
 18Ù!b�u�

§6.1 ¯K�J{

~1.1. ,�k�1�¬, �200 �, g¬Çp Ø�L1% ��

Ñ�. Ä�5�, uy¹kg¬. ¯: ù1�¬UÄÑ�?

¯Kz�: �âÄ��(J
:::::::::::::::::::::
�äp ď 0.01´Ä¤á.

~1.2. §Ýý�: 1277. ,¤ìÿþ5 g, êâ: 1250, 1265,

1245, 1260, 1275. ¯: T¤ìÿþ(JkÃXÚ �?

¯Kz�:
:::::::::::::::::::::::::::::
�ä�ªEX “ 1277¤á�Ä.

���<: oÀº, U�: ÙE
 18Ù



 

~1.3. ,ó�C5 cu)
63 g¯�, 3ó�F�©ÙXe:

(Ï � � n o Ê 8

gê 9 10 11 8 13 12

¯: ¯��u)´Ä�(ÏAk'?

¯Kz�:
:::::::::::::::::::::::::::
�äP pX “ iq ” 1

6´Ä¤á, X: ¯�u)F.

~1.4. ¤Ùó²¥§Ýérå�K�.

70 20.5, 18.8, 19.8, 20.9, 21.5, 19.5, 21.0, 21.2

80 17.7, 20.3, 20.0, 18.8, 19.0, 20.1, 20.2, 19.1

¯KC¤:
:::::::::::::::
�äEX “ EY ,

::::::::::::::::::::::::
DpXq “ DpY q¤á�Ä.

���<: oÀº, U�: ÙE
 18Ù



 

~1.5. #±NºÅ��Çp1; Î±NºÅ��Çp2. ��250

�?1��5Á�, #±k11 ���, Î±k20 ���. ¯:

#±���5´ÄØ'Î±��?

¯Kz�:
::::::::::::::::::::
�äp1 ď p2´Ä¤á.

~1.6. N��â���
:::::::::::::::::
�äX „ Npµ, σ2q?

�â���A5
:::::::::::::::::::::
�äFXpxq “ F pxq, @x

::::::::::
´Ä¤á.

���<: oÀº, U�: ÙE
 18Ù



 

b�u�: l���Ñu�
::::::::::::::::::::::
�ä��w{´Ä¤á.

~1.1 „ 1.6�w{:

~1.1: p ď 0.01;

~1.2: EX “ 1277;

~1.3: P pX “ iq ” 1
6 , i “ 1, 2, ¨ ¨ ¨ , 6;

~1.4: EX “ EY , ?�ÚDpXq “ DpY q;

~1.5: p1 ď p2;

~1.6: FX “ F .

w{q�b�. ù
~fÒ´b�u�¯K.

�ä¤'%�b�´Ä¤á.

��oN�ëêu�¯K: ~1.1, 1.2, 1.3;

�oN�u�¯K: ~1.4, 1.5;

oN©Ùu�: ~1.3, 1.6.

���<: oÀº, U�: ÙE
 18Ù



 

b�u��g�: /�VÇ�0�y{.

~1.1. 8I: u�p ď 0.01. Äu: 200 �¥Ä�5 �,

(J:
:::::::::::::::::::
A “/¹g¬0u).

b�oN¥kM ď 2 �g¬. O�PM pAq.

PM pAq ď 0.05: �;V., M ď 2, 200´M “ 200, 199, 198,

PM pA
cq “

C5
200´M

C5
200

ě
C5

198

C5
200

« 0.9505.

ügÁ�¥,
:::::::::::
�VÇ¯�u), ØÜn/gñ!

Ø�É(áý/Ä½)b�p ď 0.01, ù1�¬ØUÑ�.

���<: oÀº, U�: ÙE
 18Ù



 

��/,

8I: u�H0. Äu: ��êâ~x “ px1, ¨ ¨ ¨ , xnq.

kb�H0 ¤á.

e¢S�¹3b�H0 e´ØÜn�,

(uyA u), �PH0pAq ď α, ���α “ 0.05,)

K@��5�b�´Ø�(�, áý�b�H0;

ÄK, @���vkØÜny�, Øáý(�É) �b�H0.

5: ùØ´X{��y{. ØÜnØ´/ªÜ6¥ýé�g

ñ, 
´@��VÇ¯�3�g*	¥Ä�Ø�Uu).

��b�¤á��¹e, A u)K�Ø/áý
H0, ���

�U5ď α.

¡α �u�Y²/u�IO.

���<: oÀº, U�: ÙE
 18Ù



 §6.2 ����oN�b�u�

b�X „ Npµ, σ2q, o«b�u�¯K:

σ2 ®�, H0 : µ “ µ0 ½H0 : µ ď µ0 ½H0 : µ ě µ0;

σ2 ��, ¨ ¨ ¨ ¨ ¨ ¨ ;

µ ®�, H0 : σ2 “ σ2
0 ½H0 : σ2 ď σ2

0 ½H0 : σ2 ě σ2
0;

µ ��, ¨ ¨ ¨ ¨ ¨ ¨ .

���<: oÀº, U�: ÙE
 18Ù



 

σ2 ®�, u�µ.

~2.1. ÔjòäåX „ Npµ, σ2q(ü :Z�å), µ0 “ 570, σ “ 8.

����, @�σ ØC. n “ 10, êâ: 578, 572, 570, 568, 572,

570, 570, 572, 596, 584. ¯: òäå´Ä���?

®���σ2 “ 82 “ 64. u�b�H0 : µ “ µ0 “ 570.

3H0 e, u�ÚOþ vs Í¶þ:

Zp ~Xq “
X̄ ´ µ0
a

σ2{10

H0
“

X̄ ´ µ
a

σ2{10
“ Zp ~X, µq „ Np0, 1q.

�LP p|Z| ą 1.96q “ 0.05. (
:::::
Y²:

:::::::::
α “ 0.05.)

�êâ, x̄ “ 575.2, Zp~xq “ 2.05 ą 1.96, �VÇ¯�u)
.

áýH0: òäåÚ�5�k
:::::
wÍ�É.

N�Y²α: P p|Z| ą 2.58q “ 0.01
:::

. A Øu), �ÉH0.

���<: oÀº, U�: ÙE
 18Ù



 

~2.1(Y).

®���σ2 “ 64. u�b�H0 : µ ď µ0 “ 570.

3H0 e, '�u�ÚOþ�Í¶þ,

Zp ~Xq “
X̄ ´ µ0
a

σ2{10

H0

ď
X̄ ´ µ
a

σ2{10
“ Zp ~X, µq „ Np0, 1q.

�(Í¶þ�)L: λ “ z1´α,

PH0pZp
~Xq ą λ

:::::::::
q ď P pZp ~X, µq ą λq ď α.

�êâ: Zp~xq “ 2.05 ą z0.975 “ 1.96,
:::::::::::
�VÇ¯�u).

áýH0: òäå���'�5�kwÍJp.

ü>u�: H0 À�F"���£���¡.

�"Ä½H0, u´��F"���£�.

���<: oÀº, U�: ÙE
 18Ù



 

~2.2. <�|ärÝX „ Npµ, 1.21q. n “ 6, êâ: 32.56, 29.66,

31.64, 30.00, 31.87, 31.03. ¯: UØU@�H0 : µ “ µ0 “ 32.50?

u�ÚOþ!Í¶þ:

Zp ~Xq “
X̄ ´ µ0
a

σ2{n

H0
“

X̄ ´ µ
a

σ2{n
“ Zp ~X, µq „ Np0, 1q.

�(Í¶þ�)L: P p|Z| ą 1.96q “ 0.05.

�êâ: Zp~xq “ x̄´µ0?
σ2{n

“ 31.13´32.50?
1.21{6

“ ´3.05.

(Ø: |Zp~xq| “ 3.05 ą 1.96, �VÇ¯�u).

áýH0, ØU@�µ “ 32.50.

5: ù1<�²þ|ärÝ²w$u32.50.

���<: oÀº, U�: ÙE
 18Ù



 

u�Y²�üa�Ø.

b�α ă 0.5. ��.�λ “ λpαq ¦�P p|Z| ą λq “ α.

u�: O�u�ÚOþZ “ Zp~xq ��.

e|Z| ą λ, KáýH0; ÄK, Øáý/�ÉH0.

5: (J�α �ÀJk'.

1�a�Ø: H0 ¤á, áýH0. α: ��VÇ�þ..

1�a�Ø: H0 Ø¤á, �ÉH0. β: ��VÇ(�þ.).

üa�Ø���VÇ���Ð, �üöp�gñ.

²;�ÚOb�u��{: �½α, ,�¦�U�{~�β.

X, O���þ, �O�Ð�u��Y.

5: áýH0 vs �ÉH0. ¢�¥, �"Ä½H0.

�w �: áýH0 Ò�w, �ÉH0 KØ�w.

���<: oÀº, U�: ÙE
 18Ù



 

σ2 ��, u�µ.

~1.2. ÿþ�X „ Npµ, σ2q. n “ 5, êâ: 1250, 1265, 1245,

1260, 1275. σ2 ��. u�H0 : µ “ µ0 “ 1277.

σ2 ��: ^σ2 �Ã �OS2(����) �Oσ2.

u�ÚOþ!Í¶þ:

T p ~Xq “
X̄ ´ µ0
a

S2{n

H0
“

X̄ ´ µ
a

S2{n
“ T p ~X, µq „ tpn´ 1q.

�tpn´ 1q ©ÙL: P p|T4| ą 2.776
:::::::::::

q “ 0.05.

�êâ: x̄ “ 1259, s2 “ S2p~xq “ 142.5, T p~xq “ ´3.37.

e(Ø: |T p~xq| ą 2.776,
:::::::::::
�VÇ¯�u).

áýH0, (T¤ìÿ§²w $).

���<: oÀº, U�: ÙE
 18Ù



 ~2.3. g5rÝX „ Npµ, σ2q. n “ 6. êâ: 48.5, 49.0, 53.5,

49.5, 56.0, 52.5. u�H0 : µ “ 52.0.

O�u�ÚOþT p~xq : x̄ “ 51.5, s2 “ 8.9,

T p~xq “
51.5´ 52.0
a

8.9{6
“ ´0.411.

�L: n “ 6, P p|T5| ą 2.571q “ 0.05.

(Ø: |T p~xq| “ 0.411 ă 2.571,

H0 ´�N�, ØUÄ½µ “ 52.0.

���<: oÀº, U�: ÙE
 18Ù



 

~2.5. -Þ���¥�C¹þX „ Npµ, σ2q. µ ě 21 KÜ�.

n “ 17, x̄ “ 23, S2 “ 3.982. ¯: ´ÄÜ�? (α “ 0.05).

F"/y²0µ ě 21, l
ÀJH0: µ ď 21.

ÚOþ!Í¶þ:

T p ~Xq “
X̄ ´ µ0
a

S2{n

H0

ď
X̄ ´ µ
a

S2{n
“ T p ~X, µq „ tpn´ 1q.

�tpn´ 1q �L: λ “ t1´αpn´ 1q,

PH0pT p
~Xq ą λ

:::::::::
q ď PH0pT p

~X, µq ą λq “ α.

�êâ: n´ 1 “ 16, λ “ 1.746. T p~xq “ 2.07 ą 1.746.

(Ø:
:::::::::::
�VÇ¯�u), áýH0, @�T1-ÞÜ�.

���<: oÀº, U�: ÙE
 18Ù



 

~4.3. (¤éêâ'�). 9 1��©O^ü«ó²)�, ��,�

I�9 éêâpX,Y q Xe:

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

0.10 0.21 0.52 0.32 0.78 0.59 0.68 0.77 0.89

¯: ü«ó²��IkÃwÍ�É?

b�V “ X ´ Y „ Npµ, σ2q, u�H0 : µ “ 0.

O�9 éêâ��, =V �êâ:

0.10 0.09 ´0.12 0.18 ´0.18 0.11 0.12 0.13 0.11

O�: T p~vq “ v̄?
s2{9

“ 1.467.

�L�λ: P p|T8| ą 2.306q “ 0.05.

e(Ø: |T p~vq| ă λ, H0 �N, ü«ó²��IÃwÍ�É.

���<: oÀº, U�: ÙE
 18Ù



 

b�u���&«m.

H0 : µ “ µ0 �u��µ ��&«mk��éX.

'�:: Í¶þ

X̄ ´ µ
a

S2{n
“ T p ~X, µq „ tpn´ 1q.

�.�: P p|Tn´1| ą λq “ α.

µ ��&Y²�1´ α ��&«m:

|T p ~X, µq| ď λ, = rx̄´ λ
a

S2{n, x̄` λ
a

S2{ns
::::::::::::::::::::::::::

.

u�¯KH0 : µ “ µ0. òt|Tn´1| ą λu À��VÇ¯�, �

��=� |T p ~X, µq| ď λ �, �ÉH0
:::::::

.

�d/:
:::::::::
µ0 P r‹, ‹s �,

:::::::
�ÉH0; ÄK, áýH0.

5: �^�&«m5?1u�, ��du�{�E�&«m.

���<: oÀº, U�: ÙE
 18Ù



 

u�σ2

~2.4. ÔjòäåX „ Npµ, σ2q (ü : Z�å). n “ 10, êâ:

578, 572, 570, 568, 572, 570, 570, 570, 572, 596, 584.

u�H0 : σ2 “ σ2
0 “ 64.

ÚOþ!Í¶þ:

Kp ~Xq “
pn´ 1qS2

σ2
0

H0
“
pn´ 1qS2

σ2
“ Kp ~X, σ2q „ χ2pn´ 1q.

�χ2pn´ 1q �L: λ1 “ χ2
α{2pn´ 1q, λ2 “ χ2

1´α{2pn´ 1q,

P pKn´1 ă λ1q “ 0.025, P pKn´1 ą λ2q “ 0.025.

�êâ: x̄ “ 575.2, s2 “ 75.73, Kp~xq “ 9ˆ75.73
64 “ 10.65;

n´ 1 “ 9, λ1 “ 2.70, λ2 “ 19.0.

e(Ø: λ1 ă Kp~xq ă λ2, H0 ´�N�, �±�&σ2 “ 64.

���<: oÀº, U�: ÙE
 18Ù



 

~. X „ Npµ, σ2q, σ2: ó²°Ý. H0 : σ2 ě σ2
0, ½H0 : σ2 ď σ2

0.

�"Ä½H0, /y²0°ÝkU?,

�"�ÉH0, ±/��0°Ý��.

ÚOþ!Í¶þ:

Kp ~Xq “
pn´ 1qS2

σ2
0

H0

ě
pn´ 1qS2

σ2
“ Kp ~X, σ2q „ χ2pn´ 1q.

�χ2pn´ 1q �L: λ “ χ2
αpn´ 1q,

PH0pKp
~Xq ă λ

:::::::::
q ď P pKp ~X, σ2q ă λq “ α.

(Ø: XJKp~xq ă λ, KáýH0, /y²0σ2 ă σ2
0;

ÄK, ØáýH0, H0 �êâ�N.

���<: oÀº, U�: ÙE
 18Ù



 

��oNNpµ, σ2q �ëêu�o(

u�H0 : µ “ µ0 (½ µ ď µ0, ½ µ ě µ0):

(1) ÚOþ!Í¶þ: U
H0
“ ,

H0

ď ,
H0

ě V ,

U “ Up ~Xq “
X̄ ´ µ0
a

δ{n
, V “ V p ~X, µq “

X̄ ´ µ
a

δ{n
.

(2) σ2 ®�: δ “ σ2, V “ Z „ Np0, 1q,

σ2 ��: δ “ S2, V “ Tn´1 „ tpn´ 1q.

(3) �L��.�: λ “ z1´α{2 ½, ½ z1´α;

λ “ t1´α{2pn´ 1q ½, ½ t1´αpn´ 1q.

(4) �|Up~xq| ą λ (½ Up~xq ą λ, ½ Up~xq ă ´λ) �, áýH0.

ÄK, �ÉH0.

���<: oÀº, U�: ÙE
 18Ù



 

u�H0 : σ2 “ σ2
0 (½ H0 : σ2 ě σ2

0, ½ H0 : σ2 ď σ2
0):

(1) ÚOþ!Í¶þ: K “, ě, ď Kn´1,

Kp ~Xq “
pn´ 1qS2

σ2
0

,
pn´ 1qS2

σ2
“ Kp ~X, σ2q „ χ2pn´ 1q.

(2) �L��.�: λ1 “ χ2
α{2pn´ 1q (½ χ2

αpn´ 1q ),

λ2 “ χ2
1´α{2pn´ 1q ( ½ χ2

1´αpn´ 1q).

(3) �Kp~xq ă λ1 ½Kp~xq ą λ2 �(½ Kp~xq ă λ1, ½

Kp~xq ą λ2), áýH0. ÄK, �ÉH0.

5: eµ ®�, Kpn´ 1qS2 U�
řn
i“1pXi ´ µq

2, χ2pn´ 1q U

�χ2pnq.

���<: oÀº, U�: ÙE
 18Ù



 

���oN�þ�b�u�

éu����oN, �nÑ8 �, �â¥%4�½n±9�

'�VÇ4�nØ�±y²: 3H0 : µ “ µ0 e, ÚO

þZp ~Xq CqÑlNp0, 1q.

���þn Ø�u30, �Ð´50±þ, $�100 ±þ�, �C

q¦^��oN�(Ø.

���<: oÀº, U�: ÙE
 18Ù



 
§6.3 b�u��,
VgÚêÆ£ã

H0 ´'uX �©Ù�/w{0.

FXpxq “ F px, θq, θ P Θ.

"b�/�b�, H0 : θ P Θ0,

éáb�/�Jb�, Ha, H1 : θ P Θ1 “ ΘzΘ0.

~2.1. ÔjòäåX „ Npµ, σ2q, σ2 “ 82 (®�),

H0 : µ “ µ0 ÐÑ H1 : µ ‰ µ0.

���<: oÀº, U�: ÙE
 18Ù



 

u�{

u�{Ò´�Ñ��5K, é�½����~x “ px1, . . . , xnq,

?1L�: áýb�H0�´�Éb�H0.

òRny©�ü�«�: W, A “ RnzW.

5K: e~x PW, KáýH0; e~x P A K�ÉH0.

¡W �Ä½�½áý�; ¡A ��É�.

u�{“ áý�/Ä½�: W Ď Rn.

W Ï~du�ÚOþ�Ñ.

~: W “ t~x : |Zp~xq| ą λu, Zp~xq “ x̄´µ0?
σ2{n

.

u�(J�u��{W �ÀJk'; k½�{, 2æ8êâ.

���<: oÀº, U�: ÙE
 18Ù



 

u�{, áý�: W Ď Rn.

(J: ~x PW KáýH0; ~x RW KØáýH0.

üa�Ø:
ý�z (J H0 H1

H0 X ˆ (1Ia)

H1 ˆ (1IIa) X

��VÇαWpθq �βWpθq:

αWpθq “ Pθp ~X PWq “: MWpθq, θ P Θ0;

βWpθq “ Pθp ~X RWq “ 1´MWpθq, θ P Θ1

¡MWpθq �Ä½�W (½éA�u�{�)õ�¼ê.

W ´u�/wÍ5Y²�α �Ä½�: αWpθq ď α, @θ P Θ0.

α �W �°(u�Y²: α “ supθPΘ0
αWpθq. (½Â3.1)

���<: oÀº, U�: ÙE
 18Ù



 

²;�{: �½α; ¦þü$βWpθq, θ P Θ1. (õ�¦þ�).

�VÇ¯�: Pθp ~X PWq ď α, θ P Θ0.

(J: áýH0. ��VÇď α. ráý.

(J: �ÉH0, ��VÇβWpθq, θ P Θ1.

/víÑgñ0Ø�L/b�¤á0. f�É.

Ä½�W, u�ÚOþ ϕp ~Xq.

ü>Ä½�: �.�λ “ λpαq,

W “ t~x : ϕp~xq ą λu ½ W “ t~x : ϕp~xq ă λu.

V>Ä½�: �.�λ1 “ λ1pαq, λ2 “ λ2pαq,

W “ t~x : ϕp~xq ă λ1u
Ť

t~x : ϕp~xq ą λ2u.

���<: oÀº, U�: ÙE
 18Ù



 

�.��{: ^u�ÚOþÚ�.�5(½Ä½�.

ü>. W “ t~x : ϕp~xq ą λu. éλ ÷v

sup
θPΘ0

Pθpϕp ~Xq ą λq “ α. (3.3)

e´ëY., Kù��λ   �3.

��âY²α, u�ÚOþ & Í¶þ5(½.

~: ��oN, σ2 ®�. H0 : µ ď µ0.

u�ÚOþZp~xq “ x̄´µ0?
σ2{n

, Ä½�: W “ t~x : Zp~xq ą λu.

Í¶þ: Zp~x, µq :“ x̄´µ?
σ2{n

.

Zp~xq ď Zp~x, µq, @µ ď µ0.

� sup
µďµ0

PµpZp ~Xq ą λq “ Pµ0pZp
~Xq ą λq “ P pZp ~X, µq ą λq.

e´lÑ., K÷v(3.3) �λ Ø�½�3. d�, éλ ¦�

sup
θPΘ0

Pθpϕp ~Xq ą λq ď α ă sup
θPΘ0

Pθpϕp ~Xq ě λq. (3.4)

���<: oÀº, U�: ÙE
 18Ù



 

V>. W “ t~x : ϕp~xq ă λ1 ½ ϕp~xq ą λ2u.

éλ1Úλ2 ÷v

sup
θPΘ0

Pθpϕp ~Xq ă λ1q “ sup
θPΘ0

Pθpϕp ~Xq ą λ2q “
α

2
. (3.5, 3.6)

e´ëY., ù��λ1 Úλ2   �3.

e´lÑ., KØ�½�3, ù�éλ1 Úλ2 ¦�

sup
θPΘ0

Pθpϕp ~Xq ă λ1q ď
α

2
ă sup

θPΘ0

Pθpϕp ~Xq ď λ1q, (3.7)

sup
θPΘ0

Pθpϕp ~Xq ą λ2q ď
α

2
ă sup

θPΘ0

Pθpϕp ~Xq ě λ2q. (3.8)

�âu�Y²(½�.�l
¼�Ä½���{, ¡��.

��{.

���<: oÀº, U�: ÙE
 18Ù



 

~3.1. �X „ Npµ, σ2q, σ2 ��. H0 : µ ď µ0.

θ “ pµ, σ2q, Θ “ Rˆ R`, Θ0 “ p´8, µ0s ˆ R`.

H0 : θ P Θ0, =H0 : µ ď µ0 ÐÑ Ha : µ ą µ0.

�u�ÚOþϕp ~Xq “ T p ~Xq :“ X̄´µ0?
S2{n

.

�*: µ ��, X̄ ��, l
T p ~Xq ��.

Ïd, T p~xq ��, êâ���uÄ½H0.

l
, �ü>Ä½�:

W “ t~x : ϕp~xq ą λu “ t~x : T p~xq ą λu.

�.�λ “ t1´αpn´ 1q: supθPΘ0
Pθpϕp ~Xq ą λq “ α.

T p ~Xq
H0

ď T p ~X, µq “ X̄´µ?
S2{n

, (�Ò3µ “ µ0 ?��),

Pθ

´

T p ~Xq ą λ
¯ H0

ď Pθ

´

T p ~Xq ą λ
¯

“ P pTn´1 ą λq.

���<: oÀº, U�: ÙE
 18Ù



 

p ��{

ü>.

~3.1. X „ Npµ, σ2q, σ2 ®�. F"y²µ ��.

�H0 : µ ď µ0. eH0 �ý, Kϕp ~Xq “ X̄ '��.

Ä½�/XW “Wλ “ t~x : ϕp~xq ą λu. �"êâÄ½H0.

�âα é�.�. �D!λ “ λpαq ¦�

α “ sup
θPΘ0

Pθ

´

ϕp ~Xq ą λ
¯

.

½Â3.2. ¡Xe½Â�pp~xq ����~x �p �.

pp~xq :“ sup
θPΘ0

Pθ

´

ϕp ~Xq ě ϕp~xq
¯

.

5: pp~xq P r0, 1s; pp ~Xq ´ÚOþ.

�*: pp~xq ´
:::::::::
UáýH0:::::::::

���α, Ä½H0 �r�§Ý.

e�α ă pp~xq, éKA�λ ą ϕp~xq, �ÉH0.

e�α ą pp~xq, éKA�λ ă ϕp~xq, Ä½H0.

���<: oÀº, U�: ÙE
 18Ù



 

Ún3.1. �@α P p0, 1q, D!λ “ λpαq ÷v:

α “ sup
θPΘ0

Pθ

´

ϕp ~Xq ą λ
¯

.

Kϕp~xq ą λpαq ��=�pp~xq :“ sup
θPΘ0

Pθ

´

ϕp ~Xq ě ϕp~xq
¯

ă α.

5: p ��{=�Ä½���W “ t~x : pp~xq ă αu.

5: α �°(u�Y²: W “ t~x : pp~xq ă αu,

sup
θPΘ0

Pθp ~X PWq “ sup
θPΘ0

Pθ

´

ϕp ~Xq ą λpαq
¯

“ α.

y: �pp~xq ă α. K sup
θPΘ0

Pθ

´

ϕp ~Xq ą ϕp~xq
¯

ď ‹‹ ă α,

�ϕp~xq ą λ.

�L5, �ϕp~xq ą λ “ λpαq. KDε ą 0 ¦ϕp~xq ´ ε ą λ. u´

‹‹ ď sup
θPΘ0

Pθ

´

ϕp ~Xq ą ϕp~xq ´ ε
¯

ď sup
θPΘ0

Pθ

´

ϕp ~Xq ą λ
¯

“ α.

λ “ λpαq ´���, Ïd/“0Ø¤á. =pp~xq ă α.

���<: oÀº, U�: ÙE
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Ún3.2. �@α P p0, 1q, �3λ (�7��)÷v:

sup
θPΘ0

Pθ

´

ϕp ~Xq ą λ
¯

ď α ă sup
θPΘ0

Pθ

´

ϕp ~Xq ě λ
¯

.

K ϕp~xq ą λ ��=�pp~xq :“ supθPΘ0
Pθ

´

ϕp ~Xq ě ϕp~xq
¯

ď α.

y: ��¡, eϕp~xq ą λ. K

pp~xq ď supθPΘ0
Pθpϕp~xq ą λq ď α.

,��¡, eϕp~xq ď λ, K

pp~xq ě supθPΘ0
Pθ

´

ϕp ~Xq ě λ
¯

ą α.

5: Ä½�W “ t~x : ‹u “ t~x : pp~xq ď αu. °(u�Y²ď α.

���<: oÀº, U�: ÙE
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~3.2. �X „ Npµ, σ2q, σ2 ��. u�H0 : µ ď µ0.

3H0 e,

T p ~Xq “
X̄ ´ µ0
a

S2{n

H0

ď
X̄ ´ µ
a

S2{n
“ T p ~X, µq „ tpn´ 1q.

Ä½�: �λ “ t1´αpn´ 1q,

W “ t~x : T p~xq ą λu “ t~x : pp~xq ă αu .

O�p �:

pp~xq “ sup
θPΘ0

Pθ

´

T p ~Xq ě T p~xq
¯

“ P
`

Tn´1 ě T p~xq
˘

.

~, µ0 “ 25, n “ 64, x̄ “ 25.9, s2 “ 17.3.

ϕp~xq “ 1.731, pp~xq “ P pT63 ě 1.731q “ 0.044.

eY²α “ 0.05, KáýH0. eY²α “ 0.03, K�ÉH0.

���<: oÀº, U�: ÙE
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V>.

Ä½�/XW “
 

~x : ϕp~xq ă λ1 ½ ϕp~xq ą λ2

(

.

(?)�λ0 P rλ1, λ2q. ½Â3.3. ¡Xe½Â�pp~xq �~x �p �.

pp~xq “

$

’

’

&

’

’

%

min

"

2 sup
θPΘ0

Pθ
`

ϕp ~Xq ď ϕp~xq
˘

, 1

*

, ϕp~xq ď λ0;

min

"

2 sup
θPΘ0

Pθ
`

ϕp ~Xq ě ϕp~xq
˘

, 1

*

, ϕp~xq ą λ0.

���<: oÀº, U�: ÙE
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Ún3.3. �Dα P p0, 1q, D!λ1, λ2 ÷veª, K

sup
θPΘ0

Pθ pϕp~xq ă λ1q “ sup
θPΘ0

Pθ pϕp~xq ą λ2q “
α

2
.

K/ϕp~xq ă λ1 ½ϕp~xq ą λ20��=�pp~xq ă α.

y: eϕp~xq ď λ0, Kϕp~xq ă λ1 ��=�pp~xq ă α: λ1 ��,

pp~xq ď2 sup
θPΘ0

Pθ

´

ϕp ~Xq ď ϕp~xq
¯

ď 2 sup
θPΘ0

Pθpϕp~xq ă λ1 ´ εq ă α.

eϕp~xq ą λ0, Kϕp~xq ą λ2 ��=�pp~xq ă α: λ2 ��,

pp~xq ď2 sup
θPΘ0

Pθ

´

ϕp ~Xq ě ϕp~xq
¯

ď 2 sup
θPΘ0

Pθ pϕp~xq ą λ2 ` εq ă α.

���<: oÀº, U�: ÙE
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Ún3.4. �λ1 Úλ2 (�7��)÷v:

sup
θPΘ0

Pθ

´

ϕp ~Xq ă λ1

¯

ď
α

2
ă sup

θPΘ0

Pθ

´

ϕp ~Xq ď λ1

¯

,

sup
θPΘ0

Pθ

´

ϕp ~Xq ą λ2

¯

ď
α

2
ă sup

θPΘ0

Pθ

´

ϕp ~Xq ě λ2

¯

.

K/ϕpxq ă λ1 ½ϕpxq ą λ20��=�pp~xq ď α.

y²Ñ.

���<: oÀº, U�: ÙE
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~3.3. �X „ Npµ, σ2q. u�H0 : σ2 “ σ2
0.

u�ÚOþ!Í¶þKn´1 „ χ2pn´ 1q:

ϕp ~Xq “ Kp ~Xq “
1

σ2
0

n
ÿ

i“1

pXi ´ X̄q
2 H0
“

1

σ2

n
ÿ

i“1

pXi ´ X̄q
2 “ Kp ~X, θq.

V>Ä½�: W “
 

~x : ϕp~xq ă λ1 ½ϕp~xq ą λ2

(

.

�*: Kn´1 « n´ 1 (d=λ0). λ1 ă n´ 1 ă λ2.

ϕp~xq ď n´ 1 ��=�s2 ď σ2
0:

sup
θPΘ0

Pθ

´

ϕp ~Xq ď ϕp~xq
¯

“ P pKn´1 ď ϕp~xqq .

p �pp~xq :“

#

min t2P pKn´1 ď ϕp~xqq , 1u , s2 ď σ2
0;

min t2P pKn´1 ě ϕp~xqq, 1u , s2 ą σ2
0.

~2.4. ÔjòäåX „ Npµ, σ2q. n “ 10, êâ: ¨ ¨ ¨ ¨ ¨ ¨ .

u�H0 : σ2 “ σ2
0 “ 64. ϕp~xq “ 1

σ2
0

ř10
i“1px1 ´ x̄q

2 “ 10.65.

p ��0.60: s2 “ 75.7 ą 64, P pK9 ě ϕp~xqq “ 0.30.

��α ă 0.60 (��/, α ă 0.5), H0 Ñ�~x �N.
���<: oÀº, U�: ÙE
 18Ù



 

p ��{�o(.

ü>Ä½�:

W “ t~x : pp~xq ă αu (Ún3.1),

W “ t~x : pp~xq ď αu (Ún3.2).

V>Ä½�:

W “ t~x : pp~xq ă αu (Ún3.3),

W “ t~x : pp~xq ď αu (Ún3.4).

(°()u�Y²þď α.

`:: O�pp~xq.

é?¿ýk�½� α ·^, Ø^éz�α ÑO�λ 2�ä‹.

pp~xq �ÑáýH0 �r�§Ý.

���<: oÀº, U�: ÙE
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b�u���&«m�éX

�oN�©Ù¼ê�F px, θq, Ù¥θ ���ëê, ���Θ.

�ÄH0 : θ “ θ0 ÐÑ Ha : θ ‰ θ0.

PA “ Apθ0q “Wc,

Pθ0p
~X PWq ď α, Pθ0p

~X P Apθ0qq ě1´ α.

~x P Apθ0q ��=�θ0 P Sp~xq. Ù¥,

Sp~xq :“ tθ : ~x P Apθqu .

Pθ0

´

θ0 P Sp ~Xq
¯

ě 1´ α, @θ0 P Θ.

Sp~xq ´θ ��&Y²�1´ α ��&/«m0.

5: �L5, �^�&/«m0EW.

���<: oÀº, U�: ÙE
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~3.4. �X „ Npµ, 1q. u�H0 : µ “ µ0.

ëê: θ “ µ, ��: R. θ0 “ µ0.

�É�: °(Y²�α,

Apθ0q “

!

~x : |x̄´ θ0| ď λ “ z1´α
2
{
?
n.
)

Pµ0p|X̄ ´ µ0| ď λq “ 1´ α.

@µ, Pµp|X̄ ´ µ| ď λq “ 1´ α.

�&«m:
“

X̄ ´ λ, X̄ ` λ
‰

.

Ä½�/�É�: �ÉH0 ��=�µ0 P
“

X̄ ´ λ, X̄ ` λ
‰

.

���<: oÀº, U�: ÙE
 18Ù



 

§6.4 ü���oN�b�u�

�X „ Npµ1, σ
2
1q, Y „ Npµ2, σ

2
2q, �X,Y �pÕá.

(1) σ2
1, σ2

2 ��, ���σ2
1 “ σ2

2. H0 : µ1 “ µ2, ½H0 : µ1 ď µ2.

(2) µ1, µ2 ��. H0 : σ2
1 “ σ2

2, ½H0 : σ2
1 ď σ2

2.

(3) σ2
1, σ2

2 ��, ���σ2
1 ‰ σ2

2. H0 : µ1 “ µ2, ½H0 : µ1 ď µ2.

���<: oÀº, U�: ÙE
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(1) σ2
1, σ

2
2 ��, σ2

1 “ σ2
2. H0 : µ1 “ µ2 ½H0 : µ1 ď µ2.

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

X̄,
řn1
i“1pXi ´ X̄q

2; Ȳ ,
řn2
i“1pYi ´ Ȳ q

2 �pÕá,

X̄ „ Npµ1,
1

n1
σ2q, Ȳ „ Npµ2,

1

n2
σ2q,

‹

σ2
„ χ2pn1 ´ 1q,

‹

σ2
„ χ2pn2 ´ 1q.

©f:

pX̄ ´ Ȳ q ´ pµ1 ´ µ2q „ N

ˆ

0,

ˆ

1

n1
`

1

n2

˙

σ2

˙

.

©1: ‹`‹
σ2 „ χ2pn1 ` n2 ´ 2q.

σ2 �Ã �O�σ̂2 “ 1
n p‹ ` ‹q.

­:: ©f�©1�pÕá.

���<: oÀº, U�: ÙE
 18Ù



 

1
σ

`

pX̄ ´ Ȳ q ´ pµ1 ´ µ2q
˘

„ N
´

0, 1
n1
` 1

n2

¯

,
1
σ2

`
řn1
i“1pXi ´ X̄q

2 `
řn2
i“1pYi ´ Ȳ q

2
˘

„ χ2pn1 ` n2 ´ 2q,

�±þü��ÅCþ�pÕá.

u�ÚOþT p ~X, ~Y q �Í¶þT p ~X, ~Y , θq:

T p ~X, ~Y q “
X̄ ´ Ȳ

c

´

1
n1
` 1

n2

¯

σ̂2

,

T p ~X, ~Y ; θq “
pX̄ ´ Ȳ q ´ pµ1 ´ µ2q

c

´

1
n1
` 1

n2

¯

σ̂2

„ tpnq, σ̂2 “
1

n
p‹ ` ‹q .

�Òe:

‹¨
1

n
p‹`‹q “

n1 ` n2

n1n2

1

n1 ` n2 ´ 2
p‹`‹q “

n1 ` n2

n1n2pn1 ` n2 ´ 2q
p‹`‹q.

n1 “ n2 �, n1`n2
n1n2pn1`n2´2q “

2n
n2¨2pn´1q

“ 1
npn´1q .

���<: oÀº, U�: ÙE
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u�ÚOþT p ~X, ~Y q �Í¶þT p ~X, ~Y , θq: n “ n1 ` n2 ´ 2,

T p ~X, ~Y q “
X̄ ´ Ȳ

c

´

1
n1
` 1

n2

¯

σ̂2

,

T p ~X, ~Y ; θq “
pX̄ ´ Ȳ q ´ pµ1 ´ µ2q

c

´

1
n1
` 1

n2

¯

σ̂2

„ tpnq, σ̂2 “
1

n
p‹ ` ‹q .

V>. eH0 : µ1 “ µ2 ¤á, KT p ~X, ~Y q “ T p ~X, ~Y ; θq.

�tpn1 ` n2 ´ 2q �L��.�λ: λ “ t1´α{2pnq.

Ä½�:

W “ tp~x, ~yq : |T p~x, ~yq| ą λu .

Tu�{¡�ü��tu�, �¡�²þê�wÍ5�½.

áeýH0 : µ1 “ µ2, K��¡(3α Y²e)ü�oN�²þ

êkwÍ(5)�É.

���<: oÀº, U�: ÙE
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u�ÚOþT p ~X, ~Y q �Í¶þT p ~X, ~Y , θq: n “ n1 ` n2 ´ 2,

T p ~X, ~Y q “
X̄ ´ Ȳ

c

´

1
n1
` 1

n2

¯

σ̂2

,

T p ~X, ~Y ; θq “
pX̄ ´ Ȳ q ´ pµ1 ´ µ2q

c

´

1
n1
` 1

n2

¯

σ̂2

„ tpnq, σ̂2 “
1

n
p‹ ` ‹q .

ü>. eH0 : µ1 ď µ2 ¤á, KT p ~X, ~Y q ď T p ~X, ~Y ; θq.

Ä½�:

W “ tp~x, ~yq : T p~x, ~yq ą λu .

sup
θPΘ0

Pθp ~X PWq “ P pTn ą λq, ��λ “ t1´αpnq.

���<: oÀº, U�: ÙE
 18Ù



 

~4.1(~1.4). ¤Ùó²¥§ÝéråX, Y �K�.

70, X : 20.5, 18.8, 19.8, 20.9, 21.5, 19.5, 21.0, 21.2

80, Y : 17.7, 20.3, 20.0, 18.8, 19.0, 20.1, 20.2, 19.1

σ2
1 “ σ2

2 “ σ2. H0 : µ1 “ µ2 ÐÑ Ha : µ1 ‰ µ2.

�êâ: n1 “ n2 “ 8, x̄ “ 20.4, ȳ “ 19.4,
řn
i“1pxi ´ x̄q

2 “ 6.20,
řn
i“1pyi ´ ȳq

2 “ 5.80;

σ̂2 “ 1
2ˆ8´2p6.20` 5.80q “ 0.8571,

T p~x, ~yq “ 20.4´19.4?
2˚0.8571{8

“ 2.16.

½ö, �t ©ÙL, gdÝ´n1 ` n2 ´ 2 “ 14, �α “ 0.05,

�λ “ 2.145. e(Ø: |T p~x, ~yq| “ 2.16 ą λ, áýH0.

½ö, O�p �: pp~xq “ P p|K2n´2| ě |2.16|q “ 0.0486,

e(Ø: pp~xq ă 0.05 “ α, áýH0.

5: �-H0 : µ1 ď µ2. e(Ø: Ä½H0.

���<: oÀº, U�: ÙE
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~4.2. ïÄ�Ñ;)�éOåÉØK�, X,Y : Â Ø��.

n1 “ 8 <Ñ�, x̄ “ 132.86, sX “ 15.35;

n2 “ 21 <�Ñ�, ȳ “ 127.44, sY “ 18.23.

b½σ2
1 “ σ2

2 “ σ2. u�H0 : µ1 “ µ2.

O�:

σ̂2 “ 1
8`21´2pp8´ 1q ˆ 15.352 ` p21´ 1q ˆ 18.232q “ 294.95.

T p~x, ~yq “ 132.86´127.44
b

p 18`
1
21q294.95

“ 0.760.

�t ©ÙL: gdÝn “ 27, α “ 0.05, �λ “ 2.052.

e(Ø: |T p~x, ~yq| ă λ, H0 �N, ü²þ�ÃwÍ�É.

���<: oÀº, U�: ÙE
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(2) µ1, µ2 ��. H0 : σ
2
1 “ σ2

2, ½H0 : σ
2
1 ď σ2

2.

σ2
1 Úσ

2
2 �Ã �O:

S2
1 “

1

n1 ´ 1

n1
ÿ

i“1

pXi ´ X̄q
2, S2

2 “
1

n2 ´ 1

n2
ÿ

i“1

pYi ´ Ȳ q
2.

u�ÚOþ: F p ~X, ~Y q “ S2
1{S

2
2 .

Í¶þ: F p ~X, ~Y ; θq “
S2
1

σ2
1
{p
S2
2

σ2
2
q.

1�gdÝ�n, 1�gdÝ�m �F ©Ù, P�F pn,mq:

� 1
nKn{p

1
mKmq �©Ù, Ù¥Kn „ χ2pnq, Km „ χ2pmq, �

�pÕá. Ù�ÝXe(½Â4.1, ^§4.2��{í�): x ą 0,

Γ
´

n1`n2
2

¯

Γp
n1
2 qΓp

n2
2 q

´

n1
n2

¯

n1
2
x
n1
2
´1

´

1` n1
n2
x
¯´

n1`n2
2

.

���<: oÀº, U�: ÙE
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F p ~X, ~Y q “ S2
1{S

2
2 ,

F p ~X, ~Y ; θq “
S2
1

σ2
1
{p
S2
2

σ2
2
q “

σ2
2

σ2
1
F p ~X, ~Y q „ F pn1 ´ 1, n2 ´ 1q.

Kn „ χ2pnq, Km „ χ2pmq, �Õá. Fn,m “
1
nKn{p

1
mKmq.

V>. eH0 : σ2
1 “ σ2

2 ¤á, KF p ~X, ~Y q “ F p ~X, ~Y ; θq.

Ä½�: W “ tp~x, ~yq : F p~x, ~yq ă λ1 ½ ą λ2u.

Ù¥, λ1 “ Fα{2pn1´ 1, n2´ 1q, λ2 “ F1´α{2pn1´ 1, n2´ 1q.

ü>. eH0 : σ2
1 ď σ2

2 ¤á, KF p ~X, ~Y q ď F p ~X, ~Y ; θq.

Ä½�: W “ tp~x, ~yq : F p~x, ~yq ą λu,

��λ “ F1´αpn1 ´ 1, n2 ´ 1q.

(5: max
θPΘ0

Pθ
`

F p ~X, ~Y q ą λ
˘

“ P pFn1´1,n2´1 ą λq.)

NL����Ñm�.�λ2 Úλ.

λ1 “ 1{F1´α{2pn2 ´ 1, n1 ´ 1q:

1

Fn,m
„ F pm,nq � P pFn,m ă λ1q “ P

ˆ

1

Fn,m
ą

1

λ1

˙

ñ
1

λ
“ ‹.

���<: oÀº, U�: ÙE
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~4.1(Y). �Ä70 Ý�80 Ýerå����'�. H0 : σ2
1 “ σ2

2.

�êâ: n1 “ n2 “ 8, s2
1 “ 6.20{7, s2

2 “ 5.80{7,

F p~x, ~yq “
s21
s22
“ 6.20

5.80 “ 1.07.

�F p7, 7q L: α “ 0.05, �λ2 “ 4.99.

�F p7, 7q L: α “ 0.05, �1{λ1 “ 4.99, �λ1 “ 0.200.

e(Ø: λ1 ă F p~x, ~yq ă λ2, êâ�H0 �N.

)º: vk²w�y²L²H0 Ø¤á, �ØUÄ@σ2
1 “ σ2

2,

¡σ2
1 �σ

2
2 ÃwÍ�É.

?�Ú, �b�σ2
1 “ σ2

2, ¿?1(1) ¥�þ�u�.

���<: oÀº, U�: ÙE
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~4.4.(~4.2Y). Ñ�/ØÑ�H0 : σ2
1 “ σ2

2.

�êâ: n1 “ 8, n2 “ 21, s2
1 “ p15.35q2, s2

2 “ p18.23q2,

F p~x, ~yq “
s21
s22
“ 0.709.

�F p7, 20q �L: Y²“ α
2 “ 0.025, �λ2 “ 3.01,

�F p20, 7q �L: Y²“ 0.025. L¥vk20.

)û�Y:

^�C��O: gdÝp24, 7q, -λ1 “ 1{4.42 “ 0.226.

�5��: gdÝp12, 7q, p24, 7q ��C,

1{λ1 “ 4.67` 4.42´4.67
24´12 p20´ 12q “ 4.50.

5: eü�gdÝÑØ3L�¥, Kù«�{�üg��, °

Ý��´ÑkJp.

e(Ø: λ1 ă F p~x, ~yq ă λ2, êâ�H0 �N.
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~4.5. E¾�»X, Y . n1 “ 8, n2 “ 9, êâ:

X :15.0, 14.5, 15.2, 15.5, 14.8, 15.1, 15.2, 14.8

Y :15.2, 15.0, 14.8, 15.2, 15.0, 15.0, 14.8, 15.1, 14.8

¯: ¯�K�¬�»���´Ä'`�K��?

���(Øσ2
2 ă σ2

1, r§��Ha. H0 : σ2
1 ď σ2

2.

�êâ: n1 “ 8, n2 “ 9, s2
1 “ 0.09554, s2

2 “ 0.02611,

F p~x, ~yq “ 3.66.

�F p7, 8q �L: α “ 0.05, �λ “ 3.50.

e(Ø: F p~x, ~yq “ 3.66 ą 3.50, Ä½H0,

30.05Y²e, @�¯�K�¬�»���wÍ�u`�K

�¬�»���.
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~4.6. �/íR�Iå�É. I: X, n1 “ 25, x̄ “ 12.40,

sX “ 2.50; å: Y , n2 “ 25, ȳ “ 8.90, sY “ 1.34. ¯: I¬íR�

���´Ä�uå¬íR����?

-H0 : σ2
1 ď σ2

2.

O�F p~x, ~yq “ p2.50q2{p1.34q2 “ 3.48.

�L, F p24, 24q, α “ 0.01, �λ “ 2.66.

e(Ø: F p~x, ~yq “ 3.48 ą 2.66, áýH0.

30.01Y²e, @�I¬íR����wÍ�uå¬íR�

���.

���<: oÀº, U�: ÙE
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(3) σ2
1, σ

2
2 ��, σ2

1 ‰ σ2
2. H0 : µ1 “ µ2, ½H0 : µ1 ď µ2.

T´Í¶�Behrens–Fisher ¯K.

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

X̄,
řn1
i“1pXi ´ X̄q

2; Ȳ ,
řn2
i“1pYi ´ Ȳ q

2 �pÕá,

X̄ „ Npµ1,
1

n1
σ2

1q, Ȳ „ Npµ2,
1

n2
σ2

2q,

‹

σ2
„ χ2pn1 ´ 1q,

‹

σ2
„ χ2pn2 ´ 1q.

«O1!©f���.

pX̄ ´ Ȳ q ´ pµ1 ´ µ2q „ N

ˆ

0,
σ2

1

n1
`
σ2

2

n2

˙

.

u´, eµ1 “ µ2, K X̄´Ȳ
‹
„ Np0, 1q.

t u��g�: σ2 ���, ^ÙÃ �OS2 �O.
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«O2!©1�L�ª. ©O^S2
1 “

1
n1´1

řn1
i“1pXi ´ X̄q

2

ÚS2
2 “

1
n2´1

řn2
i“1pYi ´ Ȳ q

2 �Oσ2
1 Úσ

2
2.

u�ÚOþ�/Í¶þ0:

T “
X̄ ´ Ȳ

b

S2
1
n1
`

S2
2
n2

, T pθq “
pX̄ ´ Ȳ q ´ pµ1 ´ µ2q

b

S2
1
n1
`

S2
2
n2

.

5: T pθq �°(©ÙE,, ��6uσ2
1{σ

2
2 ��.

�±y²: T pθq CqÑltpmq,

Ù¥, m ���CXem˚ ��ê.

m˚ “

´

S2
1
n1
`

S2
2
n2

¯2

1
n1´1

´

S2
1
n1

¯2
` 1

n2´1

´

S2
2
n2

¯2 . (4.8)
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u�ÚOþ:

T “
X̄ ´ Ȳ

b

S2
1
n1
`

S2
2
n2

.

V>. H0 : µ1 “ µ2.

Ä½�: W “ tp~x, ~yq : |T p~x, ~yq| ą λu, Ù¥, λ “ t1´α{2pmq.

ü>. H0 : µ1 ď µ2.

Ä½�: W “ tp~x, ~yq : T p~x, ~yq ą λu, Ù¥, λ “ t1´αpmq.

���<: oÀº, U�: ÙE
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~4.7. ïÄI��%9¾�[Ì¥, få�ÿ�UY²´Ä p

�¯K. êâXe, ¯: µ1 �µ2 ´ÄkwÍ�É. (α “ 0.05.)

X (I�¾), n1 “ 100, x̄ “ 207.3, sX “35.6;

Y (IØ�¾), n2 “ 74, ȳ “ 193.4, sY “17.3.

ku�H0 : σ2
1 “ σ2

2. O�: F “ 4.23, �L: λ1 “ 0.6548,

λ2 “ 1.5491, F “ 4.23 ą λ2, áýH0. (e�ÉH0, K^(1).)

O�ÚOþ: T “ X̄´Ȳ
c

S21
n1
`
S22
n2

“ 3.40. O�m˚ “ 151.4, �

�m “ 151. (vktp151q, ¦^tp120q ��.���Cq.)

V>. H0 : µ1 “ µ2, �L�λ “ t1´α{2p120q “ 1.980.

e(Ø: |T | “ 3.40 ą λ, áýH0.

ü>. H0 : µ1 ď µ2, �L�λ “ t1´αp120q “ 1.658.

e(Ø: T “ 3.40 ą λ, áýH0.

@�I�ku%9¾�¯f�ÿ�UY²wÍ/�p.
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t©Ù�F©Ù�'X:

�X „ tpnq, KY “ X2 „ Fp1, nq.

y: �Z0, Z1, ¨ ¨ ¨ , Zn �pÕá, Ñ„ Np0, 1q.

KX
d
“ Z0

b

1
n
pZ2

1`¨¨¨`Z
2
nq

. u´X2 d
“

Z2
0

1
n
pZ2

1`¨¨¨`Z
2
nq
„ Fp1, nq.

,y: FY pyq “ P p|X| ď
?
yq “ FXp

?
yq ´ FXp´

?
yq, �

pY pyq “F
1
Y pyq “ pXp

?
yq

1

2
?
y
` pXp´

?
yq

1

2
?
y

“
1

2
?
y
rpXp

?
yq ` pXp´

?
yqs, y ą 0.

òtpnq ��Ý�\pXpxq, B�pY pyq ´Fp1, nq ��Ý.
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§6.5 'Ç�b�u�

(1) üoN(X „ Bp1, pq), ��Cq{(���);

(2) üoN, p�u�{(���);

(3) üoN(X „ Bp1, p1q, Y „ Bp1, p2q), ��Cq{(���).

(4) üoN: Fisher°(�O{(Ø�¦���).
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(1) üoN, ��Cq{(���)

·^��: n é�, ���¦¤õÚ�}�êÑ�L5�.

ÚOþ: Sp ~Xq “ Sn “ X1 ` ¨ ¨ ¨ `Xn „ Bpn, pq, p̂ “ Sn{n.

V>. H0 : p “ p0. 3H0 e, ÚOþ

ζp ~Xq “
p̂´ p0

a

p0p1´ p0q{n
Cq/ „ Np0, 1q.

Ä½�: W “
 

~x : |ζp~xq| ě z1´α{2

(

.

ü>. ÚOþ�/Í¶þ0(Cq„ Np0, 1q).

ηp~xq “
p̂´ p0

a

p̂p1´ p̂q{n
, ξ :“

p̂´ p
a

p̂p1´ p̂q{n
.

H0 : p ď p0. Ä½�: W “ t~x : ηp~xq ě z1´αu .

H0 : p ě p0. Ä½�: W “ t~x : ηp~xq ď ´z1´αu.
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~. Âõ[�c¥	\
98 Ì¶x, ²�½Ù¥26 Ì´�¬. ¯,

TÂõ[��½O(Çě 75%?

p̂ “ 98´26
98 “ 0.7347 ď 75%.

UK¿ÀJH0 : p ď 0.75(�½ØUÄ½TH0),

½ö, (�AT)ÀJH0 : p ě 0.75.

Ä½�: α “ 0.05,

W` “

#

~x : ηp~xq “
p̂´ 0.75

a

p̂p1´ p̂q{n
ą 1.645

+

W´ “t~x : ηp~xq ă ´1.645u .

O���ηp~xq “ ´0.3432.

e(Ø: �ÉH0 ÚH0. (u�{�kÛ�5!)
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(2) üoN, p�u�{(���)

ü>. H0 : p ď p0 ÐÑ Ha : p ą p0.

ÚOþ: Sp ~Xq “
řn
i“1Xi „ Bpn, pq.

Ä½�: W “ t~x : Sp~xq ě cu.

�.�c �÷v sup
pďp0

PppS ě kq ď α ����êk.

�½k. fppq :“ PppS ě kq 'up üNþ,:

fppq “
n
ÿ

i“k

Cinp
ip1´ pqn´i

“
n!

pk ´ 1q!pn´ kq!

ż p

0
uk´1p1´ uqn´kdu.

Ïd, �.�c �÷veª����êk.

Pp0pS ě kq ď α. (5.2)
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Ä½�: W “ t~x : Sp~xq ě cu, Ù¥S “ Sp ~Xq “
řn
i“1Xi

„ Bpn, pq, c �÷vPp0pS ě kq ď α ����êk0.

¦�.�c'�æ�, ·�^p�5L«Ä½�. PSp~xq “ s0

pp~xq :“ sup
pďp0

PppS ě s0q “ Pp0pS ě s0q

“

n
ÿ

i“s0

Cinp
i
0p1´ p0q

n´i.

��=�‹ ď α �, áýH0.

òs0 À��½�, fppq “
řn
i“s0

Cinp
ip1´ pqn´i 'up î�

üN4O. �3���pαps0q ¦�fppαps0qq “ α.

Ö¿½Â: s0 “ 0 �, fppq ” 1. 5½pαp0q “ 0.

Ïd, ��=�p0 ď pαps0q �, áýH0.

���<: oÀº, U�: ÙE
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 Ä½�: W “ t~x : p0 ď pαps0qu, Ù¥s0 “
řn
i“1 xi.

pαps0q �fppq :“
řn
i“s0

Cinp
ip1´ pqn´i “ α �(��)).

�±y²Xe�ª¤á: Pn1 “ 2pn´ k ` 1q, n2 “ 2k,

pα “ pαpkq “

"

1`
n´ k ` 1

k
F1´αpn1, n2q

*´1

.

u´, pαpS0q kXeL�ª:

"

1`
n´ S0 ` 1

S0
F1´αp2pn´ S0 ` 1q, 2S0q

*´1

. (5.5)
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Pn1 “ 2pn ´ k ` 1q, n2 “ 2k,  yfppq :“
řn
i“k C

i
np
ip1 ´ pqn´i “ α �(��))kXeL�ª:

pα “ pαpkq “
!

1 ` n´k`1
k

F1´αpn1, n2q

)´1
.

�CþO�: -u “ p1 ` n´k`1
k

xq´1 “ p1 `
n1
n2
xq´1, =x “ xpuq “ k

n´k`1
p 1
u
´ 1q.

Kx 'uu î�üNeü. �uÑ 0 �, xpuq Ñ 8.

fppq “
n!

pk ´ 1q!pn ´ kq!

ż p

0
u
k´1

p1 ´ uq
n´k

du

˜

P C1 “
n!

pk ´ 1q!pn ´ kq!

¸

“C1

ż xppq

8

¨

˝

1

1 `
n1
n2
x

˛

‚

k´1 ¨

˝

n1
n2
x

1 `
n1
n2
x

˛

‚

n´k

d
1

1 `
n1
n2
x

“C1

ż

8

xppq

´

n1
n2
x
¯n´k

´

1 `
n1
n2
x
¯n´1

¨

n1
n2

´

1 `
n1
n2
x
¯2
dx

˜

P C2 “ C1

ˆ

n1

n2

˙n´k`1
¸

“

ż

8

xppq
C2x

n1
2
´1

ˆ

1 `
n1

n2

x

˙´
n1`n2

2
dx.

ˆ

n ´ k “
n1

2
´ 1, n ` 1 “

n1 ` n2

2

˙

þª¥��È¼ê´F pn1, n2q ��Ý(�½Â4.1). (5: -pÑ 1, Kfppq Ñ 1, xppq Ñ 0.)

Ïd, P pFn1,n2
ą xppqq “ fppq, Ù¥Fn1,n2

„ F pn1, n2q.

�λ “ xppαq, =pα “ p1 `
n´k`1
k

λq´1. KP pFn1,n2
ą λq “ fppαq “ α.

Ïdλ “ F1´αpn1, n2q.
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~5.1. ��k�Ç�p0 “ 0.80. ��úi(¡#�k�Çp

u0.80. #��êâ: n “ 30, s0 “ 27. u�H0 : p ď p0.

n1 “ 2pn´ s0 ` 1q “ 8, n2 “ 2s´ 0 “ 54.

α “ 0.05. �L��F pn1, n2q “ F p8, 54q ��.�λ “ 2.13.

O�pαps0q, ¿�ä:

pαps0q “

ˆ

1`
4

27
ˆ 2.13

˙´1

“ 0.76 ă p0 “ 0.80.

ØáýH0, Ã²wnd`#�'�5�Ôk�p�k�Ç.

5: eêâ�s “ 28, K�áýH0.

5: k�UO���þ�k�±��wÍ(J.
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ü>1. H0 : p ě p0. Ä½�: W “ t~x : Sp~xq ď cu, Ù¥,

Sp~xq “
řn
i“1 xi, c ´÷vPp0pSp

~Xq ď kq ď α �����ê.

p�:

pp~xq “Pp0pS ď s0q “

s0
ÿ

i“0

Cinp
i
0p1´ p0q

n´i.

Ä½�: W “ t~x : pp~xq ď αu “ t~x : p0 ď p̃αpSp~xqqu, Ù

¥p̃αps0q �Xe�§���).

s0
ÿ

i“0

Cinp
i
0p1´ p0q

n´i “ α. (5.9)

5: ��±ò¯KC�-1´ p “ q. u�H0 : q ď q0.
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V>. H0 : p “ p0. PSp~xq “

řn
i“1 xi,

Ä½�: W “ t~x : Sp~xq ď c1 ½ Sp~xq ě c2u.

c1 ´÷vPp0pSp
~Xq ě kq ď α

2 �����ê.

c2 ´÷vPp0pSp
~Xq ď kq ď α

2 �����ê.

^p��{. Ps0 “
řn
i“1 xi. p�½Â�

pp~xq “ 2 min tPp0pS ď S0q, Pp0pS ě S0qu .

Ä½�: W “ t~x : pp~xq ď αu.
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(3)üoN, ��Cq{(���)

ü>. H0 : p1 ď p2 ½ H0 : p1 ě p2.

pi �Ã �O: p̂i “
1
ni
Si, Ù¥S1 “

řn1
i“1Xi, S2 “

řn2
i“1 Yi.

��: σ2
i “ Dpp̂iq “

pip1´piq
ni

, ^ p̂ip1´p̂iq
ni

�O.

ÚOþη �/Í¶þ0ξ:

ηp~x, ~yq “
p̂1 ´ p̂2

b

p̂1p1´p̂1q
n1

`
p̂2p1´p̂2q

n2

, ξ “
p̂1 ´ p̂2 ´ pp1 ´ p2q

?
‹ ` ‹

.

�n1 Ún2 ���(nip̂ip1´ p̂iq ě 5)�, ξ CqÑlNp0, 1q.

Ä½�:

W “ tp~x, ~yq : ηp~x, ~yq ą z1´αu, W “ tp~x, ~yq : ηp~x, ~yq ă zαu.
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V>. H0 : p1 “ p2.

pi �Ã �O: p̂i “
1
ni
Si, Ù¥S1 “

řn1
i“1Xi, S2 “

řn2
i“1 Yi.

p̂1, p̂2 þCqÑl��, ��: σ2
i “ Dpp̂iq “

pip1´piq
ni

.

ep1 “ p2 (P�p), K

σ2 “ Dpp̂1 ´ p̂2q “ Dpp̂1q `Dpp̂2q “

´

1
n1
` 1

n2

¯

pp1´ pq.

3σ2 ¥, ^p̂ :“ n1p̂1`n2p̂2
n1`n2

“ S1`S2

n1`n2
�Op.

�n1 Ún2 ���(nip̂ip1´ p̂iq ě 5)�, ζ CqÑlNp0, 1q.

ζp~x, ~yq “
p̂1 ´ p̂2

c

´

1
n1
` 1

n2

¯

p̂p1´ p̂q

.

Ä½�: W “ tp~x, ~yq : |ζp~x, ~yq| ą z1´α
2
u.
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~5.2. ïÄ�Ñ;)�éc#340�44��Oå%9�K�. n

cSÑy%*òk�êâXe. Ñ�: n1 “ 5000, s1 “ 13 <; Ø

Ñ�: n2 “ 10000, s2 “ 7. ¯: %*òk'Ç´ÄkwÍ�É?

ÚOþ: p̂1 “
13

5000 “ 0.0026, p̂2 “
7

10000 “ 0.0007.

Cq^�¤á: nip̂ip1´ p̂iq ©O´6.66, 6.70, þě 5.

V>. H0 : p1 “ p2. O��ζ “ 3.01, (p̂ “ 0.00133.)

�L& e(Ø: α “ 0.01, z1´ 0.01
2
“ 2.58 ă |ζ|, áýH0.

ü>. H0 : p1 ď p2. O��η “ 2.48.

�L& e(Ø: α “ 0.01, z1´0.01 “ 2.33 ă η, áýH0.

30.01Y²e, ü|�%*òk'ÇkwÍ�É, �Ñ;)�

é%*òk'ÇkwÍO�.
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(3)üoN, Fisher°(u�{

s1 “
řn1
i“1 xi, s2 “

řn2
i“1 yi, t “ s1 ` s2.

Pppiq “ Cin1
Ct´in2

{Ctn1`n2
. AO/, pps1q “ Cs1n1

Cs2n2
{Cs1`s2n1`n2

.

ü>. H0 : p1 ď p2, ½H0 : p1 ě p2. p�:

p1p~x, ~yq “
ÿ

iěs1

ppiq, p2p~x, ~yq “
ÿ

iďs1

ppiq.

V>. H0 : p1 “ p2. p�:

p3p~x, ~yq “ 2 min tp1p~x, ~yq, p2p~x, ~yqu .

áý�: W “ tp~x, ~yq : pip~x, ~yq ď αu.

¢�¥, ppiq ^Xe4íúªO�.

ppi` 1q “ ppiq
pn1 ´ iqpt´ iq

pi` 1qpn2 ´ t` i` 1q
. (5.19)
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~5.3. ,úSÛkü�;Y|. 3L��cS�|�Ãn1 “ 25

�<·Y, �»
s1 “ 23 �; �|�Ãn2 “ 35 �<·Y§�»


s2 “ 30 �. ¯: ü�|��»UåkÃ�O?

�ü�|��»Ç©O�p1, p2. u�H0 : p1 “ p2.

t “ 53. pp23q “ C23
25C

30
35{C

25`35
23`25 “ 0.252ą αp“ 0.05q,

//////////////////////////////////pp24q “ pp23q2ˆ30
24ˆ6 “ 0.105,/////////////////////////////////////pp25q “ pp24q1ˆ29

25ˆ7 “ 0.017.

p�: pip~x, ~yq ě pp23q ą α.

p1p~x, ~yq “
ř25
i“23 ppiq “ 0.374,////////////////////////////////////

p2p~x, ~yq “
ř23
i“0 ppiq “ 1´ p1p~x, ~yq ` pp23q “ 0.878,///////////////////////////////////////////////////////////////

p3p~x, ~yq “ 2ˆ 0.374 “ 0.748.///////////////////////////////////

3α “ 0.05 Y²e, H0 : p1 ď p2, H0 : p1 ě p2, H0 : p1 “ p2

þØáý. ü�;Y|3»YUåþvkwÍ�É.
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§6.6 oN�©Ù¼ê�b�u�

b�u��ëê�{kb½oNÑl,«�k��ëê�©

Ù(~^��©Ù), ,�£��éoNëê�¯K.

��±Øb½oN©Ùa., ��£�©Ùk'�¯K, X

oN´Ä5g��©Ù.

XÛ�ä��oNX ´Ä©Ù¼ê�F pxq?

k�ÿlÆ��£�±ï���, Xc¡��5âfêÑl

Ñt©Ù��.í�.

éõ�¹e�Ul*ÿêâ�ä.

��k���ã(éëY.oN), íÿ�U�©Ùa., 2?

1u�.
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[Ü`Ýu�/k�u�

ëY.. u�H0 : X�©Ù¼ê�F pxq.

aqux��ã. Àt1 ă ¨ ¨ ¨ ă tm ò¢ê¶©¤m` 1 ã,

I1 “ p´8, t1s, I2 “ pt1, t2s, . . . , Im “ ptm´1, tms, Im`1 “ ptm,`8q.

éA�VÇpi “ P pX P Iiq �^F pxq L�.

5: ��Àt1, ¨ ¨ ¨ , tm ¦�pi’s '��, νi’s Ø��.

νi “ á\Ii �êâ�ê, =, ªê. X P Ii �ªÇ“
νi
n .

eH0 ¤á, Kνi
n « pi.

Ä½�: W “ t~x : V p~xq ą λu, Ù¥, u�ÚOþ

V p~xq “
m`1
ÿ

i“1

´νi
n
´ pi

¯2
¨
n

pi
“

m`1
ÿ

i“1

pνi ´ npiq
2

npi
.

���<: oÀº, U�: ÙE
 18Ù



 

H0 : X „ F pxq. Ä½�: W “ t~x : V p~xq ą λu, Ù¥,

V p~xq “
m`1
ÿ

i“1

´νi
n
´ pi

¯2
¨
n

pi
“

m`1
ÿ

i“1

pνi ´ npiq
2

npi
.

νi
n CqÑlNppi,

1
npip1´ piqq « Nppi,

1
npiq (pi '��).

Ïd
`

νi
n ´ pi

˘

b

n
pi
CqÑlNp0, 1q.

�±y²: 3H0 e, V p ~Xq CqÑlχ2pmq.

�.�: λ “ χ2
1´αpmq.

5: eV p~xq ¥vkÏf n
pi

, Kpi ����¬�î­$�.

5: e"b�e�©Ù¼ê�¹r ���ëêθ1, ¨ ¨ ¨ , θr,

Kk^:�Oθ̂k’s �Oθk’s. ^p̂i “ Fθ̂pX P Iiq �Opi.

d�, V p~xq CqÑlχ2pm´ kq.

���<: oÀº, U�: ÙE
 18Ù



 

~6.1. E¾�»X. n “ 50, êâ: ¨ ¨ ¨ . u�X �©Ù.

*	êâ, JÑH0 : X „ Npµ, σ2q. 2 ���ëêµ, σ2.

^Ã �Oµ̂ “ x̄ “ 15.1, σ̂2 “ S2 “ 0.43252 �Oµ, σ2.

êâ��14.2, ��15.9. �a “ 14.05, b “ 16.15.

b´ a “ 2.1 “ 0.3 ˚ 7. �m “ 6, òra, bs �©�7 ã.

ÚOÑνi’s. �Np0, 1q ��.�L��pi “ P pY P Iiq,

Ù¥Y „ Npµ̂, σ̂2q. O��V p~xq “
ř7
i“1

pνi´npiq
2

npi
“ 1.7284.

�χ2pm´ 2q “ χ2p4q ��.�L, α “ 0.05, �λ “ 9.49.

e(Ø: V p~xq ă λ. �ÉH0.

5: �U¬k���1�a�ØVÇ. k�U±%Ù�©Ù!

éê�����"b�, u�þØáý. ��Øáý, Ò�±

`²êâ�T©Ù�åØ�.

���<: oÀº, U�: ÙE
 18Ù



 

lÑ.. ��ØI�©|, (VÇAO��|�±Ü¿).

�X �©Ù´

P pX “ aiq “ pi, pi “ 1, 2, . . . ,m` 1q.

νi “ êâ¥ai Ñy�gê. ÚOþ:

V “ V p~xq “
m`1
ÿ

i“1

pνi ´ npiq
2

npi
. (6.1)

3H0 e, V p ~Xq /�´0CqÑlχ2pmq.

5: e©Ù¥¹kr ���ëê, ?n�{ÓëY.�/.

Ä½�9�.�ÓëY.�/.

���<: oÀº, U�: ÙE
 18Ù



 
~6.2. (~1.3Y). ,ó�C5c5u)
n “ 63 g¯�, 3ó�F

�©ÙXe. ¯: ¯�u)´Ä�(ÏAk'?

(Ï � � n o Ê 8

gê 9 10 11 8 13 12

H0 : P pX “ iq ” 1
6 . i “ 1, ¨ ¨ ¨ , 6 “ m` 1. �m “ 5.

O�V p~xq “ 1.67.

�χ2p5q ��.�L, α “ 0.05, �λ “ 11.07.

e(Ø: Kp~xq ă λ, êâ�H0 �N.

ØU@�Ñ¯��(ÏAk'.

���<: oÀº, U�: ÙE
 18Ù


