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Ïëàí ëåêöèè
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Ïðè÷èííîñòü

Îïðåäåëåíèå Ïðè÷èííàÿ ñèñòåìà T : äëÿ âñÿêîãî n0 ∈ Z
âûïîëíåíî

∀n ≤ n0 x1[n] = x2[n] =⇒ y1[n] = y2[n].

Ïðèìåð
y [n] = x [n + 1]− x [n]

(íå ïðè÷èííàÿ)

y [n] = x [n]− x [n − 1]

(ïðè÷èííàÿ).
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Óñòîé÷èâîñòü

Îïðåäåëåíèå Ñèñòåìà T óñòîé÷èâà, åñëè èç îãðàíè÷åííîñòè
âõîäíîãî ñèãíàëà ñëåäóåò îãðàíè÷åííîñòü âûõîäíîãî:

∀x : ∃Bx∀n |x [n]| ≤ Bx <∞ =⇒

∃By <∞ : ∀n |y [n]| ≤ By <∞.

Ïðèìåð Ñèñòåìà-êîìïðåññîð:

y [n] = x [Mn], −∞ < n <∞,M ∈ N.

(óñòîé÷èâà)

y [n] =
n∑

k=−∞
u[k] =

{
0, n < 0,

n + 1, n ≥ 0.

(íå óñòîé÷èâà)
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Ñâîéñòâà ËÑÑ

Ëèíåéíàÿ ñòàöèîíàðíàÿ ñèñòåìà (ËÑÑ):

y [n] =
∞∑

k=−∞
x [k]h[n − k].

1 ËÑÑ óñòîé÷èâà ⇔
∑∞

k=−∞ |h[k]| <∞.

2 ËÑÑ ïðè÷èííàÿ ⇔ h[n] = 0 for n < 0.



Ñèñòåìà, çàäàííàÿ ðàçíîñòíûìè
óðàâíåíèÿìè

N∑
k=0

aky [n − k] =
M∑

m=0

bmx [n −m].

Âûõîä ìîæíî äåêîìïîçèðîâàòü êàê:

y [n] = yp[n] + yh[n],

ãäå yh óäîâëåòâîðÿåò:

N∑
k=0

akyh[n − k] = 0.

(îäíîðîäíîå óðàâíåíèå)



Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà

Ïîäàäèì íà âõîä ñèñòåìû ãàðìîíè÷åñêèé ñèãíàë
e jωn. Ïîëó÷èì:

y [n] =
∞∑

k=−∞
h[k]e jω(n−k) = e jωn(

∞∑
k=−∞

h[k]e−jωk).

Îïðåäåëåíèå Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà:

H(e jω) =
∞∑

k=−∞
h[k]e−jωk .

Îòñþäà:
y [n] = H(e jω)e jωn.



Ñâîéñòâà À×Õ

1

H(e j(ω+2πr)) = H(e jω), r ∈ Z.

2

|H(e jω)| = |
∞∑

k=−∞
h[k]e−jωk | ≤

∞∑
k=−∞

|h[k]|,

∞∑
k=−∞

|h[k]| <∞ =⇒ |H(e jω)| <∞.



À×Õ äëÿ ñèíóñîèäàëüíîãî ñèãíàëà íà
âõîäå

x [n] = Acos(ω0n + φ) =
A

2
e jφe jω0n +

A

2
e−jφe−jω0n.

Ïóñòü

x1[n] =
A

2
e jφe jω0n, x2[n] =

A

2
e−jφe−jω0n

Òîãäà
x [n] = x1[n] + x2[n].

Îáîçíà÷èì y1[n] = T (x1[n]), y2[n] = T (x2[n]). Òîãäà,

y [n] = y1[n] + y2[n].



À×Õ äëÿ ñèíóñîèäàëüíîãî ñèãíàëà íà
âõîäå (ïðîäîëæåíèå)
Ïî îïðåäåëåíèþ, åñëè

x0[n] = e jωn,

íà âûõîäå áóäåò

y0[n] = H(e jωn)e jωn.

Äëÿ x1[n] =
A
2
e jφe jω0n íà âûõîäå ïîëó÷èì

y1[n] =
A

2
e jφH(e jω0n)e jω0n.

àíàëîãè÷íî, äëÿ x2[n] =
A
2
e−jφe−jω0n

y2[n] =
A

2
e−jφH(e−jω0n)e−jω0n.



À×Õ äëÿ ñèíóñîèäàëüíîãî ñèãíàëà íà
âõîäå (ïðîäîëæåíèå)

y [n] =
A

2
e jφH(e jω0n)e jω0n +

A

2
e−jφH(e−jω0n)e−jω0n

=A|H(e jω0n)|(e
j(φ+θ)e jω0n + e−j(φ+θ)e−jω0n

2
)

=A|H(e jω0)|cos(ω0n + φ+ θ).

Âûâîä Ïðè ïîäà÷å íà âõîä ñèíóñîèäàëüíîãî ñèãíàëà, íà
âûõîäå ïîëó÷èì ñèíóñîèäàëüíûé ñèãíàë, ñäâèíóòûé
ïî ôàçå è äîìíîæåííûé íà êîýôôèöèåíò.



Ïðèìåð À×Õ

Ñèñòåìà

y [n]− ay [n − 1] = x [n], ïðè÷èííàÿ, 0 < a < 1.

h[n] =

anu[n]

À×Õ

H(e jωn) =
∞∑

n=−∞
anu[n]e−jωn =

∞∑
n=0

(ae−jω)n =

=
1

1− ae−jω
.

|H(e jω)|2 = 1

1− ae−jω
1

1− ae jω
=

1

1+ a2 − 2acosω
.
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Ïðèìåð À×Õ: ãðàôèê àìïëèòóäû À×Õ

|H(e jω)|2 :

àáñöèññà - ω ∈ (−2π, 2π).



Ïðèìåð À×Õ: ×àñòîòà

arg(z) = atan(
Imz

Rez
).

H(e jω) =
1

1− ae−jω
.

arg(H(e jω)) = atan(
a sin(ω)

1− a cos(ω)
)



Ðåçþìå

Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà H(e jω) -

1 ôóíêöèÿ íåïðåðûâíîãî àðãóìåíòà ω

2 ïåðèîäè÷åñêàÿ ôóíêöèÿ ïî ω (e j(ω+2πk)n = e jω)



Çàäà÷è

Ïîêàçàòü, ÷òî ñèñòåìà óñòîé÷èâà:

1 h[n] = δ[n + 2]

2 h[n] = (1
2
)nu[n]

3 h[n] = 2nu[−n]
ßâëÿåòñÿ ëè ñèñòåìà ïðè÷èííîé / óñòîé÷èâîé:

1 y [n] = g [n]x [n], g [n] îãðàíè÷åíà

2 y [n] =
∑n

k=n0
x [k]

3 y [n] = x [n − n0]



Çàäà÷è (2)

Ïóñòü ïðè÷èííàÿ ñèñòåìà çàäàíà óðàâíåíèåì:

y [n]− 1

2
y [n − 1] = x [n] +

1

2
x [n − 1]

1 Îïðåäåëèòü èìïóëüñíóþ õàðàêòåðèñòèêó

2 Îïðåäåëèòü âûõîä ñèñòåìû ïðè âõîäå e jωn

3 îïðåäåëèòü À×Õ ñèñòåìû

4 îïðåäåëèòü âûõîä äëÿ âõîäà x [n] = cos(π
2
n + π

4
)


	 
	
	
	 

	 
	

