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)2 3452678 59:;<;=5>

?3@<;4=3ABC  59:;<;=5D —  !"#$%&'(  )*+,-  .#)*!*$$/)  #$"0*$.*) 

.&&1*,-*)%2 3*1.0.$/ . ** .&'.$$/) #$"0*$.*).

?3@<;4=3ABC E<D:F8 59:;<;=5>. 4&1. 5*1(6 %7/'" 8318*'&8 %7!*,*1*$.* 

#$"0*$.8  9"9%2-1.:%  ;.#.0*&9%2  3*1.0.$/  X 7%  n **  %',*1($/)  .#)*!*$$/) 

#$"0*$.8)  x1,  x2,  …,  xn,  '%  !*#-1('"'  .#)*!*$.2   )%+$%  %<"!"9'*!.#%3"'(  & 

7%)%=(6 &1*,-6=.< &'"'.&'.0*&9.< 7"!")*'!%3:

1) $".:%1** 7!"3,%7%,%:$%* #$"0*$.* X, 3 9"0*&'3* 9%'%!%>% .&7%1(#-6' 

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

2) ,.&7*!&.6 !"&7!*,*1*$.8 %',*1($/< #$"0*$.2 .#)*!8*)%2 3*1.0.$/ %9%1% 

** 3/:%!%0$%>% &!*,$*>%, '. *. !"#$%$&'./ *-)0(%)-/;

3) &'"$,"!'$%* %'91%$*$.* . 7%>!*?$%&'( 3/:%!%0$%>% &!*,$*>%.
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@  16:%2  !"#$%#"& &*!..  .#)*!*$.2  $*1(#8  %7!*,*1.'(  '%0$%  $.  .&'.$$%* 

'($)#$$ *#+%$#,$ µ, $. ,'-,##./ ),'0$(',/ !2 &1-0"2$%2 3*1.0.$/. 

@  !*"1($%)  A9&7*!.)*$'*  3&*>,"  .)*6'  ,*1%  &  9%$*0$%2  3/:%!9%2 .# 

>*$*!"1($%2 &%3%9-7$%&'. — 9%$*0$/) 0.&1%) #$"0*$.2 &1-0"2$%2 3*1.0.$/. 

B%A'%)-  3%#)%+$%  7%1-0.'(  '%1(9%  !"#$%& $*.#3*&'$/<  7"!")*'!%3  .  .< 

7%>!*?$%&'., 9%'%!/* 3 &3%6 %0*!*,( '%+* 83186'&8 &1-0"2$/). 3*1.0.$")..

IF23<3J=3;  A<;G=;;  9=7J;=5;  <x>. C"  7!"9'.9*  3  7%,"3186=*) 

:%1(?.$&'3*  &1-0"*3   ,18  "1$#!, .&'.$$%>%  &!*,$*>%  #$"0*$.8  µ &1-0"2$%2 

3*1.0.$/ .&7%1(#-6' &!*,$** "!.;)*'.0*&9%* 7% 9%$*0$%2 3/:%!9* ,"$$/<

x  = < x >  =   
1

n
!
i=1

n

x
i
~ µ ,

>,* n — 0.&1% $*#"3.&.)/< .#)*!*$.2.

D -3*1.0*$.*) 0.&1" #")*!%3 <x> 7!.:1.+"*'&8 9 .&'.$$%)- &!*,$*)-.
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-5AE;<A5D H;K5J5=F L %7!*,*18*'&8 ;%!)-1%2

D " X #=var "X #=1 2
=〈"X$µ#2〉=

1

n
!
i=0

n

" xi$µ#2 , n%&

@ 7%&1*,$*2 ;%!)-1* 7%, #$"9%)  n  E  F &1*,-*' 7%$.)"'(, 0'% &-)).!%3"$.* 

7!%.#3%,.'&8 7% 3&*2 >*$*!"1($%2 &%3%9-7$%&'. #$"0*$.2 &1-0"2$%2 3*1.0.$/.

G"9 9"9 '%0$%* #$"0*$.* 3*1.0.$/ µ $*.#3*&'$%, '"9+* 9"9 $*.#3*&'$" . 3&8 

>*$*!"1($"8  &%3%9-7$%&'(,  $*3%#)%+$%  3/0.&1.'(  .&'.$$-6  ,.&7*!&.6  D(X). 

H6:/* A9&7*!.)*$'"1($/* ,"$$/* 7!*,&'"3186' &%:%2 1.?( 9%$*0$-6 3/:%!9- 

.#  >*$*!"1($%2  &%3%9-7$%&'. ,"$$/<  .  7%A'%)-  $"  %&$%3"$..  A'.<  ,"$$/< 

%9"#/3"*'&8 3%#)%+$/) 1.?( ,"'(  %5*$9- .&'.$$%2 ,.&7*!&.., '.*. 3/0.&1.'( 

'"9 $"#/3"*)-6 3/:%!%0$-6 ,.&7*!&.6.  
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B!. :%1(?%) 9%1.0*&'3* .#)*!*$.2 #$"0*$.* <x> 7!.:1.+"*'&8 9 µ, 7%A'%)- 

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

s
n

2
 = 

1

n
!
i=1

n

" x
i
$< x'#2 .

G"9 9"9 ,18 A'%2 %5*$9. .&7%1(#%3"1%&( 3/:%!%0$%* &!*,$** <x>, A'" %5*$9" $* 

8318*'&8 1-0?*2. @ '*%!.. 7%>!*?$%&'*2 ,%9"#/3"*'&8, 0'% 3 &1-0"* 9%$*0$%2 

3/:%!9. $".1-0?*2 %5*$9%2 .&'.$$%2 ,.&7*!&.. D(X)=!2 8318*'&8 &1*,-6="8

D=1
2
I

1

n$1
!
i=1

n

" x
i
$< x'#2 .

D1*,-*'  #"7%)$.'(,  0'%  7%&1*,$88  ;%!)-1"  )%+*'  .&7%1(#%3"'(&8  ,18  %5*$9. 

,.&7*!&.. '%1(9% 3 &1-0"* ,%&'"'%0$% :%1(?%>% %:JK)" 3/:%!9., '.*. n >> 1. C" 

7!"9'.9* ,%&'"'%0$%, 0'%:/ n > 30.
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I  AKMJ7;  B3KC63  3G=3@3  59:;<;=5D 3*1.0.$/  X 3/:%!%0$%*  &!*,$** 

#$"0*$.*   < x > = x. B!. A'%) ,.&7*!&.8 %9"#/3"*'&8 $*%7!*,*1*$$%2. 4&1. *&'( 

%&$%3"$.*  7!*,7%1">"'(,  0'%  !"&7!*,*1*$.*  3*1.0.$/  X *&'(  !"&7!*,*1*$.* 

B-"&&%$", " 3 8,*!$%2 ;.#.9* A'% :/3"*' 0"&'% ($"7!.)*!, )%)*$' !"&7"," 8,!", 

)%)*$'/  7%7","$.8  0"&'.5  .1.  >"))"-93"$'%3  3  ,*'*9'%!,  %:!"#%3"$.* 

#"!8+*$$%2  0"&'.5*2  $*!"3$%3*&$/<  #"!8,%3  3  %:JK)*  ,*'*9'%!",  !*>.&'!"5.8 

,*'*9'%!%)  0"&'.5  .  93"$'%3  .  ,!.  7%,0.$86'&8  !"&7!*,*1*$.6  B-"&&%$"),  '% 

,18 %5*$9. #$"0*$.8 !2 .&7%1(#-*'&8 ;%!)-1" 

D=1
2
=< x >=x .

D1*,-*'  7%$.)"'(,  0'%  #$"0*$.*  3*1.0.$/  ,.&7*!&..  $.9"9  $*  #"3.&.'  %' 

9%1.0*&'3" 7!%.#3*,*$$/< .#)*!*$.2. G"9, *&1. 7!%3*,*$% :%1(?%* 9%1.0*&'3% 

.#)*!*$.2, '%  ,.&7*!&.., 3/0.&1*$$/* 7% 7%&1*,$.) ,3-) ;%!)-1" &%37",-'

D=1
2

= < x > I
1

n$1
!
i=1

n

" x
i
$< x'#2 .
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NB7=G7<B=3;  3B6K3=;=5; !  3*1.0.$/  X %7!*,*18*'&8  9"9  9%!*$( 

93",!"'$/2 .# ,.&7*!&.. D(X)

1=(D .

@ &1-0"* 9%$*0$%2 3/:%!9. &'"$,"!'$%* %'91%$*$.* 3/!"+"*'&8 ;%!)-1%2

1 I( 1

n$1
!
i=1

n

" x
i
$< x'#2 .

@  &1-0"*  '%1(9%  %,$%>%  .#)*!*$.8  .  *&1.  &1-0"2$"8  3*1.0.$"  7%,0.$8*'&8 

!"&7!*,*1*$.6 B-"&&%$", &'"$,"!'$%* %'91%$*$.* 3/!"+"*'&8 ;%!)-1%2

1 =(< x >.
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 D'"$,"!'$%* %'91%$*$.*  !  %7!*,*18*' .$'*!3"1, 3 9%'%!/2 & 37%1$* .#3*&'$%2 

3*!%8'$%&'(6  7%7","6'  #$"0*$.8  &1-0"2$%2  3*1.0.$/.  L'-  3*!%8'$%&'( 

$"#/3"6'  )"2$(,-$34#"&  2$("5-#"'-4/,  "  >!"$.5/  A'%>%  .$'*!3"1"  – 

)"2$(,-$34#67,  8(+#,1+7,.  M%3*!.'*1($"8  3*!%8'$%&'(  P  &38#"$"  & 

,%3*!.'*1($/). >!"$.5"). 2 0*!*# .$'*>!"1 3*!%8'$%&'.

P "$2 3 x 3 2 #=
1

(24
)
$2

2

e
$
2

2

1
d2.

@*!%8'$%&'( 7%7"&'( 7!. %,$%) .#)*!*$.. 3 .$'*!3"1 NNx =x =2 2 !! &%&'"318*':

2 =1, x %' <<xx> > – – !! ,% <<xx> > + + !! !! 0,6830,683 (68,3%)(68,3%)

2 =2, x %' <<xx> > – 2– 2!! ,% <<xx> > + 2+ 2!! !! 0,9500,950 (95,0%)(95,0%)

2 =3, x %' <<xx> > – 3– 3!! ,% <<xx> > + 3+ 3!! !! 0,9970,997 (99,7%)(99,7%)

B%>!*?$%&'(,  9%'%!"8  3/<%,.'  #"  7!*,*1/  .$'*!3"1"  <<xx>  >  ±  3±  3!! &0.'"*'&8 

7!%)"<%) ('"9 $"#/3"*)%* 7!"3.1% «'!K< &.>)»).
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-5AE;<A5D  HF23<3J=3@3  A<;G=;@3  (E3@<;4=3ABC  HF23<3J=3@3 
A<;G=;@3 9=7J;=5D). M.&7*!&.8 #$"0*$.8 <x> %9"#/3"*'&8 )*$(?* ,.&7*!&.. 

3*1.0.$/ X . %7!*,*18*'&8 ;%!)-1%2

D "*x'#=
1

n
D " X # .

@.,$%, 0'% 3/:%!%0$%* &!*,$** #$"0*$.* 8318*'&8 7!. :%1(?.<  n #$"0.'*1($% 

:%1** '%0$%2 %5*$9%2 µ, 0*) %',*1($%* .#)*!*$.* xi, '"9 9"9 <x> .)**' )*$(?.2 

!"#:!%& (&'"$,"!'$%* %'91%$*$.*) %'$%&.'*1($% .&'.$$%>% &!*,$*>%

1 "*x'#=1 < x >=
1

(n
.

OB3 H7P=3; A33B=34;=5; AE<7H;GK5H3 GKD KQ2F8 <7AE<;G;K;=5>.
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@%  3&*  !"$**  7!.3*,*$$/*  ;%!)-1/  3<%,.'  3/!"+*$.*  ,18  ,.&7*!&.., 

9%'%!"8 )%+*' :/'( %7!*,*1*$" 1.?( 7!. 0.&1* .#)*!*$.2  n > 30. O&9160*$.* 

&%&'"318*' 1.?( &1-0"2, 9%>," #"!"$** .#3*&'$%, 0'% 3*1.0.$" !"&7!*,*1*$" 7% 

#"9%$-  B-"&&%$"  (D = <x>).  P"9  7!"3.1%,  9%$*0$"8  3/:%!9"  ,"$$/<  &%,*!+.' 

#$"0.'*1($% )*$(?* .#)*!*$.2 (n  3–5). @ A'%) &1-0"*, ,%3*!.'*1($"8 >!"$.5""  

Nx     %7!*,*18*'&8 & -0K'%) 9%A;;.5.*$'" D'(6,*$'" t
p , n :

5 x  =  1< x >  = 
1

(n
   %    5n , p x  =  t p ,n # 1< x >  = 

t p ,n # 1

(n
.

Q9%$0"'*1($/2 !*#-1('"' .#)*!8*)%2 3*1.0.$/ 6 )%+$% '%>," 7!*,&'"3.'( 3 

&1*,-6=*) 3.,*

x  = < x > ± 5n , p x  .
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+72K5R7 =7523K;; ME3B<;25B;KC=F8
9=7J;=5> 63STT5R5;=B7 NBCQG;=B7

p

n 0,70 0,90 0,95

2 2,1 6,3 12,7

3 1,3 2,9 4,3

4 1,3 2,4 3,2

5 1,2 2,1 2,8

6 1,2 2,0 2,6

7 1,1 1,9 2,4

8 1,1 1,9 2,4

9 1,1 1,9 2,3

10 1,1 1,9 2,3
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I9H;4;==3;  A<;G=;;. 4&1.  xi $*#"3.&.)/  .  7%1-0*$/  .#  >*$*!"1($/< 

&%3%9-7$%&'*2 & %,$.) . '*) +* &!*,$.)  µ, $% !"#$/). ,.&7*!&.8).  !i (" A'% 

:/3"*' 0"&'%), '% $".:%1** A;;*9'.3$%2 %5*$9%2 µ 8318*'&8 3#3*?*$$%* &!*,$**

< x > = 

!
i=1

n

w
i
x

i

!
i=1

n

w
i

,     7*(  w
i
=

1

1
i

2
.

B%>!*?$%&'( 3#3*?*$$%>% &!*,$*>% %7!*,*18*'&8 3/!"+*$.*)

1

1
< x >

2
=!

i=1

n
1

1
i

2
.
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?3@<;4=3ABC  =;E<D:F8  59:;<;=5>. R"&&)%'!*$$/*  3/?*  3/!"+*$.8 

%'$%&8'&8  9  $*7%&!*,&'3*$$%  .#)*!8*)/)  &1-0"2$/)  3*1.0.$").  @  &9%1(9%-

$.:-,(  &1%+$%)   %7/'*  .&&1*,-*)"8  &1-0"2$"8  3*1.0.$"  7!*,&'"318*'  &%:%2 

&1%+$-6  9%):.$"5.6  .#  )$%>.<  $*7%&!*,&'3*$$%  .#)*!8*)/<  &1-0"2$/< 

3*1.0.$.  G"9.*  .#)*!*$.8  $"#/3"6'  '(0%89"9-.  D!*,$88  93",!"'.0*&9"8 

%?.:9"  3*1.0.$/,  83186=*2&8  ;-$95.*2  m $*#"3.&.)/<  &1-0"2$/<  3*1.0.$ 

Z(X1, X2,…, Xm) = Z(X), )%+*' :/'( !"&&0.'"$" 7% ;%!)-1*

1
Z

2
=!

i=1

m

" + Z " X #

+ X
i #

2

1
i

2
.
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U;B3G =75:;=C458 6H7G<7B3H. B-&'( .#3*&'$%, 0'%  .#)*!8*)"8 3*1.0.$"  y 

8318*'&8 1.$*2$%2 ;-$95.*2 ,!->%2 .#)*!8*)%2 3*1.0.$/ x 

y  =  a # x  , b .

G%>,"  3%#$.9"*'  3%7!%&  %:  %7!*,*1*$..  #$"0*$.2  9%A;;.5.*$'%3  a .  b '"9, 

0'%:/ 7!8)"8 %7'.)"1($/) %:!"#%) 7!%<%,.1" )*+,- '%09")..

D0.'"*'&8,  0'%  7!8)"8  :-,*'  7!%3*,*$" 

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

&-))"  93",!"'%3  !"&&'%8$.2  %'  7!8)%2  ,% 

A9&7*!.)*$'"1($/< '%0*9, " .)*$$%:

:
2
 =  !

i=1

n

"a # xi,b$ yi#
2
 = !

i=1

n

ei

2
=min .

R*?*$.*  #","0.  $"  $"<%+,*$.*  ).$.)-)"  A'%2 

;-$95.. 7!.3%,.' 9 &1*,-6=.) 3/!"+*$.8)
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,18 9%A;;.5.*$'%3

a=
xy$x y

x
2$x

2
;             b= y$a x ;

. .< %?.:%9

1 a

2
 =  

1
2

n" x
2$x

2#
;                   1 b

2
 = 

1
2
x

2

n"x2$x
2#

;                   cov "a , b#  = $
1

2
x

n" x
2$x

2#
.

S,*&( T2 – ,.&7*!&.8 3*1.0.$/ y, cov(a,b) – 9%A;;.5.*$' 9%3"!."5...

B%&1*,$**  3/!"+*$.*  %0*$(  3"+$%  7!.  A9&'!"7%185...  C"7!.)*!,  7-&'( 

'!*:-*'&8  $"2'.  #$"0*$.*  Y 3  $*9%'%!%2  '%09*  X .  &%%'3*'&'3-6=-6 

7%>!*?$%&'( !*#-1('"'". 
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O&7%1(#-8 ;%!)-1/, 7%1-0.)

1Y

2
 = 1b

2
 , X

2
-1a

2
,2-X-cov "a ,b#,

.1. 7% ,!->%)-

1Y

2
 = 

1
2
"X$x #

2

n" x
2$x

2#
 , 

1
2

n
.

 

M%3*!.'*1($/*  .$'*!3"1/  ,18  &%%'3*'&'3-6=.<  3*1.0.$  )%+$%  7%1-0.'(  & 

7%)%=(6 9%A;;.5.*$'%3 D'(6,*$'":

5a=t p ,n-1 a ;                   5 b=t p ,n-1 b ;                   5Y=t p ,n-1Y .
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B%1-0*$$/* 3/!"+*$.8 3/3*,*$/ 3 7!*,7%1%+*$.., 0'% ,.&7*!&.. 3*1.0.$  yi 

%,.$"9%3/* (.1. 7!.:1.#.'*1($% %,.$"9%3/*). 4&1. +* ,.&7*!&.. &-=*&'3*$$% 

!"#1.0$/, '%>," &1*,-*' ).$.).#.!%3"'(  &1*,-6=** 3/!"+*$.*

:
2
 =  !

i=1

n "a # xi,b$ yi#
2

1 i

2
 =  !

i=1

n ei

2

1 i

2
 =  min .

R*?*$.* A'%2 #","0. 7!.3%,.' 9 '"9.) +* 3/!"+*$.8) ,18 9%A;;.5.*$'%3, 

0'%  .  3/?*  #"  '*)  .&9160*$.*),  0'%  '*7*!(  3)*&'%  7!%&'/<  &!*,$.< 

"!.;)*'.0*&9.< &1*,-*' .&7%1(#%3"'( 3#3*?*$$/* &!*,$.*. C"7!.)*!, 

x  = 
! xi

n
   %    x  = 

! xi /1 i

2

! 1/1 i

2
 .

1
2
   %    1

2
 =  

! 1 i

2
/1 i

2

! 1/1 i

2
 = 

n

! 1/1 i

2
 .
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