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Âûïóêëûå ôóíêöèè

▶ Ìíîæåñòâî âåùåñòâåííûõ âåêòîðîâ R = {x} âûïóêëî, åñëè ∀x , x ′ ∈ R è

∀α ∈ [0, 1], âåêòîð y = αx + (1− α)x ′ ïðèíàäëåæèò R.
▶ Òåîðåìà. Ìíîæåñòâî âåðîÿòíîñòíûõ âåêòîðîâ äëèíû M âûïóêëî.
▶ Äîêàçàòåëüñòâî. Äëÿ ìíîæåñòâà X = {1, 2, . . . ,M}, ðàññìîòðèì äâà

ðàñïðåäåëåíèÿ âåðîÿòíîñòåé p = (p1, ..., pM) è p′ = (p′1, ..., p
′
M), è α ∈ [0, 1].

Ðàññìîòðèì âåêòîðû âèäà

q = αp + (1− α)p′.

1. qi ≥ 0.
2. Ñóììà êîìïîíåíò âåêòîðà q

M∑
i=1

qi = α
M∑
i=1

pi + (1− α)
M∑
i=1

p′i = α+ 1− α = 1.
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Âûïóêëûå ôóíêöèè

▶ Ôóíêöèÿ f (x) âûïóêëàÿ, åñëè ∀x , x ′ ∈ R1 è ∀α ∈ [0, 1] âûïîëíÿåòñÿ
íåðàâåíñòâî: f (αx + (1− α)x ′) ≥ αf (x) + (1− α)f (x ′)

▶ Äëÿ ñëó÷àÿ ôóíêöèè îäíîé ïåðåìåííîé:

f (αx1 + (1− α)x2) ≥ αf (x1) + (1− α)f (x2).
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Âûïóêëûå ôóíêöèè

Òåîðåìà. Ïóñòü f (x) � âûïóêëàÿ ∩ ôóíêöèÿ âåêòîðà x , îïðåäåë¼ííàÿ íà

âûïóêëîé îáëàñòè R, è ïóñòü êîíñòàíòû α1, ..., αM ∈ [0, 1] òàêèå, ÷òî
M∑

m=1

αm = 1.

Òîãäà ∀x1, ..., xM ∈ R ñïðàâåäëèâî íåðàâåíñòâî:

f

(
M∑

m=1

αmxm

)
≥

M∑
m=1

αmf (xm).

Åñëè αm îçíà÷àåò âåðîÿòíîñòü xm, òî ïîëó÷èì íåðàâåíñòâî Éåíñåíà:

f (E{x}) ≥ E{f (x))}.
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Âûïóêëûå ôóíêöèè.

Câîéñòâà.

1. Ñóììà âûïóêëûõ ôóíêöèé âûïóêëà.

2. Ïðîèçâåäåíèå âûïóêëîé ôóíêöèè è ïîëîæèòåëüíîé êîíñòàíòû ÿâëÿåòñÿ

âûïóêëîé ôóíêöèåé.

3. Ëèíåéíàÿ êîìáèíàöèÿ âûïóêëûõ ôóíêöèé ñ íåîòðèöàòåëüíûìè

êîýôôèöèåíòàìè � âûïóêëàÿ ôóíêöèÿ.
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Äîêàçàòåëüñòâî ñâîéñòâà 5.

Òåîðåìà. Ýíòðîïèÿ H(p) àíñàìáëÿ ñ ðàñïðåäåëåíèåì âåðîÿòíîñòåé p � âûïóêëàÿ

∩ ôóíêöèÿ îò p.

Äîêàçàòåëüñòâî.

H(p) = −
M∑

m=1

pm log pm.

Ðàññìîòðèì ñëàãàåìûå fm(p) = −pm log pm.
Âòîðàÿ ïðîèçâîäíàÿ f ′′m(p) = −(log e)/pm.
f ′′m(p) < 0 ∀pm ∈ (0, 1).
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Ïðèìåð

▶ X = {0, 1}. Ïóñòü p(1) = p, p(0) = 1− p = q.

▶ Ýíòðîïèÿ äâîè÷íîãî àíñàìáëÿ

H(X ) = −p log p − q log q ≜ η(p).

▶ Ïåðâàÿ ïðîèçâîäíàÿ îò η(p).

η′(p) = − log p + log(1− p),

η′(p)=0, ïðè p = 1
2
� òî÷êà ýêñòðåìóìà.

▶ Âòîðàÿ ïðîèçâîäíàÿ îò η(p).

η′′(p) = − log e/p − log e/(1− p) < 0.
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Ýíòðîïèÿ äâîè÷íîãî àíñàìáëÿ

H(X ) = η(p) = −p log p − (1− p) log(1− p)
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Äîêàçàòåëüñòâî ñâîéñòâà 6.

▶ Îáîçíà÷èì p̃ = ((p1 + p2)/2, (p1 + p2)/2, p3, ..., pM) .
▶ Íåîáõîäèìî äîêàçàòü, ÷òî

H(p̃) ≥ H(p).

▶ Îáîçíà÷èì

p′ = p = (p1, p2, p3, ..., pM),

p′′ = (p2, p1, p3, ..., pM).

▶ Çàìåòèì, ÷òî: H(p′) = H(p′′) = H(p).
▶ p̃ = (p′ + p′′)/2.
▶ Èç âûïóêëîñòè ýíòðîïèè ñëåäóåò, ÷òî:

H(p̃) = H

(
p′ + p′′

2

)
≥ 1

2
H(p′) +

1

2
H(p′′) = H(p).
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Ïðîèçâåäåíèå àíñàìáëåé è óñëîâíîå ðàñïðåäåëåíèå

▶ Ïðîèçâåäåíèå àíñàìáëåé XY = {(x , y), pXY (x , y)}.
▶ Óñëîâíîå ðàñïðåäåëåíèå âåðîÿòíîñòåé:

p(x |y) =

{
p(x ,y)
p(y) , if p(y) ̸= 0,

0 èíà÷å,
x ∈ X .

▶ Àíñàìáëè X è Y � íåçàâèñèìû, åñëè

p(x , y) = p(x)p(y), x ∈ X , y ∈ Y .
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Óñëîâíàÿ ýíòðîïèÿ

▶ Óñëîâíàÿ ñîáñòâåííàÿ èíôîðìàöèÿ ñîîáùåíèÿ x ïðè ôèêñèðîâàííîì y

I (x |y) = − log p(x |y),

▶ Óñëîâíàÿ ýíòðîïèÿ X ïðè çàäàííîì y ∈ Y

H(X |y) = −
∑
x∈X

p(x |y) log p(x |y),

▶ Óñëîâíàÿ ýíòðîïèÿ X ïðè ôèêñèðîâàííîì àíñàìáëå Y

H(X |Y ) = −
∑
y∈Y

(
p(y)

∑
x∈X

p(x |y) log p(x |y)

)
=

= −
∑
x∈X

∑
y∈Y

p(x , y) log p(x |y).
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Ñâîéñòâà óñëîâíîé ýíòðîïèè

1. H(X |Y ) ≥ 0

2. H(X |Y ) ≤ H(X ), ðàâåíñòâî, åñëè X è Y íåçàâèñèìû.

3. H(XY ) = H(X ) + H(Y |X ) = H(Y ) + H(X |Y )

4. H(X |YZ ) ≤ H(X |Y ) ðàâåíñòâî, åñëè X è Z óñëîâíî íåçàâèñèìû äëÿ âñåõ

y ∈ Y .

12



Ñâîéñòâà óñëîâíîé ýíòðîïèè

5.

H(X1...Xn) = H(X1) + H(X2|X1) +

+ H(X3|X1X2) + ....+

+ H(Xn|X1, ...,Xn−1).

6. H(X1...Xn) ≤
n∑

i=1

H(Xi ) ðàâåíñòâî, åñëè X1,. . . ,Xn ÿâëÿþòñÿ ñîâìåñòíî

íåçàâèñèìûìè.
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Äîêàçàòåëüñòâî ñâîéñòâà 2 äëÿ óñëîâíîé ýíòðîïèè.

p(x) =
∑
y∈Y

p(x |y)p(y)

H(X |Y )− H(X ) = −
∑
x∈X

∑
y∈Y

p(x , y) log p(x |y) +

+
∑
x∈X

∑
y∈Y

p(x , y) log p(x) =

=
∑
x∈X

∑
y∈Y

p(x , y) log
p(x)

p(x |y)
≤

≤
∑
x∈X

∑
y∈Y

p(x , y)

(
p(x)

p(x |y)
− 1

)
log e =

=

∑
x∈X

∑
y∈Y

p(y)p(x)−
∑
x∈X

∑
y∈Y

p(x , y)

 log e = 0.
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Äîêàçàòåëüñòâî ñâîéñòâà 3 äëÿ ýíòðîïèè.

▶ Ðàññìîòðèì X = {x , p(x)}, f (x), Y = {y = f (x), x ∈ X}.
▶ Íóæíî äîêàçàòü, ÷òî

H(Y ) ≤ H(X ).

▶ Èñïîëüçóÿ ñâîéñòâî 3 óñëîâíîé ýíòðîïèè:

H(XY ) = H(X |Y )︸ ︷︷ ︸
≥0

+H(Y ) = H(Y |X )︸ ︷︷ ︸
=0

+H(X ).

▶ Ïîñêîëüêó f (x) îïðåäåëåíà äëÿ êàæäîãî x , ïîëó÷èì, ÷òî H(Y |X ) = 0,

H(X |Y ) ≥ 0.
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Äèñêðåòíûå èñòî÷íèêè

▶ Äèñêðåòíûé èñòî÷íèê ýòî óñòðîéñòâî, êîòîðîå â êàæäûé ìîìåíò âðåìåíè

âûáèðàåò îäíî ñîîáùåíèå èç äèñêðåòíîãî ìíîæåñòâà.

▶ Åñëè ìíîæåñòâî çíà÷åíèé âðåìåíè òàêæå äèñêðåòíî, òî èñòî÷íèê íàçûâàåòñÿ

äèñêðåòíûì ïî âðåìåíè.

▶ Èñòî÷íèê ñ÷èòàåòñÿ çàäàííûì, åñëè èçâåñòíà åãî âåðîÿòíîñòíàÿ ìîäåëü.

Äðóãèìè ñëîâàìè, ìû äîëæíû îïðåäåëèòü âåðîÿòíîñòíóþ ìîäåëü

ñëó÷àéíîãî ïðîöåññà ãåíåðèðîâàíèÿ ñëó÷àéíûõ ñîîáùåíèé íà âûõîäå

èñòî÷íèêà.
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Äèñêðåòíûå èñòî÷íèêè

▶ Äèñêðåòíûé èñòî÷íèê çàäàí, åñëè äëÿ n = 1, 2, ... è i = 0, 1, 2, ... èçâåñòíà
âåðîÿòíîñòü

p(xi+1, xi+2, ..., xi+n)

ñëó÷àéíîé ïîñëåäîâàòåëüíîñòè èç {Xi+1Xi+2...Xi+n}, êîòîðàÿ íà÷èíàåòñÿ ñ
èíäåêñà i + 1 è èìååò äëèíó n, ãäå xj ∈ Xj , j = i + 1, ..., i + n.

▶ Îáû÷íî ðàññìàòðèâàåòñÿ ñëó÷àé, êîãäà Xj = X äëÿ âñåõ j .
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Äèñêðåòíûé ñòàöèîíàðíûé ïðîöåññ

Ïóñòü x = (x1, x2, . . . , xn, . . . ) � äèñêðåòíûé ñëó÷àéíûé ïðîöåññ.

Ðàññìîòðèì ñëó÷àéíûé âåêòîð x j+n
j+1 = (xj+1, xj+2, . . . , xj+n).

▶ Ñòàöèîíàðíîñòü ïðîöåññà îçíà÷àåò, ÷òî äëÿ ëþáîãî n è j , p(x j+n
j+1 ) íå

çàâèñèò îò ñäâèãà âî âðåìåíè j , ò.å., p(x j+n
j+1 ) = p(xn1 ).

▶ Åñëè

p(x1, x2, ..., xn) =
n∏

i=1

p(xi ),

òî èñòî÷íèê íàçûâàþò äèñêðåòíûì èñòî÷íèêîì áåç ïàìÿòè.
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Öåïü Ìàðêîâà

Äèñêðåòíûé ñëó÷àéíûé ïðîöåññ íàçûâàåòñÿ öåïüþ Ìàðêîâà ïîðÿäêà s åñëè äëÿ

ëþáîãî n è x = (x1, . . . , xn) ∈ X n âûïîëíÿåòñÿ ñëåäóþùåå ðàâåíñòâî:

p(x) = p(x1, . . . , xs)p(xs+1|x1, . . . , xs)×

×p(xs+2|x2, . . . , xs+1) . . . p(xn|xn−s , . . . , xn−1)

Äðóãèìè ñëîâàìè, äëÿ öåïè Ìàðêîâà ñïðàâåäëèâî ðàâåíñòâî:

p(xn|x1, . . . , xn−1) = p(xn|xn−s , . . . , xn−1),

óñëîâíàÿ âåðîÿòíîñòü òåêóùåãî çíà÷åíèÿ çàâèñèò îò s ïðåäûäóùèõ çíà÷åíèé è íå

çàâèñèò îò îñòàëüíûõ.

19



Öåïü Ìàðêîâà

Ìàðêîâñêàÿ öåïü ïîðÿäêà s = 1 ñ ñîñòîÿíèÿìè X = {0, 1, . . . ,M − 1} îïðåäåëÿåòñÿ
íà÷àëüíûì ðàñïðåäåëåíèåì {p(x1), x1 ∈ X} è óñëîâíûìè âåðîÿòíîñòÿìè

πij = P(xt = j |xt−1 = i), i , j = 0, 1, . . . ,M − 1

Ìàòðèöà ïåðåõîäíûõ âåðîÿòíîñòåé:

Π =


π00 π01 . . . π0,M−1

π10 π11 . . . π1,M−1

. . . . . . . . . . . .
πM−1,0 πM−1,1 . . . πM−1,M−1

 .
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Öåïü Ìàðêîâà

Îáîçíà÷èì ÷åðåç pt = (pt(0), . . . , pt(M − 1) ñòîõàñòè÷åñêèé âåêòîð, êîìïîíåíòû

êîòîðîãî � âåðîÿòíîñòè ñîñòîÿíèé öåïè Ìàðêîâà â ìîìåíò âðåìåíè t, ãäå pt(i),
i = 0, 1, . . . ,M − 1 � âåðîÿòíîñòü ñîñòîÿíèÿ i â ìîìåíò âðåìåíè t.
Èç ôîðìóëû ïîëíîé âåðîÿòíîñòè ñëåäóåò:

pt+1(i) =
M−1∑
j=0

pt(j)πji .

Â ìàòðè÷íîì âèäå

pt+1 = ptΠ
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Öåïü Ìàðêîâà

Äëÿ ïðîèçâîëüíîãî ÷èñëà øàãîâ n

pt+n = ptΠ
n. (1)

Èç ôîðìóëû (1) ñëåäóåò, ÷òî ðàñïðåäåëåíèå âåðîÿòíîñòåé â ìîìåíò âðåìåíè t çàâèñèò îò
âåëè÷èíû t è îò íà÷àëüíîãî ðàñïðåäåëåíèÿ p1. Îòñþäà ñëåäóåò, ÷òî â îáùåì ñëó÷àå
ðàññìàòðèâàåìûé ñëó÷àéíûé ïðîöåññ íåñòàöèîíàðåí.

Îäíàêî, åñëè ñóùåñòâóåò ñòîõàñòè÷åñêèé âåêòîð p, òàêîé ÷òî

p = pΠ, (2)

òî âûáðàâ p1 = p ìû ïîëó÷èì ñòàöèîíàðíûé ïðîöåññ. Âåêòîð p, óäîâëåòâîðÿþùèé (2)
íàçûâàåòñÿ ñòàöèîíàðíûì ðàñïðåäåëåíèåì âåðîÿòíîñòåé äëÿ ìàðêîâñêîé öåïè ñ
ìàòðèöåé ïåðåõîäíûõ âåðîÿòíîñòåé Π.
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Öåïü Ìàðêîâà.

Ïðèìåð 1

0 1β α

1− β

1− α

Π =

[
β 1− β

1− α α

]
p = pΠ,

ãäå p = {p0, p1}. Ïîýòîìó {
p0 = p0 · β + p1 · (1− α)
p0 + p1 = 1,

îòêóäà p0 =
(1−α)
2−β−α , p1 =

(1−β)
2−β−α .
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Öåïü Ìàðêîâà.

Ïðèìåð 1 äëÿ α = 0.25, β = 0.5

pn = p1Π
n

lim
n→∞

pn = p.
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(a) p1 = {0, 1}, p = {0.6, 0.4}
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(b) p1 = {0.5, 0.5}, p = {0.6, 0.4}24



Öåïü Ìàðêîâà.

Ïðèìåð 2

Â ïåðâîé óðíå íàõîäÿòñÿ N1 = 3 ÷åðíûõ øàðà, âî âòîðîé óðíå íàõîäÿòñÿ N2 = 3

áåëûõ øàðà. ×èñëî ÷åðíûõ øàðîâ â ïåðâîé óðíå îïðåäåëÿåò ñîñòîÿíèå ñèñòåìû.

Íà êàæäîì øàãó ñëó÷àéíî âûáèðàåòñÿ ïî îäíîìó øàðó èç êàæäîé óðíû, è ýòè

âûáðàííûå øàðû ìåíÿþòñÿ ìåñòàìè. Ïîñòðîèòü öåïü Ìàðêîâà, êîòîðàÿ

ñîîòâåòñòâóåò äàííîé çàäà÷å. Âû÷èñëèòü âåðîÿòíîñòü òîãî, ÷òî åñëè íà øàãå t â
ïåðâîé óðíå íåò ÷åðíûõ øàðîâ, òî íà øàãå t + 3 â íåé áóäåò 3 ÷åðíûõ øàðà.

Âû÷èñëèòü ñòàöèîíàðíûå âåðîÿòíîñòè êàæäîãî èç ñîñòîÿíèé.
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Ðèñ.: Öåïü Ìàðêîâà äëÿ ÷èñëà ÷åðíûõ øàðîâ â ïåðâîé óðíå
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Öåïü Ìàðêîâà.

Ïðèìåð 2

Ìàòðèöà ïåðåõîäîâ:

Π =


0 1 0 0
1
9

4
9

4
9

0

0 4
9

4
9

1
9

0 0 1 0

 .

Äëÿ ïîèñêà ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ íóæíî ðåøèòü ñëåäóþùóþ ñèñòåìó

ëèíåéíûõ óðàâíåíèé:

π = (π0π1π2π3) = (π0π1π2π3)Π. (3)

Âûðàæåíèå (3) ìîæíî çàïèñàòü êàê πΠ−π = π(Π− I ) = 0, òî åñòü ìû ïîëó÷èëè

îäíîðîäíîå óðàâíåíèå.

26



Öåïü Ìàðêîâà.

Ïðèìåð 2

Ðàññìîòðèì ìàòðèöó A = Π− I .

1. Âî-ïåðâûõ, ñóììà ñòðîê ìàòðèöû Π ðàâíà åäèíèöå, ïîýòîìó ñóììà ñòðîê

ìàòðèöû A ðàâíà íóëþ.

2. Âî-âòîðûõ, ýòî îçíà÷àåò, ÷òî ñóììà ñòîëáöîâ ìàòðèöû A òîæå ðàâíà íóëþ,

ò.å. ïðèñóòñòâóåò ëèíåéíàÿ çàâèñèìîñòü ñòðîê. Ïîýòîìó ðàíã rank(A) < 4, ò.å.

ñèñòåìà èìååò áåñêîíå÷íîå ÷èñëî ðåøåíèé.

3. Åäèíñòâåííîñòü ðåøåíèÿ ìîæíî ïîëó÷èòü, ïðèíèìàÿ âî âíèìàíèå, ÷òî

âåðîÿòíîñòü ïðåáûâàíèÿ â îäíîì èç ñîñòîÿíèé ðàâíà åäèíèå, ò.å.

π0 + π1 + π2 + π3 = 1.
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Öåïü Ìàðêîâà.

Ïðèìåð 2

Â íàøåì ñëó÷àå (3) ìîæíî çàïèñàòü â âèäå ñëåäóþùåé ñèñòåìû:
π0 =

1
9
π1

π1 = π0 +
4
9
π1 +

4
9
π2

π2 =
4
9
π1 +

4
9
π2 + π3

π3 =
1
9
π2,

ðåøåíèå êîòîðîé âûãëÿäèò êàê π = c(1, 9, 9, 1), ãäå c � êîíñòàíòà. Ïðèíèìàÿ âî

âíèìàíèå, ÷òî π0 + π1 + π2 + π3 = 1, ïîëó÷èì c = 1
20

èëè π0 = π3 =
1
20
,

π1 = π2 =
9
20
.
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Öåïü Ìàðêîâà.

Àïïðîêñèìàöèÿ àíãëèéñêîãî ÿçûêà

Êàæäîå ñîñòîÿíèå öåïè Ìàðêîâà ñ ïàìÿòüþ s ýòî áóêâà àíãëèéñêîãî ÿçûêà èëè
ïðîáåë2:

s = 0 OCRO HLI RGWR NMIELWIS EU LL NBNESEBYA TH EEI ALHENHTTPA

OOBTTVANAH BRL

s = 1 ON IE ANTSOUTINYS ARE T INCTORE ST BE S DEAMY ACHIN D

ILONASIVE TUCOOWE AT TEASONARE FUSO TIZIN ANDY TOBE SEACE

CTISBE.

s = 2 IN NO IST LAT WHEY CRATICT FROURE BIRS GROCID PONDENOME OF

DEMONSTURES OF THE REPTAGIN IS REGOACTIONA OF CRE.

2Shannon, C.E. ,�A Mathematical Theory of Communication�, Bell System Technical Journal, 1948.
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Öåïü Ìàðêîâà.

Àïïðîêñèìàöèÿ àíãëèéñêîãî ÿçûêà

Êàæäîå ñîñòîÿíèå öåïè Ìàðêîâà ñ ïàìÿòüþ s ýòî ñëîâî àíãëèéñêîãî ÿçûêà3:

s = 0 REPRESENTING AND SPEEDILY IS AN GOOD APT OR COME CAN

DIFFERENT NATURAL HERE HE THE A IN CAME THE TO OF TO EXPERT

GRAY COME TO FURNISHES THE LINE MESSAGE HAD BE THESE.

s = 1 THE HEAD AND IN FRONTAL ATTACK ON AN ENGLISH WRITER THAT

THE CHARACTER OF THIS POINT IS THEREFORE ANOTHER METHOD

FOR THE LETTERS THAT THE TIME OF WHO EVER TOLD THE PROBLEM

FOR AN UNEXPECTED.

3Shannon, C.E. ,�A Mathematical Theory of Communication�, Bell System Technical Journal, 1948.
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Äèñêðåòíûé ñòàöèîíàðíûé ïðîöåññ

Ýíòðîïèÿ ñèìâîëà xt (èç àíñàìáëÿ Xt = X ) ñãåíåðèðîâàííîãî â ìîìåíò âðåìåíè t
íå çàâèñèò îò t H(Xt) = H(X ) è íàçûâàåòñÿ îäíîìåðíîé ýíòðîïèåé èñòî÷íèêà

(ïðîöåññà). Îáîçíà÷èì å¼ êàê H1(X ).

H1(X ) íå ó÷èòûâàåò çàâèñèìîñòü ìåæäó ñèìâîëàìè, ïîðîæä¼ííûìè
èñòî÷íèêîì.
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Äèñêðåòíûé ñòàöèîíàðíûé ïðîöåññ

Ðàññìîòðèì x = (x1, x2, . . . , xn) èç X1X2 . . .Xn = X n.

Ýíòðîïèÿ H(X1X2 . . .Xn) = H(X n) íàçûâàåòñÿ n-ìåðíîé ýíòðîïèåé ïðîöåññà.

Ýíòðîïèÿ íà ñèìâîë äëÿ ïîñëåäîâàòåëüíîñòè äëèíû n îïðåäåëÿåòñÿ êàê:

Hn(X ) =
H(X n)

n
,

Äðóãîé ñïîñîá:
H(Xn|X1, . . . ,Xn−1) = H(X |X n−1).

Ýíòðîïèÿ íà ñîîáùåíèå:

lim
n→∞

Hn(X ) è lim
n→∞

H(X |X n)
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Äèñêðåòíûé ñòàöèîíàðíûé ïðîöåññ

Theorem
Äëÿ äèñêðåòíîãî ñòàöèîíàðíîãî ïðîöåññà (èñòî÷íèêà)

A. H(X |X n) íå âîçðàñòàåò ñ óâåëè÷åíèåì n;

B. Hn(X ) íå âîçðàñòàåò ñ óâåëè÷åíèåì n;

C. Hn(X ) ≥ H(X |X n−1);

D. lim
n→∞

Hn(X ) = lim
n→∞

H(X |X n).
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Ñïàñèáî çà âíèìàíèå!

Îáðàçîâàòåëüíàÿ ïðîãðàììà: �Ïðîãðàììèðîâàíèå è èíòåðíåò-òåõíîëîãèè�


