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*+,- ./.012.+33+4+ /+56,.*+713.8 7 9151:1; 7365*63.8 

06;3+,+4.< SMART GRID 

=. 1. >(?#@)(A, *. .. .A$#(AB)@C, 1. 3. D"!E"A, F. 4. =$%G(A 

(>$#)?- "?"%HI%J) 

7A"'"#@" 

 !"#$%"&$' ()$*&$(+, Smart Grid – -.+ ()+&!// ,*!0)!*$' /+,)!1!**23 $**+-

,"&$+**23 .!3*+#+4$5, , .+1 6$/#! $*7+)1"&$+**23 $ .!#!8+119*$8"&$+**23, , 

-#!8.)+-*!)4!.$6!/8$! /$/.!12 0#' (+,2:!*$' $3 -77!8.$,*+/.$, -8+*+1$6*+/.$ $ 

*"0!;*+/.$. <*$&$".$," /+%0"*$' $ ,*!0)!*$' Smart Grid (+#96"!. ,/! =+#!! :$)+8+! 

)"/()+/.)"*!*$! ,+ ,/!1 1$)!: 0",*+ *"%)!#" *!+=3+0$1+/.> 8")0$*"#>*+4+ )!:!*$' 

()+=#!1, /,'%"**23 / 8)9(*+1"/:."=*21$ ",")$'1$ -#!8.)+/!.!5, +4)+1*21$ (+.!-

)'1$ , #$*$'3 -#!8.)+(!)!0"6, ")3"$6*21$ .!3*+#+4$'1$ 0$/(!.6$)+,"*$' $ 9()",#!-

*$' -*!)4+/!.'1$, .)90*+/.'1$ ,8#?6!*$' , -*!)4+/$/.!19 *+,23 (+.)!=$.!#!5 $ "#>-

.!)*".$,*23 $/.+6*$8+, -*!)4$$. @  +//$$ ."8$! /$/.!12 *"%2,"?./' “$*.!##!8.9-

"#>*21$ -*!)4+/$/.!1"1$”, “91*21$ /!.'1$”, “"8.$,*+-"0"(.$,*21$ -*!)4+/$/.!1"-

1$” $ ..(. A)!0(+/2#8"1$ )"%,$.$' -#!8.)$6!/8$3 /!.!5 (+0+=*+4+ )+0" ',#'?./' )"%-

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

"88919#$)+,"*$' -*!)4$$, (+',#!*$! *+,23 .!3*+#+4$$ $%1!)!*$5, )"%,$.$! $*7+)-

1"&$+**23 .!3*+#+4$5.  

A$#+.*2! ()+!8.2 (+ )"%,$.$? $*.!##!8.9"#>*23 /!.!5 9;! (+',$#$/> , BCD, 

E$."!, *!/8+#>8$3 /.)"*"3 F,)+(2. @  +//$$ , 7!,)"#! 2010 4. ()!1>!)-1$*$/.) 

@.@.A9.$* (+/.",$# (!)!0 ()!0/!0".!#!1 ()",#!*$' GDG «HBE FIB» G.J90")4$*21 

%"0"69 /+%0"*$' *+,+5 .!3*+#+4$6!/8+5 (#".7+)12 ,/!5 )+//$5/8+5 !0$*+5 -*!)4+-

/$/.!12 *" ="%! $*.!##!8.9"#>*23 /!.!5. HBE =2#" )"%)"=+."*" ('.$#!.*'' ()+4)"1-

1" ,*!0)!*$' «91*23» /!.!5 [1, 2] *" (!)$+0 2010–2014 44., *" )!"#$%"&$? (!),+4+ 

-."(" 8+.+)+5 ()!09/1+.)!*2 $*,!/.$&$$ , )"%1!)! 519 1#)0. )9=#!5. 

 !"#!$%&'! &()*%+%,-. Smart Grid /  %00-- – 1&% %2*! -" *(3*%,-) &()*%+%,--

4(0'-) #(/%+56-., ,2(  %00-7 -3((& 8!*0 -2&- / *%,9 0 *!-$%+(( :(#(2%/;3- #!"/--

&;3- 0&#!*!3-. 
@*!0)!*$! $**+,"&$+**23 .!3*+#+4$5 , -#!8.)+-*!)4!.$89 +.#$6"!./' +. (+-

0+=*23 ()+&!//+, , 0)94$3 /7!)"3 +4)+1*21 ,+%1+;*21 ,2$4)2:!1 , -77!8.$,*+-

/.$, *+ $ +4)+1*21$ 1".!)$"#>*21$ (+.!)'1$ ()$ ,*!0)!*$$ *!,!)*23 )!:!*$5, *"-

()$1!), , 9()",#!*$$ -#!8.)+-*!)4!.$6!/8$1$ /$/.!1"1$ (IIB). I.$ +.#$6$.!#>*2! 

6!).2 +()!0!#'?./' /"1$1 +=K!8.+1: !4+ 1"/:."=*+/.>? $ ,%"$1+%",$/$1+/.>? 7"8-

.$6!/8$ ,/!3 (")"1!.)+, $ 3")"8.!)$/.$8 !0$*+5 -#!8.)+-*!)4!.$6!/8+5 /$/.!12 +4-

)+1*+5 /.)"*2. L" ."8+1 +=K!8.! *!,+%1+;*+ /.",$.> *".9)*2! -8/(!)$1!*.2 (+ ()+-

,!)8! .!3 $#$ $*23 )!:!*$5: )"%,"# -#!8.)+-*!)4!.$6!/8+5 /$/.!12 ()$ ."8$3 -8/(!-

)$1!*."3 ()$,!0!. 8 8+##"(/9 &!#23 )"5+*+, /.)"*2. F0$*/.,!**21 ,23+0+1 , )!:!-

*$$ ()+=#!1 $**+,"&$+**+4+ +=*+,#!*$' 9()",#!*$' -*!)4+/$/.!1+5 ',#'!./' $1$."-

&$+**+! 1+0!#$)+,"*$!. 

 (B?$#(A)$ G%(H!"K& 

M+;*+ )"//1".)$,".> )!"#$%"&$? Smart Grid 8"8 =!/8+*!6*25 ()+&!// ,*!0)!-

*$' , -#!8.)+-*!)4!.$6!/8$! /$/.!12 /+,)!1!**23 $**+,"&$+**23 .!3*+#+4$5. I.+. 

()+&!// *"6"#/' 0",*+ $ =90!. ()+0+#;".>/' 0+#4+, (+#*+/.>? "*"#+4$6*+ .+19, 8"8 

,*!0)!*$! $**+,"&$+**23 .!3*+#+4$5 ()+$/3+0$. , ",.+1+=$#!/.)+!*$$, .!#!,$0!-

*$$, 8+119*$8"&$$, /(+).! $ ,+ 1*+;!/.,! 0)94$3 /7!) *":!5 ;$%*$. 
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N"8+5 ,%4#'0 *" )"%,$.$! Smart Grid *"8#"02,"!. +()!0!#!**2! .)!=+,"*$' *" 

,*!0)!*$! $**+,"&$+**23 .!3*+#+4$5 $#$ 9/.)+5/., , -*!)4+/$/.!19, +* +4)"*$6$,"!. 

,2=+) )!:!*$5, 8+.+)2! ()$*$1"?./' ()$ ,2(+#*!*$$ ()+!8.+, (+/.)+!*$' $#$ 1+-

0!)*$%"&$$ /!.$. @/! ,*!0)'!12! , -#!8.)+-*!)4!.$6!/8$! /$/.!12 .!3*+#+4$$ $ 9/.-

)+5/.," 0+#;*2 =2.> /+4#"/+,"**21$ $ *! ()+.$,+)!6"O$1$ 0)94 0)949. B+4#"/+,"*-

*+/.> 0+#;*" 0+/.$4".>/' (9.!1 (+,/!1!/.*+4+ $/(+#>%+,"*$' 6!.8$3 /."*0").+, *" 

"((")".*2! $ ()+4)"11*2! /)!0/.,", 8"8 /9O!/.,9?O$3, ."8 $ *+,23, )"%)"=".2,"!-

123 , ()+&!//! ,*!0)!*$' *+,23 .!3*+#+4$5. 

L!,+%1+;*+ .+#>8+ #+8"#>*+, , +0*+1 0+1! $#$ )"5+*!, ,*!0)$.>, *"()$1!), 

()+.$,+",")$5*+! 9()",#!*$! -*!)4+/$/.!1+5: ."8"' $**+,"&$' %".)+*!. ,/! 9)+,*$ 

-*!)4+/$/.!12: 4!*!)"&$', .)"*/(+)., )"/()!0!#!*$! $ (+.)!=#!*$! -*!)4$$. P8"%"*-

*"' ,2:! 8+*&!(&$' )"%,$.$' 6!.8+ +()!0!#'!., 6.+ *! /9O!/.,9!. 7$*"#>*+5 8+*7$-

49)"&$$ Smart Grid, 0+/.$;!*$! 8+.+)+5 (+/.",$. .+689 , !! )"%,$.$$ – , ()+&!//! 

,*!0)!*$' .!3*+#+4$$ 1+49. ()!.!)(!,".> $%1!*!*$! $ 1+0$7$8"&$$, )"*!! ,*!0)!*-

*2! , IIB /)!0/.," =909. 9/.")!,".> $ (+0,!)4".>/' 1+0!)*$%"&$$. 

P6$.2,"' (+/.+'**9? $.!)".$,*9? $%1!*'!1+/.> Smart Grid, *!+.K!1#!1+5 3"-

)"8.!)$/.$8+5 )!%9#>.".+, ,*!0)!*$' *+,23 .!3*+#+4$5 $ -#!1!*.+, 0+#;*+ /.".> 

+=!/(!6!*$! &!#+/.*+/.$, *"0!;*+/.$ 79*8&$+*$)+,"*$' IIB , &!#+1, ()!!1/.,!**+-

/.$, 6.+ 1+;!. =2.> 0+/.$4*9.+ (9.!1 6!.8+4+ %"0"*$' /#!09?O$3 .)!=+,"*$5 8+ ,/!1 

,*!0)'!121 )!:!*$'1: 

  <%3:+('0*%0&= – 8";025 +.0!#>*25 ()+!8. , )"18"3 Smart Grid 0+#;!* ',-

#'.>/' ,*!0)!*$!1 .!3*+#+4$6!/8+4+ )!:!*$' «(+0 8#?6» / (+#*21 )!:!*$!1 %"0"6, 

,+%*$8"?:$3 ()$ $/(+#>%+,"*$$ *+,+5 .!3*+#+4$$. 

   !"/-/!(3%0&= – 8";025 +.0!#>*25 ()+!8. , )"18"3 Smart Grid 0+#;!* 96$-

.2,".> ,+%1+;*2! (!)/(!8.$,2 )"%,$.$' /++.,!./.,9?O$3 .!3*+#+4$5. 

  >!08&!$-#9(3%0&= – 8";025 ()+!8. 0+#;!* +=!/(!6$,".> ,+%1+;*+/.> .$-

)";$)+,"*$', )"/:$)!*$', $/(+#>%+,"*$' , :$)+8+1 /(!8.)! (+0+=*23 $ /1!;*23 

/$/.!1, " ."8;! $/(+#>%+,"*$' )!%9#>.".+, ()+!8." , 0)94$3 )!:!*$'3. 

  ?%,+!0%/!**%0&= – 8";025 ()+!8. 0+#;!* =2.> 1"8/$1"#>*+ /+4#"/+,"* / 

/9O!/.,9?O$1$ )!:!*$'1$, 6!.8+ /#!0+,".> /(!&$7$8"&$'1 $ /."*0")."1 , /++.,!.-

/.,9?O!5 /7!)!. 

  ?-0&(3*%0&= – 8";025 ()+!8. 0+#;!* 96$.2,".> $ "*"#$%$)+,".> ,#$'*$! 

!4+ ,*!0)!*$' *" ,/!3 9)+,*'3 79*8&$+*$)+,"*$' IIB: 9)+,*'3 4!*!)$)+,"*$', (!)!-

0"6$, )"/()!0!#!*$' $ (+.)!=#!*$' -#!8.)+-*!)4$$. 

<% ()!0/.",#!**+5 ,2:! 8+*&!(&$$ 1+;*+ /0!#".> ,2,+0 + .+1, 6.+ 8 .)"0$&$-

+**21 3")"8.!)$/.$8"1 /#+;*+/.$ %"0"6, )!:"!123 , +=#"/.$ -#!8.)+-*!)4!.$6!/8$3 

/$/.!1, ."8$1 8"8 )"%1!)*+/.> $ 1*+4+/,'%*+/.>, 7"8.$6!/8"' *!,+%1+;*+/.> ()+,!0!-

*$' *".9)*23 -8/(!)$1!*.+,, Smart Grid /$/.!12 0+=",#'?. *+,2! 9)+,*$ .)90*+/.$ 

)!"#$%"&$$, /)!0$ *$3: 

! *!+=3+0$1+/.> 8+1(#!8/*+4+, /$/.!1*+4+ (+03+0" 8 )!"#$%"&$$ %"0"6 #?=+4+ 

9)+,*' /#+;*+/.$; 

! *!+=3+0$1+/.> (#"*$)+,"*$' $ 96!." ,#$'*$' 8";0+4+ )"%)"=".2,"!1+4+ )!-

:!*$', 8";0+5 ()+,+0$1+5 )"=+.2 *" ,/!3 9)+,*'3 79*8&$+*$)+,"*$' -*!)4+/$/.!1;  

! *!+=3+0$1+/.> ,/!/.+)+**!4+ 96!." /9O!/.,9?O$3 $ )"%)"=".2,"!123 )!:!-

*$5 $ /,'%!5 / *$1$; 

! (+#*+! /++.,!./.,$! /."*0")."1 $ *+)1".$,*21 0+891!*."1; 

! *!+=3+0$1+/.> /++.,!./.,$' .)!=+,"*$'1 8+1(#!8/*+/.$, )"%,$,"!1+/.$, 

1"/:."=$)9!1+/.$, /+4#"/+,"**+/.$, /$/.!1*+/.$. 
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G)4"*$6*21 /(+/+=+1 )!:!*$' +=+%*"6!**23 ()+=#!1 ',#'!./' $/(+#>%+,"*$! 

$1$."&$+**+4+ 1+0!#$)+,"*$' *" -."(! ()+!8.$)+,"*$' $ )"%)"=+.8$ ()$#+;!*$5 

Smart Grid. </(+#>%+,"*$! 1+0!#!5 (+%,+#'!. %"1!*$.> *".9)*2! -8/(!)$1!*.2 , 

-#!8.)+-*!)4!.$6!/8$3 /$/.!1"3 8+1(>?.!)*21$ $//#!0+,"*$'1$, /*$%$.> 9)+,!*> 

*!+()!0!#!**+/.$ +=K!8.+,, +.)"=+.".> 8+1(#!8/*2! /,'%$ $ %",$/$1+/.$, ()+,!)$.> 

)!:!*$' *" /++.,!./.,$! .)!=+,"*$'1 $ /."*0")."1. 

.K@?$L@(##(" K('"!@%(A$#@" A %$M%$H(?)" G%@!(N"#@C Smart Grid 

Q#' )!:!*$' %"0"6 )"%)"=+.8$ ()$#+;!*$5 Smart Grid , B"*8.-A!.!)=9)4/8+1 

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

0").*23 -#!1!*.+, -#!8.)+-*!)4!.$6!/8$3 /$/.!1, ,8#?6"?O"' , /!=' (+0)+=*2! 1+-

0!#$ /$*3)+**23/"/$*3)+**23 4!*!)".+)+,, 0,$4".!#!5 *" +/*+,! 0$77!)!*&$"#>*23 

9)",*!*$5 /.".+)*23 $ )+.+)*23 8+*.9)+, $ -#!8.)+1!3"*$6!/8$3 (!)!3+0*23 ()+-

&!//+,; 1+0!#$ #$*$5 -#!8.)+(!)!0"6, /.".$6!/8$3 *"4)9%+8, :9*.$)9?O$3 )!"8.+)+,; 

/.".$6!/8$3 .$)$/.+)*23 8+1(!*/".+)+,, :9*.+, 8+)+.8$3 %"128"*$5, ",.+1".$6!-

/8$3 )!49#'.+)+, ,+%=9;0!*$' (D @-BQ) /$*3)+**23 4!*!)".+)+,, ",.+1".$6!/8$3 )!-

49#'.+)+, 6"/.+.2 $ "8.$,*+5 1+O*+/.$ (D RM); /$/.!1*+5 ",.+1".$8$ $ ..0. Q+(+#-

*$.!#>*+ =$=#$+.!8" /+0!);$. /)!0/.," 1+0!#$)+,"*$' ",")$5*23 /$.9"&$5 )"%#$6-

*+4+ ,$0" $ 9)+,*', ,,+0"/,2,+0" (+.)!=$.!#!5 $ $/.+6*$8+, -*!)4$$, $*.!)7!5/2 

(+08#?6!*$' «91*23» 9/.)+5/.,, " ."8;! /)!0/.," ,$%9"#$%"&$$ 1+0!#!5 $ 9()",#!-

*$' 79*8&$+*$)+,"*$!1 1+0!#!5 , ()+&!//! ,2(+#*!*$' (, )!;$1! )!"#>*+4+ ,)!1!-

*$). @/! -.$ 1+0!#$ -#!1!*.+, IIB ()!0/.",#!*2 4)"7$6!/8$1$ +=)"%"1$, (+-.+19 

/+%0"*$! 1+0!#$ /#+;*+5 /$/.!12 /+/.+$. $% (+/.)+!*$' /.)98.9)2 1+0!#$ 1!.+0+1 

“dgar-and-drop”, $ (+/#!09?O!5 *"/.)+58$ (")"1!.)+, -#!1!*.+,. B $/(+#>%+,"*$!1 

=$=#$+.!8$ -#!1!*.+, =2#$ )"%)"=+."*2 .!/.+,2! 1+0!#$ 0#' ()+,!0!*$' ="%+,23 $/-

/#!0+,"*$5 $ -8/(!)$1!*.+,.  

@ ()+&!//! )"%)"=+.8$ =$=#$+.!8$ /."*0").*23 -#!1!*.+, )!:"#$/> /#!09?O$! 

8+1(#!8/2 ()+=#!1: 

3 G()!0!#!*$!, ,2=+) $ "*"#$% 1".!1".$6!/8$3 1+0!#!5 -#!1!*.+, IIB, (+-

%,+#'?O$3 ()!0/.",#'.> -#!1!*.2 / ,2/+8+5 /.!(!*>? .+6*+/.$ $ 0+/.+,!)*+/.$, " 

."8;! 8+1(#!8/*2! /,'%$ 1!;09 *$1$. 

3 @2=+) $ "*"#$% (#".7+)1 8+1(>?.!)*+4+ 1+0!#$)+,"*$', (+%,+#'?O$3 /+%-

0",".> 1+0!#$ IIB =+#>:+5 )"%1!)*+/.$ $ ,2/+8+5 /.!(!*$ /#+;*+/.$. 

3  "%)"=+.8" 9*$,!)/"#>*+5 +.8)2.+5 =$=#$+.!8$ 8+1(>?.!)*23 1+0!#!5 .$-

(+,23 -#!1!*.+, IIB )"%#$6*+5 /.!(!*$ 0!."#$%"&$$, (+%,+#'?O!5 , 1"8/$1"#>*+ 

8+)+.8$! /)+8$ $ 1$*$1"#>*21$ .)90+%".)"."1$ +/9O!/.,#'.> )!8+*7$49)"&$? -#!-

1!*.+,, 9.+6*!*$! $ 8+))!8.$)+,89 $3 1".!1".$6!/8+4+ +($/"*$', ,,+0 1+0!#!5 *+,23 

/+,)!1!**23 -#!1!*.+,. 

3  "%)"=+.8" (+#>%+,".!#>/8$3 $*.!)7!5/+,, /)!0/., /=+)", +=)"=+.8$ $ ()!0-

/.",#!*$' 0"**23. 

3  "%)"=+.8" .$(+,23 1+0!#!5 )!"#>*+ 0!5/.,9?O$3 )!4$+*"#>*23 -*!)4+/$/-

.!1. 

3 A)+,!)8" 0+/.+,!)*+/.$, 8"#$=)+,8" )"%)"=+."**23 -#!1!*.+, $ 1+0!#!5. 

 "%)"=+."**"' ")3$.!8.9)" =$=#$+.!8$ $ !! -#!1!*.+, (+%,+#'!. 96$.2,".> 

/(!&$7$89 8+*8)!.*23 ()$8#"0*23 %"0"6 *" !0$*+5 (#".7+)1!, , )"18"3 !0$*+5 ="%2 

0"**23, " ."8;! "*"#$%$)+,".> ()+&!//2 , 8+*8)!.*+5 /$/.!1! / 96!.+1 !! )!"#>*23 

(")"1!.)+, $ 3")"8.!)$/.$8 $ ()+,+0$.> (")"1!.)$%+,"**25 "*"#$% ,+%1+;*23 /&!-

*")$!, $%1!*!*$', )"%,$.$', $%1!*!*$' (")"1!.)+,. 
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A)$1!*$.!#>*+ 8 %"0"6"1 )"%)"=+.8$ ()$#+;!*$5 Smart Grid $1$."&$+**2! 

1+0!#$ -#!8.)+-*!)4!.$6!/8$3 /$/.!1 &!#!/++=)"%*+ $/(+#>%+,".> , 8"6!/.,! ,$).9-

"#>*23 +=K!8.+,, /(+/+=*23 ()!0+/.",#'.> *!+=3+0$12! 0"**2! + /(!&$7$6!/8$3 

+/+=!**+/.'3 )"//1".)$,"!123 /$/.!1 , 0$*"1$8! (=2/.)2!, 1!0#!**2!, (!)!3+0*2! 

()+&!//2, ,%"$1*+! ,#$'*$! .!3*+#+4$5) $ /.".$8!, " ."8;! ()+,!)'.> /++.,!./.,$! 

(+,!0!*$' +.0!#>*23 -#!1!*.+, /."*0")."1 $ *+)1".$,*21 "8."1. Q"#!! , )"18"3 *"-

/.+'O!5 (9=#$8"&$$ ()$,!0!*+ +($/"*$! 0,93 ()+!8.+,, )"%)"=".2,"!123 / *!(+/)!0-

/.,!**21 $/(+#>%+,"*$!1 $1$."&$+**23 1+0!#!5 8"8 ,$).9"#>*23 +=K!8.+,. 

 %(")?: A#"'%"#@" @#?"!!")?I$!O#(J( IG%$A!"#@E A P!")?%(P#"%J"?@Q"-
B)@" B@B?"K& (RR>) 

G0*$1 $% ()+!8.+, (+ )"%)"=+.8! .!3*+#+4$5 Smart Grid , BA=SAP ',#'!./' )"-

=+." (+ ,*!0)!*$? $*.!##!8.9"#>*+4+ 9()",#!*$' , IIB, ()+,+0$1"' , /+.)90*$6!/.-

,! 0,93 8"7!0) )"%#$6*23 7"89#>.!.+,: 8"7!0)2 « "/()!0!#!**2! ,26$/#!*$' $ 8+1-

(>?.!)*2! /!.$» $ 8"7!0)2 «I#!8.)$6!/8$! /$/.!12 $ /!.$». 

T!#> ()+,+0$123 – ()$1!*!*$! /+,)!1!**23 /)!0/.,, .!+)$$ $ .!3*+#+4$5 1+-

0!#$)+,"*$', ,$%9"#$%"&$$, 8+1(>?.!)*+5 1".!1".$8$ $ 6$/#!**23 1!.+0+, 8 )!:!-

*$? $*.!4)"#>*23 %"0"6 $*.!##!8.9"#>*+4+ 9()",#!*$' IIB , )"18"3 8+*&!(&$$ 

Smart Grid. I.$ .!3*+#+4$$ %"8#?6"?./' , $/(+#>%+,"*$$ /9O!/.,9?O$3 $ , )"%)"=+.-

8! *+,23 1!.+0+,, "#4+)$.1+, $ /)!0/., )!49#$)+,"*$' $ ()+.$,+",")$5*+4+ 9()",#!-

*$' , IIB *" +/*+,! $//#!0+,"*$5, ()+,+0$123 8+##!8.$,+1 )"%)"=+.6$8+, , .!6!*$! 

(+/#!0*$3 10 #!. [3–7].  

</(+#>%9' $1$."&$+**2! 1+0!#$ (<M) IIB , 8"6!/.,! ,$).9"#>*23 +=K!8.+,, 

$//#!0+,".!#> 1+;!. ()+,+0$.> 1+0!#>*2! -8/(!)$1!*.2 ,+ ,/!3 )!;$1"3 )"=+.2 

IIB, =!% 8"8$3-#$=+ +4)"*$6!*$5 *" (+/#!0/.,$' ."8$3 -8/(!)$1!*.+, 0#' $//#!09!-

1+5 IIB [1, 2].  A+0+=*"' /,+=+0" ()+,!0!*$' 8+1(>?.!)*23 -8/(!)$1!*.+, +=!/(!-

6$,"!. 9*$8"#>*2! ,+%1+;*+/.$ 0#' /*'.$' *!+()!0!#!**+/.!5 0$*"1$6!/8$3 /,+5/., 

IIB 8"8 +=K!8." 9()",#!*$', 6.+ .)90*+ (!)!+&!*$.> ()$1!*$.!#>*+ 8 )!:!*$? :$-

)+8+4+ 8#"//" ()$8#"0*23 %"0"6 9()",#!*$' IIB. A+/.)+!**"' =$=#$+.!8" $1$."&$-

+**23 1+0!#!5 (+%,+#$#" *"1 )!:$.> :$)+8$5 /(!8.) %"0"6, /,'%"**23 / 9()",#!*$!1 

9/.+56$,+/.>? IIB , *+)1"#>*23 $ ",")$5*23 )!;$1"3, " ."8;! ,+//."*+,#!*$!1 $ 

/"1+,+//."*+,#!*$!1 IIB  (+/#! /$/.!1*23 ",")$5. 

A)$6$*+5 8)$.$6!/8$3 *")9:!*$5 9/.+56$,+/.$ , IIB 1+49. ,2/.9(".> 8"8 

*!0+(9/.$12! 8+#!="*$' *"4)9%8$ , 9/#+,$'3 0!7$&$." 4!*!)$)9!1+5 1+O*+/.$, ."8 $ 

+.8#?6!*$' (6"/.$6*2! $#$ (+#*2!) #$*$5 -#!8.)+(!)!0"6$, *"()$1!), , )!%9#>.".! 

8+)+.8+4+ %"128"*$'. @ 8"6!/.,! $##?/.)"&$$ 1+;*+ ()$,!/.$ *!8+.+)2! (9.$ (+-

/.)+!*$' 9()",#!*$5 / $/(+#>%+,"*$!1 $1$."&$+**23 1+0!#!5 (<M). 

Q$*"1$6!/8$! 3")"8.!)$/.$8$ +(!)".+)+, , +/*+,*23 8"*"#"3 $ , (!)!8)!/.*23  

/,'%'3 1*+4+1!)*+4+ +=K!8." 9()",#!*$' 1+49. =2.> ,2',#!*2 *" <M IIB (9.!1 )!"-

#$%"&$$ /!)$$ 8+1(>?.!)*23 -8/(!)$1!*.+,. @ 8";0+1 -8/(!)$1!*.! /!)$$ +/9O!/.,-

#'!./' ,+%19O!*$! i-4+ 9%#" $ "*"#$%$)9?./' )!"8&$$ ,/!3 n 9%#+,. N"8$1 (9.!1 7+)-

1$)9!./' (n×n)-1".)$&" 0$*"1$8$ "*"#$%$)9!1+5 IIB, i-5 /.+#=!& 8+.+)+5 /+0!);$. 

)!"8&$$ n 9%#+, *" ,+%19O!*$! , i-1 9%#!. B9O!/.,!**+ ()$ -.+1 +.1!.$.>, 6.+ (+0+=-

*2! 8+1(>?.!)*2! -8/(!)$1!*.2 0+#;*2 96$.2,".> .$( %"0"6$ /$*.!%", 8+.+)9? 

()!0(+#"4"!./' )!:$.>, –(+#*+4+ $#$ 6"/.$6*+4+ /$*.!%". A)$ (+#*+1 /$*.!%! 1+0!-

#$)9!125 +=K!8. 0+#;!* =2.> «+6$O!*» +. )!49#'.+)+, , -#!1!*."3, !4+ /+/.",#'?-

O$3. A)$ 6"/.$6*+1 /$*.!%! 6"/.> ."8$3 )!49#'.+)+, $#$ ,/! )!49#'.+)2 1+49. =2.> 

/+3)"*!*2. A)$1!*$.!#>*+ 8 -#!1!*."1 IIB &!#!/++=)"%*+ )"//1".)$,".> %"0"6$ 6"/-

.$6*+4+ /$*.!%", (+/8+#>89 $/(+#>%+,"*$! .)"0$&$+**23 )!49#'.+)+, (/8+)+/.$ ,)"-

O!*$' ,"#" .9)=$*2, )!49#'.+)+, ,+%=9;0!*$' 4!*!)".+)+,) ',#'!./' !/.!/.,!**21. 
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A+*'.*+, 6.+ %"0"6$ 6"/.$6*+4+ /$*.!%" /,'%"*2 / 8+))!8&$!5 /,+5/., /9O!/.,9?O$3 

/$/.!1 9()",#!*$'. A+#96!**2! , ."8$3 %"0"6"3 )!49#'.+)2 1+49. =2.> *"%,"*2 )!49-

#'.+)"1$-8+))!8.+)"1$. 

D*"#$% /,+5/., 1*+4+1!)*+4+ +=K!8." ()$1!*$.!#>*+ 8 %"0"6! 6"/.$6*+4+ /$*-

.!%" =2# ()+,!0!* *" +/*+,! )"%)"=+."**+5 =$=#$+.!8$ 1+0!#!5 .$(+,23 -#!1!*.+, 

IIB. @ ()+&!//! 1+0!#$)+,"*$' $%1!*'#"/> *"4)9%8" *" 8";0+1 $% 9%#+,, 7$8/$)+,"-

#$/> )!"8&$$ ($%1!*!*$' 6"/.+.2 $ 1+O*+/.$) *" -.$ ,+%19O!*$'. N$(+,"' )!"8&$' 

(+.8#+*!*$! /8+#>;!*$') +0*+4+ $% 9%#+, IIB *" /8"68++=)"%*+! ()$)"O!*$! *"4)9%-

8$ ()!0/.",#!*" *" )$/. 1. 

 

*@B. 1. 0@G(A$E %"$)L@E %"JI!@%I"K(J( IM!$ #$ @MK"#"#@" #$J%IM)@ 

E"8 /#!09!. $% )$/. 1, )!"8&$' ()!0/.",#'!. /#+;*25 8+#!=".!#>*25 ()+&!// / 

"1(#$.90+5, 1!0#!**+ 1!*'?O!5/' (+ -8/(+*!*.!. U".93"*$! ()+&!//" ()+$/3+0$. 

()$1!)*+ %" 60 /. D(()+8/$1"&$' (+#96!**23 , )!%9#>.".! 1+0!#$)+,"*$' )!"8&$5 

%,!*>!, 1*+4+1!)*+4+ +=K!8." , +/*+,*23 8"*"#"3 $ (!)!8)!/.*23 /,'%'3 (+8"%2,"!., 

6.+ ()+&!//2 ."8+4+ .$(" (/1. )$/.1) 0+/.".+6*+ .+6*+ ()!0/.",#'?./' (!)!3+0*21$ 

3")"8.!)$/.$8"1$ /9112 0,93 0$*"1$6!/8$3 %,!*>!, ,.+)+4+ (+)'08". Q#' ()$,!0!*-

*+5 *" )$/. 2 )!"8&$$ (+0+=*"' "(()+8/$1"&$' 0"!. (!)!0".+6*9? 79*8&$? ,$0" 

L()) = 
945090

881

47530281

317670
22 .p.p

p.

.p.p

.p.

""

"

""

##
 .  (1) 

B$*.!% 9()",#'?O!5 6"/.$ 1*+4+1!)*+5 /$/.!12 / +=K!8.+1, (!)!0".+6*"' 

1".)$&" 8+.+)+4+ $1!!. -#!1!*.2 ,$0" (1), ()!0/.",#'!. *!.)$,$"#>*9? %"0"69. N"8+5 

/$*.!% 1+;!. =2.> +/9O!/.,#!* *" +/*+,! (+03+0", $%#+;!**+4+ , )"=+.! [8], +/*+,9 

8+.+)+4+ /+/.",#'!. %"0"*$! .)!=9!1+5 0$*"1$8$ %"18*9.+5 /$/.!12. I.+. (+03+0 

()!0(+#"4"!. ,2(+#*!*$! )'0" (+/#!0+,".!#>*23 -."(+,, /)!0$ 8+.+)23: 

– "*"#$% /,+5/., +=K!8." 9()",#!*$', $1!?O!4+ (!)!0".+6*9? 1".)$&9 H(p); 

– %"0"*$! .)!=9!123 0$*"1$6!/8$3 /,+5/., %"18*9.+5 /$/.!12 , 7+)1! (!)!0"-

.+6*+5 1".)$&2 F(p); 

– (+#96!*$! (!)!0".+6*+5 1".)$&2 R(p) 9()",#'?O!5 6"/.$; 

– 9()+O!*$! /.)98.9)2 $/$#$ -#!1!*.+, 1".)$&2 R(p); 

– "*"#$% 8"6!/.," (+#96!**+5 /$/.!12 ()$ ,2=)"**+1 ,")$"*.! R(p). 

G(9/8"' 0!."#$ /$*.!%", )"//1+.)!**2! , [8], +.1!.$1 +=/.+'.!#>/.,", /,'%"*-

*2! / )!"#$%"&$!5 1*+4+1!)*+4+ )!49#'.+)" R(p)  , /.)98.9)! IIB. B#!09!. ()$%*".>, 

6.+ .+6*"' )!"#$%"&$' /.)98.9)2 1*+4+1!)*+4+ )!49#'.+)" (+.)!=9!. +)4"*$%"&$$  

(n – 1)n (!)!8)!/.*23 /,'%!5 1!;09 9%#"1$ IIB. A+0+=*+! 9/#+;*!*$! /.)98.9)2 0#' 

IIB / =+#>:$1 6$/#+1 4!*!)$)9?O$3 9%#+, ',#'!./' =!/(!)/(!8.$,*21. @ .+ ;! ,)!-

1' 9()+O!*$! /.)98.9)2, (+#96!**+5 , )!%9#>.".! /$*.!%" (!)!0".+6*+5 1".)$&2 

R(p), *! 4")"*.$)9!. ,2(+#*!*$' .)!=+,"*$5 8 %"18*9.+5 /$/.!1!.  G./?0" /#!09!. 

,2,+0 + !0$*/.,!**+ ()$!1#!1+1 (+03+0!, 8+.+)25 /,'%"* / 6"/.$6*21 (8+))!8&$+*-

*21) /$*.!%+1 ,2=)"**+4+ 6$/#" 9%#+, IIB. A)$ -.+1 /$*.!% 1*+4+1!)*+4+ )!49#'.+-
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)" )"/("0"!./' *" k (k<n) %"0"6 +0*+1!)*+4+ /$*.!%",  0#' 8";0+5 $% 8+.+)23 1+;!. 

=2.> ()$1!*!* .+. ;! (+03+0, +($)"?O$5/' *" ()!0,")$.!#>*+! %"0"*$! .)!=9!123 

/,+5/., %"18*9.+5 /$/.!12. 

 "//1+.)$1 /$*.!% 8+))!8.+)" ()$1!*$.!#>*+ 8 %,!*9 / (!)!0".+6*+5 79*8&$!5 

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

=90!1 /+()+,+;0".> 8+($!5 7)"41!*.+,, (+#96!**23 , /)!0! Mathcad, $*.!4)"&$' <M 

/ 8+.+)+5 =2#" +/9O!/.,#!*" , ()+&!//! )"=+.2 *"0 ()+!8.+1 0#' +/9O!/.,#!*$' /$1-

,+#>*23 ,26$/#!*$5.  

Q#' +=!/(!6!*$' "/.".$%1" ()+&!//" ,2)"=+.8$ 6"/.+.2 (+.)!=9!1 +. %"18*9-

.+5 /$/.!12 )!"8&$$ f(t) *" !0$*$6*+! ,+%0!5/.,$! (, +.*+/$.!#>*23 !0$*$&"3), $%+-

=)";!**+5 *" )$/. 2, !. N)!=9!125 0#' -.+4+ 8+))!8.+), , /$#9 (+03+0", +($/"**+4+ , 

[8], =90!. $1!.> (!)!0".+6*9? 79*8&$? ,$0" 

  (2) 

A!)!3+0*"' 3")"8.!)$/.$8" hR(t) ."8+4+ 8+))!8.+)" ()$,!0!*" *" )$/. 2, $ 

(/(#+:*"' #$*$'). I." 3")"8.!)$/.$8" 1+;!. =2.> 9/(!:*+ "(()+8/$1$)+,"*". @ 8"-

6!/.,! +0*+4+ $% ()$!1#!123 ,")$"*.+, "(()+8/$1"&$$ 1+;*+ ,2=)".> %,!*+ / (!)!-

0".+6*+5 79*8&$!5 

  (3) 

 
   ")       =) 

*@B. 2. ;$%$)?"%@B?@)$ B@B?"K& (B!"A$) @ )(%%")?(%$ 

A!)!3+0*"' 3")"8.!)$/.$8" hr(t) "(()+8/$1$)+,"**+4+ 8+))!8.+)" $%+=)";!*" 

*" )$/. 2, $ (9*8.$)+1. 

 !%9#>.$)9?O!! 8"6!/.,+ /$/.!12 %"18*9.+5 /$/.!12 )!49#$)+,"*$' 6"/.+.2 / 

8+))!8.+)"1$ (+#*+5 R(#) $ 9()+O!**+5 /.)98.9)2 r(#) $##?/.)$)9!./' )$/. 3 $ 4 /+-

+.,!./.,!**+. L" 4)"7$8"3 98"%"**23 )$/9*8+, +=+%*"6!*2: f(t) – %"0"**"' (!)!3+0*"' 

3")"8.!)$/.$8" %"18*9.+5 /$/.!12; w1(t) – (!)!3+0*+5 ()+&!// +.)"=+.8$ !0$*$6*+4+ 

%"0"?O!4+ ,+%0!5/.,$' (9/.",8"); v1(t) – (!)!3+0*+5 ()+&!// +.)"=+.8$ !0$*$6*+4+ 

,+%0!5/.,$' *" +=K!8. (100%-5 *"=+) *"4)9%8$). 
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*@B. 3.  "%"S('#&" S$%$)?"%@B?@)@ B@B?"K& B )(%%")?(%(K R($) 

 

*@B. 4.  "%"S('#&" S$%$)?"%@B?@)@ B@B?"K& B )(%%")?(%(K r($) 

B+(+/.",$.!#>*25 "*"#$% ()$,!0!**23 4)"7$8+, $##?/.)$)9!. -77!8.$,*+/.> 

,,!0!*$' 8+))!8.+)" , .)"0$&$+**9? /$/.!19 )!49#$)+,"*$' 6$/#" +=+)+.+, .9)=$*2. 

A+#96!**2! *" +/*+,! +($/"**+4+ (+03+0" ,")$"*.2 8+))!8.+)" +=!/(!6$,"?. ()+-

/.+.9 .!3*$6!/8+5 )!"#$%"&$$ $ ,+%1+;*+/.> ,")>$)+,"*$' (")"1!.)+, 8+))!8.+)" , 

:$)+8$3 ()!0!#"3. 

G($/"**25 (+03+0 , )"18"3 )"=+.2 *"0 ()+!8.+1 =2# $/(+#>%+,"* $ 0#' 0)94$3 

(+/."*+,+8, *"()$1!) 0#' /$*.!%" /$/.!12 )!49#$)+,"*$' ()$ .)!=+,"*$'3 8 )!"8&$'1 

/$/.!12 *" $%1!*!*$! *"4)9%8$ .9)=+4!*!)".+)", 6.+ /9O!/.,!**+ 0#' +=!/(!6!*$' 

,2/+8+4+ 8"6!/.," -#!8.)+-*!)4$$ ()$ /9.+6*+1 $%1!*!*$$ 4)"7$8" *"4)9%+8. E)+1! 

.+4+, 0#' *!8+.+)23 (+0%"0"6 ()!0/.",#!**25 (+03+0 $/(+#>%+,"#/' 0#' )!:!*$' ()+-

=#!12 (+/.)+!*$' 1".!1".$6!/8$3 $ $1$."&$+**23 1+0!#!5 -#!1!*.+, -*!)4!.$6!-

/8$3 +=K!8.+, (+ )!%9#>."."1 $3 *".9)*23 $/(2."*$5. 

@ 6$/#! 0)94$3 ()+=#!1, )!:!**23 , )"18"3 )!"#$%"&$$ ()+!8." *" ()$1!)! )!-

"#>*+ 0!5/.,9?O$3 IIB, =2#$ )!:!*2 /#!09?O$! %"0"6$: 

! /+%0"*$! 1".!1".$6!/8$3 1+0!#!5 /#+;*23 4$=)$0*23 /$/.!1 -#!8.)+-*!)4!-

.$8$; 

! )"%)"=+.8" "0!8,".*23 1!.+0+, ()+4*+%*+4+ 1+0!#$)+,"*$'; 

! )"%)"=+.8" "#4+)$.1+, 9()",#!*$' 9/.+56$,+/.>?; 

! +(.$1$%"&$' 9)+,*!5 *"()';!*$' $ (+.+8+, )!"8.$,*+5 1+O*+/.$; 

! +&!*$,"*$! +("/*+/.$ «#",$*2 *"()';!*$'»; 

! ,2',#!*$! #+8"#>*23 ",")$5*23 /$.9"&$5 $ /"1+,+//."*+,#!*$!; 

! ,2',#!*$! 8+#!="*$5 $ 0!1(7$)+,"*$!; 

! +(.$1$%"&$' (+.+8+, "8.$,*+5 1+O*+/.$; 
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! "0"(."&$' 9/.)+5/., )!#!5*+5 %"O$.2; 

! )"%)"=+.8" "#4+)$.1+, 0$*"1$6!/8+5 )!8+*7$49)"&$$ IIB; 

! )"%)"=+.8" 8+1(#!8/" 1!)+()$'.$5 (+ (+,2:!*$? 9/.+56$,+/.$ IIB; 

! )"%)"=+.8" "#4+)$.1+, 9()",#!*$' )"/()!0!#!**21$ $/.+6*$8"1$ $ *"8+($-

.!#'1$ -*!)4$$; 

! /+%0"*$! $*.!##!8.9"#>*23 .)!*";!)+, 0#' +(!)".$,*+4+ (!)/+*"#" / ()$1!-

*!*$!1 $1$."&$+**23 1+0!#!5. 

@ )"18"3 ()+!8." =2#$ )!:!*2 ."8;! 1*+4$! %"0"6$, )!:!*$! 8+.+)23 =2#+ =2 

6)!%,26"5*+ +/#+;*!*+ =!% $/(+#>%+,"*$' $1$."&$+**23 1+0!#!5: 

! )"%)"=+.8" /$/.!1 4#+="#>*+4+, #+8"#>*+4+ )!49#$)+,"*$' $ /$.9"&$+**+4+ 

9()",#!*$';  

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

.!1*23 )!49#'.+)+,, ,8#?6"?O$3 , /!=' )"%)"=+.89 0+(+#*$.!#>*+5 -8/(!)$1!*."#>-

*+5 /)!02; 

! ,2)"=+.8$ 1!.+0$8$ /$*.!%" 1*+4+1!)*23 8+))!8.$)9?O$3 9/.)+5/., 

! +()!0!#!*$! "0!8,".*23 )!"8&$5 *" ",")$5*2! /$.9"&$$ , &!#'3 +=!/(!6!*$' 

;$,96!/.$ $ 9/.+56$,+/.$ /$/.!12; 

! +()!0!#!*$! "0!8,".*23 )!"8&$5 *" 8+#!="*$' )!;$1" *+)1"#>*+4+ 79*8&$+-

*$)+,"*$' /$/.!12; 

! ,2',#!*$! 0+(9/.$123 %"("%02,"*$5 , )!"4$)+,"*$$ *" (+/.9($,:$! ,+%19-

O!*$'; 

! "*"#$% ,+()+/+, «=2/.)+4+» ,8#?6!*$! $ (!)!8#?6!*$' -#!1!*.+, /+,)!1!*-

*23 IIB (="#"*/$)9?O$! 9/.)+5/.,", *+,2! .$(2 .!3*+#+4$6!/8+4+ +=+)90+,"*$'). 

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

8+1(#!8/+, -#!8.)+-*!)4!.$6!/8$3 /$/.!1 (+%,+#'!. 96!/.> /(!&$7$89 8+*8)!.*23 

()$8#"0*23 %"0"6 *" !0$*+5 (#".7+)1!, , )"18"3 !0$*+5 ="%2 0"**23 / ()$1!*!*$!1 

/)!0/., ,$%9"#$%"&$$ $ ()$,'%8$ 8 1!/.*+/.$ +=K!8.+, IIB *" +/*+,! -#!8.)+**23 

8"). $ 4!+4)"7$6!/8$3 $*7+)1"&$+**23 /$/.!1 (S<B). 

 %(")?: (L"#)$ @ IG%$A!"#@" )$Q"B?A(K G%"'(B?$A!E"K(J( B"%A@B$ A Smart 

Grid 

Q"**25 ()+!8. *"()",#!* *" )"%)"=+.89 8"6!/.,!**+ *+,+4+ (+03+0" 8 +&!*8! 

8"6!/.," ()!0+/.",#'!1+4+ /!),$/" , IIB $ 9()",#!*$' $1. </(+#>%+,"*$! $1$."&$-

+**+4+ 1+0!#$)+,"*$', " 8+*8)!.*+ ."8 *"%2,"!123 «8+1(+%$&$+**23» 1+0!#!5, $*-

.!4)$)9?O$3 , )"18"3 !0$*+4+ )!:!*$' )"%#$6*+5 ()$)+02, (+%,+#'!. $/(+#>%+,".> 

()$1!*$.!#>*+ 8 IIB *+,+4+ (+8+#!*$' 1+0$7$&$)+,"**2! "#4+)$.12 9()",#!*$' 

8"6!/.,+1 /!),$/", :$)+8+ ()$1!*'!12! , +=#"/.$ 9()",#!*$' IT-)!:!*$'1$, , 6"/.-

*+/.$ ()$ "*"#$%! $ 9()",#!*$$ 8"6!/.,+1 ()!0+/.",#'!1+4+ /!),$/" , 8+1(>?.!)*23 

/!.'3.  

@ ()+&!//! )"=+.2 *"0 ()+!8.+1 ,!0!./' )"%)"=+.8" 1!.+0$8 $ "#4+)$.1+, 

+&!*8$ $ 9()",#!*$' 8"6!/.,+1 /!),$/" , Smart Grid (Quality of Service, QoS) (9.V1 $/-

(+#>%+,"*$' 1*+4+8)$.!)$"#>*23 &!#!,23 79*8&$5, (+%,+#'?O$3 $*.!4)$)+,".> 

1*+;!/.,+ (")"1!.)+, -*!)4+/*"=;!*$' / 96V.+1 )"%#$6*23 .$(+, $ 8".!4+)$5 (+.)!-

=$.!#!5. Q"**"' 1!.+0$8" $/(+#>%9!. 1!.+0$8$ Service Level Agreements (SLA), Service 

Level Objectives (SLO), Balanced Scorecards (BS), "#4+)$.12 1*+4+8)$.!)$"#>*+4+ ,2-

=+)" $ ()$*'.$' )!:!*$5 *" +/*+,! ()+4*+%*+4+ 1+0!#$)+,"*$'. N"8, $/(+#>%+,"*$! 

SLA 0"!. ,+%1+;*+/.> +=!/(!6$.> ,+%1+;*+/.> 96!." 9*$,!)/"#>*23 1!.)$8, (+%,+-

#'?O$3 $*.!4)$)+,".> , !0$*9? &!#!,9? 79*8&$? (")"1!.)2 $ 3")"8.!)$/.$8$ )"%-

#$6*+5 ()$)+02 (*"()$1!), 8)$.!)$$ 8"6!/.," $ (")"1!.)2 -*!)4+/*"=;!*$', &!*++=-
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)"%+,"*$! $ ,%"$1+)"/6!.2, 9)+,*$ (+.)!=#!*$' $ 4!*!)"&$$ $ ().). N"8"' )"=+." 1+-

;!. =2.> ,2(+#*!*" .+#>8+ *" +/*+,! $1$."&$+**23 1+0!#!5, $/(+#>%+,"*$' /.)".!-

4$5 “what–if” $ ,/.)+!**23 , (#".7+)19 $1$."&$+**+4+ 1+0!#$)+,"*$' 1!.+0+, +(.$-

1$%"&$$ [8]. 

@*!0)!*$! ()!0/.",#!**23 "#4+)$.1+, $ 1!.+0$8, +($)"?O$3/' *" /)!0/.," 

«8+1(+%$&$+**+4+» $1$."&$+**+4+ 1+0!#$)+,"*$',  (+%,+#'!. )!:$.> ()+=#!12: 

! (+,2:!*$' -77!8.$,*+/.$ IIB; 

! ,2=+)" $ )"*;$)+,"*$' ,")$"*.+, 1+0!)*$%"&$$ IIB , 9/#+,$'3 +4)"*$6!*-

*23 $*,!/.$&$5; 

! /$/.!1".$%"&$$ $ 9(+)'0+6$,"*$' ,%"$1+0!5/.,$' 96"/.*$8+, -*!)4!.$6!/8+-

4+ )2*8" *" ,/!3 9)+,*'3; 

! /+%0"*$' *!+=3+0$123 1!.)$8 8"6!/.," -*!)4+/*"=;!*$' 0#' 96"/.*$8+, 

-#!8.)+-*!)4!.$6!/8+4+ )2*8" , *+,23 9/#+,$'3; 

! +=K!8.$,*+5 +&!*8$ 8"6!/.," 7)"41!*.+, Smart Grid *" +/*+,! !0$*23 8)$.!-

)$!,; 

! 0+(+#*!*$' IIB ."8$1$ 8#?6!,21$ 3")"8.!)$/.$8"1$ 8"8 =!%+("/*+/.> 

(+=!/(!6!*$! 9/.+56$,+/.$, 8"6!/.,+ )!49#$)+,"*$' $ 9()",#!*$'), -77!8.$,*+/.> 

(9()",#!*$!  4!*!)"&$!5 $ *"4)9%8+5, )"/()!0!#!*$! (+.+8+, 1+O*+/.$ $ ().) $ ,24+0-

*+/.> %" /6!. (+',#!*$! /.)98.9)$)+,"**+4+ $ ()+%)"6*+4+ 0+4+,+)*+4+ 1!3"*$%1", 

96$.2,"?O!4+ ,!/> /(!8.) (+8"%".!#!5 8"6!/.,!**+4+ -*!)4+/*"=;!*$'. 

A)!0#"4"!125 (+3+0, +/*+,"**25 *" /+6!."*$$ 1!.)$8 $ "#4+)$.1+, +&!*8$ 8"-

6!/.," ()!0+/.",#'!1+4+ /!),$/" $ «8+1(+%$&$+**+4+» $1$."&$+**+4+ 1+0!#$)+,"*$' 

(+%,+#'!. (+#96$.> 8"6!/.,!**+ *+,+!, $*.!4)$)+,"**+! )!:!*$! "8.9"#>*23 ()+=#!1 

+&!*8$ $ 9()",#!*$' 8"6!/.,+1 /!),$/" , /7!)! /+,)!1!**+5 -#!8.)+-*!)4!.$8$. 

9$)!TQ"#@" 

</(+#>%+,"*$! $1$."&$+**+4+ 1+0!#$)+,"*$! (+%,+#'!. (+#96$.> )!:!*$! 

8#?6!,23 %"0"6 )"%)"=+.8$ $ ,*!0)!*$' Smart Grid, /,'%"**23 $1!**+ / ()+=#!1"1$ 

“$*.!##!8.9"#>*+4+ 9()",#!*$'” IIB. J!%9/#+,*+, 8)94 .!3 %"0"6, 8+.+)2! 1+49. =2.> 

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

6$,"!./' ()!0/.",#!**21$ , 0"**+5 (9=#$8"&$$. <1$."&$+**2! 1+0!#$ 1+49. $ 

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

8++)0$*"&$$ .!3*+#+4$5 *" 7$%$6!/8+1 $ $*7+)1"&$+**+1 9)+,*!, ()+,!)8$ )!:!*$5 

/ .+68$ %)!*$' =!%+("/*+/.$ $ 9/.+56$,+/.$, .!/.$)+,"*$' $*.!)7!5/+, ,%"$1+0!5/.-

,$' $ 1+0!#!5 $*7+)1"&$$ $ (). M2 /6$."!1, 6.+ ,*!0)!*$! .!3*+#+4$5 Smart Grid 

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

4!.$8$ $ $*7+)1"&$+**23 .!3*+#+4$5 / :$)+8$1 $/(+#>%+,"*$!1 $1$."&$+**23 1+-

0!#!5 *" )"%*23 9)+,*'3 (#"*$)+,"*$', )"%)"=+.8$ $ ,*!0)!*$'. 

,@?"%$?I%$ 

1. HBE FIB: *+,25 ,!8.+) )"%,$.$' /!.!5 // I*!)4+$*7+. 2010. W11 (46). 

2. DI'$%J@# +. /. P1*"' /!.> – (#".7+)1" )"%,$.$' $**+,"&$+**+5 -8+*+1$8$ // 

E+)(+)".$,*25 /"5. GDG «HBE FIB». 2010 [I#!8.)+**25 )!/9)/]. B$/.!1. .)!=+-

,"*$': Microsoft PowerPoint. – URL:  

http://www.fsk-ees.ru/media/File/press_centre/speeches/ Presentation_budargin.pdf (0"." 

+=)"O!*$': 10.09.2011). 

3. D"!E"A 1. 3., >K(!(A@) >. 7. A)+4)"11$)+,"*$! *" ()$1!)! -#!8.)+.!3*$6!/8$3 

$  -#!8.)+-*!)4!.$6!/8$3 %"0"6: P6!=*+! (+/+=$!. BA=: BA=SNP, 2000. 74 /. 



 !"#$%#&" '()!$'&  
 

 

 !!"#-2011 74 

4. Karpov Y., Ivanovski R., Popov D., Voropai N.  Hierarchical Modeling of Electric 

Power System Expansion by AnyLogic Simulation Software // IEEE Conf on Electric 

Power Systems. St.Petersburg, 2005. 

5. .A$#(AB)@C *. .., >$A)(A 7. =. <1$."&$+**+! 1+0!#$)+,"*$! -*!)4+/$/.!1. 

A)+=#!12 $ ,+%1+;*+/.$ // I#!8.)+/$/.!12. 2005. W 2–3. B. 18–20. 

6. .A$#(AB)@C *. .., 3"B?"%(A 1. 7. B$*.!% 1*+4+1!)*23 /$/.!1 9()",#!*$'. A)+-

=#!1" 9/.+56$,+/.$ // N). M!;09*"). 8+*7. (+ 1'48$1 ,26$/#!*$'1  $ $%1!)!*$'1 

(SCM'2005). BA=: BA=SINP. 2005. N. 2. C. 62–66.  

7. .A$#(AB)@C *. .., 3"B?"%(A 1. 7., >(?#@)(A =. 1. A)+.$,+",")$5*+! 9()",#!*$! 

, -#!8.)$6!/8$3 /!.'3 *" +/*+,! $1$."&$+**23 1+0!#!5 // L"96*+-.!3*$6!/8$! ,!-

0+1+/.$ BA=SAP. BA=: BA=SAP. 2008. W 2. 

8. =$%G(A F. 4. <1$."&$+**+! 1+0!#$)+,"*$! /$/.!1. @,!0!*$! , 1+0!#$)+,"*$! / 

AnyLogic 5. BA=.: JX@-A!.!)=9)4, 2005. 435 /. 

 


