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56789:9;6<=::>? =@A6;9&7> 6B?:9<=:9C D &6EF9<6 &9 

G@=:6< G;97?:?:9C  @6H:6E &?I:9F? 56E  9 &?7>*
 

8. <.  '"'1'-, =. <. 9"',,$"'-3,  . =. G')(%+3!-, J. =.;32$,% ( 3,")-G!)!(KL(2) 

<-!0!,$! 

 !"#$"%& #!#'(""#!)* +,-%$.("/& !.#0"#1 )(2"/3(!4#1 !/!)(5#1 (676) !#!)#-

/) $ )#5, 3)# !$(8("/& #' #!"#$"92 :%4)#-%2 / +!.#$/&2, $./&;</2 "% +!,(="#( -(-

=("/( >%8%3 %$)#5%)/>/-#$%""#?# +,-%$.("/& (@A) !##)$()!)$+;</5/ #'B(4)%5/, 

/5(;) -%>./3"+; !)(,("* 8#!)#$(-"#!)/ / #,-(8(.C""#!)/. D-#5( )#?#, !+<(!)$(""# 

>%)-+8"&() ,-#E(!! +,-%$.("/& 676 #)!+)!)$/( $ '#.*=/"!)$( !.+3%$ %"%./)/3(!4#1 

>%$/!/5#!)/ 5(08+ +4%>%""95/ :%4)#-%5/ / +!.#$/&5/, #,-(8(.&;</5/ (#,/!9$%;-

</5/) )(2"#.#?/; @A. F)#, $ ,(-$+; #3(-(8*, 4%!%()!& :%4)#-#$ / +!.#$/1, >%)-+8-

"&;</2 $9,#."("/( E(.($92 >%8%3 #'B(4)%5/ 676 (:%4)#-#$ ,-#)/$#8(1!)$/& $"(=-

"(1 !-(89). G-#/..;!)-/-+(5 !4%>%""#( "% ,-/5(-( -(%./>%E// ./=* #8"#1 /> :+"4-

E/1 +,-%$.("/& !)-+4)+-"#1 8/"%5/4#1 676, % /5(""# – :+"4E// ,.%"/-#$%"/& (,-#-

?-%55"#?# +,-%$.("/&). 7%4, )-%8/E/#""# ,-/ -(=("// >%8%3 #,(-%)/$"#?# ,.%"/-#-

$%"/& -%'#)9 -%>./3"92 4.%!!#$ )(2"/3(!4/2 !-(8!)$, $2#8&</2 $ !#!)%$ )/,#$92 

676, $ !##)$()!)$+;</2 8()(-5/"/-#$%""92 5%)(5%)/3(!4/2 5#8(.&2 "( +3/)9$%()!& 

$./&"/( :%4)#-#$ "(#,-(8(.C""#!)/ (!.+3%1"92, "(3C)4/2 / ).,.), 4#)#-9( 5#?+) /5()* 

5(!)# "% H)%,( -(%./>%E// !#!)%$.(""92 ,.%"#$. I -(>+.*)%)( )%4#?# ,#82#8% +!)#13/-

$#!)* -%"(( !#!)%$.(""92 ,.%"#$ '+8() "/>4%&, 3)#, $ !$#; #3(-(8*, ,-/$#8/) "% H)%,( 

-(%./>%E// ,.%"#$ 4 +$(./3("/; #'<(?# 3/!.% /2 4#--(4E/1, +$(./3("/; "%?-+>4/ "% 

676, !"/0("/; (C ,-#,+!4"#1 !,#!#'"#!)/, +!)#13/$#!)/  :+"4E/#"/-#$%"/& [17, 21, 

22, 29]. 

J%-&8+ ! 8()(-5/"/-#$%""95/ 5#8(.&5/ ,.%"/-#$%"/& #,(-%E/1 / -%!,-(8(.(-

"/& -(!+-!#$ 676 !+<(!)$+() -&8 ,#82#8#$, ,-/ 4#)#-92 $ 5#8(.&2 ,.%"/-#$%"/& 

+3/)9$%;)!& :%4)#-9 "(#,-(8(.C""#!)/ (5#8(./ "(3C)4#?#, !)#2%!)/3(!4#?# 5%)(5%-

)/3(!4#?# ,-#?-%55/-#$%"/&) [1–6].  8"%4# 8.& -(=("/& >%8%3 ,.%"/-#$%"/& $ -%54%2 

+4%>%""92 5#8(.(1 8#.0"9 '9)* ,-/"&)9 8#$#.*"# «0C!)4/(» ,-(8,#.#0("/& / 8#-

,+<("/& # ,%-%5()-%2 >%4#"#$ -%!,-(8(.("/& !.+3%1"92 ("(3C)4/2) $(./3/", ! ,#5#-

<*; 4#)#-92 ,-#$#8/)!& #,/!%"/( ,-#E(!!% $#>8(1!)$/& $"(="(1 !-(89 "% H.(5(")9 

/ ,#8!/!)(59 676. 7%4, "%,-/5(-, $ 5#8(.&2 ,.%"/-#$%"/&, #!"#$%""92 "% 5#8(.&2 

!)#2%!)/3(!4#?# ,-#?-%55/-#$%"/&, 4%4 ,-%$/.#, 8(.%()!& ,-(8,#.#0("/( # )#5, 3)# $ 

-(>+.*)%)( $#>8(1!)$/& $"(="(1 !-(89 "% H.(5(")9 / ,#8!/!)(59 676 ,#&$.&;)!& ,#-

)#4/ #)4%>#$, ,-(8!)%$.&;</( !#'#1 !.+3%1"9( ,#)#4/ ,+%!!#"#$!4#?# )/,%, +8#'"#1 

$(-#&)"#!)"#1 2%-%4)(-/!)/4#1 4#)#-92 &$.&()!& /2 /")("!/$"#!)*. 

I )#5 !.+3%(, (!./ #4%>9$%()!& !,-%$(8./$#1 ?/,#)(>% # 5%-4#$!4#!)/ /!!.(-

8+(592 ,-#E(!!#$, !)%"#$/)!& $#>5#0"95 %"%./)/3(!4#( #,/!%"/( 5#8(.(1 +,-%$.(-

"/& !)-+4)+-"#1 8/"%5/4#1 676 $ +!.#$/&2 !)#2%!)/3(!4#?# $#>8(1!)$/& $"(="(1 

!-(89.  

 8"%4# !.(8+() ,#83(-4"+)*, 3)# 8%0( ,-/ +!.#$//, 4#?8% />$(!)"9 $!( "(#'2#-

8/59( 3/!.#$9( 2%-%4)(-/!)/4/ !.+3%1"#1 '+.($#1 :+"4E//, #,/!9$%;<(1 $#>5#0-

"91 !E("%-/1 $#>5+<%;</2 $#>8(1!)$/& $"(="(1 !-(89, % )%40( 3/!.#$9( 2%-%4)(-/-

!)/4/ >%4#"#$ -%!,-(8(.("/& 8./)(.*"#!)(1 $9,#."("/& #,(-%E/1 $>%/5#8(1!)$/& / 

!##)$()!)$+;</2 5%4-##,(-%E/1, $9,#."&(592 $ 676, $ 4#"(3"#5 /)#?( ,-#E(8+-9 

                                                 
* K%'#)% '9.% $9,#."("% ,-/ :/"%"!#$#1 ,#88(-04( K#!!/1!4#?# :#"8% :+"8%5(")%.*"92 /!!.(8#$%-

"/1 (?-%")9 L 05–07–90088, L 10-07-00311, 10-08-90027-M(._%, 11-08-01016,11—08-00641), N"!)/)+)% 

!/!)(5"#?# %"%./>% K@J (,-#(4) 2.3). 
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,#/!4% %"%./)/3(!4/2 -(=("/1, 4%4 $ >%8%3%2 %"%./>% :+"4E/#"/-#$%"/& 676, )%4 / $ 

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

.#$/&2 !+<(!)$(""#?# +$(./3("/& -%>5(-"#!)/ -%!!5%)-/$%(592 >%8%3 A6O. 

P"#?#3/!.(""9( /!!.(8#$%"/&, ,-#$(8C""9( $ 8%""#1 #'.%!)/, ,#4%>%./ [5–10], 

3)# +3C) :%4)#-#$ "(#,-(8(.C""#!)/ $ 5#8(.&2 A6O 676, $9>$%""92 -%>./3"95/ 

,-/3/"%5/ (4-/)(-/%.*"%& "(#,-(8(.C""#!)*, $#>5+<%;</( $#>8(1!)$/& $"(="(1 

!-(89 / ).,.), E(.(!##'-%>"# #!+<(!)$.&)* $ -%54%2 ,#./5#8(.*"#1 5"#?#H)%,"#1 /"-

)(-%4)/$"#1 ,-#E(8+-9 $ -%54%2 !##)$()!)$+;<(1 /")(?-/-#$%""#1 !/!)(59 ,#8-

8(-04/ ,-/"&)/& -(=("/1 (N6GGK) [1, 7, 9, 12]. 

I +4%>%""92 +!.#$/&2 $92#8 /> !#>8%$=(?#!& ,#.#0("/& !$&>%" ! -%>-%'#)4#1 

!,(E/%.*"#?# ,-#?-%55"#-5%)(5%)/3(!4#?# #'(!,(3("/& (6GP ) A6O 676 $ -%54%2 

!##)$()!)$+;<(1 N6GGK, 4#)#-%& ,-(8!)%$.&() !#'#1 5"#?#5#8(.*"91 /(-%-2/3(-

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

-#$%"/& 676 / ,#>$#.&;</1 -(=%)* -%>"##'-%>"9( >%8%3/ %"%./>% / #,)/5%.*"#?# 

$9'#-% $ -%>./3"92 +!.#$/&2 #'!)%"#$4/. G-#$#8/5%& $ N6GGK «!/.*"%&» /")(?-%E/& 

%"%./)/3(!4/2, /5/)%E/#""92, .#?/4#-%.?('-%/3(!4/2, .#?/4#-./"?$/!)/3(!4/2 5#8(-

.(1, ,-/ 4#)#-#1 ,-#/!2#8/) $>%/5"%& 4#5,("!%E/& "(8#!)%)4#$ 4%08#?# /> +4%>%""92 

$9=( 4.%!!#$ 5#8(.(1, ,#>$#.&() ,#.+3%)* 4%3(!)$(""# "#$9( -(>+.*)%)9 ,-/ A6O 

676 ,# !-%$"("/; ! -%"(( !+<(!)$#$%$=/5/ ,#82#8%5/. 

=12'($)/. '#!,$-3,$% L+)'M*$-'+)$ 4('2(3// L4(3-1!,$%  &  

I%0"%& -#.* $ -(=("// ,(-(3/!.(""92 >%8%3 %8%,)%E/#""#?# ,.%"/-#$%"/& 

,-/5("("/& 676 #)$#8/)!& H)%,+ #E("/$%"/& +!)#13/$#!)/ !:#-5/-#$%""92 ,-#-

?-%55 +,-%$.("/& (,.%"#$ ,-/5("("/&) 676. @"%./> ,#4%>9$%(), 3)# $ >%$/!/5#!)/ #) 

!#!)%$% / !)-+4)+-9 /!2#8"92 8%""92, /2 8#!)#$(-"#!)/ / #,-(8(.C""#!)/ 5#0() 

'9)* ,-(8.#0("# "(!4#.*4# $%-/%")#$ ,-#E(8+- #E("/$%"/& +!)#13/$#!)/ ,-#?-%55 

+,-%$.("/& (G-A) 676. K%!!5#)-/5 )-/ "%/'#.(( 2%-%4)(-"92 $%-/%")% >%8%"/& /!-

2#8"92 8%""92 (NO): 8()(-5/"/-#$%""9( NO ($%-/%") 1); !)#2%!)/3(!4/( NO ($%-/-

%") 2); NO, >%8%""9( /")(-$%.*"# ($%-/%") 3). 

I -%'#)%2 [4–9]'9.# ,#4%>%"#, 3)# ,-/ >%8%"// !)#2%!)/3(!4/2 NO ($%-/%") 

NO 2), 4%4 / $ $%-/%")( 1, 8.& 4%08#?# ,#.+3(""#?# ,.%"% )t()p(

ix  /5/)/-+;)!& $%-/-

%")9 E(.("%,-%$.(""#?# $#>8(1!)$/& $"(="(1 !-(89 "% H.(5(")9 / ,#8!/!)(59 676, % 

)%40( /5/)/-+;)!& ,-#E(!!9 #,(-%)/$"#?# +,-%$.("/& $ 676 "% H)%,( ,-/5("("/&. 

 8"%4# $ H)#5 !.+3%( ! 5%4!/5%.*"#1 ,#."#)#1 $#!!#>8%;)!& $!( :%4)#-9 "(#,-(8(-

.C""#!)/, !$&>%""9( ! 8(1!)$/&5/ $"(="(1 !-(89. G-/ H)#5 8.& ,#.+3("/& !)%)/!)/-

3(!4/ >"%3/592 2%-%4)(-/!)/4 +!)#13/$#!)/ ,.%"#$ ,-/5("("/& 676 "(#'2#8/5# 

,-#$(8("/( 5"#?#4-%)"92 5%=/""92 H4!,(-/5(")#$. I E(.&2 !#4-%<("/& $-(5("/ 

-(%./>%E// +4%>%""92 H4!,(-/5(")#$ ,-(8.%?%()!& $ -%54%2 !#>8%$%(5#1 N6 / !##)-

$()!)$+;<(?# 6GP  /!,#.*>#$%)* -%>-%'#)%""9( 4 "%!)#&<(5+ $-(5("/ $9!#4#H:-

:(4)/$"9( 5()#89 ,#"/0("/& 8/!,(-!// -(>+.*)%)#$ 5#8(./-#$%"/& [9–11]. 

@"%./> ,#4%>9$%(), 3)# 8.& !)#2%!)/3(!4/2 NO $ 4%3(!)$( #!"#$"#?# ,#4%>%)(-

.&, ! ,#5#<*; 4#)#-#?# #E("/$%()!& +!)#13/$#!)* 4#5,.(4!"92 ,.%"#$ ,-/5("("/& 

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

>%8%3/, !)#&<(1 ,(-(8 676 "% /")(-$%.( ,.%"/-#$%"/& (T0, Tf]: 

 !)(

3

)()( )()(
~ p

f

p

if

s

i TTP "#$ xx
, (1) 

?8( )()(

f

s

i Tx  – !.+3%1"91 $(4)#-, 2%-%4)(-/>+;</1 !#!)#&"/( $9,#."("/& E(.($92 >%-

8%3 676 $ 4#"E( /")(-$%.% ,.%"/-#$%"/& $ !.+3%( !)#2%!)/3(!4/2 E(.("%,-%$.(""92 

$#>8(1!)$/1 $"(="(1 !-(89 "% )()( tp

ix . 
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I H)#5 !.+3%( $ !##)$()!)$// ! ,-/"E/,#5 8#,+!)/5#1 ?%-%")// [7, 10] +!.#$/( 

+!)#13/$#!)/ ,.%"#$ ,-/5("("/& 676 5#0() '9)* >%,/!%"# $ !.(8+;<(5 $/8(: 

% & )(

g

)p(

f

)p(

if

)s(

i P
~

)T()T(P
~ 1

3 '"#$ xx , (2) 

% & )(

gl

)p(

l

)p(

il

)s(

il P
~

JĴP
~~ 2

4 '"#$ , (3) 

?8( )1(~
gP , )2(~

glP , )(

3

p" , )(

4

p

l"  – >%8%""9( $(./3/"9. 

G-/ ,-#$(8("// 4#5,.(4!"#?# ,.%"/-#$%"/& $#>5#0"9 !/)+%E//, 4#?8% (<C 8# 

-(=("/& >%8%3/ ,.%"/-#$%"/& 5#0() >%-%"(( >%8%$%)*!& "(#'2#8/591 +-#$("* +!)#1-

3/$#!)/ ,.%"#$ $ $/8( !.(8+;</2 +!.#$/1 [7, 10]: 

()' ( }zẑ{P
 

, (4) 

?8( z(, ( – >%8%""9( $(./3/"9;  !)T(ˆ),T(ˆẑ f

)p(

if

)s(

i 
~ xx*)  – :+"4E/& !.+3%1"#?# $(4)#-

-%, ,#>$#.&;<%& #E("/)* #)4.#"("/( $#>5+<C""#1 :%>#$#1 )-%(4)#-// ((C i-?# $%-/-

%")%) )()( ts

ix  #) ,.%"#$#1 )-%(4)#-// )()( tp

ix  $ 4#"E( /")(-$%.( ,.%"/-#$%"/&. N> !##)-

"#=("/& (4) !.(8+(), 3)# 

)(z z ($) $

( 11
F

, (5) 

?8( )1(1 ($$

zF  – #'-%)"%& :+"4E/& 4 :+"4E// -%!,-(8(.("/& )( iz z
i

F  ,-/ >"%3("// %--

?+5(")%, -%$"#?# (1–() (4$%")/.* -%!,-(8(.("/& )( iz z
i

F ). 

7#?8% ,-/ #E("4( / $9'#-( +!)#13/$92 4 $#>5+<%;</5 $#>8(1!)$/&5 ,.%"#$ 

,-/5("("/& 676 "(#'2#8/5# "%/'#.(( ,-/?#8"+; %.*)(-"%)/$+ $9'/-%)* /!2#8& /> 

+!.#$/& 

gi ztz '))((u( , (6) 

?8( zg – 8#,+!)/591 +-#$("* ?%-%")/-#$%""#?# (! $(-#&)"#!)*; () -(>+.*)%)%, !$&>%"-

"#?# ! #)4.#"("/(5 )()(

f

s

i Tx  #) )()( tp

ix . 

J%-&8+ ! $9=(,(-(3/!.(""95/ ,#4%>%)(.&5/ +!)#13/$#!)* ,-#?-%55 +,-%$.(-

"/& !)-+4)+-"#1 8/"%5/4#1 676 5#0"# 4#!$(""# #E("/)*, /!,#.*>+& !.(8+;<+; E(-

.($+; :+"4E/; [7, 10]: 

P(
)( p

giJ
–

)(s

fiJ
), (7) 

?8( ! – 5%)(5%)/3(!4#( #0/8%"/( #E("#3"#1 :+"4E// ( )( p

giJ – )(s

fiJ ); )( p

giJ  – #'#'<C""91 

,#4%>%)(.* H::(4)/$"#!)/ ,-/5("("/& 676, ,#.+3(""91 $ -(>+.*)%)( !$C-)4/ 

fTt

p

i

p

i

p

gi JJJ
)

)
)

)(

8

)(

1

)( ,..., ; )(s

fiJ  – ,#4%>%)(.*, ! ,#5#<*; 4#)#-#?# #E("/$%;)!& ,#)(-/, 

#'-%>+(59( "% H)%,( /5/)%E// :+"4E/#"/-#$%"/& 676 / #'+!.#$.(""9( $./&"/(5 

$#>5+<%;</2 $#>8(1!)$/1 "% )()( tp

ix  / "(#'2#8/5#!)*; $9'#-% -(?+./-+;</2 $#>-

8(1!)$/1 (8#,#."/)(.*"95 -%!2#8#5 -(!+-!#$ 676), "%,-%$.(""92 "% +!)-%"("/( +4%-

>%""92 $#>5+<("/1. I H)#5 !.+3%( !-(8/ %.*)(-"%)/$"92 ,.%"#$ ,-/5("("/& 676 

< )()( tp

ix , )()( tp

iu >, ,...,ni 1) , +8#$.()$#-&;</2 +!.#$/&5 (2), (3), $ 4%3(!)$( "%/.+3=(?# 

,.%"% (! )#34/ >-("/& +!)#13/$#!)/ 4 $#>5+<%;</5 $#>8(1!)$/&5) !.(8+() $9'-%)* 

)#) ,.%", + 4#)#-#?# ,#4%>%)(.* (6) ,-/"/5%() 5%4!/5%.*"#( >"%3("/(. 
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J%-&8+ ! ,#4%>%)(.(5 (6) $ 4%3(!)$( 4#!$(""92 ,#4%>%)(.(1 #E("4/ +!)#13/$#-

!)/ ,.%"#$ 5#?+) '9)* ,-/"&)9 [7, 10]: $(-#&)"#!)* )#?#, 3)# 4 "(4#)#-#5+ 5#5(")+ 

$-(5("/ ,.%" "( ,-/8C)!& 4#--(4)/-#$%)*; 5%)(5%)/3(!4#( #0/8%"/( 5#5(")% $-(5(-

"/, 4#?8% $#>"/4%() "(#'2#8/5#!)* 4#--(4E// ,.%"%; 5%)(5%)/3(!4#( #0/8%"/( 3/!.% 

4#--(4E/1 ,.%"% "% "(4#)#-#5 $-(5(""#5 ,-#5(0+)4(. 

6.(8+() #)5()/)*, 3)# $ )#5 !.+3%(, 4#?8% 4#5,#"(")9 $(4)#-% )()( tp

ix  &$.&;)!& 

"(3C)4/5/ ,(-(5(""95/ ! >%8%""95/ :+"4E/&5/ ,-/"%8.(0"#!)/, ,# %"%.#?// ! $9-

=(/>.#0(""95 5#?+) '9)* ,-(8.#0("9 !##)$()!)$+;</( ,#4%>%)(./ +!)#13/$#!)/ 

,.%"#$ [7, 9, 10]. 

G-/ /")(-$%.*"#5 >%8%"// NO ($%-/%") 3) '+8(5 ,-(8,#.%?%)*, 3)# #'.%!)* 8#-

,+!)/592 $#>5+<%;</2 $#>8(1!)$/1 +(x(t), t) '+8() #,/!9$%)*!& !.(8+;</5/ !##)-

"#=("/&5/: 

)t()t()t( )(

jj

)(

j

21 ,,, -- ,  j = 1,…,m, (8) 

?8( )1(

j, , )2(

j,  – !##)$()!)$(""# >%8%""9( $(4)#-"9( :+"4E//, #,-(8(.&;</( 5/"/-

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

$/)*!& "% H)%,( -(%./>%E// 4%08#?# :/4!/-#$%""#?# ,.%"% ,-/5("("/& 676 (ui(t), 

t . (T0, Tf], i = 1,…,n) $ -%54%2 )#?# /./ /"#?# !E("%-/& $#>8(1!)$/& $"(="(1 !-(89 "% 

676 (,j(t), t . (T0, Tf], j = 1,…,m). G+!)* >%8%"# "(4#)#-#( "%3%.*"#( !#!)#&"/( 676 

x(T0) (!5. (8)) / -%!!5%)-/$%()!& "(4#)#-91 :/4!/-#$%""91 ,.%" (C :+"4E/#"/-#$%"/& 

ui(t). 7#?8% +4%>%""95 $(4)#-%5 / #'.%!)/ $#>5+<%;</2 $#>8(1!)$/1 (23) 8.& :/4!/-

-#$%""#?# !E("%-/& ,j(t) !##)$()!)$+() #'.%!)* (5"#0(!)$#) $#>5#0"92 >"%3("/1 :%>#-

$92 ,(-(5(""92 5#8(./ (1)–(2), ).(. 5"#0(!)$# -%>./3"92 :%>#$92 )-%(4)#-/1. 

J%>#$C5 H)+ #'.%!)* (5"#0(!)$#) #'.%!)*; (5"#0(!)$#5) 8#!)/0/5#!)/ 8/"%-

5/3(!4#1 !/!)(59 (676) $/8% (1)–(2) ,#8 $#>8(1!)$/(5 $#>5+<("/1 / #'#>"%3/5 (C 

!.(8+;</5 #'-%>#5: 

),,X,T,T(D if

)(

x u+,

00 . (9) 

P"#0(!)$+ ),,X,T,T(D if

)(

x u+,

00  $ ,-#!)-%"!)$( !#!)#&"/1 !##)$()!)$+() 5"#-

0(!)$# )#3(4 (#'.%!)*) $ ,-#!)-%"!)$( >"%3("/1 ,#4%>%)(.(1, #E("/$%;</2 H::(4)/$-

"#!)* / +!)#13/$#!)* :+"4E/#"/-#$%"/& 676, 4#)#-#( 59 #'#>"%3/5 4%4 

),,X,T,T(D if

)(

J u+,

00 . (10) 

O.& +8#'!)$% / "%?.&8"#!)/ 8%.*"(1=(?# />.#0("/& -%!!5#)-/5 )#.*4# 8$% 

4#5,#"(")% $(4)#-"#?# ,#4%>%)(.& (10), 4#)#-9( !##)$()!)$+;) ,#4%>%)(.&5 -(>+.*)%-

)/$"#!)/ (J1) / -(!+-!#C54#!)/ (J2) ,-#E(!!% :+"4E/#"/-#$%"/& 676. I H)#5 !.+3%( 

5#0"# ,-/ ?(#5()-/3(!4#5 #,/!%"// #'.%!)/ 8#!)/0/5#!)/ (9) ,(-(1)/ #) ,#.&-"#1 

!/!)(59 4##-8/"%) 4 8(4%-)#$#1 (!5. -/!. 1). 

J% -/!. 1 ,#4%>%"% #'.%!)* 8#!)/0/5#!)/ (9) 8.& !#4-%<C""#?# $(4)#-% ,#4%>%-

)(.(1 H::(4)/$"#!)/ / +!)#13/$#!)/ :+"4E/#"/-#$%"/& 676 $/8% 

J/ = ||J1, J2||
)
. (11) 

G+!)* >%8%"9 8#,+!)/59( ?-%"/E9 />5("("/1 >"%3("/1 3%!)"92 ,#4%>%)(.(1 

-(>+.*)%)/$"#!)/ / -(!+-!#C54#!)/ ,-#E(!!% :+"4E/#"/-#$%"/& 676 $ $/8( !.(8+;-

</2 !##)"#=("/1: 

Ja1 Q J1 Q Jb1; (12) 
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Ja2 Q J2 Q Jb2, (13) 

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

 
J2 

J1 

Jb1 Ja1 J1i 

Jb2 

Ja2 

J2i 

PJ 

),,,,( 00

)(

ifJ XTTD u+,

Jmax = ||Jb1, Jb2|| 

 

;$+. 1 

I -%'#)%2 [1, 3, 4, 9, 11] ,#4%>%"#, 3)# (!./ 8.& "(4#)#-#?# :/4!/-#$%""#?# ,.%-

"% :+"4E/#"/-#$%"/& ui(t), (i = 1,…,n), ,#8$(-0(""#?# $./&"/; $#>5+<%;</2 $#>8(1-

!)$/1 ,j(t) $/8% (13), $9,#."&;)!& +!.#$/& 

),,X,T,T(D if

)(

J u+,

00  0 PJ, (14) 

)# ,-#?-%55% +,-%$.("/& ui(t) (,.%" :+"4E/#"/-#$%"/& 676) +!)#13/$% 4 $#>8(1!)$/; 

$#>5+<("/1 ,j(t). O-+?/5/ !.#$%5/, $#>5#0"9( #)4.#"("/& >"%3("/1 ,#4%>%)(.(1 4%-

3(!)$% :+"4E/#"/-#$%"/& 676 $/8% J1, J2, $9>$%""9( $#>5+<("/&5/ ,j(t), &$.&;)!& 

8#,+!)/595/. 

7%4/5 #'-%>#5, 8.& )#?# 3)#'9 #E("/)* +!)#13/$#!)* ui(t) ,.%"% -%'#)9 676 4 

$#>8(1!)$/; )(2 /./ /"92 $#>5+<("/1 ,j(t), $ !.+3%( /2 /")(-$%.*"#?# >%8%"/&, "(#'-

2#8/5# "%+3/)*!& !)-#/)* !##)$()!)$+;</( H)/5 $#>5+<("/&5 #'.%!)/ 8#!)/0/5#!)/ 

( O). I 8#4.%8( ,-(8!)%$.("9 #!"#$"9( 5()#8/4/ ,#!)-#("/& / %,,-#4!/5%E//  O 

,-/5("/)(.*"# 4 >%8%3( #E("/$%"/& +!)#13/$#!)/ ,.%"#$ ,-/5("("/& 4#!5/3(!4/2 

!-(8!)$, #!+<(!)$.&;</2 +,-%$.("/( !/!)(5#1 ”RS J@66”. 

N3"1O*!,$! 

N!!.(8#$%"/& ,#4%>%./, 3)# $ E(.#5 +3C) :%4)#-#$ "(#,-(8(.C""#!)/ ,-/ 

+,-%$.("// 676 8#.0(" #!+<(!)$.&)*!& $ "(!4#.*4# H)%,#$ / $4.;3%)* $ !('& 

[2, 7, 10, 12, 17]: %8%,)%E/; ,%-%5()-#$ / !)-+4)+-9 5#8(.(1, %.?#-/)5#$ A6O 676 4 

,-#=.#5+ / )(4+<(5+ !#!)#&"/; #'B(4)#$ +,-%$.("/& ( A), +,-%$.&;</2 ,#8!/!)(5 

(AG) / $"(="(1 !-(89; /5/)%E/; +!.#$/1 -(%./>%E// ,.%"% ! +3C)#5 -%>./3"92 $%-/-

%")#$ #-?%"/>%E// #,(-%)/$"#?# +,-%$.("/& H.(5(")%5/ / ,#8!/!)(5%5/ 676 $ 4#"-

4-()"92 !/)+%E/&2; !)-+4)+-"+; / ,%-%5()-/3(!4+; %8%,)%E/; ,.%"%, 5#8(.(1 / %.-

?#-/)5#$ 6GP  A6O 676 4 $#>5#0"95 (,-#?"#>/-+(595 "% /5/)%E/#""92 5#8(.&2) 

!#!)#&"/&5  A, AG / !-(89. I H)#5 !.+3%( +0( /5(;)!& #!"#$%"/& ?#$#-/)* "( #' #,-

)/5/>%E/#""#5, % #' %8%,)%E/#""#5 ,.%"/-#$%"// ,-/5("("/& 676. I%0"+; -#.* 

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

"9( %.?#-/)59 #E("/$%"/& +!)#13/$#!)/ ,-#?-%55 +,-%$.("/& 676.  
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