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, �.- / �$0213�5476�8�9;:=<?>)@BA$CD<3@2E3F*G�AIH!8KJLCME)NOA$FBJ�JLF$P!QR<�SB<KH!FTP
X
JU8VE)W�H!8�NOW

EX :=
∫

Ω X(ω)P(dω) =
∫

R
xµX(dx) X6ZYL9[E)W2Y#8�\3G�]^E)NOA$FBJ�JLF$P_QR<?S)<KH!FTP�\KW?S[G�9[F):�JLF$P

EX =
∑

x∈S xµX({x}) `ba \3EBA$F S
P)FBS*:cYL9[E3F)QdA$@2E38KQdJ#W�NeE3f)A$<�9[F)N

H!8K9;:g<�>)@BA
µX(S) = 1 X 6hYU9[E)W2Y�8�\VGK]iE)NjA$F)J#JUFTPkQR<�S)<�H!F$PO@)A$C a3l F$Pj< a.m S;:=<?>)@)A f(x)

N_8�NOW
EX =

∫

R
xf(x)dx X

, �.- / �$0213�onZ6�8�9;A$8�JU@TP)C�E)NjA$F)J#JUFTPkQp<?S)<�H!F$P
X

JU8VE)W�H!8�NOW

VarX = D
2X :=

∫

Ω

[X(ω) −EX ]2P(dω) =

∫

R

[x −EX ]2µX(dx)

6qYU9[E)W2Y�8�\VGK]oE)NOA$FBJ�JLF$PrQR<�SB<KH!FTPs\�W?S[GK9[F):�JUFTP
D

2X =
∑

x∈S(x − EX)2µX({x}) X 6ZYU9[E)W2Y�8�\VGK]oE)NOA$FBJ�JLF$P
Qp<?S)<�H!F$PO@)A$C a3l F$Pj< a.m S*:=<?>)@)A f(x)

N_8�NOW
D

2X =
∫

R
(x −EX)2f(x)dx X

, �.- / �$0213�
tvu�NOA$F)J#JLF
X1, ..., Xn

<3G�92F;>;QR<KJLFjJL8
(Ω,F ,P)

JU8VE)W�H!8�NOWwJ�A$F2E38�QpF2x)J#W�NOA�P)FB>;QdA

P(X ∈ B1, ..., X ∈ Bn) = P(X ∈ B1)...P(X ∈ Bn), ∀ B1, B2, ..., Bn ∈ B(R).

6yYL9[E)W2Y#8�\VGK]5E)NjA$F)J#J�W�@2z{\�W?S[G�92FB:�J#W�@*z
X1, ..., Xn

<�YL9[E3F)QdA$@2E38KQdJ#W�@*z5E3f)A$<�9[8�@2z{H!8�9;:=<?>)@)A
S1, ..., Sn

<VE)JU8�@*EV8
:=< ` x3F P(X1 = x1, ..., Xn = xn) = P(X1 = x1)...P(Xn = xn) ` \&QR8sG�8Vx3\�F a < x1 ∈ S1, ..., xn ∈ Sn X 6
YU9[E)W2Y�8�\VGK]OE)NjA$F)J#J�W�@2z_@)A$C a3l W�@*z X1, ..., Xn

< a.m S;:=<?>)@)A$8�@*z f1, ..., fn ` EBNOA$F)J#JLF X1, ..., Xn

S)CDJ�A$F2E38�QpF2x)JLF|H}:=F2\KW
A}:�W�Q G�<wH}:=F*\�W a \�WjE)NOA$FBJ�JL8 (X1, ..., Xn)

N_8_9[<3E2G l 8�\r@)A$C a3l WOE a.m S;:=<?>)@BA$C

f(x1, ..., xn) = f1(x1)...fn(xn), x1, ..., xn ∈ R.

~ �_�$�.�������&/����o4{��QR8O\�<KH!<�QdJ�W�@2z_E)NOA$FBJ�J#W�@*z
X1, ..., Xn ` E(X1 + ...+Xn) = EX1 + ...EXn X|� F;>;QdA�EBNOA$F)J#JLF

X1, ..., Xn

S)C_J�A$F2E38�QpF2x)JLF ` :=< D
2(X1 + ... + Xn) = D

2X1 + ... + D
2Xn X

� ����4��}\�<�H!<3\�J�A P ` x3F D
2X = EX2 − (EX)2 X u 8K]�H!8Vx ` x3F D

2X = D
2(X −EX) X

� ����n���9[E)WVG l 8�\ ` x3F���H}A$FB9[\3E3FBJ�A$Fr�+YL9[E)W�\�8=P)FwS*A m3X+� A$F*@2z X
<VE)JL8�@2E38�S;]�N m <V@*E3F2Gi]�E)W?S[G�8�JLCiH�S;:�]�GK9[<K:�J�W�N

9[E)]#@)A$F�G�<?S;:TG�C X �b<VG�8VE ` x3F EX = 350 X
� ����t � A$F2@*z X

N�8^9[<3E*G l 8�\OP)F*\�JU<2YL]�J�G�:=<�H}W δa

E38�\�8�J#W^H�E3<�9[F)N
P(X = a) = 1 X �b<VG�8Vx ` x3F EX = a `

D
2X = 0 X

� ���{� � A$F2@*z X
N_8�9[<3E*G l 8�\k�|F)9;JL<K]�QdA$F a < B(n, p)

E38�\�8�J�W+H�E3<�92FBN
P(X = k)

(

n
k

)

pkqn−k ` p+q = 1 X �b<VG�8VE `x3F
EX = np ` D2X = npq X

� �����Z6iWVG�<KJ#];P)F)NjWr\�<?>;H}A$8�\�@2E3F)J#A$8w��FB9;JU<�]�QdA$F a < ` 8Vxj\�<i@2z�H}AIQdA�<�:�9[E)W�N�8KJ#A$8kYLA$F)9;H�S[EVF a <_S;]�G�@*F;S;] X�� A$F*@2z X<3E)JL8�@*E38wQ�A$@2E3f m H}WVG�<KJL8�J�W�@2z�\�<�>;H}A$8�\�@*E3FB� X �b<3G�83x ` xVF EX = 1/p ` D2X = q/p2 X
� ��������9[E)W2YU]&>B�)NOW ` x3FME)NOA$FBJ�JL8OQR<�SB<KH!8ON�8O92<VE*G l 8�\��b<KA�S*SB<KJL8 P(λ)

E38�\�8�J#W�H�E3<�92FBN
P(X = k) = λk

k! e
−λ `

k = 1, 2, .. ` λ > 0 X �b<VG�8Vx ` x3F EX = λ ` D2X = λ X
� ����	 � A$F2@*z X

N�8�9[<3E*G l 8�\�P)F*\�JU<?S;:=8=P;J#W U [a, b]
JL8!YU9[E3F2\3E)A$8�QRF

[a, b] ` < a�m S;:g<�>)@BA g(x) = 1
b−a

1[a,b](x) X �b<3G�83E `x3F
EX = a+b

2 ` D2X = (b−a)2

2 X
� ����� � A$F2@*zrE)NOA$FBJ�JL8 X

N_8�9[<3E2G l 8�\_H}WVG l 8�\�J#A$@*E)W E(λ)
< a�m S;:g<�>B@)A g(x) = λe−λ1(0,∞)(x) ` λ > 0 X �b<3G�83x `x3F

EX = 1/λ ` D2X = 1/λ2 X
� ����� � A$F2@*zsE)NjA$F)J#JU8 X

N_8i9[<3E2G l 8�\ a 8KNjN_8 γa,b

< a.m S;:=<?>)@BA g(x) = ba

Γ(a)x
a−1e−bx1(0,∞)(x) X �b<VG�8Vx ` x3F

EX = a/b ` D2X = a/b2 X
� ����4�� � A$F*@*zsEBNOA$F)J#JL8 X

N�8�9[<3E*G l 8�\ a 8�]&S*S)<�H�S[G�A N (m, σ2)
< a.m S;:=<?>)@BA g(x) = 1√

2πσ
e−

(x−m)2

2σ2 XIX �b<3G�83x `x3F
EX = m ` D2X = σ2 X

�



 !¡�¢�£L£�¤b¥V¦�§V¨B©�¨3ª!«)ª;¬;­d®�¯B°O®$ª)±#±L§w­R¥?²)¥K³!§
X

°_§_´[¥3¯*¦)µ[§�¶r·)®$¸)¹3µ=ºi¥+¹.»;²;¼=¥?¬)·B®
f
³!½K³!·2¯3§?²

F ′
X (t) = f(t) ¾

 !¡�¢�£�¿ÁÀ�±L§Â«)¶VÃ5¶�º?²;¼�´;º�ÄBÅ#§K±#¼=»
´[¥V¯*¦VµÆ§�¶�Å{¹�ª*¥K°�ª)¼�´;º�·*¯)±Lªg¹.¥
P(X = k) = pqk−1 ©i´[¥V¯*¦VµÆ§�¶�Å^«)ª2¶K±L¥�²*¼=§=«;±Uªg¹�¥

U [a, b]
¥�´[§3¯+´[¥V¯*¦VµÆ§�¶KÅs³}ºV¦)µ[§�¶K±#®$·*¯Vªg¹.¥

E(λ) ¾
 !¡�¢�£�Ç�¤b¥V¦�§V¨B©È¨3ªM«)ª;¬;­d®

a, b ∈ R
¥K´[§V¯

Z = aX + bY
©M¼g¥�¯V§�·2É#¥V¶3¯)®M³�¯3½�´

EZ = aEX + bEY ¾ ¤M¥V¦�§V¨B©È¨3ª«)ªB¬;­d®
X
©
Y
±#®$ª*¯V§K­Rª*¨B±Uª;©�¼g¥

D
2Z = a2

D
2X + b2

D
2Y ¾

 !¡�¢�£&Ê�Ë|¯)Å#·*§�°Oº_¦�¥?²;¼T¦�¸�¼g§3¦�¶)µÂÅ�¹�¥�©�§V¨w³}º�´[¯)Å#·B®I°Oºs³�²[¯Bº?²;¼T¦�®$ª�¥V·*¯*¦�§ ¾ À�±U§�­Rª*Ã3Ì_³!§K´;¼g¥�¬BÌi¥3·2¯3ª*¦�®I³!§K±L¸s­�®$·2¯3Ä)º´[¯)Å�¼=½�³ ¾
 !¡�¢�£�Í�¤b¥V¦�§V¨B©!¨3ª!«)ªB¬;­d®

X
«)ª;²;¼!¯)°j®$ª)±#±U¸w­p¥?²)¥�³!¸s¥r³!§�´;¼=¥?¬)·)®$§�·*É�³

N
©�¼=¥

EX =
∑∞

n=0 P(X > n) ¾�Î ¥3¨)±L§³}ºV¦�§V¯3§�Ì;©c¨Vª!«)ªB¬*­�®
X > 0

©}¼=¥
EX =

∫ ∞
0 P(X > x)d(x) ¾

Ï


