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6$-'�'#  +$ -"1  %&�" 3�)"-  &'6!�'  40',/8',"'  !�<.."1"',-$  -&',"(  �%"��! , !�-�&�'  
 -$7"�"6"&4'- (  )�(  !&4%,*3  +$ -"1 , &$60'&�0 ,'  7��''  500 . �$,,�'  (2�',"'  �7C( ,('- -
 (  -'0 , +-�  0'�!"'  .&$!1""  +$ -"1  "0':-  7��/84:  %��;$)/  !�,-$!-$  ,$  ')","14  %�-
2'&3,� -" , $ 0$  $  "3  ,'2'�"!$ . 

 

 
�" . 1. �$2" "0� -/  !�<.."1"',-�2  -&',"(   !��/�',"(  �%"��!  �-  &$60'&,*3  %�!$6$-'�'#   

+$ -"1  %&" 2�$�,� -"  0$-'&"$�$  8% 
 

����  �'&�'&,������  �&%�'�  �%"��!  6$2" "-  �-  2,4-&',,'��  -&',"( ,  1'%�',"(  0' -
�)4  +$ -"1$0" , 2�$�,� -" , 4)'�/,���  2' $  "  3$&$!-'&"64'-   -'%',/  %�)2"�,� -"  +$ -"1 . 
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�&'),''  6,$+',"'  4��$  ' -' -2',,���  �-!� $  �%"��! , !$!  %�!$6$�"  0,���!&$-,*'  
"60'&',"( ,  � -$2"��  058=j . 

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

����  ' -' -2',,���  �-!� $  6$2" "-  �-  4��$  0'�)4  ��&"6�,-$�/,�#  %�2'&3,� -/:  "  
�7&$64:;'#  !�,4 $ , ,$ *%$'0���  ,$  ,''  6'&," -���  0$-'&"$�$ . 	7&$6�2$,"'  %�2'&3,� -"  
�-!� $  �-2'+$'-   � -�(,":  )",$0"+' !���  &$2,�2' "( , %�<-�04 <-�-  4���  ,$6*2$:-  )",$ -
0"+' !"0  4���0  ' -' -2',,���  �-!� $ :  

058
2

==
D
H

arctgDa
, 

�)'  D – )"$0'-&  )" !$ ; 
H – 2* �-$  !�,4 $ . 

����  �0�"1���!  6$2" "-  �-  4��$ , �7&$64:;'��  %&" �7&48',""   ��(  2 &'64�/-$-'  
4)$�',"(  %�)%�&,�#   -',!" : 

a
h

arctg'� =a
. 

��(  �%"��!  4���  �7&48',"(   � -$2�('-  45� . 
��/((�)���&-  ,�"&�������  �  ,��1����  &����! . �:7$(  )'.�&0$1"(   *%4+'��  0$-

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

a� fdtt += 0 , 
�)'  �t  - ,$%&(�',"'   )2"�$ ; 

0t  - ,$+$�/,�'   �%&�-"2�',"'   )2"�$ ; 
f – !�<.."1"',-  2,4-&',,'��  -&',"( ; 

ad  – ,�&0$�/,�'  )$2�',"' . 

��(   2(6,*3   *%4+"3 0$-'&"$��2 : 0,00 =¹ adt  
�  &'64�/-$-'  %&�2')A,,*3  "  �')�2$,"#  )�(  )&'2' ,*3  �%"��! , 7*��   !�, -&4" -

&�2$,$ <! %'&"0',-$�/,$(  4 -$,�2!$ . 	,$   � -�"-  "6 �%�&* , ,$  !�-�&�#   -�"!"   !&'%(- (  
!  6$�&46�+,�04  74,!'&4 .  

5'-�)"!$  %&�2')',"(  <! %'&"0',-$ : 
1. �  6$�&46�+,*#  74,!'&  6$ *%$:- (   43"'  �%"�!" ; 
2. 	-!&*2$'- (  6$ ��,!$ ; 
3. 	),�2&'0',,�    �-!&*2$,"'0  2*%4 !,���  �-2'& -"(  74,!'&$  2!�:+$'- (   ' -

!4,)�0'& ; 
4. �"! "&4'- (  2&'0(    *%$,"(  0$-'&"$�$  +'&'6 !$�)*'  50 � ; 
5. ��  �!�,+$,":  <! %'&"0',-$ , 2*!�:+$'- (   '!4,)�0'& ; 
6. �$!&*2$'- (  6$ ��,!$ ; 
7. �  6$�&46�+,*#  74,!'&   6$ *%$:- (  2�$�,*'  �%"�!" ; 
8. ��2-�&(:- (  %4,!-*  2,3,4,5 "  6. 
�  &'64�/-$-'  %&�2')',,*3  "  �')�2$,"#  7*�$  4 -$,�2�',$  6$2" "0� -/  0$  *  

%&� *%$,,���  0$-'&"$�$  �-  2&'0',"  m=f(t).(&" . 2). 
 

  

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

 
�  &'64�/-$-'  %&�2')',,*3  "  �')�2$,"#  7*�   )'�$,  2*2�) : ,$  �'�0'-&"+' !"'  

&$60'&* 74,!'&,���  4 -&�# -2$  �!$6*2$:-  2�"(,"'  0$  $  "  .�&0$  +$ -" . �43"'  �%"�!"  
�'�+'   !��/6(-  %�  -',!$0  74,!'&$ , +'0  2�$�,*' . 9-�  �7C( ,('- (  !$%"��(&,�#  !�0%� -
,',-�#   "�  $)�'6"" , $ %&"  0$+"2$,""  0$-'&"$��2  2�)�# , 2�6,"!$'-  )�%��,"-'�/,$(   "�$  
$)�'6""  +$ -"1  - !$%"��(&,$(  !�0%�,',-$ . 9-$  "�$  2�6,"!$'-  %&" ,$�"+""  %�',�+,�#  
2�$�,� -"  0$-'&"$�$ . �$%"��(&,*'   "�*  $)�'6""  40',/8$-/  �")&�.�7"6$1"'#  %�)���!" , 
- .' . %&'2&$;',"'  ''  %�2'&3,� -"  2 ,' 0$+"2$'04:  %&')8' -24:;'#  2  *%4+'0  0$-'&"$ -
�' . 

�����	
����������  ����	�  
1. �"$#���, , 2. � . 
'3,����"(  !�, -&4!1"�,,*3  0$-'&"$��2  "  "6)'�"#  ,$  � ,�2'  "6-
0'�/+',,*3  �-3�)�2  )&'2' ",*  / � .� .�4%+",�2 , � .� .�'0��$# , � .� .5'�/,"!�2 ; ��)  &') . 
� .� .�'���� . - 5", !  : �$4!$  "  -'3,"!$ , 1992. - 199  . 
2. ��"(,"'  ."6"!� -0'3$,"+' !"3  3$&$!-'&" -"!   *%4+'��  0$-'&"$�$  ,$  �'�0'-&"+' -
 !"'  &$60'&* 74,!'&,*3  4 -&�# -2  / � .� . �$�$&�2$ , � .� . �$�$8�2 , � .� . �$%�8,"!�2 , 
� .� . �&�3�&',!�  // �62' -"(  ����

� . �'&"(  "�'����"( , %&�1'  *  "  $%%$&$-* 3"0"+' -
 !�#  -'3,����"" ". �*% . 6 : 0'�246 .  7 . ,$4+.  - . / ����

� . - ������&$) , 2013. - =  1 (104). 
- C. 88-90. 
3. ���%�, , 
 . � . �4,!'&,*'  4 -&�# -2$  / �',!�2  � . � ., 
&",'2"+  
 . � ., � $'2  � . � . – 
5 . : 5$8",� -&�',"' , 1977. – 222  . 
4. ��*�����, , � .� . 5'-�)*  �%&')'�',"(   -&4!-4&,� -0'3$,"+' !"3  3$&$!-'&" -"!  
%�&�8!��7&$6,*3  0$-'&"$��2 . 5 .: �"0"( , 1982. – 256  . 
5. 
"(�!��, , 
 .3 . ��"(,"'  4%��-,('0� -"   *%4+'��  0$-'&"$�$  ,$  !&"-"+' !"#  
&$60'& 2*%4 !,���  �-2'& -"(  74,!'&,���  4 -&�# -2$ / � .� . �4."(,�2 , � .� . �$-$�*0�2 // 
�"0"(  "  3"0"+' !$(  -'3,����"( , 2011,- .54, 2*%.1,  .100-103.   
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(�����������)  '���������  ���������  ��  ��������  ��' ���  
�����  ��  ���*����  + 1 � . �� #���!�  

�7&$0�2  � .	 .,  -4) . �&. ��� -696; �'&,�2$  
 .� ., ,$4+. &4!�2 ., )�1 ., !$.')&$  ��
 ,  
���  ((�����  ������ ), � . ����'%�+  

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

�$6 %&�%$,-74-$, . �')� -$-!�0   �"�',,���  �$6$ (2�('- (  7��/8�'   �)'&�$,"'  �! ")$  4� -
�'&�)$  2 2*3��%,*3  �$6$3 $2-�0�7"�'# . ���  %&"0',',"'  2 $2-�0�7"�(3  434)8$'-  <!��� -
�":  ��&�)�2 .   

�$ %�&(�',"'0  �&$2"-'�/ -2$  ��  =  767-& «	  &'�4�"&�2$,""  �-,�8',"#  2  .'&'  
" %��/6�2$,"(  �$6�2���  0�-�&,���  -�%�"2$ », �&�$,$0  " %��,"-'�/,�#  2�$ -"  %�&4+',�  
&$6&$7�-$-/ 0'&�%&"(-"(  %� 42'�"+',":  !  2020 ��)4  )��"  �7;' -2',,���  -&$, %�&-$ 2 
��&�)$3 , &$7�-$:;'��  ,$  �$6�0�-�&,�0  -�%�"2' , )�  50%. �$62"-"'  &*,!$  �$6�0�-�&,���  
-�%�"2$  2 ��  ""  2,�2/   -$,�2"- (  %&��&$00�# �� 4)$& -2',,���  6,$+',"( . �&�1'   %'-
&'2�)$  -&$, %�&-$ ,$  0'-$,   -$&-�2$�  2�  0,��"3  &'�"�,$3  ��  "" . �  2013-2015 �� .  ���$ -
8',"(  �   �-&4),"+' -2'    
$6%&�0�0  %�)%" $,*    26  47C'!-$0"  �� , 2 -�0  +" �'  "  ��� -
���&$) !$(  �7�$ -/ . 

�$�,*0  <-$%�0 &$62"-"( &*,!$  ��
  2 ��  ""  (2�('- (  &$ 8"&',"'  '��  " %��/6� -
2$,"(  2  '�0',-$3  �7;' -2',,��� , !�00'&+' !���  "  �"+,���  $2-�-&$, %�&-$ . �  4 ��2"(3  
&� -$   -�"0� -"  7',6",$  "  )"6'�/,���  -�%�"2$ , 434)8',"(  <!����"+' !�#   "-4$1"" , � � -
7',,�  2 !&4%,*3  ��&�)$3 , -$!$(  0'&$ (2�('- (  <..'!-"2,�#  2 <!�,�0"+' !�0  "  <!����" -
+' !�0  ,$%&$2�',"" . 

�$ 8"&',"'  " %��/6�2$,"(  %&"&�),���  �$6$ 2 !$+' -2'  0�-�&,���  -�%�"2$  — �),�  
"6  -&$-'�"+' !"3  ,$%&$2�',"#  )'(-'�/,� -"  	�	  «
$6%&�0». �  <-�#  1'�/:   �6)$,$   %'-
1"$�"6"&�2$,,$(  !�0%$,"(  			  «
$6%&�0 �$6�0�-�&,�'  -�%�"2� », !�-�&$(  �%&')'�',$  
')",*0  �%'&$-�&�0  %� &$62"-":  &*,!$  �$6�0�-�&,���  -�%�"2$  2 ��  "# !�#  �')'&$1"" . 

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

 4%�����#��'&  – ,'0$��2$�,*#  .$!-�&  %&" %&",(-""  &'8',"(  �7  4 -$,�2!'  0'-$ -
,�2���  
�	 . �&"  �)",$!�2�0  &$ 3�)'  ,$  100 !0  %4-", 7',6",$  "  0'-$,$ ,  -�"0� -/  %�-
 �'),'��  2 2-3 &$6$ ,"�'   -�"0� -"  7',6",$  "�"  )"6'�/,���  -�%�"2$ . �'0  ",-', "2,''  
<! %�4$-"&4'- (  $2-�0�7"�/  – -'0  2*8'  <!�,�0"+' !"#  <..'!- . 

 2�5�$�'��'&  – 0'-$,  - ,$"7��''  7'6�%$ ,*#  2")  -�%�"2$  (%�  &$2,',":    7',6",�0  
"�"  %&�%$, - 74-$,�0 ), 0'-$,  �'�+'  2�6)43$ "  %&" 4-'+!'  7* -&�  4�'-4+"2$'- ( , ,'  �7&$-
64( 26&*2��%$ ,�#   0' " . �&�0'  -��� , ,"�,"#  %&')'�  2� %�$0',',"(   0' "  0'-$,$    2�6-
)43�0  - 5%, 2 �-�"+"'   �"�',,���  �$6$, �)'  �,   � -$2�('-  %&"0'&,�  2%. 

4%�����#��'&  – %&" " %��/6�2$,""  0'-$,$  %��,� -/:  �- 4- -24:-  2*7&� *  -�! -
 "+,*3   �')",',"#   2",1$  "  $&�0$-"+' !"3   �')",',"# , 2 &$6*  �!&$;$:- (  2*7&� *  
�	 , �� , �!" ��2  $6�-$, 2 -&"  &$6$  ,"�$'- (  )*0,� -/  2*3��%,*3  �$6�2. �2-�0�7"�"    
4 -$,�2�',,*0  0'-$,�2*0  
�	  %&" %&�3��)',""  -'3� 0�-&$  � 2�7��)',*  �-  %&�3��)' -
,"(  <!����"+' !���  !�,-&��( . 

�)", -2',,*0  ,')� -$-!�0  %&"0',',"(   �$-���  �$6$ (2�('- (  42'�"+',"'  -&4)�'0 -
!� -"  -'3,"+' !���  �7 �4�"2$,"(  "  &'0�,-$  )2"�$-'�(  "  )�%��,"-'�/,�'  �74+',"'  %'&-
 �,$�$ , ,�  6$  +A- ,"6!�#  1',*  �$6$, 6$-&$-* �!4%$:- (  6$ 2 -3 ��)$ . 

	7' %'+',"'  7'6�%$ ,� -"  $2-�74 �2  %&" 4 -$,�2!'  
�	  )� -"�$'- (  6$  +A- � �7', -
,� -'#  4 -$,�2!" . � -$,�2!$  �$6�2*3  7$���,�2    0'-$,�0  2�60��,$  2 )243 2$&"$,-$3.  

���,-+  ,�����& . �$  $2-�74 $3  &'),'#  "  7��/8�#  20' -"0� -"  7$���,*  )�(  3&$,' -
,"(  !�0%&"0"&�2$,,���  %&"&�),���  �$6$ (��
 ) 4 -$,$2�"2$:- (  2 ,"8$3 , !�-�&*'  �7&$-
6�2$,*  ,$  !&*8'  "  4-�%�',*  +$ -"+,�  2  $��,  $2-�74 $, %��� -/  ,"8  �'&0'-"6"&�2$,$  �-  
 $��,$  (&" . 1). �  6�,'  &$60';',"(  ���'0',-�2  )�(  7$���,�2  2*%��,',*  8%$,��4-*  )�(  
%'&')$+"  ,$�&46!"  ,$  &$04 8$  "  +'&'6  -�#!"  2  -',!$3  !46�2$ "  2'&-"!$�/,*'   -�#!"  
%�&4+,'#,  �')",',,*3  +'&'6 %��   $��,$     "��2�#  &$0�# $2-�74 $. 
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�
 

 
�" .1.  	7;"#  2")  $2-�74 $   �$6�7$���,,�#  4 -$,�2!�#  ,$  ��
    &$ %����',"'0  ,"8  ,$  !&*8' . 

 
�$  !��43$3  2*%��,',*  �:+!"  )�(  )� -4%$   ,$&4�"  "  "6  $��,$  !  �$6�2�#  $&0$-4-

&', &$60';',,�#  ,$  7$���,$3 . �4;' -24:-  2$&"$,-*  %&�)��/,���  "  %�%'&'+,���  !&'%�' -
,"(  7$���,�2  2 6$2" "0� -"  �-  -"%$ "  &$60'&$ $2-�74 �2 . 
'3,"+' !"#  &'64�/-$-  6$!�: -
+$'- (  2 )� -"�',""  <..'!-"2,*3  3$&$!-'&" -"!  0$  �2*3 , 1',-&�2�+,*3 , $<&�)",$0" -
+' !"3 , <!�,�0"+' !"3 , <! %�4$-$1"�,,*3 , 42'�"+',"(  &' 4& $ "  %�2*8',"(  7'6�%$ ,� -
 -"  %&" <! %�4$-$1""  $2-�74 $   �$6�7$���,,�#  4 -$,�2!�#  ,$  ��
 . 
$!$(  4 -$,�2!$  0� -
�'-  %&"0',(-/ (  2 $2-�74 $3 &$6�"+,*3  !�$  �2 , 2 -�0  +" �'  )�(   �+�',',,*3 , $ -$!�'  
)�(   %'1"$�/,���  -&$, %�&-$. 

�&���+  ,�����& .  �$���,*  )�(  3&$,',"(  !�0%&"0"&�2$,,���  %&"&�),���  �$6$ 
(��
 ) 4 -$,$2�"2$:- (  %�) %���0  $2-�74 $ (&" . 2).  
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�

�" . 2. �&"0'&  4 -$,�2!"  0'-$,�2*3  7$���,�2  %�) %���0  $2-�74 $. 

	 ,�2,*'  0' -$  4 -$,�2!"  7$���,�2  ,$  $2-�74 $3: ,$  &$0', 2 �&46�2�0  �- '!'  
(2)��/  2,4-&',,"3   -',�!  "�"  2)��/  %�%'&'+,�#  %'&'��&�)!" ), %�) ),";'0 . 	7C'0  7$�-
��,$  "  0' -�  '��  4 -$,�2!"  6$2" "-  �-  0�)'�"  "  0�)"."!$1""  $2-�74 $.  

�$  $2-�74 $3 4 -$,$2�"2$:- (  2 � ,�2,�0  1"�",)&"+' !"'  7$���,* . 	7C'0  0��'-  
7*-/  &$6,*#: 80, 87 ( %$&!$), 90, 100, 130, 175 "  200 �"-&�2 . 
� ��<-�04  $!-4$�/,*0  (2�('- (  %'&'2�)  2 '��  �7;' -2',,���  -&$, %�&-$ 2 ��&�)'  
���� !�0  ,$  0�-�&,�'  -�%�"2�  ��
  0'-$, . ��  )$,,*0  
����  � . ���� !���  2 ��&�)'  6$-
&'�" -&"&�2$,�  84 -* . $2-�0�7"�'# , "6 ,"3  533 0$&8&4-,�'  ��&�) !�'  -$! " , 339 0$&-
8&4-,�'  %&"��&�),�'  -$! " , 90 $2-�74 �2  5��  ���  1732. �-&$-'�"(  ��&�)$  <-�  %'&'2�)  
%&'�)'  2 '�� , $2-�74 �2  "  !�004,$�/,� -)�&��,*3 ,  -&�"-'�/,*3  -&$, %�&-,*3   &') -2 , 
 %'1"$�/,�#  -'3,"!"  ,$  ��
  0'-$, . �'-/  �
��� , �)'  ' -/  2�60��,� -/  6$%&$2�(-/ $2-� -
74 *  "  $2-�0�7"�" , &$ %����',$  -��/!�  2 &$#�,'  
9> -2.  
 �&'),' 4-�+,$(  6$%&$2!$ $2-�-&$, %�&-$  ,$  )$,,�#  6$%&$2�+,�#  -$,1""   � -$2 -
�('-  550-600 $2-�0�7"�'# . �$%$  3�)$  ,$  4 -$,�2�',,*3  �$6�2*3  7$���,$3   � -$2�('-  )�  
400 !0 , "  �7;' -2',,�04  -&$, %�&-4, &$7�-$:;'04    6 4-&$ )�  22 +$ �2  ,'�73�)"0$  6$-
%&$2!$ �$6�2*3  7$���,�2  1 &$6 2  4-!" . ��<-�04  0�;,� -"  �),�#  �
��  ,$   4;' -24:;"#  
�7;' -2',,*#  -&$, %�&- ,'  32$-"- .  

��  %&�'!-4  .')'&$�/,�#  %&��&$00* 5��  ���  =  1732 %'&')$,�  2 $2�4 -'  2015 
��)4  18 $2-�74 �2  ,$  0�-�&,�0  -�%�"2'  0'-$, . 
����	5  %�$,"&4'-   -&�"-'�/ -2�  ,� -
2*3  �
�� , <-�  (2�('- (   -&$-'�"+' !�#  %&��&$00�# ��&�)$ . 

��$,"&4'- ( , +-�  2 ��&�)'   ��-,�8',"'  -&$, %�&-$, &$7�-$:;'��  ,$  ��
 , �-,� " -
-'�/,�  -&$, %�&-$, &$7�-$:;'��  ,$  -&$)"1"�,,*3  2")$3 -�%�"2$ , !  2020 ��)4  74)'-   �' -
)4:;"0 : - �7;' -2',,*#  -&$, %�&- "  !�004,$�/,$(  -'3,"!$  - 50%; - �&46�2�#  -&$, %�&- 
)�(  2,4-&"��&�) !"3  %'&'2�6�!  "  �'�!"#  !�00'&+' !"#  -&$, %�&- - 30%; - �"+,*#  -&$, -
%�&- - 10%; -  '�/ !�3�6(# -2',,$(  -'3,"!$  - 20%. 

�&"  %'&'2�)'  )$,,�#  -'3,"!"  ,$  ��
  ,'�73�)"0�  &$ 8"&"-/   '-/  �
���  )�  -&A3 
6$%&$2�+,*3  -$,1"# .    

�$  � ,�2$,""  [1] ,$  &'�4�(&,*3  0$&8&4-$3 )���',  &$7�-$-/  <!����"+' !"  +" -*#  
-&$, %�&-; $2-�74 *  )���,*  �7' %'+"2$-/  %'&'2�6!4  %$  $�"&�2 -",2$�")�2  "  %$  $�" -
&�2   !��( !$0" . 9-"0  4 ��2"(   ��-2'- -24:-  $2-�74 *  7��/8���  !�$  $    ,"6!"0  %���0 , 
�7�&4)�2$,,*'  $%%$&'�(0". 

	7 �')�2$,"'  %$  $�"&�%�-�!�2  %�!$6$�� , +-�  ,$  0$&8&4-'  = 1 )���',  7*-/  $2-
-�74   &'),'#   20' -"0� -"   �-  50 )�  60 +'��2'! . 
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�$  0$&8&4-'  =  1 $2-�74  2�60��,�  " %��/6�2$,"'  $2-�74 �2  �-'+' -2',,���  "  
"0%�&-,���  %&�"62�) -2$  ,$  0�-�&,�0  -�%�"2'  0'-$, : «����$,",  - 4298G8-0000010»   
%$  $�"&�20' -"0� -/:  56 %$  $�"&�2 , ���  320412-10   %$  $�"&�20' -"0� -/: 57 
%$  $�"&�2 , Yutong ZK6852HG   %$  $�"&�20' -"0� -/:  )�  60 %$  $�"&�2 , Bravis ��
  
�7;'#  20' -"0� -/:  50 %$  $�"&�2 .  

�  1'�/:  %�))'&�!"  	�	  «����$7$ » %&')�$�$'- (  " %��/6�2$-/  ,$  0$&8&4-'  = 1 
$2-�74 *  «����$,",  - 4298G8-0000010» 2 !��"+' -2'  18 ')","1 . �&�"62�) -2',,*'  
%��;$)"  5��  ���  = 1732 %�62��(:-  �&�$,"6�2$-/  -'3,"+' !�'  �7 �4�"2$,"'  "  &'0�,-   
$2-�74 �2    
�	 .  

9!�,�0"+' !$(  <..'!-"2,� -/  " %��/6�2$,"(  $2-�74 �2  ����$,",   4298G8-
0000010»  )� -$-�+,�  2* �!$( . �$-&$-*  ,$  2,')&',"'  %&�'!-$   � -$2(-  12959261,3 ,$  1 
$2-�74 , &',-$7'�/,� -/  %&�'!-$   � -$2�('-  27,9%,  &�!  �!4%$'0� -"  – 3,67 �'- . �  &$0!$3 
�')'&$�/,�#  %&��&$00* %�$,"&4'- (  %�0�;/  %&')%&"(-"(0 , <! %�4$-"&4:;"0  $2-�74-
 *  ,$  0�-�&,�0  -�%�"2'  0'-$, , %�<-�04 6$-&$-* %&')%&"(-"(  40',/8$- (  "  2 &'64�/-$-'  
%&')%&"(-"(  )�%��,"-'�/,*'   &') -2$  ,$%&$2(- ,$  &$62"-"'  %&�"62�) -2',,�#  7$6*. 
 
�"-'&$-4&$  
1.   �')'&$�/,*#  6$!�,  =  220-��   �-  13.07.2015 � . «	7  �&�$,"6$1""  &'�4�(&,*3  %'&'2� -
6�!  %$  $�"&�2  "  7$�$�$  $2-�0�7"�/,*0  -&$, %�&-�0  "  ��&�) !"0  ,$6'0,*0  <�'!-&"+' -
 !"0  -&$, %�&-�0  2 ��  "# !�#  �')'&$1"" ». 
 
 

��� ��������  �����������  &������������  �������  ��   
��&�� �!�%����&  '���������  �  '�������  � )����� )������  

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

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

 0' '#  2* �!�0��'!4�(&,*3  "  ,"6!�0��'!4�(&,*3   �')",',"# , !�,1',-&"&�2$,"(  &$ -
-2�&�2  "  - .) . 2 &$6�"+,*3  �-&$ �(3  %&�0*8�',,� -"  2�-  4�'  7��''  20 �'-  " %��/64:- (  
0'07&$,,*'  0'-�)*  &$6)'�',"( , 2 -�0  +" �'  4�/-&$."�/-&$1"(  (�� ) [1]. �  %� �'),''  
2&'0(  ,$+$�"  8"&�!�  " %��/6�2$-/  0'07&$,,*'  0'-�)*  )�(  &'8',"(  6$)$+ �+" -!"   -�+ -
,*3  "  �%&' ,',"(   ��',*3  2�) . 

��/-&$."�/-&$1"(  – %&�1'   0'07&$,,���  &$6)'�',"(  �")!"3   0' '#  %�) )'# - -
2"'0  )$2�',"( , � ,�2$,,*#  ,$  &$6�"+""  0��'!4�(&,*3  0$   "�"  0��'!4�(&,*3  &$60'&�2 
!�0%�,',-�2  &$6)'�('0�#   0' " . 

��(  4�/-&$."�/-&$1""  " %��/64:-  ,"-&�1'��:��6,*' , $ -$!�'  %��"<�'!-&��"- -
,*'  0'07&$,* . 

�$!  "62' -,� , <..'!-"2,� -/  0'07&$,,���  &$6)'�',"(  6$2" "-  �-  &$6�"+,*3  .$! -
-�&�2 , -$!"3  !$!  &$6,� -/  )$2�',"#  (&$7�+''  )$2�',"' ), -'0%'&$-4&$ &$6)'�('0�#   0' " , 
 !�&� -/  %�-�!$ , !�,1',-&$1"(  &$6)'�('0�#   0' "  "  !�,1',-&$1"(  6$)'&�"2$'0*3  0'0 -
7&$,�#  2';' -2  [2]. 

�  )$,,�#  &$7�-'  &$  0$-&"2$'- (  %&�1'   !�,1',-&"&�2$,"(  &$ -2�&�2  2* �!� -
0��'!4�(&,*3   �')",',"#  (�5� )   %&"0',',"'0  4�/-&$."�/-&$1"" . ��,1',-&"&�2$,"'  
&$ -2�&�2  �5�  %4-'0 2*%$&"2$,"(  �7*+,�  ,'<..'!-"2,�  2 �') -2"'  &$6&48',"(  �5�  
(� �7',,�  7"�3"0"+' !"3  %&'%$&$-�2). �&"0',',"'  4�/-&$."�/-&$1""  %�62��('-  )�2' -"  
!�,1',-&$1":  �5�  )�  4&�2,( , %&" !�-�&�0  2�60��,�  ,'%� &') -2',,�'  " %��/6�2$,"'  
&$ -2�&$ 2 -'3,����"+' !�0  %&�1'  '  "�"  "62�'+',"'  "6 ,'��  �5�  )&4�"0"  0'-�)$0"  
&$6)'�',"( . 

�  &$0!$3 %&') -$2�',,*3  2 )$,,�#   -$-/'  "  �')�2$,"# , �'�"-  !�,!&'-,$(  6$)$+$ 
"  �')�2$,"#  6$2" "0� -"  3$&$!-'&" -"!  0'07&$,  �-  -'3,����"+' !"3  %$&$0'-&�2 2 %&�-
1'  '  4�/-&$."�/-&$1""  2�),���  &$ -2�&$ $1"�$6* .  
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�� �'  %&�2')',"(  4�/-&$."�/-&$1""  %��4+',*   �')4:;"'  %&�)4!-*  0'07&$,,� -
��  &$6)'�',"( : !�,1',-&$-  "  %'&0'$-. 

 ��(  &'8',"(  %� -$2�',,�#  6$)$+" ,'�73�)"0�  7*��  &$  0�-&'-/   �')4:;"'  $ -
%'!-* : 
1. ��"(,"'  &$7�+"3 4 ��2"#  %&�2')',"(  %&�1'  $  4�/-&$."�/-&$1""  ,$  3$&$!-'&" -"!"  
0'07&$, , $ "0',,�  &$6,� -"  )$2�',"#  "  %&�"62�)"-'�/,� -"  %� " 3�),�04  &$ -2�&4. 
2. 	1',!$  " -",,�#   '�'!-"2,� -"  0'07&$,*  2 6$2" "0� -"  �-  )"$0'-&$  %�&. 

��(  -'�&'-"+' !"3  "  �')�2$,"#  %&�1'  $  4�/-&$."�/-&$1""   � -$2�',$  %&�-
�&$00$ 2 Microsoft � xcel [3].  

�&�2')',*  "  �')�2$,"(  %� �%&')'�',":   '�'!-"2,� -"  $1'-$-1'��:��6,*3  
0'07&$,  -"%$ ��5 -50 – ��5 -300 2 6$2" "0� -"  �-  &$7�+'��  )$2�',"(  "  %&�"62�)"-'�/ -
,� -"  " 3�),���  &$ -2�&$.  

�+"-*2$(  2�60��,� -/  )' -&4!1""  .'&0',-�2  �&�$,"!"  %&" %�2*8',,*3  -'0%' -
&$-4&$3, 2*7&$,$ &$7�+$( -'0%'&$-4&$ 25º� . 

�  4+'-�0  �'�'�7&$6�2$,"(  %&" 2* �!"3  )$2�',"(3  "  4%��-,',"(  4�/-&$."�/-&$ -
1"�,,*3  0'07&$,  &$7�+"# )"$%$6�,  "60',',"(  %'&'%$)$ )$2�',"(  �'�"-  2 ",-'&2$�'  
0,1÷0,5 5�$ .  

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

                                                     
,

!

x

x
K =                                                   (1) 

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

                                        
I-K
K-K

Kx& j
j
×
×

=× ,                                           (2) 

�)'  D -  '�'!-"2,� -/  0'07&$,* , (2�(:;$( (  .4,!1"'#  �-,�8',"(  )"$0'-&$  0��'!4�  !  
)"$0'-&4  %�& 2 0'07&$,$3 . 

3) �)'�/,$(  %&�"62�)"-'�/,� -/  %� +" -�#  2�)'  
                                                   pa D×=0G                                               (3) 

4) �)'�/,$(  %&�"62�)"-'�/,� -/  %� &$6)'�('0�04  &$ -2�&4   2(6!� -/:  E  

                                                    
m
m0

0GG ×=                                             (4) 

5) �$ 3�)  %'&0'$-$ 
                                                                      j/1)1( --×= KGL �p                                     (5) 

6) �$ 3�)  !�,1',-&$-$  
                                                    pLGL �k -=                                           (6) 

7) �$7�+$(  %�2'&3,� -/  0'07&$,*  

                                                      
G

L
F p

m =                                                (7) 

� -$,�2�',*  6$2" "0� -"  " -",,�#   '�'!-"2,� -"  0'07&$,  �-  &$60'&$ %�& (&"-
 4,�!  1) "  6$2" "0� -/  &$7�+'# %�2'&3,� -"  0'07&$,  �-  %'&'%$)$ )$2�',"(  "  %&�"62�)" -
-'�/,� -"  %� " 3�),�04  &$ -2�&4       (&" 4,�!  2). 
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�" 4,�!  1 – 
&$."!  6$2" "0� -"  " -",,�#   '�'!-"2,� -"  0'07&$,*  �-  )"$0'-&$  %�& 

 
 

 
1 -  G=0,4!� / ; 2 -  G=0,3!� / ; 3 -  G=0,2!� / ; 4 -  G=0,1!� /  

�" 4,�!  2 – 
&$."!  6$2" "0� -"  &$7�+'# %�2'&3,� -"  0'07&$,  �-  %'&'%$)$ )$2�',"(  %&�"62�)"-'�/,� -"  
%� " 3�),�04  &$ -2�&4 

 
�,$�"6  %��4+',,*3  &'64�/-$-�2  %�!$6*2$'- : 
-  %&" 42'�"+',""  )"$0'-&$  %�& " -",,$(   '�'!-"2,� -/  0'07&$,*  40',/8$ -

'- (  %� �"%'&7��"+' !�04  6$!�,4  (&" 4,�!  1). 
-  %�2*8',"'  )$2�',"(  0��'-  %����"-'�/,�  2�"(-/  ,$  <..'!-"2,� -/  0'0 -

7&$,,���  &$6)'�',"( . �   �4+$'  4�/-&$."�/-&$1""  �5�  &" 4,�!  2 ,$��(),�  )'0�, -&"&4 -
'-  40',/8',"'  &$7�+'# %�2'&3,� -"  0'07&$,*  %&" 42'�"+',""  %'&'%$)$ )$2�',"(  "  42' -
�"+',"'  %�2'&3,� -"  %&" &� -'  %&�"62�)"-'�/,� -"  %� ,$+$�/,�04  &$ -2�&4; 

�"-'&$-4&$  
1. �*-,'& !"# , � . � . 	7&$-,*#  � 0�  "  4�/-&$."�/-&$1"(  /� . � . �*-,'& !"# . – 5 . : 
�"0"( , 1978 . – 351  . 
2. �*-,'& !"# , � .� . �$&�0'07&$,,*'  %&�1'  * . 
'�&"(  "  &$ +'-  5 .:     �"0"(  - 1986 - 
272   
3. 
���2$,+"!�2  � .� ., �"0�,�2  � .� . �&"0',',"'  9�5  2 3"0"+' !�#  -'3,����""  <!��� -
�"" . �$ -/  1. �+'7,�'  %� �7"' .- ������&$) : ����

� , 1994, 114  . 
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����������$"  �� )��  � �  �%�����  !����  
� . � . 
���2$,+"!�2  - 6$2.!$.')&�#  ����� , � . � . �$ "�/'2 -$ %"&$,-,  

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

 
�62' -,*  !�, -&4!1""  2"7&�."�/-&�2  )�(  �+" -!"  �$6�2 [2 – 5]. �3  ,')� -$-!$0"  

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

-*  7'6 %&"0',',"(  2"7&$-�&$. 
�  2"7&$1"�,,�0  ."�/-&'  )�(  �+" -!"  �$6�2 2*%��,',"'  -&47!"  )�",�#  l, �%&')' -

�('0�#  %� 2*&$�',":  (1) %�62��('-  2' -"  ."�/-&�2$,"'  �+";$'0���  �$6$ 2 &'6�,$, �0  
&'8',"" , !��)$  +$ -�-$  !��'7$,"#  �+";',,���  �$6$ 2 -&47!'  &$2,$  �7 -2',,�#  +$ -�-'  
!��'7$,"#  %&4�",,���  0$(-,"!$ , �7&$6�2$,,���  0$  �#  m %�)2"�,���  ."�/-&4:;'��  
<�'0',-$ , 4 -$,�2�',,�#  ,$  1"�",)&"+' !"3  %&4�",$3 . 

                                         
na

m
cl

×
××= p ,                                               (1) 

�)'  l – )�",$  -&47!" , 0; '  –  !�&� -/  624!$ 2 �$6' ; 0/ ; m – 0$  $  %�)2"�,���  ."�/-&4:;' -
��  <�'0',-$ , 2!�:+$:;'��  %��*#  %'&.�&"&�2$,,*#  !$&!$ ,   &$60';',,*0  ,$  ,'0  
."�/-&�2$�/,*0  0$-'&"$��0 , "  -&47!�# , 4 -$,�2�',,�#  2,4-&"  ."�/-&4:;'��  <�'0',-$ , 
!� ; a – 4%&4�� -/  1"�",)&"+' !�#  %&4�",* , � /0; n – +" ��  1"�",)&"+' !"3  %&4�", . 

�&$2,',"'  (1) 2*2�)"- (   �')4:;"0  �7&$6�0 . �62' -,� , +-�  +$ -�-$  !��'7$,"#  
�$6$ 2 -&47'  �%" *2$'- (  4&$2,',"'0  

                                                           
l

'
2

=n ,                                                       (2) 

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

                                                    
12

1
m
a

×=
p

n ,                                                    (3) 

�)'  m1 = m/n – 0$  $  %�)2'8',,���  ."�/-&4:;'��  <�'0',-$ , %&"3�)(;4: (  ,$  �),4  1" -
�",)&"+' !4:  %&4�",4  [1]. 
�&"&$2,"2$(  %&$2*' +$ -"  4&$2,',"#  (2) "  (3) %� �'  $��'7&$"+' !"3  %&'�7&$6�2$,"# %�-
�4+$'0  2*&$�',"'  (1) )�(  )�",*  -&47!"  l. 

 �$  &" 4,!'  1 "6�7&$�',$  !�, -&4!1"(  2"7&�."�/-&$  )�(  �+" -!"  �$6�2.  
 

 
1 – !�&%4 ; 2 – %$-&47�! )�(  %�)$+" 6$%*�',,���  �$6$; 3 – %$-&47�! )�(  �-2�)$  4��2�',,*3  +$ -"1 ;  

4 – %$-&47�! )�(  �-2�)$  �+";',,���  �$6$; 5 – %��*#  %'&.�&"&�2$,,*#  !$&!$ ;  6 – ."�/-&�2$�/,*#  0$-'&" -
$� ; 7 – -&47!$; 8 – ��.&"&�2$,,*#  8�$,� ; 9 – �%�&,$(  %��;$)!$ ; 10 – 1"�",)&"+' !"'  %&4�",*  

�" 4,�!  1 – ��, -&4!1"(  2"7&�."�/-&$  
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	,   � -�"-  "6 1"�",)&"+' !���  !�&%4 $ 1   %$-&47!$0" )�(  %�)$+" 6$%*�',,���  

�$6$ 2, �-2�)$  4��2�',,*3  +$ -"1  3 "  �-2�)$  �+";',,���  �$6$ 4, %�)2"�,���  ."�/-&4: -
;'��  <�'0',-$  2 2")'  %�����  %'&.�&"&�2$,,���  !$&!$ $ 5, �7-(,4-���  ."�/-&�2$�/,*0  
0$-'&"$��0  -&47!"  7, 4 -$,�2�',,�#  � ' "00'-&"+,�  2,4-&"  %�)2"�,���  ."�/-&4:;'��  
<�'0',-$  "  �7&$64:;'#    ,"0  2"7&$1"�,,*#  46'� , ��.&"&�2$,,���  8�$,�$  8,  �')",', -
,���    %$-&47!$0" �+";',,���  �$6$ "  -&47!�#  7.  

�$  ),";'  1"�",)&"+' !���  !�&%4 $ 1 4 -$,�2�',$  �%�&,$(  %��;$)!$  9   6$!&'%-
�',,*0"  ,$  ,'#  1"�",)&"+' !"0"  %&4�",$0"  10. 

�"7&$1"�,,*#  ."�/-&  )�(  �+" -!"  �$6$ &$7�-$'-   �')4:;"0  �7&$6�0 . �$-&47�!  
3 )�(  �-2�)$  4��2�',,*3  +$ -"1  6$!&*2$:- . �$%*�',,*#  �$6 %�)$:-  %�) )$2�',"'0  2 %$--
&47�!  2. ��)  )'# -2"'0  %'&'%$)$ )$2�',"(   ,$&4�"  "  2,4-&"  %�����  ."�/-&$1"�,,���  
!$&!$ $ 5 6$%*�',,*#  �$6 ."�/-&4'- (  +'&'6  %�&* ."�/-&�2$�/,���  0$-'&"$�$  6, $ +$ -" -
1*  )" %'& "�,,�#  .$6*  ,$!$%�"2$:- (  �!���  %�& ."�/-&�2$�/,���  0$-'&"$�$  6. 	+" -
;',,*#  �$6 )2"�'- (  2,4-&"  %�����  ."�/-&�2$�/,���  !$&!$ $ 5, %�%$)$'- 2,4-&/  -&47!"  
7 +'&'6  ''  �-!&*-*#  ,"�,"#  !�,'1 , %�),"0$'- (  !  ��.&"&�2$,,�04  8�$,�4  8,  �')",', -
,�04    %$-&47!�0 4 �-2�)$  �+";',,���  �$6$ "  )$�''  %� -&47�%&�2�)4 �+";',,���  �$6$ (,$  
."� . ,'  %�!$6$,) %� -4%$'- 2 2',-"�(1"�,,4:  -&474,  7�&,"!  �$6$, �$6���/)'&  "�"  2 �)",  
"6 $%%$&$-�2 -'3,����"+' !���  %&�1'  $ . 


$!  !$!  -&47!$ 7 "0''-  )�",4  l,  ��-2'- -24:;4:  2*&$�',":  (1), -�  +$ -�-$  !� -
�'7$,"(  �$6$ 2 <-�#  -&47' , �%&')'�('0$(  %� 4&$2,',":  (2),  ��-2'- -24'-   �7 -2',,�#  
+$ -�-'  !��'7$,"#  %�)2"�,���  ."�/-&4:;'��  <�'0',-$  0$  �#  m "  �%&')'�('0�#  %� 
4&$2,',":  (3) "  ,$+",$'-  !��'7$-/ (  2 &'6�,$, ,�0  &'�"0'    2* �!�#  $0%�"-4)�# , %&"-
2�)(;'#  !  ",'&1"�,,*0   "�$0 ,  7&$ *2$:;"0  +$ -"1*  )" %'& ,�#  .$6*  2,'8,'#  %�-
2'&3,� -"  ."�/-&�2$�/,���  0$-'&"$�$  6 ,$  ),";'  1"�",)&"+' !���  !�&%4 $ 1, !�-�&*'  
4)$�(:- (  %� �'  � -$,�2!"  ."�/-&�2$,"(  +'&'6  %$-&47�! 3. 

� -$,�2!$  ,$  ),";'  1"�",)&"+' !���  !�&%4 $ �%�&,�#  %��;$)!"    6$!&'%�', -
,*0"  ,$  ,'#  1"�",)&"+' !"0"  %&4�",$0"  %�62��('-  " %��/6�2$-/  4%&4�� -/  <-"3  %&4-
�",  )�(  4 -$,�2!"  ,$  ,"3  %�)2"�,���  ."�/-&4:;'��  <�'0',-$  "  '��  %&�)��/,*3  !��'7$ -
,"# , %�) )'# -2"'0  !�-�&*3  4��2�',,*'  +$ -"1*  �+";$'0���  �-  ,"3  ."�/-&4'0���  �$6$ 
,'%&'&*2,�  4)$�(:- (  "6 %�& ."�/-&�2$�/,���  0$-'&"$�$  7'6 6$-&$- <,'&�""  ,$  <-"  !��' -
7$,"( , +-�   ,"0$'-  <-"  6$-&$-* <,'&�"" . 

�&"0'& . 5$  $  %�)2"�,���  ."�/-&4:;'��  <�'0',-$ , 2!�:+$:;'��  %��*#  %'&-
.�&"&�2$,,*#  !$&!$ , ."�/-&�2$�/,*#  0$-'&"$�  "  -&47!�#  m=5 !� . 
��)$  0$  $ , %&"3�-
)(;$( (  ,$  �),4  %&4�",4  m1= m/n. �!�&� -/  624!$ %&" �+" -!'  2�6)48,*3  2',-"�(1"�, -
,*3  2*7&� �2  �-  +$ -"1  )" %'& ,�#  .$6*  ' =330 0/ ; 

�%&4�� -/  !$�)�#  1"�",)&"+' !�#  %&4�",*  6106×=a , /0, $ "3  +" ��  n=4, -��)$  
 ���$ ,�  2*&$�',":  (1) )�",$  -&47!"  l )���,$  7*-/  

�l 47,0
4106

5
33014,3

6
=

××
×=  

�&"  -$!�#  )�",'  -&47!"  +$ -�-$  !��'7$,"#  2�6)43$ 2 ,'#   � -$2"-   ���$ ,�  4&$2-
,',":  (2) 

,348
47,02

330
�)=

×
=l  

$  �7 -2',,$(  +$ -�-$  !��'7$,"#  %�)2"�,���  ."�/-&4:;'��  <�'0',-$ , �7&$64: -
;'��  ,$  1"�",)&"+' !"3  %&4�",$3  10 %&4�",,*#  0$(-,"!   � -$2"-   ���$ ,�  4&$2,',":  
(3) 

�)( 348
5

4106
14,32

1 6

=
××

×
×

=l  
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$!"0  �7&$6�0 , 4 -$,�2!$  ,$  ),";'  1"�",)&"+' !���  !�&%4 $ �%�&,�#  %��;$)!"  
  6$!&'%�',,*0"  ,$  ,'#  1"�",)&"+' !"0"  %&4�",$0" , ,$  !�-�&*'  4 -$,�2�',  %�)2"� -
,*#  ."�/-&4:;"#  <�'0',- , %&" )�",'  -&47!" , �%&')'�('0�#  2*&$�',"'0  (1) %�62��('-  
2' -"  %&�1'   ."�/-&�2$,"(  2 2"7&$1"�,,�0  &'�"0' , "  �7' %'+"2$'-  &'6�,$, ,*'  !��' -
7$,"(  ."�/-&�2$�/,���  <�'0',-$  ,$  %&4�",$3    7��/8�#  $0%�"-4)�#  7'6 %&"0',',"(  
2"7&$-�&$. 9-�  �7' %'+"2$'-   ,"�',"'  <,'&��6$-&$-  ,$  2"7&$1":  %�)2"�,���  <�'0',-$  
%&" ,'%&'&*2,�#  &'�','&$1""  %�& ."�/-&�2$�/,���  0$-'&"$�$  5. 

 
�%" �!  �"-'&$-4&*  

1. � . 5 . �&�2 !"#  "  � . � . �'-�$. . �%&$2�+,"!  %� ."6"!' . ��(  ",�','&�2  "   -4)',-�2  
246�2. 
� 4)$& -2',,�'  "6)$-'�/ -2�  ."6"!� -0$-'0'-"+' !�#  �"-'&$-4&* . –5 . 1963,  . 
102;  . 510;�7�6,$+',"(  %&"2')',*  2 .�&04�'  %��'6,�#  0�)'�"  "  2 -'! -'  6$(2!"  %� �'  
2*&$�',"(  (1). 
2. �"0"!� --'3,����"+' !$(  $%%$&$-4&$   " %��/6�2$,"'0  ."6"+' !"3  0'-�)�2  ",-', -
 "."!$1""  %&�1'  �2 . �$-$��� . �6)$,"'  2-�&�' . – 5 .: >��
���5���
�5�� , 1983,  . 
12 – 13. 
3. �$-',-  �%�,""  = 43349, � . !� . 72 � 343.21, 5 .!� . �  01 D; &'.'&$-"2,*#  �4&,$�  
«�"0"( », 1972, = 13 (2)  -& . 13. 
4. 	%" $,"'  "6�7&'-',"(  !  $2-.  2. ����  =  297376, � 01D 29/28, 1971. 
5. 	%" $,"'  "6�7&'-',"(  !  %$-',-4  ��  = 2133135, � 01� 33/03; � 01� 33/54; 
� 01� 29/72,1998. 
 

 
��������,-�"  ��� ��  

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

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

� ,������&$) ), 

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

� , ������&$) ) 
 

�&')�$�$'0$(!�, -&4!1"(  1"!��,$  �-,� "- (  !  4 -&�# -2$0  )�(  �+" -!"  2',-"�( -
1"�,,*3  2�6)48,*3  2*7&� �2  "  )*0�2*3  �$6�2 �-  -�,!�)" %'& ,�#  �")!�#  "  -2'&)�#  
.&$!1"#  "  0��'-  ,$#-"  %&"0',',"'  2 3"0"+' !�# , ,'.-'3"0"+' !�# , 0'-$��4&�"+' !�# , 
<,'&�'-"+' !�# , 0$8",� -&�"-'�/,�# ,  -&�"-'�/,�#  "  )&4�"3  �-&$ �(3  %&�0*8�',,� -" , 
$ -$!�'  2 <!����"+' !"3  %&�1'  $3  �$6��+" -!" . 

�  ,$ -�(;''  2&'0(  �7*+,$(  !�, -&4!1"(  1"!��,$  2!�:+$'-  2'&-"!$�/,*#  1"�",) -
&"+' !"#  !�&%4    !�,"+' !"0  ),";'0  "  !&*8!�# , 23�),�#  %$-&47�!,4 -$,�2�',,*#  
-$,�',1"$�/,�  2 2'&3,'#  +$ -"  !�&%4 $, 2*3��%,4:  -&474, 4 -$,�2�',,4:  � ' "00'- -
&"+,�    1"�",)&"+' !"0  !�&%4 �0  ,$  !&*8!'  "  %$-&47�! )�(  �-2�)$  4��2�',,�#  %*�"  2 
,"�,'#  +$ -"  !�,"+' !���  ),";$ .[1] 
	 ,�2,*0  ,')� -$-!�0  -"%�2*3  1"!��,�2  (2�('- (  ,"6!$(  %&�"62�)"-'�/,� -/ ,  2(6$, -
,$(    ,'�73�)"0� -/:  +$ -�#  � -$,�2!"  '��  &$7�-*  "�"  7$-$&'"  1"!��,�2  )�(  4)$�',"(  
4��2�',,*3  +$ -"1  "  !$%'�/  "6 �+";$'0���  �$6$, ,$!$%�"2$:;"3 (  ,$   -',!$3  1"�",)&" -
+' !���  !�&%4 $ "  !�,"+' !���  ),";$  "   ���,� -/  "3  4)$�',"(    %�2'&3,� -"   -',�! , 
-&'74:;$(  6,$+"-'�/,*3  -&4)�6$-&$- "  <,'&�"" , � �7',,�  %&" �7&$6�2$,""  4��2�',,*0"  
+$ -"1$0"  "  !$%�(0"  �"%!�#  2* �!�!�,1',-&"&�2$,,�#   -&4!-4&"&�2$,,�#  ,',/:-�,�2 -
 !�#   &')* . 

�62' -,$  !�, -&4!1"(  ",'&1"�,,���  %*�'4��2"-'�(    2"7&$-�&�0 . �&",1"%  '��  
&$7�-*    6$!�:+$'- (  2  �')4:;'0 : %'&".'&"#,*#  22�)  6$%*�',,���  �$6�2���  %�-�!$  
� 4;' -2�(:-  2 1"�",)&"+' !4:  +$ -/  5 !�&%4 $ 1"!��,$ , 6$!&4+"2$( '��  6$  +'-  -$,�', -
1"$�/,���  %'&".'&"#,���  22�)$  "  2",-��7&$6,�#  !&*8!"  3. �$-'0  %�-�!  %� ," 3�)(;'#  
2",-�2�#  �",""  �%4 !$'- (  2&$;$( /  2)��/   -',�!  $%%$&$-$. �$ -"1*  %*�"  %�) )'# -2" -
'0  1',-&�7'�,�#   "�*  )2"�4- (  �-  1',-&$  $%%$&$-$ !  %'&".'&""  " , )� -"�$(   -',�!  $%-
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%$&$-$, -&$, %�&-"&4:- (  2,"6  2 !�,"+' !4:  +$ -/  6 !�&%4 $ )�(   7�&$  4��2�',,�#  %*�" . 
	+";',,*#  2�6)43 2*2�)"- (  "6 1"!��,$  +'&'6  2*3�),�#  %$-&47�! 2. 

 

 
1 – %'&".'&"#,*#  22�) ; 2 – 7$�!$ ; 3 – 2",-��7&$6,$(  !&*8!$ ; 4 – � '2�#  2*3�),�#  %$-&47�!; 5 – 1"�",)&" -

+' !$(  +$ -/  !�&%4 $; 6 – !�,"+' !$(  +$ -/  !�&%4 $; 7 – ."�/-&4:;"#  <�'0',- ; 8 – !��/1� ; 
9 – %&4�",* ; 10 – 2"7&$-�&; 11 – 7��!  4%&$2�',"(  

�" 4,�!  1 — >"!��,    2"7&$-�&�0  
 

 
	 $�)',"'  %*�"  %&�" 3�)"-  "6 !�,"+' !�#  +$ -"  6 !�&%4 $ 2 74,!'& , %&" <-�0  

2*2�)  �+";',,���  �$6$ � 4;' -2�(:-  +'&'6  � '2�#  2*3�),�#  %$-&47�! 4, $ %&�1'   2"7-
&�-&$, %�&-"&�2$,"(  +$ -"1  %*�"  2,"6  !  74,!'&4  - %4-'0  ��7;',"(  !�&%4 ,*0  )'-$�(0  
1"!��,$  2"7&$1""    %�0�;/:  2"7&$-�&$ 10. �'�4�"&�2$,"'  %$&$0'-&�2 2�6,"!$:;'��  
2"7&�)",$0"+' !���  &'�"0$  � 4;' -2�(:-  %� &') -2�0  7��!$  4%&$2�',"(  11 2"7&$-�&�0  
10. ���'7$,"(  1"!��,$  �-  2"7&$-�&$ 10 %&�" 3�)"-  ,$  %&4�",$3  9, %&" <-�0  6$)'&�$,"'  
,'4��2�',,*3-�,!"3  .&$!1"#  %*�"  2 2*3�),�0  %$-&47!' %&�" 3�)"-  ,$  ."�/-&4:;'0  
<�'0',-'  7, �),�2&'0',,�  (2�(:;'0 (  $<&�)",$0"+' !"0  ��48"-'�'0  840$ .[2] 

	%" $,,$(  !�, -&4!1"(  1"!��,$  -$!�'  "0''-  &()  ,')� -$-!�2 , ��$2,*0  "6 !�-�&*3  
(2�(:- (  2* �!"'  6$-&$-* <,'&�""  ,$   �6)$,""  2"7&$1""  "  4)$�',"'  4��2�',,*3  +$ -"1  
 �   -',�!  1"�",)&"+' !�#  +$ -"  !�&%4 $ 1"!��,$ , � �7',,�  ' �"  �),�2&'0',,�    +$ -" -
1$0"  4�$2�"2$:- (  !$%�"  �")!� -" , �7&$64:;"'    -2'&)�#  )" %'& ,�#  .$6�#  �"%!4:  
2* �!�!�,1',-&"&�2$,,4:   4 %',6": , �7&$64:;4:   -&4!-4&*  "  �7�$)$:;"'  ,',/:-� -
,�2 !"0"   2�# -2$0" . 

�&')�$�$'- (  !�, -&4!1"(  &'6�,"&4:;'��1"!��,$ , 2 !�-�&�0   ,"�$:-  <,'&��6$ -
-&$-* , ")4;"'  ,$  2"7&$1":   -',�!  1"!��,$ , -$!  !$!  2"7&$1"(   7��/8�#  $0%�"-4)�#  &$6-
&48$'-   -&4!-4&4 0'�!"32* �!�!�,1',-&"&�2$,,*3   4 %',6"# , �7�$)$:;"3  ,',/:-� -
,�2 !"0"   2�# -2$0"  "  40',/8$'-  "3  <..'!-"2,4:  2(6!� -/ , +-�  4 !�&('-   -'!$,"'  2* -
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 �!�!�,1',-&"&�2$,,�#   4 %',6""  %�  -',!$0  1"�",)&"+' !�#  "  !�,"+' !�#  +$ -"  !�& -
%4 $ 2 74,!'& . 

�'64�/-$-  )� -"�$'- (  -'0 , +-�  2 1"!��,'  !�-�&*#  7*�  �%" $,  &$,''  0*  �-!$6*2$ -
'0 (  �-  2"7&$-�&$, $ 2 0' -�  ,'��  2"7&$1":  1"!��,$  74)'0  %��4+$-/6$  +'-  &'6�,$, ,���  
<..'!-$ .���4+',"'  2"7&$1""  6$!�:+$'- (  2 -�0 , +-�  � '2�#  2*3�),�#  %$-&47�!  ,$7�$ -
'- (  )�%��,"-'�/,�#  �'&0'-"+,�   �')",',,�#    ,'#  -&47�# -$! , +-�7*  +$ -�-$  !��'7$,"#  
-&47*   ��-2'- -2�2$�$  +$ -�-'   �7 -2',,*3  !��'7$,"#  %&4�", , ,$  !�-�&*3  %�)2'8',  1" -
!��, . �� �'  ,$+$�$  &$7�-*  1"!��,$  "  %&�3��)',""  %� 2*3�),�#  -&47'  2�6)43$  $0$ -&4-
7$ ,$+",$'-  2"7&"&�2$-/ , $ %&4�",*  %�) 2�6)'# -2"'0  +$ -�-*  !��'7$,"#  �$6$, %&"7�"-
�',,*3  !   �7 -2',,�#  +$ -�-'  !��'7$,"#  %&4�",,���  0$(-,"!$,$+",$:-  !��'7$-/ (    
2* �!�#  $0%�"-4)�# .�$   +'-  <-���  1"!��,  ,$+",$'-  2"7&"&�2$-/  2 &'6�,$, ,�0  &'�"0' , 
-'0   $0*0  �7' %'+"2$(  <..'!-"2,�'"  ,'%&'&*2,�'  4)$�',"'  ,$�"%$:;"3  +$ -"1  "  !$-
%'�/   �   -',�! , ,'  6$-&$+"2$( )�%��,"-'�/,�#  <,'&�"" . 

�3'0$  &'6�,"&4:;'��  1"!��,$  %&') -$2�',$  ,$  &" 4,!'  2. 	,   � -�"-  "6 %'&".' -
&"#,���  22�)$  6$%*�',,���  �$6�2���  %�-�!$  1, 7$�!"  2, 2",-��7&$6,�#  !&*8!"  3, � '2���  
2*3�),���  %$-&47!$ 4, 1"�",)&"+' !�#  +$ -"  !�&%4 $ 1"!��,$  5, !�,"+' !�#  +$ -"  !�& -
%4 $ 6,%&4�",  7, )�7$2�+,�#  -&47*  8, ��.&*  9. 

\  
 

1 – %'&".'&"#,*#  22�) ; 2 – 7$�!$ ; 3 – 2",-��7&$6,$(  !&*8!$ ; 4 – � '2�#  2*3�),�#  %$-&47�!; 5 – 1"�",)&" -
+' !$(  +$ -/  !�&%4 $; 6 – !�,"+' !$(  +$ -/  !�&%4 $; 7 –%&4�",* ; 8 – )�7$2�+,$(  -&47$; 9 – ��.&$  

�" 4,�!  2 — �'6�,"&4:;"#  1"!��,  
 

�&"0'&  &$ +'-$ )�",*  )�%��,"-'�/,�#  -&47*  
1.��7 -2',,$(  +$ -�-$  !��'7$,"#  %&4�",,���  0$(-,"!$  [3]: 
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�)'   +" ��  �&3"0')$ ; !��"+' -2�  %&4�", ; 0$  $  1"!��,$ ; 4%&4�� -/  %&4-
�", , � /5 ; 

 
2.�$ -�-$   �7 -2',,*3  !��'7$,"#�+";$'0���  2�6)43$ 2 -&47' : 
 


)'   !�&� -/  624!$ 2 2�6)43' ; �7;$()�",$  � '2���  2*3�),���  %$-&47!$ "  )� -
%��,"-'�/,�#  �'&0'-"+,�   �')",',,�#    ,'#  -&47* ; 

3.�� �'  $��'7&$"+' !"3  %&'�7&$6�2$,"# 2*8'  6$%" $,,*3  .�&04�  %��4+$'0  .�& -
04�4  )�(  �%&')'�',"(  )�",*  -&47* ,  �')",',,�#   � '2*0  2*3�),*0  %$-&47!�0: 

 
�)'   +" ��  �&3"0')$ ; 

!��"+' -2�  %&4�", ; 0$  $  1"!��,$ ; 4%&4�� -/  %&4�", , � /5 ; 
 !�&� -/  624!$ 2 2�6)43' ; )�",$� '2���  2*3�),���  %$-&47!$ 

 
�%" �!  " %��/6�2$,,*3  " -�+,"!�2  

1. �$ $-!",  � .
 . 	 ,�2,*'  %&�1'  *  "  $%%$&$-* 3"0"+' !�#  -'3,����"" : �+'7,"!  )�(  
246�2.14-'  "6) .,  -'&'�-"%,�' . �'&'%'+$-!$    )'2(-���  "6)$,"(  1973 � . – 5 .: 			  ��  
«��/(, », 2008. – 753  . 
2. �$- . 2270059 ��  "# !$(  .')'&$1"( , 5��  B04C11/00. �%� �7  ",'&1"�,,���  %*�'4�$2 -
�"2$,"(  "  4 -&�# -2�  )�(  '��  � 4;' -2�',"( . /��+'-�2  	�'�  �$2'�/'2"+  (RU), ��+'-�2$  
5$&"(  	�'��2,$  (RU), ��)$!�2$  
$-/(,$  �0"-&"'2,$  (RU); %$-',-��7�$)$-'�/  ��+'-�2  
	�'�  �$2'�/'2"+ , ��+'-�2$5$&"(  	�'��2,$ , ��)$!�2$  
$-/(,$  �0"-&"'2,$ . - 
=  2004117819/15, 6$(2�. 15.06.2004 ;�%47�. 20.02.2006. 
3. � .5 . �2�& !"# , � .� . �'-�$. . �%&$2�+,"!  %� ."6"!' . ��(  ",�','&�2  "   -4)',-�2  246�2. 
– 5 .: �"60$-�"6 , 1963, 847  .  

 

 
�����$  ��������������  '�������  ����� ����   

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

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

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

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

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

��)  !�, -&4!-"2,*0"  %�,"0$:- (   %� �7* , %&" !�-�&*3  ",-', "."!$1"(  )� -" -
�$'- (  %4-'0 " %��/6�2$,"(  !�, -&4!-"2,*3  � �7',,� -'#  $%%$&$-$, 7'6 "60',',"#  4 �� -
2"# %&�1'  $  "   2�# -2  0$-'&"$�/,*3  %�-�!�2 .  


'3,����"+' !"'   %� �7*  ",-', "."!$1""   2�)(- (  !  ,$3��)',":  -$!"3  4 �� -
2"# %&�2')',"(  %&�1'  $ , %&" !�-�&*3  %&�"62�)"-'�/,� -/  )$,,���  $%%$&$-$ )� -"�$'-  
,$"7��/8'#  2'�"+",* . �&�"62�)"-'�/,� -/  %�2*8$'- (  %&" !�$�4�(1""  !$%'�/  �")!� -
 -" ,  �6)$,""  � �7*3  �")&�)",$0"+' !"3  4 ��2"# , %&"0',',""  &$6�"+,*3   "�  "  <..'! -
-�2 .  
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�" 4,�!  1 – ��$  "."!$1"(  0'-�)�2  ",-', "."!$1""  

 
	),"0  "6 <..'!-"2,*3  0'-�)�2  ",-', "."!$1""  %&�1'  $  "  %�2*8',"(  <..'! -

-"2,� -"  (2�('- (   �6)$,"'  4 ��2"#  )�(  42'�"+',"(  &$60'&�2 +$ -"1 . �&$!-"+' !"  <-�  
0��,�  � 4;' -2"-/  )240(   %� �7$0" : 4 "�',"'0  %&�1'  �2  !�$�4�(1""  +$ -"1  6$  +'-  
&$6�"+,*3  0'3$,"60�2  "�"  !�,)', $1"�,,*0  4!&4%,',"'0  +$ -"1  6$  +'-  ,$ *;',"(  �$-
6�2���  %�-�!$  %$&�0 "   �6)$,"(  2  " -'0'  4 ��2"#  )�(  '��  !�,)', $1""  ,$  +$ -"1$3 [1, 2].  

	),$!� , !$!  4�'  �-0'+$�� / , !�$�4�(1"(  0��'-   4;' -2',,�   !$6$-/ (  ,$  !�,1', -
-&$1""  "  &$60'&$3 +$ -"1  -��/!�  %&" "3  6,$+"-'�/,�#  !�,1',-&$1""  2 �$6'  "  ,'  0��'-  "� -
&$-/ 6,$+"-'�/,4:  &��/  2 %&�1'  $3  �+" -!"  �$6�2 %&" �7*+,*3  4 ��2"(3  7'6 " %��/6� -
2$,"(  )�%��,"-'�/,*3  0'3$,"60�2  (<�'!-&� -$-"+' !"3 , 0$�,"-,*3 , 4�/-&$624!�2*3  "  
- .) .). �&"  ,$�"+""  2 �$6�2�0  %�-�!' , ,$ *;',,�0  %$&$0" �")!� -" , -2'&)*3  +$ -"1 , !$-
%'�/  "  %�',!"  �")!� -" , ,$  +$ -"1$3, !�-�&*'  %&" <-�0  2*%��,(:-  &��/  $!-"2,*3  ()'&  
!�,)', $1"" , 74)'-  !�,)', "&�2$-/ (  -��/!�  +$ -/  %$&$. 	),$!�  "  2 <-�0   �4+$'  %�2*8' -
,"'  <..'!-"2,� -"  4�$2�"2$,"(  0��'-  %&�" 3�)"-/  ,'  -��/!�  6$  +'-  4!&4%,',"(  +$ -"1 , 
,�  "  6$  +'-  "3  ,$0�!$,"(  ("�"  ,$743$,"( ) "  42'�"+',"(  0$  * , +-�  0��'-  -$!�'   4;' - -
2',,�   !$6$-/ (  ,$  <..'!-"2,� -"  ",'&1"�,,���  � $�)',"(  "   0$+"2$'0� -"  [3]. 

�;'  �),"0  0'-�)�0  %�2*8',"(  <..'!-"2,� -"  4�$2�"2$,"(  0��'-  (2�(-/ (   �6 -
)$,"'  �")&�)",$0"+' !"3  4 ��2"#  )�(  �7' %'+',"(  2 ()&'  %�-�!$  !$%'�/  �%-"0$�/,���  
&$60'&$   0$! "0$�/,�#  +" �',,�#  !�,1',-&$1"'# . 9-$  1'�/  0��'-  7*-/  )� -"�,4-$  ,' -
 !��/!"0"   %� �7$0" : 42'�"+',"'0   !�&� -"  �$6$, 42'�"+',"'0  ",-', "2,� -"  7&*6�� -
4,� $    %�2'&3,� -"  %�',!"  "  " %��/6�2$,"'0  %�2'&3,� -,� -$!-"2,*3  2';' -2  (��� ). 
�2'�"+',"'   !�&� -"  �$6$ 0��'-   4;' -2',,�   !$6$-/ (  "  ,$  )" %'& ,�0   � -$2'  !$%'�/  "  
,$  "3  !�,1',-&$1""  2 ()&'  %�-�!$ . �  1'��0  0��,�   +"-$-/ , +-�  ''  42'�"+',"'  %����" -
-'�/,�  2�"('-  ,$  <..'!-"2,� -/  4�$2�"2$,"(  (� �7',,�  2* �!�)" %'& ,*3  +$ -"1 ). 	) -
,$!�  2 &'$�/,*3  4 ��2"(3   !�&� -/  �$6$ +$ -�  ��&$,"+',$  <,'&�'-"+' !"0"  6$-&$-$0" ,$  
�+" -!4  (�")&$2�"+' !"0   �%&�-"2�',"'0  $%%$&$-$) "  %�<-�04  -$!�#  0'-�)  %�2*8',"(  
<..'!-"2,� -"  ,'�/6(   +"-$-/  4,"2'& $�/,*0 . �2'�"+',"'  ",-', "2,� -"  7&*6��4,� $  
%&" ,'"60',,*3  &$ 3�)$3  �$6$ "  �")!� -"  0��'-  )� -"�$-/ (  6$  +'-  %&�."�"&�2$,"(  %�-
2'&3,� -"  !$,$�$  (" !4  -2',,�#  8'&�3�2$-� -" ) "�"  4 -$,�2!"   %'1"$�/,*3  &$67&*6�"-
2$-'�'#  (-4&74�"6$-�&�2 ) [2]. 

�   %� �7$0  %�2*8',"(  %&�"62�)"-'�/,� -"  �-,� "- (  " %��/6�2$,"'  <�'!-&� -
 -$-"+' !���  "  <�'!-&�0$�,"-,���  %��'# , 4�/-&$624!$, ,$���',"'  2"7&$1""  )�(  4�4+8' -
,"(  2*)'�',"(  �")!� -" . 

� %��/6�2$,"'  4�/-&$624!$ %&"2�)"-  !  !�$�' 1',1""  !$%'�/  �")!� -" , $ -$!�'  
 �6)$'-  ,'!"#  !��'7$-'�/,*#  <..'!- ,  %� �7 -24:;"#  �+" -!'  �$6$. 
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9�'!-&�0$�,"-,*'  0'-�)*  ",-', "."!$1""  -'3,����"+' !"3  %&�1'  �2  — <-�  
0'-�)* , 2 !�-�&*3  2 !$+' -2'  ",-', "."1"&4:;'��  .$!-�&$   �4�"-  <,'& -
�"(  <�'!-&�0$�,"-,���  %��( . ��$  "."!$1":  <�'!-&�0$�,"-,*3  0'-�)�2  0��,�  %&�2' -"  
%� &$6�"+,*0  3$&$!-'&" -"!$0  %��( : 2&'0',,*0 , +$ -�-,*0 , %&� -&$, -2',,*0 ,  "�� -
2*0  "  <,'&�'-"+' !"0 . 

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

� %��/6�2$,"'  )�%��,"-'�/,*3  <�'!-&� -$-"+' !"3  4 -&�# -2  )�(  %&')2$&"-
-'�/,�#  6$&()!"  +$ -"1  6$ %� �'),''  2&'0(  2 -&'+$�� /  2 ,' !��/!"3  -"%$3  !&477'&�2 . 
9�'!-&� -$-"+' !"'   "�*  0��4-   4;' -2',,�  %�2* "-/  <..'!-"2,� -/  � $�)',"(  +$ -"1  
"  ,$  %�2'&3,� -/  %�',!"  �")!� -" , "  ,$  !$%�" , �),$!�  "3  " %��/6�2$,"'  6,$+"-'�/,�  4 -
���,('-  !�, -&4!1""  $%%$&$-�2 "  %�2*8$'-  &$ 3�)*  ,$  �+" -!4 .  

�&')"  0'-�)�2  %�2*8',"(  <..'!-"2,� -"   '%$&$1""   " %��/6�2$,"'0  )�(  <-�#  
1'�"  )�%��,"-'�/,*3   "�  "  <..'!-�2  ,$"7��''  +$ -�  " %��/64:- (  1',-&�7'�,*'   "�* . 

>',-&�7'�,*#   %� �7  �+" -!"  �$6$, � ,�2$,  ,$  ",'&1"�,,�0  � $�)',""  2�$�"  "  
262'8',,*3  +$ -"1  6$  +'-   �6)$,"(  2 %��'  )2"�',"(  �$6�2���  %�-�!$  "  262' "  1',-&� -
7'�,�#   "�* . >',-&�7'�,*#   %� �7  �+" -!"  �$6$ �-,� "- (  !  ",'&1"�,,*0   %� �7$0  
�+" -!"  �$6$ (2�6)43$). �&",1"%  )'# -2"( : �$6�2*#  %�-�!  ,$%&$2�('- (  2 1',-&�7'�,*#  
%*�'4��2"-'�/ , !$%�'4��2"-'�/  "�"   '%$&$-�& 2 !�-�&�0 , 6$  +'-  "60',',""  ,$%&$2�',"(  
)2"�',"(  �$6$   2�$��#  "  262'8',,*0"  +$ -"1$0" , !$!  %&$2"�� %�  %"&$�" , %&�" 3�)"-  
�+" -!$  �$6$. ���-,� -/  262' "  2 ,' !��/!�  &$6 7��/8'  %��-,� -"  �$6$ (2�6)43$) "  �,$  
%&�)���$'-  )2"�$-/ (  %� ",'&1""  2 %&'�,'0  ,$%&$2�',""  "  �-)'�('- (  �-  �$6$ (2�6)43$). 
�$   +'-  )2"�',"(  �$6$ %�  %"&$�"   �6)$'- (  1',-&�7'�,$(   "�$ , !�-�&$(  2�  0,���  &$6 %&'-
2� 3�)"-   "�4  -(�' -" . 9..'!-"2,� -/ : � $�)$'- (   &$2,"-'�/,�  0'�!$(  %*�/ ,   
&$60'&�0 +$ -"1   10 ÷ 20 0!0 . 

�$!&4-!$  %�-�!$  %&"2�)"-  !  2�6,"!,�2',":  1',-&�7'�,*3   "� , 4 "�"2$:;"3  ", -
-', "2,� -/  � $�)',"(  +$ -"1  ,$  %�',!4  �")!� -" . 	),$!�  %&" <-�0 , ' -' -2',,� , 42'�" -
+"2$'- (  "  � $�)',"'  !$%'�/ , +-�  %&"2�)"-  !   ,"�',":  "3  !�,1',-&$1""  2 ()&'  %�-�!$ , 
 ,"�$:;'04  �7;4:  <..'!-"2,� -/  �+" -!" . �&�0'  -��� , 6$!&4-!$ %�-�!$   -$7"�"6"&4'-  
%�',!4  �")!� -"  "   ,"�$'-  ",-', "2,� -/  7&*6��4,� $ . �  &'64�/-$-'  2�"(,"'  1',-&� -
7'�,*3   "�  ,'�),�6,$+,�  2�"('-  ,$  <..'!-"2,� -/  "  -&'74'-   %'1"$�/,���  &$  0�-&',"(  
2 !$�)�0  !�,!&'-,�0   �4+$' . 

�"7&$1"�,,*#  <..'!-  �!$6*2$'-  %����"-'�/,*#  <..'!-  %&" %&"���',""  '��  !  
46�$0 2,4-&"  $%%$&$-$, 2 � ,�2,�0  !  ,'%�)2"�,*0  +$ -(0  – -$&'�!$0 , -&47!$0, %�$ -" -
,$0 , %� !�-�&*0  0��'-   -'!$-/  %�',!$  �")!� -" . �"7&$1"(  40',/8$'-  $)�'6":  !$%'�/  
�")!� -"  !  %�2'&3,� -"  0$-'&"$�$  6$  +'-  -"! �-&�%,���  &$6�"�',"(  2* �!�2(6!"3  
�")!� -'#  "   ,"�',"(  "3  <..'!-"2,�#  2(6!� -" .  

     �&"  2"7&$1"�,,�#  �7&$7�-!'  �")!"3  "  0,���.$6,*3   &')  -'3,����"+' !"'  
<..'!-*  0��4-  7*-/  �74 ��2�',*  !$!  ,'%� &') -2',,*0  2�6)'# -2"'0  ,$   &')4  6,$!�%' -
&'0',,*3  %'&'0';',"# ,  !�&� -'#  "  4 !�&',"#  (- ., . 2"7&$1"�,,*0"  <..'!-$0"  %'&2���  
%�&()!$ ), -$!  "  +'&'6  2"7&$1"�,,*'  <..'!-*  2-�&���  %�&()!$  (,$%&"0'&, &'6�,$,  "  !$-
2"-$1"( ). �� �'),"'  2�6,"!$:-  %&" �%&')'�',,*3  4 ��2"(3  2"7&��7&$7�-!"  "  0,��� -
!&$-,�  4 "�"2$:-  )'# -2"'  <..'!-�2  %'&2���  %�&()!$ . 
$!"'  !��'7$-'�/,*'   " -'0*  
"0':-  �%&')'�',,*'   �7 -2',,*'  +$ -�-*  !��'7$,"# , %&"  �2%$)',""  !�-�&*3    +$ -� -
-�#  2�604;$:;'#   "�*  2�6,"!$'-  &'6�,$, ,  �%&�2��)$:;"# (  2�6,"!,�2',"'0  2 $%%$-
&$-' %4�/ $1"#  )$2�',"(  "  ",-', "2,*3  -4&74�',-,*3  %�-�!�2 .  

>'�',$%&$2�',,�'  2"7&$1"�,,�'  2�6)'# -2"'  2*6*2$'-  2 �7&$7$-*2$'0�#   &')'  
&()   %'1"."+' !"3  <..'!-�2  "  (2�',"# . 	,"  0��4-  �!$6*2$-/   -"04�"&4:;'' , ",-', " -
."1"&4:;''  "  �%-"0"6"&4:;''  2�6)'# -2"'  ,$  3�)  -'3,����"+' !"3  %&�1'  �2 . 
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�'6�,$,   — (2�',"'  &'6!���  2�6&$ -$,"(  $0%�"-4)*  2*,4�)',,*3  !��'7$,"# , 
!�-�&�'  ,$ -4%$'-  %&"  �2%$)',""  +$ -�-*   �7 -2',,*3  !��'7$,"#    +$ -�-�#  !��'7$,"#  
2*,4�)$:;'#   "�* . �2'�"+',"'  $0%�"-4)*  — <-�  �"8/   �') -2"'  &'6�,$, $ , $ %&"+"-
,$  —  �2%$)',"'  2,'8,'#  (2�674�)$:;'# ) +$ -�-*    ,'!�-�&�#  )&4��#  +$ -�-�# , �%&'-
)'�('0�#  "6 %$&$0'-&�2 !��'7$-'�/,�#   " -'0* , -$!"3  !$!  2,4-&',,((  ( �7 -2', -
,$( ) +$ -�-$ , !�<.."1"',-  2(6!� -"  "  - . %. 	7*+,�  &'6�,$, ,$(  +$ -�-$  ,'   "�/,�  �-�"+$ -
'- (  �-   �7 -2',,�#  ,�&0$�/,�# , ,�  )$�'!�  ,'  2�  2 '3   �4+$(3  0��,�  ��2�&"-/  �7  "3   �2 -
%$)',"" . 

�  &'64�/-$-'  &'6�,$, $  %&" ,'!�-�&�#  +$ -�-'  2*,4�)$:;'#   "�*  !��'7$-'�/,$(  
 " -'0$  �!$6*2$'- (  � �7',,�  �-6*2+"2�#  ,$  )'# -2"'  <-�#   "�* . �-'%',/  �-6*2+"2� -"  
2 -'�&""  !��'7$,"#  �%" *2$'- (  2'�"+",�# , ,$6*2$'0�#  )�7&�-,� -/: . �&"  %�0�;"  &'-
6�,$, $  0��,�  2*)'�"-/  " /"�"  4 "�"-/  )$�'  2' /0$   �$7*'  %'&"�)"+' !"'  !��'7$,"( . 

�&"0',',"'  !��'7$,"#  %�62��('-   �6)$-/  $!-"2,*'  �")&�)",$0"+' !"'  &'�"0*  
%&" %&�2')',""  %&�1'  �2  3"0"+' !���  26$"0�)'# -2"( , !&" -$��"6$1"" , <! -&$!1"" , 
 0'8"2$,"( , ."�/-&�2$,"(  "   48!" , %�2*8$'-  "3  !$+' -2',,*'  %�!$6$-'�"  2 &'64�/-$-'  
7��''  %��,���  " %��/6�2$,"(  26$"0�)'# -24:;"3  2';' -2 , 40',/8$'-  &$60'&*,  ,"�$'-  
0'-$��� - "  <,'&��'0!� -/  !�07","&�2$,,���  �7�&4)�2$,"( . ��60��,� -/  %�)2�)$  0'3$ -
,"+' !�#  <,'&�""  !  &$7�+'04  �&�$,4  $%%$&$-$ "62,'  %�62��('-  " !�:+"-/  0'8$�!4  "6 &$-
7�+'��  �7C'0$ , ",-', "."1"&�2$-/  %&�1'  *  -'%�� -0$  ��70',$ ,  �6)$-/  &'$�/,*'  %&')-
%� *�!"  )�(  &$6&$7�-!" <!����"+' !"  +" -���  �7�&4)�2$,"(  ,�2���  %�!��',"( . 

     
$! , ,$%&"0'&, &'8',"'0  -'3,"+' !�#  6$)$+" 42'�"+',"(  <..'!-"2,� -"   '%$-
&$1"" (2�('- (  4 -$,�2!$  1"�",)&"+' !�#  %&4�",*  2 !�&%4 '   '%$&$-�&$ (&" 4,�!  2), 
 �')",(:;'#  1',-&$�/,4:  �$6��-2�)(;4:  -&474 "  �-&$�$-'�/ . �&"  <-�0   �6)$2$'0*#  
&'6�,$, ,*#  !��'7$-'�/,*#  &'�"0  %�2'&3,� -'#  �-&$�$-'�(  "  �- '!$:;'#  -$&'�!"  
40',/8$'-  $)�'6":  !$%'�/  �")!� -"  !  %�2'&3,� -"  0$-'&"$�$  �-&$�$-'�(  6$  +'-  -"! � -
-&�%,���  &$6�"�',"(  2* �!�2(6!"3  �")!� -'#  "   ,"�',"(  "3  <..'!-"2,�#  2(6!� -" . 

 
 

 
1 -  !�&%4 ; 2 -  4 -&�# -2�  %�)$+" �+";$'0���  %�-�!$ ; 3 -  %$-&47�! �-2�)$  �")!� -" ; 

4 -  �$6��-2�)(;$(  -&47$; 5 -  �- '!$:;$(  -$&'�!$ ; 6 -  �-2'& -"' ; 
7 -  �-&$�$-'�/ ; 8 -  &'7&$; 9 -  1"�",)&"+' !$(  %&4�",$ ; 10 – 23�),�#  %$-&47�! 

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

�$6&$7�-$,,$(  !�, -&4!1"(  1',-&�7'�,���   '%$&$-�&$ %�62��('-  %�2* "-/  <. -
.'!-"2,� -/   '%$&$1"" �$6��")!� -,*3   " -'0  6$  +'-  2"7&$1""  %�2'&3,� -"  �-&$�$-'�(  
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"  !$!   �') -2"'  40',/8',"(  $)�'6""  !$%'�/  �")!� -"  !  %�2'&3,� -"  0$-'&"$�$  �-&$�$-' -
�( . 

 
�%" �!  " %��/6�2$,,*3  " -�+,"!�2 : 
1. ��%4-,*#  �$6 - )�7&�  "�"  6��  / � . � . 
��)�7",  // �'.-/  ��  "" , 2007. –  = 11. 
2. �$%-'2  � .
 . �$6)'�',"'  �'-'&��',,*3   " -'0  2 ,$ $)�+,*3  $%%$&$-$3 /  � . 
 . �$%-'2 , 
5 . � . �$&$3�2 . - �$6$,/ : �$6$, ! . �� . <,'&� . 4, -- , 2006. - 342  .  
3. ��0%�'! ,*#  %�)3�)  !  &$6&$7�-!' 0�)'�"&4:;"3   " -'0  -'3,����""  %'&2"+,�#  
%�)��-�2!"  ,'.-"  "  �$6$ / � . � . �&$21�2 , � . � . 
$2&"!�2 , � . � . �8'2$ , � . � . �$&$0*�",$  // 
5'�)4,$&�),$(  !�,.'&',1"(  «�,.�&0$1"�,,*'   " -'0*  "  -'3,����"" ». – 
�0 ! , 2010. 
– � . 226-230.  
4. � . 0. 155459 �� , 5��  B01D45/12    >',-&�7'�,*#   '%$&$-�& /� .� . 
���2$, -
+"!�2 , � .� . �$�$&�2$ , � .� . �4)", , � .� . �6",'2 !$( , � .� . 
�&7$+',!� ; 6$(2"-'�/  "  %$-', -
-��7�$)$-'�/  �
�	�  ��	   «������&$) !"#  �� 4)$& -2',,*#  -'3,"+' !"#  4,"2'& "-'- ». 
–  =  2015113836/05; 6$(2�. 14.04.15; �%47�. 10.10.15. 
 

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

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

 � .�  5'&',1�2 , ! .- ., ., )�1',-  !$.')&*  «���� », ������� , ��������* . 
 � .�  �$�$8�2 , ! .- ., ., )�1',-  !$.')&*  «���� », ������� , ��������* . 

 
�  3"0"+' !�#  %&�0*8�',,� -"  2 0$��-�,,$�,*3  -'%��0$  ��70',,*3  %&�1'  $3  

8"&�!�'  %&"0',',"'  ,$3�)(-  $%%$&$-*, 2 !�-�&*3  %�2'&3,� -/:  !�,-$!-$  �$6�2�#  "  �") -
!�#  .$6*   �4�$-  ,$ $)�+,*'  -'�$  &$6�"+,�#  !�,."�4&$1"" . �$ $)�+,*'  $%%$&$-* ,$3� -
)(-   2�'  %&"0',',"'  2 -$!"3  %&�1'  $3  !$!  $7 �&71"( , &'!-"."!$1"( , <! -&$!1"(  "  " %$-
&"-'�/,�'  �3�$�)',"' . �$ $)�+,*'  -'�$  4%�&()�+',,�#   -&4!-4&*  (&'�4�(&,*'  ,$ $)!" ) 
"0':-  4%�&()�+',,4:   -&4!-4&4 "  ."! "&�2$,,*'  %$&$0'-&*. 9-�  2  2�:  �+'&')/  (2�( -
'- (  %&'"04;' -2�0  %'&')  ,$ *%,*0"  ,$ $)!$0"  "  %�62��('-    7��/8'#  -�+,� -/:  %&�-
"62�)"-/  ",�','&,*'  &$ +'-* , +-�  � �7',,�  2$�,�  )�(  0$��-�,,$�,*3  %&�"62�) -2 . 

�"&�!�'  %&"0',',"'  2 3"0"+' !�#  -'3,����""  ,$3�)(-   '-+$-*'  ,$ $)�+,*'  !�, -
 -&4!1"" . �62' -,*'  8"&�!�  " %��/64'0*'   '-+$-*'  ,$ $)!"  2 2")'  &4��,$  ��.&"&�2$, -
,���  &4!$2$, &$6�"+,*3  7��!�2 , $ -$!  �'  ��.&"&�2$,,*3  %'&.�&"&�2$,,*3  %$&$��'�/,�  
&$ %����',,*3  �" -�2 . ��  )$,,*'  ,$ $)!"  %&"0',"0*  -��/!�  !  !&4%,�-�,,$�,*0  %&�-
"62�) -2$0 , )"$0'-&  $%%$&$-�2 !�-�&*3   � -$2�('-  7��''  10. �$   '��),(8,"#  )',/  ,'  
"0''- (  �%*-,*3  )$,,*3  )�(  0$��-�,,$�,*3  !�, -&4!1"#  ,$ $)�+,*3  4 -&�# -2 .  

�&')�$�$'0*#  ,$0"  <�'0',-  ,$ $)!"  �-,� "- (  !  !�, -&4!1"" , " %��/64'0�#  )�(  
&'$�"6$1""  %�2'&3,� -"  !�,-$!-$  .$6  2 -'%��0$  ��70',,*3  $%%$&$-$3 0$����  )"$0'-&$ ,  
%&"0',('0*3  2 %&�1'  $3  $7 �&71"" , &'!-"."!$1""  "  " %$&"-'�/,�0  �3�$�)',"" .  

>'�/:  %&')�$�$'0���  ,$0"  ,$ $)�+,���  <�'0',-$  (2�('- (   �6)$,"'  &$62"-�# %�' -
,�+,�#  %�2'&3,� -"  )�(  !�,-$!-"&�2$,"(  .$6  "   ,"�',"(  �")&$2�"+' !���   �%&�-"2�' -
,"( . 9�'0',-  ,$ $)!"  2*%��,',  2 2")'  ,$7�&$ %$&$��'�/,�  &$ %����',,*3   '-+$-*3  %�$-
 -",  �' -!�   �')",',,*3  0'�)4   �7�#  %&" %�0�;"   -'&�,'#  "  &$ %�&,*3  2-4��! .  

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

�" 4,�!  1- �'�4�(&,$(  7��+,$(  ,$ $)!$  )�(  0$��-�,,$�,*3  %&�"62�) -2  
 

�$,,$(  ,$ $)!$  &$7�-$'-   �')4:;"0  �7&$6�0 . �")!� -/   2'&34 �&�8$'-  %�$ -",*  
1, &$62"2$( %�',�+,*#  &'�"0 ,  -'!$(  -�,!�#  %�',!�#  %� %�$ -",$0 , ,$2 -&'+4  �$6�2�04  
%�-�!4 , !�,-$!-"&4(    ,"0 . 

��  &'64�/-$-$0  "  �')�2$,"( , �")&�)",$0"!"  7��!�2  &'�4�(&,�#   '-+$-�#  ,$ $) -
!" , 7*�"  %��4+',*  �&$."+' !"'  6$2" "0� -"  "60',',"(  �")&$2�"+' !���   �%&�-"2�',"(  
 ��(  ,$ $)!"  �-   !�&� -"  �$6$ 2 $%%$&$-' (&" 4,�!  2). 

�  <! %'&"0',-'  " %��/6�2$�" /  -&"  7��!$  &'�4�(&,�#   '-+$-�#  ,$ $)!"  2* �-�#  
H=0,350. �)'�/,$(  %�2'&3,� -/  �),���  7��!$   S4)=209 03/03. ���(   2�7�),���  �7C'0$  
e=0,950 03/02 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�" 4,�!  2 – 
&$."!  6$2" "0� -"  �")&$2�"+' !���   �%&�-"2�',"(  (DPi/H)  ,$ $)!"  
 (&'�4�(&,$(  7��+,$(  ,$ $)!$ ) �-   !�&� -"  2�6)43$ 2 !���,,'  (n) 

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

2*(2�',� , +-�  )$,,$(  ,$ $)!$  &$7�-$'-  %&'"04;' -2',,�  2 %�',�+,�0  &'�"0' , ,'6$2" " -
0�  �-  %��-,� -"  �&�8',"(  "   !�&� -"  2�6)43$ 2 !���,,' .  �&"  ,"6!"3   !�&� -(3  2�6)43$ 2 
$%%$&$-' ()�  3 0/ ) "  %��-,� -"  �&�8',"(  ()�  20 03/02F+) 2�)$   -'!$'-  %�',!�#  "  -�,!"0"  
 -&4#!$0"  %� <�'0',-$0  ,$ $)!" , !�,-$!-"&4(    2�6)43�0  "  %'&')$2$( '04   2�:  -'%��24:  



 28 

<,'&�": .  �&"  42'�"+',""   !�&� -"  2�6)43$ 2 $%%$&$-' -��;",$  %�',!"  42'�"+"2$'- (  )�  
%&')'�/,���  6,$+',"(  "  2 )$�/,'#8'0 , &$6&48$( /, �7,�2�((  %�2'&3,� -/  !�,-$!-$  .$6 , 
",-', "."1"&4'-  %&�1'   -'%���70',$ . �2'�"+',"'  -��;",*  %�',!"  2')'-  !   4�',":  
 2�7�),�#  6�,*  %&�3��)',"(  2�6)43$, +'0  %�)-2'&�)$'- (  42'�"+',"'  �")&$2�"+' !���  
 �%&�-"2�',"(  %&" 42'�"+',""   !�&� -"  2�6)43$. 9-�-  <..'!-  � �7',,�  ,$7�:)$'- (  %&"  
%��-,� -(3  �&�8',"(  7��''  15 03/02×+. 	7C( ,('- (  <-�  -'0 , +-�  42'�"+',"'  %��-,� -"  
�&�8',"(  2')'-  !  ,'"67'�,�04  42'�"+',":  -��;",*  %�',�+,�#  %�2'&3,� -"  �")!� -" , 
"  �,$   -$,�2"- (  %�)2'&�',$  &$6&48',":  2�6)48,*0  %�-�!�0 . �&"   !�&� -(3  2�6)43$ 
7��''  30/  "  %��-,� -"  �&�8',"(  7��''  15 03/02×+ 2�6)43 ,$+",$'-  %&'%(- -2�2$-/   -'!$ -
,":  %�',!"  2�)* , -'0   $0*0  42'�"+"2$(  ''  -��;",4 ,  +-�  2 )$�/,'#8'0  2')'-  !   &*24  
!$%'�/    %�',�+,�#  %�2'&3,� -"  "  ",-', "."1"&4'-  %&�1'   -'%���70',$ . 	 �7',,�  <-�-  
<..'!-   "�/,�  %&�(2�('- (  ,$  %��-,� -(3  �&�8',"(  25-27 03/02×+  %&" %&')'�/,*3   !�&� -
 -(3  2�6)43$ (40/  "  7��'' ). 

�"6!�'  $<&�)",$0"+' !�'   �%&�-"2�',"'   �7' %'+"2$'-   2�7�),*3  %&�3�)  2�6)43$ 
+'&'6  %��;$)/  �&�8',"( , +-�  2  2�:  �+'&')/   ,"�$'-  �7;"'  <,'&��6$-&$-*  ,$  %�))'&�$ -
,"'  %&�1'  $  -'%��0$  ��70',$  2 !���,,*3  $%%$&$-$3. �  3�)'  <! %'&"0',-$�/,�#  &$7�-*  
-$!  �'  7*��  2*( ,',� , +-�  2*%��,',"'  7��!$  ,$ $)!"  2 2")'   '-+$-*3  %�$ -",  %$&$�-
�'�/,�  &$ %����',,*3  )&4�  !  )&4�4 �7' %'+"2$'-  %'&'&$ %&')'�',"'  %�-�!�2  �")!� -"  "  
�$6$ 2  �4+$'  ,'&$2,�0'&,���  �&�8',"(   " -'0*  2�)�&$ %&')'�',"( . 

	7&$7�-!$  <! %'&"0',-$�/,*3  )$,,*3  0'-�)$0"  !�&&'�(1"�,,���  "  &'�&'  "�, -
,���  $,$�"6$  %�62��"�$  %��4+"-/  6$2" "0� -/  "  �')4'0*3  2'�"+",  2 2")'  0$-'0$-"+' -
 !���  4&$2,',"( . ��(   43�#  ,$ $)!"   6$2" "0� -/  2*��()"-   �')4:;"0  �7&$6�0 :  

DP/H=9,215FV1,608; 
%&" %��-,� -"  �&�8',"(  13,5 03/02F+: 

DP/H=11,28FV1,53; 
%&" %��-,� -"  �&�8',"(  20,2 03/02F+: 

DP/H=10,743FV1,63; 
 %&" %��-,� -"  �&�8',"(  27,1 03/02F+: 

DP/H=11,53FV1,652. 
��<.."1"',-  !�&&'�(1""  )�(  !$�)�#  !&"2�#   r>0,9, <-�  6,$+"- , +-�  6$2" "0� -/  

y=y(x) %&(0$( "  2* �!$( . 
	 �7',,� -"  &$7�-*  "  !�, -&4!1""  )$,,�#  ,$ $)!"  %�62��(:-  " %��/6�2$-/  ''  2 

0$��-�,,$�,*3  -'%��0$  ��70',,*3  %&�1'  $3 , �)'  � �7',,�  2$�,�  -�+,�  6,$-/  "  �%&'-
)'�(-/  -'3,����"+' !"'  %$&$0'-&* &$7�-*  $%%$&$-$. �&"  %�0�;"  %��4+',,*3  4&$2,',"#  
&'�&'  ""  "0''- (  2�60��,� -/  -�+,�  �%&')'�"-/  6,$+',"(  �")&$2�"+' !���   �%&�-"2�' -
,"(  )�(  �:7���  $%%$&$-$, �)'  0��'-  ,$#-"   2�'  %&"0',',"'  )$,,$(  ,$ $)!$ . 

�'7' -�"0� -/  )$,,�#  ,$ $)!"  "  %&� -$( -'3,����"(  "6��-�2�',"(   �74 �$2�"2$'-  
6,$+"-'�/,4:  <!�,�0":  0$-'&"$��2  "  &' 4& �2 , %&" -�#  �'  <..'!-"2,� -"  &$7�-* , +-�  "  
2 )&4�"3  ,$ $)�+,*3  4 -&�# -2$3 . �&� -�-$  !�, -&4!1""  -$!  �'  �7�'�+$'-  0�,-$�  $%%$-
&$-$, $ 0$�$(  4)'�/,$(  0$  $  %�62��('-  �7�'�+"-/  �7;4:  0$  4  $%%$&$-$ "  )$2�',"'  ,$  
�%�&,*'  &'8'-!" . 
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'���'������$�  ��'��� ����  ��'��������-����   
�� ��  �  �!��!����  ���������  

�&4-$�'2"+  
 .5 .,  -4) . �&. 696, �'&,�2$  
 .� ., ,$4+. &4!., )�1',-  !$.')&*  ��
 , 
���  ((����� ) ������� , � . ����'%�+  

�

�0%�&-�6$0';',"'  (2�('- (  %&"�&"-'-,*0  ,$%&$2�',"'0  )�(  �-'+' -2',,*3  %&�-
"62�)"-'�'#  $2-�74 �2 . 

�$   '��),(  "3  !&4�  ,'2'�"!  — 2 '��  �"8/  +'-*&'  0$&!" : �"��  («�4  !"'  $2-�74 *  
— 
&4%%$ 
�� »), �'.��  (��	  «��5�� »), Volgabus "  5�� . �&"  <-�0  2 �",'#!'  �'.��$  
�- 4- -24'-  -$!$(  2$�,$(   � -$2�(:;$( , !$!   '�0',-  $2-�74 �2  � �7�  7��/8���  !�$  $ . 

���(  "0%�&-,*3  !�0%�,',-�2  2 %&�"62�)"0*3   '��),(  $2-�74 $3  � -$2�('-  %�-
&()!$  80 %. �&"+'0  +$ -/  <-�#   $0�#  !�0%�,',-,�#  7$6* ,'  "0''-  $,$����2  ,$  -'&&"-� -
&""  
$0��',,���   �:6$ . 

��(  %&�2')',"(  $,$�"6$  �-'+' -2',,�#  $2-�!�0%�,',-,�#  7$6*, 2 %'&24: �+'&')/ , 
,'�73�)"0�   &$2,"-/  )��:  $2-�%&�0$ 2 ���  ��  "# !�#  �')'&$1""  "  4 &$62"-*3  -&$, . 
�  ��  ""  )��(  $2-�%&�0$ ,'4!��,,�   ,"�$'- (  –   2,47% 2 2004 ��)4  )�  1% 2 2014, 2 2015 
��)4  ��")$'- (  0,9%. 

�  
'&0$,""  2!�$)  $2-�0�7"�/,�#  %&�0*8�',,� -"  2 ���   -&$,*   � -$2�('-  9%, 
2 ���  "  �&$,1""  – 5%. �  �%�,""  $2-�%&�0 �7' %'+"2$'-   <! %�&- ,$  25%, 2 
'&0$,""  – 
,$  20%, 2 ��,�#  ��&''  – ,$  15%. 	  &�  "# !�0  <! %�&-'   '��),(  ��2�&"-/  ,'  %&"3�-
)"-/ ( , -$!  !$!  '��  )��(  ,$3�)"-/ (  2 %&')'�$3   -$-" -"+' !�#  %��&'8,� -" . ��-(  2�  
2&'0',$  ����  2 <-�#  �7�$ -"  "0'�" /  �%&')'�',,*'  )� -"�',"( . 
$! , <! %�&- $2-�0� -
7"�/,�#  -'3,"!"  2 1987 ��)4  2  '��),(8,"3  1',$3   � -$2"�  7*  30=35 0�&) . )��� ., $  � -
2&'0',,*#  <! %�&- ,'  %&'2*8$'-  4 0�&) . )��� . %&" "0%�&-'  2 106 0�&) . )��� . 

��')4'-  �-0'-"-/ , +-�  &�  "# !"#  $2-�%&�0 2 '�)$  "0'�  %�))'&�!4  ,$   $0�0  2* -
 �!�0  4&�2,' . ����$ ,�   �20' -,�04  %&"!$64 5",%&�0-�&�$ , 5",<!�,�0&$62"-"(  "  
5",.",$  ��  ""  �-  15 $%&'�( 2005 ��)$  %&')%��$�$�� /  42'�"+',"'  %&�"62�) -2',,*3  
0�;,� -'#  %� %&�0 7�&!'  $2-�-&$, %�&-$    4 -$,�2!�#  ���  "  $�&'�$-�2 , %&�"62')',,*3  
,$  -'&&"-�&""  ��  "# !�#  �')'&$1"" , ,'  0',''  +'0  ,'  30% �-  �7;'��  �7C'0$  $2-�%&�0$. 
�  2011 ��)4 , !  2 -4%�',":  ��   2 �
	 , %�$,"&�2$�� /  �7' %'+',"'  4&�2,(  ��!$�"6$1""  %� 
� ,�2,*0  )'-$�(0  )�  60%. �"  %� �),�#  %�6"1""  ,'  4)$�� /  )� -"�,4-/  ,$0'+',,*3  &'-
64�/-$-�2 . 

��  %&��,�6$0   %'1"$�" -�2 , ' �"  %&�067�&!$ ,'  74)'-  "0'-/  <..'!-"2,���  0$ -
8-$7$, -�  %&�"62�) -2�  $2-�!�0%�,',-�2  2 ��  ""  74)'-  ,'  2*��),�# , ,'  74)4-  " %��/6� -
2$-/ (  ,�2*'  -'3,����"" . 

�  &')$!1""  %&"!$6$ 2*8'4!$6$,,*3  0"," -'& -2  �-  17 )'!$7&(  2009 ��)$  %&')%�-
�$�$�� /  %�<-$%,�'   �!&$;',"'  22�6$ $2-�!�0%�,',-�2  ,$  10% !$�)*'  2, 3,5 "  4,5 ��)$ . �  
&'64�/-$-'  1'�'2�#  %�!$6$-'�/  ��!$�"6$1""  6$ <-"  ��)*  )���',  7*�   � -$2"-/  30%. �  �" -
-$'  "  �,)""  6$ 0',/8"#  %'&"�)  2&'0',"  4&�2',/  ��!$�"6$1""  %� $2-�!�0%�,',-$0   � -$ -
2"�  75%. 

��') -2"'0  -$!�#  %��"-"!"  (2�('- (  4�&�6$ %�-'&"  ��  "'#   �7 -2',,�#  $2-�!�0 -
%�,',-,�#  7$6* "   �7 -2',,*3  !2$�"."1"&�2$,,*3  !$)&�2 . �   4;' -24:;"#  2  -&$,'  
,"6!"#  4&�2',/  ��!$�"6$1"" , � �7',,�  %� 2')4;"0  $2-�!�0%�,',-$0 , ,'  )$'-  42'&',,� -
 -"  )'# -24:;"0  $2-�%&�"62�)"-'�(0  2  -$7"�/,�#  &$7�-' , 2  2�'0  74)4;'0 , � �7',,�  2 
%'&"�)   $,!1"# . 

� '  <-�   !$6*2$'- (  ,$  <!�,�0"!'  -'3  !�0%$,"# , !�-�&*'  <! %�4$-"&4:-  <-4  $-
04:  -'3,"!4 , � �7',,�  2 ,*,'8,'#   "-4$1"" , !��)$  !��'7$,"(  !4& �2�#  &$6,"1*  2* �!"  
!$!  ,"!��)$ . �$�'  !&4%,$( �&�$,"6$1"( -%'&'2�6+"! , ,'  0��'-   %�$,"&�2$-/   2�:  .",$, -
 �2� -3�6(# -2',,4:  )'(-'�/,� -/  ,$  )���� &�+,4:  %'& %'!-"24 , %� !��/!4  ,'2�60��,�  
+'-!�  6$���"-/  &$ 3�)*  ,$  &'0�,-  $�&'�$-,�#  7$6* "  6$!4%!4 6$%$ ,*3 +$ -'# .  �&"+'0    
-$!"0"  �'  %&�7�'0$0"   -$�!"2$:- (  2 '  <! %�4$-"&4:;"'  �&�$,"6$1""  %� 2 '#   -&$,' . 
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9! %�4$-$1"�,,"!$03�-'�� /  7*  4#-"  �-  -$!���  !��"+' -2$  "0%�&-,*3  $�&'�$-�2 , 
!�-�&*0"  ,$ *;',*   �2&'0',,*'  ��&�) !"'  $2-�74 * , "   � &')�-�+"-/  2,"0$,"'  %&�"6-
2�)"-'�'#  ,$  2�60��,�0"0%�&-�6$0';',"" . �  ")'$�'  )�(  <! %�4$-$1"�,,"!�2  7*�  7*  
 -$,)$&-,*#  ,$7�&  $�&'�$-,�#  7$6* "  !�0%�'!-4:;"3 , !�-�&*0"  7*  �%'&"&�2$�"  %&�"6-
2�)"-'�" .  

�&"  <-�0  +" -�  $2-�74 ,���   "��2���  $�&'�$-$  ,$8  $2-�%&�0 ,'  2*%4 !$'- . �&�"6 -
2�) -2�  �-'+' -2',,�#  
5�  �- 4- -24'- . �  ,$ -�(;''  2&'0(  ,$�$�',$  ��!$�"6$1"(  -$!"3  
!�&�7�!  ."&0�#  Voith 2 �$6$," . ��&-$�/,*3  0� -�2  )�(  ,"6!�%��/,*3  $2-�74 �2  "  46��2  
 �+�',',"(  )�(  «�$&0�8'! » ,'   4;' -24'-  !$!  !�$  $ . 


$!  !$!  6$!4%!$ %�)2"�,���   � -$2$  � 4;' -2�('- (  ,$  � ,�2'  �-!&*-*3  %&�1')4& 
(!�,!4& * , $4!1"�,* ), -�  �&�$,"6$1"" -%'&'2�6+"!4  -&4),�  �%&')'�"-/ , !$!�#  %&�"62�)" -
-'�/  74)'-  �7C(2�',  %�7')"-'�'0 . 	- :)$  4 %'&'2�6+"!$  2�6,"!$'-  &$6,�0$&�+,� -/ , !� -
-�&$( ,   �),�#   -�&�,* , %�62��('-  '04  �%&')'�"-/ , ,$ !��/!�  3�&�8"  �),"  $2-�74 *  %� 
�-,�8',":  !  )&4�"0 , $ 6$�),�  %�,(-/ , !$!"0  �7&$6�0  &$62"2$'- (  ,$8'   '��),(8,''  $2-
-�74 ,�'  %&�"62�) -2� ,   )&4��#  — ,$!�$)*2$'-  �%&')'�',,*'  -&4),� -"  ,$  �&�$,"6$1":  

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

�&"  <-�0 , !$!  4�'  7*��   !$6$,� , 6$2�)*  6$,"0$:- (  " !�:+"-'�/,�  !46�2� -&�' -
,"'0 , %&$!-"+' !"  ,"!-�  ,'  6$,"0$'- (  &$6&$7�-!�# "  %&�"62�) -2�0  $�&'�$-,�#  7$6*. �  
 2(6"    <-"0  ")'-  ,$ *;',"'  $2-�74 �2  $�&'�$-,�#  7$6�# �-  &$6,*3 %&�"62�)"-'�'#  (%&'-
"04;' -2',,�  6$&47'�,*3 ). �&"  <-�0  !�,1'%1"(  "  %�)3�)*  4 !$�)���  $2-�74 ,���  6$2�-
)$, ' -' -2',,� ,  2�" . 

�$   '��),(8,"#  )',/  2 &$ %�&(�',""  $2-�74 ,"!�2  ��&�0,*#   %'!-&  "0%�&-,*3  
!�0%�'!-4:;"3 . �4�'2�'  4%&$2�',"'  "  %,'20� " -'0*  — ZF, Knorr-Bremse, Wabco, �� -
5�� . �'&'),"'  "  6$),"'  0� -*  — ZF, RABA, Madara. �6'�   �+�',',"(  — Hubner. �&" -
 4- -24'-  8"&�!"#   %'!-&   "��2*3  $�&'�$-�2  — MAN, Scania, Deutz, Cummins, Caterpillar, 
Mercedes-Benz, �5�  "  ��5�� ,  :)$  �'  0��,�  �-,' -"  "  !"-$#1'2 . �2-�0$-"+' !"'  !� -
&�7!"  %'&')$+ %&') -$2�',*  -&'0(  !�0%$,"(0" : ZF, Voith, Allison. 

�")"&4:;$(  &��/  2  "��2*3  $�&'�$-$3  %&",$)�'�"-  0$&!'  MAN (31,8 %), )$�''  
 �')4:-  Cummins (17,8 %), Caterpillar (14,7 %), �5�  (11,4 %), Deutz (11,2 %), Scania (9,6 
%). �%&$2�+,� : ��5��  (4,0 %), Mercedes-Benz (3,5 %). 
&4),� -'#  %'&'2�6+"!$0  )�7$2 -
�('-  ,$�"+"'  7��/8���  +" �$  0�)"."!$1"#  2 !$�)�#  "6 0$&�! . �")"&4:;$(  &��/  2 ��  
%&",$)�'�"-  ZF (61,5 %), )$�''  — Voith (31,4 %), Allison (�',�&"( ; 3,4 %) "  �5�  (1,1 %). 

�+"-*2$(   ���"284: (   "-4$1": , 4 �&�$,"6$1"" -%'&'2�6+"!$  2�6,"!$:-  �%&')' -
�',,*'  -&4),� -"    -'3,"+' !"0  �7 �4�"2$,"'0   �2&'0',,*3  �-'+' -2',,*3  $2-�74 �2 . 
�&'�)'  2 '�� , <-�   � -�(,"'  )'�    $�&'�$-,�#  7$6�#. �$%&"0'& , MAN — <-�   2�'��  &�)$  
0�,�%��" -  ,$  &*,!'   "��2*3  $�&'�$-�2 . 
$! , 2 �$&$,-"#,*#  %'&"�)  <! %�4$-$1""  <! -
%�4$-$,-  ,'  "0''-  %&$2$ %&�"62�)"-/  �7 �4�"2$,"'  )$,,���   "��2���  $�&'�$-$   2�"0"  
 "�$0" . ��<-�04  �,  2*,4�)',  ��,(-/  $2-�74 *  ,$  ."&0',,*#   '&2" . �  -�  �'  2&'0( , 
"0'(  ,$&$7�-!"  %� �5� , %'&'2�6+"!   $0� -�(-'�/,�  %&�"62�)"-  ,'  -��/!�  �7 �4�"2$,"' , 
,�  "  &'0�,-  <-"3  )2"�$-'�'#  (2 6$2'&8$:;'#   -$)""  �$&$,-"#,���  %'&"�)$ ). 

�$6,�0$&�+,� -/  %�)��-$2�"2$'-  "   2�"   :&%&"6* . 
$! , %$&-"( $2-�74 �2  �'.�� , 
%&"8')8"3  ,$  <! %�4$-$1":  2�"-'& , "0'�$  0� -*  "-$�/(, !���  %&�"62�) -2$  
(OerlikonGraziano). �6 -6$ &$ %$)�2,  �"(,"#  "  &'�&�$,"6$1"�,,*3  %&�1'  �2  2 ."&0'  7* -
��   4;' -2',,�  ,$&48',�   ,$7�',"'  6$%$ ,*0"  +$ -(0"  )$,,*3  $2-�74 �2 . 

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

��,'+,� , )�(  <! %�4$-$1"�,,"!�2  7*��  7*  !4)$  %&�;' , ' �"  7*  %&�"62�)"-'�"  $2-
-�74 �2  " %��/6�2$�"  �),4   '&":   "��2*3  $�&'�$-�2 , �),4   '&":  !�&�7�!  %'&')$+, +-�  
 4;' -2',,*0  �7&$6�0   !$6$�� /  7*  ,$  
	  "  &'0�,-' ,  ,$7�',""  6$%$ ,*0"  +$ -(0" . 
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	),�  "6 &'8',"#  %&�7�'0*  — ��!$�"6$1"(  %&�"62�) -2$  $�&'�$-,�#  7$6* $2-�74-
 �2  2 �� , !�-�&$(  %�62��"-  %�2* "-/  ,$)'�,� -/  "   -$7"�/,� -/  %$  $�"& !"3  %'&'2� -
6�! ,  ,"6"-/  6$-&$-* ,$  
	  "  &'0�,- . 

����$ ,�  $!-4$�"6"&�2$,,�04  %&"!$64 5",%&�0-�&�$ , 5",<!�,�0&$62"-"(  "  
5",.",$  ��  ""  %&')%��$�$'- (  )�  2017 �7' %'+"-/  ��!$�"6$1":  $2-�!�0%�,',-�2  ,$  
4&�2,'  30%, $ !  2020 - 45%. �$�'  -$!���  ,'2* �!���  4&�2,(  0��,�  )� -"+/  -��/!�  %&" 
4 ��2""   �6)$,"(   �20' -,*3  %&')%&"(-"# %� %&�"62�) -24  $2-�!�0%�,',-�2  ,$  -'&&" -
-�&""  �� . 

�&"  <-�0  ,$  �-'+' -2',,*3  %&')%&"(-"(3 %� %&�"62�) -24  $2-�74 �2   ���"�$ /  
 �')4:;$(  !$&-",$ . 

«
�����  
�� » / ����  
�$  %� �'),"'  12 �'-  «
&4%%$ 
�� » %&�2'�$ %��,4:  6$0',4  2*%4 !$'0���  ':  0� -

)'�/,���  &()$ $2-�74 �2 . �&"  <-�0  2 &$6&$7�-!4 $2-�74 �2  "  %&�"62�) -2�  ",2' -"&�2$,�  
7��''  4 0�&)  &47. �,')&',$  %&�"62�) -2',,$(   " -'0$ ,  " -'0$  0',')�0',-$  !$+' - -
2$.�0' -'    -'0  4&�2',/  !�0%'-',1""  2' /0$  ,'�),�&�)', . ��  -$0, �)'  ,$�$�',�  %&�"6-
2�) -2� , ,$  2* �!�0  %&�.'  "�,$�/,�0  4&�2,'  2� %"-$,*   %'1"$�" -*  "  ",�','&,� -
-'3,"+' !"#  %'& �,$� . 

�  ,$ -�(;"#  0�0',-  %&')%&"(-"'  ,$"7��''  � -&�  �;4;$'-  %&�7�'04    7�&-�2�#  
<�'!-&�,"!�# , ",�','&,*0"  &$ +'-$0" , %&�"62�) -2�0  %�)2' �! , ",-'&/'&�0   $��,$ . �$  
<-"3  ,$%&$2�',"(3  2')'- (  ",-', "2,$(  &$7�-$. 

��)��-�2�',,*'  !  %&�"62�) -24  ,�2*'  $2-�74 *  %&') -$2�(:-   �7�#  4,"."1"&� -
2$,,�'   '0'# -2�  %� <�'0',-$0  !46�2$, $�&'�$-,�#  7$6', +-�  )$'-  7��/8�#  <..'!-  2 %�$,'  
 '&2" ,���  �7 �4�"2$,"(  "  )$�/,'#8'#  "3  <! %�4$-$1"" . 
$! , 2 ,�2�#  �",'#!'  $2-�74 �2  
City, %&'),$6,$+',,*3  )�(  ��&�) !"3  %'&'2�6�! , " %��/6�2$,$  !�,1'%1"(  4,"."1"&�2$, -
,���  0�)'�/,���  &()$. 9�'0',-*  !46�2$ 0��4-  %&"0',(-/ ( , !$!  «�'�� », )�(  %� -&�#!"  
$2-�74 �2  &$6,���  ,$6,$+',"(  %�) 6$!$6 !�"',-$ . 9-�  )$'-  7��/8�#  <..'!- , � �7',,�  2 
%�$,'   '7' -�"0� -"  %&�"62�) -2$ . �"6!�%��/,*# City 4�'  6$%4;',  2 %&�"62�) -2�  )�(  
5� !�2 !�#  �7�$ -"  (�",'#!$  %�)&$640'2$'- ,$�"+"'  9,5- "  10,5-0'-&�2*3  0$8", ). 

�$   '��),(8,"#  )',/  2 �&4%%'  4;' -24'-  )2$ ,$%&$2�',"(  %� "0%�&-�6$0';' -
,": . �  %'&24: �+'&')/  <-�  !$ $'- (  �5�  "  ���� . 
$! , 2 �&� �$2�'  &$62'&,4-�  %&�"62�)-
 -2�   �2&'0',,���  )2"�$-'�(  530-#  '&"" . �$!$,+"2$:- (  &$7�-*  %� )2"�$-'�:  �2&� -5 
( $0  )2"�$-'�/  4�'  %��4+"�   '&-"."!$- , 2')4- (  &$7�-*  %�  '&-"."!$1""  $2-�74 �2 ), $ 
-$!�'  ��-�2"- (  !  %&�"62�) -24  �$6�2$( 2'& "(  )$,,���  0�-�&$  (�2&� -5+). ��,1'%1"(  
�&4%%* ,$  7�"�$#8"'  ��)*  — %'&'3�)  ,$  �",'#!4  )$,,*3  0�-�&�2 . �2"�$-'�"  �5�  %�-
�4+$-  "  4�'  "0':;"' (  0$8",* , !  %&"0'&4, �"�� -5292 2 �$6�2�0  " %��,',""  �2&� -5+. 

�$  �$,$8 !�0  $2-�$�&'�$-,�0  6$2�)'  (���� ) 2')4- (  &$7�-*  %� &$6&$7�-!' "  %&�-
"62�) -24  %�&-$�/,*3  0� -�2 . 9-�  )� -$-�+,�   '&/'6,*#  2$&"$,- %� "0%�&-�6$0';',": . 
	),$!�  %��4+',"'  &'64�/-$-�2  ��")$'- (  ,'  &$,''  2017–2018 �� . 

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

�-�&�'  ,$%&$2�',"' , %&')4 0�-&',,�'  %�$,$0"  «
&4%%* 
�� », — <-�  6$0',$  2 
2016 ��)4  ,'!�-�&*3  !�0%�,',-�2 . 
$! , «
&4%%$ 
�� » �-!$6*2$'- (  �-  .$&  Hella 2 %��/64  
')",���  4,"."1"&�2$,,���  7��!$  )�(  2 '3  $2-�74 �2   '0'# -2$  NEXT. �$�''  ,$  %�2' -!'  
),(  !��' ,*'  )" !" , 8",* , 6$0',$  &4�'2���  0'3$,"60$  (2 %'& %'!-"2'  "  2 '#  &4�'2�#  !� -
��,!" ), 0'3$,"60$  )2'&'# . «
&4%%$ 
�� » %&","0$'-  $!-"2,�'  4+$ -"'  2 �� 4)$& -2',,�#  
%&��&$00' &$6&$7�-!" "  %� -$,�2!"  ,$  %&�"62�) -2�  $2-�0$-"+' !�#  !�&�7!"  %'&')$+. 
��%&�  )� -$-�+,�   ���,*#  "  -&4)�'0!"# , %�<-�04   ,' !�&*# . 

9..'!-  �-  2 '��  !�0%�'! $  &$7�- ��")$'- (  ,$  4&�2,'  9 0�&)  &47. �,"�',"'  
 -�"0� -"  !�0%�'!-$1"#   4;' -2',,*0  �7&$6�0   !$�'- (  ,$  !�,'+,�#  1','  )�(  %�-&'7" -
-'�( . 
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VOLGABUS 
��%&� *  "0%�&-�6$0';',"(  ,$  %&')%&"(-""  Volgabus $!-4$�/,*  2�-  4�'  !$!  %�� -

-�&$ ��)$ . �&')%&"(-"'  %'&'8��  ,$  �-'+' -2',,�'  %�!&*-"'  %��$, � 2';',"' , )2'&,*'  
 " -'0* . �!-"2,�  " %��/64:- (  ,$&$7�-!"  7'��&4  !"3  $2-�74 � -&�"-'�'# , 2 +$ -,� -"  
!�0%�'!-*  &4�'2*3  0'3$,"60�2 . �  ,$ -�(;"#  0�0',-  4�'  %� -$2�',�  %�&()!$  )243 �-  
0$8", , �7�&4)�2$,,*3  "0" . 

�  2016 ��)4  %&') -�"-    �),"0  "6 %$&-,'&�2 %&�"62' -"  ��!$�"6$1":  %'&'),'#  ,' -
6$2" "0�#  %�)2' !" . ��20' -,�    !�0%$,"'#  «����$  ��,-",',-$�/ » ")'-  %&�&$7�-!$ %� 
��!$�"6$1""   " -'0  4%&$2�',"( . 	 4;' -2�('- (  %&"2(6!$ ,�2���  )2"�$-'�(  �5�  !  !�, -
 -&4!1""  $2-�74 $  Volgabus. �$7�-*   )'&�"2$'-  �- 4- -2"'  " %��,',"(  «&$7�+'�� » )2" -
�$-'�(    �2&� -5. �� �'),"#  �!$�'- (  4 %&�"62�)"-'�'#  $2-�74 �2  ,'  &$,''  2016 ��)$ . 

�  &$0!$3 !�,-&$!-$  ,$  2016–2017 �� . %&')%&"(-"'  )���,�  %� -$2"-/  �'-'&74&�4  
%�&()!$  100 ,"6!�%��/,*3  0$8", . ��  ' -/  "  %&�7�'0* . 
$! , 0$8",*  %� -$2�(:- (  2 
&$0!$3 44-��  �')'&$�/,���  �$!�,$ . �&�7�'0$  2 -�0 , +-�  !�,-&$!-*  "0':-  )�"-'�/,*#  
3$&$!-'&, !�-�&*#  ,'  4+"-*2$�  ,$  -�-  0�0',-  2�"(,"(  !4& �2�#  &$6,"1*  2$�:- . �'#+$  
�'  %��4+$'- ( , +-�  %� -$2!$ 0$8",  � 4;' -2�('- (  ,$  %&')'�'  &',-$7'�/,� -"   )'�!" . �  
-�04  �'  �%&')'�',,$(  ,$  0�0',-  6$!�:+',"(   )'�!"  !�0%�'!-$1"(  ,'  0��'-  7*-/  "60' -
,',$ . ��%4 !$:- (  "60',',"(  2 !�0%�'!-$1"" , ,�  -��/!�  2  -�&�,4  4�4+8',"( . �  !$!  �%-
&')'�"-/  %� -$2!4  !�0%�'!-4:;"3  &�  "# !���  %&�"62�) -2$ … ��<-�04  ' -/  %&')���' -
,"'   �6)$-/  &$7�+4:  �&4%%4 "6 2 '3  6$",-'&' �2$,,*3   -�&�,  "  &'8"-/  <-4 %&�7�'04  2 
!�,-'! -'  "0%�&-�6$0';',"( . 

 

�&�) !�#   �+�',',,*#  ,"6!�%��/,*#  $2-�74  Volgabus �"-"�"-0 -18 

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

 -�"0� -"  $2-�74 �2 , -$!  "  6$-&$- ,$  "3  �7 �4�"2$,"' . 
�  !$+' -2'  "0%�&-�6$0';',"(   -�"-  %&"2' -"  %&"0'& " %��/6�2$,"(  )2"�$-'�'#  

Cummins, %&�"62�)"0*3  2 �$7'&'�,*3  �'�,$3 , $2-�0$-"+' !�#  !�&�7!"  %'&')$+ Voith 
(�$6$,/ , 
$-$& -$, ), $ -$!�'  2�62&$;',"(  !  " %��/6�2$,":  %�)2' !"  ��5�� . 
$!�#  $2-
-�74  2 �!-(7&' -,�(7&'  74)'-  ��-�2  !   '&-"."!$1""  "  %��4+',":  	

� . �$-'0  74)'-  ,$ -
�$�',�  '��   '&"#,�'  %&�"62�) -2� . 

�&�)���$:- (  &$7�-*  %� ,"6!�%��/,�04$2-�74 4  !$!  2 %�$,'  ,'6$2" "0�#  %'&') -
,'#  %�)2' !" , -$!  "  0�)'&,"6"&�2$,,�#  6$),'# . �+"-*2$(  $!-4$�/,� -/  -$!���  $2-�74 $ , 
«!$0$6�21* » ��-�2*  %&')���"-/  -$!�#  $2-�74  2  �')4:;'0  ��)4 . 

5��  
1 (,2$&(  2015 ��)$  ,$+$��  )'# -2�2$-/  ')",�'  -$0��',,�'  %&� -&$, -2�  ,$  -'&&" -

-�&""  -&'3  �� 4)$& -2 . �   2(6"    <-"0   %&')%&"(-"(  �'�$&4 "  ��-�2*  %&')���"-/  &�  "# -
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 !"0  %&')%&"(-"(0  &()  !�0%�'!-4:;"3 . � -$-" , 4�'   '#+$  !�0%$,"(  Volgabus " %��/ -
64'-  &4�'2�'  4%&$2�',"'  7'��&4  !���  %&�"62�) -2$ . �$ -/  !�0%�'!-4:;"3  )�(   2�"3  1' -
�'#  ��-�2$  " %��/6�2$-/  "  «
&4%%$ 
�� ».  

«�'�8",$ »  4;' -2',,�  4�4+8"�$  !$+' -2�  2*%4 !$'0�#  ':  &'6",* . �   $0�0   !� -
&�0  2&'0',"  $2-�74 *  5��  %&" %� -$2!'  2 ��  ":  74)4-  !�0%�'!-�2$-/ (  "0',,�  '# . 

�  %&��&$00' %&$2"-'�/ -2$  4-2'&�)',"'   -&$-'�""  &$62"-"( $2-�0�7"�/,�#  %&�-
0*8�',,� -"  "  %&�"62�) -2$  $2-�!�0%�,',-�2  ,$  %'&"�)  )�  2025 ��)$ , ,$%&$2�',,4:  ,$  
�7' %'+',"'  "0%�&-�6$0';',"(  %&�)4!1""  "  -'3,����"# . 	,$  )���,$  %&')4 0$-&"2$-/ , 2 
-�0  +" �' , %&��,�6  %$&$0'-&�2 &*,!$  "  <! %�&-$ $2-�0�7"�/,�#  -'3,"!" ; %&"�&"-'-,*'  
,$%&$2�',"(  ,$4+,� --'3,����"+' !���  &$62"-"( &�  "# !���  $2-�0�7"�' -&�',"(  "  &$6-
&$7�-!"  %'& %'!-"2,*3  �7&$61�2   4+'-�0  0"&�2*3  -',)',1"#  %'&'3�)$  !   '&"#,�04  
%&�"62�) -24  <�'!-&�0�7"�'# ; 0'3$,"60*  %�))'&�!" , ,$%&$2�',,*'  2 -�0  +" �'  ,$  42' -
�"+',"'  �7C'0�2  <! %�&-$ "  )��"  6$!4%�! �-'+' -2',,*3  $2-�  !�0%$,"(0"    �� 4+$ -"'0  
"  ' -' -2',,*0"  0�,�%��"(0" ; 0'3$,"60*  &$62"-"( %&�"62�) -2$  $2-�!�0%�,',-�2  "  �� -
!$�"6$1""  %&�"62�) -2$  $2-�0�7"�/,�#  -'3,"!"  2 ��  "" ; 26$"0�42(6!4  0'&�%&"(-"#  %� 
&$62"-":  $2-�%&�0$ "  %&�"62�) -2$  $2-�!�0%�,',-�2    0'&�%&"(-"(0"  %� &$62"-":  
 0'�,*3  �-&$ �'# .  

�&�0'  -���  )���,$  7*-/    !�&&'!-"&�2$,$  %�)%&��&$00$ "�2-�0�7"�/,$(  %&�-
0*8�',,� -/ " �� %&��&$00*  "�$62"-"'  %&�0*8�',,� -"  "  %�2*8',"'  ''  !�,!4&',-� -
 %� �7,� -" ". �  -�0  +" �'  &'+/  ")'-  �  0'3$,"60$3  �-,' ',"(  $2-�!�0%�,',-�2  !  %&�)4!-
1""  &�  "# !���  %&�" 3��)',"(  "  �%&')'�',"(  4&�2,(  "3  ��!$�"6$1"" ;  -"04�"&�2$,""  
��!$�"6$1""  %&�"62�) -2$  $2-�!�0%�,',-�2 , "3  +$ -'# ,  *&/( , 0$-'&"$��2  "  -'3,����"# , 
$ -$!�'  " %��/6�2$,""  $2-�%&�"62�)"-'�(0"  <-�#  %&�)4!1"" ; %�2*8',""  4&�2,(  %'&'&$-
7�-!"  $2-�-&$, %�&-,*3   &') -2 .  


$!�'  �$7",'-  5"," -&�2  )���',  %�)��-�2"-/  %&')���',"(  %� .�&0"&�2$,":  
,�&0$-"2,�#  %&$2�2�# 7$6* %� 2�%&� $0 %�<-$%,���  �7,�2�',"(  $2-�%$&!$ "  %&') -$2"-/  
%&')���',"(  �  0'&$3 �� %�))'&�!"  �&�$,"6$1"#  $2-�%&�0$ 2 6$2" "0� -"  �-  4&�2,(  �� -
!$�"6$1""  %&�)4!1"" , $ -$!�'  �7' %'+',"(  &'�" -&$1""  2 ��  %&$2 ,$  &'64�/-$-*  ,$4+,� -
-'3,"+' !�#  )'(-'�/,� -" .  

��<-�04  $!-4$�/,*0   (2�('- (  )�(  	�	  «�����7$ » 2�%&�  �7  "0%�&-�6$0';',""  
-$!"3  46��2  "  $�&'�$-�2  !$!  &$0$, %,'20�%�)2' !$ , &'$!-"2,*'  8-$,�" , -�&0�6,*'  !$0'&*   
"  0,��"3  )&4�"3 .  

�&"0',',"'  2 !�, -&4!1""  $2-�74 �2  $�&'�$-,�#  7$6* �-'+' -2',,���  %&�"62�) - -
2$ %&"2')'-  !   ,"�',":  6$2" "0� -"  %'&'2�6+"!�2  �-  %� -$2�!  "0%�&-,*3  6$%$ ,*3 +$ -
-'# , �7' %'+',"(   -$7"�/,� -"  "  ,$)'�,� -"  2 %'&'2�6!$3 �7;' -2',,*0  $2-�74 ,*0  
-&$, %�&-�0 , $ -$!  �'  "  !   ,"�',":   -�"0� -"  $2-�74 �2  2 1'��0 . 

«�$  $�"&$2-�-&$, » )� -�#,�   %&$2"� (    �&�$,"6$1"'#  %$  $�"& !"3  %'-
&'2�6�!  2�  2&'0(  %&�2')',"(  6"0,"3  	�"0%"# !"3  "  �$&$�"0%"# !"3  "�&  2 ��+" . 
�'  %� �'),::  &��/  2 &'8',""  <-�#   ���,�#  6$)$+"  *�&$�"  «
&4%%$ 
�� » "  !�0 -
%$,"(  Volgabus, %&')� -$2"28"'   �2&'0',,*#  %�)2"�,�#   � -$2 . 

�"-'&$-4&$  
1. ���(!�2$  � .� . �2-�!�0%�,',-,$(  7$6$ – %&�7�'0$  �2-�%&�0$ . �2-�-&$, %�&-,�'  
%&')%&"(-"' . 2016. - = 1. –  . 39-41. 
2.  �&�7�'0*  "0%�&-�6$0';',"( : !&4��*#   -��  ���  
��  «�$  $�"&$2-�-&$, ». 
 
 

 



 34 

'���*�����  ��&�� �!��  ��!���� ����   
��������&��%����&  ���� �" , ����������$&  ����  �������  

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

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

* ��	  "���� !"#  &'�','&$-,� -8",�&'0�,-,*#  6$2�)" 
 

�"&�!�'  &$ %&� -&$,',"'  &'6",�-'3,"+' !"3  "6)'�"#  �74 ��2�',�  "3  4,"!$�/ -
,*0"   2�# -2$0" :  2')',"'  !  0","0404  ,$�&46�!  "  2&'),���  2�6)'# -2"(  2,'8,"3  .$! -
-�&�2  ,$  2$�,*'  )'-$�"  &$7�+"3 0'3$,"60�2  2 8"&�!�0  )"$%$6�,'  -'0%'&$-4&. ��  ,$&()4  
  <-"0  2�6,"!$'-  %&�7�'0$  4-"�"6$1""  &'6",�-'3,"+' !"3  "6)'�"# . �' 0�-&(  ,$  7��/8�'  
!��"+' -2�  &$6&$7�-$,,*3  0'-�)�2  4-"�"6$1""  "  " %��/6�2$,"(  2*8')8"3  "6 4%�-&'7-
�',"(  &'6",�-'3,"+' !"3  "6)'�"# , ,$   '��),(8,"#  )',/  %�!$ �- 4- -24:-  <..'!-"2,*'  
-'3,����""  "3  %�2-�&,���  %&"0',',"(     �3&$,',"'0  " 3�),*3  ."6"!� -0'3$,"+' !"3  
 2�# -2  &'6", . �'# -24:;''  6$!�,�)$-'�/ -2�  7��/8", -2$   -&$,  0"&$ 6$%&';$'-  2*7&$-
 *2$-/  "6,�8',,*'  8",*  ,$   2$�!"  "   -"04�"&4'-  ,$%&$2�',"'  %�2-�&,���  " %��/6�2$ -
,"(  2*8')8"'  "6 %�-&'7�',"(  &'6",�2*'  "6)'�"( . �  &'64�/-$-'  %�(2"�� /  7��/8�'  !��" -
+' -2�  6$2�)�2 , !�-�&*'  2*%��,(:-  )&�7�',"'  &'6",�2*3  "6)'�"#  )�  !&�8!"  �%&')'�A, -
,���  &$60'&$ 0'3$,"+' !"0  "�"  !&"��',,*0   %� �7�0 . 	),$!� , )$�/,'#8''  " %��/6�2$ -
,"'  &'6",�2�#  !&�8!"  �:7�#  )" %'& ,� -"  ��&$,"+',�  "6-6$ 'A ",'&-,� -" , !�-�&$(  %&"-
2�)"-  !  %��3�#   �20' -"0� -"    %��"0'&,�#  !�0%�6"1"'# . �&�0'  -��� , ,$�"+"'  0'-$��� -
!�&)$  %&" )&�7�',""  "6,�8',,*3  8",  "  )&4�"3  $&0"&�2$,,*3  &'6",�2*3  "6)'�"# , %&"-
2�)"-  ';A  !  7��/8'04    ��&$,"+',":  " %��/6�2$,"(  &'6",�2�#  !&�8!" . 

��<-�04  %�" !  ,�2*3  <..'!-"2,*3   %� �7�2  %'&'&$7�-!"  &'6",�-'3,"+' !"3  "6-
)'�"#  "  "6,�8',,*3  8",  (2�('- (  $!-4$�/,�#  6$)$+'#. 	),"0  "6  %� �7�2  &'8',"(  2* -
8'4!$6$,,�#  6$)$+" 0��'-  &$  0$-&"2$-/ (  " %��/6�2$,"'  %�&�8!�2�#  -'3,����""  [2]. 
�4-/  !�-�&�#  6$!�:+$'- (  2  0'8"2$,""  &'6",�2���  %�&�8!$ , &$60'& +$ -"1  !�-�&���  ,'  
%&'2*8$'-  0,5 00 , 2 ��%$ -,�0   0' "-'�'     '&�#  "  4 !�&"-'�(0" , 6$-'0  )�7$2�(:-  !  
 0' "  0'-$���!�&) , "  %&'  4:-  2 %�4,�'&,�#  %&'  -.�&0'  2 "6)'�"'  %&" -'0%'&$-4&'  160 
- 170 
� . 
$!�#   %� �7  %��4+',"(  "6)'�"(  %�62��('-  " !�:+"-/  )�&��� -�(;''  -(�'��'  "  
<,'&��A0!�'  &'6",� 0' "-'�/,�'  �7�&4)�2$,"' . �  %&" <-�0  " !�:+$'- (  2'&�(-,� -/  
%�)24�!$,"6$1""  &'6",�2�#   0' "  %&" %'&'&$7�-!'  "  3&$,',"" .  


$!"0  �7&$6�0 , %&�2')',*  "  �')�2$,"(  %� 2*7�&4  �%-"0$�/,*3  &'�"0�2  "6�� -
-�2�',"(   0' '#  "  24�!$,"6$1""  %��"0'&,�#  !�0%�6"1"" , $&0"&�2$,,�#  !�&�-!"0"  �- -
&'6!$0"  0'-$��!�&)$ . �$#)',  &'�"0  �7&$7�-!"  %��"0'&,�#  !�0%�6"1"" , %&" !�-�&�0  'A 
 2�# -2$     ��-2'- -24:-  -&'7�2$,"(0  
	�
 , 2 +$ -,� -"  ,$  %�$ -",4  -'3,"+' !4:  )�(  
)�&��,�#  -'3,"!" . 

�&$2,"-'�/,*#  $,$�"6  -'3,����"+' !"3   2�# -2  "62' -,*3  &'6",�2*3   0' '#  "  
%&')�$�$'0�#  !�0%�6"1""  %�!$6*2$'-  %&'"04;' -2�  %� �'),'#  (7��/8"#  ",)4!1"�,,*#  
%'&"�)  "  )&.). �&�0'  -��� , %&')�$�$'0$(  !�0%�6"1"(  %&�;'  %�  � -$24  "  6,$+"-'�/,�  )' -
8'2�' . 

��!$6$,$  <..'!-"2,� -/  " %��/6�2$,"(  %�&�8!�2�#  -'3,����""  "6��-�2�',"(  &'-
6",�-'3,"+' !"3  "6)'�"# , $&0"&�2$,,*3  0'-$���!�&)�0 , %'&')  -&$)"1"�,,�#  -'3,����" -
'# ,   %��4+',"'0   �%� -$2"0*3  ."6"!� -0'3$,"+' !"3  %�!$6$-'�'# . �&"  <-�0  6,$+"-'�/,�  
 ,"�$:- (  6$-&$-* ,$  %�)��-�2!4  %&�"62�) -2$  6$  +'-  " !�:+',"(  )�&�����  "  <,'&��'0 -
!���  �7�&4)�2$,"( . 
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!� , � .� . 5�&�6�2 . - 5 .: 			  "�6)$-'�/ !"#  1',-&  "
'3",.�&0 " 5�� ", 2012. - 744  . 
2. ���(!�2 , 	 .
 . ��2-�&,*'  24�!$,"6$-*  "6 &'6",�2�#  !&�8!" / ���(!�2  	 .
 ., �$#!4,  
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'0 .�76�& . �'& . «�&�"62�) -2�  &'6",� --'3,"+' !"3  "  $ 7' -�-'3,"+' !"3  "6)'�"# », 
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� .� . ��"0�2$  ! .- ., ., )�1',-  ���  ((����� ) ������� , ����'%�+ ,  

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

 
	),$  "6 %&�7�'0  ��&�)$  ���� !���  – 6$�&(6,',"'  $-0� .'&*   '&�2�)�&�)�0  "  )&4-

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

!�,1',-&$1"(  6$�&(6,(:;"3  �$6�2, 7��/8"'  &$ 3�)*  �$6�2*3   " -'0 . �  -$!�0   �4+$'  2 
%&�0*8�',,� -"  +$;'  2 '��  " %��/64'- (  3"0"+' !$(  $7 �&71"( . ��<-�04  7*�$  %� -$2-
�',$  1'�/ : "  �')�2$-/  3$&$!-'&" -"!"   4;' -24:;"3  !�,-$!-,*3  4 -&�# -2 , 2*7&$-/  
�)",  "6 2$&"$,-�2  "  %&�$,$�"6"&�2$-/  '��  &$7�-4. 

�&�7�'0,*0"   -�&�,$0"  !�,-$!-,*3  4 -&�# -2  (2�(:- (  [1]: 
1) 0$! "0$�/,�  2�60��,�'  " %��/6�2$,"'  !�,-$!-$  .$6  2 '��   '+',"(  $%%$&$-$; 
2) �7' %'+',"'  2* �!"3   !�&� -'#  �-,� "-'�/,���  )2"�',"(  .$6  %&" �),�2&'0',,�0  
&'8',""  %&�7�'0  !$%�'4,� $ ; 
3) %��4+',"'  &$62"-*3 %�2'&3,� -'#  !�,-$!-$  .$6  6$  +'-  $!-"2,*3  �")&�)",$0"+' -
 !"3  &'�"0�2 ; 
4)  ,"�',"'  �")&$2�"+' !���   �%&�-"2�',"(  $%%$&$-$ 6$  +'-  " %��/6�2$,"(  &$6�"+-
,*3   %� �7�2  %�)2�)$  <,'&�""  2 6�,4  !�,-$!-$  "  � �7*3  !�, -&4!-�& !"3  &'8',"# ; 
5) �- 4- -2"'  6$ -�#,*3  6�,  2 $%%$&$-',  %� �7 -24:;"3  8�$0��-���',": ; 
6)  �7�:)',"'  -'0%'&$-4&,���  &'�"0$ .  
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-&47+$-*'  – + × × × 
  �" -�2�#  ,$ $)!�#  + + × + × 

�$ $)�+,*'       
  ,$ $)!�#  2,$2$�  × × – + + 
  &'�4�(&,�#  ,$ $)!�#  × + × + + 

�$&7�-$�,*'       
!��%$+!�2*'  + – + + – 
 "-+$-*'  + – + + × 
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%&�2$�/,*'  + – + + + 
%�$ -",+$-*'  + + + + × 

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

�  -$7�"1'  1 %&"2')',*  2")*  $7 �&7'&�2  "  "3  3$&$!-'&" -"!"  [2], !�-�&*'  0��4-  %�-
0�+/   )'�$-/  2*7�&  2 %��/64 �),���  "6 $%%$&$-�2 (+  ��-2'- -2"'  -&'7�2$,": ; × +$ -"+ -
,�'   ��-2'- -2"' ; – ,' ��-2'- -2"' ). �$&$!-'&" -"!"  $7 �&7'&�2  7*�"  %�)�7&$,*    <!� -
,�0"+' !�#  -�+!"  6&',"(  "    4+'-�0  � �7',,� -'#  �$6�2*3  2*7&� �2 ,  �)'&�$;"3   �')" -
,',"(   '&* , $ -$!  �'  2�60��,�  ,$�"+"'  %*�" . 

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

�$  &" 4,!'  1 %&') -$2�',$  ��&"6�,-$�/,$(  %����-"-'�/,$(  !$0'&$ , �7C')",(:;$(  
2*7&$,,*'   -$,)$&-,*'  $7 �&7'&*  %�  %� �74  !�,-$!-$  .$6 , !�-�&$(  "   -$�$  �7C'!-�0  
"  �')�2$,"( . �, -&40',-�0  "  �')�2$,"(  7*�$  2*7&$,$ 0$-'0$-"+' !$(  0�)'�/ , %&')-
 -$2�(:;$(  0�)'�/  ")'$�/,���  %'&'0'8"2$,"( , &$  0$-&"2$� (   -$1"�,$&,*#  &'�"0  &$-
7�-* .  

 
�" 4,�!  1 – 
�&"6�,-$�/,$(  %����-"-'�/,$(  !$0'&$  

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

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

$�/,�  %'&'0'8$,$  "  !�,1',-&$1"(  %&"0' '#  2 ,'#  �)",$!�2$  %� 2 '04  �7C'04  "  &$2,$ 
!�,1',-&$1""  2*3�)(;'��  "6 %&')*)4;'#  (+'#!"  �$6�2���  %�-�!$ ; 

3) &$ 3�)  &$ -2�&$ 2 !$�)�#  (+'#!'  �)",$!�2 . 
�60',',"'  !�,1',-&$1""  2 �$6�2�#  .$6'  )�(  i-�#  (+'#!" : 

*
AiAA i1ii

CaE6CC ×××-=
- iyF , 

ixF i AB

 �

6 E CdC
z a

dh v

*

= - × . 

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

�
�

$�

q
v =

b 7×
. 
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5' -,*#  !�<.."1"',-  4 !�&',"(  %&�1'  $   �&71""  [3]: 

B B
i *

A A

i

i

D C
E =1+

zD C
. 

�$2,�2' ,$(  !�,1',-&$1"(  %����;$'0���  2';' -2$  2 �")!�#  .$6' : 
*
A Ai i

P
x = y

E
. 

5��(&,$(  !�,1',-&$1"( : 

Ay
'���

'��
Ax C

M

M

E
P

C
r
r �= . 

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

Ay
'���

'��
Ax C

E
P

M

M
C ×=*

r
r �

. 

�)'�/,$(  %�2'&3,� -/  ,$ $)!" , %&"3�)(;$( (  ,$  ')","14  �7C'0$  (+'#!" : 
28

a=
l

. 

��0%/:-'&,*'  <! %'&"0',-* , %&�2')',,*'  ,$  0$-'0$-"+' !�#  0�)'�" , %�)-2'&)" -
�"  &$,''  %��4+',,*'  &'64�/-$-*  %� 2�"(,":  -'0%'&$-4&,���  &'�"0$  ,$  %&�-'!$,"'  %&�-
1'  $  3"0"+' !�#  $7 �&71"" . 

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

�����
��  	�	��������  
b – 8"&",$  2 '3  %'&'��&�)�!  %����-"-'�/,�#  !$0'&* , 0; 
 , 
 *  – !�,1',-&$1"(  2';' -2$  2 
�$6�2�#  .$6'  "  2 $7 �&7',-'   ��-2'- -2',,� , 0��/ /03; D  –  &'),"#  !�<.."1"',-  )"..4 -
6""  2';' -2$  2 &$ -2�&$3, 02/ ; E – !�<.."1"',-  
',&" , 00 .&-. - .; l – 2* �-$  %'&'��&�)!"  
%����-"-'�/,�#  !$0'&* , � ; M 0  – 0��'!4�(&,$(  0$  $   0' " , � /��� ; P – )$2�',"'  �$6�2�#  
.$6* , �� .�& .'& .; q – �7C'0,*#  &$ 3�)  %����-"-'�( , � 3/' ; z – 0��'!4�(&,� -/  &'$!1"" ; bxF  
– !�<.."1"',-  0$  ��-)$+"  2 �")!�#  .$6' , � /' ; 9 – %�&�6,� -/   ��(  ,$ $)!" , � 3/� 3; m – 

)",$0"+' !"#  !�<.."1"',-  2(6!� -" , ��: c; ;  – %��-,� -/ , !� /03; %�7  – -��;",$   -'!$: -
;'#  %�',!"  �")!� -" , � ; 8 – )��(  %'&.�&$1""  %'&'��&�)!"  %����-"-'�/,�#  !$0'&* .  
",)'! * : �  – %����;$'0*#  �$6, B – &'$�',- , i – -'!4;''  6,$+',"' , �  – �+";$'0*#  �$6, �  – 
$7 �&7',- . 

�%" �!  �"-'&$-4&*  
1) �$-*%�2  � .� . 	 ,�2,*'  %&�7�'0*  "  %4-" &'8',"(  !�0%�'! ,�#  �+" -!"  �$6�2*3  2* -
7&� �2  7��/8"3  �7C'0�2  // �' -,"!  �$6$, !���  -'3,����"+' !���  4,"2'& "-'-$ . 2011, 2.8, 
 . 340-344.  
2) �$00  � .5 . �7 �&71"(  �$6�2. 2-'  "6) ., %'&'&$7. "  )�%. 5 .: �"0"( , 1976. 656  . 
3) �$,!2'&-  � .� . 
$6��")!� -,*'  &'$!1"" . %'&.   $,�� . 5 .: �"0"( , 1973. 296  .   
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��� ��  ��������$  ������  ��������%����!�  �'��� ����   
'��������  ������������  ���� ���!�  �'����  

��*,�*�,�  � .� ., �������,  � .� . 
 
	 ,�2,�'  2,"0$,"'  2 )$,,�#   -$-/'  74)'-  4)'�',�  %&�1'  4  &'!-"."!$1"" , !�-� -

&*#  �-,� "- (  !  0$  ��70',,*0  %&�1'  $0 , "  � ,�2,�04  '��  �7�&4)�2$,":  - &'!-"."!$ -
1"�,,�#  !���,,' . 

�'!-"."!$1"�,,*'  !���,,*  %&�'!-"&4:- (  )�(  �%&')'�',,*3  6,$+',"#  &'�"0 -
,*3  %$&$0'-&�2 "   � -$2�2  " 3�),*3  2';' -2 , %&" !�-�&*3  4 -$,�2!$  �7' %'+"2$'-  6$-
)$,,�'  !$+' -2�  &$6)'�',"( . �  &'$�/,*3  4 ��2"(3   �4+$#,*'  2�604;',"(  %&"2�)(-  !  ,$ -
&48',":  0$-'&"$�/,���  "  -'%��2���  7$�$, �2  2 $%%$&$-', "60',',":  )$2�',"(  "  -'0%' -
&$-4&* "  2 !�,'+,�0  "-��'   !  �-!��,',":   � -$2�2  %��4+$'0*3  %&�)4!-�2  �-  &$ +'-,*3 . 
��<-�04  1'�/:   -$-/"  74)'-  &$  0�-&',"'  &$6�"+,*3   " -'0  &'�4�"&�2$,"(  "  2*(2�',"'  
,$"7��''  <..'!-"2,�#  "6 ,"3  )�(  %�))'&�$,"(  �%-"0$�/,*3  6,$+',"#  %$&$0'-&�2 -'0 -
%'&$-4&* "  )$2�',"( . 

�3'0$  -'3,����"+' !���  %&�1'  $  "6�7&$�',$  ,$  &" 4,!'  1 "  'A  4-/  6$!�:+$'- (  2 
 �')4:;'0 : " 3�),4:  �")!� -/  ( 0' /  74-"��2���   %"&-$   2�)�# )  "6 '0!� -"  1 %�)$:-  
2 -'%���70',,"!  2, �)'  �,$  %�)��&'2$'- (  )�  -'0%'&$-4&*  7�"6!�#  !  -'0%'&$-4&'  !"%',"(  
(90°C). �$�&'-$(   0' /  %� -4%$'- ,$  &$6)'�',"'  2 -$&'�/+$-4:  &'!-"."!$1"�,,4:  !���, -
,4  3, �)'   � -$2  �")!� -"  &$2',   � -$24  " 3�),�#   0' " . �-'!$(  2,"6  %� !���,,' , �") -
!� -/  26$"0�)'# -24'-    %�),"0$:;"0 (  22'&3 %$&�0, �7&$64:;"0 (  %&" !"%',""  !47� -
2�#  �")!� -"  2 !"%(-"�/,"!'  4. �  &'64�/-$-'  0$  ��70',$    �")!� -/:  %$& �7��$;$'- (  
�'�!��'-4+"0  !�0%�,',-�0  (2�)�# ). ��(  7��''  %��,���  �7��$;',"(  2'&3,::  +$ -/  !� -
��,,*  �&�8$:-  2  ��-2'- -2""    6$)$,,*0  .�'�0�2*0  +" ��0  �")!� -/:  (.�'�0�# ), %�-
�4+$'0�#  2 )'.�'�0$-�&'  5 %4-'0 !�,)', $1""  %$&$, 2*3�)(;'��  "6 !���,,* . �$ -/  !�, -
)', $-$  2*2�)"- (  "6 )'.�'�0$-�&$  2 2")'  ��-�2���  %&�)4!-$ &$6)'�',"(  - )" -"��(-$ , 
!�-�&*#  �3�$�)$'- (  2 -'%���70',,"!'  7"  ,$%&$2�('- (  2 '0!� -/  8. �6  !47�2�#  +$ -"  
!���,,*  ,$ � �0   ,'%&'&*2,�  2*2�)"- (  !47�2$(  �")!� -/  – %&�)4!- , �7��$;',,*#  
-&4),��'-4+"0  !�0%�,',-�0 (74-"��2*#   %"&-), !�-�&*#  �3�$�)$'- (  2 -'%���70',,"!'  
9 "  ,$%&$2�('- (  2 A0!� -/  10. 

 
�" 4,�!  1. �3'0$  -'3,����"+' !$(  %&�1'  $  &'!-"."!$1"" . 

(1-A0!� -/  )�(  " 3�),�#   0' " , 2-%�)��&'2$-'�/ , 3--$&'�/+$-$(  &'!-"."!$1"�,,$(  !���,,$ , 4-!"%(-"�/,"! , 
5-)'.�'�0$-�& , 6-)'�"-'�/  .�'�0* , 7-3���)"�/,"! , 8- 7�&,"!  )" -"��(-$ , 9-3���)"�/,"! , 10- 7�&,"!  !47� -
2�#  �")!� -" .) 
 

�$"7��''  2$�,*0"  %$&$0'-&$0" %&�1'  $  (2�('- (  &$ 3�) , -'0%'&$-4&$ "   � -$2  
" 3�),�#   0' " , )$2�',"'  "  -'0%'&$-4&$ 2,4-&"  !���,,* . � �"  " 3�),$(   0' /  22�)"- (  
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2 !���,,4  2 ,')� -$-�+,�0  !��"+' -2' , -�  %�0"0�  ,"6!�!"%(;'��  !�0%�,',-$  74)'-  " -
%$&(-/ ( +$ -/  2* �!�!"%(;'��  !�0%�,',-$ , ' �"  �'  " 3�),�#   0' "  74)'-  %�)$2$-/ (  2 
"67*-!' , -�  -'%�$   74)'-  ,')� -$-�+,�  ,$  " %$&',"'  2 '��  ,"6!�!"%(;'��  !�0%�,',-$  "  
�,  %�%$)A- 2 !47  !���,,* , 2 A <-�  %&"2')A- !  434)8',":  &$6)'�"-'�/,�#   %� �7,� -"  
!���,,* . 

�0',/8',"'  -'0%'&$-4&*  " 3�),�#   0' "  %&"2')A- !  ,$&48',":  -'%��2���  7$-
�$, $ . �0' /  74)'-  6$7"&$-/ -'%��  "6 !47$ !���,,*  )�(  )� -"�',"(  -'0%'&$-4&*  !"%' -
,"( , $  �')�2$-'�/,� , +$ -/  ,"6!�!"%(;'��  !�0%�,',-$  74)'-  %�%$)$-/ 2 !47  !���,,* , +-�  
%&"2')A- !  434)8',"'  &$6)'�',"(   0' " . 

	+',/  +$ -�  2 %&�1'  '  &'!-"."!$1""  &'�4�"&�2$-/   � -$2   0' "  7*2$'-  ,'2�6 -
0��,�  "6-6$ �- 4- -2"(  ,'�73�)"0*3   &') -2  "60'&',"( , %�<-�04   -$7"�"6"&4'- (  )$2-
�',"'  2 !���,,' , -$!  !$!  2 !$+' -2'  !� 2',,���  %�!$6$-'�(   � -$2$   0' "  " %��/64:-  'A 
-'0%'&$-4&4 !"%',"( , !�-�&$(  �),�6,$+,�   2(6$,$    � -$2�0  �"8/  %&" %� -�(,,�0  )$2-
�',"" . �&"  <-�0  &'�4�"&�2$,"'  ,'�73�)"0�  %&�"62�)"-/  -��/!�  2 2'&3,'#  +$ -"  !���, -
,* , -$!  !$!  !���,,$  �7�$)$'-   2�# -2�0   $0�2*&$2,"2$,"( . 

�� �'),"#  %$&$0'-& – <-�  -'0%'&$-4&$ !47$ !���,,* . �60',',"'  -'0%'&$-4&*  2 
!47'  !���,,*  %&"2')A- !  "60',',":   )$2�',"(  2 !47' , $ %�-�0  2 2'&3,'#  +$ -"  !���,,* . 
��')�2$-'�/,� , 40',/8"- (  %�)$+$ 3�$)$�',-$  "  40',/8"- (  �-7�&  %$&�2. �  "-��'  +$ -/  
,"6!�!"%(;'��  !�0%�,',-$  74)'-  2*%$)$-/  2 !47  !���,,* . 

�*��  &$6&$7�-$,� +'-*&'   " -'0*  &'�4�"&�2$,"( : 
1)  �" -'0$  &'�4�"&�2$,"(-'0%'&$-4&*  ,"6$  !���,,*  %4-A0 "60',',"(   -'%',"  

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

,"6$  !���,,* . 
3) �" -'0$  &'�4�"&�2$,"(  -'0%'&$-4&*  ,"6$  !���,,*  %4-A0 "60',',"(  %�)$+" 

�&':;'��  %$&$   !�0%', $1"'#  %� 4&�2,:  2 !47'  !���,,* . 
4) �" -'0$  &'�4�"&�2$,"(  -'0%'&$-4&*  ,"6$  !���,,* , %4-A0 "60',',"(%�)$+"  

�&':;'��  %$&$   !�0%', $1"'#  %� -'0%'&$-4&'  " 3�),�#  �")!� -" . 
�� �'  &'$�"6$1""  "3  2 %&��&$00,�0   &') -2'  VisSim7*��  2*(2�',� , +-�   " -'0$  

&'�4�"&�2$,"(-'0%'&$-4&*  ,"6$  !���,,*  %4-A0 "60',',"(   -'%',"  �-!&*-"(  !�$%$,$ ,$  
�",""  %�)$+" " 3�),�#   0' "    " %��/6�2$,"'0  ��� -&'�4�(-�&$  (&" . 2) (2�('- (  ,$"7� -
�''  <..'!-"2,�# , -$!  6,$+',"'   &'),'!2$)&$-"+,���  !&"-'&"(  !$+' -2$  )�(  <-�#   " -'0*  
(2�('- (  0","0$�/,*0  "6 +" �$  "  �')�2$,,*3   " -'0  (&" . 3). 

 
�" 4,�!  2. �'$�"6$1"(   " -'0*  &'�4�"&�2$,"(  2 %&��&$00,�0   &') -2'  VisSim. 
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�" 4,�!  3. 
&$."!  6$2" "0� -"   &'),'!2$)&$-"+,���  !&"-'&"(  !$+' -2$  �-  "  �')4'0���  %$&$0'-&$ 4%&$2-

�(:;'��  4 -&�# -2$ . 
�%" �!  �"-'&$-4&*  

1. 9�'!-&�,,*#  &' 4& :  
http://window.edu.ru/catalog/pdf2txt/060/77060/58190?p_page=14. 

2. 	 ,�2,*'  %&�1'  *  "  $%%$&$-* 3"0"+' !�#  -'3,����"" . �� �7"'  %� %&�'!-"&� -
2$,": . 
&'-/'  "6)$,"' ,  -'&'�-"%,�' . �'&'%'+$-!$    "6)$,"(  1991� . ��)  &')$!1"'#  �*- -
,'& !���  � . � . – 5 .: ��/(, , 2007� ., 368 . 

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

��#1����&  ���� �"  �'��� �����  �'��!���  ������������  '��  
�&  �����' ����  �  ���������  

� . � . ��%'1!"# *, � . � . � /!�2 **, � . � . �� ',!� ***, � . � . 
*8!'2"+ ***, � . � . 	&��2 ***, 
� . � . �$&$6�2*** 

* ���  «���  ����'%�+ », ** ���  «���  
����� », *** ���  ((����� ) <�2��  ��  �������  
 

�&"  0'3$,"+' !�#  �7&$7�-!'  ,'�A -!"3  )'-$�'#  ,'�73�)"0�  4+"-*2$-/  4%&4�"' 
)'.�&0$1"" , 2�6,"!$:;"'  �-  4 "�"#  6$�"0$  "  &'6$,"( . ���&'8,� -"  .�&0*  (�-!��,',"(  
�-  %�� !� -,� -" , !&4��� -" , 1"�",)&"+,� -" ) )'-$�'#  �-  4%&4��# )'.�&0$1""  2�  0,��"3  
 �4+$(3  6,$+"-'�/,�  %&'2*8$:-  %��&'8,� -" , 2*62$,,*'  7"',"'0  8%",)'�'# , ,'-�+,� -
 -/:  4 -$,�2!"  "  )&4�"0"  .$!-�&$0" . 	%*-  "6��-�2�',"(  !��'1  %&'1"6"�,,*3  %�)8"% -
,"!�2  "  !��'1  %�)8"%,"!�2  0$��#  �A -!� -"  %�!$6*2$'- , +-�   �2&'0',,$(  -'3,����"(  
8�".�2$�/,�#  �7&$7�-!"  ,'  0��'-  &$6&$7$-*2$-/ ( 7'6 4+'-$  �' -!� -"  )'-$�'#  "  2�6-
0��,�#  )'.�&0$1""  2 %&�1'  '  �7&$7�-!"  [1].  

�%&4�"'  )'.�&0$1""  !��/1$  2 � '2�0  ,$%&$2�',""  %&"2�)(-  !  �-!��,',":  �-  %�� -
 !� -,� -"  -�&1�2 , 2 &$)"$�/,�0  – !  �-!��,',":  �-  !&4��� -" , 1"�",)&"+,� -" . 	 '2*'  
4%&4�"' )'.�&0$1""  !��'1  %&" �7&$7�-!'  -�&1�2*3  %�2'&3,� -'#  �74 ��2�',*  ,$�"+"'0  
,$+$�/,*3  �-!��,',"#  �-  %�� !� -,� -"  "  "6��,4-� -"  -�&1�2  %� �'  -'&0��7&$7�-!"  "�"  
0'3$,"+' !�#  �7&$7�-!"  %�2'&3,� -'#  !��'1 . �%&4�"'  )'.�&0$1""   4;' -2',,�  4 ��� -
,(:-  %&�1'   8�".�2$,"( , -$!  !$!  %�) )'# -2"'0  0$�,"-,���  %��(   -��$   -$,!$  "   "�*  
&'6$,"(  !��/1�  %��4+$'-  � '24:  4%&4�4: )'.�&0$1": . �� �'  8�".�2$,"(  "   ,(-"(  0$� -
,"-,���  %��(  2 &'64�/-$-'  4%&4�"3 )'.�&0$1"#  �%&')'�',,*'  �-!��,',"(  �-  %�� !� -,� -
 -"  2�62&$;$:- ( . 
'3,����"+' !"'   %� �7*  "3  4 -&$,',"(  6,$+"-'�/,�  42'�"+"2$:-  
2&'0(  �7&$7�-!"  "   -�"0� -/  �%'&$1""  [1]. �%&$2�',"'  2'�"+",�#  4%&4��# )'.�&0$1""  
%�62��"-  40',/8"-/  2&'0(  "   -�"0� -/  �%'&$1""  %&" �$&$,-"&�2$,,�0  �7' %'+',""  �'� -
0'-&"+' !�#  -�+,� -"  )'-$�" . 

>'�"  "  �')�2$,"( : 
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- "  �')�2$,"'  2�"(,"(  4%&4�"3 )'.�&0$1"#  ,$  �-!��,',"'  �-  .�&0*  (%�� !� - -
,� -" , !&4��� -" , 1"�",)&"+,� -" ) !��'1  "  %&"60$-"+' !"3  ,'�A -!"3  )'-$�'#  

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

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

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

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

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

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

!��'1  4%&$2�',"'0  4%&4�"0" � '2*0"  )'.�&0$1"(0"  %&" "3  6$!&'%�',""  "  �7&$7�-!'  
&'8$�$ /  )�(  ,$&4�,*3  !��'1  !&4%,��$7$&"-,���  !�,"+' !���  �),�&(),���  &��"!�%�) -
8"%,"!$    &$60'&$0", %&') -$2�',,*0"  2 -$7�"1' , �)' : D, D1, 
  –  ��-2'- -2',,�  ,$&4� -
,*# , 2,4-&',,"#  )"$0'-&*  "  8"&",$  !��/1$ ; G - 4���  !�,4 ,� -" ; r = D0/2 –  ��-2'- - -
2',,�  &$)"4  "  )"$0'-&  1',-&$�/,�#  � "  !��/1$ , %&�3�)(;'#  +'&'6  1',-&  -(�' -"  %�%'-
&'+,���   '+',"( ; Iz  , I4  "  Iz , I4  � � '2*'  0�0',-*  ",'&1""  �-,� "-'�/,�  1',-&$�/,*3  
� '#  zc, "c  %�%'&'+,���   '+',"(  !��/1$  "  ��$2,*'  1',-&$�/,*'  0�0',-*  ",'&1"" ; H1, H2 – 
!�<.."1"',-*  )�(  �1',!"  %&"0',"0� -"  -'�&""   -'&�,'#  0$��#  !&"2"6,*  [2, 3]. 
 


$7�"1$  
���/1�  D, 00  D1, 00  C, 00  G, �&$) r,00  Izc, 00 4 Iz, 00 4 Iy,00 4 H1 H2 

� -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 

 

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

!��/1$  %&�2')',*  ,$  -&'3!��&)",$-,�#  "60'&"-'�/,�#  0$8",'  Millenium. 	-!��,',"'  �-  
%�� !� -,� -"  "0''-  8' -/  2*&$�',,*3  2��, . 	7&$7�-!$  )$,,*3  %�!$6$�$, +-�  %&" %'&-
2�,$+$�/,�0  -&'3  �%�&,�0  !�,-$!-'  %�2'&3,� -'#   -��$  "  -�&1$ !��/1$   &'),''  6,$+',"'  
4���2  0'�)4  -�+!$0"  !$ $,"(    2'&�(-,� -/:  0,95  � -$2�('-  120° ± 16° [2, 3]. � 3�)(  "6 
<-��� , 2 &$ +'-,�#   3'0'  )�(  �%&')'�',"(  0$! "0$�/,*3  � '2*3  4%&4�"3 )'.�&0$1"#  
%&",(-� , +-�  2 ,$+$�/,*#  0�0',-  !��/1�  !$ $'- (   -��$  2 -&'3  -�+!$3 , &$ %����',,*3  ,$  
&$2,*3  &$  -�(,"(3  %� %'&"0'-&4  !��/1$ . ���/1�  ,$�&4�',�   � &')�-�+',,�#   "��#  – 
&$)"$�/,�#   � -$2�(:;'#   "�*  &'6$,"(   "  &$2,�0'&,�  &$ %&')'�A,,�#  ,$�&46!�#  �-  )'# -
 -2"(  0$�,"-,���  %��(   -��$   -$,!$  "  0$  *  !��/1$ , %'&%',)"!4�(&,*0"  %�� !� -"  !��/ -
1$. 
&'3  �%�&,*#  !�,-$!-  !��/1$    %�2'&3,� -/:   -��$  3$&$!-'&',  )�(  %'&2�,$+$�/,���  
0�0',-$  ,$�&4�',"( . �&"  2�6&$ -$,""  ,$�&46!"  +" ��  �%�&,*3  !�,-$!-�2  !��/1$    %�-
2'&3,� -/:   -��$  42'�"+"2$'- (  )�  8' -" .  

�6  -$7�"1*   �')4'- , +-�  )�(  &$  0$-&"2$'0*3  !��'1  H1 = 2=r/C > 10, H2 = 0,5(D – 
D1)/r < 0,2. �*%��,',"'  <-"3  4 ��2"#  %�62��('-  " %��/6�2$-/  )�(  �%&')'�',"(  0$! " -
0$�/,*3  � '2*3  4%&4�"3 )'.�&0$1"#  %&" "6�"7'  !��/1$  -'�&":   -'&�,'#  0$��#  !&"2"6 -
,* . 5$! "0$�/,$(  � '2$(  4%&4�$( )'.�&0$1"(  !��/1$  �%&')'�('- (  0'-�)�0  5�&$ . �-$ -
-"+' !$(  ,'�%&')'�"0� -/  !��/1$  &$ !&*2$'- (  0'-�)�0   "�  [2, 3]. 

�$6&$7�-$,*  0$-'0$-"+' !"'  0�)'�"  "  $���&"-0*  )�(  �%&')'�',"(  � '2*3  4%&4�"3 
)'.�&0$1"# , �%&')'�',*  4 ��2"( , �7' %'+"2$:;"'  %��4+',"'  6$)$,,���  )�%4 !$  %�� !� -
 -,� -"    4+'-�0  4%&4��# )'.�&0$1""  %&" 6$!&'%�',""  "  0'3$,"+' !�#  �7&$7�-!'  [2, 3]. 
�$ +'-*  � '2*3  )'.�&0$1"#  5�9   �2%$)$:-    &$ +'-$0" , %��4+',,*0"  %� &$6&$7�-$,-
,*0  0$-'0$-"+' !"0  0�)'�(0 . 
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� 3�)(  "6 %&�2')',,*3  "  �')�2$,"# , &$6&$7�-$,  %� �7  4 -&$,',"(  "6��,4-� -"  
-�&1�2  !��'1  8�".�2$,"'0 , %&" !�-�&�0  8�".�2$,"'  %'&2���  -�&1$ %&�"62�)"- (    &$-
)"$�/,�#   � -$2�(:;'#   "�*  &'6$,"( , �7' %'+"2$:;'#  � '24:  )'.�&0$1":  (0$! " -
0$�/,*#  %&��"7) 0',/8'  )�%4 !$  %�� !� -,� -"  -�&1�2  [4]. 

��(  2*7�&$  �%-"0$�/,*3  4 ��2"#  %�� !���  8�".�2$,"(  6$��-�2�!  "6  -$�"  �� 15, 
�7' %'+"2$:;"3  -&'74'04:  8'&�3�2$-� -/  �7&$7�-$,,�#  %�2'&3,� -"  (%$&$0'-& 8'&� -
3�2$-� -"  %�2'&3,� -"  Ra), )�%4 !  %�� !� -,� -"  ,$  �%'&$1""  8�".�2$,"(  "  �- 4- -2"'  
8�".�2�+,*3  %&"����2  %&" 0$! "0$�/,�#  %&�"62�)"-'�/,� -"  %&�1'  $ , &$6&$7�-$,$ 
0'-�)"!$  "  $���&"-0*  [5-7]. 

5$-'0$-"+' !"'  0�)'�"  %&"2')A,,*3  !  8"&",'  �7&$61$  � -$2�(:;"3   "�*  &'6$-
,"( , !�<.."1"',-$  8�".�2$,"(  "  8'&�3�2$-� -"  �7&$7�-$,,�#  %�2'&3,� -"  (%$&$0'-& 
Ra) %��4+',*  0'-�)�0  %��,���  .$!-�&,���  <! %'&"0',-$  -"%$ 24, �)'  4 - +" ��  .$!-�&�2 . 

9! %'&"0',-$�/,*'  "  �')�2$,"(  %&�2�)"�"  %&" %�� !�0  8�".�2$,""  %'&".'&" -
'#  !&4�$ �7&$61�2 "6  -$�"  �� 15 [5-7]. 	7&$61*  �7&$7$-*2$�"  <�'!-&�!�&4,)�2*0"  
8�".�2$�/,*0"  !&4�$0"  %&(0���  %&�."�(  &$60'&�0 200×16×76 +'-*&A3  -"%�2 : 
25AF46� 6V, 25AF46L6V, 25AF60� 6V, 25AF60L6V %&�"62�) -2$  	�	  «���� !"#  $7&$-
6"2,*#  6$2�)». 

�  4+A-�0 %&�"62�) -2',,���  �%*-$  7*�"  2*7&$,*   �')4:;"'  )"$%$6�,*  2$&/"&�-
2$,"(  23�),*3  %$&$0'-&�2: 6'&," -� -/  F (
	�
  �  52381�2005) �-  F60 )�  F46; -2A&)� -/  
' 1 (. 1) 8�".�2$�/,���  !&4�$, �%&')'�('0$(  624!�2*0  0'-�)�0  %� %&"2')A,,�#   !�&� -"  
&$ %&� -&$,',"(  $!4 -"+' !"3  2��,  (
	�
  �  52710�2007) �-  4504 (K) )�  4930 0/  (L);  
��47",$  t (. 2)  8�".�2$,"(  �-  0,01 )�  0,02 00 /3�) ;  !�&� -/  %�)$+"  -��$  vs(. 3) �-  10 )�  20 
0/0", ; ,$&$7�-!$  V (. 4), %&"2')A,,$(  !  8"&",'  �7&$7$-*2$'0�#  %�2'&3,� -" ,   ",-'&2$ -
��0  2$&/"&�2$,"(  �-  100 )�  400 00 2. �   !�7!$3  )$,�  4 ��2,�'  �7�6,$+',"'  !�)"&�2$,,*3  
6,$+',"#  .$!-�&$ . 

�$&$0'-&  Ra 8'&�3�2$-� -"  6$)$'- (  2 -'3,����"+' !�0  %&�1'  ' . 	7&$6�2$,"'  
8�".�2�+,*3  %&"����2  ,$  �7&$7�-$,,�#  %�2'&3,� -"  6$��-�2!"  �%&')'�('- (  2'�"+",�#  
%&"2')',,�#  !  8"&",'  �7&$61$ !$ $-'�/,�#   � -$2�(:;'#  � z  "�*  &'6$,"( . �  �')�2$ -
,"(0"  4 -$,�2�',� , +-�  8�".�2�+,*'  %&"���"  %�(2�(:- (  %&" pz  > 6 � /00  [5-7].  

	%-"0"6$1"(  %$&$0'-&�2 2 �7�$ -"  )�%4 -"0*3  6,$+',"#  � 4;' -2�('- (  "6 4 �� -
2"(  �7' %'+',"(  0$! "0$�/,�#  %&�"62�)"-'�/,� -"  %&�1'  $ . ��,!&'-,*'  &'�"0*  8�" -
.�2$,"(  �%&')'�(:- (    4+'-�0  -2'&)� -"  !&4�$. ��(  !��'1  "6  -$�"  ��  15 %&" )�%4 -" -
0*3  6,$+',"(3  [Ra] I  2,5 0!0 , [pz] I  6 � /00  "  )�(  !&4�$, ,$3�)(;'�� (  2  '&')",'  )"$%$-
6�,$  &'!�0',)4'0�#  -2'&)� -"  �  (' 1 = 4400-4800 0/ ), �%-"0$�/,*'  &'�"0*  8�".�2$,"( : 
74)4-   �')4:;"0" : �%-"0$�/,$(  ��47",$  8�".�2$,"(  topt = 0,02 00 /3�) ; �%-"0$�/,�'  
6,$+',"'   !�&� -"  %�)$+" 6$��-�2!"  - vsopt = 13 0/0", ; %&" 0$! "0$�/,�#  %&"2')',,�#  
%&�"62�)"-'�/,� -"  Qmax = 260 00 2/0",  [5-7]. 

�-�&�#  <-$% �%-"0"6$1""  %&" 8�".�2$,""  !��'1  %�)8"%,"!�2    ,$+$�/,*0"  �- -
!��,',"(0"  -�&1�2*3  %�2'&3,� -'#  �-  %�� !� -,� -"  6$!�:+$'- (  2 4%&$2�',""  2'�"+" -
,�#  � '2*3  4%&4�"3 )'.�&0$1"#  %&" 6$!&'%�',""  "  8�".�2$,""  6$��-�2!" . 	%&')'�',*  
4 ��2"(  �7' %'+',"(  6$)$,,���  )�%4 !$  %�� !� -,� -"  -�&1�2�#  %�2'&3,� -"  !��/1$  
%�)8"%,"!$ ; 4 ��2"( , �%&')'�(:;"'  2�60��,� -/  " %��/6�2$,"(  0$�,"-,���  %��(   -��$  
 -$,!$  )�(  6$!&'%�',"(  6$��-�2!"  !��/1$ ; 4 ��2"( , �%&')'�(:;"'  2�60��,� -/  8�".�2$ -
,"(  7'6 2*3$�"2$,"(  %&" 6$!&'%�',""  6$��-�2!"  !��/1$  0$�,"-,*0  %��'0   -��$  "  7'6 6$-
!&'%�',"(  0$�,"-,*0  %��'0  (" %��/64(  4%�&* )�(  6$!&'%�',"( ) [2, 3, 5-7]. ��(  "  �')� -
2$,,*3  !��'1  &$6&$7�-$,* &'!�0',)$1""  %�  �2'&8', -2�2$,":  -'3,����"+' !���  %&�-
1'  $ . 

�  �')�2$,"(  2�"(,"(  &$)"$�/,*3  4%&4�"3 )'.�&0$1"#  �-  4 "�"#  6$�"0$  ,$  %�-
�&'8,� -"  .�&0*  !��'1  %&" 0'3$,"+' !�#  �7&$7�-!'  2 !4�$+!�2�0  %$-&�,'  %&�2')',*  
)�(  ,$&4�,���  !��/1$  &��"!�%�)8"%,"!$  � -2007122� .01.  
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��  !&4����&$00$0  2,4-&',,'#  %�2'&3,� -"  ,$  &$6�"+,*3  2* �-$3  !��/1$  �%&')' -
�',*  2'�"+",*  �-!��,',"#  �-  1"�",)&"+,� -" , !&4��� -"  2 6$2" "0� -"  �-  4 "�"#  6$-
�"0$  ("60'&',"(  ,$  %&"7�&' Tolyrond 73, &" .).  

�$6&$7�-$,$  0$-'0$-"+' !$(  0�)'�/  )�(  �%&')'�',"(  &$)"$�/,*3  4%&4�"3 )'.�& -
0$1"#  !��/1$  %&�"62��/,�#  .�&0*  %�%'&'+,���   '+',"(  �-  4 "�"#  6$�"0$  2 -&'3  !4�$+ -
!�2�0  %$-&�,'    4+A-�0  0';',"(  �-,� "-'�/,�  � '2�#  %�� !� -"  !��/1$  [8-12]. ��(  0� -
)'�"&�2$,"(  " %��/64'- (  -'�&"(   -'&�,'#  0$��#  !&"2"6,* . 5$! "0$�/,$(  � '2$(  4%&4-
�$(  )'.�&0$1"(  !��/1$  �%&')'�('- (  0'-�)�0  5�&$ . �-$-"+' !$(  ,'�%&')'�"0� -/  !��/ -
1$ &$ !&*2$'- (  0'-�)�0   "�  [9 - 12]. 

�&�2')A,,*'  <! %'&"0',-$�/,*'  "  �')�2$,"(  &$)"$�/,*3  %'&'0';',"#  !��/1$  
� -2007122� .01  ���$ 4:- (    -'�&'-"+' !"0"  &$ +A-$0". 	-&$7$-*2$:- (  &$ +'-*  &$)"-
$�/,*3  )'.�&0$1"#  !��'1  5�9 . 

��(  %&"60$-"+' !"3  ,'�' -!"3  )'-$�'#  (,$  %&"0'&' ,$%&$2�(:;'# ) �-&$7$-*2$ -
:- (  &$ +A-* 4%&4�"3 )'.�&0$1"#  5�9    4+'-�0  � �7',,� -'#  &'$�/,*3  !�,-$!-"&4: -
;"3  %�2'&3,� -'#  %&" 8�".�2$,""  ,$   -$,!$3    0$�,"-,*0   -���0 . 
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*8!'2"+ , � .� . 	&��2 ; 
���  (."�"$� ) ����

� . - ������&$) : ���  "���"-'3,"! ".- 2007. - 133  . 
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7. �� ',!� , � .� . 	7' %'+',"'  -&'74'0���  !$+' -2$  -�&1�2*3  %�2'&3,� -'#  !��'1  
%�)8"%,"!�2  8�".�2$,"'0  / � .� . �� ',!� , � .� . 
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���  (."�"$� ) ����
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 .� . �&$ ,�2$  ,0$�" -& . 
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�&"&�),*'  %&�-"2� -$&"-'�"  (2�(:- (  %'& %'!-"2,*0"  �7C'!-$0"   )�(  &$6&$7�--
!"  ,$  "3  � ,�2'  �'!$& -2',,*3  %&'%$&$-�2,  7"����"+' !"  $!-"2,*3  )�7$2�!  "  !� 0'-"+' -
 !"3   &') -2 .  

�&"   �6)$,""   2* �!�<..'!-"2,*3  %��"0'&�2  "  %��"0'&,*3  !�0%�6"1"#  2$�,�  
%&"0',',"'  %&�)4!-�2  ,'  ,'.-'3"0"+' !���  %&�" 3��)',"( , $  �')",',"# ,  �7&$64: -
;"3 (  2 &$ -"-'�/,*3  �&�$,"60$3 , -$!  !$!  �,"  <!����"+' !"  +" -* , ,'  -&'74:-  )�(   2� -
'��  %&�"62�) -2$  ,'2�6�7,�2�('0*3  " -�+,"!�2  4��'2�)�&�),���   *&/( , $ -$!�'  7��/8"3  
!��"+' -2  <,'&�'-"+' !"3  &' 4& �2 . �$!  %&$2"��, -$!"'   �')",',"(  �7�$)$:-  2* �!"0"   
%�!$6$-'�(0"  $,-"�!" �"-'�/,�#  <..'!-"2,� -"  "  ,"6!"0  4&�2,'0  -�! "+,� -" . 

 � %��/64'0*'  2 ,$ -�(;''  2&'0(   ",-'-"+' !"'  $,-"�! ")$,-*  ($0",,���  "  .' -
,��/,���  -"%$) ,'  2 '�)$  %�  2�"0  <!����"+' !"0  3$&$!-'&" -"!$0 , )� -4%,� -"  "  %&�-
 -�-'   ",-'6$  4)�2�'-2�&(:-   �2&'0',,*0  -&'7�2$,"(0 . 	 �7',,�  $!-4$�/,�  %&"0',',"'  
%&�-"2� -$&"-'�'#  %&"&�),���  %&�" 3��)',"(  2 "6)'�"(3  )�(  )'-'# , 2 0')"1", !"3  "6-
)'�"(3  "  %";'2�#  %&�0*8�',,� -" . 

>'�/:  &$7�-*  (2�('- (  "  �')�2$,"'  2�60��,� -"  %&"0',',"(   <!����"+' !"  +" -
-*3  %&"&�),*3  %��"0'&�2  0'�$,",�2  2 !$+' -2'  %&�-"2� -$&"-'�'#  )�(  &'6",  %";'2���  
"  0')"1", !���  ,$6,$+',"( .  

��(  �1',!"  2�60��,� -"  %&"0',',"(  0'�$,",�2  2 4!$6$,,*3  1'�(3 , ,'�73�)"0�  
"  �')�2$-/  "3  2�"(,"'  ,$  24�!$,"6$1"�,,*'   2�# -2$  &'6",�2*3   0' '# , ."6"!� -
0'3$,"+' !"'   2�# -2$  24�!$,"6$-�2  "   -�#!� -/  !  -'&0��!" �"-'�/,�04   -$&',": . 

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

� , 22�)" -
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�" /  2  � -$2   &'6",�2�#   0' "  ,$  � ,�2'  !$4+4!$ ��� -3. ��,-&��/,*'  �7&$61*  �)'&�$ -
�"  8"&�!�  %&"0',('0*#  2 &'6",�2�#  %&�0*8�',,� -"  %&�-"2� -$&"-'�/  .',��/,���  -" -
%$ $�")�� -2. 

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


$7�"1$  1 -  �'�0'-&"+' !"'   2�# -2$  &'6",�2*3   0' '#  "  ."6"!� -0'3$,"+' !"'  
 2�# -2$   24�!$,"6$-�2  

��!$6$-'�/  ��,-&��/,*#  5+ 1 5� 2 5  13 5  24 5  35 
��!$6$-'�/   !�&� -"  
24�!$,"6$1""  (Rv), 
0", -1 

21,8 32,6 28,8 17,5 35,3 39,3 

� ��2,$(  %&�+,� -/   
%&" &$ -(�',""  (f&), 
5�$  

15,1 17,1 17,7 14,5 28,7 15,9 

	-,� "-'�/,�'  4)�",' -
,"'  %&" &$6&*2' (J&), % 

720 683 797 723 677 707 

	-,� "-'�/,�'  � -$ -
-�+,�'  4)�",',"'  (J� - .), 
% 

6 7 10 7 7 10 

�60',',"'  %�!$6$-'�'#  %� �'  -'&0��!" �"-'�/,���   -$&',"(  
70 
 �  K  24 +$ $ 
L f&, % -70,3 -13,1 -15,2 -25,6 -19,9 -21,2 
LK &,% -16,4 -18,8 -18,8 -19,1 -21,7 -11,4 
70 
 �  K  72 +$ $  
L f&, % -77,3 -24,1 -26,2 -37,6 -49,9 -57,2 
LK &,% -36,4 -38,8 -38,8 -39,2 -31,7 -31,4 
70 
�  K  96 +$ �2  
L f&, % -83,3 -69,1 -72,2 -74,6 -79,9 -77,2 
LK &,% -46,4 -48,8 -8,8 -9,1 -21,7 -11,4 
5+ 1- 0�)"."1"&�2$,,*'  0'�$,",*  �&"7$ Inonotus obliquus  (+$�$),  � $�)A,,*'   ��(,�#  
!" ��-�# ; 5� 2- 0'�$,",*   �46�"  %�) ��,'+,"!$ ; 5 13- 0'�$,",*   �&"7$  Inonotus obliquus  
(#��� ),  � $�)',,*'    ��(,�#  !" ��-�# ; 5 24- 0'�$,",*   �&"7$  Inonotus obliquus  (#��� ),  
� $�)',,*'  $1'-�,�0 ; 5 35 - 0'�$,",*   �&"7$  Inonotus obliquus  (#��� ),  � $�)',,*'  3�� -
&")�0  !$�/1"( . 

�  �')�2$,"(  %�!$6$�"  (-$7�"1$  1), +-�  2 %&" 4- -2""  0'�$,",�2  5+  "  5�   !�&� -/  
24�!$,"6$1""  42'�"+"2$'- (  ,$  33-49 %. �&"  <-�0  2�6&$ -$'-  %&�+,� -/  24�!$,"6$-�2   (2 
 �4+$'  �7&$61$,  �)'&�$;'��  0'�$,",*  5 2 2 1,9 &$6), !&�0'  �7&$61$ 5 1. �$"7��/8$(  
 -�#!� -/  !  -'&0��!" �"-'�/,�04   -$&',":  (70 
�  K  24 +$ $) ,$7�:)$'- (  4 &'6",* ,  � -
)'&�$;"3  5+  "  5� . – L f& 2�6&$ -$'-  ,$  85-87 %  %�  &$2,',":    !�,-&��/,*0  �7&$61�0. 
�&"  )����2&'0',,�0   -$&',""  (70 
�  K  96 +$ �2 ) L f&  42'�"+"�$ /  ,$  28-31%.   


$!"0  �7&$6�0 , 4 -$,�2�',� , +-�  0'�$,",*  %&�(2�(:-  2* �!4:  $,-"�!" �"-'�/,4:  
$!-"2,� -/  2  � -$2'  &'6",�2*3   0' '#  ,$  � ,�2'  !$4+4!�2  �7;'��  ,$6,$+',"(  "  2�60�� -
,�   "3  %&"0',',"'   2 !$+' -2'  %&"&�),*3  "  <!����"+' !"  +" -*3  %&�-"2� -$&"-'�'#)�(  
&'6",  %";'2���  "  0')"1", !���  ,$6,$+',"( .  

 
�"-'&$-4&,*#  �76�& :  
1. �&$ ,�2$  
 .� .,��2�%��/1'2$  	 .5 ., �  �')�2$,"'  %&"&�),*3  %��"0'&�2  0'�$," -

,�2  �&"7$ inonotus obliquus (+$�$) 2 !$+' -2'  %&�-"2� -$&"-'�'#  !$4+4!�2  �7;'��  ,$6,$+' -
,"( , XXV 5',)'�''2 !"#  !�,!4&  0���)*3  4+A,*3 ,
�0 !  2015 
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2. 
&$+A2$ � .� . �"0"+' !$(  0�)"."!$1"(  %&"&�),*3  %��"0'&�2  0'�$,",�2  �&"7$ 
inonotus obliquus (+$�$)    1'�/:  %��4+',"(  2* �!�$!-"2,*3  $,-"�! ")$,-�2 , $2-�&'.'&$-  
)"  .!$,) .-'3, .,$4! /����

� ,������&$) ,2014 

 

�����#�����  ��'��������-����  ���������'�����!�   
� �����%����!�  ������������  �  �� ����&  �����"   

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

 
�!-4$�/,*0  2�%&� �0  )�(  �-'+' -2',,���  %&�"62�) -2$  $2-�74 �2  (2�('- (  "0 -

%�&-�6$0';',"'  6$&47'�,*3   " -'0  !�"0$- -!�,-&��( . �0%�&-,*'  !�"0$-"+' !"'   " -' -
0*  "0':-  2* �!4:  1',4  "  �&"',-"&�2$,*  ,$  %�))'&�$,"'  !�0.�&-,���  0"!&�!�"0$-$ . 
�$%&"0'& , 1',$  !�,)"1"�,'&$  2�6)43$ 0�;,� -/:  26…32 !�-  )�(  %$  $�"& !���   $��,$  
 � -$2�('-  ,'  0',''  5 %  -�"0� -"  $2-�74 $ . ��%&� *   7'&'�',"(  -'%��2�#  <,'&�"" , &$ -
3�)4'0�#  ,$  �-�%�',"' , 2 "0%�&-,*3   " -'0$3  ,'  &'8',* , 2 &'64�/-$-'  <,'&�"(  ,$  �-� -
%�',"'   $��,$  &$ 3�)4'- (  ,'  <..'!-"2,� . 

�  ��  ""  �- 4- -24'-  %&�"62�) -2�� ,�2,*3  <�'0',-�2  !�"0$-"+' !���  �7�&4)� -
2$,"( , �7' %'+"2$:;'��$2-�0$-"+' !�'  %�))'&�$,"'  7�$��%&"(-,�#  -'0%'&$-4&*  2  $-
��,$3  !&4%,��$7$&"-,*3  %$  $�"& !"3  $2-�-&$, %�&-,*3   &') -2$3%&"  &$6�"+,*3  %�-
��),*3  &'�"0$3  <! %�4$-$1"" . �  -�0  +" �'  –<�'!-&�)2"�$-'�"  %� -�(,,���  -�!$  ,$%&(-
�',"'0  24 �  )�(  )2�#,*3  1',-&�7'�,*3  "  � '2*3  2',-"�(-�&�2 , !�0%$!-,*'  -&$, %�&--
,*'  -&47+$-�-%�$ -",+$-*'  -'%���70',,"!"    )"$0'-&$0"  0'),*3  -&47�!  7,00 00  "  9,52 
00 , !�"0$-"+' !"'  !�,-&���'&* .  

��  "# !"'  %&')%&"(-"( , 2*%4 !$:;"'  $2-�-&$, %�&-,�'  !�"0$-"+' !�'  �7�&4)� -
2$,"'  )�(  �'�!�2*3  "  �'�!"3  !�00'&+' !"3  $2-�0�7"�'#   �7"&$:-  !�"0$-"+' !"'  4 -$ -
,�2!"  "6 "0%�&-,*3  !�0%�'!-4:;"3  46��2  2 � ,�2,�0  !"-$# !���  %&�"62�) -2$ .  

�&�7�'0�#  (2�('- (  ,"6!$(  ,$)'�,� -/  <�'!-&�)2"�$-'�'#  $2-�-&$, %�&-,���  
!�"0$-"+' !���  �7�&4)�2$,"( . 9�'!-&�)2"�$-'�"  �-�%"-'�'#   $��,�2  $2-�74 �2  !"-$# -
 !���  %&�"62�) -2$   �4�$-  ,'  7��''  )243 �'-  <! %�4$-$1"" , -$!  � ,$;',*   <�'!-&�)2"�$ -
-'�(0"   �  ;'-�+,*0  !�,-$!-,*0  46��0 . �&"+",�#  %&'�)'2&'0',,*3  �-!$6�2  (2�('- (  
%�%$)$,"'  %*�'2"),*3  +$ -"1  "6 %$  $�"& !���   $��,$  2 ;'-�+,*#  46'� . 
&$)"1"�,,*'  
;'-�+,*'  <�'!-&�)2"�$-'�"  �7�$)$:-  ,"6!"0  ���  55…65 % "  2 7�$��%&"(-,*3  4 ��2"(3  
"0':-  )����2'+,� -/  ,'  7��''  5 000 +$ �2 . 

�  ,$ -�(;''  2&'0(  2')4;"'  6$&47'�,*'  %&�"62�)"-'�"  $2-�-&$, %�&-,���  !�"0$ -
-"+' !���  �7�&4)�2$,"(  %&"0',(:-  7' !�,-$!-,*'  <�'!-&�)2"�$-'�"  2  � -$2'  2',-"�( -
-�&�2  )�(  �-�%"-'�'#  "  2 ,$!&*8,*3  !�,)"1"�,'&$3    1'�/:   ,"�',"(  )�  11% -�!�2�#  
,$�&46!"  ,$  �','&$-�&  "  42'�"+',"(  &' 4& $ <�'!-&�)2"�$-'�'#  )�  30 000 +$ �2 .  

� '&�  "# !"0  ,$4+,� -"  �')�2$-'�/ !"0  ", -"-4-�0  $2-�0�7"�/,�#  <�'!-&�," -
!"  "  <�'!-&��7�&4)�2$,"(  &$6&$7�-$,* 7' !�,-$!-,*'  2',-"�/,� -",)4!-�&,*'  )2"�$-'�"  
(��� ). 			  «
&$, $2-�0$-"!$ » %&�2�)"-  ��	��  %�2,')&',":  2 %&�"62�) -2�    1'�/:  
" %��/6�2$,"(  ���  )�(  %&"2�)$ 2�6)48,*3  ,$�,'-$-'�'#   $��,,*3  �-�%"-'�'#  "  2',-" -
�(-�&�2  !�"0$-"+' !�#   " -'0*  $2-�74 $ . 

	 ,�2,*0"  %&"+",$0" , %� !�-�&*0  )�   "3  %�& ,'  4)$'- (  �&�$,"6�2$-/   '&"#,�'  
%&�"62�) -2�  �-'+' -2',,���  !�"0$-"+' !���  �7�&4)�2$,"()�(  $2-�74 �2  (2�(:- ( : - �- -
 4- -2"'  �� %�))'&�!"  %&�'!-�2  ��	��  %� )$,,�#  -'0' ; - 2* �!$(   -�"0� -/  �7�&4)� -
2$,"(  )�(   '&"#,���  %&�"62�) -2$  <�'!-&�)2"�$-'�'#  "  !�0%$!-,*3  -'%���70',,"!�2 ; - 
-$0��',,*'  %�8�",*  ,$  22�6"0*'  -&$, %�&-,*'  3���)"�/,*'  !�0%&'  �&*  - 5 % "  
<�'!-&�)2"�$-'�"  %� -�(,,���  -�!$  - 11 %. 


&'74:- (  �/��-,*'  <!�,�0"+' !"'  4 ��2"(  )�(  6$%4 !$ %&�'!-$  %&�"62�) -2$  
!�"0$-"+' !���  �7�&4)�2$,"(  )�(  $2-�74 �2 . 
$!"'  4 ��2"(  %&')� -$2�('-  	 �7$(  <!� -
,�0"+' !$(  6�,$  (	9� ) – ��&$,"+',,$(  -'&&"-�&"(  2 &'�"�,$3    � �7*0  :&")"+' !"0  
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 -$-4 �0  %� �-,�8',":  !  � -$�/,�#  -'&&"-�&""  "  �/��-,*0"  <!�,�0"+' !"0"  4 ��2"(0"  
)�(  ,$1"�,$�/,*3  "�"  ",� -&$,,*3  %&')%&","0$-'�'# . 


�$2,$(  1'�/   �6)$,"(  -$!"3  6�,  – &'8',"'   -&$-'�"+' !"3  6$)$+ &$62"-"( �� 4 -
)$& -2$ 2 1'��0  "�"  �-)'�/,�#  -'&&"-�&"" : 2,'8,'-�&��2*3 , �7;'<!�,�0"+' !"3 ,  �1" -
$�/,*3 , &'�"�,$�/,*3  "  ,$4+,� --'3,"+' !"3  6$)$+. 

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

"62�) -2$  -�2$&�2  "  4 �4� . 
·  ��6)$,"'  ,�2*3  &$7�+"3 0' -  )�(  2* �!�!2$�"."1"&�2$,,���  %'& �,$�$ . 
·  �$62"-"'  <! %�&-,�#  7$6*. 
·  �0%�&-�6$0';',"' . 
·  �%&�7$1"(  ,�2*3  0'-�)�2  0',')�0',-$  "  �&�$,"6$1""  -&4)$. 

>'�"   �6)$,"(  	9�  -�+!"  6&',"(  ",2' -�&�2 : 
·  �&"7�"�',"'  %&�"62�) -2$  !  %�-&'7"-'�: . 
·  5","0"6$1"(  6$-&$-,  2(6$,,$(    �- 4- -2"'0  <! %�&-,*3  "  "0%�&-,*3  -$-

0��',,*3  %�8�",  
·  �� -4%  !  ",.&$ -&4!-4&' . 
·  � %��/6�2$,"'  7��''  )'8A2�#  &$7�+'#  "�* . 
·  �,"�',"'  $)0"," -&$-"2,*3  7$&/'&�2 . 
·  �$62"-"'  -'&&"-�&"" . 

�  ��  ""   " -'0,�'  &$62"-"'  � �7*3  <!�,�0"+' !"3  6�,  ,$+$�� /  2 2005 ��)4 ,   
0�0',-$  %&",(-"(  �')'&$�/,���  �$!�,$  �7  	9�  22.07.2005 ��)$ . 	 �7$(  <!�,�0"+' !$(  
6�,$   �6)$'- (  ,$   �&�!  )'2(-/  �'- . �&�!   4;' -2�2$,"(  	9�  %&�)�',":  ,'  %�)�'�"- . 

	 �74:  <!�,�0"+' !4:  6�,4  %&�0*8�',,� -%&�"62�) -2',,���  -"%$ %�$,"&4'- (  
 �6)$-/  ,$  -'&&"-�&""  � . ���� !��� .�$60';',"'  %&�"62�) -2$  ,$  -'&&"-�&""  %&�0*8 -
�',,*3  6�,  %�62��('-  %�2* "-/  !�,!4&',-� %� �7,� -/  %&�)4!1""  ,$  &�  "# !�0  &*,!'  
6$  +'-   ,"�',"(  "6)'&�'! . 

��(  &'6")',-�2	9�  ,$  .')'&$�/,�0  4&�2,'  6$!�,�)$-'�/,�  4 -$,�2�',*  �/��-*  %� 
,$���4  ,$  %&"7*�/  "  "04;' -2�  �&�$,"6$1"# , ��� , $!1"6$0, 6'0'�/,�04  ,$���4 , %�$-' -
�$0  2�  2,'7:)�'-,*'  .�,)* .�&�0'  -��� , )�%��,"-'�/,*'  %&'.'&',1""  "0  0��4-  %&'-
)� -$2�(-/ (  "  ,$  4&�2,'   47C'!-�2 . 

�&�0*8�',,� -%&�"62�) -2',,$(  6�,$  (��� ) — +$ -/  ,$1"�,$�/,�#  -$0��',,�#  
-'&&"-�&"" , 2,4-&"  !�-�&�#  ,$�$�',�  %&�"62�) -2�  !�,!&'-,�#  %&�0*8�',,�#  %&�)4!-
1"" ; %&" <-�0  ",2' -�&$0  %&')� -$2�(:- (  &$6�"+,*'  �/��-* . ��4�"-  1'�(0  <! %�&-,���  
�&"',-"&�2$,"(  "�"  "0%�&-�6$0';',"( . 	 ,�2,*'  2")* : 

·  ��,$  �),�#  �-&$ �"  
·  ��,$  �),���  %&')%&"(-"(  
·  9! %�&-,� -%&�"62�) -2',,$(  6�,$  
·  �&�0*8�',,*#  %$&! 

�$  -'&&"-�&""  	9�  )'# -24'-  � �7*#  &'�"0  � 4;' -2�',"(  %&')%&","0$-'�/ !�#  
)'(-'�/,� -" : 

·  �,2' -�&*  %��4+$:-   �6)$,,4:  6$  +'-   &') -2  �� 4)$& -2',,���  7:)�'-$  
",.&$ -&4!-4&4  )�(  &$62"-"( 7"6,' $ , +-�  %�62��('-   ,"6"-/  "6)'&�!"  ,$  
 �6)$,"'  ,�2���  %&�"62�) -2$ . 

·  ��$��)$&(  &'�"04   2�7�),�#  -$0��',,�#  6�,*  &'6")',-*  %��4+$:-  6,$+"-
-'�/,*'  -$0��',,*'  �/��-* . 

·  �&')� -$2�('- (  &()  ,$����2*3  %&'.'&',1"# . 
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�&$2,',"'  -'3,"!� -<!�,�0"+' !"3  3$&$!-'&" -"!  &$6&$7$-*2$'0���  !�,)"1"�,'&$  
$2-�74 $    6$&47'�,*0"  "  �-'+' -2',,*0"  $,$���$0"  %&') -$2�',�  2 -$7�"1' .  


$7�"1$   

�&$2,',"'!�,)"1"�,'&�2 -$,$����2    &$6&$7�-!�# 			  «
&$, $2-�0$-"!$ » 

�$&$!-'&" -"!"  �,$+',"'  
��45�6��4
�  �
��
��������  �
��4
  
72�.3�
  .��89���  ��
��
  

��0%$,"( -%&�"62�)"-'�/  Ebershpecher 
(
'&0$,"( ) 

LCSogutma (
4& -
1"( ) 

			  «
&$, $2-� -
0$-"!$ » 

5�)'�/  AC 136 G3 II Eurostar time  
ES345 V2 

�&�-�-"%  

����)�%&�"62�)"-'�/,� -/ , 
�-  

32 000 32 000 32 000 

>',$  7'6 ��� , &47�'# , 7'6 
4+'-$  )� -$2!"  

390 000 (4 500 
'2&� ) 

365 000 (4 200 '2 -
&�) 

277 000 

�' 4&  <�'!-&�)2"�$-'�'#  
2',-"�(-�&�2 , +$ �2  

5000 5000 140 000 

��-&'7�',"'  -�!$ , �  73 73 60 

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

2 500 2 000 7 

 
�,$�"6  -'3,"!� -<!�,�0"+' !"3  %�!$6$-'�'#  &$6&$7$-*2$'0���  !�,)"1"�,'&$  "  " -

 �')�2$,"(  &*,!$  1',  ,$  � ,�2,*'  !�0%�'!-4:;"'  %�!$6*2$:- , +-�  � �7$(  <!�,�0"+' -
 !$(  6�,$  �7' %'+"2$'-  !�,!4&',-� %� �7,� -/  %&�"62�) -2$  �-'+' -2',,*3  $2-�74 ,*3  
!�,)"1"�,'&�2  "  �-�%"-'�'#  )$�'  %�  &$2,',":    $,$���"+,�#  %&�)4!1"'#  ��� . 
 

 
(��'�������� )�$�  ��� ��������  ���%��  ���'������   

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

������� , ��������* , � .� . 5$&",", ,  -4)',- -0$�" -& , ������� , ��������*  
 

�"-'&$-4&,*#  $,$�"6  %�!$6$�, +-�  2 ,$ -�(;''  2&'0(  2 0$  ��70',,*3  "  -'%�� -
�70',,*3  $%%$&$-$3  -$&$:- (  �%" $-/   -&4!-4&4 %�-�!�2  ,$  23�)'  2 $%%$&$-*   %�0� -
;/:  )"..46"�,,�#  0�)'�" .  

	),$!� , -'�&'-"+' !"  "62' -,� , +-�  ,$  23�)'  2 -'%���70',,*3  $%%$&$-$3 %&" 4--
 -24'-   !$+�!  -'0%'&$-4&, %&"2�)(;"#  !  &$6,"1'  ,$+$�/,�#  "  23�),�#  -'0%'&$-4&* .  

>'�/:  &$7�-*  (2�('- (  4 -$,�2�',"'  23�),*3  -'0%'&$-4&,*3  <..'!-�2  �$6�2���  
"  �")!���  -'%��,� "-'�'#  2 )243-&47,�0  -'%���70',,"!' . 

	 ,�2,�#  6$)$+'# (2�('- (  �%&')'�',"'  )"$%$6�,$  !$+!$  -'0%'&$-4& ��&(+'��  
(2�6)43$) "  3���),���  (2�)* ) -'%��,� "-'�'#  ,$  23�),�0  4+$ -!'  -'%���70',,"!$ . 

�3'0$  <! %'&"0',-$�/,�#  4 -$,�2!"  %&') -$2�',$  ,$  &" 4,!'  1 "  %&') -$2�('-  
 �7�#  -"%�2�#  ,'&$67�&,*#  �),�3�)�2�#  -'%���70',,"!  -"%$ «-&47$ 2 -&47'», ,$  23�)'  "  
,$  2*3�)'  !�-�&���  4 -$,�2�',*  )$-+"!"  -'0%'&$-4&* , !$!  %�!$6$,�  ,$   3'0' . 
�&(+"0  
-'%��,� "-'�'0  (2�('- (  2�6)43, %&')2$&"-'�/,�  %�)��&'-*#  2 !$��&".'&'  4 <�'!-&"+' -
 !"0  ,$�&'2$-'�'0  5. �6  ,'��  2�6)43 %�)$'- (  2 0'�-&47,�'  %&� -&$, -2� , �)'  �,  �3�$� -
)$'- ( , $ 3���),*#  -'%��,� "-'�/  – 2�)$ , %�)$2$'0$(  %&�-"2�-�!�0  2�  2,4-&',,::  -&4-
74, ,$�&'2$'- ( . ��(  ."! "&�2$,"(  %�!$6$,"#  -'0%'&$-4&*  ��&(+'��  "  3���),���  -'%�� -
,� "-'�'#  ,$  23�)'  2 -'%���70',,"!  4 -$,�2�',*  %�$-",�2*'  )$-+"!"  �
�  105–
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Pt100.A3, $ ,$  2*3�)'  -'&0�0'-&*  �
  5. �"�,$�  �-  %�$-",�2*3  )$-+"!�2  %&'�7&$64'- (  2 
0"!&�%&�1'  �&,*3  %&"7�&$3 "60'&',"(  2TPM0 "  &'�4�"&�2$,"(  
�5 10. 

 
1 – 2',-"�(-�& ; 2, 8 – &'�4�"&4:;$(  $&0$-4&$; 3, 7 – &�-$0'-&* ; 4 – !$��&".'& ;  

5 – <�'!-&"+' !"#  ,$�&'2$-'�/ ; 6 – )243-&47,*#  -'%���70',,"! ; 9, 10, 11, 12, 13 – -'0%'&$-4&,*'  )$-+"!" ; 
14 - �$7�&$-�&,*#  $2-�-&$, .�&0$-�&  

�" 4,�!  1 – �3'0$  <! %'&"0',-$�/,�#  4 -$,�2!"  )�(  �%&')'�',"(  23�),*3  -'0%'&$-4&,*3  <. -
.'!-�2  -'%��,� "-'�'#  

5'-�)"!$  %&�2')',"(  <! %'&"0',-$  6$!�:+$'- (  2  �')4:;'0 : 
1. �  )243-&47,*#  -'%���70',,"!  4 -$,$2�"2$:-  )$-+"!"  -'0%'&$-4& )�(  ."! "&�2$ -

,"(  -'0%'&$-4&*  2 %$-&47!$3 23�)$  -'%��,� "-'�'# , ,$  23�)'  "  2*3�)'  2�  2,4-&',,::  
-&47*  "  2 0'�-&47,�'  %&� -&$, -2� . 

2. �  0'�-&47,�'  %&� -&$, -2�  -'%���70',,"!$  %�)$:-  ��&(+"#  -'%��,� "-'�/  – 2�6-
)43, $ 2�  2,4-&',,::  -&474 %&�-"2�-�!�0  %�)$:-  3���),*#  -'%��,� "-'�/  – 2�)4 . 
�&( -
+"#  -'%��,� "-'�/  %�)$'- (    6$)$,,*0"  &$ 3�)$0" :5 03/+, 7 03/+, 9 03/+ "  10 03/+. 

3. �$�)*'  90  '!4,)   ,"0$:-  %�!$6$,"(  )$-+"!�2 . 
4. ���)$  %�!$6$,"(  )$-+"!�2  2*3�)(-  ,$   -$1"�,$&,*#  &'�"0  42'�"+"2$:-  &$ 3�)  

��&(+'��  -'%��,� "-'�( . 
5. �&"  )� -"�',""  0$! "0$�/,�  2�60��,���  &$ 3�)$  ��&(+'��  -'%��,� "-'�(  <! %' -

&"0',-  %�2-�&(:-   ,�2$ , ,$+",$(    0","0$�/,���  &$ 3�)$  ��&(+'��  -'%��,� "-'�( . 
���4+',,*'  <! %'&"0',-$�/,*'  )$,,*'  %&') -$2�',*  ,$   �')4:;"3  �&$."!$3 . 
�$  &" 4,!'  2 %&') -$2�',  �&$."!  "60',',"(  -'0%'&$-4&*  ��&(+'��  -'%��,� "-' -

�(  2)��/  2 '#  %�2'&3,� -"  )243-&47,���  -'%���70',,"!$ , �)'  �-+'-�"2�  2")',   !$+�!  
-'0%'&$-4& ��&(+'��  -'%��,� "-'�(  ,$  23�)' . 

 

 
�" 4,�!  2 – 
&$."!  "60',',"(  -'0%'&$-4&*  ��&(+'��  -'%��,� "-'�(  2)��/  %�2'&3,� -"  -'%���70',,"!$  
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�$�'' , �%&')'�(:-  �-,� "-'�/,�'  �-!��,',"'  &$6,"1*  -'0%'&$-4& ��&(+'��  -'%-

��,� "-'�(  %� .�&04�' : 

g� g,
�&

g�

t t
t

t

-
= , 

�)'  g�t  – ,$+$�/,$(  -'0%'&$-4&$ -'%��,� "-'�( ; g,t  – -'0%'&$-4&$ -'%��,� "-'�(  ,$  

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

$!"0  �7&$6�0 , <! %'&"0',-$�/,*'  "  �')�2$,"(  %�!$6$�" , +-�   !$+�!  -'0%'&$-

-4& � �7',,�  6$0'-',  )�(  ��&(+'��  �$6�2���  -'%��,� "-'�(  2 0'�-&47,�0  %&� -&$, -2' . 
5$! "0$�/,*#   !$+�!  -'0%'&$-4& )� -"�$'-  25 °� . ��(  3���),���  -'%��,� "-'�(   !$+�!  
-'0%'&$-4&*  "60',('- (  2 )"$%$6�,'  �-  0 °�  )�  2 °� . 9-�  0��,�  �7C( ,"-/  -'0 , +-�  2(6-
!� -/  2�6)43$ 6,$+"-'�/,�  0',/8'  %�  &$2,',":    2(6!� -/:  2�)* . �$,,$(  &$6,"1$ 2')'-  
!  ��&$6)�  7��''  ",-', "2,�04  �7&$-,�04  %'&'0'8"2$,": , $ 6,$+"- ,  ��-2'- -2',,� , !  
 !$+!4  "  2*&$2,"2$,":  -'0%'&$-4&*  ,$  23�)' . ���''  -��� , %�)$+$ 2�6)43$ %� ,�&0$�"  2 
0'�-&47,�'  %&� -&$, -2�  -$!�'  4 "�"2$'-  <-�-  <..'!- . 

 
������  �����8:�7
44�	  ��2
�
23�; : 

1. �$00 , � . 5 . �7 �&71"(  �$6�2 / � . 5 . �$00 . – �6)$,"'  2-�&�' , %'&'&$7. "  )�%��, . – 
5 . �"0"( , 1976. – 655  .  
2. �$2��2 , � . � . �&"0'&*  "  6$)$+" %� !4& 4 %&�1'  �2  "  $%%$&$-�2 3"0"+' !�#  -'3 -
,����"" : 4+'7. %� �7"'  )�(  246�2 / � . � . �$2��2 , � . 
 . ��0$,!�2 , � . � . �� !�2 ; %�) &') . 
+� .-!�& . ��  ��  ""  � . 
 . ��0$,!�2$ . – 12-'  "6) .  -'&'�-"%,�' . – 5 .: ��/(, , 2005. 
3. ��,)$&/ , � . 
 . ��$,"&�2$,"'  <! %'&"0',-$  2 3"0"+' !�#  -'3,����""  / � . 
 . ��, -
)$&/, 
 .� . �-$-:3$  – �"'2  : �";$  8!��$ , 1976. – 184  . 
4. 
���2$,+"!�2 , � .� . 5�)'�"&�2$,"'  &$7�-*  )243-&47,���  -'%���70',,"!$    4+A-
-�0  -'%��)"..46""  �$6�2���  -'%��,� "-'�(  / � .� . 
���2$,+"!�2 , � .� . ��&�-,'2$  // �62' -
-"(  246�2. �"0"(  "  3"0"+' !$(  -'3,����"( . – 2015. – 
 . 58, 2*%. 9. – C. 58-62. 
5. 
���2$,+"!�2 , � .� . 5�)'�"&�2$,"'  �")&�)",$0"+' !"3  "  -'%��2*3  %&�1'  �2  2 
)243-&47,�0  -'%���70',,"!' : 0�,��&$."(  / 
���2$,+"!�2  � .� ., ��&�-,'2$  � .� .; ����
 -

� . – ������&$) , 2015. – 160  . 

 
�����#�����  '���������  �  ������  �'$��  ��� )��"   

������$  '���������� )��!�  �����������  �  !�������  

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

1 – ��'"*��'&,�����  �,&�������  $��(�''����� ���  �0��5�,�&�� ���  "#���*����  
«����'%�+  $���-1����� -&�.������#�'%�+  &�.��%"� » 

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

 

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

�'�$:;"0  %��4+"-/  %&�.'  "�,$�/,�'  �7&$6�2$,"'  2 
'&0$,""  %&')�$�$:- (  )' (-!"  
",-'&' ,*3  "  <..'!-"2,*3  2�60��,� -'# . 

�&�+,�#  � ,�2�#  )�(  %&�.'  "�,$�/,���  74)4;'��  2 
'&0$,""  (2�('- (  !2$�"." -
1"&�2$,,$(  %&�.'  "�,$�/,$(  %�)��-�2!$ . �  
'&0$,""  ,$7�:)$:- (  )2'  %&�-"2�%���� -
,*'  -',)',1"" : %&�)���"-'�/,$(  7'6&$7�-"1$  &$ -A-, "  �),�2&'0',,�  %�(2�(:- (  ,�2*'  
&$7�+"'  0' -$  2 ,�2*3  �-&$ �(3  %&�0*8�',,� -" . �&'�)'  2 '��  <-�  ,$7�:)$'- (  2  .' -
&$3,  2(6$,,*3    22')',"'0  ,�2*3  -'3,����"# . ��$��%&"(-,*  %'& %'!-"2*  2 &'0' �',,�0  
%&�"62�) -2'  (2  .'&'  �7 �4�"2$,"(  ,$ '�',"(  "�"  %� 43�)4  6$ �:)/0"  "  2� %"-$,":  
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)'-'# ). �&�0*8�',,� -/  )'�$'-   -$2!4  ,$  <�'!-&�,"!4  "  ",-'��'!-4$�/,�'  &'8',"' , -$-
!"0  �7&$6�0 ,  '��),(  ';A  %�%4�(&,*#  ,�4 -3$4, +'&'6  ,' !��/!�  �'-  4 -$&''- . 9-�  �6,$+$-
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'- (  <�'!-&�%,'0�%&'�7&$6�2$-'�/  (9�� ). 	7*+,�  -�!�2*#   "�,$� , ,$%&"0'&, �-  0 )�  
5mA, !�-�&*#  ")A-    !�,-&���'&$ , %&'�7&$64'- (  2 %,'20$-"+' !"#   "�,$�  �-  0,2 )�  
1!� / 0 2. � A  3�&�8�  &$7�-$'- , !��)$  2 A ,�&0$�/,� .  �&'�7&$6�2$-'�/  9��  &$7�-$'- , !� -
�)$  ' -/  ,$%&(�',"'  %"-$,"( . � �"  �-!�:+"-/  %"-$,"' , -�  ,$  2*3�)'  9��  %�(2"- (  ,4�' -
2�#   "�,$�  4%&$2�',"( . � �"  �5  �-,� "- (  !  !�$  4  2�6)43 �-!&*2$'-  (�	 ), -�  %&" ,4�'  
�5  6$!&*2$'- ( , %&"+A0 &'6!� . 9-�  0��'-  %&"2' -"  !  �")&$2�"+' !"0  4)$&$0. �)' /  ,'  
&$  0$-&"2$'- (  2$&"$,-   " -�+,"!$0"  &'6'&2,���  %"-$,"( .  

�  &$7�-'  &$  0$-&"2$'- (  0�0',-  %�2*8',"(  ,$)A�,� -"   " -'0*  6$  +A- " %��/ -
6�2$,"(  %,'20�%$0(-" . ��<-�04  %� �'  9�� , ' �"  %� -$2"-/   %'1"$�/,*#  0�)4�/    9�� , 
-�  %� �'  �-!�:+',"(  %"-$,"(  9��  $2-�0$-"+' !"  %'&'!&*2$'-  %,'20�!$,$�  "  )$2�',"'  2 
�",""   �3&$,('- ( , �5  ,'  6$!&*2$'- ( , �")&$2�"+' !"#  4)$& " !�:+A, . 

�3'0$  ,$  &" .1 %&') -$2�',$  2 �7;'0  2")' , 7'6 )'-$�'# . �)' /  "6���',  %&",1"% 
&$7�-* , ")'( . � '   �')",',"(  %,'20�!$,$�$  )���,*  7*-/  3�&�8�  �%&' �2$,* . �  0�0',-  
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�-!�:+',"(  <�'!-&�%"-$,"(  ,'7��/8"'  %�-'&"  )$2�',"(  !�0%', "&4:- (  %,'20�A0!� -
 -/: . 

 
���34��  1 �2�3�23�
  �
4
�
  3��
7�
4��  

 
9��  – <�'!-&�%,'20�&'�4�(-�& . 9��  – <�'!-&�%,'20�!�$%$,  (<�'!-&�%,'20�!�0 -

04-$-�& ). ���  – &'�'  !�,-&��(  ,$%&(�',"( . �5 1, �5 2 – 4 "�"-'�"  0�;,� -" . �5  – " -
%��,"-'�/,*#  0'3$,"60    %,'20�4%&$2�',"'0 . 	�  – �7C'!-  4%&$2�',"( . �9�  – %,'20� -
<�'!-&�%&'�7&$6�2$-'�/ .  

 
 
 
 

 
 

���34��  2 �34�6��4
�84
�  �2�3�23�
  �
4
�
  
 
�*2�)*  

�&')���',,$(   -&4!-4&$ !$,$�$  4%&$2�',"(    %,'20�%�$-�#  ,$  2*3�)'  9��  %�2*8$ -
'-  ,$)A�,� -/   " -'0*  4%&$2�',"(  %&" �-!�:+',""  %"-$,"(  ,$  <�'!-&�%,'20�%&'�7&$6� -
2$-'�' . 
 
1. �$�$)!$  $2-�0$-"+' !"3   " -'0  4%&$2�',"(  -'3,����"+' !"0"  %&�1'  $0" : �%&$-
2�+,�'  %� �7"' , %�) &') . � .� . ��:'2$ .- 5 .: 9,'&�"( , 1977.-400 . 
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���� ��������  ����$&  ���������"  '��  * ��������   
��#1����&  �� ��  '��*�'�����  �  ��%� )�$��  ��� ��������  

��  ' �����������  ������  
� . � . �� ',!� , � . � . 
*8!'2"+ , � . � . �$&$6�2, � . � . 	&��2  

���  ((����� ) <�2��  ��  �������  
 

�$�"+"'  ,$+$�/,*3  �-!��,',"#  �-  %�� !� -,� -"  "  "6��,4-� -"  -�&1�2  %� �'  -'& -
0��7&$7�-!"  "�"  0'3$,"+' !�#  �7&$7�-!"  %�2'&3,� -'#  !��'1  !&4%,��$7$&"-,*3  %�)-
8"%,"!�2   4;' -2',,�  4 ���,('-  %&�1'   8�".�2$,"( , -$!  !$!  %�) )'# -2"'0  0$�,"-,� -
��  %��(   -��$   -$,!$  "   "�*  &'6$,"(  !��/1�  %��4+$'-  � '24:  4%&4�4: )'.�&0$1": . �� -
 �'  8�".�2$,"(  "   ,(-"(  0$�,"-,���  %��(  2 &'64�/-$-'  4%&4�"3 )'.�&0$1"#  �%&')'�', -
,*'  �-!��,',"(  �-  %�� !� -,� -"  2�62&$;$:- ( . 
'3,����"+' !"'   %� �7*  "3  4 -&$,' -
,"(  6,$+"-'�/,�  42'�"+"2$:-  2&'0(  �7&$7�-!"  "   -�"0� -/  �%'&$1""  [1]. �%&$2�',"'  2' -
�"+",�#  � '2�#  4%&4��# )'.�&0$1""  %�62��"-  40',/8"-/  2&'0(  "   -�"0� -/  �%'&$1""  
%&" �$&$,-"&�2$,,�0  �7' %'+',""  �'�0'-&"+' !�#  -�+,� -"  )'-$�" . �$!  %�!$6*2$'-  
%&$!-"!$, -&'74'04:  8'&�3�2$-� -/  -�&1'2�#  %�2'&3,� -"  !��/1$  %�)8"%,"!$  0��,�  
%��4+"-/  7'6 %&"0',',"(  2*3$�"2$,"( , !�-�&�'  �7' %'+"2$'-  )�%4 !  %�� !� -,� -" , 
42'�"+"2$(  � ,�2,�'  2&'0(  �7&$7�-!"  2  &'),'0  ,$  40 % [1�3]. 

>'�/  )$,,*3  "  �')�2$,"#  6$!�:+$�$ /  2 &$6&$7�-!'  %� �7$  8�".�2$,"(  -�&1�2  
,'�' -!"3  !��'1 , 2 +$ -,� -"  !��'1  %�)8"%,"!�2 ,   4+A-�0 � '2*3  4%&4�"3 )'.�&0$1"# , 
�7' %'+"2$:;'��  2* �!4:  %&�"62�)"-'�/,� -/  %&" 6$)$,,�0  )�%4 !'  %�� !� -,� -"  �7 -
&$7�-$,,�#  %�2'&3,� -" . 

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

�,$�"6  .�&0*  -�&1�2�#  %�2'&3,� -"  ,'�' -!"3  !��'1   )'�$,  ,$  %&"0'&' ,$&4� -
,*3  !��'1  !�,"+' !���  �),�&(),���  &��"!�%�)8"%,"!$  (&" . 1)   &$60'&$0", %&') -$2-
�',,*0"  2 -$7�"1' , �)' :  

D, D1, 
  –  ��-2'- -2',,�  ,$&4�,*# , 2,4-&',,"#  )"$0'-&*  "  8"&",$  !��/1$ ;  
G - 4���  !�,4 ,� -" ;  
r = D0/2 –  ��-2'- -2',,�  &$)"4  "  )"$0'-&  1',-&$�/,�#  � "  !��/1$ , %&�3�)(;'#  

+'&'6  1',-&  -(�' -"  %�%'&'+,���   '+',"( ;  
Iz  , I4  "  Iz , I4  � � '2*'  0�0',-*  ",'&1""  �-,� "-'�/,�  1',-&$�/,*3  � '#  zc , "c  

%�%'&'+,���   '+',"(  !��/1$  "  ��$2,*'  1',-&$�/,*'  0�0',-*  ",'&1""  (&" . 1, 0);  
H1, H2 – !�<.."1"',-*  )�(  �1',!"  %&"0',"0� -"  -'�&""   -'&�,'#  0$��#  !&"2"6,*  [4, 5]. 
 


$7�"1$  
���/1�  D, 00  D1, 00  C, 00  G, �&$) r,00  Izc, 00 4 Iz, 00 4 Iy,00 4 H1 H2 

� -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 

 

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

!��/1$  %&�2')',*  ,$  -&'3!��&)",$-,�#  "60'&"-'�/,�#  0$8",'  Millenium. 	-!��,',"'  �-  
%�� !� -,� -"  "0''-  8' -/  2*&$�',,*3  2��,  (&" . 2). 

	7&$7�-!$  )$,,*3  %�!$6$�$, +-�  %&" %'&2�,$+$�/,�0  -&'3  �%�&,�0  !�,-$!-'  %�-
2'&3,� -'#   -��$  "  -�&1$ !��/1$   &'),''  6,$+',"'  4���2  0'�)4  -�+!$0"  !$ $,"(    2'&� -
(-,� -/:  0,95  � -$2�('-  120° ± 16° [4, 5]. � 3�)(  "6 <-��� , 2 &$ +'-,�#   3'0'  (&" . 3, � ) 
%&",(-� , +-�  !��/1�  !$ $'- (   -��$  2 -&'3  -�+!$3 , &$ %����',,*3  ,$  &$2,*3  &$  -�(,"(3  
%� %'&"0'-&4  !��/1$ . 
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�" 4,�!  1 - �  �')4'0�'  !��/1�  ($) "  %�%'&'+,�'   '+',"'  !��/1$  (7) 

 
�" 4,�!  2 – 3D 0�)'�/  "  �')4'0���  !��/1$    42'�"+',"'0  2 100 &$6 0$!&��-!��,',"#  �-  %�� !� -,� -"   

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

&$2,�0'&,�  &$ %&')'�A,,�#  ,$�&46!�#  q = qc + qm (�-  )'# -2"(  0$�,"-,���  %��(   -��$  
 -$,!$  qc "  0$  *  !��/1$  qm), %'&%',)"!4�(&,*0"  %�� !� -"  !��/1$ .  


&'3  �%�&,*#  !�,-$!-  !��/1$    %�2'&3,� -/:   -��$  3$&$!-'&',  )�(  %'&2�,$+$�/ -
,���  0�0',-$  ,$�&4�',"( . �&"  2�6&$ -$,""  ,$�&46!"  +" ��  �%�&,*3  !�,-$!-�2  !��/1$    
%�2'&3,� -/:   -��$  42'�"+"2$'- (  )�  8' -"  (&" . 3, 0). 

5$! "0$�/,$(  � '2$(  )'.�&0$1"(  %&" 6$!&'%�',""  6$��-�2!"  !��/1$  0$�,"-,*0  
%��'0   -��$  74)'-  &$2,$:  

wq = wm + wqmax + wq! , 
�)'  wm, wqmax – 0$! "0$�/,$(  � '2$(  4%&4�$( )'.�&0$1"(  !��/1$  %&" "6�"7' ,  ��-2'- - -
2',,�  %�) )'# -2"'0  0$  *  6$��-�2!"  "  0$�,"-,���  %��(   -��$ ; wq!  - !�,-$!-,$(  )'.�& -
0$1"(  -�&1�2�#  %�2'&3,� -"  !��/1$    %�� !� -/:   -��$ . 

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

wp = wpmax  + wp! . 
��,-$!-,4:  )'.�&0$1":  ��$)!�#  %�2'&3,� -"   -��$  "  8'&�3�2$-�#  2��," -�#  

-�&1�2�#  %�2'&3,� -"  6$��-�2!"  !��/1$  �%&')'�(�"  0'-�)�0  � . � . �A0!",$ . �&�2')A,,$(  
�1',!$  2'�"+",*  !�,-$!-,*3  )'.�&0$1"#  %�62��('-   )'�$-/  2*2�) , +-�  'A 2'�"+",$  )�(  
"  �')4'0*3  !��'1  %&" ,$"7��/8"3  ,$�&46!$3 ,'  %&'2*8$'-  -&A3 %&�1',-�2  )�%4 !$  
%�� !� -,� -" . �   2(6"    <-"0  2 )$�/,'#8"3  &$ +'-$3 2�"(,"'  !�,-$!-,*3  )'.�&0$1"#  ,'  
4+"-*2$�" . 9! %'&"0',-$�/,*'  "  �')�2$,"(  � '2*3  )'.�&0$1"#  !��'1  %�) )'# -2"'0  
0$�,"-,���  %��(   -��$  %�)-2'&�)$:-  <-�  %&')%����',"' . 

�6  -$7�"1*   �')4'- , +-�  )�(  &$  0$-&"2$'0*3  !��'1  H1 = 2=r/C > 10, H2 = 0,5(D – 
D1)/r < 0,2. �*%��,',"'  <-"3  4 ��2"#  %�62��('-  " %��/6�2$-/  )�(  �%&')'�',"(  0$! " -
0$�/,*3  � '2*3  4%&4�"3 )'.�&0$1"#  %&" "6�"7'  !��/1$  wpmax "  wqmax -'�&":   -'&�,'#  
0$��#  !&"2"6,* . 5$! "0$�/,$(  � '2$(  4%&4�$( )'.�&0$1"(  !��/1$  %&" "6�"7'  wpmax "  
wqmax �%&')'�('- (  0'-�)�0  5�&$ . �-$-"+' !$(  ,'�%&')'�"0� -/  !��/1$  &$ !&*2$'- (  0' -

z 

y 

D

D

6 



 

y�  

z  

0) � ) 
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-�)�0   "�  [4, 5]. 

 
�" 4,�!  3 - �$ +'-,*'   3'0*  )�(  �%&')'�',"(  0$! "0$�/,�#  � '2�#  )'.�&0$1""  !��/1$  wmax %&" -&A3 ($) "  

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

�  �7;'0   �4+$'  ��$2,*'  1',-&$�/,*'  � "  %�%'&'+,���   '+',"(  !��/1$  z "  "  0��4-  
7*-/  ,$!��,',*  %� �-,�8',":  !  %�� !� -"  !��/1$  ( 0 . &" . 1, 0). ��(  �7�'�+',"(  )$�/ -
,'#8"3  2*+" �',"#  1'�' ��7&$6,�  22' -"  2 %�0��$-'�/,*'  !�<.."1"',-* : hy = I4c/ Izc; 
hzy = I4czc/Izc; h!  = EI4Iz/(GIzcI! );  �)'  I!  - 0�0',-  ",'&1""   '+',"(  %&" !&4+',"" ; I4c, Izc, I4, Iz 
, I4czc – � '2*'  "  1',-&�7'�,*#  0�0',-*  ",'&1"" ; E, G – 0�)4�"  ,�&0$�/,�#  4%&4�� -"  "  
 )2"�$  0$-'&"$�$  !��/1$ . 

�&"  &$ !&*-""   -$-"+' !�#  ,'�%&')'�"0� -"  0'-�)�0   "�  &$6&'6 !��/1$  &$ %��$-
�$'0  2 %�� !� -"   "00'-&"" , 2 -�+!'  �  ( 0 . &" . 2), +-�  %�62��('-  " %��/6�2$-/   2�# -2$  
 "00'-&""  "  )� -$-�+,�  �%&')'�"-/  �)",  ,'"62' -,*#  "6�"7$:;"#  0�0',-  [4, 5]. 

�&"  )'# -2""  4!$6$,,�#  ,$�&46!"  0$! "0$�/,$(  � '2$(  )'.�&0$1"(  !��/1$  (%&�-
�"7 ) w 2�6,"!$'-  2 -�+!'  �  ( 0 . &" . 3). 

	!�,+$-'�/,*'  2*&$�',"(  )�(  0$! "0$�/,���  � '2�#  )'.�&0$1""  !��/1$  %&" -&A3 
-, +'-*&A3 -, %(-"- "  8' -"�%�&,�0  !�,-$!-'  -�&1�2�#  %�2'&3,� -"  !��/1$    %�2'&3,� -/:  
 -��$  [4]:  

w
q3

 = w
qmax3

 + w
m3

 = Ar(63M
y
 + 7M

!
)(q

c 
+ q

m
);                                          (1) 

w
&max3

 = Ar(96M
y
 + 16M

!
)P

y
;                                                        (2) 

wq4 = wqmax4 + wm4 = Ar(18My + 1,1M! )(qc + qm);                                       (3) 
w&max4 = ArPy (46My + 6M! );                                                       (4) 

wq5 = wqmax5 + wm5 = Ar(7My + 0,28M! )(qc + qm);                                      (5) 
w&max5 = ArPy (26My + 3,2M! );                                                    (6) 

wq6 = wqmax6 + wm6 = Ar(3,3My + 0,1M! )(qc + qm);                                     (7) 
w� max6 = ArPy (16My + 2M! );                                                     (8) 

�)'                                                                 .
103

3

yz

zc

IEI

Ir
A =  

�  4+'-�0  "60',',"(  !��"+' -2$  �%�& %&" 6$!&'%�',""  !��/1$  0$�,"-,*0  %��'0  
 -��$   -$,!$  � '2$(  4%&4�$( )'.�&0$1"(  74)'-  &$2,$: 

wq = yi + wqi,                                                             (9) 
�)'  yi – 4&�2',/  (0!0 ),  ��-2'- -24:;"#  i - 04 !��"+' -24  �%�& (y3 %&","0$'0  &$2,*0  
,4�: ); wqi – � '2$(  )'.�&0$1"(  %&" i �%�&$3, 3 I  i I  6. �$ %&')'�',"'  2'&8",  0$!&��- -
!��,',"#  %� 2* �-'  %&�."�( , .�&0$  �-!��,',"#  �-  %�� !� -,� -"  -�&1�2  "  �')4'0*3  
!��'1  %&') -$2�',�  2 [4]. 
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����&"-0  2*+" �',"(  0$! -
 "0$�/,�#  � '2�#  4%&4��# )'.�& -
0$1""  !��/1$  %�) )'# -2"'0  0$� -
,"-,���  %��(   -��$  "  0$  *  !��/1$  
%� (9) %&"2')A, ,$  &" 4,!'  4. 

5$! "0$�/,$(  � '2$(  4%&4-
�$(  )'.�&0$1"(  %&" 6$!&'%�',""  
!��/1$  0$�,"-,*0  %��'0   -��$  
 -$,!$  "  )'# -2""  &$)"$�/,�#   � -
 -$2�(:;'#   "�*  &'6$,"(  c 4+'-�0  
"60',',"(  !��"+' -2$  �%�&,*3  
!�,-$!-�2  74)'-  &$2,$: 

wmax = yi + wqi + wpi.            (10) 
��(  &$ +'-$ )�%4 -"0�#  � ' -

2�#  4%&4��# )'.�&0$1""  !��/1$  
%&')���',$   �')4:;$(  .�&04�$ : 
[D]  = ND - D&, �)'  @ - !�<.."1"',-  
6$%$ $ -�+,� -" ; D - )�%4 !  %�� !� -
 -,� -"  -�&1�2�#  %�2'&3,� -"  ,$  
�%'&$1""  8�".�2$,"( ; D& – )�%4 !  
%�� !� -,� -"  %&" 8�".�2$,""  �A -
 -!�#  6$��-�2!" , �%&')'�('0*#  "6 
 %&$2�+,�#  �"-'&$-4&* . 

��(  "  �')4'0*3  !��'1  %&"-
,(-�  N = 0,75; D = 25 0!0 . ��(  !��/ -
1$ � -7866� .01 D& = 7,5 0!0 ; )�(  
!��/1$   1077756.01 D& = 9 0!0 . 

�&"0',"0� -/  0$�,"-,���  
%��(   -��$  )�(  6$!&'%�',"(  6$��-�2 -
!"  !��/1$  �%&')'�('- (  4 ��2"'0 : 

wq I  [D].                                                           
(11) 

�&"  wq > [D] !��/1�  ,$   -��'   -$,!$  6$!&'%�('- (    %�0�;/:  4%�&�2. 
�$!  %�!$6*2$'-  %&$!-"!$, %��4+',"'  -&'74'0�#  8'&�3�2$-� -"  -�&1�2�#  %�2'&3-

,� -"  !��/1$  %�)8"%,"!$  2�60��,�  7'6 " %��/6�2$,"(  2*3$�"2$,"( . �*3$�"2$,"'  %&"-
0',(:-  )�(  �7' %'+',"(  )�%4 !$  %�� !� -,� -" . 	 ,�2,�'  2&'0(  �7&$7�-!"  2�6&$ -$'-  
%&" <-�0  2  &'),'0  ,$  40% [2, 3]. 

�&"  6$!&'%�',""  6$��-�2!"  !��/1$  0$�,"-,*0  %��'0   -��$  2�60��,� -/  8�".�2$ -
,"(  7'6 2*3$�"2$,"(  �%&')'�',$  ,'&$2', -2�0 : 

wq + wp I  [D].                                                                     (12) 
�&"  8�".�2$,""  6$��-�2!"  !��/1$  c 6$!&'%�',"'0  4%�&$0" 2�60��,� -/  8�".� -

2$,"(  7'6 2*3$�"2$,"(  �%&')'�',$  ,'&$2', -2�0 : 
wp + wm I  [D].                                                                    (13) 

�  4 ��2"(3  (11) - (13) " %��/64:- (  0$-'0$-"+' !"'  0�)'�"  4%&4�"3 � '2*3  )' -
.�&0$1"#  !��/1$  (1) - (8). 

��(   -$,)$&-,*3  %�"-  ,$  � ,�2'  0$�,"-�-2'&)*3  .'&&"-�2  (
	�
  16528) "  <�'! -
-&�0$�,"-,*3  %�"-  (
	�
  30273) !�$  $  -�+,� -"  �  4)'�/,$(   "�$  %&"-(�',"(  p )���,$  
7*-/  ,'  0',''  0,16 5�$ . �,-', "2,� -/  &$2,�0'&,�  &$ %&')'�',,�#  ,$�&46!"  qc �-  )'# -
 -2"(  0$�,"-,���  %��(   -��$  ,$  !��/1�  74)'-  &$2,$ q = pb = 0,16b, �)'  b = (D - D1)/2 –
8"&",$  7$6�2���  -�&1$ 6$��-�2!"  !��/1$  ( 0 . &" . 1, 0). 

�'�"+",$   "�*  %&"2')A,,�#  !  8"&",'  -�&1�2�#  %�2'&3,� -"  %&",(-$ &$2,�#  py = 
16,2 � /00 . 9-$  2'�"+",$  %��4+',$  "6 4 ��2"(  �7' %'+',"(  �- 4- -2"(  8�".�2�+,*3  

�" 4,�!  4 - ����&"-0  2*+" �',"(  0$! "0$�/,�#  � '2�#  4%&4-
��#  )'.�&0$1""  !��/1$  %�) )'# -2"'0  0$�,"-,���  %��(   -��$  
 -$,!$  "  0$  *  !��/1$  
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%&"����2  "  %$&$0'-&$ 8'&�3�2$-� -"  Ra I  2,5 0!0  %&" 0$! "0$�/,�#  %&�"62�)"-'�/,� -
 -"  %&�1'  $  [6]. 

� 3�)(  "6 %&�2')',,*3  "  �')�2$,"# , &$6&$7�-$,  %� �7  4 -&$,',"(  "6��,4-� -"  
-�&1�2  !��'1  8�".�2$,"'0 , %&" !�-�&�0  8�".�2$,"'  %'&2���  -�&1$ %&�"62�)"- (  7'6 
)'# -2"(  0$�,"-,���  %��(   -��$    &$)"$�/,�#   � -$2�(:;'#   "�*  &'6$,"(  
 ", �7' %'+" -
2$:;'#  � '24:  )'.�&0$1":  (0$! "0$�/,*#  %&��"7) 0',/8'  )�%4 !$  %�� !� -,� -"  -�& -
1�2  [7]. 

��(  &$ +'-$ 0'-�)�0  !�,'+,*3  <�'0',-�2  (5�9 ) %� %&"2')',,*0  &$ +'-,*0   3' -
0$0 ( 0 . &" . 3) " %��/6�2$� (  0�)4�/  APM Structure3D  " -'0*  APM WinMachine.  

APM Structure3D %�62��('-  %&�"62�)"-/  &$ +'-*   -'&�,'2*3 , %�$ -",+$-*3 , �7� -
��+'+,*3  "  -2'&)�-'�/,*3  0�)'�'# . �  &$ +'-$3 " %��/6�2$�"   -'&�,'24:  0�)'�/ . ���/ -
1�  %�)8"%,"!$  7*��  %&') -$2�',�  2 2")'   -'&�,'2�#   " -'0*  c )"$0'-&�0 ,  ��-2'- - -
24:;"0  )"$0'-&4  1',-&$�/,�#  � "  %�%'&'+,���   '+',"(  !��/1$  (D0), &$67"-�# ,$  24 
 -'&�,'2*3  <�'0',-$ . 5' -$  !�,-$!-$  -�&1'2�#  %�2'&3,� -"  !��/1$  %�)8"%,"!$    &$7�-
+"0   -���0   -$,!$  2 &$ +'-,�#   3'0'  %&') -$2�',*  2 2")'  8$&,"&,*3  �%�&. �$ +'-*  %&�-
"62�)"�" /    !��"+' -2�0  �%�& �-  3 )�  6 2!�:+"-'�/,� . � "�"'  6$!&'%�',"(  0$�,"-,���  
 -��$  6$)$2$�� /  2 2")'   "� , %&"���',,*3  2 46�$3  " -'0* . �400$&,$(  2'�"+",$  %&"�� -
�',,*3   "�   ��-2'- -24'-  4 "�":  6$!&'%�',"(  0$�,"-,���   -��$ . �$)"$�/,$(   � -$2�(: -
;$(   "�$  &'6$,"(  %&"!�$)*2$�$ /  !  46�4, ,$3�)(;'04 (  0'�)4  )240(   � '),"0"  �%�&$-
0" ,   1'�/:  %��4+',"(  0$! "0$�/,*3  � '2*3  %'&'0';',"#  �-  ''  2�6)'# -2"(  (&" . 5). 

��%� -$2�',"'  &'64�/-$-�2  &$ +'-�2  0$! "0$�/,*3  � '2*3  )'.�&0$1"#  %� $,$�" -
-"+' !"0  .�&04�$0  (1) – (8) "  5�9  %�!$6*2$'-  %��,�'   �2%$)',"'  &'64�/-$-�2  %&" � ' -
 "00'-&"+,*3  ,$�&46!$3 �-  )'# -2"(  0$�,"-,���  %��(   -��$   -$,!$  qc "  0$  *  !��/1$  qm. 
���&'8,� -/  )� -"�$'-  20% )�(  2'�"+",  )'.�&0$1"#  �-  )'# -2"(  &$)"$�/,�#   � -$2 -
�(:;'#   "�*  &'6$,"( . 

�'!�0',)$1""  %� 4 ��2"(0  8�".�2$,"(  "  �')4'0*3  !��'1  (11) – (13),  � -$2�', -
,*'  ,$  � ,�2$,""  &$ +A-�2 5�9  %� $���&"-0$0  )�(  .�&04�  (9), (10) ( 0 . &" . 4) � -$�" /  
-'  �' , +-�  "  2 [4] %&" " %��/6�2$,""  $,$�"-"+' !"3  .�&04�  (1) – (8). 

��(  !��/1$  � -7866A.01 %&�2'&"0 4 ��2"'  %&"0',"0� -"  0$�,"-,���  %��(   -��$  
(11), 2*+" �((  %� $���&"-04  ( 0 . &" . 4): wq3 = wqmax3 + wm3 = 313 + 2 = 315 0!0  > y4 = 5,8 
0!0 , ,$3�)"0 : wqmax4 + wm4 = 75 + 0, 5 = 75,5 0!0  > y5 - y4 = 9,6 – 5,8 = 3,8 0!0 ; ,$3�)"0 : 
wqmax5 + wm5 = 26 + 0,2 = 26,2 0!0  > y6 – y5 = 14,8 – 9,6 = 5,2 0!0 , y6 = 14,8 > [D] = 11,3 0!0 . 

� ��2"'  (11) ,'  2*%��,('- ( . ��(  6$!&'%�',"(  !��/1$  ,$   -��'   -$,!$  ,'�73�)"0�  
" %��/6�2$-/  4%�&*. 

�&�2'&('0  2*%��,',"'  4 ��2"(  8�".�2$,"(  7'6 2*3$�"2$,"(  (13): wm5 + w&max5 = 
0,2 + 29,3 = 29,5 0!0  > y6 – y5 = 14,8 – 9,6 = 5,2 0!0 , y6 = 14,8 > [D] = 11,3 0!0 . 

� ��2"'  (13) ,'  2*%��,('- ( . ��(  !��/1$  &'!�0',)4'- (  8�".�2$,"'    2*3$�"2$ -
,"'0 . 

��(  !��/1$  1077756.01 %&�2'&"0 4 ��2"'  %&"0',"0� -"  0$�,"-,���  %��(   -��$  
(11):        wq3 = wqmax3 + wm3 = 15 + 0,3 = 15,3 0!0  > y4 = 3,6 0!0 ; ,$3�)"0 : wqmax4 + wm4 = 3,3 
+ 0, 1 = 3,4 0!0  > y5 - y4 = 6,7 – 3,6 = 3,1 0!0 ; ,$3�)"0 : wqmax5 + wm5 = 1,2 + 0,03 = 1,2 0!0  < 
y6 – y5 = 9,7 – - 6,7 = 3,0 0!0 ; wq  = y5 + wqmax5  + wm5 = 6,7 + 1,2 + 0,03 = 7,93 0!0  < [D] = 9,7 
0!0 . � ��2"'  (11) 2*%��,('- ( . ��(  6$!&'%�',"(  !��/1$  ,$   -��'   -$,!$  %&"0',"0�  0$� -
,"-,�'  %��'   -$,!$ . 

�&�2'&('0  2*%��,',"'  4 ��2"(  8�".�2$,"(  7'6 2*3$�"2$,"(  (12):  
wqmax5+ wm5 + w� max5 = 1,2 + 0,03 + 1,33 = 2,56 0!0  < y6 – y5 = 9,7 – 6,7 = 3 0!0 ; 
wqmax5 + wm5 + w� max5 + y5 = 1,2 + 0,03 + 1,33 + 6,7 = 9,36 0!0  < [D] = 9,7 0!0 . 

� ��2"'  8�".�2$,"(  7'6 2*3$�"2$,"(  2*%��,('- ( . �&"  <-�0  !��/1�  �-  )'# -2"(  
0$�,"-,���  %��(   -��$  "  &$)"$�/,�#   � -$2�(:;'#   "�*  &'6$,"(  �%4 !$'- (  )�  %(-" 
�%�&,���  !�,-$!-$    %�2'&3,� -/:   -��$ . ���/1�  1077756.01 &'!�0',)4'- (  8�".�2$-/    
6$!&'%�',"'0  0$�,"-,*0  %��'0   -��$  7'6 2*3$�"2$,"( . 
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�" 4,�!  5 – �$ +'-,$(   3'0$  "  <%:&$ %��,*3  %'&'0';',"#  ()'.�&0$1"# ) )�(  8' -"  �%�&,���  
 !�,-$!-$  !��/1$  1077756.01 %&"  �20' -,�0  )'# -2""  0$�,"-,���  %��(   -��$  "  &$)"$�/,�#   

 � -$2�(:;'#   "�*  &'6$,"(   
 

�*2�)* . �$6&$7�-$,*  0$-'0$-"+' !"'  0�)'�"  "  $���&"-0*  )�(  �%&')'�',"(  � ' -
2�#  )'.�&0$1""  %&" 8�".�2$,""  ,'�' -!"3  !��'1  %�)8"%,"!�2    ,$+$�/,*0"  �-!��,' -
,"(0"  �-  %�� !� -,� -"  -�&1�2 . ���4+',*  4 ��2"(  �7' %'+',"(  6$)$,,���  )�%4 !$  %�� -
 !� -,� -"  -�&1�2�#  %�2'&3,� -"  !��/1$  %�)8"%,"!$ , 4+"-*2$:;"'  � '24:  )'.�&0$ -
1":  !��/1$  %�) )'# -2"'0  0$�,"-,���  %��(   -$,!$  "  &$)"$�/,�#   � -$2�(:;'#   "�*  &'-
6$,"( . 

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

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

� . - ������&$) : ���  "���"-'3,"! ".- 2007. - 133  . 
2. ���'& , � .� . �-&$-'�"(  %�� !���  8�".�2$,"(  )'-$�'#  %'&'0',,�#  �' -!� -"  / � .� . 
���'& , � .� . �$6"0"&�2  // 5'-$����7&$7�-!$ . – 2006.- =  1.-  . 2–7. 
3. �%&$2�+,"!  -'3,����$ -0$8",� -&�"-'�(  / � .5 . �$�/ !"# , � .
 . �� "��2$ , � .� . 
5';'&(!�2 , � .
 . �4 ��2$  &') .  �  2 - . 
 . 1. 5� !2$ , 5$8",� -&�',"' . - 2003. - 944  . 
4. ��"(,"'  � '2*3  )'.�&0$1"#  ,$  �-!��,',"'  �-  %�� !� -,� -"  -�&1�2�#  %�2'&3,� -
 -"  !��/1$  %�)8"%,"!$  %&" 8�".�2$,""  / � .� . �� ',!� , � .� . 
*8!'2"+ , � .� . 	&��2 , 
� .� . �$&$6�2 // �62' -"(  246�2. 5$8",� -&�',"' . - 2015. - =  9. - C. 68-74. 
5. 	%&')'�',"'  � '2*3  %'&'0';',"#  %&" 8�".�2$,""  -�&1�2  %�)8"%,"!�2*3  !��'1  
/ � .� . �� ',!� , � .� . 
*8!'2"+ , � .� . 	&��2 , � .� . �2'-�"+,$(  // �&�7�'0*  0$8",� -&�' -
,"(  "  ,$)'�,� -"  0$8", . - 2010. - =  2. - C. 70-74. 
6. 	%-"0$�/,*'  4 ��2"(  8�".�2$,"(   -�&1'2*3   %�2'&3,� -'#  !��'1  !&4%,��$7$-
&"-,*3   %�)8"%,"!�2  / � . � . �� ',!� , � . � . 
*8!'2"+ , � . � . 	&��2 , � . � . �$&$6�2  
//�' -,"!  0$8",� -&�',"( . 2015.-  =  4. - C. 60 –66. 
7. �$- . 2370354 ��  "# !$(  �')'&$1"( , 5�� 7 �  24 �  7/04. �%� �7  4 -&$,',"(  "6� -
�,4-� -"  -�&1�2  )'-$�'#  !�$  $  !��'1  8�".�2$,"'0  / 	&��2  � . � ., 
*8!'2"+  � . � ., �� -
&�-!�2  � . � ., �� ',!�  � . � .; 6$(2"-'�/  "  %$-',-��7�$)$-'�/  
	�  ��	  ������&$) !"#  �� . 
-'3 . 4, -- . – =  2008110458/02; 6$(2�. 18.03.08; �%47�. 20.10.09, �:� . =  29. – 3  . 
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�'���������  ��#����  ' ����!�  * ��������  ��!������  ��  

��� �  *& 15 
 

� . � . �� ',!� , � . � . 
*8!'2"+ , � . � . �$&$6�2, � . � . 	&��2 , � . � . �4!�+'2$  
���  (."�"$� ) �
�	�  �	  ����

�  

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

7�-!" , �7' %'+"2$:;'#  6$)$,,*'  -&'7�2$,"(  !  !$+' -24  %�2'&3,� -'#  )'-$�'# . �!-4$�/ -
,$(  %� -$,�2!$  6$)$+" %&" 8�".�2$,""  %�2'&3,� -'#  )'-$�'#  - �7' %'+',"'  -&'74'0�#  
8'&�3�2$-� -"  "  �- 4- -2"'  8�".�2�+,*3  %&"����2  %&" 0$! "0$�/,�#  %&�"62�)"-'�/ -
,� -"  %&�1'  $ . �$!  %�!$6*2$'-  %&$!-"!$, %��4+',"'  -&'74'0�#  8'&�3�2$-� -"  %�2'&3-
,� -"  2�60��,�  7'6 " %��/6�2$,"(  2*3$�"2$,"( , !�-�&�'  42'�"+"2$'-  � ,�2,�'  2&'0(  
�7&$7�-!"  2  &'),'0  ,$  40% [1-2]. ��(  �7' %'+',"(  -&'74'0���  )�%4 !$  %�� !� -,� -"  
�7&$7�-$,,�#  %�2'&3,� -"  )'-$�'#  0$��#  �' -!� -"  ,'�73�)"0�  4+"-*2$-/  "  4%&4�"' 
)'.�&0$1"" , 2�6,"!$:;"'  %&" )'# -2""   "�*  &'6$,"(  "  6$!&'%�',""  6$��-�2!"  [3-5]. 

>'�/  "  �')�2$,"(  - &$6&$7�-!$ 0'-�)"!"  2*7�&$  �%-"0$�/,*3  4 ��2"#  %�� !���  
8�".�2$,"(  6$��-�2�!  "6  -$�"  �� 15, �7' %'+"2$:;"3  -&'74'04:  8'&�3�2$-� -/  �7&$-
7�-$,,�#  %�2'&3,� -"  (%$&$0'-& 8'&�3�2$-� -"  %�2'&3,� -"  Ra) "  �- 4- -2"'  8�".� -
2�+,*3  %&"����2  %&" 0$! "0$�/,�#  %&�"62�)"-'�/,� -"  %&�1'  $ . 

�
2�5��
  ����
5�7
4�� , <
2
<
2�0
���
  <�5
�� . 5$-'0$-"+' !"'  0�)'�"  %&"-
2')A,,*3  !  8"&",'  �7&$61$  � -$2�(:;"3   "�*  &'6$,"(  (py, pz), !�<.."1"',-$  8�".�2$ -
,"(  (� 8 ) "  8'&�3�2$-� -"  �7&$7�-$,,�#  %�2'&3,� -"  (%$&$0'-& Ra) %��4+',*  0'-�)�0  
%��,���  .$!-�&,���  <! %'&"0',-$  -"%$ 24, �)'  4 - +" ��  .$!-�&�2  (-$7� . 1).  

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

'#  !&4�$ �7&$61�2 "6  -$�"  �� 15 
	�
  801-78 &$60'&�0 100×45×10 ,$  �$7�&$-�&,�#  4 -
-$,�2!' , ,$  7$6' %�� !�8�".�2$�/,���   -$,!$  3
 71. ��(  �7&$7�-!"  �7&$61�2 2 !$+' -2'  
", -&40',-$  " %��/6�2$�" /  <�'!-&�!�&4,)�2*'  8�".�2$�/,*'  !&4�"  %&(0���  %&�."�(  
 �   �')4:;"0"  &$60'&$0" 200×16×76 +'-*&A3  -"%�2 : 25AF46� 6V, 25AF46L6V, 
25AF60� 6V, 25AF60L6V. �, -&40',-  "6��-�2�',  ,$  	�	  «���� !"#  $7&$6"2,*# 6$2�)». 

�  4+A-�0 %&�"62�) -2',,���  �%*-$  7*�"  2*7&$,*   �')4:;"'  )"$%$6�,*  2$&/"&�-
2$,"(  23�),*3  .$!-�&�2 : F - 6'&," -� -/ , 0'8 . (
	�
  �  52381) - �-  F60 )�  F46; ' 1 (. 1) - 
-2A&)� -/  8�".�2$�/,���  !&4�$, �%&')'�('0$(  624!�2*0  0'-�)�0  %� %&"2')A,,�#   !�&� -
 -"  &$ %&� -&$,',"(  $!4 -"+' !"3  2��, , 0/  (
	�
  �  52710) - �-  4504 0/  (K) )�  4930 0/  
(L); t (. 2) - ��47",$  8�".�2$,"( , 00 /3�)  - �-  0,01 )�  0,02 00 /3�) ; vs(. 3) -  !�&� -/  %�)$+" 
 -��$ , 0/0",  - �-  10 )�  20 0/0", . �   !�7!$3  )$,�  4 ��2,�'  �7�6,$+',"'  !�)"&�2$,,*3  
6,$+',"#  .$!-�&$ . 

�
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  9��/�7
4��  �2
��  *& 15 

py(F46), � /00  
py = 19,9 + 5,45x1 + 3,43x2 + 0,99x3 + 3,67x4 + 1,02 x1x2  – 2,40x1x3  +2,6 x1x4 + 
+ 0,69x2x3 - 1,42 x3x4  - 1,49x1x3x4 

py(F60), � /00  py = 31,42+0,91x1–3,21x2–1,02x4+1,78x1x2–3,44x2x3+0,77x3x4 +1,93 x1x2x3x4  
+2,06x1x2x3 – 3,078 x1x2x4 – 0,73 x1x3x4 

pz(F46), � /00  pz = 6,21 + 0,82x1 + 0,9x2 + 0,82x3 + 0,49x4   – 0,54x1x3  + 0,23 x1x4 

pz(F60), � /00  pz =9,18+1,86x1+ 0,67x3 – 0,27x4+0,32x1x3–0,38x2x3+ 0,37x3x4+0,37x1x2x3x4 

+0,72x1x2x3 – 0,35 x1x2x4 
� 8 (F46) � 8  = 44,77 – 5,06x2  – 13,51x3 + 6,15x1x3 
� 8 (F60) � 8  = 22,75 – 1,97x1 – 5,83x2 – 1,68x3 – 2,61x1x2 + 1,71x1x3 – 4,77x2x3 
Ra(F46), 0!0  Ra = 1,81– 0,22x1+ 0,46x3 – 0,22x1x3 
Ra(F60), 0!0  Ra = 1,92+ 0,27x1 + 0,2x2 + 0,29x1x2+ 0,3x1x3+ 0,26x1x2x3 
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�60'&',"'  .$!-"+' !�#  -2'&)� -"  $7&$6"2,���  ", -&40',-$  � 4;' -2�(�"  %� 

	�
  25961 4�/-&$624!�2*0  0'-�)�0    %�0�;/:  %&"7�&$ «�24! -1105 ». ��(  "  �')�2$ -
,"#  �-7"&$�" /  !&4�" , �7�$)$:;"'  �)",$!�2�#  -2'&)� -/:  2 %&')'�$3   -'%',"  K "  L. 
�!�&� -/  &$ %&� -&$,',"(  $!4 -"+' !"3  2��,  �%&')'�(�"  2 8 )"$0'-&$�/,*3   '+',"(3  
!&4�$. 

��(  "60'&',"(   � -$2�(:;"3   "�  8�".�2$,"(  " %��/6�2$�"  )",$0�0'-&  ��5 -
100 !�, -&4!1""  ���� , 4 -$,�2�',,*#  ,$  0$�,"-,�0   -��'   -$,!$  "  %�62��(:;"#  �),� -
2&'0',,�  "60'&(-/  -&"  26$"0,�  %'&%',)"!4�(&,*'   "�*  Pz, Py, Px "  !&4-(;"#  0�0',-  
� !&. �"�,$�  �-  )",$0�0'-&$  %� -4%$� ,$  4 "�"-'�/  �
 4-1 (
� 25.06.1377–82), $ 6$-'0  +' -
&'6 $,$����2� -1".&�2�#  %&'�7&$6�2$-'�/  E14-140 %'&')$2$� (  ,$  %'& �,$�/,*#  !�0%/: -
-'& . 5�,�2',,*'  6,$+',"(   "�  &'6$,"(  0��,�  "  �')�2$-/  2 )"$%$6�,'  +$ -�-  �-  0 )�  500 
!
1    %��&'8,� -/:  ,'  2*8'  10%. 

�'&�3�2$-� -/  %�2'&3,� -"  "60'&(�"  ,'%� &') -2',,�  ,$   -��'   -$,!$  %&�."�� -
�&$.�0 -%&�."��0'-&�0  «�'#-&�,"!  �� 8-4 � .� .». �60'&',"'  %$&$0'-&�2 8'&�3�2$-� -"  
%&�"62�)"�"  %�  " -'0'   &'),'#  �",""  (
	�
  25142-82) 2  ��-2'- -2""    ,�0',!�$-4&�#  
"   ��-,�8',"(0"  6,$+',"#  %$&$0'-&�2, %&')4 0�-&',,*0"  
	�
  2789-83.  �&')'�  )� -
%4 !$'0�#  � ,�2,�#  �-,� "-'�/,�#  %��&'8,� -"  %&"7�&$  � -$2�('-  ± 5 %. �  1'�/:  %�-
2*8',"(  <..'!-"2,� -"  "   !�&� -"  �7&$7�-!"  %��4+',,*3  )$,,*3  7*�$  &$6&$7�-$,$ 
 %'1"$�/,$(  %&��&$00$ «Export» (%&��&$00$ )�(  9�5  =  2009615803). �  !$+' -2'  %'&-
2"+,*3  )$,,*3  " %��/64:- (  2* �-*  %&�."�( , %��4+',,*'  %&" "60'&',""  8'&�3�2$-� -
 -"  %�2'&3,� -" . �$6&$7�-$,,$(  %&��&$00$ <! %�&-"&4'-  %'&2"+,*'  "  &$ +'-,*'  )$,,*'  
2 '3  %$&$0'-&�2 8'&�3�2$-� -"  %�2'&3,� -" , %��4+',,*3  %&��&$00�# Profil �-  %&"7�&$ 2 
)�!40',-  -"%$ «MSExcel». 

��<.."1"',-  8�".�2$,"(  �%&')'�(� (  !$!  �-,�8',"'  ,$&$7�-!"  !   "6,� 4  $7&$-
6"2,���  ", -&40',-$ . ��".�2�+,*'  %&"���"  �%&')'�(�" /  0'-�)�0  -&$2�',"(  %� ", - -
&4!1""  �����  101. 

�  &'64�/-$-'   &$2,',"(  )" %'& "#  2*3�),*3  .$!-�&�2  %&�1'  $  %� !&"-'&":  ��3 -
&',$  7*��  4 -$,�2�',� , +-�  2 &$  0$-&"2$'0�0  )"$%$6�,'  2$&/"&�2$,"(  )" %'& ""  2* -
3�),*3  .$!-�&�2  ,'�),�&�),* . �,"�',"'  &$6�"+"(  )" %'& "#  )� -"�$'- (  40',/8',"'0  
",-'&2$�$  2$&/"&�2$,"(  .$!-�&�2 . �  1'�/:   �3&$,',"(  2*7&$,,*3  ",-'&2$��2  7*��  %&"-
,(-�  &'8',"'  �  &$6)'�',""  ,'!�-�&*3  .$!-�&�2 . �$"7��/8"'  )" %'& ""  2*3�),*3  %$&$-
0'-&�2  ,$7�:)$�" /  %&" 8�".�2$,""  !&4�$0"  &$6�"+,�#  6'&," -� -" . � 3�)(  "6 <-��� , 
0$-'0$-"+' !"'  0�)'�"  2*3�),*3  %$&$0'-&�2 %&�1'  $  8�".�2$,"(  &$6&$7$-*2$�" �- -
)'�/,�  )�(  !$�)�#  6'&," -� -" . �" %'& ""   � -$2�(:;"3   "�*  &'6$,"(  )�(  !&4��2  �),�#  
6'&," -� -"  2 )$,,�0   �4+$'  0��,�   +"-$-/  �),�&�),*0" . 

�  &'64�/-$-'  $,$�"6$  <! %'&"0',-$�/,*3  )$,,*3  4 -$,�2�',� , +-�  2 &$  0�-&', -
,�0  ",-'&2$�'  2$&/"&�2$,"(   � -$2�(:;"'   "�*  &'6$,"(  ,$  ,'!�-�&*3  &'�"0$3  8�".� -
2$,"(  6,$+"0�  6$2" (-  �-  ,$&$7�-!" . �   2(6"    <-"0  2 !$+' -2'  +'-2'&-���  23�),���  .$! -
-�&$ 7*�$  22')',$  2 0$-'0$-"+' !"'  0�)'�"  ,$&$7�-!$ , %&"2')A,,$(  !  8"&",'  �7&$7$-* -
2$'0�#  %�2'&3,� -"  - V (. 4), 00 2   ",-'&2$��0  2$&/"&�2$,"(  �-  100 )�  400 00 2. 

��(   � -$2�(:;"3   "�*  &'6$,"( , %&"2')',,*3  !  ')","1'  8"&",*  �7&$7$-*2$'0�#  
%�2'&3,� -"  - py "  pz +" ��  .$!-�&�2  k = 4, )�(  !�<.."1"',-$  8�".�2$,"(  K8  "  %$&$0'--
&$ 8'&�3�2$-� -"  Ra – k = 3. 

��(  %&�2'&!"  $)'!2$-,� -"  %��4+',,*3  0$-'0$-"+' !"3  0�)'�'#  7*�"  %&�2')',*  
)�%��,"-'�/,*'  <! %'&"0',-* . �&$2,',"'  %��4+',,*3  %� &'64�/-$-$0  <! %'&"0',-�2  
)" %'& "#  $)'!2$-,� -"    &$,''  ,$#)',,*0"  )" %'& "(0"  2� %&�"62�)"0� -"  %� !&"-' -
&":  �"8'&$  %&" 5%-,�0  4&�2,'  6,$+"0� -"  %�!$6$��  "3  �),�&�),� -/ , +-�   2")'-'�/ - -
24'-  �7  $)'!2$-,� -"  &$6&$7�-$,,*3  0$-'0$-"+' !"3  0�)'�'#  [6-8]. 

�
2�5��
  7;.��
  ��2�<
�84;=  3���7�	  9��/�7
4�� . 
�3�),*'  .$!-�&*  (2�(:- (  %$&$0'-&$0" �%-"0"6$1""  %&�1'  $  8�".�2$,"( , 0$-

-'0$-"+' !"'  0�)'�"  2*3�),*3  .$!-�&�2  " %��/64:- (  )�(  ��&$,"+',"(  �7�$ -"  )�%4 -
-"0*3  6,$+',"#  %$&$0'-&�2 �%-"0"6$1"" . 
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�$&$0'-&  Ra 6$)$, 2 -'3,����"+' !�0  %&�1'  ' . �  )$,,�0   �4+$'  )�%4 -"0�'  6,$-
+',"'  %$&$0'-&$ [Ra] I  2,5 0!0 . 

	�&$,"+',"'  %� 7' %&"����2�04  8�".�2$,":  �%&')'�',�  2 &'64�/-$-'  $,$�"6$  
6,$+',"#  %&"2')A,,�#  !$ $-'�/,�#   � -$2�(:;'#   "�*  &'6$,"(  pz (&" . 1, 2) "  ,$�"+"(  
%&"����2  ,$  �7&$7�-$,,�#  %�2'&3,� -" . 

 
�" 4,�!  1 - �60',',"'   � -$2�(:;"3   "�*  &'6$,"(  � y (� ) "  � z (0) 6$ %'&"�)  8�".�2$,"(  

!&4��0  6'&," -� -/:  F46: ––-2A&)� -/  L; >  -2A&)� -/  K; 1 – vs=10 0/0", , t=10 0!0 /3�) ; 2 – vs=10 0/0", , 

t=20 0!0 /3�) ; 3 – vs=20 0/0", , t=10 0!0 /3�) ;    4 – vs=20 0/0", , t=20 0!0 /3�)  

�" 4,�!  2 - �60',',"'   � -$2�(:;"3   "�*  &'6$,"(  � y (� ) �  � z (0) 6$ %'&"�)  8�".�2$,"(  !&4�$0"  
6'&," -� -/:  F60:–– -2A&)� -/  L; O  -2A&)� -/  K; 1 – vs=10 0/0", , t=10 0!0 /3�) ;   2 – vs=10 0/0", , t=20 
0!0 /3�) ; 3 – vs=20 0/0", , t=10 0!0 /3�) ;    4 – vs=20 0/0", , t=20 0!0 /3�)  

 
�&"  8�".�2$,""  !&4�$0"  6'&," -� -/:  F60 �- 4- -2"'  8�".�2�+,*3  %&"����2  

,$  �7&$7�-$,,�#  %�2'&3,� -"  %&" 0$! "0$�/,�#  ,$&$7�-!'  ,$7�:)$'- (  -��/!�  %&" 8�" -
.�2$,""  !&4��0  -2'&)� -/:  �  ,$  0","0$�/,*3  6,$+',"(3  %�)$+" "  ��47",*  8�".�2$,"(  
(vs = 10 0/0", , t = 10 0!0 /3�) ). ��  %&�1'   8�".�2$,"(  �-�"+$'- (  7��/8�#  ,' -$7"�/,� -
 -/: . �  )"$%$6�,'  ,$&$7�-!"  �-  100 )�  400 00 2  � -$2�(:;"'   "�*  &'6$,"(   ,"�$:- (  2 
1,7 &$6$. �� -$-�+,�   -$7"�/,*0   �')4'-   +"-$-/  8�".�2$,"'  ,$  &'�"0$3  vs = 20 0/0", , t 
= 20 0!0 /3�) . ��  8�".�2�+,*'  %&"���"  �7,$&4�',*  ,$  )243 "6 -&'3  �7&$61�2. ��  <-"0  
%&"+",$0 )$,,*'  &'�"0*  8�".�2$,"(  ,'�/6(  " %��/6�2$-/  )�(  �7&$7�-!"  !��'1  %�)-
8"%,"!�2 . �&"  8�".�2$,""  !&4��0  6'&," -� -/:  F46 -2'&)� -/:  L 8�".�2�+,*'  %&"-
���"  ,$7�:)$:- (  %&$!-"+' !"  ,$  2 '3  &'�"0$3 . ��')4'-  �-0'-"-/  -��/!�  &'�"0  vs = 10 
0/0", , t = 20 0!0 /3�) , ,$  !�-�&�0  8�".�2�+,*'  %&"���"  %��4+',*  ,$  �),�0  "6 -&'3  �7 -
&$61�2. 

�  40',/8',"'0  -2'&)� -"  !&4�$ 2'&�(-,� -/  �7&$6�2$,"(  8�".�2�+,*3  %&"����2  
6$0'-,�   ,"�$'- ( . �  )$,,�0   �4+$'  8�".�2�+,*'  %&"���"  4 -$,�2�',*  -��/!�  %&" 
8�".�2$,""  ,$  0$! "0$�/,�#   !�&� -"  %�)$+"  -��$  "  ��47",'  (vs = 20 0/0", , t = 20 
0!0 /3�) ).  
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�  &'64�/-$-'   �%� -$2�',"(  ,$�"+"(  8�".�2�+,*3  %&"����2  ,$  �7&$7�-$,,�#  %�-
2'&3,� -"   �  6,$+',"'0  !$ $-'�/,�#   � -$2�(:;'#   "�*  &'6$,"(  4 -$,�2�',� , +-�  %�(2-
�',"'  %&"����2  ,$7�:)$'- (  2�  2 '3   �4+$(3 , !��)$  6,$+',"'  pz )� -"�$'-  6 � /00 . ��'  
%&" pz = 6,4 � /00  (!&4�  24AF46L6V, vs = 10 0/0", , t = 20 0!0 /3�) ) ,$  %�2'&3,� -"  �),�#  
6$��-�2!"  "6 -&'3  %�(2�(:- (  %&"���" . �&"  8�".�2$,""  !&4��0  24AF60� 6V ,$  &'�"0'  
vs = 20 0/0", , t = 20 0!0 /3�)  8�".�2�+,*'  %&"���"  %�(2�(:- (  ,$  )243 "6 -&'3  �7&$61�2 
%&" pz = 6,6 � /00 .    

�$  � ,�2$,""  %��4+',,*3  <! %'&"0',-$�/,*3  )$,,*3  2 !$+' -2'  )�%4 -"0���  
6,$+',"(  %&"2')A,,�#  !$ $-'�/,�#   � -$2�(:;'#   "�*  &'6$,"(  %&",(-$ 2'�"+",$  [pz] I  6 
� /00 .  

�&4�"  6'&," -� -/:  F60 "  -2A&)� -/:  L ,$  2 '3  &'�"0$3  8�".�2$,"(  ,'  4)�2�' -
-2�&(:-  -&'7�2$,"(0  %&�"62�) -2$ . �&"+",�#  (2�('- (  �7&$6�2$,"'  %&"����2  ,$  �7&$7� -
-$,,�#  %�2'&3,� -"  "�"  ,' -$7"�/,� -/  %&�1'  $  8�".�2$,"( . ��<-�04  )�(  �7' %'+',"(  
-&'7�2$,"#  !  !$+' -24  �7&$7�-$,,�#  %�2'&3,� -"  %&" �%-"0"6$1""  &'�"0�2  !&4�"  6'&," -
 -� -/:  F60 " !�:+',*  "6 &$  0�-&',"( .  

�&"2')A,,$(  ,$&$7�-!$ , �%&')'�(:;$(  2'�"+",4  %&�"62�)"-'�/,� -"  %&�1'  $  
8�".�2$,"( , %&","0$'- (  &$2,�#  0$! "0$�/,�04  6,$+',": , -�  ' -/  400 00 2. ��<-�04  2 
0$-'0$-"+' !"3  0�)'�(3  2*3�),*3  .$!-�&�2  x4 = 1. 

��(  !&4�$ 6'&," -� -/:  F46 "  -2'&)� -/:  K, &'8$(   �20' -,�   " -'04  ,'&$2', -2  
%� � z "  Ra:  

� z = 6,21 + 0,82x1 + 0,9x2 + 0,82x3 + 0,49x4   – 0,54x1x3 + 0,23 x1x4 I  6 � /00 ;    (1) 
Ra = 1,81 - 0,22 x1 + 0,46x3 - 0,22x1x3 I  2,5 0!0 ,                                     (2) 

  %�) -$,�2!�#  2 ,"3  )�%4 -"0*3  6,$+',"#   "�*  "  8'&�3�2$-� -"  )�(  !�,!&'-,�#  
-2'&)� -"  "  6'&," -� -"  !&4�$ 7*�"  �%&')'�',*  )�%4 -"0*'  6,$+',"(  &'�"0�2  8�".� -
2$,"(  (&" . 3). 
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�" 4,�!  3 - ��%4 -"0*'  &'�"0* , �7' %'+"2$:;"'  7' %&"����2�'  8�".�2$,"'  "  
-&'74'0*#  %$&$0'-& 8'&�3�2$-� -"  %�2'&3,� -"  Ra. �'&," -� -/  !&4�$ – F46, -2'&)� -/  – K: 1 – 4400 0/ ;   

2 – 4500 0/ ;  3 – 4600 0/ ;  4 – 4700 0/ ;  5 – 4800 0/  
 


2'&)� -/  !&4�$, "60'&('0$(   !�&� -/:  624!$, &$67"-$ ,$  4 &$2,*3  )"$%$6�,$: 1 – 
4400 0/ ;   2 – 4500 0/ ;  3 – 4600 0/ ;  4 – 4700 0/ ;  5 – 4800 0/ . 

��%4 -"0*'  6,$+',"(   !�&� -"  %�)$+"  -��$  "  ��47",*  8�".�2$,"( , �7' %'+" -
2$:;"'  7' %&"����24:  �7&$7�-!4 , �'�$-  ,"�'   ��-2'- -24:;"3  �","# . �$  &" 4,!'  3, �  
��&$,"+',"(  %� 8'&�3�2$-� -"  2*)'�',*  -�+!$0"  "  )�%4 -"0*'  &'�"0*  &$ %����',*    
�'2�#   -�&�,*  �-  -�+'! . �$  &" 4,!'  3, 0 )�%4 -"0�'  6,$+',"'  %$&$0'-&$ 8'&�3�2$-� -"  
Ra �%&')'�('- (    4+A-�0 !�<.."1"',-$  6$%$ $ -�+,� -"  @ = 0,75: [Ra] = 0,75P2,5 = 1,88. 

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

�  0 
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	!�,+$-'�/,�'  2*&$�',"'  1'�'2�#  .4,!1""  %&"2')A,,�#  %&�"62�)"-'�/,� -"  Q 
+'&'6  2$&/"&4'0*'  %$&$0'-&*: Q = vs·t·103, 00 2/0", . 

��(  !&4�$ 6'&," -� -/:  F46 "  -2'&)� -/:  K, &'8$(   �20' -,�   " -'04  ,'&$2', -2  
%� � z "  Ra (1), (2)   %�) -$,�2!�#  2 ,"3  )�%4 -"0*3  6,$+',"#   "�*  "  8'&�3�2$-� -"  )�(  
!�,!&'-,�#  -2'&)� -"  "  6'&," -� -"  !&4�$ 7*�"  �%&')'�',*  )�%4 -"0*'  6,$+',"(  &'�" -
0�2  8�".�2$,"(  (&" . 4). 
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Q
, 0

02
  /0

",
   

 .
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5

 
�" 4,�!  4 - �$2" "0� -/  %&"2')',,�#  %&�"62�)"-'�/,� -"  �-   !�&� -"  %�)$+"  -��$ . 

�'&," -� -/  !&4�$ – F46, -2'&)� -/  – K: 
1 – 4400 0/ ; 2 – 4500 0/ ;  3 – 4600 0/ ;  4 – 4700 0/ ;  5 – 4800 0/  

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

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

'- (  "6 4 ��2"(  �7' %'+',"(  0$! "0$�/,�#  %&�"62�)"-'�/,� -"  %&�1'  $ . 
�&"2')A,,$(  %&�"62�)"-'�/,� -/   4;' -2',,�  6$2" "-  �-  -2'&)� -"  !&4�$. ��(  

�&$,"+,*3  6,$+',"#  -2A&)� -"  �  %&"2')A,,$(  %&�"62�)"-'�/,� -/  Q �-�"+$'- (  7��''  
+'0  2 2 &$6$, %�<-�04  1'�' ��7&$6,�  " %��/6�2$-/  !&4�"  -2'&)� -"  K ,"�,'#  %���2",*  
�&$,"1*  -2'&)� -" . 

��<.."1"',-  8�".�2$,"(  2�6&$ -$'-    42'�"+',"'0  -2'&)� -"  (&" . 5) "  )�(  )$, -
,���  )"$%$6�,$  � -$2�('-  �!���  45. 

� %��/6�2$-/  !&4�"  0',/8'#  -2'&)� -"  ,'�/6( , %�-�04  +-�  ,'  74)'-  �7' %'+"2$-/ -
 (  6$)$,,$(  8'&�3�2$-� -/  %�2'&3,� -"  " , !&�0'  -��� ,  4;' -2',,�  42'�"+"2$'- (  "6,�  
", -&40',-$ . 

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

5$-'0$-"+' !"'  0�)'�"  2*3�),*3  .$!-�&�2  2 <-�0   �4+$'  %&" x1 = -1; x4 = 1: 
pz = 5,65 + 0,9x2 + 1,36x3;                                                     (3) 

Ra = 2,03 + 0,68x3.                                                         (4) 
�&"  %�) -$,�2!'  ,$-4&$�/,*3  6,$+',"#  .$!-�&�2  2 (3) "  (4) %��4+"0 :  

13,10,272180 -×+×= sz vtp ; 97,0136,0 -×= sa vR . 
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�" 4,�!  5 - ��<.."1"',-  8�".�2$,"( . �'&," -� -/  !&4�$ – F46, -2'&)� -/  – K:  

1 – 4400 0/ ;   2 – 4500 0/ ;  3 – 4600 0/ ;  4 – 4700 0/ ;  5 – 4800 0/  
 
	7�$ -/  )�%4 -"0*3  6,$+',"#  %$&$0'-&�2 %&�1'  $  8�".�2$,"(  �%&')'�('- (  �� -

&$,"+',"(0" : 
 

�
�
�

�
�
�

�

££

££

£-×

£-×+×

.2010

0,02;t0,01

;5,297,00,136

;613,1272,0180

s

s

s

v

v

vt

 

 
�$#)'0  0$! "0$�/,4:  %&�"62�)"-'�/,� -/  %&�1'  $  Qmax 2 �7�$ -"  )�%4 -"0*3  

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

2,26662 +-= tvs                                                                 (5) 
( 0 . &" . 6) %��4+"0 :                         

 
)2,26662(10)( 23 tttQ +-= .                                               (6) 

�&"&$2,"2$'0  !  ,4�:  %&�"62�),4:  .4,!1""  (6) %� t, ,$#)'0  6,$+',"'  �%-"0$�/ -
,�#  ��47",*  8�".�2$,"( : 

 

02,0
6622

2,26
0)( opt

/ =
×

=�= ttQ  00 /3�) . 

��) -$2"2  t 2 (5), ,$#)'0  �%-"0$�/,�'  6,$+',"'   !�&� -"  %�)$+" 6$��-�2!" : 
 

13)02,0( == sopts vv  0/0", . 

���4+',,*0  �%-"0$�/,*0  &'�"0$0   ��-2'- -24'-  -�+!$  �  ,$  &" . 6.  
�&"  8�".�2$,""  ,$  �%-"0$�/,*3  &'�"0$3 : 
 

26002,013103
max =××=Q  00 2/0", . 

 
�
��?0
4�
 . �$6&$7�-$,,$(  0'-�)"!$  "  0$-'0$-"+' !"'  0�)'�"  %�62��(:-  �%&'-

)'�(-/  �%-"0$�/,*'  &'�"0*  %�� !���  8�".�2$,"(  %'&".'&"'#  !&4�$ 6$��-�2�!  "6  -$�"  
�� 15. 
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�" 4,�!  6 - >'�'2$(  .4,!1"(  %&"2')',,�#  %&�"62�)"-'�/,� -"  %&�1'  $  Q(vs, t) 
 

	%-"0$�/,*'  &'�"0*  �7' %'+"2$:-  %��4+',"'  6$)$,,*3  -&'7�2$,"#  !  !$+' -24  
�7&$7�-$,,�#  %�2'&3,� -"  (%$&$0'-& 8'&�3�2$-� -"  %�2'&3,� -"  Ra, �- 4- -2"'  8�".� -
2�+,*3  %&"����2 ) %&" 0$! "0$�/,�#  %&�"62�)"-'�/,� -"  %&�1'  $  %�� !���  8�".�2$ -
,"( . 

 �2
�
23�
  
1. ���'&  � . � ., �$6"0"&�2  � . � . �-&$-'�"(  %�� !���  8�".�2$,"(  )'-$�'#  %'&'-

0',,�#  �A -!� -"  // 5'-$����7&$7�-!$ . - 2006. =  1. - � . 2 - 7. 
2. �%&$2�+,"!  -'3,����$ -0$8",� -&�"-'�( . �  2-3 - . 
 .2 / ��)  &') . � .
 . �� "��2�#  

"  � . � . 5';'&(!�2$ . 4-'  "6) ., %'&'&$7. "  )�%. - 5 .: 5$8",� -&�',"' , 1985. - 496  . 
3. �  �')�2$,"'  %&�1'  �2  8�".�2$,"(  2,4-&',,"3  "  ,$&4�,*3  !�,4 �2  )'-$�'#  

!�$  $  !��'1 : 5�,��&$."(  / � . � . ��&�-!�2 , � . � . ��&�-!�2 , � . � . 
*8!'2"+  "  )&.; ��)  
&') . � . � . ��&�-!�2$ . ������&$) :  ����

� . - 2007. - 133  . 

4. 	%&')'�',"'  � '2*3  %'&'0';',"#  %&" 8�".�2$,""  -�&1�2  %�)8"%,"!�2*3  
!��'1  / � . � . �� ',!� , � . � . 
*8!'2"+ , � . � . 	&��2 , � . � . �2'-�"+,$(  // �&�7�'0*  0$8" -
,� -&�',"(  "  ,$)'�,� -"  0$8", . - 2010. - =  2. - C. 70 –74 

5. �� ',!�  � . � ., 	&��2  � .� ., �&4-"!�2$  � .� . ��"(,"'  &'�"0�2  �7&$7�-!"  "  -2A&-
)� -"  !&4�$ ,$   � -$2�(:;"'   "�*  8�".�2$,"(  %�)8"%,"!�2�#   -$�"  // �4,)$0', - -$�/ -
,*'  "  %&"!�$),*'  %&�7�'0*  -'3,"!"  "  -'3,����"" . - 2011.- =  4/3 (288) - C. 94-99. 

6. ��� !�'  8�".�2$,"'  -�&1�2  !��'1  !&4%,��$7$&"-,*3  %�)8"%,"!�2    -&'74' -
0*0  !$+' -2�0  %�2'&3,� -" / �� ',!�  � .� ., 
*8!'2"+  � .� ., 	&��2  � .� . "  )&. // �' -,"!  
��,� -�&$�/ !���  �� 4)$& -2',,���  4,"2'& "-'-$ . �'&"( : 5$8",� -&�',"' . - 2014. - 
 . 
14. =  4. - � . 67-78. 
           8. 	%-"0$�/,*'  4 ��2"(  8�".�2$,"(  -�&1'2*3  %�2'&3,� -'#  !��'1  !&4%,��$7$-
&"-,*3  %�)8"%,"!�2 / � . � . �� ',!� , � . � . 
*8!'2"+ , � . � . 	&��2 , � . � . �$&$6�2 // �' - -
,"!  0$8",� -&�',"( . 2015.  =  4. C. 60 –66. 

vs, 
0/0",  

Q, 
00 2/0",  

t, 
00 /3�)  

�7�$ -/  )�%4 -"0*3  6,$+',"#  

Q = vs·t·103 

A 

vs= -662t + 26,2 
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��'� )�������  �������$  � �  (���!�����'�%����  '���'�����"  
'�  '����������  �� )���&���"�������"  '����������   

����������  �� !�!������"  �� ����  
�� -",  � .� ., 5$! "0�2$  	 .� ., ��!���2$  � .� ., �43�2  � .� ., 
$0$�$  � .� ., 5'�",�2$  � .� . 

 
��(  %&�"62�) -2$  -�%�"2,*3  �&$,4�    1'�/:  �','&$1""  <,'&�""  0��,�  " %��/6� -

2$-/  7* -&�2�6�7,�2�('0*'  &' 4& *  &$ -"-'�/,���  %&�" 3��)',"(  .�&0"&4:;"3 (  ,$  
-'&&"-�&""  ������&$) !�#  �7�$ -"  "  (2�(:;"' (  �-3�)$0"  ��� . �  �-3�)$0  ��� , .�& -
0"&4:;"0 (  ,$  -'&&"-�&""  ������&$) !�#  �7�$ -"  2 )� -$-�+,�0  �7C'0'  "  %&"��),*3  
)�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  �-,� (- ( :  ���0$ , �46�$  '0(,  "   43$( �" -� -'7'�/ -
,$(  7"�0$  $  %�) ��,'+,"!$ , �" -� -'7'�/,$(  7"�0$  $  "   -'&�,"  %�+$-!�2  !4!4&46* . 

�$"7��/8"#  &$60'& 6$ '2$'0*3  2 �7�$ -"  %��;$)'#  %&"3�)"- (  ,$  �6"0*'  "  (&� -
2*'  6'&,�2*'  !4�/-4&*  (%8',"1$ , &��/ , �2' ). �  2015 ��)4  %� ������&$) !�#  �7�$ -"  
�7;$(  %��;$)/  %�) 6'&,�2*'  !4�/-4&*   � -$2"�$  1945 -* (+  �$. �� �'  �70���-$  6'&,$ ,$  
%��(3  � -$'- (   ���0$  2 �7C'0'  3-5- /�$, -$!"0  �7&$6�0 , �7;"#  &' 4&   ���0* , !$!  %�-', -
1"$�/,���   *&/(  )�(  %&�"62�) -2$  -2'&)���  7"�-�%�"2$  %� ������&$) !�#  �7�$ -"   � -
 -$2�('-  �-  6-9 0�, . -�,, . ����0$  " %��/64'- (  2  '�/ !�0  3�6(# -2'  )�(  %�) -"�!"  %&" 
 �)'&�$,""  �"2�-,*3 , %&" <-�0  �,$   0'8"2$'- (    ,$2�6�0  "  �7&$64'- 1',,�'  4)�7&',"' . 
	),$!�  �7C'0   ���0*  &$ 3�)4'0*#  )�(  %�) -"�!"  2 3-5 &$6 ,"�'  �7C'0�2  'A �7&$6�2$-
,"( . �&4�"0   %� �7�0  4-"�"6$1""   ���0*  (2�('- (  'A 6$%$3"2$,"' 2 6'0�: . �&"  <-�0  2 
3�)'  ' -' -2',,*3  %&�1'  �2  �"6,')'(-'�/,� -"  0"!&��&�$,"60�2  2 %�+2' .�&0"&4'- (  
,'�73�)"0*#  )�(  %�))'&�$,"(  'A 4&��$#,� -"  �404 . 9-�-   %� �7  4-"�"6$1""   ���0*  
-&'74'-  )�%��,"-'�/,*3  0$-'&"$�/,*3  6$-&$- 2 2")'  &$ 3�)$  
�5  "  <! %�4$-$1""  -'3," -
!" , %�<-�04  6$+$ -4:  )�  50%  ���0*  � -$'- (  ,'6$%$3$,,*0"  ,$  %��(3  "�"  %&� -�   �" -
�$:- ( . 

�  &$62"-*3  -&$,$3  �2&�%* , ,$%&"0'& 2 �$,"" , )�  14% �-  �7;'��   7�&$   ���0*  
")'-  ,$  <,'&�'-"+' !"'  ,4�)* . �  �7*+,�0  2")'  " %��/6�2$,"'   ���0*  !$!  -�%�"2$  – 6$-
-&4),',� , +-�  �74 �$2�"2$'- (  ,'�),�&�),� -/:  7"�0$  * , 0$��#  �7CA0,�#  -'%��-2�& -
,�#   %� �7,� -/:  "  �-,� "-'�/,�  2* �!�#  2�$�,� -/: . �  1'�/:  4 -&$,',"(  2*8'  %'&'-
+" �',,*3  ,')� -$-!�2  &$6&$7�-$,* -'3,����""  %��4+',"(  -�%�"2,*3  �&$,4�  "6  ���0* . 

&$,4�"&�2$,"'   ���0*  6,$+"-'�/,�  %�2*8$'-  <..'!-"2,� -/  'A -&$, %�&-"&�2$,"( , 
3&$,',"( , $ -$!�'  %�62��('-  " %��/6�2$-/  2  %'1"$�"6"&�2$,,�0  $2-�0$-"6"&�2$,,�0  
!�-'�/,�0  �7�&4)�2$,"" . 

�7�&   ���0*  � -$28'# (  2 %��'  � 4;' -2�(:-  -&$!-�&�0  2 $�&'�$-'    %&'  -
%�)7�&;"!�0 , !�-�&*#  .�&0"&4'-  &4��,* . �4��,*  .&�,-$�/,*0  %��&46+"!�0  6$�&4�$-
:- (  ,$   %'1"$�"6"&�2$,,*#  $2-�-&$, %�&-  - $2-�0�7"�/    %�$-.�&0�#  )�(  %'&'2�6!"  
&4��,�2  "  -&$, %�&-"&4:- (  !  0' -4  %'&'&$7�-!" . �� -$2�',,*'    0' -$   7�&$  &4��,*  
 ',$  %�0';$:- (  ,$  3&$,',"' . ����0$  0��'-  3&$,"-/ (  ,$  6$!&*-�#  %��;$)"  (,$%&"0'&, 
2 $,�$&' ), %�) !&*8'#  ,$   -�#!$3  (����$,) !�'  3&$,"�";' ) "�"  ,$  �-!&*-�0  4+$ -!' . �&"  
3&$,',""  ,$  �-!&*-�#  %��;$)"  42'�"+"2$'- (  2�$�,� -/   ���0* , %�<-�04  2$�,4:  &��/  
"�&$'-  %��-,� -/  %&'  �2$,"(   ���0*  %&" 6$��-�2!' . �&"  %��-,�0  %&'  �2$,""  &4��,�2 , 
-:!�2 ,  ���0$  3&$,"- (  ,$  �-!&*-*3  %&�2'-&"2$'0*3  %��;$)!$3  7'6 �%$ ,� -"  ''  -�%-
�"2,*3  �&$,4�  "6 &$6�"+,�#  7"�0$  *  &$ -"-'�/,���  %&�" 3��)',"(  "(  &4��,*   ���0*  
%� -4%$:-  ,$  �",":  �&$,4�"&�2$,"( . �  1'��0  -'3,����"(  %&�"62�) -2$  -�%�"2,*3  �&$-
,4�  "6  ���0*  $,$���"+,$  %&�"62�) -24  -&� -,"!�2*3  -�%�"2,*3  �&$,4�  "6 )&4��#  7"� -
0$  *  &$ -"-'�/,���  %&�" 3��)',"( , ,$%&"0'& )&'2' ",*  "�"  -&� -,"!$ , � �7',,� -/:  
(2�('- (  -'3,����"+' !$(  �%'&$1"(  %� )' -&4!1""  &4��,�2  %'&')  "60'�/+',"'0   ���0* . 


�%�"2,*'  �&$,4�*  "6  ���0*  �7�$)$:-  -'%��-2�&,�#   %� �7,� -/:  14-15 
5�� /!�  "  6��/,� -/:  5%. 


�%�"2,*'  �&$,4�*  "6 �46�"   '0(,  "   43�#  �" -� -'7'�/,�#  7"�0$  *  %�) ��,'+ -
,"!$  
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���;$)" , 6$,(-*'  %� '2$0"  %�) ��,'+,"!$  2 ������&$) !�#  �7�$ -"   � -$2�(:- , 
%&"0'&,� , 750 -* . �$. 

�&"  %'&'&$7�-!'   '0(,  %�) ��,'+,"!$  ,$  0$ ��%&'  �2*3  6$2�)$3 '�'��),�  %��4-
+$:-  2 !$+' -2'  �-3�)�2   �-,"  -* (+  -�,,  �46�"  %�) ��,'+,"!$ . 9-�  %&�" 3�)"-  %&" -'3 -
,����"+' !�#  �%'&$1"" , !�-�&$(  ,$6*2$'- (  �7&48"2$,"'0 . �&"  �7&48"2$,""  2*)'�('- -
 (  ()&�  %�) ��,'+,"!$  "  2 !$+' -2'  �-3�)$  �7&$64'- (  �46�$ – �!���  14% �-  �7;'#  0$  *  
 '0(, . �&��$#,� -/  %�) ��,'+,"!$  2 ������&$) !�#  �7�$ -"  2  &'),'0   � -$2�('-  9 
-�,, /�$. 
��)$  �7;"#  �7CA0 �46�"   � -$2"-  �!���  1 0�, . -�,, .  

�46�$  %�) ��,'+,"!$  (2�('- (  %&'!&$ ,*0   *&/'0  )�(  %&�"62�) -2$  -�%�"2,*3  
�&$,4� . 
�%�"2,*'  �&$,4�*  "6 �46�"  %�) ��,'+,"!$  �7�$)$:-  -'%��-2�&,�#   %� �7,� -
 -/:   2*8'  20 5�� /!� , +-�  %&'2*8$'-  �:7�#  "6 &$  0�-&',,*3  2")�2   *&/( , %&" <-�0  
6��/,� -/  ,'  %&'2*8$'-  2 '��  3,5%. 

�&�0'  -�%�"2,*3  �&$,4�  �46�$ %�) ��,'+,"!$  0��'-  " %��/6�2$-/ (  !$! : 
-  -&$)"1"�,,$(  !�&0�2$(  )�7$2!$  2 �"2�-,�2�) -2' , -$!  !$!  %�) ��,'+,$(  �46�$ 7� -

�$-$ %',-�6",$0"  "  2 "60'�/+',,�0  2")'  " %��/64'- (  !$!  )�7$2!$  !  �&47*0  !�& -
0$0. 	),$!�  %&�1',-  " %��/6�2$,"(  2 !$+' -2'  !�&0�2�#  )�7$2!"  �+',/  ,"6�!  "  ,'  
&'8$'-  ���7$�/,�#  %&�7�'0*  4-"�"6$1"" ; 

-   *&/'  )�(  "6��-�2�',"(   -&�"-'�/,*3  0$-'&"$��2 : "0':- (  6$%$-',-�2$,,*'  -'3 -
,����""  %� "6��-�2�',":  )'!�&$-"2,*3  -'%��624!�"6��(1"�,,*3  %�"- ; 

-   47 -&$-  %&" 2*&$;"2$,""  �&"7�2 ; 
-  2 !$+' -2'  4)�7&',"(  "  4�4+8"-'�(   2�# -2  %�+2*; 
-  )�(  %��4+',"(  7"��$6$ . 

��')4'-  �-0'-"-/ , +-�  2 ������&$) !�#  �7�$ -"   ���"� (  4 -�#+"2*#   %&�  ,$  
�46�4  %�) ��,'+,"!$ , 2 ,$ -�(;''  2&'0(   -�"0� -/  1 -�,,*  �46�"   � -$2�('-  5- 6 -* . 
&47. 

�&�0'  �46�"  %�) ��,'+,"!$  ,'  0',/8"#  ",-'&' , !$!   *&/'  )�(  %&�"62�) -2$  -�%-
�"2,*3  �&$,4�  %&') -$2�('-  '��  �" -� -'7'�/,$(  7"�0$  $ . �$!  �-0'+',�  2 &$7�-'  [2], 
%�) ��,'+,"!  (2�('- (  2* �!�&� �*0  &$ -',"'0 , "6 7"�0$  *  !�-�&���  %��'6,�  " %��/ -
64:- (  -��/!�  0$ �� '0',$ , 0$  �2$(  )��(  !�-�&*3   � -$2�('-  2 '��  �"8/  8-10 %. 	 -
-$�/,$(  7"�0$  $  2 !��"+' -2'  )�  90% ,'  " %��/64'- ( , 6$ �&('-  "  6$-&4),('-  �7&$7�-!4  
%��'# . �$1"�,$�/,*0  &'8',"'0  (2�('- (  " %��/6�2$,"'%��'2*3  �-3�)�2  7"�0$  *  %�)-
 ��,'+,"!$  ( -'7�" , !�&6",!" ) )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4� . 

�'64�/-$-*  "  �')�2$,"#  [2]  2�# -2  7"�0$  *  %��'2*3  �-3�)�2  %�) ��,'+,"!$  
%�!$6$�" , +-�  �," , 2 1'��0 , $,$���"+,*   2�# -2$0   !�8',,���  2 6"0,''  2&'0(  -&� -,"!$ . 
	-,� "-'�/,$(  2�$�,� -/  2* 48',,�#  2 %��'  7"�0$  *   � -$2"�$  8 - 10 %, $ 6,$+',"'  
�7C'0,�#  0$  *  "60'�/+',,���  )�  +$ -"1  &$60'&�0 2,5 00  %�) ��,'+,"!$ ,  ��-2'- - -
24:;"0  -&'7�2$,"(0  )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4� ,  � -$2�('-  98 !� /03. ��  )$, -
,*0  $,$�"-"+' !�#  6$%" !"  [3], -'%��-2�&,$(   %� �7,� -/  �" -� -'7'�/,�#  7"�0$  *  
%�) ��,'+,"!$   � -$2�('-  6 5�� /!� , �),$!�  -$!�'  6,$+',"'  !$�'- (  6$,"�',,*0 , 2�6-
0��,�  $2-�&*  4!$6$�"  -'%��-2�&,4:   %� �7,� -/  )�(  �-,� "-'�/,�#  2�$�,� -"  7"�0$ -
 *  60%. �&"  2�$�,� -"  -�%�"2,*3  �&$,4�  2 8-12 % -'%��-2�&,$(   %� �7,� -/   � -$2"- , 
%&"0'&,� , 16 5�� /!� . ��')4'-  �-0'-"-/ , +-�  )$,,*3  %� " %��/6�2$,":  �" -� -'7'�/,�#  
7"�0$  *  %�) ��,'+,"!$  )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  ,$   '��),(8,"#  0�0',-  
(2,�  ,')� -$-�+,�  "  %&" 6,$+"-'�/,�0  <,'&�'-"+' !�0  %�-',1"$�'  )$,,���   *&/(  -$!"'  
"  �')�2$,"(  $!-4$�/,*  "  %&') -$2�(:-  6,$+"-'�/,*#  ",-'&' . 


�%�"2,*'  �&$,4�*  "6 �" -� -'7'�/,�#  7"�0$  *  "   -'&�,'#  %�+$-!�2  !4!4&46*  
���;$)" , 6$ '2$'0*'  2 ������&$) !�#  �7�$ -"  !4!4&46�#  ,$  6'&,�  2 %� �'),"'  �� -

)*  %�)2'&�',*  7��/8"0  !��'7$,"(0 , 2")"0�   2(6$,,*0    !�,C:,!-4&�#  6'&,�2���  &*, -
!$ . �  80-3 ��)$3  20-��  2'!$  %��;$)"  %� '2�2  !4!4&46*  ,$  6'&,�   � -$2�(�"  )�  350 -* . �$, 
  1998 %� 2002 – 125 -* . �$,   2003 %� 2007 – 32 -* . �$,   2008 %� 2011 – 45 -* . �$ [4], 2 
2015 ��)4  - 78,6 -* . �$ [5]. �  1'��0 , " 3�)(  "6 %&') -$2�',,�#  )",$0"!" , 0��,�   )'�$-/  
2*2�) , +-�  ,$0'+$'- (  &� -  %��;$)'#  %� '2�2  !4!4&46*  ,$  6'&,� , $,  �')�2$-'�/,� , "  %'&-



 70 

 %'!-"2$  " %��/6�2$,"(  �" -� -'7'�/,�#  7"�0$  *  "  �70���+',,*3   -'&�,'#  !4!4&46-
,*3  %�+$-!�2  )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4� . 

�&"  47�&!'  6'&,�2�#  +$ -"  !4!4&46*  0��4-  " %��/6�2$-/ (  &$6�"+,$(  -'3,"!$  "  
-'3,����"" , %�<-�0  �" -� -'7'�/,$(  7"�0$  $  0��'-  7*-/  %��4+',$ , !$!   *&/'  )�(  %&�-
"62�) -2$  -�%�"2,*3  �&$,4� , 2  �')4:;'0  2")'  [3]: 
1. �7&$,,$( , "60'�/+',,$(  "  6$�&4�',,$(  2 -&$, %�&-,*'   &') -2$ ; 
2."60'�/+',,$(  "  &$67&� $,,$(  %� %��:  (%�)��-�2�',,$(  )�(  %� �')4:;'#  6$%$8!" 2 

%�+24); 
3.� -$2�',,*'   -'7�"    �" -/(0"  7'6 %�+$-!�2  2 %��' . �$,,$(  -'3,����"(  8"&�!�  " %��/ -

64'- (  2 ��� . �$�/,'#8$(  %'&'&$7�-!$ :  !$8"2$,"' , "60'�/+',"'  "�"  -:!�2$,"'  
%&�2�)(- (  )&4��#   %'1"$�"6"&�2$,,�#  -'3,"!�# . 
�  -�+!"  6&',"(  &' 4& � - "  <,'&�� 7'&'�',"(  ,$"7��''  1'�' ��7&$6,�#  (2�('- (  

-'3,����"(  �),�2&'0',,���   7�&$  2 '��  7"����"+' !���  4&��$(  (6'&,$, "  �" -� -'7'�/ -
,�#  7"�0$  * )   !�07$#,�2*0  �70���-�0  %�+$-!�2  "  "60'�/+',"'0   -'7�'#  "  �" -/'2 . 

���-,�8',"'  0$  *  6'&,�2�#  "  ,'6'&,�2�#  +$ -"  4&��$(  !4!4&46*  �1',"2$'- (  
%&"0'&,�  !$!  1:1,3. 
��)$  0��,�  �1',"-/  %�-',1"$�  )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  
%&" %��;$)(3  %� '2$  2 2015 ��)4  2 78,6 -* . �$ "   &'),'#  4&��$#,� -"  %� 6'&,4  2 -'!4 -
;'0  ��)4  – 40 1/�$ (4 - /�$) [5], 2 408 -* . -�,, . 

��$�,� -/  �" -� -'7'�/,�#  7"�0$  *  !4!4&46*  2 0�0',-  47�&!"  4&��$(  (2�('- (  
)� -$-�+,�  2* �!�#  45-60%, %�<-�04  "0''-  ,"6!4:  -'%��-2�&,4:   %� �7,� -/  (5-8 
5�� /!� ) "  -&'74'-   48!"  %'&')  �&$,4�"&�2$,"'0 . �&"  2�6)48,�0  2* 48"2$,""  ,$  2�6-
)43' , ,$%&"0'&, %&" � -$2�',""  �" -� -'7'�/,�#  7"�0$  *  2 %��'  %� �'   7�&$  6'&,$, 
0��,�  )� -"+/  2�$�,� -"  2 15% "  -'%��-2�&,�#   %� �7,� -"  14-16 5�� /!� . 

��$�,� -/  �70���+',,*3  !4!4&46,*3   -'&�,'#  �7*+,�   � -$2�('-  35-45 %. �� -
<-�04  %&" %&�"62�) -2'  "6 ,"3  -�%�"2,*3  �&$,4�  �7(6$-'�/,�  -&'74'- (   48!$  %'&')  
�%'&$1"'#  -�,!���  "60'�/+',"( . 


�%�"2,*'  �&$,4�*  "6 -&� -,"!$ . 
�  !$+' -2'  7* -&�2�6�7,�2�('0���  &' 4& $ )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  

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

�  &'64�/-$-'  "  �')�2$,"# , %&�2')',,*3  ,$  -'&&"-�&""  �&'),'$3-47", !��� , �' -
,", !���  "  �2'-��(& !���  &$#�,�2  ������&$) !�#  �7�$ -" , 7*�"  �7,$&4�',*  6,$+"-'�/ -
,*'  %��;$)"  6$&� �'#  -&� -,"!$  ,$  6'0�(3   '�/ !�3�6(# -2',,���  ,$6,$+',"(  (-$7�"1$  
1). �&'),((  4&��$#,� -/  -&� -,"!$  ,$  �7 �')�2$,,*3  -'&&"-�&"(3   � -$2�('-  4-5 -�,, /�$. 
�  ,$ -�(;''  2&'0(  <-"  %&"&�),*'  &' 4& *  %&$!-"+' !"  ,"!$!  ,'  " %��/64:- ( . 

$7�"1$  1. �$%$ *  -&� -,"!$  ,$  ,$  -'&&"-�&""  �&'),'$3-47", !��� , �',", !���  "  �2'- -
��(& !���  &$#�,�2  ������&$) !�#  �7�$ -"  

�$#�,  ���;$)/ , �$ 9! %�4$-$1"�,,*#  6$%$ , -  
�&'),'$3-47", !"#  1478 7390 

�',", !"#   903 4515 
�2'-��(& !"#  7019 30895 

� '��   9400 42800 
�'& %'!-"2,*0  0'-�)�0  &'8',"(  %&�7�'0*  4-"�"6$1""  7* -&��7&$64:;'# (  

7"�0$  *  -&� -,"!$  (2�('- (  " %��/6�2$,"'  'A )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4� . 
�&�1'   %&�"62�) -2$  -�%�"2,*3  �&$,4�  "6 -&� -,"!$  ,$+",$'- (    '��  6$��-�2!" . 

�$��-�2!4  -&� -,"!$  1'�' ��7&$6,�  %&�2�)"-/  2 6"0,"#  %'&"�) , -$!  !$!  2 <-�  2&'0(  �7 -
�'�+$'- (  )� -4%  -'3,"!"  !  0' -$0  %&�"6&$ -$,"(  -&� -,"!$  "  0","0"6"&4'- (  4;'&7  �-  
2�6)'# -2"(  -'3,"!"  ,$  %�+24, �" -� -'7'�/,$(  7"�0$  $  -&� -,"!$  2 6"0,"#  %'&"�)  
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"0''-  �+',/  ,"6!4:  2�$�,� -/  (�7*+,�  ,'  7��'' 10%), +-�  %�62��('-  �-!$6$-/ (  2 -'3,� -
���"+' !�0  %&�1'  '  �-  �+',/  <,'&��'0!�#  -'3,����"+' !�#  �%'&$1""  –  48!" .  

�*!�  -&� -,"!$  2 6"0,"#  %'&"�)  � 4;' -2�('- (   %'1"$�"6"&�2$,,�#  -'3,"!�# . 
�$"�4+8"0  �7&$6�0 ,   -�+!"  6&',"(  %&�"62�)"-'�/,� -" , %�)3�)"-  -&� -,"!�47�&�+,*#  
!�07$#, . ��07$#,   !$8"2$'-  "  "60'�/+$'-  -&� -,"!  2 ;'%4 . �$&$0'-&*  ;'%*  %�62��(:-  
" %��/6�2$-/  'A )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  7'6 !$!�# -�"7�  )�%��,"-'�/,�#  �7 -
&$7�-!" .  

��(  2*2�6$  ;'%*  !  0' -4  )$�/,'#8'#  %'&'&$7�-!"  " %��/64:- (  $2-�;'%�2�6*  
�7CA0�0  !46�2$ 80…100 03.  

�  ,$ -�(;''  2&'0(  )�(  %&�"62�) -2$  "6 ;'%*  -�%�"2,*3  �&$,4�  8"&�!�  %&"0',( -
:- (  "0%�&-,*'  "  �-'+' -2',,*'  �",""  �&$,4�"&�2$,"(  %&�"62�)"-'�/,� -/:  )�  )' (- -
!�2  -�,,  2 +$ . 
�-�2*'  "  4%$!�2$,,*'  -�%�"2,*'  �&$,4�*  �-%&$2�(:- (  %�-&'7"-'�(0  
(,$  �','&"&4:;"'   -$,1"" , � ,$;',,*0"  !�-�$0" , &$7�-$:;"0"  ,$  -�%�"2,*3  �&$,4-
�$3). 

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

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


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

!!$� /!�  5�� /!�  !�-F+ /!�  % 

�&�2$   43"'  2500 10,4 2,9 1-3 
�&'2' ,*'  �&$,4�*  %&'-
0"40  !�$  $  

4300 18,8 5 0,5-1 


&$,4�*  "6  ���0*  3346-3585 14-15 3,9-4,16 5 

&$,4�*  "6 �46�"  %�) �� -
,'+,"!$  

4780 20 5,5 3,5 


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

3824 16 4,44 ,'-  )$,,*3  


&$,4�*  "6 �" -� -'7'�/ -
,�#  7"�0$  *  !4!4&46*  

3346-3585 14-16 3,9-4,44 ,'-  )$,,*3  


&� -,"!�2*'  �&$,4�*  3370 14,2 4 7-8 
 

�%" �!  " %��/6�2$,,*3  " -�+,"!�2  
1. news.mail.ru/economics/22228931/ 
2. ���!�2  � . � ..
'3,����"(  "  %&'   )�(  %&�"62�) -2$  -�%�"2,*3  �&$,4�  "6  -'7�'#  
%�) ��,'+,"!$  �2-�&'.'&$-  )"  '&-$1""  ,$   �" !$,"'  4+',�#   -'%',"  !$,)")$-$  -'3," -
+' !"3  ,$4!  %�  %'1"$�/,� -/  05.20.01 – 
'3,����"(  "   &') -2$  0'3$,"6$1""   '�/ !���  
3�6(# -2$  (%� -'3,"+' !"0  ,$4!$0 ) �'&,��&$)  2012 
3. 
'�'-43$  
 .
 ., �'�'6,$(  
 .� . �'& %'!-"2*  " %��/6�2$,"(  �-3�)�2   '�/ !���  3� -
6(# -2$ )�(  %&�"62�) -2$  <,'&�""  2 �!&$",' . �,$�"-"+' !$(  6$%" !$ ���= 7. 2014. 35  . 
4. �*,�!  6'&,$ ������&$) !�#  �7�$ -" :  �2&'0',,�'   � -�(,"'  "  %'& %'!-"2*  &$62"-
-"( . � .� . ���!�2 , � .� . �7$�$!�2$ . �'�"�,$�/,$(  <!�,�0"!$ . ��  ��  "" . 2013. = 1.  . 130-
137 
5. http://volzhsky.ru/onlayn/2640-v-volgogradskoy-oblasti-uvelicheny-ploschadi-poseva-
yarovyh.html 
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��� �%����  ��%�����  ��'��������-�,-�&   �����$&  
���� ����  �  '���-),  ��"��  ���� ����"  �������"  

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

*���  «���$��0�� », ** ���  «����� -� »,  
*** ���  ((����� ) <�2��  ��  ������� , � . ����'%�+  

 
�  [1, 2] $2-�&$0"  %&')�$�$�" /   �7 -2',,*'  &$6&$7�-!" 2 2")'  !��&)",$-,� -

"60'&"-'�/,*3   " -'0 , 2!�:+$:;"3  ,"2'�"&*  �$6'&,*'    �")!� -,*0"  !�0%', $-�&$0"  
,$!��,�2 , !�0%�'!-  ,"2'�"&,*3  &''! , %',-$7��!  (&$62�&$+"2$:;"#  �4+  ,"2'�"&$  
�$6'&,��� ), �$6'&,*'  )$�/,�0'&* .  

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

1) �"2'�"&  �$6'&,*#  �� -05�    �")!� -,*0  !�0%', $-�&�0  ,$!��,$  2-3 !�$  �2 : 
%&'1"6"�,,*#  ( &'),((  !2$)&$-"+' !$(  %��&'8,� -/  ���  &$2,$ ± 0,05 00  ,$  

&$  -�(,""  30 0); 2* �!�-�+,*#  (���  ± 0,15 00  ,$  &$  -�(,""  30 0).  
�$6'&,*#  ,"2'�"&  6$;";',  %$-',-$0" , "0''-   2")'-'�/ -2�  �7  4-2'&�)',""  -"%$ 

 &') -2  "60'&',"# . 
2) 	),�!��&)",$-,� -"60'&"-'�/,$(   " -'0$  ��� -1. 
3) �243!��&)",$-,� -"60'&"-'�/,$(   " -'0$  ��� -2. 
4) 
&'3!��&)",$-,� -"60'&"-'�/,$(   " -'0$  ��� -3. 
5) �(-"!��&)",$-,� -"60'&"-'�/,$(  (3 �",'#,*3  "  2 4���2*3  !��&)",$-* )  " -'0$  

��� -5 )�(  1',-&�2!"  2$��%&�2�)�2  (± 0,1 00  / 30 0). 
6) �',-$7��!  )�(  &$62�&�-$ �4+$ �$6'&$ ,$  90 º ± 2". 
7) �'#!$  ,"2'�"&,$(  - 0,25 0 "  1,6 0. 
8) �$�/,�0'&  �$6'&,*# : $) � 5 ()$�/,� -/  200 0 ± 1 00 ), 7) � 3 ()$�/,� -/  100 0 ± 1 

00 ). 
	 ',/:  2015 ��)$  ,$0"  &$6&$7�-$, ,�2*#  "60'&"-'�/,*#  %&"7�& - &'#!$  

,"2'�"&,$(  1".&�2$( . 	,$  %�62��('-  0","0"6"&�2$-/  %��&'8,� -/  �- +'-$  %&"  ,(-""  
'��  +'��2'+' !"0  ��$6�0 . �'#!$  %�62��"�$  42'�"+"-/  %&'"04;' -2�  �$6'&,���  ,"2'�"&$  
�� -05�  %'&')  )&4�"0"  �$6'&,*0"  "60'&"-'�/,*0"  %&"7�&$0", ,$%&"0'&, "0%�&-,*0"  
�$6'&,*0"  -&'!'&$0" .  

�&')�$�$'0*#  $2-�&$0"  )$,,�#   -$-/"  �$6'&,*#  ,"2'�"&  �� -05�  2*%4 !$'- (  2 
%&'1"6"�,,�0  (± 0,05 00 /30 0) "  2* �!�-�+,�0  (± 0,15 00 /30 0) " %��,',"" . �  �� -05�  
%&"0',('- (  !��/1'2$(   -&4!-4&$ �$6'&,���  �4+$   (&!�#  1',-&$�/,�#  -�+!�#  )�(  
2"64$�/,���   ,(-"(  �- +'-$    ���  &$2,�#  ± 0,03 00 .  

�  %&"7�&' "0''- (  �")!� -,�#  !�0%', $-�&  ,$!��,�2 , 7�$��)$&(  !�-�&�04  
�$6'&,*#  �4+  $2-�0$-"+' !"  2*&$2,"2$'- (  2 ��&"6�,-    4���2�#  %��&'8,� -/:  ± 0,05" 6$ 
5  .  

�"2'�"&�0  0��,�  &'8$-/  2 '  %�-&'7,� -"  %&')%&"(-"(  %� ,"2'�"&�2!'  (� "  OY) 
$�&'�$-�2 ,  -$,�2 , %&'  �2 , "6)'�"# ,  -$%'�'# ,  -',)�2 ,  -$,!�2  "  )&.  

�  %&"0',',"'0  %',-$7��!$  (,$8'��  %&�"62�) -2$ ) "  �� -05�  0��,�  "60'&(-/  
!��&)",$-*  %� � (0  OX, OZ �),�2&'0',,�  ,$  &$  -�(,""  )�  100 0.  


'3,"+' !"'  3$&$!-'&" -"!"  �� -05�  %�62��(:-  " %��/6�2$-/  '��  2 
-&4),�)� -4%,*3  "  6$-'0,',,*3  6�,$3  2 1'3�2*3  "  %��'2*3  4 ��2"(3 . �%'1"$�" -  2")"-  
&'64�/-$-*   2�"3  )'# -2"#  ,$  �7C'!-'  "60'&',"#  2�  2&'0(  ,$ -&�#!"  �7�&4)�2$,"( , 6$ 
 +'-  2")"0���  �4+$ �$6'&$ ,"2'�"&$ . 

��2$(  ",.�&0$1"(  6$!�:+$'- (  2 -�0 , +-�  2 ,�(7&'  2015 ��)$  0*  "6��-�2"�"  "  
" %*-$�"  &'#!4  ,"2'�"&,4:  1".&�24:  0,01 00 /150 00  (��> -0,01/150) (&" . 1, 2).  
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�" 4,�!  1 - �'#!$  ��>  – 0,01/150 2!�:+$'- :  
1. 	 ,�2$,"'  &'#!" .  
2. 5"8',/    �4%�# )�(  %&"'0$ �$6'&,���  
�4+$ (�4+  )���',  23�)"-/    �7&$-,�#  
 -�&�,* ).  
3. >".&�2�'  �- +'-,�'  4 -&�# -2�  0,01 00 .  
4. �-�%�&,*#  2",- .  
5. 5'3$,"60  )�(  "60',',"(  2* �-*  
1".&�2���  �- +'-,���  4 -&�# -2$ .  
 

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

 
���������	�  �	�	���������	  ���  – 0,01/150:  

1. >',$  )'�',"(  - 0,01 00 .  
2. �"$%$6�,  "60'&',"(  - 0÷150 00 .  
3. ���&'8,� -/  "60'&',"(    �4+�0  �$6'&$ �� -05� : ���  = +/- 0,01 00  ,$  10 0.  

 
�'#!$  4%&�;$'-  %&�1'   2"64$�/,���   ,(-"(  �- +'-$  %� 1',-&$�/,�#  -�+!'  

!��/1'2�#   -&4!-4&*  �$6'&,���  �4+$ �-  ,"2'�"&$  �� -05� . �$   +'-  ��> -0,01/150 0*  
%&$!-"+' !"  " !�:+"�"  +'��2'+' !"#  .$!-�&  %&"  ,(-""  �- +'-$  "  )� -"��"  %��&'8,� -"  
± 0,012 00 /30 0 &$2,�#  1','  )'�',"(  0,01 00  1".&�2���  �- +'-,���  4 -&�# -2$ . 
�&'1"6"�,,*#  ,"2'�"&  �� -05�   �20' -,�    &'#!�#  ��> -0,01/150 "0':-  "-���24:  
 &'),'!2$)&$-"+,4:  %��&'8,� -/  (��� ) &$2,4:  ± 0,017 00  ,$  30 0'-&$3 .  

�  )'!$7&'  2015 ��)$  %&')%&"(-"' , 6$,"0$:;'' (  &'0�,-�0  )2"�$-'�'#  «5�� », 
«��5�� », «�!$,"( », «5�� » "  )&4�"3  0$&�! , %� -$2"��  %'&')  ,$0"  6$)$+4 %� 
"60'&',":  �-!��,',"#  � '#  8''!  %� -'�"  !��',2$�$  %� �'  &$ -�+!"    %��&'8,� -/:   
± 2 0!0 /1 0. 5*  "6��-�2"�"  %&"'0,"!  �$6'&,���  �4+$   1".&�2*0  �- +'-,*0  
4 -&�# -2�0  ± 1 0!0 /10 0 "  %&�2'�"  " %*-$,"( . �  "-��' , %��4+"�"  ���  &$2,4:  ± 1 0!0 /3 
0. �$!   �') -2"' , %&�"62')',$  �$6'&,� -�%-"+' !$(  1".&�2$(  %&'1"6"�,,$(   " -'0$  
«���',2$�  – 1 0!0 ». �" -'0$  -�+,''  "  0�7"�/,''  -&$)"1"�,,*3  !��&)",$-,� -
"60'&"-'�/,*3  0$8", , � �7',,�   -$1"�,$&,*3 .  

�&'1"6"�,,*#  ,"2'�"&  �� -05�   �20' -,�    &'#!�#  ��> -0,001/10 "0':-  "-���24:  
 &'),'!2$)&$-"+,4:  %��&'8,� -/  (��� ) &$2,4:  ± 0,003 00  ,$  30 0'-&$3 .  

�  ,�2*0"  &'#!$0"  ,"2'�"&,*0"  1".&�2*0"  40',/8$'- (  %��&'8,� -/  �� -05�  ,$  
0,047 00 .  
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�  %&"0',',"'0  %',-$7��!$  (%�2�&$+"2$:;'��  �4+  �$6'&$ ,$  90°) "  �� -05�  0��,�  
"60'&(-/  )2'  !��&)",$-*  2 %�$,' . �  %&"0',',"'0  6'&!$� , �-&$�',,*0  �4+�0  �$6'&$ 
0��,�  !�,-&��"&�2$-/  2 '  4��*  !4& $, -$,�$�$  "  !&',$ . 

�$8"  0'-�)*  "   &') -2$  %� -&�',*  -$!"0  �7&$6�0 , +-�  -'0%'&$-4&,*'  "60',',"(  
&$60'&�2 "6)'�"(  ,'  2�"(:-  ,$  &'64�/-$-  "60'&',"( .  

			  «
'�%&"7�& » (2�('- (  %$-',-��7�$)$-'�'0  ,$  <-4 %&�)4!1":  (%$-',-  ,$  
%&�0*8�',,*#  �7&$6'1 = 82613 �-  16.08.2012). �"2'�"&  �$6'&,*#  �� -05�  "0''-  6$%" / 
2 
� &'' -&'   &') -2  "60'&',"(  = 41037-09 "  &'!�0',)�2$,  !  %&"0',',":  2 �� . 
	 �7',,�  2$�,$  2 ,$ -�(;''  2&'0(  6$)$+$ "0%�&-�6$0';',"( , !�-�&4:  2�60��,�  &'8"-/  
%&" %&"0',',""  ,$8"3  ���    �� -05� .  

��0"0�  %&')�$�$'0*3  !��&)",$-,� -"60'&"-'�/,*3   " -'0    �� -05�  $2-�&*  
%&')�$�$:-  4 �4�" : 

%� "60'&',"(0    %�0�;/:   �7 -2',,���  �7�&4)�2$,"( ,  
%� &$6&$7�-!$0 �$6'&,*3  4 -&�# -2  %� -'3,"+' !"0  6$)$,"(0  6$!$6+"!$   4+'-�0  

",)"2")4$�/,*3  � �7',,� -'#  "60'&',"#  ,$  �:7*3  %&')%&"(-"(3.  
 

 �2
�
23�
  
1. �$&"!�2 , � .� . �&"0',',"'  �$6'&,*3  ,"2'�"&�2  )�(  !�,-&��(  0�,-$�$  "  

,$ -&�#!"  �7�&4)�2$,"(  2 %&�0*8�',,� -"  [9�'!-&�,,*#  &' 4& ]/� .� . �$&"!�2 , � .� . 
�$2��2 , � .� . �$0 �,�2 , � .� . 
*8!'2"+  // �6$"0�)'# -2"'  %&')%&"(-"# "  246�2 – ,$4!$ , 
!$)&* , ,�2*'  -'3,����""  :  7 . )�!� . XI 0'�&'�"�, . ,$4+.-%&$!-. !�,. . (� . ���� !"# , 28 
$%&. 2015 � .) / ����

� , ���  (."�"$� ) ����

� . - ������&$) , 2015. - 1 <�'!-&�, . �%-. 
)" !  (� D-ROM). - C. 42-47.  

2. �$&"!�2 , � .� . �&"0',',"'  �$6'&,*3  ,"2'�"&�2  )�(  !�,-&��(  0�,-$�$  "  
,$ -&�#!"  �7�&4)�2$,"(  ,$  -&47,*3  "  0'-$��4&�"+' !"3  %&')%&"(-"(3./ � .� . �$&"!�2 , 
� .� . �$2��2 , � .� . �$0 �,�2 // 
&4)*  XXI 0'�)4,$&�),�#  ,$4+,� -%&$!-"+' !�#  
!�,.'&',1""  «
&47* -2014». 	�	  «�� ��
� » (� . �'�(7", ! , 16-18 $%&'�( 2014 � .) - 
�'�(7", ! , 2014. 

 
 
 

������  (������������  �����$  ��������������"  �   
'��'�  ����"  ��*� ��  

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

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

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

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

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

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

9..'!-"2,� -/  %'&'0'8"2$:;'��  4 -&�# -2$  3$&$!-'&"64'-  !$+' -2�  %&�2')' -
,"(  %&�1'  $  %'&'0'8"2$,"(  "  0��'-  7*-/  2*&$�',$  %�-&$6,�04 2 6$2" "0� -"  �-  1'�"  
%'&'0'8"2$,"( . 
$! , !  %&"0'&4, 2 %&�1'  $3  %��4+',"(   4 %',6"#  <..'!-"2,� -/  %'&'-
0'8"2$,"(  3$&$!-'&"64'- (   -'%',/:  &$2,�0'&,� -"  &$ %&')'�',"(  -2'&)�#  .$6*  2 �7C-
'0'  $%%$&$-$. 9..'!-"2,� -/  %'&'0'8"2$,"(  6$2" "-  ,'  -��/!�  �-  !�, -&4!1""  %'&'0' -
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8"2$:;'��  4 -&�# -2$  "  $%%$&$-$, ,�  "  �-  2'�"+",*  <,'&�"" , 22�)"0�#  2 %'&'0'8"2$' -
04:  �")!� -/ . 

�,-', "2,� -/  %'&'0'8"2$,"(  �%&')'�('- (  2&'0','0  )� -"�',"(  6$)$,,���  
-'3,����"+' !���  &'64�/-$-$  "�"  +" ��0  �7�&�-�2  0'8$�!"  %&" ."! "&�2$,,�#  %&�)�� -
�"-'�/,� -"  %&�1'  $  ()�(  0'3$,"+' !"3  0'8$��! ). �'0  2*8'  ",-', "2,� -/  %'&'0'8" -
2$,"( , -'0  0',/8'  2&'0',"  -&'74'- (  )�(  )� -"�',"(  6$)$,,���  <..'!-$  %'&'0'8"2$,"( . 
�,-', "."!$1"(  %&�1'  �2  %'&'0'8"2$,"(  %&"2�)"-  !  40',/8',":  &$60'&�2 %&�'!-" -
&4'0�#  $%%$&$-4&* "  42'�"+',":  %&�"62�)"-'�/,� -"  )'# -24:;'# .  

�-�7*  )� -"+/  ,$"7��''  <!�,�0"+,���  %&�2')',"(  %&�1'  $  %'&'0'8"2$,"( , ,' -
�73�)"0� , +-�7*  %&�1'   %&�" 3�)"�  6$ ,$"7��''  !�&�-!�'  2&'0( . �&"  �1',!'  &$ 3�)$  
<,'&�""  %'&'0'8"2$:;"0  4 -&�# -2�0   �')4'-  4+"-*2$-/  �7;"#  &$ 3�)  <,'&�""  6$ 2&'-
0( , ,'�73�)"0�'  )�(  �7' %'+',"(  6$)$,,���  &'64�/-$-$  %'&'0'8"2$,"( . 

�'& %'!-"2,*0  ,$%&$2�',"'0   �2'&8', -2�2$,"(  !�, -&4!1"#  %'&'0'8"2$: -
;"3  4 -&�# -2  (2�('- (   �6)$,"'  !�07","&�2$,,*3  0'8$��! . 

�  !�07","&�2$,,*3  0'8$�!$3  7* -&�3�),*'  2&$;$:;"' (  <�'0',-*  0'8$�!"  
 �20';$:- (    -"3�3�),*0" , +-�  �7' %'+"2$'-  &$2,�0'&,�'  &$ %&')'�',"'  %'&'0'8" -
2$'0�#   &')*  %� 2 '04  �7C'04  $%%$&$-$. 

�$  � ,�2$,""  &$6&$7�-$,,�#  !�, -&4!1""  !�07","&�2$,,�#  0'8$�!" , 6$;";', -
,�#  %$-',-�0  ,$  %��'6,4:  0�)'�/  [2],  �6)$,  �%*-,*#  �7&$6'1 !�07","&�2$,,�#  0'8$� -
!" . �&�2'&!$  &$7�-� %� �7,� -"  !�07","&�2$,,�#  0'8$�!"  � 4;' -2�(�$ /  ,$  <! %'&" -
0',-$�/,�#  4 -$,�2!' ,  �6)$,,�#  ,$  7$6' %'&'0'8"2$:;'��  4 -&�# -2$  ES - 8300D.  

>'�/:  &$7�-*  (2�('- (  &$6&$7�-!$ 0'-�)"!"  <! %'&"0',-$�/,*3  "  �')�2$,"#  "  
�1',!$  <..'!-"2,� -"  &$ -2�&',"(  ��"1'&",$  2 2�)' , 2  ��-,�8',""  1:10, 2 6$2" "0� -"  
�-  2&'0',"  %'&'0'8"2$,"(  !�07","&�2$,,�#  0'8$�!�#    �")&�04.-�#  %�  &$2,',":    
%&�%'��'&,�# .  

9! %'&"0',-$�/,*'  "  �')�2$,"(  %&�2�)"�" /  %&"  �')4:;"3  4 ��2"(3 : 6,$+' -
,"'  ,$%&(�',"(  2  '-" : U=226 � ; -'0%'&$-4&$ �!&4�$:;'#   &')*  T�!& = 22 °�  
1. ��(  �%&')'�',"(  %��-,� -"  &$ -2�&$ " %��/6�2$�$ /  "62' -,$(  6$2" "0� -/  [3]: 

2

1

1

1 11
rrr

..

'�

-
+= ,     (1) 

�)'  ; 1,; 2 – %��-,� -"  2�)*  "  ��"1'&",$   ��-2'- -2',,� , !� /03; .  – 0$  �2$(  )��(  !�0%� -
,',-$  2  0' " . 

�$2" "0� -/  !�,1',-&$1""  &$ -2�&$ �-  %��-,� -"  $%%&�! "0"&�2$�$ /  �",'#,�#  
6$2" "0� -/:  2")$  (&" 4,�!  1): 23,4544551,0 += ."      (2) 

 
�" 4,�!  1 – 
&$."!  6$2" "0� -"  !�,1',-&$1""  &$ -2�&$ (��"1'&", -2�)$ ) �-  %��-,� -"  . =f(; ) 
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2 9! %'&"0',-$�/,�'  6,$+',"'  %��-,� -"  &$ -2�&$ �%&')'�(�$ /  %� 4&$2,',": : 

V
m

/%' =r , 

�)'  m – 0$  $  %&�7* �7&$61$, !� ; V – �7C'0  %&�7*, 03 

�$6&$7�-$,$  0'-�)"!$  %&�2')',"(  <! %'&"0',-$�/,*3  "  �')�2$,"# . 
1. �  '0!� -/  )�(  %'&'0'8"2$,"(  6$�"2$:- (  " 3�),*'  2';' -2$  – ��"1'&",  "  2�)$ , 2 
 ��-,�8',""  1:10. 

2. � -$,$2�"2$'- (  ,4�,$(  0'8$�!$  2 %$-&�,. 
3. �$  7��!'  %"-$,"(  4 -$,$2�"2$'- (  +$ -�-$  2&$;',"(  )2"�$-'�( . 
4. �60'&('- (  ,$%&(�',"'  2  '-"  "   "�$  -�!$  )�  ,$+$�$  %'&'0'8"2$,"( . 
5. �!�:+$'- (  )2"�$-'�/  0'8$�!" , 2')'- (  %&�1'   %'&'0'8"2$,"(  )�  %��4+',"(  
%��,�#  &$ -2�&"0� -"  ��"1'&",$  "  6$%" *2$:- (  %�!$6$,"(  04�/-"0'-&$ , %&" &$6,*3 
+" �$3  �7�&�-$ . 

6. �$�)*'  30  '!4,) , 7'&4- (  %&�7* &$ -2�&$   �)",$!�2*0  �7C'0�0  (V=5 0� ), �%&'-
)'�('- (  "3  0$  $ . 

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

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

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

�$  &" 4,!'  2 %&') -$2�',  �&$."!  6$2" "0� -"  !�,1',-&$1""  &$ -2�&$ ��"1'&",$  �-  2&'-
0',"  %'&'0'8"2$,"(  x=f(t) . 

 
1 – %&�%'��'&,$(  0'8$�!$  %&" 200 �7 /0", ; 1/ – !�07","&�2$,,$(  0'8$�!$   

%&" 200 �7 /0", ; 2 – %&�%'��'&,$(  0'8$�!$  %&" 400 �7 /0", ; 
2/ – !�07","&�2$,,$(  0'8$�!$  %&" 400 �7 /0",  

�" 4,�!  1 – 
&$."!  6$2" "0� -"  !�,1',-&$1""  &$ -2�&$ ��"1'&",$  �-  2&'0',"  x=f(t) 
 
�&$2,"-'�/,*#  $,$�"6  �&$."+' !"3  6$2" "0� -'#  %�!$6*2$'- , +-�  -'3,����"+' -

 !"#  <..'!-  %&�1'  $  %'&'0'8"2$,"(  %&" " %��/6�2$,""  !�07","&�2$,,�#  0'8$�!"  ,$ -
 -4%$'-  ��&$6)�  7* -&'' , +'0  %&" " %��/6�2$,""  %&�%'��'&,�#  0'8$�!" . 
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�&�2')',,*#  $,$�"6  6$-&$- 0�;,� -"  ,$  %'&'0'8"2$,"'  %�!$6$�, +-�  +-�  0�; -
,� -/  !�07","&�2$,,�#  0'8$�!"  2�6&$ -$'-  ,'6,$+"-'�/,�  %�  &$2,',":    %&�%'��'&,�#  
2  &'),'0  ,$  3,3%. 


$!"0  �7&$6�0 ,  �')4'-  %&"6,$-/, +-�  %&"0',',"'  !�07","&�2$,,�#  0'8$�!"  (2-
�('- (  <..'!-"2,*0 , -$!  !$!  �7' %'+"2$'-  &$2,�0'&,�'  &$ %&')'�',"'  !�,1',-&$1"#  2' -
;' -2$  %� 2 '04  �7C'04  $%%$&$-$ 7* -&'' , +'0  %&�%'��'&,$(  7'6 6,$+"-'�/,���  42'�"+' -
,"(  <,'&��6$-&$- . 

 
�%" �!  " %��/6�2$,,*3  " -�+,"!�2 : 

1 �-&',! , � . �'&'0'8"2$,"'  "  $%%$&$-*   0'8$�!$0"  / � . �-&',! . – �',",�&$)  : 
�"0"( , 1975. – 384  . 
2 � . 0. 152750 �� , 5��  B01F7/16, B01F7/18. �0' "-'�/  / � .� . 
���2$,+"!�2 , � .� . 
�4�/!",$ , � .� . �$�$&�2$ , � .� . �"!$&'2$ , � .� . ��-$%�2$ , � .� . �* !� ; ����

� . - 2015. 
3 �#,8-'#, , � . 
 . 	7;"#  !4&  %&�1'  �2  "  $%%$&$-�2 3"0"+' !�#  -'3,����""  : 
4+'7,"!  / � . 
 . �#,8-'#, , 5 . � . �$3$&�2, 
 . � . �� �2  ["  )&.]. – 5� !2$  : ���� , 2002. – 872 
 . 

 
����������  � ������������  ������$&  ��*���"  �  '���������  

������  ��"����"  
��'8",  � . � ., �*+'2$  � . � .,  -$&8"#  %&'%�)$2$-'�/  5$!48!",$  � . � .,  

-'3,"+' !"#  )"&'!-�&  			  «�,�','&*  ",.�&0$1"" » �"�",  � . � . 
����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) �������  (www.volpi.ru).  

� . ����'%�+ , 
�''�!  
 

�4)*  7*2$:-  &$6,*3 -"%�2 : &$#�,,*' , $&7"-&$�,*' , 2'&3�2,*' , 0"&�2*' . �� , ,' -
 0�-&(  ,"  ,$  +-� , 2 '  �,"  6$,"0$:- (  �),"0  )'��0  – &$  0�-&',"'0  " !�2*3  6$(2�',"#  "  
%&",(-"'0  &'8',"#  %� <-"0  )'�$0 . �$  0�-&',"'   4)'7,*3  )'�  -&'74'-  � �7���  2,"0$ -
,"( . ��  ';'  7��/8'  2,"0$,"(  "  2&'0',"  -&'74'- (  ,$  -� , +-�7*  %'&',' -"  2 '  <-"  )'�$  2 
�%&')'�',,*'  !$-'��&"" . 
$!  �'  2 !$�)�0  )'�'  ,'�73�)"0�  6,$-/  )'# -24:;"'  �"1$ , !-�  
(2�('- (  " -'1 , $ !-�  �-2'-+"! . ��(  �%&')'�',"(  <-"3  �"1  0��'-  4#-"  ,'0$��  2&'0'," , -$!  
!$!   4)'7,*'  )'�$  0��4-  7*-/  �+',/  �7C'0,* . ��(  &'8',"(  <-"3  %&�7�'0  7*�$  &'$�"6� -
2$,$  " -'0$ , !�-�&$(  %�62��('-  !�$  "."1"&�2$-/  )'�$  %� �%&')'�',,*0  %&"6,$!$0, $ 
-$!�'   -&�"-/   3'04  )�!40',-$ , 2*)'�((  ,$  ,'#  � ,�2,*3  �"1 , 6$)'# -2�2$,,*3  2  4)'7 -
,�0  6$ ')$,"" .  

�$6&$7$-*2$'0$(  ",.�&0$1"�,,$(   " -'0$  %&'),$6,$+',$  )�( : 
1. �$�&46!"  )'�  2 7$64 )$,,*3 ; 
2. ��6)$,"'   3'0  )'# -2"#  %� !$�)�04  )'�4 ; 
3. �&$,',"(  2 '3   4)'7,*3  )'�  2 �),�#  7$6'; 
4. ��6)$,"(  !$-'��&"#  )'� ; 
5. �&� 0�-&$  )'�  %� �%&')'�',,*0  %&"6,$!$0. 

	 ,�2,�#  %�-�!  )$,,*3   4)$   4;' -24'-  0'�)4  �&$�)$, !"0  "�"  :&")"+' !"0  �" -
1�0  "   4)�0 .  
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�" 4,�!  1 – �"$�&$00$  � ,�2,*3  %�-�!�2  

 
�" -'0$   � -�"-  "6 -&'3  0�)4�'#  - 0�)4�/  %�)!�:+',"( , �74+$:;"#  0�)4�/  "  0� -

)4�/  &$7�-*    )�!40',-$0" . �$�)*#  "6 ,"3  2*%��,('-  �%&')'�',,*'  .4,!1"" . 
5�)4�/  &$7�-*    )�!40',-$0"  ,'�73�)"0  )�(  %&� 0�-&$ 2 '3  )'�  %� !$-'��&"(0 , 

)�7$2�',"(  ,�2���  )'�$  2  " -'04 , '��  &')$!-"&�2$,"' , %&� 0�-& ,  �3&$,',"'  ,$  )" !  "  
%'+$-/. 
$!  �'  2 <-�0  0�)4�'  %&�" 3�)"-  �','&$1"(  )'&'2$  )'# -2"#  %� !$�)�04  )'�4 .  

5�)4�/  %�)!�:+',"(  %&'),$6,$+',  )�(  -��� , +-�7*  %��/6�2$-'�/   0��  6$�&46"-/ )� -
!40',-*  2  " -'04  2 .�&0$-'  *ptf, $ -$!�'  ,$ -&�"-/  %�)!�:+',"'  !  "0':;'# (  7$6' 
)$,,*3 . 

	74+$:;"#  0�)4�/  %&'),$6,$+',  )�(  &$7�-*    0�&.����"+' !"0   ��2$&'0  -'&0" -
,�2 . 
$!  �'  �,  2!�:+$'-  2  '7(  �74+$:;"'   ��2$ ,  ��2$  " !�:+',"(  "  !$-'��&""  )'� . 

�3�),*0"  )$,,*0"  (2�(:- (  .$#�* , &$ 8"&',"(  *ptf. ��)'&�$,"'  <-"3  .$#��2  ,� -
 "-  :&")"+' !"#  3$&$!-'&. �*3�),*0"  )$,,*0"  (2�(:- (   3'0*  )�!40',-�2    2*)'�', -
,*0"  )'# -24:;"0"  �"1$0"  "  "3  )'# -2"(0" , !�-�&*'  %��/6�2$-'�/  0��'-   �3&$,"-/    
7$6* ,$  )" ! , "  !$-'��&""  )'� . 

��(  &$6&$7�-!" )$,,�#  $2-�0$-"6"&�2$,,�#   " -'0'  " %��/6�2$�$ /   &')$  %&��&$0-
0"&�2$,"(  VisualStudio 2015 Community. ��(  &$7�-*    ��  " %��/64'- (  (6*!  6$%&� �2 
SQL. � %��/64'0$(  ����  - SQL Express. ��(  &$6&$7�-!" %��/6�2$-'�/ !"3  ",-'&.'# �2  
%&"0',(�" /  2 -&�',,*'  .�&0*  C#. �6*!   " -'0*  &4  !"# . 

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

� �$ -&�#!$  %�)!�:+',"# ; 
� 	74+',"'   " -'0* ; 
� �&� 0�-&  )�!40',-�2  %� !$-'��&"(0  "   �6)$,"'   3'0*  )�!40',-$ . 
�'&'+',/  .4,!1"#  %��/6�2$-'�/ !���  ",-'&.'# $  
–�7' %'+',"'  2�60��,� -"  )�7$2�',"(  �),���  )'�$ ; 
–�7' %'+',"'  2�60��,� -"  )�7$2�',"(  !���'!1""  )'� ; 
–�7' %'+',"'  2�60��,� -"  ,$ -&�#!"  %�)!�:+',"# ; 
–�7' %'+',"'  2�60��,� -"  &$7�-*    0�&.����"+' !"0   ��2$&'0 ; 
–�7' %'+',"'  2�60��,� -"   �6)$,"(  8$7��,$ ; 
–�7' %'+',"'  2�60��,� -"  )�7$2�',"(  �74+$:;"3  %&"0'&�2; 
–�7' %'+',"'  2�60��,� -"   �6)$,"(  ,�2�#  !$-'��&"" ; 
–�7' %'+',"'  2�60��,� -"  %&� 0�-&$ 2 '3  )'�  %� !$-'��&"(0 ; 
–�7' %'+',"'  2�60��,� -"  )�7$2�',"(  )'� ; 
–�7' %'+',"'  2�60��,� -"  4)$�',"'  )�!40',-�2 ; 
–�7' %'+',"'  2�60��,� -"  "60',',"'  ,$62$,"#  )�!40',-�2 ; 
–�7' %'+',"'  2�60��,� -"   �3&$,',"(  )�!40',-�2  ,$  )" ! ; 
–�7' %'+',"'  2�60��,� -"   �6)$,"(  )'&'2$  )'# -2"# ; 
–�7' %'+',"'  2�60��,� -"  )�7$2�',"(  4+$ -,"!$  2  3'04 ; 
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–�7' %'+',"'  2�60��,� -"  4)$�',"(  4+$ -,"!$  "6 )'&'2$  )'# -2"# ; 
–�7' %'+',"'  2�60��,� -"   �3&$,',"(   3'0*  )�!40',-$  ,$  )" ! ; 
–�7' %'+',"'  2�60��,� -"  <! %�&-$  3'0*  2 MSWord; 
–�7' %'+',"'  2�60��,� -"  %'+$-" )�!40',-�2 . 
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�" 4,�!  2 – 5�)'�/  %��/6�2$-'�/ !���  ",-'&.'# $  

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

40',/8',"'0  2&'0',"  )�(  2*(2�',"(   3��"3  )'�  %� �%&')'�',,*0  !$-'��&"(0  "  
� ,�2,*3  )'# -24:;"3  �"1  2 !$�)�0  )�!40',-' . 

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

%�))'&�!"  %&�1'  �2  $!-4$�"6$1""  %&��&$00 %&�.'  "�,$�/,���  �7&$6�2$,"( // �"!4�",  
� .� ., � $+'2  � .� ., ��&�-!�2$  � .� ., �)&',1'2$  � .
 . �   7�&,"!' : ��������
�
��	�  
	����	�����  (5��	 -2013)  7�&,"!   -$-'#  XVII 5'�)4,$&�),�#  ,$4+,� -
0'-�)"+' !�#  !�,.'&',1"" , %� 2(;',,�#  70-�'-":  �7&$6�2$,"(  4,"2'& "-'-$ . ��)  &'-
)$!1"'#  � . � . ���+"3",$ , � . 5 . �'+'& !�# . 2013. � . 476-477. 

2) �'7')", !"#  � .� ., �*7$,�2  � .� . �2-�0$-"6$1"(  0�,"-�&",�$  -�%�"2$  2 &'6'&24$-
&$3 ���  ,$  7$6' "60'&"-'�/,���  !�0%�'! $  «�-&4,$ »   1'�/:  %�2*8',"(  <..'!-"2,� -"  
%&","0$'0*3  &'8',"#   %'1"$�" -�0  �-)'�$  ���" -"!" // �'7')", !"#  � .� ., �*7$,�2  � .� . 
5���)�#  4+',*# . 2014. =  7. � . 35-40. 
 



 80 

��&��%�����  '��� �#����  � �  ���������!�  '�����������  
���  «�� !����  -  �� #���" » '�  �������  ���������   

��  �� ��$&  ������&  
� .� .�4�/!� ,  � .� . �4�/!�  )�1',- , 

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

�2-�0�7"�/ ,  3�)(;"#    !�,2'#'&$  6$2�)$, )���',  %�)2'&�$-/ (  �7!$-�+,*0  " -
%*-$,"(0    1'�/:  %&�2')',"(  %&"&$7�-!"  �%&(�A,,*3  )'-$�'# , $ -$!�'  2*(2�',"(  
 !&*-*3  )'.'!-�2  )'-$�'# ,  7�&!"  46��2  "  $�&'�$-�2  "   2(6$,,*3    <-"0  4-'+!�#  0$ �$ , 
�3�$�)$:;'#  "  -�&0�6,�#  �")!� -" .  

	7!$-�+,*'  " %*-$,"(  $2-�74 �2  0$&!"  «����$,", » %&�2�)(- (  ,$  7�"6�'�$;"3  
)�&��$3  �7;'��  %��/6�2$,"( . �&"  <-�0  %&�7'�  $2-�0�7"�(  0��'-   � -$2�(-/  )�  ,' !��/ -
!"3  )' (-!�2  !"��0'-&�2 . 	7!$-!$  ,$  )�&��$3  "0''-  &()   4;' -2',,*3  ,')� -$-!�2 : 6$-
�&4�$:- (  2 � . ���� !�0   ��&�) !"'  "  %&"��&�),*'  )�&��" , &$ 3�)4'- (  6,$+"-'�/,�'  
!��"+' -2�  -�%�"2$ , -&'74'- (  )�2��/,�  7��/8�#  8-$-  2�)"-'�'# . ����),*'  4 ��2"(  �!$ -
6*2$:-  2�"(,"'  ,$  2'&�(-,� -/  2*(2�',"(  )'.'!-�2 , �7!$-!$  6$,"0$'-  0,���  2&'0'," , 
,'&')!�  2�6,"!$:-  $2$&"#,*'   "-4$1""  ,$  )�&��$3 . 

�2-�74 ,�'  %&�"62�) -2�   			  «�	�
����  - �	������ » 2*%4 !$'-  $2-�74-
 * : )243� ,*'    0�;,� -/:  )2"�$-'�(  )�  220 !�- , ,�0",$�/,*0  !&4-(;"0  0�0',-�0   )�  
1,2 !�F0  "  0$! "0$�/,�#   ,$&(�A,,�#   ,$�&46!�#  ,$  � /  8,0 - ; -&'3� ,*'  )$�/,'��   �')� -
2$,"(  "  ��&�) !"'  � �7�  7��/8�#  20' -"0� -"      0�;,� -/:  )2"�$-'�(  �-  169 )�  330 
!�- , ,�0",$�/,*0  !&4-(;"0  0�0',-�0  )�  1.7 !�F0  "  0$! "0$�/,�#   ,$&(�A,,�#   ,$ -
�&46!�#  ,$  � /  – 7,0 - . 5$! "0$�/,$(   !�&� -/  )2"�',"(  $2-�74 �2   � -$2�('-  110 !0 /+. 

�  -'!4;'0  ��)4  �7CA0 2*%4 !$ $2-�74 �2  6,$+"-'�/,�  42'�"+"� (  %� 6$!$6$0 "   � -
 -$2"-  7��''  600 8- . 

�$  0�-&"0   ,' !��/!�  ",,�2$1"�,,*3  0�)'�'#  $2-�74 �2  «Volgabus». 

 
 

 
 

�" . 1. �+$ -�!   7�&!"  $2-�74 �2  
 
�$   &" .1 %&"2')',$   7�&!$  $2-�74 �2 '0'# -2$  «�"-0"! » 0$����  !�$  $  !�$  " -

+' !�#  !�0%�,�2!" , 2!�:+$:;'��  ��&�) !�#  2$&"$,-   �7;'#  20' -"0� -/:  56 %$  $�" -
&�2,   18, 20, 22 "�"  24 0' -$0"  )�(   ")',"(  (,$  2*7�&  6$!$6+"!$), 48-0' -,*#  %&"��&�) -
,*#    30 0' -$0"  )�(   ")',"(  "  25-0' -,*#   %'1"$�/,*#  $2-�74 . 
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�" .2. 
�&�) !�#  $2-�74  «�"-"�"-0 -180» 

 

 
 

�" .3. 
$6�0�-�&,*#  $2-�74  «Volgabus» 

 
��2*'  �$6�0�-�&,*'  $2-�74 *7��/8�#  20' -"0� -"  2*8�"  ,$   $0*'  6$�&4�',,*'  

��&�) !"'  0$&8&4-*   &�  "# !"3  ��&�)�2 : 	&',74&�$ , ������&$)$ , ���� !��� .  
 

 
 

�" . 4. �'&')$+$  �$6�0�-�&,*3  $2-�74 �2  &'�"�,$�/,*0  $2-�74 ,*0  %$&!$0. 
� . ������&$) , %��;$)/  �$28"3  7�&1�2 . 

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

,*3  �7!$-�+,*3  -(��2*3  7$&$7$,,*3  (&��"!�2*3 )  -',)�2 , �7!$-!$  $2-�0�7"�'#  ,$  !�-� -
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&*3  2�7�),$  �-  �-0'+',,*3  ,')� -$-!�2  %&" " %*-$,""  2 )�&��,*3  4 ��2"(3   " , !&�0'  
-��� , %�62��('-   �6)$-/  �4+8"'  4 ��2"(  &$7�-*  2�)"-'�'#  – " %*-$-'�'# . 

�$  0�-&"0   ,' !��/!�   &��"!�2*3  0�;,� -,*3   -',)�2  )�(  �7!$-!"  $2-�74 �2 . 
 

1. �-',)  &��"!�2*#  0�;,� -,�#  
«RAM 3000 U». 
�6��-�2"-'�/ : ."&0$  «Sun Electric 
Europe $ division of Snap - on � ur�&'  
Holding B.V., Spaklerweg 69, 1099 ��  
Amsterdam The Netherlands. 

 
 
 
 
 
 

 
2. �",$0"+' !"#  0�;,� -,�#  &��"!�2*#   -',)  ��5  1-3500.200 

�-&$,$  %&�"62�)"-'�/ : ��  "( . 
 

  
 
 
 

 
3. �-',)*  &��"!�2*'  

0�;,� -,*'  LPS ."&0*  5���  
�6��-�2"-'�/ : 

."&0$5��� MaschinenbauHal-
denwangGmbH&Co. KG., 

'&0$,"( . �)&' : D-87490 
Haldenwang/Allgall-��4' n 20, 
Germany. 
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�&$2,',"'  %�!$6$-'�'#   �2&'0',,*3   -',)�2  &��"!�2*3  0�;,� -,*3  &$6�"+,*3  
."&0  %�!$6*2$:- , +-�  %�  2�'#  3$&$!-'&" -"!'    -',)  LPS 3000/R200 ."&0*  5���  �- -
2'+$'-  -&'7�2$,"(0  %� 0�;,� -"  )2"�$-'�( , !&4-(;'04  0�0',-4 , ,$�&46!'  ,$  � /  )�(  �7 -
!$-!"  $2-�74 �2  0$&!"  «����$,", ».�-�"0� -/   -',)$   LPS 3000/R200    )�%��,"-'�/,* -
0"  &��"!$0"  R200 �&"',-"&�2�+,�   � -$2�(:-  5400 -* . &47�'# . 

�-',)  LPS 3000/R200 0��'-  7*-/    ,'&$6)'�',,*0  "�"  &$6)'�',,*0  &��"!�2*0  
$�&'�$-�0  (%&'),$6,$+',  )�(  4 -$,�2!"  ,$  !$,$24). �� -$2�('0*#  2 !$+' -2'  �%1""  !�0 -
%�'!-  3��� -*3  &��"!�2  )'�$'-  2�60��,�#  )"$�,� -"!4  $2-�74 �2   �   )2�',,*0"  6$)," -
0"  � (0" , ,$%&"0'&, $2-�74 �2  «����$,",  – 6270».
")&$2�"+' !�'  ,$�&4�$:;''  4 - -
&�# -2�  �7' %'+"2$'-  �%-"0$�/,�'   1'%�',"'  !��'    &��"!$0" . �&"  %&�2')',""  0�;,� -
 -,*3  " %*-$,"#   -',)  %&')� -$2�('-  -�+,*' , 2� %&�"62�)"0*'  &'64�/-$-*  %� 0�;,� -"  
)2"�$-'�(  "  !&4-(;'04  0�0',-4 . �'&' +'-  "60'&',,*3  )$,,*3  2  -$,)$&-,*'  2'�"+",*  
 ��-2'- -2',,�  0'�)4,$&�),*0   -$,)$&-$0  %&�"62�)"- (  $2-�0$-"+' !" . ���''  -��� , 
7�$��)$&(  &'�"0$0  0�)'�"&�2$,"(  ,$�&46!"   -',)  LPS 3000 - <-�  �-�"+,$(  %�$-.�&0$  
)�(  " %*-$,"(  $2-�0�7"�(  2 ,$�&4�',,�0   � -�(,"" . �0''- (  2�60��,� -/  %�)!�:+',"(  
-$!"3  �%1"#, !$!  &$ 3�)�0'& , )*0�0'&  "  �$6�$,$�"6$-�& .�'64�/-$-*  "60'&',"#  %&') -$2-
�(:- (  ,$  <!&$,'  0�,"-�&$  2 1".&�2�0  "  �&$."+' !�0  2")' . 

 

 
 

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

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

!$%"-$�/,*3  6$-&$-,  '7' -�"0� -"  %&�)4!1""  "  1',*  %&�)4!1""  )�(  )243 4 ��2,*3  2$-
&"$,-�2 : 7$6�2�# ,$  200 $2-�74 �2  "  %&�'!-,*#  ,$  254 $2-�74 $ .  �&'0(  �7!$-!"  ,$   -',)'  
 � -$2"-  240 0", . "  %&" &$7�-'  �7!$-�+,���  �-)'�',"(  2 �),4   0',4  %�-&'74'- (  1(0,63 %� 
&$ +A-4)  -',) . 

�$6&$7�-!$  "  2,')&',"'  ",,�2$1"�,,*3  &'8',"#  %� %&�'!-4  %�62��('-  %��4+"-/  
&',-$7'�/,� -/  ",2' -"1"#  48,9 %.  

�
=4�0
���<�  �
9
4��<�  ���
�2
  �7��?2�� : 
- 6,$+"-'�/,�'   �!&$;',"'  &$ 3�)$  -�%�"2$ ; 
- %���),*'  4 ��2"(  ,'  �!$6*2$:-  2�"(,"'  ,$  2'&�(-,� -/  2*(2�',"(  )'.'!-�2 ; 
- �%-"0"6$1"(  !��"+' -2$  &$7�+"3, 4+$ -24:;"3  2 �7!$-!' ; 
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-  �6)$,"'  �4+8"3  4 ��2"#  &$7�-*  2�)"-'�'#  – " %*-$-'�'# ; 
- " !�:+',"'  2�6,"!,�2',"(  $2$&"#,*3   "-4$1"#  ,$  )�&��$3  ��&�)$ ; 
- %�2*8',"'  !$+' -2$  2*%4 !$'0*3  $2-�74 �2 . 

�$6&$7�-!$  "  2,')&',"'   -',)$  %�62��"-   �!&$-"-/  &$ 3�)*   ,$  �7!$-!4  "  " %*-$ -
,"'  $2-�74 �2   �   &�!�0  �!4%$'0� -"  ",2' -"1"#  2 -'+',"'  )243 �'- .  

 �2
�
23�
  
1. 
	�
  26899-86. 
'3,"+' !$(  )"$�,� -"!$ . �-',)*  &��"!�2*'  )�(  �%&')'�',"(  %$-
&$0'-&�2  -(��2� - !�&� -,*3   2�# -2  "  -�%�"2,�#  <!�,�0"+,� -"  $2-�0�7"�'#  "  !��' -
,*3  -&$!-�&�2  2 4 ��2"(3  <! %�4$-$1"" . 	7;"'  -'3,"+' !"'  -&'7�2$,"( . �6)$-'�/ -2�  
 -$,)$&-�2 , 1986. – 9  . �$-$  $!-4$�"6$1""  -'! -$ : 06.04.2015. �-$-4 : �'# -24:;"# . 

 
«���$"  ��� » -  �����"�  ��#������"  �$� �   

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

 
�  0"&�2�0   ��7;' -2'  %&�)���$'- (  %�" !  %4-'# �%-"0"6$1""  26$"0�)'# -2"(  

,$4!" , %&�"62�) -2$  "  4+'7,*3  6$2')',"# . �  <-�#   2(6"  �),�#  "6 $!-4$�/,*3  6$)$+  -$,� -
2"- (  2,')&',"'  2 �74+$:;"#  %&�1'   2* 8'#  8!��*  )� -"�',"#  ,$4!"  "  -'3,"!" , "6� -
7&'-$-'�/ -2$  "  %&�0*8�',,���  )"6$#,$ . �,')&',"'  ",,�2$1"#  2 %&$!-"!4 +'��2'+' !���  
�7;'�"-"(  ")'-  )� -$-�+,�   ���,�  "  %&�-"2�&'+"2� . 	),"  -'3,����""  &'$�"64:- (  %�) 
%$-&�,$�'0  �� 4)$& -2$  "   -$,�2(- (  +$ -/:  ",.&$ -&4!-4&*  ��&�)�2 ; )&4�"'  .",$, " -
&4:- (  !�&%�&$1"(0"  "   -$,�2(- (  ���7$�/,*0"  7&',)$0" ; -&'-/" ,  4;' -24:;"'  2 6$-
0* �$3  "  ")'(3 , "  ,'  %��4+$:;"'  ",2' -"1"" , �)4-   2�'��  %�-&'7"-'�(  2 74)4;"3  %�!� -
�',"(3 . � '   ",,�2$1"�,,*'  -'3,����""   �4�$-  ��$2,�04 : �7�'�+$:-   4;' -2�2$,"'  +' -
��2'!$ ,  �3&$,(:-  �!&4�$:;4:   &')4  )�(  74)4;"3  %�!��',"# , <!�,�0(-  %&"&�),*'  &'-
 4& * . �  1992 ��)4 , )�!-�&  9&"!  �&'! �'&  (��� ) %&') -$2"�  &$7�-4, 2 !�-�&�#  ,$&" � -
2$� !$&-",4  �7�6&"0���  74)4;'�� , 2 !�-�&�#  ,$,�-'3,����""  %��,� -/:  %&'�7&$6(- �! -
&4�$:;"#  0"&1. � ' , +-�  ,'�73�)"0�  )�(  �"6,"  +'��2'!$  74)'-  %&�"62')',�  0��'!4�(& -
,*0"  &�7�-$0"  "6 $-�0�2  "  0��'!4�  �!&4�$:;'#   &')* . �&�)4!-*  %"-$,"(  – "6 %�+2* "  
2�6)43$; !&'0,"'2*'  0"!&� 3'0*  – "6 %' !$ . �-�7*  <-�  74)4;''  %&"8��  ,$0,���  &$,/ -
8' , ,'�73�)"0� , 4�'   '��),(  "60',"-/  %�)3�)  !  %��"-'3,"+' !�#  8!��' . �4,)$0',-$�/ -
,� -%�" !�2*'  "  %&"!�$),*3  ,$4+,� -"  �')�2$-'�/ !"'  &$7�-*  )���,*  2' -" /  ,$   �2&' -
0',,*3   -'3,"+' !"  � ,$;',,*3  %��;$)!$3  4,"2'& "-'-�2 ,  -$&-$%$3 74)4;"3  ",�','& -
,*3  )� -"�',"( . �* 8$(  8!��$   "   $0$ )���,$  "60',"-/   2�#  26��()  ,$  ")':  ",�',' -
&"" , ,$  -&$)"1"�,,4:  ,$4+,� -",�','&,4:  !$&-",4  0"&$. �&'�7�$)$:;''  6,$+',"'  2 " -
 �')�2$,"(3  )���,*  %��4+"-/  «6'�',*' » -'3,����"" . �$�,'#8"0"   -"04�$0"  2,')&',"(  
6'�',*3  -'3,����"#  2 <!�,�0"!4  )���,*  %� �4�"-/  0'&*  �� 4)$& -2',,�#  %�))'&�!' , 
&$ 8"&(:;"' (  &*,!"  <!����"+,*3  "  «40,*3 » -�2$&�2  "  4 �4� . 	 ,�2,�#  -�,  2 <-�0  ,$ -
%&$2�',""  )���,*  6$)$2$-/ 0'�)4,$&�),*'  !�0%$,"" , �&"',-"&�2$,,*'  ,$  2,')&',"'  
7'6�-3�),*3  -'3,����"#  "  2�6�7,�2�('0*3  " -�+,"!�2  <,'&�"" . «�&�!-�&  <,)  
<07� » 2 
!&"-'&""  �1',!"  «�-&$-'�""  2020» 2�8�"  -$!"'  %�!$6$-'�" , !$! :  ,"�',"'  &$ 3�)$  2�)*  
,$  20%;  ,"�',"'  <0"  ""  %$&,"!�2*3  �$6�2 ,$  30%; %��,�'  7'6�%$ ,�'  %&�"62�) -2$ ; 
" %��/6�2$,"'  <!����"+' !"  +" -�#  4%$!�2!" ; %��,$(   �&-"&�2!$  %&�"62�) -2',,���  04-
 �&$ . �'��),(8,"'  %&')%&"(-"(  6$",-'&' �2$,*  2 -�0 , +-�7*  %'&')�2*'  ,$%&$2�',"(  �&-
�$,"6$-�& !�#  )'(-'�/,� -" , -'3,����""  %�2*8$:;"'  <..'!-"2,� -/  %&�"62�) -2 , 6$-
!�$)*2$�" /   -4)',-$0    %'&2���  ),(  �74+',"(  2 246'. �  )�(  <-���  )���,*   �6)$2$-/ (  
,�2*'  �7&$6�2$-'�/,*'  %��;$)!" , 2� %"-*2$:;"'  ",�','&�2  74)4;'�� . �  ������&$) -

                                                 
1 � . � . �'#,0$,  «�$,�-'3,����"" ». �'�"0  )� -4%$ :  http://nano-od.at.ua/publ/1-1-0-4 �&'! �'&  9&"! . � '�7 -
;''  7�$��)', -2"' . �$!  ,$,�-'3,����"+' !$(  &'2��:1"(  "60',"-  1"2"�"6$1":  / �6)$-'�/ -2� : �, -"-4-  
<!�,�0"+' !�#  %��"-"!"  "0',"  � .
 . 
$#)$&$. – 2014. – � . 254 
 



 85 

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

 
�" 4,�!  1 – �&�'!-  «�0,���  )�0$ », %&')�$�$'0���  !  � 2�',":  ,$  %��;$)!'  ���  (�"�"$�  ����

� ) 

 
��6)$,"'  2 ������&$) !�0  &'�"�,'  ,$  %��;$)!'  -'3,"+' !���  246$ «�0,���  )�0$ » 

)���,�  %� %� �7 -2�2$-/  �7C')",',":  ,$4+,*3 , 2� %"-$-'�/,*3 , �7&$6�2$-'�/,*3 , 
%&')%&","0$-'�/ !"3  ",-'&' �2 . «�0,*#  )�0 » – <-�  %��;$)!$ , ,$  !�-�&�#  74)4-  %&�)' -
0�, -&"&�2$,*  ,$4+,� -"  �')�2$-'�/ !"' , �7&$6�2$-'�/,*'  "  2* -$2�+,*'  2�60��,� -"  
2* 8'#  8!��* . 9-�  �-!&*-*#  )"$���  %� !$+' -24 , %&�)$2$'0�#  "  2*%4 !$'0�#  %&�)4!-
1""  2�����&$) !"0"  %&')%&"(-"(0" . «�0,*#  )�0 » – 4+'7,*#  !�$   "  �$7�&$-�&"" , 2 !� -
-�&*3  74)4-  %&�3�)"-/  %�)��-�2!4   -4)',-* , %&'%�)$2$-'�"  "  %&')%&","0$-'�" . 9-�  – 
%&",1"%"$�/,�  ,�2*#  4&�2',/  &$62"-"'  ,$4!"  "  %&')%&","0$-'�/ -2$ , 2 !�-�&�0  74)4-  
&'$�"6�2$,*  -'3,����""  2"&-4$�/,�#  "  )�%��,',,�#  &'$�/,� -" ; <-�  <! !4& ""  )�(  �� -
&��$,    1'�/:  �6,$!�0�',"(    ,�2",!$0"   -&�"-'�/,���  &*,!$ ,  <,'&��<..'!-"2,���  
�7�&4)�2$,"( , $2-�0$-"6$1""  %&� -&$, -2$ "  �$,)8$.-,���  )"6$#,$ . �"  �),�  &$640,�'  
&'8',"'  ,'  0��'-  7*-/  %&",(-�  7'6 4+'-$  -��� , !$!"0  0"&   -$,'-  2 74)4;'0 . �4)4;''  
6$2" "-  �-  %&"�$�$'0*3  4 "�"# , "  '��  0��,�   �6)$-/ ; 74)4;''  2$&"$-"2,�  - �,�  ,'  %&�" -
-'!$'-  "6 %&�8���� , $ 6$2" "-  �-  &'8',"#  4+$ -,"!�2  "   -'#!3��)'&�2 ; 74)4;''  ,'�/6(  
%&') !$6$-/  )� -�2'&,� , ,�  0��,�  %�)��-�2"-/ (  "�"  %�)��-�2"-/  74)4;''  -$!"0 , !$!"0  
0*  '��  3�-"0  2")'-/ . ��6)$2$'0*#  &'�"�,$�/,*#  �%�&,*#  246 �7C')","�  ,'  -��/!�  )2'  
0�;,*'  �7&$6�2$-'�/,*'   -&4!-4&* , ,�  "  �7' %'+"�  4 ��2"( , )�(  &'$�"6$1""  4,"!$�/,*3  
%&�'!-�2 , -$!"3  !$!  «�0,*#  )�0 ». �60',',"( , %&�" 3�)(;"'  2 ���7$�/,�#  <!�,�0"!' , 
%&')C(2�(:-  �7&$6�2$-'�/,�#   " -'0'  ,�2*#  -"% «+'��2'+' !���  0$-'&"$�$ ».  �  �),�#  
 -�&�,*  42'�"+"2$'- (  )��(  4+$;"3 ( , !�-�&*'  ,'  2")(-  � �7�#  1',,� -"  2 �7&$6�2$,""  
"  ,'  "0':-  � �7���  ",-'&' $  !   �)'&�$,":  �7&$6�2$-'�/,���  %&�1'  $ , +-�  %�-&'74'-  
4 "�"-/  0�-"2$1"�,,*'  .$!-�&* , "   )'�$-/  �74+$:;"'  %&��&$00* 7��''  6$2�'!$-'�/,* -
0"  "  ",-'&$!-"2,*0" , $   )&4��#  - 42'�"+"2$'- (  )��(    -4)',-�2 , !�-�&*'  ";4-  « 2�#  
%4-/», %�,"0$:-   0* �   $0�&$62"-"( . � %��/6�2$,"'  «�0,���  )�0$ » !$!  ",-'&.'# $  
%&"2')'-  !  &$62"-":   0'�,*3  -'3,����"# , &� -4  0$�*3  ",,�2$1"�,,*3  ."&0 , �-!&*-":  
,�2*3  �74+$:;"3  !4& �2 . 
�&��$,",4  %&�'!-  )�%��,',,�#  &'$�/,� -"  %�62��"-  %��4-
+"-/  �;4;',"'  ,$ -�(;'#  %&��4�!"  %� 40,�04  6)$,":    �-!&*-"'0  -'3,"+' !"3  %&'2� -
3�) -2  " %��/64'0*3  -'3,����"#  "  0$-'&"$��2 , "6��-�2�',,*3  "0',,�  2 ��  "" . ��(   -4 -
)',-�2   "  ,$+",$:;"3  %&')%&","0$-'�'#  6$,(-"(  2 «�0,�0  )�0' » %�62��(-  &$62"-/ ,$) -
%&�.'  "�,$�/,*'  ,$2*!" , -$!"'  !$! :  " -'0,�'  0*8�',"' , 0'��-&$ �'2*'  !�004,"!$ -
1"" , 04�/-"!4�/-4&4 ; " %��/6�2$,"'  ",.�&0$1"�,,*3  ",-'&$!-"2,*3  4+'7,� -
0'-�)"+' !"3   %� �7"#   )�(   &$62"-"(  !4�/-4&*   <,'&�� 7'&'�',"(   "  <,'&��<..'!-"2,� -
 -"   %�62��"-  %�),(-/  4&�2',/  <!����"+' !���  2� %"-$,"( . �,')&',,$(  2 «�0,*#  )�0 » 
$2-�0$-"6$1"(  %&"2')'-  !   �!&$;',":  &$ 3�)�2  ,$  2�)4 , �$6, -'%�� , <�'!-&"+' -2�  ,$  20 
%. ����$ �2$,,� -/   " -'0  �-�%�',"( , !�,)"1"�,"&�2$,"(  "  -'%�*3  %���2   �6)$ -   !�" -
0$-"+' !"'  6�,*  2 !$�)�0  %�0';',""  )�0$ . �  %�0�;/:   "�,$�"6$1""  "  2")'�,$7�:)' -
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,"(   �7 -2',,� -/  74)'-  6$;";',$  �-  2-�&�',"( . ��  �'�$,":  -  &')4  �7"-$,"(  2 )�0'  
0��,�  6$%&��&$00"&�2$-/, ,$%&"0'&: 2*  3�-"-'  7*-/   -&�#,*0  "    %�&-"2,*0 , 6$���', -
,*'  %$&$0'-&* 2 %&��&$004, 6$ -$2(- 7*-�24:  -'3,"!4   �')�2$-/  %� -4%$:;"0  !�0$, -
)$0 . �   2�:  �+'&')/  «�0,*#  )�0 » 0��'-   -$-/  %��;$)!�#  )�(  &'�"�,$�/,���  !�47$  
 -&�"-'�'#  %� 2,')&',":  6'�',*3  -'3,����"# .  «�0,*#  )�0 » %�62��"-   2�'2&'0',,�  �- -
&'$�"&�2$-/  "  ,$  -&$, .�&0$1":  0�)'�'#  %&�)$� , 2')/  ,'2�60��,�  %&�)$-/ )�0 , ' �"  
�,  ,'  4)�2�'-2�&('-  %&",(-*0  2 �7;' -2'   -$,)$&-$0 , ' �"  '��  �7 �4�"2$,"'  
,'  %�))'&�"2$'- ( . �  «�0,�0  )�0' » 74)'-  &'$�"6�2*2$-/ (  %&�'!-  - ",-'&/'&  !2$&-"&* ,   
%�0��$:;"#  2' -"   ��&��$,$0  <!����"+,*#  �7&$6 �"6," , $ -$!�'  �,  0��'-   -$-/   -$&-$-
%�0 %�  �6)$,":  <,'&�'-"+' !"3  3D 0�)'�'#  6)$,"# , +-�  %�62��"- :  0$! "0$�/,�  !�& -
&'!-,�  �%&')'�"-/  74)4;"'  ,$�&46!"  ,$   " -'0*  �-�%�',"(  "  �3�$�)',"( ; &$6&$7�-$-/ 
�:7�'  !��"+' -2�  7$6�2*3  &'8',"#  %�  " -'0$0  42�$�,',"(  "  � 2';',"( ,  %&��,�6"&� -
2$-/  ��)�24:   -�"0� -/  <! %�4$-$1""  6)$,"( . ���;$)!$  «�0,���  )�0$ » 0���$  7*   -$-/  
.�& $#-�0  )�(  &�  "# !"3  %&�"62�)"-'�'#  %�  �6)$,":  ,$  ��'  ��  ""  !�$ -'&$  %� �6' -
�',',":  ��&�)�2 . �  +$ -,� -"  2 ���� !�0  %&�"62�)(- ( : %��"<-"�',�2*'  -&47*  )�(  3� -
6(# -2',,� -%"-/'2���  2�)� ,$7�',"( , �'� '-!"  )�(  �$,)8$.-,*3  &$7�-, $2-�0$-"6"&� -
2$,,*'   " -'0*  %��"2$  6'�',*3  ,$ $�)',"# .   �%" �!   -'3,����"+' !"3    '!-�&�2 , !�-� -
&*'  ,$"7��''  2'&�(-,�  74)4-  &$62"2$-/ ( 2 7�"�$#8"'  ��)*  )� -$-�+,�  �78"&',  <-� : 
!�0%�6"-* , «40,*'  0$-'&"$�* » "  0$-'&"$�*    7"����"+' !"0"   2�# -2$0" , -'3,����""  
��!$�/,���  %&�"62�) -2$  -3D-%'+$-" 7*-�2*3  "6)'�"# , -'3,����""  40,�#   &')*  "  ",-'& -
,'-$  2';'# , 7*-�2$(  &�7�-'3,"!$  "  7"�-'3,����""  �+";',"(  2�)*  "  2�6)43$, ,�2*'  -'3 -
,����""  %&�"62�) -2$  <,'&�""   "  0,���'  )&4��' , +-�  0����  7*  &'$�"6�2*2$-/ (  ,$  %�� -
;$)!'  &'�"�,$�/,���  �%�&,���  246$ "  '��   � -$2�(:;'#  ')","1'  – «�0,�0  )�0' ». 

 
�����	
����������  ����	� : 

1. �-$&�2�#-�2  5 .� . 9!����"+' !$(   � -$2�(:;$(  2 &$62"-""  ��&�)�2  / 
� .� . 5')2')'2$ , 5 .� . �-$&�2�#-�2  // �6$"0�)'# -2"'  ,$4+,� -"  �')�2$-'�/ !"3  %�)&$6-
)'�',"#  %&�0*8�',,*3  %&')%&"(-"# "  246�2 %� %�2*8',":  <..'!-"2,� -"  4%&$2�',"(  
"  %&�"62�) -2$ : 5$-'&"$�*  5-�#  5'�&'�"�,$�/,�#  ,$4+.-%&$!-. !�,. . ���� !"# , 24–25 
$%&'�( 2009 � . ���� !"#  %��"-'3,"+' !"#  ", -"-4-  (."�"$� ) ����

� . – ������&$) , 
2010. – � . 23–26. 
2.  5')2')'2$  � .� . ��,1'%- - -&$-'�"(  «6'�',*3  ��&�)�2 » ,$  7$6' %&�0*8�',,�  &$6-
2"-*3   &'),"3  / � .� .5')2')'2$ , � .� .��6',!� , 	 .� .��0$&�2$ // �
���  ����	� .- ����� -
�&$), 			  �6)$-'�/ -2�  «�&4-�, »,2015.-256 .  
3. 5')2')'2  � .� . � %��/6�2$,"'  4 %'8,*3  0'�)4,$&�),*3  %&$!-"!  2  -&$-'�""  
&$62"-"( %&�0*8�',,�  &$62"-*3   &'),"3   "  0�,���&�)�2  /� .� .5')2')'2 , � .� .5')2')'2$  
// �"6,' . 	7&$6�2$,"' . �&$2� . �' -,"!  ������&$) !���  ", -"-4-$  7"6,' $ . 2016. =  1 (34). 
� . 55–61.  

 
���#����  !����� �%����!�  �  '� �  ��������#��&  ��  

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

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

�  )$,,�#  &$7�-'  %&"2')',*  &'64�/-$-*  "  �')�2$,"#  � �7',,� -'#  �")&�)",$0" -
!"  !�, -&4!1"#  1"!��,�2  "  �")&�1"!��,�2  "  2'&�(-,� -"  4�$2�"2$,"(  +$ -"1  %&" �+" - -
!'  2 ,"3  %*�'2*3  2*7&� �2  "  2* �!�2(6!"3   4 %',6"# .  

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

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

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

(3 (<04�/ "(3 ); 
*  �$6&$7�-!$  %'& %'!-"2,*3  !�, -&4!1"#  1"!��,�2  "  �")&�1"!��,�2  )�(  &$6-

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

�74 ��2�',�  2* �!�#  2(6!� -/:   4 %',6""  "  �'�0'-&"'#  1"!��,,���  �7�&4)�2$,"( ,   !� -
-�&�#   2(6$,�  2* �!�'  �")&$2�"+' !�'   �%&�-"2�',"' . 

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

�$,,*#  &'64�/-$-  )� -"�$'- (  -'0 , +-�  2 �")&�1"!��,'  (&" . 1), 2!�:+$:;'0  1" -
�",)&�!�,"+' !"#  !�&%4   �   �"2,*0  %$-&47!�0, ,$  2,'8,'#  %�2'&3,� -"  !�-�&���  �7 -
&$64'- (  4 -�#+"2$(  �$6�2$( %&� ��#!$ , %�))'&�"2$:;$(  2* �!4:   !�&� -/  %�-�!$  ,'. -
-'8�$0�2 ,  ,"�$(  �")&$2�"+' !�'   �%&�-"2�',"' , �74 ��2�',,�'   "�$0"  2(6!���  -&',"( . 

� -$,�2!$  � ' "00'-&"+,�   �   �"2,*0  %$-&47!�0 2,4-&"  1"�",)&�!�,"+' !���  
!�&%4 $ �")&�1"!��,$  1"�",)&$ ,   %�&" -�#  7�!�2�#  %�2'&3,� -/: , %�62��('-   �6)$2$-/  
&$2,�0'&,*#   ��#  �$6$, %&"�'�$:;"#  !  2,'8,'#  %�2'&3,� -"   �"2,���  %$-&47!$,  ,"�$(  
�")&$2�"+' !�'   �%&�-"2�',"'  �")&�1"!��,$ , -'0   $0*0   4;' -2',,�  %�2*8$(  <..'! -
-"2,� -/  &$6)'�',"( ,  ,"�$(  �")&$2�"+' !�'   �%&�-"2�',"'  [5]. 

	7&$6�2$,"'  �$6�2�#  !$0'&* , 6$!�:+',,�#  0'�)4  2,'8,'#  %�2'&3,� -/:   �"2,� -
��  %$-&47!$ "  2,4-&',,'#  %�2'&3,� -/:  %�&" -���  1"�",)&$ , %�62��('-  &$2,�0'&,�  %�-
)$2$-/  �$6  !2�6/  %�&" -*#  0$-'&"$�  1"�",)&$ , +-�   %� �7 -24'-   ,"�',":   "�  2(6!� - -
,���  -&',"( . 

� -$,�2!$  2 2'&3,'#  +$ -"  !�&%4 $ %$-&47!$ )�(  %�)$+" �$6$ %�62��('-  )�6"&�2$, -
,�  %�)$2$-/ �$6 "  &'�4�"&�2$-/  -��;",4  �$6�2�#  %&� ��#!" , %&"�'�$:;'#  !  2,'8,'#  %�-
&" -�#  %�2'&3,� -"  1"�",)&$ .  


")&�1"!��,  &$7�-$'-   �')4:;"0  �7&$6�0 . ��-�!  ,'.-'8�$0$ , %�) ,$%�&�0 , -$, -
�',1"$�/,�  %� -4%$'- +'&'6  23�),�#  %$-&47�! 2 !��/1'2�#  !$,$�  0'�)4  1"�",)&�!�,"+' -
 !"0  !�&%4 �0  "  1"�",)&�0 . � �') -2"'  -$,�',1"$�/,���  22�)$   4 %',6""  2 %�-�!'  �7&$-
64'- (  ",-', "2,�'  1',-&�7'�,�'  %��' , 6$  +'-  !�-�&���  -(�'�$(  .&$!1"(  ()" %'& ,*'  
+$ -"1* ) %'&'0';$'- (  !  %'&".'&"" , $ �'�!$(  �--' ,('- (  !  1',-&4 . �&"   �20' -,�0  )'# -
 -2""   "�*  -(�' -"  "  1',-&�7'�,�#   "�* , -(�'�$(  .&$!1"(  %� -4%$'- 2 ,"�,::  +$ -/  
1"�",)&�!�,"+' !���  !�&%4 $, $ �'�!$(  �-2�)"- (  +'&'6   �"2,�#  %$-&47�!. 
$6 +'&'6  %$--
&47�!  %� -4%$'- )�6"&�2$,,�  2 �$6�24:  !$0'&4 . �6  �$6�2�#  !$0'&* , �$6 +'&'6  %�&" -4:  
7�!�24:  %�2'&3,� -/  1"�",)&$  %� -4%$'- 2 !��/1'2�#  !$,$� , �7&$6�2$,,*#  1"�",)&�!� -
,"+' !"0  !�&%4 �0  "  1"�",)&�0 , +-�  %�62��('-   �6)$2$-/  �$6�24:  %&� ��#!4  "   4;' - -
2',,�   ,"6"-/  �")&$2�"+' !�'   �%&�-"2�',"'  �")&�1"!��,$  [3]. 
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1–!�&%4 , 2–  �"2,�#  %$-&47�!, 3– ��&"6�,-$�/,*#  !��/1'2�#  )" ! , 
4– 23�),�#  %$-&47�!, 5– 1"�",)& , 6– �$6�2$( !$0'&$ , 7– %$-&47�! )�(  %�)$+" �$6$ 

�" 4,�!  1 – 
")&�1"!��,  

�&')�$�$'0$(  !�, -&4!1"(  �")&�1"!��,$  (&" . 1) %�62��('-   ,"6"-/  �")&$2�"+' -
 !�'   �%&�-"2�',"'  %�-�!4  �+";$'0�#  �")!� -"  6$  +'-   !��/�',"(  2* �!�2(6!���  %�-� -
!$  %� 2,'8,'#  %�2'&3,� -"  %�&" -���  1"�",)&$    �$6�2�#  %&� ��#!�# , %&" 2* �!"3  %�!$-
6$-'�(3   -'%',"  4�$2�"2$,"(  +$ -"1 . 

��(  �1',!"  <..'!-"2,� -"  4�$2�"2$,"(  $2-�&$0"  7*�  %&�2')',   &$2,"-'�/,*#  
$,$�"6   -$,)$&-,���  %&�0*8�',,���  �")&�1"!��,$  "  �")&�1"!��,$    �$6�2�#  !$0'&�#  ,$  
2*3�),�0  %$-&47!'. �$  �+";$'04:   &')4  7*�  26(- ,'.-'8�$0  %��-,� -/:  2000!� /03. �  
 -$,)$&-,�0  %&�0*8�',,�0  �")&�1"!��,'  ,�0",$�/,*#  <!2"2$�',-,*#  )"$0'-&  (- .' . 
)"$0'-&   2*8'  !�-�&���  4�$2�"2$'- (  100% +$ -"1 , $ )�  ,'��   -'%',/  �+" -!"  +$ -"1  !$-
�)�#  .&$!1""  6$2" "-  �-  ''  &$60'&$ "  ,'  $7 ��:-,$ )  7*�  &$2',  200 0!0 , $ 2 �")&�1"!�� -
,'    �$6�2�#  !$0'&�#  ,�0",$�/,*#  )"$0'-&  �+";$'0*3  +$ -"1  175 0!0 . �$  �&$."!'  (&" . 
2) %�!$6$,� , +-�  <..'!-  %� %�2*8',":   -'%',"  �+" -!"  ,'.-'8�$0�2   � -$2"�  6%, %� 
 &$2,',":   �   -$,)$&-,*0  %&�0*8�',,*0  �")&�1"!��,�0 , +-�    4+'-�0  2* �!�#  2(6!� -
 -"  �+";$'0*3  ,'.-'8�$0�2 , (2�('- (  �+',/  2* �!"0  %�!$6$-'�'0  %�2*8',"(  2'&�(-,� -
 -"  4�$2�"2$,"(  [2,1].  
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�" 4,�!  2 -  
&$."!  2'&�(-,� -"  4�$2�"2$,"(  +$ -"1  ,'.-'8�$0$  ( -'%',/  �+" -!"  

� 1=69%,� 2=75%, ) 

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

>'�/:  )$,,���  -'3,"+' !���  &'8',"(  (2�('- (   ,"�',"'  �")&$2�"+' !���   �%&� -
-"2�',"(  %�-�!4  �+";$'0�#  �")!� -"  "  $!-"2"6$1"(  2*�&46!"  �4 -���  � $)!$  %&" �+" - -
!'  2* �!�2(6!"3 , ,',/:-�,�2 !"3  "   -&4!-4&"&�2$,,*3  �")!� -'# . �'64�/-$-  )� -"�$'- -
 (  -'0 , +-�  2 �")&�1"!��,'  )�(  �+" -!"  �")!� -'# ,  �)'&�$;'0  1"�",)&�!�,"+' !"#  
!�&%4 , %� � "  !�-�&���  &$ %����',   %"&$�'2"),$(  %&4�",$ , "0':;"#  2�60��,� -/   2� -
7�),���  2&$;',"( . ��%$-!" , 4 -$,�2�',,*'  &$2,�0'&,�  %� �!&4�,� -"  ,$  2,'8,'#  %�-
2'&3,� -"  7$&$7$,$ ,$  4&�2,'  %�)$+"  4 %',6""  2 !�&%4 . >"�",)&"+' !"#  7$&$7$, 
 ,$7�',   %"&$�/,�#  %&4�",�#  �',-�+,���  -"%$, %�2-�&(:;'#  .�&04  !�&%4 $. 	,$  4 -$-
,�2�',$    6$6�&�0 !  ,'04 ,  � -$2�(:;"0  0,92-0,96 )"$0'-&$  !�&%4 $. � -$,�2!$  ,$  1" -
�",)&"+' !"#  7$&$7$,  %"&$�/,�#  %&4�",*  �',-�+,���  -"%$, 74)'-   %� �7 -2�2$-/  %'-
&'0';',":  �4 -���  � $)!$  2)��/  2,4-&',,'#  1"�",)&�!�,"+' !�#  %�2'&3,� -"  !�&%4 $. 
���'7$,"(  %&4�",*  74)4-  �!$6*2$-/  0'3$,"+' !�'  2�6)'# -2"'  ,$  � $)�! , -"! �-&�%,�  
&$6�"�$(  '�� , +-�   4;' -2',,�   ,"�$'-  �")&$2�"+' !�'   �%&�-"2�',"'  "  %�2*8$'-   -' -
%',/  �+" -!"  2* �!�2(6!"3 , ,',/:-�,�2 !"3  "   -&4!-4&"&�2$,,*3  �")!� -'#  [4]. 

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

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

,$)A�,���  %&�"62�)"-'�(  "  %� -$2;"!$   '�/ !�3�6(# -2',,�#  -'3,"!" . ��, -&4!-�& !�'  
7:&�  -'3,"+' !���  1',-&$  			  «�/:  
�, » �7�$)$'-  &$6&$7�-!$0" ,$2' ,�#  "  %&"1'%,�# 
%�+2��7&$7$-*2$:;'#  -'3,"!" .  

�&')%&"(-"'  %� -�(,,�  &$7�-$'-  ,$)  &'8',"'0  6$)$+ %� ,$&$;"2$,":  %&�"62�)-
 -2$,  �2'&8', -2�2$,":  -'3,����"+' !���  %&�1'  $ , &$ 8"&',":  ,�0',!�$-4&*  2*%4 -
!$'0�#  %&�)4!1"" . 
$!  !&�0'  %�+2��7&$7$-*2$:;'#  -'3,"!"   '#+$  2')4- (  &$7�-*  %� 
%&�'!-"&�2$,":  %� '2,*3  !�0%�'! �2 , $�&'�$-�2  )�(  3"0"+' !�#  �7&$7�-!"  "  6$;"-*  
&$ -',"# , $ -$!  �'  2 )&4�"3  ,$%&$2�',"(3 .  

�  ,$ -�(;''  2&'0(  ,$  %&�"62�) -2�  %� -$2�',�  12 ,$"0',�2$,"#   '�/ !�3�6(# - -
2',,�#  -'3,"!" , !$�)�'  ,$"0',�2$,"'  %&') -$2�',�  2 &$6,*3 -"%�&$60'&$3  ��-2'- - -
24:;"3   2�'04  -(��2�04  !�$  4  <,'&�� &') -2$ . 

1. ��&�,*  )" !�2*'  <,'&�� 7'&'�$:;"'  ��!� . 
2. �4�/-"2$-�&*   %��8,�#  �7&$7�-!"  %�+2* KUSTO. 
3. ��4�"  +"6'�/,*' %�' . 
4. ��4�"  �'0'8,*'  ,$2' ,*'  ' � . 
5. �4�/-"2$-�&  %��'2�#  4,"2'& $�/,*#  !�07","&�2$,,*#   %��8,�#  �7&$7�-!"  

%�+2* ����� -12� . 
6. �4�/-"2$-�&  -4&7�-)" !�2*# ���� ) -10.8. 
7. �4�/-"2$-�&*  %��'2*'   %��8,�#  �7&$7�-!"  %�+2* ��'( . 
8. �4�/-"2$-�&*  %��'2*'  4,"2'& $�/,*'  ���'�� . 
9. ��&�,*  %&�%���+,*'    %&4�",,*0  647�0 ������ . 
10. �� '2,*'  !�0%�'! *  ������ +. 
11. ��&�,*  647�2*'   !�&� -,*'  ��� . 
12. �4�/-"2$-�&   -'&,'2�#  ����� -6� . 
�6$"0�)'# -2"'    !$.')&�#  «5'3$,"!$ »,  -4)',+' !"0  !�, -&4!-�& !"0  7:&�  

���  (."�"$�$ ) ����

�  ,$+$-�  2 2011 ��)4    1'�/:  %&"2�'+',"(  !2$�"."1"&�2$,,*3  
 %'1"$�" -�2  )�(   �2'&8', -2�2$,"( , �%-"0"6$1""  !�, -&4!1"#  ,$2' ,�#  "  %&"1'%,�# 
%�+2��7&$7$-*2$:;'#  -'3,"!" , %&"2�'+',"(   -4)',-�2  !  %&$!-"+' !�04  3D 0�)'�"&�2$ -
,": . �6$"0�)'# -2"'  %��4+$'- (  %&�)4!-"2,�' ,   2,')&',"'0  !�, -&4!-"2,*3  &$6&$7�-
-�!  2 %&�"62�) -2� . �  ,$ -�(;''  2&'0(  2 !�0%$,""  &$7�-$'-  7��''  )' (-"  2*%4 !,"!�2  
", -"-4-$ . 

	76�&   �20' -,*3  !�, -&4!-"2,*3  &$6&$7�-�! 7*�  %&') -$2�',  ,$  !�,.'&',1"(3  2 
2014, 2015 ��)$3 . �&') -$2�('0  6)' /  ,�2*'  &$6&$7�-!". 

�&�2')',  $,$�"6  ,$%&(�',� -)'.�&0"&�2$,,���   � -�(,"(  !&*�/'2  7�&�,*  %&4-
�",,�#  �� -15; �� -18; �� -27 2 &$7�+'0  "  -&$, %�&-,�0  %����',""  "  �%-"0"6$1"(  !�, - -
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&4!1""  %�) )'# -24:;"'  ,$  ,''  ,$�&46!"  (&" . 1). ��, -&4!1"(  !&*�/'2  "60',',$  )�(  
42'�"+',"(  �' -!� -"  2 &$7�+'0  "  -&$, %�&-,�0  %����',"" .  

�$  � ,�2$,""  %&�+,� -,���  &$ +'-$ 1',-&$�/,�#  &$0* !4�/-"2$-�&$  «���9 -4� » 
&'!�0',)�2$,*  !  "6��-�2�',":  &$60'&* <�'0',-�2  (&" . 2, � ). 

�&�2')',*  $,$�"6  ,$%&(�',� -)'.�&0"&�2$,,���   � -�(,"(  !$&!$ $ !4�/-"2$-�&$  
 %��8,�#  �7&$7�-!"  %�+2* ���9 -16�  2 &$7�+'0  "  -&$, %�&-,�0  %����',""  "  �%-"0" -
6$1"( !�, -&4!1""  %�) )'# -24:;"'  ,$  ,''  ,$�&46!"  (&" . 2, 0, 3). �0',/8',"'  2' $  6$ 
 +'-  "60',',"#  !�, -&4!1""   � -$2"��  250 !� . 

�$  � ,�2$,""  %&�2')',,���  $,$�"6$  ,$%&(�',� -)'.�&0"&�2$,,���   � -�(,"(  !$&-
!$ $  !4�/-"2$-�&$  KUSTO-8�  �%&')'�',*  %$&$0'-&* �")&�1"�",)&�2  "  &$1"�,$�/,*'  
&$60'&*  '+',"#   "��2*3  <�'0',-�2  &$0* (&" . 4). �0',/8',"'  2' $  &$0*  � -$2"��  200 
!� . 

 

 
 

�" 4,�!  1 - �$ %&')'�',"'  0$! "0$�/,*3  <!2"2$�',-,*3  ,$%&(�',"#  2 <�'0',-$3  !&*�$  �� -18 )�(  &'!� -
0',)4'0���  2$&"$,-$ !�, -&4!1""  2 &$7�+'0  %����',""  

 
 

�  
 

�                                                              0 
 

�" 4,�!  2 - �4�/-"2$-�&  «���9 -4� » ($). �4�/-"2$-�&   %��8,�#  �7&$7�-!"  %�+2* ���9 -16�  2 -&$, %�&--
,�0  %����',""  (7) 
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�$  � ,�2$,""  %&�2')',,���  $,$�"6$  ,$%&(�',� -)'.�&0"&�2$,,���   � -�(,"(  !$&-

!$ $  !$-!$  %&"!$-*2$:;'��  647+$-�-!��/+$-���  ��� -12 «�$6$! » �%&')'�',*  %$&$0'-&* 
�")&�1"�",)&�2  "  &$1"�,$�/,*'  &$60'&*  '+',"#   "��2*3  <�'0',-�2  &$0* (&" . 5, 6).  

 
�" 4,�!  3 - �4�/-"2$-�&   %��8,�#  �7&$7�-!"  %�+2* ���9 -16�  2 &$7�+'0  %����',""  

 

  
�   

 
0 


�'"��%  4 - �"� &�,�&��  KUSTO-8�  ,  $�*�!&��  $��������  �'��,��+  ���-  (� ) �  ,  ��0�#��  $��������  (0) 
�0',/8',"'  2' $  &$0*   � -$2"��  450 !� . 
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 �  

�" 4,�!  5 - �$-�!  %&"!$-*2$:;"#  647+$-�-!��/+$-*#   ��� -12 «�$6$! »  
2 -&$, %�&-,�0  %����',""  ($) "  2 &$7�+'0  %����',""  (7) 

 

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

647+$-�-!��/+$-���  ��� -12 «�$6$! » 
 
��-&4),"+' -2�  -'3,"+' !���  1',-&$  			  «�/:  
�, »   !$.')&�#  «5'3$,"!$ », 

 -4)',+' !"0  !�, -&4!-�& !"0  7:&�  ���  (."�"$�$ ) ����

�  %&�)4!-"2,�  "  74)'-  %&�-
)���',�     �2'&8', -2�2$,"'0  .�&0  26$"0�)'# -2"( . 

�  
b G 

F 
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����"�$�  '�������%�����  ��!� ����$  �   
'���$* �������  


��47",  	 .� .,  0$�" -&$,- ,  � .� . ��&6", , ! .- ., ., 
����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) 

��������*'%���  ��'"*��'&,������  &�.��#�'%���  "��,��'�&�&� ,  
����'%�+ , www.volpi.ru 

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

 -&�"- (  ,$  7$6' %,'20$-"+' !"3   &') -2  $2-�0$-"6$1"" , !�-�&*'  0��4-  %&"0',(-/ (  !$!  
 $0� -�(-'�/,� , -$!  "  2 !�0%�'! $3    <�'!-&"+' !"0" , �")&$2�"+' !"0"  "  !�07","&�2$, -
,*0"  %&"7�&$0" "  4 -&�# -2$0"  [1].  

	 �7',,� -"  %,'20$-"+' !"3   " -'0 : 
·  9!����"+' !$(  +" -�-$  - &'64�/-$-�0  �:7�#  4-'+!"  "6 %,'20$-"+' !�#   " -

-'0* , " %��/64:;'#  2�6)43, 74)'-  -�-  �'  $-0� .'&,*#  2�6)43. 
·  �� -4%,� -/  - $-0� .'&,*#  2�6)43 2 '�)$  )� -4%',  ,$  �'0�'  
·  �$)A�,� -/  - %,'20$-"+' !"'   " -'0*  �7*+,�  "0':-  )���"'   &�!"   �4�7*  

"  -&'74:-  0',/8'��  �7 �4�"2$,"( , +'0  �")&$2�"!$ . 
·  �&$,',"'  -  �$-*#  �$6 0��,�  )����  3&$,"-/  2 7$���,$3 , %�62��((  " %��/6� -

2$-/  %,'20$-"!4  7'6 <�'!-&�<,'&�"" . 
·  �'6�%$ ,� -/  -  2* �!"#  4&�2',/  %��$&� -, 26&*2�7'6�%$ ,� -" .  
·  
'3,����"+,� -/  - %,'20$-"+' !"#  0'3$,"60  ,'  -&'74'-  )�%��,"-'�/,���  

�-2�)$ . 	-&$7�-$,,*#  2�6)43 0��,�  2*%4 -"-/  2 $-0� .'&4 . ��0%&'  �&  -��'  0��'-  
7&$-/ 2�6)43 ,'%� &') -2',,�  "6 $-0� .'&* . 

·  �  %,'20�%&"2�)�2  2* �!$(   !�&� -/  %'&'0';',"(  &$7�+'��  �&�$,$  [6]. 
�,'20�$2-�0$-"!$  4 %'8,�  %&"0',('- (  2  " -'0$3  4%&$2�',"(  &$6�"+,*0"  0' -

-$���&'�4;"0"   -$,!$0" , %&'  $0" , -&$, %�&-,*0"   &') -2$0" , %'+$0" "  )&4�"0"  -'3 -
,����"+' !"0"  �7C'!-$0" . �,'20$-"+' !"'  &'�4�(-�&*  %&"0',(:- (  2 3"0"+' !�#  %&�-
0*8�',,� -" , )�(   &'�4�"&�2$,"(  -'0%'&$-4&* , 4&�2,(  �")!� -" , )$2�',"( , &$6&'�',"( , 
&$ 3�)$  �")!� -'#  "  �$6�2 "  )&4�"3  %$&$0'-&�2 (&" . 1). 

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

 
 �"&�!�  &$ %&� -&$,',*  %,'20$-"+' !"'  &'�4�(-�&* , 7�$��)$&(  "3  26&*2�- "  %�-

�$&�7'6�%$ ,� -"  "  2* �!�#  ,$)'�,� -"  2 &$7�-' . �'  %&'%(- -24'-  "3  " %��/6�2$,":  
��&$,"+',,$(  )$�/,� -/  )'# -2"(  ()�  300 0). �   �4+$'  1',-&$�"6�2$,,���  4%&$2�',"(  
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)$�/,� -/  )'# -2"(  %,'20$-"+' !"3  &'�4�(-�&�2  -$!�'  2%��,'  )� -$-�+,$  %&" 4 -$,�2!'  
)�%��,"-'�/,*3   4 "�"-'�'#  [2]. 

�'# -2"'  %,'20$-"+' !���  &'�4�(-�&$  � ,�2$,�  ,$  "60',',""  )$2�',"(  2�6)43$ 
%&" "60',',""  &'�4�"&4'0�#  2'�"+",*  2  ��-2'- -2""    6$)$,,*0  6$!�,�0  &'�4�"&�2$ -
,"(  "  ,$  %&'�7&$6�2$,""  )$2�',"(  2�6)43$ 2 0'3$,"+' !�'  4 "�"'  [3]. 

�  !$+' -2'  4%&$2�(:;'��  4 -&�# -2$  7*�  &$6&$7�-$, %,'20$-"+' !"#  %&�%�&1"�-
,$�/,� -",-'�&$�/,*#  &'�4�(-�& , %� -&�',,*#  ,$  7$6'  -&4#,*3  <�'0',-�2  -"%$ �
 46  ' -
&""  «�	�
� » [4].  

9�'0',-*   -&4#,�#  $2-�0$-"!"  3$&$!-'&"64'- (   �')4:;"0"  � ,�2,*0"  %�!$6$-
-'�(0" : 

·  ��2�!4%,� -/:  2,'8,"3  3$&$!-'&" -"!  ���"+' !"3  <�'0',-�2  "  2,'8,"3  4 - -
&�# -2 , %�62��(:;"3  �%" $-/   �20' -,4:  &$7�-4 <-"3  <�'0',-�2  2  3'0$3 ; 

·  �* -&�)'# -2"'0  –  &'),''  2&'0(  6$)'&�!"  &$ %&� -&$,',"(   "�,$�$  ,$  �)",  
<�'0',-  %&" '��  2!�:+',""  "  �-!�:+',""   � -$2�('-  2 0 ; 

·  �"6!�#  %�-&'7�('0�#  0�;,� -/:  – 0","0$�/,�'  )$2�',"'  %"-$,"(   -&4#,*3  
<�'0',-�2  «����$ » &$2,�  1,5-2,0 !�$  %&"  '+',""  !$,$��2  %"-$,"(  0,24 "  1 00 2; 

·  �* �!"0"  ���"+' !"0"  2�60��,� -(0"  – +" ��0  23�)�2 , ,$�&46�+,�#   %� �7 -
,� -/: , +" ��0  ���"+' !"3  .4,!1"" , &'$�"64'0*3  �),"0  <�'0',-�0  "  2�60��,� -/:  
�7C')",',"(  <�'0',-�2  2  3'0*    1'�/:  %��4+',"(  &$6�"+,*3  ���"+' !"3  .4,!1"#  "  
1".&�2*3  4 -&�# -2 ; 

·  �* �!�#  %�0'3�4 -�#+"2� -/:  – 2  -&4#,*3  <�'0',-$3  «����$ » �- 4- -24:-  
� -$-�+,*'  )$2�',"(  ,$  2*3�)$3  "   2')',*  !  0","0404  � -$-�+,*'  )$2�',"(  ,$  23�)$3 , 
!�-�&*'  (2�(:- (  �),�#  "6 � ,�2,*3  %&"+",, �%&')'�(:;"3  2'�"+",4 ; 

·  
'0%'&$-4&,*0  )"$%$6�,�0 . �  � ,�2,�0  �%&')'�('- (  0$-'&"$��0  %&�"62�) - -
2$: &$7�-$  -&4#,*3  <�'0',-�2  «����$ », "6��-�2�('0*3  "6 %�$ -0$  * , ,$3�)"- (  2 )"$ -
%$6�,'  �-  0",4  20 )�  %�:  50 � 0, $ %&" "6��-�2�',""  "6 %��"$0")$  "�"   -'!��,$%��,', -
,���  %��" -"&��$  &$ 8"&('- (  �-  0",4  50 )�  %�:  50 � 0; 

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

�-&4#,*#  4 "�"-'�/  -"%$ �
 46 %&'),$6,$+',  )�(   &$2,',"(  "  4 "�',"(   "�,$��2  2 
 " -'0$3  4%&$2�',"( , !�,-&��(  "  &'�4�(1"" . �  -$7�"1'  1 %&"2')',*  -'3,"+' !"'  3$&$!-' -
&" -"!"    


$7�"1$  1 – 
'3,"+' !"'  3$&$!-'&" -"!"   -&4#,���  <�'0',-$  �
 46 [4] 
�"$%$6�,  )$2�',"(  %"-$,"( , !�$  0,5-10 
��0",$�/,�'  )$2�',"'  %"-$,"( , !�$  3,5-4 
�$"7��/8"#  !�<.."1"',-  4 "�',"(  %� 

)$2�',":  %&" Q0=0 
5 

��-&'7�('0*#  &$ 3�)  %&" ,�0",$�/,�0  
)$2�',""  %"-$,"( , 03/  

9x10-5 

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

0,36 

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

300 

5$-'&"$�  ���" -"&��  4)$&�%&�+,*#  
5$  $ , !�  0,012 
  
�&�2')A,,*'  <! %'&"0',-$�/,*'  "  �')�2$,"(  %�!$6$�" , +-�  3$&$!-'&" -"!$  

 -&4#,���  �� -&'�4�(-�&$   �2%$)$'-    3$&$!-'&" -"!�#  �� -&'�4�(-�&$  ��  3.32-5 1  " -' -
0*  «�
��
 ».  5�)'�"&�2$,"'  &$7�-*  6$0!,4-�#   " -'0*  $2-�0$-"+' !���  &'�4�"&�2$ -
,"(  %�!$6$�� , +-�  %&"0',',"'  <! %'&"0',-$�/,���   -&4#,���  �� -&'�4�(-�&$  �7' %'+"2$ -
'-  !$+' -2',,*#  %'&'3�),*#  %&�1'   7'6 %'&'&'�4�"&�2$,"(  "  �-�"+$'- (  2* �!�#   -'%' -
,/:  6$-43$,"(  !��'7$,"#  2  " -'0' . 
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1. ��:'2  � .� , 
�$6�2  � .� ., �47&�2 !"#  � .� ., ��:'2  � .� .: �&�'!-"&�2$,"'   " -'0  $2-
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3"0"+' !�#  %&�0*8�',,� -" . 
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0*8�',,� -" »; �"0"( , 1978� . 
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"6�&"7�& , � -&�# -2�  &'�4�"&4:;''  %,'20$-"+' !�'  %&�%�&1"�,$�/,� -
",-'�&$�/,�'    0' -,*0  6$)$-+"!�0  �� 3.32-5 1, [9�'!-&�,,*#  &' 4& ] URL: 
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6$)$+ ,$4!"  "  -'3,"!" . 	 �7',,�  $!-4$�/,�  2�%&� *  ",-', "."!$1""   -�(-  2 +$ -,� -"  
)�(   48!" . 9-�   2(6$,�    -'0 , +-�   48"�/,� --'&0"+' !"'  %&�1'  *  (2�(:- (  �),"0"  "6 
 $0*3  &$ %&� -&$,',,*3  2�  0,��"3  �-&$ �(3  %&�0*8�',,� -" . 	-   -'%',"  "3   �2'&8', -
 -2$ 6$2" (-  -'3,"!� -<!�,�0"+' !"'  %�!$6$-'�"  %&�"62�) -2$  2 1'��0  "  !$+' -2',,*'  3$-
&$!-'&" -"!"  2*%4 !$'0�#  %&�)4!1"" . 

� %��/6�2$,"'  $!-"2,*3  �")&�)",$0"+' !"3  &'�"0�2 , -$!"3  !$! : 2"7&�!"%(;"# , 
$<&�2"7&�!"%(;"#  "  - .) . 2 %&�1'  '   48!"  6,$+"-'�/,�  ",-', "."1"&4:-  %&�1'  , %�-
 !��/!4  %�62��('-  42'�"+"-/  %�2'&3,� -/  !�,-$!-$  0'�)4  +$ -"1$0"  0$-'&"$�$  "   4-
8"�/,*0  $�',-�0 . �$   +'-  <-���  4�4+8$'- (  " %$&',"'  2�$�"  "6 0$-'&"$�$  "   �!&$;$'- (  
%&�)���"-'�/,� -/   48!" . ��6)'# -2"'  -$!"3  &'�"0�2  0��'-  7*-/   4;' -2',,�  42'�" -
+',�  6$  +'-  ,' -$1"�,$&,� -"  %&�1'  $  -'%��0$  �%'&')$+"  %&"  48!'  6'&," -*3  0$-' -
&"$��2 . �' -$1"�,$&,� -/  0��'-  7*-/   �6)$,$  %4�/ $1"�,,�#  %�)$+'#  �$6��7&$6,���  -' -
%��,� "-'�( .  

�  +$ -,� -" , %&" �7&$7�-!'  2* �!�2�$�,*3 , 0$-'&"$��2  2�6,"!$:-   '&/'6,*'  
-&4),� -"  2 � ,�2,�0  "6 6$ �")&�)",$0"+' !�#  ,'4 -�#+"2� -"  % '2)���"�',,���   ��( , 
%&�(2�(:;'# (  2 6$ -&'2$,""  +$ -"  �7&$7$-*2$'0���  0$-'&"$�$  ,$  &'8'-!'  "  - .) . 	 -
���,(:;"0  .$!-�&�0  �+',/  +$ -�  (2�('- (  6,$+"-'�/,*#  4,�   43���  %&�)4!-$ "  '��  " -
-"&$,"' . 

��60��,� -"  ",-', "."!$1""  %&�1'  $   48!"  )" %'& ,*3  0$-'&"$��2  2 !"%(;'0  
 ��'  ,$%&(04:   2(6$,*    %&"0',',"'0  '��  &$6,�2"),� -'# , 2 +$ -,� -"  "0%4�/ ,���  
 ��( . 	7�$)$(  2 '0"  %&'"04;' -2$0"  !"%(;'��   ��( , "0%4�/ ,*#  %�62��('-   -$7"�"6" -
&�2$-/  �")&�)",$0"!4 , 4�4+8"-/  %'&'0'8"2$,"'  �7&$7$-*2$'0���  0$-'&"$�$ , 40',/8"-/  
'��  4,�  "  " -"&$,"' .  

�  %&�1'  '  %&"0',',"(  "0%4�/ ,���  %�-�!$  �$6$ 0��,�   �6)$-/   "-4$1":  %&" �%-
&')'�',,*3  +$ -�-$3  %4�/ $1""  -'%��$�',-$ , !��)$  +$ -"1*  (6'&,$) -2'&)�#  .$6* , � -$2$ -
( /  2 ,'%�)2"�,�0   � -�(,"" , "�0*2$:- ( " 2��,$0"  %�-�!$  -'%��$�',-$ . 
$!�#  "0%4�/ -
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,*#   ��#  �7�$)$'-  &()�0  %&'"04;' -2  %�  &$2,',":    �7*+,*0  % '2)���"�',,*0   �� -
'0 .  

�&"0'&  4 -&�# -2$   48"�!"    %4�/ "&4:;'0  ("0%4�/ ,*0   ��'0 ) %&') -$2�',  ,$  
&" 4,!'  1.  

�48"�!$   � -�"-  "6 2'&-"!$�/,�#  8$3-*  1 %&(0�4���/,���   '+',"(    6$�&46�+,*0  
74,!'&�0  2 "  &$6�&46�+,*0  4 -&�# -2�0  3, %$-&47!$ 4 )�(  %�)2�)$  "  %$-&47!$ 5 )�(  �-2� -
)$  48"�/,���  $�',-$ . �,4-&"  8$3-*  1 )&4�  ,$)  )&4��0  4 -$,�2�',*    ,$!��,�0  %'&.� -
&"&�2$,,*'  %��!"  6, �7&$64:;"'  6"�6$���7&$6,*#  !$,$�  )�(  %'&'0';',"(  2* 48"2$'0� -
��  0$-'&"$�$  �-  6$�&46�+,���  74,!'&$  2 !  &$6�&46�+,�04 4 -&�# -24  3.  

�'&.�&"&�2$,,*'  %��!"  6 2*%��,',*  2 2")'  ��-!�2    %'&.�&"&�2$,,*0  ),";'0  
"  7�!�2*0"   -',!$0"  7. �'&3,"'   !&�0!"  8 %'&.�&"&�2$,,*3  %���!  6  �')",',*   �   -', -
!�#  8$3-*  1 8$&,"&$0"  9, $ ,"�,"'  10 – %�)2'8',*  ,$  2",-�2*3  %&4�",$3   !  6$!&'%-
�',,*0  ,$   -',!$3  8$3-*  1 !&�,8-'#,$0 , +'0  "  �7' %'+"2$'- (  2�60��,� -/   �2'&8$-/  
!��'7$-'�/,*'  )2"�',"(  %���!  6 2 2'&-"!$�/,�#  %�� !� -"  2 2")'  4���2*3  !��'7$,"#  �- -
,� "-'�/,�   8$&,"&�2  .  

�48"�!$  &$7�-$'-   �')4:;"0  �7&$6�0 . �6  74,!'&$  2 2  48"�!4  ,'%&'&*2,�  %�)$-
'- (  ,$  2'&3,::  %'&.�&"&�2$,,4:  %��!4  2* 48"2$'0*#  0$-'&"$�  "  %'&'0';$'- (  2 2" -
)'   %��6$:;'��  2)��/  %���!   ��(  %� 6"�6$���7&$6,�#  -&$'!-�&""  2,"6  8$3-*  1, �-!4)$  
�-2�)"- (  ,'%&'&*2,�  +'&'6  &$6�&46�+,�'  4 -&�# -2�  3, $ +'&'6  8-41'&  4 2 8$3-4 %� -4-
%$'- 2 %4�/ $1"�,,�0  &'�"0'   48"�/,*#  $�',- , !�-�&*#  )2"�$( /   ,"64  22'&3 %&�3�)"-  
+'&'6  �-2'& -"(  %'&.�&"&�2$,,*3  ),"; , �7)42$'-  +$ -"1*  ,$3�)(;'�� (  ,$  ,"3   ��(  2* -
 48"2$'0���  0$-'&"$�$  "  �-2�)"- (  "6 8$3-*  +'&'6  %$-&47�! 5.  


$!  !$!  %�)$+$  48"�/,���  $�',-$  � 4;' -2�('- (  %4�/ $1"�,,� , -�  !�, ��/,�  
%�)2'8',,*'  ,$  %&4�",$3  %��!"  %�)2'&�$:- (  %4�/ $1"�,,�04   "��2�04  2�6)'# -2":  
"6-6$ %'&"�)"+' !���  "60',',"(  &$6,� -"  )$2�',"(  0'�)4  %�)%���+,*0"  "  ,$)%���+,* -
0"  �7�$ -(0" , 2 �') -2"'  +'��  2�6,"!$'-  "3  2"7&$1"�,,�'  )2"�',"'  2 2'&-"!$�/,�#  
%�� !� -"  2 2")'  4���2*3  !��'7$,"#  �-,� "-'�/,�  8$&,"&�2 . 

 

 
�" 4,�!  1 – �48"�!$    "0%4�/ ,*0   ��'0 . 

 
�&"  2"7&$1""  %'&.�&"&�2$,,*3  %���!  6 2* 48"2$'0*#  0$-'&"$�  ,'%&'&*2,�  

2 -&(3"2$'- ( , &$2,�0'&,�  &$ %&')'�(( /  %� "3  %�2'&3,� -" , %'&'0';$'- (  !  ,"�,'#  
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!&�0!'  %���!  "  %'&' *%$'- (    2*8'&$ %����',,�#  %��!"  ,$  ,"�'&$ %����',,4:  +'&'6  
6$6�& 0'�)4  ,"�,"0  !&$'0  %��!"  "   -',!�#  8$3-* . �!�&� -/  %'&'0';',"(  0$-'&"$�$  
2)��/  %���!  0��,�  &'�4�"&�2$-/ , "60',((  "3  4���  ,$!��,$  "  $0%�"-4)4  !��'7$,"#  %4-'0 
"60',',"(  )�",*  "  �' -!� -"  2",-�2*3  %&4�", . 

�&"  �),�2&'0',,�0  2�6)'# -2""  ,$  ,$3�)(;"# (  ,$  %��!$3  2* 48"2$'0*#  0$-' -
&"$�  2"7&$1""  "  ."�/-&$1"�,,���  %�-�!$   48"�/,���  $�',-$   �6)$'- (  &'�"0  2"7&�$<&�-
!"%(;'��   ��( .  

�  2"7&�$<&�!"%(;'0   ��'  +" ��  % '2)���"�',"(  2*8'  �-,� "-'�/,�  '��  6,$+',"(  
7'6 2"7&$1"" , +-�  %&"2�)"-  !  42'�"+',":  !�<.."1"',-$  -'%���-)$+"  !�,2'!-"2,���  -'%-
���70',$  2 2* 48"2$'0�0  0$-'&"$�' . �&�0'  -��� , 42'�"+',":  !�<.."1"',-$  -'%���-)$ -
+"   %� �7 -24'-  "  ,' -$1"�,$&,� -/  �")&�)",$0"+' !���  "  -'0%'&$-4&,���  %��'#  2 2* -
 48"2$'0�0  0$-'&"$�' , 2�6,"!$:;$(  2 �') -2"'  %4�/ $1"�,,���  -'+',"(  +'&'6  ,'��   4-
8"�/,���  $�',-$ . �"7&�$<&�!"%(;"#  &'�"0   ��(  2* 48"2$'0���  0$-'&"$�$  "  ,' -$1"� -
,$&,� -/  '��  -'0%'&$-4&,���  %��(  ",-', "."1"&4:-  %&�1'    48!" , 42'�"+"2$(  -'0   $-
0*0  "  %&�"62�)"-'�/,� -/   48"�!" .  

�'�"0  2"7&�$<&�!"%(;'��   ��(  2* 48"2$'0���  0$-'&"$�$  "  %4�/ $1"�,,$(  %�)$-
+$  48"�/,���  $�',-$   %� �7 -24:-  ",-', "."!$1""  %&�1'  $  -'%��0$  �70',$  "   !�&� -
 -"  4)$�',"(  "6 2* 48"2$'0���  0$-'&"�$  2�$�"  7'6  �6)$,"(  2* �!�#   !�&� -"   48"�/ -
,���  $�',-$  2 8$3-'  1, +-�  40',/8$'-  '��  ,'�73�)"0*#  &$ 3�) , $ 6,$+"-  "  <,'&��6$-&$-* .  

�&�0'  -��� , �-&$�$-'�/,*'  %'&'��&�)!"   "  7�!�2*'   -',!"  %'&.�&"&�2$,,*3  %�-
��!  ,�7&$64:;"'  %,'20�6$-2�& , "  %'&'��&�)!"  ,  2�7�),�  !$+$:;"' (  ,$  8$&,"&$3, %&'-
%(- -24:-   2�7�),�04  %'&'-'!$,":   48"�/,���  $�',-$  "6 %�)%���+,���  %&� -&$, -2$ 2 
,$)%���+,�' , 42'�"+"2$(  -'0   $0*0  '��  ."�/-&$1"�,,*#  %�-�!  +'&'6  �-2'& -"(  %'&.� -
&"&�2$,,*3  %���!  6, +-�   %� �7 -24'-   ,"�',":  &$ 3�)$   48"�/,���  $�',-$ , $ 6,$+"- , "  
40',/8$'-  <,'&��6$-&$-*  ,$   48!4 . 


$!"0  �7&$6�0 , %&')�$�$'0$(  !�, -&4!1"(   48"�!"    "0%4�/ ,�#  %�)$+'#   4-
8"�/,���  $�',-$  "   �6)$,"'0  &'�"0$  2"7&�$<&�!"%(;'��   ��(  2* 48"2$'0���  0$-'&"$�$  
6$  +'-  ,$%�&$ %�-�!$   48"�/,���  $�',-$  %�62��('-  6,$+"-'�/,�   �!&$-"-/  &$ 3�)   4-
8"�/,���  $�',-$ , %�2* "-/  %&�"62�)"-'�/,� -/   48"�!" . 

 
 

'���'������$�  ��'��� ����  ��������  ��&�� �!�"   
��  �������� )���  �����'����  

�43�2  � .� . -  ! .- ., ., )�1',-  !$.')&*  ��
  
5�" ''2  � .� .  - ! .- ., ., 6$2. !$.')&�#  ��
  
�*7$,�2  � .� . - ! .- ., ., 6$2. !$.')&�#  ��
  

����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) <�2��  ��  «��������*'%�+  
��'"*��'&,���-+  &�.��#�'%�+  "��,��'�&�& » ���  ((����� ) ������� , � . ����'%�+   

 
� '  ,$%&$2�',"(  ,$4+,� --'3,"+' !���  &$62"-"( ,$  -&$, %�&-'  26$"0� 2(6$,*  [1-4]. 

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

�,��1��'&,�,�����  ��0�#�.  $��)�''�,  �,&���0�� �-.  ��
 . �$62"-"'   �2&'0', -

,���  $2-�0�7"�/,���  )2"�$-'�' -&�',"(  %&�" 3�)"-  2�  2&'0(  %� -�(,,�  4�' -�+$:;"3 -
 (  <!����"+' !"3  -&'7�2$,"# . �$&()4    ��&$,"+',"'0  2*7&� �2  -�! "+,*3   � -$2�(:;"3  
�-&$7�-$28"3  �$6�2 (	
 ) )2"�$-'�(0"  2,4-&',,'��   ��&$,"(  (��� ), "6)$,*  '2&�%'# !"'  
)"&'!-"2*  %�  �!&$;',":  2*7&� �2  )"�! ")$  4��'&�)$ . 9-�  2*6*2$'-  ,'�73�)"0� -/   
%� -�(,,�#  &$7�-*  ,$)   �2'&8', -2�2$,"'0  &$7�+"3 %&�1'  �2  $2-�0�7"�/,*3  ��� , 2 
-�0  +" �'  &$ 8"&',"(   %'!-&$  $2-�0�7"�/,*3  -�%�"2 . �  !$+' -2'  0�-�&,���  -�%�"2$  )�(  
���  2 '  8"&'  " %��/64:- (   �"�',,*#  4��'2�)�&�),*#  "  %&"&�),*#  (!$!  !�0%&"0"&� -
2$,,*# , -$!  "   �"�',,*# ) �$6* . �3  %����"-'�/,*'   2�# -2$  3�&�8�  "62' -,* : 7��''  
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8"&�!"'  !�,1',-&$1"�,,*'  %&')'�*  2� %�$0',',"( , �4+8"'  $,-")'-�,$1"�,,*'   2�# - -
2$, 0',/8$(   -�"0� -/  %� �-,�8',":  !  7',6",4  "  )"6'�/,�04  -�%�"24 . �  ,$ -�(;''  2&'-
0(  +$;'  2 '��  &'$�"64'- (  !�,1'%1"(  )243-�%�"2,���  )2"�$-'�( . �4-/  ''  6$!�:+$'- (  2 
-�0 , +-�  ,$  $2-�0�7"�/    7',6",�2*0  ���  4 -$,$2�"2$'- (  �$6�7$���,,�'  �7�&4)�2$,"' , 
�7' %'+"2$:;''  &$7�-4 )2"�$-'�(  ,$  �$6' . �&"  <-�0  �$6�2�'  -�%�"2�  "0''-   %'1"."+' -
 !"'  ."6"!� -3"0"+' !"'   2�# -2$ , �-�"+,*'  �-  7',6",$ .  9-�  �7 -�(-'�/ -2�  ,'�73�)"0�  
0$! "0$�/,�  4+"-*2$-/ , +-�7*  %�2* "-/  <..'!-"2,� -/  " %��/6�2$,"(  �$6$ 2 -&$, %�&--
,*3  ��� . �  <-�#   2(6"  !&$#,'  $!-4$�/,*0"  (2�(:- (  2�%&� *  �&$0�-,���  0�,-$�$  "  ,$ -
 -&�#!"  �$6�7$���,,���  �7�&4)�2$,"(   

   ��!&$;',":  &$ 3�)$  -�%�"2$  ,'.-(,���  %&�" 3��)',"(  ���  "  4�4+8',":  "3  
<!����"+' !"3  %�!$6$-'�'#  0��'-   %� �7 -2�2$-/  " %��/6�2$,"'  2�)�&�)$ . 	),$!� , 8" -
&�!�04  %&"0',',":  2�)�&�)$  2 !$+' -2'  -�%�"2$  ���  %&'%(- -24'-  &()   '&/'6,*3  %&�-
7�'0 : �-,� "-'�/,$(  )�&���2"6,$  '��  %��4+',"(  2 7��/8"3  !��"+' -2$3 ,  ���,� -/  3&$-
,',"(  '��  6$%$ �2 ,$  7�&-4 -&$, %�&-,���   &') -2$  "  )&. ��<-�04  %&"  �2&'0',,�0  4&�2-
,'  &$62"-"( -'3,"!"  "  ",.&$ -&4!-4&*  ,$"7��''  1'�' ��7&$6,�  " %��/6�2$-/  2�)�&�)  
�"8/  !$!  )�7$2!4  !  )&4�"0  2")$0  -�%�"2$ .  

��&�8"'  &'64�/-$-*    -�+!"  6&',"(   <,'&��<!����"+' !"3  %�!$6$-'�'#  )2"�$-'�(  
)$:-  )�7$2!"  2 7',6�2�6)48,4:   0' /  2�)�&�)� �)'&�$;'����   ",-'6 -�$6$, )� -$-�+,*'  
!��"+' -2$  !�-�&���  0��4-  7*-/   �','&"&�2$,*  ,'%� &') -2',,�  ,$  7�&-4 $2-�0�7"�( . 

9-�  �7' %'+"2$'-  2�60��,� -/  " %��/6�2$,"(  2* �!"3   -'%','#   �$-"(  2 ���    
" !&�2*0  6$�"�$,"'0 , +-�  7�$��%&"(-,�   !$6*2$'- (  ,$  -�%�"2,�#  <!�,�0"+,� -"  )2"�$ -
-'�( . �  %&�%$,, "  74-$,  �4+8'  7',6",$   0'8"2$:- (    2�6)43�0 , %�<-�04  2 %&�1'  '   0' -
 '�7&$6�2$,"(  ��-�2"- (  7��''  ��0��',,$(  -�%�"2�2�6)48,$(   0' / , !�-�&$(  7��''  %��,�  
 ��&$'-  2 )2"�$-'�' . �� �'),'04  �7 -�(-'�/ -24  -$!�'   %� �7 -24:-  7��''  8"&�!"'  %&'-
)'�*  2� %�$0',',"(  4��'2�)�&�),*3  �$6�2. �&"  " %��/6�2$,""  �$6$ 2 !$+' -2'  -�%�"2$  
)�(  $2-�0�7"�/,*3  )2"�$-'�'#  " !�:+$'- (  2�60��,� -/  %�%$)$,"( �")!�#  .$6*  2 1" -
�",)&*  ��� , 2 �') -2"'  +'��   ,"�$'- (   0*2$,"'  0$ �(,�#  %�',!"   �   -',�!  1"�",)&$  "  
6$0')�('- (  "6,$8"2$,"'  1"�",)&�%�&8,'2�#  �&4%%*. �&�!   �4�7*  0�-�&,���  0$ �$  
42'�"+"2$'- (  2 1,5…2 &$6$, $ &$ 3�)  '��  2 <! %�4$-$1""  40',/8$'- (  ,$  15…20 %. 

�&"&�),*#  �$6 !$!  0�-�&,�'  -�%�"2�  �7�$)$'-  &()�0  %&'"04;' -2 . 
$! , �,   �)'& -
�"-  0',/8'  4��'&�)$  (0$  �2$(  )��(  2 -�%�"2'  0,794 %&�-"2 0,85 4 7',6",$ ), +-�   %� �7 -
 -24'-   ,"�',":  !�,1',-&$1""  CO2 2 �-&$7�-$28"3  �$6$3. ��   &$2,',":    )"6'�/,*0"  
)2"�$-'�(0"  4 ��� , " %��/64:;"3  2 !$+' -2'  -�%�"2$  %&"&�),*#  �$6, CO2 0',/8'  ,$  13 
%, $ %�  &$2,',":    7',6",�2*0"  )2"�$-'�(0"  – ,$  25 %.  
$6��7&$6,�'   � -�(,"'  %&"-
&�),���  �$6$ %�62��('-  <..'!-"2,�  %&�2�)"-/  %&�1'    0' '�7&$6�2$,"( .  �� !��/!4  
%��-,� -/  0'-$,$  0',/8' , +'0  4 2�6)43$, %� -��/!4  <-�  �7' %'+"2$'-  7'6�%$ ,� -/  %&"-
0',',"(  %&"&�),���  �$6$ – %&" $2$&"#,*3   "-4$1"(3  �$6 43�)"-  2 2'&3,"'   ��"  $-0� .' -
&* .  
$!�'  !$!  "  ��
  %&"&�),*#  �$6 �7�$)$'-  2* �!�#  )'-�,$1"�,,�#   -�#!� -/: . �&" -
&�),*#  �$6 !$!  0�-�&,�'  -�%�"2�  �7�$)$'-  &()�0  %&'"04;' -2 ..   

 	),$!�  %&"&�),*#  �$6 �7�$)$'-  &()�0  ,')� -$-!�2 . �  ,"0 , 2 +$ -,� -"  �-,� (- ( :  
- 3&$,',"'  ,$  7�&-4 -&$, %�&-,���   &') -2$  %�) 2* �!"0  )$2�',"'0  "�"  %&" !&"��',,*3  
-'0%'&$-4&$3 -&'74'-  )�2��/,�  2,48"-'�/,*3  %� �$7$&"-$0 "  0$  '  7$���,�2  "�"  7$!�2  , 
+-�  %&"2�)"-  !   �!&$;',":  %&�7'�$ $2-�0�7"�(  0'�)4  6$%&$2!$0"; - ,"6!$( , %�  &$2,' -
,":    7',6",�0 ,  -'0%'&$-4&$ ��&',"( , +-�  %&"2�)"-  !  42'�"+',":  2&'0',"  %&��&'2$ !$ -
-$�"-"+' !���  ,'#-&$�"6$-�&$  	),$!� , ' �"  0$! "0$�/,�'  6,$+',"'  <..'!-"2,���  ���  
)2"�$-'�(  %&" &$7�-'  ,$  2�)�&�)'  2*8' , +'0  %&" &$7�-'  ,$  7',6",' , -�  <..'!-"2,$(  0�; -
,� -/  6$0'-,�  %$)$'-. �� �'),''  �74 ��2�',�  �+',/  ,"6!�#  %��-,� -/:  2�)�&�)$ , +-�  
%&"2�)"-  !  40',/8',":  ,$%��,',"(  )2"�$-'�(  -�%�"2�0 . �$%&"0'& , %&"  -'3"�0'-&"+' -
 !�0   � -$2'   0' "  �$6��7&$6,*#  2�)�&�) , %�)$2$'0*#  20' -'    2�6)43�0 , 6$,"0$'-  %�+-"  
30 % �7C'0$  1"�",)&$ , -��)$  !$!  &$ %*�',,*#  "  " %$&',,*#  7',6",  – -��/!�  2…4 %. �  
1'��0  %'&'2�)  ,$  2�)�&�)  2*6*2$'-   ,"�',"'  0�;,� -"  )2"�$-'�(  2  &'),'0  ,$  20…25 
%. 
'0%'&$-4&$ 2� %�$0',',"(  2�)�&�),*3   0' '#  2*8' , +'0  4��'2�)�&�),*3 , �),$!�  



 100 

7�$��)$&(  7��''  ,"6!"0  6,$+',"(0  <,'&�""  $!-"2$1""  )�(  2� %�$0',',"(  2�)�&�)$  -&' -
74'- (  0',/8''  !��"+' -2�  <,'&�"" . 5","0$�/,$(  <,'&�"(  2� %�$0',',"(  2�)�&�)$   � -
 -$2�('-  0,02 0��  %&�-"2 0,28 0��   4 7',6",$  "  0,23 0��  4 0'-$,$ . ��)�&�)�2�6)48,*'  
 0' "  3$&$!-'&"64:- (  2* �!�#   !�&� -/:   ��&$,"(  2 )2"�$-'�' , %&"+'0 2  -'3"�0'-&" -
+' !�#  �7�$ -"   ��&$,"'  %&�-'!$'-  %&$!-"+' !"  %&" %� -�(,,�0  �7C'0' . 5'&�%&"(-"( , 
,$%&$2�',,*'  ,$  <!�,�0":  -�%�"2,� -<,'&�'-"+' !"3   &' 4& �2  ,$  %&')%&"(-"(3 $2-�0� -
7"�/,���  -&$, %�&-$, (2�(:- (  %&"�&"-'-,*0" . �  ,"0  �-,� "- ( , 2 -�0  +" �' , %'&'2�)  
$2-�0�7"�/,���  -&$, %�&-$ !  " %��/6�2$,":  2 !$+' -2'  -�%�"2$  4��'2�)�&�),*3  �$6�2.  
�  <-�#   2(6"  �"1$   2(6$,,*'    <! %�4$-$1"'#  �$6�0�-�&,*3  )2"�"-'�'#  )���,*  6,$-/  
-'3,"+' !"'  -&'7�2$,"(  !  �$6�7$���,,�04  �7�&4)�2$,": , 4 -$,$2�"2$'0�04  ,$  -&$, -
%�&-,�'   &') -2� , '��  0�,-$�4  "  ,$ -&�#!' , 40'-/  �%&')'�(-/  � ,�2,*'  ,'" %&$2,� -"  
�$6�7$���,,*3   " -'0  "  )$2$-/  6$!�:+',"(  �  0'-�)$3  "3  4 -&$,',"( . 

����������   &�.�������  eye-trecking ��  �,&���0�� ���  &���'$��&� . Eye-tracking 
– -'3,����"( , !�-�&$(  %�62��('-  �- �'�"2$-/  )2"�',"'  26��()$  +'��2'!$ . Eye-trecking 
0��'-  7*-/  " %��/6�2$,  ,$  $2-�-&$, %�&-'  )�(  &'8',"(   �')4:;"3  6$)$+ 7'6�%$ ,� -"  
)2"�',"( : 

1)  �6)$,"'  4 -&�# -2$  7)"-'�/,� -" , $ -$!�'  0'-�)"!  0�,"-�&",�$  7)"-'�/,� -"  
2�)"-'�( ; 

2) �- �'�"2$,"'  ,$%&$2�',"'  26��()$  2�)"-'�(  (' �"  2�)"-'�/  �-2�'+'-  2,"0$,"'  
�-  )�&��"  )��/8'  +'0  ,$  ,' !��/!�   '!4,) , $2-�0�7"�/  %&')4%&')"- '��  �7  <-�0  624!� -
2*0   "�,$��0 ); 

��(  &'8',"(  4!$6$,,*3  2*8'  6$)$+ ,'�73�)"0�  "60'&',"'   �')4:;"3  %$&$0'--
&�2: $0%�"-4)$ ; +$ -�-$  0�&�$,"# ; +$ -/  2&'0'," , !��)$  ��$6$ 6$!&*-*  (0�&�$,"' ).  �$, -
,*'  %$&$0'-&* 0��4-  7*-/  �%&')'�',*  2 &'$�/,�0  &'�"0'  2&'0'," , ,$  � ,�2'  !��&)",$-  
26��()$  2�)"-'�( , 2�62&$;$'0*3  eye-&��%���� . 	),�#  "6 � ,�2,*3   � -$2�(:;"3  0'-� -
)"!"  0�,"-�&",�$  7)"-'�/,� -"  (2�('- (  7$6$ %&$2"� �1',!"  7)"-'�/,� -"  2�)"-'�(  ,$  
� ,�2'  %$&$0'-&�2, "60'&('0*3  eye-&��%���� .  

 �2
�
23�
 : 
1) �$ "�/'2  � .� ., �*7$,�2  � .� . �  �')�2$,"'  %&��&$00,*3   &') -2  �%-"0$�/,�#  4!�$) -
!"  �&46�2 2 -&$, %�&-,�'   &') -2�  // NovaInfo.Ru. 2015. 
 . 2. =  32. � . 14-18. 
2) �'7')", !"#  � .� ., �*7$,�2  � .� . �2-�0$-"6$1"(  0�,"-�&",�$  -�%�"2$  2 &'6'&24$&$3 
$6  ,$  7$6' "60'&"-'�/,���  !�0%�'! $  «�-&4,$ »   1'�/:  %�2*8',"(  <..'!-"2,� -"  %&"-
,"0$'0*3  &'8',"#   %'1"$�" -�0  �-)'�$  ���" -"!"  // 5���)�#  4+',*# . 2014. =  7. � . 35-
40. 
3) 5�" ''2  � .� ., �"�(��2  5 .� ., �*7$,�2  � .� . �" -'0$  ")',-"."!$1""  2�)"-'�(  ,$  %&"-
0'&'  -4&" -"+' !���  0'�)4��&�),'��  $2-�74 $  ����$,",  5285 // �' -,"!  0$�" -&$-4&* . 
2013. =  5 (20). � . 63-67. 
4) 5�" ''2  � .� ., �" $&'2  � .� . 
$3�!�,-&��/  !$!  ", -&40',-  %�2*8',"(  7'6�%$ ,� -"  
)2"�',"(  $2-�-&$, %�&-$  // �2-�0�7"�/,$(  %&�0*8�',,� -/ . 2014. =  3. � . 22-23. 
 

������  �������  �  ��@1��  ��&���-�&  !����  '��   
'�����������  �������  �������  

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

��������*'%���  ��'"*��'&,������  &�.��#�'%���  "��,��'�&�&�  
 
�&�"62�) -2�  !$&7")$  !&'0,"(   �%&�2��)$'- (  2*7&� $0"  �$6�2. 	 ,�2,�'  !��"+' -

 -2�  �-3�)(;"3  �$6�2 2*)'�('- (  2�  2&'0(  <�'!-&�-'&0"+' !�#  %�$2!"  "  2�  2&'0(  �3�$� -
)',"(  "  )48"&�2$,"(  %'+"   8"3-�# .[1]  

�   ��-2'- -2""    0$-'&"$�/,�0  7$�$, �0  %'+", [4] 6$ �),4  !�0%$,":  2*)'�('- (  1.7 
-�,,*  �! ")$  4��'&�)$  ,$  -�,,4  ��-�2���  !$&7")$  !&'0,"( . ����$ ,�  &$7�-$0 [4, 1] �7CA0 
�! ")$  4��'&�)$  6$ �),4  !�0%$,":  �-  �7;'��  �7CA0$ �-3�)(;"3  �$6�2  � -$2�('-  65 %. 
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�&"  %&�"62�) -2'  !$&7")$  !&'0,"(  2 %'+" �&46�%�)C'0,� -/:  80 -�,,   ",-'6"&4'- (  10 
-�,,  ��-�2���  !$&7")$  !&'0,"( [5], $,  �')�2$-'�/,� , 2*)'�('- (  177.110 =×  -�,,  �! ")$  
4��'&�)$ . �*)'�',"'  �! ")$  4��'&�)$  %&�" 3�)"-  -��/!�  ,$   -$)""  <�'!-&�-'&0"+' !�#  
%�$2!" . �  )$�/,'#8'0  �! ")  4��'&�)$  %&" "67*-!'  !" ��&�)$  �!" �('- (  )�  )"�! ")$  4� -
�'&�)$ , !�-�&*#  4�'-$'-  2 $-0� .'&4 :  

2CO + O2 = 2CO2. 
	7;"#  �7CA0 �-3�)(;"3  �$6�2 %&" %&�"62�) -2'  !$&7")$  !&'0,"(  6$ �),4  !�0%$-

,":    %'+/:  �&46�%�)CA0,� -/:  80 -�,, ,  � -$2�('-  

1.26
%65

%100-�,,17
=

×
 -�,,* . 

���"+' -2�  2�)�&�)$  (2 -�0  +" �'  %$&* 2�)* )  ���$ ,�  &$7�-'  [4] 6$ �),4  %�$2!4  � -
 -$2�('-  30 % �-  �7;'��  �7CA0$ �-3�)(;"3  �$6�2.  

�&"  %&�"62�) -2'  !$&7")$  !&'0,"(  2 %'+" �&46�%�)C'0,� -/:  80 -�,,  2*)'�('- (  

7840
%100

%30-�,,*1.26
=

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

�   ��-2'- -2""    &4!�2�)(;"0"  %&",1"%$0" ,$1"�,$�/,*3  ",2',-$&"6$1"#  %$&,"-
!�2*3  �$6�2 [6] 6$ �),4  !�0%$,":  2*)'�('- (  11.6 !�  0'-$,$  ,$  -�,,4  ��-�2���  !$&7")$  
!&'0,"( . �$�"+"'  0'-$,$  �74 ��2�',�  %&" 4- -2"'0  )&'2' ,*3  �%"��!  2 8"3-' . �&"  
%&�"62�) -2'  !$&7")$  !&'0,"(  2 %'+" �&46�%�)C'0,� -/:  80 -�,,   ",-'6"&4'- (  10 -�,,  
��-�2���  !$&7")$  !&'0,"( [5], $,  �')�2$-'�/,� , 2*)'�('- (  1166.1110 =×  !�  0'-$,$ . �-�  
 ��-2'- -24'-  

44.0%100
1.26

116.0
=×  % �-  �7;'��  �7CA0$ �-3�)(;"3  �$6�2. 

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

��)'&�$,"'  2 �-3�)(;"3  �$6$3  '&�2�)�&�)$  "  )"�! ")$   '&*  �74 ��2�',�  %&" 4--
 -2"'0  2 ,'.-(,�0  !�! '  )�  5 %  '&* . �'&$  26$"0�)'# -24'-    !" ��&�)�0  "  2�)�&�)�0 , 2 
&'64�/-$-'  +'��  �7&$64:- (   '&� �)'&�$;"'  �$6* : )"�! ")   '&*  "   '&�2�)�&�) . �  �-3� -
)(;"3  �$6$3  �)'&�"- (  )�  3 %  '&," -*3  �$6�2. [1, 2, 3]. 

�&"  %&�"62�) -2'  !$&7")$  !&'0,"(  2 %'+" �&46�%�)C'0,� -/:  80 -�,,  2*)'�('- (  

784
%100

%3-�,,*1.26
=

×
 !�   '&," -*3  �$6�2. 

�&"  <-�0   �')4'-  �-0'-"-/ , +-�   '&," -*'  �$6*   ��&$:-  ,$)  %�2'&3,� -/:  %'+" %� 
&'$!1""  ��$4 $ , 2 &'64�/-$-'  +'��  +$ -/   '&$   47�"0"&4'- (  ,$  %�2'&3,� -"  %'+"   8"3 -
-�# . ��')�2$-'�/,� , ,$   -$)""  <�'!-&�-'&0"+' !�#  %�$2!"  ,'  2' /  �7CA0  '&* , $ 6,$+"-  "  
 '&," -*3  �$6�2, 4�'-4+"2$'- (  2 $-0� .'&4 , "  "3  +$ -/  %'&'3�)"-  ,$   �')4:;4:   -$)":  
�3�$�)',"(  %'+". 

�  -$7�"1'  1 %&"2')',,*#  !��"+' -2',,*#   � -$2  �-3�)(;"3  �$6�2 %&" %&�"62�) -2'  
!$&7")$  !&'0,"(  6$ �),4  !�0%$,":    %'+/:  �&46�%�)CA0,� -/:  80 -�,, [1, 2, 4, 5]. 


$7�"1$  1 ���"+' -2',,*#   � -$2  �-3�)(;"3  �$6�2 %&" %&�"62�) -2'  !$&7")$  !&'0 -
,"(  6$ �),4  !�0%$,":    %'+/:  �&46�%�)CA0,� -/:  80 -�,, . 

=  
%/% 

	-3�)(;"#  �$6 5$  $  �-3�)(;'��  �$6$, !�  ��)'&�$,"'  �$6$ 2 �7;'0  
�7CA0'  �-3�)(;"3  �$6�2, 
% 

1. 	! ")  4��'&�)$  17000 65 
2. 5'-$,  116 0.44 
3. �'&," -*'  �$6*  ()"�! -

 ")   '&* ,  '&�2�)�&�) ) 
784 3 

4. ��)�&�)  "  %$&* 2�)*  7840 30 
5. �&4�"'  �$6*  413 1.56 
6. �-���  26153 100 
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$!"0  �7&$6�0 , %&" %&�"62�) -2'  !$&7")$  !&'0,"(  6$ �),4  !�0%$,":  2*)'�('- (  )�  
26 -�,,  �-3�)(;"3  �$6�2, 2 -�0  +" �'  "  ()�2"-*3 . ��<-�04  ,$  %&�"62�) -2'  !$&7")$  
!&'0,"(  )���,�  4)'�(-/ (  7��/8�'  2,"0$,"'  �+" -!"  �$6�2*3  2*7&� �2 . 

�%" �!  �"-'&$-4&*  
1. Aleonard, B., Di Pierro, S., Schwartz, M.Process for manufacturing silicon carbide. 
http://www.google.com/patents/US20140140915 
2. Pfingstl, H., Martyniuk, W., Ladage, A. Method of converting environmentally pollutant 
waste gases to methanol. http://www.google.com/patents/US5232951 
3. Foreløpig Sektorrapport Underlagsrapport til Forslag til handlingsplan for norske utslipp 
av kortlevde klimadrivere. Oslo Sektorrapport M90/2013. 
4. �&�"62�) -2�  $7&$6"2,*3 0$-'&"$��2  / � . � . ���47'��2$  ["  )&.] ; %�) &') . � . � . 
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&40',-$ . / � . 5 . ��2$�/+4!  ["  )&.] ; %�) �7; . &') . � . 5 . ��2$�/+4!$ . - 5� !2$  : 5$8",� -
 -&�',"' , 1984. - 286  . 
6. �*7&� *  3"0"+' !�#  %&�0*8�',,� -" / �4!�2�)(;"'  %&",1"%* ,$1"�,$�/,*3  
",2',-$&"6$1"#  %$&,"!�2*3  �$6�2 5
9�� , 2006. 
 
 

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

� . � . �$�04-�2 *, � . � . 
*8!'2"+ **, � . � . �2'-�"+,$( ** 
*<�2��  ��  ������� , ** ���  ((����� ) <�2��  ��  �������  

 

&47�%&�2�)*  "6 $&0"&�2$,,*3  %�$ -"!�2  (�� ) %&"0',(:- (  2 &$6�"+,*3  �-&$ -

�(3 , ,�  "3  � ,�2,*'  )� -�", -2$  - 2* �!"'  4)'�/,*'  %&�+,� -/  "  �' -!� -/ , � �7',,�  
2$�,*  )�(  !�, -&4!1"# , !&"-'&"'0  �%-"0"6$1""  !�-�&*3  (2�('- (  0$  $  !�, -&4!1"" . 
9-� , 2 %'&24: �+'&')/ , - $2"$1"�,,$(  "  !� 0"+' !$(  -'3,"!$ . 


&47�%&�2�)*  &$6�"+,���  ,$6,$+',"(  (2�(:- (  0,���!&$-,�   -$-"+' !"  ,'�%&' -
)'�"0*0"   " -'0$0"  ,'&'�4�(&,�#   -&4!-4&* , �,"  &$7�-$:-  2 4 ��2"(3  )",$0"+' !��� , 
 -$-"+' !���  "  0$��1"!��2���  ,$�&4�',"(  2,4-&',,"0  )$2�',"'0 ; &'$!1"(0"  �%�&; 0$ -
 �2*0"   "�$0" ; 4 "�"(0"  �-  0�,-$�,*3  ,$-(��2 ; 4 "�"(0"  -'0%'&$-4&,�#   $0�!�0%', -
 $1"" , 2�6,"!$:;"0"  2 -&47�%&�2�)'  %&" "60',',""  -'0%'&$-4&*  -&$, %�&-"&4'0�#  
 &')* , $ -$!�'  %&" %'&"�)"+' !"3  � -$,�2$3  "  %4 !$3  " -'0* . 

�&"   ���"28'# (  %&$!-"!'  %&�'!-"&�2$,"(  -&47�%&�2�)�2   �2�!4%,� -/  ,$�&4-
6�! , 3$&$!-'&"64:;"3  6$)$,,*#  &'�"0  ,$�&4�',"(  "   -$-"+' !"  ,'�%&')'�"04:  -&47�-
%&�2�),4:   " -'04 , 4+"-*2$'- (  -��/!�  ,$  <-$%' %&�2'&�+,���  &$ +A-$. �$ +'-  ,$  %&�+-
,� -/  2!�:+$'-  )2$ <-$%$. �$  %'&2�0 <-$%' 2*7"&$:-  &$60'&* %�%'&'+,*3   '+',"#  -&47, 
" 3�)(  "6 4 ��2"#  %&�"62�)"-'�/,� -"  "  %&�+,� -" . �$  <-�0  <-$%' ';'  ,'"62' -,*  2,4- -
&',,"'  4 "�"( , %�<-�04  &$ +'-  2')'- (  -��/!�  %� 2,4-&',,'04  )$2�',": . �$  2-�&�0  <-$%' 
&$ +'-$ �%&')'�(:-  2,4-&',,"'  4 "�"( , 2�6,"!$:;"'  �-  2,'8,"3  2�6)'# -2"# , "  %&�"6-
2�)(-  %&�2'&!4 %&�+,� -"  2 �%$ ,*3   '+',"(3  [1-3]. �  <-�#   3'0'  ,'  &'$�"64'- (  %�-', -
1"$�/,$(  2�60��,� -/  ��  �%-"0"6$1""   -&4!-4&*  0$-'&"$�$    4+A-�0 � �7',,� -'#  ,$ -
�&4�',"(  "   -&4!-4&*  -&47�%&�2�)$.  

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

��, -&4!-"2,�'  "  -'3,����"+' !�'  &$6)'�',"'  -&47�%&�2�)�2  ,$  4+$ -!" , ,$�"+"'  
%&(0��",'#,*3  "  !&"2��",'#,*3  4+$ -!�2 , "3   �')",',"#  &$6�"+,*0"   %� �7$0" , �%�& 
&$6�"+,*3  !�, -&4!1"# , -&47�%&�2�),�#  $&0$-4&* -$!  �'  2,� (-   -&4!-4&,4:  ,'�),� -
&�),� -/  2 %&�'!-"&4'04:  -&47�%&�2�),4:   " -'04 . 	%-"0$�/,�'  %&�'!-"&�2$,"'  -&4-
7�%&�2�)�2  "6 ��  %&')%��$�$'-  2*)'�',"'  2$&/"&4'0*3   -&4!-4&,*3  %$&$0'-&�2 )�(  
)243 4&�2,'# :  -&4!-4&*  0$-'&"$�$  -&47 "   -&4!-4&*  -&47�%&�2�),�#   " -'0* . �$  ,$ -
%&(�A,,� -)'.�&0"&�2$,,�'   � -�(,"'  -&47�%&�2�)$ %&" )'# -2""  2,4-&',,'��  )$2�',"(  
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&$7�+'#  &')*   4;' -2',,�'  2�"(,"'  �!$6*2$:-  %$&$0'-&* )�",* , !&"2"6,*  !&"2��" -
,'#,*3  4+$ -!�2 , -'3,����"+' !"'  )'.'!-*  .�&0*  %�%'&'+,*3   '+',"#  "  !&"2��",'#,*3  
(0$,�0'-&"+' !"#  <..'!- ), "  %&(0*3 4+$ -!�2  [1-3].  

�2(6$,,� -/  6$)$+" �%&')'�('- (  6$2" "0� -/:  2'�"+",  2,4-&',,"3   "��2*3  .$! -
-�&�2  2  -$-"+' !"  ,'�%&')'�"0�#  -&47�%&�2�),�#   " -'0'  �-   ��-,�8',"(  �' -!� -'#  
4+$ -!�2 , �-   -&4!-4&,*3  %$&$0'-&�2 -&47�%&�2�)$ (�A -!� -" , �'�0'-&""  4+$ -!�2 ), $ 
-$!�'  6$2" "0� -/:  2'!-�&$  2�604;',"#  (2 +$ -,� -" , 4 "�"#  �-  -'0%'&$-4&,�#   $0� -
!�0%', $1"" ) �-   -&4!-4&,*3  %$&$0'-&�2 0$-'&"$�$  "  -&47�%&�2�)$. 

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

	%-"0$�/,�'  %&�'!-"&�2$,"'  -&47�%&�2�)�2  "6 ��  (2�('- (   ���,�#  ,$4+,� -
-'3,"+' !�#  6$)$+'#, &'8',"'  !�-�&�#  ,'2�60��,�  %&') -$2"-/  7'6 1'�',$%&$2�',,���  
" %��/6�2$,"(   �2&'0',,*3  !�0%/:-'&,*3  -'3,����"#  "  0'-�)����""   " -'0,���  $,$�" -
6$. 

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

�   ��-2'- -2""     �2&'0',,*0"  %&') -$2�',"(0"  �  %�<-$%,�0 %&�'!-"&�2$,""  �- -
2'- -2',,*3  -'3,"+' !"3  �7C'!-�2  ,$  .4,!1"�,$�/,�#   3'0'  (&" . 1) 2*)'�',*  2� '0/  
� ,�2,*3  7��!�2 , 2*%��,(:;"3   �')4:;"'  6$)$+" [4, 5]: 1) %� -$,�2!$  6$)$+" (�� ); 2) 
%� -&�',"'  -'�&'-"+' !"  2�60��,���  (")'$�/,��� ) %&�'!-$  (
�� ); 3) 2*7�&  -'3,����""  
&'$�"6$1""  %&�'!-$  (
� ); 4) &$6&$7�-!$ &$7�+'��  %&�'!-$  (�� ); 5) %&�2'&�+,*#  &$ +A- 
 2�# -2  &$7�+'��  %&�'!-$  (��� ); 6) "6��-�2�',"'  ,$  � ,�2'  ��  �%*-,���  "6)'�"(  "�"  0$-
-'&"$�"6$1"(  %&�'!-$  (5� ); 7) �&�$,"6$1"(  "  %&�2')',"'  ,$-4&,���  <! %'&"0',-$  (�9 ); 
8) "6��-�2�',"'  !�, -&4!1""  (�� ). 

�$�)*#  .4,!1"�,$�/,*#  7��!  %�))'&�"2$'- (  �%&')'�A,,�#   �2�!4%,� -/:  
!�0%/:-'&,*3  %�) " -'0  2 2")'  2 %�0��$-'�/,*3  %&��&$00, ",.�&0$1"�,,�#  7$6*,  " -
-'0*  2"64$�"6$1""  &'64�/-$-�2 , <! %'&-,�#   " -'0*  �1',!"  '��  )'(-'�/,� -"  "  )&.  

�$  0�-&"0  � �7',,� -"  �&�$,"6$1""  7��!�2    4+A-�0  %'1"."!"  %&�'!-"&�2$,"(  
"  "6��-�2�',"(  -&47�%&�2�)�2  "6 �� . 

�$  &" . 1 %�!$6$,*  2 � ,�2,�0  ",.�&0$1"�,,*'  (.4,!1"�,$�/,*' )  2(6"  "  ,$ -
%&$2�',"'  %'&')$+"  ",.�&0$1""  "6 �),���  7��!$  2 )&4�"' . 	,"  %�62��(:-  1'�',$%&$2 -
�',,�  2,� "-/  !�&&'!-"2*  2�  2 '  %�) " -'0*  "  2*&$7$-*2$-/  !�0%&�0"  ,*'  &'8',"( , 2 
-�0  +" �'  "  2 %� -$,�2�+,�#  +$ -"  )�(   �6)$,"(  �!�,+$-'�/,���  2$&"$,-$ -&47�%&�2�)$ 
[4, 5]. 

�  )$,,�#  &$7�-'   %'1"$�/,�  ,'  2*)'�',*  4%&$2�(:;"'   2(6"  "   4 -&�# -2$ , !�-� -
&*'  �%&')'�(:-  "3  %'&')$+4 2 7��!" , %� !��/!4  &$  0$-&"2$'- (  +'��2'!� -0$8",,*#  2$-
&"$,-   " -'0* , !$!  ,$"7��''  <..'!-"2,*#  )�(  &'8',"(  %��3�  .�&0$�"64'0*0"  %&"A0$-
0"  0,��"3   ���,*3  2�%&� �2  %&�'!-"&�2$,"(  -&47�%&�2�)�2  "6 ��  [5]. 

����  '�  (%� -$,�2!$  6$)$+"). �� -$,�2!$  6$)$+" ,$  %&�'!-"&�2$,"'  -&47�%&�2�)$ 
2!�:+$'-  -'3,"+' !�'  6$)$,"'  "  � ,�2,*'  -&'7�2$,"(  !  -'�&'-"+' !"  2�60��,�04  (")' -
$�/,�04 ) %&�'!-4  – ,$"7��''  %��,*#  4+A- 2 '3  .$!-�&�2 , 2�"(:;"3  ,$   2�# -2$ , ,$%&(-
�A,,� -)'.�&0"&�2$,,�'   � -�(,"' , %&�+,� -/  "  )����2'+,� -/  %&�'!-"&4'0���  -&47�-
%&�2�)$; 0","0"6$1"(  6$-&$- ,$  %&�'!-"&�2$,"' ; &$6&$7�-!$ "  $%&�7$1"( �%-"0$�/,*3  
2$&"$,-�2  -'3,����"#  &$ +A-$ "  "6��-�2�',"( ; �7� ,�2$,"'  ,'�73�)"0� -"  "  4&�2,(  ,$ -
-4&,*3  <! %'&"0',-�2 . �� -$-�+,�  �7;$(  %� -$,�2!$  6$)$+" 0��'-  7*-/  %&') -$2�',$  
 �')4:;"0  �7&$6�0 : %&" 6$)$,,*3  %$&$0'-&$3 &$7�+'#  &')* , %&�"62�)"-'�/,� -"  -&4-
7�%&�2�)$ , %&" ,'!�-�&*3  ,'  2%��,'  +A-!�  6$)$,,*3  4 ��2"(3  ,$  %&� -&$, -2',,4:  !�, -
."�4&$1":  -&47�%&�2�)$, &$ %����',"'  "  !�, -&4!1":  �%�&, !�, -&4!1":   �')",',"#  
4+$ -!�2 ; 2")  " 3�),*3  0$-'&"$��2  "  -'3,����":  "6��-�2�',"(  -&'74'- (  %�)�7&$-/  
-��;",4   -',!"  -&47,  -&4!-4&4 %$!'-$  ��A2  (4��*  $&0"&�2$,"( , -��;",*  "  2")*  0$-' -
&"$�$  ��A2 ) %� 2 '#  )�",'  -&47�%&�2�)$, �'�0'-&"+' !"'  %$&$0'-&* !&"2��",'#,*3  4+$-
 -!�2  -$!"0  �7&$6�0 , +-�7* : 1) %��'  ,$%&(�',"#  7*��   -$-"+' !"  )�%4 -"0*0 ; 2) %��'  
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)'.�&0$1"#  – !",'0$-"+' !"  )�%4 -"0*0 ; 3) 2*%��,(� (  6$!�,   &')*  (4&$2,',"(   2(6"  
0'�)4  ,$%&(�',"(0" , )'.�&0$1"(0"  "   -&4!-4&,*0"  %$&$0'-&$0"); 4) ,'  ,$&48$�" /  
4 ��2"(  %&�+,� -"  "  -'3,����"+' !"'  ��&$,"+',"( ; 5) 4)�2�'-2�&(�" /  -&'7�2$,"(  �%-" -
0$�/,� -"  (%&')'�/,�  )�%4 -"0$(  ,$�&46!$, 0","0$�/,$(  0$  $ ,  -�"0� -/  "  )&.). 

	- :)$   �')4'- , +-�   %'!-&  %�))'&�"2$:;"3  7��!  ��  %&��&$00 0��'-  7*-/  )� -
-$-�+,�  8"&�!"0  – �-  -&$)"1"�,,*3  (%&" .�&0$�/,�0  %�)3�)'  !  &'8',":  �%-"0"6$1" -
�,,*3  6$)$+, -$!"3  !$!  ,'�73�)"0*'  4&$2,',"( , 4 ��2"(  &$6�"+,���  &�)$ , 1'�'2*'  .4,! -
1""  "�"  .4,!1"�,$�* ), )�   %'1"$�/,*3 , 4 !�&(:;"3  &'8',"'  %&" ,'.�&0$�/,�0  %�)3� -
)'  [4].  

����  ��'  (%� -&�',"'  -'�&'-"+' !"  2�60��,���  %&�'!-$ ). �$  )$,,�0  <-$%'  -&� -
"- (  �%-"0$�/,*#  -'�&'-"+' !"  2�60��,*#  %&�'!-  (4 ��2,�  – «")'$�/,*#  %&�'!- ») -&4-
7�%&�2�)$ . 
��  4)�2�'-2�&('-  ,'�73�)"0*'  4 ��2"(  %� -$2�',,�#  6$)$+" %&" ,$"7��''  
%��,�0  4+A-' 2 '3  .$!-�&�2 , 2�"(:;"3 : ,$   -&4!-4&4 "   2�# -2$  0$-'&"$�$ ,  -&4!-4&,*'  
%$&$0'-&* -&47�%&�2�)$; ,$  ,$%&(�A,,� -)'.�&0"&�2$,,�'   � -�(,"'  "  %&�+,� -/  -&47�-
%&�2�)$ 2 4 ��2"(3  3$&$!-'&,���  ,$�&4�',"(  %&" <! %�4$-$1"" . �&"  %� -&�',""  
��  ,'  
��&$,"+"2$'- (   2�7�)$  2 2*7�&'  -'3,����""  0$-'0$-"+' !�#  &'$�"6$1"" , ,'   -$2(- (  �� -
&$,"+',"(  ,$  0$-'0$-"+' !4:   ���,� -/  )2434&�2,'2�#  �%-"0"6$1""   -&4!-4&*  0$-' -
&"$�$ "  -&47�%&�2�)$. 

��(  &'8',"(   ���,�#  0,���4&�2,'2�#   2(6$,,�#  6$)$+" 5�

  �%-"0"6$1""  -&4-
7�%&�2�),�#   " -'0*  %&" %� -&�',""  
��  ,'�73�)"0$  &$6&$7�-!$ ")'$�/,���  &$ +A-,� -
0�)'�"&4:;'��  !�0%�'! $  (��5� ). �$  &" . 2 %�!$6$,$  -&4!-4&$ ��5�  )�(  %� -&�',"(  

�� . �*)'�',*  � ,�2,*'  �&4%%* 6$)$+ (�-0'+',*  ,$  &" . 2 &"0 !"0"  1".&$0" ),  ��- -
2'- -24:;"3  "0  0�)'�'#  "  0'-�)�2  &'8',"( , $ -$!�'  ,$0'+',*  26$"0� 2(6"  2 %��4+', -
,�#   " -'0' .  

�  �
�7�	  ��3��
  �-,� (- (  0�)'�"  ,$�&4�',"(  -&47�%&�2�)$ %&" '��  <! %�4$-$-
1"" . 

��  72���	  ��3��
  6$)$+ �-,� "- (  $,$�"6   -&4!-4&*  -&47�%&�2�)$, !�-�&*#  
2!�:+$'-  $,$�"6  -$!"3   -&4!-4&,*3  %$&$0'-&�2 "  .$!-�&�2 , !$! :  

- %&� -&$, -2',,$(  !�,."�4&$1"(  -&47�%&�2�)$, 6$2" (;$(  �-  &$ %����',"(  �7� -
&4)�2$,"( ,  �')",('0���  -&47�%&�2�)�0 ; %��-,� -"  !�0%�,�2!"  �- '!�2 , �)'  %&�!�$)* -
2$'- (  -&47�%&�2�)  "  - .) .; 

- �'�0'-&"+' !"'  %$&$0'-&* �-)'�/,�  "6��-$2�"2$'0*3  4+$ -!�2 : )�",$ , !&"2"6,$ , 
&$60'&* %�%'&'+,*3   '+',"# ; &$6)'�',"'  ,$  �-)'�/,*'  4+$ -!"  %&�"62�)"- (  "6 !�, - -
&4!-"2,*3  "  -'3,����"+' !"3   ��7&$�',"# ; 

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

,*3  "  !&"2��",'#,*3  4+$ -!�2 ; 
- &$ %����',"'  "  !�, -&4!1"(  -&47�%&�2�),�#  $&0$-4&* "  <�'0',-�2 ,  0�,-"&� -

2$,,*3  ,$  -&47�%&�2�)' .  
��
28?  ��3��3   � -$2�(:-  6$)$+" $,$�"6$   2�# -2  "   -&4!-4&*  0$-'&"$�$ . �4;' -

 -24:;$(  ",.�&0$1"(  %� 2")$0  !�0%�,',-�2  0$-'&"$�$ ; ."6"!� -0'3$,"+' !"0  3$&$!-' -
&" -"!$0  $&0"&4:;"3  <�'0',-�2 , 0$-&"1, $&0"&�2$,,*3  %�$ -"!�2  )���,$  7*-/   .�& -
0"&�2$,$  2 ",.�&0$1"�,,4:  7$64 )$,,*3 . ��(  6$)$+ %&�'!-"&�2$,"(  "  &$ +'-$ !�, - -
&4!1"#  "6 ��  &'!�0',)4'- (  " %��/6�2$-/   -&4!-4&,� -.',�0',����"+' !"#  %�)3�)  !  �%-
&')'�',":  4%&4�"3 %� -�(,,*3  "  %&�+,� -"  0$-'&"$�$ , � ,�2$,,*#  ,$  &$ +'-,� -
<! %'&"0',-$�/,*3  0'-�)$3  [6, 7]. �&"  <-�0   +"-$'- ( , +-�  ��   � -�"-  "6  �2�!4%,� -"  
!2$6"�),�&�),*3   ��'2 ,  2�# -2$  !�-�&*3  �%&')'�(:- (  <! %'&"0',-$�/,� . �  !$+' -2'  
� ,�2,���  <�'0',-$  %&","0$'- (  �&-�-&�%,$(  %��� !$ , ,$)'�',,$(  �' -!� -(0"  %&" &$ -
-(�',""  "   �$-""  2 )243 ,$%&$2�',"(3  "   )2"�' . �%&4�"'  %� -�(,,*'  "  %&�+,� -/  -$!���  
<�'0',-$  ,$3�)(- (  %&" " %*-$,""  �7&$61�2- 2")'-'�'# , "6��-�2�',,*3  %� 2*7&$,,�#  
-'3,����"" . �&"  <-�0   -$,�2"- (  2�60��,*0  4+' -/  -$!"'  -&4),�  %�))$:;"' (  &$ +'-4  
-'3,����"+' !"'  .$!-�&* , !$!  ,$-(�',"'  %&" ,$0�-!' , )$2�',"'  .�&0�2$,"( , &'�"0  %�-
�"0'&"6$1""  "  )&4�"'  %$&$0'-&*, 2�"(:;"'  ,$  0'3$,"+' !"'  3$&$!-'&" -"!" . �$&$!-' -
&" -"!"   " -'0*   ��'2  4 -$,$2�"2$:- (  &$ +'-,*0  %4-'0 ,$  � ,�2'  $,$�"6$  26$"0�)'# -
 -2"(   ��'2  "  2 (2,�0  2")'  6$2" (-  �-  0$!&� -&4!-4&,*3  %$&$0'-&�2 0$-'&"$�$  ( 0 ., ,$ -
%&"0'&, [6, 7]). 
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27A�23?  ��3��3  6$)$+  � -$2�(:-  6$)$+" $,$�"6$  -'3,����""  "6��-�2�',"( , 
-'3,����"+' !"3  ��&$,"+',"#  "  %$&$0'-&�2, 2�"(:;"3  ,$   -&4!-4&4 "   2�# -2$  0$-'&"$ -
�$  "  -&47. �$"7��''   �2'&8',,*0  %&�1'  �0  "6��-�2�',"(  -&47 "6 ��  (2�('- (  %&�1'   
,'%&'&*2,�#  ,$0�-!"  ,"-'# , ��4-�2 , �',-  "�"  -!$,'#  ,$  �%&$2!"  ��-2'- -24:;"3  .�&0 . 
�� �'  %��4+',"(  ,'�73�)"0�#  -��;",*  "   -&4!-4&*  0$-'&"$�$  %&�"62�)"- (  �-2'&�)' -
,"'  -&47*  "  4)$�',"'  �%&$2!". 5'-�)  ,'%&'&*2,�#  ,$0�-!"  %�62��('-  &'$�"6�2$-/    2* -
 �!�#  -�+,� -/:  7��/8�'  !��"+' -2�   3'0  $&0"&�2$,"( , �7' %'+"2$'-  -�+,� -/  "   -$ -
7"�/,� -/  &$60'&�2 -&47 ( 0 ., ,$%&"0'&, [6]). 
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�  ��23?  ��3��3  2!�:+',*  6$)$+" &$ !&*-"(   -$-"+' !�#  ,'�%&')'�"0� -"  "  �%-
&')'�',"(  2,4-&',,"3   "��2*3  .$!-�&�2 . 

	76�&  0'-�)�2  "  !�0%/:-'&,*3  %&��&$00, " %��/64:;"3 (  )�(  &'8',"(  <-"3  6$-
)$+ )�(  -&47�%&�2�)�2 , %&') -$2�', , ,$%&"0'&, 2 [3, 6, 8].  

*
�23?  ��3��3   � -$2�(:-  6$)$+" �%&')'�',"(  ,$%&(�A,,� -)'.�&0"&�2$,,���  
 � -�(,"(  0$-'&"$�$  -&47 "  �1',!"  %&�+,� -" . ��(  -�,!� -',,*3  -&47�%&�2�)�2  0�)'�" -
&�2$,"'  %&(0��",'#,*3  4+$ -!�2    )� -$-�+,�#  -�+,� -/:  2�60��,�    " %��/6�2$,"'0  
�",'#,*3  0�)'�'#  "  7'60�0',-,�#  -'�&""  �7���+'! , !&"2��",'#,*3  4+$ -!�2  – )240'& -
,*3  0�)'�'# , �7���+'+,*'  0�)'�"  " %��/64:- (  "  )�(  �%" $,"(  !&$'2*3  <..'!-�2 . 	 -
,�2,*'  0'-�)*  &'8',"(  -$!"3  6$)$+ – !�$  "+' !"'  +" �',,*'  0'-�)*  (5�� , 5�9  "  )&.) 
"  %&"7�"�A,,*'  $,$�"-"+' !"'  0'-�)*    " %��/6�2$,"'0  -&"��,�0'-&"+' !"3  &()�2  [1, 
3, 6]. ��(  �1',!"  %&�+,� -"  &'!�0',)4'- (  " %��/6�2$-/  .',�0',����"+' !"'  !&"-'&""  
%&+,� -"  ( 0 ., ,$%&"0'&, [6, 7]). 

�  �
58<3?  ��3��3  2!�:+',*  0�)'�"  �%-"0"6$1"" . 	 ,�2,*0  �7C'!-�0  6)' /  (2-
�('- (  %�" !  .4,!1"#  ���7$�/,�#  ,'�),�&�),� -" , �%&')'�(:;"3   -&4!-4&,*'  %$&$0'--
&*  �%-"0"6"&�2$,,���  %&�'!-$ . 	%-"0"6"&4:- (   -&4!-4&,*'  %$&$0'-&* 0$-'&"$�$  "  
-&47�%&�2�)$. 5*  "0''0  )'��    )2434&�2,'2�#   2(6$,,�#  6$)$+'# 5�

 . 

����,�#  6$)$+'# %&" &$6&$7�-!' ��5�  (2�('- (  2*7�&  0'-�)�2 , 2*+" �"-'�/,*3  
%&�1')4& "   ��-2'- -24:;"3  %&��&$00,*3  %&�)4!-�2  )�(  <..'!-"2,�#  �%-"0"6$1""  
.4,!1"�,$��2  "  .4,!1"# , �%&')'�(:;"3  !$+' -2�  %&�'!-$ . �&') -$2�',"'  �  3$&$!-'&,*3  
0'-�)$3  &'8',"(  �%-"0"6$1"�,,*3  6$)$+ 0'3$,"!"  )'.�&0"&4'0���  -2A&)���  -'�$  "  2 
&()'   �4+$'2  �7  "3  &'$�"64:;"3  %&��&$00$3 )$A- ( , ,$%&"0'&, 2 0�,��&$."(3 , )"  '&-$ -
1"(3  "   -$-/(3  [7, 9-21]. ��7 -2',,�  %&��&$00,*'  %&�)4!-*  -$!���  &�)$  (2�(:- (   -&4! -
-4&,*0"   � -$2�(:;"0"  ��5� . 

	),"0  "6 "62' -,*3  -'�&'-"+' !"  "  <! %'&"0',-$�/,�  �7� ,�2$,,*3  %�)3�)�2 , 2 
!�-�&*3  &'$�"6�2$,*  %�)�7,*'  ")'"  )�(  1'�/,�!�0%�6"-,*3  !�, -&4!1"# , (2�('- (  0' -
-�)   ���$ �2$,,���  %&�'!-"&�2$,"(  !�0%�6"-,*3  -'�  2���!,�2���   -&�',"(  [9, 10].  


'�&'-"+' !"  2�60��,*#  "�"  ")'$�/,*#  %&�'!-  ,'  ��&$,"+',  2 0$-'0$-"+' !�#  
 ���,� -"  )2434&�2,'2�#  �%-"0"6$1""  "  2 2*7�&'  -'3,����""  0$-'0$-"+' !�#  &'$�"6$ -
1"" . 

�
  7��8<�<  B2
�
   " -'0$  0�)'�'#  6$0*!$'- (  !�0%�'! �0  <! %'&"0',-$�/,*3  
"  �')�2$,"#  0'3$,"+' !"3   2�# -2  0$-'&"$�$ , -&47 "  -&47�%&�2�)$ "  2'&"."!$1""  &'-
64�/-$-�2  0�)'�"&�2$,"( .   

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

��(  8' -���  "   ')/0���  <-$%$ <! %'&"0',-$�/,*'  "  �')�2$,"(  ,'�73�)"0*  )�(  
2'&"."!$1""  &'64�/-$-�2  0�)'�"&�2$,"(  "  &$ +A-�2. 

����  ��  (2*7�&  -'3,����""  &'$�"6$1""  %&�'!-$ ). ��5�  2!�:+$'-  ,$"7��''  %�� -
,*#  "   ���,*#  !�0%�'!  0$-'0$-"+' !"3  0�)'�'# , "6 !�-�&*3  )���',  7*-/  &$6&$7�-$, 
&$7�+"# &$ +A-,� -0�)'�"&4:;"#  !�0%�'!  (��5� ) )�(  %� -&�',"(  &$7�+'��  %&�'!-$  
-&47�%&�2�)$. �)'$�/,*#  %&�'!- , !$!  %&$2"��, -&4)�A0�!  2 &'$�"6$1"" , $  ��-2'- -24: -
;"'  6$-&$-* %&" &$6&$7�-!' "  " %��/6�2$,""  +$ -�  ,'   �&$60'&,*  %� -$2�',,�#  1'�" . 
��<-�04  � ,�2,�#  %&�1')4&�#  )�(  %� �')4:;'��  %� -&�',"(  &$7�+'��  %&�'!-$  (2�('- (  
2*7�&  -'3,����""  &'$�"6$1""  - 2*7�&  0'-�)�2 , 2*+" �"-'�/,*3  %&�1')4& "  $���&"-0�2 , 
 ��-2'- -24:;"3  %&��&$00,*3  %&�)4!-�2 , �%'&$1"�,,*3   " -'0  "  $%%$&$-,*3  &') -2  
)�(  <..'!-"2,���  &'8',"(  %� -$2�',,*3  6$)$+. �)' /  �'  %&�"62�)"- (  2*7�&  -'3,����""  
"6��-�2�',"(  -&47. �'�73�)"0$(  %�))'&�!$  �%'&$1"# 2 7��!'  
�  %&" 2*7�&'  2�60��,*3  
2")�2  $&0"&4:;"3  <�'0',-�2 , 0$-&"1, -'3,����""   �')",',"(  $&0"&4:;"3  <�'0',-�2    
0$-&"1'# , -'3,����""  "6��-�2�',"(  -&47 � 4;' -2�('- (  ,$  � ,�2'  !�0%/:-'&,���  2$&"-
$,-$   %&$2�+,"!$  -'3,����"#  "6��-�2�',"(  ��!$�/,�  "  ���7$�/,�  ,'�),�&�),*3  -&47 "  
 " -'0*  <! %'&-,�#  �1',!"  <..'!-"2,� -"  "   -�"0� -" . 

�" -'0$  �%-"0$�/,���  %&�'!-"&�2$,"(  -&47�%&�2�)�2  )���,$  7*-/   �20';',$    
 4;' -24:;"0  -'3,����"+' !"0  "  2*+" �"-'�/,*0  �7�&4)�2$,"'0  )�(  %�2*8',"(  !�, -
!4&',-� %� �7,� -"  "   ,"�',"(   -�"0� -"  %&�'!-"&�2$,"(  "  %&�"62�) -2$  -&47�%&�2�-
)�2 . �'�73�)"0$  �1',!$   -�"0� -"  "  -&4)�A0!� -"  &$ +A-�2, !2$�"."!$1""  &$6&$7�-+"-
!�2 , 2�60��,� -'#  0�)'�"&�2$,"( . 
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����  �'  (%� -&�',"'  &$7�+'��  %&�'!-$ ). �$7�+"#  %&�'!-  -&47�%&�2�)$  -&�"- (    
" %��/6�2$,"'0  ��5� . �$  &" . 3 %�!$6$, 2$&"$,- $���&"-0$  &$ +'-$ %&"  �6)$,""  &$7�-
+'��  %&�'!-$  -&47�%&�2�)$   0�)'�/:  ��!$�/,�#  �%-"0"6$1""  -&47�%&�2�)$ %� ,$"7��/ -
8'#  %&�+,� -"  2 0","0$! ,�#  %� -$,�2!'  [2, 6, 19-21]. �$ +A-  %&�"62�)"- (  )�(   -$-"+' -
 !���  "  0$��1"!��2���  ,$�&4�',"(  -&47�%&�2�)$. � %��/6�2$,"'   -&4!-4&,� -
.',�0',����"+' !���  %�)3�)$  )�(  �%&')'�',"(  3$&$!-'&" -"!  4%&4�� -"  "  %&�+,� -"  0$-
-'&"$�$  %&"  -$-"+' !�0  "  0$��1"!��2�0  ,$�&4�',""  %�62��('-  4+' -/  2�"(,"'  � ,�2 -
,*3  -'3,����"+' !"3  .$!-�&�2  %&" "6��-�2�',""  -&47 [22-24].�*7�&  2,4-&',,'��  )"$ -
0'-&$  -&47�%&�2�)$ %&�"62�)"- (  "6 6$)$,,���  4 ��2"(  %&�"62�)"-'�/,� -"  -&47�%&�2�-
)$. �  %'&2�0 %&"7�"�',""   -&4!-4&,*'  %$&$0'-&* 0$-'&"$�$  -&47 "  -��;",$   -',!"   ' -
+',"(  2*7"&$:- (    4+A-�0 )'# -2"(  -��/!�  2,4-&',,'��  )$2�',"(    " %��/6�2$,"'0  7$6* 
)$,,*3  -"%�2*3  "  �%-"0$�/,*3   -&4!-4& , ,$%&"0'&, %� &'!�0',)$1"(0  [7, 11].��(  2* -
7&$,,*3   -&4!-4&,*3  %$&$0'-&�2 �%&')'�('- (  2'!-�&  2�604;',"(  "  &$ !&*2$'- (   -$-" -
+' !$(  ,'�%&')'�"0� -/  -&47�%&�2�),�#   " -'0* . 	%&')'�(:- (  �%$ ,*'   '+',"(  ,$  
%&(0��",'#,�0  "  !&"2��",'#,�0  4+$ -!$3. ��(  <-"3  )243 �%$ ,*3   '+',"#  -&47�%&�2�)$ 
  4+A-�0 4-�+,A,,���  2'!-�&$  2�604;',"#  )$,,���  %&"7�"�',"(  �%&')'�('- (  ,$"7��''  
,$%&(�',,*#   ��# . �  %�0�;/:  %$&$0'-&"+' !���  $,$�"6$  %&" 2$&/"&�2$,""  4��$  $&0"-
&�2$,"(  %� 0","0404  !&"-'&"$�/,�#  .4,!1""  %&�+,� -"  �%&')'�('- (  �%-"0$�/,*#  
4���  $&0"&�2$,"(  )$,,���  %&"7�"�',"( , �%&')'�('- (  2'�"+",$  !�<.."1"',-$  6$%$ $ 
%&�+,� -"    " %��/6�2$,"'0  %�)�7&$,,���  .',�0',����"+' !���  !&"-'&"(  %&�+,� -"  [2, 
6, 19, 22-24].�$-'0  !�&&'!-"&4'- (  -��;",$   -',!"  %�%'&'+,���   '+',"(  )�(  )243 4+$ --
!�2  "  %&(0��",'#,��� , "  !&"2��",'#,��� . �60',',"'  -��;",*   -',!"  )�(  )243 4+$ -!�2  
%&�"62�)"- (  -��/!�  )�(  %'&2���  %&"7�"�',"( . ��&&'!-"&�2!$  -��;",*  2 )$�/,'#8"3  
%&"7�"�',"(3  %&�"62�)"- (  -��/!�  2 �),�0  ,$"7��''  �%$ ,�0   '+',"" . �  &'64�/-$-'  -$-
!�#  �%-"0"6$1""  0*  %��4+$'0  !4 �+,� -�),�&�),4:  %� )�",'  -&47�%&�2�)$  -&4!-4&4 
0$-'&"$�$ . 
��;",$  %�%'&'+,���   '+',"(  -&47 "   -&4!-4&$ 0$-'&"$�$  74)'-  &$6�"+,�#  ,$  
%&(0��",'#,*3  "  !&"2��",'#,*3  4+$ -!$3. �4;' -2',,�  40',/8$'-  -&4)�A0!� -/  &$ +A-
-�2  %&" �%&')'�',""  ,$%&(�A,,� -)'.�&0"&�2$,,���   � -�(,"( , !�<.."1"',-�2  �"7!� -"  
!&"2��",'#,*3  4+$ -!�2  -&47�%&�2�)$ " %��/6�2$,"'  %&"7�"�A,,*3  $,$�"-"+' !"3  0' -
-�)"!  [6]. �   ��-2'- -2""   �   3'0�#  &" .1   %�0�;/:  "-'&$1"�,,*3  %&�1')4& &$ +A-$ "  
4 ���,',"(  &$ +A-,*3  0�)'�'#  &'$�"64'- (  )$�/,'#8''  )2"�',"'  &$7�+'��  %&�'!-$  !  
")'$�/,�04  -'�&'-"+' !"  2�60��,�04  �%-"0$�/,�04  %&�'!-4  -&47�%&�2�)$. 
$!�#  %&�-
'!-  -&47�%&�2�)$ 1'�' ��7&$6,�  ,$6*2$-/  ,'  �%-"0$�/,*0 , $ &$1"�,$�/,*0 , -$!  !$!  �,  
74)'-   ��-2'- -2�2$-/  &'$�/,�  )� -"�"0�#  2 ,$ -�(;''  2&'0(  %��,�-'  "   -&��� -"  2* -
%��,',"(  -&'7�2$,"#  2 %� -$,�2!'  6$)$+"   %�0�;/:  2*7&$,,*3  -'3,����"# , ,'�73�)" -
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%&�"62�)"- (   �"�$,"'  �-&$7�-$,,���  !$-$�"6$-�&$  �")&�3��&"&�2$,"(  $1'-"�',$ . 

� -$,�2!$  &$7�-$'-   �')4:;"0  �7&$6�0 . �'&'6  8�:6�2�#  %"-$-'�/  (2) 4-"�"6"&4' -
0*'  &-4-,*'  �$0%*  6$�&4�$:-  2 )&�7"�!4  (1). 	-&$7�-$,,*#  !$-$�"6$-�&  %�)$:-  2 74, -
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:-  &$ -2�&�0  ;'��+" , $ $) �&7'&  (11) +" -*0  $!-"2,*0  4��'0 . �!�:+$:-  2$!440-,$ �  
(12) "  4 -$,$2�"2$:-  &$ 3�)  2�6)43$, ,'�73�)"0*#  )�(   �"�$,"(  �-&$7�-$,,���  !$-$�" -
6$-�&$. 	-&$7�-$,,*#  !$-$�"6$-�&  2 &'$!-�&'  (6) %�)�"�$:- . �  )&�7"�!'  (1) 2!�:+$:-  
)&�7(;''  4 -&�# -2�  (&�-�& ), �$0%*  &$6&48$:- (  "   �)'&�$;"' (  2 ,"3  %$&* &-4-"  20' -
 -'    %�-�!�0  2�6)43$ %� -4%$:-   242�$�,"-'�/  (5), �)'  2�6)43 ,$ *;$'- (  %$&$0" 2�)*  
"  )$�''  %�%$)$'- 2 &'$!-�&  (6) )�(   �"�$,"(  �-&$7�-$,,���  !$-$�"6$-�&$ . �&�)4!-*   �� -
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&$,"( , 2*3�)(;"'  "6 &'$!-�&$  (6), �3�$�)$:-  2 !�,)', $-�&'   (8), 2*)'�"284: (  0'-$� -
�"+' !4:  &-4-/   �7"&$:-  2  7�&,"!'  (9). 	3�$�)',,*'  %&�)4!-*   ��&$,"(  %�)$:-  ,$  
,'#-&$�"6$1":  !" �*3  !�0%�,',-�2  (3��&" -���  2�)�&�)$  "  .� �',$ ) 2 ;'��+,4:  !���, -
,4  (10). �","8,$(   $,"-$&,$(  �+" -!$  %&�)4!-�2   ��&$,"(  %'&')  2*7&� �0  2 $-0� .'&4  
%&�2�)(-  $!-"2,*0  4��'0  2 $) �&7'&'  (11). 	-&$7�-$,,*#  $!-"2,*#  4���/  "6 $) �&7'&$  
(11) 4-"�"6"&4:-  ,$  <-�#  �'  4 -$,�2!'   �20' -,�    �-&$7�-$,,*0  !$-$�"6$-�&�0 . 

�  !$+' -2'  <! %'&"0',-$�/,�#  4 -$,�2!"  74)'-  " %��/6�2$,$  %�$,'-$&,$(  0'�/,"1$  
�!-"2$-�&  2SL %&'),$6,$+',,$(  )�(  -�,!���  %�0��$  -2'&)*3  2';' -2  (&" 4,�!  2). 

 
1 – !�&%4 ; 2 – %&"2�)  -$,!�2 ; 3 – !��43  <�'!-&�)2"�$-'�( ; 4 – 0'3$,"60  %&"2�)$  -$,!�2 ; 5 – 6$;"-,*#  

!��43   -$!$,�2 ; 6 –  -$!$,* ; 7 – !&'%�',"(   -$!$,�2 ; 8 – 6$�"0,�'  4 -&�# -2� ; 9 – &'0',,$(  %'&')$+$;  
10 – <�'!-&�)2"�$-'�/ . 

�" 4,�!  2 - �3'0$  %�$,'-$&,�#  0'�/,"1*  �!-"2$-�&  2SL 
 

�$,,$(  )&�7"�!$  "0''-  &$6)'�/,*#  %&"2�) ,$  1',-&$�/,4:  � /  "  ,$  7$&$7$,*, +-�  
%�62��('-  &'$�"6�2*2$-/  2 7$&$7$,' 4)$&,*#  &'�"0 ,  )2"��2*# , 2"3&'2�#  "�"  "3  !�07" -
,$1": . 

5'�/,"1$  %�$,'-$&,$(   � -�"-  "6  2$&,���  !�&%4 $ (1) "  0$ �(,�#  2$,,*  %�$,' -
-$&,���  0'3$,"60$  %&"2�)$  -$!$,�2  (2). �$;"-,*'  !��43$  (!��43  <�'!-&�)2"�$-'�(  (3), 
0'3$,"60$  %&"2�)$  -$!$,�2  (4), 6$;"-,*#  !��43   -$!$,�2  (5)). 

�'&')$+$  2&$;',"(  �-  <�'!-&�)2"�$-'�(  (10) !  2&$;$:;'# (  %�$-.�&0'  (12) � 4 -
;' -2�('- (  +'&'6  7' !�,'+,*#  !�",�2*#  &'0',/  (9). �-$!$,*  (6) 4 -$,$2�"2$:- (  2 0' -
-$ !&'%�',"(  (7) "  6$�"0$:- (  6$�"0,*0  4 -&�# -2�0  (8). 

�  &'64�/-$-'  <! %'&"0',-$  74)'-  %��4+',$  6$2" "0� -/   -'%',"  "60'�/+',"(  �-  
2&'0'," , %&�"62�)"-'�/,� -"  �-   -'%',"  "60'�/+',"(  "  4)'�/,���  &$ 3�)$  <,'&�""  �-  
 -'%',"  "60'�/+',"( , +-�  %�62��"-  %�)7"&$-/  )�(  &$6�"+,*3  -2'&)*3  0$-'&"$��2  �%-" -
0$�/,*'  &'�"0*  &$7�-*  0'�/,"1* . 

�  �')�2$,"'  %&�1'  $  "60'�/+',"(  %�62��"-  %&')���"-/  �%-"0$�/,*'  &'�"0*  
&$7�-*  4 -$,�2!"    �),�2&'0',,*0  "62�'+',"'0  &-4-"  "6 &-4-/ �)'&�$;"3  �-3�)�2 . 


$!"0  �7&$6�0 , ,$  %&')�$�$'0�#  4 -$,�2!'  )�(  "62�'+',"(  &-4-"  "6 &-4-/ �)'& -
�$;"3  �-3�)�2  �),�2&'0',,�  %&�2�)"- (  4-"�"6$1"(  &-4-,*3  �:0",' 1',-,*3  �$0%  � -
)'&�$;"3  0'-$��"+' !4:  &-4-/  "  'A %$&*, "  &-4-/ �)'&�$;"3   �')",',"#  (3��&")�2  
&-4-" ), ,$3�)(;"3 (  2 �&$,4�$3  �-&$7�-$,,���  !$-$�"6$-�&$  �")&�3��&"&�2$,"(  $1'-"�' -
,$ , +-�  &$ 8"&('-  )"$%$6�,  &-4-/ �)'&�$;"3  0$-'&"$��2 , "6 !�-�&*3  ,'�73�)"0�  "62�' -
!$-/  &-4-/     �7�:)',"'0  -&'7�2$,"#  -'3,"!"  7'6�%$ ,� -"  "  �3&$,*  �!&4�$:;'#   &' -
)* . 

�'7��/8"'  <,'&�'-"+' !"'  6$-&$-* ,$  <! %�4$-$1": , %&� -�-$  !�, -&4!1""  "  )� -
-4%,� -/  0$-'&"$��2  )'�$'-  %&')�$�$'04:  4 -$,�2!4  %&"2�'!$-'�/,�#  )�(  %&$!-"+' !�#  
&'$�"6$1"" . 
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��� ������  ��' �  ��*� )��!�  �!����  ��  �$&���  

��  ��*� ��  ��'�-�!�  � ��  
� .� . �4�4,�2$   - . �& �5�5 -2%, ������� , � . ��������*  

 
�   '&')",*  %&�8����  2'!$  2 -"%�2*3  &$ +'-$3 0$  ��70',,*3  $%%$&$-�2  "  &'$! -

-�&�2 , %&')%��$�$:;"3  )2'  ")'$�/,*'  !$&-",*   -&4!-4&*  %�-�!�2  %'&'&$7$-*2$'0*3  
�")!� -'#  "  �$6�2 (")'$�/,�'   0'8',"'  "  ")'$�/,�'  2*-' ,',"' ) ,$+",$:-  4+"-*2$-/  
%&�)��/,4:  )"..46":   [1-5] "  2 ,$ -�(;''  2&'0(  )"..46"�,,$(  0�)'�/   -&4!-4&4 %�-� -
!�2 , 2 !�-�&�#  %&�)��/,$(  )"..46"(  4+"-*2$'- (  !&"-'&"'0  �'!�'  %&�)��/,�#  )"..4 -
6"" , ,$&()4    (+''+,�#  0�)'�/:  "  !�07","&�2$,,*0"  0�)'�(0"   -&4!-4&*  %�-�!�2 ,  -$ -
�$  2$�,*0  62',�0  2 $���&"-0$3  &$ +'-�2  �7C'!-�2  3"0"+' !�#  %&�0*8�',,� -"  [4]. 

>'�/:  )$,,���  "  �')�2$,"(  (2�('- (  0�)'�"&�2$,"'  %&�1'  $  -'%��%'&')$+"  
%&" 4-"�"6$1""  -'%�$   2�$�,���   48"�/,���  $�',-$  2*3�)(;'��  "6  48"��!    4+'-�0  
%&�)��/,�#  -'0%'&$-4&�%&�2�),� -" , %&"2�)(;'#  !   !$+!4  -'0%'&$-4&*   48"�/,���  
$�',-$  ,$  23�)'  2 -'%���70',,"! . 

��(  )� -"�',"(  %� -$2�',,*3  1'�'#  ,'�73�)"0�  &'8"-/   �')4:;"'  6$)$+": 
– 2*2' -"  )"..'&',1"$�/,*'  4&$2,',"(  -'%��2���  7$�$, $    4+'-�0  %&�)��/,�#  

-'%��%&�2�),� -" ; 
 – %��4+"-/  <! %'&"0',-$�/,*'  )$,,*'  %�)-2'&�)$:;"'   !$+�!  -'0%'&$-4& ,$  

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

&$ +'-$3 -'%���70',,"!�2 , ,�  %��$�$:- , +-�  %&�)��/,$(  )"..46"(  (2�('- (  %��,*0  $,$-
����0  %&�)��/,�#  -'0%'&$-4&�%&�2�),� -"   [6] "  ''  0��,�  &$  +"-*2$-/  +'&'6   .4,! -
1"�,$�/,*'   6$2" "0� -"  +" �$  �'!�'  �-  )" %'& ""  !&"2�#  �-!�"!$ , �"7�  %� !&"-'&"$�/ -
,�#  6$2" "0� -"  +" �$  �'!�'  �-  )" %'& ""  !&"2�#  .4,!1""  +" �$  �'#,��/) $  "  �'�0'- -
&"+' !"3   "0%�'! �2  [3,6]. 

�&�0'  -��� , 4+"-*2$(  2�"(,"'  %&�)��/,�#  -'%��%&�2�),� -"  -��/!�  ,$  -'%��%' -
&')$+4 " %��/64:-  2 &$ +'-$3 4&$2,',"'  -'%��2���  7$�$, $  7'6 <-���  4+'-$ , <-�   ��-2'- -
 -24'-  �",'#,�#  6$2" "0� -"  0'�)4  -'0%'&$-4&$0"  3���),���  "  ��&(+'��  -'%��,� "-'�( , 
(2�(:;'# (  $,$����0  %&(0*3 &$7�+"3 �","#  2 0$  ��70',,*3  %&�1'  $3  [2,6]. 

�*2')'0  )"..'&',1"$�/,�'  4&$2,',"'  -'%��2���  7$�$, $    4+'-�0  %&�)��/,�#  
-'%��%&�2�),� -" . ��(  <-��� , %��$�$(  +-�  )2"�',"'  -'%��,� "-'�'#  – �-&$7�-$,,���  �� -
&(+'��  2�$�,���  2�6)43$ "  ,$�&'2$'0�#  2�)*  (2�('- (  %&�-"2�-�+,*0  2*)'�"0  ,$  &$ -
 -�(,""  �-  ,$+$�$  !��&)",$-   '+',"'  I-I "  6$%"8'0  4&$2,',"'  -'%��2���  7$�$, $  -'%�� -
,� "-'�'#  0'�)4  23�)�0  "  <-"0   '+',"'0 , &" 4,�!  1. 
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�" 4,�!  1  – 
&$."!  6$2" "0� -"   =  

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

4&$2,',"'  �4&/'  – �&"3��.$ , 2 !�-�&�0  !�<.."1"',-  0��'!4�(&,�#  -'%��%&�2�),� -"  N 
6$0',',  ,$  !�<.."1"',-  %&�)��/,�#  -'%��%&�2�),� -"  [5]. 

                                                                  (2) 
�  4+'-�0  .�&04�*  (2)  "  �7�6,$+',"(  �&$)"',-$  -'0%'&$-4&*  ��&(+'��  -'%��,� -

 "-'�(  2 7'6&$60'&,�#   %� )�",'  !��&)",$-'  x  

 
�)'  x=l/L 
���4+$'0  4&$2,',"'   2(6"  -'0%'&$-4& ,$�&'2$'0���  "  �3�$�)$'0���  2�6)43$. 
�  4+'-�0  0�)"."1"&�2$,,���  4&$2,',"(  -'%��%&�2�),� -"   (1) %� �'  $��'7&$" -

+' !"3  %&'�7&$6�2$,"#  %��4+$'0  2*&$�',"' :  

 
"�"    4+'-�0   7'6&$60'&,�#  )�",,* , !�<.."1"',-$  %&�)��/,�#  -'0%'&$-4&�%&�-

2�),� -"  "  +" �$  �'!�'  %&�)��/,�#  -'0%'&$-4&�%&�2�),� -"  %��4+$'0  )"..'&',1"$�/ -
,�'  4&$2,',"'  II %�&()!$  [12]. 

 . 

$!  !$!   &'),''  2&'0(  %&'7*2$,"(  ��&(+'��  -'%��,� "-'�(  2 0'�-&47,�0  %&�-

 -&$, -2'   

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

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

,                                       
(3) 

�)'   

,  &'),((  )2"�4;$(   "�$    4+'-�0   !$+!$  -'0%'&$-4& ��&(+'��  -'%��,� "-'�(  ,$  23�)'     
)�   6$  +'-  %&�)��/,�#  -'0%'&$-4&�%&�2�),� -" .  

��) -$2�((  2 4&$2,',"'  (3) 6,$+',"'  -'0%'&$-4&*  3���),���  -'%��,� "-'�(  
t%� �'  $��'7&$"+' !"3  %&'�7&$6�2$,"# %��4+$'0  )"..'&',1"$�/,�'  4&$2,',"'  II %�&()!$  
  %� -�(,,*0"  !�<.."1"',-$0"   

,                                                         (4) 

�)'  ,  
, 
 , 

 , 
 , 

, 

��"   �7�6,$+"-/  , -�  %��4+',,�'  )"..'&',1"$�/,�'  4&$2,',"'  "0''-  
$,$�"-"+' !�'  &'8',"' [14]. 

                                           (5) 

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

��)$    4+'-�0  �7�6,$+',"( : 

,                                                 (6) 
�)'   1 "   2  – %� -�(,,*'  ",-'�&"&�2$,"( , !�-�&*'  ,$3�)(- (  "6 �&$,"+,*3  4 �� -

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

23�)' . �'64�/-$-*  %&') -$2�',*  ,$  �&$."!$3 . 
�&"  &$ 3�)'  ��&(+'��  -'%��,� "-'�(  Q �  =7 03/+$  , 3���),���  Q3=3,25 03/+$  6$-

."! "&�2$,   !$+�!  -'0%'&$-4& ,$  23�)'  ��&(+'��  -'%��,� "-'�(    71,8 0C  )�  49,1 0�  
�&"  &$ 3�)'  ��&(+'��  -'%��,� "-'�(  Q �  =8 03/+$  , 3���),���  Q3=4,2 03/+$  6$-

."! "&�2$,   !$+�!  -'0%'&$-4& ,$  23�)'  ��&(+'��  -'%��,� "-'�(    72,6 0C  )�  51,5 0� . 

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

�&"  &$ 3�)'  ��&(+'��  -'%��,� "-'�(  Q �  =9 03/+$  , 3���),���  Q3=4,2 03/+$  ,$ -
7�:)$� (   !$+�!  -'0%'&$-4& ,$  23�)'  ��&(+'��  -'%��,� "-'�(    73,50C  )�  54,2 0� . 
'0%' -
&$-4&,*#  �&$."!  %&') -$2�',  ,$  &" 4,!'  3. 

�&"  &$ 3�)'  ��&(+'��  -'%��,� "-'�(  Q �  =10 03/+$  , 3���),���  Q3=5 03/+$  ,$ -
7�:)$� (   !$+�!  -'0%'&$-4& ,$  23�)'  ��&(+'��  -'%��,� "-'�(    69,60C  )�  52,7 0� . 
'0%' -
&$-4&,*#  �&$."!  %&') -$2�',  ,$  &" 4,!'  4. 

�$!  2"),�  "6 �&$."!�2   $0*#   "�/,*#   !$+�!  -'0%'&$-4&*  ,$7�:)$� (  2 %'&2�0 
�%*-'  %&" &$ 3�)'   ��&(+'��  Q �  =7 03/+$  , 3���),���  Q3=3,25 03/+$  , -'%��,� "-'�'# . 
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�$  &" 4,!'  1 %&') -$2�',$  6$2" "0� -/  +" �$  �'#,��/) $  �-   . 
9! %'&"0',-$�/,*'  )$,,*'  %�)-2'&�)$:-   ,'�73�)"0� -/  4+'-$  %&�)��/,�#  -' -

%��%&�2�),� -" . �$)',"'  -'0%'&$-4&*   =71,8 )�  -'0%'&$-4&*  =49,5  2*6*2$'-  40',/8' -
,"'   &'),'#  -'0%'&$-4&* , %�  &$2,',":    -"%�2*0  &$ +'-�0  ,'  4+"-*2$:;"0  %&�)��/ -
,4:  )"..46": , +-�  2  2�:  �+'&')/   ,"�$'-  -'%��24:  0�;,� -/ , "   ��-2'- -2',,�  %&"-
2�)"-  !  42'�"+',":  %�2'&3,� -"  -'%��%'&')$+"  ,$  10,3%. 

�*2')',*  )"..'&',1"$�/,*'  4&$2,',"(  -'%��2���  7$�$, $  "  -'%��%'&')$+"    
4+'-�0  %&�)��/,�#  -'%��%&�2�),� -"  ��&(+'��  2�6)43$ %&" 4-"�"6$1""  '��  -'%��2�#  
<,'&�""  ,$  2*3�)'  "6  48"�!"  !"%(;'��   ��( . ���4+',*  $,$�"-"+' !"'  .�&04�*  %� �'  
",-'�&"&�2$,"(  <-"3  4&$2,',"#    4+'-�0  �&$,"+,*3  4 ��2"# , 4+"-*2$:;"3   !$+�!  -'0 -
%'&$-4&* ��&(+'��  2�6)43$ 2 -'%���70',,"! . �&"2')',*  <! %'&"0',-$�/,*'  )$,,*' , 
%�)-2'&�)$:;"'  &$6,"14 -'0%'&$-4&*  "  %�!$6*2$:;"'  ,'�73�)"0� -/  4+'-$  %&�)��/ -
,�#  -'%��%&�2�),� -" . 

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

�"0"+' !$(  %&�0*8�',,� -/   '��),( , 2009, = 7 –  -& . 45-50. 
2. 
���2$,+"!�2  � . � ., �4�/!",$  � . � ., �&" -�2$  � . � . 5�)'�"&�2$,"'  �")&�)" -

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

� , 2013 – 
140  -& . 

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

� , 2009 – 240  -& . 

4. 1.
���2$,+"!�2  � . � ., ��&�-,'2$  � . � . 5�)'�"&�2$,"'  &$7�-*  )243-&47+$-���  
-'%���70',,"!$    4+'-�0  -'%��)"..46""  �$6�2���  -'%��,� "-'�( . 5 : �"0"(  "  3"0"+' -
 !$(  -'3,����"( , 2015, -�0  58, 2*%.9 – 58-62  -& . 

5. 
���2$,+"!�2  � . � ., ��&�-,'2$  � .� . 5�)'�"&�2$,"'  �")&�)",$0"+' !"3  "  -'%-
��2*3  %&�1'  �2  2 )243-&47,�0  -'%���70',,"!' . ������&$) : ����

� , 2015 – 160  -& . 

6. �$!+'#0  � .� . , 
�'7�2  5 .� . 5$-'0$-"+' !�'  0�)'�"&�2$,"'  � ,�2,*3  %&�1' -
 �2  3"0"+' !"3  %&�"62�) -2 . 5 : �* 8$(  8!��$ ,1991 – 400  -& . 
 
 

'��$*����  (������������  '�������  '�����*������  
� . � . �* !�  ( -4)',-  �&4%%* �5�5 -1%), � . � .��/",$  (!  -  , , )�1',-  !$.')&*  «����� » 

����

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

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

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

6�2$,"'  �7�&4)�2$,"( , !�-�&�'  %�62��('-  42'�"+"2$-/  -4&74�"6$1":  "  1"&!4�(1":  %�-� -
!�2  %&" ,'6,$+"-'�/,�0  42'�"+',""  <,'&��%�-&'7�',"(  "  0'-$���'0!� -" . 

�'6�,$, ,$(  $%%$&$-4&$ – ,�2�'  ,$%&$2�',"'  2 -'3,����""  0$  �<,'&���70',,*3  
%&�1'  �2  2 ,'�),�&�),*3   &')$3 , � ,�2$,,�'  ,$  " %��/6�2$,""  2,'8,"3  4%&$2�('0*3  
2"7&$1"�,,*3  2�6)'# -2"# , %&'"04;' -2$  2  &$2,',""    -&$)"1"�,,�#  $%%$&$-4&�#  2( -
6$,*   �   ,"�',"'0  <,'&��6$-&$- . 

��(  <..'!-"2,���  %'&'0'8"2$,"(  2 '��  �7C'0$  �")!� -"  ,'�73�)"0�   �6)$,"'  
!�07","&�2$,,�#  0'8$�!" ,  � -�(;"#  "6 '0!� -" , 2$�$   0'8$�!�#  "  &47$8!"  )�(  �3�$ -
�)',"(  "�"  �7��&'2$  �7&$7$-*2$'0���  %&�)4!-$, �-�"+$:;"# (  -'0 , +-�  2$� 2 6�,'   0' -
8',"(  %&') -$2�('-   �7�#  1"�",)&"+' !4:  %&4�",4  (&" 4,�!  1). 9..'!-"2,� -/  %'&'-
0'8"2$,"(  )� -"�$'- (  -'0 , +-�   �7 -2',,$(  +$ -�-$  !��'7$,"#   1"�",)&"+' !�#  %&4�"-
,*  2$�$  �2%$)$'-    +$ -�-�#  2&$;',"(  0'8$�!" , "  1"�",)&"+' !$(  %&4�",$  2$�$  �2'& -
8$'-  &'6�,$, ,*'  %&�)��/,*'  !��'7$,"(  7'6 %&"0',',"(  )�%��,"-'�/,���  )2"�$-'�(  "  
%&"2�)$, +-�   %� �7 -24'-  4%&�;',":  !�, -&4!1""   0' "-'�( . 

�'6�,$, ,*#   0' "-'�/  %&'),$6,$+',  )�(  %'&'0'8"2$,"(  2* �!�2(6!"3  ,/:-� -
,�2 !"3  �")!� -'#   4 %',6"#  "  <04�/ "# . 
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1 - !�&%4 ; 2 - !&*8!$ ; 3 - )2"�$-'�/ ; 

4 - &')4!-�& ; 5 - 2$�; 6 - 0'8$�!$ ; 7,8,10,11 - %$-&47�!; 9 - &47$8!$ 
�" 4,�!  1 - �'6�,$, ,*#   0' "-'�/ (� .0.= 154488, 2015� .) 

 
�   0' "-'�' ,  � -�(;'0  "6 '0!� -" , 2$�$   0'8$�!�#  "  &47$8!"  )�(  �3�$�)',"(  

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

2(2 )a n mp= ×               (1) 
�)'  $ – !�<.."1"',-  4%&4�� -"  1"�",)&"+' !�#  %&4�",* , � /0; 
      n – +" ��  �7�&�-�2  2$�$ 0'8$�!" , �7 / ; 
     m – 0$  $  0'8$�!" , !� . 

�$�  0'8$�!" , %&') -$2�(:;"#   �7�#  2 6�,'   0'8',"(  1"�",)&"+' !4:  %&4�"-
,4 , �7&$64'-    $0�#  0'8$�!�#  0$  �#  m ."6"+' !"#  0$(-,"! . �,$(  !�<.."1"',-  4%&4��-
 -"  1"�",)&"+' !�#  %&4�",*  a, 0��,�  �%&')'�"-/   �7 -2',,4:  +$ -�-4  !��'7$,"#  Q )�(  
."6"+' !���  0$(-,"!$  (�2�& !"#  � .5 ., �'-�$.  � .� . �%&$2�+,"!  %� ."6"!' . 

� ."6)$-'�/ -2�  ."6"!� -0$-'0$-"+' !�#  �"-'&$-4&* . - 5 , 1963, � . 102) 

/
2
a m

n
p

=                (2) 

� �"   �7 -2',,$(  +$ -�-$  !��'7$,"#  Q 2 .�&04�'  (2) &$2,$ +$ -�-'  2&$;',"(  2$�$ 
0'8$�!"  n, -�  %&" 2*%��,',""  4 ��2"(  (1) 2$�, %&') -$2�(:;"#   �7�#  2 6�,'   0'8',"(  
1"�",)&"+' !4:  %&4�",4 , 20' -'    0'8$�!�#   �2'&8$'-  &'6�,$, ,*'  !��'7$,"( , !�-� -
&*'  �7' %'+"2$:-  %'&'0'8"2$,"'  �7&$7$-*2$'0���  %&�)4!-$ 2 �!&4�,�0  "  � '2�0  ,$ -
%&$2�',"(3 . 
$!"0  �7&$6�0 , " %��/64(  2$� 2 6�,'   0'8',"(  2 2")'  1"�",)&"+' !�#  %&4-
�",* , "0':;'#  !�<.."1"',-  4%&4�� -"  $, �%&')'�('0*#  4 ��2"'0  (1), 0��,�  %'&'2' -"  
2$� 0'8$�!" , %�0"0�  2&$;',"(  �-  %&"2�)$ 2 &'�"0  � '2*3  &'6�,$, ,*3  !��'7$,"#  7'6 
4 -$,�2!"   %'1"$�/,���  %&"2�)$,  �2'&8$:;'��  2�62&$-,� -%� -4%$-'�/,�'  )2"�',"' . 
9-�  4%&�;$'-  !�, -&4!1":   0' "-'�(  %&"  �3&$,',""  <..'!-"2,� -"  "  ",-', "2,� -"  
 0'8',"( , � �7',,�  2* �!�2(6!"3  ,',/:-�,�2 !"3  �")!� -'# . 

�$  � ,�2$,""  )$,,���  $%%$&$-$ &$6&$7�-$,$ %&",1"%"$�/,$(   3'0$  !�, -&4!1""  
<! %'&"0',-$�/,�#  4 -$,�2!"  )�(  %&�2'&!"  &$7�-� %� �7,� -"  "  <..'!-"2,� -"   0'8' -
,"(  2 $%%$&$-'   %'&'0'8"2$:;"0  4 -&�# -2�0  2 2")'  2$�$   0'8$�!�# , 2*%��,',,���  2 
2")'  1"�",)&"+' !�#  %&4�",*  (&" 4,�!  2). 
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1 -  04�/-"0'-& ; 2 - 4 -&�# -2$  &$6&*2$ <�'!-&"+' !�#  1'%" )�(  %�)!�:+',"(  $0%'&0'-&$; 3 - 7��!  

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

7 - 2$�, 2 2")'  1"�",)&"+' !�#  %&4�",* ;  8 - 0'8$�!$ ; 9 - 8-$-"2  
�" 4,�!  2 – �3'0$  <! %'&"0',-$�/,�#  4 -$,�2!"  

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

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

� .� . 5�!&'1�2$   -$&8"#  %&'%�)$2$-'�/ , ���  ((����� ) ������� , ����'%�+ ,   
� .� . �42�&�2$   -4)',-!$  ���  ((����� ) ������� , ����'%�+ ,  

� .� . 
$-$&',!�2$   -4)',-!$   ������� , ��������*  
 

            �  %&')*)4;"3  &$7�-$3 %� "64+',":  2�"(,"(  %'&'0'8"2$,"(  ,$  2*3�)  2  ���,�#  
3"0"+' !�#  &'$!1""  7*��  �1',',$  2�60��,� -/  �%" $,"(  &'$!-�&$  %��4%'&"�)"+' !���  
)'# -2"(    %�0�;/:  )243 6�,,�#  0�)'�" . �'&2$(  6�,$  %&') -$2�(�$  6�,4  %�)$+" )�6" -
&4'0���  &$ -2�&$ &'$�',-$ , $ 2-�&$(  6�,4  4 &'),',"( . �$)$+$ &'8$�$ /  )�(  "6-'&0"+' !� -
��  2$&"$,-$ � 4;' -2�',"(  %&�1'  $ . �  ,$ -�(;'#  &$7�-'  %&')%&",(-$ %�%*-!$ " %��/ -
6�2$,"(  %&')���',,�#  0�)'�"  )�(  �%" $,"(  ,'"6�-'&0"+' !���  2$&"$,-$ �.�&0�',"(  
%&�1'  $ .  �" -'0$  4&$2,',"#  0$-'&"$�/,*3  7$�$, �2  )�(  !�0%�,',-�2  &'$!1""  7*�$  )� -
%��,',$  4&$2,',"(0"  )�(  &$ +'-$ -'0%'&$-4&*  2 !$�)�#  "6 6�, .    �",'-"+' !"'  !�<.." -
1"',-*  )�(  &$ +'-$ <..'!-"2,� -"  -'%���-)$+"    %�2'&3,� -"  0"!&�+$ -"1  !  %'&'0'8" -
2$'0�#   &')'  "  -'%���-)$+"  �-  %'&'0'8"2$'0�#   &')*  !  2,'8,'#   -',!'  &'$!-�&$  "  -'%-
���-)$+"  �-   -',!"  &'$!-�&$  !  3�$)�$�',-4   7*�"  6$"0 -2�2$,*  2  %&$2�+,�#  �"-'&$-4&' .  
�'64�/-$-*  &$ +'-�2    " %��/6�2$,"'0  0$-'0$-"+' !�#  0�)'�"   %�!$6$�" , +-�  2 6$2" "0� -
 -"  �-  4 ��2"#  %'&'0'8"2$,"(  2 &'$!-�&'  2�60��',  %'&'�&'2  6�,*  )�6"&�2$,"(  �-,� " -
-'�/,�  6�,*  4 &'),',"( . 9-�-  %'&'�&'2  6$2" "-  �-   ��-,�8',"#  &$ 3�)�2  �")!� -"  %'&'-
0';$'0�#  2 $%%$&$-' 0'8$�!�#  "  &$ 3�)�0  &$ -2�&$ )�6"&4'0���  &'$�',-$ . �  !$+' -2'  
%&"0'&$ %&�$,$�"6"&�2$,�  � 4;' -2�',"'   ���,�#  &'$!1""  (%$&$��'�/,�# , �),$  &'$!1"(  
2')'-  !  �7&$6�2$,":  %&�)4!-$, 2-�&$(  !  �7&$6�2$,":  %�7�+,*3  2';' -2 ). ��, -$,-*   !� -
&� -'#  "  <,'&�""  $!-"2$1""  )�(  &'$!1"#  &$6,*' .  �&"  �%&')'�',,*3   4 ��2"(3  2�60��',  
%'&'�&'2  6�,*  )�6"&�2$,"(  �-,� "-'�/,�  6�,*  4 &'),',"( . �$�"+"'  %'&'�&'2$ 0��'-  
 %� �7 -2�2$-/  �7&$6�2$,":  ,'�'�$-'�/,*3  %�7�+,*3  %&�)4!-�2 . 	 ,�2,*0"  .$!-�&$ -
0" ,  %� �7 -24:;"0"   ,"�',":  %'&'�&'2$,  (2�(:- (   42'�"+',"'  +" �$  �7�&�-�2  %'&'-
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0'8"2$:;'��  4 -&�# -2$  " , !$!   �') -2"' , 42'�"+',"'  !��"+' -2$  %'&'0';$'0�#  0'8$� -
!�#  �")!� -" , $ -$!�'   ,"�',"'  &$ 3�)$  )�6"&4'0���  &'$�',-$ .  	%&')'�',*  4 ��2"(  %'-
&'0'8"2$,"( ,  %&" !�-�&*3  �7' %'+"2$'- (   )�%4 -"0*'  )�(  3"0"+' !���  %&�1'  $  %'&'-
�&'2$  &')*  2 6�,'  )�6"&�2$,"( . 9-"   2')',"(  %�62��(:-   �%&')'�"-/   %�6"1":  )$-+"!$  
!�,-&��(  -'0%'&$-4&*   &')*  2 $%%$&$-'. 
         �4;' -2',,*0  .$!-�&�0 ,   ,"�$:;"0  %&�"62�)"-'�/,� -/  &'$!-�&$ ,  (2�('- (  ", -
-', "2,� -/  -'%���-)$+"  �-  2,'8,'#   -',!"  &'$!-�&$  !  �3�$�)$:;'#  �")!� -" . ��<-�04  
42'�"+',"'  %&�"62�)"-'�/,� -"  &'$!-�&$  2�60��,�  6$  +'-   �2'&8', -2�2$,"(  -'%���- -
2�)(;"3  <�'0',-�2  !�, -&4!1""  $%%$&$-$.   
 

 
�'���� ����  ���������  ������  ��������������   

�����������  �  �� ),  ��� �%����  �������'���������   
���������  �� #����  

�")!�2  � .� .  -4)',-  �&. �
� -431, ,$4+. &4!. )�1',-  �'&,�2$  
 .� . 
����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) 

��������*'%���  ��'"*��'&,������  &�.��#�'%���  "��,��'�&�&� , 
 
�  %&�1'  '  <! %�4$-$1""  $2-�74 �2  ����$,",  2 $2-�!���,,'   5��  «���� !$(  � /�  

= 1732» "0':- (   �4+$"   3�)�2    ,'" %&$2,� -/:  -&$, 0"  "" . 
$!  2013-2014 ��)$3  
%&�"6�8��  162  3�)$ . 	 ,�2,*'  ,'" %&$2,� -" : �:.-  !&' -�2", , 2"7&$1"( !$&)$,,���  
2$�$, �7&*2  7��-�2 , �7&*2  !$&)$,,���  2$�$, "6,�  8�"1'2  !$&)$,,���  2$�$.  

��(  �%&')'�',"(  3$&$!-'&$ ,'" %&$2,� -'#  2 46�$3 -&$, 0"  "#  $2-�74 �2 , ,'�7 -
3�)"0$  )"$�,� -"!$  46��2  "  $�&'�$-�2  -&$, 0"  "" . ��(  %&�2')',"(  )"$�,� -"!"  " %��/ -
6�2$� (  %&"7�& 2"7&�$,$�"6$-�&  «����&"-0 -03».  

�  �')�2$,"'  %&�2�)"�� /  ,$  $2-�74 $3 «����$,", -6270» �� . ,�0'&  �5 062 �$-
&$�  = 539 "  «����$,", -5270» �� . ,�0'&  �5 497 �$&$�  = 529. ��  2&'0(  "60'&',"#  $2-� -
74 *  ,$3�)"� (  2 &'0�,-,�0  7�! '  ,$   0�-&�2�#  (0'    %�))�0!&$+',,*0"  6$),"0"  !��' -
 $0" . �$0'&*  %&�2�)"�" /  ,$  3��� -�0  3�)4  %&" �7�&�-$3  )2"�$-'�(  n=950 �7 /0",  "  ,$  
%'&2�# %'&')$+'  %&" �7�&�-$3  !��',+$-���  2$�$ )2"�$-'�(  n=1200 �7 /0", . �&�7'�  $2-�74-
 $ �$&. =  539  � -$2�(�  973000 !0 . �&�7'�  $2-�74 $  �$&. =  529  � -$2�(�  826000 !0 .  

�$0'&*  2"7&�4 !�&',"#  %&�2�)"�" /  ,$  %�))�,'  )2"�$-'�( , ,$  .�$,1'  !&'%�',"(  
��� , ,$  .�$,1'  ��$2,�#  %'&')$+" , ,$  &$0'. �,$+$�'  6$0'&*  %&�2�)"�" /  ,$  3��� -�0  3� -
)4  !$�)$(  -�+!$  7*�$  "60'&',$  %� -&'0  � (0 . 

�  "  �')�2$,""  4+$ -2�2$�"  3 +'��2'!$ : 2�)"-'�/ , �$7�&$,-    %&"7�&�0 "   -4)',- -
"  �')�2$-'�/ , !�-�&*#  !�,-&��"&�2$�  %&�1'   "60'&',"# . 

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

 
�" . 1. �&'%�',"'  )$-+"!$  ,$  !�&%4 '  6$),'��  0� -$ .         
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��  &'64�/-$-$0  6$0'&�2 2*7&$,*  0$! "0$�/,*'  6,$+',"(  2"7&�4 !�&'"# : «����$ -

,", -6270» - 6$),"#  0� - , «����$,", -5270» - .�$,'1  ��� . 
�'64�/-$-*  6$0'&�2 %&') -$2�',*  2 -$7�"1$3  1 "  2. 


$7�"1$  1 - �"7&�4 !�&',"(  ,$  .�$,1'  ��$2,�#  %'&')$+"  $2-�74 $  «����$,", -
6270» 

&����2;
  �.���2;  
	 /  � , LOG 93 

m$3 1318,257 1318,257 338,844 1318,257 
min 0,032 0,111 0,224 0,025 

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

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

'
�7
�  �
�
5
0
  
	 /  � , LOG 98 

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

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

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

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

,"(  1318,257 0/ 2, ,$  1-�#  %'&')$+'  %�) ,$�&46!�#  2"7&�4 !�&',"'  40',/8$'- (  )�  
933,2540/ 2. �$  1-�#  %'&')$+'  42'�"+',,�'  2"7&�4 !�&',"'  -$!�'  %� � "  �  933,2540/ 2, 
%� � "  Z 1230,2690/ 2. 

�  &'64�/-$-'  ��")$� (   3�)    ,'" %&$2,� -/:  46��2 , ,$3�)(;"3 (  2 ,'%� &') - -
2',,�#  7�"6� -"  !  .�$,14  ��$2,�#  %'&')$+" .  

�3�)*    &'0�,-�0  !$&)$,,�#  %'&')$+"  %&�"6�8�"  25.03.2014 – �:.-  !&' -�2",*  
!$&)$,$  "  07.05.2014 – �:.-  !&' -�2",*  !$&)$,$ . 
 

 
$7�"1$  2 - �"7&�4 !�&',"(  ,$  .�$,1'  ���  $2-�74 $  «����$,", -5270» 
&����2;
  �.���2;  

	 /  � , LOG 122 
m$3 2,512 3,936 0,966 1,567 
min 0,371 0,269 0,891 0,084 

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

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

'
�7
�  �
�
5
0
  
	 /  � , LOG 137 

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



 121 

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

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

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

42,6580/ 2, ,$  1-�#  %'&')$+'  %�) ,$�&46!�#  2"7&�4 !�&',"'  40',/8$'- (  )�  29,8540/ 2. 
�$  3��� -*3  �7�&�-$3  42'�"+',,�'  2"7&�4 !�&',"'  -$!�'  %� � "  �  41,6870/ 2, ,$  1-�#  
%'&')$+'  %�) ,$�&46!�#  2"7&�4 !�&',"'  42'�"+"2$'- (  )�  43,6520/ 2, %� � "  X 3,9360/ 2. 
��  2&'0(  6$0'&�2 ,'  �7,$&4�',*  !&"-"+' !"3  6,$+',"#  2"7&�4 !�&',"# . ��)"-'�:  
%&')���',�  %&�"62' -"  %&�-(�!4  7��-�2  !&'%�',"(  .�$,1'2  ���  "  !$&)$,,�#  %'&')$+" . 

�$  &" 4,!'  2 %&') -$2�',$  )"$�&$00$  2"7&$1""  ,$  ��$2,�#  %'&')$+"   6$),'��  
0� -$ . 
 

 
�" . 2. �"$�&$00$  6$0'&�2 2"7&$1""  ,$  6$),'0  0� -4  %� � "  X ,$  %'&2�# %'&')$+'  

 
  �&�2')',,�'  )"$�,� -"&�2$,"'   -&$, 0"  ""  $2-�74 $  «����$,", -5270» %�!$6$��  
4)�2�'-2�&"-'�/,�'   � -�(,"'  46��2  "  $�&'�$-�2  -&$, 0"  "" . �&"-"+' !"'  6,$+',"(  
2"7&�4 !�&',"(  �- 4- -2�2$�" . �3�)�2    ,'" %&$2,� -(0"  !$&)$,,�#  %'&')$+"  $2-�74 $  
«����$,", -5270» ,'  7*�� .  
�&�2')',,$(  )"$�,� -"!$  -&$, 0"  ""  $2-�74 �2  «����$,", » %�!$6$�$ <..'!-"2,� -/  6$ 
 +'-  " !�:+',"(   3�)�2    &'0�,-�0  -&$, 0"  "" . �"$�,� -"&�2$,"'  2�60��,�  %&�2�)"-/  
2�  2&'0(  
	 2 "�"  ,$  %� -4  )"$�,� -"!" .  
 
�%" �!  �"-'&$-4&*  
1. �, -&4!1"(  !  2"7&�$,$�"6$-�&4  «����&"-0 -03». �4!�2�) -2�  %� <! %�4$-$1""  
840�04&$ , $,$�"6$-�&   %'!-&$ , 2"7&�0'-&$  ����&"-0 -03 (����&"-0 -03-001�� \\ ��	  
«����&"-0 -$!4 -"!$ ».- 5� !2$ . 
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�����*�����������  ����� �!�%����!�  ����'�%����  ����� -
'�������!�  '�����������  

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

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

� .����'%�+ , www.volpi.ru 
 
� %'8,�'  &$62"-"'  %&�0*8�',,���  %&�"62�) -2$  ,'0* �"0�  7'6 %&�+,�#  0'-&� -

���"+' !�#  7$6*. 
	),�  "6 ,$%&$2�',"#  0'-&����"+' !���  �7' %'+',"(   2(6$,�  [1]: 

•    2*7�&�0  %$&$0'-&�2, %�)�'�$;"3  "60'&',"(0  %&" "  �')�2$,"(3 , " %*-$,"(3  "  !�, -
-&��'  0$-'&"$��2  "  "6)'�"# ;  
•   4 -$,�2�',"'0  ,�&0  -�+,� -"  "60'&',"#  <-"3  %$&$0'-&�2 )�(  �7' %'+',"(  -&'74'0���  
!$+' -2$  %&�)4!1""  0$-'&"$��2  %&" 0","0$�/,*3  <!�,�0"+' !"3  6$-&$-$3; 
•      �6)$,"'0  &$1"�,$�/,�#  ,�0',!�$-4&*   &') -2  "60'&',"# , " %*-$,"#  "  !�,-&��( , 
,'�73�)"0*3  )�(  0'-&����"+' !���  �7' %'+',"(  %&�"62�) -2$  "  <! %�4$-$1""   '&"#,*3  
"6)'�"# ;  
•    �&�$,"6$1"'#   " -'0*  0'-&����"+' !���  �7' %'+',"(  <-"3   &') -2 . 

�&4��'  ,$%&$2�',"'   2(6$,�    �7' %'+',"'0   '�'!-"2,�#   7�&!"  ,$  � ,�2'  0'-�)$  
!�0%', $1""  �),"3  %��&'8,� -'# ,  �%&(�$'0*3  %�2'&3,� -'#  )'-$�'#   7�&�+,���  46�$,   
)&4�"0"  ")',-"+,*0"  %� .�&0'  "  2'�"+",$0  %��&'8,� -(0"  [2-6]. 


&'74'0�#  <..'!-"2,� -"  %&"0',',"(  "60'&"-'�/,�#  -'3,"!"  0��,�  )� -"�,4-/  
-��/!�  %&" �&$0�-,�#  'A <! %�4$-$1"" ,  2�'2&'0',,�0  "  2* �!�!$+' -2',,�0  2*%��,' -
,""  2 '3  -&'7�2$,"#  ,�&0$-"2,� --'3,"+' !"3  )�!40',-�2  %� ,$6,$+',":  %&"'0�+,*3  
�&$,"1  "  "60'&"-'�/,*3  %&"7�&�2. 
 
�'&���,�����  $�����#�-.  �����)  
 

�  2*7�&'  "60'&"-'�/,*3   &') -2  4+$ -24:-  !�, -&4!-�& !"' , -'3,����"+' !"'  "  
0'-&����"+' !"'   �4�7*  2 %&')'�$3  2�6���',,*3  ,$  ,"3  �7(6$,,� -'# .[1, 7] 

��, -&4!-�& , ,$6,$+$( -�+,� -/  &$60'&$ (!2$�"-'- ), &'8$'-  2�%&�  �  2�60��,�0  
%&�1',-'  ,'%&$2"�/,�  %&",(-*3  )'-$�'#  (&" !'  6$!$6+"!$ – m). ��60��,*  -&"  2$&"$,-$ 
4 -$,�2�',"(  %&"'0�+,*3  �&$,"1  &$60'&�2, %� !�-�&*0  %&�"62�)"- (  %&"'0!$ "6)'�"# . 

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

� %& = IT = I� "6)  
9-�-  2$&"$,- (2�('- (  � ,�2,*0  2 %&$!-"!'  !�, -&4"&�2$,"( . 
��  2-�&�0  2$&"$,-'  %&"'0�+,*'  �&$,"1*  4 -$,$2�"2$:-  22')',"'0  -$!  ,$6*2$' -

0���  %&�"62�) -2',,���  )�%4 !$ , !�-�&*#  0',/8'  -$7�"+,���  )�%4 !$  ,$  2'�"+",4  %�-
�&'8,� -"  "60'&',"( . 9-�-  2$&"$,- %&"0',('- (  &')!� , -$!  !$!  2�6&$ -$'-  &" !  "6��-�2" -
-'�( : 

T%& = IT – R�� �� � � � � �  R 
�  -&'-/'0  2$&"$,-'  -$!�'  22�)"- (  %&�"62�) -2',,*#  )�%4 ! , �),$!�   0';',"'  

%&�"62�)"- (  ,$  2'�"+",4  2'&�(-,� -,���  2*3�)$  &$60'&$ 6$ %&')'�*  %��(  )�%4 !$  4 ,' -
%&$2"�/,�  %&",(-*3  )'-$�'# : 

� %& = IT – 2c = � "6)  � � � � �
�&"  22')',""  %&�"62�) -2',,���  )�%4 !$  ,'�73�)"0�  &$  +"-*2$-/  ,�2*'  6,$+' -

,"(  %&"'0�+,*3  �&$,"1 . 
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�''��*�,����  �  �����5  %�#�'&,�  ��&����  ��&�,-.  &�"0  �5  3� 15 

 
�+"-*2$( , +-�  %&"  4;' -24:;'#  -'3,����""  %&�"62�) -2$  -&47 � ,�2,�#  2!�$)  2 

%�2'&3,� -,�'  �7'64��'&��"2$,"'  2,� "-   .'&�")"6"&4:;"#  �-�"� , 0'&�%&"(-"(  %� 
40',/8',":  2'�"+",*  �7'64��'&��',,���   ��(  2 -&47$3 )���,*  7*-/  ,$%&$2�',*  ,$   � -
!&$;',"'  %&�)���"-'�/,� -"  �-�"�$  %4-'0 %�)��-�2!"  �%-"0$�/,�#   -&4!-4&*  0'-$��$  
,$  ��&(+'0  %'&')'�' , $ -$!�'  %&"0',',"(  %&" -'&0��7&$7�-!'  !�,-&��"&4'0�#  6$;"-,�# , 
�"7�  2�  -$,�2"-'�/,�#  $-0� .'&*  [8]. 

	-���',,*'  -&47*  2  ��-2'- -2""    -&'7�2$,"(0"  
	�
  800-78 %�)2'&�$:- (  
!�,-&��:  %� -2'&)� -"  0'-$��$ , 0"!&� -&4!-4&'  (7$�/,� -/  6'&," -���  %'&�"-$ ), !$&7") -
,�#   '-!' , !$&7"),�#  �"!2$1"" , 6$�&(6,',,� -"  ,'0'-$��"+' !"0"  2!�:+',"(0"  "  ��47" -
,'  �7'64��'&��',,���   ��( . 

�  -$7�"1$3  1 "  2 %&') -$2�',*  )$,,*'  %� &$ 8".&�2!'  7&$!$ -&47 "6 8$&"!�%�) -
8"%,"!�2*3  "  4��'&�)" -*3  0$&�!   -$�'# . 

��$��)$&(  2,')&',":  0'&�%&"(-"#  %�  �2'&8', -2�2$,":  -'3,����""  %&�"62�)-
 -2$ &� -  2*%4 !$ %�)8"%,"!�2*3  -&47 6$ %'&"�)    2005 %� 2008 �� .  �%&�2��)$� (  ,'!� -
-�&*0   ,"�',"'0  7&$!$ "  4)'�/,*3  6$-&$-. 
 


$7�"1$  1 – �,$�"6   7&$!$ %�)8"%,"!�2*3  -&47 %� 2")$0  )'.'!-�2  
 

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

��',*  

 

�'&,�2",*  


�)  

�')
�!$

-*
 

�,4
-

-
&

',,
"'

 

�$
&

4�
-

,*
'

 

 

�"
$0

'-&
 +

/-
 

 

�&
"2

*'
 

 

��
 %

&
�-

!$
-4

 

��
 �-

-
)'�

!'
 

�&
�2

�&
�-

*
, &

" 
-

!"
  

�&
�+

"'
 )

'.'
!-

*
 

 

��
 0

'-$
��4

 
 

��
 %

&
�!$

-4
 

 

��
 �-

)'�
!'

 
 

	7
;"

#
 7

&
$!

, %
 

 

2005 0,1 0,52 3,75 0,38 0,61 0,29 0,31 0,04 1,65 0,04 4,27 0,84 2,59 7,7- 

2006 0,1 0,45 2,69 0,15 0,76 0,2 0,06 0,06 1,3 0,02 2,76 0,76 2,28 5,8 
2007 0,10 0,84 5,51 0,28 2,09 0,17 0,17 0,17 1,26 0,03 5,84 0,79 3,72 10,3 
2008 0,14 0,36 2,41 0,36 1,92 0,11 0,19 0,19 0,154 0,09 2,77 0,58 2,38 5,73 

 

$7�"1$  2 – �$6,�2"),� -"   7&$!$ 4��'&�)" -*3  -&47 %� 2")$0  )'.'!-�2  

 

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


�)  

�,4-&',,"'  
%�',*  

�$&4�,*'  
%�',*  


'�0'-&"(  
�')� -
!$-*  

�&�+"'  
��  0'-$� -

�4  
��  %&�-

!$-4  

	7;"#   
7&$!, 

% 

2005 0,27 0,89 0,10 0,16 0,07 0,92 0,57 1,49 

2006 0,1 0,59 0,09 0,12 0,01 0,82 0,34 0,96 

2007 0,12 1,04 0,07 0,12 0,03 1,08 0,3 1,38 

2008 0,1 1,46 0,08 0,08 0,07 1,56 0,23 1,79 
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$7�"1$  3 - �$+' -2�  -&47 "6 �� 15 &$6�"+,*3  6$2�)�2 -%� -$2;"!�2  6$��-�2!"  ,$  
��  

50-200 
2004 � . 2005 � . 2006 � . 2007 � .- 90' . �� -$2 - 

;"!  
�) . 
"60

. 
�$& .%�

. 
�,4-& . 

%�. 
�$& .%�. �,4-& .

%�. 
�$& .%�. �,4-& .%

� . 
�$& .%�. �,4-& .%�. 

��,'1!  -  
% 

1343,5
3 

4,19 

74,57 
0,23 

1478,96 
3,84 

67,28 
0,17 

1544,32 
3,05 

62,02 
0,12 

2459,06 
6,08 

298,72 
0,74 

�  - .+. 
�� 15 

  0$(  %� 
,�(7&/  
2005 � . 

-  
% - - 

744,89 
4,05 

36,11 
0,2 

1249,0 
3,38 

39,91 
0,11 �'  7*��  4+'-$  

�5�  
-  
% 

1302,1
5 

4,52 

224,17 
0,78 

1437,41 
4,25 

232,41 
0,69 

803,87 
3,42 

80,83 
0,39 

501,65 
5,86 

74,06 
0,86 

���  -  
% 

449,5 
2,16 

175,11 
0,84 

669,38 
3,15 

228,99 
1,08 

273,28 
1,5 

181,53 
0,99 

220,41 
3,6 

495,19 
8,08 

��	  -  
% 

327,26 
3,23 

103,81 
1,03 

296,67 
3,34 

22,10 
0,25 

255,39 
2,3 

31,57 
0,26 

308,72 
5,68 

62,72 
1,15 

	�5�  
-  
% - - - - 

152,67 
3,59 

70,13 
1,65 

158,07 
5,21 

70,75 
2,33 

�- .	 !�
�  

-  
% 

- - - - - - 683,77 
3,94 

181,95 
1,05 

�'&�2  -  
% 

- - - - 53,76 
2,17 

36,45 
1,47 

169,89 
5,47 

382,9 
12,33 

�-���  -  
% 

3422,4
4 

3,73 

577,66 
0,63 

3882,42 
3,79 

550,78 
0,54 

3083,29 
2,8 

472,53 
0,43 

4501,57 
5,36 

1566,29 
1,86 

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

1"&�2$,,*3  -&47 2 4 &$6$ 34�' , +'0  -&47, %&�!$-$,,*3  7'6 %&"0',',"(  &')4!1"�,,� -
!$�"7&�2�+,���   -$,$  (-$7� .4, %�!$6$-'�" , %&')4 0�-&',,*'  
	�
  800-78). 
 


$7�"1$  4 - �$+' -2�  -&47 "6 �� 15, "6��-�2�',,*3  "6 �7-�+',,�#  ,'%&'&*2,��"-�#  6$-
��-�2!"  

 

�&$!  
�7;"#  

�,4-&',,((  
%�',$  

�$&4�,$(  
%�',$  

���4+',� , -  �&�!$- , -  �)$+$ , -  

-  % 
  % -  % 

6242,7 5261,3 3617,9 177,43 4,9 18,23 0,5 61,6 1,7 


$�'�0-  $�,-1���!  %�#�'&,�  &�"0�-.  5���&�,�%  
��2&'0',,$(  -'3,����"(   %&�"62�) -2$  ��&(+')'.�&0"&�2$,,*3   7' 8�2,*3  -&47 

)�(  %�)8"%,"!�2�#  %&�0*8�',,� -"  2 ��  ""  2!�:+$'-   �')4:;"'  �7;"'  <�'0',-* : 
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,$�&'2  0'-$��$ , %��4+',"'  %���#  6$��-�2!"  (�"�/6* ), %��4+',"'  +'&,�2�#  -&47*  (&$ !$-!$  
�"�/6* ), �!�,+$-'�/,�'  .�&0"&�2$,"'   -',!"  "  )"$0'-&$  -&47*  (&')41"&�2$,"'  "�"  !$-
�"7&�2!$ ). 

�4;' -24:;"'  -'3,����"+' !"'  %&�1'  *  "6��-�2�',"(  -&47,*3  6$��-�2�!  )�(  
%�)8"%,"!�2�#  %&�0*8�',,� -"  3$&$!-'&"64:- (  %�,"�',,*0  !$+' -2�0  ,$&4�,�#  "  
2,4-&',,'#  %�2'&3,� -'# , !$�)$(  "6 !�-�&*3  "0':-  6$!$-* , -&';",* , �7'64��'&��',,*#  
 ��# , "  )&4�"'  )'.'!-*  0'-$��4&�"+' !���  %&�"62�) -2$ . 

	&�$,"6$1"(  %� -$2�!  4�'  %&')2$&"-'�/,�  0'3$,"+' !"  �7&$7�-$,,*3  )�  &$60'-
&�2 +" -�2�#  �7&$7�-!"  %� ,$&4�,�#  "  2,4-&',,'#  %�2'&3,� -"  -&47, %�62��"-  0'-$� -
�4&�$0  47')"-/ ( , +-�  %�) %&"%4 !�0 ,'-  &$!�2", , ,$  %�2'&3,� -"  2��� �2", , %�2'&3,� -
 -,*3  -&';",  "  )&4�"3  )'.'!-�2  -&47,���  %&�"62�) -2$ .  

	7&$7�-$,,4:  0'3$,"+' !"  %�2'&3,� -/  %&�;'  !�,-&��"&�2$-/ . �&"  <-�0   -&4� -
!$  (�'�"&�2$,,$( , - . ' .  )�&��$( ) � -$'- (  4 0'-$��4&��2  "   &$64 ")'-   2 %'&'%�$2!4.  

 	),$!�  ���  "0''-  ,')� -$-�!  – �3�$�)',"'  2 0'),*3  !&" -$��"6$-�&$3   �%&� -
2��)$'- (  7��/8"0"   !�&� -(0"  �3�$�)',"(  "  2 &'64�/-$-'  )$'-  � '24:  �"!2$1": .[3] . 
�&"  %&�8"2!'   -&47*  � '2$(  �"!2$1"(  &$ %&')'�('- (  2 !��/1'2�#  6�,' , %&"�'�$:;'#  !  
%�2'&3,� -"  �-2'& -"(  "  ' �"  ''  ,'  4)$�"-/  %��,� -/: , -�  � -$-�+,*'  �"!2$1"�,,*'  
%(-,$ %&" %� �')4:;'#  0'3$,"+' !�#  �7&$7�-!'  74)'-  -&4),�  4)$�"-/ , 2')/  %&"%4 !" ,$  
0'3�7&$7�-!4  0$�*  (&" . 1) [9]. �0',/8"-/  � '24:  �"!2$1":  0��,�  <�'!-&�8�$!�2*0  
%'&'%�$2�0, �),$!�  <-�   4;' -2',,�  %�2* "-   -�"0� -/  -&47,*3  6$��-�2�!  "�"   0'3$," -
+' !"   ,(-/  %&"%4 !" 2 �-2'& -""  %��4+',,�#  "6  �"-!$ .  

 

 
$)                                          7) 

�" 4,�!  1 – �3'0$  %�%'&'+,���  &$ %����',"(  ,'0'-$��"+' !"3  2!�:+',"#  %� �'  %&�8"2$,"(  -&47,�#   
6$��-�2!"  %��4+',,�#  ,$  4 -$,�2!'  ,'%&'&*2,���  �"-/( :  
$ -  &$2,�0'&,�'  &$ %����',"' ; 7 -  0';',"'  2!�:+',"# . 

 
�&"0',',"'  &$ -$+"2$,"( ,  �20';',,���    )�&,�2$,"'0 ,  �6)$'-  2�60��,� -"  

4 -&$,',"(  �"!2$1""  ,' %��8,� -'#  2 1',-&$�/,�#  +$ -"  "  ,$  %�2'&3,� -"  6$��-�2!" , 
+-�  0��'-   �7' %'+"-/   %��4+',"'  7��''  !$+' -2',,*3  -&47. ���  )$'-  ,�2�'  !$+' -2� , 
!�-�&�'  )'# -24:;"'  -'3,����"+' !"'  %&�1'  *  ,'  %&')4 0$-&"2$:-  [10].   

�  � ,�2,*0  %&'"04;' -2$0  <-���   %� �7$  �-,� "- (  6,$+"-'�/,�'   �!&$;',"'  
&$ 3�)$  0'-$��$  6$  +'-   ,"�',"(  %&"%4 !�2 ,$  �7&$7�-!4  7�$��)$&(  " %&$2�',":  " 3�) -
,�#  %��&'8,� -"  .�&0*  �-2'& -"(  %&" %&�3�)'  %'&2*3 )'.�&0"&4:;"3  <�'0',-�2 , $ -$!  
�'  � 4;' -2�',"'  +'&,�2�#  "  +" -�2�#  �7&$7�-!"  6$ �)",  &$7�+"# 3�)  ", -&40',-$  ,$  
�),�#  �%'&$1"" .  
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�  &'64�/-$-'  4%&�+,',"(  %�2'&3,� -,*3   ��'2  0'-$��$   �6)$'- (    47 -&4!-4&$ , 
 %� �7,$(  2*)'&�$-/  6,$+"-'�/,*'   -$-"+' !"'  "  1"!�"+' !"  %�2-�&(:;"' (  ,$�&46!"  "  
2' /0$  +42 -2"-'�/,$(  !  ,$%&(�',"(0   )2"�$ , 7�$��)$&(  +'04  %&�1'   &'6$,"(  74)'-  
� 4;' -2�(-/ (   �  6,$+"-'�/,�  0',/8"0"  4 "�"(0"  [8]. 
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 �����'� ����  
�$,", !"#  � . � ., 	 $)+',!�  � . � ., ���!�  � . � . 
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5'3$,"+' !$(  �7&$7�-!$  ��47�!"3  �-2'& -"#  %&" "6��-�2�',""  ��47�!"3  �-2'& -
 -"#  2 &$6�"+,*3  �-&$ �(3  %&�0*8�',,� -"  "  %�62��('-  �7' %'+"2$-/  -&'7�2$,"(  !  �- -
!��,',"(0  �-  %&(0��",'#,� -"  � "  �-2'& -"(  2 %&')'�$3  �-  1 00  ,$  1 0 )�",*  )�  0,1 00  
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,$  1 0 )�",*  6$��-�2!" . 	,  %�62��('-  %��4+"-/  -&'74'0*'  %$&$0'-&* 8'&�3�2$-� -"  %�) 
%� �')4:;''  3�,",��2$,"' , "  3$&$!-'&"64'- (  2�60��,� -/:   ,(-"(  6,$+"-'�/,*3  %&"-
%4 !�2 . �&"0',('- (  )�(  40',/8',"(  %��&'8,� -'#  %&')8' -24:;'#  ��&(+'#  %&�!$-!"  – 
&$6,� -',,� -"  "   !&"2"6,*  � "  -&47* . 

�'&')  0'3$,"+' !�#  �7&$7�-!�#  ��47�!"'  �-2'& -"(   )�",,�0'&,*3  -&47 
	�
  
800-78  "0':-  %'&')  &$ -�+!�#   �')4:;"'  " 3�),*'  %$&$0'-&*: 
1.�"$0'-&  �7&$7$-*2$'0*3   -&47              73-205 00 . 
2. 
��;",$   -',!"   -&47     8 – 50 00 . 
3. ��",$  �7&$7$-*2$'0*3  -&47   3,1 – 9,0 0. 
4. 	7;$(  !&"2"6,$      ,'  7��''  0,2% �-  )�",*  -&47* . 

	2$�/,� -/  "  &$6,� -',,� -/  -&47 ,'  )���,*  %&'2*8$-/  %&')'�/,*'  �-!��,',"(  
%� 2,4-&',,'04  )"$0'-&4  "  -��;",'   -',!" . 

.�  ���  &$6&$7�-$,  %� �7  [3] "  4 -&�# -2$  [2]  )�(  �7&$7�-!"  )�",,�0'&,*3  -&47 
   %&�"62�)"-'�/,� -/:  .&'6  [5], )� -"�$'0�#   0'-�)�0  2",-�2�#  ",-'&%��(1""  [6].  

�� �'  %&"0',',"(  .&'6'&�2$,"(  2�60��,�  � 4;' -2�',"'   $7&$6"2,�# �7&$7�-!"  
)�",,�0'&,*3  �-2'& -"#  2,4-&',,"0  %�$,'-$&,*0  8�".�2$,"'0 ,  �� ,*0  8�".�3�,", -
��2$,"'0    )� -"�',"'0  -&'7�2$,"#  [6] !  %$&$0'-&$0 8'&�3�2$-� -"  2,4-&',,'#  %�2'&3-
,� -"  -&47  Ra 1,6…4,5 0!0  ,$  7$6�2�# )�",'  0,8 00    [1, 2]. 

�  )$,,�#   -$-/'  &$  0$-&"2$'- (  4 -&�# -2�  )�(  � 4;' -2�',"(   �20';',,*3  
%&�1'  �2  2"3&'.&'6'&�2$,"(  0'-�)�0  2",-�2�#  ",-'&%��(1""  )�(  %� �')4:;'# , 7'6 
 0',*   -$,!$ ,  $7&$6"2,�# �7&$7�-!"   0'-�)�0  2,4-&',,'��  %�$,'-$&,���  8�".�2$,"( ,  
 �20';',,*3    &'�4;' -)'.�&0"&:;"0  %&�8"2$,"'0  2 4 ��2"(3  0$  �2���  %&�"62�) - -
2$ )�",,�0'&,*3  -&47.  

�$6&$7�-$,   %� �7  [3] "  4 -&�# -2�  )�(  '��  � 4;' -2�',"(  [1, 2], !�-�&*'   �2'&8', - -
24:- ( . � -&�# -2�  [2] (&" .1) %�62��('-  � 4;' -2"-/  2"3&'.&'6'&�2$,"'0   �-)'�',"'  "   
�-2�)   -&4�!"  %&"  �7�:)',""  &'!�0',)$1"#  [7]..   
     �"3&'.&'6'&�2$,"'  0'-�)�0  2",-�2�#  ",-'&%��(1""  [6],  �20';',,�'    &'�4;' -
)'.�&0"&4:;''  %&�8"2$,"'0  ��47�!���  �-2'& -"(  1 � 4;' -2�('- ( , !��)$  
�),�2&'0',,�    %&�)��/,�#  %�)$+'#  S% ,$  -4&7",4  12 %�)$:-  &$7�+4:  �")!� -/  +'&'6  
)&�  '�/  13 2 6$),'#  !&*8!'  8  %",��"  6,  �6)$2$(  %�$,'-$&,�'  2&$;',"'  7�&8-$,�"  3  �  
 !�&� -/:  v7 "  4 "�"'  &'6$,"(  ,$  ", -&40',-'  4,  %&" 2&$;',""  !�-�&���   �   !�&� -/:  
v&.,  < v7   2,4-&',,'#  %�2'&3,� -"  -&47*   ,"0$'- (  �7;"#  %&"%4 ! 2"3&'.&'6'&�2$,"'0  
"  � 4;' -2�('- (  'A 4%&�+,',"'  ��� . 	),�2&'0',,�  %",��/  7$6"&4'- (    ,$-(��0  
647/(0"  5 )�&,$  2�  23�),�0  �:,'-'  9, +-�  �7' %'+"2$'-  �' -!� -/  7$6"&�2$,"(  %",��" , 
%'&',�  ,$%&$2�(:;'#  7$6* "6 23�),���  �:,'-$  9 2 �7&$7$-*2$'0�'  �-2'& -"'  1 " , 
 ��-2'- -2',,� , %&(0��",'#,� -/  '��  � "  "  -�+,� -/  �7&$7�-!" . 	%*-,�'   " %*-$,"'  
&'�4;' -)'.�&0"&4:;'#  %&�8"2!"  %&" �7&$7�-!'   �� ,*3  �-2'& -"#  !�&',,*3  �%�& 
)"6'�'#  %�!$6$� 2�60��,� -"  %��4+',"(  %$&$0'-&�2 -�+,� -"   ��-2'- -24:;"'  6-04 
!2$�"-'-4  "  8'&�3�2$-� -" ,  ��-2'- -24:;'#  )�&,�2$,":  [8]. 
        ��3&$,((  %� -�(,,�'  2 -'+',"'  %&(0���  &$7�+'��  3�)$  )$2�',"' , %� �'  %'&'2�)$  
%",��"  6 2�  2,4-&',,::  %��� -/  2*3�),���  �:,'-$  10 )$2�',"'  2�6)43$ %'&'!�:+$:-  
%&" %�0�;"  &'2'& "2,���  !&$,$ 15 2 %��� -/  0'�)4  6$��48!�#  11 "  %'&'),'#  !&*8!�#  7 
%",��" . �&"  <-�0    �2'&8$'- (  �7&$-,*#  &$7�+"# 3�)  %",��"  "  � 4;' -2�('- (  
%�2-�&,�'  )�&,�2$,"'  �-2'& -"(  1. �� �'  2�62&$;',"(  %",��"   2 " 3�),�'  %����',"'  2�  
23�),�#  �:,'-  9 )$2�',"'   ,"0$:-  "  4)$�(:-   -&47,4:  6$��-�2!4  2. ��(  �7&$7�-!"  
 �')4:;'#  -&47,�#  6$��-�2!"   )$2�',"'  %'&'!�:+$:-  %&" %�0�;"  �'2���  &'2'& "2,���  
!&$,$ 14 "  �%'&$1""   %�2-�&(:- .  

�&')���',,*#   %� �7  0'3$,"+' !�#  �7&$7�-!"  ��47�!���  �-2'& -"(  %�62��('-   �!&$ -
-"-/    &�!  %&�"62�) -2$ , %�2* "-  �"7!� -/  %'&',$�$)!"  ,$  )&4��#  -"%�&$60'& -&47 %&"  �3&$-
,',""  !$+' -2$  �7&$7�-!" , 40',/8"-/   �$7$&"-,*'  &$60'&*  �7�&4)�2$,"(  "  6$,"0$'0*'  "0  
%��;$)" .  
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��, -&4!1"(  .&'6'&,�#  %",��" , %&') -$2�',,�#  2 �%" $,""  [3, 9], $,$���"+,$  !�, - -
&4!1""  %",��"  0'-$���&'�4;'��   -$,!$  [1] )�(  �7&$7�-!"  ��47�!"3  �-2'& -"#  0'-�)�0  2", -
-�2�#  ",-'&%��(1""  [6] "  2,4-&',,'��  %�$,'-$&,���  8�".�2$,"(  "  3�,",��2$,"(  [1-3].  

	%-"0"6$1":   %&�"62�)"-'�/,� -"   .&'6'&�2$,"(  
	  0��,�  �%&')'�"-/  %� &'!�0', -
)$1"(0  &$7�-*  [5], &'�"0*  &'6$,"(  "  &'�4;"#  ", -&40',-  2*7"&$'- (  %� &'!�0',)$1"(0  [6]:   

 
�" . 1- �'�4;' -)'.�&0"&4:;''  0$���$7$&"-,�'  4 -&�# -2�  )�(  �7&$7�-!"  ��47�!"3  �-2'& -"#  2 -&47,*3  
6$��-�2!$3  2"3&'.&'6'&�2$,"'0  %� 0'-�)4  2",-�2�#  ",-'&%��(1""  
 

( )

( ){ }
,0;0

1;:

max 

³³

=£=

=

Î

®P

SV

IiiXfiXF

SX

FX

X

V

��

 

      

�)'  ( )XP  – 1'�'2$(  .4,!1"( , 2 &$  0$-&"2$'0�0  %&"0'&' <-�  %&�"62�)"-'�/,� -/  

    �)'    X – &'�"0*  &'6$,"( . 
                P = C×V×S    ,                                                  
 �)'  � - !�<.."1"',- , ,'  6$2" (;"#  �-  &'�"0�2  &'6$,"(  V "  S; 
            S – %�)$+$; 
 V –  !�&� -/  &'6$,"( ; 
  F–0,��' -2�  )�%4 -"0*3  &'�"0�2  &'6$,"( , �%&')'�('0�'  ��&$,"+',"(0" .  

  �  !$+' -2'  � ,�2,*3  ��&$,"+"2$:;"3  %&�"62�)"-'�/,� -/  .$!-�&�2  �7*+,�  2* -
 -4%$:-   �')4:;"'  [12]: ��&$,"+',"(  %� %$ %�&-,*0  )$,,*0   -$,!$ ; 0�;,� -"   -$,!$ ; 
%� %&�+,� -"  .&'6* ;  %�  -�#!� -"  ", -&40',-$ ;  %� -�+,� -"  �7&$7�-!" ;  %� 2* �-'  ,' -
&�2,� -'# . 

�'64�/-$-*  %&"0',',"(  2* �!�%&�"62�)"-'�/,���  .&'6'&�2$,"(  .$ �,,*0"  "  64-
7�&'6,*0"  .&'6$0"    0�)"."1"&�2$,,*0   %&�."�'0   [5] 4!$6*2$:-  ,$  2�60��,� -/   )' -
�',"(   -&4�!"   ,$  &'�"0$3  [7], )� -"�',"(   -$,)$&-,*3  -&'7�2$,"#  [6] -&47 2,4-&',,"0  
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%�$,'-$&,*0  8�".�2$,"'0  ,$  � ,�2'  %&"0',',"(  4 -&�# -2$  [2] "  0'-$���&'�4;'��  
 %'1"$�"6"&�2$,,���   -$,!$  [1]  

�   �2&'0',,*3  4 ��2"(3  0$  �2���  %&�"62�) -2$  -&47    �' -!"0"  -&'7�2$,"(0"  !  
-�+,� -"  �-2'& -"#  "  %$&$0'-&$0 8'&�3�2$-� -"  ,'�73�)"0*  ,$4+,*'  "  �')�2$,"( , ,$ -
%&$2�',,*'  ,$   %��4+',"'  &'!�0',)$1"#  )�(  2,')&',"(  2* �!�%&�"62�)"-'�/,���   %� � -
7$ [3] �7&$7�-!"   2,4-&',,"3  %�2'&3,� -'#  -&47,*3  6$��-�2�!    <�'0',-�0  $2-�0$-" -
+' !�#   " -'0*  4%&$2�',"(  -&$'!-�&""  &'�4;'��  ", -&40',-$  "   ��-2'- -24:;"'  �'� -
0'-&"+' !"'  "  0$-'0$-"+' !"'  0�)'�"  �7C'!-$  4%&$2�',"( , %�62��(:;"'  %&��,�6"&�2$-/  
&'�"0*  �7&$7�-!"  "  %&�"62�)"-'�/,� -/  %&�1'  $ . 
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 1. � . 0. 144594 �� , 5��  B23B41/00. 5'-$���&'�4;"#   -$,�!  / � .� . �$,", !"# , 

� .� . �,$,(, , � .� . �$,", !"# , � .� . ��$-�,�2$ , � .� . 	 $)+',!� ; ����

� . – 2014. 
  2. � . 0. 143938 �� .: 5��  B23B41/02. � -&�# -2�  )�(  0'3$,"+' !�#  �7&$7�-!"  

��47�!"3  �-2'& -"# .  
3. �$-',-  ��  2552616. �%� �7  0'3$,"+' !�#  �7&$7�-!"  ��47�!���  �-2'& -"(  2 

-&47,�#  6$��-�2!' . �$,", !"#  � .� ., �,$,(,  � .� ., 	 $)+',!�  � .� ., �$,", !"#  � .� . 
4. 	 $)+',!� , � .� . 	 2�',"'  -'3,����""  0'3$,"+' !�#  �7&$7�-!"  2,4-&',,'#  %�-

2'&3,� -"  7' 8�2,*3  -&47 ,$  	�	  «�
� » / � .� . 	 $)+',!�  // 
&47*  – 2014 : -&. XXI 0' -
�)4,$& . ,$4+.-%&$!-. !�,. . «
&47,$(  %&�0*8�',,� -/  ��  "" . �'!-�&  ",,�2$1"# » (� . �' -
�(7", ! , 15-18  ',- . 2014 � .) / 	�	  «�� ��
� ». - �'�(7", ! , 2014. - C. 189-194. 

5. �0��/,"!�2  � . � ., �4)&(8�2  � . � . �* �!�%&�"62�)"-'�/,�'  .&'6'&�2$,"'  
.$ �,,*0"  "  647�&'6,*0"  .&'6$0"  0�)"."1"&�2$,,���  %&�."�( . 5 .: 5$8",� -&�',"' , 
20098. 
 . 2. 213  .. 

       6 
�  14-3-1941-94 «
&47*   -$�/,*'  7' 8�2,*'  � �7�  2* �!�#  -�+,� -"  )�(  !�& -
%4 �2 %��&4�,*3  <�'!-&�)2"�$-'�'#  "  ,$ � �2 ».  

       7. 	-',"#  � . � ., �0��/,"!�2  � . � , 	�/8-*, !"#  � . � . �&��&'  "2,*'  0'-�)*  �7 -
&$7�-!"  ��47�!"3  �-2'& -"# / 5�,��&$."( .- ����

� , 2003.- 136  . 

   8. �$,", !"# , � . � . ��2*8',"'  !$+' -2$  0'3$,"+' !�#  �7&$7�-!"   �� ,*3  %�-
2'&3,� -'#  )'-$�'#  0,����%�&,*3  %�)8"%,"!�2*3  46��2 : 0�,��&$."( / � . � . �$,", !"# . 
������&$) . ���  «���"-'3,"! ». 2003. – 186  . 

   9. �0��/,"!�2 , � . � . �%'1"$�/,*'   -$,!"  )�(  &$ -$+"2$,"(  ��47�!"3  %&'&*2" -*3  
�-2'& -"#  8%",)'�(0"  ,$  2*,� ,*3  �%�&$3: 0�,��&$."(  /  
� . � . �0��/,"!�2 , � . � . �$,", !"# . – ������&$) . �� . -'3, . 4, -- . – ������&$) , 2004. – 176 
 .  
 
 

���������������  �'��%�����  ��#� �  ��!��#���$&   
���)���$&  ���������"  


$ $,�"  � . 	 . 
�4!�2�)"-'�/  �$,", !"#  � . � . 

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

� .����'%�+ , www.volpi.ru 
 

�4;' -24:-  &$6�"+,*'  0'-�)*  "6��-�2�',"(  &'6/7�2*3   �')",',"# , 0'-$���&' -
�4;"'   -$,!"  "  ", -&40',-$&"# . �  � ,�2,*0  0'-�)$0  0��,�  �-,' -" : �"-/' ;  �7&$7�-!4  
)$2�',"'0 ; ,$!$-*2$,"'0 , 2*)$2�"2$,"'0 , &�-$1"�,,*0  �7�$-"'0 , &'6$,"'0 , �'62"#,*0  
", -&40',-�0 , $7&$6"2,*0  ", -&40',-�0 , <�'!-&�."6"+' !"'  0'-�)* , <�'!-&�."6"+' -
 !�'  &$ %�$2�',"' , <�'!-&�3"0"+' !�'  &$ -2�&',"'  [1-4]. 

�&�1'  * , �7' %'+"2$:;"'  %�$ -"+' !�'  )'.�&0"&�2$,"'  %&" 0'3$,"+' !�#  �7 -
&$7�-!'  &'6/7 8"&�!�  %&"0',('- (  2 0$8",� -&�"-'�/,�#  %&�0*8�',,� -"  "  %�62��(:-  
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%��4+"-/  7��''  %&�+,*'  &'6/7�2*'   �')",',"(  %�  &$2,',":    &'6/7�2*0"   �')",',"( -
0" , %��4+',,*0"  &'6$,"'0  [1-3].  

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

�  )$,,�#   -$-/'  &$  0$-&"2$'- (  !�0%�'! ,*#  %�)3�)  !  %&�1'  4   !�07","&�2$, -
,���  4%&�+,',"( , 2!�:+$:;"#  $,$�"6  " 3�),�#  -&47,�#  6$��-�2!" , %��4+',,�#  ��&(+'#  
%&�!$-!�#  [3].  

	),"0"  "6 ,$"7��''  �-2'- -2',,*3  "  &$ %&� -&$,',,*3  &'6/7�2*3   �')",',#  (&" . 
1) 2 "6)'�"(3  ,'.-'�$6�2�#  %&�0*8�',,� -"  (2�(:- (  -&47*  ,'.-(,���   �&-$0',-$  "  
 �')",(:;"'  "3  )'-$�"  (%'&'2�),"!"  (&" . 3) "   04.-*  (&" . 4, 5). �-�"0� -/  -&47 
,'.-(,���   �&-$0',-$  2 �7;'#   -�"0� -"  �7�&4)�2$,"(   !2$�",*   � -$2�('-  �!���  60 % 
[4]. 
&47*  ,'.-(,���   �&-$0',-$   2",+"2$:- (  2 !���,,*    %�0�;/:   �')","-'�/,*3  
)'-$�'# : "�"  %'&'2�),"!�2  (&" . 1 %&"  �')",',""  -&47 &$6,���  )"$0'-&$ ) "�"  04.-  (&" . 
4, 5) %&"  �')",',""  -&47 �),���  )"$0'-&$ ). ��",$  -$!�#  !���,,*  )� -"�$'-  )�  5000 0 "  
7��'' , $ 2'  30-40 - . �$�&46!$  ,$  &'6/7�2*'   �')",',"(  -&47 -$!�2$ , +-�  �-  ,$)'�,� -"  
"0',,�  <-"3   �')","-'�/,*3  46��2  6$2" "-  ,$)'�,� -/  &$7�-*  2 '#  !���,,* . 

��  ,$6,$+',":  -&47*  ,'.-(,���   �&-$0',-$  &$6)'�(:-  ,$  74&"�/,*' , �7 $),*'  "  
,$ � ,� -!�0%&'  �&,*' . �4&"�/,*'  -&47*  %� 
	�
  631-75 %&'),$6,$+',*  )�(  %'&')$+"  
2&$;',"(  74&"�/,�04  )���-4  %&" 74&',""  ,'.-(,�#  "  �$6�2�#   !2$�",* . 	7 $),*'  
-&47*  %� 
	�
  632-80 %&"0',(:-  )�(  6$!&'%�',"(   -',�!   !2$�",*    1'�/:  "6��(1""  
2 !&*-*3  %�$ -�2 , %&')�-2&$;',"(  %'&'-�!$  �")!� -"  "�"  �$6$ "6 �),���  ��&"6�,-$  2 
)&4��# , �7&48',"(   -',�!   !2$�",* . �$ � ,� -!�0%&'  �&,*'  -&47*  %� 
	�
  633-80 
%&"0',(:- (  %&" <! %�4$-$1""  ,'.-(,*3  "  �$6�2*3   !2$�",  )�(  %'&'!$+!"  "6  !2$�",*  
,$  %�2'&3,� -/  ,'.-"  "�"  �$6$. �$�)�04  -"%4 -&47  ��-2'- -24'-   2�"  -"%�&$60'&*  &'6/7 
( ��-2'- -2',,�  %� 
	�
  631-75, 632-80 "  633-80). � '  &'6/7*  ,'.-(,���   �&-$0',-$  
 �6)$,*  ,$  � ,�2'  &$6&$7�-�! �0'&"!$, !���  ", -"-4-$  ,'.-"  (API) "  2 1'��0  
$,$���"+,*  %� !�, -&4!1"" . 	,"  (2�(:- (  !�,"+' !"0"  "�"  %� .�&0'  %&�."�(  0��4-  
7*-/  -&'4���/,*0"    4���0  %&�."�(  60° "�"  ,'&$2,�7�+,*0"  -&$%'1'")$�/,*0"  (&'6/7$ 
Buttress). 

 

�
.��6
  1 - ��4�74;
  �
�
<
2�;  �:��2
7��7

<;=  7
��
42�7  <3/2  �  �
:8.�	  
����   


&47$ 54.-$  
�$&4�,*#  )"$ -

0'-& , 00  
�$&4�,*#  )"$0'-& , 

D,  00  
��",$  04.-* , L 00  5$  $ , !�  

245,0 269,9 218,0 19,9 

�
.��6
  2 - ��
5
�84;
  �2���4
4��  ��4�74;=  �
:<
��7  <3/2  

�$"0',�2$,"'  %�!$6$-'�(  �&')'�/,�'  �-!��,',"'  
�$&4�,*#  )"$0'-&  04.-*   ±1,0%, ,�  ,'  7��''  ±3,0 00  
��",$  04.-*  ±3,0 00  
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�" . 1- �")  &'6/7�2���  -&47,���   �')",',"(  [3] 
 

�
.��6
  8  - ���3�2�<
�  ��3.�4
  5
/
�2�7  ��7
�=4��2�  <3/2  �?.�	  ���
42
6��  

&4%%$ %&�+,� -"  04.-  �$!�2",*  "  20(-",*    %��� -

�"0  ),�0  
��')*  6$32$-�2 "  
20(-",*    � -&*0  

),�0  
� , � , �  0,89 00  0,76 00  

�  0,76 00  
�
=4�0
���
  2�
.�7
4��  �  <3/2
< : �$  ,$&4�,�#  "  2,4-&',,'#  %�2'&3,� -"  ,'  )���,�  
7*-/  %�', , &$!�2", , 6$!$-�2 , &$  ��',"# , -&';",  "  )&4�"3  )'.'!-�2 . 
��2'&3,� -/  04.-  ,'  )���,$  "0'-/  )'.'!-�2  �:7�#  �&"',-$1""    ��47",�#  ,'  7��'' ,  
�'&�3�2$-� -/  %�2'&3,� -"  &'6/7*  Rz ,'  )���,$  %&'2*8$-/  20 0!0 . 
�'&�3�2$-� -/  4%��-,"-'�/,*3  %�2'&3,� -'#  Ra ,'  )���,$  %&'2*8$-/  1,6 0!0 . 

�,$�"6  � ,�2,*3  %�!$6$-'�'#  -�+,� -"  -&47 %� -��;",'   -',!"  "  )"$0'-&4  2* -
%��,',  %� )$,,*0 , 3$&$!-'&"64:;"0  -�+,� -/  90% -&47. 

 

�" . 2. �&"2*'  &$ %&')'�',"(  -��;",*   -',!"  +'&,�2*3  &')41"&�2$,,*3  -&47 &$60'&�0 75,4x9,4 (73,5x7,9) 
00  [5] 


&47*  %&"0',(:- (  -$!�'  )�(  "6��-�2�',"(  04.-  "  %'&'2�),"!�2  (&" . 2) 
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�" . 3 - �'&'2�),"!  )�(  ,$ � ,� -!�0%&'  �&,*3  -&4, � 73x60 
	�
  23979-80 [1] 
 

�   �2&'0',,�0  0$8",� -&�',""   4;' -24'-  %&�7�'0$  �7' %'+',"(  !$+' -2$ , %&�-
"62�)"-'�/,� -"  "  <!�,�0"+,� -"  0'3$,"+' !�#  �7&$7�-!"  04.-  )�(   �')",',"(  -�� -� -
 -',,*3  1'�/,�-(,4-*3  �7 $),*3  -&47, %&"0',('0*3  2 ,'.-'�$6�2�#  %&�0*8�',,� -"  
%&" %&�"62�) -2'  74&�2*3  &$7�-. 

	- 4- -2"'  "�"  ,')� -$-�+,� -/  0'-�)����"+' !���  �7' %'+',"(   !�,-&��(  -'3,� -
���"+' !"  4,$ �')�2$,,*3  )'.'!-�2  2 0'3$,"+' !"  �7&$7�-$,,*3  -&47$3 "  2  �7"&$'0�0  
46�'  �74 ��2�',�  2  2�:  �+'&')/ , �- 4- -2"'0  )� -$-�+,���  �7� ,�2$,"(  %&"0',',"(   � -
2&'0',,*3   %� �7�2  �7&$7�-!"  "  !�,-&��(  ,$  %&�0'�4-�+,�0  %� �'�%'&$1"�,,�0  !�, -
-&��'   )$-�+,*3  !�,-&��/,*3  �%'&$1"(3 . 

 ���/8�'  6,$+',"'  "0''-  %�" !   %� �7�2  0$���-3�),*3  "  7'6�-3�),*3  -'3,��� -
�"# , !  !�-�&*0  �-,� "- (   �7&$7�-!$  &'6/7 %�$ -"+' !"0  )'.�&0"&�2$,"'0 , %&" !�-�&�0  
42'�"+"2$'- (   �%&�-"2�('0� -/  &'6/7 ,$  &$6&*2 "  �%-"0"6$1"(  &'�"0�2  &'6$,"(  %&" 
2*%��,',""  &'6$,"(  "  %�$ -"+' !�#  )'.�&0$1""  2*)$2�"2$'0  %&�."�(  &'6/7  ��� . 

	),"0"  "6 &$ %&� -&$,',,*3  �%'&$1"# %&" �7&$7�-!'  04.-  )�(  �7 $),*3   -&47 
(2�(:- (  – &$ -$+"2$,"' , %�)&'6!$  "  ,$&'6$,"'  &'6/7* .  

� '  7��/8''  6,$+',"'  %&"�7&'-$:-  "  -$!"'  0'-�)*  �7&$7�-!"  -&47, !$!  2"3&'.&' -
6'&�2$,"'  "  ,$!$-!$  &'6/7. 

�  ,$ -�(;''  2&'0(  -'3,"+' !"#  4&�2',/  &()$ �%'&$1"# %� ,$&'6$,":  &'6/7 ,$  0' -
-$���&'�4;"3   -$,!$3  ,'  4)�2�'-2�&('-  2�6&� 8"0  -&'7�2$,"(0 . �$,''  %&�'!-"&�2$,"'  
 -$,!�2  )�(  -&47,�#  %&�0*8�',,� -"  � ,�2*2$�� /  ,$  3�&�8�  6$&'!�0',)�2$28"3   '7(  
!�, -&4!1"(3 . 
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       - 

 
 

�" . 4 – �")  &'6/7�2���   �')",',"(  04.-*    -&$%'1'")$�/,�#  &'6/7�#  	

5                                                       

 
�" . 3- �'6/7�2�'   �')",',"'  	

5  

 
�" . 5. - �")  &'6/7�2�#   %�2'&3,� -"04.-*  [3] 

 
�����	
����������  ����	�  

1. �-$,�+,�'  �7�&4)�2$,"'  $2-�0$-"6"&�2$,,���  %&�"62�) -2$ . 
 .2.  ��)  &') . � . 
� .  �484'2$ .- �6) -2�  «�
����� », 1994. -656  .   

2. �&��&'  "2,*'  0$8",� -&�"-'�/,*'  -'3,����""  : 0�,��&$."(  / � .� . �.�,", , 
(...), � .� . ��$-�,�2$ , � .� . �*7$! , � .� . �$,", !"# , � .� . �0��',1'2 , � .� . �-�&+$! , (...), 
� .� . �"�"&", !"# . - 5 . : ��  "�%'!-& ", 2012. - 
 . I. - 333  . 
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3. 
� -  �  5106-2002. ��')",',"(  &'6/7�2*3  �7 $),*3  04.-  ,$ � ,� - !�0%&'  �& -
,*3  -&47 "  -&47�%&�2�)�2  "  &'6/7�2*3  !$�"7&�2  )�(  ,"3 . 	7;"'  -'3,"+' !"'  -&'7�2$,"( .  

�  -$,)$&- , ��   "( . 5� !2$ ,. – � .54. 

4. �$0','1!"# , � . � . 	7&$7�-!$  &'6/7 ,'.-(,���  "  �$6�2���   �&-$0',-$  [
'! - ] 
/� .� . �$0','1!"#1  .-5 . : ��	  «�'6/7�2*'  -'3,����"" », 2003. 

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

� . – 
������&$) : ����  ����

� , 2014. – 144  .  
 

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

���3",  � . � . 
�4!�2�)"-'�/  �$,", !"#  � .� . ���  (."�"$� ) ����

�  

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

� .����'%�+ , www.volpi.ru 
 
�  )$,,�#   -$-/'  &$  0$-&"2$'- (  2�60��,� -/  � 4;' -2�',"(   -'3,����"+' !���  

%&�1'  $  �),�2&'0',,���  3�,",��2$,"(   ,$&4�,*3  "  2,4-&',,"3  %�2'&3,� -'#  )�",,� -
0'&,*3  1"�",)&�2  [1]. 5��'-  " %��/6�2$-/ (  %&" %&�"62�) -2'  4,"."1"&�2$,,*3  -'�' -
 !�%"+' !"3  �")&�1"�",)&�2 , ,$%&"0'&, )�(  !46�2�2  $2-� $0� 2$��2 , 2 4 ��2"(3  0$  � -
2���  %&�"62�) -2$  )�",,�0'&,*3  -&47.  

	 4;' -2�',"(  -$!���  -'3,����"+' !���  2�60��,�  %&"  �20';',""  %&�1'  �2  3� -
,",��2$,"(    
�	  "  %,'0�$7&$6"2,�#  �7&$7�-!�#  ,$&4�,*3  "  2,4-&',,"3  %�2'&3,� -'#  
)�",,�0'&,*3  -&47 -"%$ �")&�1"�",)&�2    ��$)!"0"  7'6 4 -4%�2 ,$&4�,*0"  "  2,4-&', -
,"0"  %�2'&3,� -(0"  [1, 2].  

�62' -',   %� �7   "  %&�1'   3�,",��2$,"(  �-2'& -"# , )�(  � 4;' -2�',"(  !�-�&*3  
&$6&$7�-$,* "  " %��/64:- (   -$,!"  "  ����2!"  ,$&4�,���  "  2,4-&',,'��  3�,",��2$,"( , 
 2(6$,,*0"  6$!&'%�',,*0"  $7&$6"2,*0"  6'&,$0"  [2].  

�%� �7  � 4;' -2�('- (    %�0�;/:  7&4 !�2 , &$6�"0$'0*3  2 &$)"$�/,�0  ,$%&$2�'-
,""  %&4�",$0"  ����2!"  - %&" �-,� "-'�/,�  ,"6!"3   !�&� -(3  "  )$2�',"(3  2 4 ��2"(3  �) -
,�2&'0',,���  !�,-$!-$  2 '#  &$7�+'# %�2'&3,� -"  ", -&40',-$    6$��-�2!�#  (&" . 1). 

���''  2* �!$(  %&�"62�)"-'�/,� -/  %&�1'  $  �7' %'+"2$'- (  %&" � ,$;',""  3�,�2  
$7&$6"2,*0"  7&4 !$0" , !�-�&*' , !&�0'  4)$�',"(  %&�)4!-�2  <�'!-&�3"0"+' !�#  &'$!1"" , 
%&" �%&')'�',,*3  4 ��2"(3  ,'%� &') -2',,�   ,"0$:-  0'-$�� . 

��,",��2$,"'  %&"0',(:- , )�(  %��4+',"(  %�2'&3,� -'#    8'&�3�2$-� -/:  Ra 
0.16...0,32 0!0 , 2 %� �'),''  2&'0(  &$6&$7�-$,* 0'�!�6'&," -*'   7&4 !" ,   %�0�;/:  !�-� -
&*3 � 4;' -2�('- (  �-)'��+,�'  3�,",��2$,"'  Ra= 0,06...0,1 0!0 . 

�����
�����
�����
�����
�����

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



 135 

�$%&"0'& , 3�,  "0''-  +'-*&'  %�)2"�,*3  &$7�+"3  '!-�&$  3 )�",�#  165 00 . �&"  
-$!�#  !�, -&4!1""  3�,$  ,'6$2" "0�  �-  2'�"+",*   ,"0$'0���  %&"%4 !$ 0'�<�'!-&�),*#  
6$6�& � -$'- (  %� -�(,,*0  2 -'+',"'  <�'!-&�3"0"+' !���  3�,",��2$,"( . 

��,",��2$�/,*'  7&4 !"  )�(  <�'!-&�3"0"+' !���  3�,",��2$,"(  2*%��,(:- , ,$ -
%&"0'&, "6 6'�',���  !$&7")$  !&'0,"(  5 28 2* -4%$:;"0"  ,$)  %�2'&3,� -/:   '!-�&�2  ,$  
1,5 – 2 00 . �-�&�%�$ -�2*'  7&4 !"  )�(  %&')�3&$,',"(  3�,$  �-  !�&�-!"3  6$0*!$,"#  6$-
!&'%�',*  ,$   '!-�&$3  -$!�'   2* -4%$:-  ,$)  %�2'&3,� -/:   '!-�&�2  ,$  1 – 1,5 00 . �'!-� -
&*  2*%��,(:-  %�)2"�,*0"  -$! , +-�   3�,",��2$�/,*'  7&4 !"  %&"�"0$:- (  !  �7&$7$-* -
2$'0�#  %�2'&3,� -"  %&4�",$0" . ��,  %&"!&'%�(:-  !  )'&�$2!'    %�0�;/:  8$&,"&$  "  8$-
&�2�#  �%�&* , $ -�!  %�)2�)(-  !  %�)2"�,*0   '!-�&$0    %�0�;/:  0'),*3  %&�2�),"!�2  [2, 
3]. 

�  %� �'),''  2&'0(  &$6&$7$-*2$'- ( ,$%&$2�',"'  %�2*8',"(  %&�"62�)"-'�/,� -" , 
-�+,� -"  �7&$7�-!"  6$  +'-  ,$%&$2�',,���  "60',',"(  4 ��2"#  2�6)'# -2"(  <�'0',-�2  
-'3,����"+' !�#   " -'0* :  -$,�!  — %&" %� �7�',"'  — ", -&40',-  – 6$��-�2!$  0'-�)�0  
� 1"�"&4:;'��   �� ,���  8�".�3�,",��2$,"(  [4-7].  

�  &'�"0'  +" -�2�#  �7&$7�-!"  ,'-  2&$;$-'�/,���  )2"�',"(  !&4�$ �-,� "-'�/,�  6$-
��-�2!" , %�<-�04  $�0$6,� -$7&$6"2,*'  6'&,$ !&4�$ � -$2�(:-  ,$  �7&$7�-$,,�#  %�2'&3,� -
 -"  &" !"  2 %&�)��/,�0  ,$%&$2�',"" , !$!  %&" 3�,",��2$,""  "  8�".�3�,",��2$,""  [8]. 

      �����"-'�/,*0  2 <-�0   %� �7'  (2�('- (  -� , +-�  2"7&$1""  7* -&�2&$;$:;'�� -
 (  8%",)'�(  8�".�2$�/,���  !&4�$ ,'  0��4-  �!$6$-/  7��/8���  2�"(,"(  ,$  %&�1'   8�" -
.�2$,"(  %� ,�2�#   3'0'  2  2(6"    )"  "%$1"'#  !��'7$,"#  8%",)'�/,���  46�$ 2 �7�$ -"  
!�,-$!-$  �7�#0*   '�0',-$    0'-$��"+' !"0  !�&%4 �0  8�".�2$�/,���  !&4�$. 

       �)' /  %'&',�  2,'8,'#  ,$�&46!"   �   &$2,"-'�/,�  ,'�A -!���  8%",)'�/,���  
46�$ 8�".�2$�/,���  !&4�$ ,$  0',''   !�&� -,�#  "  7��''  �A -!"#  8%",)'�/,*#  46'�  7$7!"  
"6)'�"(  %�62��('-  %�2* "-/  �'�0'-&"+' !4:  -�+,� -/  �7&$7�-$,,*3  )'-$�'# . 

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

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

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

)�",4 , %&'2*8$:;4:  0$! "0$�/,4:  )�",4  -&47,*3  6$��-�2�!  12 "  %���#  1"�",)&"+' -
 !�#  �%&$2!" 4. 
&47,*'  6$��-�2!"  12 "  %��4:  1"�",)&"+' !4:  �%&$2!4 4   &'�4;"0"  
", -&40',-$0"  6 "  7 4 -$,$2�"2$:-  2 %$!'-   �� ,�   ��-2'- -2',,�  2 1',-&"&4:;"3  2* -
-�+!$3  11 "  6$�"0,*3  1$,�$3  14 �'2���  .�$,1$  2.  

�� �'  <-���  2!�:+$:-  %&"2�) 6$�"0$  -&47 (,'  %�!$6$,), %&" <-�0  %&$2*# .�$,'1  3 
%'&'0';$:-  2�'2�  "  7$6"&4:-  -&47,*'  6$��-�2!"  12 "  %��4:  1"�",)&"+' !4:  �%&$2!4 4 
 ��-2'- -2',,�  2 1',-&"&4:;"3  2*-�+!$3  11 "  6$�"0,*3  1$,�$3  14 �'2���  .�$,1$  2 "   
%&$2��� .�$,1$  3.  

�!�:+$:-  <�'!-&�)2"�$-'�"  17 0'3$,"60�2  2&$;',"(  16. �  &'64�/-$-'  2&$;',"(  
%&�0'�4-�+,*3  2-4��!  9 �'2���  2 "  %&$2��� 3 .�$,1'2 , %&�" 3�)"-  2&$;',"'  6$."! "&� -
2$,,�#  6$�"0,*0"  1$,�$0"  14 %���#  1"�",)&"+' !�#  �%&$2!" 4.  

�&$;',"'  %���#  1"�",)&"+' !�#  �%&$2!" 4 %&"2�)"-  !  %'&'0';',":  2)��/  ,'A  
,$&4�,���  6 "  2,4-&',,'��  7 &'�4;"3  ", -&40',-�2  %� !�,-$!-"&4:;"0  &'6/7�2*0  %�-
2'&3,� -(0  5 "  15 - �),�2&'0',,�  � 4;' -2�('- (  $7&$6"2,$( �7&$7�-!$  2,4-&',,"3  "  
,$&4�,*3  %�2'&3,� -'#  -&47,*3  6$��-�2�!  &$6,���  )"$0'-&$ . 

��(  �7' %'+',"(  2�62&$-,� -%� -4%$-'�/,���  )2"�',"(  &'�4;"0"  ", -&40',-$0"  
6 "  7 2)��/  �7&$7$-*2$'0*3  %�2'&3,� -'#  -&47,*3  6$��-�2�!  " %��/64'- (  &'2'& "2,$(  
&$7�-$ 0'3$,"60$  2&$;',"(  16. 
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�" . 2- � -&�# -2�  )�(  3�,",��2$,"(  �),�2&'0',,�  ,$&4�,*3  "  2,4-&',,"3  %�2'&3,� -'#  )�",,�0'&,*3  
1"�",)&�2  

 
�$�"+"'  2 &'�4;"3  ", -&40',-$3  6 "  7 %&�-"2�%����,�  ,$%&$2�',,*3  2"-!�2  

�7' %'+"2$'-   '-!4  2 2")'  %'&'!&';"2$:;"3 (  &" �! , � -$2�('0*3  $7&$6"2,*0"  +$ -" -
1$0" , !�-�&*'  (2�(:- (  0$ �(,*0"  !$&0$,$0" , %�2*8$:;"0"  &$7�-� %� �7,� -/  )'-$ -
�"  %&" &$7�-'  2  7�&�+,�0  46�' , ,$%&"0'&, %&" !�,-$!-'  %�&8,(    �")&�1"�",)&�0 .  

�&"  !�,-$!-'  &$7�+'# %�2'&3,� -"  &'�4;"3  ", -&40',-�2    �7&$7$-*2$'0*0"  
%�2'&3,� -(0"  -&47,*3  6$��-�2�!  %&�" 3�)"-  1$&$%$,/' 0'-$��$  �),�2&'0',,�  7��/8"0  
+" ��0  $7&$6"2,*3 +$ -"1 .  

�$60'&  -$!"3  +$ -"1  %&" 3�,",��2$,""   � -$2�('-  20—100 0!0 ,  &'),''  +" ��  
+$ -"1  ,$  %�2'&3,� -"  7&4 !$ 20—400 6'&',  ,$  1 00 2. 	 ,�2,*0"  2")$0"  26$"0�)'# - -
2"(  $7&$6"2,*3 6'&',    0'-$���0  (2�(:- (  0"!&�&'6$,"'   �   ,(-"'0  -�,+$#8"3   -&4�'!  
"  -&',"'    %�$ -"+' !"0  �--' ,',"'0  0'-$��$ .  

�  �-�"+"'  �-  8�".�2$,"( , %&" !�-�&�0  !�,-$!-,$(  %�2'&3,� -/   � -$2�('-  ,'6,$ -
+"-'�/,4:  +$ -/  &$7�+'# %�2'&3,� -"  !&4�$, %&" 3�,",��2$,""  &'�4;"'  ", -&40',-*  
%� -�(,,�   �%&"!$ $:- (    )'-$�/:  %� 2 '#  &$7�+'# %�2'&3,� -" . �  ,$+$�/,*#  0�0',-  
2&'0',"  &'�4;"#  ", -&40',-  %&"&$7$-*2$'- ( !  �7&$7$-*2$'0�#  %�2'&3,� -" . 
$!�#  
!�,-$!-  %$&* &'�4;"#  ", -&40',-  — -&47,$(  6$��-�2!$   %� �7 -24'-  %�2*8',":  %&�-
"62�)"-'�/,� -"  �7&$7�-!"  "  -�+,� -"  .�&0*  )'-$�'# . �  &'64�/-$-'  3�,",��2$,"(  -'%�� -
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2*)'�',"'  2 6�,'  �7&$7�-!"  6,$+"-'�/,�  ,"�' , +'0  %&" 8�".�2$,"" , $ !�,-$!-,$(  -'0%' -
&$-4&$ ,'  %&'2*8$'-  150—200°� .  


$!"0  �7&$6�0 , �- 4- -24:-  ."6"+' !"'  %&"+",*  �7&$6�2$,"(  2 %�2'&3,� -,�0  
 ��'  0"!&�-&';",  "  %&"����2 , $ -$!�'  � -$-�+,*3  ,$%&(�',"#  &$ -(�',"( . 

�$&$0'-&*  &'�4;"3  ", -&40',-�2  6 "  7, ,$%&"0'&,  0$-'&"$�  <�'!-&�!�&4,)  24�  
6'&," -� -"  5 20; 5 40; 5 6� ; 8; 10; � =20%. 

�&",1"%"$�/,*0  �-�"+"'0  )$,,���  4 -&�# -2$  �-  "62' -,*3  (2�('- (  -� , +-�  %&" 
3�,",��2$,""  7��/8'#  +$ -"  -&47*  0��,�  2 %$!'-,�0  &'�"0'  �7&$7$-*2$:- (  -&47,*'  
6$��-�2!"  �7' %'+"2$:;"'  2�60��,� -/  «2!�$)*2$,"( » )&4�  2 )&4�$. �$%&"0'& , -&47*  
%� 
	�
  8731, 23270, 
	�
  �  53383, %� -$2�('0*'  %� 2,4-&',,'04  )"$0'-&4  "0':-  %&'-
)'�/,*'  �-!��,',"(  2,4-&',,'��  )"$0'-&$  -&47*  ±1% �-  2'�"+",*  ,$&4�,���  )"$0'-&$  
-&47*  "  %&')2$&"-'�/,�  �7&$7�-$,,*'  %� ,$&4�,�04  "  2,4-&',,'04  )"$0'-&4    %� -" -
�',"'0  %$&$0'-&�2 8'&�3�2$-� -"  Ra0,63. ��0',!�$-4&$  )$,,*3  -&47 2!�:+$'-  )"$0'- -
&*  �-  40 )�  130 00 ,  ��-2'- -2',,�  �-!��,',"(  ,$3�)"-/ (  2 ",-'&2$�'  (±0,4 ÷ ±1,3) 00 . 
�$6�&*  0'�)4   � '),"0"  �7&$7$-*2$'0*0"  %�2'&3,� -(0"  )� -$-�+,*  )�(  &$60';',"(  2 
,"3  %���#  1"�",)&"+' !�#  �%&$2!",  ,$7�',,�#  ,$&4�,*0  "  2,4-&',,"0  &'�4;"0"  ", -
 -&40',-$0" , 2*%��,',,*0"  2 2")'  7��!�2  "6 )243  %"&$�'#    %&�-"2�%����,*0"  ,$ -
%&$2�',"(0"  2"-!�2 . 
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-&47,*3  6$��-�2�! . 

2.  �&��&'  "2,*'  0'-�)*  3�,",��2$,"( /� .� . �4�"!�2 , � .� . �"62$,�2 ,  � .� . �� -
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�'����  '��������������"  ���������  ���������"  �  ����#�$&  
'����&�����"  ����   

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

��������*'%���  ��'"*��'&,������  &�.��#�'%���  "��,��'�&�&� , 
� .����'%�+ , www.volpi.ru 

 
�&�1'   �")&�$7&$6"2,�#  �7&$7�-!"  -&47,*3  6$��-�2�!  (
�	 ) 8"&�!�  %&"0',('- -

 (  2 &$6�"+,*3  �-&$ �(3  %&�0*8�',,� -"  %&" �+" -!'  -&47 [1,  2]. 	,  %�62��('-  %��4-
+"-/  -&'74'0*'  %$&$0'-&* 8'&�3�2$-� -"  %�) %�!&*-"(  [3, 4], ,�  3$&$!-'&"64'- (  �- 4- -
 -2"'0  2�60��,� -"   ,(-"(  6,$+"-'�/,*3  %&"%4 !�2, 2 �') -2"'  +'��  ,'  %&"0',('- (  )�(  
" %&$2�',"(  %��&'8,� -'#  %&')8' -24:;'#  ��&(+'#  %&�!$-!"  – &$6,� -',,� -"  "   !&" -
2"6,*  � "  -&47* , ,$3�)(;'# (  2 %&')'�$3  (0….0.2) % �-  )�",*  L �7&$7$-*2$'0�#  -&47-
,�#  6$��-�2!" . 

�  ���  &$6&$7�-$,�  %� �7*  "  4 -&�# -2$  )�(  "3  � 4;' -2�',"(  2 �7&$7�-!'  )�", -
,�0'&,*3  -&47 %�)  %��"0'&,*'  "  )&4�"'  %�!&*-"(  [1-7].  

�4;' -24:-  "  )&4�"'  0'-�)*  $7&$6"2,�# �7&$7�-!"  )�",,�0'&,*3  -&47,*3  6$�� -
-�2�!  – %,'20�$7&$6"2,$( , 3�,",��2$,"'0 , 2 -�0  +" �'  <�'!-&�3"0"+' !"0  3�,",��2$," -
'0  "  )&. [1, 2, 3]. 

�   �2&'0',,*3  4 ��2"(3  0$  �2���  %&�"62�) -2$  -&47    %��"0'&,*0  "  )&4�"0"  
$,-"!�&&�6"�,,*0"   %�!&*-"(0"  ,'�73�)"0*0  2* �!�%&�"62�)"-'�/,*#   %� �7  �+" - -
!"  2,4-&',,"3  "  ,$&4�,*3  %�2'&3,� -'#  -&47,*3  6$��-�2�!  "  &'!�0',)$1""  %� &$ +'-4  
&'�"0�2  �7&$7�-!"  "  %&�"62�)"-'�/,� -"  %&�1'  $ . %,'20�$7&$6"2,�#  �7&$7�-!" .  

�$6&$7�-$,   %� �7  � 4;' -2�',"(  %&�1'  �2  %,'0�$7&$6"2,�#  �7&$7�-!"  ,$&4�,*3  "  
2,4-&',,"3  %�2'&3,� -'#  )�",,�0'&,*3  -&47 -"%$ �")&�1"�",)&�2    ��$)!"0"  7'6 4 -4%�2 
,$&4�,*0"  "  2,4-&',,"0"  %�2'&3,� -(0"  [1, 2], 2 -�0  +" �'  )�(  �7' %'+',"(  -&'7�2$,"#  
 -$,)$&-�2  [3, 4] !  %�2'&3,� -(0  %� %�!&*-"( .  

�')� -$-!�0  "62' -,*3   %� �7�2  �")&�$7&$6"2,�#  �7&$7�-!"  (
�	 ), " %��/64: -
;"3   4 -&�# -2$  )�(  "3  � 4;' -2�',"( , 2 -�0  +" �'  [5-11] (2�('- (  " %��/6�2$,"'  �")&� -
$7&$6"2,�#  &')* , $ -$!  !$!  � -$-�+,$(  2�$�$  %� �'  � 4;' -2�',"(  
�	  0'8$'-  )$�/,'# -
8'04  ,$,' ',":  %�!&*-"#  ,$  %�2'&3,� -"  -&47,*3  6$��-�2�! , %��4+',,$(  %� �'  �7&$-
7�-!"  %�2'&3,� -/  )���,$  7*-/  %�)2'&�,4-$  )�%��,"-'�/,�#   48!' .  

�&�0'  -���  "62' -,*'  4 -&�# -2$  [5-11], 2 "62' -,�0  2")'  ,'  �7' %'+"2$:-  "60' -
,',"'  4��$  $-$!"  $7&$6"2�0 �7&$7$-*2$'0�#  %�2'&3,� -" , +-�  �"7�   ,"�$'-  %&�"62�)" -
-'�/,� -/ , �"7�  ,'  �7' %'+"2$'-  ,4�,*3  %$&$0'-&�2  8'&�3�2$-� -"  �7&$7�-$,,�#  %�-
2'&3,� -" .  

�62' -,� , +-�  6$2" "0� -/  0$  �2���   C'0$  0'-$��$  �-  4��$  $-$!"  ,� "-  %'&'0', -
,*#  3$&$!-'& [12, 13]. �  42'�"+',"'0  B �-  15 )�  45º  C'0  0'-$��$  2�6&$ -$'- , )� -"�$(  
0$! "040$  %&" $ = 45º, $ 6$-'0  ,$7�:)$'- (   ,"�',"'   C'0$ , $ 2 )"$%$6�,'  75—90 º 0$ -
 �2*#   C'0  "60',('- (  ,'  7��'' , +'0  ,$  5...7 %. 
$!$(  6$2" "0� -/   �3&$,('- (  %&" &$7�-
-'    $7&$6"2,*0"  0$-'&"$�$0"  &$6,�# 6'&," -� -" . �&"  42'�"+',""  4��$  $-$!"  �-  40 )�  
50°  C'0  0'-$��$  "60',('- (  ,$  5...10% (%&" � �  — 0,4 5�$ ). 
 . '    42'�"+',"'0  B  �-  15 )�  
45° 2* �-$   8'&�3�2$-� -"  %�2'&3,� -"  42'�"+"2$'- ( , $ 6$-'0  ,'  "60',('- (  (&" . 1)  [6, 
7].  

�$&$!-'&  )'.�&0$1"�,,*3  %�2&'�)',"#  %�2'&3,� -"  %&" !� �0  4)$&'  $7&$6"2,�# 
+$ -"1*  6$2" "-  �-  ''  4��$  $-$!" , %�<-�04  !�<.."1"',-  % 74)'-  (2�(-/ (  .4,!1"'#  H "  R : 

...), VkV Rk D=D a                                                                                   (1) 

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

%&')%����"-/ , +-�  �,  &$2',  �7C'04  �4,!" , �7&$6�2$28'# (  ,$  �7&$7$-*2$'0�#  %�2'&3,� -
 -"  2 &'64�/-$-'  4)$&$ $7&$6"2,�# +$ -"1* . �  �7;'0   �4+$'  4)$& $7&$6"2,�# +$ -"1*  
0��'-  7*-/  &$6)'�',  ,$  )2$ <-$%$: <-$% 2,')&',"(  "  <-$% 2*-' ,',"( . 9-$% 2,')&',"(  ,$ -
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+",$'- (  2 0�0',-  !$ $,"(  +$ -"1*    %�2'&3,� -/:  "  6$!$,+"2$'- ( , !��)$  ,�&0$�/,$(  
 � -$2�(:;$(   !�&� -"  +$ -"1*   -$,�2"- (  &$0,�#  ,4�:  (dh/dS = 0).  

 

 
�" 4,�!  1– �$2" "0� -/   0$  �2���   C'0$  0'-$��$  �-  4��$  $-$!" : 
 
�$&$0'-&*  �7&$7�-!" : � =20%; L=100 00  [12, 13];  
1, 4, 5 – %&" =*

2p 0,2 5�$ ; 2,6,7– %&" =*
2p 0,3 5�$ ; 3,8,9 – %&" =*

2p 0,4 5�$ ; 
�&"   -&4#,�#  
�	  &$6�"+,*3  0$-'&"$��2  3$&$!-'& 6$2" "0� -'#  0$  �2���   C'0$  

�-  -'3,����"+' !"3  %$&$0'-&�2 ,'  "60',('- ( .  
��(  "  �')�2$,"(  �&4%%* -"-$,�2*3  "  �$&�%&�+,*3   %�$2�2 0��'-  7*-/  " %��/ -

6�2$,$ .�&04�$ : 

tm GKG *=                                                                                 (2) 
�)'  G-0$  �2*#   C'0  )�(  -&'74'0���  0$-'&"$�$ , 00 , Km-!�<.."1"',-  0$  �2���  

 C'0$ , 6$2" (;"#  �-  0$&!"  �7&$7$-*2$'0���  0$-'&"$�$  Gt-0$  �2*#   C'0  0'-$��$  %&" 
�7&$7�-!'  -"-$,�2*3   %�$2�2, 00 . 

�$)$+'#  ,�2���  -'3,"+' !���  &'8',"(  (2�('- (  %�2*8',"'0  !$+' -2$  �7&$7�-!"  
%4-'0 %&"0',',"(  2�6)48,�#   &')*  20' -�  �")&$2�"+' !�# , $ -$!�'  %�2*8',"'    %&�"6-
2�)"-'�/,� -"   %� �7$  $7&$6"2,�# �7&$7�-!"  (42'�"+',"'  0$  �2���   C'0$  0$-'&"$�$ ) 
%&" %�2*8',""  !$+' -2$   �7&$7�-!"  (40',/8',"'  2* �-*  8'&�3�2$-� -" ) 262'8',,*0"  
+$ -"1$0"  $7&$6"2$. �  �),�0   �4+$'  <-�  0��'-  )� -"�$-/ (   6$  +'-   0',*  8,'!$    4���0   
8,'!    4���0  B=45º ,$!��,$  2"-!�2 ,  ��-2'- -24:;"#  7��/8'04  0$  �2�04   C'04  Vmax, 
,$  8,'!    4���0  B=15º ,$!��,$  2"-!�2 ,  ��-2'- -24:;"0  %��4+',":  ,$  �7&$7�-$,,�#  
%�2'&3,� -"  0',/8'#  2* �-*  8'&�3�2$-� -"  R$min "  ,$"0',/8'��   0$  �2���   C'0  0$-
-'&"$�$  Vmin 8,'!  B  �-  15 )�  45. �� -"�$'- (  <-�  2 %'&2�0  %4-'0 %'&',$�$)!"   4 -&�# -
 -2$ )�(  � 4;' -2�',"(   %� �7$ , 2�  2-�&�0   �4+$'  – 6$  +'-  !�, -&4!1""  8,'!$ , �7' %' -
+"2$:;'#  %��+'&'),�'  &$60';',"'   ,$  2"-!$3  8,'!$   '!-�&�2    4���0  B=45º ,$!��,$  
2"-!�2 , 4���0  B=30º "  4���0  B=15º ,$!��,$  2"-!�2 .  

�$&$0'-&*  �7&$7�-!"  %&","0$�" /   �')4:;"0" : $7&$6"2,*# 0$-'&"$�  <�'!-&�!� -
&4,)  24�  6'&," -� -"  5 20; 5 40; 5 6� ; 8; 10; � =20%; pn*= 0,1...0,5 5�$ ; L=50... 150 00 ; 
H= 15...900; T=0...300  . [12, 13] �,-', "2,� -/  .�&0"&�2$,"(  0"!&�&'�/'.$  %�2'&3,� -"  
%&"  -&4#,�#  
�	  6$2" "-  �-  !��"+' -2$  $7&$6"2,*3 +$ -"1 , 2�6)'# -24:;"3  ,$  ')"," -
14 �7&$7$-*2$'0�#  %��;$)"  2 ')","14  2&'0'," .  
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�  &'64�/-$-'  <! %'&"0',-$�/,*3  "  �')�2$,"#  %��4+',*  <0%"&"+' !"'  .�&04�*  
)�(  &$ +'-$ 8'&�3�2$-� -'#  %�2'&3,� -" , !�-�&*'  "0':-   �')4:;"#  2")  [12 , 13]:  

��(  4��$  $-$!"  H=15…45° 
48,045,0ln14,087,02105,5 a-+· *

*×= LNpR p
Ha   (3) 

��(  4��$  $-$!"  H=45…09° 
44,0ln142,088,0325,0 -+· *

*= LNpR p
Ha              (4) 

�;7�5 . �� �'),"'  &$6&$7�-!" ,�2*3  4 -&�# -2  )�(  
�	  [5-11] ,'  4+"-*2$:-  &'-
64�/-$-�2  "  �')�2$,"#  [12, 13], +-�  -&'74'-  )$�/,'#8'��   �2'&8', -2�2$,"(  4 -&�# -2    
1'�/:  %�2*8',"(  !$+' -2$  $7&$6"2,�# �7&$7�-!"  %4-'0 4%&$2�',"(  4���0  $-$!"  $7&$-
6"2,*0"  6'&,$0"  �7&$7$-*2$'0*3  ,$&4�,*3  "  2,4-&',,"3  %�2'&3,� -'#  "  4 -&$,',"(  
2�"(,"(  -�+!"  &� *  %4-'0 %&"0',',"(  %,'20$-"+' !�#   &')*  %'&'0';',"(  �7&$7$-* -
2$:;"3  $7&$6"2,*3 6'&', . 

 
�����	
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Abstract: The theoretical basis of forecasting the option price. Studied methodical ap-

proach of dynamic programming option pricing model based on the Cox-Ross-Rubinstein. 
Keywords: call option, the option price, dynamic programming model of Cox-Ross-

Rubinstein. 
 
�$!  "62' -,� , �%1"�,  ($,�� . option), %&') -$2�('-   �7�#  .",$, �2*#  )'&"2$-"2 , - .' . 

)���2�&  0'�)4  %&�)$21�0 "  %�!4%$-'�'0 , !�-�&*#  )$'-  %&$2� )'&�$-'�:  �%1"�,$  !4%"-/  
"�"  %&�)$-/ �%&')'�',,4:  1',,4:  740$�4 (-�2$&, "�"  )&4��#  .",$, �2*#  ", -&40',- ) 
%� 4 -$,�2�',,�#  2 )���2�&'  1','  2 �%&')'�',,*#   &�!  [24]. 

�62' -,*   �')4:;"'  0�)'�"  �1',!"   -�"0� -"  �%1"�,$ : 
- ��<!$ -��4�6$ ; 
- 7",�0"$�/,$(  0�)'�/  �1',!"  �%1"�,�2 ; 
-  ��! $ -��  $ -�47",8-'#,$ ; 
- 5�,-' -�$&�� ;  
- 
$&0$,$  - ���/3$�',$  (Garman Kohlhagen);  
- 5'&-�,$  (Merton); 
- 0�)'�/  The Barone-Adesi-Whaley Quadratic model; 



 142 

-  0�)'�"  1',��7&$6�2$,"(  �%1"�,�2    " %��/6�2$,"'0  !&"2�#  )�3�),� -"  [17]. 
�$  0�-&"0  7��''  %�)&�7,�  %&� -4:  0�)'�/    )" !&'-,*0"  6,$+',"(0"  1',  $!-" -

2�2 "    )" !&'-,*0  2&'0','0  -�&��2�" ,  -$!  ,$6*2$'04:  0�)'�/  ��! $ -��  $ -
�47",8-'#,$ , %&') -$2�(:;$(  $���&"-0  4 -$,�2�',"(  1',  ,$  �%1"�,* . 5�)'�/  7*�$  
&$6&$7�-$,$ �� . ��! �0 , � . ��  �0  "  5 . �47",8-'#,�0 , %&" %� �7�',,$(  )�(  4+'-$  .$! -
-�&�2 , ,'  4+"-*2$'0*3  0�)'�/:  ��<!$ -��4�6$ .  5�)'�/  ��! $ -��  $ -�47",8-'#,$  %&')-
%��$�$'- , +-�  2 �:7�#  0�0',-   &�!$  <! %"&$1""  �%1"�,$   -�"0� -/  26(-���  6$ � ,�24  $! -
-"2$ , ,$%&"0'&, ./:+'& $ , 0��'-  2*&$ -"  �"7�  4%$ -/ ,$  ."! "&�2$,,�'  !��"+' -2�  
%4,!-�2 . 5�)'�/  ��! $ -��  $ -�47",8-'#,$  +$ -�  ,$6*2$:-  )�%��,',,�#  0�)'�/:  ��<!$ -
��4�6$ , %� !��/!4  �,$  4+"-*2$'-  )$,,*' , !�-�&*'  7*�"  %&�"�,�&"&�2$,*  0�)'�/:  ��< -
!$-��4�6$ . 

5�)'�/  ��! $ -��  $ -�47",8-'#,$  ,$   '��),(  (2�('- (  � ,�2,�#  )" !&'-,�#  0�)' -
�/:  ,$  &*,!'  1',,*3  740$�. 

��  ,'#  %�2*8',"'  1',*  $!1""  2*+" �('- (  !$! : 

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

2*+" �('- (  %�  3'0'  �'&,4��" , - .' . %� .�&04�' : 

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

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

              
(3)                                

 �  1'�(3  4%&�;',"(  2*+" �',"(   �')4'-  " %��/6�2$-/  -'�&'04  �  %$&"-'-'  0'�)4  
'2&�%'# !"0"  �%1"�,$0  %�!4%$-'�(  "  %&�)$21$, %� !�-�&�#  &$  0�-&',,*'  �%1"�,*   2( -
6$,*  +'&'6  �-,�8',"' : 

       ,                                    (4) 

$!�'   -�"-  �-0'-"-/ , +-�  &$1"�,$�/,$(   -�"0� -/  $0'&"!$, !���  �%1"�,$  %�!4-

%$-'�(   �2%$)$'-    &$1"�,$�/,�#   -�"0� -/:  $,$���"+,���  '2&�%'# !���  �%1"�,$  %�!4-
%$-'�( . 
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0�0',-$ , !��)$  2 &'64�/-$-'  �!4%$'0� -"  ",2' -"&4'0���  �7C'!-$ , )',/�"  2'&,4- (  !  2�$-
)'�/14 .  

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

�$�,�#  3$&$!-'&" -"!�#  1',,�#  740$�"  2 %�&-.'�'  (2�('- (  ''  �"!2"),� -/ . �&" -
-'&"'0  �"!2"),� -" , !$ $-'�/,�   -$,)$&-,���  !��"+' -2�  1',,*3  740$�, %&","0$'0���  2 
&$ +'-  %&" �1',!'  �"!2"),� -"  – 2* -4%$'-  2&'0',,�#  %'&"�) . �&"  <-�0  ,'�73�)"0�  
4+"-*2$-/  "  6,$+',"'   4;' -2',,���  "60',',"(  &*,�+,�#  1',* . � '  <-�  �-&$7$-*2$'- (  
,$  %&$!-"!'  "  6$2" "-  �-   -'%',"  &$62"-"(  $0���  .�,)�2���  &*,!$ . �$%&"0'& , 1',,4:  
740$�4  +"-$:-  2* �!��"!2"),�#   -��)$ , ' �"   -$,)$&-,*#  &*,�+,*#  ��-  !�-�&�#  
(�7*+,�  100 "�"  1000 8- .) 0��'-  7*-/  ,'0')�',,�  !4%�',  (%&�)$,) %� -'!4;'#  &*,�+,�#  
1',' . 	-0'+$'- ( , +'0  7��/8'  &*,�+,*3  6$(2�!  %&"3�)"- (  ,$  ", -&40',- , -'0  2*8'  '��  
-�&��2$(  �"!2"),� -/  [6].  

��')4:;"#  %�!$6$-'�/  %�&-.'�(  – 4&�2',/  &" !$ . ��<.."1"',-  �$&%$ 7*�  &$6&$-
7�-$,  ,�7'�'2 !"0  �$4&'$-�0  �"�/(0�0  �$&%�0  2 1966 ��)4  "  " %��/64'- (  )�(  "60'&' -
,"(  4&�2,(  &" !$  2 ",2' -"1"�,,�0  %�&-.'�' . ��')�2$-'�/,� , +'0  2*8'  !�<.."1"',-  
�$&%$, -'0  �4+8'  &'64�/-$-* , !�-�&*'  %�!$6*2$'-  ",2' -"1"�,,*#  %�&-.'�/  %� �-,� -
8',":  !  %&",(-*0  &" !$0 . 

�%� �7  &$ +'-$  �')4:;"# : 
-  ,$+$�$  ,'�73�)"0�  2*+' -/  7'6&" !�24:  %&�1',-,4:   -$2!4  - ,$%&"0'&, %&')-

�$�$'04:  10-�'-,'#  �7�"�$1"'#  0"," -'& -2$  .",$, �2  ���  -"6 &',-$7'�/,� -"  %�&--
.'�( ; 

- 6$-'0  %�)'�"-/  &'64�/-$-  ,$   -$,)$&-,�'  �-!��,',"'  %&"7*�"  %�&-.'�(  ( -$, -
)$&-,�'  �-!��,',"'   ��-2'- -24'-  2��$-"�/,� -"  %�&-.'�( . 

��&04�$  )�(  &$ +'-$ ��<.."1"',-  �$&%$ -$!�2$ : 

 ,                                             (1) 

)'  Rp = ��")$'0$(  %&"7*�/  %�&-.'�( ; 
Rf = 7'6&" !�2$(  %&�1',-,$(   -$2!$ ; 
T =  -$,)$&-,�'  �-!��,',"'  %�&-.'�( . 
�&')%����"0 , +-�  2$8$  -&$-'�"(  %&",� "-  7��/8'  %&"7*�" , +'0  %&�1',-,$(  

 -$2!$  !$6,$+'# !"3  2'! '�'#  ��� . �$  <-�0  <-$%' !�<.."1"',-  �$&%$ 6$)$'-  2$0 )&4��#  
2�%&� : )'�$'-'  �"  2*  7��/8'  )','�  7�$��)$&(  2$8"0  40',"(0  "�"  %&� -�  %�-�04 , +-�  
&" !4'-'  7��/8' , +'0  )&4�"'  ",2' -�&* ? �-�7*  )$-/  �-2'-  ,$  <-�-  2�%&� , ,'�73�)"0�  
&$6)'�"-/  %'&24: +$ -/  .�&04�*  (Rp - Rf ) ,$ , -$!  ,$6*2$'0�' ,  -$,)$&-,�'  �-!��,',"'  
(Tp). �  0"&'  .",$, �2   -$,)$&-,�'  �-!��,',"'  +$ -�  �%&')'�('- (  �&'+' !�#  74!2�#  
" "�0$ " "  " %��/64'- (  )�(  �1',!"  2��$-"�/,� -"  ",2' -"1"# . 
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��) +'-  2��$-"�/,� -"  �%&')'�('- (  +'&'6   -$,)$&-,�'  �-!��,',"' , %&"+'0, 2$� -
,�#  � �7',,� -/:  -$!���  "60'&',"(  (2�('- (  -� , ,$ !��/!�  &$ -'-  "�"  %$)$'- )�3�),� -/  
2$8'��  %�&-.'�(  %�  &$2,',":    '��   &'),'#  )�3�),� -/:  6$ �%&')'�',,*#  %'&"�) . 

�&4�"0"   ��2$0" , ' �"  )�3�),� -/  ,$ -��/!�  2��$-"�/,$ , +-�  �,$  &$ -'-  "  %$)$'- 2 
6,$+"-'�/,�#  0'&' , -�  <-�  6,$+"- , +-�  2$8 %�&-.'�/  %�)2'&�$'- (  7��''  2* �!�04  &" !4 , 
%� !��/!4  '��  " %��,',"'  %�%$)$'- %�) 7* -&*'  "60',',"( , !$!  2 7�$��%&"(-,4: , -$!  "  2 
,'7�$��%&"(-,4:   -�&�,4 . 

	 ,�2,*0"  6$)$+$0" ",2' -"1"�,,���  %�&-.'�(  (2�(:- (  [24, c. 403-416]: 
- �7' %'+',"'  4 -�#+"2���  6$)$,,���  4&�2,(  )�3�)$ ; 
- 0","0"6$1"(  &" !$  "�"  4)'&�$,"'  '��  ,$  6$)$,,�0  4&�2,' ; 
-  ,"�',"'  �%'&$1"�,,*3  6$-&$-; 
- &'8',"'   %'1"."+' !"3  6$)$+, %� -$,�2!$  !�-�&*3  ,'2�60��,$  2,'   �2�!4%,� -"  

1',,*3  740$�. 
�  6$2" "0� -"  �-  -"%$ )�3�)$ , ,$  !�-�&*#  ,$1'�',  ",2' -"1"�,,*#  %�&-.'�/  1', -

,*3  740$�, %� �'),"'  0��4-  7*-/  %�&-.'�(0"  &� -$ , )�3�)$  "  "3  !�07",$1"'#  (&" 4,�!  
1). 


$!"0  �7&$6�0 , " %��/64(   �2&'0',,*'   '&2" * , 0��,�  .�&0"&�2$-/  %�&-.'�/ -
,*'  ",2' -"1""  "   %&��,�6"&�2$-/  %&"7*�/  %�&-.'�( . ��(  %&��,�6"&�2$,"(  1',*  .",$, -
 �2���  ", -&40',-$    4 %'3�0  " %��/64:- (  ,'#&�,,*'   '-"  [19,  . 50-52].  

 
�" . 1 – 
"%*  %�&-.'�'#  1',,*3  740$� 

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

,*0  ,$%&$2�',"'0  %�2*8',"(  <..'!-"2,� -"  �1',!"  2 4 ��2"(3  &*,�+,�#  ,'�%&')'�', -
,� -"  [16,  . 56]. 9-�  2$�,�  !$ $-'�/,�  )$�/,'#8'��  &$62"-"( 7"6,' $  [25,  . 41-47], " -
%��/6�2$,"(  !�0%/:-'&,*3  -'3,����"#  [23,  . 128-129], %�))'&�!'  ,$+",$:;"3  7"6,' �2  
[9,  . 111], %&"0',',"(  ",-'&,'- -7$,!",�$  )�(  &$62"-"( <�'!-&�,,���  7"6,' $  [15,  . 10-
11] "  )&. 

�&"0',',"'  ,'#&�,,*3   " -'0  %�62��('-  &$ 8"&"-/  2�60��,� -"  2  �2'&8', - -
2�2$,""  4%&$2�',"( , 2 &'8',""  0,��' -2$  %&�7�'0 , -$!"3  !$! :  �2'&8', -2�2$,"'   -&$-
-'�""  [14,  . 160], 26$"0�)'# -2"'    0'3$,"60�0  0' -,���  7:)�'-$  [16,  . 39-41], 0","0" -
6$1"( -&$, $!1"�,,*3  "6)'&�'!  [17,  . 92-94],  �2'&8', -2�2$,"'  &$7�-*  ,$  7"&�'  [13,  . 
59-63], %&"0',',"'  7"&�'2*3  &�7�-�2  [12,  . 84-91], " %��/6�2$,"'  fuzzy-$���&"-0�2  [3, 
c. 91], &$62"-"'  .�&0  "  0'-�)�2   &*,�+,���  %�6"1"�,"&�2$,"(  [2,  . 66]. 

�$!  %�!$6*2$:-  "  �')�2$,"( , %�2*8',"'  )�3�),� -"  .",$, �2*3  ", -&40',-�2  
�7' %'+"2$'-  %&��&'   2 2�%&� $3:  �2'&8', -2�2$,"(  &'�"�,$�/,�#  ",2' -"1"�,,�#  %�-
�"-"!"  [7,  . 22], &$62"-"( 0'-�)�2  "  ", -&40',-�2  !&')"-�2$,"(  [8,  . 15-59], .�&0"&� -
2$,"(   '-'2�#  <!�,�0"!"  [10,  . 56], .�&0"&�2$,"(  %&�"62�) -2',,*3  �-,�8',"#  [8,  . 
96-100],  %�" !$  %4-'# 2*3�)$  "3  !&"6" $  [4,  . 44],  

�' �0,',,� , %'& %'!-"2,*0"  ,$%&$2�',"(0"  !$ $-'�/,�  40',"(  2 %&"0',',""  
0'-�)"!  �1',!"   �%1"�,�2  2  �2&'0',,*3  4 ��2"(3   -$,�2(- (  ,$,��7&$6�2$,"'  [21,  . 
225-230], !$+' -2�  �7&$6�2$,"(  [21,  . 58-64], 2�%&� *  �-'+' -2',,���  �7&$6�2$,"(   [22,  . 
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63], $ %'!-*   -&$-'�"+' !���  4%&$2�',"(  [1,  .116-118], %&�7�'0*  &$6&$7�-!" "  "  �')� -
2$,"(  $���&"-0�2  $2-�0$-"6"&�2$,,���  %&�'!-"&�2$,"(  [23,  . 128-129].  


$!"0  �7&$6�0 , 6,$,"'  -'�&'-"+' !"3  � ,�2  �1',!"  %�&-.'�(  1',,*3  740$�, �7' -
%'+"-  %�))'&�!4  %&",(-"(  4%&$2�',+' !"3  &'8',"#  %� %�2�)4  �1',!"  '��  )�3�),� -" , 
4&�2,(  &" !$  "  �"!2"),� -" . 
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�
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$2&"��2$ , 	 .� . �
��
�
�����	�  ����������  ����	���	5  �  �	��� -
5�����  ���	����  / 
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4;",$  � .� . // 5'�)4,$&�),�'  ,$4+,�'  "6)$-
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118. 
2. 
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	��  ���	��	
	  �	��>�	���	�����  �  
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�	�����  ���� -
5�����5��
�  �	5�����  / � .� . 
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�  ,$ -�(;"#  0�0',-  "  2 6$&47'�,�# , "  2 �-'+' -2',,�#  ,$4+,�#  �"-'&$-4&'  �+',/  

0,���  2,"0$,"(  4)'�('- (  )'(-'�/,� -"  !�00'&+' !"3  7$,!�2  ,$  &*,!'  1',,*3  740$�, 
%&"+'0 %&$!-"+' !"  2 '  "  �')�2$-'�"  %&"6,$:-  ''  2$�,� -/  "  ,'�73�)"0� -/  ,$  2 '3  
4&�2,(3  ,$1"�,$�/,�#  "  ���7$�/,�#  <!�,�0"!" . �  +$ -,� -" , ,$  0"!&�<!�,�0"+' !�0  
4&�2,'  (4&�2,'  �-)'�/,���  !�00'&+' !���  7$,!$ , 7$,!�2 !�#  �&4%%* "�"  7$,!�2 !���  
3��)",�$ ) )'(-'�/,� -/  !�00'&+' !���  7$,!$  ,$  .�,)�2�0  &*,!' 2 2* -4%$'-  2 !$+' -2'  
�),���  "6 ,$%&$2�',"#  '��  7"6,' $ , &$62"-"'  !�-�&���  �74 ��2�',�  !$!  ,'�73�)"0� -/:  
)"2'& "."!$1"" , -$!  "   -&'0�',"'0   $0���  !�00'&+' !���  7$,!$  !  %��4+',":  )�%��," -
-'�/,*3  )�3�)�2  (" ,  ��-2'- -2',,� , +" -�#  %&"7*�" ). �$  0$!&�<!�,�0"+' !�0  4&�2,'  
(4&�2,'  ,$1"�,$�/,�#  <!�,�0"!" ) .4,!1"�,"&�2$,"'  ,$1"�,$�/,�#  7$,!�2 !�#   " -'0*  
2 1'��0 , +$;'  2 '�� , &$  0$-&"2$'- (  2 !�,-'! -'  -&$, .�&0$1""   7'&'�',"#  2 ",2' -" -
1""  [6]. 

�0''- (  )� -$-�+,�  0,���  &$6,��7&$6,*3  0'-�)����"+' !"3  %&�7�'0 ,  2(6$,,*3    
�%&')'�',"'0 , !��"+' -2',,�#  �1',!�#  "  $,$�"6�0  0' -$  "  &��"  7$,!�2  ,$  &*,!'  1',,*3  
740$�. 
$! , %&" �1',!'  0' -$  !�00'&+' !"3  7$,!�2  ,$  .�,)�2�0  &*,!'  0��4-  &$  0$-&" -
2$-/ (  %'&2"+,*#  "  2-�&,"+,*#  &*,�! , 7"&�'2�#  "  2,'7"&�'2�#  &*,�! , �&�$,"6�2$,,*#  
"  ,'�&�$,"6�2$,,*# , %&" <-�0   $0"  !�00'&+' !"'  7$,!"  0��4-  2* -4%$-/  ,$  .�,)�2�0  
&*,!'  2 &$6�"+,�0  !$+' -2'  (,$%&"0'&,  �2'&8$-/  �%'&$1""  ,$  &*,!'  1',,*3  740$� 2 
 2�"3  ",-'&' $3  "�"  2 ",-'&' $3   2�"3  !�"',-�2 ) [8].  

�&'�)'  2 '�� , 0*   +"-$'0  ,'�73�)"0*0  �%&')'�"-/ (    -&$!-�2!�#  -'&0",$  «!�0 -
0'&+' !"#  7$,! ». 	 ,�2,$(  %&�7�'0$  6$!�:+$'- (  2 -�0 , +-�  -'&0",  !$!  -$!�2�#  �+',/  
8"&�!�  &$ %&� -&$,', , �),$!�  2 ,�&0$-"2,*3  )�!40',-$3  '��  �),�6,$+,�#  "  �7;'%&",( -
-�#  -&$!-�2!"  ,'  %&')���',� . 


$! , 2 .')'&$�/,�0  6$!�,'  «	  7$,!$3  "  7$,!�2 !�#  )'(-'�/,� -" » �-  2 )'!$7&(  1990 
��)$  =  395-1, !�-�&*#  2* -4%$'-  �),"0  "6 � ,�2�%��$�$:;"3  ,�&0$-"2,*3  $!-�2 , &'�4 -
�"&4:;"3  "  &'��$0',-"&4:;"3  )'(-'�/,� -/  7$,!�2 , ,'%� &') -2',,�  -'&0",  «!�00'& -
+' !"#  7$,! » ,'  ."�4&"&4'- . �  )$,,�0  ,�&0$-"2,�0  $!-'  " %��/64'- (  7��''  �7;"#  -'& -
0",  «7$,! », %�) !�-�&*0  %�,"0$'- (  «!&')"-,$(  �&�$,"6$1"( , !�-�&$(  "0''-  " !�:+" -
-'�/,�'  %&$2� � 4;' -2�(-/  2  �2�!4%,� -"   �')4:;"'  7$,!�2 !"'  �%'&$1"" : %&"2�'+' -

                                                 
2 �)' /  "  )$�''  -'&0",*  «&*,�!  1',,*3  740$�» "  «.�,)�2*#  &*,�! » " %��/64:- (  2 !$+' -2'   ",�,"0�2 . 
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,"'  2�  2!�$)*  )','�,*3   &') -2  ."6"+' !"3  "  :&")"+' !"3  �"1 , &$60';',"'  4!$6$,,*3  
 &') -2  �-   2�'��  "0',"  "  6$  2�#   +'-  ,$  4 ��2"(3  2�62&$-,� -" , %�$-,� -" ,  &�+,� -" , 
�-!&*-"'  "  2')',"'  7$,!�2 !"3   +'-�2  ."6"+' !"3  "  :&")"+' !"3  �"1 » [1].  


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

�  &�  "# !�#  %&$!-"!'  %&"2�'+',"'  )','�,*3   &') -2  ,$  7"&�'2�0  &*,!'  1',,*3  
740$� !�00'&+' !"0"  7$,!$0" , !$!  %&$2"��, � 4;' -2�('- (  %4-'0 &$60';',"(  $!1"#  "  
�7�"�$1"# , $ ,$  2,'7"&�'2�0  &*,!'  �,"  -&$)"1"�,,�  &$60';$:-  2'! '�( , )'%�6"-,*'  "  
 7'&'�$-'�/,*'   '&-"."!$-* . 

�'&'+',/  �'  1',,*3  740$�, !�-�&*'  �,"  "0':-  2�60��,� -/  %&"�7&'-$-/ , 6$!�,�)$ -
-'�/,�  ,'  ��&$,"+',  (.$!-"+' !"  !�00'&+' !"'  7$,!"  0��4-  %�!4%$-/ �:7*'  1',,*'  74-
0$�" ). 

�6  2 '3  .",$, �2*3  ", -&40',-�2 , %&') -$2�',,*3  ,$  7"&�'2�0  &*,!' , �7�"�$1""  
�7�$)$:-  ,$"7��/8'#  ",2' -"1"�,,�#  %&"2�'!$-'�/,� -/:  )�(  !�00'&+' !"3  7$,!�2 : 
"0',,�  %� <-�#  %&"+",'  �,"  &$  0$-&"2$:- (  2 !$+' -2'  � ,�2*  "3  ",2' -"1"�,,*3  
%�&-.'�'# .  

�  %�)$2�(:;'0  7��/8", -2'   �4+$'2  �7�"�$1""  (2�(:- (  � ,�2�#  ",2' -"1"�,,*3  
%�&-.'�'#  !�00'&+' !"3  7$,!�2 , %&"+'0 7$,!" , %&")'&�"2$:;"' (  !�, '&2$-"2,�#  "  
40'&',,� -!�, '&2$-"2,�#  %��"-"!"  2 �7�$ -"  &" ! -0',')�0',-$  �7*+,�  .�&0"&4:-  
 2�#  ",2' -"1"�,,*#  %�&-.'�/  " !�:+"-'�/,�  "6 �7�"�$1"# . 

�&"  2 '0  0,����7&$6""  2�60��,*3  !&"-'&"'2  �-7�&$  �7�"�$1"#  1'�' ��7&$6,�  2* -
)'�"-/  ,$"7��''  2$�,*'  "6 ,"3 , !�-�&*'  " %��/64:- (  !�00'&+' !"0"  7$,!$0"  %&" 
.�&0"&�2$,""   2�"3  ",2' -"1"�,,*3  %�&-.'�'# .  �  � ,�2,*0  !&"-'&"(0  2  ��-2'- -2""  
  %� �')�2$-'�/,� -/:  "3  %&"0',',"(  %&" .�&0"&�2$,""  %�&-.'�(  0��,�  �-,' -"   �' -
)4:;"'  [24, c. 403-416] (&" 4,�!  1). 

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

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

 �')4:;"'  7��!" : 1) "04;' -2',,*#  %�-',1"$� , 2) �"!2"),� -/  "  %�$-'�' %� �7,� -/ , 
3) .",$, �2$(  4 -�#+"2� -/ , 4) 2,4-&"."&0',,$(  <..'!-"2,� -/ , 5) %&"7*�/,� -/  "  &', -
-$7'�/,� -/ , 6) &*,�+,$(  %&"2�'!$-'�/,� -/   [7]. 
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$!"0  �7&$6�0 , " %��/64(   �2&'0',,*'   '&2" * , 0��,�  .�&0"&�2$-/  %�&-.'�/,*'  
",2' -"1""  "   %&��,�6"&�2$-/  %&"7*�/  %�&-.'�( . ��(  %&��,�6"&�2$,"(  1',*  .",$, �2� -
��  ", -&40',-$    4 %'3�0  " %��/64:- (  ,'#&�,,*'   '-"  [21,  . 50-52].  

��  0,',":  &()$ <! %'&-�2 , 2�%&� *  �1',!"  �7�"�$1"�,,���  %�&-.'�(   -$,�2"- (  
2$�,*0  ,$%&$2�',"'0  %�2*8',"(  <..'!-"2,� -"  2 4 ��2"(3  &*,�+,�#  ,'�%&')'�',,� -
 -"  [20,  . 56]. 9-�  2$�,�  !$ $-'�/,�  )$�/,'#8'��  &$62"-"( 7"6,' $  [27,  . 41-47], " %��/ -
6�2$,"(  !�0%/:-'&,*3  -'3,����"#  [23,  . 128-129], %�))'&�!'  ,$+",$:;"3  7"6,' �2  [9, 
 . 111], %&"0',',"(  ",-'&,'- -7$,!",�$  )�(  &$62"-"( <�'!-&�,,���  7"6,' $  [15,  . 10-11] "  
)&. 

�&"0',',"'  ,'#&�,,*3   " -'0  %�62��('-  &$ 8"&"-/  2�60��,� -"  2  �2'&8', -2�2$ -
,""  4%&$2�',"( , 2 &'8',""  0,��' -2$  %&�7�'0 , -$!"3  !$! :  �2'&8', -2�2$,"'   -&$-'�""  
[16,  . 160], 26$"0�)'# -2"'    0'3$,"60�0  0' -,���  7:)�'-$  [18,  . 39-41], 0","0"6$1"(  
-&$, $!1"�,,*3  "6)'&�'!  [19,  . 92-94],  �2'&8', -2�2$,"'  &$7�-*  ,$  7"&�'  [15,  . 59-
63], %&"0',',"'  7"&�'2*3  &�7�-�2  [14,  . 84-91], " %��/6�2$,"'  fuzzy-$���&"-0�2  [4, c. 
91], &$62"-"'  .�&0  "  0'-�)�2   &*,�+,���  %�6"1"�,"&�2$,"(  [3,  . 66]. 

�$!  %�!$6*2$:-  "  �')�2$,"( , %�2*8',"'  )�3�),� -"  .",$, �2*3  ", -&40',-�2  
�7' %'+"2$'-  %&��&'   2 2�%&� $3:  �2'&8', -2�2$,"(  &'�"�,$�/,�#  ",2' -"1"�,,�#  %�-
�"-"!"  [9,  . 22], &$62"-"( 0'-�)�2  "  ", -&40',-�2  !&')"-�2$,"(  [10,  . 15-59], .�&0"&� -
2$,"(   '-'2�#  <!�,�0"!"  [12,  . 56], .�&0"&�2$,"(  %&�"62�) -2',,*3  �-,�8',"#  [11,  . 
96-100],  %�" !$  %4-'# 2*3�)$  "3  !&"6" $  [5,  . 44],  

�' �0,',,� , %'& %'!-"2,*0"  ,$%&$2�',"(0"  !$ $-'�/,�  40',"(  2 %&"0',',""  0'-� -
)"!  �1',!"   �%1"�,�2  2  �2&'0',,*3  4 ��2"(3   -$,�2(- (  ,$,��7&$6�2$,"'  [22,  . 225-
230], !$+' -2�  �7&$6�2$,"(  [23,  . 58-64], 2�%&� *  �-'+' -2',,���  �7&$6�2$,"(   [24,  . 63], 
$ %'!-*   -&$-'�"+' !���  4%&$2�',"(  [2,  .116-118], %&�7�'0*  &$6&$7�-!" "  "  �')�2$,"(  
$���&"-0�2  $2-�0$-"6"&�2$,,���  %&�'!-"&�2$,"(  [25,  . 128-129].  


$!"0  �7&$6�0 , 6,$,"'  !&"-'&"'2  �1',!"  %�&-.'�(  1',,*3  740$�, �7' %'+"-  %�)-
)'&�!4  %&",(-"(  4%&$2�',+' !"3  &'8',"# . �  %� �'),''  2&'0(   -$�"  %�(2�(-/ (   %'1"$ -
�"6"&�2$,,*'  "  �')�2$,"(  &�  "# !"3  4+',*3 , 2 !�-�&*3  %&')%&","0$:- (  %�%*-!"  
�1',!"  !&')"-,���  !$+' -2$  <0"-',-�2  �7�"�$1"# . 

������  ��2
�
23�; : 
1. �')'&$�/,*#  6$!�,  «	  7$,!$3  "  7$,!�2 !�#  )'(-'�/,� -" » �-  2 )'!$7&(  1990 ��)$  =  
395-1[<�'!-&�,,*#  &' 4& ] http://www.consultant.ru/popular/bank/46_1.html#p46 – 	."1" -
$�/,*#   $#-  !�0%$,""  «��, 4�/-$,-  ��: » ()$-$ �7&$;',"(  14.05.2016). 
2.  
$2&"��2$ , 	 .� . �
��
�
�����	�  ����������  ����	���	5  �  �	��� -
5�����  ���	����  / 
$2&"��2$  	 .� ., 
4;",$  � .� . // 5'�)4,$&�),�'  ,$4+,�'  "6)$-
,"'  ��2&'0',,*'  .4,)$0',-$�/,*'  "  %&"!�$),*'  "  �')�2$,"( . 2013. =  4 (11). � . 116-
118. 
3. 
�,+$&�2$ ,  � .� . �	�5�  �  5�
	��  ���	��	
	  �	��>�	���	�����  �  
��	��������  �����	 - 
��������	�  ��	���>��  / � .� . 
�,+$&�2$  // �%&$2-
�',"'  <!�,�0"+' !"0"   " -'0$0" : <�'!-&�,,*#  ,$4+,*#  �4&,$� . 2011. =  33. � . 66. 
4. 
&"8$,!", , � .� . FUZZY-5�
	�  �  �	�������
�	�����  ���� -
5�����5��
�  �	5�����  / � .� . 
&"8$,!", , � .� . ��0$!", , Saarbrucken, 2013. -165 
 . 
5.  
46'2 , 5 .5 . ��	�����
�������>��  ���  ���	�  ��  �������  // 5 .5 . 
4 -
6'2, � .� . ���",�2$  // 9!�,�0" - . 2009. =  11. � . 44.  
6. �,2' -"1"�,,$(  )'(-'�/,� -/  !�00'&+' !"3  7$,!�2  [<�'!-&�,,*#  &' 4& ]// 
http://bizbook.online/finance/investitsionnaya-deyatelnost 
7. ��2$�'2  � . � . �",$, �2*#  0',')�0',- : -'�&"(  "  %&$!-"!$. – 2-'  "6) ., %'&'&$7. "  
)�%. – 5 .: 
�  �'�7" , �6) -2�  �&� %'!- , 2007. – 370  . 
8. �"!2"),� -/  1',,*3  740$� [<�'!-&�,,*#  &' 4& ] //http://economy-ru.com/tsennyie-
bumagi/likvidnost-tsennyih-bumag.html 



 157 

9. �"-2",�2$ , � .� . �	�
����  �	�������  �����
���  ��	���
	� : ��? -
�	�
� , 9��5��
� , ����>���  �	�5��	�����  / �"-2",�2$  � .� ., �'2�'2$  � .� . / 

'�&"(  "  %&$!-"!$ �7;' -2',,���  &$62"-"(. 2013. =  9. � . 270-276. 
10. �"-2",�2$ , � .� . �	���5�����  �	�5� , ���� , 5�
	��  �  ���
��5��
�  
�	�����	
	  �����
	����� : ��	���5�  
	��	�����  �  ���5������  / 
� .� . �"-2",�2$  // �' -,"!  ��,� -��  "# !���  �� 4)$& -2',,���  -'3,"+' !���  4,"2'& " -
-'-$  (��2�+'&!$  !���  %��"-'3,"+' !���  ", -"-4-$ ). �'&"( : ��1"$�/,� -<!�,�0"+' !"'  
,$4!" . 2011. =  2. � . 51-59.  
11.  ���",�2$ , � . � . ���>�����  �	��
�
���	�����  ���������  ��	�� -
�	��
������  	
�	�����  «��
��	�  9�	�	5��� » / � .� . ���",�2$  // Terra 
Economicus. 2004. 
 . 2. =  4. � . 96-100. 
12. ���",�2$ , � .� . ��
����  9�	�	5���  ���  ���	��>�	����  ���
	�  
5	�������>��  �	���5���	
	  �	������	
	  	�?��
��  / � .� . ���",�2$ , 
)"  '&-$1"(  ... )�!-�&$  <!�,�0"+' !"3  ,$4!  : 08.00.01 /������&$) !"#  �� 4)$& -2',,*#  
4,"2'& "-'- . ������&$) , 2012.–256  . 
13.   ��0$!", ,  � .� . 9�>���	�����  5��	
	  ������� . 4+'7. %� �7"'  / 5 . 5 . 

46'2 , � . � . 
�43�2 , � . � . ��0$!",  ; ���� . �40$,"-$& . ", --  (."� .) ���
� . ������&$) , 
2005. – 352  . 
14.  ��0$!", , � .� . ��������  
	�
	���  �	�	
�  �  ���	����  ���	�5�>� -
	��	
	  	�?��
��  / � .� . ��0$!",  // �$4+,� -0'-�)"+' !"#  <�'!-&�,,*#  �4&,$�  
��,1'%- . 2013. =  5. � . 84-91. 
15. ��0$!", , � .� . 	�	����	�
�  ������	�  
	�
	���  �  ���	���	�����5  

	�
	���  �	�	
	�  / � .� . ��0$!",  // �$4+,*'  -&4)*  SWorld. 2013. 
 . 34. =  1. � . 59-
63. 
16.  ��0$!", , � .� . �	���  ��������	�  �
��
�
��  
�������  ��  �����  
FORTS: � ,�2* ,  -&$-'�"" , -'3,����""  / � .� . ��0$!",  , Saarbrucken, 2012. – 160  . 
17.  ��0$!", , � .� . �����
��  ��
����
 -������
�  �  �	����  �  ���	����  
�	�5��	�����  ���	�5�>�	��	
	  	�?��
��  / � .� . ��0$!", , � .� . �$0�&� -
)�2$  // �  0"&'  ,$4+,*3  �-!&*-"# . 2010. =  4-9. � . 10-11. 
18. ��0$!", , � .� . �	�������
�	�����  5������5�  ���	������  ���� -
�����	
	  �����
�  	
�������  ���������	
	  ���������
��  �	  
	�	 -
��  �	����	5�  / � .� . ��0$!", , � .� . �8",$  // �$4+,*'  -&4)*  SWorld. 2010. 
 . 14. =  
4. � . 39-41. 
19.  ��0$!", , � .� . 
������>�	����  ��������  �  �	��>��  9�	�	5��� -
��	�  
���
���  / � .� . ��0$!",  // �$4+,*'  -&4)*  SWorld. 2011. 
 . 14. =  3. � . 92-94. 
20. 5';'&(!�2$ , � .� . ���	��>�	����  5�
	��  ����������  �	���5�� -
��5�  �	>�����	 -9�	�	5������5�  ���
�5�5�  / �,�'�  	 .� ., � &$-(,  � .� ., 
�$#)$��2$  	 .� ., �4(,�2$  5 .9 ., ��)�%/(,�2$  � .� ., �&�7�-�2$  	 .	 ., 5$�:-",$  
 .� ., 5" -
3$#��2$  � .� ., 5';'&(!�2$  � .� ., 
'�(-,"!�2$  � .� ., �-��(&�2$  
 .� . /5�,��&$."(  / ��)  &'-
)$!1"'#  	 .� . �,�'� . ������&$) , 2015.- 325  . 
21. �' -'&�2$ , � .	 . �'#&� '-'2$(  0�)'�/  4%&$2�',"(  !$%"-$��0  7$,!$  � .	 . �' -'&�2$ , 
� .� . ��0$!",  // �7�&,"!  ,$4+,*3  -&4)�2  SWorld : 0$-'& . 0'�)4,$& . ,$4+.-%&$!-. !�,. . 
«��2&'0',,*'  ,$%&$2�',"(  -'�&'-"+' !"3  "  %&"!�$),*3  "  �')�2$,"#  ‘2014» 
�*% .= 3(36), 2014.- � .50-52.  
22.  ��$! 4,�2$ , 
 . � . �$,��7&$6�2$,"'  2 %'& %'!-"2$3 0�)'&,"6$1""  2* 8'��  �7&$6�-
2$,"(  //��$2(, !"#  .�&40 . �$��$&"( , � . �4&�$ : �6) -2� : �, -"-4-  �40$,"-$&,*3  ,$4! , 
<!�,�0"!"  "  ",.�&0$1"�,,*3  ,$4! . =  1 (3). � . 225-230.   
23.   ��$! 4,�2$ , 
 .� . �����
�	  �	������	
	  	����	�����  �  ���
�  �	 -
�	�����  �	�	���	�  �	����>��  / 
 .� . ��$! 4,�2$  // 9!�,�0"+' !"#  $,$�"6 : 
-'�&"(  "  %&$!-"!$. 2011. =  25. � . 58-64. 



 158 

24.  ��$! 4,�2$ , 
 .� . �����
�	  �	������	
	  	����	�����  �  ���
�  �	 -
�	�����  �	�	���	�  �	����>��  / 
 .� . ��$! 4,�2$  // 9!�,�0"+' !"#  $,$�"6 : 
-'�&"(  "  %&$!-"!$. 2010. =  39. � . 63. 
25. �*7$,�2 , � .� . ������	
��  �  ������	�����  ��
	��
5	�  ��
	5�
� -
���	����	
	  ��	��
��	�����  �	
�������  ���5  ����>�	����  ���  
������  / �'&,('2  � .	 ., �*7$,�2  � .� . // �  0"&'  ,$4+,*3  �-!&*-"# . 2010. =  4-11. � . 
128-129. 
26. �*,�!  1',,*3  740$�: 4+'7,"!  )�(   -4)',-�2  246�2, �74+$:;"3 (  %� <!�,�0"+' !"0  
 %'1"$�/,� -(0  / %�) &') . � .� . �4!�2$ . -3-'  "6) . �'&'&$7 . �  )�%. –5 .: ���
� -���� , 
2009. – 567  . 
27. �$&0$-", , � .� . 	
  �����
������	�  >�������>��  �  �	�
�����
�� -
����	5�  	�?��
�� : 
�����>��  �  �������
���  / �,�'�  	 .� ., �$&0$-",  � .� . 
// �   7�&,"!' : �,,�2$1"�,,�'  �� 4)$& -2�  "  ",,�2$1"�,,*#  +'��2'!  �7�&,"!  0$-'&"$ -
��2  5'�)4,$&�),�#  ,$4+,� -%&$!-"+' !�#  !�,.'&',1"" . 2013. - � . 41-47. 
 
 

�'���� ����  ��&�������  �� �!������$&  '����� �"   
������%����!�  �����  

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

1����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) (�*���� ����  ��'"*��'&,������  0?* -
��&����  �0��5�,�&�� ����  "#���*���!  ,-'1���  $��(�''����� ����  �0��5�,���!  «��� -
�����*'%�+  ��'"*��'&,���-+  &�.��#�'%�+  "��,��'�&�& », ����'%�+ , 
�''�!  (404121, "� . 

4���� '� , * . 42� , ��������*'%�!  �0��'& , � . ����'%�+ ), e-mail:vpi@volpi.ru 
2����'%�+  �"����&���-+  ��'&�&"&  ((����� ) ��������*'%���  ��'"*��'&,������  "��,�� -

'�&�&�  ����'%�+ , 
�''�!  (404118, ����'%�+ , "� .40��&  ��0�*- ,11, e-mail: 
director@vgi.volsu.ru 

3 2��%  ��2 24 (��� ) info@vtb24.ru 
 

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

 
DETERMINATION OF YIELD BOND PORTFOLIO OF COMMERCIAL  

BANK 1Lomakin NI, 3Kryhtina DA, 2Lomakina AN, 1Sergienko B. 
 

1Volzhsky Polytechnic Institute (branch) of the Federal State Budget Institution of Higher Pro-
fessional Education "Volgograd State Technical University" Volzhsky, Russia (404121, st 

Engels, 42a, Volgograd region, Volzhsky..), E-mail: vpi@volpi.ru 
2Volzhsky Humanitarian Institute (branch) of Volgograd State University Volzhsky, Russia 

(404118, Volzhsky, ul.40let Victory, 11, e-mail: director@vgi.volsu.ru 
3 Bank VTB24 (PAO) info@vtb24.ru 

 
Abstract: The basic methods of assessment for the selection of bond yields in the investment 
portfolios of commercial banks. Identified ways to improve the credit quality of bond issuers. 
Keywords: bond yields, the formation of the bond portfolio, profitability, quality of bond issuers. 

 

�  ,$ -�(;"#  0�0',-  "  2 6$&47'�,�# , "  2 �-'+' -2',,�#  ,$4+,�#  �"-'&$-4&'  �+',/  
0,���  2,"0$,"(  4)'�('- (  )'(-'�/,� -"  !�00'&+' !"3  7$,!�2  ,$  &*,!'  1',,*3  740$�. 
[6]. �0''- (  )� -$-�+,�  0,���  &$6,��7&$6,*3  0'-�)����"+' !"3  %&�7�'0 ,  2(6$,,*3    
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�%&')'�',"'0 , !��"+' -2',,�#  �1',!�#  "  $,$�"6�0  0' -$  "  &��"  7$,!�2  ,$  &*,!'  1',,*3  
740$� [8].  

	7�"�$1"(  - <-�  1',,$(  740$�$, 2�$)'�'1  !�-�&�#  2,� "-  6$ ,''  )','�,*'   &') -2$ , 
+-�  )$'-  %&$2� 2 �%&')'�',,*#  %'&"�)  2&'0',"  %��4+$-/  %&�1',-*  "  2 !�,'+,�0  "-��'  
%��4+"-/  ,�0",$�/,4:   -�"0� -/  1',,�#  740$�" . 	7�"�$1"(  !�, -$-"&4'-   2(6/  0'�)4  
''  2�$)'�/1'0  (!&')"-�&�0 ) "  �"1�0 , 2*%4 -"28"0  ''  (6$'0;"!�0 ).  

�'(-'�/,� -/  !�00'&+' !"3  7$,!�2  ,$  &*,!'  1',,*3  740$� &'�4�"&4:- (  .')' -
&$�/,*0  6$!�,�0  «	  7$,!$3  "  7$,!�2 !�#  )'(-'�/,� -" » �-  2 )'!$7&(  1990 ��)$  =  395-1, 
!�-�&*#  2* -4%$'-  ,�&0$-"2,*0  $!-�0 , &'�4�"&4:;"0  "  &'��$0',-"&4:;"0  )'(-'�/ -
,� -/  7$,!�2  [1]. 
$!  !$!  �7�"�$1"(   2(6$,$   �7�&�-�0  )','�,*3   &') -2 ,  ��-2'- -2', -
,� , !�,-&��/  6$ �7�&�-�0  1',,*3  740$� � 4;' -2�('- (  �$!�,�0  «	  &*,!'  1',,*3  74-
0$� » [2]. 

�  � ,�2,*0  !&"-'&"(0  .�&0"&�2$,"(  %�&-.'�(  0��,�  �-,' -"   �')4:;"' :   &�!  
)�  %��$8',"(  �7�"�$1"# , 2�60��,� -/  "3  %&"�7&'-',"(  ,$  0�0',-  .�&0"&�2$,"(  ",2' -
 -"1"�,,���  %�&-.'�( , 4&�2',/  )�3�),� -"  �7�"�$1"# , 2�60��,� -/  &'.",$, "&�2$,"(  
%�) 6$���  �7�"�$1"#  (���	 ), !&')"-,�'  !$+' -2�  <0"-',-$  �7�"�$1"#  [28, c. 403-416]. 


$!"0  �7&$6�0 , " %��/64(   �2&'0',,*'   '&2" * , 0��,�  .�&0"&�2$-/  %�&-.'�/ -
,*'  ",2' -"1""  "   %&��,�6"&�2$-/  %&"7*�/  %�&-.'�( . ��(  %&��,�6"&�2$,"(  1',*  .",$, -
 �2���  ", -&40',-$    4 %'3�0  " %��/64:- (  ,'#&�,,*'   '-"  [22,  . 50-52].  

�-�7*  "67'�$-/  !&')"-,���  &" !$  "�"  40',/8"-/  '�� , ",2' -�&4  ,'�73�)"0�  
%��/6�2$-/ (  &'#-",��2�#  3$&$!-'&" -"!�#  ,$)'�,� -"  <0"-',-$ . �$!  %&$2"��, -$!"'  3$-
&$!-'&" -"!"   � -$2�(:-  ,'6$2" "0*'  &'#-",��2*'  $�',- -2$  (Fitch Ratings, Moody2U™s, 
Standard & Poor2U™s, Morningstar, DBRS, A.M. Best Company). �  ��   $0�'  %�%4�(&,*'  
&'#-",��2*'  $�',- -2$  <-�  «9! %'&-  �� » "  «�4 -�'#-",� ». �$  �-'+' -2',,�0   &*,!'  �7 -
&$;$'- (  7��''  $200 0�&) . �7�"�$1"#  (<-�  �!���  300 <0"-',-�2  "  7��/8'  700 <0"  "# ). 
����$ ,�   -$-" -"!'  �,.�&0$1"�,,���  $�',- -2$  �",0$&!'-  RusBonds 48% &*,!$   � -
 -$2�(:-  �7�"�$1""  .')'&$�/,���  6$#0$, 46% - �7�"�$1""  !�&%�&$-"2,���   '�0',-$  
(46%) "  2 '��  ,' !��/!�  %&�1',-�2  6$,"0$:-   47.')'&$�/,*'  �7�"�$1""  (8%). [28]. 

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

 
�" . 1 – ��3�),� -/  �2&��7�"�$1""  !�&%�&$-"2,*'  2*%4 !"  ,"�'  «��� -» [8] 

��(  &$ +'-$ -'!4;'#  )�3�),� -"  (current yield)  4;' -24'-  -��/!�  �),$  �7;'%&" -
,(-$(  .�&04�$  – -'!4;"#  !4%�,  / -'!4;$(  1',$ . 
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�   2(6"    2*8' !$6$,,*0  7*�"  %&')���',*  0'-�)*  &$ +'-�2    %'&"�)"+' !�#  
%47�"!$1"'#  ",)'! �2  !�&%�&$-"2,*3  �7�"�$1"# . 	 ,�2,*'  %&",1"%*, !�-�&*'  " %��/ -
6�2$�" /  %&"  �6)$,""  ",)'! �2  "  0'-�)"!"  "3  2*+" �',"( , 6$!�:+$:- (  2  �')4:;'0 . 

�,)'!  !�&%�&$-"2,*3  �7�"�$1"#  &$  +"-*2$'- (  !$!   &'),((  )�3�),� -/  !  %��$-
8',":  ("�"  " %��,',":  �.'&-* ) �7�"�$1"#    �%&')'�',,*0"   &�!$0"  �7&$;',"( , 262'-
8',,$(  %� �7C'04  2*%4 !$ 2 �7&$;',"" . 

��3�),� -/  - 2$�,'#8$(  !��"+' -2',,$(  3$&$!-'&" -"!$  ",2' -"1"�,,���  $!-"2$  
"  %�  2�'04  �%&')'�',":  �,$  -' ,�   2(6$,$   2&'0','0  "  &" !�0 . ��3�),� -/  – �-,� " -
-'�/,*#  %�!$6$-'�/ , &$  +"-*2$'0*#   ��-,' ',"'0  )�3�)$  D, �','&"&4'0���  ,'!�#  �7�" -
�$1"'# , "  2'�"+",*  ",2' -"1"#  I 2 <-�-  $!-"2 , - .' . 2 ,$"7��''  �7;'0  2")'  �,  0��'-  7*-/  
%&') -$2�',   �')4:;"0  �7&$6�0 : 

,                                                            (1) 

)'  D - )�3�) , �','&"&4'0*#  ,'!�#  �7�"�$1"'# ; 
I -2'�"+",$  ",2' -"1"#  2 <-�-  $!-"2 . 
�  6$2" "0� -"  �-  2")$  �7�"�$1""  2 !$+' -2'  )�3�)$  D +$;'  2 '��  2* -4%$:-  !4 -

%�,,*#  )�3�)  "  ("�" ) %&"&� - !4& �2�#   -�"0� -" . 
$!"0  �7&$6�0 ,  4;' -24:-  &$6�"+-
,*'   %� �7*  &$ +'-$ )�3�),� -" .  

�  $,$�"6'  &'+/  0��'-  ")-"  �  )243 2")$3  )�3�),� -"  - .$!-"+' !�#  "  ��")$'0�# . 
�'&2$(  &$  +"-*2$'- (  post factum "  "0''-  6,$+',"'  �"8/  )�(  &'-&� %'!-"2,���  $,$�"6$ . 

�&$6)�  7��/8"#  ",-'&'  %&') -$2�('-  ��")$'0$(  )�3�),� -/ , !�-�&$(  &$  +"-*2$'- (  ,$  
� ,�2'  %&��,�6,*3  )$,,*3  "  " %��/64'- (  )�(  %&",(-"(  &'8',"(  �  1'�' ��7&$6,� -"  
%&"�7&'-',"(  -'3  "�"  ",*3  �7�"�$1"# . 5'-�)*  &$ +'-$ )�3�),� -"  )�(  )����2*3  1',,*3  
740$�. ��(  &$ +'-$ 2� %��/64'0 (   �')4:;'#  .�&04��# : 

,                                      (2) 

)' , Pb - 2,4-&',,((   -�"0� -/  1',,�#  740$�" ; 
It - !4%�,,*'  %�$-'�"  2 t-�0  %'&"�)' ; 
� n - ,�0",$�/,$(   -�"0� -/  1',,�#  740$�" ; 
r - -&'74'0$(  ,�&0$  )�3�),� -" ; 
t - ��&"6�,-  %&��,�6"&�2$,"( . 
�&')%��$�$'- ( , +-�  2 '  %�!$6$-'�" , !&�0'  r "62' -,* , $ 2 �'2�#  +$ -"  7'&'- (  -' -

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

�4;' -24'-  .�&04�$ , %�62��(:;$(  %��4+$-/  %&"7�"6"-'�/,4:  �1',!4  !4%�,,�#  
�7�"�$1""    %�0�;/:  �7*+,���  !$�/!4�(-�&$ . 9-�-  %�!$6$-'�/  &$  +"-*2$'- (  �-,�8' -
,"'0   &'),'��)�2���  )�3�)$  (��)�2�#  %&�1',-  %�:  +$ -/  &$6,"1*  0'�)4  ,�0",$��0  "  
1',�#  %�!4%!"  �7�"�$1"" ) !   &'),'#  2'�"+",'  ",2' -"1"#  "  )$'-  %&"7�"6"-'�/,4:  �1', -
!4  %�!$6$-'�(  r: 

,                                                       (3) 

)' , Pn - ,�0",$�  �7�"�$1"" ; 
Pb - 1',$  %�!4%!" ; 
I -  400$  !4%�,,*3  %�$-'�'# ; 
n - +" ��  �'- , � -$28"3 (  )�  %��$8',"(  �7�"�$1"" . 
��')4:;"0  2")�0  )�3�),� -"  �7�"�$1""  (2�('- (  )�3�),� -/  6$ %'&"�)  2�$)',"( . 

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

Pb - 1',$  %�!4%!" ;  

 -  400$  !4%�,,*3  %�$-'�'# . 
�;'  �),�#  3$&$!-'&" -"!�#  )�3�),� -"  �7�"�$1""  (2�('- (  %�!$6$-'�/  -'!4;'#  

)�3�),� -" , %�) !�-�&*0  %�,"0$'- (  �-,�8',"'  )�3�)$ , %��4+$'0���  '�'��),�  %� !4 -
%�,,�#   -$2!' , !  .$!-"+' !"0  6$-&$-$0 ,$  ''  %&"�7&'-',"' . 
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��%&"(-,���  "60',',"(  1',  ,$  &*,!$3 . �   �2&'0',,*3  4 ��2"(3 , !�00'&+' !"'  7$,!"  0� -
�4-  42'�"+"-/  �7C'0*  2���',"#  ,$  .�,)�2�0  &*,!' , 2 1'�(3   ,"�',"(  &" !�2  «%��3���  
!&')"-,���  %�&-.'�( » 2 4 ��2"(3  !&"6" $ , +-�  )$ -  2�60��,� -/  "67'�$-/  )'.��-�2  [8]. 
�'(-'�/,� -/  7$,!�2  ,$  &*,!'  1',,*3  740$� &'�4�"&4'- (   �')'&$�/,�0  �$!�,�0  «	  
7$,!$3  "  7$,!�2 !�#  )'(-'�/,� -" » �-  2 )'!$7&(  1990 ��)$  =  395-1[1]. �  4 ��2"(3  <!�,� -
0"+' !���  !&"6" $  2�6&$ -$:-  2 '  2")*  &" !�2 , %�<-�04  !�00'&+' !"0  7$,!$0  2$�,�  
%&","0$-/  &$1"�,$�/,*'  &'8',"(  �-,� "-'�/,�  %�&-.'�/,���  ",2' -"&�2$,"( . 

�6  2 '3  .",$, �2*3  ", -&40',-�2 , %&') -$2�',,*3  ,$  7"&�'2�0  &*,!' , �7�"�$ -
1""  �7�$)$:-  ,$"7��/8'#  ",2' -"1"�,,�#  %&"2�'!$-'�/,� -/:  )�(  !�00'&+' !"3  7$, -
!�2 . �$!  "62' -,� , �7�"�$1"(  - <-�  1',,$(  740$�$, !�-�&$(  )$'-  )'&�$-'�:  %&$2� '�'��) -
,���  %��4+',"(  %&�1',-�2  %� ,'# , $ -$!�'  %��4+',"(  %��,�#  ''   -�"0� -"  2 0�0',-  %�-
�$8',"( . 
�  ' -/  %�  2�'#   4-"  – <-�  $,$���  7$,!�2 !���  )'%�6"-$ , -��/!�  2 &��"  7$,!$  
2* -4%$'-  2*%4 !$:;$(  �7�"�$1":  !�0%$,"( , ,$6*2$'0$(  <0"-',-�0 . ��(  %&�2')',"(  
�%'&$1"# %�!4%!"-%&�)$�"  " %��/64:-  -'&0",$�  Quik. 	7�"�$1""  "0':-   2�#  �" -",�  2 
 %" !$3  «� 1», «� 2», «� », «� », «�,' %" �+,*' » "  )&4�"'  (-$7�"1$  1). 
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$7�"1$  1 – �$&$0'-&*  �7�"�$1"#  

 
 

�$"7��''  2$�,*'  %$&$0'-&* �7�"�$1"�,,*3  2*%4 !�2  %��'6,*  %&" 2*7�&'  1', -
,�#  740$�' . 9-"  %$&$0'-&* �6,$+$:-   �')4:;'' . 

«>',$  %� � .» – <-�  1',$  %� �'),'#   )'�!"  %� )$,,�#  740$�' . >',$  4!$6*2$'- (  2 
%&�1',-$3  �-  ,�0",$�$ , - .' . 1',$  %� �'),'#   )'�!"  99,75, ,$%&"0'&, 4 2*%4 !$ «5'+'�  
�	 -1», ��2�&"-  ,'  �  1','  2 99,75 &47�'# , $ �  1','  99,75% �-  ,�0",$�$  2 1000 &47�'# .  

«��3�),� -/ » – <-�  <..'!-"2,$(  )�3�),� -/  ",2' -"1""  2 % ��)�2*3  2  �4+$' , ' -
�"  740$�$ 74)'-  4)'&�"2$-/ (  %&(0"!�0  )�  �.'&-*  "�"  %��$8',"( .  

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

«�$-$  2*%� . !4%.» – 7�"�$#8$(  )$-$, 2 !�-�&4:  <0"-',-  %&�"62')'-  2*%�$-*  %&�-
1',-�2  %� �7�"�$1"" , -$!  ,$6*2$'0*#  «!4%�, ».  

«�$60'&  !4%�,$ » – 2'�"+",$  7�"�$#8"3  !4%�,,*3  2*%�$-  2 &47�(3 ,$  �),4  �7�" -
�$1": .  

«��� » (�$!�%�',,*#  �4%�,,*#  ��3�) ) – <-�  +$ -/  !4%�,$ , !�-�&$(  «,$7'�$�$ »   
0�0',-$  %&')*)4;"3  !4%�,,*3  2*%�$-  "  )�  ,$ -�(;'��  0�0',-$  2&'0'," . 9-�-  %$&$0'-& 
7*�  22')',  7"&�'#  )�(  -��� , +-�7*  4%&� -"-/  2-�&"+,�'  �7&$;',"'  �7�"�$1"# . �  0�0',-  
%�!4%!"  ,$  2-�&"+,�0  &*,!'  ",2' -�&  %�0"0�  ,'%� &') -2',,�   -�"0� -"  �7�"�$1"" , 
2*%�$+"2$'-  -$!�'  ''  %&')*)4;'04  )'&�$-'�:  "  2'�"+",4  ��� . 
$!"0  �7&$6�0 , !$�)*#  
",2' -�&  � -$'- (    +$ -/:  !4%�,$ , %&�%�&1"�,$�/,�#  2&'0',"  ,$3��)',"(  2 740$�' .  

«���$8',"' » - )$-$ %��$8',"(  �7�"�$1"" . �  <-�-  0�0',-  740$�"  74)4-  $2-�0$-" -
+' !"   %" $,*   �   +'-$ , $ 26$0',  ,$+" �',*  )','�,*'   &') -2$ .  

«��"-'�/,� -/  !4%�,$ » – <-�  !��"+' -2�  !$�',)$&,*3  ),'#  -'!4;'��  !4%�,,���  
%'&"�)$ . 	7&$-"-'  2,"0$,"' , +-�  2 � ,�2,�0  <-�  182 "  91 )',/ . 182 ),(  – !4%�,  2*%�$+"-
2$'- (  2 &$6$ 2 ��) , $ 91 )',/  –  ��-2'- -2',,�  4 &$6$ 2 ��) .  

«	.'&-$ » – )$-$ 7�"�$#8'#  �.'&-*  %� 2*%4 !4 , 2�  2&'0(  !�-�&�#  <0"-',-  �7(6$,  
2*!4%"-/  �7�"�$1""  %� -&'7�2$,":  "3  )'&�$-'�'# . ��(  -��� , +-�7*  %�4+$ -2�2$-/  2 
�.'&-'  ",2' -�&4  ,'�73�)"0�   $0� -�(-'�/,�  6$%��,"-/  ,'�73�)"0*'  )�!40',-* . 

�!-"2*  !�00'&+' !���  7$,!$ , %&'),$6,$+',,*'  )�(  -�&��2�" , %&') -$2�(:-   �7�#  
$!-"2* , %&"�7&'-',,*' , 2 � ,�2,�0 ,   1'�/:  %&�)$�"  2 7�"�$#8''  2&'0( . 	,"  0��4-  2* -
 -4%"-/  2 2")'  +$ -"   %�&-.'�(  �%&')'�',,*3  .",$, �2*3  ", -&40',-�2 , !�-�&*'  4%&$2-
�(:- (   �20' -,�  "  )�(  !�-�&*3  "0''- (  2'&�(-,� -/  %��4+',"(  .$!-"+' !�#  !&$-!� -
 &�+,�#  %&"7*�"  2 7�"�$#8'0  74)4;'0 , "�"  �,"  (2�(:- (  %&�"62�),*0"  .",$, �2*0"  
", -&40',-$0" . �$  7"&�'  0��,�  %&"�7&' -"  �� 4)$& -2',,*'  "  04,"1"%$�/,*'  �7�"�$ -
1"" ,  �7�"�$1""  !&')"-,*3  4+&'�)',"# , "  !�&%�&$-"2,*'  �7�"�$1"" . 


� 4)$& -2',,*'  �7�"�$1""  �7�$)$:-  0$! "0$�/,�#  ,$)'�,� -/:   &')"  2 '3  &� -
 "# !"3  740$�, 6$-'0  ")4-  04,"1"%$�/,*'  740$�"  (%&",(-�   +"-$-/ , +-�  2  �4+$'   '&/'6 -
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,*3  %&�7�'0 ,  47C'!-*  ��   0��4-  %��4+"-/  %�0�;/  ,'%� &') -2',,�  "6 7:)�'-$ ), "  4�'  
%�-�0  ")4-  !�&%�&$-"2,*'  <0"-',-* . 

�&�%�&1"�,$�/,�  &" !$0  &$ %&')'�(:- (  "  )�3�),� -"  – �-  0","0$�/,*3  4 �7�" -
�$1"#  �� , )�  0$! "0$�/,*3  4 !�&%�&$-"2,*3  <0"-',-�2  )$�/,"3  <8'��,�2 . �  ��  ""  ' -/  
"   2�(   %'1"."!$ , �  !�-�&�#  2 �7(6$-'�/,�0  %�&()!'  ,'   -�"-  6$7*2$-/: - .! . �/2",4:  )� -
�:  4+$ -,"!�2  &�  "# !���  )����2���  &*,!$   � -$2�(:-  7$,!" , -�  � ,�2,*0  !&"-'&"'0  
",2' -"1"�,,�#  %&"2�'!$-'�/,� -"  )�(  ,"3  (2�('- (  ,$�"+"'  )$,,�#  �7�"�$1""  2 ��0 -
7$&),�0   %" !'  >�  ��  (cbr.ru/analytics/Plugins/LombardList.aspx ) "�"  3�-(  7*  ,$�"+"'  
,'�73�)"0*3  &'#-",��2 , +-�7*  -4)$  %�%$ -/[6].  

�$�"+"'  740$�"  2 ��07$&),�0   %" !'  )$'-  2�60��,� -/  7&$-/ %�) ''  6$���  )','� -
,*'   &') -2$ , +-�  (2�('- (  )�(  7$,!�2  �+',/  %��'6,�#  2�60��,� -/: , 4+"-*2$(  2 '2�6 -
0��,*'  ,�&0*  ,$  �"!2"),� -/ , !�-�&*'  ,4�,�  %� -�(,,�   �7�:)$-/ . �0',,�  %�<-�04  
,$"7��/8"0   %&� �0  2 ��  ""  %��/64:- (  «��07$&),*' » 740$�" , "  "0',,�  -$!"'  740$�"  
�4+8'  2 '��  )'&�$-/  2 !$+' -2'  7$6" $  2�'��  %�&-.'�( . 

�;'  �),"0  2$�,*0  0�0',-�0  %&" 2*7�&'  1',,*3  740$� (2�('- (  7$�$, "&�2!$  
%�&-.'�(  %� ):&$1"" , - .' . %�  &�!$0  )�  %��$8',"( . �&"  <-�0   &'),((  ):&$1"(  %� %�&--
.'�:  )���,$  7*-/  6$&$,''  +'-!�  �%&')'�',$  ",2' -�&�0 : -$! , 2  �4+$'   -$7"�/,�#  "  ,'  
%&')2';$:;'#  �%$ ',"#   "-4$1""  2 ��  ""  "  2 0"&' , 0��,�   � &')�-�+"-/ (  ,$  %�!4%!'  
«)�",,*3 » 740$�   ):&$1"'#  �-  2-3 �'-  "    2* �!"0"  %�!$6$-'�(0"  )�3�),� -" , 2 -�  2&'-
0(  !$!  2  �4+$'  2* �!�#  ,' -$7"�/,� -"  2 0"&'  (!$!   '#+$ ), �4+8'  2*7"&$-/  «!�&�-!"' » 
740$�"    ):&$1"'#  )�  ��)$ .  


$! , ",2' -�& , !�-�&*#  2 ,$+$�'  2008 ��)$  %&"�7&'�  %�&-.'�/  «)�",,*3 » 740$�   
)�3�),� -/:  9% ��)�2*3 , %&"0'&,�  2 )2$ &$6$ %&�"�&$� %� )�3�),� -"  ",2' -�&4 , !�-� -
&*#  !4%"�  2 <-�  �'  2&'0(   7$�$, "&�2$,,*#  %�&-.'�/  %�) )�3�),� -/  8% ��)�2*3  "  2 
,$+$�'  2009 ��)$  6$0',"�  %��$8',,*'  «!�&�-!"' » 740$�"  ,$  $,$���"+,*'  740$�"    ��&$6-
)�  7��''  2* �!�#  )�3�),� -/:  (&" 4,�!  1). 

 
�" 4,�!  1 - �$&-$  &*,!$  �7�"�$1"#  [6] 

�$  0�-&"0  !�,!&'-,4:  0'-�)"!4  �-7�&$  %�)3�)(;'#  740$�" , )$ -$! , +-�7*  %�-
0"0�  2* �!�#  ,$)'�,� -"  "  ,4�,�#  ):&$1"" , �7�"�$1"(  7*�$  7*  ';'  "  ,')��1',',$  
&*,!�0  (- .' . "0'�$  )�%��,"-'�/,*#  %�-',1"$�  )�(  &� -$  !�-"&�2�! ). ��(  <-���  ,$0  %�,$-
)�7"- (  «!$&-$ &*,!$ ». �$&-�#  &*,!$  ,$6*2$'- (  )"$�&$00$ , �)'  %� � "  «� » &$ %��$�$'- -
 (  ):&$1"(  2 ),(3  "�"  ��)$3 , $ %� � "  «Y» - <..'!-"2,$(  )�3�),� -/  2 % ��)�2*3 . �$� -
)*#  �7�"�$1"�,,*#  2*%4 !  74)'-  "0'-/   2�:  -�+!4  ,$  !$&-'  &*,!$ . �&"0'&  !$&-*  &*,!$  
)�(  <,'&�'-"+' !���   '!-�&$  %&"2')',  ,$  &" 4,!'  ,"�' . 



 167 

�$  !$&-4 &*,!$  -$!�'  ,$,� (-  !&"24:  )�3�),� -"  	��  (<-�  �","( , %� -&�',,$(  
+'&'6  2*%4 !"  	��  &$6�"+,�#  ):&$1"" ). �  1'��0  !$&-$ &*,!$  ,4�,$  "0',,�  )�(  �%&')' -
�',"(  %&'0""  (- .' . &$6,"1*  )�3�),� -'# ) &$6�"+,*3  740$� !  !&"2�#  	�� . 
$! , +'0  2*8'  
%&'0"(  %&" %&�+"3 &$2,*3 , -'0  7��''  ,')��1',',,�#   +"-$'- (  740$�$ "   ��-2'- -2',,�  
7��/8"0  %�-',1"$��0  )�(  &� -$  !�-"&�2�!  �,$  �7�$)$'- .  

��(  %&"0'&$ &$  0�-&"0  1',,*'  740$�"  !�0%$,""  ���  &$6�"+,*3   '&"# . 
$!  !$!  
740$�"  %&",$)�'�$-  �),�04  "  -�04  �'  <0"-',-4 , -�  2 -'�&""  �,"  )���,*  �7�$)$-/  �)" -
,$!�2*0"  %&'0"(0" , ,�  2 &'$�/,� -"  %&'0""   "�/,�  &$6,(-/ (  – �-  0,85% %� 11  '&""  )�  
1,5% %�  '&""  15 ( &'),''  6,$+',"'  �!���  1%). 5$! "0$�/,�#  %&'0"'#  �7�$)$'-  2*%4 !  
 '&""  15,  ��-2'- -2',,�  �,  (2�('- (   $0*0  ,')��1',',,*0  "  "0''-  ,$"7��/8"#  %�-', -
1"$�  )�(  &� -$  !�-"&�2�!  "  �"!2")$1""  %&'0""  ,$  4&�2,'  0,5% )�   &'),'��  6,$+',"( . 
 .' . 
"6 2 '3  2*%4 !�2  ���  ,$  -'!4;"#  0�0',-   $0*0  ",-'&' ,*0  (2�('- (  "0',,�   '&"(  15, 
6$-'0  %� 47*2$:;'#  ")4-   '&"(  18 "   '&"(  19, � -$�/,*'  2*%4 !"  -�&�4:- (  %�  %&$2')-
�"2�#  1','  ,$  -'!4;"#  0�0',-  2&'0'," . 


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

�'7$�$, "&�2!$  ",2' -"1"�,,���  %�&-.'�(  %&�" 3�)"-  %�) )'# -2"'0  )",$0"!"  
&*,�+,�#   "-4$1"" . ��  2&'0','0   "-4$1"(  ,$  .",$, �2*3  &*,!$3  )$ "  2  $0"3  !�0%$," -
(3-<0"-',-$3  0',('- ( , %�<-�04  %&$2"�/,*0  &'8',"'0  74)'-  %'&"�)"+' !"  %&�2�)"-/  
&'7$�$, "&�2!4  %�&-.'�(  !$!  %� ):&$1"" , -$!  "  %�  -&4!-4&'  �-)'�/,*3  <0"-',-�2 . 	% -
-"0$�/,*0  ",-'&2$��0  0'�)4  %'&'7�&$0"  %�&-.'�(  (2�('- (  ",-'&2$�  2 ,' !��/!�  0' ( -
1'2 , �"7�  - &$6 2 !2$&-$� . �$  ,' !��/!�  0' (1'2  !4%�',,*'  ,')��1',',,*'  740$�"   0��4-  
&'$�"6�2$-/   2�#  %�-',1"$�  )�(  &� -$ , $ ,$  &*,!'  %�(2"- (  0,���  )&4�"3  ';'  7��''  )� -
-�#,*3  ", -&40',-�2 . ��)�7,*'  0$,"%4�(1""  +-�  ,$6*2$'- (  «%� 3�)4 »  %� �7,*  %�2*-
 "-/  "-���24:  )�3�),� -/  %�&-.'�(  2 1,5 &$6$. 

��')4'-  �-0'-"-/ , +-�  %&"2')',,$(  2*8'  0'-�)"!$  �-7�&$  �7�"�$1"#  (2�('- (  
3�-/  "  7$6�2�# 2 .�&0"&�2$,""  3�&�8'��  ",2' -"1"�,,���  %�&-.'�( , ,�  )$�'!�  ,'  ')", -
 -2',,�# . 5,��"'  " %��/64:-  "  )&4�"'   -&$-'�"" : 

-   !��/�',"'  %� !&"2�#  )�3�),� -"  (%�!4%!$ 740$�"    2* �!"0  !4%�,�0  "  %� �' -
)4:;$(  %'&'%&�)$�$  ,$  «2-�&"+!' » +'&'6  !$!�# --�  !&$-!� &�+,*#  %'&"�) , 2 &'64�/-$-'  
+'��  ",2' -�&  !$!  7*  «�7,$�"+"2$'- » 2* �!"#  !4%�, ); 

-  -&$-'�"(  4+$ -"(  2 ",-'&' ,*3  %'&2"+,*3  &$60';',"(3    %� �')4:;'#  %'&'-
%&�)$�'#  �7�"�$1""  %� 7��''  2* �!�#  1','  4�'  ,$  «2-�&"+!' »; 

-  -&$-'�"(  %�!4%!"  740$� %�) ,�2� -"  "�"  �-+'-,� -/ , $ -$!�'  &()  )&4�"3  ,'  0' -
,''  ",-'&' ,*3   -&$-'�"# .  

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


$!"0  �7&$6�0 , " %��/64(   �2&'0',,*'   '&2" * , 0��,�  .�&0"&�2$-/  %�&-.'�/ -
,*'  ",2' -"1""  "   %&��,�6"&�2$-/  %&"7*�/  %�&-.'�( . ��(  %&��,�6"&�2$,"(  1',*  .",$, -
 �2���  ", -&40',-$    4 %'3�0  " %��/64:- (  ,'#&�,,*'   '-"  [21,  . 50-52].  

��  0,',":  &()$ <! %'&-�2 , 2�%&� *  �1',!"  �7�"�$1"�,,���  %�&-.'�(   -$,�2"- (  
2$�,*0  ,$%&$2�',"'0  %�2*8',"(  <..'!-"2,� -"  2 4 ��2"(3  &*,�+,�#  ,'�%&')'�',,� -
 -"  [20,  . 56]. 9-�  2$�,�  !$ $-'�/,�  )$�/,'#8'��  &$62"-"( 7"6,' $  [26,  . 41-47], " %��/ -
6�2$,"(  !�0%/:-'&,*3  -'3,����"#  [25,  . 128-129], %�))'&�!'  ,$+",$:;"3  7"6,' �2  [13, 
 . 111], %&"0',',"(  ",-'&,'- -7$,!",�$  )�(  &$62"-"( <�'!-&�,,���  7"6,' $  [15,  . 10-11] "  
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2�#  %�2'&3,� -"  1"�",)&"+' !���  %&�2�),"!$  "  %�� !�#  %�$ -",*  �-  '��  0' -$  %����' -
,"( , - .' . �-  !��&)",$-*  z. �$  �&$."!'  ,$7�:)$'- (  (&!�  2*&$�',,$(  %&� -&$, -2',,$(  
%'&"�)"+,� -/ , +-�  %�62��('-  2* !$6$-/  %&')%����',"'  �  2�60��,�0  6$&��)',""  ,'4 -
-�#+"2� -"  2 %&�2�),"!'  )�  ,$ -4%�',"(  .$6�2���  %'&'3�)$  "  )�",$  2��,*  !�-�&�#   � -
 -$2�('-  m106,1 3

cond
-×»l .  

��')4:;"0  8$��0  2 &$7�-'  (2�(�� /  <! %'&"0',-$�/,�'  "  �')�2$,"'  2�6,"!,� -
2',"(   -&$-  %&" <�'!-&"+' !�0  26&*2' 0'-$��"+' !"3  %&�2�),"!�2 . �$  0�-&"0  0�)'�/  
<�'!-&"+' !���  26&*2$, %&�-'!$:;'��  2 0')�',,�0  &'�"0' . �  <-�0   �4+$'  %&�" 3�)"-  
,'�),�&�),*#  &$6��&'2 %",+$, "  )�  &$6&48',"(  %&�2�),"!$  " %$&('- (  ,'6,$+"-'�/,$(  
'��  +$ -/ , $ � -$28$( (  7��/8$(  +$ -/  !'&,$ , 2 �') -2"'  5
� -,'4 -�#+"2� -'# , )&�7"- (  
,$  !$%�" , !�-�&*'  &$6�'-$:- (  2 �!&4�$:;''  %&� -&$, -2� . �&"  %&�-'!$,""  "0%4�/ $  
-�!$ , 2 ,$8'0   �4+$'  0"��" '!4,),���  )"$%$6�,$, %&�" 3�)"-  )&�7�',"'  %&�2�),"!$  %� 
)�",'    ,'!�-�&�#  %'&"�)"+,� -/:  2 �') -2"'  2�6,"!$:;'#  0$�,"-��")&�)",$0"+' !�#  
,'4 -�#+"2� -"  %'&'-(�'+,���  -"%$   0�)�#  0m = , +-�  %&"2�)"-  !  2�6,"!,�2',":  +' -
&')�2$,"(  %��-,� -"  2';' -2$  –  -&$- . �$6�'-  %&�)4!-�2  26&*2$ �-�7&$�$'- (  ,$   -'! -
�(,,�#  %�$ -",!' , &$ %����',,�#  27�"6"  %&�2�),"!$ . �+$ -!"  &$ %�$2�',,���  %&�2�)-
,"!$    7��/8'#  %��-,� -/:  "  "0':;"'  7� `�/8"'  &$60'&* %� �-,�8',":  !  )&4�"0 , %&" 
&$6�'-'  �")!���  0'-$��$  � -$2�(:-  ,$   -'!�'  7� `�/8"#   �')  2 &$)"$�/,�0  ,$%&$2�',"" .  

9! %'&"0',-*  (9�� ) <�'!-&"+' !���  26&*2$ %&�2�)"�" /    %&�2�),"!$0"  2 2")'  
1"�",)&"+' !"3  %&�2���+'!  "  %�� !�#  .��/�" , !�-�&*'  � 4;' -2�(�" /  2 7�"6!"0  !   � -
��$ �2$,,�04  &'�"04  2 0"��" '!4,),�0  2&'0',,�0  )"$%$6�,' . �$  � 1"����&$00$3  (&" . 
2$ "  2 ) %&') -$2�',*  3$&$!-'&,*'  2&'0',,*'  6$2" "0� -"  &$6&(),���  -�!$  "  ,$%&(�',"(  

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

 

 
�" .1. 
&$."!  6$2" "0� -"  $0%�"-4)*  %'&2���  "0%4�/ $  &$)"$�/,���  0'3$,"+' !���  2�6-
04;',"(  �-  !��&)",$-*  z  (a) - 0'),*#  (� u) 1"�",)&"+' !"#   -'&�',/ ; (b) - 0'),$(  (� u) 
%�$ -",$ .  

$ 

b 
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1"(  <,'&�""  26&*2$ 2 %'&2�# %���2",'  %'&"�)$ , $ -$!�'  ,$�"+"'  “%$46* -�!$ ”. �$  � 1"� -
���&$00'  (&" . 2b) - 2&'0',,*'  6$2" "0� -"  &$6&(),���  -�!$  "  ,$%&(�',"(  (9�� ) )�(  
%&�2���+!"  "6 -4��%�$2!���  0'-$��$  – ,"3&�0 . 

�$6�'-  %&�)4!-�2  26&*2$ �-+'-�"2�  ,$7�:)$'- (  2 �7&$61$3 ,$   -'!�(,,�#  %�$-
 -",!'  %&" 26&*2' 1"�",)&"+' !"3  0'),*3  %&�2���+'!  (&" . 3$) "  $�:0","'2*3  %�� !"3  
.��/�  (&" . 3 ). 
�-  �'  <..'!-  ,$7�:)$'- (  %&" <�'!-&"+' !�0  26&*2' -4��%�$2!���  0' -
-$��$  (&" . 3b) 2 2")'  %&�2���+!"  "6 ,"3&�0$ . �&�0'  -��� , %&" 4- -24:-  .&$�0',-*  0' -
-$��$  2 2")'  ,$%*�',"(  "  2 2")'  !$%'�/  &$60'&�0 )' (-*3  )��'#  0"!&�,$  "  0','' . �$ -
 -�(,"'  0'�)4  7�"�$#8"0"  ,$"7��''  (&!"0"  2 %�' !$0"  (,$  &" . 3 %�!$6$,*  7'�*0"  
 -&'�!$0" ), �+'2"),� , (2�('- (  )�",�#  2��,*  ,'4 -�#+"2� -"  %'&'-(�'+,���  -"%$.  

�&'),((  )�",$  2��,*  2�604;',"(  %&" 26&*2' 0'),*3 , ,"3&�0�2*3  "  $�:0","' -
2*3  %&�2�),"!�2   � -$2"�$  (-$7�"1$  2),  ��-2'- -2',,� ,  m1082,1 3

Cuw
-×»l , 

m1077,1 3
NiCrw

-
- ×»l  m1058,1 3

Alfoil
-×»l . �$,,*#  &'64�/-$-   ���$ 4'- (    &'64�/-$ -

-$0"  <! %'&"0',-�2  (-$7�"1$  1) %� "  �')�2$,":  0'3$,"+' !"3  2�604;',"# , 2�6,"!$: -
;"3  2 �') -2"'  %&�-'!$,"(  &$6&(),���  -�!$ , "6 +'��  0��,�  %&')%����"-/ , +-�  6$&��)' -
,"'  0$�,"-��")&�)",$0"+' !�#  ,'4 -�#+"2� -"  0��'-  2�6,"!$-/  2 0'-$��'  )�  .$6�2���  
%'&'3�)$ .  

��(   &$2,',"(  %��4+',,*3  &'64�/-$-�2   �')4'-  �7&$-"-/ (  !  &$7�-'  [8]. ��(  1" -
�",)&"+' !���  %&�2�),"!$  &$  0$-&"2$'0  "60',',"'  '��  %�2'&3,� -"  2 2")'  

( )t,,zrr 0 jx+= , �)'  0r  - &$)"4  %&�2�),"!$  2 &$2,�2' ,�0   � -�(,"" ; ( )t,,z jx  - %&�-

"62��/,$(  .4,!1"(  1"�",)&"+' !"3  !��&)",$-  "  2&'0'," , %&"+'0  ( ) 0rt,,z ��jx . 9-�  
%�62��('-  �",'$&"6�2$-/  4&$2,',"( , %��,�'  2�604;',"'  %&') -$2"-/  2 2")'   4%'&%�6"-
1""  2��,  ( ){ }tmzkiexp wj ++ : 

( ) ( ){ }tmzkiexpt,,z
m,k

m,k wjxjx ++= �                              (1) 

"  &$  0$-&"2$-/  4 -�#+"2� -/  �-)'�/,�  %� �-,�8',":  !  !$�)�04  2�604;',": . 
�" %'& "�,,�'   4&$2,',"'  7*��  &'8',�  +" �',,�  )�(  ,'4 -�#+"2� -'#    0�)�#  0m= , 
(2�(:;'# (  $! "$�/,�  -  "00'-&"+,*0   2�604;',"'0  -"%$ %'&'-(�'! , "    0�)�#  1m= , 
 ��-2'- -24:;'#  2",-�2�04  ("6�"7,�04 ) 2�604;',": . ��604;',"(  7��''  2* �!"3  0�)  

1m �   2  �4+$'  �),�&�),���  &$ %&')'�',"(  -�!$  %�  '+',":  %&�2���+!"  "  %&" �- 4- - -
2""  %&�)��/,���  0$�,"-,���  %��(  ,'  &$62"2$:- ( . �'64�/-$-*  &$ +'-�2  6$2" "0� -"  7'6-

&$60'&,���  ",!&'0',-$  ( ) 0
2

1

0 H/4ri rpwW =  �-  �7&$-,�#  7'6&$60'&,�#  )�",*  2��,*  

0rkx =  (�)'  lp2k =  - 2��,�2�'  +" �� ) )�(  &$6�"+,*3  6,$+',"#  %$&$0'-&�2:  

    
 

�" . 2. �$&$!-'&,*'  � 1"����&$00*  &$6&(),���  -�!$  - 1 "  ,$%&(�',"(  - 2 %&" <�'!-&"+' !�0  26&*2' 
0'),�#  (a), ,"3&�0�2�#  (b) %&�2���+!"  "  $�:0","'2�#  ( ) %�� !�#  .��/�" . 
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2

1

2

02 4
c

Hr
q 0 	




�
�



�
=

r
ps

 ,
2
00Hr

4
f

pa
=  .                               (2) 

�   ��-2'- -2""    .�&04�$0"  (1-2) �1',!$  2�6,"!$:;'#  )�",*  2��,*  5
� -
,'4 -�#+"2� -"  )�(  0'),�#  %&�2���+!"  %&" )� -"�',""  $0%�"-4)*  &$6&(),���  -�!$  

A103,7I 3×»   � -$2"�$  [ ] m1027,0 3
8thw

-×»l , +-�  ,$  %�&()�!  0',/8'  %��4+',,*3  &'-

64�/-$-�2  2 <! %'&"0',-' . ���4+',,4:  ,' ���$ �2$,,� -/  &'64�/-$-�2  ",-'&%&'-"&4'- (  
7��/8"0 , %�  &$2,',":    &'64�/-$-$0"  $2-�&�2  [8], 2&'0','0  <�'!-&"+' !���  26&*2$ %&�-
2�),"!�2  (0"��" '!4,),*#  )"$%$6�, ) "  0',/8"0  6,$+',"'0  (�-�"+$'- (  ,$  %�&()�! ) &$6-
&(),���  -�!$ . 	+'2"),� ,  "�*  %�2'&3,� -,���  ,$-(�',"(  2,� (-  �%&')'�',,*#  2!�$)  2 
0$ 8-$7  ,'4 -�#+"2� -"  "   -&$-��7&$6�2$,"(  %&" 0')�',,*3  &'�"0$3  %&�-'!$,"(  9�� .  

���4+',,4:  ,' ���$ �2$,,� -/  &'64�/-$-�2  ",-'&%&'-"&4'- (  7��/8"0 , %�  &$2-
,',":    &'64�/-$-$0"  $2-�&�2  [36], 2&'0','0  <�'!-&"+' !���  26&*2$ %&�2�),"!�2  (0"� -

  
�" . 3.  ��')*  &$6�'-$ %&�)4!-�2  <�'!-&"+' !���  26&*2$ –  -&$-* : 0'),�#  (Cu) ($), ,"3&�0�2�#  (b) 
%&�2���+!"  "  $�:0","'2�#  (Al) %�� !�#  .��/�"  ,$   -'!�(,,�#  %�$ -",!'  
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�" '!4,),*#  )"$%$6�, ) "  0',/8"0  6,$+',"'0  (�-�"+$'- (  ,$  %�&()�! ) &$6&(),���  -�!$ . 
	+'2"),� ,  "�*  %�2'&3,� -,���  ,$-(�',"(  �")!���  0'-$��$  2,� (-  �%&')'�',,*#  2!�$)  
2 0$ 8-$7  ,'4 -�#+"2� -"  "   -&$-��7&$6�2$,"(  %&" 0')�',,*3  &'�"0$3  %&�-'!$,"(  
9�� .  

  
$7�"1$  1  
5'3$,"+' !"'  2�604;',"(  2 0'-$��"+' !"3  %&�2�),"!$3  

 

 
�'�),�6,$+,$(   "-4$1"(  2�6,"!$'-  %&" &$  0�-&',""  <�'!-&"+' !���  26&*2$ $�: -

0","'2�#  .��/�" , !$!  %�$60�%�)�7,�#  -�!�,' 4;'#   &')* ,   " %��/6�2$,"'0  %��4+', -
,*0  "0"  [9] 2*&$�',"(0" . ����$ ,�  %&') -$2�',,*0  2*&$�',"(0  )�(  9��   &$2,"-'�/,�  
)�"-'�/,���  2&'0',,���  )"$%$6�,$ %��4+$'0  6,$+',"'  )�",*  2��,*  5
� -
,'4 -�#+"2� -" , ,'  �-&$�$:;''  ."6"+' !���   0* �$ . ��(  �%&')'�',"(  �1',!"  ",!&'0', -
-$ ,$&$ -$,"(  ,'�73�)"0�  2*%��,',"'  4 ��2"(  %'&' '+',"(  $ "0%-�-"! . �   �4+$'  " -
%��/6�2$,"(  &$6&(),���  !�,-4&$  0"��" '!4,),���  )"$%$6�,$ "  26&*2$:;"3 (  .��/� , 
%&"0',(:;"3 (  2 <! %'&"0',-$3 , &$ +'-*  %�!$6*2$:-  ,'2�60��,� -/  %'&' '+',"(  $ "0 -
%-�-"! . 
$!"0  �7&$6�0, %&�2')',"'   &$2,"-'�/,���  $,$�"6$  &$ +'-,*3  &'64�/-$-�2  "  &'-
64�/-$-�2  <! %'&"0',-$  %� �%&')'�',":  )�",*  2��,*  5
� -,'4 -�#+"2� -"  %&" <�'!-&" -
+' !�0  26&*2' %�� !�#  .��/�"  ,'  %&') -$2�('- (  2�60��,*0 . �&"  <-�0   �')4'-  �-0'-"-/ , 
+-�  )�(  In-Ga <2-'!-"!"  1"�",)&"+' !�#  �'�0'-&""  $2-�&*  %��4+"�"  7��''  +'0  4)�2�' -
-2�&"-'�/,*#  &'64�/-$- .  

                                                            

  Parameters. 
 
 
Metal 

 
Size 
(mm) 

 

maxI , 
 (kA) 
 

 

0U , 
(kV)  
 

 
910j ×

( )2m
A  

 

theors , 
)Pa(  

 
,exps
)Pa(  

 

condl  
(mm) 

Cylindrical 
core 
(Cu) 

 
45cyl =�

4dcyl =  

 
5 

 
1 

 
0,4 

 
41033,7 ×  

 
4105,6 ×  

 
62,1  

Plate 
(Cu) 

63plat =�

5,3aplat =  
5,17bplat =  

 
5 

 
1 

 
0,08 

 
- 

 
- 

 
67,1  

Plate 
(Al) 

63plat =�

4aplat =
5,13bplat =  

 
5 

 
1 

 
0,092 

 
- 

 
- 

 
54,1  

Plate 
(Cu-Zn) 

63plat =�  
2aplat =

12bplat =  

 
5 

 
1 

 
0,2 

 
- 

 
- 

 
59,1  
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$7�"1$  2  
                                    �$&$0'-&*  <�'!-&"+' !���  26&*2$ %&�2�),"!�2  
  

 
�,$+',"'  ( )* %��4+',�  %&" 4 ��2""  ��&$,"+',"(  2�"(,"(  84,-"&4:;'��  &$6&()$. 
 
�$ +'-,*'  "  <! %'&"0',-$�/,*'  %$&$0'-&*, 3$&$!-'&"64:;"'  <�'!-&"+' !"#  

26&*2 " %��/64'0*3  2 <! %'&"0',-$3  0'-$��"+' !"3  %&�2�),"!�2 , %&') -$2�',*  2 -$7-
�"1'  2.  �  )$,,*0  %$&$0'-&$0 �-,� (- ( : 4)'�/,$(  <,'&�"(   47�"0$1""  atome , <,'&�"(  

 47�"0$1""  subE ,  <,'&�"(  depE , 2���',,$(  2 %&�2�),"!  !  0�0',-4  26&*2$, ",-'�&$�  

)'# -2"(  -�!$  h . �)'�/,$(  <,'&�"(   47�"0$1""  atome  )�(  %&�2�),"!�2  %&","0$�$ /  2  � -
�-2'- -2""    )$,,*0"  " -�+,"!$  [11].  

�
��?0
4�
 . 
$!"0  �7&$6�0 , 2 %&�1'  '  %&�2')',"(  <! %'&"0',-�2  %�!$6$,�  ,$ -
�"+"'  &$)"$�/,���  "  $! "$�/,���  0'3$,"+' !"3  2�604;',"#  2 0'-$��"+' !"3  %&�2�)," -
!$3, 2*%��,',,*3  2 2")'  1"�",)&$  "  2 2")'  %�� !�#  %�$ -",* , 2�6,"!$:;"3  2 �') -2"'  
%&�-'!$,"(  "0%4�/ ,���  &$6&(),���  -�!$  !�&�-!���  6$0*!$,"(  0"��" '!4,),���  )"$%$-
6�,$ . �0%�"-4)$  2�6,"!$:;"3  0'3$,"+' !"3  2�604;',"#  2 %&�2�),"!$3  2 -2'&)�#  .$6'  
,� "-  !��'7$-'�/,*#  3$&$!-'& "  �%&')'�('- (   %'&"�)"+' !�#  6$2" "0� -/:  �-  $! "$�/ -
,�#  !��&)",$-*  )z(ras . 5'-$��"+' !"#  %&�2�),"!  ,$3�)"- (  2 2�674�)',,�0  $!4 -"+' -
 !�0   � -�(,"" , 6$-43$,"'   �7 -2',,*3  !��'7$,"#   �2%$)$'-    6$-43$,"'0  &$6&(),���  -� -
!$ . �$)"$�/,4:  !�0%�,',-4  0'3$,"+' !���  2�604;',"(   �')4'-  &$  0$-&"2$-/  !$!  �),4  
"6 %&"+", 2�6,"!,�2',"(  0$�,"-��")&�)",$0"+' !�#  ,'4 -�#+"2� -"  %'&'-(�'+,���  -" -
%$   0�)�#  0m= . �0',,�  ,'4 -�#+"2� -/  %'&'-(�'+,���  -"%$ (2�('- (  �%&')'�(:;"0  
.$!-�&�0   -&$-��7&$6�2$,"(  %&" 0')�',,*3  &'�"0$3  <�'!-&"+' !���  26&*2$ 0'-$��"+' -
 !"3  %&�2�),"!�2  2 2")'  1"�",)&"+' !�#  %&�2���+!"  "  %�� !�#  .��/�" .  

 
 

��� ��!����%����"  �'����  
1. 2"�)�,  � . � . 9�'!-&"+' !"#  26&*2 %&�2�),"!�2  "  '��  %&"0',',"'  2 <�'!-&�."6" -
+' !"3  4 -$,�2!$3  / � . � . �4&1'2 , � . � . �$�",", , � . � . �4+", !"# . – 5 : 9,'&��"6)$- , 
1990. – 217  . 
2.  ���,�)%�+  � . � . �",$0"!$  <�'!-&�26&*2$  2 �")!� -"  / � . � . �&"2"1!"# . – �"'2 : 
�$4!�2$  )40!$ , 1986. – 205  . 
3. �".�  A . � . 5'-&����"+' !"'  $ %'!-*  "  %&�7�'0*   �2&'0',,�#  &$)"�-'3,"!"  / 
� . � . 543$ , � . 
 . �'",  // �62' -"(  ������&$) !���  �� 4)$& -2',,���  -'3,"+' !���  4," -

Parameters. 
 
 
Metal 

 
Size 
(mm) maxI , 

(kA) 

,atome  

	


��



�

g
kJ  

 
,Esub

 
( )J  

 
,Edep

( )J  

 
610j ×  

( )2cm
A  

 
910h×  

( )2

2

cm
sA

 

 
910h×  

( )2

2

cm
sA

[36] 

 

wire ×l
(m) 

Cylindrical 
wire (Cu) 

80cyl =�

38,0dcyl =  
 
7,35 

 
2,5  

 
420
 

 
326 

 
24,3  

 
 37,6  

 
1,4  

  
82,1

 
Cylindrical 
wire (Cr-Ni) 

50cyl =�

2,0dcyl =  
 
6,51 

 
7.3 

 
127
 

 
490 

 
31,17  

 
( 5,53 )*  

 
24,3  

 
1,77 

Plate foil 
(Al) 

120platel =�

01,0a2 foill =

20b2 foil =  

 
7,15 

 
12.8 

 
763 

 
290 

 
57,3  

 
91,4  

 
8,1  

 
58,1
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2'& "-'-$ : 0'�246 .  7 . ,$4+. - . 3(63) / ����

� . – ������&$) , 2010. – � . 64 – 80 (�'& . 
9�'!-&�,"!$ , "60'&"-'�/,$(  -'3,"!$ , &$)"�-'3,"!$  "   2(6/ . �*% . 4). 
4. 
"�%��,  � .� . 9�'0',-*  ."6"!"  2* �!�<,'&�'-"+' !"3  "0%4�/ ,*3  %&�1'  �2  2 
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�����*�����������  '�����������  '�������%����&  *��    

� .5 . � ''2$ ,  -4)',-  ��� -652, � .� .�$7$,�2$ , ! .- ., ., )�1',-  
����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) ���  ���  �������  

 
�,'20$-"+' !$(  8",$  (2�('- (  �),"0  "6 2$�,*3  <�'0',-�2  $2-�0�7"�( . 	,$   � -

 -�"-  "6 %�!&*8!"  "  !$0'&* , &$ %����',,*3  ,$  �7�)'  !��' $ . �",$  2� %&","0$'-  2'&-
-"!$�/,4:  ,$�&46!4 �-  0$  *  $2-�0�7"�( , "  2 '  4 "�"( , 2�6,"!$:;"'  %&" !�,-$!-'  8",*  
  )�&���#  %&" 4 !�&',"" , -�&0��',""  "  %�2�&�-'  $2-�0�7"�( . �",$  -$!�'  %����;$'-  "  
 0(�+$'-  4)$&*  %&" )2"�',""  $2-�0�7"�( . �&"  )'.�&0$1""  8",*  2�6,"!$:-  %�-'&"  
<,'&�""  "6-6$ 2,4-&',,'��  -&',"(  2 8",' , !�-�&�'  2')'-  !  %�2*8',":  -'0%'&$-4&*  2 !� -
,'+,�0  "-��'   !$6*2$'- (  ,$  ''  )����2'+,� -" .  

�2�# -2$  "  &$7�-� %� �7,� -/  8",*  6$2" "-  �-  0,��"3  .$!-�&�2 : !�, -&4!1"" , 
!$+' -2�  " %��/64'0�#  &'6",�2�#   0' " , &" 4,!$  %&�-'!-�&$ , -'3,����""  "6��-�2�',"(  "  
- .) .  

��7"-/ (  2* �!"3  &'64�/-$-�2  %� <! %�4$-$1"�,,*0  %�!$6$-'�(0  �),�2&'0',,�    
�),"0  -"%�2  8",  ,'2�60��,� , %� !��/!4  4 ��2"(  <! %�4$-$1""  8",  &$6,*' .   

�  )$,,�#  &$7�-'  )�(  "6��-�2�',"(  8",,*3  &'6",�2*3   0' '#  " %��/6�2$�"   0",' -
&$�/,*#  ,$%��,"-'�/  – 84,�"-  (-�,!�"60'�/+',,*#  0",'&$�  %&"&�),���  %&�" 3��)' -
,"( , �$&'�"( ). �4,�"-  (2�('- (  0$��$!-"2,*0  0",'&$�/,*0  ,$%��,"-'�'0 ; '��  %&"0'-
,',"'  �7' %'+"2$'-  ,'�73�)"0*'  %�$ -�<�$ -"+' !"'   2�# -2$  &'6",�2*3   0' '# , �,  (2-
�('- (  -$!�'$!-"2$-�&�0  24�!$,"6$1"" .�� -"�$'0*#  4&�2',/  ."6"!� -0'3$,"+' !"3  %�-
!$6$-'�'#  &'6",    84,�"-�0  $,$���"+',  4&�2,:  %�!$6$-'�'#    -&$)"1"�,,*0"  0",'&$�/ -
,*0"  ,$%��,"-'�(0"  – 0'��0 , !$��",�0 . 

�$0',$  3-5 0$  .+ ,$%��,"-'�(  84,�"-�0  4�4+8$'-  -'3,����"+' !"'   2�# -2$  !$&-
!$ ,�#  &'6",�2�#   0' "  (!$�$,)&4'0� -/ , 8%&"14'0� -/ ). �4,�"-0',/8'  %*�"-  %&" 
22')',""  2 &'6",�24:   0' / , �'�!�  22�)"- (  2 !$4+4!  2 %&�1'  '   0'8"2$,"( . ���  %&"0'-
,',"'  4�4+8$'-   $,"-$&,*'  4 ��2"(  -&4)$ ,$  %&�"62�) -2'  "   ,"�$'-  <,'&��6$-&$-*  ,$  
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��0��',"6$1":   0' '# . �&�0'  -��� , ,$7�:)$'- (  6,$+"-'�/,�'   ,"�',"'  "847�',"( " &'-
6",�2�#   0' " ,  �)'&�$;'#  74-$)"',�2*#  !$4+4!  %&" %'&'&$7�-!'  ,$  �7�&4)�2$,"" .  

�&"   �2'&8', -2�2$,""  %&�"62�) -2$  %,'20$-"+' !"3  8",  �+',/  2$�',  $,$�"6  
 �2&'0',,*3  %�)3�)�2  !  " %*-$,":  8", , %� !��/!4  2 ,$ -�(;''  2&'0(  %&')C(2�(:- (  
7��''  2* �!"'  -&'7�2$,"(  !  " %*-$-'�/,�04  �7�&4)�2$,":  "  &$6&$7�-!'  �2&'0',,*3  
0'-�)"!  " %*-$,"#  %� 2 '#  �$00'  (%�!$6$-'�"  ,$)'�,� -" , <!����"+,� -" , 7'6�%$ ,� -"  
2 &'$�/,*3  4 ��2"(3  <! %�4$-$1"" ) 2*%4 !$'0*3  8",  /1/. �   ��-2'- -2""    %&$2"�$0" =  
117 �9�  		�  2 �-,�8',""  840$  8",  %&" !$+',""  "   1'%�',""  ,$  0�!&*3  )�&��,*3  %�-
!&*-"(3  -&'74'- (   %'1"$�/,�'  �7�&4)�2$,"' ,  %'1"$�/,*'  )�&��"    <-$��,,�#  )�&��,�#  
%�2'&3,� -/:  2* �!"#  4&�2',/  " %��,"-'�'# , %&�2�)(;"3  " %*-$,"' , <-$��,,*'  8",* . 

 
� %��/64'0$(  �"-'&$-4&$  

1. 5')2')'2  � .� . ��2'&8', -2�2$,"'   " -'0*  " %*-$,"#  8",  !$!  ��$2,�'  ,$%&$2�'-
,"'  4�4+8',"(  "3  <! %�4$-$1"�,,*3   2�# -2 . �" -'0* . 5'-�)* . 
'3,����""  -  2014, = 1 
(21)  .164-168. 
 

 
��� ��������  �!����-���$&  ���"���  ��'� ����$&  

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

����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) �������  
� . ����'%�+ , 
�''�! , www. volpi.ru 

 
9%�! "),*'   0��*  6$,(�"  2$�,�'  0' -�   &')"  %&�0*8�',,*3  %��"0'&,*3  0$-' -

&"$��2 , -$!  !$!  �7�$)$:-  &()�0   2�# -2 , !�-�&*'  )'�$:-  "3  ,'6$0',"0*0"  2 !$+' -2'  
%&�"62�) -2$  !�''2 , �$!�!&$ �+,*3  %�!&*-"# , $7&$6"2,*3 "  .&"!1"�,,*3  0$-'&"$��2 , 
$&0"&�2$,,*3  %�$ -"!�2 , "3  " %��/64:-  !$!   2(64:;"'  %&" %&�"62�) -2'   ��" -*3  %�$-
 -"!�2  ,$  � ,�2'   -'!��-!$," . 

�2')',"'  2 %��"0'&  ",'&-,*3  ,$%��,"-'�'#  – �)",  "6  %� �7�2   ,"�',"(  ��&:+' -
 -"  %��"0'&,���  0$-'&"$�$ . �  !$+' -2'  0",'&$�/,*3  ,$%��,"-'�'#  " %��/64:-  0'� , !$� -
�", , -$�/! ,  �:)$ , $ 7' - , %'&�"- , 2'&0"!4�"- , %'06$, %�&�8!"  0'-$���2  "�"  "3   %�$2�2 "  
)&4�"' .  

�  ,$ -�(;''  2&'0(  2 %4+',,*#  %'&�"-  8"&�!�  " %��/64:-  )�(  %&�"62�) -2$  -'%-
��"6��(1"�,,*3  "6)'�"# . ��7$2!$  2 %4+',,���  %'&�"-$  !  0",'&$�/,*0  2(�4;"0  2';' -
 -2$0  %�62��('-  %��4+$-/  ,' ��&$'0*'  "6)'�"( , �7�$)$:;"'  2* �!�#  �' -!� -/:  "  3� -
&�8"0"  -'%��."6"+' !"0"   2�# -2$0" . 
&$,4�*  %'&�"-$  &$6�"+,�#  %��-,� -"  "  &$60'-
&�2 %&"0',(:- (  2 !$+' -2'  "6��(1""  2 ",-'&2$�'  -'0%'&$-4& �-  �200 )�  +900 � � . ��$�� -
)$&(  2�"0  4,"!$�/,*0  ."6"!� -0'3$,"+' !"0   2�# -2$0  %'&�"-  ,$8'�  8"&�!�'  %&"0'-
,',"'  2  -&�"-'�/ -2'  2 !$+' -2'  -'%�� - "  624!�"6��"&4:;'��  0$-'&"$�$ , 7' !�",'&,���  
2(�4;'��  )�(  �'�!"3  7'-�,�2 . 

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

��(  %��4+',"(  <%�! "),*3  !�0%�6"-�2  7*�$  " %��/6�2$,$  <%�! "),$(   0��$  9� -
20, 2 !$+' -2'  ,$%��,"-'�(  – 2 %4+',,*#  %'&�"- , �-2'&�)',"'  %&�2�)"�"    %�0�;/:  �- -
2'&)"-'�(  $0",,���  -"%$. 


'&0"+' !"#  $,$�"6  �7&$61�2 %&�2�)"�"  %&" ."! "&�2$,,*3  -'0%'&$-4&$3 – 300, 
400 "  500 °� . ��  )$,,*0  -'&0"+' !���  $,$�"6$  7*�$  �%&')'�',$  � -$-�+,$(  0$  $  �7&$6-
1�2  "  !�! �2*#  � -$-�! . �6  $,$�"6$  %��4+',,*3  &'64�/-$-�2  -'&0"+' !"3  " %*-$,"#  
0��,�   )'�$-/  2*2�)  �  %����"-'�/,�0  2�"(,""  ,$%��,"-'�(  ,$  -'&0"+' !4:   -�#!� -/  !  
-'&0��!" �"-'�/,�#  )' -&4!1""  <%�! "),*3  !�0%�6"-�2 , +-�  %&�(2�('- (  2 42'�"+',""  
!�! �2���  � -$-!$  2 2-3 &$6$. 
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$!"0  �7&$6�0 , 2 &'64�/-$-'  %&�2')',,*3  ,$0"  "  �')�2$,"#  &$6&$7�-$,* "  %��4-
+',*  �7&$61* <%�! "),���  !�0%�6"-$    7��''  2* �!�#   -�#!� -/:  !  -'&0��!" �"-'�/,�#  
)' -&4!1""  6$  +'-  22')',"(  0",'&$�/,���  ,$%��,"-'�( . 

5�)"."1"&�2$,,*'  <%�! "),*'  !�0%�6"-*  �7�$)$:-  %�2*8',,�#   -'%',/:  4 -
-�#+"2� -"  !  2�6)'# -2":  2* �!"3  -'0%'&$-4&. �'64�/-$-*  "  �')�2$,"(   2")'-'�/ -24 -
:-  �  2�60��,� -"  "  1'�' ��7&$6,� -"  " %��/6�2$,"(  2 %4+',,���  %'&�"-$  )�(  42'�"+' -
,"(  -'&0"+' !"3   2�# -2 , " , !$!   �') -2"' , )����2'+,� -"  <%�! "),*3  !�0%�6"-�2 . 
$!� -
��  &�)$   -$7"�"6$1"(  "0''-  7��/8�'  %&$!-"+' !�'  6,$+',"'  %&" " %��/6�2$,""  <%�! ") -
,*3  !�0%�6"-�2  2 !$+' -2'  6$;"-,*3  0$-'&"$��2 . 

 
 

������������  '�����������  ���������  �  �� ),  '��$*����  
(������������  '�������  

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

� . ����'%�+ , 
�''�! , www. volpi.ru 
 

�&�"62�) -2�  0'-"�,",$  (2�('- (  %&"�&"-'-,*0  ,$%&$2�',"'0 , !$!  )�(  &$62"-"( 
 ",-'-"+' !"3  !�&0�2*3  )�7$2�! , -$!  "  )�(   �6)$,"(  ,�2*3  �'!$& -2',,*3  %&'%$&$-�2.  

5'-"�,",   �4�"-  � ,�2,*0  " -�+,"!�0  %�%��,',"(  �&�$,"60$   '&�#  "  0'-"�/ -
,*3  �&4%%, 4+$ -24'-  2  ",-'6'  &$6�"+,*3  7'�!�2 , 6$  +'-  +'��  0��'-  " %��/6�2$-/ (  !$!  
�'!$& -2',,*#  %&'%$&$- )�(  �'+',"(  "  2�  -$,�2�',"(  !�'-�!  %'+'," . �&"0',',"'   ",-' -
-"+' !"3  $0",�!" ��-  2 !$+' -2'  !�&0�2�#  )�7$2!"  2 �"2�-,�2�) -2'  2 ,$ -�(;''  2&'0(  
(2�('- (  �7(6$-'�/,*0  4 ��2"'0 . �$,,$(  ,'�73�)"0� -/  �74 ��2�',$  )'."1"-�0  !�&0� -
2���  7'�!$  "  " %��/6�2$,"'0  ,'%��,�1',,*3  '��  " -�+,"!�2 . ��&0�2�#  0'-"�,",  " -
%��/64:-  )�(  �7��$;',"(  !�&0�2 . �&"  ,')� -$-!'  0'-"�,",$  2 &$1"�,$3  �"2�-,*3  "  
%-"1,  ,"�$'- (  %�')$'0� -/  !�&0$ , 6$0')�('- (  &� -  0���),(!$ ,  ,"�$'- (  %&�)4!-"2 -
,� -/ , �-0'+$'- (  �"&�2�'  %'&'&��)',"'  %'+'," , ,$&48',"'  .4,!1""  %�+'! , $,'0"(  "  
!$3'! "( . 

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

��2*8',"(  !$+' -2$  "  �7C'0�2  %&�"62�) -2$  (2�(:- (  %&"�&"-'-,*0"  6$)$+$0". 
�'  0',''  2$�,$  <!����"+' !$(  �7 -$,�2!$  ,$  %&�"62�) -2'  0'-"�,",$ . �'�73�)"0�  %�-
2*8$-/  4&�2',/  $2-�0$-"6$1"" , 42'�"+"2$-/  !��"+' -2�  �+" -,*3   ��&4�',"# , �&�$,"6� -
2*2$-/  %��,*'  &'1"!�*  %&�)4!-�2  &'$!1"" , $ -$!�'  2,')&(-/  7��''   �2'&8',,�'  �7�&4 -
)�2$,"' . 

�  %&�0*2,�#  2�)'  0��'-  � -$2$-/ (  )�  7 % 0'-"�,",$ , !�-�&*'  0��4-  7*-/  "62�' -
+',*  "6  -�+,*3  2�)  "�,��70',,*0  0'-�)�0 . �&"0',',"'  "�,"-�2  (2�('- (  �),"0  "6 
<..'!-"2,*3  0'-�)�2  "62�'+',"(  $0",�!" ��-  "6 %&�"62�) -2',,*3  &$ -2�&�2 . �  )$,,�#  
&$7�-'  )�(  %�2*8',"(  <..'!-"2,� -"  %&�1'  $  &'!�0',)4'- (  2,')&',"'  )�%��,"-'�/ -
,�#   -$)""  �+" -!"   -�+,*3  2�)  ,$  "�,��70',,*3   0��$3  0$&!"   ��� -5% "�"  �� -5 ,+-�  
%�62��"-  "62�'!$-/  )�  5 % 0'-"�,",$ ,  �)'&�$;'�� (  2  -�+,*3  2�)$3 . 
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��8",$  � .� ., �&'!$�'2$  
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����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) �������  
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�,"�",  (2�('- (  �),"0  "6 2$�,'#8"3  %&�)4!-�2  �&�$,"+' !���   ",-'6$  "  " -
%��/64'- (  2 !$+' -2'   *&/(  2 %&�"62�) -2'  %��"4&'-$,�2 , $,-"�! ")$,-�2 ,  -$7" -
�"6$-�&�2  !$4+4!�2 , !&$ "-'�'# , .$&0$1'2-"+' !"3  %&'%$&$-�2, !$%&��$!-$0$ , 2  ",-'6$3  
 &') -2  6$;"-*  &$ -',"# , %&" $)�!  !  -�%�"2$0  "  0$ �$0  "  )&4�"3  %&�)4!-�2  �&�$,"+' -
 !���   ",-'6$ . 

��2*8',"'  <!����"+' !"3  -&'7�2$,"#  !  2*7&� $0  $2-�0�7"�/,*3  )2"�$-'�'#  "  
4�' -�+',"'  4 ��2"#  <! %�4$-$1""   �2&'0',,*3  )2"�$-'�'#  2,4-&',,'��   ��&$,"(  -&' -
74:-  " %��/6�2$,"(  &$6,��7&$6,*3  )�7$2�!  !  0�-�&,�04  -�%�"24  2�  2 '  7��''  8"&�!"3  
0$ 8-$7$3 . �  ,$ -�(;''  2&'0(  %&" $)!"  !  0�-�&,*0  -�%�"2$0  (2�(:- (  ,'%&'0',,*0  
<�'0',-�0  2* �!�#  -'3,"+' !�#  !4�/-4&*  %&�"62�) -2$  "  %&"0',',"(  -�%�"2 . �3  0"&� -
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�(  0��,�  �7C( ,"-/  ,'�",'#,*0  26$"0�)'# -2"'0  [6] +$ -'#  4)$&,� -$!4 -"+' !"3  2��,  
�-  %&�-"2�%����,*3  4+$ -!�2  26&*2$:;'# (  .��/�" . �"64$�"6$1"(  &$ %&')'�',"(  %��(  
)$2�',"(  )'0�, -&"&4'- (  ,$  <! %'&"0',-'  %�$ -"+' !�#  )'.�&0$1""  $�:0","'2�#  %�$-
 -",*    �' -!�  6$;'0�',,*0"  !&$(0" . ��$ -",$   (&" . 1) %�!$6$,$ %4,!-"&,�#  �","'#  – 
6, &$ %����',$  %$&$��'�/,�  26&*2$:;'# (  .��/�"  - 1. 9�'!-&"+' !"#  26&*2 %�� !�#  
!��/1'2�#  .��/�"  �','&"&4'-  2 %&� -&$, -2'  4)$&,� -$!4 -"+' !4:  2��,4 , 2��,�2�#  
.&�,-  !�-�&�#  %&') -$2�('- (  %�� !"0 , $  $0$ 4)$&,� -$!4 -"+' !$(  2��,$  (2�('- (  &$ -
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�" . 2$. 	 1"����&$00*  &$6&(),���  -�!$  9���  "  "0%4�/ $  )$2�',"(  P(t) 4)$&,� -$!4 -"+' !�#  2�� -
,* ; 2 7. �$2" "0� -/   $0%�"-4)*  )$2�',"(  Pm(r) �-  &$  -�(,"(  r �-  1',-&$�/,�#  -�+!"  %��(  
)$2�',"(  
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3�)(;'# (  2 2")'  !�,4 $  (&" . 1 %4,!-"&,$(  �","(  - 7). �7�"6"  1',-&$�/,���  <�'!-&�)$  
2�6,"!$'-  0'&-2$(  6�,$ . �&"  <-�0 , 2 1',-&$�/,�#  6�,'  2��,�2���  .&�,-$  %&�" 3�)"-  ,$ -
���',"'  4)$&,� -$!4 -"+' !"3  2�604;',"# , %&"3�)(;"#  �-  %&�-"2�%����,*3  4+$ -!�2  
1',-&$�/,�#  +$ -"  26&*2$:;'# (  %�� !�#  !��/1'2�#  .��/�"  (&" . 1 %�!$6$,�   -&'�!�# ). 
�$  .�-�  �-+'-�"2�  2"),�  (&!�  2*&$�',,*#  0$! "040  $0%�"-4)*  %�$ -"+' !�#  )'.�&0$ -
1""  %�$ -",*  (%�!$6$,�   -&'�!�# ). 
$!�'  ,$7�:)$'- (  �&$,"1$  &$ 3�)"0� -"  4)$&,� -
$!4 -"+' !�#  2��,*  (%�!$6$,�  �","'# ). �$,,*#  .$!-  %�)-2'&�)$'-  "0',,�  ,'�",'#,�'  
26$"0�)'# -2"'  +$ -'#  4)$&,� -$!4 -"+' !"3  2��,  �-  %&�-"2�%����,*3  4+$ -!�2  26&*-
2$:;'# (  .��/�" . 

 


$!"0  �7&$6�0 , %&') -$2�',,*'  <! %'&"0',-$�/,*'  &'64�/-$-*  "  �')�2$,"(  
<�'!-&"+' !���  26&*2$ %�� !�#  !��/1'2�#   .��/�"  2  6$0!,4-�#   1"�",)&"+' !�#  !$0'&'   
   !�,)', "&�2$,,�#   &')�#  %�62��(:-  �%&')'�"-/  &$ %&')'�',"'  %��(  )$2�',"(  4)$&,� -
$!4 -"+' !�#  2��,*  "  ",-'&%&'-"&�2$-/  '��  ,'�",'#,*0  <..'!-�0  26$"0�)'# -2"( .  

 
��.�����
/�0
���	  ������  

1. �-!",  � .� . 9�'!-&��")&$2�"+' !"#  <..'!-  /  � .� . �-!", . - 5 : 5$8�"6 , 1955. – 51  .  
2. �4&1'2  � .� . 9�'!-&"+' !"#  26&*2 %&�2�),"!�2  "  '��  %&"0',',"'  2 <�'!-&�."6"+' !"3  
4 -$,�2!$3  / � .� . �4&1'2 , � .� . �$�",", , � .� . �4+", !"# . - 5 : 9,'&��"6)$- , 1990. - 217  . 
3. �&"2"1!"#  � .� . �",$0"!$  <�'!-&�26&*2$  2 �")!� -"  / � .� . �&"2"1!"# . - �"'2 : �$4!�2$  
)40!$ , 1986. – 205  .  
4. �4&!$'2  � .� ., 543$  � .� . �40*8  5 .5 ., � $+'2  � .� . //9�'0',-*  ���  &'�" -&$1""  )$2-
�',"(  4)$&,� -$!4 -"+' !�#  2��,*  <�'!-&"+' !���  26&*2$ %�� !�#  !��/1'2�#  .��/�" . 5$ -
-'&"$�*   VII � '&�  "# !�#  ,$4+,� -%&$!-"+' !�#  !�,.'&',1""  “ �,,�2$1"�,,*'  -'3,� -
���""  2 �74+',""  "   %&�"62�) -2' ” � . �$0*8",  22-23 )'!$7&(  2010 � . 
�0  4. �  93-96  
5. �4&!$'2  � . � ., �40*8  5 . 5 ., � $+'2  � . � ., �* �2  9 . � . //�"��2$(  4 -$,�2!$  <�'!-&"+' -
 !���  26&*2$ 0'-$��"+' !"3  %&�2�),"!�2  2 �")!�#   &')' . / // IV 5'�&'� . ,$4+.-%&$!. 
!�,. . ”�6$"0�)'# -2"'  ����2  "  %&�0%&')%&"(-"# )�(  &$62"-"( ",,�2$1"�,,�#  )'(-'�/ -
,� -" “ � . ���� !"# , 14.05.2008. � . 95-98. 
6. �4&!$'2  � . � ., 543$  � .� . // �  �')�2$,"'  <..'!-$  ,'�",'#,� -"  26$"0�)'# - -24:;"3  
4)$&,� -$!4 -" -+' !"3  2��,  )$2�',"(  / �" /0$  2 �
� , 2002, -�0  28, 2*%. 15. � . 43-45    
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'� �%����  �� �����'����$&  ����  �%����&  %�����   
�������  ( �����%����!�  ���$��  '����������  

�4&!$'2  � . � ., �47�2"+  � .	 ., �40*8  5 .5 ., �43�2$  
 .� ., � $+'2  � .� . 
��������*'%�+  ��'"*��'&,���-+  &�.��#�'%�+  "��,��'�&�&  

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

0'�!�)" %'& ,*3  %�&�8!�2  0"!&�,,���  "  ,$,�&$60'&,���  )"$%$6�,$ (2�('- (  <�'!-&"+' -
 !"#  26&*2 %&�2�),"!�2  (9�� ) [1,2]. �  �')�2$,"(  "  %&"0',',"'  )" %'&�"&�2$,,*3  0' -
-$���2  %&') -$2�',�  8"&�!"0   %'!-&�0   �2&'0',,*3  " -�+,"!�2 . [3-5]. �" %'& ,� -/  "  
."6"!� -3"0"+' !"'   2�# -2$  %�&�8!�2  6$2" (-  �-  &()$ %&"+",, ,$"7��''   4;' -2',,*0"  
"6 !�-�&*3  (2�(:- ( , 2 +$ -,� -" , %��-,� -/  <�'!-&�0$�,"-,�#  <,'&�"" , 22')',,$(  2 %&�-
2�),"! ,  !�&� -/  %&�-'!$,"(  %��-,� -"  &$6&(),���  -�!$ , &$6,�2"),� -/  "  %$&$0'-&* %&�-
2�),"!�2 , $ -$!�'  %$&$0'-&* �!&4�$:;'#   &')*  "  ''  3"0"+' !$(  $!-"2,� -/ .   

>'�/:  )$,,�#  &$7�-*  (2�('- (  <! %'&"0',-$�/,�'  "  �')�2$,"'  0'�!�)" %'& ,*3  
+$ -"1  0"!&�&$60'&,���   )"$%$6�,$, %��4+$'0*3  0'-�)�0  <�'!-&"+' !���  26&*2$ 0'),*3  
(Cu)  "  ,"3&�0�2*3  (NiCr) %&�2���+'!   2 2�6)48,�#  $-0� .'&' , %&" %&�-'!$,""  0"!&� ' -
!4,),���  &$6&(),���  -�!$ .   

���4+',"'  0"!&�+$ -"1  "  �%&')'�',"'  <,'&�'-"+' !"3  %$&$0'-&�2 <�'!-&"+' !���  
26&*2$ � 4;' -2�(�" /  $,$���"+,�  [6,7]. 9�'!-&"+' !"#  26&*2 0'),�#  %&�2���+!"  (Cu)  
%&�-'!$�  (&" . 1$) 7�"6!"0  !   ���$ �2$,,�04  &'�"04    %$46�# -�!$  [8], !��)$  2 (  <,'&�"(  
!�,)', $-�&,���  ,$!�%"-'�(  &'$�"64'- (  2 LC-!�,-4&'  6$ %'&2*# %��4%'&"�) .  

 

�&"  <�'!-&"+' !�0  26&*-
2'  %&�2���+!"  "6 ,"3&�0$  
(NiCr), (2�(:;'�� (  !$!  �) -
,"0  "6 %&') -$2"-'�'#  -4�� -
%�$2!"3 0'-$���2 , %$46$ -�!$  
&$ %��$�$�$ /  (&" . 1b) 2 
%'&2�# %���2",'  %��4%'&"� -
)$ "  %&�1'   &'$�"6$1""  
<,'&�""  !�,)', $-�&,���  ,$ -
!�%"-'�(  %&�" 3�)"�  6$ %�� -
,*#  %'&"�) . �$,,*#  0�0',-  
0��,�  ",-'&%&'-"&�2$-/  

-'0 , +-�  " %��/64'0*#  ,"3&�0�2*#  %&�2�),"!  "0''-   &$2,"-'�/,�  0$�*#  )"$0'-&  
m1008,0d 3

NiCr
-×=  "  ,$�"+"'  )'.'!-�2  "  0'3$,"+' !"3  ,'�),�&�),� -'# , 2�6,"!$:;"3  

%&" "6��-�2�',""  %&�2���+!" , 6,$+"-'�/,*0  �7&$6�0  �!$6*2$'-  2�"(,"'  ,$  %&�-'!$,"'  
9�� . � -�+,"!�0  &$6&48',"(  %&�2�),"!$  74)4-  (2�(-/ (  "0':;"' (  )'.'!-*  "  %'&2�-
,$+$�/,�  ,'%� &') -2',,�  26&*2 ,� "-  ��!$�"6�2$,,*#  3$&$!-'&. �$�/,'#8''  %&�-'!$ -
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,"'  9��  "6 ,"3&�0$   2�)"- (  !  �7&$6�2$,":  ,'")'$�/,���  0'-$��"+' !���  %�$60',,���  
!$,$�$ .  

�6  $,$�"6$  %��4+',,*3  � 1"����&$00 , "   �')4(  $2-�&$0 [9], �1',',*  � ,�2,*'   %$&$-
0'-&*  <�'!-&�26&*2$  %&�2�),"!�2  )�(  )$,,*3  0$-'&"$��2 . �,$+',"'  22')',,�#  2 %&�2�)-
,"!  <,'&�""  �= IUdtE  �%&')'�('- (  -&$)"1"�,,�  (&" .1 ); <,'&�"(   47�"0$1""   ���$ ,�  

�%&')'�',":  ' -/  ( )0b
tab

s TTcrW +++= l , �)'  0b T,T,c,,r l  - 4)'�/,$(  -'%��-$  %$&��7&$6�-
2$,"( , 4)'�/,$(  -'%��-$  %�$2�',"( , 4)'�/,$(  -'%��'0!� -/ , -'0%'&$-4&$ !"%',"(  "  !�0 -
,$-,$( ,  ��-2'- -2',,� . �  )&4��#   -�&�,*  [9] <,'&�"(   47�"0$1""  &$  +"-*2$'- (  

2CW s
2

s r» , !&"-"+' !4:  %��-,� -/  -�!$  w** r2qj s= , 3$&$!-'&,$(  )�(  )$,,���  0' -

-$��$  %��-,� -/  %�-�!$   <,'&�""  2Cq 3
s* r=  (-$7�"1$  1). �$ +'-  22')',,�#  2 %&�2�),"!  

<,'&�""  � 4;' -2�(� (  )�  2�6,"!,�2',"(  )4��2���  &$6&()$, - .' . )�  0�0',-$  2�6,"!,�2' -
,"(  %$46* -�!$ .  

��&0"&�2$,"'  2 %&�1'  '  <�'!-&"+' !���  26&*2$ %&�2�),"!�2 , %&�" 3�)(;'��  2 
0"!&� '!4,),�0  2&'0',,�0  )"$%$6�,' , 0'-$��"+' !�#  2* �!�-'0%'&$-4&,�#  %�$60*, !� -
-�&$(  &$ 8"&('- (    2* �!�#   !�&� -/:  ( cm103  3×»u  "  7��'' ), %�62��('-  %&�"62�)"-/  
,$,' ',"'  %��-,���  0'-$��"+' !���  %�!&*-"( . �$6��&'2  +$ -"1  "  "3  -&$, %�&-"&�2!$  2 
%&�1'  '  ,$%*�',"(  %&�" 3�)"-  2 “!2$6"2$!440,*3 ” 4 ��2"(3 , +-�  %&'%(- -24'-  �!" �' -
,":  ,$%*�('0���  0'-$��$ . �  %&�1'  '  <! %'&"0',-�2  %&�)4!-*  <�'!-&"+' !���  26&*2$ 
� $�)$�" /  ,$  %�)���!$3 , 2*%��,',,*'  "6 &$6�"+,*3  0$-'&"$��2  "  &$ %����',,*3  2 ,' -
%� &') -2',,�#  7�"6� -"  !  26&*2$:;'# (  %&�2���+!' . ��(  $,$�"6$  3$&$!-'&,*3  &$60'-
&�2 "  3"0"+' !���   � -$2$  %��4+$'0*3  0'�!�)" %'& ,*3  +$ -"1  " %��/6�2$�$ /  4,"2'& -
 $�/,$(  )24�4+'2$(   " -'0$  Versa 3D, %�62��(:;$(  � 4;' -2�(-/ , 2 +$ -,� -" ,  -&'30'& -
,4:  2"64$�"6$1":  0"!&��7C'!-�2  "  �%&')'�(-/  ."6"!� -3"0"+' !"'  3$&$!-'&" -"!"  0$-
-'&"$��2 . �$  0"!&�.�-��&$."(3  (&" .2) %&') -$2�',*  �7&$61* ,$%*�',"(  0'-$��"+' !�#  
(Cu, &" . 2$) 0'),�#  %�',!"  "   ,"3&�0�2�#  (NiCr, &" . 2b) %�',!" , 4���  ,$7�:)',"(   &'6$ 
%�',!"   � -$2�(�  052=a . 
��;",$  %�',!"  0'),���  ,$%*�',"(  �'�"-  2 %&')'�$3  0"! -
&�,,���  )"$%$6�,  m1hCu m» , -��;",$  %�',!"  ,"3&�0�2���  ,$%*�',"(  m5,32hNiCr m¸» , 

%&" <-�0  %�2'&3,� -/  %� �'),'��  "0''-  7��''  ,'�),�&�),*#  3$&$!-'&, +'0  )�(  0'),���  
,$%*�',"( . 9-�  0��,�  ",-'&%&'-"&�2$-/  ,'  ")',-"+,� -/:  &'�"0�2  %&�-'!$,"(  26&*2$, 
&$6,*0  6,$+',"'0  %��-,� -"  &$6&(),���  -�!$ , ."6"!� -3"0"+' !"0"   2�# -2$0"  0'-$���2  
"  - .) . 
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�$&$!-'&,*#  &$60'& 2* �!�)" %'& ,*3  +$ -"1  )�(  )$,,*3  0'-$���2 , ,$7�:)$'0*3  2 
��!$�/,�  2*)'�',,�#  %��;$)!'  ,$  %�)���!' , %&"0'&,�  &$2,*  m22,0d m¸» , +'��  ,'�/6(  
 !$6$-/  %&� "3  !�,1',-&$1"" . 9-� , �+'2"),� , �%&')'�('- (  6,$+"-'�/,�#  &$6,�&�),� -/:  
0'-$���2 , �-,�8',"'0  2���',,�#  <,'&�""  2 )$,,*#  %&�2�),"!  !  <,'&�""   47�"0$1""  

( 0 . -$7� . 1), $ -$!�'  %&�"62��/,� -/:  2*7�&$  "  �')4'0�#  %��;$)!"  "  - .) .  

�  !$+' -2'  %&"0'&$ ,$  0"!&�.�-��&$."(3  (&" .3) )$,*  "6�7&$�',"(  0"!&�+$ -"1  
0'-$���2 , 2*7&$,,*'  %&�"62��/,*0  �7&$6�0 , "  %�!$6$,*  "3  &$60'&*. ��-��&$.""  "��: -
 -&"&4:-  ,$�"+"'  +$ -"1    2* �!�#  )" %'& ,� -/: , )"$0'-&  !�-�&*3 , %&"  &$2,"-'�/,�  
0$��#  6$%$ ',,�#  <,'&�""  !�,)', $-�&,���  ,$!�%"-'�(  J640W0 = "  %&" 0"!&� '!4,),�0  
&$6&(),�0  -�!' , %&"7�"�$'- (  !  ,$,�&$60'&,�#  �&$,"1'  0',''  nm500d » . 

"
$���
  1. 
�$&$0'-&*  <�'!-&"+' !���  26&*2$ 0'-$��"+' !"3  %&�2�),"!�2  

 
 

"
$���
  2. 
� &'),',,*#  3"0"+' !"#   � -$2  %&�)4!-�2  <�'!-&"+' !���  26&*2$ 

 
Sub-
strate 

Metal  Chemical 
element  

Weight, 
% 

Atomic 
% Metal Chemical 

element  
Weight,  

% 
Atomic 

% 
Cu 92,2 77,2 Ni 74,4 66,8 
Al 2,7 5,3 Cr 17,7 15,7 
O 5,1 17,5 Al 2,7 5,1 

Al 

   O 5,2 12,4 
Cu 97,9 97,7 Ni 69,9 64,3 
Fe 2,1 2,3 Cr 17,0 15,8 
   Fe 5,9 5,8 

Fe 

Cu 

   

NiCr 

O 7,2 14,1 

Metal 
Size,  
mm 

0U , 
kV J

,W0  JE,  
3

tab
S

mmJ

W ,
 3

S

mmJ

W ,
 

2

6

mmA

10j -
* ×

 
2

8

mmW

10q -
* ×

 JES,  
SE

E
 

Cu 
380d

80

,=

=�
 2 640 161 52 62,5 5,9 

 
2,4 473,4 0,34 

80Ni-
20Cr 080d

40

,=

=�
 2 640 28,5 72 95 1.4 4,6 15,2 1,9 

   
 

�" .3 5"!&�.�-��&$.""   "6�7&$�',"(  0"!&�+$ -"1  0'-$���2 . 
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�,$�"6  4 &'),',,���  3"0"+' !���   � -$2$  %&�)4!-�2  <�'!-&"+' !���  26&*2$ (-$7. 2) 
%�!$6*2$'-  ,$�"+"'  !$!  � ,�2,���  26&*2$'0���  0'-$��$  (Cu, Ni, Cr), -$!  "  0$��'   �)'& -
�$,"'  0$-'&"$�$  %�)���!" , ,�  !&�0'  -��� , �-0'+$'- (  ,$�"+"'  !" ��&�),�#  !�0%�,',-* .  
�&�-'!$,"'  9��  2 2�6)48,�#   &')' , 3�-(  "   !�&�-'+,�' , �7C( ,('-  %&" 4- -2"'  !" ��&� -

)$ 2 %&�)4!-$3 26&*2$, %&" <-�0  �-,� "-'�/,$(  %��&'8,� -/  ,$�"+"(   � -$2"�$  %2,9»e  

)�(  0'),�#  26&*2$:;'# (  %&�2���+!"  "  %76,8»e  )�(  ,"3&�0�2�# . 
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�&')�$�$'- (   �6)$,"'  &'�"�,$�/,���  2"&-4$�/,���  -'3,�%$&!$  ,$  7$6' ,' !��/!"3  
0$�*3  ",,�2$1"�,,*3  %&')%&"(-"# %&" 246$3,   4+$ -"'0  2��� !���  7"6,' -",!47$-�&$ . 
�"&-4$�/,*#  -'3,�%$&!  ,$  7$6' ���  &$  0$-&"2$'- (  !$!  ",.�&0$1"�,,�'  %&� -&$, -2�  
  0$&!'-",��2�#  �&"',-$1"'# ,  %� �7 -24:;''  26$"0�)'# -2":  0$�*3  ",,�2$1"�,,*3  
%&')%&"(-"# &'�"�,$  ,$  &$  -�(,"" , �,  74)'-  �7C')",(-/  &$6�"+,*'  246*, 4+',*3 , - . ' . 



 193 

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

�'-/  0$�*3  ",,�2$1"�,,*3  %&')%&"(-"#,  �6)$,,*3  %&" 246$3 &'�"�,$ , 0��'-  
26$"0�)'# -2�2$-/  2 &'�"�,$�/,�0  -'3,�%$&!'  ",.�&0$1"�,,���  %&� -&$, -2$ )�(  4 " -
�',"(  <!�,�0"+' !�# , ",,�2$1"�,,�#  "  ",2' -"1"�,,�#  %&"2�'!$-'�/,� -"  &'�"�,$  2 
1'��0  "  2* 8"3  4+'7,*3  6$2')',"#    0$�*0"  ",,�2$1"�,,*0"  %&')%&"(-"(0"  2 +$ -,� -
 -" . �$6�2�#  %��;$)!�#  )�(   �6)$,"(  2"&-4$�/,���  -'3,�%$&!$  0��'-  7*-/  ��� , - . ! . 2 
,$ -�(;"#  0�0',-  $!-"2"6"&�2$,$  )'(-'�/,� -/  %�  �6)$,":  0$�*3  ",,�2$1"�,,*3  
%&')%&"(-"#. 

�  ,$ -�(;''  2&'0(  )� -$-�+,�  ",-', "2,�  &$62"2$'- (  0"&�2�#  "  ,$1"�,$�/,*#  
&*,�!  3D--'3,����"#  "   0'�,*3    ,"0"  )&4�"3  -'3,����"# , %&�"62�) -2$  ,�2*3  0$-' -
&"$��2  )�(  " %��/6�2$,"(  2 %� ��#,�#  %'+$-". 

�$62"-"'  )$,,���  -"%$ &*,!$   2(6$,�    2�6,"!,�2',"'0  ,�2*3  %&')%�+-',"#  4 %�-
-&'7"-'�'# , 2 %'&24: �+'&')/  %&�0*8�',,���   '!-�&$ . �60',',"(   2(6$,*    %�" !�0  
0',''  6$-&$-,*3  -'3,����"#  %�  &$2,',":    -&$)"1"�,,*0"  "  )�&��� -�(;"0" . �  !$+' -
 -2'  2$&"$,-$ 4)�2�'-2�&',"(  &$  0$-&"2$'0���  6$%&� $ %�-&'7"-'�'#  0��'-  7*-/  %&')-
���',$  6$0',$    -&$)"1"�,,*3   -'3,����"#    "6��-�2�',"(  )'-$�'# , %&')0'-�2  "  46��2   ,$   
$))"-"2,*'   -'3,����""  (%� ��#,$(  %'+$-/) "  -'3,����""  1".&�2���  %&�"62�) -2$    1' -
�/:  <,'&�� - "  &' 4& � 7'&'�',"( . 

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

>'�/  )'(-'�/,� -"  )$,,���  1',-&$  6$!�:+$'- (  2 &$62"-""  ,�2*3  %&�"62�) -2', -
,*3  -'3,����"#  2 � . ���� !�0  "  ������&$) !�#  �7�$ -" , -$!"3  !$!  «6$!&*2$:;"'  -'3,� -
���"" », 3D--'3,����"" , 1".&�2�'  %&�"62�) -2� , $))"-"2,*'  -'3,����"" , -'3,����""  %&�-
'!-"&�2$,"(  !�, -&4!1"#  "  0$-'&"$��2 .  

	7�$ -/  %&"0',',"(  3D--'3,����""   2(6$,$   &$6&$7�-!�# "  "6��-�2�',"'0  
)'-$�'#  "  !�&%4 ,*3  "6)'�"#   "6 %�$ -"!$  "  %��"0'&�2 , 7* -&*0  %&�-�-"%"&�2$,"'0  "  
-&'30'&,�#  %'+$-/: , %&�0*8�',,*0  )"6$#,�0 , 0'�!� '&"#,*0  %&�"62�) -2�0  
<! !�:6"2,*3  "6)'�"# ,  �6)$,"'0  0$!'-�2  "  0�)'�'# . 

�  ���  (."�"$� ) ����

�  "0':- (  2 ,$�"+""  &$7�+"'  ()'# -24:;"' ) %'+$-$:;"'  
4 -&�# -2$  – 3D-%&",-'&* ,  %&�'!-"&�2$,,*'  "   �6)$,,*'   �-&4),"!$0"  ���  (."�"$� ) 
����

�  "  0$����  ",,�2$1"�,,���  %&')%&"(-"(  %&" 246' 5��  			  «>9�9 »   4+$ -"'0  
!�0$,)*  ,'%� &') -2',,*3  " %��,"-'�'#  %&�'!-,*3  "   7�&�+,*3  &$7�-,  �6)$-'�'#  ,� -
2*3  3D-%&",-'&�2 , %&�."�/,�#  !$.')&* , 0,����'-,'#  ,$4+,�#  8!��*  "  4,"!$�/,*3  -'3 -
,����"#   �6)$,":  ,�2*3  &$ 3�),*3  0$-'&"$��2  )�(  3D-%&",-'&�2 , %&" ,$�"+""  0,��� -
�'-,'#  ,$4+,� -�7&$6�2$-'�/,�# , 0'-�)"+' !�#  "  �$7�&$-�&,�#  7$6* 2 ���  (."�"$� ) ��� -
�

�  %� 0$8",� -&�',":  "  3D-0�)'�"&�2$,":  [1]. 

��&0*  ",-'�&$1""  "  !��%'&$1""  ,$  ��&�) !�0  "  &'�"�,$�/,�0  4&�2,(3  %�)&$64-
0'2$:-  26$"0�)'# -2"'  >',-&$  "  0$�*3  0$8",� -&�"-'�/,*3  %&')%&"(-"# ��&�)$  "  &'-
�"�,$  %�  �6)$,":  !�0%�'!-4:;"3  )�(  %&�"62�) -2$  3D-%&",'-&�2  "  �7�&4)�2$,"(  )�(  
%&�"62�) -2$  &$ 3�),*3  0$-'&"$��2  !  ,"0    1'�/:  %��,� -/:  %'&'#-"  !  "0%�&-�6$0';' -
,":  2 %&�"62�) -2'  4!$6$,,���  �7�&4)�2$,"(  "  4 -&�# -2  (,$%&"0'&: %'+$-$:;"'   �%�$  
)�(  3D-%&",-'&�2  "  - .%.). �  4 ��2"(3  .4,!1"�,"&�2$,"(  2"&-4$�/,���  -'3,�%$&!$  )$,,$(  
6$)$+$ 0��'-  7*-/  � 4;' -2�',$  %4-'0 %&�)2"�',"(  ",,�2$1"�,,�#  %&�)4!1""  ���  "  
!�00'&1"$�"6$1""  2 .�&0'  ,'%� &') -2',,���  %&�"62�) -2$  >',-&�0  -�2$&�2  (3D-
%&",-'&�2 ) )�(  ,4�)  "  %�) 6$!$6 %&')%&"(-"# ��&�)$  "  &'�"�,$ . ��0"0�  <-���  ,$  7$6' 
>',-&$  0��'-  � 4;' -2�(-/ (  %�)��-�2!$  "  %'&'%�)��-�2!$  !2$�"."1"&�2$,,*3  %&�-
."�/,*3  ",�','&,*3  !$)&�2  )�(  ,4�)  %&')%&"(-"# "  �&�$,"6$1"#  ��&�)$  "  &'�"�,$ . 

�$  &'�"�,$�/,�0  &*,!'  %&��,�6"&4:- (   �')4:;"'  %�-',1"$�/,*'  %�-&'7"-'�"  "  
%$&-,'&* : 	�	  «������&$),'.-'0$8 », 	�	  «>��  «
"-$, », 			  ��
�������� , 
��
�  (."�"$� ) ����

� , ���� !"#  6$2�) 0'-$���!�, -&4!1"# , ���� !"#  



 194 

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

�4,!1"�,"&�2$,"'  >',-&$  3D--'3,����"#  "  %�)��-�2!"  !$)&�2  ,$  7$6' 2"&-4$�/ -
,���  -'3,�%$&!$  ���  (."�"$� ) ����

�  �7' %'+"-  4 "�',"'  %�6"1"# !�,!4&',-,���  
%&'"04;' -2$  %&')%&"(-"# 0$8",� -&�"-'�/,���  %&�."�(  ��&�)$  "  �7�$ -" .  

 
 �2
�
23�
 : 

1. 
�,+$&�2$  � .� . �%� �7*  %�2*8',"(  ",,�2$1"�,,�#  %&"2�'!$-'�/,� -"  &'�"�,$  
// �$4+,� -0'-�)"+' !"#  <�'!-&�,,*#  �4&,$�  ��,1'%- . 2014. 
 . 26. � . 466-470. 

2. 
�,+$&�2$  � . � . �"&-4$�/,*#  -'3,�%$&!  !$!  .$!-�&  4 "�',"(  ",,�2$1"�,,���  
%�-',1"$�$  // 
'�&'-"+' !"'  "  %&"!�$),*'  $ %'!-*   �2&'0',,�#  ,$4!" . 2014. =  3-5. � . 
49-52. 

3. 
�,+$&�2$  � .� . 
'3,�%$&!  !$!   %� �7  4 "�',"(  ",-'�&$1""  %&�0*8�',,� -"  "  
,$4!"  // ��/0$,$3   �2&'0',,�#  ,$4!"  "  �7&$6�2$,"( . 2008. =  3. � . 50-52. 

4. 
�,+$&�2$  � .� . � %��/6�2$,"'  3D--'3,����"#  2 &$0!$3 !�,1'%1""  &$62"-"( ", -
,�2$1"�,,���  %�-',1"$�$   &'),"3  ��&�)�2  / � . � . 
�,+$&�2$ , � . � . ��$�",", , � . � . ��#1�2  
// �   7�&,"!' : �$62"-"'   &'),"3  ��&�)�2 : 6$0* '� , 0�)'�" , %&$!-"!$ 5$-'&"$�*  III 5'� -
)4,$&�),�#  ,$4+,� -%&$!-"+' !�#  !�,.'&',1"" . 2015. � . 165-175. 

 
 

��������  (������������  '�����#����  ���%�� -��&��%����&  
����������  '���'�����"  �  �����  ��  �����"����  �$���  


�,+$&�2$  � . � ., )�1',-  !$.')&*  �95 ,  
���  ((����� ) ������� , � . ����'%�+  

 
�&�)2"�',"'  ,�2�#  %&�)4!1""  ,$  &*,!'  – <-�  %&�1'   %&'2&$;',"(  ,$4+,� -

-'3,"+' !"3  &$6&$7�-�! "  ,�2�22')',"#  !$!  %&�0'�4-�+,���  &'64�/-$-$  ,$4+,� -
%&�"62�) -2',,���  1"!�$  %� 0'&'  %&$!-"+' !���  %&"0',',"(  2 ,$4+,� --'3,"+' !"'  ",,� -
2$1""  – !�,'+,*#  &'64�/-$- . �$4+,� --'3,"+' !"'  &$6&$7�-!" "  "6�7&'-',"(  (2�(:- (  
%&"���',"'0  ,�2���  6,$,"(    1'�/:  '��  %&$!-"+' !���  %&"0',',"( , $ ,$4+,� -
-'3,"+' !"'  ",,�2$1""   — <-�  0$-'&"$�"6$1"(  ,�2*3  ")'#  "  6,$,"# , �-!&*-"# , "6�7&' -
-',"#  "  ,$4+,� --'3,"+' !"3  &$6&$7�-�! 2 %&�1'  '  %&�"62�) -2$    1'�/:  "3  !�00'&+' -
 !�#  &'$�"6$1""  )�(  4)�2�'-2�&',"(  �%&')'�',,*3  6$%&� �2 %�-&'7"-'�'# . �  <-�#  -�+!"  
6&',"(  ,'%&'0',,*0"   2�# -2$0"  ",,�2$1""  (2�(:- (  ,$4+,� --'3,"+' !$(  ,�2"6,$  "  
%&�"62�) -2',,$(  %&"0',"0� -/ . ��00'&+' !$(  &'$�"64'0� -/  %� �-,�8',":  !  ",,�2$ -
1""  2* -4%$'-  !$!  %�-',1"$�/,�'   2�# -2� , )�(  )� -"�',"(  !�-�&���  ,'�73�)"0*  �%&'-
)'�',,*'  4 "�"( . 

��(  ,$4+,� --'3,"+' !"3  &$6&$7�-�! <-�-  %&�1'   0��,�  �3$&$!-'&"6�2$-/  !$!  
!�0%�'!  26$"0� 2(6$,,*3  )'# -2"# , �-�"+$:;"# (   �')4:;"0"  � �7',,� -(0" : 

- %&�)4!-*  2  .'&'  �70',$  &*,!$  ,$4+,� --'3,"+' !�#  %&�)4!1""  �-2'+$:-  2 '0  
%&"6,$!$0 -�2$&$; 

- ,$1"�,$�/,*'  &*,!"  �
�  "0':-  !��"+' -2',,*'  3$&$!-'&" -"!" , �-&$ �'24:  "  
�'��&$."+' !4:   -&4!-4&4,  2�"  .�&0*  &'!�$0* , 0'-�)"!4  &$ +'-$ 1', , %&$2�2*' ,�&0* ; 

- ,$  ,$1"�,$�/,*#  &*,�!  ",-'��'!-4$�/,*3  %&�)4!-�2  %� -�(,,�'  2�6)'# -2"'  
�!$6*2$:-  !�,C:,!-4&,*'  .$!-�&* : �7;"'  – 1"!�"+' !"'  !��'7$,"(  "   %'1"."+' !"'  – 
 � -�(,"'  ,$4+,� --'3,"+' !���  %�-',1"$�$  "  %&�"62�) -2',,�#   .'&* , -�&��2*3  "  %��" -
-"+' !"3  4 ��2"#  &'$�"6$1""  �7C'!-�2  ",,�2$1"�,,�#  )'(-'�/,� -" ; 

- 0"&�2�#  &*,�!  ",,�2$1"#   !�$)*2$'- (  ,$  � ,�2'  ,$1"�,$�/,*3  &*,!�2  <!�,� -
0"+' !"  &$62"-*3  -&$, . 



 195 

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

�$�,$(  � �7',,� -/  &*,!$  ,�2�22')',"#   � -�"-  2 -�0 , +-�  0��,�  %&��&$00"&�-
2$-/   47C'!-* , -�+,�  $)&' �2$-/  ,�28' -2$ , %&"0',(-/   �2&'0',,*'  0$&!'-",��2*'  0' -
-�)*  4%&$2�',"(   �6)$,"'0  "  &'$�"6$1"'#  ,�28' -2 . ��,C:,!-4&4  &*,!$  ,�28' -2  �%-
&')'�(:-   ��-,�8',"'0   %&� $ "  %&')���',"( , %�$-'�' %� �7,*0"  2�60��,� -(0"  %�-
!4%$-'�'#  (",2' -�&�2 ), <..'!-"2,� -/:  ",,�2$1"�,,*3  !�004,"!$1"# . 5��,�  2*)' -
�"-/  � �7',,� -"  &*,!$  �
� , �74 ��2�',,*'   %'1"."!�#  %&')�$�$'0���  -�2$&$: 3$&$!-
-'&,�  7��/8�'  &$6,��7&$6"'  -�2$&�2  "  ���7$�/,*#  3$&$!-'& &$62"-"(;  %'1"."!$  .�&0" -
&�2$,"(   %&� $ "  %&')���',"(  ,$  �
�  �%&')'�('-  ,$%&$2�',"(  %�-�!�2  �70',$  (!4%�" -
%&�)$�" ) <-"0  -�2$&�0  2 &$0!$3 &$62"-*3  -&$,  "  2*3�)  ,$  )$,,*#  &*,�!  ,�2*3   47C'! -
-�2  2 �"1'  ,$"7��''  )",$0"+,�  &$62"2$:;"3 (   -&$, ; %�  2�'#  %&"&�)'  <-�  «&*,�!  %�!4-
%$-'�( », - . ' . 6,$+"-'�/,�  %&'�7�$)$'-  %&')���',"'  -�2$&�2  ,$)   %&� �0 ; �' -!"#  3$&$!-
-'&  !�,!4&',1""  ,$  )$,,�0  &*,!'  %&"2�)"-  !  %�(2�',":  )&4����  ,�2�22')',"( ; %�!4%$-
-'�(0"  �
�  (2�(:- (  %&�.'  "�,$�* , $ 1'�/  %�!4%!"  6$!�:+$'- (  2 %�2*8',""  !�,!4 -
&',-� %� �7,� -"  ."&0* , %&"�7&'-$:;'#  ,�28' -2� ; <-�-  &*,�!  2-�&"+',  %� �-,�8' -
,":  !  -�2$&,�04  &*,!4 , - .' .  %&�  ,$  �
�  �%&')'�('- (   %&� �0  ,$  -�2$&*  (4 �4�" ), %&�-
"62�)"0*'  ,$  � ,�2'  " %��/6�2$,"(  ",,�2$1"# . � '  2*8'%'&'+" �',,�'  �%&')'�('-  2$� -
,� -/  0'&�%&"(-"#  %� %&�)2"�',":  �
�  ,$  &*,�!  "  ,'�73�)"0� -/  &$62"-"( ",.&$ -
 -&4!-4&*  )$,,���  &*,!$ . 

��00'&1"$�"6$1"(  "  �')�2$-'�/ !�#  )'(-'�/,� -"  2 6,$+"-'�/,�#  0'&'  �%&')' -
�('- (   2(6(0"  0'�)4  !�:+'2*0"  4+$ -,"!$0"  ",,�2$1"�,,���  %&�1'  $  – ,$4+,*0"  �&-
�$,"6$1"(0"  "  246$0", 0$�*0"  ."&0$0" , !�&%�&$1"(0" .  

�$  4 %'3 &'$�"6$1""  ,$4+,� --'3,"+' !�#  %&�)4!1""  2�"(:- : ,$4+,� --'3,"+' !"#  
%�-',1"$� , %&�"62�) -2',,� --'3,"+' !$(  7$6$, � ,�2,*'  2")*  &' 4& �2 , !&4%,*'  ",2' -
 -"1"" ,  ��-2'- -24:;$(   " -'0$  4%&$2�',"( . �&$2"�/,�'   ��-,�8',"'  "  " %��/6�2$,"'  
<-"3  .$!-�&�2 , $ -$!�'  -' ,$(  26$"0� 2(6/  +'&'6   " -'04  4%&$2�',"(  0'�)4  ",,�2$1"�, -
,�# , %&�"62�) -2',,�#  "  0$&!'-",��2�#  )'(-'�/,� -/:  %&')%&"(-"(  0��4-  %&"2' -"  !  
7��''  <..'!-"2,�04  � 4;' -2�',":  ",,�2$1"�,,�#   -&$-'�"" . 

�&$!-"!$  %�!$6*2$'- , +-�  -&$)"1"�,,*'  %�)3�)* , 4 %'8,�  &$7�-$:;"'  )�(  )&4-
�"3  2")�2  -�2$&�2 , ,'  2 '�)$  0��4-  7*-/  %&"0',',*  %&" %&�)2"�',""  "  %�6"1"�,"&�2$ -
,""  ,$  &*,!'  ,�2�#  �
� . 	 ,�2,$(  � �7',,� -/  6$!�:+$'- (  2  $0�#   %'1"."!'  %&�)4!-
-$, 2,')&',"'  !�-�&���  -&'74'-  6,$+"-'�/,*3  6$-&$-, 22')',"(  ,�2�#  -'3,����""  2 %&�"6-
2�) -2',,*#  %&�1'     2* �!�#   -'%',/:  &" !$  «,'%&",(-"( » ,�2���  %&�)4!-$ &*,!�0 . 
�$   -$)""  &$6&$7�-!" " %��/64:- (  -&$)"1"�,,*'   &') -2$  %&�)2"�',"( , ,$%&$2�',,*'  
,$  ",.�&0"&�2$,"'  %�-',1"$�/,*3  %�-&'7"-'�'# , ,$   -$)""  %&�"62�) -2$  %&�7,���  �7 -
&$61$ –  &') -2$  !�00'&1"$�"6$1""  "  -&$, .'&$  &$6&$7�-!". �4;' -2�2$,"'  &$6�"+,*3  
 -$)"#  &$62"-"( �
�  %�&��)$'-  ,$�"+"'  ,' !��/!"3   %� �7�2  %&�)2"�',"(  "3  ,$  &*,�! : 
",.�&0$1"�,,*#  0$&!'-",�  %&"0',('- (  ,$  &$,,"3   -$)"(3  &$62"-"(, !��)$  ,'�73�)"0�  
�6,$!�0"-/  %��/6�2$-'�'#    � ,�2,*0"  � �7',,� -(0" , -'3,����"(0" , 2�60��,� -(0"  
" %��/6�2$,"(  �
� ; %&"!�$),�#  0$&!'-",�  ,$%&$2�',  ,$  �6,$!�0�',"'  %��/6�2$-'�(    
!�,!&'-,*0  2")�0  �
� ;  &$2,"-'�/,*#  0$&!'-",�  %&"0',('- ( , !��)$  %��/6�2$-'�:  ,' -
�73�)"0�  ,'  -��/!�  40'-/  " %��/6�2$-/  �
� , ,�  2*7"&$-/  -� , +-�  2 ,$"7��/8'#   -'%',"  
�-2'+$'-  %�-&'7,� -(0  "  .",$, �2*0  2�60��,� -(0 . 


�$2,�#  � �7',,� -/:  %&�)2"�',"(  �
�  (2�('- (  &$6C( ,',"'  %�-',1"$�/,*0  
%��/6�2$-'�(0  %&'"04;' -2 , � ,�2,*3  3$&$!-'&" -"!  "  ,�2*3  %�-&'7"-'�/ !"3   2�# -2 , 
%&')�$�$'0*3  !  " %��/6�2$,": . ��(  <-���  ,'�73�)"0*   %� �7*  %&�)2"�',"( : 

- " %��/6�2$,"'  &'!�$0*  – )�(  �
�  0��'-  �-&$�$-/  �7�$ -"  %&"0',',"(  %&�)4!-
-$, " %*-$,"'  3$&$!-'&$ %&�)4!-$, <-$%* "6��-�2�',"(  "  2,')&',"( ; 

- ", -&40',-*   -"04�"&�2$,"(   7*-$   �')4'-  " %��/6�2$-/  %&" 22')',""  ,$  &*,�!  
,�2���  -�2$&$ "�"  %&" 2*3�)'  �&�$,"6$1""  ,$  ,�2*#  &*,�! ; %&" %�))'&�$,""  %�6"1""  
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-�2$&$ %&" %'&'3�)'  '��  �"6,',,���  1"!�$  2  -$)":  6&'�� -" ; )�(  ��"2�',"(  4%$28'��  
 %&� $; 

-  2(6"    �7;' -2',,� -/:   �')4'-  %�))'&�"2$-/  2 .�&0'  4+$ -"(  2  '0",$&$3  "  
%47�"!$1""  2  %'1"$�"6"&�2$,,*3  "6)$,"(3 ; 

- %'& �,$�/,*'  %&�)$�"   " %��/64:- (  �7*+,�  %&" %&�)2"�',""  -�2$&�2  %&�-
0*8�',,���  ,$6,$+',"( , )�"-'�/,���  %��/6�2$,"(  ,$  ,'7��/8�0 ,  !�,1',-&"&�2$,,�0  
&*,!' , !��)$  %&')%&"(-"' -&$6&$7�-+"! 3�&�8�  "62' -,� ; 

- %&(0�# 0$&!'-",�  2 2")'  !$-$����2 , %�+-�2�#  &$  *�!" , %&�)$�  +'&'6  �,-'&,'-  
%�62��('-  40',/8"-/  6$-&$-*, ,�  %&" <-�0  <..'!-"2,� -/  ",.�&0"&�2$,"(  "  %�" !$  %�-
-&'7"-'�'#  )� -$-�+,�  2* �!$ . 

�4;' -24'-  )2$ 0'-�)$  %&�)2"�',"(  &'64�/-$-�2  ,$4+,� -"  �')�2$-'�/ !�#  )'( -
-'�/,� -" . �'&-"!$�/,*#  0'-�)  %&�)2"�',"(  � ,�2$,  ,$   � &')�-�+',""  ",,�2$1"�,,� -
��  1"!�$  2 �),�#  �&�$,"6$1""    %'&')$+'#  ,$4+,� --'3,"+' !"3  &'64�/-$-�2 , )� -"�,4-*3  
,$  �-)'�/,*3   -$)"(3  ,$4+,� -"  �')�2$-'�/ !�#  )'(-'�/,� -" , �-  %�)&$6)'�',"(  !  %�)-
&$6)'�',": . ��  %&" <-�0   4;' -24'-  �%&')'�',,�'  ��&$,"+',"'  %&"0',',"(  0'-�)$ : &$ -
 0$-&"2$'0$(  �&�$,"6$1"(  )���,$  %&') -$2�(-/   �7�#   �2�!4%,� -/  2 '3  2")�2  �-)'��2 , 
%&�"62�) -2  "   �4�7  "�"  &$6&$7$-*2$-/ "  2*%4 !$-/  ,$4+,� --'3,"+' !4:  %&�)4!1":  
 %'1"."+' !���  3$&$!-'&$, ,'   �)'&�$;4:  &$6,�&�),*3   � -$2,*3  +$ -'# . 
�&"6�,-$�/ -
,*#  0'-�)  %&�)2"�',"(  (2�('- (  0'-�)�0  %$&-,'& -2$ "  !��%'&$1"" , %&" !�-�&�0  2')4 -
;''  %&')%&"(-"'  (2�('- (  �&�$,"6$-�&�0  ,$4+,� -"  �')�2$-'�/ !�#  )'(-'�/,� -" , $ 
.4,!1""  %�  �6)$,":  "  %&�)2"�',":  ,$4+,� --'3,"+' !�#  %&�)4!1""  &$ %&')'�',*  0' -
�)4  4+$ -,"!$0" . �'�73�)"0�#   � -$2�(:;'#  ��&"6�,-$�/,���  0'-�)$  %&�)2"�',"(  ", -
,�2$1"#  (2�('- (  -'3,����"+' !"#  -&$, .'& . �  ��  "# !�#  �')'&$1""  2�60��,� -"  -'3 -
,����"+' !���  -&$, .'&$  � ,�2*2$:- (  ,$  ,$�"+""  "  2")$3   47C'!-�2  ,$4+,� -
"  �')�2$-'�/ !�#  "  ,$4+,� --'3,"+' !�#  )'(-'�/,� -" , " -�&"+' !"   .�&0"&�2$28"0" (  
2 %&�1'  '  &$62"-"(. 

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

– 4&�2',/  26$"0�)'# -2"(  246�2 "  %&')%&"(-"#; 
– ",,�2$1"�,,*#  %�-',1"$�  �&�$,"6$1"# ; 
– 4&�2',/  ",,�2$1"�,,�#  $!-"2,� -" ; 
– %�!$6$-'�/  ",,�2$1"�,,�#  2� %&""0+"2� -"  %'& �,$�$  �&�$,"6$1"" ; 
– )�(  %&')%&"(-"#:  -'%',/  -'3,"+' !�#  � ,$;',,� -"  "  " %��/6�2$,"(  %&�"62�)-

 -2',,*3  0�;,� -'# ; )�(  246�2: .4,!1"�,"&�2$,"'  ,$4+,� -"  �')�2$-'�/ !"3   -&4!-4& , 
 -4)',+' !"3  ,$4+,� --'3,"+' !"3  �7C')",',"# ; 

– 4&�2',/  0$&!'-",��2*3  !�004,"!$1"# ; 
– %�!$6$-'�"  <..'!-"2,� -"  " %��/6�2$,"(  �7�&4)�2$,"( ; 
–  �6)$,"'  0$�*3  ",,�2$1"�,,*3  %&')%&"(-"#; 
– 4)'�/,*#  2'  ",,�2$1"�,,�#  %&�)4!1""  2 �7;'0  �7C'0'  %&�"62�) -2$ ; 
– 2�60��,� -/  %&�2')',"(  0$&!'-",��2*3  "  �')�2$,"# ; 
– &' 4& * , ,'�73�)"0*'  )�(  � 4;' -2�',"(  ",,�2$1"# : ,$4+,� -!$)&�2*#  %�-', -

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

–  -'%',/  2�"(,"(  .$!-�&�2  2,'8,'#   &')* : ,$�"+"'  4�&�6 -'3,"+' !���  "  .4,! -
1"�,$�/,���  6$0';',"( , 2�6,"!$:;"3  "6 2,'8,'#   &')* . 
 �2
�
23�
 : 
1. 
�,+$&�2$ , � .� . ��00'&1"$�"6$1"(  ,$4+,� --'3,"+' !"3  &$6&$7�-�!: &'�"�,$�/,*#  $ -
%'!-  / �!-4$�/,*'  %&�7�'0*   �2&'0',,�#  ,$4!" . 2010. =  2. - � . 22-23.  
2. 
�,+$&�2$ , � .� . ��&0*  "  0'-�)*  &*,�+,���  %�6"1"�,"&�2$,"(  "  %&�)2"�',"(  ,$4+,� -
-'3,"+' !�#  %&�)4!1""  / �%&$2�',"'  <!�,�0"+' !"0"   " -'0$0" : <�'!-&�,,*#  ,$4+,*#  
�4&,$� . 2011. =  33. - � . 66-66. 
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3. 
�,+$&�2$ , � . � . �&�7�'0*  !�00'&1"$�"6$1""  ",,�2$1"#  ,$  &�  "# !"3  &*,!$3  // 
�$4!$  "  �7&$6�2$,"'  2 XXI 2'!' ,  7�&,"!  ,$4+,*3  -&4)�2  %� 0$-'&"$�$0  5'�)4,$&�),�#  
,$4+,� -%&$!-"+' !�#  !�,.'&',1"" : 2 34 +$ -(3 . 2013. - � . 48-49. 

 
 

'������  '���$* ����"  ������������  ���������$&  ���%����  

�,+$&�2$  � . � .,  -$&8"#  %&'%�)$2$-'�/  !$.')&*  «	7;'-'3,"+' !"'  )" 1"%�",* » 

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

 �2  )�(  <..'!-"2,���  .4,!1"�,"&�2$,"(  �7�&4)�2$,"" . �$  0�-&"0  0�)'&,"6$1":  )�(  
$2-��&'#)'&�2 , !�-�&*'  " %��/64:- (  )�(  %&�."�"&�2$,"(  %���-,$  )�&��"  %4-'0 %� �' -
)�2$-'�/,*3  %&�3�)�2  %� %�$,"&4'0�#  %�2'&3,� -" . 

�$"7��/8''  &$ %&� -&$,',"'  %��4+"�"  $2-��&'#)'&*  -(�'����  !�$  $ , �,"  0��4-  
2*%��,(-/  7��/8�#  �7CA0 &$7�- "  &$7�-$-/  2 -(�'�*3  4 ��2"(3 . �0',,�  %�<-�04  )�(  
%&�2')',"(  ,$8'��  "  �')�2$,"(  0*  2*7&$�"  $2-��&'#)'&  �� -98�  – -(�'����  !�$  $  [1]. 
�" -'0$  «�&�."�/ » 4 -$,$2�"2$'- (  ,$  $2-��&'#)'&'  )�(  $2-�0$-"+' !�#   -$7"�"6$1""  
%����',"(  �-2$�$ . 

�'�73�)"0� -/  " %��/6�2$,"(  $2-�0$-"+' !"3   " -'0  2*62$,$ -'0 , +-�  %&�"62�) - -
2',,*'  %&�1'  * , 2*%��,('0*'  0$8",�# ,  ���,* , $ -&'7�2$,"( , %&')C(2�('0*'  !  !$+' -
 -24  6'0�(,*3  &$7�- )� -$-�+,�  2* �!" . 

�&"  &4+,�0  4%&$2�',""  �%'&$-�& )���',  �),�2&'0',,�  4+"-*2$-/  &()  7* -&� 0' -
,(:;"3 (  .$!-�&�2 , %&" <-�0  �1',"2$(  "3  ��$6�0'&�0  "  �&"',-"&�2�+,� . ��<-�04  &'-
�"0*  &$7�-* , 2*7"&$'0*'  �%'&$-�&�0  )$�'!"  �-  �%-"0$�/,*3 , $ !$+' -2�  &$7�- 6$+$ -
-4:  ,'   ��-2'- -24'-  -'3,"+' !"0  4 ��2"(0 . 

��<-�04  2 1'�(3  4�4+8',"(  !$+' -2$  �7&$7�-!"  %���-,$  )�&��"  $2-��&'#)'&*  �7� -
&4)4:-   " -'0�#  «�&�."�/ ». 

5*  "  �')�2$�"   " -'04  «�&�."�/ » "  2*( ,"�" , +-�    -�+!"  6&',"(  �'�$'0���  !$ -
+' -2$  &'�4�"&�2$,"(  "  7* -&�)'# -2"(  !   " -'0'  «�&�."�/ » 0��,�  2*)2",4-/   �')4: -
;"'  -&'7�2$,"( : 

1 %'&2"+,*#  %&'�7&$6�2$-'�/  )$-+"!$  4��$  ,$!��,$  &$7�+'��  �&�$,$  )���',  7*-/  
")'$�/,*0  %&�%�&1"�,$�/,*0  62',�0 ; 

2 &'�4�"&4:;"#  �&�$,  (�")&�1"�",)&  %�)CA0$/�%4 !$,"(  �-2$�$ ) )���',  7*-/  ")' -
$�/,*0  ",-'�&"&4:;"0  62',�0 . 

�&"  <-�0   "�,$�  U)'# -2  0�,�2',,�  7'6 6$%$6)*2$,"# "  " !$�',"#  %�2-�&('-  "60' -
,',"(  &'�4�"&4'0�#  2'�"+",*  (4��$  ,$!��,$  %���-,$  )�&��" ). 

5*   )'�$�"  2*2�) , +-�  )� -"�,4-/  <-���  0��,�  )240(   %� �7$0" : 
1 40',/8"2  ",'&1"�,,� -/  )$-+"!$  4��$  ,$!��,$  &$7�+'��  �&�$,$  (0$(-,"!�2���  

%'&2"+,���  %&'�7&$6�2$-'�( ); 
2 40',/8"2  %��&'8,� -/  %&"7�"�',"(  &'$�/,���  6$!�,$  &'�4�"&�2$,"(  !  ")'$�/ -

,�04  -&'3%�6"1"�,,�04  6$!�,4  &'�4�"&�2$,"( . 
	),"0  "6 � ,�2,*3  <�'0',-�2   " -'0*  «�&�."�/ » (2�('- (  0$(-,"!�2*#  )$-+"!  

4���2���  %����',"(  [2]. �$-+"!  4���2���  %����',"( , 4!&'%�',,*#  ,$  &$0' $2-��&'#)'&$ , 
"60'&('-  "0':;"# (  %�%'&'+,*#  ,$!��,  �-2$�$  – «" -",,*#  4!��, ». «� -",,*#  4!��, » 
"  «6$)$,"' »  &$2,"2$:- (  2 %4�/-'  4%&$2�',"( . � �"  &$6,"1$ 0'�)4   &$2,"2$'0*0"  4� -
�$0"  ( "�,$�$0" ) %&'2*8$'-  6$)$,,�'  6,$+',"' , 2 %4�/-'  4%&$2�',"(  .�&0"&4'- (  !�& -
&'!-"&4:;"#  !�0$,)� "�,$� . 	,  %� -4%$'- ,$  �")&�4 "�"-'�/ . �   ��-2'- -2""   <-"0  
 "�,$��0  !�&&'!-"&4'- (  %�%'&'+,*#  4!��,  �-2$�$  $2-��&'#)'&$ .   
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�" 4,�!  1 – �" -'0$  «�&�."�/ » 

 
�6  2 '3  2�60��,*3  " -�+,"!�2  %�0'3  2 &$7�-'   " -'0*   4;' -2',,*0  (2�('- (  

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

�  ,"0  �-,� (- (  )� -$-�+,�  &'6!"'   0';',"(  %'&'),'#  +$ -"   -&�"-'�/,� -
)�&��,�#  0$8",*  2 %�� !� -"  Y-X %� !��&)",$-'  Y "�"  %�) 4���0  a  !  ,'# , $ -$!�'  2�6-
,"!$:;"'  2�6)'# -2"(  ,$  )$-+"!  %&" %�2�&�-'  0$8",* . 


$!"'  2�6)'# -2"( , 0��4;"'  %&"2�)"-/  !   ���,*0   &$7$-*2$,"(0  ��� , ' -' -2',,�  
"0':-  &$6,��7&$6,4:  .�&04 . ��(  $,$�"6$  %�0'3�4 -�#+"2� -"  0��,�  2*7&$-/  )2$ 2")$  
-"%�2*3  2�6)'# -2"# , %&",(-*3  2 $2-�0$-"!' .  

9-�  ')","+,�'   -4%',+$-�'  2�6)'# -2"(  (1) t, )� -$-�+,�  7�"6!�'  %� 2")4  !  &'6!�04  
 0';',":  l (&" 4,�!  1) "  �",'#,� -2�6&$ -$:;''  2�6)'# -2"'  -"%$ $t – 7�"6!�'  !  2�6)'# -
 -2":  �-  �%'&$1""  %�2�&�-$  0$8",* .  

�&�2')'0  "  �')�2$,"'  62',$  6 (0$(-,"!�2���  )$-+"!$ ) "  2*( ,"0 , !$!"0  �7&$6�0 
2�"('-  %�0'3$ ,$  2*3�),�#   "�,$�  )$-+"!$  "  &'$!1":  ��� . 

�*3�),�#   "�,$�  )$-+"!$  *b�  74)'-   �20' -,�  �%&')'�(-/ (  !$!  %��'6,*0   "�,$ -

��0  &'$�/,���  6,$+',"(  4��$  ,$!��,$  &$7�+'��  �&�$,$  (,��$  $2-��&'#)'&$ ) *b  -$!  "   "� -

,$��0  %�0'3"  
( )1 ;t atl � �� � , - .' . 

                                     
( )* * $���.�F kb b b= ±� �� ��  (1) 

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

��)$  0$-'0$-"+' !$(  0�)'�/  6$%" *2$'- (  2 2")'   

                                      1 1 1 %1 %1T y y k $ t¢× + = × × (2) 

�)'  1T  – %� -�(,,$(  2&'0',"  0$(-,"!�2���  %&'�7&$6�2$-'�( ; 

       %1$  – !�<.."1"',- , 3$&$!-'&"64:;"#   !�&� -/  ,$&$ -$,"(  0'3$,"+' !���  2�6-
)'# -2"(  ,$  0$(-,"!�2*#  %&'�7&$6�2$-'�/ ; 

       %1k  – !�<.."1"',-  %&'�7&$6�2$,"(  %'&2"+,���  0$(-,"!�2���  %&'�7&$6�2$-'�(  
)$-+"!$ .    

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

                                           1 1 1T y y a t¢× + = × (3) 
5$-'0$-"+' !"'  %&'�7&$6�2$,"(  "  %� �')4:;"'  &'8',"( , %��4+',,*3  2*&$�',"#  

%&"2'��  ,$  !  �!�,+$-'�/,�04  �7;'04  &'8',":  4&$2,',": : 

                                                 
1

t

T
1 1y a t a 
 (1 ' )

-

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

0$-"+' !$(  0�)'�/  "0'�$  7*  2") :  

                                            1")'$�y a t= ×   (5) 

�'�"+",$  %�0'3"  )� -"��$  7*  %�&��$  &$7$-*2$,"(  ���  2 0�0',-  2&'0',"  1t  2 - .�  

%&" 4 ��2""  * 5*b b=  "  2!�:+',"'  ���  ,$  "60',',"'  %����',"(  &$7�+'��  �&�$,$  0$8",*  
,'  )���,�  7*��  7*-/ .  

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

�:7�#  0�0',-  2&'0',"  2t , �+'2"),� , +-�  1t > 2t . 

�&"  )&4��#   !�&� -"  %�2�&�-$  1� < � < 2�  2&'0(  1t  "  2&'0(  2t  74)4-  0',(-/ ( , 42'�" -
+"2$-/ (  "�"  40',/8$-/ ( . ��  2 �:7�0   �4+$'  2'&�(-,� -/  ���,*3   &$7$-*2$,"#  74)'-  
2'�"!$ . 

��2$(   3'0$  !�, -&4!1""  &$60';',"(  0$(-,"!�2���  )$-+"!$  ,$  &$0' $2-��&'#)'&$ . 
�$  0�-&"0  2$&"$,- %�)2' !"  )$-+"!$  ,'  «�' -!� » ,$  &$0' !$!  %&",(-�  " %��,(-/ , $ 

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

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

                                                     
1

t

T
1 1y a t a 
 (1 ' )

-

= × - × × -  (6) 


��)$  4&$2,',"'  )�(  2y  %&","0$'-  2") : 

                                 
1

t

T
2 2 2 1
 y y a t a 
 (1 ' )

-
¢+ = × - × × -    (7) 

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

��(  &$  0$-&"2$'0�#  6$)$+" 7�&/7*    %�0'3�#  ",'&1"�,,� -/  � 1 �!$6*2$'-  %��'6 -
,�'  )'# -2"'  40',/8$(  2'&�(-,� -/  ���,*3   &$7$-*2$,"#   " -'0*  6$  +'-   0';',"(  

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

,�#  2&'0',"  1
 . �$%&$8"2$'- (  2*2�) , +-�  %� -�(,,4:  2&'0',"  1
  0��,� , )�(  %�),(-"(  
4&�2,(  %�0'3�4 -�#+"2� -" , 42'�"+"-/ . 	),$!� , )�(  �!�,+$-'�/,���  2*2�)$  ,'�73�)"0�  
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&$  0�-&'-/  2�%&�  2�62&$-$ %�)2"�,�#  +$ -"  (0$(-,"!$ ) %&'�7&$6�2$,"(  2 ,$+$�/,�'  
%����',"'  %� �'  %&'!&$;',"(  )'# -2"(  %�0'3" . 

�&�2')(  0$-'0$-"+' !"#  $,$�"6  4&$2,',"#  0$-'0$-"+' !�#  0�)'�"   " -'0*  0�)'& -
,"6"&�2$,,���  0$(-,"!�2���  )$-+"!$   0*   )'�$�"  2*2�) , +-�   !�&� -/  "  2&'0(  2�62&$-$ 2 

" 3�),�'   � -�(,"'  42'�"+"2$'- (    42'�"+',"'0  %� -�(,,�#  2&'0',"  1
 , "  42'�"+',"'  
''  6,$+"-'�/,�  ,'1'�' ��7&$6,� . �'�73�)"0�  ,$#-"  )&4��'  &'8',"' . 

� �"  )�(  %'&'0',,�#  1y   0';',"'  2%&$2�  � -$2�(��  2'�"+",4  a t× , -�  )�(  %'&'-

0',,�#  2y   � -$2�('-  2'�"+",4  1 2a (T T )× + , - .' . 7��/8'  ,$  2aT . 
 .� . ",-'&2$�  2&'0'," , 2 

!�-�&�0  %�(2�',"'  %�0'3"  6$%&';',�  42'�"+"2$'- (  ,$  %&�0'�4-�!   2t a T= ×�  . � �"  

%&",(-/  1 2T T= , -�  ",-'&2$�  2&'0',"  42'�"+"2$'- (  2 2 &$6$. 9-�-  %����"-'�/,*#  <. -

.'!-  )� -"�,4-  7'6 42'�"+',"(  %� -�(,,�#  1
 , +-�  %����"-'�/,�  )�(  42'�"+',"(  7* - -
&�)'# -2"(  ��� . �&"  "  �')�2$,""  4&$2,',"#  4 -$,�2�',� , +-�   !�&� -/ , $ 6,$+"-  "  2&'-

0(  2�62&$-$ 74)'-  �%&')'�(-/ (  2'�"+",�#  %� -�(,,�#   2T , $ ,'   400*  1 2T T+ . 

$!"0  �7&$6�0 , %&')���',,$(   3'0$  %�62��('-  42'�"+"-/   )2"�  !&"2�#  2%&$2�, ,'  

42'�"+"2$(  (%&" 1 2T T= ) 2&'0',"  2�62&$-$.  9-�  %����"-'�/,*#  <..'!-  ,'   ,"�$:;"#  

7* -&�)'# -2"'  ��� . �   �4+$'  ,'  &$2', -2$  1T  "  2T  %��4+',,*#  <..'!-   �3&$,('- (  %&" 
,'!�-�&�0  "60',',""   ��-,�8',"#  0'�)4   )2"��0  "  2�62&$-�0. 

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

 -/: . 9-�-  %����"-'�/,*#  <..'!-  )� -"�,4-  7'6 42'�"+',"(  %� -�(,,�#  1
 , +-�  %����" -
-'�/,�  )�(  42'�"+',"(  7* -&�)'# -2"(  ��� . 9-�  %�62��"-  4�4+8"-/  !$+' -2�  &'�4�"&� -
2$,"(  %&�1'  $ , 42'�"+"-/  7* -&�)'# -2"'   " -'0* , 6,$+"-'�/,�  40',/8"-/ (  6�,$  ,' -
+42 -2"-'�/,� -" , +-�  %&"2')'-  !  4�4+8',":  !$+' -2$  &$7�- "  %�2*8',":  %&�"62�)" -
-'�/,� -"  7��''  +'0  2 )2$ &$6$. 

 �2
�
23�
 : 
1. �2-��&'#)'&  �� -31-1 (� -557-1) "  '��  0�)"."!$1"" . 
'3,"+' !�'  �%" $,"'  "  ", - -
&4!1"(  %� <! %�4$-$1"" //	&��2 !"#  6$2�) )�&��,*3  0$8", . – 5 .: 	&��2 !�'  %&�"62�)-
 -2',,�'  �7C')",',"'  «��&0$8",$ », 197. – 190 . 
2. 5'�/,"!�2  � . � . 
'�&"(  $2-�0$-"+' !���  4%&$2�',"(  -'3,"+' !"0"  �7C'!-$0"  $2-
-�0�7"�'#  "  -&$!-�&�2 . – 5 .: �6)$-'�/ !"#  1',-&  «�!$)'0"( », 2003. – 280  .  

 
���%����  ��������!���"  ����� )�����  �  �'��� ����   

'���$* ���$��  '���'��������  

�,+$&�2$  � . � ., ! .<., ., )�1',-  !$.')&*  �95 ,  
��!��, !"#  � .9 .,  0$�" -&$,-  !$.')&*  �95  

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

+' !���  �6)�&�2�',"(  %&')%&"(-"(  2 !&"6" ,*3  4 ��2"(3  (2�('- (  %�" !  2,4-&',,"3  &'-
6'&2�2 %� 42'�"+',":  %&"7*�/,� -"  %&�"62�) -2$  "  )� -"�',":  7'647*-�+,�#  &$7�-*  
6$  +'-  7��''  %��,���  " %��/6�2$,"(  %&�"62�) -2',,*3  0�;,� -'#  %&')%&"(-"( ,  ,"�' -
,"(   '7' -�"0� -" , %�2*8',"(  !$+' -2$  "  !�,!4&',-� %� �7,� -"  %&�)4!1"" , &$1"� -
,$�/,���  " %��/6�2$,"(  0$-'&"$�/,*3 , -&4)�2*3  "  .",$, �2*3  &' 4& �2 ,  �!&$;',"(  
,'%&�"62�)"-'�/,*3  &$ 3�)�2  "  %�-'&/ . 
�$2,�'  2,"0$,"'  )���,�  7*-/  4)'�',�  �&�$," -
6$1"" <!�,�0"+' !���  0'3$,"60$  ",,�2$1"�,,�#  )'(-'�/,� -" , .�&0"&�2$,":  ",,�2$ -
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1"�,,���  %�-',1"$�$  "  '��  <..'!-"2,�04  " %��/6�2$,": . �$6�2*0"  <�'0',-$0"   -&4! -
-4&*  %&�0*8�',,���  ",,�2$1"�,,���  %&�1'  $ , !$�)*#  "6 !�-�&*3  2*%��,('-  �%&')' -
�',,4:  .4,!1": , 2* -4%$:-   .'&$  ��	�� , %&�"62�) -2� , 0$&!'-",� , %�-&'7�',"' . �  
 .'&'  ��	��  ",,�2$1"(   �6)$'- ( , 2  .'&'  %&�"62�) -2$  �,$  -"&$�"&4'- ( , 2  .'&'  0$&-
!'-",�$  "  %�-&'7�',"(  &'$�"64:- (  ''  !$+' -2$ . 

5$&!'-",�  "�&$'-  2$�,4:  &��/  2 )'(-'�/,� -"  �:7�#  !�0%$,""  2 4 ��2"(3  �' - -
!�#  !�,!4&',1""   �2&'0',,���  &*,!$ , -$!  !$!  �,  %�62��('-  4 -$,�2"-/  �%-"0$�/,4:  
26$"0� 2(6/  0'�)4  �&�$,"6$1"'#  "   &')�# , +$ -/:  !�-�&�#  �,$  (2�('- ( . �  ,$ -�(;''  
2&'0(  0$&!'-",�  %�,"0$'- (  !$!  2*&$�',"'  �&"',-"&�2$,,���  ,$  &*,�!  4%&$2�',+' !���  
 -"�(  0*8�',"( , )�(  !�-�&���  3$&$!-'&,*  -2�&+' !"' ,  -$7"�/,*'  "  ,'&')!�  $�&'  "2,*'  
%�)3�)* .  

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

5$&!'-",��2$(  )'(-'�/,� -/  %&')%&"(-"(  2!�:+$'-  2  '7( :  
-  %�$,"&�2$,"'  $  �&-"0',-$  %&�"62�)"0�#  %&�)4!1"" ;  
-  1',��7&$6�2$,"'  (�%&')'�',"'  1',* , !�-�&4:  )���',  6$%�$-"-/ %�!4%$-'�/ , 

+-�7*  %��4+"-/  )$,,*#  -�2$&);  
-  -&$, %�&-"&�2!4  (�%-"0$�/,*'   %� �7*  )� -$2!"  -�2$&�2  %�-&'7"-'�: );  
-  3&$,',"'  "   !�$)"&�2$,"'  %&�)4!1"" ;  
-  �%-�24:  -�&��2�:  (%&�)$�4  -�2$&�2  !�04 -�"7� , !&�0'  !�,'+,*3  %�-&'7"-'�'# );  
-  &�6,"+,4:  -�&��2�:  (%&�)$�4  !�,'+,*0  %�-&'7"-'�(0 );  
-  �7 �4�"2$,"'  %�-',1"$�/,*3  %�!4%$-'�'#  2 -�&��2�0  6$�'  (�!$6$,"'  "0  %�0� -

;"  2 2*7�&'  -�2$&$ "�"  4 �4�"  "   ��-2'- -24:;$(  «�7&$7�-!$ » %�!4%$-'�'# );  
-  !&')"-�2$,"'  (%&')� -$2�',"'  %�!4%$-'�(0  2�60��,� -"  �%�$-"-/  %�!4%!4 2 

-'+',"'  �%&')'�',,���   &�!$  %� �'  %&"�7&'-',"(  -�2$&$ "�"  4 �4�" );  
-  &'!�$04  (7'6�"+,4:  .�&04  �7;',"(    %�-&'7"-'�(0"  +'&'6   &') -2$  0$  �2�#  

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

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

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

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

%&",1"%*:  
-  1'�',$%&$2�',,� -/  2 '3  62',/'2  3�6(# -2',,���  0'3$,"60$  %&')%&"(-"(  ,$  

)� -"�',"'  !�,'+,���  %&$!-"+' !���  &'64�/-$-$ ;  
-  ,$%&$2�',,� -/  ,$  )����2&'0',,4:  %'& %'!-"24 ;  
-  %�)+",',"'  2 '#  )'(-'�/,� -"  %&')%&"(-"(  -&'7�2$,"(0  %�-&'7"-'�( , �7C')" -

,',"'  )'(-'�/,� -"  2 '3  62',/'2  %&')%&"(-"(  2 ')",4:   " -'04 ;  
-  +'-!$(  !��&)",$1"(  2 '3  ,$%&$2�',"#  0$&!'-",��2�#  )'(-'�/,� -" , ,$�"+"'  �7 -

&$-,�#   2(6"  0'�)4  &*,!�0  "  %&')%&"(-"'0 , �"7!�'  %&" %� �7�',"'  !  "60',',":  2,'8 -
,"3  "  2,4-&',,"3  4 ��2"#  ,$  � ,�2'   7�&$  "  �7&$7�-!"  ",.�&0$1"" . 

	 ,�2,$(  %&"+",$ %�2*8',,���  2,"0$,"(  !  ",,�2$1"(0  ,$  &�  "# !"3  %&')%&"-
(-"(3   2(6$,$   -'0%$0"  �
�  "  !&"6" ,*0"  4 ��2"(0"  <!�,�0"!"  – ' �"  �-'+' -2',,*'  
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!�0%$,""  ,'  74)4-  ")-"  2 ,��4   �  2&'0','0 , "3  %&�)4!1"(  2 7�"�$#8''  2&'0(  %��,� -/:  
4-&$-"-   %� �7,� -/  !  !�,!4&',1"" . �*��  2&'0( , !��)$  %�-&'7"-'�(  ",-'&' �2$�$  " !�: -
+"-'�/,�   -�"0� -/  -�2$&$. ��   '��),(  )$�'  ,"6!$(  1',$  ,$  -�2$& ,'  �$&$,-"&4'-  4 %'3$ – 
,'�73�)"0�  2* �!�'  !$+' -2� . �$,''  2 ,$8'#   -&$,'  " %��/6�2$�" /  -��/!�  -'3,����"" , 
%�62��(28"'  %&�2�)"-/  2�  -$,�2�',"'  4+'-$ ,  &$2,"-'�/,�  ,')$2,�  ,$+$�� /  $!-"2,�'  
� 2�',"'  0$&!'-",�$  !$!  -$!�2��� . ��   '��),(  ,4�,�  %��,� -/:  %'&'3�)"-/  ,$  ,�2�'  %�-
!��',"'  %&�)4!1""    $7 ��:-,�#   0',�#  $  �&-"0',-$  2 &$6�"+,*3  �-&$ �(3  %&�0*8 -
�',,� -"  – 7'6 <-���  ,'  74)'-  �7' %'+',$  !�,!4&',-� %� �7,� -/  &�  "# !"3  -�2$&�2 . 

�  &$0!$3 0$&!'-",��2�#  )'(-'�/,� -"  � 4;' -2�('- ( :  
-  �1',!$  %&�"62�) -2',,*3  2�60��,� -'#  %&')%&"(-"(  %� "6��-�2�',":  "6)'�"#  

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

-  �%&')'�',"'  2'&�(-,� -"  " %��/6�2$,"(  "6��-$2�"2$'0���  "6)'�"(  "�"  '��   � -
 -$2,*3  +$ -'#  )�(  &'$�"6$1""  )&4�"0  �&�$,"6$1"(0  ,$  � ,�2'  "64+',"(  %�!4%$-'�/ !���  
 %&� $;  

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

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

-  %�" !  "  "64+',"'  &*,!$  %� -$2;"!�2  ,'�73�)"0*3  0$-'&"$��2 , !�0%�'!-4: -
;"3 , "3  �1',!$    -�+!"  6&',"(  !$+' -2$  "   -�"0� -"  %�!4%,*3  "6)'�"# ,  �6)$,"'  ",.�& -
0$1"�,,�#  7$6* %� -$2;"!�2  "  %�-&'7"-'�'# .  

5$&!'-",��2*'  "  �')�2$,"(  (2�(:- (  2$�,'#8'#  +$ -/:  ,$4+,� - "  �')�2$-'�/ -
 !"3 , %&�'!-,*3 , !�, -&4!-�& !"3  "  -'3,����"+' !"3  &$7�-, !�-�&*'  %&�2�)(- (  %&')-
%&"(-"'0  %&"  �6)$,""  "6)'�"# , �&�$,"6$1""  "3  %&�"62�) -2$  "   7*-$ .  

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

�&�1'   %&"2�'+',"(  %�-',1"$�/,*3  %�!4%$-'�'#  2 0$&!'-",��2�0  $ %'!-'  2 %'&-
24:  �+'&')/  �&"',-"&�2$,  ,$  %&�2')',"'  0$&!'-",��2*3  "  �')�2$,"# . �&"  � 4;' -2�' -
,""  0$&!'-",��2*3  "  �')�2$,"#  )���',   �7�:)$-/ (   " -'0,*#  %�)3�) , !�-�&*#  7$6"-
&4'- (  ,$  �7C'!-"2,� -"  "  -�+,� -" . �&�1'   0$&!'-",��2���  "  �')�2$,"(  2!�:+$'-  
 �')4:;"'  �%'&$1"" : �%&')'�',"'  %&�7�'0* ,  2(6$,,�#    &'$�"6$1"'#  	�� ; %��4+',"'  
%'&2"+,�#  ",.�&0$1"" ; %&�2')',"'  $,$�"6$  2-�&"+,�#  ",.�&0$1""  (2,4-&',,'#  "  2,'8 -
,'# ); %&�2')',"'  $,$�"6$  )$,,*3 , 3$&$!-'&"64:;"3  &*,�!  &$  0$-&"2$'0���  2")$  %&�-
)4!1"" ; .�&0"&�2$,"'  &'!�0',)$1"#  %� &'64�/-$-$0  %&�2')',,���  $,$�"6$ ; " %��/6�2$ -
,"'  &'64�/-$-�2  0$&!'-",��2���  "  �')�2$,"(  2 )'(-'�/,� -"  %&')%&"(-"( . 

�$  0�-&"0  � �7',,� -"  0$&!'-",�$  %&�0*8�',,���  %&')%&"(-"(  ,$  !�,!&'-,�0  
%&"0'&'. �  ,$ -�(;''  2&'0(  0$&!'-",��2$(  )'(-'�/,� -/  ,$  %&')%&"(-""  			   «��
5 » 
� 4;' -2�('- (  )240(  %�)&$6)'�',"(0" : �-)'�  0'�)4,$&�),*3  %&�'!-�2  "  �-)'�  %&�)$� .  

�   2�'#  )'(-'�/,� -"  �-)'�  0'�)4,$&�),*3  %&�'!-�2  &4!�2�) -24'- (   4 -$2�0  
			  «��
5 », 6$!�,$0"  �� , %� -$,�2�',"(0" , !�,-&$!-$0" , 6$!�:+',,*0"    ",� -&$, -
,*0"  !�,-&$�',-$0" , %&"!$6$0" "  4!$6$,"(0"  &4!�2�) -2$  			  «��
5 », $ -$!�'  %&$2"-
�$0"  "  ,�&0$0" , %&",(-*0"  2 0'�)4,$&�),�#  %&$!-"!'  2,'8,'<!�,�0"+' !�#  )'(-'�/ -
,� -" , ,$ -�(;"0  %����',"'0 , )���,� -,*0"  ", -&4!1"(0"   �-&4),"!�2  �-)'�$  "  )� -
!40',-$0"  �5� . 

	-)'�  0'�)4,$&�),*3  %&�'!-�2  6$,"0$'- (  2,'8,' -<!�,�0"+' !�#  )'(-'�/,� -
 -/: ,  2(6$,,�#    � 4;' -2�',"'0  2$�:-,*3  <! %�&-,� -"0%�&-,*3  �%'&$1"# "  !�,-&� -
�'0  6$ &'$�"6$1"'#  !�,-&$!-,*3  4 ��2"# , ",�','&",��2*3 ,  !�,/:!-4&,*3  &$6&$7�-�!, 
%&')� -$2�',"'0  !�, 4�/-$1"#  ",�."&0$0 , �!$6*2$'0*3  			  «��
5 », %&�-�!��/,*0  
�7' %'+',"'0  %'&'��2�&�2 , %'&'2�)+' !�#  )'(-'�/,� -/: . 
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�,$�"6  0$&!'-",��2�#  )'(-'�/,� -"  %&')%&"(-"(  %�62��('-  2*)'�"-/   �')4:;"'  
.4,!1"" , 2*%��,('0*'  &$  0$-&"2$'0*0"   -&4!-4&,*0"  %�)&$6)'�',"(0"  			  «��
5 ». 

�4,!1"" , � 4;' -2�('0*'  �-)'��0   0'�)4,$&�),*3  %&�'!-�2 : 
- � 4;' -2�',"'  <! %�&-,� -"0%�&-,*3  �%'&$1"#   ."&0$0"  6$&47'�,*3   -&$,  "   � -

20' -,*0"  %&')%&"(-"(0" ; 
- $,$�"6  "0%�&-,*3  6$!4%�!, �%&')'�',"'   ,$"7��''  2*��),*3  %� -$2;"!�2 ; 
- %�)��-�2!$  ,'�73�)"0*3  " 3�),*3  )�!40',-�2  "  0$-'&"$��2  )�(   � -$2�',"(  "  

6$!�:+',"(  )���2�&�2    6$&47'�,*0"  %$&-,'&$0", 4+$ -"'  2 "3  6$!�:+',""  "   �%&�2��)' -
,"" ; 

- � 4;' -2�',"'  !�,-&��(  6$  " %��,',"'0  6$!�:+',,*3  )���2�&�2    6$&47'�,*0"  
%$&-,'&$0",  2�'2&'0',,� -/:  �%�$-*  %� -$2;"!$0 , 2*%��,',"'  ",*3  4 ��2"#  )���2�&�2 ; 

- � 4;' -2�',"'  !�,-&��(  6$  2�'2&'0',,� -/:  %&"3�)$  *&/(  �-  6$&47'�,*3   %�-
 -$2;"!�2  ,$   !�$) ;  

- �&�$,"6$1"(  &$7�-*  %� %&�1')4&$0, 0'-�)$0   "  .�&0$0  &$7�-*       %� -$2;"!$0"  
)�(  %&"�7&'-',"(  0$-'&"$�/,� --'3,"+' !"3  &' 4& �2  -&'74'0���   !$+' -2$ ;  

- �&�$,"6$1"(  &$7�-*  %� 4+$ -":  2 0'�)4,$&�),*3  2* -$2�+,*3  0'&�%&"(-"(3 , 
-',)'&$3 ; 

- 4+$ -"'  2 &$7�-'  %� 4&'�4�"&�2$,":  :&")"+' !"3  26$"0,*3  %&'-',6"#  %� 47*-!$0  
"  4;'&7$0 , 2*(2"28"0 (  2 %&�1'  '  2,'8,'<!�,�0"+' !�#  )'(-'�/,� -" ; 

- %�)��-�2!$  "  4+$ -"'  2 %'&'��2�&$3    6$&47'�,*0"   ."&0$0" ; 
- �&�$,"6$1"(  2 4 -$,�2�',,�0  %�&()!'  %&"'0�2  %&') -$2"-'�'#  6$&47'�,*3  "  &� -

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

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

-'�/,� -" ; 
-  � -$2�',"'  '�'0' (+,*3  �-+A-�2  %� -$0��',,*0  %�$-'�$0  "  4+$ -"'  2  � -$2�' -

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

!�,/:!-4&*  &*,!$ ,  %&� $ ,$  %&�)4!1":  "   2�'2&'0',,�#  %� -$2!"  %&�)4!1""  %�-&'7" -
-'�:  2 %��,�0  �7C'0'  "  ,$)�'�$;'��  !$+' -2$  2  ��-2'- -2""    6$!�:+',,*0"  )���2�&$ -
0"  "  6$!$6$0",  %4-'0 "  �')�2$,"(  %�-&'7"-'�/ !"3   2�# -2  %&�"62�)"0�#  %&�)4!1""  "  
%&')C(2�('0*3  !  ,'#  %�!4%$-'�(0"  -&'7�2$,"# , "  �')�2$,""  .$!-�&�2 , �%&')'�(:;"3  
 -&4!-4&4 "  )",$0"!4  %�-&'7"-'�/ !���   %&� $ ,$  %&�)4!1":  %&')%&"(-"( , !�,C:,!-4&*  
&*,!$ ; "64+',""  "  4%&$2�',""  2,'8,"0"  "  2,4-&',,"0"  .$!-�&$0" , �!$6*2$:;"0"  
2�"(,"'  ,$  %�-&'7"-'�/ !"#   %&� ; 

2) %�$,"&�2$,"'   &'$�"6$1""  "  �-�&46!"  %&�)4!1"" : 
-  2�'2&'0',,$(  %� -$2!$ %&�)4!1""  !$�)�04  %�-&'7"-'�:  2 %��,�0  �7C'0' , 6$-

)$,,�0  $  �&-"0',-'  "  ,$)�'�$;'��  !$+' -2$  2  ��-2'- -2""    6$!�:+',,*0"  )���2�&$ -
0"  "  6$!$6$0"; 

- 4+$ -"'  2  � -$2�',""  %�$,�2  %&�"62�) -2$  "  &'$�"6$1""  %&�)4!1""  2 ,$-4&$�/ -
,�0  "  )','�,�0  2*&$�',"" ; 

- �&�$,"6$1"(  &$7�- %� �-�&46!'  ��-�2�#  %&�)4!1""  "  �.�&0�',":  )�!40',-$1"" , 
 2(6$,,�#    �-�&46!�# ; 

- !�,-&��"&4'-  2*%��,',"'  )���2�&,*3  �7(6$-'�/ -2  %�  &�!$0 , �7CA04, ,�0',! -
�$-4&' , !�0%�'!-,� -"  "  !$+' -24 , &'$�"64'0�#  %&�)4!1"" ; 

- "6* !"2$'-  ,$"7��''  &$1"�,$�/,*'  2")*  �-%&$2!" %&�)4!1""  %�-&'7"-'�(0 ,  � -
�-2'- -24:;"'   �!&$;',":  -&$, %�&-,*3  &$ 3�)�2 , 4 !�&',":  %&�)2"�',"(  �&46�2 "  
�"!2")$1""  ,'&$1"�,$�/,*3  %'&'2�6�! ; 
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- �&�$,"64'-  <..'!-"2,4:   7*-�24:  )'(-'�/,� -/  %&')%&"(-"(  %4-A0 %� -�(,,���  
 ,"�',"(  6$%$ �2 ��-�2�#  %&�)4!1"" , 4)'8'2�',"(   -�"0� -"   7*-�2*3  �%'&$1"# "  4 -
!�&',"(  �7�&$+"2$'0� -"  �7�&�-,*3   &') -2 ; 

3) &'�4�"&�2$,"'   26$"0��-,�8',"#    %�-&'7"-'�(0" , 2')',"'  %'&'%" !"  "  %&"'0 
%&') -$2"-'�'#  %� 2�%&� $0 %� -$2!"  %&�)4!1""  "  &$ +'-�2    ,"0" ; 

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

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

6) �&�$,"6$1"(   &$7�- %� $,$�"64   4)�2�'-2�&',,� -"  %�-&'7"-'�'# . 
7) 2*%��,',"'  -&'7�2$,"#   " -'0*  0',')�0',-$  !$+' -2$ . 
�+"-*2$(   %'1"."!4  %&�)4!-�2 , 2*%4 !$'0*3  "  &'$�"64'0*3  %&')%&"(-"'0 , $ -$!  

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

-  �&4%%$ 7'6$ 7' -�2*3  0$-'&"$��2 ; 
-  �&4%%$ ,'-!$,*3  0$-'&"$��2 ; 
-  �&4%%$ -'3,"+' !"3  -!$,'# . 
-  �  4+'-�0  -��� , +-�  			  «��
5 » �7�$)$'-  %&��&'  "2,�#  -'3,����"'#  %&�"6-

2�) -2$  "  22')',,*'  %&�"62�) -2',,*'  0�;,� -"  ,'  "0':-  $,$����2  2 ��  ""  "   -&$,$3 
��
 , %&')%&"(-"'  ,$3�)"- (  2 ,$"7��''  2*��),*3  4 ��2"(3  )�(   �6)$,"(  %&�)4!1"" , 
%&�2')',"(  ",,�2$1"#    1'�/:  4�4+8',"(  %&�)4!-$, !$,$��2  %&�)2"�',"(  %&�)4!1""  ,$  
&*,�! , 0$&!'-",�$ , 4%&$2�',"( , %&�"62�) -2$ .  

-  �  !$+' -2'   -&$-'�""  !�,!4&',1""  			  «��
5 » 1'�' ��7&$6,�  %&�2�)"-/  %�-
�"-"!4  )"..'&',1"$1""  "  !�,1',-&$1"" . ���"-"!$  )"..'&',1"$1""  6$!�:+$'- (  2 %&"-
)$,""  2*%4 !$'0*0  %&�)4!-$0  4,"!$�/,*3   2�# -2 . �-$2!$  )'�$'- (  ,$  -$!"'  3$&$!-'&" -
 -"!" , !$!  !$+' -2�  "   &�!  <! %�4$-$1""  %&�)4!-$,  '&2" , �$&$,-"( , "0")� , 0$&!$, !$,$ -
�*  %&�)2"�',"(  ,$  &*,�! . �&"  <-�0  %�!4%$-'�/  ��-�2  �%�$+"2$-/  ,$)7$2!4  6$ )$,,*'  3$-
&$!-'&" -"!" . ���"-"!$  )"..'&',1"$1""  )���,$  %&�2�)"-/ (  ,$  � ,�2'  " %��/6�2$,"(  
-2�&+' !"3  &' 4& �2 , 0$&!'-",�$ , ,$4+,� -"  �')�2$-'�/ !"3  "  �%*-,� -!�, -&4!-�& !"3  
&$6&$7�-�!. ���"-"!$  !�,1',-&$1""  %&�2�)"- (  6$  +'-  %'&',' ',"(  $!1',-�2  ,$   '�0',-  
&*,!$  "  �'��&$."+' !4:  6�,4 .  
�"-'&$-4&$ : 
1. 
�,+$&�2$  � .� . �%&$2�',"'  �&�$,"6$1"'#  &$7�- %� %&��,�6"&�2$,":  -'3,"+' !"3  "  
%&�"62�) -2',,*3  &'8',"#  &$62"-"(  &'),"3  ��&�)�2  ��  ""  / � . � . 
�,+$&�2$ , � . � . 

�,+$&�2$  // 
�   7�&,"!' : �$62"-"'   &'),"3  ��&�)�2 : 6$0* '� , 0�)'�" , %&$!-"!$ 5$-'&"$�*  III 5'�)4 -
,$&�),�#  ,$4+,� -%&$!-"+' !�#  !�,.'&',1"" . 2015. � . 245-250. 
2. 
�,+$&�2$  � .� . ��,1'%1"(  ",,�2$1"�,,���  %�-',1"$�$  %&�0*8�',,���  %&')%&"(-"(  
3"0"+' !�#  �-&$ �"  2 �7�$ -"  "0%�&-�6$0';',"(  / � . � . 
�,+$&�2$ , � . � . 5')2')'2$ , 
� .5 . �"�,(! , � . � . 
�,+$&�2$ , � .9 . ��!��, !"#  // �   7�&,"!' : �$62"-"'   &'),"3  ��&�)�2 : 
6$0* '� , 0�)'�" , %&$!-"!$ 5$-'&"$�*  III 5'�)4,$&�),�#  ,$4+,� -%&$!-"+' !�#  !�,.' -
&',1"" . 2015. � . 272-280.  
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����  (������������  ����� )�����  �'��� ��%����&   
����������  '���'������  ���  '��)  �����*�����������  (���� -

��������  �'��� ����  �  '�����������  
�4-46�2$  � .� ., 9!�2$  � .� . 

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

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

2',,� -/  "   $0� -�(-'�/,� -/  %&')%&"(-"# 2 2*&$7�-!'  "  %&",(-""  4%&$2�',+' !"3  &'-
8',"#  %� �7' %'+',":  <..'!-"2,� -"  "3  )'(-'�/,� -" . 9..'!-"2,� -/  %&�"62�) -2', -
,�# , ",2' -"1"�,,�#  "  .",$, �2�#  )'(-'�/,� -"  %&')%&"(-"(  2*&$�$'- (  2 )� -"�,4-*3  
.",$, �2*3  &'64�/-$-$3 . 	7;"0  .",$, �2*0  &'64�/-$-�0  (2�('- (  2$��2$(  %&"7*�/ . 
�&"7*�/   -$,�2"- (  2$�,'#8"0  �7�7;$:;"0  %�!$6$-'�'0  2  " -'0'  �1',�+,*3  %�!$6$-
-'�'#  <..'!-"2,� -"  %&�"62�) -2',,�# , !�00'&+' !�#  "  .",$, �2�#  )'(-'�/,� -"  %&')-
%&"(-"( .  

��)'&�$,"'  %&"7*�"   � -�"-  2 -�0 , +-�  �,$  �),�2&'0',,�  (2�('- (  .",$, �2*0  
&'64�/-$-�0  "  � ,�2,*0  <�'0',-�0  .",$, �2*3  &' 4& �2  %&')%&"(-"( . �'$�/,�'  �7' %' -
+',"'  %&",1"%$  $0�.",$, "&�2$,"(  �%&')'�('- (  %��4+',,�#  %&"7*�/: . ���(  +" -�#  
%&"7*�" , � -$28'# (  2 &$ %�&(�',""  %&')%&"(-"(  %� �'  4%�$-*  ,$����2  "  )&4�"3  �7(6$-
-'�/,*3  %�$-'�'# , )���,$  7*-/  )� -$-�+,�#  )�(  .",$, "&�2$,"(  &$ 8"&',"(  %&�"6-
2�) -2',,�#  )'(-'�/,� -" , ,$4+,� --'3,"+' !���  "   �1"$�/,���  &$62"-"( %&')%&"(-"( , 
0$-'&"$�/,���  %��;&',"(  &$7�-,"!�2 . 

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

�'0$��2$�,4:  &��/  2 %�2*8',""  2$��2�#  %&"7*�"  "�&$:-   4%&$2�',+' !"'  &$-
7�-,"!"  !�00'&+' !�#   �4�7* , %� !��/!4  2 "3  .4,!1""  23�)"-  &$6&$7�-!$ &$6�"+,*3  
0'&�%&"(-"#  %� %�2*8',":  %&�)4!1"" . ���-2'- -2',,� , &� -  <..'!-"2,� -"  )'(-'�/ -
,� -"  4%&$2�',+' !"3  &$7�-,"!�2  !�00'&+' !�#   �4�7*  0��'-  �-&$6"-/ (  ,$  )",$0"!'  
%&"7*�"  �:7���  %&')%&"(-"( . 

�   2(6"  2�6,"!8'#  %�-&'7,� -/:  )� -"�',"(  &� -$  <..'!-"2,� -"  &$7�-*   � -
-&4),"!�2  !�00'&+' !�#   �4�7* , %&')�$�$'- (  2,')&',"'  %&'0"$�/,*3  2*%�$-   �-&4)," -
!$0  ,$  � ,�2'   400  %�!&*-"( . 

��%&� *  4%&$2�',"(  %&"7*�/: , !$!  ��$2,���  !&"-'&"(  <..'!-"2,� -"  )'(-'�/,� -
 -"  %&')%&"(-"(  6$,"0$:-  ��$2', -24:;4:  &��/  2 �7;'0  %&�1'  '  4%&$2�',"(  %&')%&"-
(-"'0  2 1'��0 .�$6,��7&$6"'  2")�2  %&"7*�"   �6)$'-  6,$+"-'�/,*'  2�60��,� -"  )�(  ''  %�-
2*8',"( . �*(2�',"'  "  4+'-  .$!-�&�2 , 2�"(:;"3  ,$  %&�1'  *  .�&0"&�2$,"( , " %��/6� -
2$,"(  "  %�$,"&�2$,"(  %&"7*�" ,  %� �7,�  6,$+"-'�/,�  4�4+8"-/  !$+' -2�  4!$6$,,*3  
%&�1'  �2 .�$6,��7&$6"'  0'-�)�2  $,$�"6$  %&"7*�"  %&')%&"(-"(  �7' %'+"2$'-  0',')�'&�2  
%&')%&"(-"(  ", -&40',-$0"  )�(  %� �')4:;'#  &$6&$7�-!" &'!�0',)$1"#  )�(  ''  %�2*8' -
,"( . 

�)'$�/,*0  2$&"$,-�0  4 -$,�2�',"(  %&'0"# (2�('- (   �+'-$,"'   �')4:;"3  -&'3 : 
- 6$ ",)"2")4$�/,*'  &'64�/-$-* ; 
- 6$ &'64�/-$-*  &$7�-*  �-)'�$   7*-$ ; 
- 6$ &'64�/-$-*  &$7�-*  %&')%&"(-"(  2 1'��0 . 

����$ ,�  �����',":  �  %&'0"&�2$,""  &$7�-,"!�2  �:)�'-  %&'0"&�2$,"( , !$!  %&$-
2"�� , .�&0"&4'- (  2 %&�1',-$3  �-  �!�$)$  )�(  2 '3  &$7�-,"!�2  %&" 4 ��2""  2*%��,',"(  
!�0%$,"'#  ,'  0',''  100% %&�"62�) -2',,���  %�$,$. 	 ,�2$,"'0  )�(  .�&0"&�2$,"(  '�' -
0' (+,���  %&'0"$�/,���  .�,)$  )�(  2 '3  &$7�+"3 "  '�'!2$&-$�/,���  %&'0"$�/,���  .�,)$  
)�(  2 '3   %'1"$�" -�2  "  &4!�2�)"-'�'#  !�0%$,""  (2�('- (  2*%��,',"'  %&�"62�) -2',,� -
��  %�$,$ 6$ !2$&-$�  (3 '�'0' (+,*3  %�$,$), 4-2'&�)',,���  )"&'!-�&�0 . �&'0"$�/,*#  
.�,)  !�,!&'-,���  &$7�-,"!$  .�&0"&4'- (  2 6$2" "0� -"  �-   " -'0*  %�!$6$-'-
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�'# .	 ,�2,*0"  %�!$6$-'�(0"  )�(  2*%�$-*  %&'0""  &$7�-,"!$0 , (2�(:- ( : 
- �1',!$  !$+' -2$  %&�)4!1"" ; 
-  �7�:)',"'   $,"-$&,*3  ,�&0 ; 
-  �7�:)',"'  7:)�'-$  6$-&$- %� %&')%&"(-":  "  %�)&$6)'�',": ; 
-  �7�:)',"'   -$,)$&-�2  "�"  2*%��,',"'  1'�'#  &$7�-* . 


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

�   2(6"  2�6,"!8'#  %�-&'7,� -/:  %�" !$  ,�2���  !&"-'&"(  2*%��,',"(  6$)$+ )�(  
,$+" �',"(  %&'0"$�/,*3  )�(  )� -"�',"(  &� -$  <..'!-"2,� -"  &$7�-*   �-&4),"!�2  !�0 -
0'&+' !�#   �4�7*  %&')�$�$'- (  2,')&',"'  %&'0"$�/,*3  2*%�$-   �-&4),"!$0  ,$  � ,�2'  
 400  %�!&*-"( . 


$!"0  �7&$6�0, 6$ 7$64 %&" &$ +'-'  %&'0"$�/,*3  74)'-  26(-$ -$ %��/6$, !�-�&4:  
%&",� "-  %&')%&"(-":  %&�)$�$  %&�)4!-�2  "�"  %&')� -$2�',"'  4 �4� . 9-�  �)",$!�2�  2* -
��),�  %&')%&"(-":  "  &$7�-,"!$0 . 

�&')%&"(-"(  )���,*   !�,1',-&"&�2$-/  4 "�"(  ,$   2�"3  )'# -2"-'�/,�   "�/,*3  
 -�&�,$3 . �0':;"' (  &' 4& *  ,'�73�)"0�  " %��/6�2$-/  7��''  1'�',$%&$2�',,� . 
&'74'- -
 (  7��''   "�/,$(  �&"',-$1"(  &$7�-,"!�2   7*-$  ,$  )�3�),� -/ . 9-�  %&"2')'-  !  +" -!'  %&�-
)4!-�2�#  %&��&$00*. 	%-"0"6$1"(  )�3�),� -"  +$ -�  �6,$+$'-  �),�2&'0',,*#  �-!$6  �-  
�7�&�-$  %� -'0  %&�)4!-$0 , !�-�&*'  ,'  )$:-  )� -$-�+,�#   400*  %�!&*-"( . 

�'0  -' ,''   2(6$,*  %&'0"$�/,*'  2�6,$�&$�)',"(    %&�"62�) -2',,*0  &'64�/-$ -
-�0 , -'0   "�/,''  �,"  2�"(:-  ,$  0�-"2$1":  "  &'64�/-$-*  -&4)$ &$7�-,"!�2  %&')%&"(-"( . 
�&')%&"(-"(   0��4-  -$!�'  �4+8'   ���$ �2*2$-/  6$-&$-* ,$  %'& �,$�  "  &'64�/-$-* , ' �"  
74)4-  �&"',-"&�2$-/ (  ,$  &$ +'-*  ,$  7$6'  400  %�!&*-"( .  

�&"  %'&'3�)'  !  %&'0"$�/,*0  ,$  7$6'  400*  %�!&*-"(  %&" &$ +'-$3 ,'�73�)"0�  
" 3�)"-/  "6 -��� , +-�   �-&4),"!  )���',  6$&$7$-*2$-/ %� !&$#,'#  0'&'  ,'  0',/8' , +'0  &$-
,'' . �$  %&$!-"!'  �7*+,�  �!$6*2$'- ( , +-�  %&" ,�2�#   " -'0'  �,  ,$+",$'-  %��4+$-/  7��/ -
8' , %� !��/!4  6$",-'&' �2$,  .�& "&�2$-/  %&�)$�4  7��''  )�3�),*3  %&�)4!-�2 . 

	 ,�24  )�(  &$ +'-$ 2�6,$�&$�)',"#   � -$2�('-   400$  %�!&*-"( , %�62��(:;$(  
�4+8'  !�,-&��"&�2$-/  &'64�/-$-*  ,$  %&')%&"(-"" .  

� �"   �-&4),"!"  %&')%&"(-"(   0��4-  �!$6*2$-/  %&(0�'  2�6)'# -2"'  ,$  �7�&�-  "  
�%&')'�',,*'  6$-&$-*, -�  %&"0',',"'   " -'0*  �%�$-*  -&4)$ ,$  7$6'  400  %�!&*-"(  1'�' -
 ��7&$6,� .  

�&')%�+-"-'�/,� -/  0'-�)$  &$ +'-$  400  %�!&*-"(  6$!�:+$'- (  2 -�0 , +-�  %&')-
%&","0$-'�"  7��/8'  ,'  -&'74:-  2* �!�#  2*&4+!"    �7�&�-$  %� �-)'�/,*0  %&�)4!-�2*0  
�&4%%$0, �%&')'�',,*0  �7�$ -(0  %&�)$�  "�"  ,'!�-�&*0  �&4%%$0 !�"',-�2 . �   ��- -
2'- -2""    <-"0  0'-�)�0  "6 2'�"+",*  2*&4+!"    �7�&�-$  2*+"-$:-   ��-2'- -24:;"'  %'-
&'0',,*'  6$-&$-*. ���4+$:-   4004  %�!&*-"( , !�-�&$(  3$&$!-'&"64'-  )�3�),� -/  %&�)4!-
-�2*3  �&4%%, �7�$ -'#  %&�)$�"  "  �&4%% !�"',-�2 . �&�1',-,$(  )��(   400*  %�!&*-"(  2 +" -
-�#  2*&4+!'    �7�&�-$  %�!$6*2$'- , !$!�#  2!�$)  �,$  2,� "-  2 %�!&*-"'   %'1"$�/,*3  "  �7;"3  
%� -�(,,*3  6$-&$- "  %��4+',"'  %&"7*�" . 
 ��)2�)(  �7;"'  -��"  %&�2')',,�04  "  �')�2$,": , 0��,�  �-0'-"-/ , +-�  %&" ,$�" -
+""  7�$��%&"(-,*3  4 ��2"#  &$62"-"( %&')%&"(-"( , ��$2,*0  2 2�%&� $3 %�2*8',"(  %&"-
7*�" , )���,�   -$-/   �2'&8', -2�2$,"'  �7;'��  %�)3�)$  !  ''  4%&$2�',": . �,')&',"'  2 
%&$!-"!4  �2&'0',,*3  0'-�)�2  4%&$2�',"(  %&"7*�/:  0��'-  7�$��%&"(-,�  �-&$6"-/ (  
!$!  ,$  �7;"3  .",$, �2*3  &'64�/-$-$3  )'(-'�/,� -"  %&')%&"(-"(  2 1'��0 , -$!  "  ,$  �7;"3  
)�3�)$3  '��  &$7�-,"!�2 . 

 �2
�
23�
 : 
1. ��&�)",$  � .5 ., 9!�2$  � .� . 5'-�)*  4%&$2�',"(  6$-&$-$0", " %��/64'0*'  ,$  &� -

 "# !"3  %&')%&"(-"(3 // ��/0$,$3   �2&'0',,�#  ,$4!"  "  �7&$6�2$,"( . - 2009. - =  3. - � . 
37-39. 
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2. �4!/(,�2  
 .� ., 5$! "0�2$  	 .� ., 9!�2$  � .� . �4-"  %�2*8',"(  <..'!-"2,� -"  
)'(-'�/,� -"  4%&$2�',+' !"3  &$7�-,"!�2  %&')%&"(-"# � . ���� !���  // �   7�&," -
!' : �$62"-"'   &'),"3  ��&�)�2 : 6$0* '� , 0�)'�" , %&$!-"!$ 5$-'&"$�*  III 5'�)4,$&�),�#  
,$4+,� -%&$!-"+' !�#  !�,.'&',1"" . - 2015. - � . 175-179.  

3. 5$! "0�2$  	 .� ., 9!�2$  � .� . �',-$7'�/,� -/  %&�"62�) -2$  !$!  %4-/ !  ",,�2$1" -
�,,�04  &$62"-":  // �%&�7$1"( . - 2015. - =  8 (35). - � . 89-90. 

4. 9!�2$  � .� ., 
4;",$  � .� ., 5"&� ')"  � .� . 5'-�)"!$  %&",(-"(  &'8',"(  �  %�2*-
8',""  <..'!-"2,� -"  0'-�)�2   -"04�"&�2$,"(  "  0�-"2$1""  %'& �,$�$  // �&�7�'0*  <!� -
,�0"!" . - 2010. - =  2. - � . 111-112. 

 
 

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

������  �  �'��� ����  
�"6�,',!�  � .� ., 9!�2$  � .� . 

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

 
'
���
�2�7;  �
�
=�5
  4
  �7�.�54�
  �����
<<4�
  �.
��
0
4�
  

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

�'(-'�/,� -/  �&�$,"6$1""  ,$%&$2�',$ ,$   �!$6$,"'  �� 4)$& -2',,*3  "  04,"1" -
%$�/,*3  4 �4�  ."6"+' !"0  "  :&")"+' !"0  �"1$0 .  

��(   7�&$  "   " -'0$-"6$1"" , 3&$,',"(  ",.�&0$1""  �-,� (;'# (  !  %&�1'  4  %&"'-
04 6$(2"-'�'#  2 �." $3  �� &'' -&$ , %&"0',('- (   �2-�0$-"6"&�2$,,$(  ",.�&0$1"�,,� -
 %&$2�+,$(  " -'0$  26$"0�)'# -2"(    6$(2"-'�(0"  (!&$-!�'  ,$62$,"'  ���� ).  

��-&4),"!"  �� &'' -&$    %�0�;/:   �2-�0$-"6"&�2$,,�#  ",.�&0$1"�,,�#   " -' -
0*  � 4;' -2�(:-  %&"'0 "  2*)$+4  )�!40',-�2 , %&�2�)(-  �� 4)$& -2',,4:  &'�" -&$1":  
%&$2 "  ��&$,"+',"#  ,$  �7C'!-*  ,')2"�"0� -" , 2,� (-  &$6,���  &�)$   �4�'7,4:  ",.�&0$ -
1":  �7  $&' -$3  "  %&')4%&'�)',"(3   2 ')",4:  7$64 )$,,*3 .  

�&��&$00,*#  %&�)4!-  " %��/64'- (    2010 ��)$ . �'�4�(&,�  %&�" 3�)(-  �7,�2�' -
,"(  %&��&$00*, ,'  ,$&48$:;"'  &$7�+'��  %&�1'  $ . 

�  -'!4;'0  ��)4  2 �� &'' -&'   -$&-4'-  %&�'!-  %� �7C')",',":  7$6 )$,,*3  )243 
�2-�0$-"6"&�2$,,*3  ",.�&0$1"�,,*3   " -'0  - 
��  "  �
�� , 2 1',-&$�"6�2$,,*'  7$6* 
)$,,*3  �)",���  �� 4)$& -2',,���  &'' -&$  �7C'!-�2  ,')2"�"0� -"  (�
�	� ).  

	7C')",',,$(  7$6$ �
��  74)'-   �)'&�$-/  ",.�&0$1":  !$!  �   $0"3  �7C'!-$3  ,' -
)2"�"0���  "04;' -2$ , -$!  "  �  6$&'�" -&"&�2$,,*3  ,$  ,"3  %&$2$3. ��: �0  ,�2�#   " -' -
0*   -$,'-  ''  4%&�;',"' : 20' -�  2*%��,',"(  )243 )'# -2"#  !$)$ -&�2���  4+'-$  �7C'!-$  "  
&'�" -&$1""   $0���  %&$2$ ,$  �7C'!-  %� �-)'�/,� -" , )� -$-�+,�  74)'-  �),���  )'# -2"( .  

�   2(6"    %� -�(,,*0"  2��,',"(0"  2 %��"-"+' !�0  ,$ -&�',""  �� 4)$& -2  6$%$)$ 
"  42'�"+',"(  &$6,���  &�)$   $,!1"#  2  ,$ -�(;''  2&'0(  22�)"0*3  2 �-,�8',""  ��  "" , 2 
�� &'' -&'    +"-$:-  ,'�73�)"0�#  6$0',4  %&��&$00,���  �7' %'+',"(  $0'&"!$, !���  %&�-
"62�) -2$ , !�-�&�'   '#+$  " %��/64'- (  �&�$,"6$1"'# .  

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

�&�%&"'-$&,�'  %&��&$00,�'  �7' %'+',"'  (�-  $,��"# !���   proprietarysoftware; �-  
proprietary — +$ -,�' , %$-',-�2$,,�' ; "  software — %&��&$00,�'  �7' %'+',"' ) – <-�  $2-
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-�& !�'  %&��&$00,�'  �7' %'+',"' . � 3�),*'  -'! -*  -$!"3  %&��&$00 6$!�)"&�2$,*  � � -
7*0  (6*!�0  "  2�$)'�/1*  7'&'�4-  "3 , !$!  ��2�&"-/ (  «!$!  6',"14  �!$ », 7'&4-  6$ !$�)4:  
!�%":  �"1',6"�,,*'  �-+" �',"( . �&$2��7�$)$-'�/   �3&$,('-  0�,�%��":  ,$  '��  " %��/ -
6�2$,"'  6$  �7�# , $ <-�  2 %��,�#  0'&'  "  +$ -"+,�  ��&$,"+"2$'-  '��   !�%"&�2$,"(  "�"  %&�-
2')',"'  &$7�-*  %� '��  0�)'&,"6$1""  "�"  0�)"."!$1""  7'6  ���$ "(  $2-�&$ "�"  %&$2��7-
�$)$-'�( . 

�2�7�),*0"   %&",(-�  ,$6*2$-/  %&��&$00*, !�-�&*'  2 �-�"+"'  �-  %&�%&"'-$&,*3, 
&$ %&� -&$,(:- (   %�)  2�7�),*0"  �"1',6"(0" . ��7 -2',,"!"   2�7�),*3  %&��&$00 "  
%&��&$00,*3  !�0%�,',-�2  %� !$!"0  -�  %&"+",$0 ,'  7'&4-   %�$-*  6$ "3  " %��/6�2$,"' . 
�;A  �)",  %�:   2�7�),*3  %&��&$00 -$!  �'  2 -�0 , +-�  "3  0��,�  4 -$,$2�"2$-/  ,$  �:7�'  
!��"+' -2�  &$7�+"3  -$,1"# , !�%"&�2$-/  "  &$ %&� -&$,(-/  ,'��&$,"+',,� . � -/  2�60�� -
,� -/  %&�+-',"(  "3  !�)$ , '��  "60',',"(  "  0�)"."!$1"" . �  )$�/,'#8'0  0��,�  )$�'  %&�-
)$-/  %&�)4!-  ,$   2�7�),�#  � ,�2' . 	),$!�  6$%&';',�  " %��/6�2$,"'   2�7�),���  !�)$  2 
%&�%&"'-$&,*3 %&��&$00$3 "  4)$�(-/  "0',$  $2-�&�2  &$6&$7�-$28"3 '�� . 

��  %&')2$&"-'�/,*0  �1',!$0  <! %'&-�2  %&�%&"'-$&,�'   " -'0,�'  %&��&$00,�'  
�7' %'+',"'  " %��/64'0�'  ,$   '&2'&,�0  �7�&4)�2$,""  �� &'' -&$  74)'-  6$0',',�  7'6 
� �7*3  %&�7�'0 . �$%&"0'& , Microsoft  0��,�  6$0'-/  ,$   2�7�),�'   %&��&$00,�'  �7' %' -
+',"'  &$6&$7�-$,,�'  ,$  7$6' Linux. 

�  2")4  6$%�$,"&�2$,,���  %&�'!-$  %� �7C')",',"(  )243 7$6 )$,,*3  2 �7;4:  �)" -
,���  �� 4)$& -2',,���  &'' -&$  ,')2"�"0� -"  (�
�� ) %�-&'74'- (  6$0',$   " -'0*  4%&$2-
�',"(  7$6$0" )$,,*3  (20' -�  Oracle &$  0$-&"2$'- (  PostgreSQL), %�$-.�&0*  )�(  2"&-
-4$�"6$1""  (20' -�  VMWare &$  0$-&"2$'- (  Xen),  '&2'&  %&"���',"#   Java (20' -�  
Windows %'&'3�)  ,$  JBoss "�"  Tomcat), ",-'�&$1"�,,$(  8",$  "  )&4�"'  !�0%�,',-* . 

��5
�4�:
6��  B����3
2��3
<;=  �4/��<
6��44;=  ���2
<  
�$  %&"�7&'-',"' , 4 -$,�2!4  "  22�)  2 <! %�4$-$1":   '&2'&,���  �7�&4)�2$,"(  "  0$-

-'&"$�/,*3  6$%$ �2 )�(  ,4�)  �%&$2�',"(  �')'&$�/,�#   �4�7*  �� 4)$& -2',,�#  &'�" - -
&$1"", !$)$ -&$  "  !$&-��&$.""  %� ������&$) !�#  �7�$ -"  %�$,"&4'- (  1'�' ��7&$6,�  6$-
-&$-"-/  3 465 -* (+  &47�'# . 

�-�"0� -/  2!�:+$'-  )� -$2!4 ,  7�&!4  "  0�,-$�  �7�&4)�2$,"( , 4 -$,�2!4  "  ,$ -
 -&�#!4  %&��&$00,���  �7' %'+',"( , $ -$!�'  2 '  �7(6$-'�/,*'  ,$����2*'  "  -$0��',,*'  
%�$-'�" , 2!�:+$(  ���  18% (
$7�"1$  1). 

 

$7�"1$   1. �-�"0� -/  �7�&4)�2$,"(   

�$"0',�2$,"'  ��� -2� , 8- . �-�"0� -/ , &47. 
�'&2'&  (46'�  4%&$2�',"( ) 1 2 591 660 
�'&2'&  (2*+" �"-'�/,*#  46'� ) 1 769 400 
�' -!"#  )" !  1 104 610 
  3 465 670 

 
�  &'64�/-$-'  %&�2')',,*3  &$7�-  4;' -2',,�  42'�"+"- (  2*+" �"-'�/,$(  0�; -

,� -/  "  �7CA0 3&$,',"(  )$,,*3 . ��(2"- (  2�60��,� -/  �A�!���  ,$&$;"2$,"(  A0!� -"   
 �4+$'  ,'�73�)"0� -" , "�"  0$ 8-$7"&�2$,"(  �7�&4)�2$,"( . 

��5
�4�:
6��  
�=�74���  =�
4
4��  5��3<
42�7  
�&3"2,�'  3&$,',"'  )�!40',-�2  (2�('- (  �7' %'+"-'�/,*0 , 2 %�0��$-'�/,*0  %&�-

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

�  4 ��2"(3  ���7$�/,���  %'&'3�)$    740$�,���  ,$  <�'!-&�,,*#  )�!40',-��7�&�-  
%&�7�'0$  $&3"2,���  3&$,',"(   -$,�2"- (  7��''  $!-4$�/,�# . �   �2&'0',,*3  4 ��2"(3  
3&$,',"'  )�!40',-�2  6$-&$�"2$'- 4�'  ,'  -��/!�  )�!40',-�2')',"' , ,�   -$,�2"- (  "  %'&-
 %'!-"2,*0  ,$%&$2�',"'0  &$62"-"( IT- .'&* . 
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�$ -4%�',"'  ",.�&0$1"�,,�#  <&* "  2 '�7;''  &$ %&� -&$,',"'  %'+$-$:;"3  "  !� -
%"&4:;"3  4 -&�# -2  2 90-3 ��)$3  %&�8����  2'!$  %&"2'��  !  &'6!�04  &� -4  �7&$6�2$,"(  
740$�,*3  )�!40',-�2 . ��2&'0',,�'  &$62"-"'  <!�,�0"!"  "  �� 4)$& -2',,���  4%&$2�',"(  
)$'-  2 '  7��/8'  "  7��/8'  %�2�)�2  )�(  )�!40',-"&�2$,"( . �&�0'  -��� , )� -4%,� -/  "  �- -
,� "-'�/,$(  )'8'2"6,$  !�%"&�2$,"(  "  %'+$-" %&"2�)"-  !  "67*-�+,�04  ,$!�%�',":  ,' -
,4�,*3  )�!40',-�2 . 9-�  %&"2�)"-  !  -�04 , +-�  $&3"2* �&�$,"6$1"#  &$ -4- "   -$,�2(- (  
 '&/'6,�#  %&�7�'0�#  )�(  "3  2�$)'�/1'2  %� %&"+",'  2* �!"3  "6)'&�'!   �)'&�$,"(  "  2' -
)',"( . 	 �7',,�  <-�  !$ $'- (  �� 4)$& -2',,*3  �&�$,�2 , !�-�&*' , !$!  %&$2"��, 2 2�%&� $3 
)'��%&�"62�) -2$  ��&$6)�  7��''  !�, '&2$-"2,* , +'0  +$ -,*#  7"6,' .  

�   " -'0'  �� &'' -&$  %�  � -�(,":  ,$  ":,/  2012 ��)$  )�(  3&$,',"(  )�!40',-�2  2 
 .'&'  !$)$ -&�2���  4+'-$  "  &'�" -&$1""  %&$2 ,$  ,')2"�"0� -/  " %��/6�2$�" /  $&3"2�-
3&$,"�";$  �7;'#  %��;$)/:  234,5 -* . 02. ��2�!4%,$(  +" �',,� -/   �-&4),"!�2 , �7 �4 -
�"2$:;"3  )$,,*'  3&$,"�";$ ,  � -$2�(�$  6,7 -* . +'��2'! . 
��/!�    (,2$&(  2010 ��)$  %� 
":,/  2012 ��)$ , - .' . 2 '��  6$ 2,5 ��)$ , �7;$(  %��;$)/  $&3"2�2 -'&&"-�&"$�/,*3  �&�$,�2  
�� &'' -&$  (2!�:+$(  $&3"2* �%&$2�',"#  %�  47C'!-$0  ��  "  $&3"2* �-)'��2  %� ��&�)$0  "  
04,"1"%$�/,*0  &$#�,$0 ) 2*&� �$  ,$  37%. �$   �)'&�$,"'  $&3"2�2 �� &'' -&$  '�'��),�  
&$ 3�)4'- (  %�&()!$  1 �&) . &47�'# . 

	 ',/:  2013 ��)$  �&$2"-'�/ -2�  ��  "# !�#  �')'&$1""  %� -$,�2�',"'0  �-  10 �! -
-(7&(  2013 = 903 4-2'&)"��  .')'&$�/,4:  1'�'24:  %&��&$004 «�$62"-"'  ')",�#  �� 4)$& -
 -2',,�#   " -'0*  &'�" -&$1""  %&$2 "  !$)$ -&�2���  4+'-$  ,')2"�"0� -"  (2014 - 2019 �� -
)* )», 2  ��-2'- -2""    !�-�&�#  2 -'+',"'  5 �'-  %&')%��$�$'- (  2*)'�"-/  ,$   -&�"-'�/ -2�  
"  &'!�, -&4!1":  $&3"2�3&$,"�";  �� &'' -&$  8,561 0�&) . &47. 

��3&$,',"'  -'!4;'#  %&$!-"!"  $&3"2,���  3&$,',"(  )�!40',-�2    ,'�7&$-"0� -/:  
%&"2')'-  !  %� -�(,,�04  &� -4  &$ 3�)�2  ,$  �7' %'+',"'  -$!���  3&$,',"( . �$%&"0'& , %� 
&$ +'-$0  ���  ��9  %&')%��$�$'0$(  %�-&'7,� -/  2 $&3"2,*3  %��;$)(3  �� &'' -&$  ,$  )' -
 (-"�'-,::  %'& %'!-"24  42'�"+"-/ (    262 -* . 02  2 2013 ��)4  )�  411,5 -* . 02  2 2022 
��)4 [4]. � -' -2',,� , 42'�"+$- (  "  &$ 3�)*  ,$   �)'&�$,"'  -$!"3  $&3"2�2. ��  <! %'&-,*0  
�1',!$0  2 -'+',"'  7�"�$#8"3  10 �'-  &$ 3�)*  ,$   �)'&�$,"'  $&3"2�2 2  " -'0'  �� &'' - -
&$ )���,*  4)2�"-/ ( , )� -"�,42  2 2022 ��)4  1,9 0�&) . &47�'#  2 1',$3  2012 ��)$ . 

�  ,$ -�(;''  2&'0(  %&�7�'0$  %� -�(,,���  %&"&� -$ ,�2*3  $&3"2,*3  )�!40',-�2  "  
,'32$-!"  %�0';',"#  $!-4$�/,$  ,'  -��/!�  )�(   " -'0*  2')�0 -2',,*3  $&3"2�2, ,�  "  )�(  
3&$,"�";  �� $&3"2$ . �')'&$�/,*'  �� 4)$& -2',,*'  $&3"2* 6$%��,',*  %&$!-"+' !"  %�� -
,� -/: : ,$  ,$+$��  2010 ��)$  "6 16 $&3"2�2 8 7*��  6$�&4�',�  ,$  100% "  7��'' , 6 $&3"2�2 
7*�"  6$%��,',*  ,$  90% "  7��'' . �,$���"+,$(   "-4$1"(   ���"�$ /  "  ,$  &'�"�,$�/,�0  
4&�2,' : %�  � -�(,":  ,$  ,$+$��  2010 ��)$  2 19  47C'!-$3  ��  �� 4)$& -2',,*'  $&3"2* 
7*�"  6$%��,',*  ,$  100%, $ ';'  2 25 &'�"�,$3  6$�&4�',,� -/   � -$2�(�$  90% "  7��'' . �  
2008 %� 2012 ��)$  ,$   -&�"-'�/ -2�  6)$,"#  )�(  �� 4)$& -2',,*3  $&3"2�2 "6&$ 3�)�2$,�  1 
0�&) . 123 0�, . &47�'# . 

	 ,�2,�'   �!&$;',"'  �7C'0$  3&$,"0*3  740$�,*3  )�!40',-�2  0��'-  7*-/  )� -
-"�,4-�  6$  +'-  7��/8'��  � 4;' -2�',"(  �%'&$1"# (2 &$0!$3 " %��,',"(  �� 4)$& -2', -
,*3  .4,!1"# , %&')� -$2�',"(  �� 4)$& -2',,*3  4 �4� , � 4;' -2�',"(  ",�#  )'(-'�/,� -" ) 
2 <�'!-&�,,�0  2")' , 2 &$0!$3 !�-�&*3  ,'   �6)$:- (  ,�2*'  740$�,*'  )�!40',-* . 

	%-"0"6$1"(   � -$2$  3&$,"0*3  )�!40',-�2  )���,$  2!�:+$-/  2  '7(  2 � ,�2,*3  
,$%&$2�',"( : �%-"0"6$1"(   � -$2$  2,�2/  %� -4%$:;"3  )�!40',-�2  "  "60',',"'   � -$2$  
4�'  ,$!�%�',,*3  )�!40',-�2 . 

C&'),"#  �7C'0  )'�$  %&$2�4 -$,$2�"2$:;"3  )�!40',-�2 , �7&$64:;'�� (  2 &'64�/ -
-$-'  &'�" -&$1""  %&$2 ,$  ,')2"�"0� -/ , )���',  40',/8"-/ (    30 )�  12 �" -�2  (- .' . ,$  
60%).  

�+"-*2$( , +-�  6$ 2012 ��)  2 �� &'' -&  %� -4%"��  7��''  31,5 0�, . 6$(2�',"#  2  .'&'  
�� 4)$& -2',,�#  &'�" -&$1""  %&$2, 0��,�  )� -"+/  <!�,�0""   �!&$-"2  7�$,!"  6$(2�',"#  
�&$�)$,  )�  �" -$  .�&0$-$  � 4 "  �7C'0  ,'�73�)"0*3  )�(  �� 4)$& -2',,�#  4 �4�"  )�!4 -
0',-�2 .  
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�*%��,',,*'  %&��,�6,*'  &$ +'-*  %�-&'7,� -"  2 $&3"2,*3  %��;$)(3  �� &'' -&$  
%�!$6$�" , +-�  &'$�"6$1"(  �%" $,,*3  2*8'  0'&�%&"(-"#  %�62��"-   �!&$-"-/  %��;$)"  $&-
3"2�3&$,"�";  2 1,5 &$6$. 
$! , %&"  �3&$,',""   .�&0"&�2$28'# (  %&$!-"!"  !�0%�'!-�2$ -
,"( , 3&$,',"(  "  " %��/6�2$,"(  $&3"2,*3  )�!40',-�2  �� &'' -&$  %�-&'7,� -/  2 $&3"2$3 
2�6&$ -'-    -'!4;"3  262 -* . 02 )�  411,5 -* . 02  2 2022 ��)4 . �   �4+$'  �'  &'$�"6$1""  
!�0%�'! $  %&')���',,*3  0'&  2 2022 ��)4  %�-&'74'- (  ,'  7��''  280 -* . 02.  

5'&�%&"(-"(  %� �%-"0"6$1""   � -$2$  3&$,"0*3  &$,''  ,$!�%�',,*3  740$�,*3  )� -
!40',-�2  –  �6)$,"'  <�'!-&�,,���  $&3"2$, (2�(:- (  7��''  6$-&4),"-'�/,*0"  "   2(6$,*    
�1".&�2!�#  $&3"2,*3  .�,)�2  (%� !&$#,'#  0'&' , -'3  "6 ,"3 , !�-�&*'  2� -&'7�2$,*  2 -' -
!4;'#  )'(-'�/,� -" ).  

	7C'0  ,$!�%�',,*3  $&3"2,*3  .�,)�2  �+',/  7��/8�# . �   2(6"    <-"0  �:7*'  &$7�-
-*  2 �-,�8',""  -$!"3  )�!40',-�2   2(6$,*   �  6,$+"-'�/,*0"  !$)&�2*0" , 2&'0',,*0"  "  
.",$, �2*0"  6$-&$-$0". 

�,$+"-'�/,4:  +$ -/  740$�,*3  )�!40',-�2 , %'&'2')',,*3  2 <�'!-&�,,*#  2") , 
0��,�  74)'-  4,"+-��"-/ ,  <!�,�0"2  ,$  "3  3&$,',"" . 

�$  &*,!'  )�2��/,�  0,���  %&')���',"#  %� 2*%��,',":  &$7�-, ,$%&$2�',,*3  ,$  
 �6)$,"'  <�'!-&�,,*3  $&3"2�2, 2!�:+$(  &$7�-*  %� &'-&�!�,2'& ""  )�!40',-�2 . 
$!"'  
&$7�-*  )� -$-�+,�  )�&��� -�(;"' . 
$! , &*,�+,$(  1',$   !$,"&�2$,"(  �),���  �" -$  &$ -
8"-*3  )�!40',-�2  2 +'&,� -7'��0  " %��,',""  2$&/"&4'- (  �-  1 )�  2 &47�'#  6$ �" - . 
�-�"0� -/   !$,"&�2$,"(   8"-*3  )�!40',-�2  2 12'-,�0  " %��,',""  !��'7�'- (  �-  3,5 )�  
8 &47�'#  6$ �" - .  

�  &$ 3�)$0  ,$  �1".&�2!4  )�!40',-�2  ,'�73�)"0�  %&"7$2"-/ 6$-&$-* ,$  %'&'!�0 -
%�'!-�2$,"'  )'� , +-�  ,'0",4'0�  %&"  �&-"&�2!'  $&3"2,*3  )�!40',-�2 . �'&'!�0%�'!-� -
2$,"'  �),���  )'�$ , 2!�:+$:;''  &$67&�8:&�2!4 ,  �&-"&�2!4  23�)(;"3  2 )'��  )�!40',-�2  
"  ,�24:  7&�8:&�2!4 ,  -�"-  �-  165 )�  200 &47�'#  6$ �),4  ')","14  3&$,',"(  [12]. 
$!"0  
�7&$6�0 , %&"2')',"'  2 %�&()�!  "  �1".&�2!$  ,$!�%"28'�� (  2')�0 -2',,���  $&3"2$ (2�( -
'- (  6$-&$-,*0  0'&�%&"(-"'0 .  

�$%&"0'& , %� &$ +'-$0  ���  ��9  2*%��,',"'  &$7�- %� %'&'2�)4  2 <�'!-&�,,*#  
2")  $&3"2�2 �� &'' -&$  �7�#)'- (  .')'&$�/,�04  7:)�'-4  2 17 0�&) . 893 0�, . &47., 2!�: -
+$( 11 0�&) . 555 0�, . &47. &$ 3�)�2  ,$  %'&'!�0%�'!-�2$,"'  )'�  "  6 0�&) . 33 8 0�, . &47. 
&$ 3�)�2  ,$   !$,"&�2$,"' . 

�')'&$�/,�#  1'�'2�#   %&��&$00�# «�$62"-"'  ')",�#  �� 4)$& -2',,�#   " -'0*  &'-
�" -&$1""  %&$2 "  !$)$ -&�2���  4+'-$  ,')2"�"0� -"  (2014 - 2019 ��)* )» %&')'�/,*#  (%&�-
�,�6,*# ) �7C'0  .",$, "&�2$,"(  &$7�- %� %'&'!�0%�'!-�2$,":  "  %'&'2�)4  2 <�'!-&�, -
,4:  .�&04  %&$2�4 -$,$2�"2$:;"3  "  !$)$ -&�2*3  )'�  �� &'' -&$  %&')4 0�-&',  2 &$60'&' 
17, 761 0�&) . &47., &$7�- %�  �6)$,"'  %&��&$00,� -$%%$&$-,�# %�$-.�&0*  3&$,',"(  <�'! -
-&�,,*3  )�!40',-�2  – 1,055 0�&) . &47.  

	7(6$-'�/,*0  4 ��2"'0  %'&'2�)$  $&3"2,*3  )�!40',-�2  �� 4)$& -2',,���  "�"  04-
,"1"%$�/,���  �&�$,$  (�&�$,"6$1"" ) 2 <�'!-&�,,*#  2")  (2�('- (   �6)$,"'  $2-�0$-"6"&� -
2$,,�#  ",.�&0$1"�,,�#   " -'0*  $&3"2,���  3&$,',"(  <�'!-&�,,*3  )�!40',-�2  (���  
��9� ), �7&$6�2$,,*3  2 &'64�/-$-'  23�),���   !$,"&�2$,"(  "�"  &'-&�!�,2'& "" . �$7�-*  
%� ,'%� &') -2',,�04   �6)$,":  -$!�#  ���  )���,*  %&')2$&(-/ (  &$6&$7�-!�# �7;"3  
-&'7�2$,"#  !  �1".&�2!'  )�!40',-�2 , 2!�:+$( :  

- &$6&$7�-!4 .4,!1"�,$�/,*3  -&'7�2$,"#  !  %&��&$00,�04  �7' %'+',":  "  �7�&4 -
)�2$,": , ,'�73�)"0�04  )�(  �1".&�2!"  "  &'-&�!�,2'& "" ;  

- &$6&$7�-!4 -&'7�2$,"#  !  !$+' -24  )�!40',-�2 , %��4+$'0*3  2 <�'!-&�,,�#  .�&0' ;  
- &$6&$7�-!4 -&'7�2$,"#  !  -'3,����"(0 , -'3,����"+' !�04  %&�1'  4  "  �7�&4)�2$ -

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

&�!�,2'& "" .  
�2-�0$-"6"&�2$,,$(  ",.�&0$1"�,,$(   " -'0$  $&3"2,���  3&$,',"(  )���,$  �7' -

%'+"2$-/   " -'0$-"6"&�2$,,�'  3&$,',"'  <�'!-&�,,*3  �7&$6�2 )�!40',-�2 , %&')4 0$-&" -
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2$-/  2�60��,� -/  %�" !$  (2!�:+$(  %�" !  %�  �)'&�$,":  )�!40',-$ ) "  " %��/6�2$,"(  
<�'!-&�,,*3  )�!40',-�2 . �" -'0$  )���,$  �7' %'+"2$-/  2* �!"#  4&�2',/   �3&$,,� -"  
)$,,*3  �-  %�-'&"  "�"  2,' ',"(  2 ,"3  "60',',"# , 2 -�0  +" �'  %4-'0 0,���!&$-,���  &'-
6'&2,���  !�%"&�2$,"(  )$,,*3 , %&"0',',"(  �&�$,"6$1"�,,*3 , $%%$&$-,*3 "  %&��&$00,*3  
 &') -2  6$;"-* . �$6&$7$-*2$'0$(  ���  )���,$  7*-/  ",-'�&"&�2$,$    ",*0"  ",.�&0$1" -
�,,*0"  "  4+'-,*0"   " -'0$0" , " %��/64'0*0"  �� 4)$& -2',,*0  "�"  04,"1"%$�/,*0  
�&�$,�0  (�&�$,"6$1"'# ) 2 -'!4;'#  )'(-'�/,� -" , 2 -�0  +" �'     " -'0�#  <�'!-&�,,���  )� -
!40',-��7�&�-$ . �  -$!�#   " -'0'  )���,*  3&$,"-/ (  ,'  -��/!�  �1".&�2$,,*'  )�!40',-* , 
,�  "  )�!40',-* , !�-�&*'  "6,$+$�/,�  7*�"   �6)$,*  2 <�'!-&�,,�0  2")' . 


$!"0  �7&$6�0 , 0�)'&,"6$1"(  %&$!-"!"  2')',"(  $&3"2�2 �� &'' -&$  )���,$  2!�: -
+$-/  � ,�2$,,*'  ,$  &'64�/-$-$3  %&')2$&"-'�/,���   �7 �')�2$,"(  �%-"0"6$1":   � -$2$  
3&$,"0*3  )�!40',-�2  (%&'�)'  2 '�� , 6$  +'-  %'&'3�)$  ,$  %&'"04;' -2',,�  <�'!-&�,,*#  
)�!40',-��7�&�- ) "  %'&'2�)  +$ -"  3&$,"0*3  )�!40',-�2  2 <�'!-&�,,*#  2") .  

�$!  2"),�  "6 2*8'"6���',,��� , � ,�2,*0  ", -&40',-�0  �%-"0"6$1""  %&$!-"!"  
$&3"2,���  3&$,',"(  )���,*   -$-/  ",.�&0$1"�,,� --'�'!�004,"!$1"�,,*'  -'3,����"" , 
%�62��(:;"'  %'&'2' -"  2 <�'!-&�,,*#  2")  7��/84:  +$ -/  3&$,"0*3  $&3"2,*3  )�!40', -
-�2 . �&') -$2�('- ( , +-�  2&'0(   ��-2'- -24:;"3  ,�2$1"#  2 $&3"2$3 �&�$,"6$1"#  �� 4 -
)$& -2',,���   '!-�&$  %&"8�� , %� !��/!4  <�'!-&�,,���  %&$2"-'�/ -2$    740$�,*0"  $&3"-
2$0" 7*-/  ,'  0��'- . 
�%" �!  " -�+,"!�2  
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[2016].– �'�"0  )� -4%$ : http //www.cnews.ru. 
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�  !$+' -2'  %����"-'�/,*3  -',)',1"#  2 �7�$ -"  4%&$2�',"(  %&�.'  "�,$�/,*0  �74+'," -
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,�#   " -'0*  4%&$2�',"(  %&�.'  "�,$�/,*0  �74+',"'0  %'& �,$�$   �2&'0',,���  %&')-
%&"(-"( .  
�%" �!  �"-'&$-4&*  

1. �4!/(,�2  
 .� ., 5$! "0�2$  	 .� ., 9!�2$  � .� . �4-"  %�2*8',"(  <..'!-"2,� -"  
)'(-'�/,� -"  4%&$2�',+' !"3  &$7�-,"!�2  %&')%&"(-"# � . ���� !���  // �   7�&,"!' : �$62" -
-"'   &'),"3  ��&�)�2 : 6$0* '� , 0�)'�" , %&$!-"!$ 5$-'&"$�*  III 5'�)4,$&�),�#  ,$4+,� -
%&$!-"+' !�#  !�,.'&',1"" . - 2015. - � . 175-179. 

2. 9!�2$  � .� . �7�&,"!  «4+'7,*'  %� �7"( ». �*%4 !  3. �&�,"!"  �7C')",',,���  
.�,)$  <�'!-&�,,*3  &' 4& �2  //  �$4!$  "  �7&$6�2$,"' . - 2015. - =  2 (69). - � . 37. 
 
 

�  ��'����  '� �%����  ������"��!�  ����!�  ������  �  '�������  
'��'��������  (������%����"  ������  �  �'�����  ����  

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

 
9!�,�0"+' !�'  �7&$6�2$,"'  2 �%�&,�0  246' %&') -$2�('-   �7�#  2' /0$  $!-4$�/,4:  

"  �')�2$-'�/ !4:  %&�7�'04 . �7�  � 0* �',"'   %'1"."!"  %�)��-�2!"  <!�,�0" -�2  2 
�%�&,*3  &'�"�,$�/,*3  4,"2'& "-'-$3  )���,�   %� �7 -2�2$-/  )� -"�',":  1'�'2*3  %�!$-
6$-'�'#  0�)'&,"6$1""  �7&$6�2$-'�/,�# , ,$4+,� -"  �')�2$-'�/ !�#  "  ",,�2$1"�,,�#  )'( -
-'�/,� -"  246$. 
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��0%'-',1""  )� -�#,�  %�)��-�2�',,���  2 �%�&,�0  246' !  %&�.'  "�,$�/,�#  )'( -
-'�/,� -"  <!�,�0" -$   -��/  0$ 8-$7,* , +-�  %&') -$2�(:- (  ,$0  4,"!$�/,�#  !�07",$1" -
'#  -&4),�.�&0"&4'0*3   %� �7,� -'# . 9-�  )���',  7*-/   47C'!-  <!�,�0"+' !���  �7&$6$ 
0*8�',"( , � ,$;',,*#  2*)$:;'# (  0$-'0$-"+' !�# , " -�&"+' !�# , �7;' -2�2')+' !�# , 
."�� �. !�# , %$-&"�-"+' !�#  !4�/-4&�#   �6,$,"( , 2�$)':;"#  2 '0  $& ',$��0   �2&' -
0',,���  ' -' -2�6,$,"( , %�6,$,"(0"  2 �7�$ -"  %&��&$00"&�2$,"( , -'3,"!" , -'3,����"" , 
ex post $,$�"6$  )� -�2'&,�#  ",.�&0$1""  �7  <!�,�0"+' !�#  &'$�/,� -"  "  ,$4+,���  %&�-
�,�6,���  0�)'�"&�2$,"( . ��  7$!$�$2& "  (-'0  7��'' ) 0$�" -&  <!�,�0"!"  - <-�  "  (&!"#  
 47C'!-  �"-'&$-4&,� -&"-�&"+' !�#  "  !�004,"!$1"�,,�#  �)$&',,� -" , !�-�&*#  )���',  
�!$6$-/ (   %� �7,*0  "  �')�2$-/  $!-4$�/,�'  2 !�,-'! -'  %&�8����  �%*-$ , �&"',-"&4( /  
%&" <-�0  2 74)4;'' . 9!�,�0" -    7��/8�#  74!2*  �7&'+',   -$-/  6)&$2�0* �(;"0  %&$�0$-
-"!�0 , ,�  �),�2&'0',,�  ,'%&'0',,�  6$%&��&$00"&�2$, 7*-/  �-&'8',,*0  �-  !�&* -"   � -
6")$-'�'0  ,�2���  6,$,"(  �  3�6(# -2�2$,""  2 4 ��2"(3  ��&$,"+',,� -"  &' 4& �2 . 

�-&$-'�"(  %�)��-�2!"   %'1"$�" -$    %�)�7,*0  4&�2,'0  <!�,�0"+' !���  �7&$6�2$-
,"(  ,'  0��'-  7*-/  �!� -','28'#  "   -$,)$&-"6"&�2$,,�# . �$  ,'A , 7'64 ��2,� , 2�"(:-  
2%��,'  %&$!-"+' !"'  -',)',1""  .4,!1"�,"&�2$,"(  <!�,�0"!"   -&$,*  "  &'�"�,$ , $ -$!�'  
1'�/  "  6$)$+" &$62"-"( �%�&,���  4,"2'& "-'-$ . 	- :)$  2*2�) :  -$&-�2�#   %'1"."+' !�#  
+'&-�#  <!�,�0"+' !���  �7&$6�2$,"(  2 �%�&,�0  246' )���',   -$-/  2'!-�&  &$62"-"( -2�&+' -
 !�#  �"+,� -"  74)4;'��  <!�,�0" -$ , �7&'0',',,���  ,'  ��&$,"+',,*0  ,$7�&�0  $7 -&$!- -
,*3  6,$,"# , 4-"�"-$&,*3  40',"#  "   -'&'�-"%,*3  ,$2*!�2 , $ � 2�"28'��  0'-�)*  "  0'-� -
)����":   �1"$�/,���  "  ,$4+,���  %�" !$  "  �-!&*-"(  ,�2��� .  

�*)2"�$(  ,$  %'&2*# %�$, �7&$6�2$-'�/,���  %&�1'  $  ,$4+,�'  "  �')�2$,"'  2 
�%�&,�0  246', ,'2�60��,�  %&')$-/ 6$72',":   �2&'0',,*'  )� -"�',"( , ")'$�/,*'  -'�&' -
-"+' !"'  !�, -&4!1""  "  0�)'�"  2 '��  7��$- -2$  <!�,�0"+' !�#  ,$4!" , %�" !  $&�40',-$ -
1""  "  )�!$6$-'�/,� -"  2*)2"�$'0*3  %����',"# , 2*2�)�2 . �')/  6,$+',"'  <!�,�0"+' !"3  
")'#  2 " -�&""   %� �'),"3  )' (-"�'-"#  0"&�2�#  " -�&""  ��&$6)�  2�"(-'�/,'' , +'0  %&"-
,(-�  )40$-/ . �  <-�  2�"(,"'  &$ %&� -&$,('- (  +'&'6  0*8�',"' , <!�,�0"+' !�'  2� %"-$,"'  
"  2 '  -� , +-�  �%&')'�('-  +'��2'+' !�'  %�2')',"' , '��  0�-"2$1":  "   -"04�* . �  <-�0   0* -
�'  &$60*2$,"'  ���"+' !��� , " -�&"+' !���  "  ", -"-41"�,$�/,���  !�,-'! -$  2 %&'%�)$2$-
,""  <!�,�0"!" ,  0',$  �&-�)�! $�/,���  0$&! "60$   �2'- !���  �7&$61$, ,$  7'6$%'��(1"�, -
,*'  %� -4�$-*  0�,'-$&"60$  %� -%'&' -&�'+,�#  ��  ""  ,'  %&"7�"�$:-  ,$  !  ")'$�4 . �� -
<-�04  %&'%�)$2$-'�/  <!�,�0"+' !�#  ,$4!"  2 �%�&,�0  246' )���',  %&'2&$-"-/ (  "6 
&'-&$, �(-�&$  -"&$�"&�2$,,���  <!�,�0"+' !���  6,$,"(  2 «" !4 "-'�( », $!-"2,�  2�2�' -
!$:;'��   -4)',-$  2 %&�1'   %��4+',"(  ,' '&"#,���  ,�2���  <!�,�0"+' !���  6,$,"(  "  &'-
8',"(  "  �')�2$-'�/ !"3  6$)$+ 2 �7�$ -"  3�6(# -2�2$,"( . ���  �','&$�/,$(  6$)$+$ -  �&" -
',-"&�2$-/   -4)',-$  2 0"&'  ,'�73�)"0*3  6,$,"# , %�)��-�2"-/  0���)���  +'��2'!$  2 %�$,'  
&$62"-"( '��  -2�&+' !���   �6")$-'�/,���  ,$+$�$ . 

�&"2')'0  %&"0'& %��4+',"(  ,�2���  2*2�),���  6,$,"(  2 3�)'  $4)"-�&,���  6$,(-"( , 
%� 2(;',,���  "64+',":  <!�,�0"+' !"3  �-,�8',"#   �7 -2',,� -"  2  �2&'0',,�0  �7;' -
 -2'  %� )" 1"%�",'  «9!�,�0"+' !$(  -'�&"( ». �-4)',-$0 , �7C')",',,*0  2 0$�*'  "  �' -
)�2$-'�/ !"'  !���'!-"2* , 7*��  %&')���',�  %&'%�)$2$-'�'0   $0� -�(-'�/,�   .�&0"&� -
2$-/  %�6"-"2,�'  6,$,"'  �   �7 -2',,� -"  !$!  %&')0'-'  <0�1"# ,  "0%$-"#  "  $,-"%$-"#  ,$  
� ,�2'  2*%��,',"(  %&�'!-,���  6$)$,"( . �  &'64�/-$-'  )" !4  ""  "   " -'0$-"6$1""  %��4-
+',,*3  ,' '&"#,*3  6,$,"#   -4)',-$0  4)$�� /   )'�$-/   �')4:;"'  &'6:0"&4:;"'  2*2� -
)* . 

�� -%'&2*3, �-,�8',"(   �7 -2',,� -"   2(6$,*    +42 -2$0" , �&"',-"&�2$,*  ,$  %�-
���"-'�/,*#  "�"  �-&"1$-'�/,*#  %��:  "  6$-&$�"2$:-  &()  �%%�6"1"#: 6��#  – )�7&*# , 
�&(6,*#  – +" -*# , �-2&$-"-'�/,*#  – %&'!&$ ,*# , ,'' -' -2',,*#  – ' -' -2',,*# , $,� -
0$�/,*#  – ,�&0$�/,*# , %$&$)�! $�/,*#  – ���"+,*# , "&&$1"�,$�/,*#  – &$1"�,$�/,*# .  

�� -2-�&*3 , �&"�",$�/,� -/  �1',�! , &$6�"+"(  2 «1',,� -,�0 » 26��()'  ,$  0"&   �4 -
�"-  0',-$�/,*0  2�)�&$6)'��0 , �-�"+$:;"0  %&') -$2"-'�'#  &$6,*3  �1"40�2  )&4�  �-  
)&4�$. �'!-�&  1',,� -"   �7 -2',,� -"  2�  0,���0  �%&')'�('- (  %&",$)�'�,� -/:  !  %�!� -
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�',+' !�# , %���2�#  "  )�3�),�#  �&4%%$0. �  26&� �*3  %&'�7�$)$'-   �)'&�$-'�/,*#  %�)3�)  
!  -&4)4 "  !$%"-$�4 !$!  " -�+,"!$0  2�6&$ -$,"(   �7 -2',,� -" , $ 0���)�'  %�!��',"'  )' -
0�, -&"&4'-  7��/84:  %&$�0$-"+,� -/  2 �"%�-'-"+' !�#  2�60��,� -"  �7��$;',"( . �  <-�  
2%��,'  �7C( ,"0� , -$!  !$!  )�(  !$�)���  %�!��',"(  �"6,/  %&�3�)"-  2 )243 "60'&',"(3 : 2 
�),�0  �,�  %��4+$'-  %'&'�"-�'  %&')8' -24:;"0"  %�!��',"(0"  – ")'" , �1',!" , ", -"-4 -
-*  "  - .) ., 2 )&4��0 , �-)$A- (   %�,-$,,�04  %�-�!4   �7 -2',,�#  �"6," . 

� --&'-/"3 , �-,�8',"'  !   �7 -2',,� -"  2 '�)$   �%&�2��)$'- (   47C'!-"2,�#  �1', -
!�#  (;')&*# ,  !4%�# , <!�,�0,*# , 7'&'��"2*# , &$ -�+"-'�/,*# , �$),*# , 7' !�&* -,*# , 
0'&!$,-"�/,*# ). �$&48',"'  %&$2"�, ,�&0 , &'�4�"&4:;"3  �-,�8',"(   �7 -2',,� -"  2 
 �1"40' ,  �%&�2��)$'- (  �-&"1$-'�/,�#  �1',!�#  "  )�%4 !$'-  2�60��,� -/  ",2'!-"2  
(2�&, 0�8',,"! ,  %'!4�(,- , �7�&2$,'1 , %�%&�8$#!$, -&$,�"&$ , �"2����- , 3$%4�$, 26(-�+ -
,"! , 0�- ,  !�%")�0 , -�� -� 40 , ,42�&"8 , �0�- ,  !&(�$ ).  

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

- %�6"-"2,*'  <0�1"�,$�/,*'   � -�(,"(  "�"  �- 4- -2"'  �-&"1$-'�/,�#  <0�1""  (&$-
)"2*#  - &$)� -/ ; �7' %'+',,*#  - 7'6 %'+$�" ; 2�$)'-/  - 2�$ -/ ; "04;' -2�  - 0�;/ ); 

- %�6"-"2,4:  �1',!4  0�-"2$  � 4;' -2�',"(  %'&'3�)$   �7 -2',,� -"  ( %&$2"-/ - 
%&$2�; 7�$��%&"�7&'-',"'  - 7�$��  "  �7&'-',"' ; �7' %'+"-/  -  ,(-/  �$& ; %� -4%"-/ (  -  -4 -
%$-/; �-%4 -"-/  - %4 !$-/ ; 6$2';$-/  - 2';$-/ , ��2�&"-/ ); 

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

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

- ,$62$,"(0"  %&') -$2"-'�'#  �"2�-,���  0"&$, (3";',"' : 3";,"! ; %"(2!$; %$&$6"-; 
%$4!; �4! ); 

- ,$"0',�2$,"(0"  +$ -'#  -'�$  "�"  %&')0'-�2 , %&",$)�'�$;"3  +'��2'!4  (���� -
8-$,,"! ; -�� -� 40 , %&"!$&0$,"2$-/; �0�- ; �"�$ ; %&"�"0" -*# ; 0�8',,"! ; !4�$! ); 

- ,$62$,"(0"  ,'��),*3  %&')0'-�2 , !�-�&*'  4-&$-"�"  !$!4: -�"7�  1',,� -/  2 &'-
64�/-$-'  "3  " %��/6�2$,"( , %�-'&(�"  %'&2�,$+$�/,�'   � -�(,"'  (-&(%!$, &2$,/; �&�8�2*# , 
���(! , ���/-'%$ , ����8-$,,"! , ����)&$,'1 ; 6$34)$�*# ; 47��' -2� ; %4 -�)�0 ); 

- ,$"0',�2$,"(0"  )'# -2"# , <0�1"# , +42 -2, ,$)  !�-�&*0"  �- 4- -24'-  2 -�#  "�"  
",�#   -'%',"  !�,-&��/   �   -�&�,*   47C'!-$  (-&( -" / ; 6'2,4-/ ;  -(,4-/ ;  2���+/ ; %$)$-/); 

- 6&"-'�/,*0  2� %&"(-"'0  (6$&"-/ ( ; 6$2")�2$-/ ); 
- )2"�',"(0"  &4!$0"  2 ,$%&$2�',""  !   47C'!-4  (6$�&'7" -*# , 6$�&'74;"# , �&' -" , 

6$�&'7$-/ ;  -(�$-'�/ ;  -(�"2$-/ ; 32$-$-/; 1$%$-/; 4%'&'-/ ; &$ -$;"-/ ); 
- %&') -$2�',"(0"  �  -2'&)� -" , +'& -2� -" , ,'4 -4%+"2� -" , !&'%� -"   !4%*3  

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

3�7�& , !�%''+,"! ,  !�%")�0 ); 
- %&') -$2�',"(0"  �  ,')� -$-�+,� -"  "�"  +&'60'&,� -"  %";" , 2�)*  "  !&$#,'#  ,4 -

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

- 2&'0',,�#  ��&$,"+',,� -/:  ()��� : -� , +'��  )����  �)4- ; %��$ "-/  )���  %&"&$2,"-
2$'- (  !  -�04 , +-�  ��&"-  "  ��'- ); 

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

� -8' -*3 , )��(  .�&0$�/,� –:&")"+' !"3  <�'0',-�2  2 %&') -$2�',""   ��-'+' - -
2',,"!�2  �   �7 -2',,� -"  0$�$ , +-�   2")'-'�/ -24'-  �  !&"6" '  .�&0$�/,*3  ", -"-4-�2  
&'�4�"&�2$,"(  �-,�8',"#   �7 -2',,� -" . �$�"1�   )2"�"  2 0',-$�"-'-'  &�  "(, , 47')"2 -
8"3 (  6$ 25 -&$, .�&0$1"�,,*3  �'-  2 -�0 , +-�  4�4+8',"'  !$+' -2$  �"6,"  &()�2*3   �7 -
 -2',,"!�2  6$2" "-  2 %'&24: �+'&')/  �-   $0���  +'��2'!$ , $ ,'  �-   $0�4 -&$,"28'�� (  "6 
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 .'&*  )$�'  0","0$�/,*3   �1"$�/,*3  �$&$,-"#  �� 4)$& -2$ . 	- 4- -2"'   �7 -2',,� -"  
6$+$ -4:  &$  0$-&"2$'- (  !$!  %&"+",$ ,$&48',"(  0�&$�/,*3  "  :&")"+' !"3  ,�&0  "  %�-
-�04  6$ �4�"2$'-  � 4�)',"( . ��')�2$-'�/,� , 2  �2&'0',,�#  ��  ""  6$0'-,$  -',)',1"(  
$)$%-$1"" !  ,�2*0   �1"$�/,� –<!�,�0"+' !"0  4 ��2"(0 , ��$2,*0  �7&$6�0  6$  +'-  "60' -
,',"(  ", -&40',-$�/,*3  "   �3&$,',"(  7$6�2*3 1',,� -'# . 

	 0* �"2  &'64�/-$-*  2*%��,',"(  %&�'!-,���  6$)$,"( ,  -4)',-*   )'�$�"  2*2�)  �  
-�0 , +-�  2 ��  ""  2016 � . )'0�, -&"&4'- ( : 

-  -&'0�',"'  �:)'#  !  42'�"+',":  �7C'!-�2   �7 -2',,� -" ;  
- %����"-'�/,�'  �1',"2$,"'  -&4)�2�#   �7 -2',,� -" ;  
- �)�7&"-'�/,�'  2� %&"(-"'  +42 -2$ 0'&*  2 ,$!�%�',""   �7 -2',,� -"  &$)" �"6," , 

$ ,'  &$)" 0'3$,"+' !���  %&"&$ -$,"(  7��$- -2$ ;  
- ,'�)�7&"-'�/,�'  �-,�8',"'  !  «,"+'#,�# » "  ,'%&$2'),�  ,$�"-�#   �7 -2',,� -" ;  
- ,'�)�7&"-'�/,�'  �-,�8',"'  !  )'0�, -&$1""  !&4%,�#   �7 -2',,� -"  !$!  $-&"74-$ 

% '2)��"+,� -,�#  %&'6',-$1"" ;  
- 2� %&"(-"'  2�$ -"  !$!   "�* , %�&�)"28'#  "  "67"&$-'�/,�  !�,-&��"&4:;'#  !&4%-

,4:   �7 -2',,� -/  2 ��  "" .  

$!"0  �7&$6�0 ,  -4)',-*  ,$8'��  �%�&,���  246$ �!$6$�" /   %� �7,*0"  &'8$-/  &"-

-�&"+' !"'  6$)$+" 4+'7,���  "  �')�2$,"( , 4+"-*2$(  " -�&"+' !�'  "  0�&$�/,� -<-"+' !�'  
"60'&',"'  <!�,�0"+' !"3  %&�7�'0 , +-�  %��,� -/:   ��-2'- -24'-  6$(2�',,�04  ,$0"  
 -&'0�',":  !  &$62"-":  -2�&+' !�#  �"+,� -"  74)4;'��  <!�,�0" -$ . 
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04;',"(  0��4-  &$  0$-&"2$-/ (  !$!  �),�#  "6 %&"+", 2�6,"!,�2',"(  0$�,"-��")&�)",$ -
0"+' !�#  ,'4 -�#+"2� -"  %'&'-(�'+,���  -"%$   0�)�#  0m=  "   -&$-��7&$6�2$,"( . �� -
��$ ,�  !�$  "+' !�#  -'�&""  <�'!-&�%&�2�),� -"  �&4)' -��&',1$ ,  2�7�),*'  <�'!-&�,*  
0'-$��$  0$  �#  m , ,$%&$2�',,�  )2"�4;"' (    ,'!�-�&�#  )&'#.�2�#   !�&� -/:  dru , &$ -
 '"2$:- (  ,$  "�,$3  !&" -$��"+' !�#  &'8'-!"  "  ,$  )'.'!-$3  0'-$��$ . �&�" 3�)"-  %'&')$-
+$ <,'&�""  2,'8,'��  <�'!-&"+' !���  %��(  !&" -$��"+' !�#  &'8'-!" ,  ��-2'- -2',,� , 
%&�2�),"!  %&"�7&'-$'-  ,'!�-�&*#  "0%4�/  0'3$,"+' !���  2�604;',"( . �$  0�-&"0  1" -
�",)&"+' !"#  %&�2�),"! , %� !�-�&�04  %&�-'!$'-  &$6&(),*#  -�!  !�&�-!���  6$0*!$,"( . �  
%&�2�),"!'  2�6,"!,'-  "0%4�/  0'3$,"+' !���  2�604;',"(  (,�&0$�/,���  ,$%&(�',"(  

S
F

=s ) 2 %&�"62��/,�0   '+',""  %&�2�),"!$ . �0%4�/  2�604;',"( , %'&')$2$'0*#  N  

<�'!-&�,$0"  ,'!�-�&�04  �7C'04  V 1"�",)&"+' !���  %&�2�),"!$   '+',"'0   S  "  2* �-�#  

2
t

h dru
=  6$ 2&'0(  t  )'# -2"(  2,'8,'��  %��( , &$2',  

tS

mN dru
s = . ���-,� -/  %&�-'!$:;'��  

-�!$  
dS
dI

j =  �%&')'�('- (  drenj u= , �)'  
V
N

n =  !�,1',-&$1"(  <�'!-&�,�2 , e - 6$&(). 
�!  

!�&�-!���  6$0*!$,"(  tsinII 0 w= . 
��)$   0��,�  %��4+"-/  2*&$�',"' , �%&')'�(:;''  "0 -
%4�/  0'3$,"+' !���  2�604;',"(  ,$  -�&1'  �),�&�),���  1"�",)&"+' !���  %&�2�),"!$  
)�",�#  �  

hetS
Im 2

0
theor

�
=s .                                                             (1) 

�&"  %&�-'!$,""  -�!$  %� %&�2�),"!4 , !&�0'  $! "$�/,���  2�604;',"( , �+'2"),� , )���,�  
%&" 4- -2�2$-/  &$)"$�/,�'  0'3$,"+' !�'  2�604;',"' . ����$ ,�  [1], 2 -2'&)*3  %&�2�)," -
!$3   -�!�0  0��4-  2�6,"!$-/  "  &$62"2$-/ ( 0$�,"-��")&�)",$0"+' !"'  ,'4 -�#+"2� -" , 
%&"2�)(;"'  !  )'.�&0$1""  %&�2�),"!$ . ��(  "  �')�2$,"(  6$&��)',"(  2�6,"!,�2',"(  0' -
3$,"+' !"3  2�604;',"#  2 1"�",)&"+' !�0  %&�2�),"!'  - 1 %&" %&�-'!$,""  -�!$  &$6&()$ 



 222 

" %��/6�2$�$ /  <! %'&"0',-$�/,$(  4 -$,�2!$  (&" . 1). �  !$+' -2'  &'�" -&$-�&$  "0%4�/ -
,*3  &$)"$�/,*3  2�604;',"#  %&"0',(� (  2��,�2�),*#  [3] %/'6�!'&$0"+' !"#  )$-+"!  - 2. 
�$-+"!  %'&'0';$'- (  %� 7�!�2�#  %�2'&3,� -"  2)��/  � "  0'),���  1"�",)&"+' !���  %&�-
2�),"!$  - 1 %&" !$�)�0  2* -&'�'    8$��0  mm5,0h = . ?4% (%&')2��,�2�) )  - 3 )$-+"!$  - 
2, &'$!-"2,*#  2��,�2�)  - 4 "  %/'6�-$7�'-!$  (>
� -19) - 5, 6$."! "&�2$,*  0'�)4   �7�#  "  
"0':-  <�'!-&"+' !4:  &$62(6!4. ��(  &'�" -&$1""  $! "$�/,*3  0'3$,"+' !"3  2�604;',"#  
%/'6�!'&$0"+' !"'  %&'�7&$6�2$-'�"  - 6 &$ %��$�$�" /  ,$  -�&1$3 1"�",)&"+' !���  %&�-
2�),"!$  - 1. �$6&(),*#  -�! , %&�-'!$:;"#  %� %&�2�),"!4 , .�&0"&4'- (  �','&$-�&�0  "0 -
%4�/ ,*3  -�!�2  (
�
 )   ."6"!� --'3,"+' !"0"  %$&$0'-&$0" [4] "  &'�" -&"&4'- (  %�( �0  
����2 !���  – 7. �"�,$�*  �-  )$-+"!�2  &'�" -&"&�2$�" /  1".&�2*0  6$%�0",$:;"0  
� 1"����&$.�0  (	 ). �$+$�/,�'  ,$%&(�',"'   � -$2�(��  kV1U0 = , )�",$  1"�",)&"+' !� -
��  %&�2�),"!$   mm45=� , )"$0'-&   mm4d = . 
�$  &" . 2 %&') -$2�',*  3$&$!-'&,*'  � 1"����&$00* , %��4+',,*'  2  '&""  <! %'&"0',-�2 , 
&$6&(),���  -�!$ , "0%4�/ �2  &$)"$�/,*3  "  $! "$�/,*3  2�604;',"# , "6 !�-�&*3   �')4'- , 2 

%'&24: �+'&')/ , ,$�"+"'  0'3$,"+' !"3  2�604;',"#  2 %&�2�),"!'     -�!�0 .  � %��/64(  

2*&$�',"'  (1), $0%�"-4)$  $! "$�/,���  2�604;',"(   � -$2�('-  Pa1033,7 4
theor ×=s , 2 -�  �'  

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

-$7�'-!"  V
Pa1065,0k 5×=

, "0''0  
Pa105,6 4

exp ×»s
, +-�  (2�('- (  )� -$-�+,�  4)�2�'-2� -

&"-'�/,*0  &'64�/-$-�0 .  �$  &" . 2b %&"2')',  �&$."!  6$2" "0� -"  $0%�"-4)*  %'&2���  
"0%4�/ $  &$)"$�/,���  2�604;',"( , &'�" -&"&4'0���  2��,�2�),*0  %/'6�!'&$0"+' !"0  
)$-+"!�0  ,$  7�!�2�#  %�2'&3,� -"  %&�2�),"!$ , �-  '��  0' -$  %����',"( , - .' . �-  !��&)",$ -
-*  z. �$  �&$."!'  ,$7�:)$'- (  (&!�  2*&$�',,$(  %'&"�)"+,� -/ , !�-�&4:  0��,�  &$  0$- -
&"2$-/  !$!  6$&��)',"'  ,'4 -�#+"2� -" , )�",$  2��,*  !�-�&�#   � -$2�('-  

m106,1 3
cond

-×»l .  

 
 
 

�" . 1 �3'0$  <! %'&"0',-$�/,�#  4 -$,�2!"  )�(  "  �')�2$,"(  0'3$,"+' !"3  2�604;',"#  2 %&�2�),"!$3  
%&" %&�-'!$,""  "0%4�/ $  &$6&(),���  -�!$ . 1 – "  �')4'0*#  %&�2�),"! ; 2 – 2��,�2�),*#  %&'�7&$6�2$-
-'�/  0'3$,"+' !"3  2�604;',"# ; 3 – -�&1'2*'  %/'6�!'&$0"+' !"'  <�'0',-* ; 4 – <�'!-&�),$(   " -'0$  
!�,)', $-�&,���  ,$!�%"-'�( ; 5 – %�(  ����2 !��� ; 6 - %/'6�!'&$0"+' !"#  <�'0',-  2��,�2�),���  %&'�7-
&$6�2$-'�(  0'3$,"+' !"3  2�604;',"# ; 7 – ;4%; 8 – &'$!-"2,*#  2��,�2�) ; 
�
  – �','&$-�&  "0%4�/ ,���  
-�!$ ; 	  – � 1"����&$. ; ��  – !�0%/ : -'& . 
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� %��/64(  0'-�)"!4  [5] ,$7�:)',"(   -&$-��7&$6�2$,"(  %&" 26&*2' 1"�",)&"+' !"3  %&�-
2�),"!�2  ,$   -'!�(,,�#  %�$ -",!' , 7*�"  %��4+',*  $,$���"+,*'  �7&$61* (&" . 3). �$ -

+$�/,�'  ,$%&(�',"'  !�,)', $-�&,���  ,$!�%"-'�(   � -$2�(��  kV2U0 = , )�",$  26&*2$: -

;'# (  %&�2���+!"  (Cu)  � -$2�(�$  mm50=� , )"$0'-&   mm38,0d = . 9�'!-&"+' !"#  
26&*2 � 4;' -2�(� (  7�"6!"0  !   ���$ �2$,,�04  &'�"04  [7-10]. �&"  %&�-'!$,""  "0%4�/ $  
-�!$ , 2 +$ -,� -"  0"��" '!4,),���  )"$%$6�,$, %&�" 3�)"-  )&�7�',"'  %&�2�),"!$  %� )�" -
,'    ,'!�-�&�#  %'&"�)"+,� -/:  2 �') -2"'  2�6,"!$:;'#  0$�,"-��")&�)",$0"+' !�#  ,' -
4 -�#+"2� -"  [1] %'&'-(�'+,���  -"%$   0�)�#  0m= , +-�  %&"2�)"-   !  2�6,"!,�2',":  +' -
&')�2$,"(  %��-,� -"  2';' -2$  –  -&$- . �$6�'-  %&�)4!-�2  26&*2$ �-�7&$�$'- (  ,$   -'! -
�(,,�#  %�$ -",!' , &$ %����',,�#  27�"6"  %&�2�),"!$ . �&"  0')�',,�0  &'�"0'  9��  %&�-
" 3�)"-  ,'  �),�&�),*#  &$6��&'2 %",+$, "  )�  &$6&48',"(  %&�2�),"!$  " %$&('- (  ,'6,$+" -
-'�/,$(  '��  +$ -/ , $ � -$28$( (  7��/8$(  +$ -/  !'&,$ , 2 �') -2"'  5
� -,'4 -�#+"2� -'# , 
)&�7"- (  ,$  !$%�" , !�-�&*'  &$6�'-$:- (  2 �!&4�$:;''  %&� -&$, -2� . �+$ -!"  &$ %�$2-
�',,���  %&�2�),"!$    7��/8'#  %��-,� -/:  %&" &$6�'-'  �")!���  0'-$��$ , " , "0':;"'  
7��/8"'  &$60'&* %� �-,�8',":  !  )&4�"0 , � -$2�(:-  ,$   -'!�'  7� `�/8"#   �')  2 &$)"$�/ -
,�0  ,$%&$2�',"" , +-�  ,$7�:)$'- (  2 �7&$61$3. �&�0'  -��� , ,$7�:)$:- (  .&$�0',-*  0' -
-$��$  2 2")'  ,$%*�',"(  "  2 2")'  !$%'�/  &$60'&�0 )' (-*3  )��'#  0"!&�,$  "  0','' . �$ -
 -�(,"'  0'�)4  7�"�$#8"0"  ,$"7��''  (&!"0"  2 %�' !$0"  �+'2"),� , (2�('- (  )�",�#  
2��,*  ,'4 -�#+"2� -"  %'&'-(�'+,���  -"%$. �&'),((  )�",$  2��,*  2�604;',"(   � -$2"�$  

m1082,1 3
wire

-×»l , +-�   ���$ 4'- (    &'64�/-$-$0"  2*8'  4!$6$,,*3  <! %'&"0',-�2 , "6 !� -
-�&*3  0��'-   �')�2$-/ , +-�  6$&��)',"'  0$�,"-��")&�)",$0"+' !�#  ,'4 -�#+"2� -"  0� -
�'-  2�6,"!$-/  2 0'-$��'  )�  .$6�2���  %'&'3�)$ . �$,,*#  2*2�)  0��'-    2")'-'�/ -2�2$-/  �  

2�6,"!,�2',""   -&$- . 9,'&�"(   47�"0$1""  )�(  0')"  %&","0$�$ /  g
J102.5 3

atom ×=e
 "   � -

 -$2"�$  J300Esub » , <,'&�"( , 2���',,$(  2 %&�2�),"!  !  0�0',-4  26&*2$, J320Ewire » . 
�� -�(,,$(  2&'0',"  &$62"-"( 2�604;',"(  [1] %&" 0$! "0$�/,�0  ",!&'0',-'  ,$&$ -$,"(  

2max =W &$2,$  

 
�" . 2 
&$."!  6$2" "0� -"  $0%�"-4)*  %'&2���  "0%4�/ $  &$)"$�/,���  0'3$,"+' !���  2�6-
04;',"(  2 1"�",)&"+' !�0   -'&�,'  %&" %&�-'!$,""  &$6&(),���  -�!$  �-  $! "$�/,�#  !��& -
)",$-*  z. 
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( )
max0

2
1

0
theor H

4r
W

rp
t =

,                                                                (2) 

�)'  0r - &$)"4  26&*2$:;'�� (  %&�2�),"!$ ; r  -  %��-,� -/  (0')/  Cu); 0
0 r2

IH p=
 - ,$ -

%&(�',,� -/  %��(   �7 -2',,���  -�!$  ,$  ,'2�604;',,�#  %�2'&3,� -"  %&�2�),"!$ . �&"  
<-�0 ,  ���$ ,�  [2], 3$&$!-'&,�'  2&'0(  &$62"-"( ,'4 -�#+"2� -'#    0�)�#  0m= 6$2" "-  �-  
&$)"4 $  %&�2�),"!$  "   !�&� -"  &$ %&� -&$,',"(  2�604;',"#  2 2';' -2'  

A

0
inst c

r
»t

,                                                                     (3) 

�)'  rp2
HcA =

 - $�/.2',�2 !$(   !�&� -/ , %&" <-�0 ,  �')4'-  6$0'-"-/ , +-�  2*&$�',"(  
(2) "  (3) ")',-"+,* . �&'0(  %&�-'!$,"(  -�!$  7&$�� /  )�  %�-'&"  0'-$��"+' !�#  %&�2�)"0� -
 -"  – %$46* -�!$ . 


$!"0  �7&$6�0 , 0'3$,"+' !"'  2�604;',"(  %&" %&�-'!$,""  &$6&(),���  -�!$  2 %&�2�)-

,"!'  2 -2'&)�0   � -�(,""  ,� "-  !��'7$-'�/,*#  3$&$!-'&, &$)"$�/,$(  !�0%�,',-$  2�604-

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

,���  -"%$   0�)�#  0m=  "   -&$-��7&$6�2$,"(  %&" 0')�',,*3  &'�"0$3  %&�-'!$,"(  9�� .  

�"-'&$-4&$ . 

1. �7&$0�2$  � .� ., ��$-",  � .� ., �'&'�4)  � .� . 5$�,"-��")&�)",$0"+' !"'  ,'4 -�#+"2� -
 -"  �")!"3  "  -2'&)*3  %&�2�),"!�2 . �$6&48',"'  %&�2�),"!�2  <�'!-&"+' !"0  -�!�0  // 
�9
� , 1975.-
 . 69.- =  6.- � . 2007-2022. 
2. �7&$0�2$  � .� ., �4)�2"+  � .� ., �4�'!",  � .� ., �'&'�4)  � .� . 	%&')'�',"'  )�",*  2�� -
,*  %'&'-(�'+,�#  5
� -,'4 -�#+"2� -"  %� "0%4�/ 4  ,$%&(�',"( , 2�6,"!$:;'04  ,$  &$6-
&48$:;'0 (  %&�2�),"!'  // �
� , 1976.- 
 .46.- =  7. - � .1465-1469. 
3. �'2  5 .� ., �'&'�4)  � .� . �&'0(  &$62"-"( %'&'-(�'+,�#  5
� -,'4 -�#+"2� -"  �")!"3  
%&�2�),"!�2  2 %��'   �7 -2',,���  -�!$  // �
� , 1977. -
 .47.- =  10.- � .2116-2121. 
4. 	&'8!",  � .� ., �$&',���/1  � .� ., �$#!�2 !"#  � .� . �" �',,*'  "  �')�2$,"(  ",-'�&$ -
�$  4)'�/,���  )'# -2"(  -�!$  %&" <�'!-&"+' !�0  26&*2' %&�2�),"!�2  // �
� ,  2007. - 77, 
2*%. 5. – � . 108-116. 
5. 	&'8!",  � .� ., �$!8-  � .� ., �$7'1!"#  � .� . "  )&. �'&'�&'2,*'  ,'4 -�#+"2� -"  %&" 
<�'!-&"+' !�0  26&*2' %&�2�),"!�2  // �
� , 2004.-
 . 74.- �*% . 7. - � .38-43 
6. Rousskikh A.G., Baksht R.B., Oreshkin V.I., Shisholov A.V. AIP Conf. Proc. 5th Int. Conf. 
On Dense Z-pinches. Melville, New York, 2002.- P. 217-220. 
7. �4&!$'2  � .� . 9�'0',-*  ."6"!"  2* �!�<,'&�'-"+' !"3  "0%4�/ ,*3  %&�1'  �2  2 
!�,)', "&�2$,,*3   &')$3  (0�,��&$."( ) / � .� . �4&!$'2  ���  (."�"$� ) ����

� .– ����� -
�&$): ����  ����

� , 2015 – 156  . 
8. �4&!$'2  � .� . ��6,"!,�2',"'  0$�,"-��")&�)",$0"+' !"3  2�604;',"#  
2 0'-$��"+' !"3  %&�2�),"!$3  %&" %&�-'!$,""  "0%4�/ $  &$6&(),���  -�!$  / � .� . �4&!$'2  // 
�
� , 2015, -�0  85, 2*%. 7.  � . 37—44 
9. ��&,''2  � .� ., �43�2$  
 .� ., �4&!$'2  � .� . �  �')�2$,"'  &$)"$�/,�#  !�0%�,',-*  0' -
3$,"+' !"3  2�604;',"#  2 0'-$��"+' !"3  %&�2�),"!$3  5�������	����  �����	  
������	��
�������  ������  � . �!$-'&",74&�  =  5 (36) 2015 � .15-17 
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�����������  ( ��������$&  ������� ��   
������������������#�-��  � �!������  

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

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

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

�&�0'  -��� , %�2*8',"'  ��,'-'%��6$;"-,*3  %�!$6$-'�'#  )�(  %��"0'&,*3  !�0%�6" -
1"#  ,$   '��),(8,"#  )',/  (2�('- (  -$!�'  ,$"7��''  $!-4$�/,�#  6$)$+'#. 	),"0  "6 %4-'# 'A 
&'8',"(  (2�('- (  0�)"."!$1"(  <�$ -�0'&,*3  0$-'&"$��2  22')',"'0  2 "3   � -$2   %'1" -
$�/,*3  0�)"."!$-�&�2 , �!$6*2$:;"3  2�"(,"'  ,$  �%&')'�',,*'  %&�1'  * . 

>'�/  &$7�-*  &$6&$7�-!$ 2* �!�<..'!-"2,���  0�)"."!$-�&$ ,  �)'&�$;'��  .4,! -
1"�,$�/,�  - $!-"2,*'  �&4%%* "  "  �')�2$,"'  '��   2�# -2 . 

�$  %'&2�0 <-$%' &$7�-*  7*�  %&�2')',   ",-'6  "  "64+',$  &'1'%-4&$ .� .�&7�&$6�- -
 �)'&�$;'��  0�)"."!$-�&$  (�9�� -2) "  0'3$,"60  26$"0�)'# -2"(  !�0%�,',-�2  0�)"." -
!$-�&$ . � -$,�2�',� , +-�  0�)"."!$-�&  (2�('- (  %&�)4!-�0  26$"0�)'# -2"(  .� .�&7�& -
 �)'&�$;'��  ��"��0'&$  (��	 ), <%�! "),�#  )"$,�2�#   0��*  9� –20 "  $,"�",$  %&" &$6-
�"+,*3  0$  �2*3   ��-,�8',"(3 .  

�",-'6  %&�)4!-�2  "  "  �')�2$,"'  "3   -&4!-4&*  %&�2�)"�" /  ,$  !$.')&'  �
�9 . 
�   2(6"    -'0 , +-�  22')',"'  �%&')'�',,*3  )�7$2�! , 2';' -2 , %�2*8$:;"3  -'%�� - "  

��,' -�#!� -/  %��"0'&,*3  0$-'&"$��2 , �7*+,�  %&"2�)"-  !  ,'!�-�&�04  434)8',":  ." -
6"!� -0'3$,"+' !"3 , )"<�'!-&"+' !"3  "  )&4�"3  <! %�4$-$1"�,,*3   2�# -2 , 2 &$7�-'  %&�-
2�)"�" /  "  �')�2$,"(  2�"(,"( , &$6&$7�-$,,���  .� .�&7�&$6�- �)'&�$;'��  0�)"."!$ -
-�&$ (�9�� ) ,$  ��,'-'%��6$;"-,*'   2�# -2$  <�$ -�0'&,*3  !�0%�6"1"# . 

� -$,�2�',� , +-�  ."6"!� -0'3$,"+' !"'  %�!$6$-'�"  24�!$,"6�2$,,*3  &'6",  ,$  � -
,�2'  0�)"."1"&�2$,,���  �9��  !$4+4!$ ,$3�)(- (  %&$!-"+' !"  ,$  �),�0  4&�2,' , �),$!�  
,$7�:)$'- (  %�2*8',"'  -2'&)� -"  "  � -$-�+,���  4)�",',"(  %�  &$2,',":    !�,-&��/ -
,*0  �7&$61�0. 

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

 

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

�������������  ���  �������� �"  �� ���������  
� .� . �$7��2  ) .- ., . %&�. ., 	 .5 . ��2�%��/1'2$  ) .- ., . %&�. .,  

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

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


$6�2*'  2*7&� *  &'6",�2*3  %&�"62�) -2   4;' -2',,�  434)8$:-  <!����"+' !4:  
�7 -$,�2!4  %&�"62�) -2',,*3  %�0';',"#  "  �!&4�$:;'#   &')*  2��7;' . �   � -$2  �$6�2*3  
2*7&� �2  23�)"-  7��/8�'  +" ��  !�0%�,',-�2 , 2 -�0  +" �'  +&'62*+$#,�  -�! "+,*3  "  !$, -
1'&��',,*3  N-,"-&�6$0",�2  (�� ). 


$!  !$!  ��  �-,� (-  !   "�/,'#8"0  !$,1'&��',$0  � 2 – �&4%%*, -�   �)'&�$,"'  "3  2 
2�6)43'  )���,�   -&'0"- (  !  ,4�: . �� !��/!4   �2&'0',,*#  4&�2',/  -'3,"!"  ,'  %�62��('-  
%��,� -/:  " !�:+"-/  �7&$6�2$,"'  ��  %&"6,$,�  ,'�73�)"0*0  4 -$,�2"-/  «�&"',-"&� -
2�+,*#  4&�2',/ » "3   �)'&�$,"(  2 2�6)43'  &$7�+'# 6�,* . 

	),"0  "6 %4-'# &'8',"(  %&�7�'0*  ��  (2�('- (  " %��/6�2$,"'  2  � -$2'  &'6",� -
2*3   0' '#  2 !$+' -2'  4 !�&"-'�'#  24�!$,"6$1""   �')",',"#  !�$  $  $6�0'-",�2 , )"$� -
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!"�)"-"�.� .$-�2  "  )&4�"3  3"0"+' !"3   �')",',"# , %&�(2�(:;"3  2  � -$2'  &'6",�2*3  
 0' '#  %��".4,!1"�,$�/,*'   2�# -2$ .  


$!"0  �7&$6�0 , %�" !  ,�2*3  4 !�&"-'�'#  24�!$,"6$1""  "  )&4�"3  ",�&')"',-�2  
26$0',  -'3  +-� , (2�(:- (  " -�+,"!$0"  �7&$6�2$,"(  ,"-&�6$0",�2 , %&') -$2�('-   �7�#  
 '&/A6,4:  ,$4+,� --'3,"+' !4:  %&�7�'04 . �$0',$  2 &'1'%-4&'  &'6",�2*3   0' '#  4 !�&" -
-'�'#  – " -�+,"!�2  �7&$6�2$,""  ,"-&�6$0",�2  ,$  $6�0'-",�2*'   �')",',"(  0��'- , 2'&� -
(-,� , 3�-(  7*  +$ -"+,� , &'8"-/  <-4 %&�7�'04 .  

� 3�)(  "6 2*8'"6���',,��� , %&') -$2�(��  ",-'&'  "64+"-/  2�60��,� -"  " %��/ -
6�2$,"(  $6�0'-",�2*3   �')",',"#   �20' -,�    )"$�!"�)"-"�.� .$-$0"  %&" &$6&$7�-!' 
24�!$,"64:;"3   " -'0  )�(  <-"�', -%&�%"�',�2*3  !$4+4!�2 , 24�!$,"64'0*3  %&" 2* �!"3  
-'0%'&$-4&$3 "  ,'  �7&$64:;"3  %&" <-�0  ,"-&�6$0",�2 . �*7�&  )"$�!"�)"-"�.� .$-�2  
)�(  %&�2')',""  <! %'&"0',-�2  %�  �6)$,":  7'6�%$ ,*3    -�+!"  6&',"(  �7&$6�2$,"(  N-
,"-&�6$0",�2  24�!$,"64:;"3   " -'0  )�(  ��9�
 , �74 ��2�',  ,'  -��/!�  -'3,����"+' -
 !"0"   ��7&$�',"(0" , ,�  "  -'0  �7 -�(-'�/ -2�0 , +-�  �7$  <-"  %&�)4!-$ %&�"62�)(- (  2 
%&�0*8�',,*3  0$ 8-$7$3  �-'+' -2',,�#  %&�0*8�',,� -/: . 

�62' -,�  %&"0',',"'  <-"3   �')",',"#  2 !$+' -2'  %&" $)�!  !  0$ �$0 . 
$!"'  %&"-
 $)!"  %&")$:-  0$ �$0  4 -�#+"2� -/  !  �!" �"-'�/,*0  %&�1'  $0  "  %�2*8$:-  %&�-"2�6$-
)"&,*'   2�# -2$ . 	7;$(  .�&04�$  )"$�!"�)"-"�.� .$-�2  1",!$ : 

R O

R
/

O
P

S
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S

S
P

O

O

R

R
/
 

�&�2')',,*'  ,$0"  "  �')�2$,"(  %�!$6$�" , +-�   !�&� -/  24�!$,"6$1""  <�$ -� -
0'&,*3  !�0%�6"1"#  ,$  � ,�2'  !$4+4!$ ��9�
 -40 )� -$-�+,$ . �,$�"6  &'�0'-&"+' !"3  
!&"2*3 , %��4+',,*3  <! %'&"0',-$�/,*0  �%*-�0 , %�62��('-   )'�$-/  2*2�)  �  -�0 , +-�   4-
;' -24'-  &'$�/,$(  2�60��,� -/   �6)$,"(  <!����"+' !"  +" -*3   '&,�4 !�&"-'�/,*3  24� -
!$,"64:;"3   " -'0  )�(  2* �!�-'0%'&$-4&,�#  24�!$,"6$1""  ��9�
 -40. �&')�$�$'0*'  
24�!$,"64:;"'   " -'0*  %�62��(:-  %��4+$-/  &'6",�2*'   0' "  ,'  4 -4%$:;"'  %�  !�&� -
 -"  24�!$,"6$1""   0' (0    4 !�&"-'�(0"  !�$  $  )"-"�!$7$0$-�2 , �7*+,�  %&"0',('0*0  
)�(  2* �!�-'0%'&$-4&,�#  24�!$,"6$1""  ��9�
 -40. 5,��"'  4 !�&"-'�"  24�!$,"6$1""  
<-���  !�$  $ , !$!  4�'  �-0'+$�� / , (2�(:- (  $!-"2,*0"  " -�+,"!$0"  �7&$6�2$,"(  N-
,"-&�6$0",�2 . 
 

����������  ����'���$  '��'���%�$&  ��������  ��  ������   
��������������#�-�&  � �!������    

� �  �������%����&  �� ����  
�$7��2  � .� ., �'#7$�  � .� ., �$-!�2$  � .� . 

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

 
�&")$,"'  �")&�."�/,� -"  "   �7&1"�,,*3   2�# -2  %��"<."&,*0  ,"-(0  %�62��"-  &$ -

8"&"-/  �7�$ -"  "3  %&"0',',"( . ��(  &'8',"(  %� -$2�',,�#  6$)$+" 7*�"  &$6&$7�-$,* %&�%"-
-�+,*'   � -$2*  ,$  � ,�2'  .� .�&7�& �)'&�$;'��  0'-$!&"�$-$  (��5 ), $!&"�$0")$  "  %'&-
 4�/.$-$  ,$-&"( . �&�%"-!4  %��"<."&,*3  ,"-'#  %&�2�)"�"  2 -'+',"'  5 0",4-  %&" !�0,$-,�#  
-'0%'&$-4&'    %� �')4:;"0  �-�"0�0  "67*-!$  %&�%"-�+,���   � -$2$  "  -'&0�."! $1"'#  2 -' -
+',"'  30 0",4-  %&" 150 0� . 

�  1'�/:  �%&')'�',"(  <..'!-"2,� -"  &$6&$7�-$,,*3   � -$2�2  "  �%&')'�',"(  �%-
-"0$�/,*3  4 ��2"#  �7&$7�-!"  %&�2')',*  "  �')�2$,"(  %� "60',',":  � ,�2,*3  ."6"!� -
0'3$,"+' !"3  %�!$6$-'�'#  0�)"."1"&�2$,,*3  %��"<."&,*3  ,"-'# . 

��  &'64�/-$-$0  %&�2')',,*3  "  �')�2$,"#  4 -$,�2�',� , +-�  �7&$7�-!$  %��"<."& -
,*3  ,"-'#  )$,,*0"   � -$2$0"  �7' %'+"2$'-  42'�"+',"'   �&71"�,,�#  A0!� -"    &� -�0  
2&'0',"   �&71""    1 )�  6  4-�!  %&" �1',!'   -'%',"  "62�'+',"(  "�,�2  ,"!'�(  "  0')"  �-  
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2,20 )�  90 0� /� . �&"  <-�0  4�4+8$:- (  2�)�%����;',"'  "  �"�&� !�%"+,� -/ , 2 &'64�/-$-'  
+'��  40',/8$'- (  <�'!-&"64'0� -/ . 
$!�'  4 -$,�2�',� , +-�  �7&$7�-!$  &$6&$7�-$,,*0"  
%&�%"-�+,*0"   � -$2$0"  %&"2�)"-  !  42'�"+',":  ."6"!� -0'3$,"+' !"3  %�!$6$-'�'#  "  
��,' -�#!� -"  %��"<."&,*3  ,"-'# . 

�  3�)'  "  �')�2$,"#  2*(2�',� , +-�   $0*0  �%-"0$�/,*0  (2�('- (  %&�%"-�+,*#   � -
 -$2,  �)'&�$;"# : .� .�&7�& �)'&�$;"#  0'-$!&"�$-  45 %, %'& 4�/.$-  ,$-&"(  2,5 %, 
$00"$!  25 %. �� �'  �7&$7�-!"  ,"-'#  )$,,*0   � -$2�0  ,$7�:)$�� /  2* �!"'  &'64�/-$-*  
%� 2 '0  %�!$6$-'�(0 . 

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


$!"0  �7&$6�0 , ,$0"  4 -$,�2�',� , +-�  %&')�$�$'0*'  %&�%"-�+,*'   � -$2*  0��4-  
8"&�!�  %&"0',(-/ (  )�(  %��4+',"(  %��"<."&,*3  ,"-'#    4�4+8',,*0  !�0%�'! �0  
 2�# -2 , $ "0',,�  - %�2*8',,�#   �&71"�,,�#  '0!� -/: , 2�)�%����;',"'0 , �"�&� !�%"+ -
,� -/: , ��,' -�#!� -/: , 4�4+8',,*0"  ."6"!� -0'3$,"+' !"0"  %�!$6$-'�(0" , +-�  &$ 8" -
&"-   %'!-&  "3  %&"0',',"( . 
 
 

����������  ��' ���-���$&  ( ��������$&  ������� ��   
��'� ����$&  �''����������$��  �� ������  

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

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

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

� ��
� �	
 �!���

� ���	�	�������������� ��
	���� � 	�	�	�"� ��
� 	�������	�

��
��������	
���#�����	�������
��"�
��$�$  

�   2(6"    <-"0 , ,$3��)',"'   %� �7�2  %�2* "-/  <..'!-"2,� -/  ��,'-'%��6$;"-,* -
3<�$ -�0'&,*3  %�!&*-"#  (2�('- (  2$�,�#  6$)$+'#. �  %� �'),''  2&'0(  )�(  ��,'-'%��6$ -
;"-,*3  !�0%�6"1"#  $!-"2,�  " %��/64:- (  2���!," -*'  ,$%��,"-'�" . ����!,�,$%�� -
,',,*'  !�0%�6"1""  4 "�"2$:-  ��,'-'%��6$;"-4"6)'�"#  "  %&")$:-  "0  &()  )�%��,"-'�/ -
,*3   2�# -2 . 

>'�/:  &$7�-*  (2�(� (  $,$�"6   2�# -2  !�0%�6"1"# , 0�)"."1"&�2$,,*3  2���!," -
 -*0"  ,$%��,"-'�(0"  "  "3  " %��/6�2$,"'  2 !$+' -2'  0$-'&"$��2    %�2*8',,*0"  ��,'-' -
%��6$;"-,*0"   2�# -2$0" , !�-�&*'  "  �')�2$�" /  ,$  24�!$,"6"&�2$,,*3  &'6",$3  ,$  � -
,�2'  <-"�',%&�%"�',�2���  !$4+4!$ ��9�
 -40. 

�2')',"'  4��'&�),*30"!&�2���!�,  "60',('-  -'3,����"+' !"3  "  ."6"!� -
0'3$,"+' !"3   2�# -2$ . 5��  0$��  2�"('-  ,$  -'%��%&�2�),� -/ , ,�  40',/8$'-  -'%��'0 -
!� -/ , +-�   2(6$,� , 2'&�(-,� ,   �7&$6�2$,"'0  0"!&�%�&  ,$  �&$,"1'  &$6)'�$  !$4+4! -
2���!,� . 

�  -�  �'  2&'0(  22')',"'  4��'&�),*30"!&�2���!�,  %�62��('-   4;' -2',,�  4�4+8"-/  
-'%��6$;"-,*'   2�# -2$ . �&'0(  %&��&'2$  -',!"  )�  100 °�  )$�'  %&" 22')',""  5 0$  .+. 
5��  42'�"+"2$'- (    70 )�  75  , $ %&" 22')',""  10 0$  . +.   70 )�  80  . �0',/8$'- (  "  
 !�&� -/  )' -&4!1""  ,$  8-20%, <&�6"�,,$(   -�#!� -/  42'�"+"2$'- (  2 18-68%. 


$!"0  �7&$6�0 , 22')',"'  5��  %�62��('-  %��4+"-/  0$-'&"$�*    4)�2�'-2�&"-'�/ -
,*0  !�0%�'! �0  -'3,����"+' !"3 , ."6"!� -0'3$,"+' !"3  "  -'%��6$;"-,*3   2�# -2 . 

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

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

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

�$,' ',"'  %�!&*-"#  (2�('- (   $0*0  %&� -*0  "  %�%4�(&,*0  0'-�)�0  6$;"-*  "  
,$%&$2�',�  ,$   �3&$,',"'  �7�&4)�2$,"(  �-  &$6&48',"(  %�) )'# -2"'0  ,'7�$��%&"(-,*3  
2,'8,"3  .$!-�&�2 . �$�,*0  0�0',-�0  (2�('- (  �7' %'+',"'  %&�+,� -"   �')",',"(  %�-
!&*-"(    0'-$��"+' !�#  � ,�2�# . 
�$"7��''  &$ %&� -&$,',,*0"  %�!&*-"(0"  )�(  6$;"-*  0'-$���!�, -&4!1"#  �-  &$6�"+,� -
��  2")$  2�6)'# -2"(  – (2�(:- (   � -$2*  ,$  � ,�2'  <%�! "),�#   0��* .  

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

5�)"."!$1"(  <%�! "),�#   0��*  (9� -20) .� .�&7�& �)'&�$;"0"   �')",',"(0"  
%&�2�)"�$ /  %&" -'0%'&$-4&'  25 0�  2 -'+',"'  24 +$ �2 . � -$,�2�',� , +-�  �%-"0$�/,�'  
 �)'&�$,"'  .� .�&7�& �)'&�$;"3  )�7$2�!  2 !�0%�6"1"(3    � -$2�(��  3,5 – 5 % �-  0$ -
 *  %�!&*-"( . 

�  3�)'  "  �')�2$,"#  "64+',�  %��4+',"'  <%�! "),*3  !�0%�6"1"# , "0':;"3  2  � -
 -$2'  �-2'&)"-'�/  ��	 . �64+',*  � ,�2,*'   2�# -2$  %��4+',,*3  !�0%�6"1"# . 

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

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

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


$!"0  �7&$6�0 , 2 3�)'  2*%��,',"(  &$7�-*  &$6&$7�-$,* 6$;"-,*'  %�!&*-"(  ,$  � ,�2'  
<%�! "),�#   0��*  9� -20 3���),���  �-2'&�)',"(  )�(  0'-$���!�, -&4!1"#  �7�$)$:;"'  %�-
2*8',,�#   -�#!� -/:  !  -'&0��!" �"-'�/,�#  )' -&4!1"" , 4)$&�%&�+,� -/: , $-0� .'&� -  "  
!�&&�6"�,,�#   -�#!� -/: , 2* �!�#  %&�+,� -/:   2(6"    %�)���!�# . 

 
 

� �����   '�����$  �''����  � �  ������! �����$&  �� ����  ��  
������ -��&���%�����  �  ��' ���-���$�  ���"����   

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

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

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

,"' . 9-�  �74 ��2�',�  -'0 , +-�  �,"  "0':-  &()   %'1"."+,*3   2�# -2  "  2�60��,� -/  �'�!� -
��  22')',"(  2 &'6",�24:   0' /  ,$  �7*+,�0   0' "-'�/,�0  �7�&4)�2$,"" . ��(  �4+8'��   � -
20';',"(  !$4+4!$   2���!,�0  " %��/64:-  $%%&'-*, ,�  �,"  -$! , �'  0��4-  �!$6*2$-/  2�"( -
,"'  "  ,$  -'%��6$;"-,*'   2�# -2$  !$4+4!$. 

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

>'�/:  &$7�-*  (2�('- (  "64+',"'  2�"(,"(  4��'&�),*3  0"!&�2���!�,  �7&$7�-$,,*3  
&$6�"+,*0"  $%%&'-$0" ,$  ��,'-'%��6$;"-,*'  "  ."6"!� -0'3$,"+' !"'   2�# -2$  <�$ -� -
0'&,*3  !�0%�6"1"# . 
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	7C'!-�0  "  �')�2$,"(  (2�(:- (  0"!&�4��'&�),*'  2���!,$  )�",�#  200 0"!&�,  "  
)"$0'-&�0  6 0"!&�,  �7&$7�-$,,*'  $%%&'-$0", &$6�"+,�#  %&"&�)* .  

� %*-$,"(  %&�2�)"�" /    24�!$,"6�2$,,*0"  &'6",$0"  ,$  � ,�2'  <-"�', -
%&�%"�',�2���  !$4+4!$    �)'&�$,"'0  4��'&�),*3  2���!�,  10 0$  .+. ,$  100 0$  .+. !$4-
+4!$ �7&$7�-$,,*3  &$6�"+,*0"  $%%&'-$0" %&') -$2�',,*0"  2 -$7�"1'  1. 

�$  &" 4,!'  1 %&') -$2�',*  0"!&�.�-��&$.""  4��'&�),*3  2���!�,  2 0$-&"1'  !$4+4-
!$ . �"),� , +-�  2���!,$  3�&�8�  &$ %&')'�(:- (  "  ,'  �7&$64:-  $���0'&$-�2 . 

 

        
$)                                                                   7) 

�" 4,�!  1 – 5"!&�.�-��&$.""  &$ %&')'�',"(  2���!�,  2 &'6",�2�#   0' "  %&" 42'�"+',""  $) 1000-!&$-,�' ; 

7) 200-!&$-,�'  


$7�"1$  1 – �60',('0$(  +$ -/   � -$2$  &'6",�2�#   0' "  

1 2 3 4 
�,�&')"',-  0$  .+. ,$  100 0$  .+. 

!$4+4!$ 

'3,"+' !"#  4��'&�)  � -234 50 40 40 40 
5��  $%%&'-"&�2$,,*'  5 0$  .% &$ -2�& %$&$.",$ 2 ,'.&$ '  - 10 - - 
5��  $%%&'-"&�2$,,*'  5 0$  .% &$ -2�&  0��*  .',�� -
.�&0$�/)'�"),�#  0$&!"  ��� -012�  2 $1'-�,'  

- - 10 - 

5��  $%%&'-"&�2$,,*'  5 0$  .% &$ -2�&  0��*  .',�� -
.�&0$�/)'�"),�#  0$&!"  �
� -150 2 $1'-�,'  

- - - 10 

�'�0'-&"+' !"'  )$,,*'  %��4+',*  ,$  %&"7�&' MDR-3000 Professional, %&') -$2�',*  
2 -$7�"1'  2. 

�6  -$7�"1*  2"),� , +-�    )�7$2�',"'0  5��  "  "60',',"'0  $%%&'-$ 42'�"+"2$:- (  
0$! "0$�/,*#  "  0","0$�/,*#  !&4-(;"#  0�0',- , +-�  0��'-   2")'-'�/ -2�2$-/  �  %�(2�' -
,""  )�%��,"-'�/,*3   8"2�! , $  �')�2$-'�/,�  "  42'�"+',""  2(6!� -" , %&�+,� -"  "  
40',/8',""   -'%',"  ,$743$,"( , � -$�/,*'  %�!$6$-'�"  24�!$,"6$1""  %&$!-"+' !"  ,'  "6-
0',(:- ( . 
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$7�"1$  2 – �'�0'-&"+' !"'  )$,,*'  &'6",�2*3   0' '#  
��!$6$-'�/  1 2 3 4 

5","0$�/,*#  !&4-(;"#  0�0',-  (Mmin), � ·0 0,14 0,16 0,17 0,17 
5$! "0$�/,*#  !&4-(;"#  0�0',-  (Mmax), � ·0 1,82 1,89 2,06 2,02 
�&'0(  ,$+$�$  24�!$,"6$1""  (SS), 0",  1,88 1,6 1,85 1,81 
	%-"0$�/,�'  2&'0(  24�!$,"6$1""  (S90), 0",  31,6 27,91 34,1 32,83 
��!$6$-'�/   !�&� -"  (Rv), 0", -1 2,62 1,87 2,64 2,68 

�  -$7�"1'  3 %&') -$2�',*  )$,,*'  %� ."6"!� -0'3$,"+' !"0   2�# -2$0 , "6 !�-�&*3  
2"),� , +-�    )�7$2�',"'0  5�� , ,'6,$+"-'�/,�  "60',('- (  4 ��2,$(  %&�+,� -/  %&" &$ -
-(�',"" , $ �-,� "-'�/,�'  � -$-�+,�'  4)�",',"'  %� �'  &$6&*2$  42'�"+"2$'- (  2 2 &$6$ 
)�(  �7&$61�2 3 "  4, $ )�(  �7&$61$ 2 2 2.7 &$6$, +-� , 2")"0� ,  2(6$,�    7��/8"0  �-,� "-'�/ -
,*0  4)�",',"'0  %&" &$6&*2' "  ,$�"+"'0  )�%��,"-'�/,���  2* �!�0�)4�/,���  !�0%�,', -
-$. 


$7�"1$  3 – �"6"!� -0'3$,"+' !"'   2�# -2$   � -$2�2  
��!$6$-'�"  1 2 3 4 

� ��2,$(  %&�+,� -/  %&" &$ -(�',""  (f� ), 
5�$  

16,6 17,2 17,1 15,2 

	-,� "-'�/,�'  4)�",',"'  %&" &$6&*2' 
(e�-, ), % 

460 512 464 454 

	-,� "-'�/,�'  � -$-�+,�'  4)�",',"'  %� �'  
&$6&*2$ (e� - ), % 

12 32,8 24 24 


2'&)� -/ , ��&  �  55 56 57 57 
���-,� -/ , !� / 0 3 1042,7 1069,4 1069,4 1069,4 

�$,,*'  %� -'%��6$;"-,*0   2�# -2$0  %&') -$2�',*  2 -$7�"1'  4. �6  ,"3  2"),� , +-�    
)�7$2�',"'0  5��  42'�"+"2$'- (  2&'0(  %&��&'2$ ,'�7��&'2$'0�#  %�2'&3,� -"  �7&$61$ )�  
100 °� , +-�  (2�('- (  &'64�/-$-�0  %�(2�',"(  %��-,�#  !�! �2�#  !�&!"  ,$  0' -'  2�6)'# -2"(  
%�$0'," . �4+8''  2&'0(  "0''-  �7&$6'1 %�) ,�0'&�0  4,  �)'&�$;"#  5��  $%%&'-"&�2$,-
,*'  &$ -2�&�0   0��*  .',�� -.�&0$�/)'�"),�#  0$&!"  �
� -150. 


$7�"1$  4 – 	�,' - "  -'%��6$;"-,*'   2�# -2$   � -$2�2  

��!$6$-'�"  1 2 3 4 
�&'0(  %&��&'2$ ,'�7��&'2$'0�#  %�-
2'&3,� -"  �7&$61$ )�  100 °� ,   

66,0 81,0 80,7 87,9 


'%��A0!� -/ , �� /(!� ·� ) 1888 1822 1823 1820 

'%��%&�2�),� -/ , �- /(0·� ) 0,211 0,198 0,195 0,192 

'0%'&$-4&�%&�2�),� -/ , 10-7 02/  1,05 0,96 0,97 0,94 
��! �2�'  +" �� , % 50,20 53,02 53,22 53,32 

 
��')�2$-'�/,� , 22')',"'  5��  ,'6,$+"-'�/,�  "60',('-  ."6"!� -0'3$,"+' !"'   2�# -

 -2$, ,�  %&" <-�0  4�4+8$:- (  -'%��6$;"-,*'   2�# -2$  <�$ -�0'&�2 . �4+8"0"  %�!$6$-'-
�(0"  �7�$)$'-  �7&$6'1  �)'&�$;"#  0"!&�4��'&�),*'  2���!,$  $%%&'-"&�2$,,*'  5 0$  .% 
&$ -2�&�0   0��*  .',�� -.�&0$�/)'�"),�#  0$&!"  �
� -150 2 $1'-�,' . 

�$7�-$  2*%��,',$  %&" %�))'&�!'  %&�'!-$  «�$6&$7�-!$  0�)"."!$-�&�2  "  .4,!1"� -
,$�/,*3  ,$%��,"-'�'#  )�(  ��,' -, -'%��6$;"-,*3  %��"0'&,*3  0$-'&"$��2 » 2*%��,('0���  
246�0 2 &$0!$3 �� 4)$& -2',,���  6$)$,"(  5",�7&,$4!"  ��  "" . 
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�������  ��������%����!�  ���������!�  ������������  
������������  �  ��&���-�&  !���&  ��  �%�����  ��*��������   

'�%�"  ���  «�� #���"  ��������$"  ����� » 
��!���2$  � .
 . (6$0' -"-'�/  ��$2,���  ",�','&$  %� %&�0*8�',,�# , <!����"+' !�#   

7'6�%$ ,� -"  "  �3&$,'  -&4)$ 	�	  «����'%�+  �0��5�,�-+  5�,�* ») 
�� ',!�  � .� . (6$0. )"&'!-�&$  %� 4+'7. &$7�-'  ���  ((����� ) ������� ) 

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

 
�'&�2�)�&�)  �+',/  -�! "+', . �)*3$,"'  2�6)43$    �)'&�$,"'0   '&�2�)�&�)$  0��'-  

2*62$-/  4 �:)'#  ����2�!&4�',"' , -�8,�-4  "  ����2,4:  7��/ . 5$�*'  !�,1',-&$1""   '&� -
2�)�&�)$  �'�!�  �;4-"0*  %� 6$%$34, $ %&" �%$ ,*3  !�,1',-&$1"(3  �7�,(,"'  %&"-4%�('- (  
"  %&" 4- -2"'  �$6$ 0��,�  ,'  �7,$&4�"-/ . 	�	  ���  (2�('- (  �),"0  "6 %&')%&"(-"#, %&�-
"62�) -2',,*'  %&�1'  *  ,$  !�-�&�0   �%&�2��)$:- (  2*7&� $0"  -�! "+,*3  �$6�2. �  ,$ -
 -�(;''  2&'0(  ,$  	�	  ���  %&"0',('- (  0'-�)"!$  "60'&',"(  !�,1',-&$1""  H2S .�-�!� -
��&"0'-&"+' !"0   %� �7�0 . �'&"�)"+,� -/  -$!"3  6$0'&�2  � -$2�('-  ,'  0',''  1 +$ $. 
���&'8,� -/  -$!���   %� �7$  )� -$-�+,�  2* �!$(  "  6$2" "-  �-  !$+' -2$  %&"��-�2�',"(  
&$ -2�&�2 . 

�  2013 ��)$  ,$  	�	  «��� » 22')',�  2 &$7�-4 �$6��+" -,�'   ��&4�',"'  )�(  �+" -!"  
�-   '&�2�)�&�)$  �-3�)(;"3  �-  � -*2$:;"3  %'+'# �$6�2. ��2�'  �$6��+" -,�'   ��&4�',"'  
-&'74'-  !�,-&��(  <..'!-"2,� -"  '��  &$7�-* , +-�  0��'-  7*-/  �7' %'+',�  -��/!�  %4-'0 
,'%&'&*2,���  "60'&',"(  !�,1',-&$1"#  -�! "+,*3  �$6�2. �$)$+$ %'&"�)"+' !���  "60'&' -
,"( , %'&')$+"  "  $&3"2"&�2$,"(  6,$+',"#  !�,1',-&$1"#  -�! "+,*3  �$6�2 (H2S, SO2, NO2, 
CO) (2�('- (  $!-4$�/,�# . 

�&')%&"(-"'0  2*)$,*  -'3,����"+' !"'  -&'7�2$,"(  !   " -'0'  $2-�0$-"+' !���  0� -
,"-�&",�$ . �6  ,"3  4 -$,�2�',� , +-�  2 4 ��2"(  "60'&',"(  ,'7�$��%&"(-,*' , 2 2�6)43'  
"0':- (  0'3$,"+' !"'  %&"0' "  (�&$."- , 8"3-$ , %' �! , ,'.-'!�! , !$&7")  !&'0,"( ), 
7��/8$(  6$)*0�',,� -/ . �2')',"#  %� )"$%$6�,4 !�,1',-&$1""   '&�2�)�&�)$  7*��  ,')� -
-$-�+,�  )�(  2*7�&$  -"%$ )$-+"!$ . ��<-�04  %'&2�# 6$)$+'# (2�('- (  &$6&$7�-!$ 0$!'-$  �$-
6�$,$�"6$-�&$  "   &$2,',"'  &$6�"+,*3  -"%�2  )$-+"!�2 .   

>'�"  &$6&$7�-!" 0$!'-$  �$6�$,$�"6$-�&$ : 
1) 4 -$,�2"-/  %&')'�/,*#  4&�2',/  !�,1',-&$1""   '&�2�)�&�)$  2 �-3�)(;'#  �$6�2�6 -
)48,�#   0' "  )�(  %� �')4:;'��  6$!$6$ %&�0*8�',,���  �$6�$,$�"6$-�&$    ,4�,*0"  %$-
&$0'-&$0" ; 
2)  &$2,',"'  )$-+"!�2  &$6,*3 -"%�2  (<�'!-&�3"0"+' !��� , !�,)4!-�0'-&"+' !��� )   
&$6,*0"  %&')'�/,*0"  )"$%$6�,$0"  (100 ppm "�"  1000 ppm) )�(  2*7�&$  ,$"7��''  %�)3� -
)(;'��  )$-+"!$ . 
�&�2')',�   &$2,',"'   �')4:;"3  )$-+"!�2 : 


$7�"1$  1 – �$-+"!"  !�,1',-&$1""   '&�2�)�&�)$  

  

EC-4 
�"$%$6�, : 0-1000 ppm (H2S) 

"% : <�'!-&�3"0"+' !"#  
�42 -2"-'�/,� -/ : 50-130 nA/ppm  
�$&$!-'&" -"!$ : �",'#,$(  
�&'0(  �-!�"!$ : <45  '!  
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MQ-136 
�"$%$6�, : 0-100 ppm (H2S) 

"% : !�,)4!-�0'-&"+' !"#  SnO2 
�42 -2"-'�/,� -/ : 30-200 kOm/ 10 ppm  
�$&$!-'&" -"!$ : ,'�",'#,$(  
�&'0(  &$6��&'2$: )�  24 +$ �2   

 
��7&$,  <! %'&"0',-$�/,*#   -',) , %�62��(:;"#  ,'%&'&*2,�  "60'&(-/  !�,1',-&$ -

1":   '&�2�)�&�)$  (&" .1). �-',)  "0''-  �"1'24:  %$,'�/    ��  <!&$,�0 . �2�)  %$&$0'-&�2 
� 4;' -2�('- (    �� -%4�/-$.  

 

 
 
�" 4,�!  1 – 9! %'&"0',-$�/,*#   -',)  )�(  ,'%&'&*2,���  "60'&',"(  !�,1',-&$1""   '&�2�)�&�)$ . 	7�6,$ -

+',"( : 1 – 4%&$2�(:;"#  0�)4�/  �$6�$,$�"6$-�&$ ; 2 - -&47!$ 6$7�&$ %&�7*; 3 -  7�&,"!  !�,)', $-$ ; 4 - "60' -
&"-'�/,$(  !$0'&$    )$-+"!�0  H2S; 5 - 2�6)48,*#  ,$ � . 

�$  <!&$,'  �-�7&$�$'- (  -'!4;$(  !�,1',-&$1"(   '&�2�)�&�)$ , -'0%'&$-4&$  0' " , 
,�0'&  "60'&',"( , &'�"0  &$7�-* . � '  )$,,*'  6$%" *2$:- (  2 <,'&��,'6$2" "04:  %$0(-/. 
5$!'-  "0''-  ."�/-&  0'3$,"+' !"3  +$ -"1  "  � 48"-'�/  %&�7*. 

�"�'  %&') -$2�',*  )$,,*'  6$ )2$ +$ $ "60'&',"# ,  +"-$,,*'    <,'&��,'6$2" "0�#  
%$0(-": 

 
 

�" 4,�!  2 – 
&$."!  "60',',"(  !�,1',-&$1""   '&�2�)�&�)$  2 %&�1'  '  %��"2$  %'+" 
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�  &'64�/-$-'  7*�  2*7&$,  )$-+"!  EC-4 -$!  !$!  �,  7��''  "67"&$-'�',  !   '&�2�)�&�)4  
( �$7$(  %'&'!&' -,$(  +42 -2"-'�/,� -/ ), 7* -&�  2*3�)"-  ,$  &$7�+"# &'�"0 , "0''-  7��/ -
8"#  )"$%$6�,  "60'&',"( . 

5$!'-  �$6�$,$�"6$-�&$  7*�  4 �2'&8', -2�2$,  "   )'�$,  7��''  !�0%$!-,*0  (&" .3). 
5$!'-  (2�('- (  0�7"�/,*0 , 0��'-  7*-/  %'&',' ',  2 �:74:  -�+!4  )�(  "60'&',"(  !�,1', -
-&$1""   '&�2�)�&�)$  6$ 15 0",4- . 9-�  %�62��('-  "  �')�2$-/  <..'!-"2,� -/  &$7�-*  �+" -
 -,���   ��&4�',"( , +-�  (2�('- (  $!-4$�/,�#  6$)$+'# )�(  %&')%&"(-"( .  

         
 

�" 4,�!  3 – � %*-$,"(  0$!'-$  �$6�$,$�"6$-�&$  ,$  �+" -,�0   ��&4�',""  

 
�   ��-2'- -2""    -'3,"+' !"0  6$)$,"'0  "60'&"-'�/,*'  )$,,*'  �-  �$6�$,$�"6$-�&$  

)���,*  7*-/  %'&')$,*  2 )" %'-+'& !"#  %4,!-  (<!����"+' !4:  �$7�&$-�&": ). 
$!  !$!  
&$  -�(,"'  0'�)4  �$7�&$-�&"'#  "  0' -�0  "60'&',"(  !�,1',-&$1""  �$6�2 7��''  300 0'- -
&�2, -�  %&�!�$)!$  !$7'�(  6$-&4),"-'�/,$ . �&�2')',*  "  �')�2$,"(  %� 2�60��,� -"  %&"-
0',',"(  7' %&�2�),�#   2(6" . ��(  <-���  " %��/6�2$�" /  0�)4�"  &$)"� 2(6"  NRF24L01   
4 "�"-'�'0 , %�62��(:;"'  %'&')$2$-/  )$,,*'  ,$  &$  -�(,"'  )�  1200 0 %&" 4 ��2""  %&(-
0�#  2")"0� -" . �" -'0$   � -�(;$(  "6 "6�4+$-'�(  "  %&"'0,"!$  4 %'8,�  " %*-$,$  ,$  
%&')%&"(-"" . 

��  &'64�/-$-$0  %&�2')',,*3  "  �')�2$,"#  7*�"  4 -$,�2�',*  -'3,����"+' !"'  4 -
��2"(  "60'&',"(  !�,1',-&$1"#  -�! "+,*3  �$6�2 "  2*7&$,  %&�0*8�',,*#  �$6�$,$�"6$ -
-�& . �&')���',  �$6�$,$�"6$-�&  «9! %'&- » (!�0%$,"(  			  «5�,"-�&",� », �$,!- -
�'-'&74&� ). ���  3$&$!-'&" -"!"  %&') -$2�',*  2 -$7�"1' : 

 
��,-&��"&4'0*'  �$6*  2  0' "  H2S. ��,1',-&$1"(   '&�2�)�&�)$  ,'  7��''  1000 0� /03.  

�&'),"#   &�!   �4�7*  3 ��)$  

�'%&'&*2,�'  2&'0(  &$7�-*  	-   '-"  %&"7�& 0��'-  &$7�-$-/  !&4��� 4-�+,� ; 
�-  2 -&�',,���  $!!404�(-�&$  – )�  16 +$ �2 . 
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>".&�2�#  ",-'&.'#  �,-'&.'#  RS-232 ("�"  RS-485) 

� -&�',,$(  ."�/-&$1"(  �$6� -
2�#  %&�7* 

���!  � 48!"  "  2�$���-)'�"-'�/  �$6�2�#  %&�7* 

� -&�',,$(  %$0(-/ �$0(-/  )�(  3&$,',"(  1200 %� �'),"3  "60'&',"#  

  
�'64�/-$-*  %&�)'�$,,�#  &$7�-* : 

1) �6��-�2�',  0$!'-  �$6�$,$�"6$-�&$  )�(  ,'%&'&*2,���  !�,-&��(  !�,1',-&$1""   '&� -
2�)�&�)$  "   " -'0$   )" -$,1"�,,�#  7' %&�2�),�#  %'&')$+'#  )$,,*3 .  
2) �&�2')',�  "  �')�2$,"'  )",$0"!"  "60',',"(  !�,1',-&$1""   '&�2�)�&�)$  2 %&�-
1'  '  %��"2$  %'+'# ,$  �+" -,�0   ��&4�',""  	�	  ��� . 
3) �*7&$,  %&�0*8�',,*#  �$6�$,$�"6$-�&  "  )&4�"'   &') -2$  $2-�0$-"6$1""  )�(   �6 -
)$,"(  !�0%�'! ,�#   " -'0*  "60'&',"(  !�,1',-&$1"#  -�! "+,*3  �$6�2 (H2S, CO, NO2, 
SO2). 

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

�"-'&$-4&$ : 
1)  �� . �&$#)', . ��2&'0',,*'  )$-+"!"  / �%&$2�+,"! . 5 .: 
'3,� .'&$ , 2005. – 592 c. 
2) General information for TGS sensor. Revised 11/04. Figaro USA inc., 2011.   
3) Technical data MQ-136 gas sensor. HANWEI ELECTRONICS LTD., 1998. 

 
 

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

������  & ���� )���������!�  '� �(�� ���  
�$7��2  � .� ., �'#7$�  � .� ., �4)',!�  � .� ., �$&�$0�2  � .� . 

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

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

6$;"-,*3   2�# -2  0��'-  %&"2' -"  !  434)8',":  !�0%�'! $  )&4�"3  <! %�4$-$1"�,,*3  %�-
!$6$-'�'# . �&�0'  -��� , &$6&$7�-!$ -'3,����""  %��4+',"(  ,�2*3  !�0%�6"1"#  ,'  2 '�)$  
<!�,�0"+' !"  �%&$2)$,$. �&"0',',"'  6$;"-,*3  %�!&*-"#  %�62��(:;"3  %�2* "-/   -�# -
!� -/  0$-'&"$�$  !  2,'8,"0  2�6)'# -2"(0  7'6 434)8',"(  !�0%�'! $  � ,�2,*3   2�# -2  
%&') -$2�('- (  ,' �0,',,�  %'& %'!-"2,*0 . 

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

�$"7��''  <..'!-"2,�'   �)'&�$,"'  4��'&�),*3  2���!�, ,  %� �7 -24:;''  0$! " -
0$�/,�04  42'�"+',":  $)�'6""  %�!&*-"#  ,$  � ,�2'  ���9  !  &'6",$0   � -$2�('-  0,3-0,7%, 
+-�  %�62��('-  %�2* "-/  %&�+,� -/   2(6"  24�!$,"6�2$,,*3  &'6",  ,$  � ,�2'  &$6�"+,*3  
!$4+4!�2    %�!&*-"'0  2  &'),'0  2 2,5-3,0 &$6$. 

�&"0',',"'  4��'&�),*3  2���!�,  2 !$+' -2'  ,$%��,"-'�(   %� �7 -24'-  %�2*8' -
,":  ��,' -, -'%�� -�#!� -"  %�!&*-"#  ,$  � ,�2'  ���9 . �&"  <-�0  ,$7�:)$'- (  42'�"+',"'  
2&'0',"  )� -"�',"(  �7&$61�0 %&')'�/,���   � -�(,"( . 
$!  " 3�),*#  �7&$6'1 24�!$,"6$-$  
)� -"�$'-   2�'��  !&"-"+' !���   � -�(,"(  6$ 80  '!4,)  %&" -'0%'&$-4&'  ,$  ,'�7��&'2$' -
0�#   -�&�,'  130 0� . �&"  22')',""  2  � -$2  %�!&*-"(  4��'&�),*3  2���!�, , 2&'0(  )� -" -
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�',"(  �7&$61�0 %&')'�/,���   � -�(,"(  42'�"+"2$'- (  )�  130  '!4,)  %&" -'0%'&$-4&'  300 
0� . 


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

 

'� �%����  �! �����$&  ��'� ���� �"  � �  '� �����$&   
������� ��  �������  '����������  

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

��������*'%���  ��'"*��'&,������  &�.��#�'%���  "��,��'�&�&�  
 
�   2(6"    )'."1"-,� -/:   *&/(  )�(  %&�"62�) -2$  -'3,"+' !���  4��'&�)$  2 %� �') -

,''  2&'0(  ")4-  %�" !"  ,�2*3  ,$%��,"-'�'#  0",'&$�/,���  "  &$ -"-'�/,���  %&�" 3��)' -
,"( . �$6,��7&$6"'  4��'&�),*3  0$-'&"$��2  %� "3  %&�" 3��)',": , !&" -$����&$."+' !�#  
 -&4!-4&'  "  3"0"+' !�04   � -$24  %&') -$2�(:-  8"&�!"'  2�60��,� -"  )�(  %��4+',"(  &'-
6",    &$6�"+,*0"  <! %�4$-$1"�,,*0"   2�# -2$0" .  

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

5�)"."!$1"(  2���!�,  %&�2�)"�$ /  &$ -2�&$0"  ��	  &$6�"+,*3  !�,1',-&$1"# , $ 
-$!�'  ,'#-&$�"6$1"(  $00"$!�0  (;'��+,$(   &')$ ) &$6�"+,�#  !�,1',-&$1"" . �&�%"-!$  
%&�2�)"�$ /  2 -'+',"'  50", ., 6$-'0  2���!,�  �-�"0$�� /  "  2* 48"2$�� /  ,$  2�6)43'  )�  
%� -�(,,�#  0$  * . �$-'0  %&�2�)"� (  %"&��"6  %&" %� -�(,,�#  -'0%'&$-4&'  6000� , 2&'0(  
%"&��"6$  � -$2"��  30 0",4- .  

� -$,�2�',� , +-�  %&" -'0%'&$-4&'  600 °�  %"&��"6  " 3�),���  2���!,$  %&�-'!$'-  
0�,�2',,� , !�! �2*#  � -$-�!  2 %'&2*'  5 0",  %$)$'- )�  0. �*3�)  !�! $  %� �'  %"&��"6$ 
0�)"."1"&�2$,,���  2���!,$  !  25-30 0",  2*3�)"-  ,$  %� -�(,,*#  4&�2',/  "   � -$2�('-  �-  
15 )�  30 % 2 6$2" "0� -"  �-  !�,1',-&$1""  ��	 .  

�  3�)'  "  �')�2$,"#  %&�2')',$  �1',!$  2�"(,"(  %��4+',,���  ,$%��,"-'�(  ,$  ." -
6"!� -0'3$,"+' !"'  "  -'%��6$;"-,*'   2�# -2$  &'6",  ,$  � ,�2'  <-"�',%&�%"�',�2���  !$4-
+4!$. �&"  22')',""  %��4+',,���  ,$%��,"-'�(  2 &'6",�24:   0' /  ,$7�:)$'- (  ,'6,$+" -
-'�/,�'   ,"�',"'  %&�+,� -,*3  %�!$6$-'�'# . 

��(  �1',!"  -'%��6$;"-,*3   2�# -2  %��4+',,*3  24�!$,"6$-�2  �%&')'�(�� /  "60' -
,',"'  -'0%'&$-4&*  ,$  ,'�7��&'2$'0�#  %�2'&3,� -"  �7&$61$ %&" )'# -2""  ,$  ,'��  �-!&* -
-���  %�$0'," . � -$,�2�',� , +-�  22')',"'  %"&��"6�2$,,���  %��"2","� %"&-�2���  2���!,$  
2 &'6",4  %�2*8$'-   -�#!� -/  !  )'# -2":  �-!&*-���  %�$0',"  ,$  75%. 


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

 
 

'���������  ������������������#�-�!�  '��������  ��!����  �  
( ��������$&  � ���$&  �������&  

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

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

�4;' -2',,4:  &��/  2 &$ 8"&',""  $  �&-"0',-$  2*%4 !$'0*3  %��"0'&�2  "�&$'-  "  
<!�,�0"+' !$(  1'�' ��7&$6,� -/  %&�1'  $  0�)"."!$1"" , %&"0',',"'  !�-�&���  6$0'-,�  
 ,"�$'-  6$-&$-* ,$  %&�"62�) -2� . 

��<-�04  0�)"."!$1"(  4�'  "62' -,*3  %��"0'&,*3  !�0%�6"1"#    1'�/:  4�4+8',"(  
<! %�4$-$1"�,,*3   2�# -2  (2�('- (  $!-4$�/,�# . 
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�$"7��''  %'& %'!-"2,�#  6$)$+'# (2�('- (  0�)"."!$1"(  %��"0'&,*3  !�0%�6"1"# , 
 �')",',"(0" , 2 !�-�&*3  %&" 4- -24:-  $)�'6"�,,� -$!-"2,*'  �&4%%* – $0",��&4%%* , �$-
���', �)'&�$;"' , �")&�! "�/,*'  "  - . %. �  %�6"1""   �2&'0',,*3  -',)',1"#  &$62"-"( 3" -
0"+' !�#  -'3,����""  $!-4$�/,*0  (2�('- (  &$6&$7�-!$ -$!"3  0�)"."!$-�&�2  "  0�)"."!$ -
1"(  %��"0'&$ , !�-�&*'  " !�:+$�"  7*  2*)'�',"'  2&'),*3  %�7�+,*3  %&�)4!-�2  "  %&�-'-
!$�"  %&" ,�&0$�/,*3  -'0%'&$-4&,*3  4 ��2"(3 . 

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

�&�2')',   ",-'6  "  "64+',*  ,'!�-�&*'   2�# -2$  .� .�&7�&$6�- �)'&�$;'#  0�)" -
."1"&4:;'#  )�7$2!"  (�9�� –2) ,$  � ,�2'  <%�! "),�#  )"$,�2�#   0��*  9� –20, $,"�",$  
"  .� .�&7�& �)'&�$;'��  ��"��0'&$ . �*��  2*(2�',� , +-�  ,$�"+"'  2  � -$2'  &$6&$7�-$,-
,*3  0�)"."!$-�&�2  $-�0�2  P, B, N %�62��('-  %&��,�6"&�2$-/  <..'!-"2,� -/  %��".4,! -
1"�,$�/,���  )'# -2"(  %&" " %��/6�2$,"'  4!$6$,,*3  0�)"."!$-�&�2  2 <�$ -�0'&,*3  0$-
-'&"$�$3 . 

�  3�)'  %&�2')',"(  "  �')�2$,"#  4 -$,�2�',� , +-�    %�2*8',"'0   �)'&�$,"(  
��	 –2  2  � -$2'  0�)"."!$-�&$ , 42'�"+"2$'- (  2�)�%����;',"'  �7&$61�2, +-�  0��'-  
7*-/   2(6$,�    �7&$6�2$,"'0  –� –	�  "  –� –	�  – �&4%%. �$�"+"'  $-�0�2  .� .�&$  "  7�&$ 
�7' %'+"2$'-   4;' -2',,�'  %�2*8',"'  -'0%'&$-4&*  %�$2�',"(  %�  &$2,',":    �7&$61$-
0" , ,'   �)'&�$;"0"  ��	 –2. 


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

��� ��������  �����#�����  ��'�������-����  ��!���������  
( ��������$&  ���'�����"  ��  

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

����'%�+  $���&�.��#�'%�+  ��'&�&"&  ((����� ) ������� , www.volpi.ru 
 � . ����'%�+ , 
�''�!  

 
�$7�-* , ,$%&$2�',,*'  ,$  &$ 8"&',"'   *&/'2�#  7$6* �-'+' -2',,�#  &'6",�%'&'&$ -

7$-*2$:;'#  %&�0*8�',,� -" , 6$  +'-  %&"0',',"(  ,�2*3  <!����"+' !"  7'6�%$ ,*3  "  
<..'!-"2,*3  ",�&')"',-�2  &'6",�2*3   0' '# , $ -$!  �' ,   2(6$,,*'    4�4+8',"'0  <! -
%�4$-$1"�,,*3   2�# -2  8",  "  �
� , (2�(:- (  $!-4$�/,*0"  "   � �7',,�  2$�,*0"  2 %'&"-
�)  &'$�"6$1""  %&��&$00, 7�$��)$&(  !�-�&*0   -$,'-  2�60��,*0   4;' -2',,�   ,"6"-/  "0 -
%�&-,4:  6$2" "0� -/  ��  "" .  

�  &$7�-'  %&�2�)(- (  "  �')�2$,"(  2�60��,� -"  "0%�&-6$0';',"(  ",�&')"',-�2  
<�$ -�0'&,*3  !�0%�6"1"#  ,$  e-!$%&��$!-$0 �)'&�$;"'  <! %�4$-$1"�,,*'  )�7$2!"  [1,2]. 

�'64�/-$-*  "  �')�2$,"#  %�!$6$�"  %����"-'�/,�'  2�"(,"'  "  �')4'0*3  !�0 -
%�'! ,*3  %&�-"2� -$&"-'�'#  ,$   -�#!� -/  &'6",  !  -'&0��!" �"-'�/,�04   -$&',": . 	- -
0'+',� , +-�  %&" " %��/6�2$,""  !�0%�'! ,*3  %&�-"2� -$&"-'�'#  2 &'1'%-4&'  &'6",    2* -
 �!"0"  -&'7�2$,"(0"  !  �7' %'+',":  "6,� � -�#!� -" , ,$%&"0'&, &'6",  )�(  %&�-'!-�&$  
8", , ,'�73�)"0�  4+"-*2$-/  2�"(,"'  2 '3  !�0%�,',-�2  !�0%�'! ,*3  %&�-"2� -$&"-'�'# . 
�&" 4- -2"'  J –!$%&��$!-$0$ , !�-�&*#  �!$6*2$'-  %&'2',-"2,4:  6$;"-4  &'6",  �-   -$&' -
,"( , 2  � -$2'  !�0%�'! ,���  %&�-"2� -$&"-'�( ,  %� �7',  �!$6*2$-/  %����"-'�/,�'  2�"( -
,"'  ,$   -�#!� -/  &'6",  !  $7&$6"2,�04 "6,� 4 . �  <-�0   �4+$'  "  �')4'0*'  !�0%�'! ,*'  
%&�-"2� -$&"-'�"  0��4-  (2"-/ (  !�0%&�0"  ,*0"  %&�)4!-$0"   %� �7,*0" ,   �),�#   -� -
&�,* , 6,$+"-'�/,�  40',/8"-/  "6,� , 4 4�47�('0*#  )'# -2"'0  �6�,$ , -'%�$  "  !" ��&�)$ ,   
)&4��#  -  %� �7 -2�2$-/   �3&$,',":  -&'74'0���  4&�2,(  � -$�/,*3  <! %�4$-$1"�,,*3  
 2�# -2 . 



 237 

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

,$3 /�4+!�2  � .� ., �%"&")�,�2$  5 .� . "  )&.// �&�0*8�',,�'  %&�"62�) -2�  "  " %��/6�2$ -
,"'  <�$ -�0'&�2 . - 2014. - =  4. - C. 17-20.  

2. 	  2�60��,� -"  " %��/6�2$,"(  0��'!4�(&,���  !�0%�'! $  !$%&��$!-$0 -N-"6%&�%"�-
N-.',"� -n-.',"�',)"$0",  )�(   -$7"�"6$1""  &'6", /�4+!�2  � .� ., �"7$  � .� ., 
�%"&")�,�2$  5 .� .// �62' -"(  ����

� : 0'�246 .  7 . ,$4+.  - . = 4 (159), 2015. � .66-69. 
 

 
����%�����  �� !� ����  %� �����  

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

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

�)�&�2/'  !$�)���  +'��2'!$  �%&')'�('- (  �-,�8',"'0  2,'8,"3  "  2,4-&',,"3  2�6-
)'# -2"#  ,$  '��  �&�$,"60 ,   �),�#   -�&�,* , "  2�60��,� -(0"   $0���  �&�$,"60$  %&�-"2� -
 -�(-/  ,'�'�$-'�/,*0  2�6)'# -2"(0 , 6$;";$-/ (  �-  ,"3 , %� 2�60��,� -"  4 "�"2$(  2�6-
)'# -2"(  %��'6,*3  )�(  6)�&�2/(  .$!-�&�2 ,   )&4��#   -�&�,* . �-'%',/  4 %'8,� -"  <-�#  
)'(-'�/,� -"  – 4 -&$,',"'  2&'),*3  2�6)'# -2"#  "  %�2*8',"'  4 -�#+"2� -"  !  ,"0  (-&' -
,"&�2!$ , %�2*8',"'  $)$%-$1"�,,*3   %� �7,� -'#  �&�$,"60$ ) – �%&')'�('-  ,$%&$2�',"(  
4 "�"#  %�  �3&$,',":  "  4!&'%�',":  6)�&�2/( . �:7$(  0*8'+,$(  )'(-'�/,� -/ , 6$,(-"(  
."6"+' !"0"  4%&$�,',"(0" ,  %�&-�0  %�2*8$:-  $!-"2,� -/  �70',,*3  %&�1'  �2 , -&'," -
&4:-  "  %�))'&�"2$:-  ,$  2* �!�0  4&�2,'  0'3$,"60* , � 4;' -2�(:;"'  2 �&�$,"60'  �7 -
0',  2';' -2  "  <,'&�"" , +-�  %����"-'�/,*0  �7&$6�0   !$6*2$'- (  ,$  40 -2',,�#  "  ."6" -
+' !�#  &$7�-� %� �7,� -"  +'��2'!$ .  
 ��2&'0',,*#  �7&$6 �"6,"  +'��2'!$  �%&')'�('- (  <!�,�0"+' !"0  "  %��"-"+' !"0  
 � -�(,"'0  �7;' -2$ . ��(  ,$8'#   -&$,*   '#+$  3$&$!-'&,*  !&"6" *  <!�,�0"+' !"# , %�-
�"-"+' !"#  "  !$!   �') -2"'  -  �1"$�/,*# . � -' -2',,� , +-�  �:)"   -$&$:- (  $)'!2$-,�  
&'$�"&�2$-/  ,$  !&"6" ,4:   "-4$1": : 7��/8'  &$7�-$-/ , 0',/8'  �-)*3$-/  - <-�  ' -' -2', -
,$(  &'$!1"(  ,$   ,"�',"'  <..'!-"2,� -"  <!�,�0"!" .  
 �2�7�),�'  2&'0(  4 �:)'#  6$0'-,�   �!&$-"�� / . 	,�  "60',"�� /  %� !$+' -24  "  %� 
!��"+' -24 , %&"�7&'-(  (2,�  2*&$�',,*#  ",.�&0$1"�,,� - 2�  -$,�2"-'�/,*#  3$&$!-'&. 
	-%4 !  4 7��/8", -2$  ,$ '�',"(   -$�  «-&4)�2*0 »: �:)"  %&')%�+"-$:-  %&�2�)"-/  '��  ,$  
%�) �7,�0  3�6(# -2' , ,$  )$+'  "�"  2��7;'  ,'  7&$-/ �-%4 ! , +-�7*  6$&$7�-$-/ )�%��," -
-'�/,*'   &') -2$  )�(  %&��"2$,"( . 
 �$-&$�"2$(  -'04   �3&$,',"(  6)�&�2/(  "  %�))'&�$,"(  2 '3   " -'0  �&�$,"60$  2 &$2-
,�2' ""  ,$  %&�-(�',""  2 '#  �"6,"  0��,�  ��2�&"-/  �  ."6"+' !�0  )�����'-""  +'��2'!$ .  
�  .$!-�&$0 , �-  !�-�&*3  6$2" (-  6)�&�2/'  "  )�����'-"'  �-,� (- ( : -&4), %&",� (;"#  
4)�2�'-2�&',"' ; ,$�"+"'  �"6,',,�#  1'�" ; )2"�$-'�/,$(  $!-"2,� -/ ;  �7�:)',"'  &'�"0$  
),(  "  �"�"',$  �-)*3$ ; &$1"�,$�/,�'  %"-$,"' ; ,�&0$�/,*#   �, ; �"�"',$  7*-$ ; 40',"'  
4%&$2�(-/ <0�1"(0"  "   �3&$,(-/  �%-"0"60 ;  +$ -�"2*#  7&$!; �-!$6  �-  2&'),*3  %&"2*+'! ; 
6$!$�"2$,"' . �  �:7�0  2�6&$ -'  �7(6$-'�/,�  ,4�,�  )$2$-/  �&�$,"604  ",-'��'!-4$�/,4:  
,$�&46!4. �-',"'  !,"� , &'8',"'  !&�  2�&)�2 , &$6�"+,*'  ",-'��'!-4$�/,*'  "�&*  — <-�  ,'  
-��/!�  42�'!$-'�/,�'  6$,(-"' , ,�  "   47 -&$-  )�(  &$7�-*  0�6�$ . 
�$2,�'  — ,'  )$2$-/  0�6�4  
2�60��,� -"  6$0')�(-/   2�"  %&�1'  * . 
$!"0  �7&$6�0 , )�����'-"'  +'��2'!$  6$2" "-  ,'  
-��/!�  �-  2�"(,"(  2,'8,'#   &')* , ,�  "  ��$2,*0  �7&$6�0 , �-  �7&$6$ �"6,"  "  )'(-'�/,� -"  
 $0���  +'��2'!$ . �)�&�2*#  �7&$6 �"6," , 2� -&'7�2$,,� -/  2  '0/'  "  �7;' -2'  - <-�  -� , 
+-�  ,'�73�)"0�  )�(   �3&$,',"(  6)�&�2/(  "  7�$��%��4+"(  2 %��"��0  2�6&$ -' .  
         �!-"2,*#  �7&$6 �"6,"  - � ,�2$  )�����'-"( . � �"  +'��2'!  %��,� -/:  " !�:+"�  ."6 -
!4�/-4&4  "6 �"6,"  "  �"2'-  %� %&",1"%4 «' �"  0,'  6$3�-'�� /  6$,(-/ (   %�&-�0 , -�  (  �� -
�4 /  ,$  )"2$,  "  �)4 , !��)$  <-�  �'�$,"'  %&�#)'- », -�  �)"-'  %&�7�'0 . ��(  -���   +-�7*  
�"-/  )��/8' ,  -�"-  4)'�(-/  <-�04  %��'6,�04  6$,(-":  5 ),'#  2 ,')'�: . �"6"+' !$(  $! -
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-"2,� -/  4!&'%�('-   "004,,4:   " -'04 , -&',"&4'-  0*81* , 4!&'%�('-  !� -"  "   4 -$2* , 
%&'�)'  2 '�� , %�62�,�+,"! , 7�$��%&"(-,�   !$6*2$'- (  ,$   " -'0'  !&�2��7&$;',"( , %�0� -
�$'-  %&'�)��'2$-/   -&'  , 4�4+8$'-  ,$ -&�',"'  "  %�2*8$'-   $0��1',!4 . �  !�,'+,�0  "-� -
�'  2 '  2*8'%'&'+" �',,�'  6$0')�('-  %&�1'    -$&',"( . 

�'  -��/!�  ."6"+' !"'   2'&3,$�&46!"  %&"7�"�$:-  ,$  !   -$&� -" , )$�'  0��,�   !$ -
6$-/, ,'   -��/!�  �," ,  !��/!�  %� -�(,,*#  <0�1"�,$�/,*#   -&'  , 2*62$,,*#  ,'%&$2"�/ -
,*0  %�2')',"'0 , -�+,''  ,$8'#  ,'%&$2"�/,�#  &'$!1"'#  ,$  %&�" 3�)(;"'   �7*-"( . �-&'   
4!�&$+"2$'-  �"6,/ . �  )�  -'3  %�&, %�!$ 0*  ,'  ,$+,'0  &$7�-$-/  ,$)   �7�# , 4�&�6$ %&"7�"-
�$:;'# (  %&'�)'2&'0',,�#   -$&� -"  ,'"67'�,$ . �$0'+',� , +-�  )�����"-'�" , !$!  %&$2"-
�� , )�7&�)48,* , 0"&��:7"2* , %��,*  %�$,�2  ,$  74)4;'' . ��  ��47�!�#   -$&� -"  �,"   � -
3&$,(:-  �%-"0"60 . �&�0'  -��� , �,"  40':-  4%&$2�(-/  2�"0"  <0�1"(0" . �+',*'  %&"8�"  
!  2*2�)4 , +-�  )�����"-'�" , !$!  %&$2"��, 4)�2�'-2�&',*  &$7�-�#  "  �+',/  3�-(-  �"-/ . 
���/8", -2�  "6 ,"3  2')4-   %�!�#,4: , &$60'&',,4:  �"6,/  

�)�&�2*#  �7&$6 �"6,"  ,' �20' -"0    2&'),*0"  %&"2*+!$0" . �%�-&'7�',"'  $�!� -
���( , ,$&!�-"+' !"3  2';' -2 , -$7$!$ 23�)"-  2 +" ��  2$�,'#8"3  .$!-�&�2  &" !$  0,��"3  
6$7��'2$,"# , ,'�$-"2,�  �-&$�$:;"3 (  ,$  6)�&�2/'  ,$1"" . �  &()4 %&"�&"-'-,*3  1',,� -
 -'#  +'��2'!$  6)�&�2/:  7'6���2�&�+,�  �-2�)"- (  %'&2� -'%',,�'  0' -� . ��<-�04  4�'    
 $0���  &$,,'��  2�6&$ -$  )'-'#  ,'�73�)"0�  -&',"&�2$-/ , ,$ -&$"2$-/  ,$  6)�&�2*#  �7&$6 
�"6," . �� -'%',,�  %&�1'   2� %"-$,"(  6)�&�2�#  % "3"!"  )���',  %'&'#-"  2 ''   $0�2� -
%"-$,"' . �-&'0�',"'  !  6)�&�2�04  �7&$64 �"6," , % "3"+' !�04  7�$��%��4+":  )���,�  
 -$-/  ' -' -2',,�#  %�-&'7,� -/:  +'��2'!$ . 	,  )���', , ��2�&(   ��2$0"  �'�,$&)�  )$ �", -
+" , ,$4+"-/ (   �3&$,(-/   �7 -2',,�'  6)�&�2/' .  
�-$! , 6)�&�2*#  �7&$6 �"6," , % "3"+' !�'  6)�&�2/'  )���,*   -$-/  ' -' -2',,�# , �&�$,"+' -
 !�#  %�-&'7,� -/:  +'��2'!$ , 2� %&",(2  !�-�&4: , �,  74)'-   �')�2$-/  '#  7'6 %&",4�)',"(  
,$  %&�-(�',""  2 '#   2�'#  �"6," , -'0   $0*0 ,  %&�)�'2$(  ''  !$!  0��,�  )��/8' . �&4�"0"  
 ��2$0" , ,"+-�  -$!  7�$��%&"(-,�  ,'   %� �7 -24'-   �3&$,',":  0���)� -"  "  )�����'-": , 
!$!  )43�2,�  2�62*8$:;''  %�2')',"' , %�6"-"2,�'  0*8�',"'  "  6)�&�2*#  �7&$6 �"6," . 
�0',,�  �,"  %�&��)$:-  -$!"'  ,'#&�3"0"+' !"'  "60',',"( , !�-�&*'  �!$6*2$:-  7�$�� -
-2�&,�'  )'# -2"'  ,$  2' /  �&�$,"60 . ���+$ $ , +$  2&'0',"  2 )',/  %�-&$+',,*'  ,$  -&'," -
&�2!4   2�'��  �&�$,"60$  %� �4�$-  ,$)'�,�#  %&�."�$!-"!�#  &$6�"+,*3  6$7��'2$,"# , )$-
)4-  2�60��,� -/  )���"'  ��)*  ,$ �$�)$-/ (  6)�&�2/'0  "  2* �!�#  &$7�-� %� �7,� -/: .  
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