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KKK1 �oNX3«m[0, θ]þÑlþ!©Ù§Ù¥θ� �ëê§X1, X2, ..., Xn´5goNX�{ü
�Å��"

1. ¦θ�Ý�Oþθ̂1¶

2. ¦θ���q,�Oþθ̂2¶

3. ?Øθ̂1, θ̂2�Ã 5¶

4. ¦~êC1, C2§¦�η1 = C1θ̂1Úη2 = C2θ̂2 þ�θ�Ã �O¶

5. þãü�Ã �Oþη1, η2§@��k�¶

6. ?Øθ̂1, θ̂2��Ü5"

Ón�y§η2
p→ θ§qθ̂2 = n

n+1
η2§

n
n+1

p→ 1§dP.209½n4.1.1�§θ̂2
p→ θ ∗ 1 = θ§=θ̂2�

�Ü�O"
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KKK2 �oNXäkVÇ�Ýµ

p(x) =

{
1
θ2
xe−

x
θ , x > 0;

0, x ≤ 0.

Ù¥θ > 0���ëê§X1, X2, ..., Xn´5gX���§x1, x2, ..., xn´�A���*	�"

1. ¦θ���q,�Oþ¶

2. ¦θ�Ý�Oþ¶

3. ¯¦���Oþ´Ä´Ã �Oþ"

KKK3 �X1, X2, ..., Xn+1´5g��oN�{ü��§X1, X2, ..., Xn���þ�Ú����¥%Ý©

O�X̄ÚS2
n§¦

Xn+1−X̄
Sn

√
n−1
n+1
�©Ù"
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KKK4 �x1, x2, ..., xn�Äg��oNN(µ, σ2)�{ü��"

1. XJσ = 4§�¦�µ��&Y²�1− α��&«m��ÝØ�u�½L§Á¯��Nþ
���õ�º

2. XJσ��§3®����Nþ!þ�ÚIO�©O�n, x̄, s�cJe§Á±1 − α rº
�O���µ��.

)µ(1) 3�&Y²�1− αe§µ��&«m�

[x̄− 4u1−α/2/
√
n, x̄+ 4u1−α/2/

√
n],

��Kk§8u1−α/2/
√
n ≤ L§¤±n ≥ 64(u1−α/2/L)2"

(2)�EtÚOþTn =
√
n(x̄−µ)
s

∼ t(n− 1)¿±d��Í¶þ§�
�Eüý�&e�§·��
Ä

P (Tn ≤ t1−α(n− 1)) = P (

√
n(x̄− µ)

s
≤ t1−α(n− 1)) = P (µ ≥ x̄− t1−α(n− 1)s/

√
n) = 1− α.

¤±§µ�1− α�&e��x̄− t1−α(n− 1)s/
√
n"

KKK5 �X1, ..., X16´5g��oNN(µ, 1)���§ùpµ ≥ 0´��ëê"é±e�b�Ú�Jb
�

H0 : µ = 0 vs H1 : µ > 0,

e�áý��{(x1, ..., x16) : x̄ > 0.5}§Á¦((J�^IO��©Ù¼êφ(x)L«)

1. du���1�a�Ø�VÇ¶

2. �µ = 1�du���1�a�Ø�VÇ¶

)µ(1)�1�a�Ø�VÇµα = P (x̄ > 0.5|µ = 0) = P ( x̄−0
1/4

> 2|µ = 0) = 1− φ(2)"

(2)�1�a�Ø�VÇµβ = P (x̄ ≤ 0.5|µ = 1) = P ( x̄−1
1/4
≤ −2|µ = 1) = φ(−2) = 1− φ(2)"
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KKK6 �x1, ..., x16´5g��oNN(µ, 4)���§�Äu�¯K

H0 : µ = 6 vs H1 : µ 6= 6,

áý���W = {|x̄− 6| ≥ c}§Á¦c¦�u��wÍ5Y²�0.05§¿¦Tu�3µ =
6.5?�1�a�Ø�VÇ"

)µ3H0�ý�^�e§x̄ ∼ N(6, 1/4)§Ï
d

P (|x̄− 6| ≥ c|µ = 6) = 0.05

�§

P (
x̄− 6

0.5
≥ c

0.5
) = 1− φ(2c) = 0.025,

)�§c = u0.975/2 = 0.98"

Tu�3µ = 6.5?�1�a�Ø�VÇ�

β = P (|x̄− 6| < 0.98|µ = 6.5) = P (−2.96 ≤ x̄− 6.5

0.5
< 0.96) = φ(0.96)− φ(−2.96) = 0.83.

KKK7 �I�é,��oN�þ�?1b�u�

H0 : µ = 15 vs H1 : µ < 15.

®�σ2 = 2.5§�α = 0.05§e�¦�H1¥�µ ≤ 13���1�a�Ø�VÇØ�L0.05§¦
¤I���Nþ"

)µdK�ü>b�§�Äáý�{u ≤ uα}§Ù¥u =
x̄− 15√

2.5/n
"�L�§uα = u0.05 =

−1.65"K1�a�ØVÇ

β(µ) = P (u > −1.65|µ ≤ 13) = P (
x̄− µ√
2.5/n

>
15− µ√

2.5/n
−1.65|µ ≤ 13) = 1−φ(

15− µ√
2.5/n

−1.65) ≤ 0.05.

Ï�β(µ)'uµ´4O¼ê§qµ ≤ 13§��Iβ(13) ≤ 0.05¤á=�§dd)�n ≥ 7"

KKK8 b½�)¤1Ñl��©Ù§3,/�gêÆ�Á¥§�ÅÄ�
36 �)�¤1§��²
þ¤1�66.5©§IO��15©§y�é/ùg�Á�²þ¤1´Ä�70©0�Ñ�ä§

1. �E�Ab�u�§¿¦Tu��p�¶

2. 3wÍ5Y²�0.05e§´Ä�±@�ùg�Á�²þ¤1�70©º

)µ(1)��)¤1¤1ÑlN(µ, σ2)§�Eb�u�

H0 : µ = 70 vs H1 : µ 6= 70.

duσ��§�^tu�{§áý��
{
|t| ≥ t1−α/2(35)

}
§Ù¥α��½�wÍY²§t =

x̄− 70

s/6
∼ t(35)§dK�§x̄ = 66.5, s = 15"¤±p = P (|t| ≥

∣∣∣66.5−70
15/6

∣∣∣) = P (|t| ≥ 1.4) =

2(1− P (t ≤ 1.4)) = 0.1703"

(2)Ï�p > 0.05§¤±�É�b�§=@�ùg�Á�²þ¤1�70©"



KKK9 � x1, . . . , xn´5g��oNN(µ, σ2)�����,éσ2�ÄXen��O

σ̂2
1 =

1

n− 1

n∑
i=1

(xi − x̄)2, σ̂2
2 =

1

n

n∑
i=1

(xi − x̄)2, σ̂2
3 =

1

n+ 1

n∑
i=1

(xi − x̄)2

(1)=��´σ2�Ã �Oº

(2)=��þ�Ø���?

)))(1)du 1
σ2

n∑
i=1

(xi − x̄)2 ∼ χ2(n− 1),�kE[
n∑
i−1

(xi − x̄)2] = (n− 1)σ2,l


E(σ̂2
1) = σ2, E(σ̂2

2) =
n− 1

n
σ2, E(σ̂2

3) =
n− 1

n+ 1
σ2.

ù`²=kσ̂2
1 ´σ

2�Ã �O,
σ̂2
2�σ̂

2
3´σ

2�k �O.

(2)·���,�O�þ�Ø�´�O���\þ ��²�§=

E(σ̂2 − σ2)2 = V ar(σ̂2) + (E(σ̂2) − σ2)2.


V ar(
n∑
i=1

(xi − x̄)2) = 2(n− 1)σ4,ù�Ñ

V ar(σ̂2
1) =

2σ4

n− 1
, V ar(σ̂2

2) =
2(n− 1)σ4

n2
, V ar(σ̂2

3) =
2(n− 1)σ4

(n+ 1)2
.

u´

MSE(σ̂2
1) = V ar(σ̂2

1) =
2σ4

n− 1
,

MSE(σ̂2
2) =

2(n− 1)σ4

n2
+ (

n− 1

n
σ2 − σ2)2 =

2n− 1

n2
σ4,

MSE(σ̂2
3) =

2(n− 1)σ4

(n+ 1)2
+ (

n− 1

n+ 1
σ2 − σ2)2 =

2

(n+ 1)
σ4.

w, 2
n−1

> 2
n+1

, 2n−1
n2 > 2

n+1
(n > 1),¤±σ̂2

3�þ�Ø���.


