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ρ(X, Y ) =
Cov(X, Y )√
D2X

√
D2Y
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��g+l#e�\�v�g+x4\+_�\+�+^%l#d |ρ| 6 1
���mq'\U_ |ρ| = 1
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��! ��A���$B+1$� G �$5 ρ(X, Y ) = ρ(Y, X) G ρ(aX + b, Y ) = sgna · ρ(X, Y ) G � ;=365 a 6= 0
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EX0 = 0.05 G EX1 =

0, 07 G √D2X0 = 0.02 G √D2X1 = 0.03 G ρ(X0, X1) = −0.5
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Xt = tX0 + (1 − t)X1
G t ∈ [0, 1]
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y =
Cov(X, Y )

D2X
(x −EX) + EY.
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U = min{X, Y } G V = max{X, Y }−min{X, Y } G�H�I�J ;�5 X, Y
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9O1OTp� J B�³i1 I X + Y
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G X2
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µX1
∗ µX2

(B) =

∫ ∞

−∞

µX1
(B − y)µX2

(dy).
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µX1+X2
= µX1

∗ µX2
(B) =

∫ ∞

−∞

µX1
(B − y)µX2

(dy) =

∫
B

∫ ∞
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f1(u − y)f2(y)dydu =

∫
B

(f1 ∗ f2)(u)du,

H�I�J ;�5 f1 ∗ f2(u) =
∫ ∞
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Ë�Ì!ÍyÎAÏ:Ð�ÑQÒ'Ó�Ô#Õ<Ð�ÑLÖ�Ö�Ñ
X1, ..., Xn ×LØ Ö>Ð�Ñ'Ô�ÙUÚ6Ñ'ÛLÖ2Ñ�Ð�ÕOÙPÜ ØOÝQÞ Ô'ß#àpÙ+áUâ<ã¯â�ß�àiÙ*á4Ö�Ð�ÒQÔ$Ñ�ÔZä>Ù Ý ÙUÕcÑ#å Ý ÑLÕ λ æ�ç Þ ß+Ù$ÛFè�Û$ÑÔ#Õ<Ð�ÑLÖ�Ö�Ù

X1 + ... + Xn

ÕOÙ ÝpÞ ÔQß�àiÙ*á Þ�é*êL× å Þ4ë Ò#Ð λn

(n−1)!e
−λx1(0,∞)(x) ì å Þ Ô#Ö�Ù*ÒQÔ#â γn,λ í æmæ

î`ï6ð$ñ'ò
X = (X1, ..., Xn) ó�ô�õ!ö ïkð�÷øð�ù�úpû+üQð#ýÿþ��������pû4÷��iù�ïký	�øñ ö�

� ï ö ýcï6ð������ � û��pû4÷�� ûu÷��Uüpúpû��QñLï��+ñ'òn÷ R

n
ïþ ô �iúpû��pñ#ï

f(x) :=

√
det Q

(
√

2π)n
e−〈Q(x−m),(x−m)〉, x = (x1, ..., xn) ∈ R

n, m = (EX1, ...,EXn), Q = Cov
−1,

þ õ%ö ïkð Cov = (ai,j)16i,j6n � ð��iú`ý��+ñ#ï6ð�ü ö ��ú��Uù������#ð ai,j = Cov(Xi, Xj) ��� � ÷]ñ ö �!� ö �*ñ'ò!û õ%ö ï ó �Uü õ%ö ûc÷������ 
" �+ù�ú�# õ û4÷Zû � ���Sù+û+ý ó ï$���+ñ � � � ï$�!ï6û4÷�� α1X1 + ... + αnXn + b
��þ õ%ö ï6ð α1, ..., αn, b ∈ R � ð��iú�÷Zð#ù�úpû*üpð�ý þ��!���&%

�pû4÷��pù�ïký �
Ë�Ì!Í('*)AÏ�Ð�Ñ'Ò'Ó

X
ÕOÙ ÝpÞ ÔQß�àiÙ*á é Ù�+ ×'×#Þ ã × ß4Ð N (0, 1) æ�, Ö�ÙtÜ#á�- ÝpÞ Ô'ß�àiÙ+á aX + b æ Ï�Ð�Ñ'ÒQÓ�å²Ñ Ý Ù�Ô X1, ..., Xn

Ö>Ð�Ñ'Ô�Ù�.ÚkÑQÛ#Ö�Ñ é Ù�+ ×'×#Þ ã × ß4Ð�Ñ Þ�ÝpÞ Ô'ß�àiÙ+á*Ù+Ò'Ó N (mi, σ
2
i ) æ/, Ö2ÙPÜ#á0- ÝpÞ Ô'ß�àiÙ+á<Ô#Õ�Ð�Ñ#Ö>Ö2ÑEÜ X1 + ... + Xn æ

1 � � ö ýcï6ð���� 
 ñ'ò2�!ïkð ö � � ð3��� 
 ñ'ò X1, ..., Xn ö �*ñ'ò!û õ%ö ï4��� 
 úQð�ñ ö � 
 ÷ ö�� ü EX1..., Xn 5 EX1...EXn �Ë�Ì!Í('6'87Sâ�ß Þ Ö�+FÜ#ÑLÕ<â n
á Þ4ë ã¯Ð�Ù+á+Ò'Ô$Ñ:9<;mÑ Ý Ö Þ +%ÚªÐ�Ñ é�Þ Ô¯ä Ý Ù4ã�á Þ ä Þ á Þ�= Ð�Ñ39 × å�ã�ÑLÕ × +*ß*Ò'Ñ × + 1− 1

n
æZç Þ ÚªÐ�Ò'Ômã�Ù Ý å Þ�ë3>Þ Ò'Ô�Ñ'ßUÐ=ã�Ù4Ö Ø Ô#Õ<Ð�ÑLÖ�Ö�Ñ�Ü Yn

Ð=Ú Þ Ò'ÔLâ4Ö�+½ÚªÐ�Ò'Ô = â × +*ß*ÒQÑ ×3? ã æ�@ ÚkÑ:ã¯â4Ö Þ�× Ð limn→∞ EYn A
BDCFE�GIH
J�KML�N0O!C�PMGIL�Q�Ì*QMCFRSCFT3UWVXO!Y�KZE
[ J�CSE�G4ÍZY�E
KZCFE]\ , Ù+Ò'Ó Þ á�Ô Ø Ö>Ð�Ñ Ý�? ã¯Ö Þ�ë ÒLÐS^

• ì Ï�Ð�Ñ Ý�? ã¯Ö Þ�ë3>`_ Ô$Ñ = â × Ô$Ñ#ã�Ù í P(X > ε) 6 EX
ε a

• ì Ï�Ð�Ñ Ý�? ã¯Ö Þ�ë3>cb Ù Ý ß Þ ã�Ù í P(|X | > ε) 6
E|X|p

εp

è
p > 0 a

• ì Ï�Ð�Ñ Ý�? ã¯Ö Þ�ë3>`_ Ô$Ñ = â × Ô$Ñ#ã�Ù í P(|X −EX | > ε) 6 D
2X
ε2 a

• ì Ï�Ð�Ñ Ý�? ã¯Ö Þ�ë3>`_ Ô$Ñ = â × Ô$Ñ#ã�Ù í P(X > ε) 6 Eeλx

eλε æ
Ë�Ì!Í('�\ed�á Þ ã Þ á4Ö>Ð Ü Ý Ñ é ++à ê å Ý Ô�Ñ'Ò'Ó æ Ï�Ð�Ñ'Ò'Ó σ2 = D

2X
è2ä Þ ß*Ù�Û�Û$Ñ P(|X −EX | > 3σ) 6 1

9 æË�Ì!Í('*fg7Sâ�ß*Ù�ÛLè�Û$Ñ�Ü#Ñ ë ÚªÐ X > 0
è
EX > 0

è¯å Þ 1
EX

6 E( 1
X

) æ
Ë�Ì!Í('
h ç Þ ß*Ù�ÛLè�Û$Ñ�Ü#Ñ ë ÚªÐ 0 < p < q

è�å Þ (E|X |p) 1

p 6 (E|X |q) 1

q æ
Ë�Ì!Í('�ij7Sâ�ß*Ù�Û�Ö�Ð�Ñ Ý�? ã¯Ö Þ4ë:>lk ÒQÓ%ã�Ù Ý Ô$Ù ænm Ñ ë Ú´Ð E|X |2 < ∞ è

E|Y |2 < ∞ è�å Þ E|XY | 6 E|X |2E|Y |2 æ
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