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§8.1 ¯K�J{

~1.1. 200 ��¬, b �g¬. ¯: g¬Çpp“ b
200q ď 3%?

�{: Ä�10 �, *	êâ(~X: uy2 �g¬).

~1.2. �1�ÝX „ Npµ, σ2q. ¯: µ “ 155mm?

�{: ÿþ10 Ü�1��Ý, ��êâpx1, ¨ ¨ ¨ , x10q.

u���O�Ó�?.

�.: X „ Fθ, θ P Θ. 8I: éθ �Ñ�
(Ø.

�{: Ä�, �)êâX1, ¨ ¨ ¨ , Xn „ i.i.d. Fθ.

u���OØÓ�?.

�O: ÑÑ�p̂, µ̂, ½ö«m.

u�: £�¯K, ÑÑ/´0½/Ä0.
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½Â1.1. "b�/�b�H0 : θ P Θ0.

éáb�/�Jb�H1 : θ P Θ1 “ ΘzΘ0.

u�¯KpΘ0,Θ1q. H0 : θ P Θ0 Ø H1 : θ P Θ1.

¯K�J{: H0 ´Ä¤á?

u��{: �Ñ��Ä½�W (Ď Rn).

eêâ~x “ px1, ¨ ¨ ¨ , xnq PW, KÑÑ/áý(Ä½) H00;

e~x RW, KÑÑ/Øáý(�É) H00.
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u��{= �VÇ��y{.

ÏéW ¦�

Pθp ~X PWq ď α, θ P Θ0.

~x PW: b�H0 ¤á, @o�VÇ¯�t ~X PWu u)
, g

ñ! Ïd, �b�H0 Ø¤á. =, Ä½H0.

5: 3�½Y²ek¿©yâL²H0 Ø¤á, íÑH1 ¤á.

r��Ä½!

~x RW: vkv
¿©�yâL²H0 Ø¤á.

�Ó�Ø�L®²k¿©�yâ�ÉH0, �f��É.

üa�Ø:

1�a: H0 �ý, Ä½H0. ��VÇPθp ~X PWq, θ P Θ0.

1�a: H0 �b, �ÉH0. ��VÇPθp ~X RWq, θ P Θ1.
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~1.6. �¬u�. ��X „ Npµ, σ2q, σ2 ®�.

eµ ě µ0, K�k�; eµ ď µ0, K�Ã�.

N�JH0?

H0 : µ ě µ0 Ø H1 : µ ă µ0

H0 : µ ď µ0 Ø H1 : µ ą µ0.

��1�a�Ø, =H0 �ý%ÑÑ/@½H10�VÇ

sup
θPΘ0

Pθp ~X PWq ď α.

��b�þ½, =µ ď µ0 �ý%ÑÑ/@½µ ě µ00.

Ïd, ATÀH0 : µ ď µ0 Ø H1 : µ ą µ0.
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½Â1.2. ¡βWpθq :“ Pθp ~X PWq �W �õ�¼ê. e

Pθp ~X PWq ď α, @θ P Θ0,

K¡W �u�¯KpΘ0,Θ1q ���(wÍ5)Y²�α �Ä

½�.

5: À�W, ¦�βWpθq 3Θ0 �, 3Θ1 ���Ð.

½Â1.3. eW ´u�¯KpΘ0,Θ1q �Y²�α �Ä½�, ¿

�é?¿Y²�α �Ä½�W̃ Ñk:

Pθp ~X PWq ě Pθp ~X P W̃q, @θ P Θ1,

K¡W �u�¯KpΘ0,Θ1q �Y²�α �����õ�Ä

½�/UMPÄ½�.
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½Â1.4. e

Pθ0p
~X PWq ď α ď Pθ1p

~X PWq, @θ0 P Θ0, θ1 P Θ1,

K¡W �u�¯KpΘ0,Θ1q ���Y²�α �Ã Ä½�.

½Â1.5. eW ´u�¯KpΘ0,Θ1q �Y²�α �Ã Ä½

�, ¿�é?¿Y²�α �Ã Ä½�W̃ Ñk:

Pθp ~X PWq ě Pθp ~X P W̃q, @θ P Θ1,

K¡W �u�¯KpΘ0,Θ1q �Y²�α �����õ�Ã

 Ä½�/�`Ã Ä½�/UMPU Ä½�.
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§8.2 N-PÚnÚq,'u�

{üb�u�¯K: Θ “ tθ0, θ1u.

H0 : θ “ θ0 Ø H1 : θ “ θ1.

q,¼ê: Lp~x, θq “
śn
i“1 fpxi, θq. (±ëY.�~)

q,'Ä½�/q,'u�:

Wλ “ t~x : Lp~x, θ1q ą λLp~x, θ0qu .

½n2.1. (Neyman-Pearson Ún) eλ0 ¦�

Pθ0

´

~X PWλ0

¯

“ α,

KWλ0 ´Y²�α �UMP Ä½�.

½n2.2. þãWλ0 ´Ã Ä½�, Ï
�´UMPU Ä½�.

5VÇÚOA6Ç���¡ ��ö: ÙE
!Ü�



 

N-P Ún�y²: b�W̃ �´Y²�α �Ä½�,  �y

Pθ1p
~X PWq ě Pθ1p

~X P W̃q, Ù¥ Wλ0
∆
“W.

db��, W �W̃ Ñ´Y²�α �Ä½�, =

Pθ0p
~X PWq “ Pθ0p

~X P W̃q “ α.

�mü>Ó��Ø�¯�t ~X PW X W̃u �VÇ. =, I�y

Pθ0p
~X PWzW̃q “ Pθ0p

~X P W̃zWq

ñL
∆
“ Pθ1p

~X PWzW̃q ě Pθ1p
~X P W̃zWq ∆

“ R.

dW “Wλ0 “ t~x : Lp~x, θ1q ą λ0Lp~x, θ0qu �/ñ0¤á:

L “

ż

WzW̃
Lp~x, θ1qd~x ě λ0

ż

WzW̃
Lp~x, θ0qd~x,

R “

ż

W̃zW
Lp~x, θ1qd~x ď λ0

ż

W̃zW
Lp~x, θ0qd~x.
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~2.1. X „ Npµ, 1q. ¦b�u�¯KH0 : µ “ 0 Ø H1 : µ “ 2

�Y²�α “ 0.05 �UMP Ä½�.

q,¼ê�q,':

Lp~x, θ1q

Lp~x, θ0q
“

1?
2π
n e´

1
2

řn
i“1 pxi´2q2

1?
2π
n e´

1
2

řn
i“1 x

2
i

“ e
1
2

řn
i“1 4pxi´1q.

q,'Ä½�:

Wλ “

"

~x :
Lp~x, θ1q

Lp~x, θ0q
ą λ

*

“ t~x : x̄ ą cu .

T px1, ¨ ¨ ¨ , xnq “ x̄ ¡�u�ÚOþ.

�âα ÀJλ (�d/, ÀJc):

α “ Pθ0
`

X̄ ą c
˘

“ P pZ ą c
?
nq ñ c “ z1´α{

?
n.

�L¼�z1´0.05 “ 1.65. l
¤¦�

W “ t~x : x̄ ą 1.65{
?
nu.
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~2.2. Θ “ t0, 1u. fpx, 0q “ 1t0ăxă1u, fpx, 1q “ 2x1t0ăxă1u. ¦

b�u�¯KH0 : θ “ 0 Ø H1 : θ “ 1 �UMP Ä½�.

q,¼ê�q,':

Lp~x, θ1q

Lp~x, θ0q
“

2nx1 ¨ ¨ ¨xn1t0ăx1,¨¨¨ ,xnă1u

1t0ăx1,¨¨¨ ,xnă1u
“ 2nx1 ¨ ¨ ¨xn1t0ăx1,¨¨¨ ,xnă1u.

q,'Ä½��u�ÚOþT “ T px1, ¨ ¨ ¨ , xnq:

Wλ “

"

~x :
Lp~x, θ1q

Lp~x, θ0q
ą λ

*

“

#

~x : ´2
n
ÿ

i“1

lnxi ă c

+

.

�âα ÀJc: 3H0 e, ´2 lnX „ χ2p2q, u´, T „ χ2p2nq.

α “ Pθ0

˜

´2
n
ÿ

i“1

lnXi ă c

¸

ñ c “ χ2
αp2nq.
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§8.3 üëê�.¥�u�

E,u�¯KpΘ0, θ1q �pΘ0,Θ1q:

H0 : θ P Θ0 Ø H1 : θ “ θ1,

H0 : θ P Θ0 Ø H1 : θ P Θ1.

½n3.1. e�3θ0 P Θ0 ¦�u�¯Kpθ0, θ1q �Y²�α

�UMP Ä½�W ÷v: Pθp ~X PWq ď α, @θ P Θ0. K, W
´u�¯KpΘ0, θ1q �Y²�α �UMP Ä½�.

½n3.2. eé?¿θ1 P Θ1, u�¯KpΘ0, θ1q Ñ�3Y²

�α �UMP Ä½�W, �dW Ø�6uθ1. K, dW ´u

�¯KpΘ0,Θ1q �Y²�α �UMP Ä½�.
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½Â3.1. eΘ �k�½Ã¡«m, �Ý½©Ù��

fpx, θq “ Spθqhpxq exp
 

CpθqT pxq
(

, θ P Θ,

Ù¥, Cpθq î�O. K¡fpx, θq, θ P Θ �üëê�êx.

½n3.3˚. e�üëx, KPθp
řn
i“1 T pXiq ą cq 'uθ üN,.

~3.1. fpx, θq “ 1
θ exp

 

´1
θx

(

, x ą 0. Θ “ p0,8q.

PX „ Expp1q, KXθ
d
“ θX.

~3.2. X „ Npµ, σ2q, σ2 ®�. θ “ µ, Θ “ p´8,8q.

fpx, µq “
1

?
2πσ2

e´
px´µq2

2σ2 “
1

?
2πσ2

e´
µ2

2σ2 e´
1

2σ2
x2e

µ

σ2
x.

PX0 „ Np0, σ2q, KXµ
d
“ µ`X0.
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ü>b�u�¯K

½n3.4. b�oN©Ùx�üë�êx

fpx, θq “ Spθqhpxq exptCpθqT pxqu, θ P Θ.

e
W :“

#

~x :
n
ÿ

i“1

T pxiq ą c

+

÷vPθ0p
~X PWq “ α, KW ´ü>¯K

H0 : θ ď θ0 Ø H1 : θ ą θ0

�Y²�α �UMP Ä½�.

ü>¯KH0 : θ ě θ0 Ø H1 : θ ă θ0 �UMP Ä½�

�W “ t~x :
řn
i“1 T pxiq ă cu, Ù¥c ¦�Pθ0p

~X PWq “ α.
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~3.1. oN: Expp1
θ q, Θ “ p0,8q. θ ě 6000(ü : ��)�Ü�.

ÿ�5 �êâ, Á?1u�.

J¯K. H0 : θ ď θ0 “ 6000 Ø H1 : θ ą θ0. (��g¬Ñ�).

oN�üë�êx, T pxq “ x, Ïd, UMP Ä½�/X

W “

#

~x :
n
ÿ

i“1

xi ą c

+

.

3θ0 e, K2n :“ 2
řn
i“1Xi{θ0 „ χ2p2nq. Ïd, �¦

Pθ0p
~X PWq “ P pK2n ą 2c{θ0q “ α.

=, A�2c{θ0 “ χ2
1´αp2nq, =c “ χ2

1´αp2nq ˆ θ0{2.

�α “ 0.05, �L¼�χ2
0.95p10q “ 18.307,

=c “ 18.307ˆ 6000{2 “ 54921.
ř5
i“1 xi “ 22313 ă 54921, ��ÉH0, vkér�ÚO(Ø.
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~3.2. X „ Npµ, σ2q, σ2 ®�(“ 1.21), ÿ�6�êâ.

µ ě 30 KÜ�. ¯: �Y²�α “ 0.05, ´Ä�±Ñ�?

J¯K. H0 : µ ď µ0 “ 30 Ø H1 : µ ą µ0. (��g¬Ñ�).

oN�üë�êx: fpx, µq “ 1?
2πσ2

e´
µ2

2σ2 e´
1

2σ2
x2e

µ

σ2
x.

T pxq “ x, Ïd, UMP Ä½�/X

W “

#

~x :
n
ÿ

i“1

xi ą c̃

+

“

"

~x :

?
npx̄´ µ0q

σ
ą c

*

.

�c “ z1´α:

Pµ0p
~X PWq “ Pµ0

ˆ?
npX̄ ´ µ0q

σ
ą c

˙

“ α.

�L¼�z0.95 “ 1.65.

�\êâ:
?
npx̄´µ0q
σ “ 2.212 ą 1.65, �Ä½H0, �Ñ�!

5VÇÚOA6Ç���¡ ��ö: ÙE
!Ü�



 

~3.3. X „ Npµ, σ2q, µ ®�(“ 3), ÿ�9�êâ.

σ ă σ0 “ 0.005 KÜ�. ¯: �Y²�α “ 0.05, ´ÄÜ�?

J¯K. H0 : σ2 ě σ2
0 Ø H1 : σ2 ă σ2

0.

oN�üë�êx: fpx, σ2q “ 1?
2πσ2

expt´ 1
2σ2 px´ µq

2u,

T pxq “ px´ µq2, Ïd, UMP Ä½�/X

W “

#

~x :
n
ÿ

i“1

pxi ´ µq
2 ă c̃

+

“

#

~x :
1

σ2
0

n
ÿ

i“1

pxi ´ µq
2 ă c

+

.

�c “ χ2
αpnq:

Pσ2
0
p ~X PWq “ Pσ2

0

˜

1

σ2
0

n
ÿ

i“1

pXi ´ µq
2 ă c

¸

“ α.

�L¼�c “ χ2
0.05p9q “ 3.325.

�\êâ: 1
σ2
0

řn
i“1pxi ´ µq

2 “ 13.2563 ą 3.325, ��ÉH0.
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V>b�u�¯K

½n3.5 & 3.6 ˚. üë�êx�V>¯K

H0 : θ “ θ0 Ø H1 : θ ‰ θ0

Ø�3Y²�α �UMP Ä½�.

½n3.7. �oN�üë�êx, 3θ “ θ0 e, �3r0 ¦�

1

n

n
ÿ

i“1

T pXiq ´ r0
d
“ r0 ´

1

n

n
ÿ

i“1

T pXiq.

-

W “

#

~x :

ˇ

ˇ

ˇ

ˇ

ˇ

1

n

n
ÿ

i“1

T pxiq ´ r0

ˇ

ˇ

ˇ

ˇ

ˇ

ą c

+

,

Ù¥c ÷vPθ0p
~X PWq “ α. KW �V>¯K�Y²�α

�UMPU Ä½�.
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~3.4. X „ Npµ, σ2q, σ2 ®�. ¦

H0 : µ “ µ0 Ø H1 : µ ‰ µ0

�Y²�α ��`Ã Ä½�.

oN�üë�êx: fpx, µq “ 1?
2πσ2

e´
µ2

2σ2 e´
1

2σ2
x2e

µ

σ2
x.

T pxq “ x. 3µ “ µ0 e, X̄ „ Npµ0,
σ2

n q, ©Ù'uµ0 é¡.

Ïd, UMPU Ä½�/X

W “ t~x : |x̄´ µ0| ą cu “

#

~x :

ˇ

ˇ

ˇ

ˇ

ˇ

x̄´ µ0
a

σ2{n

ˇ

ˇ

ˇ

ˇ

ˇ

ą c̃

+

.

�L¼�c̃ “ z1´α{2, u´c “ σ?
n
z1´α{2.

5VÇÚOA6Ç���¡ ��ö: ÙE
!Ü�



 

1. 2Âq,'u��g�

§8.4 2Âq,'u�Ú'u��oNëê�u�

b�u�¯KH0 : θ P Θ0 Ø H1 : θ P Θ1.

�Äθ ©O3Θ “ Θ0 YΘ1 �Θ0 ¥���q,�Oθ̂ P Θ

�θ̂0 P Θ0:

Lp~x, θ̂q “ sup
θPΘ

Lp~x, θq, Lp~x, θ̂0q “ sup
θPΘ0

Lp~x, θq.

½Â4.1. ¡λp~xq :“ Lp~x, θ̂q{Lp~x, θ̂0q �2Âq,'.

2Âq,'Ä½��

W :“

#

~x :
Lp~x, θ̂q

Lp~x, θ̂0q
ą c

+

“ t~x : λp~xq ą cu ,

Ù¥c ě 1, �÷v sup
θPΘ0

Pθp ~X PWq “ α.
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2. ��oNX „ Npµ, σ2q þ�µ �u�

A. ü>¯KH0 : µ ď µ0 Ø H1 : µ ą µ0.

θ “ pµ, σ2q, Θ “ p´8,8qˆ p0,8q, Θ0 “ p´8, µ0s ˆ p0,8q.

q,¼ê: Lp~x, θq “ p 1?
2πσ
qn expt´ 1

2σ2

řn
i“1pxi ´ µq

2u.

��q,�Oθ̂: µ̂ “ x̄, σ̂2 “ 1
n

řn
i“1pxi ´ µ̂q

2,

Lp~x, θ̂q “ p
1

?
2πσ̂2

qn exp

#

´
1

2σ̂2

n
ÿ

i“1

pxi ´ µ̂q
2

+

“ p2πσ̂2q´
n
2 e´

n
2 .

��q,�Oθ̂0:

µ̂0 “

#

x̄, ex̄ ď µ0,

µ0, ex̄ ą µ0,
σ̂2

0 “
1

n

n
ÿ

i“1

pxi ´ µ̂0q
2.

Lp~x, θ̂0q “ p2πσ̂
2
0q
´n

2 e´
n
2 .

5VÇÚOA6Ç���¡ ��ö: ÙE
!Ü�



 

A. ü>¯KH0 : µ ď µ0 Ø H1 : µ ą µ0 (Y).

2Âq,': λp~xq “
´

σ̂2
0
σ̂2

¯
n
2
, Ù¥,

σ̂2 “
1

n

n
ÿ

i“1

pxi´x̄q
2, σ̂2

0 “

#

σ̂2, ex̄ ď µ0,
1
n

řn
i“1pxi ´ µ0q

2, ex̄ ą µ0,

2Âq,'Ä½�: c1 ě 1,

W “

"

~x :
σ̂2

0

σ̂2
ą c1

*

“

"

~x : x̄ ą µ0 �

řn
i“1pxi ´ µ0q

2

řn
i“1pxi ´ x̄q

2
ą c1

*

.

řn
i“1pxi ´ µ0q

2 “
řn
i“1pxi ´ x̄q

2 ` npµ0 ´ x̄q
2, Ïd

řn
i“1pxi ´ µ0q

2

řn
i“1pxi ´ x̄q

2
“ 1`

T 2

n´ 1
, Ù¥ T “

?
npx̄´ µ0q

S
.
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A. ü>¯KH0 : µ ď µ0 Ø H1 : µ ą µ0 (Y).

2Âq,': W “

!

~x : x̄ ą µ0 �
řn
i“1pxi´µ0q

2
řn
i“1pxi´x̄q

2 ą c1

)

. Ù¥,

řn
i“1pxi ´ µ0q

2

řn
i“1pxi ´ x̄q

2
“ 1`

T 2

n´ 1
, Ù¥ T “

?
npx̄´ µ0q

S
.

o(: c ą 0,

W “ t~x : T ą 0 � T 2 ą c2u “ t~x : T ą cu.

�âα ¦c:

@µ ď µ0, T ď
?
npx̄´µq
S “: Tn´1 „ tpn´ 1q, 3µ “ µ0 ��Ò

¤á. Ïd, �c “ t1´αpn´ 1q =�÷v

max
µďµ0

PµpT ą cq “ P pTn´1 ą cq “ α.
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B. V>¯KH0 : µ “ µ0 Ø H1 : µ ‰ µ0.

θ “ pµ, σ2q, Θ “ p´8,8q ˆ p0,8q, Θ0 “ tµ0u ˆ p0,8q.

��q,�O:

µ̂ “ x̄, σ̂2 “
1

n

n
ÿ

i“1

pxi ´ µ̂q
2, Lp~x, θ̂q “ p2πσ̂2q´

n
2 e´

n
2

µ̂ “ µ0, σ̂2
0 “

1

n

n
ÿ

i“1

pxi ´ µ0q
2, Lp~x, θ̂0q “ p2πσ̂

2
0q
´n

2 e´
n
2 .

2Âq,'Ä½�: PT “
?
npx̄´µ0q
S , K

W “

"

~x :
σ̂2

0

σ̂2
ą c̃

*

“ t~x : |T | ą cu.

�âα ¦c: �c “ t1´α{2pn´ 1q =�÷v

Pµ0p
~X PWq “ Pµ0p|T | ą cq “ α.
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3. ��oNX „ Npµ, σ2q ��σ2 �u�

A. V>¯KH0 : σ2 “ σ2
0 Ø H1 : σ2 ‰ σ2

0.

θ “ pµ, σ2q, Θ “ p´8,8q ˆ p0,8q, Θ0 “ p´8,8q ˆ tσ
2
0u.

q,¼ê: Lp~x, θq “ p 1?
2πσ2

qn expt´ 1
2σ2

řn
i“1pxi ´ µq

2u.

��q,�O:

µ̂ “ x̄, σ̂2 “
1

n

n
ÿ

i“1

pxi ´ µ̂q
2, µ̂0 “ x̄, σ̂2

0 “ σ2
0.

Lp~x, θ̂q “ p2πσ̂2q´
n
2 e´

n
2 , Lpθ̂0q “ p2πσ

2
0q
´n

2 exp

"

´
nσ̂2

2σ2
0

*

.

2Âq,':

λp~xq “
Lp~x, θ̂q

Lp~x, θ̂0q
“

ˆ

nσ̂2

σ2
0

˙´n
2

exp

"

nσ̂2

2σ2
0

*

´ e

n

¯´n
2
.
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A. V>¯KH0 : σ2 “ σ2
0 Ø H1 : σ2 ‰ σ2

0 (Y).

2Âq,':

λp~xq “ u´
n
2 e

u
2

´ e

n

¯´n
2
, Ù¥ u “ up~xq “

řn
i“1pxi ´ x̄q

2

σ2
0

.

fpuq :“
`

u
n

˘´n
2 e

u
2 'uu kÓ �Ò, (�¼êkK��).

eσ2 “ σ2
0, KU “ Up ~Xq “ nσ̂2

σ2
0
„ χ2pn´ 1q.

2Âq,'Ä½�:

t~x : f
`

up~xq
˘

ą cu “ t~x : up~xq ă c1 ½ up~xq ą c2u,

Ù¥, c1, c2 ÷vfpc1q “ fpc2q “ c �c1 ă c2.
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A. V>¯KH0 : σ2 “ σ2
0 Ø H1 : σ2 ‰ σ2

0 (Y).

UMPU Ä½�: -gpuq :“
`

u
n

˘´n´1
2 e

u
2 ,

 

~x : g
`

up~xq
˘

ą c
(

“
 

~x : up~xq ă c3 ½ up~xq ą c4

(

,

Ù¥, c3, c4 ÷vgpc3q “ gpc4q “ c �c3 ă c4,

up~xq “

řn
i“1pxi ´ x̄q

2

σ2
0

.

�âα ¦c: 3H0 e, U :“ up ~Xq „ χ2pn´ 1q.

éc ¦�Pσ2
0
pU ă c3q ` Pσ2

0
pU ą c4q “ α.

¢Sö�: �c5 “ χ2
α{2pn´ 1q, c6 “ χ2

1´α{2pn´ 1q,

W “
 

~x : up~xq ă c5 ½ up~xq ą c6

(

.
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B. ü>¯KH0 : σ2 ě σ2
0 Ø H1 : σ2 ă σ2

0.

Θ “ p´8,8q ˆ p0,8q, Θ0 “ p´8,8q ˆ rσ
2
0,8q.

q,¼ê: Lp~x, θq “ p 1?
2πσ2

qn expt´ 1
2σ2

řn
i“1pxi ´ µq

2u.

��q,�O:

µ̂ “ µ̂0 “ x̄, σ̂2 “
1

n

n
ÿ

i“1

pxi´ µ̂q
2, σ̂2

0 “

#

σ̂2, e σ̂2 ě σ2
0,

σ2
0, e σ̂2 ď σ2

0.

2Âq,':

λp~xq “
Lp~x, θ̂q

Lp~x, θ̂0q
“

#

1, e σ̂2 ě σ2
0,

u´
n
2 e

u
2

`

e
n

˘´n
2 , e σ̂2 ď σ2

0.

Ù¥u “ up~xq “ nσ̂2

σ2
0

.
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B. ü>¯KH0 : σ2 ě σ2
0 Ø H1 : σ2 ă σ2

0 (Y).

2Âq,'Ä½�:

W “ t~x : σ̂2 ď σ2
0,
´u

n

¯´n
2
e
u
2 ą c̃u “ t~x : u ă cu.

Ù¥u “ up~xq “ nσ̂2

σ2
0

, c ă n.

�âα ¦c.

@σ2 ě σ2
0, U :“ up ~Xq ě nσ̂2

σ2 “: Un´1 „ χ2pn´ 1q,

3σ2 “ σ2
0 �, �Ò¤á. Ïd, �c “ χ2

αpn´ 1q =�÷v

max
σ2ěσ2

0

Pσ2pU ă cq “ P pUn´1 ă cq “ α.
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4. 'uü��oN�ëêu�

b�X „ Npµ1, σ
2
1q, Y „ Npµ2, σ

2
2q,

êâ: X1, ¨ ¨ ¨ , Xn1 ;Y1, ¨ ¨ ¨ , Yn2 �pÕá.

P~x “ px1, ¨ ¨ ¨ , xn1q, ~y “ py1, ¨ ¨ ¨ , yn2q.

A. ��u�.

H0 : σ2
1 “ σ2

2 ½ H0 : σ2
1 ď σ2

2.

B. þ�u�. b�σ2
1 “ σ2

2,

H0 : µ1 “ µ2 ½ H0 : µ1 ď µ2.
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A. ��u�. H0 : σ2
1 “ σ2

2 Ø H1 : σ2
1 ‰ σ2

2.

3Θ ¥���q,�O:

q,¼êLp~x, ~y, µ1, µ2, σ
2
1 , σ

2
2q:

ˆ

1
?

2πσ1

˙n1

e
´ 1

2σ21

řn1
i“1pxi´µ1q

2
ˆ

1
?

2πσ2

˙n2

e
´ 1

2σ22

řn2
i“1pyi´µ2q

2

.

q,�O:

µ̂1 “ x̄, σ̂2
1 “

1

n1

n1
ÿ

i“1

pxi ´ x̄q
2; µ̂2 “ ȳ, σ̂2

2 “
1

n2

n2
ÿ

i“1

pyi ´ ȳq
2.

òq,�O�\q,¼ê:

L̂ “

ˆ

1
?

2π

˙n1`n2
˜

1
1
n1
u

¸

n1
2
˜

1
1
n2
v

¸

n2
2

e´
n1`n2

2 .
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A. ��u�. H0 : σ2
1 “ σ2

2 Ø H1 : σ2
1 ‰ σ2

2 (Y).

3Θ0 ¥���q,�O:

q,¼êLp~x, ~y, µ1, µ2, σ
2q:

ˆ

1
?

2πσ

˙n1`n2

exp

#

´
1

2σ2

˜

n1
ÿ

i“1

pxi ´ µ1q
2 `

n2
ÿ

i“1

pyi ´ µ2q
2

¸+

.

q,�O:

µ̂1 “ x̄, µ̂2 “ ȳ, σ̂2 “

řn1

i“1pxi ´ x̄q
2 `

řn2

i“1pyi ´ ȳq
2

n1 ` n2
.

òq,�O�\q,¼ê:

L̂0 “

ˆ

1
?

2π

˙n1`n2
˜

1
1

n1`n2
pu` vq

¸

n1`n2
2

e´
n1`n2

2 .
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A. ��u�. H0 : σ2
1 “ σ2

2 Ø H1 : σ2
1 ‰ σ2

2 (Y).

2Âq,': u “
řn1
i“1pxi ´ x̄q

2, v “
řn2
i“1pyi ´ ȳq

2,

λp~x, ~yq “

´

1
n1`n2

pu` vq
¯

n1`n2
2

´

1
n1
u
¯

n1
2
´

1
n2
v
¯

n2
2

“ c0

ˆ

u

u` v

˙´
n1
2
ˆ

v

u` v

˙´
n2
2

.

2Âq,'Ä½�/X
"

p~x, ~yq :
u

u` v
ă c1 ½ ą c2

*

.

Ù¥, c1, c2 Ä�þÃ{O�.

¢Sö�: �c3, c4 ¦�

PH0

ˆ

U

U ` V
ă c3

˙

“ PH0

ˆ

U

U ` V
ą c4

˙

“
α

2
.
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A. ��u�. H0 : σ2
1 “ σ2

2 Ø H1 : σ2
1 ‰ σ2

2 (Y).

½Â4.2 (F ©Ù). F pm1,m2q �
Km1{m1

Km2{m2
�©Ù, Ù¥,

Km1 „ χ2pm1q, K̃m2 „ χ2pm2q, �Km1 ,Km2 �pÕá.

(�Ý��â½n3.4.2O���.)

U “
řn1
i“1pXi ´ X̄q

2, U{σ2
1 „ χ2pn1 ´ 1q,

V “
řn2
i“1pYi ´ Ȳ q

2, V {σ2
2 „ χ2pn2 ´ 1q.

u�ÚOþ: 3H0 : σ2
1 “ σ2

2 e,

U{pn1 ´ 1q

V {pn2 ´ 1q
„ F pn1 ´ 1, n2 ´ 1q.

Ä½�/ª:

W “
 

p~x, ~yq : ‹ ă Fα{2pn1 ´ 1, n2 ´ 1q

½ ‹ ą F1´α{2pn1 ´ 1, n2 ´ 1q
(

.
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~4.4. ä�rÝÁ�L(��á, n1 “ n2 “ 8). '�σ2
1 �σ

2
2.

u�ÚOþ:

U{pn1 ´ 1q

V {pn2 ´ 1q
“

1
n1´1

řn1
i“1pxi ´ x̄q

2

1
n2´1

řn2
i“1pyi ´ ȳq

2
“ 0.9355.

H0 : σ2
1 ď σ2

2, Ä½�:

tp~x, ~yq : ‹ ą F1´αpn1, n2q “ F0.95p7, 7q “ 3.7870u.

Ïd, ØUÄ½σ2
1 ď σ2

2.

H0 : σ2
1 ď σ2

2, Ä½�:

tp~x, ~yq : ‹ ă Fαpn1, n2q “ F0.05p7, 7q “
1

F0.95p7, 7q
“

1

3.7870
u.

Ïd, �ØUÄ½σ2
1 ď σ2

2.

�±@�σ2
1 “ σ2

2, /ºxØ�0.
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B. þ�u�. b�σ2
1 “ σ2

2 “: σ2, �σ2 ��. u�H0 : µ1 “ µ2.

X̄ ´ Ȳ „ Npµ1 ´ µ2,
σ2

n1
` σ2

n2
q.

-S2 “
řn1
i“1pXi ´ X̄q

2 `
řn2
i“1pYi ´ Ȳ q

2,

KS2{σ2 „ χ2pn1 ` n2 ´ 2q.

u�ÚOþ:

T “
X̄ ´ Ȳ

b

1
n1
` 1

n2

b

S2

n1`n2´2

.

½n4.1. 3H0 e, µ1 ´ µ2 “ 0, u´, T „ tpn1 ` n2 ´ 2q.

Ä½�:

W “ tp~x, ~yq : |T | ą t1´α{2pn1 ` n2 ´ 2qu.
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~4.5. ü|¾<�ÿ�UY². n1 “ n2 “ 32, x̄ “ 241.76(Ñ�

�), ȳ “ 224.62, s1 “ 51.2808, s2 “ 36.2710.

H0 : σ2
1 ď σ2

2, H0 : σ2
1 ě σ2

2 Ñ�É:

F0.025p31, 31q “ 0.4881 ă
u{pn1 ´ 1q

v{pn2 ´ 1q
“ 1.9927

ăF0.975p31, 31q “ 2.0486.

b�σ2
1 “ σ2

2 “ σ2. u�H0 : µ1 ď µ2. Ä½�:

W “ tp~x, ~yq : T p~x, ~yq ą t1´αpn1 ` n2 ´ 2qu.

eα “ 0.1, KÄ½H0; eα “ 0.05, KØUÄ½H0.

t0.9p62q ă 1.3 ă T p~x, ~yq “ 1.5436 ă 1.67 « t0.95p62q.
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5. u��p �

~4.5, Ä½�:

Wα “ tp~x, ~yq : T p~x, ~yq ą t1´αpn1 ` n2 ´ 2qu.

α ��, Wα Ò��.

½Â4.3. �½��~x “ px1, ¨ ¨ ¨ , xnq. ÷v~x PWα ����α

¡�u��p �, P�ppx1, ¨ ¨ ¨ , xnq.

p ����Ð.
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1. üoN'Ç�b�u�¯K

§8.5 'u'Ç�u�

X „ Bpn, pq, ëê: p, ��: r0, 1s. u�¯K:

H0 : p “ p0 ½ H0 : p ě p0 ½ H0 : p “ p0.

����{: �n " 1 �np0 ě 5 �, ^¥%4�½n.

����{. éXF ©Ù.
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~5.1. 50 „ 54 ��{IOåZ|Ju¾Ç�p0 “ 2%. N

�10000 ¶50 „ 54 ��1��kZ|J�Oå, uyÙ¥k400

¶�Z|J. u�

H0 : p “ 2% Ø H1 : p ‰ 2%.

X „ Bpn, pq: 3H0 e, Cq/k

X ´ np
?
npq

„ Np0, 1q, pq “ 1´ pq.

Ä½�:

W “

#

x :

ˇ

ˇ

ˇ

ˇ

ˇ

X ´ np0
a

np0p1´ p0q

ˇ

ˇ

ˇ

ˇ

ˇ

ą z1´α{2

+

.

x´np0?
np0q0

“ 14.28 ą 1.96 “ z0.975, Ä½H0.
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~5.2. Æ)�£(ES�m :þ��m ą 1 : 1)�VÇ�p. 3132

°N�¯ò¥uyk127 <�£. u�

H0 : p ď p0 “ 0.9 Ø H1 : p ą p0.

X „ Bpn, pq. ����{: Ä½��W “ tx : x ě iu.

i ÷vfpi, p0q ď α ă fpi´ 1, p0q: d~3.6.7,

fpi, pq “ PppX ě iq “
şp
0

n!
pi´1q!pn´iq!u

i´1p1´ uqn´idu.

W “ tx : fpx, p0q ď αu. Ï�, x ě iô fpx, p0q ď fpi, p0q.

fpx, p0q “ P pY ě yq, Ù¥Y „ F “ F p2pn´ x` 1q, 2xq,

ϕpyq :“ p1` n´x`1
x yq´1 “ p0.

W “ tx : ppxq ě p0u, Ù¥, ppxq :“ ϕpF1´αq:

fpx, p0q ď α iff y ě F1´α iff p0 ď ϕpF1´αq.

Ä½H0:

pp127q “
`

1` 132´127`1
127 F0.95

˘´1
“ 0.9220 ą p0.
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2. üoN'��b�u�¯K.

oN: X „ Bpn1, p1q, Y „ Bpn2, p2q. u�¯K:

H0 : p1 ď p2 ½ H0 : p1 ě p2 ½ H0 : p1 “ p2.

CLT: X´n1p1?
n1p1q1

d
« Z „ Np0, 1q. SLLN: p̂1 “

X
n « p1.

X
n1
´ p1

d
«

b

p̂1q̂1
n1
Z1, Y

n2
´ p2

d
«

b

p̂2q̂2
n2
Z2.

pXn1
´ Y

n2
q ´ pp1 ´ p2q

d
«

b

p̂1q̂1
n1
`

p̂2q̂2
n2
Z.

ξ “
´

pXn1
´ Y

n2
q ´ pp1 ´ p2q

¯

{‹‹ CqÑlNp0, 1q.

η “ pX̄ ´ Ȳ q{‹‹
H0

ď ξ.

Ä½��: W “ tx : η ě z1´αu.
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 H0 : p1 “ p2 Ø H1 : p1 ‰ p2.

3H0 e, p1 “ p2 “ p. CLT:

X

n1
´ p

d
«

c

p̂q̂

n1
Z1,

Y

n2
´ p

d
«

c

p̂q̂

n2
Z2,

X

n1
´
Y

n2

d
«

c

p
1

n1
`

1

n2
qp̂q̂Z.

SLLN: p̂ “ X`Y
n1`n2

« p.

ζ “ pX̄ ´ Ȳ q{‹‹. Ä½�: W “ tx : |ζ| ě z1´α{2u.
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 ~5.3. ïÄ�Ñ;)�é40 „ 44 �c#ãOå%9�K�.

5000  ¦^öncS%òk13 <; 10000  Ø¦^öncS%ò

k7 <. u�H0 : p1 “ p2. (α “ 0.01.)

p̂ “ p13` 7q{p5000` 10000q “ 20{15000.

ζ “ px̄´ ȳq{
b

p 1
n1
` 1

n2
qp̂q̂ “ 3.01 ą 2.58 “ z0.995, Ä½H0.

U��yH0 : p1 ď p2.

p̂1 “ 13{5000, p̂2 “ 7{10000.

η “ px̄´ ȳq{
b

p̂1q̂1
n1
`

p̂2q̂2
n2

“ 2.48 ą 2.33 “ z0.99, Ä½H0.
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1. χ2 u�{

§8.6 [Ü`Ýu�

H0 : F “ F0 Ø H1 : F ‰ F0.

t1 ă ¨ ¨ ¨ ă tm. 1 ! m ! n. m` 1 �«mI1, ¨ ¨ ¨ , Im`1.

b�3Ii ¥, kVi “ vi �êâ.

SLLN, VÇ« ªÇ:

vi
n
« P pX P Iiq

H0
“ F ptiq ´ F pti´1q “ pi.

CLT:

vi ´ npi
?
npi

«
vi ´ npi

a

npip1´ piq
CqÑl Np0, 1q.

���å^�: v1 ` ¨ ¨ ¨ ` vm`1 “ n.
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 V Cq/Ñlχ2pmq:

V “
m`1
ÿ

i“1

ˆ

Vi ´ npi
?
npi

˙2

“

m`1
ÿ

i“1

pVi ´ npiq
2

npi
“

m`1
ÿ

i“1

ˆ

Vi
n
´ pi

˙2 n

pi
.

Ä½�: W “ t~x : V ą χ2
1´αpmqu.

51: (ØA��ÉH0.

52: F0 “ tFθ, θ “ pθ1, ¨ ¨ ¨ , θkq P Θu. u�H0 : F P F0.

): k¦��q,�Oθ̂, 2u�H0 : F “ Fθ̂, Ä½�:

W “ t~x : V ą χ2
1´αpm´ kqu.
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~6.2. ,O�Å�)��|IO���Åê: n “ 30. u

�H0 : F “ Np0, 1q.

©�:: 0,˘0.8,˘1.6.

vi 4 3 11 5 4 3

pi 0.0548 0.1571 0.2881 0.2881 0.1571 0.0548

v “ 7.43 ă 11.07 “ χ2
0.95p5q, �ÉH0.
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2. �¼(Kolmogorov)u�{

H0 : F “ F0 Ø H1 : F ‰ F0.

SLLN: ²�©Ù¼êFnpxq “
1
n

řn
i“1 1tXiďxu « F pxq.

CLT:
?
npFnpxq ´ F pxqq CqÑlNp0, σ

2q.

½n6.1. Dn “ supx |Fnpxq ´ F pxq|, K
?
nD

d
Ñ ξ, Ù¥

Fξpxq “
8
ÿ

k“´8

p´1qk expp´2k2x2q1txą0u “ Qpxq.

òêâx1, ¨ ¨ ¨ , xn üS��xp1q ă ¨ ¨ ¨ ă xpnq. K,

Dn “ max
1ďkďn

max
 k

n
´ F0pxpkqq, F0pxpkq´q ´

k ´ 1

n

(

.

Ä½�: W “ t~x : Dnp~xq ą cu, Ù¥P pξ ą
?
ncq “ α.
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