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,�����
 	
������+ �� ������� ,�'�����+ 

 

��� – 2*/8#/� &,&$4'*24�/- 8 

�� – 2*/8#/� 9�/&,3 

���-$*/4'*,&'( – �1* $*/4'*,&'(  : 2, !$"��//85 :� 4*#$*= 5�$2(5�,3/*0 

9*4"</*24  (MPPT-controllers – Maximum power point tracker) 

��� – %*4*&,&$4'(#/(. 9&'&4�*'=��# 

7�� – @('*4/*- 59",32/� 5*!",8- 8 (PWM – pulse-width modulation) 

 

I$: – 24'"5 $*'*4$*)* :�5($�//8 �� 

� – 9'*&$4/� 9*4"</ 243 �� 

Pm – &,&$4'(#/� 9*4"</ 243 /� $,&5�6 �� � 4*#-  5�$2(5�,3/*0 9*4"</*24  

Ps – 9�!�=#� /� 9*�&'6/= �� 9*4"</ 243 2*/8#/*)* �(9'*5 /=��//8 

U66 – /�9'")� 6*,*24*)* 6*!" �� 

W – 2&'&!/3*!&//� )&/&'*��/� &,&$4'*&/&') 8 *!/ >= �� � :(5/ . 9&' *!  

B – 

� 2*/8#/*0 9�/&,  
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�	��, 

 

�'('*!/  &/&')&4(#/  '&2"'2( ,=!24�� � /�@ #�2 24' 5$* �(#&'9"=4328, � 

&$*,*) #/  9'*1,&5( �($*'(24�//8 4'�!(- ./(6 �(! � 9�,(�� 24�=43 �2& 

)*24' @(5(. �*5" 9*24 ./* :'*24�> �$4"�,3/ 243 9*@"$"   *94(5�,3/*)* 

�($*'(24�//8 /*�(6 !<&'&, &/&') 0. �*/8#/ . &/&')&4(-  � !�*!(4328 ��<,(�� 

'*,3 " '*:�’8:�//  � !5 #&/(6 9'*1,&5, ;* 9 !4�&'!<">4328 24' 5$(5 '*24*5 

$ ,3$*24  2*/8#/(6 &,&$4'*24�/- . /� �$'�0/  4� " �23*5" 2� 4 .  

�*4&/- �, 2*/8#/*0 &/&')&4($( /�!:�(#�./* �(2*$(.. �"5�'/� 9*4"</ 243 

�(9'*5 /=��//8 �*/-8 �&,(#&:/�   �&5,8, 8$� :/�6*!(4328 /� � !24�/  1 ,8 150 

5,/. $5 � ! �*/-8, *!&'<"> 9'(1,(:/* 2 5 ,38'!/  #�24$( .*)* :�)�,3/*)* 

�(9'*5 /=��//8. �& !(�,8#(23 /� -&, 2&'&!/8 $ ,3$ 243 2*/8#/*0 &/&') 0, 8$� 

9*4'�9,8> � �45*2%&'" �&5,  2$,�!�> 1 ,8 1,5 $�4/52
. ��$(. 9*4&/- �, &/&') 0 

�*/-8 � !9*� !�> 4*5" %�$4", ;* :� 15 6�(,(/ 2*/8#/& �(9'*5 /=��//8 

9'(/*2(43 /� :&5/" $",= &/&') =, 8$" !*24�4/3* �23*5" ,=!24�" /� - ,(. ' $; 

�*5" /& !(�/(5 > 9'(2$*'&//8 '*:�(4$" 2*/8#/*0 &/&')&4($( /� �$'�0/  4� 

" 2� 4 . �3*5" 29'(8=43 . &$*/*5 #/  %�$4*'(. � /� �24�/*�,&//8 2*/8#/(6 

&,&$4'*24�/- . (���) ;*'*$" 9*5 4/* :5&/@">4328 :��!8$( "!*2$*/�,&//= 

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

:1 ,3@&//= 06 9*4"</*24  4� $*&% - >/4" $*'(2/*0 ! 0. �2& -& :"5*�,=> ;*' #/& 

:5&/@&//8 2*1 ��'4*24  1 
�4 2*/8#/*0 &,&$4'(#/*0 &/&') 0. 
' 5 4*)*, '*:�(4$" 

��� � �$'�0/  /� 23*)*!/  29'(8> . «:&,&/(.» 4�'(%, 8$(. > *!/(5  : /�.�(;(6 " 

2� 4 . 

�'�6*�"=#( /��&!&/& �(;&, 5( 24��(,( :��!�//85 1�$�,��'23$*0 '*1*4( 

29'*&$4"��4( /(:3$* 1=!<&4/" ��4*5�4(#/" ��4*/*5/" 2*/8#/" &,&$4'*24�/- = 

!,8 *$'&5*)* !*5*)*29*!�'24��  : 2"#�2/(6 !*24"9/(6 4� /�! ./(6 5�4&' �, �   

$*59,&$4"=#(6 5*!", �. �*�/� ��4*5�4(:�- 8 9'*-&2" %"/$- */"��//8 4�$*0 

&,&$4'*24�/- 0 5�> 4�$*< :�1&:9&#(4( *94(5�,3/& �($*'(24�//8 2*/8#/*)* 4� 

�$,�!&/*)* 4&6/ #/*)* '&2"'2"   9'*!*�<(4( 4&'5 / &$29,"�4�- 0 00 *2/*�/(6 

'*1*#(6 5*!", �. 	!/*#�2/* :/�#/* 9 !�(;(4328 . ' �&/3 2&'� 2" 9'( 5*/4�< , 
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&$29,"�4�- 0 4� *12,")*�"��//  29'*&$4*��/*0 &,&$4'*&/&')&4(#/*0 2(24&5(. 

��$(. $*59,&$2/(. 9 !6 ! !* '*:�’8:�//8 9*24��,&/*0 :�!�#  9 !$'&2,=> 

�$4"�,3/ 243 4� :/�#(5 243 !*2, !<&/3 /�@*0 1�$�,��'23$*0 '*1*4(. 
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1 �	�*����	�� ���������� 	��
���� ���
���	�����) 

 

1.1 ��&#�"��!�&� $�&���$"%��/ �$&���0��1 ���/2��1 %"%�&���&�� !� 

�"/ ��0����3�����&$ &� 41 ���-"�$��&! 

 

�*:),8!�=#( 2"#�2/  '&2"'2*:1&' )�=#  ��' �/4( ��4*/*5/*)* :�1&:9&#&//8 

<(4,� &,&$4'*&/&') >=, ��'4* *2*1,(�" "��)" :�&'/"4( /� ��� /&�&,($*0 

9*4"</*24 . ��$  2(24&5( �<& 9 !4�&'!(,( 2�*= /�! ./ 243 4� !*�)*� #/ 243, 

9'�-==#( !&284$( '*$ � /� $*25 #/(6 24�/- 86 4� � /�:&5/(6 &/&')&4(#/(6 

2(24&5�6 1�)�43*6 $'�0/ 2� 4". 
' 5 4*)*, ��4*/*5/� ��� :�1&:9&#(43 

!*5*)*29*!�'24�* /&:�,&</(5 9*24 ./(5 &,&$4'*9*24�#�//85, ;* *2*1,(�* 

�$4"�,3/*, 8$;* 5 2-&�  4'�/2%*'5�4*'/  9 !24�/- 0 /& 9 !4'(5"=43 /&*16 !/(. 

' �&/3 /�9'")( 4� 9*4"</*24  � 5&'&<  :5 //*)* 24'"5", /�9'($,�!, /� !�#�6 #( " 

� !!�,&/(6 5 2-86. ��4*/*5/  %*4*&,&$4'(#/  24�/- 0 5*<"43 9'�-=��4( 4�$*< 

8$ *2/*�/& !<&'&,* &,&$4'*&/&') 0 !,8 � !!�,&/(6 � ! &,&$4'(#/(6 5&'&< 

�('*1/(#(6 4� $*5&'- ./(6 *1'>$4 �, /�9'($,�! )*4&, � 4�  /@&. 

� !5 4(5* *2*1,(�*24  &$29,"�4�- 0 ��4*/*5/(6 2*/8#/(6 &,&$4'*24�/- . 

!,8 !*5*)*29*!�'24�: 

- 4'(��,(. 4&'5 / '*1*4(, 8$(. /� 23*)*!/  ���<�>4328 ' �/(5 1 ,8 25 '*$ �; 

- /�8�/ 243 )�'�/4 ./*)* *12,")*�"��//8 �2 6 $*59*/&/4 � 1 ,3@& 2-6 '*$ �; 

- 5*<,(� 243 24'�6"��//8 *1,�!/�//8 2*/8#/(6 &,&$4'*24�/- .; 

- ��4*5�4(#/� &,&$4'*24�/- 8 �(5�)�> 5 / 5�,3/*)* 4&6/ #/*)* 

*12,")*�"��//8; 

- 9'( /&*16 !/*24  5*<,(� 243 9'*24*)* :1 ,3@&//8 9*4"</*24  

&,&$4'*24�/- 0; 

- 5*<,(� 243 ,&)$*)* 9&'&6*!" !* :5 @�/*0 $*5&'- ./*-��4*/*5/*0 %*'5( 

&,&$4'*24�/- 0 : *4'(5�//85 $*59&/2�- 0 :� «:&,&/(5 4�'(%*5» !* 2030 '*$"; 
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- 9'(�'8:$� '*:'�6"/$ � :� &,&$4'*&/&') =, 8$� 9'*!�>4328 :� ":&,&//(5 

4�'(%*5", !* $"'2" >�'*; 

- /&�&,($(. 4&'5 / *$"9/*24  &,&$4'*24�/- 0 (!* 10 '*$ �); 

- &$*,*) #/� 1&:9&#/ 243; 

- 1&:@"5/ 243; 

- ��4*/*5/ 243 %"/$- */"��//8; 

- 1&:9&'&1 ./ 243 &,&$4'(#/*)* <(�,&//8 9'( 9'��(,3/*5" 9'*&$4"��//  

&,&$4'*24�/- 0; 

- :/�#/� &$*/*5 8 % /�/2*�(6 $*@4 � 9'( 9*24 ./* ":'*24�=#(6" 4�'(%�6 /� 

&/&')*/*2 0. 


' 5 9*:(4(�/(6 8$*24&. 2*/8#/  &,&$4'*24�/- 0 5�=43   '8! /&!*, $ �. �* 

*2/*�/(6  : /(6 5*</� � !/&24(: 

- �2& ;& � !/*2/* �(2*$� ��'4 243; 

- :/�#/& /&' �/*5 '/ 243 )&/&'�- 0 &/&') 0; 

- �(5�)�=43 � !/*2/* �&,($(6 9,*; !,8 '*:5 ;&//8; 

- �(1�),(�  !* 5 2-8 �24�/*�,&//8 4� !* "5*� /��$*,(@/3*)* 2&'&!*�(;�. 

� - ,*5", /� 23*)*!/  2*/8#/  &,&$4'*24�/- 0 /& 9 !4'(5"=43 9�'�,&,3/" 

'*1*4" : -&/4'�, :*��/*= &,&$4'(#/*= 5&'&<&=. �,& �*/( ,&)$* *1’>!/"=4328 � 

>!(/" 2(24&5" : !(:&,3/(5( )&/&'�4*'�5(, � 4'* )&/&'�4*'�5( 4� 5 /  

) !'*&,&$4'*24�/- 85(. 

 

1.2 .%�%�#52! ��03��%�&� ���/2��1 %"%�&���&�� !� 

 

	2/*�/(5( )&/&'"=#(5( $*59*/&/4�5( 2*/8#/(6 &,&$4'*24�/- . > 2*/8#/  

9�/&,  (��) �1* 2*/8#/  1�4�'&0. �6 %*'5"=43 @,86*5 9*>!/�//85 5 < 2*1*= 

*$'&5(6 $*5 '*$ %*4*&,&$4'(#/(6 9&'&4�*'=��# � (���) " /&:�,&</  5*!",  

' :/(6 '*:5 ' � ('(2.1.1). � :�,&</*24  � ! /&*16 !/(6 &,&$4'(#/(6 6�'�$4&'(24($ 

5*!",8 (24'"5, /�9'")�   9*4"</ 243) %*4*&,&$4'(#/  9&'&4�*'=��#  :’>!/"=43 /� 

*!/ . /&2"# . *2/*�  8$ 9*2, !*�/*, 4�$   9�'�,&,3/*. �'( 9*2, !*�/*5" :’>!/�//  

%*4*&,&$4'(#/(6 9&'&4�*'=��# � :1 ,3@">4328 �(6 !/� /�9'")�, 9'( 
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9�'�,&,3/*5" – �(6 !/(. 24'"5. �,8 4*)*, ;*1 :1 ,3@(4(   24'"5   /�9'")" 

$*51 /"=43 !�� -(6 29*2*1" :’>!/�//8. 
' 5 4*)*, 9'( 4�$*5" 29*2*1  :’>!/�//8 

�(6 ! : ,�!" *!/*)* : 2*/8#/(6 %*4*&,&$4'(#/*)* 9&'&4�*'=��#� /& 9'(:�*!(43 

!* �(6*!" : ,�!" �2 >0 ��, 4*14* 9 !�(;"> /�! ./ 243 '*1*4( �2 >0 1�4�'&0. 

 

 

�(2"/*$ 1.1 – �*>!/�//8 $*5 '*$ %*4*&,&$4'(#/(6 9&'&4�*'=��# � 4� :�)�,3/� 

24'"$4"'� �� [1] 

 

��$(5 #(/*5, 2*/8#/� 9�/&,3 2$,�!�>4328 : 9�'�,&,3/*-9*2, !*�/* 

:’>!/�/(6 2*/8#/(6 (���). �&,(#(/� 9*4"</*24 , 8$� � !!�>4328 �� 

/���/4�<&//=, 9'85* 9'*9*'- ./� $ ,3$*24  9�'�,&,3/* 4� 9*2, !*�/* �$,=#&/(6 

4�$(6 2*/8#/(6 $*5 '*$ ('(2.1.2).  
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�(2"/*$ 1.2 – �*2, !*�/*-9�'�,&,3/& :’>!/�//8 $*5 '*$ %*4*&,&$4'(#/(6 

9&'&4�*'=��# �" �� 

 

�*2, !*�/* : $*</(5 ,�/-=<$*5 9*2, !*�/* :’>!/�/(6 ��� �5($�=43 

/�9 �9'*� !/($*�  ! *!( 7*4$(('(2.1.2). �6 :�24*2*�"=43 !,8 "2"/&//8 :�*'*4/(6 

24'"5 � #&'&: 4  ,�/-=<$( $*5 '*$, 8$  5�=43 5&/@", / < �  /@(6 ,�/-=<$�6 

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

'�6"/*$ ��&!&//8 ! *! � � !1"��>4328 � !$,=#&//8 9'�-==#(6 " /&@4�4/*5" 

'&<(5  ,�/-=<$ � � ! /���/4�<&//8. �'*:"5 ,*, ;* � 4�$*5" �(9�!$" 

:5&/@">4328 )&/&'*��/� �� 9*4"</ 243 &,&$4'(#/*)* 24'"5". 

��� � �� &,&$4'(#/*  :*,==43 *!(/ � ! *!/*)* 4*/$(5( @�'�5( 

 /$�92",84*'� – 29&- �,3/*= 9, �$*= EVA 4*�;(/*= 500 5$5. �  9, �$( 

*!/*#�2/*   )&'5&4(:"=43 $*5 '$(, :�6(;�=#( 06 � ! $*'*: 0 4� �9,(�" 

/��$*,(@/3*)* 2&'&!*�(;�. �*:5 ;&/& :�&'6" )�'4*��/& 2$,* !*!�> $*/24'"$- 0 

5&6�/ #/*0 5 -/*24  4� �($*/"> :�6(2/" %"/$- = " �(9�!$" !*;", )'�!" 4� 1"!3-

8$(6  /@(6 "!�' � 9* ��. ��$' 9,=> -& �2& " >!(/ . $*/24'"$- 0 �,=5 / >�� '�5�, 

8$� 4�$*< 9'(:/�#&/� !,8 $' 9,&//8 �� !* 4 >0 #(  /@*0 *2/*�( (!�6" 1"!(/$", 

9 !24��$�, $�'$�2 4*;*). 	$' 5 /��&!&/(6 $*59*/&/4 � " 2$,�! �� �6*!843   

24'"5*:/ 5/  5&4�,&�  !*' <$(, $*4'  9&'&/*2843 :)&/&'*��/(. ��� 24'"5 !* 

'*:9*! ,3#*0 9,�24($*�*0 $*'*1$(. ��/� $*'*1$� � 1 ,3@*24  2"#�2/(6 �� 

'*:5 ;">4328 /� 06/ . 4(,3/ . 24*'*/ . � !�/ . $*'*1-  4�$*< 9*5 ;�=43 :)�!�/  

�(;& ! *!( 7*4$(, 8$  :�6(;�=43 �� � ! 9�'�:(4/(6 9'*-&2 � 9'( :�4 /&//  4� 

9&'&)' ��// . 

	2/*�/*= &$29,"�4�- ./*= 6�'�$4&'(24($*= �� > 00 

�. �'( -3*5" 

� 

�� :��<!( /(<#(., / < 

� 00 2$,�!*�(6 2*/8#/(6 $*5 '*$. �& :"5*�,&/* 

�4'�4�5(, 8$  �(/($�=43 �/�2, !*$ /&  !&/4(#/*24  6�'�$4&'(24($ *$'&5(6 

%*4*&,&$4'(#/(6 9&'&4�*'=��# �, *2$ ,3$( 6�'�$4&'(24($� $*</*)*  : /(6 

 /!(� !"�,3/�. �*5", " '�:  9*2, !*�/*-9�'�,&,3/*)* :’>!/�//8 2*/8#/(6 $*5 '*$, 

4*#$( 5�$2(5�,3/*0 9*4"</*24  /� 06/ 6 ��� /& 29 �9�!�=43.  
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� �� 9&'&��</* �(:/�#�=43 &$29&'(5&/4�,3/*. �,8 -3*)* :/�6*!843 

� !/*@&//8 $*'(2/*0 &,&$4'(#/*0 9*4"</*24  Pm /� $,&5�6 �� !* 9�!�=#*0 /� 

9*�&'6/= �� 9*4"</*24  2*/8#/*)* �(9'*5 /=��//8 Ps, 4*14* 

� B = 

(Pm/Ps)C100%,. �'*:"5 ,*, ;* Pm �� :/�6*!(4328 :� !*9*5*)*= 00 ��� 9'( 

&$29,"�4�- 0 : *94(5�,3/(5 /���/4�<&//85. �&,(#(/� < Ps �(:/�#�>4328 8$ 

!*1"4*$ 2"5�'/*0  /4&/2(�/*24  2*/8#/*)* �(9'*5 /=��//8 Is /� 9,*;" �� S. 

�/4&/2(�/ 243 Is �(5 '=>4328 9'( -3*5" :� !*9*5*)*= 29&- �,3/*)* 9'(,�!" – 

9 '�/*5&4'�.  

��<,(�(5 &$29,"�4�- ./(5 9�'�5&4'*5 �� > 06 /*5 /�,3/� 9'*&$4*��/� 

9*4"</ 243. �*/� � !9*� !�> '*1*4  �� 9'(  /4&/2(�/*24  2*/8#/*)* 

�(9'*5 /=��//8 1000 �4/52
, 9'( 4&59&'�4"'  �� 25D   9'( ":)*!<&/*24  *9*'" 

/���/4�<"��,3/*)* $*,� : �(6 !/(5 *9*'*5 ��, ;* � !9*� !�> *94(5�,3/*5" 

'&<(5" '*1*4( �� � 4*#-  5�$2(5�,3/*0 9*4"</*24 . �'( � !2"4/*24  

":)*!<&/*24  � !9*� !/(6 *9*' �, � ! �� � !1('�>4328 5&/@� 9*4"</ 243 !,8 

<(�,&//8 29*<(��# �.  

�(9*�� ��� �� /��&!&/� /� '(2.1.3. �� / . �(! ,8=43 '8! *2/*�/(6 

&$29,"�4�- ./(6 9�'�5&4' �: 

- 24'"5 $*'*4$*)* :�5($�//8 I$:, 8$(. > 5�$2(5�,3/(5 24'"5*5, 8$(. 5*<& 

9'*4 $�4( #&'&: ��9'( :�!�/*5" ' �/   /4&/2(�/*24  2*/8#/*)* �(9'*5 /=��//8 

/� 9*�&'6/  �� (" 4�$*5" �(9�!$" /�9'")� /� .*)* $,&5�6 ' �/� /",=); 

- /�9'")� 6*,*24*)* 6*!" U66 – 5�$2(5�,3/� /�9'")�, 8$� 24�*'=>4328 �� 

/� 2�*06 $,&5�6 9'( '*: 5$/&/*5" $*,  : /���/4�<&//85   9'�$4(#/* ' �/� ��� 

��; 

- 4*#$� 5�$2(5�,3/*0 9*4"</*24  Pm, 8$� :�!�> *94(5�,3/  "5*�( 

&$29,"�4�- 0 ��, $*,( �*/� � !!�> 5�$2(5�,3/* 5*<,(�" 9*4"</ 243 

&,&$4'(#/*)* 24'"5" � /���/4�<&//8. �8 4*#$� :�!�> 9�'�5&4'( 

*94(5�,3/*)*":)*!<&//8 "5*� '*1*4( ��  : /���/4�<&//85: 2(," 24'"5" Im 4� 

/�9'")" Um. ��)�,*5, 4*#$� 5�$2(5�,3/*0 9*4"</*24  :� /�9'")*= 2$,�!�> 

9'(1,(:/* � ! 0,7U66 !* 0,8U66, � :� 24'"5*5 – � ! 0,85I$: !* 0,93I$:. �'( -3*5" 
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$**'!(/�4( 4*#$( 5�$2(5�,3/*0 9*4"</*24  5�,* :�,&<�43 � !  /4&/2(�/*24  

9�!�=#*)* /� �� 2*/8#/*)* �(9'*5 /=��//8. ('(2.1.3). 

 

 

�(2"/*$ 1.3 – � 5&.24�* ��� �� FVG 72-156 9'( ' :/(6 ' �/86  /4&/2(�/*24  

2*/8#/*)* �(9'*5 /=��//8[2] 

 

�,8 9'($,�!", $'&5/ >�  9*, $'(24�, #/  �� �� FVG 72-156 5�=43 UXXE 36 

�, � 2(,� 06/3*)* 24'"5" $*'*4$*)* :�5($�//8 9'(1,(:/* 9'85* 9'*9*'- ./� 

 /4&/2(�/*24  9�!�=#*)* �(9'*5 /=��//8   :5 /=>4328 !* 2�*)* 5�$2(5�,3/*)* 

:/�#&//8 1 ,8 8,5 �. �'( -3*5" /�9'")� 6*,*24*)* 6*!" 5�.<& /& :�,&<(43 � ! 

' �/8 *2� 4,&/*24  ��. �'�6*�"=#( /��&!&/  9�'�5&4'(, 5*</� �(:/�#(4( 

5�$2(5�,3/" 4&*'&4(#/" 9'*&$4/" 9*4"</ 243 4�$(6 �� – (36 �)C(8,5 �) E 300 �4. 

� 9�29*'4  4�$*0 �� !�/� �&,(#(/� !,8 '&�,3/*)* '&<(5" '*1*4( �$�:">4328 8$ 

285 �4. 

�%&$4(�/ 243 9&'&4�*'&//8 2*/8#/*0 &/&') 0 � &,&$4'(#/" :�,&<(43 

9&'&��</* � ! �/"4' @/3*0 *!/*' !/*24  24'"$4"'( 4� *94(#/(6 �,�24(�*24&. 

/�9 �9'*� !/($� ���, :�24*2*��/(6 " $*/24'"$- 0 ��.  
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	2/*�/  �4'�4( &/&') 0 � �� 9*�'8:�/  4�$*< : 4�$(5( :*�/ @/ 5( 

9'*-&2�5(:  

- � !1(4485 2*/8#/*)* �(9'*5 /=��//8 � ! 9*�&'6/  ��; 

- 9'*6*!<&//85 #�24(/( %*4*/ � 2*/8#/*)* �(9'*5 /=��//8 #&'&: �� 1&: 

9*),(/�//8 � /3*5";  

- :�4 /&//8 #�24(/( 9*),(/�=#*0 9*�&'6/  5&4�,&�(5( $*/4�$4�5(; 

- /�8�/ 24= �/"4' @/3*)* *9*'" �� 4� *9*'*5 00 $*/4�$4 �; 

- /&� !9*� !/ 24= &/&') 0 %*4*/ � '*1*#*5" &/&')&4(#/*5"  /4&'��," ��� 

!�/*0 ��.  

 

1.3 	��/2�! %"%�&���&�� !4 

 

�*/8#/  &,&$4'*24�/- 0 8�,8=43 2*1*= *!(/ �1* $ ,3$� )&/&'"=#(6 5*!", � 

4� 5�2(� �, 2$,�!&/(6  : *$'&5(6 �� ('(2.1.4). �*!",3/� $*/24'"$- 8 29'*;"> 

/�,�@4"��//8 2*/8#/(6 &,&$4'*24�/- .   !*:�*,8> �($*'(24*�"��4( 06 " ' :/(6 

$*/24'"$- ./(6 �($*/�//86. 

 

 

� 1 � ) 

�(2"/*$ 1.4 – �*/8#/(. ��� (�), �� (1), 2*/8#/(. 5*!",3 (�) 4� 5�2(� ()) 

 

�2  2*/8#/  &/&')&4(#/  2(24&5( "5*�/* 5*</� 9*! ,(4( /� $ ,3$� �&,($(6 

)'"9: 

- 29&- �,3/* :1"!*��/  &,&$4'*24�/- 0  : �&,($*= 9*4"</ 24=, 1 ,3@*= 50 

$�4; 

- 5�,  &,&$4'*24�/- 0 $*5&'- ./*)* 9'(:/�#&//8  : 9*4"</ 24= !* 50 $�4; 
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- ��4*/*5/  5�,  &/&')&4(#/  2(24&5( !,8 *$'&5(6 1"! �&,3 4� 

!*5*)*29*!�'24�  : 9*4"</ 24= !* 10 $�4; 

- &,&$4'*24�/- 0 /&�&,($*0 9*4"</*24  !* 50 $�4 $*59,&$2/*)* 

�($*'(24�//8 – !,8 ��4*/*5/*)* <(�,&//8 !*5*)*29*!�'24�� 4� !,8 9'*!�<" 

&/&')*9*24�#�=#(5 *')�/ :�- 85;  

- 5�,  24�- */�'/  &,&$4'*24�/- 0 9&' *!(#/*)* �($*'(24�//8 (/�9'($,�!, 

!�#�) : 9*4"</ 24= !* 1 $��; 

- 5*1 ,3/  5 /  &,&$4'*24�/- 0 9*4"</ 24= !* 200 �4 !,8 �($*'(24�//8 � 

��4* 4"'(:5 , 9*,3*�(6 "5*��6 4�  /@&; 

- 9&'&/*2/  5 $'* &,&$4'*24�/- 0 9*4"</ 24= !* 10 �4 !,8 9 !:�'8!<�//8 

' :/(6 )�!<&4 � " 4"'(:5 , /� � !9*#(/$" 4*;*. 

�(24&5( 9&'@*)* 4(9", 8$ 9'��(,*, '*:5 ;"=4328 /� 29&- �,3/* � !�&!&/(6 

!,8 -3*)* :&5&,3/(6 ! ,8/$�6   :�.5�=43 �&,($" 9,*;". �,8 /(6 *94(5�,3/(5 > 

9&' *!(#/& 2&:*//& '"#/& 9&'&*' >/4"��//8 ��.  

��,  $*5&'- ./  2(24&5( 5*<"43 '*:5 ;"��4(28 8$ /� /&�&,($(6 ! ,8/$�6 

:&5, , 4�$   /� !�6�6 �&,($(6 1"! �&,3. �,8 4�$(6 2(24&5 5*<"43 :�24*2*�"��4(23 

8$ 2&:*//(. '"#/(. 4�$   4'&$&'/(. 5&4*!( 9 !�(;&//8 &%&$4(�/*24  �� [3].  

��. 5*� '/ @(5( < 5 2-85( '*:5 ;&//8 2*/8#/(6 )&/&'"=#(6 &,&5&/4 � 

!,8 24�- */�'/*0 ��4*/*5/*0 5�,*0 &/&')&4($( > 9&'&��</* /&'"6*5  48<$* 

!*24"9/  $*/24'"$- 0  /!(� !"�,3/(6 1"! �&,3 (!�6, � $/�, /�9 �9'*:*'  

9&'&$'(448 4*;*). �,8 /(6, " 1 ,3@*24  �(9�!$ �, '"#/� :5 /� $"4*�*)* 

*' >/4"��//8 �� "4'"!/&/�   *94(5�,3/(5 > :�24*2"��//8 ' :/(6 ��4*5�4(#/(6 

4'&$&'/(6 9'(24'*0� !,8 9 !�(;&//8 06 &%&$4(�/*24 . 

�*4*�� 2*/8#/� &,&$4'*24�/- 8 �$,=#�> � 2&1& 9*�/(. $*59,&$4 9'(24'*0�, 

/&*16 !/(6 !,8 00 "29 @/*0 &$29,"�4�- 0. 	2/*�/(5(  : /(6 > �$"5",84*'(, 2*/8#/  

9�/&, , $*/4'*,&',  /�&'4*', 9&'&4�*'=��#  9*24 ./*)* 24'"5", !&4�,  $' 9,&//8 

4�  /@  �(4'�4/  5�4&' �,(.  


' 5 ��, *!/(5 : /�.!*'*<#(6 &,&5&/4 � ��4*/*5/*0 2*/8#/*0 

&,&$4'*24�/- 0 > �$"5",84*'/� 1�4�'&8. �* 00 �(1*'" 2, ! � !/&24(28 : *2*1,(�*= 

� !9*� !�,3/ 24=.  
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�$"5",84*'( – -& 6 5 #/  !<&'&,� 24'"5". �*/( /�$*9(#"=43 &,&$4'(#/" 

&/&') = 9 ! #�2 2�*>0 :�'8!$(. ��/(. 9'*-&2 � !1"��>4328 4*! , $*,( !* 

�$"5",84*'� 9'($,�!&/* &,&$4'(#/(. 9*4&/- �,, 8$(. 1 ,3@(. � ! ��� 

�$"5",84*'�. ��$(5 #(/*5, )&/&'"=#(. 5*!",3 2*/8#/*0 &,&$4'*24�/- 0 5�> 5�4( 

4�$" $*/24'"$- =, ;*1 .*)* '*1*#� /�9'")� 9&'&�(;"��,� ��� �$"5",84*'/*0 

1�4�'&0 (: "'�6"��//85 9�! //8 /�9'")( /� 9'*5 </(6 $*59*/&/4�6), � 2"5�'/(. 

24'"5 )&/&'"=#*)* 5*!",8 :�1&:9&#"��� /&*16 !/" �&,(#(/" :�'8!/*)* 24'"5". 

��9'($,�!, !,8 :�'8!$( 2�(/-&�*0 �$"5",84*'/*0 1�4�'&0 : ��� 12 � /&*16 !/* 

5�4( )&/&'"=#(. 5*!",3  : ��, 8$(. /� �(6*!  �(!�> 9*24 ./(. &,&$4'(#/(. 

24'"5 : /�9'")*= 1 ,3@& 14 � 4� 2(,*= 24'"5" � ! $ ,3$*6 �59&' !* !&284$� 

�59&'. 

�� 23*)*!/   2/"> 1�)�4* ' :/(6 �(! � �$"5",84*'/(6 1�4�'&.. 
*<&/  : -(6 

�(! � '*:'�6*��/(. /� 9&�/& �($*'(24�//8. � -3*5" � !/*@&//  !,8 ��4*/*5/(6 

&,&$4'*24�/- . /& 9 !6*!843 �$"5",84*'(, 8$  /& 9&'&!1�#&/  !,8 '*1*4( � 

'&<(5�6 : ),(1*$*= '*:'8!$*=. �*5" *94(5�,3/(5 > �($*'(24�//8 �$"5",84*' � 

),(1*$*)* -($,", 8$  /�! ./* 9'�-==43 8$ 9'( '&)",8'/(6 #�24$*�(6 '*:'8!�6, 

4�$   9'( 9*� ,3/*5" ),(1*$*5" '*:'8!<�// . 

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

�($*'(24�//8 , 4 >�(6, )&, >�(6   29&- �,3/(6 2�(/-&�(6 �$"5",84*'/(6 1�4�'&., 

8$  �()*4*�,&/  :� AGM-4&6/*,*) >=. ��$(5 1�4�'&85 /& 9*4' 1/  29&- �,3/  

"5*�( !,8 �24�/*�,&//8 4� &$29,"�4�- 0   �*/( /& 9*4'&1"=43 9*24 ./*)* 

*12,")*�"��//8. ��29*'4/(. 4&'5 / 2,"<1( 4�$(6 1�4�'&. ,&<(43 � 5&<�6 � ! 10 

'*$ � !* 12 '*$ �. �'( -3*5" !*9"2$�>4328 ),(1(/� '*:'8!" !* 20% � ! 

/*5 /�,3/*0 >5/*24 . ���)�! ��$  �$"5",84*'/  1�4�'&0 / $*,( /& 9*�(//  

'*:'8!<�4(28 /(<#& -3*)* :/�#&//8,  /�$@& 06 4&'5 / 2,"<1( ' :$* 2$*'*#">4328! 

��<,(�* 4�$*< 9�5’84�4(, ;* #(5 #�24 @& 4'�9,8=4328 ),(1*$  -($,( '*:'8!", 

4(5 @�(!@& :5&/@">4328 4&'5 / &$29,"�4�- 0 �$"5",84*'�.  

�'( 5�, . 9*4"</*24  )&/&'*��/*)* 5*!",&5 24'"5" �$"5",84*'/� 1�4�'&8 

� !!�> &,&$4'(#/" &/&') = 29*<(��#�5   00 :�'8! :5&/@">4328. �*14*, 

/�$*9(#"��,3/  1"%&'/  �$"5",84*'/  1�4�'&0 9*24 ./* 9'�-==43 " '&<(5  
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'*:'8!-9 !:�'8!. �  9'*-&2( 5�=43 2�*0 *94(5�,3/  '&<(5( 9'*4 $�//8. �,8 

:�1&:9&#&//8 4�$*0 *94(5�,3/*24  :�24*2*�"=43 29&- �,3/  &,&$4'*//  9'(24'*0, 

8$  /�:(��=43 $*/4'*,&'�5( :�'8!" 4� '*:'8!".  


*/4'*,&'( �($*/"=43 - ,(. 29&$4' %"/$- .. 	2/*�/(5(  : /(6 >: 

- $*/4'*,3 24"9&/8 :�'8!<&/*24  1�4�'&0; 

- � !$,=#&//8 1�4�'&0 � ! :�'8!<�//8 9'( !*28)/&//  /*5 /�,3/*)* :�'8!"; 

- 9 !$,=#&//8 1�4�'&0 9'( /&*16 !/*24  !* :�'8!<�//8; 

- 9 !4'(5�//8 /&*16 !/*0 2(,( 24'"5" :�'8!<�//8 /� ' :/(6 &4�9�6 9'*-&2" 

:�'8!$(; 

- 9 !4'(5�//8 *94(5�,3/*0 /�9'")( /� 1�4�'&0 9 ! #�2 �23*)* 9'*-&2" 

:�'8!<�//8; 

- 9&'&$,=#&//8 /� ' :/  '&<(5( :�'8!<�//8 9'( ' :/(6 ' �/86 '*:'8!$( 

�$"5",84*'/*0 1�4�'&0; 

- � !$,=#&//8 1�4�'&0 � ! 29*<(��# � 9'( !*28)/&//  5�$2(5�,3/* 

!*9"24(5*)* 24"9&/8 '*:'8!"; 

- 9&'&$,=#&//8 )&/&'"=#*)* 5*!",8 /� 1�,�24/& /���/4�<&//8, 8$;* 

�('*1,&/� &/&') 8 /& 29*<(��>4328 29*<(��#�5(   /& 9*4' 1/� !,8 9*!�,3@*)* 

:�'8!<�//8 �$"5",84*'� (" 8$*24  4�$*)* /���/4�<&//8 5*<& 1"4( 1*.,&' 

)�'8#*)* �*!*9*24�#�//8 !*5*)*29*!�'24��); 

- 9 !4'(5�//8 9*,*<&//8 4*#$( 9&'&!�#  5�$2(5�,3/*0 9*4"</*24  � ! ��; 

- 5*/ 4*'(/) 9�'�5&4' � )&/&'*��/*)* 4� 29*<(��/*)* &,&$4'(#/*)* 24'"5"; 

- �($*/�//8 ' :/(6 2&'� 2/(6 4�  /%*'5�- ./(6 %"/$- .. 

�$ �(!/*  : /��&!&/*)* 9&'&, $", /� $*/4'*,&' 9*$,�!�>4328 !"<& 1�)�4* 

%"/$- .. �'*:"5 ,*, ;* 9'(24'*0, 8$  �($*/"=43 "2  /��&!&/  *9&'�- 0 � $*59,&$2 , 

!*2(43 !*'*) . �*5" /� '(/$" 9'(2"4/  1�)�4* 5*!&,&. !&@&�(6 $*/4'*,&' �, 8$  

�($*/"=43 ,(@& $ ,3$�  : 9&'&'�6*��/(6 �(;& %"/$- .. �*5" �(1 ' 4*)* �1* 

 /@*)* $*/4'*,&'� 9*$,�!�>4328 /� )*29*!�'8 ��4*/*5/*0 &,&$4'*24�/- 0. 	!/�$, 

!,8 !*28)/&//8 5�$2(5�,3/*0 &%&$4(�/*24  �($*'(24�//8 )&/&'*��/*0 

&,&$4'*&/&') 0, 2, ! �(1('�4( $*/4'*,&', 8$(. �($*/"> 1 ,3@ 243  : ��<,(�(6 

*9&'�- ..  
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��&23 /�8�/(. 29&$4' @('*$*)* �(1*'" $*/4'*,&' � /� '(/$" 5*</� 

'*:! ,(4( /� 4'( *2/*�/  )'"9(: 

- $*/4'*,&'( 4(9" ON/OFF; 

- 7��-$*/4'*,&'( (PWM-controllers – pulse-width modulation); 

- ���-$*/4'*,&'( (�1* $*/4'*,&'(  : 2, !$"��//85 :� 4*#$*= 

5�$2(5�,3/*0 9*4"</*24  – (MPPT-controllers — Maximum power point tracker). 


*/4'*,&'( 9&'@*)* 4(9" /& �($*'(24*�"=4328 !,8 24�- */�'/(6 

��4*/*5/(6 &,&$4'*24�/- .. �6/8 2%&'� �($*'(24�//8 – -& 5�,*9*4"</  5*1 ,3/  

9'(24'*0 9 !:�'8!$( ' :/(6 �$"5",84*'/(6 1�4�'&. 9*4"</ 24= !* 1 $�4. 

��$(5 #(/*5, !,8 ��4*/*5/(6 &,&$4'*24�/- . !*5*)*29*!�'24� 

*94(5�,3/(5 > �($*'(24�//8 ,(@& 7��-$*/4'*,&' � �1* ���-$*/4'*,&' �.  

�,8 1 ,3@ &%&$4(�/*)* �($*'(24�//8 )&/&'*��/*0 9*4"</*24  9'( 5�,(6 

' �/86 *2� 4,&//8 !*- ,3/* ��&24( !* 2$,�!" ��4*/*5/*0 &,&$4'*24�/- 0 . 

9&'&4�*'=��# 9*24 ./*)* 24'"5". � / !*:�*,8> 9&'&!���4( &,&$4'(#/" &/&') = 

5�,*0 9*4"</*24  � ! �� !* 29*<(��# � 9'( 4(6 "5*��6, 9'( 8$(6 $*/4'*,&' /& 

5*<& :�1&:9&#(4( 2�*> %"/$- */"��//8. 

�,8 5*<,(�*24  9 !$,=#&//8 !* ��4*/*5/*0 &,&$4'*24�/- 0 29*<(��# � 

:5 //*)* 24'"5" ��*!843 5*!",3  /�&'4*'�. 

��4*5�4(:�- = 9'*-&2" %"/$- */"��//8 ��4*/*5/*0 &,&$4'*24�/- 0 5�> 

:�1&:9&#(4( 00 2(24&5� $&'"��//8. 

 

�����$��. �,8 '*:�’8:�//8 9*24��,&/*0 � :��!�//  !* 1�$�,��'23$*0 '*1*4( 

:�!�# , /&*16 !/* 9'*�&24( !*24*� '/(. �/�, : /&*16 !/*0 9*4"</*24  

��4*/*5/*)* 2*/8#/*)* 5*!",8, 8$� :�1&:9&#"��4(5& &,&$4'(#/*= &/&') >= �2 6 

29*<(��# � !*5*)*29*!�'24��. �'( 4�$*5" �/�, :  2, ! �'�6"��4( '&�,3/  2&'&!/  

5&4&*'*,*) #/  !�/  ;*!*  /4&/2(�/*24  2*/8#/*)* �(9'*5 /=��//8, 8$& 

9*4'�9,8> /� :&5/" 9*�&'6/=. �(6*!8#( : *4'(5�/*)* '&:",34�4" 5*</� 

9 ! 1'�4(  /@  %"/$- */�,3/  5*!",  &,&$4'*24�/- 0, '*:'*1(4( 00 %"/$- */�,3/" 

4� 9'(/-(9*�" &,&$4'(#/" 26&5(, 29'*&$4"��4( *2/*�/  �":,( 4� !&4�, . �,8 

��4*5�4(:�- 0 '*1*4( ��4*/*5/*0 &,&$4'*24�/- 0 /� 24�! 0 !(9,*5/*)* 
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9'*&$4"��//8 !*- ,3/* �($*'(24�4( )*4*�(. 5*!",3 5 $'*$*/4'*,&'� 

/�.9'*24 @*0 2&' 0, /�9'($,�!, 4(9" ATMEGA328, �1* 2&' ./(. 9'*5(2,*�(. 

$*/4'*,&'. �� '*:'*1,&/" 2(24&5" $&'"��//8 !*- ,3/* 9*$,�24( :�1&:9&#&//8 

5�$2(5�,3/*)* 9&'&4�*'&//8 2*/8#/*0 &/&') 0 � &,&$4'(#/", $*/4'*,3 :� 

9�'�5&4'�5( %"/$- */"��//8 &,&$4'*24�/- 0 4� �&!&//8 1�:( !�/(6 ;*!* 

*4'(5�//8 &,&$4'(#/*0 &/&') 0 9'*48)*5 ' :/(6 9&' *! � #�2" ()*!(/�, !&/3, 

5 28-3, ' $). 
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2 ����
� �������+��6 	���(�+�(�*���6 .���������6 

���
�������.�6 	���(�����7 ,�����7 � ������ ��	�� 

�8.���(� 

 

�'( �24�/*�,&//  ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 9*4' 1/* �'�6"��4( 

�&,($" $ ,3$ 243 ' :/*5�/ 4/(6 %�$4*' �: % /�/2*�  �(4'�4(, 2&'&!/3*!*1*�" 

 /2*,8- =,5 2-& 4� 29*2 1 �24�/*�,&//8, $"4( /�6(," �� 4�  /. � '&:",34�4  

�/�, :" �2 6 ��<,(�(6 9�'�5&4' � 9*4' 1/* '*:'*1(4( 9'*&$4, 8$(. :�1&:9&#(43 

/�.$'�;  "5*�( !,8 &$29,"�4�- 0 !�/*0 2(24&5( 4� *4'(5�//8 5�$2(5�,3/*0 

)&/&'*��/*0 9*4"</*24 . 

	2*1,(� 24= ��4*/*5/(6 2*/8#/(6 &,&$4'*24�/- . 9*,8)�> � 4*5", ;* �*/( 

5�=43 1&:9&'&'�/* :�1&:9&#"��4( &/&')&4(#/  9*4'&1( � !9*� !/*)* 

!*5*)*29*!�'24�� 9'*48)*5 '*$". �(:/�#�,3/(5 9�'�5&4'*5 4"4 �(24"9�> 

2&'&!/8 !*1*�� 2*/8#/�  /2*,8- 8 9'*48)*5 :(5*�(6 5 28- �, *2$ ,3$( � -&. 

9&' *! 4'(��, 243 !/8 5 / 5�,3/�, � 9*)*!� � "5*��6 5 24� �<)*'*!� 9&'&��</* 

65�'/�   !*;*��. �,&   � -(6 /�.) '@(6 "5*��6 2*/8#/� &,&$4'*24�/- 8 5�> 

:�1&:9&#"��4( 1&:9&'&1 ./& <(�,&//8 &,&$4'*&/&') >= �23*)* !*5*)*29*!�'24��. 

�&'@(5 $'*$*5 4�$*)* �/�, :" 5�> 1"4( '*:'�6"/*$ *1’>5" 

2&'&!/3*!*1*�*)* �('*1,&//8 &,&$4'*&/&') 0 24�/!�'4/*= ��. 	2/*�*= 4�$(6 

'*:'�6"/$ � > 2&'&!/3*!*1*��  /2*,8- 8 " 5 2-  �24�/*�,&//8 &,&$4'*24�/- 0. �,8 

'*:'�6"/$ � 2$*'(24�>5*23 5&4&*'*,*) #/(5( !�/(5( !,8 5 24� �<)*'*!� :� 2022 

4� 2023 '*$( [4]. �*/( 9*$�:"=43, ;* /�.1 ,3@ 65�'/(5( � -&. 9&' *! > 5 28-  

)'"!&/3 4� 2 #&/3, !,8 8$(6 24�4(24(#/  !�/  /��&!&/  /� '(2.2.1 4� 2.2. 

�,8 29'*;&//8 2�*06 '*:'�6"/$ � 5( �/�, :"��,( !�/  ,(@& !,8 2� 4,*�*)* 

9&' *!" !*1(. �'( -3*5" 1",( �(:/�#&/  4�$  4'( *2/*�/  4(9( !/ � ;*!* "5*� 

65�'/*24  4� *9�! �: 

- 9&'&��</* 2*/8#/(. !&/3; 

- /�9*,*�(/" 2*/8#/(. !&/3, � /�9*,*�(/" 65�'/(.; 

- 9&'&��</* 65�'/(. !&/3; 

- !&/3 9&'&��</* : *9�!�5(. 
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�&:",34�4( 9'*�&!&/*)* /�5( �/�, :" /��&!&/* � 4�1,(-  2.1. 

 

 

�(2"/*$ 2.1 – �4�4(24(#/  !�/  ;*!* 65�'/*24  4� *9�! � 9'*48)*5 )'"!/8 2022 

'*$"[4] 

 

 

�(2"/*$ 2.2 – �4�4(24(#/  !�/  ;*!* 65�'/*24  4� *9�! � 9'*48)*5 2 #/8 2022 

'*$"[4] 

 

��1,(-8 2.1 – �&:",34�4( 29'*;&/*)* �/�, :" 24�4(24($( ' :/(6 9*)*!/ 6 

"5*� " 5 24  �<)*'*!  :� )'"!&/3 2022 '*$" 4� 2 #&/3 2023 '*$" 

�*)*!/  "5*�(  
 ,3$ 243 !/ � " )'"!/  2022 

'*$" 


 ,3$ 243 !/ � " 2 #/" 2023 

'*$" 

�*/8#/* 8 10 

�*/8#/*-65�'/* 4 10 

�5�'/* 15 5 

�*; 4 6 
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� !2"5*�"=#( *4'(5�/  '&:",34�4( 5*</� :'*1(4( �(2/*�*$, ;* 9'*48)*5 

!*2, !<"��/*)* 9&' *!" 4'(��, 24= 62 !/  30% !/ � 1",( 2*/8#/ , 22% – 2*/8#/*-

65�'/ , 32% – 65�'/ , 16% – !*;*� . 

�,8 9*!�,3@(6 '*:'�6"/$ � 9'(.5&5* '&:",34�4( !*2, !<&/3 [5], :) !/* : 

8$(5(, 9* � !/*@&//= !* 9'*&$4/*0 9*4"</*24  9'( 2*/8#/ . 9*)*! , 9 ! #�2 

65�'/(6 !/ � 2*/8#/� &,&$4'*24�/- 8 )&/&'"> 1 ,8 25% &/&') 0, 9 ! #�2 2*/8#/*-

65�'/(6 !/ � – 1 ,8 50% &/&') 0, � 9 ! #�2 !*;*�(6 !/ � – 9'�$4(#/* /& )&/&'"> 

&/&') = /� �(6 !.  

�'(.5&5* !* "��)( 4�$*< :�)�,3/  $ ,3$ 2/  !�/  ;*!* 9�'�5&4' � 

&$29,"�4�- 0 *$'&5(6 24�/!�'4/(6 �� [6]: 

- 9'*&$4/� 9*4"</ 243 �: 280 �4; 

- 29*2 1 �24�/*�,&//8: 24�- */�'/(.; 

- $"4 /�6(,": *94(5�,3/(. !,8 :(5/3*)* 9&' *!"; 

- 2&'&!/8 4&59&'�4"'� :*�/ @/3*)* 2&'&!*�(;�: 0 D; 

- 2&'&!/8 4'(��, 243 2� 4,*�*)* !/8 � �/�, :*��/(. 9&' *!: 8 )*!; 

- 2&'&!/3*!&//� 5�$2(5�,3/� )&/&'*��/� 9*4"</ 243: 50% � ! 9'*&$4/*0. 

�'*�&!&5* $ /-&�  '*:'�6"/$( !,8 *!/ >0 ��. 

1. �&6/ #/  9�'�5&4'( �� 9'(�*!843 !,8 4&59&'�4"'( *4*#"=#*)* 

2&'&!*�(;� 25°C. � !�(;&//8 - >0 4&59&'�4"'(  24*4/* :/(<"> &%&$4(�/ 243 

�('*1/(-4�� &,&$4'(#/*0 &/&') 0. �'( -3*5" /�9'")�   9*4"</ 243 )&/&'*��/*)* 

24'"5" :5&/@"=4328, � 2(,� 24'"5" 9 !�(;">4328. � '&:",34�4  � <�'$" 9*)*!" 



� �� :�5 243 9'*&$4/(6 16 % 1"!& 5�4( 14 %. �(5*= < /��9�$( 

� 1"!& 

9 !�(;"��4(23   !*28)�4( �&,(#(/( !* 19 %. �($*'(24�>5* 9'*24" 

:�$*/*5 '/ 243, ;* :  :5 /*= 4&59&'�4"'( /� 1 °C )&/&'*��/� 9*4"</ 243 

2*/8#/*= &,&$4'*24�/- >= :5 /=>4328 9'(1,(:/* /� 0,41%. �*!  !,8 :(5*�*)* 

9&' *!" 9'*&$4/� 9*4"</ 243 �� :1 ,3@(4328 /�  

�C 0,0041 C 25 = 28 �4       

  24�/*�(4(5& 9'(1,(:/* 305 �4. 

2. 
 ,3$ 243 2&'&!/3*!&//*0 )&/&'*��/*0 &,&$4'(#/*0 &/&') 0 9'( 2*/8#/*5" 

!/   
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Ws = 0,5 C (305 �4)C(8 )*!) E 1,2 $�4C)*!.     

3. �&'&!/3*!&//� )&/&'*��/� &,&$4'*&/&') 8 *!/ >= �� :� �&23 

�/�, :*��/(. 9&' *! 

W = (18C1,2 + 14C1,2C0,5 + 20C1,2C0,25)/62 = (21,6 +8,4 + 6)/62 E 0,6 $�4C)*!. 

 

�����$�� �� ��9�!"# 2. �'*48)*5 )'"!/8 4� 2 #/8 5 28-8 � "5*��6 5 24� 

�<)*'*!� *!/� 24�/!�'4/� �� 9'*&$4/*= 9*4"</ 24= 280 �4 $*</*)* !/8 " 

2&'&!/3*5" 5*<& �('*1,84( ,(@& 9'(1,(:/* 0,6 $�4C)*! &,&$4'(#/*0 &/&') 0. 
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3 �����' 	���(�+�(�*���� ������ ���
������6 ����.�6 

��,���� (���.�	,�(��	���� �� ��'������
 ����(��� 

(���� (�
 ,���
������
 

 

�*:),8/&5* 9&'&, $ *2/*�/(6 29*<(��# � &,&$4'(#/*0 &/&') 0 4(9*�*)* 

!*5*)*29*!�'24�� 4� �(:/�#(5*, 8$" $ ,3$ 243 &,&$4'*&/&') 0 29*<(��> " 

2&'&!/3*5" $*<&/ 4(9 29*<(��# �. �'( -3*5" /& 1"!&5* �'�6*�"��4( 9'(,�!( 

*1 )' �" 9'(5 ;&/3 4� *2/*�/  9'(,�!( 9'()*4"��//8 0<  – 1"!&5* ���<�4( ;* -  

9'(,�!( :�1&:9&#"=4328  /@(5 !<&'&,*5 &/&') 0, /�9'($,�!, )�:*5 #( 4�&'!(5 

9�,(�*5. 

�,8 '*:'�6"/$ � 2$*'(24�>5*23 9�29*'4/(5( !�/(5( 1 ,3@*24  

�/�, :*��/(6 29*<(��# � (4�1,.3.1). 

 

��1,(-8 3.1 – �*:'�6"/*$ 2&'&!/3*!*1*�*)* 29*<(��//8 &,&$4'*&/&') 0 

4(9*�(5 !*5*)*29*!�'24�*5 " :(5*�(. 9&' *! 

�9*<(��#  �&'&!/3*!*1*�& 29*<(��//8, $�4C)*! 

�*,*!(,3/($ 2-6 $�5&'/(., 2-6 

$*59'&2*'/(. 

0,9 (300 �4 /� 3 )*!) 

��./($ &,&$4'(#/(. 0,45 (1500 �4 /� 0,3 )*!) 

� $'*6�(,3*�� 9 # 0,45 (1500 �4 /� 0,3 )*!) 

��4*5�4($� 4� -('$",8- ./  /�2*2( 

2(24&5( *9�,&//8 

0,30 (50 �4 /� 6 )*!) 

	2� 4,&//8 – :*/�,3/&  : 10 2� 4,*! *!-

/(6 ,�59 9*4"</ 24= 9* 10 �4 

0,40 (10 �4 /� 4 )*!) 

��!<&4(  0,2 

�&,&� :*'  : �/4&//(5 *1,�!/�//85 0,50 (100 �4 /� 5 )*!) 

�/@  /& �'�6*��/  �(4'�4( 0,3 

��)�,3/& 2&'&!/> 29*<(��//8 &/&') 0 /� 

!*1" 

3,4 
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��$(5 #(/*5, :�)�,3/& 29*<(��//8 &/&') 0 �:(5$" /� *!/" 2&'&!/= !*1" 

!,8 4(9*�*)* !*5*)*29*!�'24�� 24�/*�(43 1 ,8 3,5 $�4C)*!. 

�&'&! :�)�,3/*)* 29*<(��//8 &,&$4'*&/&') 0 /�5 /&*16 !/* �(! ,(4( 

«/ #/(.» &/&')&4(#/(. '&2"'2, !<&'&,*5 8$*)* > �$"5",84*'/� 1�4�'&8. �,8 

-3*)* �(:/�#(5* 29*<(��//8 ' :/(6 9'(,�! � !*5*)*29*!�'24�� 2�5& �  /4&'��, 

#�2", $*,( �� 9&'&24�=43 )&/&'"��4( &,&$4'*&/&') =. �&:",34�4( 4�$*)* �/�, :" 

/��&!&/* � 4�1,.3.2. 

 

��1,(-8 3.2 – �*:'�6"/*$ 2&'&!/3*!*1*�*)* 29*<(��//8 &,&$4'*&/&') 0 

4(9*�(5 !*5*)*29*!�'24�*5 " :(5*�(. 9&' *! � ! �$"5",84*'/*0 1�4�'&0 

�9*<(��#  �&'&!/3*!*1*�& 29*<(��//8, $�4C)*! 

�*,*!(,3/($ 2-6 $�5&'/(., 2-6 

$*59'&2*'/(. 

0,6 (320 �4 /� 2 )*!) 

��./($ &,&$4'(#/(. 0,30 (1500 �4 /� 0,2 )*!) 

� $'*6�(,3*�� 9 # 0,30 (1500 �4 /� 0,2 )*!) 

��4*5�4($� 4� -('$",8- ./  /�2*2( 

2(24&5( *9�,&//8 

0,2 (40 �4 /� 5 )*!) 

	2� 4,&//8 – :*/�,3/&  : 10 2� 4,*! *!-

/(6 ,�59 9*4"</ 24= 9* 10 �4 

0,40 (10 �4 /� 4 )*!) 

��!<&4(  0,2 

�&,&� :*'  : �/4&//(5 *1,�!/�//85 0,50 (100 �4 /� 5 )*!) 

�/@  /& �'�6*��/  �(4'�4( 0,2 

��)�,3/& 2&'&!/> 29*<(��//8 &/&') 0 /� 

!*1" 

2,5 

 

	4'(5�/  '&:",34�4( 9*$�:"=43, ;* " «/ #/(.» #�2 9'*48)*5 *!/ >0 !*1( :� 

'�6"/*$ �$"5",84*'/(6 1�4�'&. 5�=43 <(�(4(28 29*<(��#   : �($*'(24�//85 

1 ,8 2,5 $�4C)*! &,&$4'*&/&') 0. 
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�'( 9*!�,3@(6 '*:'�6"/$�6 �'�6">5*, ;* �� 5�=43 )&/&'"��4( 4'*6( 

1 ,3@" &/&') =, / < '*:'�6*��/* � 4�1,.3.1 4� 3.2. �& :"5*�,&/* �4'�4�5( 

&,&$4'*&/&') 0 9'( :�'8!-  �$"5",84*'� 4� 9'( '*1*4   /�&'4*'�. � 2"5  -  �(4'�4( 

!,8 9*4"</(6 2(24&5 2$,�!�=43 � ! 5 % !* 10 % � ! :�)�,3/*)* *1’>5" 

29*<(��//8 &/&') 0. � :35&5* 4�$  �4'�4( 5�$2(5�,3/(5(. � 4�$*5" '�:  :� *!/" 

2&'&!/= :(5*�" !*1" ��4*/*5/� &,&$4'*24�/- 8 5�> )&/&'"��4( 1,1CF,5 $�4C)*! E 

4,0 $�4C)*! &,&$4'*&/&') 0. � !9*� !/*, «/ #/ » �(4'�4( &/&') 0 �$"5",84*'*5 

9'(.5&5* ' �/(5( 1,1CG,5$�4C)*! E2,8 $�4C)*!. 

 

�����$�� �� ��9�!"# 3. �'*�&!&/(. �/�, : 4� '*:'�6"/$( 9*$�:"=43, ;* 

!,8 4(9*�*)* )*29*!�'24�� � :(5*�(. 9&' *! 2*/8#/� &,&$4'*24�/- 8 5�> 

)&/&'"��4( 9'*48)*5 !*1( " 2&'&!/3*5" 1 ,8 4,0 $�4C)*! &,&$4'*&/&') 0. �'( 

-3*5" �$"5",84*'/� 1�4�'&8 5�> 5�4( !*1*�(. :�9�2 &,&$4'*&/&') 0, /& 5&/@& 2,8 

$�4C)*!. 
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4 ��'��*
� 	���
�����6 	���� ���������6 ���
���	�����6 

 

�'( '*:'*1-  24'"$4"'/*0 26&5( �'�6">5* *2/*�/  *2*1,(�*24  &$29,"�4�- 0 

��4*/*5/(6 2*/8#/(6 &,&$4'*24�/- .: 

- �*/( 5�=43 :�1&:9&#"��4( 5�$2(5�,3/(. � !1 ' )&/&'*��/*0 �� &/&') 0, 

4*14* 9'�-=��4( /�� 43 9'( 5 / 5�,3/(6 ' �/86  /4&/2(�/*24  2*/8#/*)* 

�(9'*5 /=��//8 1 ,8 100 �4/52
; 

- " 2$,�! 2(24&5( 5�> �6*!(4( 6*'*@(. $*/4'*,&' : 5�$2(5�,3/(5 

� !,8 

:�1&:9&#&//8 *94(5�,3/(6 '&<(5 � :�'8!<�//8 4� '*:'8!$( �$"5",84*'�; 

- ��4*/*5/ 243 4� ��4*5�4(#/(. '&<(5 %"/$- */"��//8 5�=43 

:�1&:9&#"��4(28 29&- �,3/(5 5*!",&5 $&'"��//8. 

�(6*!8#(  : *$'&2,&/(6 1�:*�(6 �(5*), 9'*9*/">5* 1�:*�" 24'"$4"'/" 

26&5" ��4*5�4(#/*0 ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0, 8$� /��&!&/� � !*!�4$" 

�. 

�'*:"5 ,*, ;* *2/*�*= &,&$4'*24�/- 0 > *$'&5(. 2(,*�(. )&/&'"=#(. 

5*!",3  : ��. �('*1,&/� &/&') 8 4�$(5 5*!",&5 5�> !*2(43 @('*$" ��' �- = 

2�*06 9�'�5&4' �. �*5" �($*'(24*�"��4( 4�$" &,&$4'*&/&') = /�9'85" 29*<(��#  

/& :5*<"43. � !9*� !/*, <(�,&//8 29*<(��# � 5�> � !1"��4(28 #&'&: 1"%&'/(. 

&/&')&4(#/(. '&:&'�"�', " 8$*24  8$*)* 1&'&5* �$"5",84*'/" 1�4�'&=.  

� !9*� !/*, !,8 *94(5�,3/*)* ":)*!<&//8 5*!",8 �� 4� 2(24&5( 

�$"5",84*'-29*<(��#  :�24*2">5* 29&- �, :*��/(. $*/4'*,&'. �(5*)� 

5�$2(5�,3/*0 &%&$4(�/*24  �($*'(24�//8 )&/&'*��/*0 &/&') 0 5*<& 1"4( 

:�1&:9&#&/� ,(@& :�24*2"��//85 ���-$*/4'*,&'� ($*/4'*,&'  : 2, !$"��//85 :� 

4*#$*= 5�$2(5�,3/*0 9*4"</*24 ). 

	2$ ,3$( � !1 ' &,&$4'*&/&') 0 � ! !�/*)* 5*!",8 5�> � !1"��4(28   � 

'&<(5�6 5 / 5�,3/(6 ' �/ � *2� 4,&//8 ��, 4* " 4�$(6 '&<(5�6 5 < )&/&'"=#(5 

5*!",&5 4� $*/4'*,&'*5 2, ! !*!�4$*�* ��&24( 9&'&4�*'=��# 9*24 ./*)* 24'"5". 

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

&,&$4'*&/&') 0 5�,*0 9*4"</*24  � &/&') = : 9�'�5&4'�5(, !*24�4/ 5( !,8 

1&:9&'&1 ./*)* %"/$- */"��//8 $*/4'*,&'�.  
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�&'&4�*'=��#  9*24 ./*)* 24'"5" 9&'&��</* 9'�-==43 " '&<(5  

9 !�(;&//8 4� 24�1 , :�- 0 2�*)* �(6 !/*)* 24'"5" #( /�9'")( 9'( 9*24"9,&//  /� 

�6 ! 2,�1$*)* &,&$4'(#/*)* 24'"5" � ! 5*!",8 ��. �,8 2*/8#/(6 &,&$4'*24�/- . 

!*2(43 �(2*$*0 9*4"</*24  %"/$- 0 9&'&4�*'=��#� 5*<& *!/*#�2/* �($*/"��4( 

2�5 $*/4'*,&'. 

��4*5�4(#/", �:�>5*":)*!<&/"   *94(5�,3/" '*1*4" 5 < 2*1*= 5*!",8 ��, 

9&'&4�*'=��#� 9*24 ./*)* 24'"5", $*/4'*,&'� 4� �$"5",84*'� 1"!& :�1&:9&#"��4( 

2(24&5� $&'"��//8. �*/� 9,�/">4328 9'*&$4"��4(28 " �(),8!  *$'&5(6 

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

$*/4'*,=��4( 9�'�5&4'( &/&')&4(#/(6 9*4*$ � " ' :/(6 &/&')&4(#/(6 , / 86 4� 

$�/�,�6 &,&$4'*24�/- 0. �2= *1'*1$" 9*24"9�=#(6 � !  /%*'5�- ./(6 5*!", � 

!�/(6 4� �($*/�//8 /&*16 !/(6 ,*) #/(6 *9&'�- . : $&'"��//8 &,&$4'*24�/- >= 

9*$,�!�>5* /� 29&- �, :*��/(. 5*!",3 9'*5(2,*�*)* $*/4'*,&'� (MCU). 

� !1 ' �2 >0 &/&') 0 2*/8#/*0 &,&$4'*24�/- 0 29*<(��#�5( � !1"��>4328 #&'&: 

1"%&'/" �$"5",84*'/" 1�4�'&=. �,8 <(�,&//8 29*<(��# � 9&'&!1�#(5* !�  

/&:�,&</  &/&')&4(#/  , / 0: , / 8 9*24 ./*)* 24'"5" 4� , / 8 24�/!�'4/*0 5&'&<  

:5 //*)* 24'"5" 220 �.  

�&'@� , / 8 29*<(��# � *4'(5"> &,&$4'(#/" &/&') = 1&:9*2&'&!/3*  : 

�$"5",84*'/*0 1�4�'&0. �'( -3*5", 8$;* 9�'�5&4'( /�9'")( <(�,&//8 9&�/(6 

29*<(��# � /& � !9*� !�=43 �&,(#(/  ��� �$"5",84*'/*0 1�4�'&0, 4* � - . , / 0 

9&'&!1�#&/* :�24*2"��//8 ��4*/*5/(6 9&'&4�*'=��# � 9*24 ./*)* 24'"5", 

:*$'&5�, 9'(,�! � 4(9" 12 � /� 5 � (24 � /� 5 � �1* 48 � /� 5 �), 8$  > /�.1 ,3@ 

9*@('&/(5( /� 23*)*!/  !,8 <(�,&//8 ' :/(6 )�!<&4 �). 

�'")� , / 8 24�/!�'4/*0 5&'&<  220 � *2/*�/(5 $*59*/&/4*5 5�> 

29&- �, :*��/(.  /�&'4*' #(24*0 2(/"2*0!( #�24*4*= 50 �-. ��/(. $*59*/&/4 5�> 

5�4( !*24�4/= �(6 !/" 9*4"</ 243 !,8 4'(��,*)* :�1&:9&#&//8 /&*16 !/*= 

&/&') >= �2 6 29*<(��# � !*5*)*29*!�'24��, 8$  9'�-==43 /� 24�/!�'4/*5" 

:5 //*5" 24'"5 . 

�(6*!8#(  : *4'(5�/*0 24'"$4"'/*0 26&5(, /� 2(24&5" $&'"��//8 5*</� 

9*$,�24(   '8! !*!�4$*�(6 %"/$- .: 
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- $*/4'*,3 9�'�5&4' � &,&$4'(#/*0 &/&') 0 9* *1*6 , / 86 <(�,&//8 

29*<(��# �; 

- $*/4'*,3 /&@4�4/(6 4� ���' ./(6 2(4"�- 0 � *2/*�/(6 $*59*/&/4�6 

24'"$4"'/*0 26&5( 4� � 00 &/&')&4(#/(6 $�/�,�6; 

- 5*/ 4*'(/) 9�'�5&4' � )&/&'*��/*0 &,&$4'(#/*0 &/&') 0; 

-  /%*'5"��//8 �,�2/($� ��4*/*5/*0 &,&$4'*24�/- 0 9'* � !6(,&//8 � ! 00 

@4�4/*0 '*1*4(; 

-  /@  *2/*�/  �1* 2&'� 2/  %"/$- 0. 
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5 ��*�� �� ��'������
 ,�������� �	������ 
��,������� 

���������6 ���
���	�����6 

 

5.1 	��/2�! 3��%"! 

 

�� *2/*�" )&/&'"=#*)* 5*!",8 � :35&5* 5*/*$'(24�, #/  $'&5/ >�  ��, 8$  

/� 23*)*!/  2&'&! $*5&'- ./(6 9'*!"$4 � 5�=43 /�.�(;(. 

� 4� /�.1 ,3@" 

!*�)*� #/ 243. �*'*@(5( &$29,"�4�- ./(5( �,�24(�*2485( /�! ,&/  �� % '5( 

LongiSolar 5�'$( LR5-72HPH 535WMONO [7]. �6/  *2/*�/  9�'�5&4'( 4� 

6�'�$4&'(24($( /��&!&/  � 4�1,.5.1. 

 

��1,(-8 5.1 – ��29*'4/  !�/  �� LongiSolar LR5-72HPH 535W [7] 

��'�5&4' �/�#&//8 9�'�5&4'� 

�(9  LR5-72HPH 

�*!&,3  LR5-72HPH 535W 

�%&$4(�/ 243 (2&'&!/ . 

�)  20 % 

�%&$4(�/ 243 (2&'&!/ . 

�) ��� 21 % 

��$2(5�,3/� 9'*&$4/� 9*4"</ 243 530 �4 

��$2(5�,3/� 9'*&$4/� /�9'")� � ,8 42 � 

��$2(5�,3/(. 9'*&$4/(. 24'"5 13 � 

��9'")� 6*,*24*)* 6*!" 49 � 

�4'"5 $*'*4$*)* :�5($�//8 � ,8 14 � 

�&59&'�4"'/(. $*&% - >/4 9*4"</*24  -0,36 % 

� �9�:*/ '*1*#(6 4&59&'�4"'  � ! -40 D !* +80 D 


 ,3$ 243 ��� 144 

�*:5 '(  2256 55 6 1133 55 6 35 55 

��)�  � ,8 27,2 $) 

��'4 243(*94*��) �&/@& 200 H�'* 
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�*/8#/  9�/&,  LR5-72HPH 535W > )&/&'"=#(5( 5*!",85( 29, 4-4(9", 

4*14* 2$,�!�=4328 : !�*6 #�24(/ (�&'6/3*0 4� /(</3*0). � *2/*�  5*!",8 

9*$,�!&/* *$'&5  $'&5/ >�  5*/*$'(24�, #/  %*4*&,&$4'(#/  9&'&4�*'=��# , 

9*�&'6 8$(6 /�/&2&/* !&�'843 24'"5*9'*� !/(6 @(/ :� 4&6/*,*) >= 9��. ��!/8 

9*�&'6/8 %*4*&,&5&/4 � 9*$'(4� ! &,&$4'($*5, � $*/4�$4  : *2/*�*= �2 >0 

$*/24'"$- 0 – 9,�24($*�(5 5&4�, :*��/(5 ,(24*5 – � !1"��>4328 #&'&: 

5 $'**4�*'( :� 4&6/*,*) >= PERC. � ,(-3*�*)* 1*$" $'&5/ >�  9,�24(/( 9*$'(4  

9'*:*'(5 :�)�'4*��/(5 2$,*5. �2= $*/24'"$- = *1'�5,8> �,=5 / >�(., 24 .$(. 

!* �45*2%&'/(6 �9,(� � 9'*% ,3.  

	2*1,(�*2485( �(1'�/(6 �� > )�'�/4 ./(. 4&'5 / :1&'&<&//8 *2/*�/(6 

9�'�5&4' � 4� 6�'�$4&'(24($ 9'*48)*5 25 '*$ �. �'( -3*5" 9 2,8 :�$ /#&//8 

�$�:�/*)* 4&'5 /" ' �&/3 9*4"</*24  �� :5&/@">4328 /& 1 ,3@& / < /� 15 %   

:�,(@�>4328 /� ' �/  440 �4. �'( �('*1/(-4�  5*!", � �($*'(24*�">4328 /*�� 

4&6/*,*) 8 9�.$( 9'*� !/($ �, 8$� :5&/@"> � !24�/3 5 < %*4*&,&5&/4�5( 4� 

!*:�*,8> 5�$2(5�,3/* �($*'(24*�"��4( �2= 9,*;". 
' 5 4*)*, !�/  5*!",  5�=43 

/(:3$(. 4&59&'�4"'/(. $*&% - >/4 4� '&$*'!/  9�'�5&4'( )&/&'�- 0 &,&$4'(#/*0 

&/&') 0 9'( /(:3$ .  /4&/2(�/*24  9�!�=#*)* 2� 4,*�*)* �(9'*5 /=��//8. ��&'4�> 

/� 2&1& "��)"   :/�#/& 2/ )*�& 4� � 4'*�& /���/4�<&//8 !* 5400 ��, 8$& :!�4/� 

�(4'(5�4( '�5� ��. 

�*:'�6">5* $ ,3$ 243 N �� LR5-72HPH 535W, 8$  /&*16 !/* "�&24( " 2$,�! 

)&/&'"=#*)* 5*!",8 ��4*/*5/*0 &,&$4'*24�/- 0. �,8 -3*)* '*:! ,(5* 

2&'&!/3*!*1*�" 9*4'&1" !*5*)*29*!�'24�� � &,&$4'*&/&') 0, ' �/" 4,0 $�4C)*!, /� 

2&'&!/3*!*1*�" 9'*!"$4(�/ 243 *!/ >0 �(1'�/*0 ��. �'( -3*5" 4�$*< �'�6">5*, 

;* �/�, : �9,(�" 9*)*!/(6 "5*� 5( 9'*�*!(,( !,8 �� 9'*&$4/*= 9*4"</ 24= 

280 �4, � �(1'�/  9�/&,  5�=43 4�$" 9*4"</ 243 /� ' �/  530 �4. �*!  *4'(5�>5*: 

N= (4,0 $�4C)*!)/(0,6$�4C)*!) C(280 �4)/(530 �4) E 4.     

��*$'"),&//8 $ ,3$*24  �� 9'( '*:'�6"/$�6 9'*�*!(,*28 " 24*'*/" 1 ,3@*0 

�&,(#(/(. 

��$(5 #(/*5, !,8 :�1&:9&#&//8 &,&$4'*&/&') >= !*5*)*29*!�'24�� 

��4*/*5/� &,&$4'*24�/- 8 5�> 5�4( /& 5&/@& 4 ��, 8$  1"!"43 9'�-=��4( $*<&/ 
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!&/3. 	!/�$, " /��&!&/(6 �(;& '*:'�6"/$�6 1",* �($*'(24�/* !*2(43 )'"1& 

/�1,(<&//8 – �2  :(5*�  !/  5�=43 2&'&!/  9*)*!/  "5*�(, 9'( 8$(6 � !1"��>4328 

)&/&'�- 8 &,&$4'*&/&') 0. � '&�,3/*24  < 9'*48)*5 :(5( 1"��> $ ,3$� 9&' *! � : 

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

�$;* 2*/8#/� &,&$4'*24�/- 8 9'�-=> � "5*��6 4"5�/", 65�'/*24  �1* < 

�*/-& :/�6*!(4328 /(:3$* /�! )*'(:*/4*5, 4* �*/� �('*1,8> ,(@& #�24$" 2�*>0 

9'*!"$4(�/*24 . �/�, : 9*$�:">, ;* 9'( /&�&,($ . 65�'/*24  �*/� 5*<& �(!���4( 

!* 80% 5�$2(5�,3/*0 9*4"</*24 , � � 9*65"'" 9*)*!" –,(@& !* 30% ('(2. 1.7). 

�'( :/(<&//  *2� 4,&/*24  !* 9&�/*0 5&<( &,&$4'*24�/- 8 9'(9(/8> �('*1/(-4�* 

&,&$4'(#/*0 &/&') 0. �,8 $'&5/ >�(6 $'(24�, #/(6 5*!", � -& 1 ,8 150 �4/52
 , � 

!,8 �5*'%/(6 – 1,(:3$* 100 �4/52
.  

�,8 �'�6"��//8 " /�@(6 9'*&$4/(6 '*:'�6"/$�6 !�/*0 2(4"�- 0 5*<,(�  

$ ,3$� *2/*�/(6 4&6/ #/(6 ' @&/3: 

- :1 ,3@&//8 $ ,3$*24  �� &,&$4'*24�/- 0 � $ ,3$� '�: �; 

- ��&!&//8 � 2(24&5" &,&$4'*<(�,&//8 !*!�4$*�*)* )&/&'"=#*)* !<&'&,�, 

/�9'($,�!, !(:&,3 )&/&'�4*'�; 

- :’>!/�//8 ��4*/*5/*0 &,&$4'*24�/- 0 : 5&'&<&= :5 //*)* 24'"5" 220 �. 

	24�//> ' @&//8 2"9&'&#(43 *!/ .  : �(5*) :��!�//8 /� /�@" 

$��, % $�- ./" '*1*4" – 9*�/� ��4*/*5/ 243. �$;* 24��(4328 9(4�//8 9'*�*!(4( 

$�1&,3/" , / = 220 �, 4* 4"4 *94(5�,3/(5 ' @&//85 1"!& /& ��4*/*5/� 2*/8#/� 

&,&$4'*24�/- 8, � $*51 /*��/�. 
' 5 4*)*, ��'4 243 9'*&$4" $�1&,3/*0 , / 0 5*<& 

1"4( :/�#/* �(;� � ! ��'4*24  2�5*0 ��4*/*5/*0 &,&$4'*24�/- 0. 

�(6*!8#(  : �$�:�/*)*, 5( :"9(/8>5*28 " 2�*>5" 9'*&$4  /� 9*>!/�//  !�*6 

9&'@(6 ��' �/4 � 4&6/ #/(6 ' @&/3: :1 ,3@&//8 $ ,3$*24  �� "!� #  4� "�&!&//8 � 

2(24&5" <(�,&//8 !*5*)*29*!�'24�� /&�&,($*)* )&/&'�4*'� /� :' !<&/*5" )�: . 

��$& ' @&//8 A'"/4">4328 /� �(6 !/(6 "5*��6 !* 9'*&$4" – )*4"��//8 0<  4� 

)�'8#& �*!*9*24�#�//8 /& �6*!843 " %"/$- 0 ��4*/*5/*0 &,&$4'(#/*0 5&'&< . �*5" 

4"4 /�.1 ,3@ !*- ,3/* �($*'(24�4( )�:*�" 9,(4" 4� �*!*/�)' ��# /� 1�,*/�6  : 

:' !<&/(5 )�:*5. � !9*� !/*, 4�$  1�,*/( $ ,3$� '�: � " :(5/ . 9&' *! 5*<"43 
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<(�(4(   !*!�4$*�(. )&/&'�4*'. �($*'(24�//8 )&/&'�4*'� 5*<& 1"4( $*'(2/(5   

9'( 9*8�  9&�/(6 /&9*,�!*$ " '*1*4  ��4*/*5/*0 &,&$4'*24�/- 0. 

��$(5 #(/*5, " 8$*24  )&/&'"=#*)* 5*!",8 ��4*/*5/*0 &,&$4'*24�/- 0 

�(1('�>5* 5�2(�  : �*235( �� LR5-72HPH 535W. ��$(. 5*!",3 :�1&:9&#"> 

�($*/�//8 "5*� :��!�//8 /� $��, % $�- ./" '*1*4" 9'*48)*5 9&'&��<�=#*0 

1 ,3@*24  !/ � '*$". �'( 4�$*5" ' @&//  )&/&'*��/(. *128) &,&$4'*&/&') 0 1"!& 

/&!*24�4/ 5 ,(@& 9'*48)*5 1 ,8 15 !/ �  : 365. � 4�$  !/  !*!�4$*�* 1"!& 

9 !$,=#�4(28 )&/&'�4*' /� :' !<&/*5" )�: . 

� !5 4(5*, ;* 2�5 )&/&'�4*' 5( /& ��*!(5* !* 2$,�!" /�@*0 ��4*/*5/*0 

��4*5�4(#/*0 &,&$4'*24�/- 0, *2$ ,3$( -& �(6*!(43 :� 5&<  �($*/"��/*)* 9'*&$4". 

��$� 2(24&5� 5*<& 24�4( 9'&!5&4*5 *$'&5*0 4&6/ #/*0 '*:'*1$(. 	!/�$ 9'( 

�(1*'  $*59,&$4"=#(6 &,&$4'*24�/- 0 5( 1"!&5* /�!�4( 9&'&��)" 4(5 

$*59*/&/4�5, 8$  !*:�*,8=43 9'*24& 9 !$,=#&//8 !* 2(24&5( :*�/ @/3*)* 

)&/&'�4*'� :5 //*)* 24'"5". 

�� :�$ /#&//8 !*- ,3/* �(1'�4( 29*2 1 &,&$4'(#/*)* :’>!/�//8 *$'&5(6 �� 

� >!(/(. )&/&'"=#(. 5*!",3. �,8 :5&/@&//8 2(,( 24'"5" " 9'*� !/($�6 

!*- ,3/* :�1&:9&#(4( !*24�4/3* �(2*$" �(6 !/" /�9'")" )&/&'"=#*)* 5*!",8. 

�*5" :�24*2">5* 9*2, !*�/& :’>!/�//8 !�*6 �� � *!(/ &,&$4'(#/(. ,�/-=), ;* 

!�243 /�5 �(6 !/" '*1*#" /�9'")" 5*!",8 1 ,8 80 �. ��=#( � '*:9*'8!<&//  8 

��, 5( 5*<&5* $*/24'"$4(�/* 24�*'(4( #*4('( 4�$(6 ,�/-=) �   :’>!/�4( 06 

9�'�,&,3/*.  

�"5"=#( '&:",34�4( �/�, :" !�/*)* '*:! ,", 5*<&5* $*/24�4"��4( *2/*�/  

9'*&$4/  9�'�5&4'( )&/&'"=#*)* 5*!",8 ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 " 

4�1, 5.2. 

 

��1,(-8 5.2 – �'*&$4/  9�'�5&4'( )&/&'"=#*)* 5*!",8 &,&$4'*24�/- 0 

��'�5&4' �/�#&//8 9�'�5&4'� 

�(9 �� LR5-72HPH 

�(9 *' >/4�- 0  	94(5�,3/� : 9&' *!(#/*= 

2&:*//*= 9&'&*' >/4�- >= 
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�'*!*�<&//8 4�1,(-  5.2 

��'�5&4' �/�#&//8 9�'�5&4'� 


 ,3$ 243 �� 8 

�%&$4(�/ 243 (2&'&!/ . 

�)  20 % 

��$2(5�,3/� 9'*&$4/� 9*4"</ 243 4,3 $�4 

�'*&$4/� 9 $*�� �(6 !/� /�9'")� � ,8 85 � 

�'*&$4/(. 9 $*�(. �(6 !/(. 24'"5 � ,8 50 � 

�,*;� 5*!",8 � ,8 25 52
 

��)�,3/� ��)� � ,8 230 $) 

� /� � ,8 1600 H�'* 

 

5.2 ���"!9 $�-��# ��#0#"/&����4 -�&��%4 

 

�'�6*�"=#( �2  /��&!&/  �(;& *124��(/(, /&*16 !/* :"9(/(4( 2� . �(1 ' /� 

�$"5",84*'/ . 1�4�'&0 ),(1*$*)* -($," '*:'8!"  : 4&'5 /*5 &$29,"�4�- 0 /& 

5&/@& 10 '*$ �. �'( -3*5" �'�6">5* '&$*5&/!�- 0 [8] :�24*2*�"��4( !,8 

��4*/*5/(6 &,&$4'*24�/- . /&�&,($*0 9*4"</*24  24�/!�'4 /�9'")( 9*24 ./*)* 

24'"5" 48 � �1* 72 �. 	2$ ,3$( '*1*#� /�9'")� *!/ >0 �� 1 ,8 42 �, 4* �*/� /& 

:5*<& :�1&:9&#(4( *94(5�,3/& %"/$- */"��//8 $*/4'*,&'� &,&$4'*24�/- 0. 

�*2, !*�/& :’>!/�//8 !�*6 4�$(6 �� !�> /�5 '*1*#" /�9'")" 1 ,8 84 �. ��$� 

�&,(#(/� /�9'")( /& :�!*�*,3/8> *94(5�,3/  '&<(5( $*/4'*,&'� ;*!* 

:�'8!<�//8 �$"5",84*'/(6 1�4�'&. : /�9'")*= <(�,&//8 72 �.��$(5 #(/*5, 5( 

:"9(/8>5* 2� . �(1 ' /� �$"5",84*'/ . 1�4�'&0  : '*1*#*= /�9'")*= 48 �. �,8 

&%&$4(�/*)* :�'8!<�//8 4�$*0 1�4�'&0 /&*16 !/* :�24*2*�"��4( /�9'")( 

9'(1,(:/* /� 25 % 1 ,3@  :� '*1*#". ��/ . "5*�  � !9*� !�> 5�$2(5�,3/� /�9'")� 

:�'8!$( 1 ,8 70 �. ��$� /�9'")� 5*<& 1"4( 9'*24* *4'(5�/� � ! /�@*)* 

)&/&'"=#*)* 5*!",8  : '*1*#*= �(6 !/*= /�9'")*= !* 85 �. 

�) !/* : '*:'�6"/$�5( !'")*)* '*:! ,", �$"5",84*'/� 1�4�'&8 5�> 5�4( 

2&'&!/3*!*1*�(. :�9�2 &,&$4'(#/*0 &/&') 0 1 ,8 2,8 $�4C)*!. �'( -($,�6 

'*:'8!<�//8 !* 20 % !�/*5" :�9�2" � !9*� !�> &,&$4'(#/� >5/ 243 1�4�'&0 1 ,8 

2,8/0,8 E 3,5 $�4C)*!. �,8 �'�6"��//8 !/ �  : 9*)�/*= 9*)*!*=, $*,( 
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�$"5",84*'/� 1�4�'&8 /& 1"!& 9'�$4(#/* :�'8!<�4(28 9'*48)*5 �2 >0 !*1(, 

� :35&5* 9*!� ./(. :�9�2 >5/*24  &/&') 0 �$"5",84*' � – 1 ,8 7,0 $�4C)*!. 

�,8 *1A'"/4*��/(6 9�'�5&4' � ,&)$* '*:'�6"��4( /&*16 !/" !,8 ��4*/*5/*0 

&,&$4'*24�/- 0 24�/!�'4/" >5/ 243 �$"5",84*'/*0 1�4�'&0: 

WA= (7,0 $�4C)*!)/(48 �) E 150 �C)*!.      

��$(5 #(/*5, "5*��5 ��4*/*5/*0 '*1*4( 2*/8#/*0 &,&$4'*24�/- 0 !,8 

/�@*)* !*5*)*29*!�'24�� � !9*� !�> �$"5",84*'/� 1�4�'&8 >5/ 24= 150 �C)*!  : 

'*1*#*= /�9'")*= 48 �. 	94(5�,3/*= $*/24'"$- >= 4�$*0 �$"5",84*'/*0 1�4�'&0 

> /�1 ' "/ �&'2�,3/(6 , 4 .-:�, :*-%*2%�4/(6 �$"5",84*' �. 	2$ ,3$( 4�$  

�$"5",84*'( 5�=43 !*2(43 �&,($" ��)", 4* !,8 9*,&)@&//8 5*/4�<"   

&$29,"�4�- 0 �$"5",84*'/*0 1�4�'&0 :5*/4">5* *24�//= " �(),8!  !�*6 

��4*/*5/(6 �$"5",84*' �  : '*1*#*= /�9'")*= 24 �. 	2/*�/  &$29,"�4�- ./  

9�'�5&4'( 4�$(6 �$"5",==#(6 9'(,�! � /��&!&/* � 4�1,. 5.3 [9]. 

 

��1,(-8 5.3 – �$29,"�4�- ./  9�'�5&4'( �$"5",84*' � Challenger LF24-150� 

��'�5&4' �/�#&//8 9�'�5&4'� 

�(9  Challenger LF24-150� 

��$2(5�,3/(. �(6 !/(. 24'"5 (!* 30 2) 150 � 

��$2(5�,3/(. 24'"5 :�'8!" 60 � 

�*1*#(. 24'"5 :�'8!" 30 � 

�*1*#� /�9'")� 24 � 

��9'")� 9*�/*)* :�'8!" � ,8 30 � 

�&'&!/8 $ ,3$ 243 '*1*#(6 -($, � 3000 

�4'�4� >5/*24  9 2,8 3000 '*1*#(6 -($, � � ,8 20 % 

�&59&'�4"'� :*�/ @/3*)* 2&'&!*�(;� � ! –20 D !* + 40 D 

��)�,3/� ��)� � ,8 42 $) 

��'4 243  � ,8 1500 H�'* 

 

� 4 .-:�, :*-%*2%�4/(. �$"5",84*' Challenger LF24-150� – -& 1�4�'&8 

/*�*)* 9*$*, //8 , 4 >�(6 �$"5",84*' � /� , 4 .-:�, :*-%*2%�4/ . *2/*� . ��$  

�$"5",84*'( 5�=43 :/�#/* 1 ,3@" ; ,3/ 243 &/&') 0 /� *!(/(-= 5�2(, / < 
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2�(/-&�* $(2,*4/ . �*!/*#�2, �*/( 1 ,3@ 24�1 ,3/  4� 1&:9&#/  " �($*'(24�// , 

/ < Li-ion 1�4�'&0. �"44>�*= 9&'&��)*= >   4&'5 / 06 2,"<1( – " 2&'&!/3*5" 1 ,8 

10 '*$ �. 

�*�/(. <(44>�(. -($, , 4 . :�, :*-%*2%�4/(6 1�4�'&. !*28)�> !* 8000 

-($, �  : :/(<&//8 06 >5/*24  9'(1,(:/* !* 50% � ! 9*#�4$*�*0. 
' 5 4*)*,  :-:� 

� !2"4/*24  &%&$4" 9�5’84 , 4�$  �$"5",84*'/  1�4�'&0 !*:�*,8=43 � *$'&5(6 

�(9�!$�6 9'*�*!(4(   9'�$4(#/* 100% '*:'8!$". �*:(4(�/*= 06/3*= '(2*= > 

4�$*< @�(!$� @�(!$ 243 :�'8!<�//8 4� '*:'8!<�//8 /� 29*<(��#�. 

�,8 �/�, :*��/(6 1�4�'&. 6�'�$4&'/(.   /(:3$(. 2�5*'*:'8! (1 ,8 3% /� 

5 28-3), �(2*$� ; ,3/ 243 &/&') 0, � !/*2/* /&�&,($  '*:5 '(   ��)�. �*/( #"!*�* 

9'�-==43 8$ 9'( �(2*$(6, 4�$   9'( /(:3$(6 4&59&'�4"'�6. 

��'8!<�//8 , 4 . :�, :*-%*2%�4/(6 1�4�'&. � !1"��>4328 9*24 ./(5 

24'"5*5. 	!/�$ !,8 -3*)* /& *1*�’8:$*�* �($*'(24*�"��4( !*'*)   /4&,&$4"�,3/  

:�'8!/  9'(24'*0. �*24�4/3* 2$*'(24�4(28 :�(#�./(5 9'(24'*>5, 8$(. $&'"> 

24'"5*5 :�'8!<�//8. 

 

5.3 
��&��"%� 9��/�# ��#0#"/&����4 -�&��%4 

 

�) !/* : 9'*�&!&/(5( '*:'�6"/$�5( � 9*9&'&!/ 6 9 !'*:! ,�6, /�5 2, ! 

:�24*2"��4( � ��4*/*5/ . &,&$4'*24�/- 0 $*/4'*,&' :�'8!" �$"5",84*'/*0 1�4&'&0 

/� '*1*#" /�9'")" 48 �  : 5�$2(5�,3/(5 24'"5*5 60 �. � !9*� !/*, /�5 2, ! 

9 ! 1'�4( $*/4'*,&' :�'8!" �$"5",84*' � � ! �� : '*1*#*= /�9'")*= 2(24&5( 85 

� 4� 5�$2(5�,3/(5 24'"5*5 50 �. �'�6*�"=#( /&*16 !/ 243 � !1*'" � ! �� 

5�$2(5�,3/*0 9*4"</*24  � *$'&5  !/  : 9*)�/*= 9*)*!*=, !*- ,3/* �(1'�4( 2�5& 

����-$*/4'*,&' (!(�. '*:! , 1). 

��$  2"#�2/  9'(,�!( 5�=43 '8! 9*:(4(�/(6 '(2: 

- $&'"��//8 :� '�6"/*$ �1"!*��/*)* �(2*$*9'*!"$4(�/*)*  /4&)'�,3/*)* 

$*/4'*,&'� DSP; 

- �(2*$� @�(!$ 243 :/�6*!<&//8 4*#$( 5�$2(5�,3/*0 9*4"</*24 , 8$� " 

$ ,3$� '�: � �(;�, / < " 4'�!(- ./(6 $*/4'*,&' �; 
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- 5*<,(� 243 ��4*5�4(#/*)* �(:/�#&//8 24�/!�'4/*0 '*1*#*0 /�9'")( 

1�4�'&0 (24 �, 48 �, �1* 72 �); 

- /�8�/ 243 /�! ./*)* :�6(24" � ! 9 !�(;&/*)* �(6 !/*)* 24'"5", 

9&'&/���/4�<&//8 4� 9&'&)' �"; 

- :�:!�,&) !3 9'* /24�,3*��/  9'*)'�5( 9'*�&!&//8 9'*-&2" :�'8!" !,8 

2�(/-&�*-$(2,*4/(6, �&/4(,3*��/(6 )&,&�(6 4� , 4 >�(6 �$"5",84*' �; 

- 9'( /&*16 !/*24  ,&)$* 5*</� �24�/*�(4( 9�'�5&4'( :�'8!" �$"5",84*' � 

" '"#/*5" '&<(5 . 

�,)*'(45 $&'"��//8 9'*-&2*5 :�'8!$( 4�$(6 $*/4'*,&' � 9&'&!1�#�> 

9'*�&!&//8 3 24�! . :�'8!$( !,8 !*28)/&//8 *94(5�,3/*0 '*1*4( �$"5",84*'� 4� 

06 4'(��,*0 &$29,"�4�- 0.  

�&'&! 2&'� 2 � $*/4'*,&'�, !*24"9/(6 *9&'�4*'", 2, ! � !:/�#(4(: 

- :'"#/& /�,�@4"��//8  /4&'%&.2" #&'&: �1"!*��/(. !(29,&.; 

- /�8�/ 243 $&'"��//8 2(24&5*= *2� 4,&//8 !(29,&8 : 4�.5&'�5(; 

- !*24"9/& )/"#$& '"#/& /�,�@4"��//8 1 ,3@*24  9�'�5&4' � $*/4'*,&'� 4� 

9'*-&2" :�'8!$( �$"5",84*'�; 

- 5*<,(� 243 9 !$,=#&//8 $*/4'*,&'� !* �
 !,8 5*/ 4*'(/)" '*1*4( 

2*/8#/*0 &,&$4'*24�/- 0 4� /�,�@4"��//8 '&<(5 �; 

� 9'*-&2  9*@"$" $*/4'*,&'�, 8$(. � !9*� !�> /�@(5 "5*��5 

9'*&$4"��//8, 5( �(8�(,( /*�" '*:'*1$" !,8 2*/8#/(6 &,&$4'*24�/- . – 

$*59,&$2/   /4&)'�,3/  9'(,�!(, 8$  9*>!/"=43 � *!/*5" $*'9"2  &,&$4'*//  

5*!",  8$ $*/4'*,&'�, 4�$    /�&'4*'�. �&'&! 4�$(6 $*5&'- ./(6 �('*1 � !,8 

�(' @&//8 /�@*0 :�!�#  *94(5�,3/(5 ��' �/4*5 > 5*!&,3 Conext SW 4048 

120/240. 

�� '(2.5.1 /��&!&/* :*�/ @/ . �(),8! �(1'�/*)* 9'(,�!", � � 4�1,(-  5.4 – 

.*)* *2/*�/  :�)�,3/  9�'�5&4'(. � 2�*= #&')", " 4�1,. 5.5 /��&!&/* *2/*�/  

9�'�5&4'( $*/4'*,&'/*)* 5*!",8 !�/*)* 9'(,�!", 8$  6�'�$4&'(:"=43 .*)* 

&,&$4'(#/  :’>!/�//8 8$  : 2*/8#/*= &,&$4'*24�/- >=, 4�$   : �$"5",84*'/*= 

1�4�'&>= 4�  /�&'4*'*5.  
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�(2"/*$ 5.1 – �*�/ @/ . �(),8! $*/4'*,&'- /�&'4*' � 2&' 0 Conext SW [10] 

 

��1,(-8 5.4 – ��)�,3/  &$29,"�4�- ./  9�'�5&4'( 9'(,�! � 2&' 0 Conext SW 

[10] 

��'�5&4' �/�#&//8 9�'�5&4'� 

�(9  Conext SW 4048 120/240 

�4�/!�'4 4� 2&'4(% $�- 8 UL 1741, CSA C22.2 No 107.1 

�&59&'�4"'� :*�/ @/3*)* 2&'&!*�(;� � ! –20 D !* + 60 D 

�*,*) 243 �&/@& 95 %, 1&: $*/!&/2�- 0 

�5*�( &$29,"�4�- 0 ��$'(4& 9'(5 ;&//8 

�(9 5*/4�<" ��24 //(. 

��1�'(4/  '*:5 '(: �(2*4�, @('(/�, 

),(1(/� 

387 55, 343 55, 197 55 


,�2 &,&$4'(#/*)* :�6(24" ��20 

��)�,3/� ��)� � ,8 31$) 

��'4 243  � ,8 2500 H�'* 
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��1,(-8 5.5 – �$29,"�4�- ./  9�'�5&4'( $*/4'*,&'/*)* 5*!",8 9'(,�!" 

Conext SW 4048 120/240 [10] 

��'�5&4' �/�#&//8 9�'�5&4'� 

��$2(5�,3/(. �(6 !/(. 24'"5 110 � 

� �9�:*/ �6 !/*0 /�9'")( /� �� !,8 

:�1&:9&#&//8 :�'8!" �$"5",84*' � 

� ! 40 � !* 70 � 

�*#/ 243 $*/4'*,= /�9'")( :�'8!" 

�$"5",84*' � 

± 0,2 �  

��$2(5�,3/� 9*4"</ 243 �� 4,8 $�4 

�&59&'�4"'� � $*'9"2  !,8 �$,=#&//8 

�&/4(,84*'� 

� ,3@& + 45 D 

�&59&'�4"'� � $*'9"2  !,8 �($,=#&//8 

�&/4(,84*'� 

�&/@& + 40 D 

�&59&'�4"'� �$,=#&//8 4&9,*�*)* 

:�6(24" 

� ,3@& +75 D 



� � ,8 92 % 

�(6 !/(. 24'"5 29'�-=��//8 :�6(24" � ,3@& 110 � 

��9'")� :�6(24" � ! 9&'&:�'8!<�//8 62 � 

��9'")� � !$,=#&//8 �$"5",84*'� � ! 

29*<(��# � 

42 � 

� �9�:*/ /�9'")( !,8 ��4*5�4(#/*)* 

�(:/�#&//8 4(9" �$"5",84*'� 

� ! 20 � !* 60 � 


,�2 &,&$4'(#/*)* :�6(24" ��21 

 

� !9*� !/* !* �,)*'(45" %"/$- */"��//8 $*/4'*,&'� �($*/"=4328 4�$  

*2/*�/  *9&'�- 0: 

- �(5 '=��//8 #�2" : 9*#�4$" :�'8!$(; 

- �(5 '=��//8 4&$"#(6 /�9'")(   24'"5" /� �6*!  �$"5",84*'�; 

- :5 /� �&,(#(/ 24'"5"   /�9'")( :�'8!" � :�,&</*24  � ! �(5 '8/(6 4&$"#(6 

:/�#&/3; 
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- 9*�4*'&//8 -($, � '*:'8!/:�'8! (9'( /&*16 !/*24  � !/*�,&//8 >5/*24  

�$"5",84*'�); 

- :�'8! !* 90% >5/*24  �$"5",84*'� (9'( /&*16 !/*24  :1 ,3@&//8 4&'5 /" 

2,"<1(). 

�,)*'(45 �(:/�#&//8 2(24&5*= $&'"��//8 *94(5�,3/*0 '*1*#*0 4*#$( /� 

��� 2*/8#/*0 &,&$4'*24�/- 0 : 5�$2(5�,3/*= 9*4"</ 24= 9*,8)�> � 9*24 ./*5" 

�(5 '=��//  5(44>�(6 :/�#&/3 2(,( �(6 !/*)* 24'"5"   /�9'")( &,&$4'*24�/- 0 4� 

'*:'�6"/$" 00 �(6 !/*0 9*4"</*24 . � 2,8 #*)* �6 !/  $*,� $*/4'*,&'� '&)",==43 

�(6 !/(. 24'"5   /�9'")" &,&$4'*24�/- 0 4�$(5 #(/*5, ;*1 00 '*1*#� 4*#$� /� 

��� :5 ;"��,�23 " /�9'85$" :1 ,3@&//8 �(6 !/*0 9*4"</*24 .  

 

5.4 ��$%�&����� 0��#"� ���&��"%�-!�$%�&��!$ �%�!4 Conext SW 

 

�/�&'4*'/(. 5*!",3 �(1'�/*)* /�5( $*51 /*��/*)* 9'(,�!" Conext SW 

4048 120/240 :� �6 !/(5( 4� �(6 !/(5( 9�'�5&4'�5( 9*�/ 24= :�!*�*,3/8> "5*�(, 

9*24��,&/  9&'&! /�5( !,8 9'*&$4"��//8, 9'* ;* 2� !#�43 !�/ , /��&!&/  � 4�1,. 

5.6. 

 

��1,(-8 5.6 – �$29,"�4�- ./  9�'�5&4'(  /�&'4*'/*)* 5*!",8 9'(,�!" 

Conext SW 4048 120/240 

��'�5&4' �/�#&//8 9�'�5&4'� 

�&'&<� :5 //*)* 24'"5" 	!/*%�:/� 

�*'5� �(6 !/*0 ��� �(24� 2(/"2*0!� 

��24*4� �(6 !/*0 ��� 50 �- �1* 60 �- (9'*)'�5">4328) 

�(6 !/� ��� 240 � 

�(6 !/� 9*4"</ 243 � /&9&'&'�/*5" 

'&<(5  

3,4 $�4 

�(6 !/� 9*4"</ 243 � 9&' *!(#/*5" '&<(5  4,0 $�4 9'*48)*5 30 6�(,(/ 

�59",32/� �(6 !/� 9*4"</ 243 7,0 $�4 9'*48)*5 5 2 

��$2(5�,3/(. �(6 !/(. 24'"5 40 � 
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�'*!*�<&//8 4�1,(-  5.6 

��'�5&4' �/�#&//8 9�'�5&4'� 

� �9�:*/ �(6 !/(6 /�9'") !*!�4$*�*)* )&/&'�4*'� 

('&<(5 :�'8!$( �$"5",84*'�) 

� ! 135 � !* 240 � 

�(6 !/(. 24'"5 !*!�4$*�*)* )&/&'�4*'� ('&<(5 

:�'8!$( �$"5",84*'�)  

� ,8 13 �. 

��2 9&'&5($�//8 '&<(5 � � ,8 17 52 



� � ,8 92 % 


,�2 &,&$4'(#/*)* :�6(24" ��21 

 

�'( 9'*&$4"��//  &,&$4'*//*0 #�24(/( 2*/8#/*0 &,&$4'*24�/- 0 2, ! 

�'�6*�"��4( *2*1,(� 243 %"/$- */"��//8 $*/4'*,&'�- /�&'4*'�. �*/� 9*,8)�> � 

4*5", ;* 8$;* #�24(/� �� 1"!& � 4 / , 4* -& /&)�4(�/* �9,(��> /� �('*1,&//8 

&,&$4'(#/*0 &/&') 0 �2 5� )&/&'"=#(5( 5*!",85(, 8$  9 !$,=#&/  !* !�/*)* 

$*/4'*,&'�- /�&'4*'�. �'( -3*5" /& ,(@& 9�!�> &%&$4(�/ 243 '*1*4( 2*/8#/*0 

&,&$4'*24�/- 0, � . 24'�<!�=43 2�5  ��.  

�$;* /� *!/ . : �� 9�!�> �('*1,&//8 &/&') 0, 4* $*/4'*,&'- /�&'4*' 

9 !,�@4*�">4328 9 ! 00 24'"5*�  6�'�$4&'(24($(. �*14*, ���� 5*!",3 :5 /=> 

9�'�5&4'( &,&$4'(#/(6 $ , 9 ! /& *94(5�,3/  '&<(5( '*1*4(, :��!8$( #*5" 

�4'�4( &,&$4'(#/*0 &/&') 0 5*<"43 1"4( !*2(43 2"44>� . �'�$4(#/(. !*2� ! 

9*$�:">, ;* !�/  �4'�4( 5*<"43 9&'&�(;"��4( 40 %. 

��$(5 #(/*5 !* *!/*)* $*/4'*,&'�- /�&'4*'� 2, ! 9 !$,=#�4( ,(@& 

*!/�$*�* *2� 4,&/  )&/&'"=#  1,*$( &,&$4'*24�/- 0. 

 

5.5 
�0#&� !��! &� ����&�#�&�$�! ��03��%�&� ���/2��4 %"%�&���&�� !4 

 

�,8 5*/4�<" �2 6 $*59*/&/4 � ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 � >!(/" 

%"/$- */"=#" 2(24&5" /&*16 !/* 4�$*< 9&'&!1�#(4( - ,(. '8! 5&6�/ #/(6 

$*/24'"$- . 4� :*�/ @/ 6 $*5"4"=#(6 &,&$4'(#/(6 $�1&, �. �,8 9'*&$4"��//8 

!�/(6 &,&5&/4 � 2, ! 5�4( !*2(43 �&,($(. *1’>5 !*!�4$*�*0 �(6 !/*0  /%*'5�- 0: 

- 5 2-&, '*:5 '( 4� *2*1,(�*24  *2/*�( '*:5 ;&//8 ��; 
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- 4(9 9'(5 ;&//8 !,8 '*:5 ;&//8, �$"5",84*' �, &,&$4'*//(6 5*!", � 4� 

2(24&5( $&'"��//8; 

- 9,�/ 2"5 2/*)* '*:5 ;&//8 �� 4� 9'(5 ;&//8; 

- /�8�/ 243 4� 4(9 5*1 ,3/(6 2(24&5 $*5"/ $�- 0; 

- *2*1,(�*24  4� 9,�/ '*:5 ;&//8 !*!�4$*�*)* )&/&'�4*'� /� :' !<&/*5" 

)�: ; 

-  /@  $*/24'"$- ./  !�/ . 

	2$ ,3$( � :��!�//  /� 1�$�,��'23$" '*1*4" -  !�/  /& �(:/�#&/ , 4* 9*�/" 

9'*&$4/" 9'*'*1$" ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 !*- ,3/* :'*1(4( 

*$'&5*= 4&5*= !*2, !<&/3. �( < 2$*'(24�>5*28 ,(@& 9'�$4(#/(5( 

'&$*5&/!�- 85( [11], :) !/* : 8$(5 /� $*5"4�- ./  &,&5&/4( �(4'�#�>4328 1 ,8 10 

% ��'4*24  �2 6 *2/*�/(6 $*59*/&/4 � &,&$4'*24�/- 0. �*5" � $ /-&�*5" 

'*:'�6"/$" *' >/4*��/*0 ��'4*24  ��4*/*5/*0 &,&$4'*24�/- 0 :�24*2">5* ,(@& -&. 

9*$�:/($. 
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6 ��'��*
� 	��� ,���
������6 	��
���6 ���
���	�����6 

 

6.1 ���"!9 �1%0� %�%��%&�2��1 3�&��!$ 

 

�'�6*�"=#( '*:'*1,&/" /�5( �(;& 24'"$4"'/" 26&5" ��4*/*5/*0 

&,&$4'*24�/- 0, �(6 !/  !�/  !,8 9'*&$4"��//8 4�  /24'"$4(�/  '&$*5&/!�- 0 

�('*1/($� ('(2.6.1), 9'*�/�, :">5* &/&')&4(#/  , / 0 5 < ' :/(5( $*59*/&/4�5( 

2(24&5( 4� 2$,�!&5* /� *2/*�  4�$*)* �/�, :" 26&5" &/&')&4(#/(6 9*4*$ � (!(�. 

!*!�4*$ �). 

 

 

�(2"/*$ 6.1 – 	2/*�/  &/&')&4(#/  9*4*$( 5 < $*59*/&/4�5( ��4*/*5/*0 

2*/8#/*0 &,&$4'*24�/- 0 

 

� !9*� !/* !* /��&!&/*)* )'�% #/*)* 5�4&' �,", 1�:*�(5 !<&'&,*5 

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

'&<(5�5 � !9*� !�> ! �9�:*/ �(6 !/(6 ��� � ! 50 � !* 80 � 4� :5 /�5( �(6 !/*)* 

24'"5" � ! $ ,3$*6 �59&' !* 5�$2(5�,3/*)* 9 $*�*)* :/�#&//8 50 �.  
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	4'(5�/(5 � ! �� &/&')&4(#/(5 9*4*$*5 $&'"> $*/4'*,&'. � 9&'@" #&')" 

� / :�1&:9&#"> &,&$4'(#/*= &/&') >= '*1*4" 29*<(��# �, �,8 -3*)* � / 2$&'*�"> 

*2/*�/(. &/&')&4(#/(. 9*4 $ �  /�&'4*'. ��'�5&4'( -3*)* 9*4*$" :�,&<�43 � ! 

2"5�'/*0 4&$"#*0 �&,(#(/( 29*<(��/*0 9*4"</*24  �2 5� 9'(,�!�5( 

!*5*)*29*!�'24��. �'( -3*5" )'�/(#/(5 '&<(5*5 > 9'*9"2$�//8 $*/4'*,&'*5 

�2 >0 9*4"</*24  �� !* 29*<(��# � #&'&:  /�&'4*'. 

�$;* �� )&/&'"=43 9*4"</ 243 1 ,3@", / < 9*4' 1/* !,8 %"/$- */"��//8 

29*<(��# �, 4* $*/4'*,&' :�,(@$( &,&$4'(#/*0 &/&') 0 /�9'��,8> /� :�'8!$" 

�$"5",84*'/*0 1�4�'&0. �&. :�'8!<�=#(. &/&')&4(#/(. 9*4 $ $*/4'*,&' 

9 !4'(5"> : 9�'�5&4'�5( /�9'")( :�'8!$( � ! 50 � !* 70 � 4� 5�$2(5�,3/(5 

24'"5*5 :�'8!$( 30 �. 

�$;* 9*4"</*24  �� 24�> /&!*24�4/3* !,8 <(�,&//8 29*<(��# �, 4* 

$*/4'*,&' 9&'&$,=#�> �6 !/(. 9*4 $ 2*/8#/*0 &,&$4'*24�/- 0 9*�/ 24= /� :�'8!$" 

�$"5",84*'�, 	!/*#�2/*  /�&'4*' 9&'&6*!(43 " '&<(5 '*1*4( � ! &/&') 0, 

:�9�2&/*0 � �$"5",84*'/ . 1�4�'&0. ��/(. &/&')&4(#/(. 9*4 $ 5�> /�9'")" � ! 46 

� !* 52 � 4� 5*<& 9&'&!���4( 2(," 24'"5" !* 110 �. 

�'( 5�,(6 :/�#&//86  /4&/2(�/*24  2*/8#/*)* *2� 4,&//8 (5&/@& 100 

�4/52
) 2(,� �(6 !/*)* 24'"5" �� 24�> /&!*24�4/8 !,8 9 !4'(5�//8 '*1*#(6 

9�'�5&4' � �2 >0 &,&$4'*24�/- 0   )&/&'"=#(. 2*/8#/(. 5*!",3 � !$,=#�>4328 

$*/4'*,&'*5 � ! 2(24&5(. ��4*5�4(#/*  /�&'4*' 9&'&6*!(43 9*�/ 24= /� 

*4'(5�//8 &,&$4'(#/*0 &/&') 0 � ! �$"5",84*'/*0 1�4�'&0, 8$;* :�9�2 &,&$4'(#/*0 

&/&') 0 � / . � !9*� !�> �24�/*�,&/(5 �&,(#(/�5. ��/*5" '&<(5" � !9*� !�> 

$*/% )"'�- 8 2(24&5( <(�,&//8, /��&!&/� /� '(2.6.2. 

� �(9�!$" '*:'8!<�//8 �$"5",84*'/*0 1�4�'&0 !* 9&�/*)* �24�/*�,&/*)* 

)'�/(#/*)* '&<(5" 2(24&5� $&'"��//8 &,&$4'*24�/- >= �(!�> 2()/�,, :� 8$(5 

*9&'�4*'" /&*16 !/* 9'(.5�4( ' @&//8 9'* �(6 ! : 4�$*0 2(4"�- 0. ��9'($,�!, " 

-3*5" �(9�!$" 5*</� :�9"24(4( '&:&'�/(. *!/*%�:/(. )&/&'�4*' :5 //*)* 

24'"5" 220 �. �,8 9'*&$4*��/*0 &,&$4'*24�/- 0 )&/&'�4*' 5�> 5�4( 9*4"</ 243, /& 

5&/@" 4 $�4. 
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�(2"/*$ 6.2– 	2/*�/  &/&')&4(#/  , / 0 5 < $*59*/&/4�5( ��4*/*5/*0 2*/8#/*0 

&,&$4'*24�/- 0 9'( <(�,&//  ,(@& � ! �$"5",84*'/*0 1�4�'&0 

 

�/@*= )'�/(#/*= 2(4"�- >= > '&<(5, $*,( �� )&/&'"=43 &/&') 0 1 ,3@&, 

/ < 9*4' 1/* !,8 29*<(��# � 4� !,8 :�'8!<�//8 �$"5",84*' �. � 4�$*5" �(9�!$" 

�� /& %"/$- */"=43 : 9*�/*= &/&')&4(#/*= � !!�#&=. ��$  '&<(5( 1"!"43 

*2*1,(�* #�24* �(/($�4( 9 ! #�2 , 4/3*)* 9&' *!". �*5" 5*</� 9&'&!1�#(4( !,8 

4�$(6 2(4"�- . ��4*5�4(#/& 9 !$,=#&//8 !* 2*/8#/*0 &,&$4'*24�/- 0 !*!�4$*�(6 

29*<(��# �: /�)' ��#  2(24&5( )�'8#*)* �*!*9*24�#�//8, 9 ! )' � �*!( � 1�2&./ , 

'*1*4� &,&$4'(#/(6  /24'"5&/4 � 4�  /@&. 	!/�$, !&4�,3/(. '*:),8! !�/(6 9(4�/3 

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

'*1*4(. 

� !9*� !/* : �(1'�/(5( 9'(,�!�5(,  /�&'4*' ��4*/*5/*0 &,&$4'*24�/- 0 

5*<& �(!���4( 29*<(��#�5 &/&')&4(#/(. 9*4 $ " �(),8!  24�/!�'4/*)* :5 //*)* 

24'"5" : '*1*#*= /�9'")*= � ! 200 � !* 240 � 4� 5�$2(5�,3/*= 2(,*= !* 40 �.  

	!/*#�2/*, $*/4'*,&' 5�> *$'&5(. $�/�, <(�,&//8 29*<(��# � 9*24 ./*)* 

24'"5"  : '*1*#*= /�9'")*= *$'&5(6 , / . 12 �, 24 � 4� 48 �. ��$2(5�,3/� 

�(6 !/� 2(,� 24'"5" !,8 -(6 , / . ' �/� 20 �. 
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6.2 ���"!9 �1%0� !�:��0� !���1 3�&��!$ &� $�-!� ��03��%�& ���&%0� 

�%�#$���/ 

 

�"/$- */�,3/  :��!�//8 2(24&5( $&'"��//8 4� ��4*5�4(:�- 0 ��4*/*5/*0 

2*/8#/*0 &,&$4'*24�/- 0, � !9*� !/* !* '*:'*1,&/*0 24'"$4"'/*0 26&5( (!*!�4*$ 

�), 5�=43 �$,=#�4(: 

1. 
*/4'*,3 4� *1'*1$" 9�'�5&4' � &,&$4'(#/*0 &/&') 0, )&/&'*��/*0 �� 

&,&$4'*24�/- 0. ��$(. $*/4'*,3 5( 9*$,�!�>5* /� *$'&5(.  /%*'5�- ./(. 1,*$ �1 

(!*!�4*$ �). 

2. 
*/4'*,3 &/&')&4(#/*)* 24�/" �$"5",84*'/*0 1�4�'&0 4� 9'*4 $�//8 

9'*-&2" 00 :�'8!$(. ��/" %"/$- = 9*$,�!&5* /�  /%*'5�- ./(. 5*!",3 �2 

(!*!�4*$ �). 

3. �/%*'5�- ./(. 5*!",3 �2 5�> :�1&:9&#"��4( . $*/4'*,3 24'"5" '*:'8!$( 

�$"5",84*'/*0 1�4�'&0 9'*48)*5 #�2*�(6  /4&'��, �, $*,( �*/� �(24"9�> !<&'&,*5 

&/&') 0 !,8 29*<(��# �. 

4. 
*/4'*,3 9�'�5&4' � &,&$4'(#/*0 &/&') 0, 8$" �($*'(24*�"=43 29*<(��#  

:5 //*)* 24'"5", 9*$,�!&5* /� ;& *!(/  /%*'5�- ./(. 5*!",3 �3. 

5. �, /�'&@4 , �($*'(24�//8 &/&') 0 29*<(��#�5( 9*24 ./*)* 24'"5" 1"!&5* 

$*/4'*,=��4( :� !*9*5*)*=  /%*'5�- ./*)* 5*!",8 �4 (!*!�4*$ �) 

6. 
' 5 �$�:�/(6 �(;& *9&'�- . $*/4'*,= 9�'�5&4' � ' :/(6 &/&')&4(#/(6 

$�/�, � 2*/8#/*0 &,&$4'*24�/- 0 /� 2(24&5" $&'"��//8 9*$,�!&5* 4�$*< %"/$- = 

/�.9'*24 @*0 24�4(24(#/*0 *1'*1$( !�/(6, 8$  9*24"9�=43 � ! �2 6 #*4('3*6 

 /%*'5�- ./(6 1,*$ �. 

7. �& *!/ >= %"/$- >= 2(24&5( $&'"��//8 > 9&'&!�#� *9&'�4*'*�  *2/*�/*0 

9*4*#/*0  /%*'5�- 0 9'* %"/$- */"��//8 &,&$4'*24�/- 0 4� �#�2/& *9*� ;&//8 

9'* �(/($/&//8 /&@4�4/(6 2(4"�- . � 00 '*1*4 . 

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

2(24&5( $&'"��//8 4� ��4*5�4(:�- 0, �(:/�#&/(6 �(;&, !*- ,3/* 2$,�24( 4�1,(-= 

 /%*'5�- ./(6 9*4*$ � " �(),8!  *9(2" �6 !/(6-�(6 !/(6 2()/�, �. �) !/* : 
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�(5*)�5( !* 4�$*0 4&6/ #/*0 !*$"5&/4�- 0, !�/� 4�1,(-8 5�> 5 24(4( /�24"9/" 

 /%*'5�- =:  

- 6�'�$4&' 2()/�,": � !*1'�<&//8, :1&' )�//8, 2()/�, :�- 8 4*;*; 

- *2/*�/  9�'�5&4'( 2()/�,"; 

- /�8�/ 243 :! .2/&//8 '&)",=��//8 -3*)* 2()/�,"; 

- 9&'&, $ $&'"=#(6 *')�/ �, 8$  ! =43 /� !�/(. 2()/�,; 

- 6�'�$4&'(24($� 2&'&!*�(;�, " 8$*5" :/�6*!84328 8$ !���# , 4�$   $&'"=#  

2()/�,*5 *')�/( (9'( /�8�/*24 ); 

-  /@   /%*'5�- ./  !�/ . 

�'�6*�"=#( �$�:�/  �(5*)( 2$,�!&5* 4�1,(-= �6 !/(6-�(6 !/(6 2()/�, � 

2(24&5( $&'"��//8 (!(�.4�1,.6.1). 

 

��1,(-8 6.1 – 	9(2 2()/�, �  /%*'5�- ./(6 9*4*$ � 2(24&5( $&'"��//8 

&,&$4'*24�/- >= 

? ��'�5&4' �*5 /�,3/& 

:/�#&//8 

� !*1'�-

<&//8 


&' �/(. 

�9,(� 

�&'&!*�(;& 

!���#� 

1 �(6 !/� 9*4"</ 243 �� � ! 200 �4  

!* 4000 �4 

�'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 

2 ��9'")� /� 

�$"5",84*'/ . 1�4�'&0 

� ! 42 �  

!* 52 � 

�'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 

3 �4'"5 :�'8!$( 

�$"5",84*'/*0 1�4�'&0 

� ! 1 �  

!* 30 � 

�'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 

4 �4'"5, 29*<(��/(. � ! 

�$"5",84*'/*0 1�4�'&0 

� ! 0 �  

!* 110 � 

�'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 

5 �*4"</ 243, 29*<(��/� 

$�/�,*5 :5 //*)* 24'"5" 

�* 7 $�4 �'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 

6 �*4"</ 243, 29*<(��/� 

$�/�,*5 9*24 ./*)* 

24'"5" 

�* 1 $�4 �'85� 

 /!($�- 8 

�()/�, 

*9&'�4*'" 

��$'(4& 

9'(5 ;&//8 
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	2/*�*= %"/$- */"��//8 2(24&5( $&'"��//8 > /�1 ' !���# �, 8$  

�(5 '=��4(5"43 9�'�5&4'( 2()/�, �, *9(2�/(6 � 4�1,.6.1. �'*�/�, :">5* 

9*$�/�,3/* �(5*)( !* -(6 !���# � 4� 9 !1&'&5* $*/$'&4/  9'(,�!(, 8$  

� !9*� !�=43 �24�/*�,&/(5 /�5( �(5*)�5. 


���" !�:��0� !����� 0��#"/ �1. ��'�5&4'( &/&')&4(#/*)* 9*4*$" � ! 

)&/&'"=#*)* 5*!",8 &,&$4'*24�/- 0 5�=43 �(5 '=��4(28 9*24 ./* 9'*48)*5 

4'(��,*24  2� 4,*�*)* 9&' *!" $*</*0 !*1( '*$". �'( -3*5" $*/4'*,= 9 !,8)�=43 

�(6 !/� /�9'")�, �(6 !/(. 24'"5 4� �(6 !/� 9*4"</ 243.  

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

4�$&: 

- $*51 /*��/& �(5 '=��//8 �2 6 4'3*6 9�'�5&4' �; 

- -(%'*�(. 6�'�$4&' �(6 !/(6 2()/�, �; 

- /�8�/ 243  /%*'5�- ./*)* !(29,&8; 

- 5*<,(� 243 �($*'(24�//8 . !,8  /@(6  /%*'5�- ./(6 $�/�, � 2(24&5( 

$&'"��//8; 

- ,&)$ 243 9 !’>!/�//8 !* 5 $'*$*/4'*,&'/*)* 5*!",8 2(24&5( $&'"��//8. 

� !5 #&/(5 "5*��5 9*�/ 24= � !9*� !�=  /4&,&$4"�,3/(. !���# 9�'�5&4' � 

&,&$4'(#/*0 &/&') 0 [12]. �& -(%'*�(. �*,345&4'-�59&'5&4' : �1"!*��/(5 

!(29,&>5 /� ' !$(6 $'(24�,�6. � / !*:�*,8> 2(/6'*//* �(5 '=��4( 8$ /�9'")", 

4�$   2(," 9*24 ./*)* 24'"5". �'( -3*5" �(5 '=��//8 2(,( 24'"5 9'*6*!(43 :� 

!*9*5*)*= 24�/!�'4/*)* :*�/ @/3*)* 9'&-(: ./*)* '&:(24*'/*)* @"/4�. �5 /*= 

/*5 /�,3/*)* *9*'" !�/*)* @"/4� 5*</� :5 /=��4( �&'6/= 5&<" �(5 '=��//8 

2(,( 24'"5". 	2/*�/  &$29,"�4�- ./  9�'�5&4'( 9'(,�!" /��&!&/* � 4�1,(-  6.2. 

�� '(2.6.3 /��&!&/* :�)�,3/" 5*/4�</" 26&5" 9 !$,=#&//8 �59&'5&4'�-

�*,345&4'� !* 2(24&5( $&'"��//8 &,&$4'*24�/- >=, 8$� � !9*� !�> 9*,*<&//= 

 /%*'5�- ./*)* 5*!",8 �1 /� 24'"$4"'/ . 26&5  (!*!�4*$ �). �$ �(!/*  : '(2.6.3, 

!,8 <(�,&//8 �59&'5&4'�-�*,345&4'� /&*16 !/* 9&'&!1�#(4( *$'&5" , / =, 

*2$ ,3$( /�9'")( � ! �� 5*<"43 1"4( 1 ,3@(5(, :� !*9"24(5" �&'6/= 5&<" 

! �9�:*/  ���, ' �/" 30 �.  
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��1,(-8 6.2 – 	2/*�/  &$29,"�4�- ./  9�'�5&4'( �59&'5&4'�-�*,345&4'� 

[12] 

��'�5&4' �/�#&//8 9�'�5&4'� 

� �9�:*/ �(5 '=��//8 /�9'")( � ! 0 !* 100 � 

� !/*2/� 9*6(1$� �(5 '=��//8 /�9'")( �& 1 ,3@& 0,5 % 

� �9�:*/ �(5 '=��//8 2(,( 24'"5" (!,8 

@"/4�  : $*59,&$4" 9'(,�!") 

� ! 0 !* 100 � 

� !/*2/� 9*6(1$� �(5 '=��//8 2(,( 24'"5" �& 1 ,3@& 1 % 

� �9�:*/ '*1*#(6 4&59&'�4"' � ! -10D !* +65D  

��� <(�,&//8 (5*</� :�1&:9&#"��4( � ! 

�6 !/*)* &/&')&4(#/*)* $�/�,") 

� ! 4 � !* 30 � 	!(/ !=.5. 

� �)*/�,3 !(29,&8 	!(/ !=.5. 

�&*5&4'(#/  '*:5 '( 48 55; 29 55; 22 55 

�*�/ @/ . �(),8! '�:*5  : @"/4*5  

 

��'4 243  � ,8 5 H�'* 

 

 

�(2"/*$ 6.3 – �*/4�</� 26&5� 9 !$,=#&//8 �59&'5&4'�-�*,345&4'� � $*,* 

&/&')&4(#/*)* 9*4*$" � ! �� &,&$4'*24�/- 0 
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��$" , / = !*- ,3/* 1"!& *')�/ :"��4( � ! �$"5",84*'/*0 1�4�'&0 #&'&: 

, / ./(. 24�1 , :�4*' /�9'")( /� 12�, � !5 4(5* 4�$*<, ;* �(1'�/(. /�5( 

9'(,�! 5�> /�! ./(. &,&$4'*//(. :�6(24 $*,� �(5 '=��//8 2(,( 24'"5" � ! 

$*'*4$*)* :�5($�//8 ()'�/(#/� 2(,� 24'"5" 150 �). 


���" !�:��0� !����� 0��#"/ �2. ��/(.  /%*'5�- ./(. 5*!",3 5�> 

:�1&:9&#"��4( �(5 '=��//8 9�'�5&4' � !�*6 &/&')&4(#/(6 9*4*$ � 9*24 ./*)* 

24'"5": 9*4 $ :�'8!<�//8 �$"5",84*'/*0 1�4�'&0 4� 9*4 $ <(�,&//8 :*�/ @/ 6 

29*<(��# � � ! �$"5",84*'/*0 1�4�'&0. �'�/(#/  5&<  :5 /( 9�'�5&4' � -(6 !�*6 

9*4*$ � � !9*� !�=43 &$29,"�4�- ./(5 6�'�$4&'(24($�5 '*:),8/"4*)* �(;& 

�59&'5&4'�-�*,345&4'� (!(�. 9*:(- 0 2, 3 4� 4 4�1,.6.1). �*5" : 5&4*= "/ % $�- 0 

26&5( 2(24&5( $&'"��//8 �($*'(24�>5* !�� 4�$  9'(,�!( " 8$*24   /%*'5�- ./*)* 

5*!",8 �2 (!*!�4*$ �). �'( -3*5" *!(/ 9'(,�! 5 '84(5& /�9'")" /� 

�$"5",84*'/ . 1�4�'&0 4� 24'"5 00 :�'8!<�//8, � !'")(. 9'(,�! – 2(," 24'"5" 

'*:'8!<�//8 4� 29*<(��/" 9*4"</ 243 � ! �$"5",84*'/*0 1�4�'&0 " 9'*-&2  

<(�,&//8 � ! /&0 :*�/ @/ 6 29*<(��# �. � !9*� !/* : 4�$(5 ' @&//85 5*/4�</� 

26&5� *1’>!/�//8 !�*6 9'(,�! � " 5*!",3 �2 4� �$,=#&//8 -3*)* 5*!",8 � $�/�,( 

&/&')&4(#/(6 9*4*$ � �$"5",84*'/*0 1�4�'&0 /��&!&/� /� '(2.6.4. 

 

 

�(2"/*$ 6.4 – �*/4�</� 26&5� 9 !$,=#&//8  /%*'5�- ./*)* 5*!",8 �2 � $�/�, 

&/&')&4(#/(6 9*4*$ � �$"5",84*'/*0 1�4�'&0 
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���" !�:��0� !����� 0��#"/ �3. ��/(.  /%*'5�- ./(. 5*!",3 

� !9*� !�> :� $*/4'*,3 4� �(5 '=��//8 9*4"</*24  9*24 ./*)* &,&$4'(#/*)* 

24'"5", 8$� 29*<(��>4328 :*�/ @/ 5( 9'(24'*85( !*5*)*29*!�'24�� 

1&:9*2&'&!/3* � ! �� �1* �$"5",84*'/*0 1�4�'&0. �'�/(#/  5&<  :5 /( 9�'�5&4' � 

4�$*)* &/&')&4(#/*)* 9*4*$" � !9*� !�=43 &$29,"�4�- ./(5 6�'�$4&'(24($�5 �<& 

�($*'(24�/*)* /�5( �59&'5&4'�-�*,345&4'� (!(�. 26&5" !*!�4$" �). ��$(5 #(/*5 

5*!",3 �3 5*<& 1"4( 29'*&$4*��/(5 4*4*</(5 5*!",= �1 (!(�. '(2. 6.3).  


���" !�:��0� !����� 0��#"/ �4 � !9*� !�> :� $*/4'*,3 4� �(5 '=��//8 

9�'�5&4' � 24�/!�'4/*)* *!/*%�:/*)* :5 //*)* 24'"5" #�24*4*= 50 ��. 

� !5 #&/(5 /� 26&5  9�'�5&4'�5 &/&')&4(#/(6 9*4*$�5 !�/*)* :5 //*)* 24'"5" 

(!*!�4*$ �) 9*�/ 24= � !9*� !�=  /4&,&$4"�,3/(. !���# 9�'�5&4' � &,&$4'(#/*0 

&/&') 0 [13] % '5( Keweisi KWS-AC300. 	2*1,(� 24= !�/*)* 9'(,�!" > 

5*<,(� 243 �(5 '=��//8 $' 5 �$�:�/(6 4'3*6 9�'�5&4' � &,&$4'(#/*0 &/&') 0 

!*!�4$*�* 4&59&'�4"'( 4� #�2" 9'*6*!<&//8 &/&')&4(#/*)* 9*4*$". �& !*:�*,8> 

'*:@('(4( %"/$- */�,3/  5*<,(�*24  2(24&5( $&'"��//8, ��&!&//85 � /&0 $�/�," 

$*/4'*,= 4&59&'�4"'( �� 4� $�/�," 9 !'�6"/$" #�2" �$4(�/*0 '*1*4( 

&,&$4'*24�/- 0 9'*48)*5 $*</*0 !*1(. 	!/�$, ��&!&//8 4�$(6 !*!�4$*�(6 %"/$- . 

�(6*!(43 :� 5&<  /�@*0 $��, % $�- ./*0 '*1*4(   5*<& 1"4( 9'&!5&4*5 

9'*&$4"��//8 " '�5$�6  /@*0 9'�$4(#/*0 '*:'*1$(. 

�& *!/ >= 9*:(4(�/*= '(2*= 9'(,�!" KWS-AC300 > %"/$- 8 9�5’84  �2 6 

9�'�5&4' � 9*#�4$*�*)*  /24�,=��//8 /�� 43 9'( � !$,=#&//  !<&'&,� ��� 

<(�,&//8. 

	2/*�/  9�'�5&4'( !���#� KWS-AC300 /��&!&/  � 4�1,(-  6.3, � .*)* 

:*�/ @/ . �(),8! /��&!&/* /� '(2. 6.5.  

�, ! � !5 4(4( /�8�/ 243 " 9'(,�!  6*'*@*0 2&'� 2/*0 �,�24(�*24  – 

$*,3*'*�(. &$'�/ /� ' !$(6 $'(24�,�6 : 6*'*@(5 $"4*�(5 *),8!*5  /!"$*��/(6 

!�/(6.  

� !$,=#&//8 !���#� 24'"5" KWS-AC300 !* &/&')&4(#/*0 &,&$4'(#/*0 , / 0 

:! .2/=>4328 :� !*9*5*)*= /& '*:/ 5/*)* $ ,3-&�*)* 2&/2*'� " �(),8!  
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4'�/2%*'5�4*'� :5 //*)* 24'"5"  : :*�/ @/ 5 ! �5&4'*5 1 ,8 33 55. �(/*2/(. 

!���# 4&59&'�4"'( 5�> !*�<(/"  /%*'5�- ./*)* $�1&,  1 ,8 40 25. 

 

��1,(-8 6.3 – 	2/*�/  &$29,"�4�- ./  9�'�5&4'( 9'(,�!" KWS-AC300[13] 

��'�5&4' �/�#&//8 9�'�5&4'� 

� �9�:*/ �(5 '=��//8 :5 //*0 /�9'")( � ! 50 � !* 300 � 

� �9�:*/ �(5 '=��//8 2(,( :5 //*)* 24'"5" � ! 0 !* 100 � 

� �9�:*/ �(5 '=��//8 9*4"</*24  � ! 0 !* 30 $�4 

� �9�:*/ �(5 '=��//8 29*<(4*0 &,&$4'*&/&') 0 � ! 0 !* 20 ��4I)*! 

� �9�:*/ �24�/*�,&//8 #�2" �(5 '=��/3 � ! 0 !* 200 )*! 

� �9�:*/ �(5 '=��//8 4&59&'�4"'( �(/*2/(5 

:*/!*5 

� ! -10 D !* +100 D 

�&*5&4'(#/  '*:5 '( 1,*$" 8,5 25; 4,3 25, 2 25 

��)� � ,8 50 ) 

��'4 243 � ,8 5 H�'* 

 

 

�(2"/*$ 6.5 – �*�/ @/ . �(),8!  /4&,&$4"�,3/*)* !���#� KWS-AC300[13] 

 

� !5 4(5* 4�$*<, ;* !���# KWS-AC300 5*<& 4�$*< 1"4( �($*'(24�/(. !,8 

'*:@('&//8 %"/$- . $&'"��//8 ��4*/*5/*= &,&$4'*24�/- >=. �,8 -3*)* 
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'&$*5&/!">5* ��&24( ;& *!(/ !*!�4$*�(.  /%*'5�- ./(. 5*!",3 " $�/�, 

&/&')&4(#/*)* 9*4*$" � ! :*�/ @/3*)* )&/&'�4*'� /� 9'('*!/*5" )�: . �& 

!*:�*,(43 24'*)* $*/4'*,=��4( 24�/ 4� 9�'�5&4'( %"/$- */"��//8 �2 >0 

��4*/*5/*0 &/&')&4(#/*0 &,&$4'(#/*0 2(24&5( !*5*)*29*!�'24��. 

 

6.3 ,��%�&#$���/ 0��&����4 �1%0� �$&���0��4 %"%�&���&�� !4 &� 

��9��1#��� 44 ��!;�&�$��4 $��&��&! 

 

�($*'(24*�"=#( �2  /��&!&/  �(;& 5�4&' �,(, 29'*&$4">5* 5*/4�</" 26&5" 

��4*/*5/*0 &,&$4'*24�/- 0, 8$� /��&!&/� � !*!�4$" �.  

	24�// 5 :��!�//8 1�$�,��'23$*0 '*1*4( > '*:'�6"/*$ *' >/4*�/*0 ��'4*24  

29'*&$4*��/*0 /�5( ��4*/*5/*0 &,&$4'*24�/- 0. �,8 -3*)* *2/*�/  &$*/*5 #/  

9*$�:/($(, *4'(5�/  9'( �($*/�//  '*1*4(, :�&!&5* � *!/" 4�1,(-= 6.4. 

 

��1,(-8 6.4 – �*:'�6"/*$ *' >/4*�/*0 ��'4*24  ��4*/*5/*0 2*/8#/*0 

&,&$4'*24�/- 0 


*59*/&/4 &,&$4'*24�/- 0 	' >/4*�/� ��'4 243 $*59*/&/4�, >�'* 

�*!",3  : 8 �� 1600 


*/4'*,&'- /�&'4*' 2500 

��4�'&8  : 2 �$"5",84*' � 3000 

�/%*'5�- ./  5*!",  30 

�'*5(2,*�(. $*/4'*,&' Simenc 400 


*59’=4&'/� 2(24&5� !(24�/- ./*)* 

$*/4'*,=, $&'"��//8 4� *1'*1$( !�/(6 

600 


*/24'"$- ./  4� $*5"4�- ./  

$*59*/&/4(, 9'*&$4 

900 

 

� !2"5*�"=#( /��&!&/  �(;& !�/ , *4'(5�>5* 2"5�'/" *' >/4*�/" ��'4 243 

��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 : 9 $*�*= 29*<(��/*= 9*4"</ 24= 7 $�4 1 ,8 

9000 >�'* �1* 1 ,8 350 000 )'/ :� - /�5( /� 9&' *! , 4� 2023 '*$". �& � !9*� !�> 
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��'4*24  &,&$4'(#/*0 &/&') 0 !,8 9*1"4*�(6 29*<(��# � :�)�,3/(5 *1’>5*5 1 ,8 

100 ��4I)*!. �,8 9*' �/8//8 5*</� �$�:�4(, ;* 4�$ . ��'4*24  � !9*� !�> 

9'*�&!&//8 *!/*%�:/*0 &,&$4'(#/*0 , / 0 /� /�9'")" !* 400 � !*�<(/*= 1 ,8 2 

$5. �  !�/  5*<"43 1"4( *' >/4('*5 9'( �(1*'  ��' �/4 � 5 < ��4*/*5/*= 

2*/8#/*= &,&$4'*24�/- >= #( 9 !�&!&//85 !* !*5*)*29*!�'24�� 24�/!�'4/*0 

*!/*%�:/*0 , / 0 <(�,&//8 :5 //*)* 24'"5". 

�'�6*�"=#( 4�$*< :�)�,3/& '*:'�6*��/& !*1*�& &/&')*29*<(��//8 

!*5*)*29*!�'24�� 1 ,8 4 $�4I)*!, 5*</� *# $"��4( 2�5**$"9/*24  9*1"!*��/*0 

&,&$4'*24�/- 0 1&: :5 /( � 5�.1"4/3*5" 4�'(% � /� &,&$4'*&/&') = 9'*48)*5 60 

'*$ �. �$;* < �'�6"��4( 9'*)/*:*��/& /� 5�.1"4/  10 '*$ � 9 !�(;&//8 ��'4*24  

&,&$4'*&/&') 0 " 4'( – 9’843 '�: �, � 4�$*< 9&'&.4( /� - /( /� &,&$4'*&/&') = !,8 

$*5&'- ./(6 29*<(��# �, 4* 4&'5 / 2�5**$"9/*24  :5&/@(4328 9'(1,(:/* !* 10 

'*$ �.  
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��	���
� 

 

� '&:",34�4  �($*/�//8 1�$�,��'23$*0 '*1*4(: 

1. �'*�&!&/* $*'*4$(. �/�, : *2*1,(�*24&.   9&'29&$4(� 4� 9'*1,&5 

'*:�(4$" ��4*/*5/(6 2*/8#/(6 &,&$4'*24�/- .. � '&:",34�4  �/�, :" �(:/�#&/* 

*2/*�/  :�!�# , 8$  2, ! '*:�’8:�4( " 9'*-&2  �($*/�//8 $��, % $�- ./*0 

1�$�,��'23$*0 '*1*4(.  

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

2&'&!/3*!*1*�*0 )&/&'*��/*0 &,&$4'*&/&') 0 24�/!�'4/*= 2*/8#/*= 9�/&,,= � 

"5*��6 5 24� �<)*'*!�.  

3. �,8 �(:/�#&//8 4&6/ #/(6 9�'�5&4' � 9'*&$4*��/*0 ��4*/*5/*0 

&,&$4'*24�/- 0 :'*1,&/* $*'*4$(. �/�, : 2&'&!/3*!*1*�(6 �(4'�4 &,&$4'(#/*0 

&/&') 0 4(9*�(5 !*5*)*29*!�'24�*5 � '&) */  5 24� �<)*'*!�. 

4. �*:'*1,&/� 24'"$4"'/� 26&5� ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0, 

9�'�5&4'( 8$*0 � !9*� !�=43 9*24��,&/*5" :��!�//= ;*!* �($*/�//8 

1�$�,��'23$*0 '*1*4(. ��/� 26&5� 5 24(43 5*!",3 2*/8#/(6 9�/&,&., 5*!",3 

$*/4'*,&'�- /�&'4*'�, 1�4�'&= �$"5",84*' �, $�/�, <(�,&//8 29*<(��# � 

:5 //*)* 24'"5", $�/�, <(�,&//8 29*<(��# � 9*24 ./*)* 24'"5", '&:&'�/(. 

)&/&'�4*' /� :' !<&/*5" )�:  4� 2(24&5" ��4*5�4(#/*)* $*/4'*,=   $&'"��//8 

2*/8#/*0 &,&$4'*24�/- >=. 

5. �) !/* : 4&6/ #/(5( 9�'�5&4'�5( ��4*/*5/*0 2*/8#/*0 &,&$4'*24�/- 0 4� 00 

24'"$4"'/*= 26&5*= 9'*�&!&/* �(1 ' 2"#�2/(6 $*59*/&/4 � �2 >0 2(24&5(. 

6. �'*�&!&/* �/�, : 26&5( &/&')&4(#/(6 9*4*$ �, 8$  '&�, :"=4328 9'( 

' :/(6 '&<(5�6 %"/$- */"��//8 &,&$4'*24�/- 0. 

7. �(:/�#&/*  /%*'5�- ./  &,&$4'*//  5*!", , 8$  :! .2/==43 $*/4'*,3 �2 6 

&/&')&4(#/(6 9*4*$ � 2(24&5( 4� :�1&:9&#"=43 ��4*5�4(#/& $&'"��//8 00 

'*1*4*=. 

8. �9'*&$4*��/� 5*/4�</*0 26&5( ��4*/*5/*0 &,&$4'*24�/- 0   '*:'�6*��/� 

00 *' >/4*��/� ��'4 243 4� &$*/*5 #/  9*$�:/($( 2�5**$"9/*24 . 
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9. 	2/*�/  4&6/ #/  9�'�5&4'( 29'*&$4*��/*0 ��4*/*5/*0 2*/8#/*0 

&,&$4'*24�/- 0: 

- �(6 !/  $�/�,(: 24�/!�'4/(. :5 //(. 24'"5, 9*24 ./(. 24'"5 +5 �, +12 �, 

4� +24 �. 

- '*1*#� 2"5�'/� �(6 !/� 9*4"</ 243 – 4 $�4; 

- 5�$2(5�,3/� 9 $*�� �(6 !/� 9*4"</ 243 (4'(��, 24= !* 30 6�(,(/) – 7 $�4; 

- '&:&'�/& !<&'&,* &,&$4'*&/&') 0 – )&/&'�4*' /� :' !<&/*5" )�: ; 

- 2(24&5� $&'"��//8 /� *2/*�  9'*5(2,*�*)* $*/4'*,&'� % '5( Simens. 
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1. �&'1(-3$(. H. �. �/&')*:1&'&<&//8   &/&')*&%&$4(�/ 243. 
*/29&$4 

,&$- . !,8 24"!&/4 � /�9'85$" 9 !)*4*�$( 6.050802 «�,&$4'*//  9'(24'*0 4� 

2(24&5(». - 
.: ����“
��”, 2014. – 106 2. 

2. ���/(-3$(. �.�., �"$@� 	.�., �(#"'� �.�. �&2"'2*:1&' )�=#� &/&')&4($�: 

9 !'"#/($. – �<)*'*!: �<��, 2023. – 100 2. 

3. Best Practices Handbook for the Collection and Use of Solar Resource Data for 

Solar Energy Applications: Second Edition. Edited by Manajit Sengupta, Aron Habte, 

Christian Gueymard, Stefan Wilbert, Dave Renné, and Thomas Stoffel / National 

Technical Information Service. 5301 Shawnee Road Alexandria, VA 22312. 

4. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": 

https://www.meteoblue.com/ru/%D0%BF%D0%BE%D0%B3%D0%BE%D0%B4%D0

%B0/historyclimate/weatherarchive. 

5. Ivanitsky, V. P., Ryaboschuk, M. M., Stojka, M. V., Tiutiunnykov, S. V. 

Astronomical and geographical model for programming microcontrollers of ground-

based trackers. Science and education a new dimension. Natural and Technical 

Sciences, 2021, no. 255, pp. 11-13. 

6. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://e-

energy.in.ua/files/lp182_m_72_mh_530_550w_ua_2.pdf. 

7. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": 

https://brandsolar.com.ua/p1646821378-solnechnaya-monokristallicheskaya-panel.-

html?source=merchant_center&gclid=CjwKCAjwrJ-BhB7EiwAuyBVXY9AtU7YGay-

wXHDniSM2zsQxtGpoWFlGU-KKJhaHhtHFtpIfOycFRoCfG0QAvD_BwE. 

8. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://uk.wikipedia.org/wiki-

/%D0%A1%D0%BE%D0%BD%D1%8F%D1%87%D0%BD%D0%B0_%D0%B1%D

0%B0%D1%82%D0%B0%D1%80%D0%B5%D1%8F. 

9. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://i-

energy.com.ua/ua/p1426494130-litievyj-tyagovyj-akkumulyator.html. 
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10. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://www.se.com/ua/uk/product-

range/7654-conext-xw/#overview. 

�1. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://sayanukr.com.ua/-

ua/p1413610090-komplekt-solnechnoj-elektrostantsii.html. 

12. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9": https://fd24.com.ua/p1690584007-

tsifrovoj-voltmetr-ampermetr.html. 

13. �,&$4'*//(. '&2"'2] – '&<(5 !*24"9":  https://voltik.com.ua/ua/p-

1555176613-tsifrovoj-voltmetr-ampermetr.html. 
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