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Anotace:

V podstatě neexistuje samostatná disciplína Průmyslová statistika. Jedná 
se vždy o aplikovanou matematickou statistiku se zaměřením na problémy 
průmyslové praxe. Tedy z metodologického hlediska se jedná o klasickou 
matematickou statistiku. Ve svém příspěvku se zaměřím na tři oblasti, se 
kterými mám osobní zkušenost: modelování výrobních linek, statistické 
monitorování procesů a stabilita modelů. Přednáška bude doplněna 
dvěma konkrétními aplikacemi z oblasti spolehlivosti a odhadování doby 
života průmyslových systémů.


prof. RNDr. Gejza Dohnal, CSc.

Pravděpodobnostní metody 
ve strojírenství

6. Náhodné vektory

ak. rok 2024/2025



Klíčové pojmy: • Náhodný vektor; 
• Sdružené, marginální a podmíněné charakteristiky - 

distribuční funkce, pravděpodobnostní funkce, hustota; 
• Střední hodnota náh. vektoru; 
• Kovariance, korelace, korelační koeficient, 
• Kovarianční matice, korelační matice;

Klíčové věty: • Rozdělení náhodného vektoru s nezávislými složkami. 
• Vztah mezi korelovaností a stochastickou nezávislostí. 
• Věta o hustotě transformované náhodné veličiny.

6. Náhodné vektory



Náhodný vektor
Uvažujme zobrazení                                              – náhodný vektor

Sdružené pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

• sdružená distribuční funkce
<latexit sha1_base64="O1IxRe5GlSHn9IJbqrliECP2p/k="></latexit>

F (x1, x2, . . . , xn) = P (X1  x1, X2  x2, . . . , Xn  xn)

<latexit sha1_base64="YyItxuMbHXMcA3g06BpCWRVfF9c="></latexit>

lim
xn!1

F (x1, x2, . . . , xn) = F (x1, x2, . . . , xn�1)

<latexit sha1_base64="n8XLitQYr4vGLiUfExmK5uyDj4E=">AAACGXicbZDNSgMxFIUz/lv/qi7dBItQoZaZUtSNUBDEZQVrC50yZNJMG5rJDMkdaRn6Gm58FTcuFHGpK9/GtM5CWw8EPs69N8k9fiy4Btv+shYWl5ZXVtfWcxubW9s7+d29Ox0lirIGjUSkWj7RTHDJGsBBsFasGAl9wZr+4HJSb94zpXkkb2EUs05IepIHnBIwlpe3XcFDLx160oUIn7hcBjAa46vi0HNKQ69ScktuNwJtWB7jC2x7+YJdtqfC8+BkUECZ6l7+w1xAk5BJoIJo3XbsGDopUcCpYOOcm2gWEzogPdY2KEnIdCedbjbGR8bp4iBS5kjAU/f3REpCrUehbzpDAn09W5uY/9XaCQTnnZTLOAEm6c9DQSKwCWESE+5yxSiIkQFCFTd/xbRPFKFgwsyZEJzZlefhrlJ2TsvVm2qhdp7FsYYO0CEqIgedoRq6RnXUQBQ9oCf0gl6tR+vZerPef1oXrGxmH/2R9fkNkoaesg==</latexit>

lim
xn!�1

F (x1, x2, . . . , xn) = 0



Náhodný vektor

• sdružená distribuční funkce 

• sdružená pravděpodobnostní funkce  (pro vektor diskrétních náh. veličin)

<latexit sha1_base64="O1IxRe5GlSHn9IJbqrliECP2p/k="></latexit>

F (x1, x2, . . . , xn) = P (X1  x1, X2  x2, . . . , Xn  xn)

<latexit sha1_base64="oTy99n9d774FixNRMdfqaybTO38="></latexit>

pi1,i2,...,in = P (X1 = ai1 , X2 = ai2 , . . . , Xn = ain)

<latexit sha1_base64="swIL030NUsOAteq/8TKuxvrWfCg=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GwCGE3BE0jBGwsI5oHZJfl7mQ2GTL7YGZWCEtaG3/FxkIRW//Azr9xNkmhiQcGDufcw9x7/IQzqSzr2yisrW9sbhW3Szu7e/sH5uFRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fJ373QcqJIujezVJqBvCMGIBI6C05JnYCUGNCHB8d+Vk4NkV8GoVZxArqVnoTD2zbFWtGfAqsRekjBZoeeaXTpM0pJEiHKTs21ai3AyEYoTTaclJJU2AjGFI+5pGEFLpZrNLpvhMKwMcxEK/SOGZ+juRQSjlJPT1ZL63XPZy8T+vn6qg4WYsSlJFIzL/KEg5VjHOa8EDJihRfKIJEMH0rpiMQABRurySLsFePnmVdGpV+6Jav62Xm41FHUV0gk7RObLRJWqiG9RCbUTQI3pGr+jNeDJejHfjYz5aMBaZY/QHxucP4WKZKg==</latexit>

S = {a1, a2, . . . , am}
<latexit sha1_base64="+0yGJQMnCgPoPI5wf+jEwkCxHYo="></latexit> X

(ai1 ,ai2 ,...,ain )2Sn

pi1,i2,...,in = 1

Příklad:
<latexit sha1_base64="UQtHzfinbtqwuYaDPYXIVo1Jt0w="></latexit>

~Z = (X,Y ), X 2 {a1, a2, a3}, Y 2 {b1, b2}

a1 a2 a3

b1 p11 p12 p13

b2 p21 p22 p23

Y X 
<latexit sha1_base64="uBxuuKgFppw+UPDfSVHqE0M9HfE=">AAACFHicbVDLSgMxFM3UV62vUZdugkUQhDKZFu1GKLhxWcE+oB2GTJq2oZkHSUYow3yEG3/FjQtF3Lpw59+YzsxCWy+EczjnXm7u8SLOpLKsb6O0tr6xuVXeruzs7u0fmIdHXRnGgtAOCXko+h6WlLOAdhRTnPYjQbHvcdrzZjcLv/dAhWRhcK/mEXV8PAnYmBGstOSaF5GbIJRmYOdQz8DORTsX7Xp6jVyzatWsrOAqQQWpgqLarvk1HIUk9mmgCMdSDpAVKSfBQjHCaVoZxpJGmMzwhA40DbBPpZNkR6XwTCsjOA6FfoGCmfp7IsG+lHPf050+VlO57C3E/7xBrMZNJ2FBFCsakHzROOZQhXCREBwxQYnic00wEUz/FZIpFpgonWNFh4CWT14lXbuGLmuNu0a11SziKIMTcArOAQJXoAVuQRt0AAGP4Bm8gjfjyXgx3o2PvLVkFDPH4E8Znz+SV5yc</latexit>

p11 + p12 + p13 + p21 + p22 + p23 = 1

Uvažujme zobrazení                                              – náhodný vektor

Sdružené pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)



Náhodný vektor

• sdružená distribuční funkce 

• sdružená pravděpodobnostní funkce 

• sdružená hustota

<latexit sha1_base64="O1IxRe5GlSHn9IJbqrliECP2p/k="></latexit>

F (x1, x2, . . . , xn) = P (X1  x1, X2  x2, . . . , Xn  xn)

<latexit sha1_base64="I0Y4bVH1IVQDQQRKviP8hoK0+Uo="></latexit>

=
@nF (x1, x2, . . . , xn)

@x1@x2 . . . @xn

<latexit sha1_base64="ztl2iT+8mZJiDpZByCbDezHDJw4=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIFUpJStEuC25cVrAPaGuYTCft0MkkzNxIS+zCX3HjQhG3/oY7/8Zpm4W2Hhg4nHMP987xIs4U2Pa3kVlb39jcym7ndnb39g/Mw6OmCmNJaIOEPJRtDyvKmaANYMBpO5IUBx6nLW90PfNbD1QqFoo7mES0F+CBYD4jGLTkmif+vSiMXac4dsvFbj8EpZm4cM28XbLnsFaJk5I8SlF3zS8dJnFABRCOleo4dgS9BEtghNNprhsrGmEywgPa0VTggKpeMr9/ap1rpW/5odRPgDVXfycSHCg1CTw9GWAYqmVvJv7ndWLwq72EiSgGKshikR9zC0JrVobVZ5IS4BNNMJFM32qRIZaYgK4sp0twlr+8SprlknNZqtxW8rVqWkcWnaIzVEAOukI1dIPqqIEIekTP6BW9GU/Gi/FufCxGM0aaOUZ/YHz+AEpBlPk=</latexit>

fn(x1, x2, . . . , xn)

<latexit sha1_base64="dyfq0s+pSliFO75G/iVMQOnYsd8="></latexit>Z +1

�1
· · ·

Z +1

�1
fn(x1, x2, . . . , xn)dx1dx2 . . . dxn = 1

<latexit sha1_base64="uaMGT7+wrCNZEZRzlYJDintqNDA=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtxJ0GAVsLGMki/IxbC3mSRL9vaO3TkhhBQ2/hUbC0Vs/RF2/hs3H4UmPhh4vDfDzLwglsKg6347qbX1jc2t9HZmZ3dv/yB7eFQ3UaI51HgkI90MmAEpFNRQoIRmrIGFgYRGMLye+o0H0EZEqoqjGNoh6yvRE5yhlTrZnF8dADLqmyQwgNQPGQ6CgN7dq6tONu8W3BnoKvEWJE8WqHSyX3434kkICrlkxrQ8N8b2mGkUXMIk4ycGYsaHrA8tSxULwbTHsycm9NQqXdqLtC2FdKb+nhiz0JhRGNjO6Y1m2ZuK/3mtBHul9lioOEFQfL6ol0iKEZ0mQrtCA0c5soRxLeytlA+YZhxtbhkbgrf88iqpnxe8i0LxtpgvlxZxpEmOnJAz4pFLUiY3pEJqhJNH8kxeyZvz5Lw4787HvDXlLGaOyR84nz++hJd+</latexit>

⇥ ⇢ Rn :
<latexit sha1_base64="9zhjSagTMvAECKy8Jlr4CCjRFUA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V+gVtKJvtpF272YTdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZXa/eYYDR2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8trp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOavkyFXyIyYWkKZ4vZWwsZUUWZsQCUbgrf68jppX1W9m+r1w3WlXsvjKMIZnMMleHALdbiHBrSAwSM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/cuOPBw==</latexit>

⇥

<latexit sha1_base64="pwZfmzgvc/Ql/hkXiU+7sXym0HI="></latexit>

P ( ~X 2 ⇥) =

Z
· · ·

Z
fn(x1, x2, . . . , xn)dx1dx2 . . . dxn

<latexit sha1_base64="Jf62Q+LhFNWRqyxLMVwp7SBQ764="></latexit>

pi1,i2,...,in = P (X1 = ai1 , X2 = ai2 , . . . , Xn = ain)

Uvažujme zobrazení                                              – náhodný vektor

Sdružené pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)



Náhodný vektor

• marginální distribuční funkce
<latexit sha1_base64="0QK9sM4z+oYoxa0Hy+moiuG0YKI="></latexit>

FXi(x) = F (1, . . . ,1, x,1, . . . ,1) = P (X1 < 1, . . . , Xi  x, . . . ,Xn < 1)

Příklad:
<latexit sha1_base64="wilol5TPuNv9vUOsOoptjz8+ONE=">AAAB83icbVDJSgNBEO2JWxK3qBfBS2MQIkiY8RBzEYJePEYwi2aG0NOpSZr0LHT3BOIQ8Cu8eFDEqxc/xZvgx9hZDpr4oODxXhVV9dyIM6lM88tILS2vrK6lM9n1jc2t7dzObl2GsaBQoyEPRdMlEjgLoKaY4tCMBBDf5dBw+5djvzEAIVkY3KhhBI5PugHzGCVKS7Y9AIrvzgvNk9vjdi5vFs0J8CKxZiRf2b//zjx8XFTbuU+7E9LYh0BRTqRsWWaknIQIxSiHUdaOJUSE9kkXWpoGxAfpJJObR/hIKx3shUJXoPBE/T2REF/Koe/qTp+onpz3xuJ/XitWXtlJWBDFCgI6XeTFHKsQjwPAHSaAKj7UhFDB9K2Y9oggVOmYsjoEa/7lRVI/LVqlYulap1FGU6TRATpEBWShM1RBV6iKaoiiCD2iZ/RixMaT8Wq8TVtTxmxmD/2B8f4DavWTmQ==</latexit>

~Z = (X,Y )
<latexit sha1_base64="5jlgxxQoq3qSwugZZjGYJ1c55qg="></latexit>

F (x, y) = 1� e�x � e�y + e�x�y, x, y � 0
<latexit sha1_base64="XLWl+3F67YzzEKwktGsn+99/Qhg="></latexit>

FX(x) = F (x,1) = 1� e�x, x � 0
<latexit sha1_base64="fH6VCFDjb+pYzkti3ssI8+JtE44="></latexit>

FY (y) = F (1, y) = 1� e�y, y � 0

Rozdělení jednotlivých složek náhodného vektoru

Uvažujme zobrazení                                              – náhodný vektor

Marginální pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)



Náhodný vektor

• marginální distribuční funkce 

• marginální hustota

<latexit sha1_base64="0QK9sM4z+oYoxa0Hy+moiuG0YKI="></latexit>

FXi(x) = F (1, . . . ,1, x,1, . . . ,1) = P (X1 < 1, . . . , Xi  x, . . . ,Xn < 1)

<latexit sha1_base64="PvWcpOlh0SnVwmbBPo63RXfb2aY="></latexit>

fXi
x =

Z

R
· · ·

Z

R
fn
x1,...,xi�1,xi+1,...,xn

dx1 . . . dxi�1dxi+1 . . . dxn

Příklad:
<latexit sha1_base64="wilol5TPuNv9vUOsOoptjz8+ONE=">AAAB83icbVDJSgNBEO2JWxK3qBfBS2MQIkiY8RBzEYJePEYwi2aG0NOpSZr0LHT3BOIQ8Cu8eFDEqxc/xZvgx9hZDpr4oODxXhVV9dyIM6lM88tILS2vrK6lM9n1jc2t7dzObl2GsaBQoyEPRdMlEjgLoKaY4tCMBBDf5dBw+5djvzEAIVkY3KhhBI5PugHzGCVKS7Y9AIrvzgvNk9vjdi5vFs0J8CKxZiRf2b//zjx8XFTbuU+7E9LYh0BRTqRsWWaknIQIxSiHUdaOJUSE9kkXWpoGxAfpJJObR/hIKx3shUJXoPBE/T2REF/Koe/qTp+onpz3xuJ/XitWXtlJWBDFCgI6XeTFHKsQjwPAHSaAKj7UhFDB9K2Y9oggVOmYsjoEa/7lRVI/LVqlYulap1FGU6TRATpEBWShM1RBV6iKaoiiCD2iZ/RixMaT8Wq8TVtTxmxmD/2B8f4DavWTmQ==</latexit>

~Z = (X,Y )
<latexit sha1_base64="5jlgxxQoq3qSwugZZjGYJ1c55qg="></latexit>

F (x, y) = 1� e�x � e�y + e�x�y, x, y � 0
<latexit sha1_base64="jR+xRvU8QXwnUSAI+OrQcGUQlj8="></latexit>

f(x, y) =
@2F (x, y)

@x@y
= e�x�y, x, y � 0

<latexit sha1_base64="Ji9HNdV28z2gJcW1m211BQKTXLw="></latexit>

fX(x) =

Z 1

0
e�x�ydy = e�x[�e�y]10 = e�x, x � 0

<latexit sha1_base64="JyoOhnVUnbvpV+W9wfjPEMabB0U="></latexit>

fY (y) =

Z 1

0
e�x�ydx = · · · = e�y, y � 0

Uvažujme zobrazení                                              – náhodný vektor

Marginální pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

Rozdělení jednotlivých složek náhodného vektoru



Náhodný vektor

• marginální distribuční funkce 

• marginální hustota 

• marginální pravděpodobnostní funkce

<latexit sha1_base64="0QK9sM4z+oYoxa0Hy+moiuG0YKI="></latexit>

FXi(x) = F (1, . . . ,1, x,1, . . . ,1) = P (X1 < 1, . . . , Xi  x, . . . ,Xn < 1)

(součty jsou přes všechny složky kromě i-té, která je ve všech sčítancích rovna k)

<latexit sha1_base64="DvOc9QgsCzbowQMcs2tPwKMcAUg="></latexit>

pXi
k =

X

j1

· · ·
X

ji�1

X

ji+1

· · ·
X

jn

pj1,...,ji�1,k,ji+1,...,jn

<latexit sha1_base64="PvWcpOlh0SnVwmbBPo63RXfb2aY="></latexit>

fXi
x =

Z

R
· · ·

Z

R
fn
x1,...,xi�1,xi+1,...,xn

dx1 . . . dxi�1dxi+1 . . . dxn

Uvažujme zobrazení                                              – náhodný vektor

Marginální pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

Rozdělení jednotlivých složek náhodného vektoru



Náhodný vektor

• podmíněná distribuční funkce

Uvažujme zobrazení                                              – náhodný vektor

Podmíněné pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

Rozdělení, kdy jedna nebo více složek (r < n) náhodného vektoru je konstantní.

<latexit sha1_base64="NMZnfeX8Of2pBkwqUZGe+Mr2ijg="></latexit>

F (x1, . . . , xr|xr+1, . . . , xn) = lim
4!0

P (X1  x1, . . . , Xr  xr|xr+1 < Xr+1 
<latexit sha1_base64="MKNVU3F1a208qMNgb9dRxR/LmEs=">AAACHHicbVDLSgMxFM3UV62vqks3wSIoSplRqV24KLhxWcFqoS1DJr2toZnMmNyRlqEf4sZfceNCETcuBP/GtBZ8Hggczjk3yT1BLIVB1313MlPTM7Nz2fncwuLS8kp+de3CRInmUOORjHQ9YAakUFBDgRLqsQYWBhIug97JyL+8AW1EpM5xEEMrZF0lOoIztJKfP+j7qd71hrtN1IKproS9ZjtCs0f7vjqu+6op4XrEvwI7fr7gFt0x6F/iTUiBTFD186/2Tp6EoJBLZkzDc2NspUyj4BKGuWZiIGa8x7rQsFSxEEwrHS83pFtWadNOpO1RSMfq94mUhcYMwsAmQ4ZX5rc3Ev/zGgl2yq1UqDhBUPzzoU4iKUZ01BRtCw0c5cASxrWwf6X8imnG0faZsyV4v1f+Sy72i16pWDo7LFTKkzqyZINskm3ikSNSIaekSmqEk1tyTx7Jk3PnPDjPzstnNONMZtbJDzhvHx/ooWE=</latexit>

xr+1 +4, . . . , xn < Xn  xn +4)

<latexit sha1_base64="nfFztyYAuWpTypZCZwEFixc7aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0Woi5ZEpHZTqLhxWcE+oIllMp20QycPZiZiCPkeN/6Kmy6U4tYPcdoGtK0HLpw5517m3uOEjAppGFMtt7G5tb2T3y3s7R8cHunHJ20RRByTFg5YwLsOEoRRn7QklYx0Q06Q5zDSccZ3M7/zTLiggf8o45DYHhr61KUYSSX19du65XKEk8TiHiTpU1KO05JZ/n2+pJfpkpvWl+2+XjQqxhxwnZgZKYIMzb4+sQYBjjziS8yQED3TCKWdIC4pZiQtWJEgIcJjNCQ9RX3kEWEn81NTeKGUAXQDrsqXcK7+nUiQJ0TsOarTQ3IkVr2Z+J/Xi6RbsxPqh5EkPl585EYMygDOcoMDygmWLFYEYU7VrhCPkIpOqnQLKgRz9eR10r6qmNVK9eG62KhlceTBGTgHJWCCG9AA96AJWgCDV/AOPsCn9qZNtKn2tWjNadnMKViC9v0DvLencw==</latexit>

=
e�y(1� e�x)

e�y
= 1� e�x

Příklad:
<latexit sha1_base64="wilol5TPuNv9vUOsOoptjz8+ONE=">AAAB83icbVDJSgNBEO2JWxK3qBfBS2MQIkiY8RBzEYJePEYwi2aG0NOpSZr0LHT3BOIQ8Cu8eFDEqxc/xZvgx9hZDpr4oODxXhVV9dyIM6lM88tILS2vrK6lM9n1jc2t7dzObl2GsaBQoyEPRdMlEjgLoKaY4tCMBBDf5dBw+5djvzEAIVkY3KhhBI5PugHzGCVKS7Y9AIrvzgvNk9vjdi5vFs0J8CKxZiRf2b//zjx8XFTbuU+7E9LYh0BRTqRsWWaknIQIxSiHUdaOJUSE9kkXWpoGxAfpJJObR/hIKx3shUJXoPBE/T2REF/Koe/qTp+onpz3xuJ/XitWXtlJWBDFCgI6XeTFHKsQjwPAHSaAKj7UhFDB9K2Y9oggVOmYsjoEa/7lRVI/LVqlYulap1FGU6TRATpEBWShM1RBV6iKaoiiCD2iZ/RixMaT8Wq8TVtTxmxmD/2B8f4DavWTmQ==</latexit>

~Z = (X,Y )
<latexit sha1_base64="5jlgxxQoq3qSwugZZjGYJ1c55qg="></latexit>

F (x, y) = 1� e�x � e�y + e�x�y, x, y � 0
<latexit sha1_base64="S9ADLEQupjLy3NfR/M/+gY9ECTU="></latexit>

F (x|y) =
R x
0 f(t, y)dt

fY (y)
=

R x
0 f(t, y)dt

R1
0 f(t, y)dt



Náhodný vektor
Uvažujme zobrazení                                              – náhodný vektor

Podmíněné pravděpodobnostní charakteristiky náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

• podmíněná distribuční funkce

Rozdělení, kdy jedna nebo více složek (r < n) náhodného vektoru je konstantní.

<latexit sha1_base64="NMZnfeX8Of2pBkwqUZGe+Mr2ijg="></latexit>

F (x1, . . . , xr|xr+1, . . . , xn) = lim
4!0

P (X1  x1, . . . , Xr  xr|xr+1 < Xr+1 
<latexit sha1_base64="MKNVU3F1a208qMNgb9dRxR/LmEs=">AAACHHicbVDLSgMxFM3UV62vqks3wSIoSplRqV24KLhxWcFqoS1DJr2toZnMmNyRlqEf4sZfceNCETcuBP/GtBZ8Hggczjk3yT1BLIVB1313MlPTM7Nz2fncwuLS8kp+de3CRInmUOORjHQ9YAakUFBDgRLqsQYWBhIug97JyL+8AW1EpM5xEEMrZF0lOoIztJKfP+j7qd71hrtN1IKproS9ZjtCs0f7vjqu+6op4XrEvwI7fr7gFt0x6F/iTUiBTFD186/2Tp6EoJBLZkzDc2NspUyj4BKGuWZiIGa8x7rQsFSxEEwrHS83pFtWadNOpO1RSMfq94mUhcYMwsAmQ4ZX5rc3Ev/zGgl2yq1UqDhBUPzzoU4iKUZ01BRtCw0c5cASxrWwf6X8imnG0faZsyV4v1f+Sy72i16pWDo7LFTKkzqyZINskm3ikSNSIaekSmqEk1tyTx7Jk3PnPDjPzstnNONMZtbJDzhvHx/ooWE=</latexit>

xr+1 +4, . . . , xn < Xn  xn +4)

• podmíněná hustota
<latexit sha1_base64="AWCTFUFYd589gbo8hNKhFmJ1tO4="></latexit>

f(x1, . . . , xr|xr+1, . . . , xn) =
f(x1, . . . , xn)

fr+1,...,n(xr+1, . . . , xn)

Příklad:
<latexit sha1_base64="wilol5TPuNv9vUOsOoptjz8+ONE=">AAAB83icbVDJSgNBEO2JWxK3qBfBS2MQIkiY8RBzEYJePEYwi2aG0NOpSZr0LHT3BOIQ8Cu8eFDEqxc/xZvgx9hZDpr4oODxXhVV9dyIM6lM88tILS2vrK6lM9n1jc2t7dzObl2GsaBQoyEPRdMlEjgLoKaY4tCMBBDf5dBw+5djvzEAIVkY3KhhBI5PugHzGCVKS7Y9AIrvzgvNk9vjdi5vFs0J8CKxZiRf2b//zjx8XFTbuU+7E9LYh0BRTqRsWWaknIQIxSiHUdaOJUSE9kkXWpoGxAfpJJObR/hIKx3shUJXoPBE/T2REF/Koe/qTp+onpz3xuJ/XitWXtlJWBDFCgI6XeTFHKsQjwPAHSaAKj7UhFDB9K2Y9oggVOmYsjoEa/7lRVI/LVqlYulap1FGU6TRATpEBWShM1RBV6iKaoiiCD2iZ/RixMaT8Wq8TVtTxmxmD/2B8f4DavWTmQ==</latexit>

~Z = (X,Y )
<latexit sha1_base64="5jlgxxQoq3qSwugZZjGYJ1c55qg="></latexit>

F (x, y) = 1� e�x � e�y + e�x�y, x, y � 0
<latexit sha1_base64="sm+PVmhh+lQ8shc7ZVoUkSwgxYY="></latexit>

f(x|y) = f(x, y)

fY (y)
=

f(x, y)R1
0 f(t, y)dt

<latexit sha1_base64="kU8jAN3kVx6/7IDJMZ47dZ5PrVA=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0Vw05KI1G4KBTcuK9gHNLFMppN26GQSZiZiCPkON/6KGxeKuBM3/o3TNovaemDg3HPu5c49XsSoVJb1YxTW1jc2t4rbpZ3dvf0D8/CoI8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vcj31uw9ESBryO5VExA3QiFOfYqS0NDDthuMLhNPUEQEk2X1aeawkWbZQ66qx4GYDs2xVrRngKrFzUgY5WgPzyxmGOA4IV5ghKfu2FSk3RUJRzEhWcmJJIoQnaET6mnIUEOmms9MyeKaVIfRDoR9XcKYuTqQokDIJPN0ZIDWWy95U/M/rx8qvuynlUawIx/NFfsygCuE0JzikgmDFEk0QFlT/FeIx0lEpnWZJh2Avn7xKOhdVu1at3V6Wm/U8jiI4AafgHNjgCjTBDWiBNsDgCbyAN/BuPBuvxofxOW8tGPnMMfgD4/sXaxChuA==</latexit>

=
e�x�y

e�y
= e�x



Náhodný vektor
Uvažujme zobrazení                                              – náhodný vektor

Nezávislost složek náhodného vektoru:

<latexit sha1_base64="bgTRUVmXirC6oJPi+O856OLmS8U=">AAACFnicbVC7SgNBFJ31GeMramkzGAQLDbsSNFgFbOyMYh6QXcPs5G4yZPbBzGwkLPkKG3/FxkIRW7Hzb5xNttDEAwNnzrmXe+9xI86kMs1vY2FxaXllNbeWX9/Y3Nou7Ow2ZBgLCnUa8lC0XCKBswDqiikOrUgA8V0OTXdwmfrNIQjJwuBOjSJwfNILmMcoUVrqFE7sIVDcusD2MbavfegRbGNbsF5fESHCh/TnE9V3XXx7r+uLZsmcAM8TKyNFlKHWKXzZ3ZDGPgSKciJl2zIj5SREKEY5jPN2LCEidEB60NY0ID5IJ5mcNcaHWuliLxT6BQpP1N8dCfGlHPmurkxXlLNeKv7ntWPlVZyEBVGsIKDTQV7MsQpxmhHuMgFU8ZEmhAqmd8W0TwShSieZ1yFYsyfPk8ZpyTorlW/KxWoliyOH9tEBOkIWOkdVdIVqqI4oekTP6BW9GU/Gi/FufExLF4ysZw/9gfH5A2mTnao=</latexit>

~X : ⌦ ! Rn

<latexit sha1_base64="VkiWjHXVgo5AZBiLEYLMYpFxpkA="></latexit>

~X =
�
X1(!), X2(!), . . . , Xn(!)

�
= (X1, X2, . . . , Xn)

Složky náhodného vektoru jsou stochasticky nezávislé právě když platí
<latexit sha1_base64="sAP6QYLj5L6CA8DfZr4yNm0QdhM=">AAACFnicbVBLSwMxGMz6rPW16tFLsAgt1LIrUnspFITisYJ9QLtdsmnahmazS5KVlqW/wot/xYsHRbyKN/+NabsHbR0IDDPzJfnGCxmVyrK+jbX1jc2t7dROendv/+DQPDpuyCASmNRxwALR8pAkjHJSV1Qx0goFQb7HSNMb3cz85gMRkgb8Xk1C4vhowGmfYqS05JoX1ezYtfOdXqBkfuzyHCzDTiiCnhvTsj3tcljtxi2XTnWM5lwzYxWsOeAqsROSAQlqrvmlb8aRT7jCDEnZtq1QOTESimJGpulOJEmI8AgNSFtTjnwinXi+1hSea6UH+4HQhys4V39PxMiXcuJ7OukjNZTL3kz8z2tHql9yYsrDSBGOFw/1IwZVAGcdwR4VBCs20QRhQfVfIR4igbDSTaZ1CfbyyqukcVmwi4Xi3VWmUkrqSIFTcAaywAbXoAJuQQ3UAQaP4Bm8gjfjyXgx3o2PRXTNSGZOwB8Ynz98hJ21</latexit>

F (x1, . . . , xn) =
nY

i=1

FXi(xi)

<latexit sha1_base64="/cNYwyg9otCeAFaQ3ZrRmOdVNoY=">AAACFnicbVBLSwMxGMz6rPW16tFLsAgt1LIrUnspFLx4rGAf0G6XbJptQ7PZJclKy9Jf4cW/4sWDIl7Fm//GtN2Dtg4Ehpn5knzjRYxKZVnfxtr6xubWdmYnu7u3f3BoHh03ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmZ+64EISUN+ryYRcQI04NSnGCktueaFnx+7drHbD5Usjl1egFXYjUTYdxNatac9Dv1e0nbpVMdowTVzVsmaA64SOyU5kKLuml/6ZhwHhCvMkJQd24qUkyChKGZkmu3GkkQIj9CAdDTlKCDSSeZrTeG5VvrQD4U+XMG5+nsiQYGUk8DTyQCpoVz2ZuJ/XidWfsVJKI9iRThePOTHDKoQzjqCfSoIVmyiCcKC6r9CPEQCYaWbzOoS7OWVV0nzsmSXS+W7q1ytktaRAafgDOSBDa5BDdyCOmgADB7BM3gFb8aT8WK8Gx+L6JqRzpyAPzA+fwDkZJ31</latexit>

f(x1, . . . , xn) =
nY

i=1

fXi(xi)

<latexit sha1_base64="fbrOUqGD85sRPuLWRo+W2nZXvEI=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoUMqMSO2mUHDjsoJ9QDsOmTRt02YyIckIZegvuPFX3LhQxK07d/6NaTsLbT1w4XDOvcm9JxCMKu0431ZmbX1jcyu7ndvZ3ds/sA+PmiqKJSYNHLFItgOkCKOcNDTVjLSFJCgMGGkF4+uZ33ogUtGI3+mJIF6IBpz2KUbaSL5dEH5CfbfY7UVaFanPp7AKu0JGPT8ZVd3pPYeiQP3RuW/nnZIzB1wlbkryIEXdt7/MmzgOCdeYIaU6riO0lyCpKWZkmuvGigiEx2hAOoZyFBLlJfOLpvDMKD3Yj6QpruFc/T2RoFCpSRiYzhDpoVr2ZuJ/XifW/YqXUC5iTThefNSPGdQRnMUDe1QSrNnEEIQlNbtCPEQSYW1CzJkQ3OWTV0nzouSWS+Xby3ytksaRBSfgFBSAC65ADdyAOmgADB7BM3gFb9aT9WK9Wx+L1oyVzhyDP7A+fwChtJw8</latexit>

pi1,...,in =
nY

j=1

p(ij)

•   

•   

•   

Příklad:
<latexit sha1_base64="wilol5TPuNv9vUOsOoptjz8+ONE=">AAAB83icbVDJSgNBEO2JWxK3qBfBS2MQIkiY8RBzEYJePEYwi2aG0NOpSZr0LHT3BOIQ8Cu8eFDEqxc/xZvgx9hZDpr4oODxXhVV9dyIM6lM88tILS2vrK6lM9n1jc2t7dzObl2GsaBQoyEPRdMlEjgLoKaY4tCMBBDf5dBw+5djvzEAIVkY3KhhBI5PugHzGCVKS7Y9AIrvzgvNk9vjdi5vFs0J8CKxZiRf2b//zjx8XFTbuU+7E9LYh0BRTqRsWWaknIQIxSiHUdaOJUSE9kkXWpoGxAfpJJObR/hIKx3shUJXoPBE/T2REF/Koe/qTp+onpz3xuJ/XitWXtlJWBDFCgI6XeTFHKsQjwPAHSaAKj7UhFDB9K2Y9oggVOmYsjoEa/7lRVI/LVqlYulap1FGU6TRATpEBWShM1RBV6iKaoiiCD2iZ/RixMaT8Wq8TVtTxmxmD/2B8f4DavWTmQ==</latexit>

~Z = (X,Y )
<latexit sha1_base64="5jlgxxQoq3qSwugZZjGYJ1c55qg="></latexit>

F (x, y) = 1� e�x � e�y + e�x�y, x, y � 0
<latexit sha1_base64="iGlkhhxCzj+WluJqQz3igFHyt+s=">AAACHHicbVDLSgMxFM3UV62vUZdugkWo0JYZldqNUBCKywr2IZ1pyaRpG5p5kGSkwzAf4sZfceNCETcuBP/G9LHQ1nO5cDjnXpJ7nIBRIQ3jW0utrK6tb6Q3M1vbO7t7+v5BQ/ghx6SOfebzloMEYdQjdUklI62AE+Q6jDSd0fXEbz4QLqjv3ckoILaLBh7tU4ykkrr6ebXTyo1Pr8wCjC3uQpJ04sI4yUNLVbVzn4sWvCjJd/WsUTSmgMvEnJMsmKPW1T+tno9Dl3gSMyRE2zQCaceIS4oZSTJWKEiA8AgNSFtRD7lE2PH0uASeKKUH+z5X7Uk4VX9vxMgVInIdNekiORSL3kT8z2uHsl+2Y+oFoSQenj3UDxmUPpwkBXuUEyxZpAjCnKq/QjxEHGGp8syoEMzFk5dJ46xoloql24tspTyPIw2OwDHIARNcggq4ATVQBxg8gmfwCt60J+1Fe9c+ZqMpbb5zCP5A+/oBc5uegw==</latexit>

FX(x) = 1� e�x, FY (y) = 1� e�y,

<latexit sha1_base64="1W3QhPYmKvA3FkuRGjlJZ+4h+nY=">AAACMHicbZDLSgMxFIYz9VbrbdSlm2ARKtQyI1K7EQoudFnBXqTTlkyaaUMzF5KMdBj6SG58FN0oKOLWpzBtR+jFEwI//3cOyfntgFEhDeNdS62srq1vpDczW9s7u3v6/kFN+CHHpIp95vOGjQRh1CNVSSUjjYAT5NqM1O3B9ZjXHwkX1PfuZRSQlot6HnUoRlJZHf3GaTdyw9Or2OIuJKN2fDYc5aGljtN+yEWzIPoDuWF+DgwV6uhZo2BMCi4LMxFZkFSlo79YXR+HLvEkZkiIpmkEshUjLilmZJSxQkEChAeoR5pKesglohVPFh7BE+V0oeNzdT0JJ+7sRIxcISLXVp0ukn2xyMbmf6wZSqfUiqkXhJJ4ePqQEzIofThOD3YpJ1iySAmEOVV/hbiPOMJSZZxRIZiLKy+L2nnBLBaKdxfZcimJIw2OwDHIARNcgjK4BRVQBRg8gVfwAT61Z+1N+9K+p60pLZk5BHOl/fwC2wOnEQ==</latexit>

fX(x) = e�x, fY (y) = e�y, f(x, y) = e�x�y

<latexit sha1_base64="DOKz2jwQKD3fGm71Iy/QlXAcKu8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHahSURqd0UCm5cVrAP6IvJdNIOnUnCzEQaYhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57nIBRqSzr21hb39jc2s7sZHf39g8OzaPjpvRDgUkD+8wXbQdJwqhHGooqRtqBIIg7jLScyfXMb90TIanv3akoID2ORh51KUZKSwMz5xamD1GxCt1+uzAtVuOu4JAk/fh8mgzMvFWy5oCrxE5JHqSoD8yv7tDHISeewgxJ2bGtQPViJBTFjCTZbihJgPAEjUhHUw9xInvx/IkEnmllCF1f6PIUnKu/J2LEpYy4ozs5UmO57M3E/7xOqNxKL6ZeECri4cUiN2RQ+XCWCBxSQbBikSYIC6pvhXiMBMJK55bVIdjLL6+S5kXJLpfKt5f5WiWNIwNy4BQUgA2uQA3cgDpoAAwewTN4BW/Gk/FivBsfi9Y1I505AX9gfP4AB0CXEA==</latexit>

f(x|y) = fX(x) = e�x
<latexit sha1_base64="/u1mGItpVQmXZrDpElY7m36NGAQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFasCURqd0UCkJxWcE+oE3LZDpph04ezEykIWbnxl9x40IRt/6CO//G6WOhrQcuHM65l3vvsQNGhTSMb21ldW19YzO1ld7e2d3b1w8OG8IPOSZ17DOft2wkCKMeqUsqGWkFnCDXZqRpj64nfvOecEF9705GAbFcNPCoQzGSSurpJ9Xs+CHKlWG128qOc2UzH3e4C0nSjfPj5LynZ4yCMQVcJuacZMActZ7+1en7OHSJJzFDQrRNI5BWjLikmJEk3QkFCRAeoQFpK+ohlwgrnv6RwDOl9KHjc1WehFP190SMXCEi11adLpJDsehNxP+8diidkhVTLwgl8fBskRMyKH04CQX2KSdYskgRhDlVt0I8RBxhqaJLqxDMxZeXSeOiYBYLxdvLTKU0jyMFjsEpyAITXIEKuAE1UAcYPIJn8AretCftRXvXPmatK9p85gj8gfb5A/hml3g=</latexit>

F (x|y) = FX(x) = 1� e�x,



Charakteristiky náhodného vektoru
• střední hodnota

<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�

<latexit sha1_base64="4DjvxeUQDSDUsJ+RmgooKRGD4do="></latexit>

=

Z +1

�1
x1

Z +1

�1
· · ·

Z +1

�1
fn(x1, x2, . . . , xn)dx1dx2 . . . dxn

<latexit sha1_base64="fJDKNmHvehLT8MbrhhguqZJrA2w="></latexit>

=

Z +1

�1
x1

✓Z +1

�1
· · ·

Z +1

�1
fn(x1, x2, . . . , xn)dx2 . . . dxn

◆
dx1

<latexit sha1_base64="fQgLU5Ctd5+rxFEWjVWJzFWuRNI=">AAACFnicbZBNS8NAEIY39bt+RT16WSxCRVoSKepFELx4VLAqtGnYbDft0s0m7E7EEPorvPhXvHhQxKt489+4rTlo68DuPLwzw+68QSK4Bsf5skozs3PzC4tL5eWV1bV1e2PzWsepoqxJYxGr24BoJrhkTeAg2G2iGIkCwW6CwdmofnPHlOaxvIIsYV5EepKHnBIwkm/XTtpcgp/XTAohG3by/YLufReHnVzW3GHV8B42l29XnLozDjwNbgEVVMSFb3+2uzFNIyaBCqJ1y3US8HKigFPBhuV2qllC6ID0WMugJBHTXj5ea4h3jdLFYazMkYDH6u+JnERaZ1FgOiMCfT1ZG4n/1VophMdezmWSApP056EwFRhiPPIId7liFERmgFDFzV8x7RNFKBgny8YEd3Llabg+qLuH9cZlo3J6XNixiLbRDqoiFx2hU3SOLlATUfSAntALerUerWfrzXr/aS1ZxcwW+hPWxzf9qZ6S</latexit>

=

Z +1

�1
x1f

n�1(x1)x1

⎫⎟⎟⎟⎟⎟⎟⎬⎟⎟⎟⎟⎟⎟⎭

marginální hustota

<latexit sha1_base64="qi+s23Q2meJ1MR4984RtJw7wXpY="></latexit>

E(X1) =

Z +1

�1
· · ·

Z +1

�1
x1f(x1, x2, . . . , xn)dx1dx2 . . . dxn



• kovarianční matice
<latexit sha1_base64="jpZEdH2Dr1vXkxhI6WAMI5ol4Zc=">AAAB+3icbVBNS8NAEJ34WetXrEcvwSK0B0tSivYiFETwWMG2gTaWzXbTLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzPNjRqWy7W9jbX1jc2s7t5Pf3ds/ODSPCm0ZJQKTFo5YJFwfScIoJy1FFSNuLAgKfUY6/vh65nceiZA04vdqEhMvRENOA4qR0lLfLLSRKLnlq5uSe66rXH6o9s2iXbHnsFaJk5EiZGj2za/eIMJJSLjCDEnZdexYeSkSimJGpvleIkmM8BgNSVdTjkIivXR++9Q608rACiKhiytrrv6eSFEo5ST0dWeI1EguezPxP6+bqKDupZTHiSIcLxYFCbNUZM2CsAZUEKzYRBOEBdW3WniEBMJKx5XXITjLL6+SdrXiXFRqd7Vio57FkYMTOIUSOHAJDbiFJrQAwxM8wyu8GVPjxXg3Phata0Y2cwx/YHz+AFZukgY=</latexit>

V ar(X) = E(X � E(X))2

<latexit sha1_base64="4HwfT8wDMmVQqMW4LCouwpNXklk=">AAACI3icbZDLSsNAFIYn9VbrLerSzWAR2oUlkaJFEAoquKzQGzSxTKaTdujkwsykUELfxY2v4saFUty48F2ctBG07Q8DH/85hzPnd0JGhTSMLy2ztr6xuZXdzu3s7u0f6IdHTRFEHJMGDljA2w4ShFGfNCSVjLRDTpDnMNJyhrdJvTUiXNDAr8txSGwP9X3qUoyksrr6teUhOXBceFewRgTDdvHmPqXzXygWn+orzK6eN0rGTHAZzBTyIFWtq0+tXoAjj/gSMyRExzRCaceIS4oZmeSsSJAQ4SHqk45CH3lE2PHsxgk8U04PugFXz5dw5v6diJEnxNhzVGdykVisJeaqWieSbsWOqR9Gkvh4vsiNGJQBTAKDPcoJlmysAGFO1V8hHiCOsFSx5lQI5uLJy9C8KJmXpfJjOV+tpHFkwQk4BQVggitQBQ+gBhoAg2fwCt7Bh/aivWlT7XPemtHSmWPwT9r3D3w+oGw=</latexit>

D( ~X) = E( ~X � E( ~X))TE( ~X � E( ~X))

<latexit sha1_base64="4kXe+UV+OQIpy0rOTU39gwSFhVk="></latexit>

= E

0

BB@

0

BB@

X1 � E(X1)
X2 � E(X2)

· · ·
Xn � E(Xn)

1

CCA · (X1 � E(X1), X2 � E(X2), · · · , Xn � E(Xn))

1

CCA

Charakteristiky náhodného vektoru
• střední hodnota

<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�



<latexit sha1_base64="iBN5k8MYfR+0EB/V8pI9hPRJQhU="></latexit>

= E

0

BBB@

(X1 � E(X1))(X1 � E(X1)) (X1 � E(X1))(X2 � E(X2)) · · · (X1 � E(X1))(Xn � E(Xn))
(X2 � E(X2))(X1 � E(X1)) (X2 � E(X2))(X2 � E(X2)) · · · (X2 � E(X2))(Xn � E(Xn))

...
...

. . .
...

(Xn � E(Xn))(X1 � E(X1)) (Xn � E(Xn))(X2 � E(X2)) · · · (Xn � E(Xn))(Xn � E(Xn))

1

CCCA

Charakteristiky náhodného vektoru

• kovarianční matice
<latexit sha1_base64="jpZEdH2Dr1vXkxhI6WAMI5ol4Zc=">AAAB+3icbVBNS8NAEJ34WetXrEcvwSK0B0tSivYiFETwWMG2gTaWzXbTLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzPNjRqWy7W9jbX1jc2s7t5Pf3ds/ODSPCm0ZJQKTFo5YJFwfScIoJy1FFSNuLAgKfUY6/vh65nceiZA04vdqEhMvRENOA4qR0lLfLLSRKLnlq5uSe66rXH6o9s2iXbHnsFaJk5EiZGj2za/eIMJJSLjCDEnZdexYeSkSimJGpvleIkmM8BgNSVdTjkIivXR++9Q608rACiKhiytrrv6eSFEo5ST0dWeI1EguezPxP6+bqKDupZTHiSIcLxYFCbNUZM2CsAZUEKzYRBOEBdW3WniEBMJKx5XXITjLL6+SdrXiXFRqd7Vio57FkYMTOIUSOHAJDbiFJrQAwxM8wyu8GVPjxXg3Phata0Y2cwx/YHz+AFZukgY=</latexit>

V ar(X) = E(X � E(X))2

<latexit sha1_base64="4HwfT8wDMmVQqMW4LCouwpNXklk=">AAACI3icbZDLSsNAFIYn9VbrLerSzWAR2oUlkaJFEAoquKzQGzSxTKaTdujkwsykUELfxY2v4saFUty48F2ctBG07Q8DH/85hzPnd0JGhTSMLy2ztr6xuZXdzu3s7u0f6IdHTRFEHJMGDljA2w4ShFGfNCSVjLRDTpDnMNJyhrdJvTUiXNDAr8txSGwP9X3qUoyksrr6teUhOXBceFewRgTDdvHmPqXzXygWn+orzK6eN0rGTHAZzBTyIFWtq0+tXoAjj/gSMyRExzRCaceIS4oZmeSsSJAQ4SHqk45CH3lE2PHsxgk8U04PugFXz5dw5v6diJEnxNhzVGdykVisJeaqWieSbsWOqR9Gkvh4vsiNGJQBTAKDPcoJlmysAGFO1V8hHiCOsFSx5lQI5uLJy9C8KJmXpfJjOV+tpHFkwQk4BQVggitQBQ+gBhoAg2fwCt7Bh/aivWlT7XPemtHSmWPwT9r3D3w+oGw=</latexit>

D( ~X) = E( ~X � E( ~X))TE( ~X � E( ~X))

• střední hodnota
<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�



<latexit sha1_base64="iBN5k8MYfR+0EB/V8pI9hPRJQhU="></latexit>

= E

0

BBB@

(X1 � E(X1))(X1 � E(X1)) (X1 � E(X1))(X2 � E(X2)) · · · (X1 � E(X1))(Xn � E(Xn))
(X2 � E(X2))(X1 � E(X1)) (X2 � E(X2))(X2 � E(X2)) · · · (X2 � E(X2))(Xn � E(Xn))

...
...

. . .
...

(Xn � E(Xn))(X1 � E(X1)) (Xn � E(Xn))(X2 � E(X2)) · · · (Xn � E(Xn))(Xn � E(Xn))

1

CCCA

Charakteristiky náhodného vektoru

<latexit sha1_base64="jpZEdH2Dr1vXkxhI6WAMI5ol4Zc=">AAAB+3icbVBNS8NAEJ34WetXrEcvwSK0B0tSivYiFETwWMG2gTaWzXbTLt1swu5GLKF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzPNjRqWy7W9jbX1jc2s7t5Pf3ds/ODSPCm0ZJQKTFo5YJFwfScIoJy1FFSNuLAgKfUY6/vh65nceiZA04vdqEhMvRENOA4qR0lLfLLSRKLnlq5uSe66rXH6o9s2iXbHnsFaJk5EiZGj2za/eIMJJSLjCDEnZdexYeSkSimJGpvleIkmM8BgNSVdTjkIivXR++9Q608rACiKhiytrrv6eSFEo5ST0dWeI1EguezPxP6+bqKDupZTHiSIcLxYFCbNUZM2CsAZUEKzYRBOEBdW3WniEBMJKx5XXITjLL6+SdrXiXFRqd7Vio57FkYMTOIUSOHAJDbiFJrQAwxM8wyu8GVPjxXg3Phata0Y2cwx/YHz+AFZukgY=</latexit>

V ar(X) = E(X � E(X))2

<latexit sha1_base64="4HwfT8wDMmVQqMW4LCouwpNXklk=">AAACI3icbZDLSsNAFIYn9VbrLerSzWAR2oUlkaJFEAoquKzQGzSxTKaTdujkwsykUELfxY2v4saFUty48F2ctBG07Q8DH/85hzPnd0JGhTSMLy2ztr6xuZXdzu3s7u0f6IdHTRFEHJMGDljA2w4ShFGfNCSVjLRDTpDnMNJyhrdJvTUiXNDAr8txSGwP9X3qUoyksrr6teUhOXBceFewRgTDdvHmPqXzXygWn+orzK6eN0rGTHAZzBTyIFWtq0+tXoAjj/gSMyRExzRCaceIS4oZmeSsSJAQ4SHqk45CH3lE2PHsxgk8U04PugFXz5dw5v6diJEnxNhzVGdykVisJeaqWieSbsWOqR9Gkvh4vsiNGJQBTAKDPcoJlmysAGFO1V8hHiCOsFSx5lQI5uLJy9C8KJmXpfJjOV+tpHFkwQk4BQVggitQBQ+gBhoAg2fwCt7Bh/aivWlT7XPemtHSmWPwT9r3D3w+oGw=</latexit>

D( ~X) = E( ~X � E( ~X))TE( ~X � E( ~X))

• kovarianční matice

• střední hodnota
<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�

rozptyly  Var(Xi)

kovariance  Cov(XiXj)



<latexit sha1_base64="g3yjgVpHUUL6IPMq74zLPVd2FzM="></latexit>

D( ~X) =

0

BBB@

V ar(X1) Cov(X1, X2) · · · Cov(X1, Xn)
Cov(X2, X1) V ar(X2) · · · Cov(X2, Xn)

...
...

. . .
...

Cov(Xn, X1) Cov(Xn, X2) · · · V ar(Xn)

1

CCCA

Charakteristiky náhodného vektoru

• kovarianční matice

• střední hodnota
<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�

• Kovariance                      je míra lineární závislosti mezi X a Y. 

•       

•   

•

<latexit sha1_base64="UrvkIG7Akkd7NEaq/UtEqVCcTkc=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEFGxJRGovQqEUPFawbUobyma7aZdusmF3UyixB/+KFw+KePVvePPfuG1z0NYHA4/3ZpiZ50WUCGlZ39ra+sbm1nZmJ7u7t39wqB8dNwWLOcINxCjjjgcFpiTEDUkkxU7EMQw8ilveqDrzW2PMBWHhg5xE2A3gICQ+QVAqqaefVtnYdC7b+dua6RRqTt5sF2rtfE/PWUVrDmOV2CnJgRT1nv7V7TMUBziUiEIhOrYVSTeBXBJE8TTbjQWOIBrBAe4oGsIACzeZ3z81LpTSN3zGVYXSmKu/JxIYCDEJPNUZQDkUy95M/M/rxNIvuwkJo1jiEC0W+TE1JDNmYRh9wjGSdKIIRJyoWw00hBwiqSLLqhDs5ZdXSfOqaJeKpfvrXKWcxpEBZ+AcmMAGN6AC7kAdNAACj+AZvII37Ul70d61j0XrmpbOnIA/0D5/AKl7k0g=</latexit>

Cov(X,Y ) = E(X � EX)(Y � EY )
<latexit sha1_base64="5dJV7qF325Xe9fHteWn1ZETwQ5E="></latexit>

Cov(X,Y ) = Cov(Y,X) ) D( ~X) je symetrická

<latexit sha1_base64="JA9lcxO0vQD+Jp4WTMdQN2T/lVU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQQUoiRXss9OKxgm0jbSib7aZdutmNu5tCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXhAzqrTjfFu5jc2t7Z38bmFv/+DwqHh80lYikZi0sGBCegFShFFOWppqRrxYEhQFjHSCcWPudyZEKir4g57GxI/QkNOQYqSN5DXEpOxdPV72iyWn4ixgrxM3IyXI0OwXv3oDgZOIcI0ZUqrrOrH2UyQ1xYzMCr1EkRjhMRqSrqEcRUT56eLemX1hlIEdCmmKa3uh/p5IUaTUNApMZ4T0SK16c/E/r5vosOanlMeJJhwvF4UJs7Ww58/bAyoJ1mxqCMKSmlttPEISYW0iKpgQ3NWX10n7uuLeVKr31VK9lsWRhzM4hzK4cAt1uIMmtAADg2d4hTfryXqx3q2PZWvOymZO4Q+szx/GVY8f</latexit>

Cov(X,Y )

Kovariance                      závisí na měřítku (jednotkách).    
<latexit sha1_base64="JA9lcxO0vQD+Jp4WTMdQN2T/lVU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQQUoiRXss9OKxgm0jbSib7aZdutmNu5tCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXhAzqrTjfFu5jc2t7Z38bmFv/+DwqHh80lYikZi0sGBCegFShFFOWppqRrxYEhQFjHSCcWPudyZEKir4g57GxI/QkNOQYqSN5DXEpOxdPV72iyWn4ixgrxM3IyXI0OwXv3oDgZOIcI0ZUqrrOrH2UyQ1xYzMCr1EkRjhMRqSrqEcRUT56eLemX1hlIEdCmmKa3uh/p5IUaTUNApMZ4T0SK16c/E/r5vosOanlMeJJhwvF4UJs7Ww58/bAyoJ1mxqCMKSmlttPEISYW0iKpgQ3NWX10n7uuLeVKr31VK9lsWRhzM4hzK4cAt1uIMmtAADg2d4hTfryXqx3q2PZWvOymZO4Q+szx/GVY8f</latexit>

Cov(X,Y )

• korelační koeficient
<latexit sha1_base64="YH3hvf53gsL4gAt4k8bxZTBjCFw=">AAACF3icbVBNS8MwGE7n15xfVY9eikPYQEorQ3cRBrt4nOC2yjpGmqVbWNrUJB2Msn/hxb/ixYMiXvXmvzHtetDNBxKePM/78uZ9vIgSIS3rWyusrW9sbhW3Szu7e/sH+uFRR7CYI9xGjDLueFBgSkLclkRS7EQcw8CjuOtNmqnfnWIuCAvv5CzC/QCOQuITBKWSBrrp8jGrOOf31WvX5xAlTTbNnvPEFQ9cJh3IK041vZU2H+hly7QyGKvEzkkZ5GgN9C93yFAc4FAiCoXo2VYk+wnkkiCK5yU3FjiCaAJHuKdoCAMs+km219w4U8rQ8BlXJ5RGpv7uSGAgxCzwVGUA5Vgse6n4n9eLpV/vJySMYolDtBjkx9SQzEhDMoaEYyTpTBGIOFF/NdAYqnikirKkQrCXV14lnQvTvjRrt7Vyo57HUQQn4BRUgA2uQAPcgBZoAwQewTN4BW/ak/aivWsfi9KClvccgz/QPn8A8Qmehw==</latexit>

⇢(X,Y ) =
Cov(X,Y )p

V ar(X)V ar(Y )

• nezávisí na měřítku:  
• je mírou lineární závislosti

<latexit sha1_base64="lRHSOUZwvpKL8j6LTmiIDkYxXTE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKmiZkaJdFty4rGAf0hlKJs20oZlkTDJCqV34K25cKOLW33Dn35hOZ6GtBy6cnHMvufcEMaNKO863lVtaXlldy68XNja3tnfs3b2mEonEpIEFE7IdIEUY5aShqWakHUuCooCRVjC8mvqtByIVFfxWj2LiR6jPaUgx0kbq2gdnrsfIPfTkQJTap3cn6cvt2kWn7KSAi8TNSBFkqHftL68ncBIRrjFDSnVcJ9b+GElNMSOTgpcoEiM8RH3SMZSjiCh/nO4/gcdG6cFQSFNcw1T9PTFGkVKjKDCdEdIDNe9Nxf+8TqLDqj+mPE404Xj2UZgwqAWchgF7VBKs2cgQhCU1u0I8QBJhbSIrmBDc+ZMXSfO87F6UKzeVYq2axZEHh+AIlIALLkENXIM6aAAMHsEzeAVv1pP1Yr1bH7PWnJXN7IM/sD5/AGOclGQ=</latexit>

�1  ⇢(X,Y )  1



<latexit sha1_base64="g3yjgVpHUUL6IPMq74zLPVd2FzM="></latexit>

D( ~X) =

0

BBB@

V ar(X1) Cov(X1, X2) · · · Cov(X1, Xn)
Cov(X2, X1) V ar(X2) · · · Cov(X2, Xn)

...
...

. . .
...

Cov(Xn, X1) Cov(Xn, X2) · · · V ar(Xn)

1

CCCA

Charakteristiky náhodného vektoru

• kovarianční matice

• střední hodnota
<latexit sha1_base64="KsLLddAd12KmId2nXLcOfyrxJ/8="></latexit>

E
�
~X
�
= E(X1, X2, . . . , Xn) =

�
E(X1), E(X2), . . . , E(Xn)

�

• korelační koeficient
<latexit sha1_base64="YH3hvf53gsL4gAt4k8bxZTBjCFw=">AAACF3icbVBNS8MwGE7n15xfVY9eikPYQEorQ3cRBrt4nOC2yjpGmqVbWNrUJB2Msn/hxb/ixYMiXvXmvzHtetDNBxKePM/78uZ9vIgSIS3rWyusrW9sbhW3Szu7e/sH+uFRR7CYI9xGjDLueFBgSkLclkRS7EQcw8CjuOtNmqnfnWIuCAvv5CzC/QCOQuITBKWSBrrp8jGrOOf31WvX5xAlTTbNnvPEFQ9cJh3IK041vZU2H+hly7QyGKvEzkkZ5GgN9C93yFAc4FAiCoXo2VYk+wnkkiCK5yU3FjiCaAJHuKdoCAMs+km219w4U8rQ8BlXJ5RGpv7uSGAgxCzwVGUA5Vgse6n4n9eLpV/vJySMYolDtBjkx9SQzEhDMoaEYyTpTBGIOFF/NdAYqnikirKkQrCXV14lnQvTvjRrt7Vyo57HUQQn4BRUgA2uQAPcgBZoAwQewTN4BW/ak/aivWsfi9KClvccgz/QPn8A8Qmehw==</latexit>

⇢(X,Y ) =
Cov(X,Y )p

V ar(X)V ar(Y )

• nezávisí na měřítku:  
• je mírou lineární závislosti

<latexit sha1_base64="lRHSOUZwvpKL8j6LTmiIDkYxXTE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKmiZkaJdFty4rGAf0hlKJs20oZlkTDJCqV34K25cKOLW33Dn35hOZ6GtBy6cnHMvufcEMaNKO863lVtaXlldy68XNja3tnfs3b2mEonEpIEFE7IdIEUY5aShqWakHUuCooCRVjC8mvqtByIVFfxWj2LiR6jPaUgx0kbq2gdnrsfIPfTkQJTap3cn6cvt2kWn7KSAi8TNSBFkqHftL68ncBIRrjFDSnVcJ9b+GElNMSOTgpcoEiM8RH3SMZSjiCh/nO4/gcdG6cFQSFNcw1T9PTFGkVKjKDCdEdIDNe9Nxf+8TqLDqj+mPE404Xj2UZgwqAWchgF7VBKs2cgQhCU1u0I8QBJhbSIrmBDc+ZMXSfO87F6UKzeVYq2axZEHh+AIlIALLkENXIM6aAAMHsEzeAVv1pP1Yr1bH7PWnJXN7IM/sD5/AGOclGQ=</latexit>

�1  ⇢(X,Y )  1

• korelační matice
<latexit sha1_base64="iLuE6sUPs1WOG0cSprJEztLi/oE="></latexit>

R( ~X) =

0

BBB@

1 ⇢(X1, X2) · · · ⇢(X1, Xn)
⇢(X2, X1) 1 · · · ⇢(X2, Xn)

...
...

. . .
...

⇢(Xn, X1) ⇢(Xn, X2) · · · 1

1

CCCA



Diskrétní náhodný vektor  Z=(X,Y)

a1 a2 a3

b1 p11 p12 p13

b2 p21 p22 p23

Y X 
<latexit sha1_base64="8YqM6a42QQz7jbdiPdG+hk+Oymg=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlJLUol0W3LisYB/SCWEynbZDJ5MwMxFKyC+48VfcuFDErTt3/o3TNgttPXDhcM693HtPEHOmtON8W2vrG5tb24Wd4u7e/sGhfXTcUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wuZ753QcqFYvEnZ7G1AvxSLAhI1gbybfLPcQERCn23Qr2a6YuUFZBEMF7Y6A0MHrg11Dm2yWn6swBV4mbkxLI0fLtLzSISBJSoQnHSvVdJ9ZeiqVmhNOsiBJFY0wmeET7hgocUuWl848yeG6UARxG0pTQcK7+nkhxqNQ0DExniPVYLXsz8T+vn+hhw0uZiBNNBVksGiYc6gjO4oEDJinRfGoIJpKZWyEZY4mJNiEWTQju8surpFOrupfV+m291GzkcRTAKTgDZeCCK9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6J1zcpnTsAfWJ8/93ObNA==</latexit>

X 2 {a1, a2, a3}, Y 2 {b1, b2}

<latexit sha1_base64="Cf7ZynlkugZDJhJD/QACBwhNnJI=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhQggzEjSXQMCLxwhmkUwYejqVpJOehe4eJQw5evFXvHhQxKuf4M2/sbMcNPFBweO9KqrqeRFnUlnWt5FaWV1b30hvZra2d3b3zP2DugxjQaFGQx6KpkckcBZATTHFoRkJIL7HoeENryZ+4x6EZGFwq0YRtH3SC1iXUaK05JrHkZuwwbhczTXLxGVO3nmATg+cPL4re+7gzDWzVsGaAi8Te06yaI6qa345nZDGPgSKciJly7Yi1U6IUIxyGGecWEJE6JD0oKVpQHyQ7WT6yBifaqWDu6HQFSg8VX9PJMSXcuR7utMnqi8XvYn4n9eKVbfUTlgQxQoCOlvUjTlWIZ6kgjtMAFV8pAmhgulbMe0TQajS2WV0CPbiy8ukfl6wLwrFm2K2UprHkUZH6ATlkI0uUQVdoyqqIYoe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4AqGWYbw==</latexit>

pij = P (X = ai ^ Y = bj)
<latexit sha1_base64="kmqYCjdbVG664ZDrarcfO+r1MEY=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJJI0W6EghuXFewD2hAm02k77WQSZiZiCfkVNy4UceuPuPNvnLZZaOuByz2ccy9z5wQxZ0o7zre1tr6xubVd2Cnu7u0fHNpHpZaKEklok0Q8kp0AK8qZoE3NNKedWFIcBpy2g8ntzG8/UqlYJB70NKZeiIeCDRjB2ki+XeqpJPRTdjHOYtPG2Y3r22Wn4syBVombkzLkaPj2V68fkSSkQhOOleq6Tqy9FEvNCKdZsZcoGmMywUPaNVTgkCovnd+eoTOj9NEgkqaERnP190aKQ6WmYWAmQ6xHatmbif953UQPal7KRJxoKsjioUHCkY7QLAjUZ5ISzaeGYCKZuRWREZaYaBNX0YTgLn95lbQuK+5VpXpfLddreRwFOIFTOAcXrqEOd9CAJhB4gmd4hTcrs16sd+tjMbpm5TvH8AfW5w8OdJRt</latexit>X

i,j

pij = 1



a1 a2 a3 Y
b1 p11 p12 p13 pY1

b2 p21 p22 p23 pY2

X pX1 pX2 pX3 1

Y X 

Diskrétní náhodný vektor  Z=(X,Y)
<latexit sha1_base64="8YqM6a42QQz7jbdiPdG+hk+Oymg=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlJLUol0W3LisYB/SCWEynbZDJ5MwMxFKyC+48VfcuFDErTt3/o3TNgttPXDhcM693HtPEHOmtON8W2vrG5tb24Wd4u7e/sGhfXTcUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wuZ753QcqFYvEnZ7G1AvxSLAhI1gbybfLPcQERCn23Qr2a6YuUFZBEMF7Y6A0MHrg11Dm2yWn6swBV4mbkxLI0fLtLzSISBJSoQnHSvVdJ9ZeiqVmhNOsiBJFY0wmeET7hgocUuWl848yeG6UARxG0pTQcK7+nkhxqNQ0DExniPVYLXsz8T+vn+hhw0uZiBNNBVksGiYc6gjO4oEDJinRfGoIJpKZWyEZY4mJNiEWTQju8surpFOrupfV+m291GzkcRTAKTgDZeCCK9AEN6AF2oCAR/AMXsGb9WS9WO/Wx6J1zcpnTsAfWJ8/93ObNA==</latexit>

X 2 {a1, a2, a3}, Y 2 {b1, b2}

<latexit sha1_base64="Cf7ZynlkugZDJhJD/QACBwhNnJI=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhQggzEjSXQMCLxwhmkUwYejqVpJOehe4eJQw5evFXvHhQxKuf4M2/sbMcNPFBweO9KqrqeRFnUlnWt5FaWV1b30hvZra2d3b3zP2DugxjQaFGQx6KpkckcBZATTHFoRkJIL7HoeENryZ+4x6EZGFwq0YRtH3SC1iXUaK05JrHkZuwwbhczTXLxGVO3nmATg+cPL4re+7gzDWzVsGaAi8Te06yaI6qa345nZDGPgSKciJly7Yi1U6IUIxyGGecWEJE6JD0oKVpQHyQ7WT6yBifaqWDu6HQFSg8VX9PJMSXcuR7utMnqi8XvYn4n9eKVbfUTlgQxQoCOlvUjTlWIZ6kgjtMAFV8pAmhgulbMe0TQajS2WV0CPbiy8ukfl6wLwrFm2K2UprHkUZH6ATlkI0uUQVdoyqqIYoe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4AqGWYbw==</latexit>

pij = P (X = ai ^ Y = bj)
<latexit sha1_base64="kmqYCjdbVG664ZDrarcfO+r1MEY=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4kJJI0W6EghuXFewD2hAm02k77WQSZiZiCfkVNy4UceuPuPNvnLZZaOuByz2ccy9z5wQxZ0o7zre1tr6xubVd2Cnu7u0fHNpHpZaKEklok0Q8kp0AK8qZoE3NNKedWFIcBpy2g8ntzG8/UqlYJB70NKZeiIeCDRjB2ki+XeqpJPRTdjHOYtPG2Y3r22Wn4syBVombkzLkaPj2V68fkSSkQhOOleq6Tqy9FEvNCKdZsZcoGmMywUPaNVTgkCovnd+eoTOj9NEgkqaERnP190aKQ6WmYWAmQ6xHatmbif953UQPal7KRJxoKsjioUHCkY7QLAjUZ5ISzaeGYCKZuRWREZaYaBNX0YTgLn95lbQuK+5VpXpfLddreRwFOIFTOAcXrqEOd9CAJhB4gmd4hTcrs16sd+tjMbpm5TvH8AfW5w8OdJRt</latexit>X

i,j

pij = 1
<latexit sha1_base64="OndFgsPNJahvg5pi7wDW6h4vgAc=">AAACCHicbVBNS8NAEN34WetX1KMHg0Wol5JI0V4KBS8eK9g20Maw2W7abXc3YXcjlJCjF/+KFw+KePUnePPfuG1z0NYHA4/3ZpiZF8SUSGXb38bK6tr6xmZhq7i9s7u3bx4ctmWUCIRbKKKRcAMoMSUctxRRFLuxwJAFFHeC8fXU7zxgIUnE79Qkxh6DA05CgqDSkm+eNMtuHfrkvN6TCfPTwB9lsZ+SUVaP712f+GbJrtgzWMvEyUkJ5Gj65levH6GEYa4QhVJ2HTtWXgqFIojirNhLJI4hGsMB7mrKIcPSS2ePZNaZVvpWGAldXFkz9fdECpmUExboTgbVUC56U/E/r5uosOalhMeJwhzNF4UJtVRkTVOx+kRgpOhEE4gE0bdaaAgFREpnV9QhOIsvL5P2RcW5rFRvq6VGLY+jAI7BKSgDB1yBBrgBTdACCDyCZ/AK3own48V4Nz7mrStGPnME/sD4/AExq5l0</latexit>

P (X = ai) =
X

bj

pij = pXi

<latexit sha1_base64="LymCczUWiPpLMf1XkMHniXEk8UY=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUmkaDeFghuXFeyLNobJdNJOO5mEmYlQQpZu/BU3LhRx6ye482+ctllo64ELh3Pu5d57vIhRqSzr21hZXVvf2Mxt5bd3dvf2zYPDpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS88fXUbz0QIWnI79QkIk6ABpz6FCOlJdc8qRc7Vc8dnVd7Mg7cBLk0jdyEjtJqdN9xR65ZsErWDHCZ2BkpgAx11/zq9UMcB4QrzJCUXduKlJMgoShmJM33YkkihMdoQLqachQQ6SSzR1J4ppU+9EOhiys4U39PJCiQchJ4ujNAaigXvan4n9eNlV9xEsqjWBGO54v8mEEVwmkqsE8FwYpNNEFYUH0rxEMkEFY6u7wOwV58eZk0L0r2Zal8Wy7UKlkcOXAMTkER2OAK1MANqIMGwOARPINX8GY8GS/Gu/Exb10xspkj8AfG5w82a5l3</latexit>

P (Y = bj) =
X

ai

pij = pYj
<latexit sha1_base64="k04jSbIAedRBODoHghZQptvfnGU=">AAACLHicbVDLSsNAFJ3UV62vqEs3wSLUTUmkaDeFQjcuK9gXTQyT6aSddiYJMxOhxHyQG39FEBcWcet3OG2z0NYDA4dz7uHOPV5EiZCmOdNyG5tb2zv53cLe/sHhkX580hZhzBFuoZCGvOtBgSkJcEsSSXE34hgyj+KON2nM/c4j5oKEwb2cRthhcBgQnyAoleTqjWapW4MueerVPHd8WbN9DlESuQkZp2kSPfTccboi2iJmbqIyaaa4etEsmwsY68TKSBFkaLr6mz0IUcxwIBGFQvQtM5JOArkkiOK0YMcCRxBN4BD3FQ0gw8JJFsemxoVSBoYfcvUCaSzU34kEMiGmzFOTDMqRWPXm4n9eP5Z+1UlIEMUSB2i5yI+pIUNj3pwxIBwjSaeKQMSJ+quBRlA1I1W/BVWCtXryOmlfla3rcuWuUqxXszry4AycgxKwwA2og1vQBC2AwDN4BR9gpr1o79qn9rUczWlZ5hT8gfb9Azeiqh0=</latexit>

P (X = ai|Y = bj) =
pij
pYj

=
pijP
ai
pij

Příklad:
Jsou tři výrobci dodávané součástky a ta může být ve kvalitativní třídě I, II nebo 
III. Pravděpodobnostní rozdělení těchto znaků je dáno tabulkou:

A B C
I 0,22 0,18 0,10 0,5
II 0,12 0,08 0,07 0,27
III 0,08 0,12 0,03 0,23

0,42 0,38 0,20 1,00

Jaká je pravděpodobnost toho, že náhodně 
vybraná součástka třídy III je od výrobce A?

<latexit sha1_base64="ASXAgCxEMmcGi+SjZ5sfxkwRjHg=">AAACCXicbVC7SgNBFL3rM8bXqqXNYBAsQtiNQVMGbCwjmIdklzA7mU2GzM4uM7NCWNLa+Cs2ForY+gd2/o2TRxETz+XC4Zx7mbknSDhT2nF+rLX1jc2t7dxOfndv/+DQPjpuqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsY3kz81iOVisXiXo8S6ke4L1jICNZG6tqo7THhZW6xXLz0xkXkmXpYlLp2wSk5U6BV4s5JAeaod+1vrxeTNKJCE46V6rhOov0MS80Ip+O8lyqaYDLEfdoxVOCIKj+bXjJG50bpoTCWpoVGU3VxI8ORUqMoMJMR1gO17E3E/7xOqsOqnzGRpJoKMnsoTDnSMZrEgnpMUqL5yBBMJDN/RWSAJSbahJc3IbjLJ6+SZrnkXpUqd5VCrTqPIwencAYX4MI11OAW6tAAAk/wAm/wbj1br9aH9TkbXbPmOyfwB9bXL0aYl4E=</latexit>

X 2 {1, 2, 3}, Y 2 {1, 2, 3}
<latexit sha1_base64="wsbNnSErksOOpn/uBv42KCL83bY=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF9IKUS5EEi8eMZEPAw3ZLlvYsN02u1sTUvkbXjxojFf/jDf/jQv0oOBLJnl5byYz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHNzG8/UqlYKO71JKJugIeC+YxgbaReo9ipOU8PtfJ57bqfL9glew60SpyUFCBFo5//6g1CEgdUaMKxUl3HjrSbYKkZ4XSa68WKRpiM8ZB2DRU4oMpN5jdP0ZlRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eN9Z+1U2YiGJNBVks8mOOdIhmAaABk5RoPjEEE8nMrYiMsMREm5hyJgRn+eVV0rooOZelyl2lUK+mcWThBE6hCA5cQR1uoQFNIBDBM7zCmxVbL9a79bFozVjpzDH8gfX5A6GRkBk=</latexit>

P (X = 1|Y = 3) =?
<latexit sha1_base64="XiSMJIcXo4B9HhxbkmZvNvYEvKo=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKpcy0xc5moODGZQX7kHYomTTThmYyQ5IRyjgf4MZfceNCEbd+gDv/xvSx0NYDCYdzziW5x4sYlco0v4219Y3Nre3MTnZ3b//gMHd03JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N76a+u17IiQN+a2aRMQN0JBTn2KktNTP5RuFjmM93DmVC6fnC4QTs2jaqb7LldQxi5VqzdYps2TOAFeJtSB5sECjn/vqDUIcB4QrzJCUXcuMlJsgoShmJM32YkkihMdoSLqachQQ6SazZVJ4rpUB9EOhD1dwpv6eSFAg5STwdDJAaiSXvan4n9eNlW+7CeVRrAjH84f8mEEVwmkzcEAFwYpNNEFYUP1XiEdIV6J0f1ldgrW88ipplUvWZal6U83X7UUdGXAKzkABWKAG6uAaNEATYPAInsEreDOejBfj3fiYR9eMxcwJ+APj8wcSm5fN</latexit>

P (X = 1|Y = 3) =
0, 08

0, 23
= 0, 3478



Dvourozměrné rozdělení pravděpodobnosti:
sdružená distribuční funkce   F(x,y) = P(X ≤ x, Y ≤ y)

Platí to i opačně: pokud je  F(x,y) = F(x)F(y),   potom jsou X  a Y  stochasticky 
nezávislé.

F (x, y) = P (X ≤ x ∧ Y ≤ y) = P (X ≤ x)P (Y ≤ y|X ≤ x)
<latexit sha1_base64="0zQhJqVtFG3CiKeBezuRRCA6Vls=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK0mzIjRbsRCkJxWcE+YDqUTJppQzPJkGSkw9jPcONCEbd+jTv/xrSdhbYeuHA4517uvcePGFXatr+t3Mbm1vZOfrewt39weFQ8PukoEUtM2lgwIXs+UoRRTtqaakZ6kSQo9Bnp+pPbud99JFJRwR90EhEvRCNOA4qRNpJ70yxPK81y8jStDIolu2ovANeJk5ESyNAaFL/6Q4HjkHCNGVLKdexIeymSmmJGZoV+rEiE8ASNiGsoRyFRXro4eQYvjDKEgZCmuIYL9fdEikKlktA3nSHSY7XqzcX/PDfWQd1LKY9iTTheLgpiBrWA8//hkEqCNUsMQVhScyvEYyQR1ialggnBWX15nXQuq85VtXZfKzXqWRx5cAbOQRk44Bo0wB1ogTbAQIBn8AreLG29WO/Wx7I1Z2Uzp+APrM8ftlCQNw==</latexit>

= F (x)F (y|x)

Pokud jsou X a Y stochasticky nezávislé, potom je 
F (x, y) = P (X ≤ x ∧ Y ≤ y) = P (X ≤ x)P (Y ≤ y)

<latexit sha1_base64="mPttt2N/oQLRd6Bim1dSxPQxZms=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSK0l5JI0V6EglA8VrAf0oay2W7apbtJ2N2IIfRXePGgiFd/jjf/jds2B219MPB4b4aZeV7EmdK2/W2trW9sbm3ndvK7e/sHh4Wj47YKY0loi4Q8lF0PK8pZQFuaaU67kaRYeJx2vMnNzO88UqlYGNzrJKKuwKOA+YxgbaSH60bpqdwoJeVBoWhX7DnQKnEyUoQMzUHhqz8MSSxooAnHSvUcO9JuiqVmhNNpvh8rGmEywSPaMzTAgio3nR88RedGGSI/lKYCjebq74kUC6US4ZlOgfVYLXsz8T+vF2u/5qYsiGJNA7JY5Mcc6RDNvkdDJinRPDEEE8nMrYiMscREm4zyJgRn+eVV0r6oOJeV6l21WK9lceTgFM6gBA5cQR1uoQktICDgGV7hzZLWi/VufSxa16xs5gT+wPr8AfSijy8=</latexit>

= F (x)F (y)

∂2F

∂x∂y
= f(x, y) … a naopak … F (x, y) =

� x

−∞

� y

−∞
f(u, v)dudv

Speciálně                                                              pro libovolnou oblast P
�
(X,Y ) ∈ W

�
=

��

W
f(x, y)dxdy

<latexit sha1_base64="f4OzByUHlezEc5Sr81mfnANbRs8=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZK0S4LblxWsQ/ojCVJ77ShmQdJRqhD8VfcuFDErf/hzr8xbWehrQcCh3Pu5Z4cmgiutON8Wyura+sbm4Wt4vbO7t6+fXDYUnEqGTRZLGLZoUSB4BE0NdcCOokEElIBbTq6mvrtB5CKx9GdHifgh2QQ8YAzoo3Us4/bnkqpAo29kOghpfj2vtKzS07ZmQEvEzcnJZSj0bO/vH7M0hAizQRRqus6ifYzIjVnAiZFL1WQEDYiA+gaGpEQlJ/N0k/wmVH6OIileZHGM/X3RkZCpcYhNZPTiGrRm4r/ed1UBzU/41GSaojY/FCQCqxjPK0C97kEpsXYEMIkN1kxGxJJmDaFFU0J7uKXl0mrUnYvytWbaqley+sooBN0is6Riy5RHV2jBmoihh7RM3pFb9aT9WK9Wx/z0RUr3zlCf2B9/gCcu5Sn</latexit>

W ⇢ R2

Spojitý náhodný vektor  Z=(X,Y)



Spojitý náhodný vektor  Z=(X,Y)

P
�
X ≤ x

�
= P

�
X ≤ x ∧ Y ≤ ∞) =

� x

−∞

� ∞

−∞
f(x, y)dydx

Jaké je rozdělení pravděpodobnosti složky X?

=

� x

−∞

�� ∞

−∞
f(x, y)dy

�
dx =

� x

−∞
fX(u)du

Hustotu                                               nazveme marginální hustotou složky X 

vektoru Z=(X,Y).  Podobně                                           je marginální hustotou 

složky Y.

fX(x) =

� ∞

−∞
f(x, y)dy

fY (y) =

� ∞

−∞
f(x, y)dx

Složky X a Y náhodného vektoru  Z=(X,Y) jsou stochasticky nezávislé právě 
když platí jedna z rovností

f(x, y) = fX(x)fY (y)

F (x, y) = FX(x)FY (y)



Náhodný vektor  Z=(X,Y)

Střední hodnota náhodného vektoru  Z=(X,Y) je rovna vektoru středních hodnot 
jeho složek:  E(Z)= (EX, EY).

V diskrétním případě:

Kovariance  cov(X,Y)  náhodných veličin X, Y je definována jako   
         cov(X,Y) = E[(X-EX).(Y-EY)] = EXY - EX.EY

kde                                                        nebo



Náhodný vektor  Z=(X,Y)

Kovarianční matice náhodného vektoru  Z=(X,Y)  má tvar
D(X,Y ) =

✓
Var(X) cov(X,Y )
cov(Y,X) Var(Y )

◆

<latexit sha1_base64="HpJihJ9nhAHg/w8F/daWgHIVstM="></latexit>

Korelační koeficient  ρ(X,Y) náhodných veličin X,Y je roven
⇢(X,Y ) =

cov(X,Y )p
Var(X)Var(Y )

<latexit sha1_base64="2RZDUAbWz5jjw0tpWvQ3j6uK1DM="></latexit>

Je-li  ρ(X,Y) = 0   t, říkáme, že X a Y  jsou nekorelované.

Korelační matice náhodného vektoru  Z=(X,Y)  má tvar

R(X,Y ) =

✓
1 ⇢(X,Y )

⇢(Y,X) 1

◆

<latexit sha1_base64="bnqilQ42vNEPOIC5o0sWAygaA90="></latexit>



Náhodný vektor  Z=(X,Y)

Jsou-li X a Y stochasticky nezávislé, potom je E(X,Y) = E(X).E(Y) a tedy 
Cov(X,Y) = 0. 

a tedy

Jsou-li X a Y stochasticky nezávislé, potom je 

případně (ve spojitém případě)

Opačné tvrzení neplatí!



Náhodný vektor  Z=(X,Y)

<latexit sha1_base64="+6b9ZpBuQxOfDOSEhLu6eFNVFi8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YOHghePFewHNKFstpt26Waz7m4KJeR3ePGgiFd/jDf/jds2B219MPB4b4aZeaHkTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TVBHaIglPVDfEmnImaMsww2lXKorjkNNOOL6b+Z0JVZol4tFMJQ1iPBQsYgQbKwV+pDDJvDzzJcv71Zpbd+dAq8QrSA0KNPvVL3+QkDSmwhCOte55rjRBhpVhhNO84qeaSkzGeEh7lgocUx1k86NzdGaVAYoSZUsYNFd/T2Q41noah7Yzxmakl72Z+J/XS010E2RMyNRQQRaLopQjk6BZAmjAFCWGTy3BRDF7KyIjbHMwNqeKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktIPAEz/AKb87EeXHenY9Fa8kpZo7hD5zPHxTDkkg=</latexit>

1

⇡

f (x,y)
x

y

z

Příklad 1: Nechť náhodný vektor (X,Y) má rovnoměrné rozdělení na jednotkovém 
kruhu. Jsou jeho složky X  a Y  stochasticky nezávislé náhodné veličiny?

f(x, y) =

�
const, (x, y) ∈ K = {(x, y) : x2 + y2 ≤ 1}
0, jinde

const =
1

π



Náhodný vektor  Z=(X,Y)

<latexit sha1_base64="+6b9ZpBuQxOfDOSEhLu6eFNVFi8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YOHghePFewHNKFstpt26Waz7m4KJeR3ePGgiFd/jDf/jds2B219MPB4b4aZeaHkTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TVBHaIglPVDfEmnImaMsww2lXKorjkNNOOL6b+Z0JVZol4tFMJQ1iPBQsYgQbKwV+pDDJvDzzJcv71Zpbd+dAq8QrSA0KNPvVL3+QkDSmwhCOte55rjRBhpVhhNO84qeaSkzGeEh7lgocUx1k86NzdGaVAYoSZUsYNFd/T2Q41noah7Yzxmakl72Z+J/XS010E2RMyNRQQRaLopQjk6BZAmjAFCWGTy3BRDF7KyIjbHMwNqeKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktIPAEz/AKb87EeXHenY9Fa8kpZo7hD5zPHxTDkkg=</latexit>

1

⇡

f (x,y)
x

y

z

<latexit sha1_base64="G1MEeNG4XaAqtHuYPoK4IUTTi/g="></latexit>

f(x, y) =

(
1
⇡ , (x, y) 2 K = {(x, y) : x2 + y2  1}
0, jinde

Příklad 1: Nechť náhodný vektor (X,Y) má rovnoměrné rozdělení na jednotkovém 
kruhu. Jsou jeho složky X  a Y  stochasticky nezávislé náhodné veličiny?



Náhodný vektor  Z=(X,Y)

<latexit sha1_base64="G1MEeNG4XaAqtHuYPoK4IUTTi/g="></latexit>

f(x, y) =

(
1
⇡ , (x, y) 2 K = {(x, y) : x2 + y2  1}
0, jinde

<latexit sha1_base64="6KECPezPdAN+XovNZX1ThUjy+yk=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJUkJKIogfFghePFeyHtKFsttt26WY37E6qJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHEmQbX/bYWFpeWV1Yza9n1jc2tbTu3U9UyVoRWiORS1QOsKWeCVoABp/VIURwGnNaC/vXYrw2o0kyKOxhG1A9xV7AOIxiM1LJzTaCPkBA5GBXqR/eHl1ctO+8W3QmceeKlJI9SlFv2V7MtSRxSAYRjrRueG4GfYAWMcDrKNmNNI0z6uEsbhgocUu0nk9NHzoFR2k5HKlMCnIn6eyLBodbDMDCdIYaenvXG4n9eI4bOuZ8wEcVABZku6sTcAemMc3DaTFECfGgIJoqZWx3SwwoTMGllTQje7MvzpHpc9E6L7u1JvnSRxpFBe2gfFZCHzlAJ3aAyqiCCHtAzekVv1pP1Yr1bH9PWBSud2UV/YH3+AFcVk14=</latexit>

cov(X,Y ) =?
<latexit sha1_base64="Ih5yOO6RJLQnR45mkIAcqnanzIU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL0C5aElF0YaEgAZcVbE1pQ5lMJ+3QySTMTIQSuvFX3LhQxK2f4c6/cdpmoa0HLvdwzr3M3OPHjEplWd9GbmV1bX0jv1nY2t7Z3TP3D1oySgQmTRyxSLg+koRRTpqKKkbcWBAU+ow8+KObqf/wSISkEb9X45h4IRpwGlCMlJZ65lHNKbkVxy2X2hWnXa45ru6u0+6ZRatqzQCXiZ2RIsjQ6Jlf3X6Ek5BwhRmSsmNbsfJSJBTFjEwK3USSGOERGpCOphyFRHrp7IAJPNVKHwaR0MUVnKm/N1IUSjkOfT0ZIjWUi95U/M/rJCq48lLK40QRjucPBQmDKoLTNGCfCoIVG2uCsKD6rxAPkUBY6cwKOgR78eRl0jqr2hdV6+68WL/O4siDY3ACSsAGl6AObkEDNAEGE/AMXsGb8WS8GO/Gx3w0Z2Q7h+APjM8fNT+TlA==</latexit>

= E(X � EX)(Y � EY ) = EXY � EXEY
<latexit sha1_base64="zDQyZ7erktnQkMAzF6DT01LgzcA=">AAACD3icbZDNSgMxFIUz9a/Wv6pLN4NFqahlRhRdKBREcFnB1kJbSyaTaUMzmSG5Ix2GvoEbX8WNC0XcunXn25i2s9DWCyEf59xLco8TcqbAsr6NzMzs3PxCdjG3tLyyupZf36ipIJKEVknAA1l3sKKcCVoFBpzWQ0mx73B65/Quh/7dA5WKBeIW4pC2fNwRzGMEg5ba+d2r+kWTCWgnh/ryIB7cJ/sp9b1i/yDec/tu3M4XrJI1KnMa7BQKKK1KO//VdAMS+VQA4Viphm2F0EqwBEY4HeSakaIhJj3coQ2NAvtUtZLRPgNzRyuu6QVSHwHmSP09kWBfqdh3dKePoasmvaH4n9eIwDtrJUyEEVBBxg95ETchMIfhmC6TlACPNWAimf6rSbpYYgI6wpwOwZ5ceRpqRyX7pGTdHBfK52kcWbSFtlER2egUldE1qqAqIugRPaNX9GY8GS/Gu/Exbs0Y6cwm+lPG5w8tgpy8</latexit>

EX =

Z +1

�1
xf(x, y)dxdy

<latexit sha1_base64="Z0DMlSzmrZbbbTM9Q9vOHy0iLzc="></latexit>

=
1

⇡

Z +
p
1�x2

�
p
1�x2

xdxdy =
1

⇡

⇥1
2
x2

⇤+p
1�x2

�
p
1�x2 = 0

<latexit sha1_base64="mjtkb3+HujlU8y+pGdS7sGl0NFk=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCSi6EKhIILgpoJ9SBPKZDJph04mYWYiDSFbN/6KGxeKuPUP3Pk3TtsstPXAhcM593LvPV7MqFSW9W3MzS8sLi2XVsqra+sbm+bWdlNGicCkgSMWibaHJGGUk4aiipF2LAgKPUZa3uBy5LceiJA04ncqjYkboh6nAcVIaalrwqv2/YUTCIQzO8+cmOYOpVx1b4apc+gP/bRrVqyqNQacJXZBKqBAvWt+OX6Ek5BwhRmSsmNbsXIzJBTFjORlJ5EkRniAeqSjKUchkW42/iSH+1rxYRAJXVzBsfp7IkOhlGno6c4Qqb6c9kbif14nUcGZm1EeJ4pwPFkUJAyqCI5igT4VBCuWaoKwoPpWiPtIx6J0eGUdgj398ixpHlXtk6p1e1ypnRdxlMAu2AMHwAanoAauQR00AAaP4Bm8gjfjyXgx3o2PSeucUczsgD8wPn8AtrGaVg==</latexit>

EXY =
1

⇡

ZZ

K
xy dxdy

fX(x) =

� ∞

−∞
f(x, y)dy =

� √
1−x2

−
√
1−x2

1

π
dy =

2
√
1− x2

π
, x ∈ �−1, 1�

=> složky X a Y  jsou stochasticky závislé

=> složky X a Y  jsou nekorelované
<latexit sha1_base64="dqlrWJc2/i89FR/qC12Y+RjhQS4=">AAACCHicbVDLSgNBEJz1GeNr1aMHB4MQIYRdUfSgEPDiMYp5SDaE2ckkGTK7s8z0RsOSoxd/xYsHRbz6Cd78GyePgyYWNBRV3XR3+ZHgGhzn25qbX1hcWk6tpFfX1jc27a3tspaxoqxEpZCq6hPNBA9ZCTgIVo0UI4EvWMXvXg79So8pzWV4C/2I1QPSDnmLUwJGath73g1vd4AoJe+xl/OAPUBCZW+QrebuDi+chp1x8s4IeJa4E5JBExQb9pfXlDQOWAhUEK1rrhNBPSEKOBVskPZizSJCu6TNaoaGJGC6noweGeADozRxSypTIeCR+nsiIYHW/cA3nQGBjp72huJ/Xi2G1lk94WEUAwvpeFErFhgkHqaCm1wxCqJvCKGKm1sx7RBFKJjs0iYEd/rlWVI+yrsneef6OFM4n8SRQrtoH2WRi05RAV2hIiohih7RM3pFb9aT9WK9Wx/j1jlrMrOD/sD6/AGdX5kI</latexit>

) cov(X,Y ) = 0

<latexit sha1_base64="T4CJcayzQi+xpGgSB12I3EJ+0/c="></latexit>

=
1

⇡

Z 1

�1
x

 Z +
p
1�x2

�
p
1�x2

y dy

!
dx = 0

Příklad 1: Nechť náhodný vektor (X,Y) má rovnoměrné rozdělení na jednotkovém 
kruhu. Jsou jeho složky X  a Y  stochasticky nezávislé náhodné veličiny?



Náhodný vektor  Z=(X,Y)

<latexit sha1_base64="G1MEeNG4XaAqtHuYPoK4IUTTi/g="></latexit>

f(x, y) =

(
1
⇡ , (x, y) 2 K = {(x, y) : x2 + y2  1}
0, jinde

Příklad 1: Nechť náhodný vektor (X,Y) má rovnoměrné rozdělení na jednotkovém 
kruhu. Jsou jeho složky X  a Y  stochasticky nezávislé náhodné veličiny?

<latexit sha1_base64="OtkrdfxHh0t1qf225HXw0drqVEc=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVooZSMKLqwUJCCywr2oe1QMmmmDc1khiRTKEP/xI0LRdz6J+78G9N2Ftp64MLhnHu59x4v4kxphL6tzNr6xuZWdju3s7u3f2AfHjVVGEtCGyTkoWx7WFHOBG1opjltR5LiwOO05Y1uZ35rTKVioXjQk4i6AR4I5jOCtZF6tl17qhRq7VLtsVgpoBIq9uw8KqM54CpxUpIHKeo9+6vbD0kcUKEJx0p1HBRpN8FSM8LpNNeNFY0wGeEB7RgqcECVm8wvn8Izo/ShH0pTQsO5+nsiwYFSk8AznQHWQ7XszcT/vE6s/Ws3YSKKNRVksciPOdQhnMUA+0xSovnEEEwkM7dCMsQSE23CypkQnOWXV0nzvOxcltH9Rb56k8aRBSfgFBSAA65AFdyBOmgAAsbgGbyCNyuxXqx362PRmrHSmWPwB9bnD4RokPc=</latexit>

EZ = (EX,EY ) = (0, 0)
<latexit sha1_base64="dBLD5XRMDYhgCwMBrtkJsRHDhaI=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCBAm7ouhBIeDFYwTzkGQJs5PZZMjs7DLTGw1rPsWLB0W8+iXe/Bsnj4MmFjQUVd10d/mx4Boc59vKLC2vrK5l13Mbm1vbO3Z+t6ajRFFWpZGIVMMnmgkuWRU4CNaIFSOhL1jd71+P/fqAKc0jeQfDmHkh6UoecErASG073wL2CCmNBqNi4/j+6Mpp2wWn5EyAF4k7IwU0Q6Vtf7U6EU1CJoEKonXTdWLwUqKAU8FGuVaiWUxon3RZ01BJQqa9dHL6CB8apYODSJmSgCfq74mUhFoPQ990hgR6et4bi/95zQSCCy/lMk6ASTpdFCQCQ4THOeAOV4yCGBpCqOLmVkx7RBEKJq2cCcGdf3mR1E5K7lnJuT0tlC9ncWTRPjpAReSic1RGN6iCqoiiB/SMXtGb9WS9WO/Wx7Q1Y81m9tAfWJ8/QFmTTw==</latexit>

cov(X,Y ) = 0
<latexit sha1_base64="0fIw8UoXyOdeXTXBuY8u2Ux6mOg=">AAACCXicbVDLSgNBEJz1GeNr1aOXwSAkIGFXFD0IBrx4jGAekl3C7GQ2GTL7YKY3GJZcvfgrXjwo4tU/8ObfOEn2EBMLGoqqbrq7vFhwBZb1Yywtr6yurec28ptb2zu75t5+XUWJpKxGIxHJpkcUEzxkNeAgWDOWjASeYA2vfzP2GwMmFY/CexjGzA1IN+Q+pwS01DaxA+wR0gGRo2KzdIKdWeGhhK/bZsEqWxPgRWJnpIAyVNvmt9OJaBKwEKggSrVsKwY3JRI4FWyUdxLFYkL7pMtamoYkYMpNJ5+M8LFWOtiPpK4Q8ESdnUhJoNQw8HRnQKCn5r2x+J/XSsC/dFMexgmwkE4X+YnAEOFxLLjDJaMghpoQKrm+FdMekYSCDi+vQ7DnX14k9dOyfV627s4Klassjhw6REeoiGx0gSroFlVRDVH0hF7QG3o3no1X48P4nLYuGdnMAfoD4+sX6QmZJw==</latexit>

var(X), var(Y )?

<latexit sha1_base64="ITdImbEKuPGsXE/jK98esq59zbU=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCSwrAbFC0UAhKwjGCShbyYnUySIbMPZu4Gw5Lexl+xsVDE1h+w82+cJFto4oELZ865l7n3uKHgCizr21hZXVvf2Extpbd3dvf2zYPDmgoiSVmVBiKQjksUE9xnVeAgmBNKRjxXsLo7vJn69RGTigf+PYxD1vJI3+c9TgloqWNmmsAeIB4ROck5eXyNy067eJorO/l2MXl1zKxVsGbAy8ROSBYlqHTMr2Y3oJHHfKCCKNWwrRBaMZHAqWCTdDNSLCR0SPqsoalPPKZa8eyWCT7RShf3AqnLBzxTf0/ExFNq7Lm60yMwUIveVPzPa0TQu2zF3A8jYD6df9SLBIYAT4PBXS4ZBTHWhFDJ9a6YDogkFHR8aR2CvXjyMqkVC/Z5wbo7y5aukjhS6BhlUA7Z6AKV0C2qoCqi6BE9o1f0ZjwZL8a78TFvXTGSmSP0B8bnD2LnmAc=</latexit>

var(X) = EX2 � (EX)2 = EX2

<latexit sha1_base64="B0NGofoKQdFfpW1SrFfN9N809Mk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwISUpii4UCm4ENxXsA5oYJpNJO3QyCTMTaQjZufFX3LhQxK2/4M6/cdpmoa0HLhzOuZd77/FiSoQ0zW+ttLC4tLxSXq2srW9sbunbO20RJRzhFopoxLseFJgShluSSIq7Mccw9CjueMOrsd95wFyQiN3JNMZOCPuMBARBqSRX37+0Aw5RZuWZHZPcJoRJ92Z0X7eP/ZGfunrVrJkTGPPEKkgVFGi6+pftRygJMZOIQiF6lhlLJ4NcEkRxXrETgWOIhrCPe4oyGGLhZJM/cuNQKb4RRFwVk8ZE/T2RwVCINPRUZwjlQMx6Y/E/r5fI4NzJCIsTiRmaLgoSasjIGIdi+IRjJGmqCEScqFsNNIAqF6miq6gQrNmX50m7XrNOa+btSbVxUcRRBnvgABwBC5yBBrgGTdACCDyCZ/AK3rQn7UV71z6mrSWtmNkFf6B9/gAHD5lj</latexit>

=
1

⇡

ZZ

K
x2 dxdy

<latexit sha1_base64="EkehegjDjTQmrbfRLIGZftHh3aw="></latexit>

=
1

⇡

Z 1

0

Z 2⇡

0
r3 cos2 � d�dr

<latexit sha1_base64="oDGoY2Z7E8fn4DuQuaKTlqbumB8="></latexit>������

x = r cos�,
y = r sin�,

J = r

������
<latexit sha1_base64="GogLreqHtpHrmcBfjMIzQ1tDuuY="></latexit>

=
1

⇡

✓Z 1

0
r3 dr

◆✓Z 2⇡

0
cos2� d�

◆
=

1

4
<latexit sha1_base64="I1nE8yLwmmjJn/0YFeU0fcsf6AE=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewKxE9KAS8eIxgHpJdwuxkNhky+2CmNxiWePFXvHhQxKt/4c2/cZLsQRMLGoqqbrq7vFhwBZb1beSWlldW1/LrhY3Nre0dc3evoaJEUlankYhkyyOKCR6yOnAQrBVLRgJPsKY3uJ74zSGTikfhHYxi5gakF3KfUwJa6pgHDrAHSIdEjkv3J/gKO74kFNuVjlm0ytYUeJHYGSmiDLWO+eV0I5oELAQqiFJt24rBTYkETgUbF5xEsZjQAemxtqYhCZhy0+kHY3yslS72I6krBDxVf0+kJFBqFHi6MyDQV/PeRPzPayfgX7gpD+MEWEhni/xEYIjwJA7c5ZJRECNNCJVc34ppn+gIQIdW0CHY8y8vksZp2T4rW7eVYvUyiyOPDtERKiEbnaMqukE1VEcUPaJn9IrejCfjxXg3PmatOSOb2Ud/YHz+AIxUlZ8=</latexit>

var(Y ) =
1

4
<latexit sha1_base64="ta8YsnqM5O1zjD+SOJQz3f4Ve2M="></latexit>

D(X,Y ) =

✓
1
4 0
0 1

4

◆



Náhodný vektor  Z=(X,Y)

Úloha 1: Nechť náhodný vektor (X,Y) má rovnoměrné rozdělení nad čtvercem M. 
Jsou jeho složky X  a Y  stochasticky nezávislé náhodné veličiny?

<latexit sha1_base64="GyKs+qE+R4u5CRPpeyiPywBXxs8="></latexit>

f(x, y) =

(
1
4 , (x, y) 2 M = {(x, y) : |x|  1, |y|  1}
0, jinde

f (x,y)

x

y

z

1/4

-1

-1

1

1



Náhodný vektor  Z=(X,Y)

Příklad 2: Náhodný vektor  (X,Y) má dvourozměrné normální rozdělení se střední 

hodnotou  (µ1,µ2)  a kovarianční maticí                                 je-li jeho dvourozměrná 

hustota rovna



Náhodný vektor  Z=(X,Y)

Příklad 3: Při měření dvou rozměrů součástky má chyba (X,Y) dvourozměrné 
normální rozdělení s nezávislými složkami, nulovým vektorem středních hodnot a 
stejnými rozptyly σ2. Vypočtěte střední hodnotu a rozptyl celkové velikosti chyby 
dané náhodnou veličinou                          .

E(Z) =

ZZ +1

�1
Z(x, y)f(x, y)dxdy

<latexit sha1_base64="tPuNgLkC42eEbdXs32r9k/ZtoKQ="></latexit>

Substitucí                                       s Jakobiánem r dostáváme                               
<latexit sha1_base64="2RICEsoiVMM8O1utGKi/0YRYlRk=">AAACB3icbZDLSsNAFIZPvNZ6i7oUZLAILqQkUrQboeDGZQV7gSaUyXTSDp1MwsxELKE7N76KGxeKuPUV3Pk2TtsstPWHgZ/vnMOZ8wcJZ0o7zre1tLyyurZe2Chubm3v7Np7+00Vp5LQBol5LNsBVpQzQRuaaU7biaQ4CjhtBcPrSb11T6VisbjTo4T6Ee4LFjKCtUFd++jhSnokVsgLqMZnyEMjAxQTM9C1S07ZmQotGjc3JchV79pfXi8maUSFJhwr1XGdRPsZlpoRTsdFL1U0wWSI+7RjrMARVX42vWOMTgzpoTCW5gmNpvT3RIYjpUZRYDojrAdqvjaB/9U6qQ6rfsZEkmoqyGxRmHKkYzQJBfWYpETzkTGYSGb+isgAS0y0ia5oQnDnT140zfOye1Gu3FZKtWoeRwEO4RhOwYVLqMEN1KEBBB7hGV7hzXqyXqx362PWumTlMwfwR9bnD3QWmGQ=</latexit>

x = r cos�, y = r sin�
<latexit sha1_base64="BLmaoy7m7G1Op5g0XHm0tQHCeKc="></latexit>

EZ =
1

2⇡�2

Z 2⇡

0
d�

Z 1

0
r2e�

r2

2�2 dr

Protože jsou složky nezávislé, pro                  máme x, y 2 R2
<latexit sha1_base64="hHlx8m9607zecsqOJ7iZbYA52D8=">AAAB/nicbVDLSsNAFJ3UV62vaJduBovgQkpSiw9wUXDjsop9QBPLZDpph04mYWYihlDwT9yJLsStH+LGv3GSFlHrgYHDOfdyzxwvYlQqy/o0CguLS8srxdXS2vrG5pa5vdOWYSwwaeGQhaLrIUkY5aSlqGKkGwmCAo+Rjje+yPzOHRGShvxGJRFxAzTk1KcYKS31zfL9YeJQDp0AqZHnp9eT21rfrFhVKwecJ/aMVMAMzb754QxCHAeEK8yQlD3bipSbIqEoZmRScmJJIoTHaEh6mnIUEOmmefgJ3NfKAPqh0I8rmKs/N1IUSJkEnp7MMsq/Xib+5/Vi5Z+6KeVRrAjH00N+zKAKYdYEHFBBsGKJJggLqrNCPEICYaX7KkGY13CW4fj70/OkXavaR9X6Vb3SOJ8VUgS7YA8cABucgAa4BE3QAhgk4BE8gxfjwXgyXo236WjBmO2UwS8Y71+DbJT/</latexit>

a tedy E(Z) =

ZZ
1

2⇡�2

p
x2 + y2 e�

x2+y2

2�2 dxdy
<latexit sha1_base64="A6mIjAeANUKQh/3zDqlIDJ4Nspk="></latexit>

=
1p
2⇡�

e�
x2

2�2 · 1p
2⇡�

e�
y2

2�2

<latexit sha1_base64="iKPkbzONXh4x9+S5EoZOcHB/3xI="></latexit>

<latexit sha1_base64="S5VJkTjLqFtOR6SRPgZoEzT36Iw=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFSkJJI0W6EghuXFexD2rRMppN26GQSZibSEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33uNFjEpl29/G2vrG5tZ2bie/u7d/cGgeHTdlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Y1vZn7rkQhJQ36vkoi4ARpy6lOMlJb6ZsG3JudJ6drvta1Jye89WEmpbxbtsj0HXCVORoogQ71vfnUHIY4DwhVmSMqOY0fKTZFQFDMyzXdjSSKEx2hIOppyFBDppvPjp/BMKwPoh0IXV3Cu/p5IUSBlEni6M0BqJJe9mfif14mVX3VTyqNYEY4Xi/yYQRXCWRJwQAXBiiWaICyovhXiERIIK51XXofgLL+8SpoXZeeyXLmrFGvVLI4cOAGnwAIOuAI1cAvqoAEwSMAzeAVvxpPxYrwbH4vWNSObKYA/MD5/AFq9k0U=</latexit>

f(x, y) = fX(x)fY (y)
<latexit sha1_base64="EaytY9FwIKAAmEY5ov4zylditfU=">AAACJXicbVDJSgNBFOxxjXGLevQyGARBDDNB1INCwIvHCGaBTBJ6Om+SJj0L3W8kYZif8eKvePFgEMGTv2JnETSxoKGoqsfrV24kuELL+jSWlldW19YzG9nNre2d3dzeflWFsWRQYaEIZd2lCgQPoIIcBdQjCdR3BdTc/u3Yrz2CVDwMHnAYQdOn3YB7nFHUUjt3feN4krLETpOiE3FH8a5PW8XUQRhgAmkrOZsGBq3i6VAbOvaTSdu5vFWwJjAXiT0jeTJDuZ0bOZ2QxT4EyARVqmFbETYTKpEzAWnWiRVElPVpFxqaBtQH1UwmV6bmsVY6phdK/QI0J+rviYT6Sg19Vyd9ij01743F/7xGjN5VM+FBFCMEbLrIi4WJoTmuzOxwCQzFUBPKJNd/NVmP6lJQF5vVJdjzJy+SarFgXxTO78/zpatZHRlySI7ICbHJJSmRO1ImFcLIE3khb2RkPBuvxrvxMY0uGbOZA/IHxtc31+WmEA==</latexit>

=
1

2⇡�2
e�

x2+y2

2�2

Dále pro               máme                                        .                             
<latexit sha1_base64="PF6naHLQ5I99HVeGROjyxixnvWA=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSSnajVBw47KCvUATy2Q6aYfOJGHmRCihG1/FjQtF3PoY7nwbp20W2vrDwMd/zuHM+YNEcA2O820V1tY3NreK26Wd3b39A/vwqK3jVFHWorGIVTcgmgkesRZwEKybKEZkIFgnGN/M6p1HpjSPo3uYJMyXZBjxkFMCxurbJ3DthYrQTD1Up1nV03woicG+XXYqzlx4FdwcyihXs29/eYOYppJFQAXRuuc6CfgZUcCpYNOSl2qWEDomQ9YzGBHJtJ/ND5jic+MMcBgr8yLAc/f3REak1hMZmE5JYKSXazPzv1ovhbDuZzxKUmARXSwKU4EhxrM08IArRkFMDBCquPkrpiNi8gCTWcmE4C6fvArtasW9rNTuauVGPY+jiE7RGbpALrpCDXSLmqiFKJqiZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gCKoJZa</latexit>

t =
r2

2�2

<latexit sha1_base64="g9wmasV+lPdKEcU6VrzUBwkRtzg=">AAACH3icbVDLSgMxFM34rPVVdekmWARdWGaKqBuhIIJLBfvATi2Z9E4NZjJDckcsw/yJG3/FjQtFxJ1/Y/pY+DoQcnLOvdzcEyRSGHTdT2dqemZ2br6wUFxcWl5ZLa2tN0ycag51HstYtwJmQAoFdRQooZVoYFEgoRncngz95h1oI2J1iYMEOhHrKxEKztBK3dLB6dWxb0Q/Yr5Q2HWvM3uHOMh3qrhrH6FmnHrVHK6zPcx9hHvMejl2S2W34o5A/xJvQspkgvNu6cPvxTyNQCGXzJi25ybYyZhGwSXkRT81kDB+y/rQtlSxCEwnG+2X022r9GgYa3sU0pH6vSNjkTGDKLCVEcMb89sbiv957RTDo04mVJIiKD4eFKaSYkyHYdGe0MBRDixhXAv7V8pvmI0EbaRFG4L3e+W/pFGteAeV/Yv9cu1oEkeBbJItskM8ckhq5Iyckzrh5IE8kRfy6jw6z86b8z4unXImPRvkB5zPL2gkozY=</latexit>

EZ = �

Z 1

0
(2t)

1
2 e�tdt



Náhodný vektor  Z=(X,Y)

Příklad 3: Při měření dvou rozměrů součástky má chyba (X,Y) dvourozměrné 
normální rozdělení s nezávislými složkami, nulovým vektorem středních hodnot a 
stejnými rozptyly σ2. Vypočtěte střední hodnotu a rozptyl celkové velikosti chyby 
dané náhodnou veličinou                          .

<latexit sha1_base64="g9wmasV+lPdKEcU6VrzUBwkRtzg=">AAACH3icbVDLSgMxFM34rPVVdekmWARdWGaKqBuhIIJLBfvATi2Z9E4NZjJDckcsw/yJG3/FjQtFxJ1/Y/pY+DoQcnLOvdzcEyRSGHTdT2dqemZ2br6wUFxcWl5ZLa2tN0ycag51HstYtwJmQAoFdRQooZVoYFEgoRncngz95h1oI2J1iYMEOhHrKxEKztBK3dLB6dWxb0Q/Yr5Q2HWvM3uHOMh3qrhrH6FmnHrVHK6zPcx9hHvMejl2S2W34o5A/xJvQspkgvNu6cPvxTyNQCGXzJi25ybYyZhGwSXkRT81kDB+y/rQtlSxCEwnG+2X022r9GgYa3sU0pH6vSNjkTGDKLCVEcMb89sbiv957RTDo04mVJIiKD4eFKaSYkyHYdGe0MBRDixhXAv7V8pvmI0EbaRFG4L3e+W/pFGteAeV/Yv9cu1oEkeBbJItskM8ckhq5Iyckzrh5IE8kRfy6jw6z86b8z4unXImPRvkB5zPL2gkozY=</latexit>

EZ = �

Z 1

0
(2t)

1
2 e�tdt [https://cs.wikipedia.org/wiki/Gama_funkce]

Zde použijeme tzv. Gamma funkci:                                      a dostáváme    
<latexit sha1_base64="nK1cd/WxjnWKXVaEqau2EQVkvwE=">AAACGHicbVDJSgNBEO1xjXGLevQyGAQ9GGdE1IsQ8KBHBbNAJgk9nRpt7O4ZumvEOMxnePFXvHhQxKs3/8bOcnB7UNTjvSq664WJ4AY979OZmJyanpktzBXnFxaXlksrq3UTp5pBjcUi1s2QGhBcQQ05CmgmGqgMBTTCm5OB37gFbXisLrGfQFvSK8UjzihaqVvaDU6plHTrfvs44Aq7XiezPcJ+jp3sfsfPoZPtYB4g3GHWy7FbKnsVbwj3L/HHpEzGOO+WPoJezFIJCpmgxrR8L8F2RjVyJiAvBqmBhLIbegUtSxWVYNrZ8LDc3bRKz41ibUuhO1S/b2RUGtOXoZ2UFK/Nb28g/ue1UoyO2hlXSYqg2OihKBUuxu4gJbfHNTAUfUso09z+1WXXVFOGNsuiDcH/ffJfUt+r+AeV/Yv9cvVoHEeBrJMNskV8ckiq5Iyckxph5IE8kRfy6jw6z86b8z4anXDGO2vkB5yPL52voMg=</latexit>

�(z) =

Z 1

0
tz�1e�tdt

<latexit sha1_base64="DSG5ZzIklspXZ+lUmjljuXDPz5I=">AAACGHicbVDLSgMxFM34rPVVdekmWIQKUmfqq5tCQUSXFayKnaHcSTM1mMyMSUYoQz/Djb/ixoUibrvzb0zbWWj1QOBwzrnc3OPHnClt21/W1PTM7Nx8biG/uLS8slpYW79SUSIJbZKIR/LGB0U5C2lTM83pTSwpCJ/Ta//+ZOhfP1KpWBRe6l5MPQHdkAWMgDZSu7B3eltzFesKcNWD1Gml756BEFByAwkE71d2cA07u5XD/XGqXSjaZXsE/Jc4GSmiDI12YeB2IpIIGmrCQamWY8faS0FqRjjt591E0RjIPXRpy9AQBFVeOjqsj7eN0sFBJM0LNR6pPydSEEr1hG+SAvSdmvSG4n9eK9FB1UtZGCeahmS8KEg41hEetoQ7TFKiec8QIJKZv2JyB6YRbbrMmxKcyZP/kqtK2TkqH1wcFOvVrI4c2kRbqIQcdIzq6Bw1UBMR9IRe0Bt6t56tV+vD+hxHp6xsZgP9gjX4Blulngc=</latexit>

EZ = �
p
2�(

3

2
) = 1, 253�

Podobným způsobem můžeme spočítat libovolný moment veličiny Z:

Stejnými substitucemi se dostaneme 

k výrazu

Pomocí druhého obecného momentu                           dostaneme  
<latexit sha1_base64="GCQSE0QIX7kGg2ZwwxYgo5ZffbA=">AAACAHicbVDLSgNBEJyNrxhfUQ8evCwGIV7C7hI0FyEgoscI5oHJJvROZpMhM7PLzKwQQi7+ihcPinj1M7z5N04eB00saCiquunuCmJGlXacbyu1srq2vpHezGxt7+zuZfcPaipKJCZVHLFINgJQhFFBqppqRhqxJMADRurB4Gri1x+JVDQS93oYE59DT9CQYtBG6mSPrh/a3qXXUrTHoe21boBzyHtnnWzOKThT2MvEnZMcmqPSyX61uhFOOBEaM1Cq6Tqx9kcgNcWMjDOtRJEY8AB6pGmoAE6UP5o+MLZPjdK1w0iaEtqeqr8nRsCVGvLAdHLQfbXoTcT/vGaiw5I/oiJONBF4tihMmK0je5KG3aWSYM2GhgCW1Nxq4z5IwNpkljEhuIsvL5OaV3DPC8W7Yq5cmseRRsfoBOWRiy5QGd2iCqoijMboGb2iN+vJerHerY9Za8qazxyiP7A+fwBS45Tt</latexit>

EZ2 = 2�2�(2)

<latexit sha1_base64="T/wPH9QASLYtLdtw9SPQhWnTwBA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpYkFK2LQkEKLivYB23TMplO2qGTBzMToYQu3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu99zgho0IaxreWWlldW99Ib2a2tnd29/T9g7oIIo5JDQcs4E0HCcKoT2qSSkaaISfIcxhpOKObqd94IFzQwL+X45DYHhr41KUYSSX19OM64rBVqrS61kWu0jrrWiXjvGBddwQdeKhr9fSskTdmgMvETEgWJKj29K9OP8CRR3yJGRKibRqhtGPEJcWMTDKdSJAQ4REakLaiPvKIsOPZIxN4qpQ+dAOuypdwpv6eiJEnxNhzVKeH5FAselPxP68dSbdox9QPI0l8PF/kRgzKAE5TgX3KCZZsrAjCnKpbIR4ijrBU2WVUCObiy8ukbuXNy3zhrpAtF5M40uAInIAcMMEVKINbUAU1gMEjeAav4E170l60d+1j3prSkplD8Afa5w8RWpbR</latexit>

V arZ = EZ2 � (EZ)2 = 0, 429�2

https://cs.wikipedia.org/wiki/Gama_funkce


Náhodný vektor  Z=(X,Y)



Rozdělení transformace náhodného vektoru 

Je-li funkce y=h(x) na množině hodnot veličiny X ryze monotónní, má náhodná 
veličina Y=h(X) hustotu pravděpodobnosti

kde x=h-1(y),   je inverzní funkce k funkci y=h(x).

g(y) = f
�
h�1(y)

� ����
dh�1(y)

dy

����

<latexit sha1_base64="7JfWXfZneI1poE9jYDVj6haTJuU="></latexit>

Předpokládejme, že funkce y=h(x) je definovaná na množině hodnot veličiny X. 
Potom distribuční funkce G(y) transformované náhodné veličiny Y=h(X) je:

G(y) = P (Y  y) = P (h(X)  y) =

Z

h(x)y
f(x)dx

<latexit sha1_base64="OUfZaEE8VjZwPevGNtOpk8jF360=">AAACJ3icbZDLSgMxFIYz3q23qks3wSKMmzIjii5UBBe6rGC10paSSc/YYCYzJmekZejbuPFV3AgqokvfxLSO4O2HwJf/nENy/iCRwqDnvTkjo2PjE5NT04WZ2bn5heLi0pmJU82hymMZ61rADEihoIoCJdQSDSwKJJwHV4eD+vkNaCNidYq9BJoRu1QiFJyhtVrF/SO3t75XcS8aEq7pEDtubf3rRhtCYSvruN3c6tNwwAhdzNr9bqtY8sreUPQv+DmUSK5Kq/jYaMc8jUAhl8yYuu8l2MyYRsEl9AuN1EDC+BW7hLpFxSIwzWy4Z5+uWadNw1jbo5AO3e8TGYuM6UWB7YwYdszv2sD8r1ZPMdxpZkIlKYLinw+FqaQY00FotC00cJQ9C4xrYf9KeYdpxtFGW7Ah+L9X/gtnG2V/s7x1slk62M3jmCIrZJW4xCfb5IAckwqpEk5uyT15Is/OnfPgvDivn60jTj6zTH7Ief8AKOOjxQ==</latexit>

Hustotu veličiny Y=h(X) potom dostaneme derivací distribuční funkce G(y).

Tato část je k prostudování na: https://sms.nipax.cz/_media/teorie_pravdepodobnosti.pdf 
kapitola 13 Funkce náhodných veličin (str. 109-117).

Funkce náhodné veličiny

https://sms.nipax.cz/_media/teorie_pravdepodobnosti.pdf


Rozdělení transformace náhodného vektoru 

<latexit sha1_base64="s5WY7AmvgWebl2tcwUBr3LZ0m90=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8Ei1E1JpGg3QsGNywr2Im0ok+lpO3QyCTOTYgl9FTcuFHHri7jzbZymWWjrDwMf/zmHc+b3I86UdpxvK7exubW9k98t7O0fHB7Zx8WWCmNJoUlDHsqOTxRwJqCpmebQiSSQwOfQ9ie3i3p7ClKxUDzoWQReQEaCDRkl2lh9u9ibAsWP+AaPyyl2Lvp2yak4qfA6uBmUUKZG3/7qDUIaByA05USprutE2kuI1IxymBd6sYKI0AkZQdegIAEoL0lvn+Nz4wzwMJTmCY1T9/dEQgKlZoFvOgOix2q1tjD/q3VjPax5CRNRrEHQ5aJhzLEO8SIIPGASqOYzA4RKZm7FdEwkodrEVTAhuKtfXofWZcW9qlTvq6V6LYsjj07RGSojF12jOrpDDdREFD2hZ/SK3qy59WK9Wx/L1pyVzZygP7I+fwBqvpK5</latexit>

~Y = h( ~X)
<latexit sha1_base64="iaj2ZQh646UtMxCeIBmfYNA5OKs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahQilJKdqNWHDjsoJ9QBvCZDpph04mYeZGCLELf8WNC0Xc+hvu/Bunj4W2Hhg4nHMP987xY84U2Pa3sbK6tr6xmdvKb+/s7u2bB4ctFSWS0CaJeCQ7PlaUM0GbwIDTTiwpDn1O2/7oZuK3H6hULBL3kMbUDfFAsIARDFryzONBMfWcUupVSr1+BEozcX517ZkFu2xPYS0TZ04KaI6GZ37pOElCKoBwrFTXsWNwMyyBEU7H+V6iaIzJCA9oV1OBQ6rcbHr/2DrTSt8KIqmfAGuq/k5kOFQqDX09GWIYqkVvIv7ndRMIam7GRJwAFWS2KEi4BZE1KcPqM0kJ8FQTTCTTt1pkiCUmoCvL6xKcxS8vk1al7FyUq3fVQr02ryOHTtApKiIHXaI6ukUN1EQEPaJn9IrejCfjxXg3PmajK8Y8c4T+wPj8AdR7lK0=</latexit>

g(y1, y2, . . . , yn) =?

<latexit sha1_base64="OD67mOaZfx9/CbEVKN1dcpJiVtk="></latexit>

yi = hi(x1, x2, . . . , xn) ) xi = h�1
i (y1, y2, . . . , yn)

<latexit sha1_base64="aFQ+nvBto+l35WRxzHHLK3VUYfE="></latexit>

J =

��������

@h�1
1

@y1
· · · @h�1

1
@yn

...
. . .

...
@h�1

n
@y1

· · · @h�1
n

@yn

��������<latexit sha1_base64="vK9jwz+tyOtxjHlMibfOaKbLW+w="></latexit>

⇥ ⇢ Rn ) H = h(⇥) ⇢ Rn

<latexit sha1_base64="A7whKXpd2pZoCRdNsvlq6yGqDWc=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMxI0eKq4MZlFfuAzlgyaaYTmkmGJKOUoT/hxl9x40IRt4I7/8ZM24VtPRA4Oede7r0nSBhV2nF+rKXlldW19cJGcXNre2fX3ttvKpFKTBpYMCHbAVKEUU4ammpG2okkKA4YaQWDq9xvPRCpqOB3epgQP0Z9TkOKkTZS1z6NLqEHvRjpKAjg7T3Pf5L2I42kFI+zXtcuOWVnDLhI3CkpgSnqXfvb6wmcxoRrzJBSHddJtJ8hqSlmZFT0UkUShAeoTzqGchQT5Wfjq0bw2Cg9GAppHtdwrP7tyFCs1DAOTGW+opr3cvE/r5PqsOpnlCepJhxPBoUpg1rAPCLYo5JgzYaGICyp2RXiCEmEtQmyaEJw509eJM2zsntertxUSrXqNI4COARH4AS44ALUwDWogwbA4Am8gDfwbj1br9aH9TkpXbKmPQdgBtbXLyCcnY0=</latexit>

h : Rn ! Rn
<latexit sha1_base64="NGpRNq3j8/LNU08ZN8aJf/1QHrw=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVSpkpRbssuHFZwT6gHYZMmmlDk8yQZErL0K0bf8WNC0Xc+gfu/BvTdhbaeiBwOOcebu4JYkaVdpxva2Nza3tnN7eX3z84PDq2T05bKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQej27nfHhOpaCQe9DQmHkcDQUOKkTaSb8PemGDYgT1FOQyLE98tTfxKqdePtDJMXPl2wSk7C8B14makADI0fPvLhHHCidCYIaW6rhNrL0VSU8zILN9LFIkRHqEB6RoqECfKSxeXzOClUfowjKR5QsOF+juRIq7UlAdmkiM9VKveXPzP6yY6rHkpFXGiicDLRWHCoI7gvBbYp5JgzaaGICyp+SvEQyQR1qa8vCnBXT15nbQqZfe6XL2vFuq1rI4cOAcXoAhccAPq4A40QBNg8AiewSt4s56sF+vd+liOblhZ5gz8gfX5A+GumIg=</latexit>

~X ⇠ f(x1, x2, . . . , xn) regulární zobrazení (J ≠ 0)                             

<latexit sha1_base64="Ck8gMtQy9sXR7Rl5ri5nmPqvKnw="></latexit>

P (~Y 2 ⇥) =

Z
· · ·

Z
g(y1, . . . , yn)dy1 . . . dyn

<latexit sha1_base64="9zhjSagTMvAECKy8Jlr4CCjRFUA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V+gVtKJvtpF272YTdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZXa/eYYDR2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8trp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOavkyFXyIyYWkKZ4vZWwsZUUWZsQCUbgrf68jppX1W9m+r1w3WlXsvjKMIZnMMleHALdbiHBrSAwSM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/cuOPBw==</latexit>

⇥
<latexit sha1_base64="Q0273QYlohwpiXTfdr5Ay6bMIx4="></latexit>

=

Z
· · ·

Z
f
�
h�1
1 (y1, . . . , yn), . . . , h

�1
n (y1, . . . , yn)

�
· |J |dy1 . . . dyn

<latexit sha1_base64="9zhjSagTMvAECKy8Jlr4CCjRFUA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V+gVtKJvtpF272YTdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZXa/eYYDR2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8trp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOavkyFXyIyYWkKZ4vZWwsZUUWZsQCUbgrf68jppX1W9m+r1w3WlXsvjKMIZnMMleHALdbiHBrSAwSM8wyu8ObHz4rw7H8vWgpPPnMIfOJ8/cuOPBw==</latexit>

⇥
<latexit sha1_base64="xp0rdTF49z4euy8lyVYSrVg9L3Q="></latexit>

g(y1, y2, . . . , yn) = f
�
h�1
1 (y1, . . . , yn), . . . , h

�1
n (y1, . . . , yn)

�
· |J |… a tedy je 



Rozdělení transformace náhodného vektoru 

Příklad:



Rozdělení transformace náhodného vektoru 

Příklad:
<latexit sha1_base64="T9VIOs7MEbssNQca3RJL0WYs7kU=">AAACIHicbVBLSwMxGMzWV62vVY9egkWoUMpuKbbHgggeK9gHdJclm822odkHSVYsS3+KF/+KFw+K6E1/jel2D9p2QmCY+YbkGzdmVEjD+NYKG5tb2zvF3dLe/sHhkX580hNRwjHp4ohFfOAiQRgNSVdSycgg5gQFLiN9d3I99/sPhAsahfdyGhM7QKOQ+hQjqSRHbw4c06paggZW9eYxrlhMZT10WYVWdgZOfa3t6GWjZmSAq8TMSRnk6Dj6l+VFOAlIKDFDQgxNI5Z2irikmJFZyUoEiRGeoBEZKhqigAg7zRacwQuleNCPuLqhhJn6N5GiQIhp4KrJAMmxWPbm4jpvmEi/Zac0jBNJQrx4yE8YlBGctwU9ygmWbKoIwpyqv0I8RhxhqTotqRLM5ZVXSa9eM69qjbtGud3K6yiCM3AOKsAETdAGt6ADugCDJ/AC3sC79qy9ah/a52K0oOWZU/AP2s8vESqgbQ==</latexit>

X1 ⇠ Exp(�), X2 ⇠ Exp(�), nezávislé náhodné veličiny
<latexit sha1_base64="0nXOMvqKtFrjzeBr8KNb8tzROUk="></latexit>

f(x1, x2) = f1(x1)f2(x2) = �2e��(x1+x2), x1, x2 � 0

<latexit sha1_base64="weRsssjDA5knKWP9yDu5Fn5nR1A=">AAACF3icbVDLSgMxFM34rPVVdekmWISKZZgZinZTKLhxWcG2UzrDkEkzbWjmQZIplKF/4cZfceNCEbe6829MH4K2nhA4Oedebu7xE0aFNIwvbW19Y3NrO7eT393bPzgsHB23RJxyTJo4ZjG3fSQIoxFpSioZsRNOUOgz0vaHN1O/PSJc0Di6l+OEuCHqRzSgGEkleQXdGREMO7VSxzPLHc+6KENHHfWq2Z55aXvWj2ApwfIKRUM3ZoCrxFyQIlig4RU+nV6M05BEEjMkRNc0EulmiEuKGZnknVSQBOEh6pOuohEKiXCz2V4TeK6UHgxirm4k4Uz93ZGhUIhx6KvKEMmBWPam4n9eN5VB1c1olKSSRHg+KEgZlDGchgR7lBMs2VgRhDlVf4V4gDjCUkWZVyGYyyuvkpalm1d65a5SrFcXceTAKTgDJWCCa1AHt6ABmgCDB/AEXsCr9qg9a2/a+7x0TVv0nIA/0D6+AQc9mtA=</latexit>

~Y = (Y1, Y2), Y1 = X1 +X2, Y2 = X2
<latexit sha1_base64="NznwsNZ14jfuygkYLkt6/Ijdaj4=">AAACEXicbZC7TsMwFIadcivlFmBksaiQOkCVRBV0QarEwlgQvamJIsd1W6tOHNkOqIr6Ciy8CgsDCLGysfE2uG0GaDmWpV/ff47s8wcxo1JZ1reRW1ldW9/Ibxa2tnd298z9g6bkicCkgTnjoh0gSRiNSENRxUg7FgSFASOtYHQ19Vv3REjKozs1jokXokFE+xQjpZFvltxbOhgqJAR/gK4+bd++7Pj2Wcd3TjPgaOD4ZtEqW7OCy8LORBFkVffNL7fHcRKSSGGGpOzaVqy8FAlFMSOTgptIEiM8QgPS1TJCIZFeOttoAk806cE+F/pGCs7o74kUhVKOw0B3hkgN5aI3hf953UT1q15KozhRJMLzh/oJg4rDaTywRwXBio21QFhQ/VeIh0ggrHSIBR2Cvbjysmg6Zfu8XLmpFGvVLI48OALHoARscAFq4BrUQQNg8AiewSt4M56MF+Pd+Ji35oxs5hD8KePzB6LWmlA=</latexit>) X1 = Y1 � Y2, X2 = Y2

<latexit sha1_base64="ajrbxzH+mt3aH55OS/PNcnHpZHQ="></latexit>

J =

����
1 �1
0 1

���� = 1

Tudíž <latexit sha1_base64="0gaU6Qn3ruZ1ynbAkMRlX2hnj34=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+IQpuhox9BdhIEXjxPcC2xdSdN0C0vTkqRCKfsOXvwqXjwo4tWLN7+N6daDbj4Q+OX/z5Pk+bsRJUKa5rdWWFldW98obpa2tnd29/T9g44IY45wG4U05D0XCkwJw21JJMW9iGMYuBR33clN5ncfMBckZPcyibAdwBEjPkFQKsnRz0aVxLHOE6d2eu1neKFwvh1QdY0HhzU8TJUxdfSyWTVnZSyDlUMZ5NVy9K+BF6I4wEwiCoXoW2Yk7RRySRDF09IgFjiCaAJHuK+QwQALO53NNDVOlOIZfsjVYtKYqb87UhgIkQSuOhlAORaLXib+5/Vj6TfslLAolpih+UN+TA0ZGllAhkc4RpImCiDiRP3VQGPIIZIqxpIKwVoceRk6tap1Wa3f1cvNRh5HERyBY1ABFrgCTXALWqANEHgEz+AVvGlP2ov2rn3Mjxa0vOcQ/Cnt8wdizZv9</latexit>

g(y1, y2) = f(y1 � y2, y2) = �2ey1

<latexit sha1_base64="OW8D+2f8AfMYpkxKMGlAkzMOdpk="></latexit>

g1(y1) =

Z 1

0
f(y1 � y2, y2)dy2 =

Z y1

0
�2ey1dy2 = �2y1e

y1

Srovnejte s odvozením Erlangova rozdělení pro n=2.


