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1. GGG���

7V×Y� k g, �'Y�&g�¨Ý��
}ñ, vNg�¨Ñ«Ý^£/
 p, JÀ

�ÿÕÝÑ«ó X bÞ45µ(binomial distribution), ¢ó5½
 k C p, &Æ| B(k, p)�

h5µ�Ç X ºÎ i Ý^£


P (X = i) =

(
k

i

)
pi(1− p)k−i, i = 0, 1, · · · , k�(1)

7V×Y� k g, ºÿÕ¿gÑ«Î�×�Ý, t&hY�Ë«/
Ñ(h` p = 1), TË«

/
D(h` p = 0), ÍJXÿÝÑ«ó X, ÍÂ� 0, 1� k /b���hË¨éÌ
×�^

¨é(random phenomenon), X JÌ
×�^�ó(random variable)�ã4�à)�X.Õ

Ý*», &Æ�D|ÿÕ(1)P�ôµÎE7VY�ºÿÕ¿ÍÑ«h×�^¨é, ã§¡î

Ý�x, &Æ��Ý(1)P
Í^£ÿl(probability model)�Í�b×¢ó(parameter)p J

)òÎá, t&á¼ p �Â, ÍJ(1)P��^£�ÎO��Ý�
3�?`, &Æð�'0-
ðV5µ(normal distribution), ¢ó5½
 µ C σ2,

| N (µ, σ2) ���u��î0-EÌy 0Ý�', J µ -ã
 0�ßÝ�{��¥C�¤

�, -Îð|ðV5µ
Í^£ÿlÝ»��9Í�x�Ý§¡µAJ
½(Ý�³Á§�

§(Central limit theorem)�
Í��b&95µÎð�J¼	®^£ÿlÝ, ����å×�^£¡Ýh, 3h�

9+Û�×�^¨é(T×Ù�@�(statistical experiment))�XbÝ��, -xWXÛÝ

Ò�(population)�AG�7VY�Ý»�, u�Ý n g@�, v| X1, X2, · · · , Xn 5½�

h n gXÿ�Ñ«ó, J X1, X2, · · · , Xn 
}ñvb�!5µ(independent and identically

distributed,�Ìi.i.d.),Ì
�^£Û�Ðó(probability density function,�Ìp.d.f.) A(1)P

�Ò�X®ß�×à�^øÍ(random sample), �ÌøÍ�
×Ë×^£ÿl��ñÝ, ;ð-�£�(estimate) Í�ÎáÝ¢ó�Ù�.n-s

"�&9£�Ý]°(method of estimation)��XÛF£�(point estimator), -Î×à

øÍ X1, X2, · · · , Xn �Ø×Ðó W (X1, X2, · · · , Xn)�� W (X1, X2, · · · , Xn) êÌ
×Ù�
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�(statistic)�.h�×Ù��/�	®×F£��ê
Ý¾\9°�!Ý£�]°Õ8Õ

�? -s"�Ý££��(estimator)Ý]°(method of evaluating estimators)�
3×^£ÿl�, '|0.3¼£�Í�Ø×¢ó θ, J“θ = 0.3”h×B�, -Ì
×�

'(hypothesis, �ó
hypotheses)�XÛ�'µÎEÒ���¢óÝ×°“:°”, T1×¾

\�h�'Î�BÄl�(test), �áÍÑ@�Í�l�×�'ÝÄ�, -Ì�'l�(test of

hypothesis, Thypothesis testing)�×�XÛÙ�.¡(statistical inference), -Î�â£�C

�'l�ËI	�
E×¢ó θ,F£���h¢ó�×£�Â��Äb`m�á¼£�Ý�ê��, 9`-

���×Í  , ¬v¼�h  �â θ �^£, 9µÎ  £� (interval estimation)��

�× 0 < α < 1, uD3ÞÙ�� U = U(X1, X2, · · · , Xn), C L = L(X1, X2, · · · , Xn) ,L ≤ U ,

¬��

P (L ≤ θ ≤ U) = 1− α,(2)

J�^  [L,U ]Ì
 θ Ý× 100(1−α)%*ä  (confidence interval),�y 1−αJÌ


*ä;ó(confidence coefficient), TÌ*ä�, L � U J5½W
*äì&C*äî&�*

ä  êÌ
H*  , *ä;óêÌH*��
|×  £�¼ã�F£�ÝêÝ, µÎ
¸E¢óÝßé�b×°1J�»A, u£�

Y��¨Ñ«Ý^£ p = 0.4, J. p ∈ [0, 1], 
×=�Ý  , Æh£�ºú�@jÝ p �

��P�VÎë�¬u��×  , ÉA1 [0.3, 0.5], v¼� p ºa3h  Ý^£
 0.95,

JE p ���D�b×?züÝÃF�9Î
%�b`�D¡  £�, ��GÎF£�Ý

x.�
b ` Î © ½ Î E Ò ÷ l Ý 5 µ, � × � � 0 Õ ×    [L,U ], ¸ ÿ P (L

≤ θ ≤ U) â?�y 1 − α�h`&Æ-´0 L C U , ¸ÿ P (L ≤ θ ≤ U) ≥ 1 − α, v

¸¼�^£���2#� 1− α�
*ä  ��'l�4
Ù�.�ËÍÃÍÝÞC, Íæ§ôK�Hp, ¬b°ß3¸à

`, .�È¯�ðÙÝý0���á�ÍZ-Î�jEhÞÞC, ¯�ÙÕ�&Æ¬�a�

J2+ÛhÞÞC, .9Î×�Ù�.>IhÝ�®, &Æ©Î�¸&�.h�3^¡�`

º�, �Ä�Ñ@�êb[2¸àÙ�]°�

2. ***äää      

'�^�ó X1, X2, · · · , Xn 
i.i.d. | N (µ, σ2) 
Í�!5µ, � Xn =
∑n

i=1 xi/n �

ÍøÍ¿í�Já Xn b N (µ, σ2/n) 5µ�� Z �×b N (0, 1) 5µ(ÇýãðV5
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µ(standard normal distribution))��^�ó, v� Φ �Í5µÐó(distribution function),

Ç

Φ(x) = P (Z ≤ x) =

∫ x

−∞

1√
2π

e−u2/2du, x ∈ R,

ê� zy � Φ(x) �DÐó, ÇE ∀ 0 < y < 1,

Φ(zy) = P (Z ≤ zy) =

∫ zy

−∞

1√
2π

e−u2/2du = y�

¨.E ∀ 0 < α < 1,

P ( Xn − σz1−α/2/
√

n ≤ µ ≤ Xn + σz1−α/2/
√

n)

= P

(∣∣∣∣
Xn − µ

σ/
√

n

∣∣∣∣ ≤ z1−α/2

)

= P (|Z| ≤ z1−α/2) = 1− α/2− α/2 = 1− α,

Ç

P (Xn − σz1−α/2/
√

n ≤ µ ≤ Xn + σz1−α/2/
√

n) = 1− α�(3)

Æu σ �á, J

I = [ Xn − σz1−α/2/
√

n , Xn + σz1−α/2/
√

n ](4)


 µ �×*ä;ó
 1 − α �*ä  �h  b`| I = Xn ± σz1−α/2/
√

n �

����× α Â, ãýãðV5µ�óÂ��ã� z1−α/2 �Â, .h*ä  -�X�

Ý�	 α =0.1,0.5 C0.01 `(9Î¿ÍðãÝ α Â), z1−α/2 �Â5½V
1.64,1.96 C2.576�

»»»1.Ø�Ãß®ØË�«, qAÄ�ÝB�, «ýà5(��
25)bðV5µ, ýã-


1.1��Ø^Ý®`�^hã10Í, �Íà55½
7.2,8,7.3,6.9,7.3,7.0,7.1,7.5,7.1,7.8��

��à5��TÂÝ× 95% *ä  �
���.3 h X1, X2, · · · , X10 
 i.i.d. � N (µ, 1.12) � ^ � ó, µ Ç 
 Í � T Â�
. Xn = 7.32,α = 0.05, Æ µ �× 95% *ä  


[7.32− 1.1× 1.96/
√

10 , 7.32 + 1.1× 1.96/
√

10],

V
[6.64 , 8.00]�

ã|îÝD¡á, 	Ò�bðV5µvýã-�á`, �O��TÂ µ �×*ä  , �

1Î×Á�|Ý®Þ�	Q¯��º®, 3�9@»�, Ò��ýã- σ ��
Îá, h`

�A¢?3Ù�.�, øÍ�²ó(sample variance)

S2
n =

1

n− 1

n∑
i=1

(Xi −Xn)2
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ðà¼�
 σ2 �£�Â�	øÍóÈ�, J�| Sn ã�(4)P�� σ, �ÿ�«�*ä 

 �øÍób9K�ÕÈ�÷?;ðøÄ30µ�|Ý�êu σ Îá�øÍóê�øÄ30�A

¢÷? Ù�.�ô¼�, ¿à (Xn− µ)/(Sn/
√

n) b�ã� (degree of freedom) n− 1 Ý t 5

µ, | Tn−1 ��, �¿à�'l��Ý×°��)�ÿÕ*ä  , 9ô��Õ&ðV5µ

Ý*ä  �A¢O�, Þ;3h�9D¡(�'l��*ä  Þï , b×ETn;�×

���N×*ä  -ET×l�, D�ùQ, 3Ï4;�&ÆºèÕ)�
&ÆÉQ�aE*ä  9��á"D, £~b�D¡%�÷?

´�XÛ 100(1 − α)% *ä  Õ9Î%��¤? 	¯:Õbß¼½×  1, 9

Î µ Ý 95% *ä  , �Î3*ä%�÷? 95% Ý�LêÎ%�÷? Ey(4)P, &

Æ;ð1b 100(1 − α)% Ý*T µ ºòy  I�¬Ey»1, &ÆÎÍ�1 µ ºa

3  [6.64,8.00]�^£V
0.95? �Kß|
h�nÎù�Ý�¯@î, Ey»1, B

� P (µ ∈ [6.64, 8.00])=̇0.95 ¬�Ñ@�(4)P
×�^  ,3ãøG,b 1−αÝ^£,h 

 º�â µ�¬Î×Ëãÿ×àøÍ x1, x2, · · · , xn,vÞ(4)P�� Xn | x̄n =
∑n

i=1 xi/nã

�, JXb�^P-�´Ý, �ÎÿÕ×©½Ý  �ê. µ 
×ðó(©Î�áÍÂ
¢),

µ ��a3h  , ���a3h  , 1 P (µ ∈ [ x̄n − σz1−α/2/
√

n , x̄n + σz1−α/2/
√

n ]) =

1 − α �Q�E�»A, 3»1�, u��Ã×£�õ�á¼ µ T�#�8.1, Ju¯×å

� P (µ ∈ [6.64, 8.00]) = 0.95, �×�Ê
PI(hÑA'×��b1ÍR¦9Íç¦, Øß�^

2ã×¦, 'ã�R¦�9`¯×å�h¦
ç¦�^£
0.9, �ÄÆÿ¯�áX�)�¬3

!× α C n �ì, u&Æ¹�2ãø, Ng&ÿ×*ä  , J����, 9°*ä  �,

Vb 100(1− α)% Íº�� µ Â�
¢%�¼1��%1 
 N (µ, σ2) 5µ�øÍ¿íXn�p.d.f.Ý%�, %2 
3 σ �á

�ì, µ�ãø14 g(Ng/ã n ÍøÍ), Xÿ�14Í 95% *ä  �u Xn +y µ −
1.96σ/

√
nC µ+1.96σ/

√
n� ,JÿÕÝ*ä  º�â µ�ãy%1�^£Û�ÐóÝ%

�+y µ−1.96σ/
√

n� µ+1.96σ/
√

n �«�V
0.95, Xn ºa3hP�/�^£-ôV


0.95�%2��14Í*ä  , Ï9 Í¬Î�â µÂ�¬ã�£E^£Ý�Õ(frequentistic

interpretation of probability), &Æá¼uãøÈ9g(.hÿÕ�9 Xn �@jÂ x̄n), JÍ

�Vb 95% Í(ý+b`ýÞèg�bèÜg)*ä  º�â µ��yE�×©½Ý  ,

1Íb 95% Ý^£º�â µ, JÎ^b�LÝ�.9×©�Ý  �&�^  , ðó(¬Î

á)µ ºa3h  Ý^£�Î1-Î0�

4



µ− 1.96σ/
√

n µ µ + 1.96σ/
√

n

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

Xn

µ− 1.96σ/
√

n µ µ + 1.96σ/
√

n

%1 Xn�^£Û�ÐóÝ%�

%2 E N (µ, σ2/n) Bã¥�ãøXÿ�14Í 95% *ä  

3. ***äää      ���`̀̀²²²ÑÑÑ×××

)|ðV5µ
»�3î;�, &Æ1(4)P�� µ �“×”*ä;ó
 1− α �*ä  ,

hÇ2âE!× α Â, *ä  ¬�°×�»A,

I1 =
[

Xn − σz1−2α/3/
√

n , Xn + σz1−α/3/
√

n
]

ù
 µ �×*ä;ó
 1 − α �*ä  �©Îã%1�:�(�A¯b°¿¢ÝÃF),  

 I1 Ý���y(4)P�  I ����×���, *ä  Ý���y�?, �y��

Þ@��'¯��×¢ó µ � 95% *ä  , uh  Á�, 1��bßºãî¯��ã


 (−∞,∞), 1J µ a3h  �
b°�ÃÝ`²Ñ×(|ì�Ì`Ñ)ßõ, -|(4)P��*ä  , ®
`Ñ�µA��

'Ø®`�!}(A���¥��)6
 µ�B�^hã nÍøÍ¡,ÿÕ×A(4)P� 95%*
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ä  ( σ �'
�á)�Ju µ a3h  , --
�1®`
)}, ÍJ-
�)}��

�b`ÑßõTD¶É, ãø�9( n ��), J*ä  Ý���y((4)P��  ��


 2σz1−α/2/
√

n ,�½ n ¦����), .h���|�â µ , Ah×¼, �Î®`��|�

)!}[? X|�ÆEãø�9Db(`�T(?¢µãø9Í¼µ�´jì)�¯-
�Æ

Ý(`)§[? lÚ%2,   ��u´y, Jº�â@j µ Â�^ºÝ@Î´�, `Ñßõ

�4Ê´�Ý n «{Îb¼§Ý�
¯u!�£°`ÑßõÝ:°, £ËÎ�Ju�ÞÙ�.?, �Îÿ�E^£ì°�G,

ÍJ�Ä.°�H�þ, Bð�º3�
�Î
, �i�ÎiÝ$ð�
u2à(4)P�
*ä  , E×ü�®`(.h σ 8!), 3!× α Â�ì, *ä  �

½ n �¦���y�¬���B, α ^b;�, ð­�1, E9°T�TyÝ  , &Æ/

b8!Ý 100(1− α)% *T, -
 µ ºa3Í��X|µ§¡��, -
 n ´�`, µ -´

�|a3ET�*ä  , Í@Î^b¼§Ý, Æh@
�W®ÞÝ®Þ��u
¢1�1�

y2?T
¢�ó��f��? K�W
×®Þ�¬&Æ�Îw}��Õ, ¹ÿ¯���1,

T�Q�¶Ù�ÎÍb���VÉ���
ã�ó°J(Law of large numbers) á, n ��`, Xn b�ê� µ �H'(9Îç�, Ñ

PÝ1°�ã×�^£¡Ýh), Ç“3ØË�Lì”,�½ n ���, Xn º��� µ�.

h n ��`, | Xn 
�T, ©m�´�Ý�5(��
 σz1−α/2/
√

n), �  )b8!Ý^

£ 1 − α º�� µ�bF	u²Ä ÿ�ã, J4�Ó�5´�, EêýÎ)�b8!Ýg

Ð[��
ÍgµÎ�� µ Ý^£u8!,&Æ)´�?  ��´�ï�æ.���,   �

��y, �î.¡�Þã�¯×å½ß µ b0.95Ý^£ºa3×��
 10 Ý  , ô!

øb 0.95 Ý^£ºa3¨×��
 5 Ý  , ×�ß	QÆÿ¡ï´ã�9µÎãø´

9(n ´�)Xðÿ����ì»ù�î*ä  H��þ´�

»»»2.3Ø4óÜ�bË�Îóß, kÝ�óÓEÍ�Ø×Îóß�Y¹����^hø50ß,

s¨Í�b27ßY¹�Îóß�®h`�ÎóßÎÍ�HT2|
%E{Ò?

���.�'óÓÀóÈ9, .��E¯ãø¡�w/(sampling without replacement), �ãø¡

w/ (sampling with replacement) �-²�JÍ®Þ�2àì�^£ÿl:'X1, X2, · · · , Xn


i.i.d.| B(1, p)
Í�!5µ�&Æa�× p� 95%*ä  �¿à�³Á§�§(3×�

Ý@»�,;ðøÍó30|î,|�³Á§�§¼£�0--��Ý),ÿ (Xn−p)/(σ/
√

n)b

�«Ý N (0, 1) 5µ�Í� σ =
√

p(1− p) 
 B(1, p) 5µ�ýã-, h�	QÎÎá�¿

à n → ∞ `,Xn(1 − Xn) ^£[e(converge in probability)� p(1 − p), -ÿ p �×�«
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Ý 100(1− α)% *ä  


[ Xn −
√

Xn(1−Xn)/n z1−α/2 , Xn +

√
Xn(1−Xn)/n z1−α/2]�

. x̄n = 27/50 = 0.54, v
√

x̄n(1− x̄n) =
√

0.54× 0.46
.
= 0.498, Æ p ��«Ý 95% *ä 

 


[0.54− 0.498 · 1.96/
√

50, 0.54 + 0.498 · 1.96/
√

50]

.
= [0.402, 0.678]�

ãyî�  �â�y0.5 ÝI5[0.402,0.5), v��¬�Õy, Æ4¯�Ýhø�î�Îó

ßÝY¹�´{, 3óÜ`u�Îóßa?¬��
��
¬uãø¦�
 n =1,000, vÿÕ540 ÍY¹ï, J x̄n )
0.54, ¬h` p ��«

Ý 95% *ä  W
[0.510,0.571],   ���¬�y, v0.5a3h  �¼��.h38

�Ý x̄n, v!øÝ*ä;ó�ì, ¡ï( n ´�,  ´y)�Q�&Æ×Í´Þ@Ý.¡�

4. ���***äää      ������'''lll���

&Æ�:ì»�

»»»3. �'Øéo.ú(��
�`)bðV5µ, ýã- σ = 2 ,éo.ú��TÂ µ ��

y100�Ð)�O�*EØ1®`hl 10 ÍøÍ, 5½?�Í.ú
101,103,107,99,102,101,

96,104,99,103��® µ ÎÍ
 100 �`?

���.µ�'Çá X1, X2, · · · , Xn 
i.i.d.� N (µ, 22)�^�ó,��/� µ = 100ÎÍÑ@�A

� µ = 100 ��'Wñ, J Xi b N(100, 22) 5µ, i = 1, 2, · · · , n�¨�ÊÙ��

Zn =
Xn − 100

2/
√

n �

J Zn b N (0, 1) 5µ�.hE ∀0 < α < 1,

P

(∣∣∣∣
Xn − 100

2/
√

n

∣∣∣∣ > z1−α/2

)
= α�

uã α = 0.05 , J z1−0.05/2 = z0.975
.
= 1.96, vãø� x̄10 = 101.5, � (x̄10 − 100)/(2/

√
10)

.
=

2.37 > 1.96�ôµÎ�^£¯�
∣∣∣∣
X10 − 100

2/
√

10

∣∣∣∣ > z0.975
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(h¯��^£GV
 0.05)bQsßÝ�.h&Æ�)§2.?æ�' µ = 100 �Wñ�ê

G� Zn Ì
hl��l�Ù��(test statistic)�
A�3¨×gãøÿÕ x̄10 = 101.1, .

∣∣∣∣
101.1− 100

2/
√

10

∣∣∣∣
.
= 1.73 < z0.975,

h`&Æ-�Í�æ�' µ = 100�

3h&Æ�×°�'l��ÃÍÃFÄc&ÆÞ»3�Ý�' µ = 100 B®

H0 : µ = 100,

¬ Ì h 
 Ì P � '(null hypothesis), � . µ 6= 100 Ì ® E ñ � '(alterna-

tive hypothesis), B®

Ha : µ 6= 100�

Ú�µ��!, �b�!ÝÌP�'CEñ�'�A H0 : µ ≤ 100,vHa : µ > 100��»3�

Ýα Ì
�½iã(level of significance, Tsignificance level)�`�ÌP�'Ý ½Ì
`�

½(rejection region Tcritical region), TaQ½�u×Ì?Âa3`�½�, JÌ�Ì?Ây

iã α �ì, bÙ��½P(statistically significant at level α)�	 α = 0.05,»3��`�½




{|(Xn − 100)/(2/
√

n)| > z0.975},

Ç

(−∞, 100− 2z0.975/
√

n) ∪ (100 + 2z0.975/
√

n,∞),

	 Xnòyh ½-`�H0�`�½�õ/JÌ#å½(acceptance region), Ç {|(Xn −
100)/(2/

√
n)| ≤ z0.975}�

Ey»3, ¯��º1`�T#å H0, «{b°Îµ“º�”�Ý@Ah, ?�@21, &Æ

��ºÙì�ËËý0�×�3 H0 
Ë�ì`� H0 , T3 Ha 
Ë�ì#å H0�GïÌ


Ï×lý0(type I error), ¡ïÌ
ÏÞlý0 (type õerror)�5½| α, β �ÙÏ×l

CÏÞlý0Ý^£�&Æ	Q�TÙhËËý0Ý^£!`K���¬×���, 3øÍ

ó n ü��ì, α ��J β ��, D� β ��J α ��, ¬P°¯ α C β !`K���»

A, ub×l�, Í α 
 0, h�ÕG#å H0 ,.h β = 1�3@jTà`, ;ð&Æ��

× α Â(9ìº1�
¢��× α Â), v3��× α �ì, 0× β Ât�Ýl�°,ôµÎ

��`�½�
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9Í ÝÞ;&Æ�D¡Ý, &��¢�×�Ù�.Ýh�&ÆGè�¿Í6º�Ý�

F�
´�4Q&Æ2à“#å”C“`�”ÝC¿, ¬Ä6Ý�ÝÎ, `�×�' H0 �-


 H0 �Wñ, Q�#å H0 ??G�^b�5ÝJA�î H0 �Wñ�;ð3�l�`, �

Þ“�`��:°”Hy H0, Tï1Þ“�#å�:°”Hy Ha�»A, ØÃT�Æh¿í�

�ù 30, 000 2¦, ¨%�×±lÆh, �¾�ÎÍ´�l
8�� µ �±lÆh�ù¦��

�TÂ, J�ã H0 : µ ≤ 30, 000 , Ç�' µ ¬Îè{, vã Ha : µ > 30, 000�.&ÆÎ�.

� H0, Ç2-±lÆh´8�&�Tô��ç
¢ H0 Ì
ÌP�'Ý�.#å H0, Ç-


±lÆh¬�8y�Æh, 9Ë�¡@3Î^%�?2µÝ(×�ßÎ�º2µ´?Ý�

�), x¹94l�ï, E#å H0 ÎmP�E���
�|îÝ1�, �:��'l�Û2àDJ°�Ç��'Ø���Ý�µWñ�Q¡3

h�'ì
�.0, A�ÿÕë;, J-.�æ¼Ý�'�A�^bÿÕë;, J-�`�æ

¼Ý�'�¬Îh�ÝDJ°, b½yó.�ÝDJ°�.h�XÛë;, ¬&�P�ì�

Ý�Eë;, �ÎÃyßÆ3@jB��ð2àÝ×æJ: �^£¯�, 3×g@���|s

ß�qAh×æJ, A��^£¯�3×g@��sßÝ, --
æ¼Ý�'�Wñ�ð­

�1, �'l��X2àï, ÛÎ×Ë^£PÝDJ°�
9ì�×»¼1�
¢ α � β P°!`���

»»»4. 'Ø<b0.25Ý^£�»|ØË»¼, ¨b×Ë±Ýv´òÝ<, �l�h±<ÎÍ8

y�<�Þ±<¯20Íÿh¼Ý¼ß�à, � X �»|Ý¼ßó, J X b B(20, p) 5µ, Í

� p �»|£�ãyêÝÎ�T��Ì±<´8(±Ý<vê´ò, A��Î´8ê¢mß

®), X|Þp = 0.25HyH0,HaJ
p > 0.25, vub´9Ý¼ß�»|, J-
 Ha 
Ë�Ç

&Æ�l�

H0 : p = 0.25,v

Ha : p > 0.25,

�`�½ã
{X ≥ c}�	 c = 9,JÏ×lý0Ý^£


α = P (X ≥ 9|p = 0.25)

= 1−
8∑

i=0

(
20

i

)
(0.25)i(0.75)20−i

.
= 1− 0.9591 = 0.0409,


×Í��ÝÂ�ÉA1@jÌ?ÕX = 10, J#å±<´8Ý:°�
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�yÏÞlý0Ý^£β,EhÿP¬P°�Õ�¼,t&3Ha�, p
×Í�@ÝÂ�¨

u;
Ha : p = 0.5, J

β = P (X < 9|p = 0.5) =
8∑

i=0

(
20

i

)
(0.5)20 .

= 0.2517�

h^£¬�Õ�, h���î3±<��8y�<�ì(»�£
Þ¹), QbøÄ°5�×

Ý^£, º`�±<´·�
3�9Ù�8��, yÆ�×�'l�`, ºÕ�XÛ p Â(p-value)�

Q¡:¯XóÝ α Â
¢, u p < α J`� H0�E×Ì?Â, XÛ p Â, Û3 H0 
Ë�

ì, l�Ù��º�y�Ì?Â, T´�Ì?Â?ÁÐÝ^£(ôµÎº¸�Ì?Â0�`

� H0 �t�Ý α)�AG, uÌ?Õ X = 9, J p Â
0.0409; uÌ?Õ X = 10, J p Â


0.01385��:�u p Â��, JÌ?ÂXèº`� H0 ÝJAµ�ú, ð­�1��½�
uH0)��, Ha;
p = 0.7ºA¢? ùÇt&±<�8T?{, ÍJ=2�<�h`

β = P (X < 9|p = 0.7) =
8∑

i=0

(
20

i

)
(0.7)i(0.3)20−i .

= 0.0051,

ª±�9�
t¡&Æ�:, 3H0 : p = 0.25,vHa : p = 0.5�ì, u`�½;
{X ≥ 8}, α,βºb%�

;�? h`

α = 1−
7∑

i=0

(
20

i

)
(0.25)i(0.75)20−i .

= 1− 0.8982 = 0.1018,

�

β =
7∑

i=0

(
20

i

)
0.520 .

= 0.1316�

2àh±�¯,β��Ý,¬αQ��Ý��p:�u c¦�,J α��v β ��;D�u c�

�, J α ��v β ���©½2, 	 α = 0(Ç c > 20)`, β = 1; 	 β = 0 `(Ç c < 0),α =

1��JAGX�, 3øÍóü��ì, E!×ÍH0CHa, ;ð3KØ×l�ý0, -¦�¨

×lý0�

�:×Ív«Ý»��

»»»5. ×�-
ßvÝ^£
 p = 0.5, �ÄóA�î p > 0.5(AE{�õß(Caucasian)p

V
0.512)�kJ@ p > 0.5, �^2ãn = 10Í�ßGÉ�JÍ��v�óXbB(10, p)

5µ��l�H0 : p = 0.5,vHa : p > 0.5�Aî»	v�ó´9``�H0, .h`�½


{X ≥ c}, Í� c �óÝÈ�, ¸ÿÏ×lý0Ý^£α È���×
p = 0.5`, X �^£

Û�Ðó, Í� p(i) = P (X = i|p = 0.5)�
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EN× c,ã�1�O� α=P (X ≥ c|p = 0.5)=p(c)+p(c+1)+ · · ·+p(10)�Â�	 c 5½

�y5,6,7,8,9,10 `,α5½V
0.62306�0.37697 �0.17189�0.05470�0.01075�0.00098�u

ã c = 8,J α
.
= 0.05470, Çu`�½
 {X ≥ 8}, J α

.
= 0.05470, ¬�Õ��:Õ9�, �

I5ÝßºÆÿhl�ÝÄ��Õ)§�¨×]«, uHa
Ë, vp = 0.512, Jβ


P (X < 8|p = 0.512)

= 1−
(

10

8

)
(0.512)8(0.488)2 −

(
10

9

)
(0.512)9(0.488)−

(
10

10

)
(0.512)10

.
= 0.9364�

ÏÞlý0Ý^£Þ�1�ð­�1, 3H0�Ë�ì, &Æ)bÁ�Ý^£#åH0�Ç�

¡H0 
ËT�Ë, íÁ|#åH0
Ë, .h9Íl�Ä��Q¬�)§�

�1 B(10, 0.5)�^£Û�Ðó

i 0 1 2 3 4 5

p(i) .00098 .00977 .04395 .11719 .20508 .24609

i 6 7 8 9 10

p(i) .20508 .11719 .04395 .00977 .00098

¯@î, uk¸αV
0.05, vβ�øÄ0.1, J�b?9ÝóA(Ç n �´���)�¯��

��~b n �9�? ���A¯×®, n �V�15,000|î���x�Î0.5�0.512H#�

�Æ�
Í»×å&Æû0��©:Õα��, µõQ
�×l�, môlÚβ�ÂÝ���

3 H0 : µ = µ0, v Ha : µ 6= µ0�ì, ¿à*ä  �ÿ×l�°�'Ò�bN (µ, σ2)5

µ, σ�á, J�ã#å½
A(4)�*ä  �ð­�1, uµ ∈ I J#åH0, uµ 6∈ I J`

�H0�Ü»¼1�, 'Ø�ÃEØ®`Ý�O
µ = 7.0���Ã`ÑßõÝ®°Îãø¡,

u7.0 ∈ I, J-
�1®`)}, D�J-
�)}, ¯-
�ÆÝ®°ÎÍÑ@?

Í@Î�EÝ�àç�ýw3H0ÝB�Î��1�Ý, ^b�5ÝJA�D|.�,

#åH0??ÎP��¢, .JA��, ¬�ÎË8*H0µ×�Ît?ÝóC�Ey�

A�ðïZ>Ã�º, u�Æ�¶G��ÃÝ®`b®Þ, ��×Íl�, J^ý, �

ã H0 : µ = 7.0,v Ha : µ 6= 7.0�=��8*��Ã, J×Ëhøl�`� H0, ��

Ãµ�p(�Ý�¬��Ãu�`Ñ, ôã!øÝ H0 C Ha, J3#åH0`A¢ã*

�¾÷? .
 H0 ÎÁ�|�#åÝ�£���Ã�A¢óC H0 C Ha ÷? 	QÎ
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ã H0 : µ 6= µ0,v Ha : µ = µ0�J	`�H0, #åHa`, �Q�*Tè�Ý�Ì�®`Ð

)!}�4Q�ÃC�ðïZ>Ã�ºÝêÝKÎ�á¼~bµ = 7.0ÎÍ
Ë, ¬X'

ÝH0CHaQª?8D����, �Þ�TÿÕÝ�¡�D«HyH0�h�æ
Î3
�×

Ù�l�G���º�Ý�E�ðïZ>Ã�º��, A��� H0 ÎEÝ(®`)}), Q�

`�(-
®`�)}), 9	QÎºSR��ÊÐ, X|9Ëý0Ýsß�÷K÷?(Ç α Â

��×ÿ�°��y α �9�	QôÎÚ�µ���A3 α = 0.05 �ì, ¼�®`�)

}, �Ãb`Î�H��Ý, h`-!ã´�Ý α Â)�¬u Ha ÎEÝ(®`�)}), Q#

å H0(®`)}), �Ã4×`�À�wÄ, ¬�­�9¡, p¹ºÂÕ~, Àb�Õ��Ã®

`�)}Ý×F(9Î
¢b` β Â4��, &Æ)�� Ýæ.)�
!ñ×è, 3°�îæ¹“�×3�J�bJ�G/
zç”�æJ��9¯@îbJ�

�×, -.JA�È�5���Õ�Å»ßÎ�°1�¾PJ�Õ`, ??�{·21“¥°

�&zç”�A�Ý�°1Í@ÎãH0 : PJ, vHa :bJ, -�º.“PJÝ�¾”�“ËÑ

PJ”�î�rÝ(�/�:×ì»4C»5, βÂ(3hÇbJQ0¾PJ�^£)b`º��

Ý)�
���&Ñ3_�ÍlÒßG��¯¸ÝÊ)��×Z([�y�ZÌc), èCÍl»

i®Ý��“OÍß��ÿ, Jiï�&/P«ô�”ôÎ9Ë�8*E](�Ã��×�)Ý

Þß��&Ñê¶½“GðOÍß, W´�i, �tðOÍiô�”?ÎÂÿ&ÆÊ��1¹

�wÝV�, ��b�á
xÝ��, �¡3°1î�3�'l��, #�3JÍßß�, í

ÎÊàÝ�
h¼§×B1�, �A�ßð�, @jîQ¬�|�Õ��á�|
Î, C�|
´½ß

�, 
×�ßÝ;¼�î�»Ó�ºÝ9gÑ;2°, ì�b°��ð±xÑ¡, -ÞæbÝ

×�(T&Ëð°)Ñ;, #�JÍ.��¯@î, u�ÌT°, ¯F³¥¨µ(ÇH¨µ
 H0,

�D|Í�)ÝÞß, Jy×�(TÑ;)×4ð°G, ��º?�¥, ^b�5Ý.é=��

;�¨µ�¬v.á×Ë×�(TÑ;)¡, Þ¼êÎ�|�Ñ;, º¸��ìX�G, �?�

Êø���ß1Ý“���;”, *ß1“��bý, �;¢÷?”���ß�Ëb�É�

5. ���+++

ÍZ©Îµ*ä  C�'l�, D¡×°×�ß�|0à���Ù�.¡
Ù�.�

×¥�ÝÞC, .êÙ�¡E£°]ÿ�êÝ]°, ¸àG��Ý�Í�Ýâ�, ��ËÑs

ìÙ�Ý����y�JÝ*ä  CÙ�l�ÝD¡, �¢��ARoussas(1997)�Ù�.

Ýh°�
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êêê ÞÞÞ

1. ' X b N (0, σ2) 5µ, σ > 0�O�^  (|X|, 10|X|) �â σ �^£, ¬Oh  �

���TÂ�

2. ' X1, X2, · · · , Xn 
i.i.d.� � ^ � ó, | U(0, θ) 
 Í � ! 5 µ, ê �

Y = max{X1, X2, · · · , Xn}��Þðó a, b, 1 ≤ a < b, | [aY, bY ] �
 θ �  £

��Oh  �*ä;ó�

3. ' X1, X2, · · · , Xn 
i.i.d.��^�ó, | N (µ, σ2) 
Í�!5µ, µ, σ/
Îá�Bã

øÿ n = 10,x̄10 = 3.22,s10 = 1.17�O µ �× 95% *ä  �

4. ' X1, X2, · · · , Xn 
i.i.d.��^�ó, | P(λ) 
Í�!5µ��| Xn ��× λ ��

«Ý 100(1− α)% *ä  �

5. Ey»5, 	 n =15,000`, ¿àÞ45µ���ðV5µ, O c Â¸ÿ α V
0.05, ¬

Oh`� β Â�

6. ' X b B(5, θ) 5µ, 0 ≤ θ ≤ 1�kl� H0 : θ ≤ 1/2, vHa : θ > 1/2�ã`�½


 {X > i},i = 0, 1, · · · , 5, v� βi(θ) = Pθ(X > i) (EN× i,βi(θ) Ì
| {X > i} 

`�½�l�ÝúæÐó(power function))�
(i)E ∀ i = 0, 1, · · · , 5, ¶� βi(θ)�
(ii)E×ü�Ý i, 1� θ ≤ 1/2 `, βi(θ) �Ï×lý0, � θ > 1/2 `,1− βi(θ)�ÏÞ

lý0�
(iii)�¢ β4(θ) ≤ (1/2)5, ∀ θ ≤ 1/2, v©b	 θ > (1/2)1/5 `,β4(θ) > 1/2, 1�	`�

½
 {X > 4} `, Ï×lý0/��; �E�I5Ý θ > 1/2, ÏÞlý0/���
(iv)�0 β2(θ), β3(θ) C β4(θ) �%�, ¬5½1�E i=2,3,4,Ï×lCÏÞlý0�¦

3�µ�

¢¢¢���ZZZ¤¤¤

1. Roussas, G.G.(1997). A Course in Mathematical Statistics, 2nd.ed. Academic Press,

San Diego.
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