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R#S TVUXW�YFZ\[X[@]�^`_MabWdc\e\f\g\g>e\e\f

h5i"j�k"lmhonqpLrskdtvudlwkyx�z�x�{}| udl~kyx�z�x���j�u�kouyp�j�u*p�i"i
� c1�Fa>S �\S�^`_��>f\f\g
R�U@W�� f\c���f\f�� �&� ��f\f

����=�=�;>E�D}?����
?K= �F?KO���ICI�?K=�Q
� S [X_�������a>T`�P��]�Wd]�UX�\� ]¡ Fab� W ^V��T`UX¢�� ]o� Z>_Ma$_Ma>T��
��;C£K?K=�=@?KJ¤BV<�¥
B$JKO�=@?KJ¡�¦NKE(;>E��@NKE,�@A&A�§�R�a>¨ UXT�Y�Z>TV[©ab��ªK�
«���¬�Zb_V_­�®a>� �}�
¯°;>E�?KO�;>E��@NMA�¥
B$J�OP?K=�N�;>O�=±��D�<>�
«²a>[@��S [@ab_­Z>T�� ³µ´ � fC¶s�
·�¸¡·�¹¡¬µ¶�«
¶1]�� ^VS T�� �\� � ^`]�¨�_V]��Lº
]�T��>f\f\g1�

» �#����¼��
��½ ¾5���F!,���&�C��	����
�s�&���
!�!¿���À�Á�F�&�C�&���
ÂÁU@�Ã�\TVÄ\��^­a>��^V¨�TVZ�W S ^V]��C_�¨ TVZ�W S ^`]�T`]�TL¨
Z>_­]K_­]�T�Å�Z\�Æ]�T5º�[@UX_`_o�\Z1W��
Ç`]��C_¤^`Z\�Èº TVS �$a>T5a
¢É��¢ba>[XUX_V]�_­^`�®]�TÊ�
�>]K_L´ÁT`U@�®abËÌa>TV]b�}Íµ]�_V_V]®UX� � ]�ºs]�T¡�®]�[@[@Z>�Îab� �Fadab_²¨
Z>_­]K_­]���]�^`�$a>[¿_­UX[@  Ä&Ï�TV]L]�U@�Ðº
]�^`_V]��¤_²¢>]��C_­��[©ab^V^V]b�
´ÁTVZ�W S ^`]��C_­]��Æ_Ma>T¦ÇVa>��� [X]���^`_VU@����¨ TVÄ&¢>]�T�Ñ�Z\T�Ò9�bZ\�C_­T`Z\[@[X]�TV]oab_�¨
Z>_V]�_­]�� ]o  ]�[XW-^`]��®U@� �Fab��Ñ�Z\T��C¢ba>[@U�_­]�_V^Ê�
^V¨
]�^`UXÓF�$a>^�Ç`Z\� ]����
Ô�a

X
¢\]�T`]�¢\]��C_MaLa
¢�]�U�_­UX[XÑ�]�[XW U@�µ¢>ab[X_Ì¨sZb_­]�_�Å�Z\�5Ñ�Ä\T`]�^`]�_�a$_H¢>]��C_Ma¤]�TÕ� Z>TV�®a>[XÑ�Z\T`W ]�[�_Á��]�W®Ñ�Z>T`¢\]��C_­� UX� �

µ = 110 g
Z\�*¢ba>T`U©a>��^

σ2
��Ô�a*��¢ba>[XUX_V]�_­^`^V¨
]�^`UXÓF�$a>^�Ç`Z\� ]��°Ñ�Z\Tµ¢\]��C_²¢\]�TV]�ab_�¢>]��C_Mad¨FÒy¨
Z>_­]K_­]���]�U@����Ç`]

^V�$a>[�a
¢�¢�U@�b]5��]�UXTÖ]�� �
20 g

Ñ�T­Ò�W ]��dÑ�Z\TÊ¢\]��C_­a�¢\]��C_Ma®¨ Ò
110 g

�
�s×ÐYFÄ\T`]�^V]K_
ÅFº
]�T`TV]²U�W ]�_`_­]²¨ S ����_V]�_�Åsa$_�¢>abTVU©ab� ^V]��-]�T��
Ç`]��C_
Å�Z\�9[@UX�

σ2 = 100 g2
�

«Ø¢>a�]�T�^Va>� � ^ÊÏ�� ]�_�Ñ�Z\T�ab_�]�U�_VU@[�Ñ�]�[@W�U@�²¢>ab[X_�¨
Z>_­]K_�¢\]��®�®]�U@TÖ]�� �
120 g Ù«Ø¢>a�]�T�^Va>� � ^ÊÏ�� ]�_�Ñ�Z\T�ab_�]�U�_VU@[�Ñ�]�[@W�U@�²¢>ab[X_�¨
Z>_­]K_�]�T�U@� � a>��Ñ�Z\TÖ^`¨s]�^VU�ÓF�$a>^�Ç`Z\��]���Å�W�¢�^��

P (|X − 110| ≤ 20) Ù«Ø¢>a�]�T�^Va>� � ^ÊÏ�� ]�_�Ñ�Z\T�ab_�]�UX�d¨sZ\^`]²�®]�W ��Ú _VU@[�Ñ�]�[@W�U@�5¢ba>[XW ]¡¨
Z>_­]K_­]�T�¢>]����®UX� W TV]�]�� �
1500 g Ù
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YFÄ\TV]�^V]K_�ab_HW ]�_�º�[@U@TÁ_­ab_V_H]�Us^`_­UX����¨�TVÄ&¢\]¡��]�W
n
_­UX[XÑ�]�[@W UX�²¢ba>[XW ]�¨sZ>_V]�_V]�THÑ�TVÒ¤¨ T`Z1W S���^�Ç`Z\� ]���� Ô�a

Y
¢\]�T`]

_Mab[@]�_�¨ Ò9¨
Z>_V]�_­]�T�^VZ\� �@A&A��
?HÑ�Ä\[X�&Ç`]�TÕ^V¨
]�^`UXÓF�$a>^�Ç`Z\� ]���Å�º [©a>�C_�W ]�U
n
U�^`_VU@����¨ TVÄ&¢ba��

� ×°YFZ\T`��[@a>TÖ�C¢�UXÑ�Z\TÖ¢�U��$a>�dÑ�Ä\TV]�^V]K_V_­]oab_
Y

]�T�º�U@� Z\��U@^`��Ñ�Z>TVW ]�[X_���]�W-¨Fa>TVa>�®]K_­TVa>T
n
Z\�

p = 1 − P (|X − 110| ≤ 20)
Å W�]�T

X
]�T�W ]�Ó � ]�TÊ_�^`Z\� _­UXW [@]��Ca>T`]�U�Z\¨ ¨ �\Ò&¢ba��

ÂÁU@�+]�^`_VU@�®ab_­Z>T²Ñ�Z>T
p
]�T

p̂ =
Y

n

�#Ë�U@^La$_¤W ]K_V_V]*]�T5]�U@�ÃÑ�Z\T`¢>]��C_­� UX� �\^`TV]�_`_L]�^`_­UX�Pa$_­Z\T²Ñ�Z\T
p
Å#Z\�

S�_V[@]�U}¢ba>TVU@a>� ^V]��-_VU@[
p̂
�

�ÕT`S � W�]�� � ]Ð]�^`_­UX�Pa$_­Z\T`]��w_­UX[�Ò+Ó � � ]Ð]�U�_da>� ^`[©a>�+Ñ�Z>TP¢ba>TVU@a>� ^V]��
σ2

_­U@[�¢\]��C_Ma�¨FÒ ]�U�¨
Z>_V]�_
Å
�FÒbT5W ]K_LUØ]�UÌ^`_VU@����¨ TVÄ&¢>]*¨FÒ�^Ê_­Z\T`[@]�U@�

n = 19
º [@UXToZ>º ^V]�T`¢\]�T`_9a$_

y = 2
¨sZb_­]�_V]�T5U@����Ç`]�Ñ�Ä\[X�&Ç`]�T

^`¨s]�^VUXÓ �bab^�Ç`Z\� ]����

» �#����¼��
��� %��s�&���$�#�C�
�&�1� '��
R#Z\TV�b]�[ÁW T`UX¢�]�U@�°UX�C_­]�T`� ]�_`_­�$abÑ���W ]�T� Fa>�Ð FabT�_­T`]�WFab_Mab�Pa>^`��U@� ]�T�_­UX[@�
Ç`]�� �\]�[@UX�\]>��� º�[©a>�C_¡]�T¡W ]�_²�®a>� �\]
��S � WFabTHUX� � Z\�-Å\Z\�o]�� �b]�[�_­]�º�[@U@TÁ��U@^ÊÑ�Z\TV��Ä\�\W ]ÖW�]�TV^`Z\� W ]�_H]�TØ[X]�� �\]µÒ¡¢\]��C_V]�¨FÒ²[@]�W U@�²�®a>^V��U@�}�CR�Z\T`�>]�[
º
]�^`_V]����®]�TÕ^`]��¤Ñ�Z\THÒ5�
Ç`]���� Z\�9Ñ�Ä\TV]�]�UX�P^`_­ab_­UX^`_VU@^V�9ab�Fa>[XÏ�^`]�a
¢®¨FÒ>[@Z>�\�\U@���\^`_VU@W ]�� ]Ö_­UX[
��S ��WFa>T��1YFÄ\TV]�^V]K_
ab_�¨FÒb[@Z\�\�>U@� �\^Ê_­UXWFa

T
_VU@[�]�U@�y_­UX[XÑ�]�[@W UX�5¢ba>[X_Ö��S�� W ]o Fa>T���S �LS [@ab_­U�¢*^Va>� � ^ÊÏ1��^`Ñ�Z\T`W ]�[XU@� �

F (t) = 1 − exp(−λt),
Ñ�Z>T

t > 0
Z\�

λ > 0.

�s×ÐYFÄ\T`]�^V]K_
Å���S � U¡W ]�_`_­]Ð¨ S � �C_V]�_
Å�ab_
λ = 0.1

���Õ]�T`]����
P (T < 15)

� �ÕT`S �wW ]KÓF� UX^�Ç`Z\� ]�� a
¢
º
]�_VU@� �Ca�^­a>��� ^`Ï��°_­UX[¦ÒPº
]�T`]���� ]

P (T < 45|T > 30)
��¶�ab�Pa>��[@U@���-W ]�U#_­Z*T`]�^`S [X_­ab_MaPZ>�PW T`Ä>Ñ�_�U

W ]���^Va>���®]��   ]����\]��-�C¢>a�Ñ�Z\T�]�U@�d]�UX�\]�� ^`�$a>¨�^`Z\� �
Ç`]�[XW*Ñ�Z\T�W ]���� ]5^Va>� � ^ÊÏ�� ^`Ñ�Z\T`W ]�[XU@� �\a��
YFZ\TÖÒ5�&Ç`]�� � Z\�9Ñ�Ä\TV]�a>�Fa>[�Ï�^V]��y^`U@�*T`]��\UX^`_VTV]�T`]�TÖR#Z\T`�>]�[s_­U
SFa
¢1 �]�� �\UX�\]�¨FÒb[@Z\�\�>U@� �CabT���Ô�a

Ti

¢\]�TV]¡¨FÒ>[XZ\�b�
�\UX� �\^`_VU@WFa�_VU@[1¨s]�TV^VZ>�

i = 1, . . . , 10
Å\Z\�¡Ñ�Ä\TV]�^V]K_Õa$_ØW ]�^`^V]�Ñ�Ä\[@�
Ç`]�T�W ]��®��S��LS [©a$_­UX¢>]Ö^­ab� � ^`Ï�� ^ÊÑ�Z\TVW�]�[@UX� �Ca

�\U�_V_ØZ&¢\]�T��1¬�]�^VS [�_Mab_V]�_Ì]�TØÑ�Ä\[@�
ÇVa>� W�]�¨FÒ>[@Z>�\�\U@���\^`_VU@W ]�T�§�UF��U@��S�_`_�ªK�
11.1

Å
9.4

Å
40.4

Å
19.5

Å
6.9

Å
5.4

Å
14.5

Å
2.2

Å
8.0

Z\�
7.7

�
� ×ÆË�U@^�ab_�^­ab� � ^`Ï�� ^Ê_­]K_V_­[X]�UX�>]��-_­UX[

Ti

Å
i = 1, . . . , 10

Å ]�T

f(t) =

{

λ exp(−λt)
Ñ�Z\T

t > 0
0

]�[X[@]�^
.

�Öab^V]�TÊ_Ö¨FÒ¡_Mab[@�®ab_­]�TVU©ab[@]�_¿U
S�� W ]�T`^VÄ\��UX� �Cao¢�UX[FR�Z\T`�>]�[}]�^Ê_­UX�®]�TV]
λ
�1¶1]K_ÖZ\¨�¨PTVUX�®]�[@UX�\  ]�_V^`Ñ�S ����^�Ç`Zb�

� ]��À§�[@UX�>]�[@U@ �Z1Z�W�Ñ�S � ��^�Ç`Z\� ]��Fª���]�W"_­a>� �>]�¨ Ò*W ]�_`_­]LÑ�Ä\T`]��®Ò>[@]K_
�"!�_­[X]�U�^­a>� ��^`Ï�� ^V�®a>��^VUX�®]�TVUX� �\^Ê�
]�^`_­UX�Pa$_­Z\T`]��Ã§��®a$#1U@�LS�� [XU@�>]�[@UX  Z1Z�WP]�^`_VU@�®ab_­Z\T`]���ªØÑ�Z\T

λ
Z\�9TV]����-S�_�]�^Ê_­UX�Pab_V]�_��

R#Z\TV�b]�[µ¢�UX[���Ï�_`_­]"T`]�^VS�[X_Ma$_­]�_�Ñ�T­ÒÐS � W�]�TV^`Ä\��U@� �\aÃ_­UX[�ÒÃU@�1Ñ�Z\TV��]�T`]y��S�� WFa>� ]ÆZ\�q¢\]���_V]�_VU@WFa+¨ ÒÃ[@]�W U@�
�®a>^V��U@�}�
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� ×°ÂÁU@�É¨
]�TV^`Z\�É�
Ç`]�� U@� �Ð¨FÒd�$abÑ���]���Å���]��Ãa>[@[X]¤_­T`]��®a>^`��UX� ]���]�]�T²Z\¨ ¨�_V]���� ]>��«Ì¢bay]�T²^Va>� � ^ÊÏ1��]�_
Ñ�Z\T�a$_���S�� W ]��-Ñ�Ò>T�]�UX��[X]�W UX���Pab^V��U@�yUX� �Fa>�

15
��U@��S�_`_ ÙR#ZÆ¨
]�T`^VZ\� ]�T¤��Ç`]��È^Va>�¤_­UXW U@�dUX� �Ã¨ Ò��$abÑ���]���Å#�®]��+a>[X[@]�_­T`]®�®a>^`��UX� ]���]®]�T5Z\¨�¨�_­]�����]>�¿«Ø¢ba-]�T

Ñ�Z\TÊ¢\]���_­a9_VU@Wy_­UX[�W ]���^`U@^`_V]oa&¢*W ]�U�_VZ9Ñ�ÒbT�]�U@�d[X]�W UX���Pa>^`��U@� Ù
!�_V_­TÊÏ����É[@Ä&Ï�^VUX� �Ca>��]�Ñ�Ä\T`^`_¤^VZ\� Ñ�S � ��^�Ç`Z\��a
¢

λ
Å#Z\�Æ^`]�_�W ]�TV]K_V_­]�T¤UX� � W ]�� ]�^Ê_­U@��]�TÊ_­]�¢\]�T`W U@]��

W UX�yÑ�Z\T
λ
Ñ�T­ÒLÑ�Z\T`TVU@�>]�W ]�[XZ\¨ ¨ �\Ò&¢>]¡Ñ�Z\T�Ò��\U}_Mab[@^`¢ba>T��

» �#����¼��
��� ¾Æ�������Á�����F	����
�
ËØ]�W-Z\¨
]�TVa>^�Ç`Z\�da
¢y��� ]�[@]�W W ]�_�]�T�W ]�_�¢�U@�C_VU@��ab_�¢�UX� �>]�[@S�_V^V[©ab�\]�_���]�[X[@Z\� [X]��\�\º
]�UX� ]�_ÕZ\�9[©Ò>T`ºs]�U@� ]K_Öº [XU@T
���ÖTHf5�\TVa>W ]�T��CË�UX� �>]�[@]���º [XU@TÁTV]����Fa¤^VZ>� � ]��Ca$_­UX¢LW ]�T`^VZ\� ¨
]�T`^VZ\� ]��*]�TÌ�$a>[X¢�º
]�UX��_ÌZ\�o¨
Z\^VU�_­UX¢¤W ]�T`^VZ\�
¨
]�TV^`Z\� ]��Æ]�T� $Ç`S�[@º
]�U@�C_��
�¿]�U@���®]�W U@^`U@� ^`��^`_­S�W U@]�¢ba>T`_

n = 25
¨Fab^VU@]��C_Ma>TØ��� ]�Z>¨s]�TV]�TÊ_­]���]�W��>Z>��¢>]�� ^�Ç`Z\� ]�[@[}��UXTVS T`�\U(Å\Z>�

m = 27¨Fa>^`U@]���_­a>T�¢ba>T`_�Z\¨
]�T`]�TÊ_­]²�®]�Wd]�U@�d�CÏy_­]���� U@���*^`Z\� º [XU@TÖ�$a>[X[©a
	�Z\�®¨�S�_­]�TÊ��ab^V^VUX^`_V]�T`_���U@T`S TV�>U(�
Ô�a

X
¢>]�T`]"¢1UX� �>]�[@S�_V^V[@a>�\]�_®��]�[@[XZ\�q[X]��\�\º
]�UX� ]�_�Z\�+[©Ò>T`ºs]�U@� ]K_®]K_V_V]�TPZ>¨s]�T­a>^�Ç`Z\� ¢\]�W~�>Z\�C¢>]�� ^�Ç`Z\� ]�[X[

��U@T`S TV�\U,Å}Z\�dÑ�Ä\T`]�^V]K_5ab_
X

]�T¡� Z\T`�Pa>[�Ñ�Z\TVW�]�[X_��®]�WÉÑ�Z>T`¢\]��C_­� UX� �\^`¢>]�T`W U
E(X) = µ

Z\�d^`_­a>� WFa>T`WFa
¢�¢1UX�
SD(X) = σ

�1Ë�U} Fa>T
n = 25

SFa
¢�  ]�� �>U@�\]¡�®Ò>[@UX� �Ca>TÌa
¢P¢�UX� �>]�[@S�_V^V[©ab�L�®]�Wd�>Z\�C¢\]�� ^�Ç`Z>� ]�[X[���UXTVS T`�\U(Å�Z\�
W ]�^V^V]oº [XU@TÖ� Zb_­]�TÊ_­]

x1, ..., x25

� Í�]�_�º [XU@TÖZ\¨�¨ [XÏ�^`_�a$_
x̄ = 1

25

∑

25

i=1
xi = 2.3

Z\� ∑

25

i=1
(xi − x̄)2 = 294

�
R�U@[X^`¢ba>TVa>� W ]bÅ�[©a

Y
¢\]�TV]�¢1UX� �>]�[@S�_V^V[@a>�\]�_Ð��]�[X[@Z\� [X]��\�\º
]�UX� ]�_"Z\� [©Ò>T`ºs]�U@� ]K_Ð]�_V_V]�TÐZ\¨
]�TVa>^�Ç`Z\� ¢>]�W

	�Z>�®¨ S1_­]�T���a>^`^VUX^V]�TÊ_¤��UXTVS T`�\U(Å�Z\�-Ñ�Ä\TV]�^V]K_�ab_
Y

]�T¤� Z>TV�®a>[XÑ�Z\T`W ]�[�_¡��]�WÃÑ�Z>T`¢\]��C_­� UX� �\^`¢>]�T`W U
E(Y ) = ηZ\�Ã^`_Mab� WFa>T`WFa
¢�¢�UX�

SD(Y ) = σ
���-]�TV� ab_P^`_­a>� WFa>T`WFa
¢�¢1UX�>]K_*_­UX[�W ]�U�_­Z Z>¨s]�T­a>^�Ç`Z\� ^V��]�_VZ1W a>� ]-º [@UXT

Ñ�Ä\T`]�^V]K_V_�Ò�¢\]�TV]LW�]�_�^Va>��]>�FË�U# Fa>T
m = 27

SFa
¢�  ]�� �\U@�>]¤�®Ò>[@UX� �Ca>T�a
¢d¢�U@� �b]�[XS�_­^`[©a>�®�®]�W
	�Z>�®¨ S1_­]�T��
a>^`^VU@^Ê_­]�T`_o��U@TVS�TV�\U,Å}Z\�yW ]�^V^`]®º [XU@T���Z>_­]�T`_­]

y1, ..., y27

��Í�]�_oº [XU@TµZ\¨ ¨ [�Ï1^Ê_5ab_
ȳ = 1

27

∑

27

j=1
yj = 1.5

Z\�
∑

27

j=1
(yj − ȳ)2 = 115

�
Ë�U�Ñ�Ä\TV]�^V]�_5ab_��PÒ>[XU@� �\a>� ]o^VZ\� ]�T¡�&Ç`Z>TVW ]¤Ñ�TVÒ*W ]�U¿_VZyZ\¨
]�T­ab^�Ç`Z\� ^`�®]K_­Z�WFa>� ]�]�T¡SFa
¢�  ]�� �>U@�\]9a
¢°�C¢ba>TÊ�
a>� W�TV]>�
�s×ÐYFÄ\T`]�^V[@ÒP]�UX�°�\Z�W"]�^Ê_­U@�®ab_VZ\TµÑ�Z\T�¢ba>TVU@a>� ^V]��

σ2
ºFa>^`]�TÊ_²¨FÒya>[@[X]5�®Ò>[XU@� �Cab� ]>Å�W�¢�^��sÑ�T­Ò*ºFÒ>W�]L�>Z\���

¢>]�� ^�Ç`Z\� ]�[X[}Z\��	�Z\��¨ S�_V]�T���a>^`^VU@^Ê_­]�T`_H��UXTVS T`�\U(��Y�U@� ��Ñ�Z\T`¢>]��C_­� UX� �\^Ê¢\]�T`W U@]��*_­UX[
]�^`_VU@�®ab_­Z\T`]��®W SP FabT
Ñ�Ä\T`]�^`[©Òb_`_
�FÂÁT�]�^Ê_­U@�®ab_VZ\TV]��*Ñ�Z\T`¢>]��C_­� UX� �\^`TV]�_`_ Ù
!�_­[@]�U¿]�U�_

95 � �>Z\�1ÓFW ]���^VU@�C_V]�T`¢ba>[X[¿Ñ�Z\T�¢ba>TVU@a>� ^`]��
σ2

ºFa>^V]�T`_o¨FÒy�®Ò>[@UX� �Ca>� ]oÑ�T­ÒyºFÒ>W�]��bZ\�C¢\]��1�
^�Ç`Z\� ]�[X[�Z\��	�Z>�®¨ S1_­]�T���a>^`^VUX^`_­]�T`_���U@T`S TV�\U,� ¬�]����-Z\�\^­Ò�S�_�UX��_V]�TÊ¢>ab[@[@]K_���S ��]�TVUX^V���
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α = 0.05
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_ � ��fC� � ��f � � ��f � f���c\c f���c�� f���cC� f����\� f1� �\� f�� � � f�� � �
ν = 25

f1��e Ú e f���e Ú\Ú f���e � c f���e �>Ú f���eC�>c f���e\� Ú f������>f f����>f\g f���g � � f����\�>c
ν = 27

f1��e Ú e f���e Ú\Ú f���e � c f���e � � f���e � f f���e\�\� f������>f f����>f�� f���g � � f����\�>c
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f1��eC� � f���e Ú g f���e Ú � f���e � � f���e � � f���e\��� f������\� f����>f\e f���g � g f����\�>c
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