+�0, ��05%" '- 0�4��0%$!-  %�*'"'-

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

% �%*'5 ! 0'�& %"�'0% � ",*' %  ! $,1  %�*'"'-�'��!� ,1 0'(!�. 

 

�&�" � *"/"0� /+�#�/1&%%) 

9'0+��33�& +��� 0'('�, ! /%�%.!, �*!  �'(1!� ' ",0!;,�, ��� 

�'��) �  � #'��%"�� '- +��,. �� ��!� 6'0+��3"%�, +��� �* 

«�'��!�5�  �...», «�,".�  �...», �'+� <' $! ��'"% "*%/�3�&  % /%�!( 

�'��) �  � +��,, %  �  % �%+� +���. 

!" '#�� �� �
������ - $� #0'$�� %(' �",<�, <' #'0'�5�4 #0'(��+ � 

�,��%$!3 ! '(0% � ��� ",".�  �. 

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

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

2')' .%��, %, �*% 4 #0��+��'+ �'��!�5�  �. �%+�  %  &')' �#0�+'"% % 

'� '" % �"%)% �,��0�% �%, '�*!�&*, #0��+�� �'��!�5�  � ",/ %.%4 ��+� 

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

$����� �� �
������. �'�%3�& #�0��!* ",*'0,��% ,1 +��'�!" 

�'��!�5�  � ��� �'��) �  � #'��%"�� '- " 0'('�! +��,. ��0�0%1'"�"%�, -1 

�0�(%  � "!�!0"% ' "!� /+!��� 0'('�,, % *'0'�*' �% /+!��'" ' ",/ %.%3.,, 

<' �%+� �'��!�5�"%�'�& �,+ ., �,+ +��'�'+. �� �%��& /+')� 

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

 

�"�!+(" %+('*%" +/&,1"%'2 ,&*�#$�"��( 

�'�%3�& *'0'�*� % '�%$!3  '",1  %�*'",1 #'�'5� & (0!;� &), 

/%#0'#' '"% ,1 /�'(�"%.�+ '�'(,��'. ��'(1!� ' #'*%/%�, "!�+!  !��& 

'��05% ,1 0�/��&�%�!" "!� "!�'+,1 0% !;�, '#,�%�, ���#! &  '",/ , 

("#�0;� '��05% ', ��'�*' %�� ', �!��%�' #'�%�&;,2 0'/",�'*). 


'5 �  %�*'"� #'�'5�  � .!�*' 6'0+��33�&, "!�'*0�+�33., 2')' 

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

$&'+�  '",/ ,. �6'0+��&'"% �  %�*'"� #'�'5�  � #'",  ' .,�%�,�� ! 

�#0,2+%�,�� ��)*' ! '� '/ %. ' ((�/  %)0'+%�5�  � �0!( ,1 ! �%*,1, <' 

/%��+ 33�& 2')' ��� !��&, ���%��2 �% ��'. � &). � 5'� '+� ",#%�*�  � 

+'5 % "�%"%�,�� �' ",*�%��  %�*'"')' #'�'5�  � � ",)���! % '�%$!-, *'�, 

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

#'�'5�  � !/  %#,�% ')' ",�",�,  �+'5�,"'. �'�%  �  %�*'",1 #'�'5� & 

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

",*�%��  ! /%)%�& '- 1%0%*��0,��,*, 0'('�,. 

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

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

+��'�,*, �1�+, %�)'0,�+!" �% �. ! . ��!� /%"5�, 0'/+�5'"�"%�, '��05% ! 
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 %�*'"! #'�'5�  � !  '"! #0,*�%� ! 0�/��&�%�,, ,3 ",#�,"%3�& / 

��'0��,. ')' �'0'(*� �,��0�% �%. 

��!  %�*'"! #'�'5�  � / �0%1�"%  �+ �'��) ��')'  ,+, 0!" � 

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

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

#0,���5�4�&��  %�*'",2 ���#! &. 

 

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

� �,��0�%$!-, <' +%4 ��'0��,. � / %.�  �, �0�(% #'�%�, "!�'+'��! 

#0'  %�*'"� ",*'0,��%  � 0�/��&�%�!" �'��!�5� & %(' 0�*'+� �%$!- <'�' 

-1 ",*'0,��%  �, % " �,��0�%$!-, <' +%4 #0,*�%� � / %.�  �, - "!�'+'��! 

#0' #0%*�,. � /%��'��"%  � '��05% ,1 0�/��&�%�!" %(' 0�*'+� �%$!- <'�' 

-1 ",*'0,��%  �. �!�/ %.%3., #0%*�,. � $!  !��& '��05% ,1 0�/��&�%�!", 

 �'(1!� ' #'�%�, ! 6'0+%$!3 <'�' ���#� � )'�'" '��! �' ",*'0,��%  � 

%(' +%�;�%(!" ",*'0,��%  �. ��'(1!� ' �%�, *'0'�*! "!�'+'��! <'�' 

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

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

�'*�+� �!". 

 

��+-'��'3 (%&�+! */+-�("0" 

� ",#%�*� ",*'0,��%  � " �,��0�%$!- !��2 %(' 0'/0'('*, <'  %��5%�& 

�#!"%"�'0%+, 0%/'+ / �*,+, (��, '#�(�!*'"% !  %�*'"! #0%$!, /�'(�"%. 

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

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

 

 

� ,+-"4�) ,&*�#$�"��( /'�&,�"4�5 

�*%/�4�&��,  % �*,1  %�*'",1 /'-/�%1, *' 6�0� $!�1, �,+#'/!�+%1, 

 %0%�%1 '#0,�3� � ' 0�/��&�%�, �'��!�5� &, <' "*�3.� ! �' �,��0�%$!-. 
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��-#�!"4�5 

�*%/�3�&, � �*!�&*'1 +' ')0%6!�1, ��%���1 �  %�*'",1 5�0 %�%1, 

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

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

 

����	�� ��
�����	� 

 

�  &,6+�� ,+*/�#�  % #!�=0� �! ')���� �!��0%��0, 0'/*0,"%3�& ��%  

 %�*'"'- #0'(��+, (/%�%.!).  ��,��', *0,�,. ' ",�"!��33., 0'('�, 

#'#�0�� ,*!", +%)!��0% � #'", �  /%/ %.,�, �! #,�%  �, <' /%�,;,�,�� 

 �",0!;� ,+, 2, '�5�, ",/ %.,�, �"'4 +!�$� � 0'/"'�/%  ! #0'(��+,. 

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

#0'"���  � �'��!�5�  �, '(=0� ��"%  �+ ",('0� '(’4*�% ! #0��+��% 

�'��!�5�  �, 6'0+��3"%  �+ +��, 2 /%"�% & �'��!�5�  �.  7%)%�& ,2 

'(��) #�0;')' 0'/�!��  � #'", �  #�0�",<�"%�, 20 % '(��)� '� '" '- 

.%��, , �,��0�%$!-. 

� /,�.+�� ,+*/�#� #0'"'�,�&�� ��'0��,. � ",0!;�  � 

�6'0+��&'"% '-   %�*'"'-��1 !. '- #0'(��+,, % �%+� 6'0+��34�&�� 

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

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

�%"'�,�&�� % %�!�,. ,2 ., .,��'",2 0'/"’�/'* +%��+%�,. '- +'���!. 

�'/�!�  �'(1!� ' /%"�0;,�, ",� '"*%+, / % %�!/'+ '�0,+% ,1 0�/��&�%�!".  

� �,&�$+�� ,+*/�#� '#,��4�&�� �*�#�0,+� �%�& ! �'��!�5�  � 

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

�*�#�0,+� �%�& ,1 �'��!�5� &,  %"���, �1�+� �% '#,� �*�#�0,+� �%�& '- 

���% '"*, (��� ��), �% 0�/��&�%�, '(0'(*, �*�#�0,+� �%�& ,1 �% ,1 (�* 

#0%",�' � ",)���! )0%6!*!", % �%*'5 �+#!0,. ,1 /%��5 '���1) �% -1 % %�!/. 

�%2"%5�,"!;,+ 0�/��&�%�'+ % %�!/� �*�#�0,+� �%�& ,1 �% ,1 4 



11 

 

#'0!" �  � 0�/��&�%�!" �'��!�!" / 0�/��&�%�%+, +%��+%�,. ')' 

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

+'���!.  

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

/%��'��"%  � 0�/��&�%�!" �'��!�5� &. �' , +'5��& (��, #0����%"�� ! � 

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

%#%0%�� ��� 2')' #0'"���  �, % �%*'5 � 0�*'+� �%$!�1 <'�' 

"�'�*' %��  � *' ��0�*$!- %#%0%�%.  

7%  �'(1!� '��! �' �,��0�%$!- +'5��& (��, "*�3.� ! �'�%�*'"! 

0'/�!�,.  

�!5 ��0�*��0 ,+, .%��, %+, 0'('�, #'", �  #0'���5�"%�,�� 

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

#'., %�,�� / *'0'�*')' '#,�� #,�% &, <' 0'/*0,"%3�&�� � �% '+� 0'/�!�! 

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

�%#0,*! $! *'5 ')' 0'/�!�� '('"’�/*'"' 6'0+��33�& ",� '"*, /! 

��,��,+ ",*�%��  �+  %�*'",1 ! #0%*�,. ,1 0�/��&�%�!" �!4- .%��, , 

�'��!�5�  �, <' (��% 0'/)�� ��% " 0'/�!�!. � ",� '"*%1  � ��!� 

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

",#�,"%4. 

 

��
���
� 

�,� '"*, 4 /%"�0;%�& '3 2 '�'(�,"' "%5�,"'3 .%��, '3 

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

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

#0'"'�,�&�� �, ��/ ��!1 '�0,+% ,1 0�/��&�%�!" �'��!�5�  � �% -1 4 

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

 %2(!�&; "%5�,"!  %�*'"! �% #0%*�,. ! 0�/��&�%�,, '��05% ! " �,��0�%$!-, 

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

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



12 

 

�"%)�  % �*!� ,1 �% *!�&*!� ,1 #'*%/ ,*%1 /�'(��,1 0�/��&�%�!", 

'(=0� ��"%�, -1 �'��'"!0 !��&. �%�! 6'0+��33�& ",� '"*, �% 0�*'+� �%$!- 

<'�'  %�*'"')' �% #0%*�,. ')' ",*'0,��%  � /�'(��,1 0�/��&�%�!". 

�,� '"*, *0%<� #'�%�, � ",)���! #'��!�'" ' #0' �+�0'"% ,1 

%(/%$!". �0,.'+� *'5�  %(/%$ +%4 +!��,�, '*0�+,2 �')!. ' /%"�0;� ,2 

",� '"'* ., 0�*'+� �%$!3. 

 

���
�
 ��
���
����� ������ 

�#,�'* ",*'0,��% ,1 �5�0�� ��!� 0'/+!<�"%�,  " #'0��*� #'�", 

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

.,  ,1 ��% �%0�!" !/ (!(�!'��. '- �% ",�%" ,.'- �#0%", 

(���� �	�� 7.1:2006). 70%/'* '6'0+��  � �#,�*� ",*'0,��% ,1 �5�0�� 

 %"��� ' " [3]. 
'5 � �5�0��', <' "*�3.� ' �' �#,�*�, +%4 (��, "!�(,�' " 

��*��! �,��0�%$!-.  

 

�����
� (�� ��� �	���
�	) 

7%  �'(1!� '��! �' �'�%�*!" �'$!�& ' "*�3.%�, �'#'+!5 ,2 

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

– �'�%�*'"! (�'"!� ,*'"!)  !�3��0%$!- %(' �%(�,$!; 

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

+'5 % "*�3.,�, �' '� '" '- .%��, , (6'�'/ !+*,, #0'+!5 ! +%��+%�,. ! 

�'*%/,, 0'/0%1� *,, #0'�'*'�, ",#0'(�"% &); 

– *'#!- ��1 !. ')' /%"�%  �, �')'"'0!" �% #0')0%+, 0'(!�; 

– '#,� %�)'0,�+!" ! �,��, ), #0')0%+, <' 0'/0'(�� ! " #0'$��! 

",*' %  � �,��0�%$!2 '- 0'('�,;   

– '#,�  '"'- %#%0%��0, 2 #0,�%�!", <' ",*'0,��'"�3�&�� #!� .%� 

#0'"���  � �*�#�0,+� ��, ! ��0�*$!- 2 +��'�,*,; 

– *'#!- �'*�+� �!", '*0�+! ",��), / #'�'5� & (! ��0�*$!2) �'<'. 
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5 ����������	� �� 
�������� ������
�� ������� 

���	��������� ��������	�  

5.1 
'�+.' /+ 7+,�"��("%%) �".���&,�$!+5 /'�&,�"4�5 

��*�� �,��0�%$!- 0'/�!��3�&  % 0'/�!�, ! #!�0'/�!�,, "!�#'"!� ' �' 

/+!���. 

�'/�!�, #'",  ! +%�, #'0��*'"!  '+�0, " +�5%1 ��&')' �'*�+� �% 

(.%��, ,), #'/ %.� ! %0%(�&*,+, $,60%+, / *0%#*'3. �!�0'/�!�, #'",  ! 

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

/  '+�0!" 0'/�!�!" %(' #!�0'/�!��, 0'/�!�� ,1 *0%#*'3. �%#0,*! $!  '+�0% 

#!�0'/�!�� *0%#*%  � ��%",�&��. �'/�!�,, �* ! #!�0'/�!�,, +'5��& 

�*�%�%�,�� / ��*!�&*'1 #� *�!". 

�%2+� �"%  � 0'/�!�!" #'",  ! (��, *'0'�*,+,. �%2+� �"%  � 

0'/�!�!" #'��0��, ! ��'0! *, "��,*,+, �!��0%+,, % #!�0'/�!�!" /%#,��3�& � 

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

�!��0,). �,*'0,��%  � *�0� ')' �%  %#!"5,0 ')' 6'0+%��"%  �, 

#!�*0����  � �% #�0� '�, ��!" � /%)'�'"*%1  � �'#��*%3�&��. 
0%#*� 

 %#0,*! $! /%)'�'"*%  � ��%"���&. �*<' /%)'�'"'* �*�%�%4�&�� / �"'1 

0�.� &, -1 0'/�!��3�& *0%#*'3. �'/�%;'"�"%�,  %/"� 0'/�!��, #!�0'/�!�� �% 

��*���  % 0!/ ,1 ��'0! *%1 /%('0' �4�&��.  

�!���% & +!5 /%)'�'"*'+ 0'/�!�� %(' #!�0'/�!�� ! ��*��'+ #'",  % 

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

! ��0"%�,. 
'5�  0'/�!� #'�� 3"%�& '- /%#,�*, #'., %3�& /  '"')' �,��% 

(��'0! *,).  �!���% & +!5 #'#�0�� !+ #!�0'/�!�'+ �%  %���# ,+ /%)'�'"*'+ 

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

 

1 ���� ������� �� 
����	 ����	�8���� 

1.1 ��"% �"  ,+-#&�' (+/%'2 ,&��,��( 

  

��+�0%$!� ��'0! '* #'",  % (��,  %�*0!/ % ��� "�!4- /%#,�*,, 

"*�3.%3., �'�%�*,. 

 

5.2 
'!#"/ �&!��� �".���&,�$!+5 /'�&,�"4�5 

�'" �  %2+� �"%  � '(’4*�� �'��!�5�  � (�'��!�5�"% ')' 

#0'$���)  % �,���& '+� �,��!, " '� '" '+�  %#,�! ! #0, #�0;'+� 

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

2')' ��!1 ! ;,1 �'*�+� �%1. �%2+� �"%  �, <'  %"'���&�� " ��*��! 

�,��0�%$!- !  % !�3��0%$!�1, #'",  ! (��, '� %*'",+,. 

 

5.3 
'�+.' /+ +7+,�#&%%) �&!��� �".���&,�$!+5 /'�&,�"4�5 

��*��'"! �'*�+� �, ",*' �3�&�� /% �'#'+')'3 *'+#’3��0 '- 

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

�'#��*%4�&�� 6'0+%� �3. ��*�� �0�*�4�&��  % '� '+� ('$! %0*�;% .�0�/ 

#!"�'0% ! ��0"%�,, ;0,6� – Times New Roman 14 #�.  

�%+*, �% '� '" ,2  %#,� " �,��0�%$!- – "!���� !. 

�!���% & "!� )0% ,$& %0*�;� �' )0% ,$& ��*��� #'�0!( ' /%�,;%�,: 

 % #'.%�*� �%  %#0,*! $! 0��*!"  � +� ; 3 ++. �!���% & "!� "�01 &')' %(' 

 ,5 &')' 0��*% ��*��� �' "�01 &'- �% )0% ,$! %0*�;% #'",  � (��,  � 

+� ; 10 ++.  

�(/%$, " ��*��! #'., %3�& "!����#'+, 0!" ,+ 15...17 ++. 
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�'+,�*,, '#,�*, ! )0%6!. !  ��'. '��!, ",�"�� ! " #0'$��! 

",*' %  � ��*��'"')' �'*�+� �%, �'#��*%4�&�� ",#0%"���, #!�.,<�  �+ 

%(' /%6%0('"�"%  �+ (!�'3 6%0('3 !  % ���  �+  % $� 5 +!�$� 

",#0%"�� ')' ��*��� ()0%6!*,) .'0 '3 0�.*'3 %(' "*��3"%  �+ 

0'/�0�*'"% ,1 60%)+� �!" ��*���. 

�;*'�5�  � %0*�;!" ��*��'",1 �'*�+� �!", #'+%0*, ! ��!�,  � 

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

�0, % %�!/! ��% �  %�*'"'- #0'(��+,  �'(1!� ' #0'% %�!/�"%�, 

0�/��&�%�,, '�0,+% ! ! ;,+, �'��!� ,*%+,. �0, $&'+�  �'(1!� ' �%"%�, 

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

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

*"%�0%� ,1 ��5*%1. 

 

�0,*�%�: �,�%  � +'���3"%  � #0'$��� /%(0�� �  � #'"�01 ! 

+�+(0%  ",*�%�� ' " 0'('�! [12]. 

 

��! 6'0+��,,  �+�0�3�& %0%(�&*,+, $,60%+, " +�5%1 0'/�!��. 

�'+�0 6'0+��, �*�%�%4�&�� /  '+�0% 0'/�!�� ! #'0��*'"')'  '+�0% 

6'0+��, " �% '+� 0'/�!�!, 0'/�!�� ,1 *0%#*'3. �'+�0 "*%/�3�& !/ #0%"'- 

��'0' , �,��%  % 0!" ! 6'0+��, " *0�)�,1 ��5*%1. 9'0+��% / %1'�,�&�� 

#'��0��, ! 0��*%. �!5��0'. ,2 "!����# #�0�� 6'0+��'3 �% #!���  �- 

0'(,�&�� � 0'/+!0! '� ')' 0��*%.  

�0,*�%�: 

9%*�'0 0'/#'�!��  � 0!�, , #' #'"�01 ! .%��, *, +'5 % ",/ %.,�, 

/% 6'0+��'3 [20]: 

' 1 2

' 3 ' 3

. .

6( )
?

( ) ( 2 )
min

V V

k d d l

+
=

� �− −� �
,    (1.5) 

�� k – �*�#�0,+� �%�& ,2 *'�6!$!4 �;  
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'

.d  – �!%+��0 /"'�'5� '- .%��, *,;  

minl  – +! !+%�& % �'"<, % ;%0� 0!�, ,  % #'"�01 ! .%��, *,.  

 

� ",#%�*�, *'�, � 6'0+��� #!���%"��4�&�� / %.�  �, "' %  � 

 �+�0�4�&��. 

�0,*�%�: 

��� ",/ %.�  � ! �� �," '��! ��#�'"!�"'�� "!� #��"�'/0!�5� ')' 

;%0� �' '�, ,. '- .%��*, �*'0,��%4+'�� 6'0+��'3 7%(0'��&*')' �.�. 

��� 0'/0%1� *� *'�6!$!4 �% *' "�*�," '-*' ��*�," '- ��#�'"!��%.!: 

 

α*.*.=35.8⋅ρ+
0,2⋅λ)

0,5⋅d@
-0,36

 =35.8⋅130
0,2⋅(4.8⋅10 

–2 
)

0,5⋅(4.5⋅10
-3

)
-0,36

 = 109 ��/(+2⋅
), 

 

�� ρ� – )���, % +%��0!%��, ρ� =130 *)/+3
; 

λ� – ��#�'#0'"!� !��& )%/�, #��"�'/0!�5�3.')' ;%0 .%��, '* 

�,'�!��, λ) = 4,8⋅10 
-2 ��/+⋅
; 

d% - �*"!"%�� � ,2 �!%+��0 .%��'* �,'#'0�, d% = 4,5⋅10
-3

 +. 

 

�'�,�%  � " ��*��!  %  '+�0 6'0+��, #'�%3�& � ��5*%1. 

�0,*�%� 3:  

"..." 6'0+��! (4.12)". 

 

��3��0%$!- #'",  ! 0'/�%;'"�"%�,�� #' ��*��� #'�� 3"%�& '- 

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

 �+�0�3�& � +�5%1 0'/�!�� %0%(�&*,+, $,60%+,. �'+�0 !�3��0%$!- 

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

*0%#*'3, #!���  '+�0� *0%#*%  � ��%",�&��.  

��0�� !�3��0%$!43 " ��*��! #'",  � (��, #'��%  �  % $3 

!�3��0%$!3. 
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��3��0%$!- +%3�&  %2+� �"%  � !, #0,  �'(1!� '��!, #'�� 33.! 

�% ! (��*�� #!� +%�3 *%+,). �'�� 33.! �% ! #'+!<%3�& #!� !�3��0%$!43. 7 

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

�0,*�%�: 

�%0!% � �,�*'"')' �,�#�0)%�'0% /'(0%5� '  % 0,�� *� 1.11 [18]. 

 
1 – #%�0�('*; 2 – *0,;*%; 3 – '�"'0,; 4 – 0�(0% 5'0��*'��!; 5 – 

*' !. ,2 �,�*; 6 –  ,5 !2 �,�*; 7 – "�01 !2 �,�* 

� – �'�%.% 0!�*'- 6%/, 

�,�� '* 1.11 – �,�*'",2 0'/#,�3"%. [18] 

 

�%5�,"'3 6'0+'3 !�3��0%�," ,1 +%��0!%�!" " +%)!���0�&*!2 

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

0�/��&�%�, �*�#�0,+� �%�& ,1 �'��!�5� &, #'0!" �  � 0�/��&�%�!" 

�*�#�0,+� �!" / 0'/0%1� *%+, /% +%��+%�,. ,+, +'����+, �'<'.  

��! )0%6!*, "!� '���&�� �' 0,�� *!" !  �+�0�3�&�� �%* �%+', �* ! 

0,�� *,. 	�! )0%6!*!" '('"’�/*'"% #'",  ! (��, #!�#,�% !. �!�#,� '��2 

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

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

'� '" ! ! �'�%�*'"! #'�!�*, #' "�!2 �'"5, ! '�! #'",  ! (��, '� %*'",+,. 

�'., %�, ;*%�� / �'.*, 0  �'('"’�/*'"'. 7%�,;%�, #'0'5 ! +!�$�  % 

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

*0,",1 ., 0�/��&�%�!" ",+!03"%  � /% 0!/ ,1 �+'",  �'(1!� '  %�%"%�,  % 

#'�! )0%6!*� 0'/;,60�"%  � #'/ %.� & (�%* /"% � «��)� ��»).  

�0,*�%� '6'0+��  � )0%6!*%:  

 

�,�� '* 3.6 – �!�",<�  � ��+#�0%��0, 0'/#�%"� #0, 0!/ ,1 �1�+%1 

�*��0�/!- 

 

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

���#� �"! /%��5 '��!, '�'(�,"' *0,��0!%�& ! 0!" �  �. �%*! /%��5 '��! 

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

�0,*�%� )0%6!*% " �')%0,6+!. !2 �,���+! *''0�, %�: 
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0,1

1,0

10,0

100,0

0,001 0,010 0,100 1,000 10,000

L/(Re·X)

Eu 

 

�,�� '* 3.6 – �#0'*�,+%$!� 0�/��&�%�!" �*�#�0,+� �!" 

 

�%�,", $,60'",1 �% ,1 (�*�#�0,+� �%�& ! �% !, 0�/��&�%�, 

(%)%�'"%0!% � ,1 0'/0%1� *!", #'0!" ��& ! 1%0%*��0,��,*, ! ;,1 

�'��!�5� & �'<'), �* #0%",�' #0����%"��3�& � ",)���! �%(�,$&. ��! 

�%(�,$!  �+�0�3�& � +�5%1 0'/�!�� %0%(�&*,+, $,60%+,. �'+�0 �%(�,$! 

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

�%� �!",+ "�01 !+ *��'+ �%(�,$! #'+!<%3�&  %#,� "�%(�,$�" !/ "*%/!"*'3 

 '+�0% �%(�,$!,  %#0,*�%�: "�%(�,$� 4.1". �%(�,$! #'",  ! +%�, 

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

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

/���0!.%�,�� 0% !;�,  !5 �%+% �%(�,$�. �0%6� „�'+�0 #' #'0��*� ” 

"*�3.%�, �' �%(�,$! /%('0' � '. 

�0,*�%�: 

��/��&�%�, �'��!�!" /%#,;�+' �' �%(�,$! 4.1. 
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�%(�,$� 4.2– ��/��&�%�, �*�#�0,+� �!" 

����, %, *)/+3 �%�, � �%�%, *) 

1025 35 180 

1035 45 195 

1045 55 200 

1055 65 205 

1065 75 210 

 

�*<' �%(�,$�  � #'+!<%4�&��  % '� !2 ��'0! $!, -- +'5 % 

#0'�'"5,�,  %  %���# !2, #0'��(�3"%";, /%)'�'"*, ��'"#.,*!" �%(�,$! 

%(' ",*'0,��%";,  �+�0%$!3 ��'"#.,*!". �0, $&'+� #'�0!( '  %� �!",+ 

*��'+ "*%/%�, «�0'�'"5�  � �%(�,$! …». 

�0,  %�" '��! " #'�� 3"%�& !2 /%#,�$! �'�%�*!" -1 ",*' �3�&  % 

%0*�;%1 6'0+%�� �4. �'�%�'*  �+�0�3�& �*0%- �&*,+, �!��0%+,  % 

#�0;'+� %0*�;! �'�%�*�, /% ", ��*'+ �!��0 A, 7, �, �, �, 	, �, �. 
'5 ,2 

�'�%�'* 0'/#'., %4�&�� /  '"'- ��'0! *, #'��0��, ! ��*��� ��'"'+ �'�%�'* 

/ "*%/!"*'3  '+�0% �'�%�*�. �  %���# !2 ��0'.$! 0'/�%;'"�4�&�� 

/%)'�'"'* �'�%�*�. 

�0,*�%�: 

�+/"�+! � 

�&*�#$�"�' &!� &,'�&%�"#$%'2 /+�#�/1&%$ 

 

��*�� *'5 ')' �'�%�*� #0,  �'(1!� '��! 0'/�!��3�&  % 0'/�!�,, 

#!�0'/�!�,, �*!  �+�0�3�&�� '*0�+' #' *'5 '+� �'�%�*�. �'�%�'* +'5� 

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

 �+�0�3�& � +�5%1 *'5 ')' �'�%�*%. 

��� "�!4- 0'('�, #'",  % (��,  %�*0!/ %  �+�0%$!� %0*�;!".  
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�0,*�%�:  

„�,�� '* �.2.12”  

„�%(�,$� 8.4.2– ��/��&�%�, �*�#�0,+� �!"” 

 

6 ����������	� ��� ������� 
������  

���	��������� ��������	� 

6.1 �+,)/+! /+ ��!� /+ *"2'��� �".���&,�$!+5 /'�&,�"4�5 

 

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

�'#��*� �' /%1,��� "!�(�"%4�&�� /%  %���# '3 �1�+'3: 

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

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

�,���& '+� �,��! #'�� 3"%�& '- /%#,�*,; 

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

�% *%�� �%0 '+� #�% �, "�!1 0'/�!�!", #�%*%�!" �% *0���� &, #0' <' 

�"!�.%�& #!�#,�, *�0!" ,*% �% ����� �%  % �,���& ,1 %0*�;%1 �,��0�%$!- � 

;�%+#%1 *0���� & �% �#�$,6!*%$!2; 

-  #�0�"!0*% 0�/��&�%�!"  %�*'",1 �'��!�5� &, #0' <' �"!�.%�& ",� '"*, 

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

+%��0!%�!" �,��0�%$!-; 

- #�0�"!0*% *'0�*� '��! #�0�*�%�� 0�6�0%�� �% ",� '"*!" ",*�%�%.%+, 

! '/�+ '- +'",,  #0' �"!�.,�& #!�#,� ",*�%�%.%  % �,��%1 / #�0�*�%�'+; 

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

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

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

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

'6'0+��  �+ )0%6!. '- �% ��*��'"'- .%��, ,); 
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- '��05%  � "!�)�*� �% 0�$� /!- "!� *�0!" ,*% +%)!���0�&*'- �,��0�%$!- �% 

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

�,��0�%$!-); 

- /%�"�0�5�  � +%)!���0�&*'- �,��0�%$!- /%"!��"%.�+ *%6��0,, #0' <' 

�"!�.,�& #!�#,� /%"!��"%.% *%6��0,  % �,���& '+� %0*�;!. 

 

6.2 �+,)/+! *"2'��� �".���&,�$!+5 /'�&,�"4�5 %" �&,1"(%�3 

&!*"�&%"4�3%�3 !+����5 

 

7% �+'", #'" ')' /%�"�0�5�  � +%)!���0�&*'- �,��0�%$!-, ����� � 

�'#��*%4�&�� �' 2')' /%1,��� #�0�� ��
. 

�!� .%� /%1,��� ����� � ��,��' (�' 10-�, 1",�, ), �')!. ' 2 

%0)�+� �'"% ' ",*�%��, %*��%�& !��& �% '- ��+,, +��� �% /%�%.! �*! 

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

�'��!�5� &. �!� .%� �'#'"!�!  �'(1!� ' � ,*%�, /%)%�& ,1 ��!", 

(�/�'*%/'",1 �"�0�5� &, �%"�'�')!-.  

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

– 6'0+��3"%  �  %�*'"'- ( %�*'"'-��1 !. '-) #0'(��+,, /%�%.!, 

",/ %.�  � '(’4*�%, #0��+��% �% +��, �'��!�5�  �, % %�!/ ��% � 0!;�  � 

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

'(=0� ��"%  � $!��2 �'��!�5�  �; 

– % %�!/ +'5�,",1 +��'�!" �% +��'�,* �'��!�5� &, '(=0� �'"% ,2 

",(!0 (0'/0'(��  �) +��'�� (+��'�,*,) �'��!�5�  � %(' %#%0%��0 ')' 

/%(�/#�.�  �; 

–  %�*'",2 % %�!/ ! �/%)%�& �  � 6%*�,. ')' +%��0!%��, �*,2 

",*'0,��'"�4�&�� " #0'$��! �'��!�5�  �; 

– ",*�%��  � '�0,+% ,1 0�/��&�%�!" �% '$! 3"%  � -1 &')' 

��'0��,. ')', #0,*�%� ')' .,  %�*'"'-+��'�,. ')' / %.�  �; 
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– #�0�"!0*� +'5�,"'���2 #0%*�,. '- 0�%�!/%$!- '�0,+% ,1 

0�/��&�%�!"; 

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

�  %�*'",1 5�0 %�%1 ! /(!0 ,*%1 / '('"’�/*'",+, 0�/��&�%�%+,  

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

/0%/'* �'<', �'#'"!��2  %  %�*'",1 *' 6�0� $!�1 ( �  ,5.� 

6%*��&����&*')' 0!" �).  

�!� .%� �'#'"!�! ����� � #'", �  '('"’�/*'"' #'�,�%�,��  % 

%"�'0!" (�#!"%"�'0!") ! �5�0��%, / �*,1 "!  /%#'/,.," +%��0!%�, %(' '*0�+! 

0�/��&�%�,. 

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

�,��0�%$!-, <' +'5��& ��'��"%�,�& �* ��*��'"'- .%��, , (+��'�!" 

�'��!�5� &, +��'�,* #0'"���  � �*�#�0,+� �!" �%  0�/��&�%�!" 

�/%)%�& � &, �'<'), )0%6!. '- .%��, , (",*�%��  � 0�/��&�%�!" 

�'��!�5� &, +%��+%�,. ,1 +'����2, '6'0+��  � �#�$,6!*%$!2, *0���� &, 

�'<'), �%* ! "/%)%�! ��1 '�')!- ., +'��0 !/%$!-, ��� #!��"�0�5�  � 

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

�*!��& /%1,��� *'+!�!� '$! 34 /% .'�,0&'1(%�& '3 �,���+'3 

("!�+!  ', �'(0�, /%�'"!�& ',  �/%�'"!�& ') ! '$! *'3 ECTS (A, B, C, D. E, 

F).  

��/��&�%�, /%1,��� '$! 33�&�� /' 100-(%�& '3 ;*%�'3: 

– «"!�+!  '», #'" % "!�#'"!�& ( � +� ;� 90% #'�0!( '- ! 6'0+%$!-) 

– 95...100 (%�!"; 

– «�'(0�», �'��%� &' #'" % "!�#'"!�& ( � +� ;� 75% #'�0!( '- 

! 6'0+%$!- %('  �/ %. !  ��'. '��!) – 94...75 (%�!"; 

– «/%�'"!�& '»,  �#'" % "!�#'"!�& ( � +� ;� 60% #'�0!( '- 

! 6'0+%$!- �% ���*! #'+,�*,) – 74…60 (%�!"; 

– « �/%�'"!�& '»,  �/%�'"!�& % "!�#'"!�& – 0 (%�!". 	$! *% 

« �/%�'"!�& '» (F) ",��%"��4�&�� /% ",*'0,��%  � (#�%)!%�) +%��0!%�!" 
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! ;,1 ����� �!" %(' #0, #'" !2  �/�%� '��! ����� �% /%1,��,�, '� '" ! 

#'�'5�  � #0'�*��. 

8%�, #�0�"'���&�� �' /%�!*'"'- '$! *, /)!� ' / �%(�,$�3:  

 

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

R 	$! *% ���S �0%�,$!2 % '$! *% 

95...100 � "!�+!  ' 

85...94 � �'(0� 

75...84 �  

65...74 D 
/%�'"!�& ' 

60...64 � 

RD B 59 F1  �/%�'"!�& ' 

 

��/��&�%�, ')'�';�3�&�� #!��� /%1,��� "�!1 #0'�*�!"  % $&'+� 

/%�!�%  !. 

7(0';�0'"% % +%)!���0�&*% �,��0�%$!� (" *! $! �,��0�%$!- #!��� 

�'�%�*!" #!�;,"%3�&�� �#�$,6!*%$!- �' �*�%�%�& ,1 *0���� &) �% 

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

�%)!���0�&*% �,��0�%$!� /�%4�&�� " %01!" *%6��0, �����  % 

/(�0!)%  �, ���*�0'  % "�0�!� #0'�*�� /�%4�&�� "!�#'"!�%�& '+� 

#0����%" ,*'"! *%6��0,. 



25 

 

�����	� �������� 
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���& 0%('�E – �'/�% ,� 0���0�'@ �0)'�(�0,)%3<�)' #0'$���% @*��0�/,, 

#'�,+�0'".  

���'�E ,�����'"% ,�: ��'0��,.��*,2 % %�,/ #0'$���% @*��0�/,,, 

+%��+%�,.��*'� +'���,0'"% ,� #0'$���% .,���  E+, +��'�%+,, 

@*�#�0,+� �%�& E� ,�����'"% ,� #0'$���% @*��0�/,,, '#0����� ,� 

�'��'"�0 '��, 0�/��&�%�'" +'���,0'"% ,� , ,1 % %�,/.  

��/��&�%�E 0%('�E , ,1  '",/ %: 

– �6'0+��,0'"% % 6,/,*'-+%��+%�,.��*%� +'���& #0'$���'" " 

;����0�  '+  %�'��;  

– #0'"�0�  %� �� %��*"%� '��& 0�/��&�%�%+ @*�#�0,+� �%�& E1 

,�����'"% ,2; 

– �'/�% % +��'�,*% 0%�.��% @ �0)'�,�'"E1 #%0%+��0'" ;����0�  ')' 

 %�'�%. 

– �'/�% ' �,���+� *%�*%� '2 �,�*'"'-;����0�  '2 @*��0�/,, #'�,+�0'". 

�' 0�/��&�%�%+ 0%('�E '#�(�,*'"% ' �"� ��%�&,, �0, ��/,�% �'*�%�'"  % 

*' 6�0� $,�1, #'��.�  #%�� � �*0%, E  % #'��/ �3 +'���&. 

H
����7
�,  �
�
	�	->������	� H
�������, ����C�	�	��
�� 

:
�
	���, �	7
�	���
�, >������	� ���	�. 
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UDK 678.023.3 

ABSTRACT 

 

Diploma project of  «master of science»: « The processes of creating 

pressure and dosing with the cascade disk-gear extrusion of polymers» / NTUU 

«KPI»; Teacher: 	.	.Semensky. 
., 2012 – 102 p. fig.– 30 tabl. – 7. –  

Performer: O.V. Petrenko. –  Bibliogr.: 99 0. 

The Diploma project consists of the introduction and four chapters. Total 

volume is 102 sheets of the basic text, 30 figure, 7 tables, the list of references 

with 36 names and 7 appendices. 

The research object is the process of cascading disk-gear extrusion of 

polymers. 

Purpose of the research is energy-power parameters of a gear pump. 

The purpose of the work is the creation of resource-saving extrusion 

process of polymers. 

Methods: a theoretical analysis of extrusion process, the mathematical 

modeling of the numerical methods and experimental investigations of the 

process of extrusion, determine the reliability of simulation results and analysis. 

The results and their novelty: 

– physical-mathematical model of processes in the gear pump are 

formulated; 

– its value for the results of experimental studies are proven; 

– method of calculating the energy-power parameters of a gear pump is 

established; 

– the system of cascade disk-gear extrusion of polymers is created. 

According to the results of two published articles and three abstracts at 

conferences, Ukraine received a patent for utility model. 

EXTRUSION, DISK-GEAR EXTRUDER, UNNEWTONIAN LIQUID, 

DOSAGE, GEAR PUMP. 
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�+/"�+! 8 

70%/'* "���#� +%)!���0�&*'- �,��0�%$!- 

 

����� 

 

�!��"#$%���$ �&�'. �*��0���0, �*�%�%3�&  %2(!�&; "%5�,"� 

.%��, � '(�%� %  � #' #�0�0'($! #'�!+�0!". 8�/#�0�0" ,2 �*��0�/!2 ,2 

+��'� #�0�0'(*, #'�!+�0!" '�,  !/  %2#';,0� !;,1 ! =0� ��4�&��  % 

#�0�"���  ! #'�!+�0� !/ �"�0�')' � "’�/*'��*�.,2 ��%  !/ #'�%�&;,+ 

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

'� '.%� ' ",*' �3�&��  %���# ! '#�0%$!-: 5,"��  �, ��,�*%  �, 

#�%"��  � �"�0�')' #'�!+�0�, % �%*'5 /+!;�"%  �, ��"'0�  � �,�*� �% 

�'/�"%  � 0'/#�%"�. ��!  %/"% ! #0'$��, �!� ' #'"’�/% ! +!5 �'('3 ! 

",*' �3�&�� " .�0"’�. '+� �*��0���0! '� ,+ 0'('.,+ '0)% '+ – 

.�0"’�*'+, <' � �+'5�,"�34 '#�,+!/�"%�, "�! ",<�  %/"% !  

#0'$��, [1]. �0'��, '� '.�0"’�. ! �*��0���0, *' ��0�*�," ' �'��%� &' 

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

/%��'�'"�"%�,�& � +%2(�� &'+�. 

	� %* � ",#%�*�, *'�,  �'(1!� ' /%(�/#�.,�, #!�",<� � #�%��,*%$!3 

�% /+!;�"%  �, ""���  � �'(%"'*,  %#'" �  �, 6%0(�"%  �, #�0�0'(*� 

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

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

*%�*%� ! �1�+, �*��0�/!-, " �*,1 #0'$�� �*��0�/!- 0'/�!�� ,2  % '*0�+! 

'#�0%$!- / %"�' '+ ,+ �#0%"�!  �+, % �%+�: �'/'"% � 5,"��  �, ��,�*%  �, 

#�%"��  �, "%*��+�"%  �, ""���  � *'+#' � �!", ��"'0�  � �,�*�, 

�'/�"%  �. �%*,2 #!�1!� �'/"'��4 ! �� �,6!*�"%�, �% '#�,+!/�"%�, '� � 

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

/%��5,�& "!� *' *0�� ')' #0,/ %.�  � �*��0���0%, %��, �* #0%",�',  % 

'� !2 !/ ��%�!2 "��% '"�34�&�� �*��0���0, �*,2 +%4 ",�'*! /+!;�"%�& ! 
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1%0%*��0,��,*, (�"'.�0"�. ,2 ., '� '.�0"’�. ,2 /! �#�$!%�& ,+ 

/+!;�"%�& ,+ ���+� �'+), %  % ! ;!2, - " '� '" '+� '� '.�0"’�. ,2 

�'/�3.,2 �*��0���0 %(' ;����0�  ,2  %�'� [2, 3]. 

�0,2+%3., �' �"%),, <' #'�!+�0 ! ",0'(, +'5��& +%�, �'#��*  % 

�'"<, � (#�!"*,, �0�(,) �!�&*, " (!* /(!�&;�  �, �' #�0�",�0%�% �,0'", , 

! � �0)!- " .�0"’�. '+� �*��0���0! .�0�/ #��&�%$!- �,�*� �*�%�%3�& 5-8% 

"!� 0'/0%1� *'"'- [1].� ��� ��� �  �  ���%(!�& '��! " 0'('�! �*��0���0% 

��'�*' %�33�& �,���+� ��0+'��%��"%  � �% *' ��0�*$!3 ; �*%, 

"��% '"�33�& �",)� , �*,2 (, #!��0,+�"%" #'��!2 � .%��'�� '(�0�%  � 

; �*% / "!�1,��  �+  � (!�&;� 0,1%, '�'(�,"! ",+'), ",��"%3�&�� �' 

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

�,;� .%��*'"' ",0!;�3�& #'��%"�� � /%�%.�. ���% '"��  � �'/�3.')' 

;����0�  ')'  %�'�% ",0!;�4 #0'(��+� �'/�"%  � !  � #'�0�(�4 / %. ,1 

*%#!�%�'"*�%�� &, %�� #0'$�� #�0�*%.�"%  �  ,+ ",�'*'"’�/*,1 0!�,  �% 

��"'0�  � ",�'*,1 �,�*!" 4 +%�'",".� ,+, <' /�+'"�34 %*��%�& !��& ��+, 

�,��0�%$!-.  


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

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

����� ���� «
��» �% � "!�#'"!� '��! /  %#0�+*'+ #!�)'�'"*, 6%1!"$!" 

'�"!� &'-*"%�!6!*%$!2 ')' 0!" � «+%)!��0» /% �#�$!%�& !��3 8.090220 

«	(�%� %  � 1!+!. ,1 ",0'( ,$�" ! #!�#0,4+��" (��!"��& ,1 +%��0!%�!"», 

�#�$!%�!/%$!� «$�+��� �� �(����� �
�

��� 
 �����(�����"��� 

����"��,��». 

�&�" � *"/"0� /+�#�/1&%%). ��"'0�  � 0���0�'� �0)''<%� ')' 

#0'$��� �*��0�/!- #'�!+�0!". 

�%0%+��0,. ,2 0'/0%1� '* �,�*'"')' �*��0���0% / ;����0�  ,+ 

 %�'�'+ /"'�,�&�� #' ���! �' ",/ %.�  � #%0%+��0!" ;����0�  ')'  %�'��, 

�*,2 " *'5 '+� *' *0�� '+� ",#%�*� +%4 #!�(,0%�,�� �' �,�*'"')' 

�*��0���0% /%�% '- #0'��*�," '��!. 
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7 % %�!/� 0'(!�, #0,�"�.� ,1 ",/ %.�  3 #%0%+��0!" ;����0�  ')' 

 %�'�� #0, #�0�*%.�"%  !  &3�' !"�&*,1 0!�,  [2, 3], ",#�,"%4, <' 

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

",�'*'"’�/*,2 0'/#�%", "�%��,"'��! �*')' /%��5%�& "!� ��+#�0%��0, �% 

;",�*'��! /��"�, " '�,�& / %. ! #'#0%"*, " #%0%+��0,. ,2 0'/0%1� '* 

;����0�  ')'  %�'��. 

7%�%.%+, �% ,1 �'��!�5� & 4: 

– 0'/0'(��  � 0���0�'� �0)'/(�0!)%3.')' *%�*%� ')' #0'$��� 

�*��0�/!-; 

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

– ��"'0�  � +%��+%�,. '- +'���! #0'$��!" � �'/�"%�& '+� *%�*%�!; 

– 0'/0'(��  � +��'�,*, �*�#�0,+� �%�& ,1 �'��!�5� &; 

– ��"'0�  � �%('0%�'0 '- ���% '"*,; 

– #�0�"!0*% %��*"%� '��! +%��+%�,. '- +'���!  % '� '"! 

�*�#�0,+� �%�& ,1 �'��!�5� &; 

– ��"'0�  � +��'�,*, �% %�)'0,�+� 0'/0%1� *� �'/�"%�& ')' *%�*%��; 

– �/%)%�& �  � 0�/��&�%�!" �'��!�5� &. 

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

0'/0%1� *� %)0�)%�!"  % (%/! �,�*'"')' �*��0���0% / ;����0�  ,+  %�'�'+ 

0!/ '- #0'��*�," '��!. 

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

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

#'(��'"% '- +'���! ;��1'+ #'0!" �  � 0�/��&�%�!" 0'/0%1� *!" /%  �3 / 

�*�#�0,+� �%�& ' '�0,+% ,+, "��,., %+,. 

�"�!+(" %+('*%" +/&,1"%'2 ,&*�#$�"��(:  

– �6'0+��&'"% ' 6!/,. � +'���& #0'$��!" � ;����0�  '+�  %�'�!; 

– 0'/0'(�� ' +%��+%�,. � +'���& #0'$��!" � ;����0�  '+�  %�'�!; 

– 0'/0'(�� % �,���+% *%�*%� '- �,�*'"'-;����0�  '- �*��0�/!- / 

",*'0,��%  �+ " �*'��! ��"'03"%.% �,�*� ;����0�  ')'  %�'�%. 
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– ��"'0� ' +��'�,*� �% %�)'0,�+ 0'/0%1� *� � �0)'�,�'",1 

#%0%+��0!" ;����0�  ')'  %�'�%.  

��+-'��'3 (%&�+! */+-�("0"  +#)."; �:  

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

;����0�  '+�  %�'�!;  

– #'��% '"$! /%"�% & �'��!�5� & ! #0'"��� ! �*�#�0,+� �%�& ,1 

0'(!�;  

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

–  %#,�%  !  %�*'",1 ��%��2 / �% '- #0'(��+,;  

– 0'/0'($! ��1 !. '- �'*�+� �%$!- �% %#0'(%$!- /%#0'#' '"% '- 

�,���+, ",�'*';",�*!� '- *%�*%� '- �,�*'"'-;����0�  '- 

�*��0�/!-. 

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

#'#�0�� !1 �'��!�5� & *%�*%� ')' �,�*'"'-;����0�  ')' �*��0���0% " 

�*�%�! �! !- ��� ",0'( ,$�"% 0�*%" '- #�!"*, ���-600, /+! 33., *��'"! 

;",�*'��! �'/%�'0%, �,�*'"')' �*��0���0% ! ;����0�  ')'  %�'�%, (��, 

�'��) ��! ��%(!�& ! ��1 '�')!. ! 0�5,+, #�0�0'(*, #'�!+�0!". �0'"��� ! 

�'��!�5�  � #'*%/%�,, <' +%*�,+%�& ! "!�1,��  � #0'��*�," '��! 

�*�#�0,+� �%�& '- �! !- / ",*'0,��%  �+ ;����0�  ')'  %�'��  � 

#�0�",<�"%�, 1,5-2 % #0'�, 5-8% ��� �!4- 5 �*�#�0,+� �%�& '- �! !-  % 

(%/! /",.%2 ')' #0��% ��45×25.��0'"��� ! �*�#�0,+� �%�& ! �'��!�5�  � 

�*��0���0% #'*%/%�,, <' ",*'0,��%  � /%#0'#' '"% '- *%�*%� '- �1�+, 

�*��0�/!- �'/"'�,�' #�0�0'(�3"%�, (!�&; ;,0'*� )%+� #'�!+�0 ,1 

+%��0!%�!", / #!�",<� ,+ /+!;�3.,+ �6�*�'+ /% 0%1� '* +'5�,"'��! 

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

 


