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N:7% 9,'6C6% =3256C6% C60,% 96DB8&7%'B% 4.,3'% 5B=:,8B% 4,% I :38% 2,45&8&7(% O,45&8&3%

=3256C6%C60,%96DB8&7%=230=6:,C,3897%=6:.698@;%4,532F3..B'E%8(3(%5B=:,8B%D-0-<&L%:38%

2,45&8&7%!( )*(,!+ )*+ &%8(0(%2,5.B%.-:;(%?6%&98313.&& 60.6C6%C60,%823-C6:@.&>%2,45&8&7%
=2&6D238,38% 86:@>6% .65-;% C&=683.-4-% !)(,!),(,+, … , !",)*(," , … , !()E% 4.,13.&7% >68626G%
9668538985-;8%=69:30.3'-%>,:3.0,2.6'-%C60-(%

P9:&% =6% &98313.&&% I :38% 2,45&8&7% 593% -DB8>&% 60.6C6% C60,% 96DB8&7% &45398.B% &%%

=6:.698@;% -23C-:&265,.BE% 86% 53:&1&.,% !"* = !"( + !"+ + -+ !") =23098,5:738% 96D6G%
9656>-=.BG%-DB86>%i-6C6%C60,%96DB8&7(%Q8%9-''B%!"* .,%83>-<&G%'6'3.8%&45398.,%86:@>6%
1,98@ !4L@  =  !"(, !"+, . . . , !"#, . . . , !",)*(,". R3:@% '386065% 234325&265,.&7% 6S3.&8@%

.3&45398.-;%1,98@%."  =  !"* — !&45. ,."  — T86%U,>8&139>&%823D-3'BG%2,4'32%982,L656C6%

234325,%i-6C6%C60,%2,45&8&7(%

V,986%823-C6:@.&>%2,45&8&7%9826&897%5%>-'-:78&5.6G%U62'3E%>6C0,%.,%'3983%Hi, k)

986&8%.3%=2&2,<3.&3%!"#E%,%9-'',2.BG%H,>>-'-:&265,..BGI%-2653.@%-DB8>, /"#  =  !"(  +

 !"+ + . . . + !"#. 

?2&%U62'&265,.&&%982,L65BL%23432565%&9=6:@4-;897%82&%69.65.BL%'3860,W

! !3860%S3=.6G%:398.&SBX

! !3860%+62.-T8832,-Y32C;96.,X

! !3860%';.L3.9>6G%S3=.6G%:398.&SB(

!3860% U62'&265,.&7% 23432565E% =230:6Z3..BG% !&.&98329856'% Y&.,.965%

O699&G9>6G% Y3032,S&&% 68% MM% &;.7% [\\[% C60,% ]^M.E% 398@% '60&U&>,S&7% '3860,%

+62.-T8832,-Y32C;96.,(

$% >,Z06C6% &4% T8&L%'386065% 398@% 956&% =230=6:6Z3.&7% &% 06=-<3.&7E% =2&% >6862BL%

=6:-13..BG%234325%68531,38%823D65,.&7'%,03>5,8.698&%&%S3:3966D2,4.698&(%

>?+/')+*$4*,-5'$=*?)-@$1*/,)+=2

?23098,5&'% >6.31.BG% -DB86>% /")  =  !"(  +  !"+ + . . . + !") . 5% '-:@8&=:&>,8&5.6G%

U62'3

/") = /"(0"(0"+ 1 … 1 0",),(, (1) 

C03%

0"# =
/",#*(/"#

75:73897% '-:@8&=:&>,8&5.B'% =2&2,<3.&3'% 9-'',2.6C6% -DB8>,%

/"#  =  !"(  +  !"+ + . . . + !"#, 1 $ ' $ &, i-6C6% C60,% 96DB8&7%=2&%=323L603% 68%k-6C6% >% Hk+1)-
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6'-%C60-%2,45&8&7(%!-:@8&=:&>,8&5.63%2,4:6Z3.&3%564'6Z.6%86:@>6%=2&%-9:65&&%/"# > 0

0:7% 593L% %,'(% _.,13% =26&45303.&3% HMI% .36DL60&'6% .,1&.,8@% .3% 9% /"(E% ,% 9% =3256C6%
=6:6Z&83:@.6C6%/"#.

#6C0,% =230=6:6Z3.&3% H5% 9230.3'I 60&.,>656C6% 0:7% 593L% :38% 96DB8&G%

2,9=2303:3.&7% >6.31.6C6% -DB8>,% /") =6% C60,'% 2,45&8&7% '6Z.6% 82,>865,8@% >,>%

.34,5&9&'698@%',83',8&139>6C6%6Z&0,.&7%9:-1,G.6G%53:&1&.B%0"# 68%C60,%96DB8&7%%:
2(0"#) = 3#, 1 $ % $ &, 1 $ ' $ & 4 1.

?,2,'382B%3# 4,0,;8%9230.33%=2&2,<3.&3%-DB8>,%=2&%=323L603%68%-6C6%>%(' + 1)-

6'-%C60-%2,45&8&7(
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2 J G"#G",#,( KL",#,(M = N#Q + P#Q /",#,(G",#,(
C03 L",#: =  {/"(, … , /"H, G"(, … , G"H}

#6%Z3%9,'63%'6Z.6%=323=&9,8@%5%5&03 (MCL 2)

2B/"#RL",#,(C = /",#,( N#O + G",#,( P#O
2BG"#RL",#,(C = G",#,( N#Q + /",#,( P#Q

_4% U62'-:&265>&% =230=6:6Z3.&7% HMCL [I% 79.6E% 186% 231@% &038% 6% 05-L% 6DB1.BL%

:&.3G.BL%23C2399&7L(%b,>%&%5%'603:&%>:,99&139>6G%S3=.6G%:398.&SBE%2,4-'.6%&9L60&8@%

&4%C383269>30,98&1.6G%23C2399&&E%8(3( (MCL 3)
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),% 69.65,.&&% =230=6:6Z3.&7% HMCL 2`I% =6:-1,;897% 9:30-;<&3% U62'-:B% 0:7%

=26C.64,%D-0-<&L%969867.&G%-DB8>,W

/5",#*( = /5",#N[",#*(O + Ga",#*(PA",#*(O = /5",# _35",#*( + PA#*(O JGa",#/5",# 4 X#OM`
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96%98,2865B'&%4.,13.&7'& /5",H*(," = /",H*(,"  & Ga",H*(," = G",H*(,"  
>?+/')+*$4*,-5'$C-&)<D,,*&'-E*&FA/-)'

Q=2303:7;897% >6TUU&S&3.8B% 2,45&8&7% -DB8>65% fb*( 9668538985-;<&3%

68.69&83:@.6'-% -53:&13.&;% 9656>-=.6G% 53:&1&.B% 6=:,13..BL% -DB8>65% 68% 60.6C6%

=32&60,%6=:,8B%H2,45&8&7I%>%=69:30-;<3'-%%

fb*( =
6 Cc,b*(d,bcZ(6 Ccbd,bcZ(  

Q=2303:7;897% U,>862B% 2,45&8&7% -DB8>65% e(f) 68% >,Z06C6% =32&60, 6=:,8B% H2,45&8&7I%
-DB8>65% 06% 9,'6C6% =69:30.3C6% &4% 2,99',82&5,3'BL% =32&6065E% 9668538985-;<&3%

68.69&83:@.6'-% -53:&13.&;% 9656>-=.6G% 53:&1&.B% 6=:,13..BL% -DB8>65% 68% >,Z06C6% &4%

=32&6065%6=:,8B%H2,45&8&7I%-DB8>65%06%=69:30.3C6%&4%2,99',82&5,3'BL%=32&6065W

H(j) = g fb*(
d

bZh
, j = 1,2, … , N  

N:7% >,Z06C6% =32&60,% 6=:,8B% H2,45&8&7I% -DB8>65% 2,991&8B5,;897% U,>862B%

4,=,40B5,.&7% i(f)E% 2,5.B3% 06:3% =26&46F30F&L% -DB8>65E% 6=:,13..6G% .,% >6.3S% >,Z06C6%
=32&60,%6=:,8B%H2,45&8&7I%-DB8>65W L(j) = 1/H(j)

N:7% >,Z06C6% =32&60,% .,98-=:3.&7% -DB8>65% 5B1&9:7;897% >6TUU&S&3.8B%

6=:,13..BL%-DB8>65%j(%), 2,5.B3%68.6F3.&;%53:&1&.B%6=:,13..BL%.,%68138.-;%0,8-%

-DB8>65% H9% -1386'% &L% =69:30-;<3C6% 2,45&8&7I% >% 53:&1&.3% 4,2,D68,..6G 982,L656G%

=23'&&% 4,% 9668538985-;<&G% =32&60W

U(i) =
S(i, n 4 i + 1)

GPE(i)

C03% Dk2(%) A 4,2,D68,..,7% 982,L65,7% =23'&7% 4,% d-BG% =32&60% .,98-=:3.&7 -DB8>65(

`230.33%&4%4.,13.&G%>6TUU&S&3.865%6=:,13..BL%-DB8>65% jl =2&.&',3897%4,%6Z&0,3'BG%

>6TUU&S&3.8%=26&46F30F&L%-DB8>65%j.

),% 69.653% 6Z&0,3'6C6% >6TUU&S&3.8,% =26&46F30F&L% -DB8>65% 0:7% >,Z06C6% &4%

=32&6065%.,98-=:3.&7%-DB8>65%5B1&9:73897%6Z&0,3',7%53:&1&., =26&46F30F&L%-DB8>65%

S(%) :

V(i) = Ul m GPE (i),    i = 1,2, … , N

eI%N:7%>,Z06C6%&4%=32&6065%.,98-=:3.&7%-DB8>65%9-'',2.,7%53:&1&.,%=26&46F30F&LE%

.6%.36=:,13..BL%.,%68138.-;%0,8-%-DB8>65E%.(%) 6=2303:73897 >,>%6Z&0,3',7%53:&1&.,%
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=26&46F30F&L%-DB8>65E%.6%.36=:,13..BLE%&9L607%&4%U,>862,%4,=,40B5,.&7E%.,%68138.-;%

0,8-W

.(%)  =  (1 4  i(n 4  % +  1)) S(%), % =  1, 2, . . . ,n. 

>?+/')+*$4-5*1+&-(')+7$,&*<F-18)+B-($0'7(1*))23$+$-?1'.*))23$<G2,B-(:

J% 69.653% ',83',8&139>6G% '603:&% :3Z&8% =230=6:6Z3.&3% 6% 86'E% 186% 53:&1&.B%

6=:,13..BL% &% 4,75:3..BL% -DB8>65% 5% 2,4:&1.BL% >5,28,:,L% 2,45&8&7% 75:7;897%

.62',:@.B'&% 9:-1,G.B'&% 53:&1&.,'&E% 86% 398@% % /̂ "  ~n(""  ;#7"+ ),Gf% ~n(N";#Q"+ ),

96685389853..6E% C03% % – .6'32% >5,28,:,% 2,45&8&7(% J% >,139853% .,1,:@.BL% 0,..BL% H0:7%

823-C6:@.&>,% 6=:,13..BL% -DB8>65I% % 564@'3'%"1 = 100 000,'@)+ = 0.07(% #,>%Z3% 4,0,0&'%

>6TUU&S&3.8B%2,45&8&7E%96C:,9-;<&397%9%23,:@.B'&%=26S399,'&(% %N:7%',83',8&139>&L%

6Z&0,.&G%-DB8>65%5%=69:30-;<&L%>5,28,:,L%2,45&8&7%.39:6Z.6%=6:-1&8@%23>-223.8.-;%

U62'-:-W

o" = o(3(O3+O … 3",+O (3",(O 4 1)

J% >,139853% 58626C6% =230=6:6Z3.&7% 564@'3'% 86E% 186% 9-''B% ',83',8&139>&L%

6Z&0,.&G% 6=:,13..BL%&% 4,75:3..BL% -DB8>65% =6% 593'% >5,28,:,'% 2,45&8&7% 2,5.B%'3Z0-%

96D6G(%_4%T86C6%=230=6:6Z3.&7E%=6:-1,3'W%

N( = o(3(O3+O … 3+(O /f(pf+p … f+(p
?6% 4,0,..B'% .,'&% >6TUU&S&3.8,'% 2,45&8&7% 4,75:3..BL% -DB8>65% ,.,:6C&1.6%

5B1&9:73'% 698,:@.B3% ',83',8&139>&3% 6Z&0,.&7% 4,75:3..BL% -DB8>65(% b6TUU&S&3.8%

5,2&,S&&%D323'%8,>&'%Z3(

N,:33% =26&4560&'% '603:&265,.&3% 823-C6:@.&>65% 6=:,13..BL% &% 4,75:3..BL%

-DB8>65E%96C:,9.6%&L%4,>6.,'%2,9=2303:3.&7(%Q8%=6:-13..BL%823-C6:@.&>65%=323L60&'%>%

.,>6=&83:@.B'% &:&% >-'-:78&5.B'% 823-C6:@.&>,'% 2,45&8&7% -DB8>65E% >% >6862B'%

=6613230.6%=2&'3.73'%'3860BE%6=&9,..B3%5%98,8@3(%

;)'1+0$?-1<.*))23$&*0<18,',-(:

J.,1,:3% % DB:% 2,99'6823.% 9'603:&265,..BG% 823-C6:@.&>% 2,45&8&7(% JB1&9:3.&7%

=26560&:&9@%=6%M[E%Mf%&%[\%>5,28,:,'%2,45&8&7(%

O34-:@8,8B% =2&'3.3.&7% 2,4:&1.BL% 5B1&9:&83:@.BL% '386065% =2&5303.B% 5%

8,D:&S,L%.&Z3(

J%8,D:&S,L%$ % 68.69&83:@.,7%=6C23F.698@%=26C.64,%234325,%-DB8>65(%
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8)ID4J),M

O34-:@8,8BE%=6:-13..B3%=6%'603:&265,..6'-%823-C6:@.&>-%6=:,13..BL%-DB8>65

b6:-56%

>5,28,:65

`656>-=.B3%

5B=:,8B

Ra !Ra +Y

234-:@8,8 q, % 234-:@8,8 q, % 234-:@8,8 q, %

12 5 345 593 5 346 095 0.009 5 345 622 0.001 5 268 342 -1.45

16 7 208 377 7 208 502 0.0017 7 208 084 -0.0041 7 845 655 8.84

20 9 071 093 8 308 675 -8.405 9 070 829 -0.003 10 031 859 10.59

8)ID4J),N

O34-:@8,8BE%=6:-13..B3%=6%'603:&265,..6'-%823-C6:@.&>-%4,75:3..BL%-DB8>65

b6:-56%

>5,28,:65
`656>-=.B3%

5B=:,8B

Ra !Ra +Y

234-:@8,8 q, % 234-:@8,8 q, % 234-:@8,8 q, %

12 5 345 593 5 404 562 1.103 5 404 523 1.102 5 249 709 -1.79

16 7 208 377 7 268 104 0.828 7 268 064 0.8280 7 730 850 7.25

20 9 071 093 9 131 812 0.669 9 131 825 0.670 9 814 382 8.19

_4% 8,D:&S% [% &% c% 5&0.6E% 186% '3860% ';.L3.9>6G% S3=.6G% :398.&SB% 0,38% .,&D6:33%

861.BG%234-:@8,8%=6%823-C6:@.&>,'%6=:,13..BL%&%4,75:3..BL%-DB8>65(

N,:33% =2&'3.&'% ->,4,..B3%'3860B%U62'&265,.&7% 23432565% 0:7% 2,9138,% 23432565%

=6% 23,:@.B'% 0,..B'% =6% % 5&0-% 982,L65,.&7% bg`bQ(% J% 8,D:&S,L% =2&5303.B% &86C65B3%

234325B%=6%593'%>5,28,:,'%96DB8&G(

8)ID4J),O

O34-:@8,8BE%=6:-13..B3%=6%823-C6:@.&>-%6=:,13..BL%-DB8>65E%%bg`bQ

b6:-56%

>5,28,:65
`656>-=.B3%

5B=:,8B

Ra !Ra +Y

234-:@8,8 q, % 234-:@8,8 q, % 234-:@8,8 q, %
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