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E�F>GIHKJ'G)L>MIN7OPF>L7ORQ�N�S�J'TRJ'L�UVF>W9J�NYX
Z OVJ'[KN\F]T_^`N�GIJ�N

73 59 17 47/ 90 63 50 53a Tcb�[dS�egfhUiU
73 59 70 53/ 99 53 83 50jkQ�Ti[KS.E\MIHKHdJ'UcOPF]S
73 59 35 37
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���cJ'HK�
J�W9[KS�S�J�H�X<�\�7�������K�����i R¡%�$�z¢)�K���¤£!¥�¦§�>¦�£K¥�¦¨£K©
©$ª\jkF>��[KT_E\MITcH«F>G
¬­�\®_M>OiOiW�F]N�NYX
¯°�>¦D��¢9�>¦�£K¥V©_¡%�$�z¢����±¥��>¢)�²£�³� 
¬tF]HKL�Q�HKF]OVM>T��g´µ�>� Z

Z J�N�UcQ�TiJ'N�¶"J�HdH§X��>·��$�cQ�N�[��>�I�I�

¸ �k����¹��
�»º
��F$O

X
bIJ�TcJ¤¼�½>GIS\F4OV[dH
J�[
OV[KH¾¶"J�HdS�[dGtb]F]HdOh¿$ÀBÁ]Ti[KGh�cJ�N�OiJ>��ÂÃ[�GIÁ>TÄQ�Oh[¾¶"TVÁ�F]OÄ¼�½IGIS�F�J'ThN�M>TiW�F>Hd¶�MITcS�J�H¾O<W9J�S

¶"MITcbIJ'N�OiN�[KN�G9^
(X) = 115 Å WÆMIG­UcOPF]N�S\F>TcS\F
b�b�[KL Z�Ç

(X) = 5 Å W.�

��ÈÉ®_J�L�N�Q�O_UVF>N�N�UcÊ�N\F
P (X ≤ 120)

MIG
P (120 < X ≤ 125).

Â|[YHKJ�O�b�[KS�J'TiJ¤¶"½IHdG%�iF>N�S�J|¼�J'N�S�[KN�G7F>ThbIJ�TcJtS�J'Ë�N�J�TÌOVJ>X
A : X ≤ 120
B : X > 125^�T
A
MIG

B
S�[KU"�cQ�N�L7OVJ
Í�^�T

A
M>G

B
Q\F
b�¼�J'N�GI[dGIJ
Í�Î�TcQ�N�N�GI[YUÌb]F>TVF��

Â|[�OVJ'N�L��cJ�TÃMIUiU|F$Ogb�[kG7Á>T_OV[dH�Á>T|�]���
��ª�MIG�J�Tg[KN�OiJ�TcJ�UiUcJ�TÌOVJ�[��cJ'N�OiJ�N\F>W9NoÏ�H«F>N7OR¶"½ITiUÌOVJ'L�HKF>UiUc[KN�GIF>T�ª�S�b�U��
Ï�H«F]N�O�S�J'[�UiM>WÆJ'T�¶"½�S�S�J¤[��>�I�>����eÃF>W9N�J'UcOPF]Oi[KUÌOV[KL�L>J'Nwb�[dUiJ'TRF$Og�IÐÑF%bt�cJ�N7OVJ'N�J�UiMIWÑb]F>TÌO�¶"½�S�S�J¤S�J'OcOVJ
Á>TiJ�O_¶"J'L�L,N\F>W9N�J'OgÒoF]Q�SY�
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Ý ÈÉ��F]O
Z
bIJ�TcJ#OPF>HdJ'O��\ÁÞ�cJ�N7OVJ�T,UcMIW ¼�J�[¾OVJ�TwÒoF]Q�Sß[ÃJ'[gOi[KHd¶�J�HdS�[¾Gàb]F>H¾O�¶"½ITcUcOVJ'L�H«F>UcUiJ#S�J�T,S�J'OwJ'T

n
�cJ�N7OVJ'T��hE\MITiL�H«F]T�L�b�[¾¶"MIT�S�J'OwJ�T,Ti[dW9J�HdJ�GáÁ-G7ÁáQ�Ow[d¶"TiÁáF$OÞF]O

Z
J�T,Ï�[KN�MIW9[dUiLâ¶"MITcS�J�H¾O,W9J�S

�\F>TiF>W9J'OiTVF>T
n
MIG

p
ª�S�J�T

p = 0.02
�

Â|[�b�[KHk[kTiJ'UcOiJ�NàF
b�MI����G7Á
b$F,G7Á�Q�O¤[d¶"TiÁ�F]O
Z
J�T|Ï�[dN�MIW9[dUiLw¶"M>TiS�J'HdOÃW�J'S

n = 15
M>G

p = 0.02
�

��F]O_¼�J'N�S�[KN�G7F>N�J
C
MIG

D
bIJ'TiJtS�J'Ë\N�J'TcOiJtbIJ'S

C :
W�[dN�UcO�J�[�F%b4�cJ'N�OiJ�N�Jt[YL�H«F>UcUVF­¼�J'[dOiJ�TRÒoF>Q�S

D :
F>L�L�Q�TVF]O_OVMÃ�cJ�N7OVJ'TR[YL�H«F>UcUVF­¼�J'[dOiJ�TRÒoF>Q�S

®_J�L�N�Q�O_UVF>N�N�UcÊ�N\F
P (C)

MIG
P (D | C)

�
Î�Á)Q�O_[¾¶"TVÁ)F$O_S�J'O_J�ThOVM>OVF>HdO_�Iã�J�HdJ'b]F]T_[YL�HKF>UiUiF��\¬µb$F­J'T_S\Á)UiF>N�N�UÌÊ�N�J'OR¶"MIT_F$O_J�[dNwOV[dHd¶"J'HdS�[dG�b$F>HdO
J�HdJ'b,Ï�H«F]N�ORF]HKHdJ|J�HdJ'b]F]N�Jt[YL�H«F>UcUVF­¼�J�[dOiJ�TRÒoF>Q�S�Í

¸ �k����¹��
�àä
´`TcM�S�Q�UcJ�N�OiJ�N�F%båJ�[dNáÏ
J�UÌOVJ'W�O)Ï�[dHKW9M�S�J�HdH�¼�J'b�S\F>T�F]O�S�J�N�N�J,W9M�S�J�HdHKJ'NåL$F>N-bIJ�N�OVF>UcO­Á�L>½�Ê�TiJ,W9[KN�UcO
�
¿9L�Wæ��T���HK[dOiJ�T�Ï
J�N�Uc[KNo�\Á�W9M>OVM>TcbIJ'G��
E\MITcÏ�TiQ�L$F>TiM>TiG7F>N�[KUVF]U"�cMIN�J'NoE�çèOVJ'UcOVF>TgS�J'N�N�J��\Á>UÌOPF>N�S�J�NobIJ'S
ÁwL>½�Ê�TiJ­J'[dO|OV[dHd¶"J'HdS�[dG�Q�Oib$F>HéÏ�[KHKF>T|F%b#S�J�N�N�J9W9M�S�J'HKHdJ�N#J�[dN°�\F>UcUiJ�N�S�J�S�[KUcOVF>N�UcJ­�\ÁwJ'[KN°TcJ���TcJ�UcJ�N�OVF]OV[¾b
W�M]OVMITcb>J�G­MIG­W�Á>HKJ|Ï
J'N�Ui[dN�¶"MITcÏ�TiQ�L>J�O%�
´!Á-Ï\F>L�GITcQ�N�NêF%bëJ'Tc¶¨F>Tc[KN�G7F]T­¶"TVÁàOV[dS�HKJ'G7F>TcJÞ¶"MITiUc½ILëF%bëUiF>W9J�ODÊ���J]ªÄG7Á]T�EkçìQ�O,[d¶"TiÁåF]O,Ï
J'N�Ui[dN�¶"MITBÀ
Ï�TiQ�L>J�O�Oi[KH�J�[dNàOV[KH¾¶"J�HdS�[dGwb]F>H¾O4Ï�[dHµF%b°S�J�N-W�M�S�J�HKHdJ�N°UiMIWíÏ�HK[dT¤OiJ�UcOVF�ª�L$F]NáW9M�S�J'HKHdJ�TiF>UcO�W�J'S-G>M�SåOi[KH¾À
N\fhTiW9[KN�GÃUiMIWîJ'[KN�N�M>TiW�F>Hd¶�MITcS�J�H¾O�Oi[KH¾¶"J�HdS�[¾GRb]F]Ti[«F]Ï
J�H

X
W9J�S�¶"MITcb>J�N�OiN�[KN�GIUcbIJ'TiS�[

µ
M>GÃb]F]Ti[«F]N�U

σ2
ª]S�b�U��

X ∼ N(µ, σ2)
�
ïhÁ>S�Jt¶"M>TcbIJ�N7OVN�[dN�GIUÌbIJ�TiS�[KJ'N

µ
MIG�UcOVF>N�S\F>TcS\F
b�b�[KL>J�O

σ
J�Tg[�Q�OVGIF>N�GIUc��Q�N�L7OVJ�O|Q�L��cJ�N7OVJ

UcOVM>TiHKJ'[KL�F>T��
a bo��TVF>L7OV[dUiL>J�G>TiQ�N�N�F>T|F
b�GITiJ'N�UVF]T¤EkçðUcOVM>TiHKJ'[KL>J'N#�\Á�S�J'O|Oi[KH¾¶"J�HdS�[¾GIJtQ�Oib$F>HKJ�OÃOV[dH

n = 20
Ï�[dH«F]T��
^éOiOiJ�T

¶"MITiUc½IL>J'Ohb$F>TcO�F>HKHdJgW�Á>HK[¾N�G7F]N�JÃF>N�F>HdÊ�UiJ'TcOiJ>ª�M>G)TcJ�UcQ�HdOiJ�TcOiJ|[�J'[KN,G%�cJ�N�N�MIW9UiN�[¾OiOVUÌbIJ�TcS�[
x̄ = 15.56

MIG�J'[dO
UVF>W9��HdJ9ñ¨J'W���[KTi[dUiL�ò<UcOVF>N�S\F>TcS\F
b�b�[KL

s = 0.94
�

��È Z J�OkM>���tJ�[dNt¼�Ê��
M>OiJ�UcJ'OVJ'UcOk¶"MIT�S�J'OcOVJ�¶"MITiUc½IL>J'O��$��F$O���TcM�S�Q�UcJ�N�OiJ�N�Uc[KN��\Á>UcOVF>N�StTiJ���TiJ�UcJ�N7OVJ�TcJÄN�Q�HdH¾À
¼�Ê��
M>OiJ�UcJ�NY��¬`b]F)¶"M>T�J�[dNÞOVJ'UcOiMIÏ�UiJ'Tcb$F]OVMIT_b�[dHYS�Q.Ï�TiQ�L>J¤¶"MIT_Á­L>MIN7OVTcMIHKHdJ�TcJ¤¼7Ê���M]OVJ'UiJ�N\Í­Î¤TiQ�N�N�GI[
L>MITÌO�b$F>HKJ�O�S�[dOcO%�]ó�¶"MITc¼�MIHdS�OV[dH�J�[dO!b]F>H¾O�Uc[KGIN�[dË\L�F>N�UiN�[db]Á

α = 0.05
ª]b�[KH�S�Q9F>L�UiJ'��OVJ'TiJ_��TiM�S�Q�UiJ'N�OVJ'N

Ui[dN.��Á>UcOVF>N�S�Í

Ý ÈÉE![dN�N.´!À*bIJ'TiS�[dJ�N-ñ¨Ui[dGIN�[¾Ë\L$F>N�UiUVF]N�N�UcÊ�N�J�Ozòh¶"MIThOVJ'UcOVJ'No[Y��Q�N�L7OÃFIòhUiM>WÆUcb]F]TiJ'T_OV[dHYS�J'[�M>Ï�UiJ'TcbIJ�TÌOVJ
bIJ'TiS�[KF>N�J>�
¬`b]F.¶"MITtJ'[`OV[dHKN�fhTiW9[dN�GÞL$F]NáS�Q-G%�cJ�TiJ­¶"MIT4F]OtOVJ'UcOiMIÏ�UiJ'Tcb$F]OVMITcJ�NâUcL$F>HµÏ�Hd[`N�M>TiW�F>Hd¶�MITiS�J�H¾OzÍ9¬µb]F
¶"MIT�J'[KN.´éÀ§bIJ�TcS�[�¶¨Á]T�S�Q.S�J�TcUiMIWÆS�Q.Ï�TiQ�L>J�TRS�J'N�N�J�OV[dHKN�fhTiW9[dN�GIF7Í
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ô ÈÉïÄJ'UcOVJ'WõOiJ�UÌOVUcODÊ�TiL>J�N°¶"MIT|S�J�NàF>H¾OVJ�TcN\F]Oi[dbIJ�¼7Ê���M]OVJ'UiJ�Nå�
′

1
: µ = 15.5

¶"MITÃUi[KG>N�[dË\L�F>N�UiN�[db]Á
α =

0.05
bIJ'SàÁ,Ï�TiQ�L>J)S�J�N°UiF>W9J�N�MITiW�F>HdOi[dH¾N\fhTcW�[¾N�G7F9UcMIWö[k��Q�N�L7O�Ï\ò��YÎ�[kJ'[dOÃ¶"M>TiUiHKF>G�OV[dH�L>MITiHdJ�[dU

OVJ'UcOiUcODÊ�TcL>J�NoL$F>N�F>Q�L$F]UcO%�

¸ �k����¹��
�à÷
^`[¾O�F>����F>TVF]Oh[dN�N�J'¼�J�HdS

k
Hd[KL>JgL>MIW9�
MIN�J�N7OPF>TÄMIG�¶"Q�N�GIJ'TiJ'T�Ï
J'TiTcJ¤S�J'TiUcMIWÆF]HKHKJRS�J�UcUiJ�J'Th[�MITcS�J�N��\¬RMIW­À

�
MIN�J�N7OPF]N�J)Ui[dN�J�HdJ'bIJ'Oi[KS�J'T
T1, T2, . . . Tk

J'T|Q\F
b�¼�J'N�GI[dGIJ�MIG,J�L�Uc��M>N�J�N�Ui[dJ�H¾O¤¶"M>TiS�J'HdOVJ�W9J�S#�\F>TiF>W�J�OVJ'T
β
ñ
> 0

ò�ª�S�b�U���UiF>N�N�UÌÊ�N�UcOVJ'OcOVHKJ'[KL>J'NoJ'T

f(t) =







1

β
e−t/β

¶"MIT
t ≥ 0,

0
¶"MIT

t < 0.

��ÈÉE![dN�NÞS�J'N�L�Q�W�Q�HKF]OV[¾bIJ|¶"M>TiS�J'HK[KN�GIUc¶"Q�N�L�U��cMIN�J'NÞ¶"MIT�HKJ�bIJ'Oi[KS\F�Oi[KH�J�[dN.L>M>W��
MIN�J�N�O���¬`b]F­Ï�Hd[KT
P (T1 < 3)

MIG
P (2 < T1 < 4)

N\Á>T
β = 5

Í

Ý ÈÉ��F]O
X
bIJ'TiJ­F>���\F]TVF]OiJ'O|Ui[!HKJ�bIJ'OV[dSY�
Â|[dU¤F$O

X
J�T|J�L�Uc�
MIN�J�N�Ui[dJ�H¾O¤¶"M>TiS�J'HdO|W9J�S#�\F>TVF]W�J�OVJ�T

β/k
�

¬`b]F­Ï�Hd[KThS�J�N.¶"M>TcbIJ�N7OPF­HdJ'bIJ�OV[KS�F�OV[KHYF>����F>TVF$OVJ'O_N\Á>T
k = 4

MIG
β = 5

Í

Â`J�TcL�UcJ�W9S\F�¼\F]TÄHKF>G7F�ø\J'[KTcJÃQ�OiG7Á
bIJ'ThF
b�F>���\F]TVF]OiJ'OÄW�J'S,Q�Hd[KL7OµOPF>H
��Á�L>MIW9�
MIN�J'N�OPF]T�� a ����F>TVF]OiJ'OÄ¶"Q�N�À
GIJ�TcJ�T�Ï
J'OiTiJ�W�J'S�W�F>N�GIJ!L>MIW9��M>N�J�N7OPF>T'ª%W9J�N¤¼\F>TYUVF>W�Oi[KS�[dGÄL>MITcOVF>TiJ!¶"MITcbIJ'N�OPFhHKJ'bIJ�OV[dSY�%��F]O

X1, X2, . . . ,
Xn

b>J�TiJ|HKJ�bIJ'OV[dS�J'N�JÃ¶"MIT
n
F>����F>TVF]OÄW�J'S

k1, k2, . . . , kn
L>M>W��
MIN�J�N7OPF>TÄ[�GI[¾OiOÄTcJ�L�L>J'¶"½IHdG%�cJ>��j�M)J�UÌOV[KW�F$À

OVMITiF>Th¶"MIT
β
Ï\F>UiJ'TcOR�\Á­HdJ'bIJ�OV[KS�J�N�J¤Oi[KHYF>���\F]TVF]OPF�J�T�¶"½ITcJ�UiHdJ�G>N�J>ª

β̂ =
1

n

n
∑

i=1

Xiki

MIG

β̃ =

∑n
i=1

Xi
∑n

i=1
k−1

i

.

ô ÈÉE![dN�Nw¶"MITÌbIJ�N7OVN�[dN�GIUcbIJ'TiS�[�MIG)b]F>Ti[KF>N�UhOV[dH�Ï
J�GIGIJ�J'UcOV[dW�F$OVMITiF>N�J]�

ù ÈoÂ|[dU_F$O_J'[KNÞF
b�J�UcOi[KW�F]OVM>TVF>N�JÃ[Y��L�O���ñ"Ï�òÄJ'T�UVF>N�N�UcÊ�N�UiW�F>L�Ui[dW�J'Ti[dN�GIUiJ'UcOV[dW�F]OVMITcJ�Nàñ Z Òo^µòhMIG�b�[KU
F]O�S�J'N�N�J<¼\F>T�b]F>Tc[«F>N�U�UcMIWúF>HdHdOi[dS¤J�T�W9[KN�S�TiJ`J'N�N�J'HKHdJ�T�HK[dLgb]F]Ti[«F]N�UiJ'NtOV[KHIS�J'N�F>N�S�TiJµJ�UÌOV[dW�F]OiMITiJ'NY�
�g[dN�O�X Z J�O

ri = 1/ki
MIG­Ï�TiQ�L,TcJ�UiQ�HdOPF$OVJ'O

1

n

∑

r2

i − ( 1

n

∑

ri)
2 ≥ 0.

��ÈoÂ|[dU_F]O
2kiXi/β

J�T
χ2
À*¶"M>TiS�J'HdOhW�J'So��¶"Tc[KS�M>W�UcGITVF]S�J�TÄMIG9F$O

2nβ̂/β
J'T
χ2
À§¶"MITiS�J'HdO���ï<TiQ�L�S�J'OcOVJ

OV[dH�Á¤Q�OVHKJ'[KJÄJ'[dO
(1−α) ·100%

L>MIN�Ë\S�J�N�Ui[KN7OVJ'Tcb]F]HKH�¶"MIT
β
�I¬µb]F|Ï�HK[dTk[KN�OiJ�TÌb]F>HdHKJ'O!S�J'TiUcMIW

α = 0.05
ª

n = 8
M>G

β̂ = 8.3
Í


