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“ hej8!&?#C'@!“ h9j! /!?1! I1!q$B/! /0@!'C6G0<7?'!FG7%E//!07#6/K!=<C<0<775K!
JGI<?!ICG6/0!k!I#=G$?/0! } 8!?#!/H0<7@?$@!/!/0<7'!=<C<0<775KW!} hej8!} h9j8!
} hfj!/!?1I1!

9$BC$%b&U(Q(&
-5D/$B<7/<!0/7/0G0'!FG7%E//!.#H<7JC#%'!ha!n!9:j!
ƒ˜lNOŠ„l!”n…!h“j!
”n9: ∗h“h9j[ “hej_9j_9Yhe[ “hejj_9Z!
Rl—!hRl—ƒ˜lNOŠ„lj !
“:n¦:Z:§Z!
¦“8„’™8Šlƒ„8ŠOR…§nmœ•h“:8Â…j!
.<HGBV?'?5!&5D/$B<7/L!
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“ !n!
e1::::: !
e1::::: !
„’™!n!p1eopg!R[ ef !
Šlƒ„!n!e: e!
ŠOR…!n!ei !
4'%!/!$B<I#&'B#!#;/I'?V8!FG7%E/@!mœ•!7'TB'!0/7/0G0!&!?#D%<!he8ej8!

$'0#!H7'D<7/<!:!7'LI<7#!I#$?'?#D7#!?#D7#!hp19‚e:[efj1!•7'D<7/<!Šlƒ„!n!e:e!
6#&#C/?! #! %#CC<%?7#0! C<T<7//! H'I 'D/8! IB@! 7'K#;I<7/@! 0/7/0' BV7#6#!
H7'D<7/@!FG7%E//!.#H<7JC#%'!=#?C<J#&'B#$V!ei!/?<C'E/L1!

x'%/0! #JC'H#08! FG7%E/@!mœ•! =C<I7'H7'D<7'! IB@! =#/$%'! 0/7/0G0'!
FG7%E/L! h%'%! #I7#L8! ?'%! /! 7<$%#BV%/K! =<C<0<775Kj! $! C'HB/D750/! l !
#6C'7/D<7/@0/1!

.'$$0#?C/0!7<$%#BV%#!H'I'D!=#/$%'!A%$?C<0G0'!$!#6C'7/D<7/@0/]!
!
)#$YF#&U(Q(&
3'L?/! 0'%$/0G0! /! 0/7/0G0! FG7%E//! •nh“[fj 2[ h”[ij 2! =C/!

#6C'7/D<7/@KW!!

⎩
⎪
⎨

⎪
⎧

3- + 20 ≥ 7
10- − 0 ≤ 8

−18- + 40 ≤ 12
- ≥ 0
0 ≥ 0

!

!
-! FG7%E//! mœ•! &$<! #6C'7/D<7/@! I#B;75! J5?V! &/I'! ®! :1! S#A?#0G!

&?#C#<!/!?C<?V<!#6C'7/D<7/<!G07#; /0!7'![e8!/!=<C<7<$w0!&$w!&!B<&G>!D'$?V!
7<C'&<7$?&1! -! C<HGBV?'?<! A?/K! 7<$B#;75K! =C<#JC'H#&'7/L! $/$?<0'!
#6C'7/D<7/L!=C/0<?!&/IW!

9(-) =

⎩
⎪
⎨

⎪
⎧
3- + 20 − 7 ≥ 0
−10- + 0 + 8 ≥ 0
18- − 40 + 12 ≥ 0

- ≥ 0
0 ≥ 0

!

!
9$BC$%b&U(T(&
3'K#;I<7/<!0/7/0G0'!FG7%E//!h=C/0<C! g1fj !
S#$B<I#&'?<BV7#! C'$$0#?C/0! H'I'DG! 7'! 0/7/0G0! hB/$?/76! g1ij! /!

0'%$/0G0!hB/$?/76!g1gj1!
y !-!H'I'D<!7'!0/7/0G0!FG7%E/@8!&!%#?#C#L!KC'7/?$@!•h“j!JGI<?!?'%#L!
ƒ˜lNOŠ„l!”nƒh“j !
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”nh“!hej[fj_9Yh“h9j[ij_9Z !
Rl—ƒ˜lNOŠ„l!
y!-<%?#CkFG7%E/>!#6C'7/D<7/L!‰h“j!0#;7#!H'=/$'?V!?'%W!
ƒ l̃NOŠ„l!…n‰h“j!
…n¦f\“hejYf\“h9j[pZ[e:\“hejY“h9jYsZes\“hej[i\“h9jYe9Z“hejZ“h9j§Z!
Rl—!
y!-5D/$B@<0!$!=#0#UV>!FG7%E//!mœ•!
“ :n¦ : Z:§Z!¦“ 8„’™8Šlƒ„8ŠOR…§nmœ•h“ :8Â ƒ8¦§8Â‰j!
}ŠlŠ}˜}nƒh“j !
!
y! 2F{^XDC.CZ&
“!n !
e19eps!
i1eps9!
„’™nf19:pt !
Šlƒ„!n!e:e!
ŠOR…!n!g!
}ŠlŠl˜}nf19:pt !
!
"/ 7/0G0!f19:pt!I#$?/6'<?$@!&!?#D%<!he19eps8!i1eps9j8!H7'D<7/<!Šlƒ„!n!

e:e! he:ij! 6#&#C/?! #! %#CC<%?7#0! C<T<7//! H'I'D/8! IB@! 7'K#;I<7/@!
0/7/0'BV7#6# !H7'D<7/@!=#?C<J#&'B#$V!&$<6#!g!/?<C'E/L1!

x<=<CV!C'$$0#?C/0!C<T<7/<!H'I'D/!7'!0'%$/0G01!(G7%E/@!mœ•!0#;<?!
/$%'?V! ?#BV%#! 0/7/0G01! S#A?#0G! &$=#07/08! %'%! H'I'D'! 7'! 0'%$/0G0!
$&#I/?$@!%!H'I'D<!7'!0/7/0G0W!}P“!ƒh“j!n[}Šl!ƒh[“j1!r?#!GD?<7#!&!B/$?/76<!
g1g1!

!
9$BC$%b&U(U(!3'K#;I<7/<! 0'%$/0G0'!h=C/0<C!o1fj !
ƒ˜lNOŠ„l!” nƒh“ j !
” nh“ hej[fj_9Yh“ h9j[ij_9Z!
Rl—ƒ˜lNOŠ„l!
y! +=C<I<B@<0! FG7%E/>8! IB@! %#?#C#L! 0/7/0G0! JGI<?! 0'%$/0G0#0!

FG7%E//!ƒ!
ƒ˜lNOŠ„l!”nƒeh“j!
”n[ƒh[“jZ !
Rl—!
ƒ̃ lNOŠ„l!…!n!‰h“j!
…n¦f\“hejY9\“h9j[pZ[e:\“hejY“h9jYsZes\“hej[i\“ h9jYe9Z“hejZ“h9j§Z!
Rl—!
“:n¦:Z:§Z¦“8„’™8Šlƒ„8ŠOR…§nmœ•h“:8Âƒe8¦§8Â‰j!
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}P“Š}˜}nƒh“j !
“&2F{^XDC.CZ&#.a,CZ&`#,b#.YYZ &
“! n!
91:::: !
e91:::: !
„’™n[9se1::!
Šlƒ„ne:e!
ŠOR…nf!
}P“Š}˜}nog1::: !
"'%$/0G0!I#$?/6'<?$@!&!?#D%<!h98e9j8!<6#!&<B/D/7'!C'&7'!og1!
!
)#$YF#&U(T(&
SB'7!=C#/H&#I$?&'! /HI<B/L! ?CwK!?/=#&!$#$?'&B@<?!e9:! I<?'B<L!h“1!k!

%#B/D<$?&#!/HI<B/L!=<C&#6#!&/I'8!“2!  !%#B/D<$?&#!/HI<B/L!&?#C#6#!&/I'8!“ 3!
k! %#B/D<$?&#! /HI<B/L! ?C<?V<6#! &/I'j1! zHI<B/@! 0#;7#! /H6#?#&/?V! ?C<0@!
$=#$#J'0/1! SC/! =<C&#0! ?<K7#B#6/D<$%#0! $=#$#J<! =C#/H&#I@?! /HI<B/@!

=<C&#6#! ?/='! /! H'?C'?5! $#$?'&B@>?! .! -?#C#L! ?<K7#B#6/D<$%/L!

$=#$#J! =C<I7'H7'D<7!IB@! =C#/H&#I$?&'! /HI<B/L! &?#C#6#! ?/='! /! H'?C'?5!

$#$?'&B@>?! 1! xC<?/L! $=#$#J! =#H&#B@<?! =C#/H&#I/?V! /HI<B/@!

?C<?V<6#! ?/=' ! /! H'?C'?5! &! 7w0! 0#;7#! C'$$D/?'?V! =#! F#C0GB<! 1!

+=C<I<B/?V8!$%#BV%#!/HI<B/L!%';I#6#!?/='!7'I# !/H6#?#&/?V8!D?#J5!H'?C'?5!
J5B/!0/7/0'BV750/!¦e§1 !

{F#C0GB/CG<0!A?G!H'I'DG8!%'%!H'I'DG!#=?/0/H'E//1!3'L?/!0/7/0G0!

FG7%E//!  =C/! $B<IG>U/K!

#6C'7/D<7/@K!  

9$BC$%b&U(t( !.<T<7/<!H'I'D/!#=?/0/H'E//!/H!= C/0<C'!i 1!
y!+=?/0/H/CG<0'@!FG7%E/@!ƒ!
ƒ˜lNOŠ„l!” nƒh“ j !
”ni ∗“!hejY“hej∗“hejYs∗“h9jY“h9j∗“h9jY“hfj ∗“hfjZ!
Rl—!hRl—ƒ˜lNOŠ„lj !
y!(G7%E/@!#6C'7/D<7/@!‰h“jn: !
ƒ˜lNOŠ„l!•n‰h“ j !
•n“ hejY“ h9jY“ hfjke9:Z!
Rl—!
y!(G7%E/@!#6C'7/D<7/@!Î h“j!®!:!
ƒ˜lNOŠ„l!˜ nƒŠh“ j !
ƒŠ!n¦“hejZ!“h9jZ!“hfj§Z!

2
1 14x x+

!
! !" ! !+

!
"!

! ! !
" ! # " " ! ! #$ % % & ' (! " " " " " " " "= + + + +

1 2 3 1 2 3120, 0, 0, 0.x x x x x x+ + = ³ ³ ³
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Rl—!
“ :n¦:Z:Z:§Z!¦“ 8„’™8Šlƒ„8ŠOR…§nmœ•h“ :8Â ƒ8Â‰j!
!
y!.<HGBV?'?5!C<T<7/@!
“!n !
!!!i:1::: !
!!!fs1::: !
!!!i91::: !
„’™!n!!g9p91:!
Šlƒ„!n!!e:i !
ŠOR…!n!!o!
"/7/0'BV75<! H '?C'?5! $#$?'&@?! g9p9! I<7<;75K! <I/7/E58! =C/! A?#0!

JGI<?!=C#/H&<I<7#! i:! /HI<B/L!=<C&#6#!&/I'8! fs!k!&?#C#6#!/!i9! k!?C<?V<6#1!
•B@!C<T<7/@!H'I'D/!J5B#!=C#&<I<7#!s!/?<C'E/L1!

)#$YF#&U(U(!

3'L?/! 0'%$/0G0! FG7%E//!  =C/! #6C'7/D<7/@K!

h“1[ pj2Yh“ 2[ pj2¯ es8!“e®:8!“9®:!¦e§1!
-! A?#L! H'I'D<! 7<#JK#I/0#! $&<$?/! H'I'DG! 7'! 0'%$/0G0! %! H'I'D<! 7'!

0/7/0G0 8! '! ?'%;<! =G?w0! G07#;<7/@! 7'! [e! H'0<7/?V! H7'%! &! 7<C'&<7$?&<1!
x<%$?! =C#6C'005kC<T<7/@! H'I'D/! &! MNOPQR! =C<I$?'&B<7! &! B/$?/76<!g1p1!
(G7%E/@!I#$?/6'<?!$&#<6#!0'%$/0'BV7#6#!H7'D<7/@![f9!&!?#D%<!hi8!ij1!

9$BC$%b&U(v(&
.<T<7/<!H'I'D/!/H!=C/0<C'!g !
ƒ˜lNOŠ„l!”nƒh“j!
”n [ “hej∗“hejk“h9j∗“h9jZ!
Rl—!
ƒ˜lNOŠ„l!”nƒeh“j!
”n[ƒhk“jZ!
Rl—!
ƒ˜lNOŠ„l!˜nƒŠh“j!
˜n¦ kh“hejkpj_9kh“h9jkpj_9YesZ!“hejZ!“h9j§Z!
Rl—!
“:n¦:Z: §Z!¦“„•O8„’™8Šlƒ„8ŠOR…§nmœ•h“:8Âƒe8¦§8ÂƒŠj!
ƒh“„•Oj!
!
y!.<HGBV?'?5!C<T<7/@!
“„•O!n!
!!!i1:::: !
!!!i1:::: !

2 2
1 2f x x= - -
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„’™!n!f91::: !
Šlƒ„!n!e:i !
ŠOR…!n!s!
Plm!n!kf91::: !
!
•CG6/0! %B'$$#0! #=?/0/H'E/#775K! H'I'D! JGIG?! H'I'D/! B/7<L7#6#!

=C#6C'00/C#&'7/@!h•ŸSj1!

U(P(&2/u/83/&•5=5A&938/?81S1&)21S25''321> 58 34 &

r?/!H'I'D /!&$?C<D'>?$@!&#!07#6/K!#?C'$B@K!H7'7/L1!2B6#C/?05!/K!
C<T<7/@! K#C#T#! /H&<$?751! r?/! 'B6#C/?05! C<'B/H#&'75! &#! 07#6/K8! %'%!
=C#=C/<?'C75K8! ?'%! /! $&#J#I75K8! 0'?<0'?/D<$%/K! ='%<?'K1! 3<! @&B@<?$@!
/$%B>D<7/<0! /!I–kl•• 1! 3#! =<C<I! ?<08! %'%! C'$$0#?C<?V! C<T<7/<! H'I'D!
B/7<L7#6#!=C#6C'00/C#&'7/@!&!MNOPQR8!I'&'L?<!&$=#07/08!D?#!?'%#<!H'I'D'!
B/7<L7#6#!=C#6C'00/C#&'7/@1!

U(P(E(&•.-.[.&X$%Fz%,b,&`#,b#.YY$#,f.%$c &

•7'%#0$?&#! $! H'I'D'0/! B/7<L7#6#! =C#6C'00/C#&'7/@! 7'D7w0! 7'!
=C/0<C<!H'I'D/!#J!#=?/0'BV7#0!C'E/#7<1!•'I'D'! #J!#=?/0'BV7#0!C'E/#7<1!
z0<<?$@! D<?5C<! &/I'! =C#IG%?#&! =/?'7/@W! Se8! S98! Sf8! Si1! zH&<$?7'!
$?#/0#$?V! <I/7/E5! %'; I#6#! =C#IG%?'! Ne8! N98! Nf8! Ni1! zH! A?/K! =C#IG%?#&!
7<#JK#I/0#! $#$?'&/?V! =/U<&#L! C'E/#78! %#?#C5L! I#B;<7! $#I<C;'?V! 7<!
0<7<<!’e!<I/7/E!J<B%#&8!7<!0<7<<!’9!<I/7/E!G6B<&#I#&8!7<!0<7<<!’f!<I/7/E!
;/C#&1! SC/Dw0! /H&<$?7#8! &! <I/7/E<! =C#IG%?'! Se! $#I<C;/?$@! P11! <I/7/E!
J<B%#&8!P12!<I/7/E!G6B<&#I#&!/!P13!<I/7/E!;/C#&!/!?1I1!h$01!?'JB/EG!ej1!

xC<JG<?$@!$#$?'&/?V! =/U<&#L! C'E/#78! D?#J5! #J<$=<D/?V! H'I'775<!
G$B#&/@!=C/!0/7/0'BV7#L!$?#/0# $?/1!

SG$?V!“e8!“98!“f8! “i!k!%#B/D<$?&'!=C#IG%?#&!Se8!S98!Sf8!Si1!+JU'@!
$?#/0#$?V!C'E/#7'!C'&7'!

< = =!-! + ="-" + =#-# + =$-$ =>=%-%

$

%&!
! hg1ej !

!
{F#C0GB/CG<0!#6C'7/D<7/<!7'!%#B/D<$?&#!J<B%#&8!G6B<&#I#&!/!;/C#&!

&! &/I<! 7<C'&<7$?&1! -! #I7#L! <I/7/E<! =C#IG%?'! Se!$#I<C;/? $@! P11!<I/7/E!
J<B%#&8!&!“e!<I/7/E'K!k!P11“e8!&!“9!<I/7/E'K!=C#IG%?'!S9!$#I<C;/?$@!P21“9!
<I/7/E! J<B%'! /! ?1I1! {B<I#&'?<BV7#8! #JU<<! %#B/D<$?&#! J<B%#&! &#! &$<K!
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D<?5CwK! ?/=#&! =C#IG%?'! C'&7#!  /! I#B;7# ! J5?V! 7<! J#BVT<! ’11!

S#BGD'<0!=<C&#<!#6C'7/D<7/< !
?!!-! + ?"!-" + ?#!-# + ?$!-$ ≤ @!! hg19j !

!
27'B#6/D75<!#6C'7/D<7/@!IB@!;/C#&!/!G6B<&#I#&!/0<>?!&/IW!

?!"-! + ?""-" + ?#"-# + ?$"-$ ≤ @"! hg1f j !
?!#-! + ?"#-" + ?##-# + ?$#-$ ≤ @#! hg1i j !

SC/7/0'<0!&#!&7/0'7/<8!D?#!“e8!“98!“f8!“i!=#B#;/?<BV75<!H7'D<7/@8!
=#BGD/0!<Uw!D<?5C<!#6C'7/D<7/@!

-! ≥ 0, -" ≥ 0, -# ≥ 0, -$ ≥ 0! hg1gj !
!
x'%/0! #JC'H#0! H'I'DG! #! #=?/0'BV7#0! C'E/#7<! 0#;7#!

$F#C0GB/C#&'?V!$B<IG>U/0!#JC'H#0W!7'L?/!H7'D<7/@!=<C<0<775K!“ 18!“28!“ 38!
“ 48! GI#&B<?&#C@>U/<! $/$?<0<! #6C'7/D<7/L! hg19j!  ! hg1gj8! =C/! %#?#C5K!
B/7<L7'@!FG7%E/@!hg1ej!=C/7/0'B'!J5!0/7/0'BV7#<!H7'D<7/<1!

•'I'D'! #J! #=?/0'BV7#0! C'E/#7<! @&B@<?$@! H'I'D<L! B/7<L7#6#!
=C#6C'00/C#&'7/@8!FG7%E/@!hg1ej!7'H5&'<?$@!FG7%E/<L!E<B/8!'!#6C'7/D<7/ @!
hg19j!k!hg1gj!$/$?<0#L!#6C'7/D<7/L!H'I'D/!B/7<L7#6#!=C#6C'00/C#&'7/@1!

-!H'I'D'K!B/7<L7#6#!=C#6C'00/C#&'7/@!FG7%E/@!E<B/! ˆ! /! $/$?<0'!
#6C'7/D<7/L!@&B@>?$@!B/7<L750/1!

-! #JU<0! $BGD'<! H'I'DG! B/7<L7#6#! =C#6C'00/C#&'7/@! 0#;7#!
$F#C0GB/C#&'?V! $B<IG>U/0! #JC'H#01! 3'L?/! ?'%/<! =#B#;/?<BV75<!
H7'D<7/@!“18!“28!111!8!“n8!=C/!%#?#C5K!FG7%E/@!E<B/!ˆ!hg1oj!I#$?/6'<?!$&#<6#!
0/7/0'BV7#6#! H7'D<7/@! /! GI#&B<?&#C@<?! $/$?<0<! B/7<L75K! #6C'7/D<7/L!
hg1pj1!

< = =!-! + ="-" +⋯+ ='-' =>=%-%

'

%&!
! hg1oj !

>?%(-( ≤ @% ,			D = 1, …F

'

(&!
!

hg1pj !

!
q$B/!&!H'I'DG!B/7<L7#6#!=C#6C'00/C#&'7/@!I#J'&B@<?$@!#6C'7/D<7/<!

E<B#D/$B<77#$?/! H7'D<7/L! “ 8! ?#! 05! =#BGD'<0! H'I'DG! E<B#D/$B<77#6#!
=C#6C'00/C#&'7/@1!

MNOPQR! =#H&#B@<?! C<T'?V! H'I'D/! B/7<L7#L! #=?/0/H'E//! $!
#6C'7/D<7/@0/!&!J#B<<!#JU<L!F#C0GB/C#&%<1!

3'L?/! ?'%/<! =#B#;/?<BV75<! H7'D<7/@! “e8! “98! 111! 8! “l8! =C/! %#?#C5K!
FG7%E/@! E<B/! ˆ! hg1gj! I#$?/6'<?! $&#<6#!0/7/0'BV7#6#! h0'%$/0'BV7#6#j!

4

1
1

j j
j
a x

=
å
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H7'D<7/@! /! GI#&B<?&#C@<?! $/$?<0<! B/7<L75K! #6C'7/D<7/L1! {/$?<0'!
#6C'7/D<7/L!0#;<?!J5?V!=C<I$?'&B<7'!7<C'&<7$?&'0/!hg1sj!/B/ !hg1t j1!SC/!
A?#0!H7'D<7/@!“!0#6G?!J5?V8!%'%!&<U<$?&<7750/8!?'%! /!E<B#D/$B<7750/8!
%'%!=#B#;/?<BV750/8!?'%!/!#?C/E'?<BV750/1!

>?%(-( ≤ @% ,
'

(&!
! hg1sj !

>?%(-( ≥ @% ,			D = 1, … ,F

'

(&!
!

hg1t j !

U(P(P(&2F„F%$F&{.-.[ &X$%Fz%,b,&`#,b#.YY$#,f.%$c&f&I–kl•• &

•B@!C<T<7/@!H'I'D!B/7<L7#6#!=C#6C'00/C#&'7/@!&!MNOPQR!$GU<$?&G<?!
FG7%E/@!¦“„•O8ƒ}Šl8mOPO˜m8R“O…P§n‰‹•h́N8!P8!’ 8!‹’ 8!̃’ 8!NO”•R8!QP…O”•R8!mRlmRj !

•I<$VW!
X! N!k! &<%?#Ck$?#BJ<E8! &%B>D'>U/L! &! $<J@! %#AFF/E/<7?5! =C/!

7</H&<$?75K!FG7%E//!E<B/8! C'H0<C7#$?V! &<%?#C'! N! C'&7'! %#B/D<$?&G!
7</H&<$?75K!l!&!H'I'D<!B/7<L7#6#!=C#6C'00/C#&'7/@Z!

X!P!k!0'?C/E'! %#AFF/E/<7?#&!=C/!7</H&<$?75K!/H!B<&#L!D'$?/!$/$?<05!
#6C'7/D<7/L8!%#B/D<$?&#!$?C#%!0'?C/E5!C'&7#!%#B/D<$?&G!#6C'7/D<7/L!}8!
'!%#B/D<$?&#!$?#BJE#&!$#&='I'<?!$!%#B/D<$?&#0!7</H&<$?75K!lZ!

X!’!k!&<%?#Ck$?#BJ<E!$#I<C;/?!$&#J#I75<!DB<75!$/$?<05!#6C'7/D<7/L8!
C'H0<C7#$?V!&<%?#C'!C'&7'!%#B/D<$?&G!#6C'7/D<7/L!}1 !

X! ‹’!k!&<%?#Ck$?#BJ<E!C'H0<C7#$?/! l8!$#I<C;'U/L!&<CK7>>!$/$?<0G!
#6C'7/D<7/L!h“!d!‹’j8!=#!G0#BD'7/>! ‹’! k!&<%?#C!$?#BJ<E8!$#$?#@U/L!/H!7GB<LZ!

X! ˜’! k!&<%?#Ck$?#BJ<E!C'H0<C7#$?/! l8!$#I<C;'U/L!7/;7>>!$/$?<0G!
#6C'7/D<7/L! h“! ©! ˜’j8! =#! G0#BD'7/>! &<CK7@@! $/$?<0'! #6C'7/D<7/L!
#?$G?$?&G<?8!=#IC'HG0<&'<?$@8!D?#!&$<!H7'D<7/@!&<%?#C'!˜’!C'&75!Y›Z !

X! NO”•R!k! 0'$ $/&! $/0&#B#&! C'H0<C7#$?/! l8! #=C<I<B@>U/L! ?/=!
#6C'7/D<7/@! h7'=C/0<C8! hg1sj! /B/! h g1t jj8! AB<0<7?5! A?#6#! &<%?#C'! 0#6G?!
=C/7/0'?V!#I7#!/H!$B<IG>U/K!H7'D<7/LW!

  !u• v!k!#6C'7/D<7/<!JGI<?!=C#/67#C/C#&'7#8!
  !uº v!k!#6C'7/D<7/<!$!&<CK7<L!6C'7/E<L!hh•hŠ8Wj\“!©n!’hŠjj8!
  !u†v!k!#6C'7/D<7/<!&!&/I<!C'&<7$?&'!hh•hŠ8Wj\“!n!’hŠjj8!
  !uˆ v!k!#6C'7/D<7/<!$!&<CK7<L!6C'7/E<L!hh•hŠ8Wj\“!dn!’hŠjj8!
  !u± v!k!I&#L7#<!#6C'7/D<7/<!hh• hŠ8Wj\“ !©n!’ hŠj!/!h• hŠ8Wj\“ dn!’ hŠjjZ!
X!QP…O”•R!k!0'$$/&!$/0&#B#&!C'H0<C7#$?/! l8!%#?#C5L!#=C<I<B@<?!?/=!

=<C<0<77#L! “i! uŽv! k! &<U<$?&<77'@! =<C<0<77'@8!u­v! k! E<B#D/$B<77'@!
=<C<0<77'@Z!

X!mRlmR!k!H7'D<7/<8!#=C<I<B@>U<<!?/=!H'I'D/!#=?/0/H'E//W!
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P1 e!k!H'I'D'!0/7/0/H'E//8 !
’1 ke!k!H'I' D'!0'%$/0/H'E//1 !

(G7%E/@!‰‹•´!&#H&C'U'<?!$B<IG>U/<!H7'D<7/@W!
X!“„•O!k!0'$$/&!H7'D<7/L!“8!=C/!%#?#C#0!FG7%E/@!E<B/!ˆ!=C/7/0'<?!

#=?/0'BV7#<!H7'D<7/<Z!
X!ƒ}Šl!k!#=?/0'BV7#<!H7'D<7/<!FG7%E//!E<B/Z!
X!mOPO˜m!k!=<C<0<77'@8!#=C<I<B@>U'@!%'%!C<T<7'!H'I'D'!#=?/0/H'E/ @8!

=C/! mOPO˜m! n! es:! h:j8! C<T<7/<! 7'LI<7#! /! H'I'D'! #=?/0/H'E// ! C<T<7'!
=#B7#$?V>2Z!

X!R“O…P!k!$?CG%?GC'8!&%B>D'>U'@!$B<IG>U/<!=#B@W!
  !‹P}’—P!k!07#;/?<B/!Ÿ'6C'7;'Z !
  !OŠ}R!k!&C<0@!&!$<%G7I'K8!H'?C'D<77#<!7'!C<T<7/<!H'I'D/1!
2q$B/!mOPO˜m!#?B/D7#!#?!es: !h:j8!?#!=#BGD<77#0G!C<T<7/>! I#&<C@?V!

7<BVH@1!
.'$$0#?C/0! 7<$%#BV%#! =C/0<C#&! C<T<7/@! H'I'D! B/7<L7#6#!

=C#6C'00/C#&' 7/@1!
!
)#$YF#&U(t( &
3'L?/!?'%/<!H7'D<7/@!=<C<0<775K!“18!“28!“38!“4!=C/!%#?#C5K!FG7%E/@!

E<B/! ˆnk“ 2k9“ 3Yi“ 4! I#$?/6'<?! $&#<6#! 0/7/0'BV7#6#! H7'D<7/@! /!
GI#&B<?&#C@>?$@!#6C'7/D<7/@W!

3-! − -" ≤ 2	
-" − 2-# ≤ −1	
4-# − -$ ≤ 3	
5-! + -$ ≥ 6	
-! ≥ 0, -" ≥ 0, -# ≥ 0, -$ ≥ 0!
{F#C0/CG<0!='C'0<?C5!FG7%E//!‰•‹ !́

= = I

0
−1
−2
4

J − коэффициенты	при	неизвестных	функции	цели,	

? = I

3 −1 0 0
0 1 −2 0
0 0 4 −1
5 0 0 1

J − матрица	системы	ограничений,	

@ = b

2
−1
3
6

c − свободные	члены	системы	ограничений,!

^_N`a!b !cddde c! f ! 0'$$/&! $/0&#B#&8! #=C<I<B@>U/L! ?/=!
#6C'7/D<7/@15!
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U[g_Ǹa!b !hiiii c!   ! 0'$$/&8! #=C<I<B@>U/L! ?/='! =<C<0<77#L8! &!
I'77#0!$BGD'<!&$<!=<C<0<775<!&<U<$?&<775<8!

jaXja!b !=!  !H'I'D'!7'!0/7/0G0 1!
x<%$?!=C#6C'005!C<T<7/@!H'I'D/!=C/&<Iw7!&!B/$?/76<!g1s1!
9$BC$%b&w(&
y .<T <7/<!H'I'D/!/H!=C/0<C'! g1o!
Nn¦:ZkeZk9Zi§Z!Pn¦f![e!:!:!Z!:!e![ 9!:!Z!:!:!i ![eZg!:!:!e!§Z!
’n¦9Z![eZ!f!Z!o!§Z!
NO”•Rn¿ºººˆ¿Z!QP…O”•Rn¿ŽŽŽŽ¿Z!mRlmRneZ!
¦“}Šl8 ƒ}Šl8mOPO˜m§n‰‹•´hN8P8’8¦:Z:Z:Z:§8¦§8NO”•R8QP…O”•R8mRlmRj!
!
y!.<HGBV?'?5!C<T<7/@!
“}Šl!n !
e1::::: !
e1::::: !
e1::::: !
e1::::: !
ƒ}Šl!n!e1::::: !
mOPO˜m!n!:!
•7'D<7/<! =<C<0<77#L!mOPO˜m! C'&7#! :8! D?#! $&/I<?<BV$?&G<?! #!

%#CC<%?7#0!C<T<7//!H'I'D/!B/7<L7#6#!=C#6C'00/C#&'7/@1!
!
)#$YF#&U(v(!
3'L?/!?'%/<!H7'D<7/@!=<C<0<775K! “e8! “98! “f!=C/!%#?#C5K!FG7%E/@!

E<B/! ˆ! n! [g! Y! “e! [! “ 9! [! f“f! I#$?/6'<?! $&#<6#! 0/7/0'BV7#6#! H7'D<7/@! /!
GI#&B<?&#C@>?$@!#6C'7/D<7/@W!

-! + -" ≥ 2	
-! − -" ≤ 0	
-! + -# ≥ 2	
-! + -" − -# ≤ 3	
-! ≥ 0, -" ≥ 0, -# ≥ 0!
{F#C0/CG<0!='C'0<?C5!FG7%E//!‰•‹ !́

= = f
1
−1
−3
g − коэффициенты	при	неизвестных	функции	цели,!

? = I

1 1 0
1 −1 0
1 0 1
1 1 −1

J −	

!

0'?C/E'!$/$?<05!#6C'7/D<7/L!h?C/!
=<C<0<775K!/!D<?5C<!#6C'7/D<7/@j8!



109 
 

@ = I

2
0
2
3

J −! $&#J#I75<!DB<75!$/$?<05!#6C'7/D<7/L!

	
!

^_N`a!b !ced ed c! f ! 0'$$/&! $/0&#B#&8! #=C<I<B@>U/L! ?/=!
#6C'7/D<7/@16!

U[g_Ǹa!b !hiii c!  !0'$ $/&8!#=C<I<B@>U/L!?/='!=<C<0<77#L8!&!I'77#0!
$BGD'<!&$<!=<C<0<775<!&<U<$?&<775<8!

jaXja!b !f =!  !H'I'D'!7'! 0'%$/0G01!
!

x<%$?!=C#6C'005!C<T<7/@!H'I'D/!=C/&<Iw7!&!B/$?/76<!g1t1!
9$BC$%b&U(€(!
y!.<T<7/<!H'I'D/!/H!=C/0< C'!g1p!
Nn¦eZkeZkf§!Z!Pn¦e!e!:Ze!ke!:Z!e!:!eZe!e!ke§Z’n¦9Z:Z9Zf§Z!
NO”•Rn¿ˆºˆº¿Z!QP…!O”•Rn¿!ŽŽŽ¿Z!mRlmRnkeZ!
¦“}P“8ƒ}P“8mOPO˜m§n‰‹•´hN8P8’8¦§8¦§8NO”•R8QP…O”•R8mRlmRj!
ˆ}P“ n kgY“}P“ hejk“}P“ h9jkf\ “}P“ hfj !
y! "#;7# !ˆ }P“n kgYƒ}P“ !
“&2F{^XDC.CZ&#F„F%$c&
“}P“ n!
!

e1oooop!
e1oooop!
:1fffff !

!
ƒ}P“ nke1:::: !
mOPO˜m!n!: !
ˆ }P“ !n!ko!
"/7/0' BV7#<! H7'D<7/<! o!ˆ ! n! [o! I#$?/6'<?$@! =C/!“ ! n! ¦e1oooopZ! e1oooopZ!
:1fffff§1 !

•7'D<7/<! =<C<0<77#L!mOPO˜m! C'&7#! :8! D?#! $&/I<?<BV$?&G<?! #!
%#CC<%?7#0!C<T<7//!H'I'D/!B/7<L7#6#!=C#6C'00/C#&'7/@1!

.<T/0!H'I'DG! g1p8!%'%!H'I'DG!E<B#D/$B<77#6#!=C#6C'00/C#&'7/@!h$01!
B/$?/76!g1e:j 1!

9$BC$%b&U(Eq(! .<T<7/<! H'I'D/! /H! =C/0<C'! g1p! &! E<B#D/$B<77#0!
&'C/'7?<1!

y!.<T<7/<!H'I'D/!/H!= C/0<C'!g1p!
Nn¦eZkeZkf§!Z!Pn¦e!e!:Ze!ke!:Z!e!:!eZe!e!ke§Z’n¦9Z:Z9Zf§Z!
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NO”•Rn¿ˆºˆº¿Z!QP…!O”•Rn¿­­­¿Z!mRlmRnkeZ!
¦“}P“8ƒ}P“8mOPO˜m§n‰‹•´hN8P8’8¦§8¦§8NO”•R8QP…O”•R8mRlmRj!
ˆ}P“n! kgY“}P“hej k“}P“h9j kf\“}P“hfj !
y! "#;7# !ˆ}P“n kgYƒ}P“!
y!.<HGBV?'?5!C<T<7/@!
“}P“!n !

9!
9!
e!

ƒ} P“!n!kf !
mOPO˜m!n!:!
ˆ }P“ !n!ks!
•7'D<7/<! mOPO˜m! n!: ! hepej ! $&/I<?<BV$?&G<?! #! %#CC<%?7#0! C<T<7//!

H'I'D/!E<B#D/$B<77#6#!=C#6C'00/C#&'7/@8!H7'D<7/<!̂}P“ !n![s!I# $?/6'<?$@!
=C/!“n¦9Z9Ze§1!

!
)#$YF#&U(w(!
•B@! /H6#?#&B<7/@! D<?5CwK! &/I#&! /HI<B/L! /$=#BVHG<?$@! ?#%'C7#<8!

FC<H<C7#<8!$&<CB/BV7#<8!C'$?#D7#<!TB/F#&'BV7#6#!#J#CGI#&'7/<8!'!?'%;<!
%#0=B<%?G>U/<! /HI<B/@1! {J#C%'! /HI<B/L! ?C<JG<?! $J#C#D7#k7'B'I#D75K!
C'J#?1!-!?'JB/E<!g1e!=C<I$?'&B<75W!

7#C05!H'?C'?!C<$GC$#&!7'!/H6#?#&B<7/<!C'HB/D75K!/HI<B/L8!7'B/D/<!
%';I#6#!/H!C<$GC$#&8!=C/J5BV!#?!C<'B/H'E//!#I7#6#!/HI<B/@8!#6C'7/D<7/@!
7'!&5=G$%! /HI<B/L!&?#C#6#! /!?C<?V<6#!?/='1! {F#C0/C#&'?V!=B'7!&5=G$%'!
=C#IG%E//!IB@!I#$?/;<7/@!0'%$/0'BV7#L!=C/J5B/1!

x'JB/ E'!g1e!  !7#C05!H'?C'?!C<$GC$#&1!
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!
SG$?V!“e!k!%#B/D<$?&#!/HI<B/L!=<C&#6#!&/I'8!“9!k!%#B/D<$?&#!/HI<B/L!

&?#C#6#! &/I'8! “f! /! “i! k! %#B/D<$?&#! /HI<B/L! ?C<?V<6#! /! D<?&wC?#6#! &/I'!
$##?&<?$?&<77#1!x#6I'!=C/J5BV!#?!C<'B/H'E//!&$<K!/HI<B/L!&5D/$B@<?$@!=#!
F#C0GB<!

< = 315-! + 278-" + 573-# + 370-$! hg1e: j !
!
+6C'7/D<7/@! 7'! F#7I! C'J#D<6#! &C<0<7/! F#C0/CG>?! $B<IG>U/<!

#6C'7/D<7/@!
< = 315-! + 278-" + 573-# + 370-$! hg1eej !

h

550-! + 620-# ≤ 64270
30-! + 30-" + 20-# + 20-$ ≤ 4800

86-! + 110-" + 150-# + 128-$ ≤ 26240
158-" + 30-# + 50-$ ≤ 7900

! hg1e9j !

!
+6C'7/D<7/<!7'!&#H0#;7#<!/$=#BVH#&'7/<!%#0=B<%?G>U/K!/HI<B/L!

f“ 1!Y!i“ 2!Y!f“ 3!Y!f“ 4!¯!g9: ! hg1ef j !
+6C'7/D<7/<!7'!&5=#B7<7/<!$J#C#D7#k7'B'I#D75K!C'J#?!

i1g“1!Y!i1g“2!Y!i1g“3!Y!i1g“4!¯!p9: ! hg1ei j !
!
!+6C'7/D<7/@!7'!&#H0#;75L!&5=G$%!/HI<B/L!%';I#6#!&/I'!!

“9!®!i:8!“f!¯!e9: 8!“e!®!:8!“f!®!:8!“i!®: ! hg1egj !
{F#C0GB/CG<0!H'I'DG!B/7<L7#6#!=C#6C'00/C#&'7/@1!
3'L?/!H7'D<7/@!“e8! “98! “f! /! “i!=C/!%#?#C5K!FG7%E/@!E<B/! ˆ!hg1e: j!

I#$?/6'<?! $&#<6#! 0'%$/0'BV7#6#! H7'D<7/@! /! &5=#B7@>?$@! #6C'7/D<7/@!
he:1eej!  !he:1ei j1!

{ F#C0/CG<0!='C'0<?C5!FG7%E//!‰•‹ !́
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= = I

315
278
573
370

J − коэффициенты	при	неизвестных	функции	цели,!

! "

#

$
$
$
$
$
$
$
$
%

&&' ' () ' '
* ' +' ) ' ) '
, ( -- ' -&' &)
- (' .) - &, - ),
' -&, +' &'
+ * + +

* /& * /& * /& * /&
' - ' '
' ' - '
- ' ' '
' ' - '
' ' ' - 0

1
1
1
1
1
1
1
1
2

3 4

!

0'?C/E'!$/$?<05!#6C'7/D<7/L!hD<?5C<!
=<C<0<775K!/!I&<7'I E'?V!#6C'7/D<7/Lj8!

@ =

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎛

64270
4800
22360
26240
7900
520
720
40
120
0
0
0 ⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎞

!    $&#J#I75<!DB<75!$/$?<05!#6C'7/D<7/L!

NO”•R! n¿ºººººººˆºˆˆˆ¿ ! k! 0'$$/&! $/0&#B#&8! #=C<I<B@>U/L! ?/=!
#6C'7/D<7/@98!
QP…O”•R!n¿­­­­¿!k!0'$$/&8!#=C<I<B@>U/L!?/=!=<C<0<77#L8!&!I'77#0!$BGD'<!&$<!
=<C<0<775<!E<B5<!hH'I'D'!E<B#D/$B<77#6#!=C#6C'00/C#&'7/@j8!
mRlmR!n![e! k!H'I'D'!7'!0'%$/0G01 !
SC#6C'00'!C<T<7/@!H'I'D/!&!MNOPQR!=C<I$?'&B<7'!&!B/$?/76<!g1ee1!
9$BC$%b&U(EE(!
y! .<T<7/<!H'I'D/!/H!=C/0<C'! g1s!
N!n¦fegZ9psZgpfZfp:§Z!
Pn¦gg:!:!o9:!:Zi:!f:!9:!9:Zso!ee:!eg:!g9Zeo:!t9!egs!e9sZ: !egs!f:!g:Zf! i! f!
fZi1g!i1g!i1g!i1gZ:!e!:!:Z!:!:!e!:Ze!:!:!:Z:!: !e!:Z:!:!:!e§Z!
’n¦oi9p:Zis::Z99fo:Z9o9i:Zpt ::Zg9:Zp9:Zi:Ze9:Z:Z:Z:§Z!
NO”•Rn¿ºººººººˆºˆˆˆ¿ZQP…O”•Rn¿ ­­­­¿ZmRlmRnkeZ!
¦“}P“8ƒ}P“8mOPO˜m§n‰‹•´hN8P8’8¦§8¦§8NO”•R8QP…O”•R8mRlmRj!
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!
“& 2F{^XDC.CZ&#F„F%$c&
“}P“ !n!

og!
i: !
io !
i !

ƒ}P“ !n!gtiff !
mOPO˜m!n!epe!

•B@!=#BGD<7/@!0'%$/0'BV7#L!=C/J5B/!ƒ}P“ !7<#JK#I/0#!=C#/H&<$?/!
og!<I/7/E!/HI<B/L!=<C&#6#!?/='8!i:!k!&?#C#6#8!io!k!?C<?V<6#!/!i!k!D<?&wC?#6#1!
•7'D<7/<! ='C'0<?C'! mOPO˜m!n! epe! 6#&#C/?! #! %#CC<%?7#$?/! C<T<7/@! H'I'D/!
B/7<L7#6#!=C#6C'00/C#&'7/@1!

9S<C&5<! ?C/! #6C'7/D<7/@! ?/='!u0<7VT<v8! D<?&wC?#<! /! =@?#<! ?/='!
uC'&7#v1! !
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•5=5834 &6&95+125!1281?&25+1!/&H& U&

8.x,G-F%$F&e\BC#FY^Y,f&]^%\_$z(&
1`#F-FX$CD&f,{Y,G%ZF&e\BC#FY^YZ&]^%\_$z &

…>&BX^[.F&Y%,GFBCf.&e\BC#FY^Y,f&,b#.%$[$CDBc&C#FYc†&

!
!

! !
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2F„F%$F&{.-.[&,`C$Y${._$$ &
2F„$CD&{.-.[^&_FX,[$BXF%%,b,&`#,b#.YY$#,f.%$c &

!
!
!



116 

0)30 16&30)19:•1>588;<&30!1A8361> &

e1 -&<I<7/<! &! MNOPQR! IB@!/7;<7<C#&! /! 0'?<0'?/%#&W! ]! q1! .1! 2B<%$<<&8!
+1!-1!|<$7#%#&'!É !"1W!•ˆb!ˆŠl˜“8!9:e91!É !fos!$1!!

!" !-<C;J/E%/L !-1"1 !+$7#&5!D/$B<775K!0<?#I#&1!É !"1W-5$T'@!T%#B'8!
9::91!  !si: !$1#

f1 r TJ/! ,1.1! -&<I<7/<! &! %/J<C7<?/%G! ]! S<C1! $! '76B1! ]! S#I! C<I 1!
-121!,$= <7$%#6#1!  !"1W!zŸ8!eto91!

i1 )C#=! •1! "<?#I5! /I<7?/F/%'E//! $/$?<01!   ! "1W! "/C8! etpt1! etpt1!   !
f:9 !$1!

g1 !4'F'C#& ! -1-1! "<?#I5! %/J<C7<?/%/! &! K/0//! /! K/0/D<$%#L!
?<K7#B#6//1!  "1W!Ê/0/@8!etsg1!kiis!$1!

o1 2K7'H'C#&'!{1Ÿ18!4'F'C#&!-1-1!"<?#I5!#=?/0/H'E//!A%$=<C/0<7?'!&!
K/0/D <$%#L!?<K7#B#6//1!"1W!-5$T'@!T%#B'8!etsg1!kf9p!$1!

 



117 

 
 

Учебная литература 

Тюрин Михаил Павлович  

Бородина Елена Сергеевна 

 

 

 

 

!/1234&3&)256!365&760)/23'/8!5 9:8;<&
3009/=1>583? &

)256! 36@' !!

A. BCD&E&

&

&

&

Учебное пособие 

,$B1=<D1B1€€€€x/C';! f9 !A%H1!!•'%'H!¸ !€€€€€!

!

!

.<I'%E/#77# k/HI'?<BV$%/L!#?I<B!()*+,!-+!u .),!/01!2131!4#$56/7' v!!!

eeg:fg8!"#$%&'8!GB1!{'I#&7/D<$%'@8!ff8!$?C1e!

?<B1!skitg kseek:e k:e!I#J1!e:tt !

Rk}PŠ‹W!…Š„}‰˜—OÂ }PŠ‹1…!̃

+?=<D'?'7#!&!.z+! ()*+ ,!-+!u .),!/01!2131!4#$56/7' v!

 

 


