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1 Ïîñòàíîâêà çàäà÷è
Ïóñòü ñëó÷àéíûé âåêòîð (X1, . . . , Xn) èìååò íåâûðîæäåííîå íîðìàëüíîå ðàñïðåäåëåíèå

P{(X1, . . . , Xn) ∈ A} = D

∫
. . .

∫

A

e−Q(x1,...,xn)/2dx1 . . . dxn, A ∈ B(Rn),

Q(x1, . . . , xn) =
∑n

k,m=1(xk − ak)bk,m(xm − am) � ïîëîæèòåëüíî îïðåäåëåííàÿ êâàäðàòè÷íàÿ
ôîðìà îò óêàçàííûõ ðàçíîñòåé. ×èñëà a1, . . . , an � ôèêñèðîâàíû.

Âû÷èñëèòü D (�64), EXk (�65), DXk (�66), E[(Xk − EXk)(Xm − EXm)] (�67), k = 1, . . . , n
è ðåçóëüòàò âûðàçèòü â òåðìèíàõ a1, . . . , an è ýëåìåíòîâ ìàòðèöû ‖bk,m‖.

2 Ðåøåíèå
Ìàòðèöà B � ñèììåòðè÷íàÿ íåâûðîæäåííàÿ ïîëîæèòåëüíî îïðåäåëåííàÿ ìàòðèöà: B′ =
B, |B| > 0. Èç êóðñà ëèíåéíîé àëãåáðû èçâåñòíî, ÷òî ñóùåñòâóåò òàêàÿ ìàòðèöà C ∈ Rn

Q
n,

÷òî C ′BC = I, ãäå I � åäèíè÷íàÿ ìàòðèöà ïîðÿäêà n. Çàìåòèì, ÷òî |C ′| · |B| · |C| = 1 èëè
|B| = 1/|C|2. Ïðîèçâåäåì çàìåíó y = C−1(x − a), òîãäà êâàäðàòè÷íàÿ ôîðìà ïðèâåäåòñÿ ê
äèàãîíàëüíîìó âèäó

Q(x1, . . . , xn) = (x− a)′B(x− a) = y′C ′BCy = y′Iy =
n∑

i=1

y2
i

Äëÿ òîãî, ÷òîáû íàéòè íîðìèðîâî÷íóþ êîíñòàíòó D, âû÷èñëèì ñëåäóþùèé èíòåãðàë
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e−z2/2dz

)n

=

{∫ ∞

−∞
e−z2/2dz =

√
2π

}
= (2π)n/2/|B|1/2

Òàêèì îáðàçîì, D = |B|1/2/(2π)n/2.
Òåïåðü íåîáõîäèìî íàéòè ìàòåìàòè÷åñêîå îæèäàíèå k-îé êîìïîíåíòû. Äëÿ ýòîãî âû÷èñëèì

èíòåãðàë:
EXk =

|B|1/2

(2π)n/2
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xke

−Q(x1,...,xn)/2dx1 . . . dxn = {x = a + Cy}
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(2π)n/2|C|
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Íàéäåì êîâàðèàöèè äâóõ êîìïîíåíò Xk Xm, âû÷èñëèì èíòåãðàë:

E[(Xk − EXk)(Xm − EXm)] =
|B|1/2

(2π)n/2
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

 =

=
n∑

s=1

ck,scm,s = (CC ′)k,m = (B−1)k,m =
Bk,m

|B|
ãäå Bk,m� àëãåáðàè÷åñêîå äîïîëíåíèå ê ýëåìåíòó bk,m ìàòðèöû B.
Â ÷àñòíîñòè, äèñïåðñèÿ k-îé êîìïîíåíòû ðàâíà:

DXk = E(Xk − EXk)
2 =

Bk,k

|B|

3 Îòâåò

D = |B|1/2/(2π)n/2

EXk = ak

DXk = E(Xk − EXk)
2 =

Bk,k

|B|

E[(Xk − EXk)(Xm − EXm)] =
Bk,m

|B|
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