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� .� . �,/.$#�3  ("-7*,.-  �) . ��� -551), � . 
 . ���3$.�3'  (#.4.. ., '""$"-,.-  #'0 . ���; ) 
�� !"#$%  /� $-,4.$6,"#$%  $."-$-7-  (0$ $' ) ��
	�  �	  �� ����  

 
 

 �$.-,-$6,"#$,  $5�/),.�3+,  #'767#$ (3 (<-"(  8'5�3+&$  #'767#'&$  3 9$..�%  
/)�&+9 ,..�"-$ . 	.$  (3 (<-"(  4�)�9,%  5'&,.�%  .'-7)' 1.���  #'767#' , $ /�  ")'3.,.$<  
" .$& , .,  �8 '*'<-  .,/)$(-.+&  5'/'4�& , �8 '*'<-  4�)�9,%  3�*�"-�%#� -
"-1< ,8$� ��$6,"#$  $.,)-.+ . �  /)$&,.,.$,&  /� $$5�/),.'  �')'.-$)�3'.'  3+"�#'(  -,4.� -
 ��$6.�"-1  $ "-'8$ 1.�"-1  0$5$#�-&,4'.$6,"#$4  /�#'5'-, ,% . �$&$6,"#'(  "-�%#�"-1 , �$ -
"-,),5$"  $ "�/)�-$3 ,.$,  �#$" ,.$<  : '"-�&,).+4  &'-,)$' �3  .'  �".�3,  $5�/),.�3+4  
#'767#�3 8 $5#$ # .'-7)' 1.�&7  #'767#7.[1] 

�#-7' 1.�"-1  -,&+  $576,.$(  $ &�*,).$5'2$$  /)�$53�*"-3'  /� $5�/),.'  "3(5'.'  " 
,��  9$)�#$&  /)$&,.,.$,& . �,-�*+  /�3+9,.$(  :00,#-$3.�"-$  /)�$53�*"-3' , '  -'#!,  
7 769,.$(  .,�84�*$&+4  /�#'5'-, ,%  �8)'57<=,��"(  /� $$5�/),.'  (3 (,-"(  �".�3.+&$  
3�/)�"'&$  .'  ",��*.(9.$%  *,.1 . 
 �5�/),.�3+,  #'767#$ – :-�  /)�*7#-+  "-,),�"/,2$0$6,"#�%  /� $&,)$5'2$$  $5�-
/),.'  3 )'"-3�)'4  3 /)$"7-"-3$$  #�&/ ,#".+4  (#��)*$.'2$�..+4 ) #'-' $5'-�)�3  �$� , -
)' -�'--' , .'/)$&,) , Al(C2H5)3 + TiCl4 $ $   $-$%�)�'.$6,"#$4  "�,*$.,.$% . �,*�"-'-#�&  
/)$&,.(,&+4  #�&/ ,#".+4  #'-' $5'-�)�3  &�!.�  �-.,"-$  .$5#7< '#-$3.�"-1  #'-' $5'-� -
)'  /)$  /� $&,)$5'2$$  $5�/),.'  $ ,��  3+"�#7<  "# �..�"-1  # '� �&,)'2$$ , * (  /),*�- -
3)'=,.$(  #�-�)�%  .,�84�*$&�  /)'#-$6,"#$  -),4#)'-.�,  )'58'3 ,.$,  #'-' $-$6,"#�%  "$-
"-,&+  $5�/,.-'.�& . � ,*7,-  -'#!,  �-&,-$-1 , 6-�  "$.-,5$)7,&+%  -'#$&  �8)'5�&  /� $&,)  
&�!,-  "�*,)!'-1  *�  5% &'"" . �,)'"-3�)$&�%  3 8,.5� ,  0)'#2$$ , "7=,"-3,..�  747*9'< -
=,% #'6,"-3�  ��-�3+4  ),5$.�3+4  $5*, $%.[2] 

�, 1<  *'..�%  )'8�-+  (3 (,-"(  &�*,).$5'2$(  /)�$53�*"-3'  /� $$5�/),.' . 
��*,).$5'2$(  /)�$53�*"-3'  /� $$5�/),.'  �"7=,"-3 ,.'  5'  "6@- 5'&,.+  #'-' $5' -

-�)'  �  )'8�-,  )'""&'-)$3',-"(  5'&,.'  #�&/ ,#".���  #'-' $5'-�)'  �$� ,)' -�'--' , .'  #' -
-' $5'-�)  /� 76,..���  "&,9,.$,&  7� ,3�*�)�*.+4  )'"-3�)�3  -,-)'4 �)$*'  -$-'.'  $ 
#�&/ ,#"'  -)$$5�87-$ ' <&$.$(  " *$0,.$ �#"$*�&  /)$  -,&/,)'-7),  &$.7"  70 – / <"  
10� �  $ &� 1.+4  "��-.�9,.$(4  -,-)'4 �)$*  -$-'.'  :-)$$5�87-$ ' <&$.$%  $ -)$$5�87-$ -
 ' <&$.$%  : *$0,.$ �#"$* , )'3.+4  1,0:[0,8-1,2] $ 1,0:[0,1-1,0] "��-3,-"-3,..� . �)$  :-�&  3 
#'6,"-3,  7� ,3�*�)�*.���  )'"-3�)$-, (  * (  #�&/�.,.-�3  #'-' $5'-�)'  $"/� 157<-  0)'# -
2$< � 5 – 7� ,3�*�)�*�3  " "�*,)!'.$,&  /,.-,.�3  .,  &,.,,  50% $ $  $4 "&,"$  " -� 7� �& . 
[3] 

�)$&,.,.$,  3 #'6,"-3,  7� ,3�*�)�*.���  )'"-3�)$-, (  0)'2$$  � 5 – 7� ,3�*�)�*�3  
/�53� $-  "7=,"-3,..�  "�#)'-$-1  :.,)��5'-)'-+  .'  "-'*$$  *,�'5'2$$  /� $&,)$5'-'  $ ),�, -
.,)'2$$  )'"-3�)$-, ( . �)$  :-�&  3 �- $6$,  �-  /),*, 1.+4  ' $0'-$6,"#$4  7� ,3�*�)�*�3  
/)$&,.,.$,  0)'#2$$  /�53� (,-  "�4)'.$-1  .,�84�*$&+%  #�&/ ,#"  /�#'5'-, ,%  �8)'57< -
=,��  /� $$5�/),.' .  

�'#!,  .,�84�*$&�  �-&,-$-1  *�"-7/.�"-1  0)'#2$$  � 5-7� ,3�*�)�*�3  " "�*,)!'.$ -
,&  /,.-,.�3  .,  &,.,,  50% /�  ")'3.,.$,<  " $.*$3$*7' 1.+&$  .,.'"+=,..+&$  ' $0'-$ -
6,"#$&$ 7� ,3�*�)�*'&$ , -'#  #'#  �.'  (3 (,-"(  /� 7/)�*7#-�&  /)�$53�*"-3'  $5�/),.'  &, -
-�*�&  *,�$*)$)�3'.$(  $5�/,.-'.' . 

�'..�,  .�3�33,*,.$,  /�53� (,-  /� 76$-1  /� $$5�/),.  " "�*,)!'.$,&  2$" -1,4- 
53,.1,3  .,  &,.,,  96% &'"" ., 4')'#-,)$"-$6,"#�%  3(5#�"-1<  .,  &,.,,  3,0 "&3/�  $ )'"-3�)$ -
&�"-1<  3 -� 7� ,  8� ,,  98%. 

 

$8 $��)'0$6,"#$%  "/$"�#  

1. �,5.$6,.#�  � .� ., ��)�5�3  � .� . (),* .) 
� 19�%  "/)'3�6.$#  ),5$.=$#' . � .: 			  «�5 -
*'-, 1"#$%  2,.-)  «�,4$.0�)& » ��� », 2012. — 648 ". — ISBN 978-5-89551-025-4 
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2. �'-,.-  ��  B 2167165, ���  C08F 136/08, /)$�)$-,-  06.12.99 � ., �/78 . 20.05.01 � . 
3. �'-,.-  ��  B  2578610 , �'-')"-'. , � . �$!.,#'&"# , ��	  "�$!.,#'&"#.,0-,4$& " 

 

�"�
�"��
����  �
�
���  �  ������
�  �  ����  !������  
 

� .� . �'3 ,.#� ; "-7*,.- ; � .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  
� .� . �)�4�),.#� , '""$"-,.-  

�� ���� , � . �� ���)'*  
 
 

�'5)'8�-'.'  '8"�)82$�..'(  #� �..'(  ()$"7.�# 1,2,3) " .'"'*#�%  3 3$*,  3,)-$#' 1.+4  
/ '"-$. , #�-�)'(   �-.�"$-"(  # &'""��8&,..+&  '//')'-'&  "  $"-�3�%  .'"'*#�% .  

�8"�)8,)  /),*"-'3 (,-  "�8�%  #� �..7 , "�"-�(=7<  $5 #�)/7"'  1 " .'"'*#�%  3 3$*,  
3,)-$#' 1.+4  / '"-$.  2. ��)/7"  1 "�*,)!$-  /'-)78#$  * (  34�*'  3 $ 3+4�*'  4 !$*#�"-$  $ 
34�*'  5 $ 3+4�*'  6 �'5' . �  /'-)78#7  3 34�*'  !$*#�"-$  /)$#),/ ,.'   )'"/),*, $-, 1.�,  
7"-)�%"-3�  * (  !$*#�"-$ , "�"-�(=,,  $5 ��)$5�.-' 1.�%  -)78+  7 " )'"/),*, $-, 1.+&$  
/'-)78#'&$  8, /�*  #'!*+&  $4 #�-�)+4  7"-'.�3 ,.+  =, ,3+,  3�)�.#$  9 * (  )'3.�&,).���  
�)�9,.$(  / '"-$.  2 !$*#�"-1<  " "�5*'.$,&  .'  .$4  " �8,$4  "-�)�.  ,,  / ,.#$ . �  3,)4.,%  
6'"-$  #'!*'(  / '"-$.'  2 /�*3,9,.'  .'  2$ $.*)$6,"#$4  /)7!$.'4  10. �  "3�<  �6,),*1  "' -
&$ 2$ $.*)$6,"#$,  /)7!$.+  10 5'#),/ ,.+  3 3,)4.,%  6'"-$  #� �..+  .'  -)'3,)"'4  11. 
�'-)78�#  34�*'  �'5'   5 /)$"�,*$.,.  # #�  ,#-�)7  * (  )'3.�&,).���  /�*3�*'  �'5'  /�*  
#'!*7<  / '"-$.7  2. ;-�-  #�  ,#-�)  "�"-�$-  $5 -)78  12, 7"-'.�3 ,..+4  3*� 1  .$!.,%  
-�)2'  #'!*�%  / '"-$.+  2. �'  #'!*�%  -)78,  12 )'3.�&,).�  /�  ,,  * $.,  $ �,)&,-$6.�  5'-
#),/ ,.  '#7"-$6,"#$% ),5�.'-�)  13 " �-3,)"-$,&  14, .'/)'3 ,..+&$  .'  -�)2+  / '"-$.  2, 
.'  #�-�)+4  "��".�  " �-3,)"-$(&$  14 7"-'.�3 ,.+  ��)$5�.-' 1.+,  *$"#$ 15.  

 
1 – #�)/7" ; 2 – .'"'*#' ; 3, 4, 5,6,8 – /'-)78�# ; 7 – -)78' ;  8, 12 – /)7!$.' ;  
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9 –=, ,3+,  3�)�.#$ ;10 –/)7!$.' ; 11 – -)'3,)" ; 12- -)78' ; 13 – ),5�.'-�) ;  
14 – �-3,)"-$, ; 15 - *$"#$ 

�$" . 1 – 	8=$%  3$* 3 )'5),5,  #� �..+  " / '"-$.6'-�%  .'"'*#�%  /),* '�',&�%  #�. -
"-)7#2$$  

�,57 1-'-�&  /),* '�',&�%  #�."-)7#2$$  '8"�)8,)'  /�3+9,.$,  /)�$53�*$-, 1.�"-$  
5' "6,-  73, $6,.$,   "#�)�"-$  &'""�/,),.�"'   .'  �)'.$2,  )'5*, '  0'5  "-,#'<=,%  3.$5 /�  
/�3,)4.�"-$  .'"'*#$  / ,.#$  !$*#�"-$  $ /�*.$&'<=,��  .'3"-),67  ,% /�-�#'  �'5'  5'  "6,-  
),5�.'.".+4  #� ,8'.$%  " 3+"�#�%  '&/ $-7*�%  -)786'-+4  )7#'3�3  .'"'*#$ . 

�'..+%  ),57 1-'-  *�"-$�',-"(  -,& , 6-�  '8"�)8,) , /),*"-'3 (<=$%  "�8�%  #� �..7  " 
.'"'*#�%  3 3$*,  3,)-$#' 1.+4  / '"-$. , 3 3,)4.,%  6'"-$  #�-�)�%  .'4�*(-"(  )'"/),*, (< -
=$,  !$*#�"-1  7"-)�%"-3' , )'3.�&,).�  �)�9'<=$,  #'!*7<  / '"-$.7  " �8,$4  "-�)�. , �- -
 $6'<='("(  -,& , 6-�  3 .$!.,%  6'"-$  #� �..+  7"-'.�3 ,.  #�  ,#-�)  * (  )'3.�&,).���  
/�*3�*'  �'5'  .'  #'!*7<  / '"-$.7 , "�"-�(=$%  $5 -)78 , 7"-'.�3 ,..+4  3*� 1  .$!.,��  -�) -
2'  #'!*�%  / '"-$.+  " )'3.�&,).�  �,)&,-$6.�  5'#),/ ,..+&$  /�  * $.,  :-$4  -)78  '#7"-$ -
6,"#$&$ ),5�.'-�)'&$  " �-3,)"-$(&$ , .'/)'3 ,..+&$  .'  -�)2+  / '"-$. , .'  #�-�)+4  "� -
�".�  " �-3,)"-$(&$  ��)$5�.-' 1.�  7"-'.�3 ,.+  *$"#$, '  3,)4.$,  #)'(  / '"-$.  /�*3,9,.+  
.'  2$ $.*)$6,"#$4  /)7!$.'4 , 5'#),/ ,..+4  3 3,)4.,%  6'"-$  #� �..+ , /)$  :-�&  *$'&,-)  
�-3,)"-$%  3 #'!*�&  '#7"-$6,"#�&  ),5�.'-�),  �/),*, (,-"(  3+)'!,.$,& : 

                                                     
n

cm

Va
d

2
×

×

×
=

 ,                                                             (1) 
�*,  d - *$'&,-)  �-3,)"-$(  3 '#7"-$6,"#�&  ),5�.'-�), , &; 
a - 7/)7��"-1  2$ $.*)$6,"#�%  /)7!$.+ , � /&; 
V –�8C,&  '#7"-$6,"#���  ),5�.'-�)' , &3; 
m –&'""'   �*.�%  / '"-$.+  .'"'*#$ , #�; 
c - "#�)�"-1  537#' 3 �'5, , &/"; 
n – �8=,,  6$" �  2$ $.*)$6,"#$4  /)7!$. , .'  #�-�)+4  /�*3,9,.+  / '"-$.+ . 

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

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

(=,��  $5 -)78  7"-'.�3 ,..+4  3*� 1  .$!.,��  -�)2'  #'!*�%  / '"-$.+ , /�53� (,-  /�  :-$&  
-)78'&  /�*'3'-1  �'5  ".$57 )'3.�&,).�  3*� 1  9$)$.+  #'!*�%  / '"-$.+ , 6-�  �8,"/,6$3',-  
$"/� 15�3'.$,  3",% /�3,)4.�"-$  / '"-$.  "�  "-,#'<=,%  /�  .$&  " �8,$4  "-�)�.  / ,.#�%  
!$*#�"-$ , "/�"�8"-37,-  )�"-7  &'""�/,),.�"'  &,!*7  �'5�3�%  $ !$*#�%  0'5'&$ , '  5.'6$-  $ 
/�3+9,.$<  /)�$53�*$-, 1.�"-$ . 

�'3.�&,).�,  $ �,)&,-$6.�,  5'#),/ ,.$,  /�  * $.,  -)78  #�  ,#-�)'  '#7"-$6,"#$4  ), -
5�.'-�)�3  " �-3,)"-$(&$ , .'/)'3 ,..+&$  .'  -�)2+  / '"-$. , /�53� (,-  /�*'3'-1  6,),5  :-$  
�-3,)"-$(  " 8� 19�%  "#�)�"-1<  .'  -�)2+  / '"-$. , #�-�)+%  35'$&�*,%"-37,-  " / ,.#�%  
!$*#�"-$ , "-,#'<=,%  /�  / '"-$.'&  " �8,$4  "-�)�. , �8,"/,6$3',-  3$4),�8)'5�3'.$,  $ 
-7)87 $5'2$<  /�-�#�3  !$*#�"-$  $ �'5�3�%  0'5 , 6-�  73, $6$3',-  /�3,)4.�"-1  &'""�/,), -
.�"'  $ "/�"�8"-37,-  /�3+9,.$<  /)�$53�*$-, 1.�"-$ .  

�"-'.�3#'  .'  -�)2'4  / '"-$.  "��".�  " �-3,)"-$(&$  '#7"-$6,"#$4  ),5�.'-�)�3  *$" -
#�3 �8,"/,6$3',-  �$*)�7*')+  �'5�3���  /�-�#'  .'  :-$4  *$"#'4 , $4 �8-,#'.$,  �'5�&  3 -7) -
87 ,.-.�&  ),!$&,  )'3.�&,).�  "�  3",4  "-�)�. , 6-�  /)$3�*$-  # -'#�&7  !,  )'3.�&,).�&7  
)'"/),*, ,.$<  �'5�3���  /�-�#'  /�  ",6,.$<  #� �..+ , -7)87 $5'2$$  �)'.$2+  )'5*, '  
!$*#�%  $ �'5�3�%  0'5 , 6-�  3 2, �&  /�3+9',-   /)�$53�*$-, 1.�"-1 . 

�'#),/ ,.$,  3,)4.$4  #)',3  / '"-$.  .'  2$ $.*)$6,"#$4  /)7!$.'4 , #�-�)+,  3 "3�<  
�6,),*1  5'#),/ ,.+  3 3,)4.,%  6'"-$  #� �..+ , /�53� (,-  / '"-$.'&$  " /)7!$.'&$  3$8)$-
)�3'-1  /�*  *,%"-3$,&  7*')�3  /�-�#'  �'5' , 3+4�*(=,��  $5 �-3,)"-$%  ),5�.'-�)�3 , '  *$"#$, 
7"-'.�3 ,..+,  .'  -�)2'4  / '"-$. . �'#$,  #� ,8'.$(  / '"-$.  .'  2$ $.*)$6,"#$4  /)7!$.'4  
"�5*'<-  #� ,8'.$(  .'  �)'.$2,  )'5*, '  0'5  "-,#'<=,%  / ,.#$  !$*#�"-$  /�  �8,$&  "-�)� -
.'&  / '"-$.  $ �'5' , /�*.$&'<=,��"(  33,)4  &,!*7  / '"-$.'&$ , 6-�  "/�"�8"-37,-  )�"-7  
&'""�/,),.�"' , '  5.'6$-  /�3+9',-  /)�$53�*$-, 1.�"-1 . 

�+/� .,.$,  *$'&,-)'  �-3,)"-$(  3 '#7"-$6,"#�&  ),5�.'-�),  "�� '".�  3+)'!,.$<  (1) 
/�53� (,-  3,"-$  #� ,8'.$(  / '"-$.  .'  2$ $.*)$6,"#$4  /)7!$.'4  (�8)'57<=$4  /)7!$. -
.+% &'(-.$# ) 3 ),!$&,  ),5�.'."'  " "�8"-3,..�%  6'"-�-�%  #� ,8'.$%  �'5' , 3+4�*(=,��  $5 
'#7"-$6,"#���  ),5�.'-�)' , 5.'6$- , :-$  #� ,8'.$(  /)�$"4�*(-  " 8� 19�%  '&/ $-7*�% , 6-�  
,=,  3 8� 19�%  "-,/,.$  "/�"�8"-37,-  -7)87 $5'2$$  /�3,)4.�"-$  &'""�/,),.�"'  .'  �)'.$ -
2,  !$*#�%  $ �'5�3�%  0'5 , '  5.'6$-  /�3+9',-  /)�$53�*$-, 1.�"-1 . 
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  �'#  $53,"-.� , "�8"-3,..'(  6'"-�-'  #� ,8'.$%  /)7!$..���  &'(-.$#' , #'#$&$ (3 ( -
,-"(  #'!*'(  / '"-$.'  &'""�%  m c 2$ $.*)$6,"#$&$  /)7!$.'&$ , #'!*'(  $5 #�-�)+4  $&,,-  
7/)7��"-1  a, �/),*, (,-"(  /�  7)'3.,.$< : 

m
na

2
1

n
×

×
=

p
n

,                                                  (2) 
a - 7/)7��"-1  2$ $.*)$6,"#�%  /)7!$.+ , � /&; 
m - &'""'  / '"-$.  .'"'*#$ , #�; 
n - 6$" �  2$ $.*)$6,"#$4  /)7!$. , .'  #�-�)+4  /�*3,9,.'  / '"-$.'  [1]. 
 ��8"-3,..'(  6'"-�-'  �'5' , 3+4�*(=,��  $5 �-3,)"-$(  '#7"-$6,"#���  ),5�.'-�)' , 

�/),*, (,-"(  /�  7)'3.,.$< : 

      V
d

2
)

 p
n

×
=

.                                                               (3) 
 �)$)'3.$3'(  /)'3+,  6'"-$  7)'3.,.$%  (2) $ (3) /�" ,  ' �,8)'$6,"#$4  /),�8)'5�3' -

.$% /� 76',&  3+)'!,.$,  (1). 
 �'#  #'#  *$'&,-)  d �-3,)"-$%  14 3 '#7"-$6,"#$4  ),5�.'-�)'4  13 /�*6$.(,-"(  3+)' -

!,.$<  (1), -�  "�8"-3,..'(  6'"-�-'  #� ,8'.$%  �'5' , 3+4�*(=,��  $5 �-3,)"-$%  14 )'3.'  6' -
"-�-,  #� ,8'.$%  3,)-$#' 1.+4  / '"-$.  2, #�-�)+,  " 2$ $.*)$6,"#$&$  /)7!$.'&$  10 �8 -
)'57<-  /)7!$..+%  &'(-.$# . ��  ,"-1  6'"-�-'  7*')�3  �'5' , 3+4�*(=,��  $5 �-3,)"-$%  14 
'#7"-$6,"#$4  ),5�.'-�)�3  13 "�3/'*',-  " 6'"-�-�%  #� ,8'.$%  3,)-$#' 1.+4  / '"-$.  2 .'  
2$ $.*)$6,"#$4  /)7!$.'4  10, '  5.'6$- , :-$  #� ,8'.$(  /)�$"4�*(-  " 8� 19�%  '&/ $-7*�% , 
3+5+3'(  -7)87 $5'2$<  $ 3$4),�8)'5�3'.$,  .'  �)'.$2,  )'5*, '  0'5  !$*#�"-$ , "-,#'<=,%  
3.$5, $ �'5' , /�*.$&'<=,��"(  33,)4 . �'#�%  ),5�.'.".+%   ),!$&  #� ,8'.$%  3,)-$#' 1.+4  
/ '"-$.  2 $.-,."$0$2$)7,-  /)�2,""  &'""�/,),.�"'  &,!*7  !$*#�%  $ �'5�3�%  0'5'&$  $ 
/)$3�*$-  # /�3+9,.$<  /)�$53�*$-, 1.�"-$ . 

�)$&,)  )'"6,-' . �  '8"�)8,), , /),*"-'3 (<=,&  "�8�%  .'"'*�6.7<  &'""��8&,..7<  
#� �..7  " / '"-$.6'-�%  .'"'*#�%  �6$='<-  3�5*74 3 /)�2,"",  '8"�)82$$  /)$  -,&/,)'-7),  
200� .  

�'""'  #'!*�%  / '"-$.+  2: m=2 #�;  
�#�)�"-1  537#' 3 3�5*74,  /)$  -,&/,)'-7),  200� :  c=330 &/"; 
�/)7��"-1  2$ $.*)$6,"#�%  /)7!$.+  10   a=2,18·105 � /&; 
�$" �  2$ $.*)$6,"#$4  /)7!$.  10, .'  #�-�)+4  /�*3,9,.'  #'!*'(  / '"-$.'  2:  n=2; 
	8C,&  #'!*���  '#7"-$6,"#���  ),5�.'-�)'  13:  V=0,5·10-3 &3, -�  ,"-1  0,5  $-)' . 
��� '".�  3+)'!,.$<  (1) *$'&,-)  d �-3,)"-$(  14 3 '#7"-$6,"#�&  ),5�.'-�),  13 *� -

!,.  8+-1: 
( ) ( ) 3

2

35

10
330

2
2

105010182 -
-

=×
×××

=
,,

d &, 

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

"  2$ $.*)$6,"#�%  /)7!$.�%  10 "�� '".�  7)'3.,.$<  (2): 

75
2

21018,2
14,32

1 5

n =
××

×
×

=n
 �2  

�'"-�-'  #� ,8'.$%  3�5*74' , 3�"4�*(=,��  $5 �-3,)"-$(  14 '#7"-$6,"#���  ),5�.'-�)'  
13 "�� '".�  7)'3.,.$<  (3): 

75
105,0

10
14,32

330
3

3

a =
××

=
-

-

n
 �2  

�'#$&  �8)'5�& , 7"-'.�3#'  3 .$!.,%  6'"-$  #� �..+  '8"�)8,)'  "  .'"'*#�%  3 3$*,  3,) -
-$#' 1.+4  / '"-$.  2 #�  ,#-�)'  * (  )'3.�&,).���  /�*3�*'  �'5'  /�*  #'!*7<  / '"-$.7  2, 
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"�"-�(=,��  $5 -)78  12, 7"-'.�3 ,..+4  3*� 1  .$!.,��  -�)2'  #'!*�%  / '"-$.+  2 " )'3.� -
&,).�  �,)&,-$6.�  5'#),/ ,..+&$  /�  * $.,  :-$4  -)78  12 '#7"-$6,"#$&$  ),5�.'-�)'&$  13 
" �-3,)"-$(&$  14, .'/)'3 ,..+&$  .'  -�)2+  / '"-$.  2, .'  #�-�)+4  "��".�  " �-3,)"-$(&$  
14 ��)$5�.-' 1.�  7"-'.�3 ,.+  *$"#$ 15, '  -'#!,  5'#),/ ,.$,  3,)4.$4  #)',3  / '"-$.  2 .'  
2$ $.*)$6,"#$4  /)7!$.'4  10, #�-�)+,  3 "3�<  �6,),*1  5'#),/ ,.+  3 3,)4.,%  6'"-$  #� -
 �..+ , /)$6,&  *$'&,-)  d �-3,)"-$%  14 3 #'!*�&  '#7"-$6,"#�&  ),5�.'-�),  13 �/),*, (,- -
"(  3+)'!,.$,&  (1) /�53� (,-  $.-,."$0$2$)�3'-1  &'""�/,),.�"   &,!*7  !$*#�%  $ �'5�3�%  
0'5'&$  5' "6,-  ),5�.'.".���  ),!$&'  #� ,8'.$%  " 8� 19�%  '&/ $-7*�%   3,)-$#' 1.+4  
/ '"-$.  2 .'  2$ $.*)$6,"#$4  /)7!$.'4  10 /�*  *,%"-3$,&   "-)7% �'5' , 3+4�*(=$4  " 8� 1 -
9�% "#�)�"-1<  $5 �-3,)"-$%  14 '#7"-$6,"#$4  ),5�.'-�)�3  13, 6-�  /)$3�*$-  # /�3+9,.$<  
/)�$53�*$-, 1.�"-$ . 

 
 


�
��	�����������  ����	�  
 
1. �'#7 1-'-$3.+%  #7)"  0$5$#$. �6,8.�,  /�"�8$,  * (  76'=$4"(  / 	 .� . �'8')*$. , 
� .� . 	) �3 , � .� . �,0,) . - 3-,  $5*. /,),)'8 . - � . : �)�"3,=,.$, , 1987, ".11 
2. � . &. 168134 ��""$%"#'(  �,*,)'2$( , ���  B01D53/14. �8"�)8,)  / � .
 . �� �3'.6$ -
#�3, � .� . �'"$ 1,3 , � .� . �)�4�),.#� , � .� . �,)$#�3' , � .� . �,).�$3' -.�3 , � .� . �'8 $.' ; 
�� ���� . - 2017. 

 
 
 

���
���#$%�  �
����#���  &����#����  ��  !
�#����  
����#�  

 
� .� . �)�4�),.#� , '""$"-,.- ; � .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  

� .� . �7&87 (. , "-7*,.- . 
�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- (�� ���� ), � . �� ���)'*  

 
 

�'5)'8�-'.'  ),5�.$)7<='(  #�."-)7#2$(  ()$"7.�# 1, 2) �-.�"(='(  # 7"-)�%"-3'&  * (  
�)'.7 (2$$  / '"-$6.+4 , /'"-��8)'5.+4  $ 3+"�#�3(5#$4  .,.1<-�.�3"#$4  "-)7#-7)$)� -
3'..+4  3,=,"-3 . 
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1 – #�)/7" ; 2 – 3' ; 3 – /),)+3'-, 1 ; 4 – �� �3#' ; 5 –3+/7"#.+,  �-3,)"-$( ;  
6 – /)$3�* ; 7 – &70-' ;  8, 12 – /)7!$.' ; 9 –#)+9#' ;10 –/�*9$/.$# ; 11 – 3' $# . 

�$" . 1. ;#"-)7*,)  * (  /� 76,.$(  �)'.7  

 
�$" . 2 – ��/,),6.�,  ",6,.$,  0�)&7<=,%  �� �3#$  " /),)+3'-, ,&  3 ",6,.$$  � -�  

  
�),* '�',&'(  ),5�.$)7<='(  #�."-)7#2$(  :#"-)7*,)'  * (  /� 76,.$(  �)'.7  (3 (,- -

"(  8� ,,  /,)"/,#-$3.�% , /,),*  )'.,,  $53,"-.+&$  #�."-)7#2$(&$ , 5' "6,-   73, $6,.$,  
/)�$53�*$-, 1.�"-$  /�  �)'.7 '&  5'  "6,-  ),5#���  7&,.19,.$(  :00,#-$3.�%  3(5#�"-$  /, -
),)'8'-+3',&+4  / '"-$6.+4 , /'"-��8)'5.+4  $ 3+"�#�3(5#$4  .,.1<-�.�3"#$4  $ "-)7#-7 -
)$)�3'..+4  "),* , #'#  3 0�)&7<=,%  �� �3#, , -'#  $ /,),&,=',&�%  $4 6'"-$  6,)3(#�&  
3.7-)$  #�)/7"' . 

��"-'3 ,..+%  ),57 1-'-  *�"-$�',-"(  -,& , 6-�  3 :#"-)7*,),  * (  /� 76,.$(  �)'.7 , 
"�*,)!'=,&  2$ $.*)$6,"#$%  #�)/7" , )'"/� �!,..+%  3 #�)/7",  6,)3(#  $ /),)+3'-, 1  
�3' 1.�%  0�)&+ , 0�)&7<=7<  �� �3#7  " 3+/7"#.+&$  �-3,)"-$(&$ , $&,<=7<  /�/,),6.�,  
",6,.$,  3.7-),..,%  /�3,)4.�"-$  3 0�)&,  :  $/"' ,  /)$3�*  3)'=,.$(  6,)3(#'  $ /)7!$.7 , 
/)$6,&  3+/7"#.+,  �-3,)"-$(  )'"/� �!,.+  "$&&,-)$6.�  .'  &' �%  �"$  :  $/"'  0�)&7< -
=,% �� �3#$ , /),)+3'-, 1  5'#),/ ,.  /�"),*"-3�&  /)7!$.+  .'  #�.2,  6,)3(#'  $ ".'8!,.   
3' $#�& , 7"-'.�3 ,..+&   3 /�*9$/.$#, , )'"/� �!,..�&  3  "C,&.�%  #)+9#, , '  )'5&,)  
8� 19�%  �"$  �3' '  /),)+3'-, (  )'3,.  3.7-),..,&7  )'5&,)7  &' �%  �"$  :  $/"'  0�)&7< -
=,% �� �3#$ , /)$  :-�&  #�)/7"  7"-'.�3 ,.  .'  2$ $.*)$6,"#$4  /)7!$.'4 , 7/)7��"-1  #'! -
*�% $5 #�-�)+4  �/),*, (,-"(  3+)'!,.$,& : 

                                                     
,

n
m

)( 22pw=
                                                             (1) 

�*,  '  - 7/)7��"-1  /)7!$. , � /&; 
m - &'""'  2$ $.*)$6,"#���  #�)/7"'  "  6,)3(#�& , /),)+3'-, ,& , 0�)&7<=,%  �� �3#�% , 
/�*9$/.$#�& , /)7!$.�% , 3' $#�&  "C,&.�%  #)+9#�%  $ /,),)'8'-+3',&+&  &'-,)$' �& , 
#� ; 
w - "#�)�"-1  3)'=,.$(  6,)3(#' , �8 /" ; 
n – 6$" �  2$ $.*)$6,"#$4  /)7!$. . 

 ;#"-)7*,)  * (  /� 76,.$(  �)'.7  "�*,)!$-  2$ $.*)$6,"#$%  #�)/7"  1, )'"/� �!,. -
.+,  3 #�)/7",  6,)3(#  2 $ /),)+3'-, 1  3 �3' 1.�%  0�)&+ , 7#),/ ,..+%  .'  #�.2,  6,)3(#'  
2, 0�)&7<=7<  �� �3#7  4, 7#),/ ,..7<  .'  -�)2,  #�)/7"'  1 $ $&,<=7<  /�/,),6.�,  ",6, -
.$,  3  0�)&,  :  $/"' , 3+/7"#.+,  �-3,)"-$(  5 )'"/� �!,..+,  "$&&,-)$6.�  .'  &' �%  �"$  
:  $/"'  0�)&7<=,%  �� �3#$  4, /)$  :-�&  )'5&,)  8� 19�%  �"$  �3' '  /),)+3'-, (  3 )'3,.  
3.7-),..,&7  )'5&,)7  &' �%  �"$  :  $/"'  0�)&7<=,%  �� �3#$  4. ;#"-)7*,)  ".'8!,.  /)$ -
3�*�&  3)'=,.$(  6, 3'  #�-�)���  "�,*$.,.  "  6,)3(#�&  2 /�"),*"-3�&  &70-+  7, '  /),)+3' -
-, 1  3 5'#),/ ,.  .'  #�.2,  6,)3(#'  2 /�"),*"-3'&  /)7!$.+  8. ��),2  #�)/7"'  1 5'#)+-  
"C,&.�%  #)+9#�%  9, 3 #�-�)�%  7"-'.�3 ,.  /�*9$/.$#  10, /)$  :-�&  /),)+3'-, 1  3 ".'8 -
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!,.  3' $#�&  11, 5'#),/ ,..+&  3 :-�&  /�*9$/.$#,  10. ��)/7"  1 7"-'.�3 ,.  .'  2$ $.*)$ -
6,"#$4 /)7!$.'4  12, #'!*'(  $5 #�-�)+4  $&,,-  7/)7��"-1   , �/$"+3',&7<  3+)'!,.$,&  
(1). 

 �"-'.�3#'  #�)/7"'  .'  2$ $.*)$6,"#$4  /)7!$.'4  �8,"/,6$3',-  3,)-$#' 1.+,  #� , -
8'.$(  #�)/7"'  " 6,)3(#�& , /),)+3'-, ,& , 0�)&7<=,%  �� �3#�% , /�*9$/.$#�& , /)7!$ -
.�% , 3' $#�&  $ "C,&.�%  #)+9#�% , #�-�)+,  /,),*'<-"(  .'  /,),)'8'-+3',&+%  &'-,)$' , 
/,),&,=',&+%  6,)3(#�&  3.7-)$  #�)/7"' , $ .'  :-�-  !,  &'-,)$'  3 0�)&7<=,%  �� �3#, . 
��*  *,%"-3$,&  :-$4  3,)-$#' 1.+4  #� ,8'.$%  / '"-$.6'-+% , /'"-��8)'5.+% , "-)7#-7)$ -
)�3'..+%  /,),)'8'-+3',&+%  &'-,)$' , �8 '*'<=$%  .,.1<-�.�3"#$&$  "3�%"-3'&$ , ".$ -
!',-  :00,#-$3.7<  3(5#�"-1 , 6-�  "/�"�8"-37,-  73, $6,.$<  "#�)�"-$  /,),&,=,.$(  /,), -
)'8'-+3',&�%  "),*+  6,)3(#�&  3.7-)$  #�)/7"'  $ /�*'6$  ,,  # 3+/7"#.+&  �-3,)"-$(&  3 
0�)&7<=,%  �� �3#, , '  5.'6$-  "/�"�8"-37,-  73, $6,.$<  /)�$53�*$-, 1.�"-$ . �"-'.�3#'  
#'!*�%  /)7!$.+  " 7/)7��"-1< , �/),*, (,&�%  3+)'!,.$,&  (1), /�53� (,-  /,),3,"-$  3,) -
-$#' 1.+,  #� ,8'.$(  #�)/7"'  " 6,)3(#�& , /),)+3'-, ,& , 0�)&7<=,%  �� �3#�% , /�*9$/ -
.$#�& , /)7!$.�% , 3' $#�& , "C,&.�%  #)+9#�%  $ /,),)'8'-+3',&+&  &'-,)$' �&  3 ),5� -
.'.".+%  ),!$&  3,)-$#' 1.+4  #� ,8'.$%   /,),)'8'-+3',&+%  &'-,)$'  3.7-)$  #�)/7"'  $ 
0�)&7<=,%  �� �3#$ . �,5�.'.".+%  ),!$&  #� ,8'.$%  "��-3,-"-37,-  ),5#�&7  3�5)'"-'.$<  
'&/ $-7*+  3,)-$#' 1.+4  #� ,8'.$% , 6-�  3 8� 19,%  "-,/,.$  "/�"�8"-37,-  7&,.19,.$<  
:00,#-$3.�%  3(5#�"-$  / '"-$6.�% , /'"-��8)'5.�% , "-)7#-7)$)�3'..�%  /,),)'8'-+3',&�%  
"),*+ , �8 '*'<=,%  .,.1<-�.�3"#$&$  "3�%"-3'&$ , '  5.'6$-  "/�"�8"-37,-  73, $6,.$<  
"#�)�"-$  ,,  *3$!,.$(  3 #�)/7",  $ 0�)&7<=,%  �� �3#,  $ )�"-7  /)�$53�*$-, 1.�"-$ . ��) -
/7"  " )'"/� �!,..+&$  3 .,&  6,)3(#�& , /),)+3'-, ,& , 0�)&7<=,%  �� �3#�% , /�*9$/.$ -
#�& , /)7!$.�% , 3' $#�& , "C,&.�%  #)+9#�%  $  /,),)'8'-+3',&+&  &'-,)$' �& , $&,<=$4  
&'""7  m 3&,"-,  " 2$ $.*)$6,"#$&$  /)7!$.'&$  �8)'57<-  /)7!$..+%  &'(-.$# , �8 '*'< -
=$% "�8"-3,..�%  6'"-�-�%  #� ,8'.$% : 

                                                     m
 n

& p
n

2
1

=
  ,                                                              (2) 

�*,  m/n – &'""' , /)$4�*(='(  .'  �*.7  /)7!$.#7 [1]. 
�)$   "#�)�"-$  3)'=,.$(  6,)3(#'  w /),)+3'-, 1  3)'=',-"(  " -�% !,  "#�)�"-1< , '  

�$*)�# $. , �8)'57<=$%  /)$  #'!*�&  �8�)�-,  /),)+3'-, ( , #��*'  8� 19'(  �"1  �3' '  /), -
)+3'-, (  /,),",#',-  &' 7<  �"1  :  $/"'  0�)&7<=,%  �� �3#$ , /)$3�*$-  # �$*)�7*')7 , 6' -
"-�-'  #�-�)���  "�3/'*',-  "�  "#�)�"-1<  3)'=,.$(  6,)3(#' : 

                                                             wn = .                                                                     (3) 
 �)$)'3.$3'(  /)'3+,  6'"-$  7)'3.,.$%  (2) $ (3) /�" ,  ' �,8)'$6,"#$4  /),�8)'5�3' -

.$% /� 76',&  3+)'!,.$,  (1) * (  7/)7��"-$  #'!*�%  2$ $.*)$6,"#�%  /)7!$.+ , �8,"/,6$ -
3'<=,%  ),5�.'.".+%  ),!$&  #� ,8'.$%  #�)/7"'  " 6,)3(#�& , /),)+3'-, ,& , 0�)&7<=,%  
�� �3#�% , /�*9$/.$#�& , /)7!$.�% , 3' $#�& ,  "C,&.�%  #)+9#�%  $ /,),)'8'-+3',&+&  &' -
-,)$' �& , " 8� 19�%  '&/ $-7*�% [2]. 

 �'#$&  �8)'5�& , 7"-'.�3#'  #�)/7"'  .'  2$ $.*)$6,"#$4  /)7!$.'4 , #'!*'(  $5 #�-� -
)+4  �8 '*',-  7/)7��"-1< , �/$"+3',&�%  3+)'!,.$,&  (1), /�53� (,-  /,),3,"-$  ),!$&  )' -
8�-+  :#"-)7*,)'  * (  /� 76,.$(  �)'.7  3 ),5�.'.".+%  ),!$&  #� ,8'.$%  /,),)'8'-+3', -
&�% "),*+ , .'4�*(=,%"(  3.7-)$  #�)/7"' , $ 3 0�)&7<=,%  �� �3#, , 6-�  /�53� (,-  5.'6$ -
-, 1.�  ".$5$-1  :00,#-$3.7<  3(5#�"-1  / '"-$6.+4 , /'"-��8)'5.+4 , "-)7#-7)$)�3'..+4  
/,),)'8'-+3',&+4   "),* , �8 '*'<=$4  .,.1<-�.�3"#$&$  "3�%"-3'&$ , 73, $6$-1  "#�)�"-1  
$4 /,),)'8�-#$ , '  5.'6$-  /�3+"$-1  /)�$53�*$-, 1.�"-1 [3]. 

 �)$&,) . �'""'  2$ $.*)$6,"#���  #�)/7"'  1 " 6,)3(#�&  2, /),)+3'-, ,&  3, 0�)&7 -
<=,%  �� �3#�%  4, /�*9$/.$#�& 10, /)7!$.�%  8,  3' $#�& 11, "C,&.�%  #)+9#�%  9 $ /,), -
)'8'-+3',&+&  &'-,)$' �&  "�"-'3 (,-  m=560 #�. �$" �  /)7!$.  12 n=4, "#�)�"-1  3)'=, -
.$(  6,)3(#' 2 "�"-'3 (,-  w =12 �8 /". 

 ��� '".�  3+)'!,.$<  (1) 7/)7��"-1  #'!*�%  $5 4-4 /)7!$.  12*� !.'  8+-1: 
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52 10967

4
560

121432 ×=×××= ,),(a
 � /&. 

 ;-�  5.'6$- , 6-�  /�*  *,%"-3$,&  "$ +  81 � , #'!*'(  $5 /)7!$.  12 *,0�)&$)7,-"(  3 
"-'-$6,"#�&  "�"-�(.$$  .'  1 &&. 

��� '".�  7)'3.,.$<  (2) "�8"-3,..'(  6'"-�-'  #� ,8'.$%  /)7!$..���  &'(-.$#' : 

                                     
�+

,
,& 12

560
410957

1432
1 5

=
××

×
=n

, 
-�  ,"-1  "�8"-3,..'(  6'"-�-'  3,)-$#' 1.+4  #� ,8'.$%  #�)/7"'  1 "  6,)3(#�&  2, /),)+3'-, -
 ,&  3, 0�)&7<=,%   �� �3#�%  4, /�*9$/.$#�&  10, /)7!$.�%  8, 3' $#�&  11, "C,&.�%  
#)+9#�%  9 $ /,),)'8'-+3',&+&  &'-,)$' �& , .'4�*(=$&"(  3.7-)$  #�)/7"'  1 $ 0�)&7< -
=,% �� �3#�%  4 "�3/'*',-  "  6'"-�-�%  �$*)�7*')�3 ,  3 �$*)�# $., , �8)'57<=,&"(  /)$  #'! -
*�&  �8�)�-,  6,)3(#'  2  $ 3' $#' 11, -�  ,"-1  "�3/'*',-  "�  "#�)�"-1<  3)'=,.$(  w  6,)3(#'  2 
$ 3' $#'  11. ;-�  "�3/'*,.$,   6'"-�-   3+5+3',-   ),5�.'.".+,  3,)-$#' 1.+,  #� ,8'.$(  " 
8� 19�%  '&/ $-7*�%   /,),)'8'-+3',&���   &'-,)$' ' , .'4�*(=,��"(  3.7-)$  #�)/7"'  1 $ 
0�)&7<=,%  �� �3#$  4, )'5)79'<=$4  "-)7#-7)7   "-)7#-7)$)�3'..+4  &'-,)$' �3  $ 
7&,.19'<=$4   :00,#-$3.7<  3(5#�"-1  / '"-$6.+4 , /'"-��8)'5.+4  3+"�#�3(5#$4  "),* , 
�8 '*'<=$4  .,.1<-�.�3"#$&$  "3�%"-3'&$ , :-�  /)$3�*$-  # 73, $6,.$<  "#�)�"-$  *3$!, -
.$(  -'#$4  "),*  3.7-)$  #�)/7"'  1 $ 0�)&7<=,%  �� �3#$  4 $ 3�5)'"-'.$<  /)�$53�*$-, 1 -
.�"-$  /)$  /� 76,.$$  �)'.7 . 

 
 


�
��	�����������  ����	�  
 

1. � .� . �(".$#�3 , � .� . 	"'.�3' . ��"�8$,  /�  0$5$#,. – � .: �+"9'(  9#� ' , 
1988, " . 339 
2. ; ,&,.-').+%  76,8.$#  0$5$#$ � .3 / ��*  ),*'#2$,%  � .� . �'.*"8,)�' . – �  ; 
�'7#' , 1986, " .127 
3. � . &. 167122 ��""$%"#'(  �,*,)'2$( , ���  B01J2/20. ;#"-)7*,)  * (  /� 76, -
.$(  �)'.7  / � .
 . �� �3'.6$#�3 , � .� . �)�4�),.#� , � .� . �,)$#�3' , � .� . �'"$ 1,3 , 
� .� . �'8 $.' , � .� . ��&'.,.#� ; �� ���� . - 2016 

 
 
 

�
���������  ��!�

"�������  ��!�  «��#"�  �  ��#"� » 
 

� .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ; � .� . �)�4�),.#� , '""$"-,.- ;  
� .� . �')'"�3 , "-7*,.- . 

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- (�� ���� ), � . �� ���)'*  
 
 

�'5)'8�-'.'  #�."-)7#2$(  -,/ ��8&,..���  '//')'-'  ()$"7.�#  1, 2) #�-�)'(  �-.�"$- -
"(  # -,/ ��8&,..$#'&  -$/'  «-)78'  3 -)78, »,  #��*'  3�  3.7-),..,%  -)78,  *3$!,-"(  �'5�3+%  
-,/ �.�"$-, 1 . �'..'(  #�."-)7#2$(  &�!,-  .'%-$  /)$&,.,.$,  3 4$&$6,"#�%, .,0-,4$&$ -
6,"#�%, �'5�/,),)'8'-+3'<=,% , &,-'  7)�$6,"#�% , &'9$.�"-)�$-, 1.�% , :.,)�,-$6,"#�% , 
"-)�$-, 1.�%  $ *)7�$4  �-)'" (4  /)�&+9 ,..�"-$ , '  -'#!,  3 :#� ��$6,"#$4  /)�2,""'4  
�6$"-#$  *+&�3+4  �'5�3  $ 3,.-$ (2$�..+4  3�/)�"�3  /)$  7-$ $5'2$$  $4 -,/ �3�%  :.,)�$$ . 
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1, 2 – 3.7-),..((  $ .')7!.'(  -)78' ; 3 – "-)7.' ; 4 – #� 12� ; 5 –"-,)!,.1 ;  

6 – 0 '.,2 ; 7 – .'-(!.�,  7"-)�%"-3� ;  8 – 8')'8'. ; 9, 10 –),8�)*' ; 11 – ),518' ;   12 
– �'%#' ; 13 – ),8)� ; 14, 15 – #� ,.� ; 16, 17 – 0 '.,2 ; 18, 19 - /'-)78�# . 

�$" . 1. �4,&'  �8=,��  3$*'  3 )'5),5,  /),* '�',&�%  #�."-)7#2$$  *374-)78.���  -,/ -
 ��8&,..$#'  

 
�$" . 2.  	/�).�,  #� 12�  " .,/�*3$!.�  7"-'.�3 ,..+&  3.7-)$  .,��  "-,)!.,&  * (  

5'#),/ ,.$(  �*.���  #�.2'  "-)7.+  
��*,).$5'2$,%  $ -,4.$6,"#$&  ),57 1-'-�&  /),*/� '�',&�%  #�."-)7#2$$  -,/ � -

�8&,..$#'  -$/'  «-)78'  3 -)78, » (3 (,-"(  ".$!,.$,  -,)&$6,"#���  "�/)�-$3 ,.$(  *3$!, -
.$<  �'5�3���  -,/ �.�"$-, (  3�  3.7-),..,%   -)78,  5' "6,-  /),*�-3)'=,.$(  �8)'5�3'.$(  
-,)&$6,"#$4  �- �!,.$%  .'  "-,.#'4  3.7-),..,%  -)78+  $ /�3,)4.�"-$  $.-,."$0$#'-�)'  
/�-�#'  /)$  ,��  .,/),)+3.�%  3$8)'2$$ , 6-�  /�53� (,-  "�4)'.$-1  3+"�#7<  "#�)�"-1  -,/ � -
�8&,.'  $ �8,"/,6$3',-  8� 197<  /)�$53�*$-, 1.�"-1  3 -,6,.$,  * $-, 1.���  /,)$�*'  )' -
8�-+  8,5 �"-'.�3#$   .'  �6$"-#7  �-  :-$4  �- �!,.$% . 

                                          ,)"d)(4/(F 2pr=                                                            (1) 
�*,   F- "$ '  .'-(!,.$(  "-)7.+ , � ;  
p- 6$" �  �)4$&,*' ;  
r - / �-.�"-1  &'-,)$' '  "-)7.+ , #�/&3;   
" - "#�)�"-1  537#' 3 �'5�3�&  -,/ �.�"$-, , ,  *3$!7=,&"(  3�  3.7-),..,%  -)78, , &/";  
d – *$'&,-)  "-)7.+ , &.  
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�374-)78.+%  -,/ ��8&,..$#  "�"-�$-  $5  3.7-),..,%  1 $ .')7!.�%  2 -)78+ ,  "-)7 -
.+  3, 7"-'.�3 ,..�%  3�  3.7-),..,%  -)78,  1, �/�).���  #� 12'  4 .'  �*.�&  #�.2,  3.7-),. -
.,% -)78+  1 " .,/�*3$!.�  7"-'.�3 ,..�&  3 .,&  "-,)!.,&  5 $ 5'#),/ ,..+&  3 "-,)!.,  5 
�*.$&  #�.2�&  "-)7.+  3, "C,&.���  0 '.2'  6  .'  *)7��&  #�.2,  3.7-),..,%  -)78+  1 " 7"-' -
.�3 ,..+&  3.7-)$  .,��  .'-(!.+&  7"-)�%"-3�& , /),*"-'3 (<=$&  "�8�%  �"1  7, 5'#),/ ,. -
.7<  .'  "-,.#'4  /�/,),#  "C,&.���  0 '.2'  6, 3 2,.-)' 1.�%  6'"-$  #�-�)�%  " 3�5&�!.�"-1<  
3)'=,.$(  7"-'.�3 ,.  8')'8'.  8 " ),8�)*'&$  9 $ 10 * (   .'&'-+3'.$(  .'  .,��  *)7����  
#�.2'  "-)7.+  3, /)$  :-�&   ),8�)*'  9 8')'8'.'  $&,,-  9,"-$�)'..�,  ",6,.$,  /�*  �',6.+%  
# <6 , '  ),8�)*'  10 – #)7� '( . �'  �"$  7 "�  "-�)�.+  ),8�)*+  10 3+/� .,.'  ),518'  11, .'  
#�-�)7<   .'3$.6,.'  �'%#'  12, '  "�  "-�)�.+  ),8�)*+  9 .'  �"$  7 3+/� .,.�  #)7� �,  ),8)�  
13. �.7-),..((  -)78'  1 " �8�$4  "-�)�.  /�"),*"-3�&  0 '.2,3  16 $ 17 35'$&�*,%"-37,-  "  
#� ,.'&$  14 $ 15. �'  .')7!.�%  -)78,  2 7"-'.�3 ,.+  /'-)78#$  18 $ 19 * (  /�*3�*'  $ �- -
3�*'  -,/ �.�"$-, ( . 

 �"-)�%"-3�  )'8�-',-  " ,*7<=$&  �8)'5�& . ��*'<-  3 .')7!.7<  -)787 2 6,),5  /' -
-)78�#  18 �*$.  $5 -,/ �.�"$-, ,%   $ �-3�*(-  ,��  /�  /'-)78#7  19. �,),5  #� ,.�  14 /)�-$ -
3�-�#�&  /�*'<-  �'5�3+%  -,/ �.�"$-, 1  3�  3.7-),..<<  -)787 1 $ �-3�*(-  ,��  6,),5   #� , -
.�  15. �'5�3+%  -,/ �.�"$-, 1  3�  3.7-),..,%  -)78,  1 "�3,)9',-  #� ,8'.$(  " 6'"-�-�% . �'#  
#'#  "-)7.'  3 $&,,-  "$ 7   .'-(!,.$(  F, �/),*, (,&7<  3+)'!,.$,&  (1), -�  "�8"-3,..'(  6' -
"-�-'  /�/,),6.+4  #� ,8'.$%    "�3/'*',-  "  6'"-�-�%  #� ,8'.$%  �'5�3���  -,/ �.�"$-, ( , 
*3$!7=,��"(  3�  3.7-),..,%  -)78,  1. ;-�  �8,"/,6$3',-  ),5�.'.".+%  ),!$&  /�/,),6.+4  
#� ,8'.$%  "-)7.+  3 " 8� 19�%  '&/ $-7*�% , #�-�)+%  -7)87 $5$)7,-   �'5�3+%  -,/ �.�"$ -
-, 1 , /),*�-3)'='(  �- �!,.$(  �8+6.�  .'#'/ $3'<=$,"(  .'  -,/ �/,),*'<=,%  "-,.#,  
3.7-),..,%  -)78+  1,  73, $6$3',-  3),&(  �".�3.�%  )'8�-+  " 8� 19$&  -,/ �/,),.�"�&  �-  
��)(6,��  -,/ �.�"$-, (  # 4� �*.�&7  8,5  �"-'.�3�#  .'  ),&�.-  $ 7*' ,.$,  :-$4  �- �!, -
.$%, '  5.'6$-  /�3+9',-  /)�$53�*$-, 1.�"-1 . 

�+/� .,.$,  $.-,."$0$#'-�)'  /�-�#'  �'5'  3 3$*,  "-)7.+ ,  .'-(.7-�%  &,!*7  �/�) -
.+&  #� 12�&  $ "C,&.+&  0 '.2,& ,  5'"-'3 (,-  :-7  "-)7.7  3$8)$)�3'-1  /�*  3 $(.$,&  /� -
-�#'  �'5�3���  -,/ �.�"$-, ( , *3$!7=,��"(  3�  3.7-),..,%  -)78, , 6-�  3+5+3',-  /�/,),6 -
.+,  #� ,8'.$(  3 �'5�3�&  -,/ �.�"$-, ,  $ /),*7/),!*',-  �8)'5�3'.$,  -,)&$6,"#$4  5'-
�)(5.,.$%  .'  -,/ �/,),*'<=,%  /�3,)4.�"-$  3.7-),..,%  -)78+  $ ".$!',-  ,,  -,)&$6,"#�,  
"�/)�-$3 ,.$,  * $-, 1.+%   /,)$�*  )'8�-+ , '  5.'6$- , �8,"/,6$3',-  3+"�#7<  /)�$53�*$ -
-, 1.�"-1 . �"-'.�3#'  "C,&.���  0 '.2'  .'  �*.�&  #�.2,  -,/ ��8&,..$#'  $ 7"-'.�3#'  3.7- -
)$  �/�).���  #� 12'  /�/,),#  .,��  .,/�*3$!.���  "-,)!.(  7/)�=',-  7"-'.�3#7  "-)7.+  3�  
3.7-),..,%  -)78, , -'#  #'#  .,  -),87,-  $5&,.,.$(  #�."-)7#2$$  -,/ ��8&,..$#'  -$/'  «-)7 -
8'  3 -)78, » $  /�53� (,-  7"-'.�3$-1  3+9,.'53'..+,  75 + /),* '�',&�%  #�."-)7#2$$  #'# 
.'  *,%"-37<=$4 , -'#  $ 3.�31  7"-'.'3 $3',&+4  -$/�3+4  -,/ ��8&,..$#'4  -$/'  «-)78'  3 
-)78, », 6-�  7/)�=',-  ),&�.- , "�#)'=',-  ,��  3),&( , '  5.'6$- , 73, $6$3',-  /)�$53�*$-, 1 -
.�"-1  5' "6,-  73, $6,.$(  3),&,.$  �".�3.�%  )'8�-+ . �"-'.�3#'  3.7-)$  �/�).���  #� 12'  
/�/,),#  .,��  .,/�*3$!.���  "-,)!.(  " 5'#),/ ,..+&  .'  .,&  �*.���  #�.2'  "-)7.+  /�53� -
 (,-  7*,)!$3'-1  :-�-  #�.,2  "-)7.+  3 .'/)(!,..�&  "�"-�(.$$  /�*  *,%"-3$,&  "$ +  .'-( -
!,.$( , *'!,  ," $  "-)7.'  .'6$.',-  3$8)$)�3'-1  " 8� 19�%  '&/ $-7*�% , 6-�   /),*7/),!*' -
,-  �8)'5�3'.$,  �- �!,.$%  $5 �'5�3���  -,/ �.�"$-, (  3�  3.7-),..,%  -)78, , �8,"/,6$3',-  
* $-, 1.�%  /,)$�*  )'8�-+  -,/ ��8&,..$#'   ".$!',-  ,��  -,)&$6,"#�,  "�/)�-$3 ,.$, , '  
5.'6$- , 73, $6$3',-  3),&(  �".�3.�%  )'8�-+  $ /)�$53�*$-, 1.�"-1  3 2, �& . �"-'.�3#'  
/�/,),#   "C,&.���  0 '.2'  3.7-)$  .,��  .'-(!.���  7"-)�%"-3'  )'"/� �!,..���  .'  *)7��&  
#�.2,  -,/ ��8&,..$#'  $ /),*"-'3 (<=,��  "�8�%  �"1 , 5'#),/ ,..7<  .'  "-,.#'4  :-���  
0 '.2' , 3 2,.-)' 1.�%  6'"-$  #�-�)�%  7"-'.�3 ,.  " 3�5&�!.�"-1<  "3�8�*.���  3)'=,.$(  
8')'8'.  " ),8�)*'&$ , /�53� (,-  .'&'-+3'-1  .'  8')'8'.  *)7��%  #�.,2  "-)7.+ , '  ),8�)*+  
.'  #)'(4  8')'8'.'  /),",#'<-  3�5&�!.�"-1  "�"#' 15+3'.$(  .'&�-'..+4  .'  8')'8'.  3$-#�3 
"-)7.+  /)$  ,,  .'-(!,.$$ . ;-�  /�53� (,-   3 "-)7.,  "�5*'3'-1  .,�84�*$&7<  "$ 7  .'-(!, -
.$( , �8,"/,6$3'<=7<  ,,  #� ,8'.$(  " 3+"�#�%  '&/ $-7*�% , 6-�  /)$3�*$-  # /),*7/),!*, -
.$<  �8)'5�3'.$(  �- �!,.$%   $5 �'5�3���  -,/ �.�"$-, (  3�  3.7-),..,%  -)78, , ".$!',-  
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-,)&$6,"#�,  "�/)�-$3 ,.$, , 73, $6$3',-  �".�3.�,  3),&(  )'8�-+ , '  5.'6$-  $ /)�$53�*$ -
-, 1.�"-1 . 

�+/� .,.$,  ),518+ .'  �"$  " �*.�%  "-�)�.+  8')'8'.' , .'  #�-�)7<   .'3$.6,.'  6'%-
#' , /�53� (,-  /)$  �-3�)'6$3'.$$  :-�%  �'%#$  "3�8�*.�  3)'='-1  8')'8'.  .'  �"$  $ " /�&� -
=1<  *$.'&$6,"#���  # <6'  "�5*'3'-1  3 "-)7.,   .,�84�*$&7<  "$ 7  .'-(!,.$( , �8,"/,6$ -
3'<=7<  ),5�.'.".+,  #� ,8'.$(  "-)7.+  " 3+"�#�%  '&/ $-7*�% , '  /)$  5'3$.6$3'.$$  :-�%  
�'%#$ /)$!$&'-1  ,,  -�),2  # ),8�)*,  8')'8'.' , 6-�  /),*�-3)'=',-  3)'=,.$,  8')'8'.'  �- -
.�"$-, 1.�  �"$  /)$  3$8)'2$(4  "-)7.+ , /�53� (,-  /�**,)!$3'-1  3 "-)7.,  .,�84�*$&7<  
"$ 7  .'-(!,.$( , �8,"/,6$3'<=7<  3+"�#7<  '&/ $-7*7  /�/,),6.+4  #� ,8'.$%  "-)7.+ , 
"/�"�8"-37<=7<   /),*7/),!*,.$<  �- �!,.$%  .'  "-,.#'4  -)78+  3 �'5�3�&  -,/ �.�"$-, ,  
3�   3.7-),..,%  -)78,  $ ".$!,.$<  -,)&$6,"#���  "�/)�-$3 ,.$( , 6-�  �8,"/,6$3',-  3+"� -
#7< /)�$53�*$-, 1.�"-1  * $-, 1.+%  /,)$�*  8,5 �"-'.�3�#  .'  ),&�.- . 

��5*'.$,  "$ +  .'-(!,.$(  "-)7.+ , "��-3,-"-37<=,%  3+)'!,.$<  (1), /)$3�*$-  # 
)'3,."-37  6'"-�-+  "�8"-3,..+4  /�/,),6.+4  #� ,8'.$%  "-)7.+  " 6'"-�-�%   #� ,8'.$%  �' -
5�3���  -,/ �.�"$-, ( , *3$!7=,��"(  3�   3.7-),..,%  -)78, , 6-�  /)$3�*$-  # ),5�.'.".�&7  
),!$&7  /�/,),6.+4  #� ,8'.$%  "-)7.+  " 3+"�#�%   '&/ $-7*�%  $ "/�"�8"-37,-  /),*7/), -
!*,.$<  -,)&$6,"#$4  �- �!,.$%  3 �'5�3�&  -,/ �.�"$-, ,  3�  3.7-),..,%  -)78,  $ ".$!, -
.$<   �$*)'3 $6,"#���  "�/)�-$3 ,.$( . 

�53,"-.� , 6-�  6'"-�-'  #� ,8'.$%     <8���  �'5' , *3$!7=,��"(  3 -)78,  �/$"+3',-"(  
7)'3.,.$,& : 

                                                               
,

2l
c

=n
                                                               (2) 

�*,  l- * $.'  -)78+ , & [1]. 
�'"-�-'   /�/,),6.+4  #� ,8'.$%  "-)7.+    �/$"+3',-"(  0�)&7 �% : 

                                                         
,

F
ld) pr

n
1

=
                                                            (3) 

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

�)$)'3.$3'(  /)'3+,  6'"-$  7)'3.,.$%  (1) $ (2) /�" ,  ' �,8)'$6,"#$4  /),�8)'5�3' -
.$% /� 76',&  3+)'!,.$,  (1) * (  "$ +  .'-(!,.$(  "-)7.+ , �8,"/,6$3'<=,%  ),5�.'.".+%  
),!$&  #� ,8'.$%  "-)7.+  "  3+"�#�%  '&/ $-7*�%  3&,"-,  "  �'5�3+&  -,/ �.�"$-, ,& , *3$-
!7=$&"(  3�  3.7-),..,%  -)78, [3]. 

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

 �)$&,) . 	/),*, $&  "$ 7  .'-(!,.$(  "-)7.+  3, 3+/� .,..�%  $5 "-' 1.�%  /)�3� � -
#$ / �-.�"-1<  r =8000 #� /&3, -� =$.�%  d=0,3 &&. ��  3.7-),..,%  -)78,  1 *374-)78.���  
-,/ ��8&,..$#'  .'�),3',-"(  3�5*74 /,),*  /�*'6,%  ,��  3 "79$ #7 . �#�)�"-1  537#' 3 3�5-
*74,  "=330 &/" . * $.'  3.7-),..,%  -)78+  1 l=6&.  
 ��� '".�  3+)'!,.$<  (1) "$ '  .'-(!,.$(  "-)7.+  3 *� !.'  $&,-1  3, $6$.7 : 
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�,),(
,

F 4611030330
4
8000143 23 =××

×
= -  

$ $  F=6,25 #�, -�  ,"-1 , 3)'='(  8')'8'.  8 $ 5'#)76$3'(  .'  .,��  "-)7.7  3 " /�&�=1<  *$.' -
&�&,-)$6,"#���  # <6'  .,�84�*$&�  5'0$#"$)�3'-1  "$ 7  .'-(!,.$( , )'3.7<  6,25 #�. �' -
"-�-'  #� ,8'.$%  .'�),3',&���  3�5*74'  3�  3.7-),..,%  -)78,  1 "�� '".�  7)'3.,.$<  (2) "� -
"-'3$- : 

,�25,27
62

330
=

×
=n

 
'  "�8"-3,..'(  6'"-�-'  /�/,),6.+4  #� ,8'.$%  "-)7.+  3 3�  3.7-),..,%  -)78,  1 "�� '".�  
7)'3.,.$<  (3): 

                                      �+,
,

,
,

527
8000143
461

10306
1

3
=

×××
=

-
n  

 �'#$&  �8)'5�& , /),* '�',&'(  #�."-)7#2$(  *374-)78.���  -,/ ��8&,..$#'  "  $.-,. -
"$0$#'-�)�&  /�-�#'  3�  3.7-),..,%  -)78,  1, 3+/� .,..�&  3 3$*,  "-)7.+  3, #�-�)'(  .'4� -
*$-"(  /�*  "$ �%  .'-(!,.$( , �/$"+3',&�%  3+)'!,.$,&  (1),  /�53� (,-  "�5*'3'-1  ),5�.'." -
.+% ),!$&  /�/,),6.+4  #� ,8'.$%  "-)7.+  3 "  3+"�#�%  '&/ $-7*�%  $ 6'"-�-�% , )'3.�%  
6'"-�-,  #� ,8'.$%  �'5�3���  -,/ �.�"$-, ( , *3$!7=,��"(  3�  3.7-),..,%  -)78,  1, 6-�  
�8,"/,6$3',-  -7)87 $5'2$<  �'5�3���  -,/ �.�"$-, ( , /),*�-3)'=',-  �8)'5�3'.$,  �- �!, -
.$% .'  -,/ �/,),*'<=,%   /�3,)4.�"-$  3.7-),..,%  -)78+ , ".$!',-  -,)&$6,"#�,  "�/)� -
-$3 ,.$, , �8,"/,6$3',-  * $-, 1.+%  ),!$&  )'8�-+  8,5 �"-'.�3#$  .'  ),&�.-  "  3+"�#�%  
"#�)�"-1<  -,/ �/,),.�"'  $ /)�$53�*$-, 1.�"-1< . 
 


�
��	�����������  ����	�  
 

3. 
3�)"#$%  
 .� ., �,- '0  � .� ., �/)'3�6.$#  /�  0$5$#,, - �  : ��"7*')"-3,..�,  $5*' -
-, 1"-3�  0$5$#�- &'-,&'-$6,"#�%   $-,)'-7)+ , 1968, " . 102 

4. ; ,&,.-').+%  76,8.$#  0$5$#$ � .3 / ��*  ),*'#2$,%  � .� . �'.*"8,)�' . – �  ; �'7#' , 
1986, " .127 

5. �� �!$-, 1.�,  ),9,.$,  / . &. 2016129326 ��""$%"#'(  �,*,)'2$( , ���  F28 D7/10. 
�,/ ��8&,..$#  -$/'  «-)78'  3 -)78, » / � .
 . �� �3'.6$#�3 , � .� . �)�4�),.#� , � .� . 
�,)$#�3' , � .
 . ��)�-.,3' , � .� . �,).�$3'.�3 , � . �$ *�(-$ ; �� ���� . - 2017. 

 
 
 

!���!�������  ��!�
����

"�����  �������  �  "��"
��� -
���  �
��������  #���
����
�  

 
� .	 , �&� 1"#'( ; "-7*,.- ; � .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  

� .� . �)�4�),.#� , '""$"-,.-  
�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- (�� ���� ), � . �� ���)'*  

 
 

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

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

 
 

 
�$" . 2  – �$*  �  "3,)47  .'   �/'-#$  " / '"-$.6'-+&  7/�)�&  

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

.�3'.$$  .'4�*$-"(  3,)-$#' 1.'(  �"1  3)'=,.$(  2. �'  3,)-$#' 1.�%  �"$  2 7"-'.�3 ,.�  8') -
8�-'!.�,  #�.-'#-.�,  7"-)�%"-3� , /),*"-'3 (<=$,   "�8�%   �/'-#$  3, #�-�)+,  "�,*$.,.+  " 
�"1<  3)'=,.$(  2.  �'   "3�8�*.+4  #�.2'4   #'!*�%   �/'-#$  3 "3,)47  !,"-#�  5'#),/ ,.+   
/ '"-$.6'-+,  7/�)+  4.  �'  /,)0�)$)�3'..�&  �".�3'.$$  1, .'4�*$-"(  /,), $3.�,  7"-)�% -
"-3�  5, #�-�)�,  /),*.'5.'6,.�  * (  "-,#'.$(  !$*#�"-$  " 3+9, ,!'=,%  -'), #$ . �,), $3 -
.�,  7"-)�%"-3�  5 7"-'.�3 ,.+  -'# , 6-�8+  �.$  .,  /),/(-"-3�3' $  3)'=,.$<  8')8�-'!.���  
#�.-'#-.���  7"-)�%"-3' .  �$!.((  6'"-1  /,), $3.���  7"-)�%"-3'  5 �-��.7-'   # /�3,)4.�"-$  
/ '"-$.6'-���  7/�)'  4. 

�,/ �&'""��8&,..'(  -'), #'   )'8�-',-  " ,*7<=$&  �8)'5�& .  �$*#�"-1  " 3+9, , -
!'=,%  -'), #$  /�"-7/',-  .'  /,)0�)$)�3'..�,  �".�3'.$,  1, /,), $3',-"(  " �*.�%  -'), #$  
.'  *)7�7< , 5' "6,-  /,), $3.���  7"-)�%"-3'  5.  �-)7(  !$*#�"-$ , 3+4�*(='(  $5 /,), $3.���  
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7"-)�%"-3' , 87*,-  /�/'*'-1  .'  / '"-$.6'-+%  7/�)  4,  7"-'.�3 ,..+,  "3,)47  .'  #�.2,  #'! -
*�%   �/'-#$  3, /)$  :-�&  /�-�#  !$*#�"-$  87*,-  "�5*'3'-1  #)7-(=$% &�&,.-  .'   �/'-#'4  3, 
5'#),/ ,..+4  .'  3,)-$#' 1.�%  �"$  2 8')8�-'!.���   #�.-'#-.���  7"-)�%"-3'  $ /)$3�*$-1  
$4 3�   3)'=,.$, . �'5 , /�"-7/'<=$%   " .$!, ,!'=,%  -'), #$ , /)�4�*$-  6,),5  �-3,)"-$(  
/,)0�)$)�3'..���  �".�3'.$(  1, �8)'57(  /75+)1#$, #�-�)+,  76'"-37<-  3 -,/ �&'""��8 -
&,..�&  /)�2,"",  " !$*#�"-1< , .'4�*(=,%"(  .'  -'), #, . 

�)$  3)'=,.$$   �/'-#$  3 " !,"-#�  "�,*$.,..+&$  / '"-$.6'-+%  7/�)  4 5'43'-+3'<-  
!$*#�"-1  $ �'5 , $ .'6$.'<-  $.-,."$3.�  $4 /,),&,9$3'-1 . 

�"-'.�3#'  .'  #�.2,  #'!*�%   �/'-#$  "3,)47  / '"-$.6'-���  7/�)'  $ 3+/� .,.$,  /, -
), $3.���  7"-)�%"-3'  " �-��.7-+&  .$!.$&  #�.2�&  3 "-�)�.7  #�.-'#-.���  7"-)�%"-3' , 
/�53� (,-  $.-,."$0$2$)�3'-1  /)�2,""  3)'=,.$(   �/'-�#  .'  �"$  5' "6,-  #$.,-$6,"#�%  
:.,)�$$  /�-�#'  !$*#�"-$ , 3+4�*(=,��  $5 /,), $3.���  7"-)�%"-3'  $ /�/'*'<=,��  /�  
.�)&' $  # /�3,)4.�"-$  / '"-$.6'-���  7/�)' , 73, $6$3'(  -,&  "'&+&  /)�$53�*$-, 1.�"-1 .  

�+/� .,.$,  #�.-'#-.���  7"-)�%"-3'  .'  3,)-$#' 1.�%  �"$ , /�53� (,-  8')-�-'!.�&7  
#�.-'#-.�&7  7"-)�%"-37  3)'='-1"(  3�#)7�  .,, , -,&  "'&+&  /,),&,9$3'-1  " �%  !$*#�"-$ , 
#�-�)+%  .'4�*$-"(  .,/�"),*"-3,..�  .'  /,)0�)$)�3'..�&  �".�3'.$$ , 6-�  "/�"�8"-37,-  
73, $6,.$<  /)�$53�*$-, 1.�"-$ . 

�'#$&  �8)'5�& , 7"-'.�3#'   �/'-�#  3 " 7"-'.�3 ,..+&$   .'  .$4  "3,)47  .'  "3�8�*.+4  
#�.2'4  / '"-$.6'-+%  7/�)  4 /)$3�*$-  # /�3+9,.$<  :00,#-$3.�"-$  -,/ �&'""��8&,. -
.+4  /)�2,""�3  3 "$"-,&,  �'5 -!$*#�"-1 , /)�$"4�*$-  �8,"/,6,.$,  )'3.�&,).���  )'"/),*, -
 ,.$(  #�.2,.-)'2$$  )'"/),*, (,&+4  3,=,"-3  /�  ",6,.$<  -'), #$ , 6-�  "/�"�8"-37,-  73,-
 $6,.$<  "#�)�"-$  -,/ �&'""��8&,..+4  /)�2,""�3  &,!*7  !$*#�"-1<  $ �'5�&  $ /�3+9',-  
/)�$53�*$-, 1.�"-1  -'), #$ . 

 
 

 
��"����
��
�  #���
����
  ��  ��!#���  �� ���' , ��!��'  �  

�������$%�'�  ��������
�  
 

� .� . 
')'.�3 ; "-7*,.- ; � .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  
� .� . �)�4�),.#� , '""$"-,.-  

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  (�� ���� ), � . �� ���)'*  
 
 

�'5)'8�-'.'  #�."-)7#2$(  3$8)'2$�..���  7"-)�%"-3'  * (  "3(5.+4   $/#$4  $ " ,!$ -
3'<=$4"(  &'-,)$' �3 ()$"7.�#  1). �$8)'2$�..�,  7"-)�%"-3�  * (  3+/7"#'  "3(5.+4 ,  $/ -
#$4 $ " ,!$3'<=$4"(  &'-,)$' �3   "�"-�$-  $5 #�)/7"'  1, 3' '  2 "�  9.,#�&  3, )'8�-'<=$&  
�-  /)$3�*'  4, $ 5'�)75�6.���  76'"-#'  5. �  #�)/7",  1 3 5�.,  7"-'.�3#$  5'�)75�6.���  76'"-#'  
5 7"-'.�3 ,.+  /'-)78�#  6 * (  /�*'6$  &'-,)$' �3  # 9.,#7  3 $ #�.$6,"#$,  /)7!$.+  7, 
�/�("+3'<=$%  /'-)78�#  6 /�  /,)$&,-)7  3 .$!.,%  6'"-$  5'�)75�6.���  76'"-#'  5. �.7-)$  
5'�)75�6.���  76'"-#'  5 /�  ,��  /,)$&,-)7  3 .$!.,%  6'"-$  5'#),/ ,.+  �-)'!'-, 1.+,  #� -
5+)1#$ 8, "3�8�*.+,  #�.2+  #�-�)+4  7"-'.�3 ,.+  3.7-)$  /'-)78#'  6. �'  3' 7  2 7"-'.�3 -
 ,.'  3-7 #'  9 " 5782'&$, '  .'  5'�)75�6.�&  76'"-#,  5 7/)7�$% )'8�6$%  �)�'.  /,),&,..�%  
#)$3$5.+ , 3+/� .,..+%  3 3$*,  .'8�)'  / '"-$.  10, /)$6,&  3-7 #'  9 $ / '"-$.+  10 7"-' -
.�3 ,.+  ".')7!$  5'�)75�6.���  76'"-#'  5, '  "3�8�*.+,  #�.2+  / '"-$.  10 35'$&�*,%"-37 -
<-  " 5782'&$    3-7 #$ 9.  
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�$" . 1 – �$8)'2$�..�,  7"-)�%"-3�  * (  "3(5.+4   $/#$4  $ " ,!$3'<=$4"(  &'-,)$' -

 �3  
 
�,4.$6,"#$&  ),57 1-'-�&  #�."-)7#2$$  5'�)75�6.���  7"-)�%"-3'  (3 (,-"(  73, $6, -

.$,  /)�$53�*$-, 1.�"-$  5' "6,-  3�5)'"-'.$(  )'8�6,��  3),&,.$  $ ".$!,.$(  3),&,.$  ), -
&�.-' . ��"-'3 ,..+%  ),57 1-'-  *�"-$�',-"(  -,& , 6-�  3 3$8)'2$�..�&  7"-)�%"-3,  * (  3+-
/7"#'  "3(5.+4 ,  $/#$4  $ " ,!$3'<=$4"(  &'-,)$' �3 , 3# <6'<=,,  7/)7�$% )'8�6$%  �) -
�'.  /,),&,..�%  #)$3$5.+ , 5'#),/ ,..+%  .'  5'�)75�6.�&  76'"-#,  $ 3+/� .,..+%  3 3$*,  
.'8�)'  / '"-$. , $ /�*3$!.+%  �/�).+%  : ,&,.- , /),*"-'3 (<=$%  "�8�%  9.,#  " .,/� -
*3$!.�  5'#),/ ,..�%  .'  3' 7  9.,#'  3-7 #�% " 5782'&$, )'3.�&,).�  )'"/� �!,..+&$  .'  
,,  8�#�3�%  /�3,)4.�"-$ , �-)'!'-, 1.+,  #�5+)1#$, 5'#),/ ,..+,  3.7-)$  5'�)75�6.���  
76'"-#'  /�  ,��  /,)$&,-)7 , /)$  :-�&  3-7 #'  $ / '"-$.+  7/)7����  )'8�6,��  �)�'.'  7"-'.�3 -
 ,.+  " 3.,9.,%  "-�)�.+  5'�)75�6.���  76'"-#' , �- $6'<=,,"(  -,& , 6-�  5'�)75�6.+%  76' -
"-�#  ".'8!,.  3 .$!.,%  6'"-$  #�.$6,"#$&$  /)7!$.'&$  " /�"-�(..+&  9'��& , )'"/� �!,. -
.+&$   /�  /,)$&,-)7  /'-)78#'  * (  /�*'6$  &'-,)$' �3  # 9.,#7 , /)$6,&  .'$&,.19,,  5.'6, -
.$,  7/)7��"-$   #'!*�%  /)7!$.+  �/),*, (,-"(  3+)'!,.$,& : 

                                                       
),

n
m

()k(a 22 wp=
                                                       (1) 

'  .'$8� 19,, : 

                                                             
),

n
Mm

()k(A
+

= 22 wp
                                                   (2) 

�*,  '  $ �  - "��-3,-"-3,..�  .'$&,.19,,  $ .'$8� 19,,  5.'6,.$,  7/)7��"-$  #'!*�%  /)7!$ -
.+ , � /&;  
k – 6$" �  5782�3 .'  3-7 #, ; 
w - 7� �3'(  "#�)�"-1  3)'=,.$(  3-7 #$ (3' ' ), �8 /"; 
m – &'""'  5'�)75�6.���  76'"-#' , #�; 
M -  &'""'  &'-,)$' '  3 5'�)75�6.�&  76'"-#, , #�;  
n – 6$" �  /)7!$. . 

�.'8!,.$,  5'�)75�6.���  76'"-#'  3 .$!.,%  6'"-$  #�.$6,"#$&$  /)7!$.'&$ , )'"/� -
 �!,..+&$  /�  /,)$&,-)7  /'-)78#'  * (  /�*'6$  &'-,)$' �3  # 9.,#7 , /),*�-3)'=',-  &,4' -
.$6,"#�,  )'5)79,.$,  5'�)75�6.���  76'"-#'  " /'-)78#�&  * (  /�*'6$  &'-,)$' �3  # 9.,#7  
/)$  3$8)'2$$ , '  -'#!,  "�5*'<-  *�/� .$-, 1.7<  3$8)'2$<  5'�)75�6.���  76'"-#' , 6-�  73,-
 $6$3',-  ")�#  )'8�-+  8,5 ),&�.-' , 7/)�=',-  "'&  ),&�.-  $ 7&,.19',-  3),&(  ),&�.-' , '  
5.'6$-  73, $6$3',-  3 2, �&  /)�$53�*$-, 1.�"-1 . 
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�.'8!,.$,  5'�)75�6.���  76'"-#'  3 .$!.,%  6'"-$  #�.$6,"#$&$  /)7!$.'&$ , )'"/� -
 �!,..+&$  /�  /,)$&,-)7  /'-)78#'  * (  /�*'6$  &'-,)$' �3  # 9.,#7 , /)$  :-�&  7/)7��"-1  
#'!*�%  /)7!$.+  �/),*, (,-"(  /�  3+)'!,.$< : 

                                                                wn ×=k                                                                (3) 
�'"-�-'  #� ,8'.$%  /)7!$..���  &'(-.$#'  " 76,-�&  6$" '  /)7!$.  $ &'""+  5'�)7 -

5�6.���  76'"-#' : 

                                                      m
na×

=
p

n
2
1

                                                           (4) 
�'"-�-'  #� ,8'.$%  /)7!$..���  &'(-.$#'  " 76,-�&  6$" '  /)7!$. ,  &'""+  5'�)75�6 -

.���  76'"-#'  $ &'""+  &'-,)$' '  .'4�*(=,&"(  3 5'�)75�6.�&  76'"-#, : 

                                                        Mm
na

+
×

=
p

n
2
1

                                                       (5) 
�/)7��"-$  #�.$6,"#$4  /)7!$. , &,.19,  7#'5'..���  3 3+)'!,.$$  (1) $ 8� 19,  7#' -

5'..���  3 3+)'!,.$$  (2), /�#'5+3',-  6-�  '&/ $-7*'  #� ,8'.$%  5'�)75�6.���  76'"-#'  " &' -
-,)$' �&  ),5#�  ".$!',-"( , -'#  #'#  "�8"-3,..'(  6'"-�-'  #� ,8'.$%  /)7!$..���  &'(-.$#' , 
#'#$& (3 (,-"(  5'�)75�6.+%  76'"-�#  " &'-,)$' �&  $ /)7!$.'&$ , .,  "�3/'*',-  " 6'"-�-�%  
3+.7!*,..+4  #� ,8'.$%  7*')�3  / '"-$.  7/)7����  )'8�6,��  �)�'.'  �  5782+ 3-7 #$, 6-�  
/)$3�*$-  # 7&,.19,.$<  $.,)2$�..+4  "$  "8)'"+3'<=$4   /)$ $/9$4  &'-,)$' �3  # 
"-,.#'&  5'�)75�6.���  76'"-#'  $ ".$!,.$<  -$#"�-)�/.���  )'5!$!,.$(  :-���  &'-,)$' ' , '  
5.'6$-  7&,.19,.$<  /)�$53�*$-, 1.�"-$ . 

�)$&,) . �  5'�)75�6.�&  7"-)�%"-3,  $*,-  /)�2,""  .,/),)+3.�%  /�*'6$  " ,!$3'<=, -
��"(  &'-,)$' ' , .,�84�*$&�  7"-'.�3$-1  #�.$6,"#$,  /)7!$.+  7, " /�"-�(..+&  9'��&  * (  
�8,"/,6,.$(  ),5�.'.".+4  #� ,8'.$%  5'�)75�6.���  76'"-#'  5 " /�*'3',&+&  &'-,)$' �& .  

�#�)�"-1  3)'=,.$(  3' '  (3-7 #$) w =5 �8 /"; 6$" �  5782�3 .'  3-7 #,  � =10; 6$" �  #� -
.$6,"#$4  /)7!$.  7 n=4; &'""'  5'�)75�6.���  76'"-#'  5 m= 8 #�;  .'$8� 19'(  &'""'  &'-,)$ -
' '  3 5'�)75�6.�&  76'"-#,  5 � =20 #�. 

���*'  .'$&,.19,,  5.'6,.$,  7/)7��"-$  #'!*�%  #�.$6,"#�%  /)7!$.+  7 /,),&,..�%  
!,"-#�"-$  "�� '".�  3+)'!,.$<  (1): 

                                           
197192

4
8

5101432 2 =×××= )(),( 
 � /&, 

'  .'$&,.19,,  5.'6,.$,  !,"-#�"-$  #�.$6,"#�%  /)7!$.+  7 "�� '".�  3+)'!,.$<  (2): 

                                              
690172

4
208

5101432 2 =
+

×××= )(),(A
 � /&. 

 �  :-�&  " 76',  "�� '".�  7)'3.,.$<  (3) 6'"-�-'  7*')�3  7/)7����  )'8�6,��  �)�'.'  /�  
5782'& 3-7 #$ 9 "�"-'3$- : 
                                                                 50510 =×=n �2 , 
'  "�8"-3,..'(  6'"-�-'  #� ,8'.$%  /)7!$..���   &'(-.$#' , #'#$& (3 (,-"(  5'�)75�6.+%  76' -
"-�#  5 .'  #�.$6,"#$4  /)7!$.'4  7, "�� '".�  7)'3.,.$<  (4) "�"-'3$- : 

                                                       
50

8
4197192

1432
1

=
×

×
=

,
n

�2 , 
6-�  87*,-  "�3/'*'-1  " 6'"-�-�%  /�  '.' ��$$  /�  3+)'!,.$<  (5) * (  5'�)75�6.���  76'"-#'  5 
" /,),)'8'-+3',&+&  &'-,)$' �& : 

                                                     
50

208
4690172

1432
1

=
+

×
×

=
,

n
�2 . 

 ��  ,"-1  3+.7!*,..'(  6'"-�-'  7*')�3  7/)7����  )'8�6,��  �)�'.'  "�3/'*',-  " 6'"-� -
-�% #� ,8'.$%  5'�)75�6.���  76'"-#'  5 3�  3",&   *$'/'5�.,  $5&,.,.$(   &'""+  &'-,)$' '  3 
5'�)75�6.�&  76'"-#,  �-  � =0 #�, *�  8� 19,%  &'""+  � =20 #�. 
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�'#$&  �8)'5�& , 5'#),/ ,.$,  #�.$6,"#�%  /)7!$.+  7 3 .$!.,%  6'"-$  5'�)75�6.���  
76'"-#'  5, /�53� (,-  "3�8�*.�  /,),*'3'-1  #� ,8'.$(  �-  / '"-$.  10 7/)7����  )'8�6,��  �) -
�'.'  # "-,.#'&  5'�)75�6.���  76'"-#'  5 $ .'4�*(=,&7"(  3 .,&  &'-,)$' 7 , '  #�.$6,"#$,  
/)7!$.+  7 3&,"-,  " �-)'!'-, 1.+&$  #�5+)1#'&$  9 /),/(-"-37,-  /�/'*'.$<  6'"-$2  &'-, -
)$' '  .')7!7 . 	-"7-"-3$,  75 '  7/ �-.,.$(  &,!*7  5'�)75�6.+&  76'"-#�&  5 $ #�)/7"�&  1 
/),*�-3)'=',-  ,��  &,4'.$6,"#$%  $5.�"  $ )'5)79,.$, , '  ,��  5'&,.'  .'  �$*)�5'-3�)  73, $ -
6$3',-  ")�#  " 7!8+  &,!*7  �"-'.�3#'&$  .'  ),&�.- . �",  3+9,"#'5'..�,  "/�"�8"-37,-  73,-
 $6,.$<  /)�$53�*$-, 1.�"-$ , '  -'#!,  7/)�=',-  �8" 7!$3'.$,  $ :#"/ 7'-'2$<  7"-)�% -
"-3' . 
 
 

�"�
�"��   �  
���������������   ��#"������  �#������  
 


 .� . 
')'.�3 ; "-7*,.- ; � .
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  
� .� . �)�4�),.#� , '""$"-,.-  

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- (�� ���� ), � . �� ���)'*  
 
 

�'5)'8�-'.'  /,)"/,#-$3.'(  #�."-)7#2$(  '8"�)8,)'  ()$"7.�#  1,2), -,4.$6,"#$&  ), -
57 1-'-�&  #�-�)�%   (3 (,-"(  /�3+9,.$,  /)�$53�*$-, 1.�"-$ .  

�8"�)8,)  /),*"-'3 (,-  "�8�%  #� �..7 , "�"-�(=7<  $5 #�)/7"'  1 " .'"'*#�%  3 3$*,  
-)786'-+4  )7#'3�3  2, "  5'5�)�&  &,!*7  .$&$ . ��)/7"  1 "�*,)!$-  /'-)78#$  * (  34�*'  3 $ 
3+4�*'  4 !$*#�"-$  $ 34�*'  5 $ 3+4�*'  6 �'5' . �  /'-)78#7  3 34�*'  !$*#�"-$  /)$#),/ ,.�  
)'"/),*, $-, 1.�,  7"-)�%"-3�  * (  !$*#�"-$ , "�"-�(=,,  $5 -)78+  7 " )'"/),*, $-, 1.+ -
&$ /'-)78#'&$  8, /�*  #'!*+&  $4 #�-�)+4  7"-'.�3 ,.+  =, ,3+,  #� 12,3+,  3�)�.#$  9 * (  
)'3.�&,).���  �)�9,.$(  -)786'-+4  )7#'3�3  2, " 5'5�)�&  &,!*7  .$&$ , !$*#�"-1<  " "�5*' -
.$,&  .'  .$4  " �8,$4  "-�)�.  ,,  / ,.#$ . 

�8"�)8,)  )'8�-',-  " ,*7<=$&  �8)'5�& . �$*#�"-1  /�  /'-)78#7  3 /�*',-"(  3 )'"/), -
*, $-, 1.�,  7"-)�%"-3�  * (  !$*#�"-$ , $ $5 -)78+  7 /�/'*',-  3 )'"/),*, $-, 1.+,  /' -
-)78#$ 8, '  $5 .$4  3 =, ,3+,  #� 12,3+,  3�)�.#$  9, #�-�)+,  )'3.�&,).�  3 3$*,  #� 12,3�%  
/ ,.#$  �)�9'<-  �8,  /�3,)4.�"-$  -)786'-+4  )7#'3�3  2 $ !$*#�"-1  "-,#',-  /�  .$&  3.$5 
#�)/7"'  1 $ �-3�*$-"(  $5 .,��  /�  /'-)78#7  4. 
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�$" . 1 – 	8=$%  3$* 3 )'5),5,  #� �..+  " -)786'-+&$  )7#'3'&$  /),* '�',&�%  #�. -

"-)7#2$$  
 
�'5  /�*',-"(  /�  /'-)78#7  5, 3 #�)/7"  '8"�)8,)' , )'3.�&,).�  �8-,#'( , /�3,)4.�"-$  

/ ,.�#  !$*#�"-$ , "-,#'<=,%  /�  -)786'-+&  )7#'3'&  2, /�*.$&',-"(  33,)4  3*� 1  /�3,)4 -
.�"-,%  -)786'-+4  )7#'3�3  2 $ 3+4�*$-   $5 #�)/7"'  1 /�  /'-)78#7  6. 

 
�$" . 2 – ��/,),6.+%  )'5),5  /�  � -�  #� �..+  " -)786'-+&$  )7#'3'&$  /),* '�',&�%  

#�."-)7#2$$  
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	","$&&,-)$6.'(  7"-'.�3#'  3.7-)$  #� �..+  -)786'-+4  )7#'3�3  /�53� (,-  73, $ -
6$-1 /�3,)4.�"-1  &'""�/,),.�"' , 7 '8"�)82$�..�%  #� �..+  " 3,)-$#' 1.+&$  / '"-$.'&$  
3+/� .,..+&$  $5 -#'.,3+4  /� �-.$=  / �='*1  /�3,)4.�"-$  &'""�/,),.�"'  /�6-$  .'  
13,5% &,.19, , /�  ")'3.,.$<  " #� �..�%  " -)786'-+&$  )7#'3'&$ . �+/� .,.$,  5'5�)'  
&,!*7  "&,!.+&$  )7#'3'&$  /�53� (,-  )'3.�&,).�  " �*$.'#�3�%  "#�)�"-1<  /�*'3'-1  
.'3"-),67  *)7�  *)7�7  / ,.#7  "-,#'<=,%  " �8,$4  "-�)�.  )7#'3'  !$*#�"-1  $ *3$!7=$%"(  
.'3"-),67  ,% /�-�#  �'5' . �",  :-�  3 2, �&  /�3+"$-  /)�$53�*$-, 1.�"-1 . 

�)$&,)  )'"6,-' . �  '8"�)8,), , /),*"-'3 (<=,&  "�8�%  .'"'*�6.7<  &'""��8&,..7<  
#� �..7  " -)786'-+&$  )7#'3'&$ , �6$='<-  3�5*74 3 /)�2,"",  '8"�)82$$ . �$'&,-)  #� �. -
.+  D=0,5 &, 5'5�)  &,!*7  )7#'3'&$  2 "�"-'3 (,-D =0,05 &. ���*'  3 #� �..,  �","$&&,-)$6.�  
&�!.�  7"-'.�3$-1  4 )7#'3'  *$'&,-)'&$ : D1=0,1 &, D2=0,2 &; D3=0,3 &; D4=0,4 & " 5'5�)�&  
&,!*7  )7#'3'&$  D=0,05 &. 

	8='(  / �='*1  /�3,)4.�"-$  :-$4  6,-+),4  )7#'3�3  * $..�%  1 & "�"-'3 (,- : 
14343213 ,)DDDD(f =+++= p  &2/&. 

�  #�."-)7#2$$  -)786'-���   '8"�)8,)' , /)$.(-���  5'  /)�-�-$/ , /)$  -�&  !,  5'5�),  
&,!*7  / '"-$.'&$  D=0,05 &, �8='(  /�3,)4.�"-1  -)786'-+4  / '"-$.  "�"-'3 (,-  2,76 &2/&, 
-�  ,"-1  3 /),* '�',&�%  #�."-)7#2$$  /�3,)4.�"-1  -,/ ��8&,.'  73, $6$3',-"(  .'  13,5%. 

�'#$&  �8)'5�& , �","$&&,-)$6.'(  7"-'.�3#'  3.7-)$  #�)/7"'  1 #� �..+  -)786'-+4  
)7#'3�3  2 /�53� (,-  73, $6$-1  /�3,)4.�"-1  &'""�/,),.�"'  /�  ")'3.,.$<  " 3,)-$#' 1.+ -
&$ / '"-$.'&$ , 3+/� .,..+&$  $5 -#'.,3+4  /� �-.$= , 6-�  "/�"�8"-37,-  )�"-7  /)�$53� -
*$-, 1.�"-$ . �+/� .,.$,  5'5�)'  &,!*7  "&,!.+&$  -)786'-+&$  )7#'3'&$  2 /�53� (,-  
)'3.�&,).�  " �*$.'#�3�%  "#�)�"-1<  /�*'3'-1  .'3"-),67  *)7�  *)7�7  / ,.#7  "-,#'<=,%  " 
�8,$4  "-�)�.  )7#'3'  !$*#�"-$  $ *3$!7=$%"(  .'3"-),67  /�-�#  �'5' , 6-�  -'#!,  /)$3�*$-  # 
"-'8$ 1.�"-$  /)�2,""'  &'""�/,),*'6$ . 

 

�
��	�����������  ����	�  

1. �� �!$-, 1.�,  ),9,.$,  .'  / . &. B 2016143781 ��""$%"#'(  �,*,)'2$( , ���  
B01D53/14. �8"�)8,)  / � .
 . �� �3'.6$#�3 , � .� . �)�4�),.#� , � .� . �,)$#�3' , � .� . ��)�8 -
#$. , � .� . �&$-)7# , � .� . � ,9'#�3' ; �� ���� . - 2017. 
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� .� . ��"-$. , *,#'.  '3-�&,4'.$6,"#���  0'#7 1-,-' , ���  (0$ $' ) �� ����  
� .� . ��#� �3' , "-')9$%  /),/�*'3'-, 1  #'0,*)+  ���; , ���  (0$ $' ) �� ����  

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

� .� . �' 12,3 , � '3.+%  #�."7 1-'.-  			  «�)$8�% », � . �� !"#$%  
 
 

��3').�,  )+8�/)�$53�*"-3�  – �*$.  $5 3$*�3  /)�$53�*"-3'  ", 1"#�4�5(%"-3,..�%  
/)�*7#2$$  �8,"/,6$3'<=$%  /)�*�3� 1"-3,..7<  8,5�/'".�"-1  ��"7*')"-3' . �$)�3+,  
-,.*,.2$$  )'53$-$(  '#3'#7 1-7)+  3��8=,  $ -�3').���  )+8�/)�$53�*"-3'  3 6'"-.�"-$ , 
"3(5'.+  " /�"-�(..+&  )�"-�&  /)�$53�*"-3' , #�-�)�,  *�"-$� �  # 2014 � . �8C,&�3  3 78 & . . 
-�.. . �)$  :-�&  8� ,,  47 & . . -�..  /)$4�*$-"(  .'  '#3#7 1-7)7  3.7-),..$4  3�*�@&�3. 
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�8"� <-.+&   $*,)�&  /�  �8C,&'&  /)�$53�*"-3'  '#3'#7 1-7)+  (3 (,-"(  �$-'% , �*,  
�8C,&+  /)�$53�*"-3'  *�"-$�'<-  40 & . . -�..  3 ��* . 

��""$(  3 ),%-$.�,  /)�$53�*$-, ,%  '#3'#7 1-7)+  5'.$&',-  &,"-�  3 3�"1&�&  *,"(-#,  
(78 &,"-� ) " *� ,%  3 &$)�3�&  /)�$53�*"-3,  0,2-0,3%. �.' $5  )'53$-$(  '#3'#7 1-7)+  3 
��""$$  /�#'5+3',- , 6-�  3 2, �&  3 /�" ,*.$,  ��*+  .'8 <*',-"(  )�"-  /)�$53�*"-3'  "�  110 
-+" . -�..  3 2010 � . *�  198 -+" . -�..  3 2016 � . �  �� ���)'*"#�%  �8 '"-$  /)�$53�*"-3�  -� -
3').�%  )+8+  3 2016 � . "�"-'3$ �  5 -+" . -�.. , 6-�  "�"-'3 (,-  2,5% �-  �8=,��  �8C@&' /)� -
$53�*"-3'  3 ��""$$ . 

�)$  :-�&  /�-,.2$'  ��""$$  3 2, �&  /�  )'53$-$<  '#3'#7 1-7)+  ��)�&,.  /�  ")'3., -
.$<  " "�3),&,..+&  "�"-�(.$,&  $, /�  �2,.#'&  :#"/,)-�3 , "�"-'3 (,-  *�  1,5 - 2 & . . -�..  3 
��* , /)$  :-�&  /�#'5'-, (  400 -+" . -�..  3 ��*  / '.$)7,-"(  *�"-$61  7!,  # 2020 � ., - ., . 0'# -
-$6,"#$  7*3�$-1  5' 3 ��*'  �8C,&+  /)�$53�*"-3' .  

�  "3(5$ " -'#$&$  5'*'6'&$  5.'6$-, 1.�  /�3+9',-"(  '#-7' 1.�"-1  :00,#-$3.���  
3,*,.$(  )+8�3�*"-3'  3 			  «�)$8�% » 5' "6,-  $.-,."$3.���  $"/� 15�3'.$(  / �='*$  
/)7*�3 , /)$&,.,.$(  "�3),&,..+4  -,4.� ��$% , "),*"-3  '3-�&'-$5'2$$ , :.,)�� - $ ),"7)"� -
"8,),�'<=$4  /)�2,""�3 , $"/� 15�3'.$(  3�5�8.�3 (,&+4  :.,)�,-$6,"#$4  $ 8$� ��$6,"#$4  
),"7)"�3 . 

��3+9,.$(  :00,#-$3.�"-$  /)7*�3+4  4�5(%"-3 &�!.�  *�"-$61  3.,*),.$,&  '3-�&' -
-$5$)�3'..+4  "$"-,&  #�.-)� (  $ �8)'8�-#$  $.0�)&'2$$ , 76,-'  )'"4�*'  #�)&�3 . �)$  :-�&  
&�!,-  /')'  , 1.�  ),9'-1"(  5'*'6'  $"/� 15�3'.$(  3�5�8.�3 (,&+4  8$�),"7)"�3  * (  
#�)& ,.$(  3+)'=$3',&�%  3 /)7*'4  )+8+ . 

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

� (  )'5&,=,.$(  *'-6$#�3  #�.-)� (  "�"-�(.$(  3�*+  &�!.�  $"/� 15�3'-1  " ,*7< -
=7<  "4,&7: /�  / �='*$  /)7*'  7"-'.'3 $3'<-"(  "-� 8$#$ , .'  #�-�)+4  &�.-$)7<-"(  *'- -
6$#$, "$"-,&'  '3-�.�&.���  :.,)���8,"/,6,.$(  .'  0�-�: ,#-)$6,"#$4  /),�8)'5�3'-, (4 , 
"$"-,&'  8,"/)�3�*.�%  /,),*'6$  *'..+4 , '  -'#!,   �379#$  * (   ,-'<=$4  .'",#�&+4 , #� -
-�)+,  �8,"/,6$3'<-  *�/� .$-, 1.�,  #�)& ,.$,  )+8+  8$�&'""�%  .'",#�&+4 . �"-'.�3 -
 ,..+,  *'-6$#$  #�.-)� $)7<-  .'$8� ,,  3'!.+,  /')'&,-)+ : -,&/,)'-7)7  3�*+ , #$" �- -
.�"-1  ()� ), "�*,)!'.$,  #$" �)�*' , "�*,)!'.$,  '&&$'#' , -'#!,  /)$  .,�84�*$&�"-$  &�!.�  
#�.-)� $)�3'-1  &7-.�"-1  3�*+ , "�*,)!'.$,  ",)�3�*�)�*'  $ *) . 

�'$8� ,,  3'!.+&  /')'&,-)�&  (3 (,-"(  -,&/,)'-7)'  3�*+ . �  )+8  -,&/  )�"-'  $ :0 -
0,#-$3.�"-1  $"/� 15�3'.$(  /$-'-, 1.+4  3,=,"-3  #�)&'  3�5)'"-'<-  " /�3+9,.$,&  -,& -
/,)'-7)+  *�  $53,"-.���  /),*, ' . ��:-�&7  0'#-�)  -,&/,)'-7)+  3�*+  *� !,.  76$-+3'-1"(  
3 /)��)'&&,  )'"4�*'  #�)&�3 . 
� 19�,  3 $(.$,  .'  :00,#-$3.�"-1  #�)& ,.$(  )+8  �#'5+ -
3',-  #�.2,.-)'2$(  #$" �)�*'  3 3�*, . �" $  ,��  "�*,)!'.$,  .,*�"-'-�6.�, , -�  )+8'  .'6$ -
.',-  8,"/�#�$-1"( , '  /)$  &' �&  "�*,)!'.$$  #$" �)�*'  /),#)'=',-  /$-'-1"( . ��.$!,.$,  
"�*,)!'.$(  #$" �)�*'  3 3�*,  6'"-�  "�/)�3�!*',-"(  /�3+9,.$,&  #�.2,.-)'2$$  '&&$'#' , 
&�6,3$.+ , .$-)'-�3  $ *)7�$4  3,=,"-3 , #�-�)+,  /�*'3 (<-  )�"-  )+8 . ��:-�&7  #�.-)� 1  
7#'5'..+4  /')'&,-)�3  -'#!,  (3 (,-"(  3'!.+&  " -�6#$  5),.$(  /�3+9,.$(  :00,#-$3.�"-$  
3+)'=$3'.$(  )+8+ .  

�3,-  -'#!,  �#'5+3',-  8� 19�,  3 $(.$,  .'  :00,#-$3.�"-1  3+)'=$3'.$(  )+8+ . 
�"-'.�3 ,.� , 6-�  7* $.,.$,  "3,-�3���  *.(  " /�&�=1<  $"#7""-3,..���  �"3,=,.$(  8 '�� -
-3�).�  3 $(,-  .'  )�"-  )+8 . ��:-�&7  "3,-�3+,   �379#$  &��7-  .,  -� 1#�  /)$&'.$3'-1  
.'",#�&+4 , .�  $ "�5*'3'-1 , 5' "6,-  $"#7""-3,..���  �"3,=,.$( , 8 '��/)$(-.+,  7" �3$(  * (  
)�"-'  )+8+ . 
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�$"-,&'  #�.-)� (  /')'&,-)�3  3�*+  &�!,-  8+-1 $.-,�)$)�3'.'  "�  "3,-�3�%   �379 -
#�% $ /� 76'-1  :.,)�$<  �-  0�-�: ,#-)$6,"#�%  /'., $ . ��-�: ,#-)$6,"#'(  /'., 1 , 7"-' -
.�3 ,..'(  .'  "-� 8,  /),�8)'57,-  :.,)�$<  "� .,6.���  $5 76,.$(  3 : ,#-)$6,"#7< . ; ,# -
-)$6,"#'(  :.,)�$(  '##7&7 $)7,-"(  3 '##7&7 (-�).+4  8'-'),(4 , #�-�)+,  /$-'<-  *'-6$#$ , 
"$"-,&7  8,"/)�3�*.�%  /,),*'6$  *'..+4  $  �379#7  * (  .'",#�&+4 . 

	/,)'-�)  "$"-,&+  3 ),!$&,  ),' 1.���  3),&,.$  /� 76',-  $.0�)&'2$<  �  "�"-�(.$$  
/)7*'  $ )'"4�*,  #�)&�3 . �$"-,&'  &�!,-  '3-�&'-$6,"#$  7/)'3 (-1  /)�2,""�&  ':)'2$$  
/)7*'  (/)$  .' $6$$  "��-3,-"-37<=,��  �8�)7*�3'.$( ) $ 3.�"$-1  /�/)'3#$  3 ),!$&  #�)& -
 ,.$(  $ 3.,",.$(  *)7�$4  3,=,"-3  * (  *�"-$!,.$(  -),87,&+4  /')'&,-)�3  3�*+ . 

��379#$  * (   ,-'<=$4  .'",#�&+4  /)$3 ,#'<-  $4 .'  -,/ �  3 "3,- �,  3),&(  "7-�#  
(.'�),3  /�3,)4.�"-$   �379#$  /)�$"4�*$-  5' "6,-  :.,)�$$  "� .,6.���  $5 76,.$( ) $ .'  
"3,-  3 -,&.�,  3),&(  "7-�# . � (  3�5*,%"-3$(  .'  .'",#�&+4  $"/� 157,-"(  3+"�#�3� 1-.+%  
)'5)(* . �'",#�&+, , /�*3,)�9$,"(  3�5*,%"-3$<  )'5)(*' , /'*'<-  .'  /�3,)4.�"-1  3�*+  $ 
" 7!'-  *�/� .$-, 1.+&  #�)&�&  * (  )+8+ . 

��)& ,.$,  )+8+  $ 3.,",.$,  3 3�*7  $53,"-$ $ *)7�$4  3,=,"-3  �"7=,"-3 (,-"(  " 
/ '376,��  "'&�*3$!7=,��"(  / '3"),*"-3'  - /�.-�.' . �  *3$!,.$,  /�.-�.  /)$3�*$-  8,.5$ -
.�3+%  $ $  *$5, 1.+%  ��� . �)$&,.,.$,  ���  $&,,-  " ,*7<=$,  .,*�"-'-#$ : 

·  /�3+9,..+%  97&; 
·  �/'".�"-1  /�/'*'.$(  3 3�*7  ��� ; 
·  .,�'-$3.�,  3�5*,%"-3$,  3+4 �/'  .'  �#)7!'<=7<  "),*7 ; 
·  .,�84�*$&�"-1  $"/� 15�3'.$(  7� ,3�*�)�*.���  -�/ $3' . 
� (  7"-)'.,.$(  :-$4  .,*�"-'-#�3  /�.-�.  &�!,-  8+-1 �".'=,.  : ,#-)�*3$�'-, (&$ , 

* (  /$-'.$(  #�-�)+4  $"/� 157,-"(  -(��3'(  '##7&7 (-�).'(  8'-'),( , #�-�)'(  3 "3�<  �6, -
),*1  /� 76',-  :.,)�$<  �-  0�-�: ,#-)$6,"#$4  /),�8)'5�3'-, ,% . �'#'(  "4,&'  /)'#-$6,"#$  
8,"97&.'  $ .,  3+*, (,-  .$#'#$4  3),*.+4  3,=,"-3  3 �#)7!'<=7<  "),*7 . 

�)�&,  -��� , 7/)'3 ,.$,  *3$!,.$,&  /�.-�.'  $ /)�2,""  )'5*'6$  #�)&'  &��7-  8+-1 
'3-�&'-$5$)�3'.+ . ��  ,"-1  /�.-�.  '3-�&'-$6,"#$  8,5 76'"-$(  6, �3,#'  *3$�',-"(  /�  / � -
='*$  /)7*' , '  $5 87.#,)'  #�)&�)'5*'-6$#'  )'58)'"+3',-"(  #�)& . �)$  :-�&  *'..+,  �  /� -
 �!,.$$  /�.-�.' , /')'&,-)'4  ,��  *3$!,.$( , )'"4�*,  $ 3$*,  $"/� 157,&���  #�)&'  /,), -
*'<-"(  .'  2,.-)' 1.+%  /�"-  # *,!7).�&7  �/,)'-�)7 . �)$  .,�84�*$&�"-$  5'�)75#$ #�)&'  
/�.-�.  /�*4�*$-  # 5'�)75�6.�%  / �='*#, , �*,  ,��  5'�)7!'<-  #�)&�& . 

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

�.,*),.$,  -'#�%  "$"-,&+  /�53� $-  5.'6$-, 1.�  /�3+"$-1  :00,#-$3.�"-1  /)�2," -
"�3  3+)'=$3'.$(  )+8+  5' "6,-  7&,.19,.$(  3 $(.$(  «6, �3,6,"#���  0'#-�)' » .'  -,4.� -
 ��$6,"#$,  /)�2,""+ , /� 76,.$(  "3�,3),&,..�%  �8C,#-$3.�%  $.0�)&'2$$  �  /')'&,-)'4  
3�*+  3 /)7*'4 , )'2$�.' 1.���  $"/� 15�3'.$(  #�)&�3  $ *�/� .$-, 1.���  /)$#�)&'  )+8+  
8$�&'""�%   ,-'<=$4  .'",#�&+4 . 

�'5)'8�-#'  #�."-)7#2$%  -,4.$6,"#$4  7"-)�%"-3  $ '3-�&'-$5$)�3'..+4  "$"-,&  #�. -
-)� (  $ 7/)'3 ,.$(  3 )'&#'4  "�3&,"-.+4  ��	��  &�!,-  8+-1 3 *' 1.,%9,&  )'53$-'  3 
/)�$53�*"-3,..7<  *,(-, 1.�"-1 , �".�3'..7<  .'  )'5)'8�-'..+4  $..�3'2$(4 , * (  "�8 -
"-3,..+4  .7!*  $ ),' $5'2$$  *)7�$&  )+8�3�*.+&  4�5(%"-3'& . ;-�  �8,"/,6$-  #�&/'.$$  
3+4�*  .'  )+.�#  " .�3+&$  /)�*7#-'&$ , #�-�)+,  87*7- 3�"-),8�3'.+  3 /)�2,"",  )'53$-$(  
)+8�3�*"-3'  3 �� . 


� ,,  :00,#-$3.�  &�!.�  $"/� 15�3'-1  3�5&�!.�"-$  �74�%  8' #$ , #�-�)'(  .'4� -
*$-"(  3 �/,)'-$3.�&  7/)'3 ,.$$  			  «�)$8�% », .'/)$&,) , * (  $"/� 15�3'.$(  8+"-)� -
)'"-7=$4  �$*)�8$�.-�3  – &�  <"#�3  3$*'  Dreissena polymorpha (�),%"",.'  ),6.'( ). 

�  ���  (0$ $' ) �� ����  "�3&,"-.�  " 	�	  «�� !"#'(  �;� » 3 2006-2008 � .� . 8+-
 $  /)�3,*,.+  .'76.+,  $"" ,*�3'.$(  /�  $576,.$<  /)�2,""�3  �8)'"-'.$(  &�  <"#�&  �$* -
)�-,4.$6,"#$4  "��)7!,.$%  $ /)'#-$6,"#�&7  $"/� 15�3'.$<  &�  <"#'  * (  /)�$53�*"-3'  
"8' '."$)�3'..+4  /� .�)'2$�..+4  #�)&�3 , #�-�)+,  &��7-  8+-1 $"/� 15�3'.+  * (  #�)& -
 ,.$(  )+8 . �+)'=$3'.$,  &�  <"#'  3 '#3'-�)$$  8' #$  �74'(  3�5&�!.�  " /)$&,.,.$,&  
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$"#7""-3,..+4  "78"-)'-�3 . �#�)�"-1  )�"-'  &�  <"#'  3 -,/ +%  /,)$�*  ��*'  /)$  8 '��/)$ -
(-.+4  7" �3$(4  &�!,-  *�"-$�'-1  2-4 $ 8� ,,  #�/&2. �  ���  /)�3�*$ $"1  :#"/,)$&,.-' 1 -
.+,  )'8�-+  /�  /)�$53�*"-37  #�)&�3  $5 *),%"",.+ . �.' $5  /$-'-, 1.�%  2,..�"-$  $ #'6, -
"-3'  #�)&�3  /)�3�*$ "(  3 "/,2$' $5$)�3'..�%   '8�)'-�)$$  �� ���� . 

�)$  $.-,."$3.�&  $"/� 15�3'.$$  /)7*�3  * (  )'53,*,.$(  /� $#7 1-7)+ , .'/)$&,)  
#')/'  " )'"-$-, 1.�(*.+&$  )+8'&$  &�!.�  $"/� 15�3'-1  5, ,.+,  /�8,�$  -)�"-.$#'  3 #' -
6,"-3,  #�)&�3+4  *�8'3�# . �')�" $  -)�"-.$#'  9$)�#�  )'"/)�"-)'.,.+  /�  '#3'-�)$$  /)7 -
*�3  $ 8,),�'&  8' #$ .  

�'5)'8�-#'  -,4.� ��$$  "8�)'  5��/ '.#-�.'  /)$  "/7"#,  /)7*�3  $ ,��  *' 1.,%9,%  
/,),)'8�-#$  3 /)�*7#-+  * $-, 1.���  4)'.,.$(  /�53� $-  )'2$�.' 1.�  $ :00,#-$3.�  $"-
/� 15�3'-1  &,"-.7<  #�)&�37<  8'57. 

�' $6$,  )(*�&  " /)7*�3+&  4�5(%"-3�&  �-4�*�3  !$3�-.�3�*"-3'  *',-  3�5&�!.�"-1  
)'53$3'-1  3,)&$-,4.� ��$$ . ;-�  -,4.� ��$$  .'/)'3 ,..+,  .'  8$�-)'."0�)&'2$<  �-4� -
*�3  /)�$53�*"-3'  ���  3 /$-'-, 1.7<  8$�&'""7  3,)&$#7 1-7)+  $ 2,..�,  7*�8),.$,  * (  
/�63+  – 3,)&$#�&/�"- . �"/,9.+,  �/+-+  /�  3,)&$#7 1-$3$)�3'.$<  �"7=,"-3 ( $"1  "� -
-)7*.$#'&$  ���  3 )'&#'4  )'8�-  /�  /,),)'8�-#,  8$��-4�*�3  $ 9 '&'  8$��'5�3+4  7"-'.� -
3�#. 

�"/� 15�3'.$,  &,"-.+4  8$�),"7)"�3 : &�  <"#�3 , -)�"-.$#' , .'",#�&+4 , '  -'#!,  
8$�),"7)"�3  0�)&$)7<=$4"(  3 3$*,  �-4�*�3  ���  .'  -,))$-�)$$  ),�$�.'  (!&+4$  $ 9)� -
-+ ) &�!,-  5.'6$-, 1.�  ".$5$-1  5'-)'-+  .'  #�)& ,.$,  )+8+  $ /�3+"$-1  :00,#-$3.�"-1  
)'8�-+  4�5(%"-3' . 	/+-.+,  /')-$$  #�)&�3  " $"/� 15�3'.$,&  -'#$4  #�&/�.,.-�3 , #'#  
-)�"-.$#  (5, ,.+,  /�8,�$ ), ��)6$6.+%  $ )+!$#�3+%  9)�- , !&+4  /�*"� .,6.$#' , /�  ), -
2,/-7)'& , )'5)'8�-'..+&  "�-)7*.$#'&$  ���  $ �� ���� , 8+ $  /)�$53,*,.+  3  '8�)'-� -
)$$  ��� . 

�,)"/,#-$3.+&  .'/)'3 ,.$,&  )'53$-$(  4�5(%"-3'  &�!,-  (3 (-1"(  3+"�#�$.-,. -
"$3.�,  $"/� 15�3'.$,  /)7*�3  * (  "�3&,"-.���  3+)'=$3'.$(  )+8+ , )'#�3  $ 3�*�/ '3'< -
=,% /-$2+ . �)$  .'76.� -�8�".�3'..�&  &,-�*,  )'53,*,.$(  " �*.���  /)7*'  3 ",5�.  &�!.�  
/� 76'-1  *3'  /��� �31(  3�*�/ '3'<=,%  /-$2+  (7-#$), )+87  $ )'#�3 , /)$6,&  "$&8$�5 /-$ -
2+ $ )+8+ , 3 /)'3$ 1.+4  /)�/�)2$(4 , "/�"�8"-37,-  73, $6,.$<  3+4�*'  /)�*7#2$$  /�  
)+8, , '  -'#!,  ".$!,.$<  )'"4�*'  #�)&�3  $ &$.,)' 1.+4  3,=,"-3 . 

 
 

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

1. ��&/ ,#".'(  -,4.� ��$(  /,),)'8�-#$  5��/ '.#-�.'  �� ���)'*"#���  3�*� -
4)'.$ $='  / � .� . ��.*)72#$% , � .� . �'8 �3 , � .� . �' 12,3 , � .� . ��#� �3' , � .� . ��"-$.  // 
�'-,)$' +  /(-���  "C,5*'  	8=,"-3'  8$�-,4.� ���3  ��""$$  $&. � .� . 	36$..$#�3' , 
��"#3' , 2-4 *,# . 2008 � . : [-,5 .*�# .]. - � ., 2008. - C. 77-79. 

2. �"/� 15�3'.$,  &�  <"#�3  )�*'  �),%"",.'  * (  /� 76,.$(  #�)&�3  $ #�)&� -
3+4 *�8'3�#  / � .� . ��#� �3' , � .� . ��"-$. , � .� . �'8 �3 , � .� . ��.*)72#$%  // �'-,)$' +  
/(-���  "C,5*'  	8=,"-3'  8$�-,4.� ���3  ��""$$  $&. � .� . 	36$..$#�3' , ��"#3' , 2-4 *,# . 
2008 � . : [-,5 .*�# .]. - � ., 2008. - C. 158-159. 

3. ��)&  $5 &�  <"#'  �),%"",.'  – )'2$�.' 1.�,  $"/� 15�3'.$,  3�5�8.�3 (, -
&+4 ),"7)"�3  $ 7 769,.$,  :#� ��$6,"#�%  �8"-'.�3#$  .'  �$*)�-,4.$6,"#$4  "��)7!,.$(4  
[; ,#-)�..+%  ),"7)" ] / � .� . �'&'�' , � .� . �'8 �3 , � .� . ��"-$. , � .� . ��#� �3' , � .� . �,.  // 
10-(  .'76.� -/)'#-$6,"#'(  #�.0,),.2$(  /)�0 .-/),/�* . "�"-'3'  ���  (0$ $' ) �� ����  
(�� !"#$% , 27-28 (.3 . 2011 � .) : "8. &'-,) . [-,5 . *�# .] #�.0 . / ���  (0$ $' ) �� ���� . - 
�� ���)'* , 2011. - 1 : ,#-)�. .�/- . *$"#  (CD-ROM). - C. 326-329. 

4. � 769,.$,  :#� ��$6,"#�%  "$-7'2$$  3 )'%�.'4  �$*)�-,4.$6,"#$4  "��)7!, -
.$% 5' "6@- "8�)'  $ 7-$ $5'2$$  &�  <"#�3  )�*'  �),%"",.'  / � .� . �'&'�' , � .� . �'8 �3 , 
� .� . ��"-$. , � .� . ��*$�.�3 , � .� . ��#� �3'  // �53,"-$(  �'&')"#���  .'76.���  2,.-)'  ��� . 
- 2010. - � . 12, B  1. - C. 2104-2107. 



 31 

5. The use of untraditional regenerate bioresources for producing adequate com-
pound animal feedstuff [; ,#-)�..+%),"7)" ] / � .� . ��"-$. , � .� . ��#� �3' , � .� . �'8 �3 , 
	 .� . ��),.1#�3' , � .� . �'&'�' , � .� . ��*$�.�3  // Modern scientific research and their practical 
application : e-journal. - 2013. - B  4, vol. J11301/May. - C. �,!$&  *�"-7/'  
:http://www.sworld.com.ua/index.php/ru/e-journal/the-content-of-journal/j113/18452-j11301. 

6. �"/� 15�3'.$,  .,-)'*$2$�..+4  3�5�8.�3 (,&+4  8$�),"7)"�3  * (  /)�$5 -
3�*"-3'  /� .�)'2$�..+4  #�&8$#�)&�3  / � .� . ��"-$. , � .� . ��#� �3' , � .� . �'8 �3 , 	 .� . 
��),.1#�3' , � .� . �'&'�' , � .� . ��*$�.�3  // �8�).$#  .'76.+4  -)7*�3  SWorld : &'-,) . &,! -
*7.') . .'76 .-/)'#- . #�.0 . «��3),&,..+,  /)�8 ,&+  $ /7-$  $4 ),9,.$(  3 .'7#, , -)'."/�) -
-, , /)�$53�*"-3,  $ �8)'5�3'.$$  '2012». - 2012. - �+/ . 4, - . 45. - C. 79-85. 

7. �,!375�3"#�,  35'$&�*,%"-3$,  /�  )'5)'8�-#,  ),2,/-7)  $ �/),*, ,.$<  8$� -
 ��$6,"#�%  2,..�"-$  #�&8$#�)&�3  .'  �".�3,  &�  <"#'  �),%"",.+  [; ,#-)�..+%  ),"7)" ] 
/ � .� . ��"-$. , � .� . ��#� �3' , � .� . �,. , � .� . �'&'�' , � .� . ��*$�.�3  // �5'$&�*,%"-3$,  
/),*/)$(-$%  $ 375�3 /�  /�3+9,.$<  :00,#-$3.�"-$  /)�$53�*"-3'  $ $..�3'2$�..�%  *,( -
-, 1.�"-$  : "8. *�# . VII &,!),�$�. . .'76 .-/)'#- . #�.0 . (� . �� !"#$% , 19-20 &'(  2011 � .) / 
���  (0$ $' ) �� ����  [$ *) .]. - �� ���)'* , 2011. - 1 : ,#-)�. .�/- . *$"#  (CD-ROM). - C. 
93-95. 

8. �,. , � .� . �"/� 15�3'.$,  3�5�8.�3 (,&���  ),"7)"'  - &�  <"#'  )�*'  
Dreissena * (  /)�$53�*"-3'  #�)&�3  / � .� . �,. , � .� . ��#� �3' , � .� . �'3,9.$#�3  // �'76 -
.+% /�-,.2$'  "-7*,.6,"-3'  3 XXI 3,#,  : &'-,) . IV &,!*7.') . .'76 . #�.0 . "-7* ., '"/$) ., 
&� �* .76@.+4. � . 1. �"-,"-3 . $ -,4. . .'7#$  / �	�  ��	  "�,3 .-�'3 . ��" . -,4. . 7. -- " [$ *) .]. - 
�-'3)�/� 1 , 2010. - C. 512-514. 
 
 

 
!�
���
����
  ����
����  �  �
���� . 

�)&� +6,3'  � .� ., ���  (0$ $' ) �� ����  

 

 	�	  «�� !"#$%  	)�"$.-,5 » 3 �� ���)'*"#�%  �8 '"-$  �"7=,"-3 (,-"(  3+/7"#  &, -
-$�.$.' . �,-$�.$.  (3 (,-"(  ,*$."-3,..�%  $5 /)�$53�*$&+4  #�)&�3+4  '&$.�#$" �-  3 
��""$$ .  

�&$.�#$" �-+  :-�  �)�'.$6,"#$,  "�,*$.,.$( , 3 &� ,#7 ,  #�-�)+4  �*.�3),&,..�  
"�*,)!'-"(  #')8�#"$ 1.+,  $ '&$..+,  �)7//+ . 	".�3.+&$  '&$.�#$" �-'&$ , $"/� 157, -
&+&$ 3 #�&8$#�)&�3�%  /)�&+9 ,..�"-$ , (3 (<-"(  L �$5$. , DL �,-$�.$. , L �),�.$. . 

�,-$�.$.  – &�.�'&$.�#')8�.�3'(  ",)�"�*,)!'='(  .,5'&,.$&'(  '&$.�#$" �-' . 
�"/� 157,-"(  �)�'.$5&�&  #'#  $"-�6.$#  ",)+ , '  -'#!,  * (  ),�7 (2$$  !$)�3���  $ 8, #�3� -
��  �8&,.�3 . �6'"-37,-  3 �8)'5�3'.$$  ",)$.'  $ 2$"-$.' , "$.-,5,  3$-'&$.�3 , ��)&�.�3 , 
0,)&,.-�3 , #,)'-$.�3 , �8)'5�3'.$$  /,)'  7 /-$2+ , 7"$ $3',-  )�"-  &+92  ("�"-'3.'(  6'"-1  
&+9,6.�%  -#'.$ ), /),/(-"-37,-  !$)�3�&7  /,),)�!*,.$<  /,6,.$ , ),�7 $)7,-  $.-,."$3 -
.�"-1  �#$" ,.$(  8, #�3 .�,-$�.$.  (3 (,-"(  /�"-'3=$#�&  3 �)�'.$5&  6, �3,#'  �)�'.$6, -
"#�% ",)+ , #�-�)'(  $�)',-  3'!.7<  )� 1  3 3+)'8�-#,  :.,)�$$ , 3 "3,)-+3'.$$  #)�3$ , 3 "$. -
-,5,  #�  '�,.' -8, #' , "�"-'3 (<=,��  �".�37  * (  #�"-,% , 3� �#.$"-+4  -#'.,% , #�!$ , 3� �"  
$ .��-,% . 

�  ", 1"#�&  4�5(%"-3, '&$.�#$" �-+  /)$&,.(<-"(  /),$&7=,"-3,..�  3 #'6,"-3,  
#�)&�3+4  *�8'3�# . �.��$,  )'"-$-, 1.+,  8, #$  "�*,)!'-   $5$.  3 �6,.1  &' +4  #� $6, -
"-3'4 , /�:-�&7  *�8'3 ,.$,   $5$.'  3 #�)&'  ", 1"#�4�5(%"-3,..+4  !$3�-.+4  " 2, 1<  $4 
"8' '."$)�3'.$(  /�  8, #�3�&7  /$-'.$<  $&,,-  /,)3�"-,/,..�,  5.'6,.$, . �)�&,  -��� , 
3 ", 1"#�&  4�5(%"-3, '&$.�#$" �-+  /)$&,.(<-"(  * (  5'=$-+  )'"-,.$%  �-  )'5 $6.+4  8� -
 ,5.,%  (&,-$�.$. , � 7-'&$.�3'(  #$" �-' , 3' $. ). �)�$53�*.+,  -'#$4  '&$.�#$" �- , #'#  
' '.$.  $ � $2$. , �8 '*'<-  �,)8$2$*.+&  *,%"-3$,&  $ $"/� 157<-"(  * (  5'=$-+  )'"-, -
.$% �-  "�).(#�3 . 
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�$5$� ��$6,"#'(  )� 1  &,-$�.$.'  3 #�)& ,.$$  !$3�-.+4  "3(5'.'  " ,��  "�*,)!'.$ -
,&  3 8, #'4  !$3�-.���  /)�$"4�!*,.$( . �  :-�&  " 76',  �.  3+"-7/',-  "-)�$-, 1.+&  8 �#�&  
/)$  0�)&$)�3'.$$  &� ,#7  -#'.,%  !$3�-.+4  $ /)�*7#2$$ . 

� '3.�%  "0,)�%  #)7/.�-�..'!.���  /)$&,.,.$(  &,-$�.$.'  (3 (,-"(  /)�$53�*"-3�  
/$=,3+4  *�8'3�#  * (  #�)&'  *�&'9.,%  /-$2+ . �  .'"-�(=,,  3),&(  &$)�3�%  "/)�"  .'  *'. -
.7<  /)�*7#2$<  �2,.$3',-"(  /)$&,).�  3 400 -+" . -  3 ��* . �  "3(5$ " )�"-�&  .')�*�.'", , -
.$(  �!$*',-"( , 6-�  "/)�"  .'  &,-$�.$.  87*,-  7"-�%6$3�  3�5)'"-'-1 , /')'  , 1.�  /�3+9, -
.$<  "/)�"'  .'  &("�  *�&'9.,%  /-$2+ . 

	32+  – !$3�-.+,  /'"-8$=.+,  $ /)$"/�"�8 ,.+  /�,*'-1  &.�!,"-3�  )'"-$-, 1.+4  
-)'3 . �'"-$-, 1.+,  #�)&'  "�*,)!'-  3 "),*.,&  �#� �  5% 5� + . �  5� ,  .'4�*(-"(  3",  .,�8 -
4�*$&+,  * (  �)�'.$5&'  &'#)�: ,&,.-+ : #� 18'- , %�*, !, ,5� , &,*1 , &')�'.,2 , ",)'  $ *) . 
�),*$  *,0$2$-.+4  $ $&,<=$4  "/,2$0$6,"#�,  5.'6,.$,  * (  �3,2 , .')(*7  " �8=,/)$.( -
-+&$  0'#-�)'&$  /$-'.$(  (:.,)�$( , /)�-,$. , 7� ,3�*+ , 3$-'&$.+ ), " ,*7,-  �"�8�  3+*, -
 $-1  ",)�"�*,)!'=7<  #$" �-7  – &,-$�.$.  $ &'#)�: ,&,.-   - ",)7 , #�-�)+,  �#'5+3'<-  
"-$&7 $)7<=,,  *,%"-3$,  .'  )�"-  $ )'53$-$,  !$3�-.+4 , 73, $6$3'<-  #� $6,"-3�  $ 7 76-
9'<-  #'6,"-3�  /)�*7#2$$ . 

�)$  "#')& $3'.$$  (�.(-'&  3 *�/� .,.$,  # �".�3.�&7  )'2$�.7  /),&$#"�3  .,�84� -
*$&+  *�/� .$-, 1.+,  5'-)'-+  .'  $4 /)$�8),-,.$, . �)$  )'"6,-,  :#�.�&$6,"#�%  :00,# -
-$3.�"-$  $4 $"/� 15�3'.$( , /)$  3+)'=$3'.$$  (�.(-  5'  /,)$�*  �-  )�!*,.$(  *�  140-
*.,3.���  3�5)'"-' , .'&$  8+ $  76-,.+  5'-)'-+  .'  "�*,)!'.$,  �*.�%  �32,&'-#$  " (�.,.#�&  
/�  0'#-$6,"#$&  5'-)'-'&  5' /�" ,*.$,  4 ��*' , #� $6,"-3�  3+)'=,..+4  5' �/+-.+%  /,)$ -
�*  (�.(-  $ $4 !$3'(  &'""'  3 )'"6,-,  .'  �32,&'-#7  #�.-)� 1.�%  $ /�*�/+-.+4  �)7// . 

�  :#"/�)-,  &,-$�.$.'  8� ,,  99% 5'.$&',-  /)�*7#2$(  �� !"#���  �)�"$.-,5' , 
�"-' 1.�%  .,5.'6$-, 1.+%  �8C,&  :-�  /�"-'3#$  .'  :#"/�)-  )'.,,  5'3,5,..�%  $&/�)-.�%  
/)�*7#2$$ . �  $&/�)-,  #�)&�3���  &,-$�.$.'  3 ��""$$  /)�" ,!$3',-"(  /� �!$-, 1.'(  *$-
.'&$#' . 

 

 
�$" . 1 — 	8C,&  3+/7"#'  &,-$�.$.'  	�	  «�� !"#$%  	)�"$.-,5 » 5' 2011 - 2014 � .�  
 
�  �- $6$,  �-  &,-$�.$.' , /�-),8.�"-$  3  $5$.,  $ -),�.$.,  /�#)+3'<-"(  -� 1#�  5' 

"6,-  $&/�)-.+4  /�-�#�3 . �)$  :-�&  ," $  3 ",�&,.-,  &,-$�.$.'   $*$)7<-  ,3)�/,%"#$,  
/)�$53�*$-, $ , -�  �".�3.�%  �8C,&  $&/�)-$)7,&���  3 ��""$<  -),�.$.'  /)$4�*$-"(  .'  
/)�*7#2$<  #$-'%"#$4 /)�$53�*$-, ,% . 

 
 
�/$"�#  $"/� 15�3'..+4  $"-�6.$#�3  
1. http://www.zos-v.ru/ 	�	  «�� !"#$%  	)�"$.-,5 ». 
2. 
$�4$&$( : 76,8. * (  375�3 / � . � . ��&�3 , � . � . �3,*�3' . – � . : �)�0' , 2007. 

– 638, [2] ". : $ . – (�+"9,,  �8)'5�3'.$,  :��3),&,..+%  76,8.$# ). 
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� . � . 
�4'. , .'76.+%  )7#�3�*$-, 1  � .� .
' '9�3  

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  
 
 

	*.�%  $5 5'*'6  /)�&+9 ,..���  /)�$53�*"-3'  (3 (,-"(  $"# <6,.$,  $ $  5.'6$-, 1 -
.�,  ".$!,.$,  3),*.���  3�5*,%"-3$(  .'  �#)7!'<=7<  "),*7 . 	*.$&  $5 -'#$4  3�5*,%"-3$% 
.'  �#)7!'<=7<  "),*7  (3 (,-"(  5'�)(5.,.$,  3�*�,&�3  "-�6.+&$  3�*'&$ , "),*$  #�-�)+4  
,"-1  $ -'#$, , #�-�)+,  �8)'57<-"(  .'  &,-'  7)�$6,"#$4  /),*/)$(-$(4 , 5'3�*'4  /�  /)�$5 -
3�*"-37  -)78 , "-' 1.+4  #'.'-�3 , /)�3� �6.+4  $ *)7�$4  $5*, $% $5 &,-'  ' , .'  /),*/)$( -
-$(4 , $&,<=$4  -)'3$ 1.+,  $ �' 13'.$6,"#$,  /)�$53�*"-3' , #�-�)+,  "�*,)!'-  "� $  !, , -
5', &,*$ , .$#, (  $ *)7�$4  &,-'  �3 . �'  #)7/.+4  /),*/)$(-$(4 , /)�$53�*"-3�  #�-�)+4  
"3(5'.�  " -)'3 ,.$,&  "-' $  $ �' 13'.$6,"#$&$  /)�2,""'&$ , #'#  /)'3$ � , �"7=,"-3 (,-"(  
�6$"-#'  "-�6.+4  3�* , '  �8�)�-.�,  3�*�".'8!,.$,  �-  3),*.+4  #�&/�.,.-�3 , /�/'*'<=$4  
3 3�*.+,  )'"-3�)+ . 	8)'57<=$,"(  /)$  :-�&  9 '&+  �8,53�!$3'<-"(  $ .'/)'3 (<-"(  .'  
"/,2$' 1.+,  /� $��.+  * (  4)'.,.$(  $ $  .'  :-$4  !,  /),*/)$(-$(4  /�*3,)�'<-"(  *�/� -
.$-, 1.�%  /,),)'8�-#, , /�53� (<=,%  /),3)'-$-1  $4 3 /� ,5.+,  -�3').+,  /)�*7#-+  $ $  
"+)1,  * (  *)7�$4  /)�$53�*"-3 , -'#$4  #'#  ", 1"#�,  4�5(%"-3� , "-)�$-, 1"-3� , 4$&$6,"#'(  
/)�&+9 ,..�"-1 , /)�$53�*"-3�  !, ,5��#"$*.+4  /$�&,.-�3 . 

	*.'#� , .')(*7  " #)7/.+&$  "7=,"-37<-  $ .,8� 19$,  /),*/)$(-$( , $ /)�$53�* -
"-3' , $"/� 157<=$,  -)'3$ 1.+,  $ �' 13'.$6,"#$,  /)�2,""+ . �,8� 19$,  -)'3$ 1.+,  $ 
�' 13'.$6,"#$,  �-*, ,.$(  &��7-  $&,-1  $ .,#�-�)+,  #)7/.+,  /)�&+9 ,..+,  /),*/)$( -
-$( . �'  -'#$4  /),*/)$(-$(4  .'#'/ $3'<-"(  .,8� 19$,  �8C,&+  &,-'  �"�*,)!'=$4  �-4� -
*�3 , /,),)'8�-#'  $ 7-$ $5'2$(  #�-�)+4  �#'5+3',-"(  :#�.�&$6,"#$  .,2, ,"��8)'5.�% . 

�  .'"-�(=,,  3),&(  3 "3(5$ " $5&,.,.$,&  "-)7#-7)+  /)�&+9 ,..���  /)�$53�*"-3'  
$ )'53$-$,&  "),*.,��  $ &' ���  8$5.,"'  " ,*7,-  �!$*'-1  73, $6,.$,  #� $6,"-3'  .,8� 1 -
9$4  /)�$53�*"-3 , "3(5'..+4  " &,-'  ��8)'8�-#�%  $ "��-3,-"-37<=,��  73, $6,.$(  �8C, -
&'  �-)'8�-'..+4  &,-'  �"�*,)!'=$4  )'"-3�)�3  $ -3,)*��8)'5.+4  9 '&�3 . 	6,3$*.� , 
6-�  3 -'#$4  7" �3$(4  "-'.�3$-"(  2, ,"��8)'5.+&  " 2, 1<  �8,"/,6,.$(  �4)'.+  /)$)�*+  $ 
$"# <6,.$(  3),*.���  3�5*,%"-3$(  .'  /)$)�*.+,  3�*.+,  ),"7)"+  "-�6.+4  3�* , "�*,)!' -
=$4 "� $  )'5 $6.+4  &,-'  �3  "�5*'3'-1  3 /),*, '4  ��)�*'  $ $  ,��  /)�&+9 ,..�%  5�.+  
"$"-,&7  2,.-)' $5�3'..���  "8�)' , /,),*  �8)'8�-#$  $ 7-$ $5'2$$ , �-)'8�-'..+4  -)'3$ 1 -
.+4  $ �' 13'.$6,"#$4  )'"-3�)�3  $ &,-'  �3 , �8)'57<=$4"(  .'  /),*/)$(-$(4  3 &' +4  
�8C,&'4 . 

��"-7/'<=$,  .'  /,),)'8�-#7  �-  )'5.+4  /),*/)$(-$%  �-)'8�-'..+,  -)'3$ 1.+,  $ 
�' 13'.$6,"#$,  )'"-3�)+  $4 "&,"$  $ 9 '&+  87*7- $&,-1  )'5 $6.+%  4$&$6,"#$% "�"-'3  $ 
5'�)(5.,.+  /�"-�)�..$&$  /)$&,"(&$ , 9 '&+  &��7-  8+-1 #'#  "-)7#-7)$)�3'..+&$ , -'#  $ 
-3,)*��8)'5.+&$ . ��:-�&7  /�"-7/'<=,,  .'  /,),)'8�-#7  "+)1,  *� !.�  8+-1 )'""�)-$)� -
3'.�  /�  4$&$6,"#�&7  "�"-'37  $ '�),�'-.�&7  "�"-�(.$< . �  5'3$"$&�"-$  �-  4$&$6,"#���  
"�"-'3'  $ '�),�'-.���  "�"-�(.$( , -,4.� ��$(  /,),)'8�-#$  �-*, 1.+4  �)7//  "+)1( , 3+*, -
 ,..+4  /)$  ,��  "�)-$)�3#, , 87*,-  )'5.�% , )'5 $6.+&  87*,-  $ '""�)-$&,.-  #�.,6.+4  /)� -
*7#-�3  /)$  � 78�#�%  /,),)'8�-#,  )'5.���  /�  "�"-'37  $ "3�%"-3'&  $"4�*.���  "+)1( . 
�" ,*"-3$,  :-���  /)�$53�*"-3�  /�  /,),)'8�-#,  $ 7-$ $5'2$$  &,-'  �"�*,)!'=$4  )'"-3� -
)�3  $ 9 '&�3 , 07.#2$�.$)7<=,,  3 7" �3$(4  2,.-)' $5�3'..�%  "$"-,&+  (3 (,-"(  &.���  
'""�)-$&,.-.+&$ .  

�  #)7/.�-�..'!.+4  -,4.� ��$6,"#$4  7"-'.�3#'4 , �)$,.-$)�3'..+4  .'  .,/),)+3 -
.�,  /)�$53�*"-3�  &�.�/)�*7#-�3  .'$8� ,,  �/-$&' 1.�%  (3 (,-"(   $.,%.'(  #�&/ ,#-'2$(  
-,4.� ��$6,"#���  �8�)7*�3'.$( , "��-3,-"-37<='(  /�)(*#7  -,4.� ��$6,"#$4  �/,)'2$% , 
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#'#  .'$8� ,,  #�&/'#-.'(  $ 7*�8.'(  * (  "$.4)�.$5'2$$ , ),�7 $)�3'.$(  $ 7/)'3 ,.$(  /)� -
2,""�&  /,),&,=,.$(  /,),)'8'-+3',&+4  /)�*7#-�3  $ 9$)�#���  $"/� 15�3'.$(  '3-�&'-$ -
5'2$$ /)�$53�*"-3,..���  /)�2,""' . �  &.���'""�)-$&,.-.�&  /)�$53�*"-3,  -,4.� ��$6, -
"#$,  /)�2,""+  �- $6'<-"(  #� $6,"-3�&  $ 3$*'&$  -,4.� ��$6,"#$4  �/,)'2$% , .�&,.# ' -
-7)�% -),87,&���  -,4.� ��$6,"#���  �8�)7*�3'.$( , �8C,&'&$  /)�$53�*"-3,..+4  '""�)-$ -
&,.-.+4  /)�*7#-�3  $ * $-, 1.�"-1<  $4 /)�$53�*"-3,..���  2$# ' , 3" ,*"-3$,  6,��  $&,,-  
&,"-�  �*.�3),&,..�,  /')'  , 1.�,  /)�$53�*"-3�  )'5.��8)'5.+4  /)�*7#-�3  " /,),#),"- -
.+&  $"/� 15�3'.$,&  /,)$�*$6,"#$  )'8�-'<=,��  �8�)7*�3'.$( . �'#$,  7" �3$(  -),87<-  
* (  &.���'""�)-$&,.-.���  /)�$53�*"-3'  �- $6.�%  �-  #)7/.�-�..'!.�%  0�)&+  �)�'.$5' -
2$$ 4$&$#�–-,4.� ��$6,"#$4  "$"-,& . � '3.+&$  0'#-�)'&$ , �/),*, (<=$&$  3 #'!*�&  
�-*, 1.�&  " 76',  "-)7#-7)7  &.���'""�)-$&,.-.���  /)�$53�*"-3' , (3 (<-"(  -'#$,  #'# :  

¾  �,4.� ��$6,"#'(  .'/)'3 ,..�"-1  /)�$53�*"-3' ; 
¾  �+"�#�,  $"/� 15�3'.$,  -$/�3+4  -,4.� ��$6,"#$4  /)�2,""�3  $ -$/�3���  $ 

"-'.*')-.���  �8�)7*�3'.$( ; 
¾  �)$&,.,.$,  �8�)7*�3'.$(  "/�"�8.���  )'8�-'-1  3 9$)�#�&  *$'/'5�.,  $5&,-

.,.$(  -,4.� ��$6,"#$4  /')'&,-)�3 , -'#$4  #'#  /)�$53�*$-, 1.�"-1 , -,&/,)'-7)' , *'3 ,.$,  
$ *)7�$, . 

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

�  "�"-�(.$,  /),*/)$(-$(  34�*(- : 
¾  � 7!8'  "8�)'  $ -)'."/�)-$)�3#$  $"4�*.���  "+)1(  (�-)'8�-'..+,  -)'3$ 1 -

.+,  $ �' 13'.$6,"#$,  )'"-3�)+  $ $4 9 '&+ ) �-  -,))$-�)$' 1.+4  /),*/)$(-$%  /�"-'3=$#  

.'  /),*/)$(-$,  /�  ,��  /,),)'8�-#, ; 
¾  �')#  @&#�"-,% $ #�.-,%.,)�3  .'#�/$-, ,% , 5'/� .,..+4  $"4�*.+&  "+)1,&  

" 8 $5#$& 4$&$6,"#$& "�"-'3�& , �/),*, (,&+&  /)$  /�"-7/ ,.$$  "+)1(  3 /')# ; 
¾  �,4.� ��$6,"#'(  7"-'.�3#'  /�  /,),)'8�-#,  $"4�*.���  "+)1( ; 
¾  �# '*  ��-�3�%  /)�*7#2$$ . 

 

�
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�$"7.�#  1 – �4,&'  /)�$53�*"-3,..�%  "-)7#-7)+  /),*/)$(-$(  /�  2,.-)' $5�3'..�&7  "8� -
)7, /,),)'8�-#,  $ 7-$ $5'2$$  �-)'8�-'..+4  -)'3$ 1.+4  $ �' 13'.$6,"#$4  )'"-3�)�3  $ 

9 '&�3  
 
1 – /),*/)$(-$(  /�"-'3=$#$  $"4�*.���  "+)1( ; 2 –  '8�)'-�)$(  4$&$6,"#���  '.' $5'  /� -
"-7/'<=,��  "+)1( ; 3 – /')#  @&#�"-,% $ #�.-,%.,)�3  .'#�/$-, ,%  )'"-3�)�3  $ 9 '&�3 , 
"�)-$)�3'..+4  /�  4$&$6,"#�&7  "�"-'37 ;  
4 – -,4.� ��$6,"#'(  7"-'.�3#'  /�  /,),)'8�-#,  $"4�*.���  "+)1( ; 5 – "# '*  ��-�3�%  -�3') -
.�%  /)�*7#2$$  

 
�'8�-�"/�"�8.�"-1<  /),*/)$(-$(  3�  &.���&  5'3$"$-  �-  3+8)'..���  "/�"�8'  $ 

-,4.� ��$6,"#�%  "4,&+  ,��  ),' $5'2$$ . �53,"-.�  8� 19�,  )'5.��8)'5$,  3')$'.-�3  -,4 -
.� ��$$  /,),)'8�-#,  &,-'  �"�*,)!'=$4  �-4�*�3 . 	*.'#�  "),*$  .$4  .,  $&,,-"(  -'#'(  
"4,&' , #�-�)'(  &�� '  8+ 8+-1 /)$.(-'  3 #'6,"-3,  -$/�3�%  $ $  4�-(  8+ "-'-1  8'5�3�% * (  
-,4.� ��$6,"#�%  7"-'.�3#$  2,.-)' $5�3'..�%  "$"-,&+  /,),)'8�-#$  -'#$4  �-4�*�3  $ 
&�!.�  �/),*, $-1  -� 1#�  .,#�-�)+,  /)$5.'#$ , #�-�)+&  �.'  *� !.'  "��-3,-"-3�3'-1 . 	* -
.$&  $5 -'#$4  /)$5.'#�3  (3 (,-"(  -),8�3'.$, , /),*C(3 (,&�,  # "-)7#-7),  -,4.� ��$6,"#�%  
"4,&+  * (  /,),)'8�-#$  �-4�*�3 , #�-�)'(  /�53� ( '  �)7//+  -,4.� ��$6,"#$  "�3&,"-.���  
�8�)7*�3'.$(  )'5&,='-1  3 -,))$-�)$' 1.�  )'5�8=,..+4  3.7-)$2,4�3+4  /)�$53�*"-3,. -
.+4  �-*, ,.$(4 , 6,& "�5*'<-"(  8 '��/)$(-.+,  7" �3$(  �"7=,"-3 ,.$(   ��$"-$6,"#$4  
/)�2,*7) , 8+"-)�%  /,),.'"-)�%#,  '//')'-�3  .'  3+/7"#  .�3���  /)�*7#-' , 7/)�=,.$,  $4 
�8" 7!$3'.$(  $ /�3+9,.$,  #�:00$2$,.-'  $"/� 15�3'.$(  -,4.� ��$6,"#���  �8�)7*�3' -
.$( . 
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�+,-+,+-�  � .� .,  
, .- .� ., &��*�))��  .�/�  ��  ��!�)'�0  &�!�(�1��%�)'�0  ��)(�($(  (*�!� ! )  

��!���� , � .��!�)'�0   ��!���� ,)' #  �2! )("  
 

�  �� I 3,#,  /)�8 ,&+  :#� ��$$  "-'.�3(-"(  3",  8� ,,  5.'6$&+&$ , /�*-3,)!*,.$,&  
/)'3�-+  *'..+4  " �3 , &�!.�  "6$-'-1 , 7#'5 �),5$*,.-'  ��  �8  �8C(3 ,.$$  2017 ��*'  - �� -
*�&  :#� ��$$ . �)�8 ,&+  5'�)(5.,.$(  �#)7!'<=,%  "),*+ , $"-�=,.$,  /)$)�*.+4  ),"7) -
"�3  $, #'#  " ,*"-3$, , .,�'-$3.�,  3�5*,%"-3$,  :#� ��$6,"#$4  0'#-�)�3  .'  5*�)�31,  6, �3, -
#'  5'"-'3 (<-  76,.+4  $ /)'#-$#�3  $"#'-1  /7-$  "�5*'.$(  �/-$&' 1.�%  "),*+  �8$-'.$( . 
��.2,/2$(  7"-�%6$3���  )'53$-$(  -,))$-�)$%  $ «5, ,.'(  :#�.�&$#' », .,  -� 1#�  0'#-�)  
3),&,.$  –  :-�  ,*$."-3,..�  3�5&�!.+%  /7-1  *' 1.,%9,��  )'53$-$(  2$3$ $5'2$$. �  � '3 -
.+&  *�"-$!,.$(&  «5, ,.�% » :#�.�&$#$  &�!.�  �-.,"-$  "�#)'=,.$,  3+8)�"�3  3),*.+4  
3,=,"-3  3 '-&�"0,)7 , )'2$�.' 1.�,  $"/� 15�3'.$,  /)$)�*.+4  ),"7)"�3 , /�3+9,.$,  
7)�3.(  8 '��"�"-�(.$(   <*,%  $ �8,"/,6,.$,  "�2$' 1.�%  "/)'3,* $3�"-$  * (  87*7=$4 
/�#� ,.$%  [1,2]. �'53$-$<  5, ,.�%  :#�.�&$#$  /�"3(-$ $  "3�$  .'76.+,  -)7*+ : � .� . 
)7 -
.- '.* , � . �')"�. , � . �,..,- , � . �7#'" , � . �,*�75 , � .� . �#$&�3 ,  � .� . 
�8+ ,3 , � .� . �' -
.$ �3 -�'.$ 1(. , � . ��$",,3' . �  .'6' ,  XX 3. )7""#$% 76,.+% � .� . �,).'*"#$% , )'5)'8' -
-+3'(  76,.$,  �  !$3�&  3,=,"-3,  $ 8$�"0,), , /$"' , 6-�  « … 3",  6, �3,6,"-3� , �-  #�-�)���  
�.  .,  &�!,-  8+-1 �-*, ,.  (/)$& . 6, �3,# ), .,)'5)+3.�  "3(5'.+  " 8$�"0,)�%  – " �/),*, -
 ,..�%  6'"-1<  / '.,-+ , .'  #�-�)�%  �.$  !$37- » [3]. �'..+,  " �3'  6,-#�  �/),*, (<-  /� -
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3,*,.$,  6, �3,#' , #�-�)+%  .,  *� !,.  "-),&$-1"(  # 7*�3 ,-3�),.$<  "3�$4  /�-),8.�"-,% , 
 <8+&  /7-,& . �5&,.((  "$"-,&7  2,..�"-,%  $ �-.�9,.$,  # /)$)�*.+&  ),"7)"'& , 5, ,.'(  
:#�.�&$#'  "-),&$-"(  /)�* $-1  "7=,"-3�3'.$,  !$5.$  .'  �,& , .  �  60-4 ��*'4  ��  3,#'  
� '3.+&$  3 ,3)�/,%"#�&  ��)�*"#�&  / '.$)�3'.$$  8+ $  $.-,),"+  '3-�&�8$ $"-�3  $ �� -
)�*"#�%  -)'."/�)-.�%  "$"-,&+ . �,57 1-'-+  *'..+4  /)$�)$-,-�3  "-' $  *�"-'-�6.�  / ' -
6,3.+&$ : /�3",&,"-.�  7&,.19$ '"1  5, ,.'(  5�.' , 73, $6$ �"1  5'�)(5.,.$,  3�5*74' . �  
.'6' 7  ��  3,#'  &.��$,  #)7/.+,  ��)�*'   /),3)'-$ $"1   3 .,/)$3 ,#'-, 1.+,  * (  &,"-'  
/)�!$3'.$(   <*,% .  	8,"/,6,..+,  ��)�!'.,  "-' $  /�3",&,"-.�  /,),,5!'-1  3 /)$��)�*+ , 
�-3�,3+3'(  /)�"-)'."-3�  7 ", 1"#$4   '.*9'0-'4 [4]. �  "3�<  �6,),*1  ��)�*"#$,  3 '"-$  
"-' $  3,"-$  /�$"#  *' 1.,%9,��  )'53$-$(  ��)�*�3 , /�"-)�,.$(  &�*, ,%  87*7=,�� : .'6' -
 '"1  8�)18'  5' ��)�!'.$.' . � '3.+&  &$)�3+&  -),.*�&  "-' $   – 5, ,.+,  ��)�*' , 3 #�-� -
)+4   <*$  $ -,4.� ��$$  /�"-�(..�  35'$&�*,%"-37( , �8,"/,6$3'<-  #�&0�)-.+,  7" �3$(  
* (  !$5.$   $ -)7*' . 	*.'  $5 -'#$4  -�6,#  /,),",6,.$(  – 7&.+,  *�&' . 	*.'#�  *'..+%  /)� -
2,""  $*,-  .,  -'#  $.-,."$3.� , .'/)$&,) , 3 2016 ��*7  &$)�3�%  )+.�#  �8�)7*�3'.$(  * (  
«7&.+4  *�&�3 » )'3.( "(  16 & )* . *�  ., 6-�  "�"-'3 ( �  – 3,9% *�&�4�5(%"-3  &$)�3�%  
:#�.�&$#$ ; 3 ��""$$  �.  )'3.( "(  – 43 & . . *�  ')�3 , $ $   0,7%. �)$  3"@& )'5.��8)'5$$  
#)$-,)$,3  �-.,",.$(  *�&�3  # «7&.+& » 7# '*+3',-"(  3 /(-1  8 �#�3  ()$"7.�#  1). �,)3+%  – 
:-�  '3-�&'-$#' : /)��)'&&$)7,&+,  /'., $  7/)'3 ,.$(  $ ",)3$".+,  2,.-)+ , *'-6$#$ , '#-7 -
'-�)+ , ",."�)+ . �-�)�%  8 �#  – "$"-,&+  8,5�/'".�"-$ : #�.-)� 1  *�"-7/'  3 *�&  " *'-6$#' -
&$ *3$!,.$( , #'&,)'&$  3$*$�.'8 <*,.$( , 7/)'3 (,&+,  5'&#$, *'-6$#$  *+&' , -,&/,)'-7 -
)+ , 97&' , 3 '!.�"-$ . �),-$%  8 �#  – *�&'9.$,  )'53 ,#'-, 1.+,  "$"-,&+ : #$.�-,'-)+ , 
&7 1-$&,*$' , &.���#�&.'-.+,  &75+#' 1.+,  7"-'.�3#$ . �,-3@)-+% – 7/)'3 (,&'(  "),*'  
�8$-'.$( : '3-�&'-$#'  * (   <*,%  " ��)'.$6,..+&$  3�5&�!.�"-(&$ , 8� 1.+4  $ $  /),"-' -
), +4  (*$"-'.2$�..+,  &�.$-�)+  *+4'.$( , /7 1"'  $ #)�3(.���  *'3 ,.$( , 7/)'3 (,&+,  
/�"-, $ ). �(-+%   8 �#  «7&.���  *�&' » – 7/)'3 ,.$,  :.,)��/�-),8 ,.$,& : �8�)7*�3'.$,  
* (  �/-$&$5'2$$  �-�/ ,.$( , #�.*$2$�.$)�3'.$(  $ /�-),8 ,.$(  : ,#-)$6,"-3' , 3# <6'(  
7/)'3 (,&+%  $ /)��)'&&$)7,&+%  "3,- [5]. 

 

 
 
 

�$"7.�#  1 – �4,&'  #�&&7.$#'2$% 7&.���  *�&'  
 
 ��/)�"  *' 1.,%9,��  )'53$-$(  «7&.+4  *�&�3 » *�  "$4 /�)  3+5+3',-  &.���6$" ,. -

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

.$(  /�3,*,.$(  6, �3,#'  # .'8�)7  �/),*, ,..+4  ' ��)$-&�3 , 3+"�#�%  3�5&�!.�"-1<  $"-
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/� 15�3'.$(  3+"�#$4   -,4.� ��$%  &�9,..$#'&$ . 	*.'#� , /)�3,*,..�,  $"" ,*�3'.$,  "), -
*$ "-7*,.-�3  �� !"#���  /� $-,4.$6,"#���  $."-$-7-'  (0$ $' ) �� ����  3 2016��*7  /�#' -
5' �  (3 �/)�",  76'"-3�3' �  2436, �3,#' ): 6-�  8� 19$."-3�  4�-, $  8+ !$-1  3 7&.�&  *�&,  
(96% �-  �8=,��  6$" '  �/)�9,..+4 ); 3 ),%-$.�,  /)$�)$-,-�3  /,)3+,  &,"-'  5'.( $  3�/)� -
"+ : 

- 8,5�/'".�"-$ : «�$37  3 8,5�/'".�&  )'%�., , .,  8�<"1  $*-$  *�&�%  3 -,&.�,  3),&(  
"7-�# »; 

- 6$"-�-' : «�  &�,&  )'%�.,  6$"-� , &7"�)  78$)'<-  "3�,3),&,..� »; 
- :#� ��$( : «�  &�,&  )'%�.,  *�"-'-�6.�  5, ,.$  $ 6$"-+% "3,!$%  3�5*74»; 
-  -)'."/�)- : «�,.(  7"-)'$3'<-  *�)��$ , /')#�3#$ ; )'8�-'  �8=,"-3,..���  -)'."/�)-' »; 

-  $.0)'"-)7#-7)'  �-*+4' : «�  &�,&  )'%�.,  ,"-1  3",  .,�84�*$&�,  * (  "/�)-'  $ �- -
*+4' »; 

- "-�$&�"-1  !$5.$ : «� (  #�&0�)-.���  /)�!$3'.$(  3 &�,&  )'%�.,  43'-',-  "),*.,��  
,!,&,"(6.���  &�,��  *�4�* »; 

- *�8)�"�",*"-3� : «�<*$ , " #�-�)+&$  (  !$37  /�  "�",*"-37 , 3 �".�3.�&  *)7!, <8 -
.+,  $ 3,! $3+, » [4].  

� (  �8,"/,6,.$(  �')&�.$6.�%  !$5.$  3 ��)�*, , #)�&,  5.'.$(  /)$�)$-,-�3  ��)�!'. , 
.,�84�*$&�  $&,-1 /� .7<  $.0�)&'2$<  �  "�"-�(.$$  ),"7)"�3  $ 3�5&�!.�"-$  $4 $"/� 1 -
5�3'.$( . �,4'.$5&  7/)'3 ,.$(  )'2$�.' 1.+&  $"/� 15�3'.$,&  /)$)�*.+4  ),"7)"�3  3 �� -
)�*,  /),*"-'3 (,-  "�8�%  "$"-,&7  �-.�9,.$% , 3 #�-�)�%  /�"-)�,.$,  �)�'.$5'2$�..+4  $ 
$."-$-72$�.' 1.+4  "3(5,% $ �-.�9,.$%  &,!*7  4�5(%"-37<=$&$  "78C,#-'&$ , "�2$7&�&  $ 
/)$)�*.�%  "),*+  �8,"/,6$3',-"(  .'  �".�3,  "8' '."$)�3'..���  /�*4�*'  ()$"7.�#  2). 

  

 
 

�$"7.�#  2 – �,4'.$5&  7/)'3 ,.$(  /)$)�*.+&$  ),"7)"'&$  3 ��)�*,  
 

�-)'-,�$(  )'53$-$(   
��)�*'  �,-�*+   $"/� 15�3'.$,&  

/)$)�*.+4  ),"7)"�3  

�."-)7&,.-+  7/)'3 ,.$(  
/)$)�*.+&$  ),"7)"'&$  

��)&+  )'2$�.' 1.���  $"-
/� 15�3'.$(  ),"7)"'&$  

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

�.' $5  "�"-�(.$(  /)$)�*.+4  
),"7)"�3  

	2,.#'   $"/� 15�3'.$(  /)$ -
)�*.+4  ),"7)"�3  

	2,.#'  /,)"/,#-$3   $"/� 1 -
5�3'.$(  ),"7)"�3  

�,%"-3$,  &, -
4'.$5&'  

7/)'3 ,.$(  
/)$)�*.+&$  
),"7)"'&$  

�$"-,&'  /�#'5'-, -
 ,% �2,.#$   $"-

/� 15�3'.$(   
�)$)�*.+4  ), -

"7)"�3  

��)),#-$)�3#'  2, ,%  

�'#-�)+  3.,9.,%  
"),*+  

�)$.2$/+  )'2$�.' 1.���  
7/)'3 ,.$(  /)$)�*.+&$  ), -

"7)"'&$   
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�  3�"/)�$53�*"-3,..�&  /)�2,"",  $"/� 15�3'.$,  ),"7)"�3  *� !.�  �"7=,"-3 (,-"(  
.'  �".�3,  /)$.2$/�3 : *$00,),.2$)�3'..���  /�*4�*'  # 7"-'.�3 ,.$<  ),!$&'  $"/� 15� -
3'.$(  �8C,#-�3  /)$)�*�/� 15�3'.$( ; .'76.���  �8�".�3'.$(  :#� ��$6,"#$4  $ :#�.�&$6, -
"#$4 $.-,),"�3  �8=,"-3' ; /� .�%  � '".�"-$  �  "�"-�(.$$  /)$)�*.�%  "),*+ ; /),*7/),*$ -
-, 1.+4  &,)  3 �8 '"-$  �4)'.+  �#)7!'<=,%  "),*+ ; / '-.�"-$  /)$)�*�/� 15�3'.$(  $ 3�5-
&,=,.$(  3),*' , /)$6$.,..���  �#)7!'<=,%  "),*, . �!#  &�)(�����#  )(� (���#  «3�!��41  
����,�5 » &�!.�  $"/� 15�3'-1  $.-,�)' 1.+%  /�#'5'-, 1  "�"-�(.$(  "�2$' 1.� -
:#�.�&$6,"#�%  "$"-,&+  " /�-,.2$' '&$ : /)�$53�*"-3,..� -/)�&+9 ,..+% , $.0)'"-)7# -
-7).+% , 8<*!,-.� -0$.'."�3+% , *,&�"�2$' 1.+% , $..�3'2$�..� - :#� ��$6,"#$% , /�  
0�)&7 , : 
 
 
 
 
 �*, ; &���I  – /)�$53�*"-3,..� -/)�&+9 ,..+%  /�-,.2$' ;  

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

       26,�I  – 8<*!,-.� -0$.'."�3+%  /�-,.2$' ; 

       ,���)I  – *,&�"�2$' 1.+%  /�-,.2$' ;  

     ����5-'�!I  – $..�3'2$��.� -:#� ��$6,"#$%  /�-,.2$' . 
 
�� 76,..+,  3 /)�2,"",  $"" ,*�3'.$(  *'..+,  0�)&$)7<-  "$"-,&7  /�#'5'-, ,% , .'  

�".�3,  #�-�)+4  3 '"-$  *� !.+  *, '-1  .'76.� -�8�".�3'..+,  $ "-'-$"-$6,"#$  /�*-3,) -
!*,..+,  3+3�*+  �8  :00,#-$3.�"-$  $"/� 15�3'.$$  /)$)�*.+4  ),"7)"�3  (-'8 $2'  1).  

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

"�3  .'  ��)�*"#�&  7)�3.,  
 

�,"7)".'(  �8,"/,6,..�"-1  
��)�*'  

��-�3.�"-1  # )'2$�.' 1.�&7  
$"/� 15�3'.$<  ��  

�,57 1-'-$3.�"-1   
$"/� 15�3'.$(  ��  

1. 	8='(  / �='*1  5,&, 1  
 ,".���  0�.*' , -+" . 
�' /6, . 
2. � �='*1  5, ,.+4  
.'"'!*,.$% : -+" . �' /6, .; 
&3. 
3. � �='*1  �"�8�  �4)'.( -
,&+4  5,&, 1 , -+" . �' /6, . 
4. �"/� 15�3'.$,  3�*+ , 
-+" . &3/6, . 
5. �'8�)  3�*+  $5 /)$)�* -
.+4  $"-�6.$#�3 , &3/6, . 
6. �'-)'-+  .'  �4)'.7  
�#)7!'<=,%  "),*+ , 
-+" . )78./ 6, . 
7. �$.'."$)�3'.$,  /)$ -
)�*��4)'..+4  &,)�/)$( -
-$%, -+" . )78./6, . 

1. �$" �  *,%"-37<=$4  �)�' -
.$5'2$%, �8)'8'-+3'<=$,  
/)�$53�*"-3'  / 1000 6, . 
2. �$" �  *,%"-37<=$4  �)�' -
.$5'2$%, /)�$53�*"-3�  $ 
)'"/),*, ,.$,  : ,#-)�:.,) -
�$$ , �'5'  $ 3�*+  / 1000 6, . 
3. �'5),9,.$(  .'  "8)�"  5'-
�)(5.(<=$4  3,=,"-3  3 3�* -
.+,  �8C,#-+ , #� -3� . 
4. �'5),9,.$(  .'  3+8)�"  5'-
�)(5.(<=$4  3,=,"-3  3 3�5-
*74, #� -3� . 
5. �,)�/)$(-$(  /�  #�.-)� <  
5' �8C,#-'&$  4�5(%"-3,..�%   
*,(-, 1.�"-$  /1000 6, . 
6. �#-+  /�  )'2$�.' 1.�&7  
/)$)�*�/� 15�3'.$( , #� -3� . 
8. ;#"/,)-$5'  "��-3,-"-3$(  
/ '.$)7,&�%  *,(-, 1.�"-$  
-),8�3'.$(&  /)$)�*��4)'. -
.���  5'#�.�*'-, 1"-3' , #� -

1. �8)�"  5'�)(5.,..+4  "-�6 -
.+4  3�*  3 /�3,)4.�"-.+,  
3�*.+,  �8C,#-+ , -+" . &3/6, . 
2. �+8)�"+  5'�)(5.(<=$4  
3,=,"-3  3  3�5*74, �-4�*(=$4  
�-  "-'2$�.').+4  $"-�6.$#�3 , 
-+" . -�.. / 6, . 
3. 	-4�*+  /)�$53�*"-3'  $ /� -
-),8 ,.$(  5' ��* , -+" . 
-�.. /6, . 
4. �'8� ,3',&�"-1  .'", ,.$(  
/�   �)7//'&  .'  1000 6, . 
5. �.3,"-$2$$  3 �#)7!'<=7<  
"),*7 , -+" . )78./6, . 
6. �, $6$.'  .' ���3+4  /� -
"-7/ ,.$%  3 8<*!,-  �-  $"-
/� 15�3'.$(  /)$)�*.+4  ), -
"7)"�3 , )78./6, . 
7. � '-'  5'  .,�'-$3.�,  3�5-
*,%"-3$,  .'  �#)7!'<=7<  
"),*7 , )78. 

����5-'�!, e��)�+26,���*�&��� IIIIIcI ****5=
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3� . 
 

�.-,�)' 1.+&  3+)'!,.$,&  /)��.�5$)7,&�%  ),57 1-'-$3.�"-$  ��)�*"#$4  3 '"-,%  /�  )'5 -
3$-$<  «5, ,.+4  ��)�*�3 » (3 (,-"(  �.*,#"  )'53$-$(  5, ,.+4  ��)�*�3  (*' ,,  -  ���� ). 	- -
8�)  #)$-,)$,3  * (  )'"6,-'  ����  $ "�/�"-'3 ,.$(  �,%-$.�'  ��)�*�3  .�"$-  "-)���  "8' '. -
"$)�3'..+%  4')'#-,) , �".�3'..+%  .'  3","-�)�..,&  )'53$-$$  3",4  /�-,.2$' �3  ��)�*'  $ 
'.' $5'  7" �3$% /)�!$3'.$(  .'", ,.$(  [5,6]. 
��)�*'  #'#  " �!.+,  "$"-,&+  &��7-  8+-1 $5&,),.+  " /�&�=1<  '8"� <-.���  /�#'5'-, (  
"3�%"-3' , Qi

 ( 1=i , n), �*,  n  - #� $6,"-3�  "3�%"-3 �2,.$3',&���  �8C,#-' ). �� 76,..+,  

5.'6,.$(  /�#'5'-, (  Q  3+)'!'<-"(  3 "/,2$0$6,"#$4  * (  #'!*���  "3�%"-3'  ,*$.$2'4 . 
�"/� 157(  �-.�"$-, 1.+%  8,5)'5&,).+%  /�#'5'-, 1 , �-)'!'<=$%  "-,/,.1  /)$8 $!,.$(  

'8"� <-.���  /�#'5'-, (  "3�%"-3'  Qi  # &'#"$&' 1.�&7  Qmax
 $ &$.$&' 1.�&7  Qmin

 /� -

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

"+3',-"(  5'3$"$&�"-1< , ( )QQK fi

maxmin
,...,= , #�-�)'(  &�!,-  8+-1 /),*"-'3 ,.'  .�)&$ -

)7<=,%  07.#2$,%: 

                                  
QQ

QQ
K i

i minmax

min

-

-
=                                                   (1) 

                                                        
� (  "�/�"-'3 ,.$(  /�  �-.�"$-, 1.�%  3'!.�"-$  3",4  "3�%"-3 $"/� 157<-"(  8,5)'5&,).+,  
#�:00$2$,.-+  3,"�&�"-$  Gi .  

� (  7*�8"-3'  �8+6.�  /)$.$&',-"(  10 1 <<G , '  1
1

1 =�
=

n

i
G . 

�.'6,.$(  #�:00$2$,.-�3  3,"�&�"-$  �/),*, (<-"(  "  /)$&,.,.$,&   :#"/,)-.���  $ '.' $ -
-$6,"#���  &,-�*�3 .  � (  �/),*, ,.$(  �-.�"$-, 1.���  3,"'  $"/� 15�3' "(  &,-�*  :#"/,)- -
.���  �/)�"'  50 "/,2$' $"-�3  )'5 $6.+4  �-)'" ,%  $ "0,)  *,(-, 1.�"-$ , )'5 $6.+4  "�2$ -
' 1.+4  $ /)�0,""$�.' 1.+4  /� �!,.$% . �'#$&  �8)'5�& , #� $6,"-3,..'(  �2,.#'  #'6, -
"-3'  K K  3+)'!',-"(  "  /�&�=1<  " ,*7<=,%  0�)&7 + : 

�
=

=
N

i
ii�.K GKKK

1

 ,                                        (2) 

    
�*,  1=K �.  * (  3",4  $.*,#"�3 , �8)'57<=$4  $-���3+%  $.*,#"  /)$3 ,#'-, 1.�"-$  

��)�*�3 . 	#�.6'-, 1.+%  ����  )'""6$-+3',-"(  #'#  "),*.,�,�&,-)$6,"#�,  3",4  4')'#-,)$ -
"-$# . �",��  $"/� 157,-"(  41 /�#'5'-, 1  0�)&$)7<=$%  13 $.*,#"�3 . �$!,  /),*"-'3 ,.+  
$.*,#"+ , �-)'!'<=$,  �".�3.+,  .'/)'3 ,.$(  3 �2,.#$  #'6,"-3'  ��)�*"#�%  "),*+  /)�!$ -
3'.$( : 

K1 - �$.'&$#'  6$" ,..�"-$  .'", ,.$( ; 

K 2  - �)'."/�)-.'(  $.0)'"-)7#-7)' ; 

K 3- ;#� ��$6,"#'(  "$-7'2$(  ("�"-�(.$,  3�5*74' , 3�*+ , 5, ,.+4  .'"'!*,.$% ); 

K 4  - ��"-7/.�"-1  $ #'6,"-3�  !$ 1( ; 

K 5  - �'53$-$,  !$ $=.���  ",#-�)' ; 

K 6  - �,&��)'0$6,"#$,  4')'#-,)$"-$#$  .'", ,.$( ; 

K 7  - �..�3'2$�..'(  '#-$3.�"-1 ; 

K 8  - �.!,.,).'(  $.0)'"-)7#-7)' ; 
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K 9  - �'*)�3+%  /�-,.2$' ; 

K 10  - ��2$' 1.'(  $.0)'"-)7#-7)' ; 

K11 - ��2$' 1.+,  /')'&,-)+  �8=,"-3' ; 

K12 - 
 '��"�"-�(.$,  �)'!*'. ; 

K 13  - ;#�.�&$#'  ��)�*' . 

�  .'"-�(=,,  3),&(  3  6$" �  /)$�)$-,-.+4  .'/)'3 ,.$%   )'53$-$(  )�""$%"#$4  5, , -
.+4  ��)�*�3  34�*(- : 3�!�� #  -�����(�' , /),*"-'3 (<='(  "�8�%  3�5�8.�3 (,&7< , :.,)�� -
"8,),�'<=7< ; )�1� �����  �  5�))( ��5!����  ����,)'�1  3���!" , 6,),5  ".$!,.$,  '.-)�/� -
�,..�%  .'�)75#$ ; �2�35����5 ���  ����,)'�1  �(1�,�5   6,),5  /)$&,.,.$,   :#� ���8,5�/'" -
.+4  $ &' ��-4�*.+4  -,4.� ��$% ; �3�!������  ����,�5  ,!#  "�5*'.$(  8 '��/)$(-.�%  "),*+  
�8$-'.$( ; 5�,�)� 2�����  � )�!���#  ' %�)(5����0  &�("�5�0  5�,�0 ; -'�!���3 +�#  (� �) -
&��(  %���3 &�547����  -  ,#-)$0$#'2$$ , �'5$0$#'2$$  [6,7].   

 
����	�  ����������  

 
1. ��4'..,"87)�"#'(  *,# ')'2$(  /�  7"-�%6$3�&7 )'53$-$< , /)$.(-�%  .'  �",&$).�%  
3"-),6,  /�  7"-�%6$3�&7 )'53$-$< . [; ,#-)�..+%  ),"7)" ]. �,!$&  *�"-7/' : 
http://www.un.org/ru/documents/decl_conv/declarations/decl_wssd.shtml (�'-'  �8)'=,.$( : 
06.05.2017). 
2. ��.0,),.2$(  	)�'.$5'2$$  	8C,*$.,..+4  �'2$%  /�  7"-�%6$3�&7 )'53$-$<  
«�$� +20». [; ,#-)�..+%  ),"7)" ]. �,!$&  *�"-7/' : http://www.un.org/ru/ecosoc/  
about/uncsd-rio.shtml (�'-'  �8)'=,.$( : 09.02.2017). 
3. �,).'*"#$%  � .� . �,"#� 1#�  " �3  �  .��"0,), . �,!$&  *�"-7/' : 
http://lib.ru/FILOSOF/WERNADSKIJ/noos.txt  (�'-'  �8)'=,.$( : 05.05.2017). 
4. � �-.$#�3 , � .� . �, ,.+,  ", 1"#$,  /�", ,.$(  – #7)"  .'  .�3�,  #'6,"-3�  !$5.$  / � .� . 
� �-.$#�3 , � .� . �,*3,*,3' , � .� . �$5�3  // �'-,)$' +   �",)�""$%"#�%  .'76.� -
/)'#-$6,"#�%  #�.0,),.2$$  «�'53$-$,  '�)�/)�&+9 ,..���  #�&/ ,#"' ». ��"#3' . �'76.+,  
-)7*+  �;	 . – 2016. – B  199. – � . 445- 464. 
5. �,*3,*,3' , � .� . �'53$-$,  &�*, $  «5, ,.+4  ��)�*�3 » .'  8'5,  "),*.$4  /)�&+9 ,. -
.�  )'53$-+4  ��)�*�3  3 �� I 3,#, : &$)�3�%  �/+-  $ 7)�#$  * (  ��""$$  / � .� .�,*3,*,3'  // 
�'76.+%  !7).'  «�53,"-$(  �� ���� » �,)$( : «�#-7' 1.+,  /)�8 ,&+  ),0�)&$)�3'.$(  
)�""$%"#�%  :#�.�&$#$  (-,�)$( , /)'#-$#' , /,)"/,#-$3+ )» 2015. – B 9 (169) 2015.–� .14 –20.  
6. �,*3,*,3' , � .� . ��.2,/- -"-)'-,�$(  «5, ,.+4  ��)�*�3 » .'  8'5,  /)�&+9 ,..�  )'5 -
3$-+4 "),*.$4  (&�.��)'0$( ) / � .� .�,*3,*,3' , � .� .��5,.#� , 	 .� .��&')�3'  // ��
��  
����	� . – �� ���)'* : �5*'-, 1"-3�  			  «�)7-�. », – 2015. – 256 ".   
7. �-')�3�%-�3 , � .� . ;#� ��$6,"#'(  "�"-'3 (<='(  3 )'53$-$$  ��)�*�3  / 
� .� . �,*3,*,3' , � .� . �-')�3�%-�3  // �5'$&�*,%"-3$,  .'76.� -$"" ,*�3'-, 1"#$4  /�*)'5 -
*, ,.$%  /)�&+9 ,..+4  /),*/)$(-$%  $ 375�3 /�  /�3+9,.$<  :00,#-$3.�"-$  7/)'3 ,.$(  
$ /)�$53�*"-3' : �'-,)$' +  5-�% �,!),�$�.' 1.�%  .'76 .-/)'#- . #�.0 . �� !"#$% , 24–25 
'/), (  2009 � . �� !"#$%  /� $-,4.$6,"#$%  $."-$-7-  (0$ $' ) �� ���� . – �� ���)'* , 
2010. – � . 23-26. 
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� . � . �,#=,3 , "-7*,.- , ���   (0$ $' ) �� ����  
��)�-#�3'  � .� ., *�2,.- , ���  (0$ $' ) �� ����  
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�)�8 ,&'  $"" ,*�3'.$(  )'"/�5.'3'.$(  ),6$  6, �3,#'  (3 (,-"(  '#-7' 1.�% , -'#  #'# 

'#-$3.�  /),*/)$.$&'<-"(  /�/+-#$  "�5*'.$(  ),6,3���  $.-,)0,%"'  * (  7*�8.���  35'$&� -
*,%"-3$(  6, �3,#'  $ #�&/1<-,)' . 

�'  ",��*.(9.$%  *,.1  /�*  �/),*, ,.$,&  )'"/�5.'3'.$(  ),6$  "#)+3',-"(  2, '(  
"0,)'  .'76.�%  $ $.!,.,).�%  *,(-, 1.�"-$ . �  �8=,& , #'!*'(  5'*'6'  )'"/�5.'3'.$(  ),6$  
"3�*$-"(  # -�&7 , 6-�8+  3+*, $-1 , # '""$0$2$)�3'-1  $ "��-3,-"-37<=$&  �8)'5�&  �-),' -
�$)�3'-1  .'  6, �3,6,"#7<  ),61  $5 34�*.���  537#�3���  /�-�#' . 

�)�3,.1  "�3),&,..+4  '//')'-.+4  "),*"-3  *',-  3�5&�!.�"-1  ),' $5'2$$  )'"/�5.' -
3'.$(  ),6$  3 ),' 1.�&  &'"9-'8,  3),&,.$  .'  �8+6.�&  #�&/1<-,), . �6$-+3'(  :-� , /)� -
8 ,&'  /�3+9,.$(  #'6,"-3'  )'8�-+  "7=,"-37<=$4  /�*4�*�3  # $*,.-$0$#'2$$  ),6$  �87-
" '3 $3',-  '#-7' 1.�"-1  *'..�%  )'8�-+ . 

�  )'8�-,  /)�3�*$-"(  '.' $5  "7=,"-37<=$4  /�*4�*�3  $ /)$.2$/�3  # )'"/�5.'3' -
.$<  �� �"�3+4  "��8=,.$%  /�  0�.,&.�%  "�"-'3 (<=,% . �,-�*�&  '.' $5'  $,)')4$%  �''-$  
/)�3,*,.  ")'3.$-, 1.+%  '.' $5  "7=,"-37<=$4  "$"-,& , $"/� 157<=$4  )'""&�-),..+,  
&,-�*+  )'"/�5.'3'.$(  ),6$ . �.' $5  /)�3�*$ "(  /�  -'#$&  #)$-,)$(& , #'# : -�6.�"-1  $*,. -
-$0$#'2$$  537#�3, #� $6,"-3�  .,/)'3$ 1.�  )'"/�5.'..+4  537#�3 /)$  33�*,  * $..+4  "� -
�8=,.$% , "#�)�"-1  3+/� .,.$(  $*,.-$0$#'2$$ , 3�5&�!.�"-1  *�8'3 ,.$(  .�3+4  " �3  3 
" �3')1 , "�4)'.,.$,  $"-�)$$ . 

�  /)�2,"",  $576,.$(  &'-,&'-$6,"#$4  &�*, ,% , /)$&,.(<=$4"(  * (  /�"-)�,.$(  
"$"-,&  )'"/�5.'3'.$(  ),6$ , 8+ $  �/$"'.+  .,%)�",-,3+,  &�*, $ , "#)+-+,  �')#�3"#$,  
&�*, $ , &�*, $  )'"/�5.'3'.$(  *$#-�)'  $ &�*, $ , �".�3'..+,  .'  *$#-�)�.,5'3$"$&+4  
/)$5.'#'4 . � (  3",4  �/$"'..+4  &�*, ,%  /)�3,*,.  '.' $5  /)$&,.$&�"-$ . 

�'5)'8�-'..'(  "$"-,&'  /�53� (,-  /� 15�3'-, <  "�5*'3'-1  "�8"-3,..7<  �)'&&'-$ -
#7. ���-3,-"-3,..� , )'"/�5.'3'.$,  &�!,-  /)�3�*$-1"(  .'  �".�3,  3+8�)'  ),57 1-'-'  #'#  $5 
3"-)�,..�%  �)'&&'-$#$ , -'#  $ $5 /� 15�3'-, 1"#�% . 

�)�3,*,.�  -,"-$)�3'.$,  /)��)'&&.�%  )'5)'8�-#$ , �2,.#'  #'6,"-3'  )'"/�5.'3'.$(  
�� �"�3+4  "��8=,.$%  $ /�"6$-'.+  &,-)$6,"#$,  4')'#-,)$"-$#$  )'5)'8�-'..���  &�*7 ( . 
�,57 1-'-+  �2,.#$  #'6,"-3'  )'"/�5.'3'.$(  /)$3,*,.+  $ * (  3"-)�,..�%  �)'&&'-$#$ , $ 
* (  "�5*'3',&�%  /� 15�3'-, ,&  �)'&&'-$#$ . 	*$.�6.+, , /').+, , *3�%.+,  $ -)�%.+,  ), -
6,3+,  0)'5+  )'"/�5.'<-"(  &�*7 ,&  *�3� 1.�  7"/,9.�  " &$.$&' 1.+&  6$" �&  �9$8�# . 
�'$8� ,,  .,-�6.�  )'"/�5.'<-"(  0)'5+  "�*,)!'=$,  8� ,,  4-5 " �3 . 

�)�$53,*,.  )'"6,-  $ �2,.#'  &,-)$6,"#$4  4')'#-,)$"-$#  /)��)'&&.���  #�*'  ' �� -
)$-&'  )'"/�5.'3'.$(  ),6,3+4  "��8=,.$% . �'  �".�3'.$$  )'"6,-�3 , &�!.�  "*, '-1  3+3�* , 
6-�  ' ��)$-&'  )'"/�5.'3'.$(  ),6,3+4  "��8=,.$%  �8 '*',-  "),*.,%  " �!.�"-1< . 

�.'6,.$,  /�#'5'-, (  7)�3.(  )'5)'8�-'..���  &�*7 (  $*,.-$0$#'2$$  ),6,3+4  0,463 
��3�)$-  �  3+"�#�%  .'*,!.�"-$  &�*7 ( . 

 
 
 

���#��
�"�����$%�  ��'�
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�����  �����
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��'  �������  ��  !�
�#��
�  ����������  (��  

 
� .� . �'8 �3 , 5'3. #'0,*)�% , � .� . �'8'.�3' , *�2,.- , 

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

�� ���)'*"#���  ��"7*')"-3,..���  -,4.$6,"#���  7.$3,)"$-,-'  
E-mail: danmenvk@mail.ru 

 

�  .'"-�(=,,  3),&(  7*, (,-"(  &.���  3.$&'.$(  /)�8 ,&,  "8�)'  $ /,),)'8�-#$  �- -
4�*�3 . 	*.$&  $5 "'&+4  &.���-�..'!.+4  �-4�*�3  (3 (<-"(  $5.�9,..+,  9$.+ . �,-�*�3  
$4 /,),)'8�-#$  $ $  /�3-�).���  $"/� 15�3'.$(  )'5)'8�-'.�  &.��� , .�  8� 19'(  6'"-1  $5 
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.$4  (3 (<-"(  :#�.�&$6,"#$  .,  :00,#-$3.+&$ . �  �".�3.�&  $5.�9,..+,  9$.+  *)�8(-  *�  
),5$.�3�%  #)�9#$  0)'#2$,%  0,5 - 0,8 &&, #�-�)7<  $"/� 157<-  3 #'6,"-3,  .'/� .$-, (  3 
),5$.�3+4  "&,"(4 . �� 76,..'(  -'#$&  "/�"�8�&  ),5$.�3'(  #)�9#'  (3 (,-"(  $.,)-.+&  
.'/� .$-, ,& , 6-�  .,  /�53� (,-  *�"-$61  3+"�#$4  /)�6.�"-.+4  "3�%"-3 ��-�3+4  $5*, $%. 
�7=,"-37<=$%  -,4.� ��$6,"#$%  /)�2,""  /)$��-�3 ,.$(  ),5$.�3+4  "&,",% �6,.1  :.,) -
��,&�#  $ -),87,-  .' $6$(  &�=.���  $ *�)�����  �8�)7*�3'.$( .  

� 1-,).'-$3�%  " �!.�&7  $ :.,)��,&#�&7  -,4.� ��$6,"#�&7  /)�2,""7  (3 (,-"(  
&,-�*  37 #'.$5'2$$  0�)&�3+4  $5*, $% $5 ),5$.�3�%  #)�9#$  3 / 7.!,).�%  /),"" -0�)&, . 
�)$  :-�&  5.'6$-, 1.�  "�#)'=',-"(  * $-, 1.�"-1  -,4.� ��$6,"#���  /)�2,""' ,  $"# <6' -
,-"(  3,)�(-.�"-1  /�*37 #'.$5'2$$  ),5$.�3�%  "&,"$  /)$  /,),)'8�-#,  $ 4)'.,.$$ , '  -'#!,  
�-"7-"-37,-  /�-),8.�"-1  3 *�)���"-�(=,&  $ :.,)��@&#�&  �8�)7*�3'.$$  [1].  

�5��-�3 ,.$,  ),5$.�3+4  $5*, $% /)�3�*(-  " ,*7<=$&  �8)'5�& . �.'6' '  "&,9$ -
3'<-  /�)�9#��8)'5.7<  "&,"1  .'  �".�3,  ),5$.�3�%  #)�9#$ , ",)+ , '#-$3'-�)'  $ 7"#�)$-, -
 ,% 37 #'.$5'2$$  3 8')'8'..�&  "&,"$-, , , /�" ,  6,��  /),""7<-  $5*, $(  /)$  -,&/,)'-7),  
160 - 200 
�  3 / 7.!,).�%  /),"" -0�)&, .  �.'6$-, 1.�,  7/)�=,.$,  -,4.� ��$$  $5��-�3 , -
.$(  ),5$.�3+4  $5*, $%, 8,5 $"/� 15�3'.$(  :.,)��,&#���  *�)���"-�(=,��  �8�)7*�3'.$( , 
/�53� (,-  /� 76'-1  $5*, $(  " .$5#�% ",8,"-�$&�"-1< . �'/)$&,) , :.,)��5'-)'-+  .'  /)$ -
��-�3 ,.$,  ),5$.�3�%  "&,"$  /�  "-'.*')-.�% , -,4.� ��$$  " /)$&,.,.$,&  3' 12�3  - 4,5-9 
��! /#�, " /)$&,.,.$,&  ),5$.�"&,"$-, (  -$/'  ��  - 1,8-2,52  ��! /#�, '  /)$  $"/� 15�3' -
.$$  /),* '�',&�%  /�)�9#�3�%  -,4.� ��$$  "�"-'3 (<-  3",��  0,13-0,18 ��! /#� [2, ".68]. 

� (  $"" ,*�3'.$(  "3�%"-3 /�3-�).+4  37 #'.$5'-�3 , $5��-'3 $3' $  �8)'52+  .'  �" -
.�3,  ),5$.�3�%  #)�9#$  ��� -0,8 " )'5 $6.+&  "�*,)!'.$,&  ",)+  �-  0 &'"" .6. *�  10 
&'"" .6. .'  100 &'"" .6. ),5$.�3�%  #)�9#$ , /)$  .,$5&,..�&  "�"-'3,  '#-$3'-�)'  $ 7"#�)$-, -
 (  37 #'.$5'2$$ . �7 #'.$5'2$<  /)�3�*$ $   3 "/,2$' 1.�%  / 7.!,).�%  /),"" -0�)&,  /)$  
*'3 ,.$$  40 ��'  $ -,&/,)'-7),  165 
�  3 -,6,.$,  15 &$.7- .  

�  -'8 $2,  1 /),*"-'3 ,.+  *'..+,  /�  3 $(.$<  "�*,)!'.$(  ",)+  .'  0$5$#�-
&,4'.$6,"#$,  /�#'5'-, $  /�3-�).+4  37 #'.$5'-�3  (�� ), $5��-�3 ,..+4  /�  /),"" -
/�)�9#�3�%  -,4.� ��$$   /)$  -,&/,)'-7),  37 #'.$5'2$$  165 
� . 

 

�'8 $2'  1 - � $(.$,  "�*,)!'.$(  ",)+  .'  0$5$#�-&,4'.$6,"#$,  /�#'5'-, $  /�3-�) -
.+4  37 #'.$5'-�3  

 

�$5$#� -&,4'.$6,"#$,  /�#'5'-, $  

��*,)!'.$,  ",)+ , &'"" .6. .'  100 &'"" .6. ),5$.� -
3�% #)�9#$  

0 1 2 3 5 10 
�,!$&  37 #'.$5'2$$  — 165°�  4 15 &$.7-  

�" �3.'(  /)�6.�"-1  /)$  )'5)+3, , ��'  1,9 3,3 4,6 5,0 5,3 5,5 
	-.�"$-, 1.�,  7* $.,.$, , % 110 150 180 150 140 120 
�3,)*�"-1  /�  ��)7 , 7" .,* . 63 70 73 75 80 82 
��/)�-$3 ,.$,  $"-$)'.$<  /)$  "#� 1 -
!,.$$ , &3/��!  55,5 29,6 27,1 16,5 27,5 34,3 

; '"-$6.�"-1  /�  �-"#�#7 , % 35 35,5 35,5 31 22 13 
�5&,.,.$,  &'""+  /)$  .'874'.$$  3 -� -
 7� , , % 154 150 141 125 109 90 

 

�"" ,*�3'.$,  /)�6.�"-.+4  "3�%"-3 /�3-�).+4  37 #'.$5'-�3  " )'5 $6.+&  "�*,) -
!'.$,&  ",)+  /�#'5' � , 6-�  /)�6.�"-1  �8)'52�3  $.-,."$3.�  73, $6$3',-"(  " 73, $6,.$,&  
"�*,)!'.$(  ",)+  �-  0 *�  2&.6., /)$  73, $6,.$$  *�5$)�3#$  ",)+  "  2 *�  10 &.6. /)�6.�"-1  
)'"-,-  &,.,,  $.-,."$3.� . �  /�3+9,.$,&  -,&/,)'-7)+  37 #'.$5'2$$  /)�6.�"-.+,  /�#'5' -
-, $  ��  73, $6$3'<-"( , .�  3 &,.19,%  "-,/,.$ , 6,& �-  *�5$)�3#$  ",)+ . 	-.�"$-, 1.�,  
7* $.,.$,  $&,,-  ()#�  3+)'!,..+%  :#"-),&7&  /)$  "�*,)!'.$$  ",)+  �#� �  2 &.6.  
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; '"-$6.�"-1  �8)'52�3  "�4)'.(,-"(  .'  �*.�&  7)�3.,  /)$  *�5$)�3#,  ",)+  �-  0 *�  
2&.6. .'  100 &.6. ),5$.�3�%  #)�9#$ . �' 1.,%9,,  73, $6,.$,  *�5$)�3#$  ",)+  /)$3�*$-  # 
5.'6$-, 1.�&7  ".$!,.$<  : '"-$6.�"-$  �8)'52�3 .  

�'874'.$,  �8)'52�3  -� 7� ,  /)$  )'5 $6.+4  -,&/,)'-7)'4  37 #'.$5'2$$ , �*,  3$*-
.� , 6-�  /)$  *�5$)�3#,  ",)+  &,.,,  2 % /)$  73, $6,.$$  -,&/,)'-7)+  37 #'.$5'2$$  /),�8 -
 '*',-  /)�2,""  *,"-)7#2$$  ),5$.�3�%  #)�9#$ , '  /)$  *�5$)�3#,  ",)+  8� ,,  3 % /),�8 ' -
*',-  /)�2,""  "-)7#-7)$)�3'.$( . �'#$&  �8)'5�& , &�!.�  7-3,)!*'-1  �  -�& , 6-�  *�/� .$ -
-, 1.�,  33,*,.$,  ",)+  /)$3�*$-  # 73, $6,.$<  / �-.�"-$  37 #'.$5'2$�..�%  ",-#$  $"" , -
*7,&+4  �8)'52�3 .  

�'  �".�3,  /� 76,..+4  ),57 1-'-�3 , /),"" -/�)�9#�37<  -,4.� ��$<  &�!.�  ),#� -
&,.*�3'-1  * (  $5��-�3 ,.$(  0�)&�3+4  ),5$.�3+4  $5*, $% /)�"-�%  0�)&+ . 

 

�
��	�����������  ����	�  
1. ��)�9#�3'(  -,4.� ��$(  $5��-�3 ,.$(  ),5$.� -3� �#.$"-+4  $5*, $% $5 

/)�*7#-�3  /,),)'8�-#$  $5.�9,..+4  9$.  " $"/� 15�3'.$,&  &$#)�3� .�3���  $5 76,.$(  / 
� .� . �'8 �3 , � .� . �,)0$ 1,3 , � .� . �'8'.�3' , � .� . �,)0$ 1,3   //  �3)'5$%"#$% "�<5  
76,.+4 . - 2016. - B 9 (30) 6'"-1  4. - � . 32-35. 

2. �.$"$&�3  � .� . ��3+9,.$,  :00,#-$3.�"-$  /�)�9#�3�%  -,4.� ��$$  
/)$��-�3 ,.$(  ),5$.�3+4  "&,",%: �$" . #'.* . -,4. . .'7# . - 
)�" '3 1 , 2002. - 246 ".  
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� .� . �'8'.�3' , *�2,.- , � .� ., �,-&'.�3' , "-7*,.-  �) . ��� -401, 
� .� . �7&'9$# , "-7*,.-  �) .��� -401 

 
�� !"#$%  /� $-,4.$6,"#$%  $."-$-7-  (0$ $' ) 

�� ���)'*"#���  ��"7*')"-3,..���  -,4.$6,"#���  7.$3,)"$-,-'  
E-mail: v.schabanova@yandex.ru 

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

�3�%"-3' , *�"-$�',&+,  ),5$.�3+&  #�&/'7.*�& , 3�  &.���&  5'3$"(-  �-  /)�2,""'  
37 #'.$5'2$$ . 

�7 #'.$5'2$(  $ $  "9$3'.$,  - :-�  /)�2,"" , /�"),*"-3�&  #�-�)���  
3+"�#�)'"-3�)$&�,  /� $&,).�,  "�,*$.,.$,  /),3)'=',-"(  3 .,)'"-3�)$&�,  : '"-$6.�,  
"�"-�(.$,  " 7 769,..+&$  &,4'.$6,"#$&$  "3�%"-3'&$  $ /�3+9,..�%  7"-�%6$3�"-1<  # 
#� ,8'.$(&  -,&/,)'-7)+  $ *,%"-3$<  )'"-3�)$-, (  $ - . * . 

�)$  ",).�%  37 #'.$5'2$$   �".�3.+&$  $.�),*$,.-'&$  (3 (<-"(  �#"$*  2$.#' , 
"-,')$.�3'(  #$" �-' , 7"#�)$-, $  $ ",)' . 	#"$*  2$.#'  $"/� 157,-"(  3 #'6,"-3,  '#-$3'-�)'  
3 ),5$.�3�%  37 #'.$5'2$$  $ /�3+9',-  :00,#-$3.�"-1  37 #'.$5'2$$  $ $  "9$3'.$(  
"$"-,&+ . 

�.$!,.$,  *�5$)�3#$  �#"$*'  2$.#'  /)$3,*,-  .,  -� 1#�  # $5&,.,.$<  "-)7#-7)+  
/� $&,).�%  #�&/�5$2$$ , #�-�)�,  /)$3,*,-  # 7 769,.$<  "3�%"-3 ),5$. , .�  $ # 
/�3+9,.$<  :#� ��$6.�"-$ . ��,.-"-3�  /�  �4)'.,  �#)7!'<=,%  "),*+  ���  )'""&'-)$3',-  
�#"$*  2$.#'  #'#  -�#"$6.�,  4$&$6,"#�,  3,=,"-3�  * (  3�*.+4  �)�'.$5&�3 . �3)�/,%"#$%  
"�<5  # '""$0$2$)7,-  �#"$*  2$.#'  3 #'6,"-3,  �/'".���  4$&$6,"#���  3,=,"-3'  $ 5'(3$ , 
6-�  ,��  /)$&,.,.$,  3 ),5$.�3�%  -,4.� ��$$  " ,*7,-  7&,.19$-1  $ #�.-)� $)�3'-1 . 
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�*,)!$3'(  "�*,)!'.$,  �#"$*'  2$.#'  3 ),5$.'4  #'#  &�!.�  8� ,,  .$5#�% /�&�!,-  
�8 ,�6$-1  -)7*.� -"-$  7-$ $5'2$$  �-4�*�3  ),5$.�3+4  "&,",%  

�)$  37 #'.$5'2$$  #'767#'  �8+6.�,  #� $6,"-3�  �#"$*'  2$.#'  "�"-'3 (,-  5 6'"-,%  
.'  100  6'"-,%  #'767#' /1/.�.$!,.$,  "�*,)!'.$(  �#"$*'  2$.#'  3 ),5$.�3�%  
/)�&+9 ,..�"-$  �6,.1  3'!.�  " :#� ��$6,"#�%  -�6#$  5),.$( , -'#  #'#  $58+-�#   ,��   
3+*, (,-"(  3  $-�"0,)7  3�  3),&(  *,�)'*'2$$  #'767#'$  -'#$&  �8)'5�&  7"$ $3',-"(  
3),*.�,  ,��  3 $(.$,   /2/.  

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

�, 1<  .'"-�(=,%  )'8�-+  (3 (,-"(  $576,.$,  /)$��*.�"-$  /�3,)4.�"-.� -
&�*$0$2$)�3'..���  �#"$*'  2$.#'  " /),*3')$-, 1.+&  7&,.19,.$,&  ,��  /�3,)4.�"-$  /)$  
37 #'.$5'2$$   #�&/�5$2$% .'  �".�3,  :-$ ,. -/)�/$ ,.�3���  #'767#'  (;�� ). 

;��  8 '��*')(  2,..�&7  #�&/ ,#"7  "3�%"-3 5'3�,3+3'<-  3",  8� 197<  
/�/7 ().�"-1  3 &$)�3�%  /)'#-$#,  /)�$53�*"-3'  $ /�-),8 ,.$(  �� . 	.$  .'$8� ,,  *,9,3+ , 
$&,<-  .'$&,.197<  / �-.�"-1 , �8 '*'<-  7.$#' 1.�%  "3,-� -/���*� -�5�.�"-�%#�"-1< . 
	8C,&  /�-),8 ,.$(  ;��  .,/),)+3.�  3�5)'"-',- .   �  /�" ,*.$,  ��*+  6),53+6'%.�  
)'"9$)$ "(  '""�)-$&,.-  ;�� . 	"�8+%  $.-,),"  /),*"-'3 (<-  #'767#$, /� 76,..+,  .'  
-$-'.�3�&  #'-' $5'-�),  $ �8 '*'<=$,  /�3+9,..�%  &�)�5�"-�%#�"-1< .  �  
/)�&+9 ,..�"-$  /)�$53�*(-  *3�%.+,  .'"+=,..+,  ;��  $ -)�%.+, , "�*,)!'=$,  -),-$%  
&�.�&,) , ;��� . �'#!,  $53,"-.� , 6-�   ),5$.�3+,  "&,"$  .'  �".�3,  ;�� , /�  ")'3.,.$<  " 
*)7�$&$  #'767#'&$  $&,<-  &,.197<  "#�)�"-1  37 #'.$5'2$$ . 

�  *'..�%  )'8�-,   /)�3�*$ $  &�*$0$#'2$<   �#"$*'  2$.#'  0$5$6,"#$&$ $ 
4$&$6,"#$&$ "/�"�8'&$ .  

�  #'6,"-3,  0$5$6,"#���  3�5*,%"-3$(  &"/� 15�3' $  &$#)�3� .�3�,  $5 76,.$,  
&�=.�"-1<  850 �- . �  �- $6$,  �-  -)'*$2$�..���  .'�),3'  .,  /)�$"4�*$-  "/,#'.$( , 
'� �&,)'2$$  /� 76,..+4  6'"-$2 , '  -'#!,  &$#)�3� .�3+%  /)�2,""  �8 '*',-  8� 19$&  
���  $ *�"-$�'.-"(  8� ,,  )'3.�&,).+%  /)��),3 . 

�$&$6,"#7<  &�*$0$#'2$<   �#"$*'  2$.#'  /)�3�*$ $  )'5.+&$  "/�"�8'&$ : " 
$"/� 15�3'.$,&  "$ '.�3  $ )'5 $6.+4  '&$.�"�*,)!'=$4  /� $&,)�3 .  

�')1$)�3' $   ),!$&+  &�*$0$#'2$$  �#"$*'  2$.#' , "/�"�8+  33,*,.$(   $ ),!$&+  
$5��-�3 ,.$(  ,��   3 /� $&,).+4  #�&/�5$2$(4  .'  �".�3,  :-$ ,. -/)�/$ ,.�3+4  #'767#�3. 

��#'5'.'  &$#)�"#�/$6,"#$&$ , 4$&$6,"#$&$  $"" ,*�3'.$(&$  /,)"/,#-$3.�"-1  
$"/� 15�3'.$(  &$#)�3� .�3���  $5 76,.$(  3&,"-,  " 4$&$6,"#�% &�*$0$#'2$,%  �#"$*'  
2$.#'  * (  /� $&,).+4  #�&/�5$2$% .'  �".�3,  :-$ ,. -/)�/$ ,.�3���  #'767#'  (�$"7.�#  1) 

 

 
�$"7.�#  1-�$#)�0�-��)'0$$  6'"-$2  �#"$*'  2$.#'  (#)'-.�"-1  73, $6,.$(  4400): 

' ) .,&�*$0$2$)�3'..+% ; 8) &�*$0$2$)�3'..+%  "$ '.�&  

 
��#'5'.� , 6-�  8 '��*')(  /�3+9,.$<  *$"/,)".�"-$  $ '#-$3.�"-$  �#"$*'  2$.#'   

/)�$"4�*$-  7"$ ,.$,  /� $&,).�%  #�&/�5$2$$ , �  6,& "3$*,-, 1"-37,-  /�3+9,.$,  
#��,5$�..�%  /)�6.�"-$  .'  10 % ),5$.�3+4  "&,",%. �)�&,  -��� , /� $&,).+,  #�&/�5$2$$  
8� ,,  �*.�)�*.+ , �  6,& "3$*,-, 1"-37,-  7&,.19,.$,  )'58)�"'  /�#'5'-, ,% . 
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��#'5'.� , 6-�  &�*$0$#'2$(  �#"$*'  2$.#'  0$5$6,"#$& $ 4$&$6,"#$& "/�"�8�&$  
/�53� (,-  ".$5$-1  *�5$)�3#7  �#"$*'  2$.#'  .'   6-12 %. 

 
 
����	�  ���	���	����	�  ����������  
1. ��9, ,3  � .� ., ��).,3  � .� ., 
7#'.�3  � .� . 	8='(  -,4.� ��$(  ),5$.+ . � .: 

�$&$( , 1978. 528 ". 
2. Amit Das, De-Yi Wang*, Andreas Leuteritz, Kalaivani Subramaniam, H.Chris 

Greenwell, Udo Wagenknecht and Gert Heinrich*. Preparation of zinc oxide free, transparent 
rubber -nanocomposites using a layered double hydroxide filler material. J. Mater. Chem. 
2011,DOI: 10.1039/c0jm03784b./ 
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�������  #��
�  �  �������
�  ���
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�
  ���
"#��  
«�
������ -5270G2» �
  ����  &��!�#������  

 
�-7* . �) . ��� -398 �7",3  � .� .,  )7#. *�2 . �,).�3'  � .� . 

 
�  /)�2,"",  :#"/ 7'-'2$$  -,4.$6,"#�,  "�"-�(.$,  '3-�-)'."/�)-.+4  "),*"-3  .,/), -

)+3.�  747*9',-"( , /)$6,&  ")�#$  " 7!8+  �-*, 1.+4  75 �3  $ '�),�'-�3  )'5 $6.+ . 	.$  3�  
&.���&  �/),*, (<-"(  "�3,)9,."-3�&  #�."-)7#2$$ , #'6,"-3�&  $5��-�3 ,.$( , /)$&,.(, -
&+&$ :#"/ 7'-'2$�..+&$  &'-,)$' '&$ , *�)�!.+&$  $ # $&'-$6,"#$&$  7" �3$(&$ , �)�' -
.$5'2$,% -,4.$6,"#���  �8" 7!$3'.$(  $ 4)'.,.$(  '3-�&�8$ ,% . 

� (  �8,"/,6,.$(  )'8�-�"/�"�8.�"-$  /�*3$!.���  "�"-'3'  3 :#"/ 7'-'2$$  .,�84� -
*$&�  /�"-�(..�  "�3,)9,."-3�3'-1  $4 #�."-)7#2$<  $ -,4.� ��$<  /)�$53�*"-3' , 7" �3$(  
:#"/ 7'-'2$$ . 	2,.#'  "4�*�3  " ),&�.-�&  /�53� (,-  �/),*, $-1  /)$6$.+  "4�*�3  $ &,)� -
/)$(-$(  /�  /�**,)!'.$<  )'8�-�"/�"�8.�"-$  '3-�87"�3  .'   $.$$ . 

�#-7' 1.+&  (3 (,-"(  �2,.#'  "4�*�3  " ),&�.-�&  /� 7.$5#�/� 1.���  '3-�87"'  
«�	������ -5270G2» $ $  «Volgabus-5270G2-0000010» " &�-�).+&  -�/ $3�&  &,-'.  
()$" .1). ;#"/ 7'-'2$(  7-$ '3-�87"�3  «VOLGABUS-5270G2» .'  &�-�).�&  -�/ $3,  &,-'.  3 
���  ���  B 1732  .'6' '"1  " &'(  2016 ��*' .  
 2�(�)&�)�2��)("  — :-�  "�"-�(.$,  /� -
*3$!.���  "�"-'3' , /)$  #�-�)�&  �.  "/�"�8,.  3+/� .(-1  5'*'..+,  07.#2$$ , "�4)'.((  5.' -
6,.$(  5'*'..+4  /')'&,-)�3  3 /),*, '4 , 7"-'.�3 ,..+4  .�)&'-$3.� --,4.$6,"#�%  *�#7 -
&,.-'2$,% .  

� (  /),*7/),!*,.$(  " 76'%.+4  "4�*�3  "7=,"-37,-  / '.�3� -/),*7/),*$-, 1 -.'(   
"$"-,&'  ),&�.-�3 , /�53� (<='(  )'8�-'-1  '3-�87"+  .'  &')9)7-,  3 $"/)'3.�&  "�"-�(.$$ .  
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�$" . 1. �3-�87"  «Volgabus-5270G2». 

�� 7.$5#�/� 1.+%  �'5�&�-�).+%  '3-�87"  «Volgabus-5270G2-0000010» �".'=,.  
#�.*$2$�.,)�& , "$"-,&�%  3$*,�.'8 <*,.$( , $.0�)&'2$�..+&  -'8 �  3 "' �.,  $ �-#$*.�%  
'//'), 1<  * (  5',5*'  #� ("�# . �)$  /)�$53�*"-3,  '3-�87"'  &'#"$&' 1.�  $"/� 15�3' '"1  
/)��)'&&'  $&/�)-�5'&,=,.$( : 8� 19'(  6'"-1  #�&/ ,#-7<=$4  #75�3'  $ "' �.'  — )�" -
"$%"#���  /)�$53�*"-3' . 

� (  /)�3,*,.$(  # '""$0$#'2$$  �-#'5�3  /�  /�" ,*"-3$(&  /)�3,*,.  '.' $5  "4�*�3  '3-� -
87"�3  " ),&�.-�& . �'..+,  �  "4�*'4  " ),&�.-�&  " 13 &'(    2016 ��*'  /�  1 &'(   2017 ��*'  
/),*"-'3 ,.+  �� !"#�%  '3-�#� �..�% .   

��:-�&7  * (  �/),*, ,.$(  )'8�-�"/�"�8.�"-$  '3-�87"�3  3",  "4�*+  )'"/),*, ,.+  
/�  75 '& , '�),�'-'& , "$"-,&'& . �)�$53,*,.'  "$"-,&'-$5'2$(  "4�*�3  /�  "$"-,&'& : �4 ' -
!*,.$( , -�)&�5.�% , -�/ $3.�% , 3�5*79.�% , 3+4 �/.�% ; /�  '�),�'-'& : ��� , ��� , /�*3," -
#,, '3-�9$.'& , #75�3, "' �. ; )7 ,3�,  7/)'3 ,.$, ; : ,#-)��8�)7*�3'.$, .  

�� $6,"-3�  "4�*�3  " ),&�.-�&  7-$  '3-�87"�3  /),*"-'3 ,.�  3 -'8 $2,  1. 
 

�'8 $2'  1 – �4�*+  " ),&�.-�&  '3-�87"�3  
B  
/ //  

�'53'.$,  .,$"/)'3.�"-$  �� $6,"-3�  "4�*�3  " ), -
&�.-�&  

1 �,$"/)'3.�"-1  ��� , -�/ $3.�%  "$"-,&+  68 
2 �,$"/)'3.�"-1  /�*3,"#$ , -)'."&$""$$  53 
3 �,$"/)'3.�"-1  : ,#-)��8�)7*�3'.$(  65 
4 �,$"/)'3.�"-1  -�)&�5.�%  "$"-,&+  19 
5 �,$"/)'3.�"-1  3�5*79.�%  "$"-,&+  15 
6 �,$"/)'3.�"-1  "$"-,&+  �-�/ ,.$(  $ #�.*$2$�.$)� -

3'.$(  21 
7 �,$"/)'3.�"-1  #75�3' , "' �.'  58 
�-���  299 

 
�",��  "4�*�3  " ),&�.-�&  299. �'$8� 19,,  #� $6,"-3�  "4�*�3  " .,$"/)'3.�"-1<  

��� , -�/ $3.�%  "$"-,&+ ,   /�*3,"#$ , -)'."&$""$$ , : ,#-)��8�)7*�3'.$( , #75�3' , "' �.'  
'3-�87"' . 
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�$" . 2. �4�*+  " .,$"/)'3.�"-(&$  "$"-,&  '3-�87"' . 

 
�)�8,�$  '3-�87"�3  «Volgabus-5270G2» /),*"-'3 ,.+  3 -'8 $2,  2.  
 

 

�'8 $2'  2 – �)�8,�$  '3-�87"�3  

B  / //  �')'!.+%  .�&,)  '3-�87"'  �)�8,� , #& 
1 170 37200 
2 171 43418 
3 172 39233 
4 173 46529,4 
5 174 52306 
6 175 44733,5 
7 176 47500 
 

�4�*+  " ),&�.-�&  /�*3,"#$  /),*"-'3 ,.+  3 -'8 $2,  2. 

�'8 $2'  2 - �4�*+  " ),&�.-�&  /�*3,"#$  

B  
/ //  

�'53'.$,  .,$"/)'3.�"-$  �� $6,"-3�  "4�*�3  
" ),&�.-�&  

1 �<0-  #),"-�3$.+  #')*'.'   
 

1 
2 �<0-  /�/,),6.�%  )7 ,3�%  -(�$  " ,3'  1 
3 �<0-  /�/,),6.�%  )7 ,3�%  -(�$  "/)'3'  1 
4 �<0-  /)�*� 1.�%  )7 ,3�%  -(�$  /,)3�%  /,),*.$%  #�.,2  1 
5 �,'#-$3.'(  9-'.�'  /,),*.((  /)'3'(  /,),*.,��  &�"-'  1 
6 �-'8$ $5'-�)  3 
7 �-'8$ $5'-�)  /�/,),6.�%  7"-�%6$3�"-$  – �8)+3  " ,3'   6 
8 �-'8$ $5'-�)  /�/,),6.�%  7"-�%6$3�"-$  "/)'3'  1 
9 �-7#  3 /�*3,"#,  " ,3'  /,),*.,��  &�"-'  1 
10 �-7#  3 /�*3,"#,  "/)'3'  /,),*.,��  &�"-'  4 
11 ��)"$�.  11 
�-���   31 
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�$" . 3. �4�*+  " ),&�.-�&  /�*3,"#$ . 
 
�4�*+  " ),&�.-�&  /�*3,"#$  " �8)+3�&  "-'8$ $5'-�)�3 , "�  "-7#�&  /�*3,"#$  $ " 

-�)"$�.�& . 
 

 
�$" . 4. �4�*+  " ),&�.-�&  3�5*79.�%  "$"-,&+ . 

 
�  5-$ " 76'(4   "4�*+  " 7-,6#�% 3�5*74'  $5 3�5*79.�%  "$"-,&+ . 
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�$" . 5. �4�*+  " ),&�.-�&  -�)&�5.�%  "$"-,&+ . 

 
�  ),&�.-�&  �
�  8+ �  13 "4�*�3 , " ),&�.-�&  "-�(.�6.���  -�)&�5'  4 "4�*' . 

 

 
�$" . 6.  �4�*+  " .,$"/)'3.�"-1<  "$"-,&+  �-�/ ,.$(  $ #�.*$2$�.$)�3'.$( .  
 
12 "4�*�3  8+ �  " .,$"/)'3.�"-1<  #�.*$2$�.,)�3 , 6-�  ,"-,"-3,..�  /�3 $( �  .'  #' -

6,"-3�  /,),3�5#$  /'""'!$)�3 . 
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�$" . 7. �4�*+  " ),&�.-�&  : ,#-)��8�)7*�3'.$( . 

 
�",��  "4�*�3  " ),&�.-�&  : ,#-)��8�)7*�3'.$(  65. �",  :-$  )'8�-+  *� !.+  /)�3� -

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

 
�",��  "4�*�3  " ),&�.-�&  58. �",  /)�0$ '#-$6,"#$,  )'8�-+  /�  ),&�.-7  "' �.'  $ 

#75�3'  *� !.+  /)�3�*$-1"(  /)$  �	 2, $ "4�*�3  " ),&�.-�&  .,  *� !.�  8+-1. 
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�$" . 9. �4�*+  " ),&�.-�&  *3$�'-, (  $ -�/ $3.�%  "$"-,&+ . 

 
�'$8� 19,,  #� $6,"-3�  "4�*�3  " ),&.(&$  �,.,)'-�)'  – 10 "4�*�3 , -,61  /'-)78#'  

"$"-,&+  �4 '!*,.$(  – 10 "4�*�3 . �",  .,$"/)'3.�"-$  &�!.�  /),*7/),*$-1  /)�3, -
*,.$,&  �	 1 $ �	 2. 
 
�+3�*+ :  

1. �'  3",  3),&(  :#"/ 7'-'2$$  $ /)�8,�,  37200-47500 #& .'  '3-�87"'4  8+ �  /)�3,*,.�  
/�  2 �	 1 $ /�  �*.�&7  �	 2. ��:-�&7  3 �".�3.�&  3",  "4�*+  " .,$"/)'3.�"-(&$  3+-
53'.+  �-"7-"-3$,&  /)�0$ '#-$6,"#$4  $ ),�7 $)�3�6.+4  )'8�- , $ #�-�)+,  .,  /)� -
3�*$ $"1  3 �')'.-$%.+%  /,)$�* . 

2. ��� '".�  7" �3$% 5'3�*' -$5��-�3$-, (  �	 1 3+/� .(,-"(  /)$  /)�8,�,  15000 #&, 
�	 2 3+/� .(,-"(  /)$  /)�8,�,  30000 #&. 

3. � (  $"# <6,.$(  "4�*�3  " ),&�.-�&  $ �8,"/,6,.$,&  )'8�-+  '3-�87"�3  .'   $.$$   3 
$"/)'3.�&  "�"-�(.$$  .,�84�*$&�  "3�,3),&,..�  /)�3�*$-1  �	 1 6,),5  10000 #& 
/)�8,�'  $ �	 2 6,),5   20000 #& /)�8,�' . 
 
����������  

1. �� �!,.$,  �  -,4.$6,"#�&  �8" 7!$3'.$$  $ ),&�.-,  /�*3$!.���  "�"-'3'  '3-�&� -
8$ 1.���  -)'."/�)-' . ���������	  �$.$"-,)"-3�&  '3-�&�8$ 1.���    -)'."/�) -
-'  �����   20 ",.-(8)(  1984 ��*' . 

2. �-'-$"-$#'  "4�*�3  " ),&�.-�&  '3-�87"�3  «�� !'.$. -5270 G2», /),*�"-'3 ,..'(  
���  ���  B 1732. 

 
 
 


"��!������  &��!�#�����
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����
�  ��  ��.�  �����#���  #����
 -

�
�
��
�  ����  
 

�-7* . �) . ��� -596 
��'-+)@3  � .� ., .'76 . )7#. *�2 . �,).�3'  � .� . 
 
	"�8,..�"-1<  �)�'.$5'2$$  /,),3�5�#  /'""'!$)�3  �8=,"-3,..+&  -)'."/�)-�3  3 

��)�*'4  ��  (3 ( �"1  �-"7-"-3$,  ),�7 $)�3'.$(  .'  &')9)7-'4  #� $6,"-3'  '3-�87"�3  
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8� 19�% , "),*.,%  $ &' �%  3&,"-$&�"-$  $5-5' .,"�3,)9,."-3'  5'#�.�*'-, 1.�%  8'5+ . �  
),57 1-'-,  $5-5' $58+-#'  &')9)7-.+4  -'#"$  73, $6$ '"1  5'�)75#'  7 $6.� -*�)�!.�%  ",-$ , 
73, $6$ �"1  #� $6,"-3�  ���  $ 747*9$ '"1  :#� ��$( . ;-�  /)$3, �  # 747*9,.$<  #'6,"-3'  
/,),3�5#$  /'""'!$)�3  $ 747*9,.$<  :#"/ 7'-'2$�..�%  .'*@!.�"-$  '3-�87"�3 .  

�,4.$6,"#$  $"/)'3.�,  "�"-�(.$,  '3-�87"'  �/),*, (,-  ,��  )'8�-�"/�"�8.�"-1 , -�  
,"-1  "�4)'.,.$,  3",4  :#"/ 7'-'2$�..+4  #'6,"-3  $ 8,5�-#'5.7<  )'8�-7  3 -,6,.$,  3",��  
")�#'  :#"/ 7'-'2$$  /)$  7" �3$$  "�8 <*,.$(  3",4  -),8�3'.$%  5'3�*' -$5��-�3$-, ( , 3+-
/� .,.$(  / '.�3� -/),*7/),*$-, 1.+4  ),&�.-�3 . 

�)�&,  -��� , �6,.1  3'!.+&$   (3 (<-"(  7" �3$( , 3 #�-�)+4  :#"/ 7'-$)7<-"(  '3-� -
87"+. �" �3$(  :#"/ 7'-'2$$  '3-�87"�3  .'  ��)�*"#$4  &')9)7-'4  &��7-  /)$3,"-$  # 7&,.1 -
9,.$<  ),"7)"'  *3$�'-, ( , "2,/ ,.$( , ��� , 7"#�),..+4  $5.�"�3  9').$)�3  )7 ,3���  
7/)'3 ,.$(  $ 3+4�*7  $5 "-)�(  -�)&�5.�%  "$"-,&+ .  

�'#-�)+ , 3 $(<=$,  .'  :#"/ 7'-'2$�..7<  .'*@!.�"-1  '3-�87"�3  /)$  :#"/ 7'-' -
2$$, 76$-+3'<=$,  -)'."/�)-.7<  .'/)(!@..�"-1  .'  7 $6.� -*�)�!.�%  ",-$  ��)�*'  �� ! -
"#��� ,  /)$3,*,.+  3 -'8 $2,  1. 

 
�'8 $2'  1 - �'#-�)+ , 3 $(<=$,  .'  :#"/ 7'-'2$�..7<  .'*@!.�"-1  '3-�87"�3  

B   
/ //  

�'#-�)+ , 3 $(< -
=$,  .'  7" �3$(  
:#"/ 7'-'2$$  

�')'#-,)  3 $(.$(  .'  )'8�-�"/� -
"�8.�"-1  '3-�87"'  3 2, �&  

� $(.$,  .'  )'8�-�"/�"�8 -
.�"-1  '3-�87"�3  3 ��)�*"#$4  
7" �3$(4   

1 �)'."/�)-.+, . 
�')'#-,)  /,),3� -
5�# – ��)�*"#�% . 
 

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

1. � �7�$(�4��  ( ')�  ��  
�2�)&�%�5 �()# . 
2. ��  14 '� , )  6 ,�  20 % )�5, 
35-45 ��� .����5�3%�' ��  �  
� .( . (&.3-&.6) ��  �2�)&�%�5 -
�()# : 3. �����  (�$,  �  
�(,41 . 4. &���5�3'   � !� -
��2�!"�41  ��$&& � )�!���# . 
5. -')&!$ (��$6()#  ,�  &�! -
����  �3��) . 6. �����(  &� 
����  ���21�,���)(� . 

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

�5.�"  $ )'5)79,.$,  &�!,-  ".$ -
5$-1 .'*,!.�"-1  '3-�&�8$ (  .'  
14-33 %. 

�,�5!�(5���(�!"���  
)�)(�#���  ,��������  &�-
'�4(�# . 

3 
 

�" �3$(  *3$!, -
.$(  /)$   $.-,. -
"$3.�&  ��)�*"#�&  
*3$!,.$$ .  

� $(.$,  .'  ),!$&  *3$!,.$(  $ .'  
),!$&  )'8�-+  '3-�&�8$ (  $ ,��  
'�),�'-�3 . 

/�!"7�0  (� �)&��(�40  
&�(�' . 

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

��"-�(..+%  – "-'8$ 1.+,  "$ '  
-(�$  $ "#�)�"-1 ; /,),&,..+%  - 
&.���#)'-.+,  )'5��.+  $ 5'&,* , -
.$( . 

��������40  ����� . 
 

5 �3' $0$#'2$(  
/,)"�.' ' . 

�,&  3+9,  #3' $0$#'2$(  3�*$-, -
 ( , -,&  8 $!,  # �/-$&' 1.�&7  
),!$&7  /)�-,#',-  )'8�-'  '3-�87 -
"' . 

�  �$��+�& !"�41   5(�2$ -
) 1 : )��,�##  �  54)�' #  '5 -
!�*�' +�# . �  � �7�$(�41  
( ')� : ��3' #  '5 !�*�' +�#  

6 �)$)�*.� -
# $&'-$6,"#$,  
7" �3$( . 

�,&/,)'-7)'  �#)7!'<=,��  3�5*7-
4' , 3 '!.�"-1 , "$ '   3,-)'  $ - .* . 

��(��  � �'�0 , 3���0  $�� -
����40 . 
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7 �,4.$6,"#�,  �8 -
" 7!$3'.$, . �' -
6,"-3�  $ "3�,3), -
&,..�"-1 . 

�3�,3),&,..�"-1  /)�3,*,.$(  �	 1 
$ �	 2, /� .+%  /,),6,.1  3+/� -
.,..+4  )'8�- . 

����5�3%�' ��  �  � �7 -
�$(�41  ( ')�  ��  54&�!�# -
�()# . 

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

�/),*, (,-  .�)&' 1.+%  ),!$&  )'8�-+  '3-�87"�3  $ $"# <6,.$,  " 76',3  "4�*'  " ),&�.-�&  
'3-�87"�3 .  

�" �3$(  *3$!,.$(  * (  �8=,"-3,..���  -)'."/�)-'  ��)�*'  �� !"#���  .,7*�3 ,-3� -
)$-, 1.+, . �'�)75#'  7 $6.� -*�)�!.�%  ",-$  ��)�*'  /)�$"4�*$-  $5-5' 8� 19�%  '3-�&�8$ -
 $5'2$$  .'", ,.$(  (474 '3-�&�8$ ,%  .'  1000 !$-, ,%  /)$  .�)&,  ��$�  - 247) $ 8� 19���  
#� $6,"-3'  &')9)7-.+4  -'#"$  – 512 ,* . ��)�*"#$4  $ 8� ,,  300 ,* . /)$��)�*.+4 , /)�4� -
*(=$4  /�  �".�3.+&  7 $2'&  ��)�*' , 3 6'"-.�"-$  .'  7 $2,  �$)'  $ /)�"/,#-7  �,.$.' . �'  
7 $2,  �$)' , 
7 13'),  �)�0"�<5�3  $ /)�"/,#-7  �,.$.'  8� 19�%  -)'."/�)-.+%  /�-�#  )' -
3,.  2200 $ 3100 '3-�&�8$ ,%  3 6'"  3 �8�$4  .'/)'3 ,.$(4  "��-3,-"-3,..� , 6-�  3+5+3',-  
.'/)(!@..�"-1  -)7*'  3�*$-, ,% . ;-�  &�!,-  3 $(-1  .'  7&,.19,.$,  "#�)�"-$  '3-�87"�3 , .'  
6'"-�-7  &'.,3)$)�3'.$(  /,),*  �"-'.�3�6.+&$  /7.#-'&$ , .'  6'"-�,  /,),# <6,.$,  /,), -
*'6 , .'  73, $6,.$,  )'8�-+  -),.$(  -�)&�5.+4  &,4'.$5&�3 , .'  6'"-�-7  &'.,3)$)�3'.$(  /, -
),*  �"-'.�3�6.+&$  /7.#-'&$   $ .'  73, $6,.$,  "4�*�3  '3-�87"�3  " .,$"/)'3.�"-(&$  *3$-
�'-, ( ,  "2,/ ,.$( , ��� , -�)&�5.�%  $ )7 ,3�%  "$"-,& . 

�,!$&  *3$!,.$(  '3-�87"'   5'*'<-"(  3�*$-, ,&  3 5'3$"$&�"-$  �-  *�)�!.+4  7" � -
3$%, ,��  #3' $0$#'2$$  $ -,4.$6,"#���  "�"-�(.$(  '3-�&�8$ ( . �  ��)�*"#$4  7" �3$(4  '3-� -
87"+ )'8�-'<-  3 /,),&,..�&  ),!$&,  *3$!,.$(  /)$  &.���#)'-.+4  )'5��.'4  $ 5'&,* ,.$ -
(4, /)$  6'"-+4  $5&,.,.$(4  *�)�!.���  "�/)�-$3 ,.$(  $ 7" �3$% *3$!,.$( , 6-�  .'$8� ,,  
4')'#-,).�  * (  $.-,."$3.���  ��)�*"#���  *3$!,.$( . �)$  /,),&,..�&  ),!$&,  )'8�-+  '3 -
-�&�8$ (  3 ,��  '�),�'-'4  $ 3 *3$�'-, ,  .')79',-"(  "-'8$ 1.�"-1  -,/ �3���  ),!$&'  $ -), -
.$( . ;-�  /�3+9',-  $.-,."$3.�"-1  $5.'9$3'.$(  75 �3  $ '�),�'-�3  $ )'"4�*  -�/ $3' . 

�'  )'8�-�"/�"�8.�"-1  '3-�87"'  3 $(,-  -'#!,  #3' $0$#'2$(  /,)"�.' ' . �,&  3+9,  
#3' $0$#'2$(  3�*$-, ( , -,&  8 $!,  # �/-$&' 1.�&7  ),!$&7  /)�-,#',-  )'8�-'  '3-�87"�3   
$ /)$3�*$-  # "�#)'=,.$<  6$" '  �-#'5�3  $ 73, $6,.$<  ),"7)"�3  '�),�'-�3 . 

�)$)�*.� -# $&'-$6,"#$,  7" �3$(  .,  3 $(<-  3 8� 19�%  "-,/,.$  .'  "4�*+  " ),&�. -
-�& . 	*.'#�  3 7" �3$(4  !')#���   ,-'  3�5&�!.�  /�3+9,.$,  -,&/,)'-7)+  �4 '!*'<=,%  
!$*#�"-$ .  

�,4.$6,"#�,  �8" 7!$3'.$,  '3-�87"�3  /)�3�*$-"(  /�  .,�84�*$&�"-$  /)$  /� �&#,   
.'   $.$$ . ;-�  &�!,-  /)$3,"-$  # 7"#�),..�&7  $5.�"7  9').$).+4  $ #),/@!.+4  "�,*$., -
.$% $5-5' .,*�"-'-�6.�"-$  "&'5#$.  

	".�3.+&$  -),8�3'.$(&$  #'6,"-3,..���  �8" 7!$3'.$(  /'""'!$)�3  (3 (<-"( : 
- 7*�8"-3�  /)$  34�*,  $ 3+4�*, : 3+"�-'  /� '  $ "-7/,.,# , 9$)$.'  *3,),% ; - #�&0�) -

-'8, 1.�"-1  /)�,5*' ; - 3+"�#'(  "#�)�"-1  /,),*3$!,.$( ; - 3�5&�!.�"-1  /,),3�5#$  8'�'!' ; 
- *�"-'-�6.�,  �-�/ ,.$,  $ 3,.-$ (2$(  "' �.' ; - 4�)�9'(  �85�).�"-1  &,"-.�"-$ ; - �-"7- -
"-3$,  97&'  $ 5'*+& @..�"-$ ; - 3.,9.$%  3$* /�*3$!.���  "�"-'3'  (�#)'"#' , $.0�)&'2$�. -
.'(  :#$/$)�3#'  $ - .* .). 

�"/� 15�3'.$,  '3-�87"�3  &' �%  3&,"-$&�"-$  (&')9)7-.+4  -'#"$ ) /'""'!$)�3&, -
"-$&�"-1<  13-15 6, �3,#  /)$3,  # /,),�)75#,  7 $6.� -*�)�!.�%  ",-$  ��)�*' , # .,  �8,"/, -
6,.$<  /)�/7"#.�%  "/�"�8.�"-$  �"-'.�3�6.+4  /7.#-�3  $ 8,5�/'".�%  �"-'.�3#$  '3-�87"�3  
.'  .$4 .  �'-�)+  /,),*  �"-'.�3#�% , &'.,3)$)�3'.$, , 6'"-�,  /,),# <6,.$,  "#�)�"-,%  /)$ -
3�*$-  # 7"#�),..�&7  $5.�"7  75 �3  $ '�),�'-�3  -)'."&$""$$ . ��:-�&7  .'  �"-'.�3�6.+4  
/7.#-'4  ��)�*'  �� !"#���  .,),*#�  3�5.$#'<-  "$-7'2$$ , /�#'5'..+,  .'  )$" . 1. 
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�$" . 1. �$-7'2$(  .'  �"-'.�3�6.�&  /7.#-, . 

 
�#-7' 1.�"-1  /)�8 ,&+  3+53'.'  .,�84�*$&�"-1<  )'5�)75#$  7 $6.� -*�)�!.�%  ", -

-$ 5' "6@- �/-$&$5'2$$  &')9)7-.�%  ",-$  $ /)$&,.,.$(  3&,"-�  &')9)7-.+4  -'#"$  '3-� -
87"�3  8� 19�%  $ "),*.,%  3&,"-$&�"-$ .  

�'  )$" . 2 /),*"-'3 ,.�  )'"/),*, ,.$,  /'""'!$)�/�-�#�3  .'  7 $2'4  ��)�*'  �� ! -
"#��� . �'$8� 19$,  /'""'!$)�/�-�#$  .'  7 $2'4  �$)'  $ /)�"/,#-7  �,.$.' . �,9,.$,  3� -
/)�"'  3$*$-"(  # )'5�)75#, , /),!*,  3",�� , 7 $2+  �$)'  $ 6'"-$6.���  /,),)'"/),*, ,.$(  
/'""'!$)�/�-�#'  .'  7 $27 �)7!8+ . 

�  "3(5$ " 33,*,.$,&  3 2016 ��*7  .�3���  �,*,)' 1.���  5'#�.'  B 220 �-  13.07. 2015 
� . [4] 7 5'#'56$#�3  /,),3�5�#  /�(3$ '"1  3�5&�!.�"-1  �/-$&$5'2$$  &')9)7-.�%  ",-$  �8 -
=,"-3,..���  -)'."/�)-'   $ *' 1.,%9,��  )'53$-$(  �8=,"-3,..���  -)'."/�)-'  " $"/� 15� -
3'.$,&  .'  &')9)7-'4  #�&0�)-'8, 1.+4  '3-�87"�3  /�  #� $6,"-37  $ 3&,"-$&�"-$  "��-3,- -
"-37<=$4  /'""'!$)�/�-�#7 . 

 
�$" . 2. �'"/),*, ,.$,  /'""'!$)�/�-�#�3  .'  7 $2'4  ��)�*'  �� !"#��� .  
 
�3-�87"+  *� !.+  8+-1 .'  &�-�).�&  -�/ $3,  &,-'.  $ /)$"/�"�8 ,.+  * (  /,),3�5 -

#$ &' �&�8$ 1.+4  /'""'!$)�3  [1,2,3]. �  ),57 1-'-,  �/-$&$5'2$$  &')9)7-.�%  ",-$   
7&,.19',-"(  #� $6,"-3�  &')9)7-�3  &')9)7-.+4  -'#"$  " 25 *�  14, '  #� $6,"-3�  &')9)7 -
-�#  " 512 *�  193-4. �'  7 $2,  �$)'  :-�  3 �".�3.�&  &')9)7-+ , "3(5+3'<=$,  27, 28 $ 32 
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&$#)�)'%�.+  "�  "-')�%  6'"-1<  ��)�*' . �  ),57 1-'-,  /),*/� '�',-"(  6'"-$6.'(  )'5�)75#'  
7 $2+  �$)' .  

 
�'8 $2'  2 – �&,.19,.$,  #� $6,"-3'  &')9)7-�3  .'  ���  

 
/ //  

�'53'.$,  7 $2+  �� -3�  
&')9)7-�3  

�)$&,6'.$,  
(!$).+&  9)$0-�&  �-&,6,.+  �- -
&,.@..+,  &')9)7-+ ) 8+ �  "-' �  

� $2'  �$)'  �-  87-% �3 . *�  7 . 	 � -
&�72#�% 

14 9 6 5�  8'  11�   14�   24�   33 41�  
42�  14  16 24  42 105'     

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

25 16 6 5�  8'  11�  14�   24�   33 41�  
42�   1#  5 5'   15'   16" 17 24'   
1# 6'  15 14 16 24 408 42 105'  

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

23 15 6 5�  8'  11 14�  24�   33 41�  42�  
5 5'  6'   15'   17 24'   
1# 6'  15 14 24 408 42 105'  

� $2'  � ,#"'.*)�3'  2 1 16 16" 
� $2'  �$)'  �-  7 . �$�.,)"#�%  *�  
/ �='*$  �)7*'   

21 14 6 5�  8'  11  14�  33 41�  42�   5 5'   
15'   17 24'    21 1# 6'  15 14 24 408 
42 105'  

� $2'  �79#$.'  5/4/3 4/3/2 14'  21 24'  27�   27  
� $2'  �)7!8+  �-  87-% �3 . *�  7 . 40 
 ,-  ��8,*+  

6 4 1�   5'   17 2�   1  11'  

� $2'  �)7!8+  �-  7 . 40  ,-  ��8,*+  
*�  7 . 	 �&�72#�% .  

15 10 1�  5'   17 2�  3 5 6'  11  15'   16"  
1  11'  1# 15 408 

� $2'  	 �&�72#'(  10 6 3 5 6'   5'  15'  17  1# 15   16" 408 

0 
� $2'  �)7!8+  �-  7 . 	 �&�72#�%  
*�  
7 13')'  �)�0"�<5�3  

6/11 4/7 1�  3  2�  11 +24�   27�   5�  
1 11'  24 27 

1 

7 13')  �)�0"�<5�3  18 14 1�  2�  3 5�  5 5'  6 11 33 105'  15'   

17 24�   24'  1# 1 6'  24 

2 
� $2'  �� �*��3')*,%2,3  13 10 1�  2�  3 5�  5 5'   6   33 105'   17 

1#  1 6'  

3 
� $2'  �')8+9,3'  �-  87-% �3 . *�  7 . 
	 �&�72#�%  

9 5 3 5  11  15'  16"  
1# 6'  15  408 

4 
� $2'  �')8+9,3'  �-  7 . 	 �&�72 -
#�% *�  7 . � ,#"'.*)�3'  

1 1 2�  

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

1 1 2�  

6 
� $2'  �')8+9,3'  �-   7 . �� � -
*��3')*,%2,3  *�  / . �')8+9,3'  

5 4 11 17 24�  24'  
24 

7 
� $2'  �')8+9,3'  �-   / . �')8+9,3'  
*�  �;�  

4 3 17 24�   24'   24 

8 
� $2'  � ,#"'.*)�3'  2 1 16 16" 

9 
� $2'  �$&$#�3  12 7 2�   11�  14�   14'   21  41�  42�  

11'  14 15 42 408 

0 
� $2'  ;.�, 1"'  8/9 4/5 2�  14�  14'  21/15'  11'   14 15  408  

1 
�)�"/,#-  �,.$.'  �-  87-% �3 . *�  7 . 
� ,#"'.*)�3'  

0 0 .,-  

2 
�)�"/,#-  �,.$.'  �-  7 . � ,#"'.*)� -
3'  *�  7 . �� �*��3')*,%2,3  

2 1 16 16" 
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3 
�)�"/,#-  �,.$.'  �-   7 . �� � -
*��3')*,%2,3  *�  7 . ;.�, 1"'  

14 10 1�  2�  3 5�  5 5'   6   33 105'       
16" 1#  1 6'  16  

4 
�)�"/,#-  �,.$.'  �-   7 . ;.�, 1"'  *�  
/ . �3,)* �3'  

25 17 1�  2�  4�  3 5�  5 5'  6 33 105'  16" 
2�    14�   14'  21 15'  27�  1#  1 6'  
16 11'  14 15 408 

5 
�)�"/,#-  �,.$.'  �-   / . �3,)* �3'  
*�  / . �-)�$-, ,%  

18 15   2�  3 5�    6   33 105'   17  16"  
14�  14'   21   3�  15�  15'�  27�   
1# 6'  14  

6 
� $2'  ��&&7.$"-$6,"#'(  11 6 1�  5 5'   15'    24�  24'  1 15 16 24 

408  

7 
� $2'  � . �')#"'  7 7 11 2�  4�  3�  3'�  15�  15'�  

8 
� $2'  ��)1#���  2 1 15'  16  

9 
� $2'  �$)�3'  3 2 15'  16  408 

 
�  ),57 1-'-,  )'5)'8�-#$  &'-)$2+  -)'."/�)-.+4  #�)),"/�.*,.2$%  ()$" . 3) �/),*, -

 ,.� , 6-�  !$-, $  27, 28 $ 32 &$#)�)'%�.�3  .,  $&,<-  -)'."/�)-.�%  *�"-7/.�"-$  3 12, 18, 
19 &$#)�)'%�.+ ,  '  -'#!,  .'  7 $2+  �$&$#�3 , ;.�, 1"'  $ 
7 13')  �)�0"�<5�3 . �  2, 1<  
)'5�)75#$  7 $2+  �$)'  /),* '�',-"(  �)�'.$5�3'-1  &')9)7-+  .'  7 $2,  �)7!8+ , "�,*$.( -
<=$,  27, 28 $ 32 &$#)�)'%�.+  " 7 $2,% �$&$#�3  $ 
7 13')�&  �)�0"�<5�3 , '  !$-, $  12, 
18 $ 19 &$#)�)'%�.�3  /� 76'-1  -)'."/�)-.7<  *�"-7/.�"-1  "�  "-')�%  6'"-1<  ��)�*' . 

�7.$2$/' 1.'(  �� !"#'(  '3-�#� �..'  B 1732, �"7=,"-3 (<='(  /,),3�5#7  /'""' -
!$)�3  �8=,"-3,..+&  -)'."/�)-�&  �8,"/,6$3',-  )'8�-�"/�"�8.�"-1  '3-�87"�3  $ 8,5�/'" -
.7<  /,),3�5#7  /'""'!$)�3  .'  '3-�87"'4  "),*.,% , 8� 19�%  $ �"�8�  8� 19�%  3&,"-$&�"-$ . 
�)�3,)#$  &')9)7-.+4  -'#"$  6'"-.+4  /,),3�56$#�3 , /)�3�*$&+,  �����  ��)�*'  �� ! -
"#��� , /�#'5' $  &.���6$" ,..+,  .')79,.$(  $ �)�'.$5'2$$  /,),3�5�6.���  /)�2,""' , $ 3 
"�*,)!'.$$  '3-�87"�3  3 $"/)'3.�&  "�"-�(.$$ . � (  /)$3 ,6,.$(  /'""'!$)�3  $.-,)3'  
&,!*7  '3-�87"'&$  *� !,.  3+*,)!$3'-1"(  .,  8� ,,  5 &$.7- . 

 

 
�$" . 3. �'-)$2'  -)'."/�)-.+4  #�)),"/�.*,.2$% . 
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  � (  �8" 7!$3'.$(  !$-, ,%  /),* '�',-"(  $"/� 15�3'-1  '3-�87"+  8� 19�%  

3&,"-$&�"-$  .'  &,-'.�3�&  -�/ $3,  ()$" . 4). �3-�87"  ���� -4270 GNG "�)$,.-$)�3'.  .'  
)'8�-7  " 8� 19$&  /'""'!$)"#$&  /�-�#�& . 	.  �".'=@.  /.,3&'-$6,"#�%  /�*3,"#�% , �8," -
/,6$3'<=,%  &'#"$&' 1.+%  7)�3,.1  #�&0�)-'  /)$  ,5*, . �7/$-1  ���� -4270 GNG /),* ' -
�',-"(  3 #�&/ ,#-'2$$  " 27 /'""'!$)"#$&$  &,"-'&$  (1 &,"-�  * (   <*,%  " ��)'.$6,..+&$  
3�5&�!.�"-(&$ ). 

�3-�87"  $&,,-  "/,2$' 1.7<  07.#2$<  "#.$ $.� ". �)$  ,@ 3# <6,.$$  '3-�  .'# �.( -
,-"(  *�  7�  .'  /)'37<  "-�)�.7 , 6-�8+  /'""'!$)'&  8+ �  8� ,,  7*�8.�  �"7=,"-3 (-1  /�"'* -
#7. �,.'  ���� -4270GNG �87" �3 ,.'  .' $6$,&  :#� -*3$�'-, (  (&�*, 1  EURO-5, 230  . 
".). 

�'8�-',-  '3-�87"  .'  -�/ $3,  &,-'. , .'  #)+9,  ���� -4270 )'"/� �!,.�  6 8'  �.�3  
(�8='(  @&#�"-1 665  ). 

 

 
�$" . 4. �'5�3+%  ��3� -4270 GNG, 3&,"-$&�"-1<  84 /'""'!$)'  (27 &,"-  + 1 &,"-�  

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

� (  ��)�*'  �� !"#���  '#-7' 1.+&  (3 (,-"(  3�/)�"  /�  3+8�)7  -$/'  $ 3&,"-$&�"-$  
�8=,"-3,..���  -)'."/�)-' , �8,"/,6$3'<=,��  &�-$3'2$<  /'""'!$)�3  (-)'."/�)-.+%  
"/)�" ), #'6,"-3�  /,),3�5#$  /'""'!$)�3 , .'*@!.�"-1  '3-�87"�3 .  

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

� (  /)$3 ,6,.$(  /'""'!$)�3  12, 18, 19 /),* '�',-"(  33,"-$  .�3+%  &')9)7-  B 1'  
()$" . 5), "�,*$.(<=$%  7 $27 87-<  �3')*,%"#7<  " 7 $2,% �$&$#�3  6,),5  7 $27 �)7!8+  " 
$.-,)3' �&  *3$!,.$(  '3-�87"�3  5 &$.7- . 
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�$" . 5. �')9)7-  B 1'  «� . 87-% �3 . �$3$5$$ – ��� » 

 
 

�+3�*+ : 
1. 	".�3.+&$  :#"/ 7'-'2$�..+&$  "3�%"-3'&$  ��)�*"#$4  '3-�87"�3  (3 (<-"(  

#�."-)7#2$�..� -/ '.$)�3�6.+,  �"�8,..�"-$ , �8,"/,6$3'<=$,  #�&0�)-.+,  7" �3$(  $ 
7*�8"-3�  /�,5*#$ . 

2. �'�)7!,..�"-1  7 $6.� -*�)�!.�%  ",-$  ��)�*'  �� !"#���  /)$3�*$-  # 747*-
9,.$<  :#"/ 7'-'2$�..+4  4')'#-,)$"-$#  '3-�87"�3 . 

3. �  ),57 1-'-,  �/-$&$5'2$$  / '.$)7,-"(  �-&,.'  6'"-$  &')9)7-�3  &')9)7- -
.+4  -'#"$ . 

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

5. ��)�*"#$,  '3-�87"+  *� !.+  �8,"/,6$3'-1  /,),3�5#$  &' �&�8$ 1.+4  �)7//  
.'", ,.$(  $ /'""'!$)�3  " #� ("#'&$ . � (  :-���  .'  &')9)7-'4  *� !.+  )'8�-'-1  .$5#� -
/� 1.+,  '3-�87"+ . 

6. � (  7 769,.$(  :#� ��$6,"#�%  "$-7'2$$  30% '3-�87"�3  *� !.+  8+-1 �8� -
)7*�3'.+  *3$�'-, (&$  .'  &�-�).�&  -�/ $3,  &,-'. . 

 
�$-,)'-7)'  
1. �'"/�)(!,.$,  �)'3$-, 1"-3'  ��  �-  13 &'(  2013 � . B 767-) . «	  )'5)'8�-#,  #�& -

/ ,#"'  &,) , .'/)'3 ,..+4  .'  "�5*'.$,  7" �3$% * (  *�3,*,.$(  # 2020 ��*7  3 "78C,#-'4  ��  
7)�3.(  $"/� 15�3'.$(  /)$)�*.���  �'5'  3 #'6,"-3,  &�-�).���  -�/ $3'  .'  �8=,"-3,..�&  
'3-�&�8$ 1.�&  -)'."/�)-, ».  

2. �,4.$6,"#$%  ),� '&,.-  «	  -),8�3'.$(4  # 3+8)�"'&  '3-�&�8$ 1.�%  -,4.$#�% , 
3+/7"#',&�%  3 �8)'=,.$,  .'  -,))$-�)$$  ��""$%"#�%  �,*,)'2$$ , 3),*.+4  (5'�)(5.(< -
=$4) 3,=,"-3 », 7-3. ��"-'.�3 ,.$,  �)'3$-, 1"-3'  ��  �-  12 �#-(8)(  2005 ��*'  B  609 " 
$5&. �-  27 .�(8)(  2006 � ., 26 .�(8)(  2009 � ., 8 *,#'8)(  2010� . 

3. �,*,)' 1.+%  �'#�.  B 181 �-  24.11.1995 � . «	  "�2$' 1.�%  5'=$-,  $.3' $*�3  
�� ». 

4. ��  «	8  �)�'.$5'2$$  ),�7 ().+4  /,),3�5�#  /'""'!$)�3  $ 8'�'!'  '3-�&�8$ 1.+&  
-)'."/�)-�&  $ ��)�*"#$&  .'5,&.+&  : ,#-)$6,"#$&  -)'."/�)-�&  3 ��  $ �  3.,",.$$  $5&,-
.,.$%  3 �-*, 1.+,  5'#�.�*'-, 1.+,  '#-+  �� » �-  13.07.2015 � . B 220-�� . 
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�� �3'.6$#�3  � .
 ., /)�0,""�) , 5'3.#'0 . �����  �� ����  

�' $/',3'  	 .� ., *�2,.-  #'0 . �����  �� ����  
��8,).$#  � .� . '"/$)'.-  #'0 . �����  �� ����  
�' $/',3  � .� ., 76'=$%"(   $2,(  B 3, � .�� ���)'*  

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

 (4  /)�&+9 ,..�"-$ , '  -'#!,  3 /)�2,""'4  �6$"-#$  �'5�3  �-  /)$&,",%  9$)�#�  $"/� 157 -
<-"(  /)�2,""+  &'""�/,),.�"'  [1]. � (  /)�3,*,.$(  -'#$4  /)�2,""�3  �8+6.�  $"/� 157<-"(  
&'""��8&,..+,  #� �..+  " #�.-'#-.+&$  7"-)�%"-3'&$ . �'"'*�6.+,  #�.-'#-.+,  7"-)�% -
"-3'  �8 '*'<-  8� 19�%  /)�/7"#.�%  "/�"�8.�"-1<  $ 8� ,,  .$5#$& �$*)'3 $6,"#$&  "�/)� -
-$3 ,.$,&  [2,3].     

       �),* '�',-"(  &'""��8&,..'(  #� �..'   " / '3'<=,%  .'"'*#�% , 3# <6'<='(  
3,)-$#' 1.+%  2$ $.*)$6,"#$%  #�)/7" , /�()7".�  )'"/� �!,..+,  3 .,&  /�**,)!$3' -
<=$,  )'"/),*, $-, 1.+,  #�.$6,"#$,  ),9,-#$  "  /)�),5(&$ , 3,)-$#' 1.+%  "-,)!,.1 , 
5'#),/ ,..+%  # 3,)9$.'&  #�.7"�3 , .'"'*#7  $5 /,.�/� $&,).���  &'-,)$' ' , /)$  :-�&  
#�.7"+  #�.$6,"#$4  ),9,-�#  �)$,.-$)�3'..+  3,)9$.'&$  33,)4 , '  : ,&,.-+  .'"'*#$  3+-
/� .,.+  3 3$*,  ��0) . 

         �"/� 15�3'.$,  &'""��8&,..�%  #� �..+  " / '3'<=,%  .'"'*#�% , : ,&,.-+  #� -
-�)�%  3+/� .,.+  3 3$*,  ��0) , /)$3�*$-  # $.-,."$3.�%  -7)87 $5'2$$  �'5� -!$*#�"-.���  
/�-�#'  5'  "6,-  *$.'&$6.���  $5&,.,.$(  /�3,)4.�"-$  .'"'*#$  3 /)�2,"",  &'""�/,),.�"' . �  
/)�2,"",  :#"/ 7'-'2$$  /)�$"4�*$-  "'&��6$=,.$,  ��0)$)�3'..+4  : ,&,.-�3  .'"'*#$  5' 
"6,-  3$8)'2$$  /�3,)4.�"-$  ��0) . ��0)$)�3'..+,  : ,&,.-+  .'"'*#$  $&,,-  5.'6$-, 1.+%  
"3�8�*.+%  �8C,&  $ /�3,)4.�"-1 , $4 3+/� .,.$,   $5 /,.�/� $&,).���  &'-,)$' '  /�53� ( -
,-  /)�3�*$-1  &'""��8&,..+%  /)�2,""  3 7" �3$(4  /",3*��!$!,..���  " �(  /)$  3+"�#�-7) -
87 $5$)�3'..�&  -),40'5.�&  /�-�#,  �'5 , !$*#�"-1 , -3,)*'(  0'5'  (/ '3'<=$,  : ,&,.-+  
.'"'*#$ ) /�  3",&7 �8C,&7 &,!*7   )'"/),*, $-, 1.+&$  #�.$6,"#$&$  ),9,-#'&$ . 

        �+/� .,.$,   : ,&,.-�3  .'"'*#$  $5 /,.�/� $&,).���  &'-,)$' '  73, $6$ -
3',-  $4 /� �!$-, 1.7<  / '376,"-1 , /),*�-3)'=',-  $4 /)$!$&'.$,  # #�.$6,"#$&  
),9,-#'&  /)$  8� 19$4  )'"4�*'4  !$*#�"-$  /�  ")'3.,.$<  "  )'"4�*�&  �'5' , �8,"/,6$ -
3'(  "�5*'.$,  353,9,..���  " �(  .'"'*#$  /)$  3+"�#$4  "#�)�"-(4  !$*#�"-$ , *3$!7=,% -
"(  3.$5 /�  #� �.., , 6-�  $.-,."$0$2$)7,-  -,/ � - &'""��8&,..+,  /)�2,""+ . 

       ��*3$!.+,  3$8)$)7<=$,  ��0)$)�3'..+,  "-,.#$  : ,&,.-�3  .'"'*#$  $&, -
<-  3+"�#7<  "&'6$3',&7<  /�3,)4.�"-1 , "8$3'<-  �)'.$2+  )'5*, '  0'5  $ /)$3�*(-  # 
$.-,."$0$#'2$$  &'""�/,),.�"'  $ -,/ ��8&,.'  3 /)�2,"",   )'8�-+  #� �..+ , 6-�  /� -
3+9',-  /)�$53�*$-, 1.�"-1 . �+"�#'(  "#�)�"-1  *3$!,.$(  : ,&,.-�3  .'"'*#$  /�53� -
 (,-  :00,#-$3.�  )'58$3'-1  3�5.$#'<=$,  3 /",3*��!$!,..�&  " �,  �'5�3+,  /75+)$ ,  
3# <6'(  5'"-�%.+,  5�.+ ,  6-�  "/�"�8"-37,-  )'3.�&,).�"-$  /",3*��!$!,..���  " �( , 
/�3+9',-  :00,#-$3.�"-1  )'8�-+  &'""��8&,..�%  #� �..+ . 

        	)$,.-'2$(  #�.7"�3  #�.$6,"#$4  ),9,-�#  3,)9$.'&$  33,)4  /�53� (,-  .$3, $ -
)�3'-1  3�5&�!.�"-1  "#'/ $3'.$(  ��0)$)�3'..+4  : ,&,.-�3  .'"'*#$   7 /,)$0,)$$  #�.$ -
6,"#$4 ),9,-�#  (7 "-,.�#  #� �..+ ), �8,"/,6$3'(  -,&  "'&+&  )'3.�&,).�,  )'"/),*, ,.$,  
.'"'*#$  3 /",3*��!$!,..�&  " �,  /�  3",&7 ",6,.$<  #� �..+ . 

      �'#$&  �8)'5�& , 3+/� .,.$,  #�."-)7#2$$  &'""��8&,..�%  #� �..+  " �)$,.-' -
2$,% #�.7"�3  #�.$6,"#$4  ),9,-�#  3,)9$.'&$  33,)4  $ / '3'<=,%  .'"'*#�% , : ,&,.-+  #� -
-�)�%  $5��-�3 ,.+  3 3$*,  ��0)  $5 /,.�/� $&,).���  &'-,)$' ' , /)$  3+"�#$4  )'"4�*'4  
!$*#�%  0'5+  /�  ")'3.,.$<  "  )'"4�*�&  �'5'  �8,"/,6$3',-  /",3*��!$!,.$,  .'"'*#$  
&' �%  / �-.�"-$ ,  .,/),)+3.7<  3$8)'2$<  /�3,)4.�"-$  ��0) , .'  #�-�)+4  /)�$"4�*$-  
-,/ � -&'""��8&,..+,  /)�2,""+  &,!*7  �'5�3�%  $ !$*#�%  0'5'&$ , $ /�53� (,-  73, $6$-1   
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/)�$53�*$-, 1.�"-1  #� �..+  5' "6,-  $.-,."$3.���  /,),&,9$3'.$(   �'5�3�%   0'5+  " !$* -
#�"-1<  3 " �,  .'"'*#$  3 9$)�#�&  *$'/'5�.,  #� ,8'.$%  :-$4  )'"4�*�3  

 
�$" .1. �'""��8&,..'(  #� �..'  "  : ,&,.-�&  / '3'<=,%  .'"'*#$  

1-2$ $.*)$6,"#$%  #�)/7"  #� �..+ ; 2- #�.$6,"#$,  )'"/),*, $-, 1.+,  ),9,-#$ ; 
3- ')�6.+,  /)�),5$ ; 4- 3,)-$#' 1.+%  "-,)!,.1 ; 5- ��0)$)�3'..+,  : ,&,.-+  / '3'< -
=,% .'"'*#$ ; 6- ��)$5�.-' 1.'(  )'"/),*, $-, 1.'(  ),9,-#' ; 7,8- 9-72,)'  * (  /�*'6$  
$ 3+4�*'  �'5�3�%  0'5+ ;  9,10- 9-72,)'  * (  /�*'6$  $ 3+4�*'  !$*#�%  0'5+  

 
����������  
 
        1. ��*$�.�3  � .� . �,4.$#'  5'=$-+  �#)7!'<=,%  "),*+  : 76,8. * (  "-7* . 375�3. 2-,  $5*., 
/,),)'8 . $ *�/ ./ � .� . ��*$�.�3 , � .� . � 79$. , � .� . ��)�6,9.$#�3 . – � .: �$&$( , 1989. – 
519". 
        2. �'&& , � . � . �8"�)82$(  �'5�3  / � . � . �'&& . – �5* . 2-, , /,),)'8 . $ *�/ . – � . : �$&$( , 
1976. – 656 ". 
       3. �+-.,)"#$%  � .� . 	".�3.+,  /)�2,""+  $ '//')'-+  4$&$6,"#�% -,4.� ��$$ : 76,8. 
/�"�8$, ./� .� .�+-.,)"#$%  [$ *) .].–� .:� 1(." ,2008.–750". 
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���
����  
�����  &��!�#�����
���'  �������   
�����������  ���
�
�
  ���
"#��  «�
������ -5270G8» ��  
��
��  

������
����  ��"����
���'  '������������  
 

�-7* . �) . ��� - 398 �'.2,*' �3  � .� ., )7#.*�2 . �,).�3'  � .� . 
 
 
�7&  $ 3$8)'2$(  3 '3-�87",  &�!,-  $&,-1  .,"#� 1#�  /)$6$. . �'  /,)3�&  :-'/,  *$' -

�.�"-$#$  .,�84�*$&�  7"-'.�3$-1  $"-�6.$#  3$8)'2$$ : *3$�'-, 1 , "2,/ ,.$, , #�)�8#'  /, -
),*'6 , 5'*.$% &�"-  $ $  #')*'..+%  3' . 


,5�-#'5.'(  )'8�-'  '3-�87"�3  .'  &')9)7-,  3�5&�!.'  3 " 76',  /),*7/),!*,.$(  
'3')$%.+4  "4�*�3   " .,$"/)'3.�"-(&$  '�),�'-�3  -)'."&$""$$ . ��:-�&7  '#-7' 1.+&  (3 ( -
,-"(  "3�,3),&,..�,  *$'�.�"-$)�3'.$,  "�"-�(.$(  '�),�'-�3  /)$  /)�3,*,.$$  -,4.$6,"#���  
�8" 7!$3'.$( .� (  3+(".,.$(  "3(5$ &,!*7  .,$"/)'3.�"-(&$  #')*'..+4  /,),*'6 , 3�5.$ -
#'<=$4  3�  3),&(  :#"/ 7'-'2$$  $ /�#'5'-, (&$  3$8)'2$�..�%  '#-$3.�"-$  75 �3  -)'." -
&$""$$ .,�84�*$&�  /)�3,*,.$,  3$8)'2$�..�%  *$'�.�"-$#$  #')*'..�%  /,),*'6$  '3-�87"' . 

� (  3+8�)'  "),*"-3  *$'�.�"-$)�3'.$(  /)�3,*,.  '.' $5  /)$8�)�3 , $5&,)(<=$4  3$8-
)'2$�..+,  4')'#-,)$"-$#$ .  
 

1. !�/0�0�-12	  -�3/�
+0/  795� -107�  

 

�$" . 1. 	8=$%  3$* 3$8)�&,-)'  795� -107� . 

�' ��'8')$-.+%  3$8)�&,-)  795� 107�  /),*.'5.'6,.  * ( : 
– $5&,),.$(  /')'&,-)�3     (3$8)�7"#�),.$( ,   3$8)�"#�)�"-$ ,3$8)�"&,=,.$( ) 

)'8�-'<=,��  �8�)7*�3'.$(  3 *$'/'5�.,  6'"-�-  �-  2 �2  *�  10 ��2 ;  
– "/,#-)' 1.���  '.' $5'  "$�.' '  3$8)'2$$ .  
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�'8 $2'  1 – �')$'.-+  $"/� .,.$(  3$8)�&,-)'  
 


'5�3+%  (&�!,-  8+-1 )'"9$),.  
*�  "-'.*')-.��� ) 

�5&,),.$,  -� 1#�  3$8)�"#�)�"-$ , 3 *$'/' -
5�.,  10�2 -1000�2  

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

3$8)�7"#�),.$(  $ 3$8)�/,),&,=,.$(  $ .'"-)�%#$  
6'"-�-.���  *$'/'5�.'  $5&,),.$(  

�  /'&(-1<  
	8C,&  /'&(-$  – 4�8 ; 

�.-,)0,%"  /�*# <6,.$(  # ��  – USB. 

 
�)$8�)  &�!,-  :#"/ 7'-$)�3'-1"(  3  '8�)'-�).+4 , /)�$53�*"-3,..+4  $ /� ,3+4  

7" �3$(4  /)$  -,&/,)'-7),  �#)7!'<=,%  "),*+  �-  0 *�  +50°�  $ .'/)(!,.$$  $"-�6.$#'  /$ -
-'.$(  /�"-�(..���  -�#'  3,6 (±0.5)� . 

�,.'   3$8)�&,-)'  795� -107�  "�"-'3 (,-  34000 )78.  
 

2. !�/0�0�-12	  -�3/�
+0/  BALTECH VP-3410 
BALTECH VP-3410 – :-�  /�)-'-$3.'(3$8)�'//')'-7)'  * (  $5&,),.$(  3$8)'2$$  

(3$8)�-,"-,) ). �$8)�'//')'-7)'  *'..�%  ",)$$  $&,,-  3.,9.$%  *'-6$#  3$8)'2$$  "�,*$.,.  
#'8, ,&  " : ,#-)�..+&  8 �#�& . �$8)�-,"-,)  &�!,-  /)�$53�*$-1  $5&,),.$(  7"#�),.$( , 
"#�)�"-$  $ 3$8)�/,),&,=,.$( . 	.  /)$&,.(,-"(  * (  &�.$-�)$.�'  -,4.$6,"#���  "�"-�(.$(  
$ *$'�.�"-$#$  *,0,#-�3  &,4'.$6,"#���  �8�)7*�3'.$( . 

 
�$" . 2. 	8=$%  3$* 3$8)�&,-)  BALTECH VP-3410 

 
�'8 $2'  2 – �,4.$6,"#$,  4')'#-,)$"-$#$  3$8)�&,-)'  BALTECH VP-3410 
 

�5&,)(,&+,  /')'&,-)+  
3$8)�/,),&,=,.$, , &#&  

���  3$8)�"#�)�"-$ , &&/"  
3$8)�7"#�),.$, , &/"2 

�$'/'5�.  $5&,),.$%  
1-1999 (*3�%.�% )'5&'4 ); 0,1-199,9 (��� ) 

0,1-199,9 ('&/ $-7*' ) 

�'"-�-.+%  *$'/'5�.  

3$8)�/,),&,=,.$,  10�2 -1000�2  
3$8)�"#�)�"-$  10�2 -1000�2  

3$8)�7"#�),.$,  10�2 -1#�2 (Lo) 
3$8)�7"#�),.$,  1#�2 -10#�2 (Hi) 
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���),9.�"-1  $5&,),.$%  ±5%±2 
�$"/ ,%  ���  
�$-'.$,  �*.'  8'-'),(  6F22 9V 
�),&(  )'8�-+  30 6'"�3  .,/),)+3.�%  )'8�-+  
�$'/'5�.  )'8�6$4  -,&/,)'-7)  -5 0� …+45 0�  
�" �3$(  �#)7!'<=,%  "),*+  	-.�"$-, 1.'(  3 '!.�"-1 :<85% 
�'5&,)+  , && 138×68×30 
�,"  : ,#-)�..���  8 �#'  290�  
�3,-  #�)/7"'  /�  5'#'57 5, ,.+% /6,).+% /#)'".+%  
 
BALTECH VP-3410 &�!,-  /)�$53�*$-1  $5&,),.$(  .'  3+"�#�%  6'"-�-,  3 *$'/'5�.,  

1#�2 -10#�2  $ ),�$"-)$)�3'-1  2$0)�3+,  5.'6,.$(  3$8)'2$$  /�*9$/.$#�3+4  75 �3 . ���  
-,4.$6,"#$,  /')'&,-)+  "��-3,-"-37<-  &,!*7.')�*.+&  "-'.*')-'&  ISO:10816, #'#  $ *)7 -
�'(3$8)�'//')'-7)'  :-�%  ",)$$ . 

�,.'   3$8)�&,-)'  BALTECH VP-3410 "�"-'3 (,-  19000 )78. 
 
 3. !�/0�0�-12	  -�3/�
+0/  IMV VM-2004 NEO 

 
�$" . 3. 	8=$%  3$* 3$8)�&,-)'  VM-2004 NEO. 

 
�$.$ -3$8)�&,-)  VM-2004 NEO, /),*"-'3 (,-  "�8�%  .'"'*#7  )'5&,)'&$  "�  "/$ -

6,6.+% #�)�8�# , /�*# <6',&7<  # #')&'..�&7  /,)"�.' 1.�&7  #�&/1<-,)7 . �,"&�-)(  .'  
&' +,  )'5&,)+ , /)$8�)  $&,,-  &.�!,"-3�&  3�5&�!.�"-,% , 3 6'"-.�"-$ , /�53� (,-  �"7=, -
"-3$-1 " ,*7<=$,  07.#2$$ : 

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

– * (  �/),*, ,.$(  7#'5'..+4  /')'&,-)�3  *�"-'-�6.�  �*.���  5'&,)' ; 
– 1600  $.$% )'5),9,.$(  FFT /),�8)'5�3'-, (  /�53� (<-  /)�3�*$-1  5'&,)+  

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

– 7.$3,)"' 1.�"-1  $"/� 15�3'.$(  " )'5 $6.+&$  *'-6$#'&$ : NEO /�53� (,-  
)'8�-'-1  " /,)3$6.+&$  /),�8)'5�3'-, (&$  3$8)�/')'&,-)�3   <8+4  -$/�3 ; 

– $5&,),.$(  " �!.+4  7*').+4  /)�0$ ,% : /�" ,  5'/$"$  $ '.' $5'  .,#�-�)���  
&,4'.$6,"#���  /)�0$ (  "$"-,&'  /�53� (,-  5'*'3'-1  /�)���3+,  5.'6,.$(  /')'&,-)�3 , /)$  
/),3+9,.$$  #�-�)+4  $.$2$$)7<-"(  /�" ,*7<=$,  $5&,),.$( ; 

– /)$8�)  /�53� (,-  �2,.$3'-1  *'..+,  " /�&�=1<  3"-)�,..+4  #)$-,)$,3  
�2,.#$  *�"-�3,).�"-$ ; 

– 	2,.#'  "�"-�(.$(  /�*9$/.$#�3  �"7=,"-3 (,-"(  " /�&�=1<  537#�3���  &, -
-�*' : /)$  /)$"�,*$.,.$$  "/,2$' 1.+4  *'-6$#�3  $ .'79.$#�3  /)$8�)  /�53� (,-  /)�3� -
*$-1 /�*�8.+,  $5&,),.$( ; 
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– 3 /)�2,"",  $5&,),.$%  /)$8�)  �8,"/,6$3',-  3�5&�!.�"-1  *�"-7/'  # *)7�$&  
/)$ �!,.$(&  #')&'..���  /,)"�.' 1.���  #�&/1<-,)' , .'/)$&,) , Word, Exel, #' 1#7 (-�) ; 

– /�53� (,-  /,),*'3'-1  "�4)'.,..+,  *'..+,  6,),5  8'57 .'  /,)"�.' 1.+%  #�& -
/1<-,)  " /�&�=1<  /)$ �!,.$(  MicrosoftActiveSync. ��53� (,-  "�4)'.(-1  $.0�)&'2$<  3 
0�)&'-,  *.csv; 

– $&,,-"(  " �3')1  -,)&$.�3  3$8)'2$$ , .'� (*.'(  3$57' $5'2$(  /� 76',&�%  $ 
"�4)'.,..�%  $.0�)&'2$$ , ,,  /')'&,-)�3 . 

�'8 $2'  3 – �,4.$6,"#$,  4')'#-,)$"-$#$  3$8)�&,-)'  VM-2004 NEO 

��*, 1  
IMV Corp., 


/�.$(  

�$'/' -
5�.  6'"-�-  

�$'/'5�.  
$5&,),.$(  7"#� -

),.$(  

�$'/' -
5�.  $5&,),.$(  

"#�)�"-$  

�$'/'5�.  
$5&,),.$(  /,), -

&,=,.$(  

�2  &/"² &&/" && 

VM-
2004 NEO 

10 - 10 
000 

10 - 1 000 10 - 1 
000 

50 - 5 000 

�,.'  3$8)�&,-)'  VM-2004 NEO "�"-'3 (,-  7000 EURO. 
 

4. ��3/��1���4�0�/  ����/�0
 -03 

 
�$" . 4. 	8=$%  3$* 3$8)�&,-)'  «� ��)$-& -03». 

 
� ��)$-& -03 - /� .�"-1<  2$0)�3�%  97&�&,)  1 # '""'  -�6.�"-$  (�;�  61672 $ 

�	��  53188-1), 3$8)�&,-)  (��	  8041:2005, �	��  ��	  8041-2006) '.' $5'-�)  "/,#-)'  
(*�  20 #�2 ).  

�)$8�)  �-3,6',-  -),8�3'.$(&  ��	  2204 * (  3+/� .,.$(  $5&,),.$%  /),2$5$�. -
.+&  &,-�*�& . 

	.  /),*.'5.'6,.  * (  "-'.*')-.+4  $5&,),.$%  97&'  $ 3$8)'2$$ , :#� ��$6,"#���  
&�.$-�)$.�'  �#)7!'<=,%  "),*+ , �4)'.+  -)7*'  $ 5'=$-+  5*�)�31(   <*,%  �-  '#7"-$6,"#� -
��  $ 3$8)'2$�..���  3�5*,%"-3$( , -,4.$6,"#���  #�.-)� (  "�"-�(.$(  &'9$. . � ��)$-& -03 
/),*.'5.'6,.  -,& , #�&7 .,�84�*$&  97&�&,)  $ 3$8)�&,-)  1 # '""'  -�6.�"-$  * (  3+/� -
.,.$(  "-'.*')-.+4  $5&,),.$% . 

� ��)$-& -03 - '.' ��  /)$8�)'  SVAN-959. 	".�3.�,  �- $6$,  :-$4  /)$8�)�3  3 -�& , 
6-�  � ��)$-& -03 /�"-'3 (,-"(  " &$#)�0�.�& , /)�$53�*"-3'  0$)&+  ACO Pacific, $ �.  .,  
$&,,-  3�5&�!.�"-$  $5&,)(-1  .'/)(!,.$,  : ,#-)$6,"#$4  "$�.' �3 , /�*'3',&+4  ,&7 .'  
34�*.7<  2,/1 . ��" ,*.,,  .,  /�53� (,-  $"/� 15�3'-1  ,��  * (  .,#�-�)+4  /)$ �!,.$%  #'# 
/)$8�)  SVAN-959. ��:-�&7 , � ��)$-& -03 /),*"-'3 ((  "�8�%  8<*!,-.7<  3,)"$<  /)$8�)'  
SVAN-959, (3 (,-"(  /)$8�)�&  3+"�#���  # '""' . 

�-'.*')-.+%  #�&/ ,#-  /)$8�)'  � ��)$-& -03 /�"-'3 (,-"(  " .'8�)�&  $.-,�)$)7 -
<=$4  $ #�)),#-$)7<=$4  0$ 1-)�3  3 ),!$&'4  ���	���  $ ��
�	����  $ .'8�)�&  
/� �"�3+4  1/1 $ 1/3 �#-'3.+4  0$ 1-)�3  * (  3+/� .,.$(  "/,#-)' 1.���  '.' $5'  3 ),!$&,  
��������	�  ������� . �7.#2$$  75#�/� �".���  
��  '.' $5' , '#7"-$6,"#���  *�5$ -
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&,-)'  $ $5&,),.$(  3),&,.$  ),3,)8,)'2$$  &��7-  8+-1 3# <6,.+  3 #�&/ ,#-  /)$8�)'  #'#  
*�/� .$-, 1.+,  �/2$$ . 

�  ),!$&,  ��
�	����  .'8�)  #�)),#-$)7<=$4  0$ 1-)�3  "��-3,-"-37,-  /�" ,* -
.$&  �	��'&  31191.1 $ 2. �  "�6,-'.$$  " *,-,#-�)�&  RMQ /)$8�)  /�53� (,-  3+/� .(-1  
/)(&�,  $5&,),.$,  *�5+  3$8)'2$$  VDV $ &'#"$&' 1.���  5.'6,.$(  MTVV. 

� ��)$-& -03 3+/� .(,-  $5&,),.$,  97&'  $ 3$8)'2$$  3 -)@4 .,5'3$"$&+4  /)�0$ -
 (4 , 6-�  �5.'6',-  3�5&�!.�"-1  3+/� .(-1  "&.���&,).+% " '.' $5  $5&,)(,&���  "$�.' ' . 
�'  /)'#-$#,  :-�  /�53� (,-  /� 15�3'-, <  �*.�3),&,..�  $5&,)(-1  '#7"-$6,"#$,  $ 3$8)' -
2$�..+,  3, $6$.+  Leg, SPL, SEL, Lmax, Lmin, Lpeak, ��� , Peak, VDV, MTVV c )'5 $6 -
.+&$  3,"�3+&$  #�)),#-$)7<=$&$  0$ 1-)'&$ . �  :-'  3�5&�!.�"-1  6),53+6'%.�  3'!.' , 
#�*'  -),87,-"(  ")'3.,.$,  $5&,),.$% . ;-�  6),53+6'%.�  3'!.�  * (  ��""$$ , /�"#� 1#7  3 
.�)&$)�3'.$$  $&,<-"(  .�)&'-$3.+,  '#-+ , 8'5$)7<=$,"(  .'  /� �!,.$(4  ��	  8041:1990 
$ ��	  8041:2005. �  :-�&  " 76', , /)$8�)  � ��)$-& -03 /),*�"-'3 (,-  3�5&�!.�"-1  �*.� -
3),&,..�  3+/� .$-1  $5&,),.$(  " )'5.+&$  #�)),#-$)7<=$&$  0$ 1-)'&$ , ")'3.$-1  ), -
57 1-'-+  $ �2,.$-1  3�5&�!.+,  �- $6$(  /)$  3+/� .,.$$  $5&,),.$%  /�  )'5.+&  "-'.*') -
-'& . 

�3(51  /)$8�)'  " #�&/1<-,)�&  �"7=,"-3 (,-"(  " /�&�=1<  /)��)'&&+  SvanPC++ 
6,),5  /�)-+  RS-232, USB, USB HOST, IrDA ($.0)'#)'".+%  /�)- ). ;-�  !,  /)��)'&&.�,  
�8,"/,6,.$,  /�**,)!$3',-  7*' ,..�,  �8=,.$,  " /)$8�)�&  6,),5  8,"/)�3�*.7<  GPRS 
"3(51. �  /)��)'&&,  SvanPC++ �"7=,"-3 (,-"(  *�/� .$-, 1.'(  �8)'8�-#'  ),57 1-'-�3  $5-
&,),.$% . 

�)$8�)  � ��)$-& -03 /),*.'5.'6,.  * ( : 
– $5&,),.$(  �8=,%  $  �#' 1.�%  3$8)'2$$  3 /)�$53�*"-3,..+4  7" �3$(4 ; 
– $5&,),.$(  97&'  $ 3$8)'2$$  3 !$ +4  /�&,=,.$(4  $ .'  ", $-,8.�%  -,))$ -

-�)$$ ;$5&,),.$(  $&/7 1".���  $ -�.' 1.���  97&' ;$5&,),.$(  7*').�%  3$8)' -
2$$;$5&,),.$(  *�5$&,-)$6,"#$4  /')'&,-)�3  97&'  $ 3$8)'2$$ ;$5&,),.$(  97&�3+4  $ 
3$8)'2$�..+4  4')'#-,)$"-$#  $"-�6.$#�3 ;'.' $5'  '#7"-$6,"#$4  $ 3$8)'2$�..+4  "$�.' �3  
3 1/1, 1/3 $ 75#�/� �".�&  "/,#-)'4 ;"-'-$"-$6,"#���  '.' $5'  $5&,)(,&+4  5.'6, -
.$%;$5&,),.$(  3),&,.$  ),3,)8,)'2$$  RT60 /�  -)@& #�:00$2$,.-'&  EDT, RT20 $ RT30 3 
"��-3,-"-3$$  " ��	  3382-2:2008;#�.-)� (  -,4.$6,"#���  "�"-�(.$(  &'9$.  3 "��-3,-"-3$$  
" -),8�3'.$(&$  �	��  ��	  10816-1-97 $ �	��  ��	  2954-97;5'/$"$  $"-�)$$  $5&,),.$(  " 
)'5),9,.$,&  *�  500 5.'6,.$%  3 ",#7.*7 ;5'/$"$  $5&,)(,&+4  "�8+-$% 3 '7*$�  0�)&'-,  * (  
/�" ,*7<=,��  /)�" 79$3'.$(  $ �8)'8�-#$ . 

 
�'8 $2'  4 – �,4.$6,"#$,  4')'#-,)$"-$#$  3 ),!$&,  3$8)�&,-)'  

�5&,)(, -
&+,   5.'6,.$(  

 ��� , VDV, MTVV, MAX, ��� , ��� -��� , 3$8)�7"#�),.$, , 
3$8)�"#�)�"-1 ,  3$8)�/,),&,=,.$,  

�'"-�-.+%  
 *$'/'5�.  

 �-  0,5 �2  *�  20 000 �2 , ),' 1.�  $5&,)(,&+% *$'/'5�.  5'3$"$-  
�-  6'"-�-.�%   4')'#-,)$"-$#$  $"/� 157,&���  '#", ,)�&,-)'  

�$'/'5�.  
 $5&,),.$%  

 �-  0,001 &/"2 *�  500 &/"2 (�-  60 *
  *�  174 *
 , �-. . 10-6 &/"2) " 
 '#", ,)�&,-)�&  3185D 

�$.,%.+,  
 )'8�6$,   *$'/' -
5�.+  

 *3'  *$'/'5�.' :  60 *
  - 160 *
 ; 80 - 180 *
  

�'"-�-.+,  
 #�)),#2$$  
 (0$ 1-)+ ) 

 W-Bz, W-Bxy, W-Bc, H-A - #�)),#-$)7<=$,  0$ 1-)+  "��- -
3,-"-37<-   -),8�3'.$(&  ��	  8041:1990 $ ��  2.2.4/2.1.8.566-96 "�)� -
$53�*"-3,..'(   3$8)'2$( , 3$8)'2$(  3 /�&,=,.$(4  !$ +4  $ �8=, -
"-3,..+4  5*'.$%» 

 Wk, Wd, Wc, We, Wj, Wm, Wb, Wg, Wh - #�)),#-$)7<=$,  
0$ 1-)+   -),8�3'.$(&$  ��	  8041:1999, �	��  ��	  8041-2006, �	��  
12.1.012-2004,  �	��  31191.1-2004, �	��  31192.1-2004 
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�'5)'8�-'.'  &,-�*$#'  /)�3,*,.$(  $5&,),.$%  " 76@-�& -),8�3'.$%  -,4.$#$  8,5-
�/'".�"-$ . �"" ,*�3'.$,  87*,-  /)�3�*$-1"(  .'  '3-�87",  «�� !'.$. -5270G8» " /�&�=1<  
/)$8�)'  3$8)�'.' $5'-�)'  «� ��)$-& -03». 

�$8)�'.' $5'-�)  «� ��)$-& -03» $5&,)(,-  3$8)'2$<  �*.�3),&,..�  " -),&(  /)� -
0$ (&$  .'"-)�,# . �"/� 15�3'.$,  /)�0$ ,%  /�53� (,-  33,"-$  3 /)$8�)  -)$  )'5.+, , .,5' -
3$"$&+,  *)7�  �-  *)7�' , .'"-)�%#$ , $ �*.�3),&,..�  $5&,)(-1  �*$.  $ -�-  !,  "$�.'  "  76@-
-�&  :-$4  .'"-)�,# . �'*'6,%  3$8)'2$�..+4  $"" ,*�3'.$%  (3 ( �"1  3+(3 ,.$,  $ )'"/� -
5.'3'.$,  �/'".+4  #� ,8'.$% , $"-�6.$#�3  :-$4  #� ,8'.$%  $ /)$6$.  3�5.$#.�3,.$(  #� , -
8'.$%. 

�5&,),.$(  87*7- /)�3�*$-1"(  3 ���  ���  B 1732 � . �� !"#���  .'  /�"-7  3 5�.,  
),&�.-'  .'  '3-�87",  «�� !'.$. -4298G2» �  /)�2,"",  /)�3,*,.$(  $5&,),.$% , '3-�87"  
.'4�*$-"(  .'  "&�-)�3�%  (&, . �  $"" ,*�3'.$$  76'"-37<- 3 6, �3,#' : 3�*$-, 1 ,  '8�)'.-  " 
/)$8�)�&  $ "-7*,.- -$"" ,*�3'-, 1 , 76'"-37<=$%  3 /)�2,"",  $5&,),.$% . 

�5&,),.$(  /)�3�*(-"(  3 6,-+),4  #�.-)� 1.+4  3,)-$#' 1.+4  -�6#'4  (" /,),# <6, -
.$,&  .'  8 �#,  /)$8�)'  �"$  $5&,),.$(  – X, Y, Z). �4,&'  -�6,#  #),/ ,.$(  *'-6$#'  /)$  5'-
&,)'4  ($5&,),.$(4 ) 3$8)�7"#�),.$%  /),*"-'3 ,.'  .'  )$"7.#,  5. 

 

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

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

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

�$8)�7"#�),.$,  $5&,)(,-"(  3 &/",# 2 $ 4')'#-,)$57,-  "$ �3�,  *$.'&$6,"#�,  35'$-
&�*,%"-3$,  : ,&,.-�3  3.7-)$  '�),�'-' , 3+5+3'<='(  3$8)'2$< . �)$&,.,.$,  3$8)�7"#� -
),.$(  -,�),-$6,"#$  $*,' 1.� , -'#  #'#  ,��  .,  .7!.�  "/,2$' 1.�  /),�8)'5�3+3'-1 .  

�,*�"-'-#�&  (3 (,-"(  -� , 6-�  * (  .,��  .,-  /)'#-$6,"#$4  )'5)'8�-�#  /�  .�)&'&  $ 
/�)���3+&  7)�3.(& , .,-  �8=,/)$.(-���  0$5$6,"#���  $ "/,#-)' 1.���  -� #�3'.$(  �" -
.�3.+4  �"�8,..�"-,%  /)�(3 ,.$(  3$8)�7"#�),.$( . ��:-�&7  '.' $5  "�"-�(.$(  �8�)7*�3' -
.$(  /�  #'6,"-3,..+&  $ #� $6,"-3,..+&  /')'&,-)'&  3$8)�7"#�),.$(  - *, �  87*7=,�� .   

�  *' 1.,%9,& , $"/� 157(  :-$  *'..+,  3$8)�7"#�),.$%  * (  *'..�%  &')#$  '3-�87"�3 , 
/ '.$)7,-"(  /)�3�*$-1  *$'�.�"-$#7  .'  *)7�$4  '3-�87"'4  /)$  "4�*'4  " ),&�.-�&  $ $  /)$  
3+/� .,.$$  �	 -2, 6-�  /�53� $-  3+(3 (-1  .,$"/)'3.�"-$  #')*'..+4  /,),*'6  $ /),*7/), -
!*'-1  '3')$%.+,  "4�*+  " &')9)7-�3 .  

�5&,),.$(  /)�3�*(-"(  /)$  /�**�&#)'6,..+4  5'*.$4  #� ,"'4  .'  4� �"-�&  4�*7  
*3$�'-, (  /)$  )'5 $6.+4  �8�)�-'4  #� ,.6'-���  3' '  *3$�'-, (   

�5&,),.$(  3 #'!*�%  #�.-)� 1.�%  -�6#,  /)�3�*(-"(  /�  -),&  �"(&  � , Y, Z. ��  �"$  �  
/)$8�)  0$#"$)7,-  #� ,8'.$(  '�),�'-�3  -)'."&$""$$  3 ��)$5�.-' 1.�%  / �"#�"-$  /')' -
 , 1.�  �"$  #� @"; /�  �"$  Y 0$#"$)7,-  #� ,8'.$(  /')'  , 1.�  �"$  '3-�87"' ; /�  �"$  Z 0$#-
"$)7,-  #� ,8'.$(  3 3,)-$#' 1.�%  / �"#�"-$ , /,)/,.*$#7 ().�  / �='*#,  $ $  *�)��, . 
�)�*� !$-, 1.�"-1  $5&,),.$%  /�  #'!*�%  �"$  "�"-'3 ( �  30 ",#7.* .   

�),&,..'(  $"-�)$(  $5&,),.$(  /�  #'!*�&7  /)�0$ <  5'/$"+3',-"(  3 0'% +  870,) -
.�%  /'&(-$  $ $  .'  3.,9.<<  0 :9 -/'&(-1 , /�*# <6',&7<  # /)$8�)7  6,),5  HOST USB 
/�)- , 6-�  /�53� (,-  /� 76$-1  $ 5'/$"'-1  3"<  $.0�)&'2$<  �8  $5&,)(,&�&  "$�.' ,  $ /�* -
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��-�3$-1  /)�-�#�  $5&,),.$% . 	8)'8�-#'  5'/$"'..�%  $.0�)&'2$$  " )'"6@-�&  .,�84�*$ -
&+4 3$8)'2$�..+4  /')'&,-)�3  �"7=,"-3 (,-"(  " /�&�=1<  "/,2$' 1.�%  /)��)'&&+  
SVAN PC+ .'  /,)"�.' 1.�&  #�&/1<-,), .  

	"�8,..�"-(&$  /)��)'&&.���  �8,"/,6,.$(  SvanPC+ (3 (<-"( : 
-  3+�)75#'  *'..+4  $5 /)$8�)'  3 #�&/1<-,) ; 
-  /)�"&�-)  .'"-)�,#  /)$8�)'  $ ),57 1-'-�3  $5&,),.$%  (�)'0$#$ , -'8 $2+ ); 
-  .'"-)�%#'  /)$8�)'  " #�&/1<-,)'  (&�*7 1  /�&�=.$#'  .'"-)�%#$ ). 
 
����������  
1. �7#�3�*"-3�  /�  :#"/ 7'-'2$$  97&�&,)' , 3$8)�&,-)'  $ '.' $5'-�)'  "/,#-)'� -

��)$-& -03 (� ��)$-& -03-001�; ) // ��	  «� ��)$-& -�#7"-$#' ». – ��"#3' . 
 
 
 

�������  5S ���  ���
�  �������  !
���*  ���#��
�   
��  !���!�� ���   

 
� . � . �$ $//�3' , #.: .. ., *�2,.-  #'0,*)+  �;�  ���  

� . � . �7*)(9�3' , &'�$"-)  #'0,*)+  �;�  ���  
 

 
�,��*.(  8� 19$."-3�  /),*/)$(-$%  7*, (<-  �"�8�,  3.$&'.$,  /)�$53�*"-3,..+&  

$5*,)!#'& , (3 (<=$&$"(  3'!.,%9$&$  0'#-�)'&$  :00,#-$3.�"-$  /)�$53�*"-3' . � (  
�8,"/,6,.$(  3+"�#�%  #�.#7),.-�"/�"�8.�"-$  .'  )+.#,  /),*/)$(-$(  3",  6'=,  /)$&,.(<-  
3 "3�,% *,(-, 1.�"-$  : ,&,.-+  8,),! $3���  /)�$53�*"-3' . 

�.,*),.$,  8,),! $3���  /)�$53�*"-3'  /�53� (,-  /�"-�(..�  7 769'-1  /)�$53�* -
"-3,..+,  /)�2,""+  .'  /)�&+9 ,..�&  /),*/)$(-$$ .  


,),! $3�,  /)�$53�*"-3�  /),*"-'3 (,-  "�8�%  .�3+%  /�*4�*  # 7/)'3 ,.$<  �)�'.$ -
5'2$,%, #�-�)+%  .'/)'3 ,.  .'  /�3+9,.$,  :00,#-$3.�"-$  $ #'6,"-3'  )'8�-+  " /�&�=1<  
"�#)'=,.$(  /�-,)1 . �'..+%  /�*4�*  )'"/)�"-)'.(,-"(  .'  3",  3$*+ *,(-, 1.�"-$  – �-  /)� -
,#-$)�3'.$(  $ /)�$53�*"-3' , *�  ),' $5'2$$  /)�*7#2$$ . 	".�3.'(  $*,(  8,),! $3���  /)� -
$53�*"-3'  – �2,.#'  2,..�"-$  /)�*7#-'  .'  3",4  :-'/'4  ,��  /)�$53�*"-3' .  

�  "��-3,-"-3$$  " #�.2,/2$,%  8,),! $3���  /)�$53�*"-3' , 3"<  *,(-, 1.�"-1  /),* -
/)$(-$(  *, (-  .'  �/,)'2$$  $ /)�2,""+ , *�8'3 (<=$,  2,..�"-1  /)�*7#2$$  * (  /�-),8$-, -
 (  $ $  !,  .,  *�8'3 (<=$, . �<8'(  �/,)'2$(  $ $  :-'/  �/),*, ,..���  /)�2,""'  /)�$53�* -
"-3'  87*7- "�5*'3'-1  2,..�"-1  * (  # $,.-' , -� 1#�  3 -�&  " 76', , ," $  �.  ��-�3  5' .,,  / ' -
-$-1. �" $  /)�$"4�*$-  $.�, , -�  :-�  (3 (,-"(  /�-,),% , 6-� , "�� '".�  (/�."#�%  -,�)$$ , 
.'5+3',-"(  MUDA [1]. 

	".�3.'(  5'*'6'  8,),! $3���  /)�$53�*"-3'  5'# <6',-"(  3 "�5*'.$$  /)�2,""'  ., -
/),)+3.���  7"-)'.,.$(  /�-,)1 , -�  ,"-1   $#3$*'2$$   <8+4  *,%"-3$%, /�-),8 (<=$4  ), -
"7)"+ , .�  .,  "�5*'<=$4  /)$  :-�&  2,..�"-$  /)�*7#2$$ . �"-)'.,.$,  /�-,)1  73, $6$3',-  
*� <  *,%"-3$%, *�8'3 (<=$4  2,..�"-1 , '  5.'6$- , 73, $6$3',-  /)�$53�*$-, 1.�"-1  $ :0 -
0,#-$3.�"-1  /)�2,""'  [2].  

�7=,"-37,-  # '""$0$#'2$(  /�-,)1  /�  -,�)$$  8,),! $3���  /)�$53�*"-3' , #'!*+%  
: ,&,.-  #�-�)�%  -),87,-  �"�8���  3.$&'.$( . �,)3+%  -$/  78+-#�3  – :-�  -)'."/�)-$)�3#'  – 
/,),&,=,.$,  "+)1( , $ $  ��-�3�%  /)�*7#2$$ , .,  *�8'3 (<=,,  2,..�"-$  /)�$53�*$&�&7  
3$*7 /)�*7#2$$ . �'2$�.' 1.�,  )'"/� �!,.$,  �".�3.���  $ 3"/�&��'-, 1.���  �8�)7*�3' -
.$(  /�&��',-  "�#)'-$-1  #� $6,"-3�  -)'."/�)-$)�3�# . 

� ,*7<=$%  3$* /�-,)1  – "# '*$)�3'.$,   <8+4  &'-,)$' �3 , "+)1(  $ $  /)�*7#2$$ , 
3 �8C,&, , /),3+9'<=,&  .,�84�*$&�"-1  * (  �"7=,"-3 ,.$(  -,#7=,��  /)�2,""' . �58+ -
-�6.+,  5'/'"+  -),87<-  "# '*�3  $ ),"7)"�3  * (  $4 "�*,)!'.$( , " ,*�3'-, 1.� , :-�  -'#!,  
/)�3�*$-  # /�-,)(& .  
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�<8+,  *3$!,.$(  6, �3,#' , #�-�)+,  .,  *�8'3 (<-  2,..�"-$  /)�*7#-7  $ $  7" 7�, , 
-'#!,  (3 (<-"(  78+-#'&$ , �- $6'("1  �-  -)'."/�)-$)�3#$  -,& , 6-�   $9.$,  *3$!,.$(  – :-�  
/�-,)$ , "3(5'..+,  " *3$!,.$,&   <*,% , '  -)'."/�)-$)�3#'  – /�-,)$ , 3�5.$#9$,  $5-5' /, -
),&,=,.$(  &'-,)$' �3 . �+(3 ,.$,  :-���  3$*'  /�-,)1 , "3(5'..���  " *3$!,.$(&$   <*,% , 
�"�8,..�  3'!.�  * (  /�3+9,.$(  #'6,"-3'  $ /)�$53�*$-, 1.�"-$  -)7*' , "�#)'=,.$(  )$"#�3  
$ .,"6'"-.+4  " 76',3 .  

	!$*'.$,  – :-�  /)�"-'$3'.$,  /�  /)$6$.,  .,43'-#$  &'-,)$' �3 , �-"7-"-3$(  $.0�) -
&'2$$ , .,$"/)'3.�"-$  �8�)7*�3'.$(  $ $  .,*�"-7/.�"-$  )'8�-.$#�3 .  

�5 $9.((  �8)'8�-#'  3�5.$#',-  3" ,*"-3$,  3+/� .,.$(  8,"/� ,5.+4  * (  /)�*7#-'  
$ $  7" 7�$  �/,)'2$% , 5'*'.$% . �5 $9.((  �8)'8�-#'  /)$3�*$-  # /�-),8 ,.$<  8� 19,��  
#� $6,"-3'  ),"7)"�3 , 6,& -),87,-"(  * (  $5��-�3 ,.$(  /)�*7#-'  $ $  /),*�"-'3 ,.$(  ), -
"7)"' . ;-$  /�-,)$  -)7*.,,  3",��  �/),*, $-1 , /�-�&7 , -'#  #'#  5'6'"-7<  �.$  3�5.$#'<-  /�  
/)$6$.,  .,/�.$&'.$(  -),8�3'.$(  5'#'56$#'  $ $  /�-�&7 , 6-�  �/),*, ,..+%  ' ��)$-&  $"-
/� 157,-"(  *'3.�  $ &�*,).$5'2$(  /�#'  .,  )'""&'-)$3',-"(  #'#  $."-)7&,.-  ),9,.$(  /)� -
8 ,&+ . 

��5.$#.�3,.$,  *,0,#-�3  3 " 76',  .')79,.$( , -,4.� ��$$  /)�$53�*"-3' , $5.�"'  
�8�)7*�3'.$( , /�)6$  &'-,)$' �3  (3 (,-"(  �*.$&  $5 3$*�3  /�-,)1 . �"-)'.,.$,  *,0,#-�3  $ 
*�)'8�-#'  /)�*7#2$$  – *,%"-3$( , -),87<=$,  *�/� .$-, 1.+4  ),"7)"�3  $ )'5)'8�-#$  �- -
*, 1.+4  /)�2,""�3  [3]. 

��" ,*�3'-, 1.�"-1  �2,.#$  2,..�"-$  /)�*7#-'  $ 7"-)'.,.$,  *,%"-3$%, .,  /)$.� -
"(=$4  2,..�"-$  3 8,),! $3�&  /)�$53�*"-3, , " ,*7<=$, : 

-  �/),*, ,.$, , 6-�  "�5*',-  2,..�"-1  /)�*7#-'  " -�6#$  5),.$(  #�.,6.���  /�-),8 , -
.$( , -),8�3'.$%  5'#'56$#' ; 

- �/),*, ,.$,  .,�84�*$&+4  *,%"-3$% 3 2,/�6#,  /)�$53�*"-3'  /)�*7#2$$  – * (  �/ -
-$&$5'2$$ )'8�-+  $ 3+(3 ,.$(  /�-,)1  3'!.�  *,-' 1.�  �/$"'-1  3",  *,%"-3$(  �-  &�&,.-'  
/� 76,.$(  5'#'5' , *�  /�"-'3#$  #�.,6.�%  /)�*7#2$$  /�-),8$-, < . �  :-�&  " 76', , -'#!,  
&�!.�  �/),*, $-1  /�-,.2$' 1.+,  3�5&�!.�"-$  * (  7 769,.$(  /)�2,""�3 .  

- $5&,.,.$(  *,%"-3$% 3 2,/�6#,  /)�$53�*"-3'  -'#$&  �8)'5�& , 6-�8+  �.$  /),*"-'3 -
 ( $  "�8�%  /�-�#  /�" ,*�3'-, 1.+4  *,%"-3$%. �,%"-3$(  3 *'..�&  /)�2,"",  &�!.�  3+-
"-)�$-1  -'#$&  �8)'5�& , 6-�8+  &,!*7  �/,)'2$(&$  .,  8+ �  �!$*'.$% , /)�"-�,3  $ *)7�$4  
/�-,)1 .  

� (  -��� , 6-�8+  &$.$&$5$)�3'-1  $ $  /� .�"-1<  7"-)'.$-1  3�5&�!.+,  /�-,)$  
.,�84�*$&�  3.,*)$-1  "$"-,&7  5S.  

�$"-,&'  5S .'9 '  "3�,  /)$&,.,.$,  .'  �#2$�.,).�&  �8=,"-3,  «�� !"#$%  -)78 -
.+% 5'3�* ». 

�#2$�.,).�,  �8=,"-3�  «�� !"#$%  -)78.+%  5'3�* » (�	  «��� »), 34�*(=$%  3 "� -
"-'3  �)78.�%  �,-'  7)�$6,"#�%  ��&/'.$$  (��� ), (3 (,-"(  #)7/.,%9$&  /),*/)$(-$,&  
�� ���)'*"#���  ),�$�.' .  

�	  «��� » /)�$53�*$-  8� ,,  800 -$/�)'5&,)�3  -)78  )'5 $6.���  .'5.'6,.$( : 8," -
9�3.+,  -)78+  * (  .,0-,�'5�3�% , 4$&$6,"#�%, .,0-,4$&$6,"#�% , '3-�&�8$ 1.�%  �-)'" -
 ,%, * (  &'9$.�"-)�,.$( , -,/ �:.,)�,-$#$ ; : ,#-)�"3').+,  "/$)' 1.�9�3.+,  $ /)(&� -
9�3.+,  -)78+  8� 19���  *$'&,-)'  * (  "-)�$-, 1"-3'  &'�$"-)' 1.+4  .,0-,�'5�/)�3�*�3 .  

�  "�"-'3  �	  «��� » 34�*(-  5 �".�3.+4  2,4�3  (: ,#-)�"-' ,/ '3$ 1.+% , -)$  -)78� -
/)�#'-.+4  $ -)78�: ,#-)�"3')�6.+% ), 26 3"/�&��'-, 1.+4  $ �8" 7!$3'<=$4  /)�$5 -
3�*"-3 , )'53$-'(  "�2$' 1.'(  $.0)'"-)7#-7)' . 

�,' $5'2$(  /)�,#-'  /�  3.,*),.$<  /)�,#-'  8,),! $3���  /)�$53�*"-3'  .'6' '"1  3 
2014 � .  

�'  /,)3+4  :-'/'4 , " 2, 1<  /� 76,.$(  /� �!$-, 1.���  :#�.�&$6,"#���  :00,#-'  .'  
/)$&,)'4  *�"-$�.7-���  ),57 1-'-'  8+ $  "�5*'.+  /�#'5'-, 1.+,  /)�$53�*"-3,..+,  76'"- -
#$. ���-3,-"-37<=$&$  /� .�&�6$(&$  8+ $  .'*, ,.+  �-3,-"-3,..+,   $2'  $ )'5)'8�-'.+  
*�#7&,.-$)�3'..+,  )7#�3�*"-3'  /�  3.,*),.$<  8,),! $3���  /)�$53�*"-3'  .'  /)�$53�* -
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"-3,..+4  / �='*#'4 . �'#  !,  8+  /,),#3' $0$2$)�3'.  /,)"�.'  /),*/)$(-$(  /�  #�.2,/ -
2$(& 8,),! $3���  /)�$53�*"-3' .  

�  2015 � . �"�8�,  3.$&'.$,  8+ �  7*, ,.�  $5&,.,.$<  #7 1-7)+  /)�$53�*"-3'  – 
3.,*),.$<  "$"-,&+  5S .'  )'8�6$4  &,"-'4  $ �876,.$<  /,)"�.' '  3 �".�3.+4  2,4'4 . �� -
&$&�  ),' $5'2$$  )'8�-  /�  3.,*),.$<  $."-)7&,.-�3  "$"-,&+  5S 3 /�*)'5*, ,.$(4  5'3�*'  
8+ '  /)�3,*,.'  )'8�-'  /�  73, $6,.$<  #� $6,"-3'  #�&/,-,.-.���  /,)"�.' '  3 �8 '"-$  
«�$.  �,"-1  �$�& ».   

�  2016 � .   /�&$&�  �".�3.+4  /�*)'5*, ,.$% , # 3.,*),.$<  "$"-,&+  5S   /)$"-7/$ $  
���  $ ��� .  �,".'(  "3(51 $ 35'$&�*,%"-3$,  *'..+4  /�*)'5*, ,.$%  " �".�3.+&$  2,4'&$  
.,  /�53� $ $  $& �"-'-1"(  3 "-�)�., . 

�,.-)' 1.'(   '8�)'-�)$(  &,-)� ��$$  (��� ) – :-�  /�*)'5*, ,.$,  3 07.#2$$  #�-� -
)�% 34�*$-  �8,"/,6,.$,  ,*$."-3'  $ -),87,&�%  -�6.�"-$  $5&,),.$% , /�3+9,.$,  7)�3.(  
&,-)� ��$6,"#���  �8,"/,6,.$(  /)�$53�*"-3' , #' $8)�3#'  "),*"-3  $5&,),.$% . 

��3+9,.$,  #'6,"-3'  3+/� .(,&+4  )'8�-  &,-)� ��$6,"#�%  " 7!8�%  /),*/)$(-$(  
�-.�"$-"(  # �*.�&7  $5 �".�3.+4  0'#-�)�3  :00,#-$3.�"-$  /)�$53�*"-3' , 6-�  �/),*, (,-  
'#-7' 1.�"-1  3.,*),.$(  8,),! $3���  /)�$53�*"-3' .  

��" ,  3.,*),.$(  "$"-,&+  5S )'8�-'  87*,-  8� ,,  :00,#-$3.�% , '  3+/7"#',&'(  /)� -
*7#2$( 87*,-  8� ,,  #'6,"-3,..�% . 	!$*',&+,  ),57 1-'-+ : #�&0�)-.+,  $ 7*�8.+,  7" � -
3$( * (  )'8�-+ , /�3+9,.$,  /)�$53�*$-, 1.�"-$  -)7*'  )'8�6$4 , /�3+9,.$,  #'6,"-3'  �" -
.�3.+4  $ *�/� .$-, 1.+4  �/,)'2$% , ".$!,.$,  .,"6'"-.+4  " 76',3 , :#�.�&$(  3),&,.$ , 
"�#)'=,.$,  /�-,)1  [4, 5]. 

�,' $5'2$(  "$"-,&+  8,),! $3���  /)�$53�*"-3'  .,  &�!,-  (3 (-1"(  )'5�3+&  &,)� -
/)$(-$,& . �7.#2$�.$)�3'.$,  :-�%  "$"-,&+  .,�84�*$&�  /�"-�(..�  /�**,)!$3'-1  5' "6,-  
/�$"#'  $ 7"-)'.,.$(  /�-,)1 . 

 

�
��	�����������  ����	�  

 
1. �7&,# , �!,&"  � . 
,),! $3�,  /)�$53�*"-3� : �'#  $58'3$-"(  �-  /�-,)1  $ *�8$-1"(  

/)�23,-'.$(  3'9,%  #�&/'.$$  / �!,&"  � . �7&,# , �:.$,  � . �!�."  /�,) . " '.� . – � .: � 1 -
/$.'  
$5.,"  
7#" , 2004. – 473 ". 

2. �$#7 (# , 	 . 
 . �.,*),.$,  $..�3'2$�..�%  "$"-,&+  &,.,*!&,.-'  .'  �".�3,  #�. -
2,/2$$  8,),! $3���  /)�$53�*"-3'  (Lean Production): 8 3$*�3  /�-,)1 (MUDA) / 	 . 
 . �$ -
#7 (# , � . 	 .  ��.#$4  // �� �*�%  76,.+%. – 2016. – B 14. – � . 366-368. 

3. �)$6$.+  $ /�" ,*"-3$(  7 3$*�3  /�-,)1  [; ,#-)�..+%  ),"7)" ]. – �,!$&  *�"-7/' : 
http://www.leaninfo.ru/2012/11/02/prichinyi-i-posledstviya-7-vidov-poter/  

4. 
���(3 ,."#'( , � . � . 	8�".�3'.$,  3�5&�!.�"-$  /)$&,.,.$(  $."-)7&,.-�3  8, -
),! $3���  /)�$53�*"-3'  * (  /�3+9,.$(  :00,#-$3.�"-$  $"/� 15�3'.$(  -)7*�3+4  ),"7) -
"�3   / � . � .  
���(3 ,."#'(  // �� �*�%  76,.+%. – 2015. – B 18. – � . 248-250. 

5. 
���(3 ,."#'( , � .� . �  3�/)�"7  �  /)$&,.,.$$  $."-)7&,.-�3  8,),! $3���  /)�$5 -
3�*"-3'  .'  /)�&+9 ,..+4  /),*/)$(-$(4  / � . � .  
���(3 ,."#'(  // �'7#' , �8)'5�3'.$, , �8 -
=,"-3� : -,.*,.2$$  $ /,)"/,#-$3+  )'53$-$( : &,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0, -
),.2$$ . 	8=,"-3�  " ��)'.$6,..�%  �-3,-"-3,..�"-1<  «�,.-)  .'76.���  "�-)7*.$6,"-3'  
«�.-,)'#-$3  / <" »: �,8�#"')+ . – 2015. – � . 313-318. 
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��&'.,.#�  � . � ., "-7*,.- ; � . 
 . �� �3'.6$#�3 , * .- .. ., /)�0,""�) ;  

�)�4�),.#�  � . � ., '""$"-,.-  �� ���� , � . �� ���)'*  
 
 

�, 1<  )'5)'8�-#$  #�."-)7#2$$  (3 (,-"(  /�3+9,.$,  /)�$53�*$-, 1.�"-$  /�  )'5 -
 $6.+&  #�"3,..+&  /')'&,-)'&  )'5)'8�-#$  3 2, �&  $, #'#  " ,*"-3$, , 73, $6,.$,  ")�#'  
:#"/ 7'-'2$$  8,5 �"-'.�3�# , ),&�.-'  $ 5'&,.+  �8�)7*�3'.$( . 

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

 

 

 
 

1 – #�)/7" , 2 – .'�.,-'-, 1.+%  /'-)78�# ; 3 – #� 12,3'(  )'8�6'(  #'&,)' ; 4 – )'8�6,,  
#� ,"� ; 5 – /)�3� �6.'(  "/$)' 1 ; 6 – -,#"-$ 1.'(  �8� �6#' ; 7, 8 – #� 12' ; 9 – /,)0�)$)� -
3'..'(  /,),��)�*#' ; 10 – /� 7/)�.$2',&'(  &,&8)'.' ; 11 – )'5*, $-, 1.'(  /,),��)�*#' ; 
12 – 3.,9.$%  " �% ; 13 – 3.7-),..$%  " �% . 

 
�$" . 1 – 	8=$%  3$* #�."-)7#2$$  2,.-)�8,!.���  .'"�"'  3 )'5),5,  
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�$" . 2 – 	8=$%  73, $6,..+%  0)'�&,.-  )'5),5'  �8=,��  3$*'  /�  3$*7 1 

 
�$" . 3 – �)�3� �6.'(  "/$)' 1  3 -,#"-$ 1.�%  �8� �6#,  

 
�,.-)�8,!.+%  .'"�"  "�*,)!$-  #�)/7"  1 " .'�.,-'-, 1.+&  /'-)78#�&  2 $ #� 12, -

3�% )'8�6,%  #'&,)�%  3 $ 7"-'.�3 ,..�,  3 #�)/7",  1 )'8�6,,  #� ,"�  4. �  #� 12,3�%  )'8� -
6,% #'&,),  3 7"-'.�3 ,.'  /)�3� �6.'(  "/$)' 1  5, ".'8!,..'(  -,#"-$ 1.�%  �8� �6#�%  6. 
�'  3.7-),..,%  "-,.#,  #� 12,3�%  )'8�6,%  #'&,)+  3 �,)&,-$6.�  /)$#),/ ,.+  #� 12'  7 $ 8, 
3 #�-�)+4  7"-'.�3 ,.'  /,)0�)$)�3'..'(  /,),��)�*#'  9 3 3$*,  /� 7-�)' , .'  3.7-),..,%  
/�3,)4.�"-$  #�-�)�%  5'#),/ ,.'  /� 7/)�.$2',&'(  &,&8)'.'  10, /)$  :-�&  3$-#$ /)�3� -
 �6.�%  "/$)' $  5 "3�,% -,#"-$ 1.�%  �8� �6.�%  6 /)$!$&'<-  /�3,)4.�"-1  /� 7/)�.$2' -
,&�% &,&8)'.+  10 # 3.7-),..,%  /�3,)4.�"-$  /,)0�)$)�3'..�%  /,),��)�*#,  9. �  .'�.,-' -
-, 1.�&  /'-)78#,  2 .'  3+4�*,  7"-'.�3 ,.'  )'5*, $-, 1.'(  /,),��)�*#'  11, )'5*, (<=$%  
3+4�*(=$%  /�-�#  .'  3.,9.$%  12 $ 3.7-),..$%  13 " �% . 

��"-'3 ,..'(  2, 1  *�"-$�',-"(  -,& , 6-�  3 2,.-)�8,!.�&  .'"�", , "�*,)!'=,&  #�) -
/7"  " .'�.,-'-, 1.+&  /'-)78#�&  $ #� 12,3�%  )'8�6,%  #'&,)�%  $ 7"-'.�3 ,..�,  3 #�)/7",  
)'8�6,,  #� ,"� , /)$  :-�&  3 )'8�6,%  #'&,),  7"-'.�3 ,.'  /)�3� �6.'(  "/$)' 1 , �- $6'< -
=$%"( -,& , 6-�  .'  3.7-),..,%  "-,.#,  )'8�6,%  #'&,)+  !,"-#�  5'#),/ ,.+  #� 12' , 3 #�-� -
)+4  7"-'.�3 ,.'  /,)0�)$)�3'..'(  /,),��)�*#'  3 3$*,  /� 7-�)' , .'  3.7-),..,%  /�3,)4.� -
"-$  #�-�)�%  5'#),/ ,.'  /� 7/)�.$2',&'(  &,&8)'.' , '  /)�3� �6.'(  "/$)' 1  ".'8!,.'  
-,#"-$ 1.�%  �8� �6#�% , /)$  :-�&  3 .'�.,-'-, 1.�&  /'-)78#,  .'  3+4�*,  7"-'.�3 ,.  )'5*, -
 $-, 1.'(  /,),��)�*#' . 

�,)&,-$6.�,  /)$#),/ ,.$,  # 3.7-),..,%  "-,.#,  #� ,2  /�53� (,-  )'5*, $-1  3,"1 
/�-�#  .'�.,-',&�%  !$*#�"-$  .'  3.,9.$%  $ 3.7-),..$%  " �$  3.7-)$  )'8�6,%  #'&,)+ , '  
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7"-'.�3#'  3.7-)$  #� ,2  /,)0�)$)�3'..�%  /,),��)�*#$  3 3$*,  /� 7-�)'  /�53� (,-  0$ 1 -
-)�3'-1"(  3.7-),..,&7  /�-�#7  5' "6,-  2,.-)�8,!.�%  "$ +  $5 3.7-),..,��  /�-�#'  3�  
3.,9.$% , 6-�  /�53� (,-  73, $6$3',-  /)�$53�*$-, 1.�"-1  /)$  �6$"-#,  /,),#'6$3',&�%  
!$*#�"-$  3�  3.,9.,&  /�-�#, . 

�'#),/ ,.$,  /� 7/)�.$2',&�%  &,&8)'.+  .'  3.7-),..,%  /�3,)4.�"-$  /,)0�)$)� -
3'..�%  /,),��)�*#$  /�53� (,-  /)�3�*$-1  .'  .,% 7 1-)'0$ 1-)'2$< , -'#  #'#  2,.-)�8,! -
.+,  "$ +  "�5*'<-  2,.-)�8,!.�,  *'3 ,.$, , /�*  *,%"-3$,&  #�-�)���  .'�.,-',&'(  !$*#�"-1  
)'5*, (,-"(  .'  /� 7/)�.$2',&�%  &,&8)'.,  .'  /,)&,'- , -�  ,"-1  �6$=,..7<  �-  &� ,#7  
)'"-3�),..+4  3 .'�.,-',&�%  !$*#�"-$  3,=,"-3  3�  3.,9.,&  /�-�#, , $ ),-'.- , 6-�  /)$3� -
*$-  # )�"-7  /)�$53�*$-, 1.�"-$  /�  �6$=,..�%  !$*#�"-$  – /,)&,'-7 . 

�.'8!,.$,  /)�3� �6.�%  "/$)' $  -,#"-$ 1.�%  �8� �6#�%  �8,"/,6$3',-  &(�#�,  
/)$!'-$,  /� 7/)�.$2',&�%  &,&8)'.+  # 3.7-),..,%  /�3,)4.�"-$  /,)0�)$)�3'..�%  /,), -
��)�*#$  8,5 )'5)+3�3  /�3,)4.�"-$  &,&8)'.+ , -�  ,"-1  73, $6$3',-  ")�#  ,@ :#"/ 7'-'2$$  
8,5 �"-'.�3�# , ),&�.-'  $ 5'&,.+ , 6-�  "/�"�8"-37,-  73, $6,.$<  /)�$53�*$-, 1.�"-$ .  

�"-'.�3#'  .'  3+4�*,  .'�.,-'-, 1.���  /'-)78#'  )'5*, $-, 1.�%  /,),��)�*#$  
/),*�-3)'=',-  /,),&,9$3'.$,  3.,9.,��  /�-�#'  !$*#�"-$ , -�  ,"-1  /,)&,'-'  " 3.7-),. -
.$&  /�-�#�& , -�  ,"-1  " ),-'.-�& , 6-�  7&,.19',-  .,�84�*$&�"-1  /�3-�).�%  *�/� .$-, 1 -
.�%  �6$"-#$  /,)&,'-' , 6-�  -'#!,  73, $6$3',-  /)�$53�*$-, 1.�"-1  /�  �6$=,..�%  !$*#� -
"-$  – /,)&,'-7 . 

�'#$&  �8)'5�& , 3",  /),*"-'3 ,..+,  -,4.$6,"#$,  7"�3,)9,."-3�3'.$(  /�53� (<-  
/� 76'-1  3 2,.-)�8,!.�&  .'"�",  .,  /)�"-�  .'�.,-',&7<  !$*#�"-1  " /�3+9,..+&  *'3 , -
.$,&  3 .'�.,-'-, 1.�&  /'-)78#, , .�  $ �*.�3),&,..�  �6$='-1  ,@ " )'5*, ,.$,&  .'  /,)&,'-  
$ ),-'.- . ;-�  /)$3�*$-  # 3+"�#�%  /)�$53�*$-, 1.�"-$  /�  �6$=,..�%  �-  &� ,#7  )'"-3� -
),..+4  3 .'�.,-',&�%  !$*#�"-$  3,=,"-3 . 

 

�
��	�����������  ����	�  

 
1. �� �!$-, 1.�,  ),9,.$,  / . &. B  2017105564 ��""$%"#'(  �,*,)'2$( , ���  F04 

D1/00, F04 D29/42. �,.-)�8,!.+%  .'"�"  / � . 
 . �� �3'.6$#�3 , � . � . �)�4�),.#� , �7  �4$  
�7,. , ��'.  �$.1  �+�.� , � . � . �$ $&�.�3 ; �� ���� . – 2017. 
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� .� .�' 7='# 1, � .� .��9$.�3 1, � .� .�,-),.#� 1, � .� .
�*'.�3 2 

1� �47��)'�0  (�1��!���%�)'�0  ��)(�($(  (*�!� ! ) .�/��  ��  ��!���� ,                
� . � �47�� , E-mail:turistu1@mail.ru, (�! :+7 (937)7271981 

2���   ����  «��540  53�!#, » � . � �47��  
 

 

�,)"/,#-$3.�,  )'53$-$,  3.7-)$��)�*"#���  -)'."/�)-'  8� 19$."-3�  �-,6,"-3,. -
.+4  $ 5')78,!.+4  "/,2$' $"-�3  "3(5+3'<-  " )'53$-$,&  : ,#-)�-)'."/�)-'   .'  /.,3&'-$ -
6,"#�&  4�*7  " 8�)-�3+&  5'/'"�&  : ,#-)�:.,)�$$ . 	".�3.+,  3$*+ ��)�*"#���  : ,#-)� -
-)'."/�)-' ,  -'#$,  #'# &,-)� , -)�  ,%87" , -)'&3'% , /)$��)�*.+,  : ,#-)�/�,5*'  /)�6.�  
3�9 $  3 ��)�*"#7<  -)'."/�)-.7<  $.0)'"-)7#-7)7 ,  3+/� .((  ��)�&.+%  �8C@& -)'." -
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/�)-.+4  /,),3�5�#  $ /),!*,  3",��  #'#   /'""'!$)"#$%  -)'."/�)- . �  -�  !,  3),&(  &�!.�  
.'8 <*'-1  "-'�.'2$<   3 .')'=$3'.$$  �8C@&�3 /,),3�5�#  7#'5'..���  3$*'  -)'."/�)-'  3 
.'9,%  "-)'., , '  3 .,#�-�)+4  " 76'(4  (-)�  ,%87" , -)'&3'% ) *'!,  ,��  ".$!,.$,  [1]. ;-�  
"3(5'.�  " /,),4�*�&  5.'6$-, 1.�%  &'""+  /'""'!$)�3  .'   $6.+%  '3-�-)'."/�)- , #'#  8� ,,  
7*�8.+%  $ *�"-7/.+% . �  -�  !,  3),&(  /�(3 ,.$,  ��)�&.���  #� $6,"-3'   $6.+4  '3-�&�8$ -
 ,% 3 .'9$4  ��)�*'4  /�)�*$ �  .�3+,  /)�8 ,&+ : '3-�&�8$ 1.+,  /)�8#$  .'  *�)��'4 , ., -
/)$,& ,&�,  5'�)(5.,.$,  '-&�"0,)+  ��)�*�3  3+4 �/.+&$  �'5'&$  *3$�'-, ,  '3-�&�8$ ,% , 
&�.�-�..�,  73, $6,.$,  0$.'."�3+4  5'-)'-  .'  :#"/ 7'-'2$<  '3-�&�8$ ( , /),!*,  3",��  
3+53'..+,  )'"-7=$&$  2,.'&$  .'  -�/ $3� . 

	*.$&  $5 "7=,"-3,..+4  /),$&7=,"-3  : ,#-)$6,"#���  -)'."/�)-'  /,),*  *)7�$&$  
3$*'&$  -)'."/�)-'  (3 (,-"(  3�5&�!.�"-1  /)$&,.,.$(  .'  .,&  ),#7/,)'2$$ - 3+)'8�-#$   
: ,#-)�:.,)�$$  /)$  -�)&�!,.$$  $ *3$!,.$$  .'  "/7"#'4 , /�53� (<=,%  "�#)'-$-1  )'"4�*  
: ,#-)�:.,)�$$  .'  -(�7  /�  )'5.+&  �2,.#'&  �-  10 *�  30 % [2].  

� '""$6,"#$%  : ,#-)�-)'."/�)-  .'  /.,3&'-$6,"#�&  4�*7  �8,"/,6$3',-  -'#�,  !,  
7*�8"-3�  $ *�"-7/.�"-1  -'#  !,  #'#   $6.+%  '3-�&�8$ 1 , .�   /)$  :-�&  /�53� (,-  ".(-1  /)� -
8 ,&7  5'�)(5.,.$(  '-&�"0,)+  ��)�*�3  3+4 �/.+&$  �'5'&$  $ ".$5$-1  :#"/ 7'-'2$�..+,  
)'"4�*+  5' "6@- �-#'5'  �-  $"/� 15�3'.$(  &�-�).���  -�/ $3' .  �  -�  !,  3),&(  "'&'  :#� ��$ -
6,"#'(  /)�8 ,&'   ".$!,.$(  3),*.+4   3+8)�"�3   /)$&,.,.$,&  -$/�3���  : ,#-)�-)'."/�)-'  
#')*$.' 1.�  .,  ),9',-"(  - /�"#� 1#7  $"-�6.$#   3+8)�"�3  3  '-&�"0,)7  .,   $#3$*$)�3'. , 
'  /)�"-�  3+3,*,.  $5 ��)�*'  $ /,),.,"@.   3 5�.7  )'5&,=,.$(  -,/ �3�%  : ,#-)�"-'.2$$ . 
�)$  :-�&   "-�$&�"-1  : ,#-)�:.,)�$$  3 $.0)'"-)7#-7),  : ,#-)�5')(*.+4  "-'.2$%  -'#!,  
&�.�-�..�  87*,-  )'"-$ , "3�*(  .'  .,-  /,)3�.'6' 1.+,  :#�.�&$6,"#$,  3+��*+  �-  "&,.+  
:.,)��.�"$-, ( . 

��3,)9,..�  *)7�$4  ),57 1-'-�3  &�!.�  *�"-$61 ,  /)$&,.((  3 ��)�*,  "� .,6.+%  
: ,#-)�-)'."/�)-  $ 3 :#� ��$6,"#$  6$"-+4  -,))$-�)$(4  "� .,6.+%  : ,#-)�-)'."/�)-  [3]. 
�  :-�&  " 76',  /� .�"-1<  ),9',-"(  :#� ��$6,"#'(  /)�8 ,&'  5'�)(5.,.$(  '-&�"0,)+  3),* -
.+&$  3+8)�"'&$  .,  -� 1#�  3 ��)�*'4 , .�  $ 3 ),�$�.,  3 2, �& . �'#!,  /� .�"-1<  ".$&',-"(  
/)�8 ,&'  0$.'."�3+4  5'-)'-  .'  /)$�8),-,.$,  :.,)��.�"$-, ( . 	*.'#�  /)�8 ,&'  '3-�&� -
8$ 1.+4  /)�8�#  �"-'@-"( . �  5*,"1  .'&$  /),* '�',-"(  /)$&,.,.$,  3 #'6,"-3,   $6.���  
-)'."/�)-.���  "),*"-3'   .�3�,  $5*, $,  –"� .2,#'- . 

�� .2,#'-  :-�  3, �&�8$ 1.+%  -)'."/�)-  " : ,#-)$6,"#�%  -(��%  "  3+)'8�-#�%  $ 
: ,#-)�:.,)�$$  " /�&�=1<  "�8"-3,..+4   "� .,6.+4  8'-'),%  $ ,@ .'#�/ ,.$$  3 8�)-�3�%  
'##7&7 $)7<=,%  "$"-,&,  [4]. �'53$-$,  3, �&�8$ 1.���  -)'."/�)-'  3 ��)�*'4  �3)�/+  $ 
��""$$  $*@- 7"#�),..+&$  -,&/'&$ . 	"�87<  )� 1  "� .2,#'-+  &��7-  "+�)'-1  3 "'.'-�).� -
#7)�)-.�&  $ -7)$"-$6,"#�&  8$5.,",  <!.+4  ),�$�.�3  .'9,%  "-)'.+ , #'#  :#� ��$6,"#$  
6$"-+% $ &' �5'-)'-.+%  3$* -)'."/�)-' . 

�  )'53$-$,  :-���  .'/)'3 ,.$(  .'&$  )'5)'8�-'.  �� �3.�%  �8)'5,2  -)@4#� @".���  
�)75�3���  "� .2,#'-'  ��  «�'6.$# » " *' 1.�"-1<  4�*'  " �*.�%  5')(*#$  '##7&7 (-�)�3  130 
#&, $ 3')$'.-   ,�#�3���  "� .2,#'-'  «������ -300» * (  -7)$"-$6,"#$4  &')9)7-�3  3 :#� -
 ��$6,"#$  6$"-+4  -,))$-�)$(4  �),*"-'3 ,..+,  &�*, $  $"/+-'.'  3 .'-7).+4  7" �3$(4  $ 
",%6'"  /)�4�*(-  *�)'8�-#7  /�  ),57 1-'-'&  :-$4  $"/+-'.$% . ��*,).$5'2$(  #'"',-"(  
7 769,.$(  /�*3,"#$ , �8,"/,6$3'<=,%  &(�#�"-1  4�*'  3�  3),&(  *3$!,.$(  $ .')'=$3'.$(  
&�=.�"-$  "� .,6.�%  8'-'),$   *�  500 �- , 6-�  /�53� $-  "� .2,#'-7  3 "� .,6.+%  *,.1  $*-$  
.'  : ,#-)�-(�,  8,5 $"/� 15�3'.$(  '##7&7 (-�)�3 , '  5.'6$-1  73, $6$-1   *' 1.�"-1  *.,3.� -
��   /)�8,�' . � (  /)$)�*.���  /')#'  « �� �� - �4-78$."#'(  /�%&' » .'$8� ,,  2, ,"��8)'5.�  
$"/� 15�3'-1  "� .2,#'-   «������ -300» ()$"7.�#  1). 

 
	".�3.+,   4')'#-,)$"-$#$   "� .2,#'-'  «������  -300» -'#�3+ : 

·  �� @".'(  0�)&7 ' …………….……3-4 #� @".+%,   ,�#�3�%  
·  �7 ,3�,  7/)'3 ,.$,  ………………7/)'3 (,&+,  5'*.$,  #� @"'   
·  �$ �3�%  /)$3�*  *374#�&/�.,.-.+% : 
·   - /,),*.,,  &�-�) -#� ,"�    &�=.�"-1< , #�-  …………………..1,5  
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·   - /,*' 1.+%  /)$3�*  .'  /,),*.,,  #� ,"�   
·  �� .,6.'(  8'-'),(  &�=.�"-1< , �- …………………….…...300  
·  �'/)(!,.$,  8�)-�3�%  ",-$ , � ……………………….………… 36 
·  �&#�"-1   $-$%-$.���  '##7&7 (-�)' , � ·6……………….…...10 
·  �)75�/�*C,&.�"-1 ,#�………..……..………………………… 30 
·  �'""'  "� .2,#'-'  (.,--� ) , #�…………….…..……..……….37 
·  �')9,3'(   "#�)�"-1  *3$!,.$(  #&/6'" …………….……...… 30 
·  �' 1.�"-1  4�*'  .�61<  $ 3 *�!*1 , #&…………………….….. 30  
·  �' 1.�"-1  4�*'  3  "� .,6.+%  *,.1 , #&……..…………….… 210 
·  �'""'  " 3�*$-, ,& , #� …………………………….….……..120  
·  �'8')$-+ , &  ………………….………….……………2,241.241,1 

 

 

�$" .1 �� .2,#'-  «������  -300». 

� (  :#� ��$6,"#$  6$"-+4  -,))$-�)$%   &��7-  8+-1 ),#�&,.*�3'.+  * (  -,)),.#7) - 
/)��7 �6.+4  /�,5*�#  �-*+4'<=$4  "� .2,#'-+  «������ », '  * (  �8" 7!$3'.$(  4�5(%-
"-3,..�%  *,(-, 1.�"-$  "'.'-�)$,3 , /'."$�.'-�3  , -7)8'5   –��  «�'6.$# », &��7=$% /,),3� -
5$-1 �)75+  *�  50 #�, -'#  #'#  �.  $&,,-  7"$ ,..+,   #� @"'  $ : ,#-)�*3$�'-, 1  &�=.�"-1<  1 
#�- . 

�6$-+3'(  5.'6$-, 1.7<  "� .,6.7<  $."� (2$<  .'  -,))$-�)$$  �� ���)'*"#�%  �8 -
 '"-$ , &�!.�  �!$*'-1  "'&�5')(*#7  8�)-�3+4  '##7&7 (-�)�3   �-  "�8"-3,..+4  "� .,6.+4  
8'-'),% . �  -�  !,  3),&(  "� .2,#'-+  $&,<-  3"-)�,..�,  5')(*.�,  7"-)�%"-3' , /�53� (<=,,  
/�*5')(!'-1  '##7&7 (-�)+  �-  3.,9.,%  : ,#-)�",-$  220 � , 50 �2 , 8,5 "�5*'.$(  "/,2$' 1 -
.+4  5')(*.+4  "-'.2$% . 

�  #'6,"-3,  /,)3+4   ),�$�.�3  , 3 #�-�)+4  "� .2,#'-+  &��7-  7!,  ",%6'"  .'%-$  /)$ -
&,.,.$,  :-�  /)$)�*.+,  /')#$  �� �� -�4-78$."#'(  /�%&' , «>,)8'#�3"#$% » $ *) . 

�'#$&  �8)'5�& , 0'#-$6,"#$   ),61  $*@- �  /)$&,.,.$$  3 �� ���)'*"#�%  �8 '"-$   
:#� ��$6,"#$  6$"-���  -)'."/�)-.���  "),*"-3,  9$)�#���  &�*, 1.���  )(*' , " )'5 $6.+&$  
/�-),8$-, 1"#$&$  "3�%"-3'&$ . 

 

����	�  ���	���	������  ���	����	�  
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1. �$&'-#�3  � .� . ; ,#-)�-)'."/�)-  #'#  6'"-1  : ,#-)$6,"#���  &$)' . �'#-+  $ /)��.� -
5+//�* . ),* . � .� . 
797,3'  - � .: ��  «;.,)�$( », 2015. – 48 ". 

2. �.' $5  #'6,"-3'  ),#7/,)$)7,&�%  : ,#-)�:.,)�$$  3 "$"-,&,  : ,#-)$6,"#���  -)'." -
/�)-' / �'8 $.  	 . � . // �E".$#  ���  «��F ». �,)E( : ��3E  )E9,..(  3 "76'".$4  -,4.� -
 ��E(4 . – � : ���  «��F »,– 2013. - B  38 (1011). – � .186-189. 

3. ��/� �3  � .� . �� .,6.+%  -)'."/�)- / � .: �)'."/�)- , 1996. — 166 c 
4. �' 7='#  � .� ., ��9$.�3  � .� ., �')/,.#�  	 .� ., �')/$5,.#�3  � .� , �@*�)�3  � .� . �, -

 $�3, �"$/,*  /'-,.-  ��  B 82640 ���    B60L8/00   (2006.01) 	/78 $#�3'.  
10.05.2009  

 
 
 

!���������  �����
"����'  ���!�����������  ����
���  �  '� -

������
�  ��'�
�
���  

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

7.$3,)"$-,-  
� .C. �$8$-�3  "- . /),/�*'3'-, 1  #'0,*)+  �����  �� ���)'*"#$%  ��"7*')"-3,..+%   

-,4.$6,"#$%  7.$3,)"$-,-  
� .� . ��)�.$.  &'�$"-)'.-  #'0,*)+  �����  �� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  

7.$3,)"$-,-  

 
 
�,.-)�8,!.+,  )'"/),*, $-, $  !$*#�"-$  .'4�*(-  3",  8� 19,,  /)$&,.,.$,  3 /)� -

2,""'4  4$&$6,"#�%, .,0-,4$&$6,"#�% , /$=,3�%  $ 3 )(*,  *)7�$4  /)�$53�*"-3 , "3(5'..+4  " 
/�-),8.�"-1<  )'"/),*, ,.$(  !$*#�"-$  /�  ",6,.$<  '//')'-�3 . ��  ")'3.,.$<  "�  "-'-$6, -
"#$&$ )'"/),*, $-, (&$  !$*#�"-$  2,.-)�8,!.+,  $&,<-  )(*  "7=,"-3,..+4  /),$&7 -
=,"-3 . �'/)$&,) , 3 )'8�-,  [1] /�#'5'.� , 6-�  /(-1  -�6,#  "-)7%.�% /�*'6$  �)�9,.$( , /)$ -
4�*(=$4"(  .'  1&2 ",6,.$(  '//')'-' , *'<-  :00,#-$3.�"-1  $"/� 15�3'.$(  .'"'*#$  3",��  
16%, '  /)$  )'58)+5�$3'.$$  :-$4  "-)7% :00,#-$3.�"-1  73, $6$3',-"(  3 6 )'5 . 


� 19�%  $.-,),"  3+5+3',-  /�3,*,.$,  #'/, ,#  $ "-)7% !$*#�"-$ , 3+ ,-'<=$4  $5 
�-3,)"-$%  $ =, ,%  )'"/),*, $-, 1.+4  7"-)�%"-3 , 3 /� ,  2,.-)�8,!.+4  "$ . �,�84�*$ -
&+& 7" �3$,&  (3 (,-"(  -� , 6-�8+  )'"/+ $-, 1  "�5*'3'  )'3.�&,).�  )'"/),*, ,..+%  /�  
/,)$&,-)7  )'8�6,%  5�.+  '//')'-'  / �-.+% , �8C,&.+% 0'#,  !$*#�"-$ , "�"-�(=$%  $5 �* -
.�)�*.+4  #'/, 1 , *$"/,)".�"-1  #�-�)+4  &�� '  8+  ,�#�  ),�7 $)�3'-1"(  $ .,  5'3$",-1  �-  
#� ,8'.$%  )'"4�*'  !$*#�"-$ .  

�  /)�2,""'4  "79#$  9$)�#�  $"/� 157<-"(  2,.-)�8,!.+,  *$"#�3+,  )'"/+ $-, $ , 
)'8�-'<=$,  /�  /)$.2$/7  "8)�"'  "-)7,#  $ $  / ,.�#  !$*#�"-$  " 8+"-)�  3)'='<=,��"(  
*$"#'  3 �-.�"$-, 1.�  .,/�*3$!.+%  3�5*74. �'"-�-'  3)'=,.$(  *$"#�3  "�"-'3 (,-  �-  4000 
*�  50000 �8 /&$.  3 5'3$"$&�"-$  �-  *$'&,-)' , #�-�)+%  &�!,-  8+-1 �-  50 *�  350 && [2]. 

�  2,.-)�8,!.�&  )'"/+ $-, ,  !$*#�"-$  [3] )'"/),*, $-, 1.�,  7"-)�%"-3�  /),* -
"-'3 (,-  "�8�%  7",6,..+%  #�.7" , )'5&,=,..+%  &,.19$&  �".�3'.$,&  3.$5. �$'&,-)  �- -
3,)"-$% 3 )(*'4  73, $6$3',-"(  �-  .$!.,��  )(*'  # 3,)4.,&7 . �,4.$6,"#$&  ),57 1-'-�&  
$5�8),-,.$(  (3 (,-"(  �8,"/,6,.$,  3�5&�!.�"-$  /� 76,.$(  &�.�*$"/,)".���  )'"/+ '  3+-
"�#���  #'6,"-3'  " )'3.�&,).+&  )'"/),*, ,.$,&  #'/, 1  /�  ",6,.$<  '//')'-' .  

	8=$&  .,*�"-'-#�&  /)$3,*,..+4  2,.-)�8,!.+4  7"-)�%"-3  * (  )'"/),*, ,.$(  
!$*#�"-$  (3 (,-"(  *�/� .$-, 1.+,  :.,)��5'-)'-+  .'  3)'=,.$,  :-$4  7"-)�%"-3 . 
�5(�� ��  � 3� 2�( �  '��)(�$'+�#  +��(��2������  � )&��,�!�(�!"����  $)(��0)(5  
(��)$��'  1) [4], 5� 8����  '�(�����  �2�)&�%�5 �()#  3  )%�(  51�,����  &�(�'  ��,'�)(�  �  
5�)1�,#8���  &�(�'  � 3  �!�  & � , %(�  )&�)�2)(5$�(  )������6  -�����3 (� ( .  
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�$"7.�#  1. �,.-)�8,!.+%  )'"/),*, $-, 1  [4]: 

1 – )'"/),*, $-, 1 ; 2 – #),"-�3$.' ; 3 – 3.7-),..$%  #�.7" ; 4, 16 – "��".+,  �/�)+ ;  
5 – 9'%8' ; 6 – /�*9$/.$# ; 7 – #),"-�3$.' ; 8 – )'*$' 1.+,   �/'-#$ ; 9 – -)78'  /$-'.$( ;  
10 – )'*$' 1.+,  9-'.�$ ; 11 – .'# �..+,   �/'-#$ ;  
12 – 3,)4.((  6'"-1  " �-3,)"-$(&$ ; 13, 15 – #� 12,3+,  /,)0�)$)�3'..+,  *$"#$;  
14 – 3.,9.$%  #�.7"  

 )&��,�!�(�!"  ��,'�)(�  +��(��2������  (�&  ����(  24("  &�������  5 &��+�)) 1   2 -
)��2+�� , ��'(�*�' +��  �  ,�$��1  $)(��0)(5 1 , �,�  ���21�,���  &�!$%�("  � 5��������  
���7����  � ) ,'�  &� 5)��$  )�%���6   && � ( .  
 

�,.-)�8,!.�,  )'"/),*, $-, 1.�,  7"-)�%"-3�  * (  !$*#�"-$  )'8�-',-  " ,*7<=$&  
�8)'5�& . �$*#�"-1  $5 -)78+  /$-'.$(  9 -'.�,.2$' 1.�  /�"-7/',-  .'  )'*$' 1.+,   �/'-#$  8 
)'"/),*, $-, (  1, $5 #�-�)���  6,),5  �-3,)"-$(  12 * (  �)�9'<=,%  !$*#�"-$ , 3 3$*,  "-)7% 
/�*  *,%"-3$,&  2,.-)�8,!.+4  "$ , 3�5.$#'<=$4  /)$  3)'=,.$$  )'"/),*, $-, (  1, 3+-,#' -
,-  /�*  �/),*, ,..+&  7� �&  $ )'58)+5�$3',-"(  /�  /,)$0,)$%.+&  5�.'&  '//')'-' .  
�)'=,.$,  )'"/),*, $-, (  1 7"$ $3',-"(  5' "6,-  3�"4�*(=,��  /�-�#'  �'5'  (/')' ), /�/'*' -
<=,��  .'  .'# �..+,   �/'-#$  11 3.,9.,��  #�.-7)' . �$*#�"-1  /�  "-,.#,  3.7-),..,��  #� -
.7"'  3 "-,#',-  3 .$!.<<  6'"-1  3.,9.,��  #�.7"'  14, �-#7*'  6'"-1  !$*#�"-$  6,),5  �-3,) -
"-$(  2,.-)' 1.���  )'"/),*, $-, (  16 )'58)+5�$3',-"(  3 2,.-)' 1.7<  5�.7  '//')'-' , *)7 -
�'(  6'"-1  !$*#�"-$  /�*.$&',-"(  /�  "-,.#,  3.,9.,��  #�.7"'  14, �8,"/,6$3'(  )'3.�&,).�,  
�)�9,.$,  !$*#�"-$  /�  ",6,.$<  #� �..+ . �'"/),*, $-, 1  1 " !,"-#�  5'#),/ ,..+&  3' �&  
.'  2,.-)' 1.�&  )'"/),*, $-, ,  16, (3 (<=,%"(  .$!.,%  �/�)�% , 7"-'.'3 $3',-"(  3�  3-7 -
#, 3,)4.,%  �/�)+  4 $ 7*,)!$3',-"(  " /�&�=1<  �'%#$ " 9'%8�% 5 $ /�*9$/.$#'  6. 
�.' ��$6.'(  #�."-)7#2$(  2,.-)�8,!.���  )'"/),*, $-, (  '3-�)�3  /)�9 '  /)�&+9 ,. -
.+,  $"/+-'.$(  .'  7"-'.�3#,  ),�,.,)'2$$  &,-'.� '  [5]. �$'&,-)  #� �..+  "�"-'3 (  1 &, 
*$'&,-)  2,.-)�8,!.���  )'"/),*, $-, (  )'3.( "(  0,4 &, 6$" �  �8�)�-�3  *�"-$�' �  172 
�8 /&$. . 
�'  )$"7.#,  2 "4,&'-$6.�  /�#'5'.�  /)$&,.,.$,  2,.-)�8,!.���  )'"/),*, $-, (  !$*#�"-$  
3 .'"'*�6.�&  '8"�)8,), . �,.-)�8,!.+%  )'"/),*, $-, 1  #),/$-"(  .'  #),"-�3$., , #�-�)'(  
�/$)',-"(  .'  "-,.#$  #� �..+ , '  34�*(=$%  /�-�#  !$*#�"-$  )'5*, (,-"(  .'  *3'  3"-),6.+4  
/�-�#' , .'/)'3 ,..+4  -'.�,.2$' 1.�  .'  3.7-),..$,  /,)$0,)$%.+,   �/'-#$ . �)�&,  -��� , 
3�"4�*(=$%  /�-�#  �'5' , /�/'*'(  .'  .')7!.+,   �/'-#$ , 7"-'.�3 ,..+,  /�*  7� �& , 73, $ -
6$3',-  #)7-(=$% &�&,.-  )'"/),*, $-, ( . �+"�-'  7"-'.�3#$  2,.-)�8,!.���  )'"/),*, $ -
-, (  �/),*, (,-"(  3 5'3$"$&�"-$  �-  )'"4�*�3  !$*#�"-$  $ �'5'  .'  �".�3'.$$  :#"/,)$&,. -
-' 1.+4  *'..+4  [6, 7].  
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�$"7.�#  2. �'"'*�6.+%  '8"�)8,) : 
1 – �/�).'(  ),9,-#' ; 2 – .'"'*#' ; 3 – 2,.-)�8,!.+%  )'"/),*, $-, 1  
 
�'#$&  �8)'5�& , )'5)'8�-'..'(  #�."-)7#2$(  2,.-)�8,!.���  )'"/),*, $-, (  !$*#� -

"-$  $&,,-  3+"�#7<  :00,#-$3.�"-1  5' "6,-  )'3.�&,).���  �)�9,.$(  .'"'*#$  /�  ",6,.$<  
#� �..+  8,5 73, $6,.$(  :.,)��5'-)'- , -'#  #'#  3)'=,.$,  )'"/),*, $-, (  �8,"/,6$3',-"(  
34�*(=$&  /�-�#�&  )'"/),*, (,&�%  !$*#�"-$ . 

 
����	�  ���������� : 
 
1. �� �3'6,3"#$% , � .� . 	)�"$-, $  $ 0�)"7.#$  "#)788,)�3  4$&$6,"#�% /)�&+9 -

 ,..�"-$  / � .� . �� �3'6,3"#$% . – � . : �'9$.�"-)�,.$, , 1974. – 271 ". : $ . 
2. �'!$ , � .� . 	".�3+  -,4.$#$  )'"/+ $3'.$(  !$*#�"-,%  / � .� . �'!$ , � .� . �' 7"-�3 . 

– � . : �$&$( , 1984. – 256 ". : $ . 
3. �'- . B  2449840 �� , ���  B 05 B3/12. �,.-)�8,!.+%  )'"/+ $-, 1  !$*#�"-$  / 

� .� . �'%2,3 , � .� . �,8,*,3 , � .
 . �'/)'.�3'  ; /'-,.-��8 '*'-, 1  �,*,)' 1.�,  ��"7*') -
"-3,..�,  8<*!,-.�,  �8)'5�3'-, 1.�,  76),!*,.$,  3+"9,��  /)�0,""$�.' 1.���  �8)'5�3' -
.$(  "
)�" '3"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- . – 2010146662/05 ; 5'(3 . 
16.11.2010 ; �/78 . 10.05.2012. 

4. � .&. B  163474 �� , ���  B01D53/18, B01D53/24, B01D3/30. �,.-)�8,!.�,  )'" -
/),*, $-, 1.�,  7"-)�%"-3�  * (  !$*#�"-$  / � .� . �$8$-�3' , � .� . �$8$-�3 , � .
 . �� �3'. -
6$#�3, � .� . �)�0$&�3 , � .� . ��)�.$. ; ; /'-,.-��8 '*'-, 1  �� ���)'*"#$%  ��"7*')"-3,. -
.+% -,4.$6,"#$%  7.$3,)"$-,- . – B  2015155499 ; 5'(3 . 23.12.2015 ; �/78 . 23.12.2015. 

5. �'- . B  2033848 �� , ���  �  01 �  53/18. �'"/),*, $-, 1.�,  7"-)�%"-3�  * (  &'" -
"��8&,..+4  '//')'-�3  / � .� . 
�.*'),.#� , � .� . �,�-(),.#� , � . � . �$8$-�3 , � . � . �'� -
.$2#'( , � .� . �'4$.' , � .� . �$-$.' , � .� . �(8$.  ; /'-,.-��8 '*'-, 1  �� ���)'*"#$%  /� $ -
-,4.$6,"#$%  $."-$-7- . – 5044248/26 ; 5'(3 . 26.05.1992 ; �/78 . 30.04.1995. 

6. �,57 1-'-+  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$%  �$*)�*$.'&$#$  2,.-)�8,!.+4  
)'"/),*, $-, ,%  !$*#�"-$  -'), 16'-���  -$/'  / � .� . �')6,.#� , � .� . �$8$-�3' , � .� . �$ -
8$-�3 , � .� . �, $4�3  // �"/,4$  "�3),&,..���  ,"-,"-3�5.'.$( . - 2015. - B  11 (6'"-1  2). - C. 
153-156. 

7. ��)�.$. , � .� . �"" ,*�3'.$,  �$*)�*$.'&$6,"#$4  /')'&,-)�3  2,.-)�8,!.+4  
)'"/),*, $-, ,%  !$*#�"-$  / � .� . ��)�.$. , � .� . �$8$-�3' , � .� . �$8$-�3  // �#-7' 1.+,  
3�/)�"+  4$&$6,"#�% -,4.� ��$$  $ 5'=$-+  �#)7!'<=,%  "),*+  : "8. &'-,) . VI 3",)�" . 
#�.0 . c &,!*7.') . 76'"-$,&  (� . �,8�#"')+ , 24-25 .�(8)(  2016 � .) / ),*#� .: � .� . �$/$.  
(�-3 . ),* .) [$ *) .] ; ��
	�  �	  «�73'9"#$%  ��" . 7. --  $&. � .� . � 1(.�3' », 	�	  «�$& -
/)�& » [$ *) .]. - �,8�#"')+ , 2016. - C. 32. 
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(����'  (��  �  !#��  ��  ��(���  

 
� 1$.'  �')$"'  �(6," '3�3.' , �'3 �3'  �<*&$ '  � ,#"'.*)�3.'  

�
  �	�  «�� !"#$%  /� $-,4.$6,"#$%  -,4.$#7& » 
� .  �� !"#$% , �� ���)'*"#'(  �8 '"-1  

 
 

�),5$*,.-  ��  /�*/$"'  7#'5 �  -�& , 6-�  2017 ��*  �8C(3 ,.   ��*�&  ;#� ��$$ . ;-�-  
7#'5 8+  /�*/$"'.  3 2, (4  /)$3 ,6,.$(  3.$&'.$(  �8=,"-3'  # 3�/)�"'&  :#� ��$6,"#���  
)'53$-$(  ��""$%"#�%  �,*,)'2$$ . �'�)(5.,..�"-1  �#)7!'<=,%  "),*+  – �*$.  $5 "'&+4  !$ -
3�-),/,=7=$4  3�/)�"�3  * (  !$-, ,%  �� .  

�'"-�(='(  )'8�-'  /�"3(=,.'  /)�8 ,&,  7-$ $5'2$$  $5.�9,..+4  /.,3&'-$6,"#$4  
9$. . �  .,% )'""&�-),.+  -'#$,  3�/)�"+ , #'# : #'#$,  "7=,"-37<-  "/�"�8+  7-$ $5'2$$  9$. ; 
)'""&�-),.+  *�"-�$."-3'  $ .,*�"-'-#$  )'5 $6.+4  &,-�*�3  7-$ $5'2$$ . �  )'8�-,  -'#!,  
�/$"'.�  /),*/)$(-$,  /�  7-$ $5'2$$  *'..���  3$*'  &7"�)' , )'"/� �!,..�,  .'  -,))$-�)$$  
��)�*'  �� !"#��� .  

�,)3'(  ),5$.�3'(  9$.'  8+ '  "�5*'.'  3 *' ,#�&  1846 ��*7  ��8,)-�&  �$ 1(&�&  ��& -
"�.�& . �'  -�-  &�&,.-  ,��  $5�8),-,.$,&  .$#-�  .,  5'$.-,),"�3' "( , $ /�3-�).�  # $*,,  
/.,3&'-$6,"#�%  9$.+  3,).7 $"1   $91  6,),5  40  ,- , #��*'  3 1887 ��*7  9�- '.*,2   �!�.  
�'. �/  /)$*7&'  "*, '-1  $5 /� $3' 1.���  9 '.�'  �8)76$ , .'*,-1  $4 .'  #� ,"'  3, �"$/, -
*'  "3�,��  "+.'  $ .'#'6'-1  $4 3�5*74�& .  

�  -,4  /�)  /)�9 �  .,&' �   ,- . �,��*.(  " �!.�  /),*"-'3$-1  "�3),&,..�,  �8=,"-3�  
8,5 '3-�&�8$ ( , '  "�3),&,..+%  '3-�&�8$ 1  8,5 /.,3&'-$6,"#$4  9$. . �,�#�3+,  $  ,�#� -
�)75�3+,  '3-�&�8$ $ , �)75�3+,  &'9$.+  $ '3-�87"+ , -)'#-�)'  $ *)7�'(  ", 1"#�4�5(% -
"-3,..'(  -,4.$#' , 8� 19,�)75.+,  '3-�&�8$ $ , -)'."/�)-  3+"�#�%  /)�4�*$&�"-$ , /�*C -
,&.� --)'."/�)-.+,  &'9$.+  $ *'!,  "'&� ,-+  $ 3,)-� ,-+  .,  �84�*(-"(  3 .'9,  3),&(  8,5 
9$. . 

�  /�(3 ,.$,&  8� 19���  #� $6,"-3'  -)'."/�)-'  /�(3$ '"1  $ .�3'(  /)�8 ,&'  – 6-�  
*, '-1  "�  "-')+&$ , $5.�9,..+&$  9$.'&$ .  

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

)' , #�-�)'(  5'/� .(,-"(  3�5*74�& . �  "'&'  9$.'  8,5 #'&,)+  .'5+3',-"(  /�#)+9#�% . �� -
#)+9#'  "�"-�$-  $5 #')#'"' , 8),#,)' , /)�-,#-�)' , 8�#�3$.  $ 8�)-�3 . �$.'  "�"-�$-  $5 -'#$4  
&'-,)$' �3  #'#  ),5$.' , -,#"-$ 1.+,  &'-,)$' +  $ &,-'  $6,"#'(  /)�3� �#'  )'5 $6.�%  
-� =$.+ . �)$  4)'.,.$$  9$.'  "�4)'.(,-  "3�<  0�)&7  5' "6,-  /)�6.���  #')#'"'  $ 8�)-� -
3+4 #� ,2 . 

�'&'  /�  ",8,  /)�8 ,&'  7-$ $5'2$$  9$. , #�-�)'(  .,�-*, $&'  �-  � �8' 1.�%  /)�8 , -
&+ /)�$53�*$&���  3 /)�2,"",  !$5.,*,(-, 1.�"-$  �8=,"-3'  &7"�)' , .'$8� ,,  �"-)�  "-�$-  
/),!*,  3",��  /,),*  "'&+&$  )'53$-+&$  $ 8��'-+&$  "-)'.'&$ . �)$  :-�&  9$.+  �-.�"(-"(  # 
.'$8� ,,  �/'".�%  �)7//,  �-4�*�3 , #�-�)+,  .,  /�**'<-"(  8$� ��$6,"#�&7  )'5 �!,.$< . 

	8C,&  .'#�/ ,..+4  3 &$),  9$..+4  �-4�*�3  # 2009 ��*7  "�"-'3 (  /�  )'5 $6.+&  
�2,.#'&  60-80 &$  $�.�3  -�.. . �!,��*.�  3 &$),  3+4�*(-  $5 7/�-),8 ,.$(  ,=,  "3+9,  10 
&$  $�.�3  -�..  /�#)+9,#  $ #'&,) . 

�" $  ��3�)$-1  �  &'"9-'8'4  -'#���  (3 ,.$( , #'#  9$..+,  �-4�*+  3 ��""$$ , -� , �2, -
.�6.� , .'  ",��*.(9.$%  *,.1  �8C,&  3+8)'"+3',&+4  $5.�9,..+4  9$.  "�"-'3 (,-  8� ,,  
850 -+"(6  -�..  3 ��* . 

	".�3.�%  :#� ��$6,"#�%  /)�8 ,&�%  (3 (,-"(  3+3�5 9$.  .'  "3' #7 . �5.�9,..+,  '3 -
-�/�#)+9#$  3 "$ 7  "3�$4  "3�%"-3 (3 (,-"(  /)�*7#-�& , 3 /)$.2$/,  .,  /�*4�*(=$&  * (  
5'4�)�.,.$( . ��.-'#-  9$.  " *�!*,3+&$  �"'*#'&$  $ �)7.-�3+&$  3�*'&$  "�/)�3�!*',-"(  
3+&+3'.$,&  )(*'  -�#"$6.+4  �)�'.$6,"#$4  "�,*$.,.$% . �",  :-$  "�,*$.,.$(  /�/'*'<-  3 
/�637 . �'5 �!,.$,  9$.+  3 5,& ,  * $-"(  8� ,,  100  ,- . �)�&,  -���  9$.+  – ��)<6$%  &'-, -
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)$' . ��)&'  9$.  $5-5' �8)'5�3'.$(  /7"-�-  .,  *�/7"#',-  ),�7 $)7,&���  7/ �-.,.$(  "3' -
#$ $ "$ 1.�  5'-)7*.(,-  -79,.$,  /�!')�3  .'  "3' #'4 . 

�  $5.�9,..+4  '3-�/�#)+9#'4  $5-5' $4 0�)&+  "�8$)',-"(  *�!*,3'(  3�*' . �,).+%  
23,-  9$.  3,*,-  # $4 "$ 1.�&7  .'�),3'.$<  /�*  3 $(.$,&  "� .,6.+4   76,%, #�-�)�,  "� -
4)'.(,-"(  3 ),5$.,  3 -,6,.$,  *� ����  3),&,.$ . �'#$&  �8)'5�& , "3' #$  9$.  �8)'57<-  $*, -
' 1.�,  &,"-�  * (  )'5&.�!,.$(  /')'5$-�3 . 

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

1.�"/� 15�3'.$,  ),5$.+  3 #'6,"-3,  -�/ $3' .  
 ��  &.��$4  "-)'.'4  9$.+  /)�"-�  "!$�'<- , 3,*1 $4 :.,)�,-$6,"#'(  2,..�"-1  3,"1&'  
3, $#' . ��  *'..�&7  /')'&,-)7  �.$  &��7-  ")'3.$-1"(  " 7� ,& . 	- $6$,  �*.� : '3-�9$.+  - 
:-�  /)�*7#2$( , /)�$53,*,..'(  $5 �)�'.$6,"#���  "+)1( . �,).,, , .,  -� 1#�  $5 .,�� . �  5.' -
6$-, 3),*  /)$  "!$�'.$$  9$.  8,5 $"/� 15�3'.$(  *�)��$4  $ :00,#-$3.+4  0$ 1-)�3  ,=,  8� -
 ,,  3, $# , 6,& /)�"-�  "# '*$)�3'.$,  $4 .'  /�3,)4.�"-$  �,& $ . 

��3),&,..�,  5'#�.�*'-, 1"-3�  -),87,-  7"-'.'3 $3'-1  *�)���"-�(=,,  �8�)7*�3'.$,  
* (  ".$!,.$(  3+8)�"�3  3),*.+4  3,=,"-3  3 '-&�"0,)7 . 	-  :-���  -,)(,-"(  :#�.�&$6,"#�,  
/),$&7=,"-3�  �-  $"/� 15�3'.$(  9$.  3 3$*,  *,9,3���  -�/ $3'  /�  �-.�9,.$<  # *)7�$&  
&,-�*'&  /,),)'8�-#$ . 
2.��""-'.�3 ,.$,  9$. . 
  �-�)7<  !$5.1  /�#)+9#,  &�!.�  *'-1  .,  -� 1#�  /)$  /�&�=$  #'/$-' 1.���  ),&�. -
-' . �$.+  6'"-�  $"/� 157<-  * (  �0�)& ,.$(  *3�)�3 . �-�  .,  3$*,  # 7&87 * (  23,-�3 , 
"*, '..7<  $5 /�#)+9#$ ? �  8�)*<)+  $5 3#�/'..+4  3 5,& <  /�#)+9,# ? �'#   <8$-  8,�'-1  
),8(-.(  /�  -'#$&  8�)*<)'& , )'"#)'9,..+&  3 )'5.+,  23,-' !  

�'  '3-�&�8$ 1.+4  "�),3.�3'.$(4  /�#)+9#$  /�&��'<-  �8,"/,6$3'-1  8,5�/'".�"-1  
5)$-, ,%  $ 76'"-.$#�3  "�),3.�3'.$% . 

�=,  "-')+,  /�#)+9#$  &�!.�  $"/� 15�3'-1  * (  7#),/ ,.$(  8,),��3  ),#  $ "# �.�3  
�3)'��3 .  
3.�,),)'8�-#'  9$.  3 ),5$.�37<  #)�9#7 . 
  	".�3.+&  /)�*7#-�&  /,),)'8�-#$  $5.�9,..+4  /�#)+9,#  (3 (,-"(  ),5$.�3'(  
#)�9#'  )'5 $6.+4  0)'#2$%, (3 (<='("(  #�&/�5$2$�..+&  : '"-�&,).+&  /�)�9#�& .  

�'&+&  8� 19$&  )+.#�&  "8+-'  ),5$.�3�%  #)�9#$  (3 (,-"(  /)�$53�*"-3�  )'5 $6.+4  
/�#)+-$% . �"/� 15�3'.$,  '"0' 1-�8,-�.'  3 "&,"$  " ),5$.�3�%  #)�9#�%  /�53� (,-  "7=, -
"-3,..�  /�3+"$-1  ")�#  " 7!8+  *�)�!.���  /�#)+-$( , 73, $6$-1  &,!),&�.-.+,  ")�#$ . 
�)$  .,5.'6$-, 1.�&  7*�)�!'.$$  )'8�-  :-�  /�53� $-1  "7=,"-3,..�  :#�.�&$-1  "),*"-3' , 
3+*, (,&+,  .'  �8" 7!$3'.$,  $ #'/$-' 1.+%  ),&�.-  *�)�� .  

��8�6.+&  /)�*7#-�&  /)$  /,),)'8�-#,  /�#)+9,#  3 ),5$.�37<  #)�9#7  (3 (,-"(  
.'/� .$-, 1  &,-'  �#�)*.+%  ("&,"1  ),5$.�3�%  $ &,-'  $6,"#�%  #)�9#$ ) $"/� 157,&+%  
* (  ')&$)�3'.$(  8,-�..+4  $5*, $%, $ #'#  "+)1,  3 &,-'  7)�$6,"#�%  /)�&+9 ,..�"-$ , $ 
.'/� .$-, 1  #�)*.+%  -,#"-$ 1.+%  ("&,"1  ),5$.�3�%  #)�9#$  $ *)�8 ,.���  -,#"-$ 1.���  
#�)*' ) #�-�)+%  $"/� 157,-"(  * (  ')&$)�3'.$(  /� $&,).+4  $ 8,-�..+4  $5*, $%, /� 76, -
.$(  3-�)$6.���  /� $'&$*' , '  -'#!,  /)$  -'&/�.$)�3'.$$  .,0-(.+4  "#3'!$. . 
4. �)�$53�*"-3�  ),�,.,)'-'  ),5$.+  - :-�  / '"-$6.���  /)�*7#-'  /,),)'8�-#$  ),5$.+  (�- -
)'8�-'39$4  9$.  $ ),5$.�3+4  -,4.$6,"#$4  $5*, $%, 37 #'.$5�3'..+4  �-4�*�3 ), "/�"�8 -
.+4  # /�3-�).�%  37 #'.$5'2$$ . �)$  /�*��-�3#,  "+)1(  ),5$.7  �-*, (<-  �-  /�"-�)�..$4  
3# <6,.$%  (-,#"-$ 1.+4  &'-,)$' �3  $ &,-'  �3 ) $ $5&, 16'<-  3 #)�9#7  *�  6'"-$2  )'5 -
&,)�&  .,  8� ,,  0,5 && (.'/)$&,) , .'  *)�8$ 1.+4  3' 12'4  *�  5—8 &&, '  5'-,&  .'  � '*#$4  
3' 12'4 ). �,�,.,)'2$<  $5&, 16,..�%  #)�9#$  /)�3�*(-  /)$  -,)&$6,"#�& , 4$&$6,"#�&  $ $  
&,4'.$6,"#�&  3�5*,%"-3$(4 3 /)$"7-"-3$$  '#-$3'-�)�3  ),�,.,)'2$$  $ &(�6$-, ,%  " 2, -
 1<  )'5)79,.$(  37 #'.$5'2$�..�%  ",-#$  (/)�$"4�*$-  )'5)+3  &'#)�&� ,#7  $ /�/,),6 -
.+4  "3(5,%, �8)'5�3'.$,  .�3+4  "3(5,%).  

�,�,.,)'-  9$..+%  ���  — / '"-$6.+%  &'-,)$' , "/�"�8.+%  /�*3,)�'-1"(  -,4.� � -
�$6,"#�%  �8)'8�-#, , 37 #'.$5�3'-1"(  /)$  33,*,.$$  3 .,��  37 #'.$57<=$4  '�,.-�3 . �)$ -
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&,.,.$,  ),�,.,)'-'  ���  /�53� (,-  :#�.�&$-1  #'767#, .'/� .$-, $ , / '"-$0$#'-�)+  /)$  
$"/� 15�3'.$$  3 ),5$.�3+4  "&,"(4 , 6-�  5.'6$-, 1.�  7*,9,3 (,-  ",8,"-�$&�"-1  ��-�3+4  
$5*, $%. �)$&,.,.$,  ),�,.,)'-'  ���  3 ),5$.�3+4  "&,"(4  "/�"�8"-37,-  8� ,,  8+"-)�&7  
/�� �=,.$<  33�*$&+4  3 ),5$.�37<  "&,"1  /�)�9#��8)'5.+4  $.�),*$,.-�3 , ".$!,.$<  
-,&/,)'-7)+  "&,"$ , "�#)'=,.$<  )'"4�*'  : ,#-)�:.,)�$$ . 
 '��*')(  "3�$&  "/,2$0$6, -
"#$& "3�%"-3'&  ),�,.,)'-  /)$&,.(,-"(  3 /)�$53�*"-3,  9$. , ),5$.�-,4.$6,"#$4  $5*, $%, 
),5$.�3�%  �873$, "/�)-$3.���  $.3,.-')( . 

�&,..�  :-�-  "/�"�8  $"/� 157,-"(  $ 3 .'9,&  ��)�*,  �� !"#�& . 
�"-�)$6,"#'(  "/)'3#' : 

�� !"#$%  ),�,.,)'-.� -9$.�),&�.-.+%  5'3�*  *,%"-37<=$% " 31 *,#'8)(  1961 ��*'  
(3 (,-"(  "/,2$' $5$)�3'..+&  /),*/)$(-$,&  /�  /,),)'8�-#,  9$.  $ ),5$.�"�*,)!'=$4  
�-4�*�3  ��� , 3+/7"#7  ),�,.,)'-' , ),5$.�3�%  #)�9#$ , / '"-$.+  -,4.$6,"#�% , '3-�&� -
8$ 1.+4  #�3)$#�3  $ *)7�$4  ��� . 

�  .'"-�(=,,  3),&(  5'3�*  5'.$&',-"(  7-$ $5'2$,% -,#"-$ 1.+4 , &,-'  �#�)*.+4  
9$.  $ ),5$.�"�*,)!'=$4  �-4�*�3 , /)$.$&',-  3",  3$*+ 9$.  �-  1000 /),*/)$(-$%  $5 33 
),�$�.�3  ��""$%"#�%  �,*,)'2$$ . 

�)�$53�*"-3,..+,  &�=.�"-$  /),*/)$(-$(  /�53� (<-  /,),)'8'-+3'-1  ,!,��*.�  
�#� �  40 000 -�..  $5.�9,..+4  9$.  $ ),5$.�"�*,)!'=$4  �-4�*�3 , #�-�)+,  /)$&,.(<-"(  
3 $5��-�3 ,.$$  2,..���  "+)1(  * (  ),5$.�3�%  /)�&+9 ,..�"-$  — ),�,.,)'-' , "/�"�8.���  
6'"-$6.� , '  3 .,�-3,-"-3,..+4  $5*, $(4  $ /� .�"-1<  5'&,.$-1  "-� 1  *,0$2$-.+%  $ *�)� -
��"-�(=$%  #'767#.  

� (  7*�3 ,-3�),.$(  )'5 $6.+4  -),8�3'.$%  /�-),8$-, ,%  5'3�*  $5��-'3 $3',-  9,"-1  
&')�#  ),�,.,)'-' , ),5$.�37<  #)�9#7  )'5 $6.���  0)'#2$�..���  /)�",3' , #�-�)'(  &�!,-  
/)$&,.(-1"(  3 ),5$.�3+4  "&,"(4 , *�)�!.+4  $ "/�)-$3.+4  /�#)+-$(4 . 

��8�6.+&  /)�*7#-�&  /)$  /,),)'8�-#,  /�#)+9,#  (3 (,-"( : 
-.'/� .$-, 1  #�)*.+%  -,#"-$ 1.+%  $"/� 157,-"(  * (  ')&$)�3'.$(  /� $&,).+4  $ 8,-�. -
.+4  $5*, $%, /� 76,.$(  3-�)$6.���  /� $'&$*' , '  -'#!,  /)$  -'&/�.$)�3'.$$  .,0-(.+4  
"#3'!$. ; 
-.'/� .$-, 1  &,-'  �#�)*.+%  $"/� 157,-"(  * (  ')&$)�3'.$(  8,-�..+4  $5*, $%, $ #'# 
"+)1,  3 &,-'  7)�$6,"#�%  /)�&+9 ,..�"-$ . 

�'3�*  $5��-'3 $3',-  ),5$.�3+,  "&,"$   $"-�3'..+,  $ #' '.*)�3'..+, , / '"-$.7  
-,4.$6,"#7<  0�)&�37<  $ )7 �..7< , #�.3,%,).7<   ,.-7  *�  5-$ " �,3 , 8)+5��3$#$  $ #�3-
)$#$ '3-�&�8$ 1.+, . 
5.
7-$ ),�,.,)'-+ . 
  	"�8�,  &,"-�  3 3�/)�",  7-$ $5'2$$  9$.  5'.$&'<-  $5*, $(  $5 87-$ #'767#' . 
 ' -
��*')(  3+"�#�%  �'5� -, 3 '��.,/)�.$2',&�"-$  $ -,/ �"-�%#�"-$  87-$ #'767#  /)$&,.(<-  
* (  $5��-�3 ,.$(  ,5*�3+4  #'&,)  $ 37 #'.$5'2$�..+4  *$'0)'�& .  

	*.'#� , #)�9#'  $5 ),5$.+  .'  �".�3,  87-$ #'767#'  .,  .'9 '  9$)�#���  /)$&,.,.$(  
$5-5' ,��  "/,2$0$6,"#$4  "3�%"-3. 
7-$ #'767#  -,4.� ��$6,"#$  .,  "&,9$3',-"(  " *)7�$&$  
#'767#'&$ . �)�9#'  $5 ),5$.+  .'  ,��  �".�3,  / �4�  "3(5+3',-"(  " *)7�$&$  &'-,)$' '&$ . 
��  ",&$*,"(-+4  ��*�3  /)�9 ���  3,#'  $5*, $(  $5 87-$ #'767#' , 3+9,*9$,  $5 :#"/ 7'-' -
2$$ .,  .'4�*$ $  "3�,��  /)$&,.,.$(  $ /)�"-�  3+8)'"+3' $"1  .'  "3' #7 .  

�  ",&$*,"(-+4  ��*'4  �)7//�%  76,.+4  �#'*,&$$  .'7#  "�3&,"-.�  " �����  $ ��" -
#�3"#$& 9$..+&  5'3�*�&  8+ $  /)�3,*,.+  $"" ,*�3'.$(  /�  $5��-�3 ,.$<  $  /)$&,.,.$<  
87-$ ),�,.,)'-�3  3 9$..+4  ),5$.'4 .  

	#'5' �"1 , 6-�  $5��-'3 $3'-1  ),�,.,)'-  $5 ),5$.  .'  �".�3,  87-$ #'767#'  -)'*$2$ -
�..+&$  &,-�*'&$  (-,)&$6,"#$& , &,4'.$6,"#$&  $ 4$&$6,"#$&) .,3�5&�!.� , $5-5' "/,2$ -
0$6,"#$4  "3�%"-3 :-$4  ),5$. . 

�  /)�2,"",  $"" ,*�3'.$(  8+  /),* �!,.  )'*$�'#-$3.+%  &,-�*  $5��-�3 ,.$(  ),�, -
.,)'-' . 	-)'8�-'..+,  $5*, $(  /�&,='<-  3 #'&,)7  $ �8)'8'-+3'<-  G -  76'&$ . ��" ,  �8 -
 76,.$(  $5*, $(  /)�/7"#'<-  6,),5  5'5�)  3' 12�3 .  
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�� 76,..+%  -'#$&  �8)'5�&  ),�,.,)'-  /�#'5'  /),#)'".+,  -,4.� ��$6,"#$,  "3�%-
"-3' . 

�5*, $( , 3+/� .,..+,  $5 ),�,.,)'-' , "�4)'.(<-  /�6-$  -'#$,  !,  "3�%"-3' , #'#  $5*,-
 $( , $5��-�3 ,..+,  $5 87-$ #'767#'  8,5 /)$&,.,.$(  ),�,.,)'-' .  

�)�&,  -���  ),�,.,)'- , 3 �- $6$,  �-  87-$ #'767#' , /),#)'".�  "&,9$3',-"(  " ),5$.� -
3+&$ "&,"(&$  .'  �".�3,  *)7�$4  #'767#�3. ;-�  /)$*',-  ),5$.�3+&  "&,"(&  �'5�.,/)�.$2' -
,&�"-1 , 3 '��.,/)�.$2',&�"-1 ,  -,/ �"-�%#�"-1  $ *)7�$,  "3�%"-3' , 4')'#-,).+,  87-$ #' -
767#7. 

�)$&,.,.$,  87-$ ),�,.,)'-�3  .'  ��"#�3"#�&  9$..�&  5'3�*,  /�53� $ �  .,  -� 1#�  
"�#)'-$-1  �-4�*+  $5.�9,..+4  $5*, $% $5 87-$ #'767#' , .�  $ $&, �   5.'6$-, 1.7<  :#� -
.�&$6,"#7<  :00,#-$3.�"-1 .  

�'#$&  �8)'5�& , "  -�6#$  5),.$(  "/�"�8'  /,),)'8�-#$  "'&+&  /�/7 ().+&  (3 (,-"(  
&,4'.$6,"#�,  *)�8 ,.$, , #�-�)�,  $"/� 157<-  8� ,,  50 *,%"-37<=$4  3 ��  #�&/'.$% .  

�.-,),"  # /,),)'8�-#,  /�#)+9,#  #'#  # 8$5.,"7  7"-�%6$3�  3+"�# , /�"#� 1#7  3 
8� 19$."-3,  ),�$�.�3  :-$  .$9$  "3�8�*.+ . ��  #� $6,"-3�  ),' $5�3'..+4  /)�,#-�3  ., -
5.'6$-, 1.� . �3(5'.�  :-�  " �6,.1  3+"�#�%  "-�$&�"-1<  4�)�9$4 ,  $#3$*.+4  ,3)�/,%"#$4  
 $.$%, #�-�)+,  3�5&�!.�  /�#7/'-1  3  $5$.� . �,.+  .'  /� .�"-1<  ,3)�/,%"#7<   $.$<  
.'6$.'<-"(  �-  1,5 &$  $�.�3  ,3)� . 
)'-1  !,  *,9,3�,  #$-'%"#�,  �8�)7*�3'.$,  &.��$,  .,  
��-�3+ . �/,2$' $"-+  5'(3 (<- , 6-�  3 .'"-�(=$%  &�&,.-  3 ��""$$  *�"-'-�6.�  8� 19�,  
#� $6,"-3�  .,)'8�-'<=$4   $.$% /�  /,),)'8�-#,  9$. . 

�+.�#  ),5$.�3�%  #)�9#$  3 ��""$$  .'4�*$-"(  3 .'6' 1.�%  "-'*$$  0�)&$)�3'.$( . 
�$..+,  �-4�*+  3 ��""$$  .'  ",��*.(9.$%  *,.1  "�"-'3 (<-  �#� �  850 -+"(6  -�..  3 ��* . 
	2,.$3',&+%  �8C,&  &,4'.$6,"#�%  /,),)'8�-#$  9$.  3 ��""$$  .,  /),3+9',-  17% �-  �8 -
=,��  �8C,&'  ,!,��*.+4  9$..+4  �-4�*�3 . �=,  *�  20% $5.�9,..+4  9$.  "!$�',-"( . 
	"-'39$%"(  �8C,&  /)$4�*$-"(  .'  5'4�)�.,.$, .  

�)�8 ,&'  $"/� 15�3'.$(  $5.�9,..+4  9$.  $&,,-  3'!.�,  :#� ��$6,"#�,  5.'6,.$, . 
� (  7"/,9.���  ),9,.$(  *'..�%  /)�8 ,&+  3 ��""$$  .,�84�*$&'  )'5)'8�-#'  $ /)$.(-$,  
#�&/ ,#"'  &,) , ),� '&,.-$)7<=$4  /�)(*�#  $4 76,-' , "8�)' , 4)'.,.$(  $ /�"-'3#$  .'  /,), -
)'8�-#7 , /�*��-�3#'  $ /)�*3$!,.$,  .'  0,*,)' 1.�&  $ ),�$�.' 1.�&  7)�3.(4  5'#�.�*' -
-, 1.+4  '#-�3 , "-$&7 $)7<=$4  73, $6,.$,  �8C,&�3  3�""-'.�3$-, 1.���  ),&�.-'  $ /,), -
)'8�-#$  $5.�9,..+4  9$. .  

�),87,-"(  -'#!,  "�5*'.$,  )+.#'  $5*, $% $ &'-,)$' �3 , $5��-'3 $3',&+4  $5 /� 7 -
6',&���  /)$  /,),)'8�-#,  3-�)$6.���  "+)1( . �'#'(  )'8�-'  7!,  *'3.�  3,*,-"(  3 ���  $ 
"-)'.'4  �'/'*.�%  �3)�/+  /)$  '#-$3.�&  "�*,%"-3$$  �",&$).�%  '""�2$'2$$  /,),)'8�-6$ -
#�3 9$.  (ITRA) $ ETRA. 

�'#$&  �8)'5�& , &+ )'""&�-), $  /)�8 ,&7  7-$ $5'2$$  9$. . �  .'9,%  )'8�-,  &+ )'" -
#)+ $  -'#$,  3�/)�"+ , #'# : "7=,"-37<=$,  "/�"�8+  7-$ $5'2$$  9$. ; *�"-�$."-3'  $ .,*� -
"-'-#$  )'5 $6.+4  &,-�*�3  7-$ $5'2$$ . �  )'8�-,  -'#!,  �/$"'.�  /),*/)$(-$,  /�  7-$ $5' -
2$$ /.,3&'-$6,"#$4  9$.  $ ),5$.� --,4.$6,"#$4  $5*, $% - �� !"#$%  ),�,.,)'-.� -
9$.�),&�.-.+%  5'3�* . 

�$-7'2$(  " �4)'.�%  /)$)�*.+4  ),"7)"�3  3 ��  "-'.�3$-"(  " #'!*+&  ��*�&  3",  47!, , 
'  3�5.$#9,,  /)�8 ,&+  – 3",  8� ,,  � �8' 1.+&$ . �/,2$' $"-+  7!,  *'3.�  /),*7/),!*'<-  
�8  7�)�5,  :#� ��$6,"#���  8,*"-3$( . �7#�3�*$-, $  "-)'.+  "6$-'<- , 6-�  3.,*),.$,  �"�8+4  
/ '.�3  .'  2017 ��*  /�53� $-  $5&,.$-1  :#� ��$6,"#7<  �8"-'.�3#7 .  

��*  :#� ��$$  $&,,-  /)�"-7< , .�  3'!.7<  2, 1  — /)$3 ,61  3.$&'.$,  �8=,"-3'  # 
/)�8 ,&'&  :#� ��$6,"#�%  8,5�/'".�"-$  "-)'.+ . ��  ),9,.$<  /),5$*,.-'  ��""$$  – � ' -
*$&$)'  � '*$&$)�3$6'  �7-$.' , "�5*'.  �)�'.$5'2$�..+%  #�&$-,-  /�  /)�3,*,.$<  ��*'  
:#� ��$$  .'  -,))$-�)$$  .'9,%  "-)'.+ . 

�+  "6$-',& , 6-�  :#� ��$6,"#7<  �8"-'.�3#7  3 ��""$$  .,�84�*$&�  &,.(-1 . ;-���  
3�5&�!.�  *�"-$61 , -� 1#�  ," $  35(-1"(  5' :-7  /)�8 ,&7  3",&  &$)�& . �'/)$&,) , * (  ),9, -
.$(  /)�8 ,&+  7-$ $5'2$$  9$. , 3 /,)37<  �6,),*1  .,�84�*$&�  $5&,.,.$,  5'#�.�*'-, 1 -
"-3' . �/,2$' $5'2$(  /),*/)$(-$(  -� 1#�  .'  $5&, 16,.$$  /�#)+9,#  78+-�6.' . �)�$53�* -
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"-3�  #)�9#$  *�3� 1.�  :.,)��5'-)'-.+%  /)�2,"" . ��:-�&7  .,�84�*$&'  ��"7*')"-3,..'(  
/)��)'&&' , /�53� (<='(  "*, '-1  :-�-  /)�2,""  :#�.�&$6,"#$  3+��*.+& .  

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

�'3�*  /�  /,),)'8�-#,  &7"�)'  / '.$)7,-"(  /�"-)�$-1  .'  -,))$-�)$$  4$&#�&/ ,#"' . 
�'  &7"�)�/,),)'8'-+3'<=$%  5'3�*  3 �� !"#�&  3+*, ,.�  850 -+"(6  )78 ,%. �),*/)$( -
-$,  "&�!,-  /)$.$&'-1  400 -+"(6  -�..  &7"�)'  3 ��* .  
�!,  5'#'.6$3'<-  3�53,*,.$,  �".�3.���  #�)/7"'  $ &�.-'!  �8�)7*�3'.$( . �*'-1  �8C,#-  
/ '.$)7<-  3 2017 ��*7 . 

�'  &7"�)�/,),)'8'-+3'<=,&  5'3�*,  &7"�)  "!$�'-1  .,  87*7-. �)$  :-�&  �".�3.�%  
'#2,.-  87*,-  "*, '.  .'  "�)-$)�3#,  $ /,),)'8�-#,  / '"-$#�3���  &7"�)' . 

	8�)7*�3'.$,  * (  /,),)'8�-#$  / '"-$#'  /�53� $-  /� 76$-1  3-�)$6.�,  "+)1, , #� -
-�)�,  87*,-  /)�*'3'-1"( , '  -'#!,  $"/� 15�3'-1"(  5*,"1  !,  * (  /)�$53�*"-3'  -�3')�3  4� -
5(%"-3,..� -8+-�3���  .'5.'6,.$( . �  /,)"/,#-$3,  – $5��-�3 ,.$,  /� $&,)/,"6'.+4  $5*,-
 $%: -)�-7').�%  / $-#$ , 6,),/$2+  $ /)�6$4  -�3')�3 .  

�')-�. , ),5$.' , &,-'  , *)�8 ,.�,  "-,# �  /�" ,  "�)-$)�3#$  $ /,),)'8�-#$  87*7- 
.'/)'3 (-1"(  .'  *,%"-37<=$,  3 ),�$�.,  /),*/)$(-$( . 

��  .,  3",  5'3$"$-  �-  ��"7*')"-3' . �.���,  &�!,&  "*, '-1  $ &+. �,  3+8)'"+3'%-,  
/�#)+9#$  $ *)7��%  &7"�)  .'  7 $2, . �,"'.#2$�.$)�3'..+4  "3' �#  $ -'#  &.���  .'  -,))$ -
-�)$$  .'9,%  "-)'.+ .  �5  .$4  &�!.�  "��)7*$-1  /),#)'".7<  ��)'*7  .'  *'6,  $ $  # 787 * (  
23,-�3  7 /�*C,5*' . �  #�.2,  #�.2�3 , &�!.�  /)�"-�  �-3,"-$  $"/� 15�3'..+,   9$.+  .'  /, -
),)'8�-#7 . �'  -,))$-�)$$  .'9,��  #)'(  /,),)'8�-#�%  9$.  5'.$&',-"(  �� !"#$%  ),�,., -
)'-.� -9$.�),&�.-.+%  5'3�* .  

�+  .'*,,&"( , 6-�  3# '*  #'!*���  !$-, (  .'9,%  /),#)'".�%  $ *),3.,%  5,& $ , 87*,-  
/� ,5,.  * (  �8=,��  $ �6,.1  .7!.���  *, ' . 
 

����	�  ����������  
 

1.��)#�3#$.'  � .� . �"" ,*�3'.$,  87-$ ),'�,.-�3  3 9$..+4  ),5$.'4 , � : 1972 
2.�#'5  �),5$*,.-'  ��""$%"#�%  �,*,)'2$$  �-  05.01.2016 � . B  7 	  /)�3,*,.$$  
3 ��""$%"#�%  �,*,)'2$$  ��*'  :#� ��$$  
3.Colesa.ru – �$..+%  /�)-'  
4.http://vsepromusorexpert.ru/ - ;#� ��$( . �",  �  -3,)*+4  8+-�3+4  �-4�*'4  
5.http://amastercar.ru/ - �3-�  "'%- * (  '3-� <8$-, ,%  
6.volg.mk.ru – ��"#�3"#$%  #�&"�&� ,2  �� ���)'*  
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� .C. �$8$-�3  "- . /),/�*'3'-, 1  #'0,*)+  �����   

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

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  
� .� . ��)�.$.  &'�$"-)'.-  #'0,*)+  �����   

�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  
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;00,#-$3.�"-1  )'8�-+  -,/ �&'""��8&,..+4  '//')'-�3 , �"�8,..�  .'"'*�6.+4  $ 
/ ,.�6.+4  #� �.. , �/),*, (,-"(  )'3.�&,).�"-1<  �)�9,.$(  !$*#�"-1<  #�.-'#-.+4  : , -
&,.-�3  (.'"'*#$ ) /�  ",6,.$<  '//')'-'  [1, 2]. 
� 19�,  3.$&'.$,  7*, (,-"(  "�3,)9,."-3� -
3'.$<  "7=,"-37<=$4  #�."-)7#2$%  )'"/),*, $-, 1.+4  7"-)�%"-3  �8,"/,6$3'<=$4  )'3 -
.�&,).�"-1  $ :.,)��:0,#-$3.�"-1  �)�9,.$(  [3, 4]. 

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

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

 
�$"7.�#  1. 
$#�.7".+%  2,.-)�8,!.+%  )'"/),*, $-, 1 : 

1 – 8�)- ; 2 – .')7!.+%  #�.7" ; 3 – #�.075�) ; 4 – )'*$' 1.+,   �/'-#$ ;  
5 – #),"-�3$.' ; 6 – *�.+9#� ; 7 – "-'#'. ; 8 – 3-7 #' ; 9 – �"1  

 
�"" ,*�3'.$,  )'8�-+  8$#�.7".���  )'"/),*, $-, (  D = 200 && /)�3�*$ �"1  .'  

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

 
�$"7.�#  2. ;#"/,)$&,.-' 1.'(  7"-'.�3#' : 

1 – )'"/),*, $-, 1 ; 2 – )�-'&,-) ; 3 – "-)�8�-'4�&,-) ; 4 – 3,.-$ 1 ;  
5 – "8�).�,  7"-)�%"-3�   

�)$  )'8�-,  !$*#�"-1 , /�/'*'(  .'  )'*$' 1.+,   �/'-#$  4 )'"/),*, $-, ( , "-,#',-  /�  
#�.075�)7  3 .'  *.� , 5'-,&  6'"-1  !$*#�"-$  /�*  *,%"-3$,&  "$ +  -(!,"-$  )'"/),*, (,-"(  
6,),5  �-3,)"-$(  .'  *., , '  *)7�'(  6'"-1  !$*#�"-$ , /�*.$&'("1  /�*  *,%"-3$,&  2,.-)�8,! -
.+4  "$  3 3$*,  / ,.#$  /�  /�3,)4.�"-$  )'"/),*, $-, ( , )'58)+5�$3',-"(  6,),5  �-3,)"-$(  3 
"-,.#, . �  " 76',  $58+-�6.�%  /�*'6$  !$*#�"-$  .,)'"/),*, ,..'(  !$*#�"-1  3�53)'=',-"(  
/�  3.7-),..,%  /�3,)4.�"-$  #�.075�)'  3. 

�)$  /)�3,*,.$$  :#"/,)$&,.-'  )'"4�*  !$*#�"-$  $5&,.( "(  �-  0,92 *�  1,33 &3/6, 
)'"/� �!,.$,  2,.-)�8,!.���  )'"/),*, $-, (  �-.�"$-, 1.�  /�3,)4.�"-$  .'"'*#$  – �-  200 
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*�  280 &&. �-�8+  �2,.$-1  3 $(.$,  /� (  2,.-)�8,!.+4  "$  .'  )'"/),*, ,.$,  !$*#�"-$  
/)�3�*$ �"1  $5&,),.$,  $ /)$  "-'-$6.�&  /� �!,.$$  )'"/),*, $-, ( . 

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

- )'"/),*, ,.$,  !$*#�"-$  " $"/� 15�3'.$,&  2,.-)�8,!.+4  "$  :00,#-$3.,,  6,& " 
$"/� 15�3'.$,&  �)'3$-'2$�..+4 ; 

- .'$8� ,,  :00,#-$3.�,  )'"/),*, ,.$,  *�"-$�',-"(  .'  3+"�-,  )'"/� �!,.$(  )'" -
/),*, $-, (  250 && �-  .'"'*#$  /)$  )'"4�*,  1,33 &3/6 (*$'&,-)  #� �..+  500 &&).  

�),* '�',&'(  #�."-)7#2$(  2,.-)�8,!.���  )'"/),*, $-, 1.���  7"-)�%"-3'  /�53� -
 (,-  73, $6$-1  /�3,)4.�"-1  #�.-'#-'  $ �8,"/,6$-1  $.-,."$3.�,  #�.-'#-$)�3'.$(  0'5 , 6-�  
/�3+9',-  :00,#-$3.�"-1  &'""��8&,.'  .'  10-15% $ ".$!',-  :.,)��5'-)'-+  .'  10%. 

 
����	�  ����������  

 
1. �� �3'6,3"#$% , � .� . 	)�"$-, $  $ 0�)"7.#$  "#)788,)�3  4$&$6,"#�% /)�&+9 -

 ,..�"-$  / � .� . �� �3'6,3"#$% . – � . : �'9$.�"-)�,.$, , 1974. – 271 ". : $ . 
2. �'!$ , � .� . 	".�3+  -,4.$#$  )'"/+ $3'.$(  !$*#�"-,%  / � .� . �'!$ , � .� . �' 7"-�3 . 

– � . : �$&$( , 1984. – 256 ". : $ . 
3. �'- . B  2449840 �� , ���  B 05 B3/12. �,.-)�8,!.+%  )'"/+ $-, 1  !$*#�"-$  / 

� .� . �'%2,3 , � .� . �,8,*,3 , � .
 . �'/)'.�3'  ; /'-,.-��8 '*'-, 1  �,*,)' 1.�,  ��"7*') -
"-3,..�,  8<*!,-.�,  �8)'5�3'-, 1.�,  76),!*,.$,  3+"9,��  /)�0,""$�.' 1.���  �8)'5�3' -
.$(  "
)�" '3"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- . – 2010146662/05[c; 5'(3 . 
16.11.2010 ; �/78 . 10.05.2012. 

4. �'-+/�3 , � .� .. �')'&,-)+  )'8�-+  2,.-)�8,!.���  �)�"$-, (  / � .� . �'-+/�3  // 
�,"-.$#  �'5'."#���  -,4.� ��$6,"#���  7.$3,)"$-,-' . ��&  17, B  24. - 2014. � . 193-194. 

5. �,57 1-'-+  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$%  �$*)�*$.'&$#$  2,.-)�8,!.+4  
)'"/),*, $-, ,%  !$*#�"-$  -'), 16'-���  -$/'  / � .� . �')6,.#� , � .� . �$8$-�3' , � .� . �$ -
8$-�3 , � .� . �, $4�3  // �"/,4$  "�3),&,..���  ,"-,"-3�5.'.$( . - 2015. - B  11 (6'"-1  2). - C. 
153-156. 

6. ��)�.$. , � .� . �"" ,*�3'.$,  �$*)�*$.'&$6,"#$4  /')'&,-)�3  2,.-)�8,!.+4  
)'"/),*, $-, ,%  !$*#�"-$  / � .� . ��)�.$. , � .� . �$8$-�3' , � .� . �$8$-�3  // �#-7' 1.+,  
3�/)�"+  4$&$6,"#�% -,4.� ��$$  $ 5'=$-+  �#)7!'<=,%  "),*+  : "8. &'-,) . VI 3",)�" . 
#�.0 . c &,!*7.') . 76'"-$,&  (� . �,8�#"')+ , 24-25 .�(8)(  2016 � .) / ),*#� .: � .� . �$/$.  
(�-3 . ),* .) [$ *) .] ; ��
	�  �	  «�73'9"#$%  ��" . 7. --  $&. � .� . � 1(.�3' », 	�	  «�$& -
/)�& » [$ *) .]. - �,8�#"')+ , 2016. - C. 32. 

7. � .&. B  163474 �� , ���  B01D53/18, B01D53/24, B01D3/30. �,.-)�8,!.�,  )'" -
/),*, $-, 1.�,  7"-)�%"-3�  * (  !$*#�"-$  / � .� . �$8$-�3' , � .� . �$8$-�3 , � .
 . �� �3'. -
6$#�3, � .� . �)�0$&�3 , � .� . ��)�.$. ; ; /'-,.-��8 '*'-, 1  �� ���)'*"#$%  ��"7*')"-3,. -
.+% -,4.$6,"#$%  7.$3,)"$-,- . – B  2015155499 ; 5'(3 . 23.12.2015 ; �/78 . 20.07.2016. 
 
 
 

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


 .� . �,3'"-1(.�3 , *�2,.-  #'0,*)+   ��;  ��� (0$ $' ) �� ����  
� .�	������  

 
 

	/,)'-$3.�  /)�3,)$-1  )'8�-�"/�"�8.�"-1  /)��)'&&+  $ $  "$"-,&+  &�!.�  -� 1#�  " 
/)$&,.,.$,&  "-,.*�3 . �  /)$&,.,.$,&  "-,.*�3  &�!.�  $&$-$)�3'-1  )'5 $6.+,  "$-7'2$$  $ 
#'6,"-3,..�  /)�3�*$-1  �876,.$,  "-7*,.-�3  $ $  "/,2$' $"-�3  /)�&+9 ,..+4  /),*/)$( -
-$%. �'  #'0,*),  '3-�&'-$5'2$$  &.���  -)7*'  3 �!,.�  3 )'5 $6.+,  "-,.*+ . ��  $4 .'5.'6, -
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.$, , 3�5&�!.�"-$  &�!.�  75.'-1  -� 1#�  7 3,*7=$4  /),/�*'3'-, ,% . �)$4�*$-  '8$-7)$,.-  
3  '8�)'-�)$<  $ 6-�  �.  3$*$-: #'#$, --�  /)$8�)+ , /'., $  " #.�/#'&$  $ - .* . �$  .'53'.$% , 
.$  .'5.'6,.$( , .$6,��  .,- . �-�8+  8+ �  $.-,),".�  $ /�.(-.�  *� !.'  8+-1 $.0�)&'2$(  " 
76@-�& "�3),&,..+4  $.0�)&'2$�..+4  -,4.� ��$% .  

�.3,"-$2$�..'(  /)$3 ,#'-, 1.�"-1 , $&,,-"(  3 3$*7 "�  "-�)�.+  '8$-7)$,.-�3  - 87-
*7=$4  "-7*,.-�3 . �-,.*+  3 $."-$-7-,  87*7- .,  .7!.+ , ," $  .,  87*,-  "-7*,.-�3 . ��:-�&7  
"�5*'3'(  "-,.*+  * (  "-7*,.-�3 , ., 15(  5'8+3'-1  /)�  '8$-7)$,.-�3 . �.'6, , /)$  /�",=,.$$  
 '8�)'-�)$%  $."-$-7-' , '8$-7)$,.-+  3$*(-  #'#$, --�  #.�/#$ , -7&8 ,)' , $.*$#'-�)+ , /)� -
3�*' , .'�)�&�!*,.$,  /)$8�)�3 , 7"-)�%"-3 . �-� --�  #'#�%--�  *(*(  $ $  -@-( ��3�)$-  &�.� -
-�..�  $ '8"-)'#-.� , /�-�&  ��.(-  $4, #'#  "-'*�  3 *)7�7<  '7*$-�)$< . �" $  '7*$-�)$(  ,=@ 
5'.(-'  /),*+*7=,%  �)7//�% , -�  /�&�=.$#  (3� �.-@) ) *� !,.  .,  "-�(-1  $ !*'-1 , #'#  $"-7-
#'. , '  $"/� 157(  5'*,)!#7  )'""#'5'-1  �  *�"-$!,.$(  .'  :-�%  #'0,*), , �  "/,2$' $"-'4 , �  $. -
-,),".+4  "-7*,.6,"#$4  )'8�-'4 , �  -�&  �*,  /�-�&  &��7-  -)7*$-1"(  $ -)7*(-"(  3+/7"#.$#$ . 
�  * (  :-���  �.  *� !,.  ��-�3$-1"(  .,  �*$.  &,"(2  (,��  *� !.+  �876'-1  $ / '-$-1  /�3+ -
9,..7<  "-$/,.*$< ). 

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

��  #'!*�&7  "-,.*7  *� !,.  8+-1 /'"/�)-  (3 /'"/�)-,  *� !.+  8+-1 "4,&+ : "-)7# -
-7).'( , 07.#2$�.' 1.'( , /)$.2$/$' 1.'(  "�  "/,2$0$#'2$,%  : ,&,.-�3  $ - .* .)  �)$  -'#�&  
/�*4�*,  3 " 76',  3+4�*'  $5 "-)�(  "-,.*'  87*,-  3�5&�!.�"-1  ,��  �/,)'-$3.�  �-),&�.-$)� -
3'-1 . 

�,&�."-)'2$�..+,  /)$&,)+  *� !.+  /�#'5+3'-1  �".�3.+,  3�5&�!.�"-$  "-,.*' . 
�'  #'!*7<  *,&�."-)'2$<  *� !.'  $&,-1"(  4�-(  8+ )7#�3�*"-3�  �/,)'-�)' . 	-3,-"-3,. -
.+% 5' *,&�."-)'2$<  *� !,.  �876$-1  '8�)'.-'  $ $  "-7*,.-' , 6-�8+  �.$  &�� $  �)'&�-.�  
$ 73,),..�  /)�3,"-$  /),5,.-'2$< . �),/�*'3'-, $  *� !.+  $&,-1  &'-,)$' 1.7<  /�**,)! -
#7 $ &�)' 1.7<  (�)'&�-+ , &,*' $  $ *)7�$,  .'�)'*+ ). 

�)$  0�)&' 1.�&  �-.�9,.$$  '8$-7)$,.-+  &' �  6-�  /�.$&'<- , 3 #�.2,  /�",=,.$(  
.,  /� 76'<-  .$  "�3&,"-.+4  0�-��)'0$% , .$  /'&(-�#  �  6@& 9 '  ),61 , .$  3�5&�!.�"-$  
4�-1  6-� --�  /�/)�8�3'-1  "'&�&7  $ $  ".(-1  0�-�  .'  /'&(-1 .  

��" ,  /�",=,.$(  $."-$-7-'  .'  �8=,&  "8�),  #'!*�&7  '8$-7)$,.-7  " ,*7,-  3)76$-1 
0 :9#7  " ,��  0�-��)'0$(&$  $ 3$*,�)� $#'&$  (�*,  �.  8+ : 3 '7*$-�)$(4 ,  '8�)'-�)$(4 ), 
"�  3",&$  87# ,-'&$ , /)�"/,#-'&$  $ 7" �3$(&$  /)$@&' $ �876,.$( , /,),6.,&  *$"2$/ $.  
/�  #'!*�&7  .'/)'3 ,.$<  $ #-�  $4 87*,-  3,"-$ , " 7#'5'.$,&  3",4  : ,#-)�..+4  '*),"�3  " 
/�(".,.$(&$ , 6-�  $ �*,  ('  .,  �-"+ '-1  .'  �8=$% "'%- $."-$-7-' : &�  $=$-,  "'&$ , ," $  
.'%*@-,, '  .,  .'%*@-, – :-�  3'9$  /)�8 ,&+ ).  

�, '-, 1.�  -'#!,  /),* �!$-1  '8$-7)$,.-'&  76'"-3�3'-1  3 #)7!#'4 , /�  87*7=$& 
"/,2$' 1.�"-(& . �'#$,  #)7!#$  *� !.+  07.#2$�.$)�3'-1  /�"-�(..�  $ 3,"-$"1  /),/�*'3' -
-, ,& 1 /�  *'..�&7  .'/)'3 ,.$< .  

��  #'!*�%   '8�)'-�).�%  )'8�-,  *� !.+  8+-1 /�*��-�3 ,.+  -$/�3+,  �8)'52+  /)� -
�)'&& , / '#'-+ , &,-�*$6,"#$,  7#'5'.$( , 76,8.+,  /�"�8$(  [1-9]. 

 �+3�*+  
�)�&,  $5��-�3 ,.$(  "-,.*'  -),87,-"(  &.���  -)7*' , 6-�8+  "-,.*  :00,#-$3.�  07.# -

2$�.$)�3'  $ /)$.�"$  /� 157 , #'#  "-7*,.-'& , -'#  $ '8$-7)$,.-'& . �-�8+  ),' $5�3'-1  

                                                 
1 �)7*  *� !,.  �/ '6$3'-1"( . �),&(  *� !.�  8+-1 7*�8.+&  * (  9#� 1.$#�3 . 



 86 

4�-(  8+ 6'"-$6.� , �  6@& 8+ �  "#'5'.�  3+9, , .'  �0�)& ,.$,  #'!*���  "-,.*'  #'0,*),  /� -
-),87,-"(  .,  &,.,,  /� ��*'  "  '#-$3.+&  76'"-$,&  $"/� .$-, ,%  ()'5)'8�-6$#�3  "-,.*' ) $ 
/),/�*'3'-, ,% , 3,*7=$4  .'  "-,.*,   '8�)'-�).+,  )'8�-+ .  
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 .� . �,3'"-1(.�3  *�2,.-  #'0,*)+  ���$�  �;�   

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

 
 �,/)�*7&'..�, , /�"/,9.�,  /)$.(-$,   
 �*.�"-�)�..$4  5'#�.�3  /)$3�*$-  #  
 "�2$' 1.+&  .'/)(!,.$(&  $ 78��$&   
 -,4.$6,"#$&  ),9,.$(&   $2'&$ , #�-�)+,   
 �/,)'-$3.�  $"/� 157<-  .,"�3,)9,."-3�  
 5'#�.�3  3 "3�$4  #�)+"-.+4  2, (4 . 

 
 .� . �,3'"-1(.�3  
 

�  ��)�*,  8� 19$."-3�  -$/�3+4  *�&�3 , /�:-�&7  $ -,4.$6,"#$,  ),9,.$(  *� !.+  
8+-1 0�5�-2
� : ��1�-12+  �  ,�5��1�0+�612+  71+/���3+/+��89�+  ���0+
2 . �  �".�3 -
.+&  "$"-,&'&  76@-' �-.�"(-"(  "$"-,&+ , 76$-+3'<=$,  �".�3.+,  /�-�#$  :.,)�$$ : ��)(6'(  
3�*'  (3�*�".'8!,.$,  $ �-�/ ,.$, ), : ,#-)�:.,)�$( , 4� �*.'(  3�*' , �'5 . ��  3",4  /�"-'.�3 -
 ,.$(4 , "3(5'..+4  " :.,)��76@-�& , 7/�)  *, ',-"(  .'  :#�.�&$6,"#7<  :00,#-$3.�"-1  [8]. 
�'  /)'#-$#,  !,  3"(  :#�.�&$(  /�6,&7 --�  *, ',-"(  5'  "6@- .'", ,.$( . �-�8+  �"-'.�3$-1  
�)'8@!  .'", ,.$( , 3",�� -.'3",��  3 5'#�.,  *� !.+  8+-1 �-)'!,.+  " ,*7<=$,  &�&,.-+ : 

                                                 
2 �-'3$-1  5'/(-7<  /�" ,  0'&$ $$  – �6,),*.�,  .�39,"-3�  3 �0�)& ,.$$  8$8 $��)'0$$  (" -�6#$  5),.$(  '3 -
-�)'  �6,),*.'(  61(--�  *7)1 ). �-�  �-  :-���  &,.(,-"( , /�  "7-$? �$6,�� ! 
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1. �)'&�-.'(  7"-'.�3#'  3",4  *'-6$#�3  $ "$"-,&  76@-' :.,)�$$  3+/� .(,-"(  �) -
�'.$5'2$,%  /�"-'3 (<=,%  :.,)�$<  $ $  )'5 $6.+&$  /�"),*.$#'&$  5' "6@- �)�'.$5'2$$ , 
$"/� 157(  "),*"-3' , /� 76',&+,  5' "6@- -�6.���  76@-' $ /� 76,..�%  :#�.�&$$  3 /�-),8 -
 ,.$$  :.,)��),"7)"�3 , '  .,  5'  "6@- .'", ,.$( .  

2. �'#�%  !,  /�*4�*  *� !,.  8+-1 /)$  /�" ,*7<=$4  /�3,)#'4  "$"-,&  $ /)$8� -
)�3  76@-'. �'-)'-+  .'  /�3,)#7  .,  *� !.+  5'3+9'-1"(  (3 .'9,%  "-)'.,  3 /)$ �!,.$$  # 5'-
#�.7  �8(5'-, 1.�  *� !.'  8+-1 &,-�*$#'  �2,.#$  "-�$&�"-$  )'8�-  $ /)�/$"'.'  "-�$&�"-1  
3+/� .,.$(  -$/�3+4  /)�3,)�# , #�-�)'(  $"# <6$-  5'-)'-.7<  * (  .'", ,.$(  "'&�*,(-, 1 -
.�"-1 ). �, '-, 1.�  /)$3(5'-1  :-$  2,.+  # ��	� . �'/)$&,) , 5'-)'-+  .'  /�3,)#7  �*.���  
/)$8�)'  .,  *� !.+  /),3+9'-1  (1-2)% �-  ��	� . 

3. �'  "6@- :#�.�&$$  :.,)��),"7)"�3  �)�'.$57,-"(  0�.* . �),*"-3'  :-���  0�.*'  
*� !.+  $*-$  .,  .'  5')/ '-7  6$.�3.$#'& , '  .'  -,#7=$% ),&�.- , .'"-)�%#7 , /�3,)#7  *'-6$ -
#�3 $ "$"-,&  76@-', '  -'#!,  .'  $4 5'&,.7 . 

4. �  " 76',  3+4�*'  $5 "-)�(  *'-6$#' , "$"-,&'  '3-�&'-$6,"#$  /,),*'@-  $.0�) -
&'2$<  �8  �-#'5,  .'  ���  *$"/,-6,)' . ;-7  !,  $.0�)&'2$<  &�!,-  /�*-3,)*$-1  !$-, 1  *� -
&'  (/)$  7"-'.�3#,  "6@-6$#' $ $  "$"-,&+  76@-' *� !.+  7#'5+3'-1"(  #'#  &$.$&7& *3'  -, -
 ,0�.'  $ '*),"  �)�'.$5'2$$ , #7*'  .'*�  �8)'='-1"( ). �",  53�.#$  *� !.+  /)$.$&'-1"(  
7/)'3 (<=,%  #�&/'.$,%  $ $  #�&/'.$,% , �8" 7!$3'<=,%  /)$8�)+  76@-', 0$#"$)�3'-1"(  
$ 4)'.$-1"(  .,  &,.,,  *374  ,- .  �  &�&,.-'  �-#'5'  *'-6$#'  76@-' :.,)�$$  $ 3 /)�*� !,.$,  
,��  ),&�.-'  4�5($.  #3')-$)+  *� !,.  / '-$-1  5' /�-),8 (,&+,  :.,)��),"7)"+  /�  "),*., -
&7 ("),*.,,  �/),*, (,-"(  5' /),*+*7=$%  #3')-' ). �",  ),&�.-+  *� !.+  �"7=,"-3 (-1"(  
5' "6@- 0$)&  $5 0�.*'  :#�.�&$$ , .�  .,  5'  "6@- !$ 12�3 . �  70�
  ��:;�+  <�/
2  1+ 3:,:0  
4��10+/+��-�12  -  :�0�1�-�+  1+1�,=�12>  5/�3�/�-  �  ���0+
  :;=0�  �  �>  5���
�+ . 

5. ��" ,  ")�#'  �#7/',&�"-$  (")�#  �#7/',&�"-$   * (  *'-6$#�3  .,  *� !,.  /), -
3+9'-1  ��*' ,  '  * (  "$"-,&  76@-' .,  8� ,,  *374  ,- ) -')$0+  �/ '-+  !$ 12'&$  5' :.,)�$<  
*� !.+  7&,.19'-1"(  .,  &,.,,  6,& .'  10%, - ., . .'", ,.$,  *� !.�  �=7-$-1  3+��*7  �-  
/)$8�)�3  $ "$"-,&  76@-' :.,)�$$ . 

6. �)$  -'#�&  /�*4�*,  :#�.�&$#'  ()'"6@-+) 87*7- �8C,#-$3.+&$ , $ 7/)'3 (< -
=$,  #�&/'.$$  $ /�"-'3=$#$  :.,)�$$  .,  87*7- �8��'='-1"(  5' "6@- .'", ,.$( . �.,*),.$,  
"$"-,&  87*,-  8� ,,  �8�".�3'..+&  $ �8C,#-$3.+& . �  )+.#'  '3-�&'-$6,"#$  7%*7- *, 12+  
$ &�9,..$#$ . ��(3$-"(  .,�84�*$&�"-1  $ 5'$.-,),"�3'..�"-1  "$"-,&.���  '.' $5'  $ 3+)' -
8�-#$  ,*$.�%  -,4.$6,"#�%  /� $-$#$  3 ��)�*, , 7&,.19$-"(  6$" �  /�"),*.$#�3 . �  :-�&  
" 76',  ),5#�  "�#)'-(-"(   5'-)'-+  $ .'  /�3,)#7  /)$8�)�3  76@-' $ "$"-,&  76@-'.  

7. �  5'#�.,  * (  "$"-,&+  76@-' *� !.+  8+-1 �)'&�-.�  /)�/$"'.+  07.#2$$ , #� -
-�)+,  �.'  *� !.'  3+/� .(-1 . �#'!,&  -� 1#�  .,#�-�)+,  $5 .$4 : 

7.1.  �7.#2$(  #�.-)� ( , 76@-' $ ),�7 $)�3'.$( . �� !,.  8+-1 .,  -� 1#�  76@- -,/ � -
3�% :.,)�$$ , .�  $ ,@ ),�7 $)�3'.$,  3 5'3$"$&�"-$  �-  -,&/,)'-7)+  �#)7!'<=,%  "),*+ , 
-,&/,)'-7)+  -,/ �.�"$-, (  $ -,&/,)'-7)+  3 #3')-$)'4 .  

7.2. �+(3 (-1"(  �6'�$  /�-,)1  :.,)�$$  3 *�&, , /�*C,5*'4  $ #3')-$)'4 . � (  : ,#-)� -
:.,)�$$  �/,)'-$3.�  '3-�&'-$6,"#$  3+(3 (-1  #�)�-#$,  5'&+#'.$( , �8)+3+   $.$$  (*�& , 
/�*C,5* , #3')-$)' ). 

7.3. � ,*7,-  &'#"$&' 1.�  $"/� 15�3'-1  3-�)$6.�,  -,/ �  (-,/ � , #�-�)�,  3�53)'=' -
,-"(  /�"-'3=$#7 ), /�:-�&7  3 #'!*�&  *�&,  *� !.+  8+-1 -,/ �3+,  /7.#-+ . 

7.4. �)$  )'5)'8�-#,  $ 3.,*),.$$  '3-�&'-$5$)�3'..+4  "$"-,&  *$"/,-6,)"#���  #�. -
-)� (  $ 7/)'3 ,.$(  (3# <6'<=$4   SCADA- "$"-,&7 ) .,�84�*$&�  7*, (-1  3.$&'.$,  
.'*@!.�"-$  $ 8,5�/'".�"-$  "$"-,&  [5]. � (  /�3+9,.$(  .'*@!.�"-$  "$"-,&+  /),*7"&'- -
)$3',-"(  '//')'-.�,  $ /)��)'&&.�,  ),5,)3$)�3'.$, . 

7.5. �.0�)&'2$(  �  /�-),8 ,.$$  :.,)��),"7)"�3  $ '3')$%.+4  "$-7'2$(4  *� !.'  '3 -
-�&'-$6,"#$  (/�  -, ,&,-)$6,"#$&  #'.' '& ) /�"-7/'-1  .'  '3-�&'-$5$)�3'..�,  )'8�6,,  &, -
"-�  (��� ) *$"/,-6,)' .  
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7.6. �)��)'&&.�,  �8,"/,6,.$,  ���'  *� !.�  8+-1 -$/�3+& , /� .�07.#2$�.' 1 -
.+&  * (  #'!*���  �;�  ��)�*' . �)$.2$/+  /�"-)�,.$(  '3-�&'-$5$)�3'..+4  "$"-,&  �6,.1  
3'!.+  [1] '3-�)  .,�*.�#)'-.�  �8)'=' "(  # .$&  [2; 3].  

7.7. �#-$3.'(  ),'#2$(  "$"-,&+  .'  '3')$%.+,  "$-7'2$$ . �'/)$&,) , 3 #'!*�&  /�*3' -
 ,  *� !.'  8+-1 /)�*7&'.'  "$"-,&'  �-",#'<=$4  # '/'.�3  $ $  : ,#-)�5'*3$!,# , $"# < -
6'<='(  5'-�/ ,.$,  /�*3' '  3 " 76',  '3')$%.+4  "$-7'2$% (- ., . /�*�8$,  /)�&+9 ,..�%  
"$"-,&+  /)�-$3�'3')$%.�%  5'=$-+  (��� )). �$�.' +  �  "�"-�(.$$  �-",#'<=$4  # '/'.�3  
$ $  : ,#-)�5'*3$!,#  '3-�&'-$6,"#$  /�"-7/'<-  3 SCADA- "$"-,&7 . 

8. �,%6'"  3�  &.��$4  *�&'4  $&,<-"(  "78'8�.,.-+  ('/-,#$ , &'�'5$.+  $ *) .). 
�4,&+  -,/ �".'8!,.$(  $ : ,#-)�".'8!,.$(  !$ +4  *�&�3  .,  8+ '  )'""6$-'.'  .'  "-�)�. -
.$,  �)�'.$5'2$$ , /�:-�&7  *� !.+  8+-1 /,),*, '.+  /�"-'3=$#'&$  :.,)�$$  5' "6@- :#� -
.�&$$ , '  .,  5'  "6@- !$ 12�3 . ��  5'#�.7 , "4,&'  : ,#-)�".'8!,.$(  $ -,/ �".'8!,.$(  
*� !.'  8+-1 /,),*, '.' , -� 1#�  /�" ,  :-���  !$-, $  *�&'  &��7-  �)$,.-$)�3'-1"(  /�  �8 -
=,*�&�3+&  /)$8�)'&  76@-'. �",  "78'8�.,.-+  *� !.+  8+-1 /�*# <6'-1"(  �-*, 1.� , *�  
�8=,*�&�3���  "6@-6$#'. �" $  :-���  .,  "*, '-1 , -�  3�5.$#'<-  .,"$.4)�..+,  /,),*'6$  /� -
#'5'.$%  $, #'# " ,*"-3$, , /,),/ '-+  !$ 12�3 . ��:-�&7  "6@-6$#$ �8(5'-, 1.�  *� !.+  
$&,-1  -, ,&,-)$6,"#$%  3+4�*  [6; 7], 6-�  /�53� $-  "$.4)�.$5�3'-1  /�#'5'.$(  $ 7&,.19$-1  
5 �7/�-),8 ,.$(  "�  "-�)�.+  /�"-'3=$#�3  :.,)�$$  $ $4 /�"),*.$#�3 . 

9. �$"-,&+  ".'8!,.$(  3 .�3+4  *�&'4  *� !.+  "-)�$-1"(  "�3,)9,..�  .'  *)7 -
�$4 /)$.2$/'4 . �'/)$&,) , �*$.  34�*  3 #'!*7<  #3')-$)7  /)(&�%  ��)(6,%  3�*+  $ �*$.  3+-
4�* . ��  #�&.'-'&  �8(5'-, 1.�  *� !.+  8+-1 ),�7 $)7<='(  ')&'-7)' , 4�-(  8+ 3 )76.�&  
),!$&, . 	  :.,)��"8,),�'<=$4  -,4.� ��$(4  #3')-$) , *�&�3  $&,,-"(  *�"-'-�6.�  $.0�)&' -
2$$. 

10. �,�84�*$&�  )'5)'8�-'-1  0�5�-2+  ,�5��1�0+�612+  71+/���3+/+��89�+  
���0+
2  * (  /�*C,5*�3  &.���:-'!.+4  *�&�3 . ;-�  #'"',-"(  "�"-�(.$(  �#�.  $ *3,),%  (�- -
#)+-� , 5'#)+-� , )'58$-� ). 	"3,=,.$,  '3-�&'-$6,"#$  3+# <6'-1"(  3 *.,3.+,  6'"+  $  
3# <6'-1"(  .'  537#, 3 -@&.�,  3),&(  "7-�# . � ., . "$"-,&'  *� !.'  ")'8'-+3'-1  #'#  �-  *'-6$#'  
*3$!,.$( , -'#  $ �-  *'-6$#'  �"3,=,.$( . ;-'  "$"-,&'  *� !.'  "'&'  ",8(  #�.-)� $)�3'-1  $ 
$&,-1  5'=$-7  $ "$�.' $5'2$<  �-  3#)76$3'.$(  !$ 12'&$   '/�6,#  /�3+9,..�%  &�=.�"-$ . 
�'  #)+9'4  *�&�3  *� !.+  8+-1 "� .,6.+,  "$"-,&+  '##7&7 $)�3'.$(  :.,)�$$  "� .2'  $ 
8,"97&.+,  $"-�6.$#$  3,-)�3�%  :.,)�$$ . �)�&,  -��� , *� !.+  /)$&,.(-1"(  $ *)7�$,  ' 1 -
-,).'-$3.+,  $"-�6.$#$  :.,)�$$  (.'/)$&,) , .'  8'5,  -)'."0�)&'-�)'  �," ' , -,/ �3+,  
.'"�"+ ). 

11. �  #3')-$)'4  *� !.'  8+-1 /)�3�*#'  *3�%.'(  /)�3�*#' : * (  :.,)��"8,),�'< -
=$4  '&/  $ * (  8+-�3�%  -,4.$#$ . �'&/�6#$  .,  .'*�  87*,-  .'6$.(-1  : ,#-)�..+&$  / ' -
-'&$ . �-�$&�"-1  :.,)��"8,),�'<=$4   '&/�6,#  )'5.�%  &�=.�"-$  "-'.,-  .,  *�)�!,  20-
40) . (.'  7)�3.,  2,.  2017� ., - ., . .,  *�)�!,  /)�"-�%  874'.#$  4 ,8'  * (  :#�.�&# '""'  (-'#  
.'5+3',-"(  ",%6'"  8� 19$."-3�  .'", ,.$(  "-)'.+ )). �)$  -'#�&  /�*4�*,  7%*7- .,�)'&�- -
.+,  "/,2$' $"-+  $ "/,#7 (.-+  $ $5 "0,)+  :.,)��"8,),�'<=$4  -,4.� ��$% .  
 

����������  
 
1. � 79#�3  � .� . �3,*,.$,  3 ��� .-�$,3 : �,4. i#' , 1972.-310". 
2. �,3'"-1(.�3  
 .� ., �,3'"-1(.�3  � .
 . �)$.2$/+  /)��)'&&$)�3'.$(  3 �����  .'  

(5+#,  FBD//�)�&+9 ,..+,  ���  $ #�.-)�  ,)+ . 2015. B  12. � . 22-27. 
3. �,3'"-1(.�3  
 .� . �$"-,&+  ),�7 $)�3'.$(  /�3+9,..�%  .'*@!.�"-$ // �,0-,/,),)' -

8�-#'  $ .,0-,4$&$( . �'76.� --,4.$6,"#$,  *�"-$!,.$(  $ /,),*�3�%  �/+- . 
2011.B  10. � . 49-50. 

4. �')�'/� 12,3  � .� ., ��"� '/�3  � .� ., �$*,.#�  � .� . 	  .,#�-�)+4  /�*4�*'4  # ),9, -
.$<  3�/)�"�3  &,-)� ��$6,"#���  �8,"/,6,.$(  ��� // �)$8�)+  $ "$"-,&+  7/)'3 -
 ,.$( . �/)'3 ,.$, , ��.-)� 1 , �$'�.�"-$#' .-2008, B 6.-".56-58. 
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5. 
,).,)  � .� .., �, 1*$.  � .� ., ��3' @3  � .� . �,#�-�)+,  3�/)�"+  �8,"/,6,.$(  8,5-
�/'".�"-$  "$"-,&  *$"/,-6,)"#���  7/)'3 ,.$( // �)$8�)+  $ "$"-,&+  7/)'3 ,.$( . 
�/)'3 ,.$, , ��.-)� 1 , �$'�.�"-$#' .-2008, B 6.-".1-5. 

6. �-)'4�3  � .� . ;.,)��"8,),�'<='(  "$"-,&'  7/)'3 ,.$(  -,&/,)'-7).+&  ),!$&�&  
/)�&+9 ,..+4  �8C,#-�3 // �)�&+9 ,..+,  ���  $ #�.-)�  ,)+ .-2014, B 1.-".47-
52. 

7. dialin.ru 
8. �,*,)' 1.+%  5'#�.  ��""$%"#�%  �,*,)'2$$  "	8  :.,)��"8,),!,.$$  $ �  /�3+9,.$$  

:00,#-$3.�"-$ , $ �  3.,",.$$  $5&,.,.$%  3 �-*, 1.+,  5'#�.�*'-, 1.+,  '#-+  ��  
B 261-� 3" �-  23.11.2009� . 

 
 
 
 
 

!�
��
���
�����  ������
�
  �������  ���!����
�  )���  
�  �
��
���!�����'  &�#�*�� '  

 
� . � . �'.78)$#�3  (���� -1/ ), 

.'76.+%  )7#�3�*$-, 1   � . � . �'"$ 1,3  
�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,- , � . �� ���)'*  

�, .: (8442) 23-00-76; E-mail: rector@vstu.ru 
 

 
�  .'"-�(=,,  3),&(  /)��.�5$)�3'.$,  7"-�%6$3�"-$  :&7 1"$% – " �!.'( , 3 8� 1 -

9$."-3,  " 76',3  .,  ),9',&'(  5'*'6' . �/)��.�5$)�3'-1  3),&(  /�-,)$  7"-�%6$3�"-$  3�5-
&�!.�  -� 1#�  * (  -�.#�*$"/,)".+4  :&7 1"$%, )'"" '$3'<=$4"(  �-  .,"#� 1#$4  6'"�3  *�  
.,"#� 1#$4  "7-�# . 

��*�8.+,  :&7 1"$$  /),*"-'3 (<-  .'$8� 19,<  2,..�"-1  /)$  /)�3,*,.$$  )'5 $6 -
.+4  -,4.� ��$6,"#$4  /)�2,""�3 . �'/)$&,) , �/+-  $"/� 15�3'.$(  ��;  .'  �'5'."#�%  �;� -
1 /�#'5' , 6-�  *'..+%  3$* ' 1-,).'-$3.���  -�/ $3'  �8 '*',-  )(*�&  /),$&7=,"-3  /�  
")'3.,.$<  " �8+6.+&$  &')#'&$  &'57-' . ��;  $&,,-  "4�!$,  " &'57-�&  �$*)�&,4'.$6, -
"#$,  "3�%"-3' , '  /�  "3�$&  ),� ��$6,"#$&  4')'#-,)$"-$#'&  /)$8 $!',-"(  # .1<-�.�3"#$&  
!$*#�"-(& , 6-�  /� �!$-, 1.�  "#'5+3',-"(  .'  "-'8$ 1.�"-$  )'8�-+  .'"�".���  �8�)7*�3' -
.$( . �)$  :-�&  7 769',-"(  )'"/+  -�/ $3'  .'  �".�3,  ��;  9-'-.+&$  0�)"7.#'&$ . �"/+ -
-'.$(  7"-'.�3$ $ , 6-�  /'*,.$,  ���  #�- �'�),�'-' , '  -'#!,  .,"-'8$ 1.�"-1  ,��  )'8�-+  
/� .�"-1<  �-"7-"-37<-  /)$  $"/� 15�3'.$$  ��;  " "�*,)!'.$,&  3�*+  .,  8� ,,  20% /)$  
.�)&'-$3.�&  )'"4�*,  -�/ $3' . �$57' 1.�,  .'8 <*,.$,  5' 3+8)�"'&$  �-)'8�-'..+4  �'5�3  
/�#'5' � , 6-�  /�  ")'3.,.$<  "�  9-'-.�%  )'8�-�%  #�-, 1.�%  .'  6$"-�&  &'57-,  *+&  0'#-$ -
6,"#$ �-"7-"-37,-  $ $&,,-  8, +% 23,- . �)�&,  -��� , /)$&,.,.$,  *'..+4  :&7 1"$% .'  �' -
5'."#�%  �;� -1 /�53� $ �  ),9$-1  )(*  :#� ��$6,"#$4  5'*'6 , -'#$4  #'#  7-$ $5'2$(  5'&' -
576,..+4  "-�6.+4  3�*  $ �-)'8�-'..���  &�-�).���  &'" ' , *�8'3 (,&���  3 ��; . 

	*.'#�  /�6-$  3",  $53,"-.+,  &,-�*+  /� 76,.$(  7"-�%6$3+4 -�.#�*$"/,)".+4  
:&7 1"$% "�/)(!,.+  " 3+"�#$&$  :.,)�,-$6,"#$&$  5'-)'-'&$  3 "$ 7  .,�84�*$&�"-$  /�* -
3,*,.$(  �6,.1  8� 19$4  &�=.�"-,%  3 .,8� 19$,  �8C@&+ /,),&,9$3',&+4  !$*#$4  "),* , '  
-'#!,  ),2$)#7 (2$$  -,4.� ��$6,"#$4  /�-�#�3 . �  .'"-�(=,,  3),&(  -'#$,  :&7 1"$$  /� 7 -
6'<-  3 �".�3.�&   $8�  3 *$"#�3+4  .'"�"'4 -*$"/,)�'-�)'4#'3$-'2$�..���  -$/' ,  $8�  3 )� -
-�).� -/7 1"'2$�..+4  '#7"-$6,"#$4  '//')'-'4  .$5#���  *'3 ,.$(  (���� ), "�3,)9,..�  .,  
"#7/("1  .'  $4 6),5&,).�,  :.,)��/�-),8 ,.$, . 

�3-�)'&$  /),* '�',-"(  * (  ".$!,.$(  :.,)�,-$6,"#$4  5'-)'- , &,-�*  /� 76,.$(  
7"-�%6$3+4 -�.#�*$"/,)".+4  :&7 1"$% 3 '//')'-'4  " /�*3$!.+&  5,).$"-+&  " � -
,& [&,4'.$6,"#$%  "&,"$-, 1  " /�*3$!.+&  5,).$"-+&  " �,& , ���  B01F 7/16].
+ $  /)� -
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3,*,.+  :#"/,)$&,.-' 1.+,  $"" ,*�3'.$(  3  '8�)'-�).�&  '//')'-, , * (  �/),*, ,.$(  "-, -
/,.$  7"-�%6$3�"-$ . �')'&,-)+  :#"/,)$&,.-' 1.�%  7"-'.�3#$  –  

– 6'"-$2+ -"&,"1  &'" '  $ 3�*+ : 1/8; 1/6; 1/4  
–&'" � -3�*' : 1/20; 1/10; 1/4 
–6'"-�-'  3)'=,.$,  &,9' #$ : 200, 400, 600 �8 /&$.  
– 3),&(  /,),&,9$3'.$( : 2, 5, 8 &$. . 
�'#  #'#  "-,/,.1  7"-�%6$3�"-$ , �/),*, (,-"(  )'5&,)�&  *$"/,)".�%  0'5+ , -�  ,"-1  

*$'&,-)�&  #'/, 1 , $"/� 15�3' �"1  " ,*7<='(  &,-�*$#'  ,��  �/),*, ,.$( . 
��" ,  /,),&,9$3'.$(  �-8$)' '"1  /)�8'  �*.�)�*.�%  :&7 1"$$ . �,),5  0$#"$)�3'. -

.+% $.-,)3'  3),&,.$ , $5&,)( $"1  �8C,&+  *374 0)'#2$% �8)'57<=$4"(  /)$  /�-,)$  
7"-�%6$3�"-$  :&7 1"$$ . �+6$" ( $"1  /),)'=,.$,  �8C,&'  3,)4.,%  0)'#2$$  5' $53,"-.+% 
$.-,)3'  3),&,.$ . �' ,,  )'""6$-+3' '"1  #� $6,"-3�  #'/, 1  * (  *'..�%  0)'#2$$  /�  0�) -
&7 , : 

 
 

�.'(  nk *' 19,  �/),*, ( "(  *$'&,-)  #'/, ,#  dk/�  0�)&7 , : 

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

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

�  ),57 1-'-,  &'-,&'-$6,"#�%  �8)'8�-#$  *'..+4 , /),* �!,.+  " ,*7<=$,  7)'3., -
.$( : 

1672,0

0

5971,0

05966,05943,06064,05106640,1
-

--
��
�

�
��
�

�
×��

�

�
��
�

�
×××××=






��FrR �� %

&
99D 5 t

t

(1) 

�*,  -
����

��
� VV

V



++

+

+
= ;

��

�

VV
V



+

=0 ;
 

- V� +� , V� +�  – "��-3,-"-3,..�  �8C@&+ /)(&�%  $ �8)'-.�%  :&7 1"$$ , &3; 
- V� , V�  – "��-3,-"-3,..�  �8C@&+ &'" '  $ 3�*+  3 "&,"$ , &3. 
- Re2– 2,.-)�8,!.+%  #)$-,)$%  �,%.� 1*"' :  
- n – 6$" �  �8�)�-�3  &,9' #$ , �8 /"; 
- Fr2– 2,.-)�8,!.+%  #)$-,)$%  �)7*' :  
- g – 7"#�),.$,  "3�8�*.���  /'*,.$( , &/"2; 
- Ho– #)$-,)$%  ��&�4)�..�"-$  /)$  /,),&,9$3'.$$ : 
- : �  – 3),&(  /,),&,9$3'.$(  3 '//')'-, , ";  
- w& – "#�)�"-1  *3$!,.$(  !$*#�"-$ , ")+3'<=,%"(  " #)�&�#  &,9' #$ , &/"; 

5678,0

0

6781,0

04073,04682,05278,03101492,1 ��
�

�
��
�

�
×��

�

�
��
�

�
×××××= --






��FrR �� %

&
99D � t

t

(2) 

�*,  
��;

;
; VVV

V



++
=  – �8C@&.'( *� (  6'"-$2  3 "&,"$ . 

 
 

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

B  7)'3. . <)�  <���  <� ')  

- % % % 
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(1) 16,68 -31,09 +34,50 
(2) 14,02 -27,03 +37,50 

 
 
�),* '�',&+,  7)'3.,.$(  �- $6'<-"(  �-.�"$-, 1.�%  /)�"-'-�%  $ *�"-7/.�"-1< . �  

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

�������)�����  !�
�����  ���������
�  
������  �����   
)��
�
�   

 
� .� . �'�')�3' , #.- .. .,*�2 . #'0,*)+  ����� ;  

� .� . �$.$. , "-7*,.-  
�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  (�� ���� ) 

 
 

	*.$&  $5 # <6,3+4  /)�2,""�3  3 /)�&+9 ,..�%  2,/�6#,  /� 76,.$(  &$.,)' 1.+4  
&'",  (3 (,-"(  /)�2,""  ", ,#-$3.�%  �6$"-#$  &'" (.+4  *$"-$  (-�3  $ *,'"0' 1-$5'-' . 

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

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

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

�'  7"-'.�3#,  ", ,#-$3.�%  �6$"-#,  &'",  -$/'  � -37/1 /)�$53�*$-, 1.�"-1<  300 
-+" . -�..  3 ��*  3 #'6,"-3,  )'"-3�)$-, (  $"/� 157,-"(  0,.� .  

��.-'#-  0,.� '  " "+)1,&  �8,"/,6$3',-"(  3 :#"-)'#2$�..�%  #� �..,  1 #� �..���  
-$/'  " "$-6'-+&$  -'), #'&$ , " /)$&,.,.$,&  /)$.7*$-, 1.���  �-"-�(  0'5  #�."-)7#2$$  
��  ��� -����.,0-,&'9 . �$"/,)".'(  )'0$.'-.'(  0'5'  �-"-'$3',-"(  /�*  � 74$&  /� �- -
.�&  " �-*, ,.$,&  �-  .,,  7.,",..���  )'"-3�)$-, ( . �'-,&  &'" (.'(  0'5'  /,),-,#',-  6,),5  
�$*)�5'-3�)  $ *$"/,)�$)7,-"(  6,),5  �-3,)"-$(  -'), #$  3 3$*,  #'/, 1  3 " �%  :#"-)'#-.���  
)'"-3�)' . 

�)$  $"" ,*�3'.$$  ", ,#-$3.�%  �6$"-#$  &'",  3 :#"-)'#2$�..+4  #� �..'4  �*.$&  
$5 3'!.,%9$4  : ,&,.-�3  )'8�-+  '//')'-�3  (3 (,-"(  0�)&$)�3'.$,  "-)7#-7)+  /�-�#�3 , 
�8,"/,6$3'<=,%  73, $6,.$,  /�3,)4.�"-$  )'5*, '  0'5 , -'#  #'#  3 "$ 7  8 $5#$4 / �-.�"-,%  
)'"-3�)$-, (  $ �6$=',&���  &'" '  *3$!7='(  "$ '  /)�2,""'  ",/')'2$$ , �8,"/,6$3'<='(  
/)�-$3�-�6.�,  *3$!,.$,  )'0$.'-.+4  $ :#"-)'#-.+4  )'"-3�)�3  3 #� �.., , .,3, $#' , 6-�  
/)$3�*$-  # .$5#�% �-.�"$-, 1.�%  "#�)�"-$  *3$!,.$(  0'5 . 

�)�8 ,&'  7� 78 ,.$(  /,),)'8�-#$  &'" (.+4  0)'#2$% $ *,'"0' 1-$5'-�3  &�!,-  
8+-1 ),9,.'  .'  �".�3,  8� ,,  :00,#-$3.+4  &'""��8&,..+4  #�.-'#-.+4  $ )'"/),*, $ -
-, 1.+4  7"-)�%"-3  $ .�3+4  -,4.� ��$%  /)�2,""'  !$*#�"-.�%  :#"-)'#2$$  " "�4)'.,.$,&  
�)'3$-'2$�..+4  "$  /)$  35'$&�*,%"-3$$  /�-�#�3 . �  -'#�&7  �8�)7*�3'.$<  �-.�"(-"( : 
#�.-'#-.+,  7"-)�%"-3'  / @.�6.���  -$/'  (���� ), /),*"-'3 (<=$,  "�8�%  .'"'*#$  " ),�7 -
 ().�%  �$*)�*$.'&$6,"#�%  "-)7#-7)�%  35'$&�*,%"-37<=$4  /�-�#�3 , "�3&,=@..+4  " �8 -
=$& /)�-$3�-�#�&  $  �#' 1.+&  /,),#)@"-.�-�6.+&  35'$&�*,%"-3$,&  0'5 ; )'"/),*, $ -
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-, 1.+,  7"-)�%"-3'  * (  !$*#�"-,%  3 3$*,  "�6,-'.$(  3+"�#�.'/�)/+4  $ .$5#�.'/�).+4  
)'"/),*, $-, ,% [1]. 

� (  3(5#$4 "),* , #'#�3+&$  (3 (<-"(  3+"�#�3(5#$,  &'" (.+,  0)'#2$$ , .'$8� ,,  
3'!.�%  $5 3+9,/,),6$" ,..+4  0'#-�)�3  (3 (,-"(  3, $6$.'  &,!0'5.�%  /�3,)4.�"-$ , #� -
-�)'(  5'#�.�&,).�  ".$!',-"(  " )�"-�&  3(5#�"-$  �*.�%  $5 *374 $ $  �8�$4  #�.-'#-$)7< -
=$4 0'5 . 

�"4�*(  $5 :-���  &�!.�  "0�)&7 $)�3'-1  " ,*7<=$,  �".�3.+,  -),8�3'.$(  .'  #�. -
"-)7#2$<  &'""��8&,..+4  7"-)�%"-3 , /),*.'5.'6,..+4  * (  $"/� 15�3'.$(  3 :#"-)'#-�)'4  
7"-'.�3�#  &'" �8 �#'  [1]: 

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

- )'53$-$,  &,!0'5.�%  -7)87 ,.-.�"-$ , "/�"�8"-37<=,%  # )�"-7  &,!0'5.�%  /� -
3,)4.�"-$ ; 

- )'53$-$,  &, #�&'"9-'8.�%  -7)87 ,.-.�"-$  3 )'0$.'-.�%  0'5, , �8 '*'<=,%  
.'$8� 19,%  3(5#�"-1< , * (  73, $6,.$(  "#�)�"-$  &'""��8&,.'  3 /),*, '4  �8C@&' *'..�%  
0'5+  $ $.-,."$0$#'2$$  /)�2,""'  �8.�3 ,.$(  ,@ /�3,)4.�"-$ . 

;-�&7  "/�"�8"-37<-  " ,*7<=$,  (3 ,.$( : 
- "�5*'.$,  8� 19���  #� $6,"-3'  "$"-,&'-$6,"#$4  $"-�6.$#�3  3�5&7=,.$%  .'  &, -

#�&'"9-'8.�&  7)�3.,  /�  3",% 3+"�-,  :#"-)'#2$�..�%  5�.+  '//')'-' , /)$3�*(=,,  # $. -
-,."$3.�&7  )'5)79,.$<  /�3,)4.�"-$  )'5*, ' ; 

- #�."-)7#-$3.�,  7"$ ,.$,  7" �3$% 3� .��8)'5�3'.$( ; 
- �)�'.$5'2$(  &.���#)'-.���  $"-,6,.$(  0'5  6,),5  �-3,)"-$(  )'5.�%  0�)&+  /�  3",% 

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

�$*)�*$.'&$6,"#�%  .,7"-�%6$3�"-$ , 3 ),57 1-'-,  6,��  /)�$"4�*$-  $.-,."$3.�,  *)�8 , -
.$,  "-)7,# , / @.�#  $ &, #�&'"9-'8.'(  -7)87 $5'2$(  3 �8C@&'4 0'5 . 

�&,<-"(  -'#!,  ),5,)3+  /�  $.-,."$0$#'2$$  &'""�/,),*'6$  /�  :#"-)'#-�)7  3 2, �&  
/7-@& 73, $6,.$(  *3$!7=,%  "$ +  /)�2,""'  – )'5.$2+  -,#7=,%  #�.2,.-)'2$$  /,),.�"$ -
&���  3,=,"-3'  3 0'5,  �-  ,��  )'3.�3,".���  5.'6,.$( , " $"/� 15�3'.$,&  )'5 $6.+4  -,4.� -
 ��$6,"#$4  /)$@&�3 3 $(.$(  .'  -,&/,)'-7)7 , "�"-'3+ , "-,/,.$  �-# �.,.$(  �-  0'5�3���  
)'3.�3,"$(  $ *) . .'  �-*, 1.+4  -'), #'4  35'$&�*,%"-3$(  0'5 . 

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

- 73, $6,.$,  '#-$3.�%  &,!0'5.�%  /�3,)4.�"-$  3 .'"'*#,  * (  3(5#$4 "),*  5' "6,-  
"�5*'.$(  / ,.#$  *$"/,)".�%  0'5+  " *374"-�)�..,%  )'8�6,%  /�3,)4.�"-1<  3 �- $6$,  �-  
�8+6.+4  .'"'*�# , "�5*'<=$4  / ,.#$  " �*.�"-�)�..,%  )'8�6,%  /�3,)4.�"-1< ; 

- $.-,."$3.�,  *)�8 ,.$,  $ 3�5&7=,.$,  0'5  �8,"/,6$3',-"(  5' "6,-  8� 19���  #� $ -
6,"-3'  &, #$4  .'",6,#  .'  /�3,)4.�"-$  .'"'*#$ ; 

- $.-,."$3.'(  -7)87 $5'2$(  *3$!,.$(  !$*#�"-$  3 / ,.#'4  �8,"/,6$3',-"(  5' "6,-  
$"#7""-3,..�%  -7)87 $5'2$$  *3$!,.$(  / ,.#$  3*� 1  /�3,)4.�"-$  .'"'*#$ , $"/,=),..�%  
.'",6#'&$ , $ "�5*'.$(  �/-$&' 1.+4  7" �3$% *)�8 ,.$(  $ -7)87 $5'2$$  &,!0'5.�%  "3� -
8�*.�%  /�3,)4.�"-$  "-)7,#  $ / ,.�#  *$"/,)".�%  0'5+ . 

�)$  ,@ *3$!,.$$  3 "3�8�*.�&  �8C@&, '//')'-'  5'  "6,-  3+8�)'  �/-$&' 1.+4  )'5&, -
)�3  .'"'*�6.+4  : ,&,.-�3  $ 7� '  .'# �.'  $4 7"-'.�3#$ ; 

- ),�7 ().+,  .'"'*#$  �� -����  �8,"/,6$3'<-  )'3.�&,).�,  )'"/),*, ,.$,  /�-� -
#�3 /�  ",6,.$<  #� �..+ , $"# <6'<-  (3 ,.$(  «/)�"#�#�3 », «5'3$"'.$( », ".$!'<=$4  :0 -
0,#-$3.�"-1  &'""�/,),*'6$  3 :#"-)'#-�), , 5'  "6,-  ),�7 ().�%  7/'#�3#$  : ,&,.-�3  3 " �,  
.'"'*#$ . 
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�'#$&  �8)'5�& , /),* '�',-"(  /)�3,"-$  5'&,.7  3 *,%"-37<=,%  #� �..,  :#"-)'#2$$  
7"-'.�3#$  ", ,#-$3.�%  �6$"-#$  &'",  "$-6'-+4  -'), �#  .'  ),�7 ().7<  .'"'*#7  �� -
����  $ �/),*, $-1  �".�3.+,  /')'&,-)+  /)�2,""'  $ :#"-)'#-�)' . 

�  :-�%  2, 1<  )'5)'8�-'.'  /)��)'&&' , /�53� (<='(  �"7=,"-3$-1  '3-�&'-$5$)� -
3'..+%  )'"6@- 3 -'8 $6.�&  /)�2,""�),  Microsoft� xcel -,4.� ��$6,"#$4  $ #�."-)7#-$3.+4  
/')'&,-)�3  :#"-)'#-�)' , 3 �".�3,  #�-�)�%   ,!$-  ' ��)$-& , /),*"-'3 ,..+%  3 )'8�-,  [2]. 

�'"6,-  /)�3�*$ "(  * (  ),�7 ().�%  .'"'*#$  �� -���� , $&,<=,%  7*, 1.7<  /� -
3,)4.�"-1  #�.-'#-'  0'5  H=202 &2/&3 $ 7*, 1.7<  /�3,)4.�"-1  I =0,9 &3/&3. 

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

$ �/),*, ,.$,  6$" '  -,�),-$6,"#$4  -'), �#  /�#'5'.�  .'  )$"7.#,  1. 
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�'8 $2'  1 - �"4�*.+,  $ "/)'3�6.+,  *'..+, , )'"6@-.+,  /')'&,-)+  
�'$&,.�3'.$,  /')'&,-)'  �'5 -

&,) -
.�"-1  

	8�5 -
.' -

6,.$,  

�, $6$.'  

�"4�*.+,  *'..+,  

1. �)�$53�*$-, 1.�"-1  /�  $"4�*.�&7  )'"-3�)7   
&3/6'"  GF 40 

2. ��.2,.-)'2$(  $53 ,#',&���  #�&/�.,.-'  3 $"-
4�*.�&  )'"-3�),  

#�/&3 xF 0,75 

3. ��.2,.-)'2$(  $53 ,#',&���  #�&/�.,.-'  3 
)'0$.'-,  

#�/&3 xR 0,187 

4. ��.2,.-)'2$(  $53 ,#',&���  #�&/�.,.-'  3 
:#"-)'�,.-,  

#�/&3 yS 0,22 

5. �'""$3  )'3.�3,".+4  #�.2,.-)'2$%  $53 ,#', -
&���  #�&/�.,.-'  3 :#"-)'#-,  

#�/&3 yi*  

6. �'3.�&,).+%  $.-,)3'  )'58$,.$(  #�.2,.-)' -
2$$ $53 ,#',&���  #�&/�.,.-'  3 $"4�*.�&  )'" -
-3�),  

#�/&3 Jx 0,05 

�/)'3�6.+,  *'..+,  
1. � �-.�"-1  "/ �9.�%  0'5+  #�/&3 =) 980 
2. � �-.�"-1  *$"/,)".�%  0'5+  #�/&3 =,  1070 
3. �$.'&$6,"#'(  3(5#�"-1  "/ �9.�%  0'5+  �'K"  >) 0,009 

4. ��)�5.�"-1  .'"'*#$  – #� ,2  �'9$�'  &3/&3 ? 0,9 
5. �*, 1.'(  /�3,)4.�"-1  .'"'*#$  &2/&3 @ 202 
6. �')7!.+%  *$'&,-)  #� ,2  �'9$�'  & d'  0,0178 

�'"6@-.+,  /')'&,-)+  
�)�-$3�-�6.�,  :#"-)'�$)�3'.$,  

7. �'3.�3,".'(  #�.2,.-)'2$(  3 :#"-)'#-,  $53 , -
#',&���  #�&/�.,.-' , "��-3,-"-37<='(  ,��  
.'6' 1.�%  #�.2,.-)'2$$  3 $"4�*.�&  )'"-3�),  

#�/&3 y� * 3,6500 

8. �$.$&' 1.+%  )'"4�*  :#"-)'�,.-'  &3/6'"  GSm 6,566 

9. �'8�6$%  )'"4�*  :#"-)'�,.-'  &3/6'"  GS 7,879 

10. �'8�6'(  #�.2,.-)'2$(  $53 ,#',&���  #�&/� -
.,.-'  3 :#"-)'#-,  

#�/&3 yE 3,0783 

11. �"/�&��'-, 1.+%  /')'&,-)  * (  )'"6,-'  "#� -
)�"-$  5'4 ,8+3'.$(  

- a 5,189 

12. �#�)�"-1  5'4 ,8+3'.$(  &/" w3 1,60E-02 

13. �$#-$3.'(  )'8�6'(  "#�)�"-1  "/ �9.�%  0'5+  &/" w) 1,20E-02 

14. �'"6,-.+%  *$'&,-)  #� �..���  :#"-)'#-�)'  & D  1,085 

15. �),*.,,  5.'6,.$,  -'.�,."'  7� '  .'# �.'  
)'3.�3,".�%   $.$$  

- z 4,867 

16. �$" �  -,�),-$6,"#$4  -'), �#  - s 9,158 
17. �$" �  ,*$.$2  /,),.�"'  - s1 9,560 
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�)�*� !,.$,  -'8 $2+  1 
18. �+"�-'  .'"'*#$ , :#3$3' ,.-.'(  �*.�%  ,*$ -
.$2,  /,),.�"'  

& h1 1,164 

19. �+"�-'  .'"'*#$ , :#3$3' ,.-.'(  �*.�%  -,�), -
-$6,"#�% -'), #$  

& h2 1,189 

20. �+"�-'  .'"'*#$  3 :#"-)'#-�), , )'""6$-'..'(  
6,),5  6$" �  ,*$.$2  /,),.�"'  

& H�  11,131 

21. �+"�-'  .'"'*#$  3 :#"-)'#-�), , )'""6$-'..'(  
6,),5  6$" �  -,�) . -'), �#  

& H�  10,890 

 

 
�$"7.�#  1 – �$.$$  )'8�6$4  $ )'3.�3,".+4  #�.2,.-)'2$%  /)$  /)�-$3�-�6.�&  :#" -

-)'�$)�3'.$$  
 

�'#$&  �8)'5�& , 5'&,.'  "$-6'-+4  -'), �#  *,%"-37<=,%  :#"-)'#2$�..�%  #� �..+  (3 
#� �..,  7"-'.�3 ,.+  14 "$-6'-+4  -'), �# ) .'  ),�7 ().7<  .'"'*#7  �� -����  /�53� $-  
/�3+"$-1  :00,#-$3.�"-1  /)�2,""'  ", ,#-$3.�%  �6$"-#$  &'",  $ "�#)'-$-1  �8C,&  '//')' -
-'  /)$  /)�,#-$)�3'.$$  .�3���  �8�)7*�3'.$(  $ $  73, $6$-1  /)�$53�*$-, 1.�"-1  '//')'-'  
/)$  &�*,).$5'2$$  "7=,"-37<=,�� . 

�$-,)'-7)'  
1. ��#� , 
 .� . �'"'*#$  &'""��8&,..+34  #� �..  /
 .� . ��#� , � .� . �,).+9,3 , � .� . 


')'.�3 , � .�  
,).�')-,. , 
 .� . �,3$. . - � ., 2009. – 358 ". 
2. ��3,)9,."-3�3'.$,  /)�2,""'  ", ,#-$3.�%  �6$"-#$  &'",  0,.� �& / � . � . 
'8#$ -

.' ,� . � .�!,. ,	 . � .�.$=,.#� //��3),&,..+,  .'7#�,&#$,  -,4.� ��$$ , 3+/7"#  B  4,  
2010, ".106 

3. �� �3'.6$#�3 , � .
 . �)$&,.,.$,  ;��  3 4$&$6,"#�% -,4.� ��$$  $ :#� ��$$  / � .
  
�� �3'.6$#�3 , 
 .� . �$&�.�3 . �6,8.�,  /�"�8$, . �'"-1  4. �'""��8&,..+,  /)�2,""+ . 
– �� ���� . – �� ���)'* , 1997. - 108 ". 
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&��!���������*�
�  ������
�����  ����
��������   
���#� ��
�  "�
��
�  ������
�  �������   

 
� .� . �3$)$*�3' , � .� . �"#�3  

�'76.+,  )7#�3�*$-, $ : � .� . �,),.2�3 , � .� . 
' '9�3 , � .
 . �� �3'.6$#�3  
�� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  7.$3,)"$-,-  

 
 

�'..�,  $"" ,*�3'.$,  �)$,.-$)�3'.�  .'  /�$"#  $ :#"/,)$&,.-' 1.�,  /�*-3,)!*, -
.$,  .�3+4  /7-,% "�3,)9,."-3�3'.$(  ),!$&�3  �)�9,.$(  .'"'*�# , -�  ,"-1  )'3.�&,).���  
)'"/),*, ,.$(  !$*#�"-$  /�  .'"'*#,  " &'#"$&' 1.�  3�5&�!.+&  $"/� 15�3'.$,&  ,,  )'8� -
6,��  �8C,&'  $ /� 76,.$,  :#"/,)$&,.-' 1.+4  *'..+4  3 �8 '"-$  �$*)�*$.'&$#$  3 .'"' -
*�6.+4  #�.-'#-.+4  7"-)�%"-3'4  3 5'3$"$&�"-$  �-  $4 #�.0$�7)'2$$  $ ),!$&'  �)�9,.$( . 
�')(*7  " /�"-'3 ,..+&$  5'*'6'&$ , �".�3.�%  (3 (,-"(  /)�3,*,.$,  ")'3.$-, 1.�%  4')'# -
-,)$"-$#$  )'5)'8�-'..�%  .'"'*#$  " 7"-)�%"-3'&$ , /� 76$39$&$  9$)�#�,  /)�&+9 ,..�,  
/)$&,.,.$, . 

� (  /)�3,*,.$(  9$)�#�&'"9-'8.+4  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$%  8+ '  )'5 -
)'8�-'.'  :#"/,)$&,.-' 1.'(  7"-'.�3#' , /�53� (<='(  $"" ,*�3'-1  �$*)�*$.'&$#7  .'"' -
*�6.+4  7"-)�%"-3  $ -,/ � -&'""��8&,.  3 7" �3$(4  /)�-$3�-�6.���  *3$!,.$(  3�5*79.� -
3�*(.���  /�-�#' . �"-'.�3#'  *�"-7/.'  * (  3$57' 1.���  .'8 <*,.$( , )'53$-$(  �$*)� -
':)�*$.'&$6,"#$4  ),!$&�3  *3$!,.$(  3�*+  $ 3�5*74'  6,),5  .'"'*#7 , �/),*, ,.$(  7*,) -
!$3'<=,%  "/�"�8.�"-$ , �$*)'3 $6,"#���  "�/)�-$3 ,.$(  "74$4 $ �)�9',&+4  .'"'*�# , $"-
" ,*�3'.$(  $.-,."$3.�"-$  -,/ � - $ &'""��8&,..+4  /)�2,""�3 , /)�-,#'<=$4  3 .'"'*�6 -
.+4  7"-)�%"-3'4 . 

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

 

 
'  – :#"/,)$&,.-' 1.'(  7"-'.�3#' ; 8 – ),�7 ().'(  8 �6.'(  ",-6'-'(  .'"'*#'  " 7/)7�$&  

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

.'"'*#$  " 7/)7�$&  !$*#�"-.+&  )'"/),*, $-, ,&  (&�*$0$#'2$(  �3$)$*�3' ) 
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�"-'.�3#'  "�"-�$-  $5 #�)/7"'  #� �..+  3 #�-�)�&  )'5&,=',-"(  .'"'*#' , �)�9', -
&'(  3�*�%  " /�&�=1<  )'"/),*, $-, ( , .'"'*#'  /)�-$3�-�#�&  /)�*73',-"(  3�5*79.+&  /� -
-�#�&  /�"-7/'<=$&  $5 2,.-)�8,!.���  3,.-$ (-�)' . �-,.#$  #�)/7"'  3+/� .,.+  / �"#$ -
&$ $ /)�5)'6.+&$ , 6-�  /�53� (,-  8,5 $"#'!,.$(  .'8 <*'-1  $ 0$#"$)�3'-1  " /�&�=1<  
"#�)�"-.�%  3$*,�#'&,)+  )'8�-7  .'"'*#$  3 )'5 $6.+4  �$*)�*$.'&$6,"#$4  ),!$&'4 . �$57 -
' 1.'(  *�"-7/.�"-1  *'..�%  7"-'.�3#$  /�53� (,-  �2,.$-1  "��-.�9,.$,  #'/, 1.���  $ / , -
.�6.���  *3$!,.$(  3�*+  6,),5  .'"'*#7 , 6-�  �6,.1  3'!.�  * (  &'-,&'-$6,"#���  &�*, $)� -
3'.$(  /)�2,""�3  -,/ � -&'""�/,),.�"' . 

�  7"-'.�3#,  ),' $5�3'.'  #')-)$*!.'(  "$"-,&'  "&,..+4  .'"'*�# , /�53� (<='(  
�"7=,"-3 (-1  8+"-)7<  "&,.7  .'"'*�#  $ �8,"/,6$3'<='(  3�"/)�$53�*$&�"-1  $5&,)(,&+4  
/')'&,-)�3  3 /�3-�).+4  :#"/,)$&,.-'4 . 

�/)7�$%  !$*#�"-.+%  )'"/),*, $-, 1  /),*"-'3 (,-  "�8�%  )(*  /')'  , 1.�  )'"/� -
 �!,..+4  -)78�# , #�-�)+,  "�5*'<-  "�"),*�-�6,..7<  /�*'67  !$*#�"-$  .'  /�3,)4.�"-$  
 $"-�3+4  ",-6'-+4  .'"'*�# . �$*#�"-.+%  )'"/),*, $-, 1 , 5' "6,-  7/)7�$4  "3�%"-3 #'.' -
 �3 , /�*  *,%"-3$,&  .'/�)'  !$*#�"-$  )'"9$)(,-"( , �"7=,"-3 (,-  "�"),*�-�6,..7<  )'3 -
.�&,).7<  /�*'67  !$*#�"-$  .'  /�3,)4.�"-1   $"-�3+4  .'"'*�6.+4  : ,&,.-�3 . �'#���  )�*'  
!$*#�"-.+%  )'"/),*, $-, 1  �8 '*',-  2, +&  )(*�&  3,"�&+4  /),$&7=,"-3 , /�*-3,)!*,. -
.+4  :#"/,)$&,.-' 1.� , #�-�)+,  87*7- $5 �!,.+  *' ,, . 

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

�$*)'3 $6,"#$,  "�/)�-$3 ,.$(  "74$4 .'"'*�# , /�&$&�  /)�&+9 ,..�%  �)$,.-' -
2$$ .'"'*�6.���  7"-)�%"-3'  /�  3$*'&  /)�2,""�3 , (3 (<-"(  "3�,�8)'5.+&  «/'"/�)-�& » 
.'"'*�6.+4  7"-)�%"-3 , $ �-)'!,.$,&  :.,)�,-$6,"#$4  5'-)'-  .'  /)�-,#'.$,  -,4.� ��$6, -
"#$4 /)�2,""�3 . 

�,57 1-'-+  $"" ,*�3'.$(  �$*)'3 $6,"#$4  "�/)�-$3 ,.$%  "74$4 .'"'*�#  /),* -
"-'3 ,.+  .'  )$"7.#,  2.   

 

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

<=$&  :00,#-�&  (&�*$0$#'2$(  ��/$ $. ); 4 – #� 12'  �'  ( ; 5 – #� 12'  �'9$�'  
�$"7.�#  2 – �)'0$#  5'3$"$&�"-$  �$*)'3 $6,"#���  "�/)�-$3 ,.$(  "74�% .'"'*#$  �-  "#�)� -

"-$  3�5*74'  3 #� �..,  
 

� (  �8�8=,.$(  :#"/,)$&,.-' 1.+4  *'..+4  $ * (  /)�3,*,.$(  ")'3.$-, 1.�%  4' -
)'#-,)$"-$#$  $"/+-7,&+4  .'"'*�6.+4  7"-)�%"-3  $ .'"'*�# , /� 76$39$4  9$)�#�,  /)� -
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&+9 ,..�,  /)$&,.,.$, , $"/� 157,&  #)$-,)$' 1.�,  7)'3.,.$,  5'3$"$&�"-$  2
Re

2
+=

�

l . 

 

 
�$"7.�#  3 – �)'0$#  5'3$"$&�"-$  (Re)f=l * (  )'5 $6.+4  (/�  "-)7#-7), ) .'"'*�#  

 
�'  �".�3'.$$  ")'3.$-, 1.�%  4')'#-,)$"-$#$  3$*�3  .'"'*�# , /)$  /�&�=$  �8�8 -

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

	*.'#�  " ,*7,-  �-&,-$-1 , 6-�  �$*)'3 $6,"#$,  "�/)�-$3 ,.$(  "74$4 .'"'*�#  *'<-  
*' ,#�  .,  /� .7<  #')-$.7  /�  :.,)��:00,#-$3.�"-$  .'"'*�6.+4  7"-)�%"-3 . �, �  3 -�& , 
6-�  -,/ �&'""��8&,..+,  .'"'*#$  &��7-  $&,-1  '8"� <-.�  )'5 $6.+,  �,�&,-)$6,"#$,  
#�.0$�7)'2$$  $ "��-3,-"-3,..� , 87*7- ),' $5�3+3'-1  *�"-'-�6.�  " �!.+,  �$*)'3 $6, -
"#$,  ),!$&+  )'8�-+ . ��:-�&7  .,�84�*$&�  $"" ,*�3'-1  �$*)'3 $6,"#$,  ),!$&+  $ /)�3� -
*$-1  ")'3.$-, 1.+,  4')'#-,)$"-$#$  �$*)'3 $6,"#$4  "�/)�-$3 ,.$%  �)�9',&+4  .'"'*�# .   

�,57 1-'-+  $"" ,*�3'.$(  �$*)'3 $6,"#$4  "�/)�-$3 ,.$%  �)�9',&+4  .'"'*�#  
/),*"-'3 ,.+  .'  )$"7.#,  4.   

	6,3$*.� , 6-�  "'&+&  .$5#$& �$*)'3 $6,"#$&  "�/)�-$3 ,.$,&  �8 '*',-  ),�7 () -
.'(  8 �6.'(  ",-6'-'(  .'"'*#'  "  7/)7�$&  !$*#�"-.+&  )'"/),*, $-, ,&  (&�*$0$#'2$(  
�3$)$*�3' ) $  $"-�3'(  .'"'*#'  (&�*$0$#'2$(  �"#�3 ). �)$  :-�& , � '3.+&  /� 76,..+&  $ 
:#"/,)$&,.-' 1.�  /�*-3,)!*,..+&  :00,#-�&  (3$ �"1  -� , 6-�  )'5)'8�-'..+%  "/�"�8  
�)�9,.$(  $ )'5)'8�-'..+,  .'"'*#$  .,  673"-3$-, 1.+  # ),!$&7  �)�9,.$(  $ �8 '*'<-  
�6,.1  .$5#$& �$*)'3 $6,"#$&  "�/)�-$3 ,.$,&  3 9$)�#�&  *$'/'5�.,  )'"4�*�3  �'5'  $ /)$  
)'5 $6.+4  / �-.�"-(4  �)�9,.$( . 
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1 – ),�7 ().'(  8 �6.'(  ",-6'-'(  .'"'*#' ; 2 – ),�7 ().'(  8 �6.'(  ",-6'-'(  .'"'*#'  " 7/)7 -

�$& !$*#�"-.+&  )'"/),*, $-, ,&  (&�*$0$#'2$(  �3$)$*�3' );  
3 – #� 12'  �'  ( ; 4 – #� 12'  �'9$�' ; 5 – .'"'*#'  " ),5�.$)7<=$&  :00,#-�&  (&�*$0$#' -

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

"#�)�"-$  3�5*74'  3 #� �..,  
 

�'  �".�3'.$$  /� 76,..+4  *'..+4  /�  :.,)��:00,#-$3.�"-$ , �$*)'3 $6,"#$&  "� -
/)�-$3 ,.$(&  �)�9',&+4  .'"'*�#  $ �"�8,..�  .,  673"-3$-, 1.�"-$  # ),!$&7  �)�9,.$(  $ 
3+"�#�%  7*,)!$3'<=,%  "/�"�8.�"-$  /�  !$*#�"-$ , &�!.�  "*, '-1  3+3�*  �  /,)"/,#-$3.� -
"-$  /)�&+9 ,..���  /)$&,.,.$(  *'..���  .'"'*�6.���  7"-)�%"-3'  " #'6,"-3,..+&  "�"), -
*�-�6,..+&  ),!$&�&  �)�9,.$( , �"�8,..�  * (  $"/')$-, 1.���  �4 '!*,.$(  �8�)�-.�%  
3�*+  3 �)'*$).(4  $ '//')'-�3  $.,)2$�..�%  &�#)�%  �6$"-#$  �'5�3 . �'5)'8�-'..�,  )'"/), -
*, $-, 1.�,  7"-)�%"-3�  ),�7 ().�%  ",-6'-�%  .'"'*#$  (&�*$0$#'2$(  �3$)$*�3' ) " 7/)7 -
�$&$ #'.' '&$ , /�53� (,-  )'3.�&,).�  )'"/),*, $-1  !$*#�"-1  $ 7&,.19$-1  #'/, 1.+%  
7.�"  $5 '//')'-' , 6-�  �"�8,..�  3'!.�  $ "7=,"-3,..�  ".$!',-  �8C,&  3�"/� .(,&�%  !$* -
#�"-$  * (  "$"-,&  �8�)�-.���  3�*�".'8!,.$(  /)�&+9 ,..+4  /),*/)$(-$% . 

�  4�*,  $"" ,*�3'.$(  /)�3,*,.  /� .+%  #�)), (2$�..+%  '.' $5  :#"/,)$&,.-' 1 -
.+4  *'..+4  * (  ),�7 ().�%  8 �6.�%  ",-6'-�%  .'"'*#$  " 7/)7�$&  !$*#�"-.+&  )'"/),*, -
 $-, ,&  (&�*$0$#'2$(  �3$)$*�3' ), ),57 1-'-+  #�-�)��� , " /� 76,..+&$  "-,/,..+&$  
7)'3.,.$(&$ , /),*"-'3 ,.+  3 -'8 $2,  1.  
�'8 $2'  1 – �,57 1-'-+  #�)), (2$�..���  '.' $5'  :#"/,)$&,.-' 1.+4  *'..+4  * (  ),�7 -
 ().�%  8 �6.�%  ",-6'-�%  .'"'*#$  " 7/)7�$&  !$*#�"-.+&  )'"/),*, $-, ,&  (&�*$0$#'2$(  
�3$)$*�3' ) 

 
�$*)'3 $6,"#�,  

"�/)�-$3 ,.$,  "7-
4�% .'"'*#$  

�$*)'3 $6,"#�,  "�/)� -
-$3 ,.$,  �)�9',&�%  

.'"'*#$  

�*,)!$3'<='(  
"/�"�8.�"-1  .'"'* -

#$ 

�)'3.,.$,  
nAEu Re×=  

xaby ×+=  

(
n

G
L

AEu �
�

�
�
�

�×= Re  

xaby ×+=  

(
n

G
L

A� �
�

�
�
�

�×= Re  

xaby ×+=  
��:00$2$,.-+  a = 0,37; b = 1,04 a = 0,21; b = 0,95 a = 5,15; b = 0,24 
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�'8 �3  � .� ., ��3�/� 12,3'  	 .� ., �,%8'  � .� ., ��6,-#�3  � .� ., �)<#�3'  � .� .  

��!�)'�0  &�!�(�1��%�)'�0  ��)(�($(  (*�!� ! ) ��!���� ,)'���  ��)$, �)(5������  (�1 -
��%�)'���  $��5��)�(�( , ��!�)'�0 , 
�))�#  (404121, ��!�)'�0 , $!. ����!") , 42 ), 

www.volpi.ru 
 

��5*'.$,  &'-,)$' �3 , "/�"�8.+4  )'8�-'-1  3 7" �3$(4  3+"�#�-,&/,)'-7).���  /�-� -
#' , (3 (,-"(  3'!.�%  5'*'6,%  3 5'=$-,  #�."-)7#2$%  "/,2$' 1.���  .'5.'6,.$(  3 )'#,-.�% , 
'3$'2$�..�%  $ &�)"#�%  -,4.$#,  [1]. 	*.�  $5 /,)"/,#-$3.+4  .'/)'3 ,.$%  ,,  ),9,.$(  – 
$"/� 15�3'.$,  &$#)�3� �#.$"-+4  .'/� .$-, ,% , �8 '*'<=$4  &' �%  -,/ �/)�3�*.�"-1<  
$ .$5#$& '##7&7 $)�3'.$,&  -,/ '  [2]. 	*.'#�  33,*,.$,  $4 3 "�"-'3  : '"-�&,).+4  #�&/� -
5$2$% /)$3�*$-  # .,#�-�)�&7  747*9,.$<  ,,  0$5$#�-&,4'.$6,"#$4  /�#'5'-, ,% . �'..+%  
.,*�"-'-�#  &�!,-  8+-1 7"-)'.,.  &�*$0$#'2$,%  -'#$4  .'/� .$-, ,% , /�53� (<=,%  7 76-
9$-1  $4 )'"/),*, ,.$,  $ /�3+"$-1  ")�*"-3�  # : '"-�&,)7 . 

�  )'8�-,  $"" ,*�3' �"1  3 $(.$,  #'� $.�3���  3� �#.'  " )'5&,)�&  6'"-$2  200 – 450 
&#& .'  0$5$#�-&,4'.$6,"#$,  $ ��.,-,/ �5'=$-.+,  "3�%"-3'  ),5$.  .'  �".�3,  "-'.*')-.� -
��  ),2,/-'  :-$ ,./)�/$ ,.*$,.�3���  #'767#'  ��;�� -40 [3]. � (  7 769,.$(  :00,#-$3 -
.�"-$  -,/ �5'=$-.���  &'-,)$' '  #'� $.�3�,  3� �#.�  /),*3')$-, 1.�  �8)'8'-+3' �"1  
0�"0�)8�)"�*,)!'=$&  � $��&,)�&  (�
	 ), #)�&,  -���  * (  /�3+9,.$(  /)�6.�"-$  "3(5$ 
#'767#-#'� $.  3 ),5$.�37<  "&,"1  33�*$ $  '�,.-  "�6,-'.$(  �,#"'4 �) -/ -#"$ �  (���� ).  

�"" ,*�3'.$(  /�#'5' $ , 6-�  33,*,.$,  #'� $.�3���  3� �#.'  "�3&,"-.�  " ����  /� -
3+9',-  0$5$#�-&,4'.$6,"#$,  "3�%"-3'  37 #'.$5'-�3 , 3 6'"-.�"-$  73, $6$3',-"(  7" �3.'(  
/)�6.�"-1  /)$  )'"-(!,.$$  .'  5 %, 6-�  .,/�"),*"-3,..�  "3(5'.�  " �8)'5�3'.$,&  8� 19,��  
6$" '  '*"�)82$�..+4  "3(5,%. ��/� .$-, 1.'(  �8)'8�-#'  #'� $.�3���  3� �#.'  �
	  /)$ -
3�*$-  # /�3+9,.$<  7" �3.�%  /)�6.�"-$  .'  10 – 12 % $ �*.�3),&,..�  7 769'<-"(  -,/ -
 �"-�%#�"-1  $ ��.,"-�%#�"-1  ),5$. . 

	�.,-,/ �5'=$-.+,  "3�%"-3'  �2,.$3' $  /�  3),&,.$  /)��),3'  .,�8��),3',&�%  /� -
3,)4.�"-$  �8)'52'  *�  100 � �  $ /�  "#�)�"-$   $.,%.���  ��),.$( .  

�3,*,.$,  #'� $.�3���  3� �#.'  73, $6$3',-  3),&(  /)��),3'  3 2,5 )'5'  5'  "6,-  /)�-, -
#'.$(  *�/� .$-, 1.+4  "-)7#-7)$)7<=$4  /)�2,""�3  3 #�#"7<=,&"(  " �, , -��*'  #'#  33�*  
&�*$0$2$)�3'..���  #'� $.�3���  3� �#.'  3 )'5&,),  10 &'"" . 6. /�3+9',-  3),&(  /)��),3'  
3 3,2 )'5'  3 ")'3.,.$$  " #�.-)� 1.+&  �8)'52�& .  

��  &,),  33,*,.$(  &�*$0$2$)�3'..���  #'� $.�3���  3� �#.'  "#�)�"-1   $.,%.���  �� -
),.$(  7&,.19',-"(  "�  110,8 &&/&$.  * (  �8)'52'  " 3 &'"" . 6. *�  97,4 &&/&$.  * (  ),5$.+  " 
10 &'"" . 6., 6-�  3 2 )'5'  &,.19,  "#�)�"-$   $.,%.���  ��),.$(  #�.-)� 1.���  �8)'52'  (202,7 
&&/&$. .). ��.$!,.$,  "#�)�"-$   $.,%.���  ��),.$(  * (  �8)'52�3 , "�*,)!'=$4  #'� $.  #'� -
 $.�3�,  3� �#.� , /)�$"4�*$-  .,  -'#  5.'6$-, 1.� : .'  26 $ 45 % "��-3,-"-3,..� . 

 
�/$"�#   $-,)'-7)+ : 
1 . �'8 �3  � .� ., ��3�/� 12,3'  	 .� ., ��6,-#�3  � .� . � $(.$,  .'/� .$-, (  /,) $-  .'  

-,/ �"-�%#�"-1  ),5$.  .'  �".�3,  :-$ ,./)�/$ ,.*$,.�3���  #'767#'  // ��3),&,..+,  /)� -
8 ,&+  .'7#$  $ �8)'5�3'.$( . – 2013. – B  3; URL: www.scienceeducation.ru/109-9370. 

2 . �'=,,3  � .� . �$&$6,"#'(  -,4.� ��$(  ��.,7/�)�3  / �6,8.�,  /�"�8$, . — � .: �. -
-,)&,-  �.!$.$)$.� , 2007. — 752 ".  

3 .  
� 19�%  "/)'3�6.$#  ),5$.=$#' . � .1. �'767#$  $ $.�),*$,.-+  / /�*  ),* . �,5.$ -
6,.#�  � .� ., ��)�5�3'  � .� . – � .: �,4$.0�)& ,  2012. – 744 ". 
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"����*  �������
�  ��#�� , ��������� ,  

"���
���� , &�
�
���  

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

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

 
�  *�# '*,  UNEP - «��3+%  5, ,.+%  #7)" » 5, ,.'( » :#�.�&$#'  �8�5.'6,.' , #'#  «"$-

"-,&'  :#�.�&$6,"#$4  &,)�/)$(-$% , "3(5'..+4  " /)�$53�*"-3�& , )'"/),*, ,.$,&  $ /� -
-),8 ,.$,&  -�3')�3  $ 7" 7� , #�-�)'(  .'/)'3 ,.'  .'  /�3+9,.$,  8 '��"�"-�(.$(  6, �3,#'  
.,  3 7=,)8  8,*7<=$&  /�#� ,.$(& » [1]. ��.2,/2$(  «5, ,.�% » :#�.�&$#$  $"4�*$-  $5 -), -
8�3'.$%   )'2$�.' 1.���   $"/� 15�3'.$(  /)$)�*.+4  ),"7)"�3  3  ", 1"#�4�5(%"-3,..�&   
/)�$53�*"-3,  ("&.-'8  1).  

 
�'8 $2'  1 - �, ,.'(  :#�.�&$#'   3 #��)*$.'-'4  *,(-, 1.�"-$  6, �3,6,"#���  

 �8=,"-3'  
 
«�, ,.'( » :#�.�&$#'   «�, ,.+% » )�"-  

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

"+ ; "'&'(  2,..'(  $4 6'"-1  –  ", 1"#�4�5(%"-3,..+,  7��*1( , #�-�)+,  5'.$&'<-  �#� �  220 
& .  �'  (13% �-  �8=,%  / �='*$  "-)'.+ ). 	8,"/,6,..�"-1  3�*.+&$  ),"7)"'&$  "�"-'3 (,-  
30,2 -+" . &3 .'  6, �3,#'  3 ��*  (�*$.  $5  769$4  /�#'5'-, ,%  3 &$), ). 	".�3.�%  /)�8 ,&�%  
3 $"/� 15�3'.$$  3�*.+4  ),"7)"�3  (3 (,-"(  5.'6$-, 1.'(  .,)'3.�&,).�"-1  )'"/),*, ,.$(  
/�  -,))$-�)$$  "-)'.+ . �'  ,3)�/,%"#7<  6'"-1 , �*,  "�"),*�-�6,.�  8� ,,  70% /)�$53�* -
"-3,..���  $ ", 1"#�4�5(%"-3,..���  /�-,.2$' ' , /)$4�*$-"(  .,  8� ,,  10% /�3,)4.�"-.���  
"-�#' . �" ,*"-3$,  :-��� , *,0$2$-  3�*.+4  ),"7)"�3  �=7=',-"(  .'  ��,  ��""$$  $ ", 1"#$4  
-,))$-�)$(4 . �  :#�.�&$#,  ,!,��*.�  $"/� 157,-"(  �#� �  56 #78. #&  $5 .$4  22% $"/� 157 -

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

 
;#�.�&$6,"#'(  

 

;#�.�&$6,"#�,  )'53$-$,  
.'  �".�3,  $"/� 15�3'.$(  
«5, ,.+4  -,4.� ��$% », 
��; , 3+"�#�*�4�*.+,  
)'8�6$,  &,"-'  

	)$,.-'2$(  .'  .$5#� -
7� ,)�*.�,  )'53$-$, ; 
"�#)'=,.$,  3+8)�"�3  
�	 2 $ "8)�"�3 ; 5'=$-'  
8$�)'5.��8)'5$(  $ :#� -
"$"-,&.+4  7" 7� ; ��)' -
.$6,.$,  :#� ��$6,"#$4  
.'�)75�#   
 

 
;#� ��$6,"#'(  

 

��4)'.,.$,  /)$)�*.���   
#'/$-' ' ;  ".$!,.$,  $"-
/� 15�3'.$(   
/)$)�*.+4  ),"7)"�3 ;   
�')&�.$5'2$(   
:#�.�&$#$  $ :#� ��$$ ; 
7"-�%6$3�"-1  # "-$4$%-
.+&  8,*"-3$(&  

��3+9,.$,  8 '��"�"-� -
(.$(   
6, �3,#' ; "/)'3,* $3+%  
*�"-7/  # 8 '�'& , # 3�*,  
$ /$=, ; 7"$ ,.$,  3.$ -
&'.$(  # /)�8 ,&'&  
!,.=$.   
$ &� �*,!$   
 

 
     ��2$' 1.'(   
 

	8,"/,6,.$,  *�"-7/'  # 
�".�3.+&  3$*'&  -�3')�3 , 
/)�*7#-'& , 3�*, , :.,)�$$ ; 
),9,.$,  3�/)�"�3  !$ $ -
=' , ��� , ".$!,.$,  5'-
-)'-  .'  :.,)�$<  
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,-  ", 1"#�,  4�5(%"-3�  (15.4 #78 #&) 3 �".�3.�&  .'  �)�9,.$,  /� ,% . ��  &,),  73, $6,.$(  
�8=$4  )'5&,)�3  3�*�/�-),8 ,.$(  3 ���  3�5)'"-'<-  -),8�3'.$(  # #'6,"-37  �)�'.$5'2$$  
7/)'3 ,.$$  3�*�)'"/),*, ,.$,& , # /)�3,*,.$<  &, $�)'-$3.+4  &,)�/)$(-$% . �, $�)' -
-$3.'(  .'7#'  ��""$$  34�*$-  3 6$" �  &$)�3+4   $*,)�3 ; 5.'6$-, 1.+%  3# '*  3 ,@ )'53$-$,  
3.," $  -'#$,  76,.+, , #'#  � .� . ��#76',3 , � .� . �,).'*"#$% , � .� . �,*)�%2 , 
 .
 .�� +.�3 , 
� .� . 
�)�*$. , � .� . �'3$ �3 , � .� . 
,)� , � .� . ��,%#�3 , � .� . ��)�5�3 , � .� . ��"-+6,3 , � .� . 
�$ 1(&" , 
 .
 . �7&'#�3 , � .� . �7#'6,3 , � .� .�)7!$ $. , � .� .>,*)$.  $ *) .  

�,(-, 1.�"-1  )�""$%"#�%  &, $�)'-$3.�%  9#� +  "�"),*�-�6,.'  .'  $576,.$,  /)$ -
)�*.+4  /)�2,""�3 , 3 ,,  ,"-,"-3,..�&  $ '""$&$ $)�3'..�&  "�"-�(.$$ . �'76.+%  /�*4�*  # 
/)�3,*,.$<  &, $�)'-$3.+4  &,)�/)$(-$%  .'  '�)� '.*9'0-'4  $"4�*$-  $5 -��� , 6-�  #� $ -
6,"-3�  3 �!,..�%  '.-)�/��,..�%  :.,)�$$  /)$  /)�3,*,.$$  #�&/ ,#".+4  &, $�)'2$%  '� -
)� '.*9'0-'  *� !.'  #�&/,."$)�3'-1"(  :.,)�$,% , �-67!*',&�%  " /� 76,.$,&  7)�!',3 , $ 
:.,)�$,% , .'/)'3 ,..�%  .'  3�""-'.�3 ,.$,  / �*�)�*$(  $5&,.,..+4   '.*9'0-�3 [2]. �=@ 3 
",),*$.,  ��  3,#'  '#'*,&$#  � . � . ��"-(#�3  �-&,6' , 6-�  &, $�)'-$3.+,  "$"-,&+  3 -,4.$6, -
"#�&  �-.�9,.$$  3+/� .(<-  *3,  07.#2$$ : /),3)'=,.$,  3�*+  $5 "�"-�(.$(  -�#'  3 #'.' '4  3 
"�"-�(.$,  .7!.�%  /�63,..�%  3 '!.�"-$  .'  �)�9',&+4  /� (# ;  7*' ,.$,  $5 $9.,%  /�63,..�%  
3 '�$  .'  �"79',&+4  5,& (4  /7-,&  /),3)'=,.$(  ,,  3 "�"-�(.$,  -�#�3 ; -)'."/�)-$)�3'.$,  3�* -
.+4  -�#�3  /�  #'.' '&  "$"-,&+  3 .7!.�&  #� $6,"-3,  $ 3 .7!.+,  ")�#$  /)$  �)�9,.$$   $ �-  
�"79',&+4  / �='*,%  # 3�*�/)$,&.$#7 . �)$  /)�3,*,.$$  &, $�)'-$3.+4  )'8�-  .,�84�*$&�  
/ '.$)�3'-1  �*.�3),&,..�  "�3�#7/.�"-1  �)�'.$5'2$�..� -4�5(%"-3,..+4  $ '�)�-,4.$6,"#$4  
&,)�/)$(-$% . �  ��""$$  �)�9',&+,  5,& $  (&,.,,  5%  / �='*$  3",% /'9.$ ) *'<-  *�  20% 
3",��  /� 76',&���  7)�!'( . ��""$%"#$,  76,.+,  $ "/,2$' $"-+  /� -)'5.�&7  �2,.$3'<-   /� -
-),8.�"-$  "-)'.+  3 �)�9',&+4  5,& (4 . �'# , '#'*,&$#  � .� .�%*')�3  "6$-',- , 6-�  / �='*1  
�)�9',&+4  5,&, 1  3 "-)'.,  *� !.'  "�"-'3 (-1  22 – 35 & . . �' ; /�  &.,.$<  '#'*,&$#'  � . 
� . �)7!$ $.'  «… /)$��*.+,  # �)�9,.$<  $ .,�84�*$&+,  / �='*$  �)�9',&+4  5,&, 1 , 
�8,"/,6$3'<=$4  "),*.<<  7"-�%6$3�"-1  ", 1"#���  4�5(%"-3'  *� !.+  "�"-'3 (-1  12 & . . 
�' »; 76,.+,  ��
��  «��"����� » �8�".�3+3'<-  -�6#7  5),.$( , 6-�  * (  �8,"/,6,.$(  
7"-�%6$3+4 $ 3+"�#$4  7)�!',3  .,�84�*$&�  $&,-1  10 & . . �'  �)�9',&+4  $ 8 & . . �'  �"7 -
9',&+4  7��*$%[3]. �  #�.2,/2$$  /)�*�3� 1"-3,..�%  8,5�/'".�"-$  ��""$$  *�  2020 ��*'  
/),*"-'3 ,.+  2$0)+ , 7#'5+3'<=$,  .'  .,�84�*$&�"-1  $&,-1  18 & . . �'  &, $�)$)�3'..+4  
5,&, 1 , /�53� (<=$,  /�*.(-1  /)�*7#-$3.�"-1  '�)�8$�2,.�5�3  3 2 – 3 )'5' [4]. ��  *'..+&  
/'"/�)-$5'2$$  &, $�)'-$3.+4  "$"-,&  $ �-*, 1.�  )'"/� �!,..+4   �$*)�-,4.$6,"#$4   "� -
�)7!,.$% ,  �8=,,   #� $6,"-3�   �$*)�-,4.$6,"#$4  "��)7!,.$%  .'  &, $�)'-$3.+4  "$"-, -
&'4  "�"-'3 (,-  1922 -+" . 9- ., 3 -�&  6$" ,  .'  ��""$"-,&'4  – 285 -+" . 9- ., $5 .$4  3 0,*, -
)' 1.�%  "�8"-3,..�"-$  – 58 -+" . 9- ., 3 "�8"-3,..�"-$  "78C,#-�3  �,*,)'2$$  – 227-+" . 
9- ., 3  &7.$2$/' 1.�%   $  "�8"-3,..�"-$   <)$*$6,"#$4   $  0$5$6,"#$4   $2   – 1637 -+" . 
9- .  �$*)�&,-)$6,"#$4  /�"-�3  4302 9- ., /� $3.'(  -,4.$#'  3 #� $6,"-3,  �#� �  20 -+" . 
&'9$. .  	8='(  /)�-(!,..�"-1 ; �)�"$-, 1.+4  "$"-,&  - 25191 #&;  �"79$-, 1.+4  "$"-,&  -
14682 #& #'.' �3 . 	8='(  / �='*1  &, $�)$)�3'..+4  5,&, 1  .'  01.01.2010 � . "�"-'3 ( '  
9030,4 -+" . �' , 3 -�&  6$" ,  4245,8 -+" . �'  �)�9,.$(  $ 4784,6 -+" . �'  �"79,.$( [3,5].. 
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�'8 $2'  2 - �, $�)'2$(  5,&, 1 : /�" ,*"-3$(  $ /),* '�',&+,  ),9,.$(  
��
5�1+10  !�����0+�612+  5���+,�0-��  
0/�?�0+�612+   5���+,�0-��  �+��
+1,�?��  
��63+   
 

��3+9,.$,  / �*�)�*$(  3 "3(5$ "  
7 769,.$,&  3�*.� -"� ,3���  $  3�*.� -
3�5*79.���  ),!$&�3 , ".$!,.$,  /)�2," -
"�3  3�*.�%  $ 3,-)�3�%  :)�5$$ .  

��5&�!.'(   /�-,)(   / �*�)�*$(  3 ),57 1 -
-'-,  7"$ ,.$(  /)�2,""�3  3�*.�%  $ 3,-)� -
3�% :)�5$$ ,  747*9,.$(   3�*.� -"� ,3���   
),!$&' ,  747*9,.$(   3�*.�3�5*79.���  
),!$&'  

�)$&,.,.$,  "��-3,-"-37<=$4  "/�"�8�3   
$  -,4.$#$  /� $3' ; )�-,4.$6,"#$,   &,)� -
/)$(-$(  (7 769,.$,   "-)7#-7)+   /�63 , 
�8�".�3'..+,  ",3��8�)�-+ ); 7"-)�%"-3�  
/� ,5'=$-.+4   ,".+4  /� �"  

��3,)4 -
.�"-.+,   
3�*+    
 

��3+9,.$,  )'"4�*�3  $ 7)�3.,%  * (  
�"79$-, 1.+4  "$"-,& , 6-�  &�!,-  /)$ -
3,"-$  # 7 769,.$<   #'6,"-3'   3�*+  

��3+9,.$,  &$.,)' $5'2$$  /�3,)4.�"- -
.+4  3�* ; 5'�)(5.,.$,  3�*   /,"-$2$*'&$ , 
07.�$2$*'&$ , 8$��,..+&$  : ,&,.-'&$  

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

��*5,&.+,  
3�*+    
 

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

�&,.19,.$,  5'/'"�3  /�*5,&.+4  3�*  5' 
"6,-  7&,.19,.$(  $.0$ 1-)'2$$   /�3,)4 -
.�"-.+4   3�*   /)$   �"79,.$$ ;  5'�)(5., -
.$,   3�*   (*�4$&$#'-'&$ ,  �)�'.$6," #$&$  
$ 7*�8),.$(&$ . 

�,)�/)$(-$(  /�  /),*�-3)'=,.$<   5'-
�)(5.,.$(  3�* : �)�'.$5'2$�..+,  – "�5*' -
.$,  �$*)'3 $6,"#���  3�*�)'5*, '  &,!*7  
5'�)(5.,..+&$  $ 6$"-+&$   3�*'&$  

�+8.+,  
 ),"7)"+   

�5&,.,.$,   7" �3$%  "7=,"-3� 3'.$(   $  
3�"/)�$53�*"-3'   )+8  

�$8, 1  &� �*$  )+8  /)$  5'8�),  3�*+  .'  
�)�9,.$,  

�,)�/)$(-$( , "3(5'..+,  " �4)'.�%   $4-
-$�0'7.+   $ )+8.+4  ),"7)"�3  

�'"-$-, 1 -
.�"-1    
 

�'&,.'  ,"-,"-3,..�%   )'"-$-, 1.�"-$  .'  
", 1"#�4�5(%"-3,..+,  #7 1-7)+  

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

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

�$3�-.+%  
&$)   
 

�5&,.,.$,  3$*�3���  "�"-'3' ,  6$" ,..� -
"-$   !$3�-.+4  

�')79,.$(   &$�)'2$�..+4  /7-,% /-$2 ;   
*�"-7/.�"-1   <*,%  # ),*#$&  �8C,#-'&  
!$3�-.���  &$)'  

�+8�)  &,"-�/� �!,.$(  ���  "  76,-�&   
-),8�3'.$%  "�4)'.,.$(   /� ,5.+4 , ),* -
#$4 3$*�3  !$3�-.+4  

��5*79.'(  
"),*'   

� 769,.$,  3�5*74'  5' "6,-  "�5*'.$(  
3�*.+4  /�3,)4.�"-,%  

�)(&�,  5'�)(5.,.$,  3�5*74'   /)$  "-)�$ -
-, 1"-3,  #'.' �3  $ ",-,%  

�,)�/)$(-$( , "3(5'..+,  "  �4)'.�%  3�5-
*79.�%  "),*+  �-  5'�)(5.,.$(  

�'.*9'0-+   
 

�)$  "-)�$-, 1"-3,  #'.' �3  &,.(<-"(  
), 1,0 , /�63' ,  )'"-$-, 1.�"-1 , 3�*.+,  
$"-�6.$#$  

�')79,.$,   '.*9'0-' : "&,.'   ,"-, -
"-3,..+4  7��*$% .'    '.-)�/��,..+,  

�,)�/)$(-$( , "3(5'..+,  " �4)'.�%  
 '.*9'0-�3 : �8,"/,6$3'<=$,   "�4)'., -
.$,   3�*.���   ),!$&'   -,))$-�)$$  

�,#),'2$�. -
.+,  ),"7)"+   
 

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

 �')79,.$,  7" �3$% /� 15�3'.$(  3�* -
.+&$  �8C,#-'&$  * (   ,6,8.+4 , #7 1-7) -
.+4  $ �5*�)�3$-, 1.+4  2, ,%   

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

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

$ $  $4 #�&/ ,#"+  
�$/  �$*+  

��*.+,   	"79$-, 1.+,   
�'3�*#� -),�7 $)7<=$,   
	)�"$-, 1.+,   
	"79$-, 1.� -73 '!.$-, 1.+,   
	83�*.$-, 1.+,  

��)�-,4.$6,"#$,  	"79$-, 1.� -),�7 $)7<=$,  
�,&, 1.+,  �##7&7 (2$�..+,  

��63�5'=$-.+,   
��63�),#�."-)7#-$3.+,   
�7 1-7)-,4.$6,"#$,   
�'.*9'0-.� -),#7 1-$3'2$�..+,  

�'"-$-, 1.+,  �$-�),#�."-)7#-$3.+,   
�'.*9'0-.� -5'=$-.+,  

� $&'-$6,"#$,  �,/ �3+,   
� '��)'"/),*, $-, 1.+,   
�,-)��" '8 (<=$,  

�$&$6,"#$,   �� ,�8��'-$-, 1.+,  
�$" �-�),�7 $)7<=$,  
��63�7#),/ (<=$,   
�'.$-').� -*,5$.0,#2$�..+,  

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

.$,  �8  $4 &'"9-'8.�"-$  $ 9$)�-, . �  ", 1"#�4�5(%"-3,..�&  /)�$53�*"-3,  .'$8� 19,,  
/)$&,.,.$,  .'4�*(-  3�*.+,  '�)�-,4.$6,"#$, , 5,&, 1.+,  $ 4$&$6,"#$,  &, $�)'2$$ . �  
�)�"$-, 1.+&  "$"-,&'&  �-.�"(- : 

- $"-�6.$#  �)�9,.$(  (),#' , �5,)� , 3�*�4)'.$ $=, , �)7.-�3+,  3�*+ ); 
- �� �3.�,  "��)7!,.$,  (5'8$)'<=,,  3�*7  $5 $"-�6.$#' ); 
- &'�$"-)' 1.+%  �)�"$-, 1.+%  #'.'  (*�"-'3 (<=$%  3�*7  .'  �)�9',&+,  &'""$3+ ); 
- )'"/),*, $-, 1.+,  /)�3�*(=$,  #'.' + ; (&,!4�5(%"-3,..+, , 3.7-)$4�5(%"-3,..+, ); 
- 3�*�/)�3�*(=7<  ",-1  $ �8�)7*�3'.$, , �8,"/,6$3'<=$,  76,-  $ /)�*3$!,.$,  3�*+ ). 
�)$&,).+%  ")�#  :#"/ 7'-'2$$  &'�$"-)' 1.+4  �)�"$-, 1.+4  "$"-,&   – .,  &,.,,  50 

 ,- ; 3.7-)$4�5(%"-3,..+4  �)�"$-, 1.+4  "$"-,&  - 25-30  ,- . ��*, 1  #�&/�.�3#$  7.$0$ -
2$)�3'..�%  �)�"$-, 1.�%  "$"-,&+  /),*"-'3 ,.'  .'  )$"7.#,  1[3].. �  �� ���)'*"#�%  �8 '"-$  
.'$8� ,,  "�3),&,..�%  �)�"$-, 1.�%  "$"-,&�%  (3 (,-"(  �'%��)�*"#'(  �)�"$-, 1.'(  "$"-,&' , /,) -
3'(  �6,),*1  #�-�)�%  .'6' '  07.#2$�.$)�3'-1  3  2011 ��*7 , '  3-�)'(  3  2012 ��*7 . 	8='(  / �='*1<  
�)�9',&+4  5,&, 1  "�"-'3 (,-  - 2000  �'  [6]. 	/+-  :#"/ 7'-'2$$  �)�"$-, 1.+4  #'.' �3  /�#'5+3',- , 
6-�  $4 #�."-)7#-$3.+,  /')'&,-)+  �"-'<-"(  /)'#-$6,"#$  .,$5&,..+&$ , .�  .'$8� ,,  7(53$&+&$ 
�"-'<-"(  "-,.#$  )7" '  #'.' '  ()'5)79'<-"(  $ 5')'"-'<-  3�*.�%  )'"-$-, 1.�"-1< ). �'  )$"7.#,  2 
/),*"-'3 ,.+  )7" '  #'.' �3 , /�*3,)�.739$,"(  )'5)79,.$( .  
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�$"7.�#  1 – ��*, 1  #�&/�.�3#$   �)�"$-, 1.�%  "$"-,&+  
 

 
�$"7.�#  2 – �,0,#-+  #'.' �3  �)�"$-, 1.+4  "$"-,&  

 
�)$  .'76.�&  �8�".�3'.$$  &,)�/)$(-$%  /�  3�""-'.�3 ,.$<  #'.' �3  &�!,-  $"/� 1 -

5�3'-1"(  �/+-  :#� ��$6,"#���  �-)(*'  «;�	� » �� !"#���  /� $-,4.$6,"#���  $."-$-7-'  
(0$ $' )�� ���� . ��*  )7#�3�*"-3�&  �'8 �3'  � .� . �-)(*   "  $"/� 15�3'.$,&  �,�/� $&,) -
.+4  &'-,)$' �3  /)�3,  7#),/ ,.$,  "-,.�#  �3)'�'  ��)�6,%  8' #$  �5.; 1-�.  ("&.)$" .3) �'  
/)'#-$#,  "-7*,.-'&$  8+ $  /)$&,.,.+  $.!,.,).+,  .'3+#$  $ 7&,.$( . 
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�$"7.�#  3 – �#),/ ,.$,  "-,.�#  "�)�61,%  8' #$  �-)(*�&  ;�	�  
�7#�3�*$-, 1  - �'8 �3  � .� ., *.-.. . 

 
��),..�,  7 769,.$,  5,&, 1   (3 (,-"(   � '3.+&   /)$5.'#�&  &, $�)'2$$ . �   .+.,   

*,%"-37<=$4  5'#�.�*'-, 1"-3'4   &.��$4  "-)'. , "�*,)!'=$4   $&/,)'-$3.�  7"-'.�3 ,..+,   
:#� ��$6,"#$,  -),8�3'.$( , 76$-+3',-"(  $&,..�  -'#�,  /�.$&'.$,  &, $�)'2$$ . �'#�.�*' -
-, 1.�,  5'#),/ ,.$,  :#� ��$$  $&,,-  3,"1&'  /)��),""$3.�,  5.'6,.$,  3 �8 '"-$  &, $�)' -
2$$, $ �.�  3�  &.���&  /),/(-"-37,-  .,/)�*7&'..+&  *,%"-3$(& 3 :-�%  �8 '"-$ . �  -'8 $2,  
3 /),*"-'3 ,.+  /� �!$-, 1.+,  $ �-)$2'-, 1.+,  /�" ,*"-3$(  /)$&,.,.$(  &, $�)'2$$ .  
��4)'.,.$,   &, $�)$)�3'..+4   5,&, 1 ,  5'=$-.+4    ,".+4   .'"'!*,.$% , :00,#-$3.�,  
07.#2$�.$)�3'.$,  $ 3�""-'.�3 ,.$,  )'5)79,..���  &, $�)'-$3.���  #�&/ ,#"'   .,3�5 -
&�!.�   8,5  76'"-$(   ��"7*')"-3' ,  �8 '*'<=,��   «5.'6$-, 1.+&  7/)'3 ,.6,"#$&  /�-,. -
2$' �& » �=@ �*.�  .'/)'3 ,.$,  /)$&,.,.$(  $.!,.,).+4  5.'.$%  – "�5*'.$,  $ /)�$53�* -
"-3�  �)�"$-, 1.�%  -,4.$#$ . �'76.� --,4.$6,"#�,  )'53$-$,  3 �8 '"-$  "�3,)9,."-3�3'.$(  
*�!*,3' 1.�%  -,4.$#$  *� !.�  $*-$  3 .'/)'3 ,.$(4 :  ".$!,.$,  &'-,)$' �,&#�"-$  &'9$.  
5' "6,-  /)$&,.,.$(  .�3+4  #�&/�5$2$�..+4  &'-,)$' �3 ; /)$&,.,.$,  '3-�&'-$6,"#$4   *$-
"-'.2$�..+4   "$"-,&   #�.-)� ( ,  7/)'3 ,.$(  $ 5'=$-+   *�!*,3' 1.+4  &'9$. ;  $"/� 15� -
3'.$,  *�/� .$-, 1.���  �8�)7*�3'.$(  * (  �/,)'-$3.���  7/)'3 ,.$(  /� $3'&$ , /)��)'& -
&$)�3'.$(  7)�!'%.�"-$ ; 7"$ ,.$,  "-,/,.$  7.$0$#'2$$  &'9$.  * (  �8,"/,6,.$(  �)�9, -
.$(  /� ,%   <8�%  #�.0$�7)'2$$ ; $"/� 15�3'.$,  ' 1-,).'-$3.+4  $"-�6.$#�3  :.,)�$$  * (  
)'8�-+  *�!*,3' 1.+4  &'9$.  $ .'"�".�%  �)7//+ ; /)$&,.,.$,  *3$�'-, ,%  *�!*,3' 1.+4  
&'9$. [8,9]. �'8�-+  /�  3�5)�!*,.$(  &, $�)'-$3.���  &'9$.�"-)�,.$(  3 "-)'.,  3,*7-"(  30 
#�&/'.$(&$  $ ��� .  �  �� ���)'*,  )'5)'8�-' $  $ /�"-'3$ $  .'  /)�$53�*"-3�  8')'8'..7<  
*�!*,3' 1.7<  &'9$.7  - «���	���  �$'�')'  500/110»,9$)�#�5'43'-.7<  &'9$.7  «�4 -
-78' » 3 �'5'.,  .'6' $  3+/7"#'-1  9$)�5'43'-$.7<  &'9$.7  –«#'5'.#7 », �� 1(--$  – «�), -
�'-  �� » ("&.)$"  4)  
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�$"7.�#  4 – 	)�"$-, 1.'(  -,4.$#' , /)�$53�*$&'(  3 ��""$$ . 
')'8'..'(  �)�"$-, 1 -

.'(  &'9$.'  «���	���  – �$'�')'  500/110 (�� ���)'* ), 9$)�#�5'43'-.'(  &'9$.'  «�' -
5'.#' » (�'-')"-'. ), /� $3.�%  '�),�'-  «�),�'- » (�'&')"#'(  �8 '"-1 ). 

 
��5*'3',&+,  &'9$.+  *� !.+  8+-1 3+"�#�/)�$53�*$-, 1.+&$ , &.���07.#2$�.' 1.+&$ , 
),' $57<=$&$  -,4.� ��$$  «-�6.���   �)�9,.$( »  $  0�)&$)7<=$&$  $"#7""-3,..+%   
*�!*1 ,  8 $5#$%  /�   "3�$&  #'6,"-3,..+&  4')'#-,)$"-$#'&  # ,"-,"-3,..+&  *�!*(&   

«"),*.,% » "$ + , " #'/ (&$ , /'*'<=$&$  /)'#-$6,"#$  3,)-$#' 1.� ,  � 0,5-1 &&, $.-,."$3 -
.�"-1<   *�  0,25 &&/&$.  $ )'3.�&,).�"-1<  )'"/),*, ,.$(  /�  / �='*$  .,  &,.,,  0,9. 
�..�3'2$�..� -�)$,.-$)�3'..�,  )'53$-$,  &, $�)'-$3.�%  �-)'" $  3 "$"-,&,  '�)�/)� -
&+9 ,..���  #�&/ ,#"'  �-.�"$-"(  # .'2$�.' 1.+&  "-)'-,�$6,"#$&  /)$�)$-,-'&  ��""$$ , 
$ * (  *�"-$!,.$(  /�"-'3 ,..+4  2, ,%   /),*7"&'-)$3',-"( : -,4.$6,"#�,  /,),3��)7!,.$,  
07.#2$�.$)7<=$4  &, $�)'-$3.+4  "$"-,&  /7-,&  &�*,).$5'2$$  �$*)�&, $�)'-$3.+4  ", -
-,%, /)$�8),-,.$(  "�3),&,..�%  /� $3.�%  -,4.$#�% , "),*"-3  3�*�76,-' ; '3-�&'-$5'2$$  $ 
-, ,&,4'.$5'2$$ ;  "-)�$-, 1"-3'  &, $�)'-$3.+4  "$"-,&  .�3���  /�#� ,.$(  " $"/� 15�3' -
.$,&  .'7#�,&#$4  $..�3'2$�..+4  -,4.� ��$% , �8,"/,6$3'<=$4  #�:00$2$,.-+  :#"/ 7' -
-'2$�..�%  .'*,!.�"-$  $ /� ,5.���  *,%"-3$(  .,  .$!,  0,95 $ :#�.�&$<  3�*.+4  $ :.,)�, -
-$6,"#$4  ),"7)"�3  *�  40%,  /�3+9,.$,  8$�/)�*7#-$3.�"-$  �)�9',&+4  $ �"79,..+4  5,-
&, 1  $ 7 769,.$,  :#� ��$6,"#�%  �8"-'.�3#$ ; /�3+9,.$,  )� $  )�""$%"#�% .'7#$  3 0�) -
&$)�3'.$$   #�.#7),.-�"/�"�8.���  ", 1"#�4�5(%"-3,..���  /)�$53�*"-3'  .'  &, $�)$)� -
3'..+4  5,& (4  $ )'5)'8�-#'  *,%"-3,..+4  &,4'.$5&�3  ��"7*')"-3,..� -6'"-.���  /')-.,) -
"-3'  /�  ),' $5'2$$  $.3,"-$2$�..+4  /)�,#-�3 [10,11]. 
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� . � . �,#9,3 , "-7*,.-  ���  (0$ $' ) �� ����  

��)�-#�3'  � .� ., *�2,.-   ���   (0$ $' ) �� ����  
 
 

�)�8 ,&'  $"" ,*�3'.$(  )'"/�5.'3'.$(  ),6$  6, �3,#'  (3 (,-"(  '#-7' 1.�% , -'#  #'# 
'#-$3.�  /),*/)$.$&'<-"(  /�/+-#$  "�5*'.$(  ),6,3���  $.-,)0,%"'  * (  7*�8.���  35'$&� -
*,%"-3$(  6, �3,#'  $ #�&/1<-,)' . 

�'  ",��*.(9.$%  *,.1  /�*  �/),*, ,.$,&  )'"/�5.'3'.$(  ),6$  "#)+3',-"(  2, '(  
"0,)'  .'76.�%  $ $.!,.,).�%  *,(-, 1.�"-$ . �  �8=,& , #'!*'(  5'*'6'  )'"/�5.'3'.$(  ),6$  
"3�*$-"(  # -�&7 , 6-�8+  3+*, $-1 , # '""$0$2$)�3'-1  $ "��-3,-"-37<=$&  �8)'5�&  �-),' -
�$)�3'-1  .'  6, �3,6,"#7<  ),61  $5 34�*.���  537#�3���  /�-�#' . 

�)�3,.1  "�3),&,..+4  '//')'-.+4  "),*"-3  *',-  3�5&�!.�"-1  ),' $5'2$$  )'"/�5.' -
3'.$(  ),6$  3 ),' 1.�&  &'"9-'8,  3),&,.$  .'  �8+6.�&  #�&/1<-,), . �6$-+3'(  :-� , /)� -
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8 ,&'  /�3+9,.$(  #'6,"-3'  )'8�-+  "7=,"-37<=$4  /�*4�*�3  # $*,.-$0$#'2$$  ),6$  �87 -
" '3 $3',-  '#-7' 1.�"-1  *'..�%  )'8�-+ . 

�  )'8�-,  /)�3�*$-"(  '.' $5  "7=,"-37<=$4  /�*4�*�3  $ /)$.2$/�3  # )'"/�5.'3' -
.$<  �� �"�3+4  "��8=,.$%  /�  0�.,&.�%  "�"-'3 (<=,% . �,-�*�&  '.' $5'  $,)')4$%  �''-$  
/)�3,*,.  ")'3.$-, 1.+%  '.' $5  "7=,"-37<=$4  "$"-,& , $"/� 157<=$4  )'""&�-),..+,  
&,-�*+  )'"/�5.'3'.$(  ),6$ . �.' $5  /)�3�*$ "(  /�  -'#$&  #)$-,)$(& , #'# : -�6.�"-1  $*,. -
-$0$#'2$$  537#�3, #� $6,"-3�  .,/)'3$ 1.�  )'"/�5.'..+4  537#�3 /)$  33�*,  * $..+4  "� -
�8=,.$% , "#�)�"-1  3+/� .,.$(  $*,.-$0$#'2$$ , 3�5&�!.�"-1  *�8'3 ,.$(  .�3+4  " �3  3 
" �3')1 , "�4)'.,.$,  $"-�)$$ . 

�  /)�2,"",  $576,.$(  &'-,&'-$6,"#$4  &�*, ,% , /)$&,.(<=$4"(  * (  /�"-)�,.$(  
"$"-,&  )'"/�5.'3'.$(  ),6$ , 8+ $  �/$"'.+  .,%)�",-,3+,  &�*, $ , "#)+-+,  �')#�3"#$,  
&�*, $ , &�*, $  )'"/�5.'3'.$(  *$#-�)'  $ &�*, $ , �".�3'..+,  .'  *$#-�)�.,5'3$"$&+4  
/)$5.'#'4 . � (  3",4  �/$"'..+4  &�*, ,%  /)�3,*,.  '.' $5  /)$&,.$&�"-$ . 

�'5)'8�-'..'(  "$"-,&'  /�53� (,-  /� 15�3'-, <  "�5*'3'-1  "�8"-3,..7<  �)'&&'-$ -
#7. ���-3,-"-3,..� , )'"/�5.'3'.$,  &�!,-  /)�3�*$-1"(  .'  �".�3,  3+8�)'  ),57 1-'-'  #'#  $5 
3"-)�,..�%  �)'&&'-$#$ , -'#  $ $5 /� 15�3'-, 1"#�% . 

�)�3,*,.�  -,"-$)�3'.$,  /)��)'&&.�%  )'5)'8�-#$ , �2,.#'  #'6,"-3'  )'"/�5.'3'.$(  
�� �"�3+4  "��8=,.$%  $ /�"6$-'.+  &,-)$6,"#$,  4')'#-,)$"-$#$  )'5)'8�-'..���  &�*7 ( . 
�,57 1-'-+  �2,.#$  #'6,"-3'  )'"/�5.'3'.$(  /)$3,*,.+  $ * (  3"-)�,..�%  �)'&&'-$#$ , $ 
* (  "�5*'3',&�%  /� 15�3'-, ,&  �)'&&'-$#$ . 	*$.�6.+, , /').+, , *3�%.+,  $ -)�%.+,  ), -
6,3+,  0)'5+  )'"/�5.'<-"(  &�*7 ,&  *�3� 1.�  7"/,9.�  " &$.$&' 1.+&  6$" �&  �9$8�# . 
�'$8� ,,  .,-�6.�  )'"/�5.'<-"(  0)'5+  "�*,)!'=$,  8� ,,  4-5 " �3 . 

�)�$53,*,.  )'"6,-  $ �2,.#'  &,-)$6,"#$4  4')'#-,)$"-$#  /)��)'&&.���  #�*'  ' �� -
)$-&'  )'"/�5.'3'.$(  ),6,3+4  "��8=,.$% . �'  �".�3'.$$  )'"6,-�3 , &�!.�  "*, '-1  3+3�* , 
6-�  ' ��)$-&'  )'"/�5.'3'.$(  ),6,3+4  "��8=,.$%  �8 '*',-  "),*.,%  " �!.�"-1< . 

�.'6,.$,  /�#'5'-, (  7)�3.(  )'5)'8�-'..���  &�*7 (  $*,.-$0$#'2$$  ),6,3+4  0,463 
��3�)$-  �  3+"�#�%  .'*,!.�"-$  &�*7 ( . 
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� . � . � '�� �3 *, � . � . �+9#,3$6 **, � . � . �')'5�3 ** 

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

.'*@!.���  /)�$53�*$-, (  $ /�"-'3=$#'  ", 1"#�4�5(%"-3,..�%  -,4.$#$ . ��."-)7#-�)"#�,  
8<)�  -,4.$6,"#���  2,.-)'  			  «�1<  ��. » �8 '*',-  )'5)'8�-#'&$  .'3,".�%  $ /)$2,/.�%  
/�63��8)'8'-+3'<=,%  -,4.$#$ .  

�),*/)$(-$,  /�"-�(..�  )'8�-',-  .'*  ),9,.$,&  5'*'6  /�  .')'=$3'.$<  /)�$53�* -
"-3' , "�3,)9,."-3�3'.$<  -,4.� ��$6,"#���  /)�2,""' , )'"9$),.$<  .�&,.# '-7)+  3+/7" -
#',&�%  /)�*7#2$$ . �'#  #)�&,  /�63��8)'8'-+3'<=,%  -,4.$#$  ",%6'"  3,*7-"(  )'8�-+  /�  
/)�,#-$)�3'.$<  /�",3.+4  #�&/ ,#"�3 , '�),�'-�3  * (  4$&$6,"#�% �8)'8�-#$  $ 5'=$-+  
)'"-,.$% , '  -'#  !,  $ 3 *)7�$4  .'/)'3 ,.$(4 .  

�  .'"-�(=,,  3),&(  .'  /)�$53�*"-3�  /�"-'3 ,.�  12 .'$&,.�3'.$%  ", 1"#�4�5(% -
"-3,..�%  -,4.$#$ , #'!*�,  .'$&,.�3'.$,  /),*"-'3 ,.�  3 )'5.+4  -$/�)'5&,)'4  "��-3,- -
"-37<=$4  "3�,&7  -(��3�&7  # '""7  :.,)��"),*"-3' . 

1. 
�)�.+  *$"#�3+,  :.,)��"8,),�'<=$,  ���
 . 
2. �7 1-$3'-�)+  "/ �9.�%  �8)'8�-#$  /�63+  KUSTO ()$" . 1). 
3. � 7�$  6$5, 1.+,  ��! . 
4. � 7�$   ,&,9.+,  .'3,".+,  !�� . 
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5. �7 1-$3'-�)  /� ,3�%  7.$3,)"' 1.+%  #�&8$.$)�3'..+%  "/ �9.�%  �8)'8�-#$  
/�63+  #���� -12� . 

6. �7 1-$3'-�)  -7)8� -*$"#�3+% ���#�* -10.8. 
7. �7 1-$3'-�)+  /� ,3+,  "/ �9.�%  �8)'8�-#$  /�63+  �#!& . 
8. �7 1-$3'-�)+  /� ,3+,  7.$3,)"' 1.+,  �
�!�� . 
9. 
�)�.+  /)�/� �6.+,  " /)7!$..+&  578�& ����#� . 
10. ��",3.+,  #�&/ ,#"+  ����#� +. 
11. 
�)�.+  578�3+,  "#�)�"-.+,  "�� . 
12. �7 1-$3'-�)  "-,).,3�%  ���#� -6� . 
 

 
 

�$"7.�#  1 - 	8=$%  3$* #7 1-$3'-�)'  �7"-� -12� . 1- �".�3.'(  )'&' ; 2- ,3�,  #)+ � ; 3-/)'3�,  #)+ -
 � ; 4-*+9 � ; 5-$."-7&,.-' 1.'(  )'&' ; 6 -)'5)+4 $-, 1 ; 7 -#'-�#  /)$#'-+3'<=$% ; 8 --)'."/�)-.�,  

#� ,"� ; 9 --,4.� ��$6,"#$,  #� ,"' ; 10 -),�7 $)�3�6.+%  3$.-  
�5'$&�*,%"-3$,  " #'0,*)�%  «�,4'.$#' », "-7*,.6,"#$&  #�."-)7#-�)"#$&  8<)�  

���  (0$ $' ' ) �� ����  .'6'-�  3 2011 ��*7  " 2, 1<  /)$3 ,6,.$(  #3' $0$2$)�3'..+4  
"/,2$' $"-�3  * (  "�3,)9,."-3�3'.$( , �/-$&$5'2$$  #�."-)7#2$%  .'3,".�%  $ /)$2,/.�%  
/�63��8)'8'-+3'<=,%  -,4.$#$ , /)$3 ,6,.$(  "-7*,.-�3  # /)'#-$6,"#�&7  3D &�*, $)�3' -
.$< . �5'$&�*,%"-3$,  /� 76',-"(  /)�*7#-$3.�, , " 3.,*),.$,&  #�."-)7#-$3.+4  )'5)'8� -
-�#  3 /)�$53�*"-3� . �  .'"-�(=,,  3),&(  3 #�&/'.$$  )'8�-',-  8� ,,  *,"(-$  3+/7"#.$#�3  
$."-$-7-' . 

	85�)  "�3&,"-.+4  #�."-)7#-$3.+4  )'5)'8�-�#  8+  /),*"-'3 ,.  .'  #�.0,),.2$(4  
2014-2016 ��  [1-3]. �),*"-'3 (,&  5*,"1  .�3+,  #�."-)7#-$3.+,  )'5)'8�-#$ . 

�)�3,*,.  '.' $5  .'/)(!,.� -*,0�)&$)�3'..���  "�"-�(.$(  .,"7=$4  #�."-)7#2$%  
#7 1-$3'-�)'  ����	 -12�  3 )'8�6,&  $ -)'."/�)-.�&  /� �!,.$$  $ �/-$&$5'2$(  #�. -
"-)7#2$$  /�*  *,%"-37<=$,  .'  .,,  .'�)75#$  ()$" . 1, 2).  

 

  
 ) 
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2) 

 
�$"7.�#  2 - �7 1-$3'-�)'  �7"-� -12�  3 )'8�6,&  (' ) $ -)'."/�)-.�&  (8) /� �!,.$$  

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

#'"'  #7 1-$3'-�)'  3 -)'."/�)-.�&  ()$" . 3)  $ )'8�6,&  ()$" . 4) /� �!,.$$  �/),*, ,.+  )' -
2$�.' 1.+,  )'5&,)+  ",6,.$%  "$ �3+4  : ,&,.-�3 . �&,.19,.$,  3,"'  .,"7=,%  #�."-)7#2$$  
"�"-'3$ �  263 #� /�  ")'3.,.$<  " $"4�*.�%  #�."-)7#2$,% . 

 

 
 

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

 
�,#�&,.*7,&'(  #�."-)7#2$(  �8,"/,6$3',-  *�"-'-�6.7<  !@"-#�"-1 , #�:00$2$,.-+  

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

"-7*,.6,"#$&  #�."-)7#-�)"#$&  8<)�  ���  (0$ $' ' ) �� ����  /)�*7#-$3.�  $ 87*,-  /)� -
*� !,.�  " "�3,)9,."-3�3'.$,&  0�)&  35'$&�*,%"-3$( . 

 
��0+/�0:/�  

 
1. ��3,)9,."-3�3'.$,  #�."-)7#2$$  .'3,".�%  $ /)$2,/.�%  /�63��8)'8'-+3'<=,%  

-,4.$#$  [; ,#-)�..+%  ),"7)" ] / �!8,)*,,3  � .� ., �-)'-  ; .� ., �+9#,3$6  � .� ., �')'5�3  
� .� . // �5'$&�*,%"-3$,  /),*/)$(-$%  $ 375�3 – .'7#' , #'*)+ , .�3+,  -,4.� ��$$  : "8. *�# . 
X &,!),�$�. . .'76 .-/)'#- . #�.0 . (� . �� !"#$% , 29 '/) . 2014 � .) / �� ���� , ���  (0$ $' ) 
�� ���� . - �� ���)'* , 2014. - 1 : ,#-)�. . �/- . *$"#  (� D-ROM). - C. 52-57. 

2. ��3,)9,."-3�3'.$,  #�."-)7#2$$  ", 1"#�4�5(%"-3,..�%  /�63��8)'8'-+3'<=,%  
-,4.$#$  [; ,#-)�..+%  ),"7)" ] / � .� . �!8,)*,,3 , ; .� . �-)'- , � .� . �+9#,3$6 , � .� . �')' -
5�3 // �5'$&�*,%"-3$,  /),*/)$(-$%  $ 375�3 – .'7#' , #'*)+ , .�3+,  -,4.� ��$$  : "8. *�# . 
XI &,!),�$�. . .'76 .-/)'#- . #�.0 . (� . �� !"#$% , 28 '/) . 2015 � .) / �� ���� , ���  (0$ $' ) 
�� ���� . - �� ���)'* , 2015. - C. 57-62. – �,!$&  *�"-7/'  :  
http://www.volpi.ru/files/science/science_conference/11mnpk_2015/11mnpk_2015.pdf. 

3. �-)'- , ; .� . ��3,)9,."-3�3'.$,  #�."-)7#2$$  ", 1"#�4�5(%"-3,..�%  /�63��8)' -
8'-+3'<=,%  -,4.$#$  [; ,#-)�..+%  ),"7)" ] / ; .� . �-)'- , � .� . �+9#,3$6 , � .� . �')'5�3  // 
XII &,!),�$�.' 1.'(  .'76.� -/)'#-$6,"#'(  #�.0,),.2$(  «�5'$&�*,%"-3$,  /),*/)$(-$%  $ 
375�3 – .'7#' , #'*)+ , .�3+,  -,4.� ��$$ » (� . �� !"#$% , 26 '/) . 2016 � .) : &'-,) . : "8. *�# . 
#�.0 . / ���  (0$ $' ) �� ���� . - �� ���)'* , 2016. - C. 90-93. – �,!$&  *�"-7/'  : 
http://www.volpi.ru/files/science/science_conference/12mnpk_2016/12mnpk_2016.pdf. 
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� . � . ��/,2#$% *, � . � . �"1#�3 **, � . � . ��",.#� ***, � . � . �+9#,3$6 *** 
* 	�	  «���  �� !"#$% », ** 	�	  «���  �'&')' », *** ���  (0$ $' ) ��
	�  �	  �� ����  
 
 

	"�8,..�"-1  &,4'.$6,"#�%  �8)'8�-#$  .,!@"-#$4  5'��-�3�#  – 3�5&�!.�"-1  3�5.$# -
.�3,.$(  /)$  5'#),/ ,.$$  $ �8)'8�-#,  7/)7�$4  *,0�)&'2$% , 3, $6$.'  #�-�)+4  /),3+9',-  
-),87,&+%  *�/7"#  �-# �.,.$(  0�)&+  �8)'8�-'..�%  /�3,)4.�"-$ . 	8,"/,6,.$,  -),87,&� -
��  *�/7"#'  3 :-�&  " 76',  5.'6$-, 1.�  73, $6$3',-  3),&(  $ "-�$&�"-1  �/,)'2$$  [1, 2]. 

� (  ),9,.$(  /)�8 ,&+  /�3+9,.$(  -�6.�"-$  $ :00,#-$3.�"-$  &,4'.$6,"#�%  �8)' -
8�-#$  .,!@"-#$4  : ,&,.-�3  (#� ,2 , .'/)'3 (<=$4 ) #)7/.��'8')$-.+4  /�*9$/.$#�3  
'3$'2$�..���  $ *)7�$4  .'5.'6,.$%  .,�84�*$&�  76$-+3'-1  7/)7�$,  *,0�)&'2$$  /)$  5'-
#),/ ,.$$  $ �8)'8�-#,  [3-9]. 

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

��*  .'�)75#�%  /)$  9 $0�3'.$$  5'��-�3#'  #� 12'  *,0�)&$)7,-"(  3 �",3�&  .'/)'3 -
 ,.$$ . ��" ,  9 $0�3'.$(  $ ".(-$(  &'�.$-.���  /� (  3 ),57 1-'-,  7/)7�$4  *,0�)&'2$%  
�/),*, ,..+,  �-# �.,.$(  �-  / �"#�"-.�"-$  3�53)'='<-"( .  

�,4.� ��$6,"#$,  "/�"�8+  $4 7"-)'.,.$(  5.'6$-, 1.�  73, $6$3'<-  3),&(  �8)'8�- -
#$ $ "-�$&�"-1  �/,)'2$$ . 

�)$  5'#),/ ,.$$  #� 12'  3 #7 '6#�3+4 , 2'.��3+4  /'-)�.'4  $ )'"-'6$3'.$$  3.7- -
),..,%  $ $  .')7!.�%  /�3,)4.�"-$  /�*  *,%"-3$,&  7"$ $% 5'!$&'  $ ),5'.$(  /�(3 (<-"(  
)'*$' 1.+,  *,0�)&'2$$ . ��3,)4.�"-1  �8)'8'-+3',-"(  3 *,0�)&$)�3'..�&  "�"-�(.$$  $ 
/�" ,  ".(-$(  7"$ $% /�3,)4.�"-1  /)$�8),-',-  �-# �.,.$,  �-  #)7� �"-$ , 2$ $.*)$6.�"-$ . 

�/)'3 ,.$,  3, $6$.�%  7/)7��%  *,0�)&'2$$  /�53� $-  7&,.19$-1  3),&(  $ "-�$ -
&�"-1  �/,)'2$$  /)$  �')'.-$)�3'..�&  �8,"/,6,.$$  �,�&,-)$6,"#�%  -�6.�"-$  *,-' $ , /� -
3+"$-  :00,#-$3.�"-1  &,4'.$6,"#�%  �8)'8�-#$ . 

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

�'*'6'  /�3+9,.$(  :00,#-$3.�"-$  / �"#���  9 $0�3'.$(  -�)2�3+4  /�3,)4.�"-,%  
#� ,2  7/)'3 ,.$,&  7/)7�$&$  �",3+&$  *,0�)&'2$(&$  /)$  $4 5'#),/ ,.$$  $ �8)'8�-#,  
),9' '"1  * (  .')7!.+4  #� ,2  #)7/.��'8')$-.���  #�.$6,"#���  �*.�)(*.���  )� $#�/�* -
9$/.$#'  ()$" . 1) "  )'5&,)'&$ , /),*"-'3 ,..+&$  3 -'8 $2, , �*, : D, D1, 
  – "��-3,-"-3,..�  
.')7!.+% , 3.7-),..$%  *$'&,-)+  $ 9$)$.'  #� 12' ; L - 7��  #�.7".�"-$ ; r = D0/2 – "��- -
3,-"-3,..�  )'*$7"  $ *$'&,-)  2,.-)' 1.�%  �"$  #� 12' , /)�4�*(=,%  6,),5  2,.-)  -(!,"-$  
/�/,),6.���  ",6,.$( ; Iz" , I7" $ Iz , I7  � �",3+,  &�&,.-+  $.,)2$$  �-.�"$-, 1.�  2,.-)' 1 -
.+4  �",%  zc, $c  /�/,),6.���  ",6,.$(  #� 12'  $ � '3.+,  2,.-)' 1.+,  &�&,.-+  $.,)2$$ ; M1, 
M2 – #�:00$2$,.-+  * (  �2,.#$  /)$&,.$&�"-$  -,�)$$  "-,)!.,%  &' �%  #)$3$5.+  [3, 4, 6-8, 
10-15]. 

 
�'8 $2'  

�� 12�  D, && D1, && C, && L, �)'*  r,&& Izc, &&4 Iz, &&4 Iy,&&4 M1 M2 
� -7866A.01 375 358 18 15,0 184,2 2939 3001 431 64 0,05 
1077756.01 460 401 62 12,7 218,4 432500 439000 63610 22 0,13 

 

 
 

�$"7.�#  1 - �"" ,*7,&�,  #� 12�  ( ) $ /�/,),6.�,  ",6,.$,  #� 12'  (2) 
 
�5  -'8 $2+  " ,*7,- , 6-�  * (  )'""&'-)$3',&+4  #� ,2  M1 = 2Ar/C > 10, M2 = 0,5(D – 

D1)/r < 0,2. �+/� .,.$,  :-$4  7" �3$% /�53� (,-  $"/� 15�3'-1  * (  �/),*, ,.$(  &'#"$ -
&' 1.+4  �",3+4  7/)7�$4  *,0�)&'2$%  /)$  $5�$8, #� 12'  -,�)$<  "-,)!.,%  &' �%  #)$3$5-
.+ . �'#"$&' 1.'(  �",3'(  7/)7�'(  *,0�)&'2$(  #� 12'  �/),*, (,-"(  &,-�*�&  ��)' . �-' -
-$6,"#'(  .,�/),*, $&�"-1  #� 12'  )'"#)+3',-"(  &,-�*�&  "$ . �'5)'8�-'.+  &'-,&'-$6, -

z 

y 

D
D

B 



 

y�  

z" 

2)  ) 
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"#$,  &�*, $  $ ' ��)$-&+  * (  �/),*, ,.$(  �",3+4  7/)7�$4  *,0�)&'2$% , �/),*, ,.+  
7" �3$( , �8,"/,6$3'<=$,  /� 76,.$,  5'*'..���  *�/7"#'  / �"#�"-.�"-$  " 76,-�&  7/)7��%  
*,0�)&'2$$  /)$  5'#),/ ,.$$  $ &,4'.$6,"#�%  �8)'8�-#,  [3, 4, 6-8].  

�"4�*(  $5 /)�3,*,..+4  $"" ,*�3'.$% , )'5)'8�-'.  "/�"�8  7"-)'.,.$(  $5��.7-�"-$  
-�)2�3  #� ,2  9 $0�3'.$,& , /)$  #�-�)�&  9 $0�3'.$,  /,)3���  -�)2'  /)�$53�*$-"(  " )' -
*$' 1.�%  "�"-'3 (<=,%  "$ +  ),5'.$( , �8,"/,6$3'<=,%  �",37<  *,0�)&'2$<  (&'#"$ -
&' 1.+%  /)��$8 ) &,.19,  *�/7"#'  / �"#�"-.�"-$  -�)2�3  [15]. 

� (  3+8�)'  �/-$&' 1.+4  7" �3$% / �"#���  9 $0�3'.$(  5'��-�3�# , �8,"/,6$3'< -
=$4 -),87,&7<  9,)�4�3'-�"-1  �8)'8�-'..�%  /�3,)4.�"-$  (/')'&,-)  9,)�4�3'-�"-$  /� -
3,)4.�"-$  Ra), *�/7"#  / �"#�"-.�"-$  .'  �/,)'2$$  9 $0�3'.$(  $ �-"7-"-3$,  9 $0�3�6 -
.+4  /)$!���3  /)$  &'#"$&' 1.�%  /)�$53�*$-, 1.�"-$  /)�2,""' , )'5)'8�-'.'  &,-�*$#' , 
' ��)$-&+  $ /)��)'&&+  * (  ;��  [4-6, 16]. 

� (  /)$5&'-$6,"#$4  .,!,"-#$4  *,-' ,%  (.'/)'3 (<=$4  /)�0$ 1.+4  ), 1"   $.,% -
.+4  /�*9$/.$#�3 ) )'5)'8�-'.+  &'-,&'-$6,"#$,  &�*, $  $ ' ��)$-&+  * (  �/),*, ,.$(  
7/)7�$4  *,0�)&'2$%  $ 7/)'3 ,.$(  $4 3, $6$.�%  * (  �8,"/,6,.$(  -),87,&���  *�/7"#'  
/ �"#�"-.�"-$  �8)'8�-'..�%  -�)2�3�%  /�3,)4.�"-$  /)$  9 $0�3'.$$ .  

�'*'6'  /�3+9,.$(  :00,#-$3.�"-$  / �"#���  9 $0�3'.$(  -�)2�3+4  /�3,)4.�"-,%  
/)$5&'-$6,"#$4  .,!@"-#$4  *,-' ,%  7/)'3 ,.$,&  7/)7�$&$  *,0�)&'2$(&$  /)$  $4 5'#),/ -
 ,.$$  $ �8)'8�-#,  ),9' '"1  * (  .'/)'3 (<=,%  )� $#�3���  �*.�)(*.���  /�*9$/.$#'  
���  6/350 ()$" . 2). � (  .'/)'3 (<=,%  )'5)'8�-'.+  ),#�&,.*'2$$  /�  "�3,)9,."-3�3'.$<  
-,4.� ��$6,"#���  /)�2,""' . 

�"" ,*�3'.$(  3 $(.$(  )'*$' 1.+4  7/)7�$4  *,0�)&'2$%  �-  7"$ $% 5'!$&'  .'  /� -
�),9.�"-$  0�)&+  #� ,2  /)$  &,4'.$6,"#�%  �8)'8�-#,  3 #7 '6#�3�&  /'-)�.,  /)�3,*,.+  
* (  .')7!.���  #� 12'  )� $#�/�*9$/.$#'  � -2007122� .01. ��  #)7� ��)'&&'&  3.7-),..,%  
/�3,)4.�"-$  .'  )'5 $6.+4  3+"�-'4  #� 12'  �/),*, ,.+  3, $6$.+  �-# �.,.$%  �-  2$ $. -
*)$6.�"-$ , #)7� �"-$  3 5'3$"$&�"-$  �-  7"$ $% 5'!$&'  ($5&,),.$(  .'  /)$8�),  Tolyrond 
73)  ()$" . 3). 

�'*'6'  /�3+9,.$(  :00,#-$3.�"-$  -�#').�%  �8)'8�-#$  -�)2�3+4  /�3,)4.�"-,%  #� -
 ,2  7/)'3 ,.$,&  7/)7�$&$  )'*$' 1.+&$  *,0�)&'2$(&$  /)$  $4 5'#),/ ,.$$  $ �8)'8�-#,  
),9' '"1  * (  .')7!.���  #� 12'  )� $#�/�*9$/.$#'  � -2007122� .01. 

�'5)'8�-'.+  &'-,&'-$6,"#$,  &�*, $  * (  �/),*, ,.$(  )'*$' 1.+4  7/)7�$4  *,0�) -
&'2$% #� 12'  /)�$53� 1.�%  0�)&+  /�/,),6.���  ",6,.$(  �-  7"$ $% 5'!$&'  3 -),4 , 9,"-$  
#7 '6#�3�&  /'-)�.,  " 76@-�& "&,=,.$(  �-.�"$-, 1.�  �",3�%  / �"#�"-$  #� 12'  [2, 4, 5, 9]. 
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�$"7.�#  2 – �'/)'3 (<='(  )� $#�3���  �*.�)(*.���  /�*9$/.$#'  ���  6/350 
 

 
�)�3,*@..+,  :#"/,)$&,.-' 1.+,  $"" ,*�3'.$(  )'*$' 1.+4  /,),&,=,.$%  #� 12'  

� -2007122� .01 "�� '"7<-"(  " -,�),-$6,"#$&$  )'"6@-'&$ .  
�'5)'8�-'.+  ),#�&,.*'2$$  /�  "�3,)9,."-3�3'.$<  -,4.� ��$6,"#���  /)�2,""'  &, -

4'.$6,"#�%  �8)'8�-#$  #� ,2  3 #7 '6#�3�&  /'-)�., . 
 

��0+/�0:/�  
1. �"" ,*�3'.$,  /)�2,""�3  9 $0�3'.$(  3.7-),..$4  $ .')7!.+4  #�.7"�3  *,-' ,%  

# '""'  #� ,2 : &�.��)'0$(  / 
 .� . ��)�-#�3 , � .
 . ��)�-#�3 , � .� . �+9#,3$6 , � .� . 	) �3 ; 
���  (0$ $' ) �� ���� . - �� ���)'* : ���  "�� $-,4.$# ".- 2007. - 133 ". 

2. �'-)�.+  * (  7"-'.�3#$  #� ,2  /�  #�.$6,"#�%  8'5,  : &�.��)'0$(  / ��",.#�  � .� ., 
��/,2#$%  � .� ., �7*1$.  � .� ., ��)�-#�3  
 .� ., �+9#,3$6  � .� .; /�*  ),* . � .� . ��",.#� ; 
���  (0$ $' ) �� ���� . - �� ���)'*  : ����  �� ���� , 2012. - 134 ". 

�$"7.�#  3 - �)7� ��)'&&+  3.7-),..,%  /�3,)4.�"-$  #� 12'  /�" ,  -�#').�%  �8)'8�-#$  3 #7 '6 -
#�3�&  /'-)�.,  .'  )'5 $6.+4  3+"�-'4 :   - /)�-$3�8'5' , 2 - ",),*$.' , 5 – 8'5' . 

"  - � $(.$,  *'3 ,.$(  
  .'  ��)'.#7   ND /�  *�)�!#,  #'6,.$( :   -  2 && �-  8'5�3���  -�)2' , �  - ",), -
*$.' ,  N  -  2 && �-  /)�-$3�8'5�3���   -�)2'  

 

 ) 

w 

50 &#& 
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3. � $(.$,  �",3+4  *,0�)&'2$%  .'  �-# �.,.$,  �-  / �"#�"-.�"-$  -�)2�3�%  /�3,)4 -
.�"-$  #� 12'  /�*9$/.$#'  /)$  9 $0�3'.$$  / � .� . ��",.#� , � .� . �+9#,3$6 , � .� . 	) �3 , 
� .� . �')'5�3  // �53,"-$(  375�3. �'9$.�"-)�,.$, . - 2015. - B  9. - C. 68-74. 

4. �"" ,*�3'.$,  7/)7�$4  *,0�)&'2$%  #� ,2  /�*9$/.$#�3  /)$  &,4'.$6,"#�%  �8 -
)'8�-#,  3 #7 '6#�3�&  /'-)�.,  / � .� . ��",.#� , � .� . �+9#,3$6 , � .� . �')'5�3 , � .� . 	) �3  // 
�53,"-$(  �� ���� . �,) . �)��),""$3.+,  -,4.� ��$$  3 &'9$.�"-)�,.$$ . - �� ���)'* , 
2016. - B  14 (193). - C. 25-29. 

5. ��/,2#$% , � .� . � $(.$,  "&,=,.$(  7"$ $% 5'!$&'  .'  7/)7�$,  *,0�)&'2$$  
#� 12'  /�*9$/.$#'  3 #7 '6#�3�&  /'-)�., / � .� . ��/,2#$% , � .� . ��",.#� , � .� . �+9#,3$6  
//�)�8 ,&+  &'9$.�"-)�,.$(  $ .'*,!.�"-$  &'9$. . - 2014. -B  1. - � . 68-73. 

6. 	/),*, ,.$,  #�.-'#-.+4  *,0�)&'2$%  /)$  / �"#�&  9 $0�3'.$$  -�)2�3  #� ,2  
#)7/.��'8')$-.+4  /�*9$/.$#�3  / � .� . ��",.#� , � .� . �+9#,3$6 , � .� . �')'5�3 , � .� . 	) -
 �3  // �7.*'&,.-' 1.+,  $ /)$# '*.+,  /)�8 ,&+  -,4.$#$  $ -,4.� ��$$ . -2016. -B  6 (320). 
- � . 50-54. 

7.  ��*, $)�3'.$,  �",3+4  7/)7�$4  *,0�)&'2$%  /)$  9 $0�3'.$$  -�)2�3  #� ,2  
#)7/.��'8')$-.+4  /�*9$/.$#�3  / � .� . ��",.#� , � .� . �+9#,3$6 , � .� . �')'5�3 , � .� . 	) -
 �3  // �7.*'&,.-' 1.+,  $ /)$# '*.+,  /)�8 ,&+  -,4.$#$  $ -,4.� ��$$ . - 2016. - B  5 
(319). - C. 41-48. 

8. The determination of axial displacements during bearing end face grinding / V.� . 
Nosenko, V.N. Tyszkiewicz, S.V. Orlov, V.B. Svetlichnaya // Journal of Machinery Manufac-
ture and Reliability. - 2010. - Vol. 39, No 2. - � . 157-160. 

9.  Kopetskii, A.A. Influence of Shift of Clamping Forces on Elastic Deformations of the 
Bearing Ring in a Jaw Gripper / A.A. Kopetskii, V.A. Nosenko, V.N. Tyshkevich // Journal of 
Machinery Manufacture and Reliability, 2014, Volume 43, No. 1, pp. 55-59. 

10. 	/-$&' 1.+,  7" �3$(  9 $0�3'.$(   -�)2,3+4   /�3,)4.�"-,%  #� ,2  #)7/.��' -
8')$-.+4   /�*9$/.$#�3  / � . � . ��",.#� , � . � . �+9#,3$6 , � . � . 	) �3 , � . � . �')'5�3   
//�,"-.$#  &'9$.�"-)�,.$( . 2015.-  B  4. - C. 60 –66. 

11. �+8�)  �/-$&' 1.+4  7" �3$% / �"#���  9 $0�3'.$(  "-' 1.+4  5'��-�3�#  / � .� . 
��",.#� , � .� . �+9#,3$6 , � .� . 	) �3 , � .� . �')'5�3 , � .� . �7#�6,3'  // �53,"-$(  3+"9$4  
76,8.+4  5'3,*,.$% . �'9$.�"-)�,.$, . - 2016. - B  6. - C. 73-81. 

12.  �/)'3 ,.$,  �",3+&$  7/)7�$&$  *,0�)&'2$(&$  .,!@"-#$4  #� ,2  /�*9$/.$ -
#�3 /)$  / �"#�&  9 $0�3'.$$  -�)2�3  / � .� . ��",.#� , � .� . �+9#,3$6 , � .� . �')'5�3 , � .� . 
	) �3  // �53,"-$(  375�3. �'9$.�"-)�,.$, . - 2017. - B  1 (682). - C. 63-70. 

13. � ��)$-&  3+8�)'  �/-$&' 1.+4  ),!$&�3  / �"#���  9 $0�3'.$(  .,!@"-#$4  5'-
��-�3�#  / ��",.#�  � .� ., �+9#,3$6  � .� ., �')'5�3  � .� ., 	) �3  � .� // �$"-,&+ . �,-�*+ . 
�,4.� ��$$ . – 2017. - B 1 (33). – � . 34-38. 

14. ��",.#� , � .� . ��3+9,.$,  :00,#-$3.�"-$  / �"#���  9 $0�3'.$(  .,!@"-#$4  
5'��-�3�#  /7-@& 7/)'3 ,.$(  7/)7�$&$  *,0�)&'2$(&$  / � . � . ��",.#� , � . � . �+9#,3$6 , � . 
� . �')'5�3  // �,"-.$#  �+8$."#���  ��" . '3$'2$�..���  -,4.� ��$6,"#���  7.$3,)"$-,-'  $&. 
� .� . �� �31@3' . - 2017. - B  2 (41). - � . 342-348. 

15. �'- . 2370354 ��""$%"#'(  �,*,)'2$( , ��� 7 �  24 �  7/04. �/�"�8  7"-)'.,.$(   
$5��.7-�"-$  -�)2�3  *,-' ,%  # '""'  #� ,2  9 $0�3'.$,&  / 	) �3  � . � ., �+9#,3$6  � . 

� ., ��)�-#�3  
 . � ., ��",.#�  � . � .; 5'(3$-, 1  $ /'-,.-��8 '*'-, 1  �	�  ��	  �� ���)'* -
"#$% ��" . -,4 . 7. -- . – B  2008110458/02; 5'(3 . 18.03.08; �/78 . 20.10.09, 
< . B  29. – 3 ". 

16. �3$* . �  ��" . ),�$"-)'2$$  /)��)'&&+  * (  ;��  B  2016662620 �-  16.11.2016 � . 
��""$%"#'(  �,*,)'2$( . �'"6@-  &'#"$&' 1.+4  �",3+4  *,0�)&'2$%  $ &'#"$&' 1.�%  7*, 1 -
.�%  "$ +  /)$-(!,.$(  &'�.$-.���  /� (  "-� '  "-'.#'  /)$  9 $0�3'.$$  -�)2�3�%  /�3,)4.� -
"-$  #� 12'  /�*9$/.$#'  / � .� . �+9#,3$6 , � .� . ��",.#� , � .� . �')'5�3 , � .� . 	) �3 , � .� . 
�("$. ; �� ���� . – 2016. 
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�  

 
� .� . ��",.#� , � .� . �+9#,3$6 , � .� . �')'5�3 , � .� . �'.$ ,.#�   

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

&,-'  ��8)'8'-+3'<=,��  �8�)7*�3'.$( . �'$8� 19,,  /)$&,.,.$,  /� 76$ $   $.,%.+,  
/�*9$/.$#$ , 3 #�-�)+4  /�  .'/)'3 (<=,&7  /)�0$ 1.�&7  ), 1"7  *3$!,-"(  #'),-#'  ()$" . 
1). 

 

     
                                                                                    2 

�$"7.�#  1 – �),2$5$�..'(  ), 1"�3'(  .'/)'3 (<='(  ( ) $ "4,&'  &�.-'!'  (2) [1] 
 

�),2$5$�..+,  ), 1"�3+,  .'/)'3 (<=$,  - :-�  3+"�#�-�6.+,  $5*, $(  * (   $.,% -
.+4  /,),&,=,.$% , #�-�)+,  $*,' 1.�  /�*4�*(-  * (  9$)�#���  )(*'  "-'.#�3 , �8)'8'-+3' -
<=$4  2,.-)�3 , "/,2$' 1.���  �8�)7*�3'.$( , '  -'#!,  * (  $5&,)$-, 1.+4  &'9$. . 	.$  
/),*"-'3 (<-  "�8�%  /')7  .'/)'3 (<=$4  ), 1"�3  " )'"/� �!,..+&  &,!*7  .$&$  ",/')' -
-�)�&  " : ,&,.-'&$  #'6,.$(  ("7=,"-37<-  $"/� .,.$(  " 9')$#'&$ , /,),#),"-.+&$  )� -
 $#'&$ , $�� 16'-+,  $ "#� 1!,.$( ).  

�, 1"  #),/$-"(  # 7"-'.�3�6.�%  /�3,)4.�"-$ , '  /�*3$!.'(  #'),-#'  – # /,),&,=', -
&�&7 �)757 $ $  7"-)�%"-37 . �-'-$6,"#'(  �)75�/�*C,&.�"-1  ), 1"�3+4  .'/)'3 (<=$4  - �-  
.,"#� 1#$4  �)'&&�3  *�  13,5 -�..  .'  #'),-#7 . ��/7"#$  .'   $.,%.+,  )'5&,)+  �-  7 &#&. 
� $.'  2, 1.+4  ), 1"�3  *�  4 &,-)�3  " 3�5&�!.�"-1<  "-+#�3'.$(  *�  .,��)'.$6,..�%  * $ -
.+ . �#�)�"-1  /,),&,=,.$(  #'),-#$  *�  5 &/", 7"#�),.$(  – 75 &/"2. �'5&,)+  /�/,),6.+4  
",6,.$%  .'$8� ,,  )'"/)�"-)'.,..+4  /)�0$ 1.+4  ), 1"�3  �-  15×15 && *�  63×65 && [1-3]. 
�, 1"+  $5��-'3 $3'<-"(  $5 4)�&$"-+4 , /�*9$/.$#�3+4  "-' ,%  [2, 3]. �+"�#$,  -),8�3' -
.$(  # / �"#�"-.�"-$  $ /)(&� $.,%.�"-$ , �#�.6'-, 1.�  �8)'8�-'..+4  -�)2�3+4  /�3,)4 -
.�"-,%  .'/)'3 (<=,��  /)�0$ 1.���  ), 1"'  (*�/7"#  - *�  7 &#&) 7" �!.(,-  /)�2,""  �#�. -
6'-, 1.���  9 $0�3'.$(  -�)2�3 . �  :-�&  " 76',  $"/� 157,-"(  /)�*� !$-, 1.�,  9 $0�3' -
.$,  " 3+4'!$3'.$,&  3",4  �)'.,% . 

�)$  9 $0�3'.$$  -�)2�3  .,!@"-#$4  5'��-�3�#  7/)7�$,  *,0�)&'2$$  5'��-�3�#  3 
.'/)'3 ,.$$  /,)/,.*$#7 ().�&  /�3,)4.�"-$  "-� '  "-'.#'  /)$  5'#),/ ,.$$  $ 9 $0�3' -
.$$  7" �!.(<-  �8,"/,6,.$,  -),87,&���  #'6,"-3' , 3 6'"-.�"-$  5'*'..���  *�/7"#'  / �" -
#�"-.�"-$ , �8)'8�-'..�%  -�)2�3�%  /�3,)4.�"-$ . 

��*  .'�)75#�%  /)$  9 $0�3'.$$  5'��-�3#'  *,0�)&$)7,-"(  3 .'/)'3 ,.$$  /,)/,. -
*$#7 ().�&  /�3,)4.�"-$  "-� '  "-'.#' . ��" ,  9 $0�3'.$(  $ ".(-$(  &'�.$-.���  /� (  /)$  
$"6,5.�3,.$$  7/)7�$4  *,0�)&'2$%  �/),*, ,..+,  �-# �.,.$(  �-  / �"#�"-.�"-$  3�53)' -
='<-"( . �7=,"-3,..�  "�#)'-$-1  3),&(  9 $0�3'.$(  3�5&�!.�  7/)'3 ,.$,&  3, $6$.�%  
7/)7�$4  *,0�)&'2$% . 

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

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

�'#  /�#'5' $  $"" ,*�3'.$( , �".�3.+&  0'#-�)�& , �/),*, (<=$&  .'6' 1.+,  �-# � -
.,.$(  �-  / �"#�"-.�"-$  -�)2�3+4  /�3,)4.�"-,%  /)$5&'-$6,"#$4  5'��-�3�# , (3 (,-"(  *, -
0�)&'2$(  5'��-�3#$  3 /)�2,"",  ,@ -,)&��8)'8�-#$  $ /),*9,"-37<=,%  &,4'.$6,"#�%  �8 -
)'8�-#$ . �  "3(5$ " :-$&  5'��-�3#'  /� 76',-  $5��.7-�"-1  -�)2�3�%  /�3,)4.�"-$  " 3+)' -
!,..+&$  3� .'&$  &'#)��-# �.,.$% .  

�)$  &�*, $)�3'.$$  7/)7����  *,0�)&$)�3'.$(  3+"-7/+  &'#)��-# �.,.$%  ($5��.7 -
-�"-1 ) /),*"-'3 ( $  3 3$*,  2$ $.*)$6,"#�%  /�3,)4.�"-$ , )'*$7"  #�-�)�%  /)$.$&' $  )'3 -
.+&  "),*.,&7  5.'6,.$<  )'*$7"'  3+"-7/'  &'#)��-# �.,.$% . �  2, 1<  /)$8 $!,.$(  # ), -
' 1.�%  /�3,)4.�"-$  2$ $.*)$6,"#'(  /�3,)4.�"-1  $&,,-  �/),*, ,..7<  /)�*� 1.7<  $ /� -
/,),6.7<  3� .$"-�"-1 , /)�*� 1.7<  $ /�/,),6.7<  9,)�4�3'-�"-1 . �.'6,.$(  /')'&,-)�3  
3� .$"-�"-$  $ 9,)�4�3'-�"-$  /�3,)4.�"-$  �/),*, ( $  :#"/,)$&,.-' 1.� .  

�'#"$&' 1.�,  7/)7��,  /,),&,=,.$,  /)$  5'#),/ ,.$$  5'��-�3#$  &'�.$-.+&  /� ,&  
"-� '  87*,-  )'3.' :  

wq = wm + wqmax +  wqk, 
�*,  wm, wqmax – &'#"$&' 1.�,  7/)7��,  /,),&,=,.$,  5'��-�3#$  /)$  $5�$8,, "��-3,-"-3,..�  
/�*  *,%"-3$,&  &'""+  5'��-�3#$  $ &'�.$-.���  /� (  "-� ' ; wqk - #�.-'#-.'(  *,0�)&'2$(  
-�)2�3�%  /�3,)4.�"-$  5'��-�3#$  " / �"#�"-1<  "-� ' . 

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

wp = wpmax  + wpk. 
� (  $"" ,*�3'.$(  7/)7�$4  /,),&,=,.$% , 3�5.$#'<=$4  /)$  5'#),/ ,.$$  $ 9 $0� -

3'.$$  -�)2�3�%  /�3,)4.�"-$ , 3+8)'.'  .'/)'3 (<='(  )� $#�3���  �*.�)(*.���  /�*9$/ -
.$#'  ���  6/350, $5��-'3 $3',&'(  .'  	�	  «���  �'&')' » ()$" . 2). 

�'/)'3 (<=7<  /�*9$/.$#' , $5��-�3 ,..7<  $5 "-' $  20�  (�	��  4543 – 71), /�* -
3,)�'<-  2,&,.-'2$$  " /� 76,.$,&  2,&,.-$)�3'..���  " �(  � 78$.�%  0,4 – 0,8 &&. ��  �/, -
)'2$$  / �"#���  9 $0�3'.$(  3 5'��-�3#,  "3,) (-"(  /�/,),6.+,  $ /)�*� 1.+,  �-3,)"-$( . 

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

/)$5&'-$6,"#�%  .'/)'3 (<=,%  .,)'5),5.�%  8' #�% , .'�)7!,..�%  )'3.�&,).�  )'"/),*, -
 ,..�%  .'�)75#�%  /�  2,.-)' 1.�%  �"$  .'�)75#�%  $.-,."$3.�"-1<  q = qc+ qm (�-  *,%"-3$(  
7"$ $(  /)$-(!,.$(  &'�.$-.���  /� (  "-� '  qc $ &'""+  5'��-�3#$  qm) $ "�"),*�-�6,..�%  
"$ +  
 y – )'*$' 1.�%  "�"-'3 (<=,%  7"$ $(  ),5'.$(  ()$" . 4). 

� (  )'""&'-)$3',&+4  5'��-�3�#  M1 = l/h = 350/15 = 23,3 > 10 (�-.�9,.$,  * $.+  5'-
��-�3#$  # .'$8� 19,&7  )'5&,)7  /�/,),6.���  ",6,.$( ). �+/� .,.$,  *'..���  7" �3$(  /�5 -
3� (,-  $"/� 15�3'-1  "-,)!.,37<  -,�)$<  * (  �/),*, ,.$(  &'#"$&' 1.+4  7/)7�$4  /,), -
&,=,.$%  /)$  $5�$8, 5'��-�3#$  wpmax $ wqmax. 

�'6' 1.�,  &'#)��-# �.,.$,  �-  / �"#�"-.�"-$  '//)�#"$&$)7,-"(  /� 73� .�%  "$-
.7"�$*+  ("&. )$" . 4). 

� (  �8,"/,6,.$(  -),87,&���  *�/7"#'  / �"#�"-.�"-$  3, $6$.'  &'#"$&' 1.���  
7/)7����  /,),&,=,.$(  ),�7 $)7,-"(  33,*,.$,&  *�/� .$-, 1.+4  �/�)  " /�&�=1<  #�& -
/,."'-�)�3  ()$" . 5, 6). 
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�$"7.�#  2 – �'/)'3 (<='(  
 

 
 

 
�$"7.�#  3 -��)&'  �-# �.,.$%  �-  / �"#�"-.�"-$  -�)2�3  5'��-�3#$  

 
 

�  

�  

�  

D 
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�$"7.�#  5 – �'"6,-.+,  "4,&+  * (  -),4  /)� @-.���  �/$)'.$(  5'��-�3#$  

 
 

�$"7.�#  6 - ��&/,."'-�)  
 
��&/,."'-�)  /),*"-'3 (,-  "�8�<  '"$&&,-)$6.+%  # $. , $5��-�3 ,..+%  $5 #)7� �%  

.,&'�.$-.�%  "-' $  " *37&( )'8�6$&$  �)'.(&$  - 9$)�#�%  $ $  �/�).�% , 3+/� .,..�%  
/ �"#�% , * (  35'$&�*,%"-3$(  " /�3,)4.�"-1<  &'�.$-.���  "-� ' , $ )'*$7".�% , * (  35'$&� -
*,%"-3$(  " -�)2�&  5'��-�3#$ . �# �.  )'*$7".�%  /�3,)4.�"-$  # �/�).�%  "�"-'3 (,-  1:100. 
� (  7*�8"-3'  $"/� 15�3'.$(  7-� =@..'(  6'"-1  #�&/,."'-�)'  �-��.7-'  3 "-�)�.7  )'*$ -
7".�%  �)'.$  /�*  7� �&  45° $ ".'8!,.'  )$0 ,.$,& . 

�$"7.�#  4 - �'"6,-.'(  "4,&'  5'��-�3#$  * (  �/),*, ,.$(  &'#"$&' 1.���  /)��$8'  
wmax (3 *'..�&  " 76',  )'3.'  .'6' 1.�&7  �-# �.,.$<  �-  / �"#�"-.�"-$  y) 

R1 R2 

Py 

q 

wmax = 
y 

l 

wq3 

wp3 

l 

0,407y 

q 

Py 

0,4l 

#�&/,."'-�)  

-ql2/10 ql2/12,5 

Mz 

l 

ql2/40 

y 

w/
q3 
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��&/,."'-�)+  3�*(-"(  /�/').�  " �8,$4  "-�)�.  5'��-�3#$ . �)$  33,*,.$$  #�&/,."' -
-�)�3  $5 .,&'�.$-.���  &'-,)$' '  7"$ $,  /)$-(!,.$(  &'�.$-.���  /� (  "-� '  "-'.#'  
7&,.19',-"( , 6-�  76$-+3',-"(  #�:00$2$,.-�&  Ck = 1 – kS#/S , �*,  S# – / �='*1  /�3,)4.� -
"-$  /')+  #�&/,."'-�)�3  /,),#)+3'<='(  3�5*,%"-3$,  &'�.$-.���  /� (  .'  5'��-�3#7 ; k – 
6$" �  /')  #�&/,."'-�)�3 ;  S – / �='*1  -�)2�3�%  /�3,)4.�"-$  5'��-�3#$  #�.-'#-$)7<=,%  
" /�3,)4.�"-1<  "-� '  "-'.#' . 

�3, $6,.$,  !@"-#�"-$  5'��-�3#$  /)$  $5�$8, �"7=,"-3 (,-"(  33,*,.$,&  #�&/,."' -
-�)�3  " )'58$,.$,&  /)� ,-'  .'  )'3.+,  6'"-$ . ��"-'-�6.�,  6$" �  /)� @-�3  $ #�&/,."'-� -
)�3  $5 7" �3$(  �8,"/,6,.$(  -),87,&���  *�/7"#'  / �"#�"-.�"-$  �/),*, (,-"(  /�  ' ��)$- -
&7 7/)'3 ,.$(  3, $6$.�%  7/)7����  /,),&,=,.$(  (/)��$8' ) ()$" . 7). 

 

 
�$"7.�#  7 - � ��)$-&  7/)'3 ,.$(  3, $6$.�%  7/)7����  /,),&,=,.$(  

 
�  ' ��)$-&,  �8�5.'6,.�  y - .'6' 1.�,  �-# �.,.$,  -�)2�3�%  /�3,)4.�"-$  �-  / �" -

#�"-.�"-$ , w/ - /)��$8+  3 2,.-)' 1.�&  /)� @-,  * (  -)@4 $ 8� ,,  /)� @-.+4  "4,&  ("&. )$" . 
4). 

� (  )'"6,-'  *�/7"-$&�%  7/)7��%  *,0�)&'2$$  5'��-�3#$  /),* �!,.'  " ,*7<='(  
0�)&7 ' : [D]  = OD - D( , �*,  D - #�:00$2$,.-  5'/'"'  -�6.�"-$ ; D - *�/7"#  / �"#�"-.�"-$  
-�)2�3�%  /�3,)4.�"-$  .'  �/,)'2$$  9 $0�3'.$( ; D(  – *�/7"#  / �"#�"-.�"-$  /)$  9 $0� -
3'.$$  !@"-#�% 5'��-�3#$ , �/),*, (,&+%  $5 "/)'3�6.�%   $-,)'-7)+ . 

�'#"$&' 1.+,  /,),&,=,.$(  * (  )'5.���  6$" '  /)� ,-�3  /)$3,*,.+  3 -'8 $2, . 
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�'8 $2' – �'#"$&' 1.+,  /,),&,=,.$(   

�$" �  /)� @-�3  

�'#"$&' 1.+,  /,),&,=,.$(  (/)��$8+ ) 

�'#"$&' 1.�,  
.'6' 1.�,   

�-# �.,.$,  3 
/)� @-,  yi 

wq  

×10-3× ql4/(EIz) 
�-  7"$ $(   

&'�.$-.���  
/� (  

wqm  

×10-3× ql4/(EIz) 
�-  &'""+   
5'��-�3#$  

w�   

×10-3 

×
 l3/(EI z) 
�-  7"$ $(  
),5'.$(  

1 13 13 20,8 y 

2 0,334 0,334 1,75 0,556y 

3 
#)'%.$% 0,084 0,084 0,593 0,407y 

2,.-)' 1.+%  0,0064 0,0064 0,407 y 

4 
#)'%.$% 0,0248 0,0248 0,266 0,304y 

2,.-)' 1.+%  0,00688 0,00688 0,172 0,913y 

5 
#)'%.$% 0,0105 0,0105 0,136 0,245y 

2,.-)' 1.+%  0,00509 0,00509 0,112 y 

6 
$ 8� -
 ,,  

#)'%.$% 0,005 6,49/64=0,005 0,0787 0,205y 

2,.-)' 1.+%  0,0023 0,0023 0,0694 y 

 
� (  $"" ,*7,&�%  .'/)'3 (<=,%  �8,"/,6$-1  -),87,&+%  *�/7"#  / �"#�"-.�"-$  �8 -

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

�+3�*+ . �'5)'8�-'.+  &'-,&'-$6,"#$,  &�*, $  $ ' ��)$-&+  * (  �/),*, ,.$(  7/)7 -
��% *,0�)&'2$$  /)$  9 $0�3'.$$  .,!@"-#$4  /)$5&'-$6,"#$4  5'��-�3�#  " .'6' 1.+&$  �- -
# �.,.$(&$  �-  / �"#�"-.�"-$  -�)2�3  $ 7/)'3 ,.$(  ,@ 3, $6$.�%  * (  �8,"/,6,.$(  -),87 -
,&���  *�/7"#'  / �"#�"-.�"-$  �8)'8�-'..�%  -�)2�3�%  /�3,)4.�"-$  /)$  9 $0�3'.$$ .  

 
��0+/�0:/�  

 
1. http://www.bergab.ru/lmlineargides.shtml 
2. �� $#�3+,  ), 1"�3+,  .'/)'3 (<=$, . - Rexroth Bosch Group. RRS 82 302/2005-

05. - 148 ". 
3. �)�0$ 1.+,  ), 1"�3+,  .'/)'3 (<=$,  ",)$$  LLT SKF. - SKF Group 2010 - 

MT/P1 07061/2 RU – 46 ". 
 
 
 
 
 
 

�
�!*$�����  
"��"
���  ���#�*���
�  ���������   
���������  ����������  

 
� .� . �'3 �3 *, � .� . �'3 �3 *, � .� . �'&"�.�3 *, � .� . �'3 �3 *,  
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� .� . �')$#�3 ** , � . � . �+9#,3$6 *** 

*			  «�,�/)$8�) », ** 			  «�'�&' -� »,  
*** ���  (0$ $' ) ��
	�  �	  �� ���� , � . �� !"#$%  

 
 

�  [1 - 4] '3-�)'&$  /),* '�' $"1  "�8"-3,..+,  )'5)'8�-#$  3 3$*,  #��)*$.'-.� -
$5&,)$-, 1.+4  "$"-,& , 3# <6'<=$4  .$3, $)+   '5,).+,  " !$*#�"-.+&$  #�&/,."'-�)'&$  
.'# �.�3 , #�&/ ,#-  .$3, $).+4  ),,# , /,.-'8 �#  ()'53�)'6$3'<=$%   76 .$3, $)'  
 '5,).��� ),  '5,).+,  *' 1.�&,)+ , ),%#7 .$3, $).7<  2$0)�37< . 

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

1) �$3, $)   '5,).+%  �� -05�  " !$*#�"-.+&  #�&/,."'-�)�&  .'# �.'  2-4 # '""�3 :  
/),2$5$�..+%  ("),*.((  #3'*)'-$6,"#'(  /��),9.�"-1  ���  )'3.'  ± 0,05 && .'  

)'""-�(.$$  30 &);  
3+"�#�-�6.+%  (���  ± 0,15 && .'  )'""-�(.$$  30 &).  
�'5,).+%  .$3, $)  5'=$=,.  /'-,.-'&$ , $&,,-  "3$*,-, 1"-3�  �8  7-3,)!*,.$$  -$/'  

"),*"-3  $5&,),.$% . 
2) 	*.�#��)*$.'-.� -$5&,)$-, 1.'(  "$"-,&'  ��� -1. 
3) �374#��)*$.'-.� -$5&,)$-, 1.'(  "$"-,&'  ��� -2. 
4) �),4#��)*$.'-.� -$5&,)$-, 1.'(  "$"-,&'  ��� -3. 
5) �(-$#��)*$.'-.� -$5&,)$-, 1.'(  (3  $.,%.+4  $ 2 7� �3+4  #��)*$.'-+ ) "$"-,&'  

��� -5 * (  2,.-)�3#$  3' �/)�3�*�3  (± 0,1 && / 30 &). 
6) �,.-'8 �#  * (  )'53�)�-'   76'   '5,)'  .'  90 º ± 2". 
7) �,%#'  .$3, $).'(  - 0,25 & $ 1,6 &, 3 - .6. ),%#'  .$3, $).'(  2$0)�3'( . 
8) �' 1.�&,)   '5,).+% :  
 ) � 5 (*' 1.�"-1  200 & ± 1 &&),  
2) � 3 (*' 1.�"-1  100 & ± 1 &&). 
�'#  $53,"-.� ,  '5,).+%  .$3, $)  �� -05�  3+/7"#',-"(  .'9$&$  0$)&'&$  3 

/),2$5$�..�&  (± 0,05 &&/30 &) $ 3+"�#�-�6.�&  (± 0,15 &&/30 &) $"/� .,.$$ . �  �� -05�  
/)$&,.(,-"(  #� 12,3'(  "-)7#-7)'   '5,).���   76'  " ()#�% 2,.-)' 1.�%  -�6#�% * (  
3$57' 1.���  ".(-$(  �-"6,-'  " ���  )'3.�%  ± 0,03 &&.  

� (  7&,.19,.$(  /��),9.�"-$  �-"6,-'  3 2015 ��*7  8+ '  )'5)'8�-'.'  ),%#'  
.$3, $).'(  2$0)�3'(  [3, 4]. �'#  �-&,6' �"1 , ),%#'  /�53� $ '  .'  /�)(*�#  73, $6$-1  
/),$&7=,"-3�  3 -�6.�"-$   '5,).���  .$3, $)'  �� -05�  /,),*  *)7�$&$   '5,).+&$  
$5&,)$-, 1.+&$  /)$8�)'&$ , .'/)$&,) , $&/�)-.+&$   '5,).+&$  -),#,)'&$ . 

	*.'#� , 7 .,#�-�)+4  5'#'56$#�3  �"-'3' $"1  -),8�3'.$(  # $5&,.,.$<  0�)&+  
/),*"-'3 ,.$(  ),57 1-'-�3  $5&,),.$% . �'.,,  &+ /),*"-'3 ( $  ),57 1-'-+  3 3$*,  
0�)&7 ()�3  (:"#$5+, -,#"-+ ) 8,5 #�&/1<-,).�%  �8)'8�-#$ , 3 6,& 3 .,#�-�)�%  "-,/,.$  
7"-7/' $  �-6,-'&  (/�" ,  #�&/1<-,).�%  �8)'8�-#$ ) 0$)& , $"/� 157<=$4 , .'/)$&,) , 
 '5,).+,  -),#,)+ . 

��&/1<-,).'(  �8)'8�-#'  ),57 1-'-�3  $5&,),.$%   '5,).+&$  .$3, $)'&$  " 
/�&�=1<  /)��)'&&+  �	����  3D /�3+"$ '  #'6,"-3�  $ .'� (*.�"-1  �-6,-.+4  
0�)&7 ()�3  ()$" . 1). �)��)'&&'  �	����  3D *',-  3�5&�!.�"-1  /),*"-'3 ,.$(  
),57 1-'-�3  .$3, $)�3#$  $ 3 �8C@&, (3D &�*, $ ) ()$" . 2). 

�'#  �-&,6' �"1  3 [1, 2] 			  «�,�/)$8�) » (3 (,-"(  /'-,.-��8 '*'-, ,&  .'  
3+9,/,),6$" ,..7<  /)�*7#2$<  (/'-,.-  .'  /)�&+9 ,..+%  �8)'5,2  B  82613 �-  
16.08.2012), #)�&,  ),%#$ .$3, $).�%  2$0)�3�% . �$3, $)   '5,).+%  �� -05�  $&,,-  5'/$"1  
3 ��"),,"-),  "),*"-3  $5&,),.$(  B  41037-09 $ ),#�&,.*�3'.  # /)$&,.,.$<  3 �� . 
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�$"7.�#  1 - ��)&7 ()  .$3, $)�3#$  
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�$"7.�#  2 – �),*"-'3 ,.$,  ),57 1-'-�3  3 3D 
 

�  ),57 1-'-,  "/,2$' $"-+  &��7-  $"/� 15�3'-1  8� ,,  .'� (*.�,  /),*"-'3 ,.$,  
),57 1-'-�3  $5&,),.$%  .'  /)$�8),-,..+4  #��)*$.'-.� -$5&,)$-, 1.+4  "$"-,&'4  " �� -
05�  #'#  /�" ,  "'&�"-�(-, 1.�%  �8)'8�-#$  ),57 1-'-�3 , -'#  $ /�" ,  �#'5'.$(  7" 7�  .'  
$5&,),.$(  .'9$&  �8�)7*�3'.$,&  $, "��-3,-"-3,..� , �8)'8�-#$  ),57 1-'-�3  
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"/,2$' $"-'&$  .'9$4  0$)& . �)$.2$/$' 1.�  #�&/1<-,).'(  �8)'8�-#'  ),57 1-'-�3  
$5&,),.$%  3�5&�!.' , 3 -�&  6$" ,  $ ),57 1-'-�3  $5&,),.$%  .�3+&$   '5,).+&$  
7"-)�%"-3'&$  /�  -,4.$6,"#$&  5'*'.$(&  5'#'56$#' . 

 
��0+/�0:/�  

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

�8�)7*�3'.$(  3 /)�&+9 ,..�"-$  [; ,#-)�..+%  ),"7)" ] / � .� . �')$#�3 , � .� . �'3 �3 , 
� .� . �'&"�.�3 , � .� . �+9#,3$6  // �5'$&�*,%"-3$,  /),*/)$(-$%  $ 375�3 – .'7#' , #'*)+ , 
.�3+,  -,4.� ��$$  : "8. *�# . XI &,!),�$�. . .'76 .-/)'#- . #�.0 . (� . �� !"#$% , 28 '/) . 2015 
� .) / �� ���� , ���  (0$ $' ) �� ���� . - �� ���)'* , 2015. - C. 35-40. – �,!$&  *�"-7/' : 
http://www.volpi.ru/files/science/science_conference/11mnpk_2015/11mnpk_2015.pdf. 

2. �')$#�3 , � .� . �)$&,.,.$,   '5,).+4  .$3, $)�3  * (  #�.-)� (  &�.-'!'  $ 
.'"-)�%#$  �8�)7*�3'.$(  .'  -)78.+4  $ &,-'  7)�$6,"#$4  /),*/)$(-$(4 ./ � .� . �')$#�3 , 
� .� . �'3 �3 , � .� . �'&"�.�3 // �)7*+  XXI &,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  
#�.0,),.2$$  «�)78+ -2014». 	�	  «��"���� » (� . �, (8$."# , 16-18 ",.-(8)(  2014 � .) - 
�, (8$."# , 2014. 

3. �3, $6,.$,  -�6.�"-$  $&/�)-�5'&,='<=$4   '5,).+4  .$3, $)�3  " /�&�=1<  
),%#$ .$3, $).�%  2$0)�3�%  [; ,#-)�..+%  ),"7)" ] / � .� . �'3 �3 , � .� . �'3 �3 , � .� . �'& -
"�.�3 , � .� . �'3 �3 , � .� . �')$#�3 , � .� . �+9#,3$6  // XII &,!),�$�.' 1.'(  .'76.� -
/)'#-$6,"#'(  #�.0,),.2$(  «�5'$&�*,%"-3$,  /),*/)$(-$%  $ 375�3 – .'7#' , #'*)+ , .�3+,  
-,4.� ��$$ » (� . �� !"#$% , 26 '/) . 2016 � .) : &'-,) .: "8. *�# . #�.0 . / ���  (0$ $' ) 
�� ���� . - �� ���)'* , 2016. - C. 72-74. – �,!$&  *�"-7/' :  
http://www.volpi.ru/files/science/science_conference/12mnpk_2016/12mnpk_2016.pdf. 

4. �3, $6,.$,  -�6.�"-$  $&/�)-�5'&,='<=$4   '5,).+4  .$3, $)�3  " /�&�=1<  
),%#$ .$3, $).�%  2$0)�3�%  / � .� . �'3 �3 , � .� . �')$#�3 , � .� . �'3 �3 , � .� . �'&"�.�3 , 
� .� . �'3 �3  // �)7*+  XXII &,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$  «�)78+ -
2016». 	�	  «��"���� » (� . �, (8$."# , 20-22 ",.-(8)(  2016 � .) - �, (8$."# , 2016. – � . 2. -
� . 93 - 96. 

 
 
 
 

!
��(����  &))������
���  !�
��
�
  (��)
����  ���
�
�
�  
��  �����  (' 15 

 
� . � . �+9#,3$6 , � . � . �')'5�3 , � . � . 	) �3 , � . � . �7#�6,3'  

���  (0$ $' ) ��
	�  �	  �� ����  
 

� $0�3'.$,  (3 (,-"(  �".�3.�%  5'# <6$-, 1.�%  �/,)'2$,%  &,4'.$6,"#�%  �8)' -
8�-#$ , �8,"/,6$3'<=,%  5'*'..+,  -),8�3'.$(  # #'6,"-37  /�3,)4.�"-,%  *,-' ,% . 	8,"/, -
6,.$,  -),87,&�%  9,)�4�3'-�"-$  $ �-"7-"-3$,  9 $0�3�6.+4  /)$!���3  /)$  &'#"$&' 1.�%  
/)�$53�*$-, 1.�"-$  /)�2,""'  (3 (,-"(  '#-7' 1.�%  /�"-'.�3#�%  5'*'6$  /)$  9 $0�3'.$$  
/�3,)4.�"-$  *,-' $  [1, 2].  

�, 1  $"" ,*�3'.$(  - )'5)'8�-#'  &,-�*$#$  3+8�)'  �/-$&' 1.+4  7" �3$% / �"#���  
9 $0�3'.$(  5'��-�3�#  $5 "-' $  �� 15, �8,"/,6$3'<=$4  -),87,&7<  9,)�4�3'-�"-1  �8)' -
8�-'..�%  /�3,)4.�"-$  (/')'&,-)  9,)�4�3'-�"-$  /�3,)4.�"-$  Ra) $ �-"7-"-3$,  9 $0� -
3�6.+4  /)$!���3  /)$  &'#"$&' 1.�%  /)�$53�*$-, 1.�"-$  /)�2,""' . 

�+0�,���  ����+,�-�1�� , 
�0+
�0�;+���+  
�,+�� . �'-,&'-$6,"#$,  &�*, $  /)$ -
3,*@..+4  # 9$)$.,  �8)'52'  "�"-'3 (<=$4  "$ +  ),5'.$(  (py, pz), #�:00$2$,.-'  9 $0�3' -
.$(  (� 9 ) $ 9,)�4�3'-�"-$  �8)'8�-'..�%  /�3,)4.�"-$  (/')'&,-)  Ra) /� 76,.+  &,-�*�&  
/� .���  0'#-�).���  :#"/,)$&,.-'  -$/'  24, �*,  4 - 6$" �  0'#-�)�3  (-'8 . 1).  
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;#"/,)$&,.-' 1.+,  $"" ,*�3'.$(  /)�3,*,.+  /)$  / �"#�&  9 $0�3'.$$  /,)$0,)$ -

,% #)7�'  �8)'52�3  $5 "-' $  �� 15 �	��  801-78 )'5&,)�&  100×45×10 .'   '8�)'-�).�%  
7"-'.�3#,  .'  8'5,  /),2$5$�..���  /)�0$ ,9 $0�3' 1.���  "-'.#'  " ���  CHEVALIER &� -
*, $  Smart–B1224 III. � (  �8)'8�-#$  �8)'52�3  3 #'6,"-3,  $."-)7&,.-'  $"/� 15�3' $"1  
: ,#-)�#�)7.*�3+,  9 $0�3' 1.+,  #)7�$  /)(&���  /)�0$ (  -$/�)'5&,)'  1 200×16×76 4' -
)'#-,)$"-$#  25AF46� 6V, 25AF46L6V, 25AF60� 6V, 25AF60L6V. �."-)7&,.-  $5��-�3 ,.  .'  
	�	  «�� !"#$%  '8)'5$3.+%  5'3�* ». �  #'6,"-3,  "&'5�6.� -�4 '!*'<=,%  !$*#�"-$  $"-
/� 15�3' $  :&7 1"$<  .'  �".�3,  :&7 1"� '  �3'5� , /)$&,.(,&7<  .'  	�	  ��� -�� !"#$% . 

�  76@-�& /)�$53�*"-3,..���  �/+-'  8+ $  3+8)'.+  " ,*7<=$,  *$'/'5�.+  3')1$)� -
3'.$(  34�*.+4  0'#-�)�3 : )1 (11) - -3@)*�"-1 9 $0�3' 1.���  #)7�' , �/),*, (,&'(  537#�3+& 
&,-�*�&  /�  /)$3,*@..�%  "#�)�"-$  )'"/)�"-)'.,.$(  '#7"-$6,"#$4  3� . , &/" (�	��  �  
52710) - �-  4504 &/" (K) *�  4930 &/" (L); t (12) - � 78$.'  9 $0�3'.$( , &&/4�*  - �-  0,01 *�  
0,02 &&/4�* ; vs(13) - "#�)�"-1  /�*'6$  "-� ' , &/&$.  - �-  10 *�  20 &/&$. ; .')'8�-#' , /)$3, -
*@..'(  # 9$)$.,  �8)'8'-+3',&�%  /�3,)4.�"-$  - V (14), &&2 " $.-,)3' �&  3')1$)�3'.$(  �-  
100 *�  400 &&2. �  "#�8#'4  *'.�  7" �3.�,  �8�5.'6,.$,  #�*$)�3'..+4  5.'6,.$%  0'#-�)' . 
�,).$"-�"-1  9 $0�3' 1.���  #)7�'  F, &,9 . (�	��  �  52381) $5&,.( '"1  �-  F60 ,�  F46. 

�5&,),.$,  0'#-$6,"#�%  -3,)*�"-$  '8)'5$3.���  $."-)7&,.-'  �"7=,"-3 ( $  /�  
�	��  25961 7 1-)'537#�3+&  &,-�*�&  " /�&�=1<  /)$8�)'  «�37#-110� ». � (  $"" ,*�3' -
.$% �-8$)' $"1  #)7�$ , �8 '*'<=$,  �*$.'#�3�%  -3,)*�"-1<  3 /),*, '4  "-,/,.$  K $ L. 
�#�)�"-1  )'"/)�"-)'.,.$(  '#7"-$6,"#$4  3� .  �/),*, ( $  3 8 *$'&,-)' 1.+4  ",6,.$(4  
#)7�' . 

��"-'3 (<=$,  "$ +  ),5'.$(  $ #)7-(=$,  &�&,.-+  $5&,)( $  " $"/� 15�3'.$,&  9, -
"-$#�&/�.,.-.���  "$ �$5&,)$-, 1.���  #�&/ ,#"'  Amti MC36-1000 UP, '.' ���3� -
2$0)�3���  /),�8)'5�3'-, (  L-CARD E14-140, 7"$ $-, (  AmtiMiniAMPMSA6  $ .�7-87#'  
"�  "/,2$' 1.+&  /)��)'&&.+&  �8,"/,6,.$,&  «PowerGraph». 

�,)�4�3'-�"-1  /�3,)4.�"-$  $5&,)( $  .,/�"),*"-3,..�  .'  "-� ,  "-'.#'  /)�0$ � -
�)'0�& -/)�0$ �&,-)�&  «�,%-)�.$#  �� 8-4 � .� .». �5&,),.$,  /')'&,-)�3  9,)�4�3'-�"-$  
/)�$53�*$ $  /�  "$"-,&,  "),*.,%   $.$$  (�	��  25142-82) 3 "��-3,-"-3$$  " .�&,.# '-7)�%  
$ "��-.�9,.$(&$  5.'6,.$%  /')'&,-)�3 , /),*7"&�-),..+&$  �	��  2789-83. �  2, 1<  /� -
3+9,.$(  :00,#-$3.�"-$  $ "#�)�"-$  �8)'8�-#$  /� 76,..+4  *'..+4  8+ '  )'5)'8�-'.'  
"/,2$' 1.'(  /)��)'&&'  «Export» (/)��)'&&'  * (  ;��  B  2009615803). �  #'6,"-3,  /,) -
3$6.+4  *'..+4  $"/� 157<-"(  3+"�-+  /)�0$ ( , /� 76,..+,  /)$  $5&,),.$$  9,)�4�3'-� -
"-$  /�3,)4.�"-$ .  

��:00$2$,.-  9 $0�3'.$(  �/),*, ( "(  #'#  �-.�9,.$,  .')'8�-#$  #  $5.�"7  '8)' -
5$3.���  $."-)7&,.-' . � $0�3�6.+,  /)$!��$  �/),*, ( $"1  &,-�*�&  -)'3 ,.$(  /�  $. -
"-)7#2$$  �����  101. 

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

��3��?�  1 
��0+
�0�;+���+  
�,+��  5���4�0+�+	  5/�?+���  @��<�-�1��  �0���  (' 15 

py(F46), � /&& 
py = 19,9 + 5,45x1 + 3,43x2 + 0,99x3 + 3,67x4 + 1,02 x1x2  – 2,40x1x3  +2,6 x1x4 + 
+ 0,69x2x3 - 1,42 x3x4  - 1,49x1x3x4 

py(F60), � /&& 
py = 31,42+0,91x1–3,21x2–1,02x4+1,78x1x2–3,44x2x3+0,77x3x4 +1,93 x1x2x3x4  
+2,06x1x2x3 – 3,078 x1x2x4 – 0,73 x1x3x4 

pz(F46), � /&& pz = 6,21 + 0,82x1 + 0,9x2 + 0,82x3 + 0,49x4   – 0,54x1x3  + 0,23 x1x4 

pz(F60), � /&& pz =9,18+1,86x1+ 0,67x3 – 0,27x4+0,32x1x3–0,38x2x3+ 0,37x3x4+0,37x1x2x3x4 

+0,72x1x2x3 – 0,35 x1x2x4 
� 9 (F46) � 9  = 44,77 – 5,06x2  – 13,51x3 + 6,15x1x3 
� 9 (F60) � 9  = 22,75 – 1,97x1 – 5,83x2 – 1,68x3 – 2,61x1x2 + 1,71x1x3 – 4,77x2x3 
Ra(F46), &#& Ra = 1,81– 0,22x1+ 0,46x3 – 0,22x1x3 
Ra(F60), &#& Ra = 1,92+ 0,27x1 + 0,2x2 + 0,29x1x2+ 0,3x1x3+ 0,26x1x2x3 
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),.'  8+ �  7"-'.�3 ,.� , 6-�  3 )'""&'-)$3',&�&  *$'/'5�.,  3')1$)�3'.$(  *$"/,)"$$  3+-
4�*.+4  0'#-�)�3  .,�*.�)�*.+ . �.$!,.$,  )'5 $6$(  *$"/,)"$%  *�"-$�',-"(  7&,.19,.$,&  
$.-,)3' '  3')1$)�3'.$(  0'#-�)�3 . �  2, 1<  "�4)'.,.$(  3+8)'..+4  $.-,)3' �3  8+ �  /)$ -
.(-�  ),9,.$,  �  )'5*, ,.$$  .,#�-�)+4  0'#-�)�3 . �'$8� 19$,  *$"/,)"$$  3+4�*.+4  /')' -
&,-)�3  .'8 <*' $"1  /)$  9 $0�3'.$$  #)7�'&$  )'5 $6.�%  5,).$"-�"-$ . �"4�*(  $5 :-��� , 
&'-,&'-$6,"#$,  &�*, $  3+4�*.+4  /')'&,-)�3  /)�2,""'  9 $0�3'.$(  )'5)'8'-+3' $  �- -
*, 1.�  * (  #'!*�%  5,).$"-�"-$ . �$"/,)"$$  "�"-'3 (<=$4  "$ +  ),5'.$(  * (  #)7��3  �*.�%  
5,).$"-�"-$  3 *'..�&  " 76',  &�!.�  "6$-'-1  �*.�)�*.+&$ . 

�  ),57 1-'-,  '.' $5'  :#"/,)$&,.-' 1.+4  *'..+4  7"-'.�3 ,.� , 6-�  3 )'""&�-),. -
.�&  $.-,)3' ,  3')1$)�3'.$(  "�"-'3 (<=$,  "$ +  ),5'.$(  .'  .,#�-�)+4  ),!$&'4  9 $0� -
3'.$(  5.'6$&�  5'3$"(-  �-  .')'8�-#$ . �  "3(5$ " :-$&  3 #'6,"-3,  6,-3,)-���  34�*.���  0'# -
-�)'  8+ '  33,*,.'  3 &'-,&'-$6,"#$,  &�*, $  .')'8�-#' , /)$3,*@..'(  # 9$)$.,  �8)'8'-+ -
3',&�%  /�3,)4.�"-$  - V (14), &&2 " $.-,)3' �&  3')1$)�3'.$(  �-  100 *�  400 &&2. 

� (  "�"-'3 (<=$4  "$ +  ),5'.$( , /)$3,*,..+4  # ,*$.$2,  9$)$.+  �8)'8'-+3',&�%  
/�3,)4.�"-$  - py $ pz 6$" �  0'#-�)�3  k = 4, * (  #�:00$2$,.-'  9 $0�3'.$(  K9  $ /')'&,- -
)'  9,)�4�3'-�"-$  Ra – k = 3. 

� (  /)�3,)#$  '*,#3'-.�"-$  /� 76,..+4  &'-,&'-$6,"#$4  &�*, ,%  8+ $  /)�3,*,.+  
*�/� .$-, 1.+,  :#"/,)$&,.-+ . �)'3.,.$,  /� 76,..+4  /�  ),57 1-'-'&  :#"/,)$&,.-�3  
*$"/,)"$%  '*,#3'-.�"-$  " )'.,,  .'%*,..+&$  *$"/,)"$(&$  3�"/)�$53�*$&�"-$  /�  #)$-, -
)$<  �$9,)'  /)$  5%-.�&  7)�3.,  5.'6$&�"-$  /�#'5' �  $4 �*.�)�*.�"-1 , 6-�  "3$*,-, 1 -
"-37,-  �8  '*,#3'-.�"-$  )'5)'8�-'..+4  &'-,&'-$6,"#$4  &�*, ,%  [2-4]. 

�+0�,���  -23�/�  �50�
��612>  :���-�	  @��<�-�1�� . 
�4�*.+,  0'#-�)+  (3 (<-"(  /')'&,-)'&$  �/-$&$5'2$$  /)�2,""'  9 $0�3'.$( , &' -

-,&'-$6,"#$,  &�*, $  3+4�*.+4  0'#-�)�3  $"/� 157<-"(  * (  ��)'.$6,.$(  �8 '"-$  *�/7 -
"-$&+4  5.'6,.$%  /')'&,-)�3  �/-$&$5'2$$ . 

�')'&,-)  Ra 5'*'.  3 -,4.� ��$6,"#�&  /)�2,"", . �  *'..�&  " 76',  *�/7"-$&�,  5.' -
6,.$,  /')'&,-)'  [Ra] P 2,5 &#&. 

	�)'.$6,.$,  /�  8,"/)$!���3�&7  9 $0�3'.$<  �/),*, ,.�  3 ),57 1-'-,  '.' $5'  
5.'6,.$%  /)$3,*@..�%  #'"'-, 1.�%  "�"-'3 (<=,%  "$ +  ),5'.$(  pz  $ .' $6$(  /)$!���3  
.'  �8)'8�-'..�%  /�3,)4.�"-$ .  

�)$  9 $0�3'.$$  #)7�'&$  5,).$"-�"-1<  F60 �-"7-"-3$,  9 $0�3�6.+4  /)$!���3  
.'  �8)'8�-'..�%  /�3,)4.�"-$  /)$  &'#"$&' 1.�%  .')'8�-#,  .'8 <*',-"(  -� 1#�  /)$  9 $ -
0�3'.$$  #)7��&  -3,)*�"-1<  �  .'  &$.$&' 1.+4  5.'6,.$(4  /�*'6$  $ � 78$.+  9 $0�3'.$(  
(vs = 10 &/&$. , t = 10 &#&/4�* ). ��  /)�2,""  9 $0�3'.$(  �- $6',-"(  8� 19�%  .,"-'8$ 1.� -
"-1< . �  *$'/'5�.,  .')'8�-#$  �-  100 *�  400 &&2 "�"-'3 (<=$,  "$ +  ),5'.$(  ".$!'<-"(  3 
1,7 )'5' . ��"-'-�6.�  "-'8$ 1.+&  " ,*7,-  "6$-'-1  9 $0�3'.$,  .'  ),!$&'4  vs = 20 &/&$. , t 
= 20 &#&/4�* . ��  9 $0�3�6.+,  /)$!��$  �8.')7!,.+  .'  *374 $5 -),4  �8)'52�3 . ��  :-$&  
/)$6$.'&  *'..+,  ),!$&+  9 $0�3'.$(  ., 15(  $"/� 15�3'-1  * (  �8)'8�-#$  #� ,2  /�* -
9$/.$#�3 . �)$  9 $0�3'.$$  #)7��&  5,).$"-�"-1<  F46 -3,)*�"-1<  L 9 $0�3�6.+,  /)$ -
!��$  .'8 <*'<-"(  /)'#-$6,"#$  .'  3",4  ),!$&'4 . � ,*7,-  �-&,-$-1  -� 1#�  ),!$&  vs = 10 
&/&$. , t = 20 &#&/4�* , .'  #�-�)�&  9 $0�3�6.+,  /)$!��$  /� 76,.+  .'  �*.�&  $5 -),4  �8 -
)'52�3 . 

�  7&,.19,.$,&  -3,)*�"-$  #)7�'  3,)�(-.�"-1  �8)'5�3'.$(  9 $0�3�6.+4  /)$!���3  
5'&,-.�  ".$!',-"( . �  *'..�&  " 76',  9 $0�3�6.+,  /)$!��$  7"-'.�3 ,.+  -� 1#�  /)$  
9 $0�3'.$$  .'  &'#"$&' 1.�%  "#�)�"-$  /�*'6$  "-� '  $ � 78$.,  (vs = 20 &/&$. , t = 20 
&#&/4�* ).  

�  ),57 1-'-,  "�/�"-'3 ,.$(  .' $6$(  9 $0�3�6.+4  /)$!���3  .'  �8)'8�-'..�%  /� -
3,)4.�"-$  "�  5.'6,.$,&  #'"'-, 1.�%  "�"-'3 (<=,%  "$ +  ),5'.$(  7"-'.�3 ,.� , 6-�  /�(3 -
 ,.$,  /)$!���3  .'8 <*',-"(  3�  3",4  " 76'(4 , #��*'  5.'6,.$,  pz *�"-$�',-  6 � /&&. �!,  
/)$  pz = 6,4 � /&& (#)7�  24AF46L6V, vs = 10 &/&$. , t = 20 &#&/4�* ) .'  /�3,)4.�"-$  �*.�%  
5'��-�3#$  $5 -),4  /�(3 (<-"(  /)$!��$ . �)$  9 $0�3'.$$  #)7��&  24AF60� 6V .'  ),!$&,  
vs = 20 &/&$. , t = 20 &#&/4�*  9 $0�3�6.+,  /)$!��$  /�(3 (<-"(  .'  *374 $5 -),4  �8)'52�3  
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/)$  pz = 6,6 � /&&.    
�'  �".�3'.$$  /� 76,..+4  :#"/,)$&,.-' 1.+4  *'..+4  3 #'6,"-3,  *�/7"-$&���  

5.'6,.$(  /)$3,*@..�%  #'"'-, 1.�%  "�"-'3 (<=,%  "$ +  ),5'.$(  /)$.(-'  3, $6$.'  [pz] P 6 
� /&&.  

�)7�$  5,).$"-�"-1<  F60 $ -3@)*�"-1<  L .'  3",4  ),!$&'4  9 $0�3'.$(  .,  7*�3 , -
-3�)(<-  -),8�3'.$(&  /)�$53�*"-3' . �)$6$.�%  (3 (,-"(  �8)'5�3'.$,  /)$!���3  .'  �8)'8� -
-'..�%  /�3,)4.�"-$  $ $  .,"-'8$ 1.�"-1  /)�2,""'  9 $0�3'.$( . ��:-�&7  * (  �8,"/,6,.$(  
-),8�3'.$%  # #'6,"-37  �8)'8�-'..�%  /�3,)4.�"-$  /)$  �/-$&$5'2$$  ),!$&�3  #)7�$  5,).$ -
"-�"-1<  F60 $"# <6,.+  $5 )'""&�-),.$( .  

�)$3,*@..'(  .')'8�-#' , �/),*, (<='(  3, $6$.7  /)�$53�*$-, 1.�"-$  /)�2,""'  
9 $0�3'.$( , /)$.$&',-"(  )'3.�%  &'#"$&' 1.�&7  5.'6,.$< , -�  ,"-1  400 &&2. ��:-�&7  3 
&'-,&'-$6,"#$4  &�*, (4  3+4�*.+4  0'#-�)�3  x4 = 1. 

� (  #)7�'  5,).$"-�"-1<  F46 $ -3,)*�"-1<  K, ),9'(  "�3&,"-.�  "$"-,&7  .,)'3,."-3  
/�  � z $ Ra:  

� z = 6,21 + 0,82x1 + 0,9x2 + 0,82x3 + 0,49x4   – 0,54x1x3 + 0,23 x1x4 P 6 � /&&;    (1) 
Ra = 1,81 - 0,22 x1 + 0,46x3 - 0,22x1x3 P 2,5 &#&,                                     (2) 

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

�3,)*�"-1  #)7�' , $5&,)(,&'(  "#�)�"-1<  537#', )'58$-'  .'  4 )'3.+4  *$'/'5�.' : 1 – 
4400 &/";   2 – 4500 &/";  3 – 4600 &/";  4 – 4700 &/";  5 – 4800 &/". 

��/7"-$&+,  5.'6,.$(  "#�)�"-$  /�*'6$  "-� '  $ � 78$.+  9 $0�3'.$( , �8,"/,6$3' -
<=$,  8,"/)$!���37<  �8)'8�-#7 ,  ,!'-  .$!,  "��-3,-"-37<=$4   $.$%. �'  )$"7.#,  1,   
��)'.$6,.$(  /�  9,)�4�3'-�"-$  3+*, ,.+  -�6#'&$  $ *�/7"-$&+,  ),!$&+  )'"/� �!,.+  " 
 ,3�%  "-�)�.+  �-  -�6,# . �'  )$"7.#,  1, 2 *�/7"-$&�,  5.'6,.$,  /')'&,-)'  9,)�4�3'-�"-$  
Ra �/),*, (,-"(  " 76@-�& #�:00$2$,.-'  5'/'"'  -�6.�"-$  D = 0,75: [Ra] = 0,75Q2,5 = 1,88. 

�  $"/� 15�3'.$,&  &'-,&'-$6,"#$4  &�*, ,%  ("&. -'8 . 1) �/),*, (<-"(  �8 '"-$  "7-
=,"-3�3'.$(  /')'&,-)�3  �/-$&$5'2$$ , �8,"/,6$3'<=$4  3+/� .,.$,  -),8�3'.$%  # *'. -
.+&  /')'&,-)'&  #'6,"-3'  �8)'8�-'..�%  /�3,)4.�"-$ . 
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�$"7.�#  1 - ��/7"-$&+,  ),!$&+ , �8,"/,6$3'<=$,  8,"/)$!���3�,  9 $0�3'.$,  $ 
-),87,&+%  /')'&,-)  9,)�4�3'-�"-$  /�3,)4.�"-$  Ra. �,).$"-�"-1  #)7�'  – F46, -3,)*�"-1  – 

K: 1 – 4400 &/";   2 – 4500 &/";  3 – 4600 &/";  4 – 4700 &/";  5 – 4800 &/" 
 

	#�.6'-, 1.�,  3+)'!,.$,  2, ,3�%  07.#2$$  /)$3,*@..�%  /)�$53�*$-, 1.�"-$  Q 
6,),5  3')1$)7,&+,  /')'&,-)+ : Q = vs·t·103, &&2/&$. . 

� (  #)7�'  5,).$"-�"-1<  F46 $ -3,)*�"-1<  K, ),9'(  "�3&,"-.�  "$"-,&7  .,)'3,."-3  
/�  � z $ Ra (1), (2) " /�*"-'.�3#�%  3 .$4  *�/7"-$&+4  5.'6,.$%  "$ +  $ 9,)�4�3'-�"-$  * (  
#�.#),-.�%  -3,)*�"-$  $ 5,).$"-�"-$  #)7�'  8+ $  �/),*, ,.+  *�/7"-$&+,  5.'6,.$(  ),!$ -

  2 
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&�3  9 $0�3'.$(  ()$" . 2). 
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�$"7.�#  2 - �'3$"$&�"-1  /)$3,*,..�%  /)�$53�*$-, 1.�"-$  �-  "#�)�"-$  /�*'6$  "-� ' . 
�,).$"-�"-1  #)7�'  – F46, -3,)*�"-1  – K: 

1 – 4400 &/"; 2 – 4500 &/";  3 – 4600 &/";  4 – 4700 &/";  5 – 4800 &/" 
 
	8 '"-1  *�/7"-$&+4  5.'6,.$%  /')'&,-)�3  /)�2,""'  9 $0�3'.$(  .$!,  /�#'5'..+4  

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

,-"(  $5 7" �3$(  �8,"/,6,.$(  &'#"$&' 1.�%  /)�$53�*$-, 1.�"-$  /)�2,""' . 
�)$3,*@..'(  /)�$53�*$-, 1.�"-1  "7=,"-3,..�  5'3$"$-  �-  -3,)*�"-$  #)7�' . � (  

�)'.$6.+4  5.'6,.$%  -3@)*�"-$  �  /)$3,*@..'(  /)�$53�*$-, 1.�"-1  Q �- $6',-"(  8� ,,  
6,& 3 2 )'5' , /�:-�&7  2, ,"��8)'5.�  $"/� 15�3'-1  #)7�$  -3,)*�"-$  K .$!.,%  /� �3$.+  
�)'.$2+  -3,)*�"-$ . 

��:00$2$,.-  9 $0�3'.$(  3�5)'"-',-  " 73, $6,.$,&  -3,)*�"-$  ()$" . 3) $ * (  *'. -
.���  *$'/'5�.'  "�"-'3 (,-  �#� �  45. 

�"/� 15�3'-1  #)7�$  &,.19,%  -3,)*�"-$  ., 15( , /�-�&7  6-�  .,  87*,-  �8,"/,6$3'-1 -
"(  5'*'..'(  9,)�4�3'-�"-1  /�3,)4.�"-$  $, #)�&,  -��� , "7=,"-3,..�  73, $6$3',-"(  $5.�"  
$."-)7&,.-' . 

��.#),-.+,  ),!$&+  9 $0�3'.$(  �/),*, (<-"(  " 76,-�&  -3,)*�"-$  #)7�' . � (  
#)7�'  2, .'4�*(=,��"(  3 ",),*$.,  *$'/'5�.'  ),#�&,.*7,&�%  -3,)*�"-$ , �/-$&' 1.+,  ), -
!$&+  9 $0�3'.$(  �/),*, (<-"(  " ,*7<=$&  �8)'5�& . 

�'-,&'-$6,"#$,  &�*, $  3+4�*.+4  0'#-�)�3  3 :-�&  " 76',  /)$  x1 = -1; x4 = 1: 
pz = 5,65 + 0,9x2 + 1,36x3;                                                     (3) 

Ra = 2,03 + 0,68x3.                                                         (4) 
�)$  /�*"-'.�3#,  .'-7)' 1.+4  5.'6,.$%  0'#-�)�3  3 (3) $ (4) /� 76$& :  

13,10,272180 -×+×= sz vtp ; 97,0136,0 -×= sa vR . 
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24

33

42

51

60

10 12,5 15 17,5 20
vs, &/&$.

K
9

  
.

1

2
3

4

5

 
�$"7.�#  3 - ��:00$2$,.-  9 $0�3'.$( . �,).$"-�"-1  #)7�'  – F46, -3,)*�"-1  – K:  

1 – 4400 &/";   2 – 4500 &/";  3 – 4600 &/";  4 – 4700 &/";  5 – 4800 &/" 
 
	8 '"-1  *�/7"-$&+4  5.'6,.$%  /')'&,-)�3  /)�2,""'  9 $0�3'.$(  �/),*, (,-"(  

��)'.$6,.$(&$ : 

�
�
	

�
�



�

££

££

£-×

£-×+×

.2010

0,02;t0,01

;5,297,00,136

;613,1272,0180

s

s

s

v

v

vt

 

 
�'%*,&  &'#"$&' 1.7<  /)�$53�*$-, 1.�"-1  /)�2,""'  Qmax 3 �8 '"-$  *�/7"-$&+4  

5.'6,.$%  /')'&,-)�3  ()$" . 4).  
�'  �)'.$2,  2,26662 +-= tvs  ("&. )$" . 4) /� 76$& :                         

)2,26662(10)( 23 tttQ +-= .                                               (5) 
�)$)'3.$3',&  # .7 <  /)�$53�*.7<  07.#2$$  (5) /�  t, .'%*,&  5.'6,.$,  �/-$&' 1 -

.�%  � 78$.+  9 $0�3'.$( : 

02,0
6622

2,26
0)( opt

/ =
×

=�= ttQ  &&/4�* . 

��*"-'3$3  t 3 (5), .'%*,&  �/-$&' 1.�,  5.'6,.$,  "#�)�"-$  /�*'6$  5'��-�3#$ : 
 

13)02,0( == sopts vv  &/&$. . 

�� 76,..+&  �/-$&' 1.+&  ),!$&'&  "��-3,-"-37,-  -�6#'  �  .'  )$" . 6. 
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�$"7.�#  4 - �, ,3'(  07.#2$(  /)$3,*,..�%  /)�$53�*$-, 1.�"-$  /)�2,""'  Q(vs, t) 
 

�)$  9 $0�3'.$$  .'  �/-$&' 1.+4  ),!$&'4 : 
26002,013103

max =××=Q  &&2/&$. . 
����8;+1�+ . �'5)'8�-'..'(  &,-�*$#'  $ &'-,&'-$6,"#$,  &�*, $  /�53� (<-  �/), -

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

	/-$&' 1.+,  ),!$&+  �8,"/,6$3'<-  /� 76,.$,  5'*'..+4  -),8�3'.$%  # #'6,"-37  
�8)'8�-'..�%  /�3,)4.�"-$  (/')'&,-)  9,)�4�3'-�"-$  /�3,)4.�"-$  Ra, �-"7-"-3$,  9 $0� -
3�6.+4  /)$!���3 ) /)$  &'#"$&' 1.�%  /)�$53�*$-, 1.�"-$  /)�2,""'  / �"#���  9 $0�3' -
.$( . 

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

$ � . � . �,=,)(#�3' . 4-,  $5*., /,),)'8 . $ *�/ . - � .: �'9$.�"-)�,.$, , 1985. - 496 ". 
2. � �"#�,  9 $0�3'.$,  -�)2�3  #� ,2  #)7/.��'8')$-.+4  /�*9$/.$#�3  " -),87, -

&+& #'6,"-3�&  /�3,)4.�"-$ / ��",.#�  � .� ., �+9#,3$6  � .� ., 	) �3  � .� . $ *) . // �,"-.$#  
�!.� -�)' 1"#���  ��"7*')"-3,..���  7.$3,)"$-,-' . �,)$( : �'9$.�"-)�,.$, . - 2014. - � . 
14. B  4. - � . 67-78. 

3. ��",.#�  � . � ., 	) �3  � .� ., �)7-$#�3'  � .� . � $(.$,  ),!$&�3  �8)'8�-#$  $ -3@)-
*�"-$  #)7�'  .'  "�"-'3 (<=$,  "$ +  9 $0�3'.$(  /�*9$/.$#�3�%  "-' $  // �7.*'&,. - -' 1 -
.+,  $ /)$# '*.+,  /)�8 ,&+  -,4.$#$  $ -,4.� ��$$ . - 2011.- B  4/3 (288) - C. 94-99. 
           4. 	/-$&' 1.+,  7" �3$(  9 $0�3'.$(  -�)2,3+4  /�3,)4.�"-,%  #� ,2  #)7/.��'8' -
)$-.+4  /�*9$/.$#�3 / � . � . ��",.#� , � . � . �+9#,3$6 , � . � . 	) �3 , � . � . �')'5�3  // �,"- -
.$#  &'9$.�"-)�,.$( . 2015.  B  4. C. 60 –66. 

vs, 
&/&$.  

Q, 
&&2/&$.  

t, 
&&/4�*  

�8 '"-1  *�/7"-$&+4  5.'6,.$%  

Q = vs·t·103 

A 

vs= -662t + 26,2 
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�����  ��"
��  '�������
�
  �����
��  �����  ��� -
����  ��"&  �  #�
���(�����
������  �������  !
����  ��'
��
�  

�����  
 

��*$.  � .� . 
�'76.+%  )7#�3�*$-, 1  – #.- .. . �,),3' �3'  � .� ..  
��!�)'�0  &�!�(�1��%�)'�0  ��)(�($(  (*�!� ! )  

��!���� ,)'���  ��)$, �)(5������  (�1��%�)'���  $��5��)�(�(  
 
�$)�#$%  '""�)-$&,.-  /� 76',&+4  3 .'"-�(=,,  3),&(  4$&$6,"#$4 /)�*7#-�3  �87 -

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

�  � . �� !"#$%  .'  /),*/)$(-$$  	�	  «;��	� -�� �' » " 2001 ��*'  .'6'-�  /)�$53�* -
"-3�  :0$)'  &,-$ --),- -87-$ �3���  (��
; ), #�-�)+%  (3 (,-"(/)$"'*#�%   (.'  �".�3,  :0$) -
.+4  "�,*$.,.$% ) # 8,.5$.7  * (  73, $6,.$(  ,��  �#-'.�3���  6$" ' . �  ��""$$  3 "),*.,&  "� -
"-'3,  8,.5$.�3  "�*,)!'.$,  ��
;  "�"-'3 (,-  *�  12 % * (  �� 92 $ *�  5 % * (  �� 95, 
�� 98. 	".�3.+&$  /�-),8$-, (&$  ��
;  3 ��""$$  (3 (<-"(  -'#$,  /),*/)$(-$(  #'#  			  
«�7#�%  - �� ���)'*.,0-,/,),)'8�-#' », 			  «�	  �$)$9$.,0-,�)�"$.-,5 », 			  «�,) -
&$.' » ��"#�3"#�%  �8 . ��*� 1"# , 			  «�$)&'  «�),%*,) » � .��"#3' , �� !"#$%  �)�"$. -
-,5 , 			  «��  «�)&'# » � .�)'".�*') .  

�'6,"-3�  /)�*7#2$$  "��-3,-"-37,-  -,4.$6,"#$&  7" �3$(&  $ &,!*7.')�*.+&  "-'. -
*')-'& , 6-�  /�53� (,-  �"7=,"-3 (-1  ,@ ),' $5'2$<  .'  :#"/�)- . �)�*7#2$(  /),*/)$(-$(  
/� 157,-"(  9$)�#$&  "/)�"�&  3 -'#$4  "-)'.'4  #'#  �7&+.$( , �#)'$.' , �� 19' , �$. (. -
*$( , �'-3$( , :-�  "3(5'.� , #'#  " 3+"�#$&  #'6,"-3�&  3+/7"#',&���  /)�*7#-' , -'#  $ " 8 $5-
#$& )'"/� �!,.$,&  /)�$53�*"-3'  # .'53'..+&  "-)'.'& , 3 ")'3.,.$$  " *)7�$&$  /)�$53� -
*$-, (&$  ��
; .  

�, 1<  *'..�%  )'8�-+  8+ �  $576,.$,  3 $(.$,  -,4.� ��$6,"#$4  #�."-)7#-$3.+4  
/')'&,-)�3  .'  $.-,�)' 1.+,  4')'#-,)$"-$#$  )'8�-+  ),'#-�)' .  

� (  *�"-$!,.$(  /�"-'3 ,..�%  2, $  "�"-'3 ,.'  &'-,&'-$6,"#'(  &�*, 1  /)�2,""'  
"$.-,5'  ��
; , #�-�)'(  "�"-�$-  $5 7)'3.,.$%  $5&,.,.$(  #�.2,.-)'2$$  ),'�$)7<=$4  3,-
=,"-3  /�  * $.,  ),'#-�)' , 7)'3.,.$%  $5&,.,.$(  -,&/,)'-7)+  3 -)78.�&  /)�"-)'."-3,  ), -
'#2$�..�%  "&,"$  $ -,&/,)'-7)+  -,/ �.�"$-, (  3 &,!-)78.�&  /)�"-)'."-3, . �'#  !,  :-$  
7)'3.,.$(  *�/� .(<-"(  .'6' 1.+&$  7" �3$(&$ , ' �,8)'$6,"#$&$  7)'3.,.$(&$  * (  )'" -
6,-'  #�:00$2$,.-�3  -,/ ��-*'6$  $ -,/ �0$5$6,"#$&$  "3�%"-3'&$ . 

�,57 1-'-+  )'"6,-.���  :#"/,)$&,.-'  /�  /),* �!,..�%  &�*, $  /�#'5' $ , 6-�  /)$  G 
= 4.16 #�/" $ /)$  -,&/,)'-7),  /�*'6$  "&,"$  t = 60°C "-,/,.1  /),3)'=,.$(  $5�87-$ ,.'  X�  
= 0.96, &,-'.� '  X�  = 0.97, 3+4�*  ��
;  2) =0.45. �'#$&  �8)'5�& , *'..+,  /')'&,-)+  /)� -
3,*,.$(  /)�2,""'  (3 (<-"(  ),#�&,.*7,&+&$  * (  /)�2,""'  "$.-,5'  ��
; . 

 
 
 
 

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

 
�-7*,.-#'  1 #7)"'  &'�$"-)'-7)+  �'-#�3'  � . � . 

�7#�3�*$-, 1 : /)�0 . * . - . . . �,%8'  � . � . 
�� !"#$%  /� $-,4.$6,"#$%  $."-$-7-  (0$ $' ) ��
	�  «�� ���)'*"#$%  ��"7*')"-3,..+%  

-,4.$6,"#$%  7.$3,)"$-,- » 
k.daria.95@mail.ru 
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� 769,.$,  #�&/ ,#"'  "3�%"-3 /� $:0$).+4  $ /� $'&$*.+4  .$-,% /�53� $-  )'"9$ -
)$-1  �8 '"-$  /)$&,.,.$( . �$-$  " 7 769,..+&$  "�)82$�..+&$  "3�%"-3'&$  &��7-  /)$&,.(-"(  
* (  0$ 1-)�3' 1.+4  &'-,)$' �3 . �  3�*�.'874'<=$,  &'-,)$' +  $5 /� $:0$).+4  $ /� $ -
'&$*.+4  .$-,%  /)$&,.(<-"(  * (  �$*)�$5� (2$$ . � (  ),9,.$(  /�"-'3 ,..�%  5'*'6$  8+ $  
)'5)'8�-'.+  /)�/$-�6.+,  "�"-'3+  .'  �".�3,  0�"0�)8�)"�*,)!'=,��  &,-'#)$ '-'  $ 0�"0�) -
8�)"�*,)!'=,��  � $��&,)' . �)�/$-#7  .$-,%  /)�3�*$ $  3 -,6,.$,  5 &$.7-  /)$  #�&.'-.�%  
-,&/,)'-7),  " /�" ,*7<=$&  �-!$&�&  $58+-#'  /)�/$-�6.���  "�"-'3'  $ -,)&�0$#"'2$,%  3 -, -
6,.$,  30 &$.7-  /)$  150 0� .  

�  2, 1<  �/),*, ,.$(  :00,#-$3.�"-$  )'5)'8�-'..+4  "�"-'3�3  $ �/),*, ,.$(  �/-$ -
&' 1.+4  7" �3$% �8)'8�-#$  /)�3,*,.+  $"" ,*�3'.$(  /�  $5&,.,.$<  �".�3.+4  0$5$#�-
&,4'.$6,"#$4  /�#'5'-, ,%  &�*$0$2$)�3'..+4  /� $:0$).+4  $ /� $'&$*.+4  .$-,% . ��  
),57 1-'-'&  /)�3,*,..+4  $"" ,*�3'.$%  7"-'.�3 ,.� , 6-�  �8)'8�-#'  /� $:0$).+4  $ /� -
 $'&$*.+4  .$-,%  *'..+&$  "�"-'3'&$  �8,"/,6$3',-  73, $6,.$,  "�)82$�..�%  @&#�"-$. 
�'#!,  7"-'.�3 ,.� , 6-�  �8)'8�-#'  )'5)'8�-'..+&$  /)�/$-�6.+&$  "�"-'3'&$  /)$3�*$-  # 
73, $6,.$<  0$5$#�-&,4'.$6,"#$4  /�#'5'-, ,%  $ ��.,"-�%#�"-$  /� $:0$).+4  $ /� $ -
'&$*.+4  .$-,% . 

�'#$&  �8)'5�& , .'&$  7"-'.�3 ,.� , 6-�  /),* '�',&+,  /)�/$-�6.+,  "�"-'3+  &��7-  
9$)�#�  /)$&,.(-1"(  * (  /� 76,.$(  /� $:0$).+4  $ /� $'&$*.+4  .$-,%  " 7 769,..+&  
#�&/ ,#"�&  "3�%"-3, '  $&,..�  - /�3+9,..�%  "�)82$�..�%  ,&#�"-1< , 3�*�/�� �=,.$,& , 
�$�)�"#�/$6.�"-1< , ��.,"-�%#�"-1< , 7 769,..+&$  0$5$#�-&,4'.$6,"#$&$  /�#'5'-, ( -
&$, 6-�  )'"9$)$-  "/,#-)  $4 /)$&,.,.$( . 

 

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

 
 
 
 
 

������  �������)������  !�
�����  ��!�

"����  !��   
)
��
�����  �  ��� �������  ����  

 
 

�$9'#$.  � .� ., �$9$.  	 .� . 
 
 

�'!.+&  /')'&,-)�&  *$.'&$#$  0�)&�3'.$(  (3 (,-"(  /)�2,""  �-3�*'  -,/ '  �-  0�) -
&$)7,&�% .$-$  3 /�-�#  �'5' , #�-�)+%  3 "3�<  �6,),*1  5'3$"$-  �-  $.-,."$3.�"-$  -,/ ��8 -
&,.' . �  /)�2,"",  0�)&�3'.$(  3� �#.�  /�*3,)�',-"(  3+-(!#, ,  3 ),57 1-'-,  6,��  /)�$"4� -
*$-  ,@ 7-�.,.$,  $ #'#  " ,*"-3$,  $5&,.,.$,  7*, 1.�%  /�3,)4.�"-$  /�  * $.,  .$-$ . �.-,. -
"$3.�"-1  -,/ ��8&,.'  73, $6$3',-"(  5' "6@- 7&,.19,.$(  *$'&,-)'  .$-$ , - .#. /)$  :-�&  
73, $6$3',-"(  $ #�:00$2$,.-  -,/ ��-*'6$  $ 7*, 1.'(  /�3,)4.�"-1  0�)&7,&�%  .$-$  [1]. 
�,/ �3�%  /�-�#  " /�3,)4.�"-$  .$-$  3 �4 '!*'<=$%  3�5*74 �/),*, (,-"(  /�   7)'3.,.$< : 
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tFqt da ××= S  (1) 
 

� (  )'"6,-'  "7&&').���  #�:00$2$,.-'  -,/ ��-*'6$  M $"/� 15�3' �"1  7)'3.,.$,  [2]: 
 

( )3,047,0 Re4,0Re52,0 z
air

d
A ×+×××=S

l
a  (2) 

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

V
d

VfF ×=×=
.

7*

4  (3) 

 
         �'#$&  �8)'5�& ,  $.-,."$3.�"-1  -,/ ��8&,.'  3 5.'6$-, 1.�%  "-,/,.$  �/),*, (,-"(  
#�&/ ,#"�&  7*f×Sa . �  -'8 $2,  /)$3,*,.+  5.'6,.$(  3, $6$.+  :-���  #�&/ ,#"'  �-  *$' -

&,-)'  .$-$:  �'"6@-  /)�$53�*$ "(  * (  "#�)�"-$  *3$!,.$(  �'5'  0,6 � /)  $ "#�)�"-$  0�)&� -
3'.$(  70 � /) . 
 

�'8 $2'  1 – �'"6@-  $.-,."$3.�"-$  -,/ ��8&,.'  
 

/ //  �$'&,-)  .$-$  
d, ��  

�.-,."$3.�"-1  -,/ ��8&,.'  

7*f×Sa , �( /� 3 ��  

1 1 33,617 10×  
2 0,9 34,305 10×  
3 0,8 35,23 10×  
4 0,7 36,522 10×  
5 0,6 38,417 10×  
6 0,5 41,138 10×  
7 0,4 41,647 10×  

8 0,3 42,654 10×  
9 0,2 45,203 10×  
10 0,1 51,647 10×  

     �'#  " ,*7,-  $5 )'"6,-�3  )'"6,-' , $.-,."$3.�"-1  �-3�*'  -,/ �-+  "  /�3,)4.�"-$  .$-$  
3�5)'"-',-  "  7&,.19,.$,&  ,,  *$'&,-)' . �  /)�2,"",  3+-(�$3'.$(  .$-$  "#�)�"-1  -,/ ��- -
3�*'  3�5)'"-',- ,  $ .$-1  �"-+3',-  8+"-),, , 6,& /)$  0�)&�3'.$$ . �.-,."$3.�"-1  �-3�*'  
-,/ '  $5 -, '  .$-$  3�5)'"-',-  /)$  7&,.19,.$$  *$'&,-)'  /�6-$  3 100 )'5 . 

�/$"�#  �8�5.'6,.$%  
�  – 6$" ,..+%  #�:00$2$,.- , �/),*, (,&+%  /�  ),57 1-'-'&  :#"/,)$&,.-' ; d - *$'&,-)  
.$-$ ; F - /�3,)4.�"-1  -,/ ��8&,.' ; f$, – 7*, 1.'(  /�3,)4.�"-1 ; V - �8C,&  .$-$ ;  v -
"#�)�"-1  *3$!,.$(  3�5*74' ; zv -"#�)�"-1  3+-(�$3'.$(  .$-$ ;  Sa - "7&&').+%  #�:00$2$ -
,.-  -,/ ��-*'6$ ; td -)'5.�"-1  -,&/,)'-7) ; l - #�:00$2$,.-  -,/ �/)�3�*.�"-$ ; n -
#$.,&'-$6,"#$%  #�:00$2$,.-  3(5#�"-$ ;. 

�$" '  /�*�8$(  
n

dvz ×
=Re - 6$" �  �,%.� 1*"'  (/)$  /)�*� 1.�&  *3$!,.$$  .$-$ ). 

n
dv×

=Re  6$" �  �,%.� 1*"'  * (  /�/,),6.���  *3$!,.$(  3�5*74'  
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�$-,)'-7)'  
       1. �+"�#�"#�)�"-.�,  0�)&�3'.$,  3� �#�.  / ��*  ),* . � .�(8$2#���  $ � . �'3'$ : /,) . " 
'.� . / ��*  ),* . � .� . �,),/, #$.'  .- � .: �$&$( , 1988.- �,) . �5* .: ��� , 1985.- 488 "..- 
ISBN 5-7245-0129-5             
       2.   �$9'#$.  � .� ., �$9$.  	 .� . �.' $5  )'8�-+  /)(*$ 1.�%  7"-'.�3#$  /)�$53�*"-3'  
.$-,%  $5 /� $:0$)�3 , -,5$"+  *�# '*�3  XVI .'76.� -/)'#-$6,"#�%  #�.0,),.2$$   /)�0," -
"�)"#� -/),/�*'3'-, 1"#���  "�"-'3'  

 
 

 
#�������  ������'  ������  ��  ��
���'  �
�  ������#��������'  

!���!�� ���  
 

�+6@3 � .� ., �$9$.  	 .� . 
 

�)$  �-"-'$3'.$$  :00,#-$3.�"-1  7 '3 $3'.$(  -3,)*+4  6'"-$2  "�"-'3 (,-  /)$&,).�  
80%. �, #$,  6'"-$2+  )'5&,)�&  .,  8� ,,  30 &$#)�.  �"-'<-"(  .'  /�3,)4.�"-$  "7"/,.5$$ , 
$5-5' "$  3(5#�"-$ .  

	- �3$-1  -'#$,  6'"-$2+  3�5&�!.� . 	*$.  $5 "/�"�8�3  – 0$ 1-)�3'.$, . �)$  *'..+4  
7" �3$(4  .'$8� ,,  :00,#-$3.+&  (3 (,-"(  0$ 1-)�3'.$,  3 ),!$&,  5'#7/�)$3'.$(  /�) . 
�3,)*+,  6'"-$2+  "7"/,.5$$  3 /)�2,"",  0$ 1-)�3'.$(  &��7-  .,  -� 1#�  5'*,)!$3'-1"(  .'  
/�3,)4.�"-$  0$ 1-)�3' 1.�%  /,),��)�*#$  .�  $ /)�.$#',-  3 /�)+ . ;-�  4')'#-,).�  * (  
)'5*, ,.$(  "7"/,.5$$  "�*,)!'=$4  .,8� 19�%  #�.2,.-)'2$$  �-.�"$-, 1.�  &' ,.1#$,   
6'"-$2+  353,9,..+,  3 !$*#�"-$ . 

�'#�,  0$ 1-)�3'.$,  3�5&�!.�  /)$  " ,*7<=$4  7" �3$(4 : 
1) 	-.�"$-, 1.�  .,8� 19�%  )'5&,)  -3,)*+4  6'"-$2  
2) �.'6$-, 1.�  3(5#�"-1  !$*#�%  0'5+  3 "7"/,.5$$  
3) �,8� 19'(  #�.2,.-)'2$(  -3,)*+4  6'"-$2  3 "7"/,.5$$  

 

�)$  �-"-'$3'.$$  .'  &,-'  7)�$6,"#$4  /),*/)$(-$(4 , �*,  -3,)*+,  6'"-$2+  "�"-�(-  
3 �".�3.�&  $5 &,-'  ' , #�.2,.-)'2$(  6'"-$2  #�-�)+,  �"-'<-"(  3 "7"/,.5$$  "�"-'3 (,-  
0,03 � /*&3, '  )'5&,)  25 &#&. � ., . *)7�$,  "/�"�8+  0$ 1-)�3'.$(  87*7- .,:00,#-$3.+ .  

	8C,&  0$ 1-)'-'  *�  /� .���  5'#7/�)$3'.$(  /�)  .'4�*$-"(  /�  0�)&7 , : 
 
W=(1-1/2×rq  
�'#  !, , /�   :#"/,)$&,.-' 1.+&  *'..+&  3$*.� , 6-�  "),*.((  "#�)�"-1  0$ 1-)�3'.$(  

" 6'"-$6.+&  5'#7/�)$3'.$(&  /�)  8+"-)�  7&,.19',-"(  3 "'&�&  .'6' ,  /)�2,""' . 
�$"-,&'  7)'3.,.$%  �/$"+3'<=$4  /)�2,""  0$ 1-)�3'.$(  " 5'#7/�)$3'.$,&  /�) : 
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�/$"�#  �8�5.'6,.$%  
 
c – #�.2,.-)'2$(  -3,)*�%  0'5+  3 "7"/,.5$$  
h – 3+"�-'  0$ 1-)�3' 1.�%  /,),��)�*#$   



 136 
 

k –#�."-'.-'  0$ 1-)�3'.$(  
v- "#�)�"-1  0$ 1-)'-'  .'  /� .�,  ",6,.$,  0$ 1-)'  
s  - #�.2,.-)'2$(  -3,)*�%  0'5,  3 /�)'4  0$ 1-)7<=,%  /,),��)�*#$  
t - 3),&(  
 
 

 
������
�����  ��!�
�
�
  ������  )
����
�� -�#��������
��  

 
�')-'9�3  � .� .,  �$9$.  	 .� . 

 
           �, 1  )'8�-+  3 �2,.#,  :00,#-$3.�"-$  -,/ �3���  ),!$&'  0�)&'-�)' -37 #'.$5'-�)' .   
�)�2,""  5'.$&',-  /)�*� !$-, 1.�,  3),&( , -'#  #'#  3 .,&  /)$.$&'<-  76'"-$,  &.�!,"-3�  
�8C,#-�3  "$"-,&+  (/')�3'(  #'&,)' , /,)" -0�)&' , *$'0)'�&' , 5'��-�3#' ). �')  /�*',-"(  " *374 
"-�)�.  * (  )'3.�&,).���  /)��),3' , /)$  :-�&  3.'6' ,  3 *$'0)'�&7  /�*',-"(  /') , .'�),-+%  *�  
180—195 °� , /�*  *'3 ,.$,&  1,2 ��'  * (  ,,  /)��),3'  3 -,6,.$,  5 &$. , '  5'-,&  /,),�),-'(  3�*'  "  
-,&/,)'-7)�%  175—180°�  $ *'3 ,.$,&  1,8—2,0 ��'  * (  �8��),3'  $ /),""�3#$  /�#)+9#$  " 
3.7-),..,%  "-�)�.+ . �,),5  2 &$.  /�" ,  /�*'6$  /,),�),-�%  3�*+  3 *$'0)'�&7  3 /')�37<  #'&,)7  
/�"-7/',-  /')  * (  �8��),3'  /�#)+9#$  " .')7!.�%  "-�)�.+ . 
           � (  $"" ,*�3'.$(  $"/� 15�3' '"1  &'-,&'-$6,"#'(  &�*, 1  /)�2,""'  0�)&�3'.$(  $ 
37 #'.$5'2$$  /�#)+9,# . �'5)'8�-'..'(  &�*, 1  /�53� (,-  /)��.�5$)�3'-1  $5&,.,.$,  "),*.,%  
-,&/,)'-7)+  76'"-.$#�3  "�8+-$%, '  $&,..�  &,-'  '  /')�3�%  #'&,)+ , &,-'  '  /),""0�)&+ , 
&'-,)$' '  /�#)+9#$  $ *$'0)'�&+  $ �2,.$3'-1  3, $6$.7  /�-,)1  -,/ �3�%  :.,)�$$  6,),5  
8�#�37<  /�3,)4.�"-1  /')�3�%  #'&,)+  $ /),""0�)&+ . �  "��-3,-"-3$$  " ),� '&,.-�&  /)�2,""  
37 #'.$5'2$$  /�#)+9,#  * $-"(  1,5 6'" . �,&/,)'-7)'  37 #'.$5'2$$  *� !.'  /�**,)!$3'-1"(  .'  
7)�3.,  158 0� .  �,57 1-'-+  )'"6,-�3  /)$3,*,.+  .'  )$"7.#, . 

 
                                                                                                                                            3),&( , "  

�$" . �5&,.,.$,  -,&/,)'-7)+  (0 � ) 3 )'5 $6.+4  -, '4  3 /)�2,"",  37 #'.$5'2$$  (*3,  3,)4.$,  
#)$3+,  – /)��),3  &,-'  '  /')�3�%  #'&,)+  $ /),""0�)&+ ,  -),-1(  "3,)47  /)��),3  *$'0)'�&+ , 
.$!.((  #)$3'(  – /)��),3  /�#)+9#$ ) 
           �'#  " ,*7,-  $5 )$"7.#' ,  -,&/,)'-7)+  -,  $5&,.(<-"(  3 /)�2,"",  /)�*� !$-, 1.�,  
3),&( . �.'6' '  )'5��),3'<-"(  &,-'  $6,"#$,  -, '  �".'"-#$ , '  5'-,&  /)��),3',-"(  "'&'  
/�#)+9#' . �+*,)!$3'.$,  /)$  -,&/,)'-7),  37 #'.$5'2$$  �8,"/,6$3',-"(  3 #�.2,  2$# ' , $ 
/)�*� !',-"(  .,  8� ,,  6'"' . �  4�*,  3+/� .,.$(  2$# '  (  .'8 <*',-"(  5.'6$-, 1.+%  )'"4�*  
-,/ �3�%  :.,)�$$ , 5'-)'6$3',&�%  .'  /�#)+-$,  /�-,)1  3 �#)7!'<=,,  /)�"-)'."-3� . 
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           �,/)�$53�*$-, 1.+,  5'-)'-+  -,/ �-+  3 4�*,  37 #'.$5'2$$  �87" �3 ,.+  5.'6$-, 1.�%  
&'""�%  &,-'  $6,"#$4  #�."-)7#2$%  �".'"-#$ , �)�'.$5'2$,%  /�*'6$  :.,)��.�"$-, ,%  3 : ,&,. -
-+  �".'"-#$ , .,"�3,)9,."-3�&  -,/ �3�%  $5� (2$$  &'9$.+ . ��3,)9,."-3�3'.$,  �-*, 1.+4  
"$"-,&  �8�)7*�3'.$(  /�53� $-  8� ,,  :00,#-$3.�  $"/� 15�3'-1   -,/ �37<  :.,)�$< . 

 
 
 
 

������  �
��
��
���  
"��!�����  ������������'  #��
���  
 �  !�
���
�������
�  !
��%����  

 
�+/� .$  "-7*,.-  �) .��� -421 �$�' �3'  � .� ., )7#�3�*$-, 1  /) . �$9$.  	 .� . 

 
 

�, 1  )'8�-+  "�"-�$-  3 �2,.#,  3�5&�!.�"-$  .�)&' 1.���  �8,"/,6,.$(  # $&'-$6,"#$4  
7" �3$% * (  5'*'..���  /)�$53�*"-3'  /�*9$/.$#�3 . 
	8C,#-�&  $"" ,*�3'.$(  (3 (,-"(  /)�$53�*"-3,..�,  /�&,=,.$, , 3 #�-�)�&  �"7=,"-3 (,- -
"(  $5��-�3 ,.$,  #�&/ ,#-7<=$4  $ "8�)#'  /�*9$/.$#�3  3+"�#�%  -�6.�"-$ . � (  �8,"/, -
6,.$(  7" �3$% /)�$53�*"-3'  3 /�&,=,.$$  .,�84�*$&�  /�**,)!'.$,  -,&/,)'-7)+  3�5-
*79.�%  "),*+  3 �/),*, ,..�&  *$'/'5�.,  -,&/,)'-7) . ;-�-  *$'/'5�.  �/),*, (,-"(  #'#  
-,4.� ��$6,"#$&$  7" �3$(&$ , -'#  $ "'.$-').� -�$�$,.$6,"#$&$  /)'3$ '&$ . � (  /�**,) -
!'.$(  -,&/,)'-7)+  .'  -),87,&�&  7)�3.,  $"/� 157,-"(  # $&'-$6,"#'(  7"-'.�3#' , �8,"/, -
6$3'<='(   -),87,&+,  7" �3$( . �),8�3'.$(  # 7)�3.<  -,&/,)'-7)+  �/),*, (<-"(   �	� -
�'&$ , �'.�$�'&$   $ ��$�'&$  [1,2,3,4]. � (  '.' $5'  3�5&�!.�"-,%  �8,"/,6,.$(  # $&' -
-$6,"#$4  7" �3$% 3 /�&,=,.$$  $"/� 15�3' '"1  &'-,&'-$6,"#'(  &�*, 1 , �*.$&  $5 7)'3., -
.$% #�-�)�%  (3 (,-"(  7)'3.,.$,  �/$"+3'<=,,  $5&,.,.$,  -,&/,)'-7)+  3 /)�$53�*"-3,. -
.�&  /�&,=,.$$ :  

( ) ( ) ( )[ ]{ }ttKFdlSqdlSq
cvdl

dt
tjteqpit

p

-××S+××S+××S×
××

=× 3.

1
r      (1) 

�   ,-.,,  3),&(  /�"-'3=$#'&$  -,/ �-+  3 /)�$53�*"-3,..�,  /�&,=,.$,  " 7!'-  �8�)7*� -
3'.$, , �"3,=,.$, , /,)"�.' , 3.,9.((  "),*'  ('-&�"0,).+%  3�5*74) $ "�",*.$,  /�&,=,.$( , 
$&,<=$,  " 2,4�&  �8=$,  "-,.+ . �  -'8 $2,  /)$3,*,.+  5.'6,.$(  "�"-'3 (<=$4  7)'3.,.$(  
* (  �2,.#$  -,&/,)'-7)+ ,  3 2,4,  )'""6$-'..+,  /�  7" �3$(&  "�8 <*,.$(  -,4.� ��$6,"#$4  
-),8�3'.$%  $ "'.$-').� -�$�$,.$6,"#$4 . � (  ")'3.,.$(  /)$3,*,.+  5.'6,.$(  -,/ �3���  
/�-�#'  3+.�"$&���  3�5*79.+&  /�-�#�& , �8,"/,6$3',&+&  # $&'-$6,"#�%  7"-'.�3#�% .           
�')'&,-)+  3�5*74'  3 /�&,=,.$$  �/),*, (<-"(  7" �3$(&$  �8,"/,6,.$(  -),87,&+4  5.'6, -
.$% /')'&,-)�3  /�  "'.$-').� -�$�$,.$6,"#$&  7" �3$(&  $ /)�$53�*"-3,..+&$  -),8�3'.$ -
(&$ (-,4.� ��$6,"#$&$ ) # /')'&,-)'&  3�5*74'  3 /)�$53�*"-3,..�&  /�&,=,.$$ , .,�84� -
*$&'(  -,&/,)'-7)'  3 /�&,=,.$$  – 19-21°�  "�� '".�  &,-�*$#,  �  ����� .016-02. 
�,/ �/�"-7/ ,.$( ,  /�"-7/'<=$,  3 /)�$53�*"-3,..�,  /�&,=,.$, : �-  �8�)7*�3'.$(  

("-'.#$ ):   nqq teqpiteqp ×= . �-  �"3,-$-, 1.+4  /)$8�)�3   �"3,=,.$( : h×××= �"3qAEqt��) , �-  

/,)"�.' '  /,)6, nqq qtj ×= . 	8&,.  -,/ �-+  " "�",*.$&$  /�&,=,.$( -

&$: ( )21"�""�""�" ttFKq tt -××= . 
        �)$  /,),*'6,  -,/ �-+  6,),5  �*.�" �%.7<  / �"#7<  "-,.#7 , #�:00$2$,.-  -,/ �/,), -
*'6$  )'""6$-+3',-"(  /�  0�)&7 , : 
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�'8 $2'   - �.'6,.$(  "�"-'3 (<=$4  -,/ �3���  8' '."'  /)�$53�*"-3,..���  /�&,=,.$(  

   /�-�# , #�-    
 " 3�5*74�&   

�-  # $&'-$6, - 
"#�% 7"-'.�3#$  

�8�)7*� - 
3'.$,  

/,)"� - 
.'  

�"3,=,.$,  �-  "�",*.$4  
/�&,=,.$%  

$53.,  �-  
'-& . 

3�5*74'  
"'.$-' - 
)$(  

544 292 9,3 59 1,6 25,5 

-,4.� � - 
�$(  

217 292 9,3 59 1,6 25,5 

 
�),87,&+%  -,/ �3�%  /�-�#  3�5*74'  3 /�&,=,.$$  )'""6$-+3',-"(  /�  0�)&7 , : 

( ) tScvq
airptair D××××= r         (3) 

�,57 1-'-+  )'"6,-'  /�#'5+3'<- , 6-�  �*.�3),&,..�,  7*�3 ,-3�),.$,  -),8�3'.$%  "'.$-' -
)$$  $ -,4.� ��$6,"#$4  3�5&�!.�  -� 1#�  /)$  "�#)'=,.$$  ($ 5.'6$-, 1.�& ) #� $6,"-3'  
�8�)7*�3'.$(  3 /�&,=,.$$ , $"/� 15�3'.$$  &,"-.���  �"3,=,.$(  .'  )'8�6,&  &,"-, ).      
�)$  3+/� .,.$$  "'.$-').� -�$�$,.$6,"#$4  .�)&  .,3�5&�!.�  3+/� .$-1  -,4.� ��$6,"#$,  
-),8�3'.$( , - .#. *$'/'5�.  $5&,.,.$(  -,&/,)'-7)+  3�5*74'  * (  -,4.� ��$6,"#$4  7" �3$% 3 
2,5 )'5'  7!, .        

�/$"�#  �8�5.'6,.$%  

�  – / �='*1  /� '  /�&,=,.$( ; pairc  – -,/ �,&#�"-1  3�5*74' , #�! /(#�×� ); �  – .�)&'-$3.'(  
�"3,=,..�"-1 ;  Ft - / �='*1  /�3,)4.�"-$  -,/ ��8&,.' ;    � t - #�:00$2$,.-  -,/ �/,),*' -

6$; tairq - -,/ �3�%  /�-�#  7.�"$&+%  " 3�5*74�&  $5 /�&,=,.$( ; q�)5  – 7*, 1.+,  -,/ �3+ -

*, ,.$(  �-   <&$.,"2,.-.+4   '&/ ; S - / �='*1  /�/,),6.���  ",6,.$(  /�&,=,.$( ; 21 , tt  - 
5.'6,.$,  -,&/,)'-7)+  "��-3,-"-3,..�  .'  /�3,)4.�"-(4  "-,.#$  1 $ 2;  tD  *$'/'5�.  3�5-

&�!.���  $5&,.,.$(  -,&/,)'-7)+  3�5*74'  3 /�&,=,.$$ ;  airv - *�/7"-$&'(  /�  "'.$-').+&  
7" �3$(&  "#�)�"-1  3�5*74' ; E�)5  – *� (  -,/ �3�%  :.,)�$$ , /�/'*'<=,%  3 /�&,=,.$,  �-  
 <&$.,"2,.-.+4   '&/ , 7"-'.�3 ,..+4  .'  7)�3.,  /�*9$3.���  /�-� #'  = 1; F1 �  F2 - #�:0 -
0$2$,.-+  -,/ ��-*'6$ , "��-3,-"-3,..� , �-  ��)(6,��  -,/ �.�"$-, (  # )'5*, (<=,%  "-,.#,  
$ �-  "-,.#$  # 4� �*.�&7  -,/ �.�"$-, < ;  �*,   - -� =$.'  "-,.#$ , &; - #�:00$2$,.-  

-,/ �/)�3�*.�"-$  &'-,)$' ' . 
�/$"�#   $-,)'-7)+ : 

1. ��$�  2.04.05-91. 	-�/ ,.$, , 3,.-$ (2$(  $ #�.*$2$�.$)�3'.$, / ��""-)�%  ��""$$ . 
- � .: ���  ��� , 1997. 
2. �'.�$�  2.2.4.548-96. �$�$,.$6,"#$,  -),8�3'.$(  # &$#)�# $&'-7  
/)�$53�*"-3,..+4  /�&,=,.$% : �'.$-').+,  /)'3$ '  $ .�)&+  - � .:�.0�)&'2$�..� -
$5*'-, 1"#$%  2,.-)  �$.5*)'3'  ��""$$ , 1997. 
3. �	��  12.1.005-88 «��
� . ��5*74  )'8�6,%  5�.+ . 	8=$,  "'.$-').� -�$�$,.$6,"#$,  
-),8�3'.$( ». 
4. ��  60.13330.2012 ��$�  41-01-2003 «	-�/ ,.$, , 3,.-$ (2$(  $ 
#�.*$2$�.$)�3'.$,  3�5*74' ». 
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* ���  (0- ) �� ���� , � .�� !"#$%  

�'!.,%9,%  :#� ��$6,"#�%  /)�8 ,&�%  (3 (,-"(  /),*�-3)'=,.$,  .'#�/ ,.$(  /� $ -
&,).+4  �-4�*�3  – 8 '��*')(  3+"�#�%  "-�%#�"-$  # 3�5*,%"-3$<  0'#-�)�3  ,"-,"-3,..�%  
"),*+  /� $&,).+,  &'-,)$' +  .,  )'5 '�'<-"(  3 .,% * $-, 1.�,  3),&( .  �;�� -87-+ #$  – 
3'!.,%9$%  ",�&,.-  /� $&,).+4  �-4�*�3  ()$"7.�#  1). 	*.$&  $5 /,)"/,#-$3.+4  .'/)'3 -
 ,.$%  /)$&,.,.$(  3-�)$6.���  �;��  (3 (,-"(  $"/� 15�3'.$,  ,��  * (  /)�$53�*"-3'  "-)� -
$-, 1.+4  $ *,#�)'-$3.+4  &'-,)$' �3 . 

 

�$"7.�#  1 – �)�$53�*"-3�  87-+ �6.���  �;�  3 ��  5'  /,)$�*  2013-2016�� . 

�, 1<  *'..�%  )'8�-+  (3 (,-"(  $576,.$,  3�5&�!.�"-$  $"/� 15�3'.$(  �;� -�-4�*�3  
3 #'6,"-3,  97&�/�� �='<=,��  .'/� .,.$(  '#7"-$6,"#$4  &�*7 ,%  * (  �8 $2�3#$ . �  "� -
�-3,-"-3$$  " 2, 1<  "0�)&7 $)�3'.+  " ,*7<=$,  5'*'6$ : 

-  )'5)'8�-'-1  #�."-)7#2$<  '#7"-$6,"#���  &�*7 (  * (  �8 $2�3#$  3.7-),..$4  
/�3,)4.�"-,%  /�&,=,.$(  " 2, 1<  ".$!,.$(  $.-,."$3.�"-$  �-)'!,.$(  537#�3+4 3� . ; 

-  $"" ,*�3'-1  3�5&�!.�"-1  $"/� 15�3'.$(  �;�� -0 ,#"�3  3 #'6,"-3,  97&� -
/�� �='<=,��  .'/� .$-, (  '#7"-$6,"#���  &�*7 ( . 

�),* �!,.'  #�."-)7#2$('#7"-$6,"#���&�*7 ( , 3# <6'<='(  3.,9.<<  537#�/)� -
5)'6.7<  �8� �6#7 , �8)'57<=7<  5'&#.7-7<  #')#'" , /� �"-1  #�-�)���  5'/� .,.'  �;�� -
0 ,#"'&$ . �.,9.((  537#�/)�5)'6.'(  �8� �6#'  1 3+/� .,.'  $5 "/ �9.���  " �(   $"-�3���  
/� $&,).���  &'-,)$' ' , /,)0�)$)�3'..���  "#3�5.+&$  �-3,)"-$(&$  ()$"7.�#  2), 537#�-
/)�.$2',&+%  /,)0�)$)�3'..+%  #')#'"  1 *� !,.  8+-1 5'=$=,.  5'=$-.�%  �8� �6#�%  2, 
/),/(-"-37<=,%  /�/'*'.$<  /+ ,3$*.+4  6'"-$2  537#�/�� �='<=,��  &'-,)$' '  3 �#)7 -
!'<=7<  "),*7 . 

 

 

 

 

 

 

 

 

�$"7.�#  2 – �4,&'  '#7"-$6,"#���  &�*7 (   

�37#�/�� �='<=$%  .'/� .$-, 1 , .'4�*(=$%"(  3 5'&#.7-�%  /� �"-$  537#�/)�.$ -
2',&���  #')#'"' , /),*"-'3 ,.  �8�"�8 ,..+&$  *)�8 ,.+&$  : ,&,.-'&$  – �;�� -

1 – 537#�/)�5)'6.+%  /,)0�)$)�3'..+%  #')#'" ,  
2 – 537#�/)�5)'6.'(  / ,.�6.'(  07-,)�3#' ,  
3 – �;�� -0 ,#"+ ,  
4 –#),/ ,.$, ,  
5 –��)'!*,.$,  
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0 ,#"'&$ , /)�$53,*,..+&$  $5 7-$ $5$)7,&+4  �-4�*�3  (�;� -87-+ �# ) /7-,&  &,4'.$6, -
"#���  $5&, 16,.$( . �;��  – 0 ,#"+   3 #'6,"-3,  .'/� .$-, (  '#7"-$6,"#$4  &�*, ,%  .,  
-),87<-  "�)-$)�3#$  /�  23,-'&  $ �-*, ,.$,  �-  *)7�$4  /� $&,).+4  �-4�*�3 , 6-�  "7=, -
"-3,..�  ".$!',-  5'-)'-+  .'  ,��  $5��-�3 ,.$,  .'/� .$-, (  &�*7 (  $, " ,*�3'-, 1.� , &� -
*7 (  3 2, �& . 

�)$  :-�&  �8C,&  #'!*���  $5 �8�"�8 ,..+4  *)�8 ,.+4  537#�/�� �='<=$4  0)'� -
&,.-�3  .'4�*$-"(  3 *$'/'5�.,  3,4*10-7…1,1*10-6&3, '  / �-.�"-1  5'/� .,.$(  $&$ 5'&#.7 -
-�% /� �"-$ , �8)'5�3'..�%  3.,9.$&  537#�/)�.$2',&+&  /,)0�)$)�3'..+&  #')#'"�& , "� -
"-'3 (,-R =260-400#�/&3. �&,"$  5'*'3',&+4  3 �/),*, ,..+4  /)�/�)2$(4  "�6,-'.$%  )'5 -
 $6.+4  0)'#2$% �;�� -4 �/1,3 , 6-�  /�53� $-  .'/)'3 ,..�  7/)'3 (-1  2, ,3+&$  "3�%-
"-3'&$  ('#7"-$6,"#$&$ , 3,"�3+&$ , / �-.�"-.+&$ ) 97&�/�� �='<=,��.'/� .$-, (  &� -
*7 ( . � (  �2,.#$  :00,#-$3.�"-$  537#�/�� �='<=,��  &�*7 (  .'  �".�3,  �;�� -0 ,#"�3  
8+ $  /�*��-�3 ,.+  �8)'52+  "7&&').�%  -� =$.�%  10 &&: / '"-$#�3+%  /,)0�)$)�3'..+%  
537#�/)�.$2',&+%  #�.-,%.,)  .'8$3' $  "&,"1<  �;�� -4 �/1,3  0)'#2$$ , "-,/,.1<  
.'8$3#$  ),�7 $)7(  / �-.�"-1  97&�/�� �='<=,��  " �( . 

� (  �2,.#$  :00,#-$3.�"-$  &�*7 (  "�8)'.'  7"-'.�3#'  $5 /,),*'<=,��  -)'#-' , 
3# <6'<=,��  3 ",8(  $"-�6.$#  537#', $ 537#�$5&,)$-, 1.���  -)'#-' , .'  3+4�*,  #�-�)���  
7"-'.�3 ,.  97&�&,) LSM-20. �'  /7-$  537#�3�% 3� .+  7"-'.'3 $3' '"1  97&�/�� �='< -
='(  /,),��)�*#'  $5 $"/+-7,&���  �8)'52' , '  -'#!,  �8)'52�3  $5 0'.,)+  $ /,.�/� $"-$)� -
 ' . �  #'6,"-3,  /�#'5'-, (  :00,#-$3.�"-$  /)$.(-�  '8"� <-.�,  ".$!,.$,  7)�3.(  537#�3���  
*'3 ,.$(  3 )'5 $6.+4  �#-'3.+4  6'"-�-'4  /)$  $"/� 15�3'.$$  /,),��)�*#$  – 3+9,�/$"'. -
.���  �8)'52' . 

�)'0$#  .'  )$"7.#,  3 /�53� (,-  /)�$53,"-$  ")'3.$-, 1.7<  �2,.#7  :00,#-$3.�"-$  
537#�/�� �=,.$(  )'5 $6.+4  &'-,)$' �3  3 �#-'3.+4  6'"-�-'4 . 
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�$"7.�#  2 - �)'3.$-, 1.'(  �2,.#'  :00,#-$3.�"-$  537#�/�� �=,.$(  )'5 $6.+4  &' -
-,)$' �3  3 �#-'3.+4  6'"-�-'4  

�),$&7=,"-3�&  /),* '�',&+4  '#7"-$6,"#$4  &�*7 ,%  (3 (,-"(  $"/� 15�3'.$,  
.'/� .$-, ( , �8 '*'<=,��  3+"�#�:00,#-$3.+&$  537#�/�� �='<=$&$  "3�%"-3'&$  /)$  
.$5#�% / �-.�"-$ , #)'%.,  .$5#�% �$�)�"#�/$6.�"-$  $ .$5#�% "-�$&�"-$ .  

�)$&,.,.$,  7#'5'..+4  &�*7 ,%  .,  -� 1#�  "7=,"-3,..�  7 769',-  '#7"-$6,"#$% 
#�&0�)-  3 9$)�#�&  6'"-�-.�&  *$'/'5�.,  3 /)�$53�*"-3,..+4  $ �8=,"-3,..+4  5*'.$(4  $ 
.,  -),87,-  "7=,"-3,..+4  &'-,)$' 1.+4  $ -)7*�3+4  5'-)'- , .�  $ ),9',-  5'*'67  7-$ $5' -
2$$ /� $&,).+4  �-4�*�3  – �;� -87-+ �# . 
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#�#�(����  &�
�
������
�  ���#����  �  � , �
����
�  �   
���#�*����  
!���������  ���(�#��
�  ����  

 
�,. . *$),#-�)  ���  «�� !"#'(  '3-�#� �..'  B  1732», #.- .. . �,)$#�3  � .� ., *�2,.-  

#'0,*)+  «�3-�&�8$ 1.+%  -)'."/�)- » ���  #.- .. . �,).�3'  � .� ., 5'&. .'6 . ���  ���  
«�� !"#'(  '3-�#� �..'  B  1732» �,).�3  � .� . 

 
�),8�3'.$(  8,5�/'".�%  /,),3�5#$  /'""'!$)�3  �8=,"-3,..+&  -)'."/�)-�&  3# < -

6'<-  3 ",8(  8,5�/'".�"-1  7" 7�  * (  !$5.$ , 5*�)�31( , $&7=,"-3'  /'""'!$)�3  $ �#)7!'< -
=,% "),*+"�� '".�  .�&,.# '-7)+  /�#'5'-, ,%  #'6,"-3'  /'""'!$)"#$4  /,),3�5�#  [1].� (  
:-���  /,),3�56$#$  .,5'3$"$&�  �-  0�)&+  "�8"-3,..�"-$  *� !.+  �8,"/,6$-1  .'*@!.�"-1  
'3-�87"' , .'*@!.�"-1  3�*$-, (  $ �8,"/,6$-1  �4)'.7  �#)7!'<=,%  "),*+ . 

�  1 (.3')(  2014 ��*'  *� !.+  3+/� .(-1"(  -),8�3'.$(  :#� ��$6,"#���  "-'.*')-'  
�3)� -5. 	8,"/,6,.$,  :#� ��$6,"#$4  .�)&'-$3�3  *� !.+  8+-1 *�"-$�.7-+  5' "6@- $"/� 1 -
5�3'.$(  '3-�87"'&$    #�&/)$&$)�3'..���  /)$)�*.���  �'5'  &,-'.  3 #'6,"-3,  �'5�&�-�).� -
��  -�/ $3' , -'#  #'#  /)$  "��)'.$$  /)'#-$6,"#$  .,  3+*, (<-"(  7� ,3�*�)�*+ . �,),3�*  '3 -
-�87"�3  .'  "!$!,..�,  �'5��8)'5.�,  -�/ $3�  (/)�/'. -87-'. ) :#� ��$6,"#7<  �8"-'.�3#7  3 
��)�*'4  .,  7 769',- , 7&,.19'<-"(  -� 1#�  5'-)'-+  .'  -�/ $3�  3 �8=$4  5'-)'-'4  /,),3�5 -
6$#�3. 

�3, $6,.$,  3 ��)�*,  �� !"#�&  &')9)7-.+4  -'#"$  /)$3, �  # )�"-7  6$" '  *�)�! -
.� --)'."/�)-.+4  /)�$"9,"-3$%  $ 747*9,.$<  :#� ��$6,"#�%  �8"-'.�3#$  5' "6@- 73, $6, -
.$(  #� $6,"-3'  3+4 �/.+4  �'5�3 . �)�&,  -��� , 3 ��)�*,  5.'6$-, 1.�  3+)�"  7)�3,.1  '3-� -
&�8$ $5'2$$ .�� $6,"-3�  '3-�&�8$ ,%  .'  1000 !$-, ,%  ��)�*'  3 2003 ��*78+ �  129,8, '  3 
2016 ��*7*�"-$�  5.'6,.$(  474 ()$" . 1). 

� (  �/),*, ,.$(  3+8)�"�3  �-  �8=,"-3,..���  '3-�-)'."/�)-'  /)$&,.(,-"(  &,-�*$ -
#'  ��"#�&$-,-'  ��  /�  �4)'.,  �#)7!'<=,%  "),*+  [2]. �)�$53,*,.  )'"6@- #� $6,"-3'  3+-
8)�"�3  3),*.+4  3,=,"-3  �-  3+4 �/.+4  �'5�3  '3-�87"�3  /�  ),#�&,.*7,&+&  /)�8,��3+&  
7*, 1.+&  3+8)�"'&  3),*.+4  3,=,"-3 . � (  *$5, 1.+4  '3-�87"�3  $ &$#)�'3-�87"�3 , )'8� -
-'<=$4  .'  "!$!,..�&  .,0-(.�&  �'5,  (/)�/'. -87-'. ) �/),*, ,.+  "7&&').+,  3+8)�"+  
3),*.+4  3,=,"-3  .'  "),*.$%  ��*�3�%  /)�8,�  80000 #& * (  ��)�*'  $ 20800 #& * (  /)$�� -
)�*' . 

 

 
�$" . 1. �5&,.,.$,  7)�3.(  '3-�&�8$ $5'2$$  3 ��)�*,  �� !"#�& . 
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	8=,"-3,..+%  -)'."/�)-  3# <6',-  3 ",8(  17--$ &')9)7-�3  &7.$2$/' 1.+4  '3-� -
87"�3  3 #� $6,"-3,  96 ,*$.$2 , 25--$ &')9)7-�3  6'"-.+4  /,),3�56$#�3  .'  '3-�87"'4  &' �%  
3&,"-$&�"-$  «���, 1 » 3 #� $6,"-3,  512 ,*$.$2  $ 7-&$ -)'&3'%.+4  &')9)7-�3  " 36-<  
3'��.'&$  ()$" . 2). 

 

 
�$" . 3. ��"-'3  �8=,"-3,..���  -)'."/�)-'  ��)�*'  �� !"#��� . 

 

 
�$" . 4. �)�2,.-.�,  "��-.�9,.$,  &7.$2$/' 1.+4  $ 6'"-.+4  '3-�87"�3 . 

 
�� $6,"-3�  &')9)7-.+4  -'#"$  "�"-'3 (,-  84% �-  �8=,��  #� $6,"-3'  '3-�87"�3 , '  

&7.$2$/' 1.+,  '3-�87"+  "�"-'3 (<-  -� 1#�  16%. �  ),57 1-'-,  �"-'.�3�6.+,  /7.#-+  �� -
)�*'  .,  �8,"/,6$3'<-  8� 19�%  34�*(=$%  /�-�#  '3-�87"�3 , /�:-�&7  '3-�87"+  �"-'.'3 $ -
3'<-"(  *'!,  3 *3'  $ -)$  )(*'  * (  3+"'*#$  $ /�"'*#$  /'""'!$)�3 .  

�5&,.,.$,  #� $6,"-3'  3+8)�"�3  3),*.+4  3,=,"-3  5' /,)$�*  " 1998 ��*'  /�  2015 
��*  /),*"-'3 ,.�  .'  )$" . 5.  
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�$" . 5. �5&,.,.$,  #� $6,"-3'  3+8)�"�3  3),*.+4  3,=,"-3  5' /,)$�*  " 1998 ��*'  /�  

2015 ��* . 
 
�� $6,"-3�  3+8)�"�3  3),*.+4  3,=,"-3  �-  3+4 �/.+4  �'5�3  '3-�87"�3  &' �%  3&,-

"-$&�"-$  73, $6$ �"1  " 1998 /�  2013 ��*  " 234 *�  4431 -�.. . �  2014 ��*'  #� $6,"-3�  3+-
8)�"�3  7&,.19$ �"1  $5-5' 7&,.19,.$(  #� $6,"-3'  &')9)7-.+4  -'#"$ . �  2015 $ 3 2016 
��*'4  3+8)�"�3  "-' �  4326 -�..  $5-5' 7&,.19,.$(  #� $6,"-3'  &')9)7-.+4  -'#"$ . � (  '3 -
-�87"�3  ���  ���  B 1732, )'8�-'<=$4  .'  *$5, 1.�&  -�/ $3,  #� $6,"-3�  3+8)�"�3  
/)'#-$6,"#$  .,  $5&,.$ �"1  $ *'!,  7&,.19$ �"1  /�  ")'3.,.$<  " 1998 ��*�&  " 216,8 -  *�  
204,6 -  5' "6@- ".$!,.$(  #� $6,"-3'  '3-�87"�3  3 :#"/ 7'-'2$$ . 

�� $6,"-3�  3),*.+4  3,=,"-3 , /)$4�*(=$4"(  .'  �*.���  !$-, (  73, $6$ �"1  " 1998 
/�  2015 ��*'  /�6-$  3 *,"(-1  )'5 , " 1,4 #� *�  14,44 #� 5' "6@- 73, $6,.$(  #� $6,"-3'  �8=, -
"-3,..���  -)'."/�)-' . 

�)$  /,),4�*,  .'  &�-�).�,  -�/ $3�  ���  (&,-'. ) #� $6,"-3�  3+8)�"�3 , /)$4�*( -
=$4"(  .'  1 '3-�87"  3 2 )'5'  &,.19, , 6,& .'  "!$!,..�&  �'5,  (/)�/'. -87-'. ). 

�  2014 ��*'  6'"-.+,  /,),3�56$#$  /'""'!$)�3  .'  '3-�87"'4  ���, 1/�"-,/,..�  "-' -
 $  /,),4�*$-1  .'  ��� . ��:-�&7  &�!.�  /),*/� �!$-1 , 6-�  /)$  /,),4�*,  3",4  &$#)�'3-� -
87"�3  .'  &,-'.  #� $6,"-3�  3+8)�"�3  3),*.+4  3,=,"-3  �-  3+4 �/.+4  �'5�3  7&,.19$-"(  3 
2 )'5' . 	*.'#�  #� $6,"-3�  3+8)�"�3  �"-'@-"(  �6,.1  8� 19$&  $ &�!,-  "�"-'3$-1  2215 
- /��*  3&,"-�  4431 - /��*  3 " 76',  /)$&,.,.$(  &,-'.'  .'  3",4  '3-�87"'4  &' �%  3&,"-$&� -
"-$ . 

��� '".�  �-6@-'  �
�  «� 7!8'  �4)'.+  �#)7!'<=,%  "),*+ »  5' 2013 � . [3] 3 � . 
�� !"#�&/)'#-$6,"#$  .'  3",4   "-'2$�.').+4  :#� ��$6,"#$4   /�"-'4 , )'"/� �!,..+4  .'  
/,),",6,.$(4  7 $2  ��)�*' , .'8 <*' �"1  /),3+9,.$,  �#"$*'  7� ,)�*'  *�  4 )'5 . �  2016 �� -
*7 /),3+9,.$,  �#"$*'  7� ,)�*'  3 1,2 )'5'  .'8 <*' �"1  -� 1#�  .'  �*.�&  "-'2$�.').�&  
/�"-7 [4]. 

�� $6,"-3�  8� 1.+4 , "�"-�(=$4  .'  76@-, 3 �.#�*$"/'.",),  � . �� !"#���  " 2002 
��*'  (*'..+,  )'.,,  2002 �-"7-"-37<- ) .,7# �..�  )'"-@- . �  2002 ��*7  #� $6,"-3�  "�"-�( -
=$4 .'  76@-, "�"-'3$ �  4869 6, �3,# , '  3 2013 ��*7  7231 6, �3,# . �6$-+3'( , 6-�  *,(-, 1 -
.�"-1  /),*/)$(-$%  ��)�*'  )'53$3' '"1  .,  3 -'#�%  /)��),""$$ , #'#  73, $6,.$,  -)'."/�)-' , 
&�!.�  /),*/� �!$-1 , 6-�  �*.$&  $5 0'#-�)�3  73, $6,.$(  6$" '  �.#�5'8� ,39$4  (3 (,-"(  
73, $6,.$,  -)'."/�)-' . 

�'"/�)(!,.$,  �)'3$-, 1"-3'  ��  �-  13 &'(  2013 � . B 767-)  .'/)'3 ,.�  .'  )'5)'8�- -
#7 #�&/ ,#"'  &,)  .'  "�5*'.$,  7" �3$% * (  *�3,*,.$(  # 2020 ��*7  3 "78C,#-'4  ��  7)�3.(  
$"/� 15�3'.$(  /)$)�*.���  �'5'  3 #'6,"-3,  &�-�).���  -�/ $3'  .'  �8=,"-3,..�&  '3-�&� -
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8$ 1.�&  -)'."/�)-, . �  6'"-.�"-$  * (  ��)�*�3  " 6$" ,..�"-1<  .'", ,.$(  8� ,,  300 -+" . 
6, �3,#  /),*/� '�',-"(  $"/� 15�3'.$,  '3-�87"�3 , )'8�-'<=$4  .'  ���  *�  30 % �8=,��  
#� $6,"-3'  ,*$.$2  -,4.$#$  " "78"$*$)�3'.$,&   3 2, (4  �8.�3 ,.$(  '3-�87".���  /')#' .  

 

 
�$" . 6. �� $6,"-3�  /,),3�5$&+4  /'""'!$)�3  3 "7-#$. 

 
�  "7-#$ #� $6,"-3�  /,),3�5$&+4  /'""'!$)�3  3",&$ 3$*'&$  �8=,"-3,..���  -)'." -

/�)-'  "�"-'3 (,-  108570 /'""'!$)�3 . 65% /'""'!$)�3  /,),3�5(-  &')9)7-.+,  -'#"$  ()$" . 
6).  �)$6@& 3 �".�3.�&  3,"1 /'""'!$)�/�-�#  "�"),*�-�6,.  .'  �".�3.+4  7 $2'4  ��)�*'  
�� !"#���  – 7 $2,  �$)'  $ /)�"/,#-,  �,.$.'  ()$" . 7). ��  :-$&  7 $2'&  $ /)�4�*(-  3 �" -
.�3.�&  3",  &')9)7-+  &')9)7-.+4  -'#"$ . � (  -'#$4  /'""'!$)�/�-�#�3  .,�84�*$&�  $"-
/� 15�3'.$,  .'  &')9)7-'4  '3-�87"+  8� 19�%  $ "),*.,%  3&,"-$&�"-$ . ;-�  /�53� $-  
7&,.19$-1  #� $6,"-3�  �8=,"-3,..���  -)'."/�)-' , 3 6'"-.�"-$  &')9)7-.+4  -'#"$  $ 
7 769$-1  :#� ��$6,"#7<  �8"-'.�3#7  3 ��)�*, .  

 

 
�$" . 7. �'""'!$)�/�-�#$  ��)�*'  �� !"#��� . 
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��� '".�  ��#7&,.-'  / '.$)�3'.$(  ��)�*"#�%  �*&$.$"-)'2$$  3 ),57 1-'-,  �/-$ -
&$5'2$$ &')9)7-.�%  ",-$  .'  /,)3�&  :-'/,  #� $6,"-3�  &')9)7-.+4  -'#"$  7&,.19$-"(  .'  
193 ,*$.$2+ , .'  3-�)�&  :-'/,  �/-$&$5'2$$  #� $6,"-3�  &')9)7-.+4  -'#"$  -'#!,  7&,.1 -
9$-"( .  

 
�$" .8. 60-&,"-.+%  �'5�3+%  '3-�87"  /)�$53�*"-3'  �7)�'."#���  '3-�87".���  5'3�*' . 

 

 
�$" . 9. 110-&,"-.+%  �'5�3+%  '3-�87"  «VOLGABUS-5270.G2». 

 
�  ),57 1-'-,  /)$�8),-,.$(  &7.$2$/' 1.�%  '3-�#� �..�%  50--$ .�3+4  '3-�87"�3  

.'  &�-�).�&  -�/ $3,  &,-'.  ()$" . 8) $ /)$&,.,.$(  .'  &')9)7-'4  �'5�3+4  '3-�87"�3 , /� 7 -
6,..+4  /�  ��"7*')"-3,..�%  /)��)'&&,  3 2015 $ 2016 ��*'4  ()$" . 9) / '.$)7,-"(  .'  3",4  
�".�3.+4  &')9)7-'4  $"/� 15�3'.$,  '3-�87"�3  -� 1#�  8� 19�%  $ "),*.,%  3&,"-$&�"-$ . 
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�$" . 10. �),8�3'.$(  # �8=,"-3,..�&7  -)'."/�)-7 . 

 
�  .'9,  3),&(  /)$  3+8�),  �8=,"-3,..���  -)'."/�)-'  .,�84�*$&�  .,  /)�"-�  �/), -

*, $-1  3&,"-$&�"-1  '3-�87"'  3 "��-3,-"-3$$  " /'""'!$)�/�-�#'&$ .  
	8=,"-3,..+%  -)'."/�)-  *� !,.  8+-1 /)$3 ,#'-, 1.+&  * (  /'""'!$)�3 : :#� � -

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

 

 
�$" . 11. �3-�&'-$5$)�3'..'(  "$"-,&'  �/ '-+  /)�,5*' . 

 
� (  7 769,.$(  #'6,"-3'  �8" 7!$3'.$(  /'""'!$)�3  .'  �8=,"-3,..�&  -)'."/�)-,  

/ '.$)7,-"(  3.,*)$-1  '3-�&'-$5$)�3'..7<  "$"-,&7  �/ '-+  /)�,5*'  " $"/� 15�3'.$,&  
-)'."/�)-.+4  #')-  3",&$  #'-,��)$(&$  .'", ,.$(  " �/),*, @..�%  "$"-,&�%  "#$*�# .  
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�  ),57 1-'-,  3",4  /,),6$" ,..+4  &,)�/)$(-$%  �!$*',-"(  $ 7 769,.$,  :#� ��$$  
��)�*'  �� !"#���  $ 7 769,.$,  #'6,"-3'  /,),3�5�#  /'""'!$)�3 . 

 
�$-,)'-7)'  
1. �	��  � 51004-96. ��&,.# '-7)'  /�#'5'-, ,%  #'6,"-3'  /'""'!$)"#$4  /,),3�5�# . 
2. �,-�*$#'  ��"#�&$-,-'  ��  /�  �4)'.,  �#)7!'<=,%  "),*+  * (  �/),*, ,.$(  3+-

8)�"�3  '3-�-)'."/�)-'  * (  /)�3,*,.$(  "3�*.+4  )'"6@-�3  5'�)(5.,.$(  '-&�"0,)+  ��)�*�3 . 
�-3 . /)$#'5�&  ��"#�&:#� ��$$  ��""$$  B  66 �-  16 0,3)' (  1999 ��*'  (*,%"-37<='(  ), -
*'#2$( ). 

3. 	-6@- �  "�"-�(.$$  �#)7!'<=,%  "),*+  ��)�*"#���  �#)7�'  – ��)�*  �� !"#$%  
�� ���)'*"#�%  �8 '"-$  3 2013 ��*7 . � . �� !"#$% , 2014 � . 

4. 	-6@- �  "�"-�(.$$  �#)7!'<=,%  "),*+  ��)�*"#���  �#)7�'  – ��)�*  �� !"#$%  
�� ���)'*"#�%  �8 '"-$  3 2016 ��*7 . � . �� !"#$% , 2017 � . 

 
 
 
 
 


�
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����
����  �  ����������  �������������'  
!���
�  ��  �
�������'  !���!�� �� '  

 
#.: .. ., *�2,.-  #'0,*)+  �;� , ��)87.�3'  � .� . 

"- . �) . ��� -426, �$/',3  � .� . ���  (0$ $' ) �� ����  
 
�)�2,""  "-)'-,�$6,"#���  / '.$)�3'.$(  (3 (,-"(  $."-)7&,.-�& , " /�&�=1<  

#�-�)���  �8�".�3+3'<-"(  7/)'3 ,.6,"#$,  ),9,.$(  3 �8 '"-$  4�5(%"-3,..�%  
*,(-, 1.�"-$ . ���  3'!.,%9'(  5'*'6'  �8,"/,6$-1  .�3�33,*,.$(  $ �)�'.$5'2$�..+,  
$5&,.,.$( , .,�84�*$&+,  * (  !$5.,*,(-, 1.�"-$  /),*/)$(-$( , :-�  $ �87" �3$ �  
'#-7' 1.�"-1  .'/$"'.$(  *'..�%  "-'-1$ . 

�-)'-,�$6,"#�,  / '.$)�3'.$,  (3 (,-"(  "$"-,&'-$5$)�3'..+&  $  ��$6,"#$&  /)� -
2,""�& , �".�3'..+&  .'  /)��),""$3.�&  &+9 ,.$$ , $"#7""-3,  /)��.�5$)�3'.$( , $"" ,*� -
3'.$(  $ 3+8�)'  .,�84�*$&+4  ' 1-,).'-$3 . 

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

�-)'-,�$6,"#$%  / '.  /�53� (,-  �/),*, $-1  ),' 1.+,  3�5&�!.�"-$  )'53$-$(  " 76,-
-�&  ),"7)".+4  ��)'.$6,.$% . 	".�3.+&$  5'*'6'&$  "-)'-,�$6,"#���  / '.$)�3'.$(  (3 ( -
<-"( : �/),*, ,.$,  .7!.+4  /� $-$6,"#$4  ),9,.$% , �2,.#'  87*7=,��  "�"-�(.$(  :#�.�&$ -
#$ $ /�-),8.�"-$  3 *'..�%  /)�*7#2$$ , �2,.#'  .,�84�*$&+4  /)�$53�*"-3,..+4  &�=.� -
"-,% 3 87*7=,& , /),*3')$-, 1.'(  �2,.#'  )'5&,)'  3�5&�!.+4  #'/$-' 1.+4  3 �!,.$% . �  
5'3$"$&�"-$  �-  -��� , #-�  /)$.$&',-  ),9,.$( , / '.$)�3'.$,  &�!,-  8+-1 *,2,.-)' $5� -
3'..�,  (".$57 – 33,)4 ), 2,.-)' $5�3'..�,  ("3,)47  – 3.$5), $ $.-,)'#-$3.�,  (3�  35'$&�*,% -
"-3$$). 

�)$  "�"-'3 ,.$$  "-)'-,�$6,"#���  / '.'  .,�84�*$&�  76$-+3'-1 , 6-�  "-)'-,�$$  
/),*/)$(-$(  "-)�(-"(  /�  $,)')4$6,"#�&7  /)$.2$/7 , 4�5(%"-3,..'(  *,(-, 1.�"-1  #�-�)���  
$ ,��  "-)'-,�$(  35'$&�"3(5'.+ . �)$  :-�&  35'$&�"3(5'.+  "-)'-,�$(  $ -'#-$#'  /),*/)$(-$( . 

�  �- $6$,  �-  /),*9,"-3�3'39,��  ,&7 *� ��")�6.���  / '.$)�3'.$(  "-)'-,�$6,"#�,  
/ '.$)�3'.$,  (3 (,-"(  5.'6$-, 1.�  8� ,,  " �!.+&  /)�2,""�& , 3 $(<=$&  .'  �)�'.$5' -
2$< . ��.'6' 7  "-)'-,�$6,"#�,  / '.$)�3'.$,  3+5+3' �  .'  )�""$%"#$4  /),*/)$(-$(4   "� -
/)�-$3 ,.$,  $ .,  *'3' �  !, ',&���  ),57 1-'-�3  3 ,,  *,(-, 1.�"-$ . 

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



 148 
 

*�3'-, 1.� , 5.'6$-, 1.+,  ),5,)3+ , "3(5'..+,  " !$5.,"/�"�8.�"-1<  4�5(%"-3�3'.$( , " , -
*7,-  $"#'-1  .'  7)�3.,  /),*/)$(-$%  $ �8C,*$.,.$% . �-�8+  $4 ),' $5�3'-1 , #'!*�,  )�""$% -
"#�,  /),*/)$(-$,  *� !.�  $&,-1 "-)��7< , �)�'.$5�3'..7< , &,"-'&$  !,"-#7< , .�  3 -�  !,  
3),&(  ��-�37<  #  <8+&  $5&,.,.$(&  "�  "-�)�.+  8797<=,%  "-$4$$ )+.#' , "$"-,&7  "-)' -
-,�$6,"#���  / '.$)�3'.$( . 

�  )+.�6.+4  7" �3$(4  /),*/)$(-$,  9$)�#�  $"/� 157,-  /),$&7=,"-3'  / '.$)�3' -
.$(  3 #�.#7),.-.�%  8�)18, . �' $6$,  *,-' 1.�  )'5)'8�-'..���  / '.'  /�53� (,-  '#-$3.,,  
)'53$3'-1  /),*/)$.$&'-, 1"-3� , /)$3 ,#'-1  $.3,"-�)�3 , /')-.,)�3  $ #),*$-.+,  ),"7)"+ . 

	*.$&  $5 /),*&,-�3  3,*,.$(  &,"-.���  "'&�7/)'3 ,.$(  (3 (,-"(  #�&/ ,#".�,  "� -
2$' 1.� -:#�.�&$6,"#�,  )'53$-$,  -,))$-�)$$  &7.$2$/' 1.���  �8)'5�3'.$( . �� 1  $ 5.'6, -
.$,  "-)'-,�$6,"#���  /�*4�*'  3 7/)'3 ,.$$  .'  7)�3.,  &,"-.+4  �)�'.�3  3 '"-$  3�5)�" '  
/�3",&,"-.�  3 90-+,  ��*+ . ;-�  "3(5'.�  " &,.(<=$&$"(  :#�.�&$6,"#$&$  ),' $(&$ , #�-� -
)+,  "-'3(-  /,),*  &,"-.�%  :#�.�&$6,"#�%  /� $-$#�%  .�3+,  5'*'6$ : 

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

2. �#),/ ,.$,  :#�.�&$6,"#���  07.*'&,.-'  &,"-.���  )'53$-$(  .'  �".�3,  )'5 -
)'8�-#$  $ /�" ,*�3'-, 1.���  /)�3,*,.$(  3 !$5.1  "-)'-,�$$  &�-$3'2$$  $ /�**,)!#$  
/),*/)$.$&'-, 1"#�%  *,(-, 1.�"-$  .'  -,))$-�)$$  "3�,% <)$"*$#2$$ . 

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

4. �'5)'8�-#'  .�3+4  �)�'.$5'2$�..+4  $ $."-$-72$�.' 1.+4  /�*4�*�3  * (  
�8,"/,6,.$(  &,"-.���  )'53$-$(  .'  �".�3,  "-)'-,�$6,"#���  3$*,.$(  /)�8 ,&+  $ 35'$&� -
*,%"-3$(  &.�!,"-3'  ��"7*')"-3,..+4  $ 6'"-.+4  �)�'.$5'2$%  - /)'3$-, 1"-3,..+4  
'�,.-"-3 , /),*/)$(-$% , �8)'5�3'-, 1.+4  76),!*,.$% , .,/)$8+ 1.+4  �)�'.$5'2$% , �- -
*, 1.+4  �)'!*'. . 

�'8�-'  "-)'-,�$6,"#���  / '.$)�3'.$(  3 "�3),&,..�%  :#�.�&$#,  5'# <6',-"(  3 
/),*"-'3 ,.$$  "-)'-,�$6,"#���  / '.$)�3'.$(  #'#  .'8�)'  /)�2,*7)  $ ),9,.$% , " /�&� -
=1<  #�-�)+4  )'5)'8'-+3',-"(  "-)'-,�$(  /),*/)$(-$( , �8,"/,6$3'<='(  *�"-$!,.$,  2, ,%  
07.#2$�.$)�3'.$(  )�""$%"#$4  /),*/)$(-$% . ���$#'  :-���  �/),*, ,.$(  -'#�3' : *,(-, 1 -
.�"-1  '//')'-'  7/)'3 ,.$(  $ /)$.$&',&+,  .'  ,,  �".�3,  ),9,.$(  0�)&$)7<-  "-)'-,�$<  
07.#2$�.$)�3'.$(  /),*/)$(-$( , #�-�)'(  /�53� (,-  ,&7 *�"-$61  "3�$4  2, ,% . 

�'#  /)�2,"" , "-)'-,�$6,"#�,  / '.$)�3'.$,  3# <6',-  6,-+),  3$*'  *,(-, 1.�"-$  
(07.#2$$  "-)'-,�$6,"#���  / '.$)�3'.$( ). �  .$&  �-.�"(-"( : )'"/),*, ,.$,  ),"7)"�3 , 
'*'/-'2$(  # 3.,9.,%  "),*, , 3.7-),..((  #��)*$.'2$(  $ ),�7 $)�3'.$, , �)�'.$5'2$�..+,  
$5&,.,.$( . 

�)�2,""  )'"/),*, ,.$(  ),"7)"�3  3# <6',-  / '.$)�3'.$,  )'"/),*, ,.$,  ),"7)"�3 , 
-'#$4  #'#  &'-,)$' 1.+, , 0$.'."�3+, , -)7*�3+, , $.0�)&'2$�..+,  ),"7)"+  $ - .* . C-)'-, -
�$(   07.#2$�.$)�3'.$(  )�""$%"#���  /),*/)$(-$(  /)$  :-�&  "-)�$-"(  .,  -� 1#�  .'  )'"9$ -
),.$$  8$5.,"' , 7*�3 ,-3�),.$$  )+.�6.���  "/)�"' , .�  $ .'  :00,#-$3.�&  /�-),8 ,.$$  ), -
"7)"�3 , /�"-�(..�&  ".$!,.$$  $5*,)!,#  /)�$53�*"-3' . 

�*'/-'2$<  # 3.,9.,%  "),*,  " ,*7,-  $.-,)/),-$)�3'-1  3 9$)�#�&  "&+" ,  " �3'  
#'#  /)$"/�"�8 ,.$,  /),*/)$(-$(  # $5&,.(<=$&"(  )+.�6.+&  7" �3$(&  4�5(%"-3�3'.$( . 
�+.�6.'(  "),*'  /�  �-.�9,.$<  # "78C,#-'&  4�5(%"-3�3'.$(  3",�*'  "�*,)!$-  8 '��/)$(- -
.+,  $ .,8 '��/)$(-.+,  7" �3$(  (/),$&7=,"-3'  $ 7�)�5+ ). �'*'6'  *'..�%  07.#2$$  - /)$ -
"/�"�8$-1  4�5(%"-3,..+%  &,4'.$5&  /),*/)$(-$(  # :-$&  7" �3$(& , - ., ., 3�"/� 15�3'-1"(  
/),$&7=,"-3'&$  3 #�.#7),.-.�%  8�)18,  $ /),*�-3)'-$-1  )'5 $6.+,  7�)�5+ . 

���)*$.'2$(  $ ),�7 $)�3'.$,  #'#  07.#2$(  /),*/� '�',-  "�� '"�3'.$,  7"$ $% 
"-)7#-7).+4  /�*)'5*, ,.$%  0$)&+  (/),*/)$(-$% , /)�$53�*"-3 , 2,4�3 ) * (  *�"-$!,.$(  
2, $ , /),*7"&�-),..�%  "-)'-,�$6,"#$&  / '.�& . 

	)�'.$5'2$�..+,  $5&,.,.$(  -  :-�  *,(-, 1.�"-1 , #�-�)'(  /),*7"&'-)$3',-  0�)&$ -
)�3'.$,  �)�'.$5'2$$ , �8,"/,6$3'<=,%  " '!,..7<  )'8�-7  /,)"�.' '  7/)'3 ,.$( , )'53$ -
-$,  &+9 ,.$(  &,.,*!,)�3 , 76,-  /)�9 ���  �/+-'  "-)'-,�$6,"#���  / '.$)�3'.$( . �  #� -
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.,6.�&  "6,-, , *'..'(  07.#2$(  /)�(3 (,-"(  3 /)�3,*,.$$  )'5 $6.+4  �)�'.$5'2$�..+4  
/),�8)'5�3'.$%  .'  /),*/)$(-$$ : /,),)'"/),*, ,.$,  07.#2$% 7/)'3 ,.$( , /� .�&�6$%  $ 
�-3,-"-3,..�"-$  )'8�-.$#�3  '//')'-'  7/)'3 ,.$( ; "�5*'.$(  "$"-,&+  "-$&7 $)�3'.$( , 
"/�"�8"-37<=,%  *�"-$!,.$<  2, $  "-)'-,�$6,"#���  / '.'  $ - . / . 

�  5'# <6,.$$  4�-, �"1  8+ �-&,-$-1 , 6-�  "-)'-,�$6,"#�,  / '.$)�3'.$,  .'  )�""$% -
"#$4 /),*/)$(-$(4  *� !.�  8+-1 *�/� .,.�  &,4'.$5&'&$  ),' $5'2$$  "-)'-,�$6,"#���  
/ '.' , - ., . :00,#-  &�!,-  *'-1  .,  / '.$)�3'.$, , '  "-)'-,�$6,"#�,  7/)'3 ,.$, , (*)�&  #�-� -
)���  (3 (,-"(  "-)'-,�$6,"#�,  / '.$)�3'.$, . �  :-�  /),*/� '�',- , 3 /,)37<  �6,),*1 , "�5*' -
.$,  .'  )�""$%"#$4  /),*/)$(-$(4  �)�'.$5'2$�..�%  #7 1-7)+ , /�53� (<=,%  ),' $5�3'-1  
"-)'-,�$< , "$"-,&+  &�-$3'2$$  -)7*' , �$8#�% �)�'.$5'2$$  7/)'3 ,.$(  $ - ./ . ��:-�&7  "� -
5*'.$,  /�*"$"-,&+  "-)'-,�$6,"#���  / '.$)�3'.$(  .'  #�.#),-.�&  /),*/)$(-$$  " ,*7,-  
.'6$.'-1  " .'3,*,.$(  /�)(*#'  3 "$"-,&,  7/)'3 ,.$( , " /�3+9,.$(  �8=,%  #7 1-7)+  
7/)'3 ,.$( , 7#),/ ,.$(  $"/� .$-, 1"#�%  *$"2$/ $.+ , "�3,)9,."-3�3'.$(  �8)'8�-#$  
*'..+4  $ - ./ . �  :-�&  �-.�9,.$$  "-)'-,�$6,"#�,  / '.$)�3'.$,  - .,  /'.'2,(  �-  3",4  7/)'3 -
 ,.6,"#$4  8� ,5.,% , '  3",��   $91  �*.�  $5 "),*"-3 . 
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#.: .. ., *�2,.-  #'0,*)+  �;� , ��)87.�3'  � .� .  
"- . �) . ��� -426, �$/',3  � .� . 

���  (0$ $' ) �� ����  
 
��3),&,..�,  &'9$.�"-)�$-, 1.�,  /)�$53�*"-3�  3",  8� 19,  �-4�*$-  �-  #�.2,/2$$  

«/),*/)$(-$(  /� .���  2$# ' », /,),4�*(  # �)�'.$5'2$$  )'"/),*, ,..+4  /)�$53�*"-3  $ 
/�"-)�,.$<  "78#�.-)'#-'2$�..+4  �-.�9,.$% . �')'#-,).+&  /)$&,)�&  (3 (,-"(  /)�$5 -
3�*"-3�  "'&� ,-'  Sukhoi Superjet 100, "�"-�(=,��  /)$&,).�  .'  75% $5 #�&/ ,#-7<=$4 , 
/�"-'3 (,&+4  "-�)�..$&$  /�"-'3=$#'&$ . ��*�8.'(  #�.2,/2$( , /)$  #'!7=,%"(  " �!.� -
"-$  ,,  �)�'.$5'2$$  $ .,3�5&�!.�"-$  /)(&���  #�.-)� (  #'6,"-3'  &'-,)$' �3  $ #�&/ ,# -
-7<=$4 , 3 $-��,  /� �!$-, 1.�  "#'5+3',-"(  .'  ")�#'4  3+/7"#'  $ "-�$&�"-$  #�.,6.���  
/)�*7#-' . 

�"-,"-3,..� , 6-�  -),8�3'.$( , 3+*3$�',&+,  /)�$53�*$-, ,&  #�.,6.���  /)�*7#-' , 
�#'5+3'<-  /)(&�,  3 $(.$,  .'  &.��$,  /)�2,""+  /),*/)$(-$(  $"/� .$-, (  - &')#,-$.�� -
37< "-)'-,�$< , #�.-)� 1  #'6,"-3' , '3-�&'-$5'2$<  /)�2,""�3  /�*��-�3#$  $ 7/)'3 ,.$(  
/)�$53�*"-3�& ,  ��$"-$6,"#$,  "4,&+  $ - .* . �-,/,.1  $5&,.,.$(  *'..+4  /)�2,""�3  3')1$ -
)7,-"(  �-  .,5.'6$-, 1.+4  /�/)'3�#  *�  /� .�%  /,),"-)�%#$  "$"-,&+  3.7-),..$4  "-'.*') -
-�3  $ /,),"&�-)'  "$"-,&+  &,.,*!&,.-'  #'6,"-3'  * (  *�"-$!,.$(  #�.,6.�%  2, $  /)�$5 -
3�*"-3'  #�.#),-.���  .'$&,.�3'.$(  /)�*7#2$$ . 

	".�3.+,  /)�8 ,&+  3 /)�2,"",  35'$&�*,%"-3$(  /),*/)$(-$%  /�(3 (<-"(  $5-5' 
/)$.2$/$' 1.+4  )'5 $6$% &,!*7  -�6#'&$  5),.$(  #�)/�)'-$3.���  $ -,4.� ��$6,"#���  
7/)'3 ,.$( .  

��5.$#',-  #�.0 $#-  *374 "�.'/)'3 ,..+4  /)�2,""�3  '3-�&'-$5'2$$  *,(-, 1.�"-$  
#�&/'.$% : 

-  "�  "-�)�.+  "$"-,&  -,4.� ��$6,"#���  7/)'3 ,.$(  (����� , ������; , 
���$� …); 

- "�  "-�)�.+  "$"-,&  #�)/�)'-$3.���  7/)'3 ,.$(  (ERP/EAM, �	$� , 8<*!,-$)�3' -
.$, , ��; ). 

� (  /),*/)$(-$%  .,�84�*$&�  ),9'-1  5'*'6$  35'$&�*,%"-3$(  &,!*7  "$"-,&'&$  
-,4.� ��$6,"#���  $ #�)/�)'-$3.���  7/)'3 ,.$( , 3 -�&  6$" ,  — �8)'8'-+3'-1  )'5 $6.+,  
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3$*+ *'..+4  3 )'5.�&  -,&/,  3),&,.$  $ '*'/-$)�3'-1  -,4.� ��$6,"#7<  $.0�)&'2$<  # 
3$*7, /)$.$&',&�&7  8$5.," -"$"-,&'&$ . 

�+"-)'$3'.$,  ,*$.+4  $.0�)&'2$�..� --,4.� ��$6,"#$4  2,/�6,#  �-)'" ,3+4  /),* -
/)$(-$%  $ $.-,�)'2$(  .'7#$  $ /)�$53�*"-3'  3 ,*$.+4  -,)&$.'4  �8,"/,6$3'<-  73, $6,.$,  
#'6,"-3'  $5*, $%, "�#)'=,.$,  3),&,.$  $ $5*,)!,#  /)�$53�*"-3' . 

� (  �-*, 1.���  "�3),&,..���  &'9$.�"-)�$-, 1.���  /),*/)$(-$(  $.0�)&'2$�..'(  
/�**,)!#'  !$5.,..���  2$# '  $5*, $(  "-' '  �".�3�%  /)�$53�*"-3,..�%  *,(-, 1.�"-$ . 
� -
 ,,  -��� , &.��$,  /),*/)$(-$(  3 .'"-�(=$%  &�&,.-  7"/,9.�  ),9'<-  <)$*$6,"#$,  3�/)� -
"+  "-'-7"'  $.0�)&'2$�..+4  *'..+4  �8  $5*, $$  .'  )'5 $6.+4  :-'/'4  /�*��-�3#$  /)�$5 -
3�*"-3' , 3+/7"#'  /)�*7#2$$ , )'5)'8�-#$  :#"/ 7'-'2$�..�%  *�#7&,.-'2$$ . �  .'6' '  2000-
4 ��*�3  3 ��""$$  -,4.$6,"#$&$  #�&$-,-'&$  /�  "-'.*')-$5'2$$  (�� ) "�5*'.'  5.'6$-, 1.'(  
/)'3�3'(  8'5' , 3# <6'<='(  .,"#� 1#�  *,"(-#�3  "-'.*')-�3  /�  )'5 $6.+&  .'/)'3 ,.$(& , 
3 -�&  6$" , : 

- $.0�)&'2$�..'(  /�**,)!#'  !$5.,..���  2$# '  $5*, $% - ��  459; 
- "$"-,&'  #�."-)7#-�)"#�%  *�#7&,.-'2$$  - ��  051; 
- $.-,�)$)�3'..'(   ��$"-$6,"#'(  /�**,)!#'  :#"/�)-$)7,&�%  /)�*7#2$$  3�,..���  

.'5.'6,.$(  - ��  482; 
-  '3$'2$�..'(  -,4.$#'  - ��  323; 
-  #'-' ��$5'2$(  /)�*7#2$$  - ��  430. 
�-� 1  3.79$-, 1.'(  .�)&'-$3.�  - /)'3�3'(  8'5'  5'6'"-7<  /�53� (,-  ),9'-1  5'*'6$  

�/),*, ,.$(  3.7-),..,��  "-'-7"'  $.0�)&'2$�..+4  &�*, ,%  $ *'..+4  �8  $5*, $$  8,5 3+-
/7"#'  "�8"-3,..+4  "-'.*')-�3  /),*/)$(-$( . 

�"@ 3+9,/,),6$" ,..�,  .,  -� 1#�  �/),*, (,-  /)�8 ,&'-$#7  $.0�)&'-$5'2$$  /)� -
$53�*"-3'  $5*, $% �-*, 1.���  &'9$.�"-)�$-, 1.���  /),*/)$(-$( , .�  $ �"�8�  �"-)�  3�5-
.$#',-  /)$  �-)'" ,3�%  #��/,)'2$$  .,"#� 1#$4  /),*/)$(-$%  $ /)�$53�*"-3  - #'#  "&,!.+4 , 
-'#  $ .'4�*(=$4"(  3 �-.�9,.$(4  «5'#'56$# - $"/� .$-, 1 ». 

 
 
 
 
 

!�����������  ��!����  !�
�����
�
  !
�'
��  �  ������ -
����#  ������  ��  �������
  ��  !���!�� �� '   

��#"�
 -������#�������
�  
������  
 

#.: .. ., *�2 . ��)87.�3'  � .� .,  #.: .. ., *�2 . �'#"$&�3'  	 .� . 
���  (0$ $' ) �� ����  

 
 

	)$,.-'2$(  .'  *�"-$!,.$(  7/)'3 ,.6,"#���  /)��),""'  3 �8 '"-$  &,.,*!&,.-'  #' -
6,"-3'  �87" �3 $3',-  .,�84�*$&�"-1  3.,*),.$(  .'  /),*/)$(-$(4  :00,#-$3.+4  $."-)7 -
&,.-�3  #�.-)� (  $ �2,.#$  5'-)'-  .'  #'6,"-3� , /�53� (<=$4  �/-$&$5$)�3'-1  :-$  5'-)'-+  3 
/),*, '4  #'#  �-*, 1.+4  /)�2,""�3 , -'#  $ 3 )'5),5,  3",% "$"-,&+  &,.,*!&,.-'  #'6,"-3' . 
�,�84�*$&�"-1  /�3+9,.$(  :00,#-$3.�"-$  7/)'3 ,.$(  5'-)'-'&$  .'  #'6,"-3�  .'  �".�3,  
/)$&,.,.$(  /),*/)$(-$(&$  .�3+4  "/�"�8�3  $4 "$"-,&'-$5'2$$  $ #� $6,"-3,..�%  �2,.#$  
" /�5$2$% "�3),&,..+4  -,.*,.2$%  &,.,*!&,.-'  #'6,"-3'  �/),*, (<-  '#-7' 1.�"-1  *'. -
.�%  "-'-1$ . 

�,.,*!&,.-  5'-)'-  .'  #'6,"-3�  !$5.,..�  .,�84�*$&  /),*/)$(-$(&  * (  7"/,9.���  
/)$&,.,.$(  /)�2,"".���  /�*4�*'  # 7/)'3 ,.$<  #'6,"-3�& , /�"#� 1#7  �8,"/,6$3',-  $*,. -
-$0$#'2$< , / '.$)�3'.$, , #��)*$.'2$<  $ .,/),)+3.+%  #�.-)� 1  5'-)'-  .'  #'6,"-3�  * (  
2, ,%  *�"-$!,.$(  :00,#-$3.�"-$  (),57 1-'-$3.�"-$ ) 07.#2$�.$)�3'.$(  /)�2,""�3  
/),*/)$(-$( . �,%"-3,..+&  $."-)7&,.-�&  #�.-)� (  5'-)'-  .'  #'6,"-3� , "/�"�8.+&  �8," -
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/,6$-1  #�.-)� 1  :-$4  5'-)'-  " /�5$2$% /)$&,.(,&���  .'  /),*/)$(-$(4  /)�2,"".���  /�* -
4�*' , 3+"-7/',-  #�.-)�  $.�  5'-)'-  .'  #'6,"-3� . 

�)�2,""  #�.-)�  $.�'  5'-)'-  .'  #'6,"-3�  /),*"-'3 (,-  "�8�%  "$"-,&7  #�&&7.$#' -
2$%, /)�2,""+  )'5)'8�-#$  $ ),' $5'2$<  7/)'3 ,.6,"#$4  ),9,.$%  $ $4 $.0�)&'2$�..�,  
�8,"/,6,.$, . �"�3,)9,."-3�3'.$,  -)'*$2$�..���  &,4'.$5&'  &,.,*!&,.-'  5'-)'-  .'  #' -
6,"-3�  .'  �".�3,  #�.-)�  $.�'  /),*7"&'-)$3',-  3 "3�,&  "�"-'3,  .�3+%  8 �#  – «��.-)� -
 $.�  5'-)'-  .'  #'6,"-3� » ()$"7.�#  1), #�-�)+%  /�53� (,-  '.' $5$)�3'-1  3, $6$.7  �-# � -
.,.$%  5'-)'-  .'  #'6,"-3�  $ .'4�*$-1  ),5,)3+  $4  $#3$*'2$$  3 )'&#'4  /)�3�*$&���  .'  
/),*/)$(-$$  #�.-)� ( . ��"-�(..�,  3+(3 ,.$,  $ /� .+%  '.' $5  �-# �.,.$%  5'-)'-  .'  #' -
6,"-3�  3 )'&#'4  #'!*���  /)�2,""'  "�5*',-  �".�37  * (  /),*7/),!*,.$(  .'#�/ ,.$(  .,�' -
-$3.+4  �-# �.,.$%  3�  3",% "�3�#7/.�"-$  /)�2,""�3  "$"-,&+  #'6,"-3'  $, -,&  "'&+& , "-' -
.�3$-"(  .,�-C,& ,&�%  6'"-1<  :00,#-$3.���  &,4'.$5&'  &,.,*!&,.-'  5'-)'-  .'  #'6,"-3�  3 
)'&#'4  /)$&,.(,&���  /)�2,"".���  /�*4�*'  .'  /),*/)$(-$(4  -)78.� -&,-'  7)�$6,"#�%  �- -
)'" $ . 

 

 

�$"7.�#  1 - �"�3,)9,."-3�3'..+%  &,4'.$5&  7/)'3 ,.$(  5'-)'-'&$  .'  #'6,"-3�  

�),* '�',&'(  &,-�*$#'  #�.-)�  $.�'  5'-)'-  .'  #'6,"-3�  �".�3'.'  .'  �/),*, ,.$$  
*$'/'5�.'  *�/7"-$&+4  5.'6,.$%  #)$-,)$,3  /)�2,""'  $ '.' $5,  &,-�*'&$  #�.-)�  $.�'  
"��-3,-"-37<=$4  $& �-# �.,.$%  0'#-$6,"#$4  5'-)'-  .'  #'6,"-3�  �-  .�)&'-$3.+4 , 3+(3-
 ,.$$  3, $6$.+  /� ,5.+4  $ 8,"/� ,5.+4  5'-)'-  .'  #'6,"-3�  /�  #)$-,)$(&  /)�2,""'  $ 
�/),*, ,.$$  �8=,%  ),57 1-'-$3.�"-$  /)�2,""' . 

�  �".�3,  &,-�*$#$   ,!$-  �8=,/)$.(-�,  /�.$&'.$,  /)�2,""'  #'#  "�3�#7/.�"-$  
35'$&�*,%"-37<=$4  3$*�3  *,(-, 1.�"-$ , /),�8)'57<=$4  34�*+  (34�*.+,  /�-�#$ ) 3 3+-
4�*+  (3+4�*.+,  /�-�#$ ) " $"/� 15�3'.$,&  "��-3,-"-37<=$4  ),"7)"�3 .  �')'&,-)+  (#)$-
-,)$$ ) /)�2,""'  /),*"-'3 (<-  "�8�%  4')'#-,)$"-$#7  ($.0�)&'2$< ), /�  #�-�)�%  3 '*, ,2  
/)�2,""'  $ 3+"9$% )7#�3�*$-, 1  &��7-  "7*$-1  �8  :00,#-$3.�"-$  3+/� .,.$(  /)�2,""'  $ 
�2,.$-1  "-,/,.1  *�"-$!,.$(  5'/ '.$)�3'..+4  ),57 1-'-�3 .  

�.' $5  /)�2,""�3 , 07.#2$�.$)7<=$4  3 "$"-,&,  &,.,*!&,.-'  #'6,"-3'  /),*/)$( -
-$% /�#'5+3',- , 6-�  4')'#-,)  �".�3.�%  6'"-$  #)$-,)$,3  /)�2,""�3  (3 /,)37<  �6,),*1 , �" -
.�3.+4  $ /�**,)!$3'<=$4 ) /�53� (,-  .'/)(&7<  "3(5'-1  5'-)'-+  .'  /)�2,""  " 5'-)'-'&$  
.'  -),87,&+%  7)�3,.1  #'6,"-3'  /)�*7#2$$ , *�"-$�',&+%  .'  �".�3,  /)�2,"".���  /�*4�*'  # 
&,.,*!&,.-7  #'6,"-3' , 6-�  "��-3,-"-3,..� , �8�".�3+3',-  .,�84�*$&�"-1  /)$&,.,.$(  
#�.-)�  $.�'  3 &,.,*!&,.-,  5'-)'-  .'  #'6,"-3� . �),*/)$(-$,  3/)'3,  "'&�"-�(-, 1.�  3+-
8$)'-1  #)$-,)$$  /)�2,""'  "�� '".�  3$*'&  /)�2,""�3 , /)�-,#'<=$&  .'  /),*/)$(-$$ , '  -'# -
!,  3 "��-3,-"-3$$  " -),8�3'.$(&$  «�7#�3�*"-3'  /�  #'6,"-37 », *,%"-37<=$&$  &,-�*� ��$ -
6,"#$&$ $."-)7#2$(&$  $ *�#7&,.-'&$  "$"-,&+  &,.,*!&,.-'  #'6,"-3' .  � ��)$-&  &,-�*$ -
#$ #�.-)�  $.�'  5'-)'-  .'  #'6,"-3�  /),*"-'3 ,.  .'  )$"7.#,  2 

�/)�8'2$(  &,-�*$#$  #�.-)�  $.�'  5'-)'-  .'  #'6,"-3�  8+ '  /)�$53,*,.'  .'  /),* -
/)$(-$$  -)78.� -&,-'  7)�$6,"#�%  �-)'" $  - ��	  «�)78.+%  5'3�*  «�)�0$ 1 -�#)'" » 

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

� '.$)7,&+,  5.'6,.$(  
5'-)'-  .'  #'6,"-3�  

	/),*, ,.$,  
0'#-$6,"#$4   

5.'6,.$%  
5'-)'-  .'  #'6,"-3�  

��.-)�  $.�  5'-)'-  .'  #'6,"-3�  
– '.' $5  �-# �.,.$% ; 
– /�$"#  ),5,)3�3   $#3$*'2$$   
   �-# �.,.$%  

�)'3.,.$,  / '.$)7,&+4  
$ 0'#-$6,"#$4  5.'6,.$%  
5'-)'-  .'  #'6,"-3�  (3+-
(3 ,.$,  �-# �.,.$% ) 
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$&. �'#')�3'  � .� .» (� . �� !"#$% ) 3 )'&#'4  �".�3.���  �8,"/,6$3'<=,��  /)�2,""'  
	 -2 «�'#7/#'  �".�3.+4  &'-,)$' �3  (&,-'  )». �'5)'8�-'..'(   "$"-,&'  #�)),#-$)7<=$4  
&,)�/)$(-$%  /�53� $ '  "7=,"-3,..�  7&,.19$-1  3 $(.$,  7#'5'..+4  /)$6$.  .'  3, $6$.7  

 
 

 

�$"7.�#  2 - ;-'/+  ),' $5'2$$  &,-�*$#$  #�.-)�  $.�'  5'-)'-  .'  #'6,"-3�  /)�2,""'  
5'-)'-  .'  #'6,"-3�  5'  "6,-  ".$!,.$(  8,"/� ,5.+4  $ /�3+9,.$(  /� ,5.+4  5'-)'- . �,57 1 -
-'-+  )'"6,-'  3, $6$.+  /� ,5.+4  $ 8,"/� ,5.+4  5'-)'-  .'  #'6,"-3�  3 /),*, '4  /)�2,""'  
/�#'5+3'<- , 6-�  /)$&,.,.$,  #�.-)�  $.�'  /�53� $ �  7&,.19$-1  8,"/� ,5.+,  5'-)'-+  3 
)'"6,-,  .'  �*$.  #3')-'  .'  1020,8 -+" . )78., :-�  /�  "7-$ , �5.'6',-  /),*�-3)'=,.$,  /�-,)1  
),"7)"�3  .'  *�"-$!,.$,  -),87,&���  #'6,"-3'  /)�*7#2$$  3 )'&#'4  /)�2,""'  «�'#7/#'  �" -
.�3.+4  &'-,)$' �3  (&,-'  )». ;00,#-$3.�"-1  /)�2,""'  /�" ,  3.,*),.$(  #�.-)�  $.�'  
/�3+"$ '"1  .'  0,2 / ./ . (-'8 $2'  1). 
 

�'8 $2'  1 - ;00,#-$3.�"-1  5'-)'-  .'  #'6,"-3�  /�  #)$-,)$(&  /)�2,""'  
                                            «�'#7/#'  �".�3.+4  &'-,)$' �3  (&,-'  )» 

�$*  5'-)'-  .'  #'6,"-3�  
�'-)'-+  .'  #'6,"-3�  /)�2,""'  

*�  3.,*),.$(  
#�.-)�  $.�'  

/�" ,  3.,*),.$(  
#�.-)�  $.�'  

�� ,5.+,  5'-)'-+ , -+" . )78. 614831,9 615869,6 

,"/� ,5.+,  5'-)'-+ , -+" . )78. 41925,1 40904,3 
	8=$,  5'-)'-+ , -+" . )78. 656757 656757 
;00,#-$3.�"-1  /)�2,""' , % 93,6 93,8 
 

�)$&,.,.$,  #�.-)�  $.�'  3 &,.,*!&,.-,  5'-)'-  .'  #'6,"-3�  3 )'&#'4  /)�2,"".���  
/�4�*'  /�53� $-  *�"-$61  "7=,"-3,..���  /�3+9,.$(  :00,#-$3.�"-$  *,(-, 1.�"-$  /),* -
/)$(-$(  3 �8 '"-$  )'"4�*�3'.$(  ),"7)"�3  .'  2, $  7/)'3 ,.$(  #'6,"-3�& .  

�+"3�8�!*',&+,  /)$  :-�&  *,.,!.+,  "),*"-3'  &��7-  8+-1 .'/)'3 ,.+  .'  *' 1 -
.,%9,,  )'53$-$,  /),*/)$(-$( , /�3+9,.$,  ,��  #�.#7),.-�"/�"�8.�"-$  #'#  .'  3.7-),..,& , 
-'#   $  .'  3.,9.,&  )+.#'4 . 

 
 
 

�'5.'6,.$,  #)$-,)$,3  
/)�2,""'  

�'"6,-  5'-)'-  .'  #'6,"-3�  /�  #)$-,)$(&  
/)�2,""'  

 

��.-)�  $.�  5'-)'-  .'  #'6,"-3�   
/)�2,""'  

	/),*, ,.$,  ),57 1-'-$3.�"-$   
/)�2,""'  
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&��!���������*�
�  ������
�����  ���!��������  !
�  
�������  #����
 -��#�������
�  �
��� , �������#��
�  &������ -

������  �����
�  !�
��
�  �
�*���
�  )
�*��  
 

� .� . �'.2,*' �3 ,  � .� . �7)#',3 , � .� . �7&+9 ,  � .� . �"'6,3  
���  (0$ $' ) �� ����  

 
; ,#-)$6,"#$%  35)+3 /)�3�*.$#�3  (;�� ), �"7=,"-3 (,&+%  3 #�.*,."$)�3'..+4  

*$: ,#-)$6,"#$4  "),*'4 , .'4�*$-  9$)�#�,   /)$&,.,.$,  3 -,4.$#,  * (  "�5*'.$(  &�=.+4  
$&/7 1".+4  3�5*,%"-3$% .'  �8C,#- . �  #�.-,#"-,  $576,.$(  *'..�%  -,&+  �"�8+%  $.-,),"  
3+5+3',-  )'"/),*, ,.$,  /� (  *'3 ,.$(  7*').� -'#7"-$6,"#�%  3� .+ , �,.,)$)7,&�%  ;�� . 
�'..'(  )'8�-'  (3 (,-"(  /)�*� !,.$,&  )'.,,  �/78 $#�3'..+4  [1-3]. 

�, 1<  )'8�-+  (3 (,-"(  $"" ,*�3'.$,  )'"/),*, ,.$(  /� (  *'3 ,.$(  7*').� -
'#7"-$6,"#�%  3� .+ , �,.,)$)7,&�%  : ,#-)$6,"#$&  35)+3�&  /)�3�*.$#'  (;�� ), 3+/� -
.,..���  3 3$*,  / �"#�%  #� 12,3�%  0� 1�$  (;��� ). 

	*.$&  $5 �".�3.+4  /')'&,-)�3  ;��  3 #�.*,."$)�3'..+4  "),*'4  (3 (,-"(  *'3 , -
.$,  �,.,)$)7,&�%  7*').� -'#7"-$6,"#�%  3� .+  [4, 5]. �  " 76',  $"/� 15�3'.$(  3 #'6,"-3,  
35)+3'<=,��"(  /)�3�*.$#'  / �"#7<  #� 12,37<  0� 1�7 , 7*').� -'#7"-$6,"#'(  3� .'  ;��  
87*,-  $&,-1  )'"4�*(=$%"(  3� .�3�%  0)�.-  #� 12,3�%  �,�&,-)$$ . �  .,#�-�)�%  -�6#,  3 
2,.-)' 1.�%  �8 '"-$  )'8�6,%  5�.+  ;��  (35)+3.�% #'&,)+ ) /)�$5�%*,-  35'$&�*,%"-3$,  
7*').+4  3� . , �,.,)$)7,&+4  *$'&,-)' 1.�  /)�-$3�/� �!.+&$  76'"-#'&$  35)+3'<=,%"(  
0� 1�$ . �  "$ 7  ., $.,%.�"-$  7)'3.,.$%  �$*)�*$.'&$#$  '&/ $-7*'  7*').� -'#7"-$6,"#�%  
3� .+  87*,-  $&,-1  " ,*7<=$%  3$*: p = pS + pSS, �*,  pS – 3� .+  &' �%  '&/ $-7*+ , "��-3,- -
"-37<=,%   $.,')$5�3'..+&  7)'3.,.$(&  $ pSS– #3'*)'-$6.+,  /�/)'3#$ . �'3 ,.$,  ),57 1 -
-$)7<=,%  3� .+  3 :-�&  " 76',  87*,-  $&,-1  3$* [4]:  

,1
2

)1(2
)1(12
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00
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-
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nn
c
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          (1) 

�*,  0) – "#�)�"-1  )'"/)�"-)'.,.$(  /�  .,3�5&7=,..�%  "),*, ;  11105.9 ×=a , 
4104×=r  – .,#�-�)+,  #�:00$2$,.-+ ; 0, rr – / �-.�"-$  #�.*,."$)�3'..�%  "),*+  (!$* -

#�"-1 , *$"-$  $)�3'..'(  3�*' ) 3�587!*,..���  $ )'3.�3,".���  "�"-�(.$( ; 15.7=n – #�:0 -
0$2$,.-  * (  3�*+  ($5 7)'3.,.$(  "�"-�(.$(  "),*+  3 0�)&,  �:-' ). 

�'  )$" . 1 /),*"-'3 ,.'  "-)7#-7).'(  "4,&'  :#"/,)$&,.-' 1.�%  7"-'.�3#$  * (  $"-
" ,*�3'.$(  /� (  *'3 ,.$(  3� .+  /)$  ;��  (3 #'6,"-3,  /)�3�*.$#'  $"/� 157,-"(  #� 12,3'(  
' <&$.$,3'(  0� 1�' ), �".�3.+&$  : ,&,.-'&$  #�-�)�%  (3 (<-"( : &$#)�#�.-)�  ,)'  
STM32F4, 5'/�&$.'<=$%  &.���#'.' 1.+%  �"2$  ��)'0  GDS-810S, ;��  (* (  "8�)'  $ 
�8)'8�-#$  $.0�)&'2$$ , 3,*,.$(  8'5+  *'..+4  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$% ), /1,5� -
#,)'&$6,"#$,  /),�8)'5�3'-, $  �)7//+  2$)#�.'- --$-'.'-  "3$.2'  ��� -19 (��� ), : ,# -
-)�..+,  "4,&+  ��)'.$6,.$(  .'/)(!,.$(  (	� ). 
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�$" . 1. �-)7#-7).'(  "4,&'  :#"/,)$&,.-' 1.�%  7"-'.�3#$  

�	 1 – /)��)'&&'  �8)'8�-#$  $5&,)$-, 1.�%  $.0�)&'2$$  .'  ;�� ; �	 2 – /)� -
�)'&&.�,  �8,"/,6,.$,  &$#)�#�.-)�  ,)'  * (  "3(5$ " ;��  (�8)'8�-#$  #�&'.* , /,),*'6$  
*'..+4 ); 
�  – 8 �#  5'/7"#' ; ���  – �,.,)'-�)  $&/7 1".���  -�#' ; ��  – 35)+3.'(  #'&,)'  
(�$" . 2), 5'/� .,..'(  *$: ,#-)$6,"#�%  !$*#�%  "),*�% ; ���  – 35)+3'<='("(  #� 12,3'(  
0� 1�' ; �;  – #� 12,3�%  : ,#-)�* ; �;  – 2,.-)' 1.+%  : ,#-)�* .  

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

&$#$ $5&,.(,-"( , .,�84�*$&�  /,),*  /)$&,.,.$,&  /�*3,)�.7-1  /1,5�#,)'&$6,"#$,  /),�8 -
)'5�3'-, $  $"#7""-3,..�&7  "-'),.$<  (3+*,)!'-1  /1,5�#,)'&$#$  * $-, 1.�,  3),&(  /�*  
.'�)75#�%  /�)(*#'  100 ��' )  * (  "-'8$ $5'2$$  3, $6$.+  /1,5�&�*7 (  &'-,)$' ' . ��" ,  
:-���  /1,5�: ,#-)$6,"#$%  &�*7 1  /1,5�#,)'&$#$  "-'8$ $5$)7,-"( , �*.'#�  )'58)�"  /�  
�"-'-�6.�%  3, $6$.,  5.'6$-, ,. . ��:-�&7  /,),*  $"/� 15�3'.$,&  /1,5�#,)'&$6,"#$4  /), -
�8)'5�3'-, ,%  3 #'6,"-3,  *'-6$#�3  $&/7 1".���  *'3 ,.$(  .,�84�*$&�  /)�$53�*$-1  �)' -
*7$)�3#7  #'!*���  $5 .$4 . �)'*7$)�3#'   $.,%.���  &�*7 (  /1,5�#,)'&$6,"#$4  /),�8)'5� -
3'-, ,%  *'3 ,.$(  &,-�*�&  /'*'<=,��  �)75'  /),*"-'3 ,.'  3 [6].  

�  "$ 7  -��� , 6-�  3, $6$.'  �,.,)$)7,&���  .'/)(!,.$(  ("$�.' '  "  ��� ) &�!,-  *� -
"-$�'-1  150 � , $"/� 157,-"(  "4,&'  * (  5'=$-+  #�.-)�  ,)'  �-  3+"�#�3� 1-.+4  $&/7 1 -
"�3 . �$�.'  " ���  /)�4�*$-  RC 2,/�6#7  (" /')'&,-)'&$  �.
���R 47,1 == ) $ ��)'.$ -
6$-, 1  .'/)(!,.$(  (	� ) *�  -���  #'#  �8)'8'-+3',-"(  '.' ��� -2$0)�3+&  /),�8)'5�3'-, ,&  

(��� ) #�.-)�  ,)' . ��!#$  #�.-)�  ,)'  -� -
 ,)'.-.+  # 5� , &'#"$&' 1.�,  5.'6,.$,  
.'/)(!,.$,  8+ �  3+8)'.�  3,3� , 3 "3(5$ " 
:-$&  8+ '  3+8)'.'  &$#)�"4,&'  	�  – 
PESD3V3S1UB. �'..'(  &$#)�"4,&' , /),* -
"-'3 (<='(  "�8�%  5'=$-.+%  *$�* , �8,"/, -
6$3',-  5'=$-7  �-  3+"�#���  .'/)(!,.$( , '  
-'#!, , �8 '*'(  &' �%  ,&#�"-1<  
( &.
 207= ), .,  $"#'!',-  "$�.' . 

� (  �8,"/,6,.$(  /� .�-+  /� 76', -
&�% $.0�)&'2$$  �  ;��  $ )'"/),*, ,.$$  
/� (  *'3 ,.$(  3� .+  .,�84�*$&�  3 "-)7#-7 -
),  ���  .' $6$,  *�"-'-�6.���  #� $6,"-3'  
$5&,)$-, 1.+4  #'.' �3  * (  3�5&�!.�"-$  
&'-,&'-$6,"#�%  $.-,)/),-'2$$  /� 76,..+4  
),57 1-'-�3  "  *�/7"-$&�%  /��),9.�"-1< . �  
"3(5$ "  :-$&  $"/� 157,-"(  &$#)�#�.-)�  ,)  
",)$$  STM32F4, 6'"-�-'  *$"#),-$5'2$$  
���  #�-�)���  (-)$  ���  "  6'"-�-�%  

 
�,.-)' 1.+%  "-,)!.,3�%  : ,#-)�*  – 1; 

#� 12,3�%  : ,#-)�*  – 2; #)+9#'  -3. 
�$"7.�#  2. - �.,9.$%  3$* )'5)(* -

.�%  #'&,)+ . 

1 

2 3 
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��24,2=n  #'!*+% ) /�53� (,-  $*,.-$0$2$)�3'-1  "$�.' + , /�"-7/'<=$,  "  ��� . �'#!,  
* (  /�"-)�,.$(  �"2$  ��)'&&  ;��  $"/� 157,-"(  5'/�&$.'<=$%  &.���#'.' 1.+%  �"2$ -
 ��)'0  GDS-810S, * (  �8,"/,6,.$(  8� 19,��  #� $6,"-3'  #'.' �3  $5&,),.$( .  

 
�'#$&  �8)'5�& , 3 )'8�-,  /),*"-'3 ,.+  ),57 1-'-+  $"" ,*�3'.$(  /� (  *'3 ,.$(  

7*').� -'#7"-$6,"#�%   3� .+ , �,.,)$)7,&�%  ;��   (#� 12,3�%  0� 1�$ ).  
 

�/$"�#   $-,)'-7)+  
1. �'.2,*' �3  � .� . ;#"/,)$&,.-' 1.�,  $"" ,*�3'.$,  /� (  *'3 ,.$(  7*').� -

'#7"-$6,"#�%  3� .+  /)$  : ,#-)$6,"#�&  35)+3,  #� 12,3�%  0� 1�$  / �'.2,*' �3  � .� ., �7) -
#',3  � .� ., �� 12�3  � .� . // �� �*�%  76@.+%. - 2012. - B  12, - . I. - C. 71-73. 

2. �7)#',3  � .� . ;#"/,)$&,.-' 1.�,  $"" ,*�3'.$,  /� (  *'3 ,.$(  : ,#-)$6,"#���  
35)+3'  / �"#�%  #� 12,3�%  0� 1�$  / �7)#',3  � .� ., �"'6,3  � .� .  // �$"1&'  3 ��� . - 2013, 
-�&  39, 3+/ .16. - � . 64-70. 

3. �'.2,*' �3  � .� . �$#)�#�.-)�  ,)  STM32F4 #'#  : ,&,.-  $.0�)&'2$�..� -
$5&,)$-, 1.�%  "$"-,&+  * (  $"" ,*�3'.$(  /� (  *'3 ,.$(  3� .+  : ,#-)$6,"#���  35)+3'  
/)�3�*.$#�3  [�,#"- ] / � . � . �'.2,*' �3 , � . � . �7)#',3 , � . � . �� 12�3  // �� �*�%  76,.+%. 
— 2013. — B 11. — � . 115-117. 

4. �7)#',3  � .� . ;#"/,)$&,.-' 1.�,  $"" ,*�3'.$,  /� (  *'3 ,.$(  : ,#-)$6,"#���  
35)+3'  / �"#�%  #� 12,3�%  0� 1�$  / �7)#',3  � .� ., �"'6,3  � .� .  // �$"1&'  3 ��� . - 2013, 
-�&  39, 3+/ .16. - � . 64-70. 
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����5 ���0  *$�'+��  )  -')&����+� !"��0  3 5�)���)("6 .  

�)$��'  3. - �)+�!!��� ��4  3 5�)���)(�  (�'  (1) �  ��&$!")  , 5!���#  (2) �(  
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5. �7""#$4  � .� ., 	),9#$.  � .� ., �'8,2#$%  � .� . �"" ,*�3'.$,  : ,#-)$6,"#���  
35)+3'  /)�3�*.$#�3  3 5�.,  3+"�#���  *'3 ,.$(  "4�*(=,%"(  7*').�%  3� .+ . ��� , 2007, 
� .77, 3+/ .5, � . 35-40. 

6. Calibration of the linear element of piezoceramic pressure transducers by a drop 
weight method / Kancedalov D.A., Surkaev A.L., Gol’cov A.S. // Applied Sciences and technol-
ogies in the United States and Europe: common challenges and scientific findings”: Papers of the 
4th International Scientific Conference (December 23, 2013). Cibunet Publishing. New York, 
USA. 2013. 180 p. 
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���
����  
�  ),57 1-'-,  /)�3,*,..+4  :#"/,)$&,.-�3  /� 76,.+  �8)'52+  .'/+ (,&+4  -�.#$4  

/ ,.�#  $ &, #�*$"/,)".+4  &,-'  $6,"#$4  6'"-$2 , /� 76',&+4  &,-�*�&  : ,#-)$6,"#���  
35)+3'  &,-'  $6,"#���  /)�3�*.$#'  3 3�5*79.�%  "),*, . ; ,#-)$6,"#$%  35)+3 &,*.+4  (Cu) 
$ .$4)�&�3+4  (NiCr) /)�3�*.$#�3  /)�$53�*$ "(  3 &$#)�",#7.*.�&  3),&,..�&  *$'/'5�., . 
�"/� 15�3'.$,  7.$3,)"' 1.�%  *37 76,3�% "$"-,&+  Versa 3D /�53� (,-  �"7=,"-3$-1  3$-
57' $5'2$<  �8C,#-'  $ /� 76$-1  4')'#-,).+,  )'5&,)+  $ 4$&$6,"#$% "�"-'3  /� 76',&+4  
&, #�*$"/,)".+4  "-)7#-7) . 

 
��8;+-2+  ���-� : : ,#-)$6,"#$%  35)+3 /)�3�*.$#�3 , *$"/,)�$)�3'.$, , -�.#$,  

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

/,)"/,#-$3.+4  "/�"�8�3  /� 76,.$(  &, #�*$"/,)".+4  "-)7#-7)  &$#)�..���  $ .'.�)'5 -
&,).���  *$'/'5�.'  [2-6]. �$"/,)".�"-1  $ 0$5$#�-4$&$6,"#$,  "3�%"-3'  /�)�9#�3  5'3$"(-  
�-  )(*'  /)$6$. , .'$8� ,,  "7=,"-3,..+&$  $5 #�-�)+4  (3 (<-"( , 3 6'"-.�"-$ , / �-.�"-1  
: ,#-)�&'�.$-.�%  :.,)�$$ , 33,*,..'(  3 /)�3�*.$# , "#�)�"-1  /)�-,#'.$(  / �-.�"-$  )'5 -
)(*.���  -�#' , )'5.�3$*.�"-1  $ /')'&,-)+  /)�3�*.$#�3 , '  -'#!,  /')'&,-)+  �#)7!'<=,%  
"),*+  $ ,,  4$&$6,"#'(  '#-$3.�"-1 .   

�, 1<  *'..�%  )'8�-+  (3 (,-"(  :#"/,)$&,.-' 1.�,  $"" ,*�3'.$,  &, #�*$"/,)".+4  
6'"-$2  &$#)�)'5&,).���   *$'/'5�.' , /� 76',&+4  &,-�*�&  : ,#-)$6,"#���  35)+3'  &,*.+4  
(Cu)  $ .$4)�&�3+4  (NiCr) /)�3� �6,#   3 3�5*79.�%  '-&�"0,), , /)$  /)�-,#'.$$  &$#)�", -
#7.*.���  )'5)(*.���  -�#' .   

�� 76,.$,  &$#)�6'"-$2  $ �/),*, ,.$,  :.,)�,-$6,"#$4  /')'&,-)�3  : ,#-)$6,"#���  
35)+3'  �"7=,"-3 ( $"1  '.' ��$6.�  [7,8]. �7.#2$�.' 1.'(  8 �# -"4,&'  /),*"-'3 ,.'  .'  
)$" .1. ; ,#-)$6,"#$%  35)+3 &,*.�%  /)�3� �6#$  (Cu)  /)�-,#'  8 $5#$& # "�� '"�3'..�&7  
),!$&7  " /'75�%  -�#'  [9], #��*'  3"(  :.,)�$(  #�.*,."'-�).���  .'#�/$-, (  ),' $57,-"(  3 
LC-#�.-7),  5' /,)3+%  /� 7/,)$�* . �)$  : ,#-)$6,"#�&  35)+3, /)�3� �6#$  $5 .$4)�&'  
(NiCr), (3 (<=,��"(  #'#  �*.$&  $5 /),*"-'3$-, ,%  -7��/ '3#$4  &,-'  �3 , /'75'  -�#'  )'" -
/� '�' '"1  3 /,)3�%  /� �3$.,  /� 7/,)$�*' , $ /)�2,""  ),' $5'2$$  :.,)�$$  #�.*,."'-�) -
.���  .'#�/$-, (  /)�$"4�*$  5' /� .+%  /,)$�*  
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.  
�5  '.' $5'  /� 76,..+4  �"2$  ��)'&& , $ " ,*7(  '3-�)'&  [1], �2,.,.+  �".�3.+,   

/')'&,-)+  : ,#-)�35)+3'  /)�3�*.$#�3  * (  *'..+4  &'-,)$' �3 . �.'6,.$,  33,*,..�%  3 
/)�3�*.$#  :.,)�$$  �= IUdtE  �/),*, (,-"(  -)'*$2$�..�  ()$" .2); :.,)�$(  "78 $&'2$$  "� -

� '".�  �/),*, ,.$<  ,"-1  ( )0b
tab

s TTcrW +++= l , �*,  0b T,T,c,,r l  - 7*, 1.'(  -,/ �-'  /')� -
�8)'5�3'.$( , 7*, 1.'(  -,/ �-'  / '3 ,.$( , 7*, 1.'(  -,/ �,&#�"-1 , -,&/,)'-7)'  #$/,.$(  $ 

#�&.'-.'( , "��- -
3,-"-3,..� . �  
*)7��%  "-�)�.+  
[9] :.,)�$(  "78-
 $&'2$$  )'""6$ -
-+3',-"(  

2CW s
2

s r» , 
#)$-$6,"#7<  
/ �-.�"-1  -�#'  

w** r2qj s= , 

4')'#-,).'(  * (  
*'..���  &,-'  '  
/ �-.�"-1  /�-� -
#'  :.,)�$$  

2Cq 3
s* r=  

(-'8 $2'  1). �'" -
6,-  33,*,..�%  3 

/)�3�*.$#  :.,)�$$  �"7=,"-3 ( "(  
*�  3�5.$#.�3,.$(  *7��3���  )'5)( -
*' , - ., . *�  &�&,.-'  3�5.$#.�3,.$(  
/'75+  -�#' .  

� (  '.' $5'  4')'#-,).+4  
)'5&,)�3  $ 4$&$6,"#���  "�"-'3'  
/� 76',&+4  &, #�*$"/,)".+4  6' -
"-$2  $"/� 15�3' '"1  7.$3,)"' 1 -
.'(  *37 76,3'(  "$"-,&'  Versa 3D, 
/�53� (<='(  �"7=,"-3 (-1  -),4 -
&,).7<  3$57' $5'2$<  &$#)��8C -
,#-�3  $ �/),*, (-1  0$5$#�-
4$&$6,"#$,  4')'#-,)$"-$#$  &'-, -

)$' �3 .  
 

 

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

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

� 2!�+  1 
�')'&,-)+  : ,#-)$6,"#���  35)+3'  /)�3�*.$#�3  
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�'  &$#)�0�-��)'0$(4  ()$" .3) /),*"-'3 ,.+  �8)'52+  .'/+ ,.$(  &,-'  $6,"#�%  

(Cu, )$" . 3' ) &,*.�%  / ,.#$  $  .$4)�&�3�%  (NiCr, )$" . 3b) / ,.#$ , 7��  .'8 <*,.$(  "),5'  
/ ,.#$  "�"-'3 (  052=a . �� =$.'  / ,.#$  &,*.���  .'/+ ,.$(   ,!$-  3 /),*, '4  &$#-
)�..���  *$'/'5�.  m1hCu m» , -� =$.'  / ,.#$  .$4)�&�3���  .'/+ ,.$(  m5,32hNiCr m¸» , 
/)$  :-�&  /�3,)4.�"-1  /�" ,*.,��  $&,,-  8� ,,  .,�*.�)�*.+%  4')'#-,) , 6,& * (  &,*.���  
.'/+ ,.$( .  

�' ,,  /)�3,*,.  '.' $5  ),57 1-'-�3  $"" ,*�3'.$(  4')'#-,).+4  )'5&,)�3  &$#)�6' -
"-$2  /� 76',&+4  &,-�*�&  ;��  * (  35)+3'<=,��"(  &,*.���  $ .$4)�&�3���  /)�3�*.$#' . 
�')'#-,).+%  )'5&,)  3+"�#�*$"/,)".+4  6'"-$2  * (  *'..+4  &,-'  �3 , /)$&,).�  )'3.+  $ 

 ,!'-  3 /),*, -
 '4  

m22,0d m¸» . 
;-� , �6,3$*.� , 
�/),*, (,-"(  
5.'6$-, 1.�%  
)'5.�)�*.� -
"-1<  &,-'  �3 , 
�-.�9,.$,&  
3 �!,..�%  
:.,)�$$  3 *'. -
.+% /)�3�*.$#  
# :.,)�$$  "78-
 $&'2$$  ("&. 
-'8 . 1), '  -'# -

!,  /)�$53� 1.�"-1<  3+8�)'  $"" ,*7,&�%  / �='*#$  $ - .* . �  #'6,"-3,  /)$&,)'  .'  &$#)� -
0�-��)'0$(4  ()$" .4) *'.+  $5�8)'!,.$(  &$#)�6'"-$2  &,-'  �3 , 3+8)'..+,  /)�$53� 1.+&  
�8)'5�& , $ /�#'5'.+  $4 )'5&,)+ .  

 
�/$"�#   $-,)'-7)+  

 
1. �� #�3  � .
 ., �'%,)  � .� ., �,*�%  � .� ., �,.1#�  � .� ., 
 �3,2  � .� . // �7).'  �,4 -

.$6,"#�%  �$5$#$ , 2010, � . 80, � . 4. � . 77-80 
2. �'5'),.#�  	 .
 . ; ,#-)�35)+3.+,  .'.�/�)�9#$ : /� 76,.$, , "3�%"-3' , /)$&,., -

.$,  / ��*  ),* . � .� . � 1$.' . – ��&"# : �5* -3�  ��& . �. --' , 2005. – 148 ".  
3. �'-,.-  ��  B  2011146515/02, 16.11.2011. �7)#',3  � .� ., �7 1#�3  � .� ., �7&+9  

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

 
  �$" .3. �$#)�0�-��)'0$$  -�.#$4  / ,.�# : ' ) &,*1 ; b) .$4)�&  
 

'  b 

�$" . 4. �$#)�0�-��)'0$$  4')'#-,).+4  )'5&,)�3  &,-'  $6,"#$4  
&$#)�"-)7#-7) : ' ) &,*1 ; b) .$4)�&  

b '  
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.'  #�.-'#-.+,  /�3,)4.�"-$ . �� ����  �� ���)'* . �'-,.-  B 115358 U1 �� . ���  � 23�  
14/32  	/78 .: 27.04.2012,  
< . B  30.  

4. �'-,.-  ��  B  2011146566/02, 16.11.2011.   �7)#',3  � .� ., �7&+9  � .� ., �"'6,3  
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CONTRIBUTION OF GRAIN BOUNDARIES WITH A FACETED STRUCTURE IN 
THE INTERNAL FRICTION  

Kul’kov V.G. 
Branch of the «National Research University «Moscow power engineering institute», Volzhskiy, 

Russia (404110 Volzhskiy, Lenin street, 69) e-mail: vikulkov@yandex.ru 
 
The paper describes the models of the high-temperature internal friction background at 

grain boundaries that have a faceted structure. Two basic types of structures that differ in dimen-
sion are considered. On the basis of the inhomogeneous diffusion equation solution under the 
conditions of the action of variable stress, the speed of grain displacement and the magnitude of 
the internal friction background are found. The effect of stress adjustment under varying defor-
mation is taken into account. On the temperature-frequency dependence of the internal friction 
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background, two regions with different effective activation energies are distinguished. The posi-
tion of the fracture point of the graph of this dependence makes it possible to estimate the aver-
age facet size. The spectrum of internal friction has peaks. Their occurrence is due to the follow-
ing two reasons. This interspersed slip within the facets and redistribution of impurity atoms be-
tween differently oriented facets. Expressions are given for the dependence of internal friction on 
temperature and frequency in these two cases. 

Keywords: grain boundary, internal friction, high-temperature background, peak of inter-
nal friction. 
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6,"#$,  /�)+  *$'&,-)' , )'3.���  )'5&,)7  "-7/,.,# . �$&&,-)$(  �)'.$6.+4  7" �3$% -,)(,- -
"( , /�:-�&7  �)'.$2'  3 7" �3$(4  *,%"-3$(  /,),&,..���  "*3$��3���  .'/)(!,.$(  (3 (,-"(  
$"-�6.$#�&  $ "-�#�&  3'#'."$%  * (  �8C,&.�%  *$0075$$. �  *374 /),*, 1.+4  " 76'(4  
3.7-),..,,  -),.$,  $&,,-  3$*: 

w
Wk

=-

2
2

2
0

2
121 6

kTRld
ClGD

Q ,                                                   (11) 

w

Wk
=-

kTRd

DDCGl
Q 2

21
2

011 26
.                                               (12) 

�+)'!,.$,  (11) �/$"+3',-  �8 '"-1  .$5#$4 6'"-�-  $ $  3+"�#$4  -,&/,)'-7)  
11

1
2

1 <<w -Dl , '  (12) – �8)'-.7<  "$-7'2$< . D1 $ D2 – 5,).��)'.$6.+%  $ �8C,&.+%  #�:00$ -
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2$,.-+  *$0075$$, l1 – )'""-�(.$,  &,!*7  "-7/,.1#�%  $ /�)�% , l2 – )'""-�(.$,  �-  �)'.$2+  
*�  "-�#�3  3'#'."$%  3 �8C,&, .  

�'  �".�3,  /)$3,*,..�%  &�*, $  &�!.�  �/$"'-1  3+"�#�-,&/,)'-7).+%  0�.  3.7- -
),..,��  -),.$(  3 *37&,).�  0'",-$)�3'..+4  �)'.$2'4 . �,�84�*$&�  76,"-1  *$0075$�..+,  
/�-�#$  3 *374 .,5'3$"$&+4  .'/)'3 ,.$(4  3 �)'.$2, . �" $  /),.,8),61  �8C,&.+&$  *$007 -
5$�..+&$  /�-�#'&$ , -�  &�!.�  ��)'.$6$-1"(  )'""&�-),.$,&  #')-$.+  *$0075$$ /�  )'5 -
3,)-#,  �)'.$6.�%  /�3,)4.�"-$ , #�-�)'(  $&,,-  )'5 $6.+%  3$* 3 "��-3,-"-37<=$4  6'"-.+4  
" 76'(4 . �,9,.$,  *$0075$�..�%  5'*'6$  3 �8=,&  " 76',  /)$3�*$-  [4, 12] # 3+)'!,.$< :  

( ) ( )( )�
++

+
S

dWgp
=-

nm

b

Znmnm

nm
ZkTR

ECp
Q

,
22222

22

0

2
0

24
1

0

1
32

,                            (13) 

�*,  m $ n /)$.$&'<-  5.'6,.$(  1, 3, 5,..., '  #�:00$2$,.-  p 76$-+3',-  �,�&,-)$<  
�)'.$2+ . 

!���  -1:0/+11+��  0/+1��  
�  -�  3),&(  #'#  /)�"#' 15+3'.$,  /�  �)'.$2,  3 2, �&  $&,,-  *$0075$�..+%  4')'#-,)  

3" ,*"-3$,  .' $6$(  .'  0'",-#'4  .�)&' 1.+4  "�"-'3 (<=$4  .'/)(!,.$% , /)�"#' 15+3' -
.$,  /�  "'&$&  0'",-#'&  /�*  *,%"-3$,&  #'"'-, 1.+4  .'/)(!,.$%  $&,,-  #�.",)3'-$3.+%  
4')'#-,) . �'#�,  /)�"#' 15+3'.$,  ��)'.$6$3',-"(   $.$(&$  "�/)(!,.$(  0'",-�# , '  3 2,. -
-)' 1.�%  $4 �8 '"-$  $&,,-  .'$8� 19$%  )'5&'4 . �  /)$8 $!,.$$  #3'5$�*.�)�*.���  "*3$�' , 
��)'.$6,..���   $.,%.+&$  *,0,#-'&$  *$" �#'2$�..���  -$/'  3  $.$(4 , ��)'.$6$3'<=$4  
0'",-#$ , &�!.�  .'%-$  3, $6$.7  3.7-),..,��  -),.$( . ���  6'"-�-.'(  5'3$"$&�"-1  $&,,-  
4')'#-,)  *,8',3"#���  /$#' . ��*)�8.�,  )'""&�-),.$,  3�/)�"'  [12 – 14] /)$3�*$-  # 3+)' -
!,.$<  * (  6'"-�-.�%  5'3$"$&�"-$  3, $6$.+  5'-74'.$(  #� ,8'.$%  

( )
( )2

1

1

1

wt+

wtn-p
=-

RG
LEp

Q ,     
( )

kTDG
LnS

b¢
¢cn-

=t
4

1 2
0

2

,                         (14) 

�*,"1  R – )'5&,)  5,).' , \  – #�:00$2$,.-  �7'""�.' , G – &�*7 1  "*3$�' , L – 9$)$.'  
0'",-#$ , n¢ $ bD¢ – #�.2,.-)'2$(  $ #�:00$2$,.-  *$0075$$ /)$&,"$  3 �)'.$2, .  

�� 76,..�,  3+)'!,.$,  4�)�9�  "�� '"7,-"(  "  :#"/,)$&,.-' 1.�  /� 76,..+&  "/,# -
-)�&  3 7 1-)'&, #�5,).$"-�%  &,*$ , /)$��-�3 ,..�%  &,-�*�&  )'3.�#'.' 1.���  7� �3���  
/),""�3'.$(  "  /�" ,*7<=,%  /)�#'-#�%  [15]. 

�)'.$2+  5,),.  3 ),' 1.+4  &'-,)$' '4  �6,.1  6'"-�  "�*,)!'-  )'5 $6.+,  /)$&,"$ . �  
7" �3$(4  /,),&,..���  3.,9.,��  .'/)(!,.$(  /)$&,".+,  '-�&+  /,)$�*$6,"#$  *$0075$-
�..+&  /7-,&  /,),)'"/),*, (<-"(  &,!*7  )'5 $6.�  �)$,.-$)�3'..+&$  0'",-#'&$ . ;0 -
0,#-$3.'(  -� =$.'  �)'.$2  5'3$"$-  �-  #�.2,.-)'2$$  3 .$4  /)$&,".+4  '-�&�3 . ;-�  /)$3� -
*$-  # /�(3 ,.$<  "/,2$0$6,"#���  /$#'  3.7-),..,��  -),.$( . �.' ��$6.+%  :00,#-  3�5.$ -
#',-  3 .'.�#)$"-'  $6,"#�&  &'-,)$' ,  [14, 16, 17] /)$  /,),)'"/),*, ,.$$  /)$&,"$  &,! -
*7 )'5.+&$  �)'.(&$  #)$"-'  $-�3 . �'  �".�3,  ),9,.$(  7)'3.,.$(  8')�*$0075$$  $ $"-
/� 15�3'.$(  ),57 1-'-�3 , /)$3,*,..+4  3+9, , .'%*,.�  3+)'!,.$,  * (  /$#'  3.7-),..,��  
-),.$(  3 :-�&  " 76', . 
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, bD¢ – 5,).��)'.$6.+%  #�:00$2$,.-  *$0075$$ /)$&, -

"$, �
�
��

�
�

¢¶
¶�

�
��

�
�=l

bC
a

a
n0  – )'5&,).+%  0'#-�) , �/),*, (,&+%  $5 #�.2,.-)'2$�..�%  5'3$"$-

&�"-$  /�"-�(..�%  ),9,-#$  )'"-3�)' ; 1
0

-W=n  – #� $6,"-3�  '-�&�3  &'-)$2+  3 ,*$.$2,  
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�8C@&'. ��.2,.-)'2$(  bC¢ �/),*, (,-"(  #'#  #� $6,"-3�  /)$&,".+4  '-�&�3  .'  ,*$.$27  
�8C@&' &'-,)$' '  �)'.$2+ . 


3�:�,+1�+  /+4:�60�0�-  
�'  )$" . 1 /)$3,*,.  �)'0$#  5'3$"$&�"-$  TQ 1ln -  �-  1-T  "�� '".�  3+)'!,.$<  (7). 	.  

$&,,-  *3'  /)(&� $.,%.+4  76'"-#' , /� -)'5.�&7  .'# �.,..+4  # �"$  '8"2$"" . ;-�  "��-3,- -
"-37,-  )'5 $6.+&  :.,)�$(&  '#-$3'2$$  /)�2,""' .  

�'#�%  3$* 5'3$"$&�"-$  3.7-),..,��  -),.$(  &�!.�  /�.(-1  $5 "��8)'!,.$%  �2,.�6 -
.���  4')'#-,)' . ��-�#  3'#'."$%  J $5 ",� -
&,.-'  �/),*, (,-"(  �)'*$,.-�&  $4 #�.2,. -
-)'2$$ , #�-�)+%  /)�/�)2$�.' ,.  

lT
D

l
CDJ bbb 0~~ s , �*,  l – *$0075$�..'(  

* $.'  3'#'."$% . ���*'  /�-,)$  NW 5' /,)$�*  
#� ,8'.$%  T0 /)�/�)2$�.' 1.+  

lT
TDTJW b

2
00

00
H~~ sD , 7/)7�'(  :.,)�$(  

2
0H~W . � ,*�3'-, 1.� , lT

TDQ b 01 ~- . �)$  

.$5#$4 6'"-�-'4  $ $  3+"�#$4  -,&/,)'-7)'4  
*$0075$(  7"/,3',-  /)�%-$  .'  3",&  ",�&,. -
-, . �:-�&7  5' *$0075$�..7<  * $.7  &�!.�  
/)$.(-1  ,��  )'5&,)  L, #�-�)+%  �-  /,)$�*'  
#� ,8'.$%  .,  5'3$"$- , -��*'  

1
0

1 ~T~~ -- ZDTDTQ bb . �  �8 '"-$  3+"� -
#$4 6'"-�-  $ $  .$5#$4 -,&/,)'-7)  �".�3 -
.7<  )� 1  3 *$0075$�..+4  /)�2,""'4  $� -
)'<-  �8 '"-$  38 $5$ �)'.$2  ",�&,.-'  /)� -
-(!,..�"-1<  02~ TDl b . �  :-�&  " 76',  

21
0

1 ~T~~ -- TDTDTQ bb . �,),4�*  �-  

�*.���  76'"-#'  # *)7��&7  " )'5.+&$  
.'# �.'&$  .,  (3 (,-"(  ),5#$&, '  /)�$"4� -
*$-  3 .,#�-�)�&  -,&/,)'-7).�&  $.-,)3' , , 
9$)$.'  #�-�)���  "3(5'.'  " )'58)�"�&  3 
)'5&,)'4  0'",-�# . 	2,.#'  $4 "),*.,��  )'5 -
&,)'  *',-  3+)'!,.$,  
bTDL 2~ . �� -

*�8.'(  -,&/,)'-7).� -6'"-�-.'(  5'3$"$&�"-1  4')'#-,).'  * (  0�.'  3.7-),..,��  -),.$(  
*37&,).�  0'",-$)�3'..+4 , '  -'#!,  "-7/,.6'-+4  �)'.$2 . 

�,&/,)'-7).� -6'"-�-.'(  5'3$"$&�"-1  3.7-),..,��  -),.$(  F(Z) (&.�!$-, (  3 (15), 
5'3$"(=,��  �-  Z, /)�/�)2$�.' 1.���  6'"-�-, ) * (  " 76'(  ZZ =¢  /),*"-'3 ,.'  .'  )$" . 2. �  
�- $6$,  �-  *,8',3"#���  /$#'  $5�8)'!,..+%  5*,"1  /$#  .,"#� 1#�  .,"$&&,-)$6,. . 

����8;+1�+  
�  )'8�-,  )'""&�-),.+  �".�3.+,  &�*, $  3.7-),..,��  -),.$(  .'  �)'.$2'4  5,),. , 

$&,<=$4  �*.�&,).�  $ *37&,).�  0'",-$)�3'..7<  "-)7#-7)7 . �+"�#�-,&/,)'-7).+%  0�.  
"3(5'.  " .' $6$,&  .'  0'",-#'4  .�)&' 1.+4  .'/)(!,.$%  $ $&,,-  *$0075$�..7<  /)$)�*7 . 
�'  ,��  -,&/,)'-7).�%  5'3$"$&�"-$  $&,<-"(  �8 '"-$  " )'5.+&$  :00,#-$3.+&$  :.,)�$(&$  
'#-$3'2$$ . �7=,"-3�3'.$,  /$#�3  3.7-),..,��  -),.$(  "3(5'.�  " 5,).��)'.$6.+&  /)� -
"#' 15+3'.$,&  3*� 1  0'",-�#  $ $  " /,),)'"/),*, ,.$,&  &,!*7  .$&$  /)$&,".+4  '-�&�3 . 

 
�5����  ��0+/�0:/2  

T-1 

TQ 1ln -  

TC
-1 
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1. �7 1#�3  � .�  �$.,-$#'  0'",-$)�3'.$(  .,"�)'5&,).�%  &,!#)$"-'  $-.�%  �)'.$ -
2+ .'# �.'  // �,�)�'.$6,"#$,  &'-,)$' + . – 2005. – � . 41, B  7. – � . 892-896. 

2. �7 1#�3  � .�  �$.,-$#'  *37&,).���  0'",-$)�3'.$(  &,!#)$"-'  $-.+4  �)'.$2  // 
�,�)�'.$6,"#$,  &'-,)$' + . – 2005. – � . 41, B  11. – � . 1405-1408. 

3. �7 1#�3  � .� ., �'"$ 1,3'  � .� . �'-,&'-$6,"#'(  &�*, 1  /)�2,""'  0'",-$)�3'.$(  
&,!5,),..+4  �)'.$2  // � 1-,).'-$3.'(  :.,)�,-$#'  $ :#� ��$( . – B  14. – 2013. – � . 40 – 
44. 

4. �7 1#�3  � .� . �, '#"'2$�..+,  /)�2,""+  .'  �)'.$2'4  5,),.  3 &,-'  '4 : &�.��)' -
0$( . – �� !"#$% : �$ $'  �;�  3 � . �� !"#�& , 2015. – 162 ". 

5. �7 1#�3  � .� . �$5$#'  #�.*,."$)�3'..���  "�"-�(.$(  3 : ,#-)�-,4.$6,"#�&  &'-, -
)$' �3,*,.$$ . – ��8 .: �5* . «�'.1 », 2017. – 272 ". 

6. �7 1#�3  � .� . �.7-),..,,  -),.$,  .'  &,!5,),..+4  �)'.$2'4  " �*.�&,).�%  0'", -
-$)�3'..�%  "-)7#-7)�%  // �53,"-$(  ����3 . �$5$#' . – 2005. – � . 48, B  11 – � . 39-43. 

7. �7 1#�3  � .� ., �$4'),3'  � .� . �)�"#' 15+3'.$,  /�  0'",-$)�3'..+&  �)'.$2'&  5,-
),.  " 76,-�&  /�*"-)�%#$  .'/)(!,.$(  // �,0�)&'2$(  $ )'5)79,.$,  &'-,)$' �3 . – 2005. – 
B 1. – ". 46-48. 

8. �7 1#�3  � .� . �.7-),..,,  -),.$,  3 /� $#)$"-'  ,  " 0'",-$)�3'..+&$  �)'.$2'&$  
// �,"-.$#  �;� . – 2005. – B  3. – � . 120-123. 

9. �7 1#�3  � .� . �,!5,),..�,  "#� 1!,.$,  /�  �)'.$2,  " 7"-7/'&$  // ��3,)4.�"-1 . 
�,.-�,.�3"#$, , "$.4)�-)�..+,  $ .,%-)�..+,  $"" ,*�3'.$( . – 2005. – B  8. – � . 84-87. 

10. �7 1#�3  � .� . �.7-),..,,  -),.$,  .'  �)'.$2'4  5,),. , "�*,)!'=$4  /)�-(!,..+,  
$5 �&+  // �,"-.$#  ��)�.,!"#���  ��� . �,) . �'-,)$' �3,*,.$, . – 2005. – �+/ . 1.17. – � . 
54-57. 

11. �7 1#�3  � .� ., �'"$ 1,3'  � .� . �,).��)'.$6.�,  3.7-),..,,  -),.$,  .'  "-7/,.6' -
-+4  �)'.$2'4  " &$#)�.,"/ �9.�"-(&$  // �,)"/,#-$3.+,  &'-,)$' + . – 2009. – B  7. – � . 
171-175. 

12. �7 1#�3  � .� . �/,#-)  3.7-),..,��  -),.$(  3 /� $#)$"-'  $6,"#$4  &'-,)$' '4  " 
0'",-$)�3'..+&$  �)'.$2'&$  // �7.*'&,.-' 1.+,  /)�8 ,&+  "�3),&,..���  &'-,)$' �3, -
*,.$( . – 2005. – � . 2, B  1. – � . 70-72. 

13. �7 1#�3  � .� . �.7-),..,,  -),.$,  .'  0'",-$)�3'..+4  �)'.$2'4  5,),.  " /)$&,"( -
&$ // �53,"-$(  ����3 . �$5$#' . – 2005. – � . 48, B  4. – � . 93-94. 

14. �7 1#�3  � .� . �$0075$�..'(  &�*, 1  3.7-),..,��  -),.$(  3 .'.�#)$"-'  $6, -
"#�&  &'-,)$' ,  // �7).'  -,4.$6,"#�%  0$5$#$. – 2007. – � . 77. B  3. – � . 43-48. 

15. �,9,3+4  � .� ., �7 1#�3  � .� ., ��)�-#�3  � .� ., �-,/'.�3  � .� . �$5#�6'"-�-.�,  
3.7-),..,,  -),.$,  3 7 1-)'&, #�5,).$"-�%  &,*$  // �,"-.$#  �'&8�3"#���  7.$3,)"$-,-' . 
�,)$( : �"-,"-3,..+,  $ -,4.$6,"#$,  .'7#$ . – 2013. – � . 18, 3+/ . 4, � . 2. – � . 1885-1886. 

16. �7 1#�3  � .� . �.7-),..,,  -),.$, , �87" �3 ,..�,  5,).��)'.$6.+&  /,),)'"/), -
*, ,.$,&  /)$&,"$  3 .'.�#)$"-'  $6,"#�&  &'-,)$' ,  // ��.*,."$)�3'..+,  "),*+  $ &,! -
0'5.+,  �)'.$2+ . – 2005. – � . 7, B  4. – � . 406-408. 

17. �7 1#�3  � .� . � $(.$,  *$.'&$6,"#���  /,),)'"/),*, ,.$(  /)$&,"$  .'  5,).��)' -
.$6.�,  3.7-),..,,  -),.$,  3 .'.�#)$"-'  $6,"#$4  &'-,)$' '4  // �$"1&'  3 �7).'  -,4.$ -
6,"#�% 0$5$#$. – 2005. – � . 31, B  8. – � . 32-37. 
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�-+,+1�+  
 �#7"-$6,"#$,  &,-�*+  $"" ,*�3'.$( , �".�3'..+,  .'  /)$&,.,.$$  /1,5�#,)'&$6, -

"#$4 /),�8)'5�3'-, ,% , 9$)�#�  $"/� 157<-"(  3 "�3),&,..+4  .'76.+4  )'5)'8�-#'4  $ -,4 -
.� ��$6,"#$4  /)�2,""'4  [1-4].   

�+�68  ,�11�	  /�3�02  (3 (,-"(  :#"/,)$&,.-' 1.�,  $"" ,*�3'.$,   5'3$"$&�"-$  
'&/ $-7*+  '#7"-$6,"#�%  3� .+  537#�3���  *$'/'5�.'  �-  "-'-$6,"#���  3.,9.,��  *'3 ,.$(  
3 2$ $.*)$6,"#�%  #'&,)'  " *$"-$  $)�3'..�%  3�*�% . 

&��5+/�
+10��61��  :�0�1�-��  "�*,)!$-  2$ $.*)$6,"#7<  #'&,)7  ��)$5�.-' 1 -
.���  $"/� .,.$(  - 1, 3+/� .,..7<  $5 &,-'  ' , .'  -�)2'4  #�-�)�%  7"-'.�3 ,.+  /1,5�#, -
)'&$6,"#$,  /),�8)'5�3'-, $  - 2 $ 3 &')#$  ��� -19, �,.,)'-�)  537#�3+4 #� ,8'.$%  - 4, ), -
"$3,)  3+"�#���  *'3 ,.$(  - 5, .'�.,-'-, 1  -6, �"2$  ��)'0  - 7 $ /,)"�.' 1.+%  #�&/1<-,)  - 
8 ()$" . 1, )$" . 2), (0�-�  1).  

�$ $.*)$6,"#'(  #'&,)'  - 1 5'/� .,.'  *$"-$  $)�3'..�%  3�*�%  - 9 $ �$*)�$5� $ -
)�3'.'  /�"),*"-3�&  5'#),/ ,..+4  .'  -�)2'4  "��-3,-"-37<=$4  5'� 79,#  - 10, 3 #�-�)+4  
7"-'.�3 ,.+  "��".�  2$ $.*)$6,"#�%  #'&,)+  /1,5�#,)'&$6,"#$,  /),�8)'5�3'-, $  3 3$*,  
-'8 ,-�# . �+)'8'-+3',&+%  537#�3+& �,.,)'-�)�&  : ,#-)$6,"#$%  "$�.'  �')&�.$6,"#$4  
#� ,8'.$%  /�*',-"(  .'  $5 76'<=$%  /1,5�#,)'&$6,"#$%  /),�8)'5�3'-, 1  - 2, .'4�*(=$%"(   

 
 

 
.,/�"),*"-3,..�  3 /� �"-$  #'&,)+  $ #�.-'#-$)7<=$%  " *$"-$  $)�3'..�%  3�*�% .  

��  ���  

�'�.,-' -
-, 1  

�,"$3,)  	"2$  ��)'0  

�$"7.�#  1. 
 �# -"4,&'  :#"/,)$&,.-' 1.�%  7"-'.�3#$ : ���  – �,.,)'-�)  537#�3+4 
#� ,8'.$% ; ��  – #�&/C<-,) ; ��  – 2$ $.*)$6,"#'(  #'&,)' , 5'/� .,..'(  3�*�% ; 
���  - $5 76'<=$%  $ ���  - /)$,&.+%  /1,5�#,)'&$6,"#$,  /),�8)'5�3'-, $   

��  

���  ���  

                  

 
 

 

3 1 9 

8 

2 5 

7 
��&/),

""�)  4 

 
�$"7.�#  2. �4,&'  :#"/,)$&,.-' 1.�%  7"-'.�3#$  
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��"),*"-3�&  $5 76'<=,��  /1,5�#,)'&$6,"#���  /),�8)'5�3'-, (  3 "),*,  3�587! -
*'<-"(  &,4'.$6,"#$,  #� ,8'.$( , #�-�)+,  ),�$"-)$)7<-"(  3-�)+&  /)$,&.+&  /1,5�#,)' -
&$6,"#$& /),�8)'5�3'-, ,&  – 3, #�-�)+%  .,  $&,,-  .,/�"),*"-3,..+%  #�.-'#-  " *$"-$ -
 $)�3'..�%  3�*�% , '   $5� $)�3'.  6,),5  -� "-�"-,..7<  9'%87 $5 "-,# '  /�  /)$6$.,  $58,-
!'.$,  : ,#-)$6,"#$4  .'3�*�# , /,),*'3',&+4  /�  3�*.�%  "),*, .  �' ,,  "$�.'  /�*',-"(  .'  
5'/�&$.'<=$%  *37#'.' 1.+%  2$0)�3�%  �"2$  ��)'0  GDS-810S $ 0$#"$)7,-"(  /,)"� -
.' 1.+&  #�&/1<-,)�& . ;#"/,)$&,.-+  /)�3�*$ $"1  /)$  )'5 $6.+4  ),5�.'.".+4  6'"-� -
-'4 , 3+)'8'-+3',&+4  �,.,)'-�)�&  537#�3+4 #� ,8'.$%  – 11 $ )'5 $6.+4  *'3 ,.$% , "�5*' -
3',&+4  .'�.,-'-, ,&  – 12 /�"),*"-3�&  ),"$3,)'  – 13. 

&��5+/�
+10��612+  ����+,�-�1�� . �  /)�2,"",  /)�3,*,.$(  :#"/,)$&,.-�3  8+ $  
�/),*, ,.+  ),5�.'.".+,  6'"-�-+  537#�3+4 #� ,8'.$%  ()$" . 3) 3 2$ $.*)$6,"#�%  #'&,),  "  

 

 
 
 

   
��-�  1. �.,9.$%  3$* :#"/,)$&,.-' 1.�%  7"-'.�3#$  

          

             
         �$"7.�#  3. �')'#-,).+,  �"2$  ��)'&&+  /)$  ),5�.'.".+4  6'"-� -
-'4    kG10,kG75.6,kG4.4,kG07.3 4321 ==== nnnn                                 
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�,�&,-)$6,"#$&$  /')'&,-)'&$  * $.�%  mm450L =  $ *$'&,-)�&  mm30d = . 
+ $  /� -
 76,.+  " ,*7<=$,   ),5�.'.".+,  6'"-�-+  

kG10,kG75.6,kG4.4,kG07.3 4421 ==== nnnn  /)$  '-&�"0,).�&  *'3 ,.$$ .  

�5&,.,.$,  *'3 ,.$(  3')1$)�3' �"1  3 /),*, '4 atm41p ¸= . �,57 1-'-+  :#"/, -
)$&,.-�3  ()$" . 4) /�#'5+3'<-  ()#�  3+)'!,..7<  5'3$"$&�"-1  '&/ $-7*+  537#�3�% 3� .+  
�-  3.,9.,��  *'3 ,.$(  3 3�*.�%  "),*, , 3 6'"-.�"-$  /)$  *'3 ,.$$  atm1p =  * (  /,),6$" - 

 

 
 

 ,..+4  6'"-�-  '&/ $-7*'  73, $6$3',-"(  3 " ,*7<=$4  "��-.�9,.$(4  

10
A
A

;3,3
A
A

;4,2
A
A

;2
A
A

0

1

0

1

0

1

0

1 ==== . �)$  :-�&  * $.+  3� .  * (  "��-3,-"-37<=$4  

6'"-�-  /)$  '-&�"0,).�&  *'3 ,.$$  )'3.+  
m15.0;m22.0;m34.0;m49.0 4321 ==== llll , '  #)'-.�"-1  6'"-�-  /�*-3,) -

!*',-  �8)'5�3'.$,  "-�(6,%  3� .+ , $ "'&'  7"-'.�3#'  /),*"-'3 (,-  "�8�%  537#�3�% !$* -
#�"-.+%  $.-,)0,)�&,-) . 

 
�$-,)'-7)'  
1. �$5$6,"#'(  '#7"-$#' . / ��*  ),* . �:5�.  � . - � : �-�&$5*'- , - . 1, 1966. - 976 ".   
2. � 1-)'537# .  �' ,.1#'(  :.2$# �/,*$( . - � : ��3,-"#'(  :.2$# �/,*$( , 1979. -  

400 ".   

     

     
�$"7.�#  4. �')'#-,).+,  �"2$  ��)'&&+  /)$  ),5�.'.".+4  6'"-�-'4  

kG10,kG75.6,kG4.4,kG07.3 4421 ==== nnnn  /)$  

*'3 ,.$$  atm1p =  
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3. �7)#',3 , � .� . �"" ,*�3'.$,  $&/7 1".���  &,4'.$6,"#���  .'�)7!,.$(  3� .� -
3�*.���  /1,5�*'-6$#'  *'3 ,.$(  / �7)#',3  � .� ., �7 1#�3  � .� . // �#7"-$6,"#$%  !7).' .- 
��&  52,  B  2, 2006.- � . 218 – 222. 

4. �7)#',3 , � .� . �,-�*$#'  $"" ,*�3'.$(  : ,#-)$6,"#���  35)+3'  2$ $.*)$6, -
"#���  /)�3�*.$#'  $ #� 12,3�%  0� 1�$  / �7)#',3  � .� , �7&+9  � .� ., �"'6,3  � .� .  // �53, -
"-$(  �� ���� . �,) . «; ,#-)�.$#' , $5&,)$-, 1.'(  -,4.$#' , )'*$�-,4.$#'  $ "3(51». �� �� -
�)'* , 2012.- �+/ . 6: "8. .'76 . "- . / �� ����  - B  6.- C. 74-78 

5. �'- . B  2241212, ���   G01L9/08, G01L23/10  �� .�3�*.+%  *'-6$#  *'3 ,.$(  / 
�7)#',3  � .� , �74'  � .� ., �7)#',3  � .� .; �� ���)'*"#$%  ��"7*')"-3,..+%  -,4.$6,"#$%  
7.$3,)"$-,- .- �'(3#' : 2002135488/28,  26.12.2002, �/78 . 27.11. 2004.  

 
 
 

�������������  �
���*  !
�������'  ��������
�  !
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� ��  
������
���*  �
��
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���  
!�����*��'  �����
�  �'   

!�����"
���  
 

� .� . �)6,.#� , � .� . �)6,.#� , � .� . �)$9$.' ,  
			  ���  «���	������� -��� », �� !"#$%  

 
 
�  /)'#-$#,  #�."-)7$)�3'.$(   $-1,3+4  0�)&  * (  /)�$53�*"-3'  �,5$.�  �,4.$6,"#$4  

�,-' ,%  (��� ) 8� 19�,  5.'6,.$,  $&,,-  -� , #'#$,  .'�)75#$  *� !.'  $"/+-+3'-1  :-'  *,-' 1  
3 )'8�6,&  75 , , $4 /)�*� !$-, 1.�"-1 , .'/)'3 ,.$,  $ 5.'6,.$, . �'#  /�#'5' '  /)'#-$#' , 
#'!7='("(  .'  3.,9.$%  3$* #'6,"-3,..'(  ���  &�!,-  8+"-)�  3+%-$ $5 "-)�(  -� 1#�  /�-� -
&7, 6-�  /)$  $5��-�3 ,.$$  3 .,% .'#'/ $3'<-"(  8� 19$,  3.7-),..$,  .'/)(!,.$( , '  "�3/' -
*,.$,  $4 " :#"/ 7'-'2$�..�%  .'�)75#�%  /)$3�*$-  # ,,  8+"-)�&7  )'5)79,.$< . 

�'&�  "�8�%  )'57&,,-"( , 6-�  /)�,#-$)�3'.$,  0�)&  * (  $5��-�3 ,.$(  ���  *� !.�  /)� -
3�*$-1"(  -'#$&  �8)'5�& , 6-�8+  $58,!'-1  :-���  "�3/'*,.$(  $, /�  3�5&�!.�"-$ , 78)'-1  3�5-
.$#'<=$,  /)$  *,0�)&$)�3'.$$  3.7-),..$,  .'/)(!,.$(  3 $5*, $$ , #�-�)+,  �/),*, (<- -
"(  &.��$&$  0'#-�)'&$ , "3(5'..+&$  "�  "3�%"-3'&$  /� $&,).+4  &'-,)$' �3 , " ),!$&'&$  
$4 *,0�)&$)�3'.$(  /)$  0�)&�3'.$$  $ " ),!$&'&$  $4 37 #'.$5'2$$ . 	"�8,..�  :-�  $&,,-  
8� 19�,  5.'6,.$,  * (  $5*, $%, 5'&,.'  #�-�)+4  �2,.$3',-"(  3 -+"(6$  )'5  *�)�!, , 6,& 
"-�$&�"-1  "'&���  ��� , .'/)$&,) , /)$  "/7"#� -/�*C,&,  87)�3���  $."-)7&,.-' . 

�,9,.$,  :-$4  /)�8 ,&  3 /,)37<  �6,),*1  "3(5'.�  " /�.$&'.$,&  0$5$6,"#�% /)$)�*+  
/)�2,""'  *,0�)&$)�3'.$(  /� $&,).+4  &'-,)$' �3 , /�53� (<=,��  3+8$)'-1  -�  $ $  $.�,  
.'/)'3 ,.$,  �"-'-�6.+4  .'/)(!,.$%  3 $5*, $$ , #�-�)�,  8+ /�53� $ �  «)'5�)75$-1 » ���  
�-  #)$-$6,"#$4  )'8�6$4  .'�)75�# , 3,*7=$4  # $4 3+3�*7  $5 "-)�( . 

�#$.,-$6,"#�%  -�6#$  5),.$(  /)�2,""  *,0�)&$)�3'.$(  /� $&,).+4  &'-,)$' �3 , 3 -�&  
6$" ,  $ "+)+4  ),5$.�3+4  "&,",%, /),*"-'3 (,-  "�8�%  ),57 1-'-  35'$&.���  "&,=,.$(  #$-
.,-$6,"#$4  ,*$.$2 , "3�%"-3'  #�-�)+4  .,�84�*$&�  76$-+3'-1  /)$  )'5)'8�-#,  ),2,/-7)+  
),5$.�3+4  "&,",%. �'#  #'#  .'  /),�*� ,.$,  "3(5,% &,!*7  '-�&'&$ , &� ,#7 '&$ , 8 �#'&$  
&� ,#7 , � �87 '&$  $ *)7�$&$  #)7/.+&$  6'"-$2'&$  .,�84�*$&�  5'-)'-$-1  )'8�-7  3.,9 -
.$4  "$  /)$  $4 0�)&�3'.$$ . 

�  -'#  #'# / '"-$6,"#�%  *,0�)&'2$$  /),*9,"-37,-  7/)7��,  "&,=,.$, , /)$  #�-�)�&  
3.7-),..$,  "$ +  "-),&(-"(  3,).7-1  6'"-$2+  3 /),!.,,  $4 )'3.�3,".�,  /� �!,.$, , 3 *, -
0�)&$)7,&�&  /� $&,).�&  &'-,)$' ,  &��7-  .'#�/$-1"(  8� 19$,  3.7-),..$,  .'/)(!,.$( , 
�/),*, (,&+,  "��-.�9,.$,&  3.7-)$"-)7#-7).+4  $ &,!"-)7#-7).+4  35'$&�*,%"-3$%, 5'-
3$"(=$4  �-  -,4  $ $  $.+4  ),!$&�3  *,0�)&$)�3'.$( . 

�6$-+3'(  3'!.�"-1  "��-.�9,.$(  &,!&� ,#7 ().+4  $ 3.7-)$&� ,#7 ().+4  "3(5,% 3 
/� $&,).+4  &'-,)$' '4 , /)�(3 (<=$4"(  /)$  $4 /,),)'8�-#, , .'&$  /),* �!,.'  .�3'(  &' -
-,&'-$6,"#'(  &�*, 1  /� $&,).+4  &'-,)$' �3 , /�53� $39'(  /)�3�*$-1  #'# #'6,"-3,..7<  
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$ #� $6,"-3,..7<  �2,.#7  $4 "3�%"-3, -'#  $ �/),*, (-1  .'$8� ,,  �/-$&' 1.+,  ),!$&+  $4 
*,0�)&$)�3'.$(  $ 37 #'.$5'2$$  " 2, 1<  �8,"/,6,.$(  3+"�#�%  4�*$&�"-$  ���  /)$  -,4  
$ $  $.+4  .'�)75#'4 . 

�"4�*(  $5 -��� , 6-�  3 /� $&,).�&  &'-,)$' ,  3",�*'  / '"-$6,"#'(  *,0�)&'2$(  "�/)� -
3�!*',-"(  /),*3')$-, 1.+&  7/)7�$&  "&,=,.$,& , /)$  "�5*'.$$  &'-,&'-$6,"#�%  &�*, $  
,��  *,0�)&$)�3'.$(  .,�84�*$&�  "7&&$)�3'-1  �8)'-$&+,  (7/)7�$, ) $ .,�8)'-$&+,  (/ ' -
"-$6,"#$, ) *,0�)&'2$$ , /),*"-'3$3  $4 3 3$*,  7/)7�$4  Oy$ / '"-$6.+4  On"&,=,.$% . �)$  
:-�&  .,�84�*$&�  76,"-1 , 6-�  #$.,-$6,"#$,  ,*$.$2+ , �8 '*'<=$,  "�8"-3,..�%  &'""�%  m, 
3 /)�2,"",  �-.�"$-, 1.���  "*3$�'  ("&. )$" . 1) "&,='<-"( , /),�*� ,3'(  3.7-)$&� ,#7 () -
.+,  (7/)7�$, ) "$ +  G, #�-�)+,  &��7-  8+-1 ��)'5*�  8� 19,  &,!&� ,#7 ().+4 m, "�5*'< -
=$4 3.7-),..,  -),.$,  (3(5#�"-1 ), �#'5+3'<=,,  "�/)�-$3 ,.$,  "$ '&  "*3$�' . ���-3,- -
"-3,..� , 7/)7�$,  "$ +  /),*"-'3$&  3 3$*,  /)7!$.+ , #�-�)'(  &�!,-  $&,-1  )'5.7<  !,"- -
#�"-1  G, '  "$ +  -),.$(  3 3$*,  &'""+  m.'/ �"#�"-$ . 

�  :-�&  " 76',  * (  -��� , 6-�8+  /)�3,"-$  / '"-$6,"#$%  "*3$�On &'""+  m$5 /� �!,.$(  
t=0, ("&. )$" . 1' ) /)$  /�&�=$  /)$# '*+3',&���  $&/7 1"'  "$ +   3 -,6,.$,  #'#��� --�  
/)�&,!7-#'  3),&,.$  t, .,�84�*$&�  3.'6' ,  /),�*� ,-1  7/)7�7<  *,0�)&'2$<  Oy. ���- -
3,-"-3,..� , �8='(  *,0�)&'2$( , .,�84�*$&'(  * (  :-��� , �/),*, $-"(  #'#  "7&&'  

 
O= Oy + On 

 
7/)7��%  Oy $ / '"-$6,"#�%  On*,0�)&'2$%  ("&. )$" . 18) 
 
 

 
�$" . 1' ,8 

 
 
�'#  3$*.� , /),*"-'3 ,..'(  .'  )$"7.#,  1 &�*, 1  /� $&,).�%  !$*#�"-$  /�53� (,-  �-)' -

5$-1 3.7-)$&� ,#7 ().+,  (7/)7�$, ) "$ +  /)$  /�&�=$  /)7!$.+ , �8 '*'<=,%  �/),*, ,. -
.�%  !,"-#�"-1<  G, '  &,!&� ,#7 ().+,  – �-)'5$-1  /)$  /�&�=$  &'""+   m, �#'5+3'<=,%  -�  
$ $  $.�,  "�/)�-$3 ,.$,  -),.$< . �'  :-�%  �".�3,  $ 8+ '  "�5*'.'  &'-,&'-$6,"#'(  &�*, 1  
/� $&,).+4  &'-,)$' �3 , /),*"-'3 ,..'(  " ,*7<=$&  7)'3.,.$,&  

 
 

        
 (1) 
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�*,    – /�"-�(..'(  �/),*, (,&'(  /,)$�*�&  #� ,8'.$(  4')'#-,)$"-$6 -

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

$ $  *,0�)&$)�3'.$(  �  $ "��-3,-"-37<=$&$  $& �-.�"$-, 1.+&$  *,0�)&'2$(&$ , 4')'# -

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

;#"/,)$&,.-' 1.�  7"-'.�3 ,..'(  5'3$"$&�"-1 * (  )'5.+4  &'-,)$' �3  /)$3, -
*,.'  3 I-�  #3'*)'.-,  .'  )$"7.#,  2 3 3$*,  #)$3+4 -,6,.$(  * (  /(-$  )'5.+4  !$*#�"-,%  (1 – 
5). �  )'5 $6.�,  /�3,*,.$,  :-$4  !$*#�"-,% , #'#  ),57 1-'-  3 $(.$(  &,!&� ,#7 ().+4  $ 
3.7-)$&� ,#7 ().+4  "$ , 4')'#-,)$57,-"(  #)$3+&$, )'"/� �!,..+&$  3�  II#3'*)'.-, , �- -

)'!'<=$&$  5'3$"$&�"-1  .'/)(!,.$(  "*3$�'  �-  /)�*� !$-, 1.�"-$  35'$&�*,%"-3$(  

"-)7#-7).+4  ,*$.$2 , �#'5+3'<=$4  "�/)�-$3 ,.$,  3.,9.,%  .'�)75#, , �"7=,"-3$39,%  

$4 "*3$�  3 -,6,.$,  #'#��� --�  3),&,.$  . �-�  �-)'!,.�  .'  )$"7.#,  2 3 III #3'*)'.-,  $4 

)'3,."-3�&  ( ). 
 
 

 
 

�$" . 2. 
 
 

�'#  #'#  /)$  5.'6$-, 1.�&  /),3+9,.$$  7/)7�$4  "$  (G) .'*  &,!&� ,#7 ().+&$  (m) 

5.'6,.$,  "-),&$-"(  # &$.$&7&7, -�  &� ,#7 +  .1<-�.�3"#�%  !$*#�"-$  
"&,='<-"( , /)'#-$6,"#$  .,  *,0�)&$)7("1 , 6-�  * (  .1<-�.�3"#$4  !$*#�"-,%  3+)'!',-"(  
/)(&�/)�/�)2$�.' 1.�%  5'3$"$&�"-1< , /),*"-'3 ,..�%  .'  )$"7.#,  2 3 I-�  #3'*)'.-,  
/)(&�%  1. 
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�)$  7/)7�$4  *,0�)&'2$(4  (G), ")'3.$&+4  " &,!&� ,#7 ().+&$  "$ '&$  $ $  &,.19,  $4 
( m), /,)$�*  #� ,8'.$(  4')'#-,)$"-$6.�%  �)7//+  3�5)'"-',- , 3 ),57 1-'-,  6,��  &+ /)$  
$"" ,*�3'.$$  -,6,.$(  )'5 $6.+4  ),5$.�3+4  "&,",% 6,),5  #'.' +  #'/$  ().���  3$"#�5$-
&,-)'  * (  ),5$.�3+4  "&,",% &')#$  
 -201; � 0-68$ 7B-14 /� 76$ $  "��-3,-"-37<=$,  $& 
#)$3+,  -,6,.$(  3,4,5 ("&. )$"  2, I#3'*)'.- ). �)$  �8)'8�-#,  #�-�)+4  5'3$"$&�"-1  &,!*7  

.'/)(!,.$,&  "*3$�'  $ /)�*� !$-, 1.�"-1<  "*3$�'  �-)'!,.'  :#"/,)$&,.-' 1.�  -'# -
!,  3 3$*,  #)$3+4 3,4,5, /)$3,*,..+4  3�  II#3'*)'.-, . �)$  :-�&  " ,*7,-  �-&,-$-1 , 6-�  /� -
" ,*.$,  #)$3+,  " 3+"�#�%  -�6.�"-1<  �/$"+3'<-"(  /)$  /�&�=$  &'-,&'-$6,"#�%  &�*, $  
(1) * (  )'5.���  "��-.�9,.$(  m$ G $ /,)$�*'  #� ,8'.$( , 
 

         (2) 
 
* (  -'#  .'5+3',&+4  4')'#-,)$"-$6.+4  �)7//  &� ,#7 , .'� (*.�  /�#'5+3'<=$%  #'# )'5 -
 $6.�,  "��-.�9,.$,  &,!&� ,#7 ().+4  (m) $ 3.7-)$&� ,#7 ().+4  "$  (G) "#'5+3',-"(  
.'  4')'#-,),  #)$3+4 -,6,.$(  (3,4,5). 

�)$  :-�&  /)�3,*,..+,  :#"/,)$&,.-+  /�*-3,)!*'<- , 6-�  #� ,8'.$,  87*,-  -,&  8� ,,  
4')'#-,)$"-$6.+& , 6,& 8� 19,  /')'&,-)+  #� ,8 <=,%"(  �)7//+  '-�&�3  (G �  m) �- $6' -
<-"(  �-  �"-' 1.�%  6'"-$  &� ,#7 + . �-�  4�)�9�  "�� '"7,-"(  " #$.,-$6,"#�%  -,�)$,%  : ' -
"-$6.�"-$  /),*"-'3 ,..�%  3 " ,*7<=$4  )'8�-'4  [1 – 3], '  ")'3.,.$,  �)7//�3+4  6'"-�-  
/�53� (,-  .'*,!.�  /)�3�*$-1  07.#2$�.' 1.+%  '.' $5  �)�'.$6,"#$4  "�,*$.,.$%  $ 7"-' -
.'3 $3'-1  $*,.-$6.�"-1  $ $  #'6,"-3,..�,  )'5 $6$,  3,=,"-3 , /)$&,.(,&+4  3 /)'#-$#, . 

�  .'"-�(=,,  3),&(  3�/)�"'&  7 769,.$(  #'6,"-3'  3+/7"#',&+4  ���  7*, (<-  8� 19�,  
3.$&'.$,  3 �".�3.�&  5' "6,-  "�5*'.$(  .�3+4  ),2,/-7)  ),5$.�3+4  "&,",% [1], /)'#-$6,"#$  
.,  76$-+3'(  ��)�&.���  3 $(.$(  ),!$&�3  $4 /,),)'8�-#$ . �'  #�-�)+, , 3 )'&#'4  )'5&,)�3  
"-'-1$ , &+ $ /�"-')' $"1  �8)'-$-1  3.$&'.$, . �)$6,&  76,-  �/-$&' 1.+4  ),!$&�3  5' $3#$ 
$ 37 #'.$5'2$$  /�53� $  .'9$&  "/,2$' $"-'& , .'/)$&,) , /)$  $5��-�3 ,.$$  �8�%& 3$. -
-�3+4  .'"�"�3 , 3 2 )'5'  73, $6$-1  $4 ")�#  " 7!8+  /�  ")'3.,.$<  " 5')78,!.+&$  '.' ��' -
&$, /�*-3,)*$3 , -'#$&  �8)'5�& , 3 $(.$,  3+8�)'  �/-$&' 1.+4  ),!$&�3  .'  #'6,"-3�  $5�� -
-�3 ,.$(  ��� . 

 
��0+/�0:/� : 
1. � .� . ��8,#� , � .� . �7�9$."#$% , � .� . �7),3$6 , �53 . ��  ���� , �,) . 0$5 1937, 6, 329.  
2. � .� . �'57)#$. , ��� , 1939, 6. 1261. 
3. 
 .� . �),.#, 1 , �$.,-$6,"#'(  -,�)$(  !$*#�"-,% , �5 . «�'7#' », � . 1975, 592. 
4. �! . � . �$# . �'#  7 769$-1  ),5$.�3+,  "&,"$ . � .-�,-,)87)� , 2016 � . 
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� .� .�)6,.#� , � .� . �)6,.#� , 			  ���  «���	������� -��� », �� !"#$%  
 
 

�'#  $53,"-.� , 3 �".�37  "7=,"-37<=,��  -,�),-$6,"#���  /�*4�*'  # $576,.$<  "3�%"-3, 
/)�(3 (,&+4  !$*#�"-(&$  3 ),' 1.+4  7" �3$(4 , /� �!,.+  7)'3.,.$(  *3$!,.$(  ;% ,)' , 
3+3,*,..+,  * (  !$*#�"-,%  "�3,)9,..+4 , .,  "/�"�8.+4  .$  3+*,)!$3'-1 , .$  �#'5+3'-1  
.$#'#$4  -'.�,.2$' 1.+4  .'/)(!,.$%  "*3$�'  $ $  )'5)+3'<=$4  7"$ $% [1]. �,!*7  -,& , 
3",  ),' 1.+,  !$*#�"-$  �8 '*'<-  .,#�-�)�<  3(5#�"-1< , #�-�)'(  $ /),*�/),*, (,-  3�5-
&�!.�"-1  /�(3 ,.$(  .,  -� 1#�  .�)&' 1.+4  *'3 ,.$% , .�  $ *)7�$4  .'/)(!,.$%  3��8=, . �  
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-'#  #'#  "$ ' , �87" �3 ,..'(  3(5#�"-1< , 3��8=,  .,$53,"-.'  .$  /�  3, $6$., , .$  /�  .'/)'3 -
 ,.$< , -�  ;% ,)  $ 3+8)'  /7-1 : )'""&�-),-1  *3$!,.$,  "�3,)9,..�%  !$*#�"-$  $ /� 76,. -
.+,  ),57 1-'-+  ")'3.$-1  " *,%"-3$-, 1.�  .'8 <*',&+&$"3�%"-3'&$ . �",  )'5 $6$(  *� ! -
.+  8+-1 �-.,",.+  .'  "6@- 3 $(.$(  3(5#�"-$ , $ -'#$&  /7-@& &�!.�  87*,-  "�"-'3$-1  /),* -
"-'3 ,.$,  �  -�& , 6-�  �87" �3 $3',-  3(5#�"-1  $ *)7�$,  "3�%"-3'  -�% $ $  $.�%  !$*#�"-$ . 

� ,*7,-  ")'57  !,  7-�6.$-1 , 6-�  /�.(-$,  3(5#�"-$ , /)�(3 (<=,%"(  3" ,*"-3$,  3.7- -
),..,��  -),.$( , 8+ �  33,*,.�  �1<-�.�&  .'  �".�3'.$$  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$%  
"3�%"-3 3�*+ . ��:-�&7  3(5#�"-1  3�*+  $&,.7<-  «.1<-�.�3"#�%  3(5#�"-1< ». 

�.'6,.$,  $ )'5&,).�"-1  3(5#�"-$  /� 76'<-  $5 "��-.�9,.$(  :#"/,)$&,.-' 1.�  �/),*, -
 (,&+4  3, $6$.  #'#[2] 

 

  , '� /�H),  (1) 
 

�*, , '� /�H)2 – .'/)(!,.$,  "*3$�'  �/),*, (<-  6,),5  5.'6,.$,  "$ + , '�H� /)2, 

*,%"-37<=,%  /�  #'"'-, 1.�%  # ,*$.$2,  /�3,)4.�"-$ , � 2; , ) -1 – �)'*$,.-  "#�)� -
"-$  "*3$�'  ,*$.$2  /�3,)4.�"-$  �-.�"$-, 1.�  *)7�  *)7�'  /�*  3�5*,%"-3$,&  .'/)(!,.$(  
"*3$�'  ("&. )$" . 1). 

�)$.(-'(  5'/$"1  (1) "-)�$-"(  .'  7/)�=@..�&  /),*"-'3 ,.$$  �  *'..�&  /)�2,"",  #'#  �  
6'"-$  "/ �9.�%  "),*+ , $ �  ,@ *,0�)&'2$$  #'# �  .,/),)+3.�&  $5&,.,.$$  &+" ,..�  3+*, -
 ,..���  3 .,% �8C@&'. ��.2,.-)$)7(  "3�@ 3.$&'.$,  .'  $576,.$$ ,��  0�)&�$5&,.,.$( , -, -
6,.$,  �-�!*,"-3 (<-  " $"#'!,.$,&  �8C@&', )'53$3'<=$&"(  3�  3),&,.$ , .,  �-�8)'!'(  
:-�-  /)�2,"" , #)�&,  #'#  3 *$00,),.2$' 1.�&  $ $.-,�)' 1.�&  3$*, . �/7"#'(  /)$  :-�&  
3�5&�!.�"-1  76,-'  #'#  3.7-)$&� ,#7 ().+4 , -'#  $  &,!&� ,#7 ().+4  "3�%"-3, #�-�)+,  $ 
�/),*, (<-  /�3,*,.$,  -���  $ $  $.���  &'-,)$' '  /)$  ,��  *,0�)&$)�3'.$$ . 

 
 

�$" .1. �4,&'  �2,.#$  *,0�)&'2$$  " /�5$2$$  "/ �9.�%  "),*+ . 
�,%"-3$-, 1.� , 3 0$5$#, 6'"-�  /)$&,.(<-  "/�"�8 , /�53� (<=$%  �2,.$-1  5.'6,.$,  

/),*"-'3 (<=,%  $.-,),"  3, $6$.+ , «/�6-$ » .,  /)$8,�'(  # -,�),-$6,"#$&  "��-.�9,.$(& , 
-�6.�  3+)'!'<=$&  &,4'.$#7  /)�2,""' . 	.  "�"-�$-  3 -�& , 6-�  .'  �".�3'.$$  "*, '..+4  
*�/7=,.$%  $ $  *'..+4  :#"/,)$&,.-' 1.+4  $"" ,*�3'.$%  7"-'.'3 $3'<-  3, $6$.+ , 
�/),*, (<=$,  3 � '3.�&  ,��  4�* . �  *'..�&  " 76',   $ . �'-,&  $5 :-$4  3, $6$.  "�"-'3 ( -
,-"(  �*.�6 ,..�,  ' �,8)'$6,"#�,  3+)'!,.$, , $&,<=,,  )'5&,).�"-1  $"#�&�% 3, $6$.+  
(1), #�-�)�&7  /�" ,*.((  $ /)$)'3.$3',-"( . 	*.'#�  5'  :-�%  0�)&' 1.�%  �2,.#�%  "3�%"-3 
!$*#�"-$  "-�$-  *�3� 1.�  " �!.+%  /)�2,"" , -),87<=$%  *�"-'-�6.�  /� .���  /),*"-'3 , -
.$(  �  35'$&�*,%"-3$$  3.,9.$4  "$ , 3+5+3'<=$4  *,0�)&'2$< , $ 3.7-),..$4  – �#'5+3' -
<=$4  $& "�/)�-$3 ,.$, . �)$6@& -�6.�"-1  �2,.#$  /)�2,""'  87*,-  5'3$",-1  �-  -��� , .'  #' -
#�&  7)�3.,  8' '."'  )'5&,).�"-,%  &+ 87*,&  )'""&'-)$3'-1  :-�  35'$&�*,%"-3$,  $, 3&,"-,  " 
-,& , #'#  /)�3�*$-1  �2,.#7  *,0�)&'2$$ .  

�)$.$&'(  /� �!,.$(  �  -�& , 6-�  / '"-$6.'(  *,0�)&'2$(  -, '  (!$*#�"-$ ) .,  $5&,.(,-  
�8C@&' *,0�)&$)7,&�%  !$*#�"-$ , " ,*7,-  "6$-'-1 , 6-�  �.'  .,  &,.(,-  &,!&� ,#7 ().+4  
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)'""-�(.$% . �5  :-���  " ,*7,- , 6-�  / '"-$6.+,  "&,=,.$(  (-,6,.$, ) "-)7#-7).+4  ,*$ -
.$2.1<-�.�3"#�%  !$*#�"-$  /�  "3�,% 3, $6$.,  *� !.+  8+-1 )'3.+  �*.�&7  "-)7#-7).�&7  
)'5&,)7 . 

�"4�*(  $5 6,�� , $ )'""&�-)$&  *,0�)&'2$<  6$"-���  "*3$�'  &,!*7  *37&( /')'  , 1.+ -
&$ / �"#�"-(&$  1 $ 2, /),*"-'3 ,..+&$  .'  )$"7.#,  2. 

�'#  $ 3 "7=,"-37<=,%  # '""$#, , /),*/� �!$& , 6-�  /)$)�*'  ),' 1.�%  !$*#�"-$  $5�-
-)�/.' , $ "-)7#-7).+,  ,*$.$2+  3 /)�2,"",  "*3$�'  .,  *,0�)&$)7<-"( , '  "�/)�-$3 ,.$,  
"$ '&  "*3$�'  /)�(3 (,-"(  -� 1#�  5' "6@- &,!&� ,#7 ().���  35'$&�*,%"-3$(  /)$  $4 �-.� -
"$-, 1.�&  "*3$�,  5'  "6,-  :.,)�$$  &,!&� ,#7 ().+4  "3(5,% – . 

�  :-�&  " 76',  .'&  .,  �8(5'-, 1.�  5.'-1  .$   $.,%.+,  )'5&,)+  6'"-$2 , .$  $4 #� $6, -
"-3�  3 3+*, ,..�&  �8C@&,, -'#  #'#  �8=,,  5.'6,.$,  �-.�"$-, 1.+4  "*3$��3  &+ "&�!,&  
�/),*, $-1  3 �-.�"$-, 1.+4  ,*$.$2'4  /�"),*"-3�&  4')'#-,)$"-$#  "/ �9.�%  "),*+ . 

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

 
   (2) 

 

 
�$" .2. �4,&' , /�(".(<='(  35'$&�"3(51 �2,.�#  *,0�)&'2$$  " /�5$2$$  "/ �9.�%  "),*+  

$ " /�5$2$$  *$"#),-.���  "-)�,.$(  !$*#�"-$ . 
 
�)$6,&  "7=,"-37<='(  �2,.#'  *,0�)&'2$$  "/ �9.�%  "),*+  3 -�&  !,  3+*, ,..�&  

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

  , (3) 
 

�*,  1 – 3, $6$.'  "&,=,.$(  3,)4.,%  / �"#�"-$  *,0�)&$)7,&���  �8C@&'; z – 3+"�-'  �8C@-
&' ;  – 3, $6$.'  "&,=,.$(  "-)7#-7).�%  ,*$.$2+ ; O –  $.,%.+,  )'5&,)+  "-)7#-7).�%  
,*$.$2+ .  

�  -'#  #'#  "�� '".�  �'. -*,) -�'' 1"7  3 *,0�)&'2$$  76'"-37,-  3,"1 3+*, ,..+%  �8C@&, 
-�  /)$  ,��  *,0�)&'2$$  �8=,,  #� $6,"-3�  �-.�"$-, 1.+4  "&,=,.$%  " .,#�-�)+&  *�/7=, -
.$,&  �/),*, $-1"(  #'# 

 

  (4) 
$ $  /)$  
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  ,  (5) 
 

�*,  – �8=,,  #� $6,"-3�  "-)7#-7).+4  ,*$.$2 , 76'"-37<=$4  3 *,0�)&'2$$  : ,&,. -
-').���  �8C@&' W; O –  $.,%.+,  )'5&,)+  "-)7#-7).+4  ,*$.$2 . 

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

  

 ,    (6) 
 

�*, �  – :.,)�$(  $ $  )'8�-' , 5'-)'6,..'(  3.,9.,%  "$ �%   F /)$  "&,=,.$$  1 3,)4.,%  / �" -
#�"-$ ; I  – :.,)�$(  35'$&�*,%"-3$(  "-)7#-7).+4  ,*$.$2 , �#'5+3'<=$4  "�/)�-$3 ,.$,  �- -
.�"$-, 1.�&7  "&,=,.$<  – . 

�)$  7" �3$$  )'""&�-),.$(  /)�2,""'  3 ,*$.$27  3),&,.$  [t] .,�84�*$&�  5'/$"'-1  
�

  (7) 
 

�' ,, , �-.,"(  *,%"-37<=7<  "$ 7  # ,*$.$2,  /�3,)4.�"-$  [S], &+ 5'*'@& "4,&7 .'�)7 -
!,.$(  ("&. )$" . 1, 2) /�  �"$  1 3 3$*,  6$"-���  "*3$�'  " �,3  !$*#�"-$  

 

   (8) 
 

$ $  *,0�)&$)�3'.$,  �8C,&'  /�*  *,%"-3$,&  .'/)(!,.$(  "*3$�'  :, 3�5.$#'<=,��  .'  /� -
3,)4.�"-$  S"*3$�',&+4  " �,3  !$*#�"-$  

 

  , (9) 
 

�*, – "#�)�"-1  /,),&,=,.$(  3,)4.,%  / �"#�"-$  1;  – �)'*$,.-  "#�)�"-$  "*3$�'  
" �@3 /�*  3�5*,%"-3$,&  .'/)(!,.$(  "*3$�'  &,!*7  " �(&$  , '� /� K)2 $ $  6'"-�-'  

�-.�"$-, 1.+4  (/� .+4 ) –  "*3$��3  , " -1. 
�,),/$"'3  7)'3.,.$,  (9), #'#  07.#2$�.' 1.7<  "3(51 .'/)(!,.$(  "*3$�'  : " �)'*$,. -

-�&  "#�)�"-$   , ) -1 
 

 , (10) 
&+ /� 76$&  7)'3.,.$, , 3 #�-�)�&  3+)'!,.$,  3 #)7� +4  "#�8#'4  �/),*, (,-  0$5$6,"#$% 
"&+"  /�.(-$(  3(5#�"-$  
 

 , (11) 
 

�*,  / '"-$6,"#'(  *,0�)&'2$(  �"7=,"-3 (,-"(  .'  7)�3.,  8' '."'  3.,9.,%  :.,)�$$  – , 
5'-)'6,..�%  .'  *,0�)&'2$<  3+*, ,..���  �8C,&'  !$*#�"-$ ,$ :.,)�$$  &,!&� -
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 ,#7 ().+4  "3(5,% 3 :-�&  !,  �8C,&,  – . ���*'  "�� '".�  (10), 3(5#�"-1  &�!.�  3+)' -
5$-1 6,),5  /)�$53,*,.$,  4')'#-,)$"-$#  "/ �9.�%  "),*+ . �)$.(3 , 5'/$9,&  
 

, '� /� K) , (12) 
 

�*,  3(5#�"-1  �/),*, (,-"(  #'#  /)�$53,*,.$,  *'3 ,.$( , "�5*'..���  5'-)'6,..�%  
:.,)�$,%  E .'  *,0�)&'2$<  "&,=,..����8C@&'  :-�%  "),*+ ,.'  ,*$.$27  3),&, -
.$  [t]. 

�'#  3$*.�  $5 7)'3.,.$(  (12), 3(5#�"-1  �/),*, (,-  .,  -� 1#�  .'/)(!,.$,  "*3$�'  – :, 
3�5.$#'<=,,  3 / �"#�"-(4  "*3$�' , .�  $ *'3 ,.$,  - 
 , .'/)'3 ,..�,  /,)/,.*$#7 ().�  :-�%  
/ �"#�"-$  

 

 ,(13) 
 

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

�'#$&  �8)'5�& , )'5&,).�"-1  $ 0$5$6,"#$% "&+"  3",4  3, $6$.  :, µ $   , 34�*(=$4  3 
7)'3.,.$(  (9¸ 13), 3+-,#',-  $5 )'""&�-),.$(  8' '."' , " �*.�%  "-�)�.+ , �/),*, (,&���  
:.,)�$,%  35'$&�"3(5$  "-)7#-7).+4  ,*$.$2   $, " *)7��%  "-�)�.+  – :.,)�$,%  3.,9.,%  
.'�)75#$  E, .'/)'3 ,..�%  .'  "&,=,.$,  #'#��� --�  �8C@&' :-$4  "-)7#-7).+4  ,*$.$2  W 3 
#'#�%--�  /)�&,!7-�#  3),&,.$  [t]. ���*'  #'#  /)$  "7=,"-37<=,&  �/),*, ,.$$  3(5#�"-$  µ, 
'� /�H), ,@ ,*$.$27  3+8$)'<-  $5 ' �,8)'$6,"#���  3+)'!,.$(  (1), "�"-'3 ,..���  $5 3, $6$.  
: $ , �/),*, (<=$4 , 3 � '3.�& , 4�*  )'""&'-)$3',&���  (3 &.���6$" ,..+4  :#"/,)$&,. -
-'4 ) /)�2,""' . 

�� .�,  "��-3,-"-3$,  3+3,*,..���  7)'3.,.$(  (13) 7)'3.,.$<  (1), /� 76,..�&7  .'  �" -
.�3,  /)'#-$6,"#$4  $"" ,*�3'.$% , &�!,-  " 7!$-1  *�#'5'-, 1"-3�&  -��� , 6-�  35'$&�"3(51 
"-)7#-7).+4  ,*$.$2  "),*+  �"7=,"-3 (,-"(  .'  7)�3.,  )'5&,).�"-$  :.,)�$$  "3(5$ "-)7# -
-7).+4  ,*$.$2  I , '  3,"1 /)�2,""  *,0�)&$)�3'.$(  /)�$"4�*$-  5' "6@- )'8�-+  $ $  :.,)�$$ , 
5'-)'6,..�%  3.,9.$&$  "$ '&$  .'  /),�*� ,.$,  �8=,%  :.,)�$$  "3(5,% "-)7#-7).+4  6'"-$2  
-, '  (!$*#�"-$ ), 5'# <6,..+4  3 3+*, ,..�&  �8C,&, , $ �#'5+3'<=,%  "�/)�-$3 ,.$,  
3.,9.,&7  *,%"-3$<  – *,0�)&$)�3'.$< . 

�)$6@& /),* �!,..�,  �/),*, ,.$,  0$5$6,"#�% "7=.�"-$  /�.(-$(  3(5#�"-$  *'@- 3�5-
&�!.�"-1  76,-'  .,  -� 1#�  :.,)�$$  &,!&� ,#7 ().+4 , .�  $ 3.7-)$&� ,#7 ().+4  "3(5,%. 
;-�  /�53� $ �  )'5)'8�-'-1  &'-,&'-$6,"#7<  &�*, 1.1<-�.�3"#$4  $ .,.1<-�.�3"#$4  
!$*#�"-,% , '  -'#!,  /�#'5'-1 , 6-�  -'#  .'5+3',&+%  34�*.�%  :00,#-  (3 (,-"(  " ,*"-3$,&  
.,*�"-'-�6.�  /� .�%  �2,.#$  &,4'.$#$  /)�2,""' , 4')'#-,)$57,&�%  #'#  /)�(3 ,.$,  
"3�%"-3 -�% $ $  $.�%  !$*#�"-$ . �'5)'8�-'..'(  .'  :-�%  �".�3,  &,-�*$#'  /�53� $ '  " 3+-
"�#�%  -�6.�"-1<  )'""6$-+3'-1  -,6,.$,  3 #'/$  ()'4  )'5 $6.�%  * $.+  8,5 33,*,.$(  /� -
/)'3�#  .'  34�*.�%  :00,#-  [3], #�-�)+,  3 #�)�-#$4  #'/$  ()'4  $ "�/ '4  /�)�%  &��7-  /), -
3+9'-1  3 100 $ 8� ,,  )'5  5.'6,.$( , )'""6$-'..+,  "�� '".�  "7=,"-37<=,%  -,�)$$ , 6-�  
�6,.1  3'!.�  76$-+3'-1  /)$  /,),)'8�-#,  /� $&,)�3 . 

�)�&,  -��� , /),*"-'3 (,-  8� 19�%  $.-,),"  $ -� , 6-�  " 73, $6,.$,&  � 78$.+  /��)7!, -
.$(  5.'6,.$,  *'3 ,.$(  3 7)'3.,.$$  (13) *� !.�  3�5)'"-'-1 , '  5.'6$-  $ 3(5#�"-1  -'#!,  87-
*,-  3�5)'"-'-1 . ;-�  *� !.�  /)$3,"-$  # 73, $6,.$<  )'"4�*7,&�%  :.,)�$$  .'  /),�*� ,.$,  
"�/)�-$3 ,.$(  *3$!,.$<  /)$  3�5)'"-'.$$  � 78$.+  /��)7!,.$( . �-�  �6,.1  3'!.�  76$-+-
3'-1/)$  )'"6,-,  /)�6.�"-.+4  $ 4�*�3+4  /�#'5'-, ,% , '  -'#!,  *)7�$4  �6,.1  3'!.+4  
"3�%"-3 !$*#�"-$ , �8.')7!,..+4  /)$  /�&�=$  .�3���  /�*4�*' . 

 
��0+/�0:/� : 
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1. ;% ,)  � ., 	8=$,  5'#�.+  *3$!,.$(  !$*#�"-,% ; �53,"-$(  ��""$%"#�%  �#'*,&$$  �'7# . 
�,4'.$#'  !$*#�"-$  $ �'5' , 1999, B 6. 

2. �'/9,3  � .� . �$*)'3 $#' : 76,8.$# /� .� . �'/9,3  – � .: �5*'-, 1"#$%  2,.-)  «�#'*, -
&$(», 2008. – 10". 

3. �)6,.#�  � .� . �  )'"6,-7  "�/)�-$3 ,.$(  /)$  -,6,.$$  /� $&,).+4  "$"-,&  6,),5  #� -
)�-#$,  #'.' +  / �)6,.#�  � .� ., �' #$.  � .
 ., � .� . �(8$. . – �$�' : � .� . �'-3$%"#�%  
��� , �,4'.$#'  �� $&,)�3  «������� », 1973. – 171. 

 
 

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

 
� .� . �)6,.#� , � .� . �)6,.#� , 			  «���	������� -��� », �� !"#$%  

 
�  " 76',  �/),*, ,.$(  *'3 ,.$(  3 -�6#,  .'  � 78$.,  ,@ /��)7!,.$(  –  ()$" .1) $"/� 1 -

57<- �".�3.�,  7)'3.,.$,  �$*)�"-'-$#$ [1,2]. 
 

  (1) 
 

 
�$" .1.�4,&'  �/),*, ,.$(  "$ , *,%"-37<=$4  .'  3+*, ,..7<  -�6#7  3 �$*)�"-'-$#, . 

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

   (2) 
 

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

 
  (3) 

 
�' ,, , 76$-+3'( , 6-�  3 �$*)�"-'-$#,  * (  3",4  -�6,#  !$*#�"-$  7"#�),.$,  /�"-�(..�  

, /)�$53,*,.$,   /)$)'3.$3'<-  *,%"-3$<  3,"'  ,*$.$2+  �8C@&', /,), -
4�*(  # /)$.(-�%  ,*$.$2,  3 �$*)�"-'-$#,  – 3,"7  

 
,  (4) 

 
�*,  /)$.(-7<  3+9,  ,*$.$27  �8�5.'6'<-  "$&3� �&  *, 1-'  – .  

� , 5'&,.((  /)�$53,*,.$,   .'  , /,),/$"+3'<-  7)'3.,.$,  (3) #'#  
 

     (5) 
 



 178 
 

�-�8+  .'%-$  /�"-�(..7<  , .'*�  5'*'-1  3, $6$.7  *'3 ,.$(  3 #'#�%-.$87*1  �/),*, @. -
.�%  -�6#,  !$*#�"-$ . � (  :-���  8,)7-  -�6#7  .'  "3�8�*.�%  /�3,)4.�"-$ , * (  #�-�)�%  3.,9 -
.,,  *'3 ,.$, , �-.,"@..�,  # ,*$.$2,  / �='*$ , �8�5.'6'<-  "$&3� �&  – . ���*'  "�� '".�  
7)'3.,.$<  (5) * (  �-#)+-���  "�"7*'  ()$" .1) :-�  87*,-  *'3 ,.$,  '-&�"0,)+ . 

 
  (6) 

 
�+6$-'(  7)'3.,.$,  (6) $5 7)'3.,.$(  (5), /� 76'<-  

     (7) 
$ $  

  ,   (8) 
 

�*,   – � 78$.'  /��)7!,.$(  6'"-$2+  /�*  "3�8�*.�%  /�3,)4.�"-1<  /�53� (,-  5'-
/$"'-1  7)'3.,.$,  

 
 ,   (9) 

 
$5 #�-�)���  3$*.� , 6-�  �$*)�"-'-$6,"#�,  *'3 ,.$,  3 #'#�%- $8�  -�6#,  �*.�)�*.�%  !$*#� -
"-$  )'3.�  *'3 ,.$<  .'  ,*$.$27  / �='*$  "3�8�*.�%  /�3,)4.�"-$  – / <"  3,"  "-� 8'  
!$*#�"-$  , �".�3'.$,  #�-�)���  )'3.�  ,*$.$2,  / �='*$ , � 2, '  3+"�-'  )'3.'  � 7 -
8$.,  /��)7!,.$(  6'"-$2+  /�*  "3�8�*.�%  /�3,)4.�"-1< . 

�" $  8+ &+ 35( $ #'#7< -.$87*1  *)7�7<  -�6#7  , /��)7!@..7<  .'  � 78$.7  , -�  * (  
.,@ *'3 ,.$,  "�"-'3$ �  8+ 

 
  (10) 
 
�+6$-'(  $5 :-���  7)'3.,.$(  7)'3.,.$,  (9), /� 76$&  
 

  (11) 
 

7)'3.,.$, , #�-�)�,  /�#'5+3',- , 6-�  )'5.�"-1  *'3 ,.$% , �/),*, @..+4  * (  -�6,#  )'5 $6 -
.+4  /�3,)4.�"-,%  7)�3.( , )'3.'  3,"7 "-� 8'  !$*#�"-$ , �".�3'.$,  #�-�)���  )'3.�  ,*$.$2,  
/ �='*$ , '  3+"�-'  )'3.'  )'5.�"-$  � 78$.  /��)7!,.$(  :-$4  -�6,#  /�*  "3�8�*.�%  /�3,)4 -
.�"-1< . 

�  " 76',  .,�*.�)�*.�"-$  !$*#�"-$ , * (  -��� , 6-�8+  /)�$53,*,.$,  8+ �  /� .+&  
*$00,),.2$' �&  .,�84�*$&� , 6-�8+  &'""'  !$*#�"-$  8+ '  07.#2$,%  

 
  ,(12) 

-��*'  

   (13) 
 
��  ,"-1  6'"-$2+  �*.�%  $ -�% !,  ��)$5�.-' 1.�%  /�3,)4.�"-$  7)�3.(  (/)$ ) 

*� !.+  $&,-1  �*$.'#�37<  / �-.�"-1 , '  * (  7"-�%6$3���  )'3.�3,"$(  .,�84�*$&� , 6-�8+  
/ �-.�"-1  &'""+   3�5)'"-' '  /�  &,),  73, $6,.$(  � 78$.+  . 	-#7*'  3$*.� , 6-�  .,"&, -
9$3'<=$,"(  !$*#�"-$  *� !.+  )'"/� '�'-1"(  ��)$5�.-' 1.+&$  " �(&$ , 6-�  $ /�*-3,) -
!*',-"(  3 ),' 1.�%  *,%"-3$-, 1.�"-$ . 

	*.'#� ,.,"&�-)(  .'  /�*-3,)!*,.$,  /)$.(-���  -,�),-$6,"#���  /�*4�*' , " ,*7,-  �8)' -
-$-1 3.$&'.$, , 6-�  33,*,.$,  6 ,.'   7#'5+3',-  .'  -� , 6-�  !$*#�,  -, �  �8 '*',-  "3�%-
"-3�&  /,),*'3'-1  *'3 ,.$, , /)$ �!,..�,  # ,��  /�3,)4.�"-$  /�  3",&  .'/)'3 ,.$(&  (�'#�.  
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�'"#' ( ), '  "'&  "$&3�   – �-)'!',-  3.,9.,,  *'3 ,.$, , �-.,"@..�,  # ,*$.$2,  / �='*$  
/�3,)4.�"-$ , ��)'.$6$3'<=,%  "'&7  6'"-$27 . �" $  "�"7*  �-#)+- , -�  :-�  /)$.$&'<-  #'# 
*'3 ,.$,  '-&�"0,)+  , '� /� K)2. �&.�!,.$,  #�-�)���  .'  /�3,)4.�"-1  ,��  /)$ �!,.$(  
�/),*, (,-  "$ 7 , #�-�)7<  &�!.�  5'/$"'-1  #'# 

 
,   (14) 

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

�)$6@&, /)$)'3.$3'(  3 7)'3.,.$$  (4) /)�$53,*,.$,  , �/),*, (<=,,  *,%"-3$,  
"$ +  /)$  , *,%"-3$<  3,"'  3 ,*$.$2,  �8C@&' – , �$*)�"-'-$#'  79 '  �-  3,).� -
��  /),*"-'3 ,.$(  &,4'.$#$  /)�-,#'<=,��  /)�2,""' , #�-�)'(  ")'57  !,  /)�(3 (,-"(  /)$  
-�6.�%  5'/$"$  7)'3.,.$(  (4) #'#  "$ ' , /)$ �!,..'(  # 3+*, ,..�&7  �8C,&7 6'"-$2+  

 

  (15) 
 

$ /)$  /�*"-'.�3#,  /�" ,*.,��  3 7)'3.,.$,  (5) /)$3�*$-  # �/),*, ,.$<  *'3 ,.$(3  &'-, -
)$' 1.�%  -�6#,  

 

 , (16) 
 

6,),5  5.'6,.$,  3.,9.,%  :.,)�$$   /� ( , /)$# '*+3',&�%  # 3+*, ,..�&7  �8C@&7 6'"-$ -
2+ . 

 �+8�)  /),*"-'3 ,.$(  �  &'-,)$' 1.�%  -�6#, , /),!*,  3",�� , "3(5'.  $ .,�84�*$&  * (  
/)$&,.,.$(  *$00,),.2$' 1.���  $ $.-,�)' 1.���  $"6$" ,.$(  3 #'6,"-3,  &,-�*'  $"" ,*� -
3'.$(  "�"-�(.$(  !$*#�"-$ . ��-�)�,  $ /)$&,.$  ;% ,) . �)$6@&, '.' $5$)7(  �".�3.+,  /� -
 �!,.$( , /)$.(-+,  * (  /�"-)�,.$(  �)'3.,.$%  �3$!,.$( , &�!.�   ,�#�  /�#'5'-1 , 6-�  3",  
:-$  /� �!,.$(  /�"-)�,.+  .'  35'$&�*,%"-3$$  3.,9.,%  $ 3.7-),..,%  :.,)�$%  .'  7)�3.,  
8' '."'  *'3 ,.$(  .'  /�3,)4.�"-$  6'"-$2+ .  

�,%"-3$-, 1.� , /),*"-'3$3  &� ,#7 7  3�*+  3 3$*,  "0,)+ , �8C@& #�-�)�%  �/),*, (,-"(  

6,),5  5.'6,.$,  ,@ )'*$7"'  – #'#  , $ 3+)'5$3  3 (16) 3.,9.,,  *'3 ,.$,  .'  /� -
3,)4.�"-1  &� ,#7 +  3�*+  3 *$.'&$6,"#$4  4')'#-,)$"-$#'4#'#   

 
,                      (17) 

 

�*,  – /�3,)4.�"-.'(  / �-.�"-1  &� ,#7 +  3�*+ , /,),/$9,&  7)'3.,.$,  
(16) 3 3$*,  8' '."'  3.,9.,��  $ 3.7-),..,��  *'3 ,.$%  

 

  ,   (18) 
 

�*,  – 3.,9.((  "$ ' , *,%"-37<='(  .'  /�3,)4.�"-1   &� ,#7 + ; – 
3.7-),..((  :.,)�$(  &� ,#7 +  3�*+  " &'""�%  – , 3)'='<=,%"(  �#� �  "3�,��  2,.-)'  )'3 -
.�3,"$(  "�  "#�)�"-1<  . 
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�5�8)'5$3  /)�2,""  3)'=,.$(  &'""+  , 4')'#-,).�%  * (  *'..���  &'-,)$' ' , 3�#)7�  
2,.-)'  )'3.�3,".���  "�"-�(.$(  ()$" .2), &+ &�!,&  /),*"-'3$-1  ,��  3 -,6,.$,  /)�&,!7-#'  
3),&,.$  3 �"(4   3 3$*,  "$.7"�$*' 1.���  #� ,8'.$(  6'"-$2+  3 /),*, '4  ,@ 
'&/ $-7*+   �#� �  2,.-)'  )'3.�3,"$(  .  

�'!*+%  )'5 , #��*'   $.$(  #� ,8'-, 1.���  *3$!,.$(  #$.,-$6,"#�%  ,*$.$2+  /,),",#',-  
�"1  , -�  ,"-1  /)$  '&/ $-7*,  #� ,8'.$%  , #)$3'(  .'$8� ,,  "$ 1.�  .'# �.,.'  
# �"$  ; :-�  �5.'6',- , 6-�  -)',#-�)$(  3 :-$4  -�6#'4  .,  $"#)$3 ,.' , $ $5&,.,.$,  "#�)�"-$  
('  5.'6$-  $ 7"#�),.$, ) )'3.�  .7 < , '  "#�)�"-1  &'#"$&' 1.' . ���-3,-"-3,..�  $ :.,)�$(  
&'#"$&' 1.' , 6-�  &�!.�  /),*"-'3$-1  -'# , 6-�  6'"-$2'  /)$�8),-',-  &'#"$&' 1.�,  5.'6, -
.$,  #$.,-$6,"#�%  :.,)�$$  /)$  *3$!,.$$  # 2,.-)7  &'""+ . ��-,.2$' 1.'(  :.,)�$(  /)$  
:-�&  /� .�"-1<  /,),4�*$-  3 #$.,-$6,"#7< . �)$  *' 1.,%9,&  *3$!,.$$  �-  2,.-)' , #$., -
-$6,"#'(  :.,)�$(  /,),4�*$-  3 /�-,.2$' 1.7< , 7*,)!$3'<=7<  6'"-$27  �#� �  2,.-)' . 

 
 

�$" .2. �'-,&'-$6,"#'(  &�*, 1  )'3.�3,".���  "�"-�(.$(  &� ,#7 +  3�*+ . 
 

�)$.(-'(  &�*, 1  *'@- .'&  3�5&�!.�"-1  8� ,,  *,-' 1.�  /),*"-'3$-1  7)'3.,.$,  (18) 
#'#  /)$.2$/  �' '&8,)' , �-)'!'<=$%  8' '."  3.,9.,��  – P$ 3.7-),..,��  – P�  *'3 ,.$%  .'  
/�3,)4.�"-1  &� ,#7 +  3�*+  

 

     (19) 
 

�*,  3.,9.,,  *'3 ,.$,  7)'3.�3,9$3',-"(  *,%"-3$,&3.7-),..,%  :.,)�$$  

,*, @..�%  .'  �8C@& &� ,#7 +  3�*+  – , "�5*'<=,%  �-3,-.�,  *'3 -
 ,.$,  3 &� ,#7 ,  3�*+  

 

  , (20) 
 
�)$  :-�&3.,9.((  "$ '  , *,%"-37<='(  .'  /�3,)4.�"-1  &� ,#7 +  – , /),*"-'3 ,. -

.'(  3 3$*,  *$.'&$6,"#���  *'3 ,.$(  (17) "  76,-�&  �/),*, ,.$(  7"#�),.$( = 
, 5'/$9,-"(  #'#  

 

      (21) 
 

�  -'#�&  " 76',"�� '".�  7)'3.,.$<  (19) /� 76$&  3�5&�!.�"-1  "3(5'-1  3�5)'"-'.$,  *'3 , -
.$(  " � 78$.�%  /��)7!,.$(   $ 3.7-),..$,  "3�%"-3'  &� ,#7 +  3�*+  #'#  
 

          (22) 
 
�,%"-3$-, 1.� , 5'/$"'3  7)'3.,.$,  (22) #'#  
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     ,       (23) 
 
&+ /� 76$& , 6-�  /)$  /�"-�(..�&  5.'6,.$$  &'""+  &� ,#7 +  $ ,,  /�3,)4.�"-$  
– , �8,"/,6,..+4  .,"!$&',&�"-1<  !$*#�"-$ , 5.'6,.$,  /�3,)4.�"-.�%  

/ �-.�"-$  -'#!,  &�!.�  /)$.(-1  /�"-�(..�%  . �" ,*"-3$,  6,��  8' '."  *'3 ,.$%  3 
7)'3.,.$$  (23) /)$  3�5)'"-'.$$  3.,9.,��  *'3 ,.$(  " � 78$.�%  /��)7!,.$(  –  *� !,.  
�8,"/,6$3'-1"(  5' "6,-  3�5)'"-'.$(  "#�)�"-$  –  3)'=,.$(  &'""+  &� ,#7 +  3�*+  – , 
�/),*, (,&�%  #'#  
 

        (24) 
 
	-#7*'  3$*.� , 6-�  "#�)�"-1  "'&�%  6'"-$2+  87*,-  " 73, $6,.$,&  � 78$.+  /��)7!,.$(  
3�5)'"-'-1 . 

�+)'5$3  7"#�),.$,  6'"-$2+  6,),5  7� �37<  6'"-�-7 , 5'/$9,&  7)'3.,.$,  (23) #'#  
 

        (25) 
 

	-#7*'  6'"-�-'  #� ,8'.$(  &� ,#7 , .,�84�*$&'(  * (  "�5*'.$(  ),5�.'.".�%  /,),*'6$  
:.,)�$$  3 -�&  $ $  $.�&  7)�3.,  /��)7!,.$( , �/),*, $-"(  #'#   
 

     $ $       (26) 
 
$ 87*,-  5'3$",-1  �-  *'3 ,.$(  .'  � 78$.,  /��)7!,.$(  , / �-.�"-$  3 " �,  &�)"#�%  3�*+  –

$ )'5&,)'  "-)7#-7).�%  ,*$.$2+ , �/),*, (,&�%  )'5&,)�&  ,@ )'*$7"'  – .  
��*"-'3$3  3 (24) $ (26) 5.'6,.$(  .,�84�*$&+4  4')'#-,)$"-$# , /�"-)�$&  �)'0$#$  $5-

&,.,.$(  "#�)�"-$  3)'=,.$(  6'"-$2  !$*#�"-$  –  $ $4 6'"-�-+  3)'=,.$(  –  /)$  $5&,-
.,.$$  *'3 ,.$(  .'  /�3,)4.�"-1  &� ,#7 +  –  " $5&,.,.$,&  � 78$.+  /��)7!,.$( , /�#' -
5'..+4  .'  )$"7.#,  3. 

 

 
 

�$" .3. �)'0$#$  $5&,.,.$(  "#�)�"-$  3)'=,.$(  – (#)$3'(  1) $ 6'"-�-+  #� ,8'.$(  &� -
 ,#7 +  3�*+  – (#)$3'(  2) " $5&,.,.$,&  � 78$.+  /��)7!,.$(  – . 

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

.$&  3.,9.,&7  3�5*,%"-3$<  8+ '  ),' 1.�  �8.')7!,.'  3 )'8�-,  [3] /)$  /�&�=$  '#7"-$6, -
"#���  ),5�.'.".���  &,-�*'  /)$  6'"-�-,  "*3$��3+4  #� ,8'.$%  /�)(*#'  105 �+ .	*.'#�  "7-
=,"-37<=$%  /�*4�*  .,  /),*"#'5+3',-  -'#�%  "/�"�8.�"-$ . �  -� 1#�  7-�6.,.$,  "7=, -
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"-37<=,%  -,�)$$ , /)$3,*,..�,  3+9, , /�53� $ �  �8�".�3'-1  .,  -� 1#�  "7=,"-3�3'.$, , .�  
$ &,4'.$#7  /)�2,""' , �/),*, (<=7<  $5&,.,.$,  :.,)�$$  $ 6'"-�-+  #� ,8'.$(  &� ,#7  
3�*+  " $5&,.,.$,&  3.,9.,��  3�5*,%"-3$( : 3 ,"-,"-3,..+4  7" �3$(4  – " � 78$.�%  /��)7 -
!,.$( ; $ $  /)$  $"#7""-3,..�&  .' �!,.$$  3.,9.,%  .'�)75#$  * (  "�5*'.$(  ),5�.'.".+4  
#� ,8'.$%  – " 6'"-�-�% , �-3,6'<=,%  5'*'..�%  � 78$.,  /��)7!,.$( . 

�  3 " 76',  .' �!,.$(  .'  .$4  ),5�.'.".+4  #� ,8'.$%  3.,9.$4  3� .  /�53� $-  "�5*'-1  
)(*  �-*, 1.+4  /)�3�*(=$4  /�*3�*.+4  #'.' �3 , )'8�-'<=$4  .'  5'*'..�%  6'"-�-, , )'" -
/)�"-)'.(<=$4"(  3  "-)���  �/),*, ,..+4  " �(4  &�)"#�%  3�*+ . �-�  &�!,-  .'%-$  7"/,9 -
.�,  /)$&,.,.$,  3 /)'#-$6,"#$4  2, (4 . 

 
��0+/�0:/� : 
1. �'&7",&  � .� . �$*)'3 $#'  $ �$*)'3 $6,"#$,  *3$�'-, $ : �,#2$$ /�'&7",&  � .� . �'&7 -
",& . � .-�,-,)87)� : �5*'.$,  � .� . �$##,)' .1908. – 322". 
2. �'/9,3  � .� . �$*)'3 $#' : 76,8.$# /� .� .�'/9,3 . – � .: �5*'-, 1"#$%  2,.-)  «�#'*,&$( », 
2008. – 272". 
3. 
'5')�3  � .� ., �,)(�$.  
 .� ., 
7 �'*',3  � .� ./ �"" ,*�3'.$(  3 �8 '"-$  /�3,)4.�"-.+4  
"$ . – � .: �'7#' , 1967. ". 43-52. 
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 '�$.$. , .'6 . ���  
���  (0$ $' ) �� ����  

 
�  .'"-�(=,,  3),&(  *�"-'-�6.�  $.-,."$3.�  )'53$3',-"(  &$)�3�%  $ .'2$�.' 1.+%  

)+.�#  3D--,4.� ��$%  $ "&,!.+4  " .$&$  *)7�$4  -,4.� ��$% , /)�$53�*"-3'  .�3+4  &'-,)$ -
' �3  * (  $"/� 15�3'.$(  3 /�" �%.�%  /,6'-$ . �)$  "-)7#-7)+ : �$.�8).'7#$ , �$./)�&-�) -
�7 $ �$.#�&"3(5$  ��""$$  0�)&7 $)7<-  /),* �!,.$(  /�  )'53$-$<  "$"-,&+  .,/),)+3.� -
��  �8)'5�3'.$(  3 �8 '"-$  �".�3  $.-,  ,#-7' 1.+4  -,4.� ��$% , $.0�)&'2$�..+4  -,4.� -
 ��$%  $ #�&/1<-,).���  &�*, $)�3'.$( , &,4'-)�.$#$ , )�8�-�-,4.$#$ , '**$-$3.+4  -,4.� -
 ��$%  $ &'-,)$' �3,*,.$( , 3# <6'(  )'5)'8�-#7  /)$&,).+4  �".�3.+4  �8)'5�3'-, 1.+4  
/)��)'&&  * (  �8=,�8)'5�3'-, 1.+4  �)�'.$5'2$% , /)�0,""$�.' 1.+4  �8)'5�3'-, 1.+4  
�)�'.$5'2$%  $ �8)'5�3'-, 1.+4  �)�'.$5'2$%  3+"9,��  �8)'5�3'.$( .   

�  )'&#'4  *'..���  .'/)'3 ,.$(  /),* '�',-"(  35'$&�*,%"-3$,  $..�3'2$�..+4  $. -
0)'"-)7#-7) , 76'"-.$#�3  -,4.� ��$6,"#$4  / '-0�)& , 0�.*�3  /�**,)!#$  $ )'53$-$(  $. -
.�3'2$�..�%  *,(-, 1.�"-$ , -'#$4  #'#  0�.*  «�#� #�3� », 			  «�� » �	����	 », ���� , 
���� , ��� , ���� , ��.*  "�*,%"-3$(  )'53$-$<  &' +4  0�)&  /),*/)$(-$%  3 .'76.� -
-,4.$6,"#�%  "0,),  3 .'/)'3 ,.$$  /�**,)!#$  .�3+4  /)�$53�*"-3,..+4  -,4.� ��$% , 3 -�&  
6$" ,  -,4.� ��$%  )�8�-�-,4.$#$ , 2$0)�3���  /)�$53�*"-3' , '**$-$3.+4  -,4.� ��$%  $ 
-,4.� ��$%  /)�,#-$)�3'.$(  #�."-)7#2$%  $ &'-,)$' �3 , 3 )'&#'4  $&,<=$4"(  $."-)7&,. -
-�3  0$.'."�3�%  $ .,0$.'."�3�%  /�**,)!#$  "78C,#-�3  :#�.�&$6,"#�%  *,(-, 1.�"-$ , '  
-'#!,  )'5)'8�-'-1  "$"-,&7  .�3+4  $."-)7&,.-�3  /�**,)!#$ , /),*7"&�-),3  /)$  .,�84�*$ -
&�"-$  3.,",.$,  "��-3,-"-37<=$4  $5&,.,.$%  3 .�)&'-$3.+,  /)'3�3+,  '#-+ . 

�'53$-$,  *'..���  -$/'  )+.#'  "3(5'.�  " 3�5.$#.�3,.$,&  .�3+4  /),*/�6-,.$%  7 /� -
-),8$-, ,% , 3 /,)37<  �6,),*1  /)�&+9 ,..���  ",#-�)' . �5&,.,.$(  "3(5'.+  " /�$"#�&  &, -
.,,  5'-)'-.+4  -,4.� ��$%  /�  ")'3.,.$<  " -)'*$2$�..+&$  $ *�)���"-�(=$&$ . �  #'6,"-3,  
3')$'.-'  7*�3 ,-3�),.$(  )'""&'-)$3',&���  5'/)�"'  /�-),8$-, ,%  &�!,-  8+-1 /),* �!, -
.'  5'&,.'    -)'*$2$�..+4  -,4.� ��$%    $5��-�3 ,.$(  *,-' ,% , /),*&,-�3  $ 75 �3  .'   '**$ -
-$3.+,   -,4.� ��$$  (/�" �%.'(  /,6'-1 ) $ -,4.� ��$$  2$0)�3���  /)�$53�*"-3'  " 2, 1<  
:.,)�� - $ ),"7)"�"8,),!,.$( . 

�  #'6,"-3,  �".�3.���  .'/)'3 ,.$(  )'""&'-)$3',-"(  )'53$-$,  &,4'.$5&�3  #�&&,) -
2$' $5'2$$  -,4.� ��$% . �$.:#�.�&)'53$-$(  / '.$)7,-"(  5'/7"#  /)��)'&&+  #�&&,)2$' -
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 $5'2$$  -,4.� ��$%  $ /�**,)!#$  "�5*'.$(  "-')-'/�3  3 7.$3,)"$-,-'4  $ .'76.+4  2,.-)'4 , 
&,4'.$5&�3  /�**,)!#$  /)'3�3�%  �4)'.+  ),57 1-'-�3  /,)"/,#-$3.+4  #�&&,)6,"#$4  )'5 -
)'8�-�#  $."-$-7-'&$  )'53$-$( , ),' $5'2$(  &,)  /�  /�3+9,.$<  :00,#-$3.�"-$  7/)'3 ,.$(  
/)'3'&$  .'  ),57 1-'-+  $.-,  ,#-7' 1.�%  *,(-, 1.�"-$  ��"#�&/'.$(&$ . 

�  "3(5$ " :-$&  3 )'&#'4  "�5*'.$(  3$)-7' 1.���  -,4.�/')#'  .'  8'5,  �� !"#���  /� -
 $-,4.$6,"#���  $."-$-7-'  /),* '�',-"(  .,/�"),*"-3,..�,  76'"-$,  3 #'6,"-3,  �".�3.���  
/�*)'5*, ,.$(  «�,.-)'  3D--,4.� ��$% ».  

	8 '"-1  /)$&,.,.$(  3D--,4.� ��$$  "3(5'.'  " )'5)'8�-#�%  $ $5��-�3 ,.$,&  *,-' -
 ,% $ #�)/7".+4  $5*, $%  $5 / '"-$#'  $ /� $&,)�3 , 8+"-)+&  /)�-�-$/$)�3'.$,&  $ -),4 -
&,).�%  /,6'-1< , /)�&+9 ,..+&  *$5'%.�& , &, #�",)$%.+&  /)�$53�*"-3�&  :#"# <5$3 -
.+4  $5*, $%, "�5*'.$,&  &'#,-�3  $ &�*, ,% . 

��-,.2$' 1.+&$  /�-),8$-, (&$  (3 (<-"( : "8�)�6.+,  /)�$53�*"-3,..+,  76'"-#$ ; 
&'9$.�"-)�$-, 1.+,  $ $  ')4$-,#-7).+,  #�."-)7#-�)"#$,  8<)�  (�
 ), "-7*$$  #�&/1<-,) -
.���  &�*, $)�3'.$( , &' �,  &'9$.�"-)�,.$, . 

�  ���  (0$ $' ) �� ����  $&,<-"(  3 .' $6$$  )'8�6$,  (*,%"-37<=$, ) /,6'-'<=$,  
7"-)�%"-3'  – 3D-/)$.-,)+ , "/)�,#-$)�3'..+,  $ "�5*'..+,  "�-)7*.$#'&$  ���  (0$ $' ) 
�� ����  $ &' ���  $..�3'2$�..���  /),*/)$(-$(  /)$  375, ���  			  «�;
; » " 76'"-$,&  
#�&'.*+  .,/�"),*"-3,..+4  $"/� .$-, ,%  /)�,#-.+4  $ "8�)�6.+4  )'8�- , "�5*'-, ,%  .� -
3+4 3D-/)$.-,)�3 , /)�0$ 1.�%  #'0,*)+ , &.��� ,-.,%  .'76.�%  9#� +  $ 7.$#' 1.+4  -,4 -
.� ��$%  "�5*'.$<  .�3+4  )'"4�*.+4  &'-,)$' �3  * (  3D-/)$.-,)�3 , /)$  .' $6$$  &.��� -
 ,-.,%  .'76.� -�8)'5�3'-, 1.�% , &,-�*$6,"#�%  $  '8�)'-�).�%  8'5+  3 ���  (0$ $' ) 
�� ����  /�  &'9$.�"-)�,.$<  $ 3D-&�*, $)�3'.$< . 

�  7" �3$(4  07.#2$�.$)�3'.$(  3$)-7' 1.���  -,4.�/')#'  5'*'6'  35'$&�*,%"-3$(  
/)�&+9 ,..�"-$  $ .'7#$  &�!,-  8+-1 �"7=,"-3 ,.'  /7-,&  /)�*3$!,.$(  $..�3'2$�..�%  
/)�*7#2$$  ���  $ #�&&,)2$' $5'2$$  3 0�)&,  .,/�"),*"-3,..���  /)�$53�*"-3'  �,.-)�&  
-�3')�3  (3D-/)$.-,)�3 ) * (  .7!*  $ /�*  5'#'5  /),*/)$(-$%  ��)�*'  $ ),�$�.' . ��&$&�  :-� -
�� , &�!,-  �"7=,"-3 (-1"(  /�*��-�3#'  $ /,),/�*��-�3#'  #3' $0$2$)�3'..+4  /)�0$ 1.+4  
$.!,.,).+4  #'*)�3  * (  .7!*  /),*/)$(-$%  $ �)�'.$5'2$%  ��)�*'  $ ),�$�.' . 

�),* '�',&+%  /)�*7#-  (-,4.� ��$(  FDM) �"7=,"-3 (,-  " ,*7<=$,  07.#2$$ : 
8+"-)�,  /)�-�-$/$)�3'.$,  $ 3D-/,6'-1 ; &, #�",)$%.�,  /)�$53�*"-3�  :#"# <5$3.+4  $5-
*, $%; "�5*'.$,  &'#,-�3  $ &�*, ,% ; &�*, $)�3'.$,  $ ),#�."-)7#2$( ; "�5*'.$,  &'#,-�3  $ 
&�*, ,% ; *�&'9.,,  /)$# '*.�,  $"/� 15�3'.$, .  

�  #'6,"-3,  #�.#7),.-.+4  /),$&7=,"-3  /�  ",8,"-�$&�"-$  7" 7�  &�!.�  /)$3,"-$  
" ,*7<=$,  /)$&,)+ : 

1) 3D-/,6'-1  $5 &,-'  '  &$#)�),'#-�)'  /�  -,4.� ��$$  DMLS (Direct Metal Laser 
Sintering - /)(&�,  &,-'  $6,"#�,   '5,).�,  "/,#'.$, ):  &$#)�),'#-�)  * (  .,0-,/,),)'8�- -
#$. �-�$&�"-1  &$#)�),'#-�)'  "�"-'3$ '  �#� �  500 *�  ')�3 , 6-�  3 10-15 )'5  *,9,3 ,  '.' -
 ��$6.+4  &$#)�),'#-�)�3  ($5��-�3 ,..+4  -)'*$2$�..+&$  "/�"�8'&$ ). 

2) /)�2,""  -)'*$2$�..���  $5��-�3 ,.$(  — :-�  "3')#' , -�#')#' , "8�).'(  #�."-)7# -
2$(.("-�$&�"-1  5000-7500$ 5' 9-7#7). 3D-/,6'-1  $5 / '"-$#'  /�  -,4.� ��$$  FDM (Fused 
Deposition Modeling – &�*, $)�3'.$,  &,-�*�&  / '3 ,.$( ): *,-' $  * (  8+-�3�%  -,4.$#$ , 
&' ���   &'9$.�"-)�,.$( , :#"# <5$3.+,  *,-' $ . �-�$&�"-1  ,*$.$2+  *,-' $  /)$&,).�  3 
10-30 )'5  *,9,3 ,  '.' ��$6.+4  *,-' ,% , $5��-�3 ,..+4  -)'*$2$�..+&$  "/�"�8'&$ .  

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

�-�  #'"',-"(  #�.#7),.-.�%  "),*+ , -�  .'  3.7-),..,&  )+.#,  "$-7'2$(  "# '*+3',-"(  
3 /� 157  �,.-)'  ��� . �.' $5  #�.#7),.-�3  /�53� (,-  �8�8=$-1  $.0�)&'2$< . 
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����  (� .��&"# ) "*, '  �*$.  $5 /,)3+4  �-,6,"-3,..+4  3D /)$.-,)�3 . �  /�" ,*.,,  
3),&(  �-"7-"-37<-  "��8=,.$(  �  /)�*� !,.$$  )'8�-   [http://mntc.ru].  

�  ��"#3,  /)�$53�*"-3�  3D /)$.-,)�3  Picaso Builder �"7=,"-3 (,-  #�&/'.$(  Picaso 
3D, #�-�)'(  8+ '  "�5*'.'  3 2012 ��*7  .'  8'5,  			  «�'76.� -�)�$53�*"-3,..�,  �),*/)$( -
-$,  �.-,  ,#-7' 1.+,  �.0�)&'2$�..+,  �$"-,&+ » («���  ��� ») [http://picaso-3d.ru]. 

�  �$!.,&  �'�$ ,  	8=,"-3�  " ��)'.$6,..�%  �-3,-"-3,..�"-1<  «�,.-)  $.0�)&' -
2$�..+4  -,4.� ��$% » (			  «��� ») /)�$53�*$-  3D /)$.-,)+  «�'&, ,�. » [http://reprap-
russia.org/]. 

��&/'.$(  Maket-City $5 �7)"#'  /)�$53�*$-  3D /)$.-,)+  /�*  .'53'.$,&  �<&,.  
[http://cnc.maket-city.ru]. 

�)�,#-  Print & Play $5 ��3�"$8$)"#���  �#'*,&��)�*#'   �"7=,"-3 (,-   &, #�", -
)$%.�,  /)�$53�*"-3�  3D /)$.-,)�3  "�8"-3,..�%  #�."-)7#2$$  /�*  &')#�%  SibRap.  

��"#�3"#'(  RGT ()'5)'8'-+3',-  $ /)�$53�*$-  �8�)7*�3'.$,  " 6$" �3+&  /)� -
�)'&&.+&  7/)'3 ,.$,& ) 3+/7"-$ '  3 #�.2,  /)�9 ���  ��*'   &�*, 1  PrintBox3D One 

��&/'.$(  «������� -�� » – 6'"-.�,  /),*/)$(-$,  /)$  ����  «�������  .,*'3 -
.�  /)�*' $  "3�$  /,)3+,  Prusa Mendel. 

�  #'6,"-3,  $..�3'2$�..���  /�-,.2$' '  * (  )'5&,=,.$(  3 3$)-7' 1.�&  -,4.�/')#,  
&�!.�  )'""&'-)$3'-1  ),57 1-'-+  $"" ,*�3'.$%  $ )'5)'8�-�# , /)�3�*$&+4  3 ���  (0$ $ -
' ) �� ���� . �'/)$&,) , "�5*'.$,  $5*, $% " /)$&,.,.$,&  '**$-$3.+4  -,4.� ��$% . �$' -
/'5�.  /)$&,.,.$(  3D-/)$.-,)�3  *�"-'-�6.�  �89$),. : " $4 /�&�=1<  $5��-'3 $3'<-"(  
*,-' $  "'&� @-�3 , #�"&$6,"#$4  '//')'-�3 , /�* �*�# , $."-)7&,.-+ , /)�-,5+  $ $&/ '.-+ , 
<3, $).+,  $5*, $(  $ *) . �,)"/,#-$3'  �6,3$*.'  – '**$-$3.'(  -,4.� ��$(  3 8 $!'%9,,  
3),&(  "-'.,-  /)$�)$-,-.�%  -,4.� ��$,%  &'9$.�"-)�,.$( . 

�,4.�/')# , )'5&,=,..+%  3 $.0�)&'2$�..�&  /)�"-)'."-3, , 87*,-  "/�"�8"-3�3'-1  
�8C,*$.,.$<  )'5 $6.+4  $..�3'2$�..+4  $.0)'"-)7#-7) , -,))$-�)$' 1.�  �8�"�8 ,..+4 , 
/�53� $-  �*.$&  $ -,&  !,  $"" ,*�3'-, (&  76'"-3�3'-1  3 .,"#� 1#$4  /)�,#-'4  )'5 $6.+4  
�)�'.$5'2$% , /�3+"$-  :00,#-$3.�"-1  $..�3'2$�..�%  *,(-, 1.�"-$  3 )'&#'4  ),�$�.' .  
��)&$)�3'.$,  -,4.�/')#'  3 ),�$�.,  /�53� $-  ),9$-1  "7=,"-37<=$,  /)�8 ,&+  $ 73, $ -
6$-1 :#�.�&$6,"#$%  $ $..�3'2$�..+%  /�-,.2$'  �8 '"-$ . 

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

/�-,.2$' '  // �,�),-$6,"#$,  $ /)$# '*.+,  '"/,#-+  "�3),&,..�%  .'7#$ . 2014. B  3-5. � . 
49-52. 

2. ��.6')�3'  � .� . �,4.�/')#  #'#  "/�"�8  7"$ ,.$(  $.-,�)'2$$  /)�&+9 ,..�"-$  $ 
.'7#$  // � 1&'.'4  "�3),&,..�%  .'7#$  $ �8)'5�3'.$( . 2008. B  3. � . 50-52. 

3. ��.6')�3'  � . � . ��&&,)2$' $5'2$(  .'76.� --,4.$6,"#$4  )'5)'8�-�# : ),�$�.' 1 -
.+% '"/,#-  // �#-7' 1.+,  /)�8 ,&+  "�3),&,..�%  .'7#$ . 2010. B  2 (52). � . 22-23. 

4. ��.6')�3'  � . � . �..�3'2$�..'(  3�"/)$$&6$3�"-1  #'#  0'#-�)  07.#2$�.$)�3'.$(  
&' +4  /),*/)$(-$%  /)$  375'4 // �53,"-$(  �� ���)'*"#���  ��"7*')"-3,..���  -,4.$6,"#���  
7.$3,)"$-,-' . 2013. � . 15. B  5 (108). � . 11-18. 

5. ��.6')�3'  � .� . �$)-7' 1.+%  -,4.�/')#  - / �='*#'  * (  $..�3'2$%  / � . � . ��.6' -
)�3'  // �  "8�).$#, : �'53$-$,  "),*.$4  ��)�*�3 : 5'&+", , &�*, $ , /)'#-$#'  �'-,)$' +  III 
�,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ . 2015. - � . 73-79. 

6. ��.6')�3' , � .� . �"/� 15�3'.$,  3D--,4.� ��$%  3 )'&#'4  #�.2,/2$$  )'53$-$(  $. -
.�3'2$�..���  /�-,.2$' '  "),*.$4  ��)�*�3  / � .� . 
 '�$.$. , � .� . ��.6')�3' , � .� . 
�%2�3  
// �  "8�).$#, : �'53$-$,  "),*.$4  ��)�*�3 : 5'&+", , &�*, $ , /)'#-$#'  �'-,)$' +  III �,! -
*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ . 2015. - C. 165-175. 
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����  
� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , ���  (0$ $' ) �� ����  

(3 )'&#'4  /)�,#-'  «��*,%"-3$,  /�3+9,.$<  7)�3.(  0$.'."�3�%  �)'&�-.�"-$  .'", ,.$(  $ 
)'53$-$<  0$.'."�3���  �8)'5�3'.$(  3 ��""$%"#�%  �,*,)'2$$ ) 

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

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

"#�& , $ 0$.'."�3�&  - #'#  53,.�  0$.'."�3�%  "$"-,&+  ��"7*')"-3' . 	/),*, ((  07.*'&,.-  
#),*$-'  #'#  :#�.�&$6,"#7<  #'-,��)$< , &�!.�  �-&,-$-1 , 6-�  �.  5'# <6',-"(  3 �/),*, ,. -
.+4  :#�.�&$6,"#$4  �-.�9,.$(4 , �8.')7!$3'<=$4"(  &,!*7  #),*$-�)�&  $ 5',&=$#�&  /�  
/)$6$.,  3+*, ,.$(  ""7*+  3 *,.,!.�%  0�)&,  [9].  

�),*$-  /),*"-'3 (,-  "�8�%  &�*, 1  :#�.�&$6,"#���  "�� '"$(  /�  /),*�"-'3 ,.$<  .'  
"'&�3�53)'-.�% , ")�6.�%  $, #'#  .�)&' , / '-.�%  �".�3, , "),*"-3  $ $  $.���  $&7=,"-3' . 

�'#$&  �8)'5�& , 3 "��-3,-"-3$$  " *,%"-37<=$&  �)'!*'."#$&  5'#�.�*'-, 1"-3�& , 
$"/� 15�3'.$,  -,)&$.'  «#),*$- » /�  �-.�9,.$<  # "3(5$ &,!*7  #),*$-.�%  �)�'.$5'2$,%  $ 
0$5$6,"#$&  $2�&  /�  /)$.(-$<  $ 3�53)'-7  *,.,!.+4  *�4�*�3 , 7"-'.�3 ,.�  /�"),*"-3�&  
#),*$-.���  *���3�)' , �"�8,..�  -'#-$6.� . �&,"-,  "  -,& , .,�84�*$&�  �-&,-$-1 , 6-�  )�""$% -
"#�,  5'#�.�*'-, 1"-3�  /�#'  .,  3# <6',-  ,*$.���  �8�5.'6,.$(  «#),*$- », 3 -�&  6$" ,  «/� -
-),8$-, 1"#$%  #),*$- ». �)'3�3�,  ),�7 $)�3'.$,  $."-$-7-'  /�-),8$-, 1"#���  #),*$-'  
*,)!$-  .,"$"-,&.+%  4')'#-,) , /),*/� '�'(  �8=$,  /� �!,.$(  �  /�-),8$-, 1"#�&  #),*$-,  
3 ��  �� , �  5'%&, $ #),*$-, , $ �-*, 1.+,  3�/)�"+  3 )'5.��8)'5.+4  .�)&'-$3.+4  /)'3� -
3+4 '#-'4  [1]. 

��-),8$-, 1"#$%  #),*$-  – :-�  #),*$- , /),*�"-'3 (,&+%  8'.#�&  .'  /)$�8),-,.$,  
-�3')�3  ()'8�- , 7" 7� ) * (   $6.+4 , 8+-�3+4  $ $.+4  .,/)�$53�*"-3,..+4  .7!*  (:-�  :#" -
/),"" -#),*$- , #),*$-  .'  .,�- �!.+,  .7!*+ , #),*$-  .'  �8)'5�3'.$, , #),*$-  .'  �-*+4 , 
#),*$-  /�*  5' �� , #),*$-.'(   $.$( , �3,)*)'0-  $ *) .) [8]. 

�  .'"-�(=,,  3),&(  8'.#�3"#$,  7" 7�$  /�  #),*$-�3'.$<  .'", ,.$(  (3 (<-"(  "'&+ -
&$ /�/7 ().+&$  $5 3",4  "7=,"-37<=$4 . �' �8+  3 �)�'.+  �,*,)' 1.�%  " 7!8+  /�  
.'*5�)7  3 "0,),  5'=$-+  /)'3  /�-),8$-, ,%  $ 8 '��/� 76$(  (��"/�-),8.'*5�)' ) /�  /)$&, -
.,.$<  .�)&  �'#�.'  �  5'=$-,  /)'3  /�-),8$-, ,%  # 7" �3$(&  *���3�)�3  /�  /�-),8$-, 1 -
"#�&7  #),*$-�3'.$<  "�"-'3 (<-  /�*'3 (<=7<  &'""7  !' �8  /�  0$.'."�3�&7  )+.#7 .  

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

�  �- $6$,  �-  *)7�$4  -$/�3  #),*$-�3 , /),*&,-�&  /�-),8$-, 1"#���  #),*$-'  &��7-  
8+-1 #'#  -�3')+ , -'#  $ *,.1�$ . ��3')'&$ , /)�*'3',&+&$  3 #),*$- , $ $  �/ '6$3',&+&$  5' 
"6@- 8'.#�3"#$4  ""7* , (3 (<-"(  /),*&,-+  /�-),8 ,.$(  /)�*� !$-, 1.���  $"/� 15�3'.$( .  

�78C,#-'&$  #),*$-' , " �*.�%  "-�)�.+ , 3+"-7/'<-  #),*$-�)+ , 3 *'..�&  " 76',  – 
:-�  #�&&,)6,"#$,  8'.#$ , "/,2$' 1.+,  76),!*,.$(  /�-),8$-, 1"#���  #),*$-' , &'�'5$.+ , $ 
*)7�$,  /),*/)$(-$( , '  " *)7��%  "-�)�.+  – 5',&=$#$  –  <*$ .  

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

-  �8C,#-'&  #),*$-�3'.$( , "78C,#-'&  #),*$-�3'.$( ,  
-  ")�#'&  #),*$-�3'.$( , /�  �8,"/,6,.$<  $ &,-�*7  /��'9,.$( ,  
-  7" �3$(&  /),*�"-'3 ,.$( , /�  &,-�*7  35$&'.$(  /)�2,.-�3 . 
�#-$3.�,  "�3,)9,."-3�3'.$,  #),*$-�3'.$(  0$5$6,"#$4  $2  "-' �  �*.�%  $5 � '3 -

.+4  6,)-  )�""$%"#�%  :#�.�&$#$  /�" ,*.$4  *,"(-$ ,-$% , 6-�  /)$3, �  # 3�5.$#.�3,.$<  
)(*'  /� �!$-, 1.+4  $ �-)$2'-, 1.+4  &�&,.-�3 . �  /� �!$-, 1.+&  "-�)�.'&  &�!.�  �- -
.,"-$  " ,*7<=$, : 73, $6,.$,  �8C,&�3  #),*$-�3'.$(  .'", ,.$(  $ :#�.�&$6,"#$%  )�"- , 
#�-�)+%  5' :-$&  /�" ,*�3' . �"/� 157(  #),*$-.+,  $."-)7&,.-+ , .'", ,.$,  /),35�9 �  
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/ '-@!,"/�"�8.+%  "/)�" , 6-�  -,&  "'&+&  "#'5' �"1  .'  )'53$-$$  )+.#'  7" 7� , '  -'#!,  8'. -
#�3"#���  ",#-�)'  [2]. 

�' �,  #),*$-�3'.$,  /�53� (,-  /� 76$-1  *,.,!.+,  "),*"-3'  8+"-)�  $ " &$.$&' 1 -
.+&  .'8�)�&  *�#7&,.-�3 . 	-&,-$& , 6-�  )+.�#  &$#)�0$.'."$)�3'.$(  (3 (,-"(  &� �*+&  
$ /,)"/,#-$3.+&  $ 3 #)$5$".+,  3),&,.'  (3 (,-"(  8� ,,  7"-�%6$3+&, 6,& )+.�#  "-'. -
*')-.+4  8'.#�3"#$4  #),*$-�3 . ���  7"-�%6$3�"-1  �87" �3 ,.'  )�"-�&  8� 19$&  #� $6, -
"-3�&  �-#'5�3  8'.#�3  3 3+*'6,  #),*$-�3  3 "3(5$ "�  ".$!,.$,&  )$"#�3'..�"-$  #),*$-.+4  
/�)-0, ,% . �  -'#$4  7" �3$(4  3 #'6,"-3,  �/-$&' 1.���  ),9,.$(  * (  8$5.,"'  3+"-7/'<-  
/)��)'&&+  &$#)�0$.'."$)�3'.$( . 

��-,.2$'  &' ���  8$5.,"'  3 ��""$$  /�#'  �"-',-"(  .,),' $5�3'..+& , - .#. "7=, -
"-37<=$,  5'#�.�*'-, 1.+,  7" �3$(  ��)'.$6$3'<-  ,��  )�"- . �,�84�*$&�  3+(3 (-1  3�5-
&�!.�"-1  �2,.$-1  ),"7)".�,  �8,"/,6,.$,  /),*/)$(-$( , 35'$&�*,%"-3$,  ),"7)"�3  $ $4 
3 $(.$,  .'  :00,#-$3.�"-1  $..�3'2$�..�%  *,(-, 1.�"-$  /),*/)$(-$(  [3]. �  $..�3'2$�. -
.�&7  /�-,.2$' 7  &' ���  /),*/)$(-$(  �-.�"(- : 6, �3,6,"#$, , -,4.$6,"#$, , &'-,)$' 1.+, , 
$.0�)&'2$�..+,  $ $.+,  3�5&�!.�"-$ , #�-�)+,  /�53� (<-  /),*/)$(-$<  ),' $5�3'-1  /� -
"-'3 ,..+,  $..�3'2$�..+,  2, $  [4, 5]. 

�7=,"-37,-  $ �8)'-.'(  "-�)�.'  )'""&'-)$3',&���  (3 ,.$(  /)�2,""�3  #),*$-�3' -
.$( . �  /�" ,*.,,  3),&(  &.��$,  :#"/,)-+  $ "/,2$' $"-+  3 0$.'."�3�%  "0,),  /�*6,)#$3' -
<-  ",)1,5.�"-1  )�"-'  *� ��3�%  .'�)75#$  .'  5',&=$#�3  — 0$5$6,"#$4  $2 . �,&  "'&+& , 3 
87*7=,&  :-�  &�!,-  /)$3,"-$  # 3,"1&'  .,�'-$3.+&  /�" ,*"-3$(&  #'#  3 :#�.�&$6,"#�& , 
-'#  $ "�2$' 1.�&  '"/,#-'4 . �)$6$.  5*,"1  &.��� , .�  /,)3�"-,/,..�%  (3 (,-"(  -� , 6-�  :-�  
.,*�"-'-�#  6,-#���  5'#�.�*'-, 1.���  ),�7 $)�3'.$(  *'..+4  �-.�9,.$% . 

�'6'"-7<  /)$  5'# <6,.$$  #),*$-.���  *���3�)'  8'.#  .'3(5+3',-  �)'!*'.$.7  *� -
/� .$-, 1.+,  7" 7�$ . �'/)$&,) , #),*$-.'(  �)�'.$5'2$(  /�&$&�  #),*$-.���  *���3�)'  
/),* '�',-  5'# <6$-1  ,=,  $ *���3�)  �  "-)'4�3'.$$  !$5.$  $ 5*�)�31(  5',&=$#' . �  -'#�&  
" 76',  /)$  �0�)& ,.$$  #),*$-.���  *���3�)'  .,�84�*$&�  3+(".$-1 , (3 (,-"(   $  7" �3$,  �  
"-)'4�3'.$$  !$5.$  $ 5*�)�31(  �8(5'-, 1.+&  7" �3$,&  /� 76,.$(  #),*$-' . �" $  "-)'4� -
3'.$,  �8�".�3'.� , -�  7 5',&=$#'  ,"-1  /)'3�  3+8)'-1  "-)'4�37<  #�&/'.$<  " &$.$&' 1 -
.+&$  -')$0'&$  $ ".$5$-1  "-�$&�"-1  "-)'4�3#$  .'  �".�3'.$$  '.-$&�.�/� 1.���  5'#�.� -
*'-, 1"-3' . �" $  8'.#  3",  !,  .'3(5+3',-  *'..7<  7" 7�7 , -�  5',&=$#7  .,�84�*$&�  .'/�& -
.$-1  �  3+9,  7#'5'..+4  )'5C(".,.$(4  ���  �� , ���  ��  $ /�/)�"$-1  8'.#  /),*�"-'3$-1  
)'"6,-  #),*$-.���  *���3�)'  8,5 7" �3$(  "-)'4�3'.$(  !$5.$  $ 5*�)�31( . �'#!,  &�!.�  /� -
53�.$-1  .'  «��)(67<   $.$< » 8'.#' , �"-'3$-1  �-5+3  .'  �0$2$' 1.�&  $.-,).,- -"'%-,  8'.#'  
$ $  �8)'-$-1"(  3 *)7��%  8'.#  * (  �0�)& ,.$(  #),*$-.���  *���3�)'  [8]. 

�'  -,))$-�)$$  ��""$%"#�%  �,*,)'2$$  &�!.�  �8)'-$-1"(  " !' �8�%  .'  .,/)'3� -
&,).+,  *,%"-3$(  #),*$-.+4  �)�'.$5'2$%  3 
'.#  ��""$$ , "7*,8.+,  �)�'.+ , ),�$�.' 1.+,  
7/)'3 ,.$(  �,*,)' 1.�%  " 7!8+  /�  .'*5�)7  3 "0,),  5'=$-+  /)'3  /�-),8$-, ,%  $ 8 '�� -
/� 76$(  (��"/�-),8.'*5�)' ) $ $  6,),5  $4 �0$2$' 1.+%  "'%- www/rospotrebnadzor.ru. [8]. 

�)�&,  -��� , " �#-(8)(  2010 � . 3 ��""$$  .'6'  )'8�-7  $."-$-7-  �8=,"-3,..���  /)$ -
&$)$-, (  .'  0$.'."�3�&  )+.#,  (0$.'."�3���  �&87*"&,.' ). �$.'."�3+%  �&87*"&,.  )'" -
"&'-)$3',-  "/�)+  &,!*7  0$5$6,"#$&$  $2'&$  $ 0$.'."�3+&$  �)�'.$5'2$(&$ . �/�)  /, -
),*',-"(  .'  )'""&�-),.$,  0$.'."�3�&7  �&87*"&,.7  -� 1#�  /�  $.$2$'-$3,  0$5$6,"#���  
 $2' -# $,.-'  #),*$-.�%  �)�'.$5'2$$  /7-,&  /�*'6$  5'(3 ,.$( . ��*'6'  5'(3 ,.$(  $ )'" -
"&�-),.$,  *, '  * (  �)'!*'.  (3 (<-"(  8,"/ '-.+&$ . (https://arb.ru/b2c/abuse/) 	8)'=,.$,  
# 0$.'."�3�&7  �&87*"&,.7  3�5&�!.�  -� 1#�  /�" ,  /�*'6$  !' �8+  3 #),*$-.7<  �)�'.$ -
5'2$< . 

�  " 76',  .')79,.$(  /)'3  -),8�3'.$%  5'#�.�*'-, 1"-3'  /�-),8$-, 1  &�!,-  /�*'-1  
!' �87  .'  8'.# . �'=$-'  /)'3  /�-),8$-, ,%  /�  #),*$-'&  /),*7"&'-)$3',-  3�5&�!.�"-1  
.'6' '  "7*,8.���  /)�2,""'  &,!*7  # $,.-�&  $ 8'.#�3"#$&  76),!*,.$,& , #�-�)�,  /�*)' -
57&,3',-  #'#  �-# �.,.$,  3+9,�/$"'..+4  7" �3$%, -'#  $ )'5)+3  *���3�)'  3��8=, , " 7/ ' -
-�% /�-),8$-, ,&  #),*$-.+4  "),*"-3  $ /)�2,.-.+4  "-'3�# , #�-�)+,  ���3')$3' $"1  $5.' -
6' 1.� .  
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�),-,.5$�..+%  /�)(*�#  7),�7 $)�3'.$(  "/�)'  – :-�  �"�8'(  /)�2,*7)'  7),�7 $)� -
3'.$(  "/�)'  "'&$&$  "/�)(=$&$  "-�)�.'&$ , �"7=,"-3 (,&'(  /�"),*"-3�&  .'/)'3 ,.$(  
($ $  /),*C(3 ,.$(   $6.� ) /),-,.5$$  3 /$"1&,..�%  0�)&,  $ .'/)'3 ,.$(  �-3,-'  .'  .,, . 
�7-1  /),-,.5$�..���  /�)(*#'  7),�7 $)�3'.$(  )'5.�� '"$%  3 )'""&'-)$3',&+4  �-.�9,.$ -
(4 &,!*7  #),*$-�)�&  $ 5',&=$#�&  5'# <6',-"(  3 -�& , 6-�  #),*$-�)7  5')'.,,  (-�  ,"-1  *�  
,��  �8)'=,.$(  3 "7*  5' 5'=$-�%  .')79,..+4  /)'3 ) /),*C(3 (<-"(  -),8�3'.$( , #'"'<=$, -
"(  .' $6$(  7 5',&=$#'  #'#$4- $8�  /),-,.5$%  # .,&7  [8]. 

��  "-'-$"-$#,  
'.#'  ��""$$ , .'  2015 ��*  3",�8=$%  �8C,&  /)�")�6,..�%  5'*� !,. -
.�"-$  /�  #),*$-'& , 3+*'..+&  0$5$6,"#$&  $2'& , "�"-'3 (  12,5%, $ :-'  2$0)'  /)�*� -
!',-  )'"-$ . �),*$-.+%  /�)-0, 1  /)$  :-�&  " 2015 ��*'  7&,.19$ "(  .'  10,4%, - ., .  6-�  
.,/�"),*"-3,..�  "3(5'..�  "�  "/'*�&  $.3,"-$2$�..�%  '#-$3.�"-$  $ /)�8 ,&'&$  /�$"#'  
#'6,"-3,..+4  5',&=$#�3  3 #�)/�)'-$3.�&  #),*$-�3'.$$ . �'#!, , $*,-  �"7=,"-3 ,.$(  
/)�2,""'  5'#),*$-�3'..�"-$  .'", ,.$( . ��3+9'<-"(  #� $6,"-3'  $ �8C,&+  #),*$-�3  .'  
�*.���  5',&=$#'  [6]. 

�  ��""$$  *$.'&$#'  �".�3.+4  *'..+4  /�-),8$-, 1"#���  #),*$-�3'.$(  3 2014–2015 
�� . �/),*, ( '"1  � '3.+&  �8)'5�&  "�"-�(.$,&  .'  3.,9.$4  )+.#'4 , /)$�"-'.�3 ,.$,&  )� -
"-'  )�""$%"#�%  :#�.�&$#$ , '  -'#!,  :3� <2$,%  #7)"'  )78 ( . �  2015 ��*7  �8�5.'6' $"1  
7&,),..+,  -,&/+  /)$)�"-'  #),*$-�3'.$( : �8C,*$.,..+%  �8C,&  #),*$-�3  :#�.�&$#,  (., -
0$.'."�3+&  �)�'.$5'2$(&  $ 0$5$6,"#$&  $2'& ) 3�5)�"  *�  7,6 % (5'  2014 ��*  — .'  25,9 
%) $ .'8)'  44,0 -) . . )78 ,%. 	8C,&+  /�-),8$-, 1"#���  #),*$-�3'.$(  3 ��""$$  4�-1  $ 
4')'#-,)$57<-"(  ,!,��*.+&  )�"-�& , .�  /)$  :-�&  ".$!',-"(  $4 -,&/  )�"-' .  

�'."+  "�3,)9,."-3�3'.$(  /�-),8$-, 1"#���  #),*$-�3'.$(  3 ��""$$  *�3� 1.�  
.,�*.�5.'6.+ , - .#. �.  (3 (,-"(  .'$8� ,,  /)$,& ,&�%  0�)&�%  #),*$-�3'.$(  .'", ,.$(  * (  
/)$�8),-,.$(  -�3')�3  $ 7" 7� , $ 7#),/ ,.$(  -,&  "'&+&  $..�3'2$�..���  /�-,.2$' '  )�" -
"$%"#�% :#�.�&$#$ , .�  .'  *'..+%  /,)$�*  "7=,"-37,-  *�"-'-�6.�  /)�8 ,& , 7*,)!$3'< -
=$4 )'53$-$,  /�-),8$-, 1"#���  #),*$-�3'.$(  3 ��""$$ . �$91  /�" ,  7"-)'.,.$(  3",4  /)� -
8 ,&  $ "�3,)9,."-3�3'.$(  #),*$-.�%  "$"-,&+  &�!.�  ��3�)$-1  �  *' 1.,%9,&  7 769,.$$  
$ -,.*,.2$(4  # )�"-7  /�-),8$-, 1"#���  #),*$-�3'.$(  3 ��""$$ . 
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2$$» 
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� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � . � . �7%",#�3' , &'�$"-)'.-  2 #7)"'   
���  (0$ $' ) �� ����  

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

.�"-$ : "-)'-,�$6,"#���  / '.$)�3'.$( , .'76.+4  $"" ,*�3'.$%  $ �/+-.� -#�."-)7#-�)"#$4  
)'5)'8�-�# , &')#,-$.��3�%  *,(-, 1.�"-$  /�  '.' $57  )+.#'  $ /)�*3$!,.$<  /)�*7#2$$ , 
7/)'3 ,.$(  /)�,#-�&  $ #�&&,)2$' $5'2$,%  ),57 1-'-�3  [2]. ��*  -'#$&  ),57 1-'-�&  /� -
.$&',-"(  /)�*7#-  .'76.�%  $ ($ $ ) .'76.� --,4.$6,"#�%  *,(-, 1.�"-$ , "�*,)!'=$%  .�3+,  
5.'.$(  $ $  ),9,.$(  $ 5'0$#"$)�3'..+%  .'   <8�&  $.0�)&'2$�..�&  .�"$-, , . �'$8� ,,  
/,)"/,#-$3.+,  0�)&+  "-$&7 $)�3'.$(  $..�3'2$�..���  )'53$-$(  ),�$�.�3  �".�3'.+  .'  
"�5*'.$$  .�3+4  $..�3'2$�..+4  "-)7#-7) , -'#$4  #'#  -,4.�/')#$ , -,4.�/� $"+ , "3�8�*.+,  
:#�.�&$6,"#$,  5�.+ . ��  .')'"-'.$<  "-,/,.$  " �!.�"-$  -,4.�/')#�3+,  "-)7#-7)+  &�!.�  
)'"/� �!$-1  " ,*7<=$&  �8)'5�& : $.#78'-�)+ , -,4.� ��$6,"#$,  /')#$ , -,4.�/� $"+ , ), -
�$�.+  .'7#$  $ -,4.� ��$%  [3]. 

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

�  "0,),  $..�3'2$�..�%  *,(-, 1.�"-$  /),*/)$.$&'-, 1"#���  ",#-�)'  7*, (,-"(  
8� 19,,  3.$&'.$,  3�/)�"'&  )+.�6.�%  #�.C<.#-7)+ , /)�$"4�*$-  -)'."0�)&'2$�..+%  
/)�2,""  /,),4�*'  �-  &�*, $  «-,4.� ��$6,"#���  -� 6#' » # &�*, $  3+(3 ,.$(  "/)�"'  .'  
),57 1-'-+  .'76.� --,4.$6,"#�%  *,(-, 1.�"-$  $, "��-3,-"-3,..� , 8� 19�,  5.'6,.$,  7*, ( -
,-"(  &')#,-$.��3�%  *,(-, 1.�"-$  /),*/)$(-$% , 5'.$&'<=$4"(  $"" ,*�3'.$(&$  $ )'5)' -
8�-#'&$ .  

	-)$2'-, 1.+&$  "-�)�.'&$  )'53$-$(  $..�3'2$�..� -#�&&,)6,"#$4  �-.�9,.$%  (3-
 (<-"(  " ,*7<=$, : �8�"-),.$,  /)�8 ,&+  7/)'3 ,.$(  $..�3'2$�..+&  /)�2,""�& ; ".$ -
!,.$,  :00,#-$3.�"-$  #��)*$.'2$�..+4  /)�2,""�3  $ '*&$.$"-)'-$3.+4  &,-�*�3  7/)'3 -
 ,.$( ; " �!.�"-1  3.,*),.$(  .�3+4  .'76.+4  )'5)'8�-�#  .'  )+.#,  $5-5' /)�2,""'  "!'-$(  
�-)'" ,3�%  .'7#$ . �78C,#-+  $..�3'2$�..���  2$# '  �=7-$ $  �-)$2'-, 1.�,  3 $(.$,  -' -
#$4 /)�2,""�3  3 "3�,% *,(-, 1.�"-$ . �47*9$ "(  #'*)�3+%  $ &'-,)$' 1.� --,4.$6,"#$%  
/�-,.2$'  .'76.+4  $."-$-7-�3  3 ),57 1-'-, : $5.�"'  /)$8�).���  /')#' , $.*$3$*7' $5'2$$  
.'76.+4  $"" ,*�3'.$% , 3.7-),..,%  $ 3.,9.,%  «7-,6#$ &�5��3 », ".$!,.$$  "-'-7"'  )'8�- -
.$#�3  .'7#$ , )'5)+3,  " �!$39$4"(  /')-.,)"#$4  "3(5,% " *)7�$&$  76'"-.$#'&$  $..�3' -
2$�..���  2$# '  $ " /�-,.2$' 1.+&$  5'#'56$#'&$ . �  ),57 1-'-,  3�5.$#',-  "7=,"-3,..'(  
/)�8 ,&'  /)$  /)�*3$!,.$$  ),57 1-'-�3  .'76.� -$"" ,*�3'-, 1"#�%  *,(-, 1.�"-$  .'  )+. -
#,. 

�  7" �3$(4  3�3 ,6,..�"-$  )�""$%"#$4  )'5)'8�-6$#�3  3 &$)�3�%  )+.�#  -,4.� ��$%  
*� !,.  /)�$"4�*$-1  *37"-�)�..$%  /�-�#  -,4.� ��$%  /)$  /�"),*"-3,  :00,#-$3.�  )'8� -
-'<=$4  "-)7#-7)  /�  -)'."0,)7 . �  )�""$%"#$4  7" �3$(4  .,3�"-),8�3'..�"-$  &.��$4  $. -
.�3'2$�..+4  /)�,#-�3 , /�-�#$  -)'."0,)'  -,4.� ��$%  " ,*7,-  )'""&'-)$3'-1  $ $  /)$  /, -
),*'6,  $4 5' )78,! , $ $ , 3 /,)"/,#-$3, , #'#  "),*"-3�  ),' $5'2$$  )�""$%"#$4  $..�3'2$�. -
.+4  /)�,#-�3 . �,&  .,  &,.,, , 3 "�3),&,..�&  &$),  � �8' 1.�%  :#�.�&$#$  &,!*7.')�*.+%  
-)'."0,)  -,4.� ��$%  $ �)�'.$5'2$(  &,!*7.')�*.���  "�-)7*.$6,"-3'  (3 (<-"(  8'5�3�% 
�".�3�%  /�*C,&'  $ 8+"-)���  )�"-'  $4 :#�.�&$# . �)'."0,)  -,4.� ��$%  .,  /)," ,*7,-  2, 1  
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:00,#-$3.�"-$  ),' $5'2$$  )'5)'8�-#$ , '   $91  (3 (,-"(  $."-)7&,.-�&  *�"-$!,.$(  :-�%  
2, $ . ��5&�!.'  "$-7'2$( , #��*'  )'5)'8�-#'  ),' $57,-"(  "'&$&$  )'5)'8�-6$#'&$ , .�  6'=,  
)'5)'8�-#'  �"7=,"-3 (,-"(  #�  ,#-$3�&  $"" ,*�3'-, ,% , $.!,.,)�3  $ $5�8),-'-, ,% , '  
#�&&,)2$' $5$)7,-"(  .'  *)7�$4  /),*/)$(-$(4  [4]. 

�..�3'2$�..+%  /)�2,""  :00,#-$3,. , ," $  $.0�)&'2$(  "3�8�*.�  *3$!,-"(  3 �8�$4  
.'/)'3 ,.$(4 , #��*'  #'!*+%  #�&/�.,.-  $..�3'2$�..�%  "-)7#-7)+  "��-3,-"-37,-  "3�,&7  
.'5.'6,.$< , '  /,),4�*  �-  �*.���  :-'/'  *3$!,.$(  $..�3'2$%  # *)7��&7  �"7=,"-3 (,-"(  "  
&$.$&' 1.+&$  $5*,)!#'&$ . � ,*�3'-, 1.� , "-)7#-7)'  $..�3'2$�..�%  "$"-,&+  5'3$"$-  
�-  �)�'.$5'2$$  35'$&�"3(5$  $ #�&&7.$#'2$�..+4  /�-�#�3  &,!*7  : ,&,.-'&$  $..�3'2$ -
�..���  /)�2,""'  .'  /),*/)$(-$$ . 

�..�3'2$�..'(  *,(-, 1.�"-1  "-'.�3$-"(  8� ,,  :00,#-$3.�% , ," $  �"7=,"-3 (,-"(  
3 0�)&,  �".�3.�%  *,(-, 1.�"-$  "/,2$' $5$)�3'..+&$  �)�'.$5'2$(&$ , -�3').'(  /)�*7# -
2$( #�-�)+4  – )'5)'8�-#'  .�3+4  /)�*7#-�3  * (  /)�*'!$  .'  $..�3'2$�..�&  )+.#, . ��  .'  
/)'#-$#,  *�"-'-�6.�  9$)�#$%  #)7�  .,"/,2$' $5$)�3'..+4  �)�'.$5'2$%  )'5)'8'-+3',-  
.�3+,  -,4.� ��$$  * (  /)�$53�*"-3'  �8+6.�%  /)�*7#2$$ . ���*'  $..�3'2$�..'(  *,(-, 1 -
.�"-1  )'""&'-)$3',-"(  3 )'&#'4  �/),*, ,.$(  ,,  &,"-'  $ )� $  3 :#�.�&$6,"#�&  )'53$-$$  
"-)'.+ , # <6,3�,  5.'6,.$,  /)$�8),-',-  �2,.#'  $.-,�)'-$3.+4  /)�2,""�3  3 *'..�%  "0,), . 
�'#"$&' 1.�  3�5&�!.+%  :00,#-  �-  $..�3'2$�..�%  *,(-, 1.�"-$  *�"-$�',-"(  3 -�&  " 7 -
6', , ," $  �.'  -,".�  "3(5'.'  " $.3,"-$2$�..�%  *,(-, 1.�"-1< , /)�2,""'&$  "�5*'.$(  .�3+4  
/)�$53�*"-3 , /)�,#-$)�3'.$(  $ 0$.'."$)�3'.$(  $..�3'2$% . ;-�  &�!,-  �8,"/,6$-1  "� -
#)'=,.$,  $..�3'2$�..���  2$# ' , /�)�*$-1  "$.,)�,-$6,"#$%  :00,#-  #'#  3$* *�/� .$ -
-, 1.���  :00,#-'  �-  -,".���  /')-.,)"#���  35'$&�*,%"-3$(  3",4  76'"-.$#�3  ,*$.�%  -,4 -
.� ��$6,"#�%  2,/�6#$ . 

� (  /)�2,""'  $5&,),.$(  $ �2,.#$  :00,#-�3  $..�3'2$%  4')'#-,).+  " ,*7<=$,  
�"�8,..�"-$ . �5&,),.$,  $ �2,.$3'.$,  3,*,-"(  .'  7)�3.,  /),*/)$(-$( . �5&,),.$<  /�* -
 ,!'-  $ :#�.�&$6,"#$, , $ -,4.$6,"#$, , $ /)�6$,  :00,#-+ . �),*/)$(-$,  )'""6$-+3',-  .'  
3�53)'-  3 �!,.$%  3 #)'-6'%9$,  ")�#$ , /�:-�&7  0$.'."�3+%  ),57 1-'-  (3 (,-"(  3'!.,% -
9$&  $ �#�.6'-, 1.+&  $5&,)$-, ,&  $4 7"/,9.�"-$ . ;00,#-+  $5&,)(<-"(  $ �2,.$3'<-"(  
/�  3",&  0'5'&  $..�3'2$�..���  /)�2,""' . �)'3.,.$,  .'  .'6' 1.+4  0'5'4  :-���  /)�2,""'  
�".�3+3',-"(  .'  '.' ��'4 . �5&,),.$,  $ �2,.#'  �"7=,"-3 (<-"(  "�  "-�)�.+  3",4  76'"-.$ -
#�3 $..�3'2$�..���  /)�2,""'  [5]. 

�"/,9.�,  )'53$-$,  4�5(%"-37<=,��  "78C,#-'   <8�%  �)�'.$5'2$�..� -/)'3�3�%  
0�)&+  3 7" �3$(4  #�.#7),.-.���  �#)7!,.$(  3�  &.���&  5'3$"$-  �-  "-,/,.$  ,��  $..�3'2$ -
�..�%  '#-$3.�"-$ . �-),& ,.$,  #�&/'.$$  .,  -� 1#�  3+!$-1  .'  )+.#, , .�  $ /� 76$-1  *� -
4�* , *�"-'-�6.+%  * (  �8.�3 ,.$(  $ /)$)�"-'  :#�.�&$6,"#���  /�-,.2$' ' , 5'"-'3 (,-  &, -
.,*!,)�3  $"#'-1  .'/)'3 ,.$(  3+"�#�:00,#-$3.���  3 �!,.$(  *,.,!.+4  "),*"-3  #�&/' -
.$$  $ /)$3 ,#'-1  $.3,"-�)�3  * (  0$.'."$)�3'.$(  $..�3'2$�..+4  /)�,#-�3  " 2, 1<  "� -
5*'.$(  $ $  7#),/ ,.$(  $.*$3$*7' 1.+4  /),$&7=,"-3  /,),*  /)�6$&$  #�.#7),.-'&$  3 
#�.#),-.�%  "0,),  8$5.,"' . 

�'#$&  �8)'5�& , 5'*'6'  �/),*, ,.$(  :00,#-$3.�"-$  /)�,#-'  "# '*+3',-"(  $5 *374 
6'"-,% . �� -/,)3+4 , :-�  �/),*, ,.$,  -��� , /),3�"4�*$-   $  /� 76',&+%  :00,#-  5'-)'-+ , $, 
," $  *' , -�  .'"#� 1#� . �� -3-�)+4 , :-�  .'� (*.�,  )'.!$)�3'.$,  )'""&'-)$3',&+4  ' 1-,) -
.'-$3  " 2, 1<  �8,"/,6,.$(  .'$8� ,,  �/-$&' 1.���  3+8�)' . � (  �2,.#$  :00,#-$3.�"-$  
$..�3'2$�..+4  /)�,#-�3  $"/� 157<-"(  /)�,#-.+,  /)$.2$/+ , �/),*, (<=$,  .,�84�*$ -
&�"-1  ),"7)".+4  5'-)'-  (6, �3,6,"#$4 , 0$.'."�3+4 ), "-�$&�"-1  $ :00,#-$3.�"-1  $"/� 1 -
5�3'.$(  #�-�)+4  �2,.$3',-"( . 

	".�3.�%  – /)$.2$/  *,.,!.+4  /�-�#�3 , �.  76$-+3',-  0'#-�)  3),&,.$  $ )$"#' , "  
/)��.�5.+&  $ *� ��")�6.+&  4')'#-,)�& . �  5'3$"$&�"-$  �-  76,-'  0'#-�)'  3),&,.$  3 �"7 -
=,"-3 ,.$$  $.3,"-$2$�..+4  5'-)'-  $ /� 76,.$$  3�53)'-.���  $.3,"-$2$�..���  /�-�#'  
3",  /�#'5'-, $  /�*)'5*, (<-"(  .'  *3,  �)7//+ : 

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

2) "-'-$6,"#$,  – �/),*, (<-"(  .'  �".�3,  "-'-$6,"#$4  &,-�*�3  )'"6,-'  $ /),*7 -
"&'-)$3'<-  $"/� 15�3'.$,  3 )'"6,-'4  874�' -,)"#$4  *'..+4  �  5'-)'-'4  $ *�4�*'4  8,5 $4 
*$"#�.-$)�3'.$(  3�  3),&,.$ . �-'-$6,"#$,  /�#'5'-, $  /)$&,.(<-"(  * (  �2,.#$  :00,# -
-$3.�"-$  .,8� 19$4  #)'-#�")�6.+4  /)�,#-�3 . 	.$  .,  '#2,.-$)7<-  3.$&'.$,  .'  *,.,! -
.+4  /�-�#'4  $ $5&,.,.$$  "-�$&�"-$  *,.,!.�%  ,*$.$2+  3�  3),&,.$ , /�:-�&7  $"/� 157<- -
"(  3 #'6,"-3,  �)$,.-$)�3�6.���  #)$-,)$( , 3 �".�3.�&  * (  '.' $5'  #)'-#�")�6.+4  $.3, -
"-$2$% $ $ , #��*'  $.3,"-$2$$  /)�$53�*(-"(  �*.�#)'-.���  3 .'6' ,  /,)$�*' . 

�'#$&  /�#'5'-, (&  �-*',-"(  /),*/�6-,.$,  .'  .'6' 1.+4  :-'/'4  )'53$-$(  &' +4  
/),*/)$(-$% , /)$  #)'-#�")�6.+4  $..�3'2$�..+4  /)�,#-'4  " .,8� 19�%  #'/$-' �,&#� -
"-1< . 

�",  3$*+ /�#'5'-, ,%  .'4�*(-"(  3 -,".�%  35'$&�"3(5$  &,!*7  "�8�%  $ /�53� (<-  
�2,.$-1  :00,#-$3.�"-1  $..�3'2$�..+4  /)�,#-�3  " )'5 $6.+4  "-�)�. . ��:-�&7  /)$&,.( -
<-  #�&/ ,#"  /�#'5'-, ,% , " 2, 1<  "$"-,&.�%  �2,.#$  $..�3'2$�..���  �8C,#-'  �*.$  $.*$ -
#'-�)+  &��7-  7"/,9.�  *�/� .$-1  *)7�$, . �'#  7!,  8+ �  "#'5'.�  3+9, , 3'!.,%9$&  $5&,-
)$-, ,&  7"/,9.�"-$  $..�3'2$%  (3 (,-"(  0$.'."�3+%  ),57 1-'- , '  /�-�&7  �".�3.+,  &, -
-�*+  �2,.#$  $.3,"-$2$% 3 $..�3'2$$ , �-�8)'!'<=$,  :#�.�&$6,"#7<  :00,#-$3.�"-1  $. -
.�3'2$%  "3(5'.+  " #)$-,)$(&$  �2,.#$  0$.'."�3+4  ),57 1-'-�3  $ 5'-)'- : 

�+  "6$-',& , 6-�  3 "�3),&,..+4  7" �3$(4   <8+,  $..�3'2$$  $&,<-  *3�(#$% 4')'# -
-,) . �  �*.�%  "-�)�.+ , 3 3+"�#�-,4.� ��$6.+4  �-)'" (4  �.$  (3 (<-"(  5' ���&  7"/,4'  $ 
*'!,  .,�84�*$&+&  7" �3$,&  :00,#-$3.���  07.#2$�.$)�3'.$(  �)�'.$5'2$% , 3,*1 #�.#7 -
),.-.'(  "),*'  $ ���  "-'3(-  /,),*  /),*/)$(-$(&$  5'*'67  /�"-�(..���  "�3,)9,."-3�3'.$(  
$ 3+*3$!,.$(  .�3+4  $*,%. �  *)7��%  "-�)�.+ , " $..�3'2$(&$  "�/)(!,.+  "7=,"-3,..+,  
)$"#$ : .,/),)+3.�  &,.(<=$%"(  )+.�#  $ .�3+,  -,4.� ��$$  "/�"�8.+  �8,"2,.$-1  /),! -
.$,  $..�3'2$$ , "*, '-1  $4 .,'#-7' 1.+&$ . 

�'  .'9  35� (* , )'""&�-),..'(  "$"-,&'  /�#'5'-, ,%  /�53� (,-  /)�$53,"-$  �2,.#7  
$..�3'2$%  "$"-,&.� , - ., . 76,"-1  )'5 $6.+,  0'#-�)+  $ )'""6$-'-1  :00,#-$3.�"-1 , ),9'(  
.,"#� 1#�  /)$�)$-,-.+4  5'*'6  �*.�3),&,..� . �  /�&�=1<  3+9,$5 �!,..���  &,-�*'  
&�!.�  3+8)'-1  .'$8� ,,  3+��*.+%  3')$'.-  3 �!,.$(  "),*"-3  $ 3&,"-,  " -,&  "3,"-$  "3�$  
)$"#$  # &$.$&7&7 5' "6,-  �/),*, ,.$(  ")�#'  �#7/',&�"-$ . 
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)$' '&  �,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ : 3 14 -�&'4 . 2015. - � . 47-48. 

4. ��.6')�3'  � .� . ��3+9,.$,  :00,#-$3.�"-$  ��	��  3 375, " /�&�=1<  $.0�)&' -
2$�..+4  -,4.� ��$%  // �53,"-$(  �� ���)'*"#���  ��"7*')"-3,..���  -,4.$6,"#���  7.$3,) -
"$-,-' . 2008. � . 5. B  5 (43). - � . 32-34. 

5. ��.6')�3'  � . � . �/)'3 ,.$,  �)�'.$5'2$,%  )'8�-  /�  /)��.�5$)�3'.$<  -,4.$6, -
"#$4 $ /)�$53�*"-3,..+4  ),9,.$%  )'53$-$(  "),*.$4  ��)�*�3  ��""$$  / � . � . ��.6')�3' , � . 
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� . ��.6')�3'  // "8�).$#  �'53$-$,  "),*.$4  ��)�*�3 : 5'&+", , &�*, $ , /)'#-$#'  �'-,)$' +  
III �,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ . �� ���)'* , 2015. – � . 245-250. 

6. ��.6')�3' , � .� . ��&&,)2$' $5'2$(  .'76.� --,4.$6,"#$4  )'5)'8�-�# : ),�$�.' 1 -
.+% '"/,#-  / �#-7' 1.+,  /)�8 ,&+  "�3),&,..�%  .'7#$ . 2010. B  2. - � . 22-23.  

7. ��.6')�3' , � .� . ��)&+  $ &,-�*+  )+.�6.���  /�5$2$�.$)�3'.$(  $ /)�*3$!,.$(  
.'76.� --,4.$6,"#�%  /)�*7#2$$  / �/)'3 ,.$,  :#�.�&$6,"#$&$  "$"-,&'&$ : : ,#-)�..+%  
.'76.+%  !7).' . 2011. B  33. - � . 66-66. 

8. ��.6')�3'  � . � . �')#,-$.��3+%  '"/,#-  &,-�*�3  "-$&7 $)�3'.$(  .�3�33,*,.$%  
.'  /),*/)$(-$(4  3 7" �3$(4  #)$5$"'  / �,!*7.')�*.�,  .'76.�,  $5*'.$,  ��3),&,..+,  
07.*'&,.-' 1.+,  $ /)$# '*.+,  $"" ,*�3'.$( . 2012. B  2-5. � . 135-137. 
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�  .'"-�(=,,  3),&(  $..�3'2$�..'(  *,(-, 1.�"-1  3 -,4.� ��$6,"#�%  "0,),  �"7 -

=,"-3 (,-"(  /),$&7=,"-3,..�  .'  /)�&+9 ,..+4  /),*/)$(-$(4 , '  -'#!,  3 �)�'.$5'2$(4  
&' ���  8$5.,"' . 	".�3.+&$  )'5)'8�-6$#'&$  .�3�33,*,.$%  (3 (<-"(  �)�'.$5'2$$  .'76.� -
-,4.� ��$6,"#�%  "0,)+  ��""$$  – �-)'" ,3+,  .'76.� -$"" ,*�3'-, 1"#$,  $ #�."-)7#-�) -
"#$,  �)�'.$5'2$$ , '#'*,&$6,"#$,  .'76.+,  �)�'.$5'2$$  $ 375+, '  -'#!,  "'&$  /)�&+9 ,. -
.+,  $ &' +,  $..�3'2$�..+,  /),*/)$(-$( . �'$8� ,,  )'"/)�"-)'.,..+&  "78C,#-�&  $"" , -
*�3'.$(  /)$  $576,.$$ $..�3'2$�..�%  *,(-, 1.�"-$  (3 (<-"(  /)�&+9 ,..+,  /),*/)$( -
-$( , - .#. $&,..�  /)�&+9 ,..�"-1  (3 (,-"(  �".�3.+&  /�-),8$-, ,&  "�5*'3',&+4  -,4.� � -
�$6,"#$4  $..�3'2$% . �"" ,*�3'.$(  $..�3'2$�..�%  '#-$3.�"-$  .'  /)�&+9 ,..+4  /),* -
/)$(-$(4  /�#'5' $ , 6-�  *� (  $..�3'2$�..� -'#-$3.+4  /),*/)$(-$%  3 ��""$$  "�4)'.(,-"(  
.,  .,5.'6$-, 1.�&  7)�3.,  �#� �  5% [1]. �$5#'(  $..�3'2$�..'(  '#-$3.�"-1  /�*-3,)!*' -
,-"(  $ *)7�$&$  /�#'5'-, (&$  – "),*.$&  3�5)'"-�&  /)�$53�*"-3,..���  �8�)7*�3'.$(  $ #� -
:00$2$,.-�&  ,��  �8.�3 ,.$( .  

��" ,  #)$5$"'  3�5.$# $  .�3+,  &'#)�:#�.�&$6,"#$,  7" �3$( , �#'5'39$,  8 '��/)$ -
(-.�,  3�5*,%"-3$,  .'  $..�3'2$�..7<  *,(-, 1.�"-1  /),*/)$(-$% , �"�8,..�  -,4 , #�-�)+,  
�)$,.-$)�3'.+  .'  )�""$%"#$% )+.�# , - .#. 7 .$4  ),5#�  3�5)�" '  #�.#7),.-�"/�"�8.�"-1  
/)�*7#2$$  /�  ")'3.,.$<  " $&/�)-.�% . �� $-$#'  $&/�)-�5'&,=,.$(  *' '  -� 6�#  )'53$ -
-$<  /)�$53�*"-3'  :#"/�)-.�%  /)�*7#2$$ , 5'"-'3$3  /),*/)$(-$(  �"7=,"-3 (-1  -,4.� ��$ -
6,"#$,  .�39,"-3'  " 2, 1<  /�3+9,.$(  #�.#7),.-�"/�"�8.�"-$  "3�,% /)�*7#2$$  .'  &$)� -
3�&  )+.#, . �)�&,  -��� , 7"$ $ "(  $.-,),"  /),*/)$(-$%  # $"/� 15�3'.$<  �-,6,"-3,..�%  
-,4.$#$ , �.$  "-' $  8� ,,  '#-$3.�  $"#'-1  �-,6,"-3,..+4  /)�$53�*$-, ,%  -,4.$#$  $ $  5'-
/'".+4  6'"-,%  * (  $&/�)-.���  �8�)7*�3'.$( . 

��(3 ,.$,  .'7#�,&#$4  /)�$53�*"-3  (3 (,-"(  ),57 1-'-�&  ,"-,"-3,..�%  :3� <2$$  
-,4.� ��$6,"#���  )'53$-$( , #��*'  73, $6$3'<=$,"(  5'-)'-+  .'  .'7#7  $ �8)'5�3'.$,  /� -
-),8�3' $  "�5*'.$(  3 :#�.�&$#,  5'&#.7-���  3�"/)�$53�*"-3,..���  #�.-7)' , �8,"/,6$3' -
<=,��  �-*'67  5'-)'6,..+4  "),*"-3 , 3 -�&  6$" ,  .'  )'"9$),.$,  8'5+  $"" ,*�3'.$%  $ )'5 -
)'8�-�# , $ 7 769,.$,  "$"-,&+  �8)'5�3'.$( . �+3�*+  $"" ,*�3'.$%  -,4.$#� -
:#�.�&$6,"#���  $ -,4.� ��$6,"#���  )'53$-$( , /�#'5+3'<-  .' $6$,  07.#2$�.' 1.�%  "3( -
5$ &,!*7  5'-)'-'&$  .'  )'53$-$,  .'7#$  $ .'76.� --,4.$6,"#$&  7)�3.,&  3+/7"#',&�%  /)� -
*7#2$$. 

�)$8+ 1.�"-1  .'7#�,&#$4  /)�$53�*"-3  .'  3",4  :-'/'4  $4 "-'.�3 ,.$(  3+9, , 6,& 3 
�-)'" (4  " #�.",)3'-$3.+&  -$/�&  )'53$-$( . �')'#-,).'(  6,)-'  "'&+4  #)7/.+4  $ /), -
7"/,3'<=$4  .'7#�,&#$4  /)�$53�*"-3  "3(5'.'  " -,& , 6-�  8� 19'(  6'"-1  $4 /)�*7#2$$  
/),*.'5.'6,.'  * (  7*�3 ,-3�),.$(  /�-),8.�"-,%  9$)�#$4  " �,3  .'", ,.$( . ���-3,- -
"-3,..� , /�#'5'-, $  ),.-'8, 1.�"-$  *�"-'-�6.�  3+"�#$ , -��*'  #'#  3 "),*.,&  3 &$)�3�%  
:#�.�&$#,  .�)&' 1.+%  7)�3,.1  ),.-'8, 1.�"-$  # $.3,"-$2$�..�&7  #'/$-' 7  3 )'5&,),  7-
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8% [2]. ��&/'.$$ , $&,<=$,  ),.-'8, 1.�"-1  "3+9,  15% # $.3,"-$2$�..�&7  #'/$-' 7 , 3 
�".�3.�&  /)�$53�*(-  /)�*7#2$< , �-.�"(=7<"(  # .�3,%9,&7  -,4.� ��$6,"#�&7  7# '*7  
(/(-�&7  $ $  9,"-�&7  /�  "7=,"-37<=,%  4)�.� ��$$ ). ;-�  ,"-,"-3,..+%  /)�2,"" , - .#. *� (  
5'-)'-  .'  ��	��  3 -'#$4  #�&/'.$(4  ")'3.$-, 1.�  .,3, $#' .  

�.' $5  &,!*7.')�*.���  �/+-'  ��3�)$-  �  -�& , 6-�  )'53$-$,  .'7#�,&#���  ",#-�)'  
:#�.�&$#$  3",�*'  �8�"-)(,-  /)�8 ,&7  3+"�#�#3' $0$2$)�3'..+4  #'*)�3 . � (  -��� , 6-�8  
/�**,)!$3'-1  -,&/+  )�"-'  3 3+"�#�-,4.� ��$6.�%  .'7#�,&#�%  /)�&+9 ,..�"-$ , )'53$ -
3'<=$&  ,,  "-)'.'&  /)$4�*$-"(  $"/� 15�3'-1  $.-,  ,#-7' 1.+%  /�-,.2$'  &,.,,  )'53$ -
-+4  "-)'. , 3 #�-�)+4  &,.19,  "-�$&�"-1  .'76.���  -)7*' . �  ),57 1-'-,  :-���  /)�2,""'  /� -
(3$ '"1  .�3'(  -,.*,.2$( : #�&/'.$$  ��� , �'/'*.�%  �3)�/+  $ 
/�.$$  /,),3�*(-  6'"-1  
"3�$4  $"" ,*�3'-, 1"#$4   '8�)'-�)$%  3 -,  "-)'.+ , �*,  $&,,-"(  4�)�9'(  "$"-,&'  �8)'5� -
3'.$( , 3 -�&  6$" ,  $ 3 ��""$< . �  /,)"/,#-$3,  -'#$,  "-)'.+  &�.�/� $5$)7<-  07.#2$$  
"-)'-,�$6,"#���  / '.$)�3'.$(  $ &,.,*!&,.-'  8� 19,%  6'"-$  "),*., - $ 3+"�#�-,4.� � -
�$6.+4  /)�$53�*"-3 , - .#. /�  "7=,"-37  �.$  "'&$  87*7- �".�3.+&$  $.3,"-�)'&$  $ /�-),8$ -
-, (&$  /)�*7#2$$  :-$4  /)�$53�*"-3 . 

�)�2,""  �/,),!'<=,��  )�"-'  5'-)'-  .'  .'7#7  $ �8)'5�3'.$,  3 "-)7#-7),  &'-,)$ -
' 1.���  /)�$53�*"-3'  "3(5'.  " /�.(-$,&  .'7#�,&#�"-$  �-)'" ,%  :#�.�&$#$ . �  #'-,��)$$  
.'7#�,&#�%  /)�*7#2$$  /)$.(-�  �-.�"$-1  /)�*7#2$< , /)$  /)�$53�*"-3,  #�-�)�%  *� (  5'-
-)'-  .'  $"" ,*�3'.$(  $ )'5)'8�-#$  3 �8=$4  $5*,)!#'4  $ $  �8C,&,  /)�*'!  "�"-'3 (,-  .,  
&,.,,  3-4%, -'#  .'5+3',&+%  #)$-,)$%  .'7#�,&#�"-$  [3]. �)7��%  /�#'5'-, 1  – .'7#��-*'6'  
– �-.�9,.$,  �8C,&'  /)�*'!  .'7#�,&#�%  /)�*7#2$$  # )'"4�*'&  .'  ��	��  5'  �/),*, ,. -
.+% /,)$�*  3),&,.$ , #'#  /)'3$ �  – ��* . �)$-,)$%  :00,#-$3.�"-$  .'7#��-*'6$  – :-�  �- -
.�"$-, 1.+%  )�"-  /)�*'!  .�3�%  /�  ")'3.,.$<  " #'6,"-3�&  /),*+*7=,��  /�#� ,.$(  -,4 -
.$6,"#$4  $5*, $% 3+"�#�-,4.� ��$6.�%  /)�*7#2$$  " 3+"�#$&$  /�-),8$-, 1"#$&$  #'6, -
"-3'&$  .'  )+.#,  /�  ")'3.,.$<  " )�"-�&  3",��  .'7#�,&#���  )+.#' , 3# <6'(  7"-'),397<  
/)�*7#2$< , )'5)'8�-'..7<  )'.,, , .�  .,  /)�*'3',&7<  .'  )+.#, . 

 �'  7)�3,.1  #'6,"-3'  )�"-'  .'7#�,&#���  )+.#'  3 $(<-  *3'  7" �3$( : 
- )+.�#  73, $6$3',-"(  3 �".�3.�&  5' "6,-  /)�*'!  /)�*7#2$$  $ 7" 7� , "��-3,-"-37 -

<=$4  7)�3.<  /,),*�3�%  -,4.$#$  $ -,4.� ��$$ , .'  /�-),8$-, 1"#�&  )+.#,  $ /)�$53�* -
"-3,..�&7  ",#-�)7 ; 

- *� !.'  73, $6$3'-1"(  *� (  .'", ,.$( , �)$,.-$)�3'..���  .'  /�-),8 ,.$,  3+"�#� -
-,4.� ��$6.�%  /)�*7#2$$ . 

�)�2,""+  )'53$-$(  .'7#�,&#���  )+.#'  $ � �8' $5'2$$  :#�.�&$#$  35'$&��87" �3 -
 ,.+  *)7�  " *)7��& . ��"-  .'7#�,&#$4  )+.#�3  /)�$"4�*$-  5' "6,-  /,),)'"/),*, ,.$(  0$-
.'."�3+4 , /)�$53�*"-3,..+4 , &'-,)$' 1.+4  $ -)7*�3+4  ),"7)"�3  "  *)7�$4  )+.#�3 . ��& -
/'.$$ , #�-�)+,  )'8�-'<-  3 3+"�#�-,4.� ��$6.+4  �-)'" (4  :#�.�&$#$  $"/� 157<-  /), -
$&7=,"-3'  /)�2,""�3  � �8' $5'2$$  $ "'&$  7"#�)(<-  ,��  "3�,% *,(-, 1.�"-1< . 

	*.$&  $5 # <6,3+4  "78C,#-�3  $"" ,*�3'.$(  /)$  $576,.$$ $..�3'2$�..�%  *,( -
-, 1.�"-$  (3 (<-"(  /)�&+9 ,..+,  /),*/)$(-$( , -'#  #'#  $&,..�  /)�&+9 ,..�"-1  (3 ( -
,-"(  �".�3.+&  /�-),8$-, ,&  "�5*'3',&+4  -,4.� ��$6,"#$4  $..�3'2$% . ��  *'..+&  $"-
" ,*�3'.$%  $..�3'2$�..�%  '#-$3.�"-$  .'  /)�&+9 ,..+4  /),*/)$(-$(4 , ,!,��*.�  /)� -
3�*$&+4  �)�'.'&$  ��"7*')"-3,..�%  "-'-$"-$#$ , *� (  $..�3'2$�..� -'#-$3.+4  /),*/)$( -
-$% �"-',-"(  .,5.'6$-, 1.�%  $ .'4�*$-"(  .'  7)�3.,  7-9%. �"" ,*�3'.$( , /)�3,*,..+,  
�."-$-7-�&  ")'3.$-, 1.+4  $"" ,*�3'.$%  -)7*�3+4  �-.�9,.$% , /�#'5' $ , 6-�  #)$5$".+,  
"$-7'2$$  *' $  -� 6�#  )'53$-$<  /)�$53�*"-3'  :#"/�)-.�%  /)�*7#2$$ , 5'"-'3$3  -,&  "'&+&  
/),*/)$(-$(  �"7=,"-3 (-1  -,4.� ��$6,"#$,  .�39,"-3'  " 2, 1<  )'"9$),.$(  #�.#7),.-� -
"/�"�8.�"-$  "3�,% /)�*7#2$$  .'  &$)�3�&  )+.#, . �'#!,  3 7" �3$(4  ),' $5'2$$  "-)'-,�$$  
$&/�)-�5'&,=,.$(  7"$ $ "(  $.-,),"  /),*/)$(-$%  # $"/� 15�3'.$<  �-,6,"-3,..�%  -,4 -
.$#$  $ $  5'/'".+4  6'"-,%  * (  �8�)7*�3'.$( . 

�'""&'-)$3'(  *,(-, 1.�"-1  /)�$53�*"-3,..+4  0$)&  " ,*7,-  76,"-1  -� , 6-�  $4 
.'76.� --,4.$6,"#$,  )'5)'8�-#$  $ .�39,"-3'  3+"-7/'<-  #'#  /)�&,!7-�6.+,  ),57 1-'-+  
.'76.� -/)�$53�*"-3,..���  2$# '  $ /�  &,),  /)'#-$6,"#���  /)$&,.,.$(  /),3)'='<-"(  3 
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.'76.� --,4.$6,"#$,  $..�3'2$$ . �'76.� --,4.$6,"#$,  )'5)'8�-#$  $ $5�8),-,.$(  (3 (<-"(  
"/�"�8'&$  $"/� 15�3'.$(  .�3���  5.'.$(  " 2, 1<  "�5*'.$(  .'76.� --,4.$6,"#$4  $..�3' -
2$%, #�-�)+,  3 "3�<  �6,),*1  (3 (<-"(  &'-,)$' $5'2$,%  .�3+4  $*,% $ 5.'.$% , $"/� 15� -
3'..+4  * (  /)�$53�*"-3'  -�3')�3  7*�3 ,-3�)(<=$4  5'/)�"+  /�-),8$-, ,% . �.'.$( , $"-
/� 15�3'..+,  /)$  "�5*'.$$  .'76.� --,4.$6,"#$4  )'5)'8�-�#  $ $5�8),-,.$% , �-.�"(-"(  # 
-,4.� ��$6,"#$&  5.'.$(& . 

�,4.� ��$6,"#$,  5.'.$(  (3 (<-"(  .,&'-,)$' 1.+&  /)�*7#-�& , ,��  /� ,5.�"-1  .,  
�/),*, (,-"(  0�)&�%  &'-,)$' 1.���  .�"$-, (  – -,4.$6,"#'(  *�#7&,.-'2$( , �/+- . 	.'  
5'# <6',-"(  3 "�5*'.$$  7" �3$% * (  /�3+9,.$(  :00,#-$3.�"-$  /)�$53�*"-3' , 3+/7"#'  
.�3+4  3$*�3  /)�*7#2$$  $ "-$&7 $)�3'.$(  $4 ),' $5'2$$ .  

�'  $"/� 15�3'.$,  -,4.$6,"#$4  5.'.$%  3 $(<- : 
- -,&/+  7"-'),3'.$(  -,4.� ��$$  $ 5'&,.+  ,,  .�3�% , 8� ,,  "�3,)9,..�% ; 
- "#�)�"-1  )'"/)�"-)'.,.$(  *'..+4  -,4.� ��$% , 6-�  �87" �3 $3',-  ".$!,.$,  *� -

4�*'   $2,.5$'-' . 
	*$.  $4 �/),*, (<=$4  &�&,.-�3  "-)'-,�$6,"#���  / '.'  – 3�/)�"  �  )'5)'8�-#,  .� -

3+4 /)�*7#-�3  $ $..�3'2$(4 . �,/),)+3.�,  3.,*),.$,  .�39,"-3  (3 (,-"(  ,*$."-3,..+&  
"/�"�8�&  /�**,)!$3'.$(  3+"�#$4  -,&/�3  )'53$-$(  #�&/'.$$  $ 7)�3.(  *�4�*.�"-$ . �  
7" �3$(4  "�3),&,..�%  #�.#7),.2$$  �)�'.$5'2$(&  .,  /)�"-�  /�**,)!$3'-1  /)$8+ 1.�"-1  
"3�,% *,(-, 1.�"-$ . �'8�)  -�3')�3  -,#7=,��  '""�)-$&,.-'  8+"-)�  7"-'),3',- , - .#. /)�$" -
4�*$-  /�"-�(..�,  .'"+=,.$,  )+.#'  -�3')'&$ , �8 '*'<=$&$  8� 19$&  .'8�)�&  /�-),8$ -
-, 1"#$4  #'6,"-3 . �� 1#�  &�*,).$5$)7(  $5*, $( , )'"9$)((  -�3').+,   $.$$ , 0$)&+  "/� -
"�8.+  *�8$3'-1"(  7"-�%6$3+4 3+"�#$4  /�#'5'-, ,%  /)$8+ $ , �-"-'$3'-1   $*,)"#$,  /�5$ -
2$$ .'  )+.#, . ��  "/�"�8.�"-$  �)�'.$5'2$%  # $..�3'2$�..�%  *,(-, 1.�"-$ , 8+"-)�%  ), -
'#2$$  .'  $5&,.,.$(  )+.�6.�%  #�.C<.#-7)+ , .7!*'<-"(  3 /�"-�(..�&  .'#�/ ,.$$  5.' -
.$%, ),' $5'2$(  5.'.$%  /)$3�*$-  # "�5*'.$<  $..�3'2$% . 

�.'6,.$,  /)�*7#2$$  " 7 769,..+&$  5' "6,-  $"/� 15�3'.$(  .�3+4  5.'.$%  /�-),8$ -
-, 1"#$&$  "3�%"-3'&$  /�"-�(..�  3�5)'"-',- , -'#  #'#  /)'#-$#'  8$5.,"'  5'"-'3 (,-  #'!*7<  
0$)&7 , �)�'.$5'2$<  $ $  /),*/)$(-$, , 33�*$-1  )'5 $6.+,  .�39,"-3'  $ )'2$�.' $5$)� -
3'-1  /)�$53�*"-3� . �,�84�*$&�"-1  $..�3'2$�..�%  '#-$3.�"-$  *$#-7<-  .,  -� 1#�  $5&,-
.,.$(  3.,9.,%  "),*+  �)�'.$5'2$$ , 3 .,&' �%  "-,/,.$  ,,  "-$&7 $)7,-  "-),&$-, 1.�,  
7"-'),3'.$,  3+.�"$&+4  .'  .�3+%  )+.�#  -�3')�3 . 

�  7" �3$(4  $.-,."$3.�%  3,)-$#' 1.�%  $.-,�)'2$$  #�.#7),.-�"/�"�8.+,  /),*/)$ -
(-$(  /),*"-'3 (<-  "�8�%  �-*, 1.+,  ,*$.$2+ , - .#. "7=,"-37<='(  ",-1  #�&&7.$#'2$% �8 -
" 7!$3',-  $.-,),"+  .,&.���6$" ,..+4  "-)7#-7) . 	8)'5�3'.$,  $..�3'2$�..+4  $.0)' -
"-)7#-7)  87*,-  "/�"�8"-3�3'-1  )'53$-$<  -,))$-�)$$  $ /),3)'=,.$<  "7=,"-37<=,��  /� -
-,.2$' '  3 $"-�6.$#  *� ��")�6.���  :#�.�&$6,"#���  )�"-' . �'#$,  $.0)'"-)7#-7)+  #'#  
8$5.," -$.#78'-�)+ , -,4.�/')#$  $ -,4.�/� $"+  "�*,%"-37<-  7 769,.$<  $&$*!'  ),�$�.' , 
/)�*3$!,.$<  76'"-.$#�3  �8C,*$.,.$% , /�&��'<-  "�6,-'-1  $.-,),"+  -,))$-�)$$  " $.-, -
),"'&$  /),*/)$(-$% . �'..+%  /)�2,""  &�8$ $57,-  .'2$�.' 1.+,  ),"7)"+  * (  /�3+9,.$(  
#�.#7),.-�"/�"�8.�"-$  .'2$�.' 1.+4  �-)'" ,%  3 &,!*7.')�*.�&  &'"9-'8, . 
 

��0+/�0:/� : 
1. ��.6')�3'  � .� . �)$-,)$$  :00,#-$3.�"-$  /)�*3$!,.$(  .'76.� --,4.$6,"#$4  )'5 -

)'8�-�#  .'  )�""$%"#�&  )+.#,  // �3)'5$%"#$% "�<5  76,.+4 , 2015. - B  4-1(13). � .109-112. 
2. ��.6')�3'  � . � . �/)'3 ,.$,  �)�'.$5'2$,%  )'8�-  /�  /)��.�5$)�3'.$<  -,4.$6, -

"#$4 $ /)�$53�*"-3,..+4  ),9,.$%  )'53$-$(  "),*.$4  ��)�*�3  ��""$$  / � . � . ��.6')�3' ,  
� .� . ��.6')�3'  // �  "8�).$#, : �'53$-$,  "),*.$4  ��)�*�3 : 5'&+", , &�*, $ , /)'#-$#'  �' -
-,)$' +  III �,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ . 2015. - � . 245-250. 

3. ��.6')�3'  � . � . ;00,#-$3.�"-1  /)�*3$!,.$(  .'76.� --,4.$6,"#$4  )'5)'8�-�#  / 
� . � . ��.6')�3'  // �  "8�).$#, : �'7#'  $ �8)'5�3'.$,  3 !$5.$  "�3),&,..���  �8=,"-3'  "8�) -
.$#  .'76.+4  -)7*�3  /�  &'-,)$' '&  �,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  #�.0,),.2$$ : 3 
14 -�&'4 . 2015. - � . 47-48. 
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����������  
� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � . ��.*)'2#$% , &'�$"-)'.-  2 #7)"'  

���  (0$ $' ) �� ���� , 
 

�,#�&&,)6,"#$,  �)�'.$5'2$$  3�  3",&  &$),  $�)'<-  3'!.7<  )� 1  3 )'53$-$$  :#�.� -
&$#$ 3 ),�$�.'4  3 $(.$( , "�2$' 1.�%  /�**,)!#$  .'", ,.$(  $ )'"9$),.$$  )+.�6.+4  �- -
.�9,.$%  "-)'.+  3 2, �& . 	)�'.$5'2$(  &�!,-  (3 (-1"(  .,#�&&,)6,"#�%  -� 1#�  -��*' , #� -
�*'  ,@ �".�3.'(  2, 1  .,  (3 (,-"(  /� 76$-1  /)$8+ 1  $ )'"/),*, $-1  ,@ "),*$  76'"-.$#�3 , 
-'#$,  �)�'.$5'2$$ , #'#  /)'3$ � , "�5*'<-"(  $"# <6$-, 1.�  * (  �8=,"-3,..� -/� ,5.+4  
.7!* . [1] 
 �,#�&&,)6,"#$,  �)�'.$5'2$$  $ $  "�#)'=,..�  ��	  $&,<-  "3�<  "/,2$' 1.7<  �)�'.$5' -
2$�..� -/)'3�37<  0�)&7  $ ),�7 $)7<-"(  0,*,)' 1.+&  5'#�.�&  �  .,#�&&,)6,"#$4  �)�' -
.$5'2$(4 . [2] �'#$,  �)�'.$5'2$�..� -/)'3�3+,  0�)&+  $&,<-  "3�$  �"�8,..�"-$ , #�-�)+,  
3 $(<-  .'  7/)'3 ,.$,  �)�'.$5'2$$  $ 5'3$"(-  �-  0�)&$)�3'.$(  7/)'3 ,.6,"#$4  �)�'.�3 , 
�*.�"-�)�..,%  $ $  35'$&.�% �-3,-"-3,..�"-$  76),*$-, ,%  $ �)�'.$5'2$$ , /�  �8C,&7 
$&7=,"-3,..+4  /)'3  

�  /�&�=1<  *,(-, 1.�"-$  ��	  /)�$"4�*$-  /�"-�(..�,  35'$&�*,%"-3$,  ��"7*')"-3'  
$ 8$5.,"' , 5*,"1  ��"7*')"-3�  /),*"-'3 (,-  $.-,),"+  8$5.,"'  .'  ��"7*')"-3,..�&  7)�3., . 
� (  .,#�&&,)6,"#���  ",#-�)'  /�(3 (,-"(  3�5&�!.�"-1  )'"9$),.$(  "3�,% *,(-, 1.�"-$  3 
)'5.+4  "0,)'4  :#�.�&$#$  $ )'53$-$,&  $..�3'2$�..���  /�-,.2$' ' . �,#�&&,)6,"#$%  ",# -
-�)  – :-�  $"-�6.$#  $..�3'2$% . �.��$,  -,4.� ��$6,"#$,  /)�,#-+  8+ $  3/,)3+,  33,*,.+  
$&,..�  3 .,#�&&,)6,"#�&  ",#-�), , '  5'-,&  "-' $  6'"-1<  ��"7*')"-3,..�%  /� $-$#$ . [4] 

�  )+.�6.�%  :#�.�&$#,  �".�3.'(  *3$!7='(  "$ '  $..�3'2$�..�%  *,(-, 1.�"-$  – :-�  
#�.#7),.2$( . 	.'  6'"-�  5'"-'3 (,-  /),*/)$(-$(  3+8$)'-1  "�3),&,..+,  "/�"�8+  )'53$ -
-$( , #�-�)+,  �')'.-$)7<-  $& 3+��*.7<  /�5$2$<  .'  )+.#, , ,,  7*,)!'.$,  $ )'"9$),.$, . 
�<8�,  /),*/)$(-$,  �/),*, (,-  "3�<  "-)'-,�$<  )'53$-$( . �)$  :-�&  �.�  *� !.�  "�8 < -
*'-1  �8=$,  /)'3$ '  /�3,*,.$( , #�-�)+,  7"-'.�3 ,.+  5'#�.�*'-, 1"-3�& , '  -'#!,  *� !.�  
" ,*�3'-1  "3�$&  "�8"-3,..+&  $.-,),"'& , 3�5&�!.�"-(&  $ 2, (& .  

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

- -,4.� ��$6,"#$%  7)�3,.1  /)�$53�*"-3' ; 
- "/�"�8.�"-1  # 5'$&"-3�3'.$<  5.'.$% ; 
- "/�"�8.�"-1  # �,.,)$)�3'.$<  .�3���  5.'.$( . 
�.-,  ,#-7' 1.+,  ),"7)"+  �)�'.$5'2$$ , �".�37  #�-�)+4  "�"-'3 (<-  5.'.$( , �8," -

/,6$3'<-  ,,  )'53$-$, . �  7" �3$(4  7"#�)(<=,��"(  .'76.� --,4.$6,"#���  /)��),""'  $ 3+"� -
#�% *$.'&$#$  )+.�6.�%  #�.C<.#-7)+  �.$  /),*"-'3 (<-  "�8�%  "-)'-,�$6,"#$,  '#-$3+  
0$)&+  $ 3+*3$�'<-"(  .'  /,)3+%  / '.  3 )'5)'8�-#,  /� �!,.$%  ),"7)".�%  "-)'-,�$$ . 

�..�3'2$�..+%  /�-,.2$'  3 0�)&,  5.'.$%  (3 (,-"(  -�3')�& , #�-�)+%  &.��$,  "� -
3),&,..+,  �)�'.$5'2$$  /)�$53�*(- , /)�*'<-  $ $  /)$�8),-'<- , ),9'(  *�"-'-�6.�  " �! -
.+,  5'*'6$  /�  )'53$-$<  "�8"-3,..+4  $.-,  ,#-7' 1.+4  ),"7)"�3  $ :00,#-$3.�&7  $4 $"-
/� 15�3'.$< . 

	)�'.$5'2$�..+,  5.'.$(  )'53$3'<-"(  8 '��*')(  5.'.$(&  #'!*���  "�-)7*.$#'  $ 
3# <6'<-  3 ",8(  #�&/ ,#"  /)$.2$/�3 , 0'#-�3 , .'3+#�3 , /)'3$ , &,-�*�3 , �8,"/,6$3'< -
=$4 *, �37<  '#-$3.�"-1  �)�'.$5'2$$ , ,,  #'*)�3+%  $ $.-,  ,#-7' 1.+%  /�-,.2$' . 	)�' -
.$5'2$�..+,  5.'.$(  "�"-�(-  $5 -,�),-$6,"#$4 , /)'#-$6,"#$4 , /)�$53�*"-3,..+4  $ #�& -
&,)6,"#$4  5.'.$% . 	.$  "�"-'3 (<-  $..�3'2$�..+%  /�-,.2$'  �)�'.$5'2$$ , �".�3'..+%  
.'  $.0�)&'2$�..+4  -,4.� ��$(4 , -,4.� ��$(4  /)$.(-$(  ),9,.$%  $ "#�)�"-$  3�"/)$(-$(  
.�39,"-3 . 	)�'.$5'2$(  .'#'/ $3',-  $.0�)&'2$< , '.' $5$)7,-  ,,  $ �,.,)$)7,-  .�3+,  
5.'.$(  " 2, 1<  /�3+9,.$(  #'6,"-3'  7/)'3 ,.6,"#�%  "$"-,&+ , 6-�  3 $-��,  �-)'!',-"(  .'  
#'6,"-3,  3+/7"#',&+4  $5*, $% $ 7*�3 ,-3�),.$$  /�-),8$-, 1"#$4  /),*/�6-,.$% .  

�/)'3 ,.$,  �)�'.$5'2$�..+&$  5.'.$(&$  .'6$.',-"(  " :00,#-$3.�%  )'8�-+  "�  
5.'.$(&$   $6.+&$ . �5  "7=,"-37<=,��  &.����8)'5$(  $."-)7&,.-�3  $ -,4.$6,"#$4  /)$, -
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&�3  #'!*+%  )'8�-.$#  &�!,-  "�"-'3$-1  "3�% /,)"�.' 1.+%  "/�"�8  :00,#-$3.�%  )'8�-+  " 
$.0�)&'2$,%  $ 5.'.$(&$ . 

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

�.'.$(  /),*"-'3 (<-  "�8�%  /)'#-$6,"#7<  $.0�)&'2$< , #�-�)'(  '#-$3.�  $"/� 1 -
57,-"(  3 /)�2,""'4  3+/� .,.$(  5'*'6 , ),9,.$(  /)�8 ,&  $ /)$.(-$(  ),9,.$% . �/)'3 (-1  
5.'.$(&$  �5.'6',-  "$"-,&'-$6,"#$  0�)&$)�3'-1 , �8.�3 (-1  $ /)$&,.(-1  $4 /�-,.2$'  " 
2, 1<  &'#"$&$5'2$$  /)$8+ 1.�"-$  /),*/)$(-$(  $ :00,#-$3.�"-$  $"/� 15�3'.$(  ,��  '# -
-$3�3 , �".�3'..+4  .'  5.'.$(4  $ *)7�$4  0'#-�)'4  0�)&$)�3'.$( . �  7/)'3 ,.$,  �)�'.$5' -
2$�..+&$  5.'.$(&$  34�*$-  3�5*,%"-3$,  .'  &.���6$" ,..+,  �8C,#-+  7/)'3 ,.$(  0$)&+ , 
#'#  "-'-$6.+,  – "�"-'3.+,  6'"-$  �)�'.$5'2$$  $ $  *$.'&$6.+,  – /)�2,""+  $ "-�)�.+  *,( -
-, 1.�"-$ . �'/)$&,) , )'8�6$,  �)7//+ , #�  ,#-$3+ , �-*, 1.+,  )'8�-.$#$ , #�-�)+,  /� 7 -
6'<-  5.'.$( , �8&,.$3'<-"(  $&$ $ /�:-�&7  :00,#-$3.�  3+/� .(<-  "3�$  5'*'6$ . ;-�  )'5 -
.��8)'5.+,  &,-�*+  �876,.$(  $ /�3+9,.$(  #3' $0$#'2$$  /,)"�.' ' , /�53� (<=$,  8+"- -
)�  $ :00,#-$3.�  �8��'='-1  5.'.$(&$  3.7-)$�)�'.$5'2$�..+,  "-)7#-7)+  0$)&+  #'#  3' -
)$'.-  73, $6,.$(  $.-,  ,#-7' 1.���  /�-,.2$' '  #�&/'.$$ . 

�.'.$(  /),*"-'3 (<-  "�8�%  $"-�6.$#  7/)'3 ,.$(  "�3),&,..�%  �)�'.$5'2$,% , - .#. 
�/),*, (,-  #'6,"-3�  ),' $5'2$$  3",4  7/)'3 ,.6,"#$4  07.#2$% $ (3 (,-"(  �".�3�/� '�' -
<=$&  0'#-�)�&  $4 )'53$-$( . �/)'3 ,.$,  5.'.$(&$  "�5*',-  �/-$&' 1.+,  3�5&�!.�"-$  
* (  "�3,)9,."-3�3'.$(  .'76.� -/)�$53�*"-3,..�%  *,(-, 1.�"-$ , "-$&7 $)�3'.$(  $..�3' -
2$�..�%  '#-$3.�"-$  $ 7 769,.$(  /�-),8$-, 1"#$4  #'6,"-3 , /)�$53�*$&�%  /)�*7#2$$  $ 
/),*�"-'3 (,&+4  7" 7� , 6-�  3 ),57 1-'-,  /�3+9',-  :#�.�&$6,"#$,  /�#'5'-, $  0$)&+  $ 
�8,"/,6$3',-  ),' $5'2$<  /�"-'3 ,..+4  2, ,% . 

�,#�&&,)6,"#$,  �)�'.$5'2$$  &��7-  3+(3 (-1  $..�3'2$�..+,  /�-),8.�"-$  �8=, -
"-3' . �,#�&&,)6,"#$%  ",#-�)  :00,#-$3.�  �#'5+3',-  7" 7�$  �8=,"-37 , �.  "/�"�8,.  �/,)' -
-$3.�  ),'�$)�3'-1  .'  .7!*+  )'5 $6.+4  "�2$' 1.� -*,&��)'0$6,"#$4  �)7// , .'  .�3+,  "� -
2$' 1.+,  3+5�3+ $ /)�8 ,&+ . �'#  !,  .,#�&&,)6,"#$%  ",#-�)  4�)�9  $ .$5#$&$ '*&$.$ -
"-)'-$3.+&$  $5*,)!#'&$ . �,(-, 1.�"-1  ��	  /�&��',-  7 769$-1  :#�.�&$6,"#$,  /�#'5' -
-, $ , 3 " ,*"-3$,  6,��  /�3+9',-"(  :00,#-$3.�"-1  :#�.�&$#$ , $ /)�$"4�*$-  -,&/  ,,  )�"-'  
[5]. 

�.,*),.$,  $..�3'2$%  * (  .,#�&&,)6,"#�%  �)�'.$5'2$$  – :-�  3�5&�!.�"-1  /�3+ -
"$-1 :00,#-$3.�"-1  "3�,% *,(-, 1.�"-$ , )'"9$)$-1  «-,))$-�)$< » �#'5'.$(  7" 7� , 73, $ -
6$-1 �)7//7  /�-),8$-, ,% . �'#!,  $..�3'2$$  "/�"�8"-37<-  7 769,.$<  &,-�*�3 , " /�&� -
=1<  #�-�)+4  .,#�&&,)6,"#$,  �)�'.$5'2$$  3+/� .(<-  "3�$  2, $ . �,(-, 1.�"-1  ��	  
�"7=,"-3 (,-"(  .'  �".�3,  $..�3'2$�..+4  /)�,#-�3 . �.$&'.$,  /)$3 ,#'<-  .,#�&&,)6, -
"#$,  �)�'.$5'2$$ , 61( �)�'.$5'2$�..'(  *,(-, 1.�"-1  "3(5'.'  " $..�3'2$�..+&  /)�,#-$ -
)�3'.$,& , " /�/+-#�%  3 �!,.$(  "),*"-3  $ /� 76,.$(  *�/� .$-, 1.+4  ),"7)"�3  * (  )'5 -
3$-$(  :#�.�&$#$ . �'#!,  * (  ),' $5'2$$  *'..+4  /)�,#-�3  *� !.'  8+-1 �)�'.$5�3'.'  "$-
"-,&'  "-$&7 $)�3'.$(  $..�3'2$�..�%  *,(-, 1.�"-$ . �  "�3),&,..+4  7" �3$(4  :-'  "$"-, -
&'  *� !.'  �8,"/,6$3'-1"(  #�&/ ,#"�&  &,) , 3# <6'<=$4  '*),".7<  /�**,)!#7  /)$�)$ -
-,-.+4  .'/)'3 ,.$%  $..�3'2$�..�%  *,(-, 1.�"-$ ; "�5*'.$,  8 '��/)$(-.���  :#�.�&$6, -
"#���  # $&'-' , "-$&7 $)7<=,��  5'$.-,),"�3'..�"-1  3�  3.,*),.$$  .'76.� --,4.$6,"#$4  
*�"-$!,.$%  $ /)$-�#  $.3,"-$2$% 3 �".�3.�%  #'/$-' .  
 

��0+/�0:/� : 
1. ��.6')�3'  � .� . �)$-,)$$  :00,#-$3.�"-$  /)�2,""'  #�&&,)2$' $5'2$$  $..�3' -

2$% .'  "�3),&,..�&  :-'/,  )'53$-$(  :#�.�&$#$ // �/)'3 ,.$,  :#�.�&$6,"#$&$  "$"-,&'&$ : 
: ,#-)�..+%  .'76.+%  !7).' . 2015. B  8 (80). - � . 24. URL:http://www.uecs.ru 
/innovaciiinvesticii/item/3676-2015-08-28-06-32-55. – [�'-'  �8)'=,.$(  15.01.2016] 
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2. ��.6')�3'  � . � . �/�"�8+  /�3+9,.$(  $..�3'2$�..�%  /)$3 ,#'-, 1.�"-$  ),�$�.'  
// ��.2,/- . – 2014. – ��3),&,..+,  .'76.+,  $"" ,*�3'.$( : '#-7' 1.+,  -,�)$$  $ #�.2,/ -
2$$. – ART 64379. – URL: http://e-koncept.ru/2014/64379.htm. – ISSN 2304-120X. – [�'-'  
�8)'=,.$(  19.02.2016]4. ��.6')�3'  � .� . �')#,-$.��3+%  '"/,#-  &,-�*�3  "-$&7 $)�3'.$(  
.�3�33,*,.$%  .'  /),*/)$(-$(4  3 7" �3$(4  #)$5$"'  // �,!*7.')�*.�,  .'76.�,  $5*'.$,  
��3),&,..+,  07.*'&,.-' 1.+,  $ /)$# '*.+,  $"" ,*�3'.$( . 2012. B  2-5. � . 135-137. 

3. ��.6')�3' , � .� . ��&&,)2$' $5'2$(  .'76.� --,4.$6,"#$4  )'5)'8�-�# : ),�$�.' 1 -
.+% '"/,#-  / �#-7' 1.+,  /)�8 ,&+  "�3),&,..�%  .'7#$ . 2010. B  2. - � . 22-23.  

4. ��.6')�3' , � .� . ��)&+  $ &,-�*+  )+.�6.���  /�5$2$�.$)�3'.$(  $ /)�*3$!,.$(  
.'76.� --,4.$6,"#�%  /)�*7#2$$  / �/)'3 ,.$,  :#�.�&$6,"#$&$  "$"-,&'&$ : : ,#-)�..+%  
.'76.+%  !7).' . 2011. B  33. - � . 66-66. 

5. ��.6')�3'  � . � . �')#,-$.��3+%  '"/,#-  &,-�*�3  "-$&7 $)�3'.$(  .�3�33,*,.$%  
.'  /),*/)$(-$(4  3 7" �3$(4  #)$5$"'  / �,!*7.')�*.�,  .'76.�,  $5*'.$,  ��3),&,..+,  
07.*'&,.-' 1.+,  $ /)$# '*.+,  $"" ,*�3'.$( . 2012. B  2-5. � . 135-137. 
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� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � . �7)'.�3' , &'�$"-)'.-  ���  (0$ $' ) �� ���� , 
 
	�)�&.7<  )� 1  3 /�3+9,.$$  :00,#-$3.�"-$  $..�3'2$�..+4  /)�2,""�3  $�)',-  

",-1  .'76.� -$"" ,*�3'-, 1"#$4 , /)�,#-.� -#�."-)7#-�)"#$4  $ *)7�$4  �)�'.$5'2$% , '  -'#!,  
.'76.� -&,-�*$6,"#�,  �8,"/,6,.$,  $..�3'2$�..�%  *,(-, 1.�"-$  &' +4  /),*/)$(-$% . �� -
-)7*.$6,"-3�  "/,2$' $5$)�3'..+4  .'76.+4  2,.-)�3  $ &' +4  $..�3'2$�..+4  /),*/)$( -
-$% /�53� (,-  0�)&$)�3'-1   �#' 1.+,  .'76.� -/)�$53�*"-3,..+,  �8C,*$.,.$( , .,/), -
)+3.�  $.$2$$)7<=$,  .'76.+%  /�$"# , /),3)'='(  $*,$  3 -,4.� ��$6,"#$,  $..�3'2$$ , 
/)�3,)((  .�3+,  -,4.� ��$$  $ 3.,*)((  $4 3 /)�$53�*"-3�  .'7#�,&#$4  $&/�)-�5'&,='< -
=$4 $5*, $%. �)$  :-�&  .'76.+,  $"" ,*�3'.$( , "�,*$.(("1  " /)'#-$#�% , "-'.�3(-"(  /)$ -
# '*.+&$ , '  /),*/)$(-$(  �8��'='<-"(  .'76.� --,4.$6,"#$&$  *�"-$!,.$(&$ , /�3+9'< -
=$&$ #�.#7),.-�"/�"�8.�"-1  $ #'6,"-3�  /)�*7#2$$ . �'!.+&  &�&,.-�&  5*,"1  3+"-7/'<-  
"-$&7 +  # $..�3'2$�..�%  *,(-, 1.�"-$ , #�-�)+,  3 �/),*, ,..�%  &,),  "7=,"-37<-  7 $"-
" ,*�3'-, ,%  $ #�-�)+,  .,�84�*$&�  0�)&$)�3'-1  7 /),*/)$.$&'-, ,% .  

�' +,  "'&�"-�(-, 1.+,  $..�3'2$�..+,  /),*/)$(-$( , /,)"�.'  #�-�)+4  .'2, ,.  
.'  �8=$% * (  3",4  6 ,.�3  #�&'.*+  #�.,6.+%  ),57 1-'- , )'8�-'<-  8+"-),,  $ :00,#-$3 -
.,, . �  &' �&  #�  ,#-$3,  3�5&�!.'  7.$3,)"' $5'2$(  "/,2$' $"-�3 , " ,*�3'-, 1.� , 3�5-
&�!.'(  35'$&�/�&�=1  $ 3),&,..'(  #�.2,.-)'2$(  $.-,  ,#-7' 1.+4  7"$ $%, &�5��3�%  
9-7)& . �  -'#$4  #�  ,#-$3'4  /)'#-$6,"#$  .,3�5&�!.+  &,!3,*�&"-3,..'(  8<)�#)'-$6, -
"#'(  8�)18'  $ /,),# '*+3'.$,  �-3,-"-3,..�"-$  *)7�  .'  *)7�' . 

�' �,  /),*/)$.$&'-, 1"-3� , 5'*,%"-3�3'..�,  3 $..�3'2$�..�%  "0,), , ),9',-  )(*  
�6,.1  3'!.+4  "�2$' 1.+4  /)�8 ,& . �'53$-$,  &' ���  $..�3'2$�..���  /),*/)$.$&'-, 1 -
"-3'  "�/)�3�!*',-"(  73, $6,.$,&  )'5&,)'  .' ���3+4  /�"-7/ ,.$%  3 8<*!,-  "-'.+ , )'" -
9$),.$,&  3�5&�!.�"-,%  ��"7*')"-3'  /�  3+/� .,.$<  "�2$' 1.+4  �8(5'-, 1"-3 . �,(-, 1 -
.�"-1  &' +4  $ "),*.$4  /),*/)$(-$%  �)$,.-$)�3'.'  3 .'$8� 19,%  &,),  .'  7*�3 ,-3�), -
.$,  &,"-.+4  .7!*  3 -�3')'4  $ 7" 7�'4  $ "/�"�8"-37,-  �8,"/,6,.$<  5'.(-�"-$  .'", ,.$(  $ 
.'/� .,.$<  *�4�*.�%  6'"-$  &,"-.+4  8<*!,-�3 . 	!$3 ,.$,  :#�.�&$6,"#$  *,/),""$3.+4  
)'%�.�3  /)�$"4�*$-  5' "6,-  3.7-),..$4  ),"7)"�3  ),�$�.'  8 '��*')(  )'53$-$<  &' +4  
/),*/)$(-$% . 

�' +,  $ "),*.$,  /),*/)$(-$(  .'  ),�$�.' 1.�&  7)�3.,  (3 (<-"(  �,.,)'-�)�&  )' -
8�6$4 &,"- , �.$  �43'-+3'<-  �#� �  80% 5'.(-���  .'", ,.$( . 

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

2) ��#'5'-, $ , 4')'#-,)$57<=$,  *$.'&$#7  $..�3'2$�..���  /)�2,""' : /�#'5'-, 1  
$..�3'2$�..�"-$  ��� ; * $-, 1.�"-1  /)�2,""'  )'5)'8�-#$  .�3���  /)�*7#-'  (.�3�%  -,4.� -
 ��$$ ); * $-, 1.�"-1  /�*��-�3#$  /)�$53�*"-3'  .�3���  /)�*7#-' ; * $-, 1.�"-1  /)�$53�* -
"-3,..���  2$# '  .�3���  /)�*7#-' ; 

3) ��#'5'-, $  �8.�3 (,&�"-$ : #� $6,"-3�  )'5)'8�-�#  $ $  3.,*),.$%  .�3�33,*, -
.$%-/)�*7#-�3  $ .�3�33,*,.$% -/)�2,""�3 ; /�#'5'-, $  *$.'&$#$  �8.�3 ,.$(  /�)-0, (  
/)�*7#2$$  (7*, 1.+%  3,"  /)�*7#2$$ , 3+/7"#',&�%  2, 3, 5 $ 10  ,- ); #� $6,"-3�  /)$�8), -
-,..+4  (/,),*'..+4 ) .�3+4  -,4.� ��$%  (-,4.$6,"#$4  *�"-$!,.$% ); �8C,&  :#"/�)-$)7, -
&�% $..�3'2$�..�%  /)�*7#2$$ ; �8C,&  /),*�"-'3 (,&+4  .�3+4  7" 7� ; 

4) �-)7#-7).+,  /�#'5'-, $ : "�"-'3  $ #� $6,"-3�  $"" ,*�3'-, 1"#$4 , )'5)'8'-+3' -
<=$4  $ *)7�$4  .'76.� --,4.$6,"#$4  "-)7#-7).+4  /�*)'5*, ,.$%  (3# <6'(  :#"/,)$&,. -
-' 1.+,  $ $"/+-'-, 1.+,  #�&/ ,#"+ ); "�"-'3  $ #� $6,"-3�  "�3&,"-.+4  /),*/)$(-$% , 5'-
.(-+4  $"/� 15�3'.$,&  .�3�%  -,4.� ��$$  $ "�5*'.$,&  .�3�%  /)�*7#2$$ ; 6$" ,..�"-1  $ 
"-)7#-7)'  "�-)7*.$#�3 , 5'.(-+4  ��	�� ; "�"-'3  $ 6$" �  -3�)6,"#$4  $.$2$'-$3.+4  3), -
&,..+4  8)$�'* , �)7// . 

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

��"7*')"-3,..�,  0$.'."$)�3'.$,  .'  3",4  7)�3.(4 , 3# <6'(  ),�$�.' 1.+,  /�*)'5 -
*, (,-"(  .' : 

- /)(&�,  ��"7*')"-3,..�,  0$.'."$)�3'.$,  – �/ '-'  )'8�-  /�  ��"7*')"-3,..+&  
#�.-)'#-'& , $.3,"-$)�3'.$,  3 7"-'3.+%  #'/$-' , ��"7*')"-3,..+%  #),*$- ; 

- #�"3,..�,  ��"7*')"-3,..�,  0$.'."$)�3'.$,  – "�5*'.$,  7" �3$% * (  /)$3 ,6,.$(  
"),*"-3  3 $..�3'2$�..7<  *,(-, 1.�"-1 : .' ���3+,   1��-+ , -'&�!,..+,   1��-+ , ��"7*') -
"-3,..+,  �')'.-$$ , "78"$*$)�3'.$,  /)�2,.-.+4  "-'3�#  /�  #),*$-'& . 

�$.'."$)�3'.$,  $5 8<*!,-.+4  $ 3.,8<*!,-.+4  0�.*�3  "3(5'.�  " *,(-, 1.�"-1<  
)'5 $6.+4  �)�'.$5'2$% , .'/)$&,) , 8<*!,-.+%  0�.*  – ��""$%"#$% 0�.*  07.*'&,.-' 1 -
.+4  $"" ,*�3'.$%  (���� ). 

�'&�0$.'."$)�3'.$,  /),*/� '�',-  0$.'."$)�3'.$,  $5 "�8"-3,..+4  "),*"-3  0$) -
&+: 

- -,#7='(  $ .'#�/ ,..'(  /)$8+ 1 ; 
- '&�)-$5'2$( ; 
- 3.,),' $5'2$�..+,  *�4�*+ ; 
- 7"-'3.+%  #'/$-' . 
��.-)'#-.�,  0$.'."$)�3'.$,  – 0�)&'  /)$3 ,6,.$(  "),*"-3 , #��*'  5'#'56$#'&$  &� -

�7-  3+"-7/'-1  ��"7*')"-3�  $ 6'"-.+,  0$)&+ . 
�)$3 ,6,..+,  "),*"-3' , - ., . -,  "),*"-3' , #�-�)+,  .,  .'*�  �-*'3'-1 : 
- �)'.-�3�,  0$.'."$)�3'.$,  (���� , ���� , ),�$�.' 1.+,  #�.#7)"+ ); 
- *� ,3�,  0$.'."$)�3'.$,  – 3 3$*,  73, $6,.$(  7"-'3.���  #'/$-' '  3 0$)&,  – /', -

3�,  $ '#2$�.,).�,  (3.7-),..,,  /�  5'#)+-�%  /�*/$"#,  $ 3.,9.,,  6,),5  /)$3 ,6,.$,  .�3+4  
76'"-.$#�3  – �-#)+-'(  /�*/$"#' ); 

- 3,.67).�,  0$.'."$)�3'.$,  – 3 /',3�%  $ '#2$�.,).+4  0�)&'4 : /�  5'#)+-�%  /�* -
/$"#, ; *� ��3�,  0$.'."$)�3'.$,  (5',&.+,  "),*"-3' ). 

�� ��3�,  0$.'."$)�3'.$,  &�!,-  �"7=,"-3 (-1"(  3 " ,*7<=$4  0�)&'4 : 
- 8'.#�3"#$%  #),*$- , ,*$.�3),&,..+%  #),*$- , �3,)*)'0-  (#),*$-�3'.$,  "6,-' ), �- -

#)+-$,  #),*$-.�%   $.$$ ; "$.*$2$)�3'..+%  #),*$-  (76'"-$,  .,"#� 1#$4  8'.#�3 );  
- �8 $�'2$�..�,  0$.'."$)�3'.$,  (#��*'  0$)&'  3+4�*$-  .'  0�.*�3+%  )+.�#  $ 

/),* '�',-  2,..+,  87&'�$  3 3$*,  �8 $�'2$% );  
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- #�&&,)6,"#�,  #),*$-�3'.$,  3 -�3').�%  (/�#7/#'  -�3')'  "  �-")�6#�%  / '-,!' ) $ 
*,.,!.�%  (/)�"-�%  #),*$- , *,.1�$  �-  *)7��%  0$)&+ ) 0�)&'4 . 

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

�)$&,.(,-"(   $5$.�  #'#  "/,2$0$6,"#$%  3$* '),.*+ , '  $&,..�  – 0$.'."�3'(  '),. -
*' . �  *���3�),   $5$.�'  76'"-37<-  "-�)�.+ :  $5$.��*'-, 1  ('),.*�*'-, 1 ),  $5$.��/� 7 -
6'-, 1  ('),.*'-�) ), /)�*'3,2 . �  *���3�),  '),.*+ : '),.*�*'-, 1  $ '),.*'-�) . 	"�8'(  0�) -
&'  – 3�53)'-.+%   $5$.� , #��*'  0$)&'  /� 76',-  .'/)(&7<  *,.,!.+,  "),*"-3' .  

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

�)�&+9 ,..+%  #�&/ ,#"  ��)�*"#���  �#)7�'  - � . �� !"#$%  �� ���)'*"#�%  �8 '"-$  
(3 (,-"(  3,*7=$&  ",#-�)�&  :#�.�&$#$  $ 5'.$&',-  8� ,,  94% 3 �8=,&  �8C,&,  /)�*7#2$$  
#)7/.+4  $ "),*.$4  /),*/)$(-$%  ��)�*' . 	".�3.�%  3# '*  3 7 769,.$,  /�#'5'-, ,%  �-�)7 -
!,..�%  /)�*7#2$$  3.�"$-  /)�&+9 ,..�"-1  ��)�*' , 3 #�-�)�%  *�&$.$)7<-  �8)'8'-+3' -
<=$,  3$*+ /)�$53�*"-3' . �'  � I �,!*7.')�*.�&  $.3,"-$2$�..�&  0�)7&,  «��6$ -2012» 
�� ���)'*"#'(  �8 '"-1  /),*"-'3 ( '  20 $.3,"-$2$�..+4  /)�,#-�3  " �8=$&  �8C,&�&  0$-
.'."$)�3'.$(  159,537 & )* .)78 ,%, $5 #�-�)+4  /�  12 /)�,#-'&  8+ $  /�*/$"'.+  "�� '9, -
.$(  .'  �8=7<  "7&&7 27,094 & )* . )78 ,%. �)�&,  -��� , ),�$�.  /),*"-'3$  5 $.3,"-$2$�. -
.+4  /),* �!,.$%  ),�$�.' 1.+4  #�&/'.$%  " 2, 1<  /)$3 ,6,.$(  *�/� .$-, 1.���  0$.'. -
"$)�3'.$(  3 ),' $5'2$<  $.$2$$)�3'..+4  $&$ /)�,#-�3 .  

��&$.$)7<='(  )� 1  /)�&+9 ,..���  /)�$53�*"-3'  /�53� (,-  �2,.$3'-1   � . �� ! -
"#$% #'#  /� $��.  * (  �-)'8�-#$  &,4'.$5&�3  &�*,).$5'2$$  :#�.�&$#$ , "-)7#-7).�%  /,), -
"-)�%#$  /)�&+9 ,..�"-$  3 .'/)'3 ,.$$  ,,  /,),3�*'  .'  $..�3'2$�..+%  /7-1  )'53$-$( . �  
-�6#$  5),.$(  "-)'-,�$6,"#���  7/)'3 ,.$( , &�!.�  ��3�)$-1  �  .�3�&  -$/,  &,!*7.')�*.�%  
/)�&+9 ,..�%  #�&/'.$$  – $.!$.$)$.�� -/)�&+9 ,..�% , #�-�)'(  87*,-  �/$)'-1"(  .'  
�89$).+%  �8C,&  $.0�)&'2$$ , 8+"-)�,  ),'�$)�3'.$,  .'  $5&,.,.$,  "/)�"'  .'  )+.#, , $"-
/� 15�3'.$,  $..�3'2$%  3 /)�$53�*"-3,  /)�*7#-�3  $ -,4.� ��$% . ;#�.�&$#'  ��""$$  .'4� -
*$-"(  3 7" �3$(4  "$"-,&.�%  -)'."0�)&'2$$ .  

�)��)'&&'  )'53$-$(  /)�&+9 ,..�"-$  3 ��)�*,  3+)'!',-"(  "$"-,&�%  " ,*7<=$4  
/)��.�5$)7,&+4  2, ,3+4  $.*$#'-�)�3 : $.*,#"�&  /)�&+9 ,..���  /)�$53�*"-3'  /�  �8)' -
8'-+3'<=$&  /)�$53�*"-3'& , -,&/'&$    )�"-'  /)$8+ $  �)�'.$5'2$%  �8)'8'-+3'<=$4  
/)�$53�*"-3 , )�"-'  "),*.,&,"(6.�%  5')'8�-.�%  / '-+  /�  �8)'8'-+3'<=$&  /)�$53�* -
"-3'& , )�"-'  3+)'8�-#$  .'  �*.���  )'8�-'<=,��  3 �8)'8'-+3'<=$4  /)�$53�*"-3'4 , �/), -
*, ,..�%  /�  �8C,&7 �-�)7!,..�%  /)�*7#2$$  "�8"-3,..���  /)�$53�*"-3' , )�"-'  .' ���3+4  
/�"-7/ ,.$%  /�  �8)'8'-+3'<=$&  /)�$53�*"-3'& , *� ,%   /)�*'!  $..�3'2$�..�%  /)�*7# -
2$$ 3 �8=,&  �8C,&,  /)�*'!  /�  �8)'8'-+3'<=$&  /)�$53�*"-3'& . 

	*.$&  $5 �".�3.+4  $ .'$8� ,,  )'*$#' 1.+4  .'/)'3 ,.$%  0$.'."�3���  $ :#�.�&$ -
6,"#���  �5*�)�3 ,.$(  /),*/)$(-$(  3 #)$5$".+4  7" �3$(4  (3 (,-"(  /�$"#  3.7-),..$4  ), -
5,)3�3  /�  73, $6,.$<  /)$8+ 1.�"-$  /)�$53�*"-3'  $ *�"-$!,.$<  8,578+-�6.�%  )'8�-+  
5' "6,-  8� ,,  /� .���  $"/� 15�3'.$(  /)�$53�*"-3,..+4  &�=.�"-,%  /),*/)$(-$( , ".$!, -
.$(  ",8,"-�$&�"-$ , /�3+9,.$(  #'6,"-3'  $ #�.#7),.-�"/�"�8.�"-$  /)�*7#2$$ , )'2$� -
.' 1.���  $"/� 15�3'.$(  &'-,)$' 1.+4 , -)7*�3+4  $ 0$.'."�3+4  ),"7)"�3 , "�#)'=,.$(  
.,/)�$53�*$-, 1.+4  )'"4�*�3  $ /�-,)1  

��.#7),.-.+&$  /),$&7=,"-3'&$  * (  /)�&+9 ,..���  )'53$-$(  ��)�*�3  $ ),�$� -
.�3  *� !.+  8+-1 .,&'-,)$' 1.+,  '#-$3+ : .�7 -4'7 , "�8"-3,..+,  ��	�� , $..�3'2$�..+%  
/�-,.2$' , �8C,&  #�&&,)2$' $5'2$$  ),57 1-'-�3  .'76.+4  $"" ,*�3'.$% , $..�3'2$�..� -
'#-$3.'(  ),/7-'2$( . �'!.,%9$&$  0'#-�)'&$ , �8,"/,6$3'<=$&$  #�.#7),.-�"/�"�8.�"-1  
"),*.$4  ��)�*�3  3 /�"-#)$5$".+%  /,)$�* , (3 (<-"( : �8,"/,6,.$,  /� $-$#$  &�*,).$5'2$$  
/)�&+9 ,..���  ",#-�)'  :#�.�&$#$  " 7"$ ,.$,&  )� $  �8)'8'-+3'<=$4  �-)'" ,% , /)$ -
3 ,6,.$,  $.3,"-$2$% .'  �".�3,  ),' $5'2$$  &,4'.$5&'  ��"7*')"-3,..� -6'"-.���  /')-.,) -
"-3' .  
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� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � .� . �-')�3�%-�3 , * .:#�. .. ., /)�0,""�) , � . � . �')+ -
6,3, &'�$"-)'.-  2 #7)"'  
���  (0$ $' ) �� ����  

 
�' +,  $..�3'2$�..+,  /),*/)$(-$(  (3 (<-"(  �".�3.+&  '#-$3.+&  76'"-.$#�&  "� -

3),&,..���  $..�3'2$�..���  /)�2,""' . �  �0$2$' 1.�%  "-'-$"-$#,  6$" �  &' +4  $..�3' -
2$�..+4  /),*/)$(-$%  .,  "��-3,-"-37,-  ),' 1.�&7  6$" 7  &' +4  0$)& , 5'.$&'<=$4"(  3+-
"�#�-,4.� ��$6.+&  8$5.,"�& . ��� '".�  :#"/,)-.+&  �2,.#'& , 3 :-�%  "0,),  *,(-, 1.�"-$  
)'8�-',-  .,  8� ,,  10% $4 .�&$.' 1.���  #� $6,"-3' . ��!.�  "*, '-1  3+3�* , 6-�  #� $6, -
"-3'  &' +4  $..�3'2$�..+4  /),*/)$(-$%  .,*�"-'-�6.�  * (  "7=,"-37<=,��  3 .'"-�(=,,  
3),&(  "/)�"'  .'  $..�3'2$$  3 ��""$$ . �'$8� 19,,  6$" �  &' +4  $..�3'2$�..+4  /),*/)$ -
(-$(  "�"),*�-�6,.�  3 &'9$.�"-)�,.$$  $ &,-'  ��8)'8�-#, ,  ,�#�%  /)�&+9 ,..�"-$ , *, -
),3��8)'8'-+3'<=,%  $ /$=,3�% . �' +,  $..�3'2$�..+,  /),*/)$(-$(  3 �".�3.�&  �)$,. -
-$)�3'.+  .'  3.7-),..$%  )+.�# : "�� '".�  3+8�)�6.+&  $"" ,*�3'.$(&  &,.,,  20% $4 �8 -
=,��  6$" '  $&,<-  5')78,!.+4  /')-.,)�3 . �)�&,  -��� , 8� 19$."-3�  :-$4  /),*/)$(-$%  
5'.$&',-"(  3+/7"#�&  .'7#�,&#�%  /)�*7#2$$ , $&,(  .,5.'6$-, 1.+,  )'"4�*+  .'  $"" ,*� -
3'.$(  $ )'5)'8�-#$ . �� 1#�  �#� �  30% &' +4  $..�3'2$�..+4  /),*/)$(-$(  $.3,"-$)7<-  
5.'6$-, 1.+,  ),"7)"+  3 .'76.7<  $ /)�,#-.� -#�."-)7#-�)"#7<  *,(-, 1.�"-1 . 

�)$5$".+,  -,.*,.2$$  3 )�""$%"#�%  :#�.�&$#,   3 #�.2,  2014 $ .'6' ,  2015� . 8+ $  
"3(5'.+  " 33,*@..+&$ "'.#2$(&$ , /'*,.$,&  #7)"'  )78 ( , )�"-�&  # <6,3�%  "-'3#$ ,  ".$ -
!,.$,&  #),*$-.���  ),%-$.�' , )�"-  3+3�5'  #'/$-' ' . �,5#�  3�5)�"9'(  # <6,3'(  "-'3#'  
"/�"�8"-3�3' '  /,),"&�-)7  #),*$-.�%  /� $-$#$  &.��$4  8'.#�3 , .,#�-�)+,  8'.#$  /)$ -
�"-'.�3$ $  #),*$-�3'.$,  8$5.,"' , 3 6'"-.�"-$  � 10' -
'.# . ��"-  # <6,3�%  "-'3#$  "�5*'@- 
.,8 '��/)$(-.+%  # $&'-  * (  8$5.,"' , - .#. #),*$-+  "-'.�3(-"(  8� ,,  *�)��$&$  $ &' �*� -
"-7/.+&$ , -'#  !,  73, $6$3',-"(  8,5)'8�-$2' . �' $6$,  “*�)��$4 ” *,.,�  3 :#�.�&$#,  5'-
&,* (,-  ,,  )�"-  $ .'.�"$-  7=,)8  8'.#�3"#�&7  ",#-�)7 . �'6$.'(  " 0,3)' (  2015� . # <6, -
3'(  "-'3#'  /�#'5+3' '  "-),&$-, 1.�,  7&,.19,.$,  $ 7!,  3 '3�7"-,  *�"-$� '  �-&,-#$  11%. 
�'..'(  -,.*,.2$(  /� �!$-, 1.�  "#'5' '"1  .'  8'.#�3"#�&  ",#-�),  $ /)�2,.-.+,  "-'3#$  
/�  #),*$-'&  &.��$4  8'.#�3  8+ $  ".$!,.+ . 
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	*.$&  $5 �".�3.+4  0'#-�)�3  747*9,.$(  :#�.�&$6,"#�%  "$-7'2$$  (3 (<-"(  33,-
*,..+,  �3)�"�<5�&  $ �� �  "'.#2$$  .,5'3$"$&�,  $.-,).,- -$5*'.$,  EUobserver �2,.$3' -
,-  /),*/� '�',&+,  /�-,)$  ��""$$  �-  ,3)�/,%"#$4  "'.#2$% 3 23 & )*  ,3)�  (�#� �  1 -) .  
)78., $ $  1,5% ��� ) 3 2014 ��*7  $ 75 & )*  ,3)�  (�#� �  3,5 -) .  )78., $ $  4,4% ��� , "� -
� '".�  8<*!,-.+&  /)�,#-$)�3#'& ) 3 2015 ��*7 . � (  )�""$%"#$4  #�&/'.$%  $ 8'.#�3  ��)' -
.$6,.  *�"-7/  .'  5'/'*.+,  )+.#$  #'/$-' �3 , #�-�)+,  (3 ( $"1  3+��*.+&  $"-�6.$#�3  
/)$3 ,6,.$(  *,.,!.+4  "),*"-3 . 

�47*9,.$<  :#�.�&$6,"#�%  "$-7'2$$  -'#  !,  "/�"�8"-3�3' �  ".$!,.$,  #),*$-.���  
),%-$.�'  ��""$$  &,!*7.')�*.+&$  ),%-$.��3+&$  '�,.-"-3'&$ :  S&P, Moody’s,  Fitch. 
�.$!,.$,  #),*$-.���  ),%-$.�'  ��"7*')"-3'  "/�"�8.�  .'.,"-$  ",)1,5.+%  7=,)8  :#�.�&$ -
#, 3 *� ��")�6.�&  /,)$�*, , - .#. "/�"�8"-37,-  �--�#7  #'/$-' ' , '  -'#!,   )�"-7  "-�$&�"-$  
5'$&"-3�3'.$% . 

	*.$&  $5 /�#'5'-, ,%  747*9,.$(  "$-7'2$$  3 :#�.�&$#,  (3 (,-"(  6$"-+% 3+3�5 
#'/$-' '  $5 "-)'.+  6'"-.+&  ",#-�)�& . 	--�#  #'/$-' '  3 2014� . 73, $6$ "(  8� ,,  6,& 3 
*3'  )'5' . 

�  2014� . �5.'&,.�3' "(  "'&+&  &'"9-'8.+&  �--�#�&  #'/$-' '  5'  3"<  $"-�)$< . 	" -
.�3.+,  0'#-�)+ , "/�"�8"-37<=$,  3+3�57 #'/$-' '  3 2014� .: .')'=$3'.$,  $.�"-)'..+4  
'#-$3�3 , 3+/ '-'  3.,9.,��  *� �'  #�&/'.$%  $ 8'.#�3  /)$  �*.�3),&,..�&  "�#)'=,.$$  
3�5&�!.�"-,%  * (  ),0$.'."$)�3'.$(  *� �'  $5-5' "'.#2$%. 

�",  /)$3,*@..+,  .'&$  0'#-�)+  �#'5' $  "7=,"-3,..�,  3 $(.$,  .'  747*9,.$,  :#� -
.�&$6,"#�%  "$-7'2$$  $ )�"-7  /)�2,.-.+4  "-'3�#  /�  #),*$-'& . 

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

�'$8� ,,  ),5#�,  ".$!,.$,  /)�2,.-.+4  "-'3�#  8+ �  *37& #),*$-'&  �8,)8'.#' : $. -
3,"-$2$�..�&7  $ .'  /�/� .,.$,  �8�)�-.+4  "),*"-3 . �  2, �&  /�  )+.#7  /)�2,.-.+,  "-'3 -
#$ 8+ $  ".$!,.+  3 "),*.,&  .'  3 /7.#-' . ��  �3,)*)'0-7  $5 -)@4 )'""&�-),..+4  8'.#�3  
.'$8� ,,  3+��*.+&  (3 (,-"(  �)' "$8 , �*.'#�  .,�84�*$&�  76$-+3'-1  #�&$""$(  5' �-#)+ -
-$,  #),*$-.���   $&$-' , #�-�)'(  "�"-'3 (,-  0,5% �-   $&$-'  �3,)*)'0-' , .�  .,  10 000 )78. 
$ .,  8� ,,  60 000 )78. ��  $.3,"-$2$�..�&7  #),*$-7  $ #),*$-7  .'  /�/� .,.$,  �8�)�-.+4  
"),*"-3  .'$8� ,,  .$5#$% "-'3#$  7 �8,)8'.#'  ��""$$ . 

��  7" �3$(&  #),*$-�3'.$(  3 6'"-$  $.3,"-$2$�..���  #),*$-'  $ #),*$-'  .'  /�/� -
.,.$,  �8�)�-.+4  "),*"-3   $*$)7,-  �8,)8'.#  ��""$$ , - .#.: .'$8� ,,  .$5#$% 7)�3,.1  &$-
.$&' 1.�%  "7&&+ #),*$-' ; .$5#'(  /)�2,.-.'(  "-'3#' ; �-"7-"-37,-  #�&$""$(  5' 3+*'67  
#),*$-' , #�-�)'(  "�"-'3 (,-  3 �)' "$8,  1,1%, '  3 ��
  24 – 0,3%; �-")�6#'  /�  �".�3.�&7  
*� �7  "�"-'3 (,-  12 &," .; .'$8� ,,  * $-, 1.+%  ")�#  #),*$-�3'.$( . 

	*.'  $5 " '8+4  "-�)�.  "7=,"-37<=$4  #),*$-.+4  /)��)'&&  * (  &' ���  8$5.,"'  7 
&.��$4  )�""$%"#$4  8'.#�3  – .,!, '.$,  *'3'-1  #),*$-+  .'  �-#)+-$,  8$5.,"' . �'=,  3",��  
5'%& &�!.�  /� 76$-1  -� 1#�  -��*' , #��*'  /),*/)$(-$,  7!,  07.#2$�.$)7,-  (�-  -)@4 &,"( -
2,3 – * (  -�)��3���  /),*/)$(-$( , �-  9,"-$  – * (  /),*/)$(-$% , �#'5+3'<=$4  7" 7�$  $ $  
/)�$53�*(=$4  /)�*7#2$< , �-  *3,.'*2'-$  – * (  ",5�..���  8$5.,"' ). 

	8C@&+ #),*$-�3'.$(  .'6' $  ".$!'-1"(  ,=,  " #�.2'  2014� . $ /)�*� !$ $  3 2015� . 
  	".�3.+&$  0'#-�)'&$ , "-'8$ $5$)7<=$&$  )+.�#  &��7-  "-'-1 : ".$!,.$,  $.0 (2$$  $ 
$.0 (2$�..+4  �!$*'.$% , ".$!,.$,  # <6,3�%  "-'3#$  $ �-&,.'  "'.#2$%. 

�')(*7  " "�#)'=,.$,&  /�)-0, (  #),*$-�3  /�  &' �&7  $ "),*.,&7  8$5.,"7  73, $6$ -
 '"1  /)�")�6,..'(  5'*� !,..�"-1  $ "�"-'3$ '  11,7% $ *�  #�.2'  ��*' , /�  &.,.$<  :#"/,) -
-�3 , &�!,-  *�"-$�.7-1  15%. ;-�  "3$*,-, 1"-37,-  �8  747*9,.$$  #'6,"-3'  #),*$-.���  
/�)-0, (  ��
 . 

�  .'6' '  2015� . .'$8� ,,  7"-�%6$3+& �"-'@-"(  ",�&,.-  &$#)�0$.'."�3+4  7" 7�  
��
 , - .#. .'  .,��  $*@- /,),�)$,.-'2$(  &' +4  /),*/)$(-$% . �'..'(  -,.*,.2$(  �8C(".(,- -
"(  " ,*7<=$&$  /)$6$.'&$ : &' �,  #),*$-�3'.$,  /�53� (,-  /� 76$-1  *,.,!.+,  "),*"-3'  
8+"-)�  $ " &$.$&' 1.+&  .'8�)�&  *�#7&,.-�3 . 	-&,-$& , 6-�  )+.�#  &$#)�0$.'."$)�3' -
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.$(  (3 (,-"(  &� �*+&  $ /,)"/,#-$3.+&  $ 3 #)$5$".+,  3),&,.'  (3 (,-"(  8� ,,  7"-�%6$-
3+&, 6,& )+.�#  "-'.*')-.+4  8'.#�3"#$4  #),*$-�3 . ���  7"-�%6$3�"-1  �87" �3 ,.'  )�"-�&  
8� 19$&  #� $6,"-3�&  �-#'5�3  8'.#�3  3 3+*'6,  #),*$-�3  3 "3(5$ "�  ".$!,.$,&  )$"#�3'. -
.�"-$  #),*$-.+4  /�)-0, ,% . �  -'#$4  7" �3$(4  /)��)'&&+  &$#)�0$.'."$)�3'.$(  (3 (<- -
"(  �/-$&' 1.+&  ),9,.$,&  * (  8$5.,"' . 

��-,.2$'  &' ���  8$5.,"'  3 ��""$$  /�#'  �"-',-"(  .,),' $5�3'..+& , - .#. "7=, -
"-37<=$,  5'#�.�*'-, 1.+,  7" �3$(  ��)'.$6$3'<-  ,��  )�"- . �  " �!$39$4"(  .'  -,#7=$% 
&�&,.-  7" �3$(4  5'/),-'  33�5'  /)�*7#-�3  $5 ��  $ ���  /,),*  )�""$%"#$&$  /),*/)$.$ -
&'-, (&$  �-#)+3'<-"(  .�3+,  )+.�6.+,  .$9$  $ .�3+,  3�5&�!.�"-$ .  � (  /,),�)$,.-' -
2$$ "3�,% *,(-, 1.�"-$  $ $  !,  * (  �-#)+-$(  .�3���  8$5.,"' , /�53� (<=,��  5'.(-1  �"3� -
8�*$397<"(  )+.�6.7<  .$97 , /�(3 (,-"(  .,�84�*$&�"-1  3 *,.,!.+4  "),*"-3'4 , 6-�  "/� -
"�8"-37,-  )�"-7  "/)�"'  .'  8'.#�3"#$,  #),*$-+ . 

�  2017 � . �!$*',-"(  73, $6,.$,  "-)7#-7).���  *,0$2$-'   $#3$*.�"-$  8'.#�3"#���  
",#-�)'  .'  0,3–0,8 -) . . )78. �  -'#$4  7" �3$(4  #),*$-.'(  /� $-$#'  8'.#�3  87*,-  &,.,,  
)$"#�3'..�% , - .#. 8'.#$  87*7- �)$,.-$)�3'.+ , .'  .'9  35� (* , .'  3+*'67  #),*$-�3  " 
.'*@!.�%  �')'.-$,%  $4 3�53)'=,.$( . �' +,  /),*/)$(-$(  .,  3",�*'  �#'5+3'<-"(  3 "�"-� -
(.$$  /),*�"-'3$-1  �8,"/,6,.$,  #),*$-' . �+  "6$-',& , 6-�  3 *'..�&  " 76',  �/),*, (<=$ -
&$ 0'#-�)'&$  3+*'6$  #),*$-�3  87*7- (3 (-1"(  7"-�%6$3�,  07.#2$�.$)�3'.$,  /),*/)$( -
-$(  $ /,)"/,#-$3.�"-1  *,(-, 1.�"-$ , #�-�)�%  �.�  5'.$&',-"( . 

�6$-+3'(  #)$5$".�,  "�"-�(.$,  :#�.�&$#$  ��""$$  $ �".�3.+,  -,.*,.2$$  .,�84� -
*$&�  3+*, $-1  " ,*7<=$,  /,)"/,#-$3.+,  .'/)'3 ,.$(  * (  �/-$&$5'2$$  /� $-$#$  8'. -
#�3 3 "0,),  #),*$-�3'.$(  &' ���  $ "),*.,��  8$5.,"' . 

1) �),*$-�3'.$,  /),*/)$(-$% , /)�$53�*(=$4  $&/�)-�5'&,=',&+,  -�3')+ . �#-7 -
' 1.�"-1  #),*$-�3'.$(  /),*/)$(-$% , /)�$53�*(=$4  *'..+,  3$*+ -�3')�3 , �87" �3 ,.'  
" ,*7<=$&$  /)$6$.'&$ : 

- "7=,"-3,..���  ".$!,.$(  "/)�"'  .'  *'..+,  3$*+ -�3')�3  .,  /)�$5�%*,- , - .#. �.$  
(3 (<-"(  .,�84�*$&+&$  * (  !$5.$ ; 

- 3 �)'".�*')"#�&  #)',  /),*/)$(-$( , /)�$53�*(=$,  *'..+,  3$*+ /)�*7#2$$  
(0)7#-+ , �3�=$ , "+)+  $ -3�)�� , &� �#�  $ &� �6.'(  /)�*7#2$( , &("�  $ &(".+,  $5*, $( ) 
)'53$-+  $ #�.#7),.-�"/�"�8.+  .'  3.7-),..,&  ��"7*')"-3,..�&  )+.#, , 6-�  �87" '3 $3',-  
/�-,.2$'  $4 )�"-' . 

2) �$3,)"$0$#'2$(  #),*$-.���  /�)-0, ( . 
3) �!,"-�6,.$,  -),8�3'.$%   # �8,"/,6,.$<  #),*$-�3  $ 8� ,,  -='-, 1.'(  /)�3,)#'  

/ '-@!,"/�"�8.�"-$  5'@&=$#'.   
4) �3, $6,.$,  *� $  #),*$-�3  /),*/)$(-$(&  '�)�/)�&+9 ,..���  #�&/ ,#"' .  
��!.�  3+*, $-1  )(*  /)$�)$-,-.+4  .'/)'3 ,.$%  )'53$-$(  &' ���  $ "),*.,��  

/),*/)$.$&'-, 1"-3' : 
- /�**,)!#'  3",4  3$*�3  $..�3'2$�..���  8$5.,"' , 3 /,)37<  �6,),*1  3 3+"�#�-,4.� -

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

=$4 3+"�#$% &7 1-$/ $#'-$3.+%  :00,#-  $ 8<*!,-.7<  �-*'67 ; 
- /�**,)!#'  /)�,#-�3 , .'/)'3 ,..+4  .'  3+/7"#  /)�*7#2$$  &'""�3���  "/)�"'  $ "� -

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

)'53$-$,  /),*/)$.$&'-, 1"-3'  3 ),�$�., ; 
- /�**,)!#'  /)�,#-�3 , .'/)'3 ,..+4  .'  ),' $5'2$<  "-)'-,�$$  $&/�)-�5'&,=,.$( ; 
- /�**,)!#'  /)�,#-�3 , .'/)'3 ,..+4  .'  '#-$3$5'2$<  &,!),�$�.' 1.+4  *, �3+4  

"3(5,% $ :#"/�)-  /)�*7#2$$ ; 
- )'53$-$,  "$"-,&+  #),*$-�3'.$(  "78C,#-�3  &' ���  /),*/)$.$&'-, 1"-3' ; 
- /�**,)!#'  .'6$.'<=$4  /),*/)$.$&'-, ,% , 3 �"�8,..�"-$  &� �*,!$  $ "�2$' 1.�  

.,5'=$=,..+4  �)7//  .'", ,.$( . 
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�-'# , )(*  :#�.�&$6,"#$4  $ /� $-$6,"#$4  "�8+-$% �#'5' $  "7=,"-3,..�,  3 $(.$,  
.'  )+.�#  #),*$-�3'.$(  &' ���  $ "),*.,��  8$5.,"' . �'#$&$  "�8+-$(&$  (3 (<-"( : 73, $ -
6,.$,  # <6,3�%  "-'3#$ , 33,*@..+,  "-)'.'&$  ��  $ ���  "'.#2$$ , )�"-  3+3�5'  #'/$-' ' , 
/'*,.$,  #7)"'  )78 ( . �'..+,  "�8+-$(  "/�"�8"-3�3' $  747*9,.$<  "�"-�(.$(  3.7-),..,��  
)+.#'  /)$  �*.�3),&,..�&  )�"-,  /)�2,.-.+4  "-'3�#  /�  #),*$-'& . �'6$.'(  " #�.2'  3,".+  
&.��$,  )�""$%"#$,  8'.#$  /,),"&�-), $  /)�2,.-.+,  "-'3#$  /�  #),*$-'&  ��
 , 6-�  
.'� (*.�  3$*.�  .'  /)$&,),  -)@4 #)7/.+4  8'.#�3 : �8,)8'.#'  ��""$$ , ��
  24, �)' "$8' . 
	*.'#�  )+.�#  "/�"�8,.  3�""-'.�3$-1"(  *�  /),!.,��  7)�3.(  /)$  7" �3$$  ".$!,.$(  # < -
6,3�% "-'3#$  *�  10%.  �  -,#7=$4  7" �3$(4  .'$8� ,,  '#-7' 1.+&$  /7-(&$  )'53$-$(  #),*$ -
-�3'.$(  ��
  (3 (<-"( : 73, $6,.$,  *� $  #),*$-�3  /),*/)$(-$(& , /)�$53�*(=$4  $&-
/�)-�5'&,=',&+,  -�3')+ , *$3,)"$0$#'2$(  #),*$-.���  /�)-0, ( , 7!,"-�6,.$,  -),8�3' -
.$% /�  �8,"/,6,.$<  #),*$-�3 , 73, $6,.$,  *� $  #),*$-�3  /),*/)$(-$(&  '�)�/)�&+9 ,. -
.���  #�&/ ,#"' . �'..+,  /7-$  )'53$-$(  "�3,)9,."-3�3'.$(  #),*$-.�%  /� $-$#$  3 -,#7-
=$4 :#�.�&$6,"#$4  7" �3$(4  87*7- :00,#-$3.+&$  $ /� �!$-, 1.�  "#'!7-"(  .'  3"@& 
#),*$-.�&  /�)-0, ,  8'.#' . 

 
��0+/�0:/� : 
1. ���  
'.# . �.*,#"  «�$.'."�3+%  /,),#)@"-�# » 

// http://www.mspbank.ru/userfiles/files/researches/ipf-otchet-2015-I.pdf 
2. �'-,)$' +  �0$2$' 1.���  "'%-'  �
  ��  // http://www.cbr.ru/ 
3. �'-,)$' +  �
� : �'/'*  33,  /)�-$3  ��""$$  "'&+,  !,"-#$,  "'.#2$$  "�  3),&,.  

4� �*.�%  3�%.+  //http://top.rbc.ru/politics/30/07/2014/939745.shtml 
4. �,.*,.2$$  8'.#�3"#���  #),*$-�3'.$(  ���  3�  3-�)�&  /� 7��*$$  2015 

// http://tpprf.ru/ru/business/news/95618/ 
5. ��.6')�3'   � . � . ��3),&,..+,  0�)&+  ��"7*')"-3,..�%  /�**,)!#$  &' ���  8$5-

.,"'  3 ��""$$  / � . � . ��)(6,3 , � . � . ��.6')�3'  // �  "8�).$#, : �'76.� -/)'#-$6,"#'(  #�. -
0,),.2$(  "-7*,.-�3  ���  (0$ $' ) �� ����  «�'7#'  &� �*+4 : $*,$ , ),57 1-'-+ , /,)"/,# -
-$3+» 2016. - � . 131-133. 
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� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � .� . �-')�3�%-�3 , * .:#�. .. ., /)�0,""�) , � . � . ��# �. -
"#'( , "-7*,.-  4 #7)"' , 

���  (0$ $' ) �� ����  
 

�)�*3$!,.$,  /)�*7#2$$  – :-�  #�&/ ,#"  &')#,-$.��3+4  &,)�/)$(-$% , .'/)'3 ,. -
.+4  .'  /�3+9,.$,  :00,#-$3.�"-$  /)�*'! , 7"-'.�3 ,.$,  #�.-'#-�3  " /')-.,)'&$ , /�-), -
8$-, (&$  $ /,)"�.' �& , /)$3 ,6,.$,  .�3+4  # $,.-�3 , 73, $6,.$,  *� $  -�3')'  $ 7" 7� , 
5'.$&',&�%  $&$ .'  )+.#, , "�5*'.$,  8 '��/)$(-.���  $&$*!'  #�&/'.$$ . 

�)�*3$!,.$,  .�3�%  /)�*7#2$$  .'  )+.#,  – :-�  /)�2,""  /),3)'=,.$(  .'76.� -
-,4.$6,"#$4  )'5)'8�-�#  $ .�3�33,*,.$%  #'#  /)�&,!7-�6.���  ),57 1-'-'  .'76.� -
/)�$53�*"-3,..���  2$# '  /�  &,),  /)'#-$6,"#���  /)$&,.,.$(  3 .'76.� --,4.$6,"#$,  $..� -
3'2$$ – #�.,6.+%  ),57 1-'-  [1]. �'76.� --,4.$6,"#$,  )'5)'8�-#$  $ $5�8),-,.$(  (3 (<-"(  
/)$ �!,.$,&  .�3���  5.'.$(  " 2, 1<  ,��  /)'#-$6,"#���  /)$&,.,.$( , '  .'76.� -
-,4.$6,"#$,  $..�3'2$$  — :-�  &'-,)$' $5'2$(  .�3+4  $*,% $ 5.'.$% , �-#)+-$% , $5�8),-, -
.$% $ .'76.� --,4.$6,"#$4  )'5)'8�-�#  3 /)�2,"",  /)�$53�*"-3'  " 2, 1<  $4 #�&&,)6,"#�%  
),' $5'2$$  * (  7*�3 ,-3�),.$(  �/),*, ,..+4  5'/)�"�3  /�-),8$-, ,% . �  :-�%  -�6#$  5), -
.$(  .,/),&,..+&$  "3�%"-3'&$  $..�3'2$$  (3 (<-"(  .'76.� --,4.$6,"#'(  .�3$5.'  $ /)�$5 -
3�*"-3,..'(  /)$&,.$&�"-1 . ��&&,)6,"#'(  ),' $57,&�"-1  /�  �-.�9,.$<  # $..�3'2$$  3+-
"-7/',-  #'#  /�-,.2$' 1.�,  "3�%"-3� , * (  *�"-$!,.$(  #�-�)���  .,�84�*$&+  �/),*, ,..+,  
7"$ $(  [2]. 
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� <6,3+&$  �-)'" (&$  �	  «���� » (3 (<-"( :  
- :.,)�,-$#' ; 
- &'9$.�"-)�,.$, ; 
- '3-�&�8$ ,"-)�,.$, ; 
- .,0-,4$&$6,"#'(  /)�&+9 ,..�"-1 ; 
- ':)�#�"&$6,"#'(  /)�&+9 ,..�"-1 ; 
- "-)�$-, 1"-3� . 
�)�*7#2$( , #�-�)7<  /)�$53�*$-  *'..�,  /),*/)$(-$, :  
- '3-�#�&/�.,.-+  $ -�)&�5.+,  $5*, $(  * (  /)�&+9 ,..���  /)$&,.,.$( ; 
- /)�# '*�6.+,  $ 7/ �-.$-, 1.+,  &'-,)$' + ; 
- -,#"-$ 1.+,  &'-,)$' + . 
�)�*3$!,.$,  /)�*7#2$$  �	  «���� » �-.�"$-"(  # )+.#7  B2B («8$5.,"  * (  8$5., -

"' »), *)7�$&$  " �3'&$  #�&/'.$(  /)�*',-  "3�% -�3')  *)7�$&  #�&/'.$(& . 
�)�*'!$  .'  )+.#,  B2B /),*/� '�'<-  8� ,,  *�)���"-�(=$,  $ &,.,,  "-'.*')-$5$ -

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

- ),9,.$(  �  /�#7/#,  6'=,  3",��  /)$.$&'<-"(  #�  ,#-$3.� ; 
- /),*3')$-, 1.�  /)�3�*(-"(  $"" ,*�3'.$(  2,.  $ &')#,-$.�  /�"-'3=$#�3 ; 
- 6'"-�  /)�3�*(-"(  #�.#7),.-.+,  -�)�$ ; 
- /�6-$  3�  3",4  " 76'(4  /)�3�*(-"(  /,),��3�)+ ; 
- ),# '&'  $�)',-  &,.197<  )� 1 , 6,& .'  )+.#,  � 2�  («8$5.,"  * (  /�-),8$-, ( »); 
- 5.'6,.$,   $6.�%  /)�*'!$  8� 19, , 6,& .'  )+.#,  � 2� ; 
- /�#7/'-, $  /)�&+9 ,..�%  /)�*7#2$$ , #'#  /)'3$ � , /)�0,""$�.' + ; 
- .'  )+.#,  � 2�  &,.19,  /�#7/'-, ,% , �.$  #)7/.+, ; 
- "/)�"  .'  /)�&+9 ,..7<  /)�*7#2$<  &�!,-  ),5#�  &,.(-1"(  $ �/),*, (,-"(  "/)� -

"�&  .'  -�3')+  9$)�#���  /�-),8 ,.$( ; 
- 8� ,,  )'2$�.' 1.+,  &�-$3+  /�#7/#$ . 

�'  "�3),&,..�&  :-'/,  /)�*3$!,.$,  /)�*7#2$$  �	  «���� » /)�$"4�*$-  5' "6,-  -�) -
��3���  *�&' , #�-�)+%  3 .'"-�(=,,  3),&(  3+/� .(,-  $ 07.#2$$  &')#,-$.��3���  �-*, ' .  

�'  /)$&,),  *� !.�"-.�%  $."-)7#2$$  .'6' 1.$#'  �-*, '  &')#,-$.�'  )'""&�-)$&  
07.#2$$  $ �8(5'..�"-$ , #�-�)+,  3+/� .(<-"(  3 �-*, ,  &')#,-$.�'  [3]: 

1) )'5)'8�-#'  / '.�3  &')#,-$.��3+4  $"" ,*�3'.$% , 3+)'8�-#'  &,-�*�3  $ "),*"-3  
/� 76,.$(  $.0�)&'2$$ , ,,  �8)'8�-#' ; 

2) $576,.$,  *,(-, 1.�"-$  #�.#7),.-�3  $ "�"-'3 ,.$,  5'# <6,.$(  �  $4 3�5&�!.�%  
/� $-$#,  .'  )+.#, ; 

3) 3+(3 ,.$,  $ '.' $5  /,),*�3+4  -,.*,.2$%  3 /)�$53�*"-3,  /)�*7#2$$  /�  /)�0$ <  
/),*/)$(-$( ; 

4) )'5)'8�-#'  "-)'-,�$$  &')#,-$.�'  .'  �".�3,  '.' $5'  #�.C<.#-7)+  )+.#' ; 
5) 0�)&$)�3'.$,  '""�)-$&,.-.�%  /� $-$#,  /),*/)$(-$( ; 
6) 3.�"$-  /),* �!,.$(  /�  2,.�3�%  /� $-$#,  /),*/)$(-$( ; 
7) 76'"-37,-  3 )'5)'8�-#,  /),* �!,.$%  $ ),#�&,.*'2$%  /�  $5&,.,.$<  -,4.$6,"#$4 , 

:#�.�&$6,"#$4  $ *)7�$4  4')'#-,)$"-$#  /)�*7#2$$  " 2, 1<  7 769,.$(  ,,  /�-),8$-, 1 -
"#$4 #'6,"-3  $ "-$&7 $)�3'.$(  "8+-' ; 

8) �"7=,"-3 (,-  )7#�3�*"-3�  ),# '&.�%  *,(-, 1.�"-$  
��&$&�  �-*, '  &')#,-$.�' , 5'.$&'<=,%"(  ),# '&.�%  *,(-, 1.�"-1<  #�&/'.$$ , .'  

/),*/)$(-$$  ,"-1  �-*,  "8+-' , �*,  &,.,*!,)+  /�  /)�*'!'&  '#-$3.�  ),# '&$)7<-  $ /),* -
 '�'<-  "3�<  /)�*7#2$<  /�-,.2$' 1.+&  # $,.-'&  " ,*7(  2,/�6#, : /�"-)�,.$,  "3(5,% " 
# $,.-'&$  $ .' '!$3'.$,  �-.�9,.$% , 78,!*,.$,  /')-.,)'  3 -�& , 6-�  $&,..�  �	  «�� -
�� » -  769$% 3+8�)  $5 3",4  ' 1-,).'-$3  $ 3 #�.,6.�&  $-��,  "�5*'.$(  &'#"$&' 1.���  
7)�3.(  "�-)7*.$6,"-3' .  

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



 204 
 

&$ 76'"-.$#'&$  )+.#'  $ /�-),8$-, (&$ , '  -'#!,  /�3+9,.$,  #�.#7),.-�"/�"�8.�"-$  
/),* '�',&+4  7" 7�  $ -�3')�3 . � (  "�5*'.$(  #�.#7),.-�"/�"�8.�%  /)�*7#2$$  /),*/)$( -
-$(  *� !.+  �"7=,"-3 (-1  '.' $5  $.0�)&'2$$ : �  /)�*7#2$$ , -$/�3+4  /)$&,.(,&+4  #�. -
"-)7#2$(4 , ' 1-,).'-$3.+4  #�."-)7#-$3.+4  ),9,.$(4 , '  -'#!,  �  /�#7/.+4  $5*, $(4 . 
��!.�  3+*, $-1  " ,*7<=$,  .'/)'3 ,.$( , /�  #�-�)+&  /)�3�*(-"(  &')#,-$.��3+,  $"" , -
*�3'.$(  .'  /),*/)$(-$(4 : 

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

«��� », �	  «�$."#$%  &�-�).+%  5'3�* », �	  «��� » $ - .* .  

� 19$."-3�  # $,.-�3  �	  «���� » (3 (<-"(  '3-�"' �.'&$ , /�:-�&7  /)�*3$!,.$,  

/)�*7#2$$  .'  *'..�&  /),*/)$(-$$  /)�$"4�*$-  3 -�&  6$" ,  5'  "6,-  /�",=,.$(  '3-�"' �. -
.+4  3+"-'3�# . 

�	  «���� » 5'.$&',-"(  /)�*3$!,.$,&  "3�,% /)�*7#2$$  /�  "),*"-3'&  #�&/ ,#"�3  
&')#,-$.��3+4  &,)�/)$(-$% , /)$"7=$4  )+.#7  «8$5.,"  * (  8$5.,"' », 76'"-37(  3 3+"-'3 -
#'4  $ '#-$3.�  /),* '�'(  "3�<  /)�*7#2$<  3",&  «.7!*'<=$&"( » # $,.-'& . 
 

��0+/�0:/� : 
1. ��.6')�3'  � .� . �)$-,)$$  :00,#-$3.�"-$  /)�*3$!,.$(  .'76.� --,4.$6,"#$4  )'5 -

)'8�-�#  .'  )�""$%"#�&  )+.#,  // �3)'5$%"#$% "�<5  76,.+4 , 2015. - B  4-1(13). � .109-112 
2. ��.6')�3'  � .� . �)$-,)$$  :00,#-$3.�"-$  /)�*3$!,.$(  .'76.� --,4.$6,"#$4  )'5 -

)'8�-�#  .'  )�""$%"#�&  )+.#, /�3)'5$%"#$% ��<5  �6,.+4  (��� )/ �,!*7.')�*.+%  .'76 -
.+% !7).' . 2015. B  4. � . 109. 

3. ��.6')�3'  � .� . ��.2,/2$(  $..�3'2$�..���  /�-,.2$' '  /)�&+9 ,..���  /),* -
/)$(-$(  4$&$6,"#�% �-)'" $  3 �8 '"-$  $&/�)-�5'&,=,.$(  / � . � . ��.6')�3' , � . � . �,* -
3,*,3' , � . � . �$!.(# , � . � . ��.6')�3' , � . ; . ��# �."#$%  // �  "8�).$#, : �'53$-$,  "),*.$4  
��)�*�3 : 5'&+", , &�*, $ , /)'#-$#'  �'-,)$' +  III �,!*7.')�*.�%  .'76.� -/)'#-$6,"#�%  
#�.0,),.2$$ . 2015. � . - 272-280. 

4. ��.6')�3'  � . � . �')#,-$.��3+%  '"/,#-  &,-�*�3  "-$&7 $)�3'.$(  .�3�33,*,.$%  
.'  /),*/)$(-$(4  3 7" �3$(4  #)$5$"'  / � . � . ��.6')�3'  // �,!*7.')�*.�,  .'76.�,  $5*'.$,  
��3),&,..+,  07.*'&,.-' 1.+,  $ /)$# '*.+,  $"" ,*�3'.$( . 2012. B  2-5. - � . 135-137. 
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� .� . ��.6')�3' , #. :#�. .. ., *�2,.- , � . � . 
9$.' , "-7*,.-  4 #7)"' , 
���  (0$ $' ) �� ����  

 
� (  /�3+9,.$(  $..�3'2$�..���  /�-,.2$' '  )'""&'-)$3'<-"(  �".�3.+,  &,-�*+  

�2,.#$  $ 7/)'3 ,.$(  :-$&  /)�2,""�& . �  �".�3.+&  5'*'6'&  7/)'3 ,.$(  $..�3'2$�..+&  
/�-,.2$' �&  &' ���  /),*/)$(-$(  &�!.�  �-.,"-$ :  

- #� $6,"-3,..�,  $ #'6,"-3,..�,  7 769,.$,  0$.'."�3���  "�"-�(.$(  $ "�"-�(.$(  $. -
.�3'2$�..���  /�-,.2$' '  &' ���  /),*/)$(-$( ; 

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

- /),�8)'5�3'.$,  #�&/�.,.-�3  $..�3'2$�..���  /�-,.2$' '  3 #�.,6.+%  $..�3'2$ -
�..+%  /)�*7#- . 

�  "/,2$' $5$)�3'..�%   $-,)'-7),  3+*, (<-  " ,*7<=$,  07.#2$$  $..�3'2$�..���  
/�-,.2$' ' : $.-,�)' 1.7< , .'#�/$-, 1.7< , #��)*$.'2$�..7< , $.0�)&'2$�..7< , )'53$ -
3'<=7< , 3�"/)�$53�*$-, 1.7< . 
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�)$  $"" ,*�3'.$$  $ )'""&�-),.$$  &,-�*�3  �2,.#$  $..�3'2$�..���  /�-,.2$' '  &' -
 ���  /),*/)$(-$(  3 /,)37<  �6,),*1  .,�84�*$&�  �/),*, $-1  ,��  3 #'6,"-3,  �8C,#-'  7/)'3 -
 ,.$(  #'#  $576,.$,  /)�2,""'  ),' $5'2$$  �".�3.+4  07.#2$% 7/)'3 ,.$(  /�  �-.�9,.$<  # 
�".�3.+&  #�&/�.,.-'&  $..�3'2$�..���  /�-,.2$' '  &' ���  /),*/)$(-$( . 

� (  -��� , 6-�8+  /)'3$ 1.�  /�*�8)'-1  #)$-,)$$  «$..�3'2$�..�"-$ » &' +4  /),*/)$ -
(-$% $ )'5)'8�-'-1  .,�84�*$&+,  /)�2,*7)+  $4 $"/� 15�3'.$( , .,�84�*$&�  5')'.,,  
"0�)&7 $)�3'-1  /)�8 ,&+  3 *,(-, 1.�"-$  :-$4  /),*/)$(-$% , .' $6$,  #�-�)+4  3 5.'6$ -
-, 1.�%  &,),  &�!,-  �#'5'-1  3 $(.$,  .'  $4 $..�3'2$�..7<  '#-$3.�"-1 . 

�/�"�8.�"-1  /),*/)$(-$(  # $..�3'2$(&  �/),*, (,-"( , 3 �".�3.�& , #'6,"-3�&  /,) -
"�.' ' , "�"-�(.$,&  ,��  7/)'3 ,.6,"#�%  "$"-,&+ , "�"-�(.$,  &'-,)$' 1.� --,4.$6,"#�%  8' -
5+ $ /)'#-$#�%  )+.�6.���  /�3,*,.$( . �  "3(5$ " :-$&  /�*4�*�&  /)$.(-�  3+*, (-1  " ,*7 -
<=$,  �8C,#-+  �2,.$3'.$(  $..�3'2$�..���  /�-,.2$' ' : 

- /,)"�.'  /),*/)$(-$( ; 
- )+.�6.'(  '#-$3.�"-1 ; 
- /�#'5'-, $  -,#7=,%  0$.'."�3� -4�5(%"-3,..�%  *,(-, 1.�"-$ ; 
- �)�'.$5'2$�..� -7/)'3 ,.6,"#'(  "$"-,&'  /),*/)$(-$( ; 
- /)�$53�*"-3,..'(  $ .'76.� --,4.$6,"#'(  8'5' . 
�)�3,.1  $..�3'2$�..���  )'53$-$(  /),*/)$(-$( , 3 "3�<  �6,),*1 , 4')'#-,)$57,-"(  

&.�!,"-3�&  : ,&,.-�3 , #'!*+%  $5 #�-�)+4  "�"-�$-  $5 "�3�#7/.�"-$  /�*"$"-,& . ��*"$ -
"-,&+  *'<-  3�5&�!.�"-1  �2,.$-1  ),"7)".�,  �8,"/,6,.1,  /),*/)$(-$( , 35'$&�*,%"-3$,  
),"7)"�3  $ $4 3 $(.$,  .'  :00,#-$3.�"-1  $..�3'2$�..�%  *,(-, 1.�"-$  /),*/)$(-$( . 

�  $..�3'2$�..�&7  /�-,.2$' 7  &' ���  /),*/)$(-$(  �-.�"(- : 6, �3,6,"#$, , -,4.$6, -
"#$, , &'-,)$' 1.+, , $.0�)&'2$�..+,  $ $.+,  3�5&�!.�"-$ , #�-�)+,  /�53� (<-  /),*/)$ -
(-$<  ),' $5�3'-1  /�"-'3 ,..+,  $..�3'2$�..+,  2, $ . 

�'#$&  �8)'5�& , "�"-'3 (<=$&$  $..�3'2$�..���  /�-,.2$' '  &' ���  /),*/)$(-$(  
(3 (<-"( : 

- 0$.'."�3+%  /�-,.2$'  &' ���  /),*/)$(-$( ; 
- #'*)�3+%  /�-,.2$'  &' ���  /),*/)$(-$( ; 
- &'-,)$' 1.� --,4.$6,"#$%  /�-,.2$'  &' ���  /),*/)$(-$( ; 
- $.0�)&'2$�..+%  /�-,.2$'  &' ���  /),*/)$(-$( ; 
- &')#,-$.��3+%  /�-,.2$'  &' ���  /),*/)$(-$( ; 
�'  ",��*.(9.$%  *,.1  �-"7-"-37<-  *,%"-3,..+,  &,-�*$#$  �2,.#$  $..�3'2$�..�%  

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

��#'5'-, $  (3 (<-"(  �".�3�%   <8���  &,-�*'  �2,.#$  $..�3'2$�..���  /�-,.2$' '  $ 
�-*, 1.+4  ,��  : ,&,.-�3 . �,3�5&�!.�  �8C,#-$3.�  �2,.$-1  $..�3'2$�..7<  *,(-, 1.�"-1  
/),*/)$(-$(  3 2, �& , ," $  /�#'5'-, $ , $"/� 157,&+4  * (  �2,.#$ , 4')'#-,)$57<-  )'5 $6 -
.+,  '"/,#-+  *,(-, 1.�"-$  .,5'3$"$&�  *)7�  �-  *)7�' . 

�' �,  /),*/)$.$&'-, 1"-3�  76'"-37,-  /)'#-$6,"#$  3�  3",4  �-)'" (4  :#�.�&$#$  ), -
�$�.' . �  "�2$' 1.�&  '"/,#-,  – �.�  �8,"/,6$3',-  5'.(-�"-1  $ #'6,"-3�  !$5.$  !$-, ,%  ), -
�$�.'  .,�84�*$&+&$  -�3')'&$  $ 7" 7�'&$ , 3 :#�.�&$6,"#�&  '"/,#-,  – 3.�"$-  3# '*  3 3' -
 �3+% ),�$�.' 1.+%  /)�*7#- , /�3+9,.$,  #'6,"-3'  $ #�.#7),.-�"/�"�8.�"-$  /)�$53�*$ -
&+4 -�3')�3  $ 7" 7� , 7)�3.(  *$3,)"$0$#'2$$  *,(-, 1.�"-$  "78C,#-�3  &' ���  /),*/)$.$ -
&'-, 1"-3' . 

�  /�" ,*.$%  /,)$�*  "78C,#-+ &' ���  8$5.,"'  *,&�."-)$)�3' $  "-'8$ 1.+%  )�"- , 
73, $6$3' $"1  #� $6,"-3,..+,  $ #'6,"-3,..+,  /�#'5'-, $  )'53$-$(  &' ���  /),*/)$.$ -
&'-, 1"-3' .  

�'$8� 19,,  #� $6,"-3�  &' +4  $ "),*.$4  /),*/)$(-$%  �� ���)'*"#�%  �8 '"-$  /)$ -
4�*$-"(  .'  "0,)7  �/-�3�%  $ )�5.$6.�%  -�)��3 $ , ),&�.-'  -)'."/�)-.+4  "),*"-3 , 8+-�3+4  
$5*, $% $ /),*&,-�3   $6.���  /� 15�3'.$(  – �#� �  38%. �  �/,)'2$(4  " .,*3$!$&+&  



 206 
 

$&7=,"-3�& , 3 '),.*,  $ /),*�"-'3 ,.$$  7" 7�  5'.(-�  18% &' +4  $ "),*.$4  /),*/)$(-$% , 
3 "-)�$-, 1"-3,  – 13%, �8)'8'-+3'<=$,  /)�$53�*"-3'  – �#� �  10%. 

�  7" �3$(4  0$.'."�3�%  $ :#�.�&$6,"#�%  .,"-'8$ 1.�"-$  /)�$"4�*$ �  $5&,.,.$,  
"-)7#-7)+  $ 7)�3.(  5'.(-�"-$  .'", ,.$( , 3 "�2$' 1.�%  "0,),  /� �!$-, 1.+,  /�" ,*"-3$(  
),' $5'2$$  &,)  ��"7*')"-3,..�%  /�**,)!#$  3+)'!'<-"(  3 "�4)'.,.$$  *,%"-37<=$4  
"78C,#-�3  &' ���  $ "),*.,��  /),*/)$.$&'-, 1"-3'  $ 3 /),*�-3)'=,.$$  "�#)'=,.$(  6$"-
 ,..�"-$  .',&.+4  )'8�-.$#�3 , "�5*'.$$  .�3+4  )'8�6$4  &,"-  * (  3+"3�8�!*',&+4  �)'! -
*'. . 	8,"/,6,.�  "�4)'.,.$,  *� $  /)�*7#2$$ , /)�$53,*,..�%  "78C,#-'&$  &' ���  /),* -
/)$.$&'-, 1"-3' , 3 :#�.�&$#,  ),�$�.' . 

��"-  #� $6,"-3'  "78C,#-�3  &' ���  $ "),*.,��  /),*/)$.$&'-, 1"-3'  /)�$5�9,  5' 
"6,-  73, $6,.$(  .'  3 -+"(6$  $.*$3$*7' 1.+4  /),*/)$.$&'-, ,%  $ .'  175 ,*$.$2  "),*.$4  
/),*/)$(-$% . �� .�"-1<  $58,!'-1  3 $(.$(  #)$5$"'  .,  7*' �"1 : ".$5$ '"1  $.3,"-$2$�. -
.'(  '#-$3.�"-1  &' +4  $ "),*.$4  /),*/)$(-$% , "�#)'-$ "(  �8�)�-  8� ,,  6,& .'  2%.  

�.$!,.$,  $.-,."$3.�"-$  )'53$-$(  /)�$53�*"-3'  "78C,#-�3  &' ���  $ "),*.,��  /),* -
/)$.$&'-, 1"-3'  �-)'5$ �"1  $ .'  /�"-7/ ,.$$  .' ���3  3 8<*!,-+  3",4  7)�3.,%  �-  *'..� -
��  ",#-�)'  :#�.�&$#$ . �'"-1  "78C,#-�3  &' ���  /),*/)$.$&'-, 1"-3'  / '-$-  .' ��$  /�  
"/,2$' 1.+&  .' ���3+&  ),!$&'& : 7/)�=,..�%  "$"-,&,  .' ����8 �!,.$( , ,*$.�&7  .' � -
�7 .'  3&,.,..+%  *�4�*  * (  �-*, 1.+4  3$*�3  *,(-, 1.�"-$  $ ,*$.�&7  ", 1"#�4�5(%"-3,. -
.�&7  .' ��7 . ��  "�4)'.$ "(  7)�3,.1  .' ���3+4  /�"-7/ ,.$%  �-  "0,)+  &' ���  $ "),*.,��  
/),*/)$.$&'-, 1"-3'  3 )'5&,),  16% 3",4  .' ���3 , /�"-7/'<=$4  3 #�."� $*$)�3'..+%  
8<*!,-  �� ���)'*"#�%  �8 '"-$ . 

�'#!,  /)$6$.�%  ".$!,.$(  /�#'5'-, ,%  (3 (,-"(  $5&,.,.$,  &,-�*� ��$$  76,-'  $ 
0�)&$)�3'.$(  "-'-$"-$6,"#�%  �-6,-.�"-$  &' +4  $ &$#)�/),*/)$(-$% , #�-�)+,  �#'5+3' -
 $  3 $(.$,  .'  �-6,-.+,  *'..+,  $ 7" �!.( $  "�/�"-'3 ,.$,  /�#'5'-, ,% . �'#  �-&,6',-"(  
3 &,-�*$6,"#$4  ),#�&,.*'2$(4  �$.$"-,)"-3'  :#�.�&$6,"#���  )'53$-$(  ��""$$  – �".�3 -
.'(  -)7*.�"-1  3 /� 76,.$$  .'*,!.���  /)��.�5'  – :-�  .$5#�,  #'6,"-3�  "-'-$"-$6,"#�%  8' -
5+, �87" �3 ,..�,  �8C,#-$3.+&$  $ "78C,#-$3.+&$  0'#-�)'&$ . �,%"-37<='(  "$"-,&'  
0�)&$)�3'.$(  "3�*.+4  $-���3  *,(-, 1.�"-$  &' +4  $ "),*.$4  /),*/)$(-$%  ��)'.$6$3',-  
6$" �  :#�.�&$6,"#$4  /�#'5'-, ,%  $ 3$*�3  *,(-, 1.�"-$  :#�.�&$#$ , /�  #�-�)+&  &�!.�  
/� 76$-1  "�/�"-'3$&+,  )(*+  $ /)�3�*$-1  )'8�-7  /�  /)��.�5$)�3'.$<  3),&,..+4  )(*�3 . 
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