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1+/+5� -+,  -"/&+!$�  (�?� ). �'+5+!$  #  + ��/$�+5� -"/  !$'3;�!++  :�+1  !"'/  
2$5$ �34 -'"�� %  # =��$!++   :-"!"/+�6  &4)=��!0�   '�) �#$ , #0)���!!0�  !$  
 �'"+���6 �#"  + :- *�3$�$8+4  )$!!01  "&.�-�"# . 
�   /"�'%  !$  3 �"#+% $& "�4�!",  
 �-'��!" �+  #"-'3(  :�+1  $#$'+, , -$-  # ���� , �$-  + 2$ '3&�="/ , (" 3)$' �#�!!0/+  
 �'3-�3'$/+  :�+1   �'$!  *'+!+/$�+ 6  2!$5+���6!0�  3 +�+% )�%  !+=�!+%  +1 /�)+-" -
&+"�"(+5� -+1  *" ��) �#+,  [2]. 
)!$-" , 3>�'&  "-'3=$4>�,   '�)� ,  �"+/" �6  
-"/*��- $  /�'  *"   !+=�!+4  *" ��) �#+,  $#$'+,  !� "+2/�'+/0   "   '�) �#$/+ , 
 :-"!"/��!!0/+  !$  +(!"'+'"#$!++   3>� �#34>+1  *'$#+�  + !"'/   �'"+���6 �#$  + 
:- *�3$�$8++  1'$!+�+> .  
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�"  +, -$%  7�)�'$�6!$%  8���#$% *'"('$//$  «
&� *�5�!+�  %)�'!",  + 
'$)+$8+"!!",  &�2"*$ !" �+  !$  2008 (")  + *�'+")  )"  2015 (")$ » [3] *'+2#$!$   "2)$�6  
!�"&1")+/0�  3 �"#+% )�% "&� *�5�!+%  %)�'!",  + '$)+$8+"!!",  &�2"*$ !" �+  !$  
)"�(" '"5!34  *�' *�-�+#3 . �"#'�/�!!$%   +�3$8+% # "&�$ �+  %)�'!",  + '$)+$8+"!!",  
&�2"*$ !" �+  1$'$-��'+23�� %  �'�/%  -�45�#0/+  7$-�"'$/+ :  

– 
�"&1")+/" �64  7"'/+'"#$!+%  (" 3)$' �#�!!",   + ��/0  -"!�'"�%  )�% 
"&� *�5�!+%  %)�'!",  + '$)+$8+"!!",  &�2"*$ !" �+  *'+  + *"�62"#$!++  %)�'!",  
:!�'(++ . 

– 
$�+5+�/  %)�'!" - + '$)+$8+"!!" -"*$ !01  "&.�-�"# , !�  "�#�5$4>+1  
 "#'�/�!!0/ . 

– �'�&"#$!+%/  %)�'!",  + '$)+$8+"!!",  &�2"*$ !" �+  + *'�) �$#�%4>+1   "&",  
3('"23  !$8+"!$�6!",  &�2"*$ !" �+ . 

– 
�"&1")+/" �64  !�"��"=!"("  '�;�!+%  !$-"*+#;+1 %  *'"&��/  !$  
(" 3)$' �#�!!"/  3'"#!�  + !�)"*3 �+/" �64  +1 )$�6!�,;�,  "� '"5-+  [1]. 

��'�5+ ��!!0�  $ *�-�0  $-�3$�6!0  #  �'$!$1  �
�  # �>�  &"�6;�,   ��*�!+ . 9�"�  
7$-�  #020#$��  &� *"-", �#" , #  #%2+   + *"�62"#$!+�/  !$  +1 ��''+�"'++  �9� , 
1'$!+�+>$  "�1")"# , /!"(+�  +2 -"�"'01  !�  *'"1")+�+  /")�'!+2$8+4    /"/�!�$  
'$ *$)$  ���� . �$ ;�$&  :�+1  *'"&��/  1$'$-��'+23�� %   ��)34>+/+  *'+5+!$/+ : 

– 
�  "&� *�5�!$  !$)�=!$%  +2"�%8+%  + ��/0  )"�("#'�/�!!"("  1'$!�!+%  
'$)+"$-�+#!01  "�1")"#  # *'+*"#�'1!" �!01  1'$!+�+>$1  "�  "-'3=$4>�,   '�)0 . 
�'�&3�� %  *'+#�)�!+�  �$-  !$20#$�/01  + �"'+5� -+1  1'$!+�+>  # &�2"*$ !"�   " �"%!+�  
+  "2)$!+�  '�(+"!$�6!01  *3!-�"#  2$1"'"!�!+%  '$)+"$-�+#!01  "�1")"# . 

– 
�  +2"�+'"#$!0  "�  "-'3=$4>�,   '�)0  &"�6;+�  "&.�/0  '$)+"$-�+#!01  
"�1")"#  (��5�! -+,  -$ -$)  #")"�/"# , &$  �,!0 -"� �",!+-+  + 1#" �"1'$!+�+>$  
"'($!+2$8+,  %)�'!"("  �"*�+#!"("  8+-�$  (��� ) + )' .). 

– 
$-"*��!"   #0;�  18,5 �0 . �  
�� . ��+2-+/+  -  -'+�+5� -+/  %#�%4� % 
*"-$2$���+  2$*"�!�!+%  1'$!+�+>  "�'$&"�$!!"("  %)�'!"("  �"*�+#$  (
�� ) !$  �9�    
'�$-�"'$/+  �+*$  ����  + 9�� -6 !$  *'+ �$!8+"!!01  1'$!+�+>  '$)+"$-�+#!01  
"�1")"# . 

– � *"�6234� %  # &"���  5�/  # 16 �0 . "'($!+2$8+%1 + �"5!+-+  +"!+2+'34>�("  
+2�35�!+%, 5�"   3>� �#�!!"  *"#0;$��  +1 3%2#+/" �6 # "�!";�!++  ��''"'+ �+5� -+1  
3('"2 . 

– ��'�;$(!3�+  50-60-���!+,  '3&�=  + �'�&34�  !�2$/�)�+���6!",  /")�'!+2$8++  
+!=�!�'!0�   + ��/0  %)�'!" - + '$)+$8+"!!" -"*$ !01  "&.�-�"#  [1]. 


� /"�'%  !$  "*+ $!!0�  *'"&��/0 , !�-"�"'0�   �'$!0  *'")"�=$4�   ""'3=�!+%  
'$)+$8+"!!" -"*$ !01  "&.�-�"#  *"  3 �$'�#;+/ , 2$'$!��  !� "#�';�!!0/  *'"�-�$/ , 
+(!"'+'3%  !$-"*��!!0,  "�'+8$���6!0,  "*0�  :- *�3$�$8++  *")"&!01   ""'3=�!+, , 
'$)+  :-"!"/++  &4)=��$ . 
$ �"%>$%  �$�6% *'� ��)3��  8��6  '$  /"�'��6  #"*'"  "  
 $/"/  *"!%�++  '$)+"$-�+#!01  "�1")"# , *'+5+!$1  $#$'+,  !$  1'$!+�+>$1 , '$  /"�'��6  
#"2/"=!" �+  )�% *'�)"�#'$>�!+%  �$-+1  $#$'+, .   

�$)+"$-�+#!0�  "�1")0  – :�"  !�  *'�)!$2!$5�!!0�  )�% )$�6!�,;�("  + *"�62"#$!+% 
#�>� �#$  # �4&"/  $('�($�!"/   " �"%!++ , # -"�"'01   ")�'=$!+�  + -3  �#�!!01  +�+  
� �� �#�!!01  '$)+"!3-�+)"#  *'�#0;$��  3'"#!+ , 3 �$!"#��!!0�  7�)�'$�6!0/+  
!"'/$/+  + *'$#+�$/+ . 

�  !$ �"%>��  #'�/%  �'$#+���6 �#"  ��  3�#�')+�"  �" �$!"#��!+�  "  -'+��'+%1  
"�!� �!+%  "�1")"#  -  '$)+"$-�+#!0/  [4]. 

�   ""�#�� �#++    �" �$!"#��!+�/  �'$#+���6 �#$  ��  "�  19 "-�%&'% 2012 (. 
�  1069 «
  -'+��'+%1  "�!� �!+%  �#�')01 , =+)-+1  + ($2""&'$2!01  "�1")"#  -  
'$)+"$-�+#!0/  "�1")$/ , -'+��'+%1  "�!� �!+%  '$)+"$-�+#!01  "�1")"#  -  " "&0/  
'$)+"$-�+#!0/  "�1")$/  + -  3)$�%�/0/  '$)+"$-�+#!0/  "�1")$/  + -'+��'+%1  
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-�$  +7+-$8++  3)$�%�/01  '$)+"$-�+#!01  "�1")"# » &0�+  "*'�)���!0  "&�$ �+  
*'+/�!�!+%  -'+��'+�#  + +1 -�$  +7+-$8+% . 

�'+��'++  "�!� �!+%  '$)+"$-�+#!01  "�1")"#  -  " "&0/  '$)+"$-�+#!0/  + 
3)$�%�/0/  '$)+"$-�+#!0/  "�1")$/ : 

1. �  " "&0/  '$)+"$-�+#!0/  "�1")$/  "�!" %�  '$)+"$-�+#!0�  "�1")0 , 
"&'$2"#$#;+� %  # '�23�6�$��  #0*"�!�!+%  (" 3)$' �#�!!",  *'"('$//0  #""'3=�!+%  + 
(" 3)$' �#�!!"("  "&"'"!!"("  2$-$2$. �$-  =�  35+�0#$�� % + *"�62"#$!+�  %)�'!01  
2$'%)"# # /+'!01  8��%1 +�+  # ��) �#+�  %)�'!",  +/+�+  '$)+$8+"!!",  $#$'++ !$  
"&.�-��  $�"/!",  :!�'(++ , =+)-+�  '$)+"$-�+#!0�  "�1")0 , '$2/�>�!!0�  # 
*"#�'1!" �!01  #")"�/$1  � 1'$!+�+>$1  '$)+"$-�+#!01  "�1")"#  "&>+/  "&.�/"/  &"���  
25 000 /

3, ##�)�!!01  # :- *�3$�$8+4  )"  # �3*��!+%  #  +�3  �  190-�� , $ �$-=�  )"!!0�  
"��"=�!+%  �$-+1  #")"�/"# -1'$!+�+> ,  ""�#�� �#34>+�   ��)34>+/  -'+��'+%/ : 

– '$  5+�$!!0�  #  ""�#�� �#++    '�(3�+'34>+/+  "&'$>�!+�    '$)+"$-�+#!0/+  
"�1")$/+  7�)�'$�6!0/+  !"'/$/+  + *'$#+�$/+ , $ �$-=�   $!+�$'!0/+  *'$#+�$/+  # 
"&�$ �+  "&� *�5�!+%  '$)+$8+"!!",  &�2"*$ !" �+  -"���-�+#!$%  :77�-�+#!$%  )"2$ 
"&�35�!+% 2$ #� 6  *�'+")  *"��!8+$�6!",  "*$ !" �+  '$)+"$-�+#!01  "�1")"#  + '+ -  
*"��!8+$�6!"("  "&�35�!+%,  #%2$!!0�    3)$��!+�/  '$)+"$-�+#!01  "�1")"# , 
*'�#0;$4�  -"���-�+#!34  :77�-�+#!34  )"23 "&�35�!+%,  #%2$!!34   2$1"'"!�!+�/  
'$)+"$-�+#!01  "�1")"#  # /� ��  +1 !$1"=)�!+% ; 

– *3!-�  1'$!�!+%  '$)+"$-�+#!01  "�1")"#  + �("   $!+�$'!" -2$>+�!$% 2"!$  
'$2/�>�!0  #!�  ('$!+8  !$ ���!!01  *3!-�"# , " "&"  "1'$!%�/01  *'+'")!01  ��''+�"'+, , 
*'+&'�=!01  2$>+�!01  *"�"  + #")""1'$!!01  2"!  #")!01  "&.�-�"# , )'3(+1  "1'$!!01  
+ 2$>+�!01  2"! , 3 �$!"#��!!01  #  ""�#�� �#++    2$-"!")$���6 �#"/  �"  +, -",  
��)�'$8++ . 

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

�"(�$ !"  �" �$!"#��!+%/  �'$#+���6 �#$  ��  '$)+"$-�+#!0�  "�1")0    35��"/  
��1!"�"(+5� -+1  " "&�!!" ��,  "&'$>�!+%    !+/+  "�!" %� %  -  6 -�$  $/ , -$=)0,  +2 
-"�"'01   ")�'=+�   #"+  " "&�!!0�  �'�&"#$!+%  -  1'$!�!+4  + 3�+�+2$8++ [1]. 

�  !$ �"%>��  #'�/%  !$  *'�)*'+%�+%1  �+!$�"/$  ��  # 105 *3!-�$1  1'$!�!+%  
!$1")+� %  &"���  500 /�! . / 3 =+)-+1  '$)+$8+"!!01  "�1")"#  (��
 ),  3//$'!$%  
A-$-�+#!" �6  -"�"'01   " �$#�%��  # 1,9B1016 �- , $  3//$'!$%  C-$-�+#!" �6  � 7,3B1019 �- . 
�'"/�  �"(" , �$/  !$1")+� %  "-"�"  180 /�! . �  �#�')01  '$)+$8+"!!01  "�1")"#  (��
 ) # 
274 *3!-�$1  1'$!�!+% . �1   3//$'!$%  A-$-�+#!" �6   " �$#�%��  6B1015 �- , C-$-�+#!" �6  � 
8,1B1018 �- . 


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


-"�"  99 % ��
   " '�)"�"5�!"  !$  *'�)*'+%�+%1  �
  «�$%- », �+&+' -"/  
1+/+5� -"/  -"/&+!$��  + �"'!" -1+/+5� -"/  -"/&+!$�� . �'+   3//$'!",  $-�+#!" �+  
��
  7,3B1019 �-  $-�+#!" �6  '$2!01  -$��("'+,  ��
   " �$#+�$ : 

– !+2-"$-�+#!01  � 1,9B1019 �-  (/�!��  0,04 % "&>�,  $-�+#!" �+ ); 
–  '�)!�$-�+#!01  � 5,9B1019 �-  ("-"�"  81 % "&>�,  $-�+#!" �+ ); 
– #0 "-"$-�+#!01  � 1,4B1019 �-  ("-"�"  19% "&>�,  $-�+#!" �+  ��
 ). 
�2  274 +/�4>+1 %  #  �'$!�  *3!-�"#  1'$!�!+%  ��
  # !$ �"%>��  #'�/%  )�, �#3��  

131 (48%), #0#�)�!"  +2 :- *�3$�$8++  110 (40%), 2$-"! �'#+'"#$!"  33 (12%). �"  /� �3  
'$ *"�"=�!+%  :�+  *3!-�0  1'$!�!+%  '$ *'�)��+�+ 6   ��)34>+/  "&'$2"/ : !$  
*'"/*�">$)-$1  � 219 (80%), #  $!+�$'!" -2$>+�!01  2"!$1 � 51(18%), # 2"!$1 
!$&�4)�!+%  � 4 (2 %). 


$+&"�6;��  -"�+5� �#"  *3!-�"#  1'$!�!+%  ��
  '$ *"�"=�!"  !$  *'�)*'+%�+%1  
���  � 146, �9�  � 46, ("'!"'3)!01  *'�)*'+%�+%1  � 31. 
$  21 *'�)*'+%�++  "�'$ �+  ��  
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:- *�3$�+'34�  30 3 �$!"#"-  *�'�'$&"�-+  ��
 . � �$!"#-+  8�/�!�+'"#$!+% , 
&+�3/+'"#$!+% , " ��-�"#0#$!+% , -$�68+!$8++ , 3*$'+#$!+%, "5+ �-+   &'" !01  #") , 
7'$-8+"!+'"#$!+%  ��
  *'�)!$2!$5�!0  )�% *�'�'$&"�-+  =+)-+1  '$)+$8+"!!01  
"�1")"#  (��
 ) (20 3 �$!"#"- ), $ 3 �$!"#-+   =+($!+%, *'�  "#$!+% , *�$#��!+%  � )�% 
*�'�'$&"�-+  �#�')01  '$)+$8+"!!01  "�1")"#  (��
 ) (10 3 �$!"#"- ). 


&.�/  *�'�'$&"�$!!01  ��
  2$ #'�/%  :- *�3$�$8++  3 �$!"#"-   " �$#+�  
148325 �0 . / 3, "!+  '$ *'�)��+�+ 6  *"  �+*$/  3 �$!"#"-  (# �0 . / 3)  ��)34>+/  
"&'$2"/ : 8�/�!�+'"#$!+�  � 0,4, &+�3/+'"#$!+�  � 28,2, " ��-�"#0#$!+�  � 12,5, 
-$�68+!$8+% � 763,8, 3*$'+#$!+�  � 241,1, "5+ �-$   &'" !01  #")  � 135 019, *'"5+�  �+*0  
3 �$!"#"-  ("&�  "�+#$!+� , 7'$-8+"!+'"#$!+�  ��
 ) � 12 260. 

�"�+5� �#"  *�'�'$&"�$!!01  !+2-"$-�+#!01  ��
   " �$#+�"  45.3 �0 . �  (  
$-�+#!" �64  6,7B1012  �- ), '$ *'�)��+#;+1 %  *"  �+*$/  3 �$!"#"-  (# �0 . � )  ��)34>+/  
"&'$2"/ :  =+($!+�  � 0,3, *'�  "#$!+�  � 3, *'"5+�  �+*0  3 �$!"#"-  ()�2$-�+#$8+%, 
*�$#��!+� ) � 42. 

�-�+#!" �6  ��
  + ��
 , *�'�'$&"�$!!01  2$ #'�/%  :- *�3$�$8++  3 �$!"#"- , # 
2$#+ +/" �+  "�  -$��("'++  "�1")"#   " �$#+�$ : #0 "-"$-�+#!0�  � 12,9 �0 . / 3,   
$-�+#!" �64  1,1 B1019  �- ,  '�)!�$-�+#!0�  � 242.3 �0 . / 3,   $-�+#!" �64  4,2B1015  �- , 
!+2-"$-�+#!0�  � 148,1 /�!  / 3,   $-�+#!" �64  3,1B1015 �-  [1, 5]. 

�$('%2!�!!0�  '$)+"!3-�+)$/+  ��''+�"'++  (35$ �-+  2�/��6 , #")"�/0 ) "&>�,  
*�">$)64  481,4 -/ 2, +/�4� %  !$  25 *'�)*'+%�+%1  "�'$ �+ , +2 !+1  2$('%2!�!+�  2�/�+  – 
377 -/ 2 (78,3%), 2$('%2!�!!0�  #")"�/0  – 104,4  -/ 2 (21,7%). ��">$)6  2$('%2!�!!01  
'$)+"!3-�+)$/+  ��''+�"'+,  # 2$#+ +/" �+  "�  2"!0 , # -"�"'",  "!+  !$1")%� %, 
 " �$#�%�� : *'"/*�">$)-+  � 63,6 -/ 2,  $!+�$'!" -2$>+�!$% 2"!$  (��� ) � 197,9 -/ 2, 2"!$  
!$&�4)�!+%  (�
 ) � 219,9 -/ 2. 
 !"#!$%  5$ �6 2$('%2!�!!01  ��''+�"'+,  �
  «�$%- » 
(452 -/ 2, +�+  94%) "&'$2"#$�$ 6  # '�23�6�$��  )�%���6!" �+  -"/&+!$�$  *"  *"�35�!+4  
"'3=�,!"("  *�3�"!+% . 

� %   3//$'!$%  $-�+#!" �6  ��
  (99%)  " '�)"�"5�!$  !$  *'�)*'+%�+%1  �" $�"/$  � 
"-"�"  6B1019 �-  (1,5 /�') . �+ ).  

�'�) �"%>$%  3�+�+2$8+% &"�6;"("  -"�+5� �#$   3)"#  ��
 , #0#")  +2 
:- *�3$�$8++  3 �$'�#;+1  &�"-"#  �9� , 3)�;�#��!+�   �'"+���6 �#$  + :- *�3$�$8++  
1'$!+�+>  /"=��  *'+#� �+  -  #"2!+-!"#�!+4  !"#01  *'"&��/  "&'$>�!+%    ��
 .  

�  !$ �"%>��  #'�/%  *"  "&.�/$/  !$-"*��!!01  ��
  !$+&"�6;��  +1 -"�+5� �#"  
*'+1")+� %  !$  ��
 , ")!$-"  # *" ��)34>�/  "=+)$�� %  *'�+/3>� �#�!!"�  *" �3*��!+�  
��
 . �3//$'!$%  $-�+#!" �6  ��
  # )� %�-+  '$2 #0;�  $-�+#!" �+  ��
 . �5+�0#$�� %  
'$)+"$-�+#!" �6  '$&"5+1 5$ ��,   + ��/  3*'$#��!+%  + 2$>+�0  (��� ) '�$-�"'"# , $ !$  
'�$-�"'!01  &�"-$1  (�� ) ��	  + &�"-$1  '�$-�"'!01  *"/�>�!+,  – )"*"�!+���6!$%  
$-�+#!" �6  -"'*3 "#  '�$-�"'"#  + !$1")+#;+1 %  # !+1  #0 "-"$-�+#!01  
-"! �'3-�+#!01  :��/�!�"#   [1,5]. 

 
�������


��  ������  
�  �
  «���� » 1957 (. 

 
�$)+$8+"!!$%  $#$'+% !$  �
  “�$%- ”   #0&'" "/  '$)+"$-�+#!01  #�>� �#  # 

$�/" 7�'3  *'"+2";�$  29  �!�%&'% 1957 (. # 16 5 22 /+!  *"  /� �!"/3  #'�/�!+ . �"  
 "#'�/�!!",  /�=)3!$'")!",  -�$  +7+-$8++  '$)+$8+"!!01  +!8+)�!�"#  + $#$'+,  
�����9 , $#$'++ 1957(. "�!" +� %  -  �%=��0/ ,   *" ��) �#+%/+ , *'+#�);+/+  -  
!�"&1")+/" �+  *'+/�!�!+%  /�'  '$)+$8+"!!",  2$>+�0  !$ ���!+%  + �"-$�6!"/  
/$ ;�$&� , + +/���  +!)�-  6 *"  7-&$�6!",  ;-$��  [2]. 


�*" '�) �#�!!",  *'+5+!",  '$)+$8+"!!",  $#$'++ 1957 (. %#+� % 1+/+5� -+,  
#2'0# 1'$!+#;+1 %  #0 "-"$-�+#!01  =+)-+1  '$)+"$-�+#!01  "�1")"#  
'$)+"1+/+5� -"("  *'"+2#") �#$ . �2'0#  *'"+2";��  # �/-" �+ -1'$!+�+>�  (&$!-� ) �  14 
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-"/*��- $  � -3 '$)+"1+/+5� -"("  2$#")$. �"/*��- , 2$*3>�!!0,  # :- *�3$�$8+4  # 
1951, &0�  *'�)!$2!$5�!  )�% "&'$&"�-+  + )�+���6!"("  1'$!�!+%  =+)-+1  "�1")"#  
'$)+"1+/+5� -"("  *'"+2#") �#$ . 
!  *'�) �$#�%�   "&",  2$(�3&��!!0�  # ('3!�  &��"!!0�  
 ""'3=�!+%    3 �$!"#��!!0/+  # )#$ '%)$ 20 �/-" �%/+ -1'$!+�+>$/+  +2 !�'=$#�4>�,  
 �$�+ . 9�+   #$'!0� , 8+�+!)'+5� -",  7"'/0 ,   *�" -+/  )!"/ , ")!" ��!!0�  �/-" �+  
+/��+  #0 "�3  6 / , !$'3=!0,  )+$/��'  8 / , �"�>+!3   ��!"-  13 //  + *"�!0,  #!3�'�!!+,  
"&.�/  300 / 3. �$=)$% �/-" �6  '$ *"�$($�$ 6  # "�)��6!"/  =���2"&��"!!"/  -$!6"!�  
)+$/��'"/  9 / , (�3&+!",  7,4 /  + �"�>+!",  &"-"#01   ��!"-  0,8-1,2 / . �#�'13  -$=)0,  
-$!6"!  *'+-'0#$� %  -'3(�",  # *�$!�  =���2"&��"!!",  *�+�",  �"�>+!",  0,8 /  + /$  ",  
160 � , *"#�'1  *�+�0   ""'3=$�$ 6  ('3!�"#$%  !$ 0*6  �"�>+!",  1-1,5 /  [6]. 

�"/*��-   " �"%�  +2  + ��/0  8+'-3�%8+"!!"("  #")%!"("  "1�$=)�!+% , 
#�!�+�%8++  + -"!�'"�6!" -+2/�'+���6!01  *'+&"'"# . �"!�'"�+'"#$�+ 6  3'"#!+  #")0  # 
�/-" �+  + "1�$=)$4>�,  #")0  # -$!6"!� , $ �$-=�  ��/*�'$�3'$  "�1")"#  + #")0 . 

�$!-$  �  14 2$*"�!%�$ 6  "�1")$/+    9 /$'�$  *"  10 $*'��%  1957 (. � �("  &0�"  
2$�+�"  256 / 3 "�1")"# . 
�1")0   ")�'=$�+  '$)+"!3-�+)0 , *'�) �$#��!!0�  
*'�+/3>� �#�!!"   '�)!� - + )"�("=+#3>+/+  *'")3-�$/+  )���!+%  (�$&� .1, 2)� 6  + )$���  
-"�+5� �#�!!"�  "&"2!$5�!+�  =+)-" ��,  )$!"  # (�-�"�+�'$1  ((� )). �"  )$!!0/  
2$-�45�!+%  "  *'+5+!$1  $#$'++ [7,8] + *" ��)34>+1  +  ��)"#$!+, , #2'0# &0�  
"&3 �"#��!  ��1!+5� -+/+  !�+ *'$#!" �%/+  + !$'3;�!+�/  '�=+/$  "1�$=)�!+%  
�/-" ��, , $ �$-=�   *'"#"8+'"#$!!0/+  +/+  *" ��)34>+/+  7+2+-" -1+/+5� -+/+  
*'"8�  $/+ . 
 
�$&�+8$  1. – �" �$#  "�1")"#  1+/+5� -"("  *'"+2#") �#$ , !$1")+#;+� %  # &$!-�  � 14, [6] 

�" �$#  "�1")"#  �"�+5� �#"  
"�1")"# , (� -1 

NaNO3 200 
K2Cr2O7 5 
Fe(NO3)3 3 

NaAc 60 
Cr(NO3)3� H2O 3 

Ca(NO3)2 0,8 
 
�'" ��=+#$�� %   ��)34>$%  8�*6  %#!01 + !$+&"���  #�'"%�!01   "&0�+, , 

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


� 3� �#+�  !$)��=$>�("  -"!�'"�%  '$&"�0  $#�"/$�+2+'"#$!!"("  "&"'3)"#$!+%  + 
-"!�'"�6!" -+2/�'+���6!01  *'+&"'"#  (��� )  "   �"'"!0  :- *�3$�+'34>�("  *�' "!$�$ ; 

2)  "-'$>�!+�  +�+  *'�-'$>�!+�  *")$5+  "1�$=)$4>�,  #")0 , # ��) �#+�  :�"("  
2!$5+���6!"�   !+=�!+�  + *'�-'$>�!+�  "�#")$  '$)+$8+"!!"("  +2&0�"5!"("  ��*�$ , 
#0)��%#;�(" %  #  ")�'=+/"/  &$!-+ !$  3'"#!�  70B103 --$�  5-1 [6]; 

3) *"#0;�!+�  ��/*�'$�3'0   ")�'=+/"("  &$!-+, #0*$'+#$!+�  #")0  +2 =+)-+1  
 "��#01  '$ �#"'"#  #*�"�6  )"  "&'$2"#$!+%  31"("  " �$�-$   "��, ; 

4) #2'0# " $)-$ ; !�*" '�) �#�!!0�  7$-�"'0 , +!+8++'"#$#;+�  #2'0#  31"("  
" �$�-$ , �"5!"  !�  +2#� �!0 . 

�"/+  +% , '$  ��)"#$#;$%  *'+5+!0  $#$'++, -"! �$�+'"#$�$  
!�3)"#���#"'+���6!34  :- *�3$�$8+4  �/-" �+  �  14, !$'3;�!+�  ��1!"�"(+5� -"("  
'�(�$/�!�$  "&'$&"�-+  + 1'$!�!+%  '$)+"$-�+#!01  "�1")"#  # -"/*��- �  � -3, "� 3� �#+�  
-"!�'"�%  3'"#!%  "�1")"#  # �/-" �%1  + "1�$=)$4>�,  #")0  # -$!6"!$1 , #01")  +2  �'"%  
-"!�'"�6!" -+2/�'+���6!01  *'+&"'"#  �>�  # *�'#0�  (")0  :- *�3$�$8++  
-"/*��- $  [7, 8]. 

�  '�23�6�$��  #2'0#$ 160-�"!!$%  -'0;-$  -$!6"!$  �  14 &0�$  "'#$!$  + "�&'";�!$  
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!$  '$  �"%!+�  20-25 /  &�2 2$/��!01  ��  *"#'�=)�!+, . �0�+   )#+!3�0  !$  0,5-1 /  
*�'�-'0�+%   " �)!+1  -$!6"!"#  �  7 + 13. �$2"'#$!!0�  �+ �0  -"'*3 $  �/-" ��,  &0�+  
'$2&'" $!0  !$  '$  �"%!++  )"  150 /��'"# . 
$  /� ��  #2'0#$ "&'$2"#$�$ 6  #"'"!-$  
(�3&+!",  9-10 /  + )+$/��'"/  "-"�"  20 /��'"# . �"�!"�  '$2'3;�!+�  " ��-��!+%  2)$!+,  
!$&�4)$�" 6  !$  '$  �"%!++  )"  1000 /  "�  :*+8�!�'$  #2'0#$. �2'0#  &$!-+ �  14 *'+#��  -  
*'�-'$>�!+4  '$&"�0  -"/*��- $  � -3 + " �"=!+�  '$&"�3  !�  �"�6-"  '$)+"1+/+5� -"("  
2$#")$, !"  + # �("  *'�)*'+%�+% . 

�'")3-�0  #2'0#$ &0�+  *")!%�0  # #"2)31 + *")#�'(�+ 6  '$  �%!+4  # $�/" 7�'�  + 
" $=)�!+4  !$  2�/�4  # !$*'$#��!++  *�'�/�>�!+%  "&'$2"#$#;�(" %  "&�$-$  (!$  ��� ). 
�"   "#'�/�!!0/  "8�!-$/  [6] #0 "�$  #�'1!�,  -'"/-+  "&�$-$  #2'0#$ -  /"/�!�3  
 �$&+�+2$8++ �("  *").�/$  /"(�$   " �$#�%�6  1000-1100 / . �")!%�0�  # #"2)31 *'")3-�0  
#2'0#$ &0�+  *'�) �$#��!0  7'$(/�!�$/+   ""'3=�!+, , *"5#", , *0�64 , 
-'3*!")+ *�' !0/  $:'"2"��/ , -"�"'0�  " ��+  !�*" '�) �#�!!"  #&�+2+ /� �$  #2'0#$. 

 �$�6!0�  *'")3-�0 , "&'$2"#$#;+�  *�'�/�>$�/"�  # #"2)31�  "&�$-" , 
1$'$-��'+2"#$�+ 6  *"�+)+ *�' !0/  $:'"2"��/ . �0�+  *'"#�)�!0  "8�!-+  [9], 
" !"#$!!0�  !$  1$'$-��'+ �+-$1  *'" �'$! �#�!!"("  '$ *'�)���!+%  " �#;�,  !$  2�/�4  
$-�+#!" �+ . �  �"/  5+ �� , &0�$ 35��!$  )+ *�' +%  '$ *'�)���!+% , 1$'$-��'+ �+-+  
/���"'"�"(+5� -+1  3 �"#+,  #" #'�/%  *'"1"=)�!+%  "&�$-$ , + *")&"'  /$��/$�+5� -+1  
/")���,  '$  �%!+%, 3)"#���#"'%4>+1  '�$�6!"/3  *'" �'$! �#�!!"/3  '$ *'�)���!+4  
'$)+"$-�+#!"("  2$('%2!�!+% ��''+�"'++ . �"=!"  )"*3 �+�6 , 5�"  $:'"2"�6  
*�'�/�>$�/"("  "&�$-$  &0� , # " !"#!"/ , -'3*!")+ *�' !0/ ,   *'�+/3>� �#�!!0/  
('$#+�$8+"!!0/  " $=)�!+�/  5$ �+8 . 
!+  +/��+  *'+#�)�!!0,  $:'")+!$/+5� -+,  
/�)+$!!0,  (*"  /$  � ) )+$/��'  (��� ), '$#!0,  200-260 /-/ . 9�"/3  ���   ""�#�� �#3��  
 *�-�'  )+ *�' !" �+ , # -"�"'"/  )"�%  '� *+'$&��6!01  5$ �+8 (<10 /-/ ) /"(�$  &0�6 
!�2!$5+���6!", . �"  '$ 5��$/  [9] )"�%  $-�+#!" �+  '� *+'$&��6!"("  90Sr # 
'$)+"$-�+#!01  #0*$)�!+%1  2$ *'�)��$/+  *'"/0;��!!",  *�">$)-+  *'�)*'+%�+%  
 " �$#�%�$  "-"�"  10-7 �- // 3, �$-$% =�  )"�%  /"=��  &0�6 "�!� �!$  + -  )'3(+/  
'$)+"!3-�+)$/ , �$-  -$-  7$-�  7'$-8+"!+'"#$!+%  !�  &0�  )"-$2$! . �$=�  � �+  :�$  "8�!-$  
"&�$)$��  /$�",  �"5!" �64 , �"  +2/�!�!+%  # ��  *'�)��$1  ")!"(" -�'�1  *"'%)-"#  #��+5+!0  
!�  +2/�!%��  "&>�("  *'$-�+5� -"("  #0#")$  "  /$�",  )"��  '� *+'$&��6!"("  $:'"2"�% . 

�"  "8�!-$/  [10], #  7�'3  #2'0#$ &0�"  #"#��5�!"  "-"�" ; 740 ��-  (20 ��+ ) 
C-$-�+#!" �+  *'")3-�"#  )���!+% , +2 -"�"'",  "-"�"  90% #0*$�+  !$  *'"/0;��!!",  
*�">$)-�  *'�)*'+%�+% , $ " �$�6!0�  74 ��-  (2 ��+ ) " ��+  # *'+��($4>�/  '�(+"!� , 
"&3 �"#+#  '$)+"$-�+#!"�  2$('%2!�!+�  5$ �+  ��''+�"'+,  ���%&+! -", , �#�')�"# -",  + 
�4/�! -",  "&�$ ��, . 9�$  2$('%2!�!!$% ��''+�"'+%  #*" ��) �#++  *"�35+�$  !$2#$!+�  
�" �"5!" -�'$�6 -+,  '$)+"$-�+#!0,   ��)  (���� ). 

�   ""�#�� �#++    )$!!0/+  [10], !$5$�6!0,  '$)+"!3-�+)!0,   " �$#  
'$)+"$-�+#!"("  2$('%2!�!+% ��''+�"'++  1$'$-��'+2"#$� %  (�$&� . 1) *'�"&�$)$!+�/  
144Ce + 95Zr #  3//�  91% # �,  (C-$-�+#!" �+ ) + /�!6;+/  #-�$)"/  90Sr,90Y (5,4 %) + 
106Ru (3,7%). 
�!";�!+�  $-�+#!" �+  137Cs $-�+#!" �+  90Sr  " �$#�%�"  0,013; )"�%  
$-�+#!" �+  89Sr, 147Pm, 155Eu + +2"�"*"#  Pu "8�!+#$�$ 6  -$-  !�2!$5+���6!$% . 
�"#'�/�!!0�  "8�!-+  (2010 (.), " !"#$!0  !$   ""�!";�!+%1   3//$'!"("  2$*$ $ 90Sr, 
137Cs + Pu # *"5#�!!"/  *"-'"#�  !$+&"���  2$('%2!�!!",  " �#",  5$ �+  # ("�"#�  �" �"5!" -
�'$�6 -"("  '$)+"$-�+#!"("   ��)$ . �$/  !�  ">3>$�� %  )"*"�!+���6!"�  #�+%!+� 
#0*$)�!+,  "�  #��'"#"("  *�'�!" $    &�'�("#  "2. �$'$5$,  # 1967 (. + -3/3�%�+#!"("  
2$('%2!�!+% ��''+�"'++  "�  #0&'" "#  *'�)*'+%�+%  # $�/" 7�'3 . �$-+/  "&'$2"/ , "8�!-+  
)$4�  !� -"�6-"  +2/�!�!!0,  !$5$�6!0,  '$)+"!3-�+)!0,   " �$# . �  5$ �!" �+ , 
3 �$!"#��!" , 5�"  7$-�+5� -+  )"�%  $-�+#!" �+  137Cs # 10 '$2 &"�6;� , 5�/  "8�!+#$�+  
'$!6;� , $ )"�%  $-�+#!" �+  Pu  " �$#�%��  0,002 %. 
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�$&�+8$  2. – 
$5$�6!0,  '$)+"!3-�+)!0,   " �$#  $#$'+,!"("  #0&'" $  1957 (. + 
!$5$�6!0,  2$*$  '$)+"!3-�+)"#  !$  ��''+�"'++  �" �"5!" -�'$�6 -"("  
'$)+"$-�+#!"("   ��)$  (2$ *'�)��$/+  *�">$)-+  *'�)*'+%�+% ) 

 
�$)+"!3-�+)  
8�!-+  1982 (. [5] �"#'�/�!!0�  "8�!-+  [1] 

 #-�$)  # 
 3//$'!34  

$-�+#!" �6 , % 

2$*$ , ��-  
(-�+ ) 

#-�$)  # 
 3//$'!34  

$-�+#!" �6 , % 

2$*$ , 
��-  (-�+ ) 

89Sr ���)0  �  ���)0  �  
9°Sr+9°Y 5,4 2,0 (54) 5,4 2,0 (54) 

9SZr+ 95Nb 24,9 18,4 (498) 24,8 18,4 (496) 
l06Ru + Rh 3,7 2,7 (74) 3,7 2,7 (74) 

l37Cs 0,036 0,027 (0,72) 0,35 0,26 (7,0) 
l44Ce +l44Pr 66,0 48,8 (1320) 65,8 48,7 (1316) 

I47Pm ���)0  �  ���)0  �  
l5SEu ���)0  �  ���)0  �  
Pu ���)0  � 0,002 0,0014 (0,038) 

 

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

'$)+"$-�+#!"("  2$('%2!�!+% ��''+�"'++  �" �"5!" -�'$�6 -"("  '$)+"$-�+#!"("   ��)$ , 
"8�!+#$�/$%  *"  90Sr, *'+#�)�!$  !$  '+ 3!-�  1 # #+)�  -$'�0  '$)+"$-�+#!"("  2$('%2!�!+% 
��''+�"'++ .  

9�"  '$ *'�)���!+�  1$'$-��'+23�� %  %#!" #0'$=�!!",  " 64   ��)$    /$- +/$�6!",  
*�"�!" �64  2$('%2!�!+%, -"�"'$%  *�$#!"   !+=$�� %  *"  /�'�  3)$��!+%  "�  + �"5!+-$  
2$('%2!�!+% + '�2-"   *$)$��  # *"*�'�5!"/  !$*'$#��!++  *"  "&�   �"'"!0  "�  " +   ��)$ . 
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6 ����	�  1993 �
��  
 

�+&+' -+,  1+/+5� -+,  -"/&+!$�  (�?� ) #-�45$��  #  �&% *'"+2#") �#$  %)�'!"("  
�"*�+#!"("  8+-�$ . �"   #"�,  8���#",  !$*'$#��!!" �+  "!  "�!" +� % , # " !"#!"/ , -  
%)�'!"/3  "'3=�,!"/3  -"/*��- 3  �"  ++ . 

�?�  !$5$�   "2)$#$�6 % # 1949 (. �#")  # :- *�3$�$8+4  *�'#01  2$#")"# 
*'"+ 1")+�  # 1952-1955 (( . �  $#(3 ��  1953 (. &0�$ *"�35�!$  *�'#$% *$'�+% 
"&"($>�!!"("  3'$!$ , $ 28 +4!% 1955 (. #0*3>�!$  *�'#$% *$'�+% 3'$!$  "'3=�,!",  
-"!)+8++ . �  *" ��)34>+�  (")0  &0�"  *" �'"�!"  *'�)*'+%�+�  *"  *'"+2#") �#3  
*�3�"!+%  )�% #"�!!01  8���, . �?�  *'�) �$#�%��   "&",  -'3*!0,  -"/*��-  *'"+2#") �#  
*"  !$'$&"�-�  *�3�"!+%  + 3'$!$ . ��">$)6   $!+�$'!" -2$>+�!",  2"!0  �?�   " �$#�%��  
192 -/ 2 2"!0  !$&�4)�!+%  – 1560 -/ 2 [2]. 


 !"#!0/  !$2!$5�!+�/  '$)+"1+/+5� -"("  2$#")$ (�?� ), ##�)�!!"("  # 
:- *�3$�$8+4    1961 (., %#�%�� % #0)���!+�  *�3�"!+%  +2 "&�35�!!01   �$!)$'�!01  
&�"-"#  3'$!$ , "5+ �-$  3'$!$  + *�3�"!+%  "�  " -"�"5!01  '$)+"!3-�+)"#  +  �$&+�6!01  
*'+/� �,  [2]. 

�'+!8+*+$�6!$%  ��1!"�"(+5� -$%   1�/$  *�'#"("  :- �'$-8+"!!"("  8+-�$  "5+ �-+  
" !"#$!$  !$  *3'�- -*'"8�  �  (PUREX - Plutonium Uranium Refining by Extraction) + 
*'+#�)�!$  !$  '+ 3!-�  1 [11]. 


&�35�!!0�   �$!)$'�!0�  3'$!"#0�  &�"-+  (
��� ) 2$('3=$4� %  # 
'�$-�"''$ �#"'+���6  + '$ �#"'%4� %  # -"!8�!�'+'"#$!!",  $2"�!",  -+ �"�� . 
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��� . 1. – ��1!"�"(+5� -$%   1�/$  *�'#"("  :- �'$-8+"!!"("  8+-�$  �?�  
 

�2#��5�!+�  3'$!$ , *�3�"!+%  + !�*�3!+%  +2 *"�35�!!"("  $2"�!"-+ �"("  '$ �#"'$  
" 3>� �#�%�� %  :- �'$-8+�,  �'+&3�+�7" 7$�"/  (��� ) # ��(-"/  3(��#")"'")!"/  
'$2&$#+����  �� -3. 


)!+/  +2 !�)" �$�-"#  ���  %#�%�� % �("  '$2�"=�!+�  *")  )�, �#+�/  $2"�!",  
-+ �"�0  + +"!+2+'34>�("  +2�35�!+%   "&'$2"#$!+�/  )+&3�+�7" 7$�$  (��� ), 
/"!"&3�+�7" 7$�$  (��� ) + 7" 7"'!",  -+ �"�0 , -"�"'0�   !+=$4�  -":77+8+�!�0  
"5+ �-+ , " "&�!!"  "�  '$)+"$-�+#!01  8+'-"!+%  + !+"&+%, +  *" "& �#34�  "&'$2"#$!+4  
-"��"+)!01  #2#� �,  + " $)-"#  !$  ('$!+8�  '$2)��$  7$2. 

 

 
 

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

��''+�"'++  90Sr , �+ /-/ 2  (1 �+ /-/ 2 = 37 -�- // 2 ) [1] 
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��%  "5+ �-+  "�  !$-$*�+#$4>+1 %  *'")3-�"#  (+)'"�+2$  + '$)+"�+2$  :- �'$(�!�  
*" ��  -$=)"("  "&"'"�$  )"�=�!  *'"1")+�6   ")"#" ->��"5!34  *'"/0#-3 . 

�'+  )�+���6!",  :- *�3$�$8++  # "'($!+5� -",  7$2� *" ��*�!!"  !$-$*�+#$4� %  
#�"'+5!0�  *'")3-�0  '$ *$)$  !�  �"�6-"  ��� , !"  + 3(��#")"'")!"("  '$2&$#+���%, 
-"�"'0�  !�  #0/0#$4� %  '$ �#"'$/+   ")0  + >��"5+  +  !+=$4�  -":77+8+�!�  "5+ �-+  
3'$!$  + *�3�"!+%  "�  '$)+"$-�+#!01  *'")3-�"#  )���!+% , " "&�!!"  '3��!+% . �   #%2+   
:�+/  "'($!+5� -+,  '$ �#"'  #'�/%  "�  #'�/�!+  #0#")+� %  +2 *'"8�  $  + *")��=+�  
(�3&"-",  '�(�!�'$8++  �+&"  2$1"'"!�!+4  [2]. 

6 $*'��%  1993 (. # 12 5 58 /+!  *"  /� �!"/3  #'�/�!+  !$  �?�  # 2)$!++ 201 8�1$ � 1 
*'"+2";�"  #2'0#!"�  '$2'3;�!+�  ")!"("  +2 $**$'$�"#  *�'#"("  8+-�$  *"  :- �'$-8++  
3'$!$  + *�3�"!+% . 

�**$'$�  �� -6102/2, !$  -"�"'"/  *'"+2";�$  $#$'+%, &0�  *'�)!$2!$5�!  )�% 
*")("�"#-+  + 1")!"("  *'")3-�$  -  *'"#�)�!+4  *'"8�  $  :- �'$-8++ . �**$'$�  
*'�) �$#�%��   "&",   �$�6!34  �/-" �6  "&>+/  "&.�/"/  34,15� � , )+$/��'"/  2,8 / , 
#0 "�",  6,3 / , �"�>+!",  "&"�"5-+  14 // . 
!  '$2/�>$� %  # -$!6"!�  )+$/��'"/  4 /  + 
(�3&+!",  7,7 / ,  ��!-+  -"�"'"("  "&�+8"#$!0  !�'=$#�4>�,   �$�64  + "-'3=�!0  
&��"!!",  2$>+�",  �"�>+!",  1,2 /  ('+ . 3) [2]. 

�"(�$ !"  ��1!"�"(+5� -"/3  '�(�$/�!�3  " !"#!0�  �'�&"#$!+%  -  &�2"*$ !"/3  
*'"#�)�!+4  *'"8�  "#  2$*"�!�!+%  + *")("�"#-+  '$ �#"'"#  # $**$'$��  �� -6102/2 
*'�)3 /$�'+#$�+ , -'"/�  "&>+1 �'�&"#$!+,  &�2"*$ !" �+ ,  ��)34>+�  /�'"*'+%�+% : 

– *")("�"#-3  + 1")!"("  '$ �#"'$  '�(�$/�!�!",  -"!8�!�'$8++  *"  $2"�!",  
-+ �"�� , (90,0 (� -1); 

– -"!�'"�6  !$)  !$-"*��!+�/  "'($!+-+  # "� �",!+-$1  #")!01  '$ �#"'"# ; 
– *�'�/�;+#$!+�  '$ �#"'$   =$�0/  #"2)31"/    '$ 1")"/  50 / 3/5 )�% 

#0'$#!+#$!+% -"!8�!�'$8++  $2"�!",  -+ �"�0  + ��/*�'$�3'0  (40-45°� ) *"  # �/3  
"&.�/3 ; 

– *" �"%!!0,  &$'&"�$=  #"2)31$   '$ 1")"/  !�  /�!��  20 / 3/5 )�% '$2&$#��!+% 
($2""&'$2!01  *'")3-�"# ; 

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

 
 

��� . 3. – �1�/$  $**$'$�$  �� -6102/2 +  �'3-�3'$  -"��"+)!",  )+ *�' ++  -  /"/�!�3  $#$'++ 
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�" ��)!��  *"�!"�  " #"&"=)�!+�  $**$'$�$  &0�"  *'"#�)�!"  1 $*'��%  1993 (. [12]. 

&>��  -"�+5� �#"  *'")3-�"# , *'";�);+1  *")("�"#-3  # $**$'$��  2$ *�'+")    1 *"  6 
$*'��% ,  " �$#+�"  115 / 3. �  )�!6  '$2'3;�!+%  $**$'$�$  # !�/  !$1")+�+ 6  " �$�-+  
*'")3-�$  401:  ($2"�!"-+ �"�!0,  '$ �#"'  "�  '�:- �'$-8++  *�3�"!+% , 3'$!$  + !�*�3!+%  
*" ��  :- �'$-8+"!!",  *�'�'$&"�-+  #0 "-"$-�+#!01  *'")3-�"# ,  / . �$&� . 3) 
"&.�/"/  4 / 3. �  !�/3  &0�+  )"&$#��!0  )#�  *"'8++  *'")3-�$  166 (3*$'�!!0,  
$2"�!"-+ �"�!0,  -"!8�!�'$�  3'$!$  *" ��  :- �'$-8+"!!",  *�'�'$&"�-+  !$  *�'#"/  
8+-�� ) "&>+/  "&.�/"/  19,5 / 3: *�'#$% *"'8+% (12 / 3) – # 5 5 30 /+!3� . ��"'$%  *"'8+%  
(7,5 / 3) - # 9 5 30 /+!  + *"'8+% -"!8�!�'+'"#$!!",  $2"�!",  -+ �"�0  "&.�/"/  1,5 / 3 – 
10 5 30 /+! . � �  "*�'$8++  *'"+2#")+�+ 6  # $#�"/$�+5� -"/  '�=+/�  *'+  *"/">+  
3 �'", �#  ���  + $#�"/$�+2+'"#$!!01  /�1$!+2/"# .  

�  $**$'$��  !$1")+�" 6  449 ( *�3�"!+%  + 8757 -(  3'$!$ , 5�"   ""�#�� �#"#$�"  
$-�+#!" �+  *�3�"!+%  1012 �-  + 3'$!$  – 1,1B1011 �- , $ �$-=�  C- � -+2�35$4>+�  
'$)+"!3-�+)0   3//$'!",  $-�+#!" �64  1,2B1014 �-  (�$&� . 3). �" ��$#$'+,!0,  $!$�+2 
*"-$2$!+,  *'+&"'"#  -"!�'"�%   #+)����6 �#"#$�  "& "� 3� �#++  *�'�/�;+#$!+%  +�+  "  
&$'&"�$=� , !�)" �$�"5!"/  )�% *�'�/�;+#$!+%  '$ �#"'$  # *"�!"/  "&.�/�  *"  *'+5+!�  
"�-$2$ 3 �'", �#  $#�"/$�+-+ . �$  ��)"#$!+�  )$!!"("  "& �"%���6 �#$  !�  *'"#�)�!"  *"  
 �,  )�!6 . �"  *"-$2$!+%/  )$�5+-$  )$#��!+%  # 12 5$ "# # $**$'$��  �� -6102/2 !$5$� % 
'" �  )$#��!+% . 
 
�$&�+8$  3. – ��'3-�3'$  '$ �#"'$  # �� -6102/2 [12] 

�+*  
*'")3-�$  


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

�+#!" �6  C-� -+2�35$4>+1 
'$)+"!3-�+)"# , �- /�  � u U HN03 Th Np 

401:  ( / . �' .10) 
166 

HNO3 

4 
12,0 
1,5 

0,0166 
0,0196 

37,4 
441,1 

94,5 
30 
896 

0,0355 0,062 2,8B1010 
2,5B108 

*  "(�$ !"  *�'#+5!",  '$&"5�,  )"-3/�!�$8++  # $**$'$��  !$1")+�" 6  2B1023 �-  C-+2�35$4>+1 
'$)+"!3-�+)"#  *"  '�23�6�$�$/  -"!�'"�%  /��")"/  &��$-'$)+"/��'++    -$�+&'"#"5!0/  
*'�*$'$�"/  90Sr + 90Y. �  �$&�+8�  )$!$  "8�!-$   3//$'!",  $-�+#!" �+    35��"/  *�'�-$�+&'"#-+  
)�% '�$�6!",   /� +  '$)+"!3-�+)"#  

 
�  *�'+")    12 5 40 /+!  )"  13 5 00 /+!  *'"#")+�$ 6   )$5$ + *'+!%�+�   /�!0  

)'3(",  &'+($)", . �'+/�'!"  # 12 5 50 /+!  "*�'$�"'0   ""&>+�+  )�=3'!"/3  +!=�!�'3 -
��1!"�"(3 , 5�"  # $**$'$��  �� -6102/2 *")!+/$�� %  )$#��!+� . �" ��  *'"#�'-+  &0�"  
"�/�5�!" , 5�"  )$#��!+�  )" �+(�"  2,0 $�/ . + *'")"�=$�"  3#��+5+#$�6 %. �!=�!�' -
��1!"�"(  "�)$�  '$ *"'%=�!+�   &'" +�6  )$#��!+�  5�'�2   /�=!0�  $**$'$�0  *"  
��1!"�"(+5� -+/  �+!+%/ , !"  :�$  "*�'$8+%  !�  )$�$  2$/��!"("  '�23�6�$�$  [2]. 

�  12 5 55 /+!  )$#��!+�  #!3�'+  $**$'$�$  #"2'" �"  )"  5,0 $�/ . + *'")"�=$�"  
*"#0;$�6 % . �  12 5 58 /+!  *'"+2";�"  �("  '$2'3;�!+� , $ 5�'�2  !� -"�6-"   �-3!)  
*" ��)"#$�  #2'0#, -"�"'0,   "*'"#"=)$� %  *�$/�!�/ , 2$/�5�!!0/  !$)  -'0;�,  2)$!+%. 


5$(+  *"=$'$  !$  -'0;�  + # $**$'$�!"/  2$��  &0�+  �+-#+)+'"#$!0  # ��5�!+�  10 
/+! , *'+&0#;�,  -  /� �3  $#$'++ 5�'�2  1-2 /+!  *" ��  '$2'3;�!+%  $**$'$�$  *"=$'!",  
-"/$!)", . �+23$�6!0,  " /"�'  #&�+2+ /� �$  *'"+ ;� �#+%  ()" �3*  !�*" '�) �#�!!"  -  
-$!6"!3  &0�  !�#"2/"=�!  +2-2$ $#$'+,!"("   " �"%!+%  *�'�-'0�+,  *"�"�-$  $**$'$�!"("  
2$�$ + *"#0;�!!",  $-�+#!" �+ ) *"-$2$� , 5�" , #"-*�'#01 , &0�+   )#+!3�0  *�+�0  
*�'�-'0�+%  -$!6"!$ ; #"-#�"'01 , 5$ �+5!"  '$2'3;�!"  *"�"�"5!"�  *�'�-'0�+�  
$**$'$�!"("  2$�$ !�*" '�) �#�!!"  !$)  /� �"/  '$ *"�"=�!+%  -$!6"!$ ; #-�'��6+1 , 
*'"+2";�"  "&("'$!+�  + *320'�!+�  -'$ -+   ��!  $**$'$�!"("  2$�$,  #+)����6 �#34>+�  "  
�"/ , 5�"  # !� -"�6-+1  /��'$1  "�  /� �$  '$ *"�"=�!+%  $**$'$�$  +/��  /� �"  "&.�/!0,  
#2'0# *$'"($2"#",   /� + . �'"/�  :�"("  &0�+  '$2'3;�!0  *")#")%>+�  -"//3!+-$8++  + 
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:��-�'"$'/$�3'$  *'+&"'"#  + " #�>�!+% , '$2'3;�!$   + ��/$  "�"*��!+% , #0&+�0  
;�$-"&�"-+  + "-"!!0�  *'"�/0  # !� -"�6-+1  /� �$1  $**$'$�!"("  2$�$, # �"/  5+ �� , + # 
*'"�+#"*"�"=!"/  "�  /� �$  #2'0#$ -"!8�  $**$'$�!"("  2$�$ [2]. 


 !"#!0/+  *'+5+!$/+  '$2'3;�!+%  $**$'$�$  &0�+  *'+2!$!0   ��)34>+�  
"& �"%���6 �#$ : 

– !$-"*��!+�  # $**$'$��  # *�'+")    1 *"  6 $*'��%  1993 (. "'($!+-+  # "&.�/�  
"-"�"  150 � ; 

– ('3&"�  !$'3;�!+�  "*�'$�"'"/  ��1!+5� -"("  '�(�$/�!�$ :  ")�'=+/"�  $**$'$�$  
!�  *�'�/�;+#$�" 6  *�'�)  )"&$#��!+�/  $2"�!",  -+ �"�0  + # ��5�!+�  *" ��)34>+1  )#31 
5$ "#; *'"1")!"�   �5�!+�   )3#-+  &0�"  3/�!6;�!" ; 

– !$�+5+�  # $**$'$��  )�('$)+'"#$!!"("  '$ �#"'+���%  (# '�23�6�$��  �("  
'$)+"�+�+5� -"("  + 1+/+5� -"("  '$2�"=�!+% )   &"�6;+/   ")�'=$!+�/  8+-�+5� -+1  
*$'$7+!"# , -"�"'"�  *'+#��"  -  !$-"*��!+4  1+/+5� -+1   "�)+!�!+, , &"���  $-�+#!"  
'�$(+'34>+1    $2"�!",  -+ �"�", ; 

– ��/*�'$�3'$  # #�'1!�,  5$ �+  $**$'$�$  &0�$  3>� �#�!!"  #0;�  5�/  # !+=!�,  – 
!�"&'$�+/0,  1$'$-��'  '�$-8++  &0�  &0 !�#"2/"=�!  *'+  ��/*�'$�3'�  !+=�  70°� , -$-  
:�"  *'�)3 /"�'�!"  ��1!"�"(+�, . 

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

 

 
 

��� . 4. – �2"�+!++  /">!" �+  )"20 -+2�35�!+% !$   ��)�  (*"   " �"%!+4  !$  13.05.1993 (.) [1] 
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�$)+"$-�+#!0,   ��)  "�  $#$'+,!"("  #0&'" $  7"'/+'"#$� %  *'+  3 �",5+#"/  4(" -
2$*$)!"/  #��'�  (190-210°)  "   -"'" �64  8-13 / /c. �0*$)�!+%  '$)+"$-�+#!01  #�>� �#  
*'"+ 1")+�+  !$  3 �",5+#0,   !�("#",  *"-'"# , )" �+($#;+,  /� �$/+  /��'"#",  
�"�>+!0 , -"�"'0,  *"�!" �64   ";��  -   �'�)+!�  /$%. �1�/$  '$)+"$-�+#!"("   ��)$ , 
*"�35�!!$%  *"  )$!!0/  !$2�/!",  '$)+$8+"!!",  '$2#�)-+  #)"�6  *'"7+�6!01  
/$';'3�"# , *'+#�)�!$  !$  '+ 3!-�  4. �+)!" , 5�"   ��)  *'"�%!3� %  #  �#�'" -#" �"5!"/  
!$*'$#��!++  "�  �?� ; !$  '$  �"%!++  "-"�"  7 -/  "!  2$/��!"  "�-�"!+� %  -  #" �"-3 , $ 
*�'�)  )�'�#!�,  ��"'(+�#-$  – -   �#�'3 . <(" -2$*$)!��  !$ ���!!"("  *3!-�$  
$)�=)$  + -  
 �#�'3  "�  ��"'(+�#-+  "&'$2"#$�" 6  )#$ “*%�!$” *�">$)64  *'+/�'!"  1 -/ 2   
*"#0;�!!0/+  3'"#!%/+  �9�  – &"���  1 + 0,5 /-�# /5  ""�#�� �#�!!" . 
$  " �$�6!",  
��''+�"'++   ��)$  +/��+ 6  �"-$�6!0�  *%�!$ *�">$)64  100-150 / 2   �9�  + *�"�!" �64  
*"�"-$  C-5$ �+8  # 5-7 '$2 #0;�   '�)!+1  2!$5�!+, . 


 "&�!!" �64  2$('%2!�!+% ��''+�"'++  %#�%�$ 6 ��  !�")!"'")!" �6  )$=�  !$  
!�&"�6;+1  *�">$)%1  (/�!��  1 / 2 ), 5�"   #%2$!"   !$�+5+�/  “("'%5+1” 5$ �+8 
$-�+#!" �64  )"  105 �- . 
$*'+/�' , #&�+2+ )�'�#!+  ��"'(+�#-$  *�"�!" �6  �$-+1  5$ �+8 
"8�!+#$�$ 6  '$#!",  400 / 2 [13]. ��23�6�$�0  '$2)��6!"("   *�-�'"/��'+5� -"("  $!$�+2$ 
#2#�;�!!",  + '$ �#"'+/",  7'$-8+,  # *'"&$1   !�($  *"-$2$�+ , 5�"  "-"�"  90% $-�+#!01  
#�>� �#  !$1")+�" 6  #" #2#� + [13, 14]. 

�  *"*�'�5!01   �5�!+%1   ��)$  !$  '$  �"%!+%1  3,5-7 -/  "�5���+#"  *'" ��=+#$�+ 6  
)#$ /$- +/3/$  # '$ *'�)���!++  �9�  + *�"�!" �+  2$('%2!�!+% '$)+"!3-�+)$/+  
('+ . 5). 9�"  "&.% !%�� % !$�"=�!+�/  )#31  ��)"# , "&'$2"#$!!01  "�  #0*$)�!+,  +2 )#31 
+ �"5!+-"#    #0 "�",  *").�/$  '$)+"$-�+#!"("  "&�$-$  30 + 150 /  *'+  '$2�+5!01  
!$*'$#��!+%1  #��'$  # *'+2�/!"/   �"�  #"2)31$ ($2+/3�  190°) + !$  #0 "��  100-200 /  
($2+/3�  210°). 

�$  *"�(")$ , *'";�);+1    /"/�!�$  $#$'++, !$  ��''+�"'++  '$)+"$-�+#!"("   ��)$  
'$2�+5!0/+  "'($!+2$8+%/+  +  �3=&$/+  &0�"  "�"&'$!"  + *'"$!$�+2+'"#$!"  !$  
 ")�'=$!+�  '$)+"!3-�+)"#   #0;�  300 *'"&  *"5#0  +  !�($ . �0�"  3 �$!"#��!" , 5�"  
"�!" +���6!0,  !3-�+)!0,   " �$#  *'$-�+5� -+  !�  +2/�!%� %    '$  �"%!+�/ , 2$ 
+ -�45�!+�/  239Pu ("�!" +���6!0,  #-�$)  239Pu )"  2 '$2 3#��+5+#$� %   *'+&�+=�!+�/  
-  + �"5!+-3  #0&'" $ ). 
&"&>�!!0�   #�)�!+%  *"  *�">$)+  '$)+"$-�+#!"("  2$('%2!�!+% 
#!�  ��''+�"'++  �?�  + '$)+"!3-�+)!"/3   " �$#3  #0*$)�!+,  # *'�)��$1   ��)$  
*'+#�)�!0  # �$&�+8$1 4 + 5 [2]. 
 
�$&�+8$  4. – ��">$)6  '$)+"$-�+#!"("  2$('%2!�!+% !$  '$2�+5!"�  #'�/%  *" ��  $#$'++ [14] 
�+$*$2"!  �9� , 

/-�# -1* 
��">$)6 , -/ 2 

6.04.1993(. 13.05.1993 (.**  15.07.1993 (. 12.10.1993 (. 18.05.1994 (. 
�#0;�  0,2* 

�  0,2 )"  0,4 

�  0,4 )"  0,6 

�  0,6 )"  1,1 
�#0;�  1,1 

43,4 
21,0 
10.5 
7.4 
4.5 

33.0 
23.0 
5.0 
3.0 
2.0 

28,5 
20,0 
6,3 
1,6 
0,6 

13,1 
10,7 
2,2 
0,2 


� 3� �#3��  

� 

� 3� �#3��  

�"  =�  ** 
�"  =�  
�"  =�  

* 
$5$�6!$% *�">$)6  '$)+"$-�+#!"("   ��)$  *"   .�/-�  �" (+)'"/��$ , "('$!+5�!!$%  +2"�+!+�,  
0,15 /�#  5-1, &0�$ '$#!$  89 -/ 2. 

** �$ 5��!$%  "8�!-$  *"  '�23�6�$�$/   .�/-+  13.05.1993 (. 
 

���)3��  *")5�'-!3�6 , 5�"  #!�;!%%  ('$!+8$  '$)+"$-�+#!"("   ��)$  20  &0�$ 
3 �$!"#��!$ , + -�45+���6!"  + 1")% +2 �'�&"#$!+%  )" �"#�'!"("  #0)���!+%  
2$('%2!�!!",  ��''+�"'++  (#  '$#!�!++    � �� �#�!!0/  7"!"/  0,06-0,15 /-�# /5 *"  
)$!!0/  /���" �$!8++  �"/ -",  "&�$ �+ ). �!$5�!+�  )"20  �  -+2�35�!+% !$  "�-'0�",  
/� �!" �+  2$ *�'#0,  (")  !$  :�",  #!�;!�,  ('$!+8�   " �$#�%�"  0,2 /�'  (2$ #05��"/  
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� �� �#�!!"("  '$)+$8+"!!"("  7"!$ ). 9�"   ""�#�� �#3��  :77�-�+#!",  )"2� , 
 3>� �#�!!"  /�!6;�, , 5�/  '�-"/�!)3�/0�  "��5� �#�!!0�  + /�=)3!$'")!0�  -'+��'++  
#/�;$���6 �#$  *'+  '$)+$8+"!!01  $#$'+%1 [15, 16]. 
$  '+ 3!-�  4 #+)!" , 5�"  +2"�+!+% 
2,4 /-�# /5 (!$  13 /$% 1993 (.), -"�"'$%  *'+/�'!"   ""�#�� �#3��  +2"�+!++  (")"#",  
/">!" �+  )"20  !$  "�-'0�",  /� �!" �+  5 /�# /(") , *"�!" �64  !$1")+� %  #!3�'+  
 $!+�$'!" -2$>+�!",  2"!0  �?� . ��/  !�  /�!�� , *'+  *�$!+'"#$!++  /�'  '$)+$8+"!!",  
2$>+�0  !$ ���!+%  + 7$-�+5� -+  # % ��''+�"'+%   ��)$  #!�  "1'$!!",  2"!0 . �?�  
'$  /$�'+#$�$ 6  -$-  "&.�-�  $#$'+,!"("  #/�;$���6 �#$ . 

 
 

��� . 5. – ��"�!" �6  2$('%2!�!+% *"5#0  106Ru, # *"*�'�5!01   �5�!+%1   ��)$  !$  '$  �"%!+%1  4,5 -/  ($), 
7,0 -/  (&) + 12,0 -/  (#) "�  �?�  (!$  6.04.1993(.) [2] 
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�$  /"�'�!!0�  $#$'++ *'"+2";�+ , (�$#!0/  "&'$2"/ , *"  *'+5+!�  !� "#�';�! �#$  
��1!"�"(+5� -",  &$20, !�)" �$�"5!",  *'"'$&"�-+  ��1!+5� -+1  *'"�-�"#  +, #"2/"=!" , 
2$  5��  5��"#�5� -"("  7$-�"'$ . 
 
�$&�+8$  5. – 
�!" +���6!0,  !3-�+)!0,   " �$#  #0*$)�!+,  !$   ��)�  $#$'+,!"("  

#0&'" $  !$  6.04.1993(. [17] 

�$)+"!3-�+)  95Zr 95Nb 103Ru 106Ru 125Sb 141Ce 144Ce 239Pu 


�!" +���6!0,  
'$)+"!3-�+)!0,   " �$#  

#0*$)�!+, , % 
20,4 44,0 1,4 31,4 0,4 1,5 0,9 0,01 

 
�  "�5��$1  -"/+  +, , +  ��)"#$#;+1  *'+5+!0  $#$'+,  «# -"�626 » 3*"/+!$�� %  "  

!�+ *'$#!" �%1  32�"# $#�"/$�+-+  + -"!�'"�6!" -+2/�'+���6!"("  "&"'3)"#$!+% . 
[2, 6, 8]. 
$  :�"/  7$-��  *'$-�+5� -+  !�  $-8�!�+'3�� %  #!+/$!+� , ")!$-" ,  +/�!!"  :�"  
"&"'3)"#$!+�  +('$��  -�45�#34  '"�6  *'+  #0*"�!�!++  &"�6;+! �#$  ��1!"�"(+5� -+1  
"*�'$8+, . �""�#�� �#�!!" , "�-$2  �$-"("  "&"'3)"#$!+%  (���  �� ) #�)��  2$  "&",   &",  
# �("  ��1!"�"(+5� -"("  *'"8�  $ . 
$  " !"#�  "�5��"#  -"/+  +,  *"  '$  ��)"#$!+4  
$#$'+, , +2 $!$�+2$  "&0�+, , -"�"'0�  *'+#��+  -  $#$'++, /"=!"  *"�$($�6  "  �"/ , 5�"  :�"  
%#�%�" 6 ")!",  +2 -�45�#01  *'+5+!  $#$'++ !$  �?� . 
$   �(")!%;!+,  )�!6  
)"*"�!+���6!01  +  ��)"#$!+,  # :�",  "&�$ �+   )��$!"  !�  &0�" , *":�"/3  *"�!"�  
*'�) �$#��!+�  "  *'+5+!$1  *'"+2";�);+1  -$�$ �'"7  " �$�� %  !�)" �3*!0/ . 

�*3 �%  !� -"�6-"  )� %�+���+,  *" ��  $#$'+, , *")"&!0�  "&.�-�0  *'")"�=$4�  
:- *�3$�+'"#$�6 %  *'+  ��1  =�  3 �"#+%1 !$  $!$�"(+5!"/  "&"'3)"#$!++ , � .� . &�2 
 3>� �#�!!",  �("  /")�'!+2$8++ , 5�"  #020#$��  '+ -  #"2!+-!"#�!+%  !"#01  $#$'+,  
*")"&!"("  '")$ . �"���  �"(" , # �  5$>�   ""&>$4�  ���  "  *�$!$1   �'$!  �
�  (�$-+�  
 �'$!0  -$-  �-'$+!$ , �$2$1 �$! , �$)=+-+ �$! , ���"'3  +% , �� ) [18–24]  "2)$#$�6 
!"#0�  "&.�-�0  *"  $!$�"(+5!0/  *'"�-�$/ , *"  *'+5+!�  :-"!"/++  &4)=��!01   '�) �# . 

)!$-" , #  �35$�  *"#�"'�!+%  *")"&!01  $#$'+, , �+-#+)$8+% +1 *" ��) �#+,  !� ��  �>�  
&"�6;+�  /"'$�6!0�  + /$��'+$�6!0  2$�'$�0 , 5�/   �'"+���6 �#"  *")"&!01  "&.�-�"#  *"  
&"���   "#�';�!!0/  ��1!"�"(+%/ . 
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Abstract – In article the problem of safe operation of the existing radiation-hazardous waste 
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)!$-"  2$)$5$ 
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��%  )" �+=�!+%  8��+  !�"&1")+/"  '�;+�6   ��)34>+�  2$)$5+: 
– "&" !"#$�6   *" "&0  *'"/0#-+  7+�6�'34>+1  *"�"��!  ���   -"�62%>+/+  
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 -"�62%>+1  �'3, . 

�  !$ �"%>��  #'�/%  ;+'"-"�  '$ *'" �'$!�!+�  !$;�+  ���    7+�6�'34>+/  
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New Technologies Applied at the Reconstruction of Water Intake Facilities 
for The Purpose of Improving Fish Protection Devices 
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Abstract - Practical interest in this scientific work is to developed recommendations for design 
and operation of hydraulic washing device and geometric dimensions calculation methodology of 
the zone of cleaning the filter cloth. The results of the research may be of interest in the 
reconstruction of the fish protection facilities for water intake. 
 
Keywords: hydromelioration, biocenosis, fish protection devices, air / water installation, jet 
washing device. 
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�'$)+8+"!!"  ��1!"�"(+5� -+,  *'"8�   /�1$!+5� -",  "&'$&"�-+  �$-+1  "&.�-�"#  
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/" �"#"("  -'$!$  5; *" ��  /�1$!+5� -",  "&'$&"�-+  "&�5$,-$  1 *�'�/�>$�� %  *"  
�'$�-�"'++  7,9 !$  -$!�"#$���6  8, ()�  *'"+ 1")+�  *�'�3 �$!"#-$  �D !$  "&'$&"�$!!0,  
�"'�8 , )$���  *'"+ 1")+�  #"2#'$�  "&�5$,-+  !$   �$!"-  2 )�% "&'$&"�-+  !�"&'$&"�$!!"("  
�"'8$ . 

�'+  *�'�/�>�!++  + -$!�"#$!++  "&�5$,-+  1 !�"&1")+/"  *'"+2#� �+  9 
*�'� �'"*"#"-  – *'+  3 �$!"#-�  !$   �$!-� , *�'� �'"*"#-+  *'+  3 �$!"#-�  !$  
/�=*'"�D�!34  '��6 "#34  *�$�7"'/3 , *'+  3 �$!"#-$1  +  !%�++ "&�5$,-+  !$  
-$!�"#$����  + *'+  "&'$�!"/  *�'�/�>�!++  �D -   �$!-3 . 
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��� . 1. – �1�/$  *�'�/�>�!+%  + -$!�"#$!+%  "&.�-�"#  *'+  /�1$!+5� -",  "&'$&"�-�  *"  

�'$)+8+"!!",  ��1!"�"(++ : 
1 – 8+�+!)'+5� -$%  �"� �" ��!!$%  "&�5$,-$ ; 2 – �"-$'!" --$'3 ��6!0,   �$!"- ; 

3 – 8�!�'  /$   "&�5$,-+ ; 4 – !� 3>+�  *")-'$!"#0�  -"�"!!0 ; 5 – /" �"#",  -'$! ; 
6 –  �'"+���6!0�  -"! �'3-8++  *�'�-'0�+% ; 7 – �'$�-�"'+%  )#+=�!+% 8�!�'$  /$   "&�5$,-+  # 

7'"!�$�6!",  *'"�-8++ ; 8 – !$*"�6!0,  -$!�"#$���6 ; 9 – �'$�-�"'+%  )#+=�!+% 8�!�'$  /$   "&�5$,-+  # 
("'+2"!�$�6!",  *'"�-8++ ; 10 – /��$��""&'$&$�0#$4>��  "&"'3)"#$!+� ; Ha – *"�!$%  #0 "�$  *").D/$  

-'$!"#"("  -'4-$ ; Hb, Hc – #0 "�$  *").D/$  8�!�'$  /$   "&�5$,-+  *'+  *�'�/�>�!++  + -$!�"#$!++ ; 
Bc  - ;+'+!$  -'$!"#"("  *'"���$  

 

�/��+/ , 5�"  # *'"8�  �  *�'�/�>�!+%  *'"+ 1")+�  *").D/  "&.�-�$  !$  #0 "�3  Hb + 

Hc *'+  *�'�/�>�!++  + -$!�"#$!++  *'+  *"�!",  #0 "��  *").D/$  Ha -'$!"#"("  -'4-$ . 
�'"8�   *�'�/�>�!+%  "&�5$,-+  )�+� % ,  "(�$ !"  1'"!"/��'$=!0/  !$&�4)�!+%/ , 
!� -"�6-"  5$ "#. 

�$  $  �"-$'!" --$'3 ��6!"("   �$!-$  Mc )�% "&'$&"�-+  "&.�-�$  # 2…5 '$2 &"�6;�  
/$  0  "&.�-�$  Mo; /$  $  #'$>$4>+1 %  5$ ��,   �$!-$  "'+�!�+'"#"5!"  '$#!"  /$  �  
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"&.�-�$ . �'+  /�1$!+5� -",  "&'$&"�-�  !$  �"-$'!" --$'3 ��6!"/   �$!-�  *")$5$  '�28$  
!�2!$5+���6!$% , "&.�-�  #'$>$�� %  #/� ��    *�$!;$,&", , 5�"  �'�&3��  2!$5+���6!01  
:!�'("2$�'$� .  

�'"8�   *�'�/�>�!+%  + -$!�"#$!+%  "&.�-�$  �$-=�  �'�&3��  2!$5+���6!01  
:!�'("2$�'$� , � . - . "&.�-�  *�'�/�>$�� %  #/� ��    -'$!"/ , /$  $  Mk -"�"'"("  *'�#0;$��   
/$  3  "&�5$,-+  � " , " "&�!!"  *'+  &"�6;"/  2!$5�!++  ;+'+!0  Bc -'$!"#"("  *'"���$ . 

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

�$  /"�'+/  $�6��'!$�+#!34   1�/3  ��1!"�"(+5� -",  "&'$&"�-+  *"   + ��/�  ����  
– «)��$�6  – +! �'3/�!�  – *'+ *" "&��!+�  –  �$!"- », -$-  *'�) �$#��!"  !$  '+ 3!-�  2. 

 

 
��� . 2. – �1�/$  #$'+$!�"#  *'+/�!�!+%  /"&+�6!01  /��$��""&'$&$�0#$4>+1  &�"-"#  

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

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

9 – *"#"'"�!$%  -"�"!!$  )�% &�"-$  8; 10 – &$2"#0, 7+- +'34>+,  &�"-  )�% 3 �$!"#-+  "*"'!",  &$2"#", 
-"�"!!0 . 11 – *'+#")!0�  '"�+-""*"'0 ; 12 – "&�5$,-$ ; 13 – ("'+2"!�$�6!$%  &$2"#$% -"�"!!$ ;  

14 – !$*'$#�%4>��  -"�68" ; 15 –  #$'"5!0,  $**$'$� ; 16 – /"&+�6!"�  &$2"#"� 3 �$!"#"5!"�  "&"'3)"#$!+�  
 

�)� 6  # -$5� �#�  &$2"#", )��$�+  – -"'*3 $  – *'�) �$#��!$  "&�5$,-$  1, 
*"#�'1!" �+  -"�"'",  "&'$&$�0#$4� %  '�=3>+/+  +! �'3/�!�$/+ , 3 �$!"#��!!0/+  # 
/"&+�6!01  /��$��"'�=3>+1  &�"-$1  3, 7, 8, *�'�/�>$4>+1 %  *"  -"�"!!$/  4, 6, 9. 
�$2"#0/  :��/�!�"/  # �,  3 �$!"#-+  %#�%�� % �'3&!$% "*"'!$%  -"�"!!$ , 
2$7+- +'"#$!!$%  '$ *"'!0/  &�"-"/  10 !$  #!3�'�!!�,  *"#�'1!" �+  "&�5$,-+  1. �  
-$5� �#�  /��$��"'�=3>�("  :��/�!�$ , "&� *�5+#$4>�("  /+!+/$�6!34  :!�'("D/-" �6  
*'+  '�2$!++ , *'+!%�  7'�2�'!0,  &�"- , -$-  "&� *�5+#$4>+,  /+!+/$�6!34  
:!�'("�/-" �6  *'"8�  $  '�2$!+%. 

�'+  "&'$&"�-�  5�'!"#"("  �"'8$  *�'� �$!"#-$  # �("  "&"'3)"#$!+%  " 3>� �#�%�� %  
!$  /� ��    *'+/�!�!+�/  !$*"�6!01  ('32"2$1#$�!01  /$!+*3�+'34>+1  3 �'", �# .  

�#$'-$  "&�5$�-  # &�"-+   + !$*�$#-$  +1 #!3�'�!!+1  *"#�'1!" ��,  /"=��  &0�6 
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*'"+2#�)�!$  *"   1�/� , *'�) �$#��!!",  !$  '+ 3!-�  2, b. �  :�"/  #$'+$!��  !$  !$'3=!34  
*"#�'1!" �6  "&�5$,-+  +�+  &�"-$  "&�5$�-  3 �$!$#�+#$4� %  !$*'$#�%4>+�  -"�68$  14, 
*'+#")!0�  '"�+-""*"'0  11 #'$>$4�  "&�5$,-3  12 (+�+  &�"- )   3 �"#+�/ , 5�"&0  
("'+2"!�$�6!$%  &$2"#$% -"�"!!$  13 &0�$ 3 �$!"#��!$  �"5!"  *"  " +  #!3�'�!!�,  
*"#�'1!" �+  "&�5$,-+ . 
$  -"�"!!�  13, 3 �$!"#��!!",  !$  /"&+�6!"/  &$2"#"/  
3 �$!"#"5!"/  "&"'3)"#$!++  16, *�'�/�>$�� %   #$'"5!0,  $**$'$�  15. 

�"2/"=!0�  #$'+$!�0  3 �$!"#-+  ("'+2"!�$�6!",  &$2"#", -"�"!!0  !$  /"&+�6!"/  
&�"-� , 2$-'�*�%4>�/ %  !$  �"'8$1  + !$'3=!",  *"#�'1!" �+  "&'$&$�0#$�/01  "&�5$�-  
+�+  &�"-"# ; 8��� ""&'$2!" �6  *'+/�!�!+%  3-$2$!!01  #$'+$!�"#  )"-$20#$�� %  
+!=�!�'!0/+  '$ 5D�$/+  !$  *'"5!" �6 , 3 �",5+#" �6  + ($'$!�+4   "&� *�5�!+%  
�'�&3�/"("  -$5� �#$  *'"8�  $   #$'-+  +�+   !$*�$#-+ . 

��'�/�>�!+�  "&�5$,-+  *'+  "�-$2�  "�  *'+/�!�!+%  /" �"#01  -'$!"#  /"=��  
*'"+2#")+�6 %  *"   1�/� , *'�) �$#��!!",  !$  '+ 3!-�  3. 

 
 

��� . 3. – �1�/$  #"2/"=!01  #$'+$!�"#  *�'�/�>�!+%  "&.�-�"#    + *"�62"#$!+�/ :  
a) –  $/"1")!"("  $#�"*"('325+-$ ; b) – *")#")+/01  *'+#")!01  &�"-"# ; c) – *"))"!$  + �%($5$; d) – -�+!$ ; 

e) – '$ *"'!01  3 �'", �#  !$  "&.�-��  +  �$8+"!$'!",  �%("#",  !$*"�6!",  ��&D)-+  
 

�)� 6  #"2/"=!"  + *"�62"#$!+�   $/"1")!01  $#�"*"('325+-"#  ($), *")#")+/01  
*'+#")!01  1")"#01  &�"-"#  (b), *"))"!$    "&.�-�"/  + �%($5"/  ( ), *")#+=!"("  -�+!$   
)�% *�'�-$�0#$!+%  "&.�-�$  (d), + *"�62"#$!+�  '$ *"'!01  :��/�!�"#  !$  "&.�-��  + 
 �$8+"!$'!01   ��&�)"-    2$-'�*��!+�/  �%("#"("  -$!$�$  !$  " +  '$ *"'!01  :��/�!�"#  
(e), 5�"  "&� *�5+#$��  *�'�-$�0#$!+�  "&.�-�$ . 

�'�) �$#��!!0�  !$  '+ 3!-�  2  1�/0  *"-$20#$4�  #"2/"=!" �6  *'+/�!�!+%  
!$*"�6!"("  "&"'3)"#$!+%  [1] *'+  "5�#+)!"/  3*'">�!++   *'"8�  "#  /�1$!+5� -",  
"&'$&"�-+  "&.�-�"#  + +1 *�'�/�>�!+%  + -$!�"#$!+% . 

�'�) �$#��!!$%  !$  '+ 3!-�  2  1�/$  /�1$!+5� -",  "&'$&"�-+  +  #$'-+  + !$*�$#-+   
"&.�-�"#  *"-$20#$4�  #"2/"=!" �6  "�-$2$ "�  �%=D�01 /��$��""&'$&$�0#$4>+1  
 �$!-"#  [1, 2]. 

�+ 3!"-  3 "&.% !%��  #"2/"=!" �6  + *"�62"#$!+% !$*"�6!"("  �'$! *"'�$    
"�-$2"/  "�  �%=D�"("  "&"'3)"#$!+%  /" �"#01  -'$!"# .  

�-$2$!!0�   1�/0  *"�35�!0    + *"�62"#$!+�/  :#'+ �+5� -+1  *'+�/"#  
!$1"=)�!+%  �35;�("  ��1!+5� -"("  '�;�!+%  [3] *'+   "2)$!++  !"#01  "&.�-�"# . �2  
=+#",  *'+'")0  + *"�62"#$!0 : *'+!8+*  «/3'$#6%» –  *")!%�+�  + *�'�/�>�!+�  
/$  +#!01  "&.�-�"#  /$�"($&$'+�!0/+  /")3�%/+  ( 1�/$  2b, 2d), *'+!8+*  «*$3-$»   
+ *"�62"#$!+�/  -$!$�"#  ('+ . 3 , 3� ), *'+!8+*  «&"&'$» – 7'�2�'"#$!+� , ('+ . 2$). 

� *"�62"#$!+�  :#'+ �+5� -+1  *'+D/"#  *'+  *'"�-�+'"#$!++  ��1!"�"(+5� -"("  
*'"8�  $  "&'$&"�-+  +2)��+,  $�"/!"("  :!�'(��+5� -"("  /$;+!" �'"�!+%  [1, 3] 
*"2#"�%4�  "&" !"#$�6  8��� ""&'$2!" �6  *'+/�!�!+%  /"&+�6!01  
/��$��""&'$&$�0#$4>+1  &�"-"#  [2, 3]. 

���� ""&'$2!" �6  "&" !"#0#$�� %    ��)34>+/ : 
1) � 1")!0/  2#�!"/  # !$5$��  *'"8�  $  *'"�-�+'"#$!+%  )"�=�!  &0�6 $!$�+2 

-"! �'3-�+#!01  + /$  "($&$'+�!01  *$'$/��'"#  +2)��+% + ��1!"�"(+5� -"("  
"&"'3)"#$!+%  # #+)�  /"&+�6!01   &�"-"#    + *"�62"#$!+�/  +2)��+% # -$5� �#�  -"'*3 $  
('$/0 ). 

2) �'"�-�+'"#$!+�  ��1!"�"(+5� -"("  *'"8�  $  )"�=!"  #-�45$�6  $!$�+2 
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!� -"�6-+1  *�' *�-�+#!01  #$'+$!�"# , !$,)�!!01  -"���-�+#"/  -"! �'3-�"'"#  + 
��1!"�"("# -*'"�-�+'"#>+-"#    + *"�62"#$!+�/  :#'+ �+5� -+1  *'+D/"# . 

3) �'+��'++  "*�+/$�6!" �+ : "&>+� : – /+!+/$�6!$%  3)��6!$%  :!�'("D/-" �6  
*'"8�  $ ; /+!+/$�6!$%   �"+/" �6  *'"8�  $  "&'$&"�-+ ; /+!+/$�6!"�  #'�/%  *'"8�  $ ; 
"&� *�5�!+�  �'�&3�/"("  -$5� �#$ ; "&� *�5�!+�  &�2"*$ !" �+  *'"8�  $ . 

�"#'�/�!!$%  *'$-�+-$  *'"�-�+'"#$!+%  ��1!"�"(+5� -+1  *'"8�  "#  +2("�"#��!+%  
+2)��+,  $�"/!"("  /$;+!" �'"�!+%  !�  + *"�623��  :#'+ �+5� -+�  /��")0 , 5�"  *'+#")+�  
-  *"#0;�!+4  -$*+�$�"�/-" �+  *'"+2#") �#$  +  �"+/" �+  +2)��+, . 

�  *'+/�!�!+�/  3-$2$!!01  *")1")"#  &3)��   /+!+/+2+'"#$!"  #�+%!+� 	��  # 
*'"8�  �  *'"�-�+'"#$!+% , � .- . *'+  !$�+5++  !� -"�6-+1  #$'+$!�"#  "8�!-$  +1 *"  
"&" !"#$!!"  *'+!%�0/  -'+��'+%/  -$5� �#$  3=�  *"2#"�+�  *'+!%�6  "&.�-�+#!"�  
'�;�!+� , &�+2-"�  -  "*�+/$�6!"/3 . 
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Abstract – Substantiation of expediency of mobile technological equipment use during production 
of nuclear machine building objects is represented. 
Instead of known system “lathe – adjustment – instrument – blank” the system “blank – instrument 
– adjustment – lathe” is proposed, which allow to object  from huge technological equipment and 
use small mobile equipment. 
Application of heuristic methods during design process with using the wild nature principles  - 
“ant” , “spider”, “beaver” – led to nearly optimal decisions. 
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�  '$&"��   /")��+'"#$!  *'"8�   7"'/+'"#$!+%  -"'!�#"("  #$�+-$ ;#$  *'+  ")!" �"'"!!�,  
)3("#",   #$'-�  /��$��"*"'";-"#",  *'"#"�"-",  !$  #� 3. 
�"-$2$!"  #�+%!+� 7+2+-" -1+/+5� -+1   #", �#  =+)-"("  /��$��$  !$  ('$!+8�    ($2"#",  
 '�)",  !$  *'"8�   "&'$2"#$!+% *"#�'1!" �+  "&'$�!"("  #$�+-$ ;#$ . �0*"�!�!  '$ 5��   +�0  
)$#��!+%  )3(+ . 
 
��1��
 �  ���
� : ")!" �"'"!!%%   #$'-$ , -"'�!6  ;#$ , )$#��!+�  )3(+ , #%2-" �6, /�=7$2!"�  
!$�%=�!+� . 

 
�" �3*+�$  # '�)$-8+4  15.05.2015 

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

:- *�3$�+'3�/01  )�% �'$! *"'�+'"#-+  !�7�+ , ($2$ + )'3(+1  *'")3-�"#  %#�%�� % 
!$+&"���  �'3)"�/-",  2$)$5�,  *'+  2$*"�!�!++  '$2)��-+ . 


)!+/  +2 +2#� �!01   *" "&"#  7"'/+'"#$!+%  ;#$  *'+   #$'-�  !$  #� 3  %#�%�� % 
 *" "&   #$'-+  # -#$)'3*"�6!"/  /$(!+�!"/  *"��  -$-  !�/$(!+�!01 , �$-  + /$(!+�!01  
/$��'+$�"# , *"2#"�%4>+1   #$'+#$�6   �0-"#0�   "�)+!�!+%  �"�>+!",  )"  12 //  [1]. 
�*" "&  *"2#"�%��  *"�35$�6  ;"#    &�+2-",  -  +)�$�6!",  7"'/�  *"#�'1!" �+  "&'$�!"("  
#$�+-$. 

�'+  '35!",  )3("#",   #$'-�  -$5� �#�!!0,  -"'!�#",  ;"#  *"�35$�� %  *'+   #$'-�  
:��-�'")$/+  LB-52U 2$  5��  3!+-$�6!",  ;�$-"#",   + ��/0  "&/$2-+  + #0 "-"("  3'"#!%  
��1!"�"(++  *'"+2#") �#$  :��-�'")"# . 
�#�� �#�!!0/+  2$ -$5� �#"  #$�+-$ #!3�'+  
;�$-"#",   + ��/0  %#�%4� % 7+2+5� -+�  (�*� . + ��# .) + 7+2+-" -1+/+5� -+�  (#%2-" �6, 
*"#�'1!" �!"�  + /�=7$2!"�  !$�%=�!+� )  #", �#$ . 

�$23/��� % , :�"  )" �+($�� %  *'+  +2#� �!"/  /$ ��' �#�  "*�'$�"'$ ,  *" "&!"/  
"&� *�5+�6  #0 "-34  ��1!"�"(+5� -34  )+ 8+*�+!3  *"   &"'-�  + *$'$/��'0  '�=+/$  
 #$'-+ . 

�  *" ��)!+�  )� %�6  ��� ,   35��"/  #"2'" ;�,  *"�'�&!" �+  # )$!!",  ��1!"�"(++  + 
'$2!""&'$2+% -"!7+(3'$8+,  �'3&"*'"#")"#  #�)3>+/+  2$'3&�=!0/+  -"/*$!+%/+  )�% 
MIG|MAG  #$'-+  '$2'$&"�$!0  +/*3�6 !0�  ��1!"�"(++  )�% #0*"�!�!+%  -"'!�#"("  
;#$ . �'+!8+*+$�6!0�  ��1!"�"(+5� -+�  #"2/"=!" �+  + !�)" �$�-+  )$!!01   *" "&"#  
*")'"&!"  *'�) �$#��!0  # /!"("5+ ��!!01  + �"5!+-$1  [2, 3]. 

�$!!0�  ��1!"�"(++ , ")!$-" , 1$'$-��'!0  «1"�")!",   #$'"5!",  #$!!", », 5�"  
*'+#")+�  -  2!$5+���6!"/3   !+=�!+4  ��*�"#�"=�!+%  *'+  -"'!�#"/  *'"1")� , 5�"   
)��$��  !�#"2/"=!0/  *�'�*�$#��!+�  *'+1#$�"- ,  *" "& �#3��  ($2"!$ 0>�!+4  
-"'!�#"("  *'"1")$  ($2$/+ + �'�&3��  #0*"�!�!+%  "&%2$���6!"("  « ("'%5�(" » *'"1")$ . 
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�$-   ��) �#+� , # ;#�  !�#0 "-+�  /�1$!+5� -+�   #", �#$  + 2!$5+���6!"�  
-"�+5� �#"  )�7�-�"# -*"' , ;�$-"#01  #-�45�!+, , !� *�$#��!+,  # 2$*"�!%4>+1  
*'"1")$1 . 

��
  
��  « ��� » + 


  «���? » # '$&"��  [2] '$  /"�'��+  ��1!"�"(+5� -+�  
" "&�!!" �+  #0*"�!�!+%  -"'!�#"("  *'"1")$  �'3&"*'"#")$  *"  *'+!8+*+$�6!"  !"#",  
��1!"�"(++    + *"�62"#$!+�/  /��$��"*"'";-"#",  *'"#"�"-",  POWER BRIDGE 60 M 
)+$/��'"/  1,2 // . 

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

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

�  8��"/ , )�% *"�'�&+����,  )$!!",  ��1!"�"(++  !�  �$-  3= + #$=!" , -$-",  +2 
7$-�"'"#  "&� *�5+#$�� , &�23 �"#!" , 3)"#���#"'+���6!0,  '�23�6�$� . �" �$#  �+  + 
-"! �'3-8+%  *'"#"�"-+ , 3 �"#+%  &"'-+ , *$'$/��'0  '�=+/$   #$'-+ , *'" �'$! �#�!!0�  
*"�"=�!+%  *'+   #$'-� , + *"�623�/"�  "&"'3)"#$!+�  (# �"/  5+ ��  + + �"5!+-  *+�$!+%). 
?"�% #!�;!+,  #+) "&'$�!"("  #$�+-$, �("  (�"/��'+5� -+�  '$2/�'0  !+ -"�6-"  !�  
"��+5$4� %  "�  $!$�"("# , *"�35�!!01 , !$*'+/�' , *'+  + *"�62"#$!++  Steel Root 
(Fronius). 

�   #%2+   :�+/ , &0�$  )��$!$  *"*0�-$  *'"$!$�+2+'"#$�6 , # *�'#34  "5�'�)6 , 
7$-�"'0 , #�+%4>+�  !$  7"'/+'"#$!+�  -"'!�#"("  #$�+-$. �$-  +2#� �!" , # �  *'�)0)3>+�  
+  ��)"#$���+ , '$  /$�'+#$%   #$'"5!34  #$!!3  !$  #� 3  *'+  MIG|MAG- #$'-�  #  " �"%!++  
 �$�+5� -"("  +�+  )+!$/+5� -"("  '$#!"#� +% , +  ��)"#$�+  7+2+5� -+�  + 7+2+-" -
1+/+5� -+�   #", �#$  /��$��$  *'+  ��/*�'$�3'�  #0;�  �+-#+)3 $ , *$'$/��'   +�  
)�, �#34>+1  !$  =+)-+,  /��$��   "   �"'"!0  )3(+ , #�+%!+� ($2"#",  2$>+�!",   '�)0  + )' . 

�  "��+5+�  "�  7"'/+'"#$!+%  -"'!%  ;#$  *'+  ")!" �"'"!!�,   #$'-�  !$  *")-�$)-$1 , 
()�  '�;$4>34  '"�6  +('$4�   #", �#$  '$ *�$#��!!01  *'+  #2$+/")�, �#++    /��$��"/  
 #$'"5!",  #$!!0  "- +)"#  *")-�$)!"("  /$��'+$�$ , # !$;�/   �35$�  '�56  *",)��  "  
*'"8�  $1  # -"'!�  ;#$  !$  /�=7$2!",  ('$!+8�  /��$�� -($2. 


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

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

– #%2-" �6 '$ *�$#��!!"("  /��$��$  *'+  ��/*�'$�3'�  #0;�  �+-#+)3 $ ; 
– #��+5+!$  2$2"'$ #  �0-� ; 
– 3("�  '$2)��-+  -'"/"-  + #��+5+!$  *'+�3*��!+% ; 
– 1+/+5� -+,   " �$#  + -"! �'3-8+%  /��$��"*"'";-"#",  *'"#"�"-+ ; 
– 1$'$-��'  *�'�!" $  /��$��$  5�'�2  )3("#",  *'"/�=3�"- ; 
– *$'$/��'0  '�=+/$   #$'-+  (�"-   #$'-+ ,  -"'" �6   #$'-+ , !$*'%=�!+�  !$  )3(� , 

)+$/��'  :��-�'")$ ) +, -$-   ��) �#+� , # �   +�"#0�  1$'$-��'+ �+-+ , -$-  7$-�"'0 , 
#�+%4>+�  !$  *�'�/�>�!+�  -$-  :��-�'")!"(" , �$-  " !"#!"("  /��$��$  *"   �5�!+4  
 #$'"5!",  #$!!0  # *'")"�6!"/  + *"*�'�5!"/  !$*'$#��!+%1 ; 

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

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

$+&"���  *"�!"  #�+%!+� *"#�'1!" �!01  1$'$-��'+ �+-  #  #$'"5!01  *'"8�  $1  

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

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

 
� E = � F, 

 
()�  � E –  3//$  "&.�/!01  + *"#�'1!" �!01   +� , )�, �#34>+1  #  #$'"5!",  #$!!� ; 
 � F –  +�$  /�=7$2!"("  !$�%=�!+% !$  ('$!+8�  '$ *�$#$  /��$�� -;�$- , -"�"'$%  

"*'�)��%�� %  *"  7"'/3�� : 

� F = 
32

2
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�
�

�

�
�
�

�
�
�
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�
dx
dy

+

dx
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; 2

. 

 
�" ��  2$*+ + 3'$#!�!+%  # )+77�'�!8+$�6!",  7"'/� : 
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+
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- Gg (H= - 
Pd

<g
� y ) = 0. (1.1) 

)$��� : 
32
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+
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2

 - �  (� -3) = 0,  (1.2) 

()� : �  = 
<g
; ; �  = H= - 

Pd

<g . 

�" ��  *'�"&'$2"#$!+,  *"�35$�/ : 
 

 tg A*  = 
dy
dx = 

12C
1

1--  = 
( ) ( ) 142

1
1

--
--

;ABC;AC2 . (1.3) 

 
()�  H = – �"�>+!$  =+)-",  *'" �",-+  /��$��$  *")  )3(", ; 
 G –  *�"�!" �6  =+)-"("  /��$��$ ; 
 g – 3 -"'�!+�   #"&")!"("  *$)�!+% ; 
 PF – '$#!")�, �#34>$%  "&.�/!01   +� . 

 
9�"  2!$5+�, 5�"  3#��+5�!+�  /�=7$2!"("  !$�%=�!+% !$  ('$!+8�  '$ *�$#$  /��$�� -

;�$-  (# !$;�/   �35$�  !$  ('$!+8�  /��$�� -($2) *'+#�)��  -  3#��+5�!+4  3(�$  *�'�1")$  «A» 
+ 3�35;�!+4  :- *�3$�$8+"!!01  1$'$-��'+ �+-  ")!" �"'"!!�("   #$'!"("   "�)+!�!+% . 

�$-+/  "&'$2"/ , /�=7$2!"�  !$�%=�!+�  /"=��   �3=+�6  :��/�!�"/   �$&+�+2$8++ 
7"'/0  "&'$�!",   �"'"!0  ;#$  *'+  ")!" �"'"!!�,  )3("#",   #$'-�    �0-"#01  
 "�)+!�!+, .  ��=7$2!"�  !$�%=�!+�  !$  ('$!+8�  /��$�� -($2 *"  )$!!0/  � .� . �"*��%  [5], 
 " �$#�%��  )�% 3(��'")+ �01  + !+2-"��(+'"#$!!01   �$��, , !$*'+/�' , 30?���  
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 " �$#�%��  1450 /�= // ², 5�"  *'�#0;$��  &"���  5�/  # �'+  '$2$ /�=7$2!"�  !$�%=�!+�  !$  
('$!+8�  ;�$- -7�4  *'+  ")!" �"'"!!�,   #$'-�  !$  *")-�$)-$1 . 

��%  '$2'$&"�-+   1�/0  ��5�!+%  /��$��$  *'+  ")!" �"'"!!�,   #$'-�  "5�!6  #$=!" , 
5�"  !$+&"���  #0 "-+�   -"'" �+  )" �+($4� %  !$  *�'�)!�,   ��!-�  + # 2"!�   -#"2!"("  
*'"*�$#��!+% . 9�"  3�#�'=)�!+�  *"2#"�%��  !$/   )��$�6  #0#")  "  �"/ , 5�"  #0 "-+�  
 -"'" �+  *�'�/�>�!+%  /��$��$  # -"'!�  ;#$ , " "&�!!"  !$  '�=+/$1    #0 "-+/+  
2!$5�!+%/+  �"-$   #$'-+ , /"(3�  *'+#� �+  -  2!$5+���6!0/  2$�'3)!�!+%/  *'+  
7"'/+'"#$!++  "&'$�!"("  #$�+-$. �   #"4  "5�'�)6 , !�% !" , -$-"#"  *"#�)�!+�  "&.�/!01  
+ *"#�'1!" �!01   +�  !$  '$2!01   �$)+%1 7"'/+'"#$!+%  #$�+-$ # -"'!�  ;#$ . 9�"  
" "&�!!"  #$=!"  # /"/�!�  "-"!5$���6!"("  2$#�';�!+%  *'"8�  $ , -"()$  )�, �#34�  
*"�"=�!+%  7+2+-" -1+/+5� -",  (+)'")+!$/+-+ . 

�  :�"/   �35$� , -"()$  +/*3�6  #2$+/"3'$#!"#�;+#$4>+1  )'3(  )'3($  
*"#�'1!" �!01  + "&.�/!01   +�  + 5�'*$! , "-"!5$���6!$%  (�"/��'+5� -$%  7"'/$  
 "2)$�� %  2$  5��  *"#�'1!" �!01   +�  -$*�+  =+)-"("  /��$��$  !$  ('$!+8�    
2$�#�')�#$4>+/  ;�$-"#0/  '$ *�$#"/  + "*+ 0#$�� %  7"'/3�", : 

 
 F� =2I rJy= 2I rF2 (cosK - cosKL), (1.4) 

 
()�  r – '$)+3  *�'+/��'$   /$5+#$!+%; 
 F – *"#�'1!" �!"�  !$�%=�!+� ; 
 K, KL – 3(�0   /$5+#$!+%. 

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

 " �$#�%�� : 
 � �  = F [( 1/R1) + (1/R2)], (1.5) 

 
()�  R1, R2 – (�$#!0�  '$)+3 0  -'+#+2!0  *"#�'1!" �+  # )$!!",  �"5-� .  

 
�$-   ��)3��  +2 3'$#!�!+%  (1.5), -$*+��%'!"�  )$#��!+�   3>� �#�!!"  �+;6  *'+  

!$�+5++   +�6!"  + -'+#��!!01  *"#�'1!" ��, , !"  *'+  /$�",  -'+#+2!�  "!"  3/�!6;$�� % ,  
*'+  *�" -",  *"#�'1!" �+  "&'$>$�� %  # !3�6 . � �+  '$ ��-$!+�  =+)-" �+  /$  ",  m 
 "*'"#"=)$�� %   !+=�!+�/  ��  8�!�'$  �%=� �+  !$  dh, �"  *"��!8+$�6!$%  :!�'(+%  
3/�!6;$�� %  !$  – dU = -mgdh + *"%#�%�� % )"*"�!+���6!$%  '$)+$�6!$%  +�$  
F'  = - mg(dh/dr), #020#$4>$% ("'+2"!�$�6!"�  *�'�/�>�!+�  =+)-" �+    *�'+/��'"/  
 /$5+#$!+% [5]. �  !$;�/   �35$� , *'+  7"'/+'"#$!++  "&'$�!"("  #$�+-$, ('$#+�$8+"!!"�  
)�, �#+�  :�",   +�0  &3)��  *'�*%� �#"#$�6  '$ ��-$!+4  + !$*'$#��!"  *�'*�!)+-3�%'!"  
)�, �#+4  )$#��!+%  	$*�$ $  ('+ . 1). 


)!$  +2 !$+&"���  *")'"&!"  '$  /"�'�!!01  /")���, , ()�  '$  /$�'+#$�� %  
'$#!"#� +�   #$'"5!",  #$!!0  !$  #� 3 , %#�%�� % /$��/$�+5� -"�  "*+ $!+� , #0*"�!�!!"�  
� .� . ��'�2"# -+/  [6]. �  )$!!",  '$&"��  "*'�)���!0  �'�&"#$!+%  -  *$'$/��'$/  
 �0-"#"("   "�)+!�!+%  )�% ")!" �"'"!!�,   #$'-+  !$  #� 3 . �"-$2$!" , 5�"  3("�  '$2)��-+  
-'"/"- , 2$2"' + *'+�3*��!+�  *'+  "*'�)���!!01  '�=+/$1  *"2#"�%��  )"&+�6 % *�" -"("  
"&'$�!"("  #$�+-$ *'+   #$'-�  !�*�$#%>+/ %  :��-�'")"/ . 

�#�"'0  [2] 3�#�'=)$4� , 5�"  7"'/+'"#$!+�  -"'!%  ;#$    "&'$�!",   �"'"!0  # 
2!$5+���6!",   ��*�!+  2$#+ +� "�  #%2-" �+ '$ *�$#$ . 
�"  )$!!0/  :- *�'+/�!�$�6!01  +  ��)"#$!+,  )�% '$ *�$#$  *'"/0;��!!01  /$'"-  

 �$�+  2!$5�!+% )+!$/+5� -",  #%2-" �+ # +!��'#$��  ��/*�'$�3'  1480-1650" �  !$1")%� % 
# *'�)��$1  4,5 – 6,0 /�$ ·  (#%2-" �6 5+ �"("  =���2$  *'+  *�'�('�#�  50 �  #0;�  �"5-+  
*�$#��!+%   " �$#�%��  5,4/�$ · ). 
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��� . 1. – �2$+/")�, �#+�   +�  *'+  '$ ��-$!++  -$*�+  !$  #� 3 : 

F*! , F*# – c+�0  *"#�'1!" �!"("  !$�%=�!+% !$  !+=!�/  + #�'1!�/  2�'-$��   #$'"5!",  #$!!0 ; 
F' ,F�  – c+�0  '$ ��-$!+%  + �%!3>$%  +�$  

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

7"'/0  "&'$�!",   �"'"!0  ;#$ , -�$  +5� -"("  "*'�)���!+%  #%2-" �+ -$-   #", �#$  
=+)-" �+  "-$20#$�6  "*'"�+#��!+�  *�'�/�>�!+4  ")!",  5$ �+  =+)-" �+  "�!" +���6!"  
)'3(", , !�)" �$�"5!" . 
$  /+-'"3'"#!�  ��(-" �6  *�'�1")$   5$ �+80  +2 ")!"("  
*"�"=�!+%  # )'3("�   #%2$!"   #��+5+!",  :!�'(��+5� -"("  &$'6�'$  (� M), -"�"'0,  
*'+1")+� %  *'�")"��#$�6  )#+=3>�, %  5$ �+8�  '$2/�'"/  «r» !$  '$  �"%!++  «d» /�=)3  
��  *"�"=�!+%/+  '$#!"#� +% . �  '" �"/  � M, r, d #%2-" �6 3#��+5+#$�� %. [7]. 
$*'"�+# , 
#%2-" �6 3/�!6;$�� %  *'+  *"#0;�!++  ��/*�'$�3'0  +2-2$ 3#��+5�!+%  5+ �$  5$ �+8 , 
"&�$)$4>+1  !3=!0/  2$*$ "/  :!�'(++  )�% " 3>� �#��!+%  �$-+1  *�'�1")"# . �  �$-"/  
 �35$�  #��+5+!$  #%2-" �+ +�+  :!�'(+%  $-�+#$8++ #%2-"(" ��5�!+%  � M "*'�)��%�� %  
*'+'")",  +  " �$#"/  '$ *�$#$ , $ �$-=�  ��/*�'$�3'", . 
 
 � M = 4I r2F. (1.6) 

 
�$!!$%  7"'/3�$   #%20#$�� :!�'(+4  $-�+#$8++ #%2-"(" ��5�!+%  + /�=7$2!"�  

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

9�"  "2!$5$�� , 5�"  *'+  )" �+=�!++  "*'�)���!!",  :!�'(++  $-�+#$8++ /��$��  
*�'� �$��  ��56  #  �"%1  "�!" +���6!"  )'3(  )'3($ , /�=7$2!"�  !$�%=�!+�  )" �+($��   #"+1  
/$- +/$�6!01  *"-$2$����,  + !$5+!$�� %  *'"8�   -'+ �$��+2$8++ . 

�  *'"8�  �  "�'$&"�-+  ��1!"�"(++   #$'-+  + +  ��)"#$!++  )3(+  &0�"  #0% !�!" , 
5�"  )3($ *'+   #$'-�  /��$��"*"'";-"#",  *'"#"�"-",  ("'+�  + *�'�!" +�  /��$��  # 
 #$'"5!34  #$!!3  *"  *�'+7�'++  2$2"'$   *�'�'$ *'�)���!+�/  ��*�$  + )$#��!+%  )3(+  
5�'�2  "&"�"5-3  *'"#"�"-+  ('+ . 2). 
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��� . 2. – �"�"  )3(+  *'+   #$'-�  *"'";-"#",  *'"#"�"-",  
 
9�"  )"-$20#$�� %  '�23�6�$�$/+  +  ��)"#$!+%  2$#+ +/" �+  #0 "�0  "&'$�!"("  

#$�+-$ ;#$  "�  �"-$   #$'-+ .  �'+  '" ��  �"-$  "�  80 �  )"  180� , #0 "�$  "&'$�!"("  #$�+-$ 
'$ ���  !�2!$5+���6!" , "�  0,5 )"  1,6 //  *'+  "�!" +���6!"   �$&+�6!",  ;+'+!�  "&'$�!"("  
#$�+-$ 6...8 //  ('+ . 3). 
$*'%=�!+�  !$  )3(� : 21...23 � .  

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

 
�!�;!+,  #+) "&'$�!"("  #$�+-$ 1$'$-��'�!  "�!" +���6!"   �$&+�6!0/+  '$2/�'$/+  

&�2 *")'�2"# ,   *�$ �+!-$/+  "- +)"#  Mn + Si !$  *"#�'1!" �+   ;#$  ('+ . 4). 
 

 
 

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

�  �$-"/   �35$� , #$=!34  '"�6  #  �$&+�+2$8++ 7"'/0  ;#$    "&'$�!",   �"'"!0  *'+  
 #$'-�  /��$��"*"'";-"#",  *'"#"�"-",  !$  #� 3 , &3)��  +('$�6  '$#!")�, �#3>$%  # �1  
 +� , #�+%4>$% !$  '$ *�$#  /��$��$  # -"'!�  ;#$   "   �"'"!0  )3(+ . 
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�'+   #$'-�  *"'";-"#",  *'"#"�"-",  /��$��+5� -$%  "&"�"5-$  *'"#"�"-+  "&�$)$��  
!$/!"("  &"�6;�,  :��-�'"*'"#")!" �64  *"   '$#!�!+4     �')�5!+-"/  [8, 9]. �":�"/3  
$-�+#!"�  *%�!"  )3(+  2$!+/$��  !�  # D  �5�!+�  *'"#"�"-+ , $ !$1")+� %  *'�+/3>� �#�!!"  
!$  /��$��+5� -",  "&"�"5-� . ��"�&  )3(+    &"�6;",   -"'" �64  *�'�/�>$�� %  #"-'3(  
 �')�5!+-$ , '$ *�$#�%% �("  ('+ . 5).  �'+   #$'-�  !$  '$2�+5!01  '�=+/$1  1$'$-��'  
("'�!+%  )3(+  /"=��  &0�6 '$2�+5!0/  [8]. �'+   #$'-�  !$  "*�+/$�6!01  '�=+/$1  )3($, 
("'%>$% *"  -"�68�#",  "&"�"5-� , "&� *�5+#$��  /��-"-$*��6!0,  �3/$!""&'$2!0,  
*�'�!"  :��-�'")!"("  /��$��$ . 

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

 
��%  "*+ $!+% )$#��!+%  �$-",  )3(+  *'�)�"=�!$   ��)34>$%  '$ 5D�!$%  1�/$  

-"!3 ""&'$2!",  )3(+ , ("'%>�,    -"�68�#"("  :��-�'")$  ('+ . 6). �'"8�  0 , 
*'"��-$4>+�  #!3�'+  -"�68�"&'$2!"  '$ ;+'%4>�, %  )3(+  # )$!!",   1�/� , !�  
35+�0#$4� %. �"�!"�  )$#��!+�  )3(+  "*'�)��%�� %  !� -"�6-+/+   " �$#�%4>+/+  [10]. 
�" �$#�%4>34  )$#��!+%  )3(+ ,  #%2$!!34   '$ ;+'�!+�/   �"�&$ , /"=!"  "*'�)��+�6  
 ��)34>+/  "&'$2"/ .    

 
��� . 6. – �1�/$  )3(+  *'+   #$'-�  *"'";-"#",  *'"#"�"-",  

 
�$  /"�'+/  :��/�!�$'!0,  -"�68�#",   �",  !$  *'"+2#"�6!"/  '$  �"%!++  *"  

#0 "�� . ���+5+!$  :��/�!�$'!"("  "&.D/$  # :�"/   �"�  !$  *'"+2#"�6!"/  '$  �"%!++  "�  
" +  )3(+  '$#!$ : 

  (1.7) 
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�"& �#�!!$%  " �#$% :��-�'"/$(!+�!$%   +�$  "�  #2$+/")�, �#+%  '$)+$�6!",  
 " �$#�%4>�,   #$'"5!"("  �"-$    +!)3-8+�,   "& �#�!!"("  /$(!+�!"("  *"�%  # :�"/  
"&.D/� , )�, �#34>$%  !$  :�"�  "&.D/  #!+2, 2$*+;�� %  #  ��)34>�/  #+)� : 

  (1.8) 

�  35D�"/  �"(" , 5�"  
j r

jz

=tg== r
z + j r =j ztg==j z

r
z  +�$ , )�, �#34>$%  !$  

:��/�!�$'!0,  "&.D/  '$#!$ : 

  (1.9) 
�+�$ , )�, �#34>$%  !$  :��/�!�$'!"�  -"�68" , '$#!$ : 

  (1.10) 
�'+/�/  '$ *'�)���!+�  #�'�+-$�6!",   " �$#�%4>�,   #$'"5!"("  �"-$  *"  

*"*�'�5!"/3   �5�!+4  -"�68$  )3(+  *" �"%!!0/ , �"()$ : 

 
 

()�  . 

$*'%=D!!" �6  /$(!+�!"("  *"�%  !$  #!3�'�!!�,  *"#�'1!" �+   �"�&$  )3(+  '$#!$  

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

$  !$'3=!",  *"#�'1!" �+   �"�&$  )3(+  !$*'%=D!!" �6  /$(!+�!"("  *"�%  '$#!$  [11]: 

 
H � =

I �

2I r �
 (1.11) 

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

   (1.12)  

*'�)��+/   +�3 , )�, �#34>34  !$  :��/�!�$'!"�  -"�68" : 

 (1.13) 
�+�$ , )�, �#34>$%  !$  :��/�!�$'!0,   �", : 

  (1.14) 
9��-�'"/$(!+�!$%   +�$ , #02#$!!$% '$ ;+'�!+�/   �"�&$  )3(+  

   (1.15) 
�'�)!��  )$#��!+� , )�, �#34>��  !$  -"�68�#34  *"#�'1!" �6  -"!�$-�$  )3(+    

=+)-+/  /��$��"/ : 

   (1.16) 

!"  *'"*"'8+"!$�6!"  -#$)'$�3   #$'"5!"("  �"-$  + "&'$�!"  *'"*"'8+"!$�6!"  

'$ ;+'�!+4   �"�&$  )3(+ . �2/�!%%  *$'$/��'$/+  '�=+/$   #$'-+  -"!3 !" �6  )3(+ , 
/"=!"  '�(3�+'"#$�6   +�"#"�  #"2)�, �#+�  )3(+  !$   #$'"5!34  #$!!3  *'+  2$)$!!"/  
 #$'"5!"/  �"-� . 


�'$&"�-$  ��1!"�"(++  ")!" �"'"!!�,   #$'-+  !�*"#"'"�!01   �0-"#  
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�'3&"*'"#")"#  *'"+2#")+�$ 6  # $#�"/$�+5� -"/  '�=+/�  # '$2�+5!01  
*'" �'$! �#�!!01  *"�"=�!+%1    35��"/  #+23$�6!"("  -"!�'"�%  !�  �"�6-"  "&'$�!", , !"  
+ �+8�#",   �"'"!0  ;#$  ('+ .7). 
 

 
 

��� . 7. – 
&�+8"#"5!0,  #$�+-  ;#$  �'3&0  53018//  
 

���
��  
 

– �'+  ")!" �"'"!!�,  )3("#",   #$'-�  /��$��"*"'";-"#",  *'"#"�"-",  
!�*"#"'"�!01   �0-"#  �'3&"*'"#")"#  !$  #� 3  7"'/+'"#$!+�  "&'$�!",   �"'"!0  ;#$  
"*'�)��%�� %  )$#��!+�/  )3(+  + 7+2+-" -1+/+5� -+/+   #", �#$/+  =+)-"("  /��$��$  
-"'!�#"("  #$�+-$. 

– ?$'$-��'  *�'�!" $  :��-�'")!"("  /��$��$    *" "& �#3��  '$ *'�)���!+4  
)$#��!+%  )3(+  5�'�2  "&"�"5-3  *"'";-"#",  *'"#"�"-+  + 3�35;$��  -$5� �#"  7"'/0  
-"'!�#"("  ;#$ .  
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Abstract – In work formation process of the seam root roller at one-side arc welding by metal 
cored wire on weight is simulated. Influence of physical and chemical properties of liquid metal 
on border with the gas environment on formation process of seam return roller surface is shown. 
Pressure force calculation of arch is made. 
 

Keywords: one-sided welding, seam root, arc pressure, viscosity, interfacial tension. 
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�'�)�"=�!   *" "&  +2("�"#��!+%   �)�$  2$*"'!"("  32�$ #�!�+�%  #0 "-"("  )$#��!+%  /��")"/  
)+!$/+5� -"("  ("'%5�("  *'�  "#$!+%  *'�)#$'+���6!"   *�5�!!",  2$("�"#-+  !3=!"("   " �$#$  
# -"'*3 �  “in-sity”. 
 
��1��
 �  ���
� : #�!�+�6 ,  �)�" , )�7�-�0 , *"'+ �" �6 , +2!" , )+!$/+5� -"�  ("'%5��  
*'�  "#$!+� . 
 

�" �3*+�$  # '�)$-8+4  08.06.2015 
 
�$*"'!$%  $'/$�3'$  *'�)!$2!$5�!$  )�% *"�!"("  *�'�-'0�+%  +�+  *3 -$  '$&"5�,  

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

$+&"���  '$ *'" �'$!�!!0/  �+*"/  $'/$�3'0  %#�%4� % #�!�+�+ . 
�)" �$�-"/  
#�!�+��,  %#�%�� % *"#0;�!!"�  (+)'$#�+5� -"�   "*'"�+#��!+�  N=3-11. �2�0  $'/$�3'0  
/"(3�  '$&"�$�6  # 3 �"#+%1 #0 "-+1  ��/*�'$�3'  + )$#��!+,   ()"  t=565°C + p )"  38��$ ), 
 "2)$#$�/01  '$&"5�,   '�)",  (*$' , #")$ ) # ��5�!+�  )�+���6!"("  #'�/�!+ . 
$+&"���  
#$=!0/+  32�$/+  $'/$�3'0 , "&� *�5+#$4>+/+  (�'/��+5!" �6 , %#�%4� % 2$�#"'0  – 
 " �"%>+�  +2 2"�"�!+-$  +  �)�$ , !$  -"�"'0�  *'+1")+� %  )"  50% # �1  "�-$2"#  [1,2]. 


 !"#!",   *'+5+!",  *"��'+  '$&"�" *" "&!" �+  $'/$�3'0  %#�%�� % +2!"  )��$��,  
2$�#"'$ . �-"'" �6  +2!" $  3#��+5+#$�� % 2$  5D� #0 "-",  ��/*�'$�3'0 , )$#��!+% , 
 -"'" �+  + 1$'$-��'$  *")$5+   '�)0 . �'+  :�"/  *"#�'1!" �+  32�"#  /"(3�  *")#�'($�6 %  
-"''"2+"!!" -/�1$!+5� -"/3  + -$#+�$8+"!!"/3  '$2'3;�!+4 . 

��%  '�;�!+%  2$)$5 *"#0;�!+%  :- *�3$�$8+"!!01  *"-$2$����,  + 3#��+5�!+%  
 '"-$   �3=&0  2$*"'!01  32�"#  + *"�6234�  !$*�$#-3  !3=!"("   " �$#$ , !$!" +/34  
'35!0/  + /�1$!+2+'"#$!!0/   *" "&"/ . �  2$#+ +/" �+  "�  3 �"#+,  *'+/�!�!+%  + 
!$2!$5�!+% *'+/�!%4�  !$*�$#"5!0�  /$��'+$�0  !$  " !"#�  =���2$    )"&$#��!+�/  
!+-��% , -"&$�6�$ . 
�)" �$�-+  ��1!"�"(++  !$*�$#-+ : 313);�!+�   #", �#  !$*�$#��!!"("  
 �"% , )�7"'/$8+%  +2)��+%, !�'$#!"/�'!" �6   #", �#  !$*�$#-+ , �'3)!" �6  #0*"�!�!+%  
!$*�$#-+  !$  /��-+1  +2)��+%1  �"=!",  7"'/0  + # �'3)!")" �3*!01  /� �$1 , *"%#��!+�  
# �#"2/"=!01  )�7�-�"#   #$'-+ , -"�"'01  "5�!6  �'3)!"  *'"-"!�'"�+'"#$�6 , *"%#��!+�  
1"�")!01  �'�>+!  [3-5]. 

�"2'$ �$4>+�  �'�&"#$!+%  -  :- *�3$�$8+"!!0/  1$'$-��'+ �+-$/  )��$��,  2$*"'!",  
$'/$�3'0 , �'�&34�  *'+/�!�!+%  !"#01  /$��'+$�"#  + ��1!"�"(+, . �  5$ �!" �+ , 
+ *"�62"#$!+�  ��1!"�"(+,  *"'";-"#",  /��$��3'(++   (�� ) # /$;+!" �'"�!++  #" /!"("/  
"&3 �"#��!"  &"�6;+/  *"��!8+$�"/  '� 3' " - + :!�'(" &�'�=�!+% , $ �$-=�  
3!+-$�6!" �64   #", �#  *"�35�!!01  /$��'+$�"# . �'+  *'"+2#") �#�  *"'";-"#01  +2)��+,  
-":77+8+�!�  + *"�62"#$!+%  /$��'+$�"#   " �$#�%��  0,95, 5�"  *"2#"�%��  " "&�!!"  
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:77�-�+#!"  + *"�62"#$�6  ��  # -'3*!" �'+,!"/  + /$  "#"/  *'"+2#") �#$1  [6]. 
���64  )$!!",  '$&"�0  %#�%�� % '$2'$&"�-$  ��1!"�"(++  +2("�"#��!+%   �)�$  

$'/$�3'0 , /��")"/  ��    + *"�62"#$!+�/  2$("�"#-+  -"'*3 $  #�!�+�%  # -$5� �#�  
" !"#!"("  :��/�!�$  *'�  -7"'/0  )�%  �)�$ , -"�"'"�  %#�%�� %  " �$#!",  5$ �64  :�"("  
-"'*3 $ . ��1!"�"(+5� -+,  *'"8�   +2("�"#��!+%   �)�$   " �"+�  +2  ��)34>+1  
" !"#!01  :�$*"# : 

1) �'+("�"#��!+�  + 1")!",  ;+1�0  !$  " !"#�  *"'";-$  )�% !$*�$#-+ , !$*'+/�' , 
 "(�$ !"  �
��  21448-75, + ��  /�1$!+5� -"�  $-�+#+'"#$!+�  # :!�'("!$*'%=�!!",  
/��6!+8� . ?+/+5� -+,   " �$#  + *"�623�/",  ;+1�0  *'�) �$#��!  # �$&�+8�  1.  

 
�$&�+8$  1 – ?+/+5� -+,   " �$#  *"'";-$  �� -
 77? 15� 3� 2-3, % 

C Si �  Fe Ni Cr S P 
  

0,35-0,60 2,8-3,5 1,8-2,3 )"  5 " !"#$  14-16 
 !�  &"���  

0,04 
!�  &"���  

0,04 
!�  &"���  

0,05 
 
�$!!$%  ;+1�$  )"�=!$  "&� *�5+#$�6  )�7"'/+'3�/" �6 , $ !$  -"!�5!"/  :�$*�  �$-=�  

-"''"2+"!!34   �",-" �6  + +2!" " �",-" �6  +2)��+%. 9�"  "2!$5$�� , 5�"  /$�'+8$  
*"�35$�/"("  /$��'+$�$  )"�=!$  *'�) �$#�%�6   "&",  $3 ��!+�!34   �'3-�3'3 . 
$  )$!!"/  
:�$*�  *'"+ 1")+�  3*'3($% + *�$ �+5� -$%  )�7"'/$8+%  /$��'+$�$ , "&'$23�� %  
("/"(�!!$%  ('$!3�+'"#$!!$%  -"/*"2+8+% , # -"�"'",  + 1")!0�  -"/*"!�!�0  #!�)'�!0   
)'3(  # )'3($  [7]. 

2) �"�35�!+�  2$("�"#-+   �)�$  /��")"/  1"�")!"("  *'�  "#$!+% . �"'+ �" �6  
2$("�"#-+  – 12-15%. 
$  )$!!"/  :�$*�  *'"+ 1")+�  7"'/+'"#$!+�  1"�")!"*'�  "#$!!",  
2$("�"#-+    2$)$!!",  *"'+ �" �64  + '$2/�'$/+  ('+ . 1). �'+  1"�")!"/  *'�  "#$!++  
"&� *�5+#$�� %  *�"�!" �6  85-88% + *'"5!" �6  !$  3'"#!�  50% *'"5!" �+  8��6!"�+�",  
)��$�+ . 

 
��� . 1. – �"'/+'"#$!+�  2$("�"#-+  )�%  �)�$  #�!�+�% , $!$�"($  988-20-0 *'"+2#") �#$  ��9�  

 
3) �*�-$!+�  *"�35�!!",  2$("�"#-+  *'+  ��/*�'$�3'�  1000-1100°�  # ��5�!+�  2 

5$ "# # 2$>+�!",  $�/" 7�'�  $'("!$ . 
$  )$!!"/  :�$*�  *'"+ 1")%�  )+7732+"!!0�  
*'"8�  0  # /$��'+$�� , 5�"  *'+#")+�  -  7"'/+'"#$!+4  $3 ��!+�!",   �'3-�3'0 . 

4) �+!$/+5� -"�  ("'%5��  *'�  "#$!+� , -"�"'"�  " 3>� �#�%�� %  !�*" '�) �#�!!"  
# 2$("�"#-�  -"'*3 $  #�!�+�%  *'+  ��/*�'$�3'�  1000-1100°�  ('+ . 2). �'+  :�"/  
*'"+ 1")+�  3*�"�!�!+�  2$("�"#-+  )"  *"'+ �" �+  *'$-�+5� -+  -"/*$-�!"("  /$��'+$�$  
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()"  1-2%) [8]. 
)!"#'�/�!!"  " 3>� �#�%�� %  )"*"�!+���6!"�  ��'/"/�1$!+5� -"�  
3*'"5!�!+�  /$��'+$�$ . 
$  )$!!"/  :�$*�  /$��'+$�   �)�$  *'+"&'��$��  !�"&1")+/0�  )�% 
:- *�3$�$8++   #", �#$  + (�'/��+5!"  7+- +'3�� %  # -"'*3 �  #�!�+�% . ��/*�'$�3'$  
:- *�3$�$8++  �$-"("  #�!�+�%  "('$!+5+#$�� %  ��/*�'$�3'",  *'"8�  $  )+!$/+5� -"("  
("'%5�("  *'�  "#$!+% . 

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

 
�$-  -$-  " !"#!0/  :- *�3$�$8+"!!0/  �'�&"#$!+�/  -  2$*"'!0/  #�!�+�%/  %#�%�� % 

"� 3� �#+�  *'"��5�-  # 2$-'0�"/  *"�"=�!++ , #$=!0/  )�% "&� *�5�!+%  (�'/��+5!" �+  
*"'";-"#01   �)��  %#�%�� % +1 /+!+/$�6!$%  *"'+ �" �6  + -$5� �#"   *�-$!+% , 
($'$!�+'34>+�   "� 3� �#+�  )�7�-�"# , 5�"  # *�'#34  "5�'�)6  "*'�)��%�� %  #��+5+!",  
*�"�!" �+  + '$#!"/�'!" �64  �D '$ *'�)���!+%  *"  # �/3  "&.D/3  +2)��+%. �'+  ("'%5�/  
)+!$/+5� -"/  *'�  "#$!++  *'+/�!�!  '$2&"'!0,  *3$! "! , 5�"   3>� �#�!!"  "&��(5$��  
*'"8�  0  �("  5$ �+5!"("  +2#��5�!+% +2 -"'*3 $  + /�1$!+5� -",  "&'$&"�-+  #!3�'�!!+1  
*"#�'1!" ��, . 

5) �'"+2#")+� %  "-"!5$���6!$%  /�1$!+5� -$%  "&'$&"�-$  -"'*3 $  #�!�+�%  + �("  
 �)�$ . �  *" ��)!�/  7"'/+'3�� %  "�#�' �+�  )�% *'"1")$   '�)0  + *" $)"5!$%  
*"#�'1!" �6  )�% -"!�$-�$   "  ;�"-"/  +�+  2"�"�!+-"/  # #+)�  7$ -+  �'�&3�/01  
'$2/�'"# . 

 

���
��  
 

1) �'�)�"=�!   *" "&  +2("�"#��!+%   �)�$  2$*"'!"("  32�$ #�!�+�%  #0 "-"("  
)$#��!+% , " !"#!0/  :��/�!�"/  -"�"'"("  %#�%�� % /��")  )+!$/+5� -"("  ("'%5�("  
*'�  "#$!+%  *'�)#$'+���6!"   *�5�!!",  2$("�"#-+  !3=!"("   " �$#$  # -"'*3 �  “in-sity”. 

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

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

����
�  	���������  
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Abstract – Operating conditions of shutoff valves are studied. The main shortcomings of 
surfacing methods by manual and automatic arc welding at production of fittings saddles are listed. 
The way of production of locking knot saddle of the high pressure valve by method of dynamic hot 
pressing of previously baked preparation of the necessary structure in the “in-sity” case is offered. 
 
Keywords: valve, saddle, defects, porosity, wear, dynamic hot pressing. 
 



��'3��4-�5  5���-�5  3�6'���-'��4 , 2015 7 2(15), � .49–55�

©�2)$���6 �#"  
$8+"!$�6!"("  +  ��)"#$���6 -"("  %)�'!"("  3!+#�' +���$  «���� », 2015�

'
)�-��'� , ����-�'��/��'� , 
����'������/�  '  %����&  

��0�����'.��-���  ����"
�/��'	   
��1�-��/  ���%��*  ������'  

 
.��  621.039 
 

,-����'%���������  '����
�/��'�  
�2'�  
��  ��%%� -'
�".��'	  

������ -%�����'.��-'0  -�%��
'+'*  
 

© 2015 ! . � .� . ��<����� *, � .� . 2������ *, � .� . 0�( ��� * 
' .%. �4����6 **, � .� . ����9��� ** 

 
* .���%����  8������%� �  	��
������� , ��������
	�0 , �
�����
���,  �
� . 

** '�'  «������	�  �������� �  +��������
 », 6����� � , �
�����
���,  �
� . 
 

�"-$2$!  *"��!8+$�  *'"�-�+'"#$!+%  "*�+/$�6!"("   " �$#$  !$*"�!+����,  ("/"(�!!01  
'$)+$8+"!!" -2$>+�!01  /$��'+$�"#  )�% 2$)$!!"("  +2"�"*!"("   " �$#$  '$)+"$-�+#!01  
2$('%2!�!+, . �'+#�)�!0  '�23�6�$�0  :- *�'+/�!�$�6!"("  +  ��)"#$!+%  " �$&�%4>�,  
 *" "&!" �+  ("/"(�!!01  '$)+$8+"!!" -2$>+�!01  /$��'+$�"#    '$2�+5!0/+  !$*"�!+���%/+  
*"  "�!";�!+4  -  ($//$ -+2�35�!+4 . 
 
��1��
 �  ���
� : "*�+/+2$8+% '$)+$8+"!!",  2$>+�0 , -'$�!" �6  " �$&��!+% , ("/"(�!!0,  
'$)+$8+"!!" -2$>+�!0,  /$��'+$� . 

 
�" �3*+�$  # '�)$-8+4  20.05.2015 

 
�����
��  

 
�'�)+   *" "&"#   !+=�!+%  )"2  "&�35�!+%  *�' "!$�$  [1] #$=!34  '"�6  +('$��  

:-'$!+'"#$!+�  + �"5!+-$  +"!+2+'34>�("  +2�35�!+%. �  !$ �"%>��  #'�/%  
+ *"�62"#$!+�  :-'$!"#  "('$!+5�!"  !�&"�6;+/  #0&"'"/  /$��'+$�"# , 5$ �"  !�  
"&�$)$4>+1  3)"& �#"/  + *"�62"#$!+% , 5�"  2$�'3)!%��  +1 3 �$!"#-3  +  !%�+� . 

��%  2$>+�0  "�  O-+2�35�!+% *'+/�!%4�  2$>+�!0�  :-'$!0 , +2("�"#��!!0�  +2 
/$��'+$�"#    &"�6;+/  $�"/!0/  !"/�'"/  + #0 "-",  *�"�!" �64  (!$*'+/�' , =���2" , 
 #+!�8 , #"�67'$/ ). �  !�-"�"'01   �35$%1 )�% 2$>+�0  (!$*'+/�' , '�!�(�!"# -+1  
-$&+!��"# ) + *"�6234�  &$'+� , -$-  )"&$#-3 #  �'"+���6!0�  /$��'+$�0 . 
$+�35;�,  
2$>+�!",  :77�-�+#!" �64   '�)+  �'$)+8+"!!01  /$��'+$�"#  "&�$)$4�  #"�67'$/ , 
 #+!�8 . 
)!$-"  +1  �"+/" �6  #� 6/$  2!$5+���6!$ . �""�!";�!+�   �"+/" �+  &$'+�$, 
 #+!8$  + #"�67'$/$   " �$#�%��  *'+/�'!"  1:6:140 [2]. 

�"(�">$4>$%   *" "&!" �6  2$>+�!"("  /$��'+$�$  2$#+ +� "�   *�-�'$  O-+2�35�!+% 
(+2"�"*!"("   " �$#$ ) + �"5!+-$ . �":�"/3  2!$5+���6!0,  *"��!8+$�  # '�$�+2$8++  
*'+!8+*$  "*�+/+2$8++  '$)+$8+"!!",  2$>+�0  +/���  *")&"'   " �$#$  *"(�"�+����,  
(1+/+5� -+1  :��/�!�"# ), "&� *�5+#$4>+1  !�"&1")+/34  -'$�!" �6  " �$&��!+%  
+2�35�!+% )�% -"!-'��!01   +�3$8+,  "&�35�!+% , *'+  /+!+/$�6!01  2$�'$�$1 . 

�  '�$-�"'!01  3 �$!"#-$1 , "1�$=)$�/01  #")",  *")  )$#��!+�/ , "&"'3)"#$!+�  
-"!�3'$  ��*�"!" +���%  +2("�"#�%�� %  +2 -"''"2+"!!" - �",-+1   �$��, , $ !�-"�"'0�  
32�0  -"!)�! $�!" -*+�$���6!"("  �'$-�$  �9�    -+*%>+/+  '�$-�"'$/+  – +2 
!+2-"��(+'"#$!!01  + 3(��'")+ �01   �$��, . �":�"/3  #  " �$#  -"''"2+"!!01  
"��"=�!+,  !$  "&"'3)"#$!++  + �'3&"*'"#")$1  �$-+1  �9�  #1")%� # " !"#!"/  ")!+  + ��  
=�  '$)+"!3-�+)0  (!$*'+/�' , 58�" ,  60�" , 54� n, 59Fe, 51Cr), -"�"'0�  "&'$234� % +2 
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1+/+5� -+1  :��/�!�"# , #1")%>+1 #  " �$#  -"! �'3-8+"!!01  /$��'+$�"# . [3] 
�  '�$-�"'!01  3 �$!"#-$1    =+)-"/��$��+5� -+/  ��*�"!" +����/   " �$#  

'$)+"!3-�+)"# , "*'�)��%4>+1  '$)+$8+"!!0,  7"! , "��+5$�� %  "�  '�$-�"'"#    #")!0/  
��*�"!" +����/ . �$- , '$)+"$-�+#!" �6  !$�'+�#"("  ��*�"!" +���%  *�'#"("  -"!�3'$  
�
 -600 *'+  '$&"��  '�$-�"'$  "*'�)��%�� %  '$)+"!3-�+)"/  24Na (� 1/2 = 15,005 5). �" ��  
" �$!"#$  '�$-�"'$  + '$ *$)$  24Na '$)+"$-�+#!" �6  !$�'+%  "*'�)��%�� %  
22Na (� 1/2 = 2,602 ��� )  + 137Cs (� 1/2 = 30,174 ��� ), /�!6;+,  #-�$)  #!" %�  
134Cs (� 1/2 = 2,062 ��� ) + 54Mn (� 1/2 = 312,3 )!%). �$)+"$-�+#!" �6  "��"=�!+,  !$  
*"#�'1!" �%1  �'3&"*'"#")"#  + "&"'3)"#$!+%  *�'#"("  -"!�3'$ , "/0#$�/01  !$�'+�/ , 
"*'�)��%�� %  +2"�"*"/  54Mn. �-�+#!" �6  )'3(+1  '$)+"!3-�+)"#  -"''"2+"!!"("  
*'"+ 1"=)�!+%  (58�" , 60�" ), $ �$-=�  *'")3-�"#  )���!+%  (137Cs, 134Cs, 95Nb, 140La) !$  
�$-+1  *"#�'1!" �%1  # 10 + &"���  '$2 /�!6;� . 
$  *"#�'1!" �%1 , !$1")%>+1 % # ($2"#",  
*"�" �+ , *'�"&�$)$4�  "��"=�!+%  137Cs [4]. 

�'+  #"2/"=!" �+  "� '"5-+  #0*"�!�!+%  '$&"�  !$  '$)+"$-�+#!01   + ��/$1  
(!$*'+/�' , )�/"!�$=  :!�'("&�"-"#  �9� , #0#")+/01  +2 :- *�3$�$8++ ), '$)+$8+"!!0,  
7"!  "*'�)��%�� %  )"�("=+#3>+/+  +2"�"*$/+ 137Cs + 60�" . 
)!$-" , # 3 �"#+%1 
:- *�3$�$8++ , # �"/  5+ ��  #" #'�/%  '�/"!�$ , /")�'!+2$8++  + '�-"! �'3-8++ , 
'$)+$8+"!!$%  "& �$!"#-$  /"=��  "*'�)��%�6 %  �$-=�  +2"�"*$/+    !�&"�6;+/+  
*�'+")$/+  *"�3'$ *$)$  + /!"(""&'$2+�/   *�-�'$  ($//$ -+2�35�!+% # 2$#+ +/" �+  "�  
�+*$  '�$-�"'!",  3 �$!"#-+ , -"! �'3-8+"!!01  " "&�!!" ��,  "&"'3)"#$!+%  + � .) . �  
"�)��6!01   �35$%1 �'�&3�� %  2$>+�$ "�  -"/&+!+'"#$!!"("  !�,�'"!!"("  + O-+2�35�!+%. 
�  �$-+/  '$&"�$/  "�!" +� % , !$*'+/�' , 2$/�!$  *$'"(�!�'$�"'"#  (�� ) !$  �9�    
��9� -1000, *'+  -"�"'",  !$+&"���  )"2"2$�'$�!0/+  "*�'$8+%/+  %#�%�+ 6, !$5+!$%   
<=!" -�-'$+! -",  �9�  (1987),  #$'-$ , -"!�'"�6 , ��'/""&'$&"�-$ , #"  �$!"#��!+�  
$3 ��!+�!",  !�'=$#�4>�,  !$*�$#-+  #!3�'+  (�$#!"("  8+'-3�%8+"!!"("  �'3&"*'"#")$  
(��� ).  
*�+/+2$8+%  -"! �'3-8++   *�8+$�6!",  2$>+�0  # '$,"!�   "�)+!�!+%  
-"���-�"'$  ��*�"!" +���%    ���   *'+  2$/�!�  ��  !$  &�"-�  � 2 �$�$-"# -",  �9�  
# 1999-2000 (( . *"2#"�+�$  2!$5+���6!"    !+2+�6  )"2"2$�'$�0  *"   '$#!�!+4    
+ *"�62"#$#;�, %  '$!��  2$>+�",  [5].  

�  )$!!",   �$�6�  *'�) �$#��!0  '�23�6�$�0  ")!"("  +2 :�$*"#  -"/*��- $  '$&"� , 
*'"#")+/01  # *" ��)!+�  (")0   *�8+$�+ �$/+  �'��  + 
�
  «�! �+�3�  '�$-�"'!01  
/$��'+$�"# » *"  *'"�-�+'"#$!+4  "*�+/$�6!"("   " �$#$  ("/"(�!!01  2$>+�!01  
/$��'+$�"# , $)$*�+'"#$!!01  -  '$)+"$-�+#!0/  2$('%2!�!+%/  �9� , '$2�+5$4>+/ %  
+2"�"*!"/3   " �$#3 . 

 
1 �������	�  �  ���
��  
1.1 �������	�  

 
�  !$ �"%>��  #'�/%  '$2'$&"�$!  '%) '$)+$8+"!!"  2$>+�!01  /$��'+$�"#  (��� ), 

*'�) �$#�%4>+1   "&",  /$�'+83 , #-�45$4>34  !$*"�!+���6  # #+)�  #�>� �#$ , 1"'";"  
" �$&�%4>�("  ($//$ -+2�35�!+� . �  !+/  "�!" %� %  ���   �'++  �&'+  �� , '$2'$&"�$!!0�  
 *�8+$�+ �$/+  


  «�$#")  (�'/��+2+'34>+1  /$��'+$�"# », +  *'�) �$#�%4>+�   "&",  
-"/*"2+8+4  !$  " !"#�  *"�+/�'!"("   #%234>�(" , !$*"�!+���% , *�$ �+7+-$�"'$  + 
��1!"�"(+5� -+1  )"&$#"- . ��1!"�"(+%  *'"+2#") �#$  ���  *"2#"�%��  7"'/+'"#$�6  
!�"&1")+/0�  2$>+�!0�   #", �#$  /$��'+$�$    35��"/  +2"�"*!"("   " �$#$  
'$)+"$-�+#!01  2$('%2!�!+,  2$  5��  + *"�62"#$!+%  '$2�+5!01  !$*"�!+����,  (&$'+�$, 
 #+!8$ ,  #"�67'$/$  + � .) .) + +1 -"!8�!�'$8+, .  

�"�"=+���6!0/+   #", �#$/+  2$>+�!"("  /$��'+$�$  %#�%4� % #"2/"=!" �6  �("  
+2("�"#��!+%  # #+)�  :�$ �+5!01  -��,-+1  *�$ �+! , *"2#"�%4>+1  # 3 �"#+%1 
'$)+$8+"!!01  *"��,  &0 �'"  2$-'�*�%�6  2$>+�3 #"-'3(  �'3&"*'"#")"#  + 
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"&"'3)"#$!+%  [6]. 
��%  *'"#�)�!+%  +  ��)"#$!+,  &0�+  #0&'$!0  *%�6 + �"5!+-"#  ($//$ -+2�35�!+%   

'$2�+5!0/+  :!�'(+%/+  O--#$!�"# . �'+  +1 #0&"'�  35+�0#$�+ 6  '�23�6�$�0  $!$�+2$ 
+2"�"*!01   " �$#"#  '$)+"$-�+#!01  2$('%2!�!+,  '�$-�"'!01  3 �$!"#"-  '$2�+5!01  
�+*"# , $ �$-=�  #"2/"=!" �+  *"�35�!+%  +2"�"*"#  !$  +  ��)"#$���6 -"/  '�$-�"'�  
��� -2�  [2]. 

��%  *'"#�)�!+%  :- *�'+/�!�$  &0�+  +2("�"#��!0  "&'$280  2$>+�!"("  /$��'+$�$  
�&'+  # #+)�  �+ �"#  '$2/�'$/+  5001500 //  �"�>+!",  5, 10, 15, 20 //    
-"!8�!�'$8+%/+  ( ")�'=$!+�/ ) !$*"�!+����,  (&$'+�$,  #+!8$ , #"�67'$/$ ) "�  20 )"  
90%.  

 
1.2 ������
��  �
9������
�
�  
�	��	�
��  �
@

���  �
��  

����� -��	���
��  ��@��
��  �������	
�  
 

��%  *"�35�!+%  + �"5!+-"#  ($//$ -+2�35�!+% + *"�62"#$� %  «/"-'0, » -$!$�  
'�$-�"'$  ��� -2� , *'�) �$#�%4>+,  +2  �&% $�4/+!+�#34  �'3&3  Ø29×1 )�+!",  7,5 
/��'"# . �$!$�  3 �$!$#�+#$� %  # *"�" �6 , "&'$2"#$!!34  #!3�'�!!�,  5�1�"#",  �'3&",  
��*�"#0)��%4>�,   &"'-+  '�$-�"'$ . ��%  "&�35�!+%  )���-�"'"#  + *"�62"#$�+ 6  )#�  
%5�,-+ $-�+#!",  2"!0  '�$-�"'$ .  

�  -$5� �#�  /+;�!�,  )�% *"�35�!+%  + �"5!+-"#  ($//$ -+2�35�!+% + *"�62"#$!0  
$-�+#$8+"!!0�  )���-�"'0  (/��$��+5� -+�  -"&$�6� 59Co, !+-��6  58Ni, 2"�"�" ,  *�$#    
$�4/+!+�/  197Au, =���2"  54Fe, $�4/+!+,  27Al) +2 $��� �"#$!!01  !$&"'"#  (��
 -� -10 
� 014, �
 -60/10, �
 -65/11). ��%  *'"#�)�!+%  :- *�'+/�!�$  &0�+  *"�35�!0  + �"5!+-+  
($//$ -+2�35�!+% 60Co,58Co,198Au,54Mn, 24Na (�$&� . 1). 

 
�$&�+8$  1. – ?$'$-��'+ �+-+  *"�35�!!01  + �"5!+-"#  ($//$ -+2�35�!+% 

� �"5!+-  
($//$  -

+2�35�!+% 

�5�,-$  
$-�+#!",  

2"!0  

�'�/%  
"&�35� -

!+% 

�-�+#!" �6  
!$  -"!�8  

"&�35�!+% , 
�-  

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

�-  

�">!" �6  )"20  !$  
'$  �"%!++  90 // , 

/-�# /5 
:- *�'+ -

/�!�  
'$ 5��  

60Co 4-7 20 /+!  3,40B106 3,40B106 151 147 
58Co 4-7 1,8 5 6,83B106 6,83B106 144 147 
198Au 4-7 15 /+!  3,45B107 1,73B107 146 141 
54Mn 7-8 28 5 9,45B106 9,45B106 166 168 
24Na 4-7 1 5 2,77B106 9,10B105 55 56 

 
�" -"�6-3  *'+  "&�35�!++  /+;�!+  !�,�'"!!0/  *"�"-"/  *"/+/"  «" !"#!", » 

'�$-8++ , # 1")�  -"�"'",  !$'$&$�0#$�� %  !3-�+) -+ �"5!+- , *'"��-$4�  «/�;$4>+� » 
'�$-8++ , # *'"8�  �  + *"�62"#$!+%  + �"5!+-$  ($//$ -+2�35�!+% !�"&1")+/"  35+�0#$�6 
#-�$)  # /">!" �6  )"20  +2�35�!+% "�  !3-�+)"# , %#�%4>+1 % *'")3-�$/+  «/�;$4>+1 » 
'�$-8+, , �+&"  #0)�'=+#$�6  + �"5!+-  *" ��  "&�35�!+%  )�%  !+=�!+%  /">!" �+  )"20  "�  
-"'"�-"=+#3>+1  «/�;$4>+1 » !3-�+)"# . �"'"("#0�  )���-�"'0  "&�35$�+ 6  # 
-$)/+�#"/  :-'$!� , # ��) �#+�  5�("  "� �-$�+ 6  «/�;$4>+� » '�$-8++ , *'"��-$4>+�  !$  
��*�"#01  !�,�'"!$1 [2].  

��%  *'"#�)�!+%  +2/�'�!+,  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  O-+2�35�!+% 
2$>+�!0/+  /$��'+$�$/+  + *"�62"#$�" 6   *�8+$�6!"�  *'+ *" "&��!+�  + +2/�'+���6!0,  
*'+&"'  ��� -�� 1123 («�"2+/��'  '�!�(�!"# -"("  + ($//$ -+2�35�!+%»). �'+!8+*  
)�, �#+%  )"2+/��'$  " !"#$!  !$  + *"�62"#$!++  #0 "-"53# �#+���6!"("  /��")$  
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 8+!�+��%8+"!!",  )"2+/��'++    *'+/�!�!+�/  *�$ �/$  "#"("  )���-�"'$  + 
7"�":��-�'"!!"("  3/!"=+���% . �+$*$2"!  +2/�'�!+,  /">!" �+  )"20  ($//$ -+2�35�!+% 
 " �$#�%��  "�  50 !�# /5 )"  10 �# /5, *"  :!�'(++  +2�35�!+% – "�  15 -:�  )"  10 �:� . ��("'+�/  
'$&"�0  *'+&"'$  *"/+/"  "*�'$�+#!01  *"-$2$!+,  "&� *�5+#$��   �$�+ �+5� -34  
"&'$&"�-3  '�23�6�$�"#  +2/�'�!+,  + "8�!-3   �$�+ �+5� -+1  7�3-�3$8+, . �'+  +2/�'�!+%1  
/">!" �+  )"20  *'+&"'!$%  ";+&-$   " �$#�%�$  !�  &"���  1%. 

�$  �"%!+�  "�  53# �#+���6!",  5$ �+  +2/�'+���6!"("  *'+&"'$  )"  + �"5!+-$  
($//$ -+2�35�!+%  " �$#�%�"  90 // . ��=)3  + �"5!+-"/  +2�35�!+% + 53# �#+���6!0/  
:��/�!�"/  *'+&"'$  3 �$!$#�+#$�+ 6  "&'$280  +  ��)3�/"("  2$>+�!"("  /$��'+$�$ . 

�2/�'�!+�  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  ($//$ -+2�35�!+% 2$>+�!0/+  
/$��'+$�$/+  #0*"�!�!"  *"   1�/� : 

1) �2/�'�!+�  7"!"#"("  2!$5�!+% /">!" �+  )"20  ($//$ -+2�35�!+% # *"/�>�!++ ; 
2) �2/�'�!+�  /">!" �+  )"20  "�  «("�"(" » + �"5!+-$  ($//$ -+2�35�!+%; 
3) �2/�'�!+�  /">!" �+  )"20  ($//$ -+2�35�!+% "�  + �"5!+-$  2$-'0�"("  

2$>+�!0/  /$��'+$�"/ ; 
4) �$ 5��  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  ($//$ -+2�35�!+% 2$>+�!0/  

/$��'+$�"/ . 
 

2 ����	�����  �  �?  
������
��  
 


$  '+ 3!-$1  1–3 # -$5� �#�  *'+/�'"#  *'+#�)�!0  '�23�6�$�0  *'"#�)�!!01  
:- *�'+/�!�$�6!01  +  ��)"#$!+,  2$#+ +/" �+  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  
($//$ -+2�35�!+% (!$  *'+/�'�  +2"�"*"# 198Au, 58�" ) "�  �"�>+!0  2$>+�!"("  /$��'+$�$  
/$'-+  �&'+   !$*"�!+���%/+  &$'+�  +  #+!�8 . 
 

 
 

��� . 1. – 9- *�'+/�!�$�6!0�  2$#+ +/" �+  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  
($//$ -+2�35�!+% (+ �"5!+-+  198Au) "�  �"�>+!0  2$>+�!"("  /$��'+$�$  /$'-+  �&'+  ��!- -01 

  !$*"�!+����/  BaSO4 
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��� . 2.– 9- *�'+/�!�$�6!0�  2$#+ +/" �+  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  ($//$ -+2�35�!+% 

(+ �"5!+-+  58�" ) "�  �"�>+!0  2$>+�!"("  /$��'+$�$  /$'-+  �&'+  ��!- -02   !$*"�!+����/  Pb 
 

 
��� . 3.– 9- *�'+/�!�$�6!0�  2$#+ +/" �+  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  ($//$ -+2�35�!+% 

(+ �"5!+-+  198Au) "�  �"�>+!0  2$>+�!"("  /$��'+$�$  /$'-+  �&'+  ��!- -02   !$*"�!+����/  Pb 
 

�$-   ��)3��  +2  '$#!�!+%  '�23�6�$�"#  +  ��)"#$!+%  -":77+8+�!�"#  " �$&��!+%  
/">!" �+  )"20  ($//$ -+2�35�!+% 2$>+�!0/+  /$��'+$�$/+  /$'-+  �&'+  ��  +/��� %  
#0'$=�!!$%  2$#+ +/" �6  "�  :!�'(++  +2�35�!+%, 5�"  *")�#�'=)$4�  #"2/"=!" �6  
'�$�+2$8++  *'+!8+*$  "*�+/+2$8++  '$)+$8+"!!",  2$>+�0  *3��/  *'"�-�+'"#$!+%  
2$>+�!01  /$��'+$�"#    2$)$!!0/+   #", �#$/+  *'+/�!+���6!"  -  -"!-'��!"/3  
'$)+"+2"�"*!"/3   " �$#3  '$)+"$-�+#!01  2$('%2!�!+, , 2$#+ %>�/3 !�  �"�6-"  "�  �+*$  
'�$-�"'!",  3 �$!"#-+ , !"  + "�   '"-$  ��  :- *�3$�$8++ . 

�  '%)�   �35$�#  *'+  *�$!+'"#$!++  '$)+$8+"!!"  "*$ !01  '$&"�  + *"�623�� %  
-"!8�*8+%  *'�)��6!"  )"*3 �+/01  )"2  (��� ). �  :�"/   �35$�  !$  " !"#$!++  
!�"&1")+/",  -'$�!" �+  " �$&��!+%  /">!" �+  )"20  ($//$ -+2�35�!+% # "�)��6!01  
�"5-$1  '$&"5�,  2"!0  + "('$!+5�!+,  *"  �"�>+!�  :-'$!+'34>�("  /$��'+$�$  
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*'"+2#")+� %  "*'�)���!+�  !�"&1")+/",  -"!8�!�'$8++  #"2/"=!01  !$*"�!+����,  + 
 '$#!�!+�   �"+/" �+  2$>+�!01  /$��'+$�"# .  


$�+5+�  #  " �$#�  2$>+�!"("  /$��'+$�$  �&'+  ��  ��(-+1  1+/+5� -+1  :��/�!�"#  # 
 "5��$!++    �%=��0/  !$*"�!+����/ , $ �$-=�  *"�"=+���6!0�  '�23�6�$�0  
*'�)#$'+���6!01  + *0�$!+,  /$��'+$�$  *"  "�!";�!+4  -  !�,�'"!!"/3  +2�35�!+4 , 
*'"#�)�!!0�  # �$&"'$�"'!01  3 �"#+%1 �'��  [6], *"2#"�%4�  *'"(!"2+'"#$�6  
#"2/"=!" �6  :77�-�+#!"("  + *"�62"#$!+%  )$!!"("  /$��'+$�$  )�% 2$>+�0  "�  
-"/&+!+'"#$!!"("  !�,�'"!!"("  + ($//$ -+2�35�!+%.  

 
���
��  

 
1) �  '�23�6�$��  *'"#�)�!!01  +  ��)"#$!+,  "*'�)���!0  "*�+/$�6!0�  

-"!8�!�'$8++  '$2�+5!01  *"(�"�+����,  (&$'+�$,  #+!8$ , #"�67'$/$ ) )�% + �"5!+-"#    
:!�'(+%/+  O-+2�35�!+% "�  0,4 )"  3 �:� . 

2) �"�35�!!0�  '�23�6�$�0  *")�#�'=)$4�  #"2/"=!" �6  '�$�+2$8++  *'+!8+*$  
"*�+/+2$8++  '$)+$8+"!!",  2$>+�0  *3��/  *'"�-�+'"#$!+%  2$>+�!01  /$��'+$�"#    
2$)$!!0/+   #", �#$/+  *'+/�!+���6!"  -  -"!-'��!"/3  '$)+"+2"�"*!"/3   " �$#3  
'$)+"$-�+#!01  2$('%2!�!+, , 2$#+ %>�/3 !�  �"�6-"  "�  �+*$  '�$-�"'!",  3 �$!"#-+ , !"  + 
"�   '"-$  ��  :- *�3$�$8++  + "*'�)��%�6   " �$#  *"(�"�+����,  )�%  +�3$8+,  
*�$!+'3�/"("  "&�35�!+% . 
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Abstract – Potential of design of optimum structure of fillers of homogeneous radiation protective 
materials for the given isotope structure of radioactive pollution is shown. Pilot study results of the 
weakening ability of homogeneous radiation protective materials with various fillers in relation to 
gamma radiation are given. 
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)+$(!" �+'"#$!+%  !$  �9� . �+$(!" �+-3  #0*"�!%��  -$-  
�)��  ��1!+5� -",  )+$(!" �+-+  
�9� , �$-  + *")'%)!0�  "'($!+2$8++ . 
��  �9�  ����  
���  ���� , #0*"�!%4>+,  
)+$(!" �+-3  9��  
#�9� , ��!�9�  + �$��9� ,  " �$#+�   ���")+-3  )+$(!" �+'"#$!+% , 
3�#�'=)�!!34  �"!8�'!"/  «�" :!�'("$�"/ ». 

�  " !"#3  ���")+-+  ��(  $!$�+2 �"-$  )#+($���% , *"�'�&�%�/"("  # *'"8�  �  
#0*"�!�!+%  "*�'$8+,  «"�-'0�+� » + «2$-'0�+� ». �!$�+2  �"-$  +2!$5$�6!"  *'�)*"�$($�  
+ *"�62"#$!+�   �$!)$'�!01  /��")"# , �$-+1  -$-  #0%#��!+�  �"-"#" -#'�/�!!01  *$'$/��'"#  
*"  "(+&$4>�,  + 5$ �"�!01  *$'$/��'"#  *"   *�-�'3 . �  )$�6!�,;�/  /��")+-$  &0�$  
)"*"�!�!$  !"#0/+  /��")$/+  [1,2]. 

�"  !�)$#!�("  #'�/�!+  "&'$&"�-$  )+$(!" �+5� -+1   +(!$�"#  *'"+2#")+�$ 6    
+ *"�62"#$!+�/  '$2!01   *�8+$�+2+'"#$!!01  + *'+-�$)!01  *'"('$// . 
$*'+/�' , 
"(+&$4>34  *"�35$�+  # *'"('$//�  Smooth +�+  Krona. �*�-�'  # *'"('$//�   PowerGraph 
+�+  SpektrLab. �'$#!�!+�    '�23�6�$�$/+  *'�)0)3>�("  )+$(!" �+'"#$!+%  Excel +�+  
#+23$�6!" . �$-"�  '$2!""&'$2+�  *'"('$//   !+=$�"  !$(�%)!" �6  *'�) �$#��!+%  
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+ -�45$4>34  )$!!0�  !�)" �$�-+  + 3)"#���#"'%4>34  " !"#!0/  �'�&"#$!+%/ , 
*'�).%#�%�/0/  -  *'"('$//!"/3  "&� *�5�!+4 : 

– ��$�+2$8+% /��")"#  )+$(!" �+'"#$!+% , *'�)3 /"�'�!!",  ���")+-", . 
– �'�) �$#��!+�  )$!!01 , !�"&1")+/01  )�% )+$(!" �+'"#$!+%   "(�$ !"  ���")+-� . 
– 
$(�%)!" �6  *'�) �$#��!+%  '�23�6�$�"# . 
– �"2/"=!" �6  )"'$&"�-+ , #-�45�!+%  !"#01  /��")"#  $!$�+2$. 
– �-"'" �6  *"�35�!+%  '�23�6�$�"# . 
– �'" �"�$  + *"�62"#$!+% . 
�+ ��/$ , "�#�5$4>$%  !$ �"%>+/  �'�&"#$!+%/ , &0�$  '$2'$&"�$!$  # 
��  �9�  !$  
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" !"#�  *'"('$//!"("  *$-��$  LABVIEW  (LV) + #-�45$��  #  �&% "�)��6!0�  5��0'�  &�"-$  
$!$�+2$ )$!!01 : &�"-  $!$�+2$ "(+&$4>+1 , &�"-  5$ �"�!"("  $!$�+2$, &�"-   '$#!�!+% , &�"-  
7$2"#"-*�" -" �!"("  $!$�+2$. 

 
1 �	
�   �
�	���   
����<@�?  

 

(+&$4>34  *"�35$4�  )�% "*'�)���!+%  �"-"#" -#'�/�!!01  *$'$/��'"#  ('$&"5+,  �"- , 

*3 -"#",  �"- , �"-+   '0#$  + 2$�%($, *�$#!" �+  1")$ ) +  '$#!�!+%  +1   !"'/$�+#!0/+  
2!$5�!+%/+ . �!$5�!+%  *$'$/��'"#  2$#+ %� "�   *" "&$  *"�35�!+%  "(+&$4>�, . 
 !"#!0/+  
 *" "&$/+  *"�35�!+%  "(+&$4>�,  )+$(!" �+5� -+1   +(!$�"#  %#�%4� %: "(+&$4>$% «*"  
/$- +/3/$/ », #05+ ��!+�   '�)!� --#$)'$�+5!"("  2!$5�!+% (��� ), "(+&$4>$% /��")"/  
�+�6&�'�$ . 


$+&"���  *'" �",   *" "&  –  "�)+!�!+�  /$- +/3/"#  + 1")!",   +!3 "+)0 . 
�"�35�!!0�  2!$5�!+% �"-"#  !$  *3 -� , !$  '$&"5�/  1")�  !$   '0#�  + 2$�%(� �"5!"  
 ""�#�� �#34�   ""�#�� �#34>+/  2!$5�!+%/  # + 1")!"/   +(!$�� . 
�)" �$�"-  )$!!"("  
/��")$  # �"/ , 5�"  # '$ 5��$1  + *"�623�� %  /$�"�  -"�+5� �#"  �"5�-  +  ��)3�/"("   +(!$�$ . 
�$!!0,  $�("'+�/  '$ 8�!+#$��  �4&",  *�'�(+&  !$  ('$7+-� , # �"/  5+ �� , !�   "#*$)$4>+,    
/$- +/3/"/   +!3 "+)0 , -$-  ")!3  +2 �"5�-  "(+&$4>�, , + �$-$% "(+&$4>$% /"=��  
 ")�'=$�6  + -$=�!+% .   

�  "(+&$4>�, , *"�35�!!",  /��")"/   '�)!�-#$)'$�+5!"("  2!$5�!+%, -$=)$% �"5-$  
#05+ �%�� %  "(�$ !"  7"'/3�� : 

 

� � �
�

	

 � � 
 � �	��


�� ,       (1) 

 
()�  X – "� 5��0  )$�5+-"# ,  
 n – 5+ �"  "� 5��"# . 

 
�'�+/3>� �#"/  )$!!"("   *" "&$  %#�%�� % �" , 5�"  # '$ 5���  35$ �#34�  # �  �"5-+  

+  ��)3�/"("   +(!$�$ . 

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

"� 5��"# . �'+��'+,  #0&"'$  5+ �$  "� 5��"#  #� 6/$  !�  �"5�! : '�-"/�!)3�� %  #0&'$�6  5+ �"  
&�+2-"�  -  5+ �3  "� 5��"#   +(!$�$ , '$ *"�"=�!!01  !$  ")!"/  *"�3*�'+")�   +!3 "+)0 . 

� /"�'%  !$  !+2-34  �"5!" �6 , )$!!0,  /��")  *"�35+�  !$+&"�6;��  '$ *'" �'$!�!+�  # 
)+$(!" �+-� . 

�  -$5� �#�  *'�"&'$2"#$!+%  )�% )�/")3�%8++   +(!$�$  + *"�623�� %  7+�6�'  !$  " !"#�  
*'�"&'$2"#$!+%  �+�6&�'�$ . �'�"&'$2"#$!+�  �+�6&�'�$  73!-8++  � � � � �  *"2#"�%��  *"�35+�6  
/!+/34  5$ �6   +(!$�$  � �� � � �  ('+ 3!"-  4). ��%  *"�35�!+%  /!+/",  5$ �+  *'"+2#")+� %  
 /�>�!+�  7$20 # �1  *�'+")+5� -+1  -"/*"!�!�   +(!$�$  !$  I /2: 

 

��� � � � � ��� � � � � � � �
� � ���

�� ���
!"

#

�#
    (2) 

 
��23�6�$�  *'�"&'$2"#$!+%  + *"�623�� %  )�% *"�35�!+%  )�/")3�+'"#$!!"("   +(!$�$ : 
 

� $� � � � %� �
� � � � & � ��

�
���'

�
�(      (3) 

 
���)3��  "�/��+�6 , 5�"  "(+&$4>$%, *"�35�!!$%    + *"�62"#$!+�/  7+�6�'$  

�+�6&�'�$ , #05+ �%�� % !$  " !"#$!++  # �1  "� 5��"#  )+$(!" �+5� -"("   +(!$�$ , *'+  :�"/  
2!$5�!+% �"-"#  !$  *3 -� , !$  '$&"5�/  1")�  !$   '0#�  + 2$�%(� �"5!"   ""�#�� �#34�  
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 ""�#�� �#34>+/  2!$5�!+%/  # + 1")!"/   +(!$�� . 
)!$-"  )$!!0,   *" "&  *"�35�!+%  
"(+&$4>�,  + *"�623�� %  '�=� , 5�/  )#$ *'�)0)3>+1  #  +�3  "�!" +���6!",  
/$��/$�+5� -",   �"=!" �+ . 

�!$�+2  "(+&$4>�,  # �+ ��/�  *'�)3 /$�'+#$��  *"�35�!+�  "(+&$4>�,  �4&0/  
*'+#�)�!!0/  #0;�  /��")"/  *"  #0&"'3  *"�62"#$���% , *'+  :�"/  $#�"/$�+5� -+  
'$  5+�0#$4� %  !$  #0&'$!!"/  35$ �-�  '$&"5+�  �"-+ , *�$#!" �+  1")$ , :- �'�/3/0 . 


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

 
 

��� . 1.– ��"-  $!$�+2$ "(+&$4>+1  
 
2 �	
�  – ����
�
��  �
�	��  

 
��%  &"���  (�3&"-"("  )+$(!" �+'"#$!+%    *"/">64  �3'6� -*'�"&'$2"#$!+%  *"�35$4�  

 *�-�'   +(!$�$  + $!$�+2+'34�  �("  5$ �"�!0,   " �$# . �'+  $!$�+2�   *�-�'"#  
)+$(!" �+5� -+1   +(!$�"#  "*'�)��%4�  *'+!$)��=!" �6  ($'/"!+- , "8�!+#$4�  +1 
$/*�+�3)0 , 35+�0#$% :!�'(��+5� -+�  ("'&0  + "&>+,  3'"#�!6  ;3/$ . �"  /!"(+1   �35$%1 
"&'$&"�-$   *�-�'$  )+$(!" �+5� -"("   +(!$�$ ,  ")�'=$>�("  -'$�!0�  ($'/"!+-+ ,  �'�&3��  
)�+���6!"("  + #)3/5+#"("  $!$�+2$ +�+   �"=!01   $�("'+�/"#  "&'$&"�-+ . ��%  + -�45�!+%  
)$!!01  !�)" �$�-"#  &0�  #!�)'�!  !"#0,  /��")  5$ �"�!"("   $!$�+2$ – -�* �'$�6!0,   
$!$�+2 [3].  

�3�6  -�* �'$�6!"("  /��")$  " !"#$!$  !$  2$/�!�  #  *�-�'�  " +  5$ �"�0  !$  " 6  
#'�/�!+ , � .� . *'�) �$#��!++  :�"("   *�-�'$  *'" �0/   +(!$�"/ . �"()$ , "*'�)��+#   *�-�'  
:�"("  " +(!$�$ " /"=!"  "*'�)��+�6  # !�/  *�'+")+5!" �+ . �'+ 3� �#34>+�  # #+)�  
+ 1")!"("   *�-�'$  *�'+")+5!" �+  (-'$�!0�  ($'/"!+-+ ) %#�%4� % ($'/"!+5� -+/+  
'%)$/+ . �05+ ��!+�   *�-�'$  "�   *�-�'$  + 1")!"("   +(!$�$  )$��  #"2/"=!" �6  *'�) �$#+�6  
+ 1")!34   *�-�'$�6!34  +!7"'/$8+4  &"���  -"/*$-�!" , -"()$  -$=)0,  ($'/"!+5� -+,  '%) 
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+ 1")!"("   *�-�'$  &3)��  *'�) �$#��!  # �("  ")!",  (# +)�$�� )  " �$#�%4>�,  # -�* �'� . 
�)�!�+7+-$8+%  )+$(!" �+5� -",  +!7"'/$8++  *"  -�* �'3  $!$�"(+5!$  

 *�-�'$�6!"/3  $!$�+23: !$�+5+�  + #��+5+!3  *+-"#  !$  "�)��6!01  5$ �"�$1    ""�!" %�    
 " �"%!+�/  "�)��6!01  *$'  /�1$!+2/$  !$  " !"#$!++   ""�#�� �#+%  5$ �"�0  *'"%#��!+%  
*+-$   '$&$�0#$!+4  )$!!01  *$' . 

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


-!"  5$ �"�!"("  $!$�+2$ *"2#"�%��  #+23$�+2+'"#$�6  *�-�'   +(!$�$ ,  *�-�'  
"(+&$4>�,  + -�* �' , -"�"'0�  '$  5+�0#$4� %  !$  35$ �-�  2$)$!!"/  *"�62"#$����/ . 


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

 

 
 

��� . 2.– ��"-  5$ �"�!"("  $!$�+2$ 
 
3 �	
�  – ����
�
��  �  ����	�������  �������@�?  ������
��  

 
�  '%)�   �35$�#  !�"&1")+/"  3 �$!"#+�6  ��!)�!8+4  +2/�!�!+%   " �"%!+%  

"&"'3)"#$!+%  2$ "*'�)���!!0,  *�'+") , *")�#�')+�6  3�35;�!+�   " �"%!+%  # '�23�6�$��  
'�/"!�$ , +2/�!+�6  -$��("'+4  '�/"!�$ . ��%  :�"("  *'"+2#")+� %   '$#!�!+�  ��-3>+1  
1$'$-��'+ �+-    *"�35�!!0/+  '$!�� . 

�  &$2� )$!!01  
��  1'$!%� % '�23�6�$�0  +2/�'�!+,  + $!$�+2$ &"���  5�/  2$ )� %�6  
��� , 5�"  *"2#"�%��  "*'�)��+�6  + ��!)�!8+4 , +  ��*�!6  +2/�!�!+%  "&.�-�$  
)+$(!" �+'"#$!+%  [2, 3]. 


$  '+ 3!-�  3 *'�) �$#��!  7'$(/�!�  &�"-$   '$#!�!+% . �  )#31 #�'1!+1  "-!$1  
#0#")%� % "(+&$4>+�   +(!$�$  �4&"("  *'�)0)3>�("  +2/�'�!+%  + $!$�+2+'3�/"("  
 +(!$�$ . 
$(�%)!0/   "*" �$#��!+�/  %#�%�� % !$�"=�!+�   *�-�'"# . �  -$5� �#�  
-"�+5� �#�!!"("  #0'$=�!+%  '$  5+�0#$�� %  *�">$)6 , "('$!+5�!!$%  ('$7+-$/+   *�-�'"# . 
�  *'+#�)�!!"/  *'+/�'�  *'")�/"! �'+'"#$!"  313);�!+�   " �"%!+%  "&"'3)"#$!+% , 
*'"%#�%4>�� %  # + -$=�!++  7"'/0  "(+&$4>�,  (  �'+)8$�",  *"  *%�+)� %�34   �-3!)0 ) + 
# '" ��  $/*�+�3)  #  *�-�'� . 
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�+ . 3.– ��"-   '$#!�!+%  

 
4 �	
�  ���
�
 -�	
��
��

�
  �
�	���  

 
�$2"#" -*�" -" �!",  /��")  (��� ) – ")+!  +2 !"#01  /��")"# , #!�)'�!!0,  
��  �9�  

)�% )+$(!" �+-+  9�� . � *"�62"#$!+�  ���  "&� *�5+�"  *"#0;�!+�  53# �#+���6!" �+  
)+$(!" �+'"#$!+% , &�$(")$'%  35��3  7$2"#01 + )+!$/+5� -+1  " "&�!!" ��,  # +  ��)3�/"/  
 +(!$�� .  

���")  " !"#$!  !$  -"/*��- !"/  *'�) �$#��!++  -"��&$!+, . ��%   +(!$�$  #'�/�!!",  
"&�$ �+  (  *"/">64  *'�"&'$2"#$!+%  �+�6&�'�$ ) '$  5+�0#$�� %  �("  -"/*��- !" -
 "*'%=�!!$%  (/!+/$% )  " �$#�%4>$% . �"#"-3*!" �6  )�, �#+���6!",  + /!+/",  5$ �+  – 
$!$�+�+5� -+,   +(!$� : �("  *'"�-8+%  !$  -"/*��- !34  *�" -" �6  !$20#$�� % 7$2"#0/  
*"'�'��"/  (�� ). �"'�'��  "�"&'$=$��  +2/�!�!+�   " �"%!+%   + ��/0  )+$(!" �+'"#$!+%  2$ 
+2#� �!0,  *'"/�=3�"-  #'�/�!+ , *":�"/3  %#�%�� % )+!$/+5� -",  1$'$-��'+ �+-",  [4].  


-!"  *"2#"�%��  #0#� �+  $!$�+�+5� -+,   +(!$�  + '$  /"�'��6  �("  # '$2�+5!01  
*'"�-8+%1 . 
$+&"�6;+,  +!��'�  *'�) �$#�%��  *'"�-8+%  $!$�+�+5� -"("   +(!$�$  !$  
-"/*��- !34  *�" -" �6  �� , -"�"'0,  /"=��  &0�6 '$  5+�$!  !$  �4&"/  35$ �-�   +(!$�$ . 


$  '+ 3!-�  4 *'�) �$#��!  7'$(/�!�  &�"-$  7$2"#"-*�" -" �!"("  $!$�+2$. �  
*'+#�)�!!"/  *'+/�'�  +2 + 1")!"("   +(!$�$  #0'�2$�� %  +!��'� 34>+,  35$ �"- : 
#'�/�!!$%  "&�$ �6    1-",  *"  4-34   �-3!)3 , 5$ �"�!$%  – "�  1 )"  200 �8 . �"�35�!!0,  !$  
)$!!"/  35$ �-�  *"'�'��  1$'$-��'+23��  *�'�1")!0,  )+!$/+5� -+,  *'"8�  , *'"��-$4>+,  
# 5$ �+5!"  '$&"�" *" "&!"/  "&"'3)"#$!++ . 

�$-+/  "&'$2"/ , # 
��  �9�  ����  
���  ����  &0�$  '$2'$&"�$!$  �+ ��/$  
"&'$&"�-+  )$!!01 , %#�%4>$% % +! �'3/�!�"/  )+$(!" �+'"#$!+%  9��  + )'3("("  
:��-�'"*'+#")!"("  "&"'3)"#$!+% . �'�+/3>� �#$/+  )$!!",   + ��/0  %#�%4� %: 
"&.�)+!�!+�  # ")!",  *'"('$//�  # �1  /��")"#  "&'$&"�-+   +(!$�"# , *'�)3 /"�'�!!01  
���")+-", ; *"#0;�!+�    -"'" �+  + !$)�=!" �+   *"�35�!+%  '�23�6�$�"# ; $#�"/$�+2$8+% 
'$ 5��"# . �  1")�  )$�6!�,;�,  '$&"�0  *�$!+'3�� %  $#�"/$�+2+'"#$�6  # �  '$ 5��0  �"-"#" -
#'�/�!!01  *$'$/��'"#  +  "2)$�6  "-!"  #�,#��� -$!$�+2$. 
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��� . 4.– ��"-  7$2"#"-*�" -" �!"("  $!$�+2$ 
 

 
����
�  	���������  

 
1. �	0���
� , ' .& . �  �� . �!7"'/$8+"!!"�  "&� *�5�!+�  '�/"!�!01  ��1!"�"(+,  

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

+-+7"'"# //�"#'�/�!!0�  ��1!"�"(++ , "&"'3)"#$!+� , ��1!+5� -"�  " !$>�!+�  + *")("�"#-$  
*�' "!$�$  )�% '�/"!�!01  '$&"�  # $�"/!",  :!�'(��+-� : /$��'+$�0  -"!7�'�!8++ . – 

"#"#"'"!�= , 2013. – C. 87–90. 

2. ���2�
  � . � . �  �� . ��1!"�"(++  $!$�+2$ )+$(!" �+5� -+1  *$'$/��'"#  :��-�'"*'+#")!",  
$'/$�3'0  !$  )�, �#34>+1  :!�'("&�"-$1  
"#"#"'"!�= -",  �9�  [��- � ] / � .� . ���*"# , � .� . 
�&+)"#$ , � .
 . 
+-+7"'"# , 
 .< . �3($5�#$  // 9��-�'"��1!+5� -+�  -"/*��- 0  +  + ��/0  
3*'$#��!+% . – 2014. – � 4 – � . 16–22. 

3. ���������  � .� . �  �� . ���")+5� -"�  "&� *�5�!+�  *'"8�  $  )+$(!" �+-+  #'$>$4>+1 %  
:��-�'"*'+#")!01  /�1$!+2/"#  [��- � ] / � .� . �$ +��!-" , < .
 . ��="# , � .
 . 
+-+7"'"# , 
 .< . 
�3($5�#$  // 9��-�'"��1!+5� -+�  -"/*��- 0  +  + ��/0  3*'$#��!+% . – 2014. – � 4. – � .33–36. 

4. �
���
� , � .� . �  �� . ���")0  "&'$&"�-+  +!7"'/$8++  # )+$(!" �+5� -+1   + ��/$1  [��- � ]/ � .� . 
�&+)"#$ , � .� . ��'!"#  : �5�&!"�  *" "&+� . – �"�(")"! - : ����  
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System of Electrodriving Fittings Diagnostic Signals Processing 
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Abstract – In scientific research institute NPE of VETI NRNU “MEPhI” the System of data 
processing which is the instrument of diagnosing of electrodriving fittings was developed. 
Advantages of this system are: association in one program of all methods of processing of the 
signals provided by the Technique; possibility of inclusion of new methods and algorithms of 
processing; increase of speed and reliability of receiving results; automation of calculations. 
 
Keywords: the electrodriving fittings, system of diagnostics, envelope, the frequency analysis, 
phase and plane method, range, cepstrum. 
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�  )$!!",   �$�6�  '$  /$�'+#$4� %  *'"&��/0  *"+ -$  *3��,  *"#0;�!+%  :77�-�+#!" �+  + 
&�2"*$ !" �+  :- *�3$�$8++  ��*�"/�1$!+5� -"("  "&"'3)"#$!+%  !$  " !"#�  $!$�+2$ '�=+/"#  
'$&"�0  "&"'3)"#$!+%  �9�  + "*'�)���!+�  ��1!+5� -+  "&" !"#$!!01  !"'/  '$ 1")$  :!�'(++ . 
��%  *'"#�)�!+%  $!$�+2$ + *"#0;�!+�  :77�-�+#!" �+  + &�2"*$ !" �+  '$&"�0  "&"'3)"#$!+%  
'$  /$�'+#$�� %  ��1!"�"(+% , " !"#$!!$%  !$  !�,'" ���#"/  /")��+'"#$!++ . �'+#�)�!$  
#"2/"=!" �6  + *"�62"#$!+% ��1!"�"(++  !$  *'+/�'�  ")!"("  +2 �3'&"*+�$���6!01  !$ " "#  
&�"-$  �  2 �$�+!+! -",  �9� . 
 
��1��
 �  ���
� : �3'&"*+�$���6!0,  !$ " , :77�-�+#!" �6 , &�2"*$ !" �6 , !$)�=!" �6 , 
$!$�+2, !�,'" ���#0�  ��1!"�"(++ , :- *�3$�$8+%  :!�'("&�"-$ , *$'$/��'0  '$&"�0 , !"'/0  
'$ 1")$  ��*�"#",  :!�'(++ . 

 
�" �3*+�$  # '�)$-8+4  10.06.2015 

 
�   ""�#�� �#++    �'�&"#$!+%/+  �����9 , *'+#�)�!!0/+  # )"-�$)�  «�)�'!$%  

&�2"*$ !" �6  + -3�6�3'$  &�2"*$ !" �+ » #�)3>�("   *�8+$�+ �$  *"  #"*'" $/  
&�2"*$ !" �+  ��*$'�$/�!�$  &�2"*$ !" �+  %)�'!01  "&.�-�"#  �����9  �"!+-+  ?$$(�  
[1] &�2"*$ !" �6  �9�  #-�45$��  �'+  $ *�-�$ : 

– "&>��  *"!+/$!+�  &�2"*$ !" �+ ; 
– )�, �#+%  + *'$-�+-$  5��"#�-$ ; 
– $ *�-�  3*'$#��!+%  "&"'3)"#$!+�/ .  
�'+!%�+�  /�'  *"  *"#0;�!+4  :77�-�+#!" �+  '$&"�0  ��*�"/�1$!+5� -"("  

"&"'3)"#$!+%  /"=��  *'+#� �+  -   !+=�!+4  !$)�=!" �+  3 �$!"#-+ , # " "&�!!" �+ , 
-"()$  "� 3� �#34�  '�=+/!0�  -$'�0  ��-3>�,  �("  '$&"�0  + !�  2$)$!0  *'�)��0  
:77�-�+#!"("  '�(3�+'"#$!+% . 

��%  :77�-�+#!"("  + &�2"*$ !"("  3*'$#��!+%  "&"'3)"#$!+�/  !�"&1")+/$  
 *�8+$�6!$%  ��1!"�"(+% , -"�"'$%  *"2#"�+�  !$,�+  :!�'(":77�-�+#!0�  '�=+/0  # 
&�2"*$ !",  "&�$ �+  +2/�!�!+%  '�(3�+'3�/01  *$'$/��'"#  # 2$)$!!01  *'�)��$1 . 

�"*'"  "  *"#0;�!++  :77�-�+#!" �+  :- *�3$�$8++  "&"'3)"#$!+%  ��*�"#01  + 
$�"/!01   �$!8+,  %#�%�� % ")!+/  +2 !$+&"���  $-�3$�6!01  #"*'" "# ,  �"%>+1  *�'�)  
:- *�3$�+'34>+/+  "'($!+2$8+%/+ . �   #%2+   :�+/  
�
  «�"!8�'!  �" :!�'("$�"/ » 
 "2)$�  + #!�)'+�   + ��/3  :!�'(��+5� -"("  /�!�)=/�!�$ , "�#�5$4>�("  �'�&"#$!+%/  
/�=)3!$'")!"("   �$!)$'�$  ISO 50001:2011 «�+ ��/0  :!�'(��+5� -"("  /�!�)=/�!�$ . 
�'�&"#$!+%  + '3-"#") �#"  *"  *'+/�!�!+4 » [2]. 


 !"#!",  2$)$5�,  :!�'("/�!�)=/�!�$  %#�%�� %  "2)$!+�  !�"&1")+/01  3 �"#+,  
)�%  "-'$>�!+%  7+!$! "#01  2$�'$�  *3��/   + ��/$�+5� -"(" : 

– *�$!+'"#$!+% ; 
– #!�)'�!+%  # :- *�3$�$8+4 ; 
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– /"!+�"'+!($  + #!3�'�!!�("  $3)+�$; 
– -"''�-�+'34>+1  + *'�)3*'�=)$4>+1  )�, �#+, . 
� 1")%  +2 )$!!01  ��!)�!8+,  &0�"  *'+!%�"  '�;�!+�  "   "2)$!++  +!!"#$8+"!!"("  

+! �'3/�!�$ , *'�)!$2!$5�!!"("  )�% "8�!-+  :77�-�+#!" �+  :- *�3$�$8++  
�3'&"*+�$���6!01  !$ " !01  3 �$!"#"-  (��
 ) $�"/!01   �$!8+, , $ �$-=�  )�% +1 
)$�6!�,;�("  &�2"*$ !"("  '�(3�+'"#$!+%  # 8��%1 *"#0;�!+%  :!�'(":77�-�+#!" �+  + 
&�2"*$ !" �+ .  


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

– !$  " !"#�  ��*�"��1!"�"(+5� -+1  *$'$/��'"# , *"�35�!!01  !�*" '�) �#�!!"  # 
*'"8�  �  :- *�3$�$8++  :!�'("&�"-$ ,  /")��+'"#$�6  *'"8�   '$&"�0  #0&'$!!"("  
:��/�!�$  +�+  *$'"�3'&+!!",  3 �$!"#-+  # 8��"/ ; 

– -$5� �#�!!"  + -"�+5� �#�!!"   *'"(!"2+'"#$�6  +2/�!�!+%  #01")!01  
*$'$/��'"#  /")��+  (/">!" �+ , -":77+8+�!�$  *"��2!"("  )�, �#+% ) "�  +2/�!�!+%  
#1")!01  *$'$/��'"# , *" �'"+�6  '�=+/!0�  -$'�0  '$&"�0  "&"'3)"#$!+% ; 

�*'"&$8+%  !�,'" ���#"("  /")��+'"#$!+%  &0�$  3 *�;!"  *'"#�)�!$  # ��9�  )�% 
 "2)$!+% /")��+   ($2"#",  3�+�+2$8+"!!",  &� -"/*'�  "'!",  �3'&+!0  (���� -25), 
�
  
«��#�'" �$�6 », + *$'"#",  �3'&+!0  �� -12-34/10 � , «�$�3= -+,  �3'&+!!0,  2$#")» [3]. 

�  !$ �"%>��  #'�/%  #�)�� %  '$&"�$  *"   "2)$!+4  :77�-�+#!",  !�,'" ���#",  
/")��+  *+�$���6!01  �3'&"!$ " !01  $('�($�"#  &�"-"#  *�'#",  "5�'�)+  ��!�9� . 
 

1 �������  ?�������������  ��
  �	
��  ����
�  
������  
��	�
�
��
�  �9�  

 
�3'&"*+�$���6!0,  !$ " !0,  $('�($�  &�"-$  *�'#",  "5�'�)+  ��!�9�   " �"+�  +2 

 ��)34>+1  " !"#!01  :��/�!�"# : 
1) *'+#")!$%  �3'&+!$  
� -12� ; 
2) (�$#!0,  *+�$���6!0,  !$ "  �� -3750-75; 
3) *'�)#-�45�!!0,  !$ "  400-QHD-spec; 
4) '�)3-�"'  � -2; 
5) :=�-�"'  " !"#!",  9
 -50; 
6) :=�-�"'  *3 -"#",  9� -150/� . 
�'+!8+*+$�6!$%  ��*�"#$%   1�/$  ��
  *'+#�)�!$  !$  '+ 3!-�  1. 

 
 
 
           
 
 
      
 
 
 
 
 
 
 
 
 
 

��� . 1. – �+�$���6!0,  �3'&"!$ " !0,  $('�($�  
1 – *$'"#$% �3'&+!$  
� -12� ; 2 – (�$#!0,  *+�$���6!0,  !$ "  �� -3750-75;  

3 – *'�)#-�45�!!0,  !$ "  400-QHD-spec; 4 – -"!)�! $�"'  �3'&+!0 ; 
5 –  �"*"'!" -'�(3�+'34>+,  -�$*$! ; 6 – '�)3-�"'  � 2 

 

2 1 
6 3 

4 

5 
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�3'&+!$  +/���  )#$ #01�"*$ . �"!)�! $�"'  *'+#")!",  �3'&+!0  +/���  )#$ #1")$ *"  
8+'-3�%8+"!!",  #")� .  

�$/�'0  *$'$/��'"#  )�% "&35�!+% !�,'" ���#",  /")��+   *'"+2#")+�+ 6  # *�'+")    
1.01.2014 *"  31.12.2014, +!��'#$�  /�=)3  2$/�'$/+   " �$#�%�  2 5$ $.  


$  " !"#�  *$'$/��'"#  &0�+   "2)$!0  )#�  !�,'" ���#0�  /")��+  *"  '$ 5D�3  
:77�-�+#!" �+  '$&"�0  ��
  + 3)��6!01  2$�'$�  ��*�"#",  :!�'(++  *$'$  !$  *�'�-$5-3  
*+�$���6!",  #")0 . 

 
2 
����
���  9��������
��	�
�?  ��

�?  �  �
�
@�<  


���
������?  ��?

	
���  
 


�,'" ���#$%  /")��6  %#�%�� % $)�-#$�!",  # *'+!%�"/  )+$*$2"!�  *$'$/��'"# , 
 !%�01    '�$�6!"("  $('�($�$ . �+$*$2"!0  *$'$/��'"#  *'+#�)�!0  # �$&�+8�  1. 

 
�$&�+8$  1. – �+$*$2"!0  *$'$/��'"#  


$+/�!"#$!+�  *$'$/��'$  �+$*$2"!  
+2/�!�!+%  

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

0,85 P0,92 
(8,35 P 9,09) 

�$#��!+�  *+�$���6!",  #")0  !$  #1")�  # (�$#!0,  *+�$���6!0,  !$ " , 
��$  (-( / / 2) 

2,38 P 3,56 
(23,3P34,9) 

�$#��!+�  *+�$���6!",  #")0  !$  #01")�  +2 (�$#!"("  *+�$���6!"("  
!$ " $ , ��$  (-( / / 2) 

7,39 P 8,69 
(72,5 P 85,2) 

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

433 P 952 
(1560 P 3430) 

��/*�'$�3'$  *+�$���6!",  #")0  2$ *+�$���6!0/  �3'&"!$ " !0/  
$('�($�"/ , °�  

162 P 165 

�$ 1")  *$'$  !$  *'+#")!34  �3'&+!3 , -( /  (� /5) 12,1 P 20,0 
(43,6 P 72,0) 

�$#��!+�  *$'$  *�'�)   �"*"'!0/  -�$*$!"/ , ��$  (-( / / 2) 0,80 P 0,94 
(7,86 P 9,20) 

�$#��!+�  *$'$  2$ '�(3�+'34>+/  -�$*$!"/ , ��$  (-( / / 2) 0,34 P 0,62 
(3,34 P 6,08) 

��/*�'$�3'$  *$'$  !$  #01")�  +2 *'+#")!",  �3'&+!0 , °�  26,4 P 43,0 

�$-33/  # -"!)�! $�"'�  *'+#")!",  �3'&+!0 , ��$  (-( / / 2) -0,09 P -0,10 
(-0,88 P -1,00) 

��/*�'$�3'$  *$'$  # -"!)�! $�"'�  *'+#")!",  �3'&+!0 , °�  18,2 P 41,3 

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

6,00 P 31,2 

��/*�'$�3'$  "1�$=)$4>�,  #")0  !$  #01")�  +2 -"!)�! $�"'$  
*'+#")!",  �3'&+!0 , °�  

11,7 P 37,5 

��/*�'$�3'$  *$'$  *�'�)  (�$#!",  *$'"#",  2$)#+=-", , °�  174 P 229 
 

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

3*'">�!+%  /")��+'"#$!+% . 
�$  8���#0�  73!-8++  &0�+  *'+!%�0  :77�-�+#!" �6  '$&"�0  �3'&"*+�$���6!"("  

!$ " $ , -$-  "�!";�!+�  :!�'(++ , *"�35�!!",  *+�$���6!",  #")",  -  *"�!",  ��*�"#",  
:!�'(++ , *")#")+/",  -  *'+#")!",  �3'&+!�    35��"/  *"��'6  ��*�"#",  :!�'(++  # 
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-"!)�! $�"'� . �'+#�)�!!0�  # �$&�+8�  1 *$'$/��'0   &0�+  *�'�#�)�!0  # 3)"&!0�  
�)+!+80  +2/�'�!+%  )�% *"�35�!+%  !�"&1")+/01  1$'$-��'+ �+- . 977�-�+#!" �6  ��
  
"*'�)��%�� %  *"   ��)34>�,  7"'/3��  (1): 

 

 0

( )
( )


 ��2 
�
�

2 �

Q v p p
Q h ct

h
× × -

=
× -

 , (1) 

()�  
Q P '$ 1")  #")0 , -( / ;  
 v P 3)��6!0,  "&.�/  #")0 , / 3/-( ;  
 ��2p , 
�p P )$#��!+�  !$  !$*"'�  + !$  # $ �  !$ " $ , �$ ;  

 2Q P '$ 1")  *$'$  !$  *'+#")!34  �3'&+!3 , -( / ;  

 0h P :!�$�6*+%  *$'$  *�'�)   �"*"'!" -'�(3�+'34>+/+  -�$*$!$/+  �3'&+!0 , -�= /-( ; 

 �
�ct P :!�$�6*+%  !$ 0>�!+%  -"!)�! $�$  *$'$  *'+  )$#��!++  # -"!)�! $�"'� , -�= /-( . 

 
�!$5�!+�  :77�-�+#!" �+  '$&"�0  ��
  2$ )$!!0,  *�'+")  +2/�!%�" 6  "�  9,81% )"  

16,0%.  
�"/+/"  :77�-�+#!" �+  "*'�)��%� %  3)��6!0,  '$ 1")  ��*�"#",  :!�'(++  *$'$  !$  

*�'�-$5-3  �)+!+80  '$ 1")$  *+�$���6!",  #")0 . �)��6!0,  '$ 1")  ��*�"#",  :!�'(++  
*$'$  "*'�)��%�� %  *"  7"'/3��  (2): 

 

 

0( )�
2 �




Q h ct
q

Q
× -

= , -�= /-( . (2) 

�!$5�!+�  3)��6!"("  '$ 1")$  ��*�"#",  :!�'(++  *$'$  !$  ��
  2$ )$!!0,  *�'+")  
+2/�!%�" 6  "�  48,5 )"  73,4 -�= /-( .  

�'�+/3>� �#"  !�,'" ���#01  /")���,  *"   '$#!�!+4   "   �$�+ �+5� -+/+  
!��+!�,!0/+  /")��%/+  2$-�45$�� %  # �"/ , 5�"  '$2'$&"�5+-3  /"=!"  !�  "*'�)��%�6  #+) 
2$#+ +/" ��,  /�=)3  #1")!0/+  + #01")!0/+  *$'$/��'$/+ . �  *'"8�  �  /!"("-'$�!"("  
"&35�!+% /")��+  !�,'" ��6   $/$  "*'�)��%��  2$#+ +/" �+  # *'"8�  �  /!"("-'$�!01  
"&35�!+,  /")��+ , 5�"  3*'">$��  2$)$53 '$2'$&"�5+-$ .  

�'+  "&35�!++  !�"&1")+/"  #0&'$�6  !� -"�6-"  *$'$/��'"#   "2)$#$�/",  !�,'"!!",  
 ��+ , �$-+�  -$-  5+ �"   �"�#  /�=)3  #1")!0/+  + #01")!0/+  *$'$/��'$/+ , 5+ �"  
!�,'"!"#  # -$=)"/   �"� , /��")  "&35�!+%, 5+ �"  8+-�"#  "&35�!+% + -"�+5� �#"  :*"1  
"&35�!+% # 8+-��  [3]. �$-+/  "&'$2"/ , "&35�!+�  *'"#")+� %  /!"("-'$�!"  #*�"�6  )"  
*")&"'$  !$+&"���  *")1")%>+1  !$ �'"�-  !�,'" ��+ . 

�" ��  "&35�!+% !�"&1")+/"  #�'+7+8+'"#$�6  *'$#+�6!" �6  2$#+ +/" ��,  
#01")!01  *$'$/��'"#  "�  #1")!01 , $ �$-=�  !$  " !"#�  )$!!01 , !�  2$)�, �#"#$!!01  # 
"&35�!++  /")��+ , 2$)$�6 �� �"#0�  #0&"'-+  #1")!01  *$'$/��'"#  + "*'�)��+�6  
/$- +/$�6!34  *"('�;!" �6  '$ 5��$ . �'+  !�3)"#���#"'+���6!"/  '�23�6�$��  
(7+2+5� -+  !�#�'!0�  2$#+ +/" �+  +�+  &"�6;$%  *"('�;!" �6 ) !�"&1")+/"  #�'!3�6 %  -  
"&35�!+4  /")��+ , *"-$  !�  &3)3�  )" �+(!3�0  $)�-#$�!" �6  + /$- +/$�6!"  #"2/"=!$%  
�"5!" �6  /")��+ . 

�  '�23�6�$��  &0�$  *"�35�!$  *'+�/��/$%  *"('�;!" �6  '$ 5��$ . ��%  
:77�-�+#!" �+  ��
  /$- +/$�6!$%  *"('�;!" �6   " �$#+�$  /�!��  3%. ��%  3)��6!01  
2$�'$�  ��*�"#",  :!�'(++  *$'$  !$  ��
  2%, 5�"  *"2#"�%��  ("#"'+�6  "& $)�-#$�!" �+  
!�,'" ���#",  /")��+ . 

�'+/�!�!+�  -$5� �#�!!"  "&35�!!",  !�,'" ���#",  /")��+  *"2#"�%��  '$2'$&"�$�6  
'�=+/!0�  -$'�0  *"  :- *�3$�$8++  "&"'3)"#$!+%  + "*'�)��+�6  ��1!+5� -+�  
"&" !"#$!!0�  !"'/0  '$ 1")$  ��*�",  :!�'(++  '$&"5�("  ���$  !$  *�'�-$5-3  *+�$���6!",  
#")0 . 
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&35�!!$%  /")��6  "7"'/�%�� %  # #+)�  *'"('$//0 . 
�$!!$%  *'"('$//$   *" "&!$  '$  5+�0#$�6  :77�-�+#!" �6  ��
  + 3)��6!0�  2$�'$�0  

��*�"#",  :!�'(++  *$'$  !$  ��
  *'+  �4&",  -"/&+!$8++  #1")!01  )$!!01  ('+ . 2). 
 

 
 

��� . 2. – 
-!"  *'"('$//0  )�% "*'�)���!+%  '$ 5��!01  #��+5+!  
 

��$#!",  " "&�!!" �64  *'"('$//0  %#�%�� % #"2/"=!" �6  "*'�)���!+%  
2$#+ +/" �+  8���#01  73!-8+,  "�  #$'6+'3�/01  *$'$/��'"#  # 2$)$!!"/  )+$*$2"!� . 
�"�35�!!0�  ('$7+-+  /"=!"   �'"+�6   "#/� �!" , �+&"  "�)��6!"  )�% :77�-�+#!" �+  
��
  + )�% 3)��6!"("  '$ 1")$  ��*�"#",  :!�'(++  *$'$  !$  ��
  #  ""�#�� �#34>�/  
/$ ;�$&�  ('+ . 3). 

 

 
 

��� . 3. – 
-!"  *'"('$//0  )�% "*'�)���!+%  '$ 5��!01  #��+5+!  # )+$*$2"!�  + 1")!01  )$!!01  
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�$-=�  /"=!"  #0&'$�6  �4&34  �"5-3  # )+$*$2"!�  + 1")!01  )$!!01  (0-100% "�  
)+$*$2"!$ ) !$  ('$7+-�  + "*'�)��+�6  #1")!0�  *$'$/��'0 ,  ""�#�� �#34>+�  :�",  
�"5-� . 


&35�!!$%  !�,'" ���#$%  /")��6 , # �'"�!!$%  # *'"('$//3 ,  *" "&!$  
:- �'$*"�+'"#$�6  '$ 5��!0�  ('$7+-+  2$ ('$!+80  :- *�'+/�!�$�6!"("  )+$*$2"!$  
*$'$/��'"# . �'+  ##")�  + 1")!01  )$!!01 , ��=$>+1  #!�  *'+!%�"("  )+$*$2"!$ , 
*'"('$//$  �$-=�  '$  5+�$��  :77�-�+#!" �6  !$  # D/  )+$*$2"!� , !"  2)� 6  !$)"  
35+�0#$�6, 5�"  �"5!" �6  �$-+1  '$ 5��"#  /"=��  &0�6 !+=�  ('+ . 4). 
 

 
 

��� . 4. – 9- �'$*"�%8+%  '$ 5��!01  ('$7+-"#  2$ *'�)��0  :- *�'+/�!�$�6!"("  )+$*$2"!$  
+ 1")!01  )$!!01  

 
�"/+/"  :�"("   3>� �#34�  "('$!+5�!+%  *"  ##")3 #1")!01  )$!!01 , -"�"'0�  

#01")%� +2 )+$*$2"!$  :- *�'+/�!�$�6!01  *$'$/��'"#  +�+  "-$20#$4� % 
!�-"''�-�!0/+ , 5�"  *"2#"�%��  + -�45+�6  #�'"%�!" �6  !�#�'!"("  '$ 5��$  #01")!01  
*$'$/��'"# . �'+ 3� �#3��  #"2/"=!" �6  *'"#�'+�6  ##�)�!!0�  )$!!0�  *"  !$=$�+4  !$  
-!"*-3  «�'�)#$'+���6!$%  *'"#�'-$ ». 


5�!6  #$=!",  " "&�!!" �64  *'"('$//0 , -"�"'$%  # )$!!0,  /"/�!�  $-�+#!"  
)"'$&$�0#$�� % , %#�%�� % *"+ -  "*�+/3/$ . 
�"&1")+/"  ##� �+  )+$*$2"!  )$#��!+%  
*$'$  2$ '�(3�+'34>+/+  -�$*$!$/+ , '$ 1")$  *$'$  !$  �3'&+!3 , )$#��!+%  # 
-"!)�! $�"'�  *'+  " �$�6!01  *" �"%!!01  *$'$/��'$1 . �" ��  !$=$�+% !$  -!"*-3  
«�"+ -  "*�+/3/$ », *'"('$//$  !$5!��  *�'�&+'$�6  # �#"2/"=!0�  -"/&+!$8++  
*�'�5+ ��!!01  �'�1  *$'$/��'"# , + # '�23�6�$��  #0#�)��  !$+&"�6;34  
:77�-�+#!" �6  8���#",  73!-8++  )�%  $/",  #0+('0;!",  -"/&+!$8++  #1")!01  
*$'$/��'"#  ('+ . 5). 
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��� . 5. – �"+ -  "*�+/3/$  
 

���
��  
 

�  '�23�6�$��  *'"#�)�!!",  '$&"�0  &0�+  *"�35�!0  )#�  !�,'" ���#0�  /")��+  + 
'$2'$&"�$!$  *'"('$//$  )�% '$ 5D�$  :77�-�+#!" �+  + 3)��6!01  2$�'$�  ��*�"#",  
:!�'(++  *$'$  !$  ��
 -1. �� �+'"#$!+�  *"-$2$�"  $)�-#$�!" �6   "2)$!!01  /")���, . 
�$- +/$�6!$%  *"('�;!" �6   " �$#+�$  3% *"  :77�-�+#!" �+  + 2% *"  3)��6!0/  
2$�'$�$/  ��*�"#",  :!�'(++  *$'$ . �$'$!�+'"#$!!"  �"5!0�  '�23�6�$�0  *"�35$4� %  # 
2$)$!!"/  )+$*$2"!�  + 1")!01  )$!!01 . �"!�5!0/  *'")3-�"/  %#�%�� % *'"('$//$ , 
*"2#"�%4>$%  �'"+�6  ('$7+-+  +2/�!�!+%  :77�-�+#!" �+  + 3)��6!01  2$�'$�  ��*�"#",  
:!�'(++  *$'$  !$  ��
 . 

�  &3)3>�/  *�$!+'3�� %  '�$�+2"#$�6  #"2/"=!" �6  *" �'"�!+%  '�=+/!01  -$'�  *"  
:- *�3$�$8++  �3'&"*+�$���6!"("  !$ " $  + *"�35�!+%  ��1!+5� -+  "&" !"#$!!01  !"'/  
'$ 1")$  ��*�"#",  :!�'(++  *$'$  !$  *�'�-$5-3  *+�$���6!",  #")0 . 

��$(")$'%  '$2'$&"�$!!",  *'"('$//�  *"%#�%�� % #"2/"=!" �6  $!$�+2+'"#$�6  
'$&"�3  ��
  # '�$�6!"/  #'�/�!+  + !$1")+�6  '�=+/0    !$+&"�6;�,  :-"!"/+5!" �64 , 
5�"  /"=��  *"2#"�+�6  *�' "!$�3  �9�  "*'�)��%�6  :77�-�+#!0,  '�=+/   
�3'&"*+�$���6!"("  !$ " $  *'+  "�-�"!�!+%1  # '�=+/$1  �("  '$&"�0 . 9�" , #  #"4  "5�'�)6 , 
 *" "& �#3��  *"#0;�!+4  :!�'(":77�-�+#!" �+   '$&"�0  ��
  + :!�'(" &�'�=�!+4  
*�'#+5!",  :!�'(++ , 5�"   ""�#�� �#3��  )"-3/�!�3  [2]. �'+  !$-"*��!++  )"�=!"("  
/$  +#$  :- *�'+/�!�$�6!01  )$!!01  '$2'$&"�$!!$%  ��1!"�"(+%  *"2#"�+�   �'"+�6  
/")��+  "*'�)���!+%  !$)�=!" �+  '$&"�0  ��*�"/�1$!+5� -"("  "&"'3)"#$!+%  �9� . 
�'"('$//!0,  -"/*��-  /"=��  #0*"�!%�6  '"�6  :- *�'�!",   + ��/0  )�% 
"& �3=+#$4>�("  *�' "!$�$  ��*�"/�1$!+5� -"("  "&"'3)"#$!+%  �9� . 

�"  *'�)#$'+���6!0/  '$ 5D�$/  *'+  *'+/�!�!++  '$2'$&"�$!!",  ��1!"�"(++  
:-"!"/+%  ��*�"#",  :!�'(++  *$'$  !$  ��
 -1 2$ ")+!  (")   " �$#+�  )"  13000 �-$� . 

�"(�$ !"  «���")+-�  :!�'(��+5� -"("  $!$�+2$» [4] #  " �$#  :!�'(��+5� -"("  
&$�$! $  �9�  #1")+�  '$ 1")  ��*�"#",  :!�'(++  !$   "& �#�!!0�  !3=)0  �3'&+!  
(*+�$���6!0�  �3'&"!$ " 0  + �3'&+!0 ). �$!!0,  +! �'3/�!�  # #+)�  *'"('$//0  /"=��  
*"2#"�+�6   !+2+�6  + "*�+/+2+'"#$�6  '$ 1")  ��*�$  !$   "& �#�!!0�  !3=)0 , 5�"  *"#0 +�  
"&>34  :-"!"/+5!" �6  :!�'("&�"-$ . 
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�9���
 , 2015. 

2. ��'$��(+5� -+�  8��+  + 8��+  # "&�$ �+  :!�'(":77�-�+#!" �+  !$   '�)!� '"5!34  *�' *�-�+#3  : 
*'+�"=�!+�  � 2 -  *'+-$23  
�
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3. ���
	��
 , � .� . � *"�62"#$!+�  !�,'" ���#01  ��1!"�"(+,  )�% *"#0;�!+%  :!�'(��+5� -",  
:77�-�+#!" �+  ��*�"��1!"�"(+5� -+1  3 �$!"#"-  [��- � ] / � .� . �"'&3!"# . – �#$!"#" : 
�#$!"# -+,  (" 3)$' �#�!!0,  :!�'(��+5� -+1  3!+#�' +���  +/ . � .� . 	�!+!$ , 2011. – 475  . 

4. �'+�"=�!+�  � 15 -  )"-3/�!�3  �9
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Abstract - This article discusses the problem of finding ways to improve the operational 
efficiency and safety of thermal and mechanical equipment on the basis of the analysis of modes 
of NPP equipment and determination of technically based rate of use energy. For analyze and 
improve the performance and safety of the equipment A technology based on neural network 
modeling is considered for analyze and improve the performance and safety of the equipment. The 
possibility of the using the technology as an example of one of the turbine drive feed water pumps 
Kalinin NPP power unit �  2. 
 
Keywords: turbine drive feed water pump, efficiency, safety, analysis, reliability, neural network 
technology, operation of power generating unit, operating parameters, rate of heat energy using. 
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�� ) 2$>+�!",  "&"�"5-+  # *�'+")  *'+�/" - )$�"5!01  +!��('$�6!01  
+ *0�$!+,  "&"�"5-+  !$  *'"5!" �6  + *�"�!" �6  +2&0�"5!0/  )$#��!+�/  %#�%4� %:  

–  "& �#�!!0,  #�  =���2"&��"!!",  2$>+�!",  "&"�"5-+ ;  
– 3 +�+% "�  *'�)#$'+���6!"("  !$*'%=�!+%  $'/$�3'!01  -$!$�"#  ���
 ;  
– +2&0�"5!"�  )$#��!+�  *")  "&"�"5-", ; 
– '$ *'�)���!+�  ��/*�'$�3'0  *"  �"�>+!�   ��!-+  "&"�"5-+ , "&3 �"#��!!"�  

-"��&$!+�/  ��/*�'$�3'  #!3�'+  +  !$'3=+   ""'3=�!+% . 

8�!-$  :- *�3$�$8+"!!",  *'+(")!" �+   ""'3=�!+%  #0*"�!%�$ 6  #  ""�#�� �#++  

«�'"('$//",  !$�3'!01  !$&�4)�!+,  2$ 2$>+�!",  "&"�"5-",  :!�'("&�"-$  � 3 
�" �"# -",  �9�  # *�'+")  #"2#�)�!+% , *'�)!$*'%=�!+% , *'+D/" - )$�"5!01  + *0�$!+,  
+ :- *�3$�$8++ » [	 . 1]. �'+  :�"/  + *"�62"#$�+ 6  *'"�-�!0�  -'+��'++  "8�!-+  
��  # 
*�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+  #!3�'�!!+/  +2&0�"5!0/  
)$#��!+�/ : 

– +2/�'�!!0�  #��+5+!0  *'+'$>�!+,  '$ �%(+#$4>+1  !$*'%=�!+,  # &��"!�  "�  
+2&0�"5!"("  )$#��!+%  !�  )"�=!0  *'�#0;$�6   ""�#�� �#34>+1  #��+5+!  *'+'$>�!+%  
 =+/$4>+1  !$*'%=�!+,  "�  *'�)!$*'%=�!+%  "&"�"5-+  *"  $& "�4�!",  #��+5+!� ; 

–  "#/� �!" �6  '$&"�0  *'")"�6!",   ��'=!�#",  $'/$�3'0  + &��"!$  "&"�"5-+  
('$#�! �#"  )�7"'/$8+,  &��"!$  +  ��'=!�#",  $'/$�3'0 ); 

– 3*'3($% '$&"�$  2$>+�!",  "&"�"5-+  (*'"*"'8+"!$�6!" �6  +2/�!�!+%  
*'+'$>�!+,  +2/�'%�/01  !$*'%=�!+,  #  ��'=!�#",  $'/$�3'�  + "�!" +���6!01  
)�7"'/$8+,  &��"!$  "�  +2/�!�!+%  +2&0�"5!"("  )$#��!+% ); 

– #��+5+!$  '$ �%(+#$4>+1  !$*'%=�!+,  #  ��'=!�#",  $'/$�3'�  # /"/�!�!01  
2"!$1 !�  )"�=!$  *'�#0;$�6  Rs # *'")"�6!",  + Rsw # *"*�'�5!",  $'/$�3'� ; 

– ;+'+!$  '$ -'0�+%  *"#�'1!" �!01  �'�>+!  !$  !$'3=!",  *"#�'1!" �+  &��"!$  
"&"�"5-+  *" ��   &'" $  )$#��!+%  !�  )"�=!$  *'�#0;$�6  0,3 //  [	 . 2]; 

– "� 3� �#+�  2$7+- +'"#$!!"("  '$2'3;�!+%   �'"+���6!01  -"! �'3-8+,  ()��$��,  
���
 , "&�+8"#-+  &��"!$ ) 2$>+�!",  "&"�"5-+  + ��   #%2�,   #!3�'�!!+/  
"&"'3)"#$!+�/ . 
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8�!-$  
��  2$>+�!",  "&"�"5-+  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  

*'"+2#�)�!$  *"   ��)34>+/  )$!!0/ : 
– *"  *"-$2$!+%/  )$�5+-"#  -"!�'"�6!" -+2/�'+���6!",  $**$'$�3'0  (��� ), 

3 �$!"#��!!01  # 2$>+�!",  "&"�"5-�  3-("  :!�'("&�"-$  �" �"# -",  �9�  # *�'+")  
 �'"+���6 �#$ ; 

– *"  *"-$2$!+%/  )$�5+-"#   +�0  ��� -01, 3 �$!"#��!!01  !$  $!-�'$1  $'/"-$!$�"#  
 + ��/0  *'�)!$*'%=�!+%  2$>+�!",  "&"�"5-+ ;  

– *"  '�23�6�$�$/  +2/�'�!+,  *�'�/�>�!+,   ��!-+  2$>+�!",  "&"�"5-+  *'+  
*"/">+  )$�5+-"#  �+*$  �	�� , 3 �$!"#��!!01  #  '�)!�,  5$ �+  8+�+!)'$  2$>+�!",  
"&"�"5-+  !$  "�/��-�  36,9 / ;  

– *"  '�23�6�$�$/  +2/�'�!+,  (�"/��'+5� -+1  *$'$/��'"#  2$>+�!",  "&"�"5-+  
(�")�2+5� -+/+  /��")$/+ ;  

– *"  '�23�6�$�$/  +2/�'�!+%  ��/*�'$�3'0  #!3�'+  +  !$'3=+  2$>+�!",  "&"�"5-+  
:!�'("&�"-$ , #-�45$% ��/*�'$�3'3  !$  *"#�'1!" �+  &��"!$  + "-'3=$4>�,   '�)0 .  

– *"  '�23�6�$�$/  #+23$�6!"("  -"!�'"�%  !$�+5+�  �'�>+!  !$  *"#�'1!" �+  &��"!$ . 
�'+�/" - )$�"5!0�  + *0�$!+%  2$>+�!",  "&"�"5-+  3-("  :!�'("&�"-$  �" �"# -",  

�9�  *'"#")+�+ 6    08.08.2014 *"  14.08.2014 (")$ .  
�'$7+-  +2/�!�!+%  )$#��!+%  # 2$>+�!",  "&"�"5-�  # *�'+")  *'+�/" - )$�"5!01  

+ *0�$!+,   !$  *'"5!" �6  + (�'/��+5!" �6  *'+#�)�!  !$  '+ 3!-�  1.  
 

 
 

��� . 1. – �'$7+-  +2/�!�!+%  )$#��!+%  (-( / / 2) # 2$>+�!",  "&"�"5-�  # *�'+")  *'+�/" - )$�"5!01  
+ *0�$!+,   !$  *'"5!" �6  + (�'/��+5!" �6  

 
1.1 
��
��  
��  ��@��

�  
�
	
���  �
  �
����
���  

������
�   ���   
 


8�!-$  
��  2$>+�!",  "&"�"5-+  *'+#")+�$ 6  *"  *"-$2$!+%/  )$�5+-"# , 
3 �$!"#��!!01  # 2$>+�!",  "&"�"5-�  3-("  :!�'("&�"-$  �" �"# -",  �9� , 
*'�) �$#��!!01  # #+)�  ('$7+-"#  +2/�!�!+%  !$*'%=�!+,  #  ��'=!�#",  $'/$�3'� , 
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)�7"'/$8+,  # &��"!�  + ��/*�'$�3'0  # 2$#+ +/" �+  "�  #'�/�!+ .  
�  *")$#�%4>�/  &"�6;+! �#�   �35$�#  *"-$2$!+% *'+&"'"#  *" ��   !%�+% !$('32-+  

#"2#'$>$�+ 6  # + 1")!"�   " �"%!+� , $ /$- +/$�6!0�  *"-$2$!+%  ""�#�� �#"#$�+  
/$- +/$�6!",  !$('32-�  ('+ 3!-+  2-3). � -�45�!+�   " �$#�%�+  *'+'$>�!+%  *"-$2$!+,  
*'+&"'"# , '$ *"�$($�/01  # " "&01  �"5-$1  -"! �'3-8++ , ()�  2$  5��  /"/�!�!01  
 " �$#�%4>+1  )�, �#34>+1  3 +�+,  *'"+ 1")+�+  !�3*'3(+�  )�7"'/$8++ . ��$#!0/  
"&'$2"/  # 8+�+!)'+5� -",  5$ �+ , !$  "�/��-$1  &�+2-+1 -  "*"'!"/3  -"�683  + -  
" !"#$!+4  8+�+!)'$ , $ # -3*"�6!",  5$ �+  # 2"!$1, '$ *"�$($�/01  !$  '$)+3 $1  6 + 12 
/��'"#  "�  " +  "&"�"5-+  ('+ 3!"-  4). 

 

 
 

��� . 2. – �'+'$>�!+�  !$*'%=�!+,  # /�'+)+"!$�6!",   ��'=!�#",  $'/$�3'�   + +2/�'�!+%  ��/*�'$�3'0  # 
&��"!�  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+ ,  �#"'  � 1, "�/��-$  13,2 /  

 

 
 

��� . 3. – �'+'$>�!+�  !$*'%=�!+,  # /�'+)+"!$�6!",   ��'=!�#",  $'/$�3'�   + +2/�'�!+%  ��/*�'$�3'0  # 
&��"!�  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+ ,  �#"'  � 1, "�/��-$  32,6 /  
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��� . 4. – �'+'$>�!+�  !$*'%=�!+,  # /�'+)+"!$�6!",   ��'=!�#",  $'/$�3'�   + +2/�'�!+%  ��/*�'$�3'0  

# &��"!�  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+ ,  �#"'  � 1, -3*"� , R=6 /  
 

�$-+/  "&'$2"/ , 1$'$-��'  *'+'$>�!+,  !$*'%=�!+,  #  ��'=!�#",  $'/$�3'�  # 
*�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+  *"-$2$� , 5�"  -"! �'3-8+%  
'$&"�$��  # 3*'3(",   �$)++ , � .- . *" ��   !%�+% !$('32-+  *"-$2$!+% *'+&"'"#  
#"2#'$>$4� %  # + 1")!"�  !3��#"�   " �"%!+� . 9�"  *"2#"�%��  3�#�'=)$�6 , 5�"  2$>+�!$% 
"&"�"5-$  3)"#���#"'%��  *'"�-�!0/  -'+��'+%/  "8�!-+  
��  # *�'+")  *'+�/" -
 )$�"5!01  + *0�$!+, . 

�" -"�6-3  *" ��   !%�+% !$('32-+  "�  #!3�'�!!�("  )$#��!+%  *"-$2$!+% *'+&"'"#  
#"2#'$>$4� %  # + 1")!"�  !3��#"�   " �"%!+� , /"=!"  ("#"'+�6  "   "#/� �!" �+  '$&"�0  
*'")"�6!",   ��'=!�#",  $'/$�3'0  + &��"!$  "&"�"5-+  ('$#�! �#"  )�7"'/$8+,  &��"!$  + 
 ��'=!�#",  $'/$�3'0 ).  

 
1.2 
��
��  ����
�
��  ���	��  �  ���
��
���?  ���
  �
  

�
����
���  ������
�  ��	�  ��� -01 
 

��23�6�$�0  +2/�'�!+,  3 +�+,  #  $'/"-$!$�$1  2$>+�!",  "&"�"5-+  *'+  + *0�$!+%1  
!$  (�'/��+5!" �6  + *'"5!" �6  *"-$2$�+ :  

– )$�5+-+   +�0  ��� -01 '$&"�$�+   �$&+�6!" , 5�"   #+)����6 �#3��  "  !$)�=!",  
'$&"�� ;  

– "� 3� �#34�  "�-$20  # '$&"��  $'/"-$!$�"#  ���
 , 5�"   #+)����6 �#3��  "& +1 
!$)�=!" �+ ;  

– *'$-�+5� -+  "� 3� �#34�   +2/�!�!+%  3 +�+,  !$  �%=!01  $!-�'$1  $'/"-$!$�"#  # 
2$#+ +/" �+  "�  #��+5+!0  #!3�'�!!�("  )$#��!+%  # 2$>+�!",  "&"�"5-� , *" -"�6-3  
)�, �#34�   +�0  �'�!+%  *"-"%  /�=)3  $'/"-$!$�"/  + -$!$�""&'$2"#$����/  + 
"� 3� �#34�  +2/�!�!+%  (�"/��'++  "&"�"5-+  # *'+$!-�'!",  2"!� .  

�  -$5� �#�  *'+/�'$  # �$&�+8�  �  1 *'+#�)�!0  '�23�6�$�0  +2/�'�!+,  3 +�+,  # 
"�)��6!01  $'/"-$!$�$1  -3*"�$  2$>+�!",  "&"�"5-+  *'+  + *0�$!+%1  !$  (�'/��+5!" �6  + 
*'"5!" �6 .  
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�$&�+8$  1. – ��23�6�$�0  +2/�'�!+,  3 +�+,  # "�)��6!01  $'/"-$!$�$1  -3*"�$  2$>+�!",  
"&"�"5-+  *'+  + *0�$!+%1  !$  (�'/��+5!" �6  + *'"5!" �6   

�  
�'/"-$!$�$  

�$�$  
08.08.14, 
)$#��!+�  
0,0 ��$  
� +�+� , 

�  

�$�$  
10.08.14, 
)$#��!+�  
0,07��$  
� +�+� , 

�  

�$�$  
10.08.14, 
)$#��!+�  
0,19��$  
� +�+� , 

�  

�$�$  
10.08.14, 
)$#��!+�  
0,29��$  
� +�+� , 

�  

�$�$  
11.08.14, 
)$#��!+�  
0,39��$  
� +�+� , 

�  

�$�$  
12.08.14, 
)$#��!+�  
0,45��$  
� +�+� , 

�  

�$�$  
13.08.14, 
)$#��!+�  
0,39��$  
� +�+� , 

�  

�$�$  
13.08.14, 
)$#��!+�  
0,07��$  
� +�+� , 

�  

�$�$  
14.08.14, 
)$#��!+�  
0,0 ��$  
� +�+� , 

�  

K-5A 865,1 863 864,7 864 864,4 864,3 863,2 864,2 865,2 
� -10�  818,8 815,9 818 816,2 817,5 817,3 816 817,4 819,7 
� -11�  829,7 827 830,4 827,4 829 828,3 826,7 828,8 831,7 
� -12�  803,8 801,2 804,4 802 803,5 802,6 801,4 803 806,8 
� -13�  831,7 828,9 833 829,7 831,5 830,1 828,6 831,6 834,7 
� -14�  850,9 848,4 851,6 849,2 850,7 849,4 848,3 850,4 853,1 
� -14�  841,4 838 841,2 838,4 840,4 839,9 838 840,1 842,8 
� -15�  844,5 840,9 844,9 841,4 843,7 842,7 841 843,9 846,6 
� -16�  813 809 813,8 809,6 812 810,8 808,7 812,3 815 

 
1.3 
��
��  ����	����
�  ����
�
��  ������@�
��  ��@��

�  


�
	
���  �
  �
����
���  �	��  
 

�  *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+  :!�'("&�"-$  �  3 
�" �"# -",  �9�  *�'�/�>�!+%  +2/�'%�+ 6  )#3/% !�2$#+ +/0/+  /��")$/+ : *'+  
*"/">+  12 )$�5+-"#  �+*$  �	�� , 3 �$!"#��!!01  #  '�)!�,  5$ �+  8+�+!)'$  2$>+�!",  
"&"�"5-+ , !$  "�/��-�  36,9 / . + (�")�2+5� -+/+  /��")$/+ .  

�"  '�23�6�$�$/  *"-$2$!+,  )$�5+-"#  �	��  # *�'+")  *'+�/" - )$�"5!01  
+ *0�$!+,  2$>+�!",  "&"�"5-+  *" �'"�!0  ('$7+-+  +2/�'�!+%  *�'�/�>�!+,   ��!-+  
 ""'3=�!+%  # '$)+$�6!"/  !$*'$#��!++  !$  "�/��-�  36,9 /  #  �#"'$1  �  1-4.  

�0*"�!�!!$%  "8�!-$  +2/�'�!+,  *�'�/�>�!+,   ��!-+  2$>+�!",  "&"�"5-+  # 
*�'+")  *'+�/" - )$�"5!01  + *0�$!+,  *"-$2$�$ , 5�"  # �  12 )$�5+-"#  �	��  !$1")%� % # 
'$&"�" *" "&!"/   " �"%!++ , # -$=)"/   �#"'�  !$&�4)$�� %  1"'";$%   1")+/" �6  
*"�35�!!01  '�23�6�$�"# .  

�'+  /$- +/$�6!",  #��+5+!�  #!3�'�!!�("  )$#��!+% , '$#!",  0,45 ��$ , 
/$- +/$�6!0�  *�'�/�>�!+%  2$7+- +'"#$!0  # *�'#"/   �#"'�  +  " �$#�%4�  8,23 //  ( / . 
'+ 3!"-  5).  

 
 

��� .  5. – �'+'$>�!+%  *�'�/�>�!+,   ��!-+  2$>+�!",  "&"�"5-+  # *�'+")  *'+�/" - )$�"5!01  
+ *0�$!+, , "�/��-$  36,9 / ,  �#"'  � 1 
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�  �$&�+8�  2 *'+#�)�!0   '�)!+�  *�'�/�>�!+%   ��!-+  "�  "&=$�+% 2$>+�!",  
"&"�"5-+ , "*'�)���!!0�  *"  *"-$2$!+%/  �'�1  )$�5+-"#  �	��  # -$=)"/   �#"'� , ()�  
/"=!"  #+)��6 , 5�"  *�'�/�>�!+%  2$>+�!",  "&"�"5-+  "�  *'�)#$'+���6!"("  !$*'%=�!+%  
2!$5+���6!"  #0;�  *�'�/�>�!+,  *'+  #"2)�, �#++  /$- +/$�6!"("  + *0�$���6!"("  
#!3�'�!!�("  )$#��!+% , '$#!"("  0,45 ��$ . �'+  :�"/  /$- +/$�6!0�  *'�#0;�!+%  
'$)+$�6!01  *�'�/�>�!+,  -  " +  "&"�"5-+  !$&�4)$4� %  # �'��6�/   �#"'�  + 
 " �$#�%4�  -5,72 //  +�+  44,14%, /+!+/$�6!0�  – #" #�"'"/   �#"'�  -2,14 //  +�+  
22,46%.  

�5+�0#$%, 5�"  +2/�'�!!0�  #��+5+!0  *'+'$>�!+,  *�'�/�>�!+,  # 2$>+�!",  
"&"�"5-�  "�  *'�)!$*'%=�!+%  2!$5+���6!"  *'�#0;$4�   ""�#�� �#34>+�  #��+5+!0  
*'+'$>�!+%  *�'�/�>�!+,  "�  +2&0�"5!"("  + *0�$���6!"("  )$#��!+% , 2$>+�!$% 
"&"�"5-$  3)"#���#"'%�  *'"�-�!0/  -'+��'+%/  "8�!-+  
��  # *�'+")  *'+�/" - )$�"5!01  
+ *0�$!+, .  

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

*'�)!$*'%=�!+%  + /$- +/$�6!"("  + *0�$���6!"("  #!3�'�!!�("  )$#��!+%  
 

�   �#"'$  �'�)!+�  
*�'�/�>�!+%  "�  

"&=$�+% "&"�"5-+ , 
//  

�'�)!+�  
*�'�/�>�!+%  *'+  

)$#��!++  0,45 
��$ , //  

�'�#0;�!+�  
*�'�/�>�!+,  "�  "&=$�+% 

"&"�"5-+  
//  % 

1 -10,7 7,95 -2,75 25,70 

2 -9,53 7,39 -2,14 22,46 

3 -12,96 7,24 -5,72 44,14 

4 -12,15 7,22 -4,93 40,58 

 
 

1.4 
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��  ����	����
�  ����
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��  ��
����������?  
��������
�  ��@��

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

 
�  *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  #0*"�!%�+ 6  '$&"�0  *"  +2/�'�!+4  

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

$  '+ 3!-�  6 *'+#�)�!0  ('$7+-+  +2/�'�!!01  2!$5�!+,  '$)+$�6!01  *�'�/�>�!+,  

8+�+!)'+5� -",  5$ �+  2$>+�!",  "&"�"5-+ , '$ *"�"=�!!",  #0;�  "& �'",-+  !$  
"�/��-$1  47, 48 + 50 / ,  �#"'  �  4. 
$  '+ 3!-�  7 *'+#�)�!0  ('$7+-+  +2/�'�!!01  
2!$5�!+,  *�'�/�>�!+,  -3*"�6!",  5$ �+  2$>+�!",  "&"�"5-+ .  

��23�6�$�0  +2/�'�!+,  *"-$20#$4� , 5�"  /$- +/$�6!0�  *�'�/�>�!+%  "�  
#"2)�, �#+%  + *0�$���6!"("  #!3�'�!!�("  )$#��!+%  #  '�)!�,  5$ �+  -3*"�$  !�  
*'�#0;$4�  10 // , 5�"  7$-�+5� -+  # )#$ '$2$ /�!6;�  $!$�"(+5!01  *�'�/�>�!+,  *'+  
*'�)!$*'%=�!++  2$>+�!",  "&"�"5-+ . ���)"#$���6!" , *'"�-�!0,  -'+��'+,  "8�!-+  
��  
"  *'�#0;�!++   =+/$4>+1  *�'�/�>�!+,  2$>+�!",  "&"�"5-+  "�  *'�)!$*'%=�!+%  !$)  
'$ �%(+#$4>+/+  *�'�/�>�!+%/+  "�  + *0�$���6!"("  #!3�'�!!�("  )$#��!+%  
#0*"�!%�� % .  
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��� . 6. – �'+'$>�!+%  *�'�/�>�!+,   ��!-+  2$>+�!",  "&"�"5-+  # *�'+")  

*'+�/" - )$�"5!01  + *0�$!+, , "�/��-$  47.0, 48.0 + 50 / ,  �#"'  � 4 
 

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

*'+�/" - )$�"5!01  + *0�$!+, ,  �#"'  �  4/3 
 

1.5 ����	�����  ������
��  �����������  ��@��

�  
�
	
���  �  
����
�  �����
 -����
�
�?  ������
��   

 
�'+#�)�!0  '�23�6�$�0  +2/�'�!+%  ��/*�'$�3'0  #!3�'+  +  !$'3=+  2$>+�!",  

"&"�"5-+  :!�'("&�"-$  �  3 �" �"# -",  �9�  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+, , 
#-�45$% ��/*�'$�3'3  !$  *"#�'1!" �+  &��"!$  + "-'3=$4>�,   '�)0  ( / . �$&�+83 �  3). 
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������  50 �
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9�+  '�23�6�$�0  + *"�62"#$!0  # 3�"5!%4>+1  '$ 5��$1  !$*'%=�!!" -)�7"'/+'"#$!!"("  
 " �"%!+%  2$>+�!",  "&"�"5-+  "�  #"2)�, �#+%  !$('32"- , )�, �#34>+1  # *�'+")  *'+�/" -
 )$�"5!01  + *0�$!+, . �'+  :�"/  !$  #!3�'�!!�,  *"#�'1!" �+   ��!0  2$>+�!",  "&"�"5-+  
��/*�'$�3'$  +2/�'%�$ 6  !$  "�/��-�  36 + 45 / , $  !$'3=+  – !$  "�/��-�  46 / .  

 
�$&�+8$  3. – ��23�6�$�0  +2/�'�!+%  ��/*�'$�3'0  #!3�'+  +  !$'3=+  2$>+�!",  

"&"�"5-+  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  

�$�$  �'�/%  

��/*�'$�3'$  #!3�'+  "&"�"5-+  ��/*�'$�3'$   !$'3=+  "&"�"5-+  


�/ ., 
/ . 

T #"2. 
°� . 

�  *"# . &��"!$  # 
 �#"'$1 , °�  
�/ ., 

/ . 
T #"2. 

°� . 

�  *"# . &��"!$  # 
 �#"'$1 ,°�  

1 2 3 4 1 2 3 4 

08.08.14 08:00 
36 

40 
39 37 39 37 

46 30 25 27 33 29 
45 38 37 38 37 

08.08.14 12:00 
36 

39 
39 39 40 38 

46 32 29 32 38 30 
45 39 39 39 37 

08.08.14 16:00 
36 

38 
38 39 39 38 

46 37 30 34 39 30 
45 39 39 39 37 

08.08.14 20:00 
36 

36 
39 39 39 38 

46 32 32 32 36 30 
45 39 40 39 40 

08.08.14 24:00 
36 

36 
38 38 39 39 

46 30 31 31 34 29 
45 39 39 39 39 

09.08.14 04:00 
36 

34 
37 38 38 37 

46 24 29 28 30 26 
45 38 39 39 39 

 
��/*�'$�3'$  # &��"!�  2$>+�!",  "&"�"5-+  "*'�)��%�$ 6  *"   '�)!�,  #��+5+!�  

��/*�'$�3'0  # 2$>+�!",  "&"�"5-� , $ �$-=�  *"  *"-$2$!+%/  )$�5+-"#  �+*$  ���  
(*'�"&'$2"#$����,  ��/*�'$�3'0   �'3!!01 ), 3 �$!"#��!!01  !$  ����  2$>+�!",  "&"�"5-+ .  

�  !$5$��  + *0�$!+,   '�)!%%  ��/*�'$�3'$  #!3�'+  "&"�"5-+   " �$#�%�$  *"'%)-$  
37 °� , *" ��*�!!"  3#��+5+#$% 6 -  /"/�!�3  )" �+=�!+%  /$- +/$�6!"("  )$#��!+%  
(0,45 ��$ ) )"  39 °� , *" ��  5�("  !$&�4)$�" 6   !+=�!+�  ��/*�'$�3'0 . 
$  2$#�';$4>�/  
:�$*�  + *0�$!+,  ��/*�'$�3'$   !+2+�$ 6  )"  34 °� .   

�  *�'+")  *'+�/" )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+  *"  *"-$2$!+%/  
)$�5+-"#  ���  /+!+/$�6!$%  ��/*�'$�3'$  !$&�4)$�$ 6  #&�+2+ " !"#$!+% , !$  "�/��-�  
13,2 / , +  " �$#�%�$  29 °� . �   '�)!�,  5$ �+  8+�+!)'$ , !$  "�/��-�  32,6 / , ��/*�'$�3'$  
 " �$#�%�$  32÷39 °� . �'+  :�"/ , /+!+/$�6!$%  ��/*�'$�3'$  2$7+- +'"#$!$  #&�+2+ 
 �#"'$  �  3, $ /$- +/$�6!$%  – #&�+2+  �#"'$  �  2. �  -3*"�6!",  5$ �+  "&"�"5-+  
/$- +/$�6!$%  ��/*�'$�3'$  &��"!$   " �$#�%�$  39 °� .    

 
2 ����
�
��  ������
�?  �  ������

�?  �
���
��  
��  

��@��

�  
�
	
���  �  ����
��  �����
 -����
�
�?  
������
��  

 
2.1 
����
��  ����	�

�  ������

�  �
��	�  ��@��

�  


�
	
���  9
���
�	
��  �  3 �
��
���
�  �9�  
 

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

/")��+  2$>+�!",  "&"�"5-+  3-("  :!�'("&�"-$  �" �"# -",  �9� , '$2'$&"�$!!",  )�% 
$!$�+2$ !$*'%=�!!" -)�7"'/+'"#$!!"("   " �"%!+%  (
�� ) �
 , #-�45$4>�,  188532 
"&.�/!01  -"!�5!01  :��/�!�$ , 208716 32�"#  (&"���  600000  ��*�!+   #"&")0 ) + "-"�"  
68000  ��'=!�#01  -"!�5!01  :��/�!�"#  (/")��+'34>+1   ��'=!�#34  $'/$�3'3 ). 
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$('32-$  "�  -$=)"("  -$!$�$  #05+ �%�� % "�)��6!"    35��"/  �("  (�"/��'++ , 3 +�+% 
!$�%=�!+% + *"��'6  # �1  #+)"#  ($!-�'"#-$ , �'�!+� , '��$- $8+%  + )' .) [	 . 3]. 

 

 
 

��� . 8. – �"!�5!":��/�!�!$%  /")��6  �
  �'��6�("  :!�'("&�"-$  �" �"# -",  �9�  
 


$  '+ 3!-�  9 *"-$2$!"  '$ *'�)���!+�  +!��! +#!" �+  !$('32-+  *"   '�)+!!",  
*"#�'1!" �+  /")��+  "&"�"5-+ , -"�"'"�   ""�#�� �#3��  *'"�-�!",  �'$  +'"#-�  
!$*'%($�/01  -$!$�"# . ��$#!0�  " +  2$>+�!",  "&"�"5-+   ""�#�� �#34�   ��)34>+/  
3(�$/  "�!" +���6!"  #�'�+-$�6!",  " +  /")��+ : I – 1600, II – 2500,  III – 3400, IV – 700. 
��#"'0  ���   ""�#�� �#34�   ��)34>+/  3(�$/  "�!" +���6!"  #�'�+-$�6!",  " +  /")��+ : 
I – 1400, II – 2300,  III – 3200, IV – 500. �("�  00 # /")��+   ""�#�� �#3��  3(�3  " +  -'3*!01  
*'"1")"-  (R=3 /  + R=4 / ). 

 

 
 

��� . 9. – �$ *'�)���!+�  +!��! +#!" �+  !$('32-+  *"   '�)+!!",  *"#�'1!" �+  /")��+  "&"�"5-+  
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�'+  '$  /"�'�!++  )�7"'/+'"#$!+%  =���2"&��"!!01   �'"+���6!01  -"! �'3-8+,  
*'+  #0 "-+1  3'"#!%1  !$('3=�!+%  !�"&1")+/"  35+�0#$�6 !��+!�,!0�  :77�-�0  '$&"�0  
&��"!$ ,  #%2$!!0�    "&'$2"#$!+�/  /+-'"  + /$-'"  �'�>+!  # &��"!� . �  $�("'+�/�  ��  
CONT (*$ *"'�  $��� �$8++  �  347 "�  21 !"%&'% 2013 (")$ ), + *"�62"#$!!"/  # )$!!",  
'$&"��  )�% '$ 5��$  
��  �
  3-("  &�"-$  �" �"# -",  �9� , )$!!0�  :77�-�0  35+�0#$4� % 
!$  " !"#�  "'�"�'"*!",  /")��+  &��"!$ , -"�"'$%  &$2+'3�� % !$  *'�)*"�"=�!++ , 5�"  
&��"!  '$&"�$��  *"  !$*'$#��!+%/  (�$#!01  !$*'%=�!+,  +�+  (�$#!01  )�7"'/$8+, ,   
-"�"'0/+   "#*$)$4�  " +  "'�"�'"*++ . 
 !"#0  ��"'++  +2�"=�!0 , !$*'+/�' , # 
/"!"('$7++  
 .� . �$'*�!-"  [	 . 4].  

 
2.2 ����	�����  �������  
��  ��@��

�  
�
	
���  9
���
�	
��  

� 3 �
��
���
�  �9�  �����  �����
 -����
�
���  
������
����  

 
�'+#�)�!0  '�23�6�$�0  '$ 5��"#  
��  2$>+�!",  "&"�"5-+  3-("  &�"-$  �" �"# -",  

�9�  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+,  # *'"8�  �  *'+�"=�!+%  + *0�$���6!"("  
)$#��!+%    35��"/  )�, �#34>+1  !$  :�"�  *�'+")  #'�/�!+  3 +�+,  # $'/"-$!$�$1  ���
  + 
��/*�'$�3'  "-'3=$4>�,   '�)0 . �$ 5��0  *'"#")+�+ 6  # !��+!�,!",  *" �$!"#-�  )�% 
)" �+=�!+%  �35;�("   ""�#�� �#+%  '$ 5��!01  + :- *�'+/�!�$�6!01  )$!!01 .  


*'�)���!"  )�7"'/+'"#$!!"�   " �"%!+�  + '$ *'�)���!+%  /�'+)+"!$�6!01  + 
"-'3=!01  !$*'%=�!+,  # &��"!�  !$  #!�;!�,  *"#�'1!" �+  2$>+�!",  "&"�"5-+  # 
*'"8�  �  ��   �3*�!5$�"("  + *0�$���6!0/  )$#��!+�/  "�  0,07 )"  0,45 ��$ . �2/�!�!+�  
7"'/0  �
  *"-$2$!"  # 3#��+5�!!"/  /$ ;�$&�  (  3/!"=�!+�/  *�'�/�>�!+,  32�"#  
/")��+  !$  200).  

�"=!"  "�/��+�6 , 5�"  2$ + -�45�!+�/  �"-$�6!01  "&�$ ��,  !$  -3*"��  &��"!  
2$>+�!",  "&"�"5-+  '$&"�$��  #  " �"%!++  )#31" !"("   =$�+%, 5�"  "&� *�5+#$��  ��  
'$&"�" *" "&!" �6  )$=�  *'+  /$- +/$�6!",  + *0�$���6!",  !$('32-�  ('+ 3!"-  10).  

 

 
 

��� . 10. – �$ *'�)���!+�  /�'+)+"!$�6!01  !$*'%=�!+,  [��$ ] !$  #!�;!�,  *"#�'1!" �+  2$>+�!",  
"&"�"5-+  *'+  #"2)�, �#++  + *0�$���6!"("  )$#��!+%  � =0,45 ��$  
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�  �$&�+8�  4 *'+#�)�!"   '$#!�!+�  '$ 5��!01  + +2/�'�!!01  2!$5�!+,  
*�'�/�>�!+,   ��!-+  2$>+�!",  "&"�"5-+  *'+  #"2)�, �#++  *'�)!$*'%=�!+%  + 
/$- +/$�6!"("  + *0�$���6!"("  #!3�'�!!�("  )$#��!+%  !$  "�/��-�  36,9 / . �"=!"  
"�/��+�6  1"'";��   ""�#�� �#+�  '$ 5��!01  + :- *�'+/�!�$�6!01  '�23�6�$�"# .   
 
�$&�+8$  4. – �'$#!�!+�  '$ 5��!01  + +2/�'�!!01  2!$5�!+,  *�'�/�>�!+,   ��!-+  

2$>+�!",  "&"�"5-+  *'+  #"2)�, �#++  *'�)!$*'%=�!+%  + /$- +/$�6!"("  
+ *0�$���6!"("  #!3�'�!!�("  )$#��!+%  !$  "�/��-�  36,9 /  

 
�   �#"'$  �'+'$>�!+%  '$)+$�6!01  

*�'�/�>�!+,   ��!-+   "&"�"5-+  "�  
"&=$�+%, //  

�2/�'�!!0� /'$ 5��!0�  

�'+'$>�!+%  '$)+$�6!01  
*�'�/�>�!+,   ��!-+  "&"�"5-+  *'+  

)$#��!++  0,45 ��$ , //  
�2/�'�!!0� /'$ 5��!0�  

1 -10,7 / -9.8 7,95 / 7.6 
2 -9,53 / -9.62 7,39 / 6.9 
3 -12,96 / -12.4 7,24 / 7.1 
4 -12,15 / -12.6 7,22 / 6.8 

 
�!$�+2  *"�35�!!01  '�23�6�$�"#  *"-$2$� , 5�"  '$ 5��!0�  2!$5�!+% 

*�'�/�>�!+,  + *$'$/��'"#  !$*'%=�!!" -)�7"'/+'"#$!!"("   " �"%!+%  2$>+�!",  
"&"�"5-+  :!�'("&�"-$  �  3 �" �"# -",  �9�  *'+  ��  *'�)!$*'%=�!++  + # *'"8�  �  
*'+�/" - )$�"5!01  + *0�$!+,  -$5� �#�!!"  + -"�+5� �#�!!"   ""�#�� �#34�  
+2/�'�!!0/ . �$- +/3/0  + 2!$-+  '$ �%(+#$4>+1  +  =+/$4>+1  !$*'%=�!+,  
'$ *"�$($4� %  # ��1  =�  2"!$1, ()�  "!+  "*'�)���!0  + *'+  +2/�'�!+%1 .  

 
3 ����	�����  �

��
	�  ���@�

��
��
���  ��@��

�  


�
	
���  
 

��'�)  + *0�$!+%/+  + # *'"8�  �  + *0�$!+,  2$>+�!",  "&"�"5-+  #0*"�!%� %  
#+23$�6!0,  -"!�'"�6    8��64  #0%#��!+% �'�>+!  # &��"!�  + +1 *$'$/��'"#  [	 . 5].  

�2/�'�!+%  *'"+2#")+�+ 6    *"/">64  /+-'" -"*$  +2/�'+���6!"("  ��� -3 + �3*0  
+2/�'+���6!",  	� -3-10? . 

�"�35�!!0�  '�23�6�$�0  *"-$2$�+ , 5�"  ;+'+!$  '$ -'0�+%  �'�>+!  !$  !$'3=!",  
*"#�'1!" �+  &��"!$  "&"�"5-+  *'+  #"2)�, �#++  + *0�$���6!"("  #!3�'�!!�("  )$#��!+%  + 
*" ��   &'" $  )$#��!+%  !�  *'�#0;$�$  0,3 // , 5�"  3)"#���#"'%��  !"'/$�+#!0/  
�'�&"#$!+%/  )�, �#34>�,  !"'/$�+#!",  )"-3/�!�$8++  [	 . 2].  

 
���
��  

 
1) 
$  " !"#�  '�23�6�$�"#  '$ 5��$  + +2/�'�!+%  *$'$/��'"#  
��   �'"+���6!01  

-"! �'3-8+,  2$>+�!",  "&"�"5-+    *"/">64  ���  ���  
�� , -"!�'"�%  3 +�+,  
!$�%=�!+% $'/"-$!$�"#  ���
    *"/">64  (+)'")"/-'$�"#  +   35��"/  *"-$2$!+,  
)$�5+-"#  ��� -01 ��� , +2/�'�!+%  (�"/��'+5� -+1  *$'$/��'"#  2$>+�!",  "&"�"5-+  
(�")�2+5� -+/+  /��")$/+  + +1 $!$�+2$ 3 �$!"#��!" , 5�"  :- *�3$�$8+"!!$%  
*'+(")!" �6  2$>+�!",  "&"�"5-+  :!�'("&�"-$  �  3 �" �"# -",  �9�  "&� *�5+#$�� %  
( ""�#�� �#3��  *'"�-�!0/  �'�&"#$!+%/ ).  

2) ?$'$-��'  *'+'$>�!+,  !$*'%=�!+,  #  ��'=!�#",  $'/$�3'�  # *�'+")  *'+�/" -
 )$�"5!01  + *0�$!+,  2$>+�!",  "&"�"5-+  *"-$2$� , 5�"  -"! �'3-8+%  '$&"�$��  # 3*'3(",  
 �$)++ , � .- . *" ��   !%�+% !$('32-+  *"-$2$!+% *'+&"'"#  #"2#'$>$4� %  # + 1")!"�  
!3��#"�   " �"%!+� . 9�"  *"2#"�%��  3�#�'=)$�6 , 5�"  2$>+�!$% "&"�"5-$  3)"#���#"'%��  
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*'"�-�!0/  -'+��'+%/  "8�!-+  
��  # *�'+")  *'+�/" - )$�"5!01  + *0�$!+, .  
3) �'$#!�!+�  )�7"'/$8+,  # &��"!�  + !$*'%=�!+,  #  ��'=!�#",  $'/$�3'� , 

+2/�'�!!01  *'+  *'�)!$*'%=�!++  + # *�'+")  #"2)�, �#+%  /$- +/$�6!"("  
+ *0�$���6!"("  )$#��!+%  *"-$2$�" , 5�"  #" # �1   �35$%1 "� 3� �#34�  '$ �%(+#$4>+�  
!$*'%=�!+%  + )�7"'/$8++ , 5�"  *"2#"�%��   )��$�6  #0#")  "  )" �$�"5!"/  3'"#!�  
*'�)!$*'%=�!+%  2$>+�!",  "&"�"5-+  :!�'("&�"-$  �  3 �" �"# -",  �9� . 

4) ��23�6�$�0  !$�3'!01  !$&�4)�!+,  *'+  *'"#�)�!++  *'+�/" - )$�"5!01  
+ *0�$!+,  *"-$2$�+ , 5�"  ;+'+!$  '$ -'0�+%  *"#�'1!" �!01  �'�>+!  !$  !$'3=!",  
*"#�'1!" �+  &��"!$  2$>+�!",  "&"�"5-+  *'+  #"2)�, �#++  + *0�$���6!"("  #!3�'�!!�("  
)$#��!+%  + *" ��   &'" $  )$#��!+%  !�  *'�#0;$�$  0,3 // , 5�"  3)"#���#"'%��  
!"'/$�+#!0/  �'�&"#$!+%/ . 
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Abstract – The assessment of the intense deformed condition of the Rostov NPP power unit � 3 
protective cover is given in work from the moment of the termination of pretension to acceptance 
tests. 
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�
 . � �'", �#"    2$=$�0/  "&.�-�"/  *�'�/�>$�� %  !$  2$)$!!34  ��1!"�"(+5� -34  
*"2+8+4 . 
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��� . 2. – �$1#$� $#�"/$�+5� -+,  3!+#�' $�6!0, : 1 – 2$8�*, 2 – " 6  2$8�*$, 3 – -'4- , 4 – >�-$  (��#$%, 
*'$#$%), 5 – " 6  >�-+ , 6 – *"�23! , 7 – " 6  *"�23!$ , 8 – " 6  '05$($ , 9 – '05$(  (��#0, , *'$#0, ), 10 – -"'*3 , 

11 – " 6  *")#� $  *"�23!$ . ��  – *$2 )�% *�'�/�>�!+%  *"�23!$ ; ��  – *$2 )�% *�'�/�>�!+%  -'4-$ ; 
�
  – *"#�'1!" �6  )�% "&� *�5�!+%   #"&")!"("  #1")$ + #01")$  "&.�-�$  

 

 #"&"=)�!+�  "&.�-�$  +2 2$1#$�$ *'"+ 1")+�   ��)34>+/  "&'$2"/ . 
&.�-�  

)"�=�!  &0�6 3 �$!"#��!  !$  !�*")#+=!"/  " !"#$!++ . �$8�*  1   -'4-"/  3 !$  " +  2$8�*$ 
2 !$5+!$��  )#+=�!+�  #!+2. �"�23!  6 *'+  "*3 -$!++  "&.�-�$  !$  *�" -" �6  
��1!"�"(+5� -",  *"2+8++, !$1")% 6 # 2$1#$�� -'4-$  3, *'")"�=$��  "*3 -$�6 % , " 6  
*"�23!$  7 "*3 -$% 6, *"#"'$5+#$��  ��#0,  + *'$#0,  '05$(+  9, " #"&"=)$%  "&.�-�  +2 
2$1#$�$, -'4-  3 *'")"�=$��  )#+=�!+�  !+=�  " +  11 +   *"/">64  *").D/!"("  
3 �'", �#$  #0#")+� %  +2 2"!0  2$8�*��!+%  #*'$#"  # *$23 )�% -'4-$  �� . �$8�*  1   
-'4-"/  3   *"/">64  *").D/!"("  3 �'", �#$  !$5+!$��  )#+=�!+�  ##�'1 ; -'4-  3, 
*")!+/$% 6  + *�'�/�>$% 6  #��#" , 2$1#$�0#$�� " 6  5 >�-+ , *")!+/$%  ���  3=�  &�2 
"&.�-�$ . � �'", �#"  ("�"#"  -   ��)34>�,  "*�'$8++ . 
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��� . 3. – �$1#$� $#�"/$�+5� -+,  3!+#�' $�6!0,  # *'"8�  �  "*�'$8++    8+�+!)'+5� -+/  "&.�-�"/  
 

� *0�$!+�  2$1#$�$ # �$&"'$�"'!01  3 �"#+%1;  -$-  *'�) �$#��!"  !$  '+ 3!-�  3 
*"-$2$�+  �("  *"�!34  73!-8+"!$�6!34  *'+(")!" �6 . 

 
9����
����
���  ��?���  �����  (9�� ) 

 
�'+  )�/"!�$=�  '$)+"$-�+#!"("  "&"'3)"#$!+%  !�"&1")+/"  *")!+/$�6  �'3&0  

'$2�+5!01  )+$/��'"#   *" "&"/ , "&� *�5+#$4>+/  *'"8�   )�/"!�$=$  *"  &�2�4)!",  
��1!"�"(++ . �  �$-"/   �35$�  8��� ""&'$2!"  *'+/�!�!+�  $#�"/$�+5� -+1  +�+  
*"�3$#�"/$�+5� -+1  ('32"2$1#$�!01  3 �'", �# , '$&"�$4>+1  *"  *'+!8+*3  2$1#$�$ + 
2$=+/$ "&.�-�$  *"  #!3�'�!!�,  *"#�'1!" �+ . � *"�623%  *'+!8+*  '$&"�0  :- 8�!�'+-$ , 
'$  /"�'+/  #"2/"=!0,  #$'+$!�  -"! �'3-�+#!",   1�/0  9��  )�% 2$1#$�$ �'3&0 , 
3 �$!"#��!!",  #�'�+-$�6!" , -$-  *'�) �$#��!"  !$  '+ 3!-�  4. 

�  -$!$�3  1 *").D/!"("  3 �'", �#$  -'�*+� %  3 �'", �#"  *")#� $  2, -  -"�"'"/3  
*'+-'�*�D!  *"�23!  3 *'%/"3("�6!"("   �5�!+% , -'4-  14 *")#�;�!  !$  " +  -  *"�23!3  3. 

�$&"�$  3 �'", �#$  *'"+ 1")+�   ��)34>+/  "&'$2"/ . 
� �'", �#" , *")#�;�!!"�  !$  -$!$��  1 -  *").�/!"/3  3 �'", �#3  !$  " +  2 *")#� $ , 

-  -"�"'"/3  *'+-'�*�D!  *"�23!  *'%/"3("�6!"("   �5�!+%  3, "*3 -$�� %  !$  "&.�-�  (�'3&$  
5). �"!3  !$*'$#�%4>+,  13 3 �'", �#$  *'�)!$2!$5�!  )�% 3)"& �#$  �"5!"("  !$#�)�!+%  
!$  �'3&3  5. � �'", �#"  *'")"�=$��  "*3 -$�6 % , !$1")% 6 #!3�'+  �'3&0  5, )"  �"("  
/"/�!�$  -$-  *" $)"5!0,  �"'�8  16 -"'*3 $  12 1")"#"("  8+�+!)'$   "*'+-" !D� %    
#�'1!�,  -'"/-",  �'3&0  5. �"�23!  3 *'")"�=$��  )#+=�!+�  #!+2, *'+  :�"/  -'4-  14 
"�-�"!%�� %  "�!" +���6!"  " +   #"�("  *")#� $  #��#"  *"  5$ "#",   �'��-�  *'+  -"!�$-��  
�("  !$*'$#�%4>�,  *"#�'1!" �+  
�    " 64  6 *'"3;+!0  #�'1!�, , )"  �"("  /"/�!�$  -$-  
" 6  *'"3;+!0  #�'1!�,  6 "-$=�� %  *")  2$1#$�"/  -'4-$  14,  *" ��  5�("  " 6  6 *'"3;+!0  
8 "-$20#$�� % # 2�#�  -'4-$ .  
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��� . 4. – �"�3$#�"/$�+5� -+,  :- 8�!�'+-"#0,  2$1#$� �'3&0 : 1 – -$!$� , 2 – " 6  3 �'", �#$  *")#� $ , 

3 – *"�23!  *'%/"3("�6!"("   �5�!+% , 4 – 3*"'!$,  �"'�8  1")"#"("  8+�+!)'$ , 5 – �'3&$ , 
6 – " 6  *'"3;+!0  #�'1!%%, 7 – *$2 �  )�% '$2/�>�!+%  # !D/  -'4-$ , *'"3;+!0  + :- 8�!�'+-$ , 

8 – *'"3;+!$ , 9 – " 6  *'"3;+!0  !+=!%%, 10 – " 6  :- 8�!�'+-$ , 11 – :- 8�!�'+- , 
12 – -"'*3  1")"#"("  8+�+!)'$ , 13 – -"!3  !$*'$#�%4>+, , 14 – -'4- , 15 – "�#�' �+�  )�% *'"1")$  

-$!$�"# , 16 – *" $)"5!0,  �"'�8 , 17 – -$!$�  *"#"'"�$  :- 8�!�'+-$ , 18 – -$!$�  *"#"'"�$  -'4-$ , 
�� -  – 8�!�'  /$   -'4-$ , �� *  – 8�!�'  /$   *'"3;+!0 , �� :  – 8�!�'  /$   :- 8�!�'+-$ , 


�  – !$*'$#�%4>$% *"#�'1!" �6 , ��  – 3*"'!0,  �"'�8  )�% *'"3;+!0  
 

�'+  *").D/�  -'4-  14 2$1#$�0#$�� " 6  6 *'"3;+!0  #�'1!�,  + !$5+!$��  *")!+/$�6  
�D, ��/   $/0/  )'3(",  -"!�8  *'"3;+!0  5�'�2  " 6  9 *'"3;+!0  !+=!�,  !$5+!$��  
*"#"'$5+#$�6  :- 8�!�'+-  11 "�!" +���6!"  " +  10 :- 8�!�'+-$   *'"�+#  5$ "#",   �'��-+ , 
��/   $/0/  :- 8�!�'+-  11 2$=+/$��  +2!3�'+  �'3&3  5 "&� *�5+#$% =D �-+,  2$1#$� 
"&.�-�$ . �'�) �$#��!!$%  !$  '+ 3!-�  4  1�/$  "&.% !%��  3 �",5+#"�  *"�"=�!+�  
*'"3;+!0  8 2$  5D� )�, �#+%  #'$>$4>�("  *'"�+#  5$ "#",    �'��-+  /"/�!�$  � 2=G2* l2 
()�  G2  – #�  *'"3;+!0 ; l2 – '$  �"%!+�  *"  ("'+2"!�$�+  /�=)3  " 64  9 !+=!�,  + 
8�!�'"/  /$   �� *  *'"3;+!0 . 
�-�"!�!+�  *'"3;+!0  "('$!+5+#$�� %  3*"'!0/  �"'8"/  
�� . 9- 8�!�'+-  11 *"#�'!3�  "�!" +���6!"  " +  10 *'"�+#  5$ "#",   �'��-+  *")  
#"2)�, �#+�/  #'$>$4>�("  /"/�!�$  � #=G#* l3 ()�  G# – #�  :- 8�!�'+-$ , l3 – '$  �"%!+�  
*"  ("'+2"!�$�+  /�=)3  " 64  10 + 8�!�'"/  /$   :- 8�!�'+-$  �� : . �'4-  14  �'�/+�6 %  
*'+!%�6  *"�"=�!+� , *'+  -"�"'"/  8�!�'  /$   -'4-$  !$1")+� %  !$  #�'�+-$�6!",  " +  *")  
#"2)�, �#+�/  /"/�!�$  � � =G� * l1, ()�  G�  – #� 6  -'4-$ , l1 – '$  �"%!+�  "�  #�'�+-$�6!",  
" +  8�!�'$  /$   -'4-$ . � �'", �#"    "&.�-�"/  *")!+/$�� %  + *�'�/�>$�� %  !$  
2$)$!!34  ��1!"�"(+5� -34  *"2+8+4 . 


 #"&"=)�!+�  "&.�-�$  *'"+ 1")+�   ��)34>+/  "&'$2"/ . � �'", �#"  #/� ��    
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18 *")!+/$�/  + 7+- +'3�/  -'4-  14, " #"&"=)$%  +2 2$1#$�$ " 6  6 *'"3;+!0  #�'1!�, . 
�$!$�"/  *").D/$  :- 8�!�'+-$  17 *'+  *").D/�  *'"#"'$5+#$�/  *"  5$ "#",   �'��-�  + 
7+- +'3�/  :- 8�!�'+-  11, " #"&"=)$%  �'3&3  5 "�  -"!�$-�$    :- 8�!�'+-"/  11. 
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:- 8�!�'+-  11 # + 1")!"�  *"�"=�!+� . � �'", �#"  ("�"#"  -   ��)34>�,  "*�'$8++ . 

�$  /"�'�!!0�  -"! �'3-�+#!0�   1�/0  %#�%4� % + 1")!0/+  )�%  "2)$!+% ����  
)�% '$&"�0  *'+  �� , # '$)+"$-�+#!",  2"!� , *'+  )�/"!�$=�  + $#$'+,!01  '$&"�$1  *")  
#")",  + *"  �4&",  &�2�4)!",  ��1!"�"(++  *'+  �+-#+)$8++  *" ��) �#+,  5'�2#05$,!01  
 +�3$8+, . 
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1�$=)$4>+,  #"2)31 # &$;�!!34  + *$'+���6!34  ('$)+'!4  *" �3*$��  &�$(")$'%  
� �� �#�!!",  �%(�. 
1�$=)$�/$%  #")$  '$ 1")"/   #0;�  50 / 3/   ��-$��  # #")" &"'!0,  
&$  �,! ,   #!3�'�!!+/  )+$/��'"/  D = 135,2 /  + +2 !�("  *"  #")""�#")%>�/3  -$!$�3  
;+'+!",  44 /  *")$�� %  # $#$!-$/�'3  "&.�)�!!",  !$ " !",   �$!8++  ()$���  – 

� ). 

��/" 7�'!0,  #"2)31, *" �3*$4>+,  5�'�2  "-!$  #!3�'6  ('$)+'!+ , %#�%�� % 
+ �"5!+-"/  2$('%2!�!+%. �/� ��    !+/  *" �3*$4�  5$ �+80  *0�+ , *� -$ , (�+!0 , +�$ , 
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2�'�! , /��-+�  " -"�-+  -$/!�, , *�$ �+-$  + )'3(+1  !�'$ �#"'+/01  #�>� �# . 
�"   #"�,   3�+  ('$)+'!%  *'�) �$#�%��   "&",  #�$=!0,  #"2)3;!0,  7+�6�' . � �  

�#�')0�  5$ �+80 , �'$! *"'�+'3�/0�  #"2)31"/  #" #2#�;�!!"/   " �"%!++ , *'",)%  # 
+ *$'+���6!",  5$ �+  5�'�2  *�"�!"  3 �$!"#��!!0�  :��/�!�0  "'" +����, , 
#0 "-"+!��! +#!34  2"!3  "'";�!+%  +  + ��/3  -$*��3�"#+����, , "&%2$���6!"   "�)+!%� %  
  #")",  + #/� ��    !�,   ��-3�  # #")" &"'!0,  &$  �,! . 
�/��-$  )!$  #")" &"'!"("  
&$  �,!$  !+=�  "�/��-+  )!$  #")""�#")%>�("  -$!$�$  # �("  �+;6  !$  0,3 – 0,4 /  (#0 "�$  
!$!" ""�&",!"("  *"'"($ ).  ��%  *'"*3 -$  '$ 1")$  "1�$=)�!!",  #")0  5�'�2  !$5$�6!0,  
35$ �"-  #")""�#")%>�("  -$!$�$  !�"&1")+/  !$*"'  H = 0,81/ , '$  5+�0#$�/0,  *"  
7"'/3��  *'"*3 -!",   *" "&!" �+  #")" �+#$    ;+'"-+/  *"'"("/  [1]: 

 
) � *+�,-. � � �/0 ; 

 
()�  m=0,35 – -":77+8+�!�  '$ 1")$  #")" �+#$ ; 
 b=44,0 /  – ;+'+!$  #")" �+#!"("  7'"!�$ . 

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

#0 "-+�   -"'" �+  *")1")$   + #0!"  # $#$!-$/�'3  

�  2!$5+���6!0,  "&.�/  !�  
3 *�#;+1  " � �6  # #")" &"'!"/  &$  �,!�  /+!�'$�6!01  5$ �+8 .  

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

�'+&�+2+���6!0�  '$ 5��0  *"   '�)!�(")"#",  2$*0��!!" �+  #"2)31$ q=0,2 /( // 3 # 
'$,"!�  (. �"�(")"! -$  [2], *"-$20#$4� , 5�"   5�'�2  ('$)+'!4  2$ 18 /� %8�#  /"=��  
*'",�+  "-"�"  200 �  �#�')01  5$ �+8 . 9�"  &�2 )$!!01  *"   31"#�%/  + *0�6!0/  &3'%/, 
1$'$-��'!0/  )�% !$;�("  '�(+"!$ , !$�+5+4  '%)"/   "   �$!8+�,  *�">$)�,  *$1"�!"("  
2�/��)��+%  + $#�"�'$  0    +!��! +#!0/  )#+=�!+�/ . 

�  +! �'3-8++  *"  :- *�3$�$8++  ('$)+'!+  +, # 5$ �!" �+ , #")" &"'!"("  &$  �,!$ , 
3-$2$!"  5�" , #" #'�/%  " �$!"#$  &�"-$  !�"&1")+/"  *'"+2#")+�6  "5+ �-3  )!$  &$  �,!$  
/�1$!+5� -+  + #'35!34 . �'+  :�"/  !�  3-$2$!$ ��1!"�"(+%   &"'$  /3 "'$   "  )!$  
$#$!-$/�'  ("�/��-$  -14,0) + �("  *").�/  !$  *"#�'1!" �6 . 

�  !$ �"%>�,  '$&"��  *'�)�$($�� %  *'+/�!+�6  '%) /�'"*'+%�+%  *"  
 "#�';�! �#"#$!+4  :- *�3$�$8++  ('$)+'!+ , *"2#"�%4>+1  *'�)"�#'$�+�6  #0!"  
�#�')01  5$ �+8  2$ *'�)��0  #")" &"'!"("  &$  �,!$  + /+!+/+2+'"#$�6  2$�'$�0  !$  +1 
3&"'-3 , 2!$5+���6!"   !+2+�6  !$('32-3  !$  #'$>$4>+� %  &$'$&$!!0�   ��-+  + 7+�6�'0 . 

�  *�'#34  "5�'�)6 , !�"&1")+/"  3#��+5+�6  (�3&+!3  #")0  # #")" &"'!"/  &$  �,!�  
!$  0,8-1,0 /  )"  h =(1,8 – 2,0) /  (#0 "�$   ��!"-  &$  �,!$  "�  )!$  2,35 / ) 2$  5��  
*"#0;�!+%  *"'"($  *�'�)  #")""�#")%>+/  -$!$�"/ . �$-  =�  #"2/"=�!  #$'+$!�  3 �$!"#-+  
*�" -+1  >+�"# , #0 "�",  0,8-1,0 / , # 6-/��'"#01  *'"���$1  /�=)3  � -"&'$2!0/+  
"*"'!0/+  '$/$/+ , !$1")%>+1 % #  �#"'�  #")" �+#!"("  7'"!�$ . 
$  �$-34  =�  #0 "�3  
!�"&1")+/"  *")!%�6  «0» *"'"($  *�'��+#!01  "-"!  #  �-�"'�  2,   #"2/"=!",  2$/�!",  
*�'��+#!01  "-"!  !$  $#�"/$�+5� -+,  #")" &'"  +�+   +7"! . 

�" -#�"'01 , # *").�/!01  ;$1�$1 ,  &�+=�  -  '$ 5��!",  *"#�'1!" �+  #")0  # 
#")" &"'!"/  &$  �,!� , #0*"�!+�6  *'%/"3("�6!0�  "�#�' �+%  + "&"'3)"#$�6  +1 
*�" -+/+  3*'$#�%�/0/+  2$�#"'$/+ . 
�#�' �+%  )"�=!0  &0�6 !$*'$#��!0  
�$!(�!8+$�6!"  # ")!3   �"'"!3  )�% *'"*3 -$  5�'�2  !+1  5$ �+  *"&3)+���6!"("  '$ 1")$ , 
"&� *�5+#$4>�("  #'$>$���6!"�  )#+=�!+�  #!3�'+  &$  �,!$ . 

�'+  #'$>$���6!"/  )#+=�!++  =+)-" �+  # 8+�+!)'+5� -",  �/-" �+   #"&")!$%  
*"#�'1!" �6  *'+"&'��$��  7"'/3  *$'$&"�0  ('+ .1). �$   5��  '$2!+80  # "�/��-$1  /�=)3  
8�!�'"/   + *�'+7�'+�,  #'$>�!+%  Qh #"2!+-$��  *"*�'�5!$%  8+'-3�%8+"!!$%  
 -"'" �6  V* . �   ��!"-  &$  �,!$  #�'�+-$�6!0,  !+ 1")%>+,  *"�"- , *'+  )" �+=�!++  )!$ , 



 �
����
��  9�������

���  
�������  �
�
��
�
�?  ������

�  93 

�	
��	�
��  ����
��  ���
���

��� , �  2(15) 2015�

*�'*�!)+-3�%'!"  *"#"'$5+#$��  -  8�!�'3 . �   3//�    *"&3=)$4>�, , �$!(�!8+$�6!",  
 -"'" �64  V� , )"!!0,  #�-�"'   -"'" �+  V)  #"2'$ �$��  + #"2!+-$��   �"=!"�  
 *+'$��#+)!"�  )#+=�!+� , -"�"'"�  *"  # �,  *�">$)+  *�'�/�>$��  *"  )!3  " �#;+�  
�#�')0�  5$ �+80  -  8�!�'3 . 

 
 

 
 

��� . 1. – �$ 5��!$%   1�/$  #'$>$���6!"("  )#+=�!+% # #")" &"'!"/  &$  �,!�  
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��%  '$ 5��$  !�"&1")+/01  *$'$/��'"#  *"&3)+���6!"("  '$ 1")$  +  -"'" ��,  V� ,  
�'�&3�� %   "#/� �!"�  '�;�!+�   ��)34>+1  3'$#!�!+, : 

–  #"&")!",  *"#�'1!" �+  #'$>$���6!"("  )#+=�!+%  1 �
2 343

�5
; 

– *�'�1")$  *"��!8+$�6!",  :!�'(++  # -+!��+5� -34  67 � 8 9 ,-:; ; 
– '$#�! �#$  -"�+5� �#$  )#+=�!+%  *"&3)+���6!"("  + #'$>$���6!"("  *"�"-"# ; 
– +2/�!�!+%  *$'$/��'"#  2$�"*��!!",  �3'&3��!�!",   �'3+ ; 

 
()�  z = Jh, /  – *'�#0;�!+�  "')+!$�0   #"&")!",  *"#�'1!" �+  !$)  8�!�'"/  

#'$>�!+% ; 
 r, /  – '$)+3  '$  /$�'+#$�/",  �"5-+ ; 
 R – -":77+8+�!�   -"'" �+ , 35+�0#$4>+,  *"��'+  !$  35$ �-�  *'"��-$!+% ; 
 < �

=>

4
, '$) /  – 3(�"#$%  -"'" �6  #'$>�!+%   *"�"-$ .  

 
�"#/� �!"�  '�;�!+�  #0;�*'+#�)�!!01  3'$#!�!+,  *'+  R=0,9 [1] *"-$2$�" , 5�"  

67 � ?/@6> , $ 6� � 9 A7
� & 6>

� � B/CDE6> . ��%  )$�6!�,;�("  '�;�!+%  *'+/�/  
V�  = 0,5 / / . �"()$ , *"  [1, �$&� .7.14] *'+  (�3&+!�  *"�"-$  # &$  �,!�  h = 2 / , 
)"*3 -$�/0,   '�)!+,  '$2/�'  5$ �+8   " �$#+�  0,14 // , � .� . 5$ �+80  '$2/�'"/  /�!��  
0,14 //  &3)��  !$1")+�6 %  # *"�"-�  #" #2#�;�!!"/   " �"%!++ . �'+  :�"/  )"!!$%  
 -"'" �6  3  ��!"-  &$  �,!$   " �$#+�  V)  = 1,345 / / , V�  = 0,67 / / . �$-$%  -"'" �6  
( "(�$ !"  [1,�$&� .7.14])  *" "&!$  �'$! *"'�+'"#$�6  *"  )!3  )" �$�"5!"  -'3*!0�  
#��-"/0�  "��"=�!+%   "   '�)!+/  )+$/��'"/  /�!��  15 // . ��%  ('$)+'�!  &�"-"#  � 3 + 
� 4 �"�9�  *�'�*$)  3'"#!�,  /�=)3  8�!�'"/  + *�'+7�'+�,   " �$#+� : 

:;F � A>
�

,-8 �G � BHF��  . 

�$-+/  "&'$2"/ , )$=�  *'+  /$�01  *�'�*$)$1   #"&")!",  *"#�'1!" �+  /�=)3  
8�!�'"/  + *�'+7�'+�,  #"2!+-$4�  )" �$�"5!"  #0 "-+�  )"!!0�   -"'" �+  V)  *"*�'�5!",  
8+'-3�%8++ ( #0;�  0,60 / / ),  *" "&!0�  �'$! *"'�+'"#$�6  #��-"/0�  5$ �+80  
'$2/�'"/  &"���  10 //  [1]; 

��%  "8�!-+  *$'$/��'"#  *"&3=)$�/"("  *"�"-$  +2 5��0'�1  *").�/!01  ;$1�  
#" *"�623�/ %  3'$#!�!+�/  -"�+5� �#$  )#+=�!+% , # *'�)*"�"=�!++ , 5�"  :!�'(+%  
*"&3=)$�/"("  *"�"-$  *�'�1")+�  # :!�'(+4  #'$>$���6!"("  )#+=�!+% , *'+  /+!+/3/�  
*"��'6  !$  �'�!+�  +  +�"#"("  #"2)�, �#+%  !$  ;$1�0 , � .� . 

�IJ� 7KL � �IJ� MNOP; 
�Q)6� 7KL � �Q)6� MNOP +�+  
�QR6� � 7KL � �QR6 � � MNOP, 

()�  G – *�"�!" �6  *"�"-"# , -( // 3;  
 Q, S, V –  ""�#�� �#�!!"  '$ 1")0 ,  *�">$)+  +  '�)!+�   -"'" �+  ��5�!+%  *"�"-"# . 
 

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

�Q)6� 7KL � �QR6 � � MNOP� � �Q6>,F;FS�MNOP
T

�
, (1) 

()�  S – *�">$)+  '$  /$�'+#$�/01   �5�!+, ; 
 R – #!3�'�!!+,  '$)+3  #")" &"'!"("  &$  �,!$ .  

 
�$'$/��'0  5��0'�1  *"&3=)$�/01  *"�"-"#  '$  /"�'+/  *"   1�/�  2$�"*��!!"("  
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+ ��5�!+%  =+)-" �+  5�'�2  /$�"�  "�#�' �+�  ('+ . 2$), � .- . !$*"'  !$)  "�#�' �+�/  
  
 " �$#+�  "-"�"  10 / , $ #0 "�3  "�#�' �+%  !$2!$5+/  !�  &"���$  <1 / , � .� .  

U

V
W B[1]. �"()$  

 -"'" �6  + ��5�!+%  +2 "�#�' �+%  '$#!$ : 
 

 67KL � 8 9 ,-. , (2) 
$ '$ 1")  
 ) 7KL � RX 9 ,-. � Y+X 9 ,-. , (3) 

 
()�  R = 0, 9 – -":77+8+�!�   -"'" �+ ; 
 S = 0,6 – -":77+8+�!�  '$ 1")$ ; 
 $ + b – + -"/0� ,  ""�#�� �#�!!" , #0 "�$  + ;+'+!$  "�#�' �+, . 

 
�"�+5� �#"  )#+=�!+%  #'$>$���6!"("  *"�"-$  # &$  �,!�  "*'�)��+/  # 

*'�)*"�"=�!++  h = const, ##+)3 /$�"("  *�'�*$)$  /�=)3  8�!�'"/  #'$>�!+%  + 
*�'+7�'+�, : 

 

� �QR6Z�MNOP� Q � �;[\< � \ � � MNOP� < � ; � �\ � [\� MNOP� Q< � ;
T ]

�

T

�

T

�

T

�
.  (4) 

 

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

 
�") �$#�%%  # 3'$#!�!+�  (1) #0'$=�!+%  (2), (3), (4),   35��"/  5��0'�1  

*"&3)+���6!01  '$ 1")"#  +2 )+$/��'$�6!"  '$ *"�"=�!!01  *").�/!01  ;$1� , *"�35+/ : 
 

DQY+X9 ,-. 8 9 ,-. � Q< � ;
T ]

�
,  

()�  3(�"#$%  -"'" �6  #'$>�!+%  '$#!$  < � 6>
S( .F 


-"!5$���6!"  '$ 5��!$%  2$#+ +/" �6  *'+!+/$��   ��)34>+,  #+): 
 

,D8Y+X-. � 6 >
� ;S . 
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�$- , )�% 3 �"#+,  �"�9� , 2$)$#;+ 6  ;+'+!",  + #0 "�",  2$�#"'$  b^   =0,5*0,5/ , 
!$,)�/  �'�&3�/34  #��+5+!3  "�-'0�+%  2$�#"'$ , +2-*")  -"�"'"("  *'"*3 -$�� %  
*"&3)+���6!0,  '$ 1")  Q: 

 
Y � 6 >

� ;S_,D8+X-. � ?/E � ^ , ^ H`/H_,D ^ ?/@ ^ ?/E ^ ?/H ^ @/aB ^ B? b ?/?H /  
 
�'+  :�"/   -"'" �6  + ��5�!+%  *"�"-$  +2-*")  2$�#"'$   " �$#+� : 
 

67KL � 8 9 ,-. � ?/@ ^ c , ^ @/aB ^ B?� B,/HF / / ; 
 
$ #��+5+!$  *"&3)+���6!"("  '$ 1")$ : 
 

) 7KL � Y+X 9 ,-. � ?/?H ^ ?/E ^ ?/H ^c , ^ @/aB ^ B?� ?/,EF / 3/ . 
 

�3//$'!0,  '$ 1")  #")0 , 2$&+'$�/0,  +2 5��0'�1  *").�/!01  ;$1� , '$#�!   1 / 3/ , 
5�"  !�  &"���  2% "�  # �("  '$ 1")$ , *" �3*$4>�("  !$  ('$)+'!4  )�% "1�$=)�!+%  # 
=$'-+,  *�'+") . �$- +/$�6!$%  *'"*3 -!$%   *" "&!" �6  5��0'�1 , *"�!" �64  "�-'0�01  
2$�#"'"# , *'+   #"&")!"/  + ��5�!++  ('+ . 2&) *'+/�'!"   " �$#+� : 

 
) 7KL � Dd+X9 ,-. � D ^ ?/E ^ ?/E ^ ?/H ^9 , ^ @/aB ^ BE� B?/CF/ 3/ , 

 
5�"   "+2/�'+/"    *'"+2#")+���6!" �64  ")!"("  !$ " $  (Q=12,5 / 3/ ). 
 

 
 

��� . 25. – �1�/$   #"&")!"("  + ��5�!+%  #")0  # !$5$�6!0,  /"/�!�  *'"/0#-+  
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�!3�'�!!+�  '$2/�'  ;$1�0  2400̂ 2200 *"2#"�%4�  #0*"�!+�6  !$  ")!",  +2 ('$!�,  
-#$)'$�!"�  "�#�' �+�  +  /"!�+'"#$�6  # !�/  3*'$#�%�/0,  *'" �",  *�" -+,  2$�#"'  
'$2/�'"/  500 ̂ 500, &�2 " "&01  �'�&"#$!+,  -  (�'/��+5!" �+ . 

�   #%2+   ��/ , 5�"  *").�/!0�  ;$1�0  '$ *"�"=�!0  !$  '$  �"%!++   6,7 /  "�   ��!"-  
&$  �,!$ , $ " 6  *"&3)+���6!"("  *"�"-$  – !$  '$  �"%!++  &"���  8,0 / , '$  5+�$�/  
-+!�/$�+5� -+�  1$'$-��'+ �+-+  *"&3)+���6!",   �'3+  # !�*")#+=!",   '�)�  
(!$5$�6!0,  :�$*  #-�45�!+% ) *'+  )" �+=�!++  �4   ��!"-  &$  �,!$  ('+ . 3$). 


$  " !"#$!++  '�;�!+%  3'$#!�!+%  +2/�!�!+%  -+!��+5� -",  :!�'(++  #)"�6  
*�" -",  �3'&3��!�!",  2$�"*��!!",   �'3+  � .
  �&'$/"#+5�/  *"�35�!$   ��)34>$%  
2$#+ +/" �6  [3]: 

 
e fgh

e i
� B/,_ 9 jk + � & ?/DBl , 

()�  mnUo  –  -"'" �6  *"  " +  *"�"-$  !$  '$  �"%!++  1 "�  #01")!"("   �5�!+% ; 
 p �  –  -"'" �6  *"�"-$  # #01")!"/   �5�!++ ; 
 k – -":77+8+�!� , 1$'$-��'+234>+,  #�+%!+�  �3'&3��!�!" �+   �'3+  !$   ��*�!6  

��  '$ ;+'�!+% ; 
 +�  – *"�"#+!$  ;+'+!0  +�+  #0 "�0  #01")!"("  "�#�' �+%  2$�#"'$ , # 2$#+ +/" �+  

"�  *�" -" �+  +235�!+% '$ ;+'�!+%   �'3+ . 

� )             5) 
 

��� . 3. – �3'&3��!�!0�   ��)0 :  
$) #  *"-",!"/  *"�"-� ; &) #" #'$>$4>�/ %  *"�"-�  
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�  '$  /$�'+#$�/"/   �35$�   ��*�!6  �3'&3��!�!" �+  &3)��  "5�!6  #0 "-", , � .- . 
5�'�2  2$�#"'  *'"*3 -$�� %  &�2!$*"'!0,  #" 1")%>+,  *"�"-   "   #"&")!",  
*"#�'1!" �64 , #"2#'$�!0/+  ��5�!+%/+   +  =$�+�/   �'3+  *"  # �/3  *�'+/��'3 , *":�"/3  
# *�'#"/  *'+&�+=�!++  *'+/�/  k = 0,3. �  #�'�+-$�6!",  *�" -" �+ , +2-2$ /$�",  
'$ 5��!",  #0 "�0  "�#�' �+%  $ = 0,06 / , *'"+2",)��  "5�!6  &0 �'"�  2$�31$!+�  mnUo  !$  
-"'"�-"/  '$  �"%!++ , *":�"/3  # -$5� �#�  '$ 5��!",  *'+!+/$�/  *"�"#+!3  ;+'+!0  
2$�#"'$   b0 =0,25 /  + '$  /$�'+#$�/  *�$!"#"�  '$ ;+'�!+�   �'3+ .  

�"(�$ !"  *'"�-�3  «�" �" �'",  � 6», '$  �"%!+�  "�  #")"*'"*3 -!",  ('$!+  
2$�#"'$ , *"  " +   �'3+ , )"   ��!-+  &$  �,!$  '$#!"  1 =48 / . �"()$   -"'" �6  *"  " +  3 
 ��!-+   " �$#+� : 

 

mnUo �
m� B/,

9 jk + � & ?/DBl
� B,/H ^

B/,

9 ?/C ^ Da ?/,E & ?/DBl
� FB/@aF�_q 

 
�"�35�!!$%   -"'" �6  mnUo  5��0'�1-'$�!"  *'�#0;$��  �'�&3�/34  �$!(�!8+$�6!34  

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

*$'$/��'"#  *�" -",  �3'&3��!�!",  2$�"*��!!",   �'3+  #0*"�!�!0  *"  *'" �0/  
'$ 5��!0/   1�/$/  + !�  35+�0#$4�  #�+%!+�  *"*3�!"("  #'$>$���6!"("  *"�"-$ , *"��'6  
!$  �'�!+�  *'+  #'$>�!++  # �,  /$  0  #")0  ("-"�"  30000 � ) # &$  �,!� , $ �$-  =�  8��0,  
'%) 7$-�"'"# .  �  8��64  "*�+/+2$8++  " !"#!01  *$'$/��'"#  *'�)�"=�!!"("  /��")$  
�'�&34� %  &"���  (�3&"-+�  ��"'��+5� -+�  +20 -$!+%, *'"#�)�!+�  �$&"'$�"'!01  
/")��6!01  (+)'$#�+5� -+1  +  ��)"#$!+,    35��"/  # �1  7$-�"'"# , 5�"  *�$!+'3�� %  
#0*"�!+�6  # &�+=$,;��  #'�/% . 

�'�)�$($�/0,  '�=+/  #'$>$���6!"("  )#+=�!+%  '�-"/�!)3�� %  *'+/�!%�6  *'+  
3 �"#+%1 !"'/$�6!",  :- *�3$�$8++ , # *'"1�$)!0�  + 1"�")!0�  #'�/�!$  (")$ , -"()$  !�  
�'�&3�� %  #0 "-$% +!��! +#!" �6  "1�$=)�!+%  + 5$ �6   �-�"'"#  "'";�!+%  "�-�45�!$ . �  
:�"  #'�/%  &"�6;34  5$ �6  "&"'"�!"("  '$ 1")$  #")0  /"=!"  + *"�62"#$�6  # -$5� �#�  
*"&3)+���6!"(" , "&� *�5+#$4>�("  #'$>�!+�  *"�"-$  + "5+ �-3  )!$ . 


$+&"�6;+,  :77�-�  *'"/0#-+ , "5+ �-+  )!$  &$  �,!$  +  &"'$  /3 "'$  # 8�!�'�  
#'$>�!+%  /"=��  &0�6 *"�35�!  #" #'�/%  " �$!"#$  &�"-$ . �")$  +2 &$  �,!$  
"�-$5+#$�� % , # �  2"!0  "'";�!+%  "�-�45$4� % , *"�!" �64  "�-'0#$4� %  2$�#"'0  )�% 
 &'" $  *"&3)+���6!"("  '$ 1")$ , *�'�-'0#$�� %  #1")!",  35$ �"-  "�#")%>�("  -$!$�$  + 
*�'��+#!0�  "-!$ . 
)+!  +2 4-1 '$&"5+1 !$ " "#  #-�45$�� %  !$  *"�!34  /">!" �6  
(Q=12,5 / 3/ ) !$  30-40 /+!3� , )"  *"�!"("  2$*"�!�!+%  &$  �,!$ . �  !$5$�6!0,  /"/�!�  
 #"&")!"("  + ��5�!+% , *'+  /$�",  (�3&+!�  #")0  # &$  �,!�  ('+ . 3&), #0 "-" -"'" �!",   
*"�"-  ( #0;�  14 / / ) #0*"�!+�  " !"#!34  '$2/0#$4>34  '$&"�3 . �" ��  " �$!"#-+  
!$ " $ , #'$>�!+�  &3)��  /�)��!!"  " �$!$#�+#$�6 % , $ # �  '$2/0�0�  + #2#�;�!!0�  
"��"=�!+%  2$  5��  *"*�'�5!",  8+'-3�%8+"!!",  *'+)"!!",   -"'" �+  &3)3�  
*�'�/�>�!0  &�+=�  -  8�!�'3  #'$>�!+% . 

�"  )!3  &$  �,!$  3 �$!"#��!"  &"�6;"�  -"�+5� �#"  "*"'!01   �"�- , -"�"!!  + '$/ , 
-"�"'0�  5$ �+5!"  &3)3�  *'�*%� �#"#$�6  #'$>$���6!"/3  )#+=�!+4 . 
)!$-"  +1 
 3//$'!$%  *�">$)6   " �$#�%��  !�  &"���  1% "�  *�">$)+  )!$  # �("  &$  �,!$ . �'+  :�"/  
2$ -$=)",   �",-",  + *'�*%� �#+�/ , # (+)'$#�+5� -",  ��!+ , �$-  =�  &3)3�   -$*�+#$�6 %  
"��"=�!+% . �&"'-$  + 3�+�+2$8+% "��"=�!+,  *" ��  �$-",  *'"/0#-+  &3)��  2!$5+���6!"  
3*'">�!$  *"   '$#!�!+4     +�3$8+�, , -"()$  :�+  "��"=�!+%  &0�+  &0 '$#!"/�'!"  
'$ *'�)���!0  *"  # �,  *�">$)+  #")" &"'!"("  &$  �,!$  + !$  )!�  *'+�/!",  $#$!-$/�'0  


� . 

�0;�+2�"=�!!0�  '$ 5��0   #+)����6 �#34�  "  *'+!8+*+$�6!",  #"2/"=!" �+  
 "2)$!+% #'$>$���6!"("  )#+=�!+%  #")0  # #")" &"'!01  &$  �,!$1  &$;�!!01  
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+ *$'+���6!01  ('$)+'�!    8��64  *"#0;�!+%  :77�-�+#!" �+  +1 :- *�3$�$8++ , *'+  
/+!+/$�6!01  2$�'$�$1  !$  /")�'!+2$8+4 , *�'� /"�'$  + )"*"�!�!+%  !�-"�"'01  
*"�"=�!+,  �+*"#01  /��")+-  '$ 5��$ . 
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Improving of Efficiency of Cleaning up Watersheds Basins 

of Cooling Vaporizing Towers 
 

O.L. Kolchenko *, I.A. Nagibina*, Ju.M. Matevosjan*,  
G.V. Domrina**,  I.P. Tjumenev*** 

 
* Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University «MEPhI»,  

73/94 Lenin St., Volgodonsk, Rostov region, Russia 347360 
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111, Pushkinskaya, Novocherkassk, Rostov region, 346428 
***  Rostov NPP the branch of JSC Rosenergoatom Concern, 

Volgodonsk-28, Rostov region, Russia 347340 
 

Abstract - Theoretical justification of not power-intensive mode of creation of a rotary motion is 
given in watersheds basins of modern cooling vaporizing towers for the purpose of prevention of 
carrying out of the solid soiling particles out of borders of the pool and their automatic collecting 
is given. It will allow to minimize costs of cleaning, considerably to lower load of the rotating 
grids and filters. The mode of creation of such movement and a way of modernization of design 
decisions is described. 
 
Keywords: water, speed, expense, stream, spray, rotary motion, watersheds basin, cooling towers. 
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�   �$�6�  '$ -'0�"  2!$5�!+�  -3�6�3'0  :-"!"/+5� -",  &�2"*$ !" �+  )�% $�"/!",  
:!�'(��+-+ . �'+#")%� %  /$��'+$�0 ,  #+)����6 �#34>+�  "  '$2#+�++ )� �'3-�+#!01  
��!)�!8+,  # "�'$ �+ . 
�/�5$�� %   !�"&1")+/" �6   "�'3)!+5� �#$  (" 3)$' �#$ , &+2!� $  + 
!$3-+  # 7"'/+'"#$!++  #0 "-"("  3'"#!%  :-"!"/+5� -",  -3�6�3'0 .  
 
��1��
 �  ���
� : -3�6�3'$  &�2"*$ !" �+ , :-"!"/+5� -$%  &�2"*$ !" �6 , $�"/!$%  :!�'(��+-$ , 
 + ��/$  #!3�'�!!�("  -"!�'"�% , ��"'+%  �'",!",   *+'$�+ . 

 
�" �3*+�$  # '�)$-8+4  19.03.2015 

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

 �"=!" �+  + )+77�'�!8+$8++  3('"2  ��  '$2#+�+4 . ��'+")+2$8+%  3('"2  :-"!"/+5� -",  
&�2"*$ !" �+  "&>� �#$  "&3 �"#��!$  �("  :#"�48+�, , #"2!+-$4>+�  *'"&��/0  %#�%4� % 
 ��) �#+�/  + "�'$=$4�  " "&�!!" �+  "*'�)���!!"("  :�$*$  '$2#+�+%  "8+$�6!" -
:-"!"/+5� -",   7�'0 . �$- , !$*'+/�' , � .� . 
*$��#  + � .� . �+'3/"# , #0)��%4�  ;� �6  
:�$*"#  '$2#+�+% ��"'++  &�2"*$ !" �+  – "�  *'+'")!01  -$�$-�+2/"#  # 
*�'#"&0�!""&>+!!0,   �'", , -"()$  5��"#�-  !�  /"(  *'"�+#" �"%�6   +�$/  *'+'")0 , )"  
&3'!"("  '" �$  !$35!" -��1!+5� -"("  *'"('�  $ ,  "*'"#"=)$4>�(" %  '" �"/  
*'�!�&'�=+���6!"("  "�!";�!+%  -  *'+'")�  +,  ��)"#$���6!" , !$'$ �$!+�/  3('"2  
:-"�"(+5� -",  &�2"*$ !" �+  [1]. 

�"2'$ �$!+�  3'"#!%  + '$2!""&'$2+% :-"!"/+5� -+1  +!��'� "# , )���'/+!+'3�/01  
+)�"�"(+�,  "&>� �#$  *"�'�&��!+% , *'+#")+�  -  $('�  +#!"/3  + *"�62"#$!+4  '� 3' "# , 
 !+=�!+4  2!$5+/" �+  +,  ""�#�� �#�!!" , '$ 1")"#  !$  "&� *�5�!+�  )"�=!"("  -"!�'"�%  
1"2%, �#�!!01  *'"8�  "# . 9�"  /"=��  *'+#� �+  -  �"/3 , 5�"  )$=�  *�' *�-�+#!$%  
+!!"#$8+"!!$%  )�%���6!" �6  &3)��  7"'/+'"#$�6  3('"20  &�2"*$ !"/3  '$2#+�+4  
"&>� �#$ . �'+/�'  – $�"/!0�  :��-�'+5� -+�   �$!8++  (�9� ). 

�" 3)$' �#�!!$%  -"'*"'$8+%  «�" $�"/ » ()$���  – ��  «�" $�"/ ») #1")+�  # 5+ �"  
 + ��/""&'$234>+1  "'($!+2$8+,   �'$!0 , "-$20#$4>+1   3>� �#�!!"�  #�+%!+�  !$  
 "8+$�6!" -:-"!"/+5� -34   �$&+�6!" �6  #  3&.�-�$1  �� .  �$2#+�+�  $�"/!",  :!�'(��+-+  
-$-  ")!",  +2  $/01  *�' *�-�+#!01  + +!!"#$8+"!!01  "�'$ ��,  !$8+"!$�6!",  
:-"!"/+-+   "*'%=�!"    "&" �'�!+�/  *'"&��/0  "&� *�5�!+%  ��  &�2"*$ !" �+ . �$=)0,  
$�"/!0,  "&.�-�  +/���   �'$��(+5� -"�  2!$5�!+�  )�%  �'$!0 , 3'"#�!6  �("  ��1!+5� -",  
&�2"*$ !" �+  "*'�)��%��  '�23�6�$�0  73!-8+"!+'"#$!+%  # �("  +�+  2!$5+���6!",  5$ �+  
$�"/!"("  -�$ ��'$ . 
$  *'�)*'+%�+%1 , #1")%>+1 # �("   " �$# , 73!-8+"!+'34�  
 *�8+$�+2+'"#$!!0�   �3=&0  &�2"*$ !" �+ , �>$���6!"  "'($!+2"#$!$   + ��/$  "1'$!0  
*�'+/��'"#  + � .* . �$-+/  "&'$2"/ , # � , 5�"  -$ $�� %  "&� *�5�!+%  ��1!+5� -",  
 " �$#�%4>�,  &�2"*$ !" �+  "&.�-�"#  $�"/!",  :!�'(��+-+ , !$1")+� %  !$  )" �",!"/  
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3'"#!� , *"2#"�%4>�/  *'�)3*'�=)$�6  #"2!+-$4>+�  3('"20 . 

)!$-"   ��)3��  "�/��+�6  !�*'�1")%>34  $-�3$�6!" �6  *'"&��/0  "&� *�5�!+%  

:-"!"/+5� -",  &�2"*$ !" �+  $�"/!",  :!�'(��+-+  #  7�'�  *'"�+#")�, �#+%  3('"2$/  
-'+/+!$�+2$8++  1"2%, �#�!!01  *'"8�  "# . �$2#+�+�  ��!�#01  :-"!"/+5� -+1  
"�!";�!+,   "*'%=�!"    /!"=� �#"/  *'+5+!  – "�  !�)" �$�"5!"("  3'"#!%  -"!�'"�%  + 
 �'�/��!+%  /$- +/+2+'"#$�6  +! $,)�' -34  '�!�3  )"   3>� �#�!!"("  '$ 1"=)�!+%  
7"'/$�6!01  �'�&"#$!+,    "&>�*'+!%�",  *'$-�+-", , 5�"  *'+#")+�  -  '$ *'" �'$!�!+4  
-"''3*8+"!!01  -"!�'$-�"# . 


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

)!$-"  # +!!"#$8+"!!01  +  �'$��(+5� -+  #$=!01  )�%  �'$!0  "�'$ �%1 , )�% -"�"'01  
1$'$-��'!0  + *"�62"#$!+�  !$8+"!$�6!"("  '� 3' !"("  *"��!8+$�$ , #0 "-+�  *'+&0�+  + 
2!$5+���6!"�  &4)=��!"�  7+!$! +'"#$!+� , �4&0�  !$'3;�!+%  !"'/  + *'$#+� , 
*'+#")%>+�  -  "&"($>�!+4  "�)��6!01  �+8 , &3)3�  3('"=$�6  :-"!"/+5� -",  
&�2"*$ !" �+  (" 3)$' �#$ .  

��'"+���6 �#"  + 73!-8+"!+'"#$!+�  �9�   #%2$!0   7"'/+'"#$!+�/  /!"=� �#$  
1"2%, �#�!!01   #%2�,   *")'%)!0/+  "'($!+2$8+%/+ . �5+�0#$% 1$'$-��'!34  )�% 
$�"/!",  "�'$ �+   *�8+7+5!" �6  2$-$2"# (3!+-$�6!" �6  /$��'+$�"# ,  �"=!" �6  3 �3( ), 
 #%2$!!34   :�+/  "('$!+5�!!" �6  #0&"'$  -"!�'$(�!�"#  + #0 "-34   �"+/" �6   )��"- , 
!�"&1")+/"  " 3>� �#�%�6  =� �-+,  -"!�'"�6  2$ 8���#0/  + *"�62"#$!+�/  
+!#� �+'3�/01   '�) �# . �   "=$��!+4 , + )�% $�"/!",  :!�'(��+-+  1$'$-��'!0   �35$+  
+2.%�+% +! $,)�' -",  '�!�0  !�)"&'" "#� �!0/+   "�'3)!+-$/+  *'�)*'+%�+, . ��+/3�0  
)�% +! $,)�'"#  ��/  #0;� , 5�/  &"�6;�  7+!$! "#0�  *"�"-+ , *":�"/3  (" 3)$' �#�!!0�  
-"'*"'$8++    &4)=��!0/  7+!$! +'"#$!+�/ , %#�%4� % -'$,!�  *'+#��-$���6!0/  
"&.�-�"/  )�% :-"!"/+5� -+1  *'� �3*��!+, .   


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

�>�  ")!",  #$=!",  *'"&��/",  %#�%�� % �" , 5�"  2$5$ �34  /��!0�  !"'/$�+#0  !$  
 �'"+���6 �#"  "&.�-�"#  ��  «�" $�"/ » + )'3(+1  (" -"'*"'$8+,  "-$20#$4� % 
!�"&" !"#$!!"  2$#0;�!!0/+ .  �"   #�)�!+%/  �5��!",  *$�$�0 , :�"  *'+#")+�  -  
3#��+5�!+4   /��!",   �"+/" �+   �'"+���6 �#$  + -  *�'�'$ 1")3  &4)=��!01   '�) �#  !$  
20-45%. �77+�+'"#$!!" �6  2$-$25+-"# !"'/$�+#"#    +1 '$2'$&"�5+-$/+   *" "& �#3��  
3#��+5�!+4   �"+/" �+  3 �3(  *" ��)!+1 . �$- , !$*'+/�' , '$2'$&"�-$  �"�6-"  )#31 
 /��!01  !"'/$�+#"#  )�% ��  «�" $�"/ » + -" /")'"/$  «�" �"5!0, »  " �$#+�$  
944 /�! .'3& . #/� �"  #"2/"=!01  250 /�! .'3& . [4]. 

�"*3�%'+2$8+% -�$ ��'!"("  *")1")$  #  "#'�/�!!",  :-"!"/+-�  �$-=�  *'�).%#�%��  
*"#0;�!!0�  �'�&"#$!+%  -  7"'/+'"#$!+4   + ��/0  "&� *�5�!+%  !�  �"�6-"  
:-"!"/+5� -",  &�2"*$ !" �+  *'+  #2$+/")�, �#++  # �1  :��/�!�"#  -�$ ��'$ , !"  + 
:77�-�+#!01  )�% "&>� �#$  '�23�6�$�"#  �("  73!-8+"!+'"#$!+% . 977�-�+#!" �6  
"*'�)��%�� %  *"-$2$���%/+  '�!�$&��6!" �+ , :-"!"/+5!" �+ , -$5� �#$  + !$)�=!" �+ . 
�'$-�+-�  +2#� �!"  /!"=� �#"  *'+/�'"# , -"()$  *'+   "&�4)�!++  *�'#01  )#31 -'+��'+�#  
 �'6�2!"   �'$)$4�  -'+��'++  -$5� �#$  + !$)�=!" �+ , � .- . "!+  2$5$ �34 !$1")%� % # 
"&'$�!",  2$#+ +/" �+ . � *"�62"#$!+�  &"���  )�;�#"("   0'6%, -"/*��-�34>+1 , 
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!+2-"-#$�+7+8+'"#$!!01  -$)'"#  + � .* . *'+#")+�  -  !�($�+#!"/3  +2/�!�!+4  
1$'$-��'+ �+-   "2)$#$�/01  /$��'+$�6!01  "&.�-�"#  +�+  "-$20#$�/01  3 �3( .   

�  3 �"#+%1 :-"!"/+5� -"("  -'+2+ $  *'+"'+���0   /�>$4� %  # *"�623  �"�$�6!",  
:-"!"/++  )�% #01")$  !$  !+2-34   �&� �"+/" �6 . 
)!$-"  :�"  !�  )"�=!"  -$ $�6 % 
 �'$��(+5� -+  #$=!01  )�% !$8+"!$�6!",  :-"!"/+-+  "�'$ ��, , # 5+ �"  -"�"'01  #1")+�  
$�"/!$%  :!�'(��+-$ . 9-"!"/+%  '� 3' "#  /"=��  "�'$2+�6 %  !$  !$)�=!" �+  + 
&�2"*$ !" �+  73!-8+"!+'"#$!+%  �9� . �  �"  =�  #'�/% ,  $/$  /!"(" 3&.�-�!" �6  
$�"/!"("  -�$ ��'$   "2)$��  )"*"�!+���6!0�  #"2/"=!" �+  )�% !�2$-"!!01  �'$! $-8+, , 
!�8���#"("  '$ 1")"#$!+%  &4)=��!01   '�) �#  + � .* .  

�"  *'"('$//�  '$2#+�+% ��  «�" $�"/ » !$  2009-2015(( . &0�"  #0)���!"  
7+!$! +'"#$!+�  # '$2/�'�  941,8 /�') .'3& ., +2 -"�"'01  &4)=��!0�   '�) �#$   " �$#+�+  
424,6 /�') .'3& . �  1")�  *'"#�'-+  *�'+")$  2011-2013(( . &0�+  #0%#��!0  !$'3;�!+%  
8���#"("  + *"�62"#$!+% : +2 *�'�5+ ��!!01  184,8 /�') .'3& . )"  7+�+$�"#  -"/*$!++  
)";�"  �"�6-"  52-68% "�  *'�)!$2!$5�!!01   '�) �# , 5�"  2$-"!"/�'!"  *'+#��"  -  
3#��+5�!+4   '"-"#   )$5+  "&.�-�"#  # :- *�3$�$8+4 , +1 *'" �$+#$!+4 , 5$ �+5!",  
)�('$)$8++ ,  *" "&!",  *'+#� �+  -  7"'/+'"#$!+4  # )$�6!�,;�/  3('"2  ��1!+5� -",  + 
:-"�"(+5� -",  &�2"*$ !" �+  [5]. � �6  �>�  7$-�0  *"*0�"-  +2.%�+% +! $,)�' -",  '�!�0  
– # -"!8�  2014(.  �3=&$  #!3�'�!!�("  -"!�'"�%  + $3)+�$ ��  «�" $�"/ » #0%#+�$ !$  
(" 2$-3*-$1  �"�  �3' -",  �9�  !$  )"'"(" �"%>34  (*"'%)-$  5 /�! .'3& . 2$ 8 /� %8�# ) 
$'�!)3  $#�"/"&+��,  -�$  $  «�4- » )�% *�'�#"2-+  )"-3/�!�$8++  [6]. 9�+   �35$+  !�  
�)+!+5!0 . �  3 �"#+%1 "('$!+5�!!" �+  '� 3' "#  +  "-'$>�!++  )"1")"#  
(" 3)$' �#�!!"("  &4)=��$  *")"&!0�   +�3$8++ !�)"*3 �+/0  + �'�&34�   -"'�,;�("  
'$2'�;�!+% .  


$   �(")!%;!+,  )�!6   3>� �#3��  )" �$�"5!"�  -"�+5� �#"  7"'/  +  *" "&"#  
"&� *�5�!+%  :-"!"/+5� -",  &�2"*$ !" �+ . 9�"  /!"("5+ ��!!0�  !"'/$�+#!" -*'$#"#0�  
$-�0 , #�)"/ �#�!!0�  +! �'3-8++ , !$*'$#��!!0�  !$  "'($!+2$8+4  + -"!�'"�6  # �1  
7+!$! "#01  + 1"2%, �#�!!01  *'"8�  "# ,   -"�"'0/+   "*'%=�!"  73!-8+"!+'"#$!+�  
"&.�-�"#  $�"/!",  :!�'(��+-+ . �  5$ �!" �+ ,   2009(. # ��  «�" $�"/ » 3 *�;!"  '$&"�$��  
 + ��/$  #!3�'�!!�("  -"!�'"�%  (��� ), " 3>� �#�%4>$%  -"!�'"�6  2$-"!!" �+  
)�%���6!" �+  # �1   �'3-�3'!01  *")'$2)���!+,  -"'*"'$8++ . ���  !$*'$#��!$  !$ : 

– "&� *�5�!+�  '�$�+2$8++  �'�&"#$!+,  (" 3)$' �#$  *"  3 +��!+4  "�#�� �#�!!" �+  
(" -"'*"'$8++  #  7�'�  &�2"*$ !" �+  + :77�-�+#!" �+  )�%���6!" �+  *'+  
+ *"�62"#$!++  %)�'!",  :!�'(++ ;  

– *'�)" �$#��!+�  #"2/"=!" �+  -"!�'"�%  :77�-�+#!" �+  )�%���6!" �+  
(" -"'*"'$8++   "   �"'"!0  (" 3)$' �#�!!01  "'($!"# ; 

– '�$�+2$8+4  "�#�� �#�!!" �+  (" -"'*"'$8++  -$-  *"�35$���%  &4)=��!01  
 '�) �#   2$  "&�4)�!+�  &4)=��!"("  2$-"!")$���6 �#$  �"  +, -",  ��)�'$8++  [7].  


)!$-"  &�2 +)�"�"(+5� -",   " �$#�%4>�,  ���  !�  "&",�+ 6 , "!$  )"�=!$  
#0'$=$�6 % #  "2)$!++  + '$2#+�++ " "&",  -3�6�3'0  :-"!"/+5� -",  &�2"*$ !" �+  
#2$+/")�, �#+%  '$2�+5!01  "&.�-�"#  # +�'$'1++  (" -"'*"'$8++ . 9�"  &3)��  
 ""�!" +�6 %    #"2'$ �$4>�,  2!$5+/" �64  �$-+1  -$��("'+, , -$-  )"#�'+�  +!#� �"'"# , 
/"�+#$8+% !$  )"&'" "#� �!"�  #0*"�!�!+�  "&%2$!!" ��,  + � .* . �$!!0�  
«!�:-"!"/+5� -+� » -$��("'++  )"   +1 *"'  # �'�5$4�  3 !�"-�$  +-"#   "*'"�+#��!+�  *'+  
+ *"�62"#$!++  )�% +  ��)"#$!+%  :-"!"/+5� -+1  *'"8�  "# . 
)!$-"  #"2'$ �$4>$%  
/!"("$ *�-�!" �6  5��"#�5� -",  =+2!�)�%���6!" �+  *'+#")+�  -  /�=)+ 8+*�+!$'!" �+  
/��")"�"(+5� -+1  *")1")"# . 9�+-$  + /"'$�6  %#�%4� % !�/$�"#$=!0/+  7$-�"'$/+  
:-"!"/+5� -",  =+2!+  "&>� �#$  # ��) �#+�  !$�+5+% �$-+1  #'"=)�!!01  -$5� �#  
5��"#�-$ , -$-  /"'$�6!0� , '��+(+"2!0�  + : ���+5� -+�  [8].  

�3�6�3'$  :-"!"/+5� -",  &�2"*$ !" �+  2$!+/$��  #$=!�,;��  /� �"  #  + ��/�  
"&� *�5�!+%  :-"!"/+5� -",  &�2"*$ !" �+ , *" -"�6-3  # 3 �"#+%1 )�'�(3�+'"#$!+%  
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:-"!"/+-+ ,  "*'"#"=)$4>�(" %   "-'$>�!+�/  (" 3)$' �#�!!"("  !$)2"'$  + -"!�'"�% , 
#"2'$ �$��  2!$5�!+�  "�#�� �#�!!" �+  ('$=)$!  + +1  *" "&!" �+  -   $/""('$!+5�!+4  + 
 $/"'�(3�+'"#$!+4 . 9�"  *"2#"�+�   (�$)+�6  !� "#�';�! �#$   3>� �#34>�,  
!"'/$�+#!" -*'$#"#",  &$20. �  �"  =�  #'�/% , # 3 �"#+%1 #0 "-"("  3'"#!%  :-"!"/+5� -",  
-3�6�3'0   "-'$>$�� %  !�"&1")+/" �6   ")�'=$!+%  /$ ;�$&!"("  /�1$!+2/$  
*'+!3=)�!+%  -  #0*"�!�!+4  2$-"!"#  + *'$#+� . �$-+/  "&'$2"/ ,  +!��2  !"'/$�+#"# , 
�'�&"#$!+,  :-"!"/+5� -",  :77�-�+#!" �+  + :�+-+  )"�=�!   �$�6  -'$�3("�6!0/  -$/!�/  
!�  �"�6-"  ���  # ��  «�" $�"/ », !"  + (" 3)$' �#�!!",  *"�+�+-+  '�(3�+'"#$!+%  
#2$+/")�, �#+,  # �1  1"2%, �#34>+1   3&.�-�"# .  

��$ ��'!0,  *")1")  -  '$2#+�+4  :-"!"/+-+  #*"�!�  *'+/�!+/  #  7�'�  "&� *�5�!+%  
��  &�2"*$ !" �+ . �$- , )" �$�"5!"�  '$ *'" �'$!�!+�  *"�35+�$  ��"'+%  �'",!",   *+'$�+  
-$-  !"#"("   *" "&$  7"'/+'"#$!+%  +!!"#$8+"!!",  :-"!"/+-+ . �$!!$%  /$�'+8$  ��=+�  # 
" !"#�  '$2#+�+% /!"(+1  +!!"#$8+"!!01  "�'$ ��,  '"  +, -",  :-"!"/+-+ , # �"/  5+ ��  + 
$�"/!",  :!�'(��+-+  + *'�) �$#�%��   "&",  #2$+/")�, �#+�  (" 3)$' �#$ , &+2!� $  + !$3-+  
("&'$2"#$!+%). �"  /!�!+4  :- *�'�"#  #  7�'�  -3�6�3'0  &�2"*$ !" �+ , !"'/$�6!"�  
73!-8+"!+'"#$!+�  + *�' *�-�+#!"�  '$2#+�+�  $�"/!",  :!�'(��+-+  #"2/"=!"  �"�6-"  
*'+  "&� *�5�!++  )"#�'+%   "   �"'"!0  "&>� �#$  -  /�'"*'+%�+%/ , " 3>� �#�%�/0/  ��  
«�" $�"/ », !$*'$#��!!0/ , # *�'#34  "5�'�)6 , !$  &�2"*$ !" �6  [2].  

�5+�0#$% #"2'$ �$4>34  '"�6  5��"#�-$  # 7"'/+'"#$!++  3('"2  '$2#+�+4  
"&>� �#$ , " "&"�  2!$5�!+�  # 7"'/+'"#$!++  -3�6�3'0  &�2"*$ !" �+  *'+!$)��=+�  
"&'$2"#$���6!0/  35'�=)�!+%/ , # -"�"'01  !$'%)3    *'"7�  +"!$�6!0/+  
-"/*���!8+%/+  *'+#+#$4� %  "&>�-3�6�3'!0�  8�!!" �+  + *'$#+�$  *"#�)�!+% . 
�!$5+/" �6  *+ 6/�!!"("  "7"'/��!+%  #$=!�,;+1  +! �'3-8+,  + *'$#+�  !$  %)�'!"/  
*'�)*'+%�++  !�   !+=$��  8�!!" �+  !�7"'/$�6!01  !"'/  + -"'*"'$�+#!01  �'$)+8+, , 
!$*'+/�' , !�*'+%�+%  + " 3=)�!+%  !$'3;�!+, . 

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

�� !"'/$�+#!" -*'$#"#",  &$2�, (" 3)$' �#�!!01  *'"('$//$1  '$2#+�+% 
!$8+"!$�6!",  :-"!"/+-+  + "�'$ �+  (3'"#�!6  (" 3)$' �#$ ); 

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

�� '�23�6�$�$1  +  ��)"#$���6 -",  + "&'$2"#$���6!",  )�%���6!" �+  
�� , 
�$&"'$�"'+, , 35�&!01  2$#�)�!+, , "'+�!�+'"#$!!01  !$  *")("�"#-3   *�8+$�+ �"#  )�% 
$�"/!",  "�'$ �+  (3'"#�!6  !$3-+  + "&'$2"#$!+%). 


&>+/+  2$)$5$/+ �'�1  3-$2$!!01  3'"#!�,  &3)3�  %#�%�6 %  ��)34>+� : 
�� *")&"'  + *")("�"#-$  !"#01  -$)'"#  *"  �'�&3�/0/  -"/*���!8+%/ ; 
�� "'($!+2$8+% "&35�!+% + *�'�*")("�"#-+  "*0�!01  -$)'"#   "(�$ !"  

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

*"�'�&!" �+  ("�"#!" �+  '$&"�$�6  *"  *'$#+�$/ , !�*'+�/��/" �+  !$'3;�!+,  !$  
#!3�'+�+5!" �!"/  3'"#!� ; 

��  "2)$!+�  �)+!",  + �'$! *$'�!�!",   + ��/0  *'"7�  +"!$�6!01   �$!)$'�"# , 
-'+��'+�# , �'�&"#$!+,  # '$&"�� . 

�/�!!"  *":�"/3  " "&34  '"�6  # 7"'/+'"#$!++  -3�6�3'0  :-"!"/+5� -",  
&�2"*$ !" �+  *'+2#$!0   0('$�6  #0 ;+�  35�&!0�  2$#�)�!+%. ��$ ��'  $�"/!01  
��1!"�"(+,  �" �"# -",  "&�$ �+  *'�) �$#�%��   "&",   "#"-3*!" �6  -'3*!01  "&.�-�"# , # 
5+ �"  -"�"'01  #1")%� *'"+2#") �#�!!0�  *'�)*'+%�+% , !$35!" -+  ��)"#$���6 -+�  
+! �+�3�0  + #320. ��$ ��'!0,  *")1")  # $�"/!",  :!�'(��+-�  &0�  #*�'#0�  *'+/�!�!  # 
"&�$ �+  # !$5$��  70-1 (")"#  20 #., -"()$  &0�  *" �'"�!  2$#") «��"//$; ». 
 "&"�  /� �"  
# !$35!"/   �-�"'�  /")��+  �'",!",   *+'$�+   �" �"# -",  "&�$ �+  2$!+/$��  ����  
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���  ���� , " 3>� �#�%4>+,  *")("�"#-3   *�8+$�+ �"#  )�% $�"/!",  :!�'(��+-+  + 
%#�%4>+,  "&",  *'+/�'  '�23�6�$�+#!"("   "�'3)!+5� �#$    *'�)*'+%�+%/+  $�"/!"("  
/$;+!" �'"�!+%  + )'3(+/+  -�45�#0/+  *'"+2#") �#�!!0/+  *'�)*'+%�+%/+  "&�$ �+ ,   
"'($!$/+  #�$ �+ . �-�+#!$%  *"))�'=-$  (" 3)$' �#"/  + &+2!� "/  *")"&!01  
'�(+"!$�6!01  #32"#,  �$!��  2$�"("/  3 *�;!"("  '$2#+�+% -�$ ��'!"("  *")1")$  # 
$�"/!",  :!�'(��+-� . 

�$-+/  "&'$2"/ , /"=!"  2$-�45+�6   ��)34>�� . �3�6�3'$  :-"!"/+5� -",  
&�2"*$ !" �+  !$  "&.�-�$1  %)�'!",  :!�'(��+-+   *'�) �$#�%��   "&",   "#"-3*!" �6  
-$5� �# , *'+!8+*"# , "�!";�!+,  + *"#�)�!+%  :-"!"/+5� -+1   3&.�-�"# , *"2#"�%��  
*"))�'=+#$�6  )" �$�"5!0,  3'"#�!6  '$2#+�+% "�'$ �+  &�2 3('"2  ��  &�2"*$ !" �+ . ��  
"&� *�5�!+�  &3)��  2$#+ ��6 "�  -$5� �#�!!01  '�23�6�$�"#  �'�1 �"'"!!�("  )+$�"($  
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Abstract - In article value of economic safety culture for nuclear power is shown. The materials 
testifying to development of destructive tendencies in branch are given. Need of cooperation of the 
state, business and science for formation of high level of economic culture is noted. 
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�$-  )�% )" �+=�!+%  8���,  2$1#$�$ ��+��  /"(3�  &0�6  "#�';�!0  *'� �3*��!+%  *'"�+#  
=+2!+  + 2)"'"#6%, *'+  !�*'$#+�6!",  !���($�6!",  �'$! *"'�+'"#-�  /"=��  
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'$  ��)"#$!+% . �"  "&>�/3  *'$#+�3 , 2$-'�*��!!"/3  # 5$ �+  1  �$�6+  150 �("�"#!" -
*'"8�  3$�6!"("  -")�- $  �"  +, -",  ��)�'$8++  ()$���  ���  �� ) �'�)#$'+���6!"�  
'$  ��)"#$!+�  *'"+2#")+� %  # 7"'/�  *'�)#$'+���6!"("   ��) �#+%  �+&"  # 7"'/�  
)"2!$!+% . �")"&!$%  )+77�'�!8+$8+%  "&.% !%�� % 2$-"!")$����/  &"�6;+/  
-"�+5� �#"/ , -$-  /$��'+$�6!" -*'$#"#01 , �$-  + *'"8�  3$�6!01  *'�)*" 0�"- : 
'$2�+5!",  �%=� �64  '$  ��)3�/01  *'� �3*��!+,  + � . ) . 

�   ""�#�� �#++    *3!-�"/  3 5$ �+  2  �$�6+  151 ���  ��  *'�)#$'+���6!"�  
 ��) �#+�  *'"+2#")+� %   ��)"#$���%/+  "'($!"#  #!3�'�!!+1  )��  *"  5$ �%/  )#$ + �'+  
 �$�6+  220 ��  ��  + 5$ �%/  )#$ + �'+   �$�6+  221 ��  �� . �   ""�#�� �#++    *3!-�"/  1 
5$ �+  3  �$�6+  150 ���  ��  )"2!$!+�  *'"+2#")+� %  *"  5$ �+  *�'#",   �$�6+  220 ��  ��  
+ 5$ �+  *�'#",   �$�6+  221 ��  �� . 

�$-+/  "&'$2"/ , )" 3)�&!$%  *")("�"#-$  /$��'+$�"#  *"  +!��'� 34>+/  !$   �$�6%/  
3("�"#!"("  -")�- $  *'"+2#")%� %  )#3/% '$#!"!$*'$#��!!0/+  *"  8��+ , !"  '$2�+5!0/+  
*"   �'3-�3'� ,  �$�3 3  + *"�!"/"5+%/  "'($!$/+  *'�)#$'+���6!"("  '$  ��)"#$!+% .  

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

�'%/"("  "*'�)���!+%  *"!%�+% «�'�)#$'+���6!"�   ��) �#+� » 2$-"!")$���6  !�  
2$�"=+� , !"  *"   /0 �3   "#'�/�!!"("  3("�"#!"("  *'"8�  $  /0  /"=�/  3�#�'=)$�6 , 5�"  
:�"  )�%���6!" �6  "'($!"#  + )"�=!" �!01  �+8 , " 3>� �#�%4>+1  # *"�!"/  "&.�/�  
)" 3)�&!34  *")("�"#-3  /$��'+$�"#  *"   "#�';�!!0/  3("�"#!0/  *'$#"!$'3;�!+%/ . 
�$-=� , *'�)#$'+���6!"�   ��) �#+�   5+�$�� %  " !"#!",  7"'/",  '$  ��)"#$!+% , �$-  -$-  
# !�,  !$+&"���  *"�!"  *'�) �$#��!0  # �  *'"8�  3$�6!0�  #"2/"=!" �+  )" 3)�&!"("  
*'"+2#") �#$  + ($'$!�++  *'$#  35$ �#34>+1  �+8 . 
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/$��'+$�"# ; #  '"-$1  *'�)#$'+���6!"("  '$  ��)"#$!+% ; # *'"8�  3$�6!"/   �$�3 �  �+8$, 
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 �"'"!0  "&#+!�!+%  )�% *" ��)34>�("   3)�&!"("  '$2&+'$���6 �#$ ; #  ""�!";�!++  
*'"-3'"' -"("  !$)2"'$  + #�)"/ �#�!!"("  -"!�'"�% ; # 7"'/�  "-"!5$!+%  
*'�)#$'+���6!"("  '$  ��)"#$!+%  (+�"("#0,  )"-3/�!� ). 

�"   /0 �3  5$ �+  3  �$�6+  150 ���  ��  -  *") ��) �#�!!" �+  )"2!$!+%  "�!" %� %  
*'� �3*��!+%  !�&"�6;",  +  '�)!�,  �%=� �+ , 2$  "#�';�!+�  -"�"'01  /$- +/$�6!"�  
!$-$2$!+� , *'�)3 /"�'�!!"�  ��  �� , !�  *'�#0;$��  �'�1  ���  �+;�!+%   #"&")0  + !�  
*'�) �$#�%4>+1  &"�6;",   �"=!" �+  # '$  ��)"#$!++ . 

�  �"  =�  #'�/%  "*'�)��%�6   ��*�!6  �%=� �+   � . � . 220, 221 ��  ��    *"2+8++ 
/$- +/$�6!"("  !$-$2$!+%, *'�)3 /"�'�!!"("  #  $!-8+%1, !$  !$;  #2(�%) !�  *'$#"/�'!"  
!$  �"/  " !"#$!++ , 5�"  #"2/"=!0,  3>�'&  "�   "#�';�!+%  *'� �3*!01  )�%!+,  
*'�)3 /"�'�!!01  )+ *"2+8+%/+  )$!!01   �$��,  !�"('$!+5�!!"/3  -"�+5� �#3  �+8  + 
"-'3=$4>�,   '�)�  &3)��  -"�"  $�6!0/  + *'$-�+5� -+  !�"&'$�+/0/ . 9�"   #%2$!" 
*'�=)�  # �("    ��/ , 5�"  # �  #�>� �#$ , %#�%4>+� % *'�)/��"/  +  ��)3�/01  !$/+  
*'� �3*��!+, , +/�4�   #", �#"  '$)+"$-�+#!" �+ .  

��"  -$ $�� %  )" 3)�&!",  *")("�"#-+  /$��'+$�"#  *"  )��$/ ,  #%2$!!0/    %)�'!",  
&�2"*$ !" �64 , 35+�0#$% " "&0,   �$�3  ��+�� ,  "*'%=�!!0,    + -�45+���6!",  
"*$ !" �64  �("  1'$!�!+% , �'$! *"'�+'"#-+  + *'+/�!�!+% , �"  2)� 6  �'�&3�� %  #0 "-"  
-#$�+7+8+'"#$!!0,   *�8+$�+ � ,  *" "&!0,  *'+  "� 3� �#++   *�8+$�6!01  *"2!$!+,  # 
 7�'�  %)�'!",  :!�'(��+-+  *'�)3 /"�'��6  # �  !4$! 0  + $ *�-�0  7"'/+'"#$!+%  
)"-$2$���6!",  &$20 )�%  " �$#��!+%  "&#+!+���6!"("  2$-�45�!+%  + *�'�)$5+  !$  
'$  /"�'�!+�  )��$  *"   3>� �#3  #  3) . 
$  !$;  #2(�%)  "�'3)!+-+  "'($!$  )"2!$!+%  -$-  
 3&.�-�0  *'�)#$'+���6!"("  '$  ��)"#$!+%  !$  '"�6  �$-+1  «-#$�+7+8+'"#$!!01  
 *�8+$�+ �"# » !�  *")1")%� , #  #%2+   ��/ , 5�"  �=�)!�#!$%  *'$-�+-$  +1 )�%���6!" �+  
 #%2$!$   '$  ��)"#$!+�/  *'� �3*��!+, , !�  *'�) �$#�%4>+1  &"�6;",   �"=!" �+  
)"-$20#$!+%. 

��'/+!  «)" 3)�&!$%  *")("�"#-$  /$��'+$�"# » #  "#'�/�!!"/  3("�"#!" -
*'"8�  3$�6!"/  2$-"!")$���6 �#�  !�  *'�)3 /"�'�! . 
$  !$;  #2(�%) �" 3)�&!34  
*")("�"#-3  /$��'+$�"#  /"=!"  "*'�)��+�6  -$-  !�"&1")+/34 ,  $/" �"%���6!34   �$)+4  
3("�"#!"("  *'"8�  $ , 2$-�45$4>34 %  # *'$#""�!";�!+%1  + )�%���6!" �+  
3*"�!"/"5�!!01  "'($!"#  *"  3 �$!"#��!+4  !$�+5+% +�+  "� 3� �#+%  7$-�+5� -+1  + 
4'+)+5� -+1  " !"#$!+,  )�% *�'�)$5+  3("�"#!"("  )��$  #  3) . 

�   #���  #0;�+2�"=�!!"(" , � �+  *'+!%�6  2$ $- +"/3 , 5�"  '$  ��)"#$!+�  
*'� �3*��!+, , *'�)3 /"�'�!!01   � . � . 220 + 221 ��  ��  # 7"'/�  )"2!$!+%  !�#"2/"=!" , 
# #+)3 " "&",  "*$ !" �+  "&"'"�$  ��+�� , '"�6  )"2!$!+%  2)� 6  #+)+� % !�  # -$5� �#�  
7"'/0  '$  ��)"#$!+% , $ # #+)�  "'($!$ , " 3>� �#�%4>�("  "*�'$�+#!" -'"20 -!34  
)�%���6!" �6  (
�� ). 
$  *�'#"!$5$�6!",   �$)++  �("  73!-8+% –   *"/">64  "*�'$�+#!" -
'"20 -!01  /�'"*'+%�+,  (
�� ) "*'�)��+�6  !$�+5+�   "&0�+% *'� �3*��!+% , 3 �$!"#+�6  
�+8" , *")��=$>��  *'+#��5�!+4  # -$5� �#�  "&#+!%�/"("    *"�!0/  2$*'��"/  
*'"#�)�!+%  -$-+1  �+&"   ��) �#�!!01  )�, �#+, . �  :�",  73!-8+�,  #*"�!�  /"(3�  
 *'$#+�6 %   "�'3)!+-+   �3=&0  &�2"*$ !" �+ ,  " �"%>+�  # ;�$��  �+!+ ��' �#$  
�"  +, -",  ��)�'$8++  *"  $�"/!",  :!�'(++  (�+!$�"/  �"  ++ ). �$-+/  "&'$2"/ , &3)��  
'�;�!  #"*'"  "  )" 3)�&!",  *")("�"#-�  /$��'+$�"#  # *"�!"/  "&.�/�     "&�4)�!+�/  
# �1   *�8+7+5� -+1  �"!-" ��,  "*'�)���!+%   "&0�+% *'� �3*��!+%  + 7+- $8++  
)"-$2$���6 �#  #+!"#!" �+   3&.�-�"#  *'� �3*��!+% . 

�  /+'"#",  *'$-�+-�  "&� *�5�!+%  %)�'!",  &�2"*$ !" �+   3>� �#34�  /�1$!+2/0  
"&!$'3=�!+%  + *'"�+#")�, �#+%  !�2$-"!!"/3  "&"'"�3  %)�'!01  + )'3(+1  
'$)+"$-�+#!01  /$��'+$�"# , ")!+/  +2 -"�"'01  %#�%�� % %)�'!$% -'+/+!$�+ �+-$ . 

�'"#")%  $!$�"(+4    *'+#��5�!+�/  -  "�#�� �#�!!" �+  2$ *'$#"!$'3;�!+� , 
*'�)3 /"�'�!!"�   � . 9.6 �"�� , ()�   3&.�-�"/  #0%#��!+% *'$#"!$'3;�!+%  %#�%�� % 
 "�'3)!+-  *'"7+�6!",  (" 3)$' �#�!!",  "'($!+2$8++  – �" ��1!$)2"'$ , 8��� ""&'$2!"  
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*'�)3 /"�'��6  )" ��) �#�!!34  *")("�"#-3  /$��'+$�"#  *"  3("�"#!0/  
*'$#"!$'3;�!+%/ , *'�)3 /"�'�!!0/   � . � . 220 + 221 ��  ��  '$&"�!+-$/+   �3=&0  
&�2"*$ !" �+  *'"7+�6!"("  #�)"/ �#$  – �" $�"/$  �"  ++ . 

�$!!$%  -"!8�*8+%  '$  ��)"#$!+%  +!��'� 34>+1  !$   " �$#"#  *'� �3*��!+,  
3-�$)0#$�� %  # *'�)�"=�!!34  !$/+  7"'/3  )"2!$!+%  -$-  #+)$ '$  ��)"#$!+% . �$-  # 
'$!��  "*3&�+-"#$!!",  '$&"��  *")  !$2#$!+�/  «�  #"*'" 3  "  )"2!$!++  -$-  #+)3 
'$  ��)"#$!+% » +2�"=�!"  &3-#$�6!"   ��)34>�� : «�'+!+/$%  #" #!+/$!+�  
2$-'�*��!!34  # " !"#!"/  2$-"!�  (" 3)$' �#�!!34  73!-8+4  2$>+�0  !$ ���!+% , 
7+2+5� -+1  + 4'+)+5� -+1  �+8 , "&>$% -"!8�*8+%  '$  ��)"#$!+%  5$ �!" -*3&�+5!01  + 
*3&�+5!01  *'� �3*��!+,  #0(�%)+�   ��)34>+/  "&'$2"/ : )"2!$!+�  *" '�) �#"/  
��  
 "&+'$��  +!7"'/$8+4 , 7+- +'3��   ��)0  *'� �3*��!+% , 3 �$!$#�+#$��  �+8" , 
*")��=$>��  *'+#��5�!+4  # -$5� �#�  "&#+!%�/"("  +, -$-  -3�6/+!$8+%  – *�'�)$��  
 "&'$!!0�  3�+-+  *'"-3'"'3  )�% *'�).%#��!+%  #  3)�  *3&�+5!"  # "�-'0�"/  
 " �%2$���6!"/  *'"8�  � . �3)�&!0,   ��)"#$���6  *'"#")+�   ��) �#�!!0�  )�, �#+% , # 
*'"8�  �  -"�"'01  3�+-+  *'+"&'��$4�   �$�3  )"-$2$���6 �# , +�+  !�  *'+"&'��$4� . 

-"!5$!+�/   3)�&!"("   ��) �#+% , %#�%�� % -#$�+7+-$8+% )�, �#+,  #+!"#!"("  ( �$�6%, 
5$ �6 , *3!-� ). ���)34>$%   �$)+% – !$2!$5�!+�   3)"/  !$-$2$!+% #+!"#!"/3 » [4].  

��1!+5� -"�  '$2#+�+�  $�"/!",  :!�'(��+-+  # /+'� , *'+#")+�  -  '" �3  -"�+5� �#$  
"&.�-�"#  *")��=$>+1  7+2+5� -",  "1'$!�  # '$/-$1  %)�'!",  &�2"*$ !" �+ . �   #"4  
"5�'�)6  '$ ���  5+ �"   �35$�#  !�2$-"!!"("  "&"'"�$  %)�'!01  /$��'+$�"#  (

�� ). 

�!$�+2  +!7"'/$8++  *"  *")�#�'=)�!!0/   �35$%/  

��  *"-$20#$�� , 5�" : 
– &"�6;+! �#"   �35$�#  

��  *'+1")+� %  !$  �#'"*3 , $ �$-=�  !$  (" 3)$' �#$ -

35$ �!+-+  �"!#�!8++  "  7+2+5� -",  2$>+��  %)�'!"("  /$��'+$�$ ; 
– 7+2+5� -+�  + 1+/+5� -+�  7"'/0  3-'$)�!!01  %)�'!01  + �"5!+-"#  + 

/$��'+$�"#   #+)����6 �#34�  "  �"/ , 5�"  !$+&"���  3%2#+/0/+ )�% 2�"3/0;��!!+-"#  
%#�%4� % -"!#�' +"!!$%  + *" �-"!#�' +"!!$%   �$)++  %)�'!"("  �"*�+#!"("  8+-�$ ; 

– !$+&"���  3%2#+/0� *'�)*'+%�+%  – *'�)*'+%�+%   7�'0  *'"+2#") �#$  %)�'!"("  
�"*�+#$  + 1'$!+�+>$  '$)+"$-�+#!01  /$��'+$�"# ; 

– �����9  # �  �>�  "&�$)$��  "('$!+5�!!",  +!7"'/$8+�,  "  *'"+ 1"=)�!++  
'$)+$8+"!!01  + �"5!+-"#  [2]. 

�$-+/  "&'$2"/ , 35+�0#$% /�=)3!$'")!0,  "*0�  "&� *�5�!+%  %)�'!",  
&�2"*$ !" �+  # 5$ �+  *'�)3*'�=)�!+% , *'� �5�!+%  + '$  ��)"#$!+%  *'"7+�6!01  
*'� �3*��!+, , 8��� ""&'$2!"  *'�)3 /"�'��6  !$)���!+�   "�'3)!+-"#   �3=&0  
&�2"*$ !" �+  *'$#$/+  *"2#"�%4>+/+  *'"#")+�6  )" 3)�&!34  *")("�"#-3  /$��'+$�"#    
+ *"�62"#$!+�/  
�� , !"    2$*'��"/  *'"#�)�!+%   ��) �#�!!01  )�, �#+, . 

 
����
�  	���������  
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�  '$&"��  '$  /$�'+#$4� %   "#'�/�!!0�  *")1")0  -  "'($!+2$8++  *'$-�+-" -
"'+�!�+'"#$!!"("  "&35�!+%  �3)�!�"#  !$  &$2� �� 3' !"("  8�!�'$  ����  
���  ����  )�% 
"&35�!+% "��5� �#�!!01  + +!" �'$!!01   �3)�!�"#  :- *�3$�$8++ , ��1!+5� -"/3  
"& �3=+#$!+4 , '�/"!�3  + +!=+!+'+!(3  '"  +, -+1  + 2$'3&�=!01  �9� . 
 
��1��
 �  ���
� : *'$-�+-" -"'+�!�+'"#$!!0,  *")1") , *")("�"#-$  -$)'"# , '� 3' !0,  8�!�' , 
$-$)�/+5� -$%  /"&+�6!" �6 . 

 
�" �3*+�$  # '�)$-8+4  20.06.2015 (. 

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

3 �"#+%1 + ��/*$1  '$2#+�+% *'"+2#") �#$ , �'�&34�  +!!"#$8+"!!01  *")1")"#  # 
!$*'$#��!+%1   "�'3)!+5� �#$  *'�)*'+%�+,  + "&'$2"#$���6!01  "'($!+2$8+,  #0 ;�("  
"&'$2"#$!+%. �":�"/3  ")!",  +2 #$=!�,;+1  2$)$5 ��)�'$�6!01  8���#01  *'"('$//   
'$2#+�+% "&'$2"#$!+% !$  2011–2015 + 2016–2020 (")0  &0�$  "*'�)���!$  + " �$�� %  
$-�3$�6!",   *�'�"'+�!�$8+%   + ��/0  "&'$2"#$!+% �"  +, -",  ��)�'$8++  *")  !3=)0  
-�45�#01  "�'$ ��,  *'"/0;��!!" �+  + :-"!"/+-+   �'$!0 , # �"/  5+ �� : :!�'(��+-+  + 
$�"/!"("  :!�'("*'"/0;��!!"("  -"/*��- $  [1]. 

�'"/�  �"(" , �"!8�*8+�,   ��)�'$�6!",  8���#",  *'"('$//0  '$2#+�+% "&'$2"#$!+% 
2016 – 2020 (")0  "*'�)���!0   -"!-'��!0�  *"-$2$���+  "&'$2"#$���6!01  "'($!+2$8+,  
#0 ;�("  "&'$2"#$!+% *"  35$ �+4   '$&"�")$����,  # "'($!+2$8++  35�&!",  + 
*'"+2#") �#�!!",  *'$-�+- , *'�)" �$#��!++  "&"'3)"#$!+%  + /$��'+$�"# , 35$ �++ # 
'$2'$&"�-�  "&'$2"#$���6!01  *'"('$//  + "8�!-�  '�23�6�$�"#  +1 " #"�!+% , *'"#�)�!++  
35�&!01  2$!%�+,. �'�&"#$!+%  -  + *"�!�!+4  )$!!01   *"-$2$����,  3-$20#$4�  !$  
!�"&1")+/" �6  *"+ -$  !"#01  7"'/$�"#  #2$+/")�, �#+%    '$&"�")$���%/+  # 
"'($!+2$8++  "&'$2"#$���6!"("  *'"8�  $ . 

�$-  "�/�5$4�  /!"(+�  $!$�+�+-+  + *'$-�+-+  # "&�$ �+  3!+#�' +��� -",  
+!=�!�'!",  *")("�"#-+  -$)'"# , #0*3 -!+-  #32$, *")("�"#��!!0,  &�2 *'+#%2-+ -  
-"!-'��!"/3  /� �3  '$&"�0 ,  "2)$#$�6  !"#34   �"+/" �6  !$5+!$�� , -$-  *'$#+�" , 5�'�2  
(") –)#$, *'",)%  *'"7�  +"!$�6!34  «)"#")-3 » 3=�  !$  *'�)*'+%�++  + *"�35+#  
!�"&1")+/34   3//3  *'"7�  +"!$�6!01  -"/*���!8+, . 9�"�  !�)" �$�"-  *'�")"��#$�� %  
  !�*'�'0#!",  !$35!" -*'"+2#") �#�!!",  *'$-�+-",  !$  &$2"#01 *'�)*'+%�+%1 -
2$-$25+-$1. �0*3 -!+-+  &3)3�  *")("�"#��!0  )�% '$&"�0  !$  -"!-'��!"/  *'�)*'+%�++ , 
# -"!-'��!"/  *")'$2)���!++ , #"2/"=!" , + !$  -"!-'��!"/  '$&"5�/  /� ��  +!=�!�'$ , *"  
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+1 /!�!+4 , � �+ : *")("�"#-$  +!=�!�'"#  *�$!+'3�� %  !$  " !"#�  )"�(" '"5!"("  
)"("#"'$      *'�)*'+%�+�/  #  ""�#�� �#++    *'"('$//",  '$2#+�+% "�'$ �+ ; *'"('$//0  
*'$-�+-   *"   ")�'=$!+4  +  '"-$/  &3)3�  '$8+"!$�6!"   "5��$�6 %    *'"('$//$/+  
��"'��+5� -"("  "&35�!+%; 35�&!0�  *�$!0  + *'"('$//0  ��"'��+5� -+1  )+ 8+*�+!  + 
*'$-�+-   "(�$ "#$!!0    *'�)*'+%�+�/ ; + *"�623�� %  /$��'+$�6!" -��1!+5� -$%  &$2$ 
*'�)*'+%�+% , #-�45$% 3!+-$�6!0�  + *0�$���6!0�   ��!)0  + "&'$280  !"#",  ��1!+-+ ;  
*'"('$//0  )+ 8+*�+!  !�*'�'0#!"  -"''�-�+'34� %  +  $)�-#$�!"  "�'$=$4�  *'"8�   
)+!$/+5!"  '$2#+#$4>�, %  "�'$ �+ ; �'�&"#$!+%  -   *�8+$�+ �$/  *'"(!"2+'34� %  +   
"*�'�=�!+�/  "&!"#�%4� %  [2]. 

�!+8+$�+#$  CDIO, *'+!%�$% #" /!"(+1  +!=�!�'!01  #32$1 �"  ++ , !$8��+#$��  !$  
+ *"�62"#$!+�  �$-+1  "&'$2"#$���6!01  ��1!"�"(+, , -"�"'0�  &0 "&� *�5+#$�+ , � �+  !�  
*"�!34  �+-#+)$8+4  *�'+")$  $)$*�$8++ #0*3 -!+-$  !$  *'"+2#") �#� , �" , *"  -'$,!�,  
/�'� , �("   3>� �#�!!"�   "-'$>�!+�  [3]. 


)!$-" , -$-  "�/�5$��  *'�2+)�!�  �  "8+$8++  +!=�!�'!"("  "&'$2"#$!+% �"  ++ , 
*'"7�  "'  < .� . �"1"�-"#  #" ##�)�!++  -  "& 3=)�!+4  ��/0  «�'$-�+-" -
"'+�!�+'"#$!!0�  "&'$2"#$���6!0�  ��1!"�"(++  # +!=�!�'!"/  #32�», :�"("  !�  
*'"+ 1")+� .  �"  �("  /!�!+4 ,  ��!)�!8++ , -"�"'0�  # !$ �"%>��  #'�/%  *'�"&�$)$4�  # 
)���  �'$! 7"'/$8++  +!=�!�'!01  "&'$2"#$���6!01  *'"('$//  (#-�45$%  ")�'=$!+�  + 
��1!"�"(++ ), !�  )$4�  !$)�=)0  !$   -"'"�  +2/�!�!+�   +�3$8++ # )���  *")("�"#-+  
 "#'�/�!!01  +!=�!�'"# , �$-  -$-  «*'+   "1'$!�!++  -�$  !" -3'"5!",   + ��/0  "&35�!+% 
&3)3>+1 +!=�!�'"# »  !+2+�6  " �'"�3  )$!!"("  *'"�+#"'�5+%  !�  *'�) �$#�%�� %  
#"2/"=!0/ . �'"/�  �"(" , "�/�5$��  $#�"' ,  #32"# -+�  *'�*")$#$���+ , -$-  *'$#+�" , !�  
+/�4�  *'$-�+5� -"(" , *'"+2#") �#�!!"("  "*0�$ , 5�"   3>� �#�!!"   !+=$��  
#"2/"=!" �6  7"'/+'"#$!+%  3 &3)3>+1 +!=�!�'"#  +/�!!"  ��1  -"/*���!8+, , -"�"'0�  
�'�&34�  '$&"�")$���+  [4]. 


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

�'$ ��#0�  '� 3' !0�  8�!�'0  !$  &$2� *'�)*'+%�+, , 5�"  '$  /$�'+#$�� %  -$-  
+!!"#$8+"!!$% , *'$-�+-" -"'+�!�+'"#$!!$% ,  "#'�/�!!$%  /")��6  *")("�"#-+  
#" �'�&"#$!!01   *�8+$�+ �"# , "'+�!�+'"#$!!01  !$  '$&"�3  # $�"/!",  "�'$ �+ .  

�"#'�/�!!$%  #0 "-"��1!"�"(+5!$%  ��1!+-$  $�"/!",  "�'$ �+  �'�&3��  
-#$�+7+8+'"#$!!"("  '$&"�!+-$ , -$-  *"  '$&"5+/  *'"7�  +%/ , �$-  + *"  )"�=!" �%/ , 
�'�&34>+/   '�)!�("  *'"7�  +"!$�6!"("  + #0 ;�("  "&'$2"#$!+%. 
�-'0�+�  
�� 3' !"("  8�!�'$  *"2#"�+�   �3)�!�$/ , "&35$4>+/ %  *"  *'"('$//$/   '�)!�("  
*'"7�  +"!$�6!"("  + #0 ;�("  "&'$2"#$!+%, *"�35+�6  #"2/"=!" �6  $)$*�+'"#$�6 %  -  
'�$�6!0/  *'"+2#") �#�!!0/  3 �"#+%/   /"!�$=$ , !$�$)-+ , '�/"!�$   + :- *�3$�$8++  
$�"/!01   �$!8+, . 
$  &$2� '� 3' !"("  8�!�'$   �3)�!�0  +  *�8+$�+ �0  $�"/!",  "�'$ �+  
&3)3�  +/��6  #"2/"=!" �6  2$!+/$�6 % '$2'$&"�-",  /��")"�"(++  *'"�-�+'"#$!+% , 
+2("�"#��!+% , *'"+2#") �#$  + :- *�3$�$8++  "&"'3)"#$!+%   �9� . 


'($!+2$8+%  *'$-�+-" -"'+�!�+'"#$!!"("  *")1")$  -  *")("�"#-�   *�8+$�+ �"#  )�% 
$�"/!",  "�'$ �+   !$  &$2� �� 3' !"("  8�!�'$  *"2#"�+�  #0*"�!+�6  # �  !�"&1")+/0�  
3 �"#+% )�% *")("�"#-+   *�8+$�+ �$ , #" �'�&"#$!!"("  "�'$ �64 : /$��'+$�6!" -
��1!+5� -"�  "&� *�5�!+�  *'$-�+5� -"("  "&35�!+% !$  "&"'3)"#$!++ , -"�"'"�  
3 �$!$#�+#$�� %  !$  �9� ; 35�&!" -/��")+5� -"�  "&� *�5�!+� , *"2#"�%4>��  
7"'/+'"#$�6  *'"7�  +"!$�6!0�  -"/*���!8++  #0*3 -!+-"#  #32$; *":�$*!" �6  
7"'/+'"#$!+%  *'"7�  +"!$�6!01  -"/*���!8+, , #0)���!!01  #  ""�#�� �#++    
�'�&"#$!+%/+  '$&"�")$����, , ��
�  �
  + *'"7�  +"!$�6!01   �$!)$'�"#  '$&"�!+-"#  
$�"/!",  "�'$ �+ ; "&� *�5�!+�  "*�+/$�6!"   �'3-�3'+'"#$!!"("   ")�'=$!+%   
��"'��+5� -"("  + *'$-�+5� -"("  "&35�!+%; *"#0;�!+�  -#$�+7+-$8++  *�)$("(+5� -+1  
-$)'"# , "&� *�5+#$4>+1  '3-"#") �#"  *'$-�+-" -"'+�!�+'"#$!!0/  "&35�!+�/  
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 �3)�!�"# ; "&� *�5�!+�  :77�-�+#!"("   ���#"("  #2$+/")�, �#+%  + '$2#+�+% 
$-$)�/+5� -",  /"&+�6!" �+ . 

�"  2021 (")$  # 7+�+$�0  + "'($!+2$8++ , #1")%>+� # -"!�3'  3*'$#��!+%  �"!8�'!$  
��  �" $�"/ , *�$!+'3�� %  *'+!%�6   #0;�  3000 #0*3 -!+-"#    #0 ;+/  "&'$2"#$!+�/ , +2 
!+1  !$  )"�4  7+�+$�"#  
���  ����   *'+1")+� %  22%  + 9% – 
���  ���� ,  $ :�"  
"-"�"  �'��+  # �1   �3)�!�"#  (707 + 286). �5+�0#$%, 5�"  �"!8�'!  !$*'%/34  
2$+!��'� "#$!  # *'+#��5�!++  �35;+1   �3)�!�"#  + #0*3 -!+-"#  )�% '$&"�0  !$  �9�  + 
)'3(+1  "'($!+2$8+%1 �" -"'*"'$8++ , $ �$-=� , 5�"  �+)�'$/+  *")("�"#-+  -$)'"#  )�% 
�"!8�'!$  %#�%4� % �$-+�  #320, -$-  
���  ����    7+�+$�$/+  (# � .5. �"�(")"! - ) +   
")!+/  +2 "&%2$���6!01  3 �"#+,  �'3)"3 �'", �#$  %#�%�� %  3 *�;!"�  *'"1"=)�!+�  
*'$-�+-+  !$  �9� , �� 3' !0,  8�!�'  # (. �"�(")"! -�  &3)��  #" �'�&"#$!!0/  )�% 
*")("�"#-+  "��5� �#�!!01  + +!" �'$!!01   *�8+$�+ �"#  [5]. 


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

�
  «�"!8�'!  �" :!�'("$�"/ » «�" �"# -$%  �9� »), " 3>� �#�%4>+�   �'"+���6 �#"  
�9� , +2("�"#��!+�  "&"'3)"#$!+% , �("  /"!�$=  + :- *�3$�$8+4  !$  :!�'("&�"-$1    
'�$-�"'!0/+  3 �$!"#-$/+  �+*$  ��9�  �" �"# -",  �9� . �$-$% 3!+-$�6!$% #"2/"=!" �6  
*'$-�+-" -"'+�!�+'"#$!!",  *")("�"#-+  -$)'"#  # �()$  #0 "-"  "8�!+#$�$ 6  "�'$ �64  [6] 
+  "2)$#$�$  #"2/"=!" �6  )�% +!��('$8++  !$3-+ , "&'$2"#$!+% + *'"+2#") �#$  [7]. 

�":�"/3  -   "2)$!+4  �� 3' !"("  8�!�'$  *"  ��1!+5� -",  :- *�3$�$8++  + '�/"!�3  
"&"'3)"#$!+%  �9�  *'+#��-$4� %  )$!!0�  *'�)*'+%�+%    8��64  – "&.�)+!�!+%  
'� 3' "#  + "'($!+2$8++   
��  �9�  ����  
���  ���� ;   ����  
���  ����  + 
)'3(+�  "&'$2"#$���6!0�  "'($!+2$8++ , 2$+!��'� "#$!!0�  # *'"1"=)�!++  *'$-�+-  
 �3)�!�"#  !$  &$2� )$!!"("  �� 3' !"("  8�!�'$ . 

�$-$% "'($!+2$8+% *'$-�+-" -"'+�!�+'"#$!!"("  *")1")$  # *")("�"#-�  
 *�8+$�+ �"#  )�% $�"/!",  "�'$ �+  &3)��   *" "& �#"#$�6  '�$�+2$8++   �" 3)$' �#�!!",   
*'"('$//�  '$2#+�+%  "&'$2"#$!+% !$  2013–2020 (( ., -"�"'$%   �$#+�   #"�,  8��64  
"&� *�5�!+�  #0 "-"("  -$5� �#$  '"  +, -"("  "&'$2"#$!+% #  ""�#�� �#++    
/�!%4>+/+ %  2$*'" $/+  !$ ���!+%  + *�' *�-�+#!0/+  2$)$5$/+ '$2#+�+% :-"!"/+-+  
!$  " !"#�  *"#0;�!+%  (+&-" �+  "&'$2"#$���6!01  *'"('$// , 7"'/+'"#$!+%  
+!!"#$8+"!!",  +!7'$ �'3-�3'0  35�&!01  2$#�)�!+, , '$2#+�+% /"&+�6!" �+  [8].  

�'"/�  �"(" , �$-",  *")1")  /"=��   �3=+�6  " !"#",  )�% 7"'/+'"#$!+%   + ��/!"("  
*")1")$  -  '$2#+�+4  $-$)�/+5� -",  /"&+�6!" �+  !$  (" 3)$' �#�!!"/  + 
+! �+�38+"!$�6!"/  3'"#!%1 ,  "2)$!+% &�$("*'+%�!01  3 �"#+,  )�% '$2#+�+% 
/�=)3!$'")!"("   "�'3)!+5� �#$  # "&�$ �+  "&'$2"#$!+% + !$3-+ , "*'�)���!!01  
�"!8�*8+�,  $-$)�/+5� -",  /"&+�6!" �+  # �"  +, -",  ��)�'$8++ , -"�"'$%  *'+2#$!$  
 *" "& �#"#$�6  )" �+=�!+4  " !"#!01  8���,  /")�'!+2$8++  + *"#0;�!+%  
-"!-3'�!�" *" "&!" �+   + ��/0  #0 ;�("  "&'$2"#$!+% �"  ++ ; 8���,   "8+$�6!" -
:-"!"/+5� -"("  '$2#+�+% �"  +, -",  ��)�'$8++ ; '�$�+2$8++  *'+"'+���"#  #!�;!�,  
*"�+�+-+  �"  ++  [8]. 


'($!+2$8+%  *'$-�+-" -"'+�!�+'"#$!!"("  "&35�!+% !$  &$2� �� 3' !"("  8�!�'$  
*'�)*'+%�+,  ��  �" $�"/  &3)��   *" "& �#"#$�6  +!��('$8++  "��5� �#�!!",   + ��/0  
"&'$2"#$!+% # /�=)3!$'")!"�  "&'$2"#$���6!"�  *'" �'$! �#" , 5�"  "*'�)���!"   
�"!8�*8+�,  )"�(" '"5!"("   "8+$�6!" -:-"!"/+5� -"("  '$2#+�+% ��  !$  *�'+")  )"  
2020(. + *'�)*"�$($��  '�;�!+�  -  2020 (")3  �$-",  -�45�#",  2$)$5+, -$-   7"'/+'"#$!+�  
+!7'$ �'3-�3'0  + +! �+�38+"!$�6!01  3 �"#+,  $-$)�/+5� -",  /"&+�6!" �+   �3)�!�"#  
+ *'�*")$#$����,  [9]. 

�/�!!"  :�"�  7$-�  + *"2#"�%��   5+�$�6  "&'$2"#$���6!34  )�%���6!" �6  !$  &$2� 
�� 3' !"("  8�!�'$  *'�)*'+%�+,  ��  �" $�"/   "#'�/�!!0/  +!!"#$8+"!!0/  
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"&'$2"#$!+�/ , �$-  -$-  *'+ 3� �#3��  �("  (�$#!$%  " �$#�%4>$%  – *")("�"#-$  
 *�8+$�+ �"#  + !$35!01  -$)'"#  !$  3'"#!�  /+'"#01  -#$�+7+-$8+"!!01  -$)'"# . �  
3'"#�!6  *")("�"#-+  -$)'"#  )�% $�"/!",  "�'$ �+  "*'�)���!  # *3&�+-$8+%1 �����9 . 

)!",  +2 3 �$#!01  8���,  �����9  %#�%�� % « �'�/+�6 %  3 -"'+�6  + '$ ;+'+�6  #-�$)  
$�"/!",  :!�'(++  )�% *"))�'=$!+%  /+'$ , 2)"'"#6% + *'"8#��$!+%  #" # �/  /+'� », $ ")+!  
+2  *" "&"#  )" �+=�!+%  :�",  8��+  %#�%�� % *3��/  *3&�+-$8++, # �"/  5+ ��  + 
*3&�+-$8++ *"  " !"#!0/  *")1")$/  -  '$2'$&"�-�  35�&!01  # "&�$ �+  %)�'!"("  
+!=�!�'!"("  "&'$2"#$!+% [10]. 

�   ""�#�� �#++    /�=)3!$'")!0/+  *")1")$/+  -  %)�'!"/3  +!=�!�'!"/3  
"&'$2"#$!+4  '$2'$&"�-$  �4&",  *'"('$//0  !$8+"!$�6!",  %)�'!",  :!�'(��+-+  2$#+ +� 
"�  3 *�;!"("  '$2#+�+% �'3)"#01  '� 3' "# , *" '�) �#"/  3 �",5+#",  %)�'!",  
*'"('$//0  "&'$2"#$!+% + *'"7�  +"!$�6!",  *")("�"#-+  *'+  *"))�'=-�  *'$#+���6 �#$  
+ *'"/0;��!!" �+ .  �'�&"#$!+%  %)�'!",  *'"('$//0  +!=�!�'!01  '$&"�  " !"#$!0  !$ : 
#0 "-+1   �$!)$'�$1  "&'$2"#$!+% + *'"7�  +"!$�6!",  *")("�"#-+ ; *'+ 3>�,  
*'+#�'=�!!" �+   +�6!",  -3�6�3'0  &�2"*$ !" �+  + &�2"*$ !" �+ ;  ""�#�� �#+�  
!$8+"!$�6!",   + ��/0  "&'$2"#$!+%.  

�'+2!$!" , 5�"  !$)�=!0,   %)�'!0,  +!=�!�'!0,  -3'  %#�%�� %  3//",  /!"(+1  
*'�)/��"# ,  " �$#�%4>+1  " !"#3  35�&!"("  *�$!$ : 7+2+-$ '�$-�"'$ ; %)�'!0,  
�"*�+#!0,  8+-� ; ��*�"#$%  (+)'$#�+- ; /$��'+$�0 ; '$)+"1+/+% ; '$)+$8+"!!$%  2$>+�$; 
&�2"*$ !" �6  + ($'$!�++ ; )+!$/+-$ , 3*'$#��!+�  + *'+&"'" �'"�!+� ; %)�'!"�  
*'+&"'" �'"�!+� ; '�$-�"'   + ��/  + ��1!+-+ ; "&>�!+�  # '$&"5�,  ('3**� , " !"#0  &+2!�  
:-"!"/+-+ , 3*'$#��!+�  *'"�-�$/+ . ��%  %)�'!"("  +!=�!�'!"("  "&'$2"#$!+% #$=!" , 
5�"&0  :�+  ��/0  &0�+  1"'";"  +!��('+'"#$!0  # *'"+2#") �#" , )�%  -"!-'��!",  %)�'!",  
3 �$!"#-+ , 5�"  !�"&1")+/"  )�% 1"'";�,  *")("�"#-+  #0*3 -!+-"#  + )�% )" �+=�!+%  
�'�&3�/"("  3'"#!%  -"/*���!�!" �+ , )�% 3 *�;!"("  #0*"�!�!+%  �("  "&%2$!!" ��, ,  )�% 
&�2"*$ !", , !$)�=!",  :- *�3$�$8++  �9�  + )'3(+1  "&.�-�"#  $�"/!",  :!�'(��+-+ . 9�"  
" 3>� �#�%�� %  # �� !"/   "�'3)!+5� �#�    *'"/0;��!!" �64  + *3��/  + *"�62"#$!+%  
�35;+1  *'$-�+- . �'+  :�"/  *" ��  2$#�';�!+%  3'"#!%  -#$�+7+-$8++  &$-$�$#'$, 
*'�)*"�$($�� % , 5�"   �3)�!�0  *'+"&'��+  *"!+/$!+�  + 2!$!+% "  %)�'!01  +!=�!�'!01  
 + ��/$1  + &3)3�  #  " �"%!++  '�;+�6  *'"&��/0  + "*'�)��+�6  ��1!+5� -+�  '�;�!+%  )�% 
'�$�6!01  *'"8�  "# , "*'�)���!!01  # "*�'$�+#!"/  -"!��- �� .  

�$!!0,  )"-�$)  �����9  *'�) �$#�%��  �35;+�   /+'"#0�  *'$-�+-+ , -"�"'0�  
'�$�+234�  :77�-�+#!0�  *'"('$//0  *")("�"#-+   +!=�!�'!01  -$)'"# ,  *" "& �#34�  
&�2"*$ !", , :77�-�+#!",  + :-"!"/+5!",  :- *�3$�$8++  $�"/!01  :��-�'" �$!8+, .  

9�+  '$2'$&"�-+  !$*'$#��!0  !$  *"/">6  # '$2'$&"�-�  *'"('$//  "&35�!+% # 
$�"/!",  "�'$ �+ , *"">'�!+�   "�'3)!+5� �#$  /�=)3  3!+#�' +���$/+  + 
*'"/0;��!!" �64  )�% "&� *�5�!+%  &3)3>+1 '$&"�!+-"#  # *'+"&'���!++  
!�"&1")+/01  !$#0-"# ;  "&� *�5�!+�   �"(" , 5�"  $�"/!$%  "�'$ �6  /"=��  *"�35+�6  
*�' "!$�    -"!-'��!0/+  !$#0-$/+ , !�"&1")+/0/+  )�% &�2"*$ !",  :- *�3$�$8++  
"&.�-�"#  + '$2#+�+% "�'$ �+ . 

�  �"-�$)�  "�/�5$�� % , 5�"  +!=�!�'!"�  "&'$2"#$!+� , 2$#+ +� "�  '�(+"!$  +  �'$!0 . 
�!+-$�6!",  /")��+  # *")("�"#-�  -$)'"#  )�% $�"/!",  "�'$ �+  !�   3>� �#3�� , + #$=!"  
*'$(/$�+5!"  *'+ *" $&�+#$�6 %  -   + ��/�  "&'$2"#$!+% + *'"/0;��!!",  &$2�. 
�":�"/3  *'"('$//0  )"�=!0  &0�6 -"!-'��!"  "'+�!�+'"#$!!0/+  !$  �" , 5�"  
+ *"�623�� %  +�+  &3)��  + *"�62"#$�6 %  !$  $�"/!01  :��-�'" �$!8+%1 . �'"/�  �"(" , 
�'�&"#$!+%  -  #0*3 -!+-$/  )"�=!0  *'�)3 /$�'+#$�6 , 5�"  -$=)0,   �3)�!�  )"�=�!  
"&�$)$�6 : "*'�)���!!0/  3'"#!�/  2!$!+,  (2!$!+%), &0�6 #  " �"%!++  
*'")�/"! �'+'"#$�6  *'+/�!�!+�  2!$!+,  ()�/"! �'$8+% ), + 2!$�6, -"()$   ��)3��  
'�$�+2"#0#$�6  2!$!+% ('�$�+2$8+%).  

�'"/�  �"(" , # )"-�$)�  ������  *"  +!=�!�'!"/3  %)�'!"/3  "&'$2"#$!+4  # 
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'$2)���  '�-"/�!)$8+,  )�% $--'�)+�$8++  "&'$2"#$���6!01  *'"('$//  " "&"  #0)��%�� %  
#"*'"   « "�'3)!+5� �#"    *'"/0;��!!" �64 », � .� .   $�"/!",  "�'$ �64 , -"�"'$%  2$ 
 5��  *'"7�  +"!$�6!"("  1$'$-��'$  %)�'!01  *'"('$//  +!=�!�'!"("  "&'$2"#$!+%  
%#�%�� % -'3*!�,;+/  '$&"�")$����/  #0*3 -!+-"# . �$'6�'!0,  *3�6  '$&"�!+-"#  
$�"/!",  "�'$ �+ , "&05!" , )��+� %  !$  )#�  5$ �+ : 3!+#�' +��� -"("  "&'$2"#$!+% + 
*")("�"#-+  !$  *'"+2#") �#� , !"  :�+  )#�  5$ �+  )"�=!0  &0�6  "(�$ "#$!0  + 1"'";"  
 "5��$�6 % , *":�"/3  "5�!6  #$=!"   "�'3)!+5� �#"    -"!-'��!0/+  *'�)*'+%�+%/+  
"�'$ �+ . 
&'$2"#$���6!0�  "'($!+2$8++  )"�=!0   2!$�6, -$-+�  �+*0  *"/�>�!+%  + 
"&"'3)"#$!+%  + *"�6234� %  !$  *'�)*'+%�+%1  "�'$ �+  + # /$- +/$�6!"  #"2/"=!",  
 ��*�!+  *'+"&'��$�6   ""�#�� �#34>��  +�+   "*" �$#+/"�   "#'�/�!!"�  "&"'3)"#$!+� . 

" , 35+�0#$%  �"+/" �6  "&"'3)"#$!+% , *'+/�!%�/"("  # $�"/!",  "�'$ �+ , �35;�  # �("  
"'($!+2"#$�6   "�'3)!+5� �#"    *'�)*'+%�+%/+  *"  + *"�62"#$!+4  +1 "&"'3)"#$!+%  + 
��1!"�"(+,  )�% *")("�"#-+  -#$�+7+8+'"#$!!01  -$)'"# , "'+�!�+'"#$!!01  !$  '$&"�3  # 
)$!!",  "�'$ �+ . 


'($!+2$8+%  *")("�"#-+  -$)'"#  )�% $�"/!",  "�'$ �+  # 3 �"#+%1 �� 3' !"("  
8�!�'$  *'�)*'+%�+,  "�'$ �+ , -"�"'0,  *'�) �$#��!  #0;�  +  /"=��  3)"#���#"'%�6  
 "#'�/�!!0/  /�=)3!$'")!0/  �'�&"#$!+%/  +!=�!�'!"("  %)�'!"("  "&'$2"#$!+%.  
�'�)*'+%�+%  + "'($!+2$8++ , !$  &$2� -"�"'01  "'($!+23�� %  '� 3' !0,  8�!�' ,  "2)$4�  
"*�+/$�6!0�  3 �"#+% )�% +!��('$8++  "&'$2"#$!+%,  !$3-+  + *'"+2#") �#$  # '�;�!++  
$-�3$�6!", , # !$ �"%>��  #'�/% , 2$)$5+ *")("�"#-+  -$)'"#  )�% $�"/!",  "�'$ �+ .  ��"  + 
"*'�)��%��  " "&�!!" �+   "#'�/�!!",  '�$�+2$8++  *'$-�+-" -"'+�!�+'"#$!!"("  *")1")$  
*")("�"#-+  -$)'"#  )�% $�"/!",  "�'$ �+ ,  ""�#�� �#34>�,   �$!)$'�$/  CDIO. 
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Abstract – In work modern approaches to the organization of the student practice-oriented 
training on the basis of the VETI NRNU “MEPhI” Resource center for training of Russian and 
foreign students to operating, to technical maintenance, repairing and engineering of the Russian 
and foreign NPPs are considered. 
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�  2015 (")3  )"-�"'3  ��1!+5� -+1  !$3- , *'"7�  "'3  �"'"!+!3  <'+4  
�+-�"'"#+53  + *"�!%�� %  70 ��� . 

< .� . �"'"!+!  – #+)!0,  35�!0, , $#�"'  /!"("5+ ��!!01  !$35!01  '$&"�  + 
+2"&'���!+, . �/%  �("  "�)��6!",   �'"-",   �"+�  # ��1!"�"(++   #$'"5!"("  *'"+2#") �#$ . 
�")  '3-"#") �#"/  < .� . �"'"!+!$  &0�  '$2'$&"�$!  ;+'"-+,   *�-�'   #$'"5!01  
/$��'+$�"#  )�% ")!" �"'"!!�,  )3("#",   #$'-+ . �("  /"!"('$7+%  «
)!" �"'"!!%%  
 #$'-$  #  �'"+���6 �#� » &0�$  +2)$!$ �+'$="/  35 �0 . :-2 .   

<'+,  �+-�"'"#+5  *'";��  /!"("('$!!0,  =+2!�!!0,  *3�6  – "�  +!=�!�'$ -
/�1$!+-$  )"  (�!�'$�6!"("  )+'�-�"'$  -'3*!",  -"/*$!++ . �")+� %  # 1945 (")3  # (. 

"#" +&+' -� . �  1964 (")3  *" �3*+�  # �" �"# -+, -!$ -�"!3  2$#")-���� . �  �"/  =�  (")3  
&0�  *'+2#$!  !$   �3=&3  # '%)0   �"#�� -",  �'/++ . �"  "-"!5$!++   �3=&0  *'")"�=+�  
"&35�!+�  + # 1972 (")3  3 *�;!"  2$>+�+�   )+*�"/  *"   *�8+$�6!" �+  «
&"'3)"#$!+�  + 
��1!"�"(+%   #$'"5!"("  *'"+2#") �#$ ». �$��/  *" ��)"#$�+  (")0  '$&"�0  !$  2$#")$1 
�����  + ��� .  

�  1973 (")$  !$5+!$�� %  !�*" '�) �#�!!"  !$35!$% �("  &+"('$7+%: < .� . �"'"!+!  
 �$!"#+� %   �$';+/  !$35!0/   "�'3)!+-"/  �" �"# -"("  !$35!" -+  ��)"#$���6 -"("  
+! �+�3�$  ��1!"�"(++  /$;+!" �'"�!+% . �  1975 (. *" �3*$��  # $ *+'$!�3'3  ����  +/ . 

 .9 . �$3/$!$  + # 1979 (. 2$>+>$��  -$!)+)$� -34  )+  �'�$8+4 . 

�" ��  3 *�;!",  2$>+�0  )+  �'�$8++  !$   "+ -$!+�  35�!",   ��*�!+  -$!)+)$�$  
��1!+5� -+1  !$3-  – (")0  '$&"�0  #" �
��  *"  /"!�$=!0/  +  *�8+$�6!0/  
 �'"+���6!0/  '$&"�$/  # )"�=!" �%1  /�$);�(" ,  �$';�("  !$35!"("   "�'3)!+-$ , 2$��/  
2$#�)34>�("   �-�"'"/ , $ �>�  !�/!"(+/  *"2=�  3=�  # )"�=!" �+  2$#�)34>�("  
�$&"'$�"'+�, . �/�!!"  # :�"  #'�/%  < .� . �"'"!+!  '$2'$&$�0#$��  !"#0�   #$'"5!0�  
/$��'+$�0  )�% ")!" �"'"!!�,  )3("#",   #$'-+  + +2)$��  /"!"('$7+4  #  "$#�"' �#�    
� .� . ?$!$*��"#0/ . 

�  1995 (. <'+,  �+-�"'"#+5  2$!+/$��  )"�=!" �6  (�!�'$�6!"("  )+'�-�"'$  
$-8+"!�'!",  -"/*$!++  «�+!�#+�$ ». �  2001 (. �'3)+� %  !$  *" �3  (�!�'$�6!"("  
)+'�-�"'$  


  «9���
 ». 

�#"4  *'�*")$#$���6 -34  )�%���6!" �6  < .� . �"'"!+!  !$5+!$��  # 2006 (. # ����  
(�" -"# -+,  (" 3)$' �#�!!0,  +!)3 �'+$�6!0,  3!+#�' +��� ) # )"�=!" �+  )"8�!�$  + 
*'"7�  "'$ . �  2010 (. 2$>+>$��  )"-�"' -34  )+  �'�$8+4  !$  ��/3  «�$2'$&"�-$  
��"'��+5� -+1  " !"#  7"'/+'"#$!+%  "&'$�!",   �"'"!0  ;#$    35��"/  7+2+-" -
1+/+5� -+1  *'"8�  "#  #  #$'"5!",  #$!!�  +  "2)$!+�  !"#01   #$'"5!01  /$��'+$�"#  )�% 
")!" �"'"!!�,  )3("#",   #$'-+   �$��,  *�$#%>+/ % :��-�'")"/ ». �$��'+$�0  )�% 
")!" �"'"!!�,  )3("#",   #$'-+ ,  "2)$!!0�  *")  '3-"#") �#"/  < .� . �"'"!+!$ , 
2$*$��!�"#$!0  # ���  + ��� .  
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�  !$ �"%>��  #'�/%  <'+,  �+-�"'"#+5  '$&"�$��  '3-"#")+����/  8�!�'$  *"  
$��� �$8++   *�8+$�+ �"#  # 


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

< .� . �"'"!+!  – !�  �"�6-"  35�!0, -��"'��+- , *'$-�+- . 9�"  )"&'�,;�,  )3;+  
5��"#�- ,  *"'� /�! . 
�-"()$  +('$#;+,  #  " �$#�  73�&"�6!"("  -�3&$ «���  (�" �"# )», 
"!  +  �,5$ , #  #"+  70 ��� , *'")"�=$��  2$!+/$�6 %  *"'�"/ , 35$ �#3��  # /$'$7"!$1  + 
!$1")+� %  # *'�-'$ !",  7+2+5� -",  7"'/� . 

��)-"���(+%  !$35!" -*'$-�+5� -"("  =3'!$�$  «��"&$�6!$%  %)�'!$% &�2"*$ !" �6 » 
*"2)'$#�%��  <'+%  �+-�"'"#+5$   "  2!$/�!$���6!",  )$�", , =��$��  -'�*-"("  2)"'"#6%, 
!�+  %-$�/",  :!�'(++ , )"�(+1  ���  =+2!+  + )$�6!�,;+1  3 *�1"#  # *�")"�#"'!",  
!$35!" -��1!+5� -",  )�%���6!" �+ ! 
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located in one file (in case of submission of two articles and more). Information of point 3 are 
a part of the article and have to be also submitted in electronic form. 

Article should be issued in the Microsoft Office 97-2003 Word 7.0 format, 12 point font 
Times New Roman; print – 1,5 interval. Page parameters: all sides are 2,5 cm. Use of any 
other fonts is possible only by way of exception if they are entered to a file code.  Please do 
not use signs of forced transfer and additional gaps. Vectorial values are selected with a bold-
face type. 

The equation editor of Equation 3.0 is only used to record the formulas. Large formulas 
need to be broken on some lines, and each new line is a new object. It is forbidden to scale 
formulas. Typing formulas it is necessary to use the following sizes: the text – 11 pf, a large 
index – 8 pf, a small-sized index – 6 pf, the large character – 12 pf, the small-sized character – 
10 pf. Formulas shouldn't include signs of a punctuation and numbering in composition. 

The article should contain only the most necessary formulas; it is desirable to refuse the 
intermediate calculations. Only those formulas which have references are numbered. 
Numbering of formulas should be shown through the whole article. Tables should have titles 
and numbering, only the standard abbreviations are allowed. The tables are desirable not to 
exceed one page of the text. The number of tables shouldn't exceed the number of pages. 

Figures and diagrams must be black-and-white, 800x600 in size, with signatures. 
Diagrams should be issued in the Microsoft Office 97-2003 Word 7.0 format and only in the 
separate file (each diagram on a new page, or in the new file). 

Units of measure should be given according to the International system (SI). 
6) References are given at the end of article in order they mention. References are 

highlighted with square brackets in the text only to the published materials. References to 
foreign sources are given in original language. 

The article should be checked in the system of the «anti-plagiarism» ( 
http://www.antiplagiat.ru) to determine the percentage of the originality and identify possible 
sources of borrowing. 

ATTENTION! In case of a divergence of paper and electronic versions the Editorial 
staff is guided by the paper version. 
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