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$,$����2*3  "  )" !&'-,*3   "�,$��2  "�"    " %��/7�2$,"'0  905�(-�&$ , "�"  ,$  &'$�/ -
,�0  �4A'!-'  5%&$2�',"( . 

12) � -&$,',"'  2*(2�',,*3  �8"4�!  "  ,')� -$-!�2  (2 $���&"-0$3 , %&��&$00$3,  3'0$3  
%�)!�:+',"( , �&�$,"7$1""  &$4�-* ) "  �.�&0�',"'  )�!50',-$1"" . 

�$74'&@0 %5,!-  8 ,' !��/!�  %�)&�4,'' .  
1) ��  23�),*0  !$,$�$0  )���,*  4*-/  7$<"-*  �-  «)&'4'7�$ » "�"   �5+$#,���  !&$-!�2&' -

0',,���   0',*   � -�(,"(  23�),�#  %'&'0',,�#  "7 «1» 2 «0». 
2) �$<"-$  �-  ,' ",3&�,,���  %�(2�',"(  �+'&'),�#   "-5$1""  ( � -�(,"(  23�),*3  %'&'-

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

%&�1')5&*  0","0"7$1""  ���� . 
4) �,��)$  -&'45'- (   -&���   �4�:)$-/  %� �')�2$-'�/,� -/  %�(2�',"(   "-5$1"# . 
5) � �"  "0':- (  &'7'&2,*'  !$,$�* , -�  &'$�"75'- (  $���&"-0  $2-�0$-"+' !���  %'&'!�: -

+',"(  ,$  " %&$2,*#  &'7'&2,*#  !$,$� . 
6) �,��)$  -&'45'- (   �4�:)$-/  0$&8&5-, ,$%&"0'&, %� �')�2$-'�/,� -/  �-!&*-"(  "�"  

7$!&*-"(  7$)2"�'! . 
�&"  &'$�"7$1""  1"!���&$00   �')5'-  5+"-*2$-/ :  
7) .�&0"&�2$,"'  5%&$2�(:<"3  2�7)'# -2"#  0��'-  4*-/  !$!  %� 2&'0'," , -$!  "  2 7$2" " -

0� -"  �-  7,$+',"(  -'3,����"+' !���  %$&$0'-&$. �  9-�0   �5+$'  %� $,$����2�05  !$,$�5  
)���,$  4*-/  7$<"-$, 

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

9) )���,*  4*-/  -&"  &'�"0$  &$4�-*   " -'0* : &5+,�#  (9-�  �4*+,�  -&'45'- (  %&" %5 !� -
,$�$)�+,*3  &$4�-$3), $2-�0$-"+' !"#  "  &'�"0  5 !�&',,�#  %&�2'&!"  .�&0"&�2$,"(  
!�0$,)  4'7 2*)$+"  "3  ,$  	� . 

�:$, *  %5 !$ "  � -$,�2$  1',-&�4'�,*3  ,$ � �2  "  5%&$2�',"'  7$)2"�!$0" , ,$)' -
: / , ,'  � -$2(-  &$2,�)58,*0"  5+$ -,"!�2  !�,.'&',1"" .  

	 �4',,� -"  %&$!-"+' !�#  &'$�"7$1""  )" !&'-,*3   " -'0  5%&$2�',"(  �%54�"!� -
2$,*  $2-�&�0  2 �5&,$�$3  "  5+'4,*3  %� �4"(3  (+$ -"+,*#   %" �!  &$4�- %&"2')',  [4-8]). 
� �"  	�  �-,� "- (  !  27&*2�%��$&��%$ ,*0 , -�  ,'�43�)"0�  � �4�'  2,"0$,"'  4'7�%$ ,� -
 -" : " %��/7�2$-/  &'7'&2"&�2$,"' , " !&�4'7�%$ ,*'  4$&/'&* , 0�)5�"  �&�7�7$<"-* . �2-�&  
,$)''- ( , +-�  %&')���',,*'  $���&"-0*  "  %&��&$00* %�0��5-  &$7&$4�-+"!$0  �7)$2$-/  
 " -'0*  %�2*8',,�#  ,$)@�,� -" .  

 �"-'&$-5&$  
1. 
�58!�2  � .6 . �",-'7  1".&�2*3  $2-�0$-�2 .-6 .: �"70$-�"7 , 1962. 
2. �&5 $�"0 !"#  � .6 . �" !&'-,$(  0$-'0$-"!$ : -'�&"( , 7$)$+", %&"���',"( . 3-'  "7)$,"' . 

– 6 .: �57�2 !$(  !,"�$ , 2000. – 280  . 
3. �� %'��2  � .� . ���"+' !"'  0'-�)*  $,$�"7$  "   ",-'7$   3'0 . 6 .: ;,'&�"( ,1974.-368 . 
4. �'2$ -/(,�2  � .
 . �2-�0$-"7"&�2$,,*#  %5 ! "  � -$,�2  1',-&�4'�,*3  ,$ � �2  (���� -

&"-0  %�2*8',,�#  ,$)@�,� -" ). �" -'0�-'3,"!$ .-2005, B 3 
5. �'2$ -/(,�2  � .
 . 6"!&�%&�1'  �&,�'  5%&$2�',"'  7$)2"�!$0" , &$ %&')'�(:<"0"  %�-

-�!"  �")!� -"  "  �$7$ //�"�� .-2008 B 10- .1-5. 
6. �'2$ -/(,�2  � .
 . �'$�"7$1"(  )" !&'-,*3   " -'0  5%&$2�',"(  ,$  !�,-&���'&$3 : 5+'4,�'  

%� �4"' /� .
 .�'2$ -/(,�2 .– ���� !"# : ���  (."�"$� ) ����

� , 2011� .– 230 . 
7. �'2$ -/(,�2  � .
 . 	 �4',,� -"  &'$�"7$1""  1"!���&$00  ,$  !�,-&���'&$3 //13-(  �$5+,� -

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

�  (I +$ -/ ).-�	������ , 27-28 ������  2014 � . B  9� . "7) . 0321402347. 

8. �'2$ -/(,�2  � .
 ., �'2$ -/(,�2  � .� .  
'�&"(  "  %&$!-"!$ &'$�"7$1""  )" !&'-,*3   " -'0  
5%&$2�',"(  1',-&�4'�,*0"  ,$ � $0" . X 0'�&'�"�,$�/,$(  ,$5+,� -%&$!-"+' !$(  !�, -
.'&',1"( .-�7$"0�)'# -2"'  %&')%&"(-"# "  257�2 – ,$5!$ , !$)&* , ,�2*'  -'3,����""  
(�4�&,"!  -'7" �2  )�!�$)�2 ).- � . ���� !"# , 29 $%&'�( 2014 � . 
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��'� )�������  ��'�  '��  '�������������  ���� )�$&  ����� -
�� )�$&  ����������"  

� . � . 
*8!'2"+ *, � . � . �$&$7�2*, � . 
 . =*�$,!�2 ** 
* ���  (."�"$� ) �
�	�  ��	  ����

� , ** 	�	  «;,'&��-'30$8 » 

 
	�	  «;,'&��-'30$8 » )�"-'�/,�'  2&'0(  %&�)5!-"2,�  7$,"0$'- (  %&�'!-"&�2$," -

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

�5<' -2',,�#  %&�4�'0�#  (2�('- (  �4' %'+',"'  )� -$-�+,�#  �' -!� -"  !�, -&5! -
1""  4��!$ -0�)5�(  %&" -&$, %�&-"&�2!' , %��&57!'  "  &$7�&57!'. ��20' -,�    !$.')&�#  0' -
3$,"!"  ���  (."�"$�$ ) ����

�  &'8$�" /   �')5:<"'  7$)$+": 

- �1',!$  52'�"+',"(  �@ -!� -"  4��!�2 -0�)5�'#  )�(  2*4&$,,���  &$1"�,$�/,���  2$-
&"$,-$  5 "�',"(  %&" -&$, %�&-"&�2!'  �-  )'# -2"(  %&�)��/,*3  (%&" -�&0��',""  "  5 !� -
&',"" ) "  %�%'&'+,*3  ( !&5+"2$:<"3 ) ,$�&57�! ;  

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

��(  $,$�"7$  ,$%&(�@,,� -)'.�&0"&�2$,,���   � -�(,"(  4��!�2  " %��/7�2$,$   " -
-'0$  &$ +@-$ "  %&�'!-"&�2$,"(  0'3$,"+' !"3  !�, -&5!1"#  "  �4�&5)�2$,"(  2 �4�$ -"  0$-
8",� -&�',"(  "   -&�"-'�/ -2$  APM WinMachine (0�)5�/  APM WinStructure 3D). 

	%&')'�',*  2'�"+",*  0$! "0$�/,*3  %��,*3  %'&'0'<',"#  "  0$! "0$�/,*3  9!2" -
2$�',-,*3  ,$%&(�',"#  )�(  9�'0',-�2  ,'  5 "�',,���  "  5 "�',,���   "��2���  !$&!$ $ 4�� -
!�2  �-  )'# -2"(  %&�)��/,�#  "  %�%'&'+,�#  ( !&5+"2$:<'# ) ,$�&57!" , %&"���',,�#  !  
!&*8'  "  0�)'�"&5:<'#  )'# -2"'  )�%��,"-'�/,�#  ,$�&57!"  %&" -&$, %�&-"&�2!'  4��!�2 .  

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

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

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

,$�&57!"  2 4��!'    5 "�',"'0  (2$&"$,- 1) %&') -$2�',  ,$  &" 5,!'  3. 
�&�$,$�"7"&�2$,*  2 '  2$&"$,-*  5 "�',"#  4��!�2 -0�)5�'#  "   )'�$,�   �')5:<''  

7$!�:+',"' : 
 

 

 
�" 5,�!  3 - �'75�/-$-*  &$ +@-$ 9!2"2$�',-,*3  ,$%&(�',"#  �-  )'# -2"(  %&�)��/,�#  ,$ -

�&57!"  2 4��!'    5 "�',"'0  (2$&"$,- 1) 
- �&"  -&$, %�&-"&�2!'  0�)5�'#  ,'�43�)"0�   �4�:)$-/   !�&� -,�#  &'�"0  )2"�' -
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,"(  )�  60 !0 /+$  )�(  ��&$,"+',"(  %'&'�&57�!  %&" ,'5 -$,�2"28'0 (  )2"�',"" . 
- ��(  52'�"+',"(  �@ -!� -"  !�, -&5!1""  0�)5�'#  %&" -&$, %�&-"&�2!'  �-  )'# - -

2"(  %&�)��/,*3  (%&" -�&0��',""  "  5 !�&',"" ) "  %�%'&'+,*3  ( !&5+"2$:<"3 ) ,$�&57�!  
&'!�0',)5:- (  2*4&$,,*'  &$1"�,$�/,*'  2$&"$,-*  5 "�',"(  !�, -&5!1""  0�)5�'# , 
%&') -$2�',,*'  ,$  &" . 1. 

	�&$,"+',"(  -&$, %�&-,*3  �$4$&"-�2  0�)5�'#  �45 �$2�"2$:-  2*4�&  &$1"�,$�/ -
,*3  2$&"$,-�2  5 "�',"(   -$�/,*0"  �" -$0"     '+',"'0  5×150 %� 5��$0  4�!�2",  "  -�&1�2  
0�)5�'#  "  5 -$,�2!�#  !&' -�2",  "7 82'��'&$  6,5�  2 "0':<"3 (  %��� -(3 , �)'  %�72��('-  
�$4$&"-,*#  &$70'&.  


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

�'75�/-$-*  &$ +@-�2 2$&"$,-�2  5 "�',"#   2')',*  2 -$4�"15 . 
� "�',,*'  0�)5�" , 

2$&"$,-*  " %��,',"(  
�$ +@-,*'  
2'�"+",*  

6�)5�"  
4'7 

5 "�',"(  1 2 3 4 
�  �  �  *  �  �  + ,  
  �   ,  
  �  �  -  .  �  
  (/��0��
,�
 , -����
,�
 ) 

0$! "0$�/,�'  %��,�'  %'&'0'<',"' , 00  21,1 13,1 10,8 11,9 12,6 
0$! "0$�/,�'  9!2"2$�',-,�'   

,$%&(�',"' , 6�$  90,6 68,7 59,5 65,7 65,5 

�  �  �  
  �  
  1 ,  
  �   ,  
  �  �  -  .  �  
  (���-1�2
,�
 ) 
0$! "0$�/,�'  %��,�'  %'&'0'<',"' , 00  41,5 6,6 6,7 6,6 6,6 

0$! "0$�/,�'  9!2"2$�',-,�'   
,$%&(�',"' , 6�$  242 83,2 83,2 83,4 83,1 

 

�&')���',,*'  2$&"$,-*  5 "�',"(  0�)5�'#  %�72��(:-  %&" -&$, %�&-"&�2!' : 
-2
��1�/+  �3�/���/+  0�*-�
	 : 

- %&" )'# -2""  %&�)��/,�#  ,$�&57!"  - 2 1,95-1,61 &$7$; 
- %&" )'# -2""  %�%'&'+,�#  ,$�&57!"  - 2 6,2 &$7$; 

-0
,+4�/+  0
���0
�+,5
  6�2�2
�
,/,5
  ,
����
,��  2 6�
0
,/
7  0�*-�
	 : 
- %&" )'# -2""  %&�)��/,�#  ,$�&57!"  - 2 1,32 &$7$; 
- %&" )'# -2""  %�%'&'+,�#  ,$�&57!"  - 2 2,9 &$7$. 

 
 

������������  '��!������!�  ����'�%����  �  �������"��  '� ) -
��  �'�������  �!��!���  � �  !�����������  �� ��  ��'�  �!� 2500-

2300 
� .� . �&$�$,'1 , )�1',-  !$.')&*  �
	  ���  (."�"$� ) ����

� ,  

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

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

�  

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

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

�  

 

�  )'# -25:<'0  %&��&$00,�0  �4' %'+',""  (�	 )  " -'0*  5%&$2�',"(  $�&'�$-�0  
)�(  �500"&�2$,"(  2$��2 , 5 -$,�2�',,�0  ,$  ��
�  (."�"$� ) ����

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

·  ����&"-0* , 7$���',,*'  2 %&��&$00' ��� , ,'  �4' %'+"2$�"  !�&&'!-,���  2* -
%��,',"(  " 3�),���  7$)$,"(  )�(  �500"&�2$,"(  2$�$ (,'  2*)'&�"2$'- (  7$)$,-
,$(  )�",$  �500"&�2$,"( , ,'   �4�:)$'- (  8"&",$  ,$3�' -$ ).  
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·  ����&"-0  &$ +'-$ )�",*  ,$2"2!"  2$�$, 7$���',,*#  2 %&��&$00' ��� , &$4�-$'-  
,'!�&&'!-,� . �$,,�'  �4 -�(-'�/ -2�  %&"2�)"��  !  �500"&�2$,":  2$�$   )�",�#  
�4&'7","2$,"(  ,'   ��-2'- -25:<'#  " 3�),�05  7$)$,": . 

·  �'$�"75'0$(   " -'0�#  -'3,����"(  ,$0�-!"  &'7",�2�#  �',-*  ,$  2$� ,'  �4' %' -
+"2$�$ ,'�43�)"0���  !$+' -2$  �500"&�2$,"(  2$�$. 

·  �� �'  2*%��,',"(  7$)$,"(  %&��&$00$ ���  ,'  %'&'3�)�$  2 " 3�),�'   � -�(,"' , 
!�-�&�'  %�72��"��  4*  %&�"72' -"  %�2-�&,�'  �500"&�2$,"'  2$�$. ��(  5 -&$,' -
,"(  )$,,�#  �8"4!"  %&"3�)"�� /  �4' -�+"2$-/  <"-  5%&$2�',"( . 

·  �  " 3�),�#  %&��&$00' ���  ,'  4*�$  %&')5 0�-&',$  .5,!1"(  %$57*  %&�1'  $  
�500"&�2$,"( . 

·  �&��&$00,�'  �4' %'+',"'  �%'&$-�& !�#  %$,'�"  ,'  9&��,�0"+,� . 
'! -�2*'  
,$)%" " , %�( ,(:<"'  22�)  " 3�),*3  %$&$0'-&�2 )�(  �500"&�2$,"( , -&$!-5:- -
 (  )2�(!� . 

�  1'�(3  5 -&$,',"(  %'&'+" �',,*3  2*8'  ,')� -$-!�2   5<' -25:<"3  $���&"-0�2  
5%&$2�',"(  "  �	  �%'&$-�& !�#  4*��  %&",(-�  &'8',":  %��,� -/:  %'&'&$4�-$-/  %&�-
�&$005 5%&$2�',"(  2 ���  "  �	  �%'&$-�& !�#  %$,'�" . 
$!  �'  )�(  &'$�"7$1""  -&'45'0���  
&'�"0$  ,$2"2!"  4*��  2*%��,',�  )�%��,"-'�/,�'  %�)!�:+',"'  +$ -�-,*3  %&'�4&$7�2$-
-'�'#  	���  ���   !  ���  110. 

6�)'&,"7"&�2$,,$(  %&��&$00$, %�0"0�  � ,�2,*3  .5,!1"# , !�-�&*'  2*%��,(�" /  
" 3�),�#  %&��&$00�#, %�72��('-  &'$�"7�2*2$-/ : 

·  �2$  &'�"0$  ,$0�-!"  �',-*  ,$  2$�:  -5%',+$-$(  (%&(0$( ,$0�-!$ ) "  !� $( . 
·  	 -$,�2  %&��&$00*,   2�70��,� -/:  )$�/,'#8'��  %&�)���',"(  &$4�-* . 
·  	4<"#   4&�  %&��&$00* 2 " 3�),�'   � -�(,"' . 
·  �,$�"7  %&�"7�8')8"3  $2$&"#,*3   � -�(,"# .  
·  	 -$,�2  2*%��,',"(  1"!�$  �500"&�2$,"(  %&" 2�7,"!,�2',""  $2$&"#,�#  

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

2&$<',"(  �500"&5'0���  2$�$. 
·  �&�"72�)"-/  $2-�0$-"+' !5:  5 -$,�2!5  5!�$)+"!$  "  2$�$ 2 " 3�),�'  ,$ -

+$�/,�'   � -�(,"'  (5!�$)+"!  2 !&$#,'0  �'2�0  %����',"" . �$�  ,$  ,5�'25:  
0'-!5  !�,'+,���  2*!�:+$-'�( . 

·  ��  7$2'&8',""  1"!�$  �500"&�2$,"(  %'&'2�)"-  %&��&$005 2 " 3�),�'   � -
 -�(,"' , %&"��),�'  )�(  %�2-�&,���  " %��/7�2$,"( . 

�'75�/-$-  �500"&�2$,"(  2$�$   " %��/7�2$,"'0  0�)'&,"7"&�2$,,�#  %&��&$00*, 
%&') -$2�',  ,$  &" 5,!'  1. 

 
�" 5,�!  1 

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

%&��&$00$ %�72��('-  � 5<' -2�(-/  4��''  !$+' -2',,�'  �500"&�2$,"'  2$�$. 
$!  �'   -�"-/  
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�-0'-"-/ , +-�  4*�"   5 -&$,',*  ,')� -$-!"  " 3�),�#  %&��&$00*, !�-�&$(  4*�$  "7,$+$�/ -
,�  7$���',$  2 ���  $�&'�$-$  7$2�)�0  "7��-�2"-'� . 

 

 

����������  �����"����  �����  ����$&  ��  ����   
�����������  ���  STM32 

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

�  
 

�2-�,�0,*'  5 -&�# -2$   4�&$ )$,,*3  (����'&* ) %&"0',(:- (  2 7$)$+$3 0�,"-�&", -
�$ %$&$0'-&�2 -'3,����"+' !���  %&�1'  $ , ' �"   5<' -25'-  ,'�43�)"0� -/  2 %'&"�)"+' -
 !�#   0','  0' -$  5 -$,�2!"   " -'0*  0�,"-�&",�$ . �  9-�0   �5+$'  5 -&�# -2� -����'&  
)���,�  4*-/  0�4"�/,*0 , &$4�-$-/  �-  $2-�,�0,���  " -�+,"!$  %"-$,"( . 
$!  !$!  ",-'&2$�  
 4�&$ )$,,*3  0��'-  4*-/  )� -$-�+,�  )�"-'�/,*0  (0' (1  "  4��'' ),  " -'0$  -$!�'  )���,$  
4*-/  9!�,�0,�#  2 %�$,'  %�-&'4�('0�#  9�'!-&�9,'&�"" . 
$!�'  5 -&�# -2�  )���,�  �4' %' -
+"2$-/  7$%" / )$,,*3  ,$   �2&'0',,*'  ,� "-'�" , ,$%&"0'& ,$  SD-!$&-5. 

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

 

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

 

�  !$+' -2'  � ,�2*  )�(  0$!'-$  5 -&�# -2$  2*4&$,$ %�$-$ STM32F4-Discovery. 	,$  
"0''-  -$!"'  %&'"05<' -2$  !$!  2 -&�',,*#  USB %&��&$00$-�&-�-�$)+"! , 0�<,*#  0"!&� -
!�,-&���'&  STM32F407, +$ *  &'$�/,���  2&'0',"  RTC "  ,'2* �!5:   -�"0� -/ . �� -�", -
 -2�0  0"!&�!�,-&���'&$  -$!�'  (2�('- (  2�70��,� -/  &$4�-*  2 " %(<'0 " &'�"0'  (sleep 
mode) %&" !�-�&�0  �,  %�-&'4�('-  -�!  2  &'),'0  12 0� . 

	40',  )$,,*0"  0'�)5  %�$-�#  STM32F4-Discovery "  %'&".'&"'#  (LCD )" %�''0 , 
SD !$&-�# ) &'$�"7�2$,�  %� &') -2�0  SPI ",-'&.'# $ .  

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

�&'"05<' -2$0"  &$7&$4�-$,,���  0$!'-$  5 -&�# -2$  (2�(:- ( : 

 
 

	-�$)�+,$(  
%�$-$ 

STM32F4-
Discovery 

LCD )" -
%�'#  ili9341 
(240 x 320) 

���-  )�(  &$-
4�-*   

  SD-!$&-�#  

�,�%!"  "  
",)"!$-�&*  

�$-$&'#,*#  
" -�+,"!  %"-

-$,"(  

USB 
%&��&$00$-�& 

-�-�$)+"!  

6�)5�/  �=�  

�$-+"!  1 �$-+"!  2 �$-+"!  N ... 
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- 4��''  ,"7!$(   -�"0� -/ , +'0  5 $,$���"+,*3  5 -&�# -2 ; 
- �&$."+' !"#  ",-'&.'#    %��/7�2$-'�'0  (4'7 %�)!�:+',"(  !  �� ); 
- 4��/8$(  .5,!1"�,$�/,� -/  7$  +'-  ,$�"+"(  4��/8���  +" �$  (24) !$,$��2  )�(  %�)-

!�:+',"(  )$-+"!�2 ; 
- 2* �!$(  %&�"72�)"-'�/,� -/  0"!&�%&�1'  �&$  STM32F4   -$!-�2�#  +$ -�-�#  )�  

168 6
1 , +-�  %�72��('-  %&�2�)"-/   ���,5:  0$-'0$-"+' !5:  �4&$4�-!5  )$,,*3 . 
�$7&$4�-$,,*#  0$!'-  5 -&�# -2$  $2-�,�0,���   4�&$ )$,,*3  0��'-  4*-/  %&"0',',  2 

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

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

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

 
�%" �!  �"-'&$-5&* : 
1) RM0090. Reference manual. STM32F40x, STM32F41x, STM32F42x, STM32F43x ad-

vanced ARM-based 32-bit MCUs.: STMicroelectronics, 2012.  
2) �,-'&,'- -" -�+,"! : http://mikrocontroller.bplaced.net/wordpress. 

 

 

«�� ������������)  '���������  '��������!�  '��&���  � �  '� -
�$8����  (������������  ������$  �����#�����  ��%�����  ���  

«�� #���"  �����$"  ����� » 
� .� . �50$ , 
 .� . 
"3$,!",  

 
�   ��-2'- -2""    -&'4�2$,"(0"  0'�)5,$&�),*3   -$,)$&-�2   '&""  ISO 9000 �4<''  

&5!�2�) -2�  !$+' -2�0  )� -"�$'- (  +'&'7 5%&$2�',"'  %&�1'  $0"  2 �&�$,"7$1"" . 
�&�1'  �0  ,'�43�)"0�  5%&$2�(-/ %� )250 ,$%&$2�',"(0 : +'&'7  -&5!-5&5 "  &$4�-5 

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

�$�)$(  �&�$,"7$1"(   5<' -25'-  )�(  2*%��,',"(  &$4�-*  %� )�4$2�',":  1',,� -" . 
�$4�-$  2*%��,('- (  %� &') -2�0   '-"  %&�1'  �2 . 

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

	&�$,"7$1""  ,'�43�)"0�  �%&')'�"-/ , �&�$,"7�2$-/  "  5%&$2�(-/  2�'#   '-/:  %&�-
1'  �2  "  27$"0�)'# -2"'0 . 	&�$,"7$1"(   �7)$'- , 5�5+8$'-  "  �4' %'+"2$'-  %� -�(,,�'  !$-
+' -2�  2  2�"3  %&')���',"(3    %�0�</:   '-"  %&�1'  �2 . ;-�  !�&',,$(  !�,1'%-5$�/,$(  
� ,�2$   -$,)$&-�2  ISO 9000. �&�1'  *  "  "3  27$"0�)'# -2"'  )���,*  %�)2'&�$-/ (  $,$�"75  
"  ,'%&'&*2,�05  5�5+8',": . 

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

�" -'0$  !$+' -2$  .5,!1"�,"&5'-  %� &') -2�0  %&�1'  �2 , !�-�&*'   5<' -25:-  !$!  
2,5-&" , -$!  "  2�  27$"0�)'# -2""  .5,!1"# . ��(  9..'!-"2,� -"   " -'0*  !$+' -2$  9-"  %&�-
1'  *  "   ��-2'- -25:<"'  �-2'- -2',,� -/ , %��,�0�+"( , 0'-�)"!"  "  &' 5& *   �')5'-  �%-
&')'�"-/  "  &$72'&,5-/ ,$  %� -�(,,�#  � ,�2' . �" -'0$  (2�('- (  +'0 --�  4��/8"0 , +'0   50 -
0$ %&�1'  �2 . 

��-  �%&')'�',"'  %�,(-"(  «%&�1'  », %&"2�)"0�'  2 ISO 9000:2007: "%&�1'   –  � -
2�!5%,� -/  27$"0� 2(7$,,*3  "�"  27$"0�)'# -25:<"3  2")�2  )'(-'�/,� -" , %&'�4&$75:-
<"3  23�)*  2 2*3�)* ". 
�  ' -/  ,$   $0�0  )'�' , !&�0'  "23�)�2 ", ,"+'��  2 %&�1'   ,'  23�)"- . 
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�  %&"!$7*, "  )�!50',-$1"( , "  %'& �,$� , "  2 '  )&5��' , +-�  �!$7*2$'-  2�"(,"'  ,$  "23�)* ", – 
9-�  "23�)* " %&�1'  $ . �0',,�  -$!  &$  0$-&"2$'- (  5%&$2�',"'  2 "0'-�)'  +'&,���  (<"!$ ", 
�'�$<'��  2 � ,�2'  %&�1'  ,���  %�)3�)$ . 

�5<' -2',,*#  $ %'!-  %&�1'  ,���  %�)3�)$  %&" 2,')&',""  6�  ISO 9001:2011 2 �&-
�$,"7$1""  2 -�0 , +-�  !$�)*#  %&�1'   (2�('- (  �),"0  "7 9�'0',-�2   " -'0*  0',')�0',-$  
!$+' -2$  (�6� ). 

�  ,$ -�(<''  2&'0(  )�(  4��/8", -2$  &�  "# !"3  �&�$,"7$1"# , 2 -�0  +" �'  "  	�	  
«�
� », 3$&$!-'&,$ .5,!1"�,$�/,� -"'&$&3"+' !$(  0�)'�/  5%&$2�',"( , !�-�&$(  "0''-  &()  
 5<' -2',,*3  ,')� -$-!�2 , %&$!-"+' !"  ,'2�70��,*3  )�(  5 -&$,',"(  2 &$0!$3 4��/8"3  
�&�$,"7$1"# . 	 ,�2,$(  %&�4�'0$  – ,'9..'!-"2,*#  �40',  ",.�&0$1"'#  0'�)5  .5,!1"� -
,$�/,*0"  %�)&$7)'�',"(0" , - . ! . ",.�&0$1"( , ,'�43�)"0$(  )�(  %&",(-"(  &'8',"( ,  ,$ -
+$�$ ,$%&$2�('- (   ,"75  22'&3 !  &5!�2�)"-'�: , $ 7$-'0   %5 !$'- (  2,"7  %� 1'%�+!'  !  ,' -
%� &') -2',,�05  " %��,"-'�: , -'0   $0*0 , %&'�)��'2$(  0,��' -2�  &$7�"+,*3  %&'�&$). 
��)�4,$(   " -'0$  5%&$2�',"(  ,'   %� �4,$  4* -&�  &'$�"&�2$-/  ,$  %� -�(,,*'  "70',',"(  
2�  2,'8,'#   &')'  "  %�&��)$'-  0,���+" �',,*'  �8"4!"  2 %'&')$+'  )$,,*3  "  !�,-&��'  
&'8',"# . 

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

 

 
�" 5,�!  1 -  �&�1'  ,*#  %�)3�)  

 
�  � ,�2'  9-���  %�)3�)$  )���',  4*-/  27��()  ,$  �&�$,"7$1": , !$!  ,$   �2�!5%,� -/  

!�:+'2*3  4"7,' -%&�1'  �2 , $ ,'  .5,!1"�,$�/,*3  %�)&$7)'�',"# . 	 ,�2,�'  2,"0$,"'  
5)'�('- (  0'�.5,!1"�,$�/,*0  %&�1'  $0 , !�-�&*'  �4A')",(:-  �-)'�/,*'  .5,!1""  2 
�4<"'  %�-�!"  "  2 1'��0  ,$%&$2�',*  ,$  )� -"�',"'  !�,'+,���  &'75�/-$-$  – %�2*8',"'  
9..'!-"2,� -"  &$4�-*  	�	  «�
� » 2 1'��0 , $ ,'  �-)'�/,���  %�)&$7)'�',"( . 

�   2(7"    9-"0  2,')&',"'  %&�1'  ,���  %�)3�)$  %�72��"-  	�	  «�
� »,  ,"7"-/  -$-
!"'  3$&$!-'&,*'  )�(  .5,!1"�,$�/,�#  0�)'�"  "7)'&�!"  !$!  4��/8$(  -&$-$ 2&'0',"  ,$  %'-
&')$+5 &'75�/-$-�2  )'(-'�/,� -"  0'�)5  %�)&$7)'�',"(0"  "   �-&5),"!$0" . 
$!�'  2,')&' -
,"'  %&�1'  ,���  %�)3�)$  %&"2')'-  !   �!&$<',":  "7)'&�'! ,  ,"�',":  &" !�2  "  52'�"+' -
,":  9..'!-"2,� -"  5%&$2�',"(  %'& �,$��0 . �&"  %&�1'  ,�0  %�)3�)'   &$4�-,"!"  	�	  
«���� !"#  -&54,*#  7$2�)» 45)5-  0�-"2"&�2$,*  -�+,�  " %��,(-/  %&�1'  * , -$!  !$!  ,' 5-  
�-2'- -2',,� -/  7$ -� , +-�4*  %&�1'   2�2&'0(  %'&'8'�    9-$%$ ,$  9-$%. ��(2�('- (  2�7-
0��,� -/   �4"&$-/   -$-" -"!5  �4  " %��,',""  &'��$0',-�2  %&�1'  �2 , $,$�"7   -$-" -"!"  
%�72��('-  2*(2"-/  " -�+,"!"   �!&$<',"(  "7)'&�'!  "  2&'0',"  ,$  " %��,',"'  %&�1'  �2 . 
��!&$<$'- (  2&'0(  %&",(-"(  5%&$2�',+' !"3  &'8',"# .  

�&'"05<' -2$  %&�1'  ,���  %�)3�)$ : 
-  �&"',-$1"(  ,$  &'75�/-$- ; 
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-  5%&�<',"'   " -'0*  5%&$2�',"( ; 
-  2�70��,� -/  %&(0*3 "70'&',"# ; 
-  %�2*8',"'  9..'!-"2,� -" . 
	- :)$  0��,�   )'�$-/  2*2�) , +-�   5-/  %&�1'  ,���  %�)3�)$ , 7$!�:+$'- (  2 -�0 , 

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

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

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

 

 
�" 5,�!  2 -  ��,1'%-5$�/,$(   3'0$  5%&$2�',"(  %&�1'  �0  2 	�	  «�
� » 

 

$!"0  �4&$7�0, )'(-'�/,� -/  	�	  «�
� » 45)'-  %&') -$2�(-/   �4�#  %&�1'   %�-

 -�(,,���  5 �2'&8', -2�2$,"(  "  %&')5%&'�)',"(  2�70��,*3  %&�4�'0 . �0',,�  -$!�'  ,$ -
%&$2�',"'  �4' %'+"2$'-  !$+' -2�  %&�"72�)"0�#  %&�)5!1""  "   ��-2'- -2',,� , 5)�2�'-2� -
&',"'  %�-&'4"-'�'# , !$!  2,'8,"3 , -$!  "  2,5-&',,"3 . 

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

4"7,' -%&�1'  �2 . – 6 .: ���  «�-$,)$&-*  "  !$+' -2� », 2012. – 408  ., "�� . – 
(�'&"(  «�&$!-"+' !"#  0',')�0',- ») 

2. 
	�
  ISO 9000-2011 �" -'0*  0',')�0',-$  !$+' -2$ . 	 ,�2,*'  %����',"(  "  
 ��2$&/ .��$-$  22')',"(  01.01.2013 � . 

3. 
	�
  ISO 9001-2011 �" -'0*  0',')�0',-$  !$+' -2$ . 
&'4�2$,"( .� �$-$  22'-
)',"(  01.01.2013 � . 

4. �5!�2�) -2�  %� !$+' -25  	�	  «���� !"#  -&54,*#  7$2�)». �  �
�  �6�  – 2014. 
�')$!1"(  2. �2')',�  2 )'# -2"'    11.06.2014 � . 
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�������  �'��� ����  ���������!�  '������  ���������  �  ��!� -
�������  ������������  �����%��!�  !���  �  �����&�  

 
�$%�(  � .� ., �5&1'2  � .
 ., �,)&� �2  � .� ., �5,"1",  � .� . 

 
�2-�0$-"7$1"(  %&�1'  �2  "70'&',"(  !�,1',-&$1"#  2&'),*3  �$7�2 2 2�7)53'  %&�-

0*8�',,*3  "  ��&�) !"3  7�,  (2�('- (  $!-5$�/,�#  7$)$+'# 2 %�$,'   �!&$<',"(  -&5)�2*3  
7$-&$- "  &$ 3�)�2  ,$  %&�"72�) -2�  7$0'&�2. �5+,�#  �-4�&  %&�4 2�7)53$ "  %&�2')',"'  "3  
$,$�"7$  -&'45'-   ���,*3  0$,"%5�(1"#  "  7$,"0$'-  4��''  +$ $. 

� %��/7�2$,"'  ,�2'#8"3  )"..57"�,,*3  %��5%&�2�),"!�2*3  )$-+"!�2  �$7$ %�72�-
�('-  %��,� -/:  $2-�0$-"7"&�2$-/  %&�1'   "70'&',"(  "  &'�" -&$1""  !�,1',-&$1"#  2&') -
,*3  -�! "+,*3  �$7�2 2 2�7)53' . 6$�*'  �$4$&"-*  "  2' , ,"7!�'  9,'&��%�-&'4�',"'   )$-+" -
!�2  "  9�'!-&�,,*3  !�0%�,',-  "70'&"-'�/,���  %&"4�&$ %�72��(:-  &'$�"7�2$-/  '��  2 2")'  
$2-�,�0,��� , %'&',� "0���  %&"4�&$.   
   �" -'0$  5%&$2�',"(  %&"4�&�0 )���,$  %�72��(-/  �%'&$-"2,�  ,$ -&$"2$-/  %&"4�&, 
!�,-&��"&�2$-/  '��   � -�(,"'  "  %��5+$-/  &'75�/-$-*  "70'&',"#  2 .�&0' , %&"��),�#  )�(  
�4&$4�-!"  ,$  ;�6 . �� -$2  %&"4�&$ "  '��   " -'0*  5%&$2�',"(  )���,*  2!�:+$-/   �')5: -
<"'  9�'0',-* : )$-+"!  �$7$ �%&')'�',,���  -"%$, %&��&$00"&5'0*#  !�,-&���'& , 5%&$2�('-
0*#  4��!  %"-$,"( , 2�7)58,*#  ,$ �    ."�/-&$0" , !�$%$,*  "  2�7)53�2�)* , 4��!  $ -&�,� -
0"+' !���  2&'0'," , !$&-$ %$0(-", )" %�'# , ��  !$,$�  5%&$2�',"(  ,$ -&�#!$0"  %&"4�&$. 
�7$"0�)'# -2"'  %'&'+" �',,*3  9�'0',-�2   3'0$-"+' !"  "7�4&$�',�  ,$  &" .1. 
 

 
 

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

 ����&"-0*  $2-�0$-"+' !�#   " -'0*  5%&$2�',"(  )���,*  &'$�"7�2$-/  %&�1'  *  
7$4�&$ %&�4, %&�-�!��*  ��  !$,$�$  5%&$2�',"(  ,$ -&�#!$0" , 5%&$2�',"'  " %��,"-'�/,* -
0"  9�'0',-$0"  "  4��!�0  %"-$,"( , %'&'3�)   " -'0*  "  9�'0',-�2  %&"4�&$ 2 )'�5&,*#  &'-
�"0  0","0$�/,���  9,'&��%�-&'4�',"(  2 ",-'&2$�$3  0'�)5  "70'&',"(0" . ����&"-0*  
�4' %'+"2$:-  )� -5%  �%'&$-�&$ !  7$)$,":  %$&$0'-&�2 &'�"0�2   " -'0*    %�0�</:  ��  
%5�/-$, !�-�&*'  �%'&$-"2,�  �-�4&$�$:- (  ,$  )" %�'' . 	 ,�2,*0"  %$&$0'-&$0" &$4�-*  
 " -'0*  (2�(:- ( : %'&"�)  "70'&',"# , )�"-'�/,� -/  %&�1')5&*  7$4�&$ %&�4, %'&"�)  "  
)�"-'�/,� -/  �4&$-,�#  %&�)52!"  ."�/-&�2  "  2�7)53�2�)�2 .  

����&"-0*  ;�6  )���,*  �4' %'+"2$-/  ",-'&.'#  %��/7�2$-'�( , �4&$4$-*2$-/  "  
2"75$�"7"&�2$-/  &'75�/-$-*  "70'&',"# , $2-�0$-"+' !"  .�&0"&�2$-/  %&�-�!��*  "70'&' -
,"# , 2*(2�(-/   �5+$"  %&'2*8',"(  %&')'�/,�  )�%5 -"0*3  ,�&0  !�,1',-&$1""  -�! "+,*3  
�$7�2. �-&5!-5&$  &'�" -&"&5'0*3  )$,,*3  2!�:+$'-  )$-5 "  2&'0(  "70'&',"# , %$&$0'-&* 
&'�"0$  "70'&',"# . 
 6$!'-  � ,�2,*3  9�'0',-�2   " -'0*  &'$�"7�2$,  ,$  !�,-&���'&'  STM32F407, 
"0':<'0  2 -&�',,*#  �=�  (&$7&'8',"'  12 4"- ), $%%$&$-,*# ",-'&.'#  SPI )�(   2(7"    
)" %�''0  "  %�&-*  )�(  5%&$2�',"(  2,'8,"0"  " %��,"-'�/,*0"  9�'0',-$0"   " -'0* . �  
0$!'-'   " -'0*  " %��/7�2$,  )" %�'#  ILI9341, "0':<"#  &$7&'8',"'  2403320. �!$7$,,*#  
!�,-&���'&  "0''-   -�&��'2�#  -$#0'&  )�(  5%&$2�',"(  23�)�0  "  2*3�)�0  2 &'�"0  0"," -
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0$�/,���  9,'&��%�-&'4�',"( . �$&"$1"(   � -�(,"(0"  !�$%$,$0"  � 5<' -2�('- (   '&2� -
%&"2�)$0" , 5%&$2�('0*0"   "�,$�$0"  ��6 , !�-�&*'  .�&0"&5:- (  !�,-&���'&�0 . �!�: -
+',"'  "  2*!�:+',"'  2�7)58,���  ,$ � $  � 5<' -2�('- (  +'&'7 9�'!-&�,,*'  !�:+" .  

 

 

'�������%�����  �������  ��!� ��������  ���'������$  �  '�%�  
' �� ����  � 9�����  

 
���.�,  � .� .,  !��-:�,  � .� . 

 
�&�1'   %&�"72�) -2$  $�:0","'2*3  %�&�8!�2  7$!�:+$'- (  2 %��5+',""  �")!���  

$�:0","(  2 %�$2"�/,�#  %'+", !�-�&*#  7$-'0  %�) )$2�',"'0  &$ %*�('- (  2 � $)"-'�/,�#  
!$0'&'  ,$  0'�/+$#8"'  +$ -"1*  " , � -*2$( , � ')$'-  2 2")'  %�&�8!$ . 
'0%'&$-5&$ 2 %'+" 
%�))'&�"2$'- (  ,$  5&�2,'  800–850� �    %�0�</:  %�)$+" �$7$ 2 �$7�25:  ��&'�!5    9�'!-" -
&�2$,"'0  2�7)53$. ��)$+$  �$7$ � 5<' -2�('- (  %&" %�0�<"  7$%�&,*3 !�$%$,�2    9�'! -
-&�0$�,"-,*0  5%&$2�',"'0 . 

�� !��/!5  %&�1'   (2�('- (  27&*2��%$ ,*0 , -�   )�(  &'�5�"&�2$,"(  -'3,����"+' -
 !"3  %$&$0'-&�2 %&�1'  $ , 2 +$ -,� -"   -'0%'&$-5&* , %&')�$�$'- (  %&"0',"-/  %,'20$-" -
+' !5:   " -'05  5%&$2�',"( , 2!�:+$:<5:  2  '4(  -'&0�9�'!-&"+' !"#  %&'�4&$7�2$-'�/  

��� -9310   5,"."1"&�2$,,*0  2*3�),*0   "�,$��0  0-5 0� , 9�'!-&�%,'20$-"+' !"#  
%&'�4&$7�2$-'�/  ;� -1311, 2-�&"+,*#  &'�" -&"&5:<"#  %&"4�& �� 10.1; , %,'20$-"+' !"#  
%&�%�&1"�,$�/,� -",-'�&$�/,*#  &'�5�(-�&  "  &'�5�"&5:<"#  !�$%$,    %,'20$-"+' !"0  " -
%��,"-'�/,*0  0'3$,"70�0 .  �  !$+' -2'  &'�5�(-�&$  %&')�$�$'- (  " %��/7�2$-/  ,'  &'�5�( -
-�&   " -'0*  «�
��
 », )$2�',"'  %"-$,"(  !�-�&���  140 !�$ , $ 4��''  9!�,�0"+,*#  %,'2-
0$-"+' !"#  %&�%�&1"�,$�/,� -",-'�&$�/,*#  &'�5�(-�& , %� -&�',,*#    " %��/7�2$,"'0  
 -&5#,*3  9�'0',-�2  -"%$ «�	�
� », )$2�',"'  %"-$,"'  !�-�&���   � -$2�('-  2 '��  4 !�$ . 

 

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

 

�&�2')',,*'  9! %'&"0',-$�/,*'  "  �')�2$,"(   -&5#,���  &'�5�(-�&$  %�!$7$�"   �2 -
%$)',"'  '��   3$&$!-'&" -"!  &'�5�"&�2$,"(    3$&$!-'&" -"!$0"  &'�5�"&�2$,"(   5<' - -
25:<'��  %,'20$-"+' !���  %&�%�&1"�,$�/,� -",-'�&$�/,���  &'�5�(-�&$  �� 3.31. 
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����"���  �������  �������!�  �'��� ����  
 ��8���������� )�$�  �������������  

��&7",  � .� .,  
�$)!"3  � .� . 
 

�  0$8",� -&�"-'�/,�0  %&�"72�) -2'  �+',/  +$ -�  " %��/75:- (  %,'20$-"+' !"'  
%&"2�)* , %'&'0'<$:<"'  &$4�+"'  �&�$,*  )�(  �4&$4�-!"  )'-$�'# . �� !��/!5  �4�&5)�2$ -
,"'  � ,$<',�  %�)2�)(<"0"  2�7)58,*0"  �","(0" , -�  ���"+,�  " %��/7�2$-/  5�'  "0': -
<"# (  " -�+,"!  %,'20$-"+' !�#  9,'&�"" .  

��'  )� -$-�+,�  )$2,�  )�(  5%&$2�',"(  0'-$����4&$4$-*2$:<"0  �4�&5)�2$,"'0  
%&"0',(:- (  %,'20$-"+' !"'   -&5#,*'   " -'0* , %� -&�',,*'  ,$  ���"+' !"3  9�'0',-$3  
«��� -�� », «� -�� »  " -'0*  «�	�
� », �4�$)$:<"'  2* �!�#  ,$)@�,� -/:  7$  +@- �- -
 5- -2"(  2 9�'0',-$3  %�)2"�,*3  +$ -'# .  

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

�&')�$�$'- (  �4A')","-/  2 �),�0  !�&%5 '  ,' !��/!�  ���"+' !"3  9�'0',-�2  7$  +@- 
50',/8',"(  &$70'&�2 %"-$:<"3 , 5%&$2�(:<"3  "  2*3�),*3  !$,$��2 . ;-�  %�72��"-  
50',/8"-/  �$4$&"-*  4��!$  5%&$2�',"( , $ -$!�'  45)'-   %� �4 -2�2$-/  52'�"+',":   !�&� -
 -"   &$4$-*2$,"(   " -'0*  5%&$2�',"(  4�$��)$&(  -�05 , +-�  50',/8"- (  )�",$  �","#   2( -
7" 0'�)5  9�'0',-$0" .  
 

��������  ������  ��������������  �����������  ���������  
�� #����  

�"!"-",  � .� .  -5)',-  �&. �
� -431, �")!�2  � .� .  -5)',-  �&. �
� -331, ,$5+. 
&5!.)�1',-  �'&,�2$  
 .� . 

 
�  %&�1'  '  9! %�5$-$1""  $2-�45 �2  ����$,",  2 $2-�!���,,'   6��  «���� !$(  � /�  

B 1732» "0':- (   �5+$"   3�)�2    ,'" %&$2,� -/:  -&$, 0"  "" . 
$!  2013-2014 ��)$3  
%&�"7�8��  162  3�)$ . 	 ,�2,*'  ,'" %&$2,� -" : �:.-  !&' -�2", , 2"4&$1"( !$&)$,,���  
2$�$, �4&*2  4��-�2 , �4&*2  !$&)$,,���  2$�$, "7,�  8�"1'2  !$&)$,,���  2$�$.  

��(  �%&')'�',"(  3$&$!-'&$ ,'" %&$2,� -'#  2 57�$3 -&$, 0"  "#  $2-�45 �2 , ,'�4 -
3�)"0$  )"$�,� -"!$  57��2  "  $�&'�$-�2  -&$, 0"  "" . ��(  %&�2')',"(  )"$�,� -"!"  " %��/ -
7�2$� (  %&"4�& 2"4&�$,$�"7$-�&  «����&"-0 -03».  

�  �')�2$,"'  %&�2�)"�� /  ,$  $2-�45 $3 «����$,", -6270» �� . ,�0'&  �6 062 �$-
&$�  B 539 "  «����$,", -5270»�� . ,�0'&  �6 497 �$&$�  B 529. ��  2&'0(  "70'&',"#  $2-� -
45 *  ,$3�)"� (  2 &'0�,-,�0  4�! '  ,$   0�-&�2�#  (0'    %�))�0!&$+',,*0"  7$),"0"  !��' -
 $0" . �$0'&*  %&�2�)"�" /  ,$  3��� -�0  3�)5  %&" �4�&�-$3  )2"�$-'�(  n=950 �4 /0",  "  ,$  
%'&2�# %'&')$+'  %&" �4�&�-$3  !��',+$-���  2$�$ )2"�$-'�(  n=1200 �4 /0", . �&�4'�  $2-�45-
 $ �$&. B  539  � -$2�(�  973000 !0 . �&�4'�  $2-�45 $ �$&. B  529  � -$2�(�  826000 !0 . 

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

�  "  �')�2$,""  5+$ -2�2$�"  3 +'��2'!$ : 2�)"-'�/ , �$4�&$,-    %&"4�&�0 "   -5)',- -
"  �')�2$-'�/ , !�-�&*#  !�,-&��"&�2$�  %&�1'   "70'&',"# . 

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

��  &'75�/-$-$0  7$0'&�2 2*4&$,*  0$! "0$�/,*'  7,$+',"(  2"4&�5 !�&'"# : «����$ -
,", -6270» - 7$),"#  0� - , «����$,", -5270» - .�$,'1  ��� . 

�'75�/-$-*  7$0'&�2 %&') -$2�',*  2 -$4�"1$3  1 "  2. 

$4�"1$  1 - �"4&�5 !�&',"(  ,$  .�$,1'  ��$2,�#  %'&')$+"  $2-�45 $ «����$,", -

6270» 
&����/5
  �:���/5  

	 /  � , LOG 93 
m$3 1318,257 1318,257 338,844 1318,257 
min 0,032 0,111 0,224 0,025 

	 /  � , LOG 92 
m$3 749,894 749,894 156,675 716,143 
min 0,002 0,002 0,078 0,001 

	 /  Z, LOG 94 
max 51,286 51,286 23,174 50,699 
min 0,082 0,081 1,161 0,025 

'
�2
�  �
�
*
1
  
	 /  � , LOG 98 

m$3 933,254 933,254 204,174 922,571 
min 0,044 0,084 2,570 0,015 

	 /  � , LOG 97 
m$3 933,254 933,254 204,174 922,571 
min 0,034 0,042 0,138 0,013 

	 /  Z, LOG 99 
max 1230,269 1230,269 384,592 1202,264 
min 0,003 0,003 2,754 0,001 

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

,"(  1318,257 0/ 2, ,$  1-�#  %'&')$+'  %�) ,$�&57!�#  2"4&�5 !�&',"'  50',/8$'- (  )�  
933,2540/ 2. �$  1-�#  %'&')$+'  52'�"+',,�'  2"4&�5 !�&',"'  -$!�'  %� � "  � 933,2540/ 2, %� 
� "  Z1230,2690/ 2. 

�  &'75�/-$-'  ��")$� (   3�)    ,'" %&$2,� -/:  57��2 , ,$3�)(<"3 (  2 ,'%� &') - -
2',,�#  4�"7� -"  !  .�$,15  ��$2,�#  %'&')$+" .  

�3�)*    &'0�,-�0  !$&)$,,�#  %'&')$+"  %&�"7�8�"  25.03.2014 – �:.-  !&' -�2",*  
!$&)$,$  "  07.05.2014 – �:.-  !&' -�2",*  !$&)$,$ . 
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$4�"1$  2 - �"4&�5 !�&',"(  ,$  .�$,1'  ���  $2-�45 $ «����$,", -5270» 

&����/5
  �:���/5  
	 /  � , LOG 122 

m$3 2,512 3,936 0,966 1,567 
min 0,371 0,269 0,891 0,084 

	 /  � , LOG 123 
m$3 41,687 41,687 41,687 41,210 
min 0,202 0,226 0,285 0,093 

	 /  Z, LOG 124 
m$3 42,658 42,658 42,170 42,170 
min 0,155 0,288 0,513 0,178 

'
�2
�  �
�
*
1
  
	 /  � , LOG 137 

m$3 2,163 2,661 0,944 1,365 
min 0,266 0,452 0,582 0,015 

	 /  � , LOG 138 
m$3 43,152 43,652 30,549 43,152 
min 0,135 0,042 0,138 0,013 

	 /  Z, LOG 139 
max 29,854 29,854 29,854 29,174 
min 0,288 0,305 0,380 0,126 

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

42,6580/ 2, ,$  1-�#  %'&')$+'  %�) ,$�&57!�#  2"4&�5 !�&',"'  50',/8$'- (  )�  29,8540/ 2. 
�$  3��� -*3  �4�&�-$3  52'�"+',,�'  2"4&�5 !�&',"'  -$!�'  %� � "  � 41,6870/ 2, ,$  1-�#  %'-
&')$+'  %�) ,$�&57!�#  2"4&�5 !�&',"'  52'�"+"2$'- (  )�  43,6520/ 2, %� � "  X 3,9360/ 2. ��  
2&'0(  7$0'&�2 ,'  �4,$&5�',*  !&"-"+' !"3  7,$+',"#  2"4&�5 !�&',"# . ��)"-'�:  %&')�� -
�',�  %&�"72' -"  %&�-(�!5  4��-�2  !&'%�',"(  .�$,1'2  ���  "  !$&)$,,�#  %'&')$+" . 

�$  &" 5,!'  2 %&') -$2�',$  )"$�&$00$  2"4&$1""  ,$  ��$2,�#  %'&')$+"   7$),'��  
0� -$ . 
 

 
�" . 2. �"$�&$00$  7$0'&�2 2"4&$1""  ,$  7$),'0  0� -5  %� � "  X,$  %'&2�# %'&')$+'  

 
 �&�2')',,�'  )"$�,� -"&�2$,"'   -&$, 0"  ""  $2-�45 $ «����$,", -5270» %�!$7$��  
5)�2�'-2�&"-'�/,�'   � -�(,"'  57��2  "  $�&'�$-�2  -&$, 0"  "" . �&"-"+' !"'  7,$+',"(  
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2"4&�5 !�&',"(  �- 5- -2�2$�" . �3�)�2    ,'" %&$2,� -(0"  !$&)$,,�#  %'&')$+"  $2-�45 $  
«����$,", -5270» ,'  4*�� .  
�&�2')',,$(  )"$�,� -"!$  -&$, 0"  ""  $2-�45 �2  «����$,", » %�!$7$�$ 9..'!-"2,� -/  7$ 
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2�  2&'0(  
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�%" �!  �"-'&$-5&*  
1. �, -&5!1"(  !  2"4&�$,$�"7$-�&5  «����&"-0 -03». �5!�2�) -2�  %� 9! %�5$-$1""  
850�05&$ , $,$�"7$-�&   %'!-&$, 2"4&�0'-&$  ����&"-0 -03 (����&"-0 -03-001�� \\ ��	  
«����&"-0 -$!5 -"!$ ».- 6� !2$ . 
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� . � . �� ',!� , � . � . 
*8!'2"+ , � . � . 	&��2 , � . � . �$&$7�2 
���� !"#  %��"-'3,"+' !"#  ", -"-5-  (."�"$� ) �
�	�  ��	  ����

�   

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

,� -"  "  "7��,5-� -/  -�&1�2*3  %�2'&3,� -'#  %�) )'# -2"'0  � -$-�+,*3  -'0%'&$-5&,*3  
,$%&(�',"# . �&"  -'&0��4&$4�-!'  2 8-$0%$3 "7��,5-� -/  0��'-  4*-/   " -'0$-"+' !�# , 
!&$-,�#  +" �5  5%�&�2, "�"  ,'�%&')'�',,�#  %&" 7$!$�!'  "  �-%5 !'    2&$<',"'0  !��/1$  2 
 2�4�),�0   � -�(,""  "�"    5!�$)!�#  ,$  �)",  "7 -�&1�2 . �� �'  -'&0��4&$4�-!"  )�(  �4' -
%'+',"(  7$)$,,*3  �'�0'-&"+' !"3  %$&$0'-&�2 -�&1�2*'  %�2'&3,� -"  %�)2'&�$:-  8�".� -
2$,": . �$�"+"'  "7��,5-� -"  -�&1�2�#  %�2'&3,� -"   5<' -2',,�  5 ���,('-  %&�1'   
8�".�2$,"( , %� !��/!5  %�) )'# -2"'0  0$�,"-,���  %��(   -��$   -$,!$  !��/1$  %��5+$:-  
)�%��,"-'�/,5:  )'.�&0$1": . 	-8�".�2$,,*'  !��/1$   �3&$,(:-  7$)$,,5:  .�&05  -�& -
1�2�#  %�2'&3,� -"  %�) )'# -2"'0  0$�,"-,���  %��( , %� �'  %&'!&$<',"(  )'# -2"(  !�-�&� -
�� , �-!��,',"'  �-  %�� !� -,� -"  2�72&$<$'- ( . 

��(  5 -&$,',"(  "7��,5-� -"  -�&1�2*3  %�2'&3,� -'#  " %��/75:-  &$7�"+,*'  -'3,� -
���"+' !"'  %&"'0* :  ,"0$:-  ,'4��/8"'  %&"%5 !", 0,���!&$-,�  %'&'2�&$+"2$( !��/1� ; 
50',/8$:-  ,$%&(�',,� -/  0$�,"-,���  %��( ,  ,"�$:-  &'�"0*  "  %�2-�&(:-  %'&25: �%' -
&$1": ; 8�".5:-  4'7 7$!&'%�',"(  0$�,"-,*0  %��'0 , �4!�$)*2$(  !��/1�  5%�&$0" "  %&. 
[1]. �'$�"7$1"(  %'&'+" �',,*3   %� �4�2   5<' -2',,�  52'�"+"2$'-  2&'0(  �4&$4�-!"  "  
 -�"0� -/  �%'&$1"" . 

�   2(7"    9-"0  1'�/  )$,,*3  "  �')�2$,"#  7$!�:+$�$ /  2 &$7&$4�-!' ,�2���   %� �4$  
8�".�2$,"(  -�&1�2  ,'�' -!"3  !��'1 , 2 +$ -,� -"  !��'1  %�)8"%,"!�2 ,   5+@-�0 � '2*3  
5%&5�"3 )'.�&0$1"# , �4' %'+"2$:<'��  2* �!5:  %&�"72�)"-'�/,� -/  %&" 7$)$,,�0  )� -
%5 !'  %�� !� -,� -"  �4&$4�-$,,�#  %�2'&3,� -" . 

��(  )� -"�',"(  %� -$2�',,�#  1'�"  4*�"  &'8',*   �')5:<"'  7$)$+": "  �')�2$,$  
,'%�� !� -,� -/  -�&1�2*3  %�2'&3,� -'#  7$��-�2�!  ,'�' -!"3  !��'1  %'&')  �%'&$1"'#  
8�".�2$,"( ; &$7&$4�-$,$ 0$-'0$-"+' !$(  0�)'�/  � '2*3  )'.�&0$1"#  !��/1$  %�) )'# - -
2"'  0$�,"-,���  %��(   -��$   -$,!$  "  &$)"$�/,�#   � -$2�(:<'#   "�*  8�".�2$,"( ; �%&')' -
�',*  5 ��2"(  �4' %'+',"(  7$)$,,���  )�%5 !$  %�� !� -,� -"  -�&1�2�#  %�2'&3,� -"  !��/ -
1$ %�)8"%,"!$ , 5+"-*2$:<"'  � '25:  )'.�&0$1":  !��/1$  %�) )'# -2"'0  0$�,"-,���  %�-
�(   -$,!$  "  &$)"$�/,�#   � -$2�(:<'#   "�*  &'7$,"( . �  �')5'- (   %�� !�'  8�".�2$,"'  
%'&".'&"'#  !&5�$. 

�,$�"7  .�&0*  -�&1�2�#  %�2'&3,� -"  ,'�' -!"3  !��'1   )'�$,  ,$  %&"0'&' ,$&5� -
,*3  !��'1  !�,"+' !���  �),�&(),���  &��"!�%�)8"%,"!$  "7  -$�"  �� 15 (&" . 1)   &$70'-
&$0", %&') -$2�',,*0"  2 -$4�"1' , �)' : D, D1, 
  –  ��-2'- -2',,�  ,$&5�,*# , 2,5-&',,"#  
)"$0'-&*  "  8"&",$  !��/1$ ; 2 - 5���  !�,5 ,� -" ; r = D0/2 –  ��-2'- -2',,�  &$)"5  "  )"$ -
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0'-&  1',-&$�/,�#  � "  !��/1$ , %&�3�)(<'#  +'&'7 1',-&  -(�' -"  %�%'&'+,���   '+',"( ; Iz  , 
I5  "  Iz , I5  � � '2*'  0�0',-*  ",'&1""  �-,� "-'�/,�  1',-&$�/,*3  � '#  zc , "c  %�%'&'+,���  
 '+',"(  !��/1$  "  ��$2,*'  1',-&$�/,*'  0�0',-*  ",'&1""  (&" . 1, +); 31, 32 – !�9.."1"', -

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

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


$4�"1$  

���/1�  D, 
00  

D1, 
00  

C, 
00  

2, 
�&$) 

r, 
00  

Izc, 
00 4 

Iz, 
00 4 

Iy, 
00 4 31 32 

� -
7866A.01 

375 357,5 18 15,0 184,2 2939 3001 431 64,3 0,048 

1077756.01 460 401 62 12,7 218,4 432500 439000 63610 22,1 0,130 
 

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

�&)",$-,�#  "70'&"-'�/,�#  0$8",'  Millenium. 
&"  ,$%&$2�(:<"'  0$8",*  �4&$75:-  )' -
!$&-�25  4$7�25:   " -'05  !��&)",$-  X, Y, Z, 2 !�-�&�#  %'&'0'<$'- (  <5%�2$( ����2!$ . 
��, -&5!1"(  0$8",*  %�&-$�/,$( ,   ,'%�)2"�,*0  "70'&"-'�/,*0   -���0  "  4�!�2*0  
%&"2�)�0  %�&-$�$. 
�&1�25:  %�2'&3,� -/  !��/1$  "  �')�2$�"  %� �!&5�,� -"   &'),'��  
)"$0'-&$  2 0"!&�%&�1'  �&,�0  &'�"0' . 

�$  &" . 2 %&"2')',*  &'75�/-$-*  "  �')�2$,"(  �),���  "7 !��'1 . 	-!��,',"'  �-  
%�� !� -,� -"  "0''-  8' -/  2*&$�',,*3  2��, .  

	4&$4�-!$  )$,,*3  %�!$7$�$, +-�  %&" %'&2�,$+$�/,�0  -&'3  �%�&,�0  !�,-$!-'  %�-
2'&3,� -'#   -��$  "  -�&1$ !��/1$   &'),''  7,$+',"'  5���2  0'�)5  -�+!$0"  !$ $,"(    2'&� -
(-,� -/:  0,95  � -$2�('-  120° ± 16°. � 3�)(  "7 9-��� , 2 &$ +'-,�#   3'0'  (&" . 3, � ) %&",(-
-� , +-�  !��/1�  !$ $'- (   -��$  2 -&'3  -�+!$3 , &$ %����',,*3  ,$  &$2,*3  &$  -�(,"(3  %� %'-
&"0'-&5  !��/1$ . ���/1�  ,$�&5�',�   � &')�-�+',,�#   "��#  
 y  (�-  )'# -2"(  8�".�2$�/,� -
��  !&5�$) "  &$2,�0'&,�  &$ %&')'�@,,�#  ,$�&57!�#  q = qc + qm (�-  )'# -2"(  0$�,"-,���  
%��(   -��$   -$,!$  qc "  0$  *  !��/1$  qm), %'&%',)"!5�(&,*0"  %�� !� -"  !��/1$ .  

z 

y 

D1 

D0 

2 



 

y�  

z  

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

(!��/1�  !�,"+' !���  �),�&(),���  &��"!�%�)8"%,"!$  1077756.01) 
 


&'3  �%�&,*#  !�,-$!-  !��/1$    %�2'&3,� -/:   -��$  3$&$!-'&',  )�(  
%'&2�,$+$�/,���  0�0',-$  ,$�&5�',"( . �&"  2�7&$ -$,""  ,$�&57!"  +" ��  �%�&,*3  
!�,-$!-�2  !��/1$    %�2'&3,� -/:   -��$  52'�"+"2$'- (  )�  8' -"  (&" . 3, +). 

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

)'.�&0$1""  !��/1$  wmax %&" -&@3 (� ) "  8' -"  (+) �%�&,�0  !�,-$!-'   �   -���0  
 

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

6$! "0$�/,$(  � '2$(  )'.�&0$1"(  %&" 7$!&'%�',""  7$��-�2!"  !��/1$  0$�,"-,*0  
%��'0   -��$  45)'-  &$2,$:  

wq = wm + wqmax +  wq! , 
�)'  wm, wqmax – 0$! "0$�/,$(  � '2$(  5%&5�$( )'.�&0$1"(  !��/1$  %&" "7�"4' ,  ��-2'- - -
2',,�  %�) )'# -2"'0  0$  *  7$��-�2!"  "  0$�,"-,���  %��(   -��$ ; wq!  - !�,-$!-,$(  )'.�& -
0$1"(  -�&1�2�#  %�2'&3,� -"  !��/1$    %�� !� -/:   -��$ . 

�&"  8�".�2$,""  -�&1$ !  � '2�#  )'.�&0$1""  )�4$2�('- (  0$! "0$�/,$(  � '2$(  
5%&5�$( )'.�&0$1"(  !��/1$  %&" "7�"4'  wpmax %�) )'# -2"'0  &$)"$�/,�#   � -$2�(:<'#  
 "�*  &'7$,"( , %&"���',,�#  2 1',-&'  %&��@-$ 0'�)5  �%�&$0" , "  !�,-$!-,$(  )'.�&0$1"(  
-�&1�2�#  %�2'&3,� -"  !��/1$    %�� !� -/:   -��$  wp! :  
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wp = wpmax  + wp! . 
��,-$!-,5:  )'.�&0$1":  ��$) -

!�#  %�2'&3,� -"   -��$  "  8'&�3�2$-�#  
2��," -�#  -�&1�2�#  %�2'&3,� -"  7$�� -
-�2!"  !��/1$  �%&')'�(�"  0'-�)�0  � . 
� . �@0!",$ . �&�2')@,,$(  �1',!$  2'�" -
+",*  !�,-$!-,*3  )'.�&0$1"#  %�72�-
�('-   )'�$-/  2*2�) , +-�  '@ 2'�"+",$  
)�(  "  �')5'0*3  !��'1  %&" ,$"4��/ -
8"3  ,$�&57!$3 ,'  %&'2*8$'-  -&@3 
%&�1',-�2  )�%5 !$  %�� !� -,� -" . �  
 2(7"    9-"0  2 )$�/,'#8"3  &$ +'-$3 
2�"(,"'  !�,-$!-,*3  )'.�&0$1"#  ,'  
5+"-*2$�" . ;! %'&"0',-$�/,*'  " -
 �')�2$,"(  � '2*3  )'.�&0$1"#  !��'1  
%�) )'# -2"'0  0$�,"-,���  %��(   -��$  
%�)-2'&�)$:-  9-�  %&')%����',"' . 

�7  -$4�"1*   �')5'- , +-�  )�(  &$  0$-&"2$'0*3  !��'1  31 = 24r/C > 10, 32 = 0,5(D – 
D1)/r < 0,2. �*%��,',"'  )$,,���  5 ��2"(  %�72��('-  " %��/7�2$-/  )�(  �%&')'�',"(  0$! " -
0$�/,*3  � '2*3  5%&5�"3 )'.�&0$1"#  %&" "7�"4'  !��/1$  wpmax "  wqmax -'�&":   -'&�,'#  
0$��#  !&"2"7,* . 

6$! "0$�/,$(  � '2$(  5%&5�$( )'.�&0$1"(  !��/1$  %&" "7�"4'  wpmax "  wqmax �%&')' -
�('- (  0'-�)�0  6�&$ . �-$-"+' !$(  ,'�%&')'�"0� -/  !��/1$  &$ !&*2$'- (  0'-�)�0   "�  [2-
4]. 

�  �4<'0   �5+$'  ��$2,*'  1',-&$�/,*'  � "  %�%'&'+,���   '+',"(  !��/1$  z "  " 0��5-  
4*-/  ,$!��,',*  %� �-,�8',":  !  %�� !� -"  !��/1$  ( 0 . &" . 1, +). ��(  �4�'�+',"(  )$�/ -
,'#8"3  2*+" �',"#  1'�' ��4&$7,�  22' -"  2 %�0��$-'�/,*'  !�9.."1"',-* : hy = I5c/ Izc; 
hzy = I5czc/Izc; h!  = EI5Iz/(GIzcI! );  �)'  I!  - 0�0',-  ",'&1""   '+',"(  %&" !&5+',"" ; I5c, Izc, I5, Iz 
, I5czc – � '2*'  "  1',-&�4'�,*#  0�0',-*  ",'&1"" ; E, G – 0�)5�"  ,�&0$�/,�#  5%&5�� -"  "  
 )2"�$  0$-'&"$�$  !��/1$ . 

�&"  &$ !&*-""   -$-"+' !�#  ,'�%&')'�"0� -"  0'-�)�0   "�  &$7&'7 !��/1$  &$ %��$-
�$'0  2 %�� !� -"   "00'-&"" , 2 -�+!'  �  ( 0 . &" . 3), +-�  %�72��('-  " %��/7�2$-/   2�# -2$  
 "00'-&""  "  )� -$-�+,�  �%&')'�"-/  �)",  ,'"72' -,*#  "7�"4$:<"#  0�0',-  [2, 3]. 

�&"  )'# -2""  5!$7$,,�#  ,$�&57!"  0$! "0$�/,$(  � '2$(  )'.�&0$1"(  !��/1$  (%&�-
�"4 ) w 2�7,"!$'-  2 -�+!'  �  ( 0 . &" . 3). � %��/75(  0'-�)  6�&$ , 2 %��(&,�#   " -'0'  !��& -
)",$-  %��5+"0  [2, 3]: 

[ ]� �
=

+=
n

i
i%i%zciy

yz

z'

i

d��5MM5
IEI

rI
w

1 j

j/
� i

/
zci , 

�)' /
z'� , /

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

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

w
q3

 = w
qmax3

 + w
m3

 = Ar(635
y
 + 75

!
)(q

c 
+ q

m
);                                       (1) 

w
&max3

 = Ar(965
y
 + 165

!
)P

y
;                                                          (2) 

wq4 = wqmax4 + wm4 = Ar(185y + 1,15! )(qc + qm);                                      (3) 
w&max4 = ArPy (465y + 65! );                                                         (4) 

wq5 = wqmax5 + wm5 = Ar(75y + 0,285! )(qc + qm);                                  (5) 
w&max5 = ArPy (265y + 3,25! );                                                     (6) 

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

C – !��/1�  1077756.01;   D  –  !��/1�  � -7866� .01 
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wq6 = wqmax6 + wm6 = Ar(3,35y + 0,15! )(qc + qm);                                   (7) 
w� max6 = ArPy (165y + 25! );          (8) 

�)'                   .
103

3

yz

zc

IEI

Ir
A =  

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

wq = yi + wqi,                 (9) 
�)'  yi – 5&�2',/  (0!0 ),  ��-2'- - -
25:<"#  i - 05 !��"+' -25  �%�& (y3 
%&","0$'0  &$2,*0  ,5�: ) ( 0 . &" . 
4); wqi – � '2$(  )'.�&0$1"(  %&" i 
�%�&$3, 3 E i E 6. ����&"-0  2*+" -
�',"(  0$! "0$�/,�#  � '2�#  5%&5��# 
)'.�&0$1""  !��/1$  %�) )'# -2"'0  
0$�,"-,���  %��(   -��$  "  0$  *  
!��/1$  %� (9) %&"2')@, ,$  &" 5,!'  5. 

6$! "0$�/,$(  � '2$(  5%&5�$( 
)'.�&0$1"(  %&" 7$!&'%�',""  !��/1$  
0$�,"-,*0  %��'0   -��$   -$,!$  "  
)'# -2""  &$)"$�/,�#   � -$2�(:<'#  
 "�*  &'7$,"(  c 5+'-�0  "70',',"(  
!��"+' -2$  �%�&,*3  !�,-$!-�2  45-
)'-  &$2,$: 

wmax = yi + wqi + wpi.        (10) 
�" 5,�!  5 - ����&"-0  2*+" �',"(  0$! "0$�/,�#  

� '2�#  5%&5��# )'.�&0$1""  !��/1$  %�) )'# -2"'0   
0$�,"-,���  %��(   -��$   -$,!$  "  0$  *  !��/1$  
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����&"-0  2*+" �',"(  0$! "0$�/,�#  � '2�#  5%&5��# )'.�&0$1""  !��/1$  %� (10) %&"2'-
)@, ,$  &" 5,!'  6. 

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

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

<$(  .�&05�$ : 
[D] = 6D - D&, 

�)'  6 - !�9.."1"',-  7$%$ $ -�+,� -" ; D - )�%5 !  %�� !� -,� -"  -�&1�2�#  %�2'&3,� -"  ,$  
�%'&$1""  8�".�2$,"( ; D& – )�%5 !  %�� !� -,� -"  %&" 8�".�2$,""  �@ -!�#  7$��-�2!" , 
�%&')'�('0*#  "7  %&$2�+,�#  �"-'&$-5&* . 

��(  "  �')5'0*3  !��'1  %&",(-�  6 = 0,75; D = 25 0!0 . ��(  !��/1$   � -7866� .01 D& = 
7,5 0!0 ; )�(  !��/1$   1077756.01 D& = 9 0!0 . 

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

wq E [D].                                                        (11) 
�&"  wq  > [D] !��/1�  ,$   -��'   -$,!$  7$!&'%�('- (    %�0�</:  5%�&�2. 
�$!  %�!$7*2$'-  %&$!-"!$, %��5+',"'  -&'45'0�#  8'&�3�2$-� -"  -�&1�2�#  %�2'&3-

,� -"  !��/1$  %�)8"%,"!$  2�70��,�  4'7 " %��/7�2$,"(  2*3$�"2$,"( . �*3$�"2$,"'  %&"-
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0',(:-  )�(  �4' %'+',"(  )�%5 !$  %�� !� -,� -" . 	 ,�2,�'  2&'0(  �4&$4�-!"  2�7&$ -$'-  
%&" 9-�0  2  &'),'0  ,$  40%. 

�&"  7$!&'%�',""  7$��-�2!"  !��/1$  0$�,"-,*0  %��'0   -��$  2�70��,� -/  8�".�2$ -
,"(  4'7 2*3$�"2$,"(  �%&')'�',$  ,'&$2', -2�0 : 

wq + wp E [D].                                                        (12) 
�&"  8�".�2$,""  7$��-�2!"  !��/1$  c 7$!&'%�',"'0  5%�&$0" 2�70��,� -/  8�".� -

2$,"(  4'7 2*3$�"2$,"(  �%&')'�',$  ,'&$2', -2�0 : 
wp + wm E [D].                                                        (13) 

�  5 ��2"(3  (11) - (13) " %��/75:- (  0$-'0$-"+' !"'  0�)'�"  5%&5�"3 � '2*3  )' -
.�&0$1"#  !��/1$  (1) - (8). 

��(   -$,)$&-,*3  %�"-  ,$  � ,�2'  0$�,"-�-2'&)*3  .'&&"-�2  (
	�
  16528) "  9�'! -
-&�0$�,"-,*3  %�"-  (
	�
  30273) !�$  $  -�+,� -"  �  5)'�/,$(   "�$  %&"-(�',"(  p  )���,$  
4*-/  ,'  0',''  0,16 6�$  [5]. �,-', "2,� -/  &$2,�0'&,�  &$ %&')'�',,�#  ,$�&57!"  qc �-  
)'# -2"(  0$�,"-,���  %��(   -��$  ,$  !��/1�  45)'-  &$2,$ q = pb = 0,16b, �)'  b = (D - D1)/2 –
8"&",$  4$7�2���  -�&1$ 7$��-�2!"  !��/1$  ( 0 . &" . 1, +). 

� 3�)(  "7 %&�2')',,*3  "  �')�2$,"# , &$7&$4�-$,  %� �4  5 -&$,',"(  "7��,5-� -"  
-�&1�2  !��'1  8�".�2$,"'0 , %&" !�-�&�0  8�".�2$,"'  %'&2���  -�&1$ %&�"72�)"- (  4'7 
)'# -2"(  0$�,"-,���  %��(   -��$    &$)"$�/,�#   � -$2�(:<'#   "�*  &'7$,"(  
 ", �4' %'+" -
2$:<'0  � '25:  )'.�&0$1":  (0$! "0$�/,*#  %&��"4) 0',/8'  )�%5 !$  %�� !� -,� -"  
-�&1�2  [6]. 

�'�"+",$   "�*  py %&"2')@,,�#  !  8"&",'  -�&1�2�#  %�2'&3,� -"  %&",(-$ &$2,�#  
16,2 � /00 . ;-$  2'�"+",$  %��5+',$  "7 5 ��2"(  �4' %'+',"(  �- 5- -2"(  8�".�2�+,*3  
%&"����2  "  %$&$0'-&$ 8'&�3�2$-� -"  Ra E 2,5 0!0  %&" 0$! "0$�/,�#  %&�"72�)"-'�/,� -
 -"  %&�1'  $ . 

��(  !��/1$  � -7866A.01 %&�2'&"0 5 ��2"'  %&"0',"0� -"  0$�,"-,���  %��(   -��$  
(11):                          wq3 = wqmax3 + wm3 = 317 + 2 = 319 0!0  > y4 = 5,8 0!0 , 
,$3�)"0 :           wqmax4 + wm4 = 75 + 0, 5 = 75,5 0!0  > y5 - y4 = 9,6 – 5,8 = 3,8 0!0 ; 
,$3�)"0 :           wqmax5 + wm5 = 26 + 0,2 = 26,2 0!0  > y6 – y5 = 14,8 – 9,6 = 5,2 0!0 ,  

y6 = 14,8 > [D] = 11,3 0!0 . 
� ��2"'  (11) ,'  2*%��,('- ( . ��(  7$!&'%�',"(  !��/1$  ,$   -��'   -$,!$  ,'�43�)"0�  

" %��/7�2$-/  5%�&*. 
�&�2'&('0  2*%��,',"'  5 ��2"(  8�".�2$,"(  4'7 2*3$�"2$,"(  (13):  

wm5 + w&max5 = 0,2 + 34 = 34,2 0!0  > y6 – y5 = 14,8 – 9,6 = 5,2 0!0  
y6 = 14,8 > [D] = 11,3 0!0 . 

� ��2"'  (13) ,'  2*%��,('- ( . ��(  !��/1$  &'!�0',)5'- (  8�".�2$,"'    2*3$�"2$ -
,"'0 . 

��(  !��/1$  1077756.01 %&�2'&"0 5 ��2"'  %&"0',"0� -"  0$�,"-,���  %��(   -��$  
(11):                       wq3 = wqmax3 + wm3 = 14 + 0,3 = 14,3 0!0  > y4 = 3,6 0!0 ; 
,$3�)"0 :    wqmax4 + wm4 = 3,3 + 0, 1 = 3,4 0!0  > y5 - y4 = 6,7 – 3,6 = 3,1 0!0 ; 
,$3�)"0 :      wqmax5 + wm5 = 1,2 + 0,03 = 12,03 0!0  < y6 – y5 = 9,7 – 6,7 = 3,0 0!0 ; 

        wq  = y5 + wqmax5  + wm5 = 6,7 + 1,2 + 0,03 = 7,93 0!0  < [D] = 9,7 0!0 .  
� ��2"'  (11) 2*%��,('- ( . ��(  7$!&'%�',"(  !��/1$  ,$   -��'   -$,!$  %&"0',"0�  

0$�,"-,�'  %��'   -$,!$ .  
�&�2'&('0  2*%��,',"'  5 ��2"(  8�".�2$,"(  4'7 2*3$�"2$,"(  (12):  
wqmax5 + wm5 + w� max5 = 1,2 + 0,03 + 1,5 = 2,73 0!0  < y6 – y5 = 9,7 – 6,7 = 3 0!0 ; 
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wqmax5 + wm5 + w� max5 + y5 = 1,2 + 0,03 + 1,5 + 6,7 = 9,43 0!0  < [D] = 9,7 0!0 . 
� ��2"'  8�".�2$,"(  4'7 2*3$�"2$,"(  2*%��,('- ( . �&"  9-�0  !��/1�  �-  )'# -2"(  

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

���/1�  1077756.01 &'!�0',)5'- (  8�".�2$-/    7$!&'%�',"'0  0$�,"-,*0  %��'0  
 -��$  4'7 2*3$�"2$,"( . 

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

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

���5+',*  5 ��2"(  �4' %'+',"(  7$)$,,���  )�%5 !$  %�� !� -,� -"  -�&1�2�#  %�-
2'&3,� -"  !��/1$  %�)8"%,"!$ , 5+"-*2$:<"'  � '25:  )'.�&0$1":  !��/1$  %�) )'# -2"'0  
0$�,"-,���  %��(   -$,!$  "  &$)"$�/,�#   � -$2�(:<'#   "�*  &'7$,"( . 
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�����8�����������  '�������%��"  ����� )�����  �  '����������  
 �!����%����&  ��&�� �!�"  

���(,"+!",  � .6 .,  -5) . �&. ��� -696, �'&,�2$  
 .� ., )�1 ., ,$5+. &5!. 

 

	4<' -2�    ��&$,"+',,�#  �-2'- -2',,� -/:  «
����
�� » 2 � . ���� !�0  �4&$7�-
2$,�  3 )'!$4&(  2001 ��)$ , (2�('- (  )�+'&,"0  %&')%&"(-"'0  	�	  «���  ���� !"# » "  23� -
)"-  2  � -$2  	�	  «�2&�%'# !$(  %�)8"%,"!�2$(  !�&%�&$1"( ».  

	 ,�2,*0  2")�0  )'(-'�/,� -"  !�0%$,""  (2�(:- (  -&$, %�&-,*'  5 �5�"  (�&57�%'-
&'2�7!" ). ���� !"#  (2�('- (  !&5%,*0  -&$, %�&-,*0  57��0 , 1',-&�0  %&�0*8�',,� -" , +-�  
%�72��('-  			  "
����
�� " 5 %'8,�  2' -"   2�:  )'(-'�/,� -/  ,$  &*,!'  -&$, %�&-,*3  
5 �5�  5�'  4��''  12 �'- . 
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$!�'  %&')%&"(-"'  �!$7*2$'-  5 �5�"  %� -'3,"+' !�05  �4 �5�"2$,":  "  &'0�,-5  
-&$, %�&-,*3   &') -2 , 5 �5�"  %� %&�2')',":  %&')&'# �2���  "  %� �'&'# �2���  0')"1", !� -
��  � 0�-&$ . 

�$&!  �&57�2*3  $2-�0�4"�'#   � -$2�('-  43 ') . "   � -�"-  "7 �'�!�2*3  – 4 ') ., �&57�-
2*3  4�&-�2*3  -5 ') .,  $0� 2$��2  – �"� -66� -4505, �$0�� -5511 – 12 ') .,  ')'�/,*'  -(�$+"  – 
�$0�� -54115� , -5410, ������ -114 – 16 ') .,  %'1"$�/,*3  -&$, %�&-,*3   &') -2  – 6 ') .  

�$7,��4&$7,*#   � -$2  -&$, %�&-,*3   &') -2  %� �&57�%�)A'0,� -"  )$'-  2�70��,� -/  
%'&'2�7"-/  �&57* &$7�"+,�#  ,�0',!�$-5&* , !�$  $  "  �4A'0�2 , � 5<' -2�(-/  ��&�) !"' , 
%&"��&�),*'  "  0'�)5��&�),"'  �&57�%'&'2�7!" . 

�  ,$ -�(<''  2&'0(  2  %" !'  !�"',-�2  			  «
����
�� » 4��''  200 �&�$,"7$1"# . �  
� ,�2,�0  9-�   -&�"-'�/,*' , -�&�5:<"'  �&�$,"7$1""  "  !&5%,*'  %&�0*8�',,*'  %&')%&"-
(-"( , -$!"'  !$!  	�	  «���  ���� !"# », 			  «
�&��2*#  )�0  ��� », 	�	  «���  6� !2$ », 
	�	  «���  �$0$&$», 	�	  «���  �$&$-�2 », ��	  «
$7%&�0 3"02���!,� », 	�	  «���� !"#  
	&� ",-'7 », 	�	  «��
� », ��	  «��
 », 	�	  «����� » "  )&5�"' .  

	 ,�2,*0"  %�-&'4"-'�(0"  -&$, %�&-,*3  5 �5�  			  «
����
��  (2�(:- (  	�	  
«���  ���� !"# » "  %&')%&"(-"(  23�)(<"'  2 	�	  «��� ». �$&!  0$�" -&$�/,*3  $2-�%�'7)�2  
%&')%&"(-"(  � 5<' -2�('-  )� -$2!5  ��-�2�#  %&�)5!1""  	�	  «��� » ,$   !�$)*  ."�"$��2  
			  «
�  ��� », &$ %����',,*'  ,$  -'&&"-�&""  ��  ""  "  �'��&5  "" . 

 
�%'1"$�"7"&�2$,,*#  %�)2"�,�#   � -$2  "   -&�"-'�/,$(  -'3,"!$  %�72��(:-  �!$7* -

2$-/  ��-2'- -25:<"'  5 �5�" , � 5<' -2�(-/  %'&'2�7!5   *%5+"3 �&57�2, %&�"72�)"-/  7'0�( -
,*'  &$4�-* , -&$, %�&-"&�2!5  �%$ ,*3  �-3�)�2 . 

�0':<$( (  &'0�,-,$(  4$7$ "  ,'�43�)"0�'  �$&$�,�'  �4�&5)�2$,"'  %�72��(:-  %&�-
"72�)"-/  0�#!5 , )"$�,� -"!5 , -'3,"+' !�'  �4 �5�"2$,"' , -'!5<"#  "  !$%"-$�/,*#  &'0�,-  
-&$, %�&-,*3   &') -2 . 

	 ,�2�#  &$4�-*  			  «
����
�� » 7$!�:+$'- (  2 �%-"0"7$1""  7$-&$- 7$  +@- 
%&"0',',""  ���" -"+' !"3  -'3,����"# , %�72��(:<"3  50',/8"-/  2&'0(  �40',$  ",.�& -
0$1"'#  "  5 !�&',"(  7$!�:+',"(  )���2�&�2    %� -$2<"!$0"  "  !�"',-$0" , 50',/8',"(  
%&� -�'2  2 %5,!-$3 %��&57!" "  &$7�&57!",  �!&$<',"(  %�&��,"3  &'# �2  7$  +@- %'&'2�7!"  
�&57�2 2 %&(0�0 "  �4&$-,�0  ,$%&$2�',"(3 .  

�5<' -25:<"#  %$&! -&$, %�&-,*3   &') -2  %�72��('-  2 ,$ -�(<''  2&'0(  %'&'2� -
7"-/  32037 -�,,  �&57$, �&57��4�&�-   � -$2�('-  15110376 -!0 ,  &'),''  &$  -�(,"'  %'&'2�7-
!"  �&57$  � -$2�('-  472 !0 , !��"+' -2�  '7)�!    �&57�0 7134, !�9.."1"',-  " %��/7�2$,"(  
%&�4'�$  � -$2�('-  0,77.  

�,$�"7  %�!$7$�, +-�  "0':- (  &'7'&2*  %&�2�7,�#  2�70��,� -"  2 +$ -"  50',/8',"(  
3��� -*3  %&�4'��2  334824 !0  7$  +@- " !�:+',"(  %�&��,"3  
&'# �2 .  
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�" . 1. �" -'0$  ��"-  – 0',')�0',-$  ,�2���  %�!��',"(  

  
�  ,$ -�(<''  2&'0(   2(7/  			  «
����
�� »   �
� , &$ %����',,�#  2 � . 6� !2'  

� 5<' -2�('- (     %&"0',',"'0  ,$2"�$1"�,,$(   " -'0*  ARN� VI 
��,$  /GPS. �$  $2-� -
0�4"�(3    1'�/:   �4�:)',"(  &'�"0$  -&5)$ "  �-)*3$  2�)"-'�(0"  5 -$,�2�',*   1".&� -
2*'-$3��&$.* «�-&"3  -$3� -rus».  

�   2(7"    ��&�0,*0  !��"+' -2�0  5+$ -,"!�2  %'&'2�7�+,�#  )'(-'�/,� -"  ,'�43� -
)"0�   �2'&8', -2�2$,"'  ���" -"+' !"3  -'3,����"# . ��(  5 %'8,���  &$72"-"( %&')%&"-
(-"(   5<' -25'-  &$4�+$(  " -'0$ , !�-�&$(  $2-�0$-"7"&5'-  2 '  !�:+'2*'  4"7,' -%&�1'  * , 
 �7)$ -  ')",�'  ",.�&0$1"�,,�'  %&� -&$, -2� , %�!$�'-  2 &'�"0'  &'$�/,���  2&'0',"   � -
 -�(,"'  4"7,' $  "  %�0��'-   )'�$-/  '��  4��''  %&"4*�/,*0 . �0',,�  -$!"0  &'8',"'0  (2-
�('- (  %&��&$00$ SAP. 

�  %�0�</:  9-�#   " -'0*  0��,�  $2-�0$-"7"&�2$-/  2 '  4"7,' -%&�1'  *  %&')%&"-
(-"( , 2 - . +. - 5%&$2�',+' !"#  5+'- ; - $2-�0$-"7$1":  4:)�'-"&�2$,"( ; -  ,$4�',"'  "  �4 -
&$4�-!$  7$!5%�!; - 5%&$2�',"'  %&�"72�) -2�0 ;   - 5%&$2�',"'  7$%$ $0" "   !�$)$0" ; -  4*-  
"  &$ %&')'�',"' ; - .",$, �2*#  5+'- ; - $,$�"-"!$ .  

	 ,�2,*0  %&�)5!-�0  !�0%$,""  SAP (2�(:- (   " -'0*  ERP (EnterpriseResource-
Planning) – �
	�����	���  ���
����  ����������� . 

	4�7,$+',"'  «SAP» 2 4��/8", -2'   �5+$'2  %�)&$750'2$'- )&5�5:  $44&'2"$-5&5: 
SAP R/3, �)'  «R/3» — !&$-!�'  �4�4<@,,�'  ,$72$,"'  ",-'�&"&�2$,,�#  $2-�0$-"7"&�2$, -
,�#   " -'0*  5%&$2�',"( . �5!2$  R "7 R/3 (2�('- (  ,$+$�/,�#  45!2�#   ��2$  «Realtime» "  
�7,$+$'-  ,'0')�',,5:  %&�2�)!5  "  $!-5$�"7$1":  )$,,*3 , !�-�&*'  2 &$0!$3 ",-'�&$1""  
,'0')�',,�  )� -5%,*  2 '0  7$",-'&' �2$,,*0  �-)'�$0  %&')%&"(-"( . =".&$  3 �7,$+$'- , 
+-�  2  " -'0'  &'$�"7�2$,$  $&3"-'!-5&$  ���
,/ /�
�2
�  ������
,�	 /���/
0
  5%&$2�',"(  
4$7$0" )$,,*3  (/�
7.2
,,
�  0�*
�+ ). 

�  %�0�</:  9-�#   " -'0*  2�70��,�  �"4!�  "  9..'!-"2,�  " %��/7�2$-/  "0':<"' (  
&' 5& *  "  %�$,"&�2$-/  0$&8&5-* . (&" .2) 
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�" .2. 	 ,�2,�#  %&�)5!-  SAP 

 
�-;
�/2-
/  5 ��
2,57  ���/
0 , ��/��5
  �����+.-</��  2 ���=
��
7  SAP: 

-  " -'0$  BW (businesswarehouse)  (3&$,"�"<'  4"7,' -",.�&0$1"" ) – 9-�   ", -&50',-  
�-+'-,� -"  "  $,$�"7$ . 
- 2  " -'0'  SCM (supplychainmanagement)  %&�" 3�)"-  %�$,"&�2$,"'   %&� $, " %��/75'-  
)$,,*'  %&�8')8"3  %&�)$�  )�(    %&��,�7"&�2$,"(  45)5<"3 .  
- SRM  (salesresourcemanagement) �7,$+$'-  5%&$2�',"'  27$"0��-,�8',"(0"    %� -$2<" -
!$0"  "  "0''-  �-,�8',"'  !  %� -$2<"!$0 . 
- �" -'0$  CRM (customerresourcemanagement)  %&'),$7,$+',$  )�(  22�)$  ",.�&0$1""  �  
7$!$7+"!$3 "  7$!$7$3. 
- �" -'0$  ERP (EnterpriseResourcePlanning)  �4�$)$'-  .5,!1"(0"  " %��,',"( , � ,�2,*'  
)$,,*'  3&$,(- (  7)' / . 

�   " -'0'  SAP %&�1'   )� -$2!"  45)'-  2*��()'-/   �')5:<"0  �4&$7�0: %� �'  %�-
%$)$,"(  7$!$7$ 2 1',-&$�"7�2$,,5:   " -'05  %� �4&$4�-!'  7$!$7�2 %&�" 3�)"-  "70',',"'  
 -$-5 $  7$!$7$ 2  -$-5   )'�"2'&" . ��(  %�,"0$,"( : B  !�"',-$ , ,$72$,"' , !�� -2�  5%$!�2�!  
(-� , +-�  2"),�  %&" )" %'-+'&"7$1"" ). 
�$�''  )'�"2'&"  %�%$)$'- 2  " -'05  LEO, �)'  %&�"72�)"- (  %�$,"&�2$,"'  0$&8&5-�2 2 
 ��-2'- -2""    "0':<"0" (  &' 5& $0" .  

�5-/  )� -$2!"  �-  22�)$  7$(2!"  )�  ,'%� &') -2',,�  !�"',-$ . �$!$7 &$70'<$'- (  2 
 " -'0' , %&�" 3�)"-  !&')"- -!�,-&��/ , %&�2'&!$ ,$  ,$�"+"'  %&�)5!1""  ,$   !�$)' . �$�''  
%&�" 3�)"-  %�)-2'&�)',"'  7$!$7$, %&'�4&$7�2$,"'  '��  2 " 3�)(<5:  )� -$2!5  "  %'&')$+$ 
'��  )" %'-+'&$0  )�(  )$�/,'#8'#  �4&$4�-!" . �" %'-+'&  2 %&��&$00' LEO  �7)$'-  0$&-
8&5-*  "  %'&')$'-  "3  )$�/8'  ,$   !�$) , �)'  �,"  ,$4"&$:- ( . �2-�0�4"�"  7$�&5�$:- (  -� -
2$&�0, 2 9-�  �'  2&'0(  �.�&0�(:- (  "  %'+$-$:- (  450$�,*'  )�!50',-*  )�(  2�)"-'�( . �$ -
�''  %&�" 3�)"-  ,'%� &') -2',,�   $0$ )� -$2!$  %&�)5!1""  !�"',-5 . 

 
�"-'&$-5&$  

�'!&$ �2  � .
 . �&"0',',"'  ",-'�&"&�2$,,*3  ���" -"+' !"3  -'3,����"#    " %��/7�2$," -
'0  0'�)5,$&�),*3   -$,)$&-�2 . [;�'!-&�,,*#  &' 5& ]. URL: http://www.integros.ru/press-
centre/publications/62- pub-pilt-yar.html 
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'���������   �����$&  ���� ����  � �  ������ �  �����#�  �  �� -
����"��  ������������  �  '���$8 �������  

� .� . �$&"!�2 *, � .� . �$2��2 ** , � .� . �$0 �,�2 ** , � . � . 
*8!'2"+ *** 

*			  «6$�0$ -� », ** 			  «
'�%&"4�& », *** ���  (."�"$� ) �
�	�  ��	  ����

�  

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

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

			  «
'�%&"4�& », 			  «6$�0$ -� », ���� !"#  %��"-'3,"+' !"#  ", -"-5-  (."�" -
$� ) ����

�  %&')�$�$:-   �4 -2',,*'  -'3,"+' !"'  &'8',"(  2 2")'  !��&)",$-,� -
"70'&"-'�/,*3   " -'0 , !�-�&*'  2!�:+$:-  5,"2'& $�/,*'  %&" %� �4�',"( : ,"2'�"&*  �$ -
7'&,*'  (�� )   �")!� -,*0"  !�0%', $-�&$0"  ,$!��,�2  (��� ), !�0%�'!-  ,"2'�"&,*3  &'-
'!  (�� ), �$7'&,*'  )$�/,�0'&* . ��(  2*%��,',"(  �%'&$-"2,���  2* �!�-�+,���  !�,-&��(  
0�,-$�$  "  ,$ -&�#!"  �4�&5)�2$,"(  ,$  &$7�"+,*3  %&�0*8�',,*3  %&')%&"(-"(3 %&')�$-
�$'- (   �')5:<''  � ,�2,�'  �4�&5)�2$,"' : 
1) ,"2'�"&  �$7'&,*#  �� -05�    �")!� -,*0  !�0%', $-�&�0  ,$!��,$  2-3 !�$  �2 : 
%&'1"7"�,,*#  ( &'),((  !2$)&$-"+' !$(  %��&'8,� -/  (��� ) ± 0,05 00  ,$  &$  -�(,""  30 
0); 2* �!�-�+,*#  (���  ± 0,15 00  ,$  &$  -�(,""  30 0). �$7'&,*#  ,"2'�"&  7$<"<',  %$-
-',-$0" , "0''-   2")'-'�/ -2�  �4   5-2'&�)',""  -"%$  &') -2  "70'&',"# . 
2) �),�!��&)",$-,� -"70'&"-'�/,$(   " -'0$  ��� -1, 
3) )253!��&)",$-,� -"70'&"-'�/,$(   " -'0$  ��� -2, 
4) -&'3!��&)",$-,� -"70'&"-'�/,$(   " -'0$  ��� -3, 
5) %(-"!��&)",$-,� -"70'&"-'�/,$(  (3 �",'#,*3  "  2 5���2*3  !��&)",$-* )  " -'0$  ��� -5 
)�(  1',-&�2!"  2$��%&�2�)�2  (± 0,1 00  / 30 0), 
6) %',-$4��!  &$72�&�-$ �5+'#  ,$  90 º ± 2 ", 
7) &'#!$  ,"2'�"&,$(  2* �-�#  0,25 0 "  1,6 0, 
8) )$�/,�0'&  �$7'&,*# : $) � 5 ()$�/,� -/  200 0 ± 1 00 ), 4) � 3 ()$�/,� -/  100 0 ± 1 00 ). 

�$4�-*  0��5-  2*%��,(-/ (  &$4�-,"!$0"  %&')%&"(-"# ,$  2*8'%&"2')',,�0  %&"�4-
&'-',,�0  �4�&5)�2$,""   $0� -�(-'�/,�  "�"  %&')%&"(-"(  0��5-  7$!$7$-/ �%&')'�',,*'  
&$4�-* , !�-�&*'  45)5-  2*%��,',*  ,$8"0"   %'1"$�" -$0" .  


&'4�2$,"(  !  -�+,� -"  0�,-$�$  �4�&5)�2$,"(  %� -�(,,�  %�2*8$:- ( . ��4�:)' -
,"'  "�"   �!&$<',"'   &�!�2  !$+' -2',,���  0�,-$�$  2�70��,�  %&" %� -�(,,�0  ,$�"+""  2 
&$ %�&(�',""  0�,-$�,"!�2  "70'&"-'�/,*3   &') -2 , !�-�&*'  %�72��(:- , �--��!,528" /  
�-  �'�)'7"+' !���  �4� ,�2$,"( , 2' -"  0�,-$�    4��''  2* �!�#  -�+,� -/:  ,$  �-)'�/,�0  "  
-'3,����"+' !"   2(7$,,�0  �4�&5)�2$,"" . �&"  %�7"1"�,"&�2$,""  0�,-"&5'0*3  $�&'�$-�2  
" %��,"-'�(0  ,'�43�)"0$  ,$)'�,$(  "  �%'&$-"2,$(  �4&$-,$(   2(7/  )�(  !�,-&��(  &'75�/-$ -
-�2  0�,-$�$ . 	%-"0$�/,*0  (2�('- (  ,$4�:)',"'  7$ %&� -&$, -2',,*0  %'&'0'<',"'0  
�4A'!-�2  0�,-$�$ . �&"0',('0*'    80-*3  ��)�2  %&�8����  2'!$  �%-"+' !"'  �$7'&,*'   &') -
 -2$ !�,-&��(  (	��� ) �4' %'+"2$�"  0�,-$�,"!�2  -$!�#  2�70��,� -/:  (9�'!-&�,,*'  
 &') -2$  )�4$2"�" /  %�7),'' ). �&"  9-�0  ,'-  ,'�43�)"0� -"  %&" 5- -2"(  ,$  %��<$)!'  
�'�)'7" -$  "�"  �45+',"(  0�,-$�,"!�2  7,$,"(0  "  ,$2*!$0  &$4�-*  �'�)'7" -$  2* �!�#  
!2$�"."!$1"" . ;-�-  %����"-'�/,*#  0�0',-  �-0'+$� (  %&" %&"0',',""  	���  ,$  0�, -
-$�,*3  %��<$)!$3  �$�/,'2� -�+,���  0'-$��5&�"+' !���  7$2�)$ (� . ��0 �0��/ ! -,$ -
�05&' ), 0'-$��5&�"+' !���  7$2�)$ «�&$ ,*#  	!-(4&/ » (� . ������&$) ), ���� !���  -&54,� -
��  7$2�)$. �&"  0$  �2�#  5 -$,�2!'  !�,-&��"&5'0*3  9�'0',-�2  ,$  �),5  2* �-,5:  �-0'-!5  
(,$%&"0'&, 2*2'&!$  �%�&,*3  %�$ -", ) %&" �%'&$1""  %�7"1"�,"&�2$,"(  �-0'+$�� /  %�-
2*8',"'  %&�"72�)"-'�/,� -"  2  &$2,',""    -&$)"1"�,,*0"  0'-�)$0"  2 2-5 &$7. 
&'45' -
0$( -�+,� -/  4*�$  2*%��,',$    %�0�</:  	���  "  )�(  !�,-&��(  %�)-2'&�)',$  2* �!� -
-�+,*0"  �'�)'7"+' !"0"  %&"4�&$0". 
$!�'  %&"  -&�"-'�/,*3  &$4�-$3 (%�)��-�2!$  .5, -
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)$0',-$ , 7$�"2!$  $,!'&,*3  4��-�2 ) %&" %&"0',',""  	���   5<' -2',,�   ,"�$'- (  2'&� -
(-,� -/  ,'�43�)"0� -"  " %&$2�',"(  2�70��,*3  �8"4�!   -&�"-'�/,���  9-$%$.  

�  %�0�</:  	���  �%&')'�',,*'  7$)$+" &'8$:- (  �),"0  5,"2'& $�/,*0  %&"4�-
&�0 , -��)$  !$!  %&" -&$)"1"�,,*3   %� �4$3  -'  �'  7$)$+" &'8$:- (    %�0�</:  ,' !��/!"3  
"70'&"-'�/,*3  %&"4�&�2 "�"  7$ ,' !��/!�  %�)3�)�2 . �$%&"0'& ,   %�0�</:  �),���  ��  
%&" 2*2'&!'  ��&"7�,-$�/,� -"  (,"2'�"&�2$,"" ) �",'#,*3  �4A'!-�2  )� -5%',  !�,-&��/  
%&(0��",'#,� -"  (2 !��&)",$-* ), $ -$!�'  !�,-&��/  %'&'!� $  � '#  2&$<',"(  &��"!�2  �- -
,� "-'�/,�  � "  &��/�$,�$  (3-(  !��&)",$-$ ). �&"  9-�0  2 �-�"+""  �-   %� �4�2    " %��/7� -
2$,"'0   -&5, , %�2'&�+,*3  �",''!    ", -&50',-$�/,*0"  5&�2,(0"  ,'  7$�&�0��)$'- (  7�-
,$  0�,-$�$ , %&"+'0 ,$"4��''  %&'1"7"�,,*'  5 -&�# -2$  2*,� (- (  "7 0�,-$�,�#  7�,*  "  
,'  %�)2'&�$:- (  2�7)'# -2":  0'3$,"+' !"3  ,$�&57�!  �-  5)$&$ "  2"4&$1"" , &" !5  2�7)'# -
 -2"(  �-   2$&�+,*3  &$4�-. 

�70'&',"(    ���  %�&()!$  ± 0,05 00  2 5 ��2"(3  0�,-$�,�#  %��<$)!"  ,$  &$  -�( -
,""  %�&()!$  )' (-!�2  0'-&�2  -&$)"1"�,,�  2*%��,(:- (   &') -2$0"  �%-"+' !"3  �'�)'7" -
+' !"3  %&"4�&�2, %&$!-"+' !"  ,'  "0':<"0"  $�/-'&,$-"2* . �'4�$��%&"(-,*'  .$!-�&*  
2,'8,'#   &')*  (7$%*�',,� -/ , ,"7!"#  5&�2',/  � 2'<',,� -" , %'&'%$)* -'0%'&$-5&, 2�7-
)58,*'  %�-�!" , %&�"72�) -2',,*'  2"4&$1""  "  )&5�"' ) 7$-&5),(:-  %&�2')',"'  "70'&',"#  
  -�+,*0"  "   -$4"�/,*0"  &'75�/-$-$0" . �'8',"( , 4$7"&5:<"' (  ,$  %&"0',',""  	��� , 
%&" %� �4�',*  !  ,'4�$��%&"(-,*0  .$!-�&$0  2  "�5  2* �!�#  9,'&�""  %5+!$, ,$�"+"(  9. -
.'!-"2,*3   &') -2  '��  %&� -&$, -2',,�#   -$4"�"7$1"" , 5 &'),',"(   �5+$#,*3  %��&'8 -
,� -'#  .�5!-5$1""  -&$!-$ "  2"4&$1"# %&" 9�'!-&�,,�0   +"-*2$,""  "  �4&$4�-!"   "�,$�$ . 
6�,�3&�0,� -/  "70'&"-'�/,���  %5+!$ �4�'�+$'-  ."�/-&$1":  "  2*)'�',"'  %��'7,���  
 "�,$�$  ,$  .�,'  %�0'3 . 

�* �!"'  %� -�+,� -"  2�70��,� -"  %&"4�&�2 -"%$ ��  %�72��(:-  ,'  -��/!�  !�, -
-&��"&�2$-/  %&� -&$, -2',,5:  �&"',-$1":  "  27$"0,�'  &$ %����',"'  �%�&,*3  %�2'&3-
,� -'#  "  $�&'�$-�2  2 %&�"72�) -2',,�#  �","" , ,�  "  %&" ,'�43�)"0� -"  !�,-&��"&�2$-/  
-�+,� -/  "7��-�2�',"(  �4�&5)�2$,"(  ,$  0$8",� -&�"-'�/,*3  %&')%&"(-"(3. �   %�&,*3  
 "-5$1"(3  �$7'&,*'  ,"2'�"&*  %�72��(:-  2*(2"-/  2�70��,*'  ,'-�+,� -"  2 "7��-�2�',""  
�4�&5)�2$,"( , - .' . ��  0��,�  " %��/7�2$-/  "  )�(  23�),���  !�,-&��(  �4�&5)�2$,"( . 
 
'��0
�5  ���0
,
,��  ��
*�
�

057  /���2  �
.
�,57  ,�2
����2  2 ���054�
,,��/�  

�  3&�,����"+' !�0  %�&()!'  %'&2*'  �%*-*  %&"0',',"(  %&')�$�$'0*3  ��  4*�"  2 
 $0��'-� -&�',""  (,$  $2"$1"�,,�0  7$2�)'  "0 . � .� . 
$�$&",$  2 � . ��0 �0��/ !' -,$ -
�05&' ). 	),�#  "7 %'&2*3 0�)"."!$1"#  ��  (2�('- (  %&"4�& 0�)'�"  ��� -10��6 , 2*%5-
<',,�#  2 1984 ��)5   "�$0"  �$4�&$-�&""  �$7'&,�#  -'3,"!"  "  -'3,����""  (��

 ) ��0 � -
0��/ !��� -,$ -�05&'  %��"-'3,"+' !���  ", -"-5-$ , �)'  2  2�'  2&'0(  &$4�-$�  �)",  "7 $2-� -
&�2 )$,,�#   -$-/" . � %'8,�'  %&"0',',"'  ��  ,$  $�&'�$-,� - 4�&�+,�0  "   4�&�+,�0  %&�-
"72�) -2$3  $2"$7$2�)$ (� . ��0 �0��/ ! -,$ -�05&' ) %&"2�'!��  2,"0$,"'   %'1"$�" -�2  
 -&�"-'�/,�#  �$4�&$-�&""  -&' -$  «6'-$��5&�%&�!$-0�,-$� » 6",0�,-$� %'1 -&�(  
���� . �%'1"$�" -$0"  «6'-$��5&�%&�!$-0�,-$� » 2%'&2*'  %&"4�& ���  – 10��6  4*�  
%&"0',',  2 0$'  1985 ��)$  ,$  0'-$��5&�"+' !�0  7$2�)'  � . ;�'!-&� -$�/  6� !�2 !�#  �4�$ -
-"  %&" 0�,-$�'  !�'-'#  B  11 "  B  13, %&�0'�5-�+,*3  &��/�$,��2  �-  !�'-"  B  10  -$,$  
«350/250». �  %�0�</:  %&"4�&$ 4*�"  2*2'&',*  %�"-�2",*  !�'-'#  B  11 "  B  13,  )'�$,$  
,"2'�"&�2!$  &��/�$,�$  0'-�)�0  $2-�!���"0$1""    %&"0',',"'0  ", -&50',-$�/,�#  %&"7-
0*  "  �-&$�$:<'��  7'&!$�$ . 
�+,� -/  2*%��,',,*3    %&"0',',"'0  ��  &$4�- !�,-&��" -
&�2$�$ /  -&$)"1"�,,*0"  ", -&50',-$�/,*0"  0'-�)$0" , !�-�&*'  4*�"  ,'  2  � -�(,""  
�4,$&5�"-/ , ,$%&"0'&, %��&'8,� -/  %'&'!� $  � '#  &��"!�2 , ,$3�)(<5: (  7$ %&')'�$0"  
"3  &$7&'8$:<'#   %� �4,� -" . 

�  ":�'  1985 ��)$  9-�-  �'  %&"4�& ���  – 10��6  " %��/7�2$� (  %&" 0�,-$�'  %&' -
 $   5 "�"'0  8000 -  %&�"72�) -2$  ."&0*  «�'2" -�'2" » ,$  ��	  «�$&&"!$)* » (� . ����� -
�&$)). �*�$  %&�)'�$,$  &$4�-$ %� 5 -$,�2!'  �%�&,*3  %�"-  %�) �%�&*  "   -��* . �$7'&,*#  
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,"2'�"&  �4' %'+"�  -&'45'05:  -�+,� -/  0�,-$�$  ± 0,05 00 , %&"+'0 !  &$4�-$0 �'�)'7" -  
,'  %&"2�'!$� ( . 

�  1986 "  1987 � . %&"4�& ���  – 10��6  5 %'8,�  %&"0',(� (  )�(  0�,-$�$  ,$  0' -
-$��5&�"+' !�0  7$2�)'  2 � . ���/+5�",� , ,$  �*! 5, !�0  0'-$��5&�"+' !�0  7$2�)' , ,$  
���� !�0  -&54,�0  7$2�)' , ,$  -&54,�0  7$2�)'  2 � . ������&$)' , ,$  ��2��"%'1!�0  0'-$� -
�5&�"+' !�0  !�04",$-'  "  )&.  

��')5:<"0  9-$%�0  -$��  %&"0',',"'  4��''   �2'&8',,���  %&"4�&$ ���  – 12� , 
&$7&$4�-$,,���  "  "7��-�2�',,���  2 1988 � . �  -�0  ��)5  ���  – 12�  4*�  %&"0',',  %&" &'-
!�, -&5!1""  0'-$��5&�"+' !���  7$2�)$ «�&$ ,*#  	!-(4&/ » (� . ������&$) ).  �  $!-'  " %* -
-$,"#  ���  – 12�  5!$7$,� , +-�  %&" !�,-&��'  � "  %&�!$-$ !�'-"  «!2$&-� »  -$,$  «2000» �$ -
7'&,$(  -'3,"!$  %�!$7$�$ 2 5 &$7 4��''  2* �!5:  -�+,� -/  2 &$4�+'# 7�,'  �-  1 )�  400 0 %� 
 &$2,',":    -'�)��"-�0  2
 5. 
$!�'  ���  – 12�  " %��/7�2$� (  %&" 0�,-$�'  4��-�2  %'&')  
7$�"2!�#  4'-�,�0 . �&"  0�,-$�'  2'&-"!$�/,�#  !�'-"  "  !�'-"  «!2$&-� »  -$,$  «2000» %&"-
4�& ��� -12�    57��0  %',-$%&"70* )$�  2 2,5 &$7$ 4��''  -�+,*'  %�!$7$,"( , +'0  4*�"  4*  
%�!$7$,"(    " %��/7�2$,"'0  ,"2'�"&$  � 05, -'�)��"-$  2
 5, ", -&50',-$�/,�#  �",'#!"    
-�+,*0  5&�2,'0 ,  -&5,* , �-2' $  "  )&., %&"+'0 %&�1'   0�,-$�$  4*�  5 !�&',  2 ,' !��/!�  
&$7. �$  -�0  �'   -$,'  «2000» %&" 0�,-$�'  0'-�)"+' !"3  %'+'# ,$  �),5  2* �-,5:  �-0'-!5  
4*�"  5 -$,�2�',*  80 %�$ -", , 7$-'0  %&"2$&',* !  0'-$���!�, -&5!1"(0  %'+'#. �*2'&!$  
%�$ -",  %&�"72�)"�$ /    %�0�</:  ��� -12�  "  0$�,"-,�#  &'#!"   �   !��/7(<'#  8!$��# . �  
$!-'  " %*-$,"#  ��� -12�  5!$7$,� , +-�  &$4�+"'  7$ 10 0",5-  � 2�"�"  ,�25:  -'3,"!5  "  -'3 -
,����":  0�,-$�$ , -'0% &$4�-*  %�2* "� (  2 2 &$7$, 5�5+8"�" /  5 ��2"(  -&5)$,  -'3%&�-
1'    -$�  2�70��',  4'7 5+$ -"(  �'�)'7" -$ . �  ,�(4&'  1988 ��)$  %&" 0�,-$�'  �" -�%&$ -
2"�/,*3  0$8",   -$,$  «2000» %&"0',',"'  ��� -12�  %�72��"��  2 2 &$7$  ,"7"-/  -&5)�'0 -
!� -/  0�,-$�$  �4�&5)�2$,"( . 

�'�43�)"0�  �-0'-"-/  �%&')'�',,*#  %����"-'�/,*#  �%*-   $0� -�(-'�/,���  %&"-
0',',"(  ,"2'�"&�2    1990 ��)$  %� ,$ -�(<''  2&'0(  ,$  %&'  '  «5500» "  %&'  '  «2000» 

�= -2 ���� !���  -&54,���  7$2�)$, !5)$  �),"0  "7 $2-�&�2  )$,,�#   -$-/"  4*�"  %� -$2�' -
,*  $,$���"  �� -05� . �  %�0�</:  )$,,���  �4�&5)�2$,"(  �),"0"  "  -'0"  �'   %'1"$�" -$0"  
�-  &$7,*3 �&�$,"7$1"#  � . ���� !���  (			  «�	
 », 			  «��� ») 2 %'&"�)    1992 %� 2004 
��)  2*%��,(�" /  )���2�&,*'  &$4�-*  ,$  ���� !�0  -&54,�0  7$2�)' . �  9�'!-&� -$�'%�$ -
2"�/,�0  1'3'  (;��= )   %�0�</:  ,$8'��  �4�&5)�2$,"(  4*�"  ,$#)',*  %&'2*8',"(  -�+'!  
%� $)�+,*3  0' -  %�)",*  "  &��"!�2 . �&'"05<' -2�0  ,$8"3  ��  2 )$,,�0   �5+$'  �!$7$-
�$ /  2�70��,� -/  5 -$,�2!"  ��  2'&-"!$�/,� , - .! . 5 ,$8'#  ��  "0''- (  %�� !$(  �%�&,$(  
%(-!$. �* �-,�'  %����',"'  ,$%&$2�(:<'#  %�&-$�$ 9�'!-&� -$�'%�$2"�/,�#  %'+" ;��=  
&$,''  ,'  "70'&(�� / , - .! . �4*+,�'  �4�&5)�2$,"'  7)' /  %&"0',"-/  ,'2�70��,�  "7-7$ 
 %��8,*3  7�,  7$-',',"( , !�-�&*'  �'�!�  %&'�)��'2$:- (  ,$8"0"  ��    ���  "  !�&�-!"0"  
�� . �* �-,�'  %����',"'  &'�/ $   -$�'2�7$  �%&')'�"�"    %�0�</:  ,$8'��  �4�&5)�2$,"( . 
�70'&',"(  %&�2�)"�" /  2 %��5-'0,�0  7$%*�',,�0  %�0'<',""  4'7 %�) 2'-!" , - .! . ,$8  
��  (2�('- (  " -�+,"!�0   2'-$ . ��(  �4*+,*3  �'�)'7"+' !"3  ,"2'�"&�2  ,5�,$  4*�$  4*  
3�&�8$(  %�) 2'-!$    %�0�</:  0�<,*3  � 2'-"-'�/,*3  %&"4�&�2. �,$���"+,�  2 5 ��2"(3  
-'0,���  7$%*�',,���  %�0'<',"(  ,$8"0  �4�&5)�2$,"'0  4*�$  %&�2')',$  %&�2'&!$ %��� -
�',"(  � "  9�'!-&�)2"�$-'�(  �-,� "-'�/,�  � "  &')5!-�&$  ,$  !&$,'  B  17 ;��= , %����' -
,"(  2$�$ 9�'!-&�)2"�$-'�(  !&$,$ B  23 ,$  « -$�/ -!�28' » ;��= .  �  0'3$,"+' !�0  1'3'  B  
2 ���� !���  -&54,���  7$2�)$ 2 2001-2004 ��)$3    %�0�</:  ,$8'��  �4�&5)�2$,"(  �%&')' -
�(�" /  �-!��,',"(  �-  %&(0��",'#,� -"  "  %�� !� -,� -"  ,$  5,"!$�/,*3  -�!$&,*3  "  .&' -
7'&,*3   -$,!$3  (%&"0'&,�  ,$  10  -$,!$3  %� 2-4 .�&05�(&$  ,$  !$�)�0   -$,!' ), $ -$!�'  
!�,-&��"&�2$�" /  %�)!&$,�2*'  %5-". 

�  ,$ -�(<''  2&'0(  ,$"4��/8''  &$ %&� -&$,',"'  %&')�$�$'0*'  �$7'&,*'  ,"2'�"&*  
%��5+"�"  2 $2"$1"�,,�#  "  0'-$��5&�"+' !�#  �-&$ �(3 . 
$! , ,$  ��&�,'� !�0  $2"$ -&�" -
-'�/,�0  �4A')",',""  &$4�-$:-  2 -&'3!��&)",$-,� -"70'&"-'�/,*'   " -'0* , ,$  �$7$, !�0  
2'&-��'-,�0  7$2�)'  – 3 )253!��&)",$-,� -"70'&"-'�/,*'   " -'0* . �� -05�  &$4�-$:-  ,$  
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2'&-��'-,�0  7$2�)'  � . ��$, -�)9  "  $2"$7$2�)'  � . ��0 �0��/ ! -,$ -�05&' . �&"0'&*  %&"0'-
,',"(  �$7'&,*3  ,"2'�"&�2  2 0'-$��5&�"+' !�#  �-&$ �"  %&"2')',*  2*8' . 

�$7'&,*'  ,"2'�"&*  ,$8�"  %&"0',',"'  "  2 )&5�"3  �-&$ �(3  %&�0*8�',,� -" . �$  
7$2�)'  �&�$,"+' !���   ",-'7$  � . ���� !"#  2 2003 ��)5  4*�"  %&�2')',*  "70'&',"(  2'&-" -
!$�/,� -"  ,$%&$2�(:<"3  �$7���/)'&$  )�(  2�)�&�)$ , $ -$!�'  2 2013 ��)5  "70'&',"(  �4A' -
0�2  '0!� -'#    <'��+/:  "  !" ��-�# . �$  7$2�)$3 ,'.-'3"0"+' !���  0$8",� -&�',"(  (� . 
�"0"-&�2�&$)  - 2011 � ., � . �',7$  - 2012 � .)  %&"0',(�" /  ���  )�(  &$70'-!"  2,5-&"  !���, -
,*3  $%%$&$-�2. �� -05�    %',-$4��!�0  %&"0',(�" /  ,$  5 1'��:��7,� -450$�,*3  %&')%&"-
(-"(3  ��  ""  (1990 – 2001 � .� .). 

 
'�
�0-;
�/2�  ��
*�
�

057  �
.
�,57  ,�2
����2  �
�
*  �
.
�,50�  /�
�
�
0�  

�&')�$�$'0*'  ��  (2�(:- (  �-'+' -2',,*0"  &$7&$4�-!$0" "  2 �-�"+"'  �-  ",� -
 -&$,,*3  &$7&$4�-�! $,$���"+,*3  %&"4�&�2, ,$%&"0'&, �$7'&,*3  -&'!'&�2  («Tracker»), 
"0':- , %� ,$8'05  0,',": ,  �')5:<"'  %&'"05<' -2$ : 
1) ���''  ,"7!$(   -�"0� -/  ')","1*  %&�)5!1""  (!��&)",$-,� -"70'&"-'�/,�#   " -'0*    
��  %�  &$2,',":    !��&)",$-,� -"70'&"-'�/,�#   " -'0�#    -&'!'&�0 ). �$7&$4�-$,,$(  ,$ -
0"  !��&)",$-,� -"70'&"-'�/,$(   " -'0$  ��� -3, 2!�:+$:<$(  3 �$7'&,*3  ,"2'�"&$ , 3 &5-
�'-!"  ("�"  �$7'&,*3  )$�/,�0'&$ ), 2 %',-$4��!$  &$72�&�-$ �5+'# , )'8'2�'  ���    �),"0  
�$7'&,*0  -&'!'&�0  %&"0'&,�  2 6 – 20 &$7. 
2) 6',/8''  !��"+' -2�  ���    ��  )�(  &'8',"(  0,��"3  7$)$+. �$ -�  )� -$-�+,�  �),�#  
,$8'#  ��� , -��)$  !$!  )�(  5 %'8,�#  �%'&$-"2,�#  &$4�-*  -&'!'&$  �'�$-'�/,�  "0'-/  0" -
,"050  2 !�0%�'!-$  "7-7$ «-','2*3 » 7�, , - .! . %'&' -$,�2!$  �),���  !�0%�'!-$  %&"2')'-  !  
%�-'&(0  2&'0'," . 	-!$7  �),���  "7 9�'0',-�2  -&'!'&$  %&"2�)"-  !  &'0�,-5  2 '��  -&'!'&$ . 
	- :)$ , 2�7&$ -$:-  7$-&$-* ,$  %&"�4&'-',"'  "  &'0�,-  �$7'&,*3  -&'!'&�2 . �  ,$8'#  ���  
�- 5- -25:-  «-','2*' » 7�,* , 2*8')8"#  "7  -&�(  9�'0',-  0��,�  7$0',"-/  ,$  � -$28"# (  
2 ,$�"+"" . 
3) ���''  ,"7!"'  -&5)�7$-&$-*  %&" %&"0',',""  �� . �  %�0�</:  ��  "70'&',"(  �%-"0$�/,�  
%&�"72�)"-/  1 "�"  2 +'��2'!$0"  ( %'1"$�" -  "  '��  %�0�<,"! ), -��)$  !$!  �$7'&,*0  -&'!' -
&�0  - ,'  0',''  2-3  %'1"$�" -$0"  (��(   &$2,',"( : '<'  4��''  2* �!"'  -&5)�7$-&$-*  2  $-
0��'-� -&�',"" . �$%&"0'& , )�(  &$4�- %� "70'&',":   $0��'-$  -&'45'- (  &$4�-$-/  2 -&'!' -
&$0" 6 ",�','&$0  2 3  0',* ). 
4) ���''  %&� -�'  �45+',"'  &$4�-'    �� . ��70��,�  �45+',"'  &$4�-'    ���  (  �� ) 7$ 1 &$-
4�+"#  )',/ , $ )�(  � 2�',"(  ���    -&'!'&�0  -&'45'- (  2 ,' !��/!�  &$7 4��/8'  2&'0'," . 
5) ���''  %&� -$( 9! %�5$-$1"(  �� . ��(  -&'!'&�2  ,'�43�)"0�  %&')2$&"-'�/,�   � -$2"-/  
 3'05  "70'&',"#  "  %&��&$005 �4&$4�-!"  &'75�/-$-�2  "70'&',"# . � '  9-�   2�)"-  4* -&� -
)'# -2"'  -&'!'&�2  !  2&'0',"  "70'&',"#  �4*+,*0   %� �4�0 . �"�'  %&"2�)"- (  %&"0'& 
%&"0',',"(  -&'!'&$  2 -&54�%&�!$-,�0  1'3'  B  3 ���� !���  -&54,���  7$2�)$ 2 2013 � . 
6) ���''  2* �!$(  -�+,� -/  (2 2-6 &$7). �  -&'!'&�2  ,'  5!$7$,*  %��&'8,� -"  4$7"&�2$,"(  
�-&$�$-'�( , &$2,*'  0,1 00  "  )&5�"'  %��&'8,� -" . 
$!"0  �4&$7�0, &'$�/,$(  ���  -&'!'&�2  
,$  "7)'�""  &$2,$ ± 0,1 00  ,$  &$  -�(,""  10 0, ± 0,5 00  ,$  &$  -�(,""  30 0, -��)$  !$!  ���  
,"2'�"&�2  �$7'&,*3  ± 0,05 00  ,$  &$  -�(,""  30 0.   
7) 
�+,� -/  ��  ,'  7$2" "-  �-  "70',',"#  -'0%'&$-5&*  !�,-&��"&5'0���   -$�/,���  "7)' -
�"( , -��)$  !$!  5 -&'!'&$  ,'  )'�$:- (  %�%&$2!" !  -�+,� -"  2 7$2" "0� -"  �-  "70',',"#  
-'0%'&$-5&*  !�,-&��"&5'0���   -$�/,���  "7)'�"( , 2�"(:<"3  ,$  &$70'&* "7)'�"( .  

���� !"#  -&54,*#  7$2�) 2 2010 �    %�0�</:  �),�#  "7 ."&0  � . �$,!- -�'-'&45&�$  
%&"�4&'�  -&'!'&  )�(  !�,-&��(  5 -$,�2�!  ,'%&'&*2,�#  &$7�"2!"   -$�"  ;��= . �  &'75�/-$ -
-'  7$(2�',,$(  %� 3$&$!-'&" -"!'  -&'!'&$  -�+,� -/   ,'  4*�$  )� -"�,5-$ ,  ���,� -"  %&"0'-
,',"(  -&'!'&$  2 ,'4�$��%&"(-,�#  1'3�2�#   &')'  ,'  %�72��"�"  9! %�5$-"&�2$-/  -&'!'&  
9..'!-"2,� , &$4�-,"!$0"  �
�  -&'!'&  -$!  "  ,'  4*�  � 2�',  2 )���,�#  0'&' , �
�  �%�$+"2$�  
 $,!- -%'-'&45&� !�#  ."&0'  �-)'�/,�  7$ &$4�-*  %� "70'&',"(0  -&'!'&�0 . �  -�  �'  2&'0( , 
!$!  �-0'+$�� /  2*8' , 2 -&54�%&'  �2�0  1'3'  B  2 �
�  (,$  %&'  $3 «5500» "  «2000») )� -
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-$-�+,�  �'�!�  4*�"  � 2�',*  ,"2'�"&* , !�-�&*'  %&"0',(:- (  -$0   1990 ��)$  %� ,$ -�( -
<''  2&'0( . 

�  2013 ��)5  ,$  ���� !�0  -&54,�0  7$2�)'  2�  2&'0(  !$%&'0�,-$  
��  «159-426» 

�= -3  4*�"  2*%��,',*  &$4�-*  %� !�,-&��:  � '#  %&�!$-!"  !$�"4&�2�+,���  "  ,'%&'&*2 -
,���   -$,�2    " %��/7�2$,"'0  API «Tracker3». �$4�-*  %&�2�)"�" /  2 -'+',"'  2-3 ),'#  3 
 %'1"$�" -$0"  �),�#  "7 ."&0  � . �*! $ . 	4&$4�-$,,*'  &'75�/-$-*  4*�"  2*)$,*  -��/!�  
+'&'7 2 ,')'�" , +-�  %�!$7*2$'-  ,"7!5:  �%'&$-"2,� -/  " %��/7�2$,"(  -&'!'&$ , - .! . �%-" -
0$�/,*0  (2�('- (  �%'&$-"2,$(  2*)$+$ &'75�/-$-$    1'�/:  ,'0')�',,���  " %&$2�',"(  ,' -
-�+,� -"  ,$ -&�#!"  �4�&5)�2$,"( , !$!  %&$2"��, 2 -'+',"'  -'!5<'��  %�$,�2� -
%&')5%&')"-'�/,���  "�"  !$%"-$�/,���  &'0�,-�2 . �%� �') -2""  ."&0�#  "7 � . �*! *  4*��  
 �!&$<',�  2&'0(  ,$  �4&$4�-!5  &'75�/-$-�2 , ,�  2 �:4�0   �5+$'  )�(  ���    �� -05�  ,'  -&' -
45'- (  7$-&$- 2&'0',"  )�(  %&')2$&"-'�/,�#  %�)��-�2!"  %&��&$00*, !$!  )�(  «Tracker», 2 
7$2" "0� -"  �-  7$)$+. 

�+"-$'0 , +-�  )$,,*'  &$4�-*  4��''  9..'!-"2,�  %&�2�)"-/  ()$�'   "�$0"   $0"3  7$-
2�)+$, ), " %��/75(  !��&)",$-,� -"70'&"-'�/,5:   " -'05    �� -05� . �  ,$ -�(<''  2&'0(  
$2-�&$0"  )$,,�#   -$-/"  ,$#)',*  -'3,"+' !"'  &'8',"( , %�72��(:<"'  %&�"72�)"-/  !�, -
-&��/  � "  %&�!$-!"  %� 1',-&$0  !$�"4&�2  2$�!�2  0,���!�'-'2*3   -$,�2  ,'%&'&*2,���  -" -
%$. �'�43�)"0�  � 2�',"'  )$,,*3  -'3,"+' !"3  &'8',"#  ,$  %&$!-"!' .  

�&$2,"-'�/,$(  3$&$!-'&" -"!$  ���    API «Tracker3», %&"0',',,�#  ,$  �
� , "  ���   
  �� -05�  %&"2')',$  2 -$4�"1'  1. 
 
�
:��=
  1 - ��
2,�/
�+,
�  7
�
�/
���/��
  ���  �  API «Tracker3» �  ���  �  � -05�  

�$&$!-'&" -"!$  ���    API «Tracker3» ���    �� -05�  

����2�'  &$7&'8',"' , 5���2*3  
 '!5,)  

± 0,07 ± (0,3 – 1) 

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

 
± 2 ± (0,3 – 1) 


�+,� -/  �4A'0,*3  "70'&',"#  10 5 (2 – 6) 7 10 5 
�$7&'8',"' , 0!0  1 30 
��2-�&('0� -/ , 0!0 /0 2,5 5 
�4 ��:-,$(  %��&'8,� -/ : 3-3 0'&,�'   

!��&)",$-,�'  5 -&�# -2�  
(1 – 3)-3 0'&,�'   

!��&)",$-,�'  5 -&�# -2�  
�-$-"+' !$( , 0!0 /0 ± 5 (25 0!0  ,$  5 0) ± 1,7 (8,5 0�0  ,
  5 0 ) 
�",$0"+' !$( , 0!0 /0 ± 10 (50 0!0  ,$  5 0) ± 5 (25 0�0  ,
  5 0 ) 
�$7'&,*#  ",-'&.'&�0'-& :  �� -05�  
�$7&'8',"' , 0!0  1 10 
	-,� "-'�/,$(  %��&'8,� -/ , 
0!0 /0 

�2*8'  1,0 1,7 

�$�/,�0'& : ADM �� -05�  
�$7&'8',"' , 0!0  1 10 
�$+$�/,$(  %��&'8,� -/ , )�  10 
0, 0!0  

15 10 - 30 

	-,� "-'�/,$(  %��&'8,� -/ , 
 2*8'  10 0, 0!0 /0 

��  1,5 0!0   
,$  !$�)*#  0'-&  

��  1,5 0!0   
,$  !$�)*#  0'-&  

�&"0'+$,"' . �"&,*0  8&".-�0  2*)'�',*  )$,,*' , %�!$7*2$:<"'  %&'"05<' -2�  �� . 
 

�  ,$ -�(<''  2&'0(  			  «
'�%&"4�& » "  			  «6$�0$ -� » (� . ���� !"# )  �20' -,�  
  ���� !"0  %��"-'3,"+' !"0  ", -"-5-�0  (."�"$��0 ) ���

�  %&')�$�$:-  7$",-'&' � -
2$,,*0  �&�$,"7$1"(0   �-&5),"+' -2�  %� %&"�4&'-',": , � 2�',": , 2,')&',":  "  %&"0'-
,',":  !��&)",$-,� -"70'&"-'�/,*3   " -'0    " %��/7�2$,"'0  �$7'&,*3  ,"2'�"&�2  (2 )$, -
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,�'  2&'0(  0�)'�"  �� -05� ) )�(  0�,-$�$  "  ,$ -&�#!"  �4�&5)�2$,"( . ��(  �&�$,"7$1"# , !� -
-�&*'  %&"�4&'-$:-  2*8'5!$7$,,�'  �4�&5)�2$,"' , 2�70��,�  �45+',"' . �$,,*'  &$7&$4�--
!"  ���  (2�(:- (  2 ,$ -�(<''  2&'0( , %� 0,',":  $2-�&�2  )$,,�#   -$-/" , �%-"0$�/,*0"  
%� 4��/8", -25  %$&$0'-&�2 "7 $,$���"+,���  �4�&5)�2$,"( .  
 
 
 

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

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

�  
 

�$0�#  &$ %&� -&$,',,�#   "��2�#  5 -$,�2!�#  2 ,$ -�(<''  2&'0(  (2�('- (  -'%��2�#  
)2"�$-'�/ . � -�&"(  )2"�$-'�' -&�',"(  %'&'8$�,5�$  2�  2-�&�'   -��'-"' , �),$!�  � ,�2,*'  
%�!$7$-'�" , 3$&$!-'&"75:<"'  )2"�$-'�"  2,5-&',,'��   ��&$,"( , -$!"'  !$!  5)'�/,*#  &$ -
3�)  -�%�"2$ , 5&�2',/  850$, 2*4&� *  2&'),*3  2'<' -2  2 �!&5�$:<5:   &')5 , 0$-'&"$�� -
'0!� -/ , ,$)'�,� -/  "  )&. ,'  %&'-'&%'�"   5<' -2',,*3  "70',',"#    ,$+$�$ %&�8����  2' -
!$. ;-�  �4� ,�2*2$'-  ,'�43�)"0� -/  %�" !$  ,�2*3  %�)3�)�2  !  %&�4�'0'   �2'&8', -2� -
2$,"(  -'%��2*3  )2"�$-'�'# . 	),"0  "7 %5-'# &'8',"(  9-�#  %&�4�'0*  (2�('- (  %'&'3�)  !  
,�2*0  !�,1'%1"(0  ,$  %&",1"%"$�/,�0  5&�2,' . 	),�#  "7 -$!"3  !�,1'%1"#  (2�('- (  &$7-
&$4�-!$  0$-'0$-"+' !���  $%%$&$-$ -'&0�)",$0"!"  ,' -$1"�,$&,*3  %&�1'  �2 .  

�5<' -25:<"'  0'-�)*  %&�'!-"&�2$,"(  )2"�$-'�'#  2,5-&',,'��   ��&$,"( , � ,� -
2$,,*'  ,$  !�$  "+' !�#  -'�&""  -&$, %�&-,*3  )2"�$-'�'# , 4$7"&5:<'# (  ,$  -'&0�)",$ -
0"!'  &$2,�2' ,*3   -$1"�,$&,*3  %&�1'  �2  [1-2], ,'  %�72��(:-  2 ,$ -�(<''  2&'0(   �7)$ -
2$-/ 2* �!�9..'!-"2,*'  )2"�$-'�"  4'7 )�"-'�/,���  %&�1'  $  "3  )�2�)!"  2 9! %'&"0', -
-$�/,*3  �-)'�$3  %&')%&"(-"# "  ", -"-5-�2 . �$"4��''  &$1"�,$�/,*0"  %5-(0" %�2*8',"(  
-�%�"2,�#  9!�,�0"+,� -"  )2"�$-'�'#  2,5-&',,'��   ��&$,"(  (2�(:- (  -' , !�-�&*'  %�72�-
�(:-  %'&'&$ %&')'�"-/  � ,�2,*'   � -$2�(:<"'  -'%��2���  4$�$, $  2 ,$%&$2�',""   �!&$ -
<',"(  %�-'&/  -'%��-*  2  " -'05  �3�$�)',"(  "    �-&$4�-$28"0"  �$7$0". ��(  &'$�"7$1""  
9-�#  !�,1'%1""  ,'�43�)"0�  2*(2"-/  .$!-�&* , !�-�&*'  �%&')'�(:-   ��-,�8',"'   � -$2 -
�(:<"3  -'%��2���  4$�$, $ , %� !��/!5  -&$)"1"�,,*'  0'-�)*  2�7)'# -2"(  ,$  "72' -,*'  
.$!-�&*  5�'  ,'  )$:-  �<5-"0*3  &'75�/-$-�2 , $  5<' -25:<"#  5&�2',/  9..'!-"2,� -"  
%&'�4&$7�2$,"(  9,'&�""  -'%�� "��2*0"  5 -$,�2!$0"   5<' -2',,�  ,"�'  %&",1"%"$�/,�  
2�70��,��� . ;-�  %�72��('-   )'�$-/  7$!�:+',"'  �  -�0 , +-�  ,'  2 '  2�70��,*'  &'7'&2*  '<'  
" %��/7�2$,*  "  -&'45'- (   �2'&8', -2�2$,"'  -'�&'-"+' !"3  %&') -$2�',"#  �  %&�1'  $3 , 
%&�" 3�)(<"3  2 -'%��2*3  )2"�$-'�(3 .  

��(  2*(2�',"(  �%&')'�(:<"3  .$!-�&�2  "  ,$"4��''  9..'!-"2,*3  ,$%&$2�',"#  "3  
"70',',"(  %&�$,$�"7"&5'0  "72' -,�'   ��-,�8',"' , %� !�-�&�05  2*+" �('- (  7,$+',"'  
9..'!-"2,���  ��� : Fe = Ft Fg Fm, �)'  Fe – 9..'!-"2,*#  ���  )2"�$-'�( ; Ft – -'&0"+' !"#  
��� ; Fg – �-,� "-'�/,*#  ��� ; Fm -– 0'3$,"+' !"#  ��� . 

���"+' -2�  -'%��-* , 53�)(<''    �-&$4�-$28"0"  2 1"�",)&'  )2"�$-'�(  �$7$0", �%-
&')'�('-  2'�"+",5  -'&0�)",$0"+' !���  ���  (Ft), !�-�&*#  7$2" "- , ��$2,*0  �4&$7�0, �-  
 -'%',"   �$-"(  "�" , -�+,'' , �-   -'%',"  &$ 8"&',"(  &$4�+'��  -'�$  %� �'   ��4<',"(  '05  
-'%��-* , %&'"05<' -2',,�  2 &'75�/-$-'   �"�$,"(  -�%�"2$ . �2'�"+',"'  9-���  %�!$7$-'�(  
0��'-  4*-/  � 5<' -2�',�  7$  +'-  %�2*8',"(  -'0%'&$-5&*  "  )$2�',"(  &$4�+'��  -'�$  2 ,$ -
+$�'  &$ 8"&',"(  "�"   ,"�',"(  %$&$0'-&�2 !�,1$  &$ 8"&',"( . �,$�"7  9-"3  7$2" "0� -'#  
%�!$7*2$'-  1'�' ��4&$7,� -/   ,"�',"(  %$&$0'-&�2 !�,1$  &$ 8"&',"( , +-�  � 5<' -2"0�  
2 &�-�&,*3  )2"�$-'�(3 . ��(  &'8',"(  9-�#  %&�4�'0*  ,'�43�)"0�  2*( ,"-/ , +'0  �%&')'�( -
'- (  )��(  9,'&�""  &$4�+'��  -'�$ , %�8')8$(  ,$   �2'&8',"'  &$4�-*  2 %&�1'  '  &$ 8"&',"(  
�$7�2 2 1"�",)&'  )2"�$-'�( , "  �-  +'��  7$2" "-  )��(  9,'&�""  &$4�+'��  -'�$ , �-2�)"0$(  2 
.�&0'  -'%��-*  2  " -'05  �3�$�)',"( . � �"  &$  0�-&'-/  2 9-�0  %�$,'  %&')'�/,*'   �5+$" , 
-�  0��,�  5 -$,�2"-/  ,'!�-�&*'  "7 .$!-�&�2 , !�-�&*'  �!$7*2$:-  2�"(,"'  ,$  3$&$!-'& 
9-���  %'&'&$ %&')'�',"(  9,'&�""  2 %&�1'  '  &$ 8"&',"( . �$%&"0'& , %&" �- 5- -2""  %'-
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&'0'<',"(  %�&8,(  2 1"�",)&'  )2"�$-'�(  "  )� -$-�+,�  3�&�8'#  �'&0'-"7$1""  %��� -"  
45)'-  "0'-/  0' -�  "7�3�&,*#  %&�1'  . �  9-�0   �5+$'  2,5-&',,((  9,'&�"(  &$4�+'��  -'�$  
"0''-  2�70��,� -/  "70',(-/ (  -��/!�  2 &'75�/-$-'  9,'&���40',$    �!&5�$:<'#   &')�#  2 
.�&0'  -'%��-* . �� �'   �"�$,"(  ��&:+'��  2 !$0'&'   ��&$,"(  -'0%'&$-5&$ %&�)5!-�2   �� -
&$,"(  &$,�  "�"  %�7),�   -$,'-  &$2,�#  -'0%'&$-5&'  �!&5�$:<'#   &')* ,  !��/  4*   �2'& -
8',,�#  ,'  4*�$  -'%��"7��(1"(   -',�!  !$0'&* . �&"  %'&'0'<',""  %�&8,(  +$ -/  9,'&�""  
%&'2&$<$'- (  2 &$4�-5, $ ,'!�-�&$(  '@ +$ -/ , -$!�'  !$!  "  %&" ,'%�)2"�,�0  %�&8,' , %'&'-
)$'- (  +'&'7  -',!"  2 �!&5�$:<5:   &')5  2 .�&0'  -'%��-* . ��  0'&'  52'�"+',"(   !�&� -"  
&$ 8"&',"(  )��(  9,'&�"" , %&'2&$<$:<$( (  2 &$4�-5, 52'�"+"2$'- ( , $ �-)$2$'0$(  2 .�& -
0'  -'%��-*  - 50',/8$'- ( . ;-�  %����',"'  ,$��(),�  "��: -&"&5'- (  3$&$!-'&�0  "70',' -
,"(  �-,� "-'�/,���  !%) ,$   !�&� -,�#  3$&$!-'&" -"!' .  

�$!  "72' -,� ,   52'�"+',"'0  +$ -�-*  2&$<',"(  )2"�$-'�(  ",-', "2,� -/  -'%���4 -
0',$  50',/8$'- ( . ��')�2$-'�/,� , 0��,�  %&')%����"-/ , +-�  %&" ,'!�-�&�#   !�&� -"  
&$ 8"&',"(  )��(  9,'&�""  &$4�+'��  -'�$ , �-2�)"0$(  2 .�&0'  -'%��-* ,  -$,'-   5<' -2',,�  
0',/8'  )��"  9,'&�"" , %&'2&$<',,�#  2 &$4�-5. 
$!�#   �5+$#   0��,�  !�$  "."1"&�2$-/  
!$!  $)"$4$-,�'  &$ 8"&',"' . �)' /  ,'�43�)"0�  22' -"  !&"-'&"#  4* -&�-*  %&�-'!$,"(  
-'&0�)",$0"+' !"3  %&�1'  �2 . �  !$+' -2'  -$!���  !&"-'&"(  %&')�$�$'- (  " %��/7�2$-/  
7$!�,�0'&,� -/  "70',',"(  �4A@0$ -'&0�)",$0"+' !�#   " -'0*  2�  2&'0'," , !�-�&$(  %�-
�5+',$  ,$  � ,�2'   ��-,�8',"# , %&"2')',,*3  2 &$4�-$3 �')�2$  � .� . [3-4]. ����$ ,�  9-"0  
 ��-,�8',"(0 , %��-,� -/   2�4�),�  &$ 8"&(:<'�� (  �$7��4&$7,���  2'<' -2$  �4&$-,�  
%&�%�&1"�,$�/,$  !2$)&$-5 2&'0'," ,  �')�2$-'�/,� , �4A@0 -'&0�)",$0"+' !�#   " -'0*  
%&�%�&1"�,$�',  !2$)&$-5 2&'0',"  [5]: V = Got

2/2. ��9.."1"',-  %&�%�&1"�,$�/,� -"  (Go) 
%�  0* �5  (2�('- (  -'&0�)",$0"+' !"0  5 !�&',"'0 , "0''-  &$70'&,� -/  0 � / 2 "  �%&')'�( -
'- (  !$!  2-�&$(  %&�"72�),$(  �-  �4A@0$  " -'0*  %� 2&'0'," . �2')',"'  -'&0�)",$0"+' !� -
��  5 !�&',"(  !$!  ,�2�#  -'&0�)",$0"+' !�#  .5,!1""  �-!&*2$'-  8"&�!"'  2�70��,� -"  
)�(  $,$�"7$  %&�1'  �2  "70',',"(   � -�(,"(  �$7��4&$7,*3  2'<' -2 , %�72��((  &$  0$-&" -
2$-/ "3  2�  2&'0'," . �  9-�0   �5+$'  2&'0(   -$,�2"- (  %$&$0'-&�0  � -�(,"(  -'&0�)",$0" -
+' !�#   " -'0* . 
$!"0  �4&$7�0, %&')�$�$'- (  %&",1"%"$�/,�  ,�2*#  %�)3�)  !  $,$�"75  
&$4�+'��  %&�1'  $  -'%��2*3  )2"�$-'�'# , � ,�2$,,*#  ,$   �%� -$2�',""   !�&� -"  &$ 8" -
&',"(  &$4�+'��  -'�$  2 &'$�/,�0  )2"�$-'�'   �   !�&� -/:   2�4�),���  &$ 8"&',"( , !�-�&$(  
�%&')'�('- (  7$!�,�0'&,� -/:  "70',',"(  �4A'0$  -'&0�)",$0"+' !�#   " -'0*  2�  2&'0' -
," , %��5+',,�#  %5-'0 22')',"(  ,�2�#  .5,!1""   � -�(,"(  - -'&0�)",$0"+' !���  5 !�&' -
,"( . 

� %��/7�2$,"'   " -'0  0$8",,���  %&�'!-"&�2$,"(  5 -&�# -2 , )�(   �"�$,"(  ��&: -
+"3, 2 -�0  +" �'  )2"�$-'�'#  2,5-&',,'��   ��&$,"( , (2�('- (  �),"0  "7 %'& %'!-"2,*3  ,$ -
%&$2�',"#   �2'&8', -2�2$,"(  9,'&�'-"!" , 2 � �4',,� -"  -&$, %�&-,�# . ��  ,$ -�(<'��  
2&'0',"  2 %&�1'  '  &$7&$4�-!" ,�2*3  0�)'�'#  "  )�2�)!"   5<' -25:<"3  )2"�$-'�'#  � -
,�2,*0  0'-�)�0  (2�('- (  9! %'&"0',-$�/,*# , -$!  !$!  $,$�"-"+' !�'  �%" $,"'  -$!�#  
0,���.$!-�&,�#  "  0,���9! -&'0$�/,�#   " -'0* , !�-�&�#  (2�('- (  )2"�$-'�/  2,5-&',,'��  
 ��&$,"( , %&') -$2�('-   �4�#  +&'72*+$#,�   ���,5:  7$)$+5. �  !$+' -2'  �),�#  "7 � ,�2 -
,*3  -&5),� -'#  %&" &'8',""  9-�#  7$)$+" 0��,�  2*)'�"-/  5&$2,',"' , �%" *2$:<''  7$-
!�,  -'%��2*)'�',"(  2 %&�1'  '   ��&$,"(  -�%�"2$ .  

�$&$!-'&  "70',',"(  -'&0�)",$0"+' !���  5 !�&',"(  2 1"!�'  )2"�$-'�'#  2,5-&', -
,'��   ��&$,"(  �'�!�  %�))$'- (  $,$�"-"+' !�05  �%" $,": , +-�  %�72��('-  %��5+"-/  0$-' -
0$-"+' !5:  0�)'�/  &$4�+'��  %&�1'  $ , $)'!2$-,�  �%" *2$:<5:  9! %'&"0',-$�/,*'  7$-
2" "0� -" , %��5+',,*'  ,$  &$7�"+,*3  )2"�$-'�(3  2 8"&�!�0  )"$%$7�,'   !�&� -,*3  "  ,$ -
�&57�+,*3  &'�"0�2 .  

�$  &" . 1 %&"2')',  %&"0'& &$ +'-,�#  ",)"!$-�&,�#  )"$�&$00*   )2"�$-'�( . �&� -
2'&!$ ,$  $)'!2$-,� -/  0$-'0$-"+' !�#  0�)'�"  %&�"72�)"�$ /  %5-'0 &$ +'-$ 3$&$!-'&" -
 -"!   5<' -25:<"3  )2"�$-'�'#  "   �%� -$2�',"(  "3    9! %'&"0',-$�/,*0" . �  !$&4:&$-
-�&,���  )2"�$-'�(  �-!��,',"(  &$ +'-,*3  "  9! %'&"0',-$�/,*3  7,$+',"#  ,'  %&'2*8$:-  
&$7�"+"#, �45 ��2�',,*3  1"!��2�#  ,' -$4"�/,� -/: . �  )"7'�/,���  )2"�$-'�(  &$7�"+"(   



 42 

�" 5,�!  1 - �$ +'-,$(  ",)"!$-�&,$(  )"$�&$00$  )2"�$-'�(  
 9 - 5���  %�2�&�-$  2$�$ [&$)]; �' (9) – )$2�',"'  2 1"�",)&'  %&" �- 5- -2""   ��&$,"(  [!�$ ]; 
� (9)– )$2�',"'  2 1"�",)&'  %&"  ��&$,""  [!�$ ]; ]; � (9)–-'0%'&$-5&$ 2 1"�",)&'  %&"  ��&$ -

,""  [� ]; ]; Go(9)– -'&0�)",$0"+' !�'  5 !�&',"' [03/ 2]  
 

,$3�)(- (  2 %&')'�$3  -�+,� -"  "70'&',"# , %&�2�)"28"3 (    %�0�</:  $,$�"7$-�&$  
AVL 2 !�, -&5!-�& !�0  4:&�  &$4�+"3 %&�1'  �2  ������&$) !���  0�-�&,���  7$2�)$. 

 


$!"0  �4&$7�0, 54')"28" /  2 $)'!2$-,� -"  %��5+',,�#  0$-'0$-"+' !�#  0�)'�"  
&$4�+'��  %&�1'  $ , 0��,�  2*%��,"-/  &$ +'-  )2"�$-'�( , ,'  "0':<'��  &'$�/,���  %&�-�-" -
%$.  

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

 

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

 

�$7&$4�-$,,$(  -'�&"(  &$4�+'��  %&�1'  $  )2"�$-'�'#  2,5-&',,'��   ��&$,"( , 4$7"-
&5:<$( (  ,$  0'-�)$3  -'&0�)",$0"!"  ,' -$1"�,$&,*3  %&�1'  �2 , %�72��('-  � 5<' -2 -
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�(-/  &$ +'-  ",)"!$-�&,*3  %�!$7$-'�'#  "  %&�"72�)"-/  %� -&�',"'   !�&� -,*3 , ,$�&57�+-
,*3  "  &'�5�"&�2�+,*3  3$&$!-'&" -"!  %&$!-"+' !"  2 '3   5<' -25:<"3  "  '<'  ,'   5<' - -
25:<"3  2 ,$-5&'  %�&8,'2*3  "  &�-�&,� -%�&8,'2*3  )2"�$-'�'#  2,5-&',,'��   ��&$,"( , 2 
-�0  +" �'  &�-�&,� -��%$ -,*3 . ��, -&5!-"2,$(  %&�&$4�-!$ &�-�&,� -��%$ -,���  )2"�$-'�(  
%�72��"�$  2*(2"-/  &()  �3&$,� %� �4,*3  &'8',"# , !�-�&*'  �.�&0�',*  2 2")'  7$(2!"  ,$  
%&')%��$�$'0�'  "7�4&'-',"' , %� !�-�&�#  %��5+',  %$-',-  [6].  
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�'-,���  �4&$7�2$-'�/,���  5+&'�)',"(  2* 8'��  %&�.'  "�,$�/,���  �4&$7�2$,"(  «����� -
�&$) !"#  �� 5)$& -2',,*#  -'3,"+' !"#  5,"2'& "-'- » 

(���  (."�"$� ) ����
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�  %&�1'  '  9! %�5$-$1""  -'3,����"+' !�'  �4�&5)�2$,"'  %�)2'&�$'- (  ."7"+' !�05  "  

0�&$�/,�05  "7,� 5  "  -&'45'-  %� -�(,,���  -'3,"+' !���  �4 �5�"2$,"( . �$4�-� %� �4 -
,� -/  �4�&5)�2$,"(  2�  -$,$2�"2$'- (  %5-'0 '��  &'0�,-$ . 	&�$,"7$1"(  -'3,"+' !���  �4 -
 �5�"2$,"(  "  &'0�,-$  -'3,����"+' !���  �4�&5)�2$,"(  (2�('- (  � ,�2,�#  .5,!1"'#  &'-
0�,-,���  3�7(# -2$  2 %&�"72�) -2',,�#  ",.&$ -&5!-5&'  %&')%&"(-"#. 

;!�,�0"+' !�#  � ,�2�#   5<' -2�2$,"(  &'0�,-$  (2�('- (  ,'&$2,�  %&�+,� -/  )'-$�'#  
"  57��2  -'3,"!" . �'# -2"-'�/,� , 9!�,�0"+' !"  ,'�4� ,�2$,,�  "  -'3,"+' !"  ,'2�70��,�  
"7��-�2"-/  0$8",5 , 0'3$,"70* , $�&'�$-    )'-$�(0"  "  57�$0"    �)",$!�2�#  %&�+,� -/: , 
&$2,�0'&,� -/:  "7,� $ ,   %&"0'&,�  &$2,*0"   &�!$0"   �5�4* . ��9-�05  "  2�7,"!$'-  %�-
-&'4,� -/  2 &'0�,-'  -'3,"!" , +-�4*  �4' %'+"-/  ''  ,�&0$�/,�'  .5,!1"�,"&�2$,"'  ,$  2' /  
%'&"�)   �5�4* . 

�'0�,-  (.& . remonter — %�%&$2"-/, %�%��,"-/ ,  ,�2$   �4&$-/ ) —  �2�!5%,� -/  -'3 -
,"!� -9!�,�0"+' !"3  "  �&�$,"7$1"�,,*3  0'&�%&"(-"# ,  2(7$,,*3    %�))'&�$,"'0  "  +$ -
-"+,*0  ("�"  %��,*0 ) 2�  -$,�2�',"'0  %�-&'4"-'�/ !�#   -�"0� -"  � ,�2,*3  .�,)�2  
( &') -2  %&�"72�) -2$ ) "�"  %&')0'-�2  �"+,���  %��/7�2$,"( . ����$ ,�  )'# -25:<"0  
 -$,)$&-$0  &'0�,-  — 9-�  !�0%�'!  �%'&$1"# %� 2�  -$,�2�',":  " %&$2,� -"  �"4�  &$4�-
-� %� �4,� -"  "7)'�"#  "�"  "3   � -$2,*3  +$ -'# . 

�,$+',"'  &'0�,-$  � ,�2,*3  %&�"72�) -2',,*3  .�,)�2 , %�2*8',"'  9..'!-"2,� -"  
'��  �&�$,"7$1""  �45 ��2�"2$:- (   �')5:<"0"  2$�,'#8"0"  .$!-�&$0" : 
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• !$%"-$�/,*#  &'0�,-  (2�('- (  �),"0  "7  %� �4�2  %&� -���  2� %&�"72�) -2$  � ,�2 -
,*3  .�,)�2 ; 

• ,$  &'0�,-  � ,�2,*3  .�,)�2  '�'��),�  7$-&$+"2$:- (  ��&�0,*'   &') -2$ ; 2  '4' -
 -�"0� -"  %&�)5!1""  9-"  7$-&$-* )� -"�$:-  6-20 %; 

• %&� -�#  -'3,"!"  %&" &'0�,-'  ,'�$-"2,�  2�"('-  ,$  !�,'+,*'  &'75�/-$-*  )'(-'�/,� -
 -"  %&')%&"(-"#; 

• 2 &'0�,-'  %� -�(,,�  ,$3�)"- (  )�  40 % $2-�0�4"�'# , 25 %  -&�"-'�/,*3  0$8", , 
10-12 % 0'-$���&'�5<"3   -$,!�2 ; 

• 2  .'&'  &'0�,-$  7$,(-*  7,$+"-'�/,*'  &' 5& *  (,$%&"0'&, 7$-&$-* ,$  %�))'&�$,"'  
�&57�2���  $2-�0�4"�/,���  -&$, %�&-$ 2 &$4�+'0   � -�(,""  2 4*28'0  ����  %&'2*8$�"  
7$-&$-* ,$  '��  �4,�2�',"'  4��''  +'0  2 12 &$7; &$4�+"3 ,$  &'0�,-,*3  &$4�-$3 4*��  2 7 &$7 
4��/8' , +'0  ,$  7$2�)$3-"7��-�2"-'�(3 ;  -$,!�2  ,$  &'0�,-,*3  &$4�-$3 4*��  2 7,2 &$7$ 
4��/8' , +'0  ,$  7$2�)$3 %� "7��-�2�',":  -$!�#  -'3,"!" ); 

• )��(  &5+,���  -&5)$ 2 &'0�,-,*3  &$4�-$3 )� -"�$'-  75-90 % %&�-"2 20-30 % 2 0$8" -
,� -&�',""  ,$  "7��-�2�',""  ,�2���  �4�&5)�2$,"( ; 

• &' 5&  �-&'0�,-"&�2$,,�#  -'3,"!"  ,'  %&'2*8$'-  40-50 % &' 5& $ ,�2���  �4�&5)� -
2$,"( . 

�   2(7"    %'&'+" �',,*0"  .$!-�&$0"  7$)$+" �&�$,"7$1""  &'0�,-$  �4�&5)�2$,"(   -$ -
,�2(- (  �+',/  $!-5$�/,*0" . �  � ,�2,*0  7$)$+$0 &'0�,-,���  %&�"72�) -2$  %&')%&"(-"(  
�-,� (- ( : 

• %�))'&�$,"'  -'3,����"+' !���  �4�&5)�2$,"(  2 %� -�(,,�#  9! %�5$-$1"�,,�#  �� -
-�2,� -" ; 

• 52'�"+',"'   &�!�2  9! %�5$-$1""  �4�&5)�2$,"(  4'7 &'0�,-$ ; 
•  �2'&8', -2�2$,"'  �&�$,"7$1""  "  %�2*8',"'  !$+' -2$  &'0�,-$  �4�&5)�2$,"( ; 
•  ,"�',"'  7$-&$- ,$  &'0�,-  "  -'3,"+' !�'  �4 �5�"2$,"'  -'3,����"+' !���  �4�&5)� -

2$,"( . 
;-"  7$)$+" &'8$:- (  %5-'0: 
• &$7&$4�-!" "  &'$�"7$1""   " -'0*  %� -'3,"+' !�05  �4 �5�"2$,":  �4�&5)�2$,"(  2 

%&�1'  '  '��  9! %�5$-$1""  2 1'�(3  %&')5%&'�)',"(  %&��&'  "&5:<'��  "7,� $  "  $2$&"#; 
•  2�'2&'0',,���  "  !$+' -2',,���  2*%��,',"(  %�$,�2� -%&')5%&')"-'�/,���  &'0�,-$  

�4�&5)�2$,"( ; 
• 0�)'&,"7$1""  5 -$&'28'��  �4�&5)�2$,"( ; 
• %�2*8',"(  �&�$,"7$1"�,,� --'3,"+' !���  5&�2,(  &'0�,-,���  %&�"72�) -2$ . 
�" -'0$  -'3,"+' !���  �4 �5�"2$,"(  "  &'0�,-$  �4�&5)�2$,"(  
�$4�-*  %� %�))'&�$,":  �4�&5)�2$,"(  2 &$4�-� %� �4,�0   � -�(,""  %�)&$7)'�(:- (  

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

�" -'0$  ���  — 9-�   �2�!5%,� -/  �&�$,"7$1"�,,� --'3,"+' !"3  0'&�%&"(-"#  %� 53� -
)5, ,$)7�&5 , �4 �5�"2$,":  "  &'0�,-5  �4�&5)�2$,"( , %&�."�$!-"+' !"3  0'&�%&"(-"#  %� 
7$&$,''   � -$2�',,�05  %�$,5 2 �%&')'�',,*3  �4A'0$3  "  2 �%&')'�',,*'   &�!"  2 1'�(3  
%&')�-2&$<',"(  %&��&'  "2,�  ,$&$ -$:<'��  "7,� $ , %&')5%&'�)',"(  $2$&"# "  %�))'& -
�$,"(  �4�&5)�2$,"(  2 %� -�(,,�#  -'3,"+' !�#  ��-�2,� -" . 

�" -'0$  ���  4$7"&5'- (  ,$  )253 � ,�2,*3  %&",1"%$3 — %&')5%&')"-'�/,� -"  "  
%�$,�2� -" . 

�&",1"%  %&')5%&')"-'�/,� -"  7$!�:+$'- (  2 -�0 , +-�  %� �'  �-&$4�-!"  !$�)*0  9�' -
0',-�0  5 -$,�2�',,���  )�(  ,'��  �%&')'�',,���  2&'0',"  2*%��,(:- (  -'3,"+' !�'  �4 -
 �5�"2$,"'  "  &'0�,-,*'  &$4�-*  ,'7$2" "0�  �-  ."7"+' !���   � -�(,"(  "   -'%',"  "7,� $ . 
�&",1"%  %�$,�2� -"  %&')%��$�$'- , +-�  5!$7$,,*'  -'3,"+' !"'  2�7)'# -2"(  � 5 -
<' -2�(:- (  %�  %'1"$�/,�05  �&$."!5    7$)$,,*0"  �4A'0$0"  &$4�- 2 �%&')'�',,*'   &� -
!" . 
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�" -'0$  ���  2!�:+$'-  2  '4(  -'3,"+' !�'  �4 �5�"2$,"'  (-'3,"+' !"#  � 0�-& ) "  &'-
0�,-* . 


'3,"+' !�'  �4 �5�"2$,"'  — 9-�  !�0%�'!  �%'&$1"# %� %�))'&�$,":  &$4�-� %� -
 �4,� -"  �4�&5)�2$,"(  "  �4' %'+',":  '��  -'3,"+' !"3  %$&$0'-&�2 2 %&�1'  '  9! %�5$-
-$1"" . 
$!�'  �4 �5�"2$,"'  2*%��,(:-  %&�"72�) -2',,*'  &$4�+"'  "  )'�5&,*#  &'0�,- -
,*#  %'& �,$� . �&"  9-�0  %&')5 0$-&"2$:- (   �')5:<"'  -'3,"+' !"'  �%'&$1"" : 

•  0',$  "  %�%��,',"'  0$ '� ; 
• &'�5�"&�2!$  0'3$,"70�2 ; 
• 5 -&$,',"'  0'�!"3  ,'" %&$2,� -'# ; 
•  0$7!$ -&5<"3 (  %�2'&3,� -'# ; 
• %&�2'&!$ �'�0'-&"+' !�#  -�+,� -"  2  ��-2'- -2""    ,�&0$0" , -'3,"+' !"0"  5 �� -

2"(0"  "  - . %.; 
• " %*-$,"(  — )�(  �&57�%�)A'0,*3  0$8", , 9�'!-&��4�&5)�2$,"(  "  )&. 
�'0�,-  — 9-�  !�0%�'!  �%'&$1"# %� 2�  -$,�2�',":  %$&$0'-&�2 -'3,"+' !�#  3$&$!-

-'&" -"!"  �4�&5)�2$,"(  "  �4' %'+',":  )$�/,'#8'#  '��  9! %�5$-$1"" . �'0�,-,*'  &$4�-*  
%&')5 0$-&"2$:-  %&�2')',"'  -'!5<'��  (0$���� ),  &'),'��  "  !$%"-$�/,���  &'0�,-$  %� 
2 '0  2")$0  � ,�2,*3  %&�"72�) -2',,*3  .�,)�2 . 


'!5<"0  ,$7*2$'- (  0","0$�/,*#  %� �4A'05  &'0�,- , %&" !�-�&�0  7$0',�#  "�"  2� -
 -$,�2�',"'0  4* -&�"7,$8"2$:<"3 (  )'-$�'#  "  &'�5�"&�2$,"'0  0'3$,"70�2  )� -"�$'- -
 (  ,�&0$�/,$(  &$4�-$ �4�&5)�2$,"( . 

�&'),"#  &'0�,-   ���,''  -'!5<'�� . 	,  %&')5 0$-&"2$'-  +$ -"+,5:  &$74�&!5 �4�&5 -
)�2$,"( , 7$0',5  "  2�  -$,�2�',"'  "7,�8',,*3  )'-$�'# , $ ��$2,�'  — -$!�#  &'0�,-  2* -
%��,('- (  4'7  ,(-"(  �4�&5)�2$,"(    .5,)$0',-$ . 

�$%"-$�/,*#  &'0�,-  — ,$"4��''   ���,*#  2")  &'0�,-$ , -&'45:<"#  %��,�#  &$74�&!" 
"  &'0�,-$  2 '3  4$7�2*3 )'-$�'# , 7$0',*  "7,�8',,*3  )'-$�'#  "  57��2 , 2�  -$,�2�',"'  
+$ -"  )'-$�'# , %&�2'&!"  "3  ,$  -�+,� -/ . �'0�,-* , 2*7*2$'0*'  �-!$7$0"  "  $2$&"(0" �4� -
&5)�2$,"( , ,$7*2$:- (  2,'%�$,�2*0"  ($2$&"#,*0" ). �&"  3�&�8�  �&�$,"7�2$,,�#   " -' -
0'  ���  "  2* �!�#  !5�/-5&'  9! %�5$-$1""  �4�&5)�2$,"(  ,'�43�)"0� -/  2 -$!"3  &'0�,-$3 , 
!$!  %&$2"��, ,'  2�7,"!$'- . 

6�)'&,"7$1"(  �4�&5)�2$,"(  �4*+,�   �20'<$'- (    !$%"-$�/,*0  &'0�,-�0 . �&"," -
0$'-  �4�&5)�2$,"'  %� �'  &'0�,-$  %&') -$2"-'�/  	
�  %� " -'+',""  " %*-$-'�/,���   &�!$  
&$4�-*  $�&'�$-$  (8 + — %&" 0$��0  &'0�,-' , 16 + — %&"  &'),'0  "  24 + — %&" !$%"-$�/ -
,�0 ). 
6�)'&,"7$1"(  �4�&5)�2$,"(  %&�2�)"- (  2  �')5:<"3  � ,�2,*3  ,$%&$2�',"(3 : 

• 0'3$,"7$1"(  "  $2-�0$-"7$1"(  5%&$2�',"(  1"!��0  &$4�-* ; 
• %�2*8',"'  0�<,� -" ,  !�&� -"  "  '0!� -"  &$4�+"3 0'3$,"70�2 ; 
• &$ 8"&',"'  -'3,����"+' !"3  2�70��,� -'# ; 
• %�2*8',"'  9! %�5$-$1"�,,�#  ,$)'�,� -" , )����2'+,� -"  "  -�+,� -"  &$4�-* ; 
• � ,$<',"'  7$�&57�+,*0"  "  %�)$:<"0"  0'3$,"70$0" ; 
• 5 !�&',"'  %�)2�)$  "  �-2�)$  ", -&50',-$ ; 
• 5�5+8',"'  5 ��2"#  -&5)$. 
�  5 ��2"(3  ')","+,���  "  0'�!� '&"#,���  %&�"72�) -2  %&'�4�$)$'-  !�0%�'! ,$(  �4 -

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

='�' ��4&$7,� -/  %&�2')',"(  0�)'&,"7$1""  �%&')'�('- (   �%� -$2�',"'0  9!�,�0" -
+' !"3  %�!$7$-'�'#  �4�&5)�2$,"(  )�  "  %� �'  0�)'&,"7$1"" , $ -$!�'   �%� -$2�',"'0  7$-
-&$- %� -&'0  2$&"$,-$0 (-$4� . 1). ;!�,�0"+' !"  1'�' ��4&$7,�#   +"-$'- (  -$!$(  0�)'&," -
7$1"(, !�-�&$(  -&'45'-  0',/8'  !$%"-$�/,*3  7$-&$-, +'0  %&" 5 -$,�2!'  ,�2���  �4�&5)�2$ -
,"( . �'  0',''  2$�,*0  %�!$7$-'�'0  1'�' ��4&$7,� -"  0�)'&,"7$1""  (2�('- (  ."7"+' !"#  
"7,�  �4�&5)�2$,"( . 

 

$4�"1$  1 
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���������  ;�	�	6�������  �	����
����  ���  6	�������=��  	�	 -
���	�����  

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

 -$&�#  0$-
8",'  

6�)'&,"7$1"(  
 -$&�#  0$8",'  

�$0',$  
 -$&�#  
0$8",*  
,�2�#  

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

+ + + 


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

+ + + 

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

+ + + 

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

  + + 

�&�!  �!5%$'0� -"  7$-
-&$-, 0' . 

- + + 

 
�&"0'+$,"' . �,$!  "+" �7,$+$'-  1'�' ��4&$7,� -/  0�)'&,"7$1""  �4�&5)�2$,"( , "-" — 

''  ,'1'�' ��4&$7,� -/ . 
�"7"+' !"#  "7,�  �%&')'�('- (  )250(   %� �4$0" : %� &'75�/-$-$0  �4 �')�2$,"(  -'3 -

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

6�&$�/,*#  "7,�  � ,�2,*3  .�,)�2  "0''-  )2'  .�&0* : 
• "7,� , �%&')'�('0*#   ,"�',"'0   -�"0� -"  .�,)�2  2 �') -2"'   �!&$<',"(  7$-&$- 

,$  "3   �7)$,"'  2  2(7"    %�2*8',"'0  %&�"72�)"-'�/,� -"  -&5)$ 2 �-&$ �(3 , %&�"72�)( -
<"3  9-"  .�,)* , - . ' . 50',/8',"(   -�"0� -" ; 

• "7,�  2 �') -2"'   �7)$,"(  ,�2*3  4��''  %&�"72�)"-'�/,*3  "   �2'&8',,*3  0$8",  "  
�4�&5)�2$,"(  $,$���"+,���  -"%$ "  ,$7,$+',"( . 

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

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

05 �4 �5�"2$,":  %&�"72�)(- (   "�$0"  &'0�,-,� -0'3$,"+' !���  1'3$ (�6= ). ;-�-  1'3  
&$ %��$�$'-   %'1"$�"7"&�2$,,*0"  &'0�,-,*0"  4&"�$)$0" , ,'�43�)"0*0  5,"2'& $�/,*0  
�4�&5)�2$,"'0 , 7$%$ ,*0"  +$ -(0" , %&�"72�) -2',,*0"  %��<$)(0"  "  )&. 
$!�#  0'-�)  
%&"0',('- (  ,$  %&')%&"(-"(3   �4<"0  !��"+' -2�0  �4�&5)�2$,"(  2500-3000 &'0�,-,*3  
')","1  "  !��"+' -2�0  �4�&5)�2$,"(  2 !$�)�0  1'3'  ,'  4��''  500 &'0�,-,*3  ')","1 . �&"  
-$!�0  0'-�)'  &'0�,-$  ,$"4��''  9..'!-"2,$  4&"�$),$(  .�&0$  �&�$,"7$1""  -&5)$   %&'�4-
�$)$,"'0   %'1"$�"7"&�2$,,*3  &'0�,-,*3  4&"�$) . 

�&"  )'1',-&$�"7�2$,,�0  0'-�)'  2 '  2")*  &'0�,-,*3  &$4�- "  "7��-�2�',"'  +$ -"  
 0',,*3  )'-$�'#  � 5<' -2�(:- (   "�$0"  "   &') -2$0"  1'3�2*3  &'0�,-,*3   �5�4 . �' -
0�,-,� -0'3$,"+' !"#  1'3  %&')%&"(-"(  2*%��,('-  2 � ,�2,�0  &$4�-*  %� !$%"-$�/,�05  
&'0�,-5  "  0�)'&,"7$1""   ���,���  "  !&5%,���  �4�&5)�2$,"( : "7��-�2�('-  7$%$ ,*'  +$ -"  
0$  �2���  %&"0',',"( , 2�  -$,$2�"2$'-  !�&%5 ,*'  )'-$�" , -&'45:<"'  " %��/7�2$,"(  



 47 

 %'1"$�/,���  �4�&5)�2$,"(  "  � ,$ -!" . ;-�-  0'-�)  %&"0',('- (  ,$  %&')%&"(-"(3, �)'  !� -
�"+' -2�  �4�&5)�2$,"(  2 !$�)�0  1'3'  %&'2*8$'-  800 &'0�,-,*3  ')","1 . 

�0'8$,,*#  0'-�)  3$&$!-'&"75'- (  -'0 , +-�  &'0�,-,*'  &$4�-*  2*%��,(:- (  !$!  1' -
3�2�#  &'0�,-,�#   �5�4�# , -$!  "  �6= . �� �'),"#  2*%��,('-  !$%"-$�/,*#  &'0�,-  2 '��  
�4�&5)�2$,"(  %&')%&"(-"(  "  "7��-�2�('-  7$%$ ,*'  +$ -" . ;-�-  0'-�)  %&"0',('- (  ,$  
%&')%&"(-"(3   !��"+' -2�0  �4�&5)�2$,"(  2 !$�)�0  1'3'  500-800 &'0�,-,*3  ')","1 . 

�&"  2 '3  0'-�)$3  �&�$,"7$1""  &'0�,-$  �4(7$-'�/,�  -'3,"+' !�'  �4 �5�"2$,"'  �4� -
&5)�2$,"( , !�-�&�'  2*%��,(:-  � ,�2,*'  %&�"72�) -2',,*'  &$4�+"' . 	,"  )���,*  ,$ -
4�:)$-/  7$ &$4�-�#  �4�&5)�2$,"( ,  �')"-/  7$ 5&�2,'0  0$ �$  "  �3�$�)$:<'#  �")!� -" , 
3$&$!-'&�0  850$ 2 &')5!-�&$3  "  )&5�"3  0'3$,"70$3 . �  "3  �4(7$,,� -"  23�)(-  -$!�'  
54�&!$ �-3�)�2  "  '�'),'2,$(   0$7!$ �4�&5)�2$,"( . �&�2'&!5  -'3,"+' !"3  %$&$0'-&�2 
�4�&5)�2$,"( , '��  &'�5�"&�2!5  "  %&�0*2!5  � 5<' -2�('-  )'�5&,*#  &'0�,-,*#  %'& �,$� . 

��0%�'! ,*'  4&"�$)*  &'0�,-,"!�2  7$!&'%�(:- (  7$ � ,�2,*0"  %&�"72�) -2',,*0"  
%�)&$7)'�',"(0"  (1'3�0 , 5+$ -!�0 ) )�(  2*%��,',"(  2 '3  &'0�,-,*3  &$4�-. �  1'�(3   � -
!&$<',"(  %&� -�'2  �4�&5)�2$,"(  ,$  &'0�,-'  2 '  � ,�2,*'  &'0�,-,*'  &$4�-*  2*%��,( -
:- ( , !$!  %&$2"��, 2 �4')',,*'  %'&'&*2*  "  2*3�),*'  )," . 

�$"4��''  %&��&'  "2,*0   %� �4�0  %&�2')',"(  &'0�,-�2  (2�('- (  $�&'�$-,*# . 	,  7$-
!�:+$'- (  2 -�0 , +-�  2*8')8"'  "7  -&�(  �-)'�/,*'  57�* , $�&'�$-*  �4�&5)�2$,"(  7$0'-
,(:- (  7$%$ ,*0"  (&$,''  �-&'0�,-"&�2$,,*0" ) "�"  ,�2*0" . 
$!�#   %� �4  %�72��('-  
&'7!�   �!&$-"-/  %&� -�"  �4�&5)�2$,"(  ,$  &'0�,-' , %� !��/!5  &'0�,-   2�)"- (  2 � -
,�2,�0  !  -�05 , +-�4*   ,(-/    �4�&5)�2$,"(  2*8')8"#  "7  -&�(  57'� , $�&'�$-  "  20' -�  ,' -
��  %� -$2"-/  7$&$,''  �-&'0�,-"&�2$,,*# . 

�%&$2�('-  &'0�,-,*0  3�7(# -2�0  ��$2,*#  0'3$,"!  %&')%&"(-"( , !�-�&*#  %�)+",( -
'- (  ��$2,�05  ",�','&5 . 	,  2�7��$2�('-  �-)'�  ��$2,���  0'3$,"!$  (	
6 ) "  &5!�2�)"-  
�6= , $ -$!�'  � 5<' -2�('-  .5,!1"�,$�/,�'  &5!�2�) -2�  1'3�2*0"  &'0�,-,*0"   �5� -
4$0" "  !��&)","&5'-  2 :  &$4�-5 %� -'3,"+' !�05  �4 �5�"2$,":  "  &'0�,-5  �4�&5 -
)�2$,"(  ,$  %&')%&"(-"" . 

	-)'�  ��$2,���  0'3$,"!$  ,$  !&5%,�0  %&')%&"(-""   � -�"-  "7 4:&�  "  �&5%%  %'1"$-
�" -�2  %� ,$%&$2�',"(0  (&" . 14). 

�  � ,�2,*0  .5,!1"(0  ����  �-,� (- ( : 
• 0$-'&"$�/,$(  "  �&�$,"7$1"�,,$(  %�)��-�2!$  &'0�,-�2 ; 
• %�$,"&�2$,"'  2 '3  2")�2  &'0�,-,*3  "  %&�."�$!-"+' !"3  &$4�- �4�&5)�2$,"( ; 
• �&�$,"7$1"(  %&$2"�/,�#  9! %�5$-$1""  "  &'0�,-$  �4�&5)�2$,"( ; 
• &5!�2�) -2�  &$4�-�#   0$7�+,���  3�7(# -2$ ; 
•  �7)$,"'  %$&!$ 7$%$ ,*3 +$ -'#  "  $�&'�$-�2 , 57��2 ; 
• 5+'-  "  3&$,',"'  �4�&5)�2$,"( ; 
•  � -$2�',"'   2�),*3  �&$."!�2  &'0�,-$  �4�&5)�2$,"( . ��$,�2� -%&�"72�) -2',,�'  

4:&�  ("�"  %�$,�2� -)" %'-+'& !�'  4:&�  — ��� ) %�$,"&5'- , &'�5�"&5'- , $,$�"7"&5'-  "  
!�,-&��"&5'-  %&�"72�) -2',,5:  "  9!�,�0"+' !5:  )'(-'�/,� -/  2 '3  72',/'2  &'0�,-,���  
3�7(# -2$  %&')%&"(-"( ,  � -$2�('-   2�),*'  �-+'-*  %� 2*%��,',":  %�$,�2 . 

��, -&5!-�& !� --'3,����"+' !�'  4:&�  � 5<' -2�('-  2 :  -'3,"+' !5:  %�)��-�2!5  
 " -'0*  ���  "  2 '  2")*  &'0�,-,*3  &$4�-, 2!�:+$(  0�)'&,"7$1":  �4�&5)�2$,"( . 
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�-&5!-5&$  �-)'�$  ��$2,���  0'3$,"!$  ,$  !&5%,�0  %&')%&"(-"" : 
 
���  — %�$,�2� -%&�"72�) -2',,�'  4:&� ; �
�  — !�, -&5!-�& !� --'3,����"+' !�'  

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

&5%%$ !&$,�2���  �4�&5)�2$,"(   �')"-  7$ 9! %�5$-$1"'#  "   � -�(,"'0  2 '3  %�)A'0 -

,� --&$, %�&-,*3  0'3$,"70�2  "  %�)!&$,�2*3  %5-'#, %�$,"&5'-  "  !�,-&��"&5'-  2*%��,' -
,"'  �&$."!�2  &'0�,-$  %�)A'0,� --&$, %�&-,���  �4�&5)�2$,"( , � 5<' -2�('-  '��  " %*-$ -
,"(  "  � 2")'-'�/ -2�2$,"' . 

�'0�,-,�'  3�7(# -2�  2 1'3'  2�7��$2�('-  0'3$,"!  1'3$. �05  %�)+",(:- (  0$ -'&$  "  
4&"�$)"&* , !�-�&*'  ,'%� &') -2',,�  &5!�2�)(-  &$4�-$0"  %� ,$)7�&5 , 53�)5 , 9! %�5$-$-
1""  "  &'0�,-5  �4�&5)�2$,"( ; 0$ -'&$0 , 2  2�:  �+'&')/ , %�)+",',*  )'�5&,*'   �' $&" . 

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

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

-$ (')","1*  �4�&5)�2$,"( ), !�-�&$(  7$2" "-  �-  '��  -'3,"+' !"3  "  !�, -&5!-�& !"3  � � -
4',,� -'#  — &$70'&�2 �4&$4$-*2$'0*3  )'-$�'# , -�+,� -"  "3  "7��-�2�',"( , � �4',,� -'#  
&'0�,-$  "  )&. �$-'��&"(  &'0�,-,�#   ���,� -"  �4�7,$+$'- (  45!2�#  �  "  +" ��0  %'&')  
,'# . 

�$-'��&"(  &'0�,-,�#   ���,� -"  �4�&5)�2$,"(  �%&')'�('- (  !$!  %� 0'3$,"+' !�# , 
-$!  "  %� 9�'!-&"+' !�#  +$ -" . 
$! , 2 ,$ -�(<''  2&'0(  )�(  0'-$����4&$4$-*2$:<"3   -$, -
!�2  %� 
�
	�  2 !$+' -2'  $�&'�$-$ -9-$��,$  %&",(-  -�!$&,� -2",-�&'7,*#   -$,�!  0�)'�"  
16� 20. ��(  ,'��  5 -$,�2�',$  !$-'��&"(   ���,� -"  12 � . ��(  �:4���  )&5����   -$,!$  9-�#  
�&5%%* !$-'��&"(   ���,� -"  �%&')'�('- (  %5-'0  �%� -$2�',"(  2*4&$,,���   -$,!$    9-$-
��,�0 . 

�'0�,-,*#  1"!�  — 9-�  %&�)���"-'�/,� -/  &$4�-*  �4�&5)�2$,"(  �-  ,$+$�$ 22�)$  '��  
2 9! %�5$-$1":  )�  %'&2���  !$%"-$�/,���  &'0�,-$  "�"  0'�)5  )250(  !$%"-$�/,*0"  &'0�, -
-$0" . ����$ ,�  
�
	�  )�(  !$�)���  2")$  �4�&5)�2$,"(  �%&')'�',,���  -'3,����"+' !���  
,$7,$+',"(  5 -$,$2�"2$'- (  " 3�),$(  %&�)���"-'�/,� -/  &'0�,-,���  1"!�$ , !�-�&$(  ,$  
%&')%&"(-"(3 0��'-  !�&&'!-"&�2$-/ (  " 3�)(  "7 5 ��2"#  &$4�-*  �4�&5)�2$,"( . �$%&"-
0'& , )�(  0'-$���&'�5<"3   -$,!�2  %&�)���"-'�/,� -/  &'0�,-,���  1"!�$  
1  = 16800 +, 
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)�(  !57,'+,� -%&'  �2���  �4�&5)�2$,"(  
1  = 10000 +, )�(  )'&'2��4&$4$-*2$:<'��  
1  = 
11200 +, )�(  �"-'#,���  
1  = 6000 +. ��(  0'-$���&'�5<'��  �4�&5)�2$,"(  %&" &$ +'-'  %&�-
)���"-'�/,� -"  &'0�,-,���  1"!�$  5+"-*2$:- (  .$!-�&*  9! %�5$-$1""  �4�&5)�2$,"(  ,$  
%&')%&"(-"" . ;-"  .$!-�&*  2 2")'  !�9.."1"',-�2  �%&')'�(:-  %�  %&$2�+,*0  -$4�"1$0  

�
	� . 

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

�)",$(   " -'0$  ���  %&')5 0$-&"2$'-  �%&')'�',,5:   -&5!-5&5 &'0�,-,*3  1"!��2  %� 
�&5%%$0 �4�&5)�2$,"(    5+'-�0  ,$7,$+',"( ,  ���,� -"  "  5 ��2"#  9! %�5$-$1"" . �&"0'&  
 -&5!-5&*  &'0�,-,���  1"!�$  %�!$7$, ,$  &" . 15 (%&" 9-�0  &'0�,-,*#  1"!�  2!�:+$'-  2 
 '4(  !$%"-$�/,*#  &'0�,- , )2$  &'),"3 , 8' -/  0$�*3  "  )'2(-/  � 0�-&�2 ). 

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

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

,"(  -'3,����"+' !���  �4�&5)�2$,"(  "  ", -&50',-$&"( , %&'),$7,$+',,*3  )�(  �&�$,"7$1"(  
,�2���  %&�"72�) -2$  "�"  2�  -$,�2�',"(   "0':<'�� (  �4�&5)�2$,"(  ,$  )'# -25:<'0  
%&�"72�) -2' . 

��<1
25
  ���2
 . �'0�,- , )�",,�0'&,*#  %��*#  2$�,   &$ -�+!$ ,  �20'<',"' , 2", -
-�2$(  ",-'&%��(1"( , &'�5<' –)'.�&0"&5:<$(  %&�8"2!$ , 8�".�2$,"' , %�$,'-$&,*#  0' -
3$,"70 ,  %",��/ .  

 
�2
*
,�
 . 	 ,�2�#  %�)3�)$  !   �7)$,":   -'3,����"#  "7��-�2�',"(   )'-$�'#  (2�( -

:- (  %&",1"%* CALS--'3,����"# , %&')5 0$-&"2$:<"'   �%&�2��)',"'  "7)'�"(  ,$  %&�-
-(�',""  2 '��  �"7,',,���  1"!�$ : �-  %�$2!" 0'-$��$  7$��-�2!"  - )�  5-"�"7$1"" . ��9-�05  
&'0�,-  "  "7��-�2�',"'  ,�2���  "7)'�"(   +$ -�  (2�(:- (  � ,�2,*0"  $�/-'&,$-"2,*0"  2$-
&"$,-$0"   -'3,"!� -9!�,�0"+' !���  �4� ,�2$,"(  !�, -&5!-�& !� --'3,����"+' !���  �4' -
%'+',"(  0$8",� -&�"-'�/,*3  %&�"72�) -2 . 

�&"0',',"'  -$!"3  %&",1"%�2 %�72��('-   5<' -2',,�   ,"�$-/  7$-&$-* ,$  9! %�5$-
-$1": , 4�$��)$&(  &'$�"7$1""  .5,!1"#  ",-'�&"&�2$,,�#  ���" -"+' !�#  %�))'&�!" . �5 -
<' -2',,�  �4�'�+$'- (  &'8',"'  %&�4�'0  &'0�,-�%&"��),� -" , ",-'�&$1""  %&�)5!1""  2 
&$7�"+,���  &�)$   " -'0*  "   &')* , $)$%-$1"" !  0',(:<"0 (  5 ��2"(0  9! %�5$-$1""  "  - .%. 
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��,�2,
�  1
�/+ . �  %� �'),''  2&'0(  2 � ,�25  ")'����""  &$7&$4�-!" -'3,����"+' -
 !"3  %&�1'  �2  0'3$,"+' !�#  �4&$4�-!"  )'-$�'#   %'1"$�/,���  "  �4<'0$8",� -&�"-'�/ -
,���  %&"0',',"(  2 '  +$<'  7$!�$)*2$:-  ")'����":  "  %&",1"%* ",2'& "" , %&')5 0$-&"-
2$:<"3   �%&�2��)',"'  "7)'�"(  ,$  %&�-(�',""  2 '��  �"7,',,���  1"!�$  ,$  2 '3  9-$%$3 
%&�"72�) -2$ . 

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

�&"  9-�0   2*%��,',�   ��-2'- -25:<"'   -'3,"!� -9!�,�0"+' !�'   &$2,',"'  )253 
2$&"$,-�2 : �&�$,"7$1"(  %&�"72�) -2$  %&" ,$�"+""  5 -$&'28'��  �4�&5)�2$,"(  ,$  )'# - -
25:<'0   %&�"72�) -2'  "�"   0�)'&,"7$1"(  %&�"72�) -2$  -&54  	�	  �
�  ,$  � ,�2'   %&"-
0',',"(   %",��/,*3   -$,!�2 , �4�$)$:<"3  2�70��,� -(0"   �20'<',"(  %&�1'  �2  2"7-
&'.&'7'&�2$,"(  &'�5<' -)'.�&0"&5:<'��  %&�8"2$,"(  ��54�!���   -5%',+$-���  �-2'& -
 -"( . [1-3].  

�&"  &'8',""  7$)$+" %&')���',�  20' -�  "0%�&-,*3  &$ -�+,*3  ����2�!   ."&0*  
Sandvik Coromant (�2'1"( ) %&"0',"-/  �-'+' -2',,5:  &$7&$4�-!5 ,$  � ,�2'  &$7&$4�-$,-
,���  2 ���  "  �	�  6�
�  – 0'-$���&'�5<"3   -$,!�2  "  5 -&�# -2  [4, 5] (&" . 1). 

�$�,'#8"0"  .$!-�&$0" , �%&')'�(:<"0"  9! %�5$-$1"�,,5:  ,$)'�,� -/  "   &�!  
 �5�4*  -'3,����"+' !"3  0$8",  "  �4�&5)�2$,"( , (2�(:- (  9! %�5$-$1"�,,*'   2�# -2$  
%�2'&3,� -,���   ��(  0$-'&"$�$  "  '��  %&�+,� -/ . �&"  9! %�5$-$1""  ,'&')!�  "7,$8"2$:- -
 (  &$4�+"'  %�2'&3,� -"  )'-$�'# , +-�  -&'45'-  "3  %��,�#  7$0',*  " , !$!   �') -2"' , %�2*8' -
,"(   '4' -�"0� -"  &'0�,-$ . �+"-$'- ( , +-�   '4' -�"0� -/  2�  -$,�2�',"(  )�(  4��/8", -
 -2$ 2�  -$,$2�"2$'0*3  )'-$�'#  ,'  %&'2*8$'-  75 %  -�"0� -"  ,�2*3 , $ &$ 3�)  0$-'&"$ -
��2  2 15 – 20 &$7 ,"�' , +'0  ,$  "3  "7��-�2�',"' . 	),$!� , 2 &()'   �5+$'2  "7��-�2�',"'  )'-$ -
�'#  1'�"!�0  &$1"�,$�/,�  2  2(7"    2* �!�#   -�"0� -/:  �4�&5)�2$,"(  )�(  &'0�,-$  %� 
 &$2,',":   �   -�"0� -/:  0$-'&"$��2  "  �-,� "-'�/,�#  %&� -�-�#  �4&$4�-!"  ��54�!"3  
�-2'& -"#  ,$  %&')�$�$'0�0  $2-�&$0"  �4�&5)�2$,"" .  

��(  &'8',"(  7$)$+ %�2*8',"(  ."7"!� -0'3$,"+' !"3  %�!$7$-'�'#  &$4�+"3 %�2'&3-
,� -'#  )'-$�'#  "  52'�"+',"(  "3   &�!$   �5�4*  2 0$8",� -&�',""  %&"0',(:-  ,�2*'   %�-
 �4*  0'3$,"+' !�#  �4&$4�-!" , �4�$)$:<"3  2�70��,� -/:  %�2'&3,� -,���  %�$ -"+' !�#  
)'.�&0$1""  (��� ), - . ' . %�2'&3,� -,���  5%&�+,',"(  &$4�+"3 %�2'&3,� -'#   -5%',+$-���  
�4&$4$-*2$'0���  �-2'& -"(  (&" . 1).  

	4A'!-�0  "  �')�2$,"(  (2�(:- (  -'3,����""  "7��-�2�',"(  "  &'0�,-$  "  "7��-�2�' -
,"(  %�����  2$�  -$,!$  ���� -1300 (&" . 2).  
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�" . 1. ���*#  2$�  -$,!$  ���� -1300 
�  !$+' -2'  -'3%&�1'  �2  - $,$����2  27(-*  -'3,����"(  &'0�,-$  2 5 ��2"(3    "  -&$-

)"1"�,,$(  -'3,����"(  &$ -$+"2$,"(  -&54 ,$  	�	  �
� . 
�&"  9-�0  &$  0�-&',$  $!-5$�/,� -/  %&�2')',"(  &$4�-*  %� � 2�',":  -'3,����""  

0'3$,"+' !�#  �4&$4�-!"  2,5-&',,'#  %�2'&3,� -"  4' 8�2,*3  -&54 ,$  	�	  «�
� », !�-� -
&$(   2(7$,$   &()�0  %&"+",: 

�� -%'&2*3, -&54�%&�!$-,*#  1'3  B  1 (
�= -1) %&�"72�)"-  -&54*  %� 
	�
  8731, 
23270, 
	�
  �  53383, %� -$2�('0*'  %� 2,5-&',,'05  )"$0'-&5 .  


&'4�2$,"(  !  -&54' - %&')'�/,*'  �-!��,',"(  2,5-&',,'��  )"$0'-&$  -&54*  ±1%. �� -
0',!�$-5&$  )$,,*3  -&54 �-  40 )�  130 00 . ���-2'- -2',,�  �-!��,',"(  )���,*  ,$3�)"-/ (  
2 ",-'&2$�'  (±0,4 ÷ ±1,3) 00 . �  -��'  2&'0(  %� �'  %&�!$-$ -&54$ "0''-  �-!��,',"(  %� 
2,5-&',,'05  )"$0'-&5  ±2 00 .  
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�$  0$-&"2$:- (   �')5:<"'  2$&"$,-*  )� -"�',"(  1'�"  � 2�',"(  -'3,����""  0'3$ -
,"+' !�#  �4&$4�-!"  2,5-&',,'#  %�2'&3,� -"  4' 8�2,*3   -&54. 

1 ����+��&����   ��-���  ��'&�#����  '&��%�  ��''�/'%���  $���:-�*'&-� . 

�&$2,"-'�/,*#  $,$�"7  3$&$!-'&" -"!  �-'+' -2',,*3  -&54�&$ -�+,*3   -$,!�2  �(7$, !���  

 -$,!� -&�"-'�/,���  7$2�)$ 0�) . 2825� , 2830� ,  2840� ,  2850� .  %�!$7$�, +-�  

%�  2�"0  3$&$!-'&" -"!$0  0�)'�/  2825�  5)�2�'-2�&('-  &'�"0,*0"  3$&$!-'&" -"!$0"  "  
�32$-*2$'-  -"%�&$70'&*  -&54, %&�"72�)(<"3 (  2 
�= -1 "  
�= -2. 

	),$!� , %&",1"% &$4�-*   -$,!�2  "0''-  0,����'-,"#   &�!  "  !�, -&5!1"(   -$,!�2  ,'  
 �)'&�"-  ,�2*3  %&",1"%"$�/,*3  &'8',"# ,  
$4$&"-*   -$,!�2  "  "3   -�"0� -/   -$,!�2  
(2�('- (  �),"0  "7 .$!-�&�2   )'&�"2$,"(  2,')&',"(  "3  2  5<' -25:<''  %&�"72�) -2�  
	�	  �
� , -&'45'-  %�)-2'&�)',"(  9!�,�0"+' !�#  1'�' ��4&$7,� -"  "3  7$!5%!" ,$  0'-$� -
�5&�"+' !"0  %&')%&"(-"'0 , !$!�2*0  (2�('- (  	�	  �
� .  

2. ����+��&����   ��-8;  ��'&�#�8;  '&��%�-  �  ��'&�"���&���!  ���'&�������  $�� -
�:-�*'&-� . 

 �72' -,$  !�, -&5!1"(  ", -&50',-$  )�(  �4&$4�-!"  �-2'& -"#  )"$0'-&�0  40...380 00  
"  ��54",�#  )�  4000 00  2 �"�/7$3  %,'20�  "  �")&�1"�",)&�2  %&') -$2�('- (  ."&0�#  
Sandvik Coromant (�2'1"( ) (�$-$���  ."&0*  Sandvik Coromant, 2010, (http:// 
www.coromant.sandvik.com). 

;-�-  !�04","&�2$,,*#  &'�5<' -)'.�&0"&5:<"#  ", -&50',-  (2�('- (  4�"�$#8"0  
$,$���$0  �-'+' -2',,*3  &$7&$4�-�! ���  [3, 4] "   %&",1"% &$4�-*  '��  %�72��('-   �20' -
<$-/  � 5<' -2�(-/  &$ -$+"2$,"'  �-2'& -"(  %�$2$:<"0  )253�'72"#,*0  &$ -�+,*0  4�� -
!�0 , � ,$<',,*0  -2'&)*0   %�$2�0  "  %�$ -"+' !"  )'.�&0"&�2$-/  %�2'&3,� -/  �4&$4� -
-$,,���  �-2'& -"(  &$7)2"�$:<"0" (  &��"!$0" . �� �'  �4&$4�-!"  5!$7$,,*0  ", -&50', -
-�0  8'&�3�2$-� -/  %�2'&3,� -"  �-2'& -"(  0��'-  4*-/  )� -"�,5-$  )�  Ra=0,05...0,20 0!0 , 
$ ''  -2'&)� -/  2 &'75�/-$-'  ,$!�'%$  52'�"+"2$'- (  ,$  50%. 	4&$4�-!$  2')'- (    " %��/7� -
2$,"'0  �	�  ,$  0$ �(,�#  � ,�2'    %&�-"2�7$)"&,*0"  %&" $)!$0"  (�$-$���  ."&0*  
Sandvik Coromant, 2010, (http:// www.coromant.sandvik.com)). 
�')� -$-�!  ����2!"  2 ,'�43�)"0� -"  %&')2$&"-'�/,�#  �4&$4�-!"  %�2'&3,� -"  �4&$4$-* -
2$'0���  ��54�!���  �-2'& -"(  %�) %'&'),''  ,$%&$2�',"'  �����2!" . 

3. ��*����:�)�!  '&��%�  ��7
  -  ��< -1 $�  *���-��"  '  ����'%��  $���&�;��#�'%��  
��'&�&"&�� . 

�$  	�	  «�
� » 2 &$0!$3 )���2�&$    ���  2')'- (  ,$5+,� -"  �')�2$-'�/ !$(  "  %&�-
'!-,� -!�, -&5!-�& !$(  &$4�-$ %� &$7&$4�-!' "  "7��-�2�',":  5 -$,�2!"  )�(  ��54�!���  
&$ -$+"2$,"(  -&54 2 
�= -1 ,$  � ,�2'  0�)'&,"7$1""   -$,!$0  
	��  2 
�= -1 (&" . 1). 
&5-
4$ 7$�&5�$'- (   �'2$ , 7$-'0  4* -&�  %�)$'- (  !$&'-!$0"  2 %&$25:  -�&�,5   -$,!$ . 
&54$ 
7$3�)"-  �-2'& -"'0  ,$  ,'%�)2"�,5:  4�&8-$,�5  %&"  ,(-�#  &$ -�+,�#  ����2!'  "  ,$  4* - -
&�# %�)$+'  %�)$'- (  2 %&$25:  -�&�,5   -$,!$ , %�!$   �'2�#   -�&�,*  -&54*  ,'  �!$�'- (  
 -*!�2�+,*#  57'�    &'7/4�#  )�(  4�&8-$,�" . ��)$+5  2*!�:+$:- , !   -*!�2�+,�05  57�5 
%&"2",+"2$:-  &$ -�+,5:  ����2!5 . �!�:+$:-  7$�"0 , %�)$+5 %&$2�# !$&'-!"  2�'2�  "  2&$-
<',"'  4�&8-$,�" . �$+",$'- (  &$ -$+"2$,"' . 	,�  7$!$,+"2$'- ( , !��)$  %� �'),"#  &'71� -
2*#  4��!  &$ -�+,�#  ����2!"  2*#)'-  "7 -&54* . �&"  9-�0  � ,�2,�'  1',-&"&5:<"'  5 -&�# -
 -2�  &$ -�+,�#  ����2!"  � -$'- (  2,5-&"  -&54* . �&"2�)  ��$2,���  )2"�',"(  2*!�:+$:- ; 
&$ -�+,5:  ����2!5  �+"<$:-  <'-!�#  �-   -&5�!"  "  �- �')",(:-  �-  4�&8-$,�" . 
&545 )� -
 *�$:-  2 " 3�),�'  %����',"'  7$�&57!" "  2*�&5�$:-  ,$  7$�&57�+,�#   -�&�,'   -$,!$  0' -
 -,�#  !&$, -4$�!�# . ="!�  %�2-�&(:- . 
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�" . 2. – �3'0$  0�)'&,"7$1""  
	��  �� 9340� : 1-  -$,",$  �'2$( ; 2-  -$,",$  %&$2$(; 

3-%�))'&�!$  �'2$( ; 4-%�))'&�!$  %&$2$(; 5-4$4!$ 4'7 8%",)'�( ; 6-!$&'-!$  �'2$( ; 7-
1"�",)&*  %�)$+; 8-5 -&�# -2$ , 1',-&"&5:<"'  -&54*  "  &$ -�+,*'  ����2!" ; 9-!$&'-!$  %&$-
2$(; 10-1"�",)&*  %�)$+; 11-  -'4'�/  4�&8-$,�" ; 12-�-!&*-*#  �:,'-  4�&8-$,�" ; 13-
8%",)'�/,$(  4$4!$. 

�-$,�!  "0''-  4��/8"'  �$4$&"-* , &$4�-$'-  ,$  5 -$&'28'0  %&",1"%' "  )����'  2&'0(  
,'  9! %�5$-"&�2$� ( . �  ,$ -�(<''  2&'0(  -&'45'- (  '��   &'0�,-$  "  0�)'&,"7$1"" , +-�  "  
(2�('- (  %�2�)�0  )�(   &$7&$4�-!" ,�2���  %&�'!-$  ,$  � ,�2'  %� �'),"3  )� -"�',"#  ,$5!"  
"  -'3,"!" .   
 4. ��''&���-�����  �����  *�/'&-".=��  &�;�������  ��  +�:�   '&��%�-  RIS -  ��< -2; 

�&')%��$�$'- ( , +-�  )�(  &'0�,-$  -&'45'- (  %&"�4&'-',"'  ,$%�$2�+,�#  0$8",*  "  
8�".�2$�/,���   -$,!$ , +-�  )'�$:-  9-�  2$&"$,- 0$��1'�' ��4&$7,*0  2 5 ��2"(3  	�	  
�
� , !$!  0'-$��5&�"+' !���  %&�"72�) -2$ . �'0�,-  2$�$ %� 9-�05  2$&"$,-5 )�&��' , +'0  
&$ -�+!$  ,�2�#  -&54,�#  7$��-�2!"  ,$  0�)'&,"7"&5'0�0  �4�&5)�2$,""       %&"0',',"'0  
&$ -�+,���  %&" %� �4�',"(  [3]. 
4. ��*����:�)�!  ��'&�#����  +��,&���,�-���  '&��%�  ��*���   ��7
  -  ��< -1; 

�&�'!-  [3] 0�)'&,"7$1""  ,$3�)"- (  2  -$)""  &'$�"7$1""   "  ,'   �)'&�"-   �2&'0', -
,*3  &'8',"#  - 2 ,'0  �- 5- -25:-  ,�2*'  &'8',"( ,  7$<"<',,*'  %$-',-$0"  ����$ , +-�  
,'  %�72��('-  2 45)5<'0  � 5<' -2�(-/  -�&��2*'  �%'&$1""  ,$  2,'8,'0  &*,!' . ;-�  %�72�-
�('-   +"-$-/  %&�'!-  [3]   ,$  9-�#   -$)""  %&�'!-"&�2$,"(  ,')� -$-�+,�  %'& %'!-"2,*0 . 

5. 
����:�)�!  �� &����&�-����  -�����&�  ��  �'��-�  �&�#�'&-���8;  ��:��+�&�% , 
:�=�=���8;  �;����8��  *�%"���&���  1��
�  [4, 5]. 

.�&')�$�$'- (  2$&"$,- 0�)'&,"7$1""   -$,!$  
	��    2,')&',"'0  2"3&'.&'7'&�2$,"(  
  %�$,'-$&,� -!&5��2�#  %�)$+'# ,  �20'<',,�#    � '2�#  %�)$+'#   .&'7* , � ,$<',,�#  7$-
+"<$:<'#  8"&�!�#  &'�5<'#  !&�0!�# . 

��(  %�2*8',"(  !$+' -2$  �4&$4�-$,,�#  2"3&'.&'7'&�2$,"'0  %�2'&3,� -"  0��'-  
4*-/  %&')5 0�-&',�  &'�5<' -)'.�&0"&5:<''  %&�8"2$,"'  !$�"4&5:<"0"  754/(0"  %&�-
8"2!"  "  )�&,�2$,"' , �4�$)$:<"3  2�70��,� -/:  %�2'&3,� -,���  5%&�+,',"( , 3�&�8'��  
 -5�!�)'�,',"(  "   -&5�!��-2�)$ , %�2*8',"(  %&�"72�)"-'�/,� -"  "  !$+' -2$  �4&$4�-!" .   

�$,,*#  0'-�)  2  %&$2�+,"!$3 0'-$���&'�5<'��  ", -&50',-$  ,$7*2$:-  0'-�)�0  
!&5��2�#  ",-'&%��(1""    2&'7$,"'0  %� 2 � (0 : 2�!&5�  � "  8%,)'�(    &'�5<"0  ", -&5 -
0',-�0  "  2�!&5�  � "  �4&$4$-*2$'0���  �-2& -"( . 

�&",1"%  &$4�-*  %&') -$2�',  ,$  &" 5,!'  3. �$��-�2!$    �-2'& -"# ='0 , ,$%&"0'&, 
-&54$, ,'%�)2"�,$ , $ ", -&50',-  – !�,1'2$(  .&'7$   �2'&8$'-  )2$ 2")$  2&$<',"( : 2�!&5�  
 2�'#  � "  "  %� !&5��2�#  �&4"-'    �%&')'�',,�#  %�)$+'# . 
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�" . 3. - �&5��2$(  ",-'&%��(1"(    �),�2&'0',,*0  2&'7$,"'0  %� � "  7$��-�2!"  "  

%'&%',)"!5�(&,�#  '#  � " : Dc –)"$0'-&  �!&5�,� -" , �%" $,,�#  2�!&5�  -&$'!-�&""  .&'7* , 
ap – 2'�"+",$  %�)$+" .&'7*   7$ 1 �4�&�-  7$��-�2!"  ("�"  %�$,'-$&,���  %�2�&�-$  4�&8-$, -
�"  2�!&5�  � "  �-2'& -"( ; Dw – )"$0'-&   �-2'& -"(   �4&$4$-*2$'0�#  7$��-�2!" ; Dv1- -&$-
'!-�&"(  � "  8%",)'�(     .&'7�#  2 ,$+$�'  2&'7$,"(  .&'7* ;  Dvf1 - -&$'!-�&"(  � "  8%",)' -
�(     .&'7�#  2 !�,1'  2&'7$,"(  .&'7* ; Dm  -)"$0'-&  �!�,+$-'�/,�  �4&$4�-$,,�#  %�2'&3,� -
 -"  

6'-�)  !&5��2�#  ",-'&%��(1""  (2�('- (  $�/-'&,$-"2�#  " %��/7�2$,":  -&$)"1"�, -
,���  &$ -�+,���  ", -&50',-$ . �&5��25:  ",-'&%��(1":  0��,�  %&"0',(-/ , " %��/75(  
4��/8", -2�  .&'7    5���0  2 %�$,'  90 �&$)5 �2 ,  �2'&8$(  !��/1'2�#  %&�3�) . 

���*������8/  -�����&  �+��+�&%�  ��  �'��-�  $��������!  - '&���%  *�!  -�;��(��:� -
��-���!  �  ,��(�-���!  ��"+�%���  �&-��'&�!  -  *���������8;  &�"+�8;  :���&�-%�;  [4]. 

�$  &" . 5 %&') -$2�',$   3'0$  %",��/,���   -$,!$  )�(  2"3&'.&'7'&�2$,"(  "�"  2,5- -
&',,'��  8�".�2$,"(  ��54�!"3  �-2'& -"#  2 -&54,*3  7$��-�2!$3    4'77$7�&,*0  4$7"&�2$-
,"'0  &'�5<' -)'.�&0"&5:<'#  %",��"  [1. 2,  4, 5] %� �4&$4�-$,,�#  %�2'&3,� -" . 

 

 
�" . 4.-  �",��/   -$,!$  )�(  2"3&'.&'7'&�2$,"(  "�"  2,5-&',,'��  8�".�2$,"(  ��54� -

!"3  �-2'& -"#  2 -&54,*3  7$��-�2!$3  [4] 
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��(  �4&$4�-!"  ��54�!���  �-2'& -"(   �4&$4$-*2$'0$(  -&54$, 7$!&'%�('- (  0'�)5  

23�),*0  �:,'-�0  "  2*3�),*0  �:,'-�0   �� ,�    %",��/:  0'-$���&'�5<'��   -$,!$  [4]. 
�$7"&�2$,"'  -&54*  (�4&$4$-*2$'0�#  -&54,�#  7$��-�2!" )  � 5<' -2�('- (  %&" %�0�<"  
1',-&"&5:<"3  .$ �! , 2*%��,',,*3  ,$  ,$&5�,�#  %�2'&3,� -"  -&54,�#  7$��-�2!"   "  �4 -
&$-,*3  .$ �!   2�  23�),�0   �:,'-'  "  2 �-2'& -""  %�)2"�,�#  2-5�!"  2*3�),���  �:,'-$  (,'  
%�!$7$,). 

�",��/ , ,$3�)(<$( (  2 " 3�),�0  %����',""  2�  23�),�0  �:,'-' ,   2&$<$:<'# (  �-  
9�'!-&�)2"�$-'�(  +'&'7 !�&�4!5   !�&� -'#   4�&8-$,��# , %��5+$'-  � '2�'   "��2�'  %'&'-
0'<',"'    %�)$+'#  S �-  -��!$:<'#  -&54* . �&�0'�5-�+,*#  2$�,  2(7$,,*#    4�&8-$,��#   
"  8%",)'�'0   !�&�4!"   !�&� -'#  [4]  2�4�),�  2 � '2�0  ,$%&$2�',""  05.-$0" , %'&')$'-  
!&5-(<"#  0�0',-  �-  !�&�4!"   !�&� -'#  ,'7$2" "0�  �-  %'&')$+"  � '2���  5 "�"(  -��!$: -
<'#  -&54* . 
��!$:<$(  -&54$ �' -!�   2(7$,$   %",��/:   "   "��2�#  ����2!�# , $ 4�&8-$,�$  
%",��"   2&$<$'- &'�5<"#  ", -&50',- , 2*%��,',,*# , ,$%&"0'&, 2 2")'  .&'7*  "�"  8�" -
.�2$�/,���  !&5�$. 

��&8-$,�$ , 7$  +'-  -��� , +-�  5 -$,�2�',$  ,$  9! 1',-&"+,*3 , "0':<"3  !���',"$&,*'  
"  �),�,$%&$2�',,*'  2'!-�&*  9! 1',-&" "-'-�2 , %�)8"%,"!$3  2 %&�0'�5-�+,�#  2-5�!' ,  
%&"�4&'-$'-  %�$,'-$&,�'  )2"�',"'  �-,� "-'�/,�  � "  )�%��,"-'�/,�#  %&�0'�5-�+,�#  
-&54*   "  � "   �4&$4$-*2$'0�#  -&54* . 
$!�#  0'3$,"70  %�$,'-$&,���  )2"�',"(  %&"  ���' -
,""    � '2�#  %�)$+'#  %",��"  �4' %'+"2$'-  %&�1'   2",-�2�#  ",-'&%��(1""  %&" 2"3&'. -
&'7'&�2$,"" , �4' %'+"2$(  )'�',"'   -&5�!"  "�"  2,5-&',,''  8�".�2$,"'  �-2'& -"(  -&54-
,�#  7$��-�2!" , �4' %'+"2$(  2* �!5:  -�+,� -/  "  !$+' -2�  %�2'&3,� -" . 

�&"  � 5<' -2�',""   �20'<',"( , ,$%&"0'&, 2"3&'.&'7'&�2$,"(  "  &'�5<' -
)'.�&0"&5:<'��  %&�8"2$,"( , %&�8"2!$ , 4$7"&5( /  2 " 3�),�#  ,$%&$2�(:<'#  2-5�!' , 
%� -'%',,�  %'&'0'<$'- (  2 �-2'& -"'  7$��-�2!" , %'&',� "-  4$75 "7 �:,'-$  2 �4&$4$-* -
2$'0�'  �-2'& -"'  -&54,�#  7$��-�2!" , "  )$�'' ,  -$!�'  4$7"&5( /  %� '��  %�2'&3,� -"   2�"0"  
)'.�&0"&5:<"0"  754/(0" , � 5<' -2�('-  %&�1'   2",-�2�#  ",-'&%��(1""  2"3&'.&'7'&� -
2$,"'  "�"  2,5-&',,"0  %�$,'-$&,*0  8�".�2$,"'0 . �� �'  %��,�#  �4&$4�-!"  �-2'& -"( , 
%&" 2!�:+',""  �4&$-,���  3�)$  %&�8"2!$  '<'  &$7 %&�!$�"4&5'-  �4&$4�-$,,�'  �-2'& -"' , 
2*#)'-  2�  23�),�#  �:,'-  "  %&�1'   �4&$4�-!"  7$!�,+"- ( . �* �!$(  -�+,� -/  %&" 9-�0  
)� -"�$'- (  7$  +'-  4'77$7�&,���  4$7"&�2$,"(  %",��"  2 �4&$4�-$,,�#  %�2'&3,� -"  ")5 -
<"0  2%'&')"  )�&,5:<"3  754/'2 .&'7�#  "�"  8�".�2$�/,*0  !&5��0  [3, 4]. 

�$  &" . 5  %&') -$2�',   %� �4  �4&$4�-!"  ��54�!"3  �-2'& -"#  "  0$���$4$&"-,�'  
5 -&�# -2�  )�(  '��  � 5<' -2�',"(   %&�1'  $  2",-�2�#  ",-'&%��(1""  [4]. 

 
�" . 5. – � -&�# -2�  )�(  �4&$4�-!"  ��54�!"3  �-2'& -"#  2 -&54,*3  7$��-�2!$3  � ,$ -

<',,*#  0'3$,"70�0  %�$,'-$&,���  )2"�',"(  &'�5<'��  ", -&50',-$ .  
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�  -$4�"1'  2 %&"2')',�   &$2,',"'  &'�"0�2  &'7$,"(  -&$)"1"�,,���  0'-�)$ , &'!�0', -
)�2$,,*'   �-+'-�0  [3] )�(   &$ -�+,*3  ����2�! . "  %&')�$�$'0���  0'-�)$ .  

�$!  2"),�  "7 &$ +'-�2 , 0$8",,�'  2&'0(  �4&$4�-!"  -&54*    2,5-&',,"0  )"$0'-&�0  
80 00  "  )�",�#  6 0 %&" " %��/7�2$,""  2"3&'.&'7'&�2$,"(  ,$  55-70% 0',/8' , +'0  %&" 
&$ -$+"2$,""  -&$)"1"�,,*0"  &$ -�+,*0"  ����2!$0" . 

�'0$��2$�,*0  %&'"05<' -2�0  %&')�$�$'0*3  0'-�)�2  [4, 5] (2�('- (  %&"0',',"'  2 
,"3  2"3&'.&'7'&�2$,"( , 5�5+8$:<'��   -&5�!�)&�4�',"'  "   -&5�!��-2�) . 

 
�
:��=
  2 – ��
2,�/
�+,5	  
,
��.   ����.2�*�/
�+,��/�  
  

��7�
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.
��2
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�/
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���� =4,3-6,3 ���  

 

���������  	�
����  


����  D�� =80�� , �
���  6� , 

� /�  35, 35�  

Fmax=0,43� /��� . 

���� =13,8 ���  

 

 
6��,�   )'�$-/  2*2�) . 
- %&" !�,-5&,�0  2"3&'.&'7'&�2$,""   �4&$7�2$,"'  0'�!�#   -&5�!" , �45 ��2�',,�'  

 %� �4�0  2",-�2�#  ",-'&%��(1"" , �4' %'+"-  ,'�43�)"0*'  "  )� -$-�+,*'  5 ��2"(  )�(  
4�$��%&"(-,���   -&5�!��-2�)$ : 

- %&"0',',"'  4'77$7�&,���  4$7"&�2$,"(  &'�5<' -)'.�&0"&5:<'#  %",��"  �4' %'+"-  
%�2*8',"'  -�+,� -"  �4&$4�-!"  ��54�!"3  �-2'& -"#  2 )�",,�0'&,*3  -&54,*3  7$��-�2!$3  
7$  +'-  2�70��,� -"  %&"0',',"(  2,5-&',,'��  %�$,'-$&,���  ,$  � ,�2'  " %��/7�2$,"(  2 
%",��"  0'3$,"70$  %�$,'-$&,���  )2"�',"(  4�&8-$,�" . 

 
������  ��/
�
/-�5  
 
1. �$,", !"# , � . � . ��20'<',,$(  �4&$4�-!$  ��54�!"3  �-2'& -"#  / � . � . �$, -

", !"#  // �'&')�2�#  %&�"72�) -2',,*#  �%*-  "  ,$5+,� --'3,"+' !"'  )� -"�',"( , &'!� -
0',)5'0*'  )�(  2,')&',"(  2 �-&$ �" : ",.�&0 .  4 . / ����
;6� . – 6 ., 1989. – �*% . 5. 

2. �0��/,"!�2 , � . � . �%'1"$�/,*'   -$,!"  )�(  &$ -$+"2$,"(  ��54�!"3  %&'&*-
2" -*3  �-2'& -"#  8%",)'�(0"  ,$  2*,� ,*3  �%�&$3: 0�,��&$."(  / � . � . �0��/,"!�2 , � . 
� . �$,", !"# ; ����

� . – ������&$) , 2004. – 176  . 

3. 
&'�54�2  � .� . 	-+'-  %� ,$5+,� -"  �')�2$-'�/ !"0  "  %&�'!-,� -
!�, -&5!-�& !"0  &$4�-$0 %� &$7&$4�-!' "  "7��-�2�',":  5 -$,�2!"  )�(  ��54�!���  &$ -$-
+"2$,"(  -&54 2 
�= -1 (,$  � ,�2'  0�)'&,"7$1""  4' 1',-&�2� --�!$&,���   -$,!$  �� 9340� ) 
;-$% 1; ���  (. ) ����

� . – ���� !"# , 2013. – 15 . 

4. 6'-$���&'�5<"#   -$,�!  :  %$-. 144594 �� . �')'&$1"( : 6��  B23B41/00 / 
� .� . �$,", !"# , � .� . �,$,(, , � .� . �$,", !"# , � .� . ��$-�,�2$ , � .� . 	 $)+',!� ; 7$(2"-
-'�/  "  %$-',-��4�$)$-'�/  �')'&$�/,�'  �� 5)$& -2',,�'  4:)�'-,�'  �4&$7�2$-'�/,�'  5+-
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&'�)',"'  2* 8'��  %&�.'  "�,$�/,���  �4&$7�2$,"(  "������&$) !"#  �� 5)$& -2',,*#  
-'3,"+' !"#  5,"2'& "-'- " (����

� ) - B  2014100127/02; 7$(2�. 09.01.2014; �%54�. 
27.08.2014. 

5 � -&�# -2�  )�(  0'3$,"+' !�#  �4&$4�-!"  ��54�!"3  �-2'& -"#  : %$-. 143938 �� . 
�')'&$1"( : 6��  B23B41/02 / � .� . �$,", !"# , � .� . �,$,(, , � .� . 	 $)+',!� , � .� . �$,", -
 !"# ; 7$(2"-'�/  "  %$-',-��4�$)$-'�/  �')'&$�/,�'  �� 5)$& -2',,�'  4:)�'-,�'  �4&$7�2$-
-'�/,�'  5+&'�)',"'  2* 8'��  %&�.'  "�,$�/,���  �4&$7�2$,"(  "������&$) !"#  �� 5)$& - -
2',,*#  -'3,"+' !"#  5,"2'& "-'- " (����

� ) - B  2014108971/02; 7$(2�. 07.03.2014; 
�%54�. 10.08.2014. 

 

��� ��  � �����  ��!�����  ��  '����!  8��  �  �� #���"  ������ -
 ����  1732 

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

� ) 
 

�'�"0  )",$0"+' !���  ,$�&5�',"( , 2 !�-�&�0  &$4�-$:-  8",*  $2-�45 �2 , "0''-  
%&",1"%"$�/,�'  7,$+',"'  )�(  �%&')'�',"(  "3  ,�&0$-"2,���  %&�4'�$ %� 0$&8&5-$0, 2* -
4�&$ 0$&!" , %&�"72�)"-'�'# , �4' %'+"2$:<"3  0$! "0$�/,5:  5 -$�� -,5:  2*,� �"2� -/ . 

�$5+,� -"  �')�2$-'�/ !$(  &$4�-$ %� &$1"�,$�/,�05  " %��/7�2$,":  8",  2 7$2"-
 "0� -"  �-   &'),'#  "3  ,$�&57!"  ,$  0$&8&5-$3 %&�2�)"�$ /  !$.')&�#  “�2-�0�4"�/,*#  
-&$, %�&-”  �20' -,�    ���� !�#  $2-�!���,,�#  1732. �*�  2*%��,',  $,$�"7  3�)"0� -"  
8",  ,$  $2-�45 $3 0$&!"  “����$,", ” ,$  0$&8&5-$3 B  14; 123; 1; 27. � '  0$&8&5-*  "0' -
:-  )�&��"  2-�&�#  !$-'��&"" , �)",$!�25:  9! %�5$-$1"�,,5:   !�&� -/  "  1"!�"+,� -/  
)2"�',"( , ,�  �-�"+$:- (  %�  &'),'#  ,$�&57!'  ,$  8",* . 
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/,5	  
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��=  ���  �.2
�/,�0  ����1
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  25���,
,,57  �
	��2  ��  *
,,50  ��
,�2���  �/*
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(0
	  2014). �
�1
/  25���,����  ��  *�,
0�1
���	  ,
��-.�
  ,
  �
�
*,�
  �  .
*,�
  �� -
�
�
  ���  ������/�  �
.��,
  *�  50 �0 /1 �  -�/
,�2�24
0��  -����
,��  2 0 /� 2 , ���-1
, -
,50  ��  �
.-�+/
/
0  ,
:�<*
,�� . 

�" ��  �4A'!-�2  ,$4�:)',"(  ($2-�45 �2 ) %&" %�$,'  "  ,�&0$�/,�0  &$ %&')'�',""  
,$#)'0  %� ��  50-690 %� 5 ��2": : 

- )�2'&"-'�/,$(  2'&�(-,� -/  q = 0,95, 
- %&')'�/,$(  �-,� "-'�/,$(  �8"4!$   E = 0,05 
- !�9.."1"',-  2$&"$1"" V = 0,10. 

���5+"0  0","0$�/,�'  +" ��  ,$4�:)',"# , !�-�&�'   � -$2�('-  N=13 (�&"���',"'  
� ). 

�:��  *
,,57  ��  ���:
�-  4�,  *�  ����
,��  ���2�*����  ��  �
�/�1�
0  -1
/
  
4�,  2 ����.2�*�/2
,,� -/
7,�1
���0  �/*
�
  ��  18 
2/�:-�
0 , ,
  ��/��57  -�/
,�2�
 -
,5  4�,5  0
���  �
0
  NR202, ���0��
, ,  MICHELIN, :��.��7  ��  ���
.
/
��0  ,
 -
*
�,��/�  �  �
1
�/2- . 
       �'75�/-$-*  "  �')�2$,"(  %� ,$�&57!'  "  %&�4'�5 %&"2')',*  2 -$4�"1'  1. 
 


$4�"1$  1 

 6$&8&5-  �&'),((  

,$�&57!$ 

,$  8",5 ,�  

��&0$-"2,$(  

,$�&57!$ ,$  

8",5 ,�  

�&�4'�  8",   

,$  0$&8&5-'  

,!0  

�&�4'�  8",  

,�&0$-"2 -

,*# , 

!0  

�'!�0',)5'0*#  

,�&0$-"2,*#  

%&�4'� , !0  

1 19102 30900 117098 130000 135743 
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27 18301 30900 130105 130000 141685 

14 19000 30900 195598 130000 136472 

123 19950 30900 129690 130000 129973 

 

�&$2,',"'  &'�&'  ""  %� 7$2" "0� -"  %&�4'�$ 8",  �-   &'),'#  )",$0"+' !�#  ,$ -
�&57!"  &$  0$-&"2$�� /  2 2")'  %��",�0$  %'&2�#  -'%'," : 

                                            Y = p x + b                                                                  (1) 
� %��/75(  0'-�)  ,$"0',/8"3  !2$)&$-�2 , %��5+',$  0$-'0$-"+' !$(  0�)'�/  %�  -$ -

-" -"+' !"0  )$,,*0 : 
                                       Y= - 5.7x + 243696                                                         (2) 

�$  -&'3  $,$�"7"&5'0*3  0$&8&5-$3 "0''- (  %'&'%&�4'� 8",  �-,� "-'�/,�  2'�"+" -
,*  ,�&0$-"2,���  - 130000 !0 . ��(  5 ��2"#  9! %�5$-$1""  $2-�45 �2  ,$  0$&8&5-$3 ��&�)$   
���� !���  ,�&0$-"2,*#  %&�4'�  )�(  8",  (�$0$  NR202, ��&0�&$, ,  MICHELIN) 0��'-  
4*-/  )� -"�,5-  %&"  &'),'#  ,$�&57!'  ,'  0',''  19946 �  "  %�9-�05  ,�&0$-"2,*#  %&�4'� 
8",  0��'-  4*-/  52'�"+',  %� -&'0  0$&8&5-$0  "  &$  +"-$,  %� .�&05�'  (3), !0 : 

                                
19946

130000
��
1

L
L

= ´                                                      (3) 

��) -$2"0  2'�"+",*  .$!-"+' !���   &'),'��  %&�4'�$ 8",  )�   %" $,"(  %� 0$&8&5-
-$0 2 .�&05�5  (3), %��5+"0  &'!�0',)5'0*#  ,�&0$-"2,*#  %&�4'� , !0 , !�-�&*'  7$,' @0 2 
-$4� .1. 
                       6$&8&5-           
                    1                                135743 
                   27                               141685 
                   14                               136472 
                   123                             129973 
�*2�)*  "  &'!�0',)$1"" . 

1.�&')�$�$'0$(  0'-�)"!$  $,$�"7$  " %��/7�2$,"(  8",  ,$  &$7�"+,*3  0$&8&5-$3 %�-
72��"-  &$7&$4�-$-/ ,�&0$-"2*  %&�4'��2  8",  )�  "3   %" $,"(  %�  &'),"0  2'�"+",$0  ,$ -
�&57!" , !�-�&*'  "70',(:- (  %�  '7�,$0 . 

2.�,')&',"'  ,�&0$-"2,*3  %�0$&8&5-,*3  &$ +@-,*3 2'�"+",  %&�4'��2  8",  45)'-  
 %� �4 -2�2$-/  %�2*8',":  �-2'- -2',,� -"  2�)"-'�'#  7$ "3  -'3,"+' !5:  9! %�5$-$1":  
"  %�72��"-  )$2$-/  �4A'!-"2,5:  �1',!5  %&" 2*%�$-$3 %&'0""  7$ %'&'%&�4'�.  
                                          

�"-'&$-5&$  

1.
$&$ "!  � .�  
'�&"(  )2"�',"(  $2-�0�4"�(  : �+'4,"!  )�(  257�2. ��4 ; 
���  - �'-'&45&� , 2006.- 478  . 

               2. �5�/!�  � .� ., �"%�2 !"#  � .� ., �$4��2  � .� ., 
��54/  � .� . �����2'+,� -/  8", : 
!�, -&5!-"2,*'  "  9! %�5$-$1"�,,*'  .$!-�&* . ���  (."�"$� ) ����

� . – ������&$) : 
����  ����

� , 2013. – 106  . 

 

�����8 �����������  �����������  �� )���&���"�������"  '�% -
���������$��9>�"  ��&����  

� .� .��4'&)''2 *, ; . � . �-&$- *, � . � . 
*8!'2"+ ** , � . � . �$&$7�2**  

*			  «�/:  
�, », ** ���  (."�"$� ) �
�	�  ��	  ����

�  
 
��0%$,"(  «�/:  
�, » �4&$7�2$,$ 2 �!-(4&(  2008 ��)$    1'�/:  %&�"72�) -2$  "  

�4' %'+',"(   '�/3�7%&�"72�)"-'�'#  ,$2' ,�#  "  %&"1'%,�# %�+2��4&$4$-*2$:<'#  -'3," -
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!�# . �$   &$2,"-'�/,�  !�&�-!"#  %'&"�)  2&'0',"  -'3,"!$  			  «�/:  
�, »  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"�,,�  2* �!"'  -&'4�2$ -
,"( , %&')A(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$,,��� , ,$)@�,���  
%&�"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'& $�/,*'  ���'�� . 
9.��&�,*  %&�%���+,*'    %&5�",,*0  754�0 ������ . 
10.�� '2,*'  !�0%�'! *  ������ +. 
11.��&�,*  754�2*'   !�&� -,*'  ��� . 
12.�5�/-"2$-�&   -'&,'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""  !�, -&5!1"#  ,$2' ,�#  "  %&"1'%,�# 
%�+2��4&$4$-*2$:<'#  -'3,"!" , %&"2�'+',"(   -5)',-�2  !  %&$!-"+' !�05  
3D0�)'�"&�2$,": . �7$"0�)'# -2"'  %��5+$'- (  %&�)5!-"2,�' ,   2,')&',"'0  !�, -&5! -
-"2,*3  &$7&$4�-�! 2 %&�"72�) -2� . �  ,$ -�(<''  2&'0(  2 !�0%$,""  &$4�-$'-  9 2*%5 !," -
!�2  ", -"-5-$ . 

	47�&   �20' -,*3  !�, -&5!-"2,*3  &$7&$4�-�! 4*�  %&') -$2�',  ,$  10-# !�,.'&', -
1""  2 2014 ��)5 . �'&2�#   �20' -,�#  !�, -&5!-"2,�#  &$7&$4�-!�# 4*�$  4�&�,$ �
��  
5,5×4�    52'�"+',,�#  �' -!� -/:&$0*  )�(  " %��/7�2$,"(     �2&'0',,*0"9,'&��,$ * -
<',,*0"  -&$!-�&$0" . �'7,$+"-'�/,*'  "70',',"(  2 9�'0',-$3  !�, -&5!1""  %�72��"�"  
7,$+"-'�/,�  5�5+8"-/  %�-&'4"-'�/ !"'   2�# -2$  "7)'�"(  %&" 0","0$�/,�0  52'�"+',""  
0'-$���@0!� -" (&" 5,�!  1). ��&�,$  �
��  5,5×4�  5 %'8,�  "7��-$2�"2$'- (  "  %��/75'- (  
 %&� �0 . �&�)$,�  4��''  100 "7)'�"# . 
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�" 5,�!  1 – � �2'&8', -2�2$,,$(  !�, -&5!1"(  4�&�,*  �
��  5,5×4�  2 &$4�-'  
 
�$)$+$ �%-"0"7$1""  !�, -&5!1""  %� �' -!� -"  &'8',$  "  %&" %&�'!-"&�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'�"+',"(  �@ -!� -"  2 -&$, %�&-,�0  %����',""  " 3�),�#  ,' 5<'#  !�, -&5! -
1""  !&*�$  (&" 5,�!  2, � ) "  %'&'3�)$  !  4��''  &$1"�,$�/,�#  .'&0',,�#  !�, -&5!1""  (&"-
 5,�!  2, +). 
 

 
 
 
 
 
 
 
 
 
 
 
 

� )                                                                              +) 
�" 5,�!  2 – �'.�&0$1"(  4$�!"  4�&�,*  %&�%���+,�#    %&5�",,*0"  754/(0"  �����
  

24�    " 3�),�#  !�, -&5!1"'#  !&*�$  – � ; 5 "�',,$(  !�, -&5!1"(  !&*�$  4�&�,*  - + 
��(  !5�/-"2$-�&$  «����
 -12» 5 �2'&8', -2�2$,$  !�, -&5!1"(  -(�"    -$�&'%�0  

)�(  5 -&$,',"(  2*(2�',,*3  %&" %��'2*3  " %*-$,"(3  7,$+"-'�/,*3  )'.�&0$1"#  2 &$4�-
+'0  "  -&$, %�&-,�0  %����',""  (&" 5,�!  3).  
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�" 5,�!  3–� �2'&8', -2�2$,,$(  !�, -&5!1"(  !5�/-"2$-�&$  «���%' -12» 

 
��(  !5�/-"2$-�&�2  «��6 -5,6» "  «��6 -8,4» (&" 5,�!  4) �%-"0"7"&�2$,$  -��<",$  

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

�" 5,�!  4 – �5�/-"2$-�&  ��6 -5,6 
��(  !$-!$  %&"!$-*2$:<'��  754+$-�-!��/+$-���  ��� -12 «����� » (&" 5,�!  5, 6) 2 

&'75�/-$-'  $,$�"7$  ,$%&(�',� -)'.�&0"&�2$,,���   � -�(,"(  !$&!$ $" 3�),���  %&�'!-$  2 
&$4�+'0  "  -&$, %�&-,�0  %����',""  %&�"72')',*  7$0',*  &$70'&�2 %�%'&'+,*3   '+',"#  
47 9�'0',-�2  "7 )� -5%,���   �&-$0',-$ , +-�  %�72��"��  50',/8"-/  0$  5  !�, -&5!1""  ,$  
211 !� . 
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�" 5,�!  5 - 
&$, %�&-,�'  %����',"'  «��� -12» 

 

 
�" 5,�!  6 - «��� -12» 2 &$4�+'0  %����',""  

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

7'&,�3&$,"�"<$ , �4' %'+"2$:<"'  %&�+,� -,5:  ,$)@�,� -/  %'&'!&*-"(  %&" ,�&0$-"2 -
,�#  ,$�&57!'  �-   ,'��2���  %�!&�2$ (&" 5,�!  7, 8). �  &'8$'0*3  7$)$+$3 �%-"0"7$1""  !�, -
 -&5!1"#  ��&$,"+',"'0  (2�('- (  " %��/7�2$,"'  )� -5%,���   �&-$0',-$   -$,)$&-,*3  
%&�."�'#  )�(  ,' 5<"3  9�'0',-�2 .  

 
 

�" 5,�!  7 – �$7&58',,*'  +$ -"  %'&'!&*-"#  7'&,�3&$,"�"<$  
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�" 5,�!  8 – �'75�/-$-*  $,$�"7$  )'.�&0$1"#  .'&0  %'&'!&*-"(  
 
��-&5),"+' -2�  -'3,"+' !���  1',-&$  			  «�/:  
�, »   !$.')&�#  «6'3$,"!$ », 

 -5)',+' !"0  !�, -&5!-�& !"0  4:&�  ���  (."�"$�$ ) ����

�  %&�)5!-"2,�  "  45)'-  %&�-
)���',�     �2'&8', -2�2$,"'0  .�&0  27$"0�)'# -2"( . 

 
 

'��������  ��8����  '�  ��������9   ��&�� �!�%����&  '����� -
'��   ���$���������   '��   (��' �������  �  �������  �������� �"  

�  ��'  ���  1732 
� .� . 	�$,(, , � .� . �5�/!� , � .� .�5�/!�  

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

�  
 

  �7,$8"2$,"'  %�)2"�,*3   �%&(�@,,*3  )'-$�'#  0$8",  2 9! %�5$-$1""  (2�('- (  
�4A'!-"2,�#  7$!�,�0'&,� -/:  2 &'75�/-$-'  )'# -2"(   "�  -&',"( . ��9-�05  7$-&$-* ,$  &'-
0�,-  "  -'3,"+' !�'  �4 �5�"2$,"'  0,��"3  0$8", , %� ",.�&0$1""  $2-�&�2  [1], 7$ %'&"�)  
"3  9! %�5$-$1""  2 5 – 15 &$7 %&'2*8$:- -�"0� -/  ,�2�#  0$8",* .  
�*���  �:  '��8;  $��'$�%&�-�8;  '$�'�+�-  +�� +8  '  �:��'��   !-���'  �'$�� :�-����  �& -
%�8&�!  '�-�&'%���  "#0�8��   � .� . ���%"��-8�  �  � .� . ������ '%��  -  1965 � ., $��"#�-,��  
��:-����  «�:+���&�� �8/  $�����' »[1].  
�:+���&�� �8/  $�����'  �+��:"�&'!  $��  &�����  ��*�8;  '$��-�-  �  '&��  -  "'��-�!;  ��� -
��#��/  '��:%� . ����';�*�&  !-�����  $�����'�  ��*�  �:  &-0�*���  ��'&-���  ��*����  '$��-�  
��  '&��  �  �+��&����  ���  $�����'�  '�  '&���  ��  ��*�8/  '$��- . �  :���  &����!  �+�� -
:"�&'!  &��%�!  ��&����#�'%�!  ���%�'�!.=�!   $�0�%�  '   ��:%��  '�$��&�-������  '*-��" .  
���  >&��  "��� ,��&'!  %�>((�)���&  &����!   f *�  -���#��8  ��*%�'&����   (f = 0.001- 
0,01). ?&�  !-�����  $��"#���  ��:-����  «?((�%&  +�:8:��'��'&� » �  $�'�"����  ��#����  
+"�����  ��:-�&�!  ��"#����  ��$��-����!  $�  �:"#���. , ��:��+�&%�  �  -��*����.  '��:�#�8;  
&-0�*8;  �  ��*%�;  ��&����'�*����=�;  %��$�:�)�/ . 
 �  ��:"� &�&�  �''��*�-���/ , -8$������8;  � .1 . ��#"���8�  [2] �  *� ., '�'&�-����  &����!  
-:����*�/'&-�!  $��8  ��*�8/  '$��-  – '&��  $��  �����:�)��  �:+���&�� ����  $�����'� , �  
&�%��  '�'&�-�  �  '&�����!  :�=�&��/  $�0�%� . 
�8*��!.&  &��  $����*�  -:����*�/'&-�!  $�-��;��'&�/  *�&���/  (��' .1). �  ��#�� ��/  '&� -
*��  $���';�*�&  ��:�",����  +����  �!�%���  ��&������ , "*������  '  $�-��;��'&�  &����!  
�%�'�8;  $�0��% . ��  -&���/  '&�*��  $���';�*�&  ����:8-����  ��*����  '$��-�  ��  '&�� ��/  
�+��:�) . �  &��& �/  – $���';�*!&  ;���#�'%��  ���%)�� , �  (������-����  ����(����  ���� -
��#�'%���  -�=�'&-�  '�����>(������  '�'&�-�  ��  +�� ,�/  $��=�*�  (��%)�����/  .-� -
��� ��/  $�-��;��'&�  ��*� . ���  >&��  $���';�*�&  ��:%��  '�������  %�>((�)���&�  
&����! . 
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�' .1. 
;���  -:����*�/'&-�!  $�-��;��'&�/  *�&���/  $��  �:+���&�� ���  $�����'� : I $��� -
�*  - ��:�",����  +����  �!�%���  ��&������ ; II $����*  – ����'����  ��*����  '$��-�  ��  
'&�� ��/  �+��:�) ; III $����*  - (������-����  ����(����  ������#�'%���  -�=�'&-�  ��  $� -
-��;��'&�  ��*� . 
.   
�  ��'&�!=��  -���!  ,���%�  $�����!.&'!  ��&�*8  ����'���!  ��&�(��%)����8;  $�%�8 -
&�/  &��=���/  *�  3 �%�  ��  $�-��;��'&�  ��� :  )����*��-  �  ,��%  %����#�&���  -��� . 

$�'�+  (���,��/  ��&�(��%)�����/  +�:�+��:�-��/  �+��+�&%�  (1�7� ) '�'&��&  -  &�� , 
#&�  $�-��;��'&  ��� :8  ;�����".& , ��$����� , ��  '&��%�  3� 833,  ;����  '  +�"'%���   �:  
��*%�:���� �8;  >�����&�- : �����/  – 88%: ��*  – 2%: ��*�/  - 10%. ��!  ,��%  %����#�&���  
-���  ����'����  ��&�(��%)�������  '��!  -8$���!�&'!  ��  %�"���,�(�-�� �8;  '&��%�;  *�!  
%����#�&���  -���  3� 432 $�'��*'&-��  '&����!  �:  �����!  �  +���:8  $�*  *�-������  0,3 ���  
[3]. ���  >&��  �:��'  ��+�#�;  $�-��;��'&�/  '�����&'!  ��  20%.  

	4&$4�-!5  0'-�)�0  ���	  0��,�  2*%��,(-/  ,$  -�!$&,� -2",-�&'7,�0   -$,!' , ,$ -
%&"0'&, 1� 63,   %�0�</:  %&" %� �4�',"( , 5 -$,�2�',,���  2 &'71')'&�$-'�'  (�" .2). �  
����2!'  8 5 -$,�2�',*   -$!$,*  7 "  16. �  &$7&'7,*3 ,$%&$2�(:<"3  2-5�!$3  2 "  15 %'&'-
0'<$:- (  )2$ %�)2"�,*3  8-�!$  6 "  12, 2 !�-�&*3  5 -$,�2�',*  %&5-!" 4 "  14 "7 0')"  "�"  
�$-5," . �'&'7   " -'05  &*+$��2  17 %&5-!" %&"�"0$:- (   !  �4&$4$-*2$'0�#  %�2'&3,� -"   
�"�/7*  3 %�) )$2�',"'0   80…120 6�$ .  

             

�" .2. 
�!$&,�'  %&" %� �4�',"'  )�(  ,$,' ',"(  0'),���   %�$2$  ,$   &$4�+5:  %�2'&3,� -/  
�"�/7*  1"�",)&$  
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�'  0',''  9..'!-"2,*#  "7,� � -�#!"#   ��#   %��5+$:-  %&"0',',"'0  $,-".&"!1" -
�,,�#  &' 5& �2�  -$,$2�"2$:<'#   !�0%�7"1""  (���� ). ����  (2�('- (   5 %',7"'# ,  � -
 -�(<'#  "7 4$7�2�# �")!� -" ,  '&%',-","-$  (' -' -2',,���   "�"!$-$  0$�,"( ) 2 2")'  272'-
 "  "  -&"4�%��"0'&�4&$75:<'#  (
�	 ) %&" $)!" . �&"0',',"'  ����  ,$  )2"�$-'�'  �  – 240 
%�72��"��   %� �'  ,$&$4�-!"  228 + %�2* "-/  !�0%&'  ":  2 1"�",)&$3   �  180 � / 0 2 )�  210 
� / 0 2, 52'�"+"-/  0�<,� -/  ,$  3.7 !�-  "   ,"7"-/  5)'�/,*#  &$ 3�)  -�%�"2$  ,$  39 � /!�- ×+ 
[4]. 

�-$-" -"+' !"#  $,$�"7  &'0�,-$  )2"�$-'�'#  2 6��  ���  – 1732 %�!$7$�, +-�  !��" -
+' -2�   &'),"3  "  !$%"-$�/,*3  &'0�,-�2  )2"�$-'�'#    '�'��),�#  7$0',�#  1"�",)&�%�&8 -
,'2�#  �&5%%*  � -$2"�  53 ')","1*  7$ 2009 %� 2014 � .  

��(   ,"�',"(  7$-&$- ,$  &'0�,-  )2"�$-'�'#  %&')�$�$'- (  ,$  5+$ -!'  &'0�,-$  )2"�$ -
-'�'  2 6��  ���  -1732  �&�$,"7�2$-/  %�c-  %� %&"0',',":  0'-�)�2  ���	   "  !�0%�7"1""  
����  %&" &'0�,-'  �"�/7  "  !��',+$-*3  2$��2 , +-�  %�72��"-   �!&$-"-/  !��"+' -2�  &'0�, -
-�2  )2"�$-'�'#  ,'  0',''  +'0  ,$  20%.   

 
�"-'&$-5&$  
1.�$)",  � .� ., �5 ��2  � .
 . �'7*7,� ,� -/   )'-$�'#  0$8",  %&" -&',"" . – � .: 6$8" -

,� -&�',"' . �',",�& . �-) -,"' , 1989. – 229  . 
2.�"+5�",  � .� . 	  0'3$,"70'  "74"&$-'�/,���  %'&',� $  %&" "7,$8"2$,""  %$&* 

0'),*#   %�$2 –  -$�/ .//
&',"'  "  "7,� . 6", ! , 1978. T.V. B  2.- � .284 -294. 
3. �-'%$,�2  � ., ���+",  � . ��2*8',"'  &' 5& $ $2-�0�4"�/,*3  )2"�$-'�'#  %&" &'-

0�,-'   %� �4�0  .","8,�#  $,-".&"!1"�,,�#  4'7$4&$7"2,�# �4&$4�-!" .//�
  B  9, 1999.- 
� .18-20.  

4. 
$&!5,�2  � .� . 
&"4�-'3,"!$ . ��, -&5"&�2$,"' , "7��-�2�',"'  "  9! %�5$-$1"(  
0$8", . �+'4,"! . 5-'  "7) . %'&'&$4. )�%. 2002 ��) . 626  . 

 

 

'��������  ��8����  '�  ��!��������  ������%��!�  ���� ����  
� �  ���������  ��  ���  «�� !���� » 

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

�  

 

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

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

 !&*-*3  )'.'!-�2  )'-$�'# ,  4�&!"  57��2  "  $�&'�$-�2  "   2(7$,,*3    9-"0  5-'+!�#  0$ �$ , 

�3�$�)$:<'#  "  -�&0�7,�#  �")!� -" .  

 

 

 

 

 

�" . 1. �2-�45  «����$,",  – 5270» 
 



 65 

	4!$-�+,*'  " %*-$,"(  $2-�45 �2  0$&!"  «����$,", » %&�2�)(- (  ,$  4�"7�'�$<"3  )�&� -
�$3 �4<'��  %��/7�2$,"( . �&"  9-�0  %&�4'�  $2-�0�4"�(  0��'-   � -$2�(-/  )�   
        
 ,' !��/!"3  )' (-!�2   !"��0'-&�2  	4!$-!$  ,$  )�&��$3  "0''-   &()   5<' -2',,*3  ,')� -$- -
!�2 : 7$�&5�$:- (  2 � . ���� !�0  ��&�) !"'  "  %&"��&�),*'  )�&��" , &$ 3�)5'- (  7,$+"-'�/ -
,�'  !��"+' -2�  -�%�"2$ , -&'45'- (  )�2��/,�  4��/8�#  8-$-  2�)"-'�'# . ����),*'  5 ��2"(  
�!$7*2$:-  2�"(,"'  ,$  2'&�(-,� -/  2*(2�',"(  )'.'!-�2 , �4!$-!$  7$,"0$'-  0,���  2&'0'," , 
,'&')!�  2�7,"!$:-  $2$&"#,*'   "-5$1""  ,$  )�&��$3 . 

���''  %'& %'!-"2,*0  "  9!�,�0"+' !"  2*��),*0  (2�('- (  %&"0',',"'   %'1"$�/ -
,*3  �4!$-�+,*3  -(��2*3  4$&$4$,,*3  (&��"!�2*3 )  -',)�2 , �4!$-!$  $2-�0�4"�'#  ,$  !�-� -
&*3  2�4�),$  �-  �-0'+',,*3  ,')� -$-!�2  " , !&�0'  -��� , %�72��('-   �7)$-/  �5+8"'  5 �� -
2"(  &$4�-*  2�)"-'�'#  – " %*-$-'�'#  [3]. 

	4!$-!$  $2-�45 �2  ,$  9-"3   -',)$3  ,' !��/!�  �-�"+$'- (  �-  )�&��,*3  5 ��2"# : 
�- 5- -25'-   �%&�-"2�',"'  2�7)53$, %�(2�(:- (  )�%��,"-'�/,*'  %�-'&"  ,$  %&'�)��',"'  
 �%&�-"2�',"#  2 0'3$,"70'   -',)$ , 0',('- (  !�9.."1"',-   �%&�-"2�',"(  !$+',":  !��' , 
"70',('- (  )'.�&0$1"(  8", , 3$&$!-'& &$ %&')'�',"(  ,�&0$�/,*3  )$2�',"#  2 !�,-$!-' , 
 ,"�$'- (  !�9.."1"',-   1'%�',"(  !��'    �%�&,�#  %�2'&3,� -/:  "  - .) . 

�$&$4$,,*' , -(��2*'  (0�<,� -,*' )  -',)*  0��,�  " %��/7�2$-/  ,'  -��/!�  )�(  7$-
0',*  �4!$-�+,*3  " %*-$,"#  %� -2'&)�#  )�&��' , ,�  "  )�(  2�  �7)$,"(  &$7�"+,*3  ,$�&5-
7�+,*3  &'�"0�2 ,  ��-2'- -25:<"3  &$7,��4&$7,*0  )�&��,� -9! %�5$-$1"�,,*0  5 ��2" -
(0 , +-�  %�72��('-  2*%��,(-/  "  �')�2$,"(  ,$)'�,� -"  "  )����2'+,� -"  )'-$�'#  "  57��2  
-&$, 0"  ""  $2-�0�4"�(  2,'  7$2" "0� -"  �-  %���),*3   5 ��2"# , "  %�9-�05   �!&$<$'-  
2&'0(  "  0$-'&"$�/,*'  7$-&$-*. 


(��2*'   -',)* , %&"0',('0*'  ,$  %&')%&"(-"(3 $2-�%&�0$, )���,*   ��-2'- -2� -
2$-/ 
	�
  26899 – 86 "  �4' %'+"2$-/  �%&')'�',"'  7,$+',"#   �')5:<"3  %$&$0'-&�2 -(�� -
2� - !�&� -,*3   2�# -2  "  -�%�"2,�#  9!�,�0"+,� -"  [1], 5!$7$,,*3  
$4�"1'  1. 

�  ,$ -�(<''  2&'0(  8"&�!�'  %&"0',',"'  %��5+"�"    �2&'0',,*'   -',)*  )�(  �4 -
!$-!"  $2-�45 �2 . 

1. �-',)  &��"!�2*#  0�<,� -,�#  «RAM 3000 U». 
�7��-�2"-'�/ : ."&0$  «Sun Electric Europe $ division of Snap - on � ur�&'  Holding 

B.V., Spaklerweg 69, 1099 ��  Amsterdam The Netherlands. 
2. �-',)*  &��"!�2*'  0�<,� -,*'   '&""  Hofmann Dynatest. 
�7��-�2"-'�/ : ."&0$  «Snap-on Equipment GmbH - Testing Division», Konrad-Zuse-

Strasse 1, 84579 Untemeukirchen, Germany. 
3. �",$0"+' !"#  0�<,� -,�#  &��"!�2*#   -',)  ��6  1-3500.200 

�-&$,$  %&�"72�)"-'�/ : ��  "( . 
4. �-',)*  &��"!�2*'  0�<,� -,*'  CARTEC 
�7��-�2"-'�/ : ."&0$  «Snap-on Equipment GmbH - Testing Division», Germany. Kon-

rad-Zuse-Strasse 1, 84579 Untemeukirchen, Germany. 
5. �-',)*  &��"!�2*'  0�<,� -,*'  LPS ."&0*  6���  
�7��-�2"-'�/ : ."&0$  6���  Maschinenbau Haldenwang GmbH & Co. KG., 
'&0$ -

,"( . �)&' : D-87490 Haldenwang/Allgall-��5' n 20, Germany 

$4�"1$  1 

�&')'�  )�%5 !$'0�#  � ,�2,�#  %�-

�&'8,� -"  %, ,'  4��'' , )�(  -(��2*3  

 -',)�2  

 

 

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

",'&1" -

�,,*3  

 "�� - 

2*3  

",'&1"�,,� -

 "��2*3  

1. 6�<,� -/  ,$  2')5<"3  !��' $3 , !�-   ±3,0 ±3,0 ±3,0 
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2. 
(��2�'  5 "�"'  ,$  2')5<"3  !��' $3 , � .  - ±2,0 ±2,0 

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

!0 /+. 

 

±2,0 

 

±2,0 

 

±2,0 

4. �$ 3�)  -�%�"2$ , � /100 !0  "�"  � /+ (!� /+) "�"  

� /!�- ·+  

 

±2,0 

 

±2,0 

 

±2,0 

5. ;..'!-"2,$(  0�<,� -/  )2"�$-'�( , !�- .  ±4,0 ±4,0 ±4,0 

6. ��%&�-"2�',"'  2&$<',":  !��'  "  -&$, 0" -
 "" , � .  

- ±2,0 ±2,0 

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

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

0/ .  

±3,0 - - 

9. �$ -�-$  2&$<',"(  !��',+$-���  2$�$,  .  - ±2,0 ±2,0 

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

 

±2,0 

 

±2,0 

 

±2,0 

 

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

2'&3,'��  %&')'�$  "70'&',"# . 
         2. �&')'�  )�%5 !$'0�#  )�%��,"-'�/,�#  %��&'8,� -"  -(��2*3   -',)�2  )���',  4*-/  
,'  4��''  %���2",*  %&')'�$  )�%5 !$'0�#  � ,�2,�#  %��&'8,� -" . 
         ��(  %&"0'&$ &'8',"(  -'3,����"+' !���  %&�'!-$  &$  0�-&"0   -',)  LPS 3000/R200 
)�(  �&57�2*3  $2-�0�4"�'#  "  $2-�45 �2 .  

	 ,�2,�#  �-�"+"-'�/,�#  � �4',,� -/:   -',)$  (2�('- (  " %��/7�2$,"'  2 !$+' -2'  
%&"2�)$ (%&" 3���),�#  �4!$-!' ) "  ,$�&57�+,���  5 -&�# -2$  (%&" ��&(+'#  �4!$-!'  %�) ,$ -
�&57!�# ) $ ",3&�,,���  9�'!-&�)2"�$-'�(  0�)'�"  «4 ���  – 250 SB4»   0�<,� -/:  N=90 
!�- . �$�,�#  3$&$!-'&" -"!�#   -',)$  (2�('- (  -$!�'  -� , +-�  2 '��   � -$2  23�)"-  &'!5%'&$-
-�& , !�-�&*#  �-)$'-  9�'!-&�9,'&�":  �-  9-���  9�'!-&�)2"�$-'�( , &$4�-$:<'��  %&" ��&(+'#  
�4!$-!'  2 �','&$-�&,�0  &'�"0' , 2 %&�0*8�',,5:  9�'!-&� '-/ . 

�&"  " %*-$,""  $2-�45 $  ,$   -',)'  2�70��,�  %�) �')",',"'  �$7�$,$�"7$-�&$  "  
)*0�0'&$  MDO 2 LON «Test Lane Connection». 

���"!�2*'  $�&'�$-*   -',)$   ,$4�',*  �")&�%�)A'0,"!�0    .5,!1"'#  4��!"&�2!"  
&��"!�2 ,  )250(  9�'!-&�)",$0"+' !"0"  -�&0�7$0" , &$7)'�/,*0"  "�"  1'�/,*0"  &��"!� -
2*0"  $�&'�$-$0"  [2]. 

�&"  %&�2')',""  0�<,� -,*3  " %*-$,"#   -',)  %&')� -$2�('-  -�+,*' , 2� %&�"72� -
)"0*'  &'75�/-$-*  %� 0�<,� -"  )2"�$-'�(  "  !&5-(<'05  0�0',-5 . �'&' +'-  "70'&',,*3  
)$,,*3  2  -$,)$&-,*'  2'�"+",*   ��-2'- -2',,�  0'�)5,$&�),*0   -$,)$&-$0  %&�"72�)"- -
 (  $2-�0$-"+' !" . ���''  -��� , 4�$��)$&(  &'�"0$0  0�)'�"&�2$,"(  ,$�&57!" , ,$   -',)'  LPS 
3000 – "0''- (  2�70��,� -/  %&�2�)"-/  " %*-$,"(  $2-�45 �2  2 ,$�&5�',,�0   � -�(,"" . 
��70��,� -/  %�)!�:+',"(  -$!"3  �%1"#, !$!  &$ 3�)�0'& , )*0�0'&  "  �$7�$,$�"7$-�& , )' -
�$:-  )$,,*#   -',)  5,"2'& $�/,*0  )�(  5 -$,�2!"  "  " %��/7�2$,"(  2 %&�0*8�',,� -"  "  
,$   '&2" ,*3   -$,1"(3 . �-',)  LPS 3000 0��'-  4*-/    ,'&$7)'�',,*0  "�"  &$7)'�',,*0  
&��"!�2*0  $�&'�$-�0  (%&'),$7,$+',  )�(  5 -$,�2!"  ,$  !$,$25). �� -$2�('0*#  2 !$+' -2'  
�%1""  !�0%�'!-  3��� -*3  &��"!�2  )'�$'-  2�70��,�#  )"$�,� -"!5  $2-�45 �2   �   )2�', -
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,*0"  7$),"0"  � (0" , ,$%&"0'&, $2-�45 �2  «����$,",  – 6270».     
")&$2�"+' !�'  ,$�&5-
�$:<''  5 -&�# -2�  �4' %'+"2$'-  �%-"0$�/,�'   1'%�',"'  !��'    &��"!$0"  [2]. 

�'75�/-$-*  "70'&',"#  %&') -$2�(:- (  ,$  9!&$,'  0�,"-�&$  2 1".&�2�0  "  �&$."+' -
 !�0  2")' . 

�
7,�1
���0�  �
4
,��0�  ���
�/
  �2��</�� : 
- 7,$+"-'�/,�'   �!&$<',"'  &$ 3�)$  -�%�"2$ ; 
- %���),*'  5 ��2"(  ,'  �!$7*2$:-  2�"(,"'  ,$  2'&�(-,� -/  2*(2�',"(  )'.'!-�2 ; 
- �%-"0"7$1"(  !��"+' -2$  &$4�+"3, 5+$ -25:<"3  2 �4!$-!' ; 
-  �7)$,"'  �5+8"3  5 ��2"#  &$4�-*  2�)"-'�'#  – " %*-$-'�'# ; 
- " !�:+',"'  2�7,"!,�2',"(  $2$&"#,*3   "-5$1"#  ,$  )�&��$3  ��&�)$ . 
�$7&$4�-!$  "  2,')&',"'  ",,�2$1"�,,*3  &'8',"#  %� %&�'!-5  %�72��('-  %��5+"-/  

 �')5:<"'  &'75�/-$-* : 
1.  �$%"-$�/,*'  7$-&$-* ,$  � 5<' -2�',""  %&�'!-$ , 

&54. 
6021800 

2.  
�)�2�#  9!�,�0"+' !"#  9..'!- , &54. 2999587 
3.  �',-$4'�/,� -/  ",2' -"1"# , % 48,8 
4.  �&�!  �!5%$'0� -"  ",2' -"1"# , ��)  ($) 2,0 

 
�
��0
,*-
/�� : 
1. 	&�$,"7�2$-/  ,$  			  «�	�
���� » �-)'�',"'  �4!$-!"  )�(  $2-�45 �2 . 
2. �,')&"-/  2 �-)'�',""   �2&'0',,*#  &��"!�2*#   -',) , ,$%&"0'&, ."&0*  «6� -

�� » 0�)'�"  «LPS 3000/R200» (
'&0$,"( ). 
 �/
�
/-�
  
1. 
	�
  26899-86. 
'3,"+' !$(  )"$�,� -"!$ . �-',)*  &��"!�2*'  )�(  �%&')'�',"(  

%$&$0'-&�2 -(��2� - !�&� -,*3   2�# -2  "  -�%�"2,�#  9!�,�0"+,� -"  $2-�0�4"�'#  "  !��' -
,*3  -&$!-�&�2  2 5 ��2"(3  9! %�5$-$1"" . 	4<"'  -'3,"+' !"'  -&'4�2$,"( . �7)$-'�/ -2�  
 -$,)$&-�2 , 1986. – 9  . 

2. �, -&5!1"(  %� 9! %�5$-$1""  &��"!�2���  0�<,� -,���   -',)$  LPS 3000: �')$! -
1"(  D1 0524BA1-RU01, 2005. – 110  . 

3. http://avtonam.ru/useful/obkatka-novogo-avtomobilya/ 
 

������  ���'���� ����  '����#���'������  ��  ��������% -
�$&  '�����&  ! .�� #���!�  '�  ���8�����  ��>��������!�  

�����'���� . 
� .� . �-&$3�2   -5)',-  �&. �
� 431, 

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

�  

 

� -$,�2�',"'  &$1"�,$�/,�#  �&�$,"7$1""  )2"�',"(  ��&�) !���  %$  $�"& !���  
-&$, %�&-$, %� -&�',"'  0$&8&5-,*3   '-'# , &$ %&')'�',"'  %�)2"�,���   � -$2$  %� 0$&-
8&5-$0 "   � -$2�',"'  &$ %" $,"(  %&�"72�)(-  %� " 3�),*0  )$,,*0 , !�-�&*'  0��5-  4*-/  
%��5+',*  2 &'75�/-$-'  �4 �')�2$,"#  "  5+'-$ %$  $�"&�%�-�!�2 . � %��/7�2$,"'  %&" &$7-
&$4�-!'  �&�$,"7$1""  )2"�',"(  ��&�) !���  -&$, %�&-$ 0$-'&"$��2  .$!-"+' !���  �4 �')� -
2$,"(  %$  $�"&�%�-�!�2  %�72��('-  ,$"�5+8"0  �4&$7�0 �4' %'+"-/  �4 �5�"2$,"'  ��&�) -
 !���  ,$ '�',"(  "  ,$"4��''  9..'!-"2,�  " %��/7�2$-/  %�)2"�,�#   � -$2  ,$  �","" . 	&�$ -
,"7$1":  )2"�',"(  ��&�) !���  -&$, %�&-$ 2�70��,�  � 5<' -2"-/  �"8/  %&" ,$"4��''  
%��,�#  !��&)",$1""  &$4�-*  2 '3  2")�2  -&$, %�&-$. ��9-�05  �4 �')�2$,"'  %$  $�"&�%� -
-�!�2  )���,�  ,� "-/  !�0%�'! ,*#  3$&$!-'&, - . ' . �32$-*2$-/  �),�2&'0',,�  2 '  2")*  �� -
&�) !���  %$  $�"& !���  -&$, %�&-$. 6$-'&"$�*  �4 �')�2$,"(  )���,*   �)'&�$-/  )$,,*'  
�  ,$%&$2�',""  "  0�<,� -"  %$  $�"&�%�-�!�2 , &$ %&')'�',""  %�-�!�2  %� 5+$ -!$0  -&$, -
%�&-,�#   '-" , "70',',""  %$  $�"&�%�-�!�2  %� 2&'0',"  ��)$ , ),(0  ,')'�"  "  +$ $0  5-�! , 
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$ -$!�'  )$,,*'  �   &'),'#  )�",'  %�'7)!"  %$  $�"&�2 . 	4 �')�2$,"(  %&�2�)(-  &'�5�(&,� . 
�'&"�)"+' !"'  �4 �')�2$,"(  %$  $�"&�%�-�!�2  2 '3  2")�2  ��&�) !���  -&$, %�&-$ %&�-
2�)(-  ,'  &'�'  1 &$7$ 2 )2$--&"  ��)$ . �" -'0$-"+' !"'  �4 �')�2$,"(  &$4�-*  �-)'�/,*3  
0$&8&5-�2 (-&$, %�&-,*3  57��2 ) %&�2�)(-  %� 7$&$,''   � -$2�',,�05  ,$  ��)  %�$,5, !�-� -
&*# %� 0'&'  ,'�43�)"0� -"  0��'-  !�&&'!-"&�2$-/ ( .  

�  ,$ -�(<''  2&'0(  %&"0',(:- , 2 � ,�2,�0 , )2$ 0'-�)$  �4 �')�2$,"(  %$  $�"&� -
%�-�!�2 : �4 �')�2$,"(  $,!'-,*0  0'-�)�0 , !�-�&*#  ,'   2(7$,     5<' -25:<'#  0$&8&5--
,�#   " -'0�#  ��&�) !���  -&$, %�&-$; �4 �')�2$,"(  -$��,,*0  "�"  ��$7�0'&,*0  0'-�)�0 ; 
,$-5&,*'  �4 �')�2$,"(  .$!-"+' !���  )2"�',"(  -&$, %�&-$ %� 0$&8&5-$0. 

	4 �')�2$,"'  %$  $�"&�%�-�!�2  %&�2�)"�� /  %� %&� %'!-5 �',",$  )�  7 0"! -,$  "  
5�"1'  ��005," -"+' !�#  2 %&(0�0 "  �4&$-,�0  ,$%&$2�',"(3  -$4�"+,*0  0'-�)�0 . �+'- -
+"!"  ,$3�)"�" /  ,$  � -$,�2�+,*3  %5,!-$3 "  �-0'+$�"  %� !$�)�05  0$&8&5-,�05  -$! "  "  
$2-�45 5  !��"+' -2�  2�8')8"3  "  2*8')8"3  %$  $�"&�2  7$ !$�)*#  +$ , �4 �')�2$,"'  
%&�2�)"�� /    8-00 )�  20-00.  

	4&$4�-!$  %��5+',,*3  )$,,*3  %�!$7$�$,   8-00 )�  20-00 ,$"4��/8"#  %$  $�"&� -
%�-�!   ,$  5+$ -!'    %�. �-&�"-'�'#  )�  =',-&$�/,���  &*,!$  ,$4�:)$'- (  5 ��&�) !"3  
0$&8&5-,*3  -$! "  "   � -$2�('-  6610 +'��2'! . 

�  2*3�),�#  )',/     8-00 )�  20-00 ,$"4��/8"#  %$  $�"&�%�-�!   ,$  5+$ -!'    %�. 
�-&�"-'�'#  )�  =',-&$�/,���  &*,!$  ,$4�:)$'- (  5 ��&�) !"3  0$&8&5-,*3  -$! "  "   � -
 -$2�('-  3682 +'��2'! . 

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

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

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

�-&�"-'�'# - =',-&$�/,*#  &*,�!  "  ��� - =',-&$�/,*#  &*,�! . 

6","0$�/,*#  %$  $�"&�%�-�!  ,$4�:)$'- (  5 0$&8&5-�2 3� , 4� , 5� , 7� , 4- , 1!- , 

0$! "0$�/,*#  %$  $�"&�%�-�!  5 0$&8&5-�2 14� , 6-  "  14$- (&"  1). 
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�" . 2. �'�0',-$1"(  %$  $�"&�%�-�!$  %&"��&�),*3   0$&8&5-�2 ,$  5+$ -!'    %�. 

�-&�"-'�'# - =',-&$�/,*#  &*,�!  "  ��� - =',-&$�/,*#  &*,�! . 
6","0$�/,*#  %$  $�"&�%�-�!  ,$4�:)$'- (  5 0$&8&5-�2 101� , 104$-, 116� , 116- , 

$ 0$! "0$�/,*#  %$  $�"&�%�-�!  5 0$&8&5-�2 159- , 160- , 114- , 103-   (&"  2). 
 

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

 

�$,", !"#  � . � .,   )�!- . -'3, . ,$5! ,  ���$-$'2$  
 . � .   
 -5)',- , ���  (."�"$� ) ����

� . 

saninv@rambler. ru 
 

�,,�/
=�� . �&"2�)"- (    �)'&�$,"'   &$4�- %� %&�'!-"&�2$,":  $�/-'&,$-"2,���  
2$&"$,-$ $2-�0$-"+' !�#  �",""  )�(  �4&$4�-!"  )'-$�"  -"%$ «�$� -8' -'&,( ». �   � -$2   $-
,�+,���  %$&!$ 23�)(-  -�!$&,*# , 2'&-"!$�/,�  – .&'7'&,���   -$,!�2    ���  0�) . 16� 20�� 3 
"  6� 13� 3,  0$,"%5�(-�&*  "  -&$, %�&-,*'  5 -&�# -2$ .  

��,�2,
�  1
�/+ . ='�/  &$4�-* :  $0� -�(-'�/,�  %&"0',"-/   7,$,"( , %��5+',,*'  %&" 
"75+',""  !5& $ «�-$,!"    ���  "  $2-�0$-"+' !"'  �","" .  

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

�&�'!-  &$7&$4$-*2$'- ( ,$  � ,�2'  &$7&$4�-!" "   &$2,"-'�/,���  $,$�"7$   $�/-'&,$ -
-"2,*3  2$&"$,-�2  $2-�0$-"+' !"3  �",""  ,$  �&5%%5 )'-$�'# , 2*4�&$ 0'-$���&'�5<"3  
 -$,!�2    ���  "  &$7&$4�-!5 5%&$2�(:<"3  %&��&$00, 2*4�&  "  &$ +'-  0$,"%5�(-�&�2  "  
7$32$-,*3 5 -&�# -2  )�(  �4&$4$-*2$'0�#  )'-$�" . 

	 ,�2,�'   �)'&�$,"'  %&�'!-$  2!�:+$'-  $,$�"7  -'3,����"+,� -"  !�, -&5!1""  )' -
-$�'# , -'3,����"+' !"#  %&�1'   "7��-�2�',"(  )'-$�" ,  $,$�"7  4$7�2���  -'3,����"+' !���  
%&�1'  $  %� !&"-'&": , �4' %'+',"(   7$)$,,�#   0',,�#  %&�"72�)"-'�/,� -" , 5-�+,',,*#  
&$ +'-  %&�"72�)"-'�/,� -"  �","" , 2*4�&  -&$, %�&-,�  – 7$�&57�+,�   " -'0* ,   32$-$ 7$-
32$-,���  5 -&�# -2$ . 
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�2-�0$-"7$1"(  %&�"72�) -2',,*3  %&�1'  �2  2 '�)$  (2�(�$ /  �),"0  "7 2$�,'#8"3  
,$%&$2�',"#  &$72"-"( ,$5+,� --'3,"+' !���  %&��&'  $ . �  ,$ -�(<''  2&'0(  $2-�0$-"7$1"(  
7$,"0$'-  2')5<''  0' -�  2 &$72"-""  %&�0*8�',,� -" .  �' 0�-&(  ,$  7$-&$-*,  2(7$,,*'    
$2-�0$-"7$1"'# , �,$  %�72��('-  � 2�4�)"-/  ��&$7)�  4��/8'   &') -2  7$  +'-  %�2*8',"(  
%&�"72�)"-'�/,� -"  "  9!�,�0""  �"2���  -&5)$. �2-�0$-"7$1"(  )$'-  -��+�!  2 &$72"-""  
2$�,'#8"3  �-&$ �'#  %&�0*8�',,� -" , %�72��('-   ,"7"-/   '4' -�"0� -/  "3  %&�)5!1"" . 

�$�,'#8'#  +$ -/:  �:4���  $2-�0$-$ (2�(:- (   " -'0$  "  0'3$,"70*  5%&$2�',"( . 
	),"0  "7 2$�,'#8"3  �%&')'�(:<"3  %&"7,$!�2  �2&'0',,*3  
$2-�0$-"7"&�2$,,�#�4&$4�-!"   (2�('- (   " -'0*  5%&$2�',"( , !�-�&$(  &'$�"75'-  
7$)$,,�:  %&��&$005 &$4�-* , !��&)","&5'-  &$4�-5 2 '3   -$,!�2 , 0'3$,"70�2  "  5 -&�# -2  
$2-�0$-"+' !�#  �",""  2 -'+',"'  &$4�+'��  1"!�$  "  2*%��,('-  &()  )�%��,"-'�/,*3  
.5,!1"# . 

6'3$,"7$1"(  "  $2-�0$-"7$1"(  1"!�$  �4&$4�-!"   7$��-�2!"   �7)$'-  5 ��2"(   )�(  
%�2*8',"'  %&�"72�)"-'�/,� -"  "  !$+' -2$  &$4�- ,$  0'-$���&'�5<"3   -$,!$3 . 	,"   
 2(7$,*    &$7&$4�-!�# 5%&$2�(:<"3  %&��&$00,  ��-2'- -25:<"3  7$)$,,�05  $���&"-05  
.5,!1"�,"&�2$,"(   -$,!�2 , 0$,"%5�(-�&�2  "  -&$, %�&,*�#   " -'0*  $2-�0$-"+' !�#  
�",""  %&"  �4&$4�-!'  !�,!&'-,�#  7$��-�2!" . 

� 3�),*0"  )$,,*0"  )�(  2*%��,',"(   %&�'!-$  (2�(:- (   +'&-'�"  )'-$�"  "  7$�� -
-�2!" ,  %&��&$00$ 2*%5 !$ )'-$�" , 4$7�2*# 2$&"$,- 0$&8&5-,���  -'3%&�1'  $  )'-$�" , "7-
��-$2�"2$'0�#  ,$  %�-�+,�#  �",""  "7 5,"2'& $�/,*3   -$,!�2  "  7$)$,"'  ,$  ''  0�)'&,"7$ -
1":  2  ��-2'- -2""    "70',"28'' (  %&��&$00�# 2*%5 !$ )�  230 8- ./ 0',5 . 
$!�'  "70' -
,',""  %�-&'4�2$��  2*%��,',"'  %&�'!-,���  7$)$,"(   ,$  )� -"�',"'  52'�"+',,*3  %&�"7-
2�)"-'�/,� -"  "7��-�2�',"(  )'-$�"  "  ''  ,�0',!�$-5&*  " ,  ��-2'- -2',,� ,  %'&'3�)$    %�-
-�+,���  ,$   $2-�0$-"7"&�2$,,�'  �"4!�'   %&�"72�) -2� . 

�����:  &�;������#��'&�  %��'&�"%)��  *�&���  $�%�:�� , #&�   * '-$�/  %� ,$7,$+',":  
(2�('- (  2$��0 -8' -'&,'#    50',/8$:<"0" (  )"$0'-&$0"  �-   '&')",*  !  -�&1$0  )'-$�"  
(&" . 1).  

	,$  "7��-$2�"2$'- (  "7 5��'&�)" -�#  !�, -&5!1"�,,�#   -$�"  45 
	�
  4543-89,   
-2@&)� -/  ��  220…260%�2'&3,� -'#  )'-$�"  %� �'  -'&0��4&$4�-!"  5�5+8',"'0  ��  
220…260. 

 �  !$+' -2'  !�, -&5!-�& !�# , -'3,����"+' !�#  "  "70'&"-'�/,�#  4$7* %&",(-$ � /  
1',-&�2*3  �-2'& -"#  �  6,3 00 , 2*%��,',,*3  2 -�&1$3 )'-$�" , +-�  (2�('- (  -'3,����"+ -
,*0 , -$!  !$!  ,'  ,$&58$'- (  %&",1"% ')", -2$  4$7.  

�$  +'&-'�'  )'-$�"  "0':- (  2 '  2")* ,  '+',"(  "  &$7&'7* ,'�43�)"0*'  )�(  -��� , 
+-�4*  %&') -$2"-/  2 '  !�, -&5!-"2,*'  9�'0',-*  )'-$�"  "  �4' %'+"-/  "3  !$+' -2',,�'  
"7��-�2�',"' . 

�$0',"-/  )'-$�/   4�&,*0  57��0  "�"  $&0"&�2$,,�#  !�, -&5!1"'#  %&') -$2�('- (  
,'1'�' ��4&$7,*0 . 

��(  �4�'�+',"(  5 -$,�2!"  %�)8"%,"!�2 , $ -$!�'  !��' $  "   A'0,�#  8' -'&,"  ,$  
)'-$�"  2*%��,',*  7$3�),*'  .$ !" . �@ -!� -/  )'-$�"  �%&')'�"0  %� .�&05�' : 

 

1* -= $�dl'
 , (1) 

 

�)'  l – )�",$  )'-$�" , l = 600 00 ; 

$�d
- %&"2')@,,*#  )"$0'-&  )'-$�" : 
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�)'  id
, il  -  ��-2'- -2',,� , )"$0'-&  "  )�",$  i--�#   -5%',"  )'-$�" ; 

n – !��"+' -2�   -5%','#  )'-$�" . 


��)$  

.1725,92
60

5,55305
600

134*84100*5,6790*12585*)315,147()5590(*75
��d$� ==

++++++
=

 


��)$
.51,6

1725,92
600

==

 


$!  !$!  �@ -!� -/  )'-$�"  7,$+"-'�/,$  "  ,'  %&'2*8$'-  !&"-"+' !���  7,$+',"( , &$2-
,���  12, -�  )�(  �4&$4�-!"  )'-$�"  ,'  -&'45:- (  �:,'-* , $ &'�"0*  &'7$,"(  0��5-  4*-/  
0$! "0$�/,�  ",-', "2,*0" . 

� '  %�2'&3,� -"  )'-$�"  )� -5%,*  )�(  �4&$4�-!"  "  "70'&',"# . ��70��,�  " %��/ -
7�2$,"'  2* �!�%&�"72�)"-'�/,���  �4�&5)�2$,"(  "   -$,)$&-,�#  -'3,����"+' !�#  � ,$ - -
!" . 

�  %�2'&3,� -(0  )'-$�"  ø75k6, ø85n6, ø90n6 %&')A(2�(:- (  � �4*'  -&'4�2$,"(  %� 
2'�"+",'  &$)"$�/,���  4"',"(  �-,� "-'�/,�  � "  )'-$�" . ���  2'�"+",$  ,'  )���,$  %&'2*-
8$-/  0,02500 . ��(  -�&1�2*3  %�2'&3,� -'#  ø75k6/ø85n6 "  ø75k6/ø85h14 ��&$,"+"2$'- (  
-�&1�2�'  4"',"'  �-,� "-'�/,�  %�� !� -"  %'&%',)"!5�(&,�#  � "  )'-$�" , ,'  4��''  0,012 
00  ,')�%5<',"(  %'&'!� $  %�)8"%,"!�2  )�( . ��(  8' -'&,"  !�$  $  -�+,� -"  9-�  %&","-
0$:- (  )�%5 !"  ,$  &$)"$�/,�'  "  -�&1'2�'  4"',"'  0,06 "  0,04 00   ��-2'- -2',,� . �&"  2* -
)'&�"2$,""  9-"3  -&'4�2$,"#  -'3,����"+' !"3  -&5),� -'#  ,'  2�7,"!$'-  

�$"4��''  -�+,*0"  %�2'&3,� -(0"  )'-$�"  (2�(:- (  %�2'&3,� -"  ø75k6, ø85n6 "  
ø90n6. 	4' %'+',"'  9-�#  -�+,� -"  -&'45'-  �4&$4�-!"  $4&$7"2,*0 ", -&50',-�0 . 

�$  )'-$�"  "0':- (  2 8%�,�+,*3  %$7$. ��(  "3  %��5+',"(  ,'�43�)"0$  %$�/1'2$(  
"�"  )" !�2$(  .&'7$ . 
 .! . 8%�,�+,*'  %$7* %&'),$7,$+',*  %�) %&"70$-"+' !"'  8%�,!" , -�  
)" !�2$(  .&'7$  ,'  %�)3�)"- . 

 	),$!� , ,$"4��''  %&��&'  "2,*0  45)'-  &'8',"'  %� 7$0','  8%�,�+,*3  %$7�2 ,$  
&$2,�� ,*#  %&�."�/ ,  +-�  %�72��"-  %�2* "-/  %&�+,� -/  2$��2  "  "74'�$-/  %&"0',',"(  
.&'7'&,*3   -$,!�2  2 �","" . 

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

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

2/�0
/�.���2
,,���  

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

%&�"72�) -2$  "  2*4'&'0  �%'&$1"" , !�-�&*'  0��,�  2!�:+"-/  2 $2-�0$-"+' !5:  �",": . 
�� %��/75'0 (  )�(  $,$�"7$  &" . 1. 
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030 �'&-"!$�/,� -.&'7'&,$(  (6� 11) 
� . � -$,�2"-/  "   ,(-/  7$��-�2!5  
1. �&'7'&�2$-/  8%�,�+,*#  %$7 18 
2. �&'7'&�2$-/  8%�,�+,*#  %$7 20 
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��  ,$  1,5…2 00  
045 ��' $&,$(  (2'& -$!   �' $&,*# ) 
1. �&$2"-/  1',-&�2*'  �-2'& -"(  
050 �&5���8�".�2$�/,$(  (36 151) 
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1. ��".�2$-/  %�2. 4 �!�,+$-'�/,�  
��(  2!�:+',"(  2 $2-�0$-"+' !5:  �",":  2*4"&$'0  .&'7'&,� -1',-&�2$�/,5: , 2 '  

-�!$&,*'  "  2'&-"!$�/,� -.&'7'&,5:  �%'&$1": . 
��(  2*4&$,,*3  �%'&$1"# %&�"72')'0  &$ +'-  0$8",,���  2&'0',"  "  )$,,*'  7$,' '0  

2 -$4� . 2.1. 
  

 

 

�%" �!  �"-'&$-5&*  
 

1. �%&$2�+,"!  -'3,����$  0$8",� -&�"-'�( . �  2-3 - . 
 2/ ��) . &') . � .
 . �� "��2�#  "  
� .� . 6'<'&(!�2$  4-'  "7) -. 6 .: 6$8",� -&�',"' , 1985.-496 . 
2. 6'-�)"+' !"'  5!$7$,"(  %� 2*%��,',":  !5& �2*3  &$4�- %� )" 1"%�",'  «
'�&"(  
%&�'!-"&�2$,"(  $2-�0$-"7"&�2$,,*3   -$,�+,*3  !�0%�'! �2 » B 774.�� - .:� .� . �$�$.$-� -
2$, � . � . 6��+$,�2  ��,'1!  ��,�
�  2003. 47 . 
3. �&�0*8�',,*'  &�4�-* . �%&$2�+,"! . ��7*&'2  � .
 .-6 .: 6$8",� -&�',"' , 1988. -
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�$  0$-&"2$'- (  2�70��,� -/  �4&$4�-!"  2,5-&',,"3  &'7/4 ,$  -�!$&,*3   -$,!$3    
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�',,$(  ,$  %�2*8',"'  %&�"72�)"-'�/,� -"  �4&$4�-!"  &'7/4. 

�2
*
,�
 .  	47�&  �"-'&$-5&,*3  " -�+,"!�2  [1-7], %�!$7*2$'- , +-�  �4&$4�-!$  ,$ -
&5�,*3  "  2,5-&',,"3  %�2'&3,� -'# , 2 +$ -,� -" , 2  -&54,*3  7$��-�2!$3  )�(  %�2*8',"(  
"3  !$+' -2$  "  5 -&$,',"(  )'.'!-�2  �-  %&�!$-!"  +$<'  2 '��  %&�"72�)"- (  &'7/4�2*0"  &'7-
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�  ����$ ) "�"  �&'4',!$0" , 5 -$,$2�"2$'0*0"  2 !$&-&")�" , !$!  9-�  )'�$'- (  ,$  
	�	  �
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	),$!�  %&"0',',"'  0'3$,"+' !�#  �4&$4�-!"  ��54�!"3  �-2'& -"#   2 -&54,*3  7$�� -
-�2!$3     �20'<',"'0  &$ -$+"2$,"(  8"&�!"0  &'71�0  [6] ,$  � ,�2'   ���',"(  %�$,'-$&,� - 
!&5��2�#  "  � '2�#  %�)$+ 1"�",)&"+' !�#  .&'7*  ,$  %",��/,*3   -$,!$3  [6] 0'-�)�0  2", -
-�2�#  ",-'&%��(1"" ,  "   "75+',�  ,')� -$-�+,� , $ %&"0',('- (  &')!�  [7]. 

 ='�/:  ,$ -�(<'#  &$4�-*  (2�('- (  %�" !  2�70��,� -'#  �4' %'+',"(  -�+,� -"  "  
%&�"72�)"-'�/,� -" , $ -$!�'  5�5+8',"'   &5�!�)'�',"(  ,$  � ,�2'   �20'<',"(  %&�1'  �2  
2",-�2�#  ",-'&%��(1""   �&'4',+$-�#  .&'7�#  %&" �4&$4�-!'  2,5-&',,"3  &'7/4 05.-  �4 -
 $),*3 .  

�+:��  �  �����:  '"=�'&-".=�;  ��&�*�%  �+�'$�#���!  +����$��!&����  *�!  �+��+�& -
%� �&-��'&�/  '&�"�%�*�����! .  

��(  %�2*8',"(  %&�"72�)"-'�/,� -"   �4&$4�-!"  &'7/4�2*3  %�2'&3,� -'#  %&"0'-
,(:-  ,$&5�,�'  "  2,5-&',,''  2"3&'.&'7'&�2$,"'  [2].  
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�&"0'&  -$!�#  ����2!"  %&"2')',  ,$  &" 5,!'  1[5]. 

�  )"  '&-$1""  [7] �%" $,   %� �4  2"3&'2���  ,$&'7$,"(  &'7/4* , %&') -$2�(:<"#   � -
4�#   !�&� -,�'  .&'7'&�2$,"'  2&$<$:<"0" (  &'71$0". �   �2&'0',,�#  -'3,"+' !�#  �"-' -
&$-5&' )$,,*#   %� �4  �-0'+$'- ( , !$!   %� �4  �4&$4�-!"  &'7/4*    %�$,'-$&,*0  )2"�'," -
'0  ", -&50',-$ , �4' %'+"2$:<"3  3�&�8''  )'�',"'   -&5�!" .  

	),$!�   %� �4  ,'  %&'),$7,$+',  )�(  �4&$4�-!"  ��54�!"3  �-2'& -"# , $ �- 5- -2"'  2 
"72' -,�#  !�, -&5!1""  0'3$,"70$0  %�$,'-$&,���  )2"�',"(  �45 �$2�"2$'-  ,'2�70�� -
,� -/  &$4�-*   -$,!$    4��/8"0"  %�)$+$0" "  %�2*8',,*0   A'0�0  �4A'0$  0'-$��$  2 ')" -
,"15  2&'0'," .  

�  ,$ -�(<'#  &$4�-'  %&')%&",(-$ %�%*-!$ "  �')�2$,"(  2�70��,� -"  %&"0',',"(  
%",��'#  [8, 9] )�(  2"3&'.&'7'&�2$,"(  &'7/4. 

;-�-    %� �4  .&'7'&�2$,"(    )�%��,"-'�/,*0  � '2*0"  "  %�$,'-$&,*0  )2"�',"( -
0"  ", -&50',-$  %� )$,,*0  [1] "0''-  2�70��,� -/  %�2* "-/  %&�"72�)"-'�/,� -/  -&5)$ 2 
2,5-3 &$7$. 
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�"  2. – 65.-$  

��&�*�%�  �''��*�-���/  [1-7]  2 )� -$-�+,�#  0'&'  �4� ,�2*2$:-  2�70��,� -/  
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!�2 . 
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)'(-'�/,� -"  )�(  ,$+$�$ %�$,"&�2$,"(  5�5+8',"# .  

��-(%&')%&"(-"'  			  «�"07$<"-$ -�&�0� » "0''-  )�!50',-$�/,�'  
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0�-"2$1""  "   �1"$�/,�#  %��"-"!" : 

3) �  5%&$2�',""  			  «�"07$<"-$ -�&�0� » ,'  2,')&',*  "  ,'  " %��/75:- (  
 �2&'0',,*'  0'-�)*  5%&$2�',"( ,  �7)$:<"'  4�$��%&"(-,5:   �1"$�/,� -
% "3����"+' !5:  �4 -$,�2!5  2 !���'!-"2'  "  $!-"2"7"&5:<"'  ,$1'�',,� -/  %'& �,$�$  ,$  
)� -"�',"'  &'75�/-$-$ : 

4) �  			  «�"07$<"-$ -�&�0� » �- 5- -25'-   " -'0$  %� -�(,,���  �45+',"(  
 �-&5),"!�2  (!$!  2,5-&',,'�� , -$!  "  2,'8,'�� ), 2 �') -2"'  9-���  2 !�0%$,""  ,$4�:)$'- (  
,')� -$-�+,*#  5&�2',/  %&"0',',"(  ,$5+,���  "  %'&')�2���  %�)3�)$  2 5%&$2�',"" ; 

�7  �%&� �2  7$!$7+"!�2 , %&�2�)"0�0  �-)'��0  %&�)$�  2 2013 "  2014 ��)5 ,  �')5'- , 
+-�  �4<''  2� %&"(-"'  5&�2,(  !$+' -2$  2 2014 ��)5   ,"7"�� / . 

�$  2�%&�  «�$!  4*  2*  �1',"�"  !$+' -2�  &$4�- %� %(-"4$��/,�#  8!$�' ?», 2 2014 
��)5  10 % �%&�8',,*3  �1',"��  !$+' -2�  ,$  3 4$��$ , 78 % ,$  4 4$��$ , "  �"8/  12 % (vs 
14% 2 2013 � .) �1',"�"  !$+' -2�  &$4�- ,$  5 4$���2 .  


'  �%&$8"2$'0*' , !-�  �1',"�  &$4�-5 ,$  «3�&�8� » "  «5)�2�'-2�&"-'�/,� » ,$  
2�%&�  «��+'05  2*  ,'5)�2�'-2�&',,*  !$+' -2�0  " %��,',"(  7$!$7$?», "  2 2013 "  2 2014 
�-0'-"�"  ,')� -$-!" , !�-�&*'  0��,�  5 ��2,�  &$7)'�"-/  ,$  4 �&5%%* 
,'5)�2�'-2�&',,� -" . 

�'&2$(  �&5%%$: « &�!" »: %&'2*8',"'   &�!�2  " %��,',"(  &$4�-, ,' ��-2'- -2"'  
5 -$,�2�',,�05  �&$."!5 . 

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


&'-/(  �&5%%$: «%�4�+,*'  )'.'!-*  %&�1'  $ », ,$%&"0'&: %�2*8',,*#  5&�2',/  
%*�/,� -" , %�2*8',,*#  5&�2',/  850$ %&" %&�2')',""  &$4�-. 

�'-2'&-$(  �&5%%$: «%��3�#  5&�2',/  !�005,"!$1"" »: ,$%&"0'&, %&�4�'0*  
 �-&5),"+' -2$    %&�&$4�0 "�"  0$ -'&�0  ,$  % "3����"+' !�0  5&�2,'  "�"  
,' 2�'2&'0',,�'  %&')� -$2�',"'  )�!50',-$1""  )�(  � 5<' -2�',"(   )'�!" . 

��(  %�2*8',"(  !$+' -2$   -&�"-'�/,�#  %&�)5!1""  " ,  ��-2'- -2',,� , 
5)�2�'-2�&',,� -"  %�-&'4"-'�'#  �&�$,"7$1""  ,'�43�)"0�  : 

	%&')'�"-/  "  )�!50',-$�/,�  �.�&0"-/  -&'4�2$,"(  %�-&'4"-'�'#  			  «�"07$<" -
-$-�&�0� » %� 2 '0  ,$%&$2�',"(0  )'(-'�/,� -" . ��')5'-  �%&')'�"-/  !�,!&'-,*'  1'�"  "  
%�!$7$-'�"  &$4�-*  !�0%$,"" , � ,�2$,,*'  ,$  -&'4�2$,"(3  %�-&'4"-'�'# . ��-&'4,� -"  "  
��")$,"(  %�-&'4"-'�'#   �')5'-  $,$�"7"&�2$-/  +'&'7 7$%�$,"&�2$,,*'  %&�0'�5-!"  
2&'0',"  "  �4,�2�(-/ , %� ,'�43�)"0� -" . ��(  5 -$,�2�',"(  %� -�(,,�#   2(7"    
7$!$7+"!�0  �&�$,"7�2$-/  «��&(+5:  �",":  !$+' -2$ », -$!"0  �4&$7�0, +-�4*  5 7$!$7+"!$ 
4*�$  2�70��,� -/  2 �:4�'  2&'0(  �4&$-"-/ (  2 �-)'�  !$+' -2$  !�0%$,""  			  «�"07$<" -
-$-�&�0� ». ��(  -�+,�#  �1',!"  5)�2�'-2�&',,� -"  7$!$7+"!�2  22' -"  -$!�#  ", -&50',- , 
!$!  «�$&-$  �1',!"  %&�'!-$ », !�-�&5:  7$!$7+"! 0��  4*  7$%��,(-/  2�  2&'0(  "  %� 
2*%��,',":  %&�'!-$ ,   1'�/:  %&')� -$2�',"(  �4&$-,�#   2(7" . 

�  %&"2')',,�#  ,"�'  )"$�&$00'  (&" . 1.1.) %&') -$2�',*  2 '   �5+$"  ,' ��-2'- -2"(  
!$+' -2$  7$ 2013 "  2014 ��) , !�-�&*'  2*72$�"  ,'�43�)"0� -/  5 -&$,',"(  )'.'!-�2  "  
%�2�'!�"  7$  �4�#  )�%��,"-'�/,*'  &$ 3�)*   &') -2  !�0%$,""  «�"07$<"-$ -�&�0� ». 
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�" 5,�!  1.1 – �",$0"!$  "  3$&$!-'& ,' ��-2'- -2"#  !$+' -2$   -&�"-'�/,�#  %&�)5!-

1""  
	4<''  !��"+' -2�   �5+$'2  ,' ��-2'- -2"#  !$+' -2$   -&�"-'�/,�#  %&�)5!1""  2 

2014 ��)5  52'�"+"�� /    25 )�  27. �� , 5+"-*2$(  -� , +-�  "  !��"+' -2�  %&�'!-�2  
52'�"+"�� /  �-  21 )�  29, 0��,�   !$7$-/ , +-�   �5+$"  %&�"72�) -2$  ,' ��-2'- -25:<'#  
 -&�"-'�/,�#  %&�)5!1""  "0':-  -',)',1":  50',/8$-/ ( . ��(  �%&')'�',"(  !��"+' -2$  
,' ��-2'- -2"#  ,$  �)",  %&�'!-  0��,�  2� %��/7�2$-/ (  .�&05��# : 

 

, �)'  

N – !��"+' -2�  ,' ��-2'- -2"#  ,$  �)",  %&�'!- ; 

N,' ��-2 . – �4<''  !��"+' -2�  ,' ��-2'- -2"# ; 

N%&�'!-�2  – �4<''  !��"+' -2�  %&�'!-�2 . 


��)$ , !��"+' -2�  ,' ��-2'- -2"#  ,$  �)",  %&�'!-  2 2013 "  2014 ��)5  45)'-   � -$2 -

�(-/ : 

 

 
�,"�',"'  !��"+' -2$  ,' ��-2'- -2"#  ,$  �)",  %&�'!-  2 2014 ��)5  (&" . 1.2) 0��,�  

�4A( ,"-/  22')',"'0  !�0%$,"'#  %&$!-"!"  &$7)'�',"(   %'1"$�"7$1""  -&5)$, !��)$  
!$�)*#  "7 %&�&$4�2 7$,"0$'- (  -��/!�  �),"0  -"%�0  %&�'!-�2 . 
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�" 5,�!  2.3 - �",$0"!$  !��"+' -2$  ,' ��-2'- -2"#  ,$  �)",  %&�'!-  

��)�4,*'  %&� -*' , ,�  (&!"'  %�!$7$-'�"  0��5-  "  )���,*  " %��/7�2$-/ (  2 			  
«�"07$<"-$ -�&�0� » )�(  %� -$,�2!"  1'�'#  %'&')  %&�"72�) -2',,*0"  %�)&$7)'�',"(0" , $ 
-$!�'  )�(   -"05�"&�2$,"(  "  %��<&',"(   �-&5),"!�2  %� &'75�/-$-$0  &$4�-* . 

�%" �!  �"-'&$-5&*  
1. 
	�
  �  ��	  9001:2008 
2. �&"0'&,�'  %����',"'  �4  	-)'�'  !�,-&��(  !$+' -2$   -&�"-'�/,*3  

&$4�-…http://www.gosthelp.ru/text/PolozheniePrimernoepolozh3.html 
3. ��&�!",  6 .� . �,')&',"'   -$,)$&-$  ISO 9001:2000 2  -&�"-'�/ -2' , 

%&�4�'0*  "  %'& %'!-"2* .http://799775.ru/articles/articles_2.html 
 

 

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

� . � . �$�05-�2 *, � . � . 
*8!'2"+ **, � . � . �2'-�"+,$( ** 
* �
�	�  ��	  ����

� , ** ���  (."�"$� ) �
�	�  ��	  ����

�  

 

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

�(3 , ,�  "3  � ,�2,*'  )� -�", -2$  - 2* �!"'  5)'�/,*'  %&�+,� -/  "  �' -!� -/ , � �4',,�  
2$�,*  )�(  !�, -&5!1"# , !&"-'&"'0  �%-"0"7$1""  !�-�&*3  (2�('- (  0$  $  !�, -&5!1"" . 
;-� , 2 %'&25: �+'&')/ , - $2"$1"�,,$(  "  !� 0"+' !$(  -'3,"!$ . 


&54�%&�2�)*  &$7�"+,���  ,$7,$+',"(  (2�(:- (  0,���!&$-,�   -$-"+' !"  ,'�%&' -
)'�"0*0"   " -'0$0"  ,'&'�5�(&,�#   -&5!-5&* , �,"  &$4�-$:-  2 5 ��2"(3  )",$0"+' !��� , 
 -$-"+' !���  "  0$��1"!��2���  ,$�&5�',"(  2,5-&',,"0  )$2�',"'0 ; &'$!1"(0"  �%�&; 0$ -
 �2*0"   "�$0" ; 5 "�"(0"  �-  0�,-$�,*3  ,$-(��2 ; 5 "�"(0"  -'0%'&$-5&,�#   $0�!�0%', -
 $1"" , 2�7,"!$:<"0"  2 -&54�%&�2�)'  %&" "70',',""  -'0%'&$-5&*  -&$, %�&-"&5'0�#  
 &')* , $ -$!�'  %&" %'&"�)"+' !"3  � -$,�2$3  "  %5 !$3  " -'0* . 

�&"   ���"28'# (  %&$!-"!'  %&�'!-"&�2$,"(  -&54�%&�2�)�2   �2�!5%,� -/  ,$�&5-
7�! , 3$&$!-'&"75:<"3  7$)$,,*#  &'�"0  ,$�&5�',"(  "   -$-"+' !"  ,'�%&')'�"05:  -&54�-
%&�2�),5:   " -'05 , 5+"-*2$'- (  -��/!�  ,$  9-$%' %&�2'&�+,���  &$ +@-$. �$ +'-  ,$  %&�+-
,� -/  2!�:+$'-  )2$ 9-$%$. �$  %'&2�0 9-$%' 2*4"&$:-  &$70'&* %�%'&'+,*3   '+',"#  -&54, 
" 3�)(  "7 5 ��2"#  %&�"72�)"-'�/,� -"  "  %&�+,� -" . �$  9-�0  9-$%' '<'  ,'"72' -,*  2,5- -
&',,"'  5 "�"( , %�9-�05  &$ +'-  2')'- (  -��/!�  %� 2,5-&',,'05  )$2�',": . �$  2-�&�0  9-$%' 
&$ +'-$ �%&')'�(:-  2,5-&',,"'  5 "�"( , 2�7,"!$:<"'  �-  2,'8,"3  2�7)'# -2"# , "  %&�"7-



 82 

2�)(-  %&�2'&!5 %&�+,� -"  2 �%$ ,*3   '+',"(3  [1-3]. �  9-�#   3'0'  ,'  &'$�"75'- (  %�-', -
1"$�/,$(  2�70��,� -/  ��  �%-"0"7$1""   -&5!-5&*  0$-'&"$�$    5+@-�0 � �4',,� -'#  ,$ -
�&5�',"(  "   -&5!-5&*  -&54�%&�2�)$.  

�$)$+$ �%-"0$�/,���  %&�'!-"&�2$,"(  -&54�%&�2�)$, 5)�2�'-2�&(:<'��  �%&')' -
�@,,*0  !&"-'&"(0  �%-"0$�/,� -" ,  2(7$,$   %�" !�0  ,$"�5+8"3   �+'-$,"#  0'3$,"+' -
 !"3   2�# -2 , &$ %����',"(  "  �&"',-$1""  $&0"&5:<"3  9�'0',-�2  2 !$�)�#  -�+!'  -&54�-
%&�2�)$, +-�  %&"2�)"-  !  ��!$�/,�  "  ���4$�/,�  ,'�),�&�),�#   " -'0' .  

��, -&5!-"2,�'  "  -'3,����"+' !�'  &$7)'�',"'  -&54�%&�2�)�2  ,$  5+$ -!" , ,$�"+"'  
%&(0��",'#,*3  "  !&"2��",'#,*3  5+$ -!�2 , "3   �')",',"#  &$7�"+,*0"   %� �4$0" , �%�& 
&$7�"+,*3  !�, -&5!1"# , -&54�%&�2�),�#  $&0$-5&* -$!  �'  2,� (-   -&5!-5&,5:  ,'�),� -
&�),� -/  2 %&�'!-"&5'05:  -&54�%&�2�),5:   " -'05 . 	%-"0$�/,�'  %&�'!-"&�2$,"'  -&5-
4�%&�2�)�2  "7 ��  %&')%��$�$'-  2*)'�',"'  2$&/"&5'0*3   -&5!-5&,*3  %$&$0'-&�2 )�(  
)253 5&�2,'# :  -&5!-5&*  0$-'&"$�$  -&54 "   -&5!-5&*  -&54�%&�2�),�#   " -'0* . �$  ,$ -
%&(�@,,� -)'.�&0"&�2$,,�'   � -�(,"'  -&54�%&�2�)$ %&" )'# -2""  2,5-&',,'��  )$2�',"(  
&$4�+'#  &')*   5<' -2',,�'  2�"(,"'  �!$7*2$:-  %$&$0'-&* )�",* , !&"2"7,*  !&"2��" -
,'#,*3  5+$ -!�2 , -'3,����"+' !"'  )'.'!-*  .�&0*  %�%'&'+,*3   '+',"#  "  !&"2��",'#,*3  
(0$,�0'-&"+' !"#  9..'!- ), "  %&(0*3 5+$ -!�2  [1-3].  

�2(7$,,� -/  7$)$+" �%&')'�('- (  7$2" "0� -/:  2'�"+",  2,5-&',,"3   "��2*3  .$! -
-�&�2  2  -$-"+' !"  ,'�%&')'�"0�#  -&54�%&�2�),�#   " -'0'  �-   ��-,�8',"(  �' -!� -'#  
5+$ -!�2 , �-   -&5!-5&,*3  %$&$0'-&�2 -&54�%&�2�)$ (�@ -!� -" , �'�0'-&""  5+$ -!�2 ), $ 
-$!�'  7$2" "0� -/:  2'!-�&$  2�705<',"#  (2 +$ -,� -" , 5 "�"#  �-  -'0%'&$-5&,�#   $0� -
!�0%', $1"" ) �-   -&5!-5&,*3  %$&$0'-&�2 0$-'&"$�$  "  -&54�%&�2�)$. 

�&"   �7)$,""  -&54�%&�2�)�2  "7 ��  !�, -&5!1"(  "  0$-'&"$�  .�&0"&5:- (  �),� -
2&'0',,�  "  2�%&� *  �%-"0$�/,���  %&�'!-"&�2$,"(  (�%-"0$�/,���  $&0"&�2$,"( , �%&')' -
�',"(  �%-"0$�/,*3  �'�0'-&"+' !"3  %$&$0'-&�2 -&54), !�, -&5"&�2$,"(  "  &$7&$4�-!" 
-'3,����"+' !���  %&�1'  $  ,'  0��5-  &$  0$-&"2$-/ (  "7��"&�2$,� . 

	%-"0$�/,�'  %&�'!-"&�2$,"'  -&54�%&�2�)�2  "7 ��  (2�('- (   ���,�#  ,$5+,� -
-'3,"+' !�#  7$)$+'#, &'8',"'  !�-�&�#  ,'2�70��,�  %&') -$2"-/  4'7 1'�',$%&$2�',,���  
" %��/7�2$,"(   �2&'0',,*3  !�0%/:-'&,*3  -'3,����"#  "  0'-�)����""   " -'0,���  $,$�" -
7$. 

�"�' , 2 &$0!$3 %�)3�)$ , �%" $,,���  2 &$4�-$3 [4, 5] %&"0',"-'�/,�  !   " -'0$0  
%&�'!-"&�2$,"(  �%-"0$�/,*3  1'�/,�!�0%�7"-,*3  !�, -&5!1"#  "  !   " -'0$0   �7)$,"(  
0,���5&�2,'2*3  !�0%�'! �2  0�)'�"&�2$,"(   -&5!-5&*  "   2�# -2  0$-'&"$��2  %&" -'3,� -
���"+' !"3  2�7)'# -2"(3  &$  0$-&"2$:- (  � �4',,� -"  %� -&�',"(   " -'0*  �%-"0$�/,� -
��  %&�'!-"&�2$,"(  -&54�%&�2�)�2  "7 �� , !�-�&$(  %&') -$2�',$  !$!   �2�!5%,� -/  $��� -
&"-0"+' !"   2(7$,,*3  .5,!1"�,$�/,*3  4��!�2 . 

�   ��-2'- -2""     �2&'0',,*0"  %&') -$2�',"(0"  �  %�9-$%,�0 %&�'!-"&�2$,""  �- -
2'- -2',,*3  -'3,"+' !"3  �4A'!-�2  ,$  .5,!1"�,$�/,�#   3'0'  (&" . 1) 2*)'�',*  2� '0/  
� ,�2,*3  4��!�2 , 2*%��,(:<"3   �')5:<"'  7$)$+" [4, 5]: 1) %� -$,�2!$  7$)$+" (�� ); 2) 
%� -&�',"'  -'�&'-"+' !"  2�70��,���  (")'$�/,��� ) %&�'!-$  (
�� ); 3) 2*4�&  -'3,����""  
&'$�"7$1""  %&�'!-$  (
� ); 4) &$7&$4�-!$ &$4�+'��  %&�'!-$  (�� ); 5) %&�2'&�+,*#  &$ +@- 
 2�# -2  &$4�+'��  %&�'!-$  (��� ); 6) "7��-�2�',"'  ,$  � ,�2'  ��  �%*-,���  "7)'�"(  "�"  0$-
-'&"$�"7$1"(  %&�'!-$  (6� ); 7) �&�$,"7$1"(  "  %&�2')',"'  ,$-5&,���  9! %'&"0',-$  (�; ); 
8) "7��-�2�',"'  !�, -&5!1""  (�� ). 
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�$�)*#  .5,!1"�,$�/,*#  4��!  %�))'&�"2$'- (  �%&')'�@,,�#   �2�!5%,� -/:  
!�0%/:-'&,*3  %�) " -'0  2 2")'  2 %�0��$-'�/,*3  %&��&$00, ",.�&0$1"�,,�#  4$7*,  " -
-'0*  2"75$�"7$1""  &'75�/-$-�2 , 9! %'&-,�#   " -'0*  �1',!"  '��  )'(-'�/,� -"  "  )&.  

�$  0�-&"0  � �4',,� -"  �&�$,"7$1""  4��!�2    5+@-�0  %'1"."!"  %&�'!-"&�2$,"(  
"  "7��-�2�',"(  -&54�%&�2�)�2  "7 �� . 

�$  &" . 1 %�!$7$,*  2 � ,�2,�0  ",.�&0$1"�,,*'  (.5,!1"�,$�/,*' )  2(7"  "  ,$ -
%&$2�',"'  %'&')$+"  ",.�&0$1""  "7 �),���  4��!$  2 )&5�"' . 	,"  %�72��(:-  1'�',$%&$2 -
�',,�  2,� "-/  !�&&'!-"2*  2�  2 '  %�) " -'0*  "  2*&$4$-*2$-/  !�0%&�0"  ,*'  &'8',"( , 2 
-�0  +" �'  "  2 %� -$,�2�+,�#  +$ -"  )�(   �7)$,"(  �!�,+$-'�/,���  2$&"$,-$ -&54�%&�2�)$ 
[4, 5]. 

�  )$,,�#  &$4�-'   %'1"$�/,�  ,'  2*)'�',*  5%&$2�(:<"'   2(7"  "   5 -&�# -2$ , !�-� -
&*'  �%&')'�(:-  "3  %'&')$+5 2 4��!" , %� !��/!5  &$  0$-&"2$'- (  +'��2'!� -0$8",,*#  2$-
&"$,-   " -'0* , !$!  ,$"4��''  9..'!-"2,*#  )�(  &'8',"(  %��3�  .�&0$�"75'0*0"  %&"@0$-
0"  0,��"3   ���,*3  2�%&� �2  %&�'!-"&�2$,"(  -&54�%&�2�)�2  "7 ��  [5]. 

����  '�  (%� -$,�2!$  7$)$+"). �� -$,�2!$  7$)$+" ,$  %&�'!-"&�2$,"'  -&54�%&�2�)$ 
2!�:+$'-  -'3,"+' !�'  7$)$,"'  "  � ,�2,*'  -&'4�2$,"(  !  -'�&'-"+' !"  2�70��,�05  (")' -
$�/,�05 ) %&�'!-5  – ,$"4��''  %��,*#  5+@- 2 '3  .$!-�&�2 , 2�"(:<"3  ,$   2�# -2$ , ,$%&(-
�@,,� -)'.�&0"&�2$,,�'   � -�(,"' , %&�+,� -/  "  )����2'+,� -/  %&�'!-"&5'0���  -&54�-
%&�2�)$; 0","0"7$1"(  7$-&$- ,$  %&�'!-"&�2$,"' ; &$7&$4�-!$ "  $%&�4$1"( �%-"0$�/,*3  
2$&"$,-�2  -'3,����"#  &$ +@-$ "  "7��-�2�',"( ; �4� ,�2$,"'  ,'�43�)"0� -"  "  5&�2,(  ,$ -
-5&,*3  9! %'&"0',-�2 . �� -$-�+,�  �4<$(  %� -$,�2!$  7$)$+" 0��'-  4*-/  %&') -$2�',$  
 �')5:<"0  �4&$7�0: %&" 7$)$,,*3  %$&$0'-&$3 &$4�+'#  &')* , %&�"72�)"-'�/,� -"  -&5-
4�%&�2�)$ , %&" ,'!�-�&*3  ,'  2%��,'  +@-!� 7$)$,,*3  5 ��2"(3  ,$  %&� -&$, -2',,5:  !�, -
."�5&$1":  -&54�%&�2�)$, &$ %����',"'  "  !�, -&5!1":  �%�&, !�, -&5!1":   �')",',"#  
5+$ -!�2 ; 2")  " 3�),*3  0$-'&"$��2  "  -'3,����":  "7��-�2�',"(  -&'45'- (  %�)�4&$-/  
-��<",5   -',!"  -&54,  -&5!-5&5 %$!'-$  ��@2 (5��*  $&0"&�2$,"( , -��<",*  "  2")*  0$-' -
&"$�$  ��@2) %� 2 '#  )�",'  -&54�%&�2�)$, �'�0'-&"+' !"'  %$&$0'-&* !&"2��",'#,*3  5+$-
 -!�2  -$!"0  �4&$7�0, +-�4* : 1) %��'  ,$%&(�',"#  4*��   -$-"+' !"  )�%5 -"0*0 ; 2) %��'  
)'.�&0$1"#  – !",'0$-"+' !"  )�%5 -"0*0 ; 3) 2*%��,(� (  7$!�,   &')*  (5&$2,',"(   2(7"  
0'�)5  ,$%&(�',"(0" , )'.�&0$1"(0"  "   -&5!-5&,*0"  %$&$0'-&$0"); 4) ,'  ,$&58$�" /  
5 ��2"(  %&�+,� -"  "  -'3,����"+' !"'  ��&$,"+',"( ; 5) 5)�2�'-2�&(�" /  -&'4�2$,"(  �%-" -
0$�/,� -"  (%&')'�/,�  )�%5 -"0$(  ,$�&57!$, 0","0$�/,$(  0$  $ ,  -�"0� -/  "  )&.). 

	- :)$   �')5'- , +-�   %'!-&  %�))'&�"2$:<"3  4��!  ��  %&��&$00 0��'-  4*-/  )� -
-$-�+,�  8"&�!"0  – �-  -&$)"1"�,,*3  (%&" .�&0$�/,�0  %�)3�)'  !  &'8',":  �%-"0"7$1" -
�,,*3  7$)$+, -$!"3  !$!  ,'�43�)"0*'  5&$2,',"( , 5 ��2"(  &$7�"+,���  &�)$ , 1'�'2*'  .5,! -
1""  "�"  .5,!1"�,$�* ), )�   %'1"$�/,*3 , 5 !�&(:<"3  &'8',"'  %&" ,'.�&0$�/,�0  %�)3� -
)'  [4].  
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����  ��'  (%� -&�',"'  -'�&'-"+' !"  2�70��,���  %&�'!-$ ). �$  )$,,�0  9-$%'  -&� -
"- (  �%-"0$�/,*#  -'�&'-"+' !"  2�70��,*#  %&�'!-  (5 ��2,�  – «")'$�/,*#  %&�'!- ») -&5-
4�%&�2�)$ . 
��  5)�2�'-2�&('-  ,'�43�)"0*'  5 ��2"(  %� -$2�',,�#  7$)$+" %&" ,$"4��''  

%��,�0  5+@-' 2 '3  .$!-�&�2 , 2�"(:<"3 : ,$   -&5!-5&5 "   2�# -2$  0$-'&"$�$ ,  -&5!-5&,*'  
%$&$0'-&* -&54�%&�2�)$; ,$  ,$%&(�@,,� -)'.�&0"&�2$,,�'   � -�(,"'  "  %&�+,� -/  -&54�-
%&�2�)$ 2 5 ��2"(3  3$&$!-'&,���  ,$�&5�',"(  %&" 9! %�5$-$1"" . �&"  %� -&�',""  
��  ,'  
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��&$,"+"2$'- (   2�4�)$  2 2*4�&'  -'3,����""  0$-'0$-"+' !�#  &'$�"7$1"" , ,'   -$2(- (  �� -
&$,"+',"(  ,$  0$-'0$-"+' !5:   ���,� -/  )2535&�2,'2�#  �%-"0"7$1""   -&5!-5&*  0$-' -
&"$�$ "  -&54�%&�2�)$. 

��(  &'8',"(   ���,�#  0,���5&�2,'2�#   2(7$,,�#  7$)$+" 6�

  �%-"0"7$1""  -&5-
4�%&�2�),�#   " -'0*  %&" %� -&�',""  
��  ,'�43�)"0$  &$7&$4�-!$ ")'$�/,���  &$ +@-,�-
0�)'�"&5:<'��  !�0%�'! $  (��6� ). �$  &" . 2 %�!$7$,$  -&5!-5&$ ��6�  )�(  %� -&�',"(  

�� . �*)'�',*  � ,�2,*'  �&5%%* 7$)$+ (�-0'+',*  ,$  &" . 2 &"0 !"0"  1".&$0" ),  ��- -
2'- -25:<"3  "0  0�)'�'#  "  0'-�)�2  &'8',"( , $ -$!�'  ,$0'+',*  27$"0� 2(7"  2 %��5+', -

    �������  ����� -�  
�����'��	�  �	
�������

 III. 
'�����   

�
	���
  �   
��������
   
���������  

  II. 
'�����  

��������
   
���%	��	
	!�  

V. 
�����
���   

���������	�   
��	���! -��  

VI.  
(���!������   

�)*  �   
��	��	���  

VIII.  
*��������� - 

��
"���  
���
��������  

������  

����
�  

����������%  

��
  

���+����%  

����!�����  

���
�������  

���
���������  
����
�!&����  

,�*  

���	�����  ,�*  

ACTPA ASCP ANSYS 

�����������  

���
�������  

������������  
���������  

	������   ����
�%  

������  ���������  
���������  

�����������
"���  
-
�������  

�" 5,�!  2 - �-&5!-5&$  ")'$�/,���  &$ +@-,�-0�)'�"&5:<'��  !�0%�'! $  )�(   
%� -&�',"(  -'�&'-"+' !"  2�70��,���  �%-"0$�/,���  %&�'!-$  -&54�%&�2�)$ "7 ��  

VII.  
�	!���  

	����������  


���%���  

��&�������  

������  

���������  
������������  

���������  
�������
�  

��������  
�����������  

�����  

��������"  

�����
"��  ����������  
��	�����  

����
�  

���������  

����� . 
-
������  

��
����  

����
�����  

��	�������� -
��

����

�������

«����% » 

�������   
��������  
���
����   
.��� -���  

���
���  ����!����   

��������������%  

��
����  

IV. 
'�����   

��&�	�	���  
���	�	
�����  

�����������  
���������%  

�����������  �  
�����
�!����  

����  

��������������%  -..���  

��������  ��
�  
��	�����  

���
����  

���
��  ��  �����!���  ����	��

���
��  ��  ������������%  ���������������  

�������  ����  

����������������  
���.�	������  

	�������� . 
���������  

��������  �����/&����  

 

I. 
�	!���  

�����#����  
���
�������  

����� -

�������  

����� -

�
��

-���������  
	������

�����������  

����  �������  

�����
"���  

�������  

��
��������  

� ����������
"���  

��
�-.�����  

��
����  

�����������  

	������������  

����!���  

�����
"�� - 
����������  

 ����  �������  

���/&����  

����"  

!	��  


����  
���%����  

����	���"  

 �
������"  

 ��������"  

 
«�����% » 

������  .�������
�	�������  

����
�  �����+����  

����������������  

������������  



 86 

,�#   " -'0' .  
�  �
�2�	  ��-��
  �-,� (- (  0�)'�"  ,$�&5�',"(  -&54�%&�2�)$ %&" '��  9! %�5$-$-

1"" . 
��  2/���	  ��-��
  7$)$+ �-,� "- (  $,$�"7   -&5!-5&*  -&54�%&�2�)$, !�-�&*#  

2!�:+$'-  $,$�"7  -$!"3   -&5!-5&,*3  %$&$0'-&�2 "  .$!-�&�2 , !$! :  
- %&� -&$, -2',,$(  !�,."�5&$1"(  -&54�%&�2�)$, 7$2" (<$(  �-  &$ %����',"(  �4� -

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

- �'�0'-&"+' !"'  %$&$0'-&* �-)'�/,�  "7��-$2�"2$'0*3  5+$ -!�2 : )�",$ , !&"2"7,$ , 
&$70'&* %�%'&'+,*3   '+',"# ; &$7)'�',"'  ,$  �-)'�/,*'  5+$ -!"  %&�"72�)"- (  "7 !�, - -
&5!-"2,*3  "  -'3,����"+' !"3   ��4&$�',"# ; 

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

,*3  "  !&"2��",'#,*3  5+$ -!�2 ; 
- &$ %����',"'  "  !�, -&5!1"(  -&54�%&�2�),�#  $&0$-5&* "  9�'0',-�2 ,  0�,-"&� -

2$,,*3  ,$  -&54�%&�2�)' . 
��
/+<  ��-��-   � -$2�(:-  7$)$+" $,$�"7$   2�# -2  "   -&5!-5&*  0$-'&"$�$ . �5<' -

 -25:<$(  ",.�&0$1"(  %� 2")$0  !�0%�,',-�2  0$-'&"$�$ ; ."7"!� -0'3$,"+' !"0  3$&$!-' -
&" -"!$0  $&0"&5:<"3  9�'0',-�2 , 0$-&"1, $&0"&�2$,,*3  %�$ -"!�2  )���,$  4*-/   .�& -
0"&�2$,$  2 ",.�&0$1"�,,5:  4$75 )$,,*3 . ��(  7$)$+ %&�'!-"&�2$,"(  "  &$ +'-$ !�, - -
&5!1"#  "7 ��  &'!�0',)5'- (  " %��/7�2$-/   -&5!-5&,� -.',�0',����"+' !"#  %�)3�)  !  �%-
&')'�',":  5%&5�"3 %� -�(,,*3  "  %&�+,� -"  0$-'&"$�$ , � ,�2$,,*#  ,$  &$ +'-,� -
9! %'&"0',-$�/,*3  0'-�)$3  [6, 7]. �&"  9-�0   +"-$'- ( , +-�  ��   � -�"-  "7  �2�!5%,� -"  
!2$7"�),�&�),*3   ��'2 ,  2�# -2$  !�-�&*3  �%&')'�(:- (  9! %'&"0',-$�/,� . �  !$+' -2'  
� ,�2,���  9�'0',-$  %&","0$'- (  �&-�-&�%,$(  %��� !$ , ,$)'�',,$(  �' -!� -(0"  %&" &$ -
-(�',""  "   �$-""  2 )253 ,$%&$2�',"(3  "   )2"�' . �%&5�"'  %� -�(,,*'  "  %&�+,� -/  -$!���  
9�'0',-$  ,$3�)(- (  %&" " %*-$,""  �4&$71�2- 2")'-'�'# , "7��-�2�',,*3  %� 2*4&$,,�#  
-'3,����"" . �&"  9-�0   -$,�2"- (  2�70��,*0  5+' -/  -$!"'  -&5),�  %�))$:<"' (  &$ +'-5 
-'3,����"+' !"'  .$!-�&* , !$!  ,$-(�',"'  %&" ,$0�-!' , )$2�',"'  .�&0�2$,"( , &'�"0  %�-
�"0'&"7$1""  "  )&5�"'  %$&$0'-&*, 2�"(:<"'  ,$  0'3$,"+' !"'  3$&$!-'&" -"!" . �$&$!-' -
&" -"!"   " -'0*   ��'2  5 -$,$2�"2$:- (  &$ +'-,*0  %5-'0 ,$  � ,�2'  $,$�"7$  27$"0�)'# -
 -2"(   ��'2  "  2 (2,�0  2")'  7$2" (-  �-  0$!&� -&5!-5&,*3  %$&$0'-&�2 0$-'&"$�$  ( 0 ., ,$ -
%&"0'&, [6, 7]). 

%
/23�/-<  ��-��-  7$)$+  � -$2�(:-  7$)$+" $,$�"7$  -'3,����""  "7��-�2�',"( , 
-'3,����"+' !"3  ��&$,"+',"#  "  %$&$0'-&�2, 2�"(:<"3  ,$   -&5!-5&5 "   2�# -2$  0$-'&"$ -
�$  "  -&54. �$"4��''   �2'&8',,*0  %&�1'  �0  "7��-�2�',"(  -&54 "7 ��  (2�('- (  %&�1'   
,'%&'&*2,�#  ,$0�-!"  ,"-'# , ��5-�2 , �',-  "�"  -!$,'#  ,$  �%&$2!"  ��-2'- -25:<"3  .�&0 . 
�� �'  %��5+',"(  ,'�43�)"0�#  -��<",*  "   -&5!-5&*  0$-'&"$�$  %&�"72�)"- (  �-2'&�)' -
,"'  -&54*  "  5)$�',"'  �%&$2!". 6'-�)  ,'%&'&*2,�#  ,$0�-!"  %�72��('-  &'$�"7�2$-/    2* -
 �!�#  -�+,� -/:  4��/8�'  !��"+' -2�   3'0  $&0"&�2$,"( , �4' %'+"2$'-  -�+,� -/  "   -$ -
4"�/,� -/  &$70'&�2 -&54 ( 0 ., ,$%&"0'&, [6]). 

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

	47�&  0'-�)�2  "  !�0%/:-'&,*3  %&��&$00, " %��/75:<"3 (  )�(  &'8',"(  9-"3  7$-
)$+ )�(  -&54�%&�2�)�2 , %&') -$2�', , ,$%&"0'&, 2 [3, 6, 8].  

8
�/-<  ��-��-   � -$2�(:-  7$)$+" �%&')'�',"(  ,$%&(�@,,� -)'.�&0"&�2$,,���  
 � -�(,"(  0$-'&"$�$  -&54 "  �1',!"  %&�+,� -" . ��(  -�,!� -',,*3  -&54�%&�2�)�2  0�)'�" -
&�2$,"'  %&(0��",'#,*3  5+$ -!�2    )� -$-�+,�#  -�+,� -/:  2�70��,�    " %��/7�2$,"'0  
�",'#,*3  0�)'�'#  "  4'70�0',-,�#  -'�&""  �4���+'! , !&"2��",'#,*3  5+$ -!�2  – )250'& -
,*3  0�)'�'# , �4���+'+,*'  0�)'�"  " %��/75:- (  "  )�(  �%" $,"(  !&$'2*3  9..'!-�2 . 	 -
,�2,*'  0'-�)*  &'8',"(  -$!"3  7$)$+ – !�$  "+' !"'  +" �',,*'  0'-�)*  (6�� , 6�;  "  )&.) 
"  %&"4�"�@,,*'  $,$�"-"+' !"'  0'-�)*    " %��/7�2$,"'0  -&"��,�0'-&"+' !"3  &()�2  [1, 
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3, 6]. ��(  �1',!"  %&�+,� -"  &'!�0',)5'- (  " %��/7�2$-/  .',�0',����"+' !"'  !&"-'&""  
%&+,� -"  ( 0 ., ,$%&"0'&, [6, 7]). 

�  �
*+0-<  ��-��-  2!�:+',*  0�)'�"  �%-"0"7$1"" . 	 ,�2,*0  �4A'!-�0  7)' /  (2-
�('- (  %�" !  .5,!1"#  ���4$�/,�#  ,'�),�&�),� -" , �%&')'�(:<"3   -&5!-5&,*'  %$&$0'--
&*  �%-"0"7"&�2$,,���  %&�'!-$ . 	%-"0"7"&5:- (   -&5!-5&,*'  %$&$0'-&* 0$-'&"$�$  "  
-&54�%&�2�)$. 6*  "0''0  )'��    )2535&�2,'2�#   2(7$,,�#  7$)$+'# 6�

 . 

����,�#  7$)$+'# %&" &$7&$4�-!' ��6�  (2�('- (  2*4�&  0'-�)�2 , 2*+" �"-'�/,*3  
%&�1')5& "   ��-2'- -25:<"3  %&��&$00,*3  %&�)5!-�2  )�(  9..'!-"2,�#  �%-"0"7$1""  
.5,!1"�,$��2  "  .5,!1"# , �%&')'�(:<"3  !$+' -2�  %&�'!-$ . �&') -$2�',"'  �  3$&$!-'&,*3  
0'-�)$3  &'8',"(  �%-"0"7$1"�,,*3  7$)$+ 0'3$,"!"  )'.�&0"&5'0���  -2@&)���  -'�$  "  2 
&()'   �5+$'2  �4  "3  &'$�"75:<"3  %&��&$00$3 )$@- (, ,$%&"0'&, 2 0�,��&$."(3 , )"  '&-$ -
1"(3  "   -$-/(3  [7, 9-21]. ��4 -2',,�  %&��&$00,*'  %&�)5!-*  -$!���  &�)$  (2�(:- (   -&5! -
-5&,*0"   � -$2�(:<"0"  ��6� . 

	),"0  "7 "72' -,*3  -'�&'-"+' !"  "  9! %'&"0',-$�/,�  �4� ,�2$,,*3  %�)3�)�2 , 2 
!�-�&*3  &'$�"7�2$,*  %�)�4,*'  ")'"  )�(  1'�/,�!�0%�7"-,*3  !�, -&5!1"# , (2�('- (  0' -
-�)   ���$ �2$,,���  %&�'!-"&�2$,"(  !�0%�7"-,*3  -'�  2���!,�2���   -&�',"(  [9, 10].  


'�&'-"+' !"  2�70��,*#  "�"  ")'$�/,*#  %&�'!-  ,'  ��&$,"+',  2 0$-'0$-"+' !�#  
 ���,� -"  )2535&�2,'2�#  �%-"0"7$1""  "  2 2*4�&'  -'3,����""  0$-'0$-"+' !�#  &'$�"7$ -
1"" . 

�
  2��+0�0  6/
�
   " -'0$  0�)'�'#  7$0*!$'- (  !�0%�'! �0  9! %'&"0',-$�/,*3  
"  �')�2$,"#  0'3$,"+' !"3   2�# -2  0$-'&"$�$ , -&54 "  -&54�%&�2�)$ "  2'&"."!$1""  &'-
75�/-$-�2  0�)'�"&�2$,"( .   

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

��(  8' -���  "   ')/0���  9-$%$ 9! %'&"0',-$�/,*'  "  �')�2$,"(  ,'�43�)"0*  )�(  
2'&"."!$1""  &'75�/-$-�2  0�)'�"&�2$,"(  "  &$ +@-�2. 

����  ��  (2*4�&  -'3,����""  &'$�"7$1""  %&�'!-$ ). ��6�  2!�:+$'-  ,$"4��''  %�� -
,*#  "   ���,*#  !�0%�'!  0$-'0$-"+' !"3  0�)'�'# , "7 !�-�&*3  )���',  4*-/  &$7&$4�-$, 
&$4�+"# &$ +@-,�-0�)'�"&5:<"#  !�0%�'!  (��6� ) )�(  %� -&�',"(  &$4�+'��  %&�'!-$  
-&54�%&�2�)$. �)'$�/,*#  %&�'!- , !$!  %&$2"��, -&5)�@0�!  2 &'$�"7$1"" , $  ��-2'- -25: -
<"'  7$-&$-* %&" &$7&$4�-!' "  " %��/7�2$,""  +$ -�  ,'   �&$70'&,*  %� -$2�',,�#  1'�" . 
��9-�05  � ,�2,�#  %&�1')5&�#  )�(  %� �')5:<'��  %� -&�',"(  &$4�+'��  %&�'!-$  (2�('- (  
2*4�&  -'3,����""  &'$�"7$1""  - 2*4�&  0'-�)�2 , 2*+" �"-'�/,*3  %&�1')5& "  $���&"-0�2 , 
 ��-2'- -25:<"3  %&��&$00,*3  %&�)5!-�2 , �%'&$1"�,,*3   " -'0  "  $%%$&$-,*3  &') -2  
)�(  9..'!-"2,���  &'8',"(  %� -$2�',,*3  7$)$+. �)' /  �'  %&�"72�)"- (  2*4�&  -'3,����""  
"7��-�2�',"(  -&54. �'�43�)"0$(  %�))'&�!$  �%'&$1"# 2 4��!'  
�  %&" 2*4�&'  2�70��,*3  
2")�2  $&0"&5:<"3  9�'0',-�2 , 0$-&"1, -'3,����""   �')",',"(  $&0"&5:<"3  9�'0',-�2    
0$-&"1'# , -'3,����""  "7��-�2�',"(  -&54 � 5<' -2�('- (  ,$  � ,�2'  !�0%/:-'&,���  2$&"-
$,-$   %&$2�+,"!$  -'3,����"#  "7��-�2�',"(  ��!$�/,�  "  ���4$�/,�  ,'�),�&�),*3  -&54 "  
 " -'0*  9! %'&-,�#  �1',!"  9..'!-"2,� -"  "   -�"0� -" . 

�" -'0$  �%-"0$�/,���  %&�'!-"&�2$,"(  -&54�%&�2�)�2  )���,$  4*-/   �20'<',$    
 5<' -25:<"0  -'3,����"+' !"0  "  2*+" �"-'�/,*0  �4�&5)�2$,"'0  )�(  %�2*8',"(  !�, -
!5&',-� %� �4,� -"  "   ,"�',"(   -�"0� -"  %&�'!-"&�2$,"(  "  %&�"72�) -2$  -&54�%&�2�-
)�2 . �'�43�)"0$  �1',!$   -�"0� -"  "  -&5)�@0!� -"  &$ +@-�2, !2$�"."!$1""  &$7&$4�-+"-
!�2 , 2�70��,� -'#  0�)'�"&�2$,"( . 

����  �'  (%� -&�',"'  &$4�+'��  %&�'!-$ ). �$4�+"#  %&�'!-  -&54�%&�2�)$  -&�"- (    
" %��/7�2$,"'0  ��6� . �$  &" . 3 %�!$7$, 2$&"$,- $���&"-0$  &$ +'-$ %&"  �7)$,""  &$4�-
+'��  %&�'!-$  -&54�%&�2�)$   0�)'�/:  ��!$�/,�#  �%-"0"7$1""  -&54�%&�2�)$ %� ,$"4��/ -
8'#  %&�+,� -"  2 0","0$! ,�#  %� -$,�2!'  [2, 6, 19-21]. �$ +@- %&�"72�)"- (  )�(   -$-"+' -
 !���  "  0$��1"!��2���  ,$�&5�',"(  -&54�%&�2�)$. � %��/7�2$,"'   -&5!-5&,� -
.',�0',����"+' !���  %�)3�)$  )�(  �%&')'�',"(  3$&$!-'&" -"!  5%&5�� -"  "  %&�+,� -"  0$-
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-'&"$�$  %&"  -$-"+' !�0  "  0$��1"!��2�0  ,$�&5�',""  %�72��('-  5+' -/  2�"(,"'  � ,�2 -
,*3  -'3,����"+' !"3  .$!-�&�2  %&" "7��-�2�',""  -&54 [22-24]. 

�*4�&  2,5-&',,'��  )"$0'-&$  -&54�%&�2�)$ %&�"72�)"- (  "7 7$)$,,���  5 ��2"(  
%&�"72�)"-'�/,� -"  -&54�%&�2�)$. �  %'&2�0 %&"4�"�',""   -&5!-5&,*'  %$&$0'-&* 0$-' -
&"$�$ -&54 "  -��<",$   -',!"   '+',"(  2*4"&$:- (    5+@-�0 )'# -2"(  -��/!�  2,5-&',,'��  
)$2�',"(    " %��/7�2$,"'0  4$7* )$,,*3  -"%�2*3  "  �%-"0$�/,*3   -&5!-5& , ,$%&"0'&, %� 
&'!�0',)$1"(0  [7, 11]. 

��(  2*4&$,,*3   -&5!-5&,*3  %$&$0'-&�2 �%&')'�('- (  2'!-�&  2�705<',"(  "  &$ -
!&*2$'- (   -$-"+' !$(  ,'�%&')'�"0� -/  -&54�%&�2�),�#   " -'0* . 	%&')'�(:- (  �%$ -
,*'   '+',"(  ,$  %&(0��",'#,�0  "  !&"2��",'#,�0  5+$ -!$3. ��(  9-"3 )253 �%$ ,*3   '+' -

,"#  -&54�%&�2�)$   5+@-�0 
5-�+,@,,���  2'!-�&$  2�7-
05<',"#  )$,,���  %&"4�"-
�',"(  �%&')'�('- (  ,$"4� -
�''  ,$%&(�',,*#   ��# . �  
%�0�</:  %$&$0'-&"+' !� -
��  $,$�"7$  %&" 2$&/"&�2$-
,""  5��$  $&0"&�2$,"(  %� 
0","0505  !&"-'&"$�/,�#  
.5,!1""  %&�+,� -"  �%&'-
)'�('- (  �%-"0$�/,*#  5���  
$&0"&�2$,"(  )$,,���  %&"-
4�"�',"( , �%&')'�('- (  
2'�"+",$  !�9.."1"',-$  
7$%$ $ %&�+,� -"    " %��/ -
7�2$,"'0  %�)�4&$,,���  .' -
,�0',����"+' !���  !&"-' -
&"(  %&�+,� -"  [2, 6, 19, 22-
24]. 

�$-'0  !�&&'!-"&5'- -
 (  -��<",$   -',!"  %�%'-
&'+,���   '+',"(  )�(  )253 
5+$ -!�2  "  %&(0��",'#,� -
�� , "  !&"2��",'#,��� . �7 -
0',',"'  -��<",*   -',!"  
)�(  )253 5+$ -!�2  %&�"72�-
)"- (  -��/!�  )�(  %'&2���  
%&"4�"�',"( . ��&&'!-" -
&�2!$ -��<",*  2 )$�/,'# -
8"3  %&"4�"�',"(3  %&�"7-
2�)"- (  -��/!�  2 �),�0  
,$"4��''  �%$ ,�0   '+',"" . 
�  &'75�/-$-'  -$!�#  �%-"0" -
7$1"" 0*  %��5+$'0  !5 �+ -
,� -�),�&�),5:  %� )�",'  
-&54�%&�2�)$  -&5!-5&5 

0$-'&"$�$ . 
��<",$  %�%'&'+,���   '+',"(  -&54 "   -&5!-5&$ 0$-'&"$�$  45)'-  &$7�"+,�#  ,$  
%&(0��",'#,*3  "  !&"2��",'#,*3  5+$ -!$3. �5<' -2',,�  50',/8$'-  -&5)�@0!� -/  &$ +@-
-�2  %&" �%&')'�',""  ,$%&(�@,,� -)'.�&0"&�2$,,���   � -�(,"( , !�9.."1"',-�2  �"4!� -"  
!&"2��",'#,*3  5+$ -!�2  -&54�%&�2�)$ " %��/7�2$,"'  %&"4�"�@,,*3  $,$�"-"+' !"3  0' -
-�)"!  [6]. 

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

 ����  �����������  ����������  �������
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�" 5,�!  3 - ����&"-0  &$ +@-$ %&"  �7)$,""   
&$4�+'��  %&�'!-$  -&54�%&�2�)$ 
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���,',"(  &$ +@-,*3 0�)'�'#  &'$�"75'- (  )$�/,'#8''  )2"�',"'  &$4�+'��  %&�'!-$  !  ")' -
$�/,�05  -'�&'-"+' !"  2�70��,�05  �%-"0$�/,�05  %&�'!-5  -&54�%&�2�)$. 
$!�#  %&�'!-  
-&54�%&�2�)$ 1'�' ��4&$7,�  ,$7*2$-/  ,'  �%-"0$�/,*0 , $ &$1"�,$�/,*0 , -$!  !$!  �,  45)'-  
 ��-2'- -2�2$-/  &'$�/,�  )� -"�"0�#  2 ,$ -�(<''  2&'0(  %��,�-'  "   -&��� -"  2*%��,',"(  
-&'4�2$,"#  2 %� -$,�2!'  7$)$+"   %�0�</:  2*4&$,,*3  -'3,����"# , ,'�43�)"0*3  5%&�-
<',"# , %'&' -&�#!'  �-)'�/,*3  9�'0',-�2  %&�'!-$  "  - .) . �  9-�#   3'0'  0*  "0''0  )'��  ,'    
-'�&'-"+' !"  2�70��,*0  �%-"0$�/,*0  %&�'!-"&�2$,"'0  -&54�%&�2�)$, $   %&�'!-"&�2$ -
,"'0  &$1"�,$�/,*0  2 &$0!$3 ��&$,"+',"#  -'3,����""  &'$�"7$1""  %&�'!-$ .  

����  '�'  (%&�2'&�+,*#  &$ +@- &$4�+'��  %&�'!-$ ). �$4�+"#  %&�'!-  -&54�%&�2�)$ 
 -&�"- (    " %��/7�2$,"'0  ��6� , ,$  � ,�2$,""  &$4�+"3 0$-'0$-"+' !"3  0�)'�'#  "  0' -
-�)�2  &$ +@-$ "   2�# -2$  &$4�+'��  %&�'!-$  -&54�%&�2�)$ ,'"74'�,�  45)5-  �-�"+$-/ (  �-  
 2�# -2  ")'$�/,���  %&�'!-$ . ��9-�05  &$ +@-,$( %&�2'&!$  2�# -2  &$4�+'��  %&�'!-$  2 4�� -
!'  ���  %'&')  "7��-�2�',"'0  -&54�%&�2�)$ 7$!�,�0'&,$ . �� �'),((  )$@- 2�70��,� -/  
�%'&$-"2,�  2,� "-/  !�&&'!-"2*  2�  2 '  %�) " -'0* , 2!�:+$(  "  %� -$,�2�+,5:  +$ -/ , �&-
�$,"7�2*2$-/  "-'&$1"�,,*'  %&�1')5&*  )�(  5-�+,',"(  %$&$0'-&�2  -&5!-5&*  0$-'&"$�$  "  
-&54�%&�2�)$. �$ +@-,�#  � ,�2�#  %&�2'&�+,���  &$ +@-$ -&54�%&�2�)$  �5�$-  !�,'+,� -
9�'0',-,*'  0�)'�" . 	47�&  %&��&$00 &$ +@-$ -&54�%&�2�)�2 , � ,�2$,,*3  ,$  6�; , %&')-
 -$2�', , ,$%&"0'&, 2 [8].  

����  �'  (0$-'&"$�"7$1"(  &$4�+'��  %&�'!-$ ). �$!"0"  4*  ,"  4*�"   ���,*0"  2* -
+" �"-'�/,*'  9! %'&"0',-* , �,"  ,'  0��5-  2 %��,�#  0'&'  5+' -/  2 '  ,:$, *  "70',',"(  
 2�# -2  ��  2 %&�1'  '  "7��-�2�',"(  -&54, � �4',,� -"   4�&!"  -&54�%&�2�)$. ��9-�05  
 -��/  2$�,$  �%*-,$(  $%&�4$1"( &$4�+'��  %&�'!-$  (4��!  6� ). �$7&$4�-!$  -'3,����""  "7-
��-�2�',"(  -&54   7$&$,''  7$)$,,*0"   2�# -2$0"  2 !$�)�0  0$��0  �4A@0' %&') -$2�('-  
�),5  "7 ,$"4��''   '&/@7,*3  %&�4�'0 . 	,$  2!�:+$'-  2  '4(  &$7&$4�-!5  %'1"$�"7"&�2$, -
,*3  %&��&$00 "   " -'0  5%&$2�',"(  )�(  &'8',"(  7$)$+" �%-"0"7$1""  -'3,����"+' !"3  
%$&$0'-&�2, 2 -�0  +" �'  )�(  !$+' -2',,���   �')",',"(  !�0%�,',-�2  ��  "  50',/8',"(  
,'�$-"2,*3  0�0',-�2 ,  �%5- -25:<"3  )$,,�#  -'3,����""  "7��-�2�',"(  -&54. 

����  �(  (,$-5&,*#  9! %'&"0',- ). �$!�:+"-'�/,*#  9-$% 2  " -'0'   2(7$,    %�)�� -
-�2!�# , %&�2')',"'0  "  $,$�"7�0  ,$-5&,���  9! %'&"0',-$  "7��-�2�',,���  -&54�%&�2�)$. 
�0',,�  7)' /  0��,�  )$-/  �!�,+$-'�/,5:  �1',!5   2�# -2  &'$�/,�#  !�, -&5!1""  "  2* -
4&$,,�#  -'3,����""  &'$�"7$1""  %� -$2�',,*3  7$)$+. �   2(7"    9-"0  4��/8�'  7,$+',"'  2 
4��!'  �;  "0':-   " -'0*   4�&$ "  �4&$4�-!"  9! %'&"0',-$�/,*3  )$,,*3 , $ -$!�'  .�&05 -
�"&�2$,"(  ",-'�&$�/,���  !&"-'&"(  !$+' -2$ . 
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�-!&*-"(  0$&8&5-$;&$  -�(,"'  0'�)5  %&�0'�5-�+,*0"  � -$,�2�+,*0"  %5,!-$0" ; 3'05  
0$&8&5-$   5!$7$,"'0  �",'#,*3  "  )�&��,*3   ��&5�',"# ; 3'05  0$&8&5-$   5!$7$,"'0  
�%$ ,*3  5+$ -!�2 ;-$&". ;3$&$!-'&" -"!5  )�&��"  ,$  0$&8&5-' ; 2')',"(  �  -&$  '  
0$&8&5-$;,$+$��  "  �!�,+$,"'  )2"�',"(  $2-�45 �2  ,$  �","" , ",-'&2$�*  )2"�',"(  %� 
%'&"�)$0  ),( . 

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

1) &'' -&  (%'&'+',/ ) ��&�) !"3 , %&"��&�),*3 , 0'�)5��&�),*3  0$&8&5-�2, � ,�2�#  
!�-�&���  (2�('- (  %$ %�&- !$�)���  �-)'�/,���  0$&8&5-$. �'' -&  )���',   �)'&�$-/  
 �')5:<5:  ",.�&0$1": : B  0$&8&5-$, )$-$ �-!&*-"(  0$&8&5-$, )�",$  (%&�-(�',,� -/ ) 
0$&8&5-$, !��"+' -2�  $2-�45 �2 , 0$&!$ $2-�45 $, 20' -"0� -/  $2-�45 $, ",-'&2$�  
)2"�',"( , ,$72$,"(  � -$,�2�+,*3  %5,!-�2  2 %&(0�0 "  �4&$-,�0  ,$%&$2�',"" ; 

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

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

3) -�%����"+' !$(   3'0$  0$&8&5-,�#   " -'0*    ,$,' ',"'0  7�,  %'8'3�),�#  
)� -5%,� -" , %&') -$2�(:<"'   �4�#  �!&5�,� -"    &$)"5 $0"  500 0'-&�2    1',-&�0  2 
 '&')",'  � -$,�2�+,���  %5,!-$. �$   3'0'  ,$,� (- (  !�,-5&*  )�0�2 , ,$  !�-�&*3  
�4�7,$+',*  +" ��  �"-'�'# ; 

4) &'' -&  � -$,�2�+,*3  %5,!-�2  %� !$�)�05  0$&8&5-5, 2!�:+$:<"#  B  0$&8&5-$, 
,$72$,"(  � -$,�2�+,*3  %5,!-�2 , &$  -�(,"'  0'�)5  � -$,�2�+,*0"  %5,!-$0" , )�",$  
� -$,�2�+,���  %5,!-$; 

5) 0$-&"1*  %$  $�"&�%�-�!�2  ,$  � -$,�2�+,*3  %5,!-$3 %� !$�)�05  0$&8&5-5 %� 
2&'0',"   5-�! ; 

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

7) &'75�/-$-*  %&�2')',"(  3&�,�0'-&$�$   !�&� -'#  ,$  0$&8&5-$3, 2*%��,',,���  
 ���$ ,�  -&'4�2$,"(0  %&"!$7$ 6",-&$, $  B  200. �*%��,',"'  7$-&5),',�  2�$)'�/1$0"  
+$ -,*3  $2-�45 �2 .  

�$ %�&-  ��&�) !�#  -&$, %�&-,�#   " -'0*  %�72��('-  %��5+"-/  &'$�/,*'  
3$&$!-'&" -"!"   � -�(,"(  0$&8&5-,�#   " -'0*  "  2 &'75�/-$-'  �%&')'�(-/  %�!$7$-'�"  
0$&8&5-,�#   '-" ,  ��-2'- -2"(  !��"+' -2$  $2-�45 �2  %$  $�"&�%�-�!5 ,  ��-2'- -2"(  
)�",*  � -$,�2�+,*3  %5,!-�2  23�)(<'05  %�-�!5  $2-�45 �2 ,  ��-2'- -2"(  -'3,"+' !�#  
 !�&� -"  ,�&0$-"2,�# , �1',"-/  %'8'3�),5:  )� -5%,� -/  � -$,�2�+,*3  %5,!-�2 .  
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��������  ������  �'���� )�����  ���������"  ���8�����"   
����  � .�� #���!�  

� .� . �"8!",   -5)',-  �&. �
� 531 

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

�  

 

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

�  ,$ -�(<''  2&'0(  %&�"72�)"- (  -��/!�  5+'-   -$-" -"+' !"3  )$,,*3  %� !��"+' - -
25 �
� , $ !$+' -2�  �1',!"  2�"(,"(  &$7�"+,*3  .$!-�&�2  ,$  4'7�%$ ,5:  %'&'2�7!5  %$  $-
�"&�2  -��/!�  !� 2',,$( . �2'�"+',"'  +" �$  +$ -,*3   %'&'2�7+"!�2  %$  $�"&�2  %&"2'��  2�  
0,��"3  ��&�)$3  ��  ""  !  52'�"+',":  0$&8&5-�2, ",-', "2,� -"  -&$, %�&-,*3  %�-�!�2 , 
535)8',":  %�!$7$-'�'#  5�"+,� -)�&��,�#   '-" . �'&',$ *<',"'  5�"1  $2-�45 $0"  � �4�  
0$��#  20' -"0� -" , ,'�4� ,�2$,,�'  )54�"&�2$,"'  0$&8&5-�2 %&"2�)"-  !  7$-�&$0, ,$  � -
-$,�2!$3  $2-�45 *  � -$,$2�"2$:- (  2 ,' !��/!�  &()�2 . 	4' %'+',"'  4'7�%$ ,� -"  )� -
&��,���  )2"�',"(  "  4'7�%$ ,�#  %'&'2�7!"  %$  $�"&�2  ,'2�70��,�  4'7 .�&0"&�2$,"(  
�%-"0$�/,�#  0$&8&5-,�#   '-" . ��  !&"-'&""  �%-"0$�/,� -"  0$&8&5-,�#   '-"  �- 5- -25 -
:- . 

�-$,)$&-*   %� �%-"0$�/,� -"  0$&8&5-,�#   '-"  )���,*  2!�:+$-/ : - %&')'�/,�  )� -
%5 -"0*'  ",-'&2$�*  )2"�',"(  $2-�45 �2  ,$  0$&8&5-' ; - -&'4�2$,"(  !  -"%$0 "  2�7&$ -,�#  
 -&5!-5&'  $2-�45 �2 ; - 0","0$�/,$(  %&�)���"-'�/,� -/  )2"�',"(  $2-�45 �2  ,$  0$&8&5-
-' ; - %$&$0'-&* �%-"0"7$1""  0$&8&5-,�#   '-" . 

��"+,� -)�&��,$(   '-/ ,  .�&0"&�2$,,$(  2  ��-2'- -2""    -&'4�2$,"(0"  ��"�  
2.07.01-89 5�'  ,'  5)�2�'-2�&('-  2 � .���� !�0  5 ��2"(0  4'7�%$ ,�#  %'&'2�7!"  %$  $�" -
&�2. 6$&8&5-,$(   '-/  ��&�)�2  %&'-'&%'�$ 7,$+"-'�/,*'  "70',',"( . �&"   -&�"-'�/ -2'  
��&�)�2  2*)'&�"2$�" /  �%&')'�',,*'   -&�"-'�/,*'  ,�&0*  "  %&$2"�$,  ���$ ,�  !�-�&*3  
�%&')'�(�" /  8"&",$  5�"1  "  )�&�� . �0' -"0� -/  $2-�45 �2  "  "3  !��"+' -2�   ��-2'- -2� -
2$�$ 2'�"+",'  %$  $�"&�%�-�!�2 , +-�  %����"-'�/,�  2�"(��  ,$  4'7�%$ ,� -/  %$  $�"&�2  
%&" "3  %�'7)!'  "  ,'  535)8$��  9!����": . 

�$7&'�$  ,'�43�)"0� -/  "�"  %'&' 0$-&"2$-/  ,�&0*  "�"  "0  %�)+",(-/ ( , -'0   $-
0*0  &'�5�"&�2$-/  -&$, %�&-,5:   '-/  ��&�)�2 . 

	 ,�2,*0"  ,�&0$-"2$0"  ��"�  2.07.01-89 %� .�&0"&�2$,":  0$&8&5-,�#   '-"  �� -
&�)�2  (2�(:- ( : !�9.."1"',-  %��-,� -"  &$2,*#  2…2,5 !0 /!0 2, !�9.."1"',-  0$&8&5--
,�#   �20'<',,� -"  %&"  �$4�  &$72"-*3  '-(3  – 1,2…1,4 !0 /!0 . 

�$  %&"0'&'  &'),'��  ��&�)$  ��  ""  � . ���� !���    ,$ '�',"'0  320 -* (+  +'��2'!  
%�!$�'0 , 2�  +-�  %&'2&$-"�$ /  ��&�) !$(  $2-�45 ,$(  0$&8&5-,$(   '-/ . �" �',,� -/  0$&-
8&5-,*3  -$! "  )� -"��$  4��'' 1000 ')","1 . 	%&')'�',*  %�!$7$-'�" , %&') -$2�',,*'  2 
��"� . �$  %� �'),"'  8 �'-  9-"  %�!$7$-'�"  2*&� �"  %�  &$2,',":    ,�&0$-"2,*0"  2'�" -
+",$0"  "  )� -"��"  7,$+',"# : !�9.."1"',-  %��-,� -"  11,85, !�9.."1"',-  0$&8&5-,�#  
 �20'<',,� -"  10,5. �  &'75�/-$-'  � -$,�2�+,*'  %5,!-*  ��&�)$  ,'  2*)'&�"2$:-  -$!�#  
,$�&57!" . �,-', "2,� -/  %�-�!$  $2-�45 �2  ,$  �-)'�/,*3  5+$ -!$3 5�"+,� -)�&��,�#   '-"  
)� -"�$'-  200-400 $/+$ . �-$-/'#  9.14 ��"�  2.07.01.89 �%&')'�('- (  %&" -$!�#  ",-', "2 -
,� -"  2*)'�',"'  �-)'�/,�#  %��� *  )�(  %&�%5 !$ �4<' -2',,���  -&$, %�&-$. 

��(  %&"2')',"(  0$&8&5-,�#   '-"  !  �%-"0$�/,*0  %�!$7$-'�(0  %&')�$�$'- ( : -"% "  
20' -"0� -/  $2-�45 $ �%&')'�(-/  %� %$  $�"&�%�-�!5 ; %&�2' -"  7�,"&�2$,"'  ��&�) !�#  
-'&&"-�&""  "  2 !$�)�#  7�,'  �%&')'�"-/  %�!$7$-'�"  $2-�45 ,�#  0$&8&5-,�#   '-" ; �%&')' -
�"-/  %&')'�/,�'  +" ��  %$&$��'�/,*3  0$&8&5-�2 ,$  5+$ -!$3 5�"+,� -)�&��,�#   '-" , " -
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3�)(  "7 -&'4�2$,"#  4'7�%$ ,�#  &$4�-*  � -$,�2�+,*3  %5,!-�2 ; +" ��  0$&8&5-,*3  -$! "  
&'�5�"&�2$-/    5+'-�0  �%-"0"7$1""  $2-�45 ,�#  0$&8&5-,�#   '-" .   

 

���  621.8 

���!������������  ����������$&  &������������  ����������  
��������  «�� #���� -5270» 

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

�  

 �'7�-!$7,$(  &$4�-$ $2-�45 �2  ,$  0$&8&5-'  2�70��,$  2  �5+$'  %&')5%&'�)',"(  
$2$&"#,*3   3�)�2     ,'" %&$2,� -(0"  $�&'�$-�2  -&$, 0"  "" . ��9-�05  $!-5$�/,*0  (2�( -
'- (   2�'2&'0',,�'  )"$�,� -"&�2$,"'   � -�(,"(  $�&'�$-�2  %" %&�2')',""  -'3,"+' !���  
�4 �5�"2$,"( . ��  2&'0(  9! %�5$-$1""  $2-�45 �2  «����$,", -5270» "0':- (   �5+$"  � -
�$4�',"(  "  �4&*2$ 4��-�2  !&'%�',"(  .�$,1'2  !$&)$,,�#  %'&')$+"    .�$,1$0"  ���  "  
��$2,�#  %'&')$+" . 
 �  1'�/:  " !�:+',"(  $2$&"#,*3   3�)�2  %&�2')',*  "  �')�2$,"(  2"4&$1"�,,*3  
3$&$!-'&" -"!  $�&'�$-�2  -&$, 0"  ""  $2-�45 $ «����$,", -5270» 2"4&�$,$�"7$-�&�0  �� -
��&"-0 -03. ����&"-0 -03 - %��,� -/:  1".&�2�#  850�0'&  1 !�$  $  -�+,� -"  (6;�  61672 "  

	�
  53188-1), 2"4&�0'-&  (��	  8041:2005, 
	�
  ��	  8041-2006), $,$�"7$-�&   %'!-&$ 
()�  20 !
1 ). �&"4�&  �-2'+$'-  -&'4�2$,"(0  ��	  2204 )�(  2*%��,',"(  "70'&',"#  %&'1"-
7"�,,*0  0'-�)�0 . ����&"-0 -03 2*%��,('-  "70'&',"'  850$ "  2"4&$1""  2 -&@3 ,'7$2" " -
0*3  %&�."�(3 , +-�  �7,$+$'-  2�70��,� -/  2*%��,(-/  "0,���0'&,*# " $,$�"7  "70'&('0���  
 "�,$�$ . �2(7/  %&"4�&$   !�0%/:-'&�0  � 5<' -2�('- (    %�0�</:  %&��&$00* SvanPC++ 
+'&'7 %�&-*  RS-232, USB, USB HOST, IrDA (",.&$!&$ ,*#  %�&-). ;-�  �'  %&��&$00,�'  
�4' %'+',"'  %�))'&�"2$'-  5)$�',,�'  �4<',"'    %&"4�&�0 +'&'7 4' %&�2�),5:  GPRS 
 2(7/ . �  %&��&$00' SvanPC++ � 5<' -2�('- (  )�%��,"-'�/,$(  �4&$4�-!$  &'75�/-$-�2  "7-
0'&',"# . �&"4�&  0��'-  %"-$-/ (  �-  +'-*&@3 4$-$&''!  "�"  $!!505�(-�&�2  &$70'&$ �� , 
"�"  �-  2,'8,'��  " -�+,"!$  %� -�(,,���  -�!$  (4��!$  %"-$,"( ) "�"  +'&'7 USB ",-'&.'# . 

�2-�45  ,$3�)"� (  ,$  %� -5 
	 2 2 &'0�,-�#  7�,'  %$  $�"& !�#  $2-�!���,,*  
B 1732 � . ���� !��� . �$0'&*  %&�2�)"�" /    %�))�0!&$+',*0"  7$),"0"  !��' $0"  ,$  3� -
�� -�0  3�)5  %&" �4�&�-$3  )2"�$-'�(  n=900 �4 /0",  "  ,$  %'&2�# %'&')$+'  %&" �4�&�-$3  !� -
�',+$-���  2$�$ )2"�$-'�(  n=1200 �4 /0", . �&�4'�  $2-�45 $  �$&$�,*#  B  539  � -$2�(�  
826000 !0 . �70'&',"(  2 !$�)�#  !�,-&��/,�#  -�+!'  (&" . 1) %&�2�)"�" /  %� -&'0  � (0  � , 
Y, Z. ��  � "  �  %&"4�& ."! "&5'-  !��'4$,"(  $�&'�$-�2  -&$, 0"  ""  2 ��&"7�,-$�/,�#  
%�� !� -"  %$&$��'�/,�  � "  !��@ ; %� � "  Y ."! "&5'-  !��'4$,"(  %$&$��'�/,�  � "  $2-�45-
 $; %� � "  Z ."! "&5'-  !��'4$,"(  2 2'&-"!$�/,�#  %�� !� -" , %'&%',)"!5�(&,�  %��<$)!'  
"�"  )�&��' . �&�)���"-'�/,� -/  "70'&',"#  %� !$�)�#  � "   � -$2�(��  10  '!5,) .   

 

 

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

.�$,1$  ��$2,�#  %'&')$+" . 
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�&"0'&  7$%" " 2"4&�5 !�&',"#  %&') -$2�',  ,$  &" . 2. ��  !$�)�05  7$0'&5 2 -'+' -
,"'  10    %��5+',�  1000 7,$+',"# .  

 
�" . 2.  �"$�&$00$  7$%" " 2"4&�5 !�&',"#  ,$  ��$2,�#  %'&')$+'   %� � "  �  ,$  3��� -*3  

�4�&�-$3 . 
�  -$4�"1'  1 %&') -$2�',*  5 7,$+',"#  "7 1000, 7$%" $,,*3  %&"4�&�0 %� +'-*&'0  

%$&$0'-&$0 Peak, P-P, RMS, Max: Peak – %"!�2�'  7,$+',"'  2"4&�5 !�&',"( , "70'&',,�'  
%"!�2*0  )'-'!-�&�0 ; Max – 0$! "0$�/,�'  7,$+',"'  2"4&�5 !�&',"( ; � -P – &$70$3 0'�)5  
0$! "0$�/,*0  "  0","0$�/,*0  %"!�2*0"  7,$+',"(0"  2"4&$1"" ; RMS – (9,'&�'-"+' !"#  
%$&$0'-& 2"4&$1"" )  &'),'!2$)&$-"+,�'  7,$+',"'  2"4&�5 !�&',"( , "70'&',,�'   &'),' -
!2$)&$-"+' !"0  )'-'!-�&�0 .    

$4�"1$  1 - �'75�/-$-*  7$0'&�2 2"4&$1""  ,$  ��$2,�#  %'&')$+'   %� � "  �  ,$  3��� -*3  
�4�&�-$3  

B  
%/% 

�$-$  "  2&'0(  Peak, 0/ 2 PP, 0/ 2 6$3 , 
0/ 2 

RMS, 0/ 2 

1 25.02.2014  10:50:42:010 42.658 42.658 190.546 37.584 
2 25.02.2014  10:50:42:020 52.481 52.481 190.546 47.863 
3 25.02.2014  10:50:42:080 101.158 101.158 186.209 97.724 
4 25.02.2014  10:50:42:090 251.189 251.189 184.077 124.451 
5 25.02.2014  10:50:42:100 1023.293 1023.293 197.242 716.143 

      

�"4&�5 !�&',"'  "70'&('- (  2 0/ '! 2 "  3$&$!-'&"75'-   "��2�'  )",$0"+' !�'  27$"-
0�)'# -2"'  9�'0',-�2  2,5-&"  $�&'�$-$ , 2*7*2$:<$(  2"4&$1": .  

�&�"72')',$  2*4�&!$  0$! "0$�/,*3  "  0","0$�/,*3  7,$+',"#  2"4&�5 !�&',"#  %� 
!$�)�#  !�,-&��/,�#  -�+!'  7$0'&$. �'75�/-$-*   2')',*  2 -$4�"15  2.   

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

m$3 
min 

 

Peak, 0/ 2 

�"!�2*'  7,$+' -
,"(  2"4&�5 !� -

&',"#  

PP, 0/ 2 
�$70$3 0'�)5  0$! . "  
0", . %"!�2*0"  7,$+' -

,"(0"  2"4&$1""  

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

7,$+',"'  2"4&�5-
 !�&',"(  

����$,", -5270                                ���� -*'  �4�&�-* , 900 �4 /0", . 
�$+$��  7$0'&�2 10 +$ �2  50 0", , �!�,+$,"'  10 +$ �2  56 0",  /  

G %'&')$+$, 1200 �4 /0", . �$+$��  7$0'&�2 10 +$ �2  59 0", , �!�,+$,"'  11 +$ �2  
'�**�,  *2��
/
��  
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	 /  � , LOG 104 / LOG 86 
m$3 6,383 / 3,273 7,499 / 4,217 3,508 / 1,396 5,888 / 2,600 
min 2,344 / 0,394 2,541 / 0,603 3,311 / 0,288 1,413 / 0,180 

	 /  � , LOG 105 / LOG 87 
m$3 43,152 / 4,519 43,152 / 4,519 42,658 / 3,673 43,152 / 4,169 
min 0,065 / 0,170 0,126 / 0,182 0,519 / 0,288 0,040 / 0,123 

	 /  Z, LOG 106 / LOG 88 
m$3 48,978 / 46,238 48,978 / 46,238 48,978 / 46,238 48,417 / 45,709 
min 0,166 / 0,269 0,207 / 0,347 0,380 / 0,403 0,047 / 0,057 

��
,
=  �''  
	 /  � , LOG 102 / LOG 90 

m$3 43,152 / 2,113 43,652 / 1,928 31,623 / 0,861 43,152 / 1,531 
min 0,269 / 0,224 0,269 / 0,224 1,023 / 0,785 0,084 / 0,095 

	 /  � , LOG 103 / LOG 91 
m$3 49,545 / 7,079 49,545 / 2,661 49,545 / 6,607 48,978 / 6,761 
min 0,202 / 0,260 0,226 / 0,324 1,084 / 0,933 0,190 / 0,124 

	 /  Z, LOG 100 / LOG 89 
m$3 0,832 / 0,716 0,832 / 0,832 0,327/0,237 0,700 / 0,468 
min 0,046 / 0,041 0,126 / 0,068 0,059/0,056 0,033 / 0,033 

���/  .
*,�	   
	 /  � , LOG 98 / LOG 93 

m$3 1318,26 / 933,25 1318,26 / 933,254 338,84 / 204,17 1318,26 / 922,57 
min 0,032 / 0,044 0,111 / 0,084 0,224 / 2,570 0,025 / 0,015 

	 /  � , LOG 97 / LOG 92 
m$3 749,894 / 933,254 749,89 / 933,254 156,68 / 204,17 716,143 / 922,571 
min 0,002 / 0,034 0,002 / 0,042 0,078 / 0,138 0,001 / 0,013 

	 /  Z, LOG 99 LOG 
max 51,286 / 1230,27 51,286 / 1230,269 23,174 / 384,592 50,699 / 1202,264 
min 0,082 / 0,003 0,081 / 0,003 1,161 / 2,754 0,025 / 0,001 

 
��  %��5+',,*0  )$,,*0  2 -$4�"1'  %� -&�',*  )"$�&$00*  .5,!1""  P-P – &$70$3 

0'�)5  0$! "0$�/,*0  "  0","0$�/,*0  7,$+',"'0  2"4&�5 !�&',"(  (%&"0'&* )"$�&$00  
2"4&$1""  %� � "  �  %&') -$2�',*  ,$  &" . 3 "  4). 

 
�" . 3. �"$�&$00$  0$! "0$�/,*3  7,$+',"#  &$70$3$ 0'�)5  %"!�2*0"  7,$+',"(0"  2"4&$-

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



 98 

 
      

�" . 4. �"$�&$00$  0","0$�/,*3  7,$+',"#  &$70$3$ 0'�)5  %"!�2*0"  7,$+',"(0"  2"4&$-
1""  %� � "  �  ,$  3��� -*3  �4�&�-$3  "  ,$  %'&2�# %'&')$+'   )2"�$-'�(  

 
  


$4�"1$  3 – �$�"+"'  "�"  �- 5- -2"'  2"4&�5 !�&',"#  

6' -�  "70'&',"(   �$�&57!$  x y z 
��))�,  3��� -*'   �4�&�-*  - + + 
  I %'&')$+$ - - + 
���  3��� -*'   �4�&�-*  + + - 
  I %'&')$+$ - - - 

�$2,$(  %'&')$+$ 3��� -*'   �4�&�-*  + + - 
  I %'&')$+$ + + + 

�&"0'+$,"' : «-» - 2"4&$1""  ,'- ; «+» - 4��/8"'  7,$+',"(  2"4&$1"" . 
 
 �$  7$),'0  0� -5  2 7�,'  .�$,1$  ��$2,�#  %'&')$+"   "0':- (  !��'4$,"(  "  ,$  3��� -
 -*3  �4�&�-$3  "  ,$  I %'&')$+'  (-$4� . 3).  

�$"4��/8"'  7,$+',"(  2"4&�5 !�&',"#  )�  1318,257 0/ 2 "0':- (  2 0' -'  .�$,1$  
��$2,�#  %'&')$+"  (%&" 2!�:+',,�#  %'&2�# %'&')$+'  ,$  2 '3  � (3 ). �$  3��� -*3  �4�&�-$3  
%� � "  Y ,$  ���  7,$+',"(  2"4&�5 !�&',"#  &$2,*  49,545 0/ 2.  

6$! "0$�/,�'  7,$+',"'  2"4&�5 !�&',"(  ,$  %�))�,'  ���  )� -"�$'- (  ,$  3��� -*3  
�4�&�-$3  %� � "  Z (2 2'&-"!$�/,�0  ,$%&$2�',"" ) "   � -$2�('-  48,978 0/ 2. ��  � "  Z 2"4-
&$1"" %&$!-"+' !"  �- 5- -25:- .  
 �$  &" . 3 %&') -$2�',*  0$! "0$�/,*'  %"!�2*'  2"4&�5 !�&',"(  ,$  3��� -*3  
�4�&�-$3  "  %'&2�# %'&')$+'  )2"�$-'�(  2 7�,'  .�$,1$  ��$2,�#  %'&')$+" .  

��  &'75�/-$-$0  )"$�,� -"&�2$,"(  �%&')'�',$  %�2*8',,$(  2"4&$1"( ,$  7$),'0  
0� -5  ,$  3��� -*3  �4�&�-$3  "  %'&2�# %'&')$+'  (&" . 5, -$4� . 3).  
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�" . 5.  6$! "0$�/,*'  %"!�2*'  2"4&�5 !�&',"(  ,$  3��� -*3  �4�&�-$3  "  %'&2�# %'&')$+'  

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

�$  3��� -*3  �4�&�-$3  2"4&�5 !�&',"'  %� � "  �  )� -"�$'-  0$! "0$�/,���  7,$+' -
,"(  1318,257 0/ 2, ,$  1-�#  %'&')$+'  %�) ,$�&57!�#  2"4&�5 !�&',"'  50',/8$'- (  )�  
933,254 0/ 2. �$  1-�#  %'&')$+'  52'�"+',,�'  2"4&�5 !�&',"'  -$!�'  %� � "  �   933,254 0/ 2, 
%� � "  Z  1230,269 0/ 2. �'75�/-$-�0  %�2*8',,�#  2"4&$1""  (2"�� /  � �$4�',"'  !&'%�' -
,"(  4��-�2  .�$,1'2  !$&)$,,���  2$�$ "  ��$2,�#  %'&')$+" .  

�*2�)* . 1. �   2(7"   �   3�)$0"    �",""  $2-�45 �2  ����$,", -5270   ,'" %&$2,� -
 -/:  !$&)$,,�#  %'&')$+"  �%&')'�"�$ /  ,'�43�)"0� -/  �4�&5)�2$,"(  %� -$ )"$�,� -"!"  
-&$, 0"  ""  2 7�,'  %&�2')',"(  
	 2. 

2. ��(   &$2,',"(  7,$+',"(  2"4&�5 !�&',"#  %� 2 '0  $2-�45 $0  2 7$2" "0� -"  �-  
%&�4'�$  ,'�43�)"0�  %� -�(,,�  ,$&$4$-*2$-/  4$75 )$,,*3  . 

3. �2�'2&'0',,$(  )"$�,� -"!$  2"4&$1""  ,$  !$&)$,,�#  %'&')$+'  %�72��"-  %&')5-
%&')"-/  %�(2�',"'  ,'" %&$2,� -'# , -'0   $0*0  50',/8"2  %� �') -2"(  %� �'  %���0�! . 

�"-'&$-5&$   
1. �'&,�2$  
 .� ., �57",  � .� .,  ��%�2  � .� . 	1',!$  2"4&$1"�,,*3  3$&$!-'&" -"!  

!$&)$,,�#  %'&')$+"  $2-�45 $ «����$,", -5270»   1'�/:  52'�"+',"(  &$4�-� %� �4,� -"  / 

 .� . �'&,�2$ , � .� .  �57", , � .� . ��%�2  // 6'�)5,$&�),*#  ,$5+,� -"  �')�2$-'�/ !"#  
�5&,$� . - 2014. - B 5(24) +$ -/  1 – � . 83-85. 

2. �5!�2�) -2�  %� 9! %�5$-$1""  850�0'&$ , $,$�"7$-�&$   %'!-&$, 2"4&�0'-&$  ���� -
&"-0 -03 (����&"-0 -03-001�; ) // ��	  «����&"-0 -�!5 -"!$ ». – 6� !2$ . 

  

 

����������  �  ��� ��������  ���!�������"  ������$  
��!� ��������  �  '�������  �������  ������ ��������������  

������  
��1',-  !$.')&*  ��;"�
  6')2')'2$  � .� . 

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

�  

�

���5+',"'  %&�)5!-�2    7$)$,,*0  !$+' -2�0  (2�('- (  $!-5$�/,�#  7$)$+'#, !$!  2 
%'&"�)   -$,�2�',"(  $2-�0$-"7$1""  -$!  "  2 ,$ -�(<''  2&'0( . �'#+$   " -'0$  5%&$2�',"(  
-'3,"+' !"0"  %$&$0'-&$0" 2 %&�1'  '   ",-'7$  )"0'-"�)"-"�!$&4$0$-$  ,$-&"( , !�-�&*#  
%&"0',('- (  )�(  %&�"72�) -2$  %&" $)�!  )�(  0$ '� , !$!  .��-�&'$�',-  %&" �4��$<',""  &5) 
12'-,*3  0'-$���2  "  !$!  5 !�&"-'�/  25�!$,"7$1""  &'7",�2*3   0' '# , %�  -&5!-5&'  
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%&') -$2�('-   �4�#  !�$  "+' !"'   " -'0*    �4&$-,�#   2(7/: , &'$�"7�2$,,*'  ,$  %&",1"%' 
&$  ���$ �2$,"(  5%&$2�('0�#  2'�"+",*    ''  7$)$,,*0  7,$+',"'0 . 	),$!�  &$72"-"'  
-'3,"!" , !$!  2 %�$,'  &$72"-"( %'&2"+,*3  )$-+"!�2 , -$!  "  %&"4�&�2  &'),'��  5&�2,(  
5%&$2�',"( , %�72��"��  &$  0$-&"2$-/   " -'0*  &'�5�"&�2$,"(    4��''   ���,�#  
 -&5!-5&�# , !�-�&*'  %&" &$4�-'  5+"-*2$:-  2�"(,"'  ,'  -��/!�  %&(0*3, ,�  "  
%'&'!&' -,*3 2(7'#  2 �4A'!-'  5%&$2�',"( , "  0��'-  4*-/  &$  0�-&',$  2�70��,� -/  
 �7)$,"(   " -'0*  &'�5�"&�2$,"(  )�(  0,��� 2(7,���  �4A'!-$ . 

�",-'7  )"0'-"�)"-"�!$&4$0$-$  ,$-&"(  %&�2�)(-  2 &'$!-�&' , !�-�&*#  %&') -$2�('-  
 �4�#  2'&-"!$�/,*#  $%%$&$-   0'8$�!�#  "   ,$4�',  &54$8!�# . ='�/  &$4�-*  &'$!-�&$  – 
2*&$4�-!$  !�,'+,���  %&�)5!-$ "7 " 3�),*3  !�0%�,',-�2  %&"  �4�:)',""  -&'4�2$,"#  
0$! "0$�/,�#  9..'!-"2,� -"  %&�1'  $ . 

 

 
�" 5,�!  1 – �-&5!-5&,$(   3'0$  &'$!-�&$ : 

1.1 – &$ 3�)  )"0'-"�$0",$  ,$  23�)' , 2.1 – &$ 3�)  ,$-&$ ')!���  ,$  23�)' , 3.1 – &$ 3�)   '&�5��'&� -
)$ ,$  23�)' , 4.1 – &$ 3�)  &$  ��$  ,$  23�)' , 5.1 – -'0%'&$-5&$ )"0'-"�)"-"�!$&4$0$-$  ,$  2* -

3�)' , 6.1 – &$ 3�)  &$  ��$  ,$  2*3�)' . 
 

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

)���,$  %&'2*8$-/  20
� . 
'0%'&$-5&$ �3�$)"-'�/,���  &$  ��$  -15
� . �$  &" 5,!'  1 "7� -
4&$�',$   -&5!-5&,$(   3'0$  &'$!-�&$    23�),*0"  (,$-& ')!"# , &$  �� , )"0'-"�$0", ,  '&� -
5��'&�) ) "  2*3�),*0"%�-�!$0"  (&$  �� , )"0'-"�)"-"�!$&4$0$-  ,$-&"( ). �+"-*2$:- (  
-$!"'  %$&$0'-&*, !$!  -'0%'&$-5&$ "  &$ 3�)  (!&�0'  &$ 3�)$   0' "  ,$  2*3�)' ). �$2�',"'  2 
&'$!-�&'  7$0'&('- (  )�  ,$+$�$ 7$�&57!" &'$�',-�2  "  ,$  2&'0(   ",-'7$   +"-$'- (  ,�&0$�/ -
,*0 . 

��(  "  �')�2$,"(  !$+' -2',,*3  %�!$7$-'�'#  %'&'3�),*3  %&�1'  �2  ,'�43�)"0�  
7,$,"'  0$-'0$-"+' !"3  0�)'�'#  �4A'!-$  5%&$2�',"(  (&'$!-�&$ ) %� 2 '0  "  �')5'0*0  !$-
,$�$0  2�"(,"( . ��(  9-���  1'�' ��4&$7,�  %&"0',"-/  &$ +'-    " %��/7�2$,"'0  &'75�/-$-�2  
%$  "2,���  9! %'&"0',-$  (-$4� . 1). 

 

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

�$,$�  5%&$2�',"(  �'&')$-�+,$(  .5,!1"(  
&$ 3�)  �3�$)"-'�/,���  &$  ��$  ,$  23�)'  - 
&$ 3�)  �3�$)"-'�/,���  &$  ��$  ,$  2*3�)'   

11.6
1.4 =(p)W  

&$ 3�)  �3�$)"-'�/,���  &$  ��$  - -'0%'&$-
-5&$ &'$!1"�,,�#   0' "  10,952

0,079.1 5
4.1 +p

=(p)W
-

 

&$ 3�)  ,$-&$ ')!���  - -'0%'&$-5&$ &'$!1" -
�,,�#   0' "  11,098

0,832.1 5
.1 2 +p

=(p)W  



 101 

&$ 3�)  )"0'-"�$0",$  - -'0%'&$-5&$ &'$! -
1"�,,�#   0' "  1.66 0

.143 0.1 5
.1 1 +p

=(p)W  

&$ 3�)   '&�5��'&�)$  - -'0%'&$-5&$ &'$!1" -
�,,�#   0' "  1.468 1

.176 0.1 5
.1 3 +p

=(p)W  

�$  &" 5,!'  2 %&') -$2�',$   -&5!-5&$ " -'0*  "0"-$1""  5%&$2�',"(  &'$!-�&�0  2 
%&��&$00,�0   &') -2'  VisSim, !�-�&$(   � -$2�',$  %� )$,,*0  0$-'0$-"+' !���  "  �')� -
2$,"( . 

 
Plot
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�" 5,�!  2 –�0"-$1"(   " -'0*  5%&$2�',"(  &'$!-�&�0  

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

0��,�   )'�$-/  2*2�) : -$!  !$!  %'&'&'�5�"&�2$,"'  ,'  %&'2*8$'-  40%, $  2&'0(  %'&'3�),� -
��  %&�1'  $  ,'4��/8�' , -�  %'&')$-�+,5:  .5,!1":  �4A'!-$  5%&$2�',"(  "  %$&$0'-&* ,$ -
 -&�'!  $���&"-0$  �� -&'�5�"&�2$,"(  0��,�   +"-$-/  �%-"0$�/,*0" . 

 

 

� ���>��  ������$  �%�����  !����$&  �$������  

"8",  	 .� ., �"�$'2$  � .� ., �"�$'2  � .� . 

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

�  
 
	 �4',,� -/:  3"0"+' !"3  %&�"72�) -2  (2�('- (  -� , +-�  -&'45'- (    2* �!�#  -�+ -

,� -/:  "  4* -&�)'# -2"'0  �%&')'�(-/  "  %�))'&�"2$-/  � ,�2,*'  %$&$0'-&* %&�1'  �2 . �  
%'&25: �+'&')/  9-�  �45 ��2�',�  2�"(,"'0  &'75�/-$-�2  3"0"+' !"3  %&�1'  �2  ,$  7)�&� -
2/'  �:)'#  "  7$�&(7,',"'  �!&5�$:<'#   &')* . 

�$%&"0'& , %&" %&�"72�) -2'  !$&4")$  !&'0,"(  2 $-0� .'&5  %�%$)$'- 4��/8�'  !� -
�"+' -2�  ()�2"-*3  2'<' -2 . 

��  %&" 9-�0  �+',/  +$ -�  ,'2�70��,�  ,$%&(05:  2 &'�"0'  &'$�/,���  2&'0',"  "70' -
&"-/  "  %&�!�,-&��"&�2$-/  2 '  %�!$7$-'�"   " -'0*  �+" -!"  �$7�2*3  2*4&� �2 . ;-�   2(7$-
,�    4��/8"0"  �4A'0$0"  %&�"72�) -2$  "   ���,� -/:  �%&')'�',"(  %�!$7$-'�'# . 

�$%&"0'& , %&" %�$2!'  !$&4")$  !&'0,"(  &$70'& !&" -$���2 , $,  �')�2$-'�/,� , !$+' -
 -2�  %�$2!" 0��,�  �%&')'�"-/  -��/!�  %� �'  7$2'&8',"(  %�$2!" %��,� -/: . 

��9-�05  1'�' ��4&$7,�  " %��/7�2$-/   �')(<"'   " -'0*    $)$%-"2,*0  5%&$2�'," -
'0 . �  -$!"3   " -'0$3  ,'"70'&',,*'  %�!$7$-'�"  %��5+$:-  2 %&�1'  '  !� 2',,*3  "70'&' -
,"#  "  2*+" �',"#  2 &'�"0'  &'$�/,���  2&'0'," . � %��/7�2$,"'  -$!���  %&"'0$ 2  " -'0$3  
5%&$2�',"(3  ,$7*2$:-  2"&-5$�/,*0"  )$-+"!$0" . 
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�&"  9-�0  2 !$�)�0  !�,!&'-,�0   �5+$'  2*&$4$-*2$'- (   2�(  0'-�)"!$  %� -&�',"(  
-$!���  )$-+"!$  "   �')(<'#   " -'0*  5%&$2�',"(  2 1'��0 . 

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

�  �4<'0   �5+$' ,  �')(<"0"   " -'0$0"  ,$7*2$:- (  -$!"'   " -'0*  $2-�0$-"+' !� -
��  5%&$2�',"( , !�-�&*'  ,$  2*3�)'  2� %&�"72�)(-  7$)$2$'05:  ,$  2*3�)'  2'�"+",5 , "70' -
,(:<5: (  2�  2&'0'," . 

��')(<5:   " -'05  0��,�  &$  0$-&"2$-/  !$!   " -'05 , 2,5-&"  !�-�&�#  �-  9�'0',-$  
!  9�'0',-5  � 5<' -2�('- (  %'&')$+$  "�,$��2 . �$0"  �'  9�'0',-*   " -'0* , 2�70��,� , 
-&$!-�2$-/  !$!  %&'�4&$7�2$-'�"   "�,$��2 . 


$!"0  �4&$7�0, -"%  "�,$��2  �%&')'�('- ,   �),�#   -�&�,* , %&",1"%* )'# -2"(  "  
!�, -&5!1":  9�'0',-�2 , .�&0"&5:<"3  "  %&'�4&$75:<"3   "�,$�* , " ,   )&5��#   -�&�,* , – 
0'-�)*  0$-'0$-"+' !���  �%" $,"(   $0���  %&�1'  $  %'&')$+"  "  %&'�4&$7�2$,"(   "�,$��2  
2  " -'0' . 


�+,� -/  "  4* -&�)'# -2"'   �')(<'#   " -'0*  �4' %'+"2$'- (  $���&"-0�0  2*&$-
4�-!"  5%&$2�(:<'��   "�,$�$ , 2�7)'# -25:<'��  ,$  " %��,"-'�/,*#  0'3$,"70 . ��  2 '3  
 �5+$(3  5%&$2�(:<"#   "�,$�  (2�('- (  .5,!1"'#  &$  ���$ �2$,"( , !�-�&$(  )�(   �')(<'#  
 " -'0*  &$2,$ �8"4!'  2� %&�"72')',"(  7$)$,,�#  2'�"+",* . 


�$2,�#  � �4',,� -/:   �')(<"3   " -'0  (2�('- (  -� , +-�  7$)$,"'  ,$   �'�',"'  "7-
0',('- (  %� %&�"72��/,�05  7$&$,''  ,'  "72' -,�05  7$!�,5 .  

�  %&�1'  '  &$4�-*   �')(<'#   " -'0*  %&�" 3�)"-   �'�',"'  7$ 23�),�#  2'�"+",�#  
,'7$2" "0�  �-  ,$�&57!"  "  %��5+',"'  -&'45'0*3  )",$0"+' !"3  3$&$!-'&" -"!   " -'0*  
5%&$2�',"( . 


$!"0  �4&$7�0,  �')(<$(   " -'0$  %&'),$7,$+',$  )�(  ,$"4��''  -�+,���  %�))'&�$ -
,"(  &$2', -2$  )253 2'�"+",  ,'7$2" "0�  �-  ,$�&57!"  "  3$&$!-'&$ 23�),�#  2'�"+",* , $ 9-�  
%&"2�)"-  !  -�05 , +-�  )���,$  �4�$)$-/   �')5:<"0"  � ,�2,*0"   2�# -2$0" : 

%&" "70',',""  3$&$!-'&$ 23�),�#  2'�"+",*  "70',('- (   ��-2'- -2',,�  "  3$&$!-'& 
)2"�',"(   " -'0* , -�  ' -/   " -'0$   �')"-  "  %&" %� $4�"2$'- (  !  "70',',":  23�),�#  2' -
�"+",* ; 

%&" "70',',""  2,'8,'#  ,$�&57!"   5 "�',"'  23�),�#  0�<,� -"  %&�" 3�)"-  $2-� -
0$-"+' !" ; 

 �')(<$(   " -'0$ , ' �"  �,$  &$4�-$'-  2 %&')'�$3  &$ +'-,*3  )$,,*3 , %&$!-"+' !"  ,'  
&'$�"&5'-  "�"  0$��  &'$�"&5'-  ,$  "70',',"'  ,$�&57!" , $  �')"-  -��/!�  7$ � ,�2,�#  23�) -
,�#  2'�"+",�# ; 

7$  +'-  ,$�"+"(  �4&$-,�#   2(7"   �')(<$(   " -'0$  "0''-  2* �!5:  -�+,� -/ . 
�  �4<'0   �5+$'   �')(<"'   " -'0*  !�$  "."1"&5:- (  %�  �')5:<"0  %&"7,$!$0: 
%� ,$7,$+',": : %&�0*8�',,*'   " -'0*  "  )�(  ,$5+,� -"  �')�2$-'�/ !"3  &$4�-; 
%� 0' -5  5 -$,�2!" :  -$1"�,$&,*'  "  %'&',� ,*'   " -'0* ; 
%� 3$&$!-'&5 %'&')$2$'0���   "�,$�$ : $,$����2*'  "   1".&�2*' ; 
%� %&",1"%5 )'# -2"( : %�7"1"�,,*'  "   !�&� -,*' ; 
%� %&",1"%5 %� -&�',"( : �),�!$,$�/,*'  "  0,���!$,$�/,*' ; 
%�  -&5!-5&' : �),�5&�2,'2*'  "  0,���5&�2,'2*'   " -'0* ; 
%� %&",1"%5 5%&$2�',"( : 1',-&$�"7�2$,,*'  "  )'1',-&$�"7�2$,,*' ; 
%� -"%5 " %��,"-'�/,���  0'3$,"70$ : 9�'!-&"+' !"' , �")&$2�"+' !"'  "  %,'20$-" -

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

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

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

&$  ���$ �2$,"( ; 
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" %��,"-'�/,*#  0'3$,"70  – �&�$,  2�7)'# -2"(  ,$  �4A'!-  5%&$2�',"( ; 
"70'&"-'�/,*#  4��!  – )$-+"!"  "  %&"4�&* "70'&',"(  � ,�2,*3  %$&$0'-&�2 %&�-

1'  $ ; 
�45+$'0$(  0$-'0$-"+' !$(  0�)'�/   " -'0*  – 2*+" �"-'�/,*#  4��! , &'$�"75:<"#  

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

�4&$-,$(   2(7/  – �%&')'�('-   "�,$�  &$  ���$ �2$,"( . 

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

4�'0  3"0"+' !�#  %&�0*8�',,� -"  2 �4�$ -"  �+" -!"  �$7�2*3  2*4&� �2 . ��  %&" 9-�0  2 
!$�)�0  !�,!&'-,�0   �5+$'  "0':-   �4 -2',,*#  $���&"-0  &$4�-*  "  -&'45:-  )�%��,"-'�/ -
,*3  "  �')�2$,"#  )�(  2,')&',"(  2 %&�"72�) -2� . 

 
�%" �!  �"-'&$-5&* : 

1. 
��/1�2  � .� ., 	&�$,"7$1"(  "   -&5!-5&$  �')(<"3   " -'0  2 3"0"+' !�#  
%&�0*8�',,� -"  //6���)$(  0* �/ : �$5!$ . 
'3,����"" . �,,�2$1"" : 0$-'&"$�*  IV(X) 
� '&�  "# !�#  ,$5+,� --'3,"+' !�#  !�,.'&',1"" .– �&$- ! : �7) -2�  �&
� , 2012. � . 308-
309.  

 

 
�'��� ����  '�������������$��  ���������  ��  ����   

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

�  

 

�%&$2�',"'  %&�"72�) -2',,*0"  %&�1'  $0"  ,$   �2&'0',,*3  %&')%&"(-"(3 )" -
!&'-,���  -"%$ � 5<' -2�('- (  %&" %�0�<"   " -'0  �%'&$-"2,���  %�$,"&�2$,"(  %&')%&"-
(-"(  (MES- " -'0* ). �  � ,�2'  )$,,*3   " -'0  �'�$-  92&" -"+' !"'  $���&"-0* . ;-�   2(7$-
,�    -'0 , +-�  %&" &$7&$4�-!' )$,,*3   " -'0  %&","0$'- (  )�%5<',"' , +-�  7$)$+$ 5%&$2�'-
,"(  �-,� "- (  !  NP – 7$)$+$0. 

�$  � ,�2'  %&�2')',,���  �47�&$ 92&" -"+' !"3  0'-�)�2  5%&$2�',"(  %&�"72�) -2', -
,*0"   " -'0$0" , %&"2')',$  !�$  "."!$1"(  ,$"4��''  &$7&$4�-$,,*3  92&" -"+' !"3  $��� -
&"-0�2 : 

 �&$2"�$ ,  &$2,"2$:<"'  �%'&$1"" : 
• SPT (LPT) - 2*4�&  �%'&$1""    ,$"0',/8'#  (,$"4��/8'# ) )�"-'�/,� -/: . 
 �&$2"�$  ,$  � ,�2'  2&'0',,���  $,$�"7$  (!&"-"+' !���  %5-"): 
• EST (LST) - 2*4�&  �%'&$1"" , 2*%��,',"'  !�-�&�#  0��'-  4*-/  ,$+$-�  &$,/8'  (%�7�' ) 
2 '3  � -$�/,*3 , 
• ECT (LCT) - 2*4�&  �%'&$1""    ,$"0',/8"0  (,$"4��/8"0 ) ��")$'0*0  2&'0','0  7$2'&-
8',"( . 
 �&$2"�$  ,$  � ,�2'  $,$�"7$  �&$.$  %&')8' -2�2$,"( : 
• MIS (LIS) - 2*4�&  �%'&$1""  o   ,$"4��/8"0  (,$"0',/8"0 ) !��"+' -2�0  �%'&$1"# 2 
Succ(o), 
• MTS (LTS) - 2*4�&  �%'&$1""  o   ,$"4��/8"0  (,$"0',/8"0 ) !��"+' -2�0  �%'&$1"# -$-
!"3 , +-�  2 �&$.'  AoN  5<' -25'-  �&"',-"&�2$,,*#  %5-/ �-  o !  o', 
• GRPW - 2*4�&  �%'&$1""  o   ,$"4��/8'#   500$&,�#  )�"-'�/,� -/:  �%'&$1"# "7 Succ(o), 
• GRPW* - 2*4�&  �%'&$1""  o   ,$"4��/8'#   500$&,�#  )�"-'�/,� -/:  2 '3  �%'&$1"# o? 
-$!"3 , +-�  2 �&$.'  AoN  5<' -25'-  �&"',-"&�2$,,*#  %5-/ �-  o !  o'. 
 �&$2"�$  ,$  � ,�2'  $,$�"7$  &' 5& ,*3  ��&$,"+',"# : 
• GRR - 2*4�&  �%'&$1""  o   ,$"4��/8"0"  -&'4�2$,"(0"  !  &' 5& $0 , 
• $,$���"  MIS, MTS, GRPW, �)'  20' -�  )�"-'�/,� -'#  �%'&$1"# &$  0$-&"2$:- (  "3  -&' -
4�2$,"(  !  &' 5& $0 . 

�$  � ,�2$,""  %��5+',,�#  !�$  "."!$1""  ,$0"  )�(  �1',!"  9..'!-"2,� -"  92&"-
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 -"+' !"3  $���&"-0�2  4*�"  2*4&$,*  %&$2"�$  &$2,"2$:<"'  �%'&$1"" . ��(  &'$�"7$1""  
%&')���',,*3  $���&"0�2  4*�$  2*4&$,$  &')$  CLIPS. 	 ,�2,*0  )� -�", -2�0  !�-�&�#  
(2�('- (  2�70��,� -/  &'$�"7$1""  $���&"-0$  2 2")'  %&�)5!1"�,,�#  0�)'�" , +-�  %�72��('-  
''  2 )$�/,'#8'0  5 �2'&8', -2�2$-/  4'7 2,' ',"(   '&/'7,*3  "70',',"#  2 %��5+',,*#  $� -
��&"-0 . 
 ���5+',,*'  &'75�/-$-*  0�)'�"&�2$,"(  %�!$7$�"  9..'!-"2,� -/  $���&"-0�2   5-
<' -2',,�  0',('- (  2 7$2" "0� -"  �-  "70',',"(  %&�"72�) -2',,*3  5 ��2"# . ��')�2$ -
-'�/,� , )�(  %��5+',"(   -$4"�/,*3  &'75�/-$-�2  )$,,*'  $���&"-0*  -&'45:-  0�)"."!$1"" . 

 

 

 
�%���$"  �����  � �  ��� ��������  ������$  ������������"  '� -

����%�  ����$&  �  '��������&  (���!����������  
 

�5&1'2  � .
 ., �&$�$,'1  � .� . 
 

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

;,'&��5 -$,�2!$  %&') -$2�('-   �4�#   -$,)$&-,�'  &'8',"'  "   �)'&�"- : 5 -&�# -2$  
%��5+',"(  9�'!-&�9,'&�""  ( ��,'+,$(  %$,'�/  "  2'-&��','&$-�& ), $!!505�(-�&,5:  4$-$-
&':  (��� ), !�,-&���'&  7$&()$ )�(  �%-"0$�/,�#  7$&()!"  ���  %&" �:4*3  %���),*3  5 �� -
2"(3 , ",2'&-�&  )�(  %��5+',"(  %'&'0',,���  -�!$  220 � ,  ,$�&57!5. 
 

 
 

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

 

 
	-�$)�+,$(  %�$-

-$ 
Mega2560 

GSM/GPRS 
0�)5�/  SIM900 

GPS 0�)5�/  
SKM53 

LCD 2x16 
)" %�'#  

���,'+,$(  
%$,'�/  
(80 �- ) 

�'-&� - 
�','&$-�&  
(300 �- ) 

���  

��,-&���'&  
7$&()$ 

�$�&57!$  
 (220 � ) 

�,2'&-�&  

!,�%!"  "   
 2'-�)"�)*  
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��(  )$,,�#  5 -$,�2!"  &$7&$4�-$,$ 0"!&�%&�1'  �&,$(   " -'0$   4�&$ "  %'&')$+"  
)$,,*3 . �@ � ,�2,*0  5%&$2�(:<"0  9�'0',-�2  (2�('- (  �-�$)�+,$(  %�$-$ Mega2560    
0"!&�!�,-&���'&�0  AVR. �@ %&'"05<' -2$0"  (2�(:- (  4��/8�'  !��"+' -2�  5,"2'& -
 $�/,*3  �","#  22�)$ -2*2�)$ , 5)�4,$(   &')$  %&��&$00"&�2$,"(  Arduino IDE, ,$�"+"'  +' -
-*&'3  %� �')�2$-'�/,*3  ",-'&.'# �2  USART )�(  �40',$  )$,,*0"    %'&".'&"#,*0"  
5 -&�# -2$0" .  

�'8',$  7$)$+$ "70'&',"(  9�'!-&"+' !"3  %$&$0'-&�2 2 '3  5 -&�# -2  9,'&��5 -$,�2 -
!" . ��(  %&"2')',"(  ,$%&(�',"(  !  )"$%$7�,5 �=�  0"!&�!�,-&���'&$  %&"0',',*  )'�"-' -
�"  ,$%&(�',"( . ��(  "70'&',"(  -�!�2  " %��/7�2$�" /  )$-+"!"  -�!$  ACS712. 

 
$!�'  &'8',$  7$)$+$ "70'&',"(  +$ -�-*  2&$<',"(  -&'3.$7,���  2'-&��','&$-�&$  
%'&'0',,���  -�!$ . �&(0�'  "70'&',"'    %�0�</:  )$-+"!$  7$-&5),',�  -'0 , +-�  2'-&��',' -
&$-�& 0��'-  2&$<$-/ (  2 ��&"7�,-$�/,�#  %�� !� -" , $2-�0$-"+' !"  �&"',-"&5( /  %� 2'- -
&5. ��9-�05  )$-+"!  )���',  4*-/  �"4�  4' !�,-$!-,*0 , �"4�  "0'-/   !��/7(<"'  !�,-$!-* , 
+-�  ,'  2 '�)$  2�70��,� . �  )$,,�0   �5+$'  +$ -�-5  2&$<',"(  ��%$ -'#  0��,�  2*+" �"-/  
!� 2',,*0  �4&$7�0. ��(  9-���  ,'�43�)"0�   ,(-/  � 1"����&$005  "70',',"(  ,$%&(�',"( . 
�$�''  0��,�  &$  +"-$-/  +$ -�-5  2&$<',"(  7,$(  %'&"�)   ",5 �")*  ,$%&(�',"(  "  +" ��  
%$& %��: �2  �','&$-�&$ . �$,,*#  $���&"-0  %&"0',',  2 &'8$'0�#  7$)$+'.  

�&"  &$  -�(,""  4��''  ,' !��/!"3  !"��0'-&�2  5)�4,*0   %� �4�0  %'&')$+"  )$,,*3  
(2�('- (   �-�2$(   2(7/  %� &') -2�0   GSM. �  &$7&$4�-$,,�#   " -'0'  " %��/7�2$,$  %�$-$-
0�)'0  GSM/GPRS   !�,-&���'&�0  SIM900. ��$-$  %�72��('-  &$4�-$-/    SMS  ��4<',"( -
0" , 72�,!$0"  "�"  GPRS ",-'&,'-�0 . �  !$+' -2'  ,$"4��''  5)�4,���  "  ,$��(),���  &'8',"(  
2*4&$,$ %'&')$+$ )$,,*3  ,$  web- $#- . �&��&$00,�'  5%&$2�',"'  0�)'0�0  &'$�"7�2$,�  
%� &') -2�0  AT-!�0$,) . 

��%��,"-'�/,�#  2�70��,� -/:  (2�('- (  �%&')'�',"'  GPS !��&)",$-   " -'0* . ;-�  
0��'-  4*-/  ,'�43�)"0�  2  �5+$' , ' �"  9,'&��5 -$,�2!$  &$ %����',$  ,$  %�)2"�,�0  
-&$, %�&-,�0  �4A'!-' , !�-�&*#  0��'-  0',(-/   2�@ �'��&$."+' !�'  %����',"' . �  !$+' - -
2'  GPS 0�)5�(  2*4&$,$ %�$-$   !�,-&���'&�0  SKM53. 6�)5�/  "0''-  2 -&�',,*#  USART 
",-'&.'# . 

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

�$7&$4�-$,,*#  5+'4,*#   -',)  (2�('- (  5)�4,*0   &') -2�0  "75+',"(   " -'0   4�&$ "  
)" -$,1"�,,�#  %'&')$+"  )$,,*3  �  %$&$0'-&$3 9,'&��5 -$,�2�! . ���  0��,�  " %��/7�2$-/  
2 �45+',""   -5)',-�2  ����2  %� 9,'&�'-"+' !"0  ,$%&$2�',"(0 , $ -$!�'  %� ,$%&$2�',":  
$2-�0$-"7$1"" . �-',)  3�&�8�  )'0�, -&"&5'-  2�70��,� -"   �2&'0',,�#  0"!&�%&�1' -
 �&,�#  -'3,"!"  "  9,'&�� 4'&'�$:<"3  -'3,����"# . 

 
�"-'&$-5&$ : 
1) �$&$,�2 , � .� . �&"0',',"'  0"!&�!�,-&���'&�2  AVR:  3'0* , $���&"-0* , %&�-

�&$00* , 2-'  "7)$,"' . - 6 .: �7) . )�0  "��)9!$ -XXI", 2004. - 288 c. 
2) �$&"-�,�2 , � .� . �2-�,�0,*'  2'-&�9�'!-&"+' !"'  5 -$,�2!" . - 6 .: 
��  ��;�� , 

2006. – 280  . 
 

 

�����$  �%�����  !����$&  �$������  ��  �����$&  ���'�������  �  
&���%����"  '���$8 �������  

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


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

4��/8"3  �4A'0�2  �$7�2*3  2*4&� �2 ,  �)'&�$<"3  2&'),*'  �$7�2*'  !�0%�,',-* . �2'�"+' -
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,"'  !��"+' -2$  %� -5%$:<"3  2 $-0� .'&5  %�-',1"$�/,�  2&'),*3  �$7�2 "  +$ -"1  %&"2�-
)"-  !  5<'&45 )�(  7)�&�2/(  +'��2'!$  "  2 ���4$�/,�0  0$ 8-$4'  (2�('- (  �),�#  "7 ��$2,*3  
%&�4�'0   $,"-$&,���   � -�(,"(  �!&5�$:<'#   &')* . �7  +" �$  �$7��4&$7,*3  2*4&� �2  � -
,�2,$(  )��(  %&"3�)"- (  ,$  )25�!" /   '&* , �! ")  5��'&�)$ , 5��'2�)�&�)* ,  '&�2�)�&�)  "  
 �')",',"(  .-�&$ . 

�  ,$ -�(<''  2&'0(   5<' -25'-  4��/8�'  !��"+' -2�  0'-�)�2  "  -'3,����"# , %�72�-
�(:<"3  %&�"72�)"-/  �+" -!5  �$7�2*3  2*4&� �2  �-  2&'),*3   � -$2�(:<"3 . �&"  9-�0  
�+" -!$  �$7�2*3  2*4&� �2  9-�   ���,*#  -'3,����"+' !"#  %&�1'  , !�-�&*0  ,'�43�)"0�  
5%&$2�(-/ 2 &'�"0'  &'$�/,���  2&'0',"    �' -!"0  !�,-&��'0  ���  2&'),*3   � -$2�(: -
<"3 . 
�  ' -/  �+" -!5  �$7�2*3  2*4&� �2  ,'�43�)"0�  $2-�0$-"7"&�2$-/ . 

��9-�05  &$  0�-&"0  0'-�)*  �+" -!"  �$7�2*3  2*4&� �2  �-  2&'),*3   � -$2�(:<"3 , 
  -�+!"  7&',"(  2�70��,� -"  $2-�0$-"7$1""  9-"3  0'-�)�2 . 

�  %&�0*8�',,� -"  " %��/75:-  0'3$,"+' !"# , 9�'!-&"+' !"#  "  ."7"!� -
3"0"+' !"#  0'-�)*  �+" -!"  �$7�2*3  2*4&� �2 . 

6'3$,"+' !$(  �+" -!$  �$7�2 %&"0',('- (  )�(  5�$2�"2$,"(  "7 �$7�2 2 � ,�2,�0  
-2@&)*3 +$ -"1 . �@ %&�"72�)(-  � $�)',"'0  +$ -"1  %&"0' '#  %�) )'# -2"'0   "�*  -(�' -"  
"�"  1',-&�4'�,�#   "�* , ."�/-&$1"'#   !2�7/  2���!," -*'  "  %�&" -*'  0$-'&"$�* , %&�-
0*2!�#  �$7$ 2�)�#  "�"  )&5��#  �")!� -/: . 	 ,�2,*0"  %$&$0'-&$0" 5%&$2�',"(  %&" �+" -
 -!'  �$7�2 0'3$,"+' !"0  0'-�)�0  (2�(:- (   !�&� -/  "  ,$%&$2�',"'  %�-�!�2  �$7$. ;-"0"  
%$&$0'-&$0" �'�!�  5%&$2�(-/   %�0�</:  $2-�0$-"+' !"3   " -'0 , ,�  2�7,"!$'-  %&�4�'0$  
%&" &'$�"7$1""  $2-�0$-"+' !�#  7$0',*  ."�/-&�2  %� �'  "3  7$�&(7,',"( . ��9-�05  ,$"4� -
�''  5)�4,*#  0'-�)  0'3$,"+' !�#  �+" -!" ,   -�+!"  7&',"(  $2-�0$-"7$1"" , (2�('- (  %&�-
0*2!$  �$7$ 2�)�#  "�"  %',�# . 

;�'!-&"+' !$(  �+" -!$  �$7�2 " %��/75'- (  )�(  5�$2�"2$,"(  "7 �$7�2 -2@&)*3 "  
�")!"3   � -$2�(:<"3 . 	,$  � ,�2$,$  ,$  2�7)'# -2""   "�  9�'!-&"+' !���  %��(  2* �!���  
,$%&(�',"( . �&"  %&�%5 !$,""  +'&'7 9�'!-&"+' !"'  ."�/-&*  %&�" 3�)"-  "�,"7$1"(  7$-
�&(7,',,���  �$7$. �$&(�',,*'  +$ -"1*  %&"-(�"2$:- (  !  � $)"-'�/,�05  9�'!-&�)5  "  � $� -
)$:- (  ,$  ,@0. 	 ,�2,*0"  %$&$0'-&$0" 5%&$2�',"(  %&" �+" -!'  �$7�2 9�'!-&"+' !"0  0' -
-�)�0  (2�(:- (   !�&� -/  %�-�!�2  �$7$ "  ,$%&(�',"'  9�'!-&"+' !���  %��( . ;-"0"  %$&$-
0'-&$0"  �'�!�  5%&$2�(-/   %�0�</:  $2-�0$-"+' !"3   " -'0 , ,�  %&" 9-�0   !�&� -/  %�-�!$  
�$7$ "  !�,1',-&$1"(  -2'&)*3  %&"0' '#  )���,*  4*-/  ,'4��/8"0" , +-�  ,'  2 '�)$   ��-2'- -
 -25'-  -'3,����"+' !"0  %&�1'  $0  3"0"+' !"3  %&�"72�) -2 . ��9-�05  )$,,*#  0'-�)  &') -
!�  " %��/75'- (  2 3"0"+' !�#  %&�0*8�',,� -" . 

6'-�)*  ."7"!� -3"0"+' !�#  �+" -!"  %&"0',(:-  )�(  5�$2�"2$,"(  �$7��4&$7,*3  
%&"0' '# . �  -$!"0  0'-�)$0  �-,� (- (  %&�0*2!$ �$7�2 &$ -2�&$0"  &'$�',-�2 ,  2(7*2$: -
<"3  %&"0' "  3"0"+' !"  ($4 �&41"( ); %����<',"'  %&"0' '#  -2@&)*0" $!-"2,*0"  2'<' -
 -2$0"  ($) �&41"( ); ."7"+' !�'  &$7)'�',"'  (,$%&"0'&, !�,)', $1"(  !�0%�,',-�2 ), !$-$-
�"-"+' !�'  %&'2&$<',"'  %&"0' '#  2 4'72&'),*'   �')",',"( . 

	 ,�2,*0"  %$&$0'-&$0" 5%&$2�',"(  %&" �+" -!'  �$7�2 ."7"!� -3"0"+' !"0  0'-� -
)�0  (2�(:- (   !�&� -/  %�-�!�2  �$7$ "   ��-,�8',"'  �$7$   3"0"+' !"0"  &'$�',-$0" . ;-" -
0"  %$&$0'-&$0" �'�!�  5%&$2�(-/   %�0�</:  $2-�0$-"+' !"3   " -'0 , ,�  %&" 9-�0   5<' - -
25'-  %&�4�'0$  5%&$2�',"(   !�&� -/:  %&�-'!$,"(  3"0"+' !�#  &'$!1""  %&�1'  $  �+" -!" , 
+-�  -&'45'-  !�,-&��(  )�%��,"-'�/,*3  %$&$0'-&�2, -$!"3  !$!  -'0%'&$-5&$ "  )$2�',"'  �$-
7�2. ;-�-  0'-�)  (2�('- (  � ,�2,*0  )�(  �+" -!"  �$7�2 �-  2&'),*3  !�0%�,',-�2  "  %&"0'-
,('- (  %�2 '0' -,�  2 3"0"+' !�#  %&�0*8�',,� -" . 


$!"0  �4&$7�0, 4*�"  &$  0�-&',*  � ,�2,*'  0'-�)*  �+" -!"  �$7�2 �-  2&'),*3  
!�0%�,',-�2 , %&"0',('0*'  2 3"0"+' !�#  %&�0*8�',,� -" . �$�)*#  0'-�)  "0''-   2�"  
)� -�", -2$  "  ,')� -$-!" , %�9-�05 )�(   �7)$,"(  !$+' -2',,�#   " -'0*  �+" -!"  �$7�2 
 �')5'-  %&"0',(-/  !�04","&�2$,,*'  0'-�)*  �+" -!" . 

 
�%" �!  �"-'&$-5&*  
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1. 
�&)�,  
 . 6 ., �'# $3�2  � . � ., �*�'5�$2�"2$,"'  "  �+" -!$  �$7�2, 2 "7) ., 6 ., 1968;  
2. ���2  � . � ., 	+" -!$  %&�0*8�',,*3  �$7�2 9�'!-&�."�/-&$0" , 2 "7) ., 6 ., 1967; 
3. 
��/1�2 , � .� . �",$0"+' !$(  0�)'�/  %&�1'  $  &'!5%'&$1""   '&*  2 -�%!'  !�-�$ -

5-"�"7$-�&$  / 
��/1�2  � .� ., �"�$'2$  � .� . // �72' -"(  ����

� . �'&"(  "�!-5$�/ -
,*'  %&�4�'0*  5%&$2�',"( , 2*+" �"-'�/,�#  -'3,"!"  "  ",.�&0$-"!"  2 -'3,"+' !"3  
 " -'0$3 ". �*% . 20 : 0'�257 .  4 . ,$5+.  - . / ����

� . - ������&$) , 2014. - B  6 (133). 
- C. 8-10. 

4. 
"0�,",  � .� . �,�','&,� -9!����"+' !"#   %&$2�+,"! . 
 . 1 – �$�5�$ ; �7) . � . ��+!$ -
&'2�# , 2003. – 917  . 

 

 

���� ��������  %������$&  &������������  8�!��$&  ��� -
!��� �" , ����'�%���9>�&  ������  !����%����&  ����'� ������  

 
�$%�(  � .� ., �$,  � .
 ., ��#1�2  � .� .  

 
6$-'0$-"+' !$(  0�)'�/   " -'0*   -&�"- (  ,$  � ,�2'  �4A')",',"(  0�)'�'#  8$�� -

2*3  )2"�$-'�'#  "  �&$."+' !"3  0$,"%5�(-�&�2 . ='�/:  0�)'�"&�2$,"(  (2�('- (  �%&')'�' -
,"(  )",$0"+' !"3  3$&$!-'&" -"!  �&$."+' !"3  0$,"%5�(-�&�2 , !�-�&*'  )���,*  5+"-* -
2$-/ (  2 $���&"-0$3  &$4�-*  !�,-&���'&�2 , 5%&$2�(:<"3  %&�1'  �0  %'&'0'<',"(  %"85-
<'��  %'&$. �&'2*8',"'  %&')'�/,�#  +$ -�-*  5%&$2�(:<"3  "0%5�/ �2 , %�)$2$'0*3  ,$  
�40�-!"  )2"�$-'�'# , %&"2�)(-  !  %&�%5 !5 )2"�$-'�(0"  9-"3  "0%5�/ �2 , -�  ' -/  !   4�(0  
%&�1'  $  �&$."+' !"3  0$,"%5�(1"# .  

	 �4',,� -/:  !",'0$-"+' !"3   3'0  0$,"%5�(-�&�2  (2�('- (  ,'%� -�(, -2�  0� -
0',-�2  ",'&1""  72',/'2  0$,"%5�(-�&�2 . �$!-�&*  2$&"$1"" 2'�"+",  0�0',-�2  ",'&1""  
)�(  72',/'2  0$,"%5�(-�&�2 : 
·  
�&0��',"'  �%5<',,���  %'&$ ,$  5+$ -!$3 ,$,' ',"(  �","#  "  �- 5- -2"'  -�&0��',"(  

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

·  �'&'0'<',"'  0�)5�(  �%5 !$,"(  "  %�)A'0$  0'&$ �-,� "-'�/,�  � '#  8$��2*3  )2"�$-' -
�'#  0$,"%5�(-�&$ . 

·  �'&'0'<',"'  %&�0'�5-�+,*3  72',/'2  %'&'0'<',"(  %'&$, �4�$)$:<"3  0�0',-$0"  
",'&1"(0" , 7$2" (<"0"  �-  27$"0,���  %����',"(  9-"3  72',/'2 . 

  � �"  "72' -,$  0�)'�/  %&�1'  $  &$4�-*  8$��2*3  )2"�$-'�'# , �4' %'+"2$:<"3   � -
��$ �2$,,5:  &$4�-5 72',/'2  0$,"%5�(-�&$ , -�  ,$  � ,�2'  9-�#  0�)'�"  0��,�  %� -&�"-/  
�%-"0$�/,*#  $���&"-0  �&$.�%� -&�"-'�( . �-&5!-5&$  27$"0�)'# -2"(  %&��&$00,*3  0� -
)5�'#  5%&$2�',"(  %&"2')',$  ,$   �')5:<'0  &" 5,!' : 

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

 

 

���������  �����������������"   ����������"  ���������  � �  
��� ��������  �����"�����  � )���������$&  �� �����"  ��  ��� -

����$  �� �"  
 

�$%�(  � .� . �"�$'2  � .� . 
 

��/-&$725!�2*'  !��'4$,"(  8"&�!�  %&"0',(:- (  2 ,$5!'  "  -'3,"!' . �$%&"0'& , 
5�/-&$725!�2*'  !��'4$,"(  %&"0',(:- (  2 0')"1",'  )�(  �4 �')�2$,"(  2,5-&',,"3  �&�$ -
,�2  +'��2'!$ . �  -'3,"!'  )�(  �+" -!"  %�2'&3,� -'#  �-  7$�&(7,',"#  "  - .) . ��9-�05  "75+' -
,"'  2�"(,"(  5�/-&$725!�2*3  !��'4$,"#  ,$  &$7�"+,*'  2'<' -2$  (2�('- (  2$�,�#  7$)$+'# 
,$5!"  "  -'3,"!" . 

��(  "  �')�2$,"(  2�"(,"(  5�/-&$725!�2���  "7�5+',"(  ,$  &$ -2�&*   ��'#  4*�$   �4 -
&$,$ 9! %'&"0',-$�/,$(  5 -$,�2!$   -&5!-5&,$(   3'0$ , !�-�&�#  %&"2')',$  ,$  &" 5,!'  1. 

 
 

�" 5,�!  1. – �-&5!-5&,$(   3'0$  5 -$,�2!" . 
 

�  � ,�2'  5 -$,�2!"  " %��/75'- (  5�/-&$725!�2�#  �','&$-�& ,  �)'&�$<"#  )2$ � ,�2 -
,*3  4��!$ : 05�/-"2"4&$-�&  – 2*&$4$-*2$:<"#  "0%5�/ ,*#  -�!  2* �!�#  +$ -�-*  "  "7�5 -
+$-'�/  5�/-&$725!$ – 2*&$4$-*2$:<"#  0'3$,"+' !"'  !��'4$,"(  (,'%� &') -2',,�  5�/- -
&$725!�2�'  "7�5+',"' ). ��/-&$725!�2�#  �','&$-�&  2�7)'# -25'-  ,$  &'7'&25$&   2�),*0  
&$ -2�&�0   ��" . ��(  %"-$,"(  5�/-&$725!�2���  �','&$-�&$  " %��/75'- (  &'�5�"&5'0*#  
4��!  %"-$,"( , !�-�&*#  %�)!�:+$'- (  !  �','&$-�&5  +'&'7  %'1"$�/,�'  &'�' . �$4�-�#  &'�'  
5%&$2�('- %&�0*8�',,*#  !�,-&���'&  	���  ��� -130. ��(  9-���  7$)'# -2�2$,  )" !&'- -
,*#  2*3�)  %&�0*8�',,���  !�,-&���'&$ . �  !�,-&���'&'  7$8"-$ %&��&$00$, !�-�&$(  7$-

��/-&$725!�2�#  �','&$-�&  

;�6  

�'7'&25$& 
  &$ -2� -

&�0  

 
�7�5+$-'�/  
5�/-&$725!$ 

65�/-" -
2"4&$-�& 

�'�'  �'�5�"&5'0*#  
4��!  %"-$,"(  

(�$-& ) 

��,-&���'&  
	���  ��� -130 �&')$  %&�-

�&$00"&�2$,"(  
CoDeSys 

Ethernet 
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0*!$'- /&$70*!$'-  !�,-$!-*  &'�' , %�)$2$( ,$  ,'��  5%&$2�(:<"#  )" !&'-,*#   "�,$�    2* -
3�)$  !�,-&���'&$ . �&��&$00$  7$%" *2$'- (  2 !�,-&���'&  +'&'7 Ethernet %�&-   ;�6 . �  
!$+' -2'   &')*  &$7&$4�-!' %&��&$00* " %��/75'- (  %&��&$00,�'   &') -2�  CoDeSys v 2.3. 

�  %�0�</:  �$4�&$-�&,�#  5 -$,�2!"  0��,�  5%&$2�(-/ ",-'&2$�$0"  2&'0',"  2!�: -
+',"( /�-!�:+',"(  5�/-&$725!�2���  "7�5+$-'�( . 
 .' . "75+$-/ 2�"(,"'  5�/-&$725!�2*3  !� -
�'4$,"#  ,$  2�),*'  &$ -2�&*   ��'#  2 7$2" "0� -"  �-  2&'0',"  "7�5+',"( . 


$!"0  �4&$7�0,   %�0�</:  9! %'&"0',-$�/,�#  5 -$,�2!"  0��,�  %&�2'&(-/  2�"(,"'  
5�/-&$725!�2���  "7�5+',"(  ,$  2�),*'  &$ -2�&*   ��'# . 

 

 

��������  �'���� ����  ���'������$   !�����!�  '�����   

�  '���>)9  ����"�� -( ��������"  ������$  ���������  

��&7",  � .� ., 
��/1�2  � .� ., 
�&:,�2  � .� ., �5),"!�2  � .� . 

 

�-&5#,*'  "70'&"-'�"  -'0%'&$-5&* , !�-�&*'  0��5-  " %��/7�2$-/ (  2 %��$&� - "  
27&*2��%$ ,*3  5 ��2"(3 , $ -$!�'  2 5 ��2"(3  2* �!"3  9�'!-&�0$�,"-,*3  "  &$)"$1"�,,*3  
%��'#  �4�$)$:-  %&$!-"+' !"  %��,*0  �- 5- -2"'0  7$%$7)*2$,"(. �$"4��''  %'& %'!-"2 -
,*0  (2�('- (   -&5#,� -+$ -�-,*#  0'-�)  "70'&',"( , %&" %&"0',',""  !�-�&���  -'0%'&$-5-
&$ %�-�!$  �$7$ �%&')'�('- (    %�0�</:   -&5#,� -9�'!-&�,,�#   " -'0* , %&') -$2�',,�#  ,$  
&" . 1, " %��/75:<'#  0$-'0$-"+' !5:  0�)'�/  (1). 

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

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

 
�" 5,�!  1 – �-&5!-5&,$(   3'0$   -&5#,� -9�'!-&�,,�#  
                             " -'0*  "70'&',"(  -'0%'&$-5&*   
 

  ;��  

 �	�  

  2 $&3"2 

HP 

 1 

  4 

�$ 3�)  �$7$ 

  3 

  P 

G 

 2 

  5 

�$ 3�)  �$7$ 

     
��  

  f 

  6 

  7 
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6$-'0$-"+' !$(  0�)'�/   " -'0*  "70'&',"(  « -&5#,*#  
��  -  -&5#,*#  �','&$-�& », 

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

1527331 ,
p

Fpkkf
T -

××××
=

D
                    (1) 

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

,� -/  )'# -2"# : 
1. �  9�'!-&�,,*#  2*+" �"-'�/,*#  4��!  22�)(- (  7,$+',"(  2'�"+",  4, R,A. 
2. �   2*+" �"-'�/,*#   4��!   22�)(- (   7,$+',"(   �'�0'-&"+' !"3   &$70'&�2 �$7�)" -

,$0"+' !���   %&'�4&$7�2$-'�(   "    -&5#,���   �','&$-�&$ : l, d, l� , h, b, b", d'- . 
3. �  2*+" �"-'�/,�0   4��!'   &$  +"-*2$:- (   !�9.."1"',-*   k0 , k1 ,  k2 , k3..  
4. �$  23�)  )$,,�#   " -'0*  %�)$'- (  �$7, -'0%'&$-5&5 !�-�&���  ,5�,�  �%&')'�"-/ . 
5. �70'&(:- (  )$2�',"' , %'&'%$) "  +$ -�-$  "70'&"-'�(0"     9�'!-&"+' !"0"  2* -

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

,*#  4��! . 
7. �  2*+" �"-'�/,�0  4��!'  � 5<' -2�(:- (   �')5:<"'  2*+" �',"( : 
7.1. �*+" �('- (  7,$+',"'  !�0%�'! $  F1  %� .�&05�'  (2.78). 
7.2. �*+" �('- (  7,$+',"'  !�0%�'! $  F2  %� .�&05�'  (2.79). 
7.3.  �*+" �('- (  7,$+',"'  !�0%�'! $  F %� .�&05�'  (2.81). 
�*+" �('- (  7,$+',"'  -'0%'&$-5&*  %� .�&05�'  (2.83). 
8. �*+" �',,�'  7,$+',"'  -'0%'&$-5&*  2*2�)"- (  ,$  5 -&�# -2�  �-�4&$�',"(  ", -

.�&0$1""  "  %'&')$'- (  2 $&3"2 "�"  2  " -'05  5%&$2�',"( . 
 

 

'���������  3D-'�������  � �  ��������  ( �������  
 ����"��"  ����������  

��&7",  � .� ., ��#1�2  � .� . 
 
	 ,�2,*0"   .'&$0"  %&"0',',"(  %,'20$-"+' !"3   " -'0  5%&$2�',"(  (2�(:- (  -$!"'   

5 ��2"(  � 5<' -2�',"(  -'3,����"+' !"3  %&�1'  �2 , 2 !�-�&*3  ,'2�70��,�  %&"0',',"'  
9�'!-&"+' !"3  "  9�'!-&�,,*3   " -'0 , -�  ' -/   5 ��2"(    2* �!�#  %��$&� - "  27&*2��%$ -
,� -/: ,   ,$�"+"'0  2* �!"3  9�'!-&�0$�,"-,*3  "  &$)"$1"�,,*3  %��'# , 2  &')$3    2* � -
!"0"  -'0%'&$-5&$0" "  2* �!�#  7$%*�@,,� -/: . �  +$ -,� -" , %&"0',',"'  %,'20$-"+' -
 !"3  $2-�0$-"7"&�2$,,*3   " -'0  5%&$2�',"(   2 $2-�0$-"7"&�2$,,*3   " -'0$3  5%&$2�'-
,"(  -'3,����"+' !"0"  %&�1'  $0"  3"0"+' !"3  "  ,'.-'3"0"+' !"3  %&�"72�) -2 , ,$  $-�0 -
,*3  9�'!-&� -$,1"(3 , ,$  1'0',-,*3  "  05!�0��/,*3  %&')%&"(-"(3.  

��$��)$&(  4��''  ,"7!�#   -�"0� -" , �+',/  2* �!�#  ,$)@�,� -"  "  %&� -�-'  �4 �5�"2$ -
,"(  %,'20$-"+' !"'   " -'0*  5%&$2�',"(  " %��/75:- (  2 0$8",� -&�',"" ,  2 0'-$��5& -
�"" , -'%��9,'&�'-"!' , �$7�2�#  "  %"<'2�#  %&�0*8�',,� -"  "  - . ) .  

���''  4* -&�)'# -25:<"0"  "  �4�$)$:<"0"  4��''  2* �!�#  ,$)@�,� -/:  (2�(:- (  
%,'20$-"+' !"'  5 -&�# -2$ , %� -&�',,*'    %&"0',',"'0  9�'0',-�2  %,'20�,"!"   " -'0  
«����$ », �6�
 -2, ���
 . ���''  2* �!�'  4* -&�)'# -2"'  "  ,$)@�,� -/  2 -$!"3   " -'0$3  
5%&$2�',"(  �4' %'+"2$'- (  7$  +@- �- 5- -2"(  %�)2"�,*3  +$ -'# , $ %'&'!�:+',"'  9�' -
0',-�2  � 5<' -2�('- (  7$  +@- "70',',"(  ,$%&$2�',"(   -&5# 2�7)53$ "�"  )&5�"3  �$7�2. 

�  ,$ -�(<''  2&'0(  "7��-�2�',"'   -&5#,*3  9�'0',-�2  %,'20�,"!"  2*%��,('- (  "7 
%�$ -"!$    %�0�</:  �"-/(  %�) )$2�',"'0 . �$   -�"0� -/  "7��-�2�',"(  9�'0',-�2  �!$7* -
2$'-  4��/8�'  2�"(,"'   -�"0� -/  9! -&5)'&$ , $ -$!�'  �+',/  2* �!$(   -�"0� -/  "7��-�2�' -
,"(  %&'  -.�&0 .  
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�  1'�/:  5)'8'2�',"(   -&5#,*3  9�'0',-�2  %&')�$�$'- (  &$ %'+$-*2$-/ "3  ,$  3d-
%&",-'&' . ��(  � 5<' -2�',"(  9-�#  ")'"  4*�"  %�)��-�2�',*  9�'!-&�,,*'  +'&-'�"  !$,$ -
��2   -&5#,���  ���"+' !���  9�'0',-$  ��� -��  2  &')'   «��0%$ -3D», %�72��"28"'  � 5<' -
 -2"-/  9! %'&"0',-$�/,5:  %'+$-/ 9�'0',-$   " -'0*  5%&$2�',"( . ���5+"28"# (  9�'0',-  
%&') -$2�',  ,$  &" 5,!'  1. 

 

 
 

�" 5,�!  1 – �-&5#,*#  ���"+' !"#  9�'0',-  ��� -��  
 
���"+' !"#  9�'0',-  ��� -��  "0''-  23�)  %"-$,"( , )2$ 5%&$2�(:<"3  23�)$ , 23�)  7$-

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

 
�" 5,�!  2 – 3$&$!-'&" -"!$  %'&'!�:+',"(   -&5#,���   

���"+' !���  9�'0',-$  ��� -��  
 

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

 
��
���
���  

1. Ke Sun, Teng-Sing Wei, Bok Yeop Ahn, Jung Yoon Seo, Shen J. Dillon, 
Jennifer A. Lewis. 3D Printing of Interdigitated Li-Ion Microbattery Architectures / Advanced 
Materials, Volume 25, Issue 33, pages 4539–4543, September 6,  Weinheim, 2013. 

%

5

�

�

 

0,2  0,1      0          

%

2
�
�

0,3 

0,2 

0,1 

� �-% 0,3            
�  &



 112 

2. �-&5#,*'  ���"+' !"'  9�'0',-*  "  5 -&�# -2$  $2-�0$-"+' !���  5%&$2�',"(  -'3,��� -
�"+' !"0  �4�&5)�2$,"'0 . 	-&$ �'2�#  !$-$��� . ��)  &') . �$%�*�",$  ; .� . 6 .: ����
;6� , 
1989. 

3. �$ "0�2  � .6 ., ��%�2  � .� . �,'20$-"+' !"'  1".&�2*'  "70'&"-'�/,*'  %&'�4&$7�2$-
-'�" .// 
&5)*  !�,.'&',1""  «
'3,"+' !"'  "  %&��&$00,*'   &') -2$   " -'0  5%&$2�',"( , 
!�,-&��(  "  "70'&',"( », 6 .: ��� , 2010. 

 

 

��� ��  '�������%����"  ������$  ��!� ��������  ���'������$  
 �  ' ��� )��"  '�%�  
��&7",  � .� ., 
��54",  	 .� . 

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

 -&$,',*  %,'20$-"+' !"'   " -'0*  5%&$2�',"(  ,$  � ,�2'  &'�5�(-�&�2   " -'0*  �
��
 , 
%� -&�',,*3    " %��/7�2$,"'0  9�'0',-�2  ��;��� . ;-"  &'�5�(-�&*  7$&'!�0',)�2$�"  
 '4(  !$!  ,$)'�,*'  "  4'7�%$ ,*'  %&" 9! %�5$-$1""  2 -'3,����"+' !"3  %&�1'  $3    2* � -
!�#  %��$&��%$ ,� -/:       "     27&*2��%$ ,� -/: .        �  +$ -,� -" ,    2        �$7�2�#  %'+" 
%�$2�',"(  $�:0","( , )�(  %�))'&�$,"(   -'0%'&$-5&*  2 )"$%$7�,'  850 – 900� �  " %��/75 -
'- (  %&�%�&1"�,$�/,� -",-'�&$�/,*#  &'�5�(-�&   " -'0*  �
��
  �� 3.31.  

	),$!�   " -'0*  5%&$2�',"(  �
��
  �-�"+$:- (  ,'2* �!�#  9!�,�0"+,� -/: , %�-
 !��/!5  )$2�',"'  %"-$,"(  9-"3  %&"4�&�2  � -$2�('-    140 !�$ ,  "   &$ 3�)  %"-$:<'��  2�7-
)53$ – 5 � /0", .  �&�0'  -���  &'�5�(-�&*  "0':-  7,$+"-'�/,*'  �$4$&"-,*'  &$70'&*: 
2053803121 00  "   &$2,"-'�/,�  4��/85:  0$  5 : 2,1 !� . 

�,'20$-"+' !"'  &'�5�"&5:<"'  5 -&�# -2$ , &$7&$4$-*2$'0*'  ,$  � ,�2'   -&5#,*3  
9�'0',-�2  «����$ » %�  &$2,',":     5<' -25:<"0"  4��''  9!�,�0"+,* , "0':-  0',/8"'  
�$4$&"-*  (100380360 00 ) "  0',/85:  0$  5  (0,5 !� ). �$2�',"'  %"-$,"(   -&5#,*3  &'�5�( -
-�&�2  – 4 !�$ , &$ 3�)  2�7)53$ – 1,2 � / . 

��(  "7��-�2�',"(  9! %'&"0',-$�/,���  �4&$71$  -&5#,���  %&�%�&1"�,$�/,� -
",-'�&$�/,���  &'�5�(-�&$  " %��/7�2$�" /  2  -&5#,*3  $,$����2*3  9�'0',-$   &$2,',"(  
�
 -46 «����$ », 5 "�"-'�/  )$2�',"( , %,'20�@0!� -/  "  &'�5�"&5'0*'  )&�  '�" . 

�'75�/-$-*  9! %'&"0',-$�/,*3  "  �')�2$,"#   -&5#,���  %&�%�&1"�,$�/,� -
",-'�&$�/,���  &'�5�(-�&$  )�(  &'�5�"&�2$,"(  -'0%'&$-5&*  2 %'+" %�$2�',"(  $�:0","(  
2*(2"�"   3�) -2�  3$&$!-'&" -"!  &'�5�"&�2$,"(      3$&$!-'&" -"!$0  &'�5�"&�2$,"(  %,'2-
0$-"+' !"0  %&�%�&1"�,$�/,� -",-'�&$�/,*0   &'�5�(-�&�0  �� 3.31  " -'0*  �
��
 . 

�&"0',',"'   -&5#,*3  &'�5�(-�&�2  )�(  %�))'&�$,"(  7$)$,,*3  7,$+',"#  %$&$0'-&�2 
-'3,����"+' !"3  %&�1'  �2  %�72��"-  %�2* "-/  9!�,�0"+,� -/  %,'20$-"+' !"3   " -'0  
5%&$2�',"( . 

�"-'&$-5&$  
1. � -&�# -2�  &'�5�"&5:<''  %,'20$-"+' !�'  %&�%�&1"�,$�/,� -",-'�&$�/,�'  �� 3.31-

6 1. �5!�2�) -2�  %� 9! %�5$-$1""  9078424 �; . 6 .: 			  «�$2�)  «
������	� », 2012.              
2. �-&5#,*'  ���"+' !"'  9�'0',-*  "  5 -&�# -2$  $2-�0$-"+' !���  5%&$2�',"(  -'3,��� -

�"+' !"0  �4�&5)�2$,"'0 . 	-&$ �'2�#  !$-$��� . ��)  &') . �$%�*�",$  ; .� . 6 .: ����
;6� , 
1989. 

3. �$ "0�2  � .6 ., ��%�2  � .� . �,'20$-"+' !"'  1".&�2*'  "70'&"-'�/,*'  %&'�4&$7�2$-
-'�" .// 
&5)*  !�,.'&',1""  «
'3,"+' !"'  "  %&��&$00,*'   &') -2$   " -'0  5%&$2�',"( , 
!�,-&��(  "  "70'&',"( », 6 .: ��� , 2010. 

4. Pneumatic Transmitter for Temperature. / Samson AG – Mess und Regeltechnik. 2011. 
 
 



 113 

����������  �'����%�� -�������������"  ������$  � �  ���� ) -
��!�  (���!���%����!�  ���' ����  �  ��'� )��������  �������� -

��&�� �!�"  �  ��&�� �!��   ��'� �����"  ��� )�����  
 

� . � . �( ", , � . � . 
*&-*8,*#  ���  (."�"$� ) ����

� , vpi@volpi.ru 
  

 ;! %�5$-$1"(   �2&'0',,*3  !�0%�'! ,*3  -'3,"+' !"3  �4A'!-�2   -$2"-   &')"  %&�-
+"3 %&�4�'05  %� -�(,,���  0�,"-�&",�$  7$ "3   � -�(,"'0 , %&')%��$�$:<"0  �-�4&$�',"'  
 %&$2�+,�#  ",.�&0$1""  �4  �4�&5)�2$,"" , )� -5%  !  )"$�,� -"+' !�#  ",.�&0$1"" , 2"75$-
�"7$1":  -&',)�2  &$4�+"3 %�!$7$-'�'#  ,$4�:)$'0*3  �4A'!-�2 .  �$�,*0"  %�!$7$-'�(0"  
",.�&0$1"�,,�#  %�) " -'0* , �4' %'+"2$:<'#  %�)�4,*#  ",.�&0$1"�,,*#   ��#  &$4�-*  
  �4A'!-�0  (2�(:- (   
 -  !�&� -/  )� -5%$  !  ",.�&0$1"" ,  !�$)*2$:<$( (  !$!  "7 2&'0',"  "72�'+',"( , 
.�&0$-"&�2$,"(  "  �-�4&$�',"(  ",.�&0$1"" , -$!  "  2&'0',"  %�" !$  ,5�,�#  ",.�&0$1""  2 
�4<'0  0$  "2'  )$,,*3 ; 
 - 2�70��,� -/  5)$�',,���  )� -5%$  !  ",.�&0$1""    " %��/7�2$,"'0 , 2 -�0  +" �' , 
4' %&�2�),*3  %&�-�!���2  %'&')$+"  )$,,*3 ; 
 - 5,"2'& $�/,� -/   &')*  %&') -$2�',"(  )$,,*3 , %�72��(:<$(  %��5+$-/  ",.�&0$ -
1":  4'7 5 -$,�2!"  )�%��,"-'�/,���  %&��&$00,���  �4' %'+',"(    �:4�#  %&��&$00,� -
$%%$&$-,�# %�$-.�&0* ; 
 - 9&��,�0"+,� -/  ",-'&.'# $  %&')� -$2�',"(  ",.�&0$1"" . 
 � '  %'&'+" �',,*'  3$&$!-'&" -"!"  4*�"  5+-',*  %&" &$7&$4�-!'  %&$2�+,� -
",.�&0$1"�,,�#   " -'0*  )�(  0�4"�/,���  9,'&�'-"+' !���  !�0%�'! $ . 6�4"�/,*#  9,'& -
�'-"+' !"#  !�0%�'! , 2!�:+$:<"#  2  '4(  9,'&�'-"+' !�'  �4�&5)�2$,"'  (2'-&� -$,1"(  
0�<,� -/:  300�- ,  ��,'+,$(  4$-$&'( 0�<,� -/:  80�- , $!!505�(-�&  ��54�!�#  &$7&()!" 
100 � ·+$ , ",2'&-�& , !�,-&���'&  7$&()$), �4�&5)�2$,"'  )�(  0�,-$�$  "  %'&'2�7!" , �$4�&$-
-�&,�'  �4�&5)�2$,"' , %�-&'4"-'�"  9,'&�""  4*�   %&�'!-"&�2$,  "   �4&$,  2 &$0!$3 &$4�-*  
!&5�!�2  -'3,"+' !���  -2�&+' -2$  9,'&��!�$  $  %&" ���� !�0  ."�"$�'  ��&��
  [1]. 
 �$)$+" , !�-�&*'  &'8$'-  ",.�&0$1"�,,$(  %�) " -'0$  !�0%�'! $ : �-�4&$�',"'  
 %&$2�+,�#  ",.�&0$1""  �   � -$2'  !�0%�'! $ , 9! %�5$-$1"�,,*3  3$&$!-'&" -"!$3  '��  
!�0%�,',- , 2"75$�"7$1"(  2 2")'  -'!5<"3  7,$+',"#  "  2&'0',,*3  -&',)�2  %�!$7$-'�'#  2* -
&$4$-*2$'0�#  !�0%�'! �0  9�'!-&�9,'&�"" , �-�4&$�',"'  ,$  9�'!-&�,,�#  !$&-'  -'!5<'��  
0' -$  5 -$,�2!"   !�0%�'! $ , $ -$!�'  &'-&� %'!-"2*  0' -  %&')*)5<"3  &$72'&-*2$,"#  
!�0%�'! $ . 
 �%&$2�+,� -",.�&0$1"�,,$(   " -'0$  6;�  %&') -$2�('-   �4�#  Web-%&"���',"' , 
,$%" $,,�'  ,$  (7*!'  %&��&$00"&�2$,"(  PHP, !�-�&�'  %&","0$'-  �-  ,"�,'��  5&�2,(   " -
-'0*  0�,"-�&",�$  -'!5<"'  &$4�+"'  %$&$0'-&* 6;�  (0�<,� -/  2*&$4$-*2$'0�#  2'-&� -
�','&$-�&�0  "   ��,'+,�#  4$-$&''#  9,'&�"" , 5&�2',/  7$&()$ $!!505�(-�&$ ,  !�&� -/  2&$-
<',"(  ��%$ -'#  2'-&��','&$-�&$ , -'!5<"'  !��&)",$-*  !�0%�'! $ ),  �3&$,('-  "3  2 4$7' 
)$,,*3 , �-�4&$�$'-  ,$   $#-'  6;�  (http://mec-vlz.comuv.com/monitor/) "�"  %'&')$'-   .�& -
0"&�2$,,*#  !�,-',-  )�(  �-�4&$�',"(  2 4&$57'& )�%��,',,�#  &'$�/,� -" . �3'0$  27$"0� -
)'# -2"(  � ,�2,*3  !�0%�,',-  ",.�&0$1"�,,�#  %�) " -'0*  6;�  %&"2')',$  ,$  &" .1. 
�$,,*'  �  -'!5<'#  2*&$4$-*2$'0�#  0�<,� -"  �','&$-�&$   ,"0$:- (  !�,-&���'&�0  ,"� -
,'��  5&�2,(   " -'0*    )$-+"!�2  "  2 2")'  HTTP 7$%&� $ POST %'&')$:- (  ,$   '&2'& . �' -
&"�)"+,� -/  %'&')$+"  )$,,*3   � -$2�('-  �),5  0",5-5 , +-�  �%&$2)$,�  2  "�5  4��/8�#  
",'&1"�,,� -"  �4A'!-$  ,$4�:)',"( . ��(  %&� 0�-&$ )$,,*3  �%'&$-�&5 )� -$-�+,�  �4*+ -
,���  4&$57'&$, 2 !�-�&*'  2*2�)"- (   .�&0"&�2$,,*'  �-+'-*  2 2")'  �&$."!�2  "�"  -'!5 -
<"3  7,$+',"#  %�!$7$-'�'# . 
 ��(  �&5%%"&�2!"  ,(-*3  )$,,*3  2 -$4�"1'  4$7* )$,,*3  6;�  %�))'&�"2$'- (   ' -
 "�,,� -/  – !$�)�#   '  ""   �%� -$2�(:- (  %��5+',,*'  �-  ,"�,'��  5&�2,(  GPS-
!��&)",$-*  -�+!"  5 -$,�2!"  6;�  "  9-�  %�72��('-  &$  0$-&"2$-/  �-)'�/,�  )$,,*'  %� �' -
,'&$1""  2 !$�)�0  0' -'  &$72'&-*2$,"(  !�0%�'! $ . 



 114 

 
  

6�4"�/,� -/  &$7&$4�-$,,���  9,'&�'-"+' !���  !�0%�'! $ , -�  ' -/  2�70��,� -/  '��  
&$72'&-*2$,"(  2 &$7�"+,*3  0' -$3 , %&�)"!-�2$�$  ,'�43�)"0� -/  5+'-$ 2 '3  -�+'!  5 -$-
,�2!"  6;�  "  �%'&$-"2,���  %�" !$  "  �-�4&$�',"(  "3  ,$  !$&-' . �"! $1"(  -'!5<'#  -�+!"  
5 -$,�2!"  !�0%�'! $  2 4$7$ )$,,*3  %&�" 3�)"-  %&" !$�)�#   0','  �'���!$1"�,,*3  !��& -
)",$- , ."! "&5'0*3  )$-+"!�0 , 5 -$,�2�',,�0  ,$  !�0%�'! '  "  %'&')$2$'0�0  ,"�,"0  
5&�2,'0  %�) " -'0*  0�,"-�&",�$    " %��/7�2$,"'0  http-7$%&� $. �$   $#-'  6;�   �7)$,$  
 -&$,"1$  �'�%�7"1"�,"&�2$,"(  (http://mec-vlz.comuv.com/maps/), %�72��(:<$(  %&� 0$--
&"2$-/  -�+!"  &$72'&-*2$,"(  6;� ,  )�4$2�(-/  -'! -�2*'  !�00',-$&""  "  �&$."+' !"'  "� -
�: -&$1""  (.�-��&$."" ) )�(  !$�)�#  -�+!" .  
 ��(  0�4"�/,*3  5 -&�# -2   &$7&$4�-$,$ %�) " -'0$  ,$���',"(  �'� ��(  )�%��,', -
,�#  &'$�/,� -"  ,$  9!&$, �$)�'-$ , !�-�&*#  �-�4&$�$'-  2 '  -�+!"  &$72'&-*2$,"(  6;�  2 
-�0  ,$%&$2�',"" , !5)$  �&"',-"&�2$,�  0�4"�/,�'  5 -&�# -2� . ;-�  %�72��('-  �'�!�  �&"', -
-"&�2$-/ (  ,$  0' -,� -" , 2 &'�"0'  &'$�/,���  2&'0',"  %��5+$( ",.�&0$1":  �  -�0 , �)'  2 
4�"�$#8"3  �!&' -,� -(3   &$,''   &$72'&-*2$� (  !�0%�'!  "  ,$ !��/!�  9..'!-"2,�  �,  
7)' /  &$4�-$� . ��)�4,$(  ",.�&0$1"(  0��'-   -$-/   5<' -2',,*0  !&"-'&"'0  %&" 2*4�&'  
�+'&'),���  0' -$  &$72'&-*2$,"(  !�0%�'! $ . 
'� ��#  .�&0"&5'- (    " %��/7�2$,"'0   " -
-'0*  )�%��,',,�#  &'$�/,� -"  Layar. �&�1'   .�&0"&�2$,"(  �'� ��(  )�%��,',,�#  &'$�/ -
,� -"  "��: -&"&5'- (  ,$  &" .2.  
 �$,,*'  �  -�+!$3  &$72'&-*2$,"(  3&$,(- (  2 ��!$�/,�#  4$7' )$,,*3  ",.�&0$1"�, -
,�#  %�) " -'0*  6;� . �$7$ 3&$,"-  !��&)",$-*  -�+'! , "3   ��2' ,*3  �%" $,"( , �&$."+' -
 !"#  0'-!" , �4�7,$+$:<"'  -�+!"  ,$  9!&$,' . �&$57'& )�%��,',,�#  &'$�/,� -"  %��5+$'-  
-'!5<"'  GPS-!��&)",$-*  %��/7�2$-'�( , %'&')$'-  "3  ,$   '&2'&  Layar.  !�-�&*#  ")',-"." -
1"&5'-  �'� ��# ,  2(7$,,*#    %��/7�2$-'�'0 , %� �$28'0  7$%&�  "  7$%&$8"2$'- 2 ��!$�/,�#  
4$7' 6;�  )$,,*'  �  -�+!$3 , ,$3�)(<"3 (  24�"7"  -�+!"  ,$3��)',"(  %��/7�2$-'�(  2 ���2� -
&',,�0  &$)"5 '  5)$�',"( . ���5+"2  ",.�&0$1":  �  -�+!$3   '&2'&  .�&0"&5'-  �'� ��# , 
0$ 8-$4"&5(  0'-!"  -�+'!  2 7$2" "0� -"  �-  &$  -�(,"(  )�  %��/7�2$-'�( , �-4"&$(  -'  -�+!" , 
!�-�&*'  %�%$)$:- 2  '�0',-  �47�&$ %&" -'!5<'#  �&"',-$1""  %��/7�2$-'�(  ,$  %�� !� -" , 
.�&0"&5(  �-�4&$�$'0*#  )�(  !$�)�#  -�+!"    ",.�&0$1"�,,*#  !�,-',- . 

 

�"�,"#  5&�2',/  
 " -'0*  

0�,"-�&",�$  
6;�  

GPS-
)$,,*'  

��!$7$,"(  
)$-+"!�2  

�&$57'& ,$  5 -&�# -2'  
�%'&$-�&$ 

�,-'&,'-  

 

HTML- �-&$ -
,"1$  0�,"-� -
&",�$   � -�( -

�$,,*'  "70'&' -
,"#  (HTTP-

7$%&�  %� GSM) 

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

Web- '&2'&   
6;�  
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�  &'75�/-$-'  %��/7�2$-'�/  52")"-  ,$  9!&$,'  5 -&�# -2$  ,$4�&  -�+'! , &$ %����', -
,*3  %� ,$%&$2�',":  �&"',-$1""  �$)�'-$ , 2 2")'  �&$."+' !"3  0$&!'&�2 , "  0��'-  %��5-
+"-/  ",.�&0$1":  %� !$�)�#  -�+!' . ;-$  ",.�&0$1"(  0��'-  4*-/  ",-'&$!-"2,�#   - %� 
<'�+!'  ,$    *�!5 ,  ��-2'- -25:<5:  0'-!' , %��/7�2$-'�/  0��'-  �-!&*-/   -&$,"15   $#-$ 
6;�    %�)&�4,�#  ",.�&0$1"'# . 
 �$7&$4�-$,,$(   %&$2�+,� -",.�&0$1"�,,$(   " -'0$  )�(  0�4"�/,���  9,'&�'-"+' !� -
��  !�0%�'! $  %�72��('-  2 &'�"0'  &'$�/,���  2&'0',"  � 5<' -2�(-/  0�,"-�&",�   � -�(,"(  
!�0%�'! $ , %&� -$ 2 " %��/7�2$,"" , ,'  7$2" "-  �-  " %��/75'0�#  �%'&$-�&�0  %&��&$00,� -
$%%$&$-,�# %�$-.�&0* , �4' %'+"2$'-  5)�4,5:  ,$2"�$1":  "  4* -&*#  )� -5%  !  )$,,*0  "  
�4�$)$'-  2* �!"0  %�-',1"$��0  0$ 8-$4"&�2$,"(  "  %�2-�&,���  " %��/7�2$,"(  )�(  ,$ -
4�:)',"(  7$ -'3,"+' !"0"  �4A'!-$0"  �:4�#   ���,� -" . �@ 0��,�  " %��/7�2$-/  !$!  
+$ -/  6;�  2 5+'4,*3  1'�(3  )�(  "75+',"(  %&",1"%�2 &$4�-*  2�7�4,�2�('0*3  " -�+,"!�2  
9,'&�"" , $ -$!�'  2 ,$5+,*3  1'�(3  )�(  &'8',"(  7$)$+  -&5!-5&,�#  "  %$&$0'-&"+' !�#  �%-
-"0"7$1""  !�0%�,',-  !�0%�'! $ . 
 
�"-'&$-5&$  
 
1. �( ",  � .� ., �$&$7�2 � .� . �$7&$4�-!$   %&$2�+,� -",.�&0$1"�,,�#   " -'0*  9,'&�'-"+' -
 !���  �4�&5)�2$,"(    " %��/7�2$,"'0  9�'0',-�2  )�%��,',,�#  &'$�/,� -"  (,$  %&"0'&' 
�$4�&$-�&,�#  5 -$,�2!"  «�'-&�-5&4",$ » "  0�4"�/,���  9,'&�'-"+' !���  !�0%�'! $ ) // �� -
2&'0',,*'  ,$5+,*'  "  �')�2$,"(  "  ",,�2$1"" . 2014. B  11 

 
 
 
���  621.314 (075.80) 
 

���� ��������  ����&�����!�  !���������  �  �����  MATHCAD 
 

� . � . 6$-2''2  

GPS-
)$,,*'  

6�4"�/,*#  �$)�'-    
4&$57'&�0 )�%�� -

,',,�#  &'$�/,� -"  

�$,,*'  
�'� ��(  

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

�$#-   6;�  
�$,,*'  �  �'� -

 ��'  6;�  

�$7$ )$,,*3    -�+ -
!$0"  &$70'<',"(  

6;�  

�$,,*'  �  -�+!$3  
&$70'<',"(  

6;�  

�'# -2"(  %��/7�2 $-'�(  

 

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

0�)'�"&�2$,"( , +-�  ,'0$��2$�,� , � �4',,� ,  2 5+'4,�0  %&�1'  ' . ��9-�05 , ,' 0�-&(  ,$  
,$�"+"'  ��-�2*3  4"4�"�-'+,*3  0�)'�'#  $ ",3&�,,�#  0$8",*  2 )&5�"3   " -'0$3  0�)' -
�"&�2$,"(  [1], )$�''   %&"2�)(- (  ,'!�-�&*'  &'75�/-$-*  "  �')�2$,"(  $ ",3&�,,���  �',' -
&$-�&$, &$4�-$:<'��  %$&$��'�/,�     '-/: , "0',,�  2  &')'  Mathcad.  �$,,*#  &'�"0  " -
%��/75'- (  2  0�<,*3  2'-&�9,'&�'-"+' !"3  5 -$,�2!$3 , 22")5 �+'2"),*3  )� -�", -2  
$ ",3&�,,�#  0$8",*    !�&�-!�7$0!,5-*0  &�-�&�0  2  &$2,',""    )&5�"0"  "3  -"%$0". 

6�)'�"&�2$,"'  -&'3.$7,�#  $ ",3&�,,�#  0$8",*  � ,�2$,�  ,$  %&"2')',""  ''  !  9!2" -
2$�',-,�#  )253.$7,�# , �40�-!"  !�-�&�#  &$ %��$�$:- (  ,$  � (3  2&$<$:<'# (  "�"  ,'%�) -
2"�,�#   )'!$&-�2�#   " -'0*  !��&)",$- .  �!&",8�-   0�)'�"  $ ",3&�,,�#  0$8",*  2 �4 -
<'%&",(-*3  �4�7,$+',"(3  %&"2')',  ,$  &" .1. 

 

 
 
�" . 1. 6�)'�/  $ ",3&�,,�#  0$8",*  2 ,'%�)2"�,�#   " -'0'  !��&)",$-  I -J 
 
�&$2,',"'  &'75�/-$-�2  0�)'�"&�2$,"(  2  &')'  Mathcad   $,$���"+,*0"  2 )&5�"3   &' -

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

 
�%" �!  �"-'&$-5&* : 
 

1. � .
 . 
'&0$, -
$�!",  6�)'�"&�2$,"'  %��5%&�2�),"!�2*3   " -'0  2 MATLAB 
6.0: �+'4,�'  %� �4"' . – ��4 .: ��&�,$  %&",-, 2001.- 320  . 

2. � . � . �$8$&", , � . � . �� -,"!�2  �&"0'&*  &$ +'-$ $2-�0$-"7"&�2$,,���  
%&"2�)$ ,$  ;�6 . � .: ;,'&��$-�0"7)$- , 1990, 324  . 
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'���������  '��!������!�  ��������  VisSim � �  ������   
(������������  ����'  

� .� . 6')2')'2$  )�1',-  !$.')&*  ��;  "  �
 , 
� .
 . �$7$!�2$   -$&8"#  %&'%�)$2$-'�/  !$.')&*  ��;  "  �
  

 
�$72"-"'  %&��&$00,*3  %&�)5!-�2  %�72��('-  2 4��''  8"&�!�0  �4A'0'  " %��/7�2$-/  

"0"-$1"�,,*'  "  �')�2$,"( , !�-�&*'  !  -�05  �'  �4�$)$:-  7,$+"-'�/,�#  ,$��(),� -/:  
%&" �4� ,�2$,""  -'3  "�"  ",*3  -'3,"+' !"3  &'8',"# . 

� %��/7�2$,"'  %&��&$00,���   &') -2$ VisSim (%$!'-  !�0%�,',-,���  2"75$�/,���  
0�)'�"&�2$,"(  ."&0*  VisualSolutions, %&'),$7,$+',,*#  )�(  &$7&$4�-!" "  0�)'�"&�2$,"(  
)",$0"!"  ,'%&'&*2,*3 , )" !&'-,*3  "  �"4&"),*3   " -'0  "  (2�('- (  �),"0  "7 ,$"4��''  
(&!"3  %&') -$2"-'�'#   " -'0 , &'$�"75:<"3  !�,1'%1":   -&5!-5&,���  0�)'�"&�2$,"(  [1]) 
%�72��('-  %&')2$&"-'�/,� , ,$   -$)""  %&�'!-,*3  &'8',"# , �1',"-/  9..'!-"2,� -/   " -' -
0*  5%&$2�',"(  -'3,����"+' !"0"  %$&$0'-&$0" %&�1'  $  %5-'0 "70',',"(   -&5!-5&*   " -
-'0* . 

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

�$  0$-&"2$'0�'  "  �')�2$,"'  � ,�2*2$'- (  ,$  %&')2$&"-'�/,�0  $,$�"7'  -'3,� -
���"+' !"3  � �4',,� -'#  %&�1'  $&'!5%'&$1""   '&*  (&" 5,�!  1) "  0$-'0$-"+' !�0  0�)' -
�"&�2$,""  9�'0',-�2   " -'0*  "  �4A'!-$  5%&$2�',"( . 
'3,����"+' !"  "  �')5'0*#  %&�-
1'    � -�"-  "7 )253  -$)"# : -'&0"+' !�#  "  !$-$�"-"+' !�# . 

 

 
 
 

�" 5,�!  1. �5,!1"�,$�/,$(   3'0$  %&�1'  $  

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

%'&$-5&$ &'$!1"�,,�#   &')*  2 � ,�2,�#  !$0'&'  ��&',"( , !�-�&$(  )�(  �%-"0$�/,���  %&�-
-'!$,"(  �!" �',"(   '&�2�)�&�) �)'&�$<"3  �$7�2 )���,$  4*-/  2 )"$%$7�,'  �-  1200 )�  
1300 °C. �-�&*0  %�!$7$-'�'0  9..'!-"2,� -"  (2�('- (  0��/,�'   ��-,�8',"'  « '&�2�)� -
&�)  – )25�!" /   '&* » ,$  2*3�)'  "7 !$-$�"-"+' !�#   -$)""  %&�1'  $ . �&"  �%-"0$�/,�0  
%&�1'  '  ��&',"(  0��/,�'   ��-,�8',"'  )���,�  4*-/  &$2,*0  )2$ !  �),�05 . 
&'-/"0  %�-
!$7$-'�'0  9..'!-"2,� -"  (2�(:- (  9,'&�'-"+' !"'  7$-&$-* ,$  � 5<' -2�',"'  %&�1'  $ , 
!�-�&*'  2!�:+$:-  &$ 3�)  2�7)53$: 15000 03/+, &$ 3�)   '&�2�)�&�) �)'&�$<"3  �$7�2: 
6000 03/+ "  &$ 3�)  0'-$,$ : 650 03/+[2]. 

�  %'&25: �+'&')/  &$  0$-&"2$'- (  2�70��,� -/  &'�5�"&�2$,"(  � ,�2,���  %�!$7$-'-
�(  9..'!-"2,� -"  – -'0%'&$-5&*  &'$!1"�,,�#   &')* . �  -'3,"+' !�#  -�+!"  7&',"(  9-$ 
2�70��,� -/   5<' -25'- , -$!  !$!   5<' -25'-  8"&�!"#  2*4�&   &') -2  $2-�0$-"7$1""  -'0 -
%'&$-5&*. ��(  &'�5�"&�2$,"(  -'0%'&$-5&*  %&" 5- -25:-  -&"  !$,$�$  2,' ',"(  &'�5�" -
&5:<"3  2�7)'# -2"# : �","(  %�)$+" 2�7)53$, �","(  %�)$+"  '&�2�)�&�) �)'&�$<"3  �$7�2 
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"  �","(  %�)$+" 0'-$,$ .  
�  %&��&$00,�0   &') -2'  VisSim &$  0$-&"2$'0$(   -&5!-5&,$(   3'0$  �),�!�,-5& -

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

 
�" 5,�!  2. 	),�!�,-5&,$(   " -'0$  &'�5�"&�2$,"(  &'$�"7�2$,,$(  2 %&��&$00,�0  

 &') -2'  VisSim 
 

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

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

0'-&$0"  %&�1'  $ . 

�"-'&$-5&$  

1. ��",$+@2  � .� ., 6�)'�"&�2$,"'   " -'0  2 %&��&$00' VisSim:  %&$2�+,$(  " -'0$  
Offline 2'& "(  1.0/� .� . ��",$+'2 . – �'�(4", ! , 2001. – 212 .$#��2 .  

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

3. 6')2')'2$  � .� ., �$7$!�2$  � .
 . «�%� �4  �1',!"  9..'!-"2,� -"   " -'0*  $2-�0$-" -
+' !���  5%&$2�',"(  %$&$0'-&$0" -'3,����"+' !���  %&�1'  $ »// ��2&'0',,$(  -'3 -
,"!$  "  -'3,����"" . – 6$&-  2014. - B 3. 

 

 

���!�������  ��&��%����!�  ���������  �� ��  ������$  �'��� -
 ����  ����$����  ��'��� �9>�!�  �''�����  !�����!��!���  

! .- ., ., )�1',-  !$.')&*  ��;  "  �
  �$2+"1  � .� . 
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")&�9�'!-&� -$,1""  (2�(:- (   -&$-'�"+' !"0"  �4A'!-$0"  ,$8'#   -&$,* , -&' -
45:<"0"  � �4���  !�,-&��(  "   2�'2&'0',,���  �4 �5�"2$,"( . �*3�)  "7  -&�(  �),���  �") -
&�$�&'�$-$ , 2 �5+8'0   �5+$' , 0��'-  %&"2' -"  !  )�"-'�/,�05  &'0�,-5  "  ,')�%��5+',":  
%&"4*�"  �-  %&�)$�"  9�'!-&�9,'&�"" , $ 2 35)8'0  - !   '&/'7,�#  $2$&"" -'3,��',,���  3$-
&$!-'&$.  

��  2 %� �'),"'  ,' !��/!�  �'- ,   %�2 '0' -,*0  2,')&',"'0  ,$  
;�  %�) " -'0  
�&5%%�2��� &'�5�"&�2$,"(  0�<,� -"  ,�2*'  &5!�2�)(<"'  )�!50',-*  5 -$,�2"�"  �' -!"'  
-&'4�2$,"(  !  4'7�-!$7,� -"  &$4�-*  �")&�$�&'�$-�2  "  !  2&'0'," , 7$-&$+"2$'0�05 ,$  5 - -
&$,',"(  ,'" %&$2,� -'# . ��9-�05   -$��  5)'�(-/ (  4��/8�'  2,"0$,"'  %&�4�'0$0  )"$�,� -
 -"!"  -'3,"+' !���   � -�(,"(  57��2  �")&�$�&'�$-�2 . 

;! %�5$-$1"�,,*#  "7,�  57��2  �")&�$�&'�$-$  ,'�$-"2,�   !$7*2$'- (  ,$  &$4�-'  
2 '��  �")&�$�&'�$-$ , %&"2�)(  !    ,"�',":  -�+,� -"  �-!&*-"(  ,$%&$2�(:<'��  $%%$&$-$ "  
%�2�&�-$  ��%$ -'#  &$4�+'��  !��' $ , &'�5�"&�2$,":  +$ -�-*  "  $!-"2,�#  0�<,� -"  �")&� -
$�&'�$-$ , ",)'! ,���  ���  �")&�$�&'�$-$ . 
$!  �'  +&'70'&,*#  "7,�  0��'-  %&"2' -"  !  2�7-
,"!,�2',":  ,'" %&$2,� -"  "�"  !   '&/'7,�#  $2$&"". �&"0'&�0  -$!�#  $2$&"" 0��,�   +" -
-$-/  $2$&":  ,$  �$(,� -�58', !�#  
;�  2 2009 ��)5 , %� �'  !�-�&�#  2 '  �")&�$�&'�$-*  4* -
�"  �4�&5)�2$,*  %�) " -'0$0"  2"4&�)"$�,� -"!" . 

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

�$  )$,,*#  0�0',-  ��-�2*3  %�) " -'0  )�(  -'3,"+' !�#  )"$�,� -"!"  57��2  
�  
%&') -$2�',�  0$��  "   "3   -�"0� -/  �+',/  2* �!$ . ��-(  2 0"&�2�#  %&$!-"!'   5<' -25'-  
4��/8�'  !��"+' -2�  0'-�)�2  )"$�,� -"!" , !�-�&*'  %&",(-�  %�)&$7)'�(-/  ,$  0'-�)*  )�(  
�4,$&5�',"(  ,'" %&$2,� -'#  "  )�(  )"$�,� -"&�2$,"(  ,'" %&$2,� -'# .  ���/8$(  +$ -/  
9-"3  0'-�)�2  �"4�   ���,$  2 &'$�"7$1"" , �"4�  -&'45'-  ,$�"+"(  4��/8���  !��"+' -2$  "7-
0'&"-'�/,�#  ",.�&0$1""  [3,4,5]. �$  �")&�$�&'�$-$3  «�5 
")&� » -$!"'  )$-+"!"  ,'  5 -$-
,$2�"2$:- ( .  


$!"0  �4&$7�0,  -$,�2"- (  $!-5$�/,�#  7$)$+" )"$�,� -"&�2$,"(  57��2  �")&�$�&' -
�$-$, " %��/75:  -��/!�   5<' -25:<"'  8-$-,*'  )$-+"!" . ��(  9-"3  1'�'#  3�&�8�  7$&'!� -
0',)�2$�   '4(  0'-�) , � ,�2$,,*#  ,$  $,$�"7'  )"$�,� -"+' !"3  !�9.."1"',-�2 , !�-�&*'  
0��,�  %��5+"-/  "7 0$-'0$-"+' !"3  0�)'�'#  )"$�,� -"&5'0���  �4�&5)�2$,"( . ��  �,  " -
%��/75'- (  -��/!�  )�(  �4,$&5�',"(  2�7,"!$:<"3  �-!��,',"# . ��9-�05  '��   �')5'-   � -
20'<$-/    )&5�"0"  0'-�)$0" , !�-�&*'  %�72��(-  �%&')'�"-/  -"% "  0' -�  ,'" %&$2,� -" . 
��(  9-"3  1'�'#  %�)3�)(-  !�,-&��/,*'  !$&-* , !�-�&*'  %�72��(:-  $,$�"7"&�2$-/  %��5+', -
,*'  !�9.."1"',-*   -$-" -"+' !"0"  0'-�)$0"  [3].  

	 ,�2,$(  -&5),� -/  2 %&"0',',"'  )$,,*3  0'-�)�2  7$!�:+$'- (  2 %��5+',""  %&"-
7,$!�2 , !�-�&*'  %�72��(-  �4,$&5�"2$-/  ,'" %&$2,� -"  2 ,'�43�)"0*3  57�$3 
� .  

�2")5  -��� , +-�  �")&�$�&'�$-  (2�('- (  -'3,"+' !"   ���,*0  �4A'!-�0 ,  � -�(<"0  
"7 �")&��','&$-�&$  "  �")&�-5&4",* , !�-�&$(   2!�:+$'-  2  '4(  &$4�+''  !��' �  "  ,$%&$2-
�(:<"#  $%%$&$-. �  &$4�-'  )�(  )"$�,� -"&�2$,"(  ,'" %&$2,� -'#  4*�"  2*4&$,  57'�  9�'! -
-&��")&$2�"+' !���  %&'�4&$7�2$-'�( ,  � -�(<"#  "7 ��$2,���  7���-,"!$  "   '&2�0�-�&$  
 " -'0*  5%&$2�',"(  �-!&*-"'0  ,$%&$2�(:<'��  $%%$&$-$. 

;-�  �45 ��2�',�  -'0 , +-�  ��  (2�('- (  2$�,*0  57��0 , %�72��(:<"0  &'�5�"&�2$-/  
0�<,� -/  2 '��  
� [2]. �&"  9-�0  )�(  
�  "   '&2�0�-�&$   5<' -25:-  5�'  $%&�4"&�2$,,*'  
0'-�)*  "3  )"$�,� -"!" , � ,�2$,,*'  ,$  $,$�"7'  !�9.."1"',-�2  "3  0�)'�'#  "   2*)'�',*  
)"$�,� -"+' !"'  %&"7,$!", %�72��(:<"'   5)"-/  �  2�70��,�0  &$72"-""  ,'" %&$2,� -'# . 
[1] 

���/8$(  +$ -/  ,'" %&$2,� -'#  2�7,"!$:<"3  2 9�'0',-$3  ;
� , ,'  %�))$'- (  2"-
75$�/,�05  �%&')'�',": , 4'7 � -$,�2!"  �")&�$�&'�$-$ . �$%&"0'& , "7,�  5%��-,',"#   2 
��$2,�0  7���-,"!'  "   '&2�0�-�&' , '��  0��,�  7$0'-"-/  -��/!�  %&" "3  ,'%� &') -2',,�0  
)'0�,-$�'    %� �')5:<'#  "3  &$74�&!�#, $ 9-�  2' /0$  -&5)�'0!"#  %&�1'  , ,'  ��2�&(  5�'  
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�  54*-!$3  2�7,"!$:<"3  %&" � -$,�2!'  �")&�$�&'�$-$ . 
$!  �'  0��'-  �!$7$-/ ( , +-�  )'0�, -
-"&�2$,,*#  57'�  " %&$2',  "  ,'" %&$2,� -/  ,$3�)"- (  2  �2 '0  )&5��0  0' -' .  

�$�"+"'   " -'0*  )"$�,� -"!"  -'3,"+' !���   � -�(,"(   %�72��"-   %&��,�7"&� -
2$-/ %�(2�',"'  ,'" %&$2,� -"  ,$  &$,,'#   -$)"" , $ -$!  �'  �%&')'�"-/  2 !$!�0  "0',,�  57�'  
"  !$!$(  ,'" %&$2,� -/  0��'-  2�7,"!,5-/ . 
$!  �'  7$  +'-  &$,,'��  �4,$&5�',"(  )'.'!-�2  "  
,'" %&$2,� -'#  %�2* "- (  ,$)'�,� -/  "  &' 5&   57��2  �")&�$�&'�$-$ , $ !$!   �') -2"'  
50',/8$'- (  2'&�(-,� -/  2�7,"!,�2',"(  �-!$7�2  "  $2$&"" �")&�$�&'�$-$  %&"2�)(<"'  !  
-(�'�*0  %� �') -2"(0 .  
 

�  )'# -25:<"3   " -'0$3  5%&$2�',"(3  �")&�$�&'�$-$0"  ,$  4$7' �
�  "	2$1"( ", $ 
� �4',,�  2  " -'0$3  5%&$2�',"(  ,'  %&�8')8"3  0�)'&,"7$1": ,  �+',/   ���,�  "�"  2��4<'  
,'  2�70��,�  �%&')'�"-/   0' -�  "  -"% %&�"7�8')8'#  ,'" %&$2,� -"  2 57�'   " -'0*  
5%&$2�',"(  �-!&*-"'0  ,$%&$2�(:<'��  $%%$&$-$, 4'7 ,'%� &') -2',,���  � -$,�2$  �")&� -
$�&'�$-$ ,   %� �')5:<"0  )'0�,-$�'0  "  &$74�&!�# %&')%��$�$'0���  57�$. ��  ,'  .$!- , +-�  
%'&2�,$+$�/,�'  %&')%����',"'  �  2�70��,�0  0' -'  "  2")'  ,'" %&$2,� -"  0����  4*-/  
2'&,*0 , -��)$  %&")'- (  %&�)���$-/  %�" !  2�7,"!8'#  ,'" %&$2,� -" , )�  -'3  %�&, %�!$ �,$  
,'  45)'-  ��!$�"7�2$,$  "  5 -&$,',$ .  

� '  9-�  2�'+'-  7$  �4�#  54*-!" ,  2(7$,,*' , ,'  -��/!�    ,')�%��5+',,�#  2*��)�#  
%&" �- 5- -2"'  2*&$4�-!"  9�'!-&�9,'&�"" , ,�  "    7$-&$-$0" ,$  &$4�-*  %� ��!$�"7$1""  "  
5 -&$,',":  ,'" %&$2,� -" . �  9-�  2 �5+8'0   �5+$' . 

�&"  35)8'0  &$72"-""   �4*-"# , �),$  ,'" %&$2,� -/  %�2�'+/  7$  �4�#  "1'%,5:  &'-
$!1": " ,'" %&$2,� -'#  2�  2 '0  �")&�$�&'�$-' , !�-�&$(  0��'-  %&"2' -"  !  !$-$ -&�."+' -
 !"0  %� �') -2"(0 . �%��-/  )�  &$7&58',"(  ��%$-�!  ,$%&$2�(:<'��  $%%$&$-$, ��%$ -'#  
&$4�+'��  !��' $  "  2*3�)5  "7  -&�(  �','&$-�&$ . 

�$�"+"'   " -'0*  -'3,"+' !���  )"$�,� -"&�2$,"'  %�72��"-  2' -"  ,$4�:)',"'  7$ 
-'3,"+' !"0   � -�(,"'0   " -'0*  5%&$2�',"(  �-!&*-"'0  ,$%&$2�(:<'��  $%%$&$-$ 4'7 
&$74�&!" ''  9�'0',-�2 , - . ' . 4'7 %�-'&/  2&'0',"  "   &') -2  ,$  &$74�&!5 "  2*(2�',"'  ,'" -
%&$2,� -'# . ;-�  +&'72*+$#,�  2$�,� , %�-�05  +-�  2 ,$ -�(<''  2&'0(  %&" �- 5- -2""  )"$� -
,� -"&�2$,"(  %�" !  ,'" %&$2,� -'#  7$,"0$'-  2  &'),'0  )�  50 % �4<'��  2&'0',"  &'0�,- -
,*3  &$4�-. 

� 3�)(  "7 $,$�"7$   5<' -25:<"3  0'-�)�2  )"$�,� -"!"  -'3,"+' !���   � -�(,"( , 
,$  4$7' �
�  «	2$1"( » 4*�  %&')���',  0$!'-   " -'0*  )�(  )"$�,� -"!"  -'3,"+' !���   � -
 -�(,"(  
�  "  �6  (�" 5,�!  1).  

;-$   " -'0$  �&�$,"75'- (  ,$  %&(0�0 %�)!�:+',""  !   " -'0'  5%&$2�',"(  
�  +'&'7 
Ethernet %� ip – $)&' 5    !�0%/:-'&$ , %�)!�:+',,���  !   '-"  �
� . �'�43�)"0*'  %$&$0'--
&*   +"-*2$:- (  2 &'$�/,�0  2&'0',"  "7  " -'0*  5%&$2�',"(  �")&�$�&'�$-�0    %�0�</:  
	�� /DDE  –  '&2'&$ .  �$�''  "70'&"-'�/,$(  ",.�&0$1"(  %'&')$'- (  2 0$-'0$-"+' !"#  %$-
!'-  MathCAD. �  MathCAD %&')2$&"-'�/,�  � 5<' -2�('- (  ."�/-&$1"(  23�),�#  "70'&" -
-'�/,�#  ",.�&0$1"" . �� �'  %&�3��)',"(  $���&"-0�2  7$<"-*  � 5<' -2�('- (  ")',-"." -
!$1"(  !�9.."1"',-�2  0�)'�'#  
�  "   '&2�0�-�&$ , &$ +'-   "�*  )'# -25:<'��  ,$   '&2�0� -
-�&   �   -�&�,*  ��  "  !�,-&��/,*3  %&')'��2  )�(   )"$�,� -"+' !"3  !�9.."1"',-�2 .  

���5+',,*'  )"$�,� -"+' !"'  !�9.."1"',-*  %'&')$:- (  2 SCADA  " -'05  
TRACE MODE (2�70��,�  " %��/7�2$,"'  "  )&5�"3  SCADA- " -'0 ) )�(  .�&0"&�2$,"(  
)"$�,� -"+' !�#  ",.�&0$1""  ,$  0�,"-�&'  &'$�/,���  2&'0'," .  
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�" 5,�!  1 – 6$!'-   " -'0*  )"$�,� -"!"  

�$7&$4�-!$  "  2,')&',"'   " -'0*  )"$�,� -"!"  57��2  5%&$2�',"(  �-!&*-"'0  ,$ -
%&$2�(:<'��  $%%$&$-$ %�72��"-  %�2* "-/  0'�&'0�,-,*#  ",-'&2$� , $ -$!  �'  5 -&$,"-  
2�"(,"'  ,'" %&$2,� -'#  ,$  ���  �")&�$�&'�$-$ , 7$  +'-   2�'2&'0',,���  "3  5 -&$,',"( . �  
)$�/,'#8'0 ,  " -'05  )"$�,� -"!"  0��,�  &$ %&� -&$,"-/  ,$  )&5�"'  57�*  �")&�$�&'�$-$ , 
.�&0"&5(  ')",5:   " -'05  )"$�,� -"!"  �")&�$�&'�$-$ . 
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,���  5%&$2�',"(  $!-"2,�#  0�<,� -/:  �")&�$�&'�$-$  
;�    %�2�&�-,� -
��%$ -,�#  -5&4",�#  // �&"4�&*  "   " -'0*  5%&$2�',"( . 2008. B  11. 

2. �&"2+',!�  
 .� . 
")&$2�"+' !"'  0$8",* : 
5&4",*  "  ,$ � * . �+'4,"!  )�(  
257�2. - 6 .:;,'&�"( , 1978. - 320 ., "� . 

3. �'#)�  ; ., 6'�  �� . 
'�&"(  �1',"2$,"(  "  ''  %&"0',',"'  2  2(7"  "  5%&$2�'-
,"" : �'& .   $,�� . - 6 .: «�2(7/ », 1976. - 496 ., "� . 

4. �"00'�/4�$5  � . 	4,$&5�',"'  "  )"$�,� -"!$  ,'%��$)�!  2 3"0"+' !"3  "  
,'.-'3"0"+' !"3  %&�1'  $3 : �'& .   $,�� .  - � .: «�"0"( », 1983. - 352  ., "� .  

5. Iserman R. Fault-Diagnosis Applications. - Berlin: Springer, 2011. - 372 page(s), 
il. 

 



 122 

������������  ������$  �����������������!�  '� ���  �� @�$&  
����#����"  �  �� #����  '� ���&��%�����  ���������  

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

	),�#  "7 ,$"4��''  $!-5$�/,*3  %&�4�'0   �2&'0',,���  0"&$ (2�('- (  �4' %'+',"'  
!$+' -2',,���  "  9!�,�0"+,���  %��"2$ , � �4',,�  � -&�#  9-$ %&�4�'0$  (2�('- (  )�(  ,$8' -
��  &'�"�,$ , �4�$)$:<'��  �$&!"0 , 7$ 58�"2*0  !�"0$-�0  ,'4��/8"0  !��"+' -2�0  � $) -
!�2  "  %� -�(,,*0"  2'-&$0"  2* 58"2$:<"0"  %�+25. �   2(7"    9-"0  ,$  -'&&"-�&""  �  !�& -
%5 $ ���� !���  ���"-'3,"+' !���  �, -"-5-$  4*�$   %&�'!-"&�2$,$  $2-�0$-"7"&�2$,,$(  
 " -'0$  %��"2$ . 

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

 
�$,''  %&" %&�2')',""  %��"2$  &5+,*0   %� �4�0  -&'4�2$�� /  %&"2�'+',"'  !  %��"25  

)�%��,"-'�/,�#  &$4�+'#  "�* , 2  2(7"    +'0  %�2*8$�" /  0$-'&"$�/,*'  7$-&$-* ,$  2* -
%�$-5 &$4�-,"!$0  7$&$4�-,�#  %�$-*  "  )�%��,"-'�/,*'  &$ 3�)*   2(7$,,*'    %'&'&$ 3�-
)�0  &' 5& �2 . �&"  ,$"4��''   �2'&8',,�0  – $2-�0$-"7"&�2$,,�0   %� �4'  5 -&$,('- (  
2�"(,"'  +'��2'+' !���  .$!-�&$  ,$  %&�1'   %��"2$ . ��2*8$'- (  9!�,�0"(  &' 5& �2  7$ 
 +@- 5+@-$ !�"0$-"+' !"3  %$&$0'-&�2 "  ��&$,"+',"(  %��"2$  %� 2&'0',"  "�"  &$ 3�)5  2� -
)* . 
$!�#  0'-�)  %�72��('-  5+"-*2$-/  )$�'  2")�2�#   � -$2  &$ -',"#  "  "3   5-�+,5:  %�-
-&'4,� -/  2 2�$�' . 	),$!�  ,')� -$-!�0  9-���  0'-�)$  (2�('- (  �- 5- -2"'  �4&$-,�#   2(7"  
�-  �4A'!-$  5%&$2�',"( , ,'2�70��,� -/  %&�!�,-&��"&�2$-/  ��$2,*#  1'�'2�#  %$&$0'-& – 
2�$�,� -/  %�+2*, +-�  2 %� �') -2""  0��'-  %&"2' -"  !  2* 58"2$,":  "�"  7$4��$+"2$,":  
7'0'�/,*3  5+$ -!�2 .  

��(  �4' %'+',"(  �4&$-,�#   2(7"  4*��  %&",(-�  &'8',"'  0�)'&,"7"&�2$-/   " -'05  
%��"2$  "   )'�$-/  ��$2,�#  1'�/:   " -'0*  5%&$2�',"(  %�))'&�$,"'  2�$�,� -"  %�+2* 2 
-&'45'0�0  )"$%$7�,'  ,'�43�)"0�0  )�(  !�,!&'-,*3  &$ -',"# . �70'&',"'  2�$�,� -"  %�+-
2*  4*��  &'8',�  %&�2�)"-/  %� "70',',":   �%&�-"2�',"(  %�+2* %'&'0',,�05  -�!5 ,   %�-
0�</:  %�&-$-"2,*3  )$-+"!�2  2�$�,� -"  %�+2*. �  %� �') -2""  %&$!-"!$ %�!$7$�$ +-�  
-$!�#  0'-�)  %�72��('-  )� -"+/  ,$"4��''  -�+,*3  "   -$4"�/,*3  )$,,*3 . �  �$4�&$-�&,*3  
5 ��2"(3  4*�  %&�2')@, &()  9! %'&"0',-�2  2 3�)'  !�-�&*3    )$-+"!�2  5 -$,�2�',,*3  2 
�4&$71* %�+2* 4*�"   ,(-*  %�!$7$,"( , %� �'  +'��  2�$�,� -/  %�+2* 2*+" �(�$ /  9! %'&" -
0',-$�/,� , �4&$71* 272'8"2$�" / , 2* 58"2$�" /  )�  %&'!&$<',"(  %�-'&"  0$  *  "  %� &$7-
,� -"  0'�)5  ,$+$�/,�#  "  0$  �#   53���  � -$-!$  4*��  ,$#)',�  !��"+' -2�  2�$�"  2 " 3�) -
,*3  �4&$71$3. �� �'  %&�2')',"(  0,���+" �',,*3  �%*-�2  "  ,$4�&$  -$-" -"!"  4*�"   �7 -
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)$,*  �&$)5"&�2�+,*'  -$4�"1* . ��  !�-�&*0  2  2�@ 2&'0(  4*�  5 -$,�2�',,*#  -&'45'0*#  
)"$%$7�,  7,$+',"#  %��5+',,*3    )$-+"!�2 . �%&$2�',"'   " -'0*  4*��  %'&',$%&$2�',�  ,$  
%�))'&�$,"'  -'!5<'��  7,$+',"(  2 -&'45'0�0  )"$%$7�,' . ;-�  %�72��"��  0$! "0$�/,�  �%-
-"0"7"&�2$-/  &$ 3�)  2�)*    5+@-�0 %�-&'4,� -'#  &$ -',"#  2 2�)' . 

 

 
�� ��%���  �������  �  ���������"  �������  '� ���  �  ����>����  

�$2+"1  � .� ., �� -",  � .� ., 	,�!���2  � .� ., ��"�$�"'2  � .� . 
 

��$��)$&(  5)$+,�05  �'��&$."+' !�05  %����',": , 2 ,$8'0  &'�"�,'  )� -$-�+,$(  
%&�)���"-'�/,� -/   2'-�2���  ),( , +-�  %�72��('-  8"&�!�  " %��/7�2$-/  ,'-&$)"1"�,,5:  
9,'&�'-"!5 , 2 +$ -,� -" , 9,'&�":   ��,1$ . 

�  ,$ -�(<"#  0�0',-  2 !�&%5 '  �  ���   0�,-"&�2$,$  $2-�,�0,$(   " -'0$  � 2'<' -
,"( . �   � -$2  )$,,�#   " -'0*  23�)(-  2  ��,'+,*3  0�)5�(  %� 60 �- , %�)!�:+',,*'  %$&$�-
�'�/,�  ( %&')5 0�-&',$  2�70��,� -/  5 -$,�2!"  )�%��,"-'�/,*3  0�)5�'# ). �%&$2�',"'  
%&��'!-�&�0 , 5 -$,�2�',,*0  ,$  !&*8'  !�&%5 $, � 5<' -2�('- (    %�0�</:  %&��&$00"-
&5'0���  &'�'  2&'0'," . � %��/75'0�'  &'�'  %�72��('-  !�&&'!-"&�2$-/  2&'0(  2!�:+',"(  "  
2*!�:+',"(  2 7$2" "0� -"  �-  %&�)���"-'�/,� -"   2'-�2���  ),( . 
$!  �'  %�$,"&5'- (  
2!�:+"-/  2  " -'05  )$-+"!  � 2'<',,� -" , +-�  �4' %'+"-  �4&$-,5:   2(7/  "  4��''  9..'! -
-"2,�'  5%&$2�',"' . �"-$,"'   " -'0*  �4' %'+"2$'-  $!!505�(-�&  '0!� -/:  200 $0%'&-
+$ �2 . 
$!  �'  2  " -'0'  %&" 5- -25'-  ",2'&-�& , %&'�4&$75:<"#  %� -�(,,*#  -�! , 2*&$4$-
-*2$'0*#   ��,'+,*0"  4$-$&'(0"  "  �-)$2$'0*#  $!!505�(-�&�0 , 2 %'&'0',,*#  !�-�&*#  
4��!  5%&$2�',"(   " -'0�#  � 2(<',"( .  


$!  �'  2 !�&%5 '  �  &$ %����',$  $2-�0$-"+' !$(   " -'0$  %��"2$ , +/"  %&'"05<' - -
2$ 7$!�:+$:- (  2 50',/8',""  &$ 3�)$  2�)* , 4��''  &$2,�0'&,�0  %��"2'  "  2* 2�4��)' -
,""  -&5)�2*3  &' 5& �2 . 
$!  �'   " -'05  %�$,"&5'- (  �4�&5)�2$-/  )$-+"!$0"  2�$�,� -"  
)�(  �4' %'+',"(  �4&$-,�#   2(7" , +-�  %�72��"-  %&�"72�)"-/  %��"2    5+'-�0  2�$�,� -"  
%�+2* "  %�-&'4,� -"  7'�',*3  ,$ $�)',"#  2�  2�$�' . 

	 ,�2,$(  ")'(  %&�'!-$  7$!�:+$'- (  2 -�0 , +-�4*  �4A')","-/  9-"   " -'0* , %��5+"2 
-'0   $0*0  $2-�,�0,5:  9,'&��  "  &' 5& � 4'&'�$:<5:  !�0%�'! ,5:   " -'05 . �"-$,"'  
 " -'0*  45)'-  �4' %'+',�   ��,'+,*0"  0�)5�(0" , &$ %����',,*0"  ,$  !&*8'  7)$,"( . 
6�<,� -/  $!!505�(-�&$  )'�$'-  2�70��,*0  �4A')",',"'  9-"3   " -'0 . �  ,$ -�(<"#  0� -
0',-  %&�'!-  ,$3�)"- (  2  -$)""  &$7&$4�-!". 

��20'<',"'   " -'0  � 2'<',"(  "  %��"2$  %�72��"-   5<' -2',,�   ,"7"-/  &$ 3�)  
9�'!-&�9,'&�"" , 7$4"&$'0�#  �-  �4<'#   '-" , !�-�&5:  2 )$,,*#  0�0',-  %�-&'4�('-   " -'0$  
%��"2$ . 
$!  �'  �4A')",',,$(   " -'0$  %�72��"-  0$! "0$�/,�  " %��/7�2$-/  %�-',1"$�  
 ��,'+,*3  0�)5�'# , +-�  �4' %'+"-  %� -�(,,*'  1"!�*  7$&()$ "  &$7&()$ $!!505�(-�&$ , +-�  
%�72��"-/  9! %�5$-"&�2$-/  '��  ,$  %�&()�!  )��/8' . 

� %'8,$(  &'$�"7$1"(  )$,,���  %&�'!-$  %�72��"-  2,')&(-/  $2-�,�0,*'   " -'0*  %�-
�"2$  (� 2'<',"( ) 2 ��&�) !�'  3�7(# -2� , +-�  �-!&�'-  2�70��,� -"  )�(   5<' -2',,�#  9!� -
,�0""  05,"1"%$�/,*3  &' 5& �2 , $ -$!  �'   ,"7"-  %�-&'4�',"'  9�'!-&�9,'&�""  "  ,$�&57!5 
,$  ��&�) !5:  9�'!-&� '-/ . 

�� !��/!5   " -'0$  $2-�,�0,$ , -�  2'&�(-,� -/  ,$&58',"(  ,�&0$�/,�#  &$4�-*   " -
-'0*  2 �') -2"'  $2$&"" 2  '-"  (,$%&"0'&: �4&*2  !$4'�( ) !&$#,'  0$�$. �$&58',"'  &$4�-*  
 " -'0*  %��"2$  2�70��,�  -��/!�  %&" �- 5- -2""  %� -5%�',"(  2�)* . 	),$!�  "  9-$ %&�-
4�'0$  0��'-  "0'-/   2�'  &'8',"' . ��70��,�  %&')5 0�-&'-/   %'1"$�/,*'  &'7'&25$&*, ,$  
 �5+$#  $2$&"". �&"  ,$�"+""  -$!"3  &'7'&25$&�2  " -'0$  45)'-  $4 ��:-,�  ,'7$2" "0$  �-  
2,'8,"3  .$!-�&�2  (" !�:+$(  50*8�',,�'  ,$,' ',"'  2&')$, 2$,)$�"70 ). 
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����&"-0"+' !�'  "  %&��&$00,�'  �4' %'+',"'  !�,-&���'&$  (2�('- (  2$�,'#8'#  

+$ -/:   �7)$,"(  ,$)@�,*3  "  9..'!-"2,*3  ���  
� . �  &$0!$3 )�!�$)$  �4&$<$'- (  2," -
0$,"'  ,$  2$�,� -/  %��,�1',,�#  4"4�"�-'!"  $���&"-0�2   �2&'0',,*3  !�,-&���'&�2 . �$ -
4�-$    4"4�"�-'!�#  !�,-&���'&$  �'0"!�,- 1 � -130 (� -130) "  $,$�"7  4"4�"�-'!  )&5�"3  !�, -
-&���'&�2  %�!$7$� ,'�43�)"0� -/   �2'&8', -2�2$,"(  9-"3  4"4�"�-'! .  �"4�"�-'!$  $��� -
&"-0�2  !�,-&���'&$  � -130 [9] 3�&�8�  %&�)50$,$, %�9-�05  27(-$ 7$ � ,�25 .  �  )�!�$)'  
%&�2�)"- (  $,$�"7  ,' !��/!"3  -"%�2*3  $���&"-0�2  "  )$:- (  &'!�0',)$1""  %� "3   �2'& -
8', -2�2$,": . ;-"  $���&"-0*  )���,*  23�)"-/  2  � -$2  4"4�"�-'!   �2&'0',,*3  !�, -
-&���'&�2 . �&')�$�$'0*#  %�)3�)  $,$�"7$  "  0�)"."!$1""  $���&"-0�2  %&"0',"0  "  !  )&5-
�"0  $���&"-0$0 , !�-�&*'  2 )$,,�#  &$4�-'  ,'  &$  0$-&"2$:- ( . 
  �$)$+$ $2-�&$ 7$",-'&' �2$-/  "  54')"-/  �-'+' -2',,*3  &$7&$4�-+"!�2 2 ,'�43� -
)"0� -"   �2'&8', -2�2$,"(  %&��&$00,���  �4' %'+',"(  �-'+' -2',,*3  %&�0*8�',,*3  
!�,-&���'&�2  [14].  

Algorithms and software of the controller is the most important part of creating a safe and 
effective process control systems. Within the article draws attention to the importance of the full 
library of algorithms for modern controllers. Working with the library controller Remicont R- 
130 and analysis of libraries of other controllers showed the need to improve these libraries. 
ALGLIB controller R- 130 is well thought out, so is taken as a basis. The article analyzes several 
typical algorithms, makes recommendations for their improvement. These algorithms are useful 
to include in the library of modern controllers. The proposed approach is the analysis and modi-
fication of algorithms applicable to other algorithms, which are not discussed here. 
The author's task to interest and convince local developers of the need to improve domestic in-
dustrial software controllers. 

��:+'2*'   ��2$ : $���&"-0"+' !�'  "  %&��&$00,�'  �4' %'+',"'  !�,-&���'&�2 , ,$ -
)@�,� -/  %&��&$00,���  �4' %'+',"( ,  �2'&8', -2�2$,"'  4"4�"�-'!  $���&"-0�2  !�,-&�� -
�'&�2 . 
Keywords: algorithmic and software of controllers, reliability of the software, improvement of 
libraries of algorithms of controllers. 
 

�&"   �7)$,""  ,�2�#  4"4�"�-'!"  )���,*   �4�:)$-/ (  ,'!�-�&*'  �4<"'  %����',"( , 
%&",1"%* %� -&�',"(  $���&"-0�2 : ')", -2$  �4�7,$+',"#  $,$���"+,*3  .5,!1"# , !�0$,) , 
%'&'0',,*3 ; ')", -2$  ,50'&$1"#  "  �4�7,$+',"# , $,$���"+,*3  %�  5-"  23�)�2  "  2*3�)�2  
2 &$7,*3 $���&"-0$3  ( -&5!-5&,$(   �20' -"0� -/ ); %� 50��+$,":  )���,*  5 -$,$2�"2$-/ -
 (  -$!"'  7,$+',"(  %$&$0'-&�2, !�-�&*'  ,$"4��''  2'&�(-,* , +$ -�  " %��/75:- (  "   ���$ -
 5:- (   �  7)&$2*0  0* ��0 ; %&�7&$+,� -/  $���&"-0�2  (- .' . )���,*  4*-/  ,'  -��/!�  23�)*  
2*3�)* , $  $0  $���&"-0  %&'�4&$7�2$,"(  ",.�&0$1"" ), 0","050  ,$ -&�'!  %&" &$4�-'    
$���&"-0�0  "  !�,-&���'&�0 , !$�)*#  !�,!&'-,*#  $���&"-0  )���',  &$7&$4$-*2$-/ (   
5+@-�0 27$"0�)'# -2"(  '��    )&5�"0"  $���&"-0$0"  (- .' .   5+@-�0 %� -&�',"(   " -'0  !�, -
-&��(  "  5%&$2�',"( ). ���,�-$  4"4�"�-'!" : 4"4�"�-'!$  %��/7�2$-'�(  )���,$  %�!&*2$-/  
%&')�$�$'0*'  0'-�)*  
�� , &'$�"7�2*2$-/  &$7�"+,*'  0'-�)* , %&')�$�$'0*'  0$-'0$-" -
!�# . �$%&"0'& , !$+' -2',,$(  �4&$4�-!$   -$-" -"!"  2 &'�"0'  &'$�/,���  2&'0',"  "  %�-
 -&�',"'  &$7�"+,*3  0�)'�'# . 

�&"  &$7&$4�-!' 4"4�"�-'!"  $���&"-0�2  !�,-&���'&�2   '&""  «��,-&$ - » �� -300, �� -
500 &$7&$4�-+"!" %�%*-$�" /  5 �2'&8', -2�2$-/  4"4�"�-'!5  $���&"-0�2  !�,-&���'&$  � -
130. ��    -�+!"  7&',"(  $2-�&$  -$-/"  &()  5 �2'&8', -2�2$,"# , !   ��$�',": , ,'  2 �5+85:  
                                                 
1 ��,-&���'&  � -130 27(- 7$ � ,�25 , -$!  !$!  2 ,@0 )� -$-�+,�  %��,$(  4"4�"�-'!$  $���&"-0�2  3�&�8�  %&')-
 -$2�',$ , 3�-(  -��'  -&'45'-  "70',',"#  "  )�%��,',"# .  
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 -�&�,5 . ��(   &$2,',"( , %&"2�)(- (   -&5!-5&$ $���&"-0$  "7 4"4�"�-'!"  !�,-&���'&$  �' -
0"!�,-  � -130, !$!  ' -/ , 4'7 "70',',"# . �!$7*2$:- (  ,')� -$-!" , %� �'  +'��  %&"2�)"- (  
 -&5!-5&$ $���&"-0$  %� �'  0�)"."!$1""  (,$  5&�2,'  23�)* , 2*3�)* ). �-$2"- (  1'�/  �   �7 -
)$,""  9..'!-"2,�#  4"4�"�-'!"  $���&"-0�2 , ,'  %�2-�&(:<'#  « -$&*' » �8"4!" , .$!-"+' -
 !"  &'+/  ")@- �  &$7&$4�-!' ,�2���  �-'+' -2',,���  !�,-&���'&$  ,$  4$7' !�,-&���'&�2  �' -
0"!�,- [12]. �&'�)'  +'0  %'&'#-"  !  $,$�"75  �-)'�/,*3  $���&"-0�2%&"2�)"- (   -$,)$&- -
,*#  �� -&'�5�(-�& . �  %�!$7*2$'- ( , !$!  �-  !$+' -2$  $���&"-0�2 , 23�)(<"3  2  � -$2  &'�5 -
�(-�&$ , 7$2" "-  !$+' -2�  &'�5�"&�2$,"(  4��/8", -2$  ���  
� . �� -&'�5�(-�&  +$ -�  " -
%��/75:-  )�(  5%&$2�',"(  &$7�"+,*0"  %&�1'  $0" .  

�&��&$00$   -$,)$&-,���  �� -&'�5�(-�&$  %&') -$2�',$  ,$  &" .1 ,$  (7*!'  .5,!1"� -
,$�/,*3  $���4��!�2  (FBD). ����&"-0*  ��� , ���  "  ���   � -$2�(:-  � ,�25  �� -
&'�5�(-�&$ . 	 ,�2,*'  $���&"-0*  �� -&'�5�(-�&$  �-0'+',*  &"0 !"0"  1".&$0" : I, II "  III. 
�&�2')@0  $,$�"7  9-�#   -&5!-5&*  "  $���&"-0�2 , %&')���"0  2$&"$,-*   �2'&8', -2�2$,"(  
 -&5!-5&*  "  $���&"-0�2  �� -&'�5�(-�&$ . �  +$ -,� -" , )�(  %&$!-"+' !�#  &'$�"7$1""  2 �� -
&'�5�(-�&'  ,'�43�)"0�  %&')5 0�-&'-/  )�%��,"-'�/,*#  $,$�"7  23�),�#  "  2*3�),�#  ", -
.�&0$1""  &'�5�(-�&$ , +-�   5<' -2',,�  %�2*8$'-  ,$)@�,� -/  &'�5�(-�&$ . �-&5!-5&$  &'-
�5�(-�&�2  %�2*8',,�#  ,$)@�,� -"  %�)&�4,�  &$  0�-&',$  2 &$4�-$3 [13, 15].  

 

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

 
�$ 8".&�2!$  " %��/75'0*3  2 %&��&$00' $���&"-0�2 : ���  - 22�)  $,$����2*3   "�,$��2  %� 
�&5%%' � , ���  - $���&"-0  .�&0"&�2$,"(  7$)$,"( , ���  – $���&"-0 , &'$�"75:<"#  ���  - 
&'�5�(-�&  $,$����2*#   -$,)$&-,*# , ���  - $���&"-0  &5+,���  5%&$2�',"( , ���  - $,$���� -
2*#  2*2�)   "�,$��2  5%&$2�',"( , 	�	  – $���&"-0  �%'&$-"2,���  !�,-&��(  ",.�&0$1""  ,$  
�"1'2�#  %$,'�"  &'�5�"&5:<'#  0�)'�"  !�,-&���'&$ . �"0 !"0"  1".&$0"  I, II, III �4�7,$ -
+',*  $���&"-0* ,  � -$2�(:<"'  � ,�25  &'�5�(-�&$ . Xi - 7,$+',"'  &'�5�"&5'0�#  %'&'0', -
,�# . �7),  - 7$)$,"'  &'�5�(-�&5  ",��)$  ,$7*2$:-  5 -$2!�# . KU – 2*3�),�'  7,$+',"'  &'�5 -
�(-�&$  (2 %&"&$<',"" ). U-$4 ��:-,�'  7,$+',"'   "�,$�$  &'�5�"&�2$,"( , 2*)$2$'0�'    
!�,-&���'&$  ,$  " %��,"-'�/,*#  0'3$,"70 . ���''  %�)&�4,$(  &$ 8".&�2!$  23�),*3  "  2* -
3�),*3   "�,$��2  !$�)���  $���&"-0$  %&"2�)"- (  ,"�' . 

����&"-0  ���   ,$4�',  %'&'!�:+$-'�'0  2")$  7$)$,"( ,   %�0�</:  !�-�&���  0��,�  
2*4"&$-/  �)",  "7 -&'3  2")�2  7$)$,"( : &5+,�' , %&��&$00,�'  "�"  2,'8,'' . �&"  $2-�0$-" -
+' !�0  5%&$2�',""   "�,$�  7$)$,"(  5 -$,$2�"2$'- (  �%'&$-�&�0  2&5+,5: ; %&" %&��&$00-
,�0  7$)$,""  – 7$)$,"'  "70',('- (  2�  2&'0',"  %� 7$)$,,�#  %&��&$00', !�-�&�'  .�&0"&5 -
'- (  2 $���&"-0'  %&��&$00,���  7$)$,"(  (��� ); %&" 2,'8,'0  7$)$,""   "�,$�  7$)$,"(  �"4�  
.�&0"&5'- (  2,5-&"  !�,-&���'&$    %�0�</:  )&5�"3  $���&"-0�2 , �"4�  %� -5%$'- ,$  23�)  
�2,  $���&"-0$  ���  (+'-2@&-*# 23�) ) "72,'  +'&'7 1'%" $,$����2���  23�)$ , �"4�  %� -5%$'- 
"72,'  %� ��!$�/,�#   '-" . 
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���  – $���&"-0 ,   %�0�</:  !�-�&���  &'�5�(-�&  �-!�:+$'- ( . �'�5�"&�2$,"'  2')@- (  2 
&'�"0'  &5+,���  "�"  )" -$,1"�,,���  5%&$2�',"( . �&"  )" -$,1"�,,�0  5%&$2�',""   "�,$� , 
5%&$2�(:<"#  " %��,"-'�/,*0  0'3$,"70�0 , 0��'-  �"4�  .�&0"&�2$-/ (  !$!"0" -�"4�  $� -
��&"-0$0"  (%�0"0�  � ,�2,���  ��� ) 2,5-&"  !�,-&���'&$ , �"4�  %� -5%$-/ "72,' , ,$%&"-
0'& , %� ��!$�/,�#   '-"  "�"    2'&3,'��  5&�2,( . 

����&"-0  .�&0"&�2$,"(  7$)$,"(  &'�5�(-�&5  ��� , !�)  24, %&') -$2�',  ,$  &" .2. �  $� -
��&"-0'  ���  .�&0"&5'- (  7$)$,"'  &'�5�(-�&5 . 

�  %�0�</:  %'&'!�:+$-'�(  2")$  7$)$,"(  2*4"&$'- (   �)",   "7  -&'3  2")�2  7$)$,"( : 
&5+,�'  7$)$,"'  �� , %&��&$00,�'  7$)$,"'  ��  "�"  2,'8,''  7$)$,"'  �� .  

	4&$-"0  2,"0$,"'  ,$  "70',',"(  � ,�2,*3  $���&"-0�2 , !�-�&*'  %�2* (-  !$+' -2�  
�� -&'�5�(-�&$ .  �  $���&"-0'  ���  22')',*  "70',',"( : 22')',*  !�0$,)*  %'&'!�:+',"(  ,$  
2,'8,''  "  %&��&$00,�'  5%&$2�',"' , 50',/8',  0�)"."!$-�&  !��"+' -2$  .5,!1"#  %&�-
�&$00,���  &'�5�"&�2$,"( , "70',@,  $���&"-0  )",$0"+' !�#  4$�$, "&�2!"  "�"  %�$2,���  
%'&'3�)$    �),���  7$)$,"(  ,$  )&5��' . �&�%�&1"�,$�/,$(  +$ -/  &'�5�(-�&$  .�&0"&5'-  2 
 -5%',+$-�'  2�7)'# -2"' , +-�  0��'-  %&"2' -"  !   &*25  %�$0',"    ��&'�!"  %&" 5%&$2�',""  
�$7�2*0"  %'+$0" "�"  !  �")&$2�"+' !"0  5)$&$0 %&" &'�5�"&�2$,""  %�-�!�2  �")!� -" . 
 

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

 
� 4  - %&"7,$! 4'75)$&,���  %'&'3�)$    &5+,���  5%&$2�',"(  ,$  $2-�0$-"+' !"#  &'�"0  (-$!  
,$7*2$'0$(   -$-"+' !$(  4$�$, "&�2!$ ). �)4  - %&"7,$! %�$2,���   %'&'3�)$    �),���  7$)$-
,"(  ,$  )&5��'  (%&"7,$! )",$0"+' !�#  4$�$, "&�2!" ). V)4  –  !�&� -/  )",$0"+' !�#  4$-
�$, "&�2!"  (%/ ). ��  – &5+,�'  .�&0"&�2$,"'  7$)$,"(  &'�5�(-�&5 . ��  – 2,'8,''  7$)$,"' . 
��  – %&��&$00,�'  7$)$,"' . � 22,  – !�0$,)$  %'&'3�)$  ,$  2,'8,''  7$)$,"' , �2,  -  "�,$�  
2,'8,'��  7$)$,"( .  �%&� - !�0$,)$  %'&'3�)$  ,$  %&��&$00,�'  7$)$,"'  (� %&,1 – 23�)  %'&2���  
%&��&$00,���  7$)$-+"!$). �  ,$8'0   �5+$'   :)$  %�)$:-   "�,$�  7$)$,"(    2*3�)$  $���&"- -
0$ ��� . Y7),  – 2*3�)  $���&"-0$ , 7,$+',"'  7$)$,"( , !�-�&�'  %� -5%$'- ,$  %'&2*# 23�)  $� -
��&"-0$  ���  2 !$+' -2'  7$)$,"( . D&5+ – %&"7,$! &5+,���  .�&0"&�2$,"(  7$)$,"( , D2,  - 
                                                 
2 ��0$,)*  �2,  "  �%&�- %&')���',*  $2-�&�0 . 
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%&"7,$! 2,'8,'��  .�&0"&�2$,"(  7$)$,"( , D%&� - %&"7,$! .�&0"&�2$,"(  7$)$,"(  %� %&�-
�&$00' , N%&� – ,�0'&  %&��&$00*, %� !�-�&�#  45)'-  .�&0"&�2$-/ (  7$)$,"'  &'�5�(-�&5 . 

�'&'7  $���&"-0  ���  !  &'�5�(-�&5  %�)!�:+$'- (  -$!�'  %&��&$00,*'  7$)$-+"!"  �%& 
"�"   "�,$�  2,'8,'��  7$)$,"(  �2, . �  %�0�</:  %'&'!�:+$-'�(  2")$  7$)$,"(  2*4"&$'- (   
�)",   "7  -&'3  2")�2  7$)$,"( : &5+,�'  7$)$,"'  �� , %&��&$00,�'  7$)$,"'  ��  "�"  2,'8,''  
7$)$,"'  �� .  �'!�-�&*'  %�( ,',"(  %� &$4�-'  $���&"-0$  ��� . �$+,@0   4'75)$&,���  %�)-
!�:+',"(  &'�5�(-�&$  !  	� .  

�,$+$�'  &$  0�-&"0  %'&'3�)  &'�5�(-�&$  "7 &5+,���  &'�"0$  2 $2-�0$-"+' !"# . �  &5+-
,�0  &'�"0'  &'�5�(-�&  �-!�:+@, . ��(  4'75)$&,���  %'&'3�)$  "7 &5+,���  &'�"0$  2 $2-�0$-
-"+' !"#  2 !�,-&���'&'  � -130 5 -$,$2�"2$:- [9] %&"7,$!  -$-"+' !�#  4$�$, "&�2 -!" . �&" -
7,$!   -$-"+' !�#  4$�$, "&�2!"  7$)$@- ( !�0$,)�#  � 4 =1 %� %'&2�05 23�)5  $���&"-0$  
��� . �  !�,-&���'&$3  �'0"!�,  � -130 -$!�#  &'�"0  .�&0"&�2$,"(  7$)$,"(  &'�5�(-�&5  ,$ -
72$,  -$-"+' !�#  4$�$, "&�2!�# .  �$72$,"'  2*4&$,�  &$7&$4�-+"!$0",   0�'#  -�+!"  7&'-
,"( , ,'  5)$+,�' . ;-�-  %&"7,$! �5+8'  ,$72$-/ %&"7,$!�0  4'75)$&,���  %'&'2�)$    &5+,���  
&'�"0$  &$4�-*  2 $2-�0$-"+' !"#  &'�"0 .  

�  )" -$,1"�,,�0  "�"  &5+,�0 3 &'�"0' , - .' . !��)$  &'�5�(-�&  �-!�:+$'- ( , 2 $���&"-0'  
���  2!�:+$'- (  &'�"0   �'�',"( , %&" !�-�&�0  �7),  = Xi, -�  ' -/   "�,$�  7$)$,"(  �- �' -
�"2$'-  7,$+',"'  &'�5�"&5'0�#  %'&'0',,�# . �  0�0',-  %'&'!�:+',"(  2 $2-�0$-"+' !"#  
&'�"0  2'�"+",$  &$  ���$ �2$,"(  %&$!-"+' !"  &$2,$ ,5�:  (e=�7),  —� iL0). ��9-�05  ,$  
2*3�)'  $���&"-0$  ���  2 9-�-  0�0',-   "�,$�  &'�5�"&�2$,"(  ,'  "70',('- (  KU=0. ���� -
�',"'  " %��,"-'�/,���  0'3$,"70$  (�6 ) � -$@- (  ,'"70',,*0 . 
$!�#  %'&'3�)    &5+,���  
&'�"0$  ,$  $2-�0$-"+' !"#  ,$7*2$:-  4'75)$&,*0 . � �"  � 4 =0, -�  2 &5+,�0  &'�"0'  2 $� -
��&"-0'  ���  ,"!$!���   �'�',"(  ,'  %&�" 3�)"- (7$)$,"'  ,'  0',('- ( ). �  9-�0   �5+$'  2�7-
0��,*  5)$&*  %&" %'&'3�)'  &'�5�(-�&$  2 $2-�0$-"+' !"#  &'�"0 .  

�$  0�-&"0  &'8',"'  2�%&� $ 4'75)$&,� -"  %&" %'&'3�)'  "7 $2-�0$-"+' !���  &'�"0$  
&$4�-*  2 &5+,�#  &'�"0  &$4�-* . �&"  �-!�:+',""  &'�5�(-�&$   "�,$�  &'�5�"&�2$,"(  ,$  2* -
3�)'  $���&"-0$  ���   �3&$,('- (  ,'"70',,*0 ,  �')�2$-'�/,� , "  %����',"'  �6   �3&$,( -
'- (  ,'"70',,*0 , - .' . %'&'!�:+',"'  � 5<' -2�('- (  4'75)$&,� . �  9-�0   �5+$'  4'75)$&-
,� -/  �4' %'+"2$'-  $���&"-0  ��� .  


$!"0  �4&$7�0, �4' %'+"2$'- (  4'75)$&,*#  %'&'3�)  2 �4�"3  ,$%&$2�',"(3 :   &5+,���  
,$  $2-�0$-"+' !"# , " , ,$�4�&�- ,   $2-�0$-"+' !���  2 &5+,�#  &'�"0  &$4�-* . 

�5<' -25'-  '<@ �)",  0�0',-  %&" %&$!-"+' !�#  &'$�"7$1""  &'�5�(-�&$ : %&" &$4�-'  2 
$2-�0$-"+' !�0  &'�"0'  (&'�"0   -$4"�"7$1"" ) 2 4��/8", -2'   �5+$'2  %'&'3�)    �),���  
7$)$,"(  ,$  )&5��'  )���',  � 5<' -2�(-/ (  %�$2,� . 
��(  9-���  2 $���&"-0'  ���  %&')5 0�-&',  )&5��#  %&"7,$!, %&"7,$! )",$0"+' !�#  4$�$, -
 "&�2!"  �)4 . ��&&'!-,''  4*��  4*  '��  ,$72$-/ %&"7,$! %�$2,���  %'&'3�)$    �),���  7$)$-
,"(  ,$  )&5��'  [13-15]. �!�&� -/  %'&'3�)$    �),���  7$)$,"(  ,$  )&5��'  7$)$@- ( %'&'0',,�#  
V)4 . �!�&� -/  )",$0"+' !�#  4$�$, "&�2!"  "�"   !�&� -/  %'&'3�)$    �),���  7$)$,"(  ,$  
)&5��'  �4�7,$+$'- (  V)4 . �!�&� -/  "70',',"(  7$)$,"(  5 -$,�2�',$  2 %/ . �$%&"0'& , �%' -
&$-�& "70',"�  7$)$,"'   !$+!�0    40 ,$  60. � �"  V)4  =5, -�  9-�  7,$+"- , 7$)$,"'  &'�5�(-�&5  
"70',"- (  ,'   !$+!�0 , $ %�$2,� , 8$�$0" : ,$+",$(    40, +'&'7 �),5   '!5,)5  45)'-  45, '<@ 
+'&'7  '!5,)5  50 "  -$!  )$�''  )�  60. �   ��$�',": , 2 !�,-&���'&'  � -130, &'�"0  )",$0"+' -
 !�#  4$�$, "&�2!"  &'$�"7�2$,  ,'   �2 '0  -$! .  

��%&� 5  4'75)$&,*3  %'&'!�:+',"#  5)'�"�  2,"0$,"'  "  ;,)&:  �$&& [16,  .204-206]. 
��   5-"  9-�  -�  �'   $0�' , ,�  &'$�"7$1"( , ,$  0�#  27��() ,  ���,''  "  ,'  -$!  �+'2"),$ . 

����&"-0  ���  (&" . 3)  (2�('- (  � ,�2,*0  2  -&5!-5&'  &'�5�(-�&$  (&" .1). ����&"-0  
" %��/75'- (  %&" %� -&�',""  ��� -&'�5�(-�&$    $,$����2*0  2*3�)�0 . 

                                                 
3 �$72$,"'  &5+,�#  &'�"0 , %&",(-�'  2 )�!50',-$1""  ,$  !�,-&���'&  � -130, ,'!�&&'!-,� . �  &5+,�0  &'�"0'  2 
,$8'0   �5+$'  5%&$2�',"'  %&�"72�)"- (  ,$  &$  -�(,"" (!�,-&���'&  ,$3�)"- ( , �4*+,� , 2 �%'&$-�&,�# ), - .' . 
)" -$,1"�,,� . ��  -$!  !$!  �-)'�/,�  %&')5 0�-&',  )" -$,1"�,,*#  &'�"0  &'�5�"&�2$,"( , -�  9-�-  &'�"0  &$7-
&$4�-+"!"  ,$72$�"  &5+,*0 . 
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�5,!1"�,$�/,$(    3'0$  $���&"-0$  ���   �)'&�"-  ,' !��/!�  72',/'2 : ."�/-& ,  500$ -
-�& , 7�,$  ,'+52 -2"-'�/,� -" ,  $0  ��� -&'�5�(-�&  "  72',�  ��&$,"+',"(    "�,$�$  &'�5�" -
&�2$,"(  %� 0","0505  "  0$! "0505 . �2',� ,  �%&')'�(:<''    "�,$�   &$  ���$ �2$,"( , $� -
�'4&$"+' !"   500"&5'-   )2$  23�),*3    "�,$�$ :  "�,$�  7$)$,"(  "  -'!5<''  7,$+',"'  &'�5 -
�"&5'0���  %$&$0'-&$. �,$+',"'  &'�5�"&5'0���  %$&$0'-&$ 0��'-  0$ 8-$4"&�2$-/ (  "  
."�/-&�2$-/ ( . �"�,$�  &$  ���$ �2$,"(  (4'7 5+'-$ ."�/-&$ ) 2 i-*#  0�0',-  2&'0',"  &$2',  
e1i = X7),  - K0 * X i.  

�7'�  $2-�,$ -&�#!"  !�9.."1"',-�2  &'�5�(-�&$ : �%, 
"  "  �) . �&"  )" !&'-,�0   "�,$�'  
,$  23�)'  �,$  = 1 $���&"-0  ���  %'&'3�)"-  2 &'�"0  ,$ -&�#!"  "  2 7$0!,5-�0  !�,-5&'  &'-
�5�"&�2$,"(  5 -$,$2�"2$:- (  $2-�!��'4$,"( .  �$&$0'-&*  9-"3 !��'4$,"#  ($0%�"-5)$  "  
%'&"�) ), !�-�&*'  !�,-&��"&5:- (  ,$  2*3�)'  Ye, " %��/75:- (  )�(  �%&')'�',"(  %$&$0'--
&�2 ,$ -&�#!" . ��(  4��/8", -2$  �4A'!-�2  ,'.-'3"0""  "  ,'.-'%'&'&$4�-!" , �4A'!-�2  
9,'&�'-"!"  %'&"�)"+' !"'  2�705<',"(  ,')�%5 -"0* , %�9-�05  )$,,*#  0'-�)  ,$ -&�#!"  
!�9.."1"',-�2  &'�5�(-�&$  ,$  9-"3  �4A'!-$3  ,'  " %��/75'- ( . �$  &" . 3 %&') -$2�',$  
 -&5!-5&$ 0�)"."1"&�2$,,���  $���&"-0$  ��� . 
 

 
�" . 4 - �-&5!-5&$  $���&"-0$  ���  

 
� 1 – 23�)  7$)$,"( .  � 2 – 7,$+',"'  &'�5�"&5'0�#  2'�"+",* . �0  – !�9.."1"',-  0$ 8-$4" -
&�2$,"( .  
.  - %� -�(,,$(  9! %�,',1"$�/,���  ."�/-&$ .  D�  – 7�,$  ,'+52 -2"-'�/,� -" .  
�% – !�9.."1"',-  %&�%�&1"�,$�/,� -" .  
"  – 2&'0(  ",-'�&"&�2$,"( .  �)  – !�9.."1"',-  
)"..'&',1"&�2$,"( . Xmin, Xmax – ��&$,"+',"(   "�,$�$  &'�5�"&�2$,"(  %� 0","0505  "  
0$! "0505 . Y – 2*3�)  &'�5�(-�&$ .  Ye - 2'�"+",$  &$  ���$ �2$,"(  (e1).  e1 – &$  ���$ �2$ -
,"'  )�  7�,*  ,'+52 -2"-'�/,� -" . M2 – 2'�"+",$  &$  ���$ �2$,"(  %� �'  7�,*  ,'+52 -2" -
-'�/,� -" . � D�  – %&"7,$! (!�0$,)$ ) $2-�0$-"+' !�#  �1',!"  2'�"+",*  7�,*  ,'+52 -2" -
-'�/,� -"  (� �"  � D� =1, -�  2'�"+",$  7�,*  ,'+52 -2"-'�/,� -"  D�  �%&')'�('- (  $2-�0$-" -
+' !"  2 &'$�/,�0  0$ 8-$4'  2&'0'," . � �"  � D� =0 – 7�,$  ,'+52 -2"-'�/,� -"  ,'  !�&&'!-" -
&5'- ( ). �  -  –!�0$,)$  � -$,�2$  "70',',"(  ",-'�&$�/,�#   � -$2�(:<'# , C 4& – !�0$,)$  
 4&� $  ",-'�&$�/,�#   � -$2�(:<'# . Dmax, Dmin – %&"7,$! 2*3�)$   "�,$�$  &'�5�"&�2$ -
,"(  "�"  7$ 2'&3,::  �&$,"15  (Xmax) "�"  7$ ,"�,::  �&$,"15  (Xmin). ����&"-0  45)'-  
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%&$2"�/,�  &$4�-$-/ , -��/!�  ' �"  � max > � min. D,$  – %&"7,$! -��� , +-�  &'�5�(-�&  ,$3� -
)"- (  2 &'�"0'  ,$ -&�#!" . 

�&"  �%&')'�',""  !�9.."1"',-�2  &'�5�(-�&$  (,$ -&�'! ) �'�$-'�/,�  " %��/7�2$-/  
!$!  $!-"2,*'  (2�7)'# -2"'  -"%$ &$72@&-!"), -$!  "  %$  "2,*'  0'-�)*  ,$ -&�#!" . ��(  2* -
3�)$  "7 &'�"0$  ,$ -&�#!"  %&"7,$! )���',  %&"&$2,"2$-/ (  !  ,5�:  $2-�0$-"+' !" , %� �'  
,$ -&�#!"  &'�5�(-�&$ , "�"  �%'&$-�&�0  (�,$  = 0). �&"  9-�0  )���,*  3&$,"-/ (  ,$ -&�#!"  
)�(  &$7,*3 &'�"0�2  &$4�-*  "  $2-�0$-"+' !"  2*4"&$-/ (    "70',',"'0  &'�"0$  &$4�-*  
	� . D,$  - %&"7,$! &'�"0$  ,$ -&�#!"  &'�5�(-�&$  (D,$ =1 – ")@- ,$ -&�#!$ , D,$ =0 ,$ -
 -&�#!$  �-!�:+',$  ). 
  ��,$  ,'+52 -2"-'�/,� -"  �+',/  2$�,$  %&" &'$�"7$1""  &'�5�(-�&$ . �   ��$�',": , 2 
,'!�-�&*3  4"4�"�-'!$3   �2&'0',,*3  !�,-&���'&�2  �,$  �- 5- -25'- . 
 � �"  0�)5�/  2'�"+",*  &$  ���$ �2$,"(  0',/8'  7�,*  ,'+52 -2"-'�/,� -" , -�  ,$  
23�)  &'�5�(-�&$  )���,�  %� -5%$-/ ,5�'2�'  7,$+',"'  &$  ���$ �2$,"( . �  9-�0   �5+$'  " -
%��,"-'�/,*#  0'3$,"70  ,'  "70',('-   2�'��  %����',"( . �  !�,-&���'&'  � -130 0�*-�+  &$ -
 ���$ �2$,"(   &$2,"2$'- (    %���2",�#  7�,*  ,'+52 -2"-'�/,� -" . 
$!"0  �4&$7�0, 7�,$  
,'+52 -2"-'�/,� -"  " !�:+$'-  ,$%&$ ,5:  &$4�-5 &'�5�(-�&$  %� �-&$4�-!'   �5+$#,*3  "  
0$�*3  &$  ���$ �2$,"# . 	+',/  2$�,�  %&$2"�/,�  5 -$,�2"-/  2'�"+",5  7�,*  ,'+52 -2" -
-'�/,� -"  (DX). �'�"+",$  7�,*  ,'+52 -2"-'�/,� -"  7$2" "-  �-  %��&'8,� -"  "70'&"-'�/ -
,���  !$,$�$  "  0��'-  4*-/  �1',',$  %� .�&05�' : DX » 3s " , s "  - %��&'8,� -/  "70'&"-'�/,� -
��  !$,$�$  Y1. �,$+$�'  %��&'8,� -/  "70'&"-'�/,���  !$,$�$  0��'-  �1',"2$-/ (  %� %$ -
%�&-,*0  )$,,*0  5 -&�# -2  "70'&"-'�/,���  !$,$�$  "  7�,$  ,'+52 -2"-'�/,� -"  7$)$'- (  
%��/7�2$-'�'0  2 ')","1$3  &'�5�"&5'0�#  2'�"+",* . � -&�# -2$0"  "70'&"-'�/,���  !$,$�$  
0��5-  4*-/ : )$-+"! , ,�&0"&5:<"#  %&'�4&$7�2$-'�/ , �=� . �&�0'  -��� , 5+"-*2$:-  0'-� -
)"+' !5:  %��&'8,� -/  %��5+',"(  )' (-"+,���  +" �$ . �'�"+",$  7�,*  ,'+52 -2"-'�/,� -"  
,'  7$2" "-  �-  &$  ���$ �2$,"( . ��(  �1',!"  7�,*  ,'+52 -2"-'�/,� -"  2 &'�"0'  &'$�/,���  
2&'0',"  &$  +"-*2$:-   &'),'!2$)&$-"+' !�'  �-!��,',"'  %� &'�5�"&5'0�05  %$&$0'-&5 "  
' �"  �,�  4��/8'  %��&'8,� -"  "70'&"-'�/,���  !$,$�$  s " , -�  %&" �1',!'  7�,*  ,'+52 -2" -
-'�/,� -"  4'&@- (  &'),'!2$)&$-"+' !�'  �-!��,',"' . ����&"-0  .�&0"&�2$,"(  2'�"+",*  
&$  ���$ �2$,"(   &'�5�(-�&5  %&" ,$�"+""  7�,*  ,'+52 -2"-'�/,� -"  %&"2�)"- (  ,"�' . 

	4�7,$+"0  2'�"+",5  &$  ���$ �2$,"(  )�  7�,*  ,'+52 -2"-'�/,� -"  &'�5�(-�&$  +' -
&'7 e1, $ %� �'  7�,*  ,'+52 -2"-'�/,� -"  +'&'7 e2 (&" .3). �,$+',"'  e2 %� -5%$'- 2 &'�5�( -
-�& . � �"  0�)5�/  &$  ���$ �2$,"(  e1 0',/8'  7�,*  ,'+52 -2"-'�/,� -"  DX, -�  2 &'�5�(-�&  
%� -5%$'- &$  ���$ �2$,"'  e2, &$2,�'  ,5�: . 
 .' ., ' �"  ½e1i½= £ DX, -�  e2=0. � �"  
½e1i½>DX, -�  2'�"+",$   e2  �')5:<"0  �4&$7�0:  e2= (½e1i½-DX) sign(e1). Sign(e1) – .5,! -
1"(  7,$!$.  �  �'0"!�,-'  � -130 0�)5�/  2'�"+",*  &$  ���$ �2$,"(   &$2,"2$'- (    %���2" -
,�#  7�,*  ,'+52 -2"-'�/,� -" . 

�$)$,"'  &'�5�(-�&5  0��'-  "70',(-/ (  %� !$!�05 -�"4�  7$!�,5 . �  9-�0   �5+$'  "0''0  
%&��&$00,*#  &'�5�(-�& . �$!�,  "70',',"(  7$)$,"(  0��,�  &'$�"7�2$-/  2 2")'  !5 �+,� -
�",'#,�#  $%%&�! "0$1"" . 
$!�#  $���&"-0  ,$72$, %&��&$00,*0  7$)$-+"!�0  (8".&  $��� -
&"-0$ ��� , !�)  — 27).  �$  &" . 4 %&') -$2�',$  0�)"."1"&�2$,,$(   -&5!-5&$ $���&"-0$  
��� . 
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�" . 5 �-&5!-5&$  $���&"-0$  ���  

 

 1 "  Y1 – !��&)",$-*  %'&2�# -�+!" , Tm "  Ym – !��&)",$-*  %� �'),'#  -�+!" , Y – 

� ,�2,�#  2*3�) . �$ 8".&�2!$   23�),*3  "  2*3�),*3   "�,$��2  %&"2�)"- (  2 -$4�"1' . 

����
,�
  27�*,57  ���,
��2  
�����/0
  '��  

��0'&   
23�)$  

	4�7,$+',"'  �$7,$+',"'  

1 �% ��0$,)$  %5 ! 7$)$-+"!$ 
2 � -  ��0$,)$   -�%  7$)$-+"!$ 
3 � 4&  ��0$,)$   4&�  7$)$-+"!$ 
4 N%2- �" ��  %�2-�&',"#  %&��&$00* 
5 Yo �$+$�/,�'  7,$+',"'  7$)$,"(  
6 T1 ��"-'�/,� -/  %'&2���  5+$ -!$  
7 Y1 	&)",$-$  %'&2���  5+$ -!$  
8 T2 ��"-'�/,� -/  2-�&���  5+$ -!$  
9 Y2 	&)",$-$  2-�&���  5+$ -!$  
·   ·   ·  ·   ·   ·  ·   ·   ·    
2m+4 Tm ��"-'�/,� -/  m-��  5+$ -!$  (%� �'),'��  5+$ -!$) 
2m+5 Ym 	&)",$-$  m-��  5+$ -!$  

����
,�
  257�*,57  ���,
��2  
�����/0
  '��  

1 Y �*3�)  7$)$-+"!$ (� ,�2,�#  2*3�) ) 
2 Ti ��"-'�/,� -/  &$4�-*  7$)$-+"!$   0�0',-$  %5 !$ 
3 N5+ ��0'&  -'!5<'��  5+$ -!$  
4 T� -  	 -$28'' (  2&'0(  )�  !�,1$  -'!5<'��  5+$ -!$  
5 D!%2 ��,'1  -'!5<'��  %�2-�&',"(  %&��&$00* 
6 N� -  	 -$28'' (  +" ��  %�2-�&',"#  %&��&$00* 
7 D% �&��&$00$  ,$3�)"- (  2  � -�(,""  %5 ! 
8 D -  �&��&$00$  ,$3�)"- (  2  � -�(,""   -�%  
9 D 4& �&��&$00$  ,$3�)"- (  2  � -�(,""   4&�  
10 D!% �&"7,$!  �!�,+$,"(  &$4�-*  %&��&$00* 

 
�   5<' -25:<'#  2'& ""  $���&"-0$  !5 �+,� -�",'#,�#  .5,!1""  !��&)",$-*  � "  �  

7$)$:- (  2 %&"&$<',"(3 . �&"  &$4�-'  $���&"-0$  "7 4"4�"�-'!"  $���&"-0�2  !�,-&��/  2&'-
0',"  �-  ,$+$�$ &$4�-*  %&��&$00,���  &'�5�(-�&$  �- 5- -25'- . 



 131 

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

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

N5+ – ,�0'&  5+$ -!$ .  

	),"0  "7 � ,�2,*3  $���&"-0�2  !�,-&���'&$  (2�('- (  $���&"-0  -$#0'&$ (
6� ). �  ,' -
!�-�&*3  !�,-&���'&$3  "0''- (  %5-$,"1$ 2 ,$72$,"(3 : �),�2"4&$-�&  "�"  $���&"-0  7$%$7-
)*2$,"(  ,$7*2$:-  -$#0'&�0 . �$  0�-&"0  $���&"-0  -$#0'&$ "7 4"4�"�-'!"  !�,-&���'&$  
� -130, �-0'-"0  '��  ,')� -$-!"  "  %&')���"0  0�)"."1"&�2$,,*#  $���&"-0 . ����&"-0  
"0''-  !�)  81 "  8".&  
6� . �$  &" . 6 %&') -$2�',$   -&5!-5&$ " 3�),���  $���&"-0$ . 

 

 
�" . 7 – �-&5!-5&$  " 3�),���  $���&"-0$  


6�  
�" .8 – �-&5!-5&$  $���&"-0$  
6�  %� �'  0� -

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

 m - 7,$+',"'  %�&���2���  7,$+',"(  2-�&���  ,5�/ -�&�$,$ . 
  – -'!5<''  2&'0(  -$#0'&$, D1 – 
)" !&'-,*#  2*3�)  %'&2���  ,5�/ -�&�$,$ , D2 -  )" !&'-,*#  2*3�)  2-�&���  ,5�/ -�&�$,$ , Dm 
-  )" !&'-,*#  2*3�)  m-��  ,5�/ -�&�$,$ , 
  – -'!5<''  2&'0(  -$#0'&$. 



 132 

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

$#0'&  2 $���&"-0'  
6�  �)", . �  7$2�) !�0  2$&"$,-' , !$!  -��/!�  %&��&$00$   
6�  7$�&5-
7"- (  2 	�� , -�  $���&"-0  
6�  ,$+",$'-  &$4�-$-/   &$75, - .' . '��  ,'  ,$)�  %5 !$-/ . �-�&$(  
�8"4!$    -�+!"  7&',"(   " -'0�-'3,"!"  "  " %��/7�2$,"(  '��    ���"+' !"0"  $���&"-0$0" . 
�$+'0  )�(  )$,,���  $���&"-0$  2-�&� -'%',,*#  2*3�)  -'!5<'��  2&'0',"  -$#0'&$ 2*)$2$-/  
%� %'&2�05 2*3�)5 ? ;-�  %&"2�)"-  !   0'<',":  ,$  ')","15  %&" !�,."�5&"&�2$,""  ( 0 . 
&'$�"7$1":  1"!���&$00  [17]). �&��&$00" - , %&" %&��&$00"&�2$,""  %&"!�$),�#  7$)$+", 
,$3�)"- (  2 %� -�(,,�0  ,$%&(�',"" . �&�2')@0  $,$�"7  "  %&') -$2"0  &'75�/-$-  0�)"." -
!$1""  $���&"-0$  
6� .  �$  &" .7 %&') -$2�',  -�-  �'  -$#0'&    %�&���2*0"  9�'0',-$0" , ,�  
,' !��/!�  0�)"."1"&�2$,,*# . ��:
2�
,
  ��0
,*
  '-��  �� . �  9-�0   �5+$'  -$#0'&   $0  
,'  ,$+",$'-  &$4�-$-/ , $ -��/!�  %� �'  %�)$+" !�0$,)*  �5 ! . �70',',$  ,50'&$1"(  "  2* -
3�),*3   "�,$��2 . �*3�)    -$#0'&$ (-'!5<''  2&'0(  -$#0'&$) �%5<',  2 !�,'1  (m+1 – 2* -
3�) ). �&"  -$!�#  &'$�"7$1""  $���&"-0$   -$,'-  %&�<'  "  ,$��(),''  %&��&$00$, 50',/8$- (  
�8"4!"  %&" %&�'!-"&�2$,""  "  9! %�5$-$1""  %&��&$00,���  �4' %'+',"( .  

�  $���&"-0'  ��
  !�0$,)$  �5 !  ,'  ,5�', , -$!  !$!   $0  %�  '4'   +@-+"! ,'  ,$+",$'-  
 +"-$-/ . �+@-+"!  ,$+",$'-  &$4�-$-/ , -��/!�  !��)$  %�(2�(:- (  ,$  23�)'  "0%5�/ * , %�9-� -
05 !�0$,)$  %5 ! �- 5- -25'- . ��0$,)$  �-�%  � -  "  !�0$,)$  �4&�  � 4&  %'&'0'<',*  
22'&3 (&" .9). ;-�  %�72��('-   �3&$,(-/  ')",��4&$7"'  2  -&5!-5&'  $���&"-0�2 , �)'  " %��/ -
75:- (  !�0$,)*  %5 !,  -�%  "   4&� . �$  &" . 8 "  9 &$  0$-&"2$:- (   -&5!-5&*  $���&"-0$  
 +@-+"! ��
 . 

 

 
�" . 9 - � 3�),*#  $���&"-0  ��
  �" . 10 - ����&"-0  ��
  %� �'  0�)"."!$ -

1""  
� -  – !�0$,)$   -�% , � 4&  – !�0$,)$   4&� , �4  – 23�)   +@-+"!$ ,$  52'�"+',"' , �0  – 23�)  
 +@-+"!$ ,$  50',/8',"' , No – ,$+$�/,�'  7,$+',"'   +@-+"!$, N1 – 7,$+',"'  %�&���2���  
7,$+',"(  %'&2���  ,5�/ -�&�$,$ , N2 – 7,$+',"'  %�&���2���  7,$+',"(  2-�&���  ,5�/ -�&�$,$ , 
Nm - 7,$+',"'  %�&���2���  7,$+',"(  2-�&���  ,5�/ -�&�$,$ . N – 7,$+',"'   +@-+"!$, D1 – 
)" !&'-,*#  2*3�)  %'&2���  ,5�/ -�&�$,$ , D2 -  )" !&'-,*#  2*3�)  2-�&���  ,5�/ -�&�$,$ , 
Dm-  )" !&'-,*#  2*3�)  m-��  ,5�/ -�&�$,$ . 

�$  0�-&"0  $���&"-0  �),�2"4&$-�&  	��  (&" .10). �  " 3�),�0  $���&"-0'  0�)"." -
!$-�&  �- 5- -25'-  "  �- 5- -25'-  !�0$,)$   -�% . 
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�" . 11 � 3�),*#  $���&"-0  	��  �" . 12 -6�)"."1"&�2$,,*#  $���&"-0  	��  

�% – !�0$,)$  ���� , � -  – !�0$,)$   -�% , � 4&  – !�0$,)$  ���	� , 
  – 2&'0( , �%&')' -
�(:<''  )�"-'�/,� -/  "0%5�/ $ . D – 	�� , 
"  – -'!5<''  2&'0(  %&�)���"-'�/,� -"  "0 -
%5�/ $. ����&"-0  	��  -��'  )���',  "0'-/  0�)"."!$-�&  m, !$!  9-�  &'$�"7�2$,�  2 !�, -
-&���'&'  �� -300. �$  &" . 11 %&') -$2�',$   -&5!-5&$ 0�)"."1"&�2$,,���  $���&"-0$  	�� . 
�
�:7�*�0�  ���2
��/+  
�����/05  �.  :�:���/
��  ��,/����
�
 , ��
�*
  1
0  �7  �� -
���+.�2
/+  2 �����
00
7  �  ���/
0
7 , ���:
,,�  *��  �:A
�/�2  ��254
,,�	  ��
�,��/� .  
�$%&"0'& , �4  �8"4!'  2 &$4�-'  $���&"-0$  	��  "7 4"4�"�-'!"  $���&"-0�2  !�,-&���'&$  � -
130, 5!$7*2$�� /  2 %� �4"" [19].  �$  &" .12 %&') -$2�',$   -&5!-5&$ $���&"-0$  05�/-"2"4 -
&$-�& (6�� ) )�  0�)"."!$1"" . �$  &" .13 — %� �'  0�)"."!$1"" . 
 

  
�" 5,�!  13 �-&5!-5&$  $���&"-0$  6��   �" . 14 – ����&"-0  6��  %� �'  0�)"."!$1""  

�$  &" . 14 %&') -$2�',  $���&"-0  ",-'�&"&�2$,"(  (��
 ) )�  0�)"."!$1"" , ,$  &" . 15 —
%� �'  0�)"."!$1"" . 

  

�" 5,�!  15 �-&5!-5&$  $���&"-0$  ",-'�&" -
&�2$,"(  

 �" 5,�!  16 �-&5!-5&$  $���&"-0$  ��
  %� �'  
0�)"."!$1""  

�  – ",-'�&"&5'0$(  2'�"+",$ , 
"  – 2&'0(  ",-'�&"&�2$,"( , �,$+  – !�0$,)$  5 -$,�2!"  
,$+$�/,���  7,$+',"(  ,$  2*3�)'  ",-'�&$-�&$ , �,$+  – ,$+$�/,�'  7,$+',"' , �%�&  – %�&��� -
2�'  7,$+',"' . � �"  2*3�),�'  7,$+',"'  ",-'�&$-�&$  45)'-  4��''  %�&���2���  7,$+',"(  
�%�& , -�  ,$  )" !&'-,�0  2*3�)'  $���&"-0$  5 -$,�2"- (  ���"+' !$(  ')","1$  (D=1). �&"  
�,$+ =1 ,$  2*3�)'  ",-'�&$�$  5 -$,$2�"2$'- (  ,$+$�/,�'  7,$+',"'  �,$+ , - .' . Y=�,$+ . �$  
&" .15 2 $���&"-0  ��
  )�4$2�',*  )2'  !�0$,)* : !�0$,)$  �-�%  (� - ) "  !�0$,)$  �4&�  ", -
-'�&$�$ . ��  !�0$,)'  �-�%  7,$+',"'  ",-'�&$�$  «7$0�&$�"2$'- ( », - .' . ",-'�&$�  %&'!&$<$'- 
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"70',(-/ ( . ��  !�0$,)'  �4&�  7,$+',"'  ",-'�&$�$   4&$ *2$'- (  )�  7,$+',"(  �,$+ . �$  
2*3�)'  $���&"-0$  )�4$2�',  %&"7,$! D -  � -$,�2$  "70',',"(  ",-'�&$�$ .  

�$  &" .16 %&') -$2�',  $���&"-0  �	�  ( �5�/ -�&�$, ), !�-�&*#  0��'-  " %��/7�2$-/ (  2 
4��!'   "�,$�"7$1"" [18]. �  �),�0  $���4��!'  0��'-  4*-/  )�  )' (-"  $���&"-0�2  �	� . �$� -
)*#  $���&"-0  �	�  "0''-  %(-/ 23�)�2  "  )2$ 2*3�)$ . �$,,*#  $���&"-0  ,$&'!$,"#  ,'  "0' -
'- . �  4"4�"�-'!'  $���&"-0�2  ��� -150 $���&"-0$  �	�  ,'- , !$!  "  )&5�"3  $���&"-0�2 , $,$-
�"7"&5'0*3  2 )$,,�#   -$-/' . �� , 2  &')'   CoDeSys  "0''- (  2�70��,� -/   �7)$,"(   2�"3  
$���&"-0�2  (4��!�2 ) ,$  �:4�0  (7*!'  %&��&$00"&�2$,"( , ,$%&"0'&, ,$  (7*!'  CFC "�"  ST. 
�  !$+' -2'  %&"0'&$ ,$  &" .17 %&') -$2�',  $���&"-0  �	� 4 ,$  (7*!'  CFC   .5,!1"(0"  
$,$���"+,*0"  $���&"-05  �	�  !�,-&���'&$  � -130. �$�"+"'  0�)"."!$-�&$  2  &')'  CoDe-
Sys ,'  %&')5 0�-&',� . �&') -$2�',,$(   %&��&$00$ $���&"-0$  �	�  &'$�"7�2$,$  2  &')'  
CoDeSys ()�(  !�,-&���'&�2  ��� -150, ��� -154).  

 

 
�" . 17 �-&5!-5&$  $���&"-0$  �	�  

 
� 1,1 – %'&2*#  "�,$�  %'&2���  ,5�/ -�&�$,$ , � 2,1 – 2-�&�#   "�,$�  %'&2���  ,5�/ -�&�$,$ , � � ,1 - 
2'&3,((  �&$,"1$  (�
 ). � 6 ,1 - ,"�,((  �&$,"1$  (�
 ). D�  – 2'�"+",$  �" -'&'7" $  7$)$@- ( 
" 3�)(  "7 %��&'8,� -"  "70'&"-'�/,���  !$,$�$ . D1,1 "   D2,1 – %'&2*# "  2-�&�#  )" !&'-,*#  
2*3�)  %'&2���  ,5�/ -�&�$,$ . 

                                                 
4 �$,,$(  %&��&$00$ &$7&$4�-$,$ %&'%�)$2$-'�'0  ���� !���  %��"-'3,"+' !���  ", -"-5-$  �5&1'2*0  � .
 .  
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�" 5,�!  18 �&��&$00$  �	� -�&�$,$  ,$  (7*!'  CFC 

 
signal – -'!5<''  7,$+',"'   "�,$�$ , vg – 2'&3,((  �&$,"1$ , ng-,"�,((  �&$,"1$ ,  gist – 

2'�"+",$  �" -'&'7" $ , wg - )" !&'-,*#  %&"7,$! ,$&58',"(  2'&3,'#  �&$,"1* ,  vng - )" -
!&'-,*#  %&"7,$! ,$&58',"(  ,"�,'#  �&$,"1* . GT - 9�'0',-   &$2,',"(  -'!5<'��   "�,$�$  
signal   2'&3,'#  �&$,"1'#  (,$  2*3�)'  9�'0',-$  .�&0"&5'- (  )" !&'-,*#   "�,$� , ' �"  
23�),�#   "�,$�   -$,�2"- (  4��/8'  5 -$,�2�',,�#  �&$,"1* ). LT – 9�'0',-   &$2,',"(   "� -
,$�$    ,"�,'#  �&$,"1'#  (,$  2*3�)'  9�'0',-$  LT .�&0"&5'- (  )" !&'-,*#   "�,$� , ' �"  
23�),�#   "�,$�   -$,�2"- (  0',/8'  5 -$,�2�',,�#  �&$,"1* ). RS – -&"��'& . �,$���"+,5:  
%&��&$005 0��,�  %��5+"-/  "  2  &')'  PC WORX ()�(  ,'0'1!"3  !�,-&���'&�2  0�)'�"  ILC 
130). 
 ��')5'-  �-0'-"-/ , +-�  5 4��/8", -2$  !�,-&���'&�2  2' /0$   �$4*'  $���&"-0*   -$ -
-" -"+' !�#  �4&$4�-!"   "�,$��2 . 6$��  5)'�('- (  2,"0$,"(  $���&"-0$0  &'�&'  "�,,���  
$,$�"7$ , �1',!"  !�9.."1"',-�2  !�&&'�(1"" , !�&&'�(1"�,,*3  .5,!1"# , $���&"-0$0   %'! -
-&$�/,���  $,$�"7$ . ='�' ��4&$7,�  "0'-/  2�70��,� -/  � 5<' -2�',"(  ,$ -&�'!  &'�5�(-� -
&�2 &$7�"+,*0"  0'-�)$0"    5!$7$,"'0  $���&"-0$  ,$ -&�#!"  (2 0'-�)"+' !"3  1'�(3  "  2 
1'�(3  2�70��,���   �2'&8', -2�2$,"(  %&')���',,*3  &$7&$4�-+"!�0  $���&"-0�2 ). �" -' -
0*  0�)'�"&�2$,"(  )���,*  5+"-*2$-/  � �4',,� -"  !�,!&'-,���  !�,-&���'&$  (-�+,� -/  
7$)$,"(  %$&$0'-&�2 "  ,$ -&�'! , 2&'0(  1"!�$  "  )&.). 

 �' !��/!�   ��2  �  5 -$,�2!'  7,$+',"#  %$&$0'-&�2 %� 50��+$,": . �,
1
,��  �
�
 -
0
/��2  �  ,
�/��
�  ��  -0��1
,�<  *���,5  .
*
2
/+��  /
��0� , ��/��5
  ,
�:��

  1
� -
/�  �����+.-</�� , ��/��5
  ,
�:��

  2
���/,5 . �&�2')@0  !&$-!"#  $,$�"7  $���&"-0�2  
	�	  "  ��� . ��(  �-�4&$�',"(  ",.�&0$1""  ,$  �"1'2�#  %$,'�"  &'�5�"&5:<'#  0�)'�"  
!�,-&���'&$  �'0"!�,-  � -130 %&')5 0�-&',   $���&"-0  �%'&$-"2,���  !�,-&��(  (	�	 ). 6� -
)"."!$-�&  m 2 $���&"-0'  	�	  ,'   2(7$,    !��"+' -2�0  $���&"-0�2  2 �),�0  $���4��!' , $ 
" %��/75'- (  )�(  5 -$,�2!"  &'�"0�2  &$4�-*  &'�5�(-�&$  (,"�'  %&"2')',$  +$ -/  -$4�"1* ). 
�$7$�� /  4* ,  �')�2$��  4*  5 -$,�2"-/  7,$+',"'  0�)"."!$-�&$  &$2,*0  03. 	),$!�  &$7&$-
4�-+"!"  5 -$,�2"�"  %� 50��+$,":  ,��/ . ��9-�05  !$�)*#  &$7 %&" 2*7�2'  $���&"-0$  	�	  
,$)�  ,'  7$4*2$-/ %� -$2"-/  0�)"."!$-�&  &$2,*#  -&@0. � �"  � -$2"-/  0�)"."!$-�& , &$2-
,*#  ,5�: , -�  &'�"0  2,'8,'��  7$)$,"(  "  &'�"0  )" -$,1"�,,���  5%&$2�',"(  45)5-  ,'  
)� -5%,*  %&" &'$�"7$1""  �� -&'�5�(-�&$ . �&� -�  -$!  "70',"-/  0�)"."!$-�&  ,'�/7( , %�-
-&'45'- (  5)$�"-/  9-�-  4��!    $���&"-0�0  	�	 . �  5)$�',"'0  $���4��!$  5)$�(:- (  "  2 '  
 2(7" . �� �'  2*7�2$ )$,,���  $���&"-0$  "  5 -$,�2!"  ,�2���  0�)"."!$-�&$  %&"3�)"- (  



 136 
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2) �$7&$4�-+"!  $%%$&$-,�-%&��&$00,���  �4' %'+',"(  !�,-&���'&�2  )���',  %&")'&�" -
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.�&0$1"" . 
9) 
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*  "   -$,)$&-*  ,'  )���,*  (2�(-/ (   )'&�"2$:<"0  .$!-�&�0  &$7&$4�-+"!$0 ,� -
2���  0$-'0$-"+' !���  �4' %'+',"(  !�,-&���'&�2 . 
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�&'�)' , +'0  " %��/7�2$-/  $���&"-0*  "  %&��&$00* )�(  �4A'!-�2  %�2*8',,�#  
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5 �$  " !�:+',"'0   2(7"    ��	  "  -� , 9-�  )���,�  )'�$-/ (  ,$  ,�2�0  !�,-&���'&'  $2-�0$-"+' !" . 
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�" -'0$  $2-�0$-"+' !���  5%&$2�',"(   '-'2*0"  ,$ � $0"  )�(  !�-'�/,�#   -$,1""  

%&'),$7,$+',$  )�(  %�))'&�$,"(  -&'45'0���  )$2�',"(  2 2�)�%&�2�),�#   '-" . 	 ,�2,�#  
7$)$+'# -$!�#   " -'0*  5%&$2�',"(  (2�('- (  2*4�&  "  �4� ,�2$,"'  2!�:+',"( /2*!�:+',"(  
,5�,���  +" �$   '-'2*3  ,$ � �2  ,$  �%&')'�',,�#  0�<,� -" , +-�4*  �4' %'+"-/  -&'45'0�'  
)$2�',"'  2  '-"  "  0$! "0$�/,�'  ���  2 '#   " -'0* . �&"  9-�0  ,'�43�)"0�  �4' %'+"2$-/  
0$! "0$�/,*#   &�!  4'7$2$&"#,�#  9! %�5$-$1""   '-'2*3  ,$ � �2 . 

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

�'&2*#   %� �4  9-�  &$2,�0'&,�'  &$ %&')'�',"'  ,$�&57!"  0'�)5  �&5%%�# �)",$!� -
2*3  ,$ � �2 , !��)$  ,$  !$�)*#  ,$ �  %�)$@- ( �)",$!�2�'  5%&$2�(:<''  2�7)'# -2"' , 7$-
2" (<''  �-  -&'45'0���  )$2�',"(  2  '-" . �&"  9-�0  !$�)*#  ,$ �  0��'-  &$4�-$-/  �-  0"," -
0$�/,�#  )�  0$! "0$�/,�#  ,$�&57!" . 
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'-  %� �'),"#  ,$ � , ,$  !�-�&*#  %�)$@- ( 5%&$2�(:<''  2�7)'# -2"' , 7$2" (<''  �-  9-���  
)$2�',"( . 

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

– %'&2*#  %� �4  5%&$2�',"(  &'$�"75'- (  ��&$7)�  %&�<' , ,�  �,  ,'  5+"-*2$'-  ",)" -
2")5$�/,*'  3$&$!-'&" -"!"  !$�)���   '-'2���  ,$ � $ ; 

– %&" %'&2�0  %� �4'  %&" ,"7!�0  -&'45'0�0  )$2�',""  2�)*  2  '-"  45)5-  &$4�-$-/  
2 '  ,$  �+',/  ,"7!�0  ��� , +-�  %&"2�)"-  !  %&'�)'2&'0',,�05  "7,� 5  ,$ � �2  "  �4<'0  
,"7!�05  ���  &$4�-*  2 '#  !�-'�/,�#   -$,1"" ; 

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

– %&" 2-�&�0   %� �4'  2�70��,*   �5+$" , !��)$  %� �'),"#  ,$ �  &$4�-$'-  ,$  ,' -
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$!"0  �4&$7�0, "  �')5'0*'   5<' -25:<"'   %� �4*  5%&$2�',"(  �4�$)$:-  &()�0  
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6$-'0$-"+' !"'  0�)'�"   " -'0  5%&$2�',"(  %� -&�',*  2 2")'   500*  2*&$4$-* -
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�  %�0�</:  &$7&$4�-$,,���   %� �4$  5%&$2�',"(  0��,�  0�)'&,"7"&�2$-/   5<' - -
25:<"'   " -'0*  !�-'�/,*3   -$,1"# , !�-�&*'  " %��/75'-  +" ��  ,$ � �2  ,'  4��''  10. �&"  
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���� !"#  %��"-'3,"+' !"#  ", -"-5-  (."�"$� ) ����

�  

 
�&��&$00*  5%&$2�',"( ,  2(7$,,*'     2*%��,',"'0  -'3  "�"  ",*3  �%'&$1"# 2 -'+',""  

�%&')'�',,���  %&�0'�5-!$  2&'0'," , 0��5-   �5�"-/  ,$��(),*0  %&"0'&�0  2$&"$-"2,� -"  
%&",(-*3  &'8',"#  )�(   -5)',-�2 , -��/!�  ,$+",$:<"3  � 2�',"'  %&��&$00"&�2$,"(  %&�-
0*8�',,*3  !�,-&���'&�2 . 	),�2&'0',,� ,   %�0�</:  )$,,*3  %&��&$00, 0��,�  �45+$-/  
$7$0 %&��&$00"&�2$,"( , "  %$&$��'�/,�  )'0�, -&"&�2$-/  2�70��,� -"  &'8',"(  7$)$+ 
&$7�"+,*0"   %� �4$0"  "    %�0�</:  &$7�"+,*3  (7*!�2  %&��&$00"&�2$,"( . �$0$(  %&�-
 -$(  7$)$+$, %�,(-,$(  �:4�05   -5)',-5 , $ 9-�-  0�0',-  �+',/  2$�',  )�(  �45+',"(   -5)', -
-�2  7$�+,�#  .�&0*  �45+',"( , 2')/  -$0 ,5�,�  %&�)'0�, -&"&�2$-/  0$-'&"$�  2  �$-*'  
 &�!"   '  "�,,*3  ,$+"-�! , 9-�  7$)$+$ %� -'%',,���  �",'#,���  52'�"+',"(  !$!�# -�"4�  
2'�"+",* .  �  "0',,�    &'8',"(  9-�#  %&� -�#  7$)$+" "  ,$+",$:- (   $0*'  %'&2*'  7$)$,"(  
,$  �$4�&$-�&,*3  &$4�-$3. ��(  ,$+$�$ " %��/75'- (  CFC, !$!  �&$."+' !"  ,$��(),*# . �$  
 $0�0  )'�' , 9-$ 7$)$+$ ��&$7)�  %&"2*+,'#  2*��()"-  ,$  (7*!'  ST %&��&$00,���  !�0%�'! $  
CoDeSys.  

X:= X+1 
�$  (7*!'  CFC 9-�  45)'-  2*��()'-/  2�-  -$! : 

 
�)' /  &'8',"'  7$)$+" ,'0,���  5 ���,�,',�  2 2")5  -��� , +-�   +'-  )���',  %&�"72�)"-/ (  

%&" «,$�$-""  !,�%!" ». ��9-�05   !$+$�$  %&�"72�)"- (  %&'�4&$7�2$,"'  45�'2�#  
%'&'0',,�#  2 )' (-"+,5:  .�&05 . ��(  ,$��(),� -"  &'75�/-$-  )$,,���   500"&�2$,"(  
%&"2(7*2$'- (  !  2"75$�/,�05  %'&'0'<',":  �4A'!-$  – !2$)&$-$. 
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	-�$)"2  %&��&$005, "  54')"28" /  2 '@ &$4�-� %� �4,� -" ,  -5)',-*  � 2$"2$:-  &$7�"+-
,*'  2$&"$,-*   500"&�2$,"( /2*+"-$,"(  %'&'0',,*3    2"75$�/,*0  %&') -$2�',"'0  &'-
75�/-$-$ . 

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

 &') -2 . �7*!  %&��&$00"&�2$,"(  -�-  �'   $0*# , ,�  5�'  " %��/75'- (  4��!  -$#0'&$: 
 

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

7)' /  5�'  7$&$,''  7$)$'- (  ,'!"#  2&'0',,�#  ",-'&2$� .  �&"  5 ���,',""  7$)$+" " %��/75 -
'- (  )&5��#  (7*!  %&��&$00"&�2$,"(  – SFC. 
$0  5�'  2*%��,(:- (  ��!$�/,*'  7$)$+" 2�7-
&$ -$,"(  %'&'0',,�#    2*3�)�0  "7 )$,,�#  �%'&$1""  %� 5 ��2": . 
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'0   $0*0 , 5  -5)',-�2  .�&0"&5'- (  5 -�#+"2*#  ,$2*!  &'8',"(   3��"3  7$)$+ 
&$7�"+,*0"   %� �4$0"  "  ,$  &$7�"+,*3  (7*!$3  %&��&$00"&�2$,"(  %&�0*8�',,*3  !�, -
-&���'&�2 . 
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&���� , &���%�����  ��&�� �!��  �  ������������  

 
�����������  ���������������  ������������  �� ������#�$&  

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

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

� ),  

� . ������&$)   
 
�&')"  4��/8���  &$7,��4&$7"(  3"0"+' !"3  %&�"72�) -2  0��,�  2*)'�"-/  �&5%%5   

0$�*0  �4A'0�0  2*%5 !$'0�#  %&�)5!1""  "  5 ��2,�  ,$7*2$'05:  0$��-�,,$�,*0  %&�"7-
2�) -2�0 . 6$��-�,,$�,*0" , ,$%&"0'&, (2�(:- (  %&�"72�) -2$   ",-'-"+' !"3  !&$ "-' -
�'# , !$-$�"7$-�&�2 , 3"0"+' !"3  &'$�',-�2 , &$7�"+,���  &�)$  !�''2 , %&" $)�!  !   0$7�+,*0  
0$-'&"$�$0 , .$&0$1'2-"+' !"3  %&'%$&$-�2. � �"  )�(  0,���-�,,$�,*3  %&�"72�) -2 , ,$ -
%&"0'&, -$!"3  !$!  ,'�&�$,"+' !"#  "  �&�$,"+' !"#   ",-'7 , ,'.-'3"0"( , ��$2', -25:<"0  
(2�('- (  %&�)5!- , +'0  "  �4A( ,('- (  2* �!$(  �%-"0"7$1"(  -$!"3  %&�"72�) -2 , -�  )�(  0$-
��-�,,$�,*3  %&�"72�) -2 , ��$2,*0  -&'4�2$,"'0  (2�(:- (  '��  .5,!1"�,$�/,*'   2�# -2$  
[1], !�-�&*0" , ,$%&"0'&, 0��5-  4*-/  3"0"+' !$(  +" -�-$  %&�)5!-$,  -&��"#  0��'!5�(& -
,*#   � -$2  "�"  �%&')'�',,*'  4"�3"0"+' !"'   2�# -2$ . �&�)5!1"(  �-'+' -2',,*3  0,��� -
-�,,$�,*3  %&�"72�) -2  2 4��/8", -2'   2�'0  (2�('- (  %&�)5!1"'#  ,"7!"3  %'&')'��2 . 
�*%5 !  �-'+' -2',,�#  ",,�2$1"�,,�#  %&�)5!1""  2* �!���  %'&')'�$   )'&�"2$'- (  �- -
 5- -2"'0  ,'�43�)"0*3  )�(  9-���  0$-'&"$��2 , %&�"72�)"0*3  0$��-�,,$�,�#  3"0"'# , 
!�-�&$(  2 �-'+' -2',,�#  3"0"+' !�#  �-&$ �"  %&$!-"+' !"  �- 5- -25'-  [2]. ��9-�05  )$�/ -
,'#8"'  5 %'3"  &�  "# !�#  3"0"+' !�#  �-&$ �"  45)5-  2�  0,���0  �%&')'�(-/ (  5&�2,'0  
&$72"-"( "   � -�(,"(  %&�"72�) -2  ,'4��/8"3  �4A'0�2  %&�)5!1"" .  

6$��-�,,$�,�'  %&�"72�) -2�  0��'-  4*-/  !$!   $0� -�(-'�/,*0 , -$!  "   �%5- - -
25:<"0  2 0,���-�,,$�,�0  %&�"72�) -2' . �$0� -�(-'�/,�'  0$��-�,,$�,�'  %&�"72�) -2�  
3$&$!-'&"75'- (   �')5:<"0"  %&"7,$!$0": 

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

- &'�"0  &$4�-*  �4�&5)�2$,"(  0��'-  4*-/  !$!  %'&"�)"+' !"0 , -$!  "  )" !&'-,�  – 
,'%&'&*2,*0 , +-�  %�72��('-  9! %�5$-"&�2$-/  �4�&5)�2$,"'  %&" 2* �!�0  !�9.."1"',-'  
" %��/7�2$,"( ; 

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

�%'1"."!$  0$��-�,,$�,���  %&�"72�) -2$  -&'45'-  !�&',,���  "70',',"(  %�)3� -
)�2  !  0'-�)����""  %&�'!-"&�2$,"(  "  5%&$2�',"(  &$4�-�#  0$��-�,,$�,���  -'3,����"+' -
 !���  �4�&5)�2$,"( .   

�$"4��''  2$�,�#  �-�"+"-'�/,�#  +'&-�#  �4�&5)�2$,"(  )�(  0$��-�,,$�,*3  %&�-
"72�) -2  (2�(:- (  '��  2�70��,� -"  !  2*%5 !5 0,���$  �&-"0',-�#  %&�)5!1"" . ��2*'  
!�, -&5!1""  $%%$&$-�2 )���,*  �'�!�  %'&' -&$"2$-/ (  ,$  %&�"72�) -2�  )&5����  %&�)5!-$ 
"7 ."! "&�2$,,���  $  �&-"0',-$  %&�)5!-�2 ,  3�),*3  %�  %� �45  %��5+',"(  "�"    4�"7 -
!�#  ."7"!� -3"0"+' !�#   -&5!-5&�#  " 3�),���   *&/( , +'05  2 4��/8'#   -'%',"  0��'-   %�-
 �4 -2�2$-/  8"&�!�'  " %��/7�2$,"'  %&" "3  !�, -&5"&�2$,""  %&",1"%$ 5,"."!$1""  "  
27$"0�7$0',('0� -"  !�, -&5!-"2,*3  9�'0',-�2 .  

��70��,� -/  %'&' -&$"2$,"(  ,$  %&�"72�) -2�  ,�2�#  %&�)5!1""  )���,*  "0'-/  ,'  
-��/!�  �-)'�/,*'  $%%$&$-*, ,�  "  2 (  1'%�+!$  �4�&5)�2$,"( , 23�)(<'��  2 -'3,����"+' -
 !5:   3'05  0$��-�,,$�,�#  5 -$,�2!" . ��(  9-���  -'3,����"+' !�'  �4�&5)�2$,"'  )���,�  
"7��-$2�"2$-/ (  2 2")'  �-)'�/,*3  4��!�2  "�"  0�)5�'# , 4*-/  0$��0$ 8-$4,*0 , 5 -$,$2 -
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�"2$-/ (  %� 0' -5  ,$7,$+',"(  4'7 �' -!���  !$%"-$�/,���  .5,)$0',-$  "  �'�!�  !�005-"&� -
2$-/ (     � '),"0  �4�&5)�2$,"'0  2 ,�2�#  -'3,����"+' !�#  1'%�+!' .  

6$�*'  0$ 8-$4*  -'3,����"+' !���  �4�&5)�2$,"(  %�72��(:-  ,'  -��/!�   ,"7"-/  
7$-&$-* ,$  !�, -&5!1"�,,*'  0$-'&"$�*  )�(  '��  "7��-�2�',"( , 0�,-$�,*'  "  )'0�,-$�,*'  
&$4�-*  %&" %'&' -&$"2$,""  -'3,����"+' !�#  5 -$,�2!"  ,$  %&�"72�) -2�  ,�2�#  %&�)5!-
1"" , ,�  "   �7)$:-  4�$��%&"(-,*'  5 ��2"(  )�(  &$7&$4�-!" 2* �!�9..'!-"2,*3  "   �2'& -
8',,*3  !�, -&5!1"#  $%%$&$-�2.  

� �') -2"'  0$�*3  &$70'&�2 &'$�/,���  0$��-�,,$�,���  $%%$&$-$  ,"�$'- (  !� -
9.."1"',-  0$ 8-$4,���  %'&'3�)$  �-,� "-'�/,�  '��  �$4�&$-�&,�#  0�)'�" , +-�  %�72��('-  
 5<' -2',,�   ,"7"-/  ,'&$2,�0'&,� -/  &$ %&')'�',"(  %$&$0'-&�2 %&�1'  $  2 &$4�+'0  
�4A'0'  $%%$&$-$ " , !$!   �') -2"' , %��5+"-/  %&" '��  9! %�5$-$1""  7,$+',"(  -'3,����"+' -
 !"3  %�!$7$-'�'# ,  ��-2'- -25:<"'  %��5+',,*0  ,$  �$4�&$-�&,�#  0�)'�" , +-� , !$!  %�!$-
7*2$'-  �%*- , �!$7*2$'- (  ,'2�70��,*0  )�(  !&5%,�0$ 8-$4,*3  %&�0*8�',,*3  $%%$&$-
-�2  [2]. ��')5'-  �-0'-"-/  "  -�  �4 -�(-'�/ -2� , +-�  -��/!�  2 0$��0$ 8-$4,*3  $%%$&$-$3 
2�70��,�  " %��/7�2$,"'  ,'!�-�&*3  ,�2'#8"3  "  %'& %'!-"2,*3  ."7"+' !"3 , 9�'!-&"+' -
 !"3  "  9�'!-&�0$�,"-,*3  0'-�)�2  )�(  ",-', "."!$1""  -'3,����"+' !"3  %&�1'  �2 , !�-� -
&*'  ,'  5)$'- (  " %��/7�2$-/  %� 9!�,�0"+' !"0  "�"  -'3,"+' !"0  %&"+",$0 2 $%%$&$-$3 
0$  �2���  %&�"72�) -2$ .  

�'4��/8�#  �4A'0  "  0$�$(  0$  $  ,$3�)(<'�� (  2 $%%$&$-' %'&'&$4$-*2$'0���  
%&�)5!-$ %�72��(:-  ,$   -$)""  %&�'!-"&�2$,"(  7$���"-/  2 '��  !�, -&5!1":  2�70��,� -"  
&$4�-*  2 8"&�!�0  )"$%$7�,'  %� -'%��2�#  ,$�&57!' , )$2�',":  "  )&5�"0  %$&$0'-&$0, +-�  
&$ 8"&('-  -'3,����"+' !"'  2�70��,� -"  0$��-�,,$�,���  �4�&5)�2$,"( , $ %&" ,'�43� -
)"0� -"  %�72��('-  52'�"+"-/  '��  %&�"72�)"-'�/,� -/ . 

�&"  &$7&$4�-!' ,�2���  0$��-�,,$�,���  -'3,����"+' !���  �4�&5)�2$,"(  2$�,�  
'<'  ,$  9-$%' '��  %&�'!-"&�2$,"(  %&')5 0�-&'-/  )�(  ,�2�#  !�, -&5!1""  8"&�!"'  0�)'& -
,"7$1"�,,*'  2�70��,� -" , %�72��(:<"'  &$ 8"&"-/   %'!-&  '��  " %��/7�2$,"(  !$!  2 &$7-
�"+,*3  �4�$ -(3  3"0"+' !���  %&�"72�) -2$ , -$!  "  2 &�) -2',,*3    ,'#  �-&$ �(3 . ��')5'-  
�-0'-"-/ , +-�  &$ 8"&',"'  0�)'&,"7$1"�,,*3  2�70��,� -'#  �:4���  "7)'�"(  2 '�)$  %&�-
)�'2$'-  '��  �"7,',,*#  1"!� , "  �,�  2 )$�/,'#8'0  " %��/75'- (  2 !$+' -2'  %&�-�-"%$ )�(  
&$7&$4�-!" 4��''   �2'&8',,�#  !�, -&5!1""  ,�2���  �4�&5)�2$,"( .  

�&"  �- 5- -2""  2 ,$ -�(<''  2&'0(  +'-!�   .�&05�"&�2$,,�#  0'-�)����""  %&�'! -
-"&�2$,"(  "  .5,!1"�,"&�2$,"(  0$��-�,,$�,*3  3"0"!�  – -'3,����"+' !"3   " -'0  0��,�  
-��/!�  5!$7$-/ ,$  ,'!�-�&*'  ,$%&$2�',"(  &$7&$4�-�!, !�-�&*'  0��5-  4*-/  $!-5$�/,*0"  2 
%'& %'!-"2'  &$72"-"( "   -$,�2�',"(  0$��-�,,$�,*3  3"0"+' !"3  %&�"72�) -2 . �  +" �5  
9-"3  &$7&$4�-�!, ,$%&"0'&, 0��5-  4*-/  �-,' ',*   �')5:<"' : 

 - &$7&$4�-!$ -"%�2*3  $%%$&$-5&,*3 0�)5�'#  "  �-)'�/,*3  $%%$&$-�2 )�(  %&�2'-
)',"(  !$!   %'1"$�"7"&�2$,,*3 , -$!  "   �20'<',,*3  %&�1'  �2 ; 

- &$7&$4�-!$ !�, -&5!1"#  $%%$&$-�2 "  %&",1"%�2 5%&$2�',"(  &$4�-�#  
4' c-&54�%&�2�),*3  3"0"!�  - -'3,����"+' !"3   " -'0  [3]; 

 - &$7&$4�-!$ -'3,����"#  ,$  � ,�2'  0"!&� -&5!-5&"&�2$,,*3  &'$!-�&�2  [3]; 
 - &$7&$4�-!$ 0'-�)����""  %&�'!-"&�2$,"(  �"4!"3  3"0"!�  – -'3,����"+' !"3   " -

-'0  "  0'-�)"!  &$ +'-$ !�, -&5!-"2,*3  %$&$0'-&�2 $%%$&$-5&,� – -'3,����"+' !���  
�.�&0�',"(  0,���$  �&-"0',-,*3  0$��-�,,$�,*3  %&�"72�) -2  [256]. 

�%" �!  " %��/7�2$,,�#  �"-'&$-5&*  
1. 65&7",  � . � . ��2$(  %$&$)"�0$ 3"0"+' !�#  -'3,����"" : ,'  %&�1'  , $ %&�-
)5!- . // �"0"+' !$(  %&�0*8�',,� -/   '��),( , 2004, B 6,  .4-8. 
2. �'&,(!�2  � . � . 	  0$ 8-$4,�0  %'&'3�)'  %&" !�, -&5"&�2$,""  -'%�� - "  0$ -
 ��40',,*3  $%%$&$-�2 // �"0"+' !�'  "  ,'.-'�$7�2�'  0$8",� -&�',"' , 2008, B 5, 
 .3-5. 
3. 
',",  � . � ., 6$!$&�2  � . � ., 
�&)''2  � . � . 	%-"0"7$1"(  &$ %" $,"(  &$4�-*  
4' -&54�%&�2�),*3  3"0"!�  – -'3,����"+' !"3   " -'0  // �"0"(  "  3"0"+' !$(  -'3 -
,����"( , 2004. – - .47, 2*%.8,  .20-25. 
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4. �'4&�2  � . � . �&"0',',"'  0"!&�-'3,����"#  )�(  ",-', "."!$1""  %&�0*8 -
�',,*3  %&�1'  �2  // �"0"+' !$(  -'3,����"( , 2009. – - .10, B 10,  .595-603. 
5. �2�&'1!"#  � . � ., �2�&'1!"#  � . � . �,-'�&"&�2$,,�'  %&�'!-"&�2$,"'  �"4!"3  
3"0"!�  – -'3,����"+' !"3  %&�1'  �2 , $%%$&$-�2 "   " -'0  5%&$2�',"(  // 
'�&'-"+' -
 !"'  � ,�2*  3"0"+' !�#  -'3,����"" , 2014. – - .48, B 5,  .557-564.� 
�

�

 

���� ��������  '�������  '�����8������  �  �''�����  �  ����� -
���������"  ��8� ��"  

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

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

� ) 
 

�*�"  %&�2')',*  9! %'&"0',-$�/,*'  "  �')�2$,"(  7$2" "0� -"  +" �$  �4�&�-�2  
-"3�3�),�#  &$0,�#  0'8$�!"  �-  +" �$  �4�&�-�2  4* -&�3�),�#  0'8$�!" . 	 �4',,� -/:  
-$!�#  !�04","&�2$,,�#  !�, -&5!1""  (2�('- (  -� , +-�  %'&')$+$ !&5-(<'��  0�0',-$  �-  4* -
 -&�3�),�#  0'8$�!"  !  4* -&�3�),�#  %&�" 3�)"�$  +'&'7 �")&�05.-5  -"%$ «1"�",)&  – 
1"�",)& », &$4�+'# �")!� -/:  2 !��/1'2�0  7$7�&' !�-�&*3  4*�$   $0$ %'&'0'8"2$'0$(  
 &')$ . 
 �75+$�" /  �")&�0'3$,"+' !"'  %&�1'  * , 2 !�-�&*3  &$4�+'# �")!� -/:  4*�$  
 0' /  2�)*  "  2'&'-',,���  �")&$2�"+' !���  0$ �$  ��  2 %&�%�&1"" 7:1. 
 
&$."!  9! %'&"0',-$�/,�#  7$2" "0� -"  %&') -$2�',  ,$  &" 5,!'  1. 

 
�" 5,�!  1 – 9! %'&"0',-$�/,$(  7$2" "0� -/  +" �$  �4�&�-�2  -"3�3�),�#  0'8$�!"  

�-  +" �$  �4�&�-�2  4* -&�3�),�#  0'8$�!" : 
¨  –  9! %'&"0',- ; 

1  – -'�&'-"+' !$(  7$2" "0� -/ , &$  +"-$,,$(  6��  "  6�	� . 
�)' /  �'  %�!$7$,*  &'75�/-$-*  $%%&�! "0$1""  %��5+',,�#  9! %'&"0',-$�/,�#  7$-

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

)�(  6��                                       ,               (1) 

)�(  6�	�                                     ,                (2) 



 145 

 �  -$4�"1'  1 %&"2')',*  &'75�/-$-*  �-,� "-'�/,*3  �-!��,',"#  -'�&'-"+' !"3  7,$-

+',"#  +" �$  �4�&�-�2  -"3�3�),�#  0'8$�!"  �-  +" �$  �4�&�-�2  4* -&�3�),�#  0'8$�!"  2 

% �-  9! %'&"0',-$�/,*3  )$,,*3 . 


$4�"1$  1 – �$2" "0� -/  �-,� "-'�/,*3  �-!��,',"#  +" �$  �4�&�-�2  -"3�3�),�#  0'8$�!"  

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

B  �%*-$  N, % 6��  N, % 6�	�  

1 3,193 1,358 

2 -5,665 -4,637 

3 6,611 3,526 

4 -1,923 -0,899 

5 -4,773 -1,839 

6 -7,584 -2,708 

7 11,162 4,521 

 

 �$!  2"),�  "7 -$4�"1*  1 �-,� "-'�/,�'  �-!��,',"'  2 6��  ,'  %&'2*8$'-  11,162%, 
$ 2 6�	�  �-,� "-'�/,�'  �-!��,',"'  ,'  %&'2*8$'-  4,521%, %&" 9-�0   &'),''  7,$+',"'  
�-,� "-'�/,*3  �-!��,',"#  2 6��  – 2,9%, 6�	�  – 0,6%. 
 ��&&'�(1"�,,*#  $,$�"7 , %&�2')',,*#  )�(  �","$�"7"&�2$,,*3  5&$2,',"#  (1) "  (2) 
2 2")'   

 
�)'   
   5+'-�0  %$&$��'�/,*3  �%*-�2  %�!$7*2$'- , +-�  2� %&�"72�)"0� -/  2 %$&$��'�/,*3  �%* -
-$3 �4' %'+"2$�$ / , -$!  !$!  &$ +'-,�'  7,$+',"'  !&"-'&"(  ��3&',$    ,'  %&'2*8$'-  '��  -$4-
�"+,���  7,$+',"(  . 
 �  2�-  $)'!2$-,� -/  0$-'0$-"+' !�#  0�)'�"  (1) 6��  ,'  �4' %'+"2$'- , -$!  !$!  &$ -
+'-,*#  !&"-'&"#  �"8'&$  , $ -$4�"+,�'  . 
 6$-'0$-"+' !$(  0�)'�/  (2) 6�	�  �4' %'+"2$'-  $)'!2$-,� -/  %� !&"-'&":  �"8' -
&$, -$!  !$!  '��   &$ +'-,�'  7,$+',"'  . 

�&�0'  -���  %&�2'&!$ %� !&"-'&":  �-/:)',-$  %�)-2'&�)$'-  7,$+"0� -/  �4�"3  !� -
9.."1"',-�2  a "  b, -$!  !$!  &$ +'-,*'  7,$+',"(  !&"-'&"(  �-/:)',-$  %� !�9.."1"',-5  $ 
&$2,�  Sa=331,4 "  %� !�9.."1"',-5  b &$2,�  Sb=83,283, 4��/8'  -$4�"+,���  7,$+',"(  
Sttab=2,14. ��9.."1"',-  !�&&'�(1""  r=0,9944. 


$!"0  �4&$7�0, 6�	�  %�72��('-    4��''  2* �!�#  -�+,� -/:  0�)'�"&�2$-/  9! %' -
&"0',-$�/,5:  7$2" "0� -/   "  �4' %'+"2$-/  $)'!2$-,� -/  9-�#  0�)'�"  %� 
!&"-'&":  �"8'&$  %&" 7,$+',""  !�9.."1"',-$  !�&&'�(1"" , 4�"7!�0  !  ')","1' . 
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���%@�  ��������#�� -����"��"  ��������  � �   
���������%��"  !�������  (#��������!�  ��'�  

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

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

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

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

�  � . ������&$)  

 

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

�  %� �'),"'  )' (-"�'-"(  2 3"0"+' !�# , ,'.-'3"0"+' !�# , -'%��9,'&�'-"+' !�# , 
0'-$��5&�"+' !�#  "  )&5�"3  �-&$ �(3  %&�0*8�',,� -"  ,$  %&')%&"(-"(3 " %��/75:-   " -
-'05  �4�&�-,���  2�)� ,$4�',"(  )�(  �3�$�)',"( , !$!  � ,�2,��� , -$!  "  2 %�0��$-'�/,���  
�4�&5)�2$,"# . ��2-�&,�'  " %��/7�2$,"'  2�)*  %�72��('-    �!&$-"-/  ,$  96% �-  �4<'��  2� -
)�%�-&'4�',"( , �),$!�  '@ ,'�43�)"0�  �3�$�)$-/  +$<'  2 '��  2 �&$)"&,(3  [1, 2].  

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

	 ,�2,*0  9�'0',-�0  9�'!1"�,,�#  �&$)"&,"  (2�('- (  �")&$2�"+' !$(  .�& 5,!$ . 
�&')"   5<' -25:<"3  2")�2  .�& 5,�!  ,$"4��''  9..'!-"2,�#  %�  �7)$,":  %�2'&3,� -"  
!�,-$!-$  .$7 (2�('- (  1',-&�4'�,� - -&5#,$(  .�& 5,!$ , -$!  !$!  �,$  %�72��('-  %��5+"-/  
 %��8,�#  .$!'� , !�-�&*#  %��,� -/:  7$%��,',  0'�!�)" %'& ,*0"  !$%�(0"  [3]. 

�  )$,,�#  &$4�-'  %&"0',',$  0'-�)"!$  &$ +@-$ 1',-&�4'�,� - -&5#,�#  .�& 5,!"  [4] 
(&" 5,�!  1), ,$  !�, -&5!1":  !�-�&�#  %��5+',  %$-',-  ,$  %��'7,5:  0�)'�/  [5].  

 
�" 5,�!  1. =',-&�4'�,� - -&5#,$(  .�& 5,!$   

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

7 – 1',-&$�/,�'  1"�",)&"+' !�'  �-2'& -"' ; 8 – %'&".'&"#,*'  ,$!��,,*'  �-2'& -"( ; 9 – 
%�)2�)(<"#  8-51'& ; 10 – 5%&5�"' 9�'0',-* ;  

11, 12 –  ��-2'- -2',,�  ,"�,"'  "  2'&3,"'  � ,�2$,"( ;  
13 – 5)'&�"2$:<"#  9�'0',- ; 14 – ."! $-�&   

 

 	 ,�2,*0"  " 3�),*0"  )$,,*0"  )�(  2*%��,',"(  &$ +@-$ (2�(:- ( : %&�"72�)" -

-'�/,� -/  .�& 5,!"  V�  = 0,00083 03/ ; %'&'%$) )$2�',"(  ,$  .�& 5,!'  � �  = 0,4 6�$ ; !�& -

,'2�#  5���  .$!'�$  2 = 80°. �"7"+' !"'   2�# -2$  2�)*  %&","0$�" /  %&" t = 34 °� , 2�7)53$ 
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– %&" t = 25 °� : %��-,� -/  2�)*  B�  = 994 !� /03; )",$0"+' !$(  2(7!� -/  2�)*  C�  = 745·10-6 

�$ · ; %�2'&3,� -,�'  ,$-(�',"'  2�)*  D = 70,6·10-3 � /0; %��-,� -/  2�7)53$ B�  = 1,185 !� /03; 

)",$0"+' !$(  2(7!� -/  2�7)53$ C�  = 18,35·10-6 �$ · .  

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

 -25:<'#  -'0%'&$-5&�#  ,$�&'-�#  2�)* , %�)$2$'0�#  ,$  �3�$�)',"'  "  -'0%'&$-5&�#  �!&5 -

�$:<'��  2�7)53$ )�(  ,$"4��''  �$&!���  0' (1$  – ":�/ .  

1) �&","0$'0  !�9.."1"',-  &$ 3�)$  .�& 5,!" : C = 0,80 [4]. 

2) �"$0'-&   �%�$  .�& 5,!" :  

,
/2

4
5,0

��

�
c �

�

�

�

�
�

�

�

×××

×
=

rmp �

V
d      (1) 

�)'  V�  – %&�"72�)"-'�/,� -/  .�& 5,!" , 03/ ; 

       C – !�9.."1"',-  &$ 3�)$ ;  

       � �  – %'&'%$) )$2�',"(  ,$  .�& 5,!' , �$ ; 

       B�  – %��-,� -/  2�)* , !� /03. 

0. 0068,0
994/108,94280,014,3

00083,04
5,0

4c =
�
�

�

�

�
�

�

�

×××××

×
=d     

	!�,+$-'�/,�  %&","0$'0  )"$0'-&   �%�$  d  = 7 00 . 

3) ��9.."1"',-  &$ 3�)$  [4]: 

( ) ,024,0676,083,0 13,0
c

-0,06
� d� ×-××=m    (2) 

�)'  � �  – %'&'%$) )$2�',"(  ,$  .�& 5,!' , 6�$ ;   

       d  – )"$0'-&   �%�$  .�& 5,!" , 00 .  

( ) .80,07024,0676,04,083,0 13,006,0 =×-××= -m      


$!  !$!  &$ +@-,�'  "  %&",(-�'  7,$+',"(  !�9.."1"',-$  &$ 3�)$  ,'  �-�"+$:- ( , -�  &$ +@- 

0��,�  %&�)���"-/ .  

4) �"$0'-&  2!�$)*8$  "  &$2,*#  '05  2,5-&',,"#  )"$0'-&  !�&%5 $ .�& 5,!"  %&","-

0$'0  D = 30 00 , -$!  !$!  d  = 7 00  E 15 00  [6]. 

 5) �* �-$  2!�$)*8$ : 

,25,2  dh ×+=       (3) 
�)'  d  – )"$0'-&   �%�$ , 00 . 

00 . 5,16725,2 =×+=h       
 6) ��",$   �%��2���  !$,$�$ : 

( ) .0,15,0  1 dl ×¸=      (4) 

00 . 5,375,01 =×=l        
 7) �* �-$  !$0'&*   0'8',"( : 
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,

2
tg2

c
2 q

×

-
=

dD
l       (5) 

�)'  D – )"$0'-&  2!�$)*8$ , 00 ; 
       E – 5���  !�,5 ,� -"  !$0'&*   0'8',"(  (%&","0$'0  E = 110°). 

00 . 8

2
110

tg2

730
2 =

×

-
=l         

 8) �"$0'-&  1',-&$�/,���  !$,$�$  [4]: 

( ) .24676,0 5,0
cco ddd ×-×=     (6) 

( ) 00 . 5  0 005,0007,024676,0007,0 5,0
o ==×-×=d    

 9) �500$&,$(  %��<$)/  7$!&5+"2$:<"3  !$,$��2 : 
.075,1 2

o!� ××= df p      (7) 

.00 4,84514,3075,1 22
! =××=� f      

 10) ����  ,$!��,$  7$!&5+"2$:<"3  !$,$��2 : 

,32,03,501,0lg
58,0

2
c

2
o +��

�

�
��
�

�
×××=
d
d

ba     (8) 

�)'  2 – !�&,'2�#  5���  .$!'�$ , �&$); 
      do – )"$0'-&  1',-&$�/,���  !$,$�$ , 00 ; 
      dc – )"$0'-&   �%�$ , 00 . 

.74,132,0
7
5

3,58001,0lg
58,0

2

2

=+��
�

�
��
�

�
×××=a      

3 = 55°.  

$!  !$!  5���  ,$!��,$   �"8!�0  2'�"! , -�  )�(  %��5+',"(  !�&,'2���  5��$  .$!'�$  2 80° )� -
-$-�+,�  2*%��,"-/  !$,$�*  %�) 5���0  2 30°. �&"0'0  3 = 30°. 
 11) �$70'&  7$!&5+"2$:<"3  !$,$��2 : 

,
cos

5,0

!

!

�
�
�

�
�
�
�

�

×
= �

a$

f
�      (9) 

�)'  $!  – +" ��  !$,$��2  (%&","0$'0  $!  = 4). 

00 . 6
55cos4
4,84

5,0

=�
�

�
�
�

�
×

=
�

�       


$!  !$!  7$!&5+"2$:<"'  %'&".'&"#,*'  !$,$�*  2 %$-',-'  [5] 2*%��,',*  2 2")'  !&5��*3  
�-2'& -"# , -��)$  d = �  = 6 00 . 
 
$!"0  �4&$7�0, 2 )$,,�#  &$4�-'  2*%��,',  &$ +@- &$7&$4�-$,,�#  !�, -&5!1""  1', -
-&�4'�,� - -&5#,�#  .�& 5,!"    &'�5�"&5:<"0  %&�1'  �0  &$ %*�',"(  2�)* , +-�  %�72��( -
'-  5�5+8"-/  9..'!-"2,� -/  �3�$�)',"(  2�)* , %�2* "-/  ,$)@�,� -/  &$4�-*  .�& 5,!"  
%&" 52'�"+',""  )$2�',"(  &$ %*�('0�#  2�)* . 
 
 �"-'&$-5&$   
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1. ��,�0$&',!� , � . � . 
&$)"&,"  %&�0*8�',,*3  "  9,'&�'-"+' !"3  %&')%&"(-"# : 
 %&$2. %� �4"'  / � . � . ��,�0$&',!� , � . � . �&'./'2  ; %�) &') . � . � . ��,�0$&',!� . – 6 .: 
;,'&��$-�0"7)$- , 1998. – 376  . 

2.  6$&",:! , � . 
 . �$ +@- %&�1'  $  2$!550,� -" %$&"-'�/,���  �3�$�)',"(  2�)*  2 
4'7,$ $)�+,�#  �&$)"&,'  / � . 
 . 6$&",:! , � . � . �%&"-,:!  // �"0"+' !�'  "  ,'.-'�$7�2�'  
0$8",� -&�',"' . – 2013. – B  3. – � . 26-27. 

3. �$�" , � . 
 . �$ %*�"-'�"  �")!� -'#  / � . 
 . �$�" , � . � . 
$�5 -�2 . – 6 .: �"0"( , 
1979. – 216  . : "� . 

4. 
$�5 -�2 , � . � . �&(0�-�+,*'  &$ %*�"-'�/,*'  $%%$&$-* 2 -'%��9,'&�'-"!'  / � . 
� . 
$�5 -�2 . – 6 .: ;,'&��$-�0"7)$- , 1989. – 240  . : "� . 

5. � . 0. 145896 ��  "# !$(  �')'&$1"( , 6��  �  05 �  1/34. =',-&�4'�,� - -&5#,$(  
.�& 5,!$  / � . � . �"4"-�2 , � . � . �"4"-�2$ , � . � . 
���2$,+"!�2 , � . � . ��'! $,)&",  ; 7$(-
2"-'�/  "  %$-',-��4�$)$-'�/  �
�	�  ��	  «������&$) !"#  �� 5)$& -2',,*#  -'3,"+' !"#  
5,"2'& "-'- ». – B 2014116302/05 ; 7$(2. 22.04.14 ; �%54�. 27.09.14, �:� . B  27 

6. �$�" , � . 
 . 	 ,�2*  -'3,"!"  &$ %*�"2$,"(  �")!� -'#  / � . 
 . �$�" , � . � . 
$�5 -
 -�2 . – 6 .: �"0"( , 1984. – 256  . : "� . 

 

'���'������$"  �����  ������  ��%�����  �����%����"   
���������  �����$&  8���  

� .� . �,1*%'&�2  ����'&���&  %�(�*�8  ���� , ������� , ��������*  
� .� . �$,�2  *�)��&  %�(�*�8  ����  �������  � . ��������*  

 

�  3"0"+' !�0 , ,'.-'3"0"+' !�0  0$8",� -&�',""  ��&�0,5:  &��/  "�&$'-  -$!�#  
-'3,����"+' !"#  %&�1'  , !$!  -'&0"+' !$(  �4&$4�-!$  "7��-$2�"2$'0*3   � 5)�2  "  $%%$&$-
-�2 . 	 �4�'  2,"0$,"'  5)'�('- (   2$&,*0  !�, -&5!1"(0 , -$!  !$!  "7-7$ ,$�"+"(  2  2$&,*3  
82$3 � -$-�+,*3  ,$%&(�',"# , 2�7,"!8"3  2 3�)'   2$&!" , 9-"  9�'0',-*  0��5-  �-&"1$-'�/ -
,�  %�2�"(-/  ,$  &$4�-� %� �4,� -/  2 '��  $%%$&$-$. 	 -$-�+,*'  ,$%&(�',"(  0��5-  %&"2' -
-"  !  )'.�&0$1"" , &$7&58',":  "�"   ,"�',":  !�&&�7"�,,�#   -�#!� -" . � '   2$&,*'  82*  
%�)2'&�$:- (  -'&0��4&$4�-!' , $ -$!  �'  )�%��,"-'�/,�05  !�,-&��: . 

�'��),(   5<' -25'-  0,��' -2�  %'& %'!-"2,*3   %� �4�2  -'&0"+' !�#  �4&$4�-!"  
$%%$&$-�2. 	),"0  "7 ,$"4��''   �2&'0',,*3  "  9..'!-"2,*3  (2�('- (  0'-�)  2,'%'+,�#  
�4A'0,�#  -'&0��4&$4�-!" . �$,,*#  0'-�)  7$!�:+$'- (  2 ,$�&'2'  2,5-&',,'��  �4A'0$  $%-
%$&$-$ %&�)5!-$0"   ��&$,"(  �")!���  "�"  �$7��4&$7,���  -�%�"2$  %&" %�0�<"   %'1"$�/ -
,*3  -'%���','&$-�&,*3  5 -&�# -2 . ��3&$,((  2 '  %&'"05<' -2$  %'+,�#  �4&$4�-!" , 2,' -
%'+,$( �4A'0,$(  -'&0"+' !$(  �4&$4�-!$  0��'-  2*%��,(-/ (  ,$  �4A'!-$3 , �)'  %'+,$( %� 
!$!"0 -�"4�  %&"+",$0 ,'  0��'-  4*-/  %&�2')',$ . 

�72' -,�  ,'0$��  0'-�)�2  ,'&$7&58$:<'��  !�,-&��( , %&"0',(:<"3 (  )�(  "  �' -
)�2$,"(   2$&,*3  82�2 , �),$!� , ,$   '��),(8,"#  0�0',-  ,'-  -�+,���  0'-�)$ , �%&')'�(: -
<'��  .$!-  %&�2')',"(  -'&0"+' !�#  �4&$4�-!"  "  ''  !$+' -2� . �5<' -25'-  0'-�)  0$�,"- -
,�#  %$0(-" 0'-$��$ , � ,�2$,,*#  ,$  &'�" -&$1""  "  $,$�"7'  &$ %&')'�',"(   �4 -2',,*3  
0$�,"-,*3  %��'#  &$  '(,"( ,  ���$ ,�  !�-�&�05  0��,�  !$+' -2',,�  �%&')'�"-/  ,$�"+"'  "  
5&�2',/  � -$-�+,*3  ,$%&(�',"# . 

�*�  %&�2')',  9! %'&"0',- , 1'�/:  !�-�&���  4*��  �%*-,*0  %5-'0 )�!$7$-/  2�7-
0��,� -/  %&"0',',"(  0'-�)$  0$�,"-,�#  %$0(-" 0'-$��$  )�(  �1',!" , $ !$!   �') -2"(  – 
5%&�<',"(  "  %�2*8',"(  %&�"72�)"-'�/,� -"  %&�2')',"(  2,'%'+,�#  -'&0��4&$4�-!" . 

�*�"  "  �')�2$,*  )2$ �4&$71$, %&') -$2�(:<"'   �4�#  %�$ -",5   �   2$&,*0  82�0 , 
&$7)'�',,5:  ,$  )2'  &$2,*'  +$ -"  %'&%',)"!5�(&,�  825, �),$  "7 +$ -'#  !�-�&�#  %&�8�$ 
-'&0��4&$4�-!5 . �  %�0�</:  "70'&"-'�(  !�,1',-&$1""  ,$%&(�',"#  4*�$  %��5+',$  !$&-
-",$  &$ %&')'�',"(  ,$%&(�',,� -"  0$�,"-,���  %��(  ,$  %�2'&3,� -"  0'-$��$  �4&$71�2. 
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�" 5,�!  1 – �$%&(�',,� -/  0$�,"-,���  %��(  �&  �4&$71$ )�  -'&0��4&$4�-!" . 

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

,$  %�2'&3,� -"  0'-$��$ . �,$�"7  %��5+',,*3  )$,,*3  %&�2�)"� (   ���$ ,�  0'-�)"!' , �%"-
 $,,�#  2 
	�
  �  ��	  24497-3-2009,  �')5(  !�-�&�#  7�,$0"   !�%�',"(  ,$%&(�',"#  (2-
�(:- (  0$! "0$�/,$(  "  0","0$�/,$(  -�+!" , $ -$!  �'  �","" , �)'  ,$%&(�',,� -/  0',('-  
7,$! , -�  ' -/  &$2,$ ,��: . 

�$  �4&$71' )�  -'&0��4&$4�-!" , !$!  2"),�  "7 &" 5,!$  1, "0':- (  7�,*  %�2*8',,*3  
,$%&(�',"# , 7�,*  �-&"1$-'�/,*3  ,$%&(�',"# , $ -$!  �'  7,$!�%'&'0',,*'  �","" , �)'  ,$ -
%&(�',,� -/  &$2,$ ,5�: , +-�   2")'-'�/ -25'-  �  %&" 5- -2""  2  2$&,�0  82'  )$,,���  �4 -
&$71$ � -$-�+,*3   2$&�+,*3  ,$%&(�',"# . 

�&" 5- -2"'  ,$  2-�&�0  �4&$71' (&" 5,�!  2) 7�,*  !�,1',-&$1""  ,$%&(�',"#  ,$  
!�,1'  82$, ,$  .�,'   -$4"�/,� -"  ,$%&(�',,� -"  %� 2 '#  '��  )�",' , ��2�&"-  �  ,$�"+""  2 
)$,,�0  82'  -��/!�  )'.'!-$   2$&�+,*3  &$4�-.  

 

 
�" 5,�!  2 – �$%&(�',,� -/  0$�,"-,���  %��(  �&  �4&$71$ %� �'  -'&0��4&$4�-!"  
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�*�  %&�"72')',  ,'�43�)"0*#  &$ +'- . ��(  &$ +'-$ 4*��  27(-�  �%$ ,�'   '+',"'  �4 -
&$71$ )�  -'&0"+' !�#  �4&$4�-!" , !$!   '+',"'    ,$"4��/8"0"  � -$-�+,*0"  ,$%&(�',"(0"  
(&" 5,�!  3). 

 
�" 5,�!  3 – ;%:&$  &$ %&')'�',"(  ,$%&(�',,� -"  0$�,"-,���  %��(  %� %�%'&'+,�05   '+' -

,":  82$ 2 �4&$71' )�  -'&0��4&$4�-!"  
��(  9! -&'0$�/,*3  -�+'!  "  -�+'! , �)'  K� & =0, 4*�"  &$  +"-$,*  0$�,"-,*'  !�9. -

."1"',-*  ",-', "2,� -"  � -$-�+,*3  ,$%&(�',"# : 
� ��  =K� & /2Ol%, 

�)'  K� & – &$7,� -/  7,$+',"#  ,$%&(�',,� -"  2  � '),"3  -�+!$3 ; 
l% – &$  -�(,"'  0'�)5   � '),"0"  7,$+',"(0" , 00   

�  -�+!'  3 (&" 5,�!  3) )$,,*#  !�9.."1"',-  (2�('- (  0$! "0$�/,*0  "  &$2',  14000 
� /02, -��)$  !$!  2 �4&$71' %� �'  -'&0��4&$4�-!"  0$! "0$�/,*#  !�9.."1"',-  ,'  %&'2* "�  
1000 � /02. 


$!"0  �4&$7�0,   %�0�</:  0'-�)$  0$�,"-,�#  %$0(-" 0'-$��$  2�70��',  !�,-&��/  
 2$&,*3   � 5)�2  "  $%%$&$-�2, %&�3�)(<"3  -'&0��4&$4�-!5 , !$!  ,$  ,$�"+"'  )'.'!-�2 , -$!  
"  ,$   ,"�',"'  5&�2,(  � -$-�+,*3   2$&�+,*3  ,$%&(�',"#  2 &'75�/-$-'  -'&0"+' !�#  �4&$-
4�-!" . 

 
�"-'&$-5&$  
1. 
	�
  �  ��	  24497-1-2009. ��,-&��/  ,'&$7&58$:<"# . 6'-�)  0$�,"-,�#  %$0(-

-"  0'-$��$ . �$ -/  1. 
'&0",*  "  �%&')'�',"( . 
2. 
	�
  �  ��	  24497-2-2009. ��,-&��/  ,'&$7&58$:<"# . 6'-�)  0$�,"-,�#  %$0(-

-"  0'-$��$ . �$ -/  2. 	4<"'  -&'4�2$,"( . 
3. �54�2  � .� . ;! %&'  -0'-�)  !�,-&��(   2$&�+,*3  ,$%&(�',"#  // �2$&�+,�'  %&�-

"72�) -2� , B 11, 1996. 
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������8�����������  ( �������  �����������   
���������������"  �� ���$  �%�����  ���������� �  

�'�(!�2  � .�  �
6 -521, )�1',-  �$%8",$  � .� , ���  (."�"$� ) ����

�  
 

�,���B,  (?
,��
0�, )  — �&�$,"+' !�'   �')",',"'    .�&05��#  C6H5NH2, %&�-
 -'#8"#  $&�0$-"+' !"#  $0", . �&') -$2�('-   �4�#  4' 12'-,5:  0$ �(," -5:  �")!� -/    
3$&$!-'&,*0  7$%$3�0, ,'0,���  -(�'�''  2�)*  "  %��3�  2 ,'#  &$ -2�&"0 , 3�&�8�  &$ -2�&( -
'- (  2 �&�$,"+' !"3  &$ -2�&"-'�(3 . �$  2�7)53'  4* -&�  �!" �('- (  "  %&"�4&'-$'-  !&$ ,� -
45&5:  �!&$ !5 . �)�2"- .  
�  0"&'  � ,�2,$(  +$ -/  %&�"72�)"0���  $,"�",$  " %��/75'- (  )�(  %&�"72�) -2$  0'-"�)"" -
7�1"$,$-�2 , " %��/75'0*3  7$-'0  )�(  %&�"72�) -2$  $���"��&���- . �,"�",  -$!�'  " %��/ -
75'- (  %&" %&�"72�) -2'  " !5  -2',,*3  %�"#"%�-, ���+�)�*�-  "  %��'�&���/  . 
�  ��  ""  �,  2 � ,�2,�0  %&"0',('- (  2 !$+' -2'  %��5%&�)5!-$  2 %&�"72�) -2'  !&$ "-'�'# , 
27&*2+$-*3 2'<' -2  "  �'!$& -2',,*3   &') -2  ( 5�/.$,"�$0"),*'  %&'%$&$-*). 
�,"�",  %��5+$:-  "7 ,"-&�4',7��$  %5-@0 2�  -$,�2�',"(  2�)�&�)�0 , 2 !$+' -2'  &')51" -
&5:<"3  2'<' -2  %&"0',(:-  &$72')',,5:   ��(,5:  !" ��-5  "  �'�'7,*'  �%"�!" ; 2 &'75�/ -
-$-'  &'$!1""  %��5+$'- (  $0")� �')",',"' :  
C6H5NO2 + H6 = 2 H2O + C6H5NH2 

��/��:
,.��  — C6H5NO2 — !&�2(,�#  () ,  0$ �(," -$(  �")!� -/   �$)!�2$-���  
2!5 $ ,   &'7!"0  7$%$3�0 ��&/!���  0",)$�( , %��3�  &$ -2�&"0$(  2 2�)' . 	 ,�2,�'  %&"0',' -
,"'  ,"-&�4',7��  ,$3�)"-  2 3"0"+' !�#  %&�0*8�',,� -"   2 !$+' -2'   *&/(  2 %&�"72�) - -
2'  -$!���  !&5%,�-�,,$�,���  %&�)5!-$ !$!  $,"�", . )�(  %&�"72�) -2$  $,"�",$  " %��/75:-  
-'3,"+' !"#  ,"-&�4',7�� , "7��-�2�('0*#  "7 !�! �3"0"+' !���  ,"-&�4',7��$  %� 
�  6 – 
36 – 0204208 – 101 – 89. �!$7$,,*#  ,"-&�4',7��   �)'&�"-  7,$+"-'�/,�'  !��"+' -2�  �&�$ -
,"+' !"3   '&," -*3  %&"0' '# , ,"-&�.',���2 . 
	4<''   �)'&�$,"'   '&*  2 -$!�0  ,"-&�4',7��'   )� -"�$'-  0,03%, 2 -�0  +" �'  ,"-&�-"� -
.',,�#   '&*  – 0,004 – 0,008 %. 
�*8'5%�0(,5-*'  %&"0' "  �-&"1$-'�/,�  2�"(:-  ,$  %&�-'!$,"'  %&�1'  $  �")&"&�2$,"(  
,"-&�4',7��$  2 $,"�", , 535)8$:-  &$4�-5 !$-$�"7$-�&$  "  !$+' -2�  %��5+$'0*3  !$-$�"7$-$  
"  -�2$&,���  $,"�",$ : 
   - �&�$,"+' !"'   �')",',"( ,  �)'&�$<"'   '&5 , (2�(:- (  !$-$�"-"+' !"0"  ()$0"  )�(    
!$-$�"7$-�&�2 , %&"2�)(-  !  �-&$2�',":  %� �'),"3  " , 2 � �4',,� -" , ,"7!�-'0%'&$-5&,*3  
0')/ �)'&�$<"3  !$-$�"7$-�&�2 . ��  &'!�0',)$1"(0  ",� -&$,,*3  ."&0 , )�(  ,�&0$�/,�#  "  
%&�)���"-'�/,�#  &$4�-*  ,"7!�-'0%'&$-5&,*3  0')/ �)'&�$<"3  !$-$�"7$-�&�2  2 %&�1' -
 '  %��5+',"(  $,"�",$  �")&"&�2$,"'0  ,"-&�4',7��$   �)'&�$,"'   '&*  2 ,"-&�4',7��'  ,'  
)���,�  %&'2*8$-/  0,0001 %.��(  5)$�',"(    '&," -*3  %&"0' '#  " %��/75:-  &'!-"."!$ -
1": . 

�$  %&')%&"(-""  )�(  �+" -!"  ,"-&�4',7��$  �-   '&," -*3  %&"0' '#  " %��/75'- (  
-$&'�/+$-$(  !��%$+!�2$(  !���,,$  , %&')�$�$:   7$0',"-/  '@ ,$  ,$ $)�+,5:  &'!-"."!$1" -
�,,5:  !���,,5  , +-�  2  2�:  �+'&')/  %&"2')'-  !  7,$+"-'�/,�05  5�5+8',":   3$&$!-'&" -
 -"!  )$,,�#  !���,,* . 

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


'3,"+' !"'  3$&$!-'&" -"!" : 
   -�)'�/,$(  %�2'&3,� -/ , 02/03: 280   
 -�)'�/,*#  2' , !� /03: 290 
-�2�4�),*#  �4A'0 , %: 96 
-�)'�/,�'   �%&�-"2�',"' , 00  2�) . - ./0:70 
�*2�) : 7$0',$  !�,-$!-,*3  5 -&�# -2  2�'+'-  7$  �4�#  &()  "70',',"# : 

- �2'�"+',"'  %&�"72�)"-'�/,� -"  !���,,*  ,$  33% 
- �0',/8',"'  �")&$2�"+' !���   �%&�-"2�',"(  2 5&$7 
- �0',/8',"'  2&'0',"  &'0�,-,*3  &$4�- 
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��&�� �!�%�����  ��'���$  (�����������!�  '�����������   
'� �����$&  ����  

���� !"#  ���"-'3,"+' !"#  �, -"-5- (."�"$� ) ����

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

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

(2�('- (  2�7,"!,�2',"'  %57*&/!�2, !$!   �') -2"'  ,$�"+"(  2 " 3�),�0   *&/'  ,',5�,*3  
%&"0' '# . ��(  5 -&$,',"(  )$,,�#  %&�4�'0*   5<' -25:-  )'�$7"&5:<"'  9! -&5)'&*  "�"  
)'�$7"&5:<"'  !$0'&* . �$4�-$  )'�$7"&5:<'��  9! -&5)'&$  "�"  )'�$7$1"�,,�#  !$0'&*  7$-
!�:+$'- (  2 -�0 , +-�4*  %5-'0 2*%$&"2$,"(  �-)'�"-/  � -$-�+,*'  0�,�0'&*  "  &$ -2�&" -
-'�/  �-  %'&'&$4$-*2$'0���  0$-'&"$�$ . 
$!"'  0$8",*  %&"0',(:- , !$!  %&$2"��, )�(  %&�"7-
2�) -2$  -'&0�%�$ -"+' !"3  %�$ -0$  . ='�/:  %&�1'  $  )'�$7$1""  (2�('- (  %��5+',"'  %�-
�"0'&�2    ,'4��/8"0   �)'&�$,"'0  &$ -2�&"-'�(  "�"  0�,�0'&$  )�(  �4' %'+',"(  4��''  
2* �!���  !$+' -2$  %&�"72�)"0���   *&/( . 


�0��',"7$1":  2 %&�1'  '  9! -&57""  �%&')'�(:-  !$!  -'3,����"+' !"#  %&�1'   
%'&'0'8"2$,"(   *&/(  )�   � -�(,"(  0$! "0$�/,�#  �),�&�),� -"    1'�/:  %��5+',"(  !$+' -
 -2',,���  !�,'+,���  %&�)5!-$. �  %&�1'  '  9! -&57""  �!�,+$-'�/,$(  ��0��',"7$1"(  0$-' -
&"$�$ %&�" 3�)"-  !  !�,15  7�,*  )�7"&�2$,"(  &$ %�$2$ (2*%&'  �2*2$,"( ). ��(  �4' %'+' -
,"(  4��''  9..'!-"2,�#  ��0��',"7$1""  0$-'&"$�$  ,$  8,'!$3  0�,-"&5:-   %'1"$�/,*'  
5 -&�# -2$  2 2")'  8�"1'2 , 754/'2, !5�$+!�2 , )" !�2  "  - .%. 
$!"'  -"%$ 9! -&5)'&�2  !$!  
%�$,'-$&,� -2$�/1'2*'  � ,$<$:- (   " -'0�#  )�%��,"-'�/,*3  8,'!�2 , !�-�&*'  2&$<$:- -
 (  2�!&5�  1',-&$�/,���  8%",)'�( . 

6,���8,'!�2*'  9! -&5)'&*  ,'  %��5+"�"  8"&�!���  %&"0',',"(  2 %&�1'  '  %&�"7-
2�) -2$ . �  )$,,�05  -"%5 0$8",  �-,� (- (  %�$,'-$&,$(  "  +'-*&'38,'!�2$(9! -&57"�,,$(  
0$8",$ . ��$,'-$&,$(  0$8",$  � ,$<',$  +'&2(+,�#   " -'0�# , !�-�&$(   � -�"-  "7 �),���  
1',-&$�/,���  +'&2(!$  "  8' -"  )�%��,"-'�/,*3  8,'!�2 , !�-�&*'  &$ %��$�$:- (  ,$  &$2-
,�0  &$)"$�/,�0  &$  -�(,""  2�!&5�  �),���  � ,�2,��� . �$,,$(  !�, -&5!1"(  3�&�8�  7$&'-
!�0',)�2$�$   '4(  %&" %'&'&$4�-!'   *&/(   !��,,���  !  4* -&�#  -'&0"+' !�#  )' -&5!1""  
(,$  %&"0'& !�0%�7"1""  ��� ). 

��(  %&�"72�) -2$  -&54   ��$)!�#  %�2'&3,� -/:  "7 %��"��'.",�2  � �4',,�  9..'! -
-"2,*  �),�8,'!�2*'  9! -&5)'&*   �  8,'!$0" ,  ,$4�',,*0"  !$,$2!$0"  2�  23�),�#  7�,' , 
"0':<"0"  %'&'0',,5: ,  %'1"$�/,�  �%-"0"7"&�2$,,5:  .�&05   '+',"( . 

�  1'�(3  %�2*8',"(  "7,� � -�#!� -"  8,'!"  �),�8,'!�2*3  9! -&5)'&�2 , !$!  %&$-
2"�� , $7�-"&5:- , $ 2"-!"  2 7�,'  7$�&57!" �&$,5�(-$  �6  2*%��,(:-    %�!&*-"'0  "7 -2'&-
)*3  0'-$���2 . 

�&5�"0   %� �4�0   ,"�',"(  7$-&$- ,$   *&/'  (2�('- (  5�'  5%�0(,5-�'  %&"0',',"'  
,$%��,"-'�'# . �$%��,"-'�/  2  �2&'0',,*3  &'1'%-5&$3 !�0%�7"1"#  " %��/75'- (  2 )�7" -
&�2!$3 )�  50 % 0$  . �$"4��''  +$ -�  2 !$+' -2'  ,$%��,"-'�'#  %&"0',(:- (  -$!"'  0$-' -
&"$�* , !$!  0'� , -$�/! ,  5�/.$-  4$&"(,  -'!��2���!,� . �&"  9-�0  � -$'- (  2  "�'  ,'�43�)" -
0� -/   �4�:)',"(  2 '3  ,�&0 , %&')%" $,,*3  )�(  !�,'+,���  "7)'�"(  – -&54* , "�"  �'   �7 -
)$,"'  ,�2���   -$,)$&-$    %&",(-"'0  ,$   '4(  2 '3   ��-2'- -25:<"3  )�&��� -  -�(<"3  %&�-
1')5& .  
�%" �!  �"-'&$-5&* : 

1. �(4",",  � . � ., � . � . �5!$+  - �'&2(+,*'  0$8",*  )�(  %'&'&$4�-!"  %�$ -"+' !"3  
0$   "  &'7",�2*3   0' '# . - �+'4,�'  %� �4"'  )�(   -5)',-�2  - 6 .: 6$8",� -&�',"' , 1965. 
2. �'!",  � . 
 ., �$,",  � . � . - 	4�&5)�2$,"'  7$2�)�2  &'7",�2�#  %&�0*8�',,� -" : 
�+'4 .%� �4"'  )�(  257�2. - �7) . - 2-' , %'&'&$4. "  )�%. -� .: �"0"( , 1978 - 400 ., "� . 
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��������  �  ��������������"  �������"   
 

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

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

� ) 
 

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

�  !$+' -2'  ,$ $)!"  " %��/75:- (  -'�$  &$7�"+,�#  .�&0* , ,�   $0�'  4��/8�'  &$ -
%&� -&$,',"'  %��5+"�$  !��/1'2$(  ,$ $)!$  (!��/1$  �$8"�$ ) [1] – -�,!� -',,*'  !��/1$ , 
,$&5�,*#  )"$0'-&  !�-�&*3  &$2',  2* �-'  !��/1$ . �-',!5  !��/1$  )'�$:-  !$!  0��,�  -�,/ -
8' , ,$ !��/!�  )�%5 !$:-  -&'4�2$,"(  !  0'3$,"+' !�#  %&�+,� -" . �'0  0',/8'  &$70'&* 
!��'1 , -'0  4��/8'  "3  5)'�/,$(  %�2'&3,� -/ . 

�'�5�(&,*'  (%&$2"�/,�  5���',,*'  ,$ $)!" ) �4�$)$:-  %�  &$2,',":    ,$ $)!$0" , 
7$ *%$,,*0"  ,$2$��0 , 4��''  ,"7!"0  �")&$2�"+' !"0   �%&�-"2�',"'0  "  0',/8'#  +52 --
2"-'�/,� -/:  !  7$�&(7,',": . 	),$!� , 2 �') -2"'  7,$+"-'�/,�  0',/8'#  5)'�/,�#  %�2'&3-
,� -"  !&5%,�#  ,$ $)!"   5<' -2',,�  52'�"+"2$'- (  2* �-$  ,$ $)�+,�#  +$ -"  $%%$&$-$. 
�$%&"0'& , 5)'�/,$(  %�2'&3,� -/  !'&$0"+' !"3  !��'1  1003100310 00   � -$2�('-  44 
02/03, $ )�(  !��'1  &$70'&�0 2532533 00  - 204 02/03 . 

� �') -2"'  �--�!$  �")!� -"  ,$   -',!"  !�&%5 $ %&" 7$�&57!' 2 $%%$&$- !��'1  ,$ -
2$��0  %�(2�(:- (  5+$ -!"  ,$ $)!" , %��3�   0$+"2$'0�#  �")!� -/: . 

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

�'!�0',)5'- (   %� �4  ",-', "."!$1""  0$  ��40',,*3  %&�1'  �2  2 ,$ $)�+,*3  
$%%$&$-$3 %5-'0 7$%��,',"(  !���,,*  !�04","&�2$,,�#  ,$ $)!�# . �  !��/1$  )"$0'-&�0  
75÷200 00 , 5!�$)*2$'0*'  ,$  �%�&,5:  &'8'-!5  %&$2"�/,*0"  &()$0" , 7$ *%$'- (  ,$2$��0  
0'�!$(  ,$ $)!$  (,$%&"0'&, !��/1$  �$8"�$  )"$0'-&�0  15÷35 00  "�"  )&5�"'  -'�$ , "0':<"'  
4��/85:  5)'�/,5:  %�2'&3,� -/  "  4��/8�#   2�4�),*#  �4A'0 ). 
$!"0  �4&$7�0 5 -&$,('- -
 (  �--�!  �&�8$:<'#  �")!� -"  "7 1',-&$�/,���  �4A'0$  !���,,*  ,$   -',!"  !�&%5 $ !� -
��,,* , )� -"�$'- (  %&$!-"+' !"  %��,�'  "  &$2,�0'&,�'   0$+"2$,"'  2 '#  %�2'&3,� -"  ,$ -
 $)!"  �")!� -/: , !�9.."1"',-   0�+',,� -"  ,$ $)!"  "  )��(  $!-"2,�#  %�2'&3,� -"  ,$ -
 $)!"  %&"4�"�$'- (  !  ')","1' . �&$!-"+' !"  2 (  7$�&5�',,$(  2 !���,,5  ,$ $)!$   -$,� -
2"- (  $!-"2,�# , 5+$ -25:<'#  2 %&�1'  $3  0$  ��40',$  0'�)5  �$7�2�#  "  �")!�#  .$7�# . 
;-�  %�72��('-   5<' -2',,�   ,"7"-/  2* �-5   ��(  7$�&5�$'0�#  2 !���,,5  ,$ $)!"  [2].  

�2-�&$0"  "7�4&'-',"(  [3] &$7&$4�-$,$ !�, -&5!1"(  !�04","&�2$,,�#  ,$ $)!" , 
2*%��,',,$(  2 2")'  &$ %����',,*3  �),�  2,5-&"  )&5����  "   �')",',,*3  -'�  2&$<',"(  
"0':<"3  .�&05  1"�",)&"+' !"3  %�2'&3,� -'# , 2,5-&',,''  -'��  2&$<',"(  &$ %����',�  
,$  &$  -�(,""  �-  ,$&5�,���  -'�$  2&$<',"( , %&" 9-�0  -'�$  2&$<',"(  2*%��,',*  2 2")'  
!��'1  �$8"�$  "   �')",',*  ,$  -�&1'2*3  +$ -(3  %� &') -2�0  ,'  0',''  )253 %&5�",  (&" 5-
,�!  1). 
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1, 2 –  ��-2'- -2',,�  ,$&5�,�'  "  2,5-&',,''  !��/1$ ; 3 – %&5�",* ; 

�" 5,�!  1 - ��04","&�2$,,$(  ,$ $)!$  
 
�$ $)!$  )�(  -'%�� - "  0$  ��40',,*3  %&�1'  �2  &$4�-$'-   �')5:<"0  �4&$7�0. 

�$ $)!$  7$ *%$'- (  2,$2$�  "�"  5 -$,$2�"2$'- (   2 &()*  2,5-&"  $%%$&$-$. �2'&35  ,$ $)!$  
�&�8$'- (  �")!� -/: , $  ,"75  %�)$'- (  �$7. ��)  )'# -2"'0  %�-�!$  �$7$ !$�)�'  2,5-&', -
,''  !��/1�  2  �2'&8$'-  !��'4$,"( , !�-�&*'  %'&')$:- (   -'!$:<'#  %� ,'05  %�',!"  �") -
!� -" , -'0   $0*0  52'�"+"2$(   !�&� -/  ''  -'+',"(  %� ,$ $)!'  "  %�2'&3,� -/ . ;-�  �4 -�( -
-'�/ -2�  %&"2�)"-  !  ",-', "."!$1""  -'%�� - "  0$  ��40',$  ,$  �&$,"1'  &$7)'�$  .$7 �$7$ "  
�")!� -"  "  !  52'�"+',":  %&�"72�)"-'�/,� -"  -'%�� - "  0$  ��40',,*3  %&�1'  �2  2 1' -
��0 . 

	+'2"),� , +-�  !�9.."1"',-   0�+',,� -"  !�04","&�2$,,�#  ,$ $)!"  45)'-  %&"-
4�"�$-/ (  !  ')","1' , 2 (  ,$ $)!$  45)'-  $!-"2,�  5+$ -2�2$-/  2 0$  ��40',,*3  %&�1'  $3 , 
+-�  %�72��"-   �!&$-"-/  �4A@0 7$�&5�$'0*3  2 !���,,5  ,$ $)�+,*3  -'� . 

�&') -$2�('-  ",-'&'  %&�2' -"   &$2,"-'�/,*#  $,$�"7  9..'!-"2,� -"  %&�1'  $  
$4 �&41""  2 ,$ $)�+,�0  $%%$&$-'   ,$ *%,�#  ,$ $)!�#  (!��/1$  �$8"�$ )  "  &$7&$4�-$,,�#  
!�04","&�2$,,�#  ,$ $)!�# . 

��(  -'�&'-"+' !"3  "  �')�2$,"#  2�"(,"(  -"%$ ,$ $)!"  ,$  %$&$0'-&* %&�1'  $  "  
�'�0'-&"+' !"'  %$&$0'-&* $%%$&$-$ &$7&$4�-$,$ %&��&$00$ 2 Microsoft � xcel )�(  &$ +'-$ 
,$ $)�+,���  $4 �&4'&$. 

�&$2,',"'  %&�2�)"�� /  )�(  )253 -"%�2 ,$ $)!" : ,$ *%,$(  ,$ $)!$  - !��/1$  �$ -
8"�$   -$�/,*'  5035031 (P=0,95; S=110 02/03); !�04","&�2$,,$(  ,$ $)!$ : ,$&5�,*#  1" -
�",)&  -  5035031, 2,5-&',,"#  1"�",)&  2532530,8. 

�&')2$&"-'�/,�  �%&')'�(�" /  %$&$0'-&* !�04","&�2$,,�#  ,$ $)!" : %�&�7,� -/  
P=0,936; 5)'�/,$(  %�2'&3,� -/  S=137,3 02/03.  

�'75�/-$-*  &$ +'-�2  %&') -$2�',*  ,$  &" 5,!$3  2 "  3. 
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1 - !��/1$  �$8"�$  50; 2– !�04","&�2$,,$(  ,$ $)!$  
�" 5,�!  2 – 
&$."!  7$2" "0� -"  2* �-*  ,$ $)!"   

�-  )$2�',"(  2 !���,,'  
 

�

�

�

�

�

�

�

	




�

��

� � � � 
 �� ��

V, , 03

� , 
/0  
8-&"3%5,!-"&,$(  �","(  - !��/1$  �$8"�$  50;  
 %��8,$(  �","(  – !�04","&�2$,,$(  ,$ $)!$  

�" 5,�!  3 – 
&$."!  7$2" "0� -"  �4A'0$  ,$ $)!"   
�-  )$2�',"(  2 !���,,'  

 
�,$�"7  &'75�/-$-�2  &$ +'-$ %�!$7*2$'- , +-�  %&" " %��/7�2$,""  !�04","&�2$,,�#  

,$ $)!"  �4A'0  ,$ $)!"  2 !���,,'  50',/8$'- (  ,$  17%, $ �4<$(  2* �-$  ,$ $)!"  2 !���,,'  
 ,"�$'- (  2  &'),'0  ,$  40%. 

��(  &$ +'-$ �")&$2�"+' !���   �%&�-"2�',"(  ,$ $)!"  2� %��/7�2$�" /  5,"2'& $�/ -
,�#  7$2" "0� -/: , %�72��(:<'#  %&�"72�)"-/   &$2,"-'�/,5:  9! %&'  -�1',!5  ,�2*3  "  
"72' -,*3  %&�0*8�',,*3  ,$ $)�!  ,$  � ,�2$,""  7,$+',"(  S 4'7 %&�2')',"(  !$!"3 -�"4�  
9! %'&"0',-�2  "  %&"2�'+',"(  �%*-,*3  )$,,*3  [4]. 

�$ +'-  %&�"72�)"� (  ,$  � ,�2$,""  .�&05�* :  
g××××=D - 2

0
24104,4 WS
 , 

�)'  K� - �")&$2�"+' !�'   �%&�-"2�',"' , 00  2�) .  - .; 
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S- 5)'�/,$(  %�2'&3,� -/  ,$ $)!" , 02/03; 
W0- ."!-"2,$(   !�&� -/  �$7$, 0/ ; 
Q- 5)'�/,*#  2'  �$7$, !� /03. 
 

 
1 – !�04","&�2$,,$(  ,$ $)!$ ; 2 - !��/1$  �$8"�$  50  

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

 

�&�2')',,*'  &$ +'-*  %�!$7*2$:- , +-�  2  &$2,',""   �   -$,)$&-,�#  ,$ $)!�#  �") -
&$2�"+' !�'   �%&�-"2�',"'  !�04","&�2$,,�#  ,$ $)!"  ,$  13 % 4��/8' . ��%� -$2"-'�/ -
,*'  "  �')�2$,"(  %&�1'  $  $4 �&41""  2 $%%$&$-'   !��/1$0"  �$8"�$  "  !�04","&�2$,,�#  
,$ $)!�#  %�!$7$�"  (2,*'  %&'"05<' -2$  $%%$&$-$   !�04","&�2$,,�#  ,$ $)!�# , " %��/7� -
2$,"'  !�-�&�#  %�2*8$'-  9..'!-"2,� -/  0$  ��40',,���  %&�1'  $  "  %�72��('-   �!&$-"-/  
&$70'&* !���,,*3  $%%$&$-�2 %&" ,'4��/8�0  &� -'  �")&$2�"+' !���   �%&�-"2�',"( .  

�"-'&$-5&$  
1. �$00 , � .6 . �4 �&41"(  �$7�2; "7) . 2-' , %'&'&$4. "  )�%. – 6 .: �"0"( , 1976. – 656 .  
2. ��.,%�� , � .� . 
%�"++��8  '  %��+�����-����/  ��'�*%�/  / � .�  ��.,%��  �  *� . // �� -

��#�'%��  �  ��(&���:�-��  ��,���'&������ . 2013. F  3. C. 28-30. 
3. � .�  148733 
1 , ���   B01J19/00   ��'�*%�  *�!  &�$�� - ��''��+����8;  $��)�''�- / 

����-��#�%�-  � .7. �  *� .; :�!-�&��  �  $�&��&��+��*�&�� : 1�7��  ���  ������� ; 
�$"+� .10.12.2014 

4. �$�$, ,  � .6 . 
")&$2�"+' !�'   �%&�-"2�',"'  "  5)'�/,$(  %�2'&3,� -/  ,'&'�5�(&,*3  
,$ $)�!  / � .6 . �$�$,  "  )&. // �"0"+' !$(  %&�0*8�',,� -/ . 2008. B  3. � . 147-152. 

 

 

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

 

�  %&�"72�) -2'  !$&4")$  !&'0,"(  2 %'+$3  �%&�-"2�',"(  5�$2�"2$,"'  "  �+" -!$  %*-
�'�$7�2*3  2*4&� �2  %&') -$2�('-  �),5  "7 -&5),�&$7&'8"0*3  7$)$+. �2(7$,�  9-�    ,'7,$ -
+"-'�/,*0   �)'&�$,"'0  2&'),*3  2'<' -2  "  2* �!�#  -'0%'&$-5&�#  �$7�2. ��   "3  %�& ,'  
,$#)',�  %&� -�'  "  9..'!-"2,�'  &'8',"'  9-�#  %&�4�'0* .  
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�  �!&5�$:<5:   &')5  2*)'�('- (  �	 , 2 � ,�2,�0  )���&$:<'��  ,$  %�2'&3,� -"  !� -
��8,"!$  )�  �	 2 (1.5 % �4A'0, .),  �')",',"#   '&*  SO2, SO3, H2S (0.5 % �4A'0, .) "  %*�' -
2"),*3  2'<' -2  (50 0� /03), )� -"�$:<"3  40̧ 60 !�  ,$  1 -  -�2$&,���  %&�)5!-$ SiC.  


$!  !$!   �)'&�$,"'  2&'),*3  2'<' -2  ,'7,$+"-'�/,�' , -�  )�(  �+" -!"  �$7�2*3  
2*4&� �2  %&')�$�$'- (  " %��/7�2$-/  3'0� �&41": . �  9-�0   �5+$'  ,$"4��''  %�)3�)(<"0"  
 +"-$:- (  ,$ $)�+,*'  "  -$&'�/+$-*'  !���,,* . �  &$7&$4�-$,,�#   " -'0'  �4'72&'�"2$,"(  
�$7�2*3  2*4&� �2  ( 0 . &" 5,�!  1) 45)5-  " %��/7�2$-/ (  ,$ $)�+,*'  $4 �&4'&* . 

 

 
1, 2 –  ,$ $)�+,*#  $4 �&4'& ; 3 – %'+/; 4, 5 – ,$ � ; 6 – ",'&1"�,,*#  !$%�'�-4�#,"! ; 7 –

 '0!� -/    $4 �&4',-�0 ; 8 – ."�/-&  
�" 5,�!  1 – �" -'0$  �4'72&'�"2$,"(  �$7�2*3  2*4&� �2  

%&�"72�) -2$  !$&4")$  !&'0,"(   
�  ,"�,::  +$ -/  $4 �&41"�,,�#  !���,,*  %�)$:- (  �$7�2*'  2*4&� * , 2 2'&3,::  

+$ -/  !���,,*  – 2�),*#  &$ -2�& NaOH. 
$7�2*'  %&"0' "  $4 �&4"&5:- (  2�)�#  "  2 �") -
!�#  .$7'  &'$�"&5'-    �")&�! ")�0  ,$-&"(  �4&$75(  ��/  "  2�)5 . �7  ,"�,'#  +$ -"  !���,,*  
�-2�)(-  2�),*#  &$ -2�& NaOH "   ��" , "7 2'&3,'#  – �-+"<',,*#  2�7)53. 

�$+' -2�  &$4�-*  3'0� �&4'&$  7$2" "-  �-  -'0%'&$-5&* . 
$!"0  �4&$7�0, ,'�43�)"0�  
�1',"-/ , !$!  45)5-  %����<$-/ (  !�0%�,',-*  �$7�2�#   0' "  2 7$2" "0� -"  �-  -'0%'&$-5&*  
"  �%&')'�"-/  !�, -&5!-"2,*'  %$&$0'-&* 3'0� �&4'&$  %� 5 ��2"(0  &$4�-*  2 �'-,"#  
(":�/ ) "  7"0,"#  ((,2$&/ ) %'&"�)*  ( 0 . -$4�"15  1). 

 

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

6' (1  �"$%$7�,  -'0%'&$-5& 

":�'  2014 +15 °�  )�  +32 °�  

(,2$&'  2014 �-  +3 °�  )�  -20 °�  

�, -&50',-�0  "  �')�2$,"(  4*�$  0$-'0$-"+' !$(  0�)'�/  3'0� �&4'&$ , %&') -$2-
�(:<5:   �4�#   " -'05  )"..'&',1"$�/,*3  5&$2,',"#  "70',',"(  !�,1',-&$1""  %���� -
<$'0���  !�0%�,',-$  2 �$7�2�#  .$7' , "70',',"(  !�,1',-&$1""  &'$�',-$  2 �")!�#  .$7' , 
)�%��,',,5:  &$ +'-�0  &$2,�2' ,�#  !�,1',-&$1""  %����<$'0���  2'<' -2$  2 �")!�#  .$ -
7', 0' -,*0  !�9.."1"',-�0  5 !�&',"(  %&�1'  $   �&41""  "  &$ +'-�0  ."7"+' !"3  3$&$!-
-'&" -"!   &')  [1, 2]. 

�$7�2*'  
2*4&� *  1 2 

3 

4 

5 
6 

7 

8 



 159 

�&"  0�)'�"&�2$,""  %&",(-*   �')5:<"'  )�%5<',"( : �4'  .$7*  (�")!$(  "  �$7��4&$7-
,$( ) )2"�5- (  2 &'�"0'  ")'$�/,���  2*-' ,',"( , ,$ $)!$  3�&�8�   0$+"2$'- (  2�  2 '0  
�4A'0' ; 2�7)53 &$ %&')'�('- (  &$2,�0'&,�  %� 2 '05  �4A'05   ��(  ,$ $)!" . �!�&� -/  )2" -
�',"(  �")!�#  .$7*  �%&')'�(�$ /  "7 5 ��2"(   0$+"2$,"(  2 '#  %�2'&3,� -"  ,$ $)!"  (!� -
9.."1"',-   0$+"2$'0� -"  ,$ $)!"  &$2',  ')","1' ).  

��  &'75�/-$-$0  !�0%/:-'&,*3  9! %'&"0',-�2 , 2 !�-�&*3  " %��/7�2$�" /  &$7,*'  
,$ $)!" , 4*�"  2*4&$,*  )�(  )$�/,'#8'��  "  �')�2$,"(  !��/1$  �$��(  50 00 , -$!  !$!  �") -
&$2�"+' !�'   �%&�-"2�',"'  ,$ $)!"  0$��  "  %&�1'   0$  ��40',$  %&�-'!$'-  ",-', "2,� . 

�$  &" 5,!'  2 %&') -$2�',*  &'75�/-$-*  &$ +'-$ 3'0� �&4'&$  )"$0'-&�0  3.2 0, &$ -
3�)�0  �$7�2*3  2*4&� �2  5 03/  "  ,$+$�/,�#  !�,1',-&$1"'#  NaOH 7.2 % 0$  . 

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

"7 3'0� �&4'&$   

 
�" 5,�!  3 – �70',',"'   �)'&�$,"(  7$�&(7,(:<"3  2'<' -2  ,$  2*3�)'  "7 3'0� �&4'&$  %� 

2* �-'  ,$ $)�+,���   ��(   

 

�" 5,�!  4 – ��"(,"'  -'0%'&$-5&*  ,$  2* �-5  ,$ $)�+,���   ��( , ,'�43�)"05:  )�(  %��,���  
%����<',"(  %&"0' '#  

 

�&"  ,$+$�/,�#  !�,1',-&$1""  &'$�',-$  2 $4 �&4',-'  ,"�'  7.2 % 0$  . %�(2�('- (  
%&� !�!  7$�&(7,(:<"3  2'<' -2  2 ,'7$2" "0� -"  �-  !�, -&5!1""  $%%$&$-$. �70',',"'  
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% �4A'0 . 

H, 0 

10°C 

30°C 

0 2 4 6 8 10

1

2

( )

T� , °�  

y, 
% �4A-

'0 . 

10 15 20 25 30

0.02
0.04
0.06
0.08

0.1



 160 

-'0%'&$-5&*  �!&5�$:<'#   &')*  ()"$%$7�,  &$  0�-&',,*3  -'0%'&$-5& 10..30 °� )  5<' - -
2',,�  2�"('-  ,$  2* �-5  ,$ $)�+,���   ��(  )� -$-�+,���  )�(  �+" -!"  �-  %&"0' '#  ( 0 . &"-
 5,�!  3, 4).  


$!"0  �4&$7�0, %&�1'   3'0� �&41""  )���',  %&�-'!$-/  2 -'0%'&$-5&,�0  )"$%$7�,'  
15̧ 30 °� , )�(  �4' %'+',"(  9-"3  5 ��2"#  ,'�43�)"0�  %&')2$&"-'�/,�  �3�$�)$-/  �$7�2*'  
2*4&� *  %&�"72�) -2$  !$&4")$  !&'0,"(  "  -<$-'�/,�   �')"-/  7$ -'0%'&$-5&�#  ,$  23�)'  2 
3'0� �&4'& . 

�&"  &$ 3�)'  �+"<$'0*3  �$7�2 5 03/  &'!�0',)5'- (  " %��/7�2$-/  $4 �&4'&  d=3.2 0, 
� =7 0 2 !$+' -2'  ,$ $)!"  – !��/1$  �$��(  50 00 . 

 
�%" �!  �"-'&$-5&*  

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

 .� . ��&" �2 , � .� . �&*!�2 , � .� . �*-,'& !"#  "  )&. %�) &') . � .� . �*-,'& !��� , 2-'  "7) ., 
%'&'$4. "  )�%��, . – 6 .: �"0"( , 1991. – 496  . 
2) �$00  � .6 . �4 �&41"(  �$7�2. 2-'  "7) ., %'&'&$4. "  )�%. – 6 .: �"0"( , 1976. – 656  . 
 

������"  �����  '��!�����$&  '������  
���� ��������  &����� -��&�� �!�%����&  '��������  

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

�  � . ������&$)  

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

�  � . ������&$)  
� .� . 
�&!�2',!�   -5)',-  �&5%%* �
 -343 ����

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

�  � . ������&$)  

 

�  ,$ -�(<''  2&'0(   5<' -25'-  )� -$-�+,�  4��/8�'  !��"+' -2�  !�0%/:-'&,*3  %$-
!'-�2  0�)'�"&�2$,"(  %&�1'  �2  3"0"+' !�#  -'3,����""  [1]. � ��2,�  "3  0��,�  %�)&$7)'-
�"-/   ,$  )2'  4��/8"'  !$-'��&"" :  

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

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

�$!'-*  2-�&�#  �&5%%* � ,�2*2$:- (  ,$  3�&�8�  %&�2'&',,*3  %��590%"&"+' !"3  
0'-�)"!$3 , )$:<"3  2�70��,� -/  +" �',,�  %&�$,$�"7"&�2$-/   2 :   �2�!5%,� -/  &$4�+"3 
$%%$&$-�2, �4' %'+"2$:<"3  2*%��,',"'  1'����  %&�1'  $  (,$%&"0'&, &$4�-5  -$)""  &'! -
-"."!$1""  4',7"��2���   %"&-$). 

�  %'&2�# �&5%%' 0��,�  2*)'�"-/  -$!"'  5,"2'& $�/,*'  %$!'-*  !$!  ANSYS, !�-� -
&*# 2!�:+$'-  2  '4(  0�<,*'  0�)5�"  $,$�"7$  -'%�� - 0$  �%'&',� $ , !$!  Fluent "  CFX [2]. 

��  2-�&�#  �&5%%' �-,� (- ( , %&'�)'  2 '�� , -$!"'  %$!'-*  !$!  Aspen One (  )� -$ -
-�+,�  4��/8"0  !��"+' -2�0  0�)5�'# ), PRO II [3] "  ChemCad [4]    5,"2'& $�/,*0"  
.5,!1"(0" , %�72��(:<"0"  0�)'�"&�2$-/  &$7,��4&$7,*'  -'3,����"+' !"'  %&�1'  * . 

�$  &" 5,!'  1 %�!$7$, %&"0'& &$ +'-,�#   3'0* ,  )'�$,,�#  2 %&��&$00' Aspen 
HYSYS.  
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�" 5,�!  1. �&$�0',-*  0�)'�"&�2$,"(  -'3,����"+' !"3   3'0  2 Aspen HYSYS [5] 
 

�$&$��'�/,�    -$!"0"  5,"2'& $�/,*0"  %&��&$00$0"  5<' -25:-  %$!'-*   %'1"$-
�"7"&�2$,,���  ,$7,$+',"( , %&'),$7,$+',,*'  )�(  0�)'�"&�2$,"(  57!���  !�$  $  %&�1'  �2 . 
�&')"  ,"3  0��,�  5%�0(,5-/  %$!'-  SulSim, !�-�&*#  "0''-  ��&$,"+',,*#  ,$4�&  $%%$&$-
-�2 , %&'),$7,$+',,*3  )�(  0�)'�"&�2$,"(  %&�1'  �2  �4&$4�-!"   '&� �)'&�$<"3  2'<' -2  
(&" 5,�!  2). 

 
�" 5,�!  2. �&$�0',-   3'0*  %&�1'  $  2 %$!'-'  SulSim [6] 

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

-'�/,*3  7$)$+,   !�-�&*0"  ,'%&'&*2,�  %&"3�)"- (   -$�!"2$-/ (  %&�'!-"&�2<"!5 . �  -$-
!"0  7$)$+$0 0��,�  �-,' -"  &$ +'-  -&54�%&�2�)�2  "  �$7�%&�2�)�2 . �  9-�0  %�$,'  0��5-  
2�7,"!$-/  !$!  7$)$+" +" -�  �")&$2�"+' !���  &$ +'-$ -&54�%&�2�)�2 , -$!  "  7$)$+" &$ +'-$ 
2 ,"3  ,$%&(�',"#  "  )'.�&0$1"# . 

�$!  �-0'+$�� /  2*8' , 4��/8", -2�  "7 5!$7$,,*3  %$!'-�2  �-,� (- (  !  !�00'&+' -
 !"0  %$!'-$0 "  -&'45:-   %'1"$�/,*3  �"1',7"#  )�(  "3  " %��/7�2$,"( . 	),$!�  2 5+'4,�0  
%&�1'  '  " %��/7�2$,"'  9-"3  %$!'-�2  7$-&5),"-'�/,�  "7-7$ "3  2* �!�#   -�"0� -" . 6,� -
�"'  &'$�/,*'  7$)$+", ,$  !�-�&*3  0��,�  5+"-/   -5)',-�2 , 0��5-  4*-/  &'8',*    %�0�</:  
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�-,� "-'�/,�  )'8'2*3  ($ 7$+$ -5:  4' %�$-,*3 ) %&��&$00,*3  %$!'-�2 , !�-�&*'  &$4�-$:-  
%� -�05  �'  %&",1"%5, +-�  "  !�00'&+' !"'  %$!'-*  -"%$ AspenOne, Pro-II, ChemCad. 

;-�   2�4�),�  &$ %&� -&$,('0*'  %$!'-*  -$!  ,$7*2$'0���  �-!&*-���  ",-'&.'# $  
(CAPE Open). �&')"  ,"3  0��,�  2*)'�"-/  DWSIM [7], Chemsep [8] "  COCO [9]. 

��(  9-"3  %&��&$00 3$&$!-'&,�  ,$�"+"'  ��&$,"+',,�#  4$7* )$,,*3  2'<' -2 . ;-�  ,'  
%�72��('-    "3  %�0�</:  ,'%� &') -2',,�  0�)'�"&�2$-/   ���,*'  %&�1'  * , ,�  �4<"'  
%&",1"%* 0�)'�"&�2$,"(  2 ,"3  -$!"'  �' , !$!  "  2 4��/8"3  !�00'&+' !"3  %$!'-$3. �&�0'  
-��� , �," , !$!  %&$2"��, )�%5 !$:-  &$ 8"&',"'  4$7* )$,,*3  2'<' -2 , " %��/75(  )� -5% -
,*'  2 ",-'&,'-'  4$,!"  )$,,*3 , -$!"'  !$!  NIST "  DIPR. 

��')5'- , 4'75 ��2,� , 5%�0(,5-/  �&5%%5 %$!'-�2  �-'+' -2',,�#  ."&0*  CISP 
(ChemInform SantPeterburg), +$ -/  "7 !�-�&*3  ()�  ,'!�-�&�#  �%&')'�',,�#  2'& "" ) ,$3� -
)(- (  2  2�4�),�0  )� -5%'  [10]. 

�  ,$ -�(<''  2&'0(  &$7&$4$-*2$:- (  �$4�&$-�&,*'  &$4�-*  %� !5& 5 «��0%/:-'& -
,*'  -'3,����""  3"0"+' !"3  %&�"72�) -2 »   %&"0',',"'0  %&��&$00 DWSIM, Chemsep "  
COCO. � %��/7�2$,"'  %&��&$00 -$!���  5&�2,(  2 5+'4,�0  %&�1'  '  %�72��"-  &$72"-/ 5 
 -5)',-�2  ,$2*!"  !�0%/:-'&,���  0�)'�"&�2$,"(  %&�1'  �2  3"0"+' !�#  -'3,����"" . 

 
 
�"-'&$-5&$   
 

1. �5!�2  � .� . �,.�&0$1"�,,*'  -'3,����""  2 %&�1'  '  �45+',"(  2 -'3,"+' !�0  257' : 
0�,��&$."(  / � .� . �5!�2 , � .6 . ���+!�2 , � .; . �"0�,�2$  ["  )&.] ; %�) �4<'#  &')$!1"'#  
� .� . �5!�2$ . ����

� . – ������&$) , 2009. – 76  . 

2. Simulation Technology [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Fluid+Dynamics+Pro
ducts. 

3. �&��&$00,*'  %&�)5!-*  !�0%$,""  SimSci [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5 -
%$ : http://www.ect-service.ru/invest/consult/simsci/pro/. 

4. Try CHEMCAD for Free [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://www.chemstations.com/Products/. 

5. Optimize Hydrocarbon Processes [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://www.Aspentech.com/products/Aspen-hysys.asp. 

6. Processes Engineering Services [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://www.Sulphurexperts/Sulphureperts/EngineeringStudies/ProcessSimula-tionStudies.asp. 

7. DWSIM - Open Source Process Simulator [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://dwsim.inforside.com.br/wiki/index.php?title=Main_Page 

8. CHEMSEP - Modeling Separation Processes [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5 -
%$ : http://www.chemsep.com/. 

9. Cafe Open to Cafe Open Simulation Environment [;�'!-&�,,*#  &' 5& ]. - �'�"0  
)� -5%$  : http://www.cocosimulator.org/. 

10. CISP - �$-$���  3"0"+' !"3  &' 5& �2  [;�'!-&�,,*#  &' 5& ]. - �'�"0  )� -5%$  : 
http://www.chemport.ru/?cid=22. 
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� �����  ���������  ������  ������!�  '�%��  ��  '�������$  ���� -
�$  ��#�&�������!�  ��' ����������   

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

� , � . ������&$)  

� .� . �5�/!", ,  -5)',-  ,$1"�,$�/,���  "  �')�2$-'�/ !���  5,"2'& "-'-$  6� !�2 !���  
9,'&�'-"+' !���  ", -"-5-$ , � . 6� !2$  

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

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

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

� , � . ������&$)  

 
�  &� -�0  9,'&�'-"+' !"3  0�<,� -'#  "  �4A'0�2  %&�"72�) -2$  2 '  4��''  52'�"+" -

2$:- (  0$  $  "  �$4$&"-*  %&"0',('0*3  -'%���40',,*3  $%%$&$-�2. 	),"0  "7 %'& %'!-"2 -
,*3  ,$%&$2�',"#  2 &'8',""  )$,,�#  %&�4�'0*  (2�('- (  �&'4&',"'  -&54�!  -&54,���  %5+!$, 
+-�  %�72��('-  50',/8"-/  0$  5  "  �$4$&"-*  -'%���40',,"!$  %&"  �3&$,',""  9..'!-"2,� -
 -"  -'%��%'&')$+" . �&"  ' -' -2',,�#  !�,2'!1""  &'4&$ )'�$:-  %�%'&'+,*0"  !$!  ,$  4$-$-
&'(3  �-�%�',"( . �&"   &'),"3  "  2* �!"3   !�&� -(3  %&�)��/,���  �4-'!$,"(  -&54�! , !�-� -
&�'  "0''-  0' -�  2 !��53�-&54,*3  -'%���40',,"!$3 , 5 -$,$2�"2$:-  %&�)��/,*'  &'4&$, 
!�-�&*'  2,5-&"  -&54�!  0��5-   �5�"-/  '<@ "  -5&45�"7$-�&$0"  %�-�!$ , � �4',,�  ' �"  �,"  
"0':-  2",-��4&$7,5:   
.�&05  [1-3]. 

='�/:  &$4�-*  (2�('- (  &$7&$4�-!$  %'1"$�/,���  -"%$ �&'4&',"(  )�(  !��53�-&54 -
,���  -'%���40',,"!$  "   &$2,',"'  9..'!-"2,� -"  &$4�-*  !��53�-&54,���  -'%���40',," -
!$   �4*+,*0"  "  �&'4&',,*0"  -&54!$0"  2 -&54,�0  %5+!'. 

�&')�$�$'- (  )�(  �&'4&',"(  ,$&5�,�#  "  2,5-&',,'#  %�2'&3,� -"  -&54�!  5 -$,$2 -
�"2$-/   A'0,*'  �"�/7* , &'4&$ !�-�&*3  .�&0"&5:- (  "7 4�!�2�#  %�2'&3,� -"  9-"3  �"�/7  "  
�-��,5-*  �"4�  ,$&5�5  )�(  5 -$,�2!"  ,$  2,'8,'#  %�2'&3,� -"  -&54�! ; �"4�  2,5-&/  %&" 
�&'4&',""  2,5-&',,'#  %�2'&3,� -" .  

� �"   ,$&5�"  "0''-  0' -�  %�%'&'+,�'  �4-'!$,"'  -&54�!  2�7)53�0  "�"  2�)�# , -�  
2*&'7$:- (  "  �-�"4$:- (  %�%'&'+,*'  &'4&$. �  !��53�-&54,*3  -'%���40',,"!$3  %&" 
%&�)��/,�0  �4-'!$,""  -&54�!  "  %&�)��/,�0  )2"�',""  -'%��,� "-'�(  2,5-&"  -&54�!  &'4-
&$ )���,*  "0'-/  %&�)��/,5:  "�"  2",-��4&$7,5:  ,$%&$2�',,� -/ . ��(  5%&�<',"(  0�, -
-$�$  "  )'0�,-$�$  �"�/7  2 ,"3  )'�$'- (  %&�)��/,$(  %&�&'7/, $  $0"  �"�/7*  "0':-  )�",5  
�-  200 )�  500 00  "  �4&$75:-  ,$  2 '#  %�2'&3,� -"  -&54�!   '!1""  [4-6] (&" . 1). 

 

 

�" . 1. �3'0$  !��53�-&54,���  -'%���40',,"!$    �"�/7�# , 5 -$,�2�',,�#  ,$  !$�)�#  
,$&5�,�#  %�2'&3,� -"  -&54!"  "    &'4&$0", 2*%��,',,*0"  "7 4�!�2�#  %�2'&3,� -"  

�"�/7*  "  �-��,5-*0"  ,$&5�5 :  
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1 – !��53 ; 2, 3, 4, 5 – %$-&54!"; 6 – -&54,$(  &'8'-!$ ; 7 – 1"�",)&"+' !"'  -&54!" ; 8 – 
�"�/7$ ; 9 – %&�)��/,$(  %&�&'7/; 10 – &'4&$ 

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

(4) &'4&$0". 

  
$) 4) 

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

&'4&$0"; 8 – �"�/7$ ; 9 – %&�)��/,$(  %&�&'7/; 10 – &'4&$ 
 
�&�2')',*  &$ +'-*  -"%�2���  ,'�&'4&',,���  "  �&'4&',,���  !��53�-&54,���  -'%-

���40',,"!$  )�(  ,$�&'2$,"(  2�)*  )*0�2*0"  �$7$0". 
�'75�/-$-*  &$ +'-�2  -"%�2���  !��53�-&54,���  -'%���40',,"!$    ,'�&'4&',,*0"  

-&54!$0"  %�!$7$�" , +-�  �"0"-"&5:<'#   -$)"'#  -'%��%'&',� $  (2�('- (  -'%���-)$+$  �-  
)*0�2*3  �$7�2 !   -',!'  -&54�! , %&"+'0 !�9.."1"',-*  -'%���-)$+"  &$7,(- (  4��''  +'0  2 
100 &$7, 3�-(  +" ��  �'#,��/) $  )�(  �$7�2 2 60 &$7 4��/8' , +'0  )�(  2�)* . ;-�  %&'2*8',"'  
%&$!-"+' !"  ,"2'�"&5'- (  %&" %'&'3�)'  �-  +" �$  �5  '�/-$  !  !�9.."1"',-5  -'%���-)$+"  
2 25 &$7 0',/8"0  !�9.."1"',-�0  -'%��%&�2�),� -"  5 �$7�2 %�  &$2,',":    2�)�#  

>d
Nu l

a
×

= . 

��9-�05  0��,�  %&')%����"-/ , +-�  �&'4&',"' , %&"2�)(<''  !  52'�"+',":  %�2'&3-
,� -"  -'%���-)$+" , 45)'-  7,$+"-'�/,�  1'�' ��4&$7,'#  )�(  2,'8,'#  %�2'&3,� -"  -&54�! .  

�&"  �&'4&',""  !$�)�#  -&54!"  -&54,���  %5+!$ &'4&$0"   2* �-�#  !$�)���  
15=ph �� , %&"2�)(<'0  !  52'�"+',":  ,$&5�,�#  %�2'&3,� -"  -&54�!  2 1,54 &$7$, ,'�43� -

)"0�'  +" ��  -&54�!   ,"�$'- (  4��''  +'0  2 2 &$7$:  �  183 8- . )�  85 8- . 	&'4&',"'  �4�"3  
-'%��%'&')$:<"3  %�2'&3,� -'#  (,$&5�,�#  "  2,5-&',,'# ) %&$!-"+' !"  ,"!$!���  %&'-
"05<' -2$  %�  &$2,',":    �&'4&',"'0  -��/!�  ,$&5�,�#  %�2'&3,� -"  ,'  )$'-  – 50',/8$ -
'-  +" ��  -&54�!  ,$  3 8- .  �  85 8- . )�  82 8- . 
��'   $0�'  0��,�   !$7$-/  �4  �&'4&',""  
-��/!�  2,5-&',,'#  %�2'&3,� -"  -&54�! . ��   &$2,',":    �4*+,*0  !��53�-&54,*0  -'%�� -
�40',,"!�0  +" ��  -&54�!   ,"�$'- (    183 8- . )�  180 8- ., -�  ' -/  %&$!-"+' !"  ,'  0',('- -
 ( . 

�&�0'  -��� , 50',/8',"'  +" �$  -&54�!  %&" �&'4&',""  "3  2,'8,'#  -'%��%'&')$: -
<'#  %�2'&3,� -"  %&"2�)"-  !  50',/8',":  )"$0'-&$  !��53$  ,$  30%, -�  ' -/  50',/8$'-  
0'-$���'0!� -/  "   -�"0� -/  -'%���40',,"!$ . 
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�%�����  ���$  ��  ��������  Na+ �  ������������  �''�����  �� -

'���$���!�  ��"�����  

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

 ��������*'%�/  ��'"*��'&-���8/  &�;��#�'%�/  "��-��'�&�&  

           ;! %'&"0',-$�/,*'  "  �')�2$,"( ,  2(7$,,*'   �   ,(-"'0  !&"2*3  �-!�"!$  %� �") -
!�#  .$7'  2 0$  ��40',,*3  $%%$&$-$3 ,'%&'&*2,���  )'# -2"(    %&�-"2�-�+,*0  )2"�'," -
'0  �4'"3  .$7 %�!$7*2$:- , +-�   -&5!-5&$ %�-�!$  %� �")!�#  .$7'  )$�'!$  �-  ")'$�/,���  2* -
-' ,',"( , -$!  "  �-  ")'$�/,���   0'8',"( . ��(  &$ +'-$ 3"0"+' !"3  &'$!-�&�2  8"&�!�  " -
%��/75'- (  )"..57"�,,$(  0�)'�/   -&5!-5&*  %�-�!�2 , %�72��(:<$(  %� 7,$+',":  )" %'& -
 ""  !&"2�#  �-!�"!$   

( )[ ]Pe
PePe

---= exp1
22

2
2s                                                      (1) 

 �%&')'�(-/  +" ��  �'!�'  %&�)��/,�#  )"..57""  
�  " , %�) -$2�((  '��  7,$+',"'  2 0$-'0$ -
-"+' !5:  0�)'�/  3"0"+' !���  &'$!-�&$    )"..57"�,,�#   -&5!-5&�#  %�-�!$ , &$  +"-*2$-/  
 -'%',/  !�,2'& ""  &'$�"&5:<'��  !�0%�,',-$ , 7,$+',"'  !�-�&�#  �'�"-  0'�)5   -'%',(0"  
!�,2'& ""  &'$!-�&$  ")'$�/,���   0'8',"(  "  &'$!-�&$  ")'$�/,���  2*-' ,',"(  [1,2]. 
          �$  0�-&"0  ."7"+' !5:  0�)'�/  %&�1'  $  �+" -!"  2�)*  �-  !$-"�,�2  Na+ 2 "�,��4 -
0',,�0  $%%$&$-'   ,'%&'&*2,*0  %&�-"2�-�+,*0  )2"�',"'0  .$7 : )" %'& ,�#   -  ��(  "� -
,"-$ , )2"�5<'�� (   2'&35 2,"7  2 &'�"0'  ")'$�/,���  2*-' ,',"( , "   %��8,�#  �+"<$'0�#   
�")!� -" , )2"�5<'# (   ,"75  22'&3   )"..57"�,,�#   -&5!-5&�#  %�-�!$  (&" .1). 6$-'&" -
$�/,*#  4$�$,  %� "72�'!$'0�05  !�0%�,',-5  )�(  &$  0$-&"2$'0���  �4A'0$   ��(  "�,"-$  
2* �-�#   dz "0''-  2")  : 
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        )()()( *CCSdzkdz
dz

d
Sdz

dz
dc

CSSS
 V
�

�� -++++=+
J

JJJJ . 

 

 

�" .1. �3'0$  "70',',"(  !�,1',-&$1"#  
   "72�'!$'0*3  !$-"�,�2  Na+ "7 �+"<$'0�#  2�)* , 
 !�&� -"  ''  %&�)��/,�#  )"..57""  G�    "  !�,1',-&$1""  x "72�'!$'0���  !�0%�,',-$  2 "�," -

-'  ,$  9�'0',-'  2* �-*  !���,,*  dz   )"..57"�,,�#   -&5!-5&�#   
                      %�-�!$   %� �")!�#  .$7'  "  ")'$�/,*0  2*-' ,',"'0  %� "�,"-5  
 
�  �'2�#  +$ -"  5&$2,',"(   %&"3�)   �")!�#  .$7�#  "72�'!$'0���  !�0%�,',-$  2 ')","15  
2&'0',"  7$  +'-  !�,2'!1""   �   !�&� -/:  G "  %&�)��/,�#  )"..57""   �   !�&� -/:  G�  , $ 2 
%&$2�# +$ -"  53�)  "72�'!$'0���  !�0%�,',-$  "7 �")!�#  .$7*  7$  +'-  !�,2'!1"" , %&�)��/ -
,�#  )"..57""  "  0$  �%'&')$+"  "7 �")!�#  .$7*  2 �&$,5�*  "�,"-$ . 
       �&�)��/,5:  )"..57":  %� $,$���""    %'&2*0 7$!�,�0  �"!$  )�(  0��'!5�(&,�#  )". -
.57""  0��,�  �%" *2$-/  5&$2,',"'0   

dz
d


Dl� -=J  ,                                                         (2) 

�&$2,',"'  0$-'&"$�/,���  4$�$, $    5+'-�0  5&$2,',"(  (2) %&'�4&$75'- (  !  2")5  

)( *
2

2

CCk
dz
dc

dz
cd

D Vl -+=J  

       �'&'2')'0  %$&$0'-&* %� �'),'��  5&$2,',"(  2 4'7&$70'&,*#  2") , �4�7,$+"2  
 

0

,
C
C

c
H
dz

dh == , 

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

)( *
2

2

ccPek
dh
dc

Pe
dh

cd
CV -+= t                                                    (3) 

�)'  
J

t
H

C =   –   &'),''  2&'0(  %&'4*2$,"(  �+"<$'0�#  2�)*  2 "�,"-' , ' ,  

kV  – �4A'0,*#  !�9.."1"',-  0$  �%'&')$+" , 1/c, 
  �&$,"+,*0"  5 ��2"(0"  )"..57"�,,�#  0�)'�"   

                                              �
�

�
�
�

�-==
dh
dc


�
'h �

1
1,0  ,                                                             (4) 
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                                              Kcch == ,1  . 

 
 
�" .2.  �$2,�2' ,$(  (1) "  &$4�+"'  �",""  2 "�,��40',,�#  %&�-"2�-�+,�#  !���,,'    ,'%&' -
&*2,���  )'# -2"( , 
2– &$4�+$( �","(  %&" ")'$�/,�0  2*-' ,',""  %� �4'"0  .$7$0, 
3– &$4�+$( �","(  %&" )"..57"�,,�#   -&5!-5&'  %�-�!$  %� �+"<$'0�#  �")!� -"  "  ")'$�/ -
,�05  2*-' ,',":  %� "�,"-5 : 
    $) – %&" 0","0$�/,�0  &$ 3�)'  "�,"-$ , 
    4) – %&" &$4�+'0  &$ 3�)'  "�,"-$ . 
         �  �$4�&$-�&,�#  !���,,'    7'&," -*0   ��'0  "�,"-$  %� �'   ,(-"(  !&"2�#  
�-!�"!$ , &$ +'-�2  )" %'& ""  "  +" �$  �'!�'  )"..57"�,,���  %� .�&05�'  (1) %&" )" %'& ""   
D2=0,42 , %��5+',�  +" ��  �'!�'  
� =3,42.  
         ��   &$2,',":    -"%�2*0  &$ +'-�0 , �%"&$:<"0 (  ,$  ")'$�/,�'  2*-' ,',"'  %� �4' -
"0  .$7$0, 5+'-  )"..57"�,,�#   -&5!-5&*  %�-�!�2  %� �+"<$'0�#  2�)'  %&"2�)"-   !  ,'�43� -
)"0� -"  52'�"+',"(  &$ 3�)$  "�,"-$    9,25 !� /+$  )�  10,62 !� /+$ , -�  ' -/  ,$  15%, %&" 9-�0  
2* �-$   ��(  "�,"-$  0��'-  4*-/   ,"�',$    0,2550 )�  0,1530, -�  ' -/  ,$  67%. ;-���  ,'  7$-
0'+$:-  ,$  %&�0*8�',,*3  !���,,$3 , &$  +"-$,,*3  %� -"%�2*0  %&��&$00$0 ")'$�/,���  
2*-' ,',"( , %� !��/!5  �4*+,�  7$2*8$:-  &$ 3�)  "�,"-$  %�  &$2,',":    0","0$�/,*0  
&$ 3�)�0  ,$  15÷20% [3,4]. 
$!  !$!  0","0$�/,*#  &$ 3�)  "�,"-$  2 !���,,'  ")'$�/,���  2* -
-' ,',"(  %� �4'"0  .$7$0  � -$2�('-  9,74 !� /+$ , -�  &'!�0',)5'0*#  &$4�+"# &$ 3�)  )�� -
�',   � -$2�(-/  11,2÷11,7 !� /+$ , +-�  %'&'!&*2$'-    7$%$ �0 &'!�0',)5'0*#  &$4�+"# &$ -
3�) , &$  +"-$,,*#  %� )"..57"�,,�#  0�)'�"    7$%$ �0 2 '��  5%. �&5��#  ",-'&' ,*#  0� -
0',-  %'&'3�)$  ,$  %&')�$�$'0*#  &$ +'-  %� )"..57"�,,�#  0�)'�"   2(7$,    2�70��,� -/:  
7,$+"-'�/,���   ,"�',"(  2* �-*   ��(  "�,"-$  "   ��-2'- -2',,�  �")&$2�"+' !���   �%&� -
-"2�',"( . �� �'),''  �4A( ,('- (  50',/8',"'0  +" �$  ')","1  %'&',� $  %� -2'&)�#  .$7'  
%� 0'&'  50',/8',"(  +" �$  �'!�'  "  52'�"+',"(   !$+!$  !�,1',-&$1""  !$-"�,�2  Na+ ,$  
23�)' . �$2*8',,$(  2* �-$   ��(  "�,"-$ , &$  +"-$,,$(  %� -"%�2�05  $���&"-05    ")'$�/ -
,*0  2*-' ,',"'0  %� �4'"0  .$7$0, %�72��('-  %�2* "-/  7$%$  2&'0',"  %&'4*2$,"(  "   -' -
%',/  �+" -!"  2�)* . 
          �$  &" .3 %&"2')',*  &'75�/-$-*  &$ +'-�2  %&�."�(  !�,1',-&$1""  !$-"�,�2  Na+ "7 
2�)*  %� 2* �-'   ��(  2 !���,,'  ")'$�/,���  2*-' ,',"(  %� �4'"0  .$7$0 "  )"..57"�,,�#  
 -&5!-5&*  %�-�!�2  %� �")!�#  .$7' . 
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         �$  &" .4 %&"2')',*  �&$."!"  7$2" "0� -"  2* �-*   ��(  "  &$ 3�)$  "�,"-$  �-  +" �$  
�'!�'  )"..57"�,,��� . 
     
$!"0  �4&$7�0 , &$ +'-*  %� )"..57"�,,�#  0�)'�"   -&5!-5&*  %�-�!�2  )�(  �")!�#  .$7*  
"�,��40',,�#  !���,,*  ,'�43�)"0�  2' -" , !��)$  +" ��  �'!�'  

 
�" .3. �&�."�"  !�,1',-&$1"#  "�,�2  ,$-&"(  Na+ 2 �+"<$'0�#  2�)'  "  �&$,5�$3  "�,"-$  %� 
2* �-'   ��( : 1 "  1$ – &$4�+"'  "  &$2,�2' ,*'  !�,1',-&$1""  2 2�)'  %&" 
� =3,42;  2 "  2$ – 
&$4�+"'  "  &$2,�2' ,*'  !�,1',-&$1""  2 2�)'  %&" -®¥® 0(D�
� ")'$�/,�'  2*-' ,' -

,"' ) 
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�" .4.  �$2" "0� -"  2* �-*   ��(  (1) "  &$ 3�)$  "�,"-$  (2) �-  +" �$  �'!�'  )"..57"�,,��� . 
0',/8'  5. �  %&�-"2,�0   �5+$'  0��,�   +"-$-/ , !$!  "  2 3"0"+' !"3  &'!-�&$3 ,   
+-�   -&5!-5&$ %�-�!�2  %� �")!�#  .$7'  4�"7!$   !   -&5!-5&'  %�-�!�2  ")'$�/,���  2*-' ,' -
,"(  "  &$ +'-*  -'3,����"+' !"3  "  �'�0'-&"+' !"3  %$&$0'-&�2 0��,�  %&�2�)"-/  %� "7-
2' -,�05  $���&"-05  &$ +'-�2  "�,��40',,*3  $%%$&$-�2 ,'%&'&*2,���  )'# -2"(    %&�-"-
2�-�+,*0  )2"�',"'0  �4'"3  .$7   2 &'�"0'  ")'$�/,���  2*-' ,',"( . 

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

1968.  379 . 
2. 
���2$,+"!�2  � .� ., �5�/!",$  � .� . 6�)'�"&�2$,"'   -&5!-5&*  %�-�!�2  2 3"0"+' -

 !"3  &'$!-�&$3 . ������&$) :  ���

� ,  2009. 290 . 
3. �*-,'& !"#  � .� . �&�1'  *  "  $%%$&$-* 3"0"+' !�#  -'3,����"" : 5+'4,"! . � .2: 

6$  ��40',,*'  %&�1'  *  "  $%%$&$-*. 6 .: �"0"( ,2002. 368 . 
4. 
"0�,",  � .� . �,�','&,� -9!����"+' !"#   %&$2�+,"! . 
 .2. �$�5�$ : �7)$-'�/ -2�  � . 

��+!$&'2�# , 2003. 884 . 
 
 

( ���������� )��  � �  �%�����  ���%�$&  ���  
 

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

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

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

,���  )'# -2"(  )�(  �+" -!"  3�74*-�2*3  "  %&�0*8�',,*3   -�+,*3  2�)  "  0��'-  ,$#-"  
%&"0',',"'  ,$  ��&�) !"3  �+" -,*3   ��&5�',"(3 , 2 ��!$�/,*3   " -'0$3  �+" -!"  %&')-
%&"(-"# 3"0"+' !�# , 0')"1", !�# , .$&0$1'2-"+' !�# , �$!�!&$ �+,�# , 0$8",� -&�" -
-'�/,�# , 0'-$��5&�"+' !�#  "  )&5�"3  �-&$ �(3  %&�0*8�',,� -" . 

�2-�&$0"  &$,''  4*��  &$7&$4�-$,� 5 -&�# -2�  )�(  4"����"+' !�#  �+" -!"   -�+,*3  
2�) ,  � -�(<''  "7 &'7'&25$&$ 1"�",)&"+' !�#  .�&0*    23�),*0  "  2*3�),*0  %$-&54!$0" 
" 3�),�#  "  �+"<',,�#  2�)* , 9�'!-&�),�#   " -'0* , 5 -$,�2�',,�#  2 ,"�,'#  +$ -"  &'7'&-
25$&$ "   � -�(<'#  "7 $,�)$  "  !$-�)$ , 2*%��,',,*3  2 2")'  2'&-"!$�/,*3  %�$ -", , %&" 
9-�0  !$�)$(  %$&$ $,�)$  "  !$-�)$  "0''-  .�&05  1"�",)&�2  "  7$!&'%�',$  ,$  4�!�2*3  %�-
2'&3,� -(3  &$7)'�(:<'��  "3  !��/1$ , 2*%��,',,���  "7 )"9�'!-&"+' !���  0$-'&"$�$ , %&"-
+'0  2* �-$  !$�)���  1"�",)&$  �%&')'�('- (  %� %&�%�&1"": 
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 �)'  h1 "  h2 –  ��-2'- -2',,�  2* �-$  1"�",)&�2 , "0':<"3  &$)"5 *  $,�)�2  r$1  "  r $2; d - 
!��/1'2�#  7$7�& 0'�)5   0'�,*0"  $,�)�0  "  !$-�)�0  [2].  

	+'2"),*0  ,')� -$-!�0  9-���  5 -&�# -2$  (2�('- (  -� , %&'%(- -25:<"0  )� -"�' -
,":  7$)$,,���  -'3,"+' !���  &'75�/-$-$ , �-,� "- (  -� , +-�  %&" 9�'!-&��"7'  2�)*  �4&$-
75:<"' (  %57*&/!"  2�)�&�)$  ,$  !$-�)$3  "  !" ��&�)$  ,$  $,�)$3 , %�),"0$( /  2 2'&3,  0' -
8"2$:- (    �4&$7�2$,"'0  �&'05+'��  �$7$, +-�   ,"�$'-   !�&� -/  4"�%�-&'4�',"(  !" ��&� -
)$ 0"!&��&�$,"70$0"  50',/8$'-  %&�"72�)"-'�/,� -/  5 -&�# -2$ . 

;-$  %&�4�'0$  &'8',$  2 ,$8'0  5 -&�# -2'  )�(  4"����"+' !�#  �+" -!"   -�+,*3  2�) , 
 � -�(<''  "7 &'7'&25$&$   23�),*0  "  2*3�),*0  %$-&54!$0" " 3�),�#  "  �+"<',,�#  2�)* , 
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9�'!-&�),�#   " -'0* , 5 -$,�2�',,�#  2 ,"�,'#  +$ -"  &'7'&25$&$,  � -�(<'#  "7 $,�)$  "  
!$-�)$  2 2")'  2'&-"!$�/,�  5 -$,�2�',,*3  %�$ -", , ,$  !�-�&*3  7$!&'%�',*   '-!"  "7 0' -
-$��"+' !�#  %&�2���!" , %&" 9-�0  )"$0'-&  %&�2���!"   '-!"  $,�)$  2 2÷5 &$7 4��/8'  )"$ -
0'-&$  %&�2���!"   '-!"  !$-�)$  "  ,$)  $,�)�0  5 -$,�2�',$  &'8'-!$ , ,$  !�-�&�#  &$ %����' -
,$  ,$ $)!$  )�(  %&"!&'%�',"(  0"!&��&�$,"70�2  [3]. 

	),$!�  2 9-�#  !�, -&5!1""  ,'2�70��,�  %&"0',',"'  %�$ -",+$-*3  9�'!-&�)�2  �)" -
,$!�2�#  )�",*  "  %��<$)"  %�2'&3,� -"  2 &'7'&25$&$3 1"�",)&"+' !�#  .�&0* , -$!  !$!  %&" 
5 -$,�2!'  ,$  ),'  -$!"3  &'7'&25$&$3 �,"  7$,"0$:-  +$ -/   '+',"(  (%��<$)/  !2$)&$-$, 2%"-
 $,,���  2 �!&5�,� -/ ). �  9-�0   �5+$'  !$!  "  2 �%" $,,�#  2*8'  �"&���2!'  [1] 4��''  -&'-"  
%�2'&3,� -"  ),$  !&5�����  &'7'&25$&$, �)'  5 -$,�2�',*  %�$ -",+$-*'  9�'!-&�)* , ,'  " -
%��/75:- (  "  %&') -$2�(:-   �4�#  7$ -�#,*'  7�,* , +-�  50',/8$'-  %&�"72�)"-'�/,� -/  
5 -&�# -2$  )�(  4"����"+' !�#  �+" -!"   -�+,*3  2�) . 

�'�43�)"0�  &$7&$4�-$-/ !�, -&5!1":  9�'!-&�4"�."�/-&$    1"�",)&"+' !"0  !�& -
%5 �0 "  %�� !"0"  %�$ -",+$-*0"  9�'!-&�)$0" , 7$%��,(:<"#  2 '   '+',"'  $%%$&$-$ %&" 
�)",$!�2�0  ,$%&(�',"" , -�!'  "  '��  ,$%&(�',,� -" . 

	4<"#  2")  -$!���  4"�."�/-&$  %&"2')',  ,$  &" . 1. � -&�# -2�   � -�"-  "7 &'7'&25$&$ 
1   2,5-&',,"0  &$)"5 �0  R   23�),*0  2 "  2*3�),*0  3 %$-&54!$0"  " 3�),�#  "  �+"<', -
,�#  2�)* . �  ,"�,'#  +$ -"  &'7'&25$&$ 1 &$ %����',$  9�'!-&�),$(   " -'0$ : 8",$  $,�)$  4   
$,�)�0  5, 2*%��,',,*0  2 2")'   '-�!  "7 0'-$��"+' !�#  %&�2���!"  "  8",$  !$-�)$  6   !$-� -
)�0  7, -$!�'  2*%��,',,*0  2 2")'   '-!"   "7 0'-$��"+' !�#  %&�2���!" , %&" 9-�0  )"$0'-&  
%&�2���!"   '-�!  $,�)$  5 2 2÷5 &$7 4��/8'  )"$0'-&$  %&�2���!"   '-�!  !$-�)$  7. �$�)$(  
 '-!$  $,�)$  5 "   !$-�)$  7 7$!&'%�',$  2 0'-$��"+' !�#  &$0!'  8. �"&",$  B  !$�)�#   '-!"  

$,�)$  5 "   !$-�)$  7 �%&')'�('- (  %� .�&05�'  ( ) 222 rRB -d-= , $ 2* �-$  �  – "7 5 �� -

2"(  &$2', -2$  %��<$)'#  2 '3   '-�!  $,�)$  5 "  !$-�)$  7, -$!  +-�  BO� =const. 
 '-!"  $,�)$  5 
"  !$-�)$  7, 7$!&'%�',,*'  2 0'-$��"+' !"3  &$0!$3 8, 5 -$,�2�',*  2'&-"!$�/,�  2 0�,-$� -
,�0  !��/1'  9, 2*%��,',,�0  "7 )"9�'!-&"+' !���  0$-'&"$�$ . ��(  %&')�-2&$<',"(  !�&�- -
!���  7$0*!$,"(  ,$  &'7'&25$& 1 8",$  $,�)$  4 "  8",$  !$-�)$  6 "0':-  )"9�'!-&"+' !"'  
"7��(-�&*  10. �$)  9�'!-&�),�#   " -'0�#  5 -$,�2�',$  &'8'-!$  11, ,$  !�-�&�#  &$ %����' -
,$  ,$ $)!$  12 )�(  %&"!&'%�',"(  0"!&��&�$,"70�2  ($!-"2,���  "�$  4"�%�',!" ). �&�0'  -��� , 
&'7'&25$& 1 5 -$,�2�',  ,$  �%�&$3 13 "  "0''-  7$7'0�',"'  14. 

� -&�# -2�  )�(  4"����"+' !�#  �+" -!"   -�+,*3  2�)  &$4�-$'-   �')5:<"0  �4&$7�0 . 
�$  !�'00*  8",*  $,�)$  4 "  8",*  !$-�)$  6 �-  " -�+,"!$  %� -�(,,���  -�!$  %�)$:-  9�'! -
-&"+' !"#  %�-',1"$� , $ %� 23�),�05  %$-&54!5 2 " 3�),5:  2�)5 , !�-�&�#  7$%��,(:-  !&5� -
�*#  &'7'&25$& 1   ,$ $)!�#  12 "  9�'!-&�),�#   " -'0�#     '-!$0"   $,�)$  5 "   '-!$0"  !$-� -
)$ 7. ��)  )'# -2"'0  9�'!-&"+' !���  -�!$  0'�)5   '-!$0"   $,�)$  5 "   '-!$0"  !$-�)$  7 ")'-  
9�'!-&��"7  2�)*    �4&$7�2$,"'0  %57*&/!�2  9�'!-&��"-"+' !"3  �$7�2: ,$  $,�)'  5 – %5-
7*&/!�2  !" ��&�)$ , ,$  !$-�)'  7 – %57*&/!�2  2�)�&�)$ . 
$!  !$!  )"$0'-&  %&�2���!"   '-�!  
$,�)$  5 2 2÷5 &$7 4��/8'  )"$0'-&$  %&�2���!"   '-�!  !$-�)$  7, -�   ��-2'- -2',,�  %&"0'&,�  
2�   -��/!�  �'  &$7 )"$0'-&  %57*&/!�2  !" ��&�)$  2 2÷5 &$7 4��/8'  )"$0'-&$  %57*&/!�2  2� -
)�&�)$ . �  9-�0   �5+$'   !�&� -/  2 %�*2$:<"3  %57*&/!�2  !" ��&�)$  4��/8'   !�&� -"  -' -
+',"(  �+"<$'0�#  2�)* ,  -'!$:<'#  2,"7  2 &'7'&25$&' 1, "  �,"  %�),"0$:- (  22'&3, 27$"-
0�)'# -25:-    4"�%�',!�#  0"!&��&�$,"70�2  ,$  ,$ $)!' , !�-�&*'  4"��!" �(:-  �&�$,"!5  
2 �+"<$'0�#  2�)' . �57*&/!"  2�)�&�)$  "0':-   !�&� -/  2 %�*2$,"(  0',/8'   !�&� -"   -' -
!$:<'#  2,"7  �+"<$'0�#  2�)*  "  �,"  52�'!$:- (  9-�#  2�)�#  2,"7 . 
$!�'  &$7)'�',"'  %5-
7*&/!�2  !" ��&�)$  "  2�)�&�)$ , ,'  %�72��('-  %� �'),"0   0'8"2$-/ (    %57*&/!$0" !" -
 ��&�)$ , +-�  52'�"+"2$'-   !�&� -/  4"��!" �',"(  "  2 1'��0  %&�"72�)"-'�/,� -/  4"����" -
+' !�#  �+" -!"   -�+,�#  2�)* . 	+"<',,$(  2�)$  20' -'    %57*&/!$0" 2�)�&�)$  2*-'!$'-  
,$&5�5  %� 2*3�),�05  %$-&54!5 3. 

�*�"  %&�2')',*  &$ +'-*  �'�0'-&"+' !"3  &$70'&�2  '-�!  $,�)�2  5 "   '-�!  !$-�)�2  7, 
&$  +"-$,,*'  %� 5 ��2":  (1), "  -�!�2*'  %$&$0'-&* 0'�)5  9-"0"   '-!$0"  )�(  1"�",)&" -
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+' !���  &'7'&25$&$ 1 &$)"5 �0  R=250 00  "  7$7�&$0" 0'�)5   '-!$0"  $,�)�2  5 "  !$-�)�2  7, 
N=10 00 . 

�  9-�0   �5+$'  )�(  2 '��   '+',"(  !&5�����  &'7'&25$&$. ��(  2 '��   '+',"(  +" ��   '-�!  $,� -
)�2  5 (,$+",$(    1',-&$�/,��� , r =0)  � -$2"-  23 8- ., $ !$-�)�2  7 – 24 8- . 	4<"#  $,�),*#  -�!  
45)'-  23 � , $ 8"&",$   '-�!  B  2  ��-2'- -2""    5 ��2"'0  (1) 50',/8$'- ( , $ 2* �-$  52'�"+"2$ -
'- (  �-  1',-&$  !&5�����  &'7'&25$&$ 1 !  %'&".'&"" , %&" 9-�0  %��<$)/   '+',"(  $,�),*3  5 "  !$-
-�),*3  7  '-�!  � -$'- (  %� -�(,,�#  "  &$2,�#  50  0 2. 
$!  !$!  %��-,� -/  -�!$  �%&')'�('- (  �- -
,�8',"'0  -�!$  ,$  %��<$)/  j=I/S, -�   ��-2'- -2',,�  ,'"70',,�#  � -$'- (  %��-,� -/  -�!$ , &$2-
,$(  100 � /02, !�-�&$(  ,'  %&'2*8$'-  %��-,� -"  -�!$ , %&"2�)(<'#  !  &$ -2�&',":  $,�)$ , +-�  
52'�"+"2$'-   &�!   �5�4*  9�'!-&�),�#   " -'0*  4'7 ''  &'0�,-$  "  7$0',*  "  %&"2�)"-  !  &� -5  
%&�"72�)"-'�/,� -" . 


�!  (&$2,*#  0,5 � ) 0'�)5  !$�)�#  $,�),�#  5 "  !$-�),�#  7  '-�!  � -$'- (  ,'"70', -
,*0  "  �4<"#  -�! , %�)2�)"0*#  0'�)5  2 '0"  $,�),*0"  "  !$-�),*0"   '-!$0"   � -$2�('-  
23 � . � �"  9-���  �4<'��  -�!$  ,')� -$-�+,� , +-�4*  �4&$7�2*2$�� /  ,$  $,�)'  ,'�43�)"0�'  
+" ��  %57*&/!�2  !" ��&�)$ , -�  2* �-5  �  2 '3  $,�),*3  "  !$-�),*3   '-�!  ,'�43�)"0�  52' -
�"+"-/ . �$%&"0'& , ' �"  ,'�43�)"0  �4<"#  -�!  )�(  �4&$7�2$,"(  %57*&/!�2  !" ��&�)$  70 � , 
-�  ' -/  2 3 &$7$ 4��/8' , +'0  2*8'  %&"2')',,�0 , -�  %&"  �3&$,',""  )�%5 !$'0�#  %��-,� -"  
-�!$  100 � /02 "   �3&$,',""  8"&",*  B  2 !$�)�#   '-!'  $,�)$  5 "   '-!'  !$-�)$  7 2* �-5  �  
!$�)�#   '-!"  $,�)$  5 "   '-!'  !$-�)$  7 ,$)�  52'�"+"-/  -$!�'  2 3 &$7$, %�  &$2,',":    2* � -
-$0" , &$  +"-$,,*0  &$,'' . 

�&�0'  -��� , 5  '-�!  $,�)$  5 "   '-�!  !$-�)$  7, 7$!&'%�',,*3  2 0'-$��"+' !"3  &$0!$3 
5+$ -25:-  2 9�'!-&��"7'  �4'  %�2'&3,� -"  !$�)�#   '-!" , $ 2  '-!$3 , 7$!&'%�',,*3  ,$  4� -
!�2*3  %�2'&3,� -(3  %�$ -", ,  -��/!�  2,'8,((   -�&�,$  %�2'&3,� -"  !$�)�#   '-!" . 
�  ' -/  
%�2'&3,� -/   '-�!  5 "  7 %&" -�#  �'  0$  ' , +-�  "  5 %&�-�-"%$ 2 2 &$7$ 4��/8' , $ 0$  $  $,� -
)�2  5 "  !$-�)�2  7 2 4-5 &$7$ 0',/8' , -$!  !$!  �-%$)$'-  ,'�43�)"0� -/  2 5 -$,�2!'   $0"3  
%�$ -",  [3]. 


$!"0  �4&$7�0 , 2 %&')�$�$'0�0  5 -&�# -2'  )�(  4"����"+' !�#  �+" -!"   -�+,*3  2�)  
0��,�  %&�2�)"-/  -$!5:  �+" -!5  2 &'7'&25$&' 1   0$! "0$�/,�  " %��/75'0�#  %��<$)/:  
'��  !&5�����   '+',"( , �4' %'+"2$(  �)",$!�25:  )�%5 !$'05:  %��-,� -/  $,�),���  -�!$ , 
4�"7!5:  !  %��-,� -"  -�!$  $,�),���  &$ -2�&',"( , "  0$! "0$�/,*#  -�! , �)",$!�2*#  2�  
2 '3  7$7�&$3 0'�)5   '-!$0"  $,�)�2  5 "  !$-�)�2  7. ;-�  %�72��('-  52'�"+"-/  +" ��  "  �4A'0  
2*)'�(:<"3 (  "  %�),"0$:<"3 (  22'&3 %57*&/!�2  !" ��&�)$ , �4&$75:<"3 (  %&" 9�'! -
-&��"7'  2�)* , %&')�-2&$-"-/  "3   0'8',"'    %57*&/!$0" 2�)�&�)$ , �%5 !$:<"0" (  2,"7  
20' -'    �+"<',,�#   -�+,�#  2�)�# , ",-', "."1"&�2$-/   !�&� -/  4"��!" �',"(  �&�$,"!" , 
,$3�)(<'# (  2  -�+,�#  2�)'  0"!&��&�$,"70$0"  $!-"2,���  "�$  "  4"�%�',!"  "  52'�"+"-/  
%&�"72�)"-'�/,� -/  %� �+"<$'0�#   -�+,�#  2�)' . 
�&�0'  -��� , 5 -$,�2!$   '-�!  $,�)$  5 "  !$-�)$  7 2 &$0!"  8 5%&�<$'- "3  "7��-�2�',"' , 5 -$,�2!5  "  
9! %�5$-$1": , $ -$!�'   ,"�$'-  "3  0$  5  %�  &$2,',":    5 -$,�2!�#   '-�!  $,�)$  5 "  !$-�)$  7 ,$  
4�!�2*3  %�2'&3,� -(3  %�$ -", . 
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 !9 , 1971.-162  . 
2. �$-',-  RU B 129500, CO2F3/00; CO2F1/46, 2013. 
3. �$-',-  ,$  %��'7,5:  0�)'�/  RU B 86945, CO2F3/02, CO2F1/46, 2009. 

 

( ��������!� ����  �  '����#�$��   
 �����$��  �������  

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

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

 

�&')�$�$'0$(  !�, -&5!1"(  9�'!-&�!�$�5�(-�&$  �-,� "- (  !  5 -&�# -2$0  )�(  �+" - -
!"   -�+,*3  �-  -�,!�)" %'& ,*3  %&"0' '#  2�)  2 %&�1'  $3  9�'!-&�!�$�5�(1""  "  0��'-  
,$#-"  %&"0',',"'  2 3"0"+' !�# , ,'.-'3"0"+' !�# , 4"�3"0"+' !�# , .$&0$1'2-"+' !�# , 
 -&�"-'�/,�# , $2-�0�4"�/,�#  "  )&5�"3  �-&$ �(3  %&�0*8�',,� -"  %&" �+" -!'  %&�0 -� -
!�2  "  2 3�74*-�2*3   -�!�2  2 !�005,$�/,*3   �5�4$3 . 

�72' -,$  !�, -&5!1"(  %&�0*8�',,���  9�'!-&�!�$�5�(-�&$ , 2!�:+$:<'��  !�&%5  
%&(0�5���/,�#  "�"  1"�",)&"+' !�#  .�&0* , 2 !�-�&*#  %�0'<$:-  9�'!-&�),5:   " -'05  – 
&()  9�'!-&�)�2 , 5 -$,�2�',,*3  �4*+,�  2'&-"!$�/,�  )�(  �5+8'��  5)$�',"(  2*)'�(:<"3 -
 (  �$7�2 "  %&�-'!$,"(  %&�1'  $  .��-$1""  [1]. 

�  ,')� -$-!$0  9-�#  !�, -&5!1""  �-,� "- (  2* �!$(   '4' -�"0� -/  �+" -!"   -�+,*3  
2�)  �-  -�,!�)" %'& ,*3  %&"0' '#  "7-7$ &$ -2�&',"(  0'-$��$  $,�)�2 , -$!  !$!  %&"  52'�" -
+"2$:<'0 (  %&" &$ -2�&',""  $,�)�2  7$7�&' ,'�43�)"0�  %�2*8$-/  -�!  "  ,$%&(�',"' , $ 
�,�  ,'  )���,�  %� -'3,"!'  4'7�%$ ,� -"  %&'2*8$-/  24� . 

�72' -,$  -$!�'  !�, -&5!1"(  9�'!-&�!�$�5�(-�&$  - 2�)��+" -"-'�( , 2!�:+$:<$(  )2$ &$7-
,�%��(&,*3  9�'!-&�)$ ,  �')",',,*3    " -�+,"!�0  %"-$,"(  "  %$-&54!" )�(  %�)2�)$  "  2*2�)$  
�4&$4$-*2$'0�#  2�)* , %&" 9-�0  9�'!-&�)*  2*%��,',*  2 2")'  %��*3  5 '+',,*3  2 2'&8",$3  
!�,5 �2 , %&"+'0 $,�)  5 -$,�2�',  2 !$-�)'    %� -�(,,*0  7$7�&�0, 2 7$7�&' 0'�)5  $,�)�0  "  !$-
-�)�0  5 -$,�2�',*  5%�&* "7 )"9�'!-&"+' !���  0$-'&"$�$ , $  $0  9�'!-&�!�$�5�(-�&   ,$4�',  
57��0  )�(  &'�5�"&�2!"  7$7�&$ 0'�)5  $,�)�0  "  !$-�)�0  [2].  

�')� -$-!$0"  9-�#  !�, -&5!1""  (2�('- (  ,'%��,�'  " %��/7�2$,"'  0'-$��$  $,�)$  
%&" '��  &$ -2�&',"" , +-�  52'�"+"2$'-   '4' -�"0� -/  �+" -!"  �4&$4$-*2$'0�#  2�)*  %� 
2*8',$72$,,�#  %&"+",'  2 �%" $,""  %&')*)5<'��  %&�0*8�',,���  9�'!-&�!�$�5�(-�&$ . 

�  %$-',-,�#  �"-'&$-5&'  �%" $,�  5 -&�# -2�  )�(  9�'!-&��4&$4�-!"  2�)*  (5 -$,�2!$  
%��5+',"(  %"-/'2�#  2�)* ) 0'-�)�0  9�'!-&�3"0"+' !�#  !�$�5�(1"" , !�-�&�'  %&') -$2�('-  
 �4�#  9�'!-&�),*#  4��! , 2*%��,',,*#  2 2�)�,'%&�,"1$'0�0  &$74�&,�0  !�&%5 '    %�)-
2�)(<"0  "  �-2�)(<"0  2�)�2�)$0"  "  &$70'<',,$(  2,5-&"  ,'��  9�'!-&�),$(   " -'0$ , 2* -
%��,',,$(  "7 )253 �&5%% 9�'!-&�)�2  - &$ -2�&"0*3  "  ,'&$ -2�&"0*3  "  &$ %����',,$(  2 
 A'0,�#  !$  '-'    ,$%&$2�(:<"0"  %$7$0", %� !�-�&*0  !$  '-$  5 -$,$2�"2$'- (    7$7�&�0 
�!���  ,'&$ -2�&"0�#  �&5%%* 9�'!-&�)�2 , %&" 9-�0  )2$ � -�4&$7,*3  %�� !�%$&$��'�/,*3  
,'&$ -2�&"0*3  9�'!-&�)$  7$!&'%�',*  ,$  2'&3,'#  !&*8!'  !�&%5 $ "   �')",',*    2,'8 -
,"0  " -�+,"!�0  %"-$,"( , &$ -2�&"0$(  �&5%%$ 9�'!-&�)�2  2*%��,',$  2 2")'  %&(0�5���/ -
,*3  9�'!-&�)�2 , !�-�&*'   2�4�),�  �'�$-  2 ,$%&$2�(:<"3  %$7$3 !$  '-* , �4' %'+"2$: -
<"3  27$"0,�  %$&$��'�/,�'  &$ %����',"'  9�'!-&�)�2  "  ,$%&$2�',"'  %�-�!$  2�)* , %&" 
9-�0  %�)2�)(<"#  "  �-2�)(<"#  2�)�2�)*  &$ %����',*  ,$  2'&3,'#  !&*8!'  !�&%5 $ 9�'! -
-&�),���  4��!$ , $ !�&%5   �')",('- (    !&*8!�#  4* -&� A'0,*0   �')",',"'0  [3].  

�$2,�0'&,�'  &$ -2�&',"'  %�2'&3,� -"  9-"3  $,�)�2  %� 2 '#  "3  4�!�2�#  %�2'&3,� -" , 
 0'�,�#    %�2'&3,� -/:  ,'&$ -2�&"0*3  9�'!-&�)�2  (!$-�)�2 ) %&"2�)"-  !  52'�"+',":  
7$7�&$ 0'�)5  ,'&$ -2�&"0*0  "  &$ -2�&"0*0  9�'!-&�)$0" . ;-�  -&'45'-  52'�"+',"(  ,$ -
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%&(�',"( , $ �,�  ��&$,"+',�  %� -'3,"!'  4'7�%$ ,� -"  24 � , +-�  %&"2�)"-  !  52'�"+',":  
 '4' -�"0� -"  �+" -!"  2�)* . �&�0'  -��� , &$ -2�&"0*'  9�'!-&�)*  ,'�43�)"0�  7$0',(-/  
)�  "3  %��,���  &$ -2�&',"( . 

='�/:  (2�('- (  &$7&$4�-!$ !�, -&5!1""  5 -&�# -2$  )�(  9�'!-&��4&$4�-!"  2�)* , 
50',/8$:<$(  &$ 3�)  0'-$��$  9�'!-&�)�2  %&" �+" -!'   -�+,*3  2�)  �-  -�,!�)" %'& ,*3  
%&"0' '#  7$  +'-  4��''  %��,���  &$ -2�&',"(  0'-$��$  $,�)$  %&" %� -�(,,*3  �%-"0$�/,*3  
,$%&(�',""  "  -�!'  0'�)5  &$ -2�&"0*0"  "  ,'&$ -2�&"0*0"  9�'!-&�)$0" . 

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

� -&�# -2�   � -�"-  "7 !�&%5 $ 1   %�)2�)(<"0  2 "  �-2�)(<"0  3 2�)�2�)$0" , &$7-
0'<',,*'  2,5-&"  !�&%5 $ )2'  �&5%%* 9�'!-&�)�2 : &$ -2�&"0*'  4 - $,�)*  "  ,'&$ -2�&" -
0*'  5 -!$-�)* . �$ -2�&"0*'  9�'!-&�)*  4 "0':-  %&(0�5���/,5:  .�&05  "   2�4�),�  �'�$-  
2 ,$%&$2�(:<"3  %$7$3 6, 2*%��,',,*3  "7 )"9�'!-&"+' !���  0$-'&"$�$ , "  �4' %'+"2$: -
<"3  %$&$��'�/,�'  &$ %����',"'  9�'!-&�)�2 . �$  ),'  !�&%5 $ 1 5 -$,�2�',  &$2,�0'&,�  
%'&.�&"&�2$,,*#  �" -  7, 2*%��,',,*#  "7 )"9�'!-&"+' !���  0$-'&"$�$ , ,$  !�-�&�0  ,' -
%�)2"�,�  5 -$,�2�',*  ,'&$ -2�&"0*'  9�'!-&�)*  5-!$-�)* , "0':<"'  -&'5���/,5:  .�& -
05   5���0  2'&8",*  a = 20÷30°. �$ -2�&"0*'  9�'!-&�)*  4 �%"&$:- (  ,"�,"0  !�,1�0  ,$  
9-�-  �'  �" -  7 "  5 -$,�2�',*  �-,� "-'�/,�  ,'&$ -2�&"0*3  9�'!-&�)�2  5   7$7�&�0. 

�$�)*#  ,'&$ -2�&"0*#  9�'!-&�)  5 %�)!�:+',  8",�#  8 !  �-&"1$-'�/,�05  %��: 5  
" -�+,"!$  %� -�(,,���  -�!$  (,$  ."�5&$3  ,'  %�!$7$,), $ !$�)*#  &$ -2�&"0*#  9�'!-&�)  4 
%�)!�:+',  8",�#  !  %����"-'�/,�05  %��: 5  " -�+,"!$  %� -�(,,���  -�!$ , %&"+'0 !�&%5  
1 %&" �')",',  !  7$7'0�',":  10. 

 � -&�# -2�  )�(  9�'!-&��4&$4�-!"  2�)*  &$4�-$'-   �')5:<"0  �4&$7�0 . ��  %�)2�)( -
<'05  2�)�2�)5  2 %�)$:-  " 3�),5:  %&'),$7,$+',,5:  )�(  9�'!-&��4&$4�-!"  2�)5  2,5-&/  
!�&%5 $ 1. ��)  )'# -2"'0  %� -�(,,���  9�'!-&"+' !���  ,$%&(�',"( , %�)$2$'0���  ,$  ,' -
&$ -2�&"0*'  9�'!-&�)*  5 %� 8",'  8 "  &$ -2�&"0*'  9�'!-&�)*  4 %� 8",'  9, 2 ,"�,'#  +$ -
-"  5 ),$  !�&%5 $ 1 0'�)5  ,'&$ -2�&"0*0"  9�'!-&�)$0"  5 "  &$ -2�&"0*0"  9�'!-&�)$0"  4 
%� 2�)'  ")'-  9�'!-&"+' !"#  -�!  !$!  %� %&�2�),"!5  II &�)$ . 
$!  !$!  ,'&$ -2�&"0*'  9�'! -
-&�)*  5 "0':-  2  '+',""  -&'5���/,5:  .�&05 , -�  7$7�& 0'�)5   0'�,*0"  %�2'&3,� -(0"  
,'&$ -2�&"0*3  9�'!-&�)�2  – 5 "  &$ -2�&"0*3  9�'!-&�)�2  – 4 5 �" -$  7, ,$  !�-�&*#  �%"-
&$:- (  9-"  9�'!-&�)* , ,$"0',/8"# , $ 7,$+"-  "  ,$"0',/8''  9�'!-&"+' !�'   �%&�-"2�',"'  
)�(  -�!$ . ��9-�05   ���$ ,�  7$!�,5  	0$  -�!  ,$"4��/8"#  "   !�&� -/  &$ -2�&',"(  0$-'&"$ -
�$  &$ -2�&"0*3  9�'!-&�)�2  4 -$!�'  ,$"4��/8$(  2 9-�#  ,"�,'#  "3  +$ -" . 
$!�'  ,'&$2,� -
0'&,�'  &$ -2�&',"'  %� 2* �-'   0'�,�#    ,'&$ -2�&"0*0"  9�'!-&�)$0"  5 %�2'&3,� -"  
&$ -2�&"0*3  9�'!-&�)�2  4 %&"2�)"-  !  -�05 , +-�  �,"  %&","0$:-  2  '+',""  -&'5���/,5:  
.�&05    2'&8",�# , ,$%&$2�',,�#  2,"7 . �&�" 3�)"-  ,'%&'&*2,�'  %��,�'  &$ -2�&',"'  
9-�#  2'&8",*  5 !$�)���  &$ -2�&"0���  9�'!-&�)$  4 "  �,"  %�) )'# -2"'0   "�*  -(�' -"   $-
0�%&�"72��/,�  �%5 !$:- (  2'&-"!$�/,�  2,"7  2 ,$%&$2�(:<"3  6, 2*%��,',,*3  "7 )"9�'! -
-&"+' !���  0$-'&"$�$  - %',$. 

	4&$75:<"' (  %&" &$ -2�&',""  0$-'&"$�$  &$ -2�&"0*3  9�'!-&�)�2  4 3��%/(  !�$�5 -
�(,-$  20' -'    �4&$75:<"0" (  %&" 9�'!-&��"7'  2�)*  %57*&/!$0" 9�'!-&��"-"+' !"3  �$-
7�2 2�)�&�)$  ,$  ,'&$ -2�&"0*3  9�'!-&�)$3  5 "  !" ��&�)$  ,$  &$ -2�&"0*3  9�'!-&�)$3  4, 
%�),"0$:- (   ,"75  22'&3, %&" 9-�0  3��%/(  !�$�5�(,-$  !�$�5�"&5:-  ,$   2�'#  %�2'&3,� -"  
+$ -"1*  "  !$%'�/!"  )" %'& ,�#  .$7*  "  2*,� (-  "3  ,$  %�2'&3,� -/  �+"<$'0�#  2�)*  2 %'-
,5 , !�-�&$(  �-2�)"- (  2 %',� 4�&,"!  (,'  %�!$7$,). 	+"<',,$(  2�)$  "7 !�&%5 $ 1 �-2�)"- -
 (  %� �-2�)(<'05  2�)�2�)5  3. 
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$!"0  �4&$7�0 , %&')�$�$'0�'  5 -&�# -2�  )�(  9�'!-&��4&$4�-!"  2�)*  0'-�)�0  9�'! -

-&�3"0"+' !�#  !�$�5�(1"" , 2 !�-�&�0  2 ,"�,'#  +$ -"  !�&%5 $ 1 2'&-"!$�/,�  5 -$,�2�' -
,*  ,$%&$2�(:<"'  6 "7 )"9�'!-&"+' !���  0$-'&"$�$ , $ ,$  ),'  !�&%5 $ 1 &$70'<',  �" -  7 
"7 )"9�'!-&"+' !���  0$-'&"$�$ , ,$  !�-�&�0  ,'%�)2"�,�  5 -$,�2�',*  ,'&$ -2�&"0*'  
9�'!-&�)*  5, 2  '+',""  "0':<"'  -&'5���/,5:  .�&05    5���0  2'&8",*  I =20÷30°, %&" 
9-�0  &$ -2�&"0*'  9�'!-&�)*  4,  2�4�),�  5 -$,�2�',,*'  2 ,$%&$2�(:<"3  6, �%"&$:- (  
,"�,"0  !�,1�0  ,$  �" -  7 "7 )"9�'!-&"+' !���  0$-'&"$�$ , %�72��('-  2' -"  �+" -!5  2�)*  
�-  +$ -"1  "  !$%'�'!  )" %'& ,�#  .$7*  %&" %� -�(,,�0  )�%5 !$'0�0  %� -'3,"!'  4'7�%$ -
,� -"  ,$%&(�',""  "  �%-"0$�/,�0  -�!' , �4' %'+"2$:<'0  %��,�'  &$ -2�&',"'  0$-'&"$�$  
&$ -2�&"0*3  9�'!-&�)�2  4 4'7 5-'+'!  -�!$ , +-�  %&"2�)"-  !  50',/8',":  &$ 3�)$  9�'!-&� -
9,'&�""  "  0'-$��$  &$ -2�&"0*3  9�'!-&�)�2  4. 
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"0�,",  � .� . �,�','&,�  - 9!����"+' !"#   %&$2�+,"! . 
 . 2. – �$�5�$ : �7)$-'�/ -2�  
� .��+!$&'2�# , 2003.-727 . 
2. �$(2!$  ,$  "7�4&'-',"'  RU  B 2002133192, RU � O2F1/463, 2004. 
3. �$-',-  ��  B 2436736, � O2F1/463, 2011. 
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���� ��������  '������%����!�  ����������!�  '�������  �  
�%����  �����������������!�  �����#����  

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

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

�  

 

��!$7$,� , +-�  "72' -,$(  ",-'�&$�/,$(  .�&05�$  )�(  &$ +'-$ &$4�+'��  2&'0',"  1"!�$  
2 $) �&4'&$3  %'&"�)"+' !���  )'# -2"(  ,'  5+"-*2$'-  %&�."�"  !�,1',-&$1"#  $) �&4"&5' -
0���  !�0%�,',-$  2 �$7'  "   ��(3  $) �&4',-$  %� 0'&'  )2"�',"(  �$7$ �-  23�)$  !  2*3�)5  ,"  2 
-'!5<"' , ,"  2 !�,'+,*'  0�0',-*  2&'0'," . �$,''  2 ,$8"3  &$4�-$3 &$  0�-&',$  ."7"+' -
 !$(  0�)'�/  %&�1'  $  $) �&41""  )�(  9�'0',-$&,���  ,'%�)2"�,���   ��(  2* �-�#  Hh 2 
%&�"72��/,*#  0�0',-  2&'0',"  R.  

�&$2,',"'  0$-'&"$�/,���  4$�$, $  )�(  9�'0',-$&,���   ��(  $) �&4',-$  -��<",�#  Hh, 
!�-�&5:  %�-�!  )*0�2*3  �$7�2 %&�3�)"-  7$ 2&'0(  HR 

qv(cHi -CKi)HR = AG-(aKi -aHi ),                         (1) 
"  5&$2,',"'  0$  �%'&')$+"  )�(  9-���   ��(  

                               [ ]� i� ic
ki� iv CCV

CCq
*

3600
)(

-D=
-

b ,                             (2) 

 �)'  hDaV D=D )4/( 2p  "  VG � D=D r , 

!�-�&*'   �20' -,�    5&$2,',"'0  "7�-'&0*  �',�0:&$ , &'8',,*0  �-,� "-'�/,�  !�,1', -
-&$1""  %$&�2 4',7�%"&',$  2 )*0�2*3  �$7$3 

)(
*

� i

� i
� i aAB

a
c

-
=                                                 (3) 

�4&$75:-   " -'05  5&$2,',"# , �'�$<'#  2 � ,�2'  $���&"-0$  &$ +'-$, %�72��(:<'��  �%&'-
)'�(-/  %&�."�"  !�,1',-&$1""  4',7�%"&',$  2 )*0�2*3  �$7$3 "  $) �&4',-'  %� 2* �-'   ��(  
%� �'),'��  2 �:4�#  0�0',-  2&'0'," . �&�."�"  9-"3  !�,1',-&$1"#  )�(  !�,'+,���  &$4�+'-
��  2&'0',"  1"!�$  %&"2')',*  ,$  &" . 1. "  &" . 2. 

 

�" . 1. �&�."�"  !�,1',-&$1"#  %$&�2 4',7�%"&',$  2 )*0�2*3  �$7$3 2 !�,1'  &$4�+'��  2&'-
0',"  $) �&41"" : 1- )�(  !�,'+,�#  !�,1',-&$1"" ,  ��-2'- -25:<'#  ��� , R! =561,8 +$ $; 2-

)�(  !�,'+,�#  .�,�2�#  !�,1',-&$1""  R. =322,3 +$ $) 
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�" . 2. �&�."�"  !�,1',-&$1"#  4',7�%"&',$  2 $) �&4',-'  2 !�,1'  &$4�+'��  2&'0',"  1"! -

�$ : 1 - )�(  !�,'+,�#  !�,1',-&$1""  %$&�2 2 )*0�2*3  �$7$3,  ��-2'- -25:<'#  ��� , 
R! =561,8 +$ $; 2-)�(  !�,'+,�#  .�,�2�#  !�,1',-&$1""  R. =322,3 +$ $)  

 

�7   &$2,',"(  &'75�/-$-�2  &$ +'-�2  &$4�+'��  2&'0',"  1"!�$  !���,,  %'&"�)"+' !���  
)'# -2"(  "72' -,*#  ",-'�&$�/,*#  $���&"-0  &$ +'-�2  7$,"�$'-  9-�  2&'0(  )�(  !�,'+,�#  
!�,1',-&$1""  %$&�2 4',7�%"&',$  2 )*0�2*3  �$7$3, &$2,�#  ���  %�  &$2,',":    )"..' -
&',1"$�/,*0  $���&"-0�0  &$ +'-�2 , � ,�2$,,�0  ,$  5&$2,',"(3  (1-3), ,$  21% ( &$2,"2$-
:- (  R!=462,8 +$ $ "  R!1=561,8 +$ $), $ %�  &$2,',":    !�,'+,�#  !�,1',-&$1"'# , &$2,�#  
.�,�2�#  !�,1',-&$1""  4',7�%"&',$  2 2�7)53' , 2 2,28 &$7$ ( &$2,"2$:- (  R.=141,1 +$ $ "  
R.1=322,3 +$ $). �$%$  %� 2&'0',"  2 21% %&" &$ +'-'  %� ",-'�&$�/,�05  $���&"-05  &$4�-
+'��  1"!�$  )�(  !�,'+,�#  !�,1',-&$1"" , &$2,�#  ��� , 2%��,'  �4A( ,"0  "   2(7$,    2�7-
0��,*0"  !��'4$,"(0"  &$ 3�)$  "  !�,1',-&$1""  4',7�%"&',$  2 %&�1'  '  $) �&41"" , ,' -
&$2,�0'&,� -/:   !�&� -'#  )*0�2*3  �$7�2 %�  '+',":  $%%$&$-$, $ -$!�'  ,'%��,�#  &'�' -
,'&$1"'#  �&$,5�  $) �&4',-$  "  +$ -"+,�#  %�-'&'#  "0"   �&4"&5:<"3   2�# -2 .  

	),$!�  %&" $) �&41""    5 ��2"'0  �+" -!"  )*0�2*3  �$7�2 �-  %$&�2 4',7�%"&',$  )�  
!�,'+,�#  !�,1',-&$1"" ,  ��-2'- -25:<'#  '��  .�,�2�#  !�,1',-&$1""  2 2�7)53' , 7$,"�' -
,"'  &$4�+'��  2&'0',"  1"!�$  2 2,28 &$7$ ,'  �%&$2)$,� . �'$�/,�    5+'-�0  2*8',$72$,,*3  
5 ��2"#  &$4�-*  !���,,*  ,'�43�)"0�  50',/8"-/  &$ +'-,�'  2&'0(  ,$  20%   322,1 +$ $ )�  
260 +$ �2 . �  9-�0   �5+$'  !�,1',-&$1"(  %$&�2 4',7�%"&',$  ,$  2*3�)'  "7 !���,,*  45)'-  
4�"7!$  !  .�,�2�# , &$2,�#  3,9 ·10-12 !� /03.  


$!"0  �4&$7�0 , %&')�$�$'0*#  $���&"-0  &$ +'-$ $) �&41""  %$&�2 4',7�%"&',$ , � -
,�2$,,*#  ,$  5&$2,',"(3  0$-'&"$�/,���  4$�$, $ , 0$  �%'&')$+"  "  "7�-'&0*  �',�0:&$  
)�(  9�'0',-$&,���   ��(  $) �&4',-$ , %&" 5 ��2""  !�,'+,�#  !�,1',-&$1""  9-"3  %$&�2, &$2-
,*3  .�,�2�#  !�,1',-&$1""  4',7�%"&',$  2 2�7)53' , %�72��('-  52'�"+"-/  &$4�+''  2&'0(  
1"!�$   �  141 +$ $, %��5+$'0���  %� "72' -,�05  $���&"-05  &$ +'-$, )�  260 +$ �2 , -�  ' -/  2 
1,8 &$7$. �&"  &$ +'-$3 ,$  !�,'+,5:  !�,1',-&$1":  %$&�2 4',7�%"&',$  2 )*0�2*3  �$7$3, 
&$2,5:  ��� , "72' -,*#  "  %&')�$�$'0*#  $���&"-0*  )$:-  &$ 3��)',"(  %� &$4�+'05  2&'-
0',"  1"!�$  2 20%, %&"+'0 "72' -,*#  $���&"-0  7$,"�$'-  9-�  2&'0( . �&'"05<' -2�0  
%&')�$�$'0���  $���&"-0$  &$ +'-$ (2�('- (  -� , +-�  �,  %�72��('-  �%&')'�(-/  %&�."�"  !�, -
1',-&$1"#  4',7�%"&',$  2 )*0�2*3  �$7$3 "  $) �&4',-'  %� 2* �-'   ��(  %� �'),'��  )�(  �: -
4���  0�0',-$  2&'0'," . 
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��� ��������  �����������  &������������  �������  ��  ��&�� -
 �!�%����&  '���������  �  '�������  � )����� )������  

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

� ) 

 

�  !$+' -2'  %'& %'!-"2,���   �2&'0',,���  0'-�)$  )�(  &$7)'�',"(  5��'2�)�&�)�2 , 
 0' '#  2* �!�0��'!5�(&,*3  "  ,"7!�0��'!5�(&,*3   �')",',"# , !�,1',-&"&�2$,"(  &$ -
-2�&�2  "  - .) . 2 &$7�"+,*3  �-&$ �(3  %&�0*8�',,� -"  2�-  5�'  4��''  20 �'-  " %��/75:- (  
0'04&$,,*'  0'-�)*  &$7)'�',"( , 2 -�0  +" �'  5�/-&$."�/-&$1"(  (�� ) [1]. �  %� �'),''  
2&'0(  ,$+$�"  8"&�!�  " %��/7�2$-/  0'04&$,,*'  0'-�)*  )�(  &'8',"(  7$)$+ �+" -!"   -�+ -
,*3  "  �%&' ,',"(   ��',*3  2�) . 

��/-&$."�/-&$1"(  – %&�1'   0'04&$,,���  &$7)'�',"(  �")!"3   0' '#  %�) )'# - -
2"'0  )$2�',"( , � ,�2$,,*#  ,$  &$7�"+""  0��'!5�(&,*3  0$   "�"  0��'!5�(&,*3  &$70'&�2 
!�0%�,',-�2  &$7)'�('0�#   0' " . 

��(  5�/-&$."�/-&$1""  " %��/75:-  ,"-&�1'��:��7,*' , $ -$!�'  %��"9�'!-&��"- -
,*'  0'04&$,* . 

�$!  "72' -,� , 9..'!-"2,� -/  0'04&$,,���  &$7)'�',"(  7$2" "-  �-  &$7�"+,*3  .$! -
-�&�2 , -$!"3  !$!  &$7,� -/  )$2�',"#  (&$4�+''  )$2�',"' ), -'0%'&$-5&$ &$7)'�('0�#   0' " , 
 !�&� -/  %�-�!$ , !�,1',-&$1"(  &$7)'�('0�#   0' "  "  !�,1',-&$1"(  7$)'&�"2$'0*3  0'0 -
4&$,�#  2'<' -2  [2]. 

�  )$,,�#  &$4�-'  &$  0$-&"2$'- (  %&�1'   !�,1',-&"&�2$,"(  &$ -2�&�2  2* �!� -
0��'!5�(&,*3   �')",',"#  (�6� )   %&"0',',"'0  5�/-&$."�/-&$1"" . ��,1',-&"&�2$,"'  
&$ -2�&�2  �6�  %5-'0 2*%$&"2$,"(  �4*+,�  ,'9..'!-"2,�  2 �') -2"'  &$7&58',"(  �6�  
(� �4',,�  4"�3"0"+' !"3  %&'%$&$-�2). �&"0',',"'  5�/-&$."�/-&$1""  %�72��('-  )�2' -"  
!�,1',-&$1":  �6�  )�  5&�2,( , %&" !�-�&�0  2�70��,�  ,'%� &') -2',,�'  " %��/7�2$,"'  
&$ -2�&$ 2 -'3,����"+' !�0  %&�1'  '  "�"  "72�'+',"'  "7 ,'��  �6�  )&5�"0"  0'-�)$0"  
&$7)'�',"( . 

�  &$0!$3 %&') -$2�',,*3  2 )$,,�#   -$-/'  "  �')�2$,"# , �'�"-  !�,!&'-,$(  7$)$+$ 
"  �')�2$,"#  7$2" "0� -"  3$&$!-'&" -"!  0'04&$,  �-  -'3,����"+' !"3  %$&$0'-&�2 2 %&�-
1'  '  5�/-&$."�/-&$1""  2�),���  &$ -2�&$ $1"�$7* .  

�� �'  %&�2')',"(  5�/-&$."�/-&$1""  %��5+',*   �')5:<"'  %&�)5!-*  0'04&$,,� -
��  &$7)'�',"( : !�,1',-&$-  "  %'&0'$-. 

 ��(  &'8',"(  %� -$2�',,�#  7$)$+" ,'�43�)"0�  4*��  &$  0�-&'-/   �')5:<"'  $ -
%'!-* : 
1. ��"(,"'  &$4�+"3 5 ��2"#  %&�2')',"(  %&�1'  $  5�/-&$."�/-&$1""  ,$  3$&$!-'&" -"!"  
0'04&$, , $ "0',,�  &$7,� -"  )$2�',"#  "  %&�"72�)"-'�/,� -"  %� " 3�),�05  &$ -2�&5. 
2. 	1',!$  " -",,�#   '�'!-"2,� -"  0'04&$,*  2 7$2" "0� -"  �-  )"$0'-&$  %�&. 

��(  -'�&'-"+' !"3  "  �')�2$,"#  %&�1'  $  5�/-&$."�/-&$1""   � -$2�',$  %&�-
�&$00$ 2 Microsoft � xcel )�(  2*4�&$  �%-"0$�/,�#  0'04&$,*  %&" &$7�"+,*3  5 ��2"(3  
9! %�5$-$1""  [3].  

�&�2')',*  "  �')�2$,"(  %� �%&')'�',":   '�'!-"2,� -"  $1'-$-1'��:��7,*3  
0'04&$,  ��6 -50 – ��6 -300 2 7$2" "0� -"  �-  &$4�+'��  )$2�',"(  "  %&�"72�)"-'�/,� -"  
" 3�),���  &$ -2�&$.  

�+"-*2$(  2�70��,� -/  )' -&5!1""  .'&0',-�2  �&�$,"!"  %&" %�2*8',,*3  -'0%' -
&$-5&$3, %&","0$'0  &$4�+5:  -'0%'&$-5&5 25º� . 

�  5+'-�0  �'�'�4&$7�2$,"(  %&" 2* �!"3  )$2�',"(3  "  5%��-,',"(  5�/-&$."�/-&$ -
1"�,,*3  0'04&$,  &$4�+"# )"$%$7�,  "70',',"(  %'&'%$)$ )$2�',"(  2*4&$,  0,1÷0,5 6�$ .  

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

!

x

x
K =                                                   (1) 

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

                                        I-K
K-K

Kx& j
j
×
×

=× ,                                           (2) 

�)'  S -  '�'!-"2,� -/  0'04&$,* , (2�(:<$( (  .5,!1"'#  �-,�8',"(  )"$0'-&$  0��'!5�  !  
)"$0'-&5  %�& 2 0'04&$,$3 . 

3) �)'�/,$(  %&�"72�)"-'�/,� -/  %� +" -�#  2�)'  

                                                   pa D×=0G                                               (3) 
4) �)'�/,$(  %&�"72�)"-'�/,� -/  %� &$7)'�('0�05  &$ -2�&5   2(7!� -/:  T  

                                                    m
m0

0GG ×=                                             (4) 

5) �$ 3�)  %'&0'$-$ 

                                               
j/1)1( --×= KGL �p                                     (5) 

6) �$ 3�)  !�,1',-&$-$  

                                                    pLGL �k -=                                           (6) 

7) �$4�+$(  %�2'&3,� -/  0'04&$,*  

                                                      G

L
F p

m =                                                (7) 

�$  +"-$'0  " -",,5:   '�'!-"2,� -/  0'04&$,  f %� $1"�$7' , " %��/75(  %&"2')', -
,*'  )$,,*'  �  &$70'&$3 %�& 2 0'04&$,$3 , %&"2')',,*3  2 -$4�"1' . 

 

$4�"1$  – �$&$!-'&" -"!"  &$7�"+,*3  -"%�2  0'04&$,  

dp, 0!0  a f 
3 0,0015 0,987 
5 0,0033 0,995 
10 0,017 0,998 
15 0,037 0,9985 

17,5 0,065 0,999 
20 0,075 0,9995 
30 0,134 0,9995 
45 0,37 0,9995 

 

�)'  dp – )"$0'-&  %�& 0'04&$,* ;  
a – !�, -$,-$  %&�,"1$'0� -"  0'04&$,* ;   
f – " -",,$(   '�'!-"2,� -/  0'04&$,* . 

���5+',,*'  2 &'75�/-$-'  &$ +'-�2  7$2" "0� -"  %&') -$2�',*  ,$  &" 5,!$3  1-3. 
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�" 5,�!  1 – 
&$."!  7$2" "0� -"  " -",,�#   '�'!-"2,� -"  0'04&$,*  �-  )"$0'-&$  %�& 

 
1 -  G=0,4!� / ; 2 -  G=0,3!� / ; 3 -  G=0,2!� / ; 4 -  G=0,1!� /  

�" 5,�!  2 – 
&$."!  7$2" "0� -"  &$4�+'# %�2'&3,� -"  0'04&$,  �-  %'&'%$)$ )$2�',"(  

%&�"72�)"-'�/,� -"  %� " 3�),�05  &$ -2�&5 
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1 -  &$ 3�)  %'&0'$-$; 2 -  &$ 3�)  !�,1',-&$-$  
�" 5,�!  3 - 
&$."!  7$2" "0� -"  &$ 3�)$  %'&0'$-$ "  !�,1',-&$-$  �-  %&�"72�)"-'�/,� -"  

%� ,$+$�/,�05  &$ -2�&5 
�,$�"7  %��5+',,*3  &'75�/-$-�2  %�!$7*2$'- : 
-  %&" 52'�"+',""  )"$0'-&$  %�& " -",,$(   '�'!-"2,� -/  0'04&$,*  50',/8$ -

'- (  %� �"%'&4��"+' !�05  7$!�,5  (&" 5,�!  1). 
-  %�2*8',"'  )$2�',"(  0��'-  %����"-'�/,�  2�"(-/  ,$  9..'!-"2,� -/  0'0 -

4&$,,���  &$7)'�',"( . �   �5+$'  5�/-&$."�/-&$1""  �6�  &" 5,�!  2 ,$��(),�  )'0�, -&"&5 -
'-  50',/8',"'  &$4�+'# %�2'&3,� -"  0'04&$,*  %&" 52'�"+',""  %'&'%$)$ )$2�',"(  "  52' -
�"+',"'  %�2'&3,� -"  %&" &� -'  %&�"72�)"-'�/,� -"  %� ,$+$�/,�05  &$ -2�&5; 

-  52'�"+',"'  &$ 3�)$  !�,1',-&$-$  "  4��''  2*&$�',,*#  &� -  &$ 3�)$  %'&0'$-
-$ %&�" 3�)"-  %&" 52'�"+',""  %&�"72�)"-'�/,� -"  %� ,$+$�/,�05  &$ -2�&5. 

�"-'&$-5&$  
1. �*-,'& !"# , � . � . 	4&$-,*#  � 0�  "  5�/-&$."�/-&$1"(  /� . � . �*-,'& !"# . – 

6 . : �"0"( , 1978 . – 351  . 
2. �*-,'& !"# , � .� . �$&�0'04&$,,*'  %&�1'  * . 
'�&"(  "  &$ +'-  6 .:     �"0"(  - 

1986 - 272   
3. 
���2$,+"!�2  � .� ., �"0�,�2  � .� . �&"0',',"'  ;�6  2 3"0"+' !�#  -'3,����""  

9!����"" . �$ -/  1. �+'4,�'  %� �4"' .- ������&$) : ����

� , 1994, 114  . 
 

 

� �����  ���!�������"  '����������  ������%����&  �����( � -
���' �����  ��  �&  ��� �!�%�����  '��������   

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

� ) 

 

� %��/7�2$,"'  2-�&"+,���   *&/(  2 ,$ -�(<''  2&'0(  (2�('- (  2' /0$  $!-5$�/,�#  7$-
)$+'# , %� !��/!5  7$�&(7,',"'  �!&5�$:<'#   &')* , 2 -�0  +" �'  %��"0'&,*0"  �-3�)$0" , 
)� -"�$'-  !&"-"+' !���  5&�2,( . ��$��)$&(  2* �!�#   -�#!� -"  !  2�7)'# -2":  �!&5�$: -
<'#   &')*  )$,,*'  0$-'&"$�*   �3&$,(:- (  2 ' -' -2',,*3  5 ��2"(3  2 -'+',"'  )�"-'�/,� -
��  2&'0'," . �  -�+!"  7&',"(  2�"(,"(  ,$  �!&5�$:<':   &')5  5-"�"7$1"(  %��"0'&,*3  �-3� -
)�2  0��'-  &$  0$-&"2$-/ (  !$!  2$�,*#  9!�,�0"+' !"#  .$!-�& , %� !��/!5  0$-'&"$�*  "  
9,'&�"(  %� -5%$:-  2 %�2-�&,�'  " %��/7�2$,"' . 	),$!� , 2 ,$ -�(<''  2&'0(  %&$!-"+' !"  
,'2�70��,�  %�2-�&,�  %'&'&$4�-$-/  2 ��-�2*#  %&�)5!-  &'7",�-'3,"+' !"'  "7)'�"(  (�
� ) 
[1]. 	 �4*#  ",-'&'  %&') -$2�('-  " %��/7�2$,"'  -'&0�9�$ -�%�$ -�2  (
;� ), !�-�&*'  
 %� �4,*  %'&'&$4$-*2$-/ (  "7 &$ %�$2$ 0'-�)$0"  �"-/(  %�) )$2�',"'0  "�"  9! -&57"'#  
[2-5]. 
$!"'  0$-'&"$�*   %� �4,*  !  0,���!&$-,�#  %'&'&$4�-!" . 

�72' -,�  [6, 7], +-�  %&" %'&'&$4�-!'  
;�  "�"  .�&0�2$,""  "7 ,"3  "7)'�"#  2 5 ��2" -
(3 %�2*8',,*3  -'0%'&$-5& "   )2"��2*3  ,$�&57�!  0��5-  �),�2&'0',,�  %&�-'!$-/  %&�1' -
 *  )' -&5!1""  "   -&5!-5&"&�2$,"(  0$!&�0��'!5� , +-�  0��'-  %&"2�)"-/  !   5<' -2',,�05  
"70',',":  2 '��  !�0%�'! $   2�# -2  �
;� . �'%� &') -2',,� , )$,,*'  %&�1'  *  0��5-  �- -
&$7"-/ (  ,$  -'!5+' -"  �
;� . �  -�05  �'   %� �4,� -/  %��"0'&,*3  0$-'&"$��2  !  %'&'&$-
4�-!'  �%&')'�('- (  "3  &'����"+' !"0  %�2')',"'0 , 2 +$ -,� -"  7,$+',"'0  %�!$7$-'�(  -' -
!5+' -"  &$ %�$2$ (�
� ). ��!$7$-'�/  -'!5+' -"  &$ %�$2$ �%&')'�('- (  ,$  $%%$&$-' ���
 -
56 , %&') -$2�(:<'#   �4�#  !$%"��(&,*#  2" !�7"0'-& . �   2�:  �+'&')/ , �
�  9-�  �-,�8' -
,"'  0$  *  �4&$71$ !  2&'0',"  " -'+',"(  +'&'7  !$%"��(&  7$)$,,�#  �'�0'-&"" . 

�$  &" . 1 %&') -$2�',$  7$2" "0� -/  "70',',"(  %�!$7$-'�(  -'!5+' -"  &$ %�$2$ (�
� ) 
)",$0"+' !"3  -'&0�9�$ -�%�$ -�2   � -$2�0  �;�� /��;�
  70/30. �$!  2"),�  "7 %&') -$2-
�',,*3  7$2" "0� -'#  �
;�   �3&$,(:-   %� �4,� -/  !  %'&'&$4�-!"  0'-�)$0"  �"-/(  %�) 
)$2�',"'0  "�"  9! -&57"'#  )$�'  %� �'  7 1"!�$ , -$!  !$!  �
�  4��''  1 � /10 0", . 
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�" 5,�!  1. �$2" "0� -/  "70',',"(  �
�  �
;�   � -$2�0  �;�� /��;�
  70/30 �-  

1"!�$  %'&'&$4�-!"  2 )"$%$7�,'  ,$�&57�!  7,5 – 15,6 !�  %&" -'0%'&$-5&'  $) 150 °C, 4) 170 °C, 
2) 190 °C. 
�  52'�"+',"'0  -'0%'&$-5&*  ,$4�:)$'- (  %�2*8',"'  �
�  %&" 2 '3  1"!�$3  %'&'&$4�-!" . 
�&"  ,$�&57!'  7,5 !�  "  -'0%'&$-5&'  �%&')'�',"(  �
�  150 "  170 °C )�  4 1"!�$  ,$4�:)$'- (  
&� -  �
�  %&" 5 1"!�'  -'!5+' -/  !�0%�7"1"#  %�,"�$'- ( . �&"  -'0%'&$-5&'  190 °C "  ,$ -
�&57!'  7,5 !�  7$0'-,�  "70',',"(  �
�  ,'  ,$4�:)$'- ( . �2'�"+',"'  ,$�&57!" , %&" 2 '3  
-'0%'&$-5&$3 %&"2�)"-  !  %�2*8',":  7,$+',"(  �
� . �&"  -'0%'&$-5&'  " %*-$,"(  150 °C, 
!$!  %&" ,$�&57!$3 10,0 !� , -$!  "  12,5 !�  ,$  2-�&�0  1"!�'  %'&'&$4�-!"  ,$4�:)$'- (  &� -  
7,$+',"#  �
� . 
��)$  !$!  ,$  3 "  4 1"!�'  7,$+',"'  �
�  %�,"�$'- (    4 � /10 0", , )�  3,0 – 
3,2 � /10 0", . �$-'0  %&" 5 1"!�'  %'&'&$4�-!"  �
�  2,�2/  2�7&$ -$'- , %� �'  +'��  %&" 6 1"!�'  
"  )$�''  0�,�-�,,�   ,"�$'- ( . ��)�4,$(  7$2" "0� -/  "70',',"(  �
�  3$&$!-'&,$  )�(  
�
;�  %&" ,$�&57!'  15,6 !� . �$2" "0� -/  "70',',"(  �
�  %&" -'0%'&$-5&'  170 °C %&" ,$ -
�&57!'  10 !� , $,$���"+,�  "70',',":  �
�  %&" -'0%'&$-5&'  150 °�  "  ,$�&57!'  2 ",-'&2$�'  
�-  10 )�  15,6 !� . 
��)$  !$! , %&" -'0%'&$-5&'  170 °�  "  ,$�&57!'  12,5 !�  &� -  �
�  ,$4�:)$ -
'- (  )�  3 1"!�$  %'&'&$4�-!" , ,$  4 "  5 1"!�'  "70',',"(  -'!5+' -"  !�0%�7"1"#  ,'  ,$4�:)$ -
'- ( , $ %� �'  6 1"!�$  �
�   ,"�$'- ( . 	-�"+"-'�/,$(  -'!5+' -/  )�(  �
;�   � -$2�0  
�;�� /��;�
  70/30 ,$4�:)$'- (  %&" -'0%'&$-5&'  170 °C "  ,$�&57!'  15,6 !� . �  )$,,*3  
5 ��2"(3  -'!5+' -/  !�0%�7"1""  %�)�4,$  -'!5+' -"  %&" -�#  �'  -'0%'&$-5&'  "  ,$�&57!'  10 
!� , 7$ " !�:+',"'  ",-'&2$�$  "70',',"(  �
� . 
$! , %&" ,$�&57!'  10 !� , "70',',"'  �
�  ,$ -
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3�)"- (  2 ",-'&2$�'  1 � /10 0", , -��)$  !$!  %&" ,$�&57!'  15,6 !�  �
�  "70',('- (  ,$  6 � /10 
0", . �&"  -'0%'&$-5&'  190 °�  &$7�"+"(  2 -'!5+' -"  �
;�  %�  &$2,',":    $,$���"+,*0"  
5 ��2"(0"  )'.�&0"&�2$,"(   ,$4�:)$:- (  %&" ,$�&57!$3 4��''  10 !� . 
$! , %&" ,$�&57!'  
12,5 !�  �
�  )",$0"+' !"3  -'&0�9�$ -�%�$ -�2  �;�� /��;�
  %&" 2-�&�0  1"!�'  %'&'&$-
4�-!"  ,$4�:)$'- (  %�2*8',"'  -'!5+' -"  !�0%�7"1"# , )$�''  )�  6 1"!�$  "70',',"#  2 -' -
!5+' -"  %&$!-"+' !"  ,'  ,$4�:)$'- ( , "  -��/!�  ,$  7 1"!�'  �
�  ,'7,$+"-'�/,�   ,"�$'- ( . 
�&"  ,$�&57!'  15,6 !�  "  -'0%'&$-5&'  190 °�  )�  6 1"!�$  �
�  0�,�-�,,�  2�7&$ -$'- , $ ,$  7 
1"!�'   ,"�$'- ( . 
$!"0  �4&$7�0 , �
�  )",$0"+' !"3  -'&0�9�$ -�%�$ -�2  %&" 0,���!&$- -
,�#  %'&'&$4�-!"  7$2" "-  �-  5 ��2"#  )'.�&0"&�2$,"(  0$-'&"$��2 .    


$!  !$! , ,$�&57!$, %&"���',,$(  )�(  %&�)$2�"2$,"(  0$-'&"$�$  +'&'7  !$%"��(& , %&(-
0�%&�%�&1"�,$�/,$  ,$%&(�',":   )2"�$ . �  �
�  �4&$-,�  %&�%�&1"�,$�',  9..'!-"2,�#  
2(7!� -"  %��"0'&,�#  !�0%�7"1"" . ��(  %�,"0$,"(  "70',',"(  -'!5+' -"  �
;�  "  %&�1' -
 �2  %&�" 3�)(<"3  %&" 0,���!&$-,�#  %'&'&$4�-!"  ,'�43�)"0�  &$  0�-&'-/  2�"(,"'  5 �� -
2"# )'.�&0"&�2$,"(  (,$�&57!" ) ,$  "70',',"'  �
� . 
$! , %&" �%&')'�',""  �
�  ,$�&57!$ 
2$&/"&�2$�$ /  2 ",-'&2$�'  �-  7,5 )�  21,6 !� , +-�   ��-2'- -25'-  ,$%&(�',":   )2"�$  2 ", -
-'&2$�'  �-  143405,7 )�  422016,5 � /02. �$2" "0� -/  "70',',"(  �
�  �-  5 ��2"#  )'.�&0" -
&�2$,"(  �
;�  %&') -$2�',$  ,$  &" . 2. 

 
�" 5,�!  2. �$2" "0� -/  "70',',"(  �
�  )",$0"+' !"3  -'&0�9�$ -�%�$ -�2  

�;�� /���;  70/30 �-  ,$�&57!"  (,$%&(�',"(   )2"�$ ). 
�$!  2"),�  "7 &" . 2 %&" ,"7!�0  ,$%&(�',""   )2"�$ , 2 �4�$ -"  ,$�&57!'  �-  7,5 )�  12,5 

!� , �
�  %&" 2 '3  1"!�$3  %'&'&$4�-!" , 7$ " !�:+',"'0  7 1"!�$ , %&$!-"+' !"  ,'  "70',('- -
 ( . 
$! , "70',',"'  �
�  )$�'  %&" 6 1"!�'  %'&'&$4�-!"  ,'  %&'2*8$'-  3 � /10 0", . �&"  4� -
�''  2* �!"3  ,$�&57!$3, 4��''  12,5 !�  )�  3 1"!�$  %'&'&$4�-!"  ,$4�:)$'- (  %�2*8',"'  
�
� , +-� , %� 2 '#  2")"0� -" ,  2(7$,�    )' -&5!1"'#  %��"0'&,*3   � -$2�(:<"3 , %&"2�-
)(<"3  !   ,"�',":  0��'!5�(&,�#  0$  *  "  &$ 8"&',":  66� . 6��,�  %&')%����"-/ , +-�  
)�  3 1"!�$  %'&'&$4�-!"  2 �
;�  %&'�4�$)$'-  )' -&5!1"( . �&"  4 "  5 1"!�$3  %'&'&$4�-!"  
�
�  ,$4�:)$'- (  %$)',"'  -'!5+' -" , !�-�&�'  0��'-  4*-/  �4� ,�2$,�  %&�1'  $0"   -&5! -
-5&"&�2$,"(  0$!&�0��'!5� , !�-�&�'  %&"2�)"-  !  %�2*8',":  2(7!� -"  !�0%�7"1"" . �$�/ -
,'#8$(  %'&'&$4�-!$  !�0%�7"1"#  %&"2�)"-  !  %$)',":  2(7!� -"  �
;� , -'!5+' -/  !�0%� -
7"1"#  %�2*8$'- ( . ;-�   2(7$,�    &$7&58',"'0  0$!&�0��'!5�  %��"0'&,*3   � -$2�(:<"3 . 
��')�2$-'�/,� , %� �'  5 1"!�$  %'&'&$4�-!"   �')5'-  ��")$-/  "  %$)',"'  9! %�5$-$1"�,,*3  
3$&$!-'&" -"!  �
;� . ��')5'-  �-0'-"-/ , +-�  �
;�  %�)2'&�,5-*'   '0"!&$-,�#  %'&'&$-
4�-!"  2 "7)'�"(  0��5-  4*-/  "  2 )$�/,'#8'0  %'&'&$4�-$,*  "7 &$ %�$2$, -$!  !$!  �,"  3$&$!-
-'&"75:- (  )� -$-�+,�  2* �!"0  7,$+',"'0  �
� . �70',',"(  -'!5+' -"  �
;�  %&" 0,��� -
!&$-,�#  %'&'&$4�-!"  ,'�43�)"0�  5+"-*2$-/  %&" 2*4�&'  &'�"0�2  �"-/(  %�) )$2�',"'0  "  
9! -&57"" , -$!  !$!  &'����"+' !�'  %�2')',"'  ,$  !$�)�0  1"!�'  %'&'&$4�-!"  �-�"+$'- ( . 

 



 183 

� %��/75'0$(  �"-'&$-5&$ . 
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��������������  ��' ��$&  '��������  �  �����"��&  ������  �� -
����%�$&  ��' ��$�� ���"  ��  ����������$&   

��( ��  �����$&  ���������  
 

� .� . �5�/!", ,  -5)',-  ,$1"�,$�/,���  "  �')�2$-'�/ !���  5,"2'& "-'-$  6� !�2 !���  
9,'&�'-"+' !���  ", -"-5-$ , � . 6� !2$  

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

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

����

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

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

� , � . ������&$)  

 
 

	-&$4�-$,,*'  -'%��2*)'�(:<"'  9�'0',-*  (
�;�* ) $-�0,*3  &'$!-�&�2  %�0'<$ -
:-  2 4$  '#,  2*)'&�!"    1"&!5�(1"�,,�#  2�)�#  )�(  %&')�-2&$<',"(  %'&'�&'2$ [1, 2]. �3  
 �4"&$:-  2 1"�",)&"+' !"#  %5+�!, %�!&*-*#  !$&!$ �0 , %&" 9-�0  )2$ %5+!$, 5 -$,�2�', -
,*'  �)",  ,$)  )&5�"0  ,$  1',-&$�/,�0   -'&�,' , �4&$75:-  -'%��2*)'�(:<5:   4�&!5  (
�� ) 
(&" . 1), !�-�&5:  %��&5�$:-  2 4$  '#,  2*)'&�!"  (�� )   �4&$7�2$,"'0  !�&")�&,*3  &()�2  
(&" . 2). 

�&"  ,'#-&$�"7$1""  � -$-�+,*3  -'%��2*)'�',"#  "  %&')�-2&$<',""  %'&'�&'2$ �- -
&$4�-$,,*3  
�;��2  2�7,"!$'-  %&�4�'0$ ,  2(7$,,$(    ,'32$-!�#  �-4�&$  -'%��2�#  0�<,� -
 -"  �-  
��  !  1"&!5�(1"�,,�#  2�)'  %&" $2$&"#,�#  &$4�-' , !��)$  9-$ 0�<,� -/  2�7&$ -$'-  
  1170 !�-  )�  1960 !�- , -�  ' -/  %�+-"  2 1,7 &$7$. 
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�" . 1. �3'0$  5 -$,�2!"  
�;��2  2 !$&!$ '  "  7$!&'%�',"(  !$&!$ �2  ,$  1',-&$�/,�0  

 -'&�,'    �4&$7�2$,"'0  -'%��2*)'�(:<'#   4�&!" : 
1 – 
�;�* ; 2 – !$&!$ ; 3 – 1',-&$�/,*#   -'&�',/ ; 4 – 8-$,�$  

 

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

2 4$  '#,'  2*)'&�!"  (�� ): 1 – 
�� ; 2 – !�&")�&*  
='�/:  &$4�-*  (2�('- (  %�2*8',"'  9..'!-"2,� -"  -'%��2*3  %&�1'  �2  �-  %�2'&3-

,� -"  !$&!$ �2  
��  !  1"&!5�(1"�,,�#  2�)'  �� . 
��(  )� -"�',"(  %� -$2�',,�#  1'�"  ,'�43�)"0�  �1',"-/  2�70��,� -/  52'�"+',"(  

�-4�&$  -'%��2�#  0�<,� -"  %&" 52'�"+',""  %�2'&3,� -"  -'%���-)$+" . ��(  9-���  %&')�$-
�$'- (  ,$  !$&!$  
��  5 -$,�2"-/   A'0,*'  %��5�"�/7*    %�%'&'+,*0"  &'4&$0" (&" . 3). 
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�" . 3. ; !"7  %��5�"�/7*    %�%'&'+,*0"  &'4&$0" 2 $! �,�0'-&"" : 
1 – %��5�"�/7$ ; 2 – %�%'&'+,�'  &'4&� ; 3 – 0$,�'-$    �-2'& -"(0"  

 
��%'&'+,*'  &'4&$ 2*&'7$,*  "7 4�!�2�#  %�2'&3,� -"  %��5�"�/7  "  �-��,5-*  ,$&5�5 . ;-�  
5%&�<$'-  "3  "7��-�2�',"'  "  50',/8$'-  0$  5 . 	-2'& -"(  2 0$,�'-$3  ,5�,*  )�(  0�,-$�$  
 '!1"#  %��5�"�/7  )&5�    )&5��0    %�0�</:  2",-�2    �$#!$0"  "  %��-,���  %&"�"0$,""(  "3  
2,5-&',,"3  %�2'&3,� -'#  !  %�2'&3,� -"  !$&!$ $. ��(  50',/8',"(  �")&$2�"+' !���   � -
%&�-"2�',"(  "  %&')�-2&$<',"(  �4&$7�2$,"(  7$ -�#,*3  7�,  0$,�'-*  %��5�"�/7  ,$  !$&!$-
 $3 
��  2 4$  '#,'  5 -$,$2�"2$:- (  2)��/  %�-�!$  1"&!5�(1"�,,�#  2�)* . 

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

 
�" . 4. �3'0$  %��5)" !�2  2  4�&!' : 

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

���5)" !"  0�,-"&5:- (  ,$  !$&!$ '  
��    8$��0  pt  "   !&'%�(:- (  0'�)5   �4�#    

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

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

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

��  %&" "3  $2$&"#,�#  2*�&57!'  2 4$  '#,*  2*)'&�!"  ,'�43�)"0�'  52'�"+',"'  -'%��2�#  
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0�<,� -"  2 1,7 &$7$ 0��,�  �4' %'+"-/  5 -$,�2!�#  ,$  !��53$3  
��  %��5�"�/7    %�%'&'+-
,*0"  &'4&$0" (&" . 3) "�"  %��5)" !�2  (&" . 4), %&') -$2�(:<"3   �4�#  2  4�&!'  �),�  &'4-
&� , %&" 9-�0  &$ 3�)  2�)*  52'�"+"2$'- (    130 03/+$  )�  217,8 03/+$ , $ %�2'&3,� -/  -'%�� -
�-)$+"  2 1,4 &$7$. 10% 7$%$  %� -'%��2�#  0�<,� -"  %�72��('-   ,"7"-/  -'0%'&$-5&5 %�-
2'&3,� -"  !$&!$ �2  )�  67°�  %&" )�%5 !$'0�#  -'0%'&$-5&'  9-�#  %�2'&3,� -"  70°� , "   &') -
,'#  -'0%'&$-5&'  1"&!5�(1"�,,�#  2�)*  48,9°� , !�-�&$(  2 4$  '#,'  2*�&57!"  ,$�&'2$'- (    
45°�  )�  55°� . 


$!"0  �4&$7�0 , 20' -�  5 -$,�2!"   A'0,*3  %��5�"�/7    &'4&$0" "�"   $0"3   A'0 -
,*3  &'4'&  ,$  %�2'&3,� -/  !$&!$ $ 0��,�  &'!�0',)�2$-/  7$0',"-/   5<' -25:<"'  !$&!$-
 *  
�;��2  2 
��  ,$  �&'4&',,*'  !$&!$ * . 

 
�"-'&$-5&$ : 
1. 	-+'-  «	4� ,�2$,"'  4'7�%$ ,� -"  5%��-,',,���  3&$,',"(  �-&$4�-$28'��  

()'&,���  -�%�"2$  2 %&"&'$!-�&,*3  4$  '#,$3  2*)'&�!"  9,'&��4��!�2  %'&2�# �+'&')"  
�5& !�#  �;� ». – 6'�)5,$&�),*#  1',-&  %� ()'&,�#  4'7�%$ ,� -"  (6=�� ), 2013. – 117  .  

2. «�0��', !$(  �;� . 	4� ,�2$,"'  4'7�%$ ,� -"  �4&$<',"(    �
  %&" %'&'2�)'  
&'$!-�&$  ,$  %��,�0$ 8-$4,5:  7$�&57!5 5&$,-9&4"'2*0  -�%�"2�0  2,8% �4��$<',"( ». –  
�	  «�-�09,'&��%&�'!- », 2006. – 93  . 

 

 
��� ��������  '�������  ���#����  ������� �  �  ����%�&  

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

� , �&5%%$ �
6 -421; 

����)",  � .� ., $  " -',- . 
 

;! -&5)'&  – 9-�  0$8",$  )�(  ,'%&'&*2,�#  %'&'&$4�-!"  %��"0'&,���   *&/(  2 �),� -
&�),*#  &$ %�$2 "  %&")$,"(  '05  .�&0*  %5-'0 %&�)$2�"2$,"(  +'&'7  9! -&57"�,,5:  ����2 -
!5  "   %'1"$�/,�'  !$�"4&5:<''   5 -&�# -2� ,  '+',"'  !�-�&���   ��-2'- -25'-  !�,."�5&$ -
1""  ��-�2���  "7)'�"( . 

;! -&5)"&5'0*#  0$-'&"$�  0��'-  %� -5%$-/ ,$  %'&'&$4�-!5  2 2")'  �&$,5�  "�"  %�-
&�8!$ . 
&$,5�*  7$�&5�$:- (  2 45,!'&  "  +'&'7  7$�&57�+,�'  �-2'& -"'  %� -5%$:-  !  +'&2(-
!5 . �&�)2"�$( /  2)��/  +'&2(!$ , �&$,5�*  &$ %�$2�(:- ( , &$ %�$2 %&�)$2�"2$'- (  +'&'7  
&'8'-!5  "  %$!'-  ."�/-&5:<"3   '-�! . �$-'0  &$ %�$2 %&�3�)"-  +'&'7  !�,"+' !"#  )"..5 -
7�& 2 ����2!5 , 2 !�-�&�#  5 -$,�2�',  %&�."�"&5:<"#  ", -&50',- . 

='�/:  ,$8'#  &$4�-*  (2�('- (  "  �')�2$,"'  %&�1'  $  )2"�',"(  0$-'&"$�$  2 9! -
-&5)'&' . �  ,$ -�(<''  2&'0(   5<' -25'-  7,$+"-'�/,�'  !��"+' -2�  0�)'�'# , �),$!�  %&"0'-
,',"'  0�)'�"  )�(  !�,!&'-,���  9! -&5)'&$  -&'45'-  7,$+"-'�/,�#  $)$%-$1"". �$8'#  7$)$-
+'#  (2�(�� /  %&"0',',"'  0�)'�"  )�(  9! -&5)'&$  -"%$ 45325. 

 6$-'0$-"+' !$(  0�)'�/  4*�$  %��5+',$  ,$  � ,�2'  �"-'&$-5&,*3  " -�+,"!�2 .  6� -
)'�/  %� -&�',$  ,$  5&$2,',"(3  )2"�',"( , ,'&$7&*2,� -"  %�-�!$  "  5&$2,',""  9,'&�"" , !� -
-�&�'  %�72��('-  5+"-*2$-/  "70',',"'  -'0%'&$-5& 2 ,$%&$2�',""  )2"�',"(  0$-'&"$�$ . �  
!$+' -2'  &'����"+' !���  5&$2,',"(   � -�(,"(  4*��  2*4&$,�   -'%',,�'  5&$2,',"'  	 -
2$�/)$  �'  �"�$ , 2 !�-�&�0  5+-',�  9! %�,',1"$�/,�'  "70',',"'  2(7!� -"  �-  -'0%'&$-5&* . 

�  &'75�/-$-'  "  �')�2$,"(  %��5+',*  &$4�+"'  3$&$!-'&" -"!"  9! -&5)'&$  -"%$ 
45325 2 7$2" "0� -"  �-   !�&� -"  2&$<',"(  +'&2(!$  "  -'0%'&$-5&,*'  7$2" "0� -"  2)��/  
,$%&$2�',"(  )2"�',"(  0$-'&"$�$  )�(  &$7�"+,*3  &'�"0�2 . 
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�'���������  �� ���"  �������  � -�������������� �  
�5-�2  
 .6 .1, �2$,!",$  	 .6 .1, ��/", !"#  � .� .1, ��" ''2  � .� .1,  

�$3,�  � .� .2, �*�''2$  � .6 .2 

1����'%�/  $���&�;��#�'%�/  ��'&�&"&  ((����� ) ��������*'%���  ��'"*��'&-������  &�; -
��#�'%���  "��-��'�&�&�  

2����'%�/  ��"#�� -&�;��#�'%�/  %��$��%'  ((����� ) ��������*'%���  ��'"*��'&-������  
&�;��#�'%���  "��-��'�&�&�  

 
$-�","-&�7�4',7��  ($-��� ) %&"0',('- (  !$!  ,"7!�-'0%'&$-5&,*#  25�!$,"75:<"#  

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

	),"0  "7 %'&2*3  %� �4�2  %��5+',"(  $-���  � ,�2$,  ,$  �!" �',""  $-
4',7�3",�,)"�! "0$  ($-��� ) �'�'7� ",'&�)" -*0  !$�"'0  2 <'��+,�#   &')' . �  )$�/,'# -
8'0  4*�  &$7&$4�-$, &()   %� �4�2  %��5+',"(  $-���    " %��/7�2$,"'0  )&5�"3  �!" �"-' -
�'# : 3��&")$  �'�'7$  (III), 3��&$ , $7�-,�#  !" ��-* , �"%�3��&"-$  "�"  �"%�4&�0"-$  ,$-&"(  
[2, 3, 4]. �'&'+" �',,*'   %� �4*  �4A')",('-  &()   5<' -2',,*3  ,')� -$-!�2 : ,'�43�)" -
0� -/  5-"�"7"&�2$-/  %�4�+,*'  %&�)5!-* , -�! "+,� -/  %&"0',('0*3  �!" �"-'�'# ,  ," -
�',"'  2*3�)$  1'�'2���  %&�)5!-$ "7-7$ %&�-'!$,"(  %�4�+,*3  &'$!1"# .  

�   2(7"    9-"0  %'& %'!-"2,*0  2  ",-'7'  $-���  (2�('- (  " %��/7�2$,"'  9!����"+' -
 !"  4'7�%$ ,���  �!" �"-'�(  %'&'!" "  2�)�&�)$ . �72' -,� , +-�  2 ,'#-&$�/,�#   &')'  %'&'-
!" /  2�)�&�)$  ,'  2 -5%$'- 2 &'$!1":  �!" �',"(    $-���  (1). �&"  %&�2')',""  &'$!1""  2 
<'��+,�#   &')'  ")'-  !��"+' -2',,�'  �4&$7�2$,"'  $-)","-&�4',7��$  (2) [5].�  !" ��#   &' -
)'  (2 %&" 5- -2""   ��(,�#  !" ��-* ) %&�" 3�)"-  %&$!-"+' !"  !��"+' -2',,�'  �4&$7�2$,"'  
$-���  (3). ;-�   2(7*2$:-    -'0 , +-�  3��&") -"�,  !$-$�"7"&5'-  &$7���',"'  %'&'!" "  2�)� -
&�)$  [6, 7]: 

N

N
OH

OH

2 2O2

N

O

N

O

2 2O2, 02 -

2 2O2, 2� l

N
+

O
-

O

N
+

O
-

O

1

2

3

 

��(  �%-"0"7$1""   -$)""   ",-'7$  $-���  4*��  "  �')�2$,�  2�"(,"'  2&'0',"  �!" -
�',"'  "  "74*-!$  %'&'!" "  2�)�&�)$  ,$   � -$2  "  2*3�)  1'�'2���  %&�)5!-$. ��  -&'4�2$,"(0  
,�&0$-"2,�#  )�!50',-$1""   �)'&�$,"'  " 3�),���   $-���  2 ��-�2�0  %&�)5!-'  ,'  )���,�  
%&'2*8$-/  2%. 

��(  %��5+',"(  $-���  2 &'$!-�&  7$�&5�$�"  2�)5 , $-��� ,  ��(,5:  !" ��-5 . �$-'0  
%&"  %'&'0'8"2$,""  "  -'0%'&$-5&'  500�  0')�',,�  )�7"&�2$�"  &$ +'-,�'  !��"+' -2�  35%-
,���  &$ -2�&$ %'&'!" "  2�)�&�)$ . �'$!1"�,,5:  0$  5  2*)'&�"2$�"  -&'45'0�'  2&'0( . �$ -
�''  %&�)5!-  �-."�/-&�2*2$�" , %&�0*2$�"  2�)�#  "  2* 58"2$�" . ��)'&�$,"'   $-���  �%-
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&')'�(�"   %'!-&�.�-�0'-&"+' !"  %� "72' -,�#  0'-�)"!' . �'75�/-$-*  9! %'&"0',-�2  
%&') -$2�',*  2 -$4�"1$3  1 "  2. 

 

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

�&'0(   ",-'7$ , +$ . 2,0 3,0 4,0 5,0 
��)'&�$,"'   

$-��� , %0$  . 
3,1 2,4 1,91 1,9 

�*3�)  $-��� , %  93,0 93,1 94,1 94,11 
 


$4�"1$  2. ��"(,"'  "74*-!$  %'&'!" "  2�)�&�)$  ,$   � -$2  "  2*3�)  $-���  
(2&'0(   ",-'7$  4 +$ $) 

6��/,�'   ��-,�8',"'   
$-��� : %'&'!" /  2�)�&�)$  

1:1 1:1,1 1:1,2 

��)'&�$,"'  $-��� , %0$  . 3,15 1,91 1,9 
�*3�)  $-��� , %  91,0 94,1 94,12 

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

0$! "0$�/,�  2�70��,*0  2*3�)�0   %&�1'    �')5'-  %&�2�)"-/  2 -'+',"'  4-+$ �2 , " %��/ -
75( 10%-,*#  "74*-�!  �!" �"-'�( . �2'�"+',"'  2&'0',"   ",-'7$  )�  5 +$ �2  "  "74*-!$  %'-
&'!" "  2�)�&�)$  )�  20% (2�('- (  ,'  1'�' ��4&$7,*0 , - .! . ,'  %&"2�)"-  !  7$0'-,�05  52' -
�"+',":  2*3�)$  $-���  "   ,"�',":   �)'&�$,"(  $-��� . 

�",-'7"&�2$,,*'  �4&$71* $-���  4*�"  " %*-$,*  2  � -$2'  �$4�&$-�&,�#  &'7",� -
2�#   0' "   � -1-1 2 �$4�&$-�&""  ���� !���  ,$5+,� --'3,"+' !���  !�0%�'! $ .  �'75�/-$-*  
" %*-$,"#  %&') -$2�',*  2 -$4�"1'  3.  

$4�"1$  3   �'75�/-$-*  " %*-$,"#  25�!$,"7$-�2  
 

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

�4&$7'1  
$-���  

	4&$7'1  
B 1* 

	4&$7'1  
B 2** 

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

5,0 7,3 5,1 5,3 

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

50 100 90 90 

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

0,20-0,45 0,45 0,45 0,45 

4. ���-,� -/ , !� / 0  (1,11-
1,15)3103 1,133103 1,133103 1,133103 

5. �70',',"'  0$  *  %� �'  2�7-
)'# -2"(  �	�  2 -'+',"'  24+., 
%&" -'0%'&$-5&'  60°� , %, 2 
%&')'�$3  

 
25±5 

 
23,6 

 
30,0 

 
30,3 

*0.) .$-���  87%, 0.) . $-���  1,7%; 
** 0.) . $-���  94%, 0.) . $-���  0,5%. 

�&�2')',,*'   &$2,"-'�/,*'  " %*-$,"(  &'7",    " %��/7�2$,"'0   ",-'7"&�2$,,���  
$-���  "  !�,-&��/,���  �4&$71$ %�!$7$�" , +-�  �%*-,*'  &'7",*  %� 2 '0  %�!$7$-'�(0   ��- -
2'- -25:-  -&'4�2$,"(0  ,�&0* , ,�  ,' !��/!�  5 -5%$:-  !�,-&��/,�05  �4&$715  ."7"!� -
0'3$,"+' !"0   2�# -2$0 . 

�"-'&$-5&$  

1.
"3�,�2$  � .� ., 
",745&�  � .� . "  )&. //�$5+5!  "  &'7",$ .1987, B  3.  .13. 
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2. �"<',!�  � .� ., 6$!$&�2  6 .� . "  )&.//��� ,1969,-  XLII, 2*%.10,  .2384-2386. 
3. � .� . ����  395360 1973. 
4. �0'�/,"1!"#  � .� ., ��2"!�2  � .� . "  )&. �"0"(  .5&�! $,�2 . 6 . �$5!$ , 1996.  . 260. 
5. �&0$!�2  	 .� ., ��0!�2$  � .� . // �	&� , 1984, -�0  �� , 2*%. 10,  .2252-2253. 
6. �$- . RU 2266897  2005 
 

 

(��'�������� )�$�  ��� ��������  !������������  '���' � -
����$&  �������  

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

� ) 

 
�&"   �7)$,""  ,�2*3  "  0�)'&,"7$1""   5<' -25:<"3  $%%$&$-�2 )�(  -'%�� - "  0$ -

 ��40',,*3  %&�1'  �2  2$�,�#  7$)$+'# (2�('- (  2*4�&  �%-"0$�/,*3  ,$ $)�+,*3  !�, -
-$!-,*3  5 -&�# -2 , !�-�&*'  )���,*  5)�2�'-2�&(-/  �%&')'�',,*0  -&'4�2$,"(0 .  

	),"0  "7 $!-5$�/,*3  ,$%&$2�',"#  (2�('- (  %&"0',',"'  %�&�%�$ -�2*3  0$-'&"$ -
��2  )�(   �7)$,"(  !�04","&�2$,,*3  ,$ $)�+,*3  !�,-$!-,*3  5 -&�# -2 , 2 !�-�&*3   2� -
4�),*#  �4A@0 ,$ $)!"  45)'-  " %��/7�2$-/ (  )�(  52'�"+',"(  %�2'&3,� -"  !�,-$!-$  .$7  "  
",-', "2,� -"  -'%�� - "  0$  �%'&')$+" . 

�$ $)!" , %&"0',('0*'  )�(  -'%�� - "  0$  ��40',,*3  %&�1'  �2 , 3$&$!-'&"75:- (  
 �')5:<"0"  � ,�2,*0"  3$&$!-'&" -"!$0" :  2�4�),*#  �4A@0 ,$ $)!"  (%�&" -� -/ ) M, 
[03/03]; 5)'�/,$(  %�2'&3,� -/  ,$ $)!"              U, [02/02]; 9!2"2$�',-,*#  )"$0'-&  ,$ $)!"  
d9!2, [0]. 

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

1) �  5 ��2,�0  0$ 8-$4'   .�-��&$."&�2$,  �4&$7'1  %��"0'&,���  0$-'&"$�$  (%�-
&�%�$ -$) &$70'&�0 10×10×10 00  (&" 5,�!  1). 

2) �  �&$."+' !�0  &')$!-�&'  0$ 8-$4  .�-��&$.""  4*�  52'�"+',  )�  &$70'&$, %�-
72��(:<'��  %&�2' -"  2"75$�/,*#  5+'-  %�& (!$%"��(&�2 ) &$7�"+,���  )"$0'-&$ . 

3) �$  � ,�2'  %�) +@-$ +" �$  %�& %� -&�',$  !&"2$(  &$ %&')'�',"(  %�&�7,� -,���  
 � -$2$  0$-'&"$�$  (&" 5,�!  2), !�-�&$(  4*�$    � -$2�',$  %� �4&$4�-!'  .�-��&$.""  -&'3  
27$"0,�  %'&%',)"!5�(&,*3  %�� !� -'#  �4&$71$ ')","+,���  �4A@0$. 

 

  
�" 5,�!  1 - �3'0$  "  �')5'0���  %�&�%�$ -�2���  �4&$71$   
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�" 5,�!  2 - �&"2$(  &$ %&')'�',"(  %�&�7,� -,���   � -$2$  %�&�%�$ -�2���  0$-'&"$�$  

 
��&" -� -/  �4&$71$ ')","+,���  �4A'0$ : 

� e=e

×
××p

==
××

×
==e

=

N

1i
i

2
! i!! i!!

i F4
Nd

F
F

cba
lF

V
V

                                   (1) 

�)'  V!  ,F! , d! i, l! i, N - �4A@0, %��<$)/ , )"$0'-& , )�",$  "  +" ��  !$%"��(&�2   ��-2'- -2',,� . 

�  5+@-�0 (1) "0''0 :  
! i!

!
d

4
V

F = . 	- :)$ :                

             � ��
�

�
��
�

� e
××=

=

N

1i ! i

i
! d

V4F                                                     (2) 

��9-�05  5)'�/,$(  %�2'&3,� -/  �4&$71$ &$2,$: 

� s=s

×××p
=s

=

N

1i
i

! i! i
i V

Nld

                                                     (3) 

4) �  &'75�/-$-'  �4&$4�-!"  )$,,*3  4*�"  %��5+',*  � ,�2,*'  3$&$!-'&" -"!"  %�-
&�%�$ -�2�#  ,$ $)!"  (!��/1$  �$8"�$  &$70'&�0               10×10×2 00 ): 

U = 926,44 02/03;      M = 0,751 03/03;    d9!2 = 3,241·10-3 0. 
;! %'&"0',-$�/,*'  "  �')�2$,"(  �")&�)",$0"!"  )�(  %�&�%�$ -�2*3  !��'1  �$ -

8"�$  &$70'&�0 10×10×2 00 , %&�2�)"�" /  2  &')'  2�)$ -2�7)53,   2* �-�#    ��(  ,$ $)!"  
190 00  2 !���,,'    )"$0'-&�0  60 00  (&" 5,!"  3 "  4).  
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�" 5,�!  3 - ;! %'&"0',-$�/,$(  7$2" "0� -/  �")&$2�"+' !���   �%&�-"2�',"(  �-  ."!-"2 -
,�#   !�&� -"  �$7$ )�(  %�&�%�$ -�2*3  !��'1  �$8"�$  10×10×2 00 , 2* �-$  ,$ $)!"  190 00  

 
 

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

10×10×2 00 , 2* �-$  ,$ $)!"  190 00  
 

�  &'75�/-$-'  0$-'0$-"+' !�#  �4&$4�-!"  9! %'&"0',-$�/,*3  )$,,*3 , 4*�"  %��5-
+',*  !&"-'&"$�/,*'  5&$2,',"( , 3$&$!-'&"75:<"'  �")&�)",$0"+' !"'  &'�"0*  &$4�-*  
9-�#  ,$ $)!" : 
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590,0
607,0

�1 G
L

Re747,1422Eu �
�
�

�
�
�××= -                          (4) 

113,1
141,3

�
5

2 G
L

Re10010,2Eu �
�
�

�
�
�×××= -

                        
(5) 

661,0
197,1

�3 G
L

Re895,0Eu �
�
�

�
�
�××=                                  (6) 

�)'  Re�  – !&"-'&"#  �'#,��/) $  )�(  �$7�2���  %�-�!$ ; L/G - �-,� "-'�/,�'  �&�8',"' . 
�&"-'&"$�/,*'  5&$2,',"(  (4÷6) �-,� (- (  )�(  %�&�%�$ -�2*3  !��'1  �$8"�$  

10×10×2 00   ��-2'- -2',,�  )�(  !$%'�/,��� , %�@,�+,���  "  -5&45�',-,���  �")&�)",$0"+' -
 !"3  &'�"0�2  &$4�-* . 

�,$+',"(  !&"-'&"(  �'#,��/) $  2 9! %'&"0',-$3  �'�$�"  2 )"$%$7�,'  15÷210, $ 2' -
�"+",$  �-,� "-'�/,���  �&�8',"(  – 2 )"$%$7�,'  2÷66. �&'),((  �-,� "-'�/,$(  �8"4!$  %�-
�5+',,*3  5&$2,',"#  ,'  %&'2*8$'-  N & < 2,63%; �-!��,',"'  �-)'�/,*3  -�+'!  ,'  4��''  N0",  
L N0$!  < 5,40%.  


$!�'  %��5+',�  �4�4<$:<''  5&$2,',"'  7$2" "0� -"  !�9.."1"',-$   �%&�-"2�' -
,"(  �-  �'#,��/) $  )�(   53"3   %�&�%�$ -�2*3  !��'1  �$8"�$  &$70'&�0 10×10×2 00   2�  2 '0  
9! %'&"0',-$�/,�0  )"$%$7�,$ 7,$+',"#  +" �$  �'#,��/) $ : 

990,0
�

7
Re

432,160
=l                                                       (7) 

�&'),((  �-,� "-'�/,$(  �8"4!$  5&$2,',"(  (7) ,'  %&'2*8$'-                     N & < 
0,82%; �-!��,',"'  �-)'�/,*3   -�+'!  ,'  4��''  N0",  L N0$!  < 1,90 %. 

�&�0'  -��� , %��5+',*  5&$2,',"(  )�(  %�%&$2�+,���  !�9.."1"',-$ , 5+"-*2$:<' -
��  %&'2*8',"'  �")&$2�"+' !���   �%&�-"2�',"(  �&�8$'0�#  ,$ $)!"  ,$)   53�# : 

3728,0
�

2170,0

 53

�& Re
G
L

8245,0K ×�
�
�

�
�
�×==

DR

DR
                                (8) 

5063,3
�

5865,2

 53

�& Re
G
L

14,0K ×�
�
�

�
�
�×==

DR

DR -

                                  (9) 

�)'  Re�  – !&"-'&"#  �'#,��/) $  )�(   %�-�!$  �")!� -" ; L/G - �-,� "-'�/,�'  �&�8',"' . 
�&"-'&"$�/,*'  5&$2,',"(  (8÷9) �-,� (- (  )�(  %�&�%�$ -�2*3  !��'1  �$8"�$  

10×10×2 00   ��-2'- -2',,�  )�(  !$%'�/,���  (8), %�@,�+,���  "  -5&45�',-,���  �")&�)",$ -
0"+' !"3  &'�"0�2  &$4�-*  (9). �3   &'),((  �-,� "-'�/,$(  �8"4!$  ,'  %&'2*8$'-  N & < 7,50 
%; �-!��,',"'  �-)'�/,*3   -�+'!  ,'  4��''   N0",  L N0$!  < 17,2 %. 

�&�2')@,,*'  "  �')�2$,"(  %�72��(:-  " %��/7�2$-/  %��5+',,*'  !&"-'&"$�/,*'  
5&$2,',"(  )�(  &$ +@-$ %&�0*8�',,*3  $%%$&$-�2   %�&�%�$ -�2�#  ,$ $)!�# . 
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��� �%����  ��!������$&  �  �!����' ���>���$&  ���"���  ( � -
�������$&  ���'�����"  '����  �����������  �� ������$��  

��'� ���� ���  
 

� . � . �$4��2  ) .- ., ., %&�. ., � . � . �'#4$�  ) .- ., ., %&�. ., � . � . �5)',!�  $ %"&$,-,  
� . � . ��",�2   -5)',- , � . 	 . 6�-+',!�   -5)',-  

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

+' !���  5,"2'& "-'-$ , ���� !"#  
e-mail: kablov@volpi.ru 

 

 

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

�$<"-$  0$-'&"$��2  �-  %��$&$  -$��  2$�,*0  2�%&� �0  2  -&�"-'�/,�#  �-&$ �" . � -
%��/7�2$,"'  ��,' -�#!"3  %�!&*-"(  (2�('- (  �),�#  "7  $0*3  %&� -*3 , 9!�,�0"+,*3  "  
,$"4��''  9..'!-"2,*3   %� �4�2  7$<"-*  0$-'&"$��2  �-  ��,( , �,"  �'�!�  �4&$4$-*2$:- (  "  
0��5-  4*-/  " %��/7�2$,*  2 %&�"72�) -2' . ��!&*-"(  %&')� -$2�(:-  %�-&'4"-'�:  )2$ � -
,�2,*3  %&'"05<' -2$ : �,"  0��5-  7$<"<$-/  �-  %&�,"!,�2',"(  -'%�$  2,5-&/  "  �-  &$ %&�-
 -&$,',"(  %�$0'," . �&�0'  -��� , �,"  ,'  "70',(:-  2,5-&',,"'   2�# -2$  7$<"<$'0*3  0$-
-'&"$��2 . ��!&*-"(  -$!  �'  )���,*  "0'-/  2* �!5:  $)�'7":  !  %�)���!' , $ %&" " %��/7� -
2$,""  "3  )�(  7$<"-*  %��"0'&,*3  "  &'7",�2*3  0$-'&"$��2 , )���,*  �4�$)$-/  9�$ -"+,* -
0"   2�# -2$0" . 	),"0  "7 -$!"3  %&') -$2"-'�'#  (2�(:- (  %�!&*-"(  ,$  � ,�2'  %��"3��&� -
%&',�2���  !$5+5!$. 

='�/:  &$4�-*  (2�('- (  52'�"+',"'  $)�'7"�,,*3  "  ��,'-'%��7$<"-,*3   2�# -2  %�-
!&*-"#  ,$  � ,�2'  %��"3��&�%&',$ . 

�  �4A'!-$0  "  �')�2$,"(  �-,� (-   � -$2*  ,$  � ,�2'  %��"3��&�%&',$  0$&�!  – 88-�
  "  
88-�� . �  !$+' -2'  0�)"."!$-�&�2  )�(  "  �')�2$,"(  " %��/7�2$�" /  4 2")$  "70'�/+',,*3  
2���!�, : %��"$0"),*'  &$70'&�0 1-3 00 , 5��'&�),*'  &$70'&�0 2-3 00 , 4$7$�/-�2*'  &$7-
0'&�0  5-10 0!0  "  $ 4' -�2*'  &$70'&�0 2-3 00 .  

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

�&"  �%&')'�',""  2�"(,"(  -"%$ "   �)'&�$,"(  2���!," -*3  ,$%��,"-'�'#  ,$  $)�'7" -
�,,*'   2�# -2$  %�!&*-"#  �%" $,,*3  2*8'  4*��  2*(2�',� , +-�  22')',"'  2 !�0%�7"1""  
2���!," -*3  ,$%��,"-'�'#  2 !��"+' -2$3  0,1 – 0,5% %&"2�)"-  !  %�2*8',":  %&�+,� -"  
$)�'7"�,,�#   2(7"  %�!&*-"(    &'7",�#  2  &'),'0  ,$  40% )�(   � -$2$  88-�
  "  20% )�(   � -
 -$2$ 88-�� . (-$4�"1$  1). 

 

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

 2�# -2$  %�!&*-"#  ,$  � ,�2'   � -$2�2   '&""  88 %&"  !�'"2$,""  &'7",  [1-3] 

"%  !$5+5!$ 2 &'7",'  

��� -3 ��;�
 -40 ��� -18 ��  
"%  2���!,$  
�&�+,� -/  %&"  )2"�' , 6�$  

��!&*-"'  0$&!"  88-�
  
�'7  ,$%��,"-'�(  0,62 0,60 0,57 1,45 
���"$0"),*'  0,80 (0,3%) 0,93 (0,3%) 0,78 (0,5%) 1,78 (0,5%) 
���'&�),*'  0,56 (0,1%) 0,39 (0,1%) 0,61 (0,3%) 1,02(0,5%) 
�$7$�/-�2*'  0,70 (0,3%) 0,70 (0,3%) 0,64 (0,3%) 1,78(0,5%) 
� 4' -�2*'  0,66 (0,3%) 0,69 (0,5%) 0,91 (0,3%) 1,24 (0,3%) 

��!&*-"'  0$&!"  88-��  
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�'7  ,$%��,"-'�(  0,88 0,66 0,53 1,49 
���"$0"),*'  0,70(0,3%) 0,67(0,1%) 0,68(0,1%) 1,23(0,5%) 
���'&�),*'  0,68(0,5%) 0,57(0,3%) 0,56(0,1%) 1,17(0,1%) 
�$7$�/-�2*'  0,80(0,3%) 0,66(0,3%) 0,55(0,1%) 1,27(0,1%) 
� 4' -�2*'  0,86 (0,5%) 0,71 (0,5%) 1,09 (0,1%) 1,09 (0,3%) 

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

 

�$  &" 5,!'  1 %�!$7$,*  0"!&�.�-��&$.""  &$ %&')'�',"(  2���!�,  2 %�@,!' %�!&*-"(  
%&" 50 !&$-,�0  52'�"+',"" .  

6��,�  %&')%����"-/ , +-�  5 "�',"'  $)�'7"�,,���  27$"0�)'# -2"(  ")@- %� )250  0'3$ -
,"70$0 : 

- ��&"7�,-$�/,�'  &$ %����',"'  2���!�,  5 "�"2$'-  !��'7"�,,5:  %&�+,� -/   !�''2�#  
%�@,!". �$,,*#  0'3$,"70  3�&�8�  "72' -',  2 �"-'&$-5&'  "  ,$��(),�  %�)-2'&�)$'- (  0"! -
&�.�-��&$."(0"  2*8' . 

- ,$  %�2'&3,� -"  %�@,�! ,$4�:)$�� /  +$ -"+,�'  2'&-"!$�/,�'  &$ %����',"'  2���!�, , 
+-�  %&"2�)"��  0'3$,"+' !�05  7$!�","2$,":  "3  2 %�&$3 "  ,'&�2,� -(3  &'7",�2�#  %�)-
���!" , -'0   $0*0  52'�"+"2$(  $)�'7"�,,5:  %&�+,� -/  !�'(  [4]. 

���"$0"),*'  ���'&�),*'  �$7$�/-�2*'  

   
�" 5,�!  1 – 6"!&�.�-��&$.""  2���!�,  2 !�''2�#  %�@,!' %&" 50-!&$-,�0  52'�"+',""  

 
� %*-$,"(   � -$2�2  88-�
  "  88-��  2 !$+' -2'  ��,'-'%��7$<"-,*3  %�!&*-"#  %�!$7$-

�" , +-�  �4&$71* ,$  � ,�2'  ��� -3 4'7 %�!&*-"(  %&��&'2$:- (  )�  200 º�  7$ 110 , $   ,$,' -
 ',,*0  %�!&*-"'0  0��5-  2*)'&�"2$-/  4��''  %&�)���"-'�/,*#  ,$�&'2  )�  310   – )�(   � -
 -$2$ 88-�
 , $,$���"+,*'  &'75�/-$-*  %��5+',*     � -$2�0  88-�� . � -$,�2�',� , +-�  ,$" -
�5+8"'  -'%��7$<"-,*'  &'75�/-$-*  %�!$7$�"  %�!&*-"(  ,$  � ,�2'   � -$2$  88-�
   �)'&�$ -
<"'  $ 4' -�2*'  2���!,$  2 !��"+' -2'  1 – 1,5% "  %�!&*-"(  ,$  � ,�2'  88-��   �)'&�$<"'  
5��'&�),*'  2���!,$  – 1,5%. 


$!"0  �4&$7�0 , 2 &'75�/-$-'  %&�2')',,*3  "  �')�2$,"#  4*��  �%&')'�',� , +-�  22')' -
,"'  2���!," -*3  ,$%��,"-'�'#  2  � -$2*  ,$  � ,�2'  %��"3��&�%&',$   %� �4 -25'-  ,'  
-��/!�  52'�"+',":  $)�'7"�,,*3 , ,�  "  ��,'-'%��7$<"-,*3   2�# -2  %�!&*-"#  ,$  "3  � ,� -
2' .  

�$4�-$  2*%��,',$  %&" %�))'&�!'  %&�'!-$  «�$7&$4�-!$  0�)"."!$-�&�2  "  .5,!1"� -
,$�/,*3  ,$%��,"-'�'#  )�(  ��,' -, -'%��7$<"-,*3  %��"0'&,*3  0$-'&"$��2 » 2*%��,('0���  
257�0 2 &$0!$3 �� 5)$& -2',,���  7$)$,"(  6",�4&,$5!"  ��  "" . 

��:�����
?�1
���	  ������  

1. �5)',!�  � .� . 6�)"."!$1"(  !�''2*3   � -$2�2  ,$  � ,�2'  %��"3��&�%&',$  2���!," -
 -*0"  ,$%��,"-'�(0"  / �5)',!�  � .� ., �'#4$�  � .� ., ��,)$&',!�  � .� ., �$4��2  � .� . // 
��'" . 
'&0'-"!" . 
'3,����"" . -2011. - B  12. - � . 21-23 

2. �$- . 2435805 �� , 6��  C 08 L 11/00. ��''2$(  !�0%�7"1"(  / �'#4$�  � .� ., ��,)$&', -
!�  � .� ., �$4��2  � .� ., �5)',!�  � .� ., 65,8  
 .� . – �$(2� . 17.06.2010; �%54�. 10.12.2011, 
�:� . B  34. 
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3. �$- . 2448997 �� , 6��  C 09 J 111/00. ��''2$(  !�0%�7"1"(  / �'#4$�  � .� ., ��,)$ -
&',!�  � .� ., �$4��2  � .� ., �5)',!�  � .� . – �$(2� . 17.06.2010; �%54�. 27.04.2012, �:� . B  12. 

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

� . – ������&$) . ����  ���

� , 2010. 238 . 
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�  ,$ -�(<''  2&'0(  &()  2')5<"3  �-&$ �'#  %&�0*8�',,� -" , -$!"3  !$!   -&�"-'�/ -
 -2� , $2-�0�4"�/,$(  %&�0*8�',,� -/ ,  $0��'-� -,  5)� - "  %&"4�&� -&�',"' , 3"0"+' !$( , 
9�'!-&�-'3,"+' !$(  "  &$)"�-'3,"+' !$(  �-&$ �"  %&�0*8�',,� -"  — %&')A(2�(:-  ,�2*'  
"  7,$+"-'�/,�  4��''  2* �!"'  -&'4�2$,"(  !  %&�+,� -,*0 , -'3,����"+' !"0  "  9! %�5$-$-
1"�,,*0  3$&$!-'&" -"!$0  !�''2  "  !�''2*3   �')",',"# . ;-�  %&"2�)"-  !  ,'�43�)"0� -"  
"  �')�2$,"(  "  &$7&$4�-!"  %� �4�2  52'�"+',"(  %&�+,� -"  $)�'7"�,,*3   �')",',"#  %5-
-'0  %&"0',',"(  ,�2*3  %&�0�-�&�2  $)�'7""  2 !�''2*3  !�0%�7"1"(3  ,$  � ,�2'  3��& �)'& -
�$<"3  !$5+5!�2 , 8"&�!�  %&"0',(:<"3 (  2 %&�"72�) -2'  !�''2  ��&(+'��  "  3���),���  �- -
2'&�)',"( . �   2(7"    9-"0  ,$   �2&'0',,�0  9-$%' &$72"-"( �-'+' -2',,�#  %&�0*8�',,� -
 -"  $!-5$�/,*0  (2�(:- (  %&�4�'0$   �7)$,"(  !�''2*3  !�0%�7"1"# ,  %� �4,*3  )$2$-/  4� -
�''  %&�+,*'  "  )����2'+,*'   �')",',"(  [1]. 

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

�  )$,,�#  &$4�-'  &$  0$-&"2$�$ /  2�70��,� -/   ",-'7$  .� .�&4�&$7�- �)'&�$<'#  
0�)"."1"&5:<'#  )�4$2!"  "  '��  %&"0',',"'  2 !�''2*3  !�0%�7"1"(3  ,$  � ,�2'  3��&"&� -
2$,,���  ,$-5&$�/,���  "  3��&�%&',�2���  !$5+5!�2    1'�/:  5�5+8',"(  $)�'7"�,,*3  
 2�# -2 . 

�75+',*  ,'!�-�&*'   2�# -2$  .� .�&4�&$7�- �)'&�$<'��  0�)"."!$-�&$  (�;�� ), 
!�-�&*#  (2�('- (  %&�)5!-�0  27$"0�)'# -2"(  .� .�&4�& �)'&�$<'��  ��"��0'&$  (��	 ), 
9%�! "),�#  )"$,�2�#   0��*  ;� –20 "  $,"�",$  %&" &$7�"+,*3  0$  �2*3   ��-,�8',"(3  
[2]. �  &'75�/-$-'  "  �')�2$,"#  4*�  2*4&$,   � -$2 , 2 !�-�&�0   �)'&�$<"'  �'-5+"3  2' -
<' -2  ,'  %&'2*8$'-  1% "  -'0%'&$-5&$ %�$2�',"(   � -$2�('-  88� � . �  )$�/,'#8'0  )$,,*#  
0�)"."!$-�&  %&"0',(� (  )�(  %�2*8',"(  $)�'7"�,,�#  %&�+,� -"  !�''2*3  !�0%�7"1"#  ,$  
� ,�2'  ���  0$&�!  CR-10, CR-20 "  S-20, $ -$!�'  !�''2   '&""  88. 

�&�2')',$  �1',!$  %&�+,� -"   2(7"  25�!$,"7�2$,,�#  &'7",*  ,$  � ,�2'  ��� -3 )&5�  
  )&5��0  "    0'-$���0  (�- . 3) ,$  %&"0'&' !�''2*3   � -$2�2  ,$  � ,�2'  ���  0$&�!  CR-10, 
CR-20 "  S-20, $ -$!�'  !�''2   '&""  88, 0�)"."1"&�2$,,*3  �;�� . � -$,�2�',� , +-�  ,$" -
4��/8"'  %�!$7$-'�"  $)�'7"�,,�#  %&�+,� -"  )� -"�$:- (  %&" 22')',""  .� .�&4�&$7�- � -
)'&�$<'#  )�4$2!"  2 5!$7$,,*'   � -$2*  2 !��"+' -2'  0,5 – 1%. �&�+,� -/  !�''2���   � -
')",',"(  2�7&$ -$'-  2  &'),'0  ,$  15 – 20%.  

�&�0'  -��� ,  %&�2�)"�" /  " %*-$,"(  %�',�!  ,$  � ,�2'  %&"��-�2�',,*3  !�''2*3  
!�0%�7"1"#  ,$  ��&:+' -/ , 2 &'75�/-$-'  +'��  4*��  5 -$,�2�',� , +-�  %�',!"  ,$  � ,�2'  
!�0%�7"1"# ,  �)'&�$<"3  �;�� , �4�$)$:-   -�#!� -/:  !  ��&',": , +-�  0��'-  �4A( ,(-/ (  
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,$�"+"'0  2  � -$2'  0�)"."!$-�&$  $-�0�2  .� .�&$ , 4�&$ "  $7�-$, (2�(:<"3 (  ",�"4"-� -
&$0" %&�1'  �2  ��&',"(  "  �!" �',"( . 


$!"0  �4&$7�0 , ,$0"  2*(2�',� , +-�  .� .�&4�&$7�- �)'&�$<"'  0�)"."!$-�&*  (2-
�(:- (  9..'!-"2,*0"  %&�0�-�&$0"  $)�'7""  !�''2*3  !�0%�7"1"#  ,$  � ,�2'  3��& �)'& -
�$<"3  !$5+5!�2  %&"  !�'"2$,""  25�!$,"7�2$,,*3  &'7",  0'�)5   �4�# , $ -$!�'  %&" !&'%-
�',""  25�!$,"7�2$,,�#  &'7",*  ,$  � ,�2'  ��� -3 !  0'-$��"+' !�#  %�2'&3,� -" . 

�$4�-$  2*%��,',$  %&" %�))'&�!'  %&�'!-$  «�$7&$4�-!$  0�)"."!$-�&�2  "  .5,!1"� -
,$�/,*3  ,$%��,"-'�'#  )�(  ��,' -, -'%��7$<"-,*3  %��"0'&,*3  0$-'&"$��2 » 2*%��,('0���  
257�0 2 &$0!$3 �� 5)$& -2',,���  7$)$,"(  6",�4&,$5!"  ��  "" . 

������  ��/
�
/-�5  

1. 6"-+',!�  � .� . �$7&$4�-!$  !�''2*3   � -$2�2  ,$  � ,�2'  3��& �)'&�$<"3  
!$5+5!�2 , 0�)"."1"&�2$,,*3  $0",�.� .�&4�& �)'&�$<"0"  )�4$2!$0"    5�5+8',,*0"  
$)�'7"�,,*0"   2�# -2$0"  / 6"-+',!�  � .� ., �&�2�-�&�2$  � .� ., �'#4$�  � .� ., �$4��2  � .�  // 
��2&'0',,*'  %&�4�'0*  ,$5!"  �  %��"0'&$3  : %&��&. "  -'7 . )�!� . 10-# �$,!- -�'-'&45&� !�#  
!�,.'&',1""  0���)*3  5+',*3  (�$,!- -�'-'&45&� , 10-13 ,�(4 . 2014 � .) / �, -"-5-  2* �!� -
0��'!5�(&,*3   �')",',"#  ���  ["  )&.]. – ��4 ., 2014. – � . 107. 

2. ��4$,�2$ , 6 .� . �",-'7  ,�2���  .� .�&4�&$7�- �)'&�$<'��  ��"��0'&$  "  9. -
.'!-"2,� -/  '��  %&"0',',"(  !$!  $,-"%"&',$  2  � -$2'  2 %5+"2$:<'�� (  ��,'7$<"-,���  
%�!&*-"(  / 6 .� . ��4$,�2$ , � .� . �$4��2 , � .� . �'#4$� , � .� . ��,)$&',!� , � .� . 
$&$<',!�  // 
	�"��0'&*  – 2013:  4 . -&. XI 0'�)5,$& . !�,. . %� 3"0""  "  ."7"!�3"0""  ��"��0'&�2 , �&� -
 �$2�/ , 9-14  ',- . 2013 � . / �, --  3"0 . ."7"!"  "0 . � .� . �'0@,�2$  ��� , ����  ��� , �&� -
 �$2 !"#  

� . - 6 .; �'&,�����2!$ ; �&� �$2�/ , 2013. - 
 . 2. - C. 64. 

 

��� ��������  ��' ���!�  ��#���  ��������� -�� ���������� . 
���� !"#  ���"-'3,"+' !"#  �, -"-5-  (."�"$� ) ����

� . 

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

��&0$-�&* -25�!$,"7$-�&*  (2�(:- (  ,$"4��''  &$ %&� -&$,',,*0  2")�0  �4�&5)� -
2$,"(  )�(  25�!$,"7$1""  %�!&*8'!  %,'20$-"+' !"3  8", . �� !��/!5  �%'&$1""  .�&0�2$ -
,"(  "  25�!$,"7$1""  %�!&*8'!   �20'<',*  2 �),�#  0$8",' , -�  " !�:+$'- (  ,'�43�)" -
0� -/  2 5 -$,�2!'  0,��"3  2 %�0��$-'�/,*3  0'3$,"70�2 , !$!  2  �5+$'  25�!$,"7$1""  2 $2-
-�!�$2 -%&'  $3 "  ",)"2")5$�/,*3  25�!$,"7$-�&$3 . ��2&'0',,*'  !�, -&5!1""  .�&0$-� -
&�2-25�!$,"7$-�&�2  0'3$,"7"&�2$,*  "  $2-�0$-"7"&�2$,* , %�9-�05  2 '  %&�1'  *  2 ,"3  
%&�"72�)(- (  $2-�0$-"+' !"    %�0�</:   %'1"$�/,*3  %&"4�&�2 "   &') -2  $2-�0$-"!"  %� 
7$)$,,�#  %&��&$00'. ��  %&",1"%5 )'# -2"(  .�&0$-�&* -25�!$,"7$-�&*  )'�(- (  ,$  -&"  
�&5%%*:   2*)2"�$:<'# (  )"$.&$�0�#  ( -"%$ 4'� -� -0$-"! ),   54"&$:<'# (  )"$.&$�0�#  ( 
-"%$ $2-�.�&0 ) "  4'7-)"$.&$�0',,*' .  
�$4�-$   .�&0$-�&$ -25�!$,"7$-�&$  � 5<' -2�('- (   �')5:<"0  �4&$7�0 . ��!&*8!$  7$32$-
-*2$'- (   "  �%5 !$'- (  2 ,"�,::  %���2",5  %&'  -.�&0*  ,$  )"$.&$�05 . �� �'  7$�&57!" 
%�!&*8!" , 2'&3,((  %���2",$  %&'  -.�&0*  �%5 !$'- (  2,"7 , )$2"-  %�!&*8!5  "   �20' -,�  
  )"$.&$�0�# , 2,5-&/  !�-�&�#  %�)$'- (  .�&05:<"#  %$&, � 5<' -2�('-  .�&0�2$,"' . �$ -
-'0  %&" 7$0!,5-�#  %&'  -.�&0'  2 )"$.&$�05  %�)$:-  %'&'�&'-5:  2�)5  - ")'-  25�!$,"7$ -
1"( , %$& 2 %$&�2*3 %�"-$3 ,$3�)"- (  %� -�(,,�  "  ,'   4&$ *2$'- (  )$�'  2�  2&'0(  %'&'7$-
&()!" . ��  �!�,+$,""  25�!$,"7$1""  � 5<' -2�(:-   4&�  %'&'�&'-�#  2�)*  "7 )"$.&$�0* . 
�$-'0  2'&3,((  %���2",$  %&'  -.�&0*  %�),"0$'- ( , %�!&*8!$  20' -'    )"$.&$�0�#  %�)-
,"0$'- (  ,$)  ,"�,'#  %���2",�#  %&'  -.�&0* . ��-�0  %�) %�!&*8!5  7$2�)"- (  2"�!$  &$7-
�&57�+,���  5 -&�# -2$ , !�-�&$(   4&$ *2$'-  ''  ,$  &��"!�2*#  -&$, %�&-'&  
�&�1'   25�!$,"7$1""  (2�('- (  7$2'&8$:<"0  9-$%�0  �7)$,"(  
%�!&*8'! , !$0'&  "  )&5�"3  &'7",�-'3,"+' !"3  "7)'�"# . �&"  25�!$,"7$1""  %&�" 3�)"-  
,$�&'2  "  .�&0"&�2$,"'  45)5<'#   -&5!-5&*  %�!&*8!" . «�*&$( » %�!&*8!$  %� -5%$'- 2 
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.�&0$-�& –25�!$,"7$-�& , 2'&3,((  !&*8!$  �'&0'-"+,�  7$!&*2$'- (  "  %&�" 3�)"-  ,$�&'2  
7$��-�2!"  %� &') -2�0  %�)2')',"(  %'&'�&'-���  %$&$ 2 %$&�25: !$0'&5  25�!$,"7$-�&$  "  2 
)"$.&$�05 . �,$+$�$  2 25�!$,"7$-�&  %�)2�)"- (  %$& ,"7!���  )$2�',"(  "  -'0%'&$-5&*  )�(  
&$7��&'2$,"(  7$��-�2!"  "   $0���  $%%$&$-$. �$-'0  %&" %&�8' -2""  �%&')'�',,���  2&'0',"  
%�)$'- (  %$& 4��''  2* �!"3  %$&$0'-&�2 "  )$2�',"( , %&�" 3�)"-  %&�1'   .�&0"&�2$,"(  
&" 5,!$  "7)'�"( –%&�-'!-�&$ , $ -$!�'  %&�" 3�)"-  .�&0"&�2$,"'   -&5!-5&*  &'7",* .  
 
�$&  %�)$'- (  %� -'3,����"+' !"0  -&54�%&�2�)$0  "  "0''-  ,' -$4"�/,*'  %$&$0'-&* (-'0 -
%'&$-5&5 "  )$2�',"' ), +-�  0��'-  %�2�"(-/  ,$  !$+' -2�  "7��-$2�"2$'0�#  %&�)5!1""  "�"  
%&"2' -"  !  %���0!'  )�&��� -�(<'��  �4�&5)�2$,"(  (%&'2*8',"'  -'0%'&$-5&*  "  )$2�' -
,"( ).  
 

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

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

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

 , �)'  =0.212,  =235 – %'&')$-�+,$(  .5,!1"(  2 %�-
0��$-'�/,���  &'�5�(-�&$ ; 

 , �)'  =2.447 –%'&')$-�+,$(  .5,!1"(  2 %�0��$-'�/,���  &'�5�(-�&$ ; 

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


 .6 .��,)&$8�2 , �&'7")',-  «�!$)'0""  4"7,' $  "  5%&$2�',"'   
 �4 -2',,� -/: » � . ������&$)  

 

	4' %'+',"'  !�&&�7"�,,�#   -�#!� -"  4'-�,$  %&" 9! %�5$-$1""  2 $�&'  "2,*3   &' -
)$3 �),�  "7 ,$"4��''  $!-5$�/,*3  ,$%&$2�',"#  2 &$72"-""   �2&'0',,�#   -&�"-'�/,�#  ,$5!"  "  
%&$!-"!" . 
�   �2&'0',,�0   -&�"-'�/ -2'  %&" "7��-�2�',""  !�, -&5!1"#  "  %&�"72�) -2'  7$<"-,*3  
0$-'&"$��2  ,$0'-"�$ /  +'-!$(  -',)',1"(  !  " %��/7�2$,":  ,�2*3  &' 5& ,� - "  9,'&�� 4'&'�$: -
<"3  9!����"+' !"  +" -*3  -'3,����"# , �4' %'+"2$:<"3  0$! "0$�/,5:  7$2�) !5:  ��-�2,� -/  
!�&&�7"�,,� -�#!"3  "7)'�"#  "  !�0%�'! ,5:  7$<"-5  7)$,"#  "   ��&5�',"#  2 1'��0 . 
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�%'&2*'  %&')���',�  " %��/7�2$-/  0�)"."1"&�2$,,*'  2�),*'   " -'0*  2","��2���  &()$ )�(  
%�2*8',"(  !�&&�7"�,,�#   -�#!� -"  4'-�,$  "  �'�'7�4'-�,$ . 

��(  ",-', "."!$1""  %&�1'  $  %&�%"-!" ,'�43�)"0�  2,'8,''  2�7)'# -2"' . �$ -" -
1*  %��"0'&�2  2 2�),�#  )" %'& "�,,�#   &')'  �4�$)$:-  9�'!-&"+' !"0  7$&()�0 , +-�  %�72��('-  
" %��/7�2$-/  9�'!-&"+' !"#  -�!  "  �4' %'+"-/  9..'!-"2,�'  %&�,"!$,"'  %��"0'&$  2 4'-�, .�$  
�&$,"1'  &$7)'�$  .$7  0'�)5  -2'&)*0  -'��0  "  �")!� -/:  2 &'75�/-$-'  "74"&$-'�/,�#  $) �&41""  
7$&(�',,*3  "�,�2  2�7,"!$'-  &$7,� -/  %�-',1"$��2 .�  9�'!-&"+' !�0  %��'  %&�" 3�)"-   0'<' -
,"'  "�,�2 , 2 &'75�/-$-'  +'��  +$ -"1$  %&"�4&'-$'-  9�'!-&"+' !"#  7$&() (%��(&"75'- ( ). 
�&�2')',,*0"  "  �')�2$,"(0"  2*(2�',�  +-�  +$ -"1*  �$-'! $  ����  – 65 "0':-  �-&"1$-'�/ -
,*#  7$&().�,$�"7  &'75�/-$-�2  "  �')�2$,"#  %�!$7$�, +-�  ,$"4��''  %&� -*0  "  9..'!-"2,*0  "7 
&$  0�-&',,*3  9�'!-&�."7"+' !"3   %� �4�2  ",-', "."!$1""  %&�1'  $  (2�('- (  %&�%"-!$ 
�'�'7�4'-�,$  2�),*0"  )" %'& "(0"  %��"0'&�2  2","��2���  &()$   " %��/7�2$,"'0  %'&'0',,� -
��  -�!$  %&�0*8�',,�#  +$ -�-*  "  9..'!-$  9�'!-&"+' !���  &'7�,$, $ . �&�,"!$,"'  �$-'! $  2 
%�&" -5:   -&5!-5&5 4'-�,$  %&�" 3�)"-  7$  +'-  2�7,"!,�2',"(  %� -�(,,�#   � -$2�(:<'#  -�!$ , 
2 &'75�/-$-'  .$&$)''2 !���  2*%&(0�',"(  ,$  �&$,"1' : « -$�/  - 4'-�, ». 

�  %&')���',,�#  -'3,����""  %&�%"-!$  2$# &$  0$-&"2$'- (  2 9�'!-&"+' !�#  1'%" 
!$!  9�'0',- , �4�$)$:<"#   2�# -2$0"  $!-"2,���   �%&�-"2�',"( . ��(  " %��/7�2$,"(  9�'!-&�." -
7"+' !"3  0'-�)�2  %&�%"-!" 2�),�#   " -'0�#  �$-'! $  ����  – 65 %&" �-&"1$-'�/,*3  -'0%'&$-
-5&$3 2�7)53$ &$7&$4�-$,� 5 -&�# -2�  )�(  %��5+',"(  -'%��2�#  9,'&�""  "7 9�'!-&"+' -
 !�# .� -&�# -2�  (%$-',-  B  147510) )�(  %��5+',"(  -'%��2�#  9,'&�""  "7 9�'!-&"+' !�# , 
 �)'&�$<''  -'%�� A'0,5:  %�2'&3,� -/    &$70'<',,*0"  2,5-&"  ,''  -'%��,� "-'�'0  "  
9�'!-&�,$�&'2$-'�/,*0  9�'0',-�0    -�!�%�)2�)(<"0"  2*2�)$0" . ;�'!-&�,$�&'2$-'�/,*#  
9�'0',- , 2*%��,',,*#  2 2")'  ",.&$!&$ ,���  "7�5+$-'�(  2 �!&5�',""  -'%��$!!505�"&5:<'��  
2'<' -2$ . �'�5�"&5'0$(  -'%��2$(  9,'&�"(  %�))'&�"2$'-  ,'�43�)"05:  %����"-'�/,5:  
-'0%'&$-5&5 %&" �-&"1$-'�/,�#  -'0%'&$-5&'  2�7)53$, +-�  �4' %'+"2$'-   �3&$,,� -/  2�),�#  
)" %'& ""  "  !&5�����)"+,5:2 ' '7�,5:  %&�%"-!5 !�&&�7"�,,� -�#!"3  �'�'7�4'-�,,*3  
!�, -&5!1"# . �$�&'2$-'�/  �4' %'+"2$'-  9!�,�0":  9,'&�""  )�  80 %. 

�5,)$0',-$�/,*#  " -�+,"!  ,$8'��  &$72"-"( – 9,'&�"( .	 ,�2$  %&�0*8�',,�#  1" -
2"�"7$1""  2 '�)$  4*��  2 '  2�7&$ -$:<''  %�-&'4�',"'  9,'&�""  "  2�)* .  ;-�-   %&�  0��'-  4*-/  
5)�2�'-2�&',  2,')&',"'0  ,$5+,� - -'3,"+' !"3  ,�2�22')',"# ,  ,"�',"'0  %&(0���  9,'&��&$ -
-�+"-'�/ -2$ . �   ��$�',": , 5 9-���  -�2$&$ ,"7!$(  9�$ -"+,� -/  - .! . 0'�)5  9,'&�"'#  "  -&5)�0  
 5<' -25'-  7$2" "0� -/ . �2"�5<'#   "��#  9,'&�� 4'&'�',"(  (2�(:- (  ",,�2$1"" . �2'�"+',"'  
1',*  ,$  9,'&��&' 5& *  ,$  1 &54. 52'�"+"2$:-  1',*  ,$  !�,'+,5:  %&�)5!1":  ,$  5-6 &54., 7$  +'-  
1'%,*3  %&�"72�) -2',,*3   2(7'# .  

����,$  4*-/  1'�',$%&$2�',,$(  9,'&�� 4'&'�$:<$(  %��"-"!$ . ��(  9!�,�0""  2�)*  
"  9�'!-&�9,'&�""  &$7&$4�-$,* 9!�&$-�&*  "  ,�2*'  9�'!-&"+' !"'  !�,.�&!"  )�(  %&"��-�2�',"(  
%"<" . ��-�!�0  2�)* , !�-�&*#  %&�-'!$'-  +'&'7   '-�+!5  9!�&$-�&$  2 0' -'  7$�&5�',"(!�,1', -
-&"&5'- (  )$2�',"' . �$ 8"&',,$(  0'04&$,$    �%&')'�',,*0  !��"+' -2�0  "  )"$0'-&�0  
�-2'& -"# , )$'-  2�70��,� -/  2�)'  &$2,�0'&,�  &$ %&')'�"-/  )$2�',"'  %� %��<$)"  2 '��  
9!�&$-�&$ . ��9-�05 ,  2'&35 &$ 8"&',,�#  0'04&$,* , 4�$��)$&(   %'1"$�/,�#  .�&0' ,  �7)$'- (  
�4�$ -/  2* �!���  )$2�',"( , $   �4&$-,�#   -�&�,*  0'04&$,*  �4&$75'- (  2$!550. �   2�:  �+'&')/  
&$7,"1$ )$2�',"#  7$ -$2�('-  %�),"0$-/ (  2�7)53 "72,'  +'&'7   %'1"$�/,*'  �-2'& -"(  &$ %��� -
�',,*'  %� %'&"0'-&5  "  ,$ *<$-/  %�-�!  %57*&/!$0" 2�7)53$, !�-�&*#  2*-' ,('-   )� 70 % 2�)* . 

$!"0  �4&$7�0 , 9!�,�0,*#9!�&$-�&  �4&$75'- %�-�!  2�7)58,�  – 2�)(,�#   0' "  2 %&"4�"�',,�#  
%&�%�&1"" 2/3 2�7)53$ ,$  1/3 2�)* .6'04&$,$  -��<",�#  0,4 – 0,5 00 ,"7��-$2�"2$'- (  "7 
%"<'2���  -'&0� -�#!���  .-�&�%�$ -$  2* �!���  )$2�',"(  "  5 -$,$2�"2$'- (  %'&')  �-2'& -"(0"  
)�(  %&�3�)$ 2�)*  2 9!�&$-�&'  "   -�%�&"- (   2'&35  '-�+!�# . �&"  %� -5%�',""  2�)*  ,$  
0'04&$,5   �7)$'- (  2* �!�'  )$2�',"'  "  %� &$ +'-,*0  �-2'& -"(0  2�)$  %� -5%$'- ,$  )&5�5:  
 -�&�,5  9!�&$-�&$ , �)'  %&" &'7!�0  &$ 8"&',""  %&�" 3�)"-  %�) �  2�7)53$, 2 &'75�/-$-'  9-���  
 �7)$'- (  2�)�  -  2�7)58,$(   -&5( , !�-�&$(  "  " %��/75'- (  )�(  4*-�2*3  ,5�) . �&"  9-�0  
 �!&$<$'- (  &$ 3�)  2�)*  )�  70 % !�-�&$(  7$0'<$'- (  2�7)53�0 . ��0.�&-  %��/7�2$,"(  2�)�#  
,'   ,"�$'- ( . 	-�"+"'  0'04&$,*  �-  �:4*3  )&5�"3  2 -�0 , +-�  %&"0',(:- (  �-2'& -"(  ,' -$, -
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)$&-,�#  .�&0*  (,'  !&5��*'  !$!  5 2 '3  %&�-�-"%�2 ) -&'5���/,*' ,  -&���  &$  +"-$,,*'  %� 
,$%&$2�',":  �&"',-$1""  "  %��<$)"  %&�3�)$, +-�   �7)$'-  4��''  9..'!-"2,*'  5 ��2"(  )�(  
%�) � $  "  %'&'0'8"2$,"(  2�7)53$.6'04&$,$  1',-&$�"75'- (   %'1"$�/,*0"  !&'%'�,*0"  
)'-$�(0" , 2*%��,',,*0"  2 �),�0  "7)'�""  "  9-��4' %'+"2$'-  &$2,�0'&,5:   -&5:  2�)�  – 
2�7)58,�#   0' "  2*3�)(<'#  "7 !&$,$. �  %&"0'&59!�&$-�&%&�"72�) -2$  
'&0$,""    0'04&$,�#  
  !&5��*0"  �-2'& -"(0"  "    )�2��/,�   ���,�#  !�, -&5!1"'#   -�"-  ,$  7$2�)'  3,69 '2&� . �  
5+'-�0  )� -$2!" , &$ -$0��"2$,"(  "  5%�$-*  2 '3  ,$����2  '��   '4' -�"0� -/   � -$2�('-  5 '2&� . 
�&"  9-�0   '4' -�"0� -/  9!�,�0,���  9!�&$-�&$   � -$2�('-  2 '2&� . ��9-�05  7$-&$-* ,$  %&�2')' -
,"'  0'&�%&"(-"#  %� 9!�,�0""  2�)*  )� -5%,*  �:4�05  %�-&'4"-'�: . 	4 �5�"2$,"'  �+',/  
%&� -�' ,  &�!   �5�4*9!�&$-�&�2  4��''  10 �'- . ��(  %��,�#�+" -!"9!�&$-�&$  �-  ,$!"%"  "  2 '3  
7$�&(7,',"# ,  2(7$,,*3    !$+' -2�0  2�)* ,&$7&$4�-$, 5,"2'& $�/,*#  9�'!-&�,,*#  %&"4�&. 
�$7&$4�-$,,*'  9,'&�� 4'&'�$:<"'  !�,.�&!"  �4' %'+"2$:-  9!�,�0":  9,'&�""  )�  50 %. �&�!  
�!5%$'0� -"  9,'&�� 4'&'�$:<"3  !�,.�&�!  ,'  4��''  7 0' (1'2 . ;!�,�0"+' !"#  9..'!-  �-  
%&')���',,*3  0$-'&"$��2  "  -'3,����"#  -��/!�  2 ������&$) !�0  &'�"�,'  %&'2*8$'-  ,' !��/!�  
0�&) . &54. 

 

��� ��������  ( ��������$&  ������� ��  �  '��$8����"  �!�� - 
�  ��' ����"����)9 , �����#�>�&  �$�������'����$�  �����$  

'���&���$&  ����  ��  
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� %��/7�2$,"'  &'7",*  2�  0,��"3  �-&$ �(3  %&�0*8�',,� -"  �45 �$2�"2$'-  4��/ -
8�#   %'!-&  -&'4�2$,"#  !  ,"0 , 2 -�0  +" �'  – %�2*8',,5:  ��,'-'%�� -�#!� -/ . 

='�/  "  �')�2$,"(  - %�" !  ,$%��,"-'�'# , �4' %'+"2$:<"3  %�2*8',"'  ��,'-'%�� -
 -�#!� -"  9�$ -�0'&,*3  0$-'&"$��2  ,$  � ,�2'  &$7�"+,*3  -"%�2  !$5+5!�2 . 	4A'!-�0  " -
 �')�2$,"(  (2�(:- (  25�!$,"7$-*  ,$  � ,�2'  9-"�',%&�%"�',)"',�2���  !$5+5!$ ��;�
 -
50 "  45-$)"', - -"&��/,���  !$5+5!$ ��6� -30 ���6 -15    '&,�#  25�!$,"75:<'#  �&5%%�# 
[1 – 3]. �  !$+' -2'  -'%����,'7$<"-,�#  )�4$2!"  %&')���',  0"!&�)" %'& ,*#  )"�! ")  
1"&!�,"(  (ZrO2). 

	%-"0$�/,�'   �+'-$,"'  2* �!"3  ."7"!� -0'3$,"+' !"3  %�!$7$-'�'#  "  ��,'-'%�� -
 -�#!� -"  25�!$,"7$-�2  ,$  � ,�2'  ��;�
 -50 )� -"�$'- (  %&"  ��-,�8',""  ,$%��,"-'�'#  
-'3,"+' !"#  5��'&�)  (
� ) : ZrO2 30 : 10 0$  . +. ,$  100 0$  . +. !$5+5!$. �&�0'  -��� , %&" 
-$!�0   ��-,�8',""  ,$%��,"-'�'#  52'�"+"2$'- (   !�&� -/  25�!$,"7$1"" ,  ,"�$'- (  ", -
)5!1"�,,*#  %'&"�) . 	%-"0$�/,�'   �+'-$,"'  2* �!"3  ."7"!� -0'3$,"+' !"3  %�!$7$-'�'#  
"  ��,'-'%�� -�#!� -"  25�!$,"7$-�2  ,$  � ,�2'  ��6� -30 ���6 -15 )� -"�$'- (  %&"  ��- -
,�8',""  ,$%��,"-'�'#  
�  : ZrO2 25 : 15 0$  . +. ,$  100 0$  . +. !$5+5!$. �&�0'  -��� , %&" 
-$!�0   ��-,�8',""  ,$%��,"-'�'#  52'�"+"2$'- (   !�&� -/  25�!$,"7$1"" , ",)5!1"�,,*#  
%'&"�)  ,'  "70',('- ( . 


'%��7$<"-,*'   2�# -2$  25�!$,"7$-�2  �1',"2$�"  %� 2&'0',"  ,$�&'2$  �4&$-,�#   -� -
&�,*  �4&$71$ 2 2")'  8$#4*  -��<",�#  6 00  %�$0','0  %�$70�-&�,$  )�  100 � � . 
'%�� -�# -
!� -/  �4&$71�2 ,$  � ,�2'  ��;�
 -50 "  ��6� -30 ���6 -15   22')',"'0  ZrO2 52'�"+"2$'- -
 (  ,$  72% "  45%  ��-2'- -2',,� . 


$!"0  �4&$7�0 , %&�2')',,*'  "  �')�2$,"(  %�!$7$�" , +-�  )�(  %�2*8',"(  ��,'-'%�� -
 -�#!� -"  "7)'�"#  ,$  � ,�2'  ��;�
 -50 "  ��6� -30 ���6 -15 0��'-  4*-/  " %��/7�2$,  
ZrO2. 
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	 �4*#  ",-'&'  %&') -$2�(:-  !�0%�7"1"�,,*'  %��"0'&,*'  0$-'&"$�*    -'%�� -
 -�#!� -/:  2*8'  200 °� , "7)'�"(  "7 !�-�&*3  0��5-  )�"-'�/,�'  2&'0(  9! %�5$-"&�2$-/ (  
%&" %�2*8',,*3  -'0%'&$-5&$3 [1,2]. ;-$  7$)$+$ &'8$'- (  22')',"'0  2 !�0%�7"1":  .5,! -
1"�,$�/,�  $!-"2,*3  ,$%��,"-'�'# . 

='�/  &$4�-*  – "75+',"'  2�70��,� -"  7$0',*  -'3,"+' !���  5��'&�)$  ,$  4'�5:   $-
�5  )�(  52'�"+',"(  ��,'-'%�� -�#!� -"  9�$ -�0'&,*3  !�0%�7"1"# . 

	4A'!-�0  "  �')�2$,"(  (2�(�$ /  &'7",�2$(   0' /  ,$  � ,�2'  9-"�', -
%&�%"�',)"',�2���  !$5+5!$ ��;�
 -40    '&,�#  25�!$,"75:<'#  �&5%%�#. �  !$+' -2'  ,$ -
%��,"-'�(  (30 0$  . +.) " %��/7�2$�" /  -'3,"+' !"#  5��'&�)  0$&!"  
�  � 234 (!�,-&��/ -
,*#  �4&$7'1) "  4'�$(   $�$  0$&!"  �� -120, 0�)"."1"&�2$,,$(   "�$,�0  Si-694,  �)'&�$,"'  
!�-�&���  "70',(�� /  �-  0 )�  1,75 0$  . +. 

�",'-"+' !"'  %$&$0'-&* &'7",�2*3   0' '#  �%&')'�(�" /    %�0�</:  &'�0'-&$  
MDR 3000 Professional.  

�2')',"'  2  � -$2  &'7",�2�#   0' "  0�)"."1"&�2$,,�#  4'��#   $�"  %�  &$2,',":    
-'3,"+' !"0  5��'&�)�0  52'�"+"2$'-  ",)5!1"�,,*#  %'&"�)  %&"  �3&$,',""   !�&� -"  
25�!$,"7$1""  "  �%-"0$�/,���  2&'0',"  25�!$,"7$1"" . 

��(  �1',!"  -'%�� -�#!� -"  %��5+',,*3  25�!$,"7$-�2  �%&')'�(�$ /  7$2" "0� -/  
-'0%'&$-5&*  ,$  ,'�4��&'2$'0�#  %�2'&3,� -"  �4&$71$ -��<",�#  12 00  �-  2&'0',"  %&�-
�&'2$ )�  100 � � , %&" )'# -2""  ,$  ,'��  �-!&*-���  %�$0',"  %�$70$-&�,$. �$  %�2'&3,� -"  
 �7)$2$�$ /  -'0%'&$-5&$ %�&()!$  2000 � � .  

�$2,�  0$  �2$(  7$0',$  -'3,"+' !���  5��'&�)$  ,$  4'�5:   $�5  %&$!-"+' !"  ,'  "70' -
,('-  ."7"!� -0'3$,"+' !"'   2�# -2$  25�!$,"7$-�2 , ,�  %�2*8$'-  ��,' -�#!� -/  ,$  84-105 
% 2 7$2" "0� -"  �-   �)'&�$,"(   "�$,$ :   52'�"+',"'0  '��  0$  �2�#  )��"  ��,' -�#!� -/  
 ,"�$'- ( . 


$!"0  �4&$7�0 , %&�2')',,*'  "  �')�2$,"(  %�!$7$�" , +-�  &$2,�  0$  �2$(  7$0',$  
-'3,"+' !���  5��'&�)$  ,$  4'�5:   $�5  %�72��('-  %�2* "-/  ��,'-'%�� -�#!� -/  9�$ -� -
0'&,*3  !�0%�7"1"# . 
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2�"(,"(   �')",',"#  %'&'3�),*3  0'-$���2  ,$  ��,'-'%�� -�#!� -/9�$ -�0'&,*3  !�0%�7" -
1"#  // �72' -"(  ������&$) !���  �� 5)$& -2',,���  -'3,"+' !���  5,"2'& "-'-$ . - 2014. - 
 . 
13- B  22(149). - C. 68-71. 

5. �  �')�2$,"'  9�$ -�0'&,*3  0$-'&"$��2    0"!&�)" %'& ,*0"  �-3�)$0"  
!$&4")$  !&'0,"(  / �$4��2  � .� ., ��2�%��/1'2$  	 .6 ., ��+'-!�2  � .
 . ["  )&.] // ��2&'0',,*'  
%&�4�'0*  ,$5!"  "  �4&$7�2$,"( . – 2013. – B  4; URL: www.science-education.ru/110-9971 

 

 

(��'�������� )�$�  ��� ��������  �����$  ��������� -
�����"  ��8� ��  �  !���������"  

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

� , ������&$) , � .� . �* !�   -5)',- , ��� -
�

� , ������&$) , � .� . 
���2$,+"!�2 , %&�.'  �& , ����

� , ������&$) , � .� . �$�$&�2$ , 

)�1',- , ����

� , ������&$)  
 
 

�&"  %'&'0'8"2$,""  �")!"3   &')  %'& %'!-"2,*0  ,$%&$2�',"'0  (2�('- (  " %��/ -
7�2$,"'  �4�&5)�2$,"( , !�-�&�'  %�72��('-  52'�"+"2$-/  -5&45�"7$1":  "  1"&!5�(1":  %�-� -
!�2  %&" ,'7,$+"-'�/,�0  52'�"+',""  9,'&��%�-&'4�',"(  "  0'-$���'0!� -"  [1,2]. 

�  !�04","&�2$,,*3  0'8$�!$3  4* -&�3�),*'  2&$<$:<"' (  9�'0',-*  0'8$�!"  
 �20'<$:- (    -"3�3�),*0" , +-�  �4' %'+"2$'-  &$2,�0'&,�'  &$ %&')'�',"'  %'&'0'8" -
2$'0�#   &')*  %� 2 '05  �4A'05  $%%$&$-$.  

��(  52'�"+',"(  ",-', "2,� -"  "  9..'!-"2,� -"  %'&'0'8"2$,"(  2* �!�2(7!"3  
,',/:-�,�2 !"3  �")!� -'# , &$ -2�&�2 , 905�/ "#  "   5 %',7"#  %� 2 '#  2* �-'  $%%$&$-$ ,$  
!$.')&'  «���� » ����

�  &$7&$4�-$,* !�, -&5!1""   0' "-'�'#    !�04","&�2$,,*0"  
0'8$�!$0"  [3].  

�$�/,'#8'0  5 �2'&8', -2�2$,"'0  !�, -&5!1""   0' "-'�(  (2�('- (  &$7&$4�-!$ 
!�04","&�2$,,���   0' "-'�(    �")&�05.-�# , �-�"+"-'�/,�#  � �4',,� -/:  !�-�&���  (2-
�('- (  -� , +-�  2$� 4* -&�3�),�#  0'8$�!"  2*%��,',  2 2")'  %��� *  "7 5%&5����  0$-'&"$�$  
"  %&') -$2�('-   �4�#  -�& "�,,*#  $0�&-"7$-�& . �   �5+$' , !��)$  !��/1'2�#  7$7�& 0'�)5  
&$4�+"0"  %�2'&3,� -(0"   '�0',-�2  %��*3  1"�",)&�2  2')5<'#  "  2')�0�#  %��505.-  ,$" -
0',/8"# , -�   !�&� -/  2&$<',"(  4* -&�3�),�#  0'8$�!"    2$��0  7$0')�('- ( , $ 5%&5�"# 
0$-'&"$�  %��� *  ,$!$%�"2$'-  %�-',1"$�/,5:  9,'&�": . �&"  %'&'3�)'  �-  0","0$�/,���  
7$7�&$ !  0$! "0$�/,�05 , 5%&5�$( 9,'&�"(  %��� *  %&'2&$<$'- (  "7 %�-',1"$�/,�#  2 !",' -
-"+' !5: , %&"2�)(  !  52'�"+',":   !�&� -"  2&$<',"(  4* -&�3�),�#  0'8$�!" .  

�$  � ,�2$,""  &$7&$4�-$,,�#  !�, -&5!1""   �7)$,  �%*-,*#  �4&$7'1 !�04","&� -
2$,,�#  0'8$�!" . �&�2'&!$  &$4�-� %� �4,� -"  !�04","&�2$,,�#  0'8$�!"  � 5<' -2�( -
�$ /  ,$  9! %'&"0',-$�/,�#  5 -$,�2!' ,  �7)$,,�#  ,$  4$7' %'&'0'8"2$:<'��  5 -&�# -2$  
ES - 8300D.  

='�/:  &$4�-*  (2�('- (  &$7&$4�-!$ 0'-�)"!"  9! %'&"0',-$�/,*3  "  �')�2$,"#  "  
%&�2')',"'   &$2,"-'�/,���  $,$�"7$  2�"(,"(  !",'0$-"+' !"3  3$&$!-'&" -"!  4* -&�3�) -
,�#  %&�%'��'&,�#  "  !�04","&�2$,,�#  0'8$��!  ,$  ",-', "2,� -/  "  9..'!-"2,� -/  %'&'-
0'8"2$,"( . 

;! %'&"0',-$�/,*'  "  �')�2$,"(  
�,$+',"'  ,$%&(�',"(  2  '-" : U=226 �  
1 ���-,� -/  905�/ ""  �%&')'�('- (   �')5:<"0  �4&$7�0 : 

3

1 2

1 1 0,5 0,5
960,6 /

1000 925'�

; ;
%� �

r r r
-

= + = + =  
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�)'  B1,B2 – %��-,� -/  2�)*  "  %�) ��,'+,���  0$ �$ ; 

;  – 0$  �2$(  )��(  !�0%�,',-$  2  0' " . 
2 	%&')'�',"'  2(7!� -"  905�/ "" : 

6 6
1 1 1 2lg lg (1 ) lg 0,5 lg 62,2 10 0,5 lg 0,96 10 0,0061'� ; ; �� 'm m m - -= × + - × = × × + × × = ×

�)'  µ1,µ2 – )",$0"+' !"'  2(7!� -"  2�)*  "  %�) ��,'+,���  0$ �$ ; 
; 1 – 0��/,$(  )��(  !�0%�,',-$  2  0' " . 

3 �&"-'&"#  0�<,� -"  KN: 

3 5N
�

N
K

n dr
=

× ×  

�)'  N – 0�<,� -/ , 7$-&$+',,$(  ,$  %'&'0'8"2$,"' ; 
B – %��-,� -/  905�/ "" ; 
n – +" ��  �4�&�-�2  0'8$�!" ; 
d�  – )"$0'-&  0'8$�!" . 

4 �&"-'&"#  �'#,��/) $  
2

Re �n dr
m

× ×
=  

5 ��9.."1"',-  9..'!-"2,� -"  %'&'0'8"2$,"(  

$��

>&

?
t
t

=  

�)'  H$��  – 2&'0(  &$  ��',"(  "  �')5'0�#  905�/ "" ; 
H>& – 2&'0(  &$  ��',"(  9-$��,,�#  905�/ "" . 

6 ��9.."1"',-  ",-', "2,� -"  %'&'0'8"2$,"(  

N
I

V
=  

�)'  V – �4A'0  %'&'0'8"2$'0�#  �")!� -" . 
�$7&$4�-$,$  0'-�)"!$  %&�2')',"(  9! %'&"0',-$�/,*3  "  �')�2$,"# . 
1 �  '0!� -/  )�(  %'&'0'8"2$,"(  7$�"2$:- (  " 3�),*'  2'<' -2$  – %�) ��,'+,�'  

0$ ��  "  2�)$ , 2  ��-,�8',""  1:1. 
2 � -$,$2�"2$'- (  ,5�,$(  0'8$�!$  2 %$-&�,. 
3 �$  4��!'  %"-$,"(  5 -$,$2�"2$'- (  +$ -�-$  2&$<',"(  )2"�$-'�( . 
4 �70'&('- (  ,$%&(�',"'  2  '-"  "   "�$  -�!$  )�  ,$+$�$  %'&'0'8"2$,"( . 
5 �!�:+$'- (  )2"�$-'�/  0'8$�!" , 2')'- (  %&�1'   %'&'0'8"2$,"(  )�  %��5+',"(  

5 -�#+"2�#  905�/ ""  "  7$%" *2$:- (  %�!$7$,"(  05�/-"0'-&$ . ��!$7$,"(   ,"0$�" /  %&" 
3-3 &$7�"+,*3  +" �$3  �4�&�-�2  0'8$��! . 

6 
�-�2"- (  9-$��,,$(  905�/ "(  %&" %'&'0'8"2$,""  ,$  %&�%'��'&,�#  0'8$�!' . 
7 	%&')'�('- (  9-$��,,�'  2&'0(  &$  ��',"(  905�/ ""  – H>&. 
8 	%&')'�(:- (  ."7"+' !"'  %$&$0'-&* 905�/ "" : %��-,� -/  "  !�9.."1"',-  )" -

,$0"+' !�#  2(7!� -" . 
9 	%&')'�('- (  !&"-'&"#  �'#,��/) $ . 
10 	%&')'�('- (  0�<,� -/ , &$ 3�)5'0$(  ,$  %'&'0'8"2$,"'  N. 
11 �*+" �('- (  !&"-'&"#  0�<,� -"  KN 
12 	4&$4$-*2$:- (  9! %'&"0',-$�/,*'  )$,,*'  2 2")'  �&$."+' !�#  7$2" "0� -"  

N=f(n). 
13 �$  +"-*2$:- (  !�9.."1"',-*  9..'!-"2,� -"  "  ",-', "2,� -"  
14 	4&$4$-*2$:- (  �&$."+' !"'  7$2" "0� -"  9..'!-"2,� -"  �-  +" �$  �4�&�-�2  "  

",-', "2,� -"  �-  +" �$  �4�&�-�2  ;  = f(n), I = f(n). 
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�'75�/-$-*  �%*-�2  5 &'),(�" /  %� 3-0 7,$+',"(0  %$&$0'-&�2. �  3�)'  9! %'&" -
0',-$�/,*3  "  �')�2$,"#  ."! "&�2$�� /  2&'0(  &$  ��',"(  905�/ "" . 

�  !$+' -2'  &$4�+"3 �")!� -'#  " %��/7�2$�" / : 2�)$  "  %�) ��,'+,�'  0$ �� , %&$!-
-"+' !"  ,' 0'8"2$'0*'  �")!� -" , 2  ��-,�8',""  1:1. ��,'+,*0  %&�)5!-�0  %'&'0'8" -
2$,"(  (2�('- (  905�/ "( .  

�&"  %'&'0'8"2$,""  %��5+',  9..'!-  !&5-"�/,*3  !��'4$,"#  2$�$   4* -&�3�),�#  
0'8$�!�# ,  %� �4 -25:<"#  -"! �-&�%,�05  &$7�"�',":  2* �!�2(7!"3  ,',/:-�,�2 !"3  
�")!� -'# , 50',/8',":  "3  9..'!-"2,�#  2(7!� -"  "  52'�"+',":  9..'!-"2,� -"  0"!&� -
 0'8',"(  2 7�,'  &$4�-*  4* -&�3�),�#  0'8$�!" . 

�'75�/-$-*  9! %'&"0',-$�/,*3  "  �')�2$,"#  %&') -$2�',*  ,$  &" 5,!$3  1,2. 

 
�" 5,�!  1 – 
&$."!  7$2" "0� -"  !�9.."1"',-$  9..'!-"2,� -"  �-  +" �$  �4�&�-�2  ;  = f(n) 

 
�" 5,�!  2 – 
&$."!  7$2" "0� -"  !�9.."1"',-$  ",-', "2,� -"  �-  +" �$  �4�&�-�2  I = f(n). 


$!"0  �4&$7�0 , $,$�"7  �&$."+' !"3  7$2" "0� -'#  %�!$7*2$'- , +-�  !�9.."1"',-  
9..'!-"2,� -"  !�04","&�2$,,�#  0'8$�!"    �")&�05.-�#  %�  &$2,',":    %&�%'��'&,�#  
0'8$�!�#  52'�"+"2$'- (  2 1,5 &$7$. �,-', "2,� -/  %'&'0'8"2$,"(  %&" " %��/7�2$,""  
!�04","&�2$,,�#  0'8$�!"  %�  &$2,',":    %&�%'��'&,�#  2�7&$ -$'-  2 2 &$7$.  
 

�%" �!  �"-'&$-5&*  
 

1. �-&',! , � . �'&'0'8"2$,"'  "  $%%$&$-*   0'8$�!$0" . / ��)  &') . � .� . >5%�(!$ . 
� .: �"0"( , 1975. 384  .  
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+' !"#  5,"2'& "-'- .  �2$,�2� , 2010. - B 1.  � . 48-50. 

3.�$7&$4�-!$  !�04","&�2$,,*3   0' "-'�'#  )�(  %'&'0'8"2$,"(  �")!"3  �'-'&��', -
,*3   " -'0  / 
���2$,+"!�2  � .� ., �$�$&�2$  � .� ., �5�/!",$  � .� ., �$,"�"+'2$  6 .� . // �7 -
2' -"(  ����

� . �'&"(  "�'����"( , %&�1'  *  "  $%%$&$-* 3"0"+' !�#  -'3,����"" ". �*% . 6 
: 0'�257 .  4 . ,$5+.  - . / ����

� .  ������&$) , 2013.  B  1 (104).  C. 94-99. 

 

(��'�������� )�$�  ��� ��������  ��&���%����&  �����"����"  
��  ������  ��!����%�$&  ��������  �$'�%�&  ������� ��  

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

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

� ) 
 

��(  ",-', "."!$1""  " -'+',"(  0$-'&"$�$  "7 7$�&57�+,���  5 -&�# -2$  %&"4'�$:-  !  
&$7�"+,*0   &') -2$0  "  5 -&�# -2$0 . 	),"0  "7 %'& %'!-"2,*3  ,$%&$2�',"#   -"05�"&� -
2$,"(  %�-�!$  (2�('- (  " %��/7�2$,"'  2"4&$1"" . ��)  2�7)'# -2"'0  2"4&$1""   5<' -2',,�  
50',/8$'- (  !�9.."1"',-  2,5-&',,'��  -&',"( , +-�   %� �4 -25'-  �5+8'05  " -'+',":  0$-
-'&"$�$  "7 7$�&57�+,���  45,!'&$ . 

='�/:  "  �')�2$,"(   -$��  5 -$,�2�',"'  7$!�,�0'&,� -'#  %�2')',"(   *%5+'��  0$-
-'&"$�$  2 7$�&57�+,*3  45,!'&$3  %�) 2�7)'# -2"'0  2"4&$1"" .  

��(  "  �')�2$,"(  )2"�',"(   *%5+"3  0$-'&"$��2  2 7$�&57�+,�045,!'&'  %&" ,$�� -
�',""  2"4&$1""  &$7&$4�-$,$  3'0$  9! %'&"0',-$�/,�#  5 -$,�2!" , %&"2')',,$(  ,$  &" 5, -
!'  1. � -'+',"'  0$-'&"$�$  "7 45,!'&$  1 2  4�&,*#  (<"!  4 %&�" 3�)"-  %&" �-!&*-""  
%�$,!"  %'&'!&*-"(  3. ;�'!-&�)2"�$-'�/  5, 5 -$,�2�',,*#  ,$  2"4&�%�"-'  6, %&"2�)"- (  2 
)2"�',"'  �-  9�'!-&� '-"    5 -$,�2�',,*0  ,$%&(�',"'0  130 �  +'&'7  ��
�  7.��  2&'0(  
&$4�-*  )2"�$-'�( ,   5 -$,�2�',,*0  ,$  0$3�2"!'  )" 4$�$, "&�2$,"'0 , %�"-$ 6, %'&')$'-  
2"4&$1":  +'&'7   -�#!"  2 !  45,!'&5  1. 

�  !$+' -2'  0�)'�/,�#   &')*  " %��/7�2$�" /  �&$,5�"&�2$,,*#  %��"9-"�',  2* � -
!���  )$2�',"(  "  %��"9-"�',  ,"7!���  )$2�',"( . �&')2$&"-'�/,�  �%&')'�(�" /  ."7"+' !"'  
 2�# -2$   *%5+"3  0$-'&"$��2 . �  �')�2$,"(  &$4�-*  7$�&57�+,���  45,!'&$%&�2�)"�" /  
4'7 ,$���',"(  2"4&$1"" , $7$-'0   2"4&$1"'# .  

 
1 – 45,!'& , 2 –  -�#!" , 3 – %�$,!$ , 
4- '0!� -/ , 5 –9�'!-&�)2"�$-'�/ , 

6 – 2"4&$1"�,,$(  %�"-$, 7 – ��
� . 
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�" 5,�!  1 - �3'0$  2"4&$1"�,,�#  9! %'&"0',-$�/,�#  5 -$,�2!"  

;! %'&"0',-$�/,*'  )$,,*'  %&') -$2�',*  2 2")'  �&$."+' !"3  7$2" "0� -'#  ,$  &"-
 5,!$3  2-3.��!$7$,� , +-�  ,$�"+"'  2"4&$1""   5<' -2',,�  50',/8$'-  2&'0(  " -'+',"(0$ -
-'&"$�$"7  7$�&57�+,���  45,!'&$  %&"0'&,�  2 1,5 &$7$.  

�,$�"7  �&$."+' !"3  7$2" "0� -'#  %�!$7*2$'- , +-�  %&" &$4�-'  9�'!-&�)2"�$-'�(  
�� -072 ��  %&" %�)$2$'0�0  ,$%&(�',""  170�  �&$,5�*  ���  "  ���  ,$+",$:-  %&� *%$-/-
 (  ,'%&'&*2,� , -�  ' -/  %&� *%$,"'  0$-'&"$�$  %'&'3�)"-  2 $2-�0�)'�/,*#  &'�"0 . ��  &'-
75�/-$-$0  9! %'&"0',-$  �%&')'�',*  �%-"0$�/,*'  7,$+',"(  $0%�"-5)*  2"4&$1""  � =100  
"  +$ -�-*  2"4&$1""  f=19,3 
1 , %&" !�-�&*3  �4' %'+"2$'- (  %� -�(,,$(  %�)$+$ �&$,5�  0$-
-'&"$��2  ���  "  ���  )�(  45,!'&$    5���0  ,$!��,$  65°   2*%5 !,*0  �-2'& -"'0  10310 
00 . 

�  �),�05  "7 .$!-�&�2 ,  ,"�$:<"3  %&�"72�)"-'�/,� -/  45,!'&$  �-,� "- (  ,'%��,$(  
�+" -!$  %�2'&3,� -"  45,!'&$  �-   *%5+"3  "   2(7,*3  0$-'&"$��2 , � �4',,�  ' �"  �,"  �4�$ -
)$:-  3�&�8'#  $)�'7"'#  !  0$-'&"$�5   -',!"  45,!'&$ . 

 
�" 5,�!  2 – �$2" "0� -/  m = f(t) )�(  �&$,5�"&�2$,,���  0$-'&"$�$  

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

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

2*%5 !$  2(7,*3"   �'�"2$:<"3 (  0$-'&"$��2  (2�('- (  &$7&$4�-!$ 5 -&�# -2$ ,  ,$4�', -
,���  5%&5�"0 &$4�+"0  �&�$,�0 , 2*%��,',,*0  2 2")'  �'&0'-"+,�#  !$0'&*  "7 9�$ -"+,���  
0$-'&"$�$ .�2'�"+',"'  %&�"72�)"-'�/,� -"  )� -"�$'- (  7$  +'-  52'�"+',"(  $0%�"-5)*  
!��'4$,"#  ,$  2 '#  %�2'&3,� -"  7$�&57�+,���  5+$ -!$ . 

��(  "  �')�2$,"(  2�"(,"(  !��'4$-'�/,���  &'�"0$  ,$  %�2'&3,� -"  �'&0'-"+,�#  
!$0'&*  "7 9�$ -"+,���  0$-'&"$�$  7$  +'-  %'&"�)"+' !���  "70',',"(  �4A'0$  2�7)53$ 
2,5-&"  �'&0'-"+,�#  !$0'&*  ,$  4' %'&'4�#,5:  &$4�-5 45,!'&$  7$�&57!" 4*�$   �7)$,$  2 
0$ 8-$4'9! %'&"0',-$�/,$(  5 -$,�2!$  (&" 5,�!  4). 

�  !$+' -2'  "  �')5'0���  0$-'&"$�$  " %��/7�2$� (  %5�/2'&"7$- $�:0","(  )',) -
&"-,�#  .�&0* .;! %'&"0',-  %&�2�)"� (  2 )2$ 9-$%$: 4'7 %�)$+"  �$-���  2�7)53$ 2 %&�-
 -&$, -2�  0'�)5  45,!'&�0  "  �'&0'-"+,�#  !$0'&�#  "    %�)2�)�0   �$-���  2�7)53$. 
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1 -  45,!'& ; 2 -  �'&0'-"+,$(  !$0'&$ ; 3 -  -�#!" ; 4- '0!� -/ ;  
5 - $,$�"-"+' !"'  2' * ; 6 - %�$,!$ . 

�" 5,�!  4 – �3'0$  9! %'&"0',-$�/,�#  5 -$,�2!"   
�  3�)'  9! %'&"0',-$�/,*3  "  �')�2$,"#  ,$4�:)$�� /  �4&$7�2$,"'   2�)�2  ,$)  2* -

%5 !,*0  �-2'& -"'0  45,!'&$  2 7$ -�#,*3  7�,$3 , ,$3�)(<"3 (  4�"�'  !   -',!$0  45,!'&$ . 
�2�)*  �4&58$�" /  2 2")'  «�$2", ». �   �5+$'  4'7 %�)$+"  �$-���  2�7)53$, �4&58',"'  %&�-
" 3�)"��  %�)  �4 -2',,*0  2' �0   0'<',"(  +$ -"1  )&5�  �-,� "-'�/,�  )&5�$, 2 2")'  �),�#  
4��/8�#  %�&1"" 0$-'&"$�$ .�  %�)$+'#   �$-���  2�7)53$ 2 %&� -&$, -2�  0'�)5  45,!'&�0  "  
�'&0'-"+,�#  !$0'&�# , �4&58',"'  0$-'&"$�$  %&�" 3�)"��  +$<'  2 2")'  �-)'�/,*3  0$�',/ -
!"3  %�&1"# (&" 5,�!  6). 

 
�" 5,�!  6  - 	4&$7�2$,"'   2�)�2  2 3�)'  9! %'&"0',-$ . 

�$,,*'  9! %'&"0',-$�/,*3  "  �')�2$,"#  5 &'),(�" /  %� &'75�/-$-$0  -&'3  �%* -
-�2 . ��  %��5+',,*0  &'75�/-$-$0  "  �')�2$,"#  %� -&�',  �&$."!  7$2" "0� -"  0$  *  %&�-
 *%$,,���  0$-'&"$�$  �-  2&'0',"  m =f(R) (&" 5,�!  7). 
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V -   %�)$+'#   �$-���  2�7)53$; W –4'7 %�)$+"  �$-���  2�7)53$ 

�" 5,�!  7 -  ;! %'&"0',-$�/,$(  7$2" "0� -/  m =f(R) 
 

�,$�"7  &'75�/-$-�2  9! %'&"0',-$�/,*3  "  �')�2$,"#  %�!$7*2$'- : 
-  %&" 7$%��,',""  45,!'&$  ,$  30% &$7�"+"'  2 %��5+$'0�#  0$  '    *%$'0���  0$-'&"$�$  

,'7,$+"-'�/,� ; 
-  %&" 7$%��,',""  45,!'&$  %�&�8!�0  ,$  40% "  2*8'  0$-'&"$�  ,$+",$'-  7$2" $-/  2 7$-

 -�#,*3  7�,$3 ; 
-  %�)$+$  �$-���  2�7)53$ "  )'.�&0"&�2$,"'  �'&0'-"+,�#  !$0'&*   -"05�"&5:-  )2" -

�',"'  0$-'&"$�$ , +-�  %�72��('-  %��5+"-/  52'�"+',"'  %&�"72�)"-'�/,� -"  )�  17,3%. 
 


$!"0  �4&$7�0 , %&�2')',,*'  9! %'&"0',-$�/,*'  "  �')�2$,"(  2�"(,"(  0'3$,"+' -
 !"3  2�7)'# -2"#  ,$  &$4�-5 7$�&57�+,*3  45,!'&�2  %�!$7$�" , +-�  ,$�"+"'  2"4&$1""  %�2*-
8$'-  9..'!-"2,� -/  "3  &$4�-* , � �4',,�  %&" 7$�&57!'  2(7,*3  "   �'�"2$:<"3 (  0$-' -
&"$��2  2  &'),'0  ,$  13,6%, $ %&" %�)$+'   �$-���  2�7)53$ "  )'.�&0"&�2$,""  �'&0'-"+,�#  
9�$ -"+,�#  !$0'&*  )�  17,3%. 

 
���������  �����"  #�������  

��  ' ����9  '����&����)  �'��!�"  ��� �"  
� .6 . �$%�2$��2  – %&�.'  �& , ���  ����

� , ���� !"#  

 

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

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

�$  0�-&',   �5+$#  �"4!�#  5%&5��# &$!�"  (-"%$ !" -" ), 7$!&'%�@,,�#  !�, ��/,�  "  
"0':<'#  2�70��,� -/  "7�"4$-/ (  %�) )'# -2"'0  )$2�',"(   �   -�&�,*  �")!� -" . �$ -
 !��/!�  "72' -,�  $2-�&5, %�)�4,�'  -'+',"'  )�  ,$ -�(<'��  2&'0',"  ,'  &$  0$-&"2$�� / .   
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�3'0$  -'+',"(  %&') -$2�',$  ,$  &" 5,�! . �'!$&-�2$   " -'0$  !��&)",$-  %&"2(7$,$ !  

-�+!'  7$)'�!"  &$!�"  ( �'2$ , 22'&35, 7$8-&"3�2$,$ ) �$!�(  %&') -$2�('-  �"4!5:  %�$ -",5 , 
)�",�#  � . �"�,((  ��&"7�,-$�/,$(  %�� !� -/  )2"�'- (  2 ,$%&$2�',""  � "  3  �   !�&� -/:  
V. 	 /  5 ,$%&$2�',$ 2'&-"!$�/,�  22'&3. �'�"+",$  ,$+$�/,���  7$7�&$ h0, !�,'+,���  -  h1, 

,$,� "0���  %�!&*-"(  - h¥ . �"&",$  &$!�"  (%'&%',)"!5�(&,$  %�� !� -"  &" 5,!$ ) – � . 

&'45'- (  ,$#-"  .�&05  &$!�" , -��<",5  ,$,� "0���  %�!&*-"( , )$2�',"'  2 7$7�&'. �0''0  
 -$1"�,$&,5:  7$)$+5  "��2���  27$"0�)'# -2"(  2(7!�#  �")!� -"    5%&5��# )'.�&0"&5' -
0�#   -',!�# , - .' . 7$)$+5 �")&�5%&5�� -" . 

�+"-$'0  ,$,� "0*#   � -$2  – ,' �"0$'0�#  ,/:-�,�2 !�#  �")!� -/: . 
'+',"'  
"7�-'&0"+' !�' , %�� !�%$&$��'�/,�' . �"�*  -(�' -"  "  ",'&1""  ,'  5+"-*2$'0 . �&�-(�@, -
,� -/  7�,*  -'+',"(  4��/8'  2* �-*  7$7�&$ ( � >h0) -$! , +-�  2*%��,('- (  5 ��2"'  

p x> p y¶ ¶ ¶ ¶ .  

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

,'&$7&*2,� -"   

               

2
x

2

dp v
dx y

¶
= m

¶
,            

h

x
0

Q B v dy= � =const.                      (1) 

�)'  x, y –  )'!$&-�2*  !��&)",$-* , p – )$2�',"' , vx – � '2$(  !�0%�,',-$   !�&� -" , Q -  �4A-
@0,*# &$ 3�) , m – 2(7!� -/  �")!� -" .  

  
&$,"+,*'  5 ��2"(  )�(   !�&� -"  – 5 ��2"'  %&"�"%$,"(  �")!� -"  !  ��&$,"+" -
2$:<"0  %�2'&3,� -(0   

                            y=0,    vx = V;       y =h(x),    vx=0,                                    (2) 

�)'  h(x) – 5&$2,',"'  %�2'&3,� -"  &$!�" .  

����$ ,�  5&$2,',":  )2"�',"(  (1) )$2�',"'  �%&')'�',�    -�+,� -/:  )�  %� -�(, -
,�#   � -$2�(:<'# . ��9-�05 , 4'7  ,"�',"(  �4<,� -" , 0��,�  %����"-/  $-0� .'&,�'  )$2-
�',"'  &$2,*0  ,5�:  

                        x=0,   &=0;        x=x1,   &=0.                                        (3) 

�)' /  2'�"+",$  x1 3$&$!-'&"75'-  %����',"'  !�,1$  &$!�" ; %�!$ ,$0  ,'  "72' -,$ . �$  0$- -

&"2$'0  -'+',"'  2 �4�$ -"  10 x x£ £ , ( )0 y h x£ £ . 

 �" 5,�! . �$ +@-,$(  3'0$  

V �  
x 

y 

h0 

h1 

0 

h¥  

& 

h(x) 
dx 

0 

s 
dy 

ds 

x1 

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

                      ( )2
x

1 dp y
v y hy V 1

2 dx h
� �= - + -� �m � �

.                            (4) 

�&�",-'�&"&�2$2  2*&$�',"'  (4)  ���$ ,�  2-�&�05  5&$2,',":  2 (1), %��5+"0  5&$2-
,',"'  )�(  )$2�',"(   

                                      2 3

dp 6 V 12Q V
dx h Bh

m m
= - .                             (5) 

�$  0$-&"2$'0  &$!�:  !$!  5%&5�5: !�, ��/,5:  4$�!5 , 7$<'0�@,,5:  ,$  �'2�0  !�, -
1'  ( 0 . &" 5,�! ) "  ,$�&5�',,5:  &$ %&')'�@,,�#  ,$�&57!�#   �   -�&�,*  �")!� -" . �� -
 !��/!5  ,$  2'&3,::  %�2'&3,� -/  &$!�"  )'# -25'-  $-0� .'&,�'  )$2�',"' , %�) &$ %&')'-
�@,,�#  ,$�&57!�#  45)'0  %�,"0$-/  "74*-�+,�'  �")&�)",$0"+' !�'  )$2�',"'  2 7�,'  -'+' -
,"(  &(3). �%&5�$( %�$ -",$  5)�2�'-2�&('-  �"%�-'7$0  �"&3��.$ -�(2$ . ��(  5%&5��# � "  
 %&$2')�"2*  �'�0'-&"+' !"'   ��-,�8',"(   

                    ( )2ds dx= 1+ dh dx ,     tg( )=dh dxj ,                     (6) 

�)'  s – �","(  5%&5��# � "  (2 -�+!'  7$!&'%�',"(  7,$+',"(  %$&$0'-&�2: x=0, y=h0, s=0, $ ,$  
 2�4�),�0  !�,1'  &$!�" :  x=x1, y=h1, s=� ), S - 5���  ,$!��,$ . 

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

                          

1
322

2

d h dh M
1+ =

dx dx EJ

-
	 
� �
 
� �

� �� �� �
� �� �
 
� �� �

,                              (7) 

�)'  6 (3) – "7�"4$:<"#  0�0',- , EJ - �@ -!� -/  &$!�" , �  – 0�)5�/  5%&5�� -" , 
3
1J= BN 12  - 0�0',-  ",'&1"" , N1 – -��<",$  &$!�" . 
�&$2,',"'  (7) )�%��,"0  )"..'&',1"$�/,*0"  7$2" "0� -(0"   

                            
dM

=q(x)
dx

,        
dq

=Bp
dx

,                                    (8) 

�)'  q(x) – %�%'&'+,$(  "�$ . 
�&$2,',"(  (6) – (8) ,'�43�)"0�  )�%��,"-/  �&$,"+,*0"  5 ��2"(0"  
           x=0:     h=h0,      s=0,       q=q0,      M=M0, 
           x=x1:    h=h1,      s=� ,      q=0,       M=0.                               (9) 
�$   2�4�),�0  !�,1'  &$!�"  %�%'&'+,$(  "�$  "  0�0',-  &$2,*  ,5�: . 
�'&'#)@0  !  4'7&$70'&,*0  %'&'0',,*0  

{ } { }1
1

0

h,h
N,N =

h
,      { } { }1 0

1

x,x ,h ,s
X,X ,M,X =

�
,      

2
0ph

P=
6 TV�

,   1
0

2Q
Q =

h VB ,    

 { } { }0
0

M,M
m,m =

6TVB�
,       { } { }0

1 10

q,q
q ,q =

6TVB
,            

26 TVB
k=

EJ
�

.                  (10) 

�$&$0'-&  k 3$&$!-'&"75'-  4'7&$70'&,5:  «�"4!� -/ » &$!�" . �&"  k 0®  &$!�(  $4 ��:-,�  
�@ -!$(  (-�� -$(   -$�/,$(  %�"-$), $ %&" k ® ¥ 4' !�,'+,�  �"4!$(  (-!$,/ , -�,!$(  &'7",$ ). 
�  %� �'),'0   �5+$'  7$)$+$ -'&('-   0* � , %� !��/!5  &$!�(  %&","0$'-  ��&"7�,-$�/,�'  %�-
���',"' . 

�+"-$'0  )�",5  &$!�"  ."! "&�2$,,�#  ( � ). �&"  9-�0  5)�4,�  %'&'#-"  �-  %'&'0',,�#  
3 !  X. �  5+@-�0 �4�7,$+',"#  (10) 5&$2,',"(  (3), (5)-(9) %&"05- 2")  
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dX
=cos

dX
j ,          

dN sin
=

dX
j

e ,           
( )1

3

N-Q cosdP
=

dX N

j
, 

d
=km

dX
j

,             
1

2

dq P
= cos

dX M
j ,      1

dm
=q cos

dX
j ;                   (11) 

   X=0:     X=0,     N=1,    P=0,   S=S0,     q1=q10,      m=m0;            (12) 
   X=1:    X=X1,   N=N1,    P=0,   S=S1,     q1=0,         m=0.              (13) 
�0''0  7$)$+5 ��8"  )�(  6 )"..'&',1"$�/,*3  5&$2,',"# . �'�"+",*  Q1, q10, m0 ,' -

"72' -,*  "  "3  ,$)�  %�)4"&$-/  (0'-�)   -&'�/4* ) -$! , +-�4*    7$)$,,�#  -�+,� -/:  2*%�� -
,(�" /  5 ��2"(  ,$  !�,1'  7�,*  -'+',"(  (X=1:     P=0,   q1=0,  m=0). �$&$0'-&  S0, 3$&$!-'&" -
75:<"#  ,$+$�/,*#  ,$!��,  &$!�"  (5���  7$)'�!" ), 7$)$@- ( $%&"�&,� . �&"  �-�$)!'  %&�-
�&$00*  " %��/7�2$� (  -' -  (,$+$�/,�'  %&"4�"�',"' ): S0=0, N1 =1,  q10=0,  m0=0, � =0. 

�*%��,',  +" �',,*#  $,$�"7  7$)$+". ���5+',*  �&$."!"  &$ %&')'�',"(  0�0',-$ , 
%�%'&'+,�#   "�*  "  )$2�',"(  %� )�",'  &$!�" . �75+',�  2�"(,"'  5 ��2"#  -'+',"(  ,$  .�&05  
&$!�" . 

 

 

���  548.562+665 
�'���� ����  ������$&  '���������  '�������  ��8��   

��&����   !��%�%�� -��� ���"��!�  '�����������  

 .
 . �5 $!�2$ , () . ., ., %&�.'  �&  !$.')&*  �;��  ����

� , ������&$) ), 

� .� . �5+!�2 !"# ,( -5)',- ,���

� ,������&$) ),  
� .� .6$7",$ ,( -5)',- ,���

� ,������&$) ) 

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

!$!  %&$2"��, " %��/75:-  2 !$+' -2'  !�&0�2�#  )�4$2!"  2 &$1"�,$3   '�/ !�3�7(# -2',,*3  �" -
2�-,*3  "  %-"1 "7-7$ 4��/8���   �)'&�$,"(  2 ,"3  %&�-'",$  (20,5…29,7 %). 	 �4',,� -/:  
-2'&)*3  �-3�)�2  ��&+"+,� -0$ ��4�#,���  %&�"72�) -2$  (2�('- (  ,$�"+"'  2 ,"3  -�! "+,*3   ' -
&� �)'&�$<"3   �')",',"#  – -"���"!�7")�2 .  

	-3�)*  ��&+"+,� -0$ ��4�#,���  %&�"72�) -2$  (�0*3 , 2* '2!" , 8'�53$  "  -.) .) 2  2�'0  
 � -$2'   �)'&�$-  -$!�'  .'&0',-  0"&�7",$75 , !�-�&*#  %&" ,$�"+""  ."7"+' !�#  2�$�"  "  )� -$ -
-�+,�#  -'0%'&$-5&'  &$ <'%�('-  -"���"!�7")* . 


"���"!�7")*  %&" &$ <'%�',""  �4&$75:-  9."&,*'  0$ �$ . �'&0',-$-"2,$(  &'$!1"(  
%&�" 3�)"-  %&" ,$&58',""  1'�� -,� -"  &$ -"-'�/,�#  -!$," , -$!  !$!  ��"!�7")*  "  -"���"!� -
7")*  2 �"2�0  &$ -',""  %&� -&$, -2',,�  &$74&�8',* . 

�&"  %� -5%�',""    !�&0�0  2,5-&/  �"2�-,*3  ,'  �4'72&'�',,*3  %�4�+,*3  %&�)5!-�2  
��&+"+,� -0$ ��4�#,���  %&�"72�) -2$  2 �'�5)�+,� -!"8'+,�0  -&$!-'  �"2�-,*3  %&�" 3�)"-  
�")&��"7   ","�&",$ , $ 2*)'�(:<'' (  $��"���&+"+,�'  0$ �� , %&'�)'  2 '�� , )'# -25'-  ,$   �" -
7" -5:  �4���+!5 , 2*7*2$(   "�/,�'  &$7)&$�',"' , $ 7$-'0  2� %$�"-'�/,*#  %&�1'   ,$  2 '0  
%&�-(�',""  �'�5)�+,� -!"8'+,���  -&$!-$. 

��(  �+" -!"  �-3�)�2  ��&+"+,� -0$ ��4�#,���  %&�"72�) -2$  �-  9."&,���  0$ �$  
%&"0',(:-  2�$��-'%��25:  �4&$4�-!5 . �0*3  ,$�&'2$'- (  "  52�$�,('- (  )�(  �")&��" -
7$  ","�&",$ ,  �)'&�$<'�� (  2 %&�)5!-$3 %'&'&$4�-!"   '0(,  ��&+"1* . �� �'  7$2'&-
8',"(  �")&��"7$ , �-3�)*  %�2'&�$:-  )'�$7$1"" . �&"  9-�0  9."&,�'  0$ ��  " %$&('- (  "  
'��   �)'&�$,"'  2 �0*3'  ,'  %&'2*8$'-  0,12 %.  

�58!$  !�&0�2���  %&�)5!-$ � 5<' -2�(�$ /  %�)��&'-*0  2�7)53�0  2 % '2)� -
��"�',,�0   � -�(,"" , 2  -$1"�,$&,�0 , ,'%&'&*2,�0  &'�"0' . �58!'  %�)2'&�$�" /  
2�$�,*'  �-3�)* , %&')2$&"-'�/,�  �+"<',,*'  �-   ","�&",$  ,$   -$)""  �")&��"7$  "  )' -
�$7$1"" .  
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�'�43�)"0*#  "  )� -$-�+,*#  &'�"0  %&�1'  $   58!"  �%&')'�(� (  �%*-,*0  %5-
-'0  ,$  �$4�&$-�&,�#  5 -$,�2!' , %&') -$2�',,�#  ,$  &" 5,!'  1. 

	 ,�2,*'  �%&')'�',,*'  %$&$0'-&*: �%-"0$�/,$(  -'0%'&$-5&$ -'%��,� "-'�( ; 
�%-"0$�/,$(  -'0%'&$-5&$ �-3�)(<"3  �$7�2; �%-"0$�/,*#  ,$%�& 2�7)53$ %'&')   5-
8"�!�# ; �%-"0$�/,$(  2* �-$  % '2)���"�',,���   ��( ; %��-,� -/  ,$ *%,���  !�&0� -
2���  4'�!$ ;%�&�7,� -/  ,'%�)2"�,���   ��( ; �%-"0$�/,$(  %�&�7,� -/  !"%(<'��   ��( ; 
�&$,5��0'-&"+' !"#   � -$2  2* 58"2$'0���  0$-'&"$�$ ; �%-"0$�/,$(  2�$�,� -/  " -
3�),���  0$-'&"$�$ ;�%-"0$�/,$(  2�$�,� -/   53���  !�&0�2���  4'�!$ ; %&�"72�)"-'�/ -
,� -/   58"�!"  %� ��-�2�#  %&�)5!1"" ; 0�<,� -/   58"�!"  %� 2*%$&',,�#  2�$�' ; 
5)'�/,*#  &$ 3�)  %$&$ ,$  1 -  ��-�2���  %&�)5!-$; 5)'�/,*#  &$ 3�)  %$&$ ,$  1 !�  2*%$-
&',,�#  2�$�" ; 5)'�/,*#  &$ 3�)  9�'!-&�9,'&�""  ,$  1 -  ��-�2���  %&�)5!-$. 

�	���	�   ��	�������   ����
����  

�58"�!$  %�7. ��� -1 %&') -$2�('-   �4�#  2'&-"!$�/,*#  $%%$&$-, 2 ,"�,'#  +$ -"  
!�-�&���  5 -$,�2�',$  2�7)53�&$ %&')'�"-'�/,$(  &'8'-!$ . �$�&'-*#  2�7)53 %�)$2$�-
 (  %�) &'8'-!5  +'&'7 �-2'& -"' . ;,'&�""  2� 3�)(<'��  %�-�!$  2�7)58,*3   -&5# )� -
-$-�+,�  )�(  %�))'&�"2$,"(  2* 58"2$'0���  0$-'&"$�$  2�  272'8',,�0   � -�(,"" . 
�$�)$(  !&5%",!$  0$-'&"$�$  %�$2$'- 2 -�!'  ��&(+'��  2�7)53$. �$   +'-  �&�$,"7$1""  
% '2)���"�',,���   ��(  2* 58"2$'0���  0$-'&"$�$  " !5  -2',,�   �7)$'- (  4��/8$(  
%�2'&3,� -/  " %$&',"(  2�$�" . �!�&� -/   58!"  0$-'&"$�$  2�7&$ -$'- . 

� '2)���"�',,*#   ��#  0$-'&"$�$  &$  0$-&"2$'- (  !$!   $0� -�(-'�/,*#   54A-
'!-  "  �')�2$,"(  "  "0''-  &()   �4 -2',,*3  -'3,����"+' !"3  3$&$!-'&" -"! , �%-"0" -
7$1"( !�-�&*3  23�)"-  2 7$)$+5 ,$ -�(<"3  "  �')�2$,"# . 

�  1'�/:  " !�:+',"(  2*,� $  0'�!"3  +$ -"1   53���  0$-'&"$�$  7$ %&')'�*  $%%$-
&$-$,  2'&3,((  '��  +$ -/  %�  &$2,',":    ,"�,'#  7,$+"-'�/,�  &$ 8"&',$ ,  +-�  %�72�-
�"��  50',/8"-/   !�&� -/  2�7)53$ 2 2'&3,'#  +$ -"  $%%$&$-$ "  52'�"+"-/  2 ,"�,'# . 

��$�,*#  &$.","&�2$,,*#  � $)�!  "7 8,'!�2���  ."�/-&$  %�7. � -1 %� -5%$� 2 
 58"�!5 , 2 !"%(<"#   ��#  !�&0�2���  %&�)5!-$. ���-,� -/  2�$�,���  � $)!$  2*8'  
%��-,� -"   53��� , %�9-�05  2�$�,*#  0$-'&"$�  ,$3�)"� (  2 ,"�,'#  +$ -"  % '2)���" -
�',,���   ��( , �)' ,  �%&"!$ $( /    ��&(+"0  2�7)53�0 , ,$�&'2$� (  "  �-)$2$�  2�$�5  2�7-
)535. ��) �38"'  +$ -"+!"  !�&0�2���  %&�)5!-$ %�),"0$�" /  2 2'&3,::  +$ -/  % '2-
)���"�',,���   ��( , �-!5)$  �-2�)"�" /  "7 $%%$&$-$ ,$  5%$!�2!5. 

 
�" 5,�!  1 – �58"�!$    !"%(<"0   ��'0  

��7)53 , ,'�43�)"0*#  )�(   58!"  !�&0�2���  %&�)5!-$, 2',-"�(-�&�0  %�7. � -1 
7$4"&$� (  "7 $-0� .'&* , ,$�&'2$� (  )�  7$)$,,�#  -'0%'&$-5&*  2 %$&�2�0 !$��&".'&'  
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%�7. � -1 "  %�)$2$� (  %�) 2�7)53�&$ %&')'�"-'�/,5:  &'8'-!5 . �'0  2*8'  -'0%'&$-5&$ 
-'%��,� "-'�( , -'0  2*8'   !�&� -/   58!" . 

��7)'# -2"'  2* �!"3  -'0%'&$-5& ,$  ��&+"+,*#  4'��!  ,'�'�$-'�/,� , -$!  !$!  
2�70��,$  '��  ",$!-"2$1"( , %�9-�05  �%-"0$�/,*#  &'�"0   58!"  %�)4"&$� (  �%*-,*0  
%5-'0. 

�&�"72�)"-'�/,� -/   58"�!"  %� ��-�2�05  %&�)5!-5, %&�"72')',,�05  7$ 1 +$  
,'%&'&*2,��� ,  -$1"�,$&,���  &'�"0$  �1',"2$�$ /  %5-'0 272'8"2$,"(  ��-�2���  %&�-
)5!-$  ,$  2' $3 . 

�$ 3�)  %$&$ ,$   58!5  �%&')'�(� (  !��"+' -2�0  !�,)', $-$  �&':<'��  %$&$ ,$  
2*3�)'  "7 !$��&".'&$  %�7. � -1, %��5+',,���  7$ 1 +$ . �$2�',"'  2�7)53$ %�) &$ %&')'-
�"-'�/,�#  &'8'-!�#  !�,-&��"&�2$�� /    %�0�</:  U-0$,�0'-&$ . ��)'&�$,"'  2�$�"  2 
 *&�0  "   53�0  "  !��"+' -2�   "272'8',,*3 " 2 �-3�)(<'0  �$7'  �%&')'�(�"  $,$�"-"+' -
 !" . 

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

%&�"72�) -2$  
 

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

8"�!5   = 53,9 %. 
2. 6$  $  2�$�,���  � $)!$ , %� -5%$:<'��  "7 )'�$7$-�&$  2  58"�!5   � -$2"� : 

�

 

 
3. 6$  $  2*%$&',,�#  2�$�"   � -$2"�$ : 
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4. �&�"72�)"-'�/,� -/   58"�!"  %� 2*%$&',,�#  2�$�'   � -$2"�$ : 

 
5. �&�"72�)"-'�/,� -/   58"�!"  %� ��-�2�#  %&�)5!1""   � -$2"�$ : 
 
2 %'&' +'-'  ,$  ��� : 

 

 
�����
������  �	����
���  	��>�����  	
�	�	�   


	�����	 -6���	�	��	
	  ��	���	��
��  
�,�&')"',-* , 23�)(<"'  2  � -$2  %&�)5!-�2  %'&'&$4�-!"  ��&+"+,� -0$ ��4�#,���  %&�"7-

2�) -2$  �%&')'�(�"  %�  -$,)$&-,*0  0'-�)"!$0  0$ ���"&�2�#  %&�0*8�',,� -" .  
���5+',,*#  ��-�2*#  %&�)5!- , 2 &'75�/-$-'  �+" -!"  �-3�)�2  ��&+"+,� -0$ ��4�#,���  

%&�"72�) -2$  �-  $,-"%"-$-'�/,*3   �')",',"# , %� !$+' -2',,*0  %�!$7$-'�(0   ��-2'- -25'-  
-'3,"+' !"0  5 ��2"(0  
�  9146-061-70586390-09 ,$  «�'��!  !�&0�2�#  "7 &$ -"-'�/,���   *&/(  
«�$&'%-$», � ,�2,*'  %�!$7$-'�"  !�-�&���  %&"2')',*  2 -$4�"1' . 

�"-$-'�/,� -/  "  3"0"+' !"#   � -$2  4'�!$  “�$&'%-$” 
��!$7$-'�"  ��)'&�$,"'   

1. ��&0�2*'  ')","1*  2 100 �  110 
2. 	40',,$(  9,'&�"(  2 100 � , !!$�  288 
3. �*&�#  %&�-'", , % 40,8 
4. �*&�#  �"& , % 8,8 
5. �*&$(  !�'-+$-!$ , % 4,9 
6. �*&$(  7��$ , % 6,4 
7. �"7", , % 3,7 
8. 6'-"�,", , % 1,9 
9. 
&"%-�.$, , % 2,2 
10. 6'-"�,",  + 1" -", , % 3,5 
11. �$�/1"# , % 0,36 
12. �� .�& , % 0,95 
13. �$-&"# , % 0,02 
14.;."&,�'  ��&+"+,�'  0$ �� , % 0,12 

�&�"72�) -2',,*'  " %*-$,"(  %� 22�)5  )$,,���  %&�)5!-$ 2 !�04"!�&0$  %&�2�)"�" /  2 
5 ��2"(3  9! %'&"0',-$�/,���  1'3$ %� %&�"72�) -25  !�04"!�&0�2  ������ . 
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�'���� ����  ��' ���!�  ��#���  �� ���������  ������������$&  
����  �  ��� �  

���� !"#  ���"-'3,"+' !"#  �, -"-5-  (."�"$� ) ����

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

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

0" .	 ,�2,*0"  -&'4�2$,"(0"  !  !�, -&5!1""  (2�('- (  2* �!$(  %&�+,� -/ , 0$�*#  2' , 5 -
-�#+"2� -/  !   -"&$,":  "  !�&�4�',": .��, -&5!1"(  &5!$2$ "0''-  2,5-&',,"#  &'7",�2*#  
 ��# ,  "��2�#  "7 !$%&�,�2�#  !$&),�#  -!$,"  "  ,$&5�,*#  &'7",�2*#   ��# .�4�&!$  &5!$2$ 
� 5<' -2�('- (  ,$   -$,!'    -&$, %�&-'&�0  "  7$%$-�+,�# ����2,�#  $�:0","'2*3  )�& -
,$3 .�$-'0  7$��-�2!"  )�(  5%��-,',"(   ��'2  �40$-*2$:-  4",-��',-�# .��4&$,,*'  7$��-�2!"  
2  %'1"$�/,�#  �4�#0'  ,$  -'�'�!'  -&$, %�&-"&5:-  2 !�-'�  )�(  � 5<' -2�',"(  25�!$,"7$ -
1"" . 
'3,����"+' !"#  %&�1'   "7��-�2�',"(  &5!$2�2 2!�:+$'- : %&�)52!5 2�7)53�0  "  2$-
!550"&�2$,"'  &$4�+'# !$0'&*  !�-�$ , 5 -$,�2!$  -'�'�!"    7$��-�2!$0"  2 !�-�' , 7$!&*-"'  
!&*8!" , 7$%"&$,"' "  ."! $1"(  4$#�,'-,���  !��/1$ , %�)$+$ %&'  5:<'��  %$&$, %�)$+$ 
�&':<'��  %$&$, )�2')',"'  -'0%'&$-5&*  2 !�-�'  )�  145 �&$)5 �2 , ,$+$��  �- +'-$  2&'0',"  
25�!$,"7$1""  40 0",5- , %&'!&$<',"'  %�)$+" %$&$,  4&�  %$&$ "7 !�-�$ , �-!&*-"'  4$#�-
,'-,���  !��/1$  "  !&*8!"  !�-�$ , 2!�:+',"'  2$!550-�- � $ , %&�)52!$ 2�7)53�0 , 2*2�)  -' -
�'�!"  "7 !�-�$ , �3�$�)',"'  "7)'�"#  ,$  2�7)53' . 


$&$,-"'#  !$+' -2$  "7)'�"#  (2�('- (  %�))'&�$,"'  �%-"0$�/,*3  &'�"0�2  25�!$ -
,"7$1"" , �4' %'+"2$:<"3  �),�&�),� -/   -'%',"  %&'2&$<',"(  %� �4A'05  7$��-�2!" , &$2-
,�0'&,� -/  -'0%'&$-5&,���  %��(  %� &$4�+'05  �4A'05 , 2* �!�'  !$+' -2�  -'%��,� "-'�( , 
%�))'&�$,"'  0","0$�/,�  )�%5 -"0�#  !�,1',-&$1""  2�7)53$ 2 %�-&'4�('0�0  %$-
&'.� -$,�2�',�  (1), +-�  2 %&�1'  '  25�!$,"7$1""  %&�" 3�)"-  �4&$7�2$,"'  %�%'&'+,*3  
 2(7'#  25�!$,"75:<"0"  2'<' -2$0" , 52'�"+"2$'- (  0�)5�/  9�$ -"+,� -" . �� -  0�)5�(  
9�$ -"+,� -"  �),�7,$+,�  7$2" "-  �-  &$ 3�)�2$,"(  25�!$,"75:<"3  2'<' -2 , %��-,� -"  
�4&$75:<"3 (   2(7'#   -'%',"  25�!$,"7$1"" . )(cMM = ,(1) �)'   - !�,1',-&$1"(  25�!$," -
75:<"3  2'<' -2 . �&"  "7,$+$�/,�#  !�,1',-&$1""  25�!$,"75:<"3  2'<' -2  0c 5&$2,',"'  

!",'-"!"  &'$!1""  25�!$,"7$1""  ncck
d
dc

)( 0 -×=
t

,(2)�)'  ]
)(

exp[0 tRT
u

kk -×= - !�, -$,-$  

 !�&� -"  &'$!1"" , n- %�&()�!  &'$!1"" ,u - 9,'&�"(  $!-"2$1""  &'$!1""  25�!$,"7$1"" ,t - 
-'!5<''  2&'0( ,T- -'0%'&$-5&$, RK ,0 - !�, -$,-$ .�� �'  &$7)'�',"(  %'&'0',,*3  %��5+"0 : 
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(3).�,-'�&"&5'0  �'25:  +$ -/ : 
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)1(
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1
0
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Jdt
RT

u
ccc

nk

t
nn � =-=--

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

 -$2�('-  )� -"�,5-5:   -'%',/  25�!$,"7$1""  %� !��"+' -25  %&�&'$�"&�2$28'��  25�!$," -
75:<'��  2'<' -2$ , 2'�"+",$  !�-�&�#  0��'-  4*-/  �%&')'�',$  3"0"+' !"0"  $,$�"7$0"  
 2�4�),�#   '&*  "  5 !�&"-'�'# . �&$2$(  +$ -/  2*&$�$'-   500$&,5:  -'0%'&$-5&5 2&'0', -
,�#  �4&$4�-!"  0$-'&"$�$  ,$  2 '3  9-$%$3 %'&'&$4�-!"  &'7",�2�#   0' "  %� �'  22')',"(  
25�!$,"75:<'#  �&5%%* "  0��'-  !��"+' -2',,�  �%&')'�(-/ (  %$&$0'-&�0 

� )]([ tTJ .�+"-*2$(  �),�7,$+,5:  7$2" "0� -/  0�)5�(  �-   -'%',"  25�!$,"7$1"" , 2*&$-

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

2") : � =×-=---
-

--
on
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n
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n Jdt
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exp[])()[(
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%" $,�  � =-=-
-

D -
- on

on
n

n

J
RT

u
E

nk
M

t

t0

*1

0

1

]
)(

exp[)1(,
)1(

(5$).�70'&',"'  0�)5�(  9�$ -"+,� -"  )�(  

 -$,)$&-,*3  " %*-$,"#  "  �%&')'�',"' *
onJ ,$  �4&$71$3, &'�"0*  25�!$,"7$1""  0��,�  %&"-

,(-/  "7�-'&0"+' !"0"  .)( constTT CT ==t CTRT
u

onon cJ
-

×= t* (6).	 ,�2,*0  5 ��2"'0  %��5+' -
,"(  !$+' -2',,���  "7)'�"(  %&" 25�!$,"7$1""  2 !�-�'  (2�('- (  5 ��2"' : 

oxBAon JJJJ ++³* (7),�)'  oxBA JJJ ,, --'0%'&$-5&,� -2&'0',,$(  �4&$4�-!$  7$��-�2�!  &5!$-
2�2 2 !�-�'  %� �'  "3  7$�&57!":%&" �%&' �2!"  "  %&��&'2'  %&" %�)$+'  %$&$;2�  2&'0(  25�!$ -
,"7$1""  2 !�-�'  "  %&" �3�$�)',""  ,$  2�7)53'  %� �'  2*�&57!" .�5,!1""  

)(),(),( oxBH TTT ttt )�(  1',-&$  7$��-�2!"  %��5+"0  ,$  � ,�2'  7$2" "0� -'#  -'%��%'&')$ -

+" (2). 200 ,,),Ff(Bi,
d

t
l

ad ×
=

×
=

-

-
=Q=Q >%-

>%-�C

)c
))

a
FBi

TT

TT
 (8). 

	-,�8',"'  )�",*  �!&5�,� -"  !   500$&,�#  -��<",'  7$��-�2!"   � -$2�('-  85. 
'%��25:  
7$)$+5 )�%5 -"0�  &$  0$-&"2$-/  )�(  %�� !�#  0,��� ��#,�#  %�$ -",* : $�:0","'2�#  
 ��# , )2$  ��(  &'7",* ,  ��#  &'7",� - �&,�#  -!$," ,  ��#  -'%��"7��(1"" . 
�$ +'-,$(  2'�"+",$  100>Bi , - .' . 2,5-&',,'  -'&0"+' !�'   �%&�-"2�',"'   5<' -2',,�  
%&'2*8$'-  2,'8,'' . ��(  2,5-&',,'#  7$)$+" %&" ,$3��)',""  )(t)T %&�2')',*  &$ +'-*  

>%-l  "  >%-a  9!2"2$�',-,*'  7,$+',"(  -'%��%&�2�),� -"  "  -'0%'&$-5&�%&�2�),� -"  0,��� -

 ��#,�#  %�$ -",* : ��  &$  +"-$,,*0  Bi  "  
d

t×
= >%-a

F0  &$  +"-$,*  2&'0',$  %&��&'2$ 1', -

-&$ 7$��-�2!"  "  �%&')'�',$  )Q %� �&$."!$0 (2). �&"  "72' -,�0  -'0%'&$-5&,� -2&'0',,�0  

&'�"0'  %&��&'2$ �%&')'�('0  "   -&�"0  7$2" "0� -"   -'%',"  25�!$,"7$1""  %&" " %��/7� -
2$,""  2 !�-�'  %$&�2�# "  2�7)58,�#   &')*  %� .�&05�$0  (4,5,6).�7  �%*-�2  ,$  25�!$0'-&'  
)�%5 -"0*'   -'%',"  25�!$,"7$1""   � -$2�(:-  )�(  %$&�2�#  &')*  041,0][ * =nJ ;2�7)58,�#  

 &')*  .08,0][ * =BJ �$ +'-,*'   500$&,*'   -'%',"  25�!$,"7$1""  )�(  %$&�2�#  &')*  

� = ;0404,0nJ )�(  2�7)58,�#   &')*  � = 075,0BJ . � ��2"'  �%-"0$�/,� -"  

�³ JJ ][ *  �4�:)$'- ( . �$7&$4�-$,,$(  0'-�)"!$  %�72��('-  2*4"&$-/  �%-"0$�/,*'  &'�" -

0* . 
�&'0(  25�!$,"7$1""  %� %&�"72�) -2',,*0  )$,,*0  40 0",5-  2 %$&�2�#  &')' , $ &$ +'- -
,*0"  )$,,*0"  32 0",5-* . 
;-�  2*72$,�   �')5:<"0"  .$!-�&$0" : ,"7!"0  !$+' -2�0  %$&$ "7-7$ ,$�"+"(  2 '��   � -$2'  
2�7)53$ 4��''  3% "  ,'�),�&�),� -/:  -'0%'&$-5&,���  %��(  2 &$4�+'# !$0'&'  !�-�$ , "70' -
,(:<'�� (  %� 2* �-'  )�  8� °., $ %� )�",'  )�  12 � °. �&"0',',"'  1"&!5�(-�&�2  �4' %'+"2$ -
'-  2*&$2,"2$,"'  -'0%'&$-5&*    -�+,� -/:  ± 4� °. 
��(  5 -&$,',"(  57!"3  0' -  ,'�43�)"0�  %&�!�,-&��"&�2$-/  !$+' -2�  %$&$, 5 -$,�2"-/  
5 -&�# -2�  )�(   '%$&$1"" �-  2�7)53$ "  &'�5�(-�&*  )�(  %'&'0'<',"(  %$&$ 2 !�-�' . 
�$ +'-,�'  2&'0(  25�!$,"7$1""  2 2�7)58,�#   &')'  ,$  18% 4��/8'  +'0  2 %$&�2�#.  
 
�"-'&$-5&$ . 
 
1.
 .���"�'& , � .�2'-5, . �5�!$,"7$1"(  9�$ -�0'&�2 . 6 .,�"0"( ,1967,628c.  
2.� $+',!�  � .� . ")& . 
'%��%'&')$+$ , 6 . ;,'&�"(  1975,343c. 
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�����8�����������  '�������  �%�����  ������  & �����   
��  '������  ���  «������� » 

� .� . ��2"!�2 , )�1',-  !$. . ���� , ����

� , ������&$)  
6 .� .�"�"0�,�2 , 6 .� . �$0 !�2$ , $ %"&$,-*  !$. . ����  ����

� , ������&$)  

� . 6 . �$ "�/'2 ,  -5)',-  �&. �6��  – 572, ����

� , ������&$)  
 
���5+',"'  ')!���  ,$-&$, 3��&�$7$ "  2�)�&�)$  ,$  	�	  «�$5 -"! » "  )&5�"3  3"0"+' -

 !"3  %&')%&"(-"(3 %&�"72�)"- (  %&" 9�'!-&��"7'  3��&")$  ,$-&"(  %� �'  '��  %&')2$&"-
-'�/,�#  %�)��-�2!" . 	 ,�2,*0  �4�&5)�2$,"'0  ,$  )$,,�#   -$)""  (2�(:- (  &'$!-�&    0' -
8$�!�# , 1"�",)&�!�,"+' !"#  �- -�#,"!  "  1',-&�4'�,*'  ,$ � *  )�(  -&$, %�&-"&�2$,"(  
�")!� -'#  (&" . 1). 
 

 
�" 5,�!  1 – �3'0$   -$)""  � $�)',"(  NaCl )�  ( %��8,$(  �","( ) "  %� �'  (%5,!-"&,$(  �" -

,"( ) 0�)'&,"7$1""  

 

�  &'$!-�&'  %&�"72�)"- (  %'&'0'8"2$,"'   *&���  &$  ��$  3��&")$  ,$-&"(    &'$�', -
-$0"  "  %��"$!&"�$0")�0 . �  &'75�/-$-'  .��!!5�"&5:<'��  )'# -2"(  ���  %&�" 3�)"-  5! -
&5%,',"'  +$ -"1  0$��&$ -2�&"0*3   ��'# . �*)'�',"'  272'8',,*3  0'3$,"+' !"3  %&"0'-
 '#  "7 &$  ��$  NaCl %&�-'!$'-  2 �- -�#,"!'   �   !&'4!�2*0  0'3$,"70�0  %&" '��  %�)$+'  2 
,"�,::  +$ -/  $%%$&$-$. �&"  %�)A@0' &$  ��$   ,"75  22'&3  !�&� -/  � $�)',"(  � $)!$  
 -$,�2"- (  2*8'   !�&� -"  2� 3��)',"(  %�-�!$  &$  ��$ , 7$  +@- +'��  "  %&�" 3�)"-  �- -
 -$"2$,"' . 	 2'-�@,,*#  &$  ��  %�),"0$'- (  22'&3 �- -�#,"!$ , %'&'�"2$'- (  %� 2 '05  
%'&"0'-&5  2 !��/1'2�#  �'��4  "   $0�-@!�0  %� -5%$'- 2 %&�0'�5-�+,5:  @0!� -/ . �&"  
9-�0  0'3$,"+' !"'  %&"0' "  � ')$:-  ,$  ),�  �- -�#,"!$  "  ,$!$%�"2$:- (  2 2")'  � $)!$ . 
�!&'4!" , &$70'<@,,*'  ,$  &$0' 0'3$,"70$ ,  %� �4 -25:-   0'<',":  � $)!$  �-  %'&".'&""  
!  1',-&5  !�,5 ,���  ),"<$ . ��(  5)$�',"(  � $)!$  %&"0',(:-   " -'05  &$70*2$,"(   *&*0  
&$  ���0  NaCl, %&" 9-�0  �4&$75'- (   5 %',7"( , !�-�&$(  5-"�"7"&5'- (  !$!  �")!"#  %&�"7-



 217 

2�) -2',,*#  �-3�) , +-�  52'�"+"2$'-  &$ 3�)   *&/(  "  ,$�&57!5 ,$  �+" -,*'   ��&5�',"( . 
�,"�',"'  &$ 3�)$   *&���  &$ -2�&$ NaCl "  %�2*8',"'  9!����� -9!�,�0"+' !�#  9. -

.'!-"2,� -"  )$,,�#   -$)""  %&�"72�) -2$  2�70��,�  7$  +@- &'1"&!5�(1"�,,�#   3'0*  
%&�0*2!"  � $)!$  "  5 -$,�2�',"(  ."�/-&$  )�(  5)$�',"(  0'3$,"+' !"3  %&"0' '#  (&" . 1). 
�*4�&  ."�/-&$  2�  0,���0  7$2" "-  �-  ."7"!� -3"0"+' !"3   2�# -2   5 %',7"" , '@ !�,1', -
-&$1""  "  .&$!1"�,,���   � -$2$  )" %'& ,*3  +$ -"1 . �  4��/8'#   -'%',"  !  -'3,����"+' -
 !"0  5 ��2"(0  %&�"72�) -2$  %�)3�)"-  !$0'&,� -0'04&$,,*#  ."�/-& -%&'   ."&0*  «An-
dritz» (&" . 2).  

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

�%&$2�',"'  %&�1'  �0  ."�/-&$1""   5 %',7""  NaCl � 5<' -2�('- (  9&��,�0"+,�#  
 " -'0�#  0"!&�!�0%/:-'&,���  5%&$2�',"(  (�6� ). 

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

1) 7$!&*-"'  %$!'-$ %�"- ; 
2) 7$%��,',"'  ."�/-& -%&'  $  5 %',7"'# ; 
3)  �$-"'  0'04&$,  "  �-�"0  !'!$ ; 
4) %&�)52!$ 1',-&$�/,���  !���'!-�&$  %$!'-$ %�"-  "  -&54�%&�2�)$ %�)$+"  5 %', -

7"" ; 
5)  4&�  )$2�',"(    0'04&$, ; 
6) �-!&*-"'  %$!'-$ %�"-  "  2*�&57!$ !'!$ ; 
7) &$7�&57!$ 8,'!�2���  !�,2'#'&$ ; 
8) %&�0*2!$  ."�/-&5:<"3  %���-', . 
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�" 5,�!  2 – �$0'&,� -0'04&$,,*#  ."�/-& -%&'   ."&0*  «Andritz» 

�$!&*-"'  %$!'-$ %�$ -",  � 5<' -2�('- (  $2-�0$-"+' !"  9�'!-&��")&$2�"+' !"0  
5 -&�# -2�0 . �-�!  %�&8,(  �")&�1"�",)&$  %'&'0'<$'-  %$!'-  %�"-    ."�/-&5:<"0"  %�-
��-,$0"  2%'&@) %� ,$%&$2�',":  !  ����2,�#  +$ -" . �&"  )� -"�',""  0$! "0$�/,���  7,$-
+',"(  )$2�',"(   �$-":  35 6�$  %&�"72�)"- (  �-!&*-"'  2%5 !,���  !�$%$,$ )�(  %�)$+" 
 5 %',7""  2 $%%$&$-. 

�  7$2" "0� -"  �-  !�, " -',1""   5 %',7""    %�0�</:  �6�  5 -$,$2�"2$'- (  )$2-
�',"'  "  �4A@0,*# &$ 3�)  2 )"$%$7�,$3 0,1-0,6 6�$  "  3-16 03/+  ��-2'- -2',,� . ��  )� -
-"�',":  5 -$,�2�',,*3  7,$+',"#  5!$7$,,*3  %$&$0'-&�2 ."�/-&$1"(  %&'!&$<$'- ( , 2%5-
 !,�#  !�$%$,  7$!&*2$'- (  "  %&�"72�)"- (  «�-�"0 » !'!$  %5-@0  )$2�"2$,"(  0'04&$,,*0"  
%�"-$0" . 

�&�)52!$  � 5<' -2�('- (  2�7)53�0  %�) )$2�',"'0  0,4-0,8 6�$ , %� �'  +'��  +'&'7  
 %'1"$�/,*'  !�$%$,$ )$2�',"'  2,5-&"  0'04&$,   4&$ *2$'- ( .  

	-!&*-"'  %$!'-$ %�"-  -$!�'  %&�"72�)"- (  $2-�0$-"+' !"  9�'!-&��")&$2�"+' !"0  
5 -&�# -2�0 . �-�!  %�&8,(  �")&�1"�",)&$ , )2"�$( /  ,$7$)   ,$�"0,�#  %�"-�# , 7$%5 !$'- 
8,'!�2*#  !�,2'#'&  "  �-!&*2$'-   -2�&+$-*#  %�))�, . ��  �!�,+$,":  %'&'0'<',"(  ,$�"0 -
,�#  %�"-*  7$%5 !$'- (  5 -&�# -2�  %'&'0'<',"(  %$!'-$ %�"- , !�-�&�'   � -�"-  "7 )253 ,$ -
%&$2�(:<"3  ,$  4�!�2*3  �%�&$3 $%%$&$-$, )253 %'&')2"�$:<"3 (  !$&'-�! , %&"2�),*3  1' -
%'#, ,$-(�,���  57�$ "  %&"2�)$ �")&�)2"�$-'�( . �� �'  7$%5 !$ 5 -&�# -2$  !$&'-!"  )2" -
�5- (  2 ,$%&$2�',""  %$!'-$ %�"- , 7$32$-*2$:-  %�"-5  "  -&$, %�&-"&5:-  '@ 2  -�&�,5  ,$ -
�"0,�#  %�"-* . ��  2&'0(  -&$, %�&-"&�2!"  %&�" 3�)"-  2*�&57!$ !'!$  �-  ."�/-&5:<'��  
%���-,$  %�"-*  2 8,'!�2*#  !�,2'#'& , $ )$�''  2 @0!� -/  !'!$ . �   �5+$'  ' �"  !'!  ,'  �-)'�( -
'- (  �-  ."�/-&5:<'��  %���-,$ , 5 -&�# -2�  %'&'0'<',"(  %�"-  � -$,$2�"2$'- (  "  !'!  �-  
."�/-&5:<'��  %���-,$  �-)'�('- (  ��%$-!�# , %� �'  +'��  5 -&�# -2�   ,�2$  7$%5 !$'- ( . 

��  7$2'&8',":  %&�1'  $  2*�&57!"  !'!$  8,'!�2*#  !�,2'#'&  � -$,$2�"2$'- ( , 
 -2�&+$-*#  %�))�,  7$!&*2$'- (  "  $2-�0$-"+' !"  2!�:+$'- (  9�'!-&��")&$2�"+' !�'  5 - -
&�# -2�  7$!&*-"(  – ,$+",$'- (  ,�2*#  1"!� . 

�'�43�)"0�  �-0'-"-/ , +-�  %��5+$'0*#  -2@&)*# � $)�!  – !'! , %&"0',('- (  2 !$+' -
 -2'   *&/(  %&" "7��-�2�',""   "�"!$-,*3   -&�"-'�/,*3  0$-'&"$��2 , +-�  .$!-"+' !"  )'�$ -
'-  )$,,�'  %&�"72�) -2�  4'7�-3�),*0 . ��  0'&'  ,$!�%�',"(  !'!$  2 @0!� -"  ( 0 . &" . 1) 
%&�"72�)"- (  '��  2*�&57!$ 2 $2-�0$8",5 , !�-�&$(  -&$, %�&-"&5'-  %&�)5!-  ,'%� &') - -
2',,�  !  0' -5  '��  3&$,',"(  "�"  )$�/,'#8'#  %'&'&$4�-!" . 

�$   +@- " %��/7�2$,"(  &'1"&!5�(1"�,,�#   3'0*  %&�0*2!"  � $)!$  "  5 -$,�2�',"(  
!$0'&,� -0'04&$,,���  ."�/-& -%&'  $ ."&0*  «Andritz» )� -"�$'- (  9..'!-"2,�'  �+"<' -
,"'   5 %',7""  ,$-&"(  3��&")$  �-  0'3$,"+' !"3  %&"0' '# ,  ,"�',"'  ,$�&57!"  ,$  �+" - -
,*'   ��&5�',"(  3"0"+' !���  %&')%&"(-"( , &$1"�,$�/,�'  " %��/7�2$,"'  &' 5& �2 , 2 +$-
 -,� -" , ,$  %&"0'&' 	�	  «�$5 -"! »,  5-�+,$(  9!�,�0"(  )�  500 03  *&/( , "  2 1'��0  %�-
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2*8',"'  9!����� -9!�,�0"+' !�#  9..'!-"2,� -"  )$,,�#   -$)""  %&�"72�) -2$ . 
 

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

�5�"!�2 . – 3-'  "7) ., )�%. "  %'&'&$4. – 6 .: «�"0"( », 1971. – 440  . 
2. �5,'2 , � .� . �"�/-&�2$,"'  2 3"0"+' !�#  %&�0*8�',,� -"  / � .� . �5,'2 , � .� . 

�0'�/(,�2 . – � .: �"0"( , 1982. – 72  . 
3. Andritz [;�'!-&�,,*#  &' 5& ]. – [2015]. – �'�"0  )� -5%$ : �'�"0  )� -5%$ : 

http://www.andritz.com. 
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�*%��,',  +" �',,*#  $,$�"7  %��5+',,�#  0$-'0$-"+' !�#  0�)'�" . 

 

�!����' ���>���$�  '���$���  ��  ������  & ���� )��������� -
!�  '� �(�� ���  � �  ( ��������$&  ������� ��  

� .� . �$4��2 , � .� . �'#4$� , � .� . �5)',!� , � .� . �50 !�2$ , � .� .�$&�$0�2   
���� !"#  %��"-'3,"+' !"#  ", -"-5-  (."�"$� ) ����

� , � .���� !"# , 

volpi.ru 
 

�   2(7"    8"&�!"0  %&"0',',"'0  &'7",�2*3  "7)'�"#  )�(  "7��(1""  9�'!-&�!$4'�'# , 
%�!&*-"(  %���2 , "7��-�2�',"(  &5!$2�2 "  )�(  )&5�"3  1'�'# , 2�7,"!�$  ,'�43�)"0� -/   �7 -
)$,"(  &'7", , ,'  %�))'&�"2$:<"3  ��&',"(  "�"  %��,� -/:  ,'��&:+"3 . 

	),$!�  &$7&$4�-!$ ,�2�#  &'1'%-5&*  9�$ -�0'&,*3  0$-'&"$��2    1'�/:  %�2*8',"(  
��,'7$<"-,*3   2�# -2   0��'-  %&"2' -"  !  535)8',":  !�0%�'! $  )&5�"3  9! %�5$-$1"�, -
,*3  %�!$7$-'�'# . �&�0'  -��� , &$7&$4�-!$ -'3,����""  %��5+',"(  ,�2*3  !�0%�7"1"#  ,'  
2 '�)$  9!�,�0"+' !"  �%&$2)$,$. 

��9-�05  %&"0',',"'  7$<"-,*3  %�!&*-"#  %�72��(:<"3  %�2* "-/   -�#!� -/  0$-' -
&"$�$ !  2,'8,"0  2�7)'# -2"(0  4'7 535)8',"(  !�0%�'! $  � ,�2,*3   2�# -2  %&') -$2�( -
'- (  ,' �0,',,�  %'& %'!-"2,*0 . 

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

�  !$+' -2'  !�0%�7"1"#  " %��/7�2$�"  15 %-,*'  &$ -2�& 3��& 5�/."&�2$,,���  %�-
�"9-"�',$  (���; ) 2 -��5��' . �  !$+' -2'  2���!," -*3  ,$%��,"-'�'#  %&"0',(�" /  5��' -
&�),*'  2���!,$ . 
��<",$  ,$,� "0���  %�!&*-"(  1,0 00 . 



 225 

�72' -,� , +-�  )�(  %&")$,"(  %��"0'&,*0  0$-'&"$�$0  %�2*8',,�#  ��,'-'%�� -�# -
!� -"  22�)(-   %'1"$�/,*'  ,$%��,"-'�" ,  &')"  !�-�&*3  5��'&�),*'  2���!,$  7$,"0$:-  
�")"&5:<"'  %�7"1"" .  

� -$,�2�',*  ,$"4��''  9..'!-"2,*'   �)'&�$,"(  5��'&�),*3  2���!�, ,  %� �4 - -
25:<"'  0$! "0$�/,�05  52'�"+',":  $)�'7""  %�!&*-"#  ,$  � ,�2'  ���;  !  &'7",$0 . �* -
(2�',� , +-�  ,$"4��/8"#  2!�$)  2 %�2*8',""  $)�'7"�,,*3   2�# -2  %�!&*-"#  2,� (-  5��' -
&�),*'  2���!,$   �)'&�$,"'0  0,3%. 
$!�'  !��"+' -2�  2���!," -���  ,$%��,"-'�(  %�72��( -
'-  %�2* "-/  %&�+,� -/   2(7"  25�!$,"7�2$,,*3  &'7",  ,$  � ,�2'  &$7�"+,*3  !$5+5!�2    %�-
!&*-"'0  ,$  � ,�2'  ���;  2  &'),'0  2 2,5-3,0 &$7$. 

�&"0',',"'  5��'&�),*3  2���!�,  2 !$+' -2'  ,$%��,"-'�(  -$!�'   %� �4 -25'-  %�-
2*8',":  ��,' -, -'%�� -�#!� -"  %�!&*-"#  ,$  � ,�2'  ���; . �&"  9-�0  ,$4�:)$'- (  52' -
�"+',"'  2&'0',"  )� -"�',"(  �4&$71�0 %&')'�/,���   � -�(,"( . 
$!  " 3�),*#  �4&$7'1 
25�!$,"7$-$  )� -"�$'-   2�'��  !&"-"+' !���   � -�(,"(  7$ 80  '!5,)  %&" -'0%'&$-5&'  ,$  
,'�4��&'2$'0�#   -�&�,'  130 0� . �&"  22')',""  2  � -$2  %�!&*-"(  5��'&�),*3  2���!�, , 
2&'0(  )� -"�',"(  �4&$71�0 %&')'�/,���   � -�(,"(  52'�"+"2$'- ( . �$"�5+8"'  &'75�/-$ -
-*  %�!$7$�  � -$2  %�!&*-"(     �)'&�$,"'0  2���!," -���  ,$%��,"-'�(  0,7 % %� 0$  ' . 
	4&$7'1  )� -"�$'-   2�'��  !&"-"+' !���   � -�(,"(  7$ 130  '!5,)5  %&" -'0%'&$-5&'  300 0� . 


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

 

����������  �  ��� ��������  ���"���  ��������������#�>�&  
����'������  

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

� , � .���� !"# , 

volpi.ru 
 

��7)$,"'  !�0%�7"1"#  )�(  %�2*8',"(  %&')'��2  ��,' -�#!� -"  &$7�"+,*3  0$-'&"$ -
��2  $!-5$�/,$(  ,$   '��),(8,"#  )',/  7$)$+$. �  %� �'),''  2&'0(  %&')%�+-',"'  4*��  �-)$ -
,�  ��,'7$<"-,*0  0$-'&"$�$0 , !�-�&*'  2�  0,���0  &'8$:-  %&�4�'05  4'7�%$ ,� -"  2' -
<' -2 , �4&$75:<"3 (  %&"  ��&$,""  ��,'7$<"-,���  %�!&*-"( . 

�&"&�)$  4��/8", -2$  %��"0'&,*3  0$-'&"$��2  -$!�2$ , +-�  "3  ,'2�70��,�   )'�$-/  
%��,� -/:  %��$&�4'7�%$ ,*0" . ��9-�05  %�" !"  %5-'#, ��&$,"+"2$:<"3  ��&:+' -/  %�-
�"0'&�2  "  50',/8$:<"3  2*)'�',"'  )*0$  "  -�! "+,*3  %&�)5!-�2  %&" ��&',"" , %&�)�� -
�$:- (  2�  2 '0  0"&'  "  ,$  9-�  -&$-(- (  7,$+"-'�/,*'  .",$, �2*'  "  ",-'��'!-5$�/,*'  
 &') -2$ .  

='�/:  &$4�-*  (2�('- (  -  �7)$,"'  .� .�&4�& �)'&�$<"3  0�)"."1"&5:<"3  )�4$ -
2�!  "  "  �')�2$,"'  "3   2�# -2  2 !$+' -2'  $,-"%"&',�2  )�(  7$<"-*   ",-'-"+' !"3  2��� -
!�,  "  450$�" .  

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

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

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

�7 -7$ !" ����  3$&$!-'&$ &$ -2�&�2  .� .�&4�& �)'&�$<"3  ��"��0'&�2 , 0�)"."!$ -
1":  450$�"  "   ",-'-"+' !"3  2���!�,  %&�2�)"�"  2�),*0"  &$ -2�&$0"  ��	  (5-15 %).  

�  &'75�/-$-'  %&�2')',,*3  "  �')�2$,"#  5 -$,�2�',� , +-�  �4&$71*, �4&$4�-$,,*'  
&$ -2�&$0"  ��	  %&"  ��-,�8',""  &'$�',-�2  1:2 (��	 -2) )$:-  4��''  2* �!"'  &'75�/-$-*  
%� ��,'7$<"-'  %�  &$2,',":    �4&$71$0", 0�)"."1"&�2$,,*0"  &$ -2�&$0"  ��	  %&"  � -
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�-,�8',""  &'$�',-�2  1:3 (��	 -3). �&�0'  -��� , �4&$71* 3"0"+' !"3  2���!�, , 0�)"."1" -
&�2$,,*'   � -$2$0"  ,$  � ,�2'  ��	 -2 )$:-  4��''  7,$+"-'�/,�'  !�! ��4&$7�2$,"'  "  %&�+-
,� -,*'  %�!$7$-'�" .  

 
 

'���&���$�  '������$  ����'��������!�  ��' ����������  
� .� . �@)�&�2$  –  -5)',-!$ , � .6 . �$%�2$��2  – %&�.'  �& , ���  ����

� , ���� !"#  


'%���40',,"!"  (2�(:- (  �),"0  "7  $0*3  &$ %&� -&$,',,*3  $%%$&$-�2 3"0"+' -
 !�#  %&�0*8�',,� -" . ���/8", -2�  "7 ,"3  &$4�-$:-  2 ,'%&'&*2,�0  &'�"0' . 6'�)5  -'0  
2 5 ��2"(3  9! %�5$-$1""  "0':-  0' -�  &'�5�(&,*'  �-!��,',"(  %$&$0'-&�2 (-'0%'&$-5&* , 
&$ 3�)* ,  � -$2  -'%��,� "-'�'# ). ��(  5 -�#+"2�#  &$4�-*  -'%���40',,"!�2  " %��/75'- (  
 " -'0$  $2-�0$-"7$1"" , !�-�&$(   ,"�$'-  2�"(,"'  2,'8,"3  2�705<',"#  ,$  2*3�),*'  3$-
&$!-'&" -"!"  -'%���40',,"!$ . 

 

�,-'&'  %&') -$2�('-  $,$�"7  2�"(,"(  &$7�"+,���  &�)$  2�705<',"#  ,$  2*3�),*'  
%$&$0'-&* $%%$&$-$. �75+',"'  )",$0"+' !"3  3$&$!-'&" -"!  -'%���40',,"!$  ,'�43�)"0�  
)�(  %�)4�&$ %&"4�&�2 $2-�0$-"+' !���  &'�5�"&�2$,"(  "  "3  ,$ -&�#!" . 

�� -$2"0  0$-'0$-"+' !5:  0�)'�/  &$4�-*  -'%���40',,"!$  2 ,'5 -$,�2"28"3 (  
&'�"0$3 . �3'0$  -'%���40',,"!$  -"%$ «-&54$ 2 -&54'» %&') -$2�',$  ,$  &" 5,!' . � ��2,�  
%&",(-� , +-�  2 1',-&$�/,5:  -&545 ,$%&$2�',  ��&(+"#  -'%��,� "-'�/ . �$ +@-,*'  2*&$�' -
,"(  � -$:- (  2  "�' , ' �"  -'%��,� "-'�"  %�0',(-/  0' -$0" . �'75�/-$-*  0��,�  &$ %&�-
 -&$,"-/  ,$  !��53�-&54+$-*#  -'%���40',,"! , ' �"  %�) 1',-&$�/,�#  -&54�# %�,"0$-/  
-&54,*#  %5+�!. �$  &" 5,!'  %�!$7$,  �5+$#  %&�-"2�-�!$ , ,�  &$ +@-,*'  2*&$�',"(  %�-
 -&�',*  -$!  �'  "  )�(  %&(0�-�!$ . 

           �$+$�/,$(  -'0%'&$-5&$ ��&(+'��  -'%��,� "-'�(  
 2, , !�,'+,$(  - 
 2! . ���-2'- -2',,� , 
,$+$�/,$(  -'0%'&$-5&$ 3���),���  -'%��,� "-'�(  
 1, , !�,'+,$(  – 
 1! . �$ 3�)  ��&(+'��  -'%-
��,� "-'�(  G2, 3���),���  – G1. 
'%��."7"+' !"'   2�# -2$  "  !�9.."1"',-*  -'%���-)$+"  
-'%��,� "-'�'#  %� -�(,,* . 

�&$2,',"'  -'%��%'&')$+"  

�" 5,�! . �3'0$  -'%���40',,"!$ . 
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5&$2,',""  (4) -'0%'&$-5&$ !�&%5 $ %&",(-$ &$2,�#  -'0%'&$-5&'  -'%��,� "-'�(  2 0'� -
-&54,�0  %&� -&$, -2' . �" �',,*'  �1',!"  %�!$7*2$:- , +-�  -'%��@0!� -/  !�&%5 $ "  -&54 
 � -$2�('-  %�&()!$  10 % �-  -'%��@0!� -"  �")!� -'# , 7$%��,(:<"3  -'%���40',,"! . �� -
9-�05  )$�''  )�(  50',/8',"(  �&�0�7)!� -"  5&$2,',"#  -'&0"+' !�'  2�"(,"'  !�&%5 $ "  
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,1!1 LMD�2D2

d
d

d
d

+q-q+
t

q
-=

t
q

, 

�)'  ( ) ( )[ ] ( )
,1!2

,1,21
,1!2,1,21 ln�

q-q
q-q

q-q-q-q= -  - %&" %&�-"2�-�!' , 

( ) ( )[ ] ( )
!1!2

,1,21
!1!2,1,21 ln�

q-q
q-q

q-q-q-q= -   - %&" %&(0�-�!'  -'%��,� "-'�'# . 

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

0
!1!1

0
!2!2 ,:0 q=qq=q=t .                                                               (8) 

�&$2,',"(  (7), (8) %&"0',"0*  )�(  $,$�"7$  !$!  %&�-"2�-�!$ , -$!  "  %&(0�-�!$ , ,�  
%&" 9-�0  ,'�43�)"0�  " %��/7�2$-/   ��-2'- -25:<5:  .�&05  .5,!1""  � 1. 
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�*%��,',  +" �',,*#  $,$�"7  0�)'�" . �$  0�-&',   �5+$#   ",5 �")$�/,���  "70',' -
,"(  -'0%'&$-5&*  ,$  23�)'  ��&(+'��  -'%��,� "-'�(  %� 7$!�,5   q2, =1+0,1sin(2t ).  
$!�'  2* -
%��,',  $,$�"7  0$-'0$-"+' !�#  0�)'�"  %&"  -5%',+$-�0  "70',',""  (%�,"�',"" ) ,$+$�/ -
,�#  -'0%'&$-5&*  ��&(+'��  -'%��,� "-'�( : t =0, q2, (t )=1; t >0, q2, (t )=0,9. �$ +'-*  %�!$7* -
2$:- , +-�  %&�)���"-'�/,� -/  %'&'3�),���  %&�1'  $  2 �4A'!-'   � -$2�('-  %�&()!$  ')"," -
1*  ( 1% »t ). 

 

!������������   '��� ���$&   �����"���   '�������!�   ��'�  
� .� . �"4"-�2   - . %&'%�)$2$-'�/  !$.')&*  ����  ����

�  � . ������&$)  

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

�  � . ������&$)  
� .� . �57,'1�2   -5)',-   !$.')&*  ����  ����

�  � . ������&$)  

� .� . 6$! "0',!�2   -5)',-  !$.')&*  ����  ����

�  � . ������&$)  
 

�&"  %&�'!-"&�2$,""   &'!-"."!$1"�,,*3 , $4 �&41"�,,*3  "  )&5�"3  0$  ��40', -
,*3  $%%$&$-�2 4��/8�'  2,"0$,"'  5)'�('- (   �7)$,":  9..'!-"2,*3  !�,-$!-,*3  5 - -
&�# -2  2* �!�#  %&�"72�)"-'�/,� -"  "    4��/8"0  )"$%$7�,�0  5 -�#+"2�#  &$4�-* . �* -
%��,',"'  9-"3  -&'4�2$,"#  2 7,$+"-'�/,�#   -'%',"  7$2" "-  �-  3$&$!-'&" -"!  &$4�-*  %'&'-
�"2,*3  5 -&�# -2  -$&'��!  0$  ��40',,*3  $%%$&$-�2.  
�  ,'.-'%'&'&$4$-*2$:<'#  "  3"0"+' !�#  %&�0*8�',,� -"  ,$"4��''  &$ %&� -&$,',*  %'-
&'�"2,*'  5 -&�# -2$   �   -$-"+' !"0   �")&�7$-2�&�0  [1]. 
")&�7$-2�&  2 9-"3  %'&'�"2,*3  
5 -&�# -2$3   �7)$'- (  4�$��)$&(  -�05 , +-�  �")!� -/  "7 %'&'-�+,���  !$,$�$  %�%$)$'- 2 
%&"'0,*#  !$&0$, , ��&$,"+',,*#    �),�#   -�&�,*  %&"'0,�#  %�$,!�# , $   )&5��#  –  -', -
!�#  %'&'�"2,���  5 -&�# -2$  "�"   -',!�#  !���,,* . �  �4�"3   �5+$(3  2'&3,((  !&�0!$  %&"-
'0,�#  %�$,!"  ,$3�)"- (  ,' !��/!�  2*8'  ,"�,'#  !&�0!"   �"2,�#  %'&'��&�)!" . 
$!"0  
�4&$7�0 , �")!� -/ , ,$3�)(<$( (  2 %&"'0,�0  !$&0$,' , %&'%(- -25'-  %&�3�)5 %$&�2 +'&'7  
%'&'�"2 . 
  ��, -&5!1"(  %'&'�"2,���  5 -&�# -2$  3$&$!-'&"75'- (  '��  %&�%5 !,�#   %� �4,� -
 -/: , - . ' . )�%5 -"0*0"   !�&� -(0"  �")!� -"  2 %'&'-�+,�0  !$,$�' , !�-�&*'  �%&')'�(:- -
 (  "7 5 ��2"#   '%$&$1"" )253.$7,���  %�-�!$  2 %'&'�"2,�0  5 -&�# -2' . ��70��,� -/  "  
 -'%',/   '%$&$1"" %� -5%$:<'��  )253.$7,���  %�-�!$  7$2" (-  �-   %� �4$  '��  22�)$  2 %'-
&'�"2,�'  5 -&�# -2� . �&"  ,�&0$�/,�#  &$4�-'  %'&'�"2,���  5 -&�# -2$  %&')%��$�$'- ( , 
+-�  "7 %'&'�"2$  ,$  ,"�'�'�$<5:  -$&'�!5  %� -5%$'- -��/!�  +" -$(  �")!� -/ .  
� �"  �'  !�, -&5!1"(  %'&'�"2,���  5 -&�# -2$  "�"  &'�"0  '��  &$4�-*  )�%5 !$:-  2�7-
0��,� -/  %&�3�)$ 7$32$+',,*3  �")!� -/:  %57*&/!�2  %$&$ (�$7$) +'&'7  %'&'�"2    2*8' -
�'�$<'#  -$&'�!"  ,$  ,"�'&$ %����',,5: , -�  2�7,"!$'-  &'1"&!5�(1"(  %$&�2���  (�$7�2��� ) 
%�-�!$  [2].   

�'1"&!5�(1"(   ,"�$'-  9..'!-"2,� -/  &$4�-*  !�,-$!-,���  5 -&�# -2$  2 �') -2"'  
50',/8',"(  )2"�5<'#   "�*  %&�1'  $  0$  �%'&')$+"  "  50',/8$'-  %&�"72�)"-'�/,� -/  
$%%$&$-$ "7-7$ 52'�"+',"(  .$!-"+' !�#   !�&� -"  %$&�2 (�$7�2).     
 ='�/:  )$,,�#  &$4�-*  (2�('- (  "  �')�2$,"'  �")&�)",$0"!"   -$-"+' !���  %'&'�"2,���  
5 -&�# -2$  %�)2' ,���  -"%$, ,$  !�-�&�'  %��5+',  %$-',-  ��  [3]. 
�$  &" 5,!'  1 %&"2')',$   3'0$  9! %'&"0',-$�/,�#  5 -$,�2!" . 
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1 - !���,,$ ; 2 -  "-+$-$(  -$&'�!$ ; 3 - %�)2' ,�'  %'&'�"2,�'  5 -&�# -2� ;  

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

 

;! %'&"0',-$�/,$(  5 -$,�2!$   � -�"-  "7 %&�7&$+,���  !�&%5 $, 2 !�-�&�0  5 -$,�2 -
�',*  )2'   "-+$-*'  -$&'�!"  2   %'&'�"2,*0"  5 -&�# -2$0"  %�)2' ,���  -"%$ 3, -$!�'  2* -
%��,',,*0"  "7 �&� -'!�$ . �")!� -/  %�)$2$�$ /  2 !���,,5  +'&'7  &�-$0'-&  �� -7 %�7. 4, $ 
2�7)53 %� -5%$� 2 ,"�,::  +$ -/  !���,,*  +'&'7  &$ %&')'�"-'�/    %�0�</:  2',-"�(-�&�2  
5. �$ 3�)  2�7)53$ "70'&(� (  )"$.&$�0�#    )".0$,�0'-&�0  7. ���"+' -2�  %�)$2$'0���  
2�7)53$ "70',(�� /  7$  +'-  �%5 !$,"(  7$ ��,!"  ,$  23�),�0  8-51'&'  2',-"�(-�&$  5. 

�$  %'&2�0 9-$%' %&�2')',"(  9! %'&"0',-$�/,*3  "  �')�2$,"#  %� �4<'%&",(-�#  
0'-�)"!'  �%&')'�(�� /  �")&$2�"+' !�'   �%&�-"2�',"'   53�#   "-+$-�#  -$&'�!" , +-�  %�-
72��"��  &$  +"-$-/  !�9.."1"',-   �%&�-"2�',"(  -$&'�!" . 

	 �4�'  2,"0$,"'  5)'�(�� /  "75+',":  &$4�-*  &$7&$4�-$,,���  %'&'�"2,���  5 -&�# -
 -2$ %�)2' ,���  -"%$, "7�4&$�',,���  ,$  &" 5,!'  2.  
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�

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

<'�"  )�(   �"2$ ; 5 – %�$,!$  %'&'�"2,$(  
 

	 �4',,� -/:  )$,,�#  !�, -&5!1""  %'&'�"2,���  5 -&�# -2$  (2�('- (  -� , +-�  �,�  
2*%��,',�  $2-�,�0,*0  "  !&'%"- (  -��/!�  !  -$&'�!'  2, !&�0'  -��� , 2* -5%$:<$(  +$ -/  
5 -&�# -2$  1, "0':<$(  <'�"  4 )�(   �"2$  +" -�#  �")!� -" , "�&$'-  &��/   �"2,�#  %�$,!" , 
&'�5�"&5(  5&�2',/  �")!� -"  ,$  -$&'�!' . ���<$)/   '+',"(  %'&'�"2,���  !$&0$,$ 2 52'�" -
+"2$'- (   !  2* -5%$:<'#  +$ -" , +-�   %� �4 -25'-  3�&�8'05  �$7��-)'�',": , $ �-4�#,"!  3 
  %'&'�"2,�#  %�$,!�#  5 �4&$75:-  %� -�(,,*#   -$-"+' !"#  �")&�7$-2�& . 

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

�&"  %&�2')',""  9! %'&"0',-$�/,*3  "  �')�2$,"# , !&�0'  �")&$2�"+' !���   �%&� -
-"2�',"(   "-+$-*3  -$&'��! , ."! "&�2$�� /  %&'2*8',"'  5&�2,(  �")!� -"  2 %'&'�"2,�0  
!$&0$,'  ,$)  2'&3,'#  !&�0!�#  %'&'�"2,�#  %�$,!"  2 7$2" "0� -"  �-  &$ 3�)$  2�7)53$ "  
�")!� -" . �'75�/-$-*  " %*-$,"#  %&"2')',*  2 -$4�"1'  1. 


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

�")!� -"  "  �$7$ 
�$ 3�)  2�7)53$, 0³/+ �$ 3�)  �")!� -" , 

0³/+ 320  240  150   
0,19 26 00 .2�) . - . 24 00 .2�) . - .  21 00 .2�) . - .  
0,26 28 00 .2�) . - .  25 00 .2�) . - .  21 00 .2�) . - .  
0,36 31 00 .2�) . - .  25 00 .2�) . - .  21 00 .2�) . - .  
0,44 34 00 .2�) . - .  26 00 .2�) . - .  23 00 .2�) . - .  
0,55 37 00 .2�) . - .  28 00 .2�) . - .  24 00 .2�) . - .  
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�  &'75�/-$-'  %&�2')',,*3  "  �')�2$,"#  %� �")&�)",$0"!'  %'&'�"2,*3  5 -&�# -2  

%�)2' ,���  -"%$ 5 -$,�2�',� , +-�    52'�"+',"'0  &$ 3�)$  �")!� -"  "  2�7)53$ �4<''   � -

%&�-"2�',"'   "-+$-�#  -$&'�!"  "  %'&'�"2,���  5 -&�# -2$  52'�"+"2$'- ( , ,�  %&" )� -"�' -

,""  %57*&/!�2���  &'�"0$  &$4�-*  -$&'�!"  �4<''   �%&�-"2�',"'  "70',('- (  ,'7,$+"-'�/ -

,� . 

�"-'&$-5&$  

 
1. �"30$, , � .
 . �'&'�"2,*'  5 -&�# -2$  0$  ��40',,*3  -$&'��!  0$  ��40', -

,*3  $%%$&$-�2: �47�&,$(  ",.�&0$1"(  / 6 .� . �'&!�2 !"# , � .� . �&5���2 ; =��
���6 -
���
�6�� . – �.$ , 1976. – 28  . 

2. ��'! $,)&�2 , � .� . �'!-"."!$1"�,,*'  "  $4 �&41"�,,*'  $%%$&$-* : 0�,� -
�&$."(  / � .�  ��'! $,)&�2  ; %�) &') . � .6 . �-'%$,�2$ . �7) . 2-'  %'&'&$4�-$,,�' . – 6 .: �" -
0"( , 1987. – 296  . 

3. �$- . 2438748� 2 ��  "# !$(  �')'&$1"(  6��  B01D3/16. 6$  ��40',,$(  -$-
&'�!$  / � .� . �"4"-�2 , � .� . �"4"-�2$ ;  7$(2"-'�/  "  %$-',-��4�$)$-'�/  	4<' -2�    ��&$ -
,"+',,�#  �-2'- -2',,� -/:  ;!�=',-&�,�","&",�  ,$5+,� -%&�"72�) -2',,$(  ."&0$  			  
���  ;!�=',-&�,�","&",� . – B  2010111613/05; 7$(2�. 25.03.2010; �%54�. 10.01.2012. 

 

�����8�����������  ��&�� �!�%����"  �&��$  �%�����  ����� �  
�  '�����������  ������%����"  ���$  

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

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

�  � . ������&$)  
� .� . �')�-�2   -5)',-  !$.')&$  ����  ����

�  � . ������&$)  

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

�  � . ������&$)  
 

	+" -!$  &$  ��$  2 %&�"72�) -2'  !$5 -"+' !�#   �)*  %� )"$.&$�0',,�05  0'-�)5  (2-
�('- (  2$�,�#   -$)"'#  [1]. ��)7'0,*#  &$  �� , !$!  "  &$  �� , %��5+',,*#  &$ -2�&',"'0  
%�2$&',,�#   ��" ,  �)'&�"-  !&�0'  3��&")$  ,$-&"(  0'3$,"+' !"'  %&"0' "  (%' �! , ��",5  "  
)&5�"'  ,'&$ -2�&"0*'  2'<' -2$ ), &$ -2�&"0*'  2 2�)'   ��"  !$�/1"( , 0$�,"( , $ -$!�'   '& -
,�!" �*'   ��" . 

�72' -,� , +-�  %&" 5- -2"'  2 �+"<',,�0  &$  ��'  ,'&$ -2�&"0*3   ��'#  !$�/1"(  "  
0$�,"(   �5�"-  %&"+",�#  7$4"2!"  %�& )"$.&$�0* . �&"  ."�/-&�2$,""  &$  ��$  +'&'7  )"$ -
.&$�05  0'3$,"+' !"'  %&"0' "  � ')$:-  2 %�&$3 )"$.&$�0*  "  7$4"2$:-  "3 , 2 �') -2"'  +' -
��  50',/8$'- (   !�&� -/  %&�-'!$,"(  $,��"-$  +'&'7  )"$.&$�05 , %�2*8$'- (  !�,1',-&$1"(  
<'��+"   2'&3  )�%5 -"0*3  %&')'��2  "   ,"�$'- (  2*3�)  %� -�!5 , +-�  52'�"+"2$'-  %&�"7-
2�) -2',,*'  &$ 3�)* .  

�&�0'  9-���  2  �5<',,�0  8�$0�2�0   -�!'  %� �'  �- -�#,"!$  ��&&$   �)'&�"- (  
4��/8�'  !��"+' -2�  &$  ��$ , !�-�&*#  4'72�72&$-,�  -'&('- (  ,$  �+" -,*3   ��&5�',"(3 , 
+-�  %&"2�)"-  !  .",$, �2*0  %�-'&(0  "  7$�&(7,',":  �!&5�$:<'#   &')* .  

='�/:  &$4�-*  (2�('- (  5�5+8',"'  !$+' -2$  �+" -!"  &$  ��$ , %�)$2$'0���  ,$   -$ -
)":  9�'!-&��"7$ , "  0$! "0$�/,�'  "72�'+',"'  &$  ��$  "7 8�$0$ , �-2�)"0���  %� �'  �- -
 -�#,"!$  ��&&$ . 

��(   �2'&8', -2�2$,"(   3'0*  �+" -!"  &$  ��$  %&')�$�$'- (  %� �'  �- -�#,"!$  ,$  
�",""  �-2�)$   �5<',,���  8�$0$  5 -$,�2"-/  8,'!�25:  1',-&".5�5  [2] )�(  2�72&$-$ 2 
-'3,����"+' !"#  %&�1'   7,$+"-'�/,�#  +$ -"  &$  ��$ . �  ,$  �",""  �-2�)$  � 2'-�',,���  
&$  ��$  20' -�  0'3$,"+' !"3  ."�/-&�2    7'&," -*0  0$-'&"$��0  5 -$,�2"-/  &$7&$4�-$,-
,5:  !�, -&5!1":   $0��+"<$:<'�� (  �")&�)",$0"+' !���  ."�/-&$  ,'%&'&*2,���  )'# - -
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2"(  [3]. 	 �4',,� -/:  !�, -&5!1""  ."�/-&$  (2�('- (  2�70��,� -/  �+" -!"  ."�/-&5:<'#  
%�2'&3,� -"  4'7 � -$,�2!"  &$4�-*  "  " %��/7�2$,"(  �4&$-,�#  %&�0*2!" , ,'  -&'45'- (  &'-
�','&$1"(  %�2'&3,� -"  ."�/-&�2$,"( . �!$7$,,*'  .$!-�&*   %� �4 -25:-  52'�"+',":  
%&�"72�)"-'�/,� -"  ."�/-&$ . 

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

 
�" 5,�!  1. �&')�$�$'0$(   3'0$  �+" -!"  &$  ��$  

2 %&�"72�) -2'  !$5 -"+' !�#   �)*  
1, 3 – %�)��&'2$-'�"  &$  ��$ ; 2 – �- -�#,"!  ��&&$  (�- -�#,"! -� 2'-�"-'�/ ); 4 – '0!� -/ ; 5 

–  4�&,"!  8�$0$ ; 6 – 1',-&�4'�,*#  ,$ � ; 7 – 1',-&".5�$ ;  
8 –  $0��+"<$:<"# (  ."�/-& ; 9 – ."�/-&  -�,!�#  �+" -!"  

 

�*&�#  &$  ��  %�)��&'2$:-  2 -'%���40',,"!'  1 "  ,$%&$2�(:-  2 �- -�#,"! -
� 2'-�"-'�/  2. �:)$  �'  %�)$:-  !$&4�,"7�2$,,*#  &$  �� , %�)��&'-*#  2 -'%���40',,"!'  
3, "  �")&��"7�2$,,*#  %��"$!&"�$0")  "7 '0!� -"  4.  

	4&$7�2$28"# (  2 &'75�/-$-'  3"0"+' !"3  &'$!1"#  8�$0  "7 ,"�,'#  +$ -"  �- -�# -
,"!$ -� 2'-�"-'�(  2 2*2�)(-  2  4�&,"!  8�$0$  5, "7 !�-�&���  1',-&�4'�,*0  ,$ � �0  6 ,$ -
%&$2�(:-  ,$  1',-&".5�5  ."&0*  ���--2'�  ()'!$,-'&  Z4E-454). �  1',-&".5�'  7 %&�" 3� -
)"-  �-)'�',"'  8�$0$  �-  &$  ��$ . 
2'&)$(  .$7$ 2 2")'  �4'72��',,���  8�$0$  (!'!$ ) 2*2� -
)"- (  2 %�))�,  "  2*2�7"- (  ,$  8�$0�3&$,"�"<' , $ &$  ��  2�72&$<$:-  2 -'3,����"+' !"#  
%&�1'  . 

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


$!"0  �4&$7�0 , %&')�$�$'0*'  -'3,"+' !"'  &'8',"(  %� "70',',":   3'0*  �+" -
 -!"  &$  ��$  %�72��(-   ,"7"-/  9! %�5$-$1"�,,*'  &$ 3�)*  ,$  20% 7$  +'-  �- 5- -2"(  
7$-&$- ,$  7$0',5  "  &'�','&$1":  7'&," -���  0$-'&"$�$  2 0'3$,"+' !"3  ."�/-&$3 , 
50',/8',"(  7$-&$- ,$  �4 �5�"2$,"'  "  &'0�,-   $0��+"<$:<'�� (  ."�/-&$  "  -&$, -
%�&-"&�2!5  !'!$  2 �-2$� ,  �!&$<',"'  %�-'&/  &$  ��$ , 2�72&$<$'0���  2 -'3,����"+' -
 !"#  %&�1'  . 

 

�"-'&$-5&$ : 

1. �!"0',!�  � .6 ., �$ 0$,"!  � .� . �%&$2�+,"!  %� %&�"72�) -25  3��&$ , !$5 -"+' !�#   �)*  
"  � ,�2,*3  3��&%&�)5!-�2 . - 6 .: �"0"( , 1976. 
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2. 
'3,����"(   '%$&$1"" !�0%$,""  Flottweg. 	4�$ -"  %&"0',',"(  [;�'!-&�,,*#  &' 5& ]. 
- �'�"0  )� -5%$ : http://www.flottweg.com/ru/applications ()$-$ �4&$<',"(  20.02.15). 
3. � . 0. 135528 �� , 6��  � 01D29/64. �"�/-&  �")&�)",$0"+' !"#   $0��+"<$:<"# (  / 
�"4"-�2$  � .� ., �"4"-�2  � .� ., 
���2$,+"!�2  � .� ., �$'2  � .� .; ����

� . - 2013. 

 

 
�'���������  �����$  ������  ���8��  & ���  

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

�  � . ������&$)  

� .� . �"4"-�2   - . %&'%�)$2$-'�/  !$.')&*  ����  ����

�  � . ������&$)  
� .6 . 
"0�8',!�   -5)',-  !$.')&*  ����  ����

�  � . ������&$)  

�  %&�1'  '  9�'!-&��"7$  2�),���  &$ -2�&$ %�2$&',,�#   ��"  2 )"$.&$�0',,*3  9�'! -
-&��"7'&$3  �4&$75'- (  9�'!-&��"-"+' !$(  <'��+/ , 3��&  "  2�)�&�)  -'3,"+' !"# . ���5+$' -
0*#  3��&  �3�$�)$:- , -<$-'�/,�   58$-  "  !�0%&"0"&5:-  )�(  %�)$+" %�-&'4"-'�(0  %�) 
,'�43�)"0*0  )$2�',"'0  [1]. ����$ ,�  
	�
5  6718-93 «���&  �")!"# . 
'3,"+' !"'  5 �� -
2"( » �4A'0,$(  )��(  3��&$  )�(  2* 8'��   �&-$   � -$2�('-  ,'  0',''  99,8%, $ 0$  �2$(  )��(  
2�)*  – 0,01%. 


&$, %�&-"&�2$,"'  2�$�,���  3��&$  7$-&5),',�  "7-7$  "�/,�#  !�&&�7""  -&54�%&�-
2�)�2  "  �4�&5)�2$,"( . 	 58!$  %&�2�)"- (  !�,1',-&"&�2$,,�#   '&,�#  !" ��-�#  96–98% 
0$  . 2 !���,,*3  ,$ $)�+,*3  $%%$&$-$3. 

��(  9..'!-"2,�#  &$4�-*  ,$  9-�0  �4�&5)�2$,""  ,'�43�)"0�  5 -$,�2"-/  �%-"0$�/ -
,*#  -'3,����"+' !"#  &'�"0 , !�-�&*#  %�72��"-  %&�2�)"-/  � 58!5  3��&$    ,$"0',/8"0"  
%&�"72�) -2',,*0"  7$-&$-$0". 6�)'�"&�2$,"'    %�0�</:  %&��&$00* PRO-II %�72��('-  
�%&')'�"-/  �%-"0$�/,*#  &'�"0  &$4�-*   -$)""  � 58!"  3��&$ . 

�  &$4�-'  $,$�"7"&5'- (  2�"(,"'  -'0%'&$-5&*  23�)(<'��  2�$�,���  %�-�!$  3��&$  2 
!���,,5  ,$  &$ 3�)   '&,�#  !" ��-*  "  !��"+' -2�  %����<$'0�#  2�$�" . �&"  9-�0  �1',"2$ -
:- (  9,'&�'-"+' !"'  7$-&$-* ,$  -'%���40',,�'  �4�&5)�2$,"' . 

�$  &" 5,!'  1 %�!$7$,$ %&",1"%"$�/,$(   3'0$  � 58!"  3��&$  %� �'  !�,)', $1""  
2�$�"  2 -'%���40',,"!$3  "  !���,,'   0'8',"(  [2]. ���&  )�(  � 58!"  %&�3�)"-  %� �')�2$ -
-'�/,�  )2'  !���,,*  %�7. 1 "  %�7. 4. 	,  22�)"- (  2 !$�)5:  !���,,5   ,"75 , �&�8$'- (   '& -
,�#  !" ��-�#  "  2*2�)"- (   2'&35. �" ��-$  22�)"- (   2'&35 "  %� ,$ $)!'   -'!$'-  2,"7  2 
!54�25:  +$ -/ . �����<$(  2�$�5  "7 �$7$, !" ��-$  &$74$2�('- ( . ��9-�05  !�,1',-&$1"(   '& -
,�#  !" ��-*  2 2'&3,'#  +$ -"  !���,,*  2 '�)$  2*8' , +'0  2 ,"�,'# .  

 

�" 5,�!  1. � -$,�2!$  � 58!"  3��&$  
1, 4 – !���,,$  � 58!" ; 2 – 1',-&�4'�,*#  ,$ � ; 3 – 3���)"�/,"!  
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="&!5�(1"(   '&,�#  !" ��-*  2 !$�)�#  !���,,'  � 5<' -2�('- (  �-)'�/,*0  ,$ � �0  
%�7. 2 %� 7$0!,5-�05  !�,-5&5 : ,$ �  - 3���)"�/,"!  - !���,,$  - ,$ � . 

�&"  %����<',""  2�$�"  "7 3��&$  2*)'�('- (  4��/8�'  !��"+' -2�  -'%��-*  (-'%��-$  
�")&$-$1"" , &$74$2�',"( ), 7$  +'-  +'��  !" ��-$  &$7��&'2$'- ( . �'&')  %�)$+'#  2 !���,,*  
%�7. 1 "  %�7. 4, !" ��-$  �3�$�)$'- (  2 3���)"�/,"!$3  %�7. 31, 2 )�  -'0%'&$-5&*  40–50 °� . 

�$  )'# -25:<'0  %&�"72�) -2'  %�2*8',,$(  -'0%'&$-5&$  '&,�#  !" ��-*  0��'-  
2�7,"!,5-/  %�  �')5:<"0  %&"+",$0: 

- ,')� -$-�+,�'  �3�$�)',"'  3��&$  2 -'%���40',,"!$3 , %&" 9-�0  52'�"+"2$'- (  2�$�� -
 �)'&�$,"'  "   ��-2'- -2',,�  %&"3�) %$&�2 2�)*  ,$   -$)":  � 58!" ; 

- ,'5)�2�'-2�&"-'�/,$(  &$4�-$ 3���)"�/,"!�2  %�7. 31, 2  '&,�#  !" ��-*  (7$�&(7,' -
,"'  %�2'&3,� -"  -'%���40',$ ); 

- 2*3�)  "7  -&�(  3���)"�/,"!�2  %�7. 31, 2  '&,�#  !" ��-* . 
	 ,�2,�#  7$)$+'# %&" � 58!'  3��&$  (2�('- (   -&���'   �4�:)',"'  -'0%'&$-5&,���  

&'�"0$  ,$  9-�#   -$)"" .  
�  -$4�"1$3  1 "  2 %&"2')',*  " 3�),*'  )$,,*'  "  &'75�/-$-*  %&�2')',,*3  &$ +'-�2 . 


$4�"1$  1 
� 3�),*'  "  &$ +'-,*'  )$,,*'  %� $4 �&41"�,,�#  5 -$,�2!'  

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

1. �$2�',"'  2 !���,,$3  
%�7.1 "  %�7. 4, $-0 
 

1,0 

2. �&�"72�)"-'�/,� -/   
�$7�2�#   0' "  ,$  !���,,5  
%�7. 1, !� /+ 

 
12833,95 

2.1 �� -$2  �$7�2�#   0' "  
,$  23�)'  2 !���,,5  %�7. 1,  
!� /+ 

- Cl2 

- 2�)$  

 
 
 

12730,00 
103,95 

2.2 
'0%'&$-5&$  '&,�#  
!" ��-*  ,$  23�)'  2 !���, -
,*  %�7.1 "  %�7. 4, oC 

 
40,0–50,0 

�$ +'-,*'  )$,,*'  

����)"�/,"!"  
%�7. 3 

(3�$)$�',-  
�4�&�-,$(  2�)$   

(t,  = 25 � � , t!  = 35 � � ) 


'0%'&$-5&$  '&,�#  
!" ��-*  ,$  23�)'   

2 !���,,5  
%�7. 1, oC 

 
 
'%��2$(   

,$�&57!$ ,$  
3���)"�/,"!  

%�7. 31, 
M·K!$� /+ 

�$ 3�)  
3�$) - 

$�',-$ , 
!� /+ 


'%��2$(   
,$�&57!$ ,$  

3���)"�/,"!  
%�7. 32, 

M·K!$� /+ 

�$ 3�)  
3�$) -

$�',-$ , 
!� /+ 

40,00 
(%&" -'0%'&$-5&'  �$7�2�#  
 0' "  ,$  23�)'  2 !���,,5   
t = 12 � � ) 

0,107 10710,84 0,101 10089,89 

40,00 
(%&" -'0%'&$-5&'  �$7�2�#  
 0' "  ,$  23�)'  2 !���,,5   
t = 35 � � ) 

0,127 12719,12 0,139 13873,60 
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$4�"1$  2 
'3,����"+' !"#  &'�"0   -$)""  � 58!"  
�'&2$(  !���,,$  � 58!"  �-�&$(  !���,,$  � 58!"  
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 �$
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75
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�$
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 ��
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'
, !

�
/+

 
 

12
,0

0 

40
,0

0 

12
83

3,
95

 

0,
07

5 

35
,9

8 

13
83

4,
77

 

40
,7
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40
,0
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12
63

2,
62

 

0,
01

 

41
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14
52

8,
17

 

12
,0
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50
,0
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12
83

3,
95

 

0,
11

9 

44
,3

4 

14
69

9,
44

 

50
,5

2 

50
,0

0 

12
66

0,
10

 

0,
01

 

51
,4

7 

18
16

0,
22

 

35
,0

0 

40
,0

0 

12
83

3,
95

 

0,
07
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48
,5

3 

16
42

8,
79

 

40
,7

7 

40
,0

0 

12
63

1,
37

 

0,
01

 

40
,9

7 

19
97

6,
24

 

35
,0

0 

50
,0

0 

12
83

3,
95

 

0,
11
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56
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17
29

3,
46

 

50
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50
,0
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12
67
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84
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01

 

51
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21
79

2,
26

 
 

�$  � ,�2$,""  $,$�"7$  %��5+',,*3  )$,,*3  (-$4�"1*  1 "  2) )�(  %&�2')',"(  %&�1' -
 $ � 58!"  3��&$ , 2*4&$,   �')5:<"#  �%-"0$�/,*#  &'�"0 : 

- -'0%'&$-5&$  '&,�#  !" ��-*  ,$  23�)'  2 !���,,*  %�7. 1 "  %�7. 4 – 40 � C;  

- -'0%'&$-5&$ �$7�2�#   0' "  ,$  23�)'  2 !���,,5  %�7. 1 – 12 oC;  

- -'%��2$(  ,$�&57!$ ,$  3���)"�/,"!  %�7. 31  � -$2�('-  0,107 M·K!$� /+ "  &$ 3�)  3�$-
)$�',-$  10710,84 !� /+; 

- -'%��2$(  ,$�&57!$ ,$  3���)"�/,"!  %�7. 32  � -$2�('-  0,101 M·K!$� /+ "  &$ 3�)  3�$-
)$�',-$  10089,89 !� /+; 

- %&�"72�)"-'�/,� -/  %� 3��&5   � -$2�('-  12611,80 !� /+.  


$!"0  �4&$7�0 , 2 &'75�/-$-'  %&�2')',,���  0�)'�"&�2$,"(  5 -$,�2�',� , +-�  4��''  
��54�!�'  �3�$�)',"'  3��&$  %�72��('-  50',/8"-/  7$-&$-*  '&,�#  !" ��-*  ,$  '��  � 58!5 . 

$!  %&" -'0%'&$-5&'  2�$�,���  3��&$  12 oC &$ 3�)  !" ��-*  ,$  %'&25: !���,,5  � 58!"  
 � -$2�('-  13834,77 !� /+, $ %&" 35 oC – 16428,79 !� /+, %&" 9-�0  &$ 3�)  3�$)$�',-$  (�4�&�- -
,$(  2�)$  t,  = 25 � � , t!  = 35 � � ) 52'�"+"2$'- (  ,$  18,74%. 
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�"-'&$-5&$ : 
 
1 �!"0',!�  � .6 ., �$ 0$,,"!  � .� . �%&$2�+,"!  %� %&�"72�) -25  3��&$ , !$5 -"+' !�#   �)*  
"  � ,�2,*3  3��&%&�)5!-�2 . - 6 .: �"0"( , 1976. 400  . 
2 �!"0',!�  � .6 . �&�"72�) -2�  3��&$ , !$5 -"+' !�#   �)*  "  ,'�&�$,"+' !"3  3��&%&�)5! -
-�2 . - 6 .: �"0"( , 1974. 600  . 
 
 

��� ��������  ��' ���!�  ��#���  ������������� �  
6�!&'1�2$  � .� ., �-�,)",  � .� . 

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

&'2��&5�',"'  ,$  � ,�2'  ,�2�#  -'3,"!"    1'�/:  %�2*8',"(  9..'!-"2,� -"  %&�"72�) -2$ , 
%&�"72�)"-'�/,� -"  -&5)$ "  5�5+8',"(  !$+' -2$  %&�)5!-$.  

�&�1'    0'8',"(  3$&$!-'&"75'- (  7$-&$-�# �%&')'�',,���  !��"+' -2$  9,'&�""  ,$  
')","15  !��"+' -2$   0' " , $ -$!�'  2�7,"!$:<"0"  2 0$  '  %'&'&$4$-*2$'0���  0$-'&"$�$  
 )2"��2*0"  "  ,�&0$�/,*0"  ,$%&(�',"(0" . �&"  &$4�-'  &'7",� 0' "-'�(  0'�)5  '��  &$4�-
+"0"  �&�$,$0"  — &�-�&$0"  "  !$0'&�# ,   �),�#   -�&�,* , "  %'&'&$4$-*2$'0*0  0$-'&"$ -
��0 ,  )&5��# , - 5 -$,$2�"2$'- (  �%&')'�',,�'27$"0�)'# -2"' ,  �%&�2��)$'0�'  2�7,"!,� -
2',"'0  4��/8"3  5 "�"# , !�-�&*'  �%&')'�(:-  !�, -&5!-"2,*'  � �4',,� -"  0$8",*    
-�+!"  7&',"(  %&�+,� -"  )'-$�'#  "  %�-&'4�',"(  9,'&�"" . 

 

 
�" . 1.�"$�&$00$  %�-&'4�('0�#  9,'&�""  9�'!-&�)2"�$-'�'0  &'7",� 0' "-'�(  
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�" . 2. 	4<"#  2")  2$�/1�2 :1 - 9�'!-&�)2"�$-'�/ ; 2 - &')5!-�& ; 3 - %�)8"%,"!"  %'-

&'),'��  2$�!$ ; 4 - $2$&"#,�'  5 -&�# -2� ; 5 - �3�$�)$:<''  5 -&�# -2� ; 6 - 0'3$,"70  &'�5 -
�"&�2$,"(  7$7�&$; 7 -  �"2,$(  2�&�,!$ ; 8 - 2$,,$ ; 9 - -&$2'& $; 10 - ��&$,"+"-'�/,*'   -&' -
�* ; 11 - %�))�, ; 12 -  -$,",* ; 13 - .5,)$0',-,$(  %�"-$; 14 - 2$�!" ; 15 - %�)8"%,"!"  7$)-
,'��  2$�!$ . 

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

&'2��&5�',"'  ,$  � ,�2'  ,�2�#  -'3,"!"    1'�/:  %�2*8',"(  9..'!-"2,� -"  %&�"72�) -2$ , 
%&�"72�)"-'�/,� -"  -&5)$ "  5�5+8',"(  !$+' -2$  %&�)5!-$.  

�&�1'    0'8',"(  3$&$!-'&"75'- (  7$-&$-�# �%&')'�',,���  !��"+' -2$  9,'&�""  ,$  
')","15  !��"+' -2$   0' " , $ -$!�'  2�7,"!$:<"0"  2 0$  '  %'&'&$4$-*2$'0���  0$-'&"$�$  
 )2"��2*0"  "  ,�&0$�/,*0"  ,$%&(�',"(0" . �&"  &$4�-'  &'7",� 0' "-'�(  0'�)5  '��  &$4�-
+"0"  �&�$,$0"  — &�-�&$0"  "  !$0'&�# ,   �),�#   -�&�,* , "  %'&'&$4$-*2$'0*0  0$-'&"$ -
��0 ,  )&5��# , - 5 -$,$2�"2$'- (  �%&')'�',,�'  27$"0�)'# -2"' ,  �%&�2��)$'0�'  2�7,"! -
,�2',"'0  4��/8"3  5 "�"# , !�-�&*'  �%&')'�(:-  !�, -&5!-"2,*'  � �4',,� -"  0$8",*    
-�+!"  7&',"(  %&�+,� -"  )'-$�'#  "  %�-&'4�',"(  9,'&�"" . 

�$�/1*  %&"2�)(- (  2 )2"�',"'  �-  9�'!-&�)2"�$-'�(  +'&'7  !�,"+' !� -
1"�",)&"+' !"#  &')5!-�&  2, %&"2�),*'  "  .&"!1"�,,*'  754+$-*'  !��' $ . �&"2�)  "  2$�/ -
1*   0�,-"&�2$,*  ,$  �4<'#  .5,)$0',-,�#  %�"-'  13 (+5�5,,�#  "�"  �'�'7�4'-�,,�# ). 


'3,����"+' !"#  %&�1'   %��5+',"(  &'7",�2�#   0' "  %&�2�)(-  0'3$,"+' !"0  
 0'8',"'0  &$7�"+,*3  ",�&')"',-�2    !$5+5!�0 . �7 -7$ 7,$+"-'�/,���  %�2*8',"(  -'0%' -
&$-5&* 2 %&�1'  '   0'8',"( , %&�1'   %&�2�)(-  2 )2'   -$)"" . �$  %'&2�#  -$)""   0'8"2$ -
:-  !$5+5!   �  2 '0"  ",�&')"',-$0" , !&�0'  25�!$,"75:<"3  $�',-�2  "  5 !�&"-'�'#  25�!$ -
,"7$1"" . �� �'  � -*2$,"(  %��5+',,�#  0$-�+,�#   0' " , 2�  2-�&5:   -$)": , 2  0' /  22�)(-  
 '&5  "  5 !�&"-'�" . �'&'0'8"2$,"'  )� -"�$'- (   "��2*0  2�7)'# -2"'0  &$4�+"3 �&�$,�2  
&'7",� 0' "-'�(  ,$   0'8"2$'0*#  0$-'&"$� , 2 &'75�/-$-'  +'��  �4&$75'- (  &$2,�0'&,�  
&$ %&')'�@,,$(   0' /  ",�&')"',-�2  2 !$5+5!' . �&�1'   %&"��-�2�',"(  &'7",�2*3   0' '#  
%&�2�)(- , !$!  %&$2"��, 2 &�-�&,*3  &'7",� 0' "-'�(3 , %&') -$2�(:<"3   �4�#   0' "-'�/ -
,5:  (&$4�+5: ) !$0'&5    2&$<$:<"0" (  2,5-&"  ,'@ ,$  2 -&'+5  )&5�  )&5�5 &�-�&$0" , %&"-
2�)"0*0"  2 )2"�',"'  9�'!-&�)2"�$-'�'0 , +'&'7  4��! -&')5!-�& . �$)   0' "-'�/,�#  !$0' -
&�# 7$!&'%�',* : 7$�&57�+,$( 2�&�,!$  "  2'&3,"#  7$-2�&, %&') -$2�(:<"#   �4�#  %,'20� -
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1"�",)&  %&'),$7,$+',,*#  )�(   �7)$,"(  )$2�',"(  ,$  �4&$4$-*2$'05:   0' / . �$ ��,!$  7$-
�&57�+,�#  2�&�,!"  -$!�'  5%&$2�('- (  %,'20�%&"2�)�0 . �,"75   0' "-'�/,$(  !$0'&$  7$-
!&*2$'- (   !��/7(<"0  ,"�,"0  7$-2�&�0 . �&"��-�2�',"'  &'7",�2*3   0' '#  � 5<' -2�('0  
2 &'7",� 0' "-'�'  ����  250-40 %'&2$(  -$)"(  "  %&�1'  $  "  ����  250-30 2-�&$(   -$)"( . 
�0'8',"'  ,$+",$'- (    7$%��,',"(  %"-$-'�/,*3  45,!'&�2  " 3�),*0"  0$-'&"$�$0" . � '  
0$-'&"$�*  )� -$2�('0*'  !   0' "-'�:  0��,�  5 ��2,�  &$7)'�"-/  ,$ : 

- " %��/75'0*'  2 4��/8"3  !��"+' -2$3 : !$5+5!" , -'3,"+' !"#  5��'&�)  ( $�$ ) 50 "  
4��''  !"���&$00  ,$  �),5  7$!�$)!5   0' " ; 

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

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

�&"  �-!&*-�0   %� �4'  �3�$�)$:<$(  2�)$  %�)2�)"- (  %� -&54�%&�2�)5, %&�3�)( -
<'05  2�  2,5-&',,::  %��� -/  2$�!$ . ��(  2*3�)$  2�)*  ,$  2,5-&',,'0  5+$ -!'  -&54�%&�-
2�)$  %� 2 '#  )�",'  &$4�+'# +$ -"  2$�!$  "  ,$  �%&')'�',,�0  &$  -�(,""  )&5�  �-  )&5�$ 
"0':- (  �-2'& -"(  "�"  .�& 5,!" , +'&'7  !�-�&*'  2�)$   �   !�&� -/:  6-12 0/  &$74&*7�"2$-
'- ( , �&�8$(  %�2'&3,� -/  2$�!�2 . �$�''  2�)$   �4"&$'- (  2,"75  "  7$%��,('-  %��� -/  2$�!$ . 
�'&'7  2,5-&',,''  �-2'& -"'  2�)$  %�%$)$'- 2  �"2,5:  2�&�,!5 , 7$-'0  2  4�&,"!  "  !$,$�" -
7$1": . 

�$!&*-*#   %� �4  %�72��('-  %&�"72�)"-/  �"4�  �3�$�)',"'  2$�!�2  2�)�# , �"4�  
�4��&'2  "3  %$&�0. ��(  9-���   �5�"-   %'1"$�/,�'   $�/,"!�2�'  5%��-,',"' . 	3�$�)$:<$(  
2�)$  %� -5%$'- %� -&54', %��,� -/:  7$%��,('-  2,5-&',,::  %��� -/  2$�!$  "  �-2�)"- (  %� 
-&54'. 	-2�)  2�)*  �-  2,5-&',,'#  %�2'&3,� -"  2$�!$  %&�"72�)"- (  %&" 0',/8'#  %�  &$2-
,',":    �-!&*-*0   %� �4�0   !�&� -" , +-�  7$0')�('-   !�&� -/  �3�$�)',"(  2$�!$ . ���� -
,� -/  !�, -&5!1""  "  0$�$(  ",-', "2,� -/  �3�$�)',"(  2$�!�2  7$-&5),(:-  8"&�!�'  " -
%��/7�2$,"'  9-���   %� �4$ . 	,  %&"0',('- (  �"8/  2 -'3   �5+$(3 , !��)$  ,'�43�)"0�  ,'  
-��/!�  �3�$�)$-/ , ,�  "  �4��&'2$-/  2$�!" . ;..'!-"2,� -/  �3�$�)',"(  2$�!�2   5<' -2', -
,�  7$2" "-  �-   � -�(,"(  "3  2,5-&',,"3  %�2'&3,� -'# . ��9-�05  2,5-&',,((  %�2'&3,� -/  
2$�!�2  )���,$  %'&"�)"+' !"  �+"<$-/ (   %'1"$�/,*0"   !&'4!$0"  

�

������  ���������� ��$&  (�����   
(�� )- �������������$&  ��� ��  

 
� .� . �� ���	 ; � .! . "�	����	 ; #.! . $
���  

  
�'&� �)'&�$<"'  %&�"72�),*'  $)$0$,-$,$  0��5-  %&') -$2�(-/  7,$+"-'�/,*#  ",-' -

&'  !$!  2 .$&0$!����""  2 !$+' -2'  4"����"+' !"  $!-"2,*3  2'<' -2 , -$!  "  2 -'3,"!' . �' -
&� �)'&�$<"'   �')",',"( , "0':<"'  2  2�'0   � -$2'  )2$ $)$0$,-"�/,*3  .&$�0',-$ , -$! -
�'  %&') -$2�(:-  ",-'&'  2 !$+' -2'  �4A'!-�2   5%&�0��'!5�(&,�#  3"0"" . ;."&*  ()" )- 
-"�!$&4$0",�2*3  !" ��-  �4�$)$:-  8"&�!"0   %'!-&�0  4"����"+' !�#  $!-"2,� -"  "  ,$3� -
)(-  %&"0',',"'  2 !$+' -2'  .5,�"1")�2 , �'&4"1")�2 , 4$!-'&"1")�2 , &'�5�(-�&�2  &� -$  "  
&$72"-"( ,$ '!�0*3  "  &$ -',"#  "  2 )&5�"3  �4�$ -(3  -'3,"!"  [1]. 

��(   ",-'7$  )"$)$0$,-"� '&� �)'&�$<"3  S-9."&�2  ()" )- -"�!$&4$0",�2*3  !" ��-  
0*  " %��/7�2$�"  1-$)$0$,-"�0'&!$%-$,  "  %&�"72�)"0*'  2 %&�0*8�',,*3  0$ 8-$4$3  
)""7�1"$,$-*  (�'! $0'-"�',)""7�1"$,$- , 1,4-.',"�',)""7�1"$,$- ). �'$!1""  %&�2�)"�"  2 
 &')'  4'72�),���  &$ -2�&"-'�(  ()"9-"��2*#  9."& , 1,4-)"�! $, ) %&" -'0%'&$-5&'  '��  !" -
%',"( . �  !$+' -2'  !$-$�"7$-�&$  " %��/7�2$�"  -&"9-"�$0",  (
;� ). 6��(&,�'   ��-,�8',"'  
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1-$)$0$,-"�0'&!$%-$,  : )""7�1"$,$-  2,05:1. �&'0(  &'$!1""  3 +$ $. �'$!1""  %&"2')',*  ,$  
 3'0'  1. 

 

N
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O

N
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O
NH

O

S S

O
NH

SH

N
C

O

N
C

O
NH

O
C SNH

O

CS

2

, 
;�

, 
;�

�3'0$  1

I

II

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

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

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

 
�
:��=
  1    �2�	�/2
  �  ���  1�  ��
�/�5   

��,/
.���2
,,57  ��
*�,
,�	  
��&05�$  "   -&5!-5&$  �')" -
,',"(  


 %�, 
� �  �$ -2�&" -

0� -/  
�%'!-&  �6�  1�  (�6�	 -d6), N, 
0.) . 

�"$)$0$,-"��2*#  S-9."&  
�'! $0'-"�', ()" )-

-"�!$&4$0",�2�#  !" ��-*  
� 28H44N2O2S2 

NH
O

S (CH2)6
NH

O

S

 
���,��/  -�* : 4'�*#  !&" -
 -$��"+' !"#  %�&�8�!  

180 – 181 ��&�8�  
�6�	 , )" -
9-"��2*#  
9."& , 

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

7,81   (2� , 2NH); 2,97 )  (4H, 
2CH2); 2,05  , 1,65   (12HAd, 
6�� 2Ad); 1,97   (6H, 6CHAd); 1,19 
 , 1,35   (8H, 4CH2). 

�"$)$0$,-"��2*#  S-9."&  
.',"�', ()" )-

-"�!$&4$0",�2�#  !" ��-*  
C28H36N2O2S2 

NH
O

S S

O
NH

  
���,��/  -�* : 4'�*#  !&" -
 -$��"+' !"#  %�&�8�!  

�$7�$�$ -
'- (  >295 

�6�	 , )" -
9-"��2*#  
9."& , 

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

8,54   (2� , 2NH); 7,36   (4H, 
4CH); 2,1  , 1,65   (12HAd, 
6CH2Ad); 2,00   (6H, 6HAd). 

 

$!"0  �4&$7�0 , 4*��  "75+',�  27$"0�)'# -2"'  1-$)$0$,-"�0'&!$%-$,$    )""7�1"$ -

,$-$0"  (�'! $0'-"�',)""7�1"$,$-�0 , 1,4-.',"�',)""7�1"$,$-�0 ). � -$,�2�',� , +-�  )$, -
,*'  &'$!1""  %&"2�)(-  !  �4&$7�2$,":  )"$)$0$,-"��2���  S-9."&$  �'! $0'-"�', ()" )-
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-"�!$&4$0",�2�#  !" ��-*  "  )"$)$0$,-"��2���  S-9."&$  .',"�', ()" )--"�!$&4$0",�2�#  
!" ��-* . �*3�)   � -$2"�  70 "  90 %  ��-2'- -2',,� . �-&5!-5&$  %��5+',,*3  %&�)5!-�2  
4*�$  %�)-2'&�)',$  0'-�)$0"  �6� 1� - %'!-&� !�%"" .  

 
������  ��/
�
/-�5 : 

 
1. 6'�/,"!�2 , � .� . �' -"1")* . �"0"( , -'3,����"(  "  %&"0',',"'  / � .� . 6'�/,"!�2  – 
6 .: �"0"( , – 1987. – 712  . 

 

 

�'���������  �� ���"  �������  � -�������������� �  
 

"
�������  � .%. '&"*��&  ��� -201, &
�����  � .' . '&"*��&  ��� -201,  
$
���  #.! . * .; .� ., $��(�''�� , "�	����	  � .!  %.; .� ., *�)��&  

����'%�/  $���&�;��#�'%�/  ��'&�&"&  ((����� )  
��������*'%���  ��'"*��'&-������  &�;��#�'%���  "��-��'�&�&�  

 
%-�","-&�7�4',7��  (%-��� ) %&"0',('- (  !$!  ,"7!�-'0%'&$-5&,*#  25�!$,"75: -

<"#  $�',-  !$5+5!�2  "  $)�'7"2�2  &'7",$ -0'-$��  [1]. 	),"0  "7 %'&2*3  %� �4�2  %��5+',"(  
%-���  � ,�2$,  ,$  �!" �',""  %-4',7�3",�,)"�! "0$  (%-��� ) �'�'7� ",'&�)" -*0  !$�" -
'0  2 <'��+,�#   &')' . �  )$�/,'#8'0  4*�  &$7&$4�-$, &()   %� �4�2  %��5+',"(  %-���    " -
%��/7�2$,"'0  )&5�"3  �!" �"-'�'# : 3��&")$  �'�'7$  (III), 3��&$ , $7�-,�#  !" ��-* , �"%�3�� -
&"-$ "�"  �"%�4&�0"-$  ,$-&"(  [2]. �'&'+" �',,*'   %� �4*  �4A')",('-  &()   5<' -2',,*3  
,')� -$-!�2 : ,'�43�)"0� -/  5-"�"7"&�2$-/  %�4�+,*'  %&�)5!-* , -�! "+,� -/  %&"0',(' -
0*3  �!" �"-'�'# ,  ,"�',"'  2*3�)$  1'�'2���  %&�)5!-$ "7-7$ %&�-'!$,"(  %�4�+,*3  &'$! -
1"# .  

�   2(7"    9-"0  %'& %'!-"2,*0  2  ",-'7'  %-���  (2�('- (  " %��/7�2$,"'  9!����"+' -
 !"  4'7�%$ ,���  �!" �"-'�(  %'&'!" "  2�)�&�)$ . �72' -,� , +-�  2 ,'#-&$�/,�#   &')'  %'&'-
!" /  2�)�&�)$  ,'  2 -5%$'- 2 &'$!1":  �!" �',"(    %-���  (1). �&"  %&�2')',""  &'$!1""  2 
<'��+,�#   &')'  ")'-  !��"+' -2',,�'  �4&$7�2$,"'  %-)","-&�4',7��$  (2).�  !" ��#   &')'  (2 
%&" 5- -2""   ��(,�#  !" ��-* ) %&�" 3�)"-  %&$!-"+' !"  !��"+' -2',,�'  �4&$7�2$,"'  %-
���  (3). ;-�   2(7*2$:-    -'0 , +-�  3��&") -"�,  !$-$�"7"&5'-  &$7���',"'  %'&'!" "  2�)�&� -
)$ [3,4]: 

N

N
OH

OH

2 2O2

N

O

N

O

2 2O2, 02 -

2 2O2, 2� l

N
+

O
-

O

N
+

O
-

O

1

2

3

 

��(  �%-"0"7$1""   -$)""   ",-'7$  %-���  4*��  "  �')�2$,�  2�"(,"'  2&'0',"  �!" -
�',"'  "  "74*-!$  %'&'!" "  2�)�&�)$  ,$   � -$2  "  2*3�)  1'�'2���  %&�)5!-$. ��  -&'4�2$,"(0  
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,�&0$-"2,�#  )�!50',-$1""   �)'&�$,"'  " 3�),���   %-���  2 ��-�2�0  %&�)5!-'  ,'  )���,�  
%&'2*8$-/  2%. 

��(  %��5+',"(  %-���  2 &'$!-�&  7$�&5�$�"  2�)5 , %-��� ,  ��(,5:  !" ��-5 . �$-'0  
%&"  %'&'0'8"2$,""  "  -'0%'&$-5&'  500�  0')�',,�  )�7"&�2$�"  &$ +'-,�'  !��"+' -2�  
35%-,���  &$ -2�&$ %'&'!" "  2�)�&�)$ . �'$!1"�,,5:  0$  5  2*)'&�"2$�"  -&'45'0�'  2&'-
0( . �$�''  %&�)5!-  �-."�/-&�2*2$�" , %&�0*2$�"  2�)�#  "  2* 58"2$�" . ��)'&�$,"'  � -$ -
-�+,���  %-���  �%&')'�(�"   %'!-&�.�-�0'-&"+' !" . �'75�/-$-*  9! %'&"0',-�2  %&') -$2-
�',*  2 -$4�"1$3  1, 2. 


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

��)'&�$,"'  %-��� , %0$  . 3,1 2,4 1,91 1,9 
�*3�)  %-��� , %  93,0 93,1 94,1 94,11 


$4�"1$  2. ��"(,"'  "74*-!$  %'&'!" "  2�)�&�)$  ,$   � -$2  "  2*3�)  %-���  
(2&'0(   ",-'7$  4 +$ $) 

6��/,�'   ��-,�8',"'   
%-��� : %'&'!" /  2�)�&�)$  

1:1 1:1,1 1:1,2 

��)'&�$,"'  %-��� , %0$  . 3,15 1,91 1,9 
�*3�)  %-��� , %  91,0 94,1 94,12 

�$!   �')5'-  "7 %&"2')',,*3  )$,,*3 , )�(  %��5+',"(  %-���  -&'45'0���  !$+' -2$    
0$! "0$�/,�  2�70��,*0  2*3�)�0   %&�1'    �')5'-  %&�2�)"-/  2 -'+',"'  4-+$ �2 , " %��/ -
75( 10%-,*#  "74*-�!  �!" �"-'�( . �2'�"+',"'  2&'0',"   ",-'7$  )�  5 +$ �2  "  "74*-!$  %'-
&'!" "  2�)�&�)$  )�  20% (2�('- (  ,'  1'�' ��4&$7,*0 , - .! . ,'  %&"2�)"-  !  7$0'-,�05  52' -
�"+',":  2*3�)$  %-���  "   ,"�',":   �)'&�$,"(  %-��� . 

�",-'7"&�2$,,*'  �4&$71* %-���  4*�"  " %*-$,*  2  � -$2'  �$4�&$-�&,�#  &'7",� -
2�#   0' "   � -1-1 2 �$4�&$-�&""  ���� !���  ,$5+,� --'3,"+' !���  !�0%�'! $ .  �'75�/-$-*  
" %*-$,"#  %&') -$2�',*  2 -$4�"1'  3.  


$4�"1$  3   �'75�/-$-*  " %*-$,"#  25�!$,"7$-�2  
�$!-"+' !"  �$"0',�2$,"'  %�!$7$-'�(  ��&0$  

��,-&��/,*#  
�4&$7'1  
%-���  

	4&$7'1  
B 1* 

	4&$7'1  
B 2** 

� ��2,$(  %&�+,� -/  
 %&" &$ -(�',"" , 6%$, ,'  0',''  

5,0 7,3 5,1 5,3 

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

50 100 90 90 

��$ -"+,� -/ , ') ., 2 %&')'�$3  0,20-0,45 0,45 0,45 0,45 
���-,� -/ , !� / 0  (1,11-1,15)3103 1,133103 1,133103 1,133103 
�70',',"'  0$  *  %� �'  2�7)'# -
 -2"(  �	�  2 -'+',"'  24+., %&" 
-'0%'&$-5&'  60°� , %, 2 %&')'�$3  

 
25±5 

 
23,6 

 
30,0 

 
30,3 

*0.) .%-���  87%, 0.) . %-���  1,7%; **0.) . %-���  94%, 0.) . %-���  0,5%. 
�&�2')',,*'   &$2,"-'�/,*'  " %*-$,"(  &'7",    " %��/7�2$,"'0   ",-'7"&�2$,,���  

%-���  "  !�,-&��/,���  �4&$71$ %�!$7$�" , +-�  �%*-,*'  &'7",*  %� 2 '0  %�!$7$-'�(0   ��- -
2'- -25:-  -&'4�2$,"(0  ,�&0* , ,�  ,' !��/!�  5 -5%$:-  !�,-&��/,�05  �4&$715  ."7"!� -
0'3$,"+' !"0   2�# -2$0 . 

�"-'&$-5&$  
1.
"3�,�2$  � .� ., 
",745&�  � .� . "  )&. //�$5+5!  "  &'7",$ .1987, B  3.  .13. 
2. �"<',!�  � .� ., 6$!$&�2  6 .� . "  )&.//��� ,1969,-  XLII, 2*%.10,  .2384-2386. 
3. �&0$!�2  	 .� ., ��0!�2$  � .� . // �	&� , 1984, -�0  �� , 2*%. 10,  .2252-2253. 
4. �$- . RU 2266897  2005. 
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(�������� , ����������� , ����� �!��  
 

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

� . � . 6"&� ')" , ! .9., ., )�1',- , � . � . ���4�2$ ,  -5)',-!$  �;�  
���  (."�"$� ) �
�	�  ��	  ����

� , � . ���� !"#  

 
�%&$2�',"'  �4�&�-,*0  !$%"-$��0  2 5 ��2"(3  !&"7" ,�#   "-5$1""  2 9!�,�0"!'  

�!$7*2$'-   5<' -2',,�'  2�"(,"'  ,$  &'75�/-$-*  .",$, �2� -3�7(# -2',,�#  )'(-'�/,� -"  
%&')%&"(-"# &'$�/,���   '!-�&$  %&�"72�) -2$ . �$,,�'  �4 -�(-'�/ -2�   -$2"-  7$)$+",  2( -
7$,,*'    &$1"�,$�/,*0  " %��/7�2$,"'0  "0':<"3 (  �4�&�-,*3  &' 5& �2 , -$!  !$!  %� -� -
(,,�  &$ -5<$(  9!�,�0"!$  -&'45'-  2 '  4��/8''  "  4��/8''  "3  !��"+' -2�  [3,  . 42].  

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

�-&$-'�"(  "  -$!-"!$  5%&$2�',"(  %&�"72�) -2',,*0  �4�&�-,*0  !$%"-$��0  )���,$  
�4' %'+"-/  !�0%&�0"   0'�)5  &" !�0  %�-'&"  �"!2"),� -"  "  9..'!-"2,� -/:  &$4�-* . 
;-�  -&'45'-  &'8',"(  -$!"3  7$)$+ !$!  �4' %'+',"'  %�$-'�' %� �4,� -" , - .' .  %� �4,� -"  
�%�$+"2$-/   +'-$ , 2*%��,(-/  �4(7$-'�/ -2$ , %&')�-2&$<',"'  5�&�7*  4$,!&�- -2$  "  �4' -
%'+',"'  %&"'0�'0���  �4A@0$,  -&5!-5&*  "  &',-$4'�/,� -"  $!-"2�2 . �&"  9-�0  &$7�"+,*'  
9�'0',-*  �4�&�-,���  !$%"-$�$ %�-&$7,�05 2�7)'# -25:-  ,$  %&"4*�/ . �* �!"#  5&�2',/  
%&�"72�) -2',,� -0$-'&"$�/,*3  7$%$ �2 -&'45'-  7,$+"-'�/,*3  -'!5<"3  &$ 3�)�2 , $ 8" -
&�!"#  $  �&-"0',-  ��-�2�#  %&�)5!1""   %� �4 -25'-  52'�"+',":  �4A@0�2 &'$�"7$1""  "  
)�3�)�2 . �$�)�'  &'8',"' ,  2(7$,,�'    �%&')'�',"'0  5&�2,(  )','�,*3   &') -2 , )'4"-�& -
 !�#  7$)���',,� -"  "  %&�"72�) -2',,*3  7$%$ �2, )���,�  4*-/  �4� ,�2$,�    %�7"1""  
&',-$4'�/,� -"  )$,,���  2")$  $!-"2�2  "  �%-"0"7$1""   -&5!-5&*  �4�&�-,���  !$%"-$�$ 2 
1'��0 , +-�    5+@-�0 !&"7" ,*3  .$!-�&�2  %�72��(:-   )'�$-/  0'-�)"!"  &$ +@-$ "  %&��,� -
7"&�2$,"(  )','�,*3  %�-�!�2  [1,  . 56]. 

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

1) ,')� -$-�+,� -/  )','�,*3   &') -2  )�(  2')',"(  -'!5<'#  )'(-'�/,� -" , 2  �5+$'  
%�(2�',"(  ,'�43�)"0� -"  !$%"-$��2���',"# , +-�    �7)$@- &" !  %&'&*2$,"(  %&�"72�) - -
2',,���  %&�1'  $ , ,'2*%��,',"(  !�,-&$!-,*3  �4(7$-'�/ -2  �"4�  %�-'&"  2�70��,�#  %&"-
4*�"  [4,  . 193]; 

2) ,')� -$-�+,� -/   �4 -2',,*3  !&')"-,*3  2�70��,� -'# ,  2(7$,$   &� -�0  )'4" -
-�& !�#  7$)���',,� -" , !�-�&$(    �),�#   -�&�,*  ��2�&"-  �4  52'�"+',""  %�-',1"$�/,*3  
)�3�)�2  "  %�2*8',""  �"!2"),� -" ,   )&5��#  – %&') -$2�('-  "00�4"�"7$1":   �4 -2',,� -
��  �4�&�-,���  !$%"-$�$, +-� , %&" %&'2*8',""  ,'!�-�&���  %&')'�$ , 0��'-  %&"2' -"  !  %�-
-'&'  �"!2"),� -"  "  � -$,�2!'  %&�"72�) -2$ . ;-�  3$&$!-'&,�  )�(  &�  "# !"3  !&"7" ,*3  
5 ��2"# , 52'�"+"28"3  3&�,"+' !"'  27$"0,*'  ,'%�$-'�"  [2,  . 23];  

3) ,')� -$-�+,� -/  "�"  "74*-�+,� -/  %&�"72�) -2',,*3  7$%$ �2 )�(  2*%��,',"(  
2 '3  !�,-&$!-�2   2(7$,$   &" !�0  )�%��,"-'�/,*3  "7)'&�'!  "�"  � -$,�2!"  %&�"72�) -2$ ; 

4) "7�"8,"#  �4A@0 �4�&�-,���  !$%"-$�$ 2 ,'�"!2"),�#  .�&0'  52'�"+"2$'-  "7-
)'&�!"  3&$,',"(  7$%$ �2 "   �!&$<$'-  )�3�)* ; 

5) 2* �!"#  5&�2',/  !&')"-�& !�#  7$)���',,� -" , � �4',,�    !�&�-!"0"   &�!$0"  
%��$8',"( , �4&$75'- !$  �2*'  &$7&*2*, - .' . 2&'0',,*#  ,')� -$-�!  )','�,*3   &') -2 , ,' -
�43�)"0*3  )�(  .",$, "&�2$,"(  ,$ -5%"28"3  �+'&'),*3  &$ 3�)�2 ; 

6)  &$1"�,$�/,�'   �+'-$,"'  !&$-!� &�+,*3  "  )���� &�+,*3  " -�+,"!�2  7$@0,���  
!$%"-$�$ � �4',,�  2$�,�  2 !&"7" ,*3  5 ��2"(3 . ����� &�+,*'  " -�+,"!" , !$!  %&$2"��, 
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)�&��' , ,�  ",��)$  �,"  �4' %'+"2$:-  %&" 0',/8'0  &� -'  �"!2"),� -"  4��/85:   500$&-
,5:  9..'!-"2,� -/ .  

�'75�/-$-*  5 %'8,���  5%&$2�',"(  �4�&�-,*0"  $!-"2$0"  2  �2&'0',,*3  !&"7" -
,*3  5 ��2"(3  &$  0�-&"0  ,$  %&"0'&' ��	  «
$7%&�0 �"02���!,� », (2�(:<'�� (  �),"0  
"7 !&5%,'#8"3  &�  "# !"3  3"0"+' !"3  %&')%&"(-"# %� 2*%5 !5  !�&),*3  "  -'3,"+' !"3  
-!$,'# . ;!�,�0"+' !"#  !&"7" , ,$+$28"# (  2 2014 ��)5 , 7$-&�,5�  "  ��	  «
$7%&�0 �"0 -
2���!,� ». ����$ ,�  )$,,*0  453�$�-'& !���  4$�$, $  !�0%$,""  (-$4�"1$  1), �4�&�-,*#  !$-
%"-$� 2 2013 ��)5   � -$2�(�  204,7 0�, . &54., $ 2 !&"7" ,*#  %'&"�)  302,7 0�, . &54., ,$" -
4��/85:  )��:  2  -&5!-5&'  �4�&�-,*3  $!-"2�2   � -$2�(:-   7$%$ *, !�-�&*'  2 5 ��2"(3  
!&"7" $  �45 ��2"�"  &()  %&�4�'0 .  

 

$4�"1$   1 – �",$0"!$  "70',',"(   � -$2�(:<"3  �4�&�-,*3  $!-"2�2  ��	  «
$7-

%&�0 �"02���!,� » 7$ 2013-2014 �� ., -* . &54. 

�)*  

��!$7$-'�/  
2013 2014  

�4 ��:-,�'  
�-!��,',"'  

	4�&�-,*'  $!-"2*  204713 302708 97995 
�$%$ *  158720 256624 97904 

-  c*&/' , 0$-'&"$�*  "  )&. 1',,� -"  76668 166614 89946 

-  
�  "  -�2$&*  )�(  %'&'%&�)$�"  44222 67079 22857 
�$���  ,$  )�4$2�',,5:   -�"0� -/  1277 10663 9386 
�'4"-�& !$(  7$)���',,� -/  25543 20803 -4740 
�&$-!� &�+,*'  .",$, �2*'  2���',"(  

7857 - -7857 

�','�,*'   &') -2$  135 9171 9036 
 
�2'�"+"28"' (  !��"+' -2�  "  �4A@0 7$%$ �2 ,'"74'�,�  2*72$�"  &� -  "7)'&�'!  ,$  

3&$,',"' , %�-&'4�2$�" /  )�%��,"-'�/,*'   !�$) !"'  %�0'<',"( . �&�0'  -��� , !&')"-,*'  
&' 5& *   -$�"  0',''  )� -5%,* ,  -$2!$  &'.",$, "&�2$,"(  52'�"+"�$ / , %�!5%$-'�/,$(  
 %� �4,� -/  ,$ '�',"(  50',/8"�$ / , +-�  �-&"1$-'�/,�  �-&$7"�� /  ,$  %�!5%$-'�/ !�0  
 %&� ' . 

�' 0�-&(  ,$  2�7,"!8"'  2�  2&'0(  !&"7" $  %&�4�'0* , %&')%&"(-"'  5)'�"��  7,$+"-
-'�/,�'   2,"0$,"'  2,')&',":  ,�2*3  -'3,����"#  "  7$0','   -$&���  �4�&5)�2$,"(  ,�2*0 , 
 $0*0   �2&'0',,*0 . �  (,2$&(  2014 ��)$  7$%5<',�  2 9! %�5$-$1":  %&�"72�) -2�  %&�%"-
-$,,*3  %��"$0"),*3  (��  6 "  ��  6.6) "  %��"9."&,*3  !�&),*3  -!$,'# . ��2$(  %&�"72�)-
 -2',,$(  �","(  %� -&�',$  ,$  4$7' �4�&5)�2$,"( , "7��-�2�',,���  2')5<"0"  0"&�2*0"  
%&�"72�)"-'�(0"  2 �4�$ -"  3"0"+' !���  0$8",� -&�',"(  [5]. 

��2�'  �4�&5)�2$,"'  %�72��"��   ,"7"-/  9,'&��'0!� -/  %&�"72�) -2$ , %�2* "-/  
%&�"72�)"-'�/,� -/ , 7,$+"-'�/,�  5�5+8"-/  9!�,�0"+' !"'  %�!$7$-'�"  7$2�)$, $ -$!�'  
 �7)$-/  2�70��,� -/  �"4!���  &'$�"&�2$,"(  ,$  "70',',"(  !�,A:,!-5&*  &*,!$  !�&),*3  
-!$,'# , %� !��/!5  ,�2�'  �4�&5)�2$,"'  !$4�"&�2$,"(  "  -!$+' -2$  %�72��('-  � 5<' -2�(-/  
2*%5 !  !$%&�,�2*3 , $,"),*3  "  %��"9."&,*3  !�&),*3  -!$,'#  8"&�!���  $  �&-"0',-$ , 
"0':<"3   %&�  ,$  &*,!' . 

�   ��-2'- -2""    � ,�2,*0  ,$%&$2�',"'0  )'(-'�/,� -"  ��	  «
$7%&�0 �"02���! -
,� » � 5<' -2�('-  )"2'& "."!$1":  %&�"72�) -2$ . �  2014 ��)$  2 !�0%$,""  %&�"72�)(- (  
 �2&'0',,*'  -'3,"+' !"'  -!$,"  "7 %��"9."&,*3  "  %��"$0"),*3  (�� 6.6) ,"-'#  )�(  " -
%��/7�2$,"(  2 %&�"72�) -2'  &'7",�-'3,"+' !"3  "7)'�"# . �*%5 !  -'3,"+' !"3  -!$,'#  
%&�"72�)"- (  ,$  �4�&5)�2$,""  0"&�2*3  �")'&�2  2 �4�$ -"  0$8",� -&�',"( . 
$!  �'  2 
2014 ��)5  2 9! %�5$-$1":  7$%5<',�  %&�"72�) -2�  �'� '-�!  8"&�!���  $  �&-"0',-$  "7 %�-
�"9."&,*3  ,"-'#  %� � ,�2�2(7$�/,�#  -'3,����""  )�(  " %��/7�2$,"(  2  -&�"-'�/ -2'  $2-
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-� - "  �'�'7,*3  )�&�� ,  -$4"�"7$1""  �&5,-$  %&"  -&�"-'�/ -2'  ,'.-'�$7�2*3  "  )&5�"3  
-'3,"+' !"3   ��&5�',"#  [5]. 

� %��/75'0*'  ,$  )$,,�0  %&')%&"(-""  -'3,����""  %�72��(-  50',/8"-/  %&�)���" -
-'�/,� -/  1"!�$  %&�"72�) -2$  "  52'�"+"-/  2*3�)  ��-�2�#  %&�)5!1"" , !$+' -2�  !�,'+,���  
%&�)5!-$  -$,'-  «9-$��,,*0 » )�(  0"&�2*3  %&�"72�)"-'�'# . �2-�0$-"7$1"(  ,�2'#8'��  
-'3,����"+' !���  �4�&5)�2$,"(  %�72��"-   �!&$-"-/  8-$-   �-&5),"!�2  "  %&"2�'+/  ,$  &$-
4�-5  -��/!�   $0*3  2* �!�!2$�"."1"&�2$,,*3   %'1"$�" -�2 , +-�  %&"2')'-  !   �!&$<',":  
.�,)$  �%�$-*  -&5)$. � '  9-�   2")'-'�/ -25'-  �  -�0 , +-�  2 5 ��2"(3  !&"7" $  ,'�43�)"0�  
2�2�'!$-/  2 '  &'7'&2*  "  %&","0$-/  0'&*  )�(  9..'!-"2,���  " %��/7�2$,"(  �4�&�-,���  
!$%"-$�$, 5 !�&',"(  '��  �4�&�-$ . 

�&"0'&  ��	  «
$7%&�0 %�!$7*2$'-  2�70��,� -"  5 %'8,���  .5,!1"�,"&�2$,"(  
%&')%&"(-"(  7$  +'-  0'& ,  ,$%&$2�',,*3  ,$  %&"�4&'-',"'  ,�2���  �4�&5)�2$,"(  "  " %��/ -
7�2$,"(  ,�2'#8"3  -'3,����"#  %&�"72�) -2$ . ;-�  %�72��('-  7,$+"-'�/,�  5 "�"-/  &'�"0  
9!�,�0""  " %��/75'0*3  &' 5& �2  ,$  � ,�2'  8"&�!���  %&"0',',"(  &' 5& � 4'&'�$:<"3  
-'3,����"# , " %��/7�2$,"(  4��''  )'8'2*3  7$0',"-'�'# , %&"0',',"(  ,$5+,�  �4� ,�2$, -
,*3  ,�&0  &$ 3�)$  0$-'&"$��2 , 5 "�',"(   -"05�"&�2$,"(  &$4�-,"!�2  7$ 9!�,�0":  &' 5&-
 �2 .  

��(  9..'!-"2,���  " %��/7�2$,"(  �4�&�-,���  !$%"-$�$ -$!�'  "0''-  7,$+',"'  
50',/8',"'   2'&3,�&0$-"2,*3  7$%$ �2 0$-'&"$�/,*3  &' 5& �2 , 5�5+8',"'   !�$) !���  
3�7(# -2$ , &$72"-"'  -&$, %�&-$, 5 !�&',"'  -�2$&��4�&�-$  "  - . ) . 
��/!�  !�0%�'! ,*#  
%�)3�)  !  2*(2�',":  "  " %��/7�2$,":  &'7'&2�2  %�72��"-  %�2* "-/  5&�2',/  9..'!-"2,���  
" %��/7�2$,"(  �4�&�-,���  !$%"-$�$ %&')%&"(-"# 2 5 ��2"(3  !&"7" $ . 
 
�%" �!  �"-'&$-5&*  
1. �$,"�",  � .� . 	 �4',,� -"  2� %&�"72�) -2$  �4�&�-,���  !$%"-$�$ 2 5 ��2"(3  !&"7" $  
// �",$, *  "  !&')"- .- 2014.- B  2.- � . 55-59. 
2. �$,"�",  � .� . �%&$2�',"'  �4�&�-,*0  !$%"-$��0  %&')%&"(-"(  2 !&"7" ,*3  5 ��2" -
(3  // �&�4�'0*   �2&'0',,�#  9!�,�0"!" .- 2014.- B  3.- � . 14-25. 
3. 6"&� ')"  � .� ., �$&!�2$  � .� . �%&$2�',"'  ",2' -"1"�,,�#  %&"2�'!$-'�/,� -/:  – 
�4A'!-"2,$(  ,'�43�)"0� -/  // ��%&� *  9!�,�0"+' !"3  ,$5! . - 2014. - B  2. - � . 42-44 
4. �� -��:!  � .� . �%&$2�',"'  �4�&�-,*0  !$%"-$��0  2 5 ��2"(3  !&"7" $   // 6$-'&"$�*  
VIII 0'�)5,$&�),�#  ,$5+,� -%&$!-"+' !�#  !�,.'&',1"" , �	  «���'  !"#  �� 5)$& -2', -
,*#  5,"2'& "-'- ».- 2014.- � . 192-194. 
5. 	."1"$�/,*#   $#-  ��	  «
$7%&�0 �"02���!,� » / �'�"0  )� -5%$ : http://gazpromhv.ru/ 
()$-$ �4&$<',"(  14.03.2015). 
6.  
 

��� ��  '��&����  �  � �����������  ��������  �����������'� -
��������  '��������  

� . � . 6"&� ')" , ! .9., ., )�1',- , � . � . 	2 (,,"!�2 ,  -5)',-  ��  
���  (."�"$� ) �
�	�  ��	  ����

� , � . ���� !"#  

 

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

!5&',-� %� �4,� -/  '��  %&�)5!1"" , %� !��/!5  �,$  «…�%&')'�('-   5)/45  &*,�+,�#  "  2 '#  
3�7(# -2',,�#  %��"-"!"  %&')%&"(-"( -%&�"72�)"-'�( » [1]. ����"28$( (  2 ,$ -�(<''  
2&'0(  9!�,�0"+' !$(   "-5$1"(  2  -&$,'  $!-5$�"7"&5'-  &��/  9-���  .$!-�&$  "  �%&')'�('-  
,'�43�)"0� -/  ,$5+,���  "  �')�2$,"(  .$!-�&�2 , 2�"(:<"3  ,$  .�&0"&�2$,"'  !�,!5&',- -
,*3  %�7"1"# %&�)5!1""  ,$  &*,!' . �3  $,$�"7  %&')%��$�$'-  2*( ,',"'  -��� , 2 !$!�#  0'&'  
.$!-�&*  2�7)'# -25:-  ,$  �-,�8',"'  %�!5%$-'�'#  !  %&�)5!1""  %&')%&"(-"(  " , !$!  &'-
75�/-$- , ,$  "70',',"'  )��"  9-�#  %&�)5!1""  2 %&�)$�$3 ,$  !�,!&'-,�0  -�2$&,�0  &*,!' .  

��)  .$!-�&�0  %�,"0$:- (  5 ��2"(   �2'&8',"(  9!�,�0"+' !"3  %&�1'  �2  "  %&"-
+",* , 2�"(:<"'  ,$  ,"3 . �$ -/  .$!-�&�2  2�"('-  �),�2&'0',,�  ,$  0,��' -2�  %&�1'  �2  "  
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(2�',"# , )&5�"'  - ,$%&�-"2, (2�(:- (  5,"!$�/,*0"  "  3$&$!-'&,*0"  -��/!�  )�(  �),���  
%&�1'  $  "�"  (2�',"(  [4,  . 119]. �$!-�&*   %� �4 -25:-  !$!  %�2*8',":  !�,!5&',-� %� -
 �4,� -" , -$!  "  ''   ,"�',": . ���5+',"'  !�,!5&',-,���  %&'"05<' -2$  ,$  � ,�2'  .$!-� -
&�2 7$2" "-  �-  -��� , ,$ !��/!�  9..'!-"2,�  �,"  !�,-&��"&5:- (  "  " %��/75:- ( , � ,�2* -
2$( /  ,$  2*(2�',,*3  &'7'&2$3. � %'8,�  � 5<' -2�(-/  !�,-&��/  ,$)  ��&�0,*0  !��"+' - -
2�0  &$7,��4&$7,*3  .$!-�&�2  )� -$-�+,�   ���,� . ;-�  -&'45'-  "3   " -'0$-"7$1"" , +-�  �%-
&')'�"��  1'�/  ,$ -�(<'��  "  �')�2$,"(  – %&�$,$�"7"&�2$-/  ,$"4��''  "72' -,*'  2 9!�,� -
0"+' !�#  -'�&""  %�)3�)*  !  !�$  "."!$1""  .$!-�&�2  !�,!5&',-� %� �4,� -"  %&�)5!1"" . 
��$  "."!$1"(  "�&$'-  2$�,5:  &��/  2 %&�1'  '  "75+',"(  .$!-�&�2  "  7$2" "-  �-  1'�'#  " -
 �')�2$,"( , �-  9!�,�0"+' !�#   "-5$1"" , 2 !�-�&�#  %&�2�)"- (  "  3$&$!-'&$ &'8$'0*3  7$-
)$+.  

  �5<' -2',,*#  2!�$)  2 "  �')�2$,"'  .$!-�&�2  !�,!5&',-� %� �4,� -"  2,'  $0' -
&"!$, !"#  9!�,�0" -  6 . ��&-'& ,  %&$2')�"2�   +"-$28"# , +-�  !�,!5&',-,�'  %&'"05<' - -
2�  �4' %'+"2$'- (  -$!"0"  .$!-�&$0"  %&�"72�) -2$  !$! : �:) !"' , ."7"+' !"' , )','�,*'  
&' 5& * , &' 5& *  7,$,"#  "  ",.&$ -&5!-5&$ . �&"  9-�0  �-0'+$� , +-�  �-)'�/,�  27(-*'  .$! -
-�&*  ,'  0��5-  )�"-'�/,�  �4' %'+"2$-/  !�,!5&',-,�'  %&'"05<' -2� , -��/!�  27$"0� 2(7/  
.$!-�&�2  �4' %'+"2$'-  �-,� "-'�/,5:   -$4"�/,� -/ . ��$  "."1"&5(  .$!-�&*  !�,!5&', -
-� %� �4,� -"  -�2$&�2  "  5 �5� , �,  2*)'�(�  -$!"'  %&"7,$!" !�$  "."!$1""  !$! :  .'&$  
)'# -2"( , %&�" 3��)',"' ,  %'1"$�"7$1"( , 9-$%* �4' %'+',"( ,  �1"$�/,� -9!�,�0"+' !$(  
%&"&�)$, 3$&$!-'& 2�7)'# -2"( .  

	-'+' -2',,*'  9!�,�0" -*  � . �$-35-)",�2 , � . �'�'7,'2 , 6 . �&0���2 , !  !�:+'2*0  
.$!-�&$0  &*,�+,���  5 %'3$ �-,� (-  .$!-�&* , %&') -$2�',,*'  ,$  &" 5,!'  1. 

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

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

$!  �$-35-)",�2  � . � . !  2,'8,"0  .$!-�&$0  �-,� "- : 5&�2',/  !�,!5&',-� %� �4 -

,� -"   -&$,* , �-&$ �" , &'�"�,$ , %&')%&"(-"( ;  "�5  !�,!5&',1""  ,$  23�)'   " -'0*  –  &')"  

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

�$72"-� -/  ��	��  "  5&�2',/  &$ 3�)�2  ,$  ,"3  

�$�"+"'  %'&')�2�#  -'3,����""  

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

�%� �4,� -/  !  -�2$&,�05  "  1',�2�05  0$,'2&"&�2$,":  

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

�� -�(,"'  -'3,"+' !���  �4 �5�"2$,"(  

�'# -2',,� -/  &'!�$0*  "   &') -2   -"05�"&�2$,"(   4*-$  

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

��:+'2*'  .$!-�&*  &*,�+,���  5 %'3$ 
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%� -$2<"!�2   *&/( , 0$-'&"$��2 , !�0%�'!-5:<"3  "7)'�"#  "  )&. !�0%�,',-�2  "  ,$  2*3�)'  
–  &')"  ''  !�,!5&',-�2 ;  "�5  !�,!5&',1""   &')"  -�2$&�2 -7$0',"-'�'# ; $!-"2,� -/  !�, -
-$!-,*3  $5)"-�&"# . �&')"  2,5-&',,"3  .$!-�&�2  2*)'�('- : %$-',-� %� �4,� -/  -�2$&$; 
&$1"�,$�/,� -/  �&�$,"7$1"�,,*3  "  %&�"72�) -2',,*3   -&5!-5& ; !�,!5&',-� %� �4,� -/  
%'& �,$�$ ; %&��&'  "2,� -/  -'3,����"+' !"3  %&�1'  �2  "  �4�&5)�2$,"( ; %&��&'  "2,� -/  
",.�&0$1"�,,*3  -'3,����"# ; ,$5+,*#  5&�2',/   " -'0*  5%&$2�',"( ; �4� ,�2$,,� -/  
0"  ""  [5,  . 243].  

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

– &' 5& ,*# , �%&')'�(:<"#  7$-&$-* ,$  ')","15  ��-�2�#  %&�)5!1"" , !�-�&*#  
%&')%&"(-"'  0��'-  5 %'8,�  !�,-&��"&�2$-/ ;  

– 1',�2�# , 2�"(:<"#  ,$  ��-�25:  %&�)5!1":  +'&'7  5&�2',/  "  )",$0"!5  1',  ,$  " -
%��/75'0*'  &' 5& * , !�-�&*#  %&')%&"(-"'  0��'-  !�,-&��"&�2$-/  -��/!�  2 �%&')'�',,�#  
)��' , %5-'0 2*4�&$  �%-"0$�/,*3  %� -$2<"!�2 ; 

– «.$!-�&   &')* », !$!   �2�!5%,� -/  2,'8,"3  .$!-�&�2  .5,!1"�,"&�2$,"(  %&')-
%&"(-"( , !�-�&*'  �,�  )���,�  !�,-&��"&�2$-/  !$!   2'&8"28"' (  .$!-*  "  $)$%-"&�2$-/ (  
!  ,"0 , ,�  2�"(-/  ,$  ,"3  ,'  0��'-  [3]. 

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

�$�)$(  "7 &$  0�-&',,*3  !�$  "."!$1"#  7$ �5�"2$'-  2,"0$,"(  "  "0''-   2�"  %�-
���"-'�/,*'   -�&�,* . ��  %&" 2 '0  "3  0,����4&$7""  )�(  !�,!&'-,���  2")$  %&�)5!1""  
�-)'�/,�  27(-���  %&')%&"(-"(  -&'45'- (  )�%��,"-'�/,$(   " -'0$-"7$1"(  .$!-�&�2 , �4' -
%'+"2$:<"3  .�&0"&�2$,"'   -$4"�/,���  5&�2,(  !�,!5&',-� %� �4,� -" .   

 �$  ,$8  27��()  ,$"4��''  �-2'+$:<'#   �2&'0',,*0  -&'4�2$,"(0  45)'-  (2�(-/ (  
!�$  "."!$1"( , �-&$�$:<$(  2�70��,� -"  5%&$2�',"(  .$!-�&$0" , 2�"(:<"0"  ,$  !�,!5 -
&',-� %� �4,� -/  %&�)5!1"" . �  9-�#  -�+!"  7&',"(  2 '  .$!-�&*  0��,�  &$7)'�"-/  ,$  -&"  
�&5%%*: 

- 5%&$2�('0*' ; 
-   �$4�5%&$2�('0*' ; 
- ,'  5%&$2�('0*' .  
	 ,�2*2$( /  ,$  -$!�0  %�)3�)' , %&')%&"(-":  ,'�43�)"0�  2*(2"-/  2 '  .$!-�&* , 

�!$7*2$:<"'  2�"(,"'  ,$  5&�2',/  !�,!5&',-,*3  %�7"1"# %&�)5!1""  ,$  &*,!' , "  &$7)'-
�"-/  "3  ,$   ��-2'- -25:<"'  �&5%%*, " 3�)(  "7 �4� ,�2$,,���  ��&-'&�0  %&",1"%$, +-�  
%&" -$�/,���  2,"0$,"(  7$ �5�"2$:-  -��/!�  20% .$!-�&�2 , �!$7*2$:<"3  ,$"4��/8''  
2�"(,"'  ,$  !�,!5&',-� %� �4,� -/ . 

�  %'&25: �&5%%5 5%&$2�('0*3  .$!-�&�2   2!�:+$'- (  ,'  4��''  20% 2 '#   �2�!5% -
,� -"  2*(2�',,*3  .$!-�&�2 , %� !�-�&*0  ,'�43�)"0�  � 5<' -2�(-/  %� -�(,,*#  0�,"-� -
&",� , $,$�"7"&�2$-/  "3 , %&��,�7"&�2$-/  "70',',"'  "3  2�"(,"(  "  %&","0$-/  5%&'�)$:<"'  
0'&* , ,$%&$2�',,*'  ,$  &'8',"'  7$)$+ %�  �7)$,":  !�,!5&',-� %� �4,�#   %&�)5!1"" .  

�-�&$(  �&5%%$  �$4�5%&$2�('0*3  .$!-�&�2 ,  � -$2�(:<$(  �!���  60% 2 '#   �2� -
!5%,� -"  .$!-�&�2 , -&'45'-  0',/8'��  2,"0$,"(  "   &') -2  )�(  !�,-&��(  ,$)  ,"0" , ,�  � -
-$2�(-/  9-5 �&5%%5 .$!-�&�2   �2 '0  4'7 2,"0$,"(  ,'�/7( , - .! . 9-�  0��'-  �!$7$-/ (  %$�54-
,*0  )�(  %&')%&"(-"( .  


&'-/(  �&5%%$ – � -$28"' (  20% – 9-�  ,'  5%&$2�('0*'  .$!-�&* , !�-�&*'  ,'   0��5-  
4*-/  "70',',* , %�9-�05  -&$-"-/   &') -2$  ,$  � 5<' -2�',"'  !�,-&��(  ,$)  ,"0"  ,'  %&')-
 -$2�('- (  1'�' ��4&$7,*0 . 	- �'�"2$-/  9-"  .$!-�&*  "   2�'2&'0',,�  $)$%-"&�2$-/ (  !  
,"0  0��,�  ,$  � ,�2'  �4<')� -5%,�#  ",.�&0$1"" .  


$!�#  %�)3�)  !  !�$  "."!$1""  %�72��"-  %&')%&"(-":  &$1"�,$�/,�  &$ 3�)�2$-/  
 &') -2$  ,$  5%&$2�',"'  .$!-�&$0" , 2*(2"2   %'1"."!5  "3  2�"(,"( , "   2�'2&'0',,�  $)$%-
-"&�2$-/ (  !  !�,!&'-,*0  5 ��2"(0   2�'��  .5,!1"�,"&�2$,"( .  
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�$,,*#  %�)3�)  !  !�$  "."!$1""  %�0��'-  �%&')'�"-/  ,$"4��''  $)'!2$-,*' ,   -�+ -
!"  7&',"(  5%&$2�',"( , 0'-�)"!"  $,$�"7$  "  !&"-'&""  �1',!"  .$!-�&�2 , !�-�&*'  45)5-   "� -
,$�"7"&�2$-/  �4  "70',',""  -'3  "�"  ",*3  !�,!5&',-,*3  %�7"1"# %&�)5!1""  ,$  &*,!'  "  
 %� �4 -2�2$-/   2�'2&'0',,�05  %&",(-":  &'8',"#  %� 2�7)'# -2":  ,$  ,"3 . 
 
�%" �!  �"-'&$-5&*  
7. ��"  � . ��2*8',"'  !�,!5&',-� %� �4,� -"  %&�)5!1""  ,$  %&')%&"(-""  // 6���)�#  
5+',*# .- 2012.- B 8.- � . 69-75. / �'�"0  )� -5%$ :  http://www.moluch.ru/archive/43/5216/ ()$-
-$ �4&$<',"(  05.04.2015)    
8. �"."1  � . 6 . ��,!5&',-� %� �4,� -/  -�2$&�2  "  5 �5� : 5+'4. %� �4"'  /- 2-'  "7) ., %'&'-
&$4. "  )�%.- 6 .: �* 8''  �4&$7�2$,"' ; �&$#- -�7)$- , 2009. - 460  .  / �'�"0  )� -5%$ : 
http://kaliningrad.ruc.su/upload/kaliningrad/entrant/textbook.pdf ()$-$ �4&$<',"(  14.04.2015). 
9. 6"&�,�2  6 . �$8$  !�,!5&',-� %� �4,� -/  Litres, 2015 / �'�"0  )� -5%$ : 
https://books.google.ru/ ()$-$ �4&$<',"(  14.04.2015). 
10. �$!-�&*   " -'0*  ",.&$ -&5!-5&,�#  %�))'&�!"  0$����  "   &'),'��  %&')%&","0$-'�/ -
 -2$ 6"&� ')"  � . � ., 6"&� ')"  
 . 
 . // 6'�)5,$&�),�'  ,$5+,�'  "7)$,"'  ��2&'0',,*'  
.5,)$0',-$�/,*'  "  %&"!�$),*'  "  �')�2$,"( , 2013. - B  3 (10). - � . 119-121. 
11. �$-35-)",�2  � . � . �%&$2�',"'  !�,!5&',-� %� �4,� -/:  �&�$,"7$1"" . – 6 .: �* 8$(  
8!��$ , 2007. - 624  .   

 
 

��� ��  ������$&  ��������"  ��������  �����"���!�  (��� -
!���%����!�  �$���  

� . � . 6"&� ')" , ! .9., ., )�1',- , � . � . �'�5&"3",$ , 0$�" -&$,-  9!�,�0"!"  
���  (."�"$� ) �
�	�  ��	  ����

� , � . ���� !"#  

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

!&5%,'#8"0  5+$ -,"!�0  0'�)5,$&�),*3  9,'&�'-"+' !"3  &*,!�2 . �  9!�,�0"!'  ��  ""  
-�%�"2,� -9,'&�'-"+' !"#  !�0%�'!  (
;� ) "  9! %�&-  '��  %&�)5!-�2  7$,"0$:-  5,"!$�/,�'  
%����',"' , "  "3  )",$0"!$  %&(0� 2�"('-  ,$  5 -�#+"2� -/  ,$1"�,$�/,�#  9!�,�0"!" . ;,'& -
�'-"!$  2�  0,���0  �%&')'�('-  !�,!5&',-� %� �4,� -/  "   !�&� -/  &� -$  9!�,�0"!"  �:4�#  
 -&$,* , 2 -�0  +" �'  "  &�  "# !�# , 7,$+"-'�/,5:  )��:  !�-�&�#   � -$2�(:-  9,'&��@0!"'  
�-&$ �" .  

��'��),�  &�  "# !"#  9,'&�'-"+' !"#  &*,�!   -$�!"2$'- (    ,�2*0"  %&�4�'0$0" , 
!�-�&*'  2 2014 ��)5  �4� -&"�" /  2  2(7"    7$%$),*0"   $,!1"(0"  "  ,'�$-"2,*0"  !&"7" -
,*0"  (2�',"(0" . ;-�  %� �5�"��  � ,�2$,"'0  )�(  $,$�"7$  � ,�2,*3  -',)',1"# ,  ���"2 -
8"3 (  ,$  )$,,*#  %'&"�)  2 &$72"-""  9,'&�'-"+' !���  &*,!$  "  '��  �-)'�/,*3   '�0',-�2 . 

�-'&�,'0  %&$!-"+' !"  2 '3  2")�2  %&�"72�) -2',,�#  )'(-'�/,� -"  (2�('- (  9�'! -
-&�9,'&�'-"!$ , $ �4<$(  "  5)'�/,$(  9,'&��2��&5�',,� -/  �%&')'�(:-  %&�"72�)"-'�/,� -/  
-&5)$ "  5&�2',/  &$72"-"(  -&$,* . �,$�"7  9�'!-&�9,'&�'-"+' !���  &*,!$  %�72��"�  �4� -
7,$+"-/  � ,�2,*'  %&�4�'0* : %� -'%',,�'  %$)',"'   %&� $ ,$  9�'!-&�9,'&�": , "  %&" 9-�0  
,' 4$�$, "&�2$,,� -/  2*2')',"(   -$&*3  0�<,� -'#  "   -&�"-'�/ -2$  ,�2*3  
;�  "  �;� , 
%&�)���$:<'�� (  2 &$0!$3 �4(7$-'�/,*3  ",2' -"1"�,,*3  %&��&$00, 5-2'&�)',,*3  '<'  
2 %'&"�)  &'.�&0"&�2$,"( . 

 �   ��-2'- -2""    %&��&$00�# &'.�&0"&�2$,"(  9�'!-&�9,'&�'-"!"  �� , 2 ��  ""  
 �7)$,�  	�	  «�')'&$�/,$(   '-'2$(  !�0%$,"(  �)",�#  9,'&�'-"+' !�#   " -'0* », !$!  �&-
�$,"7$1"(  %� 5%&$2�',":  �)",�#  ,$1"�,$�/,�#  (�4<'&�  "# !�# ) 9�'!-&"+' !�#   '-/:    
1'�/:  ''   �3&$,',"(  "  &$72"-"(. �   ��-2'- -2""    &'8',"'0  �&$2"-'�/ -2$  ��    1 (,2$&(  
2010 ��)$  �')'&$�/,$(   '-'2$(  !�0%$,"(  %'&'8�$  ,$  ,�25:   " -'05  .�&0"&�2$,"(  -$&"-
.�2 , 5 -$,$2�"2$'0*3  ,$  5-�'-,"#  %'&"�) ,   " %��/7�2$,"'0  0'-�)$  9!�,�0"+' !"  �4� -
,�2$,,�#  )�3�),� -"  ",2' -"&�2$,,���  !$%"-$�$ (RAB-&'�5�"&�2$,"' ). 	 ,�2,�#  %&",-
1"% RAB-&'�5�"&�2$,"(  7$!�:+$'- (  2 -�0 , +-�  !$%"-$� , ",2' -"&�2$,,*#  2 ' -' -2', -
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,5:  0�,�%��": , )���',  %&",� "-/  !$!  0","050  �-)$+5 , )� -$-�+,5:  )�(  %&"2�'+',"(  
,�2*3  ",2' -"1"#  "  &$72"-"( %&')%&"(-"( , $ -$!�'   ��-2'- -2�2$-/  5&�2,:  &" !$  ",2' -
 -"&�2$,"( . 

�&�1')5&$  .�&0"&�2$,"(  -$&".$  %&" " %��/7�2$,""  RAB-&'�5�"&�2$,"(  2!�:+$'-  
 �')5:<"'  9-$%*: 

- 2*(2�',"'  -'!5<"3  "7)'&�'! ; 
- �%&')'�',"'  5&�2,(  ",2' -"1"# ; 
- 5 -$,�2�',"'  ,�&0*  )�3�),� -"  ",2' -"1"# . 
��   � -�(,":  ,$  2014 ��)  !&5%,'#8$(  2 ��  ""  "  2 0"&'  9,'&�'-"+' !$(  !�0%$,"(  

	�	  «��  '-" », +/"  -$&".*   &'�5�"&5:- (  0'-�)�0  RAB, %�72��(:<"0  �!5%"-/  2 '  ", -
2' -"1"" , .5,!1"�,"&5(  2 5 ��2"(3  %� -�(,,���  "70',',"(  2 &'�5�"&�2$,""  "  ,')$2,'#  
7$0�&�7!"  -$&".�2 , ,')� +"-$�$ /  4��''  600 0�&) . &54. )�3�)�2 .  

�,$�"7"&5(  %'& %'!-"2*   %&� $ ,$  �")!"'  -�%�"2$  (,'.-(,*' , �$7�2*#  !�,)', $- , 
 %"&*  (4"�-�%�"2� ),  ",-'-"+' !"'  �")!"'  -�%�"2$ ), 0��,�  �-0'-"-/ , +-�  "3  ��$2,*0  
%�-&'4"-'�'0   %�-%&'�,'05  � -$'- (  &$ -5<"#  -&$, %�&-,*#   '!-�&  ()�  80% �-  �4<'��  
�4A'0$   %&� $ ,$  ,'.-/  !  2040 � .)   '��  4��/8"0"  2�70��,� -(0"   – %� -�(,,*0  52'�" -
+',"'0   %&� $ ,$  %'&'2�7!" . �5<' -2',,�#  %&�4�'0�#  2 ��  ""  � -$'- (  ,')� -$-�+,�  
2* �!"#  5&�2',/  �&�$,"7$1""  &$4�-*  -&$, %�&-,���  !�0%�'! $ , !$!  � ,�2*  -'&&"-�&" -
$�/,���  &$7)'�',"(  -&5)$ "   2(75:<'��  72',$  2 '3  �-&$ �'#  ,$&�),���  3�7(# -2$ . �'  
 0�-&(  ,$  -� , +-�  ��  "(  ,$&()5    ���  "  �"-$'0  23�)"-  2 -&�#!5  �")"&5:<"3  �� 5 -
)$& -2 %� �4<"0  �4A'0$0  %'&'2�7�! , �-'+' -2',,*#  -&$, %�&-  (2�('- (  �),"0  "7  $0*3  
-�%�"2� - "   *&/''0!"0  2 0"&' , $ " 3�)(  "7 -&$, %�&-,�#   -&$-'�""  ��  ""  )�  2030 ��)$ , 
���4$�/,*3  "70',',"#  2 9-�#   .'&'  %�!$ ,'  %&')2")"- (  [3].  

�$  %� �'),"'  7 �'-  2 ��  ""   '4' -�"0� -/  )�4*+"  1 -  ,'.-"  52'�"+"�$ /  %�+-"  2 2 
&$7$   $25-28 )�  $50-55. �-$�,$1"(  '2&�%'# !���   %&� $ ,$   *&5:  ,'.-/  "  5�' -�+$: -
<$( (  !�,!5&',-,$(  4�&/4$ 7$ &$ -5<"'  &*,!"  �7"$- !� --"3��!'$, !���  &'�"�,$   ,"�$ -
:-  %�-',1"$�/,5:  9! %�&-,5:  ,"85  )�(  &�  "# !"3  %&�"72�)"-'�'# . �"-5$1"(  5 5�54 -
�('- (  2* �!"0" , %�  &$2,',":    4��/8", -2�0  )&5�"3   -&$, -9! %�&-'&�2 , 7$-&$-$0" "  
,$���$0" , +-�  )'�$'-  &�  "# !5:  ,'.-/  ,'  )� -$-�+,�  !�,!5&',-,� %� �4,�# , %&"2�)"-  !  
 ,"�',":  9! %�&-$ "  ,'�$-"2,�   !$7*2$'- (  ,$  4:)�'-,*3  %� -5%�',"(3 , 2 5 ��2"(3  
,"7!"3  0"&�2*3  1',  [1].  

��  "(  � -$,'- (  2$�,'#8"0  5+$ -,"!�0  �$7�2���  &*,!$ ,  �3&$,((  �")'& -2�  %� 
)�4*+'  "  %� 9! %�&-5. �  %'& %'!-"2' , ,$"4��''  2�"(-'�/,*0"  !�,!5&',-$0"  ��  ""  ,$  
�$7�2�0  &*,!' ,  -$,5-  ���  "  �"-$# . 
$!  �'  2�70��,� , +-�  &�  "# !"#  �$7 45)'-  2 ,' -
4��/8"3  !��"+' -2$3  2*-' ,(-/ (    &*,!$  %� -$2<"!$0" , %&')�$�$:<"0"  �$7 %� 4��''  
,"7!"0  1',$0 . 

�'�/7(  ,'  5%�0(,5-/  �   �$,1'2�0  %&�&*2' – -'3,����""  )�4*+"  �$7$ "7 7$�'�'#  
 �$,1'2*3  %�&�) , %&�"7�8')8'0  2 ���  2 ,$+$�'  ,*,'8,'��  2'!$ , !�-�&*# , %� %&"7,$-
,":  %&$2"-'�/ -2',,*3  $,$�"-"!�2  "  $!$)'0"+' !"3  5+',*3 , 0��'-  %&"2' -"  !  %$)',":  
9! %�&-$ ,'.-"  "  �$7$ "7 ��  ""  ,$  20%. � �"  �0'&"!$   -$,'-  9! %�&-'&�0 , -�  1',*  5%$-
)5- , $ 20' -'    ,"0"  )�3�)*  &�  "# !���  4:)�'-$ . 	 ,�2,*0  %�-&'4"-'�'0   *&�#  ,'.-"  
 -$,'-  �7"$- !� --"3��!'$, !"#  &'�"�, . �� , !$!  %&')5%&'�)$:-  9! %'&-* ,  �$,1'2*'  -'3 -
,����""  0��'-  �)$-/ , !$!  %&�&*2, -$!  "  %&�2$�.  

�-�0,$(  9,'&�'-"!$  ��  ""   �3&$,('-  "  %&�)���$'-  &$72"2$-/  2�#  ,$5+,� -
-'3,"+' !"#  "  %&�"72�) -2',,*#  %�-',1"$� , �,$  %�)-2'&�)$'-   2�#  0"&�2�#  5&�2',/ , 
9! %�&-"&5(  $-�0,*'  9,'&�'-"+' !"'  -'3,����""  2�  0,��"'   -&$,*  0"&$: �"-$# , �,)": , 
�/'-,$0 , 
5&1": , �",�(,)": , �',�&": , �$,��$)'8 , �'3": , ���2$!": , �'��&5  ": . 

� 3�)(  "7 $,$�"7$  22�)$  ,�2*3  )�4*2$:<"3  0�<,� -'#  ,$  5���/,�0  &*,!' , ��  "(  
45)'-  (2�(-/ (  �),�#  "7 ,$"4��''  %'& %'!-"2,*3   -&$,  )�(  ,$&$<"2$,"(  %&�"72�) -2$  
%&" 4�$��%&"(-,�#  !�,A:,!-5&'  &*,!�2 . 

�")"&5:<''  %����',"'  -'%��9,'&�'-"!"  (2�('- (  " -�&"+' !"   ���"28'# (  "  9!� -
,�0"+' !"  �%&$2)$,,�#  7$!�,�0'&,� -/:  &$72"-"( &�  "# !�#  9,'&�'-"!" . �  ,$ -�(<''  
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2&'0(  �4<$(  5 -$,�2�',,$(  0�<,� -/  -'%��."!$1"�,,*3  9,'&��4��!�2   � -$2�('-  
152600 6�- . �-&$-'�"'#  &$72"-"( -'%��9,'&�'-"!"  ��  ""  %&')5 0�-&',�  22')',"'  ,� -
2*3  �','&"&5:<"3  0�<,� -'#  34,44 -* . 6�-  2 %'&"�)    2011 )�  2017 ��)$  [2]. 

�$   '��),(8,"#  )',/  ��$2,*0  �&"',-"&�0  &$72"-"( 9,'&�'-"+' !���  &*,!$  (2�('- -
 (  9,'&�'-"+' !$(   -&$-'�"(  ��  ""  )�  2030 ��)$ , "  &$  0$-&"2$'0$(  '@ %&���,�$1"(  )�  
2035 ��)$ , 2  2(7"   �   ���"28'# (  %�7"1"'#  ��  ""  ,$  0"&�2�0  9,'&�'-"+' !�0  &*,!' . 
�$�,�  %�,"0$-/ , +-�  7$���',,*'  2 ,'#  %�!$7$-'�"  – 9-�  �&"',-"&* , !�-�&*'  ,'�43�)"0*  
��  ""  %�  �')5:<"0  %&"+",$0 [4].  

�� -%'&2*3, 9,'&�'-"+' !"#  &*,�!   5<' -2',,�  7,$+"0  )�(  ,$8'#   -&$,* . �'2�7 -
0��,�  %'&'�1',"-/  2�"(,"'  
;�  ,$   �1"$�/,� -9!�,�0"+' !"'  %$&$0'-&*, ,$  4:)�'- , ,$  
9!����": , ,$  -'3,����"" . =',-&$�/,�#  ")''#   -&$-'�""  
;�  (2�('- (  %'&'3�)  �-  &' 5& -
,� - *&/'2���  !  &' 5& ,� -",,�2$1"�,,�05  &$72"-": , "  %� !��/!5  
;�  "  9! %�&-  '��  %&�-
)5!-�2  7$,"0$:-  5,"!$�/,�'  %����',"' , -�  "3  )",$0"!$  %&(0� 2�"('-  ,$  5 -�#+"2� -/  
&$72"-"( ,$1"�,$�/,�#  9!�,�0"!" .  

�� -2-�&*3 , ��  "(  2  -�(<''  2&'0(  (2�('- (  !&5%,*0  "�&�!�0  "  !�,!5&',-�0  ,$  
0"&�2�0  9,'&�'-"+' !�0  &*,!' , "  0��'-  "70',"-/  4$�$,  2 -5 "�"  ",5:   -�&�,5 . ��   +" -
-$-/ , +-�  ��  "(   0��'-  %��,� -/:  �4' %'+"-/  7$  +'-   �4 -2',,*3  %� -$2�!  2 '  %�-&'4-
,� -"  0"&$ 2 9,'&��,� "-'�(3  – ,'2'&,� . ;-�  -&'45'-  ,$�"+"(   -&$-'�"" , %�72��(:<'#  
%&$2"�/,�  �&�$,"7�2$-/  !�,!5&',-,5:  4�&/45  ,$  0"&�2�0  &*,!' . ��  "(  0��'-   %� �4 -
 -2�2$-/  )2"�',":  0"&�2���  9,'&�'-"+' !���  &*,!$  2 -�0  "�"  ",�0  ,$%&$2�',"" . 

;,'&�'-"+' !5:   -&$-'�":  ,'�/7(  2* -&�"-/  !$!  �),�,$%&$2�',,5:  �",": . �-&$-' -
�"(  – 9-�  �%&')'�',,*'  !��'4$,"( . �7  -'�&""  5%&$2�',"(  "72' -,� , +-�   $0$(  �%-"0$�/ -
,$(  -&$'!-�&"(  – ,'  %&(0$( �","( , $ ,'!�'  �$2"&�2$,"'  0'�)5  !&$#,"0"  0$! "050$0" ,   
�&$0�-,*0  "   2�'2&'0',,*0  %'&'!�:+',"'0    �),���  &'�"0$  5%&$2�',"(  ,$  )&5��# :   
�"4'&$�/,���  ,$  �� 5)$& -2',,*#  "  �4&$-,� . �$)�  -��/!�   �')"-/  7$ -'0 , +-�4*  $0%�"-5-
)$ 9-"3  !��'4$,"#  ,'  4*�$   �"8!�0  4��/8�# . 

�0',,�  -$!$(  7$)$+$  -�"-   '��),( : �4�7,$+"-/  -�+!"  "  0�0',-*  %'&'!�:+',"( . 
� -
 5)$& -25  ,$)�  )�0","&�2$-/  2 �),"3   "-5$1"(3  "  � �$4�(-/   2�'  2�"(,"'  2 )&5�"3 .  

�$  0"&�2�0  9,'&�'-"+' !�0  &*,!'  ��  "( , !$!  !&5%,'#8"#  %� -$2<"!  9,'&��,� " -
-'�'# , -$!�'  )���,$  )"2'& "."1"&�2$-/  -�2$&,5:   -&5!-5&5   1'�/:  � 2�',"(  ,�2*3  
.�&0  9,'&�'-"+' !���  4"7,' $  "  &$ 8"&',"(   .'&   2�'��  %&" 5- -2"(  7$ &54'��0 .  

�'�43�)"0�  %�0,"-/ , +-�  
;�  – 9-�  �)",  "7 ��$2,*3  &*+$��2 , %&" %�0�<"  !�-�&� -
��  0��,�  &'$,"0"&�2$-/  "  2")�"70',"-/  9!�,�0"!5 . ��(  9-���  2$�,�  " %��/7�2$-/  ��� -
4$�/,*#  !&"7"  !$!   -$&-�25:  %��<$)!5  )"2'& "."!$1""   -&5!-5&*  &�  "# !�#  9!�,� -
0"!"  %5-'0 ''  5 !�&',,���  ",,�2$1"�,,���  &$72"-"(, +'05  )���,*   %� �4 -2�2$-/  0� -
)'&,"7$1"(  "  ,�2*'  9,'&�'-"+' !"'  -'3,����"" .  
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��� ��������  '�����#��  ��������  �� $&  �����������$&  
'���'�����"  

6"&� ')"  
 .
 .,  -$&8"#  %&'%�)$2$-'�/  ���  (."�"$�  ����

� ), 
50$8"!  � .� .,  -5)',-  
���  (."�"$�  ����

� ),  
�&)''2$  � .� .,  -5)',-  ���  (."�"$�  ����

� ), � . ���� !"#  

 
6$��'  %&')%&","0$-'�/ -2�  – �)",  "7 2')5<"3   '!-�&�2  9!�,�0"!"  ��  "" , �!$ -

7*2$:<"#  2�"(,"'  ,$  -'0%*  9!�,�0"+' !���  &� -$ , 7$,(-� -"  ,$ '�',"( , %&�"72�) -2�  
2$��2���  ,$1"�,$�/,���  %&�)5!-$. 6$��'  %&')%&","0$-'�/ -2�  %� -'%',,�  &$72"2$'- ( , 
,$4"&$'-  �%*-  "  7$2�'2*2$'-   2�'  0' -�  2  -&5!-5&'  &�  "# !�#  9!�,�0"!" .  

�  !$+' -2',,*0  !&"-'&"(0  0$����  %&')%&","0$-'�/ -2$  %&",(-�  �-,� "-/   �' -
)5:<"' : �-,� "-'�/,�  ,'4��/8�'  +" ��  %&�"72�)"0*3  %&�)5!-�2  (-'3,����"# , 5 �5� , 
,�5 -3$5);  &$2,"-'�/,�  ��&$,"+',,*'  &' 5& *  "  0�<,� -"  (!$%"-$� , -&5)�2*'  &' 5& * ); 
0',''  &$72"-*'   " -'0*  5%&$2�',"( ; ,' " -'0$-"+,� -/  0',')�0',-$ , ��$2,*'  &*+$�"  
5%&$2�',"(  )���,*  5)'&�"2$-/ (  � ,�2$-'�(0"  %&')%&"(-"( .  

�!-5$�/,� -/  -'0*  "  �')�2$,"(  �%&')'�('- (  ,'�43�)"0� -/:  $!-"2"7$1""  &$7-
2"-"(  0$����  ",,�2$1"�,,���  %&')%&","0$-'�/ -2$  !$!  �),���  "7 5 ��2"#   !�&'#8'��  
7$2'&8',"(  &*,�+,�#  -&$, .�&0$1""  �-'+' -2',,�#  9!�,�0"!" . 6$��'  %&')%&","0$-
-'�/ -2�   �)'# -25'-  &$72"-":  ,$5+,� --'3,"+' !���  %&��&'  $ ,  �7)$2$(  4��''  %���2",*  
2 '3  ",,�2$1"# . �   2(7"    9-"0 , 1'�/  )$,,�#  &$4�-*  - &$  0�-&'-/  &��/  0$����  ",,�2$1" -
�,,���  %&')%&","0$-'�/ -2$ , $ -$!�'   " -'05  '��  %�))'&�!" .  

6$�*'  ",,�2$1"�,,*'  %&')%&"(-"(  (6�� ) - 9-�  %&')%&"(-"( , &$7&$4$-*2$:<"'  "  
2,')&(:<"'  2 %&�"72�) -2�  ,$5!�'0!"'  -'3,����""  "  "7)'�"( . 6��  2* -5%$:-  2 !$+' - -
2'   2(75:<'��  72',$  0'�)5  ,$5!�#  "  %&�"72�) -2�0 . �0',,�  0$�*'  ."&0*  +$ -�  %&"," -
0$:-  ,$   '4(  &" !  %&" &$7&$4�-!' ,�2*3  %&�)5!-�2  "  -'3,����"# , %&'2&$<',""  7,$,"#  2 
-�2$&. 	,"  3$&$!-'&"75:- (   $0� -�(-'�/,� -/: , �-,� "-'�/,�#  ,'7$2" "0� -/: , %&"-
72$,*  &'8$-/  2�%&� *  %�  -&5!-5&,�#  %'&' -&�#!'  %&�"72�) -2$  "  %�2*8',"(  9..'!-"2 -
,� -"  %�!$7$-'�'#   �1"$�/,� -9!�,�0"+' !���  &$72"-"(. ��  2$�,'#8'#  � �4',,� -/: , 3$-
&$!-'&,�#  �"8/  )�(  0$�*3  ",,�2$1"�,,*3  %&')%&"(-"#, (2�(:- (  !�,!&'-,*'  %5-" )� -
-"�',"(  %� -$2�',,*3  7$)$+ 9!�,�0"+' !���  "   �1"$�/,���  3$&$!-'&$. 
$!"0"  %5-(0"  
(2�(:- (  &$7&$4�-!$ "  &'$�"7$1"(  &$7�"+,*3  ",,�2$1"#  (%&�)5!-�2*3 , -'3,����"+' !"3 , 
5%&$2�',+' !"3  "  )&.), %�2*8',"'  !�,!5&',-� %� �4,� -"  %&�)5!1""  "  %&�"72�) -2$ , 
 �7)$,"'  �4 -$,�2!"  ",,�2$1"�,,� -"  2 0$ 8-$4'  ��&�)$ , �-&$ �" , &'�"�,$  "   -&$,*  2 
1'��0 .  

�  ,$8'#   -&$,'  -��/!�  5 % �-  2 '3  0$�*3  %&')%&"(-"# (2�(:- (  ",,�2$1"�,,*0"  
(-$4�"1$  1). 6*  2")"0  2��,��4&$7,*#  &� -  6�� . �$4�:)$(   -$-" -"!5  %� 0$�*0  ",,� -
2$1"�,,*0  %&')%&"(-"(0  2 ��  "" , "3  !��"+' -2�  2 )",$0"!'  7$ ,' !��/!�  �'- , 0��,�  
 )'�$-/  2*2�) , +-�  2  2(7"    %&",(-"'0  ,$����2���  7$!�,�)$-'�/ -2$  ��  "  �')'&$�/,���  
7$!�,$  �-  2 $2�5 -$ 2009 � . N 217-��  ,$"4��''  2�7&� ��  !��"+' -2�  6��  2 2011 ��)5 ,  !$!  
%� �� , -$!  "  %� ��,�05  .')'&$�/,�05  �!&5�5 , %&"4�"7"-'�/,�  ,$  1 – 1,3 %. �$-'0  )$, -
,*#  %�!$7$-'�/   -$�   -&'0"-'�/,�  50',/8$-/ ( , -$!  !$!   %&$!-"+' !"  ,'-  %&��&$00* %�-
0�<"  0$��05  4"7,' 5 , !$�)�'  %&')%&"(-"'  2*�"2$'- , !$!  0��'- . �   2(7"    9-"  0*  ,$ -
4�:)$'0  50',/8',"'  !��"+' -2$  6��  2 ��  ,$  0,3 %, $ %� ��	  ,$  1,4 %, +-�  %&$!-"+'-
 !"  2�72&$<$'- "3  !  2009 ��)5 . 


$4�"1$  1 – �)'�/,*#  2'  0$�*3  %&')%&"(-"# (2 %&�1',-$3 ), � 5<' -2�(:<"3  
-'3,����"+' !"'  ",,�2$1""  2 2007-2013 �� . 
 �)'�/,*#  2'  6��  2 �4<'0  !��"+' -2'  
0$�*3  %&')%&"(-"#, % 2007 2009 2011 2013  
��  "# !$(  �')'&$1"(  4,3 4,1 5,1 4,8  
��,*#  .')'&$�/,*#  �!&5�  3,4 2,7 4,0 2,6 
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�&�4�'0*  ,"7!���  5&�2,(  &$72"-"( 0$����  4"7,' $  2 ��  "" , 2 -�0  +" �'  "  ",,� -
2$1"�,,��� ,   -�+!"  7&',"(   $0"3  %&')%&","0$-'�'#  2 � ,�2,�0 ,  �')5:<"' : 2* �!$(  
,$����2$(  ,$�&57!$ "  ��&$,"+',,� -/  .",$, �2*3   &') -2  )�(  &$72"-"( 4"7,' $ . 	),$!� , 
3�+'- (  �-0'-"-/ ,  '��),(  4$,!"   -$,�2(- (  4��''  7$",-'&' �2$,,*0"  2 ,$&$<"2$,""  
�4A'0�2  !&')"-�2$,"(  %&')%&"(-"# 0$����  4"7,' $ , - .! . )�3�),� -/  �-  2���',"#  2 %&�'! -
-*  0$����  4"7,' $ , �-  �%'&$1"# !&')"-�2$,"(  0$�*3  ",,�2$1"�,,*3  %&')%&"(-"# %&'-
2*8$'-  $,$���"+,*#  %�!$7$-'�/  2  '!-�&'  !&5%,���  4"7,' $ . 

�   ��$�',": , 2 ,$ -�(<''  2&'0(  2* �!"#  %�-',1"$�  6��  " %��/75'- (  2 ��  ""  
,')� -$-�+,�  &'75�/-$-"2,� . �  %� �'),"'  ��)*   ,"�$'- (  ,'  -��/!�  +" ��  0$�*3  ",,�2$ -
1"�,,*3  %&')%&"(-"# %&�0*8�',,� -" , 50',/8$'- (  -$!�'  "3  )��(  2 %&�"72�) -2'  -� -
2$&�2 "  �!$7$,""  5 �5� ,  �!&$<$'- (  &',-$4'�/,� -/  )'(-'�/,� -"  "  %&')%&","0$-'�/ -
 !$(  $!-"2,� -/ .  

	 ,�2,$(  %&"+",$ %�)�4,���  %����',"(  7$!�:+$'- (  2 �- 5- -2""  5 ��2"# , 4�$-
��%&"(-,�  2�"(:<"3  ,$  &� -  6�� . �&')$  .5,!1"�,"&�2$,"(  ,$5!�'0!���  %&')%&","0$-
-'�/ -2$  ,'   �7)$'-  %&')%� *��!  )�(  7$,(-"(  ,$5+,*0"  &$7&$4�-!$0", "3  %&�0*8�',,*0  
� 2�',"'0  "  !�00'&1"$�"7$1"'#  ,�2�22')',"#  ,$  &*,!' . �  ,'�$-"2,*0  .$!-�&$0  �-,� -
 (- (  2* �!"'  $)0"," -&$-"2,*'  4$&/'&*  "  %&�4�'0*    !�,-&��/,� -,$)7�&,*0"  �&�$,$ -
0" , 7$-&5),',,*#  )� -5%  !  .",$, �2*0  &' 5& $0  "  2* �!�'  ,$����2�'  4&'0( , �- 5- -2"'  
,�&0$-"2,� -%&$2�# 4$7* "  &'$�/,�#  �� 5)$& -2',,�#  %�0�<" , ,$�"+"'  5 -$&'28'#   " -
-'0*  �&�$,"7$1""  %&�"72�) -2$  "  ,'&$72"-�#  ",.�&0$1"�,,� -!�, $�-",��2�#  ",.&$ -
 -&5!-5&* . 

��  0,��"3  &$72"-*3  -&$,$3  0$��05  ",,�2$1"�,,�05  %&')%&","0$-'�/ -25  5)' -
�('- (  ��&�0,�'  2,"0$,"' . �$%&"0'& , 2  ���   0�<,*0  &*+$��0  !� 2',,�#  .",$, �2�#  
%�))'&�!"  0$����  ",,�2$1"�,,���  %&')%&","0$-'�/ -2$  (2�('- (  %&')� -$2�',"'  �� 5 -
)$& -2',,*3  �$&$,-"#  %� �4' %'+',":  !&')"-�2 , 2*)$2$'0*3  2 &$0!$3 �� 5)$& -2',,*3  
"�"  &'�"�,$�/,*3  %&��&$00 �4' %'+',"(  )� -5%$  6��  !  .",$, �2*0  &' 5& $0 . 
$!"'  
%&��&$00*  5<' -25:-  ,'  -��/!�  2 ��� , ,�  "  2 �%�,"" , 
'&0$,""  "  2�  0,��"3  )&5�"3  
 -&$,$3 . [1] 

���"-"!$  %�))'&�!"  0$����  ",,�2$1"�,,���  %&')%&","0$-'�/ -2$  2 
'&0$,"" , 
�)'  �!���  99% %&')%&"(-"# �-,� (- (  !  !$-'��&""  0$�*3 , 4$7"&5'- (  ,$  ,' !��/!�  ",*3  
%&",1"%$3: 1) �� 5)$& -2�  ,'  4'&'-  ,$   '4(  ","1"$-"25  &'$�"7$1""  !�,!&'-,*3  9!�,�0" -
+' !"3  %&�'!-�2 , -$!  !$!  9-�  – 7$)$+$  $0"3  %&')%&","0$-'�'# ; 2) �� 5)$& -2�0  %��<&( -
:- (  -2�&+' !"#  %�" ! , ��-�2,� -/   &" !�2$-/  "  $)$%-"&�2$-/; 3) �� 5)$& -2�  � 5<' -2 -
�('-  7$<"-5  0$�*3  ",,�2$1"�,,*3  %&')%&"(-"# �-  0�,�%��" -"+' !���  )$2�',"( ; 4) �� -
 5)$& -2�  �!$7*2$'-  %&'"05<' -2',,�  !� 2',,5:  .",$, �25:  %�))'&�!5  0$����  ",,� -
2$1"�,,���  %&')%&","0$-'�/ -2$ .[2]  

�  �%�,""  9..'!-"2,�  )'# -25'-   " -'0$  �� 5)$& -2',,�#  "   �4<' -2',,�#  %�)-
)'&�!"  "  &$72"-"( ",,�2$1"�,,*3  6�� , !�-�&$(  %&')5 0$-&"2$'- :  1) �!$7$,"'  .",$, � -
2�#  %�))'&�!"  6��  )�(  !�0%', $1""   2�70��,*3  &" !�2  2) �!$7$,"'  4' %�$-,�#  �� 5 -
)$& -2',,�#  -'3,����"+' !�#   %�))'&�!$  6��  "  - .) . 

	 ,�2�#  ,$1"�,$�/,�#   " -'0*  &$72"-"( ",,�2$1"�,,�#  )'(-'�/,� -"  2 �"-$'  (2-
�('- ( : 1) &$7&$4�-!$ �4<'#   -&$-'�""  2 �-,�8',""  ",,�2$1"�,,*3  6�� ; 2)  �7)$,""  
$)0"," -&$-"2,���  �&�$,$  %� !��&)",$1""  ",,�2$1"�,,�#  )'(-'�/,� -"  2  '!-�&'  6�� ; 
3) %&')� -$2�',"'  ,$����2*3  %&'.'&',1"#  )�(  0�)'&,"7"&5:<"3 (  %&')%&"(-"#. [3]  


$!"0  �4&$7�0 , �%*-  &$72"-*3  -&$,  2  .'&'  $!-"2"7$1""  ",,�2$1"�,,�#  )'(-'�/ -
,� -"  2  '!-�&'  6��   2")'-'�/ -25'-  �  ,'�43�)"0� -"   " -'0,���  �� 5)$& -2',,���  
%�)3�)$  2�  2 '3  %&�1'  $3 , !$ $:<"3 (  5 !�&',,�#  0�)'&,"7$1""  9!�,�0"!"  ��  ""  ,$  
� ,�2'   -"05�"&�2$,"(  ",,�2$1"�,,�#  )'(-'�/,� -"  2�  2 '3  �-&$ �(3  ,$&�),���  3�7(# -
 -2$. 

	 ,�2,*'  ,$%&$2�',"(  %�))'&�!"  &$72"-"( 0$����  ",,�2$1"�,,���  %&')%&","0$-
-'�/ -2$  7$!�:+$:- (  2  �')5:<'0 : 

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

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

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

%&')%&","0$-'�/ -2$ ; 
-   �2'&8', -2�2$,"'  7$!�,�)$-'�/,*3  "  ,�&0$-"2,� -%&$2�2*3 )�!50',-�2 , 

&'�5�"&5:<"3  "   -"05�"&5:<"3  ",,�2$1"�,,5:  )'(-'�/,� -/   
 
�"-'&$-5&$ :  
1. 6*&�',!�  � .� . �$!-�&*  5 %'8,���  &$72"-"( 0$����  %&')%&","0$-'�/ -2$  2 

���  // ��/0$,$3   �2&'0',,�#  ,$5!"  "  �4&$7�2$,"( . 2010. B  4. � . 185-187. 
2. 
$&$&5'2$ � .� . �$&54'�,*#  �%*-  &'�"�,$�/,�#  %�))'&�!"  0$�*3  %&')%&"(-"# 

// �' -,"!  ��  "# !���  �� 5)$& -2',,���  �50$,"-$&,���  5,"2'& "-'-$ . 2011. B  10. � . 
324-331. 

3. �,)&:<',!�  	 .
 ., ��$,  � . �$&54'�,*#  �%*-  �� 5)$& -2',,���  &'�5�"&�2$,"(  
"  %�))'&�!"  %&')%&"(-"# 0$����  ",,�2$1"�,,���  4"7,' $  // �4�&,"!  ,$5+,*3   -$-'#  %� 
0$-'&"$�$0  ,$5+,� -%&$!-"+' !�#  !�,.'&',1"" . ��,� -��  "# !"#  �� 5)$& -2',,*#  %�-
�"-'3,"+' !"#  5,"2'& "-'-  (��� ). ��2�+'&!$  ! , 2014. � . 45-51. 

 
 

���������!  �  �������  �'��� ����  '����#������  ����� -
'����� . 

� .� . 	),�&$��2   -5)',-  �&. ��� -696 
�$5+,*#  &5!�2�)"-'�/    - . %&'%�)$2$-'�/  6 .� . �'�"!$,�2$  

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

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

&$!-'& , %&'�)'  2 '��   2(7$,,*#    �4' %'+',"'0  %'&'2�7�!  ,$ '�',"(  ��&�)$ , 2 -�0  +" �'  
"  2*%��,',"'0   �1"$�/,���  7$!$7$ 0' -,*3  "  &'�"�,$�/,*3  2�$ -'#  %� %'&'2�7!'  �/��- -
,*3  !$-'��&"#  �&$�)$, . 
��  .�&0"&5:- (  ,$  � ,�2'  &'�"�,$�/,���  "  0' -,���  7$!�,� -
)$-'�/ -2$ , 2  ��-2'- -2""    !�-�&*0  �&�$,"75'- (  %&�1'   )�%5 !$  %&')%&"(-"# !  %'&'-
2�7!' , � 5<' -2�(:- (  !�,-&��/  "  2�70'<',"'  %�-'&/  �-  %'&'2�7!"  �/��-,*3  !$-'��&"#  
�&$�)$, . ��   5<' -25:<'05  7$!�,�)$-'�/ -25  &'�"�,$�/,*'  2�$ -"  �-2'+$:-  7$ .",$, -
 "&�2$,"'  &$4�-*  ��&�) !���  %$  $�"& !���  -&$, %�&-$, $ 05,"1"%$�/,*'  – 7$ �&�$,"7$ -
1":  0$&8&5-�2 "  "3  &$ %&')'�',"'  0'�)5  %'&'2�7+"!$0" . �  ,'!�-�&*3   "-5$1"(3  05," -
1"%$�/,*'  "  &'�"�,$�/,*'  2�$ -"  &$4�-$:-  ,' ���$ �2$,,� , +-�  %&"2�)"-  !  ,'9..'!-"2 -
,�#  �&�$,"7$1""  ��&�) !"3  %$  $�"& !"3  %'&'2�7�! . ��2&'0',,�'   � -�(,"'   " -'0*  

��    5+'-�0  %&�"7�8')8"3  ,$  &*,!'  -&$, %�&-,*3  5 �5�  (�
� ) %&'�4&$7�2$,"# 3$&$!-
-'&"75'- (  ,$�"+"'0  &'$�/,*3  %&�4�'0 , "  2 %'&25: �+'&')/ , – 9-�  �- 5- -2"'  ')",�#   " -
-'0*  5%&$2�',"(  
�� , +-�  %&"2�)"-  !  ,'9..'!-"2,�#  &$4�-'  %�)2"�,���   � -$2$ , %�2*-
8',,�#  7$�&57!' -&$, %�&-,�#   '-"  ��&�)$ , +-�  2 1'��0  ,'4�$��%&"(-,�   !$7*2$'- (  ,$  
!$+' -2'  �4 �5�"2$,"(  %$  $�"&�2 . ;..'!-"2,� -/  .5,!1"�,"&�2$,"(   " -'0*  
��  2�  
0,���0  45)'-  7$2" '-/  �-  �$&0�,"+,�#  &$4�-*  &'�"�,$�/,*3  "  05,"1"%$�/,*3  2�$ -'#  
��&�)$ , &'$�"75'0�#  ')",*0  1',-&�0  5%&$2�',"( . ��)  �$&0�,"7$1"'# , -$!"0  �4&$7�0 , 
%�,"0$'- (  %&�1'  , !�-�&*#  %�72��('-  ",-'�&"&�2$-/  2�70��,� -"  05,"1"%$�/,*3  "  
&'�"�,$�/,*3  2�$ -'#  )�(  9..'!-"2,���  .5,!1"�,"&�2$,"(   " -'0*  
�� . 


$&0�,"7$1"(  
�� , �4' %'+"2$:<$(  -&'4�2$,"( , %&')A(2�('0*'  %$  $�"&$0" , 
2�70��,$  %&" ,$�"+""  !�0%�'! ,��� , %� -�(,,�  )'# -25:<'��  0�,"-�&",�$  &*,!$  "  
$)$%-$1""  " -'0*  5%&$2�',"(  
��  !  "70',(:<"0 (  5 ��2"(0 . 
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�5<' -25:<$(   " -'0$  
��  %&�(2�('-  +'&-*  &$7�4<',,� -"  0'�)5  5+$ -,"!$0"  
"  ,'  "0''-  -',)',1"#  !  �$&0�,"+,�05   �+'-$,":  0'3$,"70�2  5%&$2�',"( . 	4� �4�', -
,� -/  %'&'2�7+"!�2  "  �&�$,�2  5%&$2�',"(  �-&"1$-'�/,�   !$7*2$'- (  ,$  !$+' -2'  �4 �5 -
�"2$,"(  %$  $�"&�2 . 
$!"0  �4&$7�0 , )�(  %&'�)��',"(   �7)$28'# (   "-5$1""  ,5�',  %�-
" !  0'3$,"70�2 , �4' %'+"2$:<"3  ,'�43�)"0*#  5&�2',/  �$&0�,"7$1""  27$"0�)'# -2"(  
05,"1"%$�/,*3  "  &'�"�,$�/,*3  2�$ -'#  %&" �&�$,"7$1""  "  5%&$2�',""  
�� .  

��(  �$&0�,"7$1""  27$"0��-,�8',"#  05,"1"%$�/,*3  "  &'�"�,$�/,*3  2�$ -'#  2 
 .'&'  5%&$2�',"(  
��  ,$"4��''  %'& %'!-"2,*0  (2�('- (  " %��/7�2$,"'  !�,1'%1""  �� -
�" -"+' !���  $5- �& ",�$ . 

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

�  )$,,�0   �5+$'  2 !$+' -2'  $5- �& '&$  45)'-  2* -5%$-/  ���" -"+' !"#  1',-&  
5%&$2�',"(  
��  (�= ). 

��(  5 %'8,���  2,')&',"(   -&$-'�""  ���" -"+' !���  $5- �& ",�$  ,'�43�)"0� , 
%&'�)'  2 '�� , +'-!�   .�&05�"&�2$-/  7$)$+", !�-�&*'  45)5-  &'8$-/ (  ���" -"+' !"0  1', -
-&�0 . �$  � ,�2$,""  %� -$2�',,*3  1'�'#  )���,*  4*-/  2*&$4�-$,*  !&"-'&""  �1',!"  5 -
%'8,� -"  .5,!1"�,"&�2$,"(  ���" -"+' !���  1',-&$ . �&"0',',"'   -&$-'�""  ���" -"+' -
 !���  $5- �& ",�$  %�72��('-  %'&'2�7+"!$0   !�,1',-&"&�2$-/  .",$, �2*'  %�-�!"  "  
5%&$2�',"'  ,$  � ,�2,*3  2")$3  )'(-'�/,� -" , ,'  �-2�'!$( /  ,$  2-�&� -'%',,*'  .5,!1"" . 
�&'�)'  2 '�� , 9-�  !��&)",$1"(  "  &'�5�"&�2$,"'  &$4�-*  2 '3  2")�2  �4<' -2',,���  -&$, -
%�&-$: 05,"1"%$�/,���  "  +$ -,��� , ��&�) !"3  "  %&"��&�),*3  $2-�45 �2 , -&���'#45 �2 , 
-&$02$'2, 0$&8&5-,*3  -$! " , $ -$!�'  %� -�(,,*#  0�,"-�&",�  %$  $�"&�%�-�!�2 , 5,"." -
!$1"(  -$&".�2  "  4"�'-�2  ,$  %&�'7) 2 &$7,*3 2")$3  -&$, %�&-$. 

�&�0'  -��� , �=  )���',  &$7&$4�-$-/ %&��&$005 %�2*8',"(  9..'!-"2,� -"  %&�2�-
)"0*3  !�,!5& �2  )�(  05,"1"%$�/,���  "  �4�$ -,���  4:)�'-�2 , %&�7&$+,� -"  .",$, �2*3  
%�-�!�2 , !$+' -2$  �4 �5�"2$,"(  %$  $�"&�2  "   �')"-/  7$ '@ &'$�"7$1"'# . �$!�,'1 , �,  
)���',  � 5<' -2�(-/  %'& %'!-"2,�'  %�$,"&�2$,"'  &$72"-"( -&$, %�&-$ "  !�,-&��/  7$ '��  
&$4�-�# . ��,-&��/  !$ $'- ( , %&'�)'  2 '�� , -"%$�$  (!��"+' -2$ ,!�,."�5&$1"" , 3$&$!-'&" -
 -"!  – +" �$   -�(<"3  "   ")(+"3  0' - , 9!����"+' !"3  %$&$0'-&�2) $2-�45 �2  ,$  !$�)�0  
0$&8&5-' , �&$."!�2  )2"�',"( , )" ��!$1""  � -$,�2�! , -$&".�2 . 


$!"0  �4&$7�0 , �=  (2�('- (   -&5!-5&�# , !�-�&$(  � 5<' -2�('-   5�54�  -'3,����" -
+' !"'  (  -�+!"  7&',"(  �&�$,"7$1""  %'&'2�7�+,���  %&�1'  $ ), 5%&$2�',+' !"'  .5,!1""  "  
.5,!1""  !�,-&��( . �-&5!-5&,�  �=   � -�"-  "7  �')5:<"3  9�'0',-�2 : �-)'�$  0$&!'-",�� -
2*3  "  �')�2$,"# , 1',-&$�/,�#  )" %'-+'& !�#   �5�4* , :&")"+' !��� , .",$, �2���  �- -
)'��2 , !�,-&��/,� -&'2"7"�,,���  "  �-)'�$  �&�$,"7$1""  %'&'2�7�! ,  �5�4*  %'& �,$�$ , 453-
�$�-'&"" , �-)'�$  ���" -"!"  (&" . 1). 
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�'%� &') -2',,�  2*%��,',"'  %'&'2�7�!   -$,�2"- (  1'�/:  &$4�-*  !�0%$,"#  %'&'-
2�7+"!�2 . �&"  .5,!1"�,"&�2$,""   " -'0*  %'&'2�7+"!"  27$"0�)'# -25:-    ���" -"+' -
 !"0  1',-&�0  "  %'&')$:-  '05  ,' 2�# -2',,*'  2")*  &$4�-, 2*%��,',"'  !�-�&*3  %&�" 3� -
)"-    5+$ -"'0   %'1"$�" -�2  1',-&$ . ���" -"+' !"#  1',-& , �!$7*2$(  5 �5�" , �-�"+,*'  �-  
� ,�2,���  %&�."�( , )���',  !��&)","&�2$-/  &$4�-5 0'�)5  %'&'2�7+"!$0"  %� &') -2�0  
1',-&$�/,�#  )" %'-+'& !�#   �5�4* . 

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

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

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

" � -�(,""  -'3,"+' !"3  %'&".'&"#,*3  5 -&�# -2 ; 
- $2-�0$-"7"&�2$,,�'  2')',"'  4$7* )$,,*3   " -'0* ; 
- �%'&$-"2,�'  %&') -$2�',"'  ",.�&0$1""  �  -&$, %�&-,�#   "-5$1"" ; 
- 2�70��,� -/  27$"0�)'# -2"(   �   0'�,*0"  "  7$",-'&' �2$,,*0"  2')�0 -2$0"  

2 ��-2'- -2""    5 -$,�2�',,*0"  &'��$0',-$0" . 
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��,1'%1"(  )���� &�+,���   �1"$�/,� -9!�,�0"+' !���  &$72"-"(  ��  ""  ,$  %'&"�)  
)�  2020 ��)$ , %&",(-$(  �&$2"-'�/ -2�0  ��  2 2008��)5  (B 1662-&), �%&')'�('-  %5-" "   %�-
 �4*  �4' %'+',"(  2 )���� &�+,�#  %'& %'!-"2'  %�2*8',"(  4�$�� � -�(,"(  ,$ '�',"( , ,$ -
1"�,$�/,�#  4'7�%$ ,� -" , )",$0"+,���  &$72"-"( 9!�,�0"!" , 5!&'%�',"(  %�7"1"#  -&$,*  
2 0"&�2�0   ��4<' -2' . ��2&'0',,�'  &$72"-"'  ���4$�/,�#  9!�,�0"!"   2(7*2$'- (    5 " -
�',"'0  !�,!5&',1"" ,  �%'&,"+' -2$  7$  *&/'2*' , 9,'&�'-"+' !"' , 2�),*'  "  %&�)�2��/ - -
2',,*'  &' 5& * . ��(  ��  ""  2' /0$  $!-5$�/,*0  (2�('- (  2�%&�   4$�$, "&�2$,,���  &$7-
2"-"(  -'&&"-�&"# , .�&0"&�2$,"(  ,�2*3  1',-&�2  &� -$ , !$!  2 &$#�,$3 � 2�',"(   *&/'2*3  
&' 5& �2 , -$!  "  2 -&$)"1"�,,*3  &'�"�,$3  !�,1',-&$1""  ",,�2$1"�,,��� , %&�0*8�',,���  
"  $�&$&,���  %�-',1"$�$ . �&�4�'0$   �3&$,',"(  ')",���  %&� -&$, -2$ "  ,"2'�"&�2$,"(  
-'&&"-�&"$�/,*3  &$7�"+"# 2 ��  ""  "0''-  " -�&"+' !"'  !�&,"  "   2(7$,$ �-,:)/  ,'    
%&�"7�8')8"0"   �1"$�/,� -9!�,�0"+' !"0"  %&'�4&$7�2$,"(0"  2 90-3 ��)$3  %&�8����  
 -��'-"( . �'��  2 -�0 , +-�  2 7$2" "0� -"  �-  !&"-'&"(  %&",(-���  )�(  �%" $,"(  &'�"�,$�/ -
,*3  "  05,"1"%$�/,*3  &$7�"+"#, $ -$!�'  %�!$7$-'�'# , %&" %�0�<"  !�-�&*3  � 5<' -2�( -
'- (  "70'&',"'  )$,,���  (2�',"( , 0��,�  %��5+"-/  &$7�"+,*'  %�&�#  �2'&8',,�  %&�-"2� -
%����,*'  3$&$!-'&" -"!"   �1"$�/,� -9!�,�0"+' !���  &$72"-"( -'&&"-�&"# . �-&$-'�"+' -
 !�#  7$)$+'#  -$,�2"- (   .�&0"&�2$,"'  -'�&'-"!� -0'-�)����"+' !"3  � ,�2  �$&0�,"+,���  
"  !�,!5&',-� %� �4,���  &$72"-"( -'&&"-�&"#   -&$,* . 	),"0  "7 ,$%&$2�',"#  &$72"-"( 
9!�,�0"+' !�#  ,$5!"  (2�('- (  5%&�+',"'  %&') -$2�',"#  �  «%&� -&$, -2',,�#  9!�,�0" -
!' » (spatial economics).  

��,(-"'  «%&� -&$, -2',,�'  &$72"-"' » %&�+,�  2�8��  2 7$!�,�)$-'�/,5:  4$75 �2 -
&� �:7$  («	 ,�2�%��$�$:<"'  %&",1"%* 5 -�#+"2���  %&� -&$, -2',,���  &$72"-"( �2&� -
%'# !���  !�,-",',-$ », 2000 � ). �&� -&$, -2',,�'  &$72"-"'  %�7"1"�,"&5'- (  !$!  4��''  
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8"&�!�'  ,$5+,�'  ,$%&$2�',"'  ,'�'�"  «&'�"�,$�/,$(  ,$5!$ » (regional science),  .�&0"&� -
2$28$( (  2 ��  2'!'  4�$��)$&(  �&�$,"7$1"�,,*0  5 "�"(0  5+',���  � . �#7$&)$. �  ,$8'#  
 -&$,'  "  �')�2$,"(  2 �4�$ -"  %&� -&$, -2',,���  &$72"-"( ,$3�)(- (  ,$   -$)""  �- 5- - -
2"(  ')", -2$  2 �%&')'�',""  !�:+'2*3  %�,(-"# , .�&0"&�2$,""  .5,)$0',-$�/,*3  %&",-
1"%�2, 1'�'# , 0'-�)�2 .  ���"!$  "  �')�2$,"#  2 �4�$ -"  %&� -&$, -2',,���  &$72"-"( ,$ -
%&$2�',$ ,$  5��54�',"'  7,$,"#  �  %&� -&$, -2',,*3  $ %'!-$3   ��-2'- -25:<"3  ,$5! ; ,$  
",-'�&$1":  +$ -,*3  %&��&$00 "  .5,)$0',-$�/,*3  "  �')�2$,"# . �  � ,�2,*0  %&�4�'0$0  
%&� -&$, -2',,���  &$72"-"(  -&$,*  2 !�,-'! -'  �4' %'+',"(  ,$1"�,$�/,*3  ",-'&' �2  "  
%&",1"%�2 5 -�#+"2���  &$72"-"( &'�"�,�2  0��,�  �-,' -" :  �3&$,',"'  "  7$<"-5  -'&&"-� -
&"$�/,�#  1'�� -,� -"   -&$,* ; �4' %'+',"'  4'7�%$ ,� -"  %��&$,"+,���  %&� -&$, -2$ "  
)� -�#,���  5&�2,(  �"7,"  ,$ '�',"( ; 5�5+8',"'  9!����"+' !�#   "-5$1"" ; 7$<"-$ �-  +&'7-
2*+$#,*3   "-5$1"#  %&"&�),���  "  -'3,��',,���  3$&$!-'&$; &$72"-"'  0'�4:)�'-,*3  �- -
,�8',"# . �$!  "72' -,� , ,'9..'!-"2,$(  %&� -&$, -2',,$(  �&�$,"7$1"(   -&$,*  2�'+'-  7$ 
 �4�#  &� -  &$ 3�)�2  ,$  %�))'&�$,"'  ",.&$ -&5!-5& , "74*-�+,*3  ,$  -'&&"-�&"(3 , -' -
&(:<"3  ,$ '�',"'  "  %&�"72�) -2',,*'  $!-"2* . ��  �1',!'  9! %'&-�2  �, -"-5-$  �&5!",� -
 $ '�'��),*'  %�-'&"  ��  �-  ,'9..'!-"2,�#  %&� -&$, -2',,�#  �&�$,"7$1""  �1',"2$:- (  2 
2-3,0 % ��� . �'8',"'  7$)$+ 2 �4�$ -"   -&$-'�"+' !���  "  -'&&"-�&"$�/,���  %�$,"&�2$ -
,"( , �4' %'+',"(   2�'2&'0',,���  ,�&0$-"2,� -%&$2�2���  &'�5�"&�2$,"(   �1"$�/,� -
9!�,�0"+' !���  &$72"-"(  54A'!-�2  .')'&$1""  "  05,"1"%$�/,*3  �4&$7�2$,"#  2�7���',�  
,$  6"," -'& -2�  9!�,�0"+' !���   &$72"-"(  �� . �   2(7"    %&",(-"'0  7$!�,$  «	   -&$-'�" -
+' !�0  %�$,"&�2$,""  2 ��  "# !�#  �')'&$1"" » (B  172-��  �-  28 ":,(  2014� .) 2  -&$,'  
%�(2"�� /  � ,�2$,"'  )�(  &$7&$4�-!" %&",1"%"$�/,�  ,�2���  )�!50',-$   -&$-'�"+' !���  
%�$,"&�2$,"(  – �-&$-'�""  %&� -&$, -2',,���  &$72"-"( �� . �$,,*#  )�!50',-  %&"72$, 
%&'�)��'-/  "0'285: (  )�   "3  %�& &$7�4<',,� -/   -&$-'�"+' !��� , -'&&"-�&"$�/,��� , 
9!����"+' !���  "  �-&$ �'2���  %�$,"&�2$,"( , -&$, %�&-,��� , 9,'&�'-"+' !���  "  %&�0*8 -
�',,���   -&�"-'�/ -2$ , %&"2�)"285:  !  ,'9..'!-"2,�# , 2�  0,���0  ,'4'7�%$ ,�#  2  �2&' -
0',,*3  5 ��2"(3  %&� -&$, -2',,�#  �&�$,"7$1""   -&$,* , %� -�(,,�05  2� %&�"72�) -25  
7$-&$-,�#   -&5!-5&*  !�005,$�/,���  3�7(# -2$ , ,'&$1"�,$�/,�05  &$70'<',":  %&�"72�-
)"-'�/,*3   "� .  

���"!$  7$!�,$  )���,$  �4' %'+"-/  ",-'&' *   -&$,*  ,$  0'�)5,$&�),�0  5&�2,' , �%-
&')'�"-/  %�-',1"$�  "  � ,�2,*'  ��&$,"+',"(  !$�)���  &'�"�,$ . �')'&$�/,*#  7$!�,  «	  
 -&$-'�"+' !�0  %�$,"&�2$,""  2 �� » (2�('- (  ",,�2$1"'#  2  .'&'  5%&$2�',"( ,   '��  %&"-
,(-"'0  %�(2"� (  ,�2*#  .�&0$-  &'8',"# , !�-�&*#  &$,/8'  %&� -�  ,'   5<' -2�2$� . 	,  %�-
72��"-   ,"7"-/  7$-&$-* &'�"�,$�/,*3  4:)�'-�2 , -$!  !$!  0,��"'  %&",1"%"$�/,*'  2�%&�-
 *  45)5-  5&'�5�"&�2$,*  ,$  .')'&$�/,�0  5&�2,' . �&� -&$, -2',,$(  �&�$,"7$1"(  ��  ""  2 
%&�8')8"'  )' (-"�'-"(  .�&0"&�2$�$ /  3$�-"+,� , 7$!&'%"�$ 2 %'&25: �+'&')/   *&/'25:  
 %'1"$�"7$1":   -&$,*  "  -&$,7"-  ,$ '�',"(  2  -��"+,*#  &'�"�,  "  ��&�)$  0"��"�,'&* . 
�$"4��''  !�,!5&',-� %� �4,�#  ,$  0"&�2�0  &*,!'  +$ -/:   -&$,*  �!$7$�" /   *&/'2*'  
7�,* . 	,"  %&�)���$:-  « -(�"2$-/ » ,$   '4(  %&�'!-,*'  0�<,� -" , %����<$:-   2�4�),*'  
!$%"-$�* , !2$�"."1"&�2$,,5:  "  0�4"�/,5:  &$4�+5:   "�5 ,  -$,�2(- (  « %�, �&$0" » 
�4<',$1"�,$�/,*3  %��"-"+' !"3  %&�1'  �2 , %&")$2$( "0  2*��),5:  )�(   '4(  ,$%&$2�', -
,� -/ . 	- 5- -2"'  7�,  2* �!��&�$,"7�2$,,�#  5&4$," -"+' !�#   &')*  �"7,"   -$,�2"- (  
%&'%(- -2"'0  )�(  !�,1',-&$1""  ,$  -'&&"-�&""  ��  &' 5& �2  45)5<'�� : 2* �!�!2$�"." -
1"&�2$,,�#  0�4"�/,�#  &$4�+'#  "�* , ",,�2$1"�,,*3  -'3,����"# , ",.�&0$1"�,,*3  " -
-�+,"!�2 . ��&0"&5:<5: (  %&� -&$, -2',,$(  �&�$,"7$1"(   -&$,*  )���,$ : �4' %'+"2$-/  
",-'�&$1":  2 ���4$�/,*#  &*,�! ;  %� �4 -2�2$-/  5 !�&',,�05   �1"$�/,� -
9!�,�0"+' !�05  &$72"-":  &'�"�,�2  7$  +'-  %&$2"�/,���  &$ %&')'�',"(  %&�"72�)"-'�/ -
,*3   "� ; �4' %'+"2$-/   2(7$,,� -/   -&$,* , �-!&*2$:<5:  )� -5%  -'&&"-�&"#  "  "3  ,$ ' -
�',"(  !  " -�+,"!$0  9!�,�0"+' !���  &� -$ ; �$&$,-"&�2$-/  5)'&�$,"'  -'&&"-�&""   -&$,*  
!$!  «4��/8���  %&� -&$, -2$».  

���/8", -2�  -'&&"-�&"$�/,� -)"2'& "."1"&�2$,,*3   -&$, , %�!$7*2$28"3  2 %�-
 �'),"'  50 �'-  5 -�#+"2�  2* �!"'  -'0%*  9!�,�0"+' !���  &� -$ , )� -"�$�"  "3 , !$!  %&$2"-
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�� , 7$  +'-  �%'&'�$:<'��  &� -$  ,' !��/!"3  &'�"�,�2 . �'�"�,* -�")'&*   -$,�2"�" /  1', -
-&$0"  ",,�2$1"�,,���  &$72"-"(  -&$,*  "  )'0�, -&"&�2$�"  ,�2*#  -"% 9!�,�0"+' !���  "  
 �1"$�/,���  &� -$  )�(  )&5�"3  -'&&"-�&"# . �$)$+'#  ",*3  -'&&"-�&"#   -$,�2"- (  ,'   -��/ -
!�  !�%"&�2$,"'  %5-" &$72"-"( 2*&2$28"3 (  2%'&') &'�"�,�2 -�")'&�2 ,  !��/!�  2 -&$"2$-
,"'  2 .�&0"&5:<5: (  2 �'�9!�,�0"+' !�0  %&� -&$, -2'  ���4$�/,���  0"&$ ,�25:  &'�"� -
,$�/,5:  "'&$&3": : &'�"�,* -%&�"72�)"-'�" , &'�"�,*  – .",$, �2*' , &'�"�,*  – 1',-&*  
���  "  )&. �7�$0"  �%�&,���  !$&!$ $ %&� -&$, -2',,���  &$72"-"( )���,*  2* -5%"-/  
!&5%,*'  ��&�) !"'  $���0'&$1""  – ",,�2$1"�,,*'  "  5%&$2�',+' !"'  1',-&* , !�,1',-&" -
&5:<"'  2  '4'  9!�,�0"+' !5:  $!-"2,� -/  ,$ '�',"(  "  2* -5%$:<"'  " -�+,"!�0  45-
)5:<"3  "70',',"# . �!�&''  2 '�� , )$�/,'#8$(  ",-'�&$1"(  ��  ""  2 0'�)5,$&�),�'  %&�-
 -&$, -2�  %&"2')'-  !  &$72"-": : «���4$�/,*3  ��&�)�2 », �!$7*2$:<"3   5<' -2',,�'  
2�"(,"'  ,$  ���4$�/,5:  9!�,�0"!5  (6� !2$ , �$,!- -�'-'&45&� ); «7�,  -'3,����"+' !���  
-&$, .'&-$ » �4' %'+"2$:<"3  &$72"-"'  %&�1'  �2  %&�1'  ",�$  "  $5- �& ",�$ ; «7�,  ",,� -
2$1"�,,���  &� -$ », � ,�25  !�-�&*3  )���,*   � -$2"-/  ,$5!��&$)*  "  ��
	 ; «7�,  %&�-
0*8�',,���  &$72"-"(», "0':<"3  &$72"-5:  %&�0*8�',,5:  ",.&$ -&5!-5&5 ; «7�,  $�&$&-
,���  &� -$ »   �%�&�#  ,$  !&5%,*'  %&�"72�) -2',,� --�&��2*'  3��)",�" ,  '�/ !5:  !��%' -
&$1": ,  '0'#,*'  .'&0'& !"'  3�7(# -2$ ; «7�,  )�4*+"  %&"&�),*3  &' 5& �2 » ,$  � ,�2'  
&$72"-"( )�4*+"  "  %'&'&$4�-!"  %&"&�),*3  &' 5& �2 , 9..'!-"2,�#  9! %�5$-$1""  9! -
%�&-,*3  -&54�%&�2�)�2  "  %�&-�2���  3�7(# -2$ ; «7�,  %&"�&$,"+,���   �-&5),"+' -2$ » "  
«7�,  4'7�%$ ,� -" ». �*)'�',"'  ,$  -'&&"-�&""   -&$,*  &'�"�,�2  «-�+'!  &� -$ » 0��'-  4*-/  
)� -"�,5-�  7$  +'- : .�&0"&�2$,"(  57��2  ",.&$ -&5!-5&  (2 %'&25: �+'&')/  -&$, %�&-,*3 , 
���" -"+' !"3 ); 52(7!"  2,5-&',,"3  -&$, %�&-,*3  !�005,"!$1"#    0'�)5,$&�),*0"  
-&$, %�&-,*0"  !�&")�&$0" ; %�))'&�$,"(  0"�&$1"�,,�#  0�4"�/,� -"  ,$ '�',"( ; &$72"-
-"(  ",.&$ -&5!-5&  ��&�) !���  3�7(# -2$ . �$)$+$ .')'&$�/,*3  �&�$,�2  2�$ -"  45)'-   � -
 -�(-/  2 .�&0"&�2$,""  "  &$72"-""  �%�&,���  !$&!$ $ %&� -&$, -2',,�#  �&�$,"7$1""   -&$-
,* .  �'�"�,* , ,'  �-,' ',,*'  !  )$,,�05  %&� -&$, -2',,�05  !$&!$ 5 , )���,*  45)5-   $0� -
 -�(-'�/,�  2*&$4$-*2$-/ , "  &'$�"7�2*2$-/   2�:   -&$-'�": . �')'&$�/,*'  �&�$,*  2�$ -"  
)���,*  45)5-  � 5<' -2�(-/   '�'!-"2,5:  4:)�'-,5:  %�))'&�!5  &'�"�,$�/,*3  ","1"$ -
-"2 . ��(  9-���  ,'�43�)"0�   �7)$-/  &$7�"+,*'  4:)�'-,*'  .�,)* , )"..'&',1"&�2$,,*'  
%� 1'�(0  4:)�'-,*3  &$ 3�)�2  "  %� -"%$0 -'&&"-�&"# , ,$  &$72"-"'  !�-�&*3  �,"   �&"', -
-"&�2$,* . ��(  5%�&()�+',"(  %��"-"!"  &'�"�,$�/,���  &$72"-"( "  5%&$2�',"(  %&� -&$, - -
2',,*0  &$72"-"'0  ��  ,'�43�)"0�  ,�&0$-"2,�  7$!&'%"-/   3'05  %&� -&$, -2',,���  &$7-
2"-"(   -&$,* , �%&')'�"2  %$&$0'-&* &$72"-"(  " -'0*  -&$, %�&-,� -!�005,"!$1"�,,*3  
",.&$ -&5!-5& , � 5<' -2"2  .5,!1"�,$�/,�'  7�,"&�2$,"'  -'&&"-�&"# , �%&')'�"2  0' -$  
��!$�"7$1""  !&5%,*3  �4A'!-�2   �1"$�/,*3  ",.&$ -&5!-5&  "  � ,�2,*'  %$&$0'-&* &$  ' -
�',"(  ,$ '�',"( . �'�5�"&�2$,"'  &'�"�,$�/,���  &$72"-"( 2 ,$ -�(<''  2&'0(  %&') -$@- !$!  
,')� -$-�+,�  "  �')�2$,,$(  2 ,$5+,�0  %�$,'  %&�4�'0$ . 6'�)5  -'0  !$&)",$�/,*'  %'&'-
0',* , %&�" 8')8"'  2 %� �'),"'  ��)* , 0,���%�$,�2*  "  2 2* 8'#   -'%',"  )",$0"+,* . 
�0',,�  %�9-�05  � 0* �',"'  ,�2*3  &'$�"# , �%&')'�',"'  0'-�)�2  "  %�)3�)�2  !  �4' %'+' -
,":  5 -�#+"2���  %&� -&$, -2',,���  &$72"-"(  '��),(  � �4',,�  $!-5$�/,� .  

������  �����+.-
0�	  ��/
�
/-�5 : 
1. ��!-&",$  %&�)�2��/ -2',,�#  4'7�%$ ,� -"  ��  "# !�#  �')'&$1"" , 5-2'&�)',,$(  
�!$7�0  �&'7")',-$  ��  "# !�#  �')'&$1""  �-  30 (,2$&(  2010 � . B  120.  
2. �-&$-'�"(  ,$1"�,$�/,�#  4'7�%$ ,� -"  ��  "# !�#  �')'&$1""  )�  2020 ��)$ . �!$7  
�&'7")',-$  ��  "# !�#  �')'&$1""  �-  12 0$(  2009 ��)$  B  537. 
3. �')'&$�/,*#  7$!�,  «	   -&$-'�"+' !�0  %�$,"&�2$,""  2 ��  "# !�#  �')'&$1"" » �-  
28 ":,(  2014 � . B  172-�� ,  - . 3. 
4. 
&$,4'&�  � .
 . 	  %&��&$00' .5,)$0',-$�/,*3  "  �')�2$,"#  %&� -&$, -2',,���  
&$72"-"( ��  ""  // �'�"�, : 9!�,�0"!$  "   �1"����"( . — 2009. – B  2. – � . 166 – 178.  
5. ;�'!-&�,,*#  �4&$7�2$-'�/,*#  &' 5&  «e-RegionalPolicy» %� !5& 5 «�'�"�,$�/,$(  
%��"-"!$ »: http://course-info.narod.ru/menu.htm 

 



 258 

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

�"�"%%�2$  
 .� .,  ! .9., .,  )�1',-  !$.')&*  «;!�,�0"!$  "  0',')�0',- » ���  
 
	4(7$-'�/,�'   -&$3�2$,"'  �&$�)$, !�#  �-2'- -2',,� -"  2�$)'�/1'2  -&$, %�&-,*3  

 &') -2  (	��
	 )  — 9-�  2")   -&$3�2$,"(  �-2'- -2',,� -" , !�-�&*#  2 ��  ""  %�(2"� (    
1 ":�(  2003 ��)$    2 -5%�',"'0  2  "�5  �')'&$�/,���  7$!�,$  B  40-��  �-  25 $%&'�( 2002 
��)$  «	4  �4(7$-'�/,�0   -&$3�2$,""  �&$�)$, !�#  �-2'- -2',,� -"  2�$)'�/1'2  -&$, %�&--
,*3   &') -2 ».  

	��
	  22�)"�� /  !$!   �1"$�/,$(  0'&$, ,$%&$2�',,$(  ,$   �7)$,"'  �%&')'�@,,*3  
.",$, �2*3  �$&$,-"#  2 �-,�8',"(3  %� %�2�)5  2�70'<',"(  0'�)5  5+$ -,"!$0"  $2-�0� -
4"�/,*3  $2$&"#.  

�  ,$ -�(<''  2&'0(  &*,�!  	��
	  ,$3�)"- (  2 7$-&5),"-'�/,�0  %����',"" : -'0%*  
2*%�$-  %� -&$)$28"0  %�+-"  2)2�'  %&'2*8$:-  -'0%*  %&"&� -$ 27,� �2 , %&"+'0 )$�'  �" -
)'&*   -&$3�2���  &*,!$  )'0�, -&"&5:-   �!&$<',"'  27,� �2 . 

�  !�,1'  (,2$&(  2015 ��)$  %�',50  �'&3�2,���   5)$  (�� ) ��  ""  5-2'&)"�  %� -$,�2 -
�',"' , 2 !�-�&�0  %�)&�4,�  &$7A( ,"�  ,�2*'  %&$2"�$ 	��
	  "  "3  %&"0',',"'  2  ���"2 -
8'# (  9!�,�0"+' !�#   "-5$1"" .  


$! ,   1 $%&'�( 2015 ��)$  2-&�'  2�7&$ -'-  �"0"-  !�0%', $1"#  %� 5<'&45  7)�&�2/: . 
�5)'-  &$ 8"&',  !&5�  %�-',1"$�/,*3  %��5+$-'�'#  2*%�$-  2  2(7"    �"4'�/:  7$ -&$3�2$,-
,���  2�)"-'�( . �0' -'    -'0  5%&�<',  %�&()�!  2*%�$-  5<'&4$ %� -&$)$28"0  2 )�&��,� -
-&$, %�&-,�0  %&�" 8' -2""  (�
� ) %'8'3�)$0 . 

�   �5+$'  �
�   -&$3�2<"!  �4(7$,  2�70' -"-/  ,'  -��/!�  ,$,' ',,*#  5<'&4 , ,�  "  
%�-'&:  -�2$&,�#   -�"0� -"  $2-�0�4"�( . 
$!�' , 2�70'<',"'  5-&$-*  -�2$&,�#   -�"0� -"  
(2�('- (  ,'�43�)"0*0  %&" )','�,�#  2*%�$-'  ,$,' ',,���  5<'&4$, ,�  "  2  �5+$' , !��)$  
$2-�  %�)2'&�$'- (  &'0�,-5 . 

�&�0'  -���  2 %� -$,�2�',""  ��  %�)&�4,�  �%" $,*  5 ��2"( , %&" !�-�&*3  �&$�)$ -
,",  0��'-   ' -/  7$ &5�/  $2-�  4'7 %��" $  	��
	 . �$%&"0'& , %� 7$!�,�)$-'�/ -25 , +'��2'!  
�4(7$,  %&"�4&' -"  %��"  	��
	  2 -'+',"'  10 ),'#    0�0',-$  %��5+',"(  %&$2$  �4 -2', -
,� -"  ,$  0$8",5 . 	),$!�  )�  " -'+',"(  9-���   &�!$  2�)"-'�(  8-&$.�2$-/  ,'�/7( , 7$ -� , 
+-�  �,  '7)"-  4'7 	��
	 , $ 5%&$2�(-/ $2-�0�4"�'0  -'0  2&'0','0  �,  "0''-  %��,�'  %&$2�. 

�&"+'0  ' �"  2�)"-'�/  5%&$2�('- -&$, %�&-,*0   &') -2�0    %&� &�+',,*0  %��" -
 �0  	��
	  "�"  �,  ,'  2%" $, 2  -&$3�2!5 , -�  %� 7$!�,5  '05  �&�7"-  8-&$. . 

�'&3�2,*#   5)  -$!�'  �%&')'�"�  "   -'%',/  �-2'- -2',,� -"   -&$3�2�#  !�0%$,""  7$ 
$2-� '&2" , 2 !�-�&*#  �,$  ,$%&$2�('-  0$8",5  ,$  &'0�,- . ����$ ,�  2 -5%"28"0  2  "�5  
%�%&$2!$0, �-2'- -2',,� -/  7$ �!$7$,"'  5 �5�  ,' '-  "0',,�   '&2" . �&"  9-�0 , ' �"  %� �'  
&'0�,-$  �4,$&5�"�" /  %&�4�'0* ,  ���$ ,�  %� -$,�2�',":  %�',50$  �'&3�2,���   5)$ , 7$ 
"3  5 -&$,',"'  ,' '-  �-2'- -2',,� -/  "0',,�   -&$3�2<"! . 

�$+$�/,"!  �-)'�$  0'-�)����""   -&$3�2$,"(  ��  "# !���   �:7$  $2-� -&$3�2<"!�2  
6"3$"�  ��&2$-�2  52'&', , +-�  %� -$,�2�',"'  +'-!�  %&�%" *2$'-  %&$2$ "  �4(7$,,� -"  5+$-
 -,"!�2  %&�1'  $ : $2-�2�$)'�/1'2 ,  -&$3�2<"!�2 ,  5)'#  "  9! %'&-�2 --'3,"!�2 . «�2�)(- (  
,�2*' , 4��''  �' -!"'   -$,)$&-*  )'# -2"# , !$!  )�(   -&$3�2<"!�2 , -$!  "   -&$3�2$-'�'# . 
�&"+'0  &$7,���$ "(  45)5-   2')',*  !  0","0505 , $ &*,�!  	��
	   -$,'-  4��''  %&�7&$+-
,*0  "  1"2"�"7�2$,,*0 », — %&�)���"�  6"3$"�  ��&2$-�2  [2]. 

��  %�) +'-$0   -&$3�2<"!�2  )�(   �3&$,',"(  &',-$4'�/,� -"  %�2*8',"'  -$&".�2  
)���,�   � -$2"-/  4��''  56 %, "  9-$ 1".&$  ,'  5+"-*2$'-  &� -$  !5& $ 2$�:- . «�&"  5+'-'  
"70',',"(  !5& $ 2$�:-  -&'45'- (  )25!&$-,�'  52'�"+',"'  -$&".�2  %� 	��
	 , %� !��/!5  
)'# -25:<"'   -&$3�2*'  -$&".*  %� 	��
	  ,'   ��-2'- -2�2$�"   5<' -25:<'05  5&�2,:  
&" !$ », — %&�)���"�  �','&$�/,*#  )"&'!-�&  6'�)5,$&�),�#  $!-5$&,�#  !�0%$,"" , +�',  

"�/)""  $!-5$&"'2  �2�',"#  �,',!� . 

	),$!� , %� �'  %&",(-"(  %�%&$2�! !  7$!�,5  �4  	��
	  �4&$7�2$�" /  �%&')'�',,*'  
%&�4'�*  2 %&$2�2�0 %��' , !�-�&*'  ,'  5 -&$,',*  %� -$,�2�',"'0  �� . ��  0,',":  %&')-
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 -$2"-'�(  ��  "# !���  $2-�0�4"�/,���  -�2$&"<' -2$  �,)&'(  ��&$,�2$ ,  �3&$,(:- (  �%-
&')'�',,*'  )25 0* �',,� -"  "  ,' -*!�2!" , %�9-�05  %&') -�"-  '<'  ,'0$��   )'�$-/ . 
«�$�,� , +-�4*  9! %'&-* --'3,"!"  &5!�2�) -2�2$�" /  �"8/  ')",�#  0'-�)"!�# , %&$2"�$0" 
"  ')",*0"  1',�2*0"   %&$2�+,"!$0" , — 7$0'-"�  �,)&'#  ��&$,�2 . — 
$!�#  %�)3�)  %�-
72��"-   5<' -2',,�   �!&$-"-/  %��'  )�(  �:4*3   %�&�2, $ 7,$+"- ,  �!&$-"-  ,$�&57!5 "  ,$  
 5)* ». 

�5!�2�)"-'�/  �  �1"$1""  %� 7$<"-'  %&$2 $2-� -&$3�2$-'�'#  6$! "0  �$,�",  52' -
&', , +-�  ,'!�-�&*'  &$7A( ,',"(  �'&3�2,���   5)$  0��5-  %&"2' -"  !  5<'0�',":  %&$2 %�-
-'&%'28"3  2  %�&$3  �   -&$3�2*0"  !�0%$,"(0" . �'8',"'  %�',50$  ��  0��'-  �"8"-/  $2-
-�2�$)'�/1'2  ,$)'�)*  ,$  2�70'<',"'  5<'&4$ �-  �
� . ��  '��   ��2$0 , �),"0  "7 ,$"4��''  
2$�,*3  "70',',"# , !�-�&�'   5<' -2',,�  5<'0�('-  %&$2$ %�-'&%'28"3  (2�('- (  %&"0'-
,',"'  «�)",�#  0'-�)"!"  �%&')'�',"(  &$70'&$ &$ 3�)�2  ,$  2�  -$,�2"-'�/,*#  &'0�,-  2 
�-,�8',""  %�2&'�)',,���  -&$, %�&-,���   &') -2$ » )�(  �%&')'�',"(  &$70'&$ 2*%�$-*  
 -&$3�2���  2�70'<',"(  %� 	��
	 . 

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

«�  5+'-�0  "70',',"(  !5& �2  � ,�2,*3  ",� -&$,,*3  2$�:-  2 2015 ��)5  &54�'2*'  
1',*  ,$  7$%$ ,*'  +$ -"  )�(  $2-�0�4"�'#  2*&� �"  4��''  +'0  1,5 &$7$. �&"  9-�0 ,  %&$2�+-
,"!"  1',  ,$  7$%$ ,*'  +$ -" , !�-�&*'  %&"0',(:- (  %&" �%&')'�',""  &$70'&$ 2*%�$-* , 
� -$�" /  4'7 "70',',"# », — �-0'-"�  2 7$!�:+',""  6$! "0  �$,�",  [2]. 

�$   '��),(8,"#  )',/ ,  " -'0$  	��
	  )'# -2"-'�/,�  %'&'�"2$'-   ���,*'  2&'0' -
,$ . 	),$!�  2�$)'�/1$0  $2-� , � -$'- (  -��/!�  ,$)'(-/ ( , +-�  %� �'),"'  "70',',"(  %�#)5-  
«$2-��&$�)$,!' » ,$  %��/75 "   0"&"-/ (    -'0 , +-�  %�$-"-/    2' ,*  2015 ��)$  %&")'- (  
2)2�'  4��/8' . 

C 20 0$&-$ �$,!  ��  ""  ,$!�,'1  �%&')'�"� (    %�2*8',"'0  -$&".�2  %� 	��
	 . 
;-�05   %� �4 -2�2$��  ,' !��/!�   �')5:<"3  .$!-�&�2 : 

-  52'�"+',"'    1 $%&'�( 2015 ��)$ , �"0"-  2*%�$-  7$ 2&')  %&"+",',,*#  �"7,"  "  
7)�&�2/:   �  160 )�  500 -* (+  &54�'# ;  

-  52'�"+',"'  �"0"-$  2*%�$-  7$ %&"+",',,*#  5<'&4  -&$, %�&-,�05   &') -25   �  
120-160 )�  400 -* (+  &54�'# ; 

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

-":  &'�"�,$�/,*3  �." �2  "  -�+'!  %&�)$�   -&$3�2*3  !�0%$,"# . 
�  01.04.2015 � . "70',"�" /  %&$2"�$, %� !�-�&*0  45)5-  ,$+" �(-/ (   -&$3�2*'  2* -

%�$-* . 
$! , ' �"  &$,''  ,$   -&$3�25:  2*%�$-5 0���"  &$  +"-*2$-/  �"8/  -'  %� -&$)$28"'  
(7$ " !�:+',"'0   0'&-'�/,*3   �5+$'2 ), !�-�&*0  4*��  ,'2�70��,�  �!$7$-/  %�0�</  2 
&$0!$3 �4(7$-'�/,���  0')"1", !���   -&$3�2$,"( , -�   '#+$  2*%�$-*  %� -&$)$28"0  45)5-  
."! "&�2$,,*0"  2 7$2" "0� -"  �-  -(�' -"  -&$20*  [1]. 

��&0"&�2$,"'  "  &� -  4$7�2*3 -$&".,*3   -$2�!  )�(  -&$, %�&-,*3   &') -2  %� 
	��
	  2 ��  ,$+$� (  '<'  2 �!-(4&'  2014 ��)$ . 
��)$   &'),((   -�"0� -/   -&$3�2���  %��" -
 $ %�),(�$ /  ,$  20-30 %. �  $%&'�'  2015 ��)$  9-�-  %&�1'   4*�  %&�)���', . 

��2*8',"'  4$7�2�# -$&".,�#   -$2!" , )�(  &$7,*3 !$-'��&"#  -&$, %�&-,*3   &') -2 , 
45)'-  �-�"+$-/ ( . 
$! , ,$%&"0'&, )�(  �&57�2*3  0$8",    &$7&'8',,�#  0$! "0$�/,�#  0$ -
 �#  �-  16 -�,, , 52'�"+',"'   � -$2"-  32%, -��)$  !$!  )�(  � -$�/,*3  !$-'��&"#  41%. 

��  ' -/  "  3�&�8"'  ,�2� -" , )�(  -&'3  !$-'��&"#  -&$, %�&-,*3   &') -2 , ,"�,((  �&$-
,"1$  45)'-   ,"�',$ : 

-  �'�!�2*'  $2-�0�4"�"  :&")"+' !"3  �"1  - ,$  22%; 
-  -&$!-�&$  - ,$  25%; 
-  0�-�1"!�*  "  0�%')*  - ,$  42%. 
�  1 $%&'�( 2015 ��)$  %&�"7�8��  "70',',"'  -'&&"-�&"$�/,*3  !�9.."1"',-�2   -&$-
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3�2*3  -$&".�2  %� 	��
	  [3]:  
- 2  -�&�,5  52'�"+',"(  - �$0+$- !���  !&$( (,$  18,2%), �)*�'"  (,$  18,2%), 65& -

0$, !�#  �4�$ -"  (,$  20,0-23,5%), 6�&)�2""  (,$  14,3-25,0%), �05& !�#  �4�$ -"  (,$  10,0-
17,6%), ��&�,'� !�#  �4�$ -"  (,$  7,1-14,3%), ��/(,�2 !�#  �4�$ -"  (,$  7,1-12,5%), �52$ -
8""  (,$  6,2-10,0%), �5&�$, !�#  �4�$ -"  (,$  7,7-10,0%), �'�(4", !�#  �4�$ -"  (,$  5,0-
13,6%); 

- 2  -�&�,5   ,"�',"(  – 2 ��&�)$3  �',",�&$) !�#  �4�$ -"  (,$  18,7%), �$�' -$,$  (,$  
14,3-30,0%), �$4$#!$�/ !���  !&$( (,$  14,3-40,0%), 
*2*  (,$  40,0%), �,�58'-""  (,$  14,3-
33,3%), �'+', !�#  &' %54�"!"  (,$  14,3%), �2&'# !�#  $2-�,�0,�#  �4�$ -"  (,$  14,3-40,0%), 
6$�$)$, !�#  �4�$ -"  (,$  41,7%), �' %54�"!"  �$3$  (�!5-"( ) (,$  25,0-40,0%), �5!�- !���  
$2-�,�0,���  �!&5�$  (,$  14,3%), �$#!�,5&$  (,$  40,0%). 

�&'),''  %�)�&��$,"'  %��" $  	��
	   � -$2"-  �-  41 )�  60%, %&" 9-�0  �$&$,-"&5-
'- ( , +-�  %�2*8',"'   � -$2"-  ,'  4��''  100%. 

�$  0�-&"0   -�"0� -/  	��
	 , ,$  %&"0'&' $2-�0�4"�(  0�<,� -/:  �-  101 )�  120 
��8$)",*3   "� , %�) -$!�#  !&"-'&"#  %�%$)$:- -$!"'  $2-�0�4"�"  !$! : Lada Priora, Lada 
Granta, Ford Focus, Hyundai Solaris "  - .) . �&"  2�7&$ -'  2�)"-'�'#  4��''  22 �'-  "   -$�'  2� -
�)',"(  4��''  -&'3  �'- , %&"0'&,$(   -�"0� -/  %��" $  	��
	  %&') -$2�',$  2 -$4�"1'  [3]. 

 

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

�$72$,"'  ��&�)�2  6","0$�/,*#  &$70'&  -&$-
3�2���  27,� $ , &54. 

6$! "0$�/,*#  &$70'& 
 -&$3�2���  27,� $ , &54. 
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