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��������  

��$��')'&'%%�1  ('%'��+#1  #(��'-  �$'  6"&''  3�/'-% :  �"&,  �  

4%'�('-#*'$!"/  6�&�%$' /%"(#�  $-��%, �  -"/  *#$&' �"$$##  [1, 2]. ��#  4-"/  

-�'6"��%#1  4%'�("488'!-#�%"$-#  # 4%'�("$6'�';'%#1 , 4!"&"(#*'$!#'  

"(��%#*'%#1  3�$-��&1:-  #$�"&,3"��-,  �$'  6"&''  $&";%0'  $�'/0  

4%'�('-#*'$!#�  !"/�&'!$"� : !"('%'��+#"%%0'  # -�#('%'��+#"%%0' , $ 

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

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

%�(� 3!#  �"-�'6#-'&1  # /%"(""6��3#'  -#�"�  $"��'/'%%0�  

4%'�("('%'�#� :5#�  # �!! / &#� :5#�   $-�%"�"!  )'&�:-  3�)�*  �06"��  

"�-#/�&,%"2  !"%8#( ��+##  4%'�('-#*'$!"("  !"/�&'!$�  %'-�#�#�&,%"2  # 

-� )%"�'�&#3 '/"2  6'3 #$�"&,3"��%#1  488'!-#�%0�  *#$&'%%0� /'-")"�  # 

�)'!��-%0�  /�-'/�-#*'$!#�  /")'&'2 .  

�'$/"-�1  %� -"-  8�!- , *-"  "!"&"  )��)+�-#  /#&&#"%"�  *'&"�'!  

��";#��'-  �  �"$$##  %� -'��#-"�#1� ,  )�&'%%0�  "-  "6='!-"�  

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

��"'!-#�"��%#1  4%'�('-#*'$!#�  !"/�&'!$"�  "-$ -$-� '- . �'2$-� :5#'  

8')'��&,%0'  3�!"%0  �  "6&�$-# 4%'�("$%�6;'%#1 [4, 5] %' "��')'&1:-  

-�'6"��%#1  !  488'!-#�%"$-#  ��"#3�")$-��  -'�&"�"2  #&# 4&'!-�#*'$!"2  

4%'�(##, �  ')#%$-�'%%02 $ 5'$-� :5#2  ����  [6] �'(&�/'%-#� '-  ����#&�  

��"'!-#�"��%#1  # $-�"#-'&,$-��  #$!&:*#-'&,%"  -'�&"�0�  4&'!-�"$-�%+#2  

/"5%"$-,:  25 ��-  # 6"&'' . 
�!#/  "6��3"/ , %' $ 5'$-� '-  3�!"%")�-'&,%0�  

�!-"�  #&# %"�/�-#�%0�  ����#& , �"3�"&1:5#�  �06��-,  ('%'�#� :5''  

"6"� )"��%#'  )&1 $#$-'/0  4%'�("$%�6;'%#1 3�)�%%"(" �"-�'6#-'&1  ((� ��0  

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

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

"�-#/#3�+##  $�'/  # �';#/"�  ��6"-0  4%'�('-#*'$!#�  !"/�&'!$"�  

$�"$"6$-� '-  $%#;'%#:  3�-��-  %� 4%'�("$%�6;'%#'  �"-�'6#-'&'2 , 

�")!&:*'%%0�  !  ��-"%"/%0/  #$-"*%#!�/  -'�&" - # 4&'!-�"$%�6;'%#1 , �  



4 
 

-�!;'  �"�09'%#:  488'!-#�%"$-#  # 4!"%"/#*%"$-#  4%'�('-#*'$!#�  $#$-'/  

��$��')'&'%%"2  4%'�('-#!# .  

����  �  ������  

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

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

��$��')'&'%%"2  4%'�('-#!# , %�����&'%%0�  %� $%#;'%#' 3�-��-  %� 

��"#3�")$-�"  4%'�(##. �&1  )"$-#;'%#1  �"$-��&'%%"2  +'&# �'9�&#$,  

$&') :5#'  3�)�*# : 

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

/�&"2  ��$��')'&'%%"2  4%'�('-#!# , #/':5#�  �  $�"'/  $"$-��'  !�!  

-��)#+#"%%0'  4%'�("('%'�#� :5#'   $-�%"�!# , -�!  #  $-�%"�!#  %� 

�"3"6%"�&1'/0�  #$-"*%#!��  4%'�(##, %�!"�#-'&#  4&'!-�#*'$!"2  # 

-'�&"�"2  4%'�(##. 

2. 	��')'&'%#'  +'&'�0�  !�#-'�#'�  �06"��  $�'/  # �';#/"�  ��6"-0  

!"/�&'!$"�  /�&"2  4%'�('-#!# . 

3. ��3��6"-!�  "6"65'%%"2 /�-'/�-#*'$!"2  /")'&#  !"/�&'!$"�  /�&"2  

4%'�('-#!#  ��"#3�"&,%"("  $"$-��� . 

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

"�-#/#3�+##  $�'/  # �';#/"�  ��6"-0  !"/�&'!$"�  /�&"2  

��$��')'&'%%"2  4%'�('-#!# . 

5. ��3��6"-!�  �&("�#-/�  # /'-")�  !��-!"$�"*%"("  ��"(%"3#�"��%#1  

4%'�('-#*'$!#�  %�(� 3"!  �"-�'6#-'&'2 , %��")15#�$1  �%'  3"% 

+'%-��&#3"��%%"("  4%'�("$%�6;'%#1, �   $&"�#1�  "(��%#*'%%"$-# 

#$�")%"2  #%8"�/�+## .  

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

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

��"(��// . 

������  �!"����  

��')&";'%  %"�02 /'-")  "�-#/#3�+##  $�'/  # �';#/"�  ��6"-0  

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

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

%�6"�"/  4&'!-�" - # -'�&"('%'�#� :5'("  "6"� )"��%#1  # %�!"�#-'&'2  

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

�';#/%0'  !��-0  ��6"-0  ��")15'("  �  %'("  "6"� )"��%#1  �  $""-�'-$-�##  $ 

�06��%%0/  !�#-'�#'/  "�-#/#3�+## .  

��  "$%"�'  -'�%"&"(##  #$! $$-�'%%0�  %'2�"%%0� $'-'2  ��3��6"-�%  

�&("�#-/  !��-!"$�"*%"("  ��"(%"3#�"��%#1  4%'�('-#*'$!#�  %�(� 3"!  

"6"$"6&'%%0� �"-�'6#-'&'2 , �"3�"&1:5#2  ��"(%"3#�"��-,  (��8#!#  

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

4%'�(##, ��#  !"-"�0�  -��)#+#"%%0'  /'-")0  ��"(%"3#�"��%#1  %'��#/'%#/0 .  

�#�$%���&$!�  ��������  

���!-#*'$!�1  3%�*#/"$-,  ��6"-0  3�!&:*�'-$1  �  $"3)�%## /'-")�  

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

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

4%'�('-#*'$!#�  %�(� 3"!  ��#  "(��%#*'%%"2 #%8"�/�+##  "  �"-�'6#-'&'  

4%'�(##, �"3�"&1:5#�  "��')'&1-,  "�-#/�&,% :  !"%8#( ��+#:  

4%'�('-#*'$!"("  !"/�&'!$�  # "�-#/#3#�"��-,  3�-��-0  %� 4%'�(""6'$�'*'%#'  

�"-�'6#-'&1 . ��3��6"-�%%0'  /'-")0  /"( -  60-,  #$�"&,3"��%0  �  

��')��"'!-%0�  #$$&')"��%#1�  )&1 �06"��  !"%+'�+##  4%'�("$%�6;'%#1 

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

4%'�("!"/�&'!$�/# . 

�'-")  "�-#/#3�+##  $�'/  # �';#/"�  ��6"-0  4%'�('-#*'$!#�  

!"/�&'!$"�  60& #$�"&,3"��%  �  ��6"-'  	��
  ���  �"  ��"'!-  «��3��6"-!�  # 

4!$�'�#/'%-�&,%�1  ���"6�+#1  -'�%#*'$!#�  �'9'%#2  �"�09'%#1  

488'!-#�%"$-#  (�3"- �6#%%0�   $-�%"�"!  %� "$%"�'  �% -�#+#!&"�"("  $;�-#1  

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

��#"�#-'-%0/  %�����&'%#1/  ��3�#-#1  %� *%"--'�%#*'$!"("  !"/�&'!$�  

�"$$##  %� 2014-2020 (")0 ». 
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�!�!'��� , "(�!&�)(�  ��  ��*�%�  

�'-")  "�-#/#3�+##  $�'/  # �';#/"�  ��6"-0  4%'�('-#*'$!#�  

!"/�&'!$"�  /�&"2  ��$��')'&'%%"2  4%'�('-#!# , ��3��6"-�%%02  %� "$%"�'  

$#/�&'!$%"("  �&("�#-/� . ��3��6"-�%%02  /'-")  ��')%�3%�*'%  )&1 

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

4&'!-�" - # -'�&"('%'�#� :5'("  "6"� )"��%#1  # %�!"�#-'&'2  4%'�(## # )&1 

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

�';#/%0�  !��-  ��6"-0  ��")15'("  �  %'("  "6"� )"��%#1  �  $""-�'-$-�##  $ 

�06��%%0/  !�#-'�#'/  "�-#/#3�+## . 

�&("�#-/  !��-!"$�"*%"("  ��"(%"3#�"��%#1  4%'�('-#*'$!#�  %�(� 3"!  

"6"$"6&'%%0� �"-�'6#-'&'2 , �"$-�"'%%02  %� 6�3'  -'�%"&"(##  

#$! $$-�'%%0�  %'2�"%%0� $'-'2 , �"3�"&1:5#2  ��"(%"3#�"��-,  (��8#!#  

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

4%'�(##, ��#  !"-"�0�  -��)#+#"%%0'  /'-")0  ��"(%"3#�"��%#1  %'��#/'%#/0 . 

����(+  "$���  �"%!#�  

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

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

"6��6"-!#  # �#3 �&#3�+##  �';#/%0�  ����/'-�"�  ��-"%"/%0�  

4%'�('-#*'$!#�  !"/�&'!$"�  �  �';#/'  �'�&,%"("  ��'/'%# , �%�&#3 # "6��6"-!�  

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

"-)'&,%0�  4%'�('-#*'$!#�   $-�%"�"! , �  -�!;'  "6"65'%%"2 /")'&#  !"/�&'!$�  

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

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

/")'&#�"��%#1  (��8#!"�  4%'�('-#*'$!#�  %�(� 3"!  "6"$"6&'%%0� 

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

��"(��//  �  $�')'  ��"(��//#�"��%#1  Delphi # ��"�')'%#'  -'$-"�0�  ��$*'-"� . 

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

%��#$�%%0� # ��3��6"-�%%0�  �  ��/!��  )#$$'�-�+#"%%"2  ��6"-0 . 
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	$%"�%0'  �"&";'%#1  )#$$'�-�+##  )"!&�)0��&#$,  %� $&') :5#�  

!"%8'�'%+#1� : World Sustainable Energy Days 2012 – Linz, Austria, 29 8'���&1  

– 2 /��-�  2012; �"&")';%�1  !"%8'�'%+#1  «�!&�)  /"&")';#  �  �'9'%#'  

���!-#*'$!#�  3�)�*  �  "6&�$-# /")'�%#3�+##  4%'�('-#!#  # ��3�#-#1  

4%'�('-#*'$!"2  #%8��$-� !- �0 » �  ��/!��  >�"$&��$!"("  4%'�('-#*'$!"("  

8"� /�  2012, >�"$&��&, , 5–6 )'!�6�1  2012; �"$,/�1  /';) %��")%�1  %� *%"-

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

.���
�> -2013, ���%"�" , 24 ���'&1  2013; �"&")';%�1  !"%8'�'%+#1  �  

��/!��  >�"$&��$!"("  4%'�('-#*'$!"("  8"� /�  2015, >�"$&��&, , 2–3 )'!�6�1  

2015; XXXI International Conference on Equations of State for Matter, 

��6��)#%" -��&!��#1 , 1–6 /��-�  2016; �"��'/'%%0'  ��"6&'/0  -'�&"8#3#!#  # 

4%'�('-#!# , �"$!�� , 9-11 "!-16�1  2017;  

��-��$�.��   

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

$-�-,1� : 9'$-,  – �  #3)�%#1�, �'!"/'%)"��%%0�  ���  �� , #3 !"-"�0�  )�'  – �  

#3)�%##, #%)'!$#� '/"/  �  �'8'��-#�%"2  6�3'  Web of Science. 

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

�-/�)  �  &%#�$%�#� #�-!%(  

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

3�!&:*'%#1  # $�#$!�  &#-'��- �0 . ��6"-�  #3&";'%�  %� 125 $-��%#+�� , 

$")'�;#-  41 �#$ %"! , 8 -�6&#+, 1 ��#&";'%#' , # $�#$"!  &#-'��- �0  #3 85 

%�#/'%"��%#2 .  

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

"6��3"��%#1  # %� !#  ��  �"  $"(&�9'%#:  "  $ 6$#)## ?  14.607.21.0157 

( %#!�&,%02 #)'%-#8#!�-"�  ��"'!-�  RFMEFI60716X0157).  
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�����  1. �&�!"�(�  %�����.��  #��"�%�  )��!+  

0��#1�%�$�  

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

��!  $&') '-  #3 %�3��%#1 )#$$'�-�+#"%%"2  ��6"-0 , "%� �"$�15'%�  

#$$&')"��%#:  4%'�('-#*'$!#�  !"/�&'!$"�  /�&"2  ��$��')'&'%%"2  

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

$-��#-,  3�)�*#  %'"6�")#/"  "��')'&#-, , *-"  "3%�*�'-  -'�/#%  «/�&�1  

4%'�('-#!� » # �  !�!#�  $& *�1�   /'$-%"  '("   �"-�'6&'%#' .  

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

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

!  -"/ , *-"  "6='!-  /�&"2  4%'�('-#!#  – 4-"  4%'�('-#*'$!#2  !"/�&'!$ , 

('%'�#� :5#'  /"5%"$-#  !"-"�"("  %' ��'�09�:-  %'!"-"�"("  �"�"("�"("  

3%�*'%#1. <%�*'%#' 4-"  �  ��3&#*%0�  #$-"*%#!��  /";'-  ���,#�"��-,$1  �  

)"$-�-"*%"  9#�"!#�  ��')'&�� : "-  ")%"("  )"  %'$!"&,!#�  )'$1-!"�  ��-  [7].  

�06"�  �"�"("�"("  3%�*'%#1 /"5%"$-#  %' "6=1$%1'-, ")%�!" , )&1 *'("  

�""65'  % ;%" �")"6%"'  ��3)'&'%#'  # ��')'%#'  "-)'&,%"("  -'�/#%� . �'&"  �  

-"/ , *-"  �1)"/  $ "��')'&'%#'/  «/�&�1 » "*'%,  *�$-"  �  � 6&#!�+#1�  /";%"  

 �#)'-,  )� ("'  "��')'&'%#'  – «��$��')'&'%%�1 ». ��3&#*#1  /';)  "6='!-�/#  

��$��')'&'%%"2  # +'%-��&#3"��%%"2 4%'�('-#!#  %�2-# ("��3)"  ��"5' . �  

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

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

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

����!-'�%"  %�&#*#' /%";'$-��  /�&"/"5%0�  #$-"*%#!"�  4%'�(##, 

$%�6;�:5#�  "-)'&,%0�  �"-�'6#-'&'2  (&#6" %'6"&,9#'  (� ��0  

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

4%'�("$%�6;'%#1 /";'-  60-,  �!&:*'%  �  $"$-��  6"&''  !� �%"2  

��$��')'&#-'&,%"2  $'-#  # �'�')���-,  �  %''  #360-"!  /"5%"$-#  �  �'�#")0  

��"��&"�  %�(� 3!#  �"-�'6#-'&1 . 
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�"  1882 (")�  ���!-#*'$!"'  ��#/'%'%#'  4&'!-�"4%'�(##  

"(��%#*#��&"$,   &#*%0/  "$�'5'%#'/ , ��#*'/  !�;)�1  �&"5�), ,  &#+�  #&# 

/"$-  $%�6;�&#$,  "-  $"6$-�'%%"("  #$-"*%#!�  4&'!-�"4%'�(## . �  1882 (")  �  

�,: -�"�!'  ��#  �"))'�;!'  "$%"��%%"2 
"/�$"/  .)#$"%"/  !"/��%##  

«Edison electric light» (%0%' General electric) 60&� ��')'%�  �  4!$�& �-�+#:  

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

&#9,  "!"&"  500 !�- , �  /�!$#/�&,%�1   )�&'%%"$-,  �"-�'6#-'&'2  %' 

��'�09�&�  2 !/  #3-3� %'$"�'�9'%$-��  -'�%"&"(#2  �'�')�*#  4&'!-�"4%'�(## , 

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

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

-'%)'%+#1 %�  !� �%'%#'  4&'!-�"$-�%+#2  #  �'&#*'%#'  ')#%#*%"2 /"5%"$-#  

 $-�%"�"!  �  $�13# $ 6"&,9'2  4!"%"/#*'$!"2  # 4%'�('-#*'$!"2  

488'!-#�%"$-,:  6"&''  !� �%0�  /�9#% .  

�0$"!�1  $-'�'%,  +'%-��&#3�+##  �  4%'�('-#!'  60&� "$"6'%%" 

����!-'�%�  )&1 ����  $ '("  �&�%"�"2  4!"%"/#!"2 . �  20-�  (")��  ��"9&"("  

$-"&'-#1  �'�')  $"�'-$!#/  ����#-'&,$-�"/  $-"1&� 3�)�*�  ��"�'$-#  

#%) $-�#�&#3�+#:  # 4&'!-�#8#!�+#:  $-��%0 , $ % &1 $"3)���&#$,  !� �%0'  

��"/09&'%%0'  +'%-�0  – (&��%0'  �"-�'6#-'&#  4%'�(##.  �*#-0��1  /�$9-�6  

�"$-��&'%%0�  3�)�*  # $;�-0'  $�"!# , $-�"#-'&,$-�"  "-%"$#-'&,%" 

%'6"&,9"("  !"&#*'$-��  !� �%0�  4&'!-�"$-�%+#2  �6&#3# /'$-  )"60*#  

4%'�("�'$ �$"�  – ��"&%'  "����)�%%�1  $-��-'(#1 . �&�%  
	.��	 , $"(&�$%" 

!"-"�"/  )"&;%"  60&" 60-,  ��')'%"  �  4!$�& �-�+#:  30 4&'!-�"$-�%+#2  

"65'2  /"5%"$-,:  1750 ��- , 60&  $�'9%"  �0�"&%'%  !  1931 (") , �  �"  �1)  

�"!�3�-'&'2  – �'�'�0�"&%'%  [9].  


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

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

4%'�('-#!'  ��&"-,  )"  ��$��)�  ���� . �  !"%+  90-�  %�*#%�'-  8"�/#�"��-,$1  

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

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

�  �"$$##  $�"$"6$-�"��&#  $&') :5#'  8�!-"�0 : 
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·  �'�'�")  "-  �&�%"�"2  4!"%"/#!#  !  �0%"*%"2 $)'&�&  �"3/";%0/  

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

·  �"�'�9'%$-�"��%#'  -'�%"&"(#2  !"%$-� #�"��%#1  # ��"#3�")$-��  

('%'�#� :5#�   $-�%"�"!  /�&"2  4%'�('-#!#  ��#�'&"  !  3%�*#-'&,%"/  

�"�09'%#:  #�  488'!-#�%"$-# . �  �1)'  $& *�'�  /�&"/"5%�1   $-�%"�!�  

/";'-  "!�3�-,$1  6"&''  488'!-#�%"2 , *'/  -��)#+#"%%02  ���"$#&"�"2  

4%'�("6&"! , 4&'!-�#*'$!#2  ���  !"-"�"("  %' ��'�09�'-  40% [10]. 

·  �0$"!�1  $-'�'%,  #3%"$� # "(��%#*'%%�1 ��"� $!%�1  $�"$"6%"$-,  $'-'2  

+'%-��&#3"��%%"("  4%'�("$%�6;'%#1 $)'&�&#  �  %�*�&'  2000-�  

�")!&:*'%#'  �"-�'6#-'&1  !  $'-#  �  7'%-��&,%"2  *�$-#  �"$$##  

��"6&'/�-#*%0/  �  $�13# $ )'8#+#-"/  ��"#3�")$-��  4&'!-�"4%'�(## . 

����#/'� , �"$!"�$!�1  4%'�("$#$-'/�  �  2010 (")  #/'&�  )'8#+#-  �  17 

/&% !�-* , *-"  $"$-��&1&"  17% "-  �$'("  4&'!-�"�"-�'6&'%#1 . �;'(")%"  

�'&#*#%�  )'8#+#-�  �"3��$-� ��  6"&''  *'/  %� 1 /&% !�-*  [11]. 

·  
��#8  %� ��#$"')#%'%#'  !  $'-1/  +'%-��&#3"��%%"("  4%'�("$%�6;'%#1 

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

�"$&')%#'  (")0 , ��'�0$#�  �"3/";%0'  3�-��-0  %� $-�"#-'&,$-�"  

4%'�('-#*'$!#�  "6='!-"�  �%�&"(#*%"2 /"5%"$-#  (�#$ . 1.1) [12].  

·  �$'("  &#9,  "!"&"  1/3 -'��#-"�##  �"$$##  "���*'%"  $#$-'/�/#  

+'%-��&#3"��%%"("  4%'�("$%�6;'%#1 [3]. �3 -3� %#3!"2 �&"-%"$-#  

%�$'&'%#1 +'&'$""6��3%"  "�(�%#3"��-,  4%'�("$%�6;'%#'  "$-�&,%"2 

-'��#-"�##  3� $*'-  $-�"#-'&,$-��  ��-"%"/%0�  4%'�('-#*'$!#�  

!"/�&'!$"� .  

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

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

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

�"!�3�%"  %#;' , �   $&"�#1�  �"$$#2$!"2  4%'�('-#!#  "%# �"!�  ���!-#*'$!#  %' �  

$"$-"1%## !"%! �#�"��-,  $  $-�%"�!�/#  %�  (&'�")"�")%"/  -"�&#�' . 
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�#$ %"!  1.1 – �""-%"9'%#'  !��#-�&,%0�  �&";'%#2  �  /�& :  
4%'�('-#!  # 3�-��-  %� �")!&:*'%#'  !  $#$-'/�/  +'%-��&#3"��%%"("  

4&'!-�"$%�6;'%#1  


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

$ 5'$-�'%%02  -"&*"!  !  ��3�#-#:  �  �"$$## . �&1  -"("  *-"60  "��')'&#-,  

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

"-'*'$-�'%% :  4%'�('-#!  �  +'&"/ . 

�"(&�$%"  )�%%0/  �"$$-�-�  [13] 3� 2014 (")  �  �"$$##  60&" �0��6"-�%"  

1064 /&�)  !�-*  4&'!-�"4%'�(## , *-"  $"$-��&1'-  "!"&"  4,5% /#�"�"("  

��"#3�")$-�� . �"  )�%%"/  �"!�3�-'&:  %�9�  $-��%�  3�%#/�'-  4-'  /'$-" , 

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

"!"&"  100 /&�)  !�-* , �  -"  ��'/1  !�!  "6='/0  ��"#3�")$-��  4&'!-�"4%'�(##  �  

�#-�'  # �@�  ��'�09�:-  �"$$#2$!#'  �  5 # 4 ��3� , $""-�'-$-�'%%"  [14].  

�$-�%"�&'%%�1  /"5%"$-,  4&'!-�"('%'�#� :5'("  "6"� )"��%#1  �  2014 

(")  $"$-��&1&�  "!"&"  260 
�- . ��*#%�1  $ 2000-("  (")�  �  �"$$##  %�6&:)�&$1 

�"$-"1%%02 �"$-  !�!  ('%'�#� :5#�  /"5%"$-'2 , -�!  # �0��6�-0��'/"2  

4&'!-�"4%'�(## , �"-1  4!"%"/#*'$!#'  !�#3#$0  2008 # 2012-2013 (")"�  $-�&# 

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

4&'!-�"4%'�(##  "�'�';�'-  $!"�"$-,  ��")�  %"�0�  /"5%"$-'2  �  (")0 , 

$""-�'-$-� :5#'  4!"%"/#*'$!"/  �"$- , # "-$-�'-  "-  %'("  �  �'�#")0  
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$-�(%�+## (�#$ . 1.2) [13]. �'$/"-�1  %� %'��"$- :  $#- �+#:  �  4!"%"/#!' , '$-,  

8�!-"�0 , �"3�"&1:5#'  ��"(%"3#�"��-,  )�&,%'29#2  �"$-  ('%'�#� :5#�  

/"5%"$-'2  �  6&#;�29#'  (")0 : �"�09'%%02  $��"$  %� 4&'!-�"4%'�(#:  �  

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

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

 

�#$ %"!  1.2 – �#%�/#!�  ��"#3�")$-��  4&'!-�"4%'�(##  # ��")�  
('%'�#� :5#�  /"5%"$-'2  �  �"$$##  �  21 �'!'  

�"$$#2$!�1  4!"%"/#!�  – ")%�  #3 %�#6"&''  4%'�("'/!#�  �  /#�' . �  

-�6&#+'  1.1 ��#�')'%0  "-%"$#-'&,%0'  �'&#*#%0  4%'�("'/!"$-#  ��&"�"("  

�% -�'%%'("  ��") !-�  (��� ) )&1 ��3&#*%0�  $-��% �  2005, 2010 # 2015 (")��  

[15]. .%'�("'/!"$-,  ���  �"$$#2$!"2  �')'��+##  �  21 �'!'  �  $�')%'/  �  2-3 

��3�  ��'�"$�")#-  4-"-  �"!�3�-'&,  )&1 6"&,9#%$-��  '��"�'2$!#�  $-��%. ��/  

�"  $'6'  4-"-  8�!-  %' ("�"�#-  %# "  -'�%"&"(#*'$!"/ , %# "6 4!"%"/#*'$!"/  

"-$-���%##  �"$$## , �"$!"&,!  4%'�("'/!"$-,  ���  3��#$#- , �  -"/  *#$&', "-  

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

 $&"�#1/  $ �"$$#'2  ��%�)�  # �"��'(#1  "6&�)�:-  $ 5'$-�'%%"  6"&''  

%#3!#/# �"!�3�-'&1/#  4%'�("'/!"$-#  ��� , %'$/"-�1  %� -" , *-"  �"  
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$���%'%#:  $ -�!#/#  $-��%�/#  !�!  
'�/�%#1  #&# �'&#!"6�#-�%#1  #�  

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


�6&#+�  1.1 – .%'�("'/!"$-,  ���  $-��% /#�� , -  %.4. %� 1000 $ �@�  �"  

���#-'-  �"! ��-'&,%"2  $�"$"6%"$-# �"  ! �$  2011 (")�  


")  
�-��%�  

2005 2010 2015 

�36'!#$-�%  0,434 0,264 0,186 

�!��#%�  0,305 0,268 0,208 

�"$$#1 0,250 0,222 0,210 

�#-�2  0,179 0,151 0,122 

���  0,177 0,168 0,153 

��%�)�  0,152 0,139 0,130 


'�/�%#1  0,083 0,075 0,066 

�"��'(#1  0,079 0,095 0,076 


 �+#1  0,070 0,076 0,075 

�'&#!"6�#-�%#1  0,069 0,062 0,050 

�"& /6#1  0,049 0,046 0,041 

 

�&1  6"&,9#%$-��  $-��% �  �"$&')%#'  20 &'-  ����!-'�%�  -'%)'%+#1 

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

��"+'$$�  ��)�'- . �$&# �  �'�#")  $ 2000 �"  2008 (")  4%'�("'/!"$-,  ���  

�"$$##  $%#3#&�$, %� 35%, -"  �  �"$&') :5#'  8 &'-  4-"-  �"!�3�-'&,  /'%1&$1 

%'3%�*#-'&,%" [16].  �-�6#&#3�+#1  4-"2 �'&#*#%0  $�#)'-'&,$-� '- , �  -"/  

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

��  �#$ %!'  1.3 ��#�')'%�  $-� !- ��  �"-�'6&'%#1  �'��#*%0�  

4%'�("�'$ �$"�  �  �"$$##  [17]. �"&,9�1  *�$-,  4%'�(## (-'�&"�"2  # 

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

-��)#+#"%%0�   (&'�")"�")%0�  -"�&#� , ��'#/ 5'$-�'%%"  – ��#�")%"("  (�3� . 

�"$$#1 3�%#/�'-  �-"�"'  /'$-"  �  /#�'  �"  "6='/�/  )"60*#  ��#�")%"("  (�3� , 

!�"/'  -"(" , )�%%02 �#)  -"�&#��  #/''-  �1)  ��'#/ 5'$-�  �'�')  )� (#/#  

-��)#+#"%%0/#  -"�&#��/# : (�3  &'(!"  -��%$�"�-#�"��-,  %� 6"&,9#'  

��$$-"1%#1, '("  &'(*'  ���%#-,  # $;#(�-, , *'/   ("&,  #&# /�3 - , !�"/'  -"(" , 
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��#  $;#(�%##  (�3�  "6��3 '-$1  /'%,9'  3�(�13%1:5#�  �'5'$-� . 7'%� , 

"-%'$'%%�1 !  -'�&"-'  $("��%#1 -"�&#�� ,   ��#�")%"("  (�3�  �  $�')%'/  �"  

$-��%'  %#;' , *'/    !�/'%%"("   (&1 #&# )#3'&,%"("  -"�&#��  [16, 18].  

 

�#$ %"!  1.3 – �-� !- ��  �"-�'6&'%#1  �'��#*%0�  4%'�("�'$ �$"�  �  
4%'�('-#!'  �"$$##  

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

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

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

��"#3�")$-�'%%�1  $-� !- ��  �"$$#2$!"2  4&'!-�"4%'�('-#!#  ��')$-��&'%�  %� 

�#$ . 1.4 [13].  

 

�#$ %"!  1.4 – �-� !- ��  ��"#3�")$-��  4&'!-�"4%'�(##  �  �"$$##  �  2015 
(")  

�"-1  (#)�"4%'�('-#!�  # "6'$�'*#��'-  3%�*#-'&,% :  )"&:  

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


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

��.  (�!&:*�1  /#!�"(#)�"4%'�('-#! ) $"$-��#&�  �  2014 (")  -"&,!"  1,6 /&�)  

!�-* , - .' . 0,14% "-  "65'("  !"&#*'$-�� . ��#  4-"/  4!"%"/#*'$!#2  �"-'%+#�&  
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�"3"6%"�&1'/"2  4%'�('-#!#  $"$-��&1'-  �  �"$$##  "!"&"  25% �% -�'%%'("  

�"-�'6&'%#1  4%'�("�'$ �$"�  [19]. ��&"'  �%#/�%#'  ��3�#-#:  ��.  

"6 $&"�&'%"  $&') :5#/#  8�!-"��/# : 

·  6"&,9#'  3���$0  "�(�%#*'$!"("  -"�&#�� ; 

·  %#3!#' -��#80  %� 4&'!-�#*'$! :  # -'�&"� :  4%'�(#: , *-"  $%#;�'-  

!"%! �'%-"$�"$"6%"$-,  ��. ; 

·  "-$ -$-�#'  $-#/ &#�"��%#1  #%-'(��+##  ��.  �  4!"%"/#!  %� 

("$ )��$-�'%%"/   �"�%' .  

�"$&')%#2  8�!-"�  #(��'-  "$"6'%%" $ 5'$-�'%% :  �"&, . �&�(")��1  

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

�0��6�-0��:5#'  4%'�(#:  $ #$�"&,3"��%#'/  ��. , $�"$"6%0 �0)'�;�-,  

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

4%'�(#1 �""65'  /";'-  "!�3�-,$1  6'$�&�-%"2  )&1 �"-�'6#-'&1  #&# )�;'  #/'-,  

"-�#+�-'&,% :  $-"#/"$-, , !�!  4-"  60&" �  
'�/�%##  8 /�1  2016 (")�  [20]. 

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

�"$$##  ��'�09�'-  4&'!-�"('%'��+#:  ��#/'�%"  �  1,36 ��3� . 

��"#3�")$-�'%%�1  $-� !- ��  �"$$#2$!"("  -'�&"$%�6;'%#1 , �"$-�"'%%�1  %� 

"$%"�'  )�%%0� �#%#$-'�$-��  4%'�('-#!#  ��  [13], ��')$-��&'%�  %� �#$ %!'  

1.5. �  %'2 %'  *#-0��'-$1  -'�&" , �0��6�-0��'/"'  ��"#3�")$-�'%%0/#  

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

�"312$-���  )&1 $"6$-�'%%0�  % ;) . 	65''  �"-�'6&'%#'  -'�&�  �  $#$-'/��  

+'%-��&#3"��%%"("  -'�&"$%�6;'%#1  �  2013 (")  $"$-��#&"  1293 /&% 
!�& . 


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

6"&''  99% �$'2  "-� $!�'/"2  �  $'-,  -'�&"�"2  4%'�(## ��"#3�")#-$1  %� 
.7  # 

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

)"&1 !"-'&,%0�  ("!"&"  55%) 8"�/#� '-  �"-'%+#�&  )&1 ��3�#-#1  

��$��')'&'%%"2  4%'�('-#!# . ��*#%�1  $ 2005 (")� , $ //��%�1  /"5%"$-,  

"-"�#-'&,%0�  !"-'&,%0�  ��)�'- , �  !"&#*'$-�"  – ��$-'- . �  �'�#")  $ 1995 (")�  

$�')%11 /"5%"$-,  "-"�#-'&,%0�  !"-'&,%0�   /'%,9#&�$,  %� 15% – $ 9,2 )"  

7,9 
!�& /* . �"���%'%#'  4-"2 -'%)'%+## "3%�*�'-  ��'#/ 5'$-�'%%02  �"$-  
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/�&"/"5%0�  !"-'&,%0�  # )'+'%-��&#3�+#:  -'�&"$%�6;'%#1 . �%";'$-�"  

$ 5'$-� :5#�  # �%"�,  $"3)���'/0�  !"-'&,%0�  /"( -  60-,  

/")'�%#3#�"��%0  �"$�')$-�"/   $-�%"�!#  (�3"- �6#%%0�  %�)$-�"'! . 

��#/'%'%#'  )&1 �0��6"-!#  4&'!-�"4%'�(##  $���%#-'&,%"  )'9'�"("  

(�3"- �6#%%"("  "6"� )"��%#1  �"3�"&1'-  �"�0$#-,  !"488#+#'%-  

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

!"%! �#�"��-,  $ !� �%0/#  
.�  �"  $'6'$-"#/"$-#  ��"#3�")#/"2  

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

$%#;'%#:  �"-'�,  ��#  -��%$�"�-#�"�!'  4&'!-�"4%'�(## , !"-"�0'  �  2013 (")  

$"$-��#&#  9% �  $�')%'/  �"  $-��%'  [13].  

 

 

�#$ %"!  1.5 – ��"#3�")$-�"  -'�&�  �  $#$-'/��  +'%-��&#3"��%%"("  
-'�&"$%�6;'%#1  �  �"$$## : 1 –  %� 
.7  # �.�  (!"%)'%$�+#"%%0' 

4&'!-�"$-�%+## ); 2 – %� �.� ; 3 – "-"�#-'&,%0/#  !"-'&,%0/#  /"5%"$-,:  %' 
/'%''  20 
!�& /* ; 4 – "-"�#-'&,%0/#  !"-'&,%0/#  /"5%"$-,:  /'%''  20 

!�& /* ; 5 – )� (#'  #$-"*%#!# -'�&�  (
�	
.� , 4&'!-�"6"2&'�%0'  # - .) .) 

�")�")1  #-"(#  �09'$!�3�%%"(" , /";%"  )�-,  "65 :  "+'%!  $"$-"1%#1 

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

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

��$- 5#'  �"-�'6%"$-#  %�$'&'%#1 # ��"/09&'%%"$-# . 	%�  ��")"&;�'-  
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��3�#��-,$1 , �  -"/  *#$&' # �  !�#3#$%0'  )&1 4!"%"/#!#  �'�#")0 , �"-1  

$!"�"$-,  %���5#��%#1  ('%'�#� :5#�  /"5%"$-'2  "-%"$#-'&,%" %'�'&#!�  – 

/'%''  1% �  (") . �"$$#2$!�1  4%'�('-#!�  "6'$�'*'%�  )'9'�0/#  

"-'*'$-�'%%0/#  4%'�("%"$#-'&1/# . �  -"  ;'  ��'/1    %''  '$-,  �1)  $'�,'3%0�  

��"6&'/ :  

·  "-$ -$-�#'  )"$- ��  !  $#$-'/�/  +'%-��&#3"��%%"("  4%'�("$%�6;'%#1   

��#/'�%"  20 /&% &:)'2 , ��";#��:5#�  %� 2/3 -'��#-"�##  �� ; 

·  �0$"!�1  $-'�'%,  #3%"$� ('%'�#� :5'("  "6"� )"��%#1  # 

��$��')'&#-'&,%0�  $'-'2 ; 

·  %#3!�1 488'!-#�%"$-,  ��"#3�")$-��  4%'�(## # �0$"!#2   �"�'%,  ''  

�"-'�,  ��#  -��%$�"�-#�"�!' ; 

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

4%'�("�'$ �$"� . 

��  �"$-'�'%%"'  �'9'%#'  4-#�  ��"6&'/ , -'�%"&"(#*'$!"'  

��'"6��3"��%#'  "-��$&#  # ''  )�&,%'29''  ��3�#-#'  %�����&'%�  

.%'�('-#*'$!�1  $-��-'(#1  �"$$##  [21]. �%-'%$#�%"'  ��3�#-#'  

��$��')'&'%%"2  4%'�('-#!#  "��')'&'%"  )�%%"2 $-��-'(#'2  !�!  ")%"  #3 

��;%'29#�  %�����&'%#2  �  4&'!-�"4%'�('-#!' , �  /%";'$-�"  ��')&�(�'/0�  

/'�  �"  "3)"�"�&'%#:  "-��$&#  # �'!"/'%) '/0�  !  ��3��6"-!'  -'�%"&"(#2  

%���1/ :  $�13�%0 $ ��3�#-#'/  /�&"2  ��$��')'&'%%"2  4%'�('-#!# : 

·  ��3��6"-!�  # $"3)�%#'  #%-'&&'!- �&,%0�  ��$��')'&#-'&,%0�  

$#$-'/""6��3 :5#�  $'-'2  – smart grid; 

·  $"3)�%#'  # 9#�"!"'  �%')�'%#'  "6"� )"��%#1  %� /") &,%"2  "$%"�'  )&1 

$-�"#-'&,$-��  # �'�'�")�  $ 5'$-� :5#�  #$-"*%#!"�  -'�&"$%�6;'%#1  

%� !"('%'��+#"%% :  "$%"� ; 

·  ��3�#-#'  -'�%"&"(#2  #$�"&,3"��%#1  ��. , �  -�!;'  

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

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

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

�"3"6%"�&1'/0�  #$-"*%#!"�  4%'�(##; 

·  ��3�#-#'  -'�%"&"(#2  �!! / &#�"��%#1  4&'!-�"4%'�(## . 

�&') '-  3�/'-#-, , *-"  �  -'�&"$%�6;'%##  6"&''  10 &'-  $"���%1'-$1  

-'%)'%+#1 !  )'+'%-��&#3�+## , *-"  -�!;'  �"3�"&1'-  ��"(%"3#�"��-,  

 $-"2*#�02  �"$-  )"&#  /�&"2  ��$��')'&'%%"2  ('%'��+##  �  4%'�('-#*'$!"/  

6�&�%$' ��  �  6&#;�29#'  )'$1-#&'-#1 .  

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


���
� ��������

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

(� ��  %��")15#�$1  �")  ')#%0/   ����&'%#'/  4%'�('-#*'$!#�   $-�%"�"! , 

"6'$�'*#��:5#�  4%'�("$%�6;'%#'  ")#%"*%"("  �"-�'6#-'&1  &#6" %'6"&,9"2  

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

8"�/�&,%0/  !�#-'�#'/  "��')'&'%#1  4%'�('-#*'$!"("  !"/�&'!$�  !�!  "6='!-�  

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

('%'�#� :5'("  "6"� )"��%#1  4-"("  !"/�&'!$� . 
�!"'  "��')'&'%#'   )"6%"  

)&1 $-�-#$-#!# , ")%�!"  %#!�!  %' "-��;�'-  ����!-'�%0'  ��#3%�!#  "6='!-"�  

/�&"2  4%'�('-#!# , "-&#*�:5#'  #�  "-  "6='!-"�  +'%-��&#3"��%%"("  

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

�  $-� !- �'  !� �%"2  $#$-'/0  4%'�("$%�6;'%#1 (�#$. 1.6) # $"$-��  

"6"� )"��%#1  4%'�('-#*'$!"("  !"/�&'!$� . 
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�#$ %"!  1.6 – �'$-"  4%'�('-#*'$!"("  !"/�&'!$�  /�&"2  ��$��')'&'%%"2  
4%'�('-#!#  �  $-� !- �'  �)#%"2  4%'�('-#*'$!"2  $#$-'/0  �"$$##  

	$"6'%%"$-#  $"$-���  "6"� )"��%#1  4%'�('-#*'$!#�  !"/�&'!$"�  /�&"2  

4%'�('-#!#  �0-'!�:-  #3 ��3%#+0 /';)  ����!-'�"/  4%'�('-#*'$!#�  %�(� 3"!  

�"-�'6#-'&'2 , �")!&:*'%%0�  !  %#/, # �"-�'6#-'&'2 , %��")15#�$1  �  $8'�'  

$#$-'/  +'%-��&#3"��%%"("  4%'�("$%�6;'%#1. ��$��')'&'%%�1  4%'�('-#!�  

"6'$�'*#��'-  4%'�("$%�6;'%#'  -�!#�  "6='!-"�  !�!  %'6"&,9#'  %�$'&'%%0' 

� %!-0 , /�&0'  ��')��#1-#1 , "6='!-0  $'&,$!"("  �"312$-�� . �'/  /'%,9'  

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

�&#1%#' $& *�2%0�  8�!-"�"�  %� (��8#!  #�  $"�"! �%"2  4%'�('-#*'$!"2  

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

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

����!-'�%0/#  �"-�'6#-'&1/#  )&1 "6='!-"�  +'%-��&#3"��%%"2 4%'�('-#!# : 

!� �%0/#  ��')��#1-#1/#  # ("�")$!#/#  ��2"%�/# . 
�!"2  ����!-'�  %�(� 3"!  

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

�"-�'6%"$-,:  �  6"&,9#�  �&"5�)1�  )&1 "�(�%#3�+##  �")"�")("-"�!# , 

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

���"- �6#%%0�   $-�%"�"!  )&1 ��-"%"/%"("  4%'�("$%�6;'%#1 %'6"&,9#�  

�"-�'6#-'&'2 . �/'$-"  %#� �  /�&"2  4%'�('-#!'  /"( -  ��#/'%1-,$1  %' 

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

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

(�
� ), (�3"�"�9%'�0'  (
�� ), (�3"- �6#%%0'   $-�%"�!#  (

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

��'���5�:5#/#  #�  �  /#%#-
.7 , &#6" ��6"-�-,  ����&&'&,%"  $ 

$�/"$-"1-'&,%0/#  #$-"*%#!�/# : (�3"�0/# ,  ("&,%0/#  #&# 4&'!-�#*'$!#/#  

!"-&�/# .  

���1)  $  $-�%"�!�/#  %�  (&'�")"�")%"/  -"�&#�'  �  $"$-��  

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

!"/�&'!$0  �"& *#&#  %�3��%#' (#6�#)%0�  [22]. .88'!-#�%"$-,  ��6"-0  

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

%"/#%�&,%"/ , �  488'!-#�%"$-,  ��6"-0   $-�%"�"!  %� ��.  

(8"-"4&'!-�#*'$!#�  # �'-�"4%'�('-#*'$!#� ) – "-  ��'/'%#  $ -"! , $!"�"$-#  

�'-��  # )� (#�  �%'9%#�   $&"�#2 . �-"��$-#*'$!#2  ����!-'�  %�(� 3"!  

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

�"3�"&1:-  �"$-"1%%" 4!$�& �-#�"��-,  �$'  4-#  $-�%"�!#  �  "�-#/�&,%"/  

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

�"�09'%#1  488'!-#�%"$-#  ��6"-0   $-�%"�"!  %� ��.  �  !"/�&'!$��  /�&"2  

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

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

4%'�(## [23]. 
�!#/  "6��3"/ , /";%"  �0)'&#-,  3 !&:*'�0�  "$"6'%%"$-# 

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

1. ��#/'%'%#'   $-�%"�"!  %� 6�3'  ���  �  !�*'$-�'  "$%"�%0� 

('%'��-"�"�  4&'!-�"4%'�(## . 

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

 $-�%"�"!  %� ��.  ((#6�#)%0'  !"/�&'!$0 ). 

3. ��#/'%'%#'  �!! / &1-"�"�  -'�&"�"2  # 4&'!-�#*'$!"2  4%'�(##.  

�  "65'/  $& *�'   $-�%"�!# , ��")15#'  �  $"$-��  !"/�&'!$"�  /�&"2  

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

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

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

�!! / &1-"�0  -'�&"�"2  # 4&'!-�#*'$!"2  4%'�(##. 	6"65'%%�1  $�'/�  

4%'�('-#*'$!"("  !"/�&'!$� , "-��;�:5�1  4-"  ��3)'&'%#' , ��')$-��&'%�  %� 
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�#$ . 1.7. �"/#/"  4%'�('-#*'$!#�   $-�%"�"!  # �!! / &1-"�"�  %� �#$ %!'  

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

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

& *9'("  �"%#/�%#1  "$"6'%%"$-'2 4!$�& �-�+##  -'�  #&# #%0�  $-�%"�"! , 

4%'�('-#*'$!#�  !"/�&'!$"�  # �'�$�'!-#�  ��3�#-#1  -'�%"&"(#2  �  /�&"2  

4%'�('-#!'  %#;'  ��#�")#-$1  "63"�  ��3&#*%0�  4%'�('-#*'$!#�   $-�%"�"!  

�% -�#  !�;)"2  (� ��0 .  

 

�#$ %"!  1.7 – 	6"65'%%�1  $�'/�  4%'�('-#*'$!"("  !"/�&'!$�  /�&"2  
4%'�('-#!# : �
�  – !"('%'��+#"%%�1   $-�%"�!� ; .�  – 4&'!-�#*'$!�1  $'-, ; 
�  

– -'�&"��1  $'-, ; �  – �")"(�'2%02  !"-'& ; .�  – 4&'!-�"!"-'& ; �.�  – 
�'-�"4%'�('-#*'$!�1   $-�%"�!� ; �.�  – 8"-"4&'!-�#*'$!#2  ��'"6��3"��-'&, ; 

.�  – 4&'!-�"�!! / &1-"� ; 
�  – -'�&"�"2  �!! / &1-"� ; z1… z9 – �"-"!#  
4&'!-�"4%'�(##  (/"5%"$-, ); y1… y5 – �"-"!#  -'�&"�"2  4%'�(## (/"5%"$-, ) 


�3"�"�9%'�0'   $-�%"�!#  9#�"!"  ��#/'%1:-$1  �  /�&"2  4%'�('-#!'  

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

3%�*'%#1 ���  ()"  45%   *'-0�'�-�!-%0�  )�#(�-'&'2  [24]), %'3%�*#-'&,%"' 

�&#1%#' %� ���  -'/�'��- �0  "!� ;�:5'("  �"3) �� . �  %')"$-�-!�/  4-#�  

 $-�%"�"!  /";%"  "-%'$-#  6"&,9"'  !"&#*'$-�"  ��')%0�  �'5'$-�  �  

�0�&"�%0�  (�3�� .  

��#  %'"6�")#/"$-#  "6'$�'*'%#1  �"-�'6#-'&1  -'�&"�"2  4%'�(#'2  �
�  

# 
��  /"( -  60-,  ��'"6��3"��%0  �  /#%#-
.7  3� $*'-   $-�%"�!#  

-'�&""6/'%%0�  ������-"�  )&1  -#&#3�+## -'�&�  "-�")15#�  )0/"�0�  (�3"�  # 
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6&"!�  +#&#%)�"� . ��#/'%'%#'  !"('%'��+##  �"3�"&1'-  $ 5'$-�'%%"  �"�0$#-,  

!"488#+#'%-  #$�"&,3"��%#1  -"�&#�� . �("  /�!$#/�&,%"'  -'"�'-#*'$!"'  

3%�*'%#' )&1  $-�%"�"!  -�!"("  -#��  $"$-��&1'-  "!"&"  85% [25], ")%�!" , #3-3� 

;'$-!"2  $�13# /';)  ��"#3�")$-�"/  -'�&"�"2  # 4&'!-�#*'$!"2  4%'�(## ��#  

4!$�& �-�+##  /#%#-
.7  �$-�'-  ��"6&'/�   -#&#3�+## #360-"*%"("  -'�&� .  

�$�"&,3 '/0'  �  %�$-"15''  ��'/1  (�3"- �6#%%0'   $-�%"�!#  /";%"  

��3)'&#-,  %� )��  "$%"�%0� -#�� : $"3)�%%0' %� 6�3'  ��#�+#"%%"("  

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

"-��$&# . 

�  �  $�')%'/  #/':-  6"&''  %#3!#2 %"/#%�&,%02 ��� , *'/  �
�  # 


�� : "-  25 )"  35%. ��"/'  -"(" , #�  ���  6"&''  * �$-�#-'&'%  !  ��6"-'  �  

�';#/��  %'�"&%"2 3�(� ;'%%"$-#  (�#$  1.8). 

 

�#$ %"!  1.8 – <��#$#/"$-,  ���  "-  $-'�'%#  3�(� ;'%%"$-#   $-�%"�!#    
(�3"�"�9%'�0�  # (�3"- �6#%%0�  )�#(�-'&'2   


�3"- �6#%%0'   $-�%"�!#  #/':-  �1)  ��'#/ 5'$-� . �" -�'��0� , 

"-%"9'%#'  /�$$0  !  %"/#%�&,%"2 /"5%"$-#    

�  �  $�')%'/  �  %'$!"&,!"  ��3  

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

 �'&#*'%#'/  /"5%"$-#   $-�%"�!#   )'&,%0'  !��#-�&,%0'  3�-��-0    (�3"�0�  

- �6#%  $%#;�:-$1 , �    
��  # �
�  – ��$- - . ��#  ')#%#*%"2 /"5%"$-#  

$�09'  20 ��-  

�  "6&�)�:-  6"&,9'2  4!"%"/#*'$!"2  488'!-#�%"$-,: , �  -"  
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��'/1  !�!  4!$�& �-�+#1  
��  # �
�  �0(")%''  ��#  /"5%"$-#   $-�%"�!#  )"  

3,5 ��- . �  )#���3"%'  5-15 ��-  "6�  -#��   $-�%"�"!  ��#/'%1:-$1  �  

4%'�('-#!'  $ ���%"2  4!"%"/#*'$!"2  488'!-#�%"$-,:  ��#$�"$�6&#��1$,  !  

!"%!�'-%0/  -�'6"��%#1/  �"-�'6#-'&'2  [24].  

�"('%'��+#"%%0'   $-�%"�!# , !�!  ����#&" , ��6"-�:5#'  �"  (��8#!  

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

4%'�(## �$&')$-�#'  ;'$-!"2  $�13# /';)  ��"#3�")$-�"/  -'�&�  # 

4&'!-�#*'$-�� . �&1  %'3��#$#/"2  �0��6"-!#  -'�&�  �  $"$-��  4%'�('-#*'$!"("  

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

-"�&#�' :  (&' , (�3'  #&# )#3'&,%"/  -"�&#�' . ��')%#2  %"/#%�&,%02 ���  

-�!#�   $-�%"�"!  %��")#-$1  �  )#���3"%'  "-  87% )"  94% [24]. 

�  �1)'  $& *�'�  �  $"$-��  4%'�('-#*'$!"("  !"/�&'!$�  -�!;'  /";'-  60-,  

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

4&'!-�"4%'�(## , !�!  ����#&" , %' ��'�09�'-  40%, #$�"&,3"��%#'  

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

 $-�%"�"!  $ $#&,%"2 3��#$#/"$-,:  ���  "-  $-'�'%#  3�(� ;'%%"$-#  

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

4!"%"/##  -"�&#�� . �  ��6"-'  [26] $���%#��&�$,  488'!-#�%"$-,  $�'/  

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

6�3'  
��  �  -�!;'  (�3"�02  #&# 4&'!-�#*'$!#2  �")"(�'2%02  !"-'& . �'3 &,-�-0  

$���%'%#1 ��#�')'%0  %� �#$ . 1.9. ��!$#/�&,%"'  3%�*'%#' N"-% $""-�'-$-� '-  

%"/#%�&,%"2 4&'!-�#*'$!"2  /"5%"$-#  �
� , �  /�!$#/�&,%"'  3%�*'%#' Q"-% – 

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

488'!-#�%"$-#  $�'/  "��')'&'%�  !�!  "-%"$#-'&,%�1 ��3%#+� ��$�")"�  

-"�&#��  �  $�'/'  $ (�3"�0/  !"-&"/  # �  $�'/'  $ 4&'!-�"!"-&"/ , - .' . ��"��&0  

�"�'��%"$-#  – "6&�$-# %�(� 3"! , �  ��')'&��  !"-"�0�  4&'!-�"!"-'&  

488'!-#�%''  (�3"�"(" .  

�")"(�'2%�1  !"-'&,%�1  -�!;'  /";'-  60-,  ��'���5'%�  �  /#%#-
.7  

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

"�(�%#3"��-,  ��"#3�")$-�"  4&'!-�"4%'�(##  $ /#%#/�&,%0/#  
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)"�"&%#-'&,%0/#  3�-��-�/#  -"�&#�� . 	$%"�%"'  ��'#/ 5'$-�"  4-"2 $�'/0  

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

�  # 

!"-&�  �"  %'3��#$#/0/  (��8#!�/  %�(� 3"! . 

 

�#$ %"!  1.9 – �%�&#3 488'!-#�%"$-#  ��#/'%'%#1  4&'!-�"!"-&�  $ 
!"('%'��+#"%%"2  (�3"�"�9%'�"2   $-�%"�!"2 : N"-% # Q"-% – "-%"$#-'&,%0'  

3%�*'%#1 4&'!-�#*'$!"2  # -'�&"�"2  %�(� 3"!  �"-�'6#-'&1 , $""-�'-$-�'%%" ; 
���  (�3"�"("  !"-&� : �  – 85%; 6 – 90% 

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

 $-�%"�"!  %� ��.  �"3��$-�'-  $ !�;)0/  (")"/  �  $�13# $ $"�'�9'%$-�"��%#'/  

#, !�!  $&')$-�#' ,  )'9'�&'%#'/  -'�%"&"(#2  ��"#3�")$-��  -�!#�   $-�%"�"! . 

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

��%'&'2  �  
'�/�%##  3� �"$&')%#'  10 &'-   ��&�  6"&''  *'/  %� 70% [27]. 


'�%#!" -4!"%"/#*'$!#'  �"!�3�-'&#  �.�  -�!;'  %'��'�0�%"   & *9�:-$1 . 

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

*-"  �'-�"��1  8'�/�  /";'-  "6'$�'*#-,  ('%'��+#:  12-16 ��-  4&'!-�"4%'�(##  

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

��#*'/  �  4-  $ //  �!&:*'%0  !��#-�&,%0'  # 4!$�& �-�+#"%%0'  3�-��-0 .  

�'"6�")#/"  3�/'-#-, , *-"  3�-� )%#-'&,%"2  1�&1'-$1 "+'%!�  �&#1%#1 %� 4-  

+#8�  %�&"("�0�  &,("- , ��')"$-��&1'/0�  ("$ )��$-�"/  )&1 ��.  �"  /%"(#�  

$-��%��  ���"�0 .  
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�$'  6"&''  9#�"!"'  ��3�#-#'  �"& *�:-  # $"&%'*%0' $#$-'/0  ("�1*'("  

�")"$%�6;'%#1  # "-"�&'%#1 . �  %�$-"15''  ��'/1  �  /#�'  4!$�& �-#� '-$1  

$�09'  650 /&% / ² $"&%'*%0� !"&&'!-"�"�  "65'2  /"5%"$-,:  "!"&"   

450 
�-  [28]. 

�'�$�'!-#�%0/  # "-%"$#-'&,%" )'9'�0/  $�"$"6"/  �"& *'%#1  

4&'!-�"4%'�(##  1�&1'-$1 #$�"&,3"��%#'  /�&0�  
.� . �#���3"%  /"5%"$-#  

-�!#�   $-�%"�"!  ���,#� '-$1  "-  1 !�-  )"  25 ��- , $-"#/"$-,  "-'*'$-�'%%"("  

"6"� )"��%#1  $"$-��&1'-  "-  900 )"  2500 )"&&./!�- . ��&0'  
.�  "6&�)�:-  

6"&,9#/  ��6"*#/  �'$ �$"/  ()"  40 &'- ), #�  (#)�"-'�%#*'$!#'  $""� ;'%#1  %' 

��#�")1-  !  3�-"�&'%#:  &'$"�  # $'&,$!"�"312$-�'%%0�   (")#2 , $%"$  

%�$'&'%%0� � %!-"�  # ��"/09&'%%0�  "6='!-"� . ��&0'  �'!#  8"�/#� :-  �  

�"$$##  "!"&"  �"&"�#%0  "6='/�  �'*%"("  $-"!� , �  �  #�  6�$$'2%��  ��";#��'-  )"  

44% ("�")$!"("  # )"  90% $'&,$!"("  %�$'&'%#1. ��  4%'�('-#*'$!#2  

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

$"$-��&1'-  "!"&"  150 /&�)  !�-*  [3]. 

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

1�&1:-$1  4&'!-�"�#/#*'$!#'  �!! / &1-"�0  ($�#%+"�" -!#$&"-%0' , %#!'&,-

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

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

�"&%"2 ��3�1)!#  # "(��%#*'%%02 �'$ �$ , 4&'!-�"�#/#*'$!#'  �!! / &1-"�0  

"$-�:-$1  �"!�  ")%#/  #3 %�#6"&''  )'9'�0�  $�"$"6"�  ���%'%#1 

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


#)�"�!! / &1-"�0  4%'�(## "6&�)�:-  %�#& *9#/#  �"!�3�-'&1/#  

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

�'( &#� '-$1  # #/  %' $-��9%�  �"&%�1 ��3�1)!�  (�  "-&#*#'  "-  

4&'!-�"�#/#*'$!#�  �!! / &1-"�"� ). 	)%�!" , %'"6�")#/"$-,  $-�"#-'&,$-��  

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

��#/'%'%#1 . 

�#%'-#*'$!#'  %�!"�#-'&#  4%'�(## #&# /��"�#!#  $�"$"6%0 60$-�"  

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

��'/'%# : )"  5 /#% - . ��%%�1 "$"6'%%"$-, "��')'&1'-  %�#6"&''  �")�")15 :  

%#9  )&1 ��#/'%'%#1  !#%'-#*'$!#�  %�!"�#-'&'2  – $(&�;#��%#'  �'�'��)"�  

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

��')$-��&'%%0�  %� �0%!'  )"$-#(�'-  500 !�- , �  4%'�("'/!"$-,  – 100 !�-* .  

�"/#/"  �09'�'�'*#$&'%%0� , /%";'$-�"  %"�0�  -#�"�  

4&'!-�"�!! / &1-"�"�  %��")1-$1  �  ��3��6"-!'  &#6" %� $-�)##  

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

%�!"�#-'&#  %� $�'����"�")%#!�� , �!! / &1-"�0  �")"�")%"("  +#!&� , �')"!$ -

6�-��'# . 

��#6"&''  ��$��"$-��%'%%0/  -#�"/  -'�&"�"("  �!! / &1-"��  1�&1'-$1 

6�!  $ �")"2 . �")�  #$�"&,3 '-$1  �  !�*'$-�'  -'�&"%"$#-'&1  �  $#$-'/��  

"-"�&'%#1  # "6&�)�'-  ')��  &# %' %�#6"&,9'2  -'�&"'/!"$-,:  $�')#  ;#)!#�  # 

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

�"$-�'6"��%%�1  "6&�$-,  ��#/'%'%#1  �!! / &1-"�"�  -'�&�  – $"&%'*%�1 

-'�&"4%'�('-#!�  [23]. 	)%�!" , -�!#'  �!! / &1-"�0  /"( -  3%�*#-'&,%" 

�"�0$#-,  488'!-#�%"$-,  $�'/  %� 6�3'  !"('%'��+#"%%0�   $-�%"�"! , !"()�  

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

$#$-'/�� , ()'  -'�&"%"$#-'&'/  1�&1'-$1 (�3 , /"( -  ��#/'%1-,$1  

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

%���#/'� , 5'6%1. ��3��6"-�%0  �!! / &1-"�0  %� 8�3"�"/  �'�'�")' , 

�"3�"&1:5#'  "6'$�'*#-,  �"$-"1%%02 -'/�'��- �%02   �"�'%,  "-)���'/"2  

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

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

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

%';'&#  �")1%0' ,  )'&,%"2  4%'�("'/!"$-,: , ")%�!" , �  %�$-"15''  ��'/1  %' 

�"& *#&#  9#�"!"("  ��$��"$-��%'%#1  #3-3� $ 5'$-�'%%"  6"&''  �0$"!"2  

$-"#/"$-# .  

�"/#/"  �09'�'�'*#$&'%%0�  �  /�&"2  4%'�('-#!'  ��#/'%1:-$1  

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

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

[29], �  -�!;'  ��3%""6��3%0'   $-�%"�!#  # $#$-'/0 , #$�"&,3 :5#'  

('"-'�/�&,% :  4%'�(#: , 4%'�(#:  �"&% # ��#&#�"� . 

�3  �$'("  �09'$!�3�%%"("  /";%"  $)'&�-,  �0�")  "  6"&,9"/  

��3%""6��3##  4%'�('-#*'$!"("  "6"� )"��%#1 , !"-"�"'  /";'-  60-,  

#$�"&,3"��%"  �  $"$-��'  !"/�&'!$"�  ��$��')'&'%%"2  4%'�('-#!# . �  ")%"2 

$-"�"%0 , -�!"'  ��3%""6��3#'  �"3�"&1'-  $'�,'3%"  �"�0$#-,  4!"%"/#*%"$-,  # 

488'!-#�%"$-,  4%'�('-#*'$!#�  !"/�&'!$"�  3� $*'-  ����#&,%"("  �")6"��  

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

�")6"�� , �  $"(&�$"��%%�1 ��6"-�  ��3%""6��3%0�  ('%'�#� :5#�   $-�%"�"!  # 

�!! / &1-"�"�  -�'6 '-  ��#/'%'%#1  $"��'/'%%0�  ��-"/�-#3#�"��%%0�  

$#$-'/  !"%-�"&1  #  ����&'%#1  ��"#3�")$-�"/  4%'�(##. �'9#-,  4-# # )� (#'  

��"6&'/0  $"��'/'%%"2  4%'�('-#!#  ��#3��%"  9#�"!"'  �%')�'%#'  -'�%"&"(#2  

#%-'&&'!- �&,%0�  $'-'2  #&# smart grid. 


'�/#%  smart grid ��')'%  �  ���!-#!  �  2003 (")  �"$&'  -"("  !�!  "% 

�"1�#&$1  �  $-�-,'  Michael Burr «���"$  %�)A;%"$-# 6 )'-   ����&1-,  

#%�'$-#+#1/# » [30]. �  2005 (")  3���6"-�&�  ���"�'2$!�1  -'�%"&"(#*'$!�1  

�&�-8"�/�  smart grid (ETP SG) [31], "$%"�%"2 3�)�*'2  !"-"�"2  60&# 

"6"3%�*'%0 ��3��6"-!�  $-��-'(#*'$!#�  � !"�")$-�  �"  ��3�#-#:  # �%')�'%#:  

-'�%"&"(#2  smart grid %� -'��#-"�##  �� , �  -�!;'  !""�)#%�+#1  /';)  

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

�'$/"-�1  %� $�";'$-,  8"�/ &#�"�"!  �  &#-'��- �' , ')#%"("  

"��')'&'%#1  )&1 �"%1-#1 smart grid %' $ 5'$-� '- . �  "8#+#�&,%0�  

)"! /'%-��  -'�/#%  ��'��0'  60& "8#+#�&,%"  #$�"&,3"��%  �  �!-'  "6 

4%'�('-#*'$!"2  %'3��#$#/"$-#  # 6'3"��$%"$-# , ")"6�'%%"/  !"%(�'$$"/  

�@�  �  )'!�6�'  2007 (")�  [32]. �  )"! /'%-'  ��#�")1-$1  10 ��#3%�!"� , 

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

 ����&'%#1  $ +'&,:  �"�09'%#1  %�)';%"$-# , 6'3"��$%"$-#  # 

488'!-#�%"$-#  4&'!-�"$'-# . 

2. �#%�/#*'$!�1  "�-#/#3�+#1  ��6"-0  # �'$ �$"�  $'-#  �   $&"�#1�  �"&%"2 

!#6'�6'3"��$%"$-# .  

3. ��3�#-#'  # �%')�'%#'  ��$��')'&'%%0�  4%'�("�'$ �$"�  # 

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

4%'�(##. 

4. ��3�#-#'  # "6=')#%'%#'  "-!&#!�  # �'$ �$"�  �"-�'6#-'&1 , �  -�!;'  

4%'�("488'!-#�%0�  �'$ �$"� . 

5. �%')�'%#'  « /%0� » -'�%"&"(#2  (#%-'��!-#�%0�  ��-"/�-#3#�"��%%0�  

-'�%"&"(#2  "�-#/#3�+##  �';#/"�  ��6"-0   $-�"2$-�  # ��#6"�"�  

�"-�'6#-'&1  �  �';#/'  �'�&,%"("  ��'/'%# ) )&1 #3/'�'%#2 , �  !�%�&��  

$�13#, "��')'&1:5#�  �';#/  ��6"-0  # $"$-"1%#' $'-# , �  -�!;'  )&1 

��-"/�-#3�+##  ��$��')'&'%#1  4&'!-�"4%'�(## . 

6. �%-'(��+#1  « /%0� »  $-�"2$-�  # ��#6"�"� . 

7. �%')�'%#'  # #%-'(��+#1  �'�')"�0�  -'�%"&"(#2  %�!"�&'%#1 

4&'!-�"4%'�(##  # «$�'3!# » �#!"�0�  %�(� 3"! , �  -"/  *#$&' )&1 60-"�0�  

4&'!-�"��#6"�"�  # (#6�#)%0�  4&'!-�"/"6#&'2 , �  -�!;'  �%')�'%#'  

-'�&"�0�  �!! / &1-"�"�  �  $#$-'/0  !"%)#+#"%#�"��%#1 . 

8. ��')"$-��&'%#'  �"-�'6#-'&1/  $�"'��'/'%%"2  #%8"�/�+##  # )"$- ��  !  

!"%-�"&: . 

9. ��3��6"-!�  $-�%)��-"�  $�13# # 8 %!+#"%�&,%"2 $"�/'$-#/"$-#  

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

�!&:*�1  #%8��$-� !- � , "6$& ;#��:5 :  $'-, . 

10.  	6%�� ;'%#'  #  $-��%'%#'  %'"6"$%"��%%0� #&# %'% ;%0�  6��,'�"�  

%� � -#  �%')�'%#1  -'�%"&"(#2 , ���!-#!  #  $& (  smart grid. 


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

4-#�  10 ��#3%�!"�  /";%"  �0)'&#-,  !&:*'�0'  %�����&'%#1  ��3�#-#1  

4&'!-�"4%'�('-#*'$!"("  �"312$-��  �  ��/!��  !"%+'�+##  smart grid:  
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1. �%')�'%#'  $#$-'/  /"%#-"�#%(� , $6"��  # ���%'%#1 #%8"�/�+##  "  

$"$-"1%## ('%'�#� :5'("  "6"� )"��%#1 , $'-'2  # "6"� )"��%#1  

�"-�'6#-'&'2 . 

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

4&'!-�"4%'�(##  $ �"/"5,:  $#$-'/  ��-"/�-#3#�"��%%"("   ����&'%#1 . 

3. 	�-#/#3�+#1  ��"#3�")$-��  4%'�(## � -'/  ��3�#-#1  ��$��')'&'%%"2  

('%'��+##  # ��#/'%'%#1  488'!-#�%0�  $�'/  4%'�('-#*'$!#�  

!"/�&'!$"�  $  *'-"/  /'$-%0�  4%'�("�'$ �$"�  # �"3/";%"$-,  

#$�"&,3"��%#1   $-�%"�"!  %� ��.  # �!! / &1-"�"�  -'�&"�"2  # 

4&'!-�#*'$!"2  4%'�(##. 

4. �"3)�%#'  %"�/�-#�%"2  # 3�!"%")�-'&,%"2  6�30, $�"$"6$-� :5'2  

$!"�'29'/  ��$��"$-��%'%#:  -'�%"&"(#2  smart grid. 


�!#/  "6��3"/ , !"%+'�+#1  smart grid "6"3%�*�'-  �'9'%#'  3�)�*#  

�06"��  "�-#/�&,%"("  $"$-���  "6"� )"��%#1  )&1 4%'�('-#*'$!#�  !"/�&'!$"�  

!�!  ")%"  #3 "$%"�%0� %�����&'%#2  ��3�#-#1  /�&"2  ��$��')'&'%%"2  

('%'��+## .  

���� �������� ��� �
��������	��!� �
�����	
�� ���
�� ��	�� �����


��

�
���������

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

4%'�('-#!#  �")��3 /'��'-  �"#$!  /�!$#/�&,%"  488'!-#�%"("  $�"$"6�  

"�(�%#3�+##  4%'�("$%�6;'%#1 �"-�'6#-'&1  �  3�)�%%0�  $&"�#1� . �"-1  �  

!�*'$-�'  !�#-'�#1  488'!-#�%"$-#  /"( -  60-,  �06��%0  -�!#'  �'&#*#%0  !�!  

!"&#*'$-�"  3�-��*'%%"("  -"�&#��  #&# ��')%0�  �06�"$"� , %�#6"&''  

+'&'$""6��3%0/  �06"�"/  1�&1'-$1 �'&#*#%�  $ //��%0�  3�-��-  %� 

4%'�("$%�6;'%#'  3� ��$*'-%02  �'�#") . .-#  3�-��-0  /"( -  60-,  ��36#-0  %� 

)�'  (� ��0 :  

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

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

��")1-  !��#-�&,%0'  3�-��-0  %� 3�! �!  "6"� )"��%#1 , �'/"%-0 , "�&�-  

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

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

-"�&#�" .   

�06"�  $ //��%0�  3�-��-  %� 4%'�("$%�6;'%#'  �  !�*'$-�'  !�#-'�#1  

488'!-#�%"$-#  4%'�('-#*'$!"("  !"/�&'!$�  "��')'&1'-  3�)�*  "�-#/#3�+##  

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

$�'/0  # "�-#/�&,%"2  �';#/%"2  !��-0  "6"� )"��%#1 . ��#  4-"/  �"#$!  

"�-#/�&,%"2  �';#/%"2  !��-0  /";'-  ��$$/�-�#��-,$1  !�!  $�/"$-"1-'&,%�1  

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

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

�  "65'/  �#)'  ��$$/�-�#��'/�1  3�)�*�  ��')$-��&1'-  $"6"2 3�)�*  

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

%��";)'%##  4!$-�'/ /�  8 %!+#"%�&� – +'&'�"2  8 %!+##, �#)  !"-"�"2  

"��')'&1'-$1  �06��%%0/  !�#-'�#'/  "�-#/#3�+##  (�  )�%%"/  $& *�'  – $ //�  

�"$-"1%%0�  # �'�'/'%%0�  3�-��-  3� ��$*'-%02  �'�#") ). 

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

%'"6�")#/�  )&1 �'9'%#1  ��3&#*%0�  ��#!&�)%0�  3�)�* , $�13�%%0� $ 

��"'!-#�"��%#'/  # 4!$�& �-�+#'2  !"/�&'!$"�  /�&"2  ��$��')'&'%%"2  

4%'�('-#!# : 

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

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

��3��6"-!#  $#$-'/0  ��-"/�-#3#�"��%%"("   ����&'%#1  $ 5'$-� :5#/  

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

2. ����%#-'&,%0'  ��$*'-0  ��3&#*%0�  $�'/%0�  �'9'%#2  $ +'&,:  

�06"��  %�#& *9'("  ���#�%-�  #3 %'$!"&,!#�  ��')&";'%%0�  ��"'!-"� . 

�'9'%#'  3�)�*  )�%%"(" -#��  $�")#-$1  !  �"$&')"��-'&,%"/  �"#$!  

"�-#/�&,%0�  �';#/%0�  !��-  )&1 !�;)"2  #3 ��')&�(�'/0�  $�'/  

"6"� )"��%#1  $ �"$&') :5#/  $���%'%#'/  3�-��-  %� 4%'�("$%�6;'%#'  ��#  #�  

4!$�& �-�+##  �"  4-#/  !��-�/ . �'$/"-�1  %� -" , *-"  �06#��'-$1  %�#6"&''  
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4!"%"/#*%�1  $�'/� , �  ��/!��  ��$*'-�  ��#  �'9'%##  �")"6%"2  3�)�*#  

"�-#/#3#� :-$1  -"&,!"  �'�'/'%%0'  3�-��-0 . 

3. ���";)'%#'  "�-#/�&,%"("  �'9'%#1  ��#  *�$-#*%"/  #3/'%'%## 

!"%8#( ��+##  4%'�('-#*'$!"("  !"/�&'!$�  (3�/'%�  #&# )"6��&'%#'  

"6"� )"��%#1 ). �")"6%�1  3�)�*�  �"3%#!�'-  ��#  �'!"%$-� !+##  #&# 

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

�'�'/'%%0'  3�-��-0  # *�$-#*%"  – �"$-"1%%0'  ()&1 %"�"("  "6"� )"��%#1 ). 

4. ��"'!-%02  ��$*'-  "�-#/�&,%"2  $�'/0  # �';#/%0�  !��-  

"6"� )"��%#1  4%'�('-#*'$!"("  !"/�&'!$� . �  �")'  -�!"("  ��$*'-�  

"�-#/#3#� :-$1  !�!  �'�'/'%%0' , -�!  # �"$-"1%%0'  3�-��-0 . �3  �$'�  

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

�'9'%#1  -�!"2  3�)�*#  �"3�"&#-  -�!;'  �'9�-,  3�)�*#  -�'�  )� (#�  -#�"� . 

�  $�13# $ #%-'%$#�%0/ ��3�#-#'/  ��$��')'&'%%"2  4%'�('-#!#  

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

�"$�15'%"  6"&,9"'  !"&#*'$-�"  #$$&')"��-'&,$!#�  ��6"-  ��#!&�)%"("  

����!-'�� .  

<%�*#-'&,%�1 *�$-,  #3 %#� �"$�15'%�  "�-#/#3�+##  !"/�&'!$"�  %� 6�3'  

��.  [33-35], �  -�!;'  (#6�#)%0�  4%'�('-#*'$!#�  !"/�&'!$"� , !"-"�0'  #/':-  

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

�% -�'%%'("  $("��%#1 [36, 37]. �  ��6"-�� , �"$�15'%%0�  4%'�('-#*'$!#/  

!"/�&'!$�/ , #$�"&,3 :5#/  -"&,!"  ��. , "�-#/#3#� '-$1  $ //��%�1  

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

"$%"�%0' !"%$-� !+#"%%0'  ����!-'�#$-#!#  �'-�"4%'�('-#*'$!#�   $-�%"�"!  

(�.� ).  

�  ��6"-'  [34] )'-�&,%"  ��$$/"-�'%0  ��3&#*%0'  �")�")0  !  

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

$ //��%�1  �0��6"-!�  4&'!-�"4%'�(##  3� ��$*'-%02  �'�#") , ��#  4-"/  

!"&#*'$-�"  # -#�"��3/'�   $-�%"�"!  �"&�(�:-$1  #3%�*�&,%" 3�)�%%0/#  #&# 

"��')'&'%%0/#  %� 6"&''  ��%%'/  4-��'  ��"'!-#�"��%#1  4%'�('-#*'$!"("  

!"/�&'!$� . ��!  ����#&" , )&1 �'9'%#1  )�%%"2 3�)�*#  ��#/'%1:-$1  ��3&#*%0'  
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���#�+##  ('%'-#*'$!"("  �&("�#-/�  [38] #3-3� -"(" , *-"  $&";%�1 /")'&,  

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

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

"�-#/#3#� '/"2  $#$-'/0  (�"&";'%#1  �'-�"4%'�('-#*'$!#�   $-�%"�"!  �  

��"$-��%$-�' ). 	6&�$-, , �  !"-"�"2  )"&;%0  60-,  ��$�"&";'%0   $-�%"�!# , 

��36#��'-$1  %� 1*'2!#  )&1 $%#;'%#1 $*'-%"("  ��'/'%# . 

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

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

"(��%#*'%#1  – (���%-#�"��%%"$-#  4%'�("$%�6;'%#1, "��')'&1'/"("  !�!  

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

�'"6�")#/"  3�/'-#-, , *-"  �  ��6"-��  [33-37] ��"6&'/�  "�-#/#3�+##  

�';#/"�  ��6"-0  4%'�('-#*'$!"("  !"/�&'!$�  %' ��$$/�-�#��'-$1 : #3-3� 

"-%"$#-'&,%"2 ��"$-"-0  �06��%%0�  $�'/  �';#/  4%'�("$%�6;'%#1 

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

�'9'%#2  $�")#-$1  !  �'9'%#:  3�)�*#  �-"�"("  -#�� : $���%'%#:  �'3 &,-�-"�  

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

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

!"-"�02  /";'-  60-,  &#6" %�#6"&''  ��"$-0/  #3 �"3/";%0�  �  $& *�'  �'9'%#1  

-'"�'-#*'$!"2  3�)�*#  [36], &#6" �'�&,%"  $ 5'$-� :5'2  $�'/"2  

4%'�("$%�6;'%#1 ��$$/�-�#��'/"("  �"-�'6#-'&1  [37]. 

�  "-)'&,% :  (� ��  /";%"  �0)'&#-,  ��6"-0 , �"$�15'%%0'  �06"�  

$#$-'/  �!! / &#�"��%#1  4%'�(## [39-41]. �  -�!#�  ��6"-��  "�-#/#3#� '/0/  

����/'-�"/  1�&1'-$1 '/!"$-,  �!! / &1-"�� , �  !�#-'�#'/  "�-#/#3�+##  – 

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

�%#/�%#' , *-"  �!&:*'%#'  �!! / &1-"��  �  $"$-��  /")'&#� '/"("  !"/�&'!$�  

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

�!! / &1-"��   $-�%��&#��'-  $�13, /';)  ��3&#*%0/#  �'�#")�/#  

4%'�("$%�6;'%#1 # %' �"3�"&1'-  ��$$/�-�#��-,  !�;)02  *�$"�"2  #%-'���&  !�!  

"-)'&,% :  3�)�* .  
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�'-")0  �'9'%#1  3�)�*#  �06"��  �!! / &1-"��  /"( -  ��3&#*�-,$1  �  

3��#$#/"$-#  "-  �'9�'/0�  ����&&'&,%"  3�)�* . �  ��6"-'  [39] "�-#/#3#� '-$1  

#$!&:*#-'&,%"  '/!"$-,  4&'!-�"�!! / &1-"�� ,  $-�%"�&'%%"("  �  $#$-'/'  

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

!"-&"/ , ")%�!"  ��#  4-"/  #$�"&,3 '-$1  �")�"6%�1  )#%�/#*'$!�1  /")'&,  6�!� -

�!! / &1-"��  -'�&� , �  -�!;'  �"&�(�'-$1 , *-"  ��-"/�-#*'$!�1  $#$-'/�  

 ����&'%#1  �'�&#3 '-   ����&'%#'  $ ��"(%"3#� :5#/#  /")'&1/#  [42].  

��-"�0  ��6"-0  [40] #$�"&,3"��&#  )&1 /")'&#�"��%#1  4%'�('-#*'$!"("  

!"/�&'!$�  ��"(��//%02  !"/�&'!$  TRNSYS – ��"(��//  /")'&#�"��%#1  

-'�&"�0�  ��"+'$$"�  �  4%'�(" $-�%"�!��  [43]. �  �'3 &,-�-'  ��$*'-"�  

"�-#/#3#�"��&#$,  '/!"$-, , !"%$-� !+#"%%0'  ����/'-�0  (� %-"�"("  

�!! / &1-"��  -'�&� , �  -�!;'  "�-#/�&,%�1  -'/�'��- ��  ("�1*'2  �")0 , 

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

��'#/ 5'$-��  ��#/'%'%#1  �!! / &1-"��  -'�&�  – "$%"�%�1 3�)�*�  ��6"-0  

[40], �  �")'  ��6"-0  -�!;'  �")6#��&#$,  "�-#/�&,%0'  ���#�%-0  "$%"�%"(" 

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

�"$&')"��-'&,%"  /")'&#�"��&"$,  4%'�("$%�6;'%#'  3)�%#2 �"$,/#  

��3&#*%0�  -#�"�  "-  4%'�('-#*'$!"("  !"/�&'!$�  ��')&�(�'/"("  $"$-���  # 

� -'/  $���%'%#1 "��')'&1&�$,  488'!-#�%"$-,  -"2  #&# #%"2 $�'/0 .  

��6"-�  [44] �"$�15'%�  �06"�  /#%#-
.7  )&1 3�)�%%"(" �"-�'6#-'&1 . �  

!�*'$-�'  ���#�%-"�  ��$$/�-�#��&#$,  3 -#��   $-�%"�"! : /#%#-
.7  %� 6�3'  

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

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

-"�&#�%"("  4&'/'%-� . ����/'-�0   $-�%"�"!  �  !�;)"/  $& *�'  �06#��&#$,  

-�!#/  "6��3"/ , *-"60  4&'!-�#*'$!"2  # -'�&"�"2  /"5%"$-#  !�;)"2  #3 %#� 

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

�'�'*#$&'%%0'  ��6"-0  "6&�)�:-  "65'2  ����!-'�%"2  "$"6'%%"$-,: : 

�%'  3��#$#/"$-#  "-  !"&#*'$-��  "�-#/#3#� '/0�  ����/'-�"� , $"$-���  

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

"6"� )"��%#1  $�")#-$1  !  �'�'6"�  ���#�%-"� , ��')&";'%%0�  ��-"��/# .  


�!"2  �")�")  ��"&%'  "����)�% , !"()�  %'"6�")#/"  �06��-,   $-�%"�!  

#3 %'6"&,9"("  !"&#*'$-��  $ 5'$-� :5#�  ���#�%-"� , ")%�!" , ��#  

��"'!-#�"��%##  (#6�#)%0�  !"/�&'!$"�  $ �!! / &#�"��%#'/  -'�&"�"2  # 

4&'!-�#*'$!"2  4%'�(## 488'!-#�%"$-,  �")�")�  �0(&1)#-  $"/%#-'&,%"2 . �  

& *9'/  $& *�'  4!$�'�-   )�$-$1  ��')&";#-,   $-�%"�!#  "�-#/�&,%"("  -#�� , 

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

/")'&#�"��%#1 , �"3/";%"   (�)�-,  "�-#/�&,% :  '/!"$-,  �!! / &1-"�"�  #&# 

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

!"/�&'!$"�  $ -�!#/  $"$-��"/  ('%'�#� :5'("  "6"� )"��%#1  !�!  �  ��6"-��  

[33-37, 39-41, 44] �  $#&  ��"$-"-0  ��')&�(�'/0�  $�'/  "-$ -$-� '-  

%'"6�")#/"$-,  �'9'%#1  3�)�*#  �"#$!�  "�-#/�&,%0�  �';#/"�  ��6"-0 , �  

3%�*#-, ��')&�(�'/0'  /'-")0  %' ��"&%'  �")�")1-  )&1 �'9'%#1  3�)�*#  

"�-#/#3�+##  �  "65'/  �#)' .  

�  ��6"-'  [45] $"$-��  "6"� )"��%#1  4%'�('-#*'$!"("  !"/�&'!$�  

"�-#/#3#� '-$1  �"$�')$-�"/  /�-'/�-#*'$!"("  ��"(��//#�"��%#1 , ��#  4-"/  

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

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

")%�!"  %' 1�&1'-$1  %#�'�$�&,%0/ . ��#  4-"/  "�-#/#3�+#"%%02  ��$*'-  

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

4&'!-�"$%�6;'%#1 , *-"  )"�"&%#-'&,%"   $&";%1'-  �'9'%#'  �"$-��&'%%"2  

3�)�*# . �  $�13# $ 4-#/  �';#/  ��6"-0  "6"� )"��%#1  �  ��/!��  ��')&�(�'/"2  

/'-")#!#  "��')'&1'-$1  �"  3�)�%%0/  3���%''  ����#&�/ , �  %' "�-#/#3#� '-$1  

"-)'&,%" . 

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

�'�'*#$&'%%0�  ��%''  ��6"-�� , "$"6'%%02 #%-'�'$  ��')$-��&1:-  � 6&#!�+## , 

�"$�15'%%0'  %'�"$�')$-�'%%"  "�-#/#3�+##  �';#/"�  ��6"-0  

4%'�('-#*'$!#�  $#$-'/  [46, 47]. 
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�'$/"-�1  %� -" , *-"  ��6"-�  [46] �"$�15'%�  "�-#/#3�+##  ��6"-0  

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

�")�")0 , #3&";'%%0'  �  $-�-,' , /"( -  60-,  #$�"&,3"��%0  ��#  �'9'%##  

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

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

60&# �06��%0   )'&,%0'  3�-��-0  -"�&#��  %� ��"#3�")$-�"  4&'!-�"4%'�(## . 

�06"�  "�-#/�&,%"("  �';#/�  ��6"-0  "$ 5'$-�&1&$1  �"  /'-")  � !� -�;#�$�  

– ��1/"/  /'-")  �"#$!�  6'3 $&"�%"("  &"!�&,%"("  4!$-�'/ /�  8 %!+## [48]. 


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

$�"6")%0�  ����/'-�"�  60&" �'$,/�  �'&#!" , # ��-"�  "-)'&,%"  "-/'*�'-  

$*'-%"'  ��'/1 , %')"� $-#/"  �0$"!"'  �  $& *�'  �'9'%#1  3�)�*#  �  �'�&,%"/  

��'/'%#  $ +'&,:   ����&'%#1  �';#/"/  ��6"-0  4&'!-�"$-�%+## . ��"6&'/�  

�0$"!"("  $*'-%"("  ��'/'%#  �'9�&�$,  3� $*'-  -"(" , *-"  �$'  �"3/";%0'  

�';#/0  ��6"-0  60&# $/")'&#�"��%0  3���%''  # "6=')#%'%0 �  6�3  )�%%0�, �  

3�-'/  ��#  %'"6�")#/"$-#  % ;%02 �';#/  /";%"  60&" %�2-# �  4-"2 6�3'  �"  

#$�")%0/  )�%%0/ . 

�  [47] "�-#/#3#� '-$1  �';#/  ��6"-0  '5'  6"&''  !� �%"2  – 

�'(#"%�&,%"2  $#$-'/0  4%'�("$%�6;'%#1. �'$/"-�1  %� -" , *-"  "$%"�%0/  

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

)"�"&%#-'&,%0'  "(��%#*'%#1 , $�13�%%0' $ %'"6�")#/"$-,:  $"6&:)'%#1  

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

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

[47] 3�)�*�  /";'-  ��$$/�-�#��-,$1  !�!  3�)�*�  /%"("����/'-�#*'$!"2  

"�-#/#3�+## . ��-"��/#  ��')&�(�'-$1  %'$!"&,!"  �")�")"�  !  ''  �'9'%#: , 

$"(&�$%" !"-"�0/  �"#$!  "�-#/�&,%"("  �';#/�  8 %!+#"%#�"��%#1  

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

�&("�#-/"�  [38], -�!  # /'-")�/#  &#%'2%"(" ��"(��//#�"��%#1  [47]. 

��#/'%'%#'  /'-")"�  &#%'2%"(" ��"(��//#�"��%#1  )&1 "�-#/#3�+##  

$�'/  # �';#/"�  ��6"-0  !"/�&'!$"�  /�&"2  4%'�('-#!#  60&" ��')&";'%"  �  

[49-52]. �  �'�'*#$&'%%0�  ��6"-��  -�!;'  "6"3%�*'%0 !&:*'�0'  -�'6"��%#1 , 
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��')=1�&1'/0'  !  /'-")#!'  �'9'%#1  �")"6%0�  3�)�* : "�"��  %� "6"65'%% :  

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

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

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

%�$-"15'2  )#$$'�-�+#"%%"2  ��6"-0 , ��')$-��&1'-  $"6"2 ��3�#-#'  �"�")� , 

#3&";'%%"("  �  4-#�  � 6&#!�+#1� .  

�%�&#3 ��6"-  [36-40, 44-47] �"!�3�& , *-"  ")%"2 #3 %�#6"&''  3%�*#/0�  

��"6&'/  �  �'9'%##  3�)�*  "�-#/#3�+##  4%'�('-#*'$!#�  $#$-'/  1�&1'-$1 

"-$ -$-�#'  )�%%0� "  (��8#!��  4%'�('-#*'$!#�  %�(� 3"!  �"-�'6#-'&1 . �  [41] 

)&1 ��"�')'%#1  ��$*'-"�  #$�"&,3"��&#$,  )�%%0' #3 "-!�0-0�  #$-"*%#!"� , 

��')$-��&1:5#'  $"6"2  $�')%'%%0'  )&1 ��3&#*%0�  -#�"�  !"//'�*'$!#�  

3)�%#2 (��8#!#  4%'�('-#*'$!#�  %�(� 3"! . �  [36] -�!;'  ��')&�(�'-$1  

/")'&#�"��-,  ��6"-  4%'�('-#*'$!"("  !"/�&'!$�  �"   $�')%'%%"/  (��8#!  

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

��')&�(�'-$1  #/#-�+#"%%02 /'-")  �"%-' -���&" , !"-"�0/  "6��6�-0��'-$1  

6�3�  )�%%0� �'�&,%0�  (��8#!"�  %�(� 3"! . �'3 &,-�-0  /")'&#�"��%#1  ��6"-0  

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

(3#/%'/  # &'-%'/ ) ��')$-��&'%0  �  ��6"-��  [37, 44]. ��!  $&') '-  #3 

%�3��%#1 $-�-,#  [47], %'"6�")#/"$-,  �"#$!�  �'9'%#1  �   $&"�#1�  %'�"&%"-0  

#$�")%"2  #%8"�/�+## , �  -"/  *#$&' "-$ -$-�#'  -"*%0�  )�%%0� �"  

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

�'�')  ��-"��/# . ��-"�0  ��')&�(�:-  2 � -#  )&1 ��')$-��&'%#1  (��8#!"�  

%�(� 3"!  �"-�'6#-'&'2 :  

1) #$�"&,3"��%#'  $& *�2%" $('%'�#�"��%%"("  �1)�  3%�*'%#2; 

2) ��')$-��&'%#'  �'&#*#%0  %�(� 3!#  �  !�;)02  /"/'%-  ��'/'%#  �  �#)'  

%'*'-!"("  /%";'$-�� . 

�  "6"#�  $& *�1�  /")'&#�"��%#:  (��8#!�  ��')9'$-� '-  $-�-#$-#*'$!�1  

"6��6"-!�  #3�'$-%0�  (��8#!"�  %�(� 3"!  ��$$/�-�#��'/"("  �"-�'6#-'&1 . 

	65%"$-,  ��"6&'/�-#!#  # %�&#*#' ����!-'�%0�  %')"$-�-!"�    

��')&�(�'/0�  �  &#-'��- �'  �")�")"�  !  �'9'%#:  3�)�*  "�-#/#3�+##  
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!"/�&'!$"�  /�&"2  4%'�('-#!#  �"3�"&1'-  �'�'2-#  !  8"�/ &#�"��%#:  3�)�*#  

%�$-"15'2  )#$$'�-�+#"%%"2  ��6"-0 . 

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

�"!�30��'-  �!- �&,%"$-,  �'9'%#1  3�)�*  "�-#/#3�+##  $�'/  # �';#/"�  

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

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

-�'6"��%#1/ : 

1) �  "$%"�'  /'-")#!#  &';#-  /�-'/�-#*'$!�1  /")'&,  4%'�('-#*'$!"("  

!"/�&'!$�  ��"#3�"&,%"("  $"$-��� ; 

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

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

��"(��//#�"��%#1 , �  %' �"$�')$-�"/  ��"$-"("  �'�'6"��  4!$�'�-%" -

��')&�(�'/0�  ���#�%-"�  $�'/  "6"� )"��%#1 ; 

3) /'-")#!�  �!&:*�'-  �&("�#-/  /")'&#�"��%#1  (��8#!"�  

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

��$��')'&'%%"2  4%'�('-#!# ; 

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

)'&�'-  �"3/";%0/  ''  ���!-#*'$!"'  ��#/'%'%#' . 



38 
 

�����  2. ��%�)�%���&$!�  )!����#!"����  �  #��#�-!%$�  

)�%!��$�  !,%�)���.��  $!),��$&!"  )��!+  #�&,#�������!+  

0��#1�%�$�  

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

��#�13�%%"2 !  !"%!�'-%"/  �"-�'6#-'&:  #&# 8#!$#�"��%%"2  !"/�"3#+##  

"6"� )"��%#1 , ��')�"&�(�'-  8"�/#�"��%#'  ')#%"("  �")�")�  !  

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

60-,  �!&:*'%0  �  $"$-��  4%'�('-#*'$!"("  !"/�&'!$� . ��"/'  -"(" , �06"�  

/'-")�  "�-#/#3�+##  # '("  �)��-�+##  )&1 �'9'%#1  �"$-��&'%%"2  3�)�*#  

��')9'$-� '-  'A 8"�/�&#3�+#1  # �06"�  !�#-'�#'�  "�-#/#3�+## . �  $& *�'  $ 

!"/�&'!$�/#  /�&"2  ��$��')'&'%%"2  4%'�('-#!#  �  !�*'$-�'  -�!"("  !�#-'�#1  

/";'-  60-,  �06��%  ��$�")  -"�&#�� , 4!"&"(#*'$!#'  !�#-'�##  #&# 

4!"%"/#*'$!#'  �"!�3�-'&# . �  %�$-"15'2  ��6"-'  �  !�*'$-�'  "�-#/#3#� '/"("  

����/'-��  60&# ��#%1-0  3�-��-0  %� 4%'�("$%�6;'%#'  3�)�%%"(" �"-�'6#-'&1  

3� ��$*'-%02  �'�#")  ��'/'%# . �  4-  �'&#*#%  )"&;%0  60-,  �!&:*'%0  

3�-��-0 , $�13�%%0' $" $-�"#-'&,$-�"/  4%'�('-#*'$!"("  !"/�&'!$� , 3�! �!"2  

"6"� )"��%#1 , 3���&�-"2  �'�$"%�&� , 3�-��-�/#  %� -"�&#�" , �&�%"�0'  

�'/"%-0  # - .) . �"�/�&#3�+#1  3�)�*#  ��')�"&�(�'-  $"$-��&'%#'  "6"65'%%"2 

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

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

�  (&��'  ��#�')'%"  "�#$�%#'  /�-'/�-#*'$!"2  /")'&# , �  -�!;'  

"6"$%"��%#'  �06"��  $#/�&'!$ -/'-")�  �  !�*'$-�'  /'-")�  "�-#/#3�+## , '("  

�"$&') :5'2  �)��-�+##  )&1 �'9'%#1  �"$-��&'%%"2  3�)�*# , ��$$/"-�'%#:  

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

"�#$�%#'  ��"(��//%"2  �'�&#3�+##  ��3��6"-�%%"2  /'-")#!#  "�-#/#3�+##  �  

�#)'  ��"(��//%0�  !")"� . ��$-"15�1  ��6"-�  1�&1'-$1 )�&,%'29#/  ��3�#-#'/  

�")�")"�  # /'-")"� , ��')&";'%%0�  �  [1, 49-52]. 
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���� "���������	���� �
���#� �
�����	
�� ���
�� ��	�������
 

��

�
����������$�%
�����
���
������� ����

<�)�*�  4%'�('-#*'$!"("  !"/�&'!$�  – 6'$�'�'6"2%"'  4%'�("$%�6;'%#'  

3�)�%%"(" �"-�'6#-'&1 . 
 .' . �  &:6"2  /"/'%-  ��'/'%#  -'�&"��1  # 

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

"6'$�'*#��-,$1 . �  "65'/  $& *�'  �"/#/"  4%'�(##, ��"#3�")#/"2  

('%'�#� :5#/#   $-�%"�!�/# , �"-�'6#-'&,  /";'-  �"& *�-,  -'�&"  #&# 

4&'!-�"4%'�(#:  #3 $'-'2  +'%-��&#3"��%%"("  4%'�("$%�6;'%#1 &#6" 

#$�"&,3"��-,  4%'�(#: , 3���$'%% :  �  �!! / &1-"��� .  

�  "$%"�'  /�-'/�-#*'$!"2  /")'&#  4%'�('-#*'$!"("  !"/�&'!$�  

��"#3�"&,%"("  $"$-���  &';�-   ���%'%#1  4%'�('-#*'$!"("  6�&�%$� �"-"!"�  

-'�&"�"2  # 4&'!-�#*'$!"2  4%'�(## [52]: 

1

Qm
j j j

ec eg i
i

Q Q Q
=

= +� ,      (2.1) 

1

Nm
j j j

ec eg i
i

N N N
=

= + �  ,     (2.2) 

()'  j
ecQ , j

ecN  – -'�&"��1  # 4&'!-�#*'$!�1  %�(� 3!#  �"-�'6#-'&1  %� j-/  

#%-'���&'  ��'/'%# ; j
egQ  – -'�&"��1  # 4&'!-�#*'$!�1  /"5%"$-# , 

����!-'�#3 :5#'  �3�#/")'2$-�#'  �"-�'6#-'&1  $ �%'9%#/#  4%'�('-#*'$!#/#  

$'-1/#  (4-# �'&#*#%0  �"&";#-'&,%0 , '$&# /"5%"$-,  #/�"�-#� '-$1  #3 

�%'9%#�  $'-'2  # "-�#+�-'&,%0 , '$&# /"5%"$-,  4!$�"�-#� '-$1 ); Qm , Nm   – 

!"&#*'$-�"  -'�&" - # 4&'!-�"('%'�#� :5#�   $-�%"�"!  �  $"$-��'  

4%'�("!"/�&'!$� , $""-�'-$-�'%%" ; j
iQ – -'�&"��1  /"5%"$-,  i-2  $-�%"�!#  %� 

j-/  #%-'���&'  ��'/'%# ; j
iN  – 4&'!-�#*'$!�1  /"5%"$-,  i-2  $-�%"�!#  %� j-/  

#%-'���&'  ��'/'%# .  

�$&#  $-�%"�!�  %' ��"#3�")#- , �  �"-�'6&1'-  $""-�'-$-� :5#2  �#)  

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

60-,  "-�#+�-'&,%0/# . �$&# 4%'�("!"/�&'!$  4!$�"�-#� '-  4%'�(#:  �"  

�%'9%#'  $'-# , -"  �'&#*#%0  j
egQ  -�!;'  6 ) -  #/'-,  "-�#+�-'&,%"'  3%�*'%#'.  
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	6"65'%%�1  $�'/�  !"/�&'!$�  /�&"2  ��$��')'&'%%"2  4%'�('-#!# , 

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

�"-"!"�  -'�&"�"2  # 4&'!-�#*'$!"2  4%'�(## ��')$-��&'%�  %� �#$ . 2.1. 

 

�#$ %"!  2.1 – 	6"65'%%�1  $�'/�  4%'�('-#*'$!"("  !"/�&'!$�  

�  !�*'$-�'  ����/'-�� , ����!-'�#3 :5'("  �';#/  ��6"-0  

4%'�('-#*'$!#�   $-�%"�"! , ��')'/  !"488#+#'%-  3�(� ;'%%"$-# , !"-"�02  

�0*#$&1'-$1  !�!  "-%"9'%#'  -'! 5'2  /"5%"$-#   $-�%"�!#  !  ''  

%"/#%�&,%"/  3%�*'%#:  
j

j i
i nom

i

P
x

P
= ,     (2.3) 

()'  j
ix  – !"488#+#'%-  3�(� ;'%%"$-#  i-2  $-�%"�!#  %� j-/  ��'/'%%"/  

#%-'���&' ; j
iP  – /"5%"$-,  i-2  $-�%"�!#  %� j-/  ��'/'%%"/  #%-'���&' ; nom

iP  – 

%"/#%�&,%"' 3%�*'%#' /"5%"$-#  i-2  $-�%"�!# . �'&#*#%�  nom
iP  "��')'&1'-$1  

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

�  �"/"5,:  �0��;'%#1  (2.3) "��')'&1'-$1  !"488#+#'%-  3�(� ;'%%"$-#  

)&1 -'�&" - # 4&'!-�"('%'�#� :5#�   $-�%"�"! . �&1  !"('%'��+#"%%0�  

 $-�%"�"!  �  !�*'$-�'  j
iP  # nom

iP  �06#��:-$1  -'! 5�1  4&'!-�#*'$!�1  # 
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%"/#%�&,%�1 4&'!-�#*'$!�1  /"5%"$-# , $""-�'-$-�'%%" . ����/'-�  j
ix  �  &:6"2  

/"/'%-  ��'/'%#  "��')'&1'-  )&1 "-)'&,%"  �31-"2   $-�%"�!#  ''  

��"#3�")#-'&,%"$-,  # $�13�%%0' $ 4-#/  -"�&#�%0'  3�-��-0 . .-"  

�'( &#� '/02  ����/'-� , �  3%�*#- – ����/'-�  "�-#/#3�+## . �"/#%�&,%�1  

/"5%"$-,  4%'�('-#*'$!#�   $-�%"�"!  -�!;'  1�&1'-$1 ����/'-�"/  

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

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

�'�#")� , -"  !"488#+#'%-  3�(� ;'%%"$-#  !�;)"2   $-�%"�!#  "��')'&1'-$1  )&1 

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

$& *�'  $ 4%'�('-#*'$!#/#  !"/�&'!$�/#  – 1 (") . �06"�  -�!"("  ("�#3"%-�  

��$*'-�  "6 $&"�&'%  -'/ , *-"  %�(� 3!#  �"-�'6#-'&1  # !&#/�-#*'$!#'   $&"�#1 , 

"��')'&1:5#'  �';#/  ��6"-0   $-�%"�"!  %� ��. , #/':-  #/'%%" -�! :  

�'�#")#*%"$-, . 
")  ��36#��'-$1  %� *�$0 , �  ��')'&��  !"-"�0�  %�(� 3!�  

�"-�'6#-'&1  $*#-�'-$1  �"$-"1%%"2, *-"  "3%�*�'-  %�&#*#' �% -�#  ��$*'-%"("  

�'�#")�  8760 ��'/'%%0�  #%-'���&"� . ��#  �'9'%##  3�)�*#  �"#$!�  

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

4 ('%'�#� :5#'   $-�%"�!# , !"&#*'$-�"  "�-#/#3#� '/0�  ����/'-�"�  

$"$-��#-  4*8760 = 35040. ��  )'&'  *#$&" �'�'/'%%0�  /";'-  60-,  3%�*#-'&,%" 

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

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

!"-"�0'  /"( -  �""65'  %' �"2-#  �  "�-#/�&,%02  $"$-��  "6"� )"��%#1 . 

�'-")0  &#%'2%"(" ��"(��//#�"��%#1  �"3�"&1:-  �'$,/�   $�'9%"  

�'9�-,  3�)�*#  "�-#/#3�+##  $#$-'/ , ����!-'�#3 :5#'$1  6"&,9#/  *#$&"/  

�'�'/'%%0�  [53]. <�)�*�  &#%'2%"(" ��"(��//#�"��%#1  8"�/ &#� '-$1  

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

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

&#%'2%0� ���'%$-�  #&# %'���'%$-� . 	)%#/  #3 %�#6"&''  488'!-#�%0�  

/'-")"�  &#%'2%"(" ��"(��//#�"��%#1  1�&1'-$1 $#/�&'!$ -/'-")  [54]. .-"-  

/'-")  �'�&#3 '-  ��+#"%�&,%02 �'�'6"�  6�3#$%0� )"� $-#/0�  �'9'%#2  �  

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



42 
 

8 %!+## (/#%#/ /�  !�#-'�#1  "�-#/#3�+## ) %� !�;)"/  9�(' , # �"3�"&1'-  3� 

!"%'*%"'  *#$&" 9�("�  &#6" %�2-# "�-#/�&,%"'  �'9'%#' , &#6"  $-�%"�#-, , 

*-"  "�-#/�&,%"'  �'9'%#'  "-$ -$-� '- . �%";'$-�"  �'9'%#2  3�)�*#  

&#%'2%"(" ��"(��//#�"��%#1  /";'-  60-,  ��')$-��&'%"  �  �#)'  �0� !&"("  

/%"("(��%%#!�  �  /%"("/'�%"/  ��"$-��%$-�' , ��#  4-"/  ��"+'$$  �'9'%#1  

3�)�*#  6 )'-  �0(&1)'-,  !�!  �"$&')"��-'&,%02  �'�'�")  "-  ")%"2 �'�9#%0  

4-"("  /%"("(��%%#!�  !  )� ("2 , ��#*'/  �"& *�'/"'  %� !�;)"/  9�('  3%�*'%#' 

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

��')$-��&'%#'  ��"+'$$�  �'9'%#1  3�)�*#  %� �"#$!  /�!$#/ /�  +'&'�"2  

8 %!+## $#/�&'!$ -/'-")"/  ��#  %�&#*## )� �  $�"6")%0�  ����/'-�"�  

(-�'�/'�%"'  ��"$-��%$-�" ) �"!�3�%"  %� �#$ . 2.2. 

 

�#$ %"!  2.2 – 
��8#*'$!"'  ��')$-��&'%#'  �'9'%#1  "�-#/#3�+#"%%"2  
3�)�*#  $#/�&'!$ -/'-")"/  

��#  �06"�'  $#/�&'!$ -/'-")�  �  !�*'$-�'  /'-")�  "�-#/#3�+##  

%'"6�")#/" , *-"60  #$�"&,3 '/�1  /�-'/�-#*'$!�1  /")'&,  "6='!-�  

 )"�&'-�"�1&�  "(��%#*'%#1/ , %�!&�)0��'/0/  /'-")"/ , �  #/'%%": 

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

"(��%#*'%#1  �$'()�  &#%'2%0. 

2. �:60'  �'�'/'%%0' , #$�"&,3 '/0'  ��#  �'9'%##  3�)�*  $#/�&'!$ -

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

3��#$0��'-$1  $" 3%�!"/  «–». �$&#  $-�%"�!�  /";'-  !�!  �"-�'6&1-, , -�!  # 

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

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

#3 !"-"�0�  6 )'-  %'% &'�"2 , '$&#  $-�%"�!�  ��"#3�")#-  4%'�(#: , �  )� (�1  – 

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


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

$&') :5#'  )"� 5'%#1 : 

1. ��'/'%%0B'  #3/'%'%#1 ����!-'�#$-#!   $-�%"�"! , $�13�%%0' $ 

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

�'�'�")%0'  �';#/0  3�%#/�:-  /�& :  )"&:  "-  ��'/'%#  ��6"-0   $-�%"�"! . 

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

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

%� "65 :  488'!-#�%"$-,  ��6"-0  $#$-'/0  �"&�(�'-$1  %'3%�*#-'&,%0/ . 

����#/'� , ���  4&'!-�"!"-&"�  #3/'%1'-$1  �  ��"+'$$'  4!$�& �-�+##  �  

��')'&��  5% [55], �  %"/#%�&,%"' 3%�*'%#' ���  ��3&#*%0�  -#�"�  

4&'!-�"!"-&"�  $"$-��&1'-  "-  90% )"  98% [26].  

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

��3�1;'%0 . 

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

��$*'-��  ")%#/  �!! / &1-"�"/  $ //��%"2  '/!"$-# . 

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

 $-�%"�"!  �  6�&�%$"�0'   ���%'%#1 , �  -�!;'  )"�"&%#-'&,%0'  "(��%#*'%#1 , 

%'"6�")#/0'  )&1 #�  "�#$�%#1.  

�3  (2.3) $&') '- , *-"  ��#  ��6"-'  %� %"/#%�&,%"2 (/�!$#/�&,%"2 ) 

/"5%"$-#  !"488#+#'%-  3�(� ;'%%"$-#  ���'%  1. 	(��%#*'%#1  %� 

!"488#+#'%-0  3�(� ;'%%"$-#  �$'�   $-�%"�"!  ��")1-$1  %� !�;)"/  ��'/'%%"/  

#%-'���&' :  

1j
ix £ .      (2.4) 
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'�&" - # 4&'!-�"('%'��-"�0  �   ���%'%##  6�&�%$� 4&'!-�"4%'�(##  )&1 j-

("  ��'/'%%"("  #%-'���&�   *#-0��:-$1  *&'%�/#  �#)� : 
j j nom

i i iQ x P= ,       (2.5) 

j j nom
i i iN x P= .      (2.6) 

�%'9%#'  4%'�('-#*'$!#'  $'-#  �  ��')'&��  ��$$/�-�#��'/"2  3�)�*#  

/"( -  60-,  "�#$�%0  !�!  ('%'��-"�0  4&'!-�"4%'�(##  # -'�&� , $""-�'-$-�'%%" , 

$  *'-"/  %'!"-"�0�  "-&#*#2 . �/'$-"  ����/'-��  %"/#%�&,%"2 /"5%"$-#  

 $-�%"�!#  nom
iP  �  6�&�%$"�0�   ���%'%#1�  # �  +'&'�"2  8 %!+## 6 ) -  

8#( �#�"��-,  ����/'-�0 : max
impQ  – /�!$#/�&,%"  )"� $-#/�1  /"5%"$-, , 

�"& *�'/�1  #3 -'�&"�"2  $'-# , # max
impN  – /�!$#/�&,%"  )"� $-#/�1  /"5%"$-, , 

�"& *�'/�1  #3 4&'!-�#*'$!"2  $'-# . �$&# "-$ -$-� '-  "(��%#*'%#'  %� 

/�!$#/�&,% :  /"5%"$-, , �"& *�'/ :  #3 �%'9%#�  $'-'2 , -"  3%�*'%#1 max
impQ  # 

max
impN  /";%"  ��#%1-,  ���%0/#  /�!$#/�&,%0/  %�(� 3!�/  �"-�'6#-'&1  max

ecQ  # 

max
ecN . �  $& *�' , '$&# ��') $/"-�'%�  �"3/";%"$-,  �'�')�*#  4%'�(## �"  

�%'9%#'  $'-# , $&') '-  ��'$-#  �'&#*#%0  /�!$#/�&,%"  �"3/";%0�  

4!$�"�-#� '/0�  /"5%"$-'2  max
expQ  # max

expN , �  '$&# -�!"("  "(��%#*'%#1  %' 

$ 5'$-� '- , ��#%1-,  #�  ���%0/#  $ //'  %"/#%�&,%0� /"5%"$-'2  -'�&" - # 

4&'!-�"('%'�#� :5#�   $-�%"�"!  (- .' . /�!$#/�&,%0/  /"5%"$-1/ , !"-"�0'  

/"( -  60-,  ��"#3�')'%0  4%'�('-#*'$!#/  !"/�&'!$"/ ). 
"()�  eg
jQ  # eg

jN  

/";%"  "�#$�-,  $&') :5#/#  �0��;'%#1/# : 
max max

eg expexp
j j j

impimpQ QQ x Q x Q= - ,     (2.7) 

max max
eg expexp
j j j

impimpN NN x N x N= - ,     (2.8) 

()'  j
impQx , j

impNx  – !"488#+#'%-0 , ���%0'  )"&'  #/�"�-#� '/0�  #3 $'-#  

-'�&"�"2  # 4&'!-�#*'$!"2  /"5%"$-'2  "-  #�  /�!$#/�&,%"("  3%�*'%#1; exp
j

Qx , 

exp
j

Nx  – !"488#+#'%-0 , ���%0'  )"&'  �'�')���'/0�  �"  �%'9%#'  $'-#  

/"5%"$-'2  "-  #�  /�!$#/�&,%"("  3%�*'%#1. ��!  # !"488#+#'%-0  
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3�(� ;'%%"$-#  "6"� )"��%#1 , !"488#+#'%-0  j
impQx , j

impNx , exp
j

Qx , exp
j

Nx  

/"( -  ��#%#/�-,  3%�*'%#1 "-  0 )"  1.  

.&'!-�"!"-&0 , �"/#/"  $&�(�'/"("  �#)�  j j nom
i i iQ x P=  �  6�&�%$"�"/  

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

4&'!-�"4%'�(##  $&�(�'/"'  �#)�  
j nom

j i i
i

i

x P
N

h
= - ,     (2.9) 

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

j-/  ��'/'%%"/  "-�'3!' . �   ���%'%##  (2.9) ih  – ���   $-�%"�!# . 

�"('%'��+#"%%0'   $-�%"�!#  ��"#3�")1-  !�!  -'�&"� : , -�!  # 

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

4&'!-�#*'$!"2  /"5%"$-'2  !�!  ����#&"  $�13�%" ;'$-!"2  3��#$#/"$-,: . ��  

�#$ . 2.3 �"!�3�%�  �"& *'%%�1  �  �'3 &,-�-'  $-'%)"�0�  #$�0-�%#2  [56] 

3��#$#/"$-,  /';)  -'�&"�"2  # 4&'!-�#*'$!"2  /"5%"$-,:  )&1 /#%#-
.7  %� 

6�3'  (�3"�"�9%'�"2   $-�%"�!#  – 
�� . ��!  �#)%"  #3 �#$ %!� , �  ��6"*'/  

)#���3"%'  /"5%"$-'2  4-�  3��#$#/"$-,  /";'-  60-,  ����"!$#/#�"��%�  

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

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

(�3"�"�9%'�0' ) ��')$-��&1:-  $"6"2   $-�%"�!#  %� 6�3'  ���  # #/':-  

!�*'$-�'%%"  $�";#'  ����!-'�#$-#!#  ���  # �0��6"-!#  -'�&"�"2  4%'�(##. �  

"65'/  $& *�'  -'�&"��1  4%'�(#1, �0��6�-0��'/�1  !"('%'��+#"%%"2  

 $-�%"�!"2  �  $"$-��'  ��-"%"/%"("  4%'�('-#*'$!"("  !"/�&'!$� , /";'-  60-,  

�0��;'%�  &#%'2%"2 8 %!+#'2  !"488#+#'%-�  3�(� ;'%%"$-# : 
j j nom

i i i i iQ k x N b= + ,       (2.10) 

()'  ik  # ib  – !"488#+#'%-0 , ����!-'�#3 :5#'  $�13, /';)  �0��6"-!"2  

-'�&"�"2  # 4&'!-�#*'$!"2  4%'�(## i-2  $-�%"�!# . 
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�#$ %"!  2.3 – <��#$#/"$-,  -'�&"�"2  /"5%"$-#  !"('%'��+#"%%"2  
 $-�%"�!#  %� 6�3'  
��  "-  ''  4&'!-�#*'$!"2  /"5%"$-# : 1 – �'3 &,-�-  
$-'%)"�0�  #$�0-�%#2  [56]; 2 – &#%'2%�1 ����"!$#/�+#1  3��#$#/"$-#  

�!&�)  �!! / &1-"��  �  6�&�%$"�"'   ���%'%#'  $""-�'-$-� :5'("  �#)�  

4%'�(## /";'-  60-,  !�!  �"&";#-'&,%0/ , -�!  # "-�#+�-'&,%0/ . �3/'%'%#'  

4%'�(## �!! / &1-"��  %� "-)'&,%"/  "-�'3!'  ��'/'%#  �  $�13# $ -�'6"��%#'/  

%'"-�#+�-'&,%"$-#  �'�'/'%%0�  )"&;%"  60-,  �0��;'%"  $&') :5#/  "6��3"/ : 
j j j

ac ac acE E E+ -D = D - D ,    (2.11) 

()'  j
acED , j

acE +D  # j
acE -D  – #3/'%'%#'  4%'�(## �!! / &1-"�� , 4%'�(#1, 

�"& *'%%�1  �!! / &1-"�"/  # 4%'�(#1, "-)�%%�1 �!! / &1-"�"/  %� j-/  

"-�'3!'  ��'/'%# , $""-�'-$-�'%%" . 
�!#/  "6��3"/ , ��#  %�&#*## 

�!! / &1-"�"�  -'�&"�"2  # 4&'!-�#*'$!"2  4%'�(## �  $"$-��'  4%'�('-#*'$!"("  

!"/�&'!$�  6�&�%$"�0'   ���%'%#1  (2.1), (2.2) ��#/ -  $&') :5#2  �#) : 

1

q j jm
acq acqj j j

ec eg i j
i

E E
Q Q Q

t
+ -

=

D - D
= + -

D� ,    (2.12) 

1

q j jm
acq acqj j j

ec eg i j
i

E E
N N N

t
+ -

=

D - D
= + -

D� ,   (2.13) 

()'  jtD  – ��")"&;#-'&,%"$-,  j-("  ��'/'%%"("  #%-'���&� .  
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��"/'  -"(" , )&1 !�;)"("  #%-'���&�  ��'/'%#  %'"6�")#/"  ��'$-#  )��  

)"�"&%#-'&,%0�  "(��%#*'%#1 . �'��"'  #3 %#� �"!�30��'- , *-"  %# %� ")%"/  #3 

��'/'%%0�  #%-'���&"�  �!! / &1-"�  %' /";'-  �'�')�-,  �"-�'6#-'&:  6"&,9'  

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

$-�%'-  "-�#+�-'&,%0/ ): 

( )
1

0
j

j j j
ac ac ac

i

E E E+ -
=

= D - D ³� ,    (2.14) 

()'  j
acE  – 4%'�(#1, 3���$'%%�1 �  �!! / &1-"�'  %� /"/'%-  "!"%*�%#1 j-("  

#%-'���&�  ��'/'%# . �-"�"'  "(��%#*'%#'  �"!�30��'- , *-"  %# %� ")%"/  #3 

��'/'%%0�  #%-'���&"�  4%'�(#1, 3���$'%%�1 �  �!! / &1-"�' , %' /";'-  

��'�0$#-,  '("  '/!"$-, : 

max

1

( )
j

j j
ac ac ac

i

j
acEE E E+

=
-= D - £D� ,    (2.15) 

()'  max
acE  – '/!"$-,  �!! / &1-"�� . ��#  $%1-## �-"�"("  "(��%#*'%#1  �  

�'3 &,-�-'  "�-#/#3�+#"%%"("  ��$*'-�  /";'-  60-,  ��$$*#-�%�  '/!"$-,  

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

!��#-�&,%0�  3�-��- ). 

�  ��/!��  �'9�'/"2  3�)�*#   )"6%"  )"� $-#-, , *-"   $-�%"�!#  %� ��.  

�$'()�  4!$�& �-#� :-$1  �  -�!"/  �';#/' , *-"  ��"#3�")#/�1  #/#  /"5%"$-,  

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

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

4%'�('-#*'$!"("  !"/�&'!$�   $-�%"�!#  %� ��.  (8"-"4&'!-�#*'$!#'  # 

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

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

$"$-��  !"-"�0�  ��")1-  -�!#'   $-�%"�!# , %'"6�")#/"  #/'-,  )�%%0' "  

�"*�$"�"/  #3/'%'%## �"(")%0�   $&"�#2  �  -'*'%#'  (")�  �  -"2  /'$-%"$-# , ()'  

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

�!&�)�   $-�%"�"!  %� ��.  �   ���%'%#1  4%'�('-#*'$!"("  6�&�%$� /";%"  

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

��'"6��3"��-'&'2  – �.� ): 
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( )j j j
pv pv pvsS NN w= ,     (2.16) 

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

"-�'3!' ; pvS  – �&"5�),  �.�  ("�-#/#3#� '/02  ����/'-� ); j
pvsN  –  )'&,%�1  

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

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

$#/�&'!$ --�6&#+0  %� "$%"��%## 3%�%#2 "  ����!-'�#$-#!��   $-�%"�!#  # 

3��#$#-  "-  ����/'-��  jw  – #%-'%$#�%"$-# $"&%'*%"(" #3& *'%#1 %� 4-"/  ;'  

��'/'%%"/  "-�'3!' . ��#  4-"/  %' #/''-  3%�*'%#1, %�$!"&,!"  $&";% :  /")'&,  

8"-"4&'/'%-"�  /0  #$�"&,3 '/  ��#  ��$*'-�� , - .! . �0*#$&'%#1 j
pvsN  

��"�")1-$1  �%'  "�-#/#3�+#"%%"("  ��$*'-� . 

����&�������'�
� ���

��!   ;'  "-/'*�&"$,  �09' , �  !�*'$-�'  +'&'�"2  8 %!+## �06#��'-$1  

�'&#*#%�  3�-��-  %� 4%'�("$%�6;'%#'  3�)�%%"(" "6='!-�  3� ��$*'-%02  �'�#") . 

�:60'  3�-��-0 , $�13�%%0' $ !"/�"%'%-�/#  4%'�('-#*'$!"("  !"/�&'!$� , 

/";%"  ��3)'&#-,  %� )�'  (� ��0 : 3��#$15#'  "-  �';#/�  ��6"-0   $-�%"�!#  

(3�-��-0  -"�&#�� ) # %' 3��#$15#'  "-  %'("  (�/"�-#3�+#"%%0'  3�-��-0 , 

3���&�-�  �'�$"%�&�  # - .) .). .-"  3%�*#-, *-"  �  "65'/  $& *�'  �  +'&'� :  

8 %!+#:  ��")1-  ����/'-�0  "�-#/#3�+## , ����!-'�#3 :5#'  �';#/  ��6"-0  

"6"� )"��%#1 , # ����/'-�0  "�-#/#3�+## , "��')'&1:5#'  "�-#/�&,% :  

 $-�%"�&'%% :  /"5%"$-,  "6"� )"��%#1  ()&1 �!! / &1-"�"�  – "�-#/�&,% :  

'/!"$-, ). �  !�;)"/  -#�  ����/'-�"�  "-%"$#-$1 $""-�'-$-� :5�1  

$"$-��&1:5�1  $-"#/"$-#  4%'�(##: -"�&#�%�1 , !"-"��1  "��')'&1'-$1  �';#/"/  

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

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

�!&�)"/  �  +'&'� :  8 %!+#:  /";%"  �0)'&#-,  -�#  -#��   $-�%"�"! : 

1. �$-�%"�!# , )&1 !"-"�0�  /";'-  60-,  "�-#/#3#�"��%  �';#/  ��6"-0 , 

%" %' %"/#%�&,%�1 /"5%"$-, . �  %#/ "-%"$1-$1 �$'  ��6"-�:5#'  %� 

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

('%'��-"�0 . �"/#%�&,%�1  /"5%"$-,  -�!#�   $-�%"�"!  "��')'&1'-$1  �  

��"+'$$'  4!$�'�-%0�  "+'%"!  %� "$%"��%## (��8#!"�  %�(� 3"!  �"-�'6#-'&1 , 

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

2. �$-�%"�!# , )&1 !"-"�0�  /";%"  "��')'&#-,  !�!  "�-#/�&,%02  �';#/  

��6"-0 , -�!  # "�-#/�&,%"'  3%�*'%#' %"/#%�&,%"2 /"5%"$-# . �  -�!"�0/  

"-%"$1-$1  $-�%"�!# , ���  !"-"�0�  $&�6" 3��#$#-  "-  %"/#%�&,%"2 /"5%"$-#  

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

�  -�!;'  �!! / &1-"�0 . 

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

3�-��-0 , %" %' �';#/  ��6"-0 . �  %#/ "-%"$1-$1  $-�%"�!#  %� ��. . �  ��/!��  

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

��#%1� , *-"  �'��"/  -#�   $-�%"�"!  �  ��"#3�"&,%"/  4%'�("!"/�&'!$' , 

�!&:*�:5'/  m  $-�%"�"! , $""-�'-$-� :-   $-�%"�!#  $ %"/'��/#  $ 1 )"  l1, 

 $-�%"�!�/  �-"�"("  -#��  – $ l1+1 �"  l2, �   $-�%"�!�/  -�'-,'("  -#��  – $ l2+1 )"  

m, /";%"  3��#$�-,  )&1 -�!"("  !"/�&'!$�  +'&'� :  8 %!+#:  �  "65'/  �#)'  

( ) ( )
2

1

max

1 1 1

ln m
j

i i i i
j i i l

f P F PR
= = = +

� �
+� �

� �
= � � � ,   (2.17) 

()'  R – 3%�*'%#' +'&'�"2  8 %!+##; �'��"'  $&�(�'/"'  �  ����"2  *�$-#  – $ //�  

-"�&#�%0�  3�-��-  3� ��$*'-%02  �'�#") ; �-"�"'  $&�(�'/"'  – $ //�  

!��#-�&,%0�  3�-��-   $-�%"�"! , )&1 !"-"�0�  !��#-�&,%0'  3�-��-0  /"( -  60-,  

"�-#/#3#�"��%0 ; j
iP  # max

iP  – 3%�*'%#1 -'! 5'2  # /�!$#/�&,%"2  /"5%"$-#  

)&1 i-2  $-�%"�!# , $""-�'-$-�'%%" .  

��#  4-"/  %' #/''-  3%�*'%#1, ��"#3�")#-   $-�%"�!�  -'�&"� :  #&# 

4&'!-�#*'$! :  4%'�(#: . � %!+#1  ( )j
i if P  "��')'&1'-  3��#$#/"$-,  /';)  

/(%"�'%%"2  /"5%"$-,:  # -"�&#�%0/#  3�-��-�/# , �  ( )max
i iF P  – /';)  

/�!$#/�&,%"2  /"5%"$-,:  # !��#-�&,%0/#  3�-��-�/#  )&1 i-2  $-�%"�!# . �  

$""-�'-$-�##  $  $&"�#1/#  ��#/'%#/"$-#  $#/�&'!$ -/'-")�  4-# 3��#$#/"$-#  

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

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

	)%�!" , !  %#/ "-%"$#-$1 6"&,9#%$-�"  4&'!-�"('%'�#� :5#�   $-�%"�"! : 

)#3'&, -('%'��-"�0 , 
�� , 

� .  

 <��#$#/"$-,  ���  )#3'&,%"2  $-�%"�!#  "-  !"488#+#'%-�  

3�(� ;'%%"$-#  [57] ��')$-��&'%�  %� �#$ . 2.4. ��!  �#)%"  #3 �#$ %!� , 

�")"6%0'  ����!-'�#$-#!#  /"( -  $ )"$-�-"*%"  �0$"!"2  -"*%"$-,:  60-,  

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

  

�#$ %"!  2.4 – <��#$#/"$-,  ���  )#3'&,%"2  $-�%"�!#  "-  !"488#+#'%-�  
3�(� ;'%%"$-# : 1 – 4!$�'�#/'%-�&,%�1  3��#$#/"$-, ; 2 – (��8#!  

����"!$#/#� :5'2  (#�'�6"&#*'$!"2  8 %!+##  

�$&# 3��#$#/"$-,  ���   $-�%"�!#  "-  3�(� ;'%%"$-#  ����"!$#/#� '-$1  

(#�'�6"&"2 , -"  8 %!+#1 ( )
j

j i
i i ij

i

x
f x C

h
= , ()'  iC  – !"%$-�%-� , ����!-'�#3 :5�1  

-"�&#�%0'  3�-��-0  i-2  $-�%"�!# , /";'-  60-,  ����"!$#/#�"��%�  &#%'2%"2 

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

2.5). 
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�#$ %"!  2.5 – �#%'2%�1 ����"!$#/�+#1  8 %!+## ( )j
i if x  )&1 )#3'&,%"2 

 $-�%"�!# : 1 – (��8#!  8 %!+## ( )j
i if x ; 2 – (��8#!  &#%'2%"-

����"!$#/#�"��%%"2  8 %!+## ( )j
i if x ; 3, 4 – -"*!#  �'�'$'*'%#1  (��8#!�  

����"!$#/#�"��%%"2  8 %!+## $ "$1/#  "�)#%�-  # �6$+#$$, $""-�'-$-�'%%"  

��')$-��&'%%0'  3��#$#/"$-#  �"!�30��:- , *-"  ��#  3�(� ;'%%"$-#  

 $-�%"�!#  j
ix < 0,1 #/''-  /'$-"  $ 5'$-�'%%�1  (20% # �09' ) ��3%#+� 3%�*'%#2 

( )j
i if x   # ����"!$#/#� :5'2  8 %!+##. �"$!"&,!  )&1 &:60�  �"-�'6#-'&'2  

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

*-"60  #�  $�')%#2  !"488#+#'%-  3�(� ;'%%"$-#  60& !�!  /";%"  6&#;'  !  1, 

"-%"$#-'&,%�1 ��")"&;#-'&,%"$-,  ��6"-0   $-�%"�!#  ��#  3�(� ;'%%"$-#  

/'%''  10% )"&;%�  60-,  %'3%�*#-'&,%�, # )�%%�1 �"(�'9%"$-,  %' 6 )'-  

"!�30��-,  $ 5'$-�'%%"("  �&#1%#1 %� �'3 &,-�-0  "�-#/#3�+#"%%"("  ��$*'-� . 

� %!+#1  ����"!$#/�+##  -"�&#�%0�  3�-��-  /";'-  60-,  3��#$�%�  �  �#)' : 

  ( ) ( )j j
i i i i i ix C a x dg = + ,    (2.18) 
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()'  ia  –  (&"�"2  !"488#+#'%-  ����"!$#/#� :5'2  &#%'2%"2 8 %!+##; id  – 

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

�#$ . 2.5). 

�  "-&#*#'  "-  �';#/"�  $ %#3!"2 3�(� 3!"2 , "-%"$#-'&,%"'  ��'/1  ��"$-"1  

4%'�('-#*'$!"2   $-�%"�!#  ( j
ix  = 0) /";'-  60-,  )"$-�-"*%"  �'&#!" , �  

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

	*'�#)%" , *-"  '$&#  $-�%"�!�  �0!&:*'%� , -"�&#�%0'  3�-��-0  %� ''  

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

����"!$#/#� :5'2  8 %!+## (2.18) -"�&#�%0'  3�-��-0  ��#  % &'�"2  3�(� 3!'  

i-2  $-�%"�!#  6 ) -  ���%0  i iC d . �&1  -"(" , *-"60  "6��-#-,  #�  �  %"&, ��#  

% &'�"2  3�(� ;'%%"$-# , ��')'/  �  �0��;'%#'  (2.18) )"�"&%#-'&,%02  

$�"6")%02  ����/'-�  0
j
ix : 

( )0, 0j j
i i ix xg ³ .     (2.19) 

��#  4-"/  %'"6�")#/"  ��'$-#  "(��%#*'%#1 : 

max
0 0
j
i ix x£  ,      (2.20) 

( )0, 0j j
i i ix xg ³  ,     (2.21) 

()'  �'&#*#%�  max
0ix  – !"�'%,   ���%'%#1  ( ) 0j

i ixg =  (-"*!�  4 %� �#$ . 2.5).  

	(��%#*'%#'  (2.21) %'"6�")#/"  )&1 -"(" , *-"60  -"�&#�%0'  3�-��-0  

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

����/'-�  0
j
ix  ��#%1& %'% &'�"'  3%�*'%#' ��#  % &'�"/  3%�*'%## j

ix . �'$/"-�1  

%� -" , *-"  ��#  �'9'%##  3�)�*  $#/�&'!$ -/'-")"/  $�"6")%0'  ����/'-�0  %' 

/"( -  ��#%#/�-,  "-�#+�-'&,%0�  3%�*'%#2, "(��%#*'%#'  (2.21) !�$�'-$1  *�$-#  

+'&'�"2  8 %!+##, %' 1�&1:5'2$1  $�"6")%0/  ����/'-�"/ , �"4-"/  "%" 

-�'6 '-  "-)'&,%"("  ��')'%#1 . 

����(�
�����
���������� ������
�����

�&("�#-/  "�-#/#3�+##  60& �'�&#3"��%  �  $�')'  ��"(��//#�"��%#1  

Delphi �  �#)'  !"/�,:-'�%"2  ��"(��//0  Smart Energy complex. �"$&'  
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!"/�#&1+##  ��"(��//�  3�%#/�'-  "6='/  3,2 �6  # �!&:*�'-  )��  ��6"*#�  

8�2&� : SmartEcomplex.exe # EnergyFacilities.dat, �  -�!;'  8�2&0  testgraph.txt # 

testclimate.txt – ��#/'�0  8�2&"�  #$�")%0�  )�%%0� )&1 ��$*'-� . �"$&')%#2  

$")'�;#-  �'�'*'%,  ����!-'�#$-#!  "-)'&,%0�  4%'�('-#*'$!#�   $-�%"�"!  # 

/";'-  60-,  �  )�&,%'29'/  )"�"&%'%  �"&,3"��-'&1/#  $�/"$-"1-'&,%" . 

�'�&#3 '/02  ��"(��//"2  Smart Energy complex �&("�#-/  "�-#/#3�+##  

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

4%'�('-#!#  ��')$-��&'%  %� �#$ . 2.6. 

 

   �#$ %"!  2.6 – �&("�#-/  "�-#/#3�+#"%%0�  ��$*'-"�  �  ��"(��//'  
Smart Energy complex  

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

(�#$ . 2.7). ��"$-��%$-�"  "!%�   $&"�%"  ��3)'&'%"  %� 4 *�$-# , ��#  4-"/  �'��%#'  
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*�$-#  "-%"$1-$1 !  #$�")%0/  )�%%0/ , %#;%#' – !  �'3 &,-�-�/  ��$*'-"� ; 

&'�0'  *�$-#  $& ;�-  )&1 (��8#*'$!"("  ��')$-��&'%#1  #%8"�/�+## , ����0'  – 

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

*�$-#  ��$�"&";'%0  !"%-�"&,%0'  4&'/'%-0  )&1 �06"��  %�6"��  "-"6��;�'/0�  

(��8#*'$!#  �'&#*#% # ��3/'�%"$-#  "$'2  %� (��8#!�� .   

 

�#$ %"!  2.7 – ��6"*''  "!%"  ��"(��//0  Smart Energy complex 

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

)"$- �%0�  ('%'�#� :5#�   $-�%"�"!  6 )'-  )"6��&'%�  #%8"�/�+#1  �"-1  60 

�"  1  $-�%"�!' , ��"#3�")15'2  -'�&"� :  # 4&'!-�#*'$! :  4%'�(#: , �06��%  

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

)�%%0/#  ('$&# �  �'�'*'%,  )"$- �%0�   $-�%"�"!  60&# )"6��&'%0   $-�%"�!#  

%� ��. ). ��2&0  #$�")%0�  )�%%0� ��')$-��&1:-  #3 $'61 -'!$-"�0'  8�2&0  # 

)"&;%0  60-,  �")("-"�&'%0  �  $""-�'-$-�##  $ "6��3+�/#  testgraph.txt # 

testclimate.txt, ��")15#/#  �  $"$-��  ��"(��//%"("  !"/�&'!$� . �  $& *�' , '$&# 

"6�  8�2&�  3�(� ;'%0  # �  %#� "�#$�%"  ��3&#*%"'  !"&#*'$-�"  ��'/'%%0�  

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

��%'&,  «$'-#  # 4%'�("%"$#-'&#» ��')$-��&'%�  %� �#$ . 2.8. 
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�#$ %"!  2.8 – ��%'&,  «$'-#  # 4%'�("%"$#-'&#»  

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

)'!"/�"3#+##  3�)�*#  $  -"*%'%#'/  $-'�'%#  ��36#'%#1 (�"  %')'&1/ , �"  )%1/, 

�"  *�$�/ ). �%"�!�  «$'-#  # 4%'�("%"$#-'&#» �"3�"&#-  �'�'2-#  !  ��6"-'  $ 

")%"#/'%%"2  ��%'&,:  �  (&��%"/  "!%'  (�#$ . 2.8), �  !"-"�"/  /";%"  6 )'-  

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

()#3'&,%"'  -"�&#�" , (�3 , /�3 - , 6#"-"�&#�" ), �  -�!;'  %�&#*#' # -��#80  

�%'9%#�  4%'�("$'-'2 , /�!$#/�&,%0'  3%�*'%#1 4!$�"�-#� '/0�  �  $'-,  # 

#/�"�-#� '/0�  #3 $'-#  /"5%"$-'2 . 

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

!"-"�0/  �"   /"&*�%#:  ��#$��#��:-$1  #/'%�  resultgraph.txt # 

resultgeneral.txt. �  �'��"/  8�2&'  $"���%1'-$1  �"& *'%%�1  �  �'3 &,-�-'  ��$*'-�  

�';#/%�1  !��-�  "6"� )"��%#1  (�/'$-'  $ (��8#!�/#  %�(� 3!#  �"-�'6#-'&1  # 

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

 !�30��:-$1  #$�")%0'  )�%%0', �"!�3�-'&#  ��$*'-%"("  ��"+'$$�  (*#$&" 

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

-�!;'  "65#'  �'3 &,-�-0  ��$*'-� : $-'�'%,  3�(� ;'%%"$-#  !�;)"2  

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

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

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

��"/'  -"(" , �';#/%�1  !��-�  "6"� )"��%#1  6 )'-  ��')$-��&'%�  �  

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

�"3/";%"$-#  ��"(��//0  /"( -  60-,  ��$9#�'%0  3� $*'-  )"6��&'%#1  �  

8�2&  EnergyFacilities.dat )�%%0� "  )� (#�  4%'�('-#*'$!#�   $-�%"�!�� .  

��)�(���������*�
���
������� �



����������������# �������	���
��

�&1  -'$-#�"��%#1  /'-")�  60& ��"�')'%  ��$*'-  "�-#/�&,%"2  

!"%8#( ��+##  $#$-'/0  ��-"%"/%"("  4%'�("$%�6;'%#1  ;#&"("  3)�%#1 [58]. 

�#;'  ��#�")#-$1  �'�'*'%,  #$�")%0�  )�%%0�, #$�"&,3"��%%0�  )&1 ��$*'-� . 

�")"6%02  �'�'*'%,  )�%%0� 6 )'-  %'"6�")#/  )&1 �'9'%#1  &:6"2  

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

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

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

(�3"�"�9%'� :  4&'!-�"$-�%+#:  # (�3"�02  �")"(�'2%02  !"-'& .  

�&1  ��"�')'%#1  ��$*'-�  #$�"&,3"��&#$,  $&') :5#'  )�%%0': 

1) �  !�*'$-�'  �"-�'6#-'&1  ��$$/�-�#��&"$,  16-# 4-�;%"'  ;#&"'  

")%"�")='3)%"'  3)�%#'  (��"'!-  II-68), ��$�"&";'%%"'  �  !&#/�-#*'$!"2  

�"&"$'  (. �"$!�0 . 
��8#!#  %�(� 3"!  60&# $('%'�#�"��%0  )&1 ��6"*#�  # 

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

3#/� , "$'%, -�'$%�  ("-"�&'%#'  �!&:*'%" ) # "$'%, -�'$%�  ("-"�&'%#'  

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

����!-'�%0�  (��8#!"�  $ -"*%0�  %�(� 3"! . 
��8#!#  %�(� 3"!  ����!-'�%0�  

�'�#")"�  ��#�')'%0  %� �#$ . 2.9. 	-��&#��'/�1  �&"5�),  3)�%#1 60&�  ��#%1-�  

���%"2  7000 / 2, "-"�#-'&,%�1  ����!-'�#$-#!�  0,7 �- /(/ 2·º� ). 
��8#!#  

4&'!-�#*'$!"2  %�(� 3!#  # %�(� 3!#  ("�1*'("  �")"$%�6;'%#1  60&# �"$-�"'%0  

%� "$%"��%## ����!-'�%0�  (��8#!"�  "-%"$#-'&,%0�  %�(� 3"!  )&1 ;#&0�  

3)�%#2. �#$&"  ;#-'&'2  ��#  ��$*'-'  %�(� 3"!  60&" ��#%1-"  ���%0/  300. 

2) ��#  ��"�')'%##  "�-#/#3�+#"%%0�  ��$*'-"�  %'"6�")#/0  )�%%0' 

"  �%'9%#�  4%'�('-#*'$!#�  $'-1� : �"3/";%"$-,  # $-"#/"$-,  �")!&:*'%#1 , 
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�"3/";%"$-,  ��")�;#  4&'!-�"4%'�(##  �  $'-, , -��#80  %� 4&'!-�#*'$! :  # 

-'�&"� :  4%'�(#: , �"& *�'/ :  #3 �%'9%#�  $'-'2 . �  -'$-"�"/  ��$*'-'  # �  

6�3"�"/  ���#�%-'  4%'�("$%�6;'%#'  3)�%#1 �"&�(�&"$,  �"&%"$-,:  

��-"%"/%0/ . 

3) �!�30��:-$1  +'%0 %� 4%'�("%"$#-'&#, )"$- �%0'  �  ��2"%'  

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

��$*'-' , �  -�!;'  �  6�3"�"/  ���#�%-'  �"-�'6#-'&1/#  -"�&#��  1�&1&#$, 

(�3"�"�9%'��1   $-�%"�!�  # �")"(�'2%02  !"-'& . 	6'   $-�%"�!#  ��6"-�:-  %� 

��#�")%"/  (�3' , +'%� (�3�  60&�  ��#%1-�  ���%"2  5,2 � 6 ./%/3. 

4) ��#�")1-$1  �"*�$"�0'  (��8#!#  $!"�"$-#  �'-�� , �  -�!;'  

#%-'%$#�%"$-# $"&%'*%"(" #3& *'%#1 �  ��2"%'  ��')�"&�(�'/"("  ��3/'5'%#1  

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

��"#3�")#-'&,%"$-#   $-�%"�"!  %� ��.  �  $& *�' , '$&# "%# /"( -  60-,  

�!&:*'%0  �  $"$-��  !"/�&'!$� . �  -'$-"�"/  ��$*'-'  �  $"$-��  4%'�("!"/�&'!$�  

/";'-  60-,  �!&:*'%�  6�-��'1  �.� . �&1   *'-�  #%$"&1+## #$�"&,3"��&#$,  

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

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

)&1 �"$!"�$!"("  �'(#"%� . 

5) �!�30��:-$1  ����!-'�#$-#!#  "-)'&,%0�   $-�%"�"! : #�  

488'!-#�%"$-,  ()&1  $-�%"�"!  $ �"$-"1%%0/  3%�*'%#'/  ���   !�30��'-$1  '("  

3%�*'%#', )&1  $-�%"�"!  $ 3��#$#/"$-,:  ���  "-  ��"#3�")#-'&,%"$-#  – 

����"!$#/#� :5�1  8 %!+#1 ( )j
i if x ), �"-�'6&1'/0'  4%'�("%"$#-'&#, 

!��#-�&,%0'  3�-��-0  %� ��")   $-�%"�"!  �  4!$�& �-�+#: , $�"!#  $& ;60 . 

��"/'  -"(" , )&1  $-�%"�"!  $ �'�'/'%%0/  ���   !�30��'-$1  #�  !"&#*'$-�"  # 

')#%#*%�1 /"5%"$-, , "��')'&'%%0'  3���%''  %� "$%"��%## 4!$�'�-%0�  

"+'%"! . �  -'$-"�"/  ��$*'-'  �  $"$-��  4%'�('-#*'$!"("  !"/�&'!$�  60&�  

�!&:*'%�  /#%#-
.7  %� 6�3'  (�3"�"�9%'�"("  )�#(�-'&1  >�< -240, �  6�3"�02  

���#�%-  – 4&'!-�"$-�%+#1  %� 6�3'  -"2  ;'   $-�%"�!#  [56]. 
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�#$ %"!  2.9 – � -"*%0'  (��8#!#  %�(� 3"!  �"-�'6#-'&1 : �  – 3#/%#2 
��6"*#2  )'%, ; 6 – 3#/%#2 �0�")%"2 ; �  – "$'%%'-�'$'%%#2 ��6"*#2  )'%, ; ( – 
"$'%%'-�'$'%%#2 �0�")%"2 ; )  – "$'%%'-�'$'%%#2 ��6"*#2  )'%,  ("-"�&'%#'  
"-!&:*'%" ); '  – "$'%%'-�'$'%%#2 �0�")%"2  ("-"�&'%#'  "-!&:*'%" ); ;  – 

&'-%#2 ��6"*#2  )'%, ; 3 – &'-%#2 �0�")%"2  
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6) �!�30��:-$1  "65#'  )�%%0' "6  4%'�('-#*'$!"/  !"/�&'!$' : 

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

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

��$*'-'  �  $"$-��  4%'�('-#*'$!"("  !"/�&'!$�  ��")#&#  $&') :5#'   $-�%"�!# : 

(�3"�"�9%'�"2  4&'!-�"�(�'(�-  $ !"('%'��+#'2  (�
� ), (�3"�02  �")"(�'2%02  

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

6�-��'1  (��� ), -'�&"�"2  �!! / &1-"�  (
� ). 

��&''  ��')$-��&'%�  $-� !- ��  �0�")%0�  )�%%0�, �  -�!;'  �'3 &,-�-0  

-'$-"�"("  ��$*'-� : 

1) �"&#*'$-�"  -"�&#��  # )'%';%0'  3�-��-0  %� 4%'�("$%�6;'%#'  

�"-�'6#-'&1  3� ��$*'-%02  �'�#") , $""-�'-$-� :5#'  �"& *'%%"2  �  �'3 &,-�-'  

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

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

4&'!-�"$-�%+#1  + �� . �"  $���%'%#:  $ 6�3"�0/  ���#�%-"/  3�-��-0  

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

4,2%, �  �"-�'6&'%#'  ��#�")%"("  (�3�  – %� 16%. 

2) �'�'*'%,   $-�%"�"! , �"9')9#�  �  "�-#/#3#�"��%%02  $"$-��  

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

/"5%"$-#  (�  �  $& *�'  $ �!! / &1-"��/#  – '/!"$-# ) 4-#�   $-�%"�"! . �  

�'3 &,-�-'  "�-#/#3�+#"%%"("  ��$*'-�  #3 $"$-���  4%'�('-#*'$!"("  !"/�&'!$�  

60& #$!&:*'%  4&'!-�"!"-'& . �&"5�),  �.�  $"$-��#&�  78 / 2, '/!"$-,  ���  – 

208 !�-* , "6='/  -'�&"�"("  �!! / &1-"��  – 12,4 / 3, "�-#/�&,%�1  /"5%"$-,  

(�3"�"("  !"-&� : 270 !�- . �"(&�$%"  ��$*'- , %�!"�#-'&#  4%'�(##, %'$/"-�1  %� 

3%�*#-'&,%0'  !��#-�&,%0'  3�-��-0 , "6'$�'*#��:-  '5'  6"&''  3%�*#-'&,%02 

�0#(�09  �  3�-��-��  %� -"�&#�" . �'"6�")#/"  3�/'-#-, , *-"  ��#  ��$*'-'  

�/"�-#3�+#"%%0�  3�-��-  %� �!! / &1-"�0  #�  $�"!  $& ;60  "��')'&1&$1  

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

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

"6��3"/ , 4!"%"/#*'$!�1  488'!-#�%"$-,  %�!"�#-'&'2  �  -'$-"�"/  ��$*'-'  

/"(&�  60-,  $ 5'$-�'%%"  3��09'%� . 
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3) 	�-#/�&,%�1  �';#/%�1  !��-�  ��6"-0  "6"� )"��%#1  �  -'*'%#'  

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

)&1 ��6"*'("  )%1 �  3#/%#2 �'�#")  ��')$-��&'%�  %� �#$ . 2.10. 

 

�#$ %"!  2.10 – ����!-'�%02  (��8#!  ��6"-0  "6"� )"��%#1  
4%'�("!"/�&'!$� : 1 – �.� ; 2 – �
�  (4&'!-�#*'$-�" ); 3 – �
�  (-'�&" );  

4 – �� ; 5 – 
� ; 6 – ���  

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

���!-#*'$!#  &:6 :  #%-'�'$ :5 :  #%8"�/�+#:  "6  "$"6'%%"$-1� ��6"-0  

4%'�('-#*'$!"("  !"/�&'!$� , %���#/'� , $-� !- �  4%'�("$%�6;'%#1 , 

�"3�"&1:5 :  �"& *#-,  ��')$-��&'%#'  "  �!&�)'   $-�%"�"!  !�;)"("  -#��  �  

4%'�("$%�6;'%#'  �"-�'6#-'&1 . �-� !- ��  4%'�("$%�6;'%#1 , �"& *'%%�1  �  

�'3 &,-�-'  -'$-"�"("  ��$*'-� , ��')$-��&'%�  %� �#$ . 2.11. 
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�#$ %"!  2.11 – �-� !- ��  4%'�("$%�6;'%#1 : �  – $-� !- ��  
4&'!-�"$%�6;'%#1  (�
� +�.� ); �  – $""-%"9'%#'  4&'!-�"('%'��+##  �
�  # 

�.� ; �  – $-� !- ��  -'�&"$%�6;'%#1  

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

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

!�;)"2  #3 4-#�  $�'/  # �06��-,  "�-#/�&,% : , "�#��1$,  %� �"& *'%%0'  

�'3 &,-�-0 .  

��')&�(�'/02  /'-")  "�-#/#3�+##  $�'/%0�  �'9'%#2  # �';#/"�  

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

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

%� *%"-#$$&')"��-'&,$!"2  ��6"-0  «��3��6"-!�  # 4!$�'�#/'%-�&,%�1  

���"6�+#1  -'�%#*'$!#�  �'9'%#2  �"�09'%#1  488'!-#�%"$-#  (�3"- �6#%%0�  

 $-�%"�"!  %� "$%"�'  �% -�#+#!&"�"("  $;�-#1  -"�&#�� » ($"(&�9'%#'  $ 

�#%"6�%� !#  ��  "  ��')"$-��&'%##  $ 6$#)#2 ?  14.607.21.0157 "-  03 "!-16�1  

2016 (.) [59].  

�  $""-�'-$-�##  $ -�'6"��%#1/#  ��6"-0  4%'�("$%�6;'%#'  �"-�'6#-'&1  

"6'$�'*#��'-$1  ��'#/ 5'$-�'%%"  3� $*'-  /#%#-
.7  %� 6�3'  (�3"- �6#%%"2  

 $-�%"�!#  

� -2,5�  ��"#3�")$-��  	��  «�'�/$!#'  /"-"�0 ». �"/#%�&,%�1  

4&'!-�#*'$!�1  /"5%"$-,   $-�%"�!#  $"$-��&1'-  2,68 ��- , 4&'!-�#*'$!#2  

���  �  %"/#%�&,%"/  �';#/'  – 21,1%, -'�&"��1  /"5%"$-,  !"('%'��+#"%%"2  

%�)$-�"2!#  �  %"/#%�&,%"/  �';#/'  – 5,14 ��- . ����!-'�#$-#!#  

� -2,5�  

��')$-��&'%0  %� "8#+#�&,%"/  $�2-'  ��"#3�")#-'&1  [60]. 

�  !�*'$-�'  ����!-'�%"("  �"-�'6#-'&1  60& �06��%  �"$'&"!  �#(�%$!  – 

�)/#%#$-��-#�%02  +'%-�  �#(�%$!"("   & $�  >! -## . �#$&'%%"$-, %�$'&'%#1 

$"$-��&1'-  3451 *'&"�'! , �  �"$'&!'  #/':-$1  ��"/09&'%%0'  ��')��#1-#1 . 
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��#6"&''  �"&%0'  #$�")%0'  )�%%0' )&1 /")'&#�"��%#1  4%'�("�"-�'6&'%#1  

)&1 )�%%"(" �"$'&'%#1  %�2)'%0 )&1 2013 (")� , �"4-"/  �$'  ��#�')'%%0'  

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

2013 (")�  )%'2 60&# �06��%0  4 )%1, )&1 !"-"�0�  $�')%''  3%�*'%#' 

-'/�'��- �0  %�� ;%"("  �"3) ��  %�#6"&''  6&#3!" !  '("  $�')%'2  -'/�'��- �'  

�  $""-�'-$-� :5'/  $'3"%'. ��%%0'  �"  $ -"*%0/  #3/'%'%#1/  -'/�'��- �0  3� 

2013 (")  )&1 /")'&#�"��%#1  (��8#!"�  -'�&"�"2  %�(� 3!#  60&# �31-0  $ 

�"�-�&�  rp5.ru [61]. ����!-'�%0'  )&1 4-�  $'3"%"�  (��8#!#  %�(� 3"!  

��')$-��&'%0  %� �#$ . 2.12. 

 

�#$ %"!  2.12 – ����!-'�%0'  (��8#!#  %�(� 3"!  �"$'&!�  �#(�%$! : �  – 
3#/%#2 )'%, ; �  – �'$'%%#2 )'%, ; �  – &'-%#2 )'%, ; �  – "$'%%#2 )'%, . ��  �$'�  

(��8#!�� : 1 – 4&'!-�#*'$!�1  %�(� 3!� ; 2 – -'�&"��1  %�(� 3!�  

�&1  "+'%!#  488'!-#�%"$-#  ��')&�(�'/"2  $�'/0  4%'�("$%�6;'%#1  

��$*'-0  60&# -�!;'  ��"�')'%0  )&1 $�'/0  6'3 !"('%'��+#"%%"2  %�)$-�"2!#  



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

��#  %�&#*## #&# "-$ -$-�##  �")!&:*'%#1  !  �%'9%'2  4&'!-�"$'-#  (�#$ . 2.13). 



63 
 

 

�#$ %"!  2.13 – 	6"65'%%�1  $�'/�  4%'�("$%�6;'%#1  �"$'&!�  �#(�%$! : 
q – �"-"!#  -'�&"�"2  4%'�(##; n – �"-"!#  4&'!-�#*'$!"2  4%'�(## 

�  $�13# $ "-$ -$-�#'/  "-!�0-"2  #%8"�/�+##  "  $-"#/"$-#  

�  # 

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

3�-��-�/  %� -"�&#�"  # 3�! �!  4&'!-�"4%'�(##  #3 �%'9%'2  $'-# . 7'%�  

��#�")%"("  (�3�  60&�  ��#%1-�  ���%"2  3,43 � 6 .// 3. ��')�"&�(�&"$, , *-"  

4&'!-�"$%�6;'%#'  "-  �%'9%'2  $'-#  "$ 5'$-�&1'-$1  �"  )� �$-��"*%"/  

-��#8 : )%'�%"2 – 2,42 � 6 ./!�-* ; %"*%"2 – 1,53 � 6 ./!�-* .   

�  -�6&#+'  2.1 ��#�')'%0  �'3 &,-�-0  ��$*'-"�  (")"�0�  3�-��-  %� 

4%'�("$%�6;'%#'  � . �#(�%$!  �"  ��')&�(�'/"2  /'-")#!' . 


�6&#+�  2.1 – 
")"�0'  3�-��-0  %� 4%'�("$%�6;'%#'  � . �#(�%$! , � 6 . 

��'/�  
�'�#")  

�
� +�� +4&.$'-,  �
� +��  

� +�� +4&.$'-,  

� +��  

<#/�  125500 125500 184279 188122 
�'$%�  74983 74983 112453 122058 
�'-"  42691 49068 46545 55822 
	$'%,  82442 82442 130084 134848 
� //�  325616 331993 473361 500850 

 

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

�")!&:*'%#'/  !  �%'9%'2  4&'!-�#*'$!"2  $'-# . �';#/%0'  !��-0  ��6"-0  

"6"� )"��%#1  )&1 4-"2  $�'/0  ��#�')'%0  %� �#$  2.14. 
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�#$ %"!  2.14 – �';#/%0'  !��-0  ��6"-0  $#$-'/0  4%'�("$%�6;'%#1  � . 
�#(�%$!� . �';#/%0'  !��-0  $""-�'-$-� :-  ����!-'�%0/  $ -!�/ : �  – 3#/0 , �  

– �'$%0 , �  – &'-� , �  – "$'%#. 1 – �
�  (4&'!-�"4%'�(#1 ), 2 – �� , 3 – �
�  
(-'�&" ), 4 – �%'9%11 4&'!-�#*'$!�1  $'-,  

��  "$%"��%## �"& *'%%0�  �'3 &,-�-"�  ��$*'-�  /";%"  $  �'�'%%"$-,:  

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

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

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

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

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

)�;'  �"  %"*%"/  -��#8 . ��&#*#'  �")!&:*'%#1  !  �%'9%'2  4&'!-�#*'$!"2  

$'-#  �"3�"&1'-  #36';�-,  4!$�& �-�+##  

�  �  �';#/��  $ %#3!"2 

��"#3�")#-'&,%"$-,:  # "*'%,  %#3!#/ 4&'!-�#*'$!#/  ��� , 

$""-�'-$-� :5#/  4-#/  �';#/�/ .  
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��

�������

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

*�$-#*%"  �'9'%�  � -'/  ��#/'%'%#1  /'-")�  )'!"/�"3#+## . �'!"/�"3#+#1  

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

#$$&')"��%##  #&# ��"'!-#�"��%##  [62]. ��#/'%#-'&,%"  !  ��$$/�-�#��'/"2  

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

3�)�*�/  /'%,9'2  ��3/'�%"$-# , *-"  ��#�")#-  !  $%#;'%#:  $*'-%"("  ��'/'%# . 

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

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

���#-'!- �%02 , �&("�#-/#*'$!#2  # /")'&,%02 . 

��#  ���#-'!- �%"2  )'!"/�"3#+##  #$�")%�1  3�)�*�  ��36#��'-$1  %� n 

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

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

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

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

"��')'&'%##  ��3�'9�:5'("  (�') 5'(" ) 4&'/'%-�  [54]. ��#  "-$ -$-�##  �  

$"$-��'  4%'�("!"/�&'!$�  %�!"�#-'&'2  4%'�(## #  $-�%"�"!  %� ��.  

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

�"-�'6#-'&1  �"$-"1%%0, %' 3��#$#-  "-  �'3 &,-�-"�  ��$*'-�  %� ��')0) 5'/  

#%-'���&' . �  4-"/  $& *�'  $-'�'%,  )'!"/�"3#+##  /";'-  60-,  ��#%1-�  

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

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

4%'�("!"/�&'!$�  ��#  3�)�%%0� /"5%"$-1�  ('%'�#� :5#�   $-�%"�"!  # 

'/!"$-#  �!! / &1-"�"�  )"� $-#/�1  $-'�'%,  )'!"/�"3#+##  "��')'&1'-$1  

�';#/"/  ��6"-0  �!! / &1-"�"� . 

�$&# $-��#-$1  3�)�*�  �06"��  "�-#/�&,%"2  /"5%"$-#  �.�  # 

�'-�"4%'�('-#*'$!#�   $-�%"�"! , ���#-'!- �%�1  )'!"/�"3#+#1  �""65'  %' 

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

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

� -,  �")�")�  3�!&:*�'-$1  �  -"/ , *-"  !�;)�1  �'�'/'%%�1  #  ���%'%#' , 

"-%"$15#'$1 !  ')#%#*%"/  #%-'���&  ��'/'%# , «"-/'*�:-$1 » %"/'�"/  

)�%%"(" #%-'���&�  # �"$&'  "��')'&'%#1  ��3�'9�:5'("  $-"&6+� (- .' . 

8�!-#*'$!#  – �'�'/'%%"2 , �%"$#/"2  �  6�3#$) �06"�  ��3�'9�:5'2  $-�"!#  

"$ 5'$-�&1'-$1  -"&,!"  $�')#  $-�"! , #/':5#�  -�!"2  ;'  %"/'�  ��'/'%%"("  

#%-'���&� . �%�&"(#*%"  ���#-'!- �%"/  /'-")  $%#;�'-$1  !"&#*'$-�"  

"�'��+#2  ��#  �"#$!'  ��3�'9�:5'("  4&'/'%-� , �"-1  # %' -�!  3%�*#-'&,%" – 

��3�'9�:5#2  $-"&6'+  �$'  ���%"  �06#��'-$1  #3 *#$&� �$'�  $-"&6+"�  

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

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

�")'&,%02  �")�")  ��')�"&�(�'-  $"$-��&'%#'  -�!"2  $#$-'/0  

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

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

#%-'���&�� . 	%  /";'-  60-,  ��#/'%'%  ��#  ��$*'-��  4%'�('-#*'$!#�  

!"/�&'!$"� , �!&:*�:5#�  �!! / &1-"�0 , # �  $& *�'  $ �!! / &1-"��/#  

3�!&:*�'-$1  �"  ��')'%##  )"�"&%#-'&,%"("  "(��%#*'%#1 ,  !�30��:5'("  %� 

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

$-"�"%0 , �%"$#- "��')'&'%% :  �"(�'9%"$-,  �  �'3 &,-�-0  ��$*'-"� , $ )� ("2  

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

!"/��"/#$$  /';)  -"*%"$-,:  ��$*'-"�  # ��3 /%0/  ��'/'%'/  $*'-� . 

$��
�������������

�  %�$-"15''  ��'/1  3�)�*�  "�-#/#3�+##  $�'/%0�  �'9'%#2  # �';#/"�  

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

��';%'/  "$-�'-$1  �!- �&,%"2 , - .! .  %#�'�$�&,%"("  �'9'%#1  )"  $#�  �"�  %' 

��')&";'%" . 

�3 -3� 6"&,9"2  ��3/'�%"$-#  )�%%"2 3�)�*# , �  !�*'$-�'  /'-")�  ''  

�'9'%#1  60& #$�"&,3"��%  $#/�&'!$ -/'-") . �  !�*'$-�'  "�-#/#3#� '/"2  
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�'&#*#%0  60&# �06��%0  3�-��-0  %� 4%'�("$%�6;'%#'  3�)�%%"(" �"-�'6#-'&1  

�  -'*'%#'  ��$*A-%"("  �'�#")�  (1 (")� ). 

�  "$%"�'  /�-'/�-#*'$!"2  /")'&#  4%'�('-#*'$!"("  !"/�&'!$�  

��"#3�"&,%"2  !"%8#( ��+##  &';�-   ���%'%#1  6�&�%$� -'�&"�"2  # 

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

/"( -  ��")#-,  �  $"$-��  "6"� )"��%#1  4%'�('-#*'$!"("  !"/�&'!$� , 

$8"�/ &#�"��%0  !"/�"%'%-0  6�&�%$"�0�   ���%'%#2 , +'&'�"2  8 %!+## # 

&#%'2%0' "(��%#*'%#1 , "�#$0��:5#'  #�  ��6"-  # 4!"%"/#*'$! :  

488'!-#�%"$-,  �  ��/!��  )�%%"2 /")'&# . 

	��')'&'%  %�6"�  #$�")%0�  )�%%0� )&1 ��"�')'%#1  "�-#/#3�+#"%%0�  

��$*'-"� , �  -�!;'  $-� !- ��  )�%%0�, �"& *�'/0�  �  �'3 &,-�-'  ��$*'-� .  

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

��#/'%#/"$-#  �  3��#$#/"$-#  "-  )"� $-#/"("  $"$-���  "6"� )"��%#1  

4%'�('-#*'$!"("  !"/�&'!$� .  

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

��6"-0  4%'�('-#*'$!#�  !"/�&'!$"�  /�&"2  4%'�('-#!#  60&�  �'�&#3"��%�  �  

�#)'  ��"(��//0  Smart Energy Complex �  $�')'  ��"(��//#�"��%#1  Delphi.  

�'-")#!�  "�-#/#3�+##  $"$-���  "6"� )"��%#1  # �'�&#3"��%%"'  

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

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

)&1 "$�"'%#1  %"�0�  -'�%#*'$!#�  �'9'%#2  �"  �"�09'%#:  -"�&#�%"2  

488'!-#�%"$-#  3� $*'-  $;�-#1  -"�&#��  �  -'�/")#%�/#*'$!"/  +#!&'  

�  

(��#&";'%#'  � ). ��6"-�  �0�"&%1'-$1  �"  $"(&�9'%#:  $ �	�  �  ��/!��  

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

��#"�#-'-%0/  %�����&'%#1/  ��3�#-#1  %� *%"--'�%#*'$!"("  !"/�&'!$�  

�"$$##  %� 2014-2020 (")0 ». 
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�����  3. �!����#!"����  1#�2�$!"  0��#1�%���&$�3  

��1#��!$  !-!&!-����(3  ,!%#�-�%���+  

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

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

4%'�('-#!# . �"(&�$%"  "��')'&'%#: , /'-")#!�  – $"�"! �%"$-,  ��#'/"�  

���!-#*'$!"2  )'1-'&,%"$-# , ��#�")15�1  !  3���%''  "��')'&'%%"/   

�'3 &,-�-  [63]. �%0/#  $&"��/# , /'-")#!�  – ("-"�02  #%$-� /'%-  )&1 

�'9'%#1  !"%!�'-%"2  3�)�*# , �  )�%%"/  $& *�'  – �"& *'%#'  "�-#/�&,%"2  

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

"�-#/#3�+##  �'�&#3"��%  �  �#)'  !"/�,:-'�%"2  ��"(��//0  # %' ��')�"&�(�'-  

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

%'"6�")#/0�  #$�")%0�  )�%%0� �"&%"$-,:  &";�-$1  %� �"&,3"��-'&1 . �$&# 

��$*'-%�1  $"$-��&1:5�1  /'-")#!#  �"!�30��'-  ��'!��$%0'  �'3 &,-�-0 , %" 

�"$�"&,3"��-,$1  /'-")#!"2  3�-� )%#-'&,%"  #&# )�;'  %'�"3/";%"  #3-3� 

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

�"&%"+'%%"2. 

��%%0'  "6  4%'�('-#*'$!#�  %�(� 3!��  �"-�'6#-'&1  1�&1:-$1  

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

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

#$-"*%#!"/  -�!#�  )�%%0� 1�&1:-$1  �"& *'%%0'  � -'/  #3/'�'%#1  (��8#!#  

-'�&"�"2  # 4&'!-�#*'$!"2  %�(� 3"!  ��$$/�-�#��'/"("  �"-�'6#-'&1 . ��  

���!-#!'  �"& *#-,  -�!#'  (��8#!#  3�-� )%#-'&,%" : �" -�'��0� , #3/'�'%#1  

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

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

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

�"-�'6#-'&1  '5'  %� 4-��'  ��"'!-#�"��%#1  #&# $-�"#-'&,$-�� .  

�  3��#$#/"$-#  "-  ("�#3"%-�  ��$*'-�  # �'9�'/0�  3�)�*  /'-")0  

��"(%"3#�"��%#1  %�(� 3"!  /"( -  60-,  ��3)'&'%0  %� 3 (� ��0 : /'-")0  

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

��3�#-##  4%'�('-#!#  # #3/'%'%## "6='/"�  �"-�'6&'%#1  4&'!-�"4%'�(##  �  

-'*'%#'  )&#-'&,%"("  �'�#")�  ��'/'%# : "-  %'$!"&,!#�  &'-  )"   

)'$1-#&'-#2  [64], # ��#  -�!"/  ��"(%"3#�"��%##  %'- %'"6�")#/"$-#  �  -"*%"/  

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

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

"6='/"�  �"-�'6&1'/"2  4&'!-�"4%'�(## , %" # ����!-'��  4&'!-�"�"-�'6&'%#1  

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

"!�30��'-  $ 5'$-�'%%"'  �&#1%#' %� �';#/  ��6"-0 , #, !�!  $&')$-�#'  – %� 

�06"�  ('%'�#� :5'("  # �!! / &#� :5'("  "6"� )"��%#1  4%'�('-#*'$!"("  

!"/�&'!$� . �&')"��-'&,%" , /")'&, , !"-"� :  /";%"  6 )'-  ��"$&')$-�##  

#$�"&,3"��-,  ��#  ��"�')'%##  "�-#/#3�+#"%%0�  ��$*'-"�  $"$-���  

"6"� )"��%#1  4%'�('-#*'$!#�  !"/�&'!$"� , )"&;%�  "�#��-,$1  %� /'-")0  

!��-!"$�"*%"("  # $�')%'$�"*%"("  ��"(%"3#�"��%#1 .  

��%%�1 (&���  �"$�15'%�  /")'&#�"��%#:  4&'!-�#*'$!#�  %�(� 3"!  

!"// %�&,%0�  �"-�'6#-'&'2 . ��"(%"3#�"��%#'  %�(� 3"! , $�13�%%0� $ 

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

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

����!-'�  #�  #3/'%'%#1 �"  ��'/'%#  ("��3)"  /'%''  ��')$!�3 '/0  # -�'6 :-  

��3��6"-!#  "-)'&,%0�  �")�")"�  !  /")'&#�"��%#: . 
��8#!#  -'�&"�"2  

%�(� 3!#  -�!;'  %'"6�")#/0  )&1 �'9'%#1  3�)�*#  "�-#/#3�+##  

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

-"*%"$-,:  ��$$*#-�%�  ��#   $&"�## , *-"  #3�'$-%0 (��8#!#  -'/�'��- �0  

%�� ;%"("  �"3) ��  # "-"�#-'&,%�1  ����!-'�#$-#!�  3)�%#1 [65]. ��"/'  -"(" , 

$#$-'/0  "-"�&'%#1  # ("�1*'("  �")"$%�6;'%#1  ("$%"�%0' �"-�'6#-'&#  

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

�"  $���%'%#:  $ $#$-'/�/#  4&'!-�"$%�6;'%#1 , # !��-!"$�"*%�1  ��3%#+� 

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

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

"6��3"/ , -'�&"��1  %�(� 3!� , $ ")%"2  $-"�"%0 , /";'-  60-,  ��$$*#-�%�  
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%'�"$�')$-�'%%" , $ )� ("2  $-"�"%0 , �"(�'9%"$-# , $�13�%%0' $ 

/")'&#�"��%#'/  -'�&"�0�  %�(� 3"! , %' -�!  3%�*#/0 .  
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�!�	�����

��')#  /'-")"�  /")'&#�"��%#1  (��8#!"�  4&'!-�#*'$!#�  %�(� 3"! , 

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

4 "$%"�%0� �")�")� : �"$-�"'%#'  (��8#!�  %� "$%"��%## #%8"�/�+##  "  

�';#/'  ��6"-0  �"-�'6#-'&1 , #$�"&,3"��%#'  -#�"�0�  (��8#!"� , 

����"!$#/�+#1  # ��#/'%'%#'  #$! $$-�'%%0�  %'2�"%%0� $'-'2 .  

�&1  ��"/09&'%%0�  ��')��#1-#2 , ()'  6"&,9 :  *�$-,  4%'�("3�-��-  

8"�/#� :-  -'�%"&"(#*'$!#'  ��"+'$$0 , (��8#!#  %�(� 3"!  /"( -  60-,  

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

 )'&,%"2  4%'�("'/!"$-# , �  -�!;'  ����!-'�'  # ��")"&;#-'&,%"$-#  

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

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

�!&:*'%#'  &:6"("  4&'!-�"��#6"��  – $& *�2%"'  $"60-#' . �  �'��"/  

��#6&#;'%##  (��8#!  %�(� 3!#  )&1 -�!"("  3)�%#1 /";'-  60-,  $/")'&#�"��%  $ 

�"/"5,:  -#�"�0�  (��8#!"�  (�#$ . 3.1) [65]. �&1  4-"("  ��$$*#-0��'-$1  

$�')%'$ -"*%"'  �"-�'6&'%#'  4&'!-�"4%'�(##  �  $""-�'-$-�##  $ %"�/�-#��/#  

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

/�$9-�6#� '-$1  -�!#/  "6��3"/ , *-"60  $ //��%"'  �"-�'6&'%#'  

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

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

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

$'3"%%0� #3/'%'%#2 �  �"-�'6&'%##  4&'!-�"4%'�(## : %"�/�-#�%"'  

4&'!-�"�"-�'6&'%#'  ��$$*#-0��'-$1  !�!  $�')%''  �"  )� /  ����!-'�%0/  

/'$1+�/  (#:%,  # %"16�,) [66]. ��#  $���%'%## �'�&,%"  #3/'�'%%0�  %�(� 3"!  

;#&0�  )"/"�  $ %"�/�-#�%0/#  �"!�3�-'&1/#  4&'!-�"�"-�'6&'%#1  �"$&')%#'  

/"( -  ��'�09�-,  �'3 &,-�-0  #3/'�'%#2  6"&''  *'/  �  1,5 ��3�  [67]. 
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�#$ %"!  3.1 – 
#�"�0'  (��8#!#  "-%"$#-'&,%"2 4&'!-�#*'$!"2  %�(� 3!#  
;#&"("  3)�%#1: 1 – ��6"*#2  )'%, ; 2 – �0�")%"2  )'%,  

��#  ����"!$#/�+##  (��8#!"�  %�(� 3"!  �  !�*'$-�'  ����"!$#/#� :5#�  

8 %!+#2 /"( -  60-,  #$�"&,3"��%0  $�&�2%0 [68], ��'"6��3"��%#'  � �,'  [69] 

# �'2�&'- -��'"6��3"��%#'  [70]. ��#  4-"/  #$�"&,3"��%#'  ��'"6��3"��%#2  

� �,'  #&# �'2�&'-"�  "6'$�'*#��'-  6"&''  )"$-"�'�% :  !��-#%  ��#  

/")'&#�"��%##  %�(� 3"!  %� )&#-'&,%0�  ��'/'%%0�  "-�'3!��  ((")  # 6"&'' ) 

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

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

%')'&,  # )%'2. 

	65#2  %')"$-�-"!  /'-")"�  ����"!$#/�+##  3�!&:*�'-$1  �  $&";%"$-# 

�"#$!�  #$�")%"2  #%8"�/�+## : (��8#!"�  %�(� 3"!  "6='!-"� , �"�";#�  %� 

��$$/�-�#��'/02 , &#6" (��8#!"�  %�(� 3"!  $�/"("  "6='!-� , #3/'�'%%0�  %� 

��'/'%%"/  "-�'3!' , )"$-�-"*%"  )&#-'&,%"/ , *-"60  �  �'3 &,-�-'  

����"!$#/�+##  /";%"  60&" 60 �"& *#-,  (��8#!#  %�(� 3"!  )&1 �'�#")�  

%'"6�")#/"2  ��")"&;#-'&,%"$-# . 

��#  !��-!"$�"*%"/  # $�')%'$�"*%"/  ��"(%"3#�"��%##  %�(� 3!  

 )"6%"  ��36#��-,  %� )�'  $"$-��&1:5#' : $& *�2% :  # -�'%)"� : . �'/  %#;'  

$�')%11 %�(� 3!�  �"-�'6#-'&1 , -'/  6"&,9''  �&#1%#' %� (��8#!  %�(� 3!#  
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"!�;'-  $& *�2%�1 $"$-��&1:5�1 . �")'&#�"��-,  ''  /";%"  �"$�')$-�"/  

�'2�&'- -��'"6��3"��%#1 , &#6" "%� /";'-  "��')'&1-,$1  !�!  $& *�2%�1 

�'&#*#%�  )&1 !�;)"("  ��'/'%%"("  #%-'���&� . �  ��6"-��  [71], [72] �"!�3�%" , 

*-"  ��#  ��36#'%## $ -"!  %� ����!-'�%0'  �'�#")0  �% -�#  !�;)"("  �'�#")�  

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

��$��')'&'%#1 . �&1  ;#&0�  3)�%#2 (�  3%�*#- – # )&1 (� ��  ;#&0�  3)�%#2) �  

!�*'$-�'  ����!-'�%0�  #%-'���&"�  ��'/'%#  /"( -  60-,  �06��%0  3 �'�#")� , 

$""-�'-$-� :5#'  ��3&#*%"2 �!-#�%"$-#  *'&"�'!�  )"/� : $ 0 )"  8 *�$"� , $ 8 )"  

16 # $ 16 )"  24 *�$"� .  

.!$�'�#/'%-�&,%02  $ -"*%02  (��8#!  4&'!-�#*'$!"2  %�(� 3!#  ;#&"("  

3)�%#1, �  -�!;'  (��8#!#  '("  -�'%)"�"2  # $& *�2%"2 $"$-��&1:5#�  

��')$-��&'%0  %� �#$ . 3.2 [71]. 

 

�#$ %"!  3.2 – � -"*%02  (��8#!  4&'!-�#*'$!"2  %�(� 3!#  ;#&"("  
3)�%#1: 1 – 4!$�'�#/'%-�&,%02  (��8#! ; 2 – -�'%)"��1  $"$-��&1:5�1 ;  

3 – $& *�2%�1 $"$-��&1:5�1  

�'3 &,-�-"/  ��#/'%'%#1  /'-")"�  ����"!$#/�+##  1�&1'-$1 8 %!+#1, 

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

"��')'&'%%"("  -#��  %� "$%"��%## %'�"&%"2 #%8"�/�+##  "  %�(� 3!��  4-"("  

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

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

����"!$#/�+##  %'  *#-0��:-$1  �'�&,%0'  ����/'-�0 , �&#1:5#'  %� 

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

# - .) .).  

�$! $$-�'%%0'  %'2�"%%0' $'-#  ��')$-��&1:-$1  %�#6"&''  

�'�$�'!-#�%0/  #%$-� /'%-"/  )&1 �'9'%#1  3�)�*  /")'&#�"��%#1  (��8#!"�  

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

��%%02 /'-")  #/''-  $'�,'3%"'  ��'#/ 5'$-�"  �'�')  ����"!$#/�+#'2 : 

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

����/'-�0 , �&#1:5#'  %� �';#/  4&'!-�"�"-�'6&'%#1 . ��"/'  -"(" , %'2�"%%0' 

$'-#  $�"$"6%0 "6'$�'*#-,  "-%"$#-'&,%" �0$"! :  -"*%"$-,  ��"(%"3�  ��#  

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

"-!&"%'%#2 [73]. 
�!;'  ��#/'%'%#'  %'2�"$'-'�0�  /")'&'2  1�&1'-$1 

"6"$%"��%%0/  ��#  %')"$-�-"*%"2  8"�/�&#3�+##  3�)�*#  # #360-"*%"2 ''  

)'-�&#3�+## . �'-")  #$! $$-�'%%0�  %'2�"%%0� $'-'2  �"3�"&1'-   $�'9%"  

��'")"&'��-,  �")"6%0'  ��"6&'/0  # "(��%#*'%#1 , %'�')!"  �"3%#!�:5#'  ��#  

/")'&#�"��%##  ��"+'$$"�  �  4%'�('-#!' , *-"  �"!�3�%"  �  [74] %� ��#/'�'  

�'9'%#1  3�)�*#  /")'&#�"��%#1  ��6"-0  "6"� )"��%#1  ! 3%'*%"("  +'�� .  

�'2�"%%�1  $'-,  – 4-"  ��$��')'&'%%02  ��"+'$$"� , $"$-"15#2  #3 

4&'/'%-��%0�  ')#%#+ "6��6"-!#  #%8"�/�+##  (%'2�"%"� ) # $�13'2  /';)  

%#/#, -�!  %�30��'/0�  $#%��-#*'$!#�  �'$"� , %�!��&#��:5#�  

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

"6��6"-!# . 
� ���  %'2�"%"� , 8"�/#� :5�1  9�(  "6��6"-!#  $#(%�&�, 

8"�/#� '-  $!�0-02  $&"2 %'2�"%"� . ��%�&0  ��")�  #$�")%0�  )�%%0� )&1 

�0*#$&'%#2 # �0�")�  �'3 &,-�-"�  ��$*'-"�  8"�/#� :-  ��")%"2  # �0�")%"2  

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

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

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

��')0) 5'("  $&"1 !  �"$&') :5'/ . �-� !- ��  %'2�"%%"2 $'-#  ��1/"("  

��$��"$-��%'%#1  $ )� /1  $!�0-0/#  $&"1/#  ��')$-��&'%�  %� �#$ . 3.3. 
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�#$ %"!  3.3 – �-� !- ��  %'2�"%%"2 $'-#  ��1/"("  ��$��"$-��%'%#1  $ 
)� /1  $!�0-0/#  $&"1/#  

��  �#$ %!'  3.4 ��')$-��&'%�  $�'/�  8 %!+#"%#�"��%#1  "-)'&,%"("  

%'2�"%�  k $!�0-"("  $&"1. � %!+#"%#�"��%#'  %'2�"%�  /";'-  60-,  "�#$�%"  

$&') :5'2  ���"2   ���%'%#2 :  

1

m

k kj j
j

u w x
=

= �  ,     (3.1) 

( )k k ky u bj= + ,     (3.2) 

()'  m – *#$&" $#(%�&"� %� ��")'  �  %'2�"% k; x1, x2,…xm – ��")%0'  $#(%�&0 

%'2�"%�  k; wk1, wk2,…wkm – $#%��-#*'$!#'  �'$�  %'2�"%�  k; uk – &#%'2%�1 

!"/6#%�+#1  ��")%0�  �"3)'2$-�#2 ; bk – �"�"("��1  !"%$-�%-�  %'2�"%�  k; $ //�  

uk+bk ��')$-��&1'-  $"6"2  $#(%�&, "6��6�-0��'/02  +'&'�"2  8 %!+#'2 , # 

%"$#- %�30��%#'  #%) +#�"��%%"("  &"!�&,%"("  �"&1 ; �  – 8 %!+#1 "6��6"-!#  

��")%"("  $#(%�&� %'2�"%�  k, %�30��'/�1  8 %!+#'2  �!-#��+## ; yk – �0�")%"2  

$#(%�& %'2�"%� .   
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�#$ %"!  3.4 – ��'/�  8 %!+#"%#�"��%#1  "-)'&,%"("  %'2�"%�  k 
$!�0-"("  $&"1 

��!  #%$-� /'%-  �'9'%#1  3�)�*  ��"(%"3#�"��%#1  %'2�"%%0' $'-#  

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

%'"6�")#/  !"��'!-%02  �06"�  ����/'-�"� , �")���'/0�  %� ��")  %'2�"%%"2 

$'-# . �" -�-"�0� , ��#  �'9'%##  3�)�* , $�13�%%0� $ /")'&#�"��%#'/ , )&1 

"6 *'%#1  %'2�"%%"2 $'-#  %'"6�")#/�  "6 *�:5�1  �06"�!� . 

	6 *�:5�1  �06"�!�  – 4-"  %�6"�  -#�"�0�  3�)�* , )&1 !"-"�0�  �'9'%#1  

#3�'$-%0. �'2�"%%�1  $'-,  �0-�'-$1  �'9�-,  3�)�*#  $�/�  # $���%#��'-  

�"& *'%%02  �'3 &,-�-  $ "-�'-"/ . �:6"'  "-!&"%'%#'  "-  3�)�%%"(" "-�'-�  

�&'*'-  3� $"6"2  !"��'!+#:  $#%��-#*'$!#�  �'$"� , ��"�"�+#"%�&,% :  

�'&#*#%'  "9#6!#  # $#(%�& , �03���9'/  4-  "9#6! : 

t
kj

kj

S
w

w
h

¶
D = -

¶
,     (3.3) 

()'  kjwD  – !"��'!-#�"�!�  $#%��-#*'$!"("  �'$�  kjw ; h  – ����/'-�  $!"�"$-#  

"6 *'%#1 ; t

kj

S
w

¶
¶

 – ��"#3�")%�1  �'&#*#%0  "9#6!#  �"  $#%��-#*'$!"/   

�'$  kjw . ��%%"'  ����#&"  !"��'!+##  $#%��-#*'$!#�  �'$"�  ��')$-��&1'-  $"6"2  

%�#6"&''  ��$��"$-��%'%%02  �&("�#-/  "6 *'%#1  %'2�"%%"2 $'-# , %�30��'/02  

/'-")"/  "6��-%"("  ��$��"$-��%'%#1  "9#6!#  [73]. 
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���� (
	��

���� ������� �
�����
��
��� ���'��
�� ������� ��	��!� 
�����
��

�
���
��#
�!��
���%��������

<�)�*�  ��3��6"-!#  /'��%#3/�  !��-!"$�"*%"("  ��"(%"3#�"��%#1  

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

#$! $$-�'%%0�  %'2�"%%0� $'-'2  �'9�'-$1  �  %'$!"&,!"  4-��"� :  

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

%�(� 3! . 

2) �06"�  ���#-'!- �0  %'2�"%%"2 $'-#  )&1 /")'&#�"��%#1  (��8#!"�  

%�(� 3"! . 

3) �"�/#�"��%#'  "6 *�:5'2  # !"%-�"&,%"2  �06"�"!  )&1 %'2�"%%"2 

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

4) 	6 *'%#'  %'2�"%%"2 $'-# .  

5) �")'&#�"��%#'  4&'!-�#*'$!#�  %�(� 3"!  �"  ��")%0/  )�%%0/  

!"%-�"&,%"2  �06"�!# . 

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

!"%-�"&,%"2  �06"�!"2 . 	+'%!�  -"*%"$-#  /'-")� . 

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

"-)'&,%0�  ;#&0�  )"/��  # /�&0�  %�$'&'%%0� � %!-�� . �&�(")��1  

3%�*#-'&,%"/  "6='/  ��6"- , �0�"&%'%%0�  �  )�%%"2 "6&�$-# , #/''-$1  

)"$- �  !  ���#�  $ -"*%0�  �"*�$"�0�  (��8#!"�  4&'!-�#*'$!#�  %�(� 3"!  

6"&,9"("  *#$&� )"/"�  # �"$'&!"�  �  ��3&#*%"'  ��'/1  (")� , �"& *'%%0�  � -'/  

��1/"("  3�/'�� .  

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

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

$�13�%% : $ "+'%!"2  �"(�'9%"$-#  ��#  /")'&#�"��%##  $& *�2%"2 

$"$-��&1:5'("  (��8#!�  %�(� 3!# , $ )� ("2  $-"�"%0 , ��#  �'9'%##  )�%%"2 

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

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

�"!�3�%" , *-"  ��#  #$�"&,3"��%##  -"&,!"  %'2�"%"�  c &#%'2%0/# 

8 %!+#1/#  �!-#��+##  &:6�1  %'2�"%%�1 $'-,  ��1/"("  ��$��"$-��%'%#1  
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/";'-  60-,  $�')'%�  !  %'2�"%%"2 $'-#  $ ")%#/  $!�0-0/  $&"'/  [73]. 

�$�"&,3"��%#'  &#%'2%0� 8 %!+#2 �!-#��+##   ��"5�'-  "�(�%#3�+#:  

%'2�"%%"2 $'-#  # ��"+'$$�  ''  "6 *'%#1 , �  -�!;'  /#%#/#3#� '-  $*'-%"'  

��'/1 . ��"/'  -"(" , $ 5'$-� '-   $�'9%02  "�0-  ��#/'%'%#1  ")%"$&"2%"(" 

�'�$'�-�"%�  )&1 �'9'%#1  3�)�*#  /")'&#�"��%#1  %�(� 3!#  [75]. .-#  8�!-"�0  

"��')'&#&#  �06"�  ")%"$&"2%"(" �'�$'�-�"%�  �  !�*'$-�'  $-� !- �%"("  

�'9'%#1  )&1 ��3��6�-0��'/"2  %'2�"$'-# . 

�&1  "��')'&'%#1  !"&#*'$-��  ��")%0�  $#(%�&"� ($-� !- �0  #$�")%0�  

)�%%0�) %'"6�")#/"  "��')'&#-,  �'�'*'%,  ����/'-�"� , �&#1:5#�  %� �';#/  

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

��#%#/�-, . �";%"  �0)'&#-,  /%";'$-�"  -�!#�  ����/'-�"� : *#$&'%%"$-, 

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

��'/1  $ -"! , -'/�'��- ��  %�� ;%"("  �"3) �� , ��'/1  (")� , )'%,  %')'&# , 

%�&#*#' /'$-%0�  ��"#3�")$-� , "$�'5'%%"$-,  # - .) . 	)%�!"  �06#��-,  $&') '-  

-'  ����/'-�0 , !"-"�0'  /"( -  60-,  �%'$'%0 �  !"%-�"&,% :  �06"�! , - .' . 

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

�  $-�-,1� , "-!�0-0'  6�30  )�%%0� # - .) .) #&# /"( -  60-,  �0*#$&'%0  %� 

"$%"��%## #/':5#�$1  )�%%0� )&1 #$�"&,3 '/0�  �  4-"2  �06"�!'  (��8#!"�  

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

��3&#*#'  /';)  ����!-'�"/  4&'!-�"�"-�'6&'%#1  �  ��6"*#'  # ���3)%#*%0'  

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

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

!"-"�"("  $-�"#&$1 (��8#!  %�(� 3"! , $&')"��-'&,%" , %'�"3/";%"  

$8"�/#�"��-,  �06"�!  )�%%0�, !"-"��1  �"3�"&#&�  60  *#-0��-,  4-"-  

8�!-"� .  

�  ��6"-�� , "�#$0��:5#�  �';#/0  4&'!-�"�"-�'6&'%#1  /�&0�  

%�$'&'%%0� � %!-"�  # "-)'&,%0�  /%"("!���-#�%0�  ;#&0�  3)�%#2, !�!  

����#&" ,  !�30��:-$1  ��3&#*%0'  ����/'-�0 , �  $�13# $ *'/  60&# �0)'&'%0  

)�'  (� ��0  #$�")%0�  ����/'-�"� , $""-�'-$-� :5#'  )� /  �06��%%0/  -#��/  

�"-�'6#-'&'2 .  
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��  "$%"��%## #/':5#�$1  )�%%0�, �  -�!;'  )"$- �%"2  #%8"�/�+##  "  

!&#/�-#*'$!#�   $&"�#1�  �  %�$'&'%%0� � %!-��  60& �06��%  $&') :5#2  

�'�'*'%,  ��")%0�  $#(%�&"� %'2�"%%"2 $'-# : 

1) �#$&'%%"$-, %�$'&'%#1.  

2) 
'/�'��- ��  %�� ;%"("  �"3) �� . 

3) ��&#*#' /"-$ -$-�#'  ��"/09&'%%0�  ��')��#1-#2  �  %�$'&'%%"/ 

� %!-' . 

4) ����!-'�%02  �'�#")  $ -"! : %"*%"2,  -�'%%#2 �#!"�02 , )%'�%"2, 

�'*'�%#2  �#!"�02 . 

5) ��"�'%,  '$-'$-�'%%"("  "$�'5'%#1 . 

����/'-� , ����!-'�#3 :5#2   �"�'%,  '$-'$-�'%%"("  "$�'5'%#1 , 

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

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

"$�'5'%%"$-#  �  *�$0  "-  ��$$�'-�  )"  3�!�-�  �"&�(�&$1  &#%'2%0/. ��%%02 

����/'-�  ��$$*#-0��&$1  $&') :5#/  "6��3"/ :  

( )3 �
�

'"
3 �

2
1 2

T T
T T

P
T T

� �-
- +� �

� �
� �= - ×

-
,    (3.4) 

()'  '"P  – ����/'-�  '$-'$-�'%%"("  "$�'5'%#1 ; T  – ��'/1  $ -"! ; �T  – ��'/1  

��$$�'-� ; 3T  – ��'/1  3�!�-� .  

��&#*#'  ��"/09&'%%0�  ��')��#1-#2 , �  -�!;'  ����!-'�%02  �'�#")  

$ -"!  1�&1:-$1  !�*'$-�'%%0/#  ����!-'�#$-#!�/# , �  %' !"&#*'$-�'%%0/# . 


�!#'  ����/'-�0  %� ��")'  �  %'2�"%% :  $'-,  /";%"  /")'&#�"��-,  �  �#)'  n 

��")%0�  $#(%�&"�, ()'  n – !"&#*'$-�"  3%�*'%#2, !"-"�"'  /";'-  ��#%#/�-,  

4-�  ����!-'�#$-#!� . ��;)02  #3 n $#(%�&"� "-�'*�'-  3� $�"'  3%�*'%#' # ���'%  

1 '$&# '("  3%�*'%#' $""-�'-$-� '-  -'! 5'/  3%�*'%#:  ����!-'�#$-#!#  # 0 

'$&# %' $""-�'-$-� '- . 
�!#/  "6��3"/ , %�&#*#' ��')��#1-#2  6 )'-  3�)�%"  

')#%#+'2 , �  ����!-'�%02  �'�#")  $ -"!  – *'-0�,/1  $#(%�&�/#  ��")%"("  $&"1.  
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�-� !- ��  %'2�"%%"2 $'-#  )&1 ��"(%"3#�"��%#1  %�(� 3"!  %�$'&'%%0� 

� %!-"� , �"$-�"'%%�1  $  *'-"/  ��#%1-0�  )"� 5'%#2 , ��')$-��&'%�  %� 

�#$ %!'  3.5. 

 

�#$ %"!  3.5 – �-� !- ��  %'2�"%%"2 $'-#  )&1 ��"(%"3#�"��%#1  %�(� 3"!  
/�&0�  %�$'&'%%0� � %!-"�   

�&1  "-)'&,%0�  ;#&0�  3)�%#2 60& �06��%  %'$!"&,!"  "-&#*%02 

�'�'*'%,  ����/'-�"� : 

1) 
#�  )%1: �0�")%"2  #&# ��6"*#2 . 

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

3) 
#�  3)�%#1: /%"("!���-#�%02  #&# *�$-%02 )"/ . 

4) ����!-'�%02  �'�#") : %"*%"2,  -�'%%#2 �#!"�02 , )%'�%"2, �'*'�%#2  

�#!"�02 . 

5) ��&#*#'  4&'!-�"�&#- .  


'/�'��- ��  %�� ;%"("  �"3) ��  #  �"�'%,  '$-'$-�'%%"("  "$�'5'%#1 , 

��3 /''-$1 , �&#1:-  %� �';#/  4&'!-�"�"-�'6&'%#1 , ")%�!"  �  � 6&#!�+#1� , #3 

!"-"�0�  60&# �31-0  (��8#!#  %�(� 3"!  ;#&0�  3)�%#2 )&1 "6 *�:5'2  # 

!"%-�"&,%"2  �06"�"!  [67, 71, 76, 77], �  6"&,9#%$-�'  $& *�'�  "-$ -$-�"��&#  

 !�3�%#1  %� -"*% :  )�-  #3/'�'%#1  4&'!-�#*'$!"2  %�(� 3!# . �3 -3� 4-"("  ��#  

��$*'-��  ��#/'%1&$1   !� �%'%%02  ����/'-�  «$'3"%». �"$-�"'%%�1  $  *'-"/  

��#%1-0�  )"� 5'%#2  $-� !- ��  %'2�"%%"2 $'-#  )&1 ��"(%"3#�"��%#1  

%�(� 3"!  ;#&0�  3)�%#2 ��')$-��&'%�  %� �#$ %!'  3.6. 
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6 

�#$ %"!  3.6 – �-� !- ��  %'2�"%%"2 $'-#  )&1 ��"(%"3#�"��%#1  %�(� 3"!  
"-)'&,%0�  ;#&0�  3)�%#2 

	6&�)�1  )�%%0/#  "6  4&'!-�"�"-�'6&'%##  # �")�"6%0/  (��8#!"/  

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

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

�"-�'6&'%%"2  4&'!-�"4%'�(##  )&1 !"%!�'-%"("  �"-�'6#-'&1  3� )&#-'&,%02  

�'�#")  ("-  /'$1+�  )"  (")� ), !�!  ����#&" , #3�'$-%0, ��')&�(�'/02  /'-")  

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

4&'!-�#*'$!"2  %�(� 3!# . 

��%%0'  )&1 8"�/#�"��%#1  "6 *�:5'2  �06"�!#  )&1 %'2�"%%"2 $'-# , 

��"(%"3#� :5'2  4&'!-�"�"-�'6&'%#'  /�&0�  %�$'&'%%0� � %!-"� , 60&# 

��')"$-��&'%0  ��6"��-"�#'2  �"3"6%"�&1'/0�  #$-"*%#!"�  4%'�(## 	��
  

��� . �$�"&,3"��%0  $ -"*%0'  (��8#!#  %�(� 3"!  %'6"&,9#�  %�$'&'%%0� 

� %!-"�  ��/*�-$!"("  !��1 , >! -## , �  -�!;'  � �1-##  # ��! -$!"2  "6&�$-# . 

	-"6��%"  30 (��8#!"� , #3 !"-"�0�  26 $8"�/#�"��&#  "6 *�:5 :  �06"�! , �  

4 – !"%-�"&,% : . �  !�*'$-�'  (��8#!"�  !"%-�"&,%"2  �06"�!#  �06��%0  

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

� %!-"� : �"$'&!�  	$$"��  (��/*�-$!#2  !��2 , %�$'&'%#' – "!"&"  2000 *'&"�'! ) 
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# �"$'&!�  �("1%  (>! -#1 , %�$'&'%#' – "!"&"  400 *'&"�'! ). ��*�&,%0'  

$#%��-#*'$!#'  �'$�  �06#��&#$,  -�!#/  "6��3"/ , *-"  )"  "6 *'%#1  %'2�"%%"2 

$'-#  "-%"$#-'&,%�1 %�(� 3!�  %�$'&'%%"(" � %!-�  $ %�$'&'%#'/  �  1000 

*'&"�'!  # ��"/09&'%%0/  ��')��#1-#'/  ��#  %��";)'%##  $"&%+� �  3'%#-' # 

-'/�'��- �'  %�� ;%"("  �"3) ��  20 °�  $"$-��#-  50%.  

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

"-)'&,%0�  ;#&0�  3)�%#2, 60&" "-"6��%"  18 $ -"*%0�  (��8#!"�  %�(� 3"! , #3 

!"-"�0�  16 $8"�/#�"��&#  "6 *�:5 :  �06"�! , �  2 – !"%-�"&,% : . 

��*�&,%0'  $#%��-#*'$!#'  �'$�  �06#��&#$,  -�!#/  "6��3"/ , *-"  )"  "6 *'%#1  

%'2�"%%"2 $'-#  "-%"$#-'&,%�1 %�(� 3!�  ;#&"("  /%"("!���-#�%"("  )"/�  $ 

4&'!-�"�&#-�/#  �  �'�#")   -�'%%'("  �#!�  "$'%,:  $"$-��#-  50%.  

�&1  "6 *'%#1  #$�"&,3"��&$1  �&("�#-/  "6��-%"("  ��$��"$-��%'%#1  

"9#6!# . �  $#&  "(��%#*'%%"$-# "6 *�:5'2  �06"�!#  %'"6�")#/"  60&" 

�"�-"�1-,  +#!& "6 *'%#1 . 7#!&#*%�1 3�(� 3!�  "6 *�:5'2  �06"�!#  �  

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

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

"� $-#&"$,  %#;'  3%. �&1  4-"("  "!�3�&"$,  )"$-�-"*%"  12 +#!&"� . 

���� (�
�����
��� ������� ��� ����������
�
� ���
��� ��
�

� ��
��
���


�����
��

�'-")  ��"(%"3#�"��%#1  %�(� 3"!  "6"$"6&'%%0� �"-�'6#-'&'2  60& 

�'�&#3"��%  �  !"/�,:-'�%"2  ��"(��//'  Load Forecast �  $�')'  Delphi. �"$&'  

!"/�#&1+##  ��"(��//�  3�%#/�'-  "6='/  1,05 �6  # �!&:*�'-  8�2&  

Loadforecast.exe, ���!  pic, $")'�;�5 :  #3"6��;'%#1  $-� !- �  %'2�"%%0� 

$'-'2  )&1 /")'&#�"��%#1  %�(� 3"!  �"-�'6#-'&'2  )� �  -#�"� , �  -�!;'  ���!  

test, $")'�;�5 :  8�2&0 -��#/'�0  #$�")%0�  )�%%0� # "6 *�:5'2  �06"�!# . 

��2&0  testvillage.txt # testhouse.txt – ��#/'�0  8�2&"�  #$�")%0�  )�%%0� )&1 

/")'&#�"��%#1  %�(� 3"!  %�$'&'%%"(" � %!-�  # ;#&"("  3)�%#1, 

$""-�'-$-�'%%" . ��2&0  trainvillage.txt # trainhouse.txt $")'�;�-  ��#/'�0  

3�)�*  #3 "6 *�:5#�  �06"�"!  )&1 %'2�"%%0� $'-'2  "6"#�  -#�"� .   
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�'�&#3 '/02  ��"(��//"2  Load Forecast �&("�#-/  /")'&#�"��%#1  

(��8#!"�  4&'!-�#*'$!#�  %�(� 3"!  ��')$-��&'%  %� �#$ . 3.7 �  �#)'  6&"! -$�'/0 . 

 

�#$ %"!  3.7 – �&("�#-/  /")'&#�"��%#1  (��8#!"�  4&'!-�#*'$!#�  
%�(� 3"!  �  ��"(��//'  Load Forecast 
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��#  3�� $!'  ��"(��//0  �'�')  �"&,3"��-'&'/  "-!�"'-$1  ��6"*''  "!%"  

(�#$ . 3.8). �  �'��%'2  *�$-#  ��6"*'("  "!%�  %��")#-$1  (&��%"'  /'%:  

��"(��//0 , $")'�;�5''  5 �!&�)"! : «�"�02  ��$*'- », «�'2�"%%�1  $'-, », 

«	6 *'%#' », «�$�")%0'  )�%%0'», «�0�") ».   

 

�#$ %"!  3.8 – ��6"*''  "!%"  ��"(��//0  Load Forecast 

�!&�)!�  «�"�02  ��$*'- » $")'�;#-  $&') :5#'  � %!-0 : 

1. «��$'&'%%02  � %!- » – �")("-��&#��'-  ��"(��//  !  /")'&#�"��%#:  

%�(� 3"!  %�$'&'%%0� � %!-"� . ��#  �06"�'  4-"("  � %!-�  �  �'��%'2  

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

!"&#*'$-�'  %'2�"%"�  $'-#  # $#%��-#*'$!#�  �'$�� . 

2. «�#&"'  3)�%#'» – �")("-��&#��'-  ��"(��//  !  /")'&#�"��%#:  

%�(� 3"!  ;#&0�  3)�%#2. �%�&"(#*%"  ��')0) 5'/  � %!-  �  (&��%"/  

"!%'  �"1�#-$1  #3"6��;'%#'  $""-�'-$-� :5'2  $-� !- �0  %'2�"%%"2 

$'-# , �  �  �'��%'/  -'!$-"�"/  �"&'  – #%8"�/�+#1  "  !"&#*'$-�'  %'2�"%"�  

$'-#  # $#%��-#*'$!#�  �'$�� . 

3. «��*�-,  ��$*'- » – � %!-  /'%:  $-�%'-  �!-#�%0/  �"$&'  -"(" , !�!  6 )'-  

�06��%  -#�  ��$*'-� , �  -�!;'  6 ) -  3�(� ;'%0  #$�")%0'  )�%%0'. 

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

��$*'-�  �"& *'%%02  (��8#!  4&'!-�#*'$!"2  %�(� 3!#  6 )'-  ��')$-��&'%  

�  &'�"2  %#;%'2 *�$-#  4!��%� , �  '("  *#$&"�"2  4!�#��&'%-  – �  %#;%'/  

-'!$-"�"/  �"&' . 

4. «�"���%#-,  �'3 &,-�-0 » – � %!-  /'%:  $-�%'-  �!-#�%0/  �"$&'  

/")'&#�"��%#1  (��8#!�  %�(� 3!# . 	-!�0��'-  )#�&"("�"'  "!%"  )&1 

$"���%'%#1  8�2&�  $ �'3 &,-�-�/#  ��$*'-� . 

5. «<�(� 3#-,  �'3 &,-�-0 » – "-!�0��'-  )#�&"("�"'  "!%"  )&1 �06"��  

8�2&� , $")'�;�5'("  �'3 &,-�-0  ��%''  ��"�')'%%"("  ��$*'-� . 

<�(� ;'%%02  (��8#!  %�(� 3!#  6 )'-  ��')$-��&'%  �  (��8#*'$!"/  # 

-'!$-"�"/  �"&1�  �  %#;%'2 *�$-#  (&��%"("  "!%� . 

�!&�)!�  «�'2�"%%�1  $'-, » $")'�;#-  $&') :5#'  � %!-0 : 

1. «<�(� 3#-,  $'-, » – "-!�0��'-  )#�&"("�"'  "!%"  )&1 3�(� 3!#  #3 8�2&�  

%'2�"%%"2 $'-# , $"���%'%%"2 ��%''  $ �"/"5,:  ��"(��//0  Load 

forecast.  

2. «�"���%#-,  $'-, » – "-!�0��'-  )#�&"("�"'  "!%"  )&1 $"���%'%#1  8�2&� , 

$")'�;�5'("  #%8"�/�+#:  "  -'! 5'/  3%�*'%## $#%��-#*'$!#�  �'$"�  

%'2�"%%"2 $'-# .  

�!&�)!�  «	6 *'%#' » $")'�;#-  $&') :5#'  � %!-0 : 

1. «<�(� 3#-,  �06"�! » – "-!�0��'-  )#�&"("�"'  "!%"  )&1 3�(� 3!#  

"6 *�:5'2  �06"�!#  #3 8�2&� . �  $& *�'  '$&# )�%%0' �  3�(� ;�'/"2  
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�06"�!'  %' $""-�'-$-� :-  -�'6 '/"2  8"�/' , ��"(��//�  �0)�$-  

$""65'%#'  "6  "9#6!' . �  $& *�'  '$&# �06��%%�1  �"&,3"��-'&'/  

$-� !- ��  %'2�"%%"2 $'-#  %' $""-�'-$-� '-  "6 *�:5'2  �06"�!'  �  

�06��%%"/  8�2&' , ��"(��//�  ��')&";#-  #3/'%#-,  $-� !- �  

%'2�"%%"2 $'-# . �"$&'  3�(� 3!#  "6 *�:5'2  �06"�!#  $""-�'-$-� :5#2  

(��8#!  %�(� 3!#  6 )'-  ��')$-��&'%  �  %#;%'2 *�$-#  (&��%"("  "!%�  

��"(��//0 . 

2.  «��*�-,  "6 *'%#' » – � %!-  /'%:  $-�%'-  �!-#�%0/  �"$&'  3�(� 3!#  

"6 *�:5'2  �06"�!#  #3 8�2&� . <�� $!�'-  ��"+'$$  "6 *'%#1  %'2�"%%"2 

$'-# , �  �'3 &,-�-'  !"-"�"("  3%�*'%#1 $#%��-#*'$!#�  �'$"�  %'2�"%"�  

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

$"���%'%0  $ �"/"5,:  � %!-�  /'%:  «�"���%#-,  $'-, » �!&�)!#  

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

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

"6 *'%#1 , �  ��"(��//�  ��"#3�')'-  ��$*'-  (��8#!�  %�(� 3"! , #$�"&,3 1  

#$�")%0'  )�%%0' #3 "6 *�:5'2  �06"�!#  # #-"("�0'  3%�*'%#1 

$#%��-#*'$!#�  �'$"� . �"& *'%%02  �  �'3 &,-�-'  (��8#!  %�(� 3"!  6 )'-  

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

(��8#!"/  %�(� 3!#  #3 "6 *�:5'2  �06"�!# . 

�!&�)!�  «�$�")%0'  )�%%0'» $")'�;#-  1 � %!-  – «<�(� 3!�  #$�")%0�  

)�%%0�». �06"�  4-"("  � %!-�  �030��'-  )#�&"("�"'  "!%"  3�(� 3!#  8�2&�  

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

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

$""65'%#'  "6  "9#6!' . �$&# �06��%%�1  �"&,3"��-'&'/  $-� !- ��  %'2�"%%"2 

$'-#  %' $""-�'-$-� '-  #$�")%0/  )�%%0/  �  �06��%%"/  8�2&' , ��"(��//�  

��')&";#-  #3/'%#-,  $-� !- �  %'2�"%%"2 $'-# . 

��;�-#'  %� �!&�)!  «�0�") » �030��'-  )#�&"("�"'  "!%"  3�!�0-#1  

��"(��//0 .  
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��)�-����#������
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��
������'��
��
�����
��

�"  #$�")%0/  )�%%0/  !"%-�"&,%"2  �06"�!#  (��8#!"�  %�(� 3"!  

%�$'&'%%0� � %!-"�  $/")'&#�"��%"  4 (��8#!�  %�(� 3"!  (�#$ . 3.9) [78].  

    

�         6 

  

�          ( 

�#$ %"!  3.9 – ����%'%#'  �'3 &,-�-"�  /")'&#�"��%#1  (��8#!"�  
%�(� 3"!  $ !"%-�"&,%"2  �06"�!"2 : �  – � . 	$$"�� , &'-" ; 6 – � . 	$$"�� , 3#/� ; �  

– � . �("1% , &'-" ; ( – � . �("1% , 3#/� ; $�&"9%0'  &#%## – �'3 &,-�-0  
/")'&#�"��%#1 , � %!-#�  – (��8#!#  #3 !"%-�"&,%"2  �06"�!#  

�"  #$�")%0/  )�%%0/  !"%-�"&,%"2  �06"�!#  (��8#!"�  %�(� 3"!  ;#&0�  

3)�%#2 $/")'&#�"��%"  2 (��8#!�  %�(� 3"!  (�#$ . 3.10) [79]. 
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�#$ %"!  3.10 – ����%'%#'  �'3 &,-�-"�  /")'&#�"��%#1  (��8#!"�  
%�(� 3"!  $ !"%-�"&,%"2  �06"�!"2 : 1, 2 – ��$*'-%02  # !"%-�"&,%02  (��8#!#  

%�(� 3!#  /%"("!���-#�%"("  )"/� , $""-�'-$-�'%%" ; 3, 4 – ��$*'-%02  # 
!"%-�"&,%02  (��8#!#  %�(� 3!#  *�$-%"("  )"/� , $""-�'-$-�'%%"  

�  -�6&#+'  3.1 ��#�')'%0  �'&#*#%0  "-!&"%'%#2 $/")'&#�"��%%0�  

(��8#!"�  %�(� 3"!  "-  (��8#!"�  !"%-�"&,%"2  �06"�!# . 


�6&#+�  3.1 – 	+'%!�  -"*%"$-#  /")'&#�"��%#1  

�"/'�  ��$'&'%%02  � %!-  ��'/1  

(")�  

��')%''  

"-!&"%'%#'  

��')%'!��)��-#*%"'  

"-!&"%'%#'  

1 �"$'&"!  	$$"��  �'-"  0,137 0,184 

2 �"$'&"!  	$$"��  <#/�  0,152 0,186 

3 �"$'&"!  �("1%  �'-"  0,216 0,240 

4 �"$'&"!  �("1%  <#/�  -0,006 0,354 

5 �%"("!���-#�%02  )"/  <#/�  -0,023 0,076 

6 ��$-%02  )"/  <#/�  0,095 0,135 

 

<%�*'%#1 "-!&"%'%#2 ��'�"$�")1-  �"(�'9%"$-#  /")'&#�"��%#1  

%�(� 3"!  )� (#/#  /'-")�/#  [80]. 	)%�!" , %'"6�")#/"  3�/'-#-, , *-"  4-# 

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

��#  4-"/  #�  $�')%'!��)��-#*%�1  �"(�'9%"$-,  )"�")#-  )"  17%. �  -"  ;'  

��'/1  ��#/'%'%#'  #$! $$-�'%%0�  %'2�"%%0� $'-'2 , %'$/"-�1  %� 

3%�*#-'&,% :  �"(�'9%"$-,  �  "-)'&,%0�  -"*!�� , �"3�"&1'-  �"& *#-,  

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

�&1  "-&�)!#  # ��"�'�!#  ��6"-"$�"$"6%"$-#  ��"(��//0  ��') $/"-�'%  

)'/"%$-��+#"%%02  �';#/ . �#)  (&��%"("  "!%�  ��"(��//0  �  ��"+'$$'  ��6"-0  

�  )'/"%$-��+#"%%"/  �';#/'  ��')$-��&'%  %� �#$ . 4.2. 

 

�#$ %"!  4.2 – 
&��%"'  "!%"  ��"(��//0  �#3 �&#3�+##  �';#/%0�  
����/'-�"�  ��-"%"/%0�  4%'�('-#*'$!#�  !"/�&'!$"�  

�  &'�"2  *�$-#  "!%�  "-"6��;�'-$1  ")%�  #3 )� �  (�"  �06"�  

�"&,3"��-'&1 ) �#�- �&,%0�  ��#6"�%0�  ��%'&'2 , %� !"-"�0�  �  �';#/'  

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

����/'-�"�  4%'�('-#*'$!"("  !"/�&'!$� .  

�  ����"2  *�$-#  ��$�"&�(�'-$1  �'�'*'%,  �';#/%0�  ����/'-�"� , !"-"�0'  

3�/'�1:-$1  �  ��"+'$$'  ��6"-0  $-'%)�  #&# /"( -  60-,  �0*#$&'%0  *'�'3  
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#3/'�'%%0'  ����/'-�0 . �06��%%0'  �  $""-�'-$-�##  $ 3�)�*�/#  4!$�'�#/'%-�  

����/'-�0  3��#$0��:-$1  $ 3�)�%%"2 *�$-"-"2  �  8�2&  $ ��$9#�'%#'/  .txt. 

)���.		���
��
���!��������	�������
�
�*
��
����
�1� �&��

�$$&')"��&#$,  ����!-'�#$-#!#  (�3"�"�9%'�"2  /#%#-
.7  %� 6�3'  

)#3'&,%"("  )�#(�-'&1  >�< -240 [56]. ��#%+#�#�&,%�1  $�'/�  /#%#-
.7  

�"!�3�%�  %� �#$ . 4.3. 
'�&" -#&#3�+#"%%02  6&"!  $"$-"#-  #3 )� �  

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

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

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

-'�&"�"2  ��-"/�-#!# .  

 

�#$ %"!  4.3 – ��#%+#�#�&,%�1  $�'/�  /#%#-
.7  

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

%"/#%�&,%"/  �';#/'  (4&'!-�#*'$!�1  /"5%"$-,  180 !�- ) ��$�"&�(�'/�1  

-'�&"��1  /"5%"$-,  $"$-��&1'-  270 !�- , *-"  ��#  %"/#%�&,%"/  ��$�")'  (�3�  

$""-�'-$-� '-  !"488#+#'%-  #$�"&,3"��%#1  -"�&#��  82 %.  

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

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

-�6&#+'  4.1 # %� �#$ . 4.4.  
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�6&#+�  4.1 – �'3 &,-�-0  6�&�%$"�0�  #$�0-�%#2  4%'�("6&"!�  

����/'-�  <%�*'%#' 
��$�")  ��#�")%"("  (�3� , %/3/*  24,32 32,61 40,64 49,74 59,93 

'�&"-�  $("��%#1 (%#39�1), ��; /%/3 33,5 33,5 33,5 33,5 33,5 
�"488#+#'%-  #360-!�  �"3) ��   1,3 1,3 1,3 1,3 1,3 
��$�"&�(�'/�1  /"5%"$-, , !�-  226,0 303,1 377,8 462,3 557 
.&'!-�#*'$!�1  /"5%"$-, , !�-  36,6 70,0 102,5 135,4 168,5 

'�&"��1  /"5%"$-,  -'�&""6/'%%#!�  
	 1, 
!�-  

76,5 90,0 110,0 121,3 132,7 


'�&"��1  /"5%"$-,  -'�&""6/'%%#!�  
	 2, 
!�-  

16,0 18,2 13,0 19,3 22,8 


'�&"��1  /"5%"$-,  -'�&""6/'%%#!�  
	 3, 
!�-  

30,5 56,4 68,8 92,8 119,4 

	65�1  /"5%"$-,  -'�&""6/'%%"("  6&"!� , 
!�-  

123 164,6 191,8 233,4 274,9 

�"488#+#'%-  �"&'3%"("  )'2$-�#1  (4&.), % 16,26 23,09 27,18 29,29 30,25 
�"488#+#'%-  #$�"&,3"��%#1  -"�&#�� , % 72,0 77,4 79,0 79,0 79,6 

 

�$�0-�%#1  �"!�3�&# , *-"  ��#  %"/#%�&,%"2 4&'!-�#*'$!"2  /"5%"$-#  

180 !�-  �(�'(�-   $-"2*#�"  ��6"-�'-  �  )#���3"%'  %�(� 3"!  "-  30 )"  200 !�- . 

�3  (��8#!"�  $&') '- , *-"  )�;'  ��#  %�(� 3!' , $"$-��&1:5'2  20 % "-  

%"/#%�&,%"2, !"()�  4&'!-�#*'$!#2  ���  �(�'(�-�  $"$-��&1'-  17 %, 

488'!-#�%"$-,  /#%#-
.7  (!"488#+#'%-  #$�"&,3"��%#1  -"�&#�� ) $%#;�'-$1  

�$'("  %� 8 % �"  $���%'%#:  $ %"/#%�&,%0/  �';#/"/ . 

	-%"$#-'&,%"'  ��$��')'&'%#'  /"5%"$-#  �"!�3�%"  %� �#$ . 4.4. 
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�#$ %"!  4.4 – <��#$#/"$-,  488'!-#�%"$-#  /#%#-
.7  "-  ��$�")�  (�3� : 1 
– 4&'!-�#*'$!�1  /"5%"$-, ; 2 – -'�&"��1  /"5%"$-, ; 3 – �"&%�1 �"&'3%�1  

/"5%"$-, ; 4 – ��� ; 5 – !"488#+#'%-  #$�"&,3"��%#1  -"�&#��  

)�)�.		���
��
�����2��
����%
������������
���������

�&1  �!! / &#�"��%#1  -'�&"�"2  4%'�(## %�#6"&,9''  ��$��"$-��%'%#'  

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

�!! / &1-"��  %"$1- )#%�/#*'$!#2  ����!-'�  # )&1 488'!-#�%"("  

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

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

"6='/�  "�-#/#3�+#"%%0�  ��$*'-"�  �  �';#/'  �'�&,%"("  ��'/'%# , �  $�13# $ 

*'/  ��;%"'  -�'6"��%#'  !  ��"(��//%0/  /") &1/  – /#%#/�&,%"  �"3/";%"'  

��'/1  $*'-� .  

�  ��3)'&'  ��')$-��&'%�  ")%"/'�%�1  3"%%�1 /")'&,  �'�-#!�&,%"("  

"$'$#//'-�#*%"("  6�!� -�!! / &1-"��  -'�&� , "-�'*�:5�1  -�'6"��%#1/  

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

)�%%"2 /")'&#  #  ��"5'%#1  �06"��  !"&#*'$-��  3"% ��36#'%#1 ��#  ��$*'-��  

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

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

�'�#8#!�+##  [82]. 

��$$/�-�#��'-$1  "$'$#//'-�#*%02  �'�-#!�&,%02  -'�&"#3"&#�"��%%02  

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

�0�")%"2  – �  �'��%'2  !�09!' , ��#*'/  )#�/'-�0  ��-� 6!"�  /%"("  /'%,9'  

�% -�'%%'("  )#�/'-��  6�!� .  

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

&';#-  /")'&,  - �6 &'%-%"("  -'*'%#1  %'$;#/�'/"2  �13!"2  ;#)!"$-#  $ 

�"$-"1%%0/#  $�"2$-��/#  �  �"&'  $#&0 -1;'$-# , "�#$0��'/�1   ���%'%#1/#  

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

��#  "�#$�%##  - �6 &'%-%"$-#  �"-"!�  %��1)  $ "60*%"2  �13!"$-,:  ��")#-$1  

- �6 &'%-%�1  �13!"$-,  �  ��/!��  k-e – /")'&#  [83] (k –4%'�(#1 - �6 &'%-%0�  

� &,$�+#2 , e – $!"�"$-,  )#$$#��+##  4%'�(## - �6 &'%-%0�  � &,$�+#2 ). �&1  

$�13# - �6 &'%-%0�  !"488#+#'%-"�  �'�'%"$�  $ �"&1/#  $!"�"$-'2  # 

-'/�'��- �0  #$�"&,3 '-$1  "6"65'%%�1 (#�"-'3�  ���%)-&1 -�"&/"("�"�� . ��  

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

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

8 %!+#2 [83, 84]. 

�  ��/!��  3"%%"2 /")'&#  "6='/  6�!�  ��36#��'-$1  �"  �0$"-'  %� n 3"%, �  

!�;)"2  #3 !"-"�0�  �'�'/'9#��%#'  ;#)!"$-#  $*#-�'-$1  /(%"�'%%0/  [85]. 
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��;)�1  3"%� ����!-'�#3 '-$1  $�')%'2  -'/�'��- �"2  iT , ()'  i – �"�1)!"�02  

%"/'�  3"%0. �#$&"  3"% "-��;�'-  #%-'%$#�%"$-, �'�'/'9#��%#1  ;#)!"$-#  �  

"6='/'  6�!�  (*'/  6"&,9'  n, -'/  /'%,9'  #%-'%$#�%"$-, �'�'/'9#��%#1 ). 


'�&"'/!"$-,  ;#)!"$-#  cp ��#%#/�'-$1  �"$-"1%%"2. �"$!"&,!  

-'�&"�!! / &#� :5�1  $�"$"6%"$-,  !"%$-� !+#"%%0�  /�-'�#�&"�  6�!�  

�"*-#  %� )��  �"�1)!�  /'%,9'  -'�&"�!! / &#� :5'2  $�"$"6%"$-# "6='/�  

;#)!"$-# , �  ��$*'-��  "%� %'  *#-0��'-$1 . 


'�&"�"2  6�&�%$ i-2 3"%0 /";%"  3��#$�-,  $&') :5#/  "6��3"/ : 

nom
iiipi dQdtTTGcdQ --= - )( 1 ,  (4.1) 

()'  dQi – -'�&"��1  4%'�(#1, �"& *'%%�1  ("-)�%%�1) i-2 3"%"2 3� /�&02  

��"/'; -"!  ��'/'%#  dt; G  – /�$$"�02  ��$�")  ;#)!"$-#  *'�'3  6�! ; nom
idQ  – 

�"-'�#  -'�&�  *'�'3  -'�&"� :  #3"&1+#:  i-2 3"%0. �"/�&'!$  dtTTGc iip )( 1 --  

"��')'&1'-  #3/'%'%#'  4%-�&,�## ;#)!"$-#  �  i-2 3"%' 3� $*'-  $/'9'%#1  $ 

/�$$"2  Gdt, �'�'/'5�'/"2  �  3"%  i 3� ��'/1  dt, $  *'-"/  -"(" , *-"  -�!"2  ;'  

"6='/  �0-'$%1'-$1  �  3"%  i+1. �"-'�#  *'�'3  -'�&"#3"&1+#:  ��$$*#-0��:-$1  

!�!  

( )
dt

R
TT

SdQ ��i
i

���
i

-
=

, (4.2) 

()'  Si –�&"5�),  �% -�'%%'2  �"�'��%"$-#  i-2 3"%0; ��T  – -'/�'��- ��  

"!� ;�:5'("  �"3) �� ; R – -'�/#*'$!"'  $"��"-#�&'%#'  $-'%"!  # 

-'�&"#3"&1+##  6�!�  [23]. 

<�  ��"/'; -"!  ��'/'%#  dt -'/�'��- ��  ;#)!"$-#  �  i-2 3"%' #3/'%#-$1 %� 

�'&#*#%  d	 i, !"-"��1  /";'-  60-,  ��$$*#-�%� , '$&# #3�'$-%" dQi 

p�

i
i cV

ndQ
dT =

,      (4.3)
 

()'  V�  –"6='/  6�!� . 

��'/�  4!$�'�#/'%-�&,%"("   *�$-!� , %� !"-"�"/  ��"�")#&#$,  

$-'%)"�0'  #$�0-�%#1  6�!� -�!! / &1-"��  CAS-1000 ��')$-��&'%�  %� �#$ . 4.5.  
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�#$ %"!  4.5 – ��'/�  4!$�'�#/'%-�&,%"("   *�$-!�  

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

$-'%)"�"2  (�3"�"�9%'�"2  /#%#-
.7  �
 -315 (
�� ) %"/#%�&,%"2 -'�&"�"2  

/"5%"$-#  450 !�-  # +#�! &#� '-  �  !"%- �'  �")  )'2$-�#'/  +#�! &1+#"%%"(" 

%�$"$� (2). 
'/�'��- ��  �")0  �  6�!' -�!! / &1-"�'  (3) # �"$&'   3&�  $/'9'%#1  

�'( &#� '-$1  $ �"/"5,:  -�'��"3#+#"%%"("  !&���%�  (4),  ����&1'/"("  

!"%-�"&&'�"/  
�� -148 !"/��%##  	���  (6) �"  3�!"%  ��� -�'( &#�"��%#1  

�"  $#(%�&  -'�/"/'-�"�  $"��"-#�&'%#1  (5). �")�  #3 6�!� -�!! / &1-"��  

�"$- ��'-  �  #/#-�-"�  -'�&"�"2  %�(� 3!#  (10), /"5%"$-,  !"-"�"("  

�'( &#� '-$1  *�$-"-%0/  ��'"6��3"��-'&'/  (9). �����&'%#'  !"%-�"&&'�"/  # 

*�$-"-%0/  ��'"6��3"��-'&'/  *'�'3  !"%�'�-"�0  #%-'�8'2$"�  RS485/USB (7) 

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

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

!"%- � , ��$�")  *'�'3  6�!  ���'%  % &: . �"$&'  �0�")�  
��  %� $-�+#"%��%02  

-'�&"�"2  �';#/  (-'/�'��- ��  %� �0�")'  #3 -'�&" -#&#3�+#"%%"("  6&"!�  


��  $"$-��&1'-  "!"&"  900� ) !&���%  (4) �'�'�")#-$1  �  $"$-"1%#', !"()�  

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

4-�� , 3��1)!�  6�!� ). �"  )"$-#;'%##  3�)�%%"2 -'/�'��- �0  �")0  �  �'��%'2  

3"%' 6�!�  !&���%  (4) �"  !"/�%)'  !"%-�"&&'��  
�� -148 �'�'!�0��'-  -��!-  

6�!� -�!! / &1-"�� , # $'-'��1  �")�  +#�! &#� '-  �"  "$%"�%"/  !"%- � . �&1  

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

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

-'�&"�"2  %�(� 3!# . 

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

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

-'�&" -#&#3�+#"%%"("  6&"!�  
��  # �"$�')$-�"/  �'( &#�"��%#1  /"5%"$-#  

#/#-�-"��  -'�&"�"2  %�(� 3!#  "�&�;)�'-$1  )"  -'/�'��- �0  20 – 500� , �"$&'  

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

�")�  �"$- ��'-  %� ��")  6�!� -�!! / &1-"�� . 
'/�'��- ��  %� ��")'  �  6�!  �  

��"+'$$'  ��3�1)!#  �"))'�;#��'-$1  %� �"$-"1%%"/   �"�%'  #3/'%'%#'/  

/"5%"$-#  #/#-�-"��  -'�&"�"2  %�(� 3!# . 

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

4!$�'�#/'%-"�  ��')$-��&'%"  %� �#$ . 4.6. 

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

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

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

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

��#�')'%%0'  )�%%0' �"!�30��:-  !�*'$-�'%%"'  # ��"&%'  

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

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

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

�#$ %"!  4.6 – <��#$#/"$-,  -'/�'��- �0  �")0  %� �0�")'  #3 6�!� -
�!! / &1-"��  "-  ��'/'%# : !�#�0'  – ��$*'-  �"  )� /'�%"2  /")'&# ; -"*!#  – 
4!$�'�#/'%- . ��$�")  $'-'�"2  �")0  10 - /* : �  – �';#/  3��1)!# ; �  – �';#/  

��3�1)!# . ��$�")  $'-'�"2  �")0  7 - /* : �  – �';#/  3��1)!# ; 
  – �';#/  ��3�1)!# . 
��$�")  $'-'�"2  �")0  4 - /* : �  – �';#/  3��1)!# ; �  – �';#/  ��3�1)!#  
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�06"�  *#$&� 3"% �"3�"&1'-  "�#$�-,  !�*'$-�'%%"'  �"�')'%#'  ��"+'$$"�  

3��1)!#  # ��3�1)!#  6�!� . ��#  n = 1 (1 3"%�) �'�'/'9#��%#'  �")0  �  6�!'  

��"#$�")#-  /(%"�'%%"  �"  �$'/  "6='/ . �   �'&#*'%#'/  *#$&� 3"% ��36#'%#1 

#%-'%$#�%"$-, �'�'/'9#��%#1  $%#;�'-$1  # ��#  nCD  �'�'/'9#��%#'  

"-$ -$-� '- . �  /"/'%-  ��'/'%#  t=V� 
 /G -'/�'��- ��  �")0  %� �0�")'  #3 6�!�  

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

�"$- ��:5'2  �  6�!  («/")'&,  �"�9%1 »).  

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

��#�')'%"  %� �#$ . 4.7.  

�

�#$ %"!  4.7 – ����%'%#'  �'3 &,-�-"�  ��$*'-"�  �"  )� /'�%"2  ($�&"9%0'  
!�#�0' ) # 3"%%"2 (� %!-#�%0'  !�#�0' ) /")'&1/ : �  – 3��1)!�  (n=1), 6 – 

��3�1)!�  (n=150). ��$�")  $'-'�"2  �")0 : 1 – 10 - /* ; 2 – 7 - /* ; 3 – 5 - /* ; 4 – 3 - /* �

�'3 &,-�-0  ��$*'-"� , ��')$-��&'%%0'  %� �#$ . 4.7 $�#)'-'&,$-� :-  "  -"/ , 

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

n=1, *-"  �  !�!"2 --"  $-'�'%#  �")-�'�;)�'-  �'!"/'%)�+##  ��6"-0  [85], # 

��"+'$$  ��3�1)!#  ��#  n=150.  

�%-'%$#�%"$-,  ��"+'$$"�  �'�'/'9#��%#1  # $""-�'-$-� :5�1  )#%�/#!�  

#3/'%'%#1 -'/�'��- �0  ;#)!"$-#  �  ��"+'$$��  3��1)!# /��3�1)!#  6�!� -

�!! / &1-"��  "��')'&1:-$1  %'$!"&,!#/#  8�!-"��/# , *�$-,  #3 !"-"�0�  )&1 

!"%!�'-%"("  �!! / &1-"��  �"$-"1%%� (('"/'-�#1  6�!� , $""-%"9'%#'  

)#�/'-�"�  6�!�  # �")�")15#�  # "-�")15#�  -� 6 , ��6"*�1  ;#)!"$-, ), �  *�$-,  

– ��$�")  ;#)!"$-# , %�*�&,%�1 -'/�'��- ��  ;#)!"$-#  �  6�!'  # -'/�'��- ��  

�  �  
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;#)!"$-# , �")���'/"2  �  6�! , �  !"%!�'-%"2  $#$-'/'  /";'-  #3/'%1-,$1 �  

9#�"!#�  ��')'&�� . ��!  ����#&" , )&1 �'�-#!�&,%0�  +#&#%)�#*'$!#�  6�!"� -

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

�")"6#1 : $""-%"9'%#'  �&"5�)#  �")�")15#�  # "-�")15#�  -� 6  # �&"5�)#  

�"�'�'*%"("  $'*'%#1 6�!�  0,003 – 0,004 # "-%"9'%#'  )#�/'-��  6�!�  !  '("  

�0$"-'  0,4 – 0,5. ��"/'  -"(" , �  �'�&,%"2  $#$-'/'  -'�&"$%�6;'%#1  #/''-$1  

"��')'&'%%"'  $""-�'-$-�#'  /';)  "6='/"/  6�!�  # ��$�")"/  -'�&"%"$#-'&1 .  

��$*'-0  �"!�3�&# , *-"  3"%%�1 /")'&,  ��#  n=1 (3��1)!� ) # n=150 

(��3�1)!� ) $ ��#'/&'/"2  -"*%"$-,:  "�#$0��'-  )#%�/#!  6�!�  ��#  10,
G
V� ³

r
 

( r  – !( // 3, �V  – / 3, G – !( /* ). ��3%#+�  -'/�'��- �  �")0  %� ��")'  �  6�!  # 

%�*�&,%"2 -'/�'��- �0  �")0  �  6�!'  %' "!�30��'-  $ 5'$-�'%%"("  �&#1%#1 %� 

�'3 &,-�-0  ��$*'-"� . 

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

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

��')&";#-,  $&') :5#2  �&("�#-/  ��$*'-� . �%�*�&'  �"  )� /'�%"2  /")'&#  

��$$*#-0��:-$1  )#%�/#*'$!#'  -'/�'��- �%0'  !�#�0'  ��#  3�)�%%"2 

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

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

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

$""-�'-$-� :-  ��$$*#-�%%0/  �"  )� /'�%"2  /")'&#  $ ��#'/&'/"2  

-"*%"$-,: .  

)�+� $���'��� ��� ���
��� 
������� ��� �� �
��#,���

�� ��
 ������� �
�

�����#�������	����
���

	$%"�%�1  +'&,  4!$�'�#/'%-�&,%0�  #$$&')"��%#2  �  ��/!��  %�$-"15'2  

��6"-0  – �'�#8#!�+#1  /'-")�  "�-#/#3�+##  $"$-���  "6"� )"��%#1  # �';#/"�  

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

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

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

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

�"& *'%%"2  �  ��"+'$$'  "�-#/#3�+#"%%"("  ��$*'-�  �';#/%"2  !��-"2 . ��"/'  

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

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

�  $�/"  ��'/1  4!$�'�#/'%-�  )"&;%"  60-,  )"$-�-"*%"  )&#-'&,%0/ , *-"60  

�&#1%#' �'�'�")%0�  �';#/"�  %� 3�-��-0  -"�&#��  �  4!$�'�#/'%-'  

$""-�'-$-�"��&"  �'�&,%"/  �&#1%#:.  

�"$!"&,!  ��")�;�  4&'!-�"4%'�(##  $-"�"%%#/  �"-�'6#-'&'/  �  )�%%"2 

�"$-�%"�!'  3�)�*#  %' ��$$/�-�#��'-$1 , -'�&"��1  4%'�(#1 $*#-�'-$1  by-

��") !-"/  # �$'  3�-��-0  %� ��"#3�")$-�"  4%'�(## 
��  "-%"$1-$1 %� 

$'6'$-"#/"$-,  4&'!-�"4%'�(## . 

�  "65'/  $& *�'  )&1 /#%#-
.7  $ //��%�1  $'6'$-"#/"$-,  ��"#3�")$-��  

4&'!-�#*'$!"2  � .  # -'�&"�"2  � 
  4%'�(## /";'-  60-,  "��')'&'%�  

�0��;'%#'/  



. 


. .�� 


< � ��
� �

W k W
+ +

+ =
+

     (4.4) 

()'  <
  – 3�-��-0  %� -"�&#�"  3� ��$*'-%02  �'�#") , � 6 .; �  – �/"�-#3�+#"%%0'  

"-*#$&'%#1 3� ��$*'-%02  �'�#") , � 6 .; ��  –  ��"*#'  4!$�& �-�+#"%%0'  

#3)'�;!#  3� ��$*'-%02  �'�#") , � 6 .; W.  – �0��6"-!�  4&'!-�"4%'�(##  3� 

��$*'-%02  �'�#") , !�-* ; WT – �0��6"-!�  -'�&"�"2  4%'�(## 3� ��$*'-%02  

�'�#") , !�-* ; k.��  – !"488#+#'%-  4!$'�(##  (+'%%"$-#) -'�&"�"2  4%'�(## 

(/";'-  60-,  3�/'%'%  �0%"*%0/  "-%"9'%#'/  $-"#/"$-#  -'�&"�"2  4%'�(## !  

4&'!-�#*'$!"2 ). 

�  �'��"/  ��#6&#;'%##  /";%"  $*#-�-,  � 
  = k.�� � . .  
"()�   ���%'%#'  

(4.4) 3��#9'-$1 , !�!  



.

. .�� 
 .��

< � ��
�

( )(1 )W k W k
+ +

=
+ +

    (4.5) 
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��"*#'  4!$�& �-�+#"%%0'  #3)'�;!#  3� ��$*'-%02  �'�#")  ��'/'%#  Et 

"��')'&1:-$1  $""-%"9'%#'/ : 

��  = ��  + 	
  + ��  + <	  + ��  + �� ,     (4.6) 

()'  ��  – �&�-�  3� �") ; 	
  – 3�-��-0  %� "�&�-  -� )� , �!&:*�1  %�*#$&'%#1 %� 

3���&�- ; <	  – 3�-��-0  %� $")'�;�%#'  "6"� )"��%#1  # 3��*�$-# ; ��  – 

%�!&�)%0'  ��$�")0 ; ��  – �&�-�  3� $6�"$0  �  �"�'��%"$-%0'  #&# �")3'/%0'  

�")0 , 3� !�%�&#3�+#"%%0' $-"!# ; ��  – �&�-�  3� �06�"$0  �  �-/"$8'� . 

�"&#*'$-�"  ��"#3�')'%%"2  4%'�(## 3� ��$*'-%02  �'�#")  tE  

"��')'&1'-$1  $""-%"9'%#1/# : 

( )
t

. $�
0

d E� �W N t t N t= »� ,    (4.7) 

( )
t


 

0

d E	�
W N t t N t= »� ,     (4.8) 

()'  N.  # N
  – -'! 5#'  3%�*'%#1 4&'!-�#*'$!"2  # -'�&"�"2  /"5%"$-# , !�- ; 

N.$�  # N
$�  –  $�')%'%%0'  3� ��$*'-%02  �'�#")  3%�*'%#1 4&'!-�#*'$!"2  # 

-'�&"�"2  /"5%"$-# , !�- . 

�$&# -'�&"��1  4%'�(#1 %' �'�&#3 '-$1  �%'9%'/  �"-�'6#-'&: , -"  

$'6'$-"#/"$-,  4&'!-�#*'$!"2  4%'�(## "��')'&1'-$1  #3 �0��;'%#1  (4.5) ��#  

k.��  = 0: 



.

.

< � ��
�

W
+ +

= .     (4.9) 

�3  ���!-#*'$!"("  "�0-�  4!$�& �-�+##  /';)  "$%"�%0/#  

!"/�"%'%-�/#  $'6'$-"#/"$-#  #/''-  /'$-"  $&') :5''  $""-%"9'%#' : <
  = 

60…70 %; �  = 10…15 %; ��  = 30…15 %. 

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

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

��$*'-%02  $�"!  $& ;60   $-�%"�!# . ��!  ����#&" , !��#-�&,%0'  �&";'%#1  �  2–

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

%'3��#$15#/#  "-  -'! 5'2  /"5%"$-# .  


"�&#�%�1  $"$-��&1:5�1  "��')'&1'-$1  +'%"2 ��#�")%"("  (�3� , 

����!-'�#$-#!�/#   $-�%"�!#  (%"/#%�&,%0/  ��� , 3��#$#/"$-,:  ���  "-  

-'! 5'2  /"5%"$-#  N. ) # �';#/�/#  4!$�& �-�+##  /#%#-
.7  ((��8#!�/#  

#3/'%'%#1 %�(� 3"!  �"-�'6#-'&1 ).  


")"�0'  4!$�& �-�+#"%%0'  ��$�")0  "��')'&#/  �  5% "-  $ //��%0�  

!��#-�&,%0�  3�-��-  [24]. 

���#-�&,%0'  3�-��-0  ��#%#/�:-$1  ���%0/#   )�"'%%"2  $-"#/"$-#  

"6"� )"��%#1 . 

��$*'-%02  $�"!  $& ;60   $-�%"�!#  (;#3%'%%02 +#!&) "��')'&#/  �  20 

&'-  #3  $&"�#2  �0�"&%'%#1 -�'�  !��#-�&,%0�  �'/"%-"�  3� ��'/1  

4!$�& �-�+##  (/';�'/"%-%02  �'�#")  – 40 -0$ . * ). 

��#  ��#%1-0�  )"� 5'%#1�  $'6'$-"#/"$-,  4&'!-�"4%'�(##  i
.C  3� i-2 

��"/'; -"!  ��'/'%# , "��')'&1'/02  �"$-"1%%"2 4&'!-�#*'$!"2  %�(� 3!"2  
i
�N , ��$$*#-0��'-$1  $&') :5#/  "6��3"/  

4

.

�
 0,25 10 �	
C

i
i �

i i
� �

G
N N

-× ×
= + ,    (4.10) 

()'  �
  – +'%� (�3� ; 

iG  – ��$�")  (�3�  �  i-2 ��"/'; -"!  ��'/'%# ; �	  – 

$-"#/"$-,  "6"� )"��%#1 . 

�   *'-"/  3��#$#/"$-#  ���   $-�%"�!#  "-  !"488#+#'%-�  %�(� 3!#  ��$�")  

��#�")%"("  (�3� , $""-�'-$-� :5#2  4&'!-�#*'$!"2  /"5%"$-#   $-�%"�!#  i
�N , 

3��#9'-$1 , !�!  
�
.


 �
� 
�� ( )

i
i
�

N k
G

Q k N
= ,     (4.11) 

()'  �
�N  – %"/#%�&,%�1 4&'!-�#*'$!�1  /"5%"$-,  /#%#-
.7 ; ik  – 

!"488#+#'%-  %�(� 3!# , /i ���
i � �k N N= ; �

�Q  – %#39�1 -'�&"-�  $("��%#1 

��#�")%"("  (�3�  ( �
�Q =33,44 ��; /%/3); 
��k  – !"488#+#'%-  �"&'3%"("  

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

/#%#-
.7  %� %"/#%�&,%"2 /"5%"$-#  ��#�')'%0  �  -�6&#+'  4.2.  


�6&#+�  4.2 – �'3 &,-�-0  ��$*'-"�  $'6'$-"#/"$-#  4&'!-�"4%'�(##  ��#  

 $&"�##  ��6"-0  /#%#-
.7  %� %"/#%�&,%"2 /"5%"$-#  


#�  �"/ . 4& 
/"5%"$-,  

�
�N , !�-  


"�&#�%�1  
$"$-��&1:5�1 , 

� 6 ./!�-*  

�/"�-#3�+#"%%�1  
$"$-��&1:5�1  # 

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

�'6'$-"#/"$-, , 
� 6 ./!�-*  

�
 200� -
 400-1�  180 1,41 0,35 1,76 
�
 315� -
 400-1�  315 1,29 0,33 1,62 

 

�'3 &,-�-0  ��$*'-�  3��#$#/"$-#  $'6'$-"#/"$-#  4%'�(## 
��  �
 -200 

"-  %�(� 3!#  ��#�')'%0  %� �#$ . 4.8. 

 

�#$ %"!  4.8 -  <��#$#/"$-,  $'6'$-"#/"$-#  4%'�(## 
��  �
 -200 "-  
%�(� 3!#  

��#  ��$*'-��  $'6'$-"#/"$-#  4&'!-�"4%'�(##  
��  #$�"&,3"��&�$,  

����"!$#/�+#"%%�1  3��#$#/"$-,  

3,247exp 1,68
46,26

N
S

� �
= - +� �

� �
,    (4.12) 

()'  S -  $'6'$-"#/"$-,  4&'!-�"4%'�(## , � 6 ./!�-* ; N -  /"5%"$-,  
�� , !�- . 
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��#  ��$*'-��  488'!-#�%"$-#  �'�&#3 '/0�  �';#/"�  ��#/'%1&#$,  

)'2$-� :5#'  �  2011-2012 -��#80  %� 4&'!-�"4%'�(#:  # -'�&"� :  4%'�(#:  �  

$""-�'-$-�##  $ �"$-�%"�&'%#'/  ����#-'&,$-��  �"$!�0  "-  29 %"16�1 2011 (. 

N 571-�� : 

.&'!-�"4%'�(#1  

	)%"$-��"*%02  -��#8  – 3,79 � 6 ./!�-* . 

�� �$-��"*%02  -��#8 : 

23.00 – 7.00 (%"*,) – 0,95 � 6 ./!�-* ; 

7.00 – 23.00 ()'%, ) –3,80 � 6 ./!�-* . 


'�&"��1  4%'�(#1 (�"$-��5#!  �	.� ) 

	-"�&'%#'  – 1325,70 � 6 ./
!�&  (1,14 � 6 ./!�-* ). 

��(�'�  �")0  
��  – 82,14 � 6 .// 3. 

�-"#/"$-,  ��#�")%"("  (�3�  ��#%#/�&�$,  4421 � 6 /1000 %/3 (�"  )�%%0/  

4%'�("6:�"  	��
  ��� ). 

�")'&#�"��%#'  4%'�("$%�6;'%#1  ;#&"("  3)�%#1 "$ 5'$-�&1&"$,  �  

��/!��  )� �  4!$�'�#/'%-"� , ��")"&;#-'&,%"$-,:  6 # 4 *�$� , ��#  4-"/  

/")'&#�"��&#$,  $ -"*%0'  (��8#!#  %�(� 3!#  !"// %�&,%"("  # 

��"/09&'%%"("  �"-�'6#-'&'2  �  /�$9-�6��  1:4 # 1:6, $""-�'-$-�'%%" . 

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

�"-�'6#-'&: , ��')$-��&'%0  �  -�6&. 4.3.  


�6&#+�  4.3 – �%-'(��&,%0'  3%�*'%#1 4&'!-�#*'$!"2  # -'�&"�"2  4%'�(## 

.&'!-�"4%'�(#1 , !�-*  ?  
�';#/�  

�%-'���&  
��'/'%# , *  
'%'��-"�  


��  
�'-,  � //�  


'�&" , 
!�-*  


�3 , %/3 

6 283,75 43,3 327,05 726,8 127,3 1 
24 ($ -!# ) 1135 173,2 1308,2 2907,2 509,2 

4 221 65,9 286,9 300,9 106,2 2 
24 ($ -!# ) 1330 395 1725 1805,4 637,2 

 

�'3 &,-�-0  ��$*'-�  $-"#/"$-#  4&'!-�"4%'�(##  �  -'*'%#'  $ -"!  $  *'-"/  

)#88'�'%+#�"��%%"("  -��#8�  # �'�'/'%%"2  $'6'$-"#/"$-#  4&'!-�"4%'�(##  


��  ��#�')'%0  �  -�6&#+'  4.4.  

�-"("�0'  �'3 &,-�-0  ��$*'-�  $-"#/"$-#  4%'�(## ��#�')'%0  �  -�6&. 4.5. 
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�'3 &,-�-0  4!$�'�#/'%-� , !�!  # ��$*'-  �"!�30��:- , *-"  ��#  ��6"-'  

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

��")�;#  4%'�(## %� $-"�"%  #, $""-�'-$-�'%%" , 6'3  *'-�  �"-'�,  %� 

-��%$�"�-#�"�! , ��#60&# , %�&"("� ) 3�-��-0  %� ��"#3�")$-�"  4%'�(## )�;'  $ 

 *'-"/  %#3!#� 3%�*'%#2 ���  
��  %� *�$-#*%0�  %�(� 3!��  3%�*#-'&,%" 

%#;' , *'/  �"! �!�  4&'!-�"4%'�(##  # -'�&�    +'%-��&#3"��%%0�  

�"$-��5#!"� . 


�6&#+�  4.4 – ��$*'-  $-"#/"$-#  4&'!-�"4%'�(##   

?  
�'; -
#/�  

�%-'���&0  
��'/'%#  
$ -"! , *  

��(� 3!�  
('%'��-" -
��  
�� , 

!�-  
(4%'�(#1, 

!�-* ) 

�'6'$-" -
#/"$-,  

4&'!-�" -
4%'�(## 
(
�� )*, 

� 6 ./!�-*  

�-"# -
/"$-, , 
� 6 . 

��(� 3!�  
$'-# , !�- , 
(4%'�(#1, 

!�-* ) 


��#8 , 
� 6 ./!�-*  

�-"# -
/"$-, , 
� 6 . 

0.00-2.00 40 (80) 3,05 243,91 0 (0) 0,95 0 
2.00-4.40 0 (0) 0 0 20 (53,2) 0,95 50,54 
4.40-6.40 55 (110) 2,67 293,68 0 (0) 0,95 0 
6.40-10.00 75 (250) 2,32 580,59 0 (0) 3,80 0 
10.00-11.00 30 (30) 3,38 101,38 0 (0) 3,80 0 
11.00-18.00 30 (210) 3,38 709,63 0 (0) 3,80 0 
18.00-20.00 100 (200) 2,05 410,83 0 (0) 3,80 0 
20.00-22.00 100 (200) 2,05 410,83 40 (80) 3,80 304 
22.00-23.00 55 (55) 2,67 146,84 0 (0) 3,80 0 
23.00- 24.00 0 0 0 40 (40) 0,95 38 

1 

�
	
	  (1135) -- 2897,68 (173,2) - 392,54 
0.00-7.00 0 (0) 0 0 40 (280) 0,95 266,2 
7.00-8.00 60 (60) 2,57 154,10 0(0) 3,80 0 
8.00-13.00 90 (450) 2,14 965,01 0 (0) 3,80 0 
13.00-14.00 100 (100) 2,05 205,83 30 (30) 3,80 114 
14.00-18.00 90 (360) 2,14 772,01 0 (0) 3,80 0 
18.00-19.00 100 (100) 2,05 205,83 45 (45) 3,80 171 
19.00-21.00 90 (180) 2,14 386,00 0 (0) 3,80 0 
21.00-23.00 40 (80) 3,05 243,30 0 (0) 3,80 0 
23.00-24.00 0 (0) 0 0 40 (40) 0,95 38,2 

2 

�
	
	  (1330) - 2932,08 (395) - 589,4 


�6&#+�  4.5 – �'3 &,-�-0  ��$*'-"�  $-"#/"$-#  4%'�(##, � 6 . 

7'%-��&#3"��%%"'  
4%'�("$%�6;'%#'  

�.�   
"�-#/�&,%02  �';#/  ?  

�';#/�  .&'!-�" -
4%'�(#1 


'�&"  � //�  .!$�'�#/'%-  ��$*'-  

1 4095,6* 3314,2 7409,8 3290,2 2955,0 
2 5643* 2058,2 7701,2 3521,5 3120,1 

                                           
* $  *'-"/  %"*%"(" -��#8�  
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��#  $ 5'$-�'%%"  /'%,9'2  �"  $���%'%#:  $ $'6'$-"#/"$-,:  

4&'!-�"4%'�(##  "-  
��  $-"#/"$-#  4&'!-�"4%'�(##  "-  +'%-��&#3"��%%"2 $'-#  

�  �'�#")  %"*%"(" ��"��&�  (%"*%"2 -��#8 ), %'$/"-�1  %� "-%"$#-'&,%" 

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

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

�!! / &1-"�� , "-$ -$-�#'  4&'!-�"!"-&�  #&# �#!"�"("  !"-&� ) )&1 "6'$�'*'%#1  

%'"6�")#/"2  -'�&"�"2  %�(� 3!#  # 3��1)!#  6�!� -�!! / &1-"��  

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

�0��6�-0��'-$1  ('%'��-"�"/  
�� . 

$��
�����������)�

�'-")#!�  ��$*'-�  %� "$%"�'  ��"$-"2  3"%%"2 /")'&#  �"3�"&1'-  ��"&%'  

�)'!��-%"  "�#$�-,  )#%�/#!  ��"+'$$"�  3��1)!# /��3�1)!#  6�!� -�!! / &1-"��  

# /";'-  60-,  #$�"&,3"��%�  )&1 #%;'%'�%0�  ��$*'-"�  # ��#  ��3��6"-!'  

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

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

!"/�&'!$�/# . 

�'�&#3"��%%02  �  $-'%)"�"/  ���#�%-'  /�!'-  $#$-'/0   ����&'%#1  �.�  

"6'$�'*#��'-  �0�"&%'%#'  ��$*'-%"("  "�-#/�&,%"("  �';#/�  ��6"-0  �.�  ��#  

�'�'/'%%0�  %�(� 3!��  �"-�'6#-'&1 . 

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

��$*'-%0/  � -'/  # �"  �'3 &,-�-�/  4!$�'�#/'%-� , %' ��'�09�:-  3-4 %, *-"  

)"!�30��'-  ��#/'%#/"$-,  )"� 5'%#2  "  %'3%�*#-'&,%"/  �&#1%## 

�'�'�")%0�  �';#/"�  ��#  4!$�& �-�+##  �.�  %� #-"("�0'  3�-��-0  %� 

4%'�("$%�6;'%#' . 
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