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C%#&%"&3 #&%4# "(# Dε = σ2I3 01 De = D(I − PX)y = (I − PX)Dy(I −
PX) = σ2(I − PX)3 %5" +..$%)$($ /!!4#$ 60)% &,)*('.*($ /. %# 6-((4# 0)).
". &.'. $#&6%-&#001#4. ?&,)*(+.)* '..*-#"&# I − PX "(/(&*@ #&%4# &##&3 "(#

'($%)# *%4%)#"($ /!!4#$ 01 &,)*('.*($ /. "01&*.1*&% $#&6%-&#001#4.8 ;%%3 %*

/!!4#$ %# 6-((4# 0)). &.'. $#&6%-&#001#4. ?#&%4# "(# *%4%)#"($ /!!4#$ ε &%$.

01@3 *%"#*.7 '#*'%*%& "01*-0))6-0*&%$((-#$%& ',1%+,--. &%4.$(&*8 ;%&*.6 ".=

&(*.*."&% &.4%)# 118 &*.1$.-$#&%%-#*($ /!!"%E 5#11.*."&% +..*)(&*% /!!"#$% ei

FG



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

"#$%&'$#(() *+,,-'#.$# σ̂2(I−PX) = MSE(I−PX) "#,/(),,0# &0&+&)"#"12

&&0","&$ 344.#"& ε .()$-,)-$&)- "#$%&'$#(()#5 6&&34'&0 0&#-,.$& $77'7$&"

ri = ei/

√

D̂(ei) = ei/
√

MSE(1− hii),

.7$ hii8/, () -49#$-,-7" +,,-'#.$# PX *-7)-7" ., +:-$#+,,-'#.$# H ;  !"#

$!"%&' ; )#+& ,001 "#,/(),,0# i. &0&+&)-5 6-,)",'"#$&&'#-7" 344.& -70&.$

.,$7-,", 344.#"& .()$-,)-$& 9,37<7$& 3, )('+,,03,(-7$& &&0"7$-& .()-'(00#8

+#$&05 =4'.7$> <,)&+,$ .#'3,)"7$&$ () <,9&0 *9,'<,1 .,$7-,-7" $-,)",'"#$&&8

'#-7" 344.#"& +?#$-&- -49#$-,+,.$ $77'7$- e/
√
MSE5 @#+&-,-7" $77'7$-&/,

%(0& $77'- +#",/# %&,0& 9,.,-,5

AB#$ $,,C 9#)),-7" +7"&0# mudel $-,)",'"#$&&'#-7" 344.& -&00#", .4$7/,

rstandard(mudel)2 6D6B#$ EF=8%'(-$&"77'#$ $,,C $-,)",'"#$&&'#-7" 344.&

$,0<&$-,", .,$7-,"&$ GHIJHI8.4$7 <?-+&$?), 6IHKL@I5

M$&0((+7$-,+,.$ <?#+,0#.7 +77-7$& $77'7$-2 <,,-,+& 34'/+#$- +7"&0#->

yi = c0 + c1x1i + c2x2i + c3Ilinn=A + c4I(linn = B) + εi.

=7"&0# 9#)",+#$&.$ .,$7-,-7" ,)"+&" () -(("7" -,C&0#$ N5O5

I,C&0 N5O> I,<,0#$&" 3, $-,)",'"#$&&'#-7" 344/#"5

y x1 x2 linn ei ei/
√
MSE ri

P 2Q R2! !2O D !2!RQ !2!SO !2NRP

QT2S O2! T2! D 8!2!RQ 8!2!SO 8!2NRP

O!2! P2! !2P U 8!2! P 8!2!VT 8!2OOV

V2N O2R !2Q U !2NPQ !2 PR !2 V!

R2N O2P !2O U 8O2QQT 8O2RPP 8O2NSR

N2! O2O !2O U !2P R !2QPS !2QVV

V2P O2 !2Q U 8!2NQR 8!2 QV 8!2VVR

 2V O2Q !2R U 8!2TPO 8!2T O 8!2RP!

N2Q O2! !2P U !2TOQ !2TNO !2RNS

O!2Q O2T !2T U O2ORO O2QOQ O2TON

W,9-0&+&2 .,$ 0#)),$ D 3, 0#)),$ U () #.., 77'#-,<, -7))7$& 9,37<7$

$,+,$7/7)&5 X?'"0&+& 344.#"& *e1 3, $-,)",'"#$&&'#-7" 344.#"& *r1 9,37<7$-
; $-,)",'"940<&- ; 0#)),$ D 3, 0#)),$ U>



 !"! #$%&'&(  !

√

D̂(e|linn = A)

√

D̂(e|linn = B) "#$%

&'&() &' !! &'&*+

√

D̂(r|linn = A)

√

D̂(r|linn = B) "#$%

!'&, !'&) !'&-

./0123%4 %5 6//178% 9:$62; 5%$5#8 <5"#" $26#=#"% 1<>"52>5"#"% ? !"

#!$%&'($)*+@ 1<$52 62 "52>82087"%%075#8 6//178% 9:$62; 5%$5#8 <5"#" =:7=28

<;;2 3/01737"=//0"%;5 %07>%=28'

./01#"A

B#7 "<<=73% 3#8%;7 6//1% 12"#5282 "7"%"5#"=7C28% =3" ;%7837"%1"4 "77" =:7D

6#$5#824 %5 5/># 3:>%;% =7C2"%;5 "7"%"525#8 =225;#"%;% $7>>2521"% 6//178% $2E

6#=#" ?.FG@ %1";71#;5 ;77C2 "##0%1"' B#7 2C2 .FG <> %1";71#;5 ;77C2 "##04 "77"

5#;%=28 12 "52>82087"%%075#8 6//C78 97"71%"%8' F%"529 5%17D 7>73%"5%; =2$%;

"<<= =228252 "%;;7"%78 6//1%4 1#" 6//178% 87"9%0"7<<>7 $7>8237"%; 9<;% 12"#E

525#8 "%82 =225;#"54 37;;% 6//17 920262"57 ;%7521"%' F%;;7"%; 6#$#; 12"#52521"%

>> F5#8%>57"%%075#8 6//1% ,*-'&.*)/&' 0&$)'-(1$H7A

ri
∗ = ei/

√

MSE(−i)(1− hii),

1#" MSE(−i) <> .FG ?6//178% 87"9%0"7<<>7 $7>>2>C@4 37;;% "221"73%4 1#7

12"#521"73% 6//178% 87"9%0"7<<>7 $7>8237"%1" 2>83%"5711#4 1#"5 i. =225E

;#" <> %%32;825#8' F5257"5712921%57" I "22D "%;;7"%78 6//1% ;%782 J#>15"7<<>7

 !"#$%&" 2D7;4 FKFH7 LM.E90<5"%8##07" "22D >%78 6//1% "2;=%"5282 12"#528%"

NOPQOPE1/"# =:53%":>2 IFPORGSP' I#"7120%%C%; T 1#7 "52>82087"%%E

075#8 =:7 F5#8%>57"%%075#8 6//1 9<;% =2$%371#" [−2 . . . 2]4 "77" <> 5%C%37"5

=%78071#C2 62 =262;71#1" =:7D <"#5#82 5/7%>82= ##0737>% ?/117 <> 2>83%5%

"7"%"5237"%; 5%$5#8 =7C2U@'

 !" #$%&'&(

.755% 1:71 =225;#"%8 9<;% "V>87>#8 =:08"%>2' .:>%; =225;#"%; =:7D <;;2 "##E

0%3 0<;; 5#;%3#"5% 1#6#>8237"%; 1#7 3:>%; 5%7"%;' G>232"57 <> =225;#"5%

3:6# 57>C75#8 "%;;%"54 %5 >28 <> %07;7"%8' W1" =225;#" %$1 <D6%15 =:7D <;E

;2 %07;7>% 3753%; 3<%;' P2; =:7D <;;2 %D2$207;71 Y E5#>>#"% =//05#" =:7 =:7D

%D25VV97;7"%1" <"#5#82 6#"5 5%32 0782 3#8%;7 3225071"7" X ?5%32 ":;5#32E

5#5% 5#>>#"5% =//05#"%8 <> =%78028@' G"32;5 =22523% >%78 =225;#"%784 1%;E

;%; ":;5#325#5% 5#>>#"5% =//05#"%8 <> =%78028' S%78 1#5"#521"% 3:6#125%1"

=225;#"5%1" ?1&2&0(3&@'



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

"#$%&' (&)*+,%+--* -.&/% 0#12'+*&3 i. 455,.6%& '706/6%&/% 8'706/6% -*

+*2.+%& /&&.&%  !"!#$%!9 /6,%6'& '55,1+/%+PX (+52-*55.+ i. &.&'&*,+ hii: ;#1<
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Mõjukas vaatlus (hii = 0.94)
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∑
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∑
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∑

j 6=i

h2ij

5/ 5(&.1$2#1) >.%$)/)/' &##)#7. %#00/+/? 8./'/7 035#2#%.7 *1.0/ 0$)).+.9



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

"#$%%&'()* hii ≥ 0+ ,-.#

hii − h2ii =
n

∑
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∑
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6#)(2( n &##$2-'(2(* ŷ[−i]+ J(%#6( ?18".88'%)( (1%.(&-'$( 1--$-)( '-66#*

(ŷ− ŷ[−i])
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1+2# (++2+,2 i. &))2*+,# ##()*3)($,#* )%3(#,2$/+,29 :+$ /'$/$ &))2*+,#$3

/),+2)(#; ,))(# 6)5)(##2#5&#/2.5$ 7$%%)%1+/, β̂9 <*() i. &))2*+,#2) ,))/8

,$(# 7$%%)%1+/, β̂[i]9 =..&$(# %>>3 /$5?#*3)3); /+$ #5$%#&)3 %##3 /)/, 6)8

5)(##2#5&#/2.5$ 7$%%)%1+2 .%9 @5$%#&+,2# 5++2+3# ,+(() &'$ %#%3# &#/8

2.5$2# #+/*#$3$*$%# /)+1+, )1) 65)#1+ #5$2$ 7A,2$ #$ ,.B$ C ,#,2 #5$%#&)3

X82+%%+,#3 .% (''3#2+3 #5$%#&)2#, (''2>7$/+2#, ?) /)+1+, ?AA/, ,##1)

,'*2+() ,'*2+()2+2# 2+%%+,2# (''2($,#/, /),+2)2+3 (''2>7$/+2#,29 =#,2)6

/),+2)(# D)7)*)%.B$,# /)+1+,2 E2A6,#()*2F D)7)*)%.B$,# /)+1+,# 5++2+G;

(β̂ − β̂[−i])
T
H(β̂)−1(β̂ − β̂[−i])9 :+%) H(β̂) = σ2(XTX)−1; ,$$, H(β̂)−1 7$%8

%)%1+/, &'$/, ,.B$3) (XTX)/MSE9 :+$ (# %>>3 &))2)(# /)7# 6)5)(##2#58

&#/2.5$ 7$%%)%1+ &)7#*$,2 /)+1+,2 6#5 6)5)(##2#5; ,))(#1$ -../0$ /)+1+,#F

Ci =
(β̂ − β̂[−i])
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p ·MSE
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D++,#),; -../0$ /)+1+, .% *#$2)& (+3#*$ ?AA/$ ?) ('?+/+,2 /),+2)3#,F
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ei

2

p ·MSE

(

hii
(1− hii)2

)

.

=##1); /+$ ('?+/+, .% &A$/#; hii ≈ 0; ,$$, .% 5),/# ,))3) ,++52 -../0$ /)+1+,2

C ,#**#,2 &))2*+,#,2 #$ ,'*2+ ($3)1$; 7$%%)%1+3 #$ (++2+ >/,/'$/ /), (#

?A2)(# 2) (+3#*$,,# &'$ ($22#999

=)(+2$; /+$ (+3#*$ ?AA/ ei = 0; ,$$, .*1+ &),2)& &))2*+, /+$2)7#, ('?+/),

C /+$ 2#() )5&)(+, >72$B >*#?AA%+2# )5&)(+,#1); ,$$, 2#() ##()*3)($%#

(+3#*$,2 #$ (++3) ,)(+2$ ($3)1$999

:+$ ,++5 -../0$ /)+1+, .% ,++5I J*#2)(#;#2 2)7)(# /.%25.**$3) 7>6.8

2##,$ H0 : β = β̂[−i]9 D$**$%# %A#/, &A*?) ,#**$,#*# 7>6.2##,$*# &),2)&) K8

2#,2$ 2#,2,2)2$,2$/I =)1#*$ &))3#*3)/,# ,#**$,2 K82#,2$ .*+*$,+,# %$&..* L;! E>7#

&))2*+,# 6A5),2 >*#?AA%+3 &))2*+,2# 6'7?)* )5&+2)2+3 6)5)(##2#5&#/2.5$ 7$%8

%)%1+ &A*$,2)($%# .% %)1+%$$ #%%#/++*()2+; ,#,2)6 .*1#( .*+*$,+,# %$&..1)
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