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1 .  � � 
 � � � � � 	 �  	  � � 
 � � 	 �  � � � � 
 � � � � � 	 	  

 
1.1. � �� �  ! �� "  �#$�%&' (  � � -120-2 ��
 4, "  &#)*'(!+(,  -,( ' .(,  (  

" � � ", / � (&'#$'#0('   &)% /�  "(&('-%  1 ' � �  )* '23  �#$�%& " #11., .)%� � '23  
4#�#�(!  ��#4-)-$-�  "#' '2,  � 1 ,  �  5()*6   / �(&()('-%  -3  �(#)*'  !  (,1 -
��- , # �#17(  &)% /�  "(&('-%  ��( '- � " 0'23  5-1) "  $#�%&-�#$�%&. 

1.2. � � � .1� .�#  .�)  " '  8   4 $'#0('-%  ��  �#�+-9� "2"#(� �%  �)( -
&.6:-,   4�#$ , :  
         � � -120-2  � � 
 4 

 

        

1)-,#�-0(�1 (  -�/ )'('-(  -  1#�(8 �-%  �#$,(:('-%  

 

1- '#/�%7('-(  4#�#�(-  110 � , 2- 220 �  
 '  ,- '#)*'2!  �#$�%&'2!  � 1  "  �,/ (�#3  
 .�� �  ! ��"   �#$�%&' (  

   
 

  

     
     
     
 

1.3. �#�#,(��2 , 3#�#1�(�-$.6:-(  .�) "-%  ;1�/).#�#5--  .�� � !��"#  �� . 
1.3.1. �  ,- '#)*'2(  $'#0('-%  1)-,#�-0(�1-3  9#1� � "  &)% 1)-,#�-0( -

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

5--  +40 °� ;  
- '-7'((  $'#0('-(  �(,/ (�#� .�2   1� .7#6:(8  " $&.3#  /�-  ;1�/) .#�# -

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

+25 °�  -  / �-  4 )((  '-$1-3  �(,/(�#� .�#3  4($ 1 '&(' �#5--  ")#8- . 
1.3.2. � � ./ /#  ;1�/) .#�#5--  "  0#��-  1 �� $-! '  !  #1�-"'  � �-  #� , �9( -

�2  II ( 
 ).  
1.3.3. �2� �#  �#$,(:('-%  '#&  .� "'(,  , �%  & )7'#  42�*  '(  4 )((  1000 , . 
1.3.4. � � ./ /#  .�) "-!  ;1�/) .#�#5--  "  0#��-  ,(3#'-0(�1-3  " $&(! �� -

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

2 .  � � � � 	 � � � � 	 �  � � � � � � � � 	 � � 	 � 	   
 
2.1. �- �#'-(  � �   � .:( �� ")%(� �%   �  �#$�%7#(, !  #11., .)%� � '  !  4#-

�#�(-  -   &' 9#$' !  �(�-  / (�(,( ' '  8  �  1#  220 �   50 �5 .   
2.2. �  � �  / �(&.�,  � �( '#  /)#"'#%  �(8.)-� "1#  � 1#  �#$�%&#. 
2.3. � � '  " '2(  /#�#,(� �2  � �  / �-"(&('2  "  �#4)-5(  1. 

�#4)-5#  1 

�#-,(' "#'-(  /#�#,(��#  �'#0('-(  /#�#,(�� "  

1. �#$�%&'2!  � 1  .��� !��"# ,   �  3 – 120 
2. � 0' ��*  ��#4-)-$#5--  �#$�%&' 8  � 1#  '(  3.7( , % ± 0,7 
3. �#1�-,#)*'  & /.��-, (  '#/�%7('-(  �#$�%7#(, !  4#-

�#�(- , �  260 
4. �-'-,#)*'  & /.��-, (  '#/�%7('-(  �#$�%7#(, !  4#-

�#�(- , �  
5. � 0' ��*   � 4�#7('-%  '#/�%7('-%  4#�#�(-  '(  3.7( , %  

168 
 

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

 �  ��(&'(8  $'#0('-%  �#$�%&' 8  � 1# , '(  4 )(( , % 
1,7 

  
 

2.4. �3)#7&('-(  � �  – / �- ' .&-�()* '  (  " $&.+'  ( .  
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( �  � (3'  )  8-0( �1-3  5( )%3 "  &# ' '  !  " ( � � - -  . � � �  ! � � "#  & / . �1#(� �%  � ' -7( ' -(  ,-'-,#)* -
' 8  & /.��-, 8  '#/�%7('-%  �#$�%7#(, !  4#�#�(-  &  10 �  4($ � 3�#'('-%   �' "'23  �(3'-0( -
�1-3  3#�#1�(�-��-1 ). 

3 .  � � � � � � � � � 	 �   
 

3.1. � �  �  � �  - �  -$  ,(�#))-0(�1 8  1 � / .�#  �  8#4#�-�#,-  43035303610 
(4($ .0(�#  1 )(� ),  "  1 � � ,  �#$,(:('2 : 

- ;)(1��  "(' �-)%� �2 ; 
- 8� .//#  � � � " ;  
- &� ��()* ;  
- � �#'$-��  � '2!  �(8.)%� �  �  1#  -  $#:- � '2!  &- &  '#  �#&-#� �( ;  
- 1 ,, .�#5- ' '  -$#:-� '#%  #//#�#� .�# . 
3.2. � � (/( '*  $#:-�2  ��   �  � / �-1 � '  "('-%   4�) .7-"#6:(8  /(� � -

'#)#  �  �  1 "(&.:- ,-  0#��%,- ,  �  /  /#&#'-%  �"(�&23  �()  -  " &2  �  �"(� �� -
" .( �  IP11. 

3.3. �  � �  - ,((� �%  4 )�  $#$(,)('-% . 
3.4. �#��#  ��  – 51 18. 
 

4 .  � � � � 
 � � � � � � � �  
 
4.1. �  1 ,/)(1�  / � �#"1-  "3 &%�: 
1) .� � �  ! ��"   �#$�%&' (  � � -120-2 ��
 4, +� .  1; 
2) /#�/ � � , ;1$. 1. 
 

5 .  � � � � � � � � � �  	  � � 	 � � 	 �  � � � � � �   
 

5.1. � � '  " .  �- ) " !  �3(,2  ��  � ��#")%(�  "2� 1 0#�� � '2!  -,/ .)* � -
'2!  / � (�2"#�()*  /  ��  %''  8  � 1# . �  1#0(��"(  �-)  " 8  1)60#  - �/ )*$.(� -
�% , : '2!  IGBT-� �#'$-��  � .  � �#4-)-$#5-%  � 1#   � .:( � �")%(� �%  ,(� & ,  
+-� � '  --,/ .)*� '  !  , &.)%5-- , � .( . /   ,( �(  .,( '*+('-%  '#/�%7('-%  4#-
�#�(-  / �-  �#$�%&( ."()-0-"#(��%  &)-�()* '  ��*  / �  " &%:(8  � ��  %'-%  
��#'$-��  �# . �)%  .,('*+('-%  / .)* �#5--  �#$�%&' 8  �  1#  "  �3(, .  ""(&('2  
- '&.1�-"'  ��*  -  1 '&(' �#� �2 . �- �� (,#  ./ �#")('-%  -   �  4�#7('-%  ��  "2 -
/ ) '( '#  '#  ,-1� 1 ' � �  ))(�( .  

5.2. �#8� .$1 !  "  � �  �) .7-�  8� .//#  /#�#))()* '   "1)60(' '23  �� � " .  
5.3. �#&#'-(  "()-0-'  �  1#  �#$�%&#, ,- '-,#)*'  8  '#/�%7('-%  4#�#-

�(- ,  " �(,( '-  �#$�%&#, 1 )-0(��"#  #,/(� -0#� "   � .:( ��")%(��%  ;'1 &(� ,  �  
 �  4�#7('-(,  '#  - '&-1#� �(  � � . �3(,#  ,('6  «� � -120-2» �-� . 1. 

 
 
 
 
 
 
 
 

      
 
 
 
 
 
 

�- � .'  1  1.  �3(,#  ,('6  «� � -120-2». 

� �-$ '�#)*' (  /(�(,(:('-(  /  ,('6   �.:(��")%(��%   "�#:('-(,  ;'1 &(�# ; 
"(��-1#)*' (  – '#7#�-(, . �$,('('-(  /#�#,(��#  – "�#:('-(,  ;'1 &(�# . 

� $"�#�  "  8 �-$ '�#)*' (  ,('6   �.:(��")%(��%  '#7#�-(,  '#  ;'1 &(� . 
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5.4. �  � �  / �(&.�,  � �( '2  �)(&.6:-(  $#:-�2 : 
-  �  " ' .� � ( ' ' -3  1 � �1-3  $#,21#'-!  /   5(/%,  /(�(,( ' '  8  � 1#  - #"-

� ,#�-0(�1-!  "21)60#�()*  QF1; 
-  �  " ' .� �( ' ' -3  1 � �1-3  $#,21#'-!  /   5(/%,  / ��  %''  8  � 1#  - #"-

� ,#�-0(�1-!  "21)60#�()*  QF2; 
-  �  '#8�("#  "(�3'(!  0#��-   4 ) 01-  � �  "2+(  70º - "  ;�  ,  �) .0#(  � �# -

4#�2"#(�  �(,/( �#� .� '2!  4-,(�#))-0(�1-!  &#�0-1, 0�  �#17(  /�-" &-�  1 
"21)60('-6  �(8.)- � .6:(8  � �#'$-��  �# . 
 

6 .  � � � 
 � � 	 �  � � �  � � 
 � � � � � � � � 	  
 
6.1. � �-  ;1�/) .#�#5--  � �  ' ( 43 &-,  � 4)6&('-(  � �(4 "#'-!  / �(&. -

�,  � � ( ' '23  /�#"-)#,-  /  � (3'-1(  4($ /#�'  ��-  &)% ;)(1�� .� �#' " 1  '# -
/�%7('-(,  &  1000 � .  

6.2. � �  & )7'  42�*  '#&(7'  $#$(,)( '   0(�($  �/(5-#)*'2!  4 )�  $#-
$(,)('-% . 

6.3. � �  � � � � � � 	 � �  
 � � � � � 
 � 	 � �  � � � � � � � � � �  
 � �  � � � 	 � � 	 � �  
� � � � � 
 �  � � � � � � � 	 � �  � � 	 � � � � � � � � �  (� 	 � � � �  � � � �  ~220� )  
 � 
 � � � � � � -
� �  
 �  � � � � � � 	 � �  3 � � 	 � � .  � �  
 � 	 	 � �  � � � � �  � � � �  � � � � 	 � �  
 �  � � � � -

 � � 	 � �  � � � 
 � � � � � � � .  
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7.1. �( �(&  '#0#) ,  �#4 �2  '( 43 &-,  -$.0-�*  '#�� %:-!  & 1.,(' � .  
7.2. � �  /  � �#")%(� �%  '#)#7(' '2,  '#  $#" &(--$8 � "-�()(  -  ' (  � �(4.(�  

�/(5-#)*' !  '#)#&1-  '#   4<(1�( .  
7.3. � �)(   1 '0#'-%  , ' �#7#  ��  & )7('  42�*  / � -$"(&('  " '(+'-!  

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

 �� �  
 � � � � 
 � �  
 � 
 �� 
 � � � �  � � �   ~220�   
 ��  
 � � � 	 � �  
 �� !� � � � � �  � � 	 -
� � �� � � � � �  �  
 � � � �  � 
 � � � � � 	 � � , 1 
 � � � � 
  � � � � � �  
 ��  � � � � �� � 	 � �  � � � -

 �� �  � � � � � � � � �� .  

� � 	 � � � 	 � !  � � � � � �  !"#  !�$�� � �#!�#  �"%&'(!")"  $"*"+�  - "*  
�#!*� �,*"� �  + � � � �- .  � � �  $"&�.#  !�  � �  ! �$� , /#!� ,  0�*��#�  !#$�� -
�� � !"1  $"�,� !"2*�  '2*�"12*�"  !#  �+�3.�*2, .  

7.4 �1)60('-(  .� � �  ! �� "#  �#$�%&' 8  "  �#4 � .  / � -$" &-��%  "  �)( -
&.6:(,  /  �%&1( : 

- "1)60-�*  #"�  ,#�-0(�1-!  "21)60#�()*  QF1, .4(&-�*�%  "  '#)-0--  
/ �- ' .&-�()* '  !  "( ' �-)%5-- ; '#  - '&-1#� �(  & )7'   �  4�#$-��%  �  4:('-(  
«��� � � � �  U0=444� », 8&( 333 – (0-1) � ;  

- /  &#�*  '#  .� � �  ! � �"  '#/�%7('-(  �  4#�#�(-  ("1)60-�*  QF2), '#  - ' -
&-1#� �(  & )7'   �  4�#$-��%  «��� � � � �  U0=444� », 8&( 333 – �(#)*'  (  
'#/�%7('-(  4#�#�(-  (� � �  � � � � � � � 	  � � � � � 
 � � 	  � � � � � 
 � � � � );  

- "�#:#%  � .01.  ; '1 &(�#  "24-�#(,  $#&#"#(,2!  /#�#,(� � : � � �  � � � � � 
 �  
( '#  - '&-1#� �(  �  4:('- (  «�� � � � � �   I=444� »); � � 	 � � � � 	 � �  	 � 
 � � � � -
	 � �  '#  4#�#�(( , / � -  & ��-7('--  1 � � 8  �#$�%& /�(1�#�-� �%  (�  4:('-(  
«� � � � � � �   U-� =444� »); � � �� �  � � � � � 
 � , / �-  & ��-7('--  1 � �  8  �#$�%& 
/�(1�#�-� �%  (�  4:('-(  «�� � � � � �   t=44: 44»); � � � � � � � � � �  � � 
 � � -� � � � � , 
/ �-  & ��-7('--  1 � � 8  �#$�%& / �(1�#�-� �%  (�  4:( '-(  «��� � � � �   
A* . =4444»);  0� 42  -$,('- �*  "24�#' '2!  /#�#,(� �  ' .7'   '#7#�*  � .01.  ; ' -
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1 &(�# , "�#:('-(,  � .01-  .��#' "-�*  � �(4.(, (  $'#0('-( , 1 � � (  �  3�# -
'%(� �% '#7#�-(,  '#  � .01.  ; '1 &(�# ;   

- /  �)(  $#&#'-% -  � 3�#'('-%  /#�#,(� � "  �#$�%&# "�#:( '-(,  � .01-  
; '1 &(�#  '#  &-�/)((  '#&  "(� ' .�*  - �3 &' (  �   4:( '-(  «� �� � � � �  
U0=444� » (� 	� � � � �  � �  �  � � � � � � � 	  � � � � � 
 � � 	 );   -  / �-  ; �  ,  �  4:('--  '# -
7#�*  � .01.  ; '1 &(�#  – .� � �  ! ��"  /( �(!&(�  "  �#4 0-!  �(7-, , '#  &-�/)((  
4.&.�  /   0(�(&'  "2�"(0-"#�*  2 �� �  1- , - '9 � ,- � .6:-(    �(1.:(,  '#/�% -
7('--  '#  4#�#�(( , �#$�%&' ,  �  1( , "�(,( '-  �#$�%&#, 1 )-0(��"(   �&#' '23  
#11., .)%� � '  !  4#�#�((!  #,/(� -0#� " .  

7.5. ��-  & ��-7('--   &' 8  -$  ��(3  $#&#''23  /#�#,(� � "  (� � � � � � � � -
� � � �  � � � � 
 � 	 � � 
 ,  � � 	 � 	 � �  � � � � 
 � � ,  � � � � � 	 � � � �  � � � 	 � - � � � � � ) .� � �  ! ��"  
 �1)60-� �%  �  "2&#0(!  '#  &-�/)(!   &' !  -$  ��(3  /�-0-'  ��  /# . � �-  '#7#�--  
'#  � .01.  ; '1 &(�#  "  ;�  ,  �(7-,(  .� � �  ! �� "  / (�(3 &-�  "  -�3 &' (  � ��  % -
'-( .  

7.6. ��-  /( �(8�("(  .� � �  ! �� "#  �#$�%& /�(1�#:#(��% , '#  - '&-1#� �(  
"2�"(0-"#(��%  �  4:('-(  «�� �  5� 
 � / � � ��6� .». � �)(  .� � �#' ( '-%  /�- -
0-'2   ��#' "1-  .� � �  ! �� "  #"� ,#�-0(�1-  "1)60#(��%  "  �#4 � . .  

 7.7. � 1#   �  .�� �  ! ��"#  '(   �1)60('#  �(�*   ~220�  (#"� ,#�  QF1)  '   
"(&(,  � ., ,#� '2!   � �0(�  " �(,( '-  �#$�%&# -  1 )-0(��"#   �&#' '23  4#�#�((!  
#,/(� -0#� " .  

  7.8. �#" &�1-(  $'#0('-%  �#"'2 : I=100A, U,- =185� , t=18:00 (18 0#-
� " ), � * 0=900. 

  
 

8 .  � � 
 � � � � � �  � � 	 � � � � � � � � � 	  	  � � � � � � �  	 �  
� � � � � � � � 	 �   

 
8.1. �#$�%&'2!  � 1  "2+(  '  ,- '#)*'  8  -  '(  /  &&#(��%  �(8.)- � "1( . 
�)%  .� � �#'( '-%  '(- �/ �#"'  ��-  / � "(�- �*  �(8.)- � .6:-!  � �#'$-��  �  -  

$#,('- �*  (8 , (�)-   '  «/ � 4-� ».  
8.2. � �� �  ! ��"   '(  "1)60#(� �% , '#  - '&-1#� �(  (� �*  �   4:('-%  -  / & -

�"(�1# . 
�� "(�- �*  / �#"-)* '  ��*  /  &1)60('-%  4#�#�(- .  

 
9 .  � � 	 � � � � 
 � � � � �  �  � � 	 � � � �  

 
9.1. � �� �  ! ��"   �#$�%&' (  � � -120-2 � �
 4 $#" &�1 !  '  ,(�                 

�  � "(� � �" .( �  � (3'-0(�1-,  3#�#1�(�-��-1#, , / �-"(&(' '2,  "  '#��  %:(,  
/#�/ � � ( , -  / �-$'#'  8 &'2,  &)% ;1�/) .#�#5-- . 

 
 
� .� .      �#�#  "2/ .�1#                                
 

� �"(� ��"(' '  (  )-5       
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10.1. � �� �  ! �� "  �#$�%&' (  � � -120-2 � �
 4 $#" &�1 !  '  ,(�     

/  &"(�8' .�   1 ' �(�"#5--  -  ./#1 "1( . 
 
�#�#  1 ' �(�"#5--       
 

� �  1  1 ' �(�"#5--       
 
�  ' � (�"#5-6  / � -$"()         ____________  (/ &/- �* )  � .� .  
�$&()-(  /  �)(  1 ' �(�"#5--  
/ �- '%)                                 ____________  (/ &/- �* ) 
 
�#�#  ./#1 "1-         
 
� /#1 "1.  / �  -$"()               ____________  (/ &/- �* )          � .� .  
�$&()-(  /  �)(  ./#1 "1-  
/ �- '%)                                  ____________ (/ &/-�* ) 
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11.1. �  ��#":-1  8#�#'�- � .( �  �  �"(� ��"-(  � (3'-0(�1-,  3#�#1�(�- -

��-1#, , / �-"(&(' '2,  "  '#��  %:(,  /#�/  � �( , / �-  �  4)6&('--  / � �(4-�()(,  
� �(4 "#'-!  ;1�/) .#�#5- ' '  !  & 1.,(' �#5-- , # �#17(  &(! ��" .6:-3  '  �,  -  
/ �#"-)  /  ;1�/) .#�#5--  ;)(1�� .� �#' " 1 . 

11.2. � � 1   8#�#'� -!   .��#'#")-"#(� �%  36 ,(�%5("  �  , ,( ' �#  "" &#  
.� � �  ! �� "#  ��  "  ;1�/) .#�#5-6  "  �  �"(� �� "--  �  � � � �  22789-85 -  � � � �  
22352-77, '   ' (  4 )((  40 ,(�%5("  �  ,  ,( ' �#  / ) .0( '-%  / � �(4-�()(, .  


