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2!D! V-4+'.W-.*'  A #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! = 

2!N! V-4+'.W-.*' 2A #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =2

2!IH! V-4+'.W-.*' =A )$$'$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =2

2!II! V-4+'.W-.*' 1A #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ==

2!I;! V-4+'.W-.*' <A )$$'$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ==

2!I ! V-4+'.W-.*' DA #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =1

2!I2! V-4+'.W-.*' IA #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =1

2!I=! V-4+'.W-.*' IA #+%)$*'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =<

2!I1! 8#&# -.' &) ,#6 IH +#$:)*#6 ?-) +'.K'$/#. ,# 4#6) &) &#*'6 &)

%/@0).)6 8'$),A +'.*%).) IHH ),)/).*'6A *'&'6 ),,'6 ). K'$/#*'

OOL! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 11

2!I<! X6*) +'/#.&' ). :#$*%+-,#$ 6%$() :#$# -4%+#$ *'&'6 ,'6 #$+S%('6

&) K'$/#*' OOL ). ), :$)6).*) &%$)+*'$%' B +'.()$*%$,'6 # YOZA ,'

+,#() #?-E )6 ,# :#,#4$# [/'0$%KB\A ?-) )6 ,# ?-) :)$/%*) *$#4#W#$

+'. &%$)+*'$%'6! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 11

2!ID! X, /%6/' &%$)+*'$%' &) ,# ]0-$# 2!I1A :)$' +'. ,#6 %/@0).)6 B#

+'.()$*%&#6! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1<

2!IN! O#6'6 :#$# )9*$#)$ ,'6 J86 &) -.# %/#0). -6#.&' ,# %.*)$K#G 0$@T

]+# &) P#6*J8> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1D

2!;H! ^)+-#&$' :#$# ,# +#$0# &) -.# (#$%#4,) ?-) #,/#+).# -.# %/#0).

). P#6*J8>! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1D

2!;I! 7).*#.# :#$# #:,%+#$ $)&-++%5. &) &%/).6%'.)6! ! ! ! ! ! ! ! ! ! ! 1N



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

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

'-,1(()*+ ,- .&$&/#! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4

5! ! 6&.#0 7(.)()#0 %&'& -8.'&-' 3& $-,)& 9 3& ,-0:)&()*+ .;%)(& ! ! ! !  4

5!5! <&.')= ,- +#.&0> 10&,&0 %&'& 1+ -?-$%3#! ! ! ! ! ! ! ! ! ! ! ! ! !  @

5!4! <&.')= ,- '-013.&,#0 -+ (A3(13#0 %'-:)#0! ! ! ! ! ! ! ! ! ! ! ! ! ! !  B

5!C! <&.')= %&'-(),& & 3& D1- (#$E+$-+.- %1-,- '-%'-0-+.&' & 1+&

)$&2-+! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 5F

5!G! "A3(13#0 '-&3)=&,#0 -+ 3& $&.')= &+.-')#'! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 5F

4! ! H+A3)0)0 ,- .)-$%#0 D1- .#$& & I$&2-<&2)(J (#+:-'.)' 1+ 0-. ,-

)$A2-+-0> ,- K#'$&.# LL< & MLN -+ -0(&3& ,- 2')0-0! ! ! ! ! ! ! CC

4!5! O)-$%# D1- .&',& -8.'&-' 3#0 I"0 ,- 1+ ,-.-'$)+&,# +E$-'# ,-

)$A2-+-0 10&+,# P&0.I"H! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CC

C! ! L'-()0)*+ #Q.-+),& %#' R54S> -+ -0- .'&Q&?# 0- %3&+.-&+ ,)0.)+.#0

.&$&/#0 ,- :-+.&+&0! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! GB

 !!!



 !"#$%&' (

 !"#$%&''()!

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

 !" #$ %"& '(& ")"&*+!"!,$& - $.,$!&"& /"'"& #$ %" *!,$%*0$!1*" "/,*21*"%3 -

#$ %" 1+')4,"1*5! $! 0$!$/"%3 $& %" 6*&*5! )+/ 1+')4,"#+/7 8+/ $%%+3 )+#$'+&

"!+,"/ 94$3 %" 6*&*5! )+/ 1+')4,"#+/ ":"/1" " 1"#" ,;1!*1" 94$ )$/'*,$ $% 4&+

#$ "%0+/*,'+& 1+')4,"1*+!"%$& )"/" %" $.,/"11*5!3 "!(%*&*& - )/+1$&"'*$!,+ #$

*!<+/'"1*5! =,*%3 )"/,*$!#+ #$ /$)/$&$!,"1*+!$& 0/(21"& #$ #",+&3 1+'+ *'(0$!$&

+ 6>#$+&7  !" #$ %"& '+,*6"1*+!$& )/*!1*)"%$& )"/" %" $.*&,$!1*" #$ $&," /"'" $&

%" #$ ,/","/ #$ $'4%"/ %" 6*&*5! ?4'"!"3 - )/+-$1,(!#+&$ '(& "%%(3 '$@+/"/%"3 -"

94$ 0/"1*"& "% )+#$/ 1+')4,"1*+!"% #$ %" "1,4"%*#"# )+#/>"'+& )/+1$&"/ '41?"

'(& *!<+/'"1*5! 94$ %" 94$ 4! ?4'"!+ )+#/>"7

A% )/+1$&"'*$!,+ #$ *'(0$!$& $& 4!" $.,$!4"!,$ ,"/$" )"/" $% 1+')4,"#+/3

-" 94$ &$ #*&)+!$ #$ 0/"! 1"!,*#"# #$ *!<+/'"1*5! " &$/ "!"%*B"#"7  !" &*')%$

*'"0$! #$ 4! )"*&"@$ $&,( 1+')4$&," )+/ 4!" 0/"! 1"!,*#"# #$ #",+&3 %+& 94$

&"%,"! " )/*'$/" 6*&," &+! %+& 1+%+/$&7 C"#" )*.$% 94$ )+#$'+& ")/$1*"/ $! 4!"

*'"0$! $& $% /$&4%,"#+ #$ 4!" 1+':*!"1*5! #$ 4!" &$/*$ #$ 6"%+/$&3 1"#" 4!+

#$ $&,+& ,*$!$ &4 )/+)*" <4!1*5!7 D% @4!,"/ ,+#+& %+& )*.$%$& #$ 4!" *'"0$! &$

)4$#$ &4)+!$/ 94$ %" *!<+/'"1*5! #$&#$ 4! )/*!1*)*+ $& 0/"!#$3 $!,+!1$&3 "%0+

&4'"'$!,$ $21*$!,$ $& %" /$#411*5! #$ #*'$!&*+!$&7

E





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

!"#$%& '()* +,-#./.0 ./ 1&0 2$. 0. .3"4./5"& 1& 56,7%.0"8/ ,.4"&/9. :;<= 1&

",&#./ < .0 1& 6%"#"/&1= 1& > $0& )? 56,76/./9.0 7%"/5"7&1.0= 1& ; $0& '?= @ 1&

A 061&,./9. )(

+,&#./ < +,&#./ > +,&#./ ; +,&#./ A

BC( D> EB(B D> FB(E D>   (G D>

;$&4%6 '('* ;6,7&%&5"8/ 4. 9&,&H60 4. $/& ",&#./ &71"5&460 7%65.060 4.

%.4$55"8/ 4. 9&,&H6(

I/ 4.J/"9"3&= 5$&12$".% .09$4"6 2$. "/361$5%. $/ 7%65.0&,"./96 4. ",-#./.0=

&0K 56,6 0$ 9%&9&,"./96 .09- 4./9%6 4.1 &/-1"0"0 4. ",-#./.0= 1& 4.J/"5"8/ 2$.

L))M 71&/9.& .0*

N</-1"0"0 4. +,-#./.0* :%65.06 ,.4"&/9. .1 5$&1 & 7&%9"% 4. $/& ",&#./ 0.

6O9"./. $/& ,.4"5"8/= "/9.%7%.9&5"8/ 6 4.5"0"8/(P

Q&1 56,6 16 5"9& .1 ,"0,6 &$96%= .1 &/-1"0"0 4. ",-#./.0 .09- &,71"&,./9.



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

!"#$#%&# #% '(")*$ +(,!*$- #$ .$(/* !*" #0#,!1* !("( 1( /#&#++)2% /# 3(11*$ #%

!"*/.+&*$- !.#/# /#&#+&(" ,(1 3*",(+)*%#$ ,4%),($ 5.# 36+)1,#%&# $# #$+(!(7

"4(% (1 *0* 8.,(%*- * +*% .% $),!1# (%61)$)$ /#1 +*1*" $# !.#/# $(9#" 1( +(1)/(/

/# .% /#&#",)%(/* (1),#%&*:

;<*$ (&"6$- ( 1( ')$)2% ("&)=+)(1 $# 1( +*%$)/#"(9( +*,* (1>* .&2!)+*- !"*!)*

/# 1( +)#%+)( =++)2%: ?*%3*",# !($( #1 &)#,!*- 1($ &@+%)+($ 5.# #,.1(% ( 1(

')$)2% '(% ,#0*"(%/*- +(/( '#A $# (1#0( /# 1( +)#%+)( =++)2% !("( +*%'#"&)"$#

#% "#(1)/(/- #$&($ &@+%)+($ (B./(% #%*",#,#%&# ( 1(9*"#$ +*&)/)(%($- >"(%/#$

!"*B#+&*$ #C)$&#% #% 1( (+&.(1)/(/ 5.# )%'*1.+"(% /)"#+&(,#%&# ( 1( ')$)2% !*"

+*,!.&(/*"- >"(%/#$ )%'#$&)>(+)*%#$ #$&6% #% +."$*- #$&# #$ .% +(,!* #% #1 5.#

5.#/( (D% ,.+8* !*" /#$+.9")":

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

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

;!1)+(" 1( &@+%)+( /# "#/.++)2% /# /),#%$)*%(1)/(/ E?; ( 1( +1($)=+(+)2% /#

),6>#%#$ B ,#/)" $. #3#+&)')/(/ !("( /)+8( &("#(:

 !"!"! #$%&'()*0 &01&2342*0

F$&./)(" 1($ &@+%)+($ ,6$ ),!*"&(%&#$ !("( 1( "#/.++)2% /# /),#%$)*%(1)7

/(/:

;%(1)A(" 1*$ +(,!*$ /# (!1)+(+)2% /# 1($ &@+%)+($ !("( 1( "#/.++)2% /#

/),#%$)*%(1)/(/ #% ),6>#%#$:

FC!*%#" /#&(11(/(,#%&# 1( &@+%)+( /# ;%61)$)$ /# ?*,!*%#%&#$ E%/#!#%7

/)#%&#$ GE?;H:

I#$(""*11(" .% $)$&#,( 5.# !#",)&( 1( (!1)+(+)2% /# 1( &@+%)+( E?; ( .%

!"*+#$* /# +1($)=+(+)2% /# ),6>#%#$:

?*,!("(" 1*$ "#$.1&(/*$ *9&#%)/*$ +*% E?; "#$!#+&* (1 #$&(/* /#1 ("&#:

 !,! -./01/&

F1 !"*B#+&* /# &#$)$ (!.%&( ( /#$(""*11(" .%( $#")# /# !".#9($ !("( #C!*%#"

( /#&(11#- !"),#"* #1 +(,!* /# .$* #% 1( "#/.++)2% /# /),#%$)*%(1)/(/ #% .%(

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

=%: J("( 1*>"(" .%*$ "#$.1&(/*$ ,6$ %*'#/*$*$- #1 "#$.1&(/* /# #$&( &#$)$ $#"6 1(

+1($)=+(+)2% #% +(&#>*"4($ !("&)#%/* /# 1( #C&"(++)2% /# +("(+&#"4$&)+($ /# +(/(

),(>#% !#"&#%#+)#%&# ( .% %.,#"*$* +*"!.$:

K"(% !("&# /# 1($ "#3#"#%+)($ 5.# $# 8(% .$(/* !("( #$&# &"(9(0* #$&6% #$+")&($

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

1* 5.# $# /#+)/)2 5.# !("( +(/( &@+%)+( (5.4 #C!.#$&( $# "#(1)A("( .% /#&(11(/*

#$&./)* #C!1)+(%/* !($* ( !($* +(/( +61+.1* 11#'(/* ( +(9*:



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

!" #$%&"'()* +,(" )$ $%'( '$%-% $% "( .&/"-0(0-1, )$ &, (#'20&"* $, $" 3&$ %$

.#*.*,4( &,( ,&$5( '60,-0( .(#( "( 0"(%-+0(0-1, )$ -784$,$%9 .$#%-4&-$,)* $"

*/:$'-5* )$ '$,$# &,( ("'( '(%( )$ .#$0-%-1,;



 !"#$%&' (

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

'$,(#&$-#%.$'%'

 !"! #$%&'() *(&+&,-& (&./0012, .& .13&,+14,&+

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

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

−→x = [x0, x1, · · · , xn]

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

|−→x | =
√

∑n

i=1 x
2

i

4'( $5$-+*'0 ). )$ 1$)$, $6&(,$( $* &,-,7' 1$* ).2!.$"&$ #$%&'(3

−→a = [1, 2, 3, 4, 5]

8"&'"%$)3

|−→a | =
√

12 + 22 + 32 + 42 + 52

|−→a | =
√
55

|−→a | = 7,42

 !"!"! ! 0*%$ () ,)-.'/)1

9, )!-, 1$ #$%&'($) )$ *, +!$1$ ($,*.:,( $"&($ ; #$%&'($) <!$ &.$"$" $* -.)-'

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

−→a ?

−→
b &$".$"1' <!$3

−→a = [3, 2, 1,−2] ? −→b = [2,−1, 4, 1]

@



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

!"#$"%&'(

−→a +
−→
b = [3, 2, 1,−2] + [2,−1, 4, 1]

−→a +
−→
b = [(3 + 2), (2− 1), (1 + 4), (−2 + 1)]

−→a +
−→
b = [5, 1, 5,−1]

 !"!"!#! $%&'()&(*+*(,- ./ %- /0*+&+1 )21 %- 3/*'21

−→a = [1, 2, 3, 4]

−→a ·2 = [1, 2, 3, 4]·2
−→a ·2 = [1·2, 2·2, 3·2, 4·2]

−→a ·2 = [2, 4, 6, 8]

 !"!"!4! 512.%*'2 /0*+&+1

!) *+$,-%#$ &'%.).+/ #.0123" %$"$%2,$ %$0$ 4,$# *+$,-%#5 $ 4*+$,-%#$ *-"6

#$5 &' -" 7.)$+ 8-& '& $1#2&"& .) 0-)#2*)2%.+ 9 7&%#$+&' +&.)2:.",$ ). '2;-2&"#&

$*&+.%2<"(

−→a ·−→b =
∑n

i=1 ai·bi

=$+ &>&0*)$/ 0-)#2*)2%.+ )$' 7&%#$+&'

−→a ?

−→
b #&"2&",$ 8-&(

−→a = [1, 6, 7, 4] ?
−→
b = [3, 2, 8, 3]

!"#$"%&'(

−→a ·−→b = [1, 6, 7, 4]·[3, 2, 8, 3]
−→a ·−→b = 1·3 + 6·2 + 7·8 + 4·3

−→a ·−→b = 83

 !"!"!6! 7/*'21 8219+&

@" 7&%#$+ "$+0.) &' .8-&) %-?$ #.0.A$ &' B/ &' ,&%2+(

|−→x | = 1

!) '2;-2&"#& 7&%#$+ &' "$+0.)(

−→a = [ 25 ,
4
5 ,

2
5 ,

1
5 ]

C. 8-&(

|−→a | =
√

( 25 )
2 + ( 45 )

2 + ( 25 )
2 + ( 15 )

2

|−→a | =
√

25
25

|−→a | = 1



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

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

!"# $%&'"(%# #") "('"*")+,%# &-+)." #- /(".-&'" %#&+,+( %# 01 #- /(2)&23

/+, /("/2%.+. %# 4-% %)'(% +56"# %72#'% /%(/%).2&-,+(2.+.1 /"( %8%5/,"1 ,"#

#2*-2%)'%# $%&'"(%# #") "('"*")+,%#9

−→a = [2, 1,−2, 4] : −→b = [3,−6, 4, 2]

:+ 4-%

−→a ·−→b = [2, 1,−2, 4]·[3,−6, 4, 2]

−→a ·−→b = [(2·3) + (1·(−6)) + (−2·4) + (4·2)]

−→a ·−→b = 0

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

!"# $%&'"(%# #") "('")"(5+,%# #29

;") "('"*")+,%# %)'(% #<=

;2 &+.+ -)" .% %,,"# %# )"(5+,=

>"( %8%5/,"1 ,"# #2*-2%)'%# $%&'"(%# #") "('")"(5+,%#9

−→a = [ 25 ,
1
5 ,− 2

5 ,
4
5 ] :

−→
b = [ 15 ,

2
5 ,

4
5 ,

2
5 ]

:+ 4-%9

|−→a | = 1 :

∣

∣

∣

−→
b
∣

∣

∣
= 1

:9

−→a ·−→b = 0

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

?)+ 5+'(2@ %# -) &")8-)'" 62.25%)#2")+, .% .+'"#1 &+.+ -)" .% %,,"# 2.%)'23

A&+." /"( -)+ /"#2&2B) (x , y) " '+562C) (m,n) (%/(%#%)'+)." ,+ A,+ : &",-5)+1

(%#/%&'2$+5%)'%= D .2E%(%)&2+ .% -) $%&'"(1 -)+ 5+'(2@ %# (%/(%#%)'+.+ /"( -)+

,%'(+ 5+:F#&-,+1 /"( %8%5/,"9

A =













a0,0 a0,1 . . . a0,n

a1,0 a1,1 . . .
=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

am,0 · · · · · · am,n















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

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

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

"#-6

 !"! ! ! ,&$-./*0.%$

7# %&#"-8*,-%# +, *"# $#%&'(9 &,8&,-,"%#+# )2$2 AT
.*, -, /,, :/# %&#"-5

8*,-%# +, ;< ,- 2%&# $#%&'( .*, -, 2=%',", #/ '"%,&)#$='#& /#- 3/#- 82& /#-

)2/*$"#- +, /# 8&'$,&# $#%&'(6 >2& ,?,$8/29 +, /# $#%&'(@

A =





1 2 3
4 5 6
7 8 9





A* %&#"-8*,-%# -,&B#@

AT =





1 4 7
2 5 8
3 5 9





7# %&#"-8*,-%# -, &'0, # /#- -'0*',"%,- 8&28',+#+,-@

(AT )T = A

AT +BT = (A+B)T

(−→a ·A)T = −→a ·AT

(A·B)T = BT ·AT

 !"! !1! #$%&'( '+0-%'+$+

!"# $#%&'( '+,"%'+#+9 &,8&,-,"%#+# 82& /# /,%&# I ,- *"# $#%&'( )*#+&#+#

+, %#$#C2 n9 ," /# .*, -2/#$,"%, /2- ,/,$,"%2- +, -* +'#02"#/ -2" D9 $',"%&#-

.*, ,/ &,-%2 +, ,/,$,"%2- ,- E6 >2& ,?,$8/2@

A =













1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1













 !"! !2! #$%&'( 3&%454-$6

F- #.*,//# .*, $*/%'8/')#+# 82& -* )2&&,-82"+',"%, %&#"-8*,-%# +# )2$2

&,-*/%#+2 *"# $#%&'( '+,"%'+#+9 ,- +,)'&@

A·AT = I



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

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

)'2.#&*+$4

 5 #$ 6.' 2-0(-73* 6.' '2 .(* ,*&)-/ $)&$0$(*# +-)'3&*8

9 -(+-3*(+$ 6.' '2 .(* ,*&)-/ $)&$0$(*# -(:')2*8

"+',;25 2' &-'(' 6.' &*(&$ #* &)*(21.'2&* 3$,$ #* -(:')2* +' .(* ,*&)-/ $)&$9

0$(*# 2$( -0.*#'28

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

<2 *6.'##* 6.' 3.=$2 '#','(&$2 1$) '(3-,* = 1$) +'%*>$ +' #* +-*0$(*#

1)-(3-1*# 2$( !5 1$) '>',1#$4

A =













a0,0 0 0 0 0
0 a1,1 0 0 0
0 0 a2,2 0 0
0 0 0 a3,3 0
0 0 0 0 a4,4













 !"! !/! 0(+1-213&,'14 5 0(+1-2%.,'14

<( '21*?$# 3$($3-+$2 3$,$ :'3&$)'2 = :*#$)'2 1)$1-$2 )'21'3&-:*,'(&'5 .(

'-0'(:*#.' +' .(* ,*&)-/ 3.*+)*+* '2 .( '23*#*) )'1)'2'(&*+$ 1$) #* #'&)* 0)-'0*

λ5 1)$(.(3-*+* #*,%+*8

@( '-0'(:'3&$) '2 .( :'3&$) )'1)'2'(&*+$ 3$,A(,'(&' 1$) #* #'&)* x8 B*

1)-(3-1*# 3*)*3&')C2&-3* +' '2&' :'3&$) '2 6.' +'%' 2') +-2&-(&$ +' !8

D$+$2 #$2 '-0'(:*#.'2 = '-0'(:'3&$)2 2*&-2E*3'( #* 2-0.-'(&' '3.*3-F(4

A·x = λx

G*)* .(* ,*&)-/ 3.*+)*+* A5 2-'(+$ '# '-0'(:*#.' .( '23*#*)5 ($ 2$#*,'(&'

1.'+' *+$1&*) (A,')$2 )'*#'25 2-($ 6.' 1.'+' 2') )'1)'2'(&*+$ 1$) (A,')$2

3$,1#'>$28

G#*(&'*(+$ .(* +'7(-3-F( ,;2 E$),*#4

H$(2-+')*(+$ #* ,*&)-/ 3.*+)*+* "5 +'3-,$2 6.' λ '2 .( '-0'(:*#.' +' A 2-

'I-2&' .( :'3&$) x +-2&-(&$ +' ! &*# 6.' 2*&-2E*3' #* '3.*3-F( A·x = λx8 <( '2&'

3*2$5 * x 2' #$ ##*,* '-0'(:'3&$)8 "# 3$(>.(&$ λ = x 2' #$ 3$($3' 3$,$ '-0'(1*-)

+' A8

G$) '>',1#$4 J' +'2'* 2*%') 2-

x =

[

1
−2

]

'2 .( '-0'(:'3&$) 3$))'21$(+-'(&' *# '-0'(:*#.' λ = 0,+' #* ,*&)-/

A =

[

6 3
−2 −1

]

<,1'/*,$2 )'',1#*/*(+$ #$2 :*#$)'2 '( #* EF),.#*4
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A·x = λx
[

6 3
−2 −1

]

·
[

1
−2

]

= 0

[

1
−2

]

[

6·1 + 3·!"#$
(−2)· %!" $·!"#$

]

=

[

0
0

]

[

0
0

]

=

[

0
0

]

&'(' )*'+)*,-./ 01'2 345 x 6787 972 4. :7*+'2 6,9+,.+' 67 ;</ 9, +7.7('9

4. :7*+'2 67 ;/ 7= 2794=+)6' 67 =) 7*4)*,-. 27>2797.+)2?) 4. *)9' ,(>2@*+,*'A

B =) 7*4)*,-. A·x = λx 97 =) >4767 79*2,8,2 +)(8,5. 67 =) C'2() (A−λ·I)·x =
0/ 7. 6'.67 I 79 4.) ()+2,D ,67.+,6)6 67= (,9(' +)()E' 347 AA F7 6787 *4(>=,2

347 (A− λ·I) 97) .' ,.:72+,8=7A

G=)()('9 ) p(λ) = det(A−λ·I) 7= >'=,.'(,' *)2)*+72?9+,*'A B >)2+,2 67 79+7

>'=,.'(,' >'67('9 '8+7.72 ='9 7,H7.:)=479A

I. 7= 9,H4,7.+7 7J7(>=' :)('9 ) '8+7.72 ='9 7,H7.:)=479 67 =) 9,H4,7.+7 ()+2,DK

A =

[

2 −4
−1 −1

]

I.+'.*79/ 7(>7D)('9 277(>=)D).6' 7. =) C-2(4=)K

p = det(A− λ·I)

p(λ) = det(

[

2 −4
−1 −1

]

− λ·
[

1 0
0 1

]

)

p(λ) = det(

[

2 −4
−1 −1

]

−
[

λ 0
0 λ

]

)

p(λ) = det(

[

(2− λ) −4
−1 (−1− λ)

]

)

p(λ) = (2− λ)·(−1− λ)− (−4)·(−1)

p(λ) = (−2− 2λ+ λ+ λ2)− 4

p(λ) = (λ2 − λ− 6)

p(λ) = (λ− 3)(λ+ 2)

λ1 = 3 λ2 = −2

F7 7.*'.+2)2'. # 7,H7.:)=479/ >)2) *)6) 4.' 67 79+'9 6787('9 '8+7.72 94

*'2279>'.6,7.+7 7,H7.:7*+'2/ >)2) =' *4)= 49)('9 =) 7*4)*,-. (A − λ·I)·x = 0/
7.+'.*79K

>)2) λ1 = 3K
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(

[

2 −4
−1 −1

]

− 3·
[

1 0
0 1

]

)·
[

x1

x2

]

=

[

0
0

]

(

[

2 −4
−1 −1

]

−
[

3 0
0 3

]

)·
[

x1

x2

]

=

[

0
0

]

[

(2− 3) −4
−1 (−1− 3)

]

·
[

x1

x2

]

=

[

0
0

]

[

−1 −4
−1 −4

]

·
[

x1

x2

]

=

[

0
0

]

[

−x1 −4x2

−x1 −4x2

]

=

[

0
0

]

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

−x1 − 4x2 = 0 / −x1 − 4x2 = 0

0$ ,* 1-+%#-* #()*(+2$ -##%1,*3*%&' x2 1&- t4 #$5&$(#'.

−x1 − 4t = 0

x1 = −4t

6 -##%1,*3*%&' #'5# 7*,&- #$ ,* '#8)$9* #()*(+2$.

4t− 4x2 = 0

4x2 = 4t

x2 = t

0$5&$(#'4 1*-* λ1 = 3 #$(&$5-*%&' :)# ') #+8#$7*,)# #'.

x =

[

−4
1

]

*;&-*4 1*-* λ1 = −2.

(

[

2 −4
−1 −1

]

− (−2)·
[

1 0
0 1

]

)·
[

x1

x2

]

=

[

0
0

]

(

[

2 −4
−1 −1

]

−
[

−2 0
0 −2

]

)·
[

x1

x2

]

=

[

0
0

]

[

(2 + 2) −4
−1 (−1 + 2)

]

·
[

x1

x2

]

=

[

0
0

]
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" # $ % # & %

'()*+, #- . /)0,1 230434,1 5)+) 670+)6+ 8) 96*4) : 8) *61;4)34<= 0>543)

[

4 −4
−1 1

]

·
[

x1

x2

]

=

[

0
0

]

[

4x1 −4x2

−x1 x2

]

=

[

0
0

]

?6=69,1 # 63()34,=61 .

4x1 − 4x2 = 0 : −x1 + x2 = 0

@= 8) 5+496+) 63()34<= +66958)A)9,1 x2 5,+ tB 6=0,=361.

4x1 − 4t = 0

4x1 = 4t

x1 = t

C +66958)A)9,1 6106 ;)8,+ 6= 8) 16D(=*) 63()34<=.

−t+ x2 = 0

x2 = t

@=0,=361B 5)+) λ1 = 2 6=3,=0+)9,1 E(6 1( 64D6=;)8(6 61.

x =

[

1
1

]

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

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

F)+046=*, *6 (= 3,=3650, 16=3488,B 8) *61;4)34<= 0>543)B , 0)9G4H= 88)9)*)

*61;4)34<= 610I=*)+ J+65+616=0)*) 3,= σKB 94*6 3()=0, 16 165)+)= 8,1 *)0,1 *6

8) 96*4) *6 8,1 9419,1- F)+) ,G06=6+ 8) *61;4)34<= 0>543)B 670+)69,1 8) +)>A

3()*+)*) *6 8) ;)+4)=A)-

L) ;)+4)=A) +65+616=0)*) 5,+ σ2
61 8) 96*4) *6 8)1 *4M6+6=34)1 3,= 8) 96*4)

686;)*)1 )8 3()*+)*,- ',= 68 14D(46=06 6N6958, 675843)+69,1 8) ,G06=34<= *6

610,1 ;)8,+61-

O)9,1 ) P)88)+ 8) ;)+4)=A) : 8) *61;4)34<= 0>543) *6 8,1 14D(46=061 *)0,1.

F)+049,1 *6 8) ,G06=34<= *6 8) 96*4).

media = 8+1+5+7+8+6+7
7
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media = 6

"#$%& $'()*)+$, -& .&%/&*0&1

σ2
2

(8−6)2+(1−6)2+(5−6)2+(7−6)2+(8−6)2+(6−6)2+(7−6)2

7

σ2
2

4+25+1+1+4+0+1
7

σ2 = 5,14

3 4$% 5-(/+$6 $'()*)+$, -& 7),./&8/9* (:4/8&1

σ =
√
5,14

σ = 2,267786

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

;, %)4%),)*(&7& 8$* σxy

<* 7&($ /*()%),&*() 7) -& 8$.&%/&*0& ), =>) ),(& /*7/8& )- ,)*(/7$ 7) 8$%%)?

-&8/9* )*(%) -&, .&%/&'-), ),(>7/&7&,6 @ $')7)8) & -&, ,/A>/)*(), 4%$4/)7&7),1

B/ σxy < 0 )*($*8), -& 8$%%)-&8/$*), ), /*.)%,&C

B/ σxy > 0 )*($*8), -& 8$%%)-&8/$*), ), 7/%)8(&C

B/ σxy = 0 )*($*8), ,) ,&') =>) *$ )D/,() >*& %)-&8/9* )*(%) -&, .&%/&'-),

/*.$->8%&7&,C

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

E& 8$%%)-&8/9* %)4%),)*(& &- */.)- 7) 7)4)*7)*8/& )D/,()*() )*(%) F $ +G,

.&%/&'-), ,/(>&7&, )* >* 4-&*$ '/7/+)*,/$*&-C ;* $(%$, (H%+/*$,6 4)%+/() 7)()%?

+/*&% ,/ )- 8&+'/$ )* >*& .&%/&'-) &I)8(& & $(%& 7)*(%$ 7)- +/,+$ 4-&*$6 ,/ ),

),() )- 8&,$ ,) ,&') =>) #&@ 8$%%)-&8/9* )*(%) )--&,C

;D/,()* J A%&7$, 7) 8$%%)-&8/9*1

K/%)8(&6 )* -& =>) )- &>+)*($ )* >*& .&%/&'-) %)4%),)*(& >* /*8%)+)*($

)* -&, 7)+G, .&%/&'-),C ;,() (/4$ 7) 8$%%)-&8/9* ),(G %)4%),)*(&7$ 8$+$

>*& %)8(& 8%)8/)*()6 7) -& ,/A>/)*() +&*)%&1
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"#$%&' () * +,&&-.'/#01 2#&-/3')

415-&6'7 /%'12, -. '%8-13, 2- %1' 5'&#'9.- 2-6-1/'2-1' -. 2-/&-8-13, 2-

.' ,3&'7 -6 &-:&-6-13'2' /,8, %1' &-/3' 2-/&-/#-13-*

"#$%&' ()(* +,&&-.'/#01 #15-&6')

;%.'* <- 2' /%'12, -. /'89#, -1 %1' 5'&#'9.- 1, &-:&-6-13' /'89#, '.$%1,

-1 -. &-63, 2- 5'&#'9.-6) <- .' &-:&-6-13' /,8, %1' 1%9- 2- :%13,6)
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"#$%&' ()*+ ,-&&./'0#12 2%/')

34.5678 .9#7:.2 * 4#;.&.2:.7 $&'4-7 4. 0-&&./'0#12+

"%.&:.+ <. 4' 5#.2:&'7 /'7 ='&#'>/.7 .7:62 567 0.&0' 4. /' &.0:')

"#$%&' ()?+ ,-&&./'0#12 "%.&:.)

@A>#/+ ,-2:&'&#' ' /' '2:.&#-&8 .9#7:.2 0%'24- /-7 B%2:-7 .7:62 '/.C'4-7 4.

/' &.0:')
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"#$%&' ()*+ ,-&&./'0#12 345#/)

,'5. #23#0'& 6%. .2 /'7 #89$.2.7 '2:.&#-&.7; /-7 <%2:-7 7-2 ='/-&.7 .7:'3>7?

:#0-7 &.<&.7.2:'3-7 .2 %2 7#7:.8' 3. 0--&3.2'3'7)

@/ 0-.A0#.2:. 3. 0-&&./'0#12 7. /- .B<&.7' 0-2 /' /.:&' r; C /' D1&8%/' ' %7'&7.

<'&' 0'/0%/'&/' .7 /' 7#$%#.2:.+

r =
σxy

σxσy

E&-0.3.&.8-7 0-2 %2 0/'&- .F.8</-; :-8'3- 3. G(HI) J'//'& ./ 0-.A0#.2:.

3. 0-&&./'0#12 :.2#.23- 6%. /'7 2-:'7 3.  ( '/%82-7 .2 ( '7#$2':%&'7 7-2 /'7

7#$%#.2:.7+

K':.89:#0'7 ( L M M * N N ! ! H  O  O

">7#0'  L ( M M M N M N ! P  O

,%'3&- ()(+ K':&#Q 3. 2-:'7; %7'3'7 <'&' %2 .F.8</-)

E'&:#8-7 &.'/#Q'23- '/$%2-7 09/0%/-7 6%. 2-7 7.&=#&92 897 '3./'2:.; 0-2

/' /.:&' x &.<&.7.2:'&.8-7 ' K':.89:#0'7; C 0-2 /' /.:&' y ' ">7#0' <'&' %2'

D'0#/#:'& /' 0-8<&.27#12+
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xi yi xi·yi x2
i y2i

"  " #  

$ $ % % %

# " !  & #

# #  &  &  &

' # "( "'  &

& # "# $&  &

& & $& $& $&

) # "! #%  &

) & #" #% $&

! ) '& &# #%

 ( % %(  (( ! 

 (  (  ((  ((  ((

72 60 431 504 380

*+,-./ "0$1 2,3.45 -6 .67+83,-/7 69 :;8:+8/7 <.6=4/70

>, ?834@, A8, :/..67</9-6 , 8/7 3/3,867 -6 :,-, :/8+@9,0 BC/.,D :,8:+8,@/7

8,7 @6-4,7 ,.43@E34:,71

x̄ = 72
12 ȳ = 60

12

x̄ = 6 ȳ = 5

F./:6-6@/7 , :,8:+8,. 8, :/=,.4,95,1

σxy = 431
12 − 6·'

σxy = 5.92

G9:/93.,@/7 8,7 -67=4,:4/967 3H<4:,71

σx =
√

504
12 − 62 σy =

√

380
12 − 52

σx = 2,45 σy = 2,58

I </. ?834@/D /J3696@/7 68 :/6A:46936 -6 :/..68,:4K91

r = 5,92
2,45·2,58

r = 0,94

L/@,9-/ 6736 :/6A:46936 -6 :/..68,:4K9D </-6@/7 -6:4. M+61

N6J4-/ , M+6 67 @+O :6.:,9/ ,  D 8, :/..68,:4K9 67 @+O P+6.360

N6J4-/ , M+6 67 </7434=/D 8, :/..68,:4K9 67 -4.6:3,0
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"# $%$&'() &*+ ,$-,.#) . #/$+0-.+ #$,$+12.2$+3 $+ 2$,1-3 .( .#*(1+1+ 2$ 1&*4$#$+

+$ $5')#$ . ,)#01#/.,16#3 /#. 1&.4$# .( 7#.( $+ /#. &.0-18 9121&$#+1)#.(3 $+

2$,1-3 /#. &.0-18 ,)&'/$+0. 2$ :.()-$+ ,)&);

<14/-. =>?; @)&A#&$#0$ /#. 1&.4$# $+0* -$'-$+$#0.2. 2$ $+0. B)-&.> C# (.

74/-. :$&)+ /#. 1&.4$# $# $+,.(. 2$ 4-1+$+3 ,.2. '15$( ')+$$ /# :.()- $#0-$ D

E =FF3 ,)&) +$ G. 21,G) .#0$+3 /#. 1&.4$# $+ /#. &.0-18 2$ '15$($+>

H.-. $( $%$&'()3 /#)+ :.()-$+ I/$ +$ $#,/$#0-.# $# (. ')+1,16# x, y +)# ()+

+14/1$#0$+3 #60$+$ I/$ xi E yi +)# (.+ ,))-2$#.2.+ 2$ /# '15$(3 &1$#0-.+ I/$ fi
$+ $( :.()- I/$ 21,G) '15$( 01$#$>
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xi yi fi

! "  

!  "

! #  

 " "

  $

 # %

$ " #

$   

&'()*+  ,$- .(/*01 2(*340)( ( 5( 6'3 4+789739/3 2'3)3 *32*3:39/(* ( '9(

07(;39,

<7231(7+: *3(501(9)+ 4=54'5+: 2*3>0+:-

xi yi fi xi·fi x2
i ·fi yi·fi y2i ·fi xi·yi·fi

! "  ! !   !

!  " ! !  $ !

! #  ! ! ? "@ !

 " "  $ " "  

  $ @ "? @ "? "?

 # % "!  ! "% $% #!

$ " # " $@ # # " 

$   @ # $ @ "?

20 40 120 41 97 76

&'()*+  ,%- &=54'5+: *3(501()+: 39 5( 7(/*01 (9/3*0+*,

&(54'5(7+: 5(: 73)0(: (*0/7A/04(:-

x̄ = 40
20 ȳ = 41

20

x̄ = 2 ȳ = 2,05

&(54'5(7+: 5(: )3:>0(40+93: /B204(:-

σ2
x = 120

20 − 22 σ2
y = 97

20 − 2,052

σ2
x = 2 σ2

y = 0,65

σx =
√
2 σy =

√
0,65

σx = 1,41 σy = 0,81

 !"#$"!%&' "! #&(!)*!+,!-
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σxy = 76
20 − 2 ∗ 2,05

σxy = −0,3

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

r = −0,3
1,41·0,81

r = −0,26

5#- &# 67, /#-/&7()#. 67,4

8(,-1# -,92'(:# ,& /#,0/(,-', 1, /#$$,&2/(3-* ,.'2 ,. (-:,$.2;

<& .,$ /,$/2-# 2 =* &2 /#$$,&2/(3- ,. 1>+(&;

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

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

?-'$, &2. '>/-(/2. @2$2 ,& @$#/,.2)(,-'# 1, ()A9,-,. 1(9('2&,. ,-/#-'$2)#.

2 &2 1,./#)@#.(/(3- ,- :2&#$,. .(-97&2$,.* 2 &2 67, &&2)2$,)#. 8BC @#$ .7.

.(9&2. ,- (-9&>.; ?.@,/D0/2),-', ,- &2 /#)@$,.(3- 1, ()A9,-,. ,. ,- 1#-1, .,

7.2 8BC* .(,-1# ,& #+E,'(:# '$2-.)('($ 7-2 ()29,- $,17/(,-1# .7 '2)2F# @,$#

2& )(.)# '(,)@# @,$1(,-1# &2 ),-#$ /2-'(121 1, (-G#$)2/(3-;

H IJ @&2-',2 7-2 1,0-(/(3- )2. G#$)2&4 1, 7-2 )2'$(K A 1, n 0&2. @#$ m

/#&7)-2.* 2 @2$'($ 1, .7. ,(9,-:2&7,. @,$',-,/(,-',. 2 &2 )2'$(K #+',-(12 1,

AT ·A @#1,)#. #+',-,$ .7. :2&#$,. .(-97&2$,. $,@$,.,-'21#. @#$ σ /2&/7&2-1#

&2 $2DK /721$212 1, &#. )(.)#.; ?.'#. ,(9,-:2&7,. .(,)@$, .,$A- @#.('(:#. @2$2

@#1,$ #+',-,$ .7 $2DK /721$212; "#$ /212 ,(9,-:2&7, ., #+'(,-, 7- :2&#$ .(-97&2$*

2 &#. 67, #$1,-2$,)#. 1, G#$)2 1,./,-1,-',* ,. 1,/($4

σ1 ≥ σ2 ≥ ··· ≥ σm

L2 )2'$(K A @7,1, .,$ ,./$('2 1, &2 G#$)24

A = U ·Σ·V T

?- 1#-1, U ,. 7-2 )2'$(K #$'#9#-2& 1, n 0&2. M n /#&7)-2.* V ,. 7-2 )2'$(K

#$'#9#-2& 1, m 0&2. M m /#&7)-2.* M Σ ,. 7-2 )2'$(K 1, n 0&2. @#$ m /#&7)-2.

/7M2 1(29#-2& ,. G#$)212 @#$ &#. :2&#$,. .(-97&2$,. 1, A M .7. #'$#. :2&#$,. .#-

0; ?N@&(/21# '#1# ,.'#* 2 &2 ,N@$,.(3- U ·Σ·V T
., &2 &&2)2 &2 1,./#)@#.(/(3- ,-

:2&#$,. .(-97&2$,. 1, A;
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 ! ! ! "#$%&'(

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

A =





1 −1
1 −1√
3 0





6-.$4(-,* -3'#/.'/+(%), '( #&(%*.3$*#( )$ '( A .,& A7 &$+,&)(-,* 83$ */

+(-"/(-,* $*#$ ,&)$%7 $' &$*3'#(), ,"#$%/), *$&9 )/:$&$%#$5

AT ·A =

[

1 1
√
3

−1 −1 0

]

·





1 −1
1 −1√
3 0





AT ·A =

[

5 −2
−2 2

]

;$ $*#( -(#&/4 ,"#$%/)(7 +('+3'(-,* *3* $/2$%1('3$*5

det

([

5 −2
−2 2

]

− λ

[

1 0
0 1

])

= 0

det

([

5 −2
−2 2

]

−
[

λ 0
0 λ

])

= 0

det

([

5− λ −2
−2 2− λ

])

= 0

(5− λ)(2− λ)− (−2· ) = 0

10− 5λ− 2λ+ λ2 − 4 = 0

λ2 − 7λ+ 6 = 0

(λ− 6)(λ− 1) = 0

λ1 = 1 λ2 = 6

<' #$%$& ',* $/2$%1('3$*7 .,)$-,* /%-$)/(#(-$%#$ ,"#$%$& ',* 1(',&$* */%23=

'(&$*5

σ =
√
λ

σ1 =
√
λ1 σ2 =

√
λ2

σ1 = 1 σ2 =
√
6

<>,&( .,)$-,* :,&-(& ( '( -(#&/4 Σ5

Σ =





√
6 0
0 1
0 0





?,%$-,* $% $*$ ,&)$% ( ',* 1(',&$* */%23'(&$* .,& ', .&$1/(-$%#$ $@.'/+(),A
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 ! !"! #$%&'('&)*+, -+ ./0

"#$# %& $&'()#'* &' +, -&.')()*'/ &' &+ 01,0,$)&'0# -& )$23&'&% -)3)0,+&% %&

45&-& &'(#'01,1 &+ 5%# -& 678/ &%4&(9.(,$&'0& &' +, (#$41&%)*' -& )$23&'&%:

6,;&$#% <5& 0#-, )$,3&' 45&-& %&1 1&41&%&'0,-, 4#1 5', $,01)= -& >,+#1&%/

4#1 +# <5& -,-, 5', )$,3&' &' &%(,+, -& 31)%&%/ 0&'&$#% <5& (,-, 4#%)()*'

-& +, $,01)= )'-)(, &+ ')>&+ -& 31)% -&+ (#11&%4#'-)&'0& 4)?&+/ &%0& ')>&+ &%02

(#$41&'-)-# &'01& @ A  BB:

C+ ,4+)(,1 678 &' &%0, $,01)=/ 4#-&$#% -&.')1 (52+ &% +, (,'0)-,- -& )'D#1E

$,()*' -& +, $,01)= <5& 4#-19,$#% #;>),1/ %)' <5& &%0& %)3').<5& +, 4&1-)-, -&

)'D#1$,()*' )$4#10,'0&/ (#$# +, ')0)-&= &' +, )$,3&' FG@H:

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

 !"!1! 0+2*&'&3*

I"C J4#1 %5% %)3+,% &' )'3+K%/ I1)'()4,+ "#$4#'&'0 C',+A%)%L &%02 &'01& +#%

$K0#-#% <5& $2% D1&(5&'0&$&'0& %& 5%,' 4,1, +, &?01,(()*' -& (,1,(0&19%0)(,%:

6& 01,0, ;2%)(,$&'0& -& 5', 01,'%D#1$,()*' +)'&,+:

65 #;M&0)># 41)'()4,+ FGNH &% 0#$,1 5' &%4,()# -& 1&41&%&'0,()*' P A 01,'%E

D#1$,1+# &' 5' '5&># &%4,()# P ′ &' &+ <5& %5% -,0#% '# &%0K' (#11&+,()#',-#%:

O, $,01)= -& (#>,1),'=, 41&%&'0& &' P ′ %&12 -),3#',+: 6& &'(#'01,12 0,$;)K'

5' '5&># (#'M5'0# -& &M&% #10#3#',+&% (5A, >,1),'=, %&12 +, $2?)$, &' ,+35',

-)1&(()*':

P)351,  :QR S#0,()*' -& &M&% 4,1, I"C: P5&'0&R FGNH:

6& %,;& <5& 31,' 4,10& -& +, )'D#1$,()*' &%02 41&%&'0& &' &+ &M& 41)'()4,+ Y1/

&%0# 4&1$)0)19, 5', %&+&(()*' -& (,1,(0&19%0)(,%

O#% '5&>#% &M&% 35,1-,' 5', 1&+,()*' (#' +#% ,'0)35#%/ <5& &% +, %)35)&'0&R

Y1 = W11X1 +W12X2

Y2 = W21X1 +W22X2
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"#$ %&'(#$ ')'$ $' '%*&'%+,-% &%# - *#%+.%&-*./% 0' #+,#1 '2 3,.4',#1 Y11

'$ '2 5&' ,'3,'$'%+- 2- 4-6#, (-,.-%7- '%+,' +#0#$ 2#$ %&'(#$ ')'$ 3#$.82'$1 6

'2 $'9&%0#1 Y21 '$ 3',3'%0.*&2-, -2 3,.4',#: ;$+#$ ')'$ $#% #,+#9#%-2'$ '%+,'

$< 6 0'=%'% - P ′1 6 +#0#$ 2#$ 0-+#$ '% P ′ '$+>% %# *#,,'2-*.#%-0#$: ;2 3,.4',

#8)'+.(# 3-,- '%*#%+,-, P ′ $',> 0'=%., - Wij :

?-,- '43'7-, *#% '2 -%>2.$.$ 0' ?@A1 $&3#%9-4#$ 5&' +'%'4#$ &%- 4-+,.7 X

0' N *#2&4%-$ - 2-$ 5&' 22-4-,'4#$ ('*+#,'$ 6 0' M =2-$ 2-$ 5&' ,'3,'$'%+-,>%

-2 +-4-B# 0' *-0- ('*+#,C

D.9&,-  :EC F'=%.*./% 0' &%- 4-+,.7:

"- 3,#6'**./% 0'2 ('*+#, xj $#8,' &% ('*+#, u $' 2- *-2*&2- *#%C

pj =
−→u T ·−→x j

pj =
∑M

i=1 ui·xij

"# 5&' ,'5&',.4#$ '$ #8+'%', &%- G&%*./% 3-,- 3#0', 4-H.4.7-,2-C

JPCA(~u) = σ2(pj)

JPCA(~u) = 1
N

N
∑

j=1

(pj − p)2

JPCA(~u) = ~uTC~u

;% 0#%0' & '$ &% ('*+#, &%.+-,.#1 6 @ '$ 2- 4-+,.7 0' *#(-,.-%7-$ 0' 2-

4-+,.7 I *#% 2-$ 5&' #,.9.%-24'%+' '$+-4#$ +,-8-)-%0#:

J.'%0# u &% ('*+#, %#,4-21 2# 5&' $' 0'$'- '%*#%+,-, '$ 2- 0.,'**./% u1 2-

4.$4- 5&' 3',4.+' 4-H.4.7-, 2- (-,.-%7- 0' 2-$ 3,#6'**.#%'$ 0' *-0- ('*+#, xj

$#8,' 2- 0.,'**./%:

;% 2- G&%*./% #8+'%.0-1 3-,- *#%+.%&-, *#% 2- 4-H.4.7-*./% 3,#*'0'4#$

- &$-, 2#$ 4&2+.32.*-0#,'$ 0' "-9,-%9': AK#,- *-2*&2-,'4#$ 2#$ '.9'%(-2&'$ 6

'.9'%('*+#,$ 0' 2- 4-+,.7 0' *#(-,.-%7-$ @1 2#$ 5&' 3,'$'%+-% 2- $#2&*./% -2

3,#82'4- 0' 4-H.4.7-*./%:

A5&< %'*'$.+-4#$ 0.-9#%-2.7-, 2- 4-+,.7 @1 3-,- '$+# &$-4#$ 2- +L*%.*- JMF1

5&' (.4#$ -%+',.#,4'%+'1 -32.*-4#$ JMF - 2- 4-+,.7 0' *#(-,.-%7- @C
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C = UΛUT

"# $%#$& ' &()* +%,-.&()* -%/ 0%( "12&#3&+)%/&( u1, u2, ···, uN +%,% +%0.,4

#*(5 6 0* ,*)/17 $1*2%#*0 Λ 8%/,*$* -%/ 0%( &12&#3*0.&( λ1, λ2, ···, λN 9

:*/* +0*(1;+*/0%(5 (& )%,* * 0%( &12&#3*0.&( 6 (& 0%( %/$&#* $&+/&+1&#)&,&#)&<

λ1 ≥ λ2 ≥ ··· ≥ λN

=%2/*#$% >.& 0* ,*6%/ 3*/1*?101$*$ $& 0*( &#)/*$*( >.&$& +%#)&#1$* &# 0%(

-/1,&/%( &12&#3&+)%/(9 @ &()& +%#A.#)% $& &12&#3&+)%/( (& 0%( 00*,* B&+)%/&(

:/1#+1-*0&(9

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

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

56' +7+4%&#$'0 '*$!.7 &5+%*&5$!"$ 4'&.& $! $% #$)7!7)*5*$!"7 .$ #7'"#7'8 1&#&

$'"& +#6)"*)&0 '$ #$&%*9&#6 $% #$)7!7)*5*$!"7 :&'&.7 $! %& &+&#*$!)*&8

;*<4#& =8>? 123 "*$!$ &%"7 +7"$!)*&% $! %& .$"$))*-! .$ #7'"#7'8 ;4$!"$? @*A*B

+$.*&0 3.#*&!& C*5&8

3% &+%*)&# "()!*)&' & *56<$!$'0 :6'*)&5$!"$ $'"&57' "#&:&D&!.7 )7! E$)"7#$'

:*.*5$!'*7!&%$' .$ .&"7'0 '*$!.7 $% E&%7# .$ )&.& +*,$% .$ %& *5&<$! $% E&%7# .$

'4 )7##$'+7!.*$!"$ +7'*)*-! $! $% E$)"7#8 F!& *5&<$! "*$!$ f G%&' H c )7%45B

!&'0 )#$&!.7 4! $'+&)*7 .$ 5B.*5$!'*7!$'0 "$!*$!.7 I4$ m = f ·c8 J&.7 $'"$
)&'70 %& *5&<$! '$ )7!E*$#"$ $! 4! E$)"7# .$ &%"& .*5$!'*-! #$I4*#*$!.7 4! &%"7

$'K4$#97 +&#& '4 +#7)$'&5*$!"78  ! %4<&# .$ "#&:&D&# )7! $% E$)"7# )75+%$"70

+7.$57' 4'&# 4! )%&'*G)&.7#0 $% 56' #$)75$!.&:%$ $! $'"$ )&'7 $% .$ $% E$)*!7

56' )$#)&!78

1#7)$.*$!.7 )7! $% $D$5+%70 "$!$57' 4! #7'"#7 H I4$#$57' '&:$# & )46% '$

+&#$)$ 56' .$ 4! <#4+7 .$ n #7'"#7' I4$ +#$E*&5$!"$ '$ L&! $'"&:%$)*.7?
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"#$%&'  ()*+ ,- -./&- %. 0-/ 1- &20/&203 0- 1-0-' 1-04%5&#& ' 4%67 0- '0-8-9'

860 %. .%-:2 &20/&2( "%-./-+ ;)<=(

>2. ?>@ 72 A%- B'4-820 -0 25/-.-& 7'0 4'&'4/-&C0/#4'0 D&#.4#D'7-0 1-7 1'/2

1- -./&'1'3 -. -0/- 4'02 7' #8'$-.3 E 8-1#'./- 7' /F4.#4' 1-7 :-4#.2 860 4-&4'.2

D21&-820 &-42.24-& ' A%#F. D-&/-.-4- -0- &20/&2+

"#$%&'  ())+ G-1#'./- 7' /F4.#4' 1- 720 HI:-4#.20 D21-820 '$&%D'& ' 720 &20/&20

D-&/-.-4#-./-0 ' %.' D-&02.'3 E 4%'.12 .-4-0#/-820 428D&25'& %. .%-:2 &20/&23

72 %5#4'820 -. -7 D7'.2 E :-820 4%67 -0 -7 $&%D2 860 4-&4'.2 "%-./-+ ;)<=(
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 !"! #$%&'('( )* +,-.,$*$/*( 0$)*.*$)'*$/*(

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

"# $%&'# (&) #'* +,-'* ,./0$/'* )*,&1$'1'* )0 )*,' $02)*,$%'/$304 )# '05#$*$* 1)

/+67+0)0,)* $01)7)01$)0,)* 89:" 7+- *&* *$%#'* )0 $0%#.*; 7+*)) &0 %-'0 /'67+

1) '7#$/'/$304 7+- /$,'- '#%&0+* 1) )##+*<

=)1&//$30 1) 1$6)0*$+0'#$1'1 >??@A

B)7'-'/$30 1) *)C'#)* >D@ >E@A

"05#$*$* 1) $65%)0)* 6.1$/'* > !@A

=)/+0+/$6$)0,+ 1) 7',-+0)* F )G,-'//$30 1) /'-'/,)-H*,$/'* >?E@ >?I@A

J0' 1) #'* -'6'* 65* '67#$'6)0,) $02)*,$%'1'*4 F 7-)/$*'6)0,) #' (&) 65* 0+*

7&)1) $0,)-)*'- )* #' '7#$/'/$30 1) 9:" )0 )# ,-','6$)0,+ 1) $65%)0)*A 9:" )*,5

'#,'6)0,) -)#'/$+0'1+ /+0 #' ,./0$/' ##'6'1' KB)7'-'/$30 :$)%' 1) L&)0,)*M +

NBB 7+- *&* *$%#'* )0 $0%#.*4 #' /&'# )G7#$/'-)6+* )0 #' *$%&$)0,) *)//$30A

 !"! ! +%,-.-)(*' )(%/- 0% 12%'3%4

J0 )O)67#+ /#5*$/+ 7'-' #' )G7#$/'/$30 1) #' NBB )* )# K:+/P,'$# Q'-,FM >R@4

)0 1+01) *) /&)0,' /+0 2'-$'* 7)-*+0'* S'T#'01+ )0 &0' S'T$,'/$304 '# 6$*6+

,$)67+ (&) )G$*,)0 2'-$+* *)0*+-)* (&) /'7,'-50 #'* 2+/)* 1) )*,'* 7)-*+0'*A

U'* *)C'#)* /'7,'1'* 7+- )*,+* *)0*+-)* *) /+0*$1)-'0 #' 6)V/#' )0,-) #'* *)C'#)*

+-$%$0'#)* + L&)0,)*4 F )# -&$1+ 'O)0+ ' )*,'* L&)0,)*A W'6+* ' 1)0+,'- ' #' *)C'#

/'7,'1' 7+- &0 *)0*+- /+0 #' #),-' x4 7'-' 0&)*,-+ )O)67#+ *&7+01-)6+* (&)

,)0)6+* E *)0*+-)*4 7+- #+ ,'0,+4 #'* *)C'#)* *)-$'0 x1(t), x2(t) F x3(t)4 6$)0,-'*

(&) /'1' *)C'# +-$%$0'# )* -)7-)*)0,'1' /+0 #' #),-' s, 7+- #+ ,'0,+ ,)0)6+*

s1(t), s2(t) F s3(t)A X)0$)01+ #' '0,)-$+-4 7+1)6+* L+-6'- )# *$%&$)0,) *$*,)6'<

x1(t) = a11s1(t) + a12s2(t) + a13s3(t)

x2(t) = a21s1(t) + a22s2(t) + a23s3(t)

x3(t) = a31s1(t) + a32s2(t) + a33s3(t)

Y 1) L+-6' 65* %)0)-'#<

x = A·s

Z0 1+01) /'1' /+)[/$)0,) ai j7)-,)0)/) ' #' 6',-$V A4 (&) ' *& 2)V )* /+0*$1)\

-'1' /+6+ #' 6',-$V 1) 6)V/#'4 )0 +,-'* 7'#'T-'*4 *+0 #+* 2'#+-)* (&) -)7-)*)0,'0

' ,+1+ )# -&$1+ (&) 6)V/#'1+ /+0 #' *)C'# +-$%$0'# 1'0 /+6+ -)*&#,'1+ #' *'#$1'

xi /'7,'1' 7+- #+* *)0*+-)*A

]) ,+1'* #'* 2'-$'T#)* 6)0/$+0'1'*4 #+ ^0$/+ (&) /+0+/)6+* *+0 #'* *)C'#)*

)0,-)%'1'* 7+- #+* *)0*+-)*4 0+ *'T)6+* /&5#)* *+0 #'* L&)0,)* 0$ 6&/S+ 6)0+*
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"#$ %&"#'($ )( *(+,"&- (" #./(01%# ($ (" )( (2,#20'&' "&$ $(3&"($ #'1412&"($- )( &567

(" 2#*.'( 891(4&:- )(.1)# & 56( ($ *6; <#,# "# 56( ,#2#,(*#$ <&'& <'#,()('

,#2 (" ,=",6"#>

9#20126&2)# ,#2 (" <'#,()1*1(20# <&'& ?@@- $(4A2 BCD- "& *&0'1+ E ($0=

,#*<6($0& <#' ,#(F,1(20($ 56( "& G&,(2 12%('01."(> 9#2 ($0# ,'(&*#$ 62& *&0'1+

W 56( ($ "& 12%('$& )( A ; ($0& ,#*<6($0& <#' ,#(F,1(20($ wi j - ($0& *&0'1+ 2#$

<('*101'= $(<&'&' & "&$ $(3&"($ si(t) )( "& $1461(20( *&2('&H

s1(t) = w11x1(t) + w12x2(t) + w13x3(t)

s2(t) = w21s1(t) + w22x2(t) + w23x3(t)

s3(t) = w31x1(t) + w32x2(t) + w33x3(t)

I(<'($(20&."( 0&*.1J2 )( "& K#'*&H

s = W · x

L$0& '(<'($(20&,1M2 ($ $1*1"&' & "& 56( 0(27&*#$ (2 62 121,1#> E ,&)& $(N

3&" xi(t)- t = 1, 2, · · · , T $( ,#2$1)('& ,#*# 62& %&'1&."( &"(&0#'1& xi- (" %&"#'

)( ($0& %&'1&."( ($0= )&)# <#' "& &*<"106) )( $6 ,#''($<#2)1(20( $(3&" (2 62

)(0('*12&)# *#*(20#>

?=$1,&*(20( (" *#)("# 56( $( $146( (2 "& ?@@ ($ (" $1461(20(H

O146'&  >P H Q'#,($# 56( $146(2 "&$ K6(20($- (*<(+&2)# ,#2 $6 #.0(2,1M2- &"N

0('=2)#$( ,#2 "& *&0'1+ )( *(+,"&- (" <'#,($# )( #.$('%&,1M2- (" <'#,($# <&'&

$(<&'&,1M2 ; 62& #.0(2,1M2 ($01*&)& )( "#$ #'74(2($> O6(20(H BCD>

L" #./(01%# ($ #.0(2(' & "#$ ,#(F,1(20($ )( "& *&0'1+ W - "& *1$*& 56( 2#$

<('*101'= #.0(2(' 62& &<'#R1*&,1M2 .&$0&20( ,(',&2& )( "&$ $(3&"($ #'1412&"($>

S& $#"6,1M2 & ($0( <'#."(*& ($ $1*<"(*(20( <"&20(&'2#$ (" ($,(2&'1# (2 (" 56( ($N

01*&*#$ 56( (R1$0( 12)(<(2)(2,1& ($0&)7$01,& (20'( "&$ $(3&"($ )( #'14(2> @( $&.(

56( $1 "&$ $(3&"($ $#2 2# T&6$$1&2&$- 2#$ .&$0&'= <&'& #.0(2(' "#$ ,#(F,1(20($

wi j - <"&20(&2)#H

y1(t) = w11s1(t) + w12s2(t) + w13s3(t)

y2(t) = w21s1(t) + w22s2(t) + w23s3(t)
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y3(t) = w31s1(t) + w32s2(t) + w33s3(t)

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

y = W · x

,%- *#$ %) y1(t), y2(t) . y(t) %'/ )/0$1$/0)$/2$% $/23$ %- $/2'/4$% %'/ )5#6&$% 6

&6% %$76&$% 0$ '3)5$/ s1(t), s2(t) . s3(t)8 9'/ $%26 )/:'3(64);/ 1'0$('% '<2$/$3

6 &6 (623)= W > . 1'%2$3)'3($/2$ 1'03$('% $%2)(63 6 &6% %$76&$% '3)5)/6&$%>

4#(1&)$/0' $& '<?$2)@' 0$ ABB8

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

9606 #/6 0$ &6% 2C4/)46% 1&6/2$606% $/ &6 %$44);/ 6/2$3)'3 2)$/$/ :'326&$=6

$/ 4)$32'% 46(1'%> . 0$<)&)060$% $/ '23'%8

DE)%2$ #/6 536/ 46/2)060 0$ )(1&$($/264)'/$% 0$ &6% 2C4/)46% 6/2$% ($/F

4)'/606%> 4606 #/6 0$G$/0$ $& #%' 0$ &6% ()%(6%> 1'3 &' *#$ 6 4'/2)/#64);/

$E1'/$('% %#% :#/4)'/$% $%1$4-G46%+

BHI+

• J6/2' $/ BHI 4'(' $/ K9,> &6 (623)= 0$ $/23606 $% #/6 )(65$/

L MN8

K9,+

• I)%()/#)3 $& 36/5' 0$ $33'3 $/ &'% 062'% 4'(13)()0'% L N8

• D&)()/6 &'% 062'% *#$ 3$%#&26/ 3$0#/06/2$% LON8

• J36<6?6 %'&6($/2$ 4'/ 062'% $%260-%2)4'% 0$ 13)($3 . %$5#/0' '30$/

LON8

• A#%46 13'.$4263 &'% 062'% $/ #/ /#$@' %)%2$(6 0$ $?$%> 4'/ $& G/ 0$

*#$ &'% 4'(1'/$/2$% 13$%$/2$% $/ $& /#$@' %)%2$(6 /' $%2C/ 4'33$&6F

4)'/60'% LON8

P9,

• I)%()/#.$ &6 0$1$/0$/4)6 $%260-%2)46 $/23$ &'% @$42'3$% 0$ $/23606

L N8

• Q%6 6 K9, $/ #/6 $2616 0$ 13$13'4$%6()$/2' L N8

• D& 13'4$%6()$/2' 1636 P9, $% (#4R' (S% $E)5$/2$ *#$ &6% '236%  

2C4/)46% L N8
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• N.-#',/?. B <,/%.". 0,/ $%&'#(#) "# O,%.4

• N.-#',/?. L <,/%.". 0,/ $%&'#(#) "# 3+)#)4

• N.-#',/?.  <,/%.". 0,/ $%&'#(#) "# "$(,).+/$,)4

• N.-#',/?. P <,/%.". 0,/ $%&'#(#) "# #1#<.(-#)4

• N.-#',/?. M <,/%.". 0,/ $%&'#(#) "# Q,/#)4

• N.-#',/?. R <,/%.". 0,/ $%&'#(#) "# 2.3.11,)4

• N.-#',/?. H <,/%.". 0,/ $%&'#(#) "# %,(-.S.)4



 !"#$%&' () !*+&,-,- . /,-01' /0& "2'$'$,"'  !

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

6/&7(# 859: ;3&71#2 /,0&%1%2 %<$(#)-#2 -% 3# =#2% -% -#$'2 "'(%35

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

></2$% 71# &(#1 4#1$/-#- -% ?%((#,/%1$#2 @7% +#4/3/$#1 %1 &(#1 ,%-/-# %3

.('4%2#,/%1$' -% /,0&%1%25

 ! !"! #$%&'(

A1# .'-%('2# ?%((#,/%1$# 2/1 -7-# %2 B.%1 "',.7$%( C/2/'1D ,02 4'1'E

4/-# 4',' B.%1"CD @7% %2 71# 3/=(%()# -/2.'1/=3% .#(# F#(/'2 3%1&7#G%2 -%

.('&(#,#4/H1D 4',' "IID J?K$'1D ;1-('/-D %$45 >3 ,#1%G' -% %2$# ?%((#,/%1E

$# %2 2%14/33' K# @7% $(#% 4'12/&' 71# &(#1 4#1$/-#- -% /,.3%,%1$#4/'1%2 -%

#3&'(/$,'2 .#(# %3 $(#$#,/%1$' -% /,0&%1%25

 ! !)! *+,-%.,-/01

L,#&%M#&/4N %2 71# 4',./3#4/H1 -% ?%((#,/%1$#2 .#(# (%#3/O#( .('4%2#,/%1E

$' -% /,0&%1%2D %2$#2 ?%((#,/%1$#2 .'( 3' &%1%(#3 2'1 ,#1%G#-#2 -%2-% 3)1%# -%



 !"#$%&' () !*+&,-,- . /,-01' /0& "2'$'$,"'  !

"#$%&' ()*+ ,-./&0'1 2/ ,3'$/4'$#56)

573'-2789 8#/-27 3%5:7 3;8 &/573/-2'<=/ 3'-/>'&=/ 2/82/ ':?9 '%-@%/ ,3'A

$/4'$#56 .&'/ 57-8#$7 %-' #-./&0'1 B'&' =78 B&75/878)

 ! ! ! "#$%#&

C#- 2%2'9 4'.='<9 8/&; /= B#='& 0%-2'3/-.'= 2/ /8.' ./8#89 D :' 8#27 /857$#27

B7& 87<&/ 7.&'8 :/&&'3#/-.'8 2/<#27 ' =' $&'- 5'-.#2'2 2/ #3B=/3/-.'5#7-/8

@%/ .#/-/ B'&' /= ./3' 2/ /8.' #-E/8.#$'5#F-)

G'&' /= '-;=#8#8 2/ 573B7-/-./8 #-2/B/-2#/-./89 /H#8./- %-' 8/&#/ 2/ B'@%/./8

@%/ 0'5#=#.'&;- /= 5;=5%=7 2/ =78 573B7-/-./8 #-2/B/-2#/-./8 2/ 5'2' #3'$/-9

'=$%-78 2/ =78 %8'278 87-+

"'8.,IJ K:..B+LL&/8/'&5:)#58)''=.7)ML#5'L0'8.#5'LN)



 !"#$%&' () !*+&,-,- . /,-01' /0& "2'$'$,"'  !

"#$%&' !()* +',-'..' /&#,0#/'. 12 "'3-456

456768 9:--/*;;<<<(=3/(=&'#,(&#>2,($?(@/;456768;A(

"#$%&' !(BC* +',-'..' /&#,0#/'. 12 456768

D. %3? 12 23-'3 E :2&&'F#2,-'3 32&G 2H/.#0'1? 2, .' 3200#I, 12 ',2H?3(



 !"#$%&' () !*+&,-,- . /,-01' /0& "2'$'$,"'   

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

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

( )' +#"'2$3 )'2'#4 $&#$5'-$# "%$ -'#/' )' +$-(- ( ,(%5'#-/(%'-6

7$ 0$8(#9$ )' /041'%'- ."' -'#4% "-$)$-3 '-&4% '% '* '-+$,/( )' ,(*(# :;<

*( ."' #'+#'-'%&$ "%$ 0$8(# ,$%&/)$) )' )/0'%-/(%'-6 =$#$ %"'-&#( $%4*/-/-3 #'>

."'#/0(- ."' *$- /041'%'- '-&?% '% '-,$*$ )' 1#/-'-3 ,"$*."/'# ')/&(# )' /041'%'-

+"')' #'$*/@$# '-&$ ,(%5'#-/A%3 +'#( $* &#$&$#-' ,(%B"%&(- 1#$%)'- )' /041'%'-

."' 2(#)'$% *$- CDDD "%/)$)'-3 "% +#(,'-$0/'%&( )' ,/'#&$ E(#0$ F0$%"$*G ,(%

'-&(- ')/&(#'- -'#9$ 0"8 +(,( 'H,/'%&'6 I."9 '- '% )(%)' '%&#$ "%$ J'##$0/'%&$

+#'5/$0'%&' 'K+"'-&$3 L0$1'M$1/,N3 *$ 0/-0$ ."' +'#0/&' +#(,'-$# )/#',&(>

#/(- '%&'#(- )' /041'%'-6 =#(,')'#'0(- $ $%$*/@$# *(- &/'0+(- (2&'%/)(- ,(%

)/E'#'%&'- ,$%&/)$)'- )' /041'%'-O

L041'%'- P/'0+(

CDD C6QR-

SDD  6TR-

CDDD T6 U-

V"$)#( R6CO I%4*/-/- )' &/'0+(- ."' &(0$ $ L0$1'M$1/,N ,(%5'#&/# "% -'& )'

/041'%'-3 )' E(#0$&( ==M $ W=; '% '-,$*$ )' 1#/-'-6

7$ -/1"/'%&' +#"'2$ ."' #'$*/@$#'0(- -'#4 *$ 'K&#$,,/A% )' LV- )' )'&'#0/>

%$)( %X0'#( )' /041'%'- "-$%)( '* +$."'&' Y$-&LVI6 V$2' /%)/,$# ."' %( -'

#'$*/@$ %/%1"%$ #')",,/A% )' )/0'%-/(%$*/)$) '% *$- /041'%'- +(# *( ."' '* +#(>

,'-( +"')' &(#%$#-' 2$-&$%&' )'0(#$)( +$#$ ,$)$ /0$1'%3 *$- /041'%'- "-$)$-

J$% -/)( &(0$)$- )' V(#'* 8 *(- #'-"*&$)(- (2&'%/)(- -(%O

L041'%'- P/'0+(

C R6ZS-

CD C03 [6TDR-

SD  03 RU6[R-

V"$)#( R6[O P/'0+( ."' &$#)$ 'K&#$'# *(- LV- )' "% )'&'#0/%$)( %X0'#( )'

/041'%'- "-$%)( Y$-&LVI6

7(- #'-"*&$)(- (2&'%/)(- )'+'%)'% '% 1#$% 0')/)$ )'* +()'# ,(0+"&$,/(%$*3

+$#$ '-&$- +#"'2$- -' "-A "% ,(0+"&$)(# ,(% +#(,'-$)(# V(#' LS )' R6[D ;\@3

,(%  ;< '% :IM3 ,(##/'%)( "% -/-&'0$ (+'#$&/5( ]/%)(^- Q =#( )' R[ 2/&-6



 !"#$%&' (

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

",*"-%."'/+#%&' 0 +'1)%2%2 ("

-"2$)/+(32

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

 !"#$ ! %&#'()(& ! )(*!++!& '!)! (,%(&-"(.*# /0( $( (,%+-'1 (. +! $(''-1.

2 )(+ '!%3*0+# !.*(&-#&4

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

5$*( %&-"(& (,%(&-"(.*# ($ $(.'-++# )( -"%+("(.*!&4 6$! (. $0 *#*!+-)!)

-"78(.($ %(&*(.('-(.*($ ! 9#&(+4

:!&*-"#$ )( '&(!& +#$ $(*$ )( (.*&(.!"-(.*# ; )( %&0(<! )( '!)! '!*(8#&3!=

%!&! ($*# *#"!"#$ 0. >?@ ; 0. A?@ &($%('*-B!"(.*(= -.-'-!+"(.*( +!$ -"78(.($

($*!<!. !8&0%!)!$ (. )-&('*#&-#$ %#& '!)! '!*(8#&3!= !C#&! $#+!"(.*( *(.("#$

0. )-&('*#&-# %!&! +!$ -"78(.($ )( (.*&(.!"-(.*# ; 0.# %!&! +!$ -"78(.($ )(

%&0(<!= '#.*(.-(.)# ($*!$ >?? ; A?? -"78(.($ &($%('*-B!"(.*(4

5. 9#&(+ (.'#.*&!"#$ $#+!"(.*( -"78(.($ )( D *!"!E#$= +!$ B(&*-'!+($ $#.

)( 384x254 %-,(+($ ; +!$ C#&-F#.*!+($ $#. !+ '#.*&!&-#= )( 254x384= %!&! ($*(
(,%(&-"(.*# *&!<!G!&("#$ '#. -"78(.($ C#&-F#.*!+($= ($ )('-&= -"78(.($ (. +!$

/0( (+ .H"(&# )( '#+0".!$ $(! "!;#& !+ )( +!$ I+!$= %#& +# *!.*# $- (.'#.*&!"#$

0.! -"!8(. B(&*-'!+= "()-!.*( *&!.$%0($*! +! '#.B(&*-"#$ (. C#&-F#.*!+= '#"#

+! I80&! J424

JK



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

"#$%&'  ()* +&',-./&0'1#2, 34 %,' #0'$4, 54&6#1'7 4, %,' 8/&#9/,6'7 043#',64

6&',-:%4-6'(

;43#',64 47 %-/ 347 :'<%464 "'-6=>? 4@:7#1'3/ ',64&#/&04,64A 34 1'3' #0'B

$4, -4 4@6&'4, -%- 1/0:/,4,64- #,34:4,3#4,64-( C0:49'0/- 4@6&'D4,3/ 34 7'-

EFF #0G$4,4- 34 4,6&4,'0#4,6/ 4, 7'- 1%'74- ':7#1'0/- %,' &43%11#2, 34 3#B

04,-#/,4-

 

A %-',3/ -/7'04,64 HI 3#04,-#/,4- 4, 1'3' #0'$4,A 4-6/ #,64&J4&4

3#&416'04,64 4, 6#40:/ <%4 6/0' 7' 4@6&'11#2, 34 7/- =>- :/& 1'3' #0'$4,A

&43%1#K,3/7/ ,/6'L7404,64(

M'-6' 4-64 :%,6/ 64,40/- 1'3' #0'$4, 6&',-./&0'3' ' %,' 0'6&#9 34 256x75A
7/ <%4 <%#4&4 341#& <%4 64,40/- NI! 3#04,-#/,4-A 1'3' %,' 34 HI 0%4-6&'-A 4-B

6/- -/, 7/- =>- 34 7' #0'$4, 6&'L'O'3'P Q'&' :&/-4$%#& 1/, 7' 4@:4&#04,6'1#2,A

64,40/- <%4 1/,54&6#& 3#18' 0'6&#9 4, %,' 5416/&A 4- 341#&A ./&0'& %,' -/7'

1/7%0,' <%4 1/,64,$' 6/3/- 7/- 5'7/&4- :&4-4,64- 4, 7' 0'6&#9A '<%R %-'0/- 7/

5#-6/ 4, 7' J$%&' E(N :'&' ./&0'& 4-64 5416/&( ?<%R J,'7#9'0/- 47 6&'6'0#4,6/ '

7'- #0G$4,4- 34 4,6&4,'0#4,6/A -#4,3/ 1'3' %,/ 34 4-6/- 5416/&4- 7' &4:&4-4,6'B

1#2, 34 1'3' #0'$4, <%4 ./&0' 47 -46 34 4,6&4,'0#4,6/A 1/, 7/ <%4 64,3&R'0/-

EFF 5416/&4-(

?8/&'A 1/, 7'- #0G$4,4- 34 :&%4L'A &4'7#9'0/- 47 0#-0/ :&/14-/A 34-:%K-

347 1%'7 64,3&R'0/- HFF 5416/&4- :'&' 1/0:/,4& '7 -46 34 :&%4L'-(

C7 :'-/ J,'7 4- 47 4@6&'4& 7' 0R,#0' 3#-6',1#' C%17#34' 4,6&4 1'3' %,/ 34

7/- HFF 5416/&4- 34 :&%4L' D 1'3' %,/ 34 7/- EFF 5416/&4- 34 4,6&4,'0#4,6/(

Q'&' 043#& 7/- '1#4&6/- D 4&&/&4- 34 4-64 4@:4&#04,6/ 6/0'0/- 4, 1%4,6' 7'-

-#$%#4,64- 1/,-#34&'1#/,4-*

C, 47 -46 34 4,6&4,'0#4,6/A 7/- 5416/&4- 1/0:&4,3#3/- 4,6&4 47 ) D 47 EF

&4:&4-4,6', ' 7' 1'64$/&R' )A 4,6&4 47 E) D 47 !F ' 7' 1'64$/&R' NA -#$%#4,3/

4-6' 34J,#1#2,A -'L&40/- <%4 7/- 5416/&4- 4,6&4 47 NH) D EFF -4&G, 7/-

1/&&4-:/,3#4,64- ' 7' 1'64$/&R' )F(

C, 47 -46 34 :&%4L'-A 7/- 5416/&4- 1/0:&4,3#3/- 4,6&4 47 ) D 47 HF &4:&4B

-4,6', ' 7' 1'64$/&R' )A 4,6&4 47 H) D 47 ) F ' 7' 1'64$/&R' NA -#$%#4,3/

 

 !" #$%&''()* %$ %(+$*,(-*$, ,$ !$ %$%('"#. &* "/"#0"%- $* !" ,$''()* %$ "*$1-,



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

"#$% &"'()*)+(, #%-."/0# 12" 30# 4"*$0."# "($." "3 567 8 !99 #".:( 30#

*0.."#;0(&)"($"# % 3% *%$"<0.=% 79>

?%#:(&0(0# "( 30 %($".)0., ;0&"/0# 2#%. *0/0 "@"/;30# 30# #)<2)"($"# *%#0#

;%.% "A;3)*%. 12B #".: *0(#)&".%&0 2( %*)".$0 8 12" 2( "..0.C

D3 *0/;%.%. "3 4"*$0. 79 &"3 #"$ &" ;.2"-%# *0($.% $0&0# 30# 4"*$0."# &"

"($."(%/)"($0, 3% /=()/% &)#$%(*)% E2*3)&"% 0-$"()&% "# *0( "3 4"*$0. FG,

"($0(*"# "# 2( %*)".$0, 8% 12" "3 4"*$0. 79 &"3 #"$ &" ;.2"-%# #" "(*2"($.%

"($." 7 8 !9, *0.."#;0(&)"($"# % 3% *%$"<0.=% 7, 30 /)#/0 ;%.% "3 4"*$0. FG,

12" "#$: "($." 7 8 69, #)"(&0 30# 12" .";."#"($%( % 3% *%$"<0.=% 7>

D3 *0/;%.%. "3 4"*$0. 77 &"3 #"$ &" ;.2"-%# H*%$"<0.=% 7I *0( "3 #"$ &"

"($."(%/)"($0, 8 #" 0-$)"(" 3% /=()/% &)#$%(*)% E2*3)&"% *0( "3 4"*$0. 67

H*%$"<0.=% FI, 30 12" "# 2( "..0.>

J0# ."#23$%&0# &" "#$" "A;".)/"($0 #0( %;.0A)/%&%/"($" &"3 69K &" %*)".$0#,

."#23$%(&0 /28 ;0. &"-%@0 &" 30 "#;".%&0, L%8 4%.)0# ;%.:/"$.0# 12" M2".0(

*0('<2.%&0# &" &)#$)($%# /%(".%# ;%.% $.%$%. &" *0(#"<2). /"@0."# ."#23$%&0#,

;".0 3% ;."*)#)+( (0 /"@0.+> D3 ."4)#%. 30# 4%30."# *0($"()&0# ;0. 3% /%$.)N &"

OP# &" *%&% )/%<"(, "(*0($.%/0# 12" F /%$.)*"# &" OP# 0-$"()&%# &" )/:<"Q

("# &" 3% /)#/% *%$"<0.=% $"(=%( 4%30."# $0$%3/"($" &)#$)($0#, (%&% ;%."*)&0#

"($." #=, ;0. 30 $%($0, %3 0-$"(". 3% &)#$%(*)% E2*3)&"% "($." 30# 4"*$0."# 12"

.";."#"($%( % 3%# )/:<"("#, $"(&.=%/0# *0/0 ."#23$%&0 4%30."# -%#$%($" %3$0#,

"# &"*). 12" F )/:<"("# &" 3% /)#/% *%$"<0.=% "#$%.=%( -%#$%($" 3"@%(%# #"<R(

"#$" "A;".)/"($0> S0. 30 $%($0, 3% *0(*32#)+( "# &"#*%.$%. "#$" "A;".)/"($0 8%

12" 30# OP# &" F )/:<"("# &" 2(% /)#/% *%$"<0.=% (0 $)"("( ."3%*)+( %3<2(%>

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

S%.% "#$" "A;".)/"($0 2#%/0# F -%#"# &" &%$0# &" )/:<"("#, 3% &" $"A$2.%#

33%/%&% ?.0&%$N, 8 3% 2$)3)N%&% "( "3 "A;".)/"($0 %($".)0., P0."3>

?:#)*%/"($" "3 0-@"$)40 &" "#$" "A;".)/"($0 "# &"$"./)(%. 12B $"A$2.%# "A)#Q

$"( "( 2(% )/%<"(, "( "#$" *%#0, 2(% )/%<"( &" 3% -%#" &" &%$0# P0."3, 8 "(

-%#" % "#$0 &"$"./)(%. % 12B *%$"<0.=% .";."#"($% &)*L% )/%<"(> S0. "@"/;30,

#) "(*0($.%/0# 12" "( 2(% )/%<"(, 4%.)%# #"**)0("# &" 3% /)#/% *0)(*)&"( *0(

%."(%, "($0(*"# ;0&"/0# #2;0(". 12" 3% )/%<"( ;".$"("*" % 3% *%$"<0.=% &"

)/:<"("# &" ;3%8%>

E/;"N%/0# ;0. &"$"./)(%. 2( (2/".0 &" )/:<"("# &" $"A$2.%# 12" (0#

#".4).:( ;%.% 33"(%. %3 #"$ &" "($."(%/)"($0, "( "#$" *%#0 #"3"**)0(%/0# 79 "(

$0$%3, .";."#"($%&%# "( 3% '<2.%  >F>



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

"#$%&'  ()* +,'$-. /- 0-10%&'2 %2'/'2 -. -20- -13-&#,-.04(

564&'7 ,-/#'.0- "'20+85 -10&'-,42 942 :4,34.-.0-2 /- :'/' #,'$-.7 :';-

&-:'9:'& <%- -.0&- -9 3&4:-/#,#-.04 /- -10&'::#=. /- +827 -20' %.' -0'3' -. 9'

<%- ,-/#'.0- >85 2- &-/%:-. /#,-.2#4.-27 3'&' -20- -13-&#,-.04 &-/%:#,42 '

 ?( 59 @.'9#A'& 9' '39#:':#=. /- "'20+857 :4,4 &-2%90'/4 0-./&-,42 %.' ,'0&#A

/- B ?1 ?7 94 <%- C#-.- ' 2-&  ? /#,-.2#4.-2 :4. B ? ,%-20&'2 :'/' %.'( D-

:'/' /#,-.2#=. .42 <%-/',42 249',-.0- :4. B ,%-20&'27 -204 /-;#/4 ' <%- ,E2

'/-9'.0- 0-./&-,42 <%- 4;0-.-& -9 3&4/%:04 3%.04 -.0&- :'/' /#,-.2#=. F %.

C-:04& /- 0','G4 B 7 34& 94 <%- -20- .H,-&4 /- ,%-20&'2 /-;- :4#.:#/#&( I'20'

-20- 3%.047 0-.-,42 %.' ,'0&#A /- 64x40 34& :'/' #,'$-. /- -.0&-.',#-.04(

84.0#.%'./4 :4. 942 3'242 3'&' J4&,'& -9 2-0 /- -.0&-.',#-.047 94 2#$%#-.0- 2-&E

4;0-.-& 942 K82 /- :'/' 0-10%&' %2'/'7 -20- 3&4:-24 2- 94$&' 2-9-::#4.'./4 %.'

34&:#=. /- 9' #,'$-. /- 0-10%&'7 -20' 34&:#=. 2-&E /- !1! 3#1-9-27 /#:6' 34&:#=.

2- 99',' C-.0'.'( >420-&#4& ' -204 2- J4&,' %. C-:04& 2#$%#-./4 94 #./#:'/4 -.

9' @$%&' L()7 0-.#-./4 %. C-:04& /- 0','G4 B 7 3'&' :4.20&%#& -9 K8 /- :'/'

#,'$-.7 04,',42 :'/' ,'0&#A /- +827 F -10&'-,42 -9 3&4/%:04 3%.04 -.0&- :'/'

%.' /- 2%2 /#,-.2#4.-2 F -9 C-:04& 4;0-.#/4 -. -9 3'24 3&-C#47 F /- -20- 3&4/%:04

3%.04 4;0-.-,42 2% C'94& ';249%04( 564&' 0-./&-,42  ? C'94&-27 /- 942 :%'9-2

2494 4;0-.-,42 942 L ,E2 '9042( M9 4;N-0#C4 -2 -10&'-& 34& :'/' #,'$-. 2% K87 -9

,#2,4 <%- 0-./&E L C'94&-27 -.04.:-2 9%-$4 /- -20- 3'24 0-./&-,42 O? C-:04&-2

/- 0','G4 L :'/' %.47 -2 /-:#&7 O? K82(

M9 2#$%#-.0- 3'24 -2 ;'20'.0- #.0-&-2'.0-7 2- 0&'0' /- -10&'-& C'&#'2 C-.0'.'2

/- %.' #,'$-. /- 84&-97 -20'2 C-.0'.'2 2-&E. /- 342#:#4.-2 '9-'04&#'2 F 0-.P

/&E. 9' ,#2,' /#,-.2#=. %2'/' -. 9' -0'3' /- -.0&-.',#-.047 -2 /-:#&7 8x8( D-

:'/' %.' /- -20'2 C-.0'.'2 4;0-.-,42 2% &-23-:0#C4 K8( Q%-$4 4;0-.-,42 9'

/#20'.:#' M%:9#/-' -.0&- -20- K8 F :'/' %.4 /- 942 O? K82 /- 9'2 #,E$-.-2 /-

-.0&-.',#-.047 /- -2042 O? C'94&-2 4;0-.-,42 249',-.0- -9 ,E2 ;'N47 F -20- 2-&E
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