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1. Öåëü

Îâëàäåíèå íàâûêàìè ñòàòè÷åñêîãî êîäèðîâàíèÿ ïî ìåòîäàì Øåííîíà-Ôàíî è Õàôô-

ìàíà.

2. Ïîñòàíîâêà çàäà÷è

Ñîîáùåíèå X ñ ñèìâîëàìè x1, x2, x3, x4, x5 ïåðåäàåòñÿ ïî äèñêðåòíîìó äâîè÷íîìó

êàíàëó. Ïîëîñà ïðîïóñêàíèÿ êàíàëà îáåñïå÷èâàåò âîçìîæíîñòü ïåðåäà÷è äâîè÷íûõ

ñèìâîëîâ äëèòåëüíîñòü τ . Òðåáóåòñÿ âûáðàòü íàèëó÷øèé ñïîñîá êîäèðîâàíèÿ.
Âàðèàíò 4

p(x1) p(x2) p(x3) p(x4) p(x5) τ, c
0.2 0.1 0.3 0.2 0.2 10−4

3. Êîäèðîâàíèå

Ïðîïóñêíàÿ ñïîñîáíîñòü

c =
1

τ
= 104 (c−1)

Êîäèðîâàíèå ðàâíîìåðíûì äâîè÷íûì êîäîì

x1 x2 x3 x4 x5
000 001 010 011 100

τ∗ = 3τ = 3 · 10−4 (c)

V =
1

τ∗
=

1

3 · 10−4
≈ 3.3 · 103

(ýëåì
c

)
H = −

5∑
i=1

p(xi)lbp(xi) ≈ 2.246

(
áèò

ýëåì

)
Êîäèðîâàíèå ìåòîäîì Øåííîíà-Ôàíî áåç óêðóïíåíèÿ

xi p(xi) êîìáèíàöèè τi, c
x3 0.3 00 2τ
x1 0.2 01 2τ
x4 0.2 10 2τ
x5 0.2 110 3τ
x2 0.1 111 3τ

τ∗ =
5∑

i=1

p(xi)τi = 0.3 · 2τ + 0.2 · 2τ + 0.2 · 2τ + 0.2 · 3τ + 0.1 · 3τ = 2.3τ

V =
1

τ∗
=

1

2.3 · 10−4
≈ 4.35 · 103

(ýëåì
c

)



R = V ·H = 4.35 · 103 · 2.246 ≈ 0.98 · 104
(
áèò

ýëåì

)
Êîäèðîâàíèå ìåòîäîì Øåííîíà-Ôàíî ñ óêðóïíåíèÿìè

xixj p(xi) · p(xj) êîìáèíàöèè τi, c
x3x3 0.09 0000 4τ
x1x3 0.06 0001 4τ
x3x1 0.06 0010 4τ
x4x3 0.06 0011 4τ
x3x4 0.06 0100 4τ
x5x3 0.06 0101 4τ
x3x5 0.06 0110 4τ
x1x1 0.04 0111 4τ
x1x4 0.04 1000 4τ
x4x1 0.04 10010 5τ
x1x5 0.04 10011 5τ
x5x1 0.04 1010 4τ
x4x4 0.04 10110 5τ
x5x4 0.04 10111 5τ
x4x5 0.04 11000 5τ
x5x5 0.04 11001 5τ
x3x2 0.03 11010 5τ
x2x3 0.03 11011 5τ
x1x2 0.02 11100 5τ
x2x1 0.02 111010 6τ
x4x3 0.02 111011 6τ
x2x4 0.02 111100 6τ
x5x2 0.02 111101 6τ
x2x5 0.02 111110 6τ
x2x2 0.01 111111 6τ

τ∗ = 1
2

n∑
i=1

p(xi)τi = 2.27τ (c)

V =
1

τ∗
=

1

2.27 · 10−4
≈ 4.4 · 103

(ýëåì
c

)
R = V ·H = 4.4 · 103 · 2.246 ≈ 0.989 · 104

(
áèò

ýëåì

)
Ìåòîä Õàôôìàíà áåç óêðóïíåíèé



xi p(xi) 1 2 3 4 êîä τi, c
x2 0.1 000 3τ
x4 0.2 001 3τ
x4x4 0.3

x5 0.2 10 2τ
x1 0.2 11 2τ
x1x5 0.4

x3 0.3 01 2τ
x3x4x2 0.6

X 1

τ∗ =
5∑

i=1

p(xi)τi = 2.3τ (c)

V =
1

τ∗
=

1

2.3 · 10−4
≈ 4.35 · 103

(ýëåì
c

)
R = V ·H = 4.35 · 103 · 2.246 ≈ 0.98 · 104

(
áèò

ýëåì

)
Ìåòîä Õàôôìàíà ñ óêðóïíåíèÿìè

xixj p(xi) · p(xj) êîìáèíàöèè τi, c

x2x2 0.01 111001 6τ
x5x2 0.02 11101 5τ
x4x2 0.02 010001 6τ
x1x2 0.02 111000 6τ
x2x5 0.02 000111 6τ
x2x1 0.02 000110 6τ
x2x4 0.02 010000 6τ
x2x3 0.03 10110 5τ
x3x2 0.03 10111 5τ
x4x1 0.04 00000 5τ
x4x5 0.04 01001 5τ
x1x1 0.04 00111 5τ
x4x4 0.04 00001 5τ
x1x5 0.04 00010 5τ
x5x1 0.04 00100 5τ
x1x4 0.04 00110 5τ
x5x4 0.04 00101 5τ
x5x5 0.04 1111 4τ
x3x1 0.06 0110 4τ
x5x3 0.06 1001 4τ



x4x3 0.06 0101 4τ
x1x3 0.06 1010 4τ
x3x5 0.06 0111 4τ
x3x4 0.06 1000 4τ
x3x3 0.09 110 3τ

τ∗ = 2.265 (c)

V =
1

τ∗
≈ 44.15 · 103

(ýëåì
c

)
R = V ·H ≈ 0.992 · 104

(
áèò

ýëåì

)

4. Äåêîäèðîâàíèå

Ïóñòü ïåðåäàåòñÿ ñîîáùåíèå: x2x1x3x4x5x1. Âûïîëíèì ïðîâåðî÷íûå îïåðàöèè êîäè-

ðîâêè äåêîäèðîâêè äëÿ âûøåïåðå÷èñëåííûõ êîäîâ.

1. Êîäîì Øåííîíà-Ôàíî

Ñîîáùåíèå: 111010010111001 -> x2x1x3x4x5x1

2. Êîäîì Øåííîíà-Ôàíî ñ óêðóïíåíèåì

Ñîîáùåíèå: 1110001001010 -> x2x1x3x4x5x1

3. Êîäîì Õàôôìàíà

Ñîîáùåíèå: 000011010011011 -> x2x1x3x4x5x1

4. Êîäîì Õàôôìàíà ñ óêðóïíåíèåì

Ñîîáùåíèå: 000110100000100 -> x2x1x3x4x5x1

5. Âûâîä

Âñå èññëåäîâàííûå êîäû îáëàäàþò ñâîéñòâîì îäíîçíà÷íîñòè. Ìàêñèìàëüíàÿ ñêîðîñòü

ïåðåäà÷è äîñòèãàåòñÿ ïðè êîäèðîâàíèè êîäîì Õàôôìàíà ñ óêðóïíåíèåì. ÊîäØåííîíà-

Ôàíî áåç óêðóïíåíèÿ è êîä Õàôôìàíà áåç óêðóïíåíèÿ ïîêàçàëè ñõîæèé ðåçóëüòàò.

Êàê è ñëåäîâàëî îæèäàòü ñàìûì ¾ìåäëåííûì¿ îêàçàëñÿ ðàâíîìåðíûé äâîè÷íûé, êî-

ãäà êîäèðîâàíèè êîäîì Õàôôìàíà ñ óêðóïíåíèåì äàëî ñàìûé îïòèìàëüíûé ðåçóëü-

òàò.


