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¡, &Æb·¶ÝÎÙ�.�Ý�L�Ù�.�b***äää      (confidence

interval)C***TTTiiiããã(confidence level)�*TiãêÌ***äääiiiããã, T***äää;;;óóó(confidence coefficient)�9ì
Þð��ÕÝ»��
1.   (2.8, 3.2) Î¢ó µ Ý 95% *ä  �
2. 9g�ãy10`7^�8^M Ü�, W�"®Ý1,068�Wß, ¨492ß`"�3y5�Üè"Ý*Tiãì, hø0-3Ñ�ëÍy5F|/��ãÎ|¬È2 �Gé�
Ò�, ®�óË��^hø�Eyî�Þð�Ý*ä  C*Tiã, ��ÎÍÝ�Í�L÷? ***äää      ���***TTTiiiãããÝÝÝ���\\\,9Îï�Ó»95O���ÈÝ“û;{ù�.ÄÑIê5ó.6��è�”�, ÏÞ.O“^£�Ù�(I)”xÞ�, X�âÝ/���Ý��è��, ¬PhxÞ��Q�.×���è�Ýó.Ý�Æ, �ºÕhxÞ3¨*ãºÝ¥�, -
{�ß��!�, �ÞhxÞǑá±Ýó.��è���òy{�ÝÞC, §T�H�w, &Æ�Ý�ð3 aÓ*î:ÕhÞ(Þ�3G�è�“�È℄°”�Ý“>C_ó”, ��×°×�PÝ�È, A“>CT¥�Õ^#�ÙJõ=�”�, ©bEhxÞ©½¶½:^£�Ù�(I)±�*ä  �*TiãÝ�\×;, Í8nÝ>.þ��Èã�°N×�!.&�|Bó�ÿaóY�ÝÄ�, �áY�Ñ«^£*ä  ÝÕP √

p(1−p)
n ¼ÿÕ&�XÿÝ*ä  , ¬DÆ�9ó!.XÿÝ*ä  º�ÆY�Ñ«^£ÝË�Â�&ÆSàîðZC, ×C�;, =ýF�r/Î?����è�Î�_¶>IhÝ®ï:, µAhè�, �á¼>Ih�, ��â£°ÞC, |C_¶`�¥�£°¯4�£î�9ðE®ïÝ�È, ÎÍýÿz½�ç÷? Eh, &ÆÝ*Tiã���Î���3��óAÝ*^, ���àÕÙ�, Ù�.�Ý�9(Þ, \Æð�¨3ßþ��3ó.�, FÙÝ�óC¿¢, /ÆbËû9OÝaª, �9(ÞKÆû&y#, .h´|
ßX#å�¬Ù�.s"Ý`^$�
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Î�ò, ¨�Ù�.Ýs", �V©b100O�`�*^, �9ó.Ý(Þ,Í�L��Æ�z½, T[ßL, ¬\µÈá&ÆÝ+���A¿��kà�f»�eÎa�?�5v��ê	Îttt���222VVVóóó, �O¼
&9Å»ßÎX�Sà, A“�ºÓ»Î�MÝt�2Vó”��Ù�.JÎ�æbÝ+���(Þ, fA£���5P��½P��'l��*ä�*T�/Î�+���Î�züÝ�F,�Q�|ETÕÙ�.�, b�}�LÝ(Þ�#�=Á�ÍÝ�TÂC�²ó, 4�T��²/Î�û;Ýà+, ¬b�Kß.�×OÙ�.¡, E�TÂC�²óÝ�L, )Î×á���X|4Q*ä  C*Tiã, �¨y�9Ù�5�Ý ×�,v.Ó��ãÝûÅ, hÞ(Þ?ð�¨y aª�, ¬ËÑÝ�Í�LÝß, :NK�êK�ÍZ-Î�ÙÕÙ�.�*äC*TÝ�L�
2 ***äää      &Æð3�£�, £�9ÍäuÎÍÄÿ�, £�9g��ÿ¿5, £�_î9Í���Ý^£�f´�¤×FÝ, Jb£��OÝBzW�£, £�{.$º10O¡, N^µ����£�Ý℄°�9, |Y��¨Ñ«Ý^£ p 
»�àÌî7V n g,�'�¨ k gÑ«, J| k/n ¼£� p�E�C�|¥�Ì?Ý��, A£�ØË±<�»|£, £���ç�Xªf£, £�óÓEØ×Îóß�Y¹£�, K�2àh��Ý℄°�©Î3�9�µì, Ì? n g, ��ÿ��Õ	7VY�×ø,��Î}}}ñññvvvbbb���!!!555µµµ(independent and

identically distributed,�Ì iid)�Ä6�b?Ý��'�,[/ÕÝóA,`²�º´·�Ù�.�ÆJ�,G�| k/n£� p,4Q��,¬3ØËÝfìQ
“t·”(9Î×××lllttt������²²²���ǑǑǑ£££������(uniformly minimum

variance unbiased estimator, �Ì UMVUE))�4Ît·, b`&ÆE©��×£�Â, ùÇ©��FFF£££������(point estimator), ¬�H��, .9;ð�Î p ÝË�Â�Tï1&Æ-
F£��ª?ÎË�ÂÝ^£,;ðÎ�{Í��[�OÍg, &ÆǑá¼ p �VÎ9K, Ç p �Va3£
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×P��»A, �'7V×Y�100g, ÿ58ÍÑ«, .h|0.58¼£�Y��¨Ñ«Ý^£p�¨bØß7V, �'ÿ59ÍÑ«, k/n = 0.59, �b°�¶�0.58, 0.59-�9, ¯9ø1��£60gÑ«÷? 54g÷? .7V��ÿµºâ?ÿÕ k/n = 0.58, X|b`¯ºÆÿ, �Í©�Í£�Â,��A�× p ��ºa3ÝP�, 1���?°��:×»�E×©bÞÎóß�óÜ, uÍ�ÎóßAÓ����Y¹£,r�ÎóßB 1.2%,ÎóßAÎÍµwTÝ÷? ��ÎÄ��ãºb0-, #�Ó��º�,

1.2% Ýr���ÿÈH�, .h��Y¹£�lÝP�, �µÎ      £££������(interval estimator), h�TÎÄ�Ý�ðV5µÎ×�¥�Ý5µ, 3�9�!Ý�^¨é�, �à�Í��^£ÿl��r X ∼ N (µ, σ2), Ç��^�ó X b�TÂ µ, C�²ó σ2 ÝðV5µ, Í� µ ∈ R, σ > 0�X �^£Û��ó

f(x) =

1

σ
√

2π
e−(x−µ)2/(2σ2), x ∈ R�&Æ��×°ðV5µÝP²Aì:

(i) ' X ∼ N (µ, σ2)�� a, b 
Þ�ðóv a 6= 0, J aX + b ∼
N (aµ + b, a2σ2)�

(ii) ' X ∼ N (µ1, σ1
2), Y ∼ N (µ2, σ2

2), v X � Y }ñ, J X + Y ∼
N (µ1 + µ2, σ1

2 + σ2
2)�

(iii) ' X ∼ N (µ, σ2), J Z = (X − µ)/σ ∼ N (0, 1)�N (0, 1) ÇýãðV5µ, Í^£Û��ó�%�A%1�
x

1√
2π

y = f(x) = 1√
2π

e−x2/2

Φ(z) =
∫ z
−∞

f(x)dx

y

O z%1. N (0, 1) 5µÝ^£Û��ó%�,EaI5Ý«� = Φ(z), z ∈ R
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P²(i)Î1BÄaP�ð, æ¼ÝðV5µ�Î1b�P²(ii)�ÎðV5µ����Ýæ.�×, .Þ}ñÝðV�^�ó�õ, )bðV5µ�ãyP²(iii), ¸ÿðV5µÝ^£Â�, Gm� N (0, 1) Ý-ÈÝ�.u X ∼ N (µ, σ2), J
P (X ≤ x) = P

(

X − µ

σ
≤ x − µ

σ

)

= P

(

Z ≤ x − µ

σ

)�Í� Z b N (0, 1) 5µ�X|©��� Φ(z) Ý^£Â�, -�O�
P (X ≤ x) �Â, Í�

Φ(z) = P (Z ≤ z) =

∫ z

−∞

1√
2π

e−x2/2 dx, z ∈ R�(1)ãîPv¿à%1�, y = f(x) Ý%�EÌy y �, �ÿ	 Z ∼ N (0, 1),

P (|Z| ≤ z) = 2Φ(z) − 1, z > 0�(2) 	Q&Æ�º�B���³³³ÁÁÁ§§§���§§§(central limit theorem)�E ∀n ≥ 1,' X1, · · · ,Xn 
 iid ��^�ó, ê' µ = E(X1), σ =
√

Var(X1) > 0/D3�� Xn =
∑n

i=1 Xi/n, n ≥ 1, �øøøÍÍÍ¿¿¿ííí(sample mean)�J
lim

n→∞
P

(

Xn − µ

σ/
√

n
≤ z

)

= Φ(z), z ∈ R�(3)îP¼� n ��`, (Xn − µ)/(σ/
√

n) b�«Ý N (0, 1) 5µ�ã(3)Pêÿ
lim

n→∞
P
(

|Xn − µ| ≤ zσ/
√

n
)

= 2Φ(z) − 1, z > 0�(4) �' X1, · · · ,Xn 
 iid ��^�ó, | N (µ, σ2) 5µ
Í�!5µ,' σ2 Æá�ãðV5µÝP² (i) C (ii), �ÿ Xn ∼ N (µ, σ2/n)�ÇøÍ¿í)bðV5µ, �TÂ��,�²ó��, 
æ¼Ý 1/n ¹�Xn 

µ �×�?ÝF£��, ¬ µ �  £��÷? ¼:9ìÝD¡�ãP² (iii), (Xn − µ)/(σ/

√
n) ∼ N (0, 1)�êã(2)P,

5



P

(∣

∣

∣

∣

Xn − µ

σ/
√

n

∣

∣

∣

∣

≤ z

)

= 2Φ(z) − 1, z > 0�(5)ãîPêÿ
P (Xn − σz/

√
n ≤ µ ≤ Xn + σz/

√
n) = 2Φ(z) − 1, z > 0�(6)îP��y

P (µ ∈ [Xn − σz/
√

n, Xn + σz/
√

n]) = 2Φ(z) − 1, z > 0�(7)&Æ-¢(7)P|O� µ �×*ä  �´�E ∀ 0 < y < 1, � zy ��
Φ(zy) = P (Z ≤ zy) = y,(8)Í� Z ∼ N (0, 1)�ãy Φ(z) 
�}���ó, v limz→−∞ Φ(z) = 0,

limz→∞ Φ(z) = 1, X|E ∀0 < y < 1, zy °×D3�u Φ(x) = y, J
x = zy�Ç x = zy 
 Φ(x) = y �D�ó�3%1 �, uEaI5Ý«�
 y, Jb°×Ý zy �ÍET���× α > 0, α ;ðÎ×´�Ýó, &ÆǑ� µ �× 1 − α *ä  �� 2Φ(z) − 1 = 1 − α, Ç Φ(z) = 1 − α/2, Æÿ z = z1−α/2�.h

µ ∈ [Xn − σz1−α/2/
√

n, Xn + σz1−α/2/
√

n]�^£
 1 − α�  
I = [Xn − σz1−α/2/

√
n, Xn + σz1−α/2/

√
n](9)-
 µ �×***TTTiiiããã


 1 − α ���***äää      , T©��211 − α ***äää      , Tày5f, Ì
 µ �× 100(1 − α)% *ä  �	 α = 0.1, 0.05C 0.01 ` (9Î¿ÍðãÝ α Â), Çÿ 90% *ä  , 95% *ä  ,

99% *ä  �h` z1−α/2 ��«Â5½
 z0.95
.
= 1.64, z0.975

.
= 1.96,C z0.995

.
= 2.576�
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3(6)P�, µ�ã z = 1, 2, 3, Jb
P (Xn − σ/

√
n ≤ µ ≤ Xn + σ/

√
n)

.
= 0.6826,

P (Xn − 2σ/
√

n ≤ µ ≤ Xn + 2σ/
√

n)
.
= 0.9545,

P (Xn − 3σ/
√

n ≤ µ ≤ Xn + 3σ/
√

n)
.
= 0.9974�ãy Xn �ýã-
√

σ2/n = σ/
√

n, [Xn − σ/
√

n, Xn + σ/
√

n], [Xn −
2σ/

√
n, Xn + 2σ/

√
n], C [Xn − 3σ/

√
n, Xn + 3σ/

√
n] �ë  , 5½
û Xn �øÄ×Íýã-, ËÍýã-, CëÍýã-�*ä  , *Tiã5½
 68.26%, 95.45%, 99.74%�3{�ó.è��, E“*ä  �*TiãÝ�\”�1�
ðV5gC 68− 95− 99.7 !��Gm�§Þ-£℄, �ÄS
^£ÿl, |>.þ�¡�*ä  �*TiãÝ�\�Í�èCÝ“68 − 95 − 99.7 !�”µ¼�yh�Çu X ∼ N (µ, σ2), J	 i = 1, 2, 3, P (|X − µ| ≤ iσ) 5½V�y0.68, 0.95C0.997�©Î“!�”ÞCÝ�LQ�á
¢�.
hëóCǑîy5f, -�ÄÎ^£,�&%�!��êXÛ 68 − 95 − 99.7, �©ÊàðV5µ(Tt9Ǒî�«ÝðV5µ), Í�5µ;ð�Êà�»A, ' X b¼¼¼óóó555µµµ, ¢ó
 λ, Í� λ > 0�Ç X �^£Û��ó
 f(x) = λe−λx, x > 0�ê

X ��TÂ µ = E(X) = 1/λ, výã- σ =
√

Var(X) = 1/λ�J	
i = 1, 2, 3, P (|X − µ| ≤ iσ) 5½�y

∫ 2/λ

0
λe−λxdx = 1 − e−2 .

= 0.8647,

∫ 3/λ

0
λe−λxdx = 1 − e−3 .

= 0.9502,

∫ 4/λ

0
λe−λxdx = 1 − e−4 .

= 0.9817�ÇÿÕ“86 − 95 − 98”, �&“68 − 95 − 99.7”�¯º�ºǑ®, 
¢�ã α = 0, �ÿ× 100% Ý*ä  ? y5�yÝ*ä, �Ît?[? ãy z0 = −∞, z1 = ∞, �á(9)P, ÿ µ �y5�
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yÝ*ä  
 (−∞,∞), ÇJÍ�ó/)�9Í  �Ý�WmP�L�9��|1�, α Ä�, A0.0001�, ¬�Î£�Ê)�×���, *TiãH{, *ä  ??-Ä�, D´�£�ÝêÝ�X|&Æ;ð�º_OÄ{Ý*Tiã, ?�ºby5�yÝ*ä  �9ì�×��Ý»��»»»1. Ø��ß®ØË;℄, �';℄Ý��b(��
cc)ðV5µ, ýã-
 1.2cc��Ø^Ý®`�^hã10«,��5½
 330.1, 329.9, 330.9,

331.2, 329.1, 330.8, 328.9, 329.5, 330.2, 329.8�������TÂ µ �× 95% *ä  ����. 3h X1, · · · ,X10 
 iid � N (µ, 1.22) �^�ó�. Xn = 330.04,

α = 0.05, ã(9)Pÿ µ �× 95% *ä  

[330.04 − 1.2 · 1.96/

√
10, 330.04 + 1.2 · 1.96/

√
10]

.
= [329.27, 330.78]�\ïÎÍÆ:�, G�EðV5µÝD¡�, ��× α, Í� 0 < α <

1, J 1 − α Ý*ä  ¬�°×��A
[Xn − σz1−α/3/

√
n,Xn + σz1−2α/3/

√
n],

[Xn − σz1−2α/5/
√

n,Xn + σz1−3α/5/
√

n],#�E�� α1, α2 > 0, ©� α1 + α2 = α, J
[Xn − σz1−α2

/
√

n, Xn + σz1−α1
/
√

n],/Î��Ä�|J�(A�¯Ý¿¢áIÈ?,ã%1-�:�), 3!øÝ
σ, n C α �ì, (9)P�Ý 1 − α *ä  
ty��3!øÝ*Tiãì, &ÆH'ã  ��´yï, �y�£��Þã�3 N (µ, σ2) 5µ�, u σ2 Îá, �bð°O µ �*ä  , ¬m|øøøÍÍÍ���²²²óóó(sample variance)

Sn
2 =

1

n − 1

n
∑

i=1

(Xi − Xn)2
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ã� σ2�¨², 	Q��O σ2 �*ä  , �Î5 µ ÆáT µ ÎáË�µ��b�\*ä  �5µ�ÎðV, ��EÍ�Ý¢ó�*ä  �×�ó§Ù�Ýh, 39℄«Kb�9D¡, 3h�³���ÎðV5µ, ¢óÝ*ä  , b`´�|Oÿ��ÄA�øÍóÈ9, -�¢��³Á§�§, |Oã¢ó�*ä  , �ì»�»»»2. ' X1, · · · ,Xn 
 iid, v
P (X1 = 1) = p, P (X1 = 0) = 1 − p, 0 < p < 1��^�ó©ã 0, 1 ËÍÂ, Ì
b°°°ÄÄÄæææ555µµµ(Bernoulli distribution)�. E(X1) = p, Var(X1) = p(1 − p), ã�³Á§�§, n → ∞ `,

P

(

Xn − p
√

p(1 − p)/
√

n
≤ z

)

−→ Φ(z), z ∈ R�(10).h n ´�`,

P

(∣

∣

∣

∣

∣

√
n(Xn − p)
√

p(1 − p)

∣

∣

∣

∣

∣

≤ z1−α/2

)

.
= 1 − α�(11)Çÿ p �×�«Ý 1 − α *ä  

[L,U ],(12)Í�
L =

2nXn + z2
1−α/2 − z1−α/2(4nXn(1 − Xn) + z2

1−α/2)
1/2

2(n + z2
1−α/2)

,

U =
2nXn + z2

1−α/2 + z1−α/2(4nXn(1 − Xn) + z2
1−α/2)

1/2

2(n + z2
1−α/2)

�4QÎ¿à�³Á§�§, n �������jTà`, ??©� npC n(1− p) /�y 5, î� [L,U ] -��×��ýÝ p ��«Ý 1−α *ä  �¯��º®, p �ÎÎá[? £A¢�� np C n(1 − p) ÎÍ�
9



y 5? �áb`&ÆºE p b°Ý�, Aá¼ 0.3 ≤ p ≤ 0.7, 9` n ≥ 17-�|Ý�G�*ä  b°�Ó, ÉQÎ�«, �÷à?��Ý�P�´�ã333���óóó°°°JJJ(weak law of large numbers), n → ∞`,øÍ¿í Xn º^̂̂£££[[[eee(converges in probability)� E(X1) = p�Ç n → ∞ `, E ∀ε > 0,

P (|Xn − p| ≤ ε) −→ 1�(13).h¿à^£¡�Ý��, n��`, (11)P�Ý p(1−p)�| Xn(1−Xn)ã�, �ÿ
P





∣

∣

∣

∣

∣

∣

√
n(Xn − p)

√

Xn(1 − Xn)

∣

∣

∣

∣

∣

∣

≤ z1−α/2





.
= 1 − α�(14)ãhO� p ��«Ý 1 − α *ä  

[

Xn − z1−α/2

√

Xn(1 − Xn)/n, Xn + z1−α/2

√

Xn(1 − Xn)/n

]

,(15)�Õî´�|���¶W Xn ± z1−α/2

√

Xn(1 − Xn)/n 
 p �×�«Ý
1 − α *ä  �EïG�XS{�ó.�È℄°£×ð, &Æ�Ǒ“*ä  ÝÕP √

p(1 − p)/n”µÎ¼(15)P�Ý √

Xn(1 − Xn)/n��Ä(12)PT(15)P, �ËÑÎ�«ÝXÛ“*ä  ÝÕP”��Ä6×è, p 
×ÎáÝ¢ó, �� p Ý*ä  , Í�§�âb p?Ü»¼f´�' n = 400, Xn = 0.29,v α = 0.05�J¿à(12)C(15)PXÿ�0.95*ä  , 5½
 [0.2477, 0.3363], C [0.246, 0.334], -½¬�H��EyÍ», &Æù�¯�X�øÍó n, |¾ÕXm�Þ���3bnEØÎóß�Y¹£, E�ÅoØIº�ÈÅ���, TEØ®`����Ý�ã, ðº®ß°Äæ5µ�h`EXk£�Ý p (�Y¹£�����), ºÿÕ×A(12)T(15)P� p Ý 1 − α *ä  �&Æ	Q�Th  ��y°, Ah£��ÈÞã�9`µbäè{øÍó n Ý�
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'2à(15)P	� p �×�«Ý 1 − α *ä  , v�Th  Ý�5, T1£��0-, �øÄ d�Ç�b
z1−α/2

√

Xn(1 − Xn)/n ≤ d�(16). 0 ≤ Xn ≤ 1, Æ Xn(1 − Xn) ≤ 1/4, .h¸(16)PWñ�×�5f�

z2
1−α/2

4n
≤ d2�ÇÿøÍó�×ì&:

n ≥
z2
1−α/2

4d2 �(17)uã α = 0.05, d = 0.03, Çÿ
n ≥ z2

0.975

4 · 0.032

.
=

1.962

0.0036

.
= 1,067.1�Çmb n ≥ 1,068�×�3�Ó�`, u333yyy555���ÜÜÜèèè"""***TTTiiiãããììì, hhhøøø000---���333ÑÑÑ���ëëëÍÍÍyyy555FFF|||///, Jb[øÍó�K�b 1,068, 9Í

1,068 µÎ9øÕ�¼Ý��j3�ã`, ãyºb`"�´?ÝøÍ,X|×��'�Ýhøó�9°�¬t¡W�ÝøÍó	Q��×�â?Î 1,068��'t¡W�ÝøÍó
 n, Jã(15)P, hø0-(Ç  �5)

d = z1−α/2

√

Xn(1 − Xn)

n
≤

z1−α/2

2
√

n �(18)»A, ' α = 0.05, n = 900, . z0.975
.
= 1.96, ÿ d ≤ 1.96/60

.
= 0.0327�h`�|13y5�Üè"*Tiãì, hø0-3Ñ�3.27Íy5F|/�ã(17)P�:�, uǑ3�hø0-, JøÍóº">�Ǒ�»A, 3

α = 0.05 ì, u� d = 0.01, J
n ≥ z2

0.975

4 · 0.012

.
=

1.962

0.0004
= 9,604�
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Xm�øÍó
 d = 0.03 `�9¹�×���, hø0-�ª
 1/k ¹,Xm�øÍó�W
 k2 ¹�D�, uøÍó�
 k ¹, Jhø0-Gª
 1/
√

k ¹�u�è{*Tiã÷? »A, ' α ã0.05ª
0.01, d )'
0.03, J. z0.995
.
= 2.576, ÆXm�øÍó�K�b

n =
2.5762

4 · 0.032

.
= 1,843.3,Ç�K�bøÍó 1,844�3£�`, ��*ä  ÎðbÄ�Ý��|9�1, F£�µ	ÀßÝ�ýà\: Àß'¼ß�ò1, ¼ß©��þ×O��jÝ�µÎ,��8Í`¡¼ß-iÝ, ���êþÝ2O6Í`��VKbâ?×O¡iÝ�u��×  , A6Í`�3O, 4��Î£���, ¸Àß?	�ÈJ�, ¬ðÿ×°1J, T1×°*T, ¸ÀßýÝ�´��ÎEÝ(Ç¼ß�þÝ` ��, ºa3ÀßXýÝ  �)�9Î2à  £��ÝêÝ�×�t¡Ä6×èÝÎ, 3î»�, Þ Xn(1 − Xn) |1/4ã�, 9øÍ�b°Õ·(©�: Xn = 0.1 Ý�µÇá), CWÝ0-Gf(12)P�(15)P Ý-²�9Ý�©b	 p ´#� 0.5`, 9Ëã���lbHÒHÝÅ(�A�¯�á¼ p ÝP�, A 0.1 ≤ p ≤ 0.3, J p(1 − p) ≤ 0.21, �E

p(1 − p) ÿÕf1/4?Þ�Ý.£�h`(17)PW
 n ≥ 0.21z2
1−α/2/d

2,�(18)PW
 d ≤
√

0.21z1−α/2/
√

n�|îD¡�î, 3TíæñÝ�µì, Ó�r�, óÜ��QY»Î�¿ðÝ�»A, 'ÎóßAÝY¹£
 32.3%, ÎóßBÝY¹£

31.1%�ãy�I5ÝÓ�Î'� α = 0.05, d = 0.03, 3h�µì, ÎóßAY¹£Ý 95%*ä  
 [29.3%, 35.3%], ÎóßBY¹£Ý 95%*ä  
 [28.1%.34.1%]�Þ  b��Ý¥P, .hóÜ��Y»sß¬��
��9�Î
¢*ä  Ý����y�?Ýæ.�×��Ä&ÆÆ¼�, k3�hø0- d, øÍó n ÿ�»��Ǒ�3�j�Ó�`, æp�Þ���K�8´�ì, ??Ýhø℄°, ?¯�Ý!�, D�Î´��Ý�¨², Ó�9�2àé�"®, �FÆb×°�|ß�Ý.
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�, ê9°*ä  �©Î“�«Ý”�X|óÜ`X�Ó�Ý*ä  ,*Tiã�, b`��Ä�2*�
3 ***äääÝÝÝ���LLLG��èÕ, Å»�Ý*ä, ��¬�H�*�£Ù�.�Ý*ä÷?¸Ý�L
¢? Ë�*ä[?	¯:Õbß¼½×  1, 9Î µ Ý 95% *ä  , �Î3*ä%�÷? 95% Ý�LêÎ%�÷? Ey(9)P, &Æ;ð1b 100(1 − α)%Ý*T µ ºòy  I�¬Ey»1, &ÆÎÍ�1 µ ºa3  

[329.27, 330.78] �^£V
0.95? �Kß|
h�nÎù�Ý�¯�î, Ey»1, B� P (µ ∈ [329.27, 330.78])
.
= 0.95 ¬�Ñ��(9)P
×�^  , 3ãøG, Ý�b 1 − α Ý^£, h  º�â µ�¬Î×Ëãÿ×àøÍ x1, x2, · · · , xn, vÞ(9)P�� Xn | x̄n =

∑n
i=1 xi/nã�, JXb�^P-Ǒ´Ý, �ÎÿÕ×ü�Ý  �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�, �'���b×£�õ�, á¼�jÝ µ �ÂT�#�331.0�Ju¯×å� P (µ ∈ [329.27, 330.78]) = 0.95, �×�Ê
PI, ÆÿÙ�ßõ, �ÄÎhß, hß��, ©�WW�hÑA'×��b1ÍR�9Íç�, Øß�^2ã×�, �'ã�R����WîJ½R�, 9`¯×å�h�
ç��^£
0.9, �ÄÆÿ¯�áX��Ñ�Ý1°Î, 3!øÝ α C n �ì, u&Æ¹�2ãø, Ng&ÿ×*ä  , J9°*ä  �, “Vb” 100(1 − α)% Íº�Æ µ Â�|3�ó°J¼�Õ, �Æ µ�*ä  ó, fî�IÝ*ä  ó,	¡ï��� ∞ `, º^£[e� 1 − α�Ey 1 − α Ý*Tiã, Í� 1 − α X¼Ý, µÎ^£�Æ�¢%�¼1��%2
 N (µ, σ2) 5µ�øÍ¿í Xn �^£Û��óÝ%�, %3
3 σ2 Æá�ì, µ�ãø14g (Ng/ã n ÍøÍ), Xÿ�14Í 95% *ä  �u Xn +y µ − 1.96σ/
√

n C µ + 1.96σ/
√

n

13



� , JÿÕÝ*ä  º�â µ�ãy%2�^£Û��óÝ%�+y µ − 1.96σ/
√

n � µ + 1.96σ/
√

n  �«�V
0.95, Xn ºa3hP�/�^£-�V
0.95�%3��*ä  , Ï9Í¬Î�â µ�Çb 13/14
.
= 92.86% Ý  �â µ�3�ó°J×å&Æ, uãøÈ9g(.hÿÕ�9 Xn ��jÂ x̄n), JÍ�“Vb”95% ¼�Í (ý+b`ý20g�b19g) *ä  º�â µ��yE�×©½Ý  , 1Íb 95%Ý^£º�â µ,JÎ^b�LÝ�.9×©�Ý  Æ&�^ 

O

y

x

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

%2. y = f(x) = 1
(σ/

√
n)

√
2π

e−(x−µ)2/(2σ2/n), x ∈ R

%3. E N (µ, σ2/n) 5µBã¥�ãøXÿ µ �14Í 95% *ä  
14



 , ðó(¬Îá) µ ºa3h  Ý^£, �Î1-Î0�)�èø\ï, ¯�sßÝ^£0.95, ¬&N20g“Äº”sß19g�º��?, 100gb��1g�Îsß�&Æ¼:G��XSàÝ£ð>C_ó�´�“ã�°N×�!.&�|Bó�ÿaóY�ÝÄ�”, 9Î%��¤÷? �' p = 0.6, J�ÞBó�î 0, 1, 2, 3, 4, 5 /	�1, ��¨Ñ«; 6, 7, 8, 9 /	�0, ��¨D«�n A�Î400, µ�Bó�îã400ÍóC, .�ÿÕ×� 1, 0 Ýó� X1, · · · ,X400�O� Xn, ��× α, -ÿÕ× p � 1− α *ä  �E8!Ý p, n, α, N�!.&��Bó�îØ×óC��ÿa, ¬&ÿ× p Ý 1 − α *ä  �¬#½Ý“¬DÆ�9ó!.XÿÝ*ä  º�ÆY�Ñ«^£ÝË�Â”, µ�ÎÑ�Ý1°�¯�î, .l�©�°ùóÈ9, µ���bÝ°ù, �°.ßÆXÿÝ*ä  , Í�b?¿Í^b�ÆY��¨Ñ«Ý^£ p��ì»�»»»3. '×°b40�!., �/��× p, Í� 0 < p < 1 (ÉA p µÎ0.6)�N�!.&�|Bó�, ÿa7VY�ÝÄ�, �&ÿ×Y��¨Ñ«^£ p � 95% *ä  �J�°XÿÝ40Í*ä  , �b¿Íº�Æ p ÷?���. º�Æ p Ý  ó| X ���ãøG, N×*ä  b0.95�^£º�Æ p��°XÿÝ40Í*ä  ,�:b¿Í�Æ p,8	y}ñ2�Ø��40g, NgW�^£/
0.95,�:W�¿g�Æ(�9ìÛ1) X bÞÞÞ444555µµµ(binomial distribution), ¢ó
40, 0.95�Ç X ∼ B(40, 0.95)��
F (x) = P (X ≤ x), x ∈ R�

F (x) Ç
 X �øÄ x �^£��1�� B(40, 0.95) C B(40, 0.90) 5µ�×° F (x) Â�ã�1á, �°Xÿ�40Í 95% *ä  �, �Kb4Í(Ç X ≤ 36)��Æ p �^£V
0.13815��'Øl{Þb25Í°, N°�'Kb40ß�uN°/�hÿa��, J�Où�°Xÿ�*ä  , �Kb4Í��Æ p �°ùó, Vb B(25, 0.13815) 5µ�¿íJVb
15



�1. B(40, 0.95) C B(40, 0.90) 5µ�×°^£Â
B(40, 0.95) 5µ

X F (x)

40 1.00000

39 0.87149

38 0.60094

37 0.32326

36 0.13815

35 0.04803

34 0.01388

33 0.00339

32 0.00071

31 0.00013

30 0.00002

B(40, 0.90) 5µ
X F (x)

40 1.00000

39 0.98522

38 0.91953

37 0.77719

36 0.57687

35 0.37098

34 0.20627

33 0.09952

32 0.04190

31 0.01550

30 0.00506

25 × 0.13815
.
= 3.45375 (°)��'�¬Èû;{ù�.Ý{Þ�b2,500°(N°)'
40ß), N°K�h���J4Q P (X ≤ 33)

.
= 0.00339 ¬�H�, ¬.

2, 500 × 0.00339
.
= 8.475 (°),Ç�¬È¿íVb8Í°, �°Xÿ�*ä  , �Kb 7(= 40 − 33) Í��Æ p�b{¾7Í*ä  ��Æ p, 9¿Í°ùÝ.ß, �V�º-
, �9ó!.XÿÝ*ä  º�Æ p�Íg¼:A�ÎO p � 90% Ý*ä  ºA¢?ã�1á, E B(40, 0.90) 5µ, P (X ≤ 32)

.
= 0.04190�Æ×l��Où()'b25°), Vb

25 × 0.04190
.
= 1.0475 (°),
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�Kb8Í*ä  ^b�Æ p��¬ÈµVb104°Ý�ãyG�“�È℄°”, ¬Îý�ÎO9Ky5f�*ä  , .hÎº¡­21: �¬DÆ�9ó!.XÿÝ*ä  º�ÆY�Ñ«^£ÝË�Â, ��Q¬�ª	, |SR>/C.ß�×°æW�ÛÛÛ1. �'}ñ2�×�� n g, NgW�Ý^£
 p, Í� n 
×ÑJó, 0 < p < 1�JÀ��W�ó X, -b B(n, p) 5µ�X �^£Û��ó

f(x) =

(

n

x

)

px(1 − p)n−x, x = 0, 1, · · · , n,ê E(X) = np, Var(X) = np(1 − p)�»3�î, Ík¢ÿa��, ¯.ßÝ�*ä  ��L,Q.B�Äy�¯, ÉÎø�z½�^ÝÍ², �Îº�ÕøÍóÈ9¡, �^£¯�Ýsß��|(E 95%, �Où 1,000Í.ß, Xÿ�*ä  , ¿íVb50Í�º�Æ p)�Ù�Ý>.bÍp�, uX�C^£Ý�LÎ1�ç, b`ñ���Ý>.℄P, ��ÿºb?[��
4 ***äää      ���`̀̀²²²ÑÑÑ×××*ä  ��'l�b×°ETn;,&Æ¢`²Ñ×¼1��)|ðV5µ
»�b°��Ý`²Ñ× (|ì�Ì`Ñ) ßõ, -|(9)P��*ä  , ®
`Ñ�µA��'Ø®`�!} (A���¥��) 6
 µ�B�^hã n ÍøÍ¡, ÿÕ×A(9)P� 95% *ä  (σ2 �'
Æá)�Ju µ a3h  , --
�1®`
)}, ÍJ-
�)}���b`ÑßõTD¶É, ãø�9 (n ��), J*ä  Ý���y((9)P��  ��
 2σz1−α/2/

√
n, �½ n �����), .h���|�â µ, Ah×¼, �Î®`��|�)!}[? ?¢µãø9Í¼µÆ´jì, X|�ÆEãø´9Db(`�T�¯-
�ÆÝ(`)§
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[? lÚ%3,   ��u´y, Jº�â�j µ Â�^ºÝ�Î´�,`Ñßõ4Ê´�Ý n «{Îb¼§Ý�Í��Q�u2à(9)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��ã3�ó°J, n ��`, Xn b�ê� µ �H'�.h n ��`,| Xn 
�T, ©m�´�Ý�5 σz1−α/2/
√

n, �  )b8!Ý^£
1−α º�Æ µ�bF	u²Ä ÿ�ã, J4�Ó�5´�, EêýÎ)�b8!Ýg�[��Ç¸�Æ µ Ý^£8!, AGX�, &Æ)´Ǒ?  ��´yï�æ.���, ��£�Ý  ���y, �î.¡�Þã�A�ß�� µ �×��
10� 95% *ä  , B�ß�� µ �×��
5� 95%*ä  (¬Þï��TF���!), ×�ß	QÆÿ¡ï´ã�9µÎ�s2ãø´9(n ´�), Xðÿ����

5 ���+++&ÆðèÕ^£, ×¯�Ý^£
 p, �°�G, ^£ÞCÝ�L, ���|�ç�Ey*Tiã 1 − α, Í�Ý 1 − α Û¼^£�|×Ù��¼£�Ø×¢ó, Ì�F£�, |×�^  ¼£�¢ó, Ì�  £��h  �î¢ó��Ýþ�P�;¢óºa3h  Ý^£, Ì�*Tiã�ãy×Fº�y¢ó�^£�{Í�, #�Î0, .h&ÆEF£�ÎÍ
¢ó�Ë�Â, “*T”�Q�È�µ£�ÝÌF��,   ´×F?�*ä, Ìh  
*ä  , bÍ¼§�©Î×Ë����, ãÕ×àøÍ, Xÿ�*ä  , 
×��Ý  , 9`  º�â¢óÝ^£�Î1µÎ0, ���Î 1 − α Ý���×  ��Ý“*Tiã”, ��	Å»ßÎð,3ý�, �*��{Ý“y5�y*ä”, T“��b*T”,¸h  ?�*ä��yb9*ä? T1*ä��
¢? *TiãµÎ
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