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ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ
ƘƳ ƏƩƱƸƵƭƮǀ ƔƵƭƥƮǀ ƍƩǂƵƫưƥ

ƉƫưƢƸƵƫƶ ƑƫƸƷƳǁƨƫƶ

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƆƱƩƲƠƵƸƫƸƩƶ� ƭƷǀƱƳưƩƶ Ƹ�ư�

�

������

ſƷƸƽX1, X2, . . . , Xn ƥƱƩƲƠƵƸƫƸƩƶ Ƹ�ư� ƴƳƹ ƥƮƳƯƳƹƬƳǁƱ ƸƫƱ ƣƨƭƥ ƮƥƸƥƱƳưƢ� ƘǀƸƩ Ƴƭ
X1, X2, . . . , Xn ƯơƧƳƱƸƥƭ ƥƱƩƲƠƵƸƫƸƩƶ� ƭƷǀƱƳưƩƶ Ƹ�ư� � ƥƮƳƯƳƹƬƳǁƱ ƸƫƱ ƣƨƭƥ
ƮƥƸƥƱƳưƢ��

ƊƴƣƷƫƶ ƮƥƯƳǁƱƸƥƭ ƸƹƻƥƣƳ ƨƩƣƧưƥ ưƩƧơƬƳƹƶ n�

�ƗƸƥ ƥƧƧƯƭƮƠ� LQGHSHQGHQW� LGHQWLFDOO\ GLVWULEXWHG �L�L�G���

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƘƳ ƮƩƱƸƵƭƮǀ ƳƵƭƥƮǀ ƬƩǂƵƫưƥ

ƘƳ ƮƩƱƸƵƭƮǀ ƳƵƭƥƮǀ ƬƩǂƵƫưƥ ƩƣƱƥƭ ơƱƥ ƴƳƯǁ ƷƫưƥƱƸƭƮǀ ƬƩǂƵƫưƥ ƸƽƱ ƕƭƬƥƱƳƸƢƸƽƱ
ƴƳƹ ƩƲƩƸƠƪƩƭ ƴǂƶ ƷƹưƴƩƵƭƺơƵƩƸƥƭ ƥƷƹưƴƸƽƸƭƮƠ ƸƳ ƠƬƵƳƭƷưƥ ƴƳƯƯǂƱ ƥƱƩƲƠƵƸƫƸƽƱ
ƸƹƻƥƣƽƱ ưƩƸƥƦƯƫƸǂƱ Ƹƫƶ ưƳƵƺƢƶ

X1 +X2 + · · ·+Xn,

Ƨƭƥ ưƩƧƠƯƳ n �ƮƥƬǂƶ ƸƳ n → ∞��

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƘƳ ƮƩƱƸƵƭƮǀ ƳƵƭƥƮǀ ƬƩǂƵƫưƥ

�
ƍƩǂƵƫưƥ �ƏƩƱƸƵƭƮǀ ƳƵƭƥƮǀ ƬƩǂƵƫưƥ�
��

������

ſƷƸƽX1, X2, . . . , Xn ƸƹƻƥƣƳ ƨƩƣƧưƥ ƥƴǀ ưƭƥ ƷƹƱƠƵƸƫƷƫ ƮƥƸƥƱƳưƢƶ� ƸơƸƳƭƳ ǂƷƸƩ

E[Xi] = µ Ʈƥƭ [Xi] = σ2, i = 1, 2, . . . , n.

ƘǀƸƩ� Ƨƭƥ ưƩƧƠƯƳ n� Ƴ ƥƴƳƮƥƯƳǁưƩƱƳƶ ƨƩƭƧưƥƸƭƮǀƶ ươƷƳƶ

X =
X1 +X2 + · · ·+Xn

n

ƥƮƳƯƳƹƬƩƣ ƮƥƱƳƱƭƮƢ ƮƥƸƥƱƳưƢ ưƩ ươƷƳ µ Ʈƥƭ ƨƭƥƷƴƳƵƠ σ2/n�
ƉƫƯƥƨƢ�

X ∼ N
(
µ,

σ2

n

)
Ʈƥƭ Sn = X1 +X2 + · · ·+Xn ∼ N (nµ, nσ2).

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƕƥƵƥƸƫƵƢƷƩƭƶ

ƌ ƷƫưƥƷƣƥ ƸƳƹ ƮƩƱƸƵƭƮƳǁ ƳƵƭƥƮƳǁ ƬƩƽƵƢưƥƸƳƶ ƩƣƱƥƭ ƸƩƵƠƷƸƭƥ ƸǀƷƳ ƥƴǀ ƬƩƽƵƫƸƭƮƢ
ǀƷƳ Ʈƥƭ ƥƴǀ ƴƵƥƮƸƭƮƢ ƷƮƳƴƭƠ�

ƙƴƳƨƩƭƮƱǁƩƭ ǀƸƭ ƸƳ ƠƬƵƳƭƷưƥ ƩƱǀƶ ưƩƧƠƯƳƹ ƥƵƭƬưƳǁ ƥƱƩƲƠƵƸƫƸƽƱ Ƹ�ư�
ƥƮƳƯƳƹƬƩƣ ƮƥƸƠ ƴƵƳƷơƧƧƭƷƫ ƮƥƱƳƱƭƮƢ ƮƥƸƥƱƳưƢ�

ƆƹƸǀ ơƻƩƭ ƩƺƥƵưƳƧƢ ƷƩ ƴƳƯƯơƶ ƴƩƵƭƴƸǂƷƩƭƶ ǀƴƳƹ ơƱƥ ƸƹƻƥƣƳ ƥƴƳƸơƯƩƷưƥ
ƴƵƳƮǁƴƸƩƭ ƽƶ ƸƳ ƠƬƵƳƭƷưƥ ƩƱǀƶ ưƩƧƠƯƳƹ ƥƵƭƬưƳǁ ưƭƮƵǂƱ ƥƯƯƠ ƥƱƩƲƠƵƸƫƸƽƱ
ƸƹƻƥƣƽƱ ƴƥƵƥƧǀƱƸƽƱ� ƕ�ƻ�� Ƴ ƬǀƵƹƦƳƶ ƷƩ ƴƳƯƯƠ ƺƹƷƭƮƠ Ƣ ưƫƻƥƱƭƮƠ ƷƹƷƸƢưƥƸƥ
ơƻƩƭ ƥƹƸƢ ƸƫƱ ƭƨƭǀƸƫƸƥ�

Ƒƥƶ ƩƴƭƸƵơƴƩƭ Ʊƥ ƹƴƳƯƳƧƣƪƳƹưƩ ƷƹƧƮƩƮƵƭươƱƩƶ ƴƭƬƥƱǀƸƫƸƩƶ ƮƠƱƳƱƸƥƶ ƻƵƢƷƫ
ưǀƱƳ ƸƳƹ ƴƣƱƥƮƥ Ƹƫƶ ƥƬƵƳƭƷƸƭƮƢƶ ƷƹƱƠƵƸƫƷƫƶ Ƹƫƶ ƮƥƱƳƱƭƮƢƶ ƮƥƸƥƱƳưƢƶ� Ɣƭ
ƹƴƳƯƳƧƭƷưƳƣ ƥƹƸƳƣ ƥƴƥƭƸƳǁƱ ƥƴƯƠ Ʊƥ ƧƱƽƵƣƪƳƹưƩ ươƷƳƹƶ Ʈƥƭ ƨƭƥƷƴƳƵơƶ�

ƗƸƫƱ ƴƵƠƲƫ ơƱƥ ươƧƩƬƳƶ ƨƩƣƧưƥƸƳƶ n > 30 ƥƵƮƩƣ Ƨƭƥ Ʊƥ ƴƠƵƳƹưƩ ƭƮƥƱƳƴƳƭƫƸƭƮơƶ
ƴƵƳƷƩƧƧƣƷƩƭƶ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƕƥƵƥƸƫƵƢƷƩƭƶ �ƷƹƱơƻƩƭƥ�

ƗƸƫƱ ƩƭƨƭƮƢ ƴƩƵƣƴƸƽƷƫ ǀƴƳƹ Ƴƭ Ƹ�ư�X1, X2, . . . , Xn ƥƮƳƯƳƹƬƳǁƱ ƮƥƱƳƱƭƮƢ
ƮƥƸƥƱƳưƢ� ƸǀƸƩ ƸƳ ƠƬƵƳƭƷưƥ Sn = X1 +X2 + · · ·+Xn ƥƮƳƯƳƹƬƩƣ ƴƠƱƸƥ
ƮƥƱƳƱƭƮƢ ƮƥƸƥƱƳưƢ Ʈƥƭ ƸƳ ƮƩƱƸƵƭƮǀ ƳƵƭƥƮǀ ƬƩǂƵƫưƥ ƭƷƻǁƩƭ Ʈƥƭ Ƨƭƥ ƴƳƯǁ ưƭƮƵơƶ
Ƹƭươƶ ƸƳƹ n�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƕƵƳƷơƧƧƭƷƫ ưƩ ƮƥƱƳƱƭƮƢ ƮƥƸƥƱƳưƢ ưƩ ƻƵƢƷƫ ƸƳƹ Ə�Ɣ�ƍ�

ſƷƸƽ Sn = X1 +X2 + · · ·+Xn� ǀƴƳƹ ƳƭXi ƩƣƱƥƭ ƥƱƩƲƠƵƸƫƸƩƶ� ƭƷǀƱƳưƩƶ Ƹ�ư� ưƩ
ươƷƳ µ Ʈƥƭ ƨƭƥƷƴƳƵƠ σ2� ƆƱ ƸƳ n ƩƣƱƥƭ ưƩƧƠƯƳ� ƸǀƸƩ ưƴƳƵƳǁưƩ Ʊƥ ƴƵƳƷƩƧƧƣƷƳƹưƩ
ƸƫƱ P (Sn ≤ c) ƽƷƠƱ ƸƳ Sn Ʊƥ ƥƮƳƯƳƹƬƳǁƷƩ ƮƥƱƳƱƭƮƢ ƮƥƸƥƱƳưƢ� ƩƮƸƩƯǂƱƸƥƶ Ƹƥ
ƥƮǀƯƳƹƬƥ ƦƢưƥƸƥ�

���� ƙƴƳƯƳƧƣƪƳƹưƩ ƸƳƱ ươƷƳ nµ Ʈƥƭ Ƹƫ ƨƭƥƷƴƳƵƠ nσ2 ƸƳƹ ƥƬƵƳƣƷưƥƸƳƶ Sn�
���� ƙƴƳƯƳƧƣƪƳƹưƩ ƸƫƱ ƸƹƴƳƴƳƭƫươƱƫ ƸƭưƢ z = (c− nµ)/(σ

√
n)�

���� ƛƵƫƷƭưƳƴƳƭƳǁưƩ ƸƫƱ ƴƵƳƷơƧƧƭƷƫ

P (Sn ≤ c) ≈ Φ(z),

ǀƴƳƹ ƫ Φ(·) ƩƣƱƥƭ ƫ ƥƬƵƳƭƷƸƭƮƢ ƷƹƱƠƵƸƫƷƫ Ƹƫƶ ƸƹƴƳƴƳƭƫươƱƫƶ ƮƥƱƳƱƭƮƢƶ
ƮƥƸƥƱƳưƢƶ Ʈƥƭ Ƴƭ Ƹƭươƶ Ƹƫƶ ƨƣƱƳƱƸƥƭ ƥƴǀ ƸƳ ƧƱƽƷƸǀ ƴƣƱƥƮƥ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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ƕƥƵƠƨƩƭƧưƥ

ƚƳƵƸǂƱƳƹưƩ ƷƩ ơƱƥ ƥƩƵƳƴƯƠƱƳ ��� ƴƥƮơƸƥ ưƩ ƦƠƵƫ ƴƳƹ ƩƣƱƥƭ ƥƱƩƲƠƵƸƫƸƩƶ ƸƹƻƥƣƩƶ
ưƩƸƥƦƯƫƸơƶ ƳưƳƭǀưƳƵƺƥ ƮƥƸƥƱƩưƫươƱƩƶ ưƩƸƥƲǁ � Ʈƥƭ �� NJ� ƙƴƳƯƳƧƣƷƸƩ ƸƫƱ
ƴƭƬƥƱǀƸƫƸƥ ƸƳ ƷƹƱƳƯƭƮǀ ƦƠƵƳƶ Ʊƥ ƹƴƩƵƦƩƣ Ƹƥ ���� NJ�

ƐǁƷƫ� ƍơƯƳƹưƩ Ʊƥ ƦƵƳǁưƩ ƸƫƱ P (S100 > 1310)� ǀƴƳƹ S100 ƩƣƱƥƭ ƸƳ ƷƹƱƳƯƭƮǀ ƦƠƵƳƶ
ƸƽƱ ��� ƴƥƮơƸƽƱ� ƆƺƳǁ ƮƠƬƩXi ∼ U(2, 22)� ơƻƳƹưƩ ǀƸƭ

µ =
2 + 22

2
= 12, σ2 =

(22− 2)2

12
= 33.33.

ƙƴƳƯƳƧƣƪƳƹưƩ ƸƫƱ ƸƹƴƳƴƳƭƫươƱƫ ƸƭưƢ Ʈƥƭ ơƻƳƹưƩ�

z =
1310− 100 · 12√

33.33 · 10
= 1.91.

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �
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Ɔƴǀ ƸƳƱ ƴƣƱƥƮƥ Ƹƫƶ ƸƹƴƳƴƳƭƫươƱƫƶ ƮƥƱƳƱƭƮƢƶ ƮƥƸƥƱƳưƢƶ ơƻƳƹưƩ ǀƸƭ�

P (S100 ≤ 1310) ≈ Φ(1.91) = 0.9719,

ƩƴƳươƱƽƶ

P (S100 > 1310) = 1− P (S100 ≤ 1310) ≈ 1− 0.9719 = 0.0281,

ƨƫƯƥƨƢ ƫ ƪƫƸƳǁưƩƱƫ ƴƭƬƥƱǀƸƫƸƥ ƩƣƱƥƭ ƴƩƵƣƴƳƹ 3 �

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � �


