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∑

k=1

mk − npk

npk

= 9.66.23' /$%,% -( 3&04 /3 
+0
)0+/% χ2
α,m−r−1, m = 5 6&)*7%, 38 
30)*&(9: r = 16&)*7%, 38 )&;&3'& <+,+*%/%,(: '$-
$ +,% %(/-*+/%=9: α = 0.01, 8,3* /+70%83, χ2 '% >&= ?+0)% χ2

0.01,3 = 11.345. #% (%% /$+/ m
∑

k=1

mk − npk

npk

= 9.66 <

11.345 = χ2
0.01,3, -/ *%+&(: /$+/ '% 
+& +

%</ $4<3/$%(-( H0. @-?%& (+*<0%7%03&1( /3 <3<)0+/-3& '$-
$ $+( N(m̂, 852) =-(/,-7)/-3&A #% 
+& (+4 /$+/(/)=%&/(B <3-&/ &)*7%,( $+?% &3,*+0 N(m̂, 852) =-(/,-7)/-3&A !"# $% 0-*' *8!* !%% &!%7', #2 *8' *8#(: %#2' #2 *!9%' C&!%7', .-( npkD !(' 9#AA'(*8'2 5, ,- 
-2:#*#-2 n ·pk ≥ 5 #, .7%>%%':5 6. *8#, 1-7%:2E* 9' *8' 
!,'@ *8'2 1' 1-7%:8!&' *- 7,' !2-*8'( *',* -( 1' 
-7%: $-:#.+ *!9%' #2 *8' .-%%-1#2A 1!+; 
-%7$2 18'('&!%7' n ·pk #, ,$!%%'( *8'2 5 1#%% 9' F-#2': 1#*8 
-%7$2 2'!( 9+@ &!%7', mk !2: mk+11-7%: 9' ,7$$!(#G':@ !2: /(-9!9#%#*+ pk 1-7%: 9' 
!%
7%!*': .(-$ *8' 9'A#22#2A -.*8' #2*'(&!% #2 k 
-%7$2 *- *8' '2: #2*'(&!% #2 
-%7$2 k + 1. B#*7!*#-2 #, ,#$#%!( .-(

k−1. <8#, ,8-7%: 9' ('/'!*': #2 !%% 
-%7$2, 72*#% 
-2:#*#-2 n ·pk ≥ 5 #, 2-* .7%>%%':5



 !"#$%!"&
!( )"!"&)"&
) !*+ %!"#$%!"&
!( +&+!
"&
)  !" !"# $%  !"#$%&' [0, 500] (#)!#( &((*"*+!&'', +! R, -# !##( ./!
"*+! f +! -1+'# R2+ -# 
&! 
&'
/'&"# 3$+4&4*'*"*#2 pi i = 1, . . . , m. !"#$%& '( #$ %&'$ ()'$* +$,-./, 0+12 $*/$+)*( $3&2 )*  !!4 &/ /%$ 5&
-./710 8&/%$2&/)
,9 :*01+2&/)
, &*; <%7,)
,9 =12$*)-, >*)'$+,)/7 )* ?+&/),.&'&@A*/$+)*( $3&2 &//$*;$; 862 ,/-;$*/,@ 8&3)2&. *-2B$+ 10 C1)*/, D&, 20.E$/F, ;)');$ )*/$+'&. (0, 20) )*/1 10 C&+/,G
(−∞, 2), [2, 4), [4, 6), [6, 8), [8, 10), [10, 12), [12, 14), [14, 16), [16, 18), [18, +∞).#)/% ()'$* ,&2C.$ 1* ,)H$ 71 D)/% ,)(*)I
&*/ '&.-$ α = 0.01 /$,/ %7C1/%$J,), /%&/ *-2B$+, 10 ,/-;$*/, /%&/ %&'$ &;$K-&/$ *-2B$+ 10 C1)*/, &+$ ,$.$
/$;0+12 C1C-.&/)1* D%)/ *1+2&. ;),/+)B-/)1*@)*%+,-*./ ! "1*2 
&2# -# 1&%# "-+ /!5!+-! 3&$&6#"#$2 m &!( σ. 7# -*'' #2"*6&"# "1#2#"-+ 3&$&6#"#$2 -*"1 6&8*6&' %#$&
*", 6#"1+(9  ! "1# 3$#%*+/2 #8&63'# -# 1&%#:"1&" 6&8*6&' %#$&
*", #2"*6&"+$ +. /!5!+-! 3&$&6#"#$ m̂ *2 m̂ =

n
∑

i=1

Xi

n
= Xn. ;+--# 1&%# "+ )!( 6&8*6&' %#$&
*", #2"*6&"+$ .+$ σ.<#$&
*", ./!
"*+! L(x1, x2, . . . , xn; m̂, σ̂) =

n
∏

k=1

f(xk, m̂, σ̂) *2
L(x1, x2, . . . , xn; m̂, σ̂) =

n
∏

i=1

(

1
δ̂
√

2π

)

· exp
[

− (Xi−m̂)2

2δ2

]

=

=
(

1

δ̂
√

2π

)n

· exp





−
n
∑

i=1

(Xi−m̂)2

2δ2



 ,./$"1#$
lnL = n · ln 1

σ̂
√

2π
−

n
∑

i=1

(X1 − m̂)2

2δ2
&!( ∂ lnL

∂σ̂2
= − n

2σ̂2
| 1

2σ̂4

n
∑

k=1

(xk − m̂)2 = 0&!( &" "1# #!( -# 1&%# 3&$&6#"#$ #2"*6&"+$ σ̂2
n = S

2

n = 1
n

n
∑

k=1

(Xk − Xn)2. =1#!-# >#" Xn = 10.464 &!( S2 = 32.69652. 7# -*'' "#2" "1&" 2&63'# *2 .$+6
N(10.464; 32.696522) (*2"$*4/"*+!9 ?*6*'&$ "+ "1# 3$#%*+/2 #8&63'#: -# 1&%# "+ 
&'
/@'&"# !/64#$2 mk A!/64#$2 +. 2"/(#!"2 "1&" 1&%# 3+*!"2 !/64#$ *! &(#B/&"# *!"#$%&'C:3$+4&4*'*"*#2 pk &!( )!*21 "&4'# )'*!>
p(2,4) = P{2 < x < 4} = F

(

4− 10.465

32.6965

)

− F

(

2− 10.465

32.6965

)

= F (−0.1977) −
F (−0.2589) = 1− F (0.1977)− (1− F (0.2589)) = 1− 0.578− 1 + 0.601 = 0.023: #"
9=1#! -# +4"&*! "1# "&4'#D



 !"  !
#$% &'%($) #$%&' (
(−∞, 2) [2, 4) [4, 6) [6, 8) [8, 10) [10, 12)

mk  ! ! "" "# "#
pk  $##%  $ &#  $ &'  $ &'  $ &(  $ "%'
npk &!$ )% "$)## "$**' "$**' "$%(( "$#(!'
(mk−npk)2

npk

[12, 14) [14, 16) [16, 18) [18, 20) [20, +∞)"# % # "   $ &#  $ &'  $ &)  $ &!  $!!("$)## "$**' "$(!) "$* ! #"$( (+,-./0/,- n > 50 /1 2345446.7 830 
,-./0/,- n ·pk ≥ 5 .,61-:0 ;,4. 0<36 /- 
,43=-1&7#7!7'7)7*7(7%7" $ >?846 ;?1 0, 86 
;?-@6. /- 0;6 A?B 0;?0 
,-./0/,- n · pk ≥ 57
k ∈ {1, . . . , m} /1 0<36$ C6 A/44 D,/- 
,43=-1 &7#7!7'7)7*7(7%7" 7 E?4361 mk ?-. npkA/44 86 13==?</F6. ?-. ,0;6< .?06 =310 86 
?4
34?06. ?@?/-$ >;6- A6 ,80?/- 0;6-6G0 0?846H #$%&' )

(−∞, 2) (2, 8] (8, 14] (14, 20] (20, +∞)
mk 0 19 39 13 0
pk 0.339 0.073 0.0705 0.075 0.443
npk 24.069 5.183 5.005 5.325 31.808
(mk−npk)2

npk
24.07 36.83 230.87 11.06 31.81I,0; 
,-./0/,-1 ?<6 2345446.7 1, A6 
?- 
,-0/-36$ C6 ;?. 0A, 3-J-,A- K?<?=6L06<1 .3</-@ 
?4
34?0/,-7 1, A;6- A6 4,,J 2,< χ2

α,m−r−1, r = 2. χ2
0.01,5−2−1 = χ2

0.01,2 =

9.21. M- 0;6 ,0;6< 1/.6 m
∑

k=1

mk − npk

npk

= 334.6.C6 ;?E6 m
∑

k=1

mk−npk

npk
= 334.6 > 9.21 > χ2

0.01;5−2−1 = χ2
0.01;2.M0 =6?-1 0;?0 A6 ./1=/11 ;BK,0;61/1 H0. N/E6- 1?=K46 /1 -,0 2<,= K,K34?0/,- A;/
;;?1 -,<=?4 N(10.464; 32.696522) ./10</830/,-7 A/0; 1/@-/5
?-
6 46E64 α = 0.01. C/0;@/E6- 1?=K46 A6 
?- -,0 
4?/= 0;?0 -3=86< ,2 K,/-01 ?0 0;6 6G?= ;?1 -,<=?4 ./10</L830/,-$ !"!#!$
!&*+℄ -. /0&'12'34 -. 56&7. 8'9$3$:';3<='>?@A' :';02< >;$;@>;@?@4 B@1$1><@ C;$;@>;@?$4 -0>?D$4 +EF(.* ℄ G. -&$2'10D@H. I'30D$;10H$ @ >;$;@>;@?$4 I'>;$ -$;':$;@=?@ B$?6&;'; J'0KL3$24 +EEM.*(℄ N. /6O$. -$;'3@P&< Q R@2$?;@
?TU0 >':@1P364 J3$;@>&$D$4  !!".


