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 !"#!$%&! (. .1, )"*+ �.(. 1, �%",$-/$0% 1.2. 1, 1%$-!"%&! 3.4.2, 5!6"!7#8+%&! 9.2.3 

12!#$,:%#%";0,6 #%;8<!";:&/$$=6 :/>$,-/;0,6 8$,&/";,:/: ,7. 1.3. 4%;%&! 
2() «2!#$,:%#%";0,6 1,?"%7/@» 
3() «2!#$,:%#%";0,6 1"!A<!$ B"%/0:» 

/(0#$&+#*(1&%((*2 %'#&3&4*1&2 '$%356 !((57 #!' %/57 � !"#$%+#*(1&8  

/ 0+ %/&27 $!3%(#(57 $!9&3%/ 

  $!8-$%6 "!C%:/ ?",&%<,:;D ?%<>%< 0 %?"/</+/$,E F0%$%7,-/;0, G/+/;%%C"!@$=> "/7%$:$=> "/A,7%& %;$%&$%#% %C%"8-
<%&!$,D (F$/"#/:,-/;0,> 0%:+%& , :8"C%#/$/"!:%"%&) ?"%7=H+/$$=> :/?+%&=> F+/0:"%;:!$G,6, %:+,-,:/+I$%6 -/":%6 0%:%"=> 

D&+D/:;D ,;?%+I@%&!$,/ & 0!-/:&/ F$/"#%$%;,:/+D ?%08?$=/ (?","%<$=6 #!@, 8#%+I) , &:%",-$=/ "/;8";= (0%0;%&=6, <%7/$$=6, 
0%$&/":/"$=6 #!@=), ,7/EJ,/ $/C+%-$=/ :/?+%&=/ ;>/7=, ; #/$/"!:%"!7, 7%J$%;:IE %: /<,$,G <% </;D:0%& 7/#!&!::. 

K!@"!C%:!$$!D 7/:%<,0! %?:,7,@!G,, ?%@&%+D/: ;%;:!&+D:I %?:,7!+I$=/ #"!L,0, &=&%<! & "/7%$: #/$/"!:%"%& , 0%:+%-
!#"/#!:%& ?% 0",:/",E 7,$,787! @!:"!: $! &="!C%:08 ;&/A/#% ?!"!, $/%C>%<,7%#% <+D ?%0"=:,D :/?+%&%6 , F+/0:",-/;0%6 
$!#"8@0, & +/:$,6 , @,7$,6 ?/",%< "!C%:= F+/0:"%;:!$G,,. M G/+IE ?%&=H/$,D :%-$%;:, & "!;-/:!> ,;?%+I@%&!+,;I :/>$,0%-
F0%$%7,-/;0,/ 7%</+, 0%:+%!#"/#!:%& , :8"C%#/$/"!:%"%&, ?"/<;:!&+DEJ,/ ;%C%6 @!&,;,7%;:, ?!"%?"%,@&%<,:/+I$%;:, (<+D 
0%:+%&) , 7%J$%;:, (<+D :8"C%#/$/"!:%"%&) %: ;/C/;:%,7%;:, %<$%#% 08C%7/:"! ?!"!. 2%</+, ?%@&%+DE: 8-,:=&!:I "!@$%"%<-
$%;:I ,;?%+I@8/7%#% :%?+,&!, ;/@%$ "!C%:= :/?+%&%6 F+/0:"%;:!$G,,, F0;?+8!:!G,%$$=/ >!"!0:/",;:,0, %C%"8<%&!$,D ("/-
A,7$=/ 0!":= 0%:+%& , <,!#"!77= "/A,7%& :8"C%#/$/"!:%"%&), -:% $!0+!<=&!/: %#"!$,-/$,D $! "/A,7= , ,;0+E-!/: &%@-
7%A$%;:I ?%+8-/$,D & "!;-/:!> !&!",6$=> ,/,+, @!&/<%7%#% $/"/!+,@8/7=> "/A,7%&.  

  $!;:%DJ// &"/7D & "!C%:/ &=?%+$/$% %?"/</+/$,/ ;/@%$! (@,7!/+/:%), & 0%:%"%7 C%+// F0%$%7,-$% %:0+E-!:I %C%"8<%-
&!$,/ $! ?+!$%&%-?"/<8?"/<,:/+I$=6 "/7%$:. M%@<!$$=6 !+#%",:7 "/!+,@%&!$ & %",#,$!+I$%7 ?"%#"!77$%7 ?"%<80:/ 
«�(PK(4», ?%@&%+DEJ/7 %;8J/;:&+D:I "!;-/: $%"7!+I$=>, !&!",6$=> "/A,7%& , ?"%&%<,:I %?:,7,@!G,E 8;:!$%&,&H,>;D 
"/A,7%&.  $/<"/$,/ "/@8+I:!:%& "!C%:= & 8;+%&,D> </6;:&8EJ/#% %CQ/0:! ?%@&%+,: C/@ <%?%+$,:/+I$=> 0!?,:!+I$=> &+%A/-
$,6 & %C%"8<%&!$,/ ?%&=;,:I FLL/0:,&$%;:I "!C%:= 8;:!$%&+/$$=> !#"/#!:%& , ;$,@,:I @!:"!:= $! F$/"#%"/;8";= 

������ � "�#�$: :/?+%&!D F+/0:"%;:!$G,D, ;,;:/7! F+/0:"%;$!CA/$,D, :8"C%#/$/"!:%", F$/"#/:,-/;0,6 0%:/+, 
%?:,7!+I$=6 "/A,7, "/7%$:$=6 "/A,7, ?+!$%&%-?"/<8?"/<,:/+I$=6 "/7%$:. 

  R�R43R  

M8J/;:&8EJ!D ;,:8!G,D $! "=$0/ :%&!"%& , 8;+8# 
;:!&,: ?/"/< ?"%,@&%<,:/+D7, @!<!-8 ;$,@,:I ;/C/-
;:%,7%;:I ?"%<80G,, , :/7 ;!7=7 ?%&=;,:I ;&%E 

0%$08"/$:%;?%;%C$%;:I. �"8?$=/ ?"/<?",D:,D ; ;%C-

;:&/$$=7, ,;:%-$,0!7, F+/0:",-/;0%6 , :/?+%&%6 

F$/"#,, ?", F:%7 ,7/E: @$!-,:/+I$%/ ?"/,78J/;:&%, 

&&,<8 ?%;:%D$$%#% "%;:! $! :!",L= F+/0:"%F$/"#,, %: 
&$/H$/#% ?%;:!&J,0!.  

3;:%-$,0, "!;?"/</+/$$%6 #/$/"!G,, $! ?"%7=H-

+/$$%7 ?"/<?",D:,, "/H!E: "D< @!<!- – ;$,A!E: @!:"!-
:= $! ?/"/<!-8 F+/0:"%F$/"#,,, %C/;?/-,&!D ?", F:%7 

$/%C>%<,7=7, 7%J$%;:D7, ?% :/?+8 :/>$%+%#,-/;0,6 

?"%G/;;, ?"%<!E: :/?+%, ;+/<%&!:/+I$%, ,7/E: <%?%+$,-

:/+I$8E ?",C=+I, ,;?%+I@8E: &:%",-$=/ F$/"#%"/;8";=, 

D&+DEJ,/;D ?%C%-$=7 ?"%<80:%7 ?"%,@&%<;:&!, -:% & 
;&%E %-/"/<I ;$,A!/: ;/C/;:%,7%;:I :/?+! , F+/0:"%-
F$/"#,, , "/H!/: F0%+%#,-/;0,/ ?"%C+/7=. K!G,%$!+I-
$%/ 8?"!&+/$,/ "/A,7!7, "!C%:= F+/0:"%;:!$G,6 7%A/: 
?%&=;,:I FLL/0:,&$%;:I ,> "!C%:=.  

�A/ & ;/"/<,$/ ?"%H+%#% ;:%+/:,D ?%D&+DE:;D "!-
C%:=, ?%;&DJ/$$=/ %?:,7!+I$%78 "!;?"/</+/$,E 

$!#"8@%0 7/A<8 :8"C%#/$/"!:%"!7, [1] , 0%:+%!#"/#!-
:!7, [2] :/?+%&=> F+/0:"%;:!$G,6, ; 8-/:%7 ,> %;:!-
:%-$%#% "/;8";! [3]. B%;+/ "!;?!<! M%&/:;0%#% M%E@! 

                                                
©  !"#!$%&! (. ., )"*+ �.(., �%",$-/$0% 1.2.,  

1%$-!"%&! 3.4., 5!6"!7#8+%&! 9.2., 2018 

?%D&+D/:;D "D< ;:!:/6, %",/$:,"%&!$$=> $! %G/$08 

F0%$%7,-$%;:, "/A,7%& F+/0:"%;:!$G,6 & 8;+%&,D> 

%?:%&%#% "=$0! [4]. 

  "!C%:/ [5]   .(.  3#87/$J/&! , (. .  2!+!L//&! 
?",&%<,:;D ?%<>%< ?% %?:,7,@!G,, "/A,7%& "!C%:= 

?"%7=H+/$$=> ;,;:/7 F+/0:"%;$!CA/$,D ; ;%C;:&/$-

$=7, :/?+%&=7, F+/0:"%;:!$G,D7, 7/:%<%7 <,$!7,-

-/;0%#% ?"%#"!77,"%&!$,D. )<$!0% ;+%A$%;:I "!C%:= 

F+/0:"%;:!$G,6 %C8;+!&+,&!/: ,;;+/<%&!$,D & %C+!;:, 

;:!:,-/;0%6 , <,$!7,-/;0%6 "!C%:= #/$/"!:%"%& ;%&-

7/;:$% , "!@</+I$% ; ;,;:/7%6 [6-9]. �+8-H/$,/ "!C%-
:= :8"C%#/$/"!:%"%& F+/0:"%;:!$G,6 %;8J/;:&+D/:;D 

:!0A/ @! ;-/: &$/<"/$,D ;,;:/7 8?"!&+/$,D , %G/$0, 

,> $!</A$%;:, [10]. B"%C+/7!7, "!;?"/</+/$$%6 #/-
$/"!G,, @!$,7!E:;D , & $!H, <$, [11-12]. 

3;?%+I@%&!$,/ 7/:%<%& 7!:/7!:,-/;0%6 %?:,7,-

@!G,, <+D "/H/$,D @!<!- & 8;+%&,D> %CQ/0:%& F+/0:"%-
F$/"#/:,0, ?%+8-,+% H,"%0%/ "!;?"%;:"!$/$,/. 2/-
:%<= %?:,7,@!G,, ?",7/$DE:;D ?", "/H/$,, @!<!- 

8?"!&+/$,D ?%:%0!7, 7%J$%;:, 0"8?$=> F+/0:"%F$/"-

#/:,-/;0,> ;,;:/7 [13-17], ?", F:%7 ,;?%+I@8E:;D "!@-
+,-$=/ 7/:%<=. P!0, $!?",7/", & [18] !&:%"!7, ?"/<-

+!#!/:;D ?",7/$D:I 7/:%< 4IE:%$!-K!L;%$!, & [19] – 

7/:%< 4IE:%$!. K!;?"/</+/$,/ !0:,&$=> 7%J$%;:/6 

7/A<8 #/$/"!:%"!7, F+/0:"%;:!$G,6 & [20] "/H!/:;D 
?8:/7 ?",7/$/$,D 7/:%<! #!"!$:,"%&!$$%#% ?","%;:!, 

! & [21] ; ,;?%+I@%&!$,/7 7%<,L,G,"%&!$$%#% 7/:%<! 

?%;+/<%&!:/+I$%#% F0&,&!+/$:,"%&!$,D , <,$!7,-/-
;0%#% ?"%#"!77,"%&!$,D. 
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3;;+/<%&!$,D & %C+!;:, ?%&=H/$,D ?%0!@!:/+/6 

F0%$%7,-/;0%6 , :/>$%+%#,-/;0%6 FLL/0:,&$%;:, "!-

C%:= ?"%7=H+/$$=> ;,;:/7 F+/0:"%;$!CA/$,D D&+D-
E:;D !0:8!+I$%6 @!<!-/6, ! ;%&"/7/$$=/ :/>$,-/;0,/ 
;"/<;:&! ?%@&%+DE: 8?"%;:,:I ,;?%+I@%&!$,/ ;+%A$%-

#% 7!:/7!:,-/;0%#% !??!"!:! <+D "/H/$,D 80!@!$$=> 

&=H/ @!<!-. 

  <!$$%6 "!C%:/ ?"/<+!#!/:;D ,;?%+I@%&!:I !+#%-

",:7 %?:,7,@!G,, "!;?"/</+/$,D $!#"8@0, 7/A<8 0%:-
+%!#"/#!:!7, , :8"C%#/$/"!:%"!7, :/?+%&=> ?"%7=H-

+/$$=> ?"/<?",D:,6, %;$%&!$$=6 $! 7/:%</ <,$!7,-

-/;0%#% ?"%#"!77,"%&!$,D [21], ; G/+IE 8+8-H/$,D 

?%0!@!:/+/6 "!C%:= F+/0:"%;:!$G,, & G/+%7 & 8;+%&,-

D> ?+!$%&%-?"/<8?"/<,:/+I$=> "/7%$:%&. 

�"%7/ :%#%, %;$%&$%/ %C%"8<%&!$,/ ?"%7=H+/$-

$=> :/?+%&=> F+/0:"%;:!$G,6 & %;$%&$%7 &&/</$% & 

F0;?+8!:!G,E & ;/"/<,$/ ?"%H+%#% ;:%+/:,D, :!0,7 

%C"!@%7, %$% >!"!0:/",@8/:;D ?%&=H/$$=7 ,@$%;%7, , 

&%?"%; % ;&%/&"/7/$$%7 &=&%</ & "/7%$: D&+D/:;D !0-

:8!+I$=7. 

2RP)�3�( )BP3S(T33 KR2)4P4UV KRW32)  

)M4) 4)1) PRBX)Y4RK1RP3ZRM�)1) )5)K��) (43[ 

PRBX) UV YXR�PK)MP(4T3\ 

4! %;$%&!$,, 7/:%<,0, "!;-/:! ;/C/;:%,7%;:, 

;&/A/#% ?!"! [22] , 7/:%<,0, ?%;:"%/$,D :/>$,0%-

F0%$%7,-/;0,> 7%</+/6 ,;:%-$,0%& F+/0:",-/;0%6 , 

:/?+%&%6 F$/"#,, [23-25] , ; ,;?%+I@%&!$,/7 %?,;!$-

$%#% & [21] !+#%",:7! %?:,7,@!G,, "!@"!C%:!$! 7/:%-

<,0!, ?%@&%+DEJ!D ?"%#$%@,"%&!:I F0%$%7,-/;0, G/-
+/;%%C"!@$=/ "/A,7= ?+!$%&%-?"/<8?"/<,:/+I$=> 

"/7%$:%&, C+%0-;>/7! 0%:%"%6 ?",&/</$! $! :,;. 1. 

);$%&$=7, ,;>%<$=7, <!$$=7, <+D "!;-/:! D&-
+DE:;D: 

– "/A,7$=/ 0!":= 0%:+%&, ?%@&%+DEJ,/ %;8-

J/;:&+D:I ?%;:"%/$,/ :/>$,0%-F0%$%7,-/;0,> 7%</-
+/6 0%:+%!#"/#!:%& D(B;S) ; 8-/:%7 ,> F0;?+8!:!G,%$-

$=> &%@7%A$%;:/6; 

– <,!#"!77= "/A,7%& :8"C%#/$/"!:%"%&, ?%@&%+D-
EJ,/ %;8J/;:&+D:I ?%;:"%/$,/ :/>$,0%-F0%$%7,-/;0,> 
7%</+/6 #/$/"!:%"%& �(D;S),  8-,:=&!D ?", F:%7 :/7?/-
"!:8"$=6 "/A,7 , $!#"8@08 $! :/?+%L,0!G,%$$=6 , 

?"%,@&%<;:&/$$=6 %:C%"=; 

– ;:%,7%;:I ?%08?$%6 F+/0:"%F$/"#,, (MF/F)  , ;:%-
,7%;:I ,;?%+I@8/7=> F$/"#%"/;8";%& (M"), 8-/: <!$-

$=> &/+,-,$ ?%@&%+D/: %;8J/;:&+D:I !$!+,@ &+,D$,D 
:!",L%& $! F$/"#%"/;8";= $! %?:,7!+I$%/ 8?"!&+/$,/ 
"/A,7!7, "!C%:= F+/0:"%;:!$G,6; 

– F+/0:",-/;0!D (�F;)  , :/?+%&!D (DF;) $!#"8@0! 
F+/0:"%;:!$G,6, ?%@&%+DEJ,/ %;8J/;:&,:I "!;-/: 
C!+!$;! 7%J$%;:, , :/?+! <+D @!<!$$=> "/A,7%&. 

2/:%<,0! @!0+E-!/:;D & %?"/</+/$,/ ;877!"$=> 

@!:"!: $! ;&/A,6 ?!", $/%C>%<,7=6 <+D &="!C%:0, 

F+/0:"%F$/"#,, , :/?+!, ,<8J/#% $! ?"%,@&%<;:&/$$=/ 
, :/?+%L,0!G,%$$=/ %:C%"=, , &="!C!:=&!/7%#% F+/0-

:"%;:!$G,/6 & +/:$,6 , @,7$,6 ?/",%<, ?", ?%%-/"/<-
$%7 %:0+E-/$,, 0%:+%!#"/#!:%& , :8"C%#/$/"!:%"%&. 

B%+8-/$$=/ @!:"!:= ;"!&$,&!E:;D ; F:!+%$$=7 @$!-
-/$,/7, "!;;-,:!$$=7 <+D $%"7!+I$%#% "/A,7! "!C%:= , 

;%%:&/:;:&8EJ/#% ;/@%$! (&0+E-/$% &;/ %C%"8<%&!$,/) - 
d@ , d+. 4! %;$%&!$,, &/+,-,$ d@ , d+ </+!/:;D &=&%< % 

;/@%$/ &=&%<! & "/7%$: %C%"8<%&!$,D - 7/$IH,6 ,@ ?%0!-
@!:/+/6 ;-,:!/:;D F0%$%7,-/;0, G/+/;%%C"!@$=7. 

 

$,;. 1. 3<=>?,@A ;>;=ABC<D,E >F=,GACHD>I> I:AJ,@A 

FCAD>B>-F:<?LF:<?,=<CHDMN :<G>D=>B >;D>BD>I> 

>O>:L?>BAD,E PC<@=:>;=ADQ,R 

  "/@8+I:!:/ "!;-/:! L%"7,"8/:;D #"!L,0 ?+!$%-
&%-?"/<8?"/<,:/+I$=> "/7%$:%& 0%:+%& , :8"C%#/$/-
"!:%"%& ?"%7=H+/$$=> :/?+%&=> F+/0:"%;:!$G,6  

; %:7/:0%6 %C %?:,7!+I$%7 ;/@%$/ &=&%<!. 

3;?%+I@%&!$,/ "!@"!C%:!$$%6 7/:%<,0, ?%@&%+D-
/: ;?"%#$%@,"%&!:I %?:,7!+I$=/ "/A,7= "!C%:= 

4!-!+%

D(B;S), P(D;S),
CF/F, M", PF;, DF;

i=0...n
i=n

4!>%A</$,/ F0&,&!+/$:$=> @$!-/$,6 ?%0!@!:/+/6

]%"7,"%&!$,/
F0&,&!+/$:$%6  >!"!0:/",;:,0, DF0&i(BF0&i, SF0&i);

PF0&i(DF0&i, SF0&i) [21]

K!;-/: 8;:!$%&,&H/#%;D "/A,7!

i=0...n
i=n

B%%-/"/<$%/ %:0+E-/$,/ #/$/"!:%"%& , 0%:+%!#"/#!:%&

K!;-/: @!:"!: $! &="!C%:08 ;&/A/#% ?!"! & @,7$,6 (S@i) 
, +/:$,6 (S+i) ?/",%<

d@>d+
+-

�+D i-#% F+/7/$:! - "/7%$: & +/:$,6 ?/",%<

d@=S@ - S@i;
d+=S+ - S+i

�+D i-#% F+/7/$:! - "/7%$: & @,7$,6 ?/",%<

�%$/G

1"!L,0 ?+!$%&%-

?"/<8?"/<,:/+I$=> "/7%$:%&

K!;-/: @!:"!: $! &="!C%:08 ;&/A/#% ?!"! & $%"7!+I$%7 
"/A,7/ <+D @,7$/#% (S@) , +/:$/#% (S+) ?/",%<%&
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F+/0:"%;:!$G,, , "!;;-,:!:I ?", F:%7 // %;$%&$=/ 
?%0!@!:/+, – @!:"!:= $! ;&/A,6 ?!" ;877!"$% ?% F+/0-
:"%;:!$G,, , ?% %:</+I$%78 0%:+%!#"/#!:8, ;/C/;:%,-

7%;:I ;&/A/#% ?!"! , F+/0:"%F$/"#,,, :/7 ;!7=7 ?%@-
&%+DD %G/$,:I ?",C=+I F+/0:"%8;:!$%&0,. 

M)MP( XR43R BX(4) )-BKR��BKR�3PRX`4UV 

1K(]3�)  KR2)4P)  �)PX)(1KR1(P)  3 

P�K5)1R4RK(P)K)  PRBX) )\ YXR�PK)MP(4T33 

BK)2UaXR44)1) BKR�BK3[P3[ 

Y0;?/",7/$:!+I$=/ "!;-/:= ?"%&%<,+,;I & 8;+%-

&,D> ?"%7=H+/$$%6 ;,;:/7= F+/0:"%;$!CA/$,D ; ;%C-

;:&/$$=7, :/?+%&=7, F+/0:"%;:!$G,D7,. M:"80:8"$!D 

;>/7! :/?+%&%6 ;>/7= ?"%7=H+/$$%6 F+/0:"%;:!$G,, 

?",&/</$! $! :,;. 2. 

4! F+/0:"%;:!$G,, 8;:!$%&+/$% 6 :8"C%#/$/"!:%-
"%& , 8 0%:+%!#"/#!:%&, $%7,$!+I$=/ ?!"!7/:"= 0%:%-
"=> ?",&/</$= & =AOC. 1. 

  0!-/;:&/ ?/"&,-$%#% F$/"#%$%;,:/+D $! F+/0:"%-

;:!$G,, ,;?%+I@8/:;D ;7/;I <%7/$$%#%, 0%0;%&%#% , 

?","%<$%#% #!@!. �+D 0!A<%#% ,@ ?",&/</$$%#% %C%"8-

<%&!$,D ?%;:"%/$= :/>$,0%-F0%$%7,-/;0,/ 7%</+, 

;%#+!;$% 7/:%<,0/, ?",&/</$$%6 & [24-25]. 

M ,;?%+I@%&!$,/7 %?,;!$$%6 &=H/ 7/:%<,0, %?:,7,-

@!G,, , !+#%",:7!, "/!+,@%&!$$%#% & ?"%#"!77$%-
&=-,;+,:/+I$%7 0%7?+/0;/ «�(PK(4», %;8J/;:&+/$ "!;-
-/: @!:"!: $! ;&/A,6 ?!" ("8C./-), $/%C>%<,7=6 <+D ?%0"=-

:,D F+/0:",-/;0%6 , :/?+%&%6 $!#"8@0, F+/0:"%;:!$G,,.  

K/@8+I:!:= "!;-/:! <+D $%"7!+I$%#% , "/7%$:$=> 

"/A,7%& ?", ?%%-/"/<$%7 &=&%</ & "/7%$: 0%:+%!#"/-
#!:%& , :8"C%#/$/"!:%"%& F+/0:"%;:!$G,,, ?", // "!C%-

:/ ?% +/:$/78 , @,7$/78 :/?+%&=7 #"!L,0!7, ?",&/-
</$ ;%%:&/:;:&/$$% & =AOC. 2 , 3. 

);8J/;:&,& %G/$08 ;877!"$=> @!:"!: $! ?!" ?% 

0",:/",E ,> 7,$,787!, ;%;:!&+D/:;D ?+!$ &=&%<! & 

"/7%$: 0%:+%!#"/#!:%& , :8"C%#/$/"!:%"%& F+/0:"%-

;:!$G,,, "/@8+I:!:= ?",&/</$= & =AOC. 4. 

 
$,;. 2. +=:L@=L:DAE ;N<GA =<FC>B>R PC<@=:>;=ADQ,, 

#AOC,QA 1  
%;D>BDM< D>G,DACHDM< FA:AG<=:M  

=<FC>PD<:I<=,S<;@>I> >O>:L?>BAD,E PC<@=:>;=ADQ,, 

M:!$G,%$$=6 
$%7/" P1 

P,?  
:8"C,$= 

P$%7, 
2 : 

M:!$G,%$$=6 
$%7/" 0%:+! 

P,? 
D$%7, 
:/- 

P1 - 1, 2, 3  �-50-2 50 1, 2, 3 PB-170 170 

P1 - 4 
BP-50-
90/13 

50 5, 6 PB-10 220 

P1 - 5, 6 P-50-130 50 7, 8 PB-85 450 

 

#AOC,QA 2 

$A;S<= TA=:A= DA BM:AO>=@L FA:A F:, F>>S<:<?D>G BMB>?< B :<G>D= ;=ADQ,>DDMN @>=C>AI:<IA=>B 

B/",%< 
S!:"!:= $! &="!C%:08 ?!"!, "8C./- 

S, "8C./- 
�-1 �-2 �-3 �-4 �-5 �-6 �-7 �-8 

M8J/;:&8EJ,6 "/A,7 
@,7! 28317,6 48438 49183,2 44153,1 59802,3 59802,3 101421,7 107681,4 498799,6 
+/:% 28887,6 45612 50173,2 45041,85 61006,05 61006,05 103463,2 99966,3 495156,3 

 =&%< & "/7%$: �-1 

@,7! BBK 48438 49183,2 44153,1 59802,3 59802,3 101421,7 107681,4 470482 
+/:% BBK 49413 50173,2 45041,85 61006,05 61006,05 103463,2 99966,3 470069,7 

 =&%< & "/7%$: �-2 
@,7! 40240,8 BBK 49183,2 44153,1 59802,3 59802,3 101421,7 107681,4 462284,8 
+/:% 41050,8 BBK 50173,2 45041,85 61006,05 61006,05 103463,2 99966,3 461707,5 

 =&%< & "/7%$: �-3 
@,7! 40240,8 48438 BBK 44153,1 59802,3 59802,3 101421,7 107681,4 461539,6 
+/:% 41050,8 49413 BBK 45041,85 61006,05 61006,05 103463,2 99966,3 460947,3 

 =&%< & "/7%$: �-4 
@,7! 40240,8 48438 49183,2 BBK 59802,3 59802,3 101421,7 107681,4 466569,7 

+/:% 41050,8 49413 50173,2 BBK 61006,05 61006,05 103463,2 99966,3 466078,6 
 =&%< & "/7%$: �-5 

@,7! 40240,8 48438 49183,2 44153,1 BBK 59802,3 101421,7 107681,4 450920,5 
+/:% 41050,8 49413 50173,2 45041,85 BBK 61006,05 103463,2 99966,3 450114,4 

 =&%< & "/7%$: �-6 

@,7! 40240,8 48438 49183,2 44153,1 59802,3 BBK 101421,7 107681,4 450920,5 
+/:% 41050,8 49413 50173,2 45041,85 61006,05 BBK 103463,2 99966,3 450114,4 

 =&%< & "/7%$: �-7 
@,7! 28317,6 48438 49183,2 44153,1 59802,3 59802,3 BBK 107681,4 397377,9 
+/:% 28887,6 45612 50173,2 45041,85 61006,05 61006,05 BBK 99966,3 391693,1 

 =&%< & "/7%$: �-8 
@,7! 28317,6 48438 49183,2 44153,1 59802,3 59802,3 101421,7 BBK 391118,2 
+/:% 28887,6 45612 50173,2 45041,85 61006,05 61006,05 103463,2 BBK 395190 
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#AOC,QA 3 

$A;S<= TA=:A= DA BM:AO>=@L FA:A F:, F>>S<:<?D>G BMB>?< B :<G>D= ;=ADQ,>DDMN =L:O>I<D<:A=>:>B  

 =&/</$ 
& "/7%$: 

B/",%< 

S!:"!:= $! 
?",/7 

S!:"!:= $! 
#/$/"!G,E 

S!:"!:= 
$! ?/"/-
<!-8 

M877!"$=/ 
@!:"!:= 

"8C./- 

P1-1 
@,7! 1212780,7 832940,74 21681,42 2067402,86 

+/:% 1341853,2 836834,37 21121,79 2199809,36 

P1-2 
@,7! 1203269,64 827710,35 22032,6 2053012,59 

+/:% 1290375,16 837491,87 21436,88 2149303,92 

P1-3 
@,7! 1204211,85 827608,01 22016,48 2053836,35 

+/:% 1302972 842354,04 21443,97 2166770,01 

P1-4 
@,7! 1230123,56 820298,86 21827,13 2072249,55 

+/:% 1348900,87 830181,62 21481,7 2200564,18 

P1-5 
@,7! 1228049,03 820255,22 21492,17 2069796,42 

+/:% 1361764,59 827545,07 21098,93 2210408,59 

1-6 
@,7! 1227405,03 820333,01 21825,31 2069563,35 

+/:% 1363099,38 827368,7 21487,48 2211955,57 

 

#AOC,QA 4 

):AJ,@ FCAD>BMN >;=AD>B>B >;D>BD>I> 

>O>:L?>BAD,E PC<@=:>;=ADQ,, 

M:!$G,%$$=6 

$%7/" 

B/",%< 

@,7! +/:% 

�-1 BBK - 

�-2 BBK - 

�-3 BBK - 

�-4 BBK - 

�-5 BBK - 

�-6 BBK - 

�-7 - BBK 

�-8 BBK - 

P1-1 BBK - 

P1-2 - BBK 

P1-3 - BBK 

P1-4 - BBK 

P1-5 BBK - 

P1-6 BBK - 

S(�X9ZR43R 

K!@"!C%:!$$!D 7/:%<,0! %?:,7,@!G,, "/7%$:$=> 

"/A,7%& ?"%7=H+/$$=> :/?+%&=> F+/0:"%;:!$G,6 ?%@-
&%+D/: &=C"!:I ?/",%< %;:!$%&! %;$%&$%#% %C%"8<%&!-
$,D, 8-,:=&!D ?", F:%7 F+/0:",-/;08E , :/?+%&8E 

$!#"8@08 F+/0:"%;:!$G,,, "!@$%"%<$%;:I ,;?%+I@8/7%#% 

:%?+,&!, ;:"80:8"8 :/?+%&%6 ;>/7=, %#"!$,-/$,D ?% 
"!C%:/ %C%"8<%&!$,D (:/>$,0%-F0%$%7,-/;0,/ 7%</+,, 

?%;:"%/$$=/ $! %;$%&/ "/A,7$=> 0!": 0%:+%& , <,!-
#"!77 "/A,7%& :8"C%#/$/"!:%"%&). 

�!$$=6 ?%<>%< ?%@&%+D/: $/ :%+I0% ;%;:!&+D:I 
#"!L,0, "/7%$:%&, $% , %;8J/;:&+D:I ?"%#$%@,"%&!-
$,/ ,@7/$/$,D @!:"!: $! &="!C%:08 ;&/A/#% ?!"! & ;&D-

@, ; ,@7/$/$,/7 ;:%,7%;:, ?%08?$=> , &:%",-$=> 

F$/"#%"/;8";%&. 

B",7/$/$,/ <!$$%6 7/:%<,0, ?%@&%+,: ?%&=;,:I 

FLL/0:,&$%;:I "!C%:= ,;:%-$,0%& "!;?"/</+/$$%6 

#/$/"!G,,. Y0%$%7,-/;0,6 FLL/0: %: &$/<"/$,D "/-
@8+I:!:%& "!C%:= ;%;:!&,: 35 :=;. "8C. & #%< $! 1 2 : 
8;:!$%&+/$$%6 7%J$%;:, F+/0:"%;:!$G,, C/@ <%?%+-

$,:/+I$=> 0!?,:!+I$=> &+%A/$,6. 
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The article considers the questions of defining economically 

viable conditions of repair of the main equipment (power boilers 

and turbo-generators) of industrial heat power plants, the 

hallmark  of  which  is  its  use  for  the  purchase  of  energy  (natural  

gas, coal) and secondary resources (coke oven, blast furnace, 

converter gases) with non thermal circuit, with the generators 

from units to tens of megawatts.  

The developed optimization technique makes it possible to 

make optimal schedules for the output in the repair of generators 

and boilers according to the criterion of the minimum cost for the 

production of live steam necessary to cover the thermal and 

electrical  load  in  the  summer  and  winter  of  the  power  plant.  In  

order to improve the accuracy of the calculations, the research 

group used technical and economic models of boilers and 

turbogenerators representing the dependence of steam production 

(for boilers) and power (for turbogenerators) on the cost of one 

cubic meter of steam. The models allow us to take into account 

the heterogeneity of the fuel used, the season of the thermal 

power plant, the operating characteristics of the equipment (mode 

maps of boilers and mode diagrams of turbine generators), which 

imposes restrictions on the conditions and excludes the possibility 

of obtaining emergency and/or deliberately unrealized conditions 

in the calculations. At present, the work performed the definition 

of the season (winter/summer), in which it is more economical to 

turn off the equipment for preventive maintenance.  

The created algorithm is implemented in the original 

software product "KATRAN", which allows the calculation of 

normal, emergency modes and optimization of steady-state 

conditions. The implementation of the results of work in the 

conditions of the existing facility will make it possible to increase 

the efficiency of the installed units and reduce energy costs 

without additional capital investments in the equipment. 

Keywords: heat power plant, electrical power supply system, 

turbogenerating set, boiler, optimum condition, repair condition, 

scheduled preventive repair. 
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