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8),:,-!3! )+17 E! 4%)4* >3! B* $+--!($*(,&'=>7 A+'1* *4#"(+)!A$2 3*(!#/

?*)*3 '* : !: +&*4"4+3!7 +@% $"3 5+&'%)"4+# '#+4$C 5"498#*8)9 : !3!$;

$2&' +E :*19+A $!3"3! 3*(!#7 1)* 2 $"3 49! :*:>8+6 +-  !+1&9! $+ $!-+1C

(*(+)*B$C -+4%7 1)* C 8 $>3 8.4989+ FGH/

?*5$"3! 3*(!#%I

•  !"#$%&!'%()*+,- J $+ *:98 -+4, :*,E>4+-. 8#*4$C +$+#KL9! M$+: / N5"1*$

$!49(9)!A$!-  ,1%O J 8+3*B9$$C 3!&'+$953% ) ',7 1)* C 4!(. 1  *4$*;

4"'!P

• )!(.!/"*+,- J :*,E>4+-. L +Q% + (9+L +3% $+ , B!$9! 456+'*4 M$+: /

:*3*&*, 1 949!1 RS + RT7 )!(+ :*$,1% + (*:%), , B96  *4$*4"E$,

&!$, $+ ) ',7 $!42'*(+ -! (93!$59*$"#$! *@3!(5!$9!P

• 012*,$%&! J $+ *:98 !1*$*39&1C'* -+4, :*,E>4+-. $!-+12 Q%591"#$% -+4

M4!$,-! 8+ 93 !1*$*Q%591+ + -! )* $+: / +$+#25+ + *:98 8: "4+$9+ 8+

U$+$B$2&' ) '*4 :*3*&*, ), @,#!$&9> +#!@* :* *4$"4+$9! ) '*4 + 8!;

9539&12&' 8%8)C3*4P

• 3%)!#"3*+,- J $+ 4%84!)A*4+$9! 49+&! 2&' : !3!$$2&' :*,E>4+3! +#L!@;

 +9&1C 3*(!#%7 1)* C 8. )4* !$C -!($*,  *4$9&*, +#!@* 8%8)C3*3 49+;

&! 2&'  *4$>&/ 09! *@8+',-. !$(*; + !V*LC$$! : !3!$$C/ W$(*LC$$!

: !3!$$C 8. : !3!$$C 5"498#C *( 3*(!#,7 !V*LC$$! : !3!$$C 8. $!;

5"498#C7 (+$C 54*$1+7 3*(!# 9&' $!*4:#%4X,-!7 +#! 5"4989+ *( $9&' !$(*;

LC$$! : !3!$$C/ Y !V*LC$$%3 : !3!$$23 5+ +<,-!3! +- #!L*4+$C

 

!$(*LC$$! : !3!$$C/ Z !1*$*39&1!- )!K 99 -! 4[B=9$+ : !3!$$2&' !$;

(*LC$$%&' + !V*LC$$%&' -! 3"#*7 : !)* , B967 B9 -! : !3!$$" !V*LC$$+
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 !"#$"%&" '()*+( , (-."$*(+%,/0 0#1"-#0 (2 ",#&#0")*+%,3 0#1"-45 6+"

#$7(892: &(;4!" (2 &<8#1&3 '*"0"&&3= +&(, '#;"1(&3 7: 7)#%8(7)+%,3= &(*#>?

1+"- #1 1")"*0+&+7)+%,/%8 (-."$*(+%,/%8 0#1"-#;= ,)#*3 &"#$7(892: &<8#1&:

>-#@,95 A"1&/0 > )(,/%8)# 0#1"-#; 2" (2 7'#0B&(&/ CD?EF 0#1"-5 G<8#1&3

'*"0"&&3 7: >-#@,#9= ,)#*< ;47;")H92" &"7'*<;&9 !'"%+I,<%+9 0#1"-9 (-"$#

%84$4= ,)#*3 ;>&+,-+ '*+ 0"*(&B *"<-&4%8 8#1&J)5

 !"#$"%&" 7( 1< ",#&#0")*+%,/ (-."$*(+%,/ 0#1"- &('B7(K ; );(*"L

y = f (x1, x2, . . . , xn, u) , MNO

,1"

y P ;47;")H#;(&< '*"0"&&<=

f P ;!"#$"%&" ;42(1*"&< Q9&,R&< ><;+7-#7K=

x1, . . . , xn P ;47;")H92:%" '*"0"&&3=

u P &<8#1&< R(7K 0#1"-95

 ! !" #$%&%'()*+,$- '%.(/%01&+(

S,#&#0"*+%,3 0#1"-#;(&+" 2" '*#%"7= ,)#*/ 7( 7,-(1< > ;+(%"*/%8 Q<>L

• 23(,+4$5,+1 P '#0#%#9 0#1"-9 0J@"0" '#'B7(K )"#*")+%,3 '*"1'#?

,-(14 ( '#>&(),45 G<7-"1&" ;8#1&#9 !'"%+I,<%+#9 1#7)(&"0" 1")"*0+?

&+7)+%,/ 0#1"- '#'+792:%+ ><,-(1&3 84'#)3>4 '*+ 0(T+0<-&#0 :&#7&#0

>2"1&#19!"&B5 S,#&#0")*+%,/ 0#1"- > &"8# 1#7)(&"0" '# !'"%+I,<%++

&<8#1&/%8 '*"0"&&/%85 S,#&#0+%,: 84'#)3>9 '#'+792" 2"1&#9 (-"$#

;+(%"*/0+ *#;&+%(0+= ,)#*3 7: ;UR!+&#9 #1 7"$( ><;+7-35

• $01&)+4$5,+1 P (, ;+"0" ><;+7-#7)+ 2"1&#)-+;/%8 '*"0"&&/%8 ; 0#?

1"-+ &(Q#*09-#;(K 0()"0()+%,4= ;+"0" )(, ,;(&)+I,#;(K 0#1"- '#0#?

%#9 ,#&Q*#&)<%+" 7 *"<-&40+ 1<)(0+5 A"1&#)-+;3 ,#"I%+"&)4 '*+ 2"1&#)?

-+;/%8 '*"0"&&/%8 &<0 8#;#*+( # 70"*" ( +&)"&>+)" 'J7#$"&+( )/%8)#

'*"0"&&/%85

• 0(*+4$5,+1 P &<7-"1&" )*"$( 0#1"- ;"*+I,#;(K= )"1( #;"*+K R+ &<0 #1?

8(1&9)3 '(*(0")*" 7'VW(2: '#@(1#;(&3 '#10+"&,4 P #;"*"&+" ",#&#?

0+%,"2 +&)"*'*")#;()"H&#7)+ ( !)()+7)+%,"2 ;/>&(0&#7)+ '#0#%#9 *J>&4%8

)"7)#;(%B%8 !)()+7)B,5

• 13/+$5,+1 P 2" '#7-"1&#9 Q<>#9 2" 0#1"-#;(&+(5 A" )# ;-(7)&" (&(-/>(

7,:0(&38# '*#$-309 ;49@+)B0 #18(1&9)38# 0#1"-9 >( #$1#$+" > ,)#?
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54+3106 4783,2-.4 +/+379 /:* 6";6<= /+<*> ?@,'1A-:'1+ + 4,"1A-:'1+ *.B

2,36C @",0. 8= 2D3,E10) +< @"F836?/) 0,.",01'-) @.9/+0-G + 8-=8,/.801 .(H+2.*

I6/J.4+/1+ 2+/)(. 8G80)*6 KLM#

N-./.*,0"1'-) *.2,3G 8+ 2,31+ /+ 31/,:"/, + /,31/,:"/,# O+<*> 31/,:"/,

*.2,3G *+<= 2D3,E10= =3.(6 ,-./.*,0"11# PQ+-+ @",2@.-3+26 31/,+"10G 4 @+B

"+*,0".'( @"1 4G84,0H6<='1'( @",*,//7'( *.2,36 8+ 2: 2.-:9+R 4,H+ *+B

0,*+01'-7'( + ?0+01801'-7'( 0,S"1F 8=4181+'1'( 8 ,-./.*,0"1.6C 01,E <, 0,/0.

@",2@.-3+2 47(.2.6 @"1 .2(+2.4+/F + +@31-:'11 *.2,3.4#
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yt = b0 + b1xt1 + · · ·+ bkxtk + ut 2%# t ∈ (1, 2, . . . , n) , 345

6,#

yt 7 /&(/#.8+/0"$ 2%#*#""$9

b0 7 0:(+-;."& <-#" %#'%#(!#9

b1, . . . , bk 7 20%0*#.%# *+,#-=9

xt1, . . . , xtk 7 /&(/#.8=>;?# 2%#*#""@9

ut 7 "$A+,"$ 2%#*#""$9

n 7 2+<#. 2+B+%+/0"CD

E "#> 2%! n 2+<.# 2+B+%+/0"C ,+(.0"#*# n %+/"C? ( 2+<.+* "#B"$*&?A nD

E .#>.+ (;(.0/& /!#*# /&2+<C.0F +,A0,& 20%0*#.%+/ b̂0, b̂1, . . . , b̂kD

G!#H *IH#*# -!"#$%"& *+,#- B02C(0F 06+

y = Xb + u,

6,#

y =










y1

y2

y3

D

D

D

yn










, X =








1 x11 . . . x1k

1 x21 . . . x2k

D

D

D

D

D

D

D

D

D

D

D

D

1 xn1 . . . xnk








, b =









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b1

b2

D

D

D
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








, u =










u1

u2

u3

D

D

D

un










.

J#K (! +B"0<C*# b̂0, b̂1, . . . , b̂k L.0.!(.!?6@ +,A0,& 20%0*#.%+/9 ŷ +,A0,"=.;

.#+%#.!?6; A+,"+.= /&(/#.8+/0"#> 2%#*#""#>9 .06 2+.+*

ŷt = b̂0 + b̂1xt1 + · · ·+ b̂kxtk 2%# t ∈ (1, 2, . . . , n) . 3M5

N+,"+.0 y ># ,0"$ /BF0A+*

y = b̂0 + b̂1xt1 + · · ·+ b̂kxtk + et 2%# t ∈ (1, 2, . . . , n) . 3O5
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ŷt = y + et ./# t ∈ (1, 2, . . . , n) , 012

3#4-# 56(-37 ut %7$(89$7 " /("%):) 0;2 3(%3/&<%! '($%(<! /#5)$!=6%#>

($:'?63@ et

et = yt − ŷt ./# t ∈ (1, 2, . . . , n) . 0A2

 6)%#=/%#'( +($#6! +B-#+# %#>73& C<7<)D<):3& "@'($%(<#%)7 7 5="#/@

"@D6(")E 6#% "<#$@, 73 D9 D.6%#%& !/F)<& ./#$.(367$@ ./#+#%%?:' " +($#6)G

H)# ")#+# 5'/%9E $( <5"G  !"#$% &%' ()*+(, !"+,- !$.*/).*', 0,+*!1 G

I9 <( %7D6#$("%&J

KG I</#$%= '($%(<7 %='($%#> ./#+#%%#> +!D* 8@E ./) 37-$(+ 5 n .(5(L

/("7%* /("%= %!6#

E (ut) = 0 ./# t = 1, 2, . . . , n 0M2

NG O(5.<@6 %='($%?:' ./#+#%%?:' ># 3(%C<7%<%? ./# "C#<3@ .(5(/("7%)7

P ./#$.(367$  !"!#$%&'#()*)(+

E
(
u2

t

)
= σ2 = 3(%C< ./# t = 1, 2, . . . , n 0Q2

RG S='($%& ./#+#%%& D9 %#3(/#6("7%&, +7>9 %!6("9 3("7/)7%:)!

E (utut+j) = 0 ./# t = 1, 2, . . . , n, j 6= 0 0T2

;G U@D"#<V!>9:# ./#+#%%& xt %)# D9 %='($%?+) ./#+#%%?+), %)# D9 D<(L

:'7D<):3&, D9 %#5=")D6& ($ %='($%?:' ./#+#%%?:'

1G S='($%& ./#+#%%& D9 5 %(/+=6%#'( /(5$#6#%)7

ut ∼ N
(
0, σ2

)
./# t = 1, 2, . . . , n 0KW2

X3 .67<)7 ./#$.(367$@ KG P ;G, <73 .(+(:(! +#<Y$@ %7>+#%C*:' C<"(/:("

 

,

")#+# 5)D<)E (.<)+=6%# "67D<%(D<) ($'7$!G H=<( "#<7 D7 "(6= Z7!DDL[7/3("7,
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 ! "# $#%&'( )!*+( #, -.#/$0"1 23-0456($!&7 /#! 048#4 b̂ ,( $#,.(-'9 50+$:

$(%&;8:.($: 048#43  ! $(-.#/97 #.( -.#/9 -0456($!# <37 /(4# 5*5( -=()!*>

?#$@ 8050"!(4#"/6;6/)7 % /05 -=9-#4( "# A(=6( 40 @%#8& -0?$#/0! 0 #"&5->

/0/6;!0"/6 048#40%

 

5(/B4& $#,5($'9;8 '/%0=;0% # -0)+9%#5( /("/0%#$6( #!0

!(A& -.#/6.#3

C$0+"/%0 504(.0% % (!0$05(/=66 ,( .6$(*=$&;83 D( /0 8.#%$( ? /080 4E>

%04)7 +( (!0$056;!F ?*%6".0"/6 "@ -=6=04?($( .6$(*=$(3

 ! !" #$%&'$()'$ *+,$%-

 ! ,( 504(. $(.6$(*=$&7 %6(5( 80 $#-=3 -050;0) .0G#=6/50% -=(/=#$"H0=>

50%#1 $# .6$(*=$&3 I6(+ !#+4@ "-0,6/@ !=6%!) %6(5( $# $(,#!05 6$/(=%#.(

#-=0J650%#1 .6$(*=$0) H)$!;60)3 K(.6$(*=$( 504(.& 5E+) A&1 L

M  !"# !$% ! & '%!(!  )*+

M  !"# !$% ! & ',%,(!-%.*+

M  !"# !$% ! ,/ & '%!(!  )*+0 ,/ & ',%,(!-%.*+

 ! !. /&*0%1(''- 123) $4+'+*$1)&5467+ *+,$%0

N(O 048#4),(5( -#=#5(/=( (!0$05(/=6;!F80 504(.)7 ,( 4E.(+6/F "6 )%(40>

5617 !/0=F -=(5($$F7 !/0=:5 "5(=05 # #!0 "# $#%?*,05 0%-.&%P),@3

CE+(5( 5#1 4%( 50+$0"/6L

M /!1 .2(!% $ 3,45,"#-, M -=(5($$F $# -=#%(, "/=#$(7 /(4# %&"%(/Q),@;(

-=(5($$F7 0%-.&%P),@ -=(5($$@ $# Q#%(, "/=#$(7 /(4# %&"%(/Q0%#$@

-=(5($$@7 #.( $6( "@ P0) "-R/$( 0%-.&%P0%#$F

M .6./2(!% $ 3,45,"#-, M 504(. "0 "-R/$:56 %R?A#567 %&"%(/Q),@;( -=(>

5($$F "@ 0%-.&%P0%#$F %&"%(/Q0%#$0)7 ,( /%0=($: "65)./*$$0) "@"/#>

%0) =0%$9;7 /(4# ,( /0 8&*0%1(''- *+,$%

K#,%'(0A(;$(,'6( "# 4* "65)./*$$& 504(. ?#-9"#1 % $#".(4),@;05 /%#=(L

y1t = a11y1t + · · ·+ a1kykt + b10x0t + · · ·+ b1mxmt + u1t

y2t = a21y2t + · · ·+ a2kykt + b20x0t + · · ·+ b2mxmt + u2t

3

3

3

ykt = ak1ykt + · · ·+ akkykt + bk0x0t + · · ·+ bkmxmt + ukt
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 !" a11, . . . , akk # b10, . . . , bkm $% &#'#(")'" *"!+,)-./012 &'"("++0123

4567 89: #* +7-,/; #< $# / !#+"* ',/+.1. &'"("++= +"+#12=!>#? ),), *"

+#*/@",8"1+"*@A >=&.$3

B#*/CD@." :#6<,$). &'. ,!2#!" &#'#(")',/ (,!"-7 $.(7-)=++912 ',/+A1

$&5$,87*" $<7),D+,$: /0$<9)7 "+!,E;++912 &'"("++012 )#< /, F7+<1.. /9G

$/")H,/#+012 &'"("++012 #<, #* /9$/")H7*%1. &'"("++0123

456"(" $. ), 7<=>#: +# &'A<-#!" > +=@2, (,!"-7I

Y = C + G + I + NX

C = c1 + c2Y + t1T

G = t2T

I = i1 + i2Y − i3r + i3T

J &'/"* ',/+.1. /9$)7&7*" C #<, /9$/")H7*%1# &'"("++= &'" #E'"E=)+9

!,&9)? '"$&3 KLM # / !'72"* ',/+.1. *" 76 /9$/")H,/#+,7 &'"("++,73

M'. *"!+,$("'+"* <#7>#-.)" $# != 8"> &',8-;(,/ ,!2#!+%: <#6!= ',/+.1#

>/-=@:? +#&'A<-#! (")N!,7 +#*("+@A12 @)/,'1,/? &'. ,8,*$("'+,( ,/&-9/O,G

/#+A /@#< +." *" $&-+"+= &,!(."+<# , ),( 6" +=2,!+; &'"("++; # /9$/")H,G

/#+= &'"("++= (#*% 89: +">=/.$-; PQ3 R#7$$G4#'<,/# &,!(."+<#S3 J@")<9

(,!"-9 +=',!+;2, 2,$&,!='$)/#? )#<.$), #* +=@ (,!"-? *" )/,'"+0 $.(7-)=+G

+9( $9$);(,( ',/+A13

T+!,E;++" &'"("++; $% !")"'(.+,/#+; $%$)#/,7 ',/+A13 K,!+,)9 "U,E;+G

+912 $% 7'D"+; >/,+<#? +">=/.$-" ,! $9$);(73 T+!,E;++" &'"("++;? <),'; $%

-"E,/#+; P$ D#$,/0( &,$7+,(S 8"'."(" #<, "U,E;++" &'"("++;3 V&,-7 $#

)."6 /,-#*% &'"!")"'(.+,/#+; &'"("++; WXY3

 ! !" #$%&'( )'*+', -./,0%122(3* /)'$0)4

 "Z +# ,!2#! @)'7<)%'9 &#'#(")',/ -.+"='+"2, $.(7-)=++"2, $9$);(7 &,76.G

*"(" (")N!7 +#*("+@A12 @)/,'1,/? /0$-"!<,( *" / !5$-"!<7 >=/.$-,$). +=2,!G

+012 &'"("++012 # /9$/")H7*%1.12 &'"("++012 /9120-"+0 # +"<,+>.$)"+)+0

,!2#!3  ,+>.$)"+)+0 ,!2#! $.(7-)=++"2, (,!"-7 (56"(" >A$<#: +#&'3 !/,*G
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 ! !"! #$%&$ '()*$+, -&.'(-/01% /)2+31+2  ! "# "$%&'&( )*+"",

-*.!/0' $.'1$/!%*12 30 $/1!*$45/%' 676789 :;<':' &* /1=*1 $*.*:'5./0

:/1'%+ $/+<4> :'5?1+ @AB 3/.14&*.2 %'*"5 "C+*.'"9 D :'5?1+ &*E:'&FGH=

F50/.H/0 3-IJ97  ! ĉ E' /1=*1 $*.*:'5.* cK $/5/: 0'!5/. .'LG1+G M+1'

e = y −Xĉ7 -IJ "$/NG0* 0 :4&4:*%4LOH44 "#N5+ 1.+=PH= :/H&G& .'LG1+GQ

RSS =
n∑

t=1

e2

t = eT e =
(

y −Xb̂
)T (

y −Xb̂
)

→ min.

R/ #$.*0OH= 0L>*=+ * LE'1&/1+F'&G 1/"5O0*:'

XT Xb̂ = XT y

L N/=/ :;<':' 02E*1.'&G: 1/"5*> /1=*12 $*.*:'5./0

b̂ =
(
XT X

)
−1

XT y.

S'""/0* :*54H*

∂2eT e

∂ĉ∂ĉT
= 2XT X

1.+=PH= 1'.40OH4G :+"G M2> !%*1&' 1'T&45&OK *M2 ":' "4 M/%4 4"5GK <' ":'

1/"4*=%4 :4&4:+:7

I'H= q = aT XT XaK v = XaK a E' U+M/0/U&P &'&+%/0P 0'!5/.7 R/5/:

q = vT v =
n∑

i=1

v2

i .

V2&G:*E#H $.G$*1K<' 0F'5!2 v M+1# &+%/0(K E' q !%*1&( 0<12K L 5/=/ 02,

$%P0* <' *E S'""/0* :*54H* 1.+=PH= 1'.40OH4G E' !%*1&' 1'T&45&O7

 ! !"!4 52+.6),78+29 '()*$& -&.'(-/01% /)2+31+2  !/ $.'L.O1L*

&OL/0K 41' / 10/E&O"/M&# *$%4!OH4+ :'5?12 &*E:'&FGH= F50/.H/0 &* !*<1#

./0&4H+ "4:+%5O&&'=/ "2"5(:+7

V $.0/: "5+$&4 "* &*=.*14* &*$/L/./0*&( =/1&/52 02"0'5U+E#H'E '&1/,
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,

!&#
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-1$. '#&# )$ I-&2K+) $-&7)1-=-"1K+) 7,@938> # 1-.!$. '#+NO# #9 )I#!%4
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2.$# !.R !".&1. ;,)!)(% 3-.,#> &2;71. $)7D2 7) -1(.&2@*-%*+ # ABC 2-.E

,#&2-.F S $M()$8 (.T!K+) !)"@&#1-# # 7,.3.1"-()&2- ( )="#&2- -1(.&2@*-@>

&; 2-.2) 1-.!.$D 7)(#E)(#1K #9 '# .U)5K118 7,.3.11;F

• '( "#$%"& 0"-V8-$-2D43)1.D6 7)7-&89. '%(-&")&2- ;,)!)(<*+ &#$'-.= #

ABC 7,- ,)(1)(%+. $)7D28 # 7)18!D 1# 2,+8 7.O#'@F W1)E&2() 7.4

O#'@ ( )=.+8> 2.$# 7)18!# 7.O#'@ 0

M

P
6> 9. 8,I)(#1% *.12,%"1)8 =#1!)8

# $)7D2 7) 7.1-#')*+> 2.$# 7,.X.,.1*-# "-!(-$-2D> 9. 8,I)(#1% $)3%*4

1)&:#3- # 7)$1-!3-F B)7D2 7) 7.1-#')*+ (D&(.2T89. 2.Y,-# 7,.X.,.1*-.

"-!(-$-2D> !2),; ,)'7,#*)(#" ZFWF P.D1.&F C)$T# P.D1.&)(.9 2.Y,-. 9.
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9-*+ 7)2,-.=> 7,.2) &- (D2(%,#9; 7.O#E1; '%&)=8] 9. 7,-#3) ;3.,1<
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<!'5'"4; &-4!4= 8)& ;4 <!'5'", &-4!% "*>>-%? (:& ;4 "@8>) +,6;4& -9"4.('"%A

$' %5()"? 5('!# 3!-94.< +-.5 % &49>) +,6;4& $!B%A 349-%+4 " 3'$'C4 34D%B94;

+,.'C*1 0'3*( 3' 349-%+'EF (4$% +,"-.) '$ ":>5* /0 % <!'5'"4; &-4!*1

G $!BC'6 34D%+) .< .3';49# %; 9,57%$* 'C4('"%94; 3!)74B-('.(-1 H5 45'9'&-E5:

.6C;45( $!B) 349-%+4? 3'('& 3!-EF,$+% ' <!'5? 5('!: C* &'F'7 +).5%A " 3!)3%$4

3'6B-(-% 34D%+) 9% %7(4!9%()"94 %5()"%1

I 5!-"-45 JG % KL " ;4$9'& M!%N4 "-4&4 "*"'$-A ">4'C4E9< 5!,(5'$'C<

!'"9'",F6? 3!- 5('!4; .< (!F ('"%!'" % (!F 34D%+) .<8%.94 " !'"9'",F41 O>4P

'C4E9< 5!,(5'$'C< !'"9'",F6 &'$476 JGPKL &QB4&4 '+9%8-A (-4B (4!&)9'&
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L'$47 JGPKL +%3-.6;4&4 .*.(#&'& $"'EF !'"9)E=

 !" Y = C(Y ) + I(Y ) + G,

#$"

M
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T'$  ;4 C'$'& !'"9'",F*? " 5('!4; ;4 3!'$65E-% ('"%!'" 9% (%54; <!'"9-?

%C* 94$'EF,$+%7' 5 F!'&%$49-6 %74C' "*84!3%9-6 +,.'C % 45'9'&-E5# .6CP

;45(* &%;< (%5# %5()"%? 3' %5:EF &%7- $'3*(1 G(%(-E5: EF%!%5(4! JGPKL &'P
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!'".4.,&5 67!&%89$%& 23,0"%& !'".4.,& : 41;& 8/1%#< ,4'-= 8$#3>?@ ;'!#4 !'

4'$&-'A( & B">C)0A( & ,-04,';')' 8$#3>?@ DEF /0 8& %0B"1;', !'B>% *+

,-.$,# $!-&$'< %&'!&, -134-.,49$%& 23,0"%& !'".4.,& : 8/1%#< ,4'-= 8%.C>?@

;'!#4> !' 4'$&-'A( & B">C)0A( & 8%.C>?@ DEF B!GB')>?1 !'B>% *+ ,-.$,#

;'H&$&5

I)-5 JK L/1%# *+ ,-.$,# $!"#$'/ 23,0"%1? !'".4.,#

M#! 23,0"%1? !'".4.,# / 0 12# ) *34, 5$%&'& )*

4657'89.'7 ↑ ↓ ↑ ↑ ;'!-&$&

,4:;,-+;9.'7 ↓ ↑ ↓ ↓ ;'H&$&

M&)>H,& NK  !"#$ %& '()*'$ *+,$*-! ./'0,#"1 +-,)2)'$
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L&' #(%$31.%$: '()/3/-& * /0# , 123, 4$%&'& )*

3546'78.'6 ↑ ↑ ↓ C('.!0!

,39:,-+:8.'6 ↓ ↓ ↑ C(G!0!
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+ /"!#27$! 1% 0/G1/& =#4- ;>? "#!520% % :-"-3! 0.251! H=2=1! /9.$,27$!@
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:/0 5A74/5:/0674 H/:/0 5/&271/(=F 1% 06(=-" 0 &%.!3 /=0/#!1!3 !:/1/&$:!

%:/- 3! %3 (./0!1(:2 % 8./B:' 3!4/ -B$=$%I S/ =/4=/ &/5!.- 12& :0A.$ /=0/#!<

1/(=$ !:/1/&$:' 0(=-"-3! %3 #/01$7%E :=/#2 8%4TU% 08C%4' 0 &!58$12#/51/&

/974/5!I V/01/024% 1% =#4- =/0%#/0 "/"$(-3! KL :#$0:% "#! /=0/#!1) !:/1/<

&$:-I W9' (&! 3- 5/($%4.$E &-(F&! "/8&!1$C !P$(=-3)7- KL :#$0:-I V/01$7-

:#$0:' KLE :=/#2 /"$(-3! 0H!=:' :/&9$127$! )#/:/0!3 &$!#' % XSY "#$ #/0<

1/024! 1% =#4- =/0%#/0 % (.-B$!9 =!5% #/8HF#$&! / #/01$7- D$(=O4/ !P"/#=-

;NX@I J!1 "/"$(-3! /974/51O 08C%4' (/ 8%4#%1$D16&$ :#%3$1%&$I Z! 5%16

%:/ #/85$!. 060/8- ;EX@ % 5/0/8- ;IM@I

X/51/=- %,#!,/0%1O4/ 5/"'=-E 0 1%H/& "#F"%5! XSYE -#DF&! %:/ ()D!=

01)=/#1O4/ 5/"'=- % D$(=O4/ !P"/#=-

Y = DD + NX,

:5!

DD = C + G + I,

NX = EX − IM.

[#$0:% KL =!5% 9-5! 0'8!#%C 1%(.!5/01!*

Y = C + G + I + (EX − IM) .

\\



 !"#$ %&'()# *% ')%+%,,- .-/!"0- (1 /$+%,,23( 45).56 #74!"#( (1 1(8

+-9%3( 7 7* .73)7,!:,23( 1(';#5< =+%,7 /$+%,,23( 45).5 "'>"(?@ .+%,;

9!%, #(/7)(/ /( /$/(.% 7* / 1(/(.%6 #$+ '-1(+ )(.3(15*% 7* ( 1(';#% '( 178

,(+ #(/7)%< =,@A%,!% 1(';#5 / 17,%* 4)7*!,% '( 17,(+ #(/7)%6 )%"'< "05A?%
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 !" 0 = C + G + I + (EX − IM)− Y,
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M

P
.
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J4( "+% 5A "'(+%,50! ')! ('!"% '("#5'5 ')! %4(,(+%#)!94(+ +(1%0(/7,@6

')/2 +5"@+% ,7 .-4071% %4(,(+!94%* #%K)!% "L()+50(/7M 3;'(#2.5 ( /.M73(93
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O5,4:,- .-/!"0("M ')% %&'()'* +,&-.(/0 1&234'&+-5 .73PQ7 /.M73; +%1.!

"'(#)%?(5 7 ')@*+(+6 )%"'< /$B4; RST6 #74!"#( /.M73 +%1.! "'(#)%?(5 7
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B#!'%,1!-6 '(1'(); / ,%.7+%"#,7,("#!6 ,%+(9%,"42 1-/4; 7#V<W

D(,%:,- "'(#)%?7 1(+-9,("#@ C *% #%17 17,- )(/,!9(5

C(Y, T ) = c1 + c2Y + t1T

(?"735*C9(5 /;"/%#X5*C9% ')%+%,,2 Y URSTW 7 T 6 7 ')%+%,,2

c1 Y 75#(,K+,7 "'(#)%?7 U:( "'(#)%?5*% 1(+-9,("M ?%. (3X715 ,7 /$B45 *%*

')@*+56 )%"'< RSTW6
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 !"#$%&#'%$  !"#$%&'(  )**+,, (& )*+,-&. /$ 012&( #%&3(41%5&23671 18,18"&

(& 0%9:5; & *<,&*=; >#+#3$71 %1-012#) 3$(0%+*&!" 01,?& -+=13"#1(#9. =#1%6

8<*&:' )*&/1*&36 * >#&3,&%,3<@7 $=1315"@=<@7 #$A%"+@7 #%71*$: $=1315"=;B

C&(#1 (& 0%$#1 =13$23+ (01#%$8& *$%$:3$: (0%+*; 8$%"$ &=1 $D1E633& 0%$F

5$33+. * 3&>15 51,$!" (5$ :) *;:&,%"!" &=1

G(T ) = t2T,

-+*"(!' 1, ,&G1*<@7 0%9:51* T . #$,& 0%9:51* *$%$:3$: (0%+*; & 0%$5$33$:

t2 H *;:&,%):$ 3+5 &=+ 2&(I ,&G1*<@7 0%9:51* (& 5"3"$ 3& (01#%$8) *$%$:3$:
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 !"!" 30%-./ 45&67% 8/+9,):;
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i1 H &)#13A53& *<>=& "3*$(#9@"9 8$- 17?&,) 3& 1(#&#36 0%$5$336.
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?-'@*#A 23"4"((AB

Y C DE?F

C C $-("G(5 =2-#3"H6 ,-45)(-=#IF

G C =2-#3"H6 /"3"+("+ =235/%F

I C *(/"=#I)*"F

NX C G*=#0 "J2-3# K"J2-3# C *42-3#LF

FD C M6136(*G(0 ,-2%# K,-/-M / $36+*(5)1 "'3N2=$"+ 7(*"LF

pomer C 2-4"3 ,-45)*)1 6 M6136(*G(0)1 )"(-/0)1 1.6,I( K/5@"(0 23*"4"3

#-2 OP:#*)1 $36+I( / =.-/"(=$-4 *42-3#" 6 "J2-3#"LF

T C 23I+4% /"3"+("+ =235/%F

L C ,-2%# 2- 2"(*6M-)1F

r C 73-$-/5 4*"36 (-/0)1 /$.6,-/F

Y N
C (6/0!"(0 ,*=2-(*H*.(0 ,Q)1-,-$ ,-45)(-=#IF

k C-H+"4 2"R6MI /%2.6#"(0)1 ,-45)(-=#*64>

S"(#- 4-,". +" *H6 M+",(-,'!"(-' /"3M*-' 3"5.("1- &'(T-/6(*6 "$-(-4*$%

C #0$6 =6 #/-3H% DE?F $-("G("+ =2-#3"H%F /.5,("+ =2-#3"H%F *(/"=#I)*IF /MU61-/

/ ,-/-M" 6 /0/-M" ,- M6136(*G*6 6 ,-2%#' 2- 2"(*6M-)1>  V6.!"+ $62*#-." =6

/"('+"4" "$-(-4"#3*)$"+ 6(6.0M" ,6(A1- 4-,".'F (6 M5$.6," 3"5.(%)1 ,5#>

WX



 !"#$%&'$( )*+,#- .( /,&#., +&0(

 !"#!$ %&'!( ')" *& )$+", $-('$.&*/ . -0"+123+4&#51"# 6&-(!$," '657&,(

&-,(6$.&8 0"3,*" +3!& & $+2&+*58 &# *9)"0(16: 6$";1("*!: -0( #"+*$!,(./12

-0")"**/12< 90%(8 !&6 .48&2: & 43.(',$'!( )"+4( *()(< &=: ')" ' *()( ."+",(

>&,"# -0&1$.&8? @$9A(,( ')" +." )"!B+:< 6!$0C ')" $-D'&,(< )"!B+9 *&#)"*E

7D12 7!.$01$. & +.$#'!9-F$.5 )"!B+9 *&#)"*7D12 7!.$01$.?

 !" #$%&%'()&*+(*'% ,-(

G3!&< 6!$0C . !$)!$ )$+",( =9+")" -$9AD.&8 '5 4 .$H*" +$'!9-*/12 4+0$#$.<

.$ ."H6"# )("0" 4$ '!03*6: I!&!('!(16C2$ 50&+9 J,$."*'6"# 0"-9=,(6:< JKL JE

MNMO< !&6('!$ *("6!$0C +3!& -$123+4&#5 4$ 7!&!('!(16/12 !&=9,("6 P30$+E

*"# =&*6: J,$."*'6&< >&,7D) 4+0$#$) +3! #" "90B-'6& 7!&!('!(163 +&!&=34&

QORLJMNM< !("A &# LQSG

 

?

@0( $+2&+" .T%7(*: -&0&)"!0$. -0")"**/12 0$.*D1 =$,( -$9A(!C 7!.080$%*C

+3!&< -0( +.$12 0$%*C & -0" *"+$'!&!$6 5+&#$. #" )$A*C< A" !$ )3 .-,:.

*& $+2&+*9!C 2$+*$!: & '5 .(&1 '60"',"*C< &6$ -0( 7!.080$%*/12? U9'!"#7("

+3!& .7&6 *"=$,( +$'!9-*C *& A(&+*$) 4$ 4+0$#$.?

*("6!$0/12 -0D-&+$12 ')" $+2&+$.&,( (=& 4 +3! +$ 6$*1& 0$6& VWWX< *&E

6$H6$ '& . *("6!$0/12 4,$A6312 UG@ -0"#&.(, .-,:. ;*&*%*"# 60D4:< *&-0?

()-$0!

L=0? YZ @0D6,&+ 4$=0&4"*(& .-,:.9 60D4: $+ 4&%(&!69 0$6& VWW[

 

 !"#$%&'(%# )!* +,-),.'!-/0 -),10)!'(0 # !,&2,3 4 567 & #$"18  !"#$%-#9%,$ :,!

5(,$,;%( 6,<,)*!#9%,$ #$. 7*2*1,);*$9=

\W



 !"#$%&'()* &+*,+&)* -&." /&01"%2 .&3,'"%45 +,!()* +6%7 8 !"#$%&'()*

/'",4& +6%,9

:& %#;%&8,!< ;%,)"&!,'"%5 +,!()* =,;&8()* ',+&8 ;4# ;, 0$6>,.&7 1# !"#?

$%&'2 ',+5 ;@ !#;%,)"&!6'!# , "!%#3'&8,!2 /'82*& '6+07 %#+, -&." /&01"%2 !"#

/'",4& ',+5 ,.# ")* /'82 +"A#'#!)"#9

:'" 8B#%$()* &+*,+&)* !64 85B., *&4&;$#+,;%")"%, =& C# C#+!&0 > /&+?

4"#!&$ /&01"%#C DEF9 G#><+06 -&." > !&'46.!#*& '&>+#.#!",9

:&01"." ;4# !,;.#+&8!2 +6%,H

Y I *'0-( +&46)" /'&+0$% 8 -#1!()* )#!6)*7

C I $&!#=!6 ;/&%'#-, +&46)!&;%<7

I I %8&'-, *'0-2*& $,/"%6.0 J %8&'-, *'0-2*& KL!2*& $,/"%6.0 M >4#!,

;%,80 >6;&-7

G I $&!#=!6 ;/&%'#-, 8#'#C!#C ;/'685 N&-;",*!0%6 C# 8 !#C ,C $&!#=!6 ;/&%?

'#-, !#>";$&8()* &'3,!">6)"< /'#8,1!# ;.@1",)"4 +&46)!&;%",47 !,/'9 &+-&'57

)"'$#87 !#>";$&82 &'3,!">6)"#7999O7

T I /'<C45 8#'#C!#C ;/'685 N$&!;&."+&8,!2 +,P&82 /'<C457 &+8&+57 %,$";%&

>,*QP,4# ,C ;)*&+&$ 8#'#C!()* K!,!)"<O7

EX I )#.$&8( 8(8&> %&8,'&8 , ;.01"#-7

IM I )#.$&8( +&8&> %&8,'&8 , ;.01"#-7

FD I >,*',!"=!( +&/5% J +&8&> 8 $',C"!6)*7 $%&'2 ;@ !,C8(>!,4!#CB"# /'#

!6B >,*',!"=!( &-)*&+ /&4#' I /&4#' )#!&8()* *.,+<! 8 >,*',!"=< N861#!(

/'"#4#' !,C8(>!,4!#CB<)* >,*',!"=!()* /,'%!#'&8O , +&46)")* )#!&8()* *.,?

+<!7

L I +&/5% /& /#!",>&)* J 8(B$, /#P,1!2*& ,3'#36%0 DR N/#!",>#7 -,!$&82

8$.,+5 85/.,%#!2 !, /&1",+,!"#7 %#'4<!&8,!2 8$.,+5 8'6%,!# @;/&'7 8$.,+&?

8()* )#'%"K$6%&87 ;%,8#-!2*& ;/&'#!",O7

r I @'&$&86 4"#', 8$.,+&89

S$'#4 %()*%& -&." >,8#+#!2 ;#>T!!# /'#4#!!2 !, ;#>T!!5 K.%#' /'# $,1+(

$8,'%6. N!,/'9 /'# /'8( $8,'%6. C# %& ',+ +6% (1, 0, 0, 0, 1, 0, 0, 0, ...)7 /'# +'0*(
$8,'%6. ',+ (0, 1, 0, 0, 0, 1, 0, 0, ...)7 ,%U9O9 :&4&)&0 !")* 8"#4# &+*,+!@V !#?
C,$@ ;#>T!!&;V7 ,$ !"#$%&'6 /'#4#!!6 +&;,*0C# /',8"+#.!# 85BB"# *&+!&%5

8 !"#$%&'&4 $8,'%6." N!,/'9 T 8 !,B&4 /'</,+# 8 W9 $8,'%6."O9

X4#.2 /'#4#!!2 -&." #B%# >,8#+#!27 8 /'</,+#7 1# ;4# 85;8#%Y&8,!@ /'#?

4#!!@ !#8#+#." !"C,$& &+*,+!@V +&;%0/!(4" /'#4#!!(4"9

Z[



 ! "#$%&' '() #*+,*- .#*-/&

 !"#$%&'() *+#,-'! ./! $"01"$(1&' 2$.%+2#! ( 23$431/! 5('!6.!7 189 ./!

#:.&!"#! /$0&' #:; /$"!& 1#1&9<$(1= 1> #+/!3'-,97 2$/$-$+ ,$!?-'!#%$(

2$"&$@!#A-0 3!:&#9/' ":%1/'B C"01"$(1&' ./! 2$/$-$+ >!"#$"+-0!> &'#!:3D

#!> 3!43!.'!7 2$+@'%: /!%E"1 8$&1 /!%E"1 #1>/!#;F-0 ;%($3-$( ( G1.%' HBHBIBH

1 "($>.%+2J$(: /!%E"1 #1>/!#;F-0 ;%($3-$( ( G1.%' HBHBIBKB L #'!,%$3A-0

$"01"$-0 *+#,-'F ./! 2$+@'&' ,(13%:&#!7 ( #'!,%$3A-0 3$G#) ":%17 2$"M1 "$D

.%+2#$.%'B

C"01"$(1&' ./! 3$(#'-!7 ,%$3) %($3'1 <&$@,9 NOPB  ! %$ 3$(#'-1 ,$#!G#!>

.2$%3!89 "$/:-#$.%F7 .2$%3!89 (!3!>#!> .23:(97 %($389 03+8)0$ ?Q#)0$ ,12'D

%:&+7 -!&,$()0$ !Q2$3%+ 1 '/2$3%+ #1>23( >!"#$"+-0$+ /!%E"$+ #1>/!#;F-0

;%($3-$(B

R:; -'!M 8$& "$.'10#+= ( /$"!&' +231(!#A ,$!?-'!#% "!%!3/'#:-'! 1.2$J

80 2!3-!#% %!"1 0, 8 1 .SG1.#! 8$&' .2&#!#) 2$"/'!#,9 < 2$",12'%$&9 HBHBT7

%1,'.%$ 189 8$&' 2131/!%3! .'4#'?,1#%#) 1.2$J #1 10 2!3-!#%#!> 0&1"'#! (AD

<#1/#$.%'7 %'!@ #!23F%$/#$.= 1+%$,$3!&:-'! 3!<F"+F7 /+&%',$&'#!13'%97 1 189

8$&' 2$+@'%) .%1-'$#:3#! G1.$() 31"9 U1, 2V($"#) #!8$&'7 %1, 2$+@'%'! "'D

*!3!#-'FWB 5Q$4)##! 23!/!##)7 ,%$3A-0 &$413'%/+. 8+"!/! 2$%3!8$(1=7 8+"S

(9.%+2$(1= ( &$413'%/'-,$/ %(13!7 %$ <#1/!#: (9.(!%M+>S-$+ 23!/!##$+ #!D

8+"! .1/$%#: 23!/!##:7 1&! >!> &$413'%/+.B

 ! !" #$%&$ '()(*(+ ,-.

/(01203 4'(5617& $()3*0(4589

C = −528,86 + 0,516HDP + 0,21T + 460,97S1

R̄2 = 0,99

C X ,$#!G#: .2$%3!81 "$/:-#$.%F7

HDP X 03+8A "$/:-' 23$"+,%7

T X 23F>/9 (!3!>#!> .23:(97

S1 X .!<E##1 23!/!##: 23! HB,(13%:&B

Y2$%3!81 "$/:-#$.%F >! #1>('1- $(2&9(#!#: 03+8A/ "$/:-'/ 23$"+,D

%$/B 5&1.%'-'%1 .2$%3!89 "$/:-#$.%F ( <:('.&$.%' $" </!#9 HDP >! 0, 516B
P$%$/ >! ( #1;!> 3$(#'-' <103#+%: <:('.&$.= $" 23F>/$( (!3!>#!> .23:(9B 5&1.D

%'-'%1 >! ( %$/%$ 23F21"! 0, 21 G$ <#1/!#:7 @! 1, .%S2#+ %31#.*!39 "$/:-#$.%F

$" (&:"9 $ >!"#$%,+7 %1, .2$%3!81 "$/:-#$.%F .%S2#! $ 0, 21 >!"#$%,9B P$D

.&!"#A 2131/!%!3 >! .!<E##1 23!/!##: 23! HB ,(13%:&7 >! ,&1"#:7 G$ .1 ":

(9.(!%&'= #123B 092$%)<$+7 @! #:31.% 23F>/$( 8$& /!#;F 1,$ #:31.% .2$%3!897

ZK



 ! "#$ % &'%() *+%','("- ./# !# 0&(+'#1 %2**/  "( % $ 3*4567 80+ +.9 *+%',:

'("2 0 -";< 3/  "( *+ +/0+/5"2 .#%=<. ).97

 !"#$%&' (%$%)*%) +!$,(-.

G = −385,56 + 0,59T − 377,2D1

R̄2 = 0,95

G > 0&(+'#1 %#'#!.#! 0&';%2?

T > &'4!)2 %#'#!.#! 0&';%2?

D1 > -)#3; &'#)#..;7

@(A#3 .;) (A6 A(3 #3 0+/5/+- %<6B A() " &'4!)() %#'#!.#! 0&';%2 0,59?
C/D#  " 0+E&.- &'4!)2 %#'#!.#! 0&';%2 ( !#A.(+"-? + " G 0+E&.# ( 0,59 !#A:

.(+"27 F# +( A(0, %20("; 6(A.(+ ? )GD# +( 12, 0&G0(1#.9 +=)? D# A( +#!+(

0&(+'#12 < 6HI )#  ! 0&(+'#1- .#</0"(%=56 ('J ./<;5/4 03ED/ 5/56 A();5.(0:

+/ )7 D1 !# -)#3; &'#)#..;? "+('E 0)# /)&3#)#.+(% 3/ A( )(A#3- < AG%(A-

3#&*#! A#+#')/.;5/# )(A#3-? . &'#3()# '("(% KLLL  MNNN . ';0+3/ &'4!)2 %#:

'#!.#! 0&';%2 %/ 5  "( 0&(+'#1 %#'#!.#! 0&';%27 O(#P5/#.+ &'/ D1 !# <;&('.=?

+ "D# .;) %2'(%.;% +#.+( '(<A/#37

/("$&' 0$1&20" 3'!4#,51.

I = −943,6 + 0, 22HDP + 0,34T (−3) + 325,99S2

R̄2 = 0,93

I > +%('1 6'-196( " &/+;3-?

HDP > 6'-1= A();5/ &'(A-"+?

T > &'4!)2 %#'#!.#! 0&';%2?

S2 > 0#<Q.. &'#)#..; &'# M7 "% '+;3?

T (−3) > &'#)#..; &'4!)(% %#'#!.#! 0&';%2 0 C 0(%=) &(0-.()7

R%('1 6'-196( " &/+;3- % . *() )(A#3/ !# <;%/03; (A 6'-196( A();5#6(

&'(A-"+-  " HDP 0+E&.# ( !#A.(+"-? /.%#0+45/# 0+E&.- ( 0,8 !#A.(+"27 R/#D

!# <;%/03; (A &'4!)(% %#'#!.#! 0&';%2? +#A (10 6-!#  ! &'#)#..E *+;+.256

/.%#0+45/47 F# %* " &(0-.-+; % C 0#7 R "D# <;%/04 (A &'4!)(% %#'#!.#! 0&';%2

% )/.-3(0+/? C( !# &'#A&("3 A +#B.9 S%3;A 0 '(<6(A.# /.%#0+(% ,?  D "#$

%/#? D# . +( 1-A# ) , &'(0+'/#A"2T7 U'#-";< +#B.; 0 -";< 3 0#<Q.. &'#:

)#..; &'# M7 *+%','("? +#A %+#A2 ); +%('1 6'-196( " &/+;3- ( ./#C( %2**/#

6(A.(+27 V";< 3( 0 D# <;%/03(0, (A E'("(%#! )/#'2 ./# !# &'#-";< +#B.;? +#A 

!# *+ +/0+/5"2 .#%=<. ).;7

WW



 !"!# $!"%&!" % '()*+,-.

IM = −604,56 + 0,99(DC + G + I + EX) + 4248D(pomer)− 297S3

R̄2 = 0,99

IM  !"#$%&' (%&%) *%&+,%& + -#./0"12

pomer  3%4", (%45!0!6 + )+6,+7087'!6 !"7%&'!6 6#+(972

S3  -"):77+ 3,"4"775 3," ;< $&+,*5#2

IM = IM 2

DC = C − C(−1)2
D(pomer) = pomer − pomer(−1)<

=43%,* *%&+,%& + -#./0"1 >" %&3#?&@%&+7' -A8"* (%45!"6% + )+6,+7087B6%

(%3?*. - "#+-*0!0*%. 0,69< C $#+(7'4 )7+40"7$%4 )5&0-9 &'&%) %( 3%4",.

(%45!0!6 + )+6,+7087'!6 !"7%&'!6 6#+(972 8% $%,"D3%7(.>" - *":,0%. E(%45!"

!"7? 7+,+-*A2 &0+! -+ %3#+*9 (%&5/+F2 043%,* -*A37"G< H% 4%("#. -4" )+6,7.#0

-"):77. 3,"4"77A 3," ;< D*&,F,%$2 $*%,5 .$+).>"2 /" & *%4*% $&+,*5#0 >" &'&%)

% 70"8% 4"7D9 +$% & 07'!6< I5&0-#%-F %( ,"5#7"6% &'4"77B6% $.,). -+ .$5)+#+

7"-0J70K$+7*75<

/0"!# $!"%&!" % '()*+,-.

EX = −5868,26 + 0,04FD − 50219D(pomer)

R̄2 = 0,89

EX  !"#$%&' &'&%) *%&+,%& + -#./0"12

FD  (%3?* )+6,+7087'!6 $,+>97 E0!6 !"#$%&' 043%,*G2

D(pomer) = pomer − pomer(−1)<

I5&0-#%-F %( (%3?*. )% )+6,+7080+ -+ 3%*&,(0#+ +> *"-*%4 -0J70K$+7*7%-*02

7+%3+$ )5&0-#%-F %( ,"5#7"6% &'4"77B6% $.,). -+ *+$ +$% & 3,93+(" (%&%).

7"3,".$5)+#+< L" *. &D+$ )5&0-#%-F %( 3%4",. !"7%&'!6 6#+(972 + *% -% )53%,M

7'4 )7+40"7$%4 +$% -4" 3,"(3%$#+(+#0< N"O !"7%&B 6#+(07? (%4+ $#"-7A2

75D &'&%) -+ -*+7" 3," )+6,+7080" +*,+$*9&7">D9 + )&'D0 -+<

1&2345 ",&,36,3 '7&8"5.

T = 0,35HDP + 809S4 + 786D2

R̄2 = 0,82

T  (+@%&B 3,9>4? + %(&%(? P -!6%(%$ &",">7'!6 K7+7!092

S4  -"):77? 07("Q 3," R<$&+,*5#2

;R



D2  !"#$% &'#"#((%)

*+%,-$. /-0 1# &'23"4 5#'#3(#3 /&'%54 "-36 7.8(.9! 35% , 7'!:;7. 8.<

"%=#7. &'.8!+9!) > &.'.5(-(2 / &'?#"#'(.! 8-@.5.! +5A9.! BCDE F34,8%G

-$#:. 8-@.5.! +5A9.! CH F39,3%G 3# 9. :$2,+- 7.8(.9-) I-35?-= 54!125-(J"

!+-,.5-9#K." 8-@.5#3 +5A94 3# 9,5) ,$.1#(% 8-@.5% +5A9- 543-8'!36=- 8-@.5;

- .85.8.5; ,-L-1#(?# /!:3#+9.5) > '.+! MNNO :.$- "?#'- =#$+.5;7. 8-@.5;7.

,-L-1#(?-0 9)3) /6P9! 8-(2 - &'2/&#5+.5 (- /.=?%$(# ,-:#,&#P#(?# 543-8'#(%

5 &#'=#(9%=7 QER MS P$#(/+J=7 T9%9.=7 CH 54P2/$#(% (- 39,3%) U#8- (%T

".8#$ /- .8 9#39. +5A94 &'2$?T (#.8$?T!3#) R'#!+-,(% 3# V-$#3 &'#"#((% &'# W)

T95'L'.+0 9. "X1# :4L /&X/.:#(; 9J"0 1# 5 &'23".=7 >Y /6 ,-7'(!9; (-&')

8-(# ,. ",840 .85.84 /6 (- +.(=? '.+- +5X$? .8"#(%" - (-5JT#(J" ",8%"

54TT?#) R'#"#((% D2 3# !"#$% - ,-5#8#(% 3# +5X$? '.+." Z[[[ -1 MNNN +#84

:.$? &'23"4 >Y &'#!+%,-9#K(# 54TT?# -+. 5. ,54T+! ".8#$!)

R'? (?1T." 8-@.5." ,-L-1#(2 3# #+.(."?+- 9'7.5#3T?-0 3# (2,+- "?#'- &'#<

'.,8#K.5-(?-0 (#5J7.8.! 3# 5T-+ (#/=7.&(./L \(-(=.5-(?- 5#'#3(J=7 /#+9.<

'.5 (-&') ,8'-5.9(2=95-0 T+.$/95-0 -9V) R'? 54TT2=7 8-@.5J=7 +5A9-=7 5T-+

#+.(."?+- (#8.+%1# 9'7.5. ]!(^.5-L0 &'#9. 9'#:- (%3/L 57.8(J +."&'."?/)

_#8,? T9%94 / (-35`PT2" 8-@.5J" ,-L-1#(2" &-9'?- (-&') E%(/+. - a5;8/+.0

+8# 3# 8-@.5% +5A9- 9-+"#' 50%) _#8,? +'-3?(4 / (-3(?1T.! &-9'?- (-&') b!<

"!(/+.0 c.94T/+. -$#:. d'/+.0 9?# 3! "-36 6'.5#@ 8-@.5;7. ,-L-1#(?- &.8

30 &#'=#(9) > T9-9?/9?+%=7 -3 5 (-T." ".8#$? /- &.!125- /6P#9 8-@.5#3 +5A94

e) - 8-@.5#3 +5A94 ee)0 9. ,(-"#(% /6P#9 "?#'4 8-@.5;7. - 9?#1 .85.8.5;7.

,-L-1#(?-)

 !"#$ "! "%&'()!*+,

L = 1, 3HDP − 1581r

R̄2 = 0, 87

L  8.&49 &. &#(?-,.=70

r  6'.+.5% "?#'- 5+$-8.5)

>?82"# 1# ,5JT#(?# 7'!:;7. 8."%=#7. &'.8!+9! 5J'-,(# 5&$J5- (- ,5J<

T#(?# "(.1/95- &#@-,2 5 #+.(."?+#) U-+?/9. 6'.+.5% "?#'- 5+$-8.5) U% "%

-$# ,%&.'(; ,(-"?#(+.0 P. ,.8&.5#8% #+.(."?=+#3 9#A'??) f#V /- 6'.+.5%

"?#'- (-5JT?0 3# 5`PT2 ,%!3#" &#(?-,# (?#+-" !$.1?L -+. ?=7 8'1-L (- '!+#0

9-+1# "(.1/95. &#@-,2 5 .:#7! +$#/%)

B5#'2"# &.8"?#(+!0 +9.'6 /"# /? /9-(.5?$? (- &'#'.,8#$#(?# &'23".5 5#<

'#3(#3 /&'%540 1# /6P#9 9'-(/]#'.5 8."%=(./92 t10 t2 - t3 3# '.5(J 1)

t1 + t2 + t3 = 0,21 + 0,59 + 0,34 = 1,14

gh



 !"! #$ %$&'!( )*!+,- )-.&$+!'/ '$01$ 123+$, (!+$& ,$'!4567#$ 6$3&2"7

84&,$ 46$.,$ 3 #$ &$, 9#$+,!+7:$,5( 6$;&,<%* )9=3*!) 3 9;)2.&!."5> ?$4:5

!+*3+ @< .($ (3&2 +!."3= +)!#."74A!)-( !+*3+!( BCD> E<::23 *!+,!"3

(F1$ @<= .4F.!@$,; +;"3(2 9! :"3"2."5' ! +3A!)-%* 465#(!%*/ 3' ,$@!&2 84&,$

'!,.!&2+!)3,G H!@.3*!)3&2 3# "63,.3'%2$ ($+92 .$'"!6(2 )$6$#,G*! .$'"!63I>

E 4!.&$+,$# '342"!&$ @7+$($ 7)31!)3= .! .8J"!( 1/ 4!+K3 "$!6$"2%'$# 6!)L
,!."2>

E-.&$+'< ):$"'-%* !+*3+!) .8 !@.23*,7"G ) 465&!*$ 46;%$/ "7 2@3 .45:$($

):$"'< !+*3+,7"G 6!),2%$>

 !"#! $%&'()*" +,$-.*

C = −528,86 + 0,516HDP + 0,213T + 460,97S1

G = −385,56 + 0,59T − 377,2D1

I = −943,6 + 0,22HDP + 0,34T (−3) + 326S2

IM = −604,56 + 0,99(DC + G + I + EX) + 4248D(pomer)− 297S3

EX = −5868,26 + 0,04FD − 50219D(pomer

L = 1,3HDP − 1,581r

T = 0,35HDP + 809S4 + 786D2

/0/0/  !"#! !$,12'345,$,3 678

 2$"! 2."G 6!),2%$/ . 4!712"5( 6!),3'-%* 4363($"6!) 4!712#$($ 3# ) +)!#."74L

A!)$# ($"M+$ ,3#($,:5%* :")!6%!)> N'! .($ 71 .4!($,7&2/ "$,"! !+*3+ @<

(3& @<= '!,92."$,",- ,36!9+2$& !+ !+*3+7 #$+,!+7%*!7 BCD> N'! )2+5($/

9($,2&2 .3 2@3 ,2$'"!6G '!$O%2$,"</ 3# "! ,$43"6,$> E-.&$+,G '!$O%2$,"< "!*"!

(!+$&7 4!712#$($ ) 03&:$# '342"!&$ ,3 3,3&-97 +!43+!) +F%*!+'!)G*! :!'!)

+!(;%,!."5 ,3 PQR 3 #$*! 9&!1'<>

C = −514 + 0, 514HDP + 0, 213T + 495S1

G = −363 + 0,589T − 450D1

I = −943,6 + 0, 22HDP + 0,34T (−3) + 326S2

IM = −390, 73 + 0, 98(DC + G + I + EX) + 2961D(pomer)− 414S3

EX = −6371 + 0,04FD − 51379D(pomer

L = 1,3HDP − 1,581r

T = 0,35HDP + 798S4 + 818D2

t1 + t2 + t3 = 1,142

ST



 !"#$ %&'( (%) #"*)+,#- +). / *),)!"+,&01 ).& )2 / .&"30("#+&01 4"+",5

!(#60(" !&4"'78 +(" #6! /$9'( & #(":& #(;9(" ).& *,( &%$:)2#"2 <=>8 )/9).

?+6'" ?*@A)'( *&4!("#.7 > 80%B C,&%'-!&! %&'& )2 #(;9() *,"7.6D)+"E#&?F

*,"!"##"2 D(pomer) / ,&/#(0( (!*&,+7 G !"#$%& 0,23HB

 !"#$%&# '()#'(* '()+,(*-.( /(01

 4)#-1& !&4"'7 ?!" &4/&4('( ,&/#&/6;#$ ?+)/ *," IJC8 D .+&,-1& ?!"

#6?'"4#" /$*&:K+)'( ) /$2)4,('( /9"&%"0#L !7'+(*'(.6+&, ? .+&,L! %74"!"

M)'"2 *,)0&/)FB

Y = c1 + c2Y
N + t1t0Y + t2t0Y + i1 + i2Y + t3t0Y + e1 + e2FD + e3pomer−

− d1 − d2Y − d3pomer,

GNOH

.4" Y N = Y + kB

P$2)4,"#K! Y D GNOH 4&?+)#"!"Q

Y =
c1 + c2k + i1 + e1 + e2FD + pomer(e3 − d3)− d1

1− c2 − t1t0 − t2t0 − i2 − t3t0 + d + 2
.

C& R*,)/601

Y =
c1 + c2k + i1 + e1 + e2FD + pomer(e3 − d3)− d1

1− c2 − i2 + d2 + t0(t1 + t2 + t3
︸ ︷︷ ︸

=1

)
.

S"M;" ,6+)!" ? *,"4*&.')4&!8 ;" 2"4#&+'(/- D'&;.$ /","2#"2 ?*,6/$ 46/)2R

?R:"+ 18 +"#+& /D&,"0 /("!" 7*,)/(F8 #) #)?'"472R07 T&,!7

Y =
c1 + c2k + i1 + e1 + e2FD + pomer(e3 − d3)− d1

1− c2 − i2 + d2 + t0
.

U" +& /')?+#" ,&/#&/6;#$ ?+)/ *," 1&4#&+7 IJCB =) D6.')4" +&1+& ,&/#&5

/6;#"1& ?+)/7 ) !7'+(*'(.6+&,)8 .+&,L #6! /$9("'8 ?!" /$*&:K+)'( 1,)#(:#-

D!"#$ 2"4#&+'(/L01 D'&;(". IJC / D6/(?'&?+( &4 4&*$+&/-1& 9&.7B

V("+& D!"#$ ?!" /$,6+)'( ).& *),0(6'#" 4",(/60(" *&4E) *),)!"+,) k8

#).&E.& 7/);72"!" 4W01&4.&/L 9&. 4&!60#&?+K8 *,( .+&,&! ?) #)/L9( 4(?*&5

#(%('#L 4W01&4&. 4&!60#&?+K G#"7/);72"!" &4.()E *"#()D" X*,(9'(YHB

Z[



 !"# $%&'()&(*+',! -+$ .,",!/ , )0!10-'%+&-02 3$0-0 45 3$0-0 6%',7

-8$-02 9),'!0:; , 20<-,'*%

∂Y

∂k
=

c2

1− c2 − i2 + d2 − t0
.

 , <,96<0-/ *,0=1(0-'," 3 >69'( ?@?@A@B

∂Y

∂k
=

0,514

1− 0,514− 0,22 + 0,98− 0,35
= 0,57.

C+', .,<-,'6 3-6$0-+D E0 6* 9'F)-0 .,<-,'6 6%',-8$-02 9),'!0:; , 20<7

-,'*%D '6* 96 ', -6 .!%:,$ <,$+1,$ )!,<%*'0 )!026"/ -+!69',$ , 57%
)!,9'!(0<*,"D , *',!G 96 <(9),-(:(&-# <H1.,<,* <,$+1-,9'/ -6"#I(& 96 9),'7

!0:6 -6"#I(&6@

J,"-6*, :,& '0-', $%&'()&(*+',! ";!+'6-# 62 )!0 )0K6E-F 3+9,:% 6 ,9'6'-G

3&,E*; 45 @  !"# "I0,:01-# $%&'()&(*+',! 20 *&6<-#D '6*(9', *,0=1(0-' l1
'0<6 62 '0-', $%&'()&(*+',! :%<0 *&6<-# 6 -+!69' 6%',-8$-02 9),'!0:; ";",&+

-+!69' <,);'% ), )0-(63,1.@

∂L

∂k
= l1

∂Y

∂k
=

l1c2

1− c2 − i2 + d2 − t0
.

5,96<0-/$ .,<-H'

∂L

∂k
=

1,3 · 0,514

1− 0,514− 0,22 + 0,98− 0,35
= 0,74.

 , -6"#I0-/ 6%',-8$-02 9),'!0:; , 20<-,'*%D <,);' ), )0-(63,1. 9'F)-0

, 74 )0!10-' )!,9'!(0<*," ";)&6'0-#1. <,$+1-,9'(6$@
L-6&,M(1*; :,&( ";!+'6-G 62 ,9'6'-G $%&'()&(*+',!; )!0 *,-0>-F 9),'!0:%

<,$+1-,9'/D $(0!% (-"09'/1(/D ($),!'-F 6 0N),!'-F O%-*1(%@
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