
ÙÙÙ������ÝÝÝ£££���?Z*»ñ{.�.Tàó.�
1 GGG���µ�ÎPX Hello Kitty Â�þ�¡�7-ELEVEN 3Ó»94OÝÏ°�, .�PX�ÿ¹2~Ýþ���b42Í×�lÝ2~, ²Ǒ10Íç��Ý2~�&Þæ�°[aîÝÓÎzt*, Q¡Þ£°Æ=bÝ2~µ�4?, ¥�ÝJ43!×��7-ELEVEN -�9Î&NFÄ�Ý7, ©��ÎN�88-, µºJÕ×Í2~��Æ�»��áÕ9JÕ£×Í, qb�¶��'9°2~Î�^sw, J�[/��, XmÀÍó��TÂÎ�|O�Ý�9ÎXÛ���ÎÎÎÇÇÇÒÒÒ[[[///®®®ÞÞÞ(classical coupon

collector’s problem), 9�«b×°b�¤Ý^£Ù�®Þ�â×ð` ¡, ây/�Ý, &)µ�Þ¸ÆJ�24?, a�î	b×Nºy/×�, N��y�×�b×F²ó.��°Ý�É¼&�~�,E£×n2~q?�����E[/9v�����·¶, ��¡�#�Ý, ðW��Ë�&MQ®�“À�b¿Í, ��5J”�“65Í”, �ñý���“�Hb�F�! �:, 942ËN×Ë9Ýb10Í, KÝ�2Í, ¿í¿Í? �V3Õ4Í�A��'4Í, J�168Í, �£°ç�ÝK�K, ×¿T��I�12Í, Ah�180Í�A��'£42Ë, ¿íNËb3Í, J�126Í, Ǒî12Íç�Ý,
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�138Í�X|T�b138�180Í�” &E�É9ø1�&ÆóÝ×Å,��Î143Í��¿Í�BÕ�Æà�, 5½FÝ�!Ý��, �}�×�­Fà�¡, ¶ïJ¼ò��À�17,270-, Í���â�È��«ðC1W��ð��b^b9�TÕý÷? ���, À�?�¤×�×�E�°9"áÕ�y�, �b°��Î×øÝ�}, �l¶×¶, £Õ�¼ÝÀõ, �ò�îÝõ8f, -²3500-¼�, �|#å��Ëû9OGR, �CßµÆ3£�2��`)CH&Ý����3h×�^t&, &Æ�1Bð3£Õ�£��JR×ÍÀ�, £�¸Ý¥��E�-IÝ�B, £��ÝOë, £�Í�1Ïµ��Äy­, ?uÆ), £�ÎÍÄÿ��b°�µ£�ã�ã�H¥�, �|�-££�b`µº}º�°�»A, [Õ�.¼�Iê��Wº�, ��aFï?�&l�óC℄nb½,2�Iê��!,b°Iê�Ǒ¥�5,Ǒ£���î£×l�, µqÌ�;P�Í�A£��Wøº��OÀ[á,£��Y»º.Ýðà��&»/ÅI��b“2��ã£�!J”�I.�CÅ8, �ð3�ËË£��A
1. £�E"Oë�2�¥����ßýó�
2. £��Xí´Â���
3. £��
t±E¬ÈCWÝ¹�¡Í¼ª´�
4. £�×Y��¨Ñ«Ý^£�
5. £�10Ï���{Ý5µ�9v£��QK�H�|�Ey�^¨é, ÉQÎ£�, -��b0-�µA�çàx¬Ý£´“£�ý0”, Í�Ý×­�Þ: “�Õ�
��, ǑǑ£�ý0”�×�ß|
E�
À�´Ý�, ¬«{)|£�ý0�?¢µE£°ÎáÝ¯Î, T9�Ý�^¨é, X�Ý£�, 0-	QÎp¹�	ÎbI.�£�E"ÝOë+y100��160�O �9v£�, �¡µA
¢, ~bb9Þ�, Î�p“£�”Ý,  ��áÑ��n�X|Nâ×ð` , Àºbßè�±Ý£�Â�Ç¸E2�î¨D
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Ý¯Î, Í£��ðP�¡�»A, “I.ß”Ó*Ý“s�±>¯”Ýû,

2003O8`1^, �r��\XãÝ“�eó�ÆBH�Pp?”×Z�Í�¶¼, ±Ý�~¼����õ2��ó�Ýaª{)Tb240,Ah.Õ,��2��Ýó��9¾1500, GG{y»jN�
õº(International

Whaling Commission)X£�Ý100��¨², b�b¡�.(Harvard

University)Ý>0, µA÷V½51�Ào, XèºÝ30(¼ß£℄, s¨Í�Vb4%Ý¼ß.À��	�å���.h.ÕY»×OiyÀ�³´Ý¼ßb100ß�¯��º?�: ÷V½Ý£℄����Y»[? ¯�îðbßÎAh|	Iw�Õ���A BBC �Zç, 2006O6`19^b×J“�»Mß¨ãf£�9Ë¹”� 0:I.�qA±*�.\, �»êGÝMß�¨ãó���¾Õëûw, fÄ�£�Ý9ÝË¹�×à|¼I.�KÎàFÙ℄°£ÕMß�¨ãÝó�, £�À�b×û9w�¬Îey�¨ã}©ÝßþêPõßD�(, ßÆ�p��ã�Ý.Õ��»õz»Ý�~ßõ¨35��¨ã´-DNA,.Õ¨ãÝó�� �Æ£�°�rk�Q1� êGT�b66wMß�¨ã,f1998O.\Ý9Ý�KË¹�. . .I.�qArk�Q1� Ý�~��.\, êG�»�»�Vb2500Õ3000wMß�¨ã�. . .&Æ�z½A¢Bã5�´-DNA|£�¨ãó���ã×Í2 Ý£�, ÎÍÊ)w�Õ�», ��Hù��.h^¡ubßè�±Ý£�, Þ�º�ßH�#�£�Ý℄°�9�Ó»94O12`, ÆÄ���Ý��?WW�à, /¬ÈǑá La new ¨#�¨#	Qÿ���, À>Y÷×�1“&��×å¯�O La new �|JÏ¿(, ¬NOKï£�JÏ×”�°�Üïà¼�k×k, -�£���Ü­�­��Ý£�Î�y%�? Î¯��[? ���, �^E�n, bß-£��
��î¬�À.�, X3¢Ý��ÎÄ�3.l���Ý�¨, ǑîE9g��Ý�Æ�£��|�
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I., ��|©�yxÌTàÆÝ¾\�¬xÌTàÆ, A��Ǒî×°�ÌÝóA, ð�¯£�?Þã°�÷×�Ý£�, ��ÎÉ�&#�æ¡�ÌÝ¾\, ���Î
Ý"¨*T�{£, AhJ¬�m�èº%�¤J�!ñ×è, bÝW�àÝǑ�, La new #�Q3Ó»95O6`28^,�ÿ#ªî´2�C��Ó»92Oî���, �ÆÝ;ºÎ\� �Ý9{37?4õ, 9/JÎ30{19?1õ�÷×�Ý£�, ��Îã�Ý�E�!Ý�µ, ßÆðm��£��©Î�A¢£�÷? b±ö 0,^ÍÜL¤ñ¨b×ßã, µA�9séÝ�µ, CéÁÝÝ�, |£�ºT, #�£�¢`ºb2èsß��XòLÝÕú/, J|“���g”,ï?ß�þÄÜèÜÏ(�2006O2`r“I.ß”Ó*“À_ìÝ�”)�A¢£�,E×�ß,�|�b¼§��mP¼§�¬Ù�.��£�,À�b°µA, b°æ§���£�¡, ?ð�à|EÎ¼�ï?�Ù�.�Ýï?, À�fàB�, T�Aµ�9�iþ�¼¾\?ã��)§���¡�[, �iÝ®�(Niels Bohr, 1885-1962, 1922O�Ù�«Î§')�1“ï?�p, LÍnyÎ¼”�tî9ÝÎ¯¡�h, wy¡Ùï�“\á¼µ...”, Î&9ßÝý�©�“Éb*^¢Ä	�”Ý9Ö, ìg)ºsß��EÄ�X��Ý�DýrD, 0�×®ßÝÿPÎ��Ý,¬hÿPEì×��'rDÝï?,���µ�ÑàÝ�Ù�.�b�K£�Ý℄°, e¡Í�Kb×�Ǒ°3�)§Ý£�°, ;ð�Ìn×°8F�¬§ø�Î?Ý£�? óYf�G, �ÿ�!�Ýfýã, ÍJP�óR�ÍZ-Î�EÙ��Ý£�,¯�D¡�
2 ×××fffáááKKKTTT|||ǑǑǑ������Ó»95O1`Yahoo�ÜáIçìî, bßè®: “ï�ë`�^Í��_�, £�ðà�V9K?”/��â: ` Î"F, 2F3�³, êÝÎ�:t&��BÎ��b#Tßÿ/�: ¬J22,800-�Õ°Î: ¼/^Ç10,000-, ^�¼/_ 
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�£2,000-, �Úð4,000-, ßþ�Y4,000-, ¼/���£800-, �óSF`2,000-�/�Ýß��Î��ÍßÝB�|�£���ÎÍË�bB�÷? &ÆÎÍµ�A|1, �^Í"F:��, ©��22,800-? �á/�ï=���ÇKÎ�á�Õ��b×J±öýÞ
“�»À<&yÊ�<l�¡ 1ÝY»ª�|Ǒ��<ì�¡”�|Ǒ��, |Ñ�F, Cßß
é�, KÎ&Æ1ÝßX��È�Ì, Î�Õ�:, µA|ì�¡�¬�:ðð�|�Õ��ê1/¼, b`�:H�, TH�Ó, �Ǒ�Õ, ���`�æ�P�	Îî;�èÕÝ��2��Ýó�, C�XMß�¨ãó�, �V/P°ÞÍ�R¼ó×Å�?¢µµÕË�Õ�:, ??�mP�ï, �á�A¢ì�¡��Î��2à×­�A“U:WN�W)”-����»A, E×�Iï, &Æð©ãyõÝ#Ç, -EÍ`�¡��¬8I�ò, :Õ�&℄«Ý�
�¨, b`D��¶Ý, �á�A¢à���¬&Æ�Î�ðWÕ×××fffáááKKK[? �P��1
:|���, �×af�áÏ�Þ�; �«����áFì�¯�9ËB�ðb: `?%�×s�, µ�áJ%³ÎÝCæ; R;`, ð3×�;�¼X�J%�åu; ��`, �Î©h×�j��
%�9`ê�º1Î|||ǑǑǑ������Ý?~b¢`�×fáK?7+1×W��bT­�½�¬B�×å&Æ, !×�WX���,T­Ý-², �l�ºH��#�!×�h, !×Ë��ÝT­�V�-�9��P�×h�, Xà�Ý2℄, 1��NOÀÎÕÝKF, N�Wµ��baf�A�Ø2b�!ÝW, �O°�5½ºaf, 9`�Õfa, µ�×�ÎKÝ�ð­�1, µÎµ���²²²��, �²�, -�|×fáK, �|�ÿ×û, �|.���; �²�, Ç¸X��9, )b��|Ǒ���A��Y&2À��	���!�², |÷V½Ý£℄.£�Y,µ�ºHÒH, ÍJµÎ|Ǒ��Ý�
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�²�Ý�µ, �£�	Q´�|, 9`��á½¬���, ßß/�×fáK��²u�Õ�, |Ǒ-�|����²��, ��Å(£��ÞãP�.h�£�`, ð6,F�², ð��ÊA¢��3��², �9µbä“?Ý”£�℄°�©��²òy�|E¯Ý�µ, Ù�.�-bà��2�¨², EXk£�Ý�, ub×°¯�Ý£G, ���à, b�yè{£��ã�P�À�, £�ßßKº, ¬A¢´ã�Ý£�, µÎ.®Ý�©Î§øÕã�÷? bËÍú, ×Í�
��, ÕG�îî=6F325, ×ÍN^X15Ö, ¢ï´ã? bß|
ÎGï, .¸NFb×g�îÑ�` , �¡ïN1,440F(1Fb1,4405), �b×g�îÑ�` �Æã�Ý�L
¢, ÿ??°h�¨², bß×fáK, bßèfáK, KÎáK, �QGï´b[£�X|tÝã�P, [£���Ê��:�§ø�Î?Ý£�, Îb�!ÝÉ�ýã�ì×;&Æ-¼:, E?Ý£�, ºb£°�O�
3 £££������ÝÝÝfff�'b×Y�, A¢£�¸�¨Ñ«Ý^£p? ¥�27Vng, Q¡|À��¨�Ñ«ót|n, T1|888EEE���£££(relative frequency)¼£�p��¡¯b^b.ÄÙ�, �VKºǑÕh℄°�#�9���Î¯°×ǑÿÕÝ)§℄°�	Q3î�£��, &Æ2â2�Ý×°�'�´�Ng7V, Y��¨Ñ«Ý^£�8!, ��|ðà�¨Ñ«^£�!ÝY�, ÍJO�¼Ý�á�Î£×��£�Â�Íg&g7V , �¨Ý���8!}ñ�A�:ÕÏ1gÿ%�«, |¡µKï', Ahngì¼, �ÎnÍÑ«, µÎnÍD«�JEp�£�, ©ºÎ1T0, 9ø�Q���©�Î�|¥�Ì?Ý��, k£�Ø¯�sß�^£p, K�|2àG�8E�£Ý℄°�4����b�9�!Ý��, ¬&Æ�ÞXb��5WËv, Í×Îb·¶Ý¯�(ETY��¨Ñ«), ÍÞÎ�¯��õ/(ETY��¨D«)�Ì?ng¡, ó::b¿g�b·¶Ý¯�s
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ß�37VY�Ý»��, b·¶Ý¯�, µÎY��¨Ñ«�9ËE×¢ó, |×ÍÂ¼£�, -ÌFFF£££���(point estimation)�¨|X1, · · · ,Xn,5½�&g��Xÿ���, Í�Xi = 1T0, µµÏig��, �¯�sßTÎsß, i = 1, · · · , n�µG�D¡, X1, · · · ,XnÛ�'
}}}ñññvvvbbb���!!!555µµµ(independent and identically distributed,�Ìiid),vP (Xi = 1) = p,

P (Xi = 0) = 1 − p�3Ù��uX1, · · · ,Xn
iid, -Ìh
×à���^̂̂øøøÍÍÍ(random sample)�bÝX1, · · · ,Xn, A¢£�p? àøøøÍÍÍ¿¿¿ííí(sample mean)! Ç|
Xn =

1

n
(X1 + · · · + Xn)¼£�p��X1+· · ·+XnÇ
ng7V�,�ÿ�Ñ«ó�¿¿¿ííí,ßþ�&Æ�1Bð3O¿í�|Xn£�pb£°8F÷? ´�.P (Xi = 1) = p,

P (Xi = 0) = 1 − p, v
E(Xi) = 0 · (1 − p) + 1 · p = p, 1 ≤ i ≤ n,Æÿ

E(Xn) = E(
1

n
(X1 + · · · + Xn))

=
1

n
(E(X1) + · · · + E(Xn)) =

np

n
= p�Çp�£��XnÝ�TÂ
p�E×¢óθ�£�`,yÌ?ÕX1, · · · ,Xn¡,|¸ÆÝ×Í�óTn(TnÌ
ÙÙÙ������(statistic), à¼�£�`, êÌ£££������(estimator))¼£�θ,u��TnÝ�TÂE(Tn), �yXk£�Ý¢óθ, ÇE(Tn) = θ, JTn-Ì
θ����ǑǑǑ£££������(unbiased estimator), �Ì
���ǑǑǑÝÝÝ����ǑǑǑPPP, «{Î?Ý£��, X�ÌnÝP²��TÂb¿íÝ�¤, �£�b`{£,b`±£, ¬£�ÂÀ�3�jÂ!�Æ»,��TH'{£TH'±£,.h¿í��, À�ÎãÝ�ÍJµÎbǑ-, ÇuE(Tn) 6= θ, Tn-Ì
θ�×ǑǑǑ---£££�������
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�p:�, G�Ep�£�, �Ǒ£��¬�°×��AX1, (X1 +

X2)/2, 0.2X2 + 0.3X3 + 0.5X6�, /
p��Ǒ£���©�n ≥ 2, -bP§9ÍEp��Ǒ£���b°Ù�.�, �3{�ǑP, Æÿ?Ý£��, K�K�
�ǑÝ�h�O¬&�)§, ©Îb°�Ǒ£��º�"°�»A, 'X ∼

P(λ), λ > 0, ÇXb¢óλ� Poisson 5µ, ^£Û��ó

f(x) =

e−λλx

x!
, x = 0, 1, 2, · · ·�¨k£�θ = e−2λ�ãÙ��T = T (X) = (−1)X�J

E(T ) =
∞
∑

x=0

(−1)x
e−λλx

x!
= e−λ

∞
∑

x=0

(−λ)x

x!
= e−λe−λ = e−2λ = θ�h�àÕì�2P:

∞
∑

x=0

ax

x!
= ea, a ∈ R�ÆT
θ�×�Ǒ£���9øÝ£��b¢��÷? 	Ì?ÕÝX
�ó0, 2, 4, · · ·`, |1£�θ, 	X
�ó1, 3, 5, · · ·`, |−1£�θ�¬θ =

e−2λ, Í�λ > 0, 
×+y0, 1 Ýó, É�º�y1��º�y−1�£��T4
�Ǒ, ��2Q
×Á�)§Ý£���&Æ�l�|9�1,�Ñb×°Ey£��ÝÝfãJ, 
�9Ù�.�X#å, ¬µ9°ãJ, )b��®ß§�:K�	H?Ý£���¨², ¯���Æ:�, �Î�O�ǑPÎ�ÈÝ�EG�7VY�Ý»�, uàX1	�£��, Ç©µÏ×g7VÝ��¼£�p, Í�£GX2, · · · ,XnK�§º, 9øÝ£��, �Q�ºH?�àÌî, ãø�9(Çn��)£���ã�)§��	øÍón���∞, ?Tãÿ�ÿÝ�E, �µÎ£���Xk£�Ý¢ó,-�9µ�)×Ý�9ÍǑ°S�Ý×××lllPPP(consistent)Ý�F�E?Ý£���ÏÞÍ�OÎ×××lllPPP�3hE×ó��¢óθÝ£��Tn, n ≥ 1, u��n → ∞`, Tn^̂̂£££[[[eee(converges in probability)�θ,

8



|
Tn

p
−−−−→
n → ∞

θ(1)��, -ÌTn
θ�×××lll£££������(consistent estimator)�(1)PWñÝ�¤Î
lim

n→∞

P (|Tn − θ| > ε) = 0, ∀ε > 0,(2)Tï��21, E∀ε > 0Cδ > 0, D3×k ≥ 1, ¸ÿn ≥ k`,

P (|Tn − θ| > ε) < δ�(3):R¼bF�w, 9Îòy^£¡�Á§ÝÞC�333���óóó°°°JJJ(weak law

of large numbers)×å&Æ, E×ó�iid��^�óX1, · · · ,Xn, n ≥ 1, ©��TÂE(Xi) = µD3, J	n → ∞`, ÍøÍ¿íXnº^£[e�µ,Ç
Xn

p
−−−−→
n → ∞

µ�(4)X|3G�7VY�Ý»��, ãyXn
p

−−−−→
n → ∞

p, ÆXn
p�×l£���øÍ¿íXn, �¬Îp��Ǒ£��, vÎ×l£����yX1,

(X1 + X2)/2, 0.2X1 + 0.3X3 + 0.5X6�p��Ǒ£��, J&p�×l£���;ð×¢óθ��Ǒ£��, ??bP§9Í, ¬u�Ǒî×lPÝ�O, µº4t�9�H?Ý£����Ä�D¡£��ÎÍb×lP,�Xf�	QÎøÍón�P
¼Ý����ǑPC×lP, Î&Æ´�ºǑÕ“?Ý”£��, «{�bÝËÍf��£��)b×°Í�Ýf��ÍãJ�£��A¢�Õ?, �µÝfýã���|×Ù��T = T (X1, · · · ,Xn)¼£�θ(TïθÝ×�óg(θ)), A¢É�h£����¨÷? ×Ít�QÝ��°Î:0-|T − θ|����¬h��°¬&¼Aß��æ.bÞ: Í×
h��
×�^�ó, �XÌ?ÕÝX1, · · · ,Xnbn, ¬&×�Â; ÍÞ
h���Îá¢óθbn, .h£�Õ99ã, P°ÿá�Ï×ÍþF�|�X,
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ã�TÂÇ�, �µÎÞ0-¿í*�»A, �|�Ê¿í�E0-
E(|T − θ|), ��|�Êííí℄℄℄---(mean squared error, �ÌMSE)R(θ, T ) =

E((T − θ)2)�h�T
×�^�ó, �TÂÎETã(�&Eθ), Tï1EX1, · · · ,Xnã�|E(|T −θ|)TE((T −θ)2)¼��0-,¢ï´Ê!? ;ðã¡ï�x�æ.Î, MSE;ðfE(|T − θ|)´|�Õ�êMSE�;¶

E((T − θ)2) = E((T − E(T ) + E(T ) − θ)2)

= E((T − E(T ))2) + (E(T ) − θ)2(5)

= Var(T ) + b2(θ, T ),Í�b(θ, T ) = E(T ) − θ�î�ÏÞ�PWñ, ÎàÕ
E((T − E(T ))(E(T ) − θ)) = E(T − E(T ))(E(T ) − θ)

= (E(T ) − E(T ))(E(T ) − θ) = 0,.E(E(T )) = E(T )(B�E(T )
×ðó)�
b(θ, T )Ì
T�ǑǑǑ---(bias)�Var(T )Ûà|�?£��T�²���,

b2(θ, T )JÎ�?Ǒ-����Gï�îÞÞÞãããPPP, ¡ï�îÑÑÑ���PPP�f℄1 ²h, u 3îîÝFK�#�, &Æ�1 ÿ�Þã�¬1��9°FK�ǑÒRT, .hÑ�P�È�&Æ�j#ÇÝ£��, ðK��Var(T )< ∞�A�Var(T )= ∞, JR(θ, T ) = ∞, 9Ë£��	Q�?,�K��Ê�'bÞθ�£��S, T , Xb��Ýθ�/), |Ω���»Ak£�Y��¨Ñ«Ý^£θ, JΩ�ãW[0, 1]�¬A���θ©bËÍ��ÝÂ0.5C0.7, JΩ�ãW{0.5, 0.7}�uR(θ, T ) ≤ R(θ, S), ∀θ ∈ Ω, vEØ°θ, �}��PWñ, J)§Ý®°Î�2àS�h`&Æ1T ´́́S


···,vÌS
������222àààÝÝÝ(inadmissible)�×£��T , u�D3´Í
·�£��, -Ì
���222àààÝÝÝ(admissible)�h�XÛ���2à, Î|MSE
Ýfýã�Ýf£��, �º�ÎÍ
�2àÝ, h�FàHÂ½�»A,
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30Eé`(Nßýã�Q�¼8!), Ç¸Î0Õt·ï, �K��ó�2àÝ�MbX�, �bXy, À�bØ°��, ��øø/�Aß�3×$�(A
¼2¥)�, ����¹�
Î×���2àÝß�ÍJ�¬P°6�¥���, 	2¥�Öõ`, ���Î´��ǑÕÝ�ÎÍb×fÍ�£��K
·Ý£��÷? tKó©»², �nÎÍ�Ý��'D3×Í9Ë£��T , J�ã×θ0 ∈ Ω, v�Ê£��S =

θ0, Ç­|ðóθ0£�θ�h×£��
{�Þã(Var(S)=0), �Á�Ñ�(t&	θ�#�θ0)�ã(5)P, h`R(θ, S) = b2(θ, S)�	θ = θ0`,

b(θ0, S) = E(θ0) − θ0 = 0, ÆR(θ0, S) = 0� .T´S
·, ÆR(θ0, T )Ä6�y0�¬θ0
Ω���×F, ÆÿR(θ, T ) = 0,∀θ ∈ Ω�tÝ×°©�Ý�µ(AΩ�©b×Í-�), hÛ����¯�î, ãî×;�, �
Ýúùbã�`Î�», &Æ\µá¼,Ey£��, �D3×ÍÕGÝÏ×(�ÆtÝfMSE���², &Æÿ�ǑîÍ�ÝfÝãJ�Ǒî±ÝãJ¡, �Ǒt×°�)§Ý£��(AG�S(X) = θ0)�3h×�â´K£���/)�, &Æ´0t·(¼MSEt�)Ý£����á§ǑÏµ	QÎ±±±ǑǑǑ---vvv{{{ÞÞÞããã���×Ǒ-, ��ÊÞãP, «{Î)§Ý(ǑǑ ²hÝ»�)�.h&Æ�OE(T (X)) = θ,∀θ ∈ Ω, T��21, �OǑ-�y0,Çb(θ, T ) = 0,∀θ ∈ Ω� AGX�L, 9Ë£��T , Ì
θ�×���ǑǑǑ£££������, T1T
���ǑǑǑÝÝÝ�uT
θ�×�Ǒ£��, JR(θ, T ) = Var(T (X))��O�ǑtÝ)§², ð�3Xb�Ǒ£���, 0Õ×´XbÍ�£��“�-”Ý£���Çb×£��T ∗, ��E(T ∗) = θ, vE�×Í¸�Ǒ£��S, /b
R(θ, T ∗) = Var(T ∗) ≤ Var(S) = R(θ, S), ∀θ ∈ Ω�(6)9ËT ∗Ì
×××lllttt������²²²���ǑǑǑ£££������(uniformly minimum variance un-

biased estimator, �ÌUMVUE)�XÛ“×l”, Î¼EN×θ ∈ Ω, T ∗��²ó/t��ó§Ù��, º��×°b[ÝM», |0�¢ó�UMVUE, h
11



��9D¡��ÄÄ6×èÝÎ, b`�Ǒ£���D3, .h�µ^bUMVUE�b`UMVUE4D3, ¬��Î�"°Ý£��, Tb`Î��2àÝ£��, Tb`�Õî��Ó�G�EP(λ)5µ, £�θ = e−2λÝ»��, T = (−1)X4
×Á�)§Ý£��, ¬�|J�,¸Îθ°×��Ǒ£��, .h	Q�µÎθ�UMVUE�3©b×Í£��Ý/)�, 0t·ï, �¡Î3£×Ë�LìÝt·, K�ºÎH�ß�y#åÝ£���×���, ¬^b£×£��Î�℄�t·Ý�&Æ3Xb�Ǒ£��Ý/)�0ttt···£££������, �XÛt·Û¼�²ót��GÎµ�ǑC�²ót�¼Ýf, ;ð�)§�¬u0ÕÝt·£���¼Aß�, ��àH�M�hÑAóY�¡Ýfýã
¢,ó�¼ÝÏ×(, ��ÿßß§?�
UMVUEÎ3øÍónü�ì0Ý�A�øÍón�|P
¼Ý�Ǒ,£��Ý�«�
, -��J¼Ýf�&Æ�T3øÍó��ì, £��ºb×°?ÝP²�}�Ý´�Ý��(ãø��), À�b×°Xÿ�9℄«ÝD¡µÎÙ��Ý���øøøÍÍÍ§§§¡¡¡(large sample theory)��GÆ��×l£��, ¨²�b���������ǑǑǑ£££������(asymptotic unbiased

estimator)�Ç×ó�θ�£��Tn, n ≥ 1,��
lim

n→∞

E(Tn) = θ�(7)A�E∀n ≥ 1, Tn/
θ��Ǒ£��,ÇE(Tn) = θ, ∀n ≥ 1, JTn	Q�Îθ����Ǒ£���¬A�Tn�Î�Ǒ£��, [�OÍg, 	øÍó��`, uTnµ“-�9”Î�ǑÝ, Ç(7)PWñ, £-��ý�Í��b������888EEEbbb[[[PPP(asymptotic relative efficiency)���b[£�����ðV�, /Î�øÍì, “?Ý”£����ºbÝP²�'bT1 = {T1n, n ≥ 1}CT2 = {T2n, n ≥ 1}Þó���Ǒ£���ê'Var(T1n) = (n + 100)/n2, Var(T2n) = 2n/n2, n ≥ 1�J	n =

1, 2, · · · , 99, /bVar(T1n) > Var(T2n),h`T2n´·; n = 100`, Var(T1n)

= Var(T2n); ¬�n = 101R, -/bVar(T1n) < Var(T2n), v
lim

n→∞

Var(T1n)

Var(T2n)
= lim

n→∞

1/n2

2/n2
=

1

2
< 1�

12



	limn→∞ Var(T1n)/Var(T2n) < 1, &Æ-ÌT1fT2������bbb[[[��nÈ�`, k¾Õ!øÝÞã�, £��T2Xm�øÍófT19�øÍÝãÿb`Î���|Ý, �ãø�����, 3�øÍì, T1fT2b[£�¨²,'
Var(T1n) =

n2

(n + 1)2(n + 2)
, Var(T2n) =

1

n
, n ≥ 1,J4Var(T1n) ≤ Var(T2n), ∀n ≥ 1, ¬.limn→∞ Var(T1n)/Var(T2n) = 1,Æ�LT1, T2���b[P8!��øÍ§¡ÎÙ��¥�ÝÞC����5��, &Ë®Þ�, Á§ìÝP²ðÎ���·¶Ý�bn£��ÝfÝ+Û, &ÆµhÆ��k
×MÝ�Ý\ï, �¢�×�ó§Ù�Ýh�

4 £££���ÝÝÝ℄℄℄°°°£��ã��|[? �á��ÎÍbì�9vB�: �:éÅ, TÎ��Æ, BðÎß�
�, :¼ÿ�Á·�¬éÅ¼, �;¼Qðp¨ß��?��.ßÑ;I��, ðó�î, «{°°���¬�jîQb�9;I��, Ñ�ßó¬�H9�9~bÎ§�/¯��'b��Æ, b100Í2���×��", NM©b10Íß�à�, ��0C�^, ËM/��, uÎï�Î^b2�Ý�×�7ÍMî�250Íß�à�, J¿íNM©b250/7
.
= 35.71Í�ß, ß�¬�ÕH?�¬b80%(200/250)Ý)�, �à�`(�Ï), �Õ�Æ2PÌ., �ÆÝ�éÎ�Æß�Ë?��:×»��'b5°;I��, 1°b100ÍßÑ, ¨4°&©b10ßÑ�5°Ñ�ßó�100 + 4 · 10 = 140(ß), ¿íN°©b140/5 = 28(ß)�¬Qb100/140
.
= 71.43%Ý.ß, î�ÿè\�«���¨E95°�I140Í.ßs®à, �ãÍÑ�Ý°îb9Kß? ê�'h140ù®à/[/, JÍ�b100ùp100ß, 40ùp10ß, À�XÿÑ�ßób100 · 100 + 40 · 10 = 10, 400(ß)�®à�î, ¿íN°b10, 400/140

.
= 74.28(ß)�
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9v»��9, _»({ÿF, »�ðp¨9��þ, Q�è{��`²�=�ÆK�9'¿�, PÙ��Q�Ǒ¯¸Æ
¼, ����HK�Ë�Ý�µÎ, tÝKó�^»�Üö#ê², ÍõÝ^�, �9Î��1^�3î�9Ë�µ�, u»�(T.ß)ãÍÏ���, |£��ÿF¿íNFb9K»�(TN��b9KßÑ), �I5ßÝ£�, K��Á�Ñ��ßvÎêyÌDÝ�ÌDÕF�º�Ý!�P, °`Ý�;, �ÎC�ÎÝß�ÿP�&Æ�X�(T�£�), ??�Î�Ì?, �µXÿÝ£££℄℄℄(data, T1óóóAAA), ���.¡�^b£℄, Ù�.�Î�WP�Ý�3 Conan Doyle X½ÝÉÉÉ«««ÜÜÜúúú���///(Sherlock Holmes stories), The

Adventure of the Copper Beeches ×h�, ¶½:

“Data! Data! Data!” he cried impatiently.

“I can’t make bricks without clay.”É«Üú1^bdataP°�¾\, ÑA^bEþ(clay)P°��(brick)�¬£℄ub®Þ, XÿÝ.¡	Q�º?�	Î�ã	A��£Ý¼Ù
ª� 0, TÅ¡;ê/�, �*�	Q�{�£℄ÝãÿCJ§, 3Ù��Î×�.®, ÍZ�a"D��'£℄^®Þ, Jb£°£�Ý℄°÷? 9�Ú£�ÝEéC�!Ý�µ��, Í;&Æ)Gµ¢óÝFFF£££���D¡�¼õ�vf�, ��ZTÔ�ZÎð2Ý℄°��æ4�ý, ¬º��?, �À�õÛ��¨�·, Ö¾0¾, T��4ÿ�¿, ��\\��Z��¼��A¯������f�, JÎµJÍ���{£, |��£°#�aù�×Í��f��ó�9, 	Î��f�, ×Í��K1by�, Y»���N#?�Æ�162���Õ{£, �l��Õ*º��.�, |Ó¨N×�#ÝËÑ�æ�3î×;�, &Æ|øÍ¿íXn, £�XiÝ�TÂE(Xi)��«î:R¼, Î.�TÂb¿íÝ�¤, e¡Ý§¡µA
���óóó°°°JJJ(law of large numbers)��ó°JbËÍÌÍ, f´��ÝÎî×;X+ÛÝ3�ó°J, ¨×
úúú���óóó°°°JJJ(strong law of

large numbers)�
14



ãy	X1, · · · ,Xn, n ≥ 1, 
iid, vE(X2

i )D3`, 3�ó°J×å&Æ, X2
1
, · · · ,X2

nÝøÍ¿íX2
n, ^£[e�E(X2

i )�Ç
X2

n =
1

n

n
∑

i=1

X2

i
p

−−−−→
n → ∞

E(X2

i )�(8)X|uk£�¢óE(X2

i ), �|X2
n�
£���|¿í£��TÂ, 9øX�Ý£��, ;ð��Hû, �K
�Ǒvb×lP�»A, 'XbðV5µ, �TÂ
0, �²ó
σ2, ÇX ∼ N (0, σ2)�.

E(X2) = σ2, X|uk£�σ2, vÌ?Õ�^øÍX1 , · · · ,Xn, J�|∑n
i=1

X2

i /n�
£���ãyE�×Jór, XrÝ�TÂE(Xr)Ì
X�rg�-�X|î�9ËBãk£�Ý¢ó, ÎXÝ¿g℄Ý�TÂ, -àETÝX�g℄ÝøÍ¿í¼£�, -Ì���---°°°(method of

moments), Xÿ�£��, Ì
���---£££������(moment estimator)��-£��¬�°×�»A, 'X ∼ P(λ)�.E(X) = Var(X) = λ,�Var(X) = E(X2) − (E(X))2, Æ
Xn C 1

n

n
∑

i=1

X2

i − (Xn)2/�à¼	�λ��-£���9Ëµ8E�£¼�£�, Ì
���ÎÎÎÝÝÝ®®®°°°(classical approach), 29ËxùÝÙ�.�, Ì
���£££...���(frequentist)�3èÜtS, 9�Ǒ°�1Îx0Ù�ÝTà�à�*^, ���£££ÝÝÝÌÌÌFFF, )Î×��ÍÝÙ�¤î�9ì+Û¨×Ë£�°�>��+�ÆÓÝ, �/�¿ðt�èÝ!.��®�búnsß, �¨�2ÕÝ¼ò��_ã�/Î.-
9°ßz¶t��Àß:æ, ð�Î�¼ßÝ½Ï, .?£×Ë¼t|®ßh½Ï��Xÿ�Ì?Â, .?~b¢ó
¢, º¸ÿÕh×Ì?Â�^£t�, 9�Î×ËðàÝ£�℄°�3Ù�.�Ì
ttt������«««°°°(method of maximum

likelihood)�Xÿ�£��Ì
ttt������«««£££������(maximum likelihood es-

timator, �ÌMLE)�9Ë£�°bÍ¼§, ¬º�º0¾? 	Qº�©
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ÎÊ℄ðn, ��bGI�b2`n;�ã¨��ÕÝ�¶¯Î��_ã, p¼��m�8�ï��ã? £�Î?�)§[? Ù�§¡�î, t��«£��, b�9?ÝP²�»A, ð�µÎUMVUE, ð�b��ðV5µ��.h9�ÎÂ
�2àÝ×Ë£�°�»»»1. '×»��b�Kç�CA�,�'©áóêf
3f1, ¬�áÎç�9�ÎA�9�µ��^2hã3�, Ngã�¡w/��X�Xÿ�A�ó�Jã�'áXbB(3, p)5µ, Í�p = 1/4T3/4, ÇX�p.d.f.

f(x|p) = P (X = x) =

(

3

x

)

px(1 − p)3−x, x = 0, 1, 2, 3,vp = 1/4T3/4�&ÆǑqAÌ?Õ�A�óx¼£�p�h£�¬�Õæp, .©bÞóC: 1/4T3/4�hã¡, b°Ë��Ý��, Í^£Â

x 0 1 2 3

f(x|1/4) 27

64

27

64

9

64

1

64

f(x|3/4) 1

64

9

64

27

64

27

64A�x = 0, µ!óp = 1/4, .
27/64Ý^£Â´1/64
���µÎp = 1/4fp = 3/4, ?º¸x = 0sß�X|x = 0�¨`, -
p =

1/4�´)§�x = 1`, �!óp = 1/4��yu�¨x = 2T3, Jp =

3/4	QÎ´)§ÝóC�Æp�t��«£�Âp̂

p̂ =







1/4 ,ux = 0, 1,

3/4 ,ux = 2, 3�E!×¢óX��£�, t��«°��-°, b`ºÿÕ8!Ý£���9¬��
�, .Þï/Î�?Ý£�°, p¹z.X�¯!��Ä.±bÎËË�!Ý℄°, 	Q�bXÿ�£���!Ý`Î�tÝ|îX+ÛÝËË£�°², ¨b×ËðàÝ£�°, µÎ���hhh®®®°°°(Bayesian approach), ¹hxùï, �Ì���hhh...���(Bayesian)�3
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GËË£�°�, k£�Ý¢óθ, �Ú
×Îá¬ü�ÝÂ�¬3b°�µ, &ÆEθb×°¯�ÝÝ��»A, 'θ
Y��¨Ñ«Ý^£�bß|
, ãy9ÎÅ8s�ÝY�, ��yHÒH, θT30.5!�, #�-
θµ30.45�0.55 , v39  �ÝXbÂ, ��P/8!�.h�'θ3  [0.45, 0.55]í85µ�ÇθbU [0.45, 0.55]5µ�Eθ�'b×¯̄̄GGG555µµµ(prior distribution)�h5µ�Ú
xxxÌÌÌÝÝÝ555µµµ(subjective distribution), .hÛ�£�ïxÌÝ:°�	QxÌÝ:°, ��|ÎµAÄ�Ý£℄, ����ÌÝ.\��áT�yFß, T.=bÝ£G�²°, b°ßxÌÝ:°����Ì��)§Ý¤îÎ, yãø¡, qAXÿ�Ì?��, ÑÑEθ�5µÝ:°, Ah-ÿÕ¯̄̄¡¡¡555µµµ(posterior distribution)����hhhh×(ÌÝã¼, Î.9×BÑÑXÿÝ5µ, Î¿à���hhh���§§§(Bayes’ rule)�ÿ����hhh(Thomas Bayes,

1702-1761)
z»Í/, ¬Í�h\ÆW
×¥�ÝÙ�(Þ�¯¡5µÎ×f�5µ, ��Ýf�ÎÌ?ÕÝøÍ�¿à¯¡5µ, |Eθ�.£�Í¼&ÆEθb×:°(¯G5µ), :ÕøÍ¡, :°;�(¯¡5µ), �yh±:°|£�θ�¯¡5µ�¯G5µ??b��-²��|×��Ý»�¼1��bßk�, u^bÍ�£G, J�)§2�'ÎvTÎ�Ý^£, &
1/2�9Î¯G^£�¬uãÌ)Ý�, :Õ¼ïL��, 9£Gµ�??¿à�vßL��Ý�K�Ï, �V©bÁ}
ß, �'�×vßL��Ý^£
1/10, 000��ß���ÿKL��, �'�×�ßL��Ý^£
3/10�X|�×k�ï, L��Ý^£

1

10, 000
·
1

2
+

3

10
·
1

2
=

3, 001

20, 000�.h��k�ïL��Ýf�ì, ¼ïÎ�ßÝ^£

P (�ß|k�ïL��) =

P (k�ï
�ßvL��)

P (k�ïL��)

=

3

10
·
1

2
3, 001

20, 000

=
3, 000

3, 001

.
= 0.9996667777�
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Ç3&ÆÝ�'ì, 	Ì?Õk�ï“L��”, Jk�ïÎ�ßÝ^£,ã¯�Ý1/2, �{�×�#�1ÝÂ��yÎvßÝ^£, J�1/2ª��#�0Ý1/3, 001�¯¡5µ�¯G5µ, ��ºbÁ��!, �h.�-
��EÚhF��Æxù¯�ßéÝ£G(¯�5µ), µÎ��5¿à,��Ä6µÌ?Â�ÑÑ(|Õ¯¡5µ), �µA¯¡5µ, 
�.£�ÛÛÛ1. 3, 000/3, 001¬&µÎ×à0.9996667777Ç�ì�, #½Ý¿�

40753��¯�î, uÞhó"�
�ó, ÍÇ�;�¾1, 500��×Íð�Ýθ��h£��, 
��Ì?ÂXì, ¯¡5µÝ�TÂ,ÇE(θ|X)�&ÆÌh
���hhh£££������(Bayesian estimator), �Ä��b�9Í��!Ý�h£����O¼, �hÝ®°�¼��Â
2à,©½Î3À.C¤¼î�î�9ëË£�°, DÌëË�!ÝÙ�£�¤î�3�£�`, b`ÎëË℄P�)½à�Ú�!Ý�µTX=b�!Ý£G�����à9ëË℄°, |ÿÕ´?Ý£�`²�Ey×¢óθ, tÝF£�², �b      £££���(interval estimation)�Ç��×�^  , ¬¼�h
θ�u�y5f(;ðã90%�95%T99%�)Ý***äää      (confidence interval)�*ä  ÝD¡, �¢�?Z*(2006)×Z��©Î£�×¢óθ, b`�£�θÝØ×�óg(θ), TÞ¢óθ1, θ2ÝØ×�óh(θ1, θ2)��»A, EN (µ, σ2)5µ, £�µ/σ�9°KÎbn¢ó£�Ý®Þ, Í�$b5µÝ£���£�¡ÎÙ��×¥�ÝÞC,9℄«Ý"D�9�ÍZ
×�MÝ+Û, P°9ǑD¡�E£�¡b·¶Ý\ï, �¢�×�ó§Ù�Ýh�

5 ℄℄℄hhh[[[TTTÍ;&Æ+Û×Ë¬&¢ó£�Ý£�°�℄℄℄hhh×Þ, 
èÜtSz»Ù�.�{{{ñññ(Francis Galton,1822-
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1911)X´�S
, |à��AlÏ�{�É��{�Þ�ó Ýn;�'|xi�ÏiÍlÏÝ�{, Yi�ÍÉ���{, i = 1, · · · , n�{ñǑ�ñ×AìP�x�YÝn;:

Y = Q(x) + ε,(9)Ç|lÏÝ�{x, ¼ï?É�Ý�{Y�
¢lÏ�{|�¶, É��{|�¶? E£°lÏ�{
17225ï, {ñ¬�Þ172Ú
�^�ó�¬!Î17225{ÝlÏ, É�J�×�b9{, X|ÞÉ��{YÚ
×�^�ó�3(9)P�, �^�óY , ��î
×xÝ�óQ(x)(�
�^Ý�), Ǒî×4�^Ý0-ε�ãX[/ÕÝóA(x1, y1), · · · , (xn, yn), ¼£��óQ(x)��{
xÝlÏ, Í��Ý�{-
Q(x) + ε�h4Î×�^�ó, ¬u0-4ε�H�, J|Q(x)¼£�Y , µ�ºHÒH�f´×�ÝÿPÎ, E�!Ýx, 0-���!�X|��Êì�ÿP:

Yi = Q(xi) + εi, i = 1, · · · , n�(10)℄℄℄hhh555���(regression analysis), ©½ÎaaaPPP℄℄℄hhh(linear regression), ¿{�1Î×tðàÝÙ�℄°�b&Ë�PÝ℄h, AaP�&aP�9-�¢ó(parametric)C&¢ó(non-parametric)��9Í�t��Ý, Tò������aaaPPP℄℄℄hhh(simple linear regression), ÇQ(x) = α + βx, �α, β
Þðó�Ì“��”Î
Ý�9-aP℄h(multiple linear regression) â�AGX�, ℄h5�Î
Ý"D×�ó�¨×�ó8µÝ���'b×��aP℄hÿP, Ç'
Yi = α + βxi + εi, i = 1, · · · , n,(11)Í�α, β
ÞÎáðó�êε1, · · · , εnð'
}ñ, ¬5µ�×��8!�b`G�'ε1, · · · , εn
P8n, ÇCov(εi, εj) = 0, 1 ≤ i < j ≤ n�Ù�ÿlÀÎ�|b&Ë�', ©�:)�)§, CÎÍ�)�j�µ�Eε1, · · · , εn,;ðê�'�TÂ/
0,�²óù/8!,Ç'E(εi) =

0, Var(εi) = σ2, i = 1, · · · , n�h`ã(11)Pÿ
E(Yi) = α + βxi�(12)
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3℄h5��, 	á¼xi�Â, &Æð|(12)P��, �
Yi�£�Â�(12)P��E(Yi)
xiÝ�ó, Ì
ÒÒÒ���℄℄℄hhh���óóó(population regres-

sion function)� �yα, βA¢£�÷? ×ÍðàÝ℄°Îttt���¿¿¿℄℄℄°°°(least squares method), h°�_ÕÕ°»ó.�ZZZ}}}kkk»»»(Joseph

Louis Lagrange, 1736-1813), CÆ»Ý{{{úúú(Carl Friedrich Gauss, 1777-

1855)�EyA(11)P�ÿP, yÌ?Õ(x1, y1), · · · , (xn, yn)¡, t�¿℄°Û�y¸0-¿℄õ
U(α, β) =

n
∑

i=1

(yi − α − βxi)
2(13)¾Õt�ÂÝæ§, |O�α, β�Þ�óU(α, β), 5½Eα, β�5, v/�Í
0, ÿ

n
∑

i=1

(yi − α − βxi) = 0,

n
∑

i=1

xi(yi − α − βxi) = 0�ãîÞP��α, β�£�Â̂
β =

∑n
i=1

(xi − x̄)(yi − ȳ)
∑n

i=1
(xi − x̄)2

,(14)

α̂ = ȳ − βx̄,(15)Í�
x̄ =

1

n

n
∑

i=1

xi, ȳ =
1

n

n
∑

i=1

yi�ãî�℄°Xÿ�α, β�£��, -Ì
ttt���¿¿¿℄℄℄£££������(least squares

estimators)�&Æ-|α̂ + β̂xi�
Yi�£��aP�ó	QÎ×Á��Ý�ó���aPÿl, µÎ|×aP�óα + βx, ãá¼x, ¼ï?Y�9Ë®°, �àá¼X,YÞ�ó��)5µ, øÍón��à���A�ÞXÌ?Õ�(x1, y1), · · · , (xn, yn), à0yx − y2ý¿«î, XÿÝàay = α̂ + β̂x, -Î3t�¿℄°Ý�Lì,
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t�à�9°óAÝ×fàa�9ì�×»��»»»2. McDonald and Studden(1990)��~_�4�Åo;)Î(hydro-

carbon)Ý���ÆÿÕì�WEÀó�óx(��
ûzó),�Åo;)Îy(��
2¸/zó)ÝÂAì:

(5.133, 0.265), (10.124, 0.278), (15.060, 0.282), (19.946, 0.286),

(24.899, 0.310), (29.792, 0.333), (29.877, 0.343), (35.011, 0.335),

(39.878, 0.311), (44.862, 0.345), (49.795, 0.319)�3hn = 11, v∑

11

i=1
xi = 304.377,

∑

11

i=1
x2

i

.
= 10461.814,

∑

11

i=1
yi =

3.407,
∑

11

i=1
y2

i

.
= 1.063,

∑

11

i=1
xiyi

.
= 97.506�Æÿx

.
= 27.671, y

.
= 0.310,v

β̂
.
=

97.506 − 304.377 · 3.407/11

10461.814 − (304.377)2/11

.
= 0.00158,

α̂
.
= 0.310 − 0.00158 · 27.671

.
= 0.266�Ç�|��aP℄h�óy = 0.266 + 0.00158x¼ï?y�»A, u_��ù30,000zó, Jï?y = 0.266 + 0.00158 · 30 = 0.3134(2¸)�&Æ0�(xi, yi), i = 1, · · · , 11, C£�Ý��aP℄h�óy%1�{ñ3�~lÏ�É��{Ýn;`, s¨´{ÝlÏ, É�b´{ÝH',�´"ÝlÏ,É�ùb´"ÝH'�9	QÎ¾Xøá,¬&×Ý�RÝs¨, �ÄµÎöF�Æ�¬��s¨£°´{ÝlÏ,É�??Q}"°; ��"ÝlÏ, É�Qð}{°�h¨éÇ
½(Ý℄℄℄hhh[[[TTT(regression effect), {ñÌh¨é
'''¿¿¿ííí℄℄℄hhh(regression toward the

mean)�regression b/h, ¡[, T[;Ý�¤�3hÇ�ê'¿í��l�|9�1, ℄hÝ�¤µÎ/h�µA&Æð1Ý/hÑF,/hÞ», /hÝ¼Õ§���℄h[TÎ'¿í/h�9Î℄℄℄hhh9×(ÞÝã¼�ãy℄h�/h�¤�«, .h�bß¸à/hC/h5��
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-

0.266

x

6

y

O 50

y = 0.266 + 0.00158x

10 20 30 40%1 ��aP℄h�ó, x���
ûzó, y���
2¸/zó3{ñX�ÿ�1,078El�Ý�{, lÏÝ¿í�{V
68z%,É�Ý¿í�{V
69z%, {Ý×z%�øÍýã-J/V
2.5z%�E×72z%{�lÏ, &Æº�ǑÍÉ�Tb73z%{, �E×64z%{�lÏ, º�ǑÍÉ�Tb65z%�Ë�Ý�µÎ, 72z%{ÝlÏ, É��¿í�{V
71z%, �64z%{�lÏ, É��¿í�{V
67z%, /'¿í69z%ê��Í��}l�Ý�{, ��Wºùbh¨é��ÕËg��Wº, �'Ëg�°Ý¿íWº-�9�¬Ï×gWº´{Ý£N.ß, ÏÞgÝWºð¯ª±, �Ï×gWº´±Ý£N.ß, ÏÞgÝWºð¯è{�℄h[T��s��Î�FùbT�×°¿É[? Å�&Ah�|�{
», ¼�Õ�jîÝ�º9ø��'Ø2 30Ïv�Ý�{, t{ï
24025��m�{°, µ�'9NßÉ�Ý¿í�{ù
24025�.�ly�IÉ�K�{, ÆÍ�Äºbf24025�"ï, �ºbf24025�{ï�Ah×�ø÷×�, ßv�{�Á�ÂÞ�\è{,¬�µ�Q¬&Ah�Æ�
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{24025Ý£NlÏ, ÍÉ�Ý¿í�{T�y24025�E�{t"Ý£NlÏ, ÍÉ�Ý¿í�{, �bv«Ý�Õ��|��
»���Wº
Ë�ÝWºǑî0-�Ï×g�{5ï,º�À�ºÎûÝ�ÏÞgµ��|3?º�î�Ǒî?º�»A, Ï×g�985Ýß, ?î©bË5ÝW�è , �è{8	��|��Ï×g©�35Ýß, ÏÞgê��§�?ì*÷? ?î>�´���9ø:¼,℄h[TÝD3, µ�ÎHM²Ý�\�b°��.�/|��½Ì�E��Wº�·Ý.ß, ð�|�ò, �E�ÿ?Ý.ß, �KbØY��ÆÎ�8*�<9×�Ý�.��ÝB�×å�Æ,BÄ�ò¡, æ��-Ý.ß, b�KìgÝ�
MÝ��yæ��?Ý.ß, ìgQð¯b[M, u	��ØY�Æ, �Î¯�Æ?ê:, [M?9? .h£°�/¾*Í®°ÎEÝ�¯¨3á¼Ý, 9°WºÝ
MT[M,���©Î℄h[T, �&�/Ý®°ß[�
6 ���+++&ÆBð3�£�, ßþî�¤¼î�I.î�Å»î, &Ë£��\23
��\ïÎÍ¥�Õ“�”9×ÍCÝ� C¼\Ç
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