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�������, � �!"���#�$�%, �&���'!&�

���������� ��&�� �!�� ��!���" ��' ����(����  

)��������� � � '����������� ������%����& ���'�%�"

�.�. �,-�,�2, $ %"&$,-, �.�. �54",",$,  -5)',-, 6.�. ����)",,  -5)',-, 

�.�. �&-'0/'2, )�1',-, 
.�. ��!���2, %&�.'  �&

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

�,'!" 9! -&5)'&�2 )�( %&�"72�) -2$ !'&$0"+' !"3 !"&%"+'# &$4�-$-

:- 2 5 ��2"(3 ",-', "2,��� $4&$7"2,��� "7,$8"2$,"(. �7��-�2�',"' 8,'-

!�2 "7 2* �!�3&�0" -*3 +5�5,�2 �4' %'+"2$'- 2* �!5: -2'&)� -/ " "7,� �-

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

�-,� "-'�/,� ,'2'�"!, +-� �45 ��2�',� ,')� -$-�+,� %&�+,*0 7$!&'%�',"'0

2 0$-&"1'  %�$2$ !&5%,*3 �'�'7�3&�0" -*3 !$&4")�2,  !��,,*3 ! 2*!&$-

8"2$,": %�) 2�7)'# -2"'0 $4&$7"2,*3 +$ -"1,  �)'&�$;"3 ( 2 %&'  5'0�0

0$-'&"$�'. <!�,�0"+' !" 1'�' ��4&$7,� 2�  -$,$2�"2$-/ "7,�8',,*' 8,'-

!" ,$%�$2!�# "7,� � -�#!���  ��(, �),$!� 2* �!�'  �)'&�$,"' 5��'&�)$ 2

 � -$2' 0$-'&"$�$ 8,'!�2 7$-&5),('- %��5+',"' !$+' -2',,��� ,$%�$2�',-

,��� 0'-$��$ 4'7 -&';", " �- ��',"#. 

� &$4�-' "  �')�2$�"  2$&"2$'0� -/  %�$2$ 28��, "7 !�-�&��� "7��-�2-

�', �"-�# 8,'! 9! -&5)'&$ 75AD ."&0* «J.C.Steele & Sons, Inc.» (���). 

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

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

.�&0"&�2$,"'  -&5!-5&* "  2�# -2 0'-$��$ 2 %'&'3�),�# 7�,' �- � ,�2,���

0'-$��$ ! ,$%�$2�',,�05, $ -$!�'  2�# -2 7�,* -'&0"+' !��� 2�"(,"( (�
�) 

2 � ,�2,�0 0'-$��'.  

�,$�"7 3"0"+' !���  � -$2$  %�$2$ 28�� %�!$7$�, +-�  �)'&�$,"' 5�-

�'&�)$ 2 ,'0 %&'2*8$'- 2,5 0$  .%, $  �)'&�$,"' �'�"&5:;"3 9�'0',-�2

 � -$2�('-, 0$  .%: Cr 28,95; Ni 0,11; Si 0,79; Mn 0,9; Cu 0,10. � 1'�/:

50',/8',"(  �)'&�$,"( 5��'&�)$ 2 ,$%�$2�',,�0 "7,� � -�#!�0 0'-$��'

2 �') -2"' '�� %'&'3�)$ "7  %�$2$ 28�� ,$ �4&$71*, 2*&'7$,,*' "7 "7,�-

8',,��� 8,'!$, ,$%�$2�(�" 45.'&,*# %�) ��# %&�2���!�# Autrod 12.51 
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($,$��� �2-08
2�), !�-�&$( -$!�' �4' %'+"2$'- %�,"�',,�' ()� 0,013 

0$  .%)  �)'&�$,"'  '&* 2 0'-$��'. ��) ��# &$7�"+,�# -��;",* .�&0"&�-

2$�" 2 �)",, )2$ "�" -&" %&�3�)$. 	),"0 "7 ,$"4��'' "7,� � -�#!"3 %&" $4-

&$7"2,�0 "7,$8"2$,"" (2�('- ( ,$%�$2�',,*# 0'-$�� -"%$ 150�15�3
2, 

3"0"+' !"#  � -$2 !�-�&��� &'$�"75'- ( %&" ,$%�$2!' %&�0*8�',,� 2*%5 -

!$'0�# %�&�8!�2�# %&�2���!�# ��-��1706,  " %��/7�2$,"'0 !�-�&�# "

2*%��,(�" )5��25: ,$%�$2!5 2  &')' $&��,$ �4&$71�2 0'-$��$. 

�$ +'-�0 5 -$,�2�',� " 9! %'&"0',-$�/,� %�)-2'&�)',�, +-� )�( 5 --

&$,',"( 2* �!��� -'0%$ &� -$ "  %$)$ ,$%&(�',"#, %&"2�)(;'�� ! �4&$7�2$-

,": -&';", 2 �
� " ,$%�$2�',,�0 0'-$��', ,'�43�)"0� 8,'! %'&') ,$%�$2-

!�# %�)��&'2$-/ )� -'0%'&$-5&* ,' 0','' 550 °�. 
$!$( -'0%'&$-5&$ (2�('--

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

-$��$, %�9-�05 ,'�43�)"0� %&"0',(-/ -'3,����"+' !"' 0'&* %� %&')�-2&$-

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

 -". 

6'-$����&$."+' !"' "  �')�2$,"( %�!$7$�" (&" . 1, $), +-� %��5+"-/

!$+' -2',,*# ,$%�$2�',,*# 0'-$�� " �
� %��,� -/: 4'7 -&';", ,'2�70��-

,� )$�' 2 5 ��2"(3 2* �!�-'0%'&$-5&,��� %�)��&'2$, ' �" 45.'&,*# %�)-

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

�� �

�" 5,�! 1 – 6$!&�8�". ,$%�$2�',,��� 0'-$��$  45.'&,*0 %�) ��'0,  .�&0"&�2$,,*0 2 �)", ($) 

" -&" (4) %&�3�)$. 

�

��&0"&�2$,"' -&'3%&�3�),��� 45.'&,��� %�) ��( 2  �+'-$,""  0(�-

!"0 -'&0"+' !"0 1"!��0 ,$%�$2!", �4' %'+"2$'- )� -$-�+,� %�$ -"+,5:

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

$ 4
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�',,*# 0'-$�� 3$&$!-'&"75'- ( 7,$+"-'�/,�# ,'�),�&�),� -/:  -&5!-5&* "

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

%�$2!" �- 5- -25:-. �,$�"7 0"!&� -&5!-5& ,$%�$2�',,��� 0'-$��$ -$!�'

 2")'-'�/ -25'- � !$+' -2',,�0  %�$2�',""  � ,�2,*0 0'-$���0. � %*-$-

,"(0" ,$ "7,$8"2$,"' � 7$!&'%�',,*# $4&$7"2 5 -$,�2�',�, +-� !�9.."1"-

',- �-,� "-'�/,�# (9-$��, –  -$�/ 45 2 �-���',,�0  � -�(,"") "7,� � -�#-

!� -" %�2'&3,� -,���  ��( ,$%�$2�',,��� 0'-$��$ &$2', 2,54, 2 -� 2&'0( !$!

)�(  %�$2$ 28�� �,  � -$2�('- 2,37. 

�

�" 5,�! 2 – �$ %&')'�',"' -2'&)� -" %�  '+',": 0"!&�8�".$ ,$%�$2�',,��� 0'-$��$  -&'3%&�-

3�),*0 45.'&,*0 %�) ��'0 (,�0'&$ -�+'! "70'&',"# "7�4&$�',* ,$ &" . 1, 4). 


$!"0 �4&$7�0, &$7&$4�-$,,$( -'3,����"( 2�  -$,�2"-'�/,�# )5��2�#

,$%�$2!" 8,'!�2 %�72��('-  .�&0"&�2$-/ ,$ "3 &$4�+'# %�2'&3,� -" 4'7)'-

.'!-,*# ,$%�$2�',,*#  ��#, "7,� � -�#!� -/ !�-�&��� %&'2*8$'- "7,� �-

 -�#!� -/ � ,�2,��� 0'-$��$ 8,'!$. 
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'��������� ���'�����������!� ��' ��� ��  

��*���������'����#������ �����'����  

!����� �� #���!�

�$4$#1'2 �.�., ���. *���%&�� ��� ��� / 1732, �'&,�2$ 
.�., *�)��& ���, 

�$4���-,*# �.�., ��#. ��� ��� ��� / 1732, '&. $��$. ���, �. ����'%�+

6�� ���� !$( %$  $�"& !$( $2-�!���,,$ A 1732 �4 �5�"2$'- �"-'-

�'# ��&�)$ ���� !���   1954 ��)$. �   1998 ��)$ ,$ &*,�! %$  $�"& !"3 %'-

&'2�7�!  -$�" 2,')&(-/ ( +$ -,*' %'&'2�7+"!" ,$ $2-�45 $3 
��'�/.  

� ,$ -�(;'' 2&'0( ��&�) �4 �5�"2$'- 133 '). ��&�) !"3 05,"1"%$�/-

,*3 $2-�45 �2, 55 '). %&"��&�),*3 $2-�45 �2. ���"+' -2� ��&�) !"3 0$&-

8&5-,*3 -$! " 52'�"+"�� /   1998 ��)$   35 )� 461 ')., %&"��&�),*3   2001 

��)$ 52'�"+"�� /   67 )� 509 '). 	- 5- -2"'  ��-2'- -25:;"3 7$!�,�2 ,$

2 '3 5&�2,(3 2�$ -" %� !2�-"&�2$,": +" �$ $2-�45 �2 ,$ 0$&8&5-$3 " �%&'-

)'�',"( 0$&!" $2-�45 $ " 20' -"0� -" %� 2'�"+",' %$  $�"&�%�-�!$  %�-

 �4 -25'- 2,')&',": +$ -,*3 %'&'2�7+"!�2. ��9-�05 &*,�! %$  $�"& !"3

%'&'2�7�! 2 ��&�)' ���� !�0 �!$7$� ( 5�' 7$%��,',.  

��0',!�$-5&$ %�!$7$-'�'# !$+' -2$ %$  $�"& !"3 %'&'2�7�! 5 -$,$2-

�"2$:- ( 
	�
 �51004-96. ��!$7$-'�" !$+' -2$ )���,* �-2'+$-/ -&'4�2$-

,"(0 �4' %'+',"( 4'7�%$ ,� -" %'&'2�7�!, +-� 2!�:+$'- 2  '4( 4'7�%$ ,� -/

5 �5� )�( �"7,", 7)�&�2/(, "05;' -2$ %$  $�"&�2 " �!&5�$:;'#  &')*.  

�'75�/-$-�0 &$4�-* 4��/8'�� !��"+' -2$ $2-�45 �2 
��'�/, +'0 -&'-

45'- (, (2�('- ( 52'�"+',"' +" �$ )�&��,�--&$, %�&-,*3 %&�" 8' -2"# "

535)8',"' 9!����"".  � 1998 ��)$ 52'�"+"�� / 4��'' +'0 2 4 &$7$ !��"+' -2�

�
� ,$ 5�"1$3 6"&$ " %&� %'!-' �',",$. �" �� �
�, %&"3�)(;"3 ( ,$

�)", $2-�45 , 2 )2$ &$7$ 4��/8' 5 +$ -,*3 %'&'2�7+"!�2, +'0 ,$ �4;' -2',-

,�0 05,"1"%$�/,�0 -&$, %�&-'. �7 47  �
� ,$ )��: 0$&8&5-,*3 -$! "

%&"3�)"- ( 37, ,$ )��: $2-�45 �2 6�� ��� A 1732 -��/!� 1. 

	 ,�2,�' !��"+' -2� $2-�45 �2, &$4�-$:;"3 ,$ ��&�) !"3 " %&"��-

&�),*3 0$&8&5-$3, %&"�4&'-',� )� 2005 ��)$, %�9-�05 %&�2')', &$ +B-

 500$&,*3 2*4&� �2 -�! "+,*3 2';' -2 �- 2*3��%,*3 �$7�2 $2-�45 �2 %�
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0'-�)"!' 
� !�0"-'-$ �� [1] %� %&�4'��2*0 5)'�/,*0 2*4&� $0 2&'),*3

2';' -2 ,$  &'),"# ��)�2�# %&�4'� 80000 !0 )�( ��&�)$ " 20800 !0 )�( %&"-

��&�)$.  

�$ 1 )"7'�/,*# $2-�45 %&"3�)"- ( 2*4&� �2 2,004 - 2 ��), )�( 0$&-

8&5-,��� -$! " 6,686 - 2 ��) 2 ��&�) !"3 %'&'2�7!$3, 2 %&"��&�),*3 %'&'-

2�7!$3 0,52 " 1,744 - 2 ��)  ��-2'- -2',,�. 

� 1998 ��)$ )� 2013 ��) !��"+' -2� 2*4&� �2 2&'),*3 2';' -2 �- 2*-

3��%,*3 �$7�2 $2-�45 �2 «
��'�/» 52'�"+"�� /   1998 %� 2013 ��)*   234 )�

4431 -�,,, $ )�( $2-�45 �2 6�� ��� A1732 %&$!-"+' !" ,' "70',"�� / "

)$�' 50',/8"�� / %�  &$2,',":   1998 ��)�0   216,8 - )� 204,6 - 7$  +B-

 ,"�',"( !��"+' -2$ $2-�45 �2 2 9! %�5$-$1"".  

���"+' -2� 2*4&� �2 2&'),*3 2';' -2, %&"3�)(;"3 ( ,$ 1 �"-'�( ��-

&�)$ ���� !��� (320000 �"-'�'#) 2 5 ��2"(3  5;' -2�2$,"( 0$&8&5-,�#

 '-"   1998 %� 2013 ��)* %&') -$2�',� ,$ &" . 1. �$ �),��� �"-'�( �- +$ --

,*3 %'&'2�7+"!�2 %&"3�)"- ( 13,8 !� -�! "+,*3 2';' -2 �- 2*3��%,*3 �$-

7�2 $2-�45 �2  ��), �- 05,"1"%$�/,*3 $2-�45 �2 0,64 !�. 

�" . 1.  ���"+' -2� 2&'),*3 2';' -2, %&"3�)(;"3 ( 2 ��) ,$ 1-�� �"-'�( ��&�)$

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

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

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

  

���"+' -2� 4��/,*3   2002 ��)$ ()$,,*' &$,'' 2002 ��)$ �- 5- -25:-) 

,'5!��,,� &$ -B-. � 2002 ��)5 !��"+' -2�  � -�(;"3 ,$ 5+B-'  � -$2"��

4869 +'��2'!, $ 2 2013 ��)5 7231 +'��2'!. �+"-*2$(, +-� )'(-'�/,� -/ %&')-

%&"(-"# ��&�)$ &$72"2$�$ / ,' 2 -$!�# %&��&'  "", !$! 52'�"+',"' -&$, %�&-

-$, 0��,� %&')%����"-/, +-� �),"0 "7 .$!-�&�2 52'�"+',"( +" �$ �,!�7$-

4��'28"3 (2�('- ( 52'�"+',"' -&$, %�&-$ " 2, +$ -,� -", ��&�0,�' !��"+'-

 -2� $2-�45 �2 «
��'�/».  

��9-�05 $!-5$�/,�#  -$,�2"- ( %&�4�'0$ �4' %'+',"( !$+' -2$ �"7,"

��&��$, 7$  +B- 50',/8',"( !��"+' -2$ �
�, -� ' -/ 4'7�%$ ,�# %'&'2�7!"

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

2�70��,� 7$  +B- 50',/8',"( !��"+' -2$ +$ -,*3 %'&'2�7+"!�2 ,$ $2-�45-

 $3 «
��'�/» 2 &'75�/-$-' 5 -$,�2�',"(  ��-2'- -25:;"3 !2�-; " %��/7�2$-

,"" ,$ 0$&8&5-$3 -��/!� 05,"1"%$�/,*3 $2-�45 �2 � �4� 4��/8�#, 4��/-

8�# "  &'),'# 20' -"0� -" 2  ��-2'- -2""  2'�"+",�# %$  $�"&�%�-�!$; 

%�))'&�!' 05,"1"%$�/,�# $2-�!���,,*  �  -�&�,* $)0"," -&$1"" 2 +$ -"

%&"�4&'-',"( $2-�45 �2 ,$ 9!����"+' !" +" -�0 0�-�&,�0 -�%�"2'. 
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&'4�2$,"( -'3,"+' !��� &'��$0',-$ %&')5 0$-&"2$'-   1.01.2014 ��)$

%'&'3�) ,$ 9!����"+' !"#  -$,)$&- ���	-5. 	),"0 "7 ,$%&$2�',"# 5�5+8'-

,"( 9!����"" (2�('- ( %&"0',',"' 2 !$+' -2' 0�-�&,��� -�%�"2$ !�0%&"0"-

&�2$,,��� %&"&�),��� �$7$ 0'-$,$.

�&$2,"-'�/,$( 3$&$!-'&" -"!$ 2*4&� �2, %&"3�)(;"3 ( ,$ 1 $2-�45 2

��):  �"�',,*# �$7 – 6,686 (��&�)), - 1,744 (%&"��&�)), �$7-0'-$, – 3,42 

(0,895), )"7'�/,�' -�%�"2� – 2,004 (0,52) %�!$7*2$'-, +-� 2*4&� * ,$ 0'-$,'

2 2 &$7$ 0',/8', +'0 5 ��
 " 0'-$, 5 -5%$'- )"7'�/,�05 -�%�"25.  

�&"0',',"' !�0%&"0"&�2$,,��� %&"&�),��� �$7$ 2 !$+' -2' �$7�0�-

-�&,��� -�%�"2$ 2 $2-�45 $3 %�72��"- 5�5+8"-/ 9!����"+' !5:  "-5$1": 2

��&�)' [2]. �&'"05;' -2� 0'-$,$ 2 -�0, +-� %&"  ��&$,"" %&$!-"+' !" ,'

2*)'�(:- ( 5��'2�)�&�)*. �$"4��'' 2&'),�# )�( �&�$,"70$ +'��2'!$ (2�(-

'- ( !�04",$1"( 5��'2�)�&�)�2 "  '&�2�)�&�)$, $ 2 0'-$,' 5��'2�)�&�)*

%&$!-"+' !" �- 5- -25:-. ��"-'�/,*# !�,-$!-  �  &')�#, �-&$2�',,�# 2*-

3��%,*0" �$7$0" $2-�0�4"�( 2*7*2$'- �4;'' � �$4�',"' �&�$,"70$ – "0-

05,�)'."1"-. ���'2�)�&�),*'  �')",',"( �-&$4�-$28"3 �$7�2 ,$&()5  

-�! "+,*0"  2�# -2$0" �4�$)$:- !$,1'&��',,*0 )'# -2"'0, " %&"2�)"- !

2�7,"!,�2',": " &$72"-": 7��!$+' -2',,*3 �4&$7�2$,"#. �*4&� * 4',7$-

%"&',$ 5 0'-$,$ 2 3 &$7$ ,"�', +'0 5 )&5�"3 2")�2 0�-�&,*3 -�%�"2. 

�$ %�&(�',"' �&$2"-'�/ -2$ �� �- 13 0$( 2013 �. A767-& ,$%&$2�',�

,$ &$7&$4�-!5 !�0%�'! $ 0'&  �  -�&�,* &$7�"+,*3 0"," -'& -2, ,$%&$2-

�',,*3 ,$  �7)$,"' 5 ��2"# )�( )�2')',"( ! 2020 ��)5 2  54C'!-$3 �� 5&�2-

,( " %��/7�2$,"( %&"&�),��� �$7$ 2 !$+' -2' 0�-�&,��� -�%�"2$ ,$ �4;' --

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

,$ '�',"( 4��'' 300 -* . +'��2'! %&')%��$�$'- ( " %��/7�2$,"' $2-�45 �2, 

&$4�-$:;"3 ,$ ��
 )� 30 % �4;'�� !��"+' -2$ ')","1 -'3,"!". �&')%��$-

�$'- (  54 ")"&�2$,"' %'&'2�)$ -&$, %�&-,*3  &') -2 ,$ " %��/7�2$,"'

%&"&�),��� �$7$ 2 !$+' -2' 0�-�&,��� -�%�"2$ 2 1'�(3 �4,�2�',"( $2-�45 -

,��� %$&!$.  
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��( �%&')'�',"( 9-"3 30%  �- �4;'�� !��"+' -2$ $2-�45 �2, &$4�-$:-

;"3 ,$ 0$&8&5-,�#  '-" ��&�)$ ���� !��� ,'�43�)"0� �%-"0"7"&�2$-/

0$&8&5-,5:  '-/ " �%&')'�"-/ !��"+' -2� $2-�45 �2, !�$  $2-�45 �2, "3

20' -"0� -/ %� )'# -25:;"0 %$  $�"&�%�-�!$0 2 ')","15 2&'0',", $ 9-�

)���,* 4*-/ $2-�45 * 4��/8�# "  &'),'# 20' -"0� -". �&�0' -���,  ���$ -

,� �� A181 [3]  -$-/(0" 11 " 24 5 -$,$2�"2$'- ( $)0"," -&$-"2,$( �-2'- --

2',,� -/ 7$ ,' 2!�:+',"'   " -'05 -&$, %�&-,��� �4 �5�"2$,"( ,$ '�',"(

-&$, %�&-,*3  &') -2 �4' %'+"2$:;"3 %'&'2�7!5 ",2$�")�2. �&')�$�$'0*'

$2-�45 * )���,* 4*-/ �4�&5)�2$,* $%%$&'�(0" )�( %� $)!" ",2$�")�2. � �. 

6� !2' 70% $2-�45 �2 � ,$;',* %$,)5 $0". �$!5%!$ $2-�45 �2 � 5;' -2�(-

'- ( %&'"05;' -2',,�  5 -$,�2�',,*0" %&" %� �4�',"(0". �$ 7$ ')$,""

�&$2"-'�/ -2$ %� )'�$0 ",2$�")�2, �&') ')$-'�/ %&$2"-'�/ -2$ %�-&'4�2$�

" %��/7�2$,"' 2 ��&�)$3 $2-�45 �2, �4�&5)�2$,,*3  %'1"$�/,*0" %&" %�-

 �4�',"(0" ,' 0','' 15% �- �4;'�� +" �$ " %��/75'0��� -&$, %�&-$. 
�&�)

���� !"# ,' �-2'+$'- -&'4�2$,"(0  �� A181, -$! !$!  5;' -25:;"# !�0-

0'&+' !"# -&$, %�&- ($2-�4 * «
��'�/») ,' "0''- 2�70��,� -" %'&'2�7"-/

%$  $�"&�2-",2$�")�2. 


&'4�2$,"' �&$2"-'�/ -2$ 2�70��,� -��/!� %&"  �3&$,',"" 05,"1"-

%$�/,�# $2-�!���,,*, �4' %'+"2$:;'# ,$)B�,� -/ $2-�45 �2  " 4'7�-!$7-

,5: &$4�-5 ,$ �","" 7$  +B- �4' %'+',"( &$4�-* -'3,"+' !" " %&$2,*3 $2-

-�45 �2 ,$ 0$&8&5-$3, !�,-&��' ,$ 0$&8&5-$3, �4' %'+',"( ,$)B�,� -" 2�-

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

;'#  &')* 45)'- )� -"�,5-$ " %��/7�2$,"'0 $2-�45 �2   !�0%&"0"&�2$,-

,*0 %&"&�),*0 �$7�0 2 !$+' -2' �$7�0�-�&,��� -�%�"2$.  

� �5�", �!$7*2$'0*' +$ -,*0" %'&'2�7+"!$0", ,'�$-"2,� �-&$�$:- (

,$ 9!����"" " 4'7�%$ ,� -" )2"�',"(, ���'' %���2",* $2-�45 �2 "0':-

 &'),"# 2�7&$ - 4��'' 10 �'-. �$ 1-�� 2�$)'�/1$ %&"3�)"- ( 1-2, $ -� " 4��''

$2-�45 �2.  

�&'),"# 2�7&$ - $2-�45 �2 «����$,",-6270» " «����$,",-5270» �-

8,3 )� 15,5 �'-, «�!$&5 -280»  �!��� 30 �'-. �2-�45 * «�!$&5 » -&'45:- �4-
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,�2�',"(. ��9-�05  %'1"$�" -* %&')%&"(-"(  -$�" " !$-/ %5-" ,' -��/!�

7$0',* $2-�45 �2 ,$ ,�2*', ,� " %5-"  ,"�',"( 9! %�5$-$1"�,,*3 &$ 3�)�2, 

$ -$!�' �4' %'+',"' 4'7�%$ ,� -" %'&'2�7�!, �4' %'+',"( %'&'2�7�! ",2$-

�")�2 " 5�5+8',"' 9!����"+' !�#  "-5$1"" 2 ��&�)' 7$  +B- %&"�4&'-',"(

$2-�45 �2 � �4� 4��/8�#, 4��/8�# "  &'),'# 20' -"0� -" ,$ 0�-�&,�0 -�-

%�"2' - 0'-$,. �'+/ ")B- � %�))'&�!' 05,"1"%$�/,�# %$  $�"& !�# $2-�!�-

��,,* A 1732  �  -�&�,* $)0"," -&$1"# ��&�)$ ���� !��� " ������&$)-

 !�# �4�$ -" " � !$+' -2' �"7," �"-'�'# ��&�)$ ���� !���. 

�"-'&$-5&$

1. 6'-�)"!$ �%&')'�',"( 2*4&� �2 $2-�-&$, %�&-$ )�( %&�2')',"(  2�)-

,*3 &$ +B-�2 7$�&(7,',"( $-0� .'&* ��&�)�2. 
� !�0"-'- �� %� �3&$,' �!-

&5�$:;'#  &')*. �-2. %&"!$7�0  
� !�09!����""  ��  ""  A 66  �- 16  .'2-

&$�( 1999  ��)$. 

2. �$ %�&(�',"' �&$2"-'�/ -2$ �� �- 13 0$( 2013 �. A767-&. 	 &$7&$4�--

!' !�0%�'! $ 0'&, ,$%&$2�',,*3 ,$  �7)$,"' 5 ��2"# )�( )�2')',"( ! 2020 

��)5 2  54C'!-$3 �� 5&�2,( " %��/7�2$,"( %&"&�),��� �$7$ 2 !$+' -2' 0�-

-�&,��� -�%�"2$ ,$ �4;' -2',,�0 $2-�0�4"�/,�0 -&$, %�&-'.  

3. �')'&$�/,*# �$!�, A181 �- 24.11.1995 �. «	  �1"$�/,�# 7$;"-' ",2$-

�")�2 ��». 

�����"���� � � ��'���$���" �%�����  

���&������!� ��' ����������

�.�. ��&�-,'2$, �''�'&��& %�(�*�- ���� �������,  

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

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

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

�$7&$4�-$,� 5 -&�# -2� )�( ,'%&'&*2,�# �+" -!" )253-&54,��� -'%-

���40',,"!$, %�72��(:;'' &$ 8"&"-/ 2�70��,� -/ 9! %�5$-$1"" 7$  +'-

&'�5�"&�2$,"( 1',-&�4'�,�#  "�*, %&"�"0$:;'# �+" -,*' 9�'0',-* ! ,$-

&5�,�# %�2'&3,� -" 2,5-&',,'# -&54*.  
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� &'75�/-$-' $,$�"7$ ,$5+,�--'3,"+' !�# " %$-',-,�# �"-'&$-5&*  

[1, 2] 2*(2�',$ � ,�2,$( %&"+",$, %&'%(- -25:;$( 9..'!-"2,�# �+" -!' -'-

%��%'&')$:;'# %�2'&3,� -" 2,5-&',,'# -&54* 2 0'�-&54,�0 %&� -&$, -2'

–  ���,� -/ !�, -&5!1"" " 9! %�5$-$1"" "72' -,*3 5 -&�# -2,  2(7$,,$(  

-&5),� -(0" 0�,-$�$ " )'0�,-$�$ �+" -,*3 9�'0',-�2  %�$2$:;"0" 2-5�-

!$0" "�"  $4&$7"2,*0" %�%�$2!$0". 

��( 5 -&$,',"( 9-��� ,')� -$-!$ %&')�$�$'- ( ,�2�' 5 -&�# -2� )�(

�+" -!" 0'�-&54,��� %&� -&$, -2$ )253-&54,��� -'%���40',,"!$ (&" .1). 

��� � �4',,� -/ 7$!�:+$'- ( 2 -�0, +-� 2 0'�-&54,�0 %&� -&$, -2' 5 -$-

,$2�"2$'- ( %��$( -&54!$ "7 &'7",* "�" %��"0'&$  �+" -,*0" 9�'0',-$0". 

�&" 9-�0 %��$( -&54!$ �'&0'-"+,� 7$!&*-$  -�&1�2 " ,$ �),�0 "7 -�&1�2

"0''- !�$%$, )�( 7$%��,',"( 2�7)53�0, $ �+" -,*' 9�'0',-* 2*%��,',* 2

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

&$4�+''  � -�(,"' )� -$-�+,� %��5: -&54!5  �+" -,*0" 9�'0',-$0", 5 -$-

,�2�',,5: 2 0'�-&54,�0 %&� -&$, -2' 2)��/ �+";$'0�# ,$&5�,�# %�2'&3-

,� -" 2,5-&',,'# -&54* +'&'7 !�$%$, 7$%��,"-/ 2�7)53�0 )�( %&")$,"( 2 '-

05 5 -&�# -25 %����"-'�/,�# %�$25+' -". 

�" . 1. �253-&54,*# -'%���40',,"!  5 -&�# -2�0 )�( �+" -!": 

1 – ,$&5�,$( -&54$; 2 – 2,5-&',,(( -&54$; 3, 4 – -$,�',1"$�/,*' %$-&54!";  

5, 6 – � '2*' %$-&54!"; 7 – %��$( -&54!$; 8 – !�$%$,; 9 – �+" -,*' 9�'0',-*;  

10 – ��&$,"+"-'�/,*' 8$#4*
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�70',',"' �4C'0$ 2�7)53$, !�-�&*0 7$%��,(:- %��5: -&54!5, %�72�-

�('- "70',(-/  "�5 %&"�$-"( �+" -,*3 9�'0',-�2 ! �+";$'0�# %�2'&3,� -", 

$ 7,$+"-  !�&� -/ " !$+' -2� �+" -!" �- 7$�&(7,',"#. � %��/7�2$,"' $4&$-

7"2,*3 !��'1 "�" !&5��2 2 !$+' -2' �+" -,*3 9�'0',-�2 %�72��('-  %'1"-

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

4*-/ 0$�*' %� &$70'&5  -$,)$&-,*' $4&$7"2,*' !��/1$ "�" 5�' �-&$4�-$,-

,*' $4&$7"2,*' !&5�" -�+"�/,*3  -$,!�2, +-� %�72��('- &'�5�"&�2$-/ !$+'-

 -2� �+" -!" 7$�&(7,',,*3 %�2'&3,� -'# %5-'0 5 -$,�2!" $4&$7"2,*3 !��'1

"�" !&5��2  ,'�43�)"0*0" 3$&$!-'&" -"!$0". 

��( %&"0'&$ 2 -$4�"1' 1 %&"2')',* &'75�/-$-* &$ +'-�2 %$&$0'-&�2 "

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

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

%&')�$�$'0��� 5 -&�# -2$ )�( �+" -!" )253-&54,��� -'%���40',,"!$, -�

' -/ �,� �4�$)$'- %����"-'�/,�# %�$25+' -/:. �&" 9-�0 1',-&�4'�,$(  "-

�$, %&"�"0$:;$( $4&$7"2,*' !��/1$ ! �+";$'0�# ,$&5�,�# %�2'&3,� -"

2,5-&',,'# -&54*, 45)'- 2 )2$ &$7$ 4��/8'  "�* -(�' -", +-� �4' %'+"2$'-

,'%&'&*2,�' 27$"0�)'# -2"' %�2'&3,� -" $4&$7"2,*3 !��'1  �+";$'0�#

%�2'&3,� -/:. ��( 52'�"+',"( "�" 50',/8',"( 9-�#  "�* %&"�$-"( $4&$-

7"2,*3 !��'1 ! �+";$'0�# %�2'&3,� -" 0��,� 52'�"+"2$-/ "�" 50',/8$-/

�4C'0 7$%��,',"( %���# -&54!" 2�7)53�0 "�" &'�5�"&�2$-/ +" �� $4&$7"2-

,*3 !��'1, 5 -$,�2�',,*3 ,$ %���# -&54!'. 


$!"0 �4&$7�0, %&')�$�$'0�' 5 -&�# -2� )�( ,'%&'&*2,�# �+" -!"

)253-&54,��� -'%���40',,"!$ ,' ���,� %� !�, -&5!1"" " 2 "7��-�2�',"", 

-$! !$! %&')%��$�$'- " %��/7�2$,"' ,')'."1"-,*3 %&� -*3 " )'8'2*3 0$-

-'&"$��2: &'7",�2*3 "�" %��"0'&,*3 8�$,��2, !�$%$,�2 )�( 2'�� "%'),*3

"�" $2-�0�4"�/,*3 !��' ,  -$,)$&-,*3 $4&$7"2,*3 !��'1 0$���� )"$0'-&$

"�" �-&$4�-$,,*3 $4&$7"2,*3 !��'1  -$,!�2 )�( 7$-�+!" ", -&50',-�2. �'-

 ���,$ " '�� 9! %�5$-$1"(, -$! !$! �,$  � -�"- "7 �4*+,*3 -'3,����"+' !"3

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

5 -&�# -2$ )�( ,'%&'&*2,�# �+" -!" )253-&54,��� -'%���40',,"!$

�$"0',�2$,"' %$&$0'-&$ �$70'&,� -/ 	4�7,$+',"' �'�"+",$
� 3�),*' "  %&$2�+,*' )$,,*'

��",$ 2,5-&',,'# -&54* 00 l 300 

�$&5�,*# )"$0'-& 2,5-&',,'# -&54* 00
,

D 80 

�,5-&',,"# )"$0'-& ,$&5�,�# -&54* 00
�

D 140 

���/1'2�# 7$7�& 0'�-&54,��� %&� -&$,-

 -2$
00 ∆ 30 

�$&5�,*# )"$0'-& %���# -&54!"  00 d 20 

��",$ %���# -&54!" 00 l� 300 


��;",$ %���# -&54!" 00 δ 1 

���-,� -/ &'7",*, "7 !�-�&�# 2*%��,',$
%��$( -&54!$

�/ 03

�
ρ 1,01 

�,5-&',,"# )"$0'-& $4&$7"2,��� !��/1$  00 d 20 

�$&5�,*# )"$0'-& $4&$7"2,��� !��/1$ 00
�

d 24 


��;",$ $4&$7"2,��� !��/1$ 00 b 20 

���-,� -/ $4&$7"2,��� !��/1$  �/ 03

�
ρ 2,5 

6$  $ !�$%$,$  �
�

m 7,3 

�!�&� -/ 2&$;',"( &$4�+'# �")!� -"  &$)/ ω 20 

�$ +'-,*' %$&$0'-&*
6$  $ &'7",�2�# %���# -&54!" �

�
m 190,2 

	4C'0 $4&$7"2,��� !��/1$  03

a
V 2,76 

6$  $ $4&$7"2,��� !��/1$ �
�

m 6,9 

�" �� $4&$7"2,*3 !��'1  8-. 
a

n 150 

	4;$( 0$  $ 2 '�� 5 -&�# -2$  $4&$7"2-

,*0" !��/1$0", %���# -&54!�# " !�$%$-

,�0

� � 1232,5 

	4C'0 %���# -&54!"  03

�
V 942 

	4C'0 2 '3 $4&$7"2,*3 !��'1  03
V 414 

	4;"# �4C'0 %���# -&54!"  $4&$7"2,*-

0" !��/1$0"
 03

�
V 1356 

�*-$�!"2$:;$(  "�$ �&3"0')$ 2 %��'
 "� -(�' -"

!�
g

A 1,36 

�' 2 '�� 5 -&�# -2$ !� G 1,23 

>',-&�4'�,$(  "�$, %&"�"0$:;$( $4&$-

7"2,*' !��/1$ ! �+";$'0�# %�2'&3,� -"
!�

)
F 2,6 

�"-'&$-5&$: 

1. �2-�& !�'  2")'-'�/ -2� A 1389892 ����, 6�� � 08 � 9/ 02. � -&�#-

 -2� )�( �+" -!" ,$&5�,�# %�2'&3,� -" -&54 / 
���2$,+"!�2 �.�., 
(4",

�.�., �5-',!� �.�., �)�2',!� �.�., 
'-0$,�2$ �.�.; 7$(2"-'�/ " %$-',-��4�$-
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)$-'�/ ������&$) !"# %��"-'3,"+' !"# ", -"-5-. - A 3962863; 7$(2�. 

08.10.1985; �%54�. 23.04.1988, �:�. A 15. – 4  .: "�.  

2. ���'7,$( 0�)'�/ A 128840 ��  "# !$( �')'&$1"(, 6�� B 08 B 9/023. 

� -&�# -2� )�( �+" -!" ,$&5�,�# %�2'&3,� -" -&54 / 
���2$,+"!�2 �.�., 

��&�-,'2$ �.�., �" "�/ 6.�., �$2��2 �.�., 65&7',!�2 �.�.; 7$(2"-'�/ " %$-

-',-��4�$)$-'�/ �')'&$�/,�' �� 5)$& -2',,�' 4:)�'-,�' �4&$7�2$-'�/,�'

5+&'�)',"' 2* 8'�� %&�.'  "�,$�/,��� �4&$7�2$,"( ������&$) !"# �� 5-

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

�) (RU). - A 2012136402/05; 

7$(2�. 24.08.2012; �%54�. 10.06.2013, �:�. A 16. - 5  .: "�. 

��� ��������( ����� +�$& ���!�� � � �'������

( �������� ������!� ����� �� ���� '��(�'�����

�� ������ MRK-82 '���� �������� +��!� ��� ���  

�& ���"����� � ��%����� '� �%����"  

'����&����� ����$

�� ',!� �.�., �5'2 �.�., 6�&�7�2 �.�. 

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

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


�''�! (404121, �. ����'%�+ ��������*'%�+ �1�., "�. 2���� '�, 42�)

�.'&$ ,$ &��"!' ,'�43�)"0$ )�( �4' %'+',"( -�+'+,��� !�,-$!-$ 0'-

�)5 4�&-�0 2,5-&',,'�� !��/1$ %�)8"%,"!$ "  .'&"+' !"0 -�&1�0 &��"!$, 

+-� 5�5+8$'- 5 ��2"(  0$7!",  ,"�$'-  "�5 -&',"( 2 7�,' !�,-$!-$, -'0%'&$-

-5&5, 850 " 2"4&$1": %&" 9! %�5$-$1"" %�)8"%,"!$. � &'75�/-$-' %�2*8$-

'- ( )����2'+,� -/ "7)'�"( [1]. 

�'&2�,$+$�/,*' .�&0$ " &$70'&* &��"!$ .�&0"&5:- ( 0'-�)�0 %�$-

 -"+' !��� )'.�&0"&�2$,"( ,$ ��&"7�,-$�/,� 2* $)�+,�0 $2-�0$-'. �$-'0

%� �' �$�-�2!"  �')5:- +'&,�2�' 4' 1',-&�2�' 8�".�2$,"', +'&,�2�' 8�"-

.�2$,"' -�&1�2 " -'&0��4&$4�-!$, 2 &'75�/-$-' !�-�&�# 0$-'&"$� %&"�4&'-

-$'- 7$)$,,5: -2B&)� -/ HRC 61-65. �$�''  7$��-�2!" �4&$4$-*2$:- ,$ �$�-
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-�2�+,�# 0$8",'. �$!�:+"-'�/,*0" �%'&$1"(0" %'&') 8�".�2$,"'0  .'&*

(2�(:- ( +'&,�2�' " +" -�2�' 4' 1',-&�2�' 8�".�2$,"' !�,"+' !�# %�-

2'&3,� -" &��"!$.  

� 5 ��2"(3 	�	 «��� ���� !"#» �4&$4�-!$  .'&* � 5;' -2�('- ( ,$

&$7�"+,*3  -$,!$3 " (2�('- (  �')5:;"0 9-$%�0 �4&$4�-!" %� �' +" -�2���

4' 1',-&�2��� 8�".�2$,"(. �$  0�-&"0 8�".�2$,"' ,$ �),�0 "7  $0*3 ,�-

2*3 $2-�0$-�2 MRK-82. 

� %�0�;/:  %'1"$�/,��� 7$�&57�+,��� 5 -&�# -2$ &��"!" �&"',-"&5-

:- " %�)$:- ! 8%",)'�: "7)'�"(, �)' "3 5 -$,$2�"2$:- 2  '%$&$-�& 0'�)5

)250( )" !$0" %&"�"0,*0 " �%�&,*0 (&" . 1). �" !" "  '%$&$-�& &$ %���-

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

;"' "3 2&$;',"' 2 %&�-"2�%����,*3 ,$%&$2�',"(3. �'%$&$-�& -$!�' � ,$-

;', %&"2�)�0, 7$ -$2�(:;"0 '�� 2&$;$-/ ( 2 �),�0 ,$%&$2�',""  %&"-

�"0,*0 )" !�0.  

�'&') 23�)�0 2 7�,5 8�".�2$,"(  %�0�;/: %'&'),'# ,$%&$2�(:;'#

)5�"(%&�2�)!") &��"!" %�%$)$:- 2 �,'7)$  '%$&$-�&$ " %&")$2�"2$:- (

-2'&)*0  %�$2�0 %&"�"0,��� )" !$ ! �%�&,�05, +-� �4' %'+"2$'- "3 7$!&'-

%�',"' %� !�,"+' !�# %�2'&3,� -". �'&') 23�)�0 ,'%� &') -2',,� 2 7�,5

8�".�2$,"( &��"!" )�%��,"-'�/,� 4$7"&5:- ( %� %&�-"2�4$7�2�05 -�&15

,$ ,$%&$2�(:;'# ;'+!', &$ %����',,�# ,'%� &') -2',,� 2 7�,' 8�".�2$-

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

&��"! )���', 2* -5%$-/ ,$ 7$)$,,5: 2'�"+",5.  

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

',-"&5:- ( %�  2�'# !�,"+' !�# �4&$75:;'# [2]. 
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�" . 1. �3'0$ 5 -$,�2!" &��"!$: 

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

�$�)$( "7 ,$72$,,*3  " -'0 &$ %����',$ ,$  $0� -�(-'�/,�# � "

2&$;',"( ",  �')�2$-'�/,�, %�)2'&�',$ )'.�&0$1"(0 " %��&'8,� -(0 2&$-

;',"(, !�-�&*' ,'"74'�,� %'&')$:- ( �4&$4$-*2$'0*0 &��"!$0. 

�$7�2*# 8"&�!"# -�&'1 !�,"+' !��� &��"!$ �4&$4$-*2$:- 0'-�)�0

8�".�2$,"( ,$ %&�3�). �&')2$&"-'�/,� %�2'&3,� -/ 8�".�2$�/,��� !&5�$

%&$2(- ,$ &$)"5 , &$70'& !�-�&��� %&"4�"7"-'�/,� &$2', &$)"5 5  .'&"+'-

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

7,$+',"' &$)"5 $ %&$2!" �%&')'�(:-  5+'-�0 &$70'&$ %&"%5 !$, 5)$�('0���

 -�&1$ &��"!$, )"$0'-&$ " 2* �-* !&5�$.  

�� !�$  "."!$1"", %&')���',,�# 2 &$4�-' [3],  .'&"+' !5: -�&1�25:

%�2'&3,� -/ &��"!$ %�)8"%,"!$ 0��,� �-,' -" !� 2-�&�# !$-'��&"" )'-$-

�'#, "0':;"3 !�, -&5!-"2,*' 9�'0',-*, %&'%(- -25:;"' %�)2�)5 ", -&5-

0',-$. 

��( �%'&$1""  .'&�8�".�2$,"( 2 5 ��2"(3 	�	 «��� ���� !"#» 

%&"0',(:- ( !&5�" +$8'+,*' ."&0* «Atlantic» (&" . 2). 
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�" . 2. �3'0$ 8�".�2$,"( &��"!$

� .'2&$�' 2014 ��)$ 2 ���"!�2�0 1'35 	�	 «��� ���� !"#» 4*�$

%&�2')',$ &$4�-$ %� �%&')'�',":  -�#!� -" 8�".�2$�/,��� !&5�$

2003150350,8 R HKO 400/180 ZONENSCH 50M/S max 4775 308283/01/001 

ATLANTIC EN 12413 R 130 %&�"72�) -2$ ."&0* «Atlantic» " 8�".�2$�/,�-

�� !&5�$ 66253137237 107452696 35 2003132365 220�400/14�181407 MOS 

50M/S 4780RPM EN 12413 CARBORUNDUM %&�"72�) -2$ ."&0* 			

«��04"-'!-
&5%%». 

�  �')�2$,"( %&�2�)"�" / ,$ &��"!' 7807�.04. 

�&" " %*-$,"" 8�".�2$�/,��� !&5�$ ."&0* «Atlantic» 4*�" %��5+'-

,*  �')5:;"' &'75�/-$-*: 

-8'&�3�2$-� -/  .'&* 0,06…0,13 0!0 ()�%5 ! %� �� 0,32 0!0); 

-�-!��,',"' �- !&5��� -" %�  .'&' 1,06…2,69 0!0 ()�%5 ! %� ��

40!0); 

-2��," -� -/  .'&*: 0,5…0,7 0!0 ()�%5 ! %� �� 1 0!0); 

-&$)"5  .'&* 130…138 00 ()�%5 ! %� �� 138-10 00). 

��&0$  -�#!� -"  � -$2"�$ 0,0039 8�".. !&5�$ ,$ 1000 &��"!�2. 

�&" " %*-$,"" 8�".�2$�/,��� !&5�$ ."&0* «��04"-'!-
&5%%» 4*�"

%��5+',*  �')5:;"' &'75�/-$-*: 

-8'&�3�2$-� -/  .'&* 0,04…0,13 0!0 ()�%5 ! %� �� 0,32 0!0); 
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-�-!��,',"' �- !&5��� -" %�  .'&' 1,09…2,45 0!0 ()�%5 ! %� ��

40!0); 

-2��," -� -/  .'&*: 0,4…0,7 0!0 ()�%5 ! %� �� 1 0!0); 

-&$)"5  .'&* 129…138 00 ()�%5 ! %� �� 138-10 00). 

��&0$  -�#!� -"  � -$2"�$ 0,0036 8�".. !&5�$ ,$ 1000 &��"!�2. 

�*2�)*

�,$�"7"&5( %��5+',,*' &'75�/-$-*, 0��,�  )'�$-/ 2*2�), +-� %&" " -

%��/7�2$,"" !&5�$ ."&0* «��04"-'!-
&5%%»,  &'),"' 7,$+',"( %$&$0'-&�2

!$+' -2$ %�2'&3,� -": 8'&�3�2$-� -/  .'&*, 2��," -� -/  .'&* " �-!��,'-

,"( �- !&5��� -"  .'&* %&'2� 3�)(- 7,$+',"( %��5+',,*' %&" " %��/7�2$-

,"" !&5�$ ."&0* «Atlantic». 
$!�' %�!$7$-'�" ,�&0*  -�#!� -" 5 !&5�$

."&0* «��04"-'!-
&5%%» �5+8' +'0 5 !&5�$ ."&0* «Atlantic», +-� ��2�&"-

� -�0, +-� " %��/7�2$,"' !&5��2 ."&0* «��04"-'!-
&5%%» 9!�,�0"+' !"

4��'' 2*��),�, +'0 !&5��2 ."&0* «Atlantic». 

�$ � ,�2$,"" "  �')�2$,"# 4*�  � -$2�', �!- A 40-23 �- 03.03.2014 

�., !$ $:;'# (  -�#!� -" 8�".�2$�/,*3 !&5��2 ,$ MRK-82, " &$  0$-&"2$-

'- ( 2�%&� �4 " %��/7�2$,"" ,$ �%'&$1"" 8�".�2$,"' 4$7�2��� -�&1$ !&5-

��2 ."&0* «��04"-'!-
&5%%», 20' -� !&5��2 ."&0* «Atlantic». 

�%" �! �"-'&$-5&*

1. ���&'8,� -/ )�",* &��"!$ %� �' �%'&$1""  .'&�8�".�2$,"( ,$

 -$,!'      SXK-5A/�.�. �� ',!�, �.�. �5'2, �.�. 6�&�7�2, �.�. �*�',!�, 

�.�. �(-!",//�!-5$�/,*' 2�%&� *  �2&'0',,�# -'3,"!" " -'3,����""/ �7-

)$-'�/ !"# 1',-& "
&$2" ".- �"%'1!, 2012. /  . 69-74. 

2. �� ',!� �.�., �5'2 �.�., 6�&�7�2 �.�. �$7&$4�-!$ 0$-'0$-"+' !�#

0�)'�"  !�&� -" %�)$+" &��"!$ %�)8"%,"!$ ,$  .'&�8�".�2$�/,�0  -$,!'

SXK-5A // ��2&'0',,*' %&�4�'0* ,$5!" " �4&$7�2$,"(. – 2013. – A 5; 

3. 
�&(",�2 �.�. �  �')�2$,"' %&�1'  $ 8�".�2$,"(  .'&"+' !"3 %�-

2'&3,� -'# // �' -,"! �$0$& !��� �� 5)$& -2',,��� -'3,"+' !��� 5,"2'& "-

-'-$. �'&"(: 
'3,"+' !"' ,$5!". – �$0$&$: �$0$&. �� . -'3,. 5,--, 2007. – �. 

117-123. 
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�����(����������� ������$  

�����������������!� '� ��� �� ��$& ����#����" �

�%���� � �����%����& �� ���" ��!����  

� ������!� ������� �������"

�.�. �� -",, )�1',-, �.�. ��!���2$,  -. %&'%�)$2$-'�/, �.
. �5&1'2, )�1',-, 

�.�. �$2+"1, $  " -',-, �.�. �&$�$,'1, $  " -',-, �.�. �52$,�2,  -5)',-

��� ((�����) ������� �. ����'%�+

� 2013 �. 2 ��� ,$ -'&&"-�&"" !�&%5 $ � 4*�$  �7)$,$  " -'0$ $2-�-

0$-"+' !��� %��"2$ 7'�',*3 ,$ $�)',"#. 6�,-$�  " -'0* %&�"72�)"� ( 2

,' !��/!� 9-$%�2. �$ %'&2�0 9-$%' 4*�$  0�,-"&�2$,$  '-/ -&54�%&�2�)�2 "

&$ %&')'�"-'�/,*# ;"-, 5 -$,�2�',* &�-�&,*' )��)'2$-'�"  &$)"5 �0 %�-

�"2$ )� 14 0'-&�2. 
' -�2*# %5 !  " -'0*  � -�(� ( 2 0$' 2013 �. � -'+',"'

�'-$  "�$0"  -5)',-�2 " %&'%�)$2$-'�'# !$.')&* ��< " �
 4*�$  �4&$,$ "

�-�$�',$  " -'0$ 5%&$2�',"( ,$ 4$7' %&�0*8�',,��� %&��&$00"&5'0���

!�,-&���'&$ L� 130 (Phoenix Contact). � $2�5 -' 2013 �. %&�8�" -' -�2*' " %*-

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

;' -2�(� ( 2 $2-�0$-"+' !�0 &'�"0' 2 %&')5 -$,�2�',,�' 2&'0( (2&'0( "

)�"-'�/,� -/ %��"2$ 7$)$:- ( %&��&$00" -�0).  

�&" &$7&$4�-!' ��� 4*�" " %��/7�2$,* 9�'0',-* �4&$-,�#  2(7", 

-$!, %��"2 $2-�0$-"+' !" �-!�:+$'- ( (!$! 2 &5+,�0, -$! " 2 $2-�0$-"+'-

 !�0 &'�"0'), ' �" 7$."! "&�2$,� �:4�' "7  �4*-"#: 

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

�$0%$ "���)/"; 

2) )$2�',"' 2 %"-$:;'0 -&54�%&�2�)'  �"8!�0 0$�� (0','' 1 4$&, %�

)$-+"!5 )$2�',"(, 5 -$,�2�',,��� 2 %�)2�)(;'0 -&54�%&�2�)'), �&"

9-�0  &$4$-*2$'- �$0%$ "�2$&"("; 

3) -'0%'&$-5&$ 2�7)53$ ,$ 5�"1' 0',/8' 7$)$,,��� 7,$+',"( (0',''

15°�, �%&')'�('- ( %� 2,'8,'05 )$-+"!5 -'0%'&$-5&* �1100), %&" 9-�0  &$-

4$-*2$'- �$0%$ "�2$&"(". 
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��%��,"-'�/,� ! !�,-&���'&5 %�)!�:+', &$ 3�)�0'&, %�72��(:;"# $2-

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

�" -'0$ %��"2$ 2 3�)' %&�2')',,*3 " %*-$,"# %�!$7$�$ 2* �!5: ,$-

)'�,� -/ 2 '3 9�'0',-�2, ,� 4*�" �4,$&5�',* " ,'!�-�&*' ,')� -$-!". 

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

5+'-$ 2")�2���  � -$2$ &$ -',"# %��"2$'0*3 7'�',*3 ,$ $�)',"#, -"%$

%�+2 " ,' 5+"-*2$�$ -'!5;'��  � -�(,"( 2�$�,� -" %�+2* 2 %&"!�&,'2�0

 ��' &$ -',"#.  

�!$7$,,*' ,')� -$-!" &'8',� 5 -&$,"-/ %&" %&�2')',"" 0'&�%&"(-"#

%�  �2'&8', -2�2$,":  " -'0* %��"2$ 2 2014 �. � $%&'�' 2014 �.  " -'0$

4*�$ &$ !�, '&2"&�2$,$ " 7$%5;',$ 2 -' -�2�0 &'�"0'. � ' 9�'0',-*  " -

-'0* 2 3�)' -' -�2��� %5 !$ &$4�-$�" 2 8-$-,�0 &'�"0'. � 7"0,"# %'&"�) 2

 � -$2  " -'0* 5%&$2�',"( 4*�$ 2!�:+',$ 9�'!-&�,,$(  ', �&,$( %$,'�/

5%&$2�',"(, %�72��"��  )'�$-/ 'B $2-�,�0,�# " 0�4"�/,�# 2 %�$,' %&��&$0-

0"&�2$,"( &'�"0�2 %��"2$. � 'B %�0�;/: 0��,� 7$)$2$-/ " "70',(-/ 2

%&�1'  ' 9! %�5$-$1"" �'�$'0�' 2&'0( ,$+$�$ %��"2$, )�"-'�/,� -/ %��"2$

!$�)�# 7�,*, !�,-&��"&�2$-/ -'!5;"# &$ 3�) 2�)* ( 500$&,*# " %� 7�,$0

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

�(-/ %��"2�0 2 &5+,�0 "�" $2-�0$-"+' !�0 &'�"0'.  

	%*- 9! %�5$-$1""  " -'0* 2 2013 ��)5 %�!$7$�, +-� %� )$2�',": 2�)*

2� 2 '3 7�,$3 %��"2$ "0''- ( ,'!�-�&*# 7$%$ , %�9-�05 %�$,"&5'- ( 2!�:-

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

%$ 4$4�'&, !�-�&*' 45)5- " %��/7�2$,* )�( %��"2$ 12'-,"!�2 " &�7$&"(. 

�$,,*' )��)'2$-'�" 45)5- %�)!�:+',* ! 5�'  5;' -25:;"0 �","(0, +-�

,' %�-&'45'-  5;' -2',,*3 2���',"# 2  " -'05 %��"2$. 

��$,"&5'- ( -$!�' 5 �2'&8', -2�2$-/ $���&"-0 5%&$2�',"( %��"2�0  

5+'-�0 &'!�0',)$1"#, 5+"-*2$:;"3 -"% %�+2* ,$ �&�8$'0*3 5+$ -!$3, )�-

0","&5:;"# -"% &$ -',"#,  &'),' 5-�+,5: -'0%'&$-5&5 2�7)53$, $ 2 %'&-

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

 -" " %&�-' -"&�2$-/ )$-+"!" 2�$�,� -", �%&')'�"-/ 0' -$ "3 �%-"0$�/,���

&$ %����',"( " %&�-' -"&�2$-/ "3 &$4�-5 2 ",-'�&$1""  )&5�"0" 9�'0',-

-$0"  " -'0*. 

�$�,*0 9-$%�0  �2'&8', -2�2$,"(  " -'0* 5%&$2�',"( %��"2�0  (2�(-

'- ( &'$�"7$1"( 5)$�',,��� !�,-&��( &$4�-* ����  %'& �,$�/,��� !�0%/-

:-'&$  %�0�;/:  %'1"$�/,��� %&��&$00,��� �4' %'+',"(, %�72��(:;'��

2' -" $&3"2 "70'&"-'�/,*3 )$,,*3, 5)$�',,� !�,."�5&"&�2$-/  " -'05 %�-

�"2$, %'&')$2$-/ ",.�&0$1": %� ��!$�/,�#  '-". ��70��,� -" 5)$�',,���

)� -5%$ !  " -'0' 7$���',* ,$ 9-$%' 'B %&�'!-"&�2$,"( " -$!�' ,' -&'45:-

7,$+"-'�/,*3 7$-&$- 0$-'&"$�/,*3  &') -2, )�( &'$�"7$1"" 9-�# 2�70��,�-

 -" ,'�43�)"0� 2!�:+',"' 2 'B  � -$2 %'& �,$�/,��� !�0%/:-'&$, "0':;'-

�� 2*3�) 2  '-/ �,-'&,'-. 

�'$�"7$1"( $���&"-0$ 5%&$2�',"(  " -'0�# %��"2$  5+'-�0 2 '3 "7��-

�',,*3 %&')���',"# %�72��"- 7,$+"-'�/,� 50',/8"-/ &$ 3�) 2�)* %&"  �-

3&$,',"" �%-"0$�/,��� &'�"0$ 2�$�,� -" %�+2* 2 %&"!�&,'2�0  ��' 7'�'-

,*3 ,$ $�)',"#.  

��� �� �������� +�$& ������ MSA 

�.�. �&5%" +$-*3 ����'&���& 
$1��� ����, �. 
��%&-��&��1"��, 

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

MSA (Measurement System Analysis) – $,$�"7 "70'&"-'�/,*3  " -'0

%&"72$, )$-/ 7$!�:+',"' �-,� "-'�/,� %&"'0�'0� -" " %��/75'0�# "70'&"-

-'�/,�#  " -'0* +'&'7 !��"+' -2',,�' 2*&$�',"' '' -�+,� -",  3�)"0� -"

"  -$4"�/,� -". 

MSA (2�('- (  -$-" -"+' !"0 0'-�)�0, !�-�&*# " %��/75'- (, +-�4*

�5+8' %�,(-/ " -�+,"!" 2$&"$1"", !�-�&*' 0��5- %�2�"(-/ ,$ &'75�/-$-*

.5,!1"�,"&�2$,"(  " -'0*. ��� " %��/75:-, +-�4* �%&')'�"-/, !$!�# 2!�$)
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2 2,� "- 2$&"$1"( "70'&"-'�/,��� %&�1'  $ 2 �4;5: "70',+"2� -/ %&�1' -

 $. 

� %5,!-' 7.6.1 «�,$�"7 "70'&"-'�/,*3  " -'0» ISO/TS 16949  !$7$,�, 

+-� �&�$,"7$1"( )���,$ %&�2�)"-/  -$-" -"+' !�' "75+',"'  1'�/: $,$�"7$

2$&"$1"#, %&" 5- -25:;"3 2 &'75�/-$-$3 2 '3 2")�2 "70'&"-'�/,*3 " -' -�-

2*3  " -'0. <-� -&'4�2$,"' )���,� %&"0',(-/ ( !� 2 '0 "70'&"-'�/,*0

 " -'0$0, 5!$7$,,*0 2 %�$,' !�,-&��( %&�1'  $. �,$�"-"+' !"' 0'-�)* " -

 �')�2$,"( " !&"-'&"" �1',!" %&"��),� -" "70'&"-'�/,*3  " -'0 )���,*

 ��-2'- -2�2$-/ 5!$7$,,*0 0'-�)$0 " !&"-'&"(0 7$!$7+"!$. � ' � -$�/,*'

0'-�)* " !&"-'&"" %&"��),� -" 0��5- " %��/7�2$-/ (  &$7&'8',"( 7$!$7+"-

!$. 

�' 0�-&( ,$ -�, +-� �&�$,"7$1"(0  ��-2'- -25:;"0  -$,)$&-5 ISO 

9001 «�" -'0* 0',')�0',-$ !$+' -2$. 
&'4�2$,"(»  -��/ +'-!�  .�&0"&�-

2$,,��� -&'4�2$,"( ,'-, ,� 2  -$,)$&-' ISO 9004 «6',')�0',- )�( )� -"-

�',"( 5 -�#+"2��� 5 %'3$ �&�$,"7$1""» ' -/ &$7C( ,',"', 5!$7*2$:;'' ,$

,'�43�)"0� -/ %�)-2'&�)',"( 52'&',,� -" 2 %��5+',,*3 2� 2&'0( "70'&'-

,"# )$,,*3: «��( �4' %'+',"( 52'&',,� -" 2 )$,,*3, %��5+',,*3 2� 2&'0(

"70'&',"# " 0�,"-�&",�$,  �')5'- �4' %'+"-/ %�)-2'&�)',"' -���, +-�

 &') -2$ 0�,"-�&",�$ " "70'&"-'�/,�# -'3,"!" %&"��),*' )�( " %��/7�2$-

,"(, " %�))'&�"2$'- ( "3 ,'�43�)"0$( -�+,� -/ "  ��-2'- -2"' %&",(-*0

9-$��,$0…» 

MSA " %��/75'- ( )�( 0","0"7$1"" &" !$ -���, +-� ,' ��-2'- -2"'

9�'0',-�2 "70'&"-'�/,�#  " -'0* 0��'- %&"2' -" ! ���,*0 &'8',"(0 %&"

!�,-&��' %&�)5!1"" " ! "7�"8,'05 &'�5�"&�2$,": %&�1'  $. �&$2"�/,� -/

%&","0$'0*3 &'8',"# 7$2" "- �- )� -�2'&,� -" )$,,*3, %��5+',,*3 %&"

"70'&',"" "�" !�,-&��', 2 )$,,�0  �5+$' %&"0',(:- $,$�"7 %&"'0�'0� -"

"70'&"-'�/,�#  " -'0*. 
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�" 5,�! 1 – �,$�"7 %&"'0�'0� -" "70'&"-'�/,�#  " -'0*

�70'&"-'�/,$(  " -'0$ – 9-� 1'�� -,*# %&�1'  , " %��/75'0*# )�(

%��5+',"( )$,,*3 "70'&',"#, -.'. ,$4�& �%'&$1"#, %&�1')5&,  &') -2 "70'-

&',"# " )&5���� �4�&5)�2$,"(, %&��&$00,��� �4' %'+',"( " %'& �,$�$, +/(

7$)$+$  � -�"- 2 -�0, +-�4* +" �',,� 2*&$7"-/ "70'&('0*' 3$&$!-'&" -"!". 

�70'&"-'�/,$(  " -'0$ 2!�:+$'- 2  '4(: 

-  &') -2� "70'&',"( �� (%�2'&',,�', !$�"4&�2$,,�', " %&$2,�'); 

- %'& �,$� (�%'&$-�&, %&�2�)(;"# "70'&',"(, '�� ,$2*!" " �%*-, 5 -$�� -/); 

- 0'-�)"!$ "70'&',"#; 

- "70'&('0*# �4C'!- (,'&')!�  ,' -$4"�/,*0", "70',+"2*0" 3$&$!-'&"-

 -"!$0"); 

- �!&5�$:;$(  &')$ (7$+$ -5: 2�"(:;$( ,$ !��'4$,"( "70'&('0��� %$&$0'-

&$). 

�" 5,�! 2 – �70'&"-'�/,$(  " -'0$

� '  � -$2�(:;"' 9�'0',-* "70'&"-'�/,�#  " -'0* 2')5- ! %�(2�'-

,": %��&'8,� -" %��5+',,*3 &'75�/-$-�2. �7-7$ %&" 5- -2"( ' -' -2',,*3
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2$&"$1"# 2 "70'&',"(3, %�!$7$,"( 45)5- &$ %&')'�(-/ ( 2 �%&')'�',,�0

)"$%$7�,' 2�!&5� " -",,��� 7,$+',"(. 

�70'&"-'�/,$(  " -'0$ 0��'- 4*-/ %�)2'&�',$ 2�"(,": &$7�"+,*3

" -�+,"!�2 "70',+"2� -", %�9-�05 %&" %�2-�&,*3 "70'&',"(3 �),�# " -�#

�' +$ -" %��5+',,*' &'75�/-$-* 45)5- &$7�"+,*. <-" &$7�"+"( �45 ��2�',*

�4*+,*0" " � �4*0" %&"+",$0" "70',+"2� -". 

��"(,"' &$7�"+,*3 " -�+,"!�2 "70',+"2� -" ,$ "70'&"-'�/,5:  " -

-'05 )���,� 4*-/ �1',',� 7$ !�&�-!" " )�",,*# %&�0'�5-!" 2&'0',". ��7-

0��,� -/ "70'&"-'�/,�#  " -'0*  - 9-� �8"4!$ "70'&"-'�/,�#  " -'0* 7$

!�&�-!"# %&�0'�5-�! 2&'0',". <-� !�04",$1"( �8"4�!, 2*72$,,*3 �",'#-

,� -/:, &$2,�-�+,� -/:,  3�)"0� -/: " 2� %&�"72�)"0� -/:. 

�,
-��./��,. – %��,$( "70',+"2� -/ "70'&',"#, %��5+',,*3  "70'-

&"-'�/,�#  " -'0�# ,$ -�0 �' �4&$71' "�" )'-$�(3 %&" "70'&',"" �),�# 3$-

&$!-'&" -"!", 7$ &$ 8"&',,*# ",-'&2$� 2&'0',". 

�0
1
/�
 – &$7,� -/ 0'�)5 ,$4�:)$'0*0  &'),"0 " �%�&,*0 7,$+'-

,"(0". 	%�&,�' 7,$+',"', ,$7*2$'0�' -$!�' %&",(-*0 �%�&,*0 7,$+',"'0

"�" �4&$71�2*0 7,$+',"'0, 9-� 7,$+',"',  �5�$;''  ���$ �2$,,*0 � ,�2$-

,"'0 )�( "70'&('0*3 7,$+',"#. 

 �/
	/��,. – &$7,"1$ 0'�)5 2'�"+",�# «�-!��,',"(» 2 ��")$'0�0

)"$%$7�,'  &') -2$ "70'&',"(. 

�2�3�0��,. – "70',+"2� -/ "70'&',"#, %��5+',,*3 �),"0 "70'&"-

-'�/,*0 %&"4�&�0, " %��/75'0*0 ,' !��/!� &$7 �),"0 �%'&$-�&�0 %&" "7-

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

�������45�3�0��,. – "70',+"2� -/  &'),'�� "70'&',"#,  )'�$,,*3

&$7,*0" �%'&$-�&$0"  %&"0',',"'0 �),��� "70'&"-'�/,��� %&"4�&$ %&"

"70'&',"" ")',-"+,�# 3$&$!-'&" -"!" �),�# )'-$�". 

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

,�' 7,$+',"' �1',"2$'0�# 2'�"+",*. �$+' -2� "70'&"-'�/,�#  " -'0* �%-

&')'�('- (  -$-" -"+' !"0" 3$&$!-'&" -"!$0" %&�"72�)"0*3 ': )$,,*3. 
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�&"��),� -/ "70'&"-'�/,�#  " -'0*, !$! " %&"��),� -/ %&�1'  , – 9-�

2�"(,"' 2 '3 " -�+,"!�2 "70',+"2� -" 7$ )�"-'�/,*# %'&"�) 2&'0',". �7-

0'&"-'�/,$(  " -'0$ %&"��),$, ' �": %&�1'  "70'&',"# ,$3�)"- ( 2  -$-"-

+' !�0 5%&$2�('0�0  � -�(,"", ,$ -&�', ,$ 1'�/ (,'-  0';',"(), " "70',-

+"2� -" %&�1'  $ ( 3�)"0� -/ " 2� %&�"72�)"0� -/ – GRR) %&"'0�'0$ " ,$-

3�)"- ( 2 ��")$'0*3 %&')'�$3. <-� – 2�70��,� -" "70'&"-'�/,�#  " -'0*

%�:  -$4"�/,� -/ " 5 -�#+"2� -/. 

�-$4"�/,� -/,  0';',"' " �",'#,� -/ ,$%&(05:  2(7$,*  "70'&"-

-'�/,*0 %&"4�&�0, "3 �1',"2$:- 2 3�)' %�2'&�!. �3�)"0� -/ " 2� %&�"72�-

)"0� -/ �-,� (- ( ! "70'&"-'�/,�#  " -'0' 2 1'��0 " -&'45:- )�%��,"-

-'�/,*3 "  �')�2$,"#. �,$�"7  3�)"0� -" " 2� %&�"72�)"0� -" "70'&"-

-'�/,*3  " -'0 ,$7*2$'- ( Gage R&R. 

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

,�' 7,$+',"' �1',"2$'0�# 2'�"+",*. �$+' -2� "70'&"-'�/,�#  " -'0* �%-

&')'�('- (  -$-" -"+' !"0" 3$&$!-'&" -"!$0" %&�"72�)"0*3 ': )$,,*3. 

��( %&�2')',"( "  �')�2$,"(  -$-" -"+' !"3 3$&$!-'&" -"! ,'�43�-

)"0�: 

- %&" 5- -2"' &5!�2�)"-'�( "  �')�2$,"#; 

- +-�4* "70'&',"( %&�2�)"�" / !�,-&��'&$0" "7 +" �$ �%'&$-�&�2; 

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

-�-5 �-4�&$ �4&$71�2; 

- "70'&',"( %&�2�)"-/ 2  �5+$#,�0 %�&()!', %&" 9-�0 !�,-&��'&* ,'

)���,* 7,$-/ ,�0'& %&�2'&('0�# +$ -". 

	%&')'�',"'  3�)"0� -" " 2� %&�"72�)"0� -" "70'&"-'�/,*3  " -'0

0��'- �1',"2$-/ ( 0'-�)�0 &$70$3�2, 0'-�)�0  &'),"3 " &$70$3�2, )" %'&-

 "�,,*0 $,$�"7�0 (ANOVA). 
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�������� )�� �� ���� ��' «��' ��$� ����» 

!.�� #���!�
1�.�. 6'�",�2$, 

2�.�. ��4��'2$, 
3�.�. �$4��2, )"&'!-�&,  

3�.�. �� -",, )'!$,, 
3�.�. ��!���2$,  -. %&'%�)$2$-'�/

1
��� «��$��,-� '�&�» �. ����'%�+, ��������*'%�! �1�., 

2
��� �. ��'%,�, 

3
��� ((�����) ������� �. ����'%�+, ��������*'%�! �1�.  

�� -�(,"' 2�%&� $

6�� «
�» �. ���� !��� – 54*-�+,�' %&')%&"(-"'. �&"+",$ – 0�&$�/-

,� 5 -$&'28$( -'3,����"( %&�"72�) -2$ -/9,'&�"" – %&(0�'  �"�$,"' )�&�-

���� -�%�"2$ – %&"&�),��� �$7$ 2 !�-'�/,*3 5 -$,�2!$3  ,'2* �!"0 ��� ,$

."7"+' !" "7,�8',,�0 �4�&5)�2$,"". 

�&')���',"( %� �4' %'+',": &',-$4'�/,� -" %&')%&"(-"(: !��','&$-

1"(, " %��/7�2$,"' $�/-'&,$-"2,*3 2")�2 -�%�"2$,  �7)$,"' 9,'&��-'3,���-

�"+' !��� !�0%�'! $ (<
�). 

<
� ,$ 4$7' 6�� «
�» �. ���� !���  

�-&5!-5&,$(  3'0$ <
� 2!�:+$'- 2  '4( 5+$ -�! %� 7$��-�2!' " %'&'-

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

7(# -2$, 5+$ -�! %� 5%$!�2!' " 5-"�"7$1"" 7���2��� � -$-!$.  

�*2�)*  

��7)$,"' <
� %�72��"- %�2* "-/ 9,'&��9..'!-"2,� -/ " 9!����"+,� -/

%&�"72�) -2$ -'%��2�# 9,'&�"" 6�� «
�», &'8"-/ �),5 "7 9!����"+' !"3

%&�4�'0 ������&$) !�# �4�$ -" – 5 -&$,"-/ '�'��),*' ,"7�2*' %��$&* 7$

 +'- +$ -"+,��� 7$0';',"( 2 -�%�"2,�0 4$�$, ' %&"&�),��� �$7$ -�%�"2,*-

0" �&$,5�$0" "7 -&� -,"!$. � %��/7�2$,"' -&� -,"!�2*3 %'��'- 2 -�%�"2-

,�0 4$�$, ' %&')%&"(-"( %�72��"-  ,"7"-/ 7$-&$-* ,$ %&"�4&'-',"' -�%�"2$

" 9!����"+' !"' %�$-'�", %��5+"-/ )�%��,"-'�/,5: %&"4*�/ 7$  +'-: 

- �!$7$,"( 5 �5� %� �4' %'+',": %��$&,�# 4'7�%$ ,� -" (%�!� 5 -&�-

 -,"!$) 2 �3&$,,�# 7�,' �<� " &'!&'$1"�,,�# 7�,' ��. ������&$)$ " ����-

 !���; 
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- 5-"�"7$1"" 7���2��� � -$-!$ -&� -,"!�2*3 %'��'- 2 !$+' -2' 5)�4&'-

,"( )�( 7'�',��� 3�7(# -2$ ��. ������&$)$ " ���� !���. 

�%" �! �"-'&$-5&*: 

1. 
�",(,�2$ �.�. ��&0"&�2$,"' ,�2�#  -&$-'�"" &'8',"( 9!��&$)� -&�"-

-'�/,*3 %&�4�'0 2  �2&'0',,�0 %&�0*8�',,�0 ��&�)'// �' -,"! �����-

�&$) !��� �� . 5,--$. �'&. 10, �,,�2$1"�,,$( )'(-'�/,� -/. �*%.  7. 2012,  . 

66-70. 

2. ��/"+'2 �.�. �"� .'&,$(  �20' -"0� -/: 
'3,����"" 2,')&',"( ",,�2$-

1"#. 
�&�)$, &$72"2$:;"' +'��2'!$. 6.: �,"�,*# )�0 «����	�	6», 2011. 

– 240  . 

������ � '������� ��� ������ ��������$& ������

�'��� ���� ��������#�$����������

�.
. �'2$ -/(,�2, )�1',- ���, �. ���� !"#

�.�. �'2$ -/(,�2,  -5)',- �� 6<�, �. ���� !"#

 «���, �*� 1�� 3��'&," ������&��'&�,-�41�&���+

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

#&� &!�5��! � "&���&�� ��! ��1�&� &�� %� ��#����&'!» 

       ��. 6��'�+&

��2&'0',,*' 0"!&�%&�1'  �&,*' !�,-&���'&* %�72��(:- &$7&$4$-*-

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

&"-0�2 (2�('- ( $���&"-0 %5 !$ " � -$,�2$ 1',-&�4'�,*3 ,$ � �2. �&" %5 -

!' " � -$,�2' ,$ � �2 0* "0''0 %'&'0',,*' " !�0$,)*, %&","0$:;"' )2$

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

&*' %&","0$:- )2$  � -�(,"(, 2 ,$8'0  �5+$', 45)'0 ,$7*2$-/ )" !&'-,*-

0". �� )" !&'-,*0  " -'0$0 0,��� %54�"!$1"# [1], 4��/8", -2� "7 ,"3 ,�-

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

0',',"( -'�&"" ,$ %&$!-"!' [2, 3, 5]. � )�!�$)' �4&$;$'- ( 2,"0$,"', +-�

&'$�"7$1"( ,$ %&$!-"!' +" -�# -'�&"" 0��'- %&"2�)"-/ ! $2$&"(0, �-!$7$0

 " -'0*.   >'�/ )�!�$)$: %�%*-$-/ (, 2 �-2')B,,*3 &$0!$3, %�!$7$-/ ,$-

 !��/!�  ���,$ " ",-'&' ,$ )$,,$( 7$)$+$, ' �" &'$�"7�2$-/ 'B �&$0�-,�. �

)�!�$)' %�!$7*2$'- ( ,$ ,'�43�)"0� -/  " -'0,��� %�)3�)$ %&" &$7&$4�-!'
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 " -'0* $2-�0$-"7"&�2$,,��� %5 !$ " � -$,�2$ �&5%%* 1',-&�4'�,*3 ,$ �-

 �2: 0$! "0$�/,� &$ %�7,$2$-/ " 5+"-*2$-/ 2'&�(-,*' &'$�/,*'  "-5$1"", 

5+"-*2$-/ -'3,����"+' !5: 27$"0� 2(7/ .5,!1"�,"&�2$,"(  " -'0* !�,-

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

2'&�(-,� -,�0 $,$�"7'  "-5$1"#, -&'4�2$,"(3 -'3,����"+' !��� &'��$0',-$, 

-&'4�2$,"(3 -'3,"+' !�# )�!50',-$1"" ,$ 7$)'# -2�2$,,*' %&"4�&* " �4�-

&5)�2$,"', ,$ 7,$,""  3'0* 9�'!-&� ,$4�',"( ,$ � �2, $ -$!�' 5+B-' %&$!-

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

 ���,*3  " -'0, 0��'- " %��/7�2$-/ ( ,$ �<�, 
<�, ,$ %&')%&"(-"(3 ,'.-

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

�'�43�)"0� &$  0$-&"2$-/ 5%&$2�',"' !$�)*0 1',-&�4'�,*0 ,$ � �0

20' -'  ,$%�&,�# 7$)2"�!�#.  

�&" 9-�0  )���,* 4*-/ %&')5 0�-&',*  �')5:;"' &'�"0* &$4�-*: 

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

!$7*2$'-, +-� " 2 9-�0  �5+$'  " -'0$ )���,$ !�,-&��"&�2$-/ )'# -2"( �%'-

&$-�&$. 

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

��6$ -'3,����$-�%'&$-�&$, -.'.  �<�6. 

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

&$. 

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

%"-$,"( 1'%'# ��� " �, ,$%&(�',"( %"-$,"(  "��2��� �4�&5)�2$,"(, !�,-

-&��/ %����',"( !�:+$ &5+,��� "�" )" -$,1"�,,��� &'�"0$, &$ %����',-

,��� %� 0' -5 (�4*+,� 2 ,$ � ,�0 �-)'�',""). � &5+,�0 &'�"0' 2,'8,"'

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

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

9�'!-&�)2"�$-'�(, -'0%'&$-5&$ %�)8"%,"!�2 9�'!-&�)2"�$-'�(, )$2�',"' ,$-

�,'-$,"(, )$2�',"' 2 �4;'0 !���'!-�&' " -.). 

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

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

3) 	-!&*-"' "�" 7$!&*-"' 7$)2"�!" ,$ 2 $ ' ,$ � $. 

4) �2$&"#,�' �-!�:+',"' ,$ � $. 

5) �*4�& 0$&8&5-$ 7$!$+!" "�" �-!$+!" %&�)5!-$. 

6) 	-!&*-"' "�" 7$!&*-"' -'3,����"+' !"3 7$)2"�'!.  

��0$,)$ «	-!&*-/ 7$)2"�!5» 45)'- 4��!"&�2$,$ 2  �')5:;"3  �5+$(3: 

1) � �" 7$)2"�!$ �-!&*-$. 

2) �$)2"�!$ "0''- %&"7,$! �2$&"(. 

3) �$)2"�!$ 2 &'0�,-'. 

4) 	- 5- -25'- ,$%&(�',"( %"-$,"( 2 9�'!-&"+' !�# 1'%" 5%&$2�',"( 7$-

)2"�!�#. 

5) �  "-5$1"", !��)$ %����',"' 7$)2"�!" 	-!&*-$ ,')�%5 -"0�. 

6) � �" "0''- ( !�0$,)$ �$!&*-/ �253 !�0$,), %� -5%$:;"3 �),�2&'-

0B,,�: �-!&*-/ " 7$!&*-/ 7$)2"�!5. 

7) �,-"&'2'& ,$( 7$;"-$: !�0$,)$ 	-!&*-/ )���,$ %&�3�)"-/  ,'!�-�-

&�# 7$)'&�!�# %� �'  4&� $ !�0$,)* �$!&*-/. 

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

��0$,)5 �5 ! ,$ � $ 4��!"&5:- 2  �')5:;"3  �5+$(3: 

  

1) �$%�&,$( 7$)2"�!$ �-!&*-$. 

2) �'- 7$�"2$ ,$ � $, 4��!"&�2!$ %5 !$ «,$  535:». 

3) ��%&�-"2�',"' "7��(1"" 9�'!-&�)2"�$-'�( ,"�' ,�&0*. 

4) �$&58', 0$&8&5-  � -�(,"( 7$)2"�'!. �$%&"0'&, �-!&*-$ 7$)2"�!$

)&5���� %&�)5!-$, $  0'8',"' %&�)5!-�2 ,')�%5 -"0�. 

5) ��:+ ,$%�&,�# 7$)2"�!" ,' %'&'2')B, 2 %����',"' ���
 "�" ��
, 

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

6) �$%�&,$( 7$)2"�!$ "0''- %&"7,$! �2$&"(. 

7) 	- 5- -25'- ,$%&(�',"' %"-$,"( 2 9�'!-&"+' !�# 1'%" 5%&$2�',"(

7$)2"�!�# ,$�,'-$,"(. 
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8) 	- 5- -25'- ,$%&(�',"' %"-$,"( 2 9�'!-&"+' !�# 1'%" 5%&$2�',"(

%5 !�0 " � -$,�2�0 9�'!-&�)2"�$-'�( ,$ � $. 

9) 	- 5- -25'- ,$%&(�',"' %"-$,"( 9�'!-&�)2"�$-'�( ,$ � $. 

10) �$;"-$ �- ,' 2�'2&'0',,��� %5 !$.  

11) �$ � "0''- %&"7,$! �2$&"(. 

12) �$ � 2 &'0�,-'. 

13) �&" %�%*-!' �%'&$-�&�0 %&�"72' -" 7$!$+!5 2 B0!� -/  0$! "0$�/-

,*0 5&�2,'0. 

14) �&" %�2-�&,�# %�%*-!' 2!�:+',"(, !��)$ )2"�$-'�/ ';B ,' � -*� �-

%'&2��� %5 !$. 

15) �$)'&�!$ !�0$,)* %� �'  �5+$#,��� �-!�:+',"( �&5%%* ,$ � �2, 

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

,*0 )�( "74'�$,"( 4��/8���  !$+!$ %�-&'4�',"( -�!$. �&" 4��/8�0 4&� !'

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

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

1) �$%�&,$( 7$)2"�!$ �-!&*-$. 

2) �$;"-$ �- ,' 2�'2&'0',,��� � -$,�2$. 

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

�$%&"0'&, %� %&"+",' ,')�%5 -"0�# 7$�$7�2$,,� -" 2 ,$ � ,�0 �-)'�',"", 

%&�&*2' -&54�%&�2�)$ " -.).. 

� -'�&"", !�0$,)5, %&","0$:;5:  � -�(,"' «1» -&$!-5:-, !$! 2!�:+"-/, 

«0» — �-!�:+"-/ (!�0$,)$ �-�%). � 9-�0  �5+$'  !�,-&���'&$ )���,$ %�-

 -�(,,� ")-" !�0$,)$. �  �5+$' �-!$7$ !�,-&���'&$, "�" ,'�43�)"0� -" %'-

&'7$�&57"-/ !�,-&���'&, !�0$,)* ,$ 2*3�)' !�,-&���'&$ 0��5- 4*-/  4&�-

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

9-�05 !�0$,)* )���,* 4*-/ )2' !�0$,)*: �5 ! " �-�%. ��0$,)* )���,*

4*-/ ,' %�-',1"$�/,*', $ "0%5�/ ,*', +-� " !�:+$'- �' -!5:  2(7/ !�,-

-&���'&$  �4C'!-�0. �  3'0$3 ���"� !�0$,)$ �5 ! )���,$ 4*-/   $0�-

%�)32$-�0. �$! 5!$7*2$�� / 2*8', )���,$ 4*-/ %&')5 0�-&',$ 7$;"-$ �-

,' 2�'2&'0',,��� %5 !$ " � -$,�2$ ,$ � $. �&" %� �')�2$-'�/,*3 2!�:+'-
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,"(3 " �-!�:+',"(3 )2"�$-'�" ,'�/7( 2!�:+$-/ &$,/8' 5!$7$,,��� 2 %$ %�&-

-' 2&'0',". �2"�$-'�/ ,'�/7( �-!�:+$-/, ' �" �, ,' ,$4&$� ,�0",$�/,*'

�4�&�-*. 	 -$,�2 )2"�$-'�( 2 0�0',- %5 !$, !��)$  %5 !�2�# -�! 2 5-7 &$7

%&'2*8$'- ,�0",$�/,*#, 0��'- %&"2' -" ! 2�7,"!,�2',": )5�" 2 !�,-$!-�-

&'. ���!"&�2!$ �- ,' 2�'2&'0',,��� � -$,�2$ "�" %5 !$ &'$�"75'- (  " -

%��/7�2$,"'0 �),�2"4&$-�&�2 (	��). �&" %5 !' !�,-&��"&5'- ( ,$4�& )$2-

�',"( 7$ 7$)$,,�' 2&'0(, $ 2 %&�1'  ' &$4�-* !�,-&��"&5'- ( )$2�',"' 2 �4-

;'0 !���'!-�&' " )&5�"' %$&$0'-&*. 	-)'�/,��� &$  0�-&',"( -&'45'-  " -

-'0$  %5 !$ " � -$,�2$ �&5%%* ,$ � �2, %�)!�:+',,*3 ! �),�05 22�)5.  

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

%&��&$00,*3  &') -2. 

�"�,$�"7$1"(. �  " -'0$3 $2-�0$-"7"&�2$,,��� 5%&$2�',"( )�( �4C'!-

-�2 %�2*8',,�# �%$ ,� -"  "�,$�"7$1"" 5)'�',� � �4�' 2,"0$,"'. ��')5'-

&$7&$4$-*2$-/ $���&"-0* ",-'��'!-5$�/,�#  "�,$�"7$1"" [4]. 

� &'$�/,*3  " -'0$3 ,'�43�)"0� %&')5 0$-&"2$-/  2(7/ %5 !$ " � -$-

,�2$ ,$ � �2   " -'0�# ��� (%&�-"2�$2$&"#,�# 7$;"-�#). 

�&$2"�/,�05 �-!&*-": " 7$!&*-": 7$)2"�'! 5)'�('- ( 2,"0$,"' 2� 0,�-

�"3 %54�"!$1"(3 [6, 7, 8].  

����&"-0 5%&$2�',"( 7$)2"�!�# %&')5 0$-&"2$'- ,' !��/!� &'�"0�2

&$4�-*: ���
 "�" ��� " ��
. 

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

' �"  0'8',"' %&�)5!-�2 ,')�%5 -"0�, $ �%'&$-�& %*-$'- ( �-!&*-/ 7$-

)2"�!5 )&5���� %&�)5!-$. 
.'., ' �" ")B- 7$!$+!$ �),��� %&�)5!-$, $ �%'&$-

-�& %*-$'- ( �-!&*-/ 7$)2"�!5 ,$ B0!� -" )&5���� %&�)5!-$. �$  0�-&"0

 5-/ $,-"&'2'& ,�# 7$;"-*. � �" %� !$!"0-�"4� %&"+",$0 �%'&$-�& �8"-

4�+,� )$� !�0$,)5 �-!&*-/ (7$!&*-/) " 2 0�0',- 'B )2"�',"( %�,(�, +-� 'B

,'�43�)"0�  &�+,� 7$!&*-/. �$B- !�0$,)5 7$!&*-/. ��0$,)$ 7$!&*-/  4&$-

 *2$'- !�0$,)5 �-!&*-/ " %&�3�)"- ,$ 2*3�) ,'  &$75, $  7$)'&�!�#, ,$-

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

0$,)$ 7$!&*-/ [�6�-�
! ��,�7/�� ��8��� /
 /
	3
/.].  

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

�* ,$ " %��,"-'�/,*' 0'3$,"70* 7$)2"�!". 

2. �4&� !�0$,) %&�" 3�)"-: 

• %� ,$�$-": !�,'+,��� 2*!�:+$-'�( (��, !�,'+,"!$); 

• %� " -'+',"" 2&'0'," ,'�43�)"0��� )�( �-!&*-"( "�" 7$!&*-"(; 

• %� " -'+',"" 2&'0',", ,'�43�)"0��� )�(  3�)$  !�,'+,��� 2*!�:+$-

-'�(; 

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

3. ����&"-0 .�&0"&5'-  "�,$� $2$&"". �2$&"'#  +"-$:- (  "-5$1"": 

• �4$ !�,'+,"!$ ,$�$-*; 

• �4$ !�,'+,"!$ �-�$-* 4'7 !�0$,)*; 

• 7$)2"�!$ ,'  �8�$  !�,'+,��� 2*!�:+$-'�( 7$ �-2')B,,�' 2&'0(; 

• ,'  &$4�-$� 2'&3,"# �� %� !�0$,)' 	-!&*-/; 

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

4. �����',"' 7$)2"�!" )���,� �-�4&$�$-/ ( 2 �:4�# 0�0',-. ��%5 -

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

�&�,50'&5'0 "3  2'&35 2,"7: 1, 2, 3, 4. 

• �$)2"�!$ 2 %����',"" "�-!&*-$" - «��&"-»  2'-�)"�) A1, 

• �$)2"�!$ 2 %����',"" «7$!&*-$» - «��&"-»  2'-�)"�) A2, 

• 2 %&�1'  ' %'&'3�)$ 7$)2"�!" "7 �),���  � -�(,"( 2 )&5��'  ��-2'- --

25:;"#  2'-�)"�) 0"�$'-. �$%&"0'&, !��)$ 7$)2"�!$ Z-1 �-!&*2$'- (, 0"�$-

'- %'&2*#  2'-�)"�). 

• !�0$,)5 �-!&*-/ "�" 7$!&*-/  %�)-2'&�)$'-  2'-�)"�) A3, 

•  "�,$� $2$&"" %� 7$)2"�!' 2*)$B- ( ,$  2'-�)"�) A4. 

�,')&',"'  " -'0 ,$ 4$7' %&')�$�$'0��� %�)3�)$ %�72��"- "74'�$-/

%&" %5 !' ,$ � �2 !$2"-$1":, %&" � -$,�2' – �")&$2�"+' !"' 5)$&*, " !�:-

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

��2'+,� -/ &'�'#,�-!�,-$!-,�# $%%$&$-5&*, %&�)�"- &' 5& &$4�-* 7$)2"-

�'! " ,$ � �2,  ,"7"- ( ,$�&57!$ ,$ -'3,����"+' !"# " &'0�,-,*# %'& �,$�. 

�&$!-"+' !" " !�:+$:- ( $2$&"" %� 2",' $2-�0$-"7"&�2$,,�#  " -'0*. 

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

5%&$2�',"'0 �&5%%�# %&"0'&,� "7 10 ,$ � �2, 30 7$)2"�'!  � -$2"- 15-

20 0�,. &54�'#. �'$�/,*#  &�! &$7&$4�-!" " 2,')&',"(  " -'0*   � -$2"- ,'

0','' 3 �'-, -$! !$! )�( %&'%�)$2$-'�'# 257$ "  -5)',-�2 � ,�2,*0 (2�('- (

,$%&(�B,,*# 5+'4,*# %&�1'  .  

�%" �! �"-'&$-5&*

1. �&5 $�"0 !"# �.6. �" !&'-,$( 0$-'0$-"!$: -'�&"(, 7$)$+", %&"��-

�',"(. 3-' "7)$,"'. – 6.: �57�2 !$( !,"�$, 2000. – 280  . 

2. �� %'��2 �.�. ���"+' !"' 0'-�)* $,$�"7$ "  ",-'7$  3'0. 6.: <,'&-

�"(,1974.-368 . 

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

,$ � �2 (����&"-0 %�2*8',,�# ,$)B�,� -"). �" -'0�-'3,"!$.-2005, A3. 

4. �'2$ -/(,�2 �.
. �&��&$00,$( &'$�"7$1"( -'3,����"+' !�#  "�,$�"-

7$1"" ,$ %&�0*8�',,*3 !�,-&���'&$3 // �&�0*8�',,*' ��� " !�,-&��-

�'&*.-2012, A 8.- .50 

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

-&���'&$3: 5+'4,�' %� �4"'.- ������&$): ���� ����

�, 2011-244 . 

6. �'2$ -/(,�2 �.
. 6"!&�%&�1'  �&,�' 5%&$2�',"' 7$)2"�!$0", &$ -

%&')'�(:;"0" %�-�!" �")!� -" " �$7$ //�"��.-2008 A10- .1-5. 

7. �$7�2 !"# �. �. �" -'0* !�,-&��( " 5%&$2�',"( �",'#,*0" 7$)2"�-

!$0" 0$�" -&$�/,*3 ,'.-'%&�2�)�2 // �&�0*8�',,*' ��� " !�,-&���'-

&*. 2000, A 6. 

8. ���! 5%&$2�',"( 7$)2"�!$0" (���-1) // �&�0*8�',,�' "  -&�"-'�/-

,�' �4�&5)�2$,"'.-2001.- A26.-�.32. 
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�$��� �'���� +�$& �� ���"( �������� ��!������

�� �� ���'��!�������$& '��(�'�����  

� ��%� +�$�� ��� ��������  

�� ' ����������� ������

�.�. �� ',!�, �.�. 
*8!'2"+, �.�. 	&��2  

��� ((�����) 6�7�� ��� �������

��( %�)8"%,"!�2�# %&�0*8�',,� -" 8�".�2$,"' (2�('- ( �),"0 "7

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

-$�'# %�)8"%,"!�2. �5-" %�2*8',"( �'�0'-&"+' !�# -�+,� -" 8�".�2$,"(

%�)8"%,"!�2 !$+',"( �%&')'�',* 2 0,���+" �',,*3 &�  "# !"3 " 7$&54'�-

,*3 "  �')�2$,"(3. 	),$!� "7��-�2�',"' !&5%,��$4$&"-,*3 %�)8"%,"!�2

 2(7$,,�  � 7,$+"-'�/,*0" -&5),� -(0". 

<-" -&5),� -" �45 ��2�',*  ���,� -/: �4' %'+',"( �'�0'-&"+' !�#

-�+,� -" !��'1 %�)8"%,"!�2, "0':;"3 ,$+$�/,5: "7��,5-� -/ -�&1�2 2 &'-

75�/-$-' -'&0��4&$4�-!" "�" %&')8' -25:;"3 �%'&$1"# 0'3$,"+' !�# �4-

&$4�-!".  

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

2'&3,� -" %�)2'&�$:- 8�".�2$,":. �$�"+"' "7��,5-� -" -�&1�2*3 %�2'&3-

,� -'#  5;' -2',,� 5 ���,('- %&�1'  8�".�2$,"(, %� !��/!5 %�) )'# --

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

�� �' 8�".�2$,"( "  ,(-"( 0$�,"-,��� %��( 5%&5�"' )'.�&0$1"" 2�72&$-

;$:- �%&')'�B,,5: 2'�"+",5 �-!��,',"( �- %�� !� -,� -" �4&$4�-$,,�05

-�&15. �$7�"+,*' -'3,����"+' !"' %&"'0*, " %��/75:;"' ( )�( 5 -&$,',"(

�-!��,',"# �- %�� !� -,� -" -�&1�2 !��'1 %�)8"%,"!�2,  5;' -2',,� 52'-

�"+"2$:- 2&'0( �4&$4�-!" "  -�"0� -/ �%'&$1"". 

�&" 8�".�2$,"" !��'1 !&5%,��$4$&"-,*3 %�)8"%,"!�2 ,'�43�)"0�

5+"-*2$-/ 5%&5�"' )'.�&0$1"", 2�7,"!$:;"' �- )'# -2"( 0$�,"-,��� %��(

 -��$ "  "�* &'7$,"(. �%&$2�',"' 2'�"+",�# 5%&5�"3 )'.�&0$1"# %�72��"-

50',/8"-/ 2&'0( "  -�"0� -/ �%'&$1"" %&" �$&$,-"&�2$,,�0 �4' %'+',""

�'�0'-&"+' !�# -�+,� -" )'-$�". 



43

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

2$,"( !��'1 !&5%,��$4$&"-,*3 %�)8"%,"!�2 "7  -$�" ��15, �4' %'+"2$:-

;$( 2*%��,',"' -&'4�2$,"# ! !$+' -25 �4&$4�-$,,�# %�2'&3,� -" (�- 5- --

2"' 8�".�2�+,*3 %&"����2, 7$)$,,*' 7,$+',"( Ra " )�%5 !$ %�� !� -,� -"

D) %&" 0$! "0$�/,�# %&�"72�)"-'�/,� -" %&�1'  $ (&" 5,�!).  

�$ %'&2�0 9-$%' %&" 2*4�&' �%-"0$�/,*3 5 ��2"# 8�".�2$,"( 7$��-

-�2!5 &$  0$-&"2$:- !$! $4 ��:-,� �B -!5: " �%-"0"7$1": %$&$0'-&�2

� 5;' -2�(:- "7 5 ��2"( 2*%��,',"' %'&2*3 )253 -&'4�2$,"#, -.'. �4' %'-

+',"( 4' %&"����2�# �4&$4�-!" " 7$)$,,��� 7,$+',"( Ra. 

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

�$ -"  5;' -2�2$,"( %$&$0'-&�2 �%-"0"7$1"", �4' %'+"2$:;"3 2*%��,',"'

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

6$-'0$-"+' !"' 0�)'�" %&"2')B,,*3 ! 8"&",' �4&$71$  � -$2�(:;"3

 "�* &'7$,"( (py, pz), !�9.."1"',-$ 8�".�2$,"( (�3) " 8'&�3�2$-� -" �4&$-

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

9! %'&"0',-$ -"%$ 2
k
, �)' k – +" �� .$!-�&�2, )�( %�� !��� 2&'7,��� 8�".�-

2$,"(  -$�" ��15. 

� !$+' -2' 23�),*3 .$!-�&�2 %&" 0�)'�"&�2$,"" %&�1'  $ 8�".�2$-

,"( 2*4&$,*  �')5:;"' %$&$0'-&* 3$&$!-'&" -"!" $4&$7"2,��� ", -&50',-

-$ " &'�"0$ 8�".�2$,"(: F – 7'&," -� -/, 0'8. (
	�
 � 52381); '1 (.1) – 

-2B&)� -/ 8�".�2$�/,��� !&5�$, �%&')'�(�" 725!�2*0 0'-�)�0 %� %&"2'-

)',,�#  !�&� -" &$ %&� -&$,',"( $!5 -"+' !"3 2��,, 0/  (
	�
 � 52710); t

(.2) – ��54",$ 8�".�2$,"(, 00/3�); vs (.3) –  !�&� -/ %�)$+"  -��$, 0/0",. �

 !�4!$3 )$,� 5 ��2,�' �4�7,$+',"' !�)"&�2$,,*3 7,$+',"# .$!-�&$. 

� 5+B-�0 %&�"72�) -2',,��� �%*-$ 4*�" 2*4&$,*  �')5:;"' )"$%$-

7�,* 2$&/"&�2$,"( 23�),*3 .$!-�&�2: F – �- F60 )� F46; '1 – �- 4504 0/  (K) 

)� 4930 0/  (L); t – �- 0,01 )� 0,02 00/3�); vs – �- 10 )� 20 0/0",. 

� &'75�/-$-' $,$�"7$ 9! %'&"0',-$�/,*3 )$,,*3 5 -$,�2�',�, +-� 2

&$  0�-&',,�0 ",-'&2$�' 2$&/"&�2$,"(  � -$2�(:;"'  "�* &'7$,"( ,$ ,'-

!�-�&*3 &'�"0$3 8�".�2$,"( 7,$+"0� 7$2" (- �- ,$&$4�-!". �  2(7"  9-"0
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,$&$4�-!$ V (.4) 4*�$ 22')',$ 2 0$-'0$-"+' !"' 0�)'�" 2 !$+' -2' +'-2'&-�-

��  23�),��� .$!-�&$. 

�������� �	����:
��������	
: �� ��	��
�� Pz 
 [Pz]; �� �������� ��������	 ����������	  Ra 
 [Ra]; 	 ��. 


������	����	� ��������� ������ (D, D1, C, �); 
������ ������������	 �������� ����������	 �� ������		 ��	�����	
 - �;  

�������	����	� �����	 �������� ��������: ���	������ 	 ����������� �������
��	� �	� �����	

- Py, Pz , ������������	 ����������	 - Ra �� ������� �������� (x1, x2, x3, x4, ) –  

Py = Py (x1, x2, x3, x4, ….), Pz = Pz (x1, x2, x3, x4, ….),  
Ra = Ra (x1, x2, x3, x4, ….);   

	�����	������ ��	�	
 ��
�	���
� ���
 ����� q  

�	�
�� �	����	����� ������ ������� ������	��� �����	: wmax = wp + wq

���������	���
�	�������� ���� ����	: 

wq 
 [�]  
  

�� ���

������	���
 �� ���	!��	���: 

w� + wq 
 [�]  

��� �� ���

������	���  �� ���	!��	��� ��� ������	���� �	��	�����
����	���"#�� ���� ���	��� [Py] 

$���������� � �	��� ���������� �	�	������ %�����	���, � ����
��	"#�� ��� ��	��� ��
���!��	�, %������	����� ����������� � ��.: Pz (x1, x2, x3, x4, ….)� [Pz]; Ra(x1, x2, x3, x4, ….)� [Ra];...

$���������� �����	������ ��!��	 %�����	��� � �	����	����� ������������������"

Qmax(x1, x2, x3, x4, ….) (� � ! � �  1)

$���������� ����
��� �	��	����� ����	���"#�� ���� ���	��� Py = Py(x1, x2, x3, x4, ….)  

��� �����	������ ��!��	 (� � ! � � 1) 

$ �	���
����������  

�	�	������ %�����	���
 �� ���	!��	���: 

w� +wq 
 [�]; 
To<1,4Tomin

�" 5,�! - ����&"-0 2*4�&$ �%-"0$�/,*3 5 ��2"# 8�".�2$,"( 7$��-�2�! !��'1  

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

������	���
 �� ���	!��	���: 

w� 
 [�]  

�����

$ �	���
����������  

�	�	������ %�����	���
 �� ���	!��	���: 

w� 
 [�]; 
To<1,4Tomin

�� ���

$����	����� ��!��
%�����	��� � �	����	�����

������������������"
(� � ! � � 2)

������	���
� ���	!��	����

(� � ! � � 1) 

������	���
� ���	!��	����

(� � ! � �  1) 

$����	����� ��!��
%�����	��� � �	����	�����

������������������"
(� � ! � � 2)
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�$&$0'-& Ra 7$)$, 2 -'3,����"+' !�0 %&�1'  '. 	4&$7�2$,"' 8�".�-

2�+,*3 %&"����2 ,$ �4&$4�-$,,�# %�2'&3,� -" 7$��-�2!" �%&')'�('- ( !$-

 $-'�/,�#  � -$2�(:;'#  "�* &'7$,"( Pz. � &'75�/-$-' %&�2')',,*3 "  �'-

)�2$,"# 5 -$,�2�',�, +-� 8�".�2�+,*' %&"���" %�(2�(:- ( %&" 7,$+',"(3

pz > 6 �/00.  

� " %��/7�2$,"'0 0$-'0$-"+' !"3 0�)'�'# Ra " pz �%&')'�',* �4�$ -"

)�%5 -"0*3 7,$+',"# %$&$0'-&�2 �%-"0"7$1"". 

�$�/,'#8$( �%-"0"7$1"( %$&$0'-&�2 2 �4�$ -" )�%5 -"0*3 7,$+',"#

� 5;' -2�('- ( "7 5 ��2"( �4' %'+',"( 0$! "0$�/,�# %&�"72�)"-'�/,� -"

%&�1'  $. 

��(  -$�" �� 15 %&" )�%5 -"0�0 7,$+',"" [Ra] = 2,5 0!0 %��5+',*

 �')5:;"' �%-"0$�/,*' %$&$0'-&* &'�"0$ 1: �%-"0$�/,$( ��54",$ 8�".�-

2$,"( topt = 0,02 00/3�); �%-"0$�/,�' 7,$+',"'  !�&� -" %�)$+" 7$��-�2!" - 

vsopt = 13 0/0",; %&" 0$! "0$�/,�# %&�"72�)"-'�/,� -" Qmax = 260 002
/0",. 

�-�&�# 9-$% �%-"0"7$1"" %&" 8�".�2$,"" !��'1 %�)8"%,"!�2 7$!�:-

+$'- ( 2 ,'�43�)"0� -" 5+'-$ 5%&5�"3 )'.�&0$1"# %&" 7$!&'%�',"" 7$��-

-�2!". ��70��,� -/ " %��/7�2$,"( 0$�,"-,��� %��(  -��$  -$,!$ )�( 7$!&'-

%�',"( 7$��-�2!" !��/1$ &'$�"75'- ( %&" 2*%��,',"" ,'&$2', -2$:  

wq E [∆], 

�
-��9


py(F46), 

�/00
py = 19,9 + 5,45x1 + 3,43x2 + 0,99x3 + 3,67x4 + 1,02 x1x2  – 2,40x1x3  +2,6 x1x4 + 

0,69x2x3  

- 1,42 x3x4  – 1,49x1x3x4

py(F60), 

�/00
py = 31,42+0,91x1–3,21x2–1,02x4+1,78x1x2–3,44x2x3+0,77x3x4+ +1,93x1x2x3x4+ 

2,06x1x2x3 – 3,078 x1x2x4 – 0,73 x1x3x4

pz(F46), 

�/00
pz = 6,21  + 0,82x1 + 0,9x2 + 0,82x3 + 0,49x4   – 0,54x1x3  + 0,23 x1x4 

pz(F60), 

�/00
pz = 9,18+1,86 x1+ 0,67x3 – 0,27x4+ 0,32x1x3 – 0,38x2x3+ 0,37x3x4+0,37x1x2x3x4

+,72x1x2x3 – 0,35 x1x2x4

�3(F46) �3 = 44,77 – 5,06x2  – 13,51x3 + 6,15x1x3

�3(F60) �3 = 22,75 – 1,97x1 – 5,83x2 – 1,68x3 – 2,61x1x2 + 1,71x1x3 – 4,77x2x3

Ra(F46),

0!0
Ra = 1,81– 0,22x1+ 0,46x3 – 0,22x1x3

Ra(F60),

0!0
Ra = 1,92+ 0,27x1 + 0,2x2 + 0,29x1x2+ 0,3x1x3+ 0,26x1x2x3
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�)' wq - 0$! "0$�/,$( � '2$( )'.�&0$1"( %&" 7$!&'%�',"" 7$��-�2!" !��/1$

0$�,"-,*0 %��'0  -��$; )�%5 -"0$( � '2$( 5%&5�$( )'.�&0$1"( !��/1$ [∆] 

�%&')'�('- ( .�&05��#: [∆] = 8∆ - ∆&, �)' 8 - !�9.."1"',- 7$%$ $ -�+,� -"; ∆

- )�%5 ! %�� !� -,� -" -�&1�2�# %�2'&3,� -" ,$ �%'&$1"" 8�".�2$,"(; ∆&

– )�%5 ! %�� !� -,� -" %&" 8�".�2$,"" �B -!�# 7$��-�2!", �%&')'�('0*#

"7  %&$2�+,�# �"-'&$-5&*. 

�&" 7$!&'%�',"" 7$��-�2!" !��/1$ 0$�,"-,*0 %��'0  -��$ 2�70��-

,� -/ 8�".�2$,"( 4'7 2*3$�"2$,"( �%&')'�',$ ,'&$2', -2�0: 

wq + wp E [∆].                                                              (1) 

�&" 8�".�2$,"" 7$��-�2!" !��/1$ 4'7 7$!&'%�',"( 0$�,"-,*0 %��'0

)�%5 -"0�' 7,$+',"' )�%5 !$ %�� !� -,� -" �4' %'+"2$'- (  %&" 2*%��,'-

,"" ,'&$2', -2$:                  

wp E [∆],                                                                (2) 

�)' wp 0$! "0$�/,$( � '2$( 5%&5�$( )'.�&0$1"( !��/1$ %&" "7�"4' %�) )'#-

 -2"'0 &$)"$�/,�#  � -$2�(:;'#  "�* &'7$,"(. 

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

[1]. 

� �" ,'&$2', -2$ (1) " (2) ,' 2*%��,(:- (, 7$��-�2!" !��/1$ 8�".5:-

 2*3$�"2$,"'0, +-� %&"2�)"- ! 52'�"+',": � ,�2,��� 2&'0'," 8�".�2$-

,"(.  

� -$!�0  �5+$' 2 �4�$ -" &$,'' �%&')'�',,*3 )�%5 -"0*3 7,$+',"#

%$&$0'-&�2 %&�1'  $ 1'�' ��4&$7,� ,$#-" -$!"' 5 ��2"( 8�".�2$,"(, %&"

!�-�&*3 2�70��,� 2*%��,',"'  �')5:;"3 5 ��2"#: 

w� + wq E [9];  To<1,4To min,                                               (3)

�)' To min – � ,�2,�' 2&'0( 8�".�2$,"( 4'7 2*3$�"2$,"( %&" 0$! "0$�/,�#

%&�"72�)"-'�/,� -" �4&$4�-!", %$&$0'-&* &'$�"7$1"" !�-�&�# 4*�" �%&'-

)'�',* &$,''. �&"  5;' -2�2$,"" �4�$ -" %$&$0'-&�2 %&�1'  $, 5)�2�'-2�-

&(:;"3 (3), 2*4�& �%-"0$�/,*3 5 ��2"# 8�".�2$,"( � 5;' -2�('- ( %�

!&"-'&": 0$! "0$�/,�# %&�"72�)"-'�/,� -". 
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�,$���"+,*# %�)3�) &'$�"7�2$, %&" �%&')'�',"" �%-"0$�/,*3 5 ��-

2"# 8�".�2$,"( 7$��-�2�! !��'1 %�)8"%,"!�2, 7$!&'%�',"' !�-�&*3 ,$

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

�"-'&$-5&$

1. ���
/��, �. �. 	%&')'�',"' � '2*3 %'&'0';',"# %&" 8�".�2$,""

-�&1�2 %�)8"%,"!�2*3 !��'1 / �.�. �� ',!�, �.�. 
*8!'2"+, �.�. 	&��2, 

�.�. �2'-�"+,$( // �&�4�'0* 0$8",� -&�',"( " ,$)'�,� -" 0$8",. – 2010. 

– A 2. – C. 70 –74. 

�������� )�� �� ���� ��' «��' ��$� ����»  

!. �� #���!�

6'�",�2$ �.�.
1
, ��4��'2$ �. �.

2
, �$4��2 �.�.

3
, �� -", �.�.

3
, ��!���2$ �.�.

3

��� «��$��,-� '�&�» �. ����'%�+, ��������*'%�! �1�. (1)  

��� �. ��'%,� (2) ��� ((�����) ������� �. ����'%�+ (3) 

���,��/�
 5�����


6�� «
�» �. ���� !��� – 54*-�+,�' %&')%&"(-"'. �&"+",$ – 0�&$�/-

,� 5 -$&'28$( -'3,����"( %&�"72�) -2$ -/9,'&�"" – %&(0�'  �"�$,"' )�&�-

���� -�%�"2$ – %&"&�),��� �$7$ 2 !�-'�/,*3 5 -$,�2!$3  ,'2* �!"0 ��� ,$

."7"+' !" "7,�8',,�0 �4�&5)�2$,"". 

'�
3���
/�� �� �-
��
7
/�: �
/,
-
�./��,� ��
3����,��

���','&$1"(, " %��/7�2$,"' $�/-'&,$-"2,*3 2")�2 -�%�"2$,  �7)$,"'

9,'&��-'3,����"+' !��� !�0%�'! $ (<
�). 

)�� /
 -
4
 ��' «��» �. ���������  

�-&5!-5&,$(  3'0$ <
� 2!�:+$'- 2  '4( 5+$ -�! %� 7$��-�2!' " %'&'-

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

7(# -2$, 5+$ -�! %� 5%$!�2!' " 5-"�"7$1"" 7���2��� � -$-!$.  

�85�38  

��7)$,"' <
� %�72��"- %�2* "-/ 9,'&��9..'!-"2,� -/ " 9!����"+-

,� -/ %&�"72�) -2$ -'%��2�# 9,'&�"" 6�� «
�», &'8"-/ �),5 "7 9!����"+'-

 !"3 %&�4�'0 ������&$) !�# �4�$ -" – 5 -&$,"-/ '�'��),*' ,"7�2*' %��$-
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&* 7$  +'- +$ -"+,��� 7$0';',"( 2 -�%�"2,�0 4$�$, ' %&"&�),��� �$7$ -�%-

�"2,*0" �&$,5�$0" "7 -&� -,"!$. � %��/7�2$,"' -&� -,"!�2*3 %'��'- 2 -�-

%�"2,�0 4$�$, ' %&')%&"(-"( %�72��"-  ,"7"-/ 7$-&$-* ,$ %&"�4&'-',"' -�-

%�"2$ " 9!����"+' !"' %�$-'�", %��5+"-/ )�%��,"-'�/,5: %&"4*�/ 7$  +'-: 

- �!$7$,"( 5 �5� %� �4' %'+',": %��$&,�# 4'7�%$ ,� -" (%�!� 5 -&� -,"!$) 

2 �3&$,,�# 7�,' �<� " &'!&'$1"�,,�# 7�,' ��. ������&$)$ " ���� !���; 

- 5-"�"7$1"" 7���2��� � -$-!$ -&� -,"!�2*3 %'��'- 2 !$+' -2' 5)�4&',"(

)�( 7'�',��� 3�7(# -2$ ��. ������&$)$ " ���� !���. 

�%" �! �"-'&$-5&*. 

1. 
�",(,�2$ �.�. ��&0"&�2$,"' ,�2�#  -&$-'�"" &'8',"( 9!��&$)�-

 -&�"-'�/,*3 %&�4�'0 2  �2&'0',,�0 %&�0*8�',,�0 ��&�)'// �' -,"! ���-

���&$) !��� �� . 5,--$. �'&. 10, �,,�2$1"�,,$( )'(-'�/,� -/. �*%.  7. 2012, 

 . 66-70. 

2. ��/"+'2 �.�. �"� .'&,$(  �20' -"0� -/: 
'3,����"" 2,')&',"( ",,�-

2$1"#. 
�&�)$, &$72"2$:;"' +'��2'!$. 6.: �,"�,*# )�0 «����	�	6», 

2011. – 240  . 

��&�� �!�� ��!������� +��" ��' ����  

�����'��(���$& �'����� ��������"����  

)������� �!�������$���' �����1
  


.�. ��!���2 $��(. %�(. 
� �������, �.�. �* $! ��%&�� �������, 

�.�. �"-2",',!�-�&/!�2 ������� ��� �
� «��(&�0�,�*���&��» �. 

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

�.�. �541�2 �.�.'. �������, 

�.6. ��"0'8�2 " �.�. 
�%�&!�2 ����'&���&- %�(. 
� �������. 

� 5 ��2"(3  �2&'0',,��� %&�"72�) -2$ 2* �!$( "7,� � -�#!� -/ %&�-

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

                                                
1
�$4�-$ 2*%��,',$ %&" .",$, �2�# %�))'&�!' ���� 2 &$0!$3 ,$5+,*3 %&�'!-�2 A 13-08-01282 "

A 14-08-00868 
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 %� �4�2 "3 5%&�+,',"( -'&0"+' !"  -�#!"0" 0$-'&"$�$0" [1]. ��2*8',,$(

"7,� � -�#!� -/ �%&$2�! �4' %'+"2$'- ( %&" ,$%�$2!' "3 ,� !�2 �$&�%&�+-

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

 -*0"  %�$2$0" ,$ � ,�2' �'�'7$ [2, 3]. ��2�' %�!��',"' -$!"3 ,$%�$2�+,*3

0$-'&"$��2, &$7&$4�-$,,*3 ,$ !$.')&' �2$&�+,��� %&�"72�) -2$ ����

�, 

)$'- 2�70��,� -/ 2*��),� " %��/7�2$-/ %&'"05;' -2$ -'3,����"+' !" �"4-

!��� %&�1'  $ $2-�0$-"+' !�# $&��,�)5��2�# ,$%�$2!" !��'4�:;"0 ( 9�'!-

-&�)�0 )�( 5%&�+,',"( �%&$2�! %&" "3 "7��-�2�',"". 

��( ,$%�$2!" &$ !$-,�# %�2'&3,� -" �%&$2!" &$7&$4�-$,$ %�&�8!�2$(

%&�2���!$ ��-�2-850 (�$-',- �� A 2478030)  )"$0'-&�0 2,5 00 (
� 284-

11). ��&�8!�2$( %&�2���!$ �4' %'+"2$'-  5+'-�0 )��" 5+$ -"( 0'-$��$ � -

,�2* (32-35 %) 2 ,$%�$2�',,�0 0'-$��', %��5+',"' $7�-� �)'&�$;'�� ,$-

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

C; 14,5 Cr; 4 Ni; 2,7 Mo; 0,1 Ti; 0,17 N; Fe – � -$�/,�'. � !$+' -2' !�0%�,',-$

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

��!"  �)'&�"- 0"!&�%�&�8�! ,"!'�( &$70'&�0 40-60 0!0 2 !��"+' -2' 70 % 

(0$  .)  2,')&',,*0" 2 ,'�� ,$,�+$ -"1$0" TiCN  &$70'&�0 0','' 100 ,0

2 !��"+' -2' 30 % (0$  .).  


�&1'25: %�2'&3,� -/ ,� !$ �%&$2!" &'!�0',)�2$,� ,$%�$2�(-/  " -

%��/7�2$,"'0 -$!�' &$7&$4�-$,,�# 2 ����

� !�0%�7"1"�,,�# %&�2���!"

��-�%-500 (�$-',- �� A 2478029)  )"$0'-&�0 2,5 00 (
� 205-12). ��, --

&5!1"( %&�2���!" �4' %'+"2$'- 5 -�#+"2*# 9�'!-&�)5��2�# %&�1'  " 4'7-

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

�(: (%, 0$  .) 0,3 C; 3,0 W; 2,5 Mo; 4,2 Cr; 1,9 Ta; 11 Al; Ni – � -$�/,�'. �$-

%��,"-'�/ !�0%�7"1"�,,�# %&�2���!"  �)'&�"- )� 50 % (0$  .) 0"!&�%�-

&�8!$ ,"!'�(  2,')&',,*0" 2 ,'�� ,$,�+$ -"1$0" !$&4")$ WC  &$70'&�0

0','' 80 ,0 2 !��"+' -2' 50 % (0$  .). 


'3,����"+' !"# %&�1'  ,$%�$2!" "7��-�2�',,*3 "7  -$�" 20��4��

�%&$2�! 2!�:+$'- %&')2$&"-'�/,*# %�)��&'2 )� 300 °�. � 1'�/: " !�:+'-
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,"( %'&'�&'2$ " ,$&58',"( .�&0"&�2$,"( ,$%�$2�',,��� 0'-$��$ ,$%�$2!5

&$ !$-,�# %�2'&3,� -" �%&$2!" ,$+",$:-  '' ,$"4��/8'�� )"$0'-&$.  

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

 !�# �4&$4�-!" 2 ",-'&2$�' -'0%'&$-5& 980-1020 °�  2*)'&�!�# 2 -'+',"" 4 

+$ �2 " %� �')5:;"0 7$0')�',,*0 �3�$�)',"'0 2 -'&0� -$-'. 
$!�# &'�"0

�4' %'+"2$� .�&0"&�2$,"'  ��( �! ")$ -��;",�# )� 150-200 0!0, %&'%(- --

25:;'��  32$-*2$,": %�2'&3,� -" �%&$2!"  )'.�&0"&5'0*0 0'-$���0. 

	),�%&�3�),5: ,$%�$2!5 %&�"72�)"�"  .�&0"&�2$,"'0 ,$%�$2�',,�-

�� 0'-$��$ 2* �-�# 4 00 (&"  .1) �-)'�/,*0" 8"&�!"0" (30-35 00) !��/1'-

2*0" 2$�"!$0" "7 &$ +'-$ �4' %'+',"( %� -�(,,�# 5���2�#  !�&� -" 2&$;'-

,"( �%&$2!".  

�$%�$2!5 ,� !$ �%&$2!" %&�"72�)"�" !��'4�:;"0 ( 9�'!-&�)�0 2 %(-/

%&�3�)�2  .�&0"&�2$,"'0 ,$%�$2�',,��� 0'-$��$ 2* �-�# 9-10 00. ��(

%&')�-2&$;',"( %'&'�&'2$ 0$���$4$&"-,��� ,� !$ " %�2*8',"( !$+' -2$

.�&0"&�2$,"( ,$%�$2�',,��� 0'-$��$ " %��/7�2$�" 0'),*# !&" -$��"7$-�&, 

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

	 ,�2,*' %$&$0'-&* &'�"0$ )5��2�# ,$%�$2!", �4' %'+"2$:;"' !$+'-

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

2'&3,� -" �%&$2!" %&') -$2�',* 2 -$4�"1'. 

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

&$2�!: 1-5 – %� �')�2$-'�/,� ,$%�$2�('0*' 2$�"!" ,$%�$2�',,��� 0'-$��$; 6 – �%&$2!$; 7 – !$,$�* 2�)(,�-

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

�$%�$2-

�('0$(
%�2'&3-

,� -/

�2$&�+-

,*# -�!, �
�$%&(�',"'
,$ )5�', �

�!�&� -/
,$%�$2!", 

0/+

�$70$3
!��'4$-

,"#, 00

�!�&� -/
%�%'&'+-

,*3 %'&'-

0';',"#
9�'!-&�)$, 

0/+

�$ 3�)
$&��,$, 

�/0",

&$ !$-,$( 220-250 25-27 9-11 25-30  150 15-18 

-�&1'2$( 250-280 30-32 25-30 20-25 108 30-40 

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

1"!�$ ,$%�$2!" 2 0'-$��' �
� ,' .�&0"&5:- ( 7$!$��+,*'  -&5!-5&*,  %�-

 �45:;"' �4&$7�2$,": 3���),*3 -&';",. 
2'&)� -/ ,$%�$2�',,��� 0'-$��$

,$ &$ !$-,�# %�2'&3,� -" �%&$2!" 2$&/"&�2$�$ / 2 ",-'&2$�' 42-45 HRC, $

,$ '' ,� !' – 41-43 HRC. 

�*(2�',�, +-� %&"  �)'&�$,"" +$ -"1 TiCN 2 %&�2���!$3 2 )"$%$7�,

0,2-0,5 0$  .% &'$�"75'- ( 9..'!- 0�)"."1"&�2$,"(  -&5!-5&* ,$%�$2�',-

,��� 0'-$��$ %&" 9-�0  &'),"# &$70'&$ 7'&,$ 2 ,'0 50',/8$'- ( 2 2,0-2,5 

&$7$.  

�'75�/-$-* 2* �!�-'0%'&$-5&,*3  !�'&�0'-&"+' !"3 " %*-$,"# �4&$7-

1�2 ,$%�$2�',,��� 0'-$��$ %� 0'-�)"!' [4] %�!$7$�" %�2*8',,�'  �%&�-"2-

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

�" . 2. �$2" "0� -/ %$&$0'-&$ k, 3$&$!-'&"75:;'��  �%&�-"2�',"' %�$ -"+' !�# )'.�&0$1"" ,$-

%�$2�',,��� 0'-$��$ �- -'0%'&$-5&* " %*-$,"#: 1, 1′ –  %�$2* �4�73�564

2�11+0,2WC "

15�15�4�63+0,3TiCN; 2, 2′ – 9-" �'  %�$2*, ,$%�$2�',,*' 4'7 )�4$2!" ,$,�%�&�8!�2; 3, 3′ – %&�0*8-

�',,*'  %�$2* 02�15�65616�4 " DN-S WA (03�13�5�2�6���
). 


$!"0 �4&$7�0, &$7&$4�-$,,$( -'3,����"( $&��,�)5��2�# ,$%�$2!" �%-

&$2�! -'&0� -�#!"0"  %�$2$0" ,$ � ,�2' �'�'7$ " $�:0",")$ ,"!'�( %�72�-

�('- %&��,�7"&�2$-/ "3 %�2*8',,5: &$4�-� %� �4,� -/ 2 5 ��2"(3 -'&0"-
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+' !��� "  "��2��� 2�7)'# -2"( %&" %&�8"2!' -&54 "7 2* �!�%&�+,*3  -$-

�'#. 

�%" �! �"-'&$-5&*

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

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

�&�"72�) -2� %&�!$-$. – 2011. – A 3. – �.12-14. 

2. �$&-58,*# �. �., ��0$,1'2 �. �., �57,'1�2 �. �. ��2*8',"'  -�#!� -"

", -&50',-$ %&�8"2,���  -$,$ // 
&54,�' %&�"72�) -2�. – 2007. – A 6. – �. 

22-25. 

3. ��!���2, 
.�. �$%�$2!$ "7,� � -�#!"3  %�$2�2 ,$ %&'  �2*' 8-$0%* "

", -&50',- )�( ��&(+'�� )'.�&0"&�2$,"(  -$�'#: 0�,��&$."( / 
.�. ��!�-

��2, �.�. �* $!; ����

�. - ������&$): ��� "���"-'3,"!", 2005. - 284  . 

4. �"$�,� -"!$ "7,� � -�#!� -" ,$%�$2�',,��� 0'-$��$ 0'-�)�0  !�'&�-

0'-&"" / 
. �. ��!���2, �. �. �&-'0/'2, �. �. ��&",, �. �. �* $!, �. �. �"--

2",',!�-�&/!�2 // �2$&!$ " �"$�,� -"!$. – 2012. - A 2. – �. 34-39. 

�����(����������� ����������� �������" �  

'����'��" '�%���������$��;*�" ��&����

�. �. ��4'&)''2*
, <. �. �-&$-*

, �. �. 
*8!'2"+**
, �. �. �$&$7�2**

*
��� «� 4 ���», 

**
��� ((�����) 6�7�� ��� �������

��0%$,"( «�/: 
�,» �4&$7�2$,$ 2 �!-(4&( 2008 ��)$  1'�/: %&�"7-

2�) -2$ " �4' %'+',"(  '�/3�7%&�"72�)"-'�'# ,$2' ,�# " %&"1'%,�# %�+2�-

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

,"!$ 			 «�/: 
�,»  50'�$ ,$#-" 0,��� 4�$��)$&,*3 !�"',-�2 " 7$,(-/

)� -�#,�' 0' -� ,$ %��(3  '�/3�7%&�"72�)"-'�'#, !$! ��  "", -$! " ��
. 

��0%$,"( �&"',-"&5'- ( ,$ 2* �!�' !$+' -2� %&�"72�)"0�# %&�)5!1"" "

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

��, -&5!-�& !�' 4:&� -'3,"+' !��� 1',-&$ 			 «�/: 
�,» �4�$)$'-

&$7&$4�-!$0" 2 �4�$ -"  '�/ !�3�7(# -2',,��� 0$8",� -&�',"(. 
&$)"1"-



53

�,,� 2* �!"' -&'4�2$,"(, %&')C(2�('0*' ! !2$�"."!$1"", !$! %&�"72�) --

2',,*3 &$4�+"3, -$! " ",�','&,�--'3,"+' !"3 !$)&�2, $ -$!�' ,$�"+"'

7$0!,5-��� %&�"72�) -2',,��� 1"!�$ �4' %'+"2$:- !$+' -2� "7��-�2�',,�#

%&�)5!1"". 

�'��),( !�0%$,"( «�/: 
�,» "0''- &'%5-$1": !2$�"."1"&�2$,,���, 

,$)B�,��� %&�"72�)"-'�( " %� -$2;"!$  '�/ !�3�7(# -2',,�# -'3,"!". 

�&')%&"(-"' %� -�(,,� &$4�-$'- ,$) &'8',"'0 7$)$+ %� ,$&$;"2$,": %&�-

"72�) -2$,  �2'&8', -2�2$,": -'3,����"+' !��� %&�1'  $, &$ 8"&',": ,�-

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

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

�$-�2 )�( 3"0"+' !�# �4&$4�-!" " 7$;"-* &$ -',"#,  $ -$! �' )&5�"3 ,$-

%&$2�',"#. � ,$ -�(;'' 2&'0( ,$ %&�"72�) -2� %� -$2�',� 12 ,$"0',�2$,"#

 '�/ !�3�7(# -2',,�# -'3,"!", !$�)�' ,$"0',�2$,"' %&') -$2�',� 2 &$7,*3

-"%�&$70'&$3  ��-2'- -25:;"3  2�'05 -(��2�05 !�$  5 9,'&�� &') -2$. 

1. ��&�,* )" !�2*' 9,'&�� 4'&'�$:;"' ��!�.

2. �5�/-"2$-�&*  %��8,�# �4&$4�-!" %�+2* KUSTO.

3. ��5�" +"7'�/,*' %�'. 

4. ��5�" �'0'8,*' ,$2' ,*' ' �.

5. �5�/-"2$-�& %��'2�# 5,"2'& $�/,*# !�04","&�2$,,*#  %��8,�# �4-

&$4�-!" %�+2* �����-12�.

6. �5�/-"2$-�& -5&4�-)" !�2*# ���� +-10.8.

7. �5�/-"2$-�&* %��'2*'  %��8,�# �4&$4�-!" %�+2* ��').

8. �5�/-"2$-�&* %��'2*' 5,"2'& $�/,*' ���'��.

9. ��&�,* %&�%���+,*'  %&5�",,*0 754�0 ������.

10. �� '2,*' !�0%�'! * ������+.

11. ��&�,* 754�2*'  !�&� -,*' ���. 

12. 12.�5�/-"2$-�&  -'&,'2�# �����-6�. 

�7$"0�)'# -2"'  !$.')&�# «6'3$,"!$»,  -5)',+' !"0 !�, -&5!-�&-

 !"0 4:&� ��� (."�"$�$) ����

� ,$+$�" 2 2011 ��)5  1'�/: %&"2�'+',"(

!2$�"."1"&�2$,,*3  %'1"$�" -�2 )�(  �2'&8', -2�2$,"(, �%-"0"7$1""
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!�, -&5!1"# ,$2' ,�# " %&"1'%,�# %�+2��4&$4$-*2$:;'# -'3,"!", %&"2�'-

+',"(  -5)',-�2 ! 3D 0�)'�"&�2$,":. �7$"0�)'# -2"' %��5+$'- ( %&�)5!-

-"2,�',  2,')&',"'0 !�, -&5!-"2,*3 &$7&$4�-�! 2 %&�"72�) -2�. � ,$ -�(-

;'' 2&'0( 2 !�0%$,"" &$4�-$'- 7 2*%5 !,"!�2 ", -"-5-$. 

�'&2�#  �20' -,�# !�, -&5!-"2,�# &$7&$4�-!�# 4*�$ 4�&�,$ �
��

5,5×4�, 'B %&�-�-"%�0  �5�"�$ 4�&�,$ �
�� 434�, &$7&$4�-$,,$( �&$ ,�-

)$& !"0 �����. � 1'�(3 &$ 8"&',"( 0�)'�/,��� &()$ )�(  �2&'0',,*3

9,'&��,$ *;',,*3 -&$!-�&�2 4*�� %&",(-� &'8',"' &$7&$4�-$-/ " 2,')&"-/

4�&�,5 �
�� 5,5×4�. �� �' &()$ ,'  �2 '0 5)$+,*3  $0� -�(-'�/,*3 %�%*-

-�! 4*�� ,$+$-�  �-&5),"+' -2�  !$.')&�# «6'3$,"!$» ��� (."�"$�$) 

����

�. � 3�),$( 3D 0�)'�/ !�-�&5: %'&')$�" ,$ !$.')&5 0��,� %� 0�--

&'-/ ,$ &" 5,!' 1. � 1'�/: %�2*8',"( �B -!� -" &$0*, 50',/8',"( ,$�&5-

7�! ,$ 8-�! �")&�1"�",)&$, !�, -&5!1"( 4�&�,* 4*�$ 5 �2'&8', -2�2$,$

(&" 5,�! 2). �'7,$+"-'�/,*' "70',',"( 2 9�'0',-$3 !�, -&5!1"" %�72��"�"

7,$+"-'�/,� 5�5+8"-/ %�-&'4"-'�/ !"'  2�# -2$ "7)'�"( %&" 0","0$�/,�0

52'�"+',"" 0'-$���B0!� -". �$�'' %� )$,,�#  3'0' 4*�" )�&$4�-$,* 4�&�-

,*  '0'# -2$ �&�� )&5�"3 -"%�&$70'&�2. ��&�,$ �
�� 5,5×4� 5 %'8,� "7-

��-$2�"2$'- ( " %��/75'- (  %&� �0. �&�)$,� 4��'' 100 "7)'�"#.  

�" 5,�! 1 – � 3�),$( !�, -&5!1"( 4�&�,* �
�� 5,5×4� (3D 0�)'�/) 
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�" 5,�! 2 – � �2'&8', -2�2$,,$( !�, -&5!1"( 4�&�,* �
�� 5,5×4� 2 &$4�-'

��( %�2*8',"( !�,!5&',-� %� �4,� -" %�+2��4&$4$-*2$:;'# -'3,"-

!" ,'�43�)"0� %�2*8$-/ 'B %&�"72�)"-'�/,� -/, &$4�+5: 8"&",5 7$32$-$. 

<-$ 7$)$+$ &'8$�$ / %&" %&�'!-"&�2$,"" 4�&�,* %&�%���+,�#  %&5�",,*-

0" 754/(0" ���
�� 24� %&'),$7,$+',,�#

• )�( 4�&�,�2$,"( %�+2* ,'%� &') -2',,� %'&') %� '2�0, %� �'

%� '2$ " )� )� -"�',"( &� -!$0" !5�/-5&* 25 0; 

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

,$ %�2'&3,� -/; 

• )�( &$7&58',"( %�+2',,�# !�&!", � �4',,� ,$ -(�'�*3 7$%�*-

2$:;"3 %�+2$3; 

• )�( 2*%��,',"( " 53��� %��"2$" – ,'��54�!�' &*3�',"' %�+2*

,$ 3-6  0. 

�&" 52'�"+',"" &$4�+'# 8"&",* 7$32$-$ 4�&�,* )� 24 0'-&�2 2�7,"!-

�$ ,'�43�)"0� -/ 52'�"+',"( �B -!� -" 2 -&$, %�&-,�0 %����',"" " 3�)-

,�# ,' 5;'# !�, -&5!1"" !&*�$ (&" 5,�! 3, �) " %'&'3�)$ ! 4��'' &$1"�-

,$�/,�# .'&0',,�# !�, -&5!1"". 

� &'75�/-$-' $,$�"7$ ,$%&(�B,,�-)'.�&0"&�2$,,���  � -�(,"( !&*�$

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

1""  5;' -2',,� 50',/8',$.  �&�2')',$ �%-"0"7$1"( !�, -&5!1"" !&*�$

%&" ,$�&57!$3 2 -&$, %�&-,�0 " &$4�+'0 %����',"" " %&')���',$ .'&0',-

,$( !�, -&5!1"( !&*�$  � 7,$+"-'�/,*0 50',/8',"'0 0$  * !�, -&5!1"".  
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�)                                                                              1) 
�" 5,�! 3 – �'.�&0$1"( 4$�!" 4�&�,* %&�%���+,�#  %&5�",,*0" 754/(0" �����
 24�  " 3�),�# !�,-

 -&5!1"'# !&*�$ – �; 5 "�',,$( !�, -&5!1"( !&*�$ 4�&�,* - 1

�&" %&�2')',"" &$4�+"3 " %*-$,"# !5�/-"2$-�&$ «����
-12» (&" 5-

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

�',"" -(�"  -$�&'%�0.  

  

�" 5,�! 4 - �$4�+"' " %*-$,"( !5�/-"2$-�&$ «����
-12» 

� &'75�/-$-' $,$�"7$ !",'0$-"+' !�#  3'0*, ,$%&(�B,,�-

)'.�&0"&�2$,,���  � -�(,"( 9�'0',-�2 !5�/-"2$-�&$ 2 &$4�+'0 " -&$, -

%�&-,�0 %����',"" 4*�" "70',',* !�, -&5!1"" -(�" " -$�&'%$. �$&"$,-

5 �2'&8', -2�2$,,�# !�, -&5!1"" !5�/-"2$-�&$ (&" 5,�! 5) 7$%5;', 2 %&�-

"72�) -2�. 
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�" 5,�! 5 – � �2'&8', -2�2$,,$( !�, -&5!1"( !5�/-"2$-�&$ «���%'-12» 

��-&5),"+' -2� -'3,"+' !��� 1',-&$ 			 «�/: 
�,»  !$.')&�#

«6'3$,"!$»,  -5)',+' !"0 !�, -&5!-�& !"0 4:&� ��� (."�"$�$) ����

�

%&�)5!-"2,� " 45)'- %&�)���',�   �2'&8', -2�2$,"'0 " .�&0 27$"0�)'#-

 -2"(. 

����������������������!� ��' ��� � ����������&

��� �� ���� �������� +��!� ���' ���� «������» �  

�� +;'��$(���� )������������ '��������$&  

��(���" �'���� ��������� �  �!������

�.�. �'4')", !"#1
, �.�. �*4$,�22

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

&�.������+ ��� «���$��%'-�+�», �. ��'%,�. 

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

6�7�� ��� «��������*'%�+ ��'"*��'&,���-+ &�.��#�'%�+ "��,��'�&�&» 

�&')���', %�)3�) ! %� -&�',": $2-�0$-"7"&�2$,,�#  " -'0* !�,-

-&��( " 5+'-$ ,'.-'%&�)5!-�2 ,$ $2-�7$%&$2�+,*3  -$,1"(3 ,$ � ,�2' "70'-

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



58

%�))'&�!"  �-&5),"!$ �-)'�$ ���" -"!" )�( �%'&$-"2,��� !�,-&��( " 5+'-$

,'.-'%&�)5!-�2. 

��4#�,-� '��,�: �,&���&�0���,����! '�'&��� %��&���! � "#�&�, ��
, �0-

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

�5
3
/�
. �$  '��),(8,"# )',/ &*,�! &'$�"7$1"" ,'.-'%&�)5!-�2

&$72"2$'- ( 4* -&*0" -'0%$0". ��2&'0',,$( $2-�7$%&$2�+,$(  -$,1"( – 9-�

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

!$+' -2',,*' ��&:+'- 0$7�+,*' 0$-'&"$�*, 5 �5�" $2-�0�#!", 0$�$7",$

 �%5- -25:;"3 -�2$&�2, !$.' 4* -&��� �4 �5�"2$,"(, $ -$!�' 5 �5�"

%�%5-,��� -'3,"+' !���  '&2" $,  %�0�;/: !�-�&��� !�"',-* 0��5- 2

&'�"0'  $0��4 �5�"2$,"( 2� %��/7�2$-/ ( .5,!1"'# %�)!$+!" 8",, 7$�"-/

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

%� �'),'' 2&'0( $  �&-"0',-  �%5- -25:;"3 -�2$&�2 " 5 �5� %� -�(,,�

&$ 8"&('- (, " 2*&5+!$ �- "3 &'$�"7$1"" 7$,"0$'- 2 ' 4��/8"# 5)'�/,*#

2' 2 �4;'0 �4�&�-' $2-�7$%&$2�+,�#  -$,1"" (���), -'0 ,' 0','', 

&'$�"7$1"( ,'.-'%&�)5!-�2 (2�('- ( %&"�&"-'-,*0 ,$%&$2�',"'0 &$4�-*

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

5 "�',"' !�,!5&',1"".  

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

5%&$2�',"( ��� 0��,� 2*)'�"-/  �')5:;"': 

- ,'�%'&$-"2,$( " ,')� -�2'&,$( ",.�&0$1"( � -'!5;"3 � -$-!$3

,'.-'%&�)5!-�2 2 &'7'&25$&$3 ���; 

- %��5+',"' ",.�&0$1"" �4 � -$-!$3 -�%�"2$ 2 &'7'&25$&$3 ���  

%�0�;/: 0'-&8-�!$; 

- ,'�%'&$-"2,�' %&",(-"' &'8',"# %� .5,!1"�,"&�2$,": ��� " )"3

)�2')',"' )� " %��,"-'�'#;  

-  �$4*# 5+'- " !�,-&��/ 7$ %'& �,$��0 ���. 

�  2(7"  9-"0 %'&') &5!�2�) -2�0 %&')%&"(-"(, � 5;' -2�(:;'��

&'$�"7$1": ,'.-'%&�)5!-�2 +'&'7  '-/ ���,  -�(- 7$)$+" %� 5 "�',":
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!�,!5&',-� %� �4,� -", %�2*8',": 9..'!-"2,� -" " 5�5+8',":

5%&$2�('0� -" $2-�7$%&$2�+,*0" !�0%�'! $0" [2].  

� ,$ -�(;'' 2&'0( �%'&$-"2,�' &'8',"' 7$)$+ 4"7,' $ ,'2�70��,� 4'7

$2-�0$-"7$1"" %&�"72�) -2',,*3 %&�1'  �2. �2-�0$-"7$1"( %&�"72�) -2$

%&"2�)"- ! 7,$+"-'�/,�05 %�2*8',": '�� 9..'!-"2,� -" " %&') -$2�('-

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

2�70��,� -/ 9..'!-"2,� 5%&$2�(-/ �-)'�/,*0" ,$%&$2�',"(0" "�"

)'(-'�/,� -/: !�0%$,"" 21'��0, %�72��('- !�0%$,"" &$4�-$-/ !$! ')",�05

�&�$,"705. <-�  2(7$,�,  �),�#  -�&�,*,  5�5+8',"'0 �&�$,"7$1""

%&�"72�) -2$, 5 !�&',"'0 �4�&�-$  &') -2 " �5+8"0 " %��/7�2$,"'0

� ,�2,*3 .�,)�2,  )&5��# –  �  ,"�',"'0  '4' -�"0� -", &$ 3�)�2 ,$

7$&$4�-,5: %�$-5 " 9,'&�'-"+' !"' 7$-&$-*. �&"0',',"'  &') -2

$2-�0$-"7$1"" 2 ,$ -�(;'' 2&'0( (2�('- ( �%&')'�(:;"0 .$!-�&�0 2

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

� 5;' -2�(:;'�� &'$�"7$1": ,'.-'%&�)5!-�2 +'&'7 $2-�7$%&$2�+,*'

 -$,1"" (!�0%�'! *) [4, 9]. 

��( %��,�1',,��� 2')',"( )$,,�# )'(-'�/,� -" ,'�43�)"0�

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

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

 �2�!5%,� -" ,$�"+"( 2 &'7'&25$&$3 (5+"-*2$'- ( !��"+' -2�

,'.-'%&�)5!-�2 %� !$�)�05 &'7'&25$&5). �2�'2&'0',,�' %� -5%�',"'

,'.-'%&�)5!-�2 2 &'7'&25$&* ���, !�,-&��/ " %&')�-2&$;',"' 5-'+'!, 

« 58!"» &'7'&25$&�2 – 9-� � ,�2,*' 7$)$+",  -�(;"' %'&')  %'1"$�" -$0"

�-)'�$ ���" -"!" [5]. ��( 9..'!-"2,��� &'8',"( )$,,*3 7$)$+ ,'�43�)"0$

�%'&$-"2,$( " )� -�2'&,$( ",.�&0$1"*( �4 � -$-!$3 -�%�"2$ 2 &'7'&25$&$3

 -$,1"", %�9-�05 &$7&$4�-!$  " -'0* 0�,"-�&",�$ � -$-!�2 ,'.-'%&�)5!-�2

2 &'7'&25$&$3 ��� (2�('- ( $!-5$�/,�# 7$)$+'#. �$  '��),(8,"# )',/

 5;' -25'- 7,$+"-'�/,�' !��"+' -2� &$7&$4�-$,,*3 -"%�2  " -'0

0�,"-�&",�$ ��� [8, 9, 12]. �2-�0$-"7"&�2$,,$(  " -'0$ 0�,"-�&",�$

)���,$ %&') -$2�(-/  �4�# ",.�&0$1"�,,�-"70'&"-'�/,5:  " -'05  
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" %��/7�2$,"0 "70'&"-'�/,*3 %&'�4&$7�2$-'�'#  +$ -�-,�-

0�)5�"&�2$,,*0  "�,$��0, +-� )$ - 2�70��,� -/ " !�:+"-/ "7  � -$2$

 " -'0* $,$����-1".&�2�# %&'�4&$7�2$-'�/ [1, 8].  

�5,�0
,�4���5
//
� ���,
0
 0�/�,���/�
 /
 -
4
 �40
��,
�./���

��0��
��
 «������». �" -'05 0�,"-�&",�$ %&')�$�$'- (  �7)$2$-/ ,$

4$7' "70'&"-'�/,��� !�0%�'! $ «�-&5,$» (&$7&$4�-!$ «�
� �	-���
��»), 

!�-�&*# %�  &$2,',":  $,$���"+,*0"  " -'0$0" "70'&',"( �4�$)$'-

2* �!�# ,$)'�,� -/: " %&"'0�'0�#  -�"0� -/:. �70'&"-'�/,*# !�0%�'! 

«�-&5,$» �'�!� ",-'�&"&5'- ( 2 &$7�"+,*'  " -'0* �-%5 !$ ,'.-'%&�)5!-�2

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

)'# -25:;"0 -&'4�2$,"(0 9!����"+' !�# " %��$&,�# 4'7�%$ ,� -". 

	 ,�2,*' %$&$0'-&*, 7$���',,*' %&�"72�)"-'�'0 2 "70'&"-'�/,*#

!�0%�'!  «�-&5,$» %�72��(:- %&�"72�)"-/: 

- 7$0'&* 5&�2,( ,'.-'%&�)5!-�2 2 &'7'&25$&' ���, '�� -'0%'&$-5&*, 

%��-,� -" " )$2�',"(,  

- &$ +'- �4C'0$ " 0$  * ,'.-'%&�)5!-�2 ,$ � ,�2$,"" )$,,*3 �4

5&�2,' ,'.-'%&�)5!-�2 " )$,,*3 �&$)5"&�2�+,*3 -$4�"1 &'7'&25$&�2,   

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

��( %��5+',"( ,'%&'&*2,��� 2*3�),���  "�,$�$ &'$�"75'- (  -&5,,*#

$2-��','&$-�&, 2 !�-�&�0  -&5,$ (2�('- ( +$ -�-�7$)$:;"0 9�'0',-�0. 

�&"0',',"' "70'&"-'�/,��� !�0%�'! $ «�-&5,$» %�72��('-:  

- %&�"72�)"-/ -�+,�' "70'&',"' %$&$0'-&�2 ,'.-'%&�)5!-�2, 

,$3�)(;"3 ( 2 &'7'&25$&$3 ���; 

- � 5;' -2�(-/ �%'&$-"2,*# !�,-&��/ 7$ )2"�',"'0 ,'.-'%&�)5!-�2; 

- %��5+$-/ &'75�/-$-* "70'&',"( 2 5)�4,�0 ",-'&.'# ' $2-�,�0,���

",)"!$-�&$ "�" %'&')$2$-/ &'75�/-$-* "70'&',"# 2 5+'-,5:  " -'05

%��/7�2$-'�(; 

- �&�$,"7�2*2$-/ &$4�-5 "70'&"-'�/,�#  " -'0*  %�)!�:+',"'0

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

2 &'7'&25$&$3 ! �),�# 1',-&$�/,�# +$ -"  " -'0* «�-&5,$»; 
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- %&�"72�)"-/ 7$0'&* %'&2"+,*3 %$&$0'-&�2 ,'.-'%&�)5!-�2 2

&'7'&25$&$3  &$7�"+,*0" 2* �-$0"; 

- %&')�-2&$-"-/ %'&'�"2* ,'.-'%&�)5!-�2; 

- 7$;"-"-/ ,$ � * �- &$4�-* «2  535:», 

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

- !�,-&��"&�2$-/ �'&0'-"+,� -/ &'7'&25$&�2, 

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

,$3�)(;'�� ( 2 &'7'&25$&' ,$ � ,�2$,"" %��5+',,*3 )$,,*' � %��-,� -" "

�4C'0'; 

- %&"0',(-/ %��5+',,*' 2 &'75�/-$-' "70'&',"# )$,,*' 2 �&�$,"7$1""

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

&$ %&')'�B,,*'  " -'0* 5+B-$; 

- %&�"72�)"-/ !$�"4&�2!5 �&$)5"&�2�+,*3 -$4�"1 &'7'&25$&�2  

%&"0',',"'0  %'1"$�"7"&�2$,,��� %&��&$00,��� �4' %'+',"(. 

�$7&$4�-$,,$(  " -'0$ 5)$�',,��� 0�,"-�&",�$ � -$-!�2 -�%�"2$

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

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

&$ 3�)�2, $ -$!�' 2  "�5 ,'4��/8"3 -&'4�2$,"# &$7&$4�-$,,�#  " -'0* !

&' 5& $0 %'& �,$�/,��� !�0%/:-'&$  '&2'&,$( +$ -/ &$70';',$ ,$ ��

$)0"," -&$-�&$ ���, !�-�&*# %�)!�:+', ! 2*+" �"-'�/,�05 4��!5

"70'&"-'�/,�#  " -'0* «�-&5,$» %� ",-'&.'# 5 RS-232. ���"-"!$0"

4'7�%$ ,� -" )�0',$ 7$%&';',� 2*!�:+',"' )$,,��� !�0%/:-'&$. 

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

 '2'&,�# +$ -" � 5;' -2�('- ( %� �&�$,"7�2$,,�#  '-" VPN. �2-�&"7$1"" "

&$7�&$,"+',"( %&$2 )� -5%$ ,' %&')5 0�-&',�. 
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�" .1. �-&5!-5&$  " -'0* 5)$�',,��� 0�,"-�&",�$. 

�/<��0
9��//
� ��33
���
 ��,�=3/��
 �,3
�
 �����,��� 3��

��
�
,�5/��� ��/,���� � =��
5�
/�� 4
�
�
0� /
<,
���3=�,�5. �&�1'  

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

2. 

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

���" -"!", %&') -$2�', ,$ &" . 3. �,-'&.'# %&� - 2 &$4�-' " %�72��('-

%��/7�2$-'�:  " -'0* 0�,"-�&",�$ %��5+$-/ 2 : ,'�43�)"05:

",.�&0$1": �4 �%'&$-"2,*3 � -$-!$3 ,'.-'%&�)5!-�2 2 &'7'&25$&$3 ��� 2

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

%&') -$2�',* 2 &$7&'7' ���, 2")�2 -�%�"2$ " &'7'&25$&�2. �  " -'0'

%&')5 0�-&',� �-)'�/,�' �!,� )�( !$�)��� &'7'&25$&$. � %&$2�0 2'&3,'0

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

5)�4 -2$ &$4�-* %��/7�2$-'�( )�( !$�)��� &'7'&25$&$ 2  " -'0'

%&')5 0�-&',� �-)'�/,�' %��'. ��0"0� 9-���, !$�)*# &'7'&25$& "0''-

0$&!"&�2!5. 6$&!"&�2!$ &'7'&25$&�2 2*%��,',$ 2 .�&0$-' «%'&2$( 1".&$ – 

,�0'& ���, ,"�,'' %�)+'&!"2$,"', 2") ,'.-'%&�)5!-$» " �-&$�$'- ( ,$

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

 " -'0* �-�4&$�$'- 5&�2',/ 7$%��,',"( &'7'&25$&$ -�%�"2�0.   

�" .  3. �$4�+"# ",-'&.'#  " -'0* 0�,"-�&",�$ � -$-!�2 -�%�"2$ 2 &'7'&25$&$3 ���



64

�"�' %&"2')',$ &$ 8".&�2!$ %'&2"+,*3 %$&$0'-&�2 "70'&',"(, 

%��5+',,*3  ���: 5&�2',/ -�%�"2$ 2 &'7'&25$&' (00.); �4C'0 � -$-!$

-�%�"2$ (03
); %��-,� -/ (!�/03

); -'0%'&$-5&$ (
��); !$!�# �4C'0 -�%�"2$

,'�43�)"0 )�( 7$%��,',"( &'7'&25$&$ (03
). 

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

�4 � -$-!$3 4',7",$ �"-98, %��5+',,���  ��� A4 (,$ &" 5,!' 3 2*)'�',�

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

-'!5;5: )$-5 29.01.2014 �. " 2&'0( 14:47:05 2 &'7'&25$&' -�%�"2� ,$3�)"- (

,$ 5&�2,' 472 00., �4C'0 -�%�"2$ – 2877 03
, %��-,� -/ -�%�"2$ – 739.9 !�/03

, 

-'0%'&$-5&$ – +3
��. ��( 7$%��,',"( &'7'&25$&$ )� 0$! "0$�/,��� 5&�2,(

27�"2$ ,'�43�)"0� )� -$2"-/ ,$ ��� A4 15.656 03 ,'.-'%&�)5!-$. 

	),$!�, ",.�&0$1"" -��/!� �4 � -$-!$3 -�%�"2$ 2 &'7'&25$&'

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

,'.-'%&�)5!-�2, ,'�43�)"0��� )�( 4' %'&'4�#,�# &$4�-*  -$,1"", 2$�,�

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

&$  0$-&"2$'0�#  " -'0' 0�,"-�&",�$ 4*� &$7&$4�-$,  %'1"$�/,*# 2")

�-+'-$, %&"0'& !�-�&��� %&') -$2�', ,$ &" . 4. 

�$,,*# �-+'- %�72��('- ���" -$0 �1',"-/  !�&� -/ 2*4*-"(

,'.-'%&�)5!-�2 7$ $,$�"7"&5'0*# %'&"�) 2&'0'," ", 2  �2�!5%,� -"  

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

,$0"  �5+$' � -$-�! 4',7",$ �"-98 ,$ ��� A4 2 &'7'&25$&' %&"4�"�$'- ( !

0","0$�/,� )�-%5 -"0�05 7$%$ 5 -�%�"2$ ,$ ���),  %&",(-/ &'8',"' �"4� �

2!�:+',"" ��� A4 2 %�$,"&5'0*# 0$&8&5- )2"�',"( 4',7�2�7$, �"4� �

!�&&'!-"&�2!' 5�'  5;' -25:;'�� 0$&8&5-$ )2"�',"(. 
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�" . 4. 	-+'- «
&',)» 


$!"0 �4&$7�0, &$7&$4�-$,,$(  " -'0$ 5)$�',,��� 0�,"-�&",�$ � -$--

!�2 -�%�"2$ 2 &'7'&25$&$3 ��� ,$ 4$7' "70'&"-'�/,��� !�0%�'! $ «�-&5,$» 

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

%&","0$'0*3 &'8',"#  %'1"$�" -�0 �-)'�$ ���" -"!" [7, 13]. �)$�',,*#

0�,"-�&",� � -$-!�2 -�%�"2$ %�72��('- %��5+$-/ �%'&$-"2,5: ",.�&0$1":

�  2'&3,�&0$-"2,�0 2*4*-"" -�%�"2$, ! %&"0'&5, "7-7$ "70',',"( )�&��,�#

�4 -$,�2!" ", !$!  �') -2"' – 4* -&�# !�&&'!-"&�2!' 0$&8&5-�2 )2"�',"(

4',7�2�7�2 !�0%$,"". �$,,*', %��5+$'0*'  )$-+"!�2 "70'&"-'�/,�#  " -'-

0* «�-&5,$» 3&$,(- ( 2 ��!$�/,�# 4$7' )$,,*3 ,$ !$�)�# ��� 2 -'+',""

720 ),'#, +-� %�72��('- ���" -5 %&� 0�-&'-/ %� -5%�',"( " 2*4*-"( 2 %&�-

8')8"3 %'&"�)$3 (� �4',,� $!-5$�/,� 2 %&$7),"+,*' ),"). �&"  &$4$-*2$-

,""  "�,$��2 -&'2��" "70'&"-'�/,�#  " -'0* «�-&5,$» ,$ ��� («7$�"%$-

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

-&��"&5'0*3 %$&$0'-&�2 " -.%.)  - %&')5 0�-&',� )54�"&�2$,"'  "�,$��2

-&'2��" 2 ",-'&.'# ' ���" -$  " -'0* 5)$�',,��� 0�,"-�&",�$,  2�70��-
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,� -/: �-%&$2!" sms " e-mail. 

�" -'0$ 0�,"-�&",�$ «�-&5,$» 2' /0$ 2*��),$ !$!  -�+!" 7&',"(

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

+'-!�# !�0%�'! ,�# $2-�0$-"7$1"" 2 '3 -'3,����"+' !"3 %&�1'  �2 ,$ ���

2 ')",5:  " -'05 5%&$2�',"(. 

�$7&$4�-$,,$(  " -'0$ 0�,"-�&",�$ �-2'+$'-  �2&'0',,*0 -'3,"+'-

 !"0 " -'3,����"+' !"0 -&'4�2$,"(0, $2-�0$-"7"&5'- " 5+"-*2$'- 2 '  5;'-

 -25:;"' ,$ ��� %&�1'  * )2"�',"( ,'.-'%&�)5!-�2, �4' %'+"2$'- �%'&$-

-"2,�# " )� -�2'&,�# ",.�&0$1"'#, ,'�43�)"0�# )�( %&",(-"( &'8',"#, 

%�2*8$( -'0  $0*0 9..'!-"2,� -/ &$4�-*  �-&5),"!�2 �-)'�$ ���" -"!"

[6, 10, 11],  %� �4 -25'- %�2*8',": !�,!5&',1""7$  +'- %�2*8',"( 5%&$2-

�('0� -" "  !�&� -" &'$!1"" ,$ "70',',"(. 

	 ,�2,�' 2&'0( 2 &$4�-'  �-&5),"!$ �-)'�$ ���" -"!", )� 2,')&',"(

 " -'0* 5)$�',,��� 0�,"-�&",�$,  � -$2�(� -'�'.�,,*# �472�, 2 '3 ���

 '-"  %��5+',"'0 2 «&5+,�0» &'�"0' � -$-!�2 -�%�"2$ 2 &'7'&25$&$3 " 7$-

%" / "3 .$#� Excel. <-" &5-",,*' )'# -2"( 4*�" $2-�0$-"7"&�2$,* 2 %'&-

25: �+'&')/. 

�&$2,"-'�/,*# $,$�"7 2&'0',,*3 7$-&$-*  %'1"$�" -$ �-)'�$ ���"-

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

��� 			 «��0%�'! -�#�» (!��"+' -2� ���: 15) %&') -$2�', 2 -$4�"1' 1.  

� &5+,�0 &'�"0' ,$  4�& " �4&$4�-!5 ",.�&0$1"" � ,$�"+"" 7$%$ �2

-�%�"2$ ,$ 2 '3 ��� 			 «��0%�'! -�#�» ���" - -&$-"- �!��� 3.3-4.3 +$ ., 

-.'. %&$!-"+' !" %���2",5 &$4�+'��. �� �' $2-�0$-"7$1"" %&�1'  $ 0�,"-�-

&",�$ 2&'0',,*' 7$-&$-* ���" -$  �!&$-"�" / 2 21.5-27.5  &$7. 
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��0
�5,�0
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//8	

�
��0

���"+' -2�
���: 1 

 7-10 0",. 

1 

���5+',"'
)$,,*3 � � -

-$-!$3 -�%�"2$ ���"+' -2�
���: 15 

105-150 0",. 

1 0",. 

2 
�,$�"7 �%'&$-"2,�#  "-5$1""  

-�%�"2�0 %� 2 '0 ���
20-30 0",. 5-10 0",. 

3 
��)��-�2!$  2�),��� �-+'-$ �4

� -$-!$3 -�%�"2$
60-70 0",. 1 0",. 

���!�   

(��� ����7
�,5
 ���: 15) 
192-260 0�/. 7-12 0�/. 

�
��:7
/�
. �,')&',"' $2-�0$-"7"&�2$,,�#  " -'0* 5)$�',,��� 0�-

,"-�&",�$ ,$ 			 «��0%�'! -�#�» �4' %'+"��  �')5:;"' %����"-'�/,*'

9..'!-*: 

- 2�70��,� -/ 2 �:4�# 0�0',- 2&'0'," %��5+"-/ "",.�&0$1": �  �-

 -�(,"" &'7'&25$&�2 ���; 

-  �!&$;',"' &$ 3�)�2 ,$ �%�$-5 -&5)$ ( �!&$;',"' 8-$-,�# ')","1*

���" -$);  

- %�2*8',"' �%'&$-"2,� -" %&" %�$,"&�2$,""/"70',',"" 0$&8&5-�2

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

4',7�2�7�2; 

-  �!&$;',"' ,$ 7-10% �4C'0�2 7$%$ �2 -�%�"2$ ,$ ��� 4'7 &" !$ «7$-

 58"-/» $2-�7$%&$2�+,*# !�0%�'! . 
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������������������ ������� � � '����� '�������"

'������� �%��� ���������� IP-�� ������ � � ���

«����» � �� +; �����*���� ������� ��� �#������

� ������

�.�. �*4$,�2  

%��*. &�.�. ��"%, *�)��&, %�(�*�� ��(����&�%� � &�.������! $��������-

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

6�7�� ��� «��������*'%�+ ��'"*��'&,���-+ &�.��#�'%�+ "��,��'�&�&» 

	.�. ��8��!�2$

'&"*��& '$�)��� ��'&�  «�,&���&�0���,���-� '�'&��- �1��1�&%� ��-

(����)�� � "$��,����!» 

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

6�7�� ��� «��������*'%�+ ��'"*��'&,���-+ &�.��#�'%�+ "��,��'�&�&» 

����&�)�!. �&')���', %�)3�) ! %� -&�',": $2-�0$-"7"&�2$,,�#  " -'0*

%&"'0$ %�!$7$,"# %&"4�&�2 5+'-$ ,$ 4$7'  &') -2 IP--'�'.�,"", �&"',-"&�-

2$,,*# ,$  �!&$;',"' 2&'0'," �4 �5�"2$,"( !�"',-�2 			 «���>» 

(�.���� !"#). 

��4#�,-� '��,�: 5+'-, !�,-&��/, %&"4�& 5+'-$, $2-�0$-"7$1"(, ip--'�'.�,"(.  

Abstract. An approach to the development of automated system for 

receiving meter readings using IP telephony, focused on reducing time 

on customer service in LLC "UCIC" is offered. 

Key words: account, control, metering device, automation, ip-telephony 
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�5
3
/�
. 	 ,�2,�# %&�4�'0�#, 2�7,"!$:;'#, %&" &$4�-'  4*-�2*0"

%�-&'4"-'�(0" (2�('- ( 7$-&5),',"' %�%$)$,"( !�,-&��'&�2 ! 0' -$0 5 -$-

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

 0$-&"2$'0$(  " -'0$ �&"',-"&�2$,$ ,$ $2-�0$-"7$1": .5,!1"# %&"B0$ %�-

!$7$,"# %&"4�&�2 5+B-$ ��&(+'��, 3���),��� 2�)� ,$4�',"( " 9�'!-&�9,'&-

�"" +'&'7 !$,$� ip--'�'.�,"". 

'��-�
08 �=7/��� 55�3
 ���
4
/�	. �$ -'!5;"# 0�0',- 2 			

«���>» " %��/75'- (  3'0$ %&"'0$ %�!$7$,"#, 4$7"&5:;$( ( ,$ &5+,�0

22�)' �%'&$-�&$0" )$,,*3  %&"4�&�2 5+'-$ 2 ",.�&0$1"�,,5:  " -'05, 

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

�&$00,�-$%%&$&$-,*0"  � -$2�(:;"0"  5;' -25:;'#  3'0* %&"'0$ %�!$-

7$,"# 5+'-$ (2�(:- (  &') -2$ -'�'.�,"" Asterisk " $2-�0$-"7"&�2$,,$(

 " -'0$ «
�&�)».  

Asterisk -  2�4�),�' &'8',"' !�0%/:-'&,�# -'�'.�,"" (2 -�0 +" �', 

VoIP)  �-!&*-*0 " 3�),*0 !�)�0. Asterisk 2 !�0%�'! '  ,'�43�)"0*0

�4�&5)�2$,"'0 �4�$)$'- 2 '0" 2�70��,� -(0" !�$  "+' !�# �
�.  

�2-�0$-"7"&�2$,,$(  " -'0$ «
�&�)» (2�('- (  �4 -2',,�# &$7&$4�--

!�# 			 «���>» "  %&�"72�)"- 5+B- " ,$+" �',"( 2  .'&' ���.  

�')� -$-!$0" -$!��� %�)3�)$ ! �&�$,"7$1"" %&�1'  $ %&"'0$ %�!$7$,"#

 %&"4�&�2 5+'-$ (2�('- ( ,'�43�)"0� -/ 2 4��/8�0 !��"+' -2' �%'&$-�&�2, 

%&","0$:;"3 72�,!" " � 5;' -2�(:;"3 22�) )$,,*' 2  " -'05 «
�&�)», $

-$!�' �8"4!" 22�)$ %�!$7$,"#. �5;' -25:;"# %�)3�)  ,' %�72��('- 2*-

%��,(-/ 222�) )$,,*3 %�-&'4"-'�(0.  

�,')&',"' %&"'0$ %�!$7$,"#  %&"4�&�2 5+'-$ 2 $2-�0$-"+' !�0 &'�"-

0' %�72��"-  ,"7"-/ ,$�&57!5 ,$ �%'&$-�&�2% " &","0$-/ %�!$7$,"( !&5���-

 5-�+,�, " %��/7�2$2 )�( %&"'0$ �)", ,�0'& )�72�,$, " -'0  $0*0  �!&$-"-/

!��"+' -2� �%'&$-�&�2. 

�5,�0
,�4
9�� ���
0
 ���
4
/�	 ���-���5 =7
,
. �&')�$�$'0*#

%�)3�) ! %� -&�',": $2-�0$-"7"&�2$,,�#  " -'0* %&"'0$ %�!$7$,"# %&"-
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4�&�2 5+'-$ �&"',-"&�2$, ,$ " %��/7�2$,"'  &') -2 IP--'�'.�,"". �2-�0$-

-"7"&�2$,,5:  " -'05 %&')�$�$'- ( &$ %��$�$-/ ,$ 2*)'�',,�0  '&2'&',  

5 -$,�2�',,*0 %&��&$00,*0 �4' %'+',"'0 Asterisk, ,$ !�-�&*# 45)'- %�-

 -5%$-/ �1".&�2$,,*# 72�,�!  ��&�) !�# �
� �- %�-&'4"-'�(, !�-�&�05

45)'- %&')���',� 2� %��/7�2$-/ (  '&2" �0 $2-�0$-"+' !��� 22�)$ %�!$7$-

,"#  %&"4�&�2 5+'-$ . � �" 9-� ,'�43�)"0�, %��/7�2$-'�/ 0��'- %'&'!�:-

+"-/ ( ,$  2�4�),��� �%'&$-�&$, �4' %'+"2$:;'�� 22�) )$,,*3 2  " -'05

«
�&�)». �,')&',"' &$7&$4$-*2$'0�#  " -'0* 2�70��,� ,$  5;' -25:;'0

�4�&5)�2$,"" 			 «���>» " ,' -&'45'- )�%��,"-'�/,*3 7$-&$- ,$ $%%$-

&$-,�' �4' %'+',"'. 

�&')�$�$'0$( $2-�0$-"7"&�2$,,$(  " -'0$ )�( %&"'0$ %�!$7$,"# %&"4�-

&�2 5+'-$  &') -2$0" IP--'�'.�,"" %&'),$7,$+',$ )�(:  

1) �4' %'+',"( 22�)$ %�!$7$,"# %&"4�&�2 5+B-$ 4'7 5+$ -"( �%'&$-�&�2; 

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

5+'-$ 2  " -'05 «
�&�)»; 

3) %&"2(7!" ,�0'&$ -'�'.�,$ ! ')",�05 ,�0'&5 )�( 5%&�;',"( 22�)$ %�-

!$7$,"#; 

4) $2-�0$-"+' !��� �%�2';',"( !�"',-�2 � 7$)���',,� -(3 %� �%�$-'. 

��( &'$�"7$1"" $2-�0$-"7"&�2$,,�#  " -'0* " %��/7�2$,*  �')5:;"'

%&��&$00,*'  &') -2$: 

1) �%'&$1"�,,$(  " -'0$: CentOS; 

2) ����: MySQL Standard Edition 5.6; 

3) (7*!$ %&��&$00"&�2$,"( PHP. 

�2-�0$-"7"&�2$,,$(  " -'0$ %&')� -$2�('- %��/7�2$-'�:-�%'&$-�&5 ",-

-'&.'# )�( %&� �58"2$,"( 7$%" $,,*3  ��4;',"# " %&� 0�-&$ �-%&$2�',-

,*3 $4�,',-$0" )$,,*3.  

�&')�$�$'0$( $2-�0$-"7"&�2$,,$(  " -'0$ 2!�:+$'- 2  '4( 8' -/ 0�)5-

�'# (&" .1): 0�)5�/ 27$"0�)'# -2"(  $4�,',-�0; 0�)5�/ �4&$4�-!" )$,,*3; 

0�)5�/  2(7"   " -'0�# «
�&�)»; 0�)5�/ �-�$)!"  " -'0*; 0�)5�/ ",.�&-

0"&�2$,"( $4�,',-$; 0�)5�/ $2-�&"7$1"" $4�,',-$.  
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�" .1. �-&5!-5&,$(  3'0$

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

7*2$'- ,$ ,'2'&,*' )'# -2"(, %&')� -$2�('-  %&$2�+,5: ",.�&0$1": %� &$-

4�-'  " -'0* " %'&')$'- %�!$7$-'�" %&"4�&�2 5+'-$ 2 ��*"� �1��1�&%�

*���-.. 	 ,�2,$( 7$)$+$ 0�)5�( �4&$4�-!" )$,,*3 7$!�:+$'- ( 2 �4&$4�-!'

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

�1����&��, %'&'+,( )$�/,'#8"3 )'# -2"# $4�,',-$, $ -$!�' 2 7$2" "0� -"

�- 22�)"0*3 )$,,*3, %'&')$+$ )$,,*3 2  ��*"� ',!0� ' '�'&���+ «����*». 

��*"� ',!0� ' '�'&���+ «����*» �4' %'+"2$'- %&"'0 " %'&')$+5 )$,,*3 2

 " -'05, $ -$!�' ."! "&�2$,"'  �5�'4,*3  ��4;',"#. 	 ,�2,$( 7$)$+$ ��-

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

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

2$'- ",.�&0"&�2$,"' %��/7�2$-'�( � 7$)���',,� -(3 %� �%�$-' %5-'0  �-

2'&8',"( 72�,!$ ,$ 7$&'�" -&"&�2$,,*# ,�0'& -'�'.�,$. 	 ,�2,�# .5,!1"-

'# ��*"�! �,&���0�)�� �1����&� (2�('- ( %&"2(7!$ ')",��� ,�0'&$ ! ,�0'-

&5 -'�'.�,$  1'�/: 5%&�;',"( 22�)$ )$,,*3 %� %&"4�&$0 5+'-$. 

�2-�0$-"7"&�2$,,�#  " -'0$ )�( %&"'0$ %�!$7$,"# %&"4�&�2 5+'-$

 &') -2$0" IP--'�'.�,"" "0''- )2535&�2,'25: $&3"-'!-5&5 (&" . 2). �'&3-

,"# 5&�2',/ %&') -$2�('-  " -'05 )�( %&"'0$ %�!$7$,"( %&"4�&�2 5+'-$, %�-
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�5+$:;5: )$,,*'   " -'0* -'�'.�,"" Asterisk,  2�70��,� -/: 27$"0�-

)'# -2"(   web- �5�4�#  " -'0* «
�&�)». �"�,"# 5&�2',/ %&') -$2�',

 '&2'&�0  " -'0* 5%&$2�',"( 4$7�# )$,,*3 2 !�-�&5:  �3&$,(:- ( .$!-*

72�,!�2 " %'&')$2$'0*' %�!$7$,"(.  

������

�
����	 Aster isk

������ ����
 �
�
�����
 «�����»

Ethernet  10/ 100 Mb
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�
� �������	�����
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�
����	 «�����»

Ethernet  10 Mb
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�
���
���	�
�

���������� 
�����
���	�
�
� �	����������


 !�  ������

������ 	����
�	�


	������	

�" . 2. �3'0$ $&3"-'!-5&* $2-�0$-"7"&�2$,,�#  " -'0*

��( &'$�"7$1"" ",.�&0$1"�,,��� �4' %'+',"( .5,!1"# $2-�0$-"7"&�-

2$,,�#  " -'0* &$7&$4�-$,$ 4$7$ )$,,*3 (&" . 3),  � -�(;$( "7  �')5:;"3

-$4�"1: 

- -$4�"1$ «�2�,!"»  �)'&�"-: .$!- 72�,!$ $4�,',-$ (")',-"."!$-�&

72�,!$, ,�0'& 72�,(;'��, )$-$ " 2&'0( 72�,!$); 

- -$4�"1$ «��0'&$ !2"-$,1"#»  �)'&�"- )$,,*' %� %&",(-*0 ')",*0

,�0'&$0 !2"-$,1"# ( ")',-"."!$-�& %&",(-�# !2"-$,1"", ,�0'& 72�,(;'��, 

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

- -$4�"1$ «���»  �)'&�"- )$,,*' %� )'# -2"(0 %��/7�2$-'�'#  " -'0*

(")',-"."!$-�& )'# -2"(, )$-$ " 2&'0(  �4*-"(, ,�0'& 72�,(;'��, �%" $,"'

)'# -2"(); 

- -$4�"1$ «��!$7$,"(»  �)'&�"- )$,,*' � %&",(-*3 %�!$7$,"(3 %&"4�-

&�2 5+B-$ ( ")',-"."!$-�& %�!$7$,"(, ,�0'& 72�,(;'��, ,�0'& %&"4�&$ 5+B-$
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2  " -'0' «
�&�)», -"% %&"4�&$ 5+B-$, ,�0'& %&"4�&$ 5+B-$ (%� %$ %�&-5), 

%� �'),"' 5+-B,,*' %�!$7$,"(, %� �'),"' %'&')$,,*' %�!$7$,"(, ,�2*'

%&",(-*' %�!$7$,"(, )$-$ " 2&'0( ."! "&�2$,"(); 

- -$4�"1$ «��3&$,',,*' ,�0'&$»  �)'&�"- )$,,*' $2-�&"7$1"" %��/7�-

2$-'�( (")',-"."!$-�&, ,�0'& 72�,(;'��, ')",*# ,�0'&, 2&'0( %&"2(7!");  

- -$4�"1$ «����"»  �)'&�"- )$,,*' � 7$)���',,� -(3 $4�,',-�2 (")',-

-"."!$-�&,  500$ )���$, )$-$ .�&0"&�2$,"(). 

�allID/ "����
�
�	��� �����	

Date/ �	�	 
 ����� �����	

CallNum/ #���� �������	

Calls/ $����


EnumID/ "����
�
�	��� ��
�	��



Date/ %���� �
��
���	�
�

Enum/ &�
��
 �����

CallNum/ #���� �����'�(�

Enums/ #����	 ��
�	��



LogID/ "����
�
�	��� ��(	

Descr iption/ )�
�	�
� ��
���
�

EnumID/ #���� �����'�(�

Date/ �	�	 
 ����� �����
�

Logs/ *�(

ReadID/ "����
�
�	��� ���	�	�
�

DevID/ #���� ��
���	 �
�
�����«�����»

EnumID/ "����
�
�	��� �����	

Readings/ +��	�	�
�

DevType/ !
� ��
���	 �,-�	

DevNum/ #���� ��
���	 �,-�	

DevLast / +������
� �,�-����
���	�	�
�

DevNext / +������
� �����	����
���	�	�
�

DevNew/ #���� ��
����� ���	�	�
�

Date/ �	�	 
 ����� �
��
���	�
�

DebtID/ "����
�
�	��� ���(	

SavedID/ "����
�
�	���
����	�����(� �����	

Date/ %���� ��
����


Enum/ &�
��
 �����

CallNum/ #���� �����'�(�

SavedEnums/ ����	������ �����	

DateIn/ �	�	 ����
���	�
�

Debt / ����	 ���(	

CallNum/ #����	 �������	

Debt s/ ���(


�" . 3. �3'0$  2(7" -$4�"1 4$7* )$,,*3

��( �4' %'+',"( .5,!1"�,"&�2$,"(  " -'0* &$7&$4�-$,*  �')5:;"'

$���&"-0*: &$4�-* ��$2,��� 0',:  " -'0*, %&"B0$ ')",��� ,�0'&$, %&"B0$

%�!$7$,"# %&"4�&�2 5+B-$, %&"2(7!" ')",��� ,�0'&$ ! ,�0'&5 -'�'.�,$, &$-

4�-* ",.�&0"&�2$,"(. 

�$7&$4�-$,,$( $2-�0$-"7"&�2$,,$(  " -'0$ )�( %&"'0$ %�!$7$,"# %&"-

4�&�2 5+'-$  &') -2$0" IP--'�'.�,"" )�( 			 «���>»: 

1) 50',/8"-/ 2&'0( ��")$,"( 2 �+'&')" %&" %�)$+' &'75�/-$-�2 %&"4�-

&�2 5+'-$ +'&'7 -'�'.�,;  

2) 52'�"+"-/ -�+,� -/ %'&')$+" )$,,*3 2  " -'05 «
�&�)» " !�:+"2

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

-'. 

��!$7$-'�" )� -"�,5-��� 9..'!-$ �- 2,')&',"(  $2-�0$-"7"&�2$,,�#

 " -'0* )�( %&"'0$ %�!$7$,"# %&"4�&�2 5+'-$  &') -2$0" IP--'�'.�,"" )�(

			 «���>» %&"2')',* ,$ &" . 4.  

.��
,����� ��
����� ���	�	�

 %���� � �,����


)�/-� ��	�
��� �	����+�
���� ������� ����	�����

�" . 4. ��!$7$-'�" 9..'!-"2,� -" %&')�$�$'0��� &'8',"(

�
��:7
/�
. �&')�$�$'0$( 2 &$4�-'  " -'0$ %&"'0$ %�!$7$,"# %&"4�-

&�2 5+'-$ %�72��('-  �!&$-"-/ 2&'0( ,$3��)',"( 2 �+'&')" $4�,',-$,  ,"-

7"-/ ,$�&57!5 ,$ �%'&$-�&�2 " �4' %'+"-/ " !�:+',"' �8"4�! 22�)$ %�!$7$-

,"# %� 2",' �%'&$-�&�2, $ -$!�' � 5;' -2�(-/ %&"B0 %�!$7$,"# !&5��� 5-

-�+,�. 

�"-'&$-5&$. 

1. �$#- &$7&$4�-+"!�2 Asterisk. URL:http://www.asterisk.org . 
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'��$(���� )������������ '������� ��!��������  

���� +����� ����  ����� +��" ������������� �  

��?�������������� ) �������$& ��������  

"����� � �����������" 

�.	. �'&�$,-�2$1
, �.�. �*4$,�22

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

����* ����'%�+

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

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

����'%�+

� ,$ -�(;'' 2&'0( 8"&�!� &$72"2$:- (  " %�2 '0' -,� " %��/75:- (

&$7�"+,*' 9�'!-&�,,*' &' 5& *. �  2(7"  9-"0 &'8$:- ( 7$)$+"  " -'0$-"-

7$1"" " �4C')",',"( ",.�&0$1"" � ,"3  1'�/: .�&0"&�2$,"( ')",��� ",-

.�&0$1"�,,��� %&� -&$, -2$. �$,,*' 7$)$+" 5 %'8,� " 9..'!-"2,� &'8$'-

	4C')",',,*# ��,) <�'!-&�,,*3 �' 5& �2 «�$5!$ " 	4&$7�2$,"'» 

(	�<��"	)  [8].  

� 3�)' %&')%&�'!-,��� "  �')�2$,"( 4*�$ %&�$,$�"7"&�2$,$  5;' --

25:;$(  " -'0$ &'�" -&$1"" 9�'!-&�,,*3 &' 5& �2 2 	�<��"	  � -�(;$(

"7 ,' !��/!"3 9-$%�2: 

1)  ���/7�2$-'�/,  !$+$2 ,$ �."1"$�/,�0  $#-'  %'1"$�"7"&�2$,,5:

%&��&$005 RegOFERNiO, � 5;' -2�('- 22�) �%" $,"(  2�'# &$7&$4�-!"; 

2)  �&��&$00$ RegOFERNiO �','&"&5'- ,$ � ,�2$,"" )$,,*3, 22')',-

,*3 ,$ %'&2�0 9-$%', %$!'- )�!50',-�2 ��-�2*3 ! %'&' *�!' %� 9�'!-&�,,�#

%�+-' 2 	�<��"	; 

3) �%'1"$�" - 	�<��"	, %��5+"2  .�&0"&�2$,,*' )�!50',-* " %&�-

2'&"2 "3  !�&&'!-,� -/, 2,� "- )$,,5: &$7&$4�-!5 2 4$75 )$,,*3 	�<��"	. 

�$ .�,' 8"&�!��� " %��/7�2$,"( 0�4"�/,*3 5 -&�# -2 " unix-

%�)�4,*3  " -'0, 5 ���,('- ( %&�1'  %&�1')5&* &'�" -&$1"", %� !��/!5

%&"���',"' RegOFERNiO .5,!1"�,"&5'- -��/!� ,$ 4$7' �%'&$1"�,,�#  " -

-'0* Windows. 	%*- &'�" -&$1"" 9�'!-&�,,*3 &' 5& �2 2 	�<��"	
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[8,9,10,11] %�!$7$� 2�70��,� -/ %�2*8',"( 9..'!-"2,� -" %��/7�2$-'�/-

 !��� ",-'&.'# $ [1,6,7] %&��&$00* RegOFERNiO. 
$!�', %&�1'  .�&0"&�-

2$,"( 9�'!-&�,,��� %$!'-$ )�!50',-�2 )�( &'�" -&$1"" ( %� �')5:;'# '��

�-%&$2!�# 2 �62
���) 0��'- 4*-/ 5%&�;',, 7$  +'- -��� +-�  ",.�&0$1"(

� &'�" -&"&5'0�0 9�'!-&�,,�0 &' 5& ' 45)'- ,'%� &') -2',,� 22�)"- ( 2

%��/7�2$-'�'0 2 4$75 )$,,*3 �62
���, +-� %&"2')'- ! " !�:+',": "7

%&�1'  $ &'�" -&$1"" %&�1')5&* �40',$  ��4;',"(0" %� e-mail. 

�$-',-,*# $,$�"7 %�!$7$�, +-� %$-',-* [3,4,5] 0��,� " %��/7�2$-/ 2

!$+' -2' �4;"3 %&') -$2�',"# � )�!50',-��4�&�-', $ %$-',- �� A2433472 

[5] 0��'- 4*-/ 2 )$�/,'#8'0 " %��/7�2$, )�( %�)-2'&�)',"( %�)�",,� -"

2*)$2$'0*3 �62
���  '&-"."!$-�2. 

��9-�05  $!-5$�/,�# (2�('- ( 7$)$+$ &$7&$4�-!" web-%&"���',"(, %�-

72��(:;'�� � 5;' -2�(-/  &'�" -&$1": &$7�"+,*3 9�'!-&�,,*3 &' 5& �2

%��/7�2$-'�(0" 4'7 5 -$,�2!" )�%��,"-'�/,��� %&��&$00,��� �4' %'+',"(

", +-� ,' 0','' 2$�,�,   �:4��� 5 -&�# -2$ %&" %�0�;" 2 -&�',,��� 4&$5-

7'&$. 

�&')�$�$'0$( &$7&$4�-!$ %� -&�',$ %� %&",1"%5 -&'35&�2,'2�# $&3"-

-'!-5&*. �$ %'&2�0 5&�2,' &$ %��$�$'- ( 4$7$ )$,,*3 %&"���',"( " ����

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

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

4�# !�"',- !�' %&"���',"'(web-4&$57'&) �4' %'+"2$:;'' )� -5% ! .5,!-

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

internet.  

�7$"0�)'# -2"' 0'�)5 0�)5�(0" " 2,'8,"0"  5;,� -(0", $ -$! �'

)2"�',"' %�-�!�2 )$,,*3 %&') -$2�',� ,$ &" . 1. 
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�" . 1. DFD-)"$�&$00$ %&�1'  $ &$4�-*  " -'0*

��( !�&&'!-,�# &$4�-* %&"���',"( &$7&$4�-$,$ 4$7$ )$,,*3 (&" . 2), 

 � -�(;$( "7 40 -$4�"1.  

�" . 2. �3'0$ 4$7* )$,,*3

�� !��/!5 &$7&$4$-*2$'0$(  " -'0$ (2�('- ( web-�&"',-"&�2$,,�#, 2

!$+' -2' 0$-'0$-"+' !��� $%%$&$-$ )�( '' &$7&$4�-!" 0��,� " %��/7�2$-/

0'-&"!"  -&5!-5&,�#  ���,� -"  $#-$. �"�' %&"2')',* 0'-&"!" web-

%&"���',"(, %�72��(:;'�� � 5;' -2�(-/  &'�" -&$1": 9�'!-&�,,*3 &' 5&-

 �2: 
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1) �-&5!-5&,$(  ���,� -/:  

� =
==

n

i
ioutlinkWSC

01
98)( , 

�)' outlink(i) - " 3�)(;$(   *�!$ ,$ )$,,�#  -&$,"1' i; n - !��"+' -2�

 -&$,"1. 

2) ��&0$�"7�2$,,$(  ���,� -/ �%&')'�('-c( +'&'7  -&5!-5&,5:  ���-

,� -/, !$!  &'),'' +" ��   *��! ,$  -&$,"1': 

67,4
)(

01

2
===

� =

n

ioutlink

n

WSC
WSC

n

i , 

�)' outlink(i) - " 3�)(;$(   *�!$ ,$ )$,,�#  -&$,"1' i; n - !��"+' -2�

 -&$,"1. 

3) �" �� ,'7$2" "0*3 %5-'#:  

781
3

=++−= dneWSC , 

�)' e - �4;'' +" ��   *��! 2 �&$.';  n-!��"+' -2� 2'&8", 2 �&$.'; d - 

+" �� -5%"!�2*3 57��2 �&$.$. 

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

2"): 

3
1

3

4
=

++−
==

n

dne

n

WSC
WSC , 

�)' e - �4;'' +" ��   *��! 2 �&$.'; n - !��"+' -2� 2'&8", 2 �&$.'; d - 

+" �� -5%"!�2*3 57��2 �&$.$. 

5) ����,� -/ ,$ � ,�2' !2$)&$-�2 &$72'-2�',"#: 

38,24
)(

0

2

5
==

� =

n

i
WSC

n

i outlink
, 

�)' outlink(i) - " 3�)(;$(   *�!$ ,$ )$,,�#  -&$,"1' i; n - !��"+' -2�

 -&$,"1. 

�$ &" . 3 %&') -$2�', ",-'&.'#  web-�&"',-"&�2$,,�#  " -'0* &'�"-

 -&$1"" 9�'!-&�,,*3 &' 5& �2.  
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�" . 3. �-&$,"1$ )�( &'�" -&$1"" 9�'!-&�,,��� &' 5& $

�&" %�0�;"  &') -2$ %&�-�-"%"&�2$,"( CogTool [2]  4*� 2*%��,',

 &$2,"-'�/,*# $,$�"7 ",-'&.'# $ %&��&$00* RegOFERNiO (windows-

%&"���',"() )�( &'�" -&$1"" %��/7�2$-'�/ !"3 &' 5& �2 " %&')���',,���

",-'&.'# $ web-�&"',-"&�2$,,�# ",.�&0$1"�,,�#  " -'0*. �,-'&.'# 

%&��&$00* RegOFERNiO 4*� 7$�&5�', 2  " -'05 CogTool, 2*)'�',* '�� $!-

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

�%" $,$ 0�)'�/ %�2')',"( %��/7�2$-'�( %&" &'�" -&$1"" 9�'!-&�,,��� &'-

 5& $ 2 	�<��"	. �'75�/-$-* "  �')�2$,"( ",-'&.'# �2 %�!$7$�", +-�

2&'0( 7$-&$+"2$'0�' ,$ &'�" -&$1": 9�'!-&�,,��� &' 5& $ %&" " %��/7�2$-

,"" web-�&"',-"&�2$,,�# ",.�&0$1"�,,�#  " -'0*  �!&$;$'- (, %�  &$2-

,',":  " %��/7�2$,"'0 %&��&$00* RegOFERNiO : )�( ,�2��� %��/7�2$-'�(

- 2 1,34 &$7$, $ )�(  5�' 7$&'�" -&"&�2$,,��� 2 web- " -'0' - 1, 65 &$7$.
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�%" �! �"-'&$-5&*

1. ��&� -'�'2 �. �., �*4$,�2 �. �. �  �')�2$,"' 0'-�)�2 !��"+' -2',-

,�# �1',!" 0',: %��/7�2$-'�( ",.�&0$1"�,,�#  " -'0*: )�!�$)

//�-5)',+' !"# ,$5+,*# .�&50 2013: V 0'�)5,$&.  -5). 9�'!-&�,. ,$5+. 

!�,.., 15 .'2&. -31 0$&-$ 2013 �. �$%&$2�. «
'3,"+' !"' ,$5!"»/�� . $!$). 

' -' -2�7,$,"(. - 6., 2013. -�. 1-7. 

2. 	."1"$�/,*#  $#- %&��&$00* CogTool -

URL: http://cogtool.hcii.cs.cmu.edu/ 

3. �$-',-  - 2154298 ��, G06F17/00. �2-�0$-"7"&�2$,,$(  " -'0$ )�(

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

'2 �.�., �$)2�&,�2 �.�., �544�-", �.�., �')/!�2 �.�., �$&!�2 �.�.; �$!&*-

-�' $!1"�,'&,�' �4;' -2� "�	6�
�"; �$(2. 28.12.1999; 	%54�. 10.08.2000. 

4. �$-',-  - 2242050 ��. �%� �4 .�&0"&�2$,"( " %&",(-"( )�!50',-$/ 

�&"3�)/!� �.�. (RU), �2$,�2 �.�. (RU), �&$0�2 �.�. (RU), ��&�4/'2 �.�. 

(RU); �$(2. 27.03.2003; 	%54�. 10.12.2004. 

5. �$-',-  - 2433472 ��, G06F21/24, G06F17/00. � �2'&8', -2�2$,,*#
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	),"0 "7  %� �4�2 &'8',"( 2�7,"!$:;'# %&�4�'0* (2�('- ( %'&"�-

)"+' !"# %&��&'2 2�7)53��3�$)"-'�'# )�( -���, +-�4* 0���: !" %��"4$�" "

,' 5 %'2$�" %&"&$ -" !  -',!$0 2�7)53��3�$)"-'�(. 
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)*, %&�3�)(;"# %� 2�)�2�)5,  -$,'- ,')� -$-�+,*0 )�( ,�&0$�/,��� �3�$-

�)',"( �40�-�! �")&�$�&'�$-$. �&" 9-�0 2&'0( %&��&'2$ �),��� 2�7)53��3-

�$)"-'�( 7,$+"-'�/,� 0',/8' 2&'0'," '�� 7$&$ -$,"(. 
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���',,�0 $���&"-0' 45)'0 �-!�:+$-/ -��/!� �)",). �&'0( %&��&'2$ �),���

2�7)53��3�$)"-'�( )���,� 4*-/ 2 )2$ &$7$ 0',/8' 2&'0'," �4&$ -$,"( 2�-

)�2�)�2 50,��',,��� ,$ +" �� 2�7)53��3�$)"-'�'#: 
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0���'&���!T   – 2&'0( 7$&$ -$,"( 2�7)53��3�$)"-'�(; 

N  – +" �� 2�7)53��3�$)"-'�'# 5 �),��� �','&$-�&$. 

��( &'$�"7$1"" )$,,��� $���&"-0$  �20' -,��� 5%&$2�',"( 2!�:+',"-

'0 / �-!�:+',"'0 2�7)53��3�$)"-'�'# 0��,� " %��/7�2$-/ 0�)'�/ 1"!�"+'-

 !"3 �),�,$%&$2�',,*3  %" !�2.  

��( 9-��� 5 ��2,� �4�7,$+"0 �)", "7 2�7)53��3�$)"-'�'# 7$ %'&2*#. 

��( ,'�� 2&'0( ,$+$�� %&��&'2$,"( 45)'- 01

.. =$�T , $ 2&'0( �!�,+$,"( %&��&'-

2$ 45)'- $�����,�$% tT =1

.. . 
��)$ )�( !$�)��� )&5���� 2�7)53��3�$)"-'�( 2&'0( ,$-

+$�$ " �!�,+$,"( %&��&'2$ 45)'- &$  +"-*2$-/ ( %� .�&05�$0: 

$�����,�

i

$� tiT ⋅−= )1(.. " $�����,�

i

$% tiT ⋅=.. , 

�)': i – ,�0'& 2  %" !' -'!5;'�� 2�7)53��3�$)"-'�( �")&�$�&'�$-$. 

�� �' %&�3��)',"( 2 '3 2�7)53��3�$)"-'�'# 7$,�2� �-!�:+$'- ( ,$

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


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

-��/!� �)", -'!5;"# 2�7)53��3�$)"-'�/, $ � -$�/,*' %&�)���$:- &$4�-$-/. 

�&" 9-�0 )�( 7$%5 !$ $���&"-0$ ,'�43�)"0� 7,$-/   *�!5 ,$ 5 ��2,� %'&-

2*# �3�$)"-'�/, !�-�&*# 7,$'-, !$!�#  �')5:;"# �3�$)"-'�/ )���', �--

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

�3�$)"-'�/. 

� �" 2 !$!�#--� 0�0',- 2&'0'," %&�"7�#)B-  4�# &$4�-*, ,$%&"0'&, 

7$ �&"- ( 2�)�2�) �3�$)"-'�( ()�( 9-��� 2  " -'0' 5%&$2�',"( %&')5 0�-&'-

,$ 5 -$,�2!$ )$-+"!�2 &$ 3�)$ 2�)* +'&'7 2�7)53��3�$)"-'�/), -� $���&"-0

7$%�0,"- ,�0'& -'!5;'�� $�&'�$-$. �� �' 7$2'&8',"( 2�  -$,�2"-'�/,*3

&$4�- $���&"-0 7$%5 -"- (, ,�  �),"0 "70',',"'0, -�- �3�$)"-'�/, !�-�&*#

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

2&'0( �4,5�"- (. 	3�$)"-'�/, !�-�&*# &'0�,-"&�2$�", ,' 45)'- %&��&'2$-/-
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2�)�2 2�7)53��3�$)"-'�'#. �,  �')�2$-'�/,�, %��5+"-/ )�%��,"-'�/,5:

%&"4*�/ %&')%&"(-":. �;B  �')5'- �-0'-"-/, +-� )$,,*# $���&"-0 0��'-

4*-/ " %��/7�2$, " )�( )&5�"3 �&5%% �4C'!-�2. 

�%" �! �"-'&$-5&*: 

1. �$%5 -(,, �.
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., �$&8'2 �.�., �� -", �.�., �"�$'2
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C. 38-40. 
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 -$-�&$ $�&'�$-$ ���� !�# 
<� / �$7$&'2$ �.
., �$&8'2 �.�., �� -", �.�., 

�"�$'2 �.�., ��!���2$ �.�. // �$5+,*# %�-',1"$� XXI 2'!$ : 0$-'&. V 0'�-

)5,$&. ,$5+. !�,.. 
. I. � -' -2',,*' " -'3,"+' !"' ,$5!" / 
	� ��	 �'2.-
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'������%���� � !����� �� #���"
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.�. – !.-.,., )�1',-, ��%�2 �.�. –  -$&8"# %&'%�)$2$-'�/,  

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

�������, %�(�*�� «�,&���1�� �-+ &���'$��&»  

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

��'"*��'&,������ �,&�*�������� ��*0��� $� ��������*'%�+ �1��'&�

���"+' -2� 2*4&� �2 2&'),*3 2';' -2 �- 2*3��%,*3 �$7�2 $2-�45 �2

«
��'�/» 2 �.���� !"# 52'�"+"�� /   1998 %� 2013 ��)*   234 )� 4431 -�,,, 

$ )�( $2-�45 �2 6�� ��� A1732 %&$!-"+' !" ,' "70',"�� / " )$�'

50',/8"�� / %�  &$2,',":   1998 ��)�0   216,8 - )� 204,6 - 7$  +B-  ,"�'-

,"( !��"+' -2$ $2-�45 �2 2 9! %�5$-$1"".  

���"+' -2� 2&'),*3 2';' -2, %&"3�)(;"3 ( ,$ �),��� �"-'�( 52'�"-

+"�� /   1998 %� 2013 ��)* %�+-" 2 )' (-/ &$7,   1,4 !� )� 14,44 !� 7$  +B-

52'�"+',"( !��"+' -2$ +$ -,*3 %'&'2�7+"!�2. 

��"-'�/,*# !�,-$!-  �  &')�#, �-&$2�',,�# 2*3��%,*0" �$7$0" $2-�-

0�4"�( 2*7*2$'- �4;'' � �$4�',"' �&�$,"70$ – "005,�)'."1"-. ���'2�)�-

&�),*'  �')",',"( �-&$4�-$28"3 �$7�2 ,$&()5  -�! "+,*0"  2�# -2$0"

�4�$)$:- !$,1'&��',,*0 )'# -2"'0. �$,1'&��',,*' 2';' -2$  %� �4 -25:-

2�7,"!,�2',": " &$72"-": 7��!$+' -2',,*3 �4&$7�2$,"#. 

���"+' -2� 4��/,*3 �,!�7$4��'2$,"(0"   2002 ��)$  ,'5!��,,� &$ -

-B-. � 2002 ��)5 !��"+' -2�  � -�(;"3 ,$ 5+B-'  � -$2"�� 4869 +'��2'!, $ 2

2013 ��)5 7231 +'��2'!. �+"-*2$(, +-� ",-', "2,� -/ )'(-'�/,� -" %&')-

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

0��,� %&')%����"-/, +-� �),"0 "7 .$!-�&�2 52'�"+',"( +" �$ �,!�7$4�-

�'28"3 (2�('- ( ��&�0,�' !��"+' -2� $2-�45 �2 «
��'�/».  

��9-�05 $!-5$�/,*0 2�%&� �0 (2�('- (  �1',!$ 9! %�5$-$1"�,,*3 !$-

+' -2 $2-�45 �2 +$ -,*3 %'&'2�7+"!�2 %$  $�"&�2 2 ��&�)' ���� !"# ���-

���&$) !�# �4�$ -".  
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� 2012 ��)5 ,$ 5+B-' 2 �
��� �. ���� !���  � -�(� 441 ",)"2")5$�/-

,*# %&')%&","0$-'�/-�"1',7"$-, � 5;' -2�(:;"# %'&'2�7!" %$  $�"&�2 "

"0':;"# 1016 $2-�45 �2. � ��&�) !"3 " %&"��&�),*3  ��4;',"(3 " %��/-

75:- ( $2-�45 * 
��'�/-322131, -322132, -3269, -32790, -3285. � %� �'),"'

��)* %&')%&","0$-'�"  -$�" %&"�4&'-$-/ )�( %&"��&�),���  ��4;',"( $2-

-�45 * 7$&54'�,��� %&�"72�) -2$ �5,)$#, �"-&�',, �"$- " )&5�"'.  

�,$�"7 %�!$7*2$'-, +-� 4��/8' %���2",* " %��/75:;"3 ( 2

�.���� !"# $2-�45 �2 - 599  -$&8' 10 �'-, +-� %&"2�)"- ! 7,$+"-'�/,�05

%�2*8',": 2*4&� �2 2 $-0� .'&5 2&'),*3 2';' -2. ��9-�05 (2�('- ( $!-5-

$�/,*0 %&')���',"' �&5%%* 
�� %� ��&$,"+',": 2�7&$ -$ $2-�45 �2, " -

%��/75'0*3 2 �4;' -2',,*3 %'&'2�7!$3, )' (-/: ��)$0".  

�,$�"7 &$ %&')'�',"( $2-�45 �2  -$&8' 10 �'- %�  &�!5 9! %�5$-$1""

%�!$7$�, +-� ,$ 0$&8&5-$3 &$4�-$:- $2-�45 *,  &�! 9! %�5$-$1"" !�-�&*3

)� -"� 15 �'-, %&"+B0 9-" $2-�45 * &$4�-$:- 2 � ,�2,�0 ,$ ��&�) !"3 0$&-

8&5-$3.  

��%5 ! %'&'2�7+"!$  ,$ �%&')'�B,,*# 0$&8&5- )���', � 5;' -2�(-/-

 (  7$!$7+"!�0 %&" ,$�"+"" �"1',7"", -'3,"+' !��� � 0�-&$ 2 
����,  )�-

��2�&$ $&',)* $2-�45 $ "�" &'�" -&$1"( $2-�45 $ 2 �<	, %&"!&'%�',"( $2-

-�45 �2 !  '&2" ,�05 1',-&5. 

�&�2'&!", %&�2�)"0*' �
��� 2 2005 ��)5 %�!$7$�" 5 %&')%&","0$-

-'�'# �- 5- -2"' �"1',7"#, -$��,�2 

	, )���2�&�2 $&',)* $2-�45 �2, )���-

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

�$,"7$1"(  )�%5 !$ %'&'2�7+"!�2 ,$ %'&'2�7�+,5: )'(-'�/,� -/ "  " -'0$-

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

9-" ,$&58',"(.   

�&" �4 �')�2$,""  %$  $�"&�%�-�!�2 %� 0$&8&5-$0 A 6
, A 3
, A

27
, A24
 +$ -,*3 %&')%&","0$-'�'#, &$4�-$:;"3 ,$ $2-�45 $3 «
��'�/», 

 � -$2�',* -$4'�" &$4�+'�� 2&'0'," $2-�45 �2, &$4�-$:;"3 ,$ �","".[3,4,5]  

�� -$4'�(0 &$4�-* $2-�45 �2 %� 0$&8&5-$0 A 6
, A 3
, A 27
, 

A24
 +$ -,*3 %&')%&","0$-'�'# %&�2')', $,$�"7 2*%5 !$ $2-�45 �2 ,$ �"-
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,":,  3�)�2  �","" ,$ &'0�,- " &$ +'- !�9.."1"',-�2 2*%5 !$ " -'3,"+'-

 !�# ��-�2,� -".   


$4�"1$ 1 -  ��!$7$-'�" " %��/7�2$,"( $2-�45 �2

��9.."1"',-* 
��'�/


'3,"+' !�# ��-�2,� -" 0,802 – &$ +'-,*#

�*%5 !$  0,94…0,96 – .$!-"+' !"#

  �7 -$4�"1* 1 2"),�, +-� 2'�"+",$ .$!-"+' !��� !�9.."1"',-$ 2*%5 -

!$  )�( $2-�45 �2 «
��'�/» "0''- 7,$+',"( �- 0,94 )� 0,96, $ 2'�"+",$ !�9.-

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


	2 )�( %&�4'�$ 89500 !0 ,"�', " &$2,$ 0,802, $ )���,� 4*-/ ,$�4�&�-. <-�

7,$+"-, +-� $2-�45 * 9! %�5$-"&5:- ( %&')%&","0$-'�(0" �+',/ ",-', "2-

,�. �*%5 ! $2-�0�4"�'# ,$ �",": ,' %�$,"&5'- (  5+B-�0 2*%��,',"( %�$-

,�2*3 
	1 " 
	2  ���$ ,� �����',"( � -'3,"+' !�0 �4 �5�"2$,"" " &'-

0�,-' $2-�-&$, %�&-,*3  &') -2, " %�9-�05 2*%��,',"' 
	1, 
	2 ,' %&�2�-

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

" %&$2,*3 $2-�45 �2 " (2�('- ( �),�# "7 %&"+", 52'�"+',"( 2*4&� �2 2 $--

0� .'&5, !��"+' -2$ )�&��,�--&$, %�&-,*3 %&�" 8' -2"#.  

�'7�-!$7,$( " 4'7�%$ ,$( &$4�-$ $2-�45 $ 2�70��,$ %&" 2*%��,',""


	-1, 
	-2 " 
�. ��( 9-��� $2-�45 * )���,* 4*-/ %&"!&'%�',* !  �5�4'

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

!' $2-�45 �2 �
��� )���2�&* ,$ 
	 " !$&-�+!" %&�3��)',"(  
	1 " 
	2 

7$+$ -5: �- 5- -2�2$�". 

�&�2'&!" �
��� %�  �&�$,"7$1"" 2*%5 !$ $2-�45 �2 ,$ �",": %�!$-

7*2$:-   " -'0$-"+' !"' ,$&58',"( 2 �.�&0�',"" %5-'2��� �" -$, 7$+$ -5:

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

2�)"-'�/ 2*'7�$'- ,$ 0$&8&5- 4'7 %5-'2��� �" -$. 

�&�2'&!" %�!$7*2$:-, +-� "0':- (  �5+$" �- 5- -2"(  '&-"."!$-$ ,$

5 -$,�2!5 �$7�4$���,,��� �4�&5)�2$,"(, +-� (2�('- ( �&54*0 ,$&58',"'0

9! %�5$-$1"" 9-��� �4�&5)�2$,"(. �&�"72�)"- ( 5 -$,�2!$ %&" -$2,*3  "-
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)',"# " "70',',"' 0' -�%����',"(  ")',"#, ,' %&')5 0�-&',,*' !�, -&5!-

1"'# $2-�45 �2.  

� ' %'&'+" �',,*' ,$&58',"( %&"2�)(- ! 535)8',": 9! %�5$-$1"�,-

,*3 !$+' -2 $2-�45 �2 +$ -,*3 %'&'2�7+"!�2,  ,"�',":  4'7�%$ ,� -" %'&'-

2�7!" %$  $�"&�2 " 52'�"+',": !��"+' -2$ )�&��,�--&$, %�&-,*3 %&�" -

8' -2"#. 

�'75�/-$-"2,� -/ &$4�-* �-)'�$ �
��� �. ���� !��� %� !�,-&��: 7$

",)"2")5$�/,*0" %&')%&","0$-'�(0", � 5;' -2�(:;"0" %'&'2�7!5 %$  $-

�"&�2, 7$!�:+$'- ( 2 7,$+"-'�/,�0 50',/8',"" ,$&58',"# " %&"2')',""

9! %�5$-$1"�,,*3 !$+' -2 $2-�45 �2 2  ��-2'- -2"'  -&'4�2$,"(0" 7$2�)$-

"7��-�2"-'�( " ,�&0$-"2,�# " 7$!�,�)$-'�/,�# 4$7*.  

  ��( " !�:+',"( ,$&58',"# ,'�43�)"0�  �7)$,"' ')",�# �&�$,"7$1""

%'&'2�7+"!�2 ,$ %&"0'&' 65,"1"%$�/,��� �,"-$&,��� �&')%&"(-"( «����-

 !$( $2-�0�4"�/,$( !���,,$ A1732»  �4' %'+',"'0 ')",��� 1',-&$ %� 2*-

%5 !5 " &'0�,-5 $2-�45 �2, $ -$!�' �)",��� )" %'-+'& !��� 1',-&$ )�( !�-

�&)",$1"" &$4�-* 05,"1"%$�/,*3 " +$ -,*3 %'&'2�7+"!�2. �&')�$�$'- (  

9-� �&�$,"7�2$-/ ,$ 4$7'  �/� A1732, 5 !�-�&�# ' -/ 2 ' ,'�43�)"0*' �&�$-

,"7$1"�,,*' " %&�"72�) -2',,*' &'7'&2*. 
$!�' 2�70��,*0 2*3�)�0 "7

 ���"28'# (  "-5$1"" (2�('- ( %� -'%',,$( 7$0',$ $2-�45 �2 
��'�/ +$ --

,*3 %'&'2�7+"!�2 $2-�45 $0"  &'),'# " 4��/8�# 20' -"0� -" 05,"1"%$�/-

,��� %&')%&"(-"(, &$4�-$:;"0" ,$ !�0%&"0"&�2$,,�0 %&"&�),�0 �$7', +-�

 5;' -2',,� 5�5+8"- 9!����"+' !5:  "-5$1":. 

�%" �! �"-'&$-5&*

1. ��%�2 �.�. 	1',!$ 4'7�%$ ,� -" )2"�',"( ,$ 45�/2$&' %&�. �:7�2 ��-

&�)$ ���� !���/ �.�. ��%�2, 
.�. �'&,�2$, �.�. �$&$,�2//«��2&'0',,*' %&�-

4�'0* -&$, %�&-,��� !�0%�'! $ ��  ""»: 6'�257�2 !"#  4�&,"! ,$5+,*3 -&5-

)�2 0���)*3 5+B,*3, 0$�" -&$,-�2 " $ %"&$,-�2  - 6$�,"-���& !: 6

� , 2013. 

– �*%5 ! 3. – �.36-42 
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2. ��%�2 �.�. 	1',!$ 7$�&5�',,� -" " 4'7�%$ ,� -" 45�/2$&$ �&�. �:7�2

�.���� !���/�.�. ��%�2, 
.�. �'&,�2$, �.�. �$&$,�2//��2*# 5,"2'& "-'-.- 

2013.-A2. – �.49-53. 

3. �'&,�2$ 
.�. �,$�"7 %&�%5 !,�#  %� �4,� -" -&$, %�&-,*3 0$�" -&$�'#

�.���� !��� ,$ %&"0'&' 5�.6"&$ /
.�. �'&,�2$, �.�. ��%�2, �.	. �$-!�-

2$//�2-�-&$, %�&-,�' %&')%&"(-"'. – 2013. - A3. – �.33-36 

4. �'&,�2$ 
.�. 	 �4',,� -" �&�$,"7$1"" %$  $�"& !"3 %'&'2�7�! 2 ��&�)'

���� !�0/
.�. �'&,�2$, �.�. ��%�2, �.�. �$2��2, �.�. �/(-

,*3//�2-�-&$, %�&-,�' %&')%&"(-"'. – 2013. - A10. – �.9-13 

5. �'&,�2$ 
.�. 	1',!$ 7$�&5�',,� -" 5�"1* 6"&$ ��&�)$ ���� !���/ 
.�. 

�'&,�2$, �.�. ��%�2, �.	. �$-!�2$ //«��2&'0',,*' %&�4�'0* -&$, %�&-,���

!�0%�'! $ ��  ""»: 6'�257�2 !"#  4�&,"! ,$5+,*3 -&5)�2 0���)*3 5+B,*3, 

0$�" -&$,-�2 " $ %"&$,-�2  - 6$�,"-���& !: 6

� , 2013. – �*%5 ! 3. – �.42-48 

)��'�������� +�$� ��� �������� �����$ ���$  

��!�����(�����$&��(�� � '������� ��������

�. �. �$%�8,"!�2 - '&"*��& ��"$$- ����-2$ �������;  

6. �. ��$, - '&"*��& ��"$$- ���-449 �������;  

�. �. 
���2$,+"!�2 - 0�,�*"4:�+ %�(�*�- ���� �������;  

�. �. �$�$&�2$ - *�)��& %�(�*�- ���� �������. 

���/ 7$�&57�+,�# 7�,* 7$!�:+$'- ( 2 -�0, +-�4* %&",(-/ %� -5%$:-

;'' 2 8,'!�25: 0$8",5  *&/', 7$32$-"-/ '��, %&�)2",5-/ 2��54/ 9! -&5)'-

&$, 5%��-,"-/, ", !$! %&$2"��, %�)��&'-/. 

��&�8'' 7$%��,',"' 23�),�# +$ -" 8,'!$ 7$2" "- �- &$7�"+,*3 .$!-

-�&�2, �-,� (;"3 ( !  *&/:, !�, -&5!1"" 7$�&57�+,�# 2�&�,!" " 5 ��2"(0

&$4�-*. 

�$�&57�+,*# 45,!'& — 9-� -$ +$ -/ 9! -&57"�,,��� $�&'�$-$, "7 !�-�-

&�# �&$,5�"&�2$,,*# 0$-'&"$� %� -5%$'- ,'%� &') -2',,� 2 9! -&5)'&. �

4��/8", -2'  �5+$'2 �&$,5�"&�2$,,*# 0$-'&"$� %&� -� %&�2$�"2$'- ( 2

9! -&5)'& %�) )'# -2"'0  �4 -2',,�# -(�' -", ,�  5;' -25:- 0$-'&"$�*, 
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)�( !�-�&*3 -$!�#  %� �4 %�)$+", !  ��$�',":, �!$7*2$'- ( ,'2�70��',. 

�'!�-�&*' 0$-'&"$�* �+',/ %��3� %'&' *%$:- (, " 2 -$!�0  �5+$' ,'�43�-

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

%�)$+" 0$-'&"$�$ 2 9! -&5)'& [1].  

�*%5+"' 0$-'&"$�*, " %��/75'0*' ,$ 3"0"+' !"3 %&')%&"(-"(3, 

2' /0$ &$7,��4&$7,* %� �&$,5��0'-&"+' !�05  � -$25, %��-,� -", 2�$�,�-

 -",  �'�"2$'0� -" " )&5�"0 ."7"!�-0'3$,"+' !"0  2�# -2$0, $  �')�2$-

-'�/,�, " %�  %� �4,� -" ! " -'+',": "7 45,!'&�2. � 9-"3 5 ��2"(3 4' %'&'-

4�#,$( &$4�-$ 45,!'&�2 %&"�4&'-$'- " !�:+"-'�/,� 4��/8�' 7,$+',"', $ ,'-

%��$)!" 2 "3 &$4�-' 0��5- %&"2' -" ! ,$&58',": ,�&0$�/,��� &"-0$ %&�"7-

2�) -2$ [2]. 

���/8", -2� 5 -$,�2�',,*3 " %&�'!-"&5'0*3 2 ,$ -�(;'' 2&'0( 45,-

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

&"$��2. �&"  !�$)"&�2$,""  53"3 " 3�&�8�  *%5+"3 0$-'&"$��2 -$!�# &'-

�"0 �'�!� )� -"�"0 " %&�-'!$'- 4'7 � ���,',"#. �&" &$4�-' �'  � 0,��"0"

%��3�- *%5+"0" 0$-'&"$�$0" (2�$�,*0", �"%!"0",  �'�"2$:;"0" () 

2' /0$ +$ -*  �5+$" ,$&58',"( &$4�-* 45,!'&�2, 7$!�:+$:;"' ( 2 �4&$7�-

2$,""  2�)�2 ,$) 2*%5 !,*0 �-2'& -"'0 45,!'&$, 2 &'75�/-$-' +'�� " -'+'-

,"' 0$-'&"$�$ +$ -"+,� "�" %��,� -/: %&'!&$;$'- (. �&5��# %&"+",�# ,$-

&58',"( ,�&0$�/,�# &$4�-* 45,!'&�2 (2�('- ( �4&$7�2$,"' %$  "2,*3 7�,, 

!��)$ " -'+',"' 0$-'&"$�$ %&�" 3�)"- -��/!� "7 7�,*, &$ %����',,�# ,$)

2*%5 !,*0 �-2'& -"'0 (-&54��4&$7�2$,"'), +-� 0��'-  5;' -2',,� 50',/-

8"-/ %��'7,5: '0!� -/ 45,!'&$. 

��( ",-', "."!$1"" " -'+',"( 0$-'&"$�$ "7 7$�&57�+,��� 5 -&�# -2$

%&"4'�$:- ! &$7�"+,*0  &') -2$0 " 5 -&�# -2$0: 2 %'&25: �+'&')/  -$&$-

:- ( 2*4&$-/ �%-"0$�/,*'  ��-,�8',"( 0'�)5 &$70'&$0" 9�'0',-�2 45,!'-

&$, ",��)$ )�4$2�(:- 2 %�0��$-'�/,*' 2';' -2$ (%&"0' ") !  *%5+'05 0$-

-'&"$�5 "�" �")!� -", 2 -&$"2$:- 2 45,!'&  -$-"+' !"' 9�'0',-*, 8"&�!�

%&"0',(:- &$7,��� &�)$ %�45)"-'�" [3].  
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	),"0 "7 9..'!-"2,*3 0'-�)�2, " %��/75'0*3 )�( 5�5+8',"( %�)$+"

0$-'&"$��2, (2�('- ( %&"0',',"' &$7�"+,*3 2"4&$1"�,,*3 5 -&�# -2.   

�72' -,�, +-� 2"4&$1"�,,�' 2�7)'# -2"' %&")$'- �&$,5�"&�2$,,�#

 &')' !$+' -2',,� ,�2*'  2�# -2$. ��9-�05 &$ +'- " %&�'!-"&�2$,"' 2"4&$-

1"�,,��� �4�&5)�2$,"(, �4' %'+"2$:;'�� 2* �!5: 9..'!-"2,� -/, -&'45:-

5��54�',,��� "75+',"( ."7"+' !"3 7$!�,�0'&,� -'# 2�7)'# -2"( 2"4&$1""

,$ �4&$4$-*2$'0*# 0$-'&"$�.  

>'�/: "  �')�2$,"(  -$�� 5 -$,�2�',"' 7$!�,�0'&,� -'# %�2')',"(

 *%5+'�� 0$-'&"$�$ 2 7$�&57�+,*3 45,!'&$3 %�) 2�7)'# -2"'0 2"4&$1"".  

��( "75+',"( %&�1'  $ )2"�',"(  *%5+'�� 0$-'&"$�$ 2 7$�&57�+,*3

45,!'&$3 %�) 2�7)'# -2"'0 2"4&$1"" &$7&$4�-$,$ 9! %'&"0',-$�/,$( 5 -$-

,�2!$.  

� !$+' -2' "  �')5'0���  *%5+'�� 0$-'&"$�$ " %��/7�2$�" / �&$,5�*

%��"9-"�',$ 2* �!��� " ,"7!��� )$2�',"(. 

<! %'&"0',-$�/,�' "  �')�2$,"' %&�2�)"�� /  �')5:;"0 �4&$7�0: 

�*%5+"# 0$-'&"$�, %��"9-"�', 2* �!��� )$2�',"( " %��"9-"�', ,"7-

!��� )$2�',"(, 7$ *%$�" / 2 45,!'& !2$)&$-,���  '+',"(  &$70'&�0 2*%5 !-

,��� �-2'& -"( 10 00, %� �' +'�� 2!�:+$'- ( ��
� 2 9�'!-&"+' !5:  '-/,  

5 -$,�2�',,*0 ,$%&(�',"'0 130 � )�( 7$%5 !$ 9�'!-&�)2"�$-'�(. �� 2&'0(

&$4�-* )2"�$-'�(  5 -$,�2�',,*0 ,$ 0$3�2"!' )" 4$�$, "&�2$,"'0 %�"-$

,$+",$'- %'&')$2$-/ 2"4&$1": +'&'7  -�#!" ! 45,!'&5.  

<! %'&"0',- %&�2�)"� ( %&" "70',',"" ,$%&(�',"( 2 9�'!-&"+' !�#

1'%" �- 130 � )� 200 �  %� �')5:;"0 "70'&',"'0 2&'0'," %&�-'!$,"( 2 '-

��  *%5+'�� 0$-'&"$�$ "7 45,!'&$ 2  4�&,*# (;"!.  

�'75�/-$-* 9! %'&"0',-$ 5 &'),(�" / %� 3 7,$+',"(0 %��5+',,*3

)$,,*3. �� 5 &'),',,*0 7,$+',"(0 �%*-,*0 )$,,*3  -&�"- ( �&$."! 7$2"-

 "0� -"

�%%&�! "0$1"( 9! %'&"0',-$�/,*3 )$,,*3 )�( %��"9-"�',$ ,"7!���

)$2�',"( " %��"9-"�',$ 2* �!��� )$2�',"( %&�2�)"�$ / 5&$2,',"'0 2")$: 

,   (1) 
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�)' y -  2&'0( %&� *%$,"( 0$-'&"$�$ +'&'7 45,!'&, c; 

a, b, c, d – %� -�(,,*' !�9.."1"',-* 7$2" "0� -'#; 

x – "70',('0�' ,$%&(�',"' 2  '-" ��
�, �. 

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

-�)�0.  

�,$+',"( !�9.."1"',-�2 )�( %��"9-"�',$ ,"7!��� )$2�',"(: 


$!"0 �4&$7�0, 5&$2,',"' (1) %&"0'- 2"): 

 (2) 

�,$���"+,� )�( %��"9-"�',$ 2* �!��� )$2�',"(: 

�&$2,',"' (1) %&"0'- 2"): 

 (3) 

�&$2,"-'�/,*# $,$�"7 &'75�/-$-�2 !�0%/:-'&,��� 0�)'�"&�2$,"(

7$2" "0� -" 2&'0'," " -'+',"( 0$-'&"$�$ �- %$&$0'-&�2 %&�1'  $ 2"4&$1""

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

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

,',"' 2")$: " %��/7�2$� ( 0'-�) ,$"0',/8"3 !2$)&$-�2. 

��( %��"9-"�',$ 2* �!��� )$2�',"( 5&$2,',"' "0''- 2") (4), $ %��"-

9-"�',$ ,"7!��� )$2�',"( - (5): 

    (4) 

    (5) 

�" 5,�! 2 - 
&$."! 7$2" "0� -" 2&'0'," " -'+',"( 0$-'&"$�$ �- ,$%&(�',"(  

()$,,*' %��5+',* 0'-�)�0 ,$"0',/8"3 !2$)&$-�2). 
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$!"0 �4&$7�0, %��5+',* �4�4;',,*' 7$2" "0� -" 2&'0'," " -'+'-

,"( 0$-'&"$�$ "7 7$�&57�+,��� 45,!'&$ �- ,$%&(�',"(, %�72��(:;"' �%&'-

)'�"-/ �%-"0$�/,�' 7,$+',"' %$&$0'-&�2 2"4&$1"". 

������ ��,
�
,=�8

1. �$52',)$�/, �. <! -&57"( %��"0'&�2: %'&.  $,��.  / �. �$52',)$�/;  %�)

&'). �. �. 6$�!",$. – ��4.: �&�.'  "(, 2008. – 768  . 

2. �',!�2, �. �. �5,!'&,*' 5 -&�# -2$ / �',!�2 �. �., 
&",'2"+ 
. �., � $-

'2 �. �. – 6.: 6$8",� -&�',"', 1977. – 222  . 

3. 
(+'2, �.�. 	 ,�2* -'�&"" 45,!'&�2 "  "�� �2: 5+'4,�' %� �4"' / �. �. 


(+'2; ��-. ���"-'3,. �,-- "0. �.�. ���75,�2$. – �$&,$5�: �. "., 1986. – 84  . 

'���� ��������  �'����" ��'�  ���  

� AUTOCAD 2007 

�.�.�-$&�2'&�2, �.�.�-$&�2'&�2$

��� ((�����) 6�7�� ��� �������

�$�&'2 2�7)53$ 2 %��'  "�* 7'0,��� -(��-',"( %&"2�)"- ! 2�7,"!,�2'-

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

)2"�',"( 2�7)58,*3 0$  �%&')'�('- &$4�-5 2'-&�9,'&�'-"+' !"3 5 -$,�-

2�!. <,'&�"( 2'-&$ 8"&�!� " %��/7�2$�$ / "7)$2,$, ��$2,*0 �4&$7�0, 2

 '�/ !�0 3�7(# -2'. �5;' -25:;"'  " -'0* 2'-&�)2"�$-'�'# %�  3'0' 5 --

&�# -2$ 2'-&�!��' $ (&'%'��'&$) " '�� %����',": 2 %�-�!' 2'-&$ &$7)'�(:--

 ( ,$ -&" !�$  $ [1].  

�'&2*# !�$   - 2!�:+$'- 2'-&�)2"�$-'�", 5 !�-�&*3 2'-&�2�' !��' �

&$ %��$�$'- ( 2 2'&-"!$�/,�# %�� !� -"; %&" 9-�0 %�� !� -/ 2&$;',"( %'&-

%',)"!5�(&,$ ,$%&$2�',": 2'-&$, ",  �')�2$-'�/,�, � / 2'-&�!��' $ %$&$�-

�'�/,$ %�-�!5. 
$!"' 2'-&�)2"�$-'�" ,$7*2$:- ( !&*�/+$-*0". �&*�/+$-*'

2'-&�)2"�$-'�", 2 7$2" "0� -" �- -"%$ 2'-&�!��' $ " 4* -&�3�),� -", &$7)'-

�(:- ( ,$ -&" �&5%%*:  

- 0,�����%$ -,*', -"3�3�),*';  
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- 0$����%$ -,*', -"3�3�),*', %&� -'#8'# !�, -&5!1"", 2 -�0 +" �'

2'-&(,*' 0'�/,"1*;  

-  2'-&�)2"�$-'�" 0$����%$ -,*', 4* -&�3�),*'.  

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

� /: 2&$;',"( 2'-&�2��� !��' $. �� !�, -&5!-"2,�#  3'0' �," &$74"2$:- (

,$ �&5%%*: - !$&5 '�/,*', 5 !�-�&*3 ,'&$4�+"' ��%$ -" �"4� %&"!&*2$:- (

8"&0�#, �"4� &$ %��$�$:- ( &'4&�0 %&�-"2 2'-&$; - &�-�&,*' 2'-&�)2"�$-'-

�" &$7�"+,*3  " -'0.  

� -&'-/'05 !�$  5 �-,� (- ( 2'-&�)2"�$-'�", &$4�-$:;"' %� %&",1"%5

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

�$-'�'# � / 2&$;',"( ��&"7�,-$�/,$ " %'&%',)"!5�(&,$ ,$%&$2�',": 2'-&$. 

� -/ " )&5�"'  " -'0* 2'-&�)2"�$-'�'#, ,' %��5+"28"', �),$!�, %&$!-"+'-

 !��� %&"0',',"( " (2�(:;"' ( �"8/ %&')���',"(0" ,'!�-�&*3 "7�4&'-$-

-'�'#, ,$%&"0'& $9&�4$&"+' !$( 5 -$,�2!$. 

	),�# "7 � ,�2,*3 3$&$!-'&" -"! 2'-&�)2"�$-'�'# (2�('- ( +" ��, %�-

!$7*2$:;'', !$!$( +$ -/ 0�;,� -" 2�7)58,��� %�-�!$ %��'7,� " %��/75'- (

2'-&�!��' �0. 	,� ,$7*2$'- ( !�9.."1"',-�0 " %��/7�2$,"( 9,'&�"" 2'-&$

" �4�7,$+$'- ( 45!2�# F. 6�;,� -/ 2'-&�)2"�$-'�( N ,$ 2$�5 2'-&�!��' $, 

-.'. 4'7 5+'-$ %�-'&/ 2 %'&')$+$3 " %�)8"%,"!$3, 0��'- 4*-/ %�) +"-$,$ %�

.�&05�': 

                 
8

23 ξπρ ⋅⋅⋅⋅
=

DV
N      . 

�)':  N- 0�;,� -/ 2'-&�!��' $ (�-); 

; - %��-,� -/ 2�7)53$ (!�/03
); 

D -  )"$0'-& 2'-&�!��' $ (0); 

V –  !�&� -/ 2'-&$ (0/ '!). 

�'�"+",$ !�9.."1"',-$ " %��/7�2$,"( 9,'&�"" 2'-&$, F %&'�)' 2 '��, 

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

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

!$'0��� $9&�)",$0"+' !��� %&�."�(, < = �- 0,42 )� 0,46. <-� �7,$+$'-, +-�

2'-&�!��' $ -$!"3 2'-&�)2"�$-'�'# 0��5- %��'7,� " %��/7�2$-/, -.'. %&'2&$-

;$-/ 2 0'3$,"+' !5: &$4�-5 42-46% 9,'&�"", !�-�&�# �4�$)$'- 2'-&�2�# %�-

-�!, %&�3�)(;"# +'&'7 2'-&�!��' �.  

�,$�"7 3$&$!-'&" -"! &$7�"+,*3 -"%�2 2'-&�)2"�$-'�'# %�!$7*2$'-, 

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

�$)$:- ,$"�5+8"0" %�!$7$-'�(0" %�  &$2,',":  )&5�"0" -"%$0" 2'-&�-

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

2'-&�)2"�$-'�'#, !�, -&5!-"2,$( 2�70��,� -/ "7��-�2�(-/ "3 ,$ 4��/85:

0�;,� -/ ( 2*8' 1000 !�- 2 �),�0 $�&'�$-'), �-,� "-'�/,� 0$�*# 2' ,$

')","15 0�;,� -" — 2�- � ,�2,*' %&'"05;' -2$ 2'-&�)2"�$-'�'# 9-���

!�$  $. �0',,� %�9-�05 �," %��5+"�"  '#+$ -$!�' 8"&�!�' &$ %&� -&$,'-

,"'.  

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

�$7&$4�-$,,* 9�'0',-*  " -'0* $2-�0$-"+' !��� %&�'!-"&�2$,"(

!&*�/+$-*3  2'-&�)2"�$-'�'#, %�72��(:;'#  -&�"-/ 2  " -'0' AutoCAD 

%&�."�" ��%$ -'# %� 7$)$,,*0 %$&$0'-&$0. �$ &" 5,!' 2 %&"2')', %&"0'&

"7�4&$�',"( &$ +'-,��� %&�."�( -&'3��%$ -,��� 4* -&�3�),��� &'%'��'&$. 
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�" 5,�! 2 - �&�."�"&�2$,"' 2'-&�!��' $ 2  " -'0' AutoCAD 

�"-'&$-5&$

1. �$-''2 �. 6. �'-&�)2"�$-'�" " 2'-&�5 -$,�2!".- 6.: 
� . "7)-2�

 '�/ !�3�7. �"--&*, 1948.- 544  . 

������������$"����  

�"8�2 �.�. 

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

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

(-"( 7$,"0$:;"' ( 0'-$����4&$4�-!�# %� -�(,,� ";5-  %� �4*  �!&$-"-/

 2�" "7)'&�!"  1'�/: 52'�"+',"( &',-$4'�/,� -" 2 '�� %&�"72�) -2$. �&"

9-�0 %&')%&"(-"( )���,* ,' �- -$2$-/ �- 0"&�2��� &$72"-"(  %� �4�2 " 0'-

-�)�2 �4&$4�-!" 0'-$��$, %�2*8$:;"3 ,' -��/!� &',-$4'�/,� -/ 0'-$���-

�4&$4$-*2$:;'�� %&�"72�) -2$ 2 1'��0, ,� "  �3&$,"-/ 2* �!�' !$+' -2�

%&�)5!1"". 	),"0 "7 %�%5�(&,*3 2 %� �'),'' 2&'0( ,$%&$2�',"# )�( &$72"-

-"(  -$�� %&�"72�) -2� 0'-$���!�, -&5!1"#. 

� ,$ -�(;'05 2&'0'," �.�&0"�" /  �')5:;"' ,$%&$2�',"( &$72"-"(

%&�"72�) -2$ 0'-$���!�, -&5!1"#: 

1. 
(�'�*'  -&�"-'�/,*' 0'-$���!�, -&5!1"" – 7$2�)* (%&�"72�) -2',-

,*' %��;$)!") )���,* &$ %��$�$-/ 4��/8"0 ,$4�&�0 �4�&5)�2$,"(, " � 5-
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;' -2�(-/ %&�"72�) -2�  2$&,�# 4$�!" ("7�:4�',,�' ,$%&$2�',"' 0,��"3

0'-$���-&'#)'&�2), .'&0, %&���,�2, !���,,, $ -$!�' %&�0*8�',,*3 7)$,"#

2 1'��0. 
$!�' %&�"72�) -2� 3$&$!-'&,� )�( 4��/8"3 0'-$��5&�"+' !"3

%&')%&"(-"#. 

2. �'�!"' 0'-$��"+' !"' !�, -&5!1"" – 7$2�)*, %&�"72�)(;"'  2$&,*'

!�, -&5!1"" "7 �" -�2��� %&�!$-$ ( 2$&,*' 4$�!", 2 -�0 +" �' %'&'0',,���

 '+',"(), $ -$!�' "7 %&�."�/,*3 -&54 &$7�"+,��� &$70'&$. �$,,�' %&�"72�)-

 -2�  '��),( (2�('- ( ,$"4��'' &$ %&� -&$,B,,*0, -&'45'- 4��'' 57!� %'-

1"$�"7"&�2$,,��� �4�&5)�2$,"(. 
$!"' %&')%&"(-"( %&�"72�)(- ,' %&� -�

�-)'�/,*' 57�*  -&�"-'�/,*3 0'-$���!�, -&5!1"#, ,� " %&�"72�)(- &$7�"+-

,*' �4C'!-* %&�0*8�',,� -", 7)$,"( "  ��&5�',"( &$7�"+,��� ,$7,$+',"(. 

3. �'�!"'  -$�/,*' -�,!� -',,*' !�, -&5!1"" – "3 %&�"72�) -2�0 2 � -

,�2,�0 7$,"0$:- (  '&2" ,*' 0'-$���1',-&*, %&�!$-*2$:;"' "7 �1",!�-

2$,,��� &5��,,��� 0'-$��$ &$7�"+,*' %&�."�", "7 !�-�&*3 %�-�0  �4"&$-

:- ( 7)$,"( "  ��&5�',"(, 2 � ,�2,�0 0$��9-$�,*'. 

��	 «����»  �-,� "- ( !�2-�&�# �&5%%' " %&�"72�)"-  -&�"-'�/,*'

0'-$���!�, -&5!1"" &$7�"+,��� ,$7,$+',"(, !&�0' 9-���7$2�) &$ %����', 2

1 !"��0'-&' �- �4�$ -,��� 1',-&$ - ��&�)$ ������&$)$, ,$ 2C'7)' 2 400-

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

�$2�) ,$3�)"- ( ,$ !&5%,�0 -&$, %�&-,�0 57�', �4C')",(:;'0 $2-�0�-

4"�/,*#, �'�'7,�)�&��,*# " 2�),*# %5-", +-� %�72��(�� " %�72��('-  �-

!&$-"-/ &$ 3�)* %� )� -$2!' %&�)5!1"". � ' 9-� )'�$'- &$ %����',"' ����

%&� -� 5,"!$�/,*0, %�72��(( )� -$2�(-/  ���,*' " �4C'0,*' !�, -&5!1"#

!$! 2 &$7�"+,*' &'�"�,* ��  "", -$! " 7$ &54'�. 

� 1'�(3  �2'&8', -2�2$,"( %&�'!-"&�2$,"(, %�2*8',"( !$+' -2$ "

�4C'0�2 !�, -&5!-�& !�# )�!50',-$1"" ,$ 7$2�)' 2,')&',� $2-�0$-"7"&�-

2$,,�' %&�'!-"&�2$,"' 2 3-D !�0%�'! ' Tekla , !�-�&*# %�72��('- 2*2' -"

%&�1'  "7��-�2�',"( 0'-$���!�, -&5!1"# ,$ ,�2*# 5&�2',/ 9..'!-"2,�-

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

2$,"(, $ -$!�'   " -'0$0" %&�"72�) -2',,��� %�$,"&�2$,"( �4' %'+"2$'-
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%�))'&�!5 !$! )'-$�"&�2!", -$! " "7��-�2�',"( 2 '3 2")�2 0'-$���!�, --

&5!1"#. ��$��)$&( 0�;,� -" " �"4!� -" Tekla Structures 2* 0��'-'  �7)$-/

)'-$�/,5:, -'3,����"+,5: 3D-0�)'�/ �:4�# 0'-$��"+' !�# !�, -&5!1"" — 

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

�
45�,�
. � %� �'),"' ��)* ,$8' %&')%&"(-"' %��5+"��  '&/'7,*#

"0%5�/ 2 2")' 7,$+"-'�/,��� -'3,"+' !��� %'&'2��&5�',"(, +-� %�72��"��

,$0 2*#-" ,$ ,�2*# 5&�2',/, !$! �4C'0$ %&�"72�) -2$, -$! " !$+' -2$ 2*-

%5 !$'0�# %&�)5!1"". 
$!�# &� -  -$� 2�70��', 4�$��)$&(  '&/'7,�# %&�"7-

2�) -2',,�# 4$7', $ -$!�' &()5 %&",1"%"$�/,*3 &'8',"# 5%&$2�',1'2 %&')-

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

&5!1"#, 7$2�)5 %�-&'4�2$�� / �4,�2"-/  �4 -2',,*# -'3,�%$&!, $ -$!�'

2,"0$-'�/,� �-,' -" / ! "0':;'05 ( �4�&5)�2$,": )�( ,$"4��'' &$1"�-

,$�/,��� '�� " %��/7�2$,"(. �$  '��),(8,"# )',/ ,$ 7$2�)' ,'- ," �),���

 -$,!$, !�-�&*# ,' 4*� 4* 7$)'# -2�2$, 2 %&�"72�) -2',,*3 %&�1'  $3. ��-

0"0� 9-���  %'1"$�" -* !�0%$,"" &$7&$4$-*2$:- ,�2'#8"'  -&$-'�"", �%"-

&$( / ,$ !�,C:,!-5&5 &*,!$ " �%&')'�((  $0*' )'# -2',,*' " &$750,*'

%�)3�)* )�( &'8',"( %� -$2�',,*3 7$)$+. ���$�5#,  '��),( ," �),�  '&/-

'7,�' !$%"-$�/,�'  -&�"-'�/ -2�, 45)/ -� 7$2�), -�&��2*# 1',-& "�" ",�'-

,'&,�'  ��&5�',"', ,' �43�)"- ( 4'7 0'-$��"+' !"3 !�, -&5!1"#, $ %�-�05

2� -&'4�2$,,� -/ %� �'),"3 &$ -'-  !$�)*0 ),'0, ,$&()5  7$%&� �0 %�-

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

 '��),( �-�"+,*3, 2%'+$-�(:;"3 &'75�/-$-�2, +-� (2�('- ( 3�&�8"0  -"05-

��0 )�( )$�/,'#8"3 5 %'3�2 2 )'�' 2*%��,',"(  -&�"-'�/,*3 %&��&$00, 

4�$��5 -&�# -2$ " &$72"-"( ",.&$ -&5!-5&* ��&�)�2 " %� '�!�2 ��  "". �$-

2�) &$4�-$'-, " %��/75(  $0*' %'&')�2*'  -&�"-'�/,*' -'3,����"" " %&"-

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

,�# )'(-'�/,� -" "  �7)$:;"0 4�$��%&"(-,*' 5 ��2"( ","1"$-"2$0, !�0-

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

,� " 2*3�)"-/ ,$ 7$!$7+"!�2 "7  -&$, 4�"�,'�� 7$&54'�/(. 
$!�' 52'�"+'-

,"' �4C'0�2 %&�"72�) -2, 5!&5%,',"' " &$ 8"&',"' %&')%&"(-"#, %�2*8'-
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,"' ",-'&' $ �:)'# ! ,�2*0 $&3"-'!-5&,*0 " )"7$#,'& !"0 &'8',"(0 �45-

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

,$8'# !�0%$,"'#. 	�&�0,5: &��/ 2 &$72"-"" "�&$'- -�- .$!-, +-�  '��),( 2

&$ %�&(�',""  %'1"$�" -�2 7$2�)$ ,$3�)"- ( ",.�&0$1"( �  $0*3 %'&')�-

2*3  -&�"-'�/,*3 -'3,����"(3  

�&�"72�) -2� 0'-$���!�, -&5!1"# &$72"2$'- ( )�2��/,�  -&'0"-'�/-

,�, 3�-( 2 %� �'),'' 2&'0( ,$0'+',* -',)',1"" ,$ 52'�"+',"' %&"0',',"(

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

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

 -2$. �' 0��'- �4�#-" / 4'7 0'-$���!�, -&5!1"# "  .'&$ 4* -&�2�72�)"0*3

)�0�2.  

1) 6'-$���!�, -&5!1"" �4�$)$:- &()�0 %&'"05;' -2: 

1) )� -5%,� -/: 0$-'&"$�$ " %&� -�-�# '�� �4&$4�-!"; 

2) 52'�"+',,*0 2&'0',,*0 %�!$7$-'�'0  -�#!� -" ! "7,� 5 " 2�7)'# -2"(0

�!&5�$:;'#  &')*;  

2) %�2*8',,�#  !�&� -/: " 9..'!-"2,� -/:  4�&!" ��-�2*3 !�, -&5!-

1"#; 

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

0$-'&"$�$0", ,$%&"0'&  4'-�,�0; 

3) 5)�4 -2�0 %&" -&$, %�&-"&�2!', �:4*' )�%��,"-'�/,*' !�0%�,',-*

!�, -&5!1"" 0��5- 4*-/ �%'&$-"2,� )� -$2�',* ,$ �4C'!-  -&�"-'�/ -2$, 2

,'!�-�&*3  �5+$(3 9-� !&"-"+' !" 2$�,�;  

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

	 ,�2,*0 %�-&'4"-'�'0 %&�)5!1"" "7 0'-$���!�, -&5!1"# 2 ��  ""

(2�(:- ( %&')%&"(-"( 7$,"0$:;"' (  -&�"-'�/ -2�0 !�00'&+' !�# ,')2"-

�"0� -". 	," �4�$)$:- )� -$-�+,*0 .",$, �2*0 &*+$��0, %�72��(:;"0

%'&'!")*2$-/ 2' �0�' !��"+' -2� !$%"-$�$ )�( 2�72')',"( -��� "�" ",���

�4C'!-$. � �" %$&5 �'- %�) 2�"(,"'0 !&"7" $ %&�" 3�)"�� " !�:+"-'�/,�

)� -&$"2$,"' 5�'  5;' -25:;"3 �4C'!-�2, -� ,$ )$,,*# 0�0',- �-&$ �/

&$72'&,5�$ / ,$ %��,5:.  
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6��,�  %��,�# 52'&',,� -/:  !$7$-/, +-� -',)',1"" &$72"-"( %&�"7-

2�) -2$ 0'-$���!�, -&5!1"", �-+B-�"2� 2"),*' ,$ .�,' �4;'�� 9!�,�0"+'-

 !��� 5�5+8',"(  "-5$1"" 2  -&$,',  !�&�  -$,5- � ,�2�# )�( .",$, �2���

%&�12'-$,"( �-&$ �". 

�&��,�7* 9! %'&-�2 �-,� "-'�/,�  .'&* &$72"-"( %&�"72�) -2$ 0'-$���-

!�, -&5!1"# " !�:+"-'�/,� �%-"0" -"+,*. �� !��/!5 "7)'�"( 45)5- 2� -

-&'4�2$,* ';B ,' �)", )' (-�! �'-, -� " %&'!&$;$-/ "3 %&�"72�) -2� 45)'-

%&� -� �54"-'�/,*0 &'8',"'0 )�( 9!�,�0"!" �:4�#  -&$,*.  

�-&�"-'�/,*# &*,�! 2 ' $!-"2,'' �&"',-"&5'- ( ,$ %&')���',"( "7-

2' -,*3 !&5%,*3 %&�"72�)"-'�'# 0'-$���!�, -&5!1"#. 

6'-$���!�, -&5!1"", 2 -�0 +" �' " 4* -&�2�72�)"0*',  -&'0"-'�/,�

7$2�'2*2$:- %�7"1"" ,$  '��),(8,'0  -&�"-'�/,�0 &*,!'. 	,"  -$,�2(- (

5,"2'& $�/,*0 "  $0*0 5)�4,*0 ", -&50',-�0 2  �2&'0',,�0  -&�"-'�/-

 -2'. 

�*,'8,"' ",,�2$1"�,,*' -'3,����"", 2!5%'  -&$)"1"�,,*0" 0'-�-

)$0", %�72��(:- �%'&$-"2,�, 2 !&$-+$#8"'  &�!",  -&�"-/ 7)$,"( "  ��&5-

�',"(  $0��� &$7,��4&$7,��� ,$7,$+',"(: %&�0*8�',,*' �4C'!-*, 0$�$7"-

,*, -�&��2*' 1',-&*,  !�$)*, $,�$&*, $2-� $��,* " 0,���', 0,���' )&5��'. 

<!�,�0" -* %�) +"-$�", +-� )$�'  2 !&"7" ,*# 2009 ��) &*,�! 0'-$�-

��!�, -&5!1"# -��/!� 52'�"+"�  2�" �4C'0* (%&"0'&,� ,$ 18 — 20 %&�1',-

-�2). 

�%'1"$�" -* 9-�# �-&$ �"  %&$2')�"2� 7$0'+$:-, +-� 0'-$�� (2�('- (

2�7�4,�2�('0*0 &' 5& �0, ",  !$�'0, %� �'  ,� $ 7)$,"(,  � -�(;'�� "7 0'-

-$���!�, -&5!1"#, 0'-$�� 0��,� %'&'%�$2"-/ " %�2-�&,�  )'�$-/ "7 ,'��

7)$,"' " -$!�' )&5�"' 2';", 2 �-�"+"' �- 4'-�,,*3 !�, -&5!1"#. �0',,� 2

9-�0 %&�"72�)"-'�" 0'-$���!�, -&5!1"# 2")(- ';' 4��/8'' &$72"-"' 9-���

 '�0',-$ 4"7,' $. 

�&'"05;' -2$ -$!"3 "7)'�"# �-2'+$:-  �2&'0',,*0 -&'4�2$,"(0

2&'0',". <-� 9!�,�0"( 2&'0',", %� !��/!5 2 ' 0�,-"&5'- ( 2  �$-*'  &�!", 

9!�,�0"( — ,$ 30-40 %&�1',-�2 )'8'2�', +'0 2�72')',"' �'�'7�4'-�,,*3



103

"�" !"&%"+,*3 $,$����2 (-$! ,$7*2$'0*# «0�!&*#» 0'-�)),  5;' -2',,�'

 ,"�',"' (2 2 — 3 &$7$) -&$, %�&-,*3 &$ 3�)�2. � ';' ",)"2")5$�"7$1"(

7$!$7$, 2�70��,� -/ )� -&�#!", ,$"2* 8$( -�+,� -/ %&�&$4�-!" 2 '3 57��2, 

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

-$1"( �4C'!-$, 0�,-$� 2 !�&�-!"'  &�!" " 2 %��,�0  ��-2'- -2""  )���2�&-

,*0"  0'-$0". �0',,� %�9-�05 4* -&�2�72�)"0*' 7)$,"( "7 0'-$���!�, --

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

 -&�"-'�/,�0 &*,!' ��  "", $ 2� -&'4�2$,,� -/ " %�%5�(&,� -/ -$!"3 7)$-

,"# "  ��&5�',"# %� -�(,,� &$ -'-. 

�
,
�����/�,�=�9�� — 9-� 9!�,�0"( )','� " 2&'0',", " 9-� -�-  �5-

+$#, !��)$ &' 5& *, ",2' -"1"", 2���',,*' 2 -�- "�" ",�# �4C'!-, ,$+",$:-

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

4"�/,� &$ -'-

����  '��),( — 9-� .$!-"+' !" ,�2�',  �2&'0',,�', 2* �!�9..'!-

-"2,�' %&')%&"(-"', � ,$;$'0�' %� %� �'),'05  ��25 -'3,"!", $ ,'!�-�&�'

�4�&5)�2$,"' 2��4;' ,' "0''- $,$����2 2 0"&'. �  +"-$:, +-� 0* )�2��/,�

5 %'8,� 2�8�" " &$4�-$'0 ,$ &*,!', %&')� -$2�(( !$+' -2',,*' "7)'�"(, 

%'&'3�)( ,$ ,�2*' -'3,����"", 4��''  �2&'0',,*', &' 5& � 4'&'�$:;"',  

4��/8'# %&�"72�)"-'�/,� -/: -&5)$. 

�2'�"+',"' &',-$4'�/,� -" %&')%&"(-"( 0* &$  0$-&"2$'0 +'&'7 52'-

�"+',"' 9..'!-"2,� -"  $0"3 %&�"72�) -2 " %'&'3�)�0 ,$ ,�2*' -'3,���-

�"". 

�
,
�����/�,�=�9��- 2')5- ! 7,$+"-'�/,�05 5)'8'2�',":  -&�"-

-'�/ -2$ " %�(2�',"( )'8'2*3 " )$�' �+',/ )'8'2*3 7)$,"# — %'& %'!-"2$

5�' 4�"�$#8'�� 45)5;'��.  

� ' ")'- ! 5%&�;',": %�!5%!" " 0�,-$�$ 7)$,"#, !&�0' -���, 2 '  -$-

�" 5)'�(-/ 4��/8' 2,"0$,"( ,'%� &') -2',,� 9..'!-"2,� -".  

� 2 9-�#  2(7" &$72"-"' )"�'& !"3  '-'# — �),� "7 ,$%&$2�',"# ,$8'-

�� &$72"-"(. 
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��4$2�:, +-� 0'-$���!�, -&5!1""  -$,�2(- ( 4*-/ 4��'' %&� -*0", 

4��'' �'�!"0" 2 5%�-&'4�',"". 

�&�"72�) -2�0 0'-$���!�, -&5!1"#, 2 -�0 +" �' 0$  �2*3 0$&�!, 2

�2&�%' 7$,"0$:- ( !&5%,*' %&')%&"(-"(, %�)�4,*' ����. � ' )'�� 2 &',-

-$4'�/,� -" -'3 "�" ",*3 %&�"72�) -2, 2  '4' -�"0� -" %&�)5!1"". �2')'-

,"' ,�2*3 0�;,� -'# ,$ 5�' )'# -25:;"3 %&')%&"(-"(3 3��)",��2. <-�

�+',/ %��'7,�. 	4C')",',"' " 5!&5%,',"' ,'�43�)"0� )�( &$72"-"(, )�( ';'

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

5 ��2"# )�( ,$8"3  '��),(8,"3 7$!$7+"!�2 " %'& %'!-"2,*3 %$&-,'&�2. 

	),$ "7 $!-5$�/,'#8"3 %&�4�'0  '��),(8,'�� ),( –  �2'&8', -2�2$-

,"' �&�$,"7$1"" " 5%&$2�',"( %&�"72�) -2�0, 2 -�0 +" �'  �2'&8', -2�2$-

,"' 0'-�)�2 5%&$2�',"(.  

<..'!-"2,� -/ %&�"72�) -2$  0'-$���!�, -&5!1"# �4' %'+"2$'- !�,-

!5&',-� %� �4,� -/, %�72��('- %��5+$-/ 4��/85: �-)$+5 �- " %��/75'0*3

&' 5& �2 �"4� %&" 0',/8'0 "3 &$ 3�)�2$,""  �3&$,(-/ %&'�,"# �4C'0 2*-

 �!�!$+' -2',,�# %&�)5!1"". � &'75�/-$-'  �2'&8', -2�2$,"( %&�"72�) -2$

!�0%$,"" %&�"72�)"-'�" 0'-$���!�, -&5!1"#  �"4� %&"4�"�$:- ( ! %'&'-

)�2�05 5&�2,:, �"4� �!$7*2$:- ( 2%'&')" !�,!5&',-�2. �� 0'&'  �2'&8',-

 -2�2$,"( -'3,����"# %&�"72�) -2$  0'-$���!�, -&5!1"#, 0'-�)�2 %&�"7-

2�) -2$ " 5%&$2�',"( %&�"72�)"-'�/,� -/ -&5)$ &$ -'-. 

��5
�6
/�,5�5
/�
 ����45�3�,5
//82 ���9
���5: ���/9��8

=��
5�
/��

��2'&8', -2�2$,"' %&�"72�) -2',,*3 %&�1'  �2 — 9-� �+',/ 8"&�-

!$( -'0$, )�%5 !$:;$( 0,��' -2� %�)3�)�2. 

� �4;'0 0��,� 2*)'�"-/ -&" � ,�2,*3 ,$%&$2�',"(  �2'&8', -2�2$-

,"( %&�"72�) -2$: 

1) 5%&$2�',"' %&�"72�) -2',,�# 0�;,� -/:; 

2) 5%&$2�',"' 7$%$ $0"; 

3) ,$&$;"2$,"' %&�"72�) -2',,*3 2�70��,� -'#. 



105

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

�4�&5)�2$,"( "�" !$�)��� 5+$ -,"!$ %&�"72�) -2',,��� %&�1'  $.  

�&�"72�) -2',,*' 2�70��,� -" �:4��� 7$2�)$ ��&$,"+',* 0�;,�-

 -/:  �$4'#8'�� ("�" ,$"0','' %&�"72�)"-'�/,���) 72',$. �&�"72�) -2',-

,$( 0�;,� -/ 7$2" "- -$!�' �-  -&5!-5&* %&�"72�) -2',,*3 %&�1'  �2 "

-&5)�'0!� -" "7��-�2�',"( 0'-$���!�, -&5!1"#. ��')5'- �+',/ 2,"0$-'�/-

,� %�)3�)"-/ !  ��-2'- -2": %&�"72�) -2',,*3 %&�1'  �2 2  -&5!-5&' %&�-

"72�)"0�# %&�)5!1"".� �" �4C'0 %&�"72�) -2$ 0'-$���!�, -&5!1"# %�)-

2'&�', !��'4$,"(0, 2 57!"3 0' -$3  2 '�)$ ,5�,� "0'-/ 7$%$ 0�;,� -'#.  

� �"  " -'0$ ')2$ �4' %'+"2$'-  &'),"# �4C'0 %&�"72�) -2$, -��)$

%&" %�%*-!' 52'�"+"-/ '�� 2�7,"!,5-  '&/'7,*' %&�4�'0*  �  &�!$0" %�-

 -$2!" ��-�2�# %&�)5!1"" 7$!$7+"!5, �"4� )�&��� -�(;"' "74*-�+,*' 7$%$-

 * %��5.$4&"!$-�2, �"4� -� " )&5��'  &$75.� -$'- 2�%&� , !$!"0 )���',

4*-/ 7$%$ 0�;,� -'#? 	-2'- �+',/ %&� -�#:  

� �" 2 -'!5;'#  "-5$1"" 7$�&5�',,� -/ "0':;'�� ( �4�&5)�2$,"(, 

%&'2*8$'- 80% - 9-� (2�('- ( � ,�2$,"'0 )�( %&�2'&!" )� -$-�+,� -" %&�-

"72�) -2',,*3 0�;,� -'# " &$7&$4�-!" -'3,"!�--'3,����"+' !"3 &'8',"#

%� %&",1"%5 “�$�)*# %� �')5:;"# %'&')'� )���', 4*-/ 0�;,'' %&')*-

)5;'��”. 

1) �%&$2�(( 7$%$ $0"  *&/( (0'-$���%&�!$-$), %&"3�)"- ( )'�$-/

2*4�& 0'�)5 4��/8"0 �4C'0�0 7$%$ �2 (�43�)"- ( )�&��') " 0$�*0 �4C'-

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

 !�$)$ 0'-$��$). 6��,� "74'�$-/ 9-�# )"�'00* "  �!&$-"-/  -�"0� -/ %�)-

)'&�$,"( 7$%$ �2. �'8',"' � 2'�"+",' 7$%$ �2 7$2" "- �-  ��-,�8',"( &$ -

3�)�2 ,$ 3&$,',"', %�%��,',"' 7$%$ �2, $ -$!�' �- �4C'0�2 2*%5 !$ 0'-$�-

��!�, -&5!1"# 2 5 ��2,*# %'&"�). �'0 &$7,��4&$7,'' 2")* 2*%5 !$'0*3

0'-$���!�, -&5!1"" "  ��-2'- -2',,� 4��/8' �4C'0 2*%5 !$ 0'-$���!�, --

&5!1"#, -'0 4��/8"0" )���,* 4*-/ 7$%$ *, ,� ' -/ 2�70��,� -/ 9!�,�0"-/

,$ %$&-"(3 7$!5%�! " ,$  -�"0� -" %�%��,',"( 7$%$ �2 7$  +'- %&"�4&'-',"(
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0'-$��$ ,'%� &') -2',,� �- %� -$2;"!$ '�'0' (+,*0" !2�-"&�2$,,*0" %�-

 -$2!$0". 

2) �&�1'  * "7��-�2�',"( 0'-$���!�, -&5!1"# 2�%��;$:- %&�"7-

2�) -2',,*' 2�70��,� -" !�0%$,"". ��&�8� 9-� "�" %��3�, ,� "0',,� �,"

�%&')'�(:- %'& %'!-"2* ,$ 45)5;''. ��9-�05 !&$#,' 2$�,�, +-�4* -'!5;"'

%&�"72�) -2',,*' &'8',"( %&","0$�" /  5+'-�0 %�-',1"$�/,*3 45)5;"3

2*��) �- ,$!$%�"2$'0*3 !�0%$,"'# 7,$,"#, �%*-$ " &$72"-"( %&�"72�) --

2',,*3 %&�1'  �2. ��( ,$&$;"2$,"( %&�"72�) -2',,*3 2�70��,� -'#, �4' -

%'+"2$:;"3 �"4!� -/ 2 45)5;'0, ,'�43�)"0* ",2' -"1"". 6,��' -2�  %�-

&�2  2(7$,�   5;,� -/:  -&$-'�"": 2 +'0 �,$ — 2 %�))'&�$,"" �"4!� -"

"�" 2� 2���',"" )','�. �,�
,
��� ��
3����,�� ,�
-=
, ,��� � 3�=����. 

�!�$)*2$-/ 2  �4 -2',,�' 45)5;'' ,'�43�)"0�, +-�4* )� -"+/ !�,!5&',--

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

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

%�7"1"# !�0%$,"" 2 9-�0 %� -�(,,� 0',(:;'0 ( 0"&'. �$&$)�! 2 -�0, +-�

&$)" 45)5;'# �"4!� -" %&"3�)"- ( 2 "72' -,�0  0* �'  2(7*2$-/  '4' &5!"

" ")-" ,$ �%&')'�',,*' 7$-&$-*. 	," +$ -� %&","0$:- .�&05 ",2' -"1"# 2

"  �')�2$,"( " &$7&$4�-!", %�!5%!5 �4�&5)�2$,"( — �),"0  ��2�0, 2 &$72"-

-"' %&�"72�) -2',,*3 2�70��,� -'#. ��$��)$&( 2 '05 9-�05 !�0%$,"( %�-

�5+$'- 7,$,"( "�" 2�70��,� -", !�-�&*'  -$,�2(- ( .5,)$0',-�0 '' &*,�+-

,��� %&'2� 3�) -2$ 2 45)5;'0. >',,� -/: )�( !�0%$,"" (2�('- ( ,' �"4-

!� -/  $0$ %�  '4', $ ,'!"' &'$�/,*' %&'"05;' -2$ %'&') )&5�"0" !�0%$-

,"(0". 
$!,  )'�$,,*' &$,'' ",2' -"1"" %�72��(:- !�0%$,"" &'$�"&�2$-/

4* -&'', 9..'!-"2,'' "�", ",$+' ��2�&(,  0',/8"0" "7)'&�!$0", +'0 ''

!�,!5&',-$0, !�-�&*0 %&"3�)"- (  �7)$2$-/ ,'�43�)"0*' %&�"72�) -2',-

,*' 2�70��,� -" 2 -'!5;"# 0�0',-, !��)$ ,5�)$ 2 ,"3  -$�$ �+'2"),�# "

,'�-���,�#.�,2' -"&5( 2 %&�"72�) -2',,*' 2�70��,� -", �4';$:;"'  -$-/

� ,�2�# 45)5;'# �"4!� -", !�0%$,"( )'�$'- 2*4�& — %&�12'-$-/ 2 45)5;'0

,' 2�%&'!", $ 4�$��)$&( ,'�%&')'�',,� -". ���)$ 45)5;''  -$,'- (2/:, !�0-
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%$,"(, !�-�&$( 5 %'�$ 2���"-/ 2 &$72"-"'  �4 -2',,*3 2�70��,� -'#, 45)'-

2 �5+8'0 %����',"", +'0 -', !-� ,' )��$)$� ( 9-���  )'�$-/.  

'��$(���� )������������ '�����������  

'��!�����$& '�������� �� �%�� �������������  

'������� ������ �������%����!� ��%��������;

'� +������ � �������������" ������$

�.�. �*4$,�2, �.�. ��&� -'�'2

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

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

 " -'0*  &$7&$4�-+"!", %&" %&" 2�',"" %5,!-$0 0',: %��/7�2$-'�(

,$"0',�2$,"#, %��$�$:- ( ,$  �4 -2',,*# �%*-. �&" " %��/7�2$,""

",.�&0$1"�,,�#  " -'0* %��/7�2$-'�" ",-'&%&'-"&5:- %5,!-* 0',:

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

�'�),�7,$+,� -/ ",-'&%&'-$1"" %5,!-�2 0',: %��/7�2$-'�(  ,"�$'-

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

9! %�5$-$1"" " -&'45'- 4��/8'�� 2&'0( ,$ 'B "75+',"' %�-',1"$�/,*0"

%��/7�2$-'�(0".  


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

%�-',1"$�/,*0" %��/7�2$-'�(0" 0��,� %&') -$2"-/ ,$4�&�0  

!��"+' -2',,*3 0'-&"!  '0$,-"+' !��� !$+' -2$ 0',:.  6'-&"!"

 '0$,-"+' !��� !$+' -2$ 0',: [1] &$  +"-*2$:- ( ,$ � ,�2' $,$�"7$

&'75�/-$-�2 2*%��,',"( %��/7�2$-'�(0"-&' %�,)',-$0" -' -�2*3 7$)$,"#, 

!$�)�' "7 !�-�&*3 7$!�:+$'- ( 2 2*4�&' %5,!-$ 0',:, 7$ !�-�&*0 %�

0,',": %��/7�2$-'�(-&' %�,)',-$, 7$!&'%�',$ .5,!1"( ",.�&0$1"�,,�#

 " -'0*,  ��-2'- -25:;$( .�&05�"&�2!' -' -�2��� 7)$,"(. 

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

 �')5:;"': 
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1) ��9.."1"',- %����"-'�/,*3 " 3�)�2 2*%��,',"( -' -�2���

7$)$,"( )�( i -�� %5,!-$ 0',:: 

,
misi ni

= (1)


)' m
i
 – !��"+' -2� %��/7�2$-'�'#, 5 %'8,� 2*%��,"28"3 -' -�2�'

7$)$,"' )�( i-�� %5,!-$ 0',:; ni  – !��"+' -2� %��/7�2$-'�'#, 5+$ -25:;"3

2 2*%��,',"" -' -�2��� 7$)$,"( )�( i-�� %5,!-$ 0',:. 

2) ��9.."1"',- 5 %'8,� -" 0',: – %�!$7$-'�/ !$+' -2$ 0',:, 9-�

�4;$( �1',!$, �%&')'�(:;$( ( %�  �')5:;'#   .�&05�'[1]. 

1
,

1

k
S sik i

= �
=

(2)

�)' k - !��"+' -2� %5,!-�2 0',:. 

3) ��9.."1"',- %&(0��� 2*4�&$ )�( i-�� %5,!-$ 0',: - �-,�8',"'

0","0$�/,��� +" �$ 9�'0',-�2 0',:, 2*4�& !�-�&*3 ,'�43�)"0 )�( 5 %'8-

,��� 2*%��,',"( -' -�2��� 7$)$,"( )�( i-�� %5,!-$ 0',:, ! �4;'05 !��"+'-

 -25 9�'0',-�2 0',:, 2*4&$,,*3 %��/7�2$-'�'0 2 %&�1'  ' �-2'-$ ,$ -' -�-

2�' 7$)$,"': 

min1
,

1

cm
i idi m cji ij

= �
=

(3)

�)'
mini

c  – 0","0$�/,�' !��"+' -2� 9�'0',-�2 0',:, 2*4�& !�-�&*3

,'�43�)"0 )�( 5 %'8,��� 2*%��,',"( -' -�2��� 7$)$,"( )�( i-�� %5,!-$ 0'-

,:;  ijc  – !��"+' -2� 9�'0',-�2 0',:, 2*4&$,,*3 j-*0 %��/7�2$-'�'0 %&"

2*%��,',"" -' -�2��� 7$)$,"( )�( i-�� %5,!-$ 0',:. 

4) �&'0( 5 %'8,��� 2*%��,',"( -' -�2��� 7$)$,"( (2!�:+$( 2&'0(, 

7$-&$+',,�' ,$ '�� +-',"') )�( i-�� %5,!-$ 0',:: 

1
( ),

1

m
i

t t tr ai ij ijm ji

= +�
=

(4)
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�)'  
ijr

t   - 2&'0(, 7$-&$+',,�' j-*0 %��/7�2$-'�'0 ,$ +-',"' -' -�2���

7$)$,"( )�( i-�� %5,!-$ 0',:; 
ija

t  - 2&'0( 2*4�&$  j-*0 %��/7�2$-'�'0 �-2'-$

,$ -' -�2�' 7$)$,"' )�( i-�� %5,!-$ 0',:. 

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

,� -/ -' -�2*3 7$)$,"#, " %��/75'0*3 2 %&�1'  ' -' -"&�2$,"( 0',:, !�-�-

&5: 0��,� &$  0$-&"2$-/ !$!  ���,� -/ 2*4�&$ %5,!-$ 0',: %��/7�2$-'�(

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

" %��/7�2$,"( %��"-�0"+' !�# 0�)'�" �$8$: 

exp( )
0

exp ( )
00

k
k n ij

j
nik m l

n ij
jl

θ δ

π

θ δ

− �
=

=

−� �
==

(5)

�)' n – ,�0'& %��/7�2$-'�(, %&","0$28'�� 5+$ -"' 2 -' -"&�2$,"" 0'-

,:; nθ  – 5&�2',/ %�)��-�2�',,� -" %��/7�2$-'�( n ; k =0,1,…m – !��"+' -2�

8$��2, ,'�43�)"0*3 )�( %&$2"�/,��� 2*4�&$ j-�� %5,!-$ 0',:; δ ij – -&5)-

,� -/ 2*4�&$ j-�� %5,!-$ 0',: 2 -&$'!-�&"" )�( i-�� %5,!-$ 0',:; m – !��"-

+' -2� 8$��2 ,'�43�)"0*3 )�( 2*4�&$ i-�� %5,!-$ 0',:. 


&5),� -/ 2*4�&$ i-�� %5,!-$ 0',: &$  +"-*2$'- ( %� .�&05�': 

1

1
i

m

ijm j
δ δ= �

=
(6)

�)' δ i - -&5),� -/ 2*4�&$ i-�� %5,!-$; m - !��"+' -2� 8$��2 ,'�43�)"-

0*3 )�( 2*4�&$ i-�� %5,!-$ 0',:. 

�$  0�-&',,*' 0'-&"!" !$+' -2$ %�72��(:- �1',"-/  '0$,-"+' !�'

!$+' -2� 0',:. 

��
���
���

1. ��&� -'�'2 �. �., �*4$,�2 �. �. �  �')�2$,"' 0'-�)�2 !��"+'-

 -2',,�# �1',!" 0',: %��/7�2$-'�( ",.�&0$1"�,,�#  " -'0*: )�!�$) / // 

�-5)',+' !"# ,$5+,*# .�&50 2013: V 0'�)5,$&.  -5). 9�'!-&�,. ,$5+. 

!�,.., 15 .'2&. — 31 0$&-$ 2013 �. �$%&$2�. «
'3,"+' !"' ,$5!"» / �� . $!$). 

' -' -2�7,$,"(. — 6., 2013. — �. 1–7. 
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����������� %���������(�� &� ����!� '������

(�%&), �& � ����� �� ��&�� �!�%����" '������  

'���� �������� �������$& �����" � ��'��� ����

�����(�����������. 

�. 6. �.�����,, ��� ((�����) �������

�.�. ��'��%, '&"*��& ��"$$- ��� – 641 

�*%5 ! �'�!�2*3 " �&57�2*3 8", 2* �!��� !$+' -2$ 2�70��', -��/!�

%&" �4' %'+',"" 2* �!"3 !$+' -2',,*3 %�!$7$-'�'# %&�."�"&�2$,,*3 )'-

-$�'# -$!"3, !$! -�+,�' "  -$4"�/,�' 2� %&�"72')',"' �'�0'-&"+' !"3 &$7-

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

%� 0$  ' " -'0%'&$-5&', +-� ,$ %� �')5:;"3 -'3,����"+' !"3 �%'&$1"(3

�4' %'+"-  -$4"�/,5: " �),�&�),5: 5 $)!5; !$+' -2� %�2'&3,� -" 7$��-�-

2�!; �- 5- -2"' %�)25�!$,"7�2$,,�# &'7",* 2 0$  ' 7$��-�2�!. 

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

&�2$,"( " 2 7,$+"-'�/,�# 0'&' 7$2" "- �- !�, -&5!-"2,*3 � �4',,� -'# 57-

��2 " )'-$�'# +'&2(+,*3 0$8",, 2 -�0 +" �' ��$2,��� &$4�+'�� �&�$,$ +'&-

2(+,*3 0$8", – +'&2(!$ (8,'!$). 

�� 3$&$!-'&5 %&�1'  �2, %&�-'!$:;"3 %� 0'&' %&�)2"�',"( 0$-'&"$�$

%� )�",' +'&2(!$, '�� 0��,� 5 ��2,� &$7)'�"-/ ,$ -&" � ,�2,*' 7�,*: %"-$-

,"(,  �$-"( ("�" %�$ -"."!$1"") " )�7"&�2$,"( [1 – 4]. 

� 5+'-�0 -&'4�2$,"#, %&')C(2�('0*3 ! !$�)�# 7�,' +'&2(!$, �%&')'�(-

'- ( -"% " !�,."�5&$1"( '�� ,$&'7!". 

��,$ %"-$,"( 2*%��,('- (, !$! %&$2"��, 2 2")' %&� -�# �),�- "�" )253-

7$3�),�# 1"�",)&"+' !�# ,$&'7!"  �  -'%',/:  �$-"( 1,1 – 1,2. � 7�,' )�7"-

&�2$,"( -$!�' " %��/75'- (  )2537$3�),$( ,$&'7!$  1'�/:  ,"�',"( %5�/-

 $1"" &$ 3�)$. 


$! ,$7*2$'0$( 7�,$ %�$ -"."!$1"" 2  �2&'0',,*3 +'&2(+,*3 0$8",$3

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

!�:+$'- ( 2 &$7��&'2', %�$ -"."!$1"", ��0��',"7$1"" &'7",�2�#  0' ", $ 2

&()'  �5+$'2 " '' )�&$4�-!". 

� 9-�# 7�,' " %��/75:- (  �')5:;"' -"%* ,$&'7!" +'&2(!�2 [4]: 

1 – )2537$3�),$( ,$&'7!$  %� -�(,,�# %� )�",' ��54",�# " 8"&",�#

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

 !$(; 

2 – -"%$ -&$, .'&0"! , �)' &'$�"7�2$, %&",1"% %'&"�)"+' !��� 2*-' -

,',"( " %'&'-'!$,"( 0$-'&"$�$ "7 2",-�2�# ,$&'7!" ,$ +'&2(!' 2 ,$&'7!5 ,$

!�&%5 '; 

3 – -"%$ 0$#��'.'&, �)' &'$�"75'- ( %&",1"% %'&'-'!$,"( 0$-'&"$�$ +'-

&'7 57!"# 7$7�&, �4&$7�2$,,*# %�2'&3,� -/: 1"�",)&$ " ,$&'7!�#  4��/-

8"0 8$��0, 0'�)5 )250( ,'7$2" "0*0" !$,$�$0", �)", "7 !�-�&*3 %� -'-

%',,�  5�$'- (, $ 2-�&�# %� -'%',,� &$ 8"&('- ( 2 ,$%&$2�',"" )2"�',"(

&'7",�2�#  0' "; 

4 – -"%$ EVK, 2 !�-�&�# %&')5 0$-&"2$'- ( 0,���!&$-,�' &$ +�',',"'

" %'&'&$ %&')'�',"' %�-�!�2 0$-'&"$�$ 7$  +'- %�%'&'+,*3 %'&'0*+'! 2  �-

+'-$,""  �  &'7$0" �&'4,'# ,$&'7!", �4&$75:;"3  %�2'&3,� -/: 1"�",)&$

57!"' 7$7�&* )�( %'&'-'!$,"( 0$-'&"$�$. 

5 – )2537$3�),$( ,$&'7!$  %� -'%',,� 52'�"+"2$:;'# ( 2 ,$%&$2�',""

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

",  ��-2'- -2',,�,  50',/8$:;'# ( %��;$)/:  '+',"( 2-�&��� !$,$�$, 2

&'75�/-$-' +'�� )� -"�$'- ( %'&'-'!$,"' 0$-'&"$�$ +'&'7 7$7�& 0'�)5 ,"0"; 

6 – 8-".-�2*# +'&2(!, �4' %'+"2$:;"# &$ +�',',"' " %'&'0'8"2$,"'

%�-�!$ 0$-'&"$�$ 2 2",-�2�0 !$,$�' %� &') -2�0 5 -$,�2�',,*3 ,$  '&)'+-

,"!' +'&2(!$ 8-".-�2; 

7 – 8-".-�2*# 1"�",)& (QSM), &'$�"75:;"# %&",1"% 0,���!&$-,���

&$ +�',',"( " %'&'0'8"2$,"( 0$-'&"$�$ 7$  +'- 8-".-�2, 5 -$,�2�',,*3 2

1"�",)&' 2 7�,' �!&5�,*3 %&�&'7'# ,$ 2",-�2�# ,$&'7!' +'&2(!$; 
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8 – -"%$ " !&5+',,�# %&"70*", 2 !�-�&�# �4' %'+"2$'- (  0' "-'�/,*#

9..'!- 2 &'75�/-$-' ",-', "2,��� )'.�&0"&�2$,"( 0$-'&"$�$ 2  0'�,��4-

&$7�2$,,*3 7$7�&$3 0'�)5 �&$,(0" %&"70* " %�2'&3,� -/: 1"�",)&$; 

9 – 9! 1',-&"+,$( )2537$3�),$( 2",-�2$( ,$&'7!$  ��$)!"0 !�&%5 �0; 

10 – 9! 1',-&"+,$( )2537$3�),$( ,$&'7!$  !��/1'2*0" %&�-�+!$0", 

!�&%5 ��$)!"#  2",-�2*0" 2* -5%$0", 23�)(;"0" 2 !��/1'2*' %&�-�+!"

9�'0',-$; 

11 – -&'37$3�),$( ("�" 4��'' 7$3�),$() ,$&'7!$, 2 -�0 +" �'  %'&'��-

&�)!�# 2 !$�)�# ,"-!', "0':;$( 2* �-5 0',/85:, +'0 2* �-$ � ,�2,�# ,$-

&'7!", %&" 9-�0  0' /, %&�3�)(;$( +'&'7 ;'�/ 0'�)5 %'&'��&�)!�# " 2,'8-

,'# %�2'&3,� -/: 1"�",)&$, 4* -&� &$7��&'2$'- (, %�$ -"."1"&5'- (; 

12 – %&'&*2" -$( ,$&'7!$, �4' %'+"2$:;$( ��0��',"7$1":  0' " 7$

 +'- &$ +�',',"( %�-�!$ ,$ �-)'�/,*'  -&5", !�-�&*' %'&'-'!$:- +'&'7 %&�-

&'7" 0'�)5 !$,$�$0" &$7�"+,*3 7$3�)�2 " ",-', "2,� %'&'0'8"2$:- (; 

13 – 0' -,*'  .'&"+' !"' 5-��;',"(  '&)'+,"!$ 0'�)5 7�,$0", %&"0'-

,('0*' )�( 52'�"+',"( 2&'0'," %&'4*2$,"( " %&�)���"-'�/,� -" 0'3$,"-

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

2$,"( 2 7$7�&' 0'�)5  .'&"+' !�# %�2'&3,� -/: 5-��;',"( " 2,5-&',,'#

%�2'&3,� -/: 1"�",)&$, $ -$!�' )�( 50',/8',"( �4&$-,��� %�-�!$ "7 7�,*

)�7"&�2$,"(. 

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

&" 5,!' 1 

�" 5,�! 1 – �3'0* +'&2(!�2 &$7�"+,�# !�,."�5&$1"": 1 – 0$#��'.'&; 2 – QSM; 3 – -&$, .'&0"! ; 4 – EVK; 

5 – )253$3�),$( 9! 1',-&"+,$( ,$&'7!$; 6 – -&'37$3�),$( 9! 1',-&"+,$( ,$&'7!$
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�� &'75�/-$-$0  &$2,"-'�/,*3 �1',�! &$7�"+,*3 !�, -&5!1"# 7�, %�$-

 -"."!$1"" 0��,�  )'�$-/ 2*2�), +-� ,$"4��'' 9..'!-"2,*0" " +$ -� " -

%��/75'0*0" 2 %&�0*8�',,*3 0$8",$3 )�( %'&'&$4�-!" &'7",�2*3  0' '#

(2�(:- ( 7�,* %�$ -"."!$1"", "0':;"'  �')5:;"' !�,."�5&$1"" ,$&'7�!: 

0$#��'.'&, QSM; -&$, .'&0"! , EVK. 

	%*- 9! %�5$-$1"" "0%�&-,*3 0$8", 2 �-&$ �" %�!$7*2$:-, +-� 6��

-&$)"1"�,,�# !�, -&5!1"" )� -"��" !$! 4* %&')'�$  -�+!" 7&',"( %&�"72�-

)"-'�/,� -" 0$8", " ��0��',,� -" %��5+$'0*3 7$��-�2�!. � %� �'),'' 2&'-

0(  ' +$;' ,$+$�" 8"&�!� %&"0',(-/ %&�0*8�',,*' 0$8",* 8-".-�2���

-"%$, !�-�&*' %�72��(:-  5;' -2',,*0 �4&$7�0 %�2* "-/ %&�"72�)"-'�/-

,� -/ 0$8", %&" �),�2&'0',,�0 5�5+8',""  -'%'," ��0��',"7$1"" &'7",�-

2*3  0' '# "  ,"�',"" -'0%'&$-5&* 7$��-�2�! ,$ 2*3�)' "7 0$8",*. <-"

0$8",*  ,$4�',* 1"�",)&�0, 2 !�-�&�0 &$)"$�/,� &$70';',* 8-".-*, 

)�3�)(;"' )�  '&)'+,"!$ +'&2(!$.  

�3'0$ 9�'0',-�2 8-".-�2��� 9! -&5)'&$ %�!$7$,$ ,$ &" 5,!' 2. 

�" 5,�! 2 – �3'0$ 9�'0',-�2 8-".-�2��� 9! -&5)'&$:  

1 – 8-".-; 2- 1"�",)& 9! -&5)'&$; 3 – +'&2(!; 4 – 8-".-�2$( !$,$2!$

�-".-* �!$7*2$:- !�0%�'! ,�' 2�7)'# -2"' ,$ %&�1'  8%&"1'2$,"(

&'7",�2*3  0' '#:  �),�#  -�&�,*, !$! 4* 5 "�"2$:-  1'%�',"' 0$-'&"$�$

 �  -',!$0" 1"�",)&$, +-�  %� �4 -25'- %�2*8',": %&�%5 !,�#  %� �4,�-

 -" 0$8",*, -.'. &� -5 '' %&�"72�)"-'�/,� -";  )&5��#  -�&�,*, 0,���-

!&$-,� &$74"2$:- %�-�! &'7",�2�#  0' ", +-�  %� �4 -25'- 9..'!-"2,�# ��-

0��',"7$1"" 0$-'&"$�$ %� 0$  ' " -'0%'&$-5&' " )$'- 2�70��,� -/ 50',/-

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

72��('- %�2* "-/ %&�"72�)"-'�/,� -/ 0$8", ,$ 40 – 60 %. �&"2�) 8-".-�-

2*3 0$8",, !$! %&$2"��, %�-&'4�('- ,$ 15 – 20 % 4��/8' 0�;,� -", �),$!�

"7 – 7$ 2* �!�# %&�"72�)"-'�/,� -" -$!"3 0$8", 5)'�/,*' 9,'&��7$-&$-*

%&" %'&'&$4�-!' &'7",�2*3  0' '# 0',/8', +'0 )�( 0$8", -&$)"1"�,,�#

!�, -&5!1"". 
$!"0 �4&$7�0,  �7)$,"' +'&2(+,*3 0$8", 8-".-�2��� -"%$, 

,$&$2,'  5 ���,',"'0 " !�04","&�2$,"'0 &$7�"+,*3 ,$&'7�! +'&2(!$, 

0��,�  +"-$-/ �),"0 "7 %'& %'!-"2,*3 ,$%&$2�',"# 2 !�, -&5"&�2$,""

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

�%" �! �"-'&$-5&*

1. 
�&,'& �.�. 	 ,�2,*' %&�1'  * %'&'&$4�-!" %��"0'&�2 (-'�&"( " 0'-

-�)* &$ +'-$) – 6.: �"0"(, 1972. 

2. �� -&�!,5-�2 �.
. " )&. �'&'&$4�-!$ !$5+5!�2 " &'7",�2*3  0' '#. – 

6.: �"0"(, 1980 – 
�. 7. – �. 241 – 274. 

3. �:4$&-�2"+ �.�. �7��-�2�',"' &'7",�2*3 %&�."�'#. – �.: �"0"(, 

1987. 

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

6.: �"0"(, 1984. – �. 417 – 452. 
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�''��������� ����� ���� '�������  

������� ��� ���

�.=. 7��*��%�,�, ��� ((�����) �������

�.�. ��,�%�,, '&"*��& ��"$$- ��� – 521 

�&�1'  &'!-"."!$1"" � 5;' -2�('- ( %5-'0 0,���!&$-,��� !�,-$!-$

0'�)5 ,'&$2,�2' ,*0" �")!�# " %$&�2�# .$7$0", )2"�5;"0" ( �-,� "-

-'�/,� )&5� )&5�$. 


'3,����"+' !"# %&�1'  %��5+',"( $,"�",$ 7$%&�'!-"&�2$, )25-

0( %�-�!$0" ,$  -$)"" !�,-$!-"&�2$,"( " �),"0 %�-�!�0 ,$  -$)""

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

�"-"+' !�0 2�  -$,�2�',"" ,"-&�4',7��$ 2�)�&�)�0 2 �$7�2�# .$7'. 

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

-�&$ ���
  )�4$2�',"'0 )� 15% 2'&3,'��  ��( !$-$�"7$-�&$ �-3. 

�&�1'  %&�3�)"-  2*)'�',"'0 -'%�$ [1].  

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

."!$1"" %&�1'  �2 0$  �%'&',� $ 0'�)5 %$&�2�# " �")!�# .$7$0"  1'�/:

%&�2')',"( %&�1'  $ &$7)'�',"(  7$)$,,�#  -'%',/: %��,�-* %&" 0","-

0$�/,�0 2&'0'," !�,-$!-$. 

�&�"72�) -2� $,"�",$ 2' /0$ 1',-&$�"7�2$,,�: � ,�2,�# '�� �4C'0 %&�-

"72�)(- )' (-/ !�&%�&$1"# ���, �%�,"" " �$%$),�# �2&�%*.). 	 ,�2,�#

�4C'0 %&�"72')',,��� $,"�",$, %� )$,,*0 $,$�"-"!�2, ")'- ,$ "7��-�2�',"'

)".',"�0'-$,)""7�1"$,$-$. � �%-�25: %&�)$�5 %� -5%$'- 45-50 % $,"�",$, 

%&�"72')',,��� 2 ��� " �%�,"", " 0','' 20 % %&�)5!-$, %&�"72')',,��� 2

�2&�%' [2]. 

� &$4�-'  � �4�' 2,"0$,"' 5)'�',� %&�1'  5 &'!-"."!$1"" $,"�"-

,$, !$! � ,�2,�05 %&"  ",-'7' $,"�",$. �'!-"."!$1"( $,"�",$ %&�"7-

2�)"- ( -$&'�/+$-�# !���,,', %�) )$2�',"'0  0,013 6�$, -'0%'&$-5-

&�# ,�&':;"# %$& "0''- )$2�',"' 0,6 6�$.  

	 ,�2,*' %&",1"%* ",-', "."!$1"" 0$  �%'&',� $ 3�&�8� "7-

2' -,*. 6$  ��40', 2 $%%$&$-' %&�" 3�)"- 2 �') -2"' -���, +-� %$&�-
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2$( " �")!$( .$7*, %� -5%$:;"' ,$  -5%',/ !�,-$!-$, "0':-  � -$2*, 

�-�"+$:;"' ( �- &$2,�2' ,*3. 

��( %&�1'  �2 &'!-"."!$1"", !�-�&*' 3$&$!-'&"75:- ( ,'�43�)"-

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

!�,-$!-$, " %��/75:- ( !���,,*' 0$  ��40',,*' $%%$&$-*. 

• �")* !�,-$!-,*3 5 -&�# -2: 

� �$ $)�+,*' !�,-$!-,*' 5 -&�# -2$. 

�72' -,$ 0$  ��40',,$( ,$ $)!$ )�( !���,,*3 $%%$&$-�2,  � -�(;$( "7

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

8",$3 5���2,  ,$4�',,*3 �-4�&-�2!�#, ,$%&$2�',,�# 2'&-"!$�/,� 2,"7 "

"0':;'# 2* �-5, &$2,5: %���2",' 2* �-* %�$ -",, $ !&�0!" �-4�&-�2�!

 ,$4�',* 7541$0", �-��,5-*0" ,$2 -&'+5 )&5� )&5�5. 

�')� -$-!�0 9-�# ,$ $)!" (2�('- ( 57!"# )"$%$7�, 5 -�#+"2�# &$4�-

-* %&" �-,� "-'�/,� ,"7!�# 9..'!-"2,� -" 0$  ��40',$ " %&$!-"+' !�'

�- 5- -2"' 2�70��,� -" '' %&"0',',"( %&" &$4�-' ,$  " -'0' %$&-

�")!� -/ [3]. <-�- ,')� -$-�! �45 ��2�', %&�2$��0 �")!� -" +'&'7 �--

,� "-'�/,� 8"&�!"' ;'�", &$2,*' 3 00, %&" 0$��# 7$�&57!' %� %$&5 "

5,� �0 �")!� -" 22'&3 %&" 4��/8�# 7$�&57!' %� %$&5. 

� 
$&'�/+$-*' !�,-$!-,*' 5 -&�# -2$

��( &'$�"7$1"" 4��/8"3 ,$�&57�! %� �$75 "/"�" �")!� -" 2�70��,�

%&"0',',"'  �')5:;'�� 2*%��,',"' -$&'�!" )�( !�,-$!-"&�2$,"( �$7$  

�")!� -/:: -$&'�!$ )�( !�,-$!-"&�2$,"( �$7$  �")!� -/:  �)'&�"-
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4$&4�-$�,�' %���-,� " �),� "�" 4��'' +'0 �),� %'&'�"2,�' 5 -&�# -2�, 

2 2'&3,'0 !�,1' !�-�&��� "0''- ( �-2'& -"' )�( %&"'0$ �")!� -", %&"

9-�0 2 %&"'0,�0 �-2'& -"" " %'&'�"2,�0 5 -&�# -2' &$70';',$ %�$ -"-

,$, ,$%&$2�(:;$( )2"�',"' �")!� -", %&"+'0 2'&3,(( !&�0!$ 5!$7$,,�#

,$%&$2�(:;'# %�$ -",* &$ %����',$ ��&"7�,-$�/,� " ,$%&$2�',$ 2  -�-

&�,5 4$&4�-$�,��� %���-,$ [4]. 

� -$,�2�',�, +-� " %��/7�2$,"' -$&'�!" 2  ��-2'- -2""  )$,,*0

"7�4&'-',"'0 2 !���,,$3 )�( !�,-$!-"&�2$,"( �$7$  �")!� -/: %&"2�-

)"- ! 52'�"+',": %&�"72�)"-'�/,� -" !���,,*. 


$&'�!$ )�( !�,-$!-"&�2$,"( �$7$  �")!� -/: 2  ��-2'- -2""  ,$-

 -�(;"0 "7�4&'-',"'0  �)'&�"-, !$! %&$2"��, !&5��2�' 4$&4�-$�,�' %�-

��-,�, +'&'7 !�-�&�' 4$&4�-"&5'- %�-�! �$7$, �),� "�" )2$  '�0',-,*3

�-2'& -"( )�( %&"'0$ �")!� -", $ 2 �-)'�/,*3  �5+$(3 4��/8�' !��"+'-

 -2� )�%��,"-'�/,*3 %&"'0,*3 �-2'& -"#, &$7)'�',,*3 %&�0'�5-!$0"

,$ 5!$7$,,�0 4$&4�-$�,�0 %���-,'. 

�+"-$: 1'�' ��4&$7,*0 %&"0',(-/ -$&'�/+$-*' !�,-$!-,*' 5 -&�#-

 -2$  ���$ ,� 5�5+8',": %&"2')',,�05 2*8'. 

�%" �! " %��/75'0�# �"-'&$-5&*: 

1) ���$1!"# �. 6., �$%8',!�2 
. �. �2-�0$-"7$1"( 3"0"+' !"3 %&�"7-

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

1982 �.- 296  . 
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2) http://www.cmna.ru. Chemical Market News & Analysis. �*%5 !: ":,/

2003. >',* ,$ &*,!' $,"�",$ 2 ":,'. 

3) �$-',- RU A2310504,  B 01 J 19/32,B 01 J 19/30,  
���2$,+"!�2 �. �., 


'&0$8'2$ �. �.,  �5�/!",$ �.�., �5�/!", �. �. ,��!�&",$ �. 
., �$ $)�+-

,$( !���,,$, �%54�"!�2$,  20.11.2007. 

4) ��$-',- Ru  A2225753, B 01 J 19/32, �&,$5-�2 �. �., �!�2%',/ 6.�., 

�$ $)!$ )�( 0$  ��40',,*3 $%%$&$-�2, �%54�"!�2$, 20.03.2004. 

�'����$����������� ���'��� ����� +��!��� '��

��"������ �$����& ���'������

�.=. 7��*��%�,�, ��� ((�����) �������

�.�.
�����#%���, '&"*��& ��"$$- ��� – 521 

�75+',"' 2�"(,"( -'0%'&$-5&* «7$!$�!"» ,$ 2*3�) .�&0$�/)'�")$ %�-

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

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

2&'0',,*0 50',/8',"'0 2*3�)$ .�&0$�/)'�")$.  

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

8' 70 °� %&" %&�+"3 &$2,*3 5 ��2"(3 7,$+"-'�/,� %�2*8$'-   '�'!-"2,� -/

%&�1'  $. 

�$!$�!5 0��,� %&�2�)"-/  &$7,*0"  %� �4$0": 2%&* !"2$,"'0 .�&0$-

�",$ "�" 2�)* 2 %&�)5!-* &'$!1""; " %��/7�2$,"'0 )�( 9-��� �3�$�)',,*3

�-3�)(;"3 �$7�2, %&"+'0 "3 22�)(- "�" %� �'  ��( !$-$�"7$-�&$ "�" 2 ,"�-

,:: +$ -/  ��(; �3�$�)',"'0 272'8',,���  ��( ",'&-,��� 0$-'&"$�$ (2  �5-

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

%&� -&$,',,*#  %� �4 �3�$�)',"( %&�)5!-�2 &'$!1"" — %&"0',',"' «%�)-

!�,-$!-,���» 3���)"�/,"!$, -. '. -'%���40',,"!$, &$ %����',,��� ,'%�-

 &') -2',,� %�)  ��'0 !$-$�"7$-�&$.  

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

2*3�)$ .�&0$�/)'�")$  ')","1* �4C'0$. 
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�  ��-2'- -2""  9-"0 %'&',� -'%�$ 2 -'%���40',,"!' )���', 4*-/

!$! 0��,� 4��'' ",-', "2,*0, $ %�2'&3,� -/ -'%���40',$ 0","0$�/,�# %&"

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

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

�'8',"' 9-�# 7$)$+" � ���,('- ( ,'&$2,�0'&,� -/: 2*)'�',"( -'%�$ %�

)�",' &'$!-�&$[1]. 

�*)'�',"' 4��/8"3 !��"+' -2 -'%�$ �45 ��2�"2$'- %�-&'4,� -/ 2

4��/8"3 !��"+' -2$3 3�$)�$�',-$, $  �')�2$-'�/,�, " 2 7,$+"-'�/,� 4��/8"3

0�;,� -(3 )�( '�� 1"&!5�(1""; 2$�,5: &��/ "�&$'- &$2,�0'&,�' &$ %&')'-

�',"' 3�$)�$�',-$.  

�&'"05;' -2$ �3�$�)',"( !"%(;'# �")!� -/:. ��-%'&2*3, 2* �!"'

7,$+',"( -'%��-* %$&��4&$7�2$,"( %�72��(:- �-2�)"-/ 4��/8"' !��"+' -2$

-'%�$; 9-�05  %� �4 -25'- -$!�' 2* �!"# !�9.."1"',- -'%���40',$ 0'�)5

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

-'0%'&$-5&*, %�72��(:;'' �4�#-" / 4'7  %'1"$�/,*3 5 -&�# -2, &'�5�"-

&5:;"3 &$ %&')'�',"' 3�$)�$�',-$. 

�$�/,'#8'' 5 �2'&8', -2�2$,"' 0'-�)$ �3�$�)',"( !"%(;'# �")!�-

 -/: %&"2'�� !  �7)$,": &'!-"."!$1"�,,��� �3�$�)',"(, )$:;'�� 2�70��-

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

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

"0':;"3 &$7,*' -'0%'&$-5&* !"%',"(. ��)4"&$(  ��-2'- -25:;"#  � -$2

 0' ", 0��,� �%&')'�"-/ -'0%'&$-5&5 !"%(;'�� 3�$)�$�',-$, !�-�&$( &� �$

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

�"- -$!�' !�, -&5!1"( 3���)"�/,"!$, +-� )$'- 2�70��,� -/ %��5+"-/ %&�-

."�/ -'0%'&$-5&,  ��-2'- -25:;"# �%-"0$�/,*0 5 ��2"(0 &'$!1"". 

�  �')�2$,"( %�!$7$�", +-� 2 %&� -&$, -2' %$&��4&$7�2$,"( 0,���-

!�0%�,',-,�#  0' " -'%��- " 0$  ��40', 0'�)5 �")!� -/: " %$&�0 ,')� -

-$-�+',. ��9-�05 2 %&� -&$, -2�, 7$%��,',,�' !"%(;'# �")!� -/:, 4*�"

%�0';',* !��/1$ �$8"�$ &$7�"+,��� &$70'&$ "�" %'&.�&"&�2$,,*' %�$-
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 -",!"  �-2'& -"(0" &$7�"+,��� )"$0'-&$. <-� %�72��"�� &'�5�"&�2$-/ -'-

%��- " 0$  ��40', 2 �'�$'0�0 ,$%&$2�',""[2]. 

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

!�,-$!-$ (5-10)*10
-3  %&�" 3�)"- '�� ,$!$%�"2$,"', $ %&" )$�/,'#8'0 52'-

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

�" 5,�! 1. �$2" "0� -/ %�!$7$-'�'# %&�1'  $ �- 2&'0'," !�,-$!-$ " -'0%'&$-5&*: $) — 2*3�)

��2	; 4) —  '�'!-"2,� -/ %&�1'  $ %� ��2	:  �)'&�$,"' 2 $4�$7$3 �2 — 2, �	2, —�: 1 - 350 °�; 2 - 330 °�, 

3-300 °�. 

6$! "0$�/,$(  '�'!-"2,� -/ �4&$7�2$,"( .�&0$�/)'�")$ (�!��� 90%) 

,$4�:)$'- ( %&" 7,$+',"" 0��/,���  ��-,�8',"( G �!��� 0,3.  ���,$( !�,-

2'& "( 0'-$,��$ )� -"�$'- ( %&" 7,$+',"" G 2 %&')'�$3 0,68-0,7 

�"-'&$-5&$: 

1. 	��&�),"!�2 �.�. ��&0$�/)'�") — �.: �"0"(, 1984. — 280 c. 

2. �")58", !"# �. 	 ,�2* %&�'!-"&�2$,"( !$-$�"-"+' !"3 &'$!-�&�2

-  6.: �"0"( 1972. -  376  .
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'�����'$� � !�����$ ��%������  �!�%����& �
'������$&������� �'��������� � � �������-

����� ��!�� �� �'��� ���� �������"  

' ��� +�$& '�%�"
�$%�( �.�. 

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

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

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

;' -2�('- ( ,$ � ,�2' $,$�"7$ &' 5& �2 %� 2�7)'# -2": ,$  " -'05. �' 5&-

 $0" 5%&$2�',"( )�( )$,,��� 2")$ $�&'�$-�2 (2�(:- (: 0�0',-* ","1""&�-

2$,"( ,�2*3 1"!��2 %�$2!", 0�0',-* !&$-!� &�+,*3 &'�5�"&5:;"3 �-!�:-

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

>'�'2�# .5,!1"'# 5%&$2�',"( (2�('- ( 0","0$�/,�' 7,$+',"' ,�&0*

�-!��,',"#  500$&,��� %�-&'4�',"( 9�'!-&�9,'&�"" $�&'�$-$0" �- 7$)$,,�-

�� 7,$+',"( 2 !�,-&��/,*' 0�0',-* 2&'0',": 

))(),(arg(min tcZtcuQu C −= ,      (1) 

�)' (.)Q  - 2'!-�&  500$&,��� %�-&'4�',"' 9�'!-&�9,'&�""  " -'0�#, 

(.)Z  - 2'!-�& 7$)$,,*3 7,$+',"# %�-&'4�',"( 9�'!-&�9,'&�"", u  - 2'!-�& %$-

&$0'-&�2 5%&$2�(:;"3 2�7)'# -2"# ,$  " -'05, tc  - 2'!-�& !�,-&��/,*3

0�0',-�2 2&'0',", C
u  - " !�0�' �%-"0$�/,�' 5%&$2�',"'. � %&"2')',,�#

.�&05�' %&')%��$�$'- ( " %��/7�2$,"' �2!�")�2�# ,�&0*. ��,!&'-,$(

.�&0$ 7$2" "0� -" (.)Q �%&')'�('- (  -&5!-5&�#  " -'0* " 0$-'0$-"+' !"-

0" 0�)'�(0" $�&'�$-�2. 

�'!-�& 5%&$2�(:;"3 2�7)'# -2"# %&') -$2�('-  �4�# ,$4�& 0�-

0',-�2 ","1""&�2$,"( ,�2*3 1"!��2 %�$2!" " 0�0',-�2 &'�5�"&5:;"3 �--

!�:+',"# " %�2-�&,*3 2!�:+',"# $�&'�$-�2 { }jitu ,= , �)' i  - ,�0'& $�&'�$-$, 

j  - ,�0'& 5%&$2�(:;'�� 2�7)'# -2"( ,$ $�&'�$-. �7$"0� 2(7/ 5%&$2�(:;"3

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

�$'- ( 2 .�&0'  " -'0* ,'&$2', -2: 
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( ) uu u Ω∈ϕ ,          (2) 

�)' uΩ  - �4�$ -/ )�%5 -"0*3 7,$+',"# 5%&$2�(:;"3 0�0',-�2 2&'0'-

,". 

�'8',"' 7$)$+" �%-"0"7$1"" (1)  ��&$,"+',"(0" (2) �4*+,� [1] 

� 5;' -2�('- ( %�" !�2*0" 0'-�)$0", ,$%&"0'& !�0%�'! ,*0 0'-�)�0

��! $. 	),$!�, ,'�43�)"0� �%&')'�"-/ ,' -��/!� 2'!-�& 5%&$2�(:;"3 0�-

0',-�2 2&'0',", ,� " ,�0'&$ $�&'�$-�2, !�-�&*' " %��/75:- ( 2 $!-"2,�0

5%&$2�',"". ��&'�$-* �-�"+$:- ( %�-&'4�('0�# 0�;,� -/: " .$7�# 1"!�$

%�$2!", -� ' -/ 2&'0','0 �- ,$+$�$ %�$2!". �&�0' -���, 0��5- 22�)"-/ ( ��-

&$,"+',"( ,$  500$&,5: )�"-'�/,� -/ %'&'&*2�2 %�$2�!. �*4�& ,�0'&�2

$�&'�$-�0 ,'�43�)"0� � 5;' -2�(-/ ,$ � ,�2'  " -'0* ���"+' !"3 %&$2"�, 

!�-�&5: 0��,� %&') -$2"-/ 2  �')5:;'0 2")': 

( ) trueJI =ψ , ,         (3) 

�)' JI ,  - 2'!-�&$ ,�0'&�2 $�&'�$-�2 " ,�0'&�2 5%&$2�(:;"3 2�7)'# --

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

8' -2�2$-/ &'8',": 7$)$+" �%-"0"7$1"" (1) " (2). � �" &$70'&,� -/  " -'-

0* (3) ,' %&'2*8$'- 5, -� '' 0��,� &'8"-/ 0'-�)�0 %'&'4�&$. �  �5+$'

4��/8�# &$70'&,� -" ,'�43�)"0� %&')2$&"-'�/,� 5%&� -"-/  " -'05, " -

!�:+"2 %'&'0',,*'  ,$"0',/8"0 %�-',1"$��0 5%&$2�',"(. 

�$!�:+',"'. ��+'-$,"' %�" !�2*3 " !�0%�'! ,*3 0'-�)�2 �%-"0"7$-

1"" %�72��('- .�&0"&�2$-/ 5%&$2�(:;"' 2�7)'# -2"( ,$  " -'05 %�$2"�/-

,*3 $�&'�$-�2  5+'-�0 ",)"2")5$�/,*3  2�# -2 $�&'�$-�2 " -'3,����"+'-

 !"3 ,�&0 %&�1'  $ %�$2!".  

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

1988. – 128  . 
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�������� +�$� �����"���� � � ������ �$'�%�&  

������� �� � ���'$ ���� ����'������  

��� $&  ����� +�$& �''������

�.�. ��$�",",1
, �.�. �$4��21

, �.�. �5&!$'21
, �.�. �$4$!�22

,  

�.�. 
','&$��22
, �.�. ��4*7'22

(
1��� (."�"$�) ����

�, �. ���� !"#, 

2			 �
�, ������&$)) 

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

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

	4�&5)�2$,"' %&'),$7,$+',� )�( -58',"( -�+'+,*3 %��$&�2 " 2�7��&$,"# 2

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

��,'-58$;"0" 0$-'&"$�$0", $ -$!�' )�( �+" -!" %&"&�),*3 2�) " %�+2 �-

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

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

)$,"( ��,'7$;"-,*3 %��� %5-'0 !&5%,�!$%'�/,��� &$ %*�',"( .� .�&4�&-

 �)'&�$;"3 $,-"%"&',�2   %&"0',',"'0 0$��# $2"$1"". 


'3,"+' !"0 &'75�/-$-�0 %&')�$�$'0*3 0�)'�'# " 5 -&�# -2 (2�('- (

%�2*8',"' 9..'!-"2,� -" -58',"( -�+'+,*3 %��$&�2 " 2�7��&$,"# 2 %��$-

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

%&�)5!-$0" " 0�4"�/,�'  �7)$,"' ,$ %�2'&3,� -" 7'0�" ��,'7$;"-,*3 %�-

�� . 

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

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

 ,$4�&�0 $9&���-!�2 (&" .2), "0':;"3 .�&05 %��51"�",)&�2, 7$!&'%�',-

,*3 ,$ &$0',  2�70��,� -/: � '2��� 2&$;',"( 2 0�0',-  4&� $  *%5+'��

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

�" .2. �$!  ,$4�&�0 $9&���-!�2

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

$,-"%"&',�2  �)'&�"- 4$!-3&$,"�";' �")!"3 " &$ %*�"-'�/,5: -&54�%&�-

2�),5:  " -'05 (&" .3). 

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

� %��/75'0*# 2 !$+' -2' $,-"%"&',$ - .� .�&�4�& �)'&�$;"# ��"��-

0'& – ��	,  �4' %'+"2$'- ��,'7$;"-,*# 9..'!- !$! 9..'!-"2,*# ",�"4"-

-�& ��&',"(. �'# -2"' '�� � ,�2$,� ,$ 50',/8',"" ��&:+"3 %&�)5!-�2 &$ -
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%$)$ %��"0'&$ " 52'�"+',"" !��"+' -2$ 2�)*. 	4&$75:;"# ( !�!  (&" . 4) 

"�&$'- &��/ -'%��"7��(-�&$ " 50',/8$'- -'0%'&$-5&5 2 7�,' &'$!1"". �&"

&$7���',"" ��	 -$!�' 2*)'�(:- ( %��".� .",�2*' !" ��-*, !�-�&*' %&'-

%(- -25:- )� -5%5 !" ��&�)$ ! " -�+,"!5 ��&',"(.  �'# -2"' ��,'7$;"-,���

 � -$2$ ,$ �"25:  &')5 $4 ��:-,� 4'7�%$ ,�[2]. 

�" .4. 	4&$7�2$,"' !�! �2�# 8$%!" ,$ )&'2' ",', �4&$4�-$,,�# .� .�&4�& �)'&-

�$;"0 $,-"%"&',�0, %� �' 2�7)'# -2"( �-!&*-��� %�$0',"

�&" %�)�'-' �'-$-'�/,��� $%%$&$-$ ! �+$�5 -�+'+,��� %��$&$ " 2�7��-

&$,"( %&�" 3�)"- )" -$,1"�,,�'  ,(-"' 7$;'��!  ."! $-�&�2 ,$ &$0',  ,(-

-"'  '&2�%&5�",  �  -�%�&�2, � '2�# %�2�&�- $9&���-!�2 "  4&� &$7�2�#

%�&1""  *%5+'�� ��,'-58$;'�� .�.�&4�& �)'&�$;'�� 0$-'&"$�$ ,$ �4C'!-

-�+'+,��� %��$&$ " 2�7��&$,"( "�"  �&4',-$ ,$ 7$�&(7,',,5: %�2'&3,� -/.  

�' �0,',,�# ,�2"7,�# (2�('- (  %� �4  �7)$,"( %&�-"2�%��$&,*3

��,'7$;"-,*3 %���   «2�7)53$»  %&"0',',"'0 0$��# $2"$1"", !$! $�/-'&-

,$-"2$ ,*,' %&"0',('0�# «�%$8!'». �$ %*�',"' ",�"4"-�&�2 ��&',"(  %�-

0�;/:  %'1�4�&5)�2$,"(, &$70';',,��� ,$ 0$��0 2�7)58,�0  5),' [1], %�-

72��"-  �7)$-/ ��,'7$;"-,*' %��� * ,$ 7'0�', ,$ �&5,-', 2 �' ,�# "  -'%,�#

7�,', 3��0" -�# 0' -,� -", 24�"7" �4C'!-�2 �"����,  �1"$�/,���, %&�0*8-

�',,��� " 2�',,��� ,$7,$+',"#, 2)��/ -&54�%&�2�)�2, -&$, %�&-,*3 !�005-

,"!$1"# " -.%.  

�"-'&$-5&$: 

1. �$4��2, �.�. �  �')�2$,"' 2�70��,� -" %&')�-2&$;',"( %��$&�2 "

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

 -"1"": [ 4.] %� 0$-'&. VI 0'�&'�"�,. ,$5+.-%&$!-. !�,.. "�7$"0�)'# -2"'...", 

%� 2(;. 80-�'-": ����

� " 45-�'-": ��� (18-19 0$( 2010 �.) / ��� (."-

�"$�) ����

� [" )&.]. - ���� !"#, 2010. - C. 128-129. 

 2. �$4��2, �.�. �"����"+' !$( 4'7�%$ ,� -/ ��,'7$;"-,*3  � -$2�2 / 

�.�. �� -",, �.�. ��!���2$, �.�. �$ "�/!�2$, �.�. ��,)$&',!�, �.�. �$4��2, 

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

«�7$"0�)'# -2"' %&')%&"(-"# " 257�2 %� %�2*8',": 9..'!-"2,� -" %&�"7-

2�) -2$ " ",,�2$1"�,,�# )'(-'�/,� -"», �. ���� !"#, (19-20 0$( 2011�.) 

[<�'!-&�,,*# &' 5& ]: -'7" * )�!�$)�2. – <�'!-&�,. -'! -�2*' )$,./ ���

(."�"$�) 
	� ��	 ����

�, - ���� !"#, 2011. – �.115-118.  
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6. �. 
5 -(!�2$ ( -5)',- �&. �6�6-1%),  

�. 	. �5 ��2$ ( -5)',- �&. 
6�-449) 

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

�. ��������*

�72' -,�, +-� � ,�2,*0" ,')� -$-!$0"  5;' -25:;"3 !�, -&5!1"#

!�,2'!-"2,*3  58"�/,*3 $%%$&$-�2  2"4&�!"%(;"0  ��'0 (2�(:- (: ,'2*-

 �!$( 9..'!-"2,� -/ %&�1'  $  58!", !�, -&5!-"2,$(  ���,� -/ " %��,'-

,"( $%%$&$-$, -'3,����"+' !"' ��&$,"+',"( %&" " %��/7�2$,"" )�(  58!"

0$-'&"$��2  &$7�"+,*0" 3$&$!-'&" -"!$0", ,'&$2,�0'&,� -/  58!". ��(

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

" %��'7,*3 0�)'�'#, �)' ! &'75�/-$-$0 %�  �2'&8', -2�2$,":  5;' -25:-

;'#  58"�/,�# -'3,"!" �-,� (- (: %&� -�-$ !�, -&5!1"",  ,"�',,*' %�!$-

7$-'�" 0$-'&"$��'0!� -" " 9,'&��'0!� -", 2* �!$( %&�"72�)"-'�/,� -/, 


