
Узкополосные сигналы

s(t) = As(t) cosω0t−Bs(t) sinω0t (1)

s(t) cosω0t = As(t) cos2ω0t−Bs(t) sinω0t cosω0t =

= 0,5As(t) + 0,5As(t) cos 2ω0t− 0,5Bs(t) sin 2ω0t (2)

s(t) sinω0t = As(t) cosω0t sinω0t−Bs(t) sin2ω0t =

= −0,5Bs(t) + 0,5As(t) sin 2ω0t + 0,5Bs(t) cos 2ω0t (3)
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Комплексная огибающая (низкочастотный эквивалент)

ṡнч(t) = As(t) + jBs(t) (4)

s(t) = Re(ṡнч(t)e
jω0t) = As(t) cosω0t−Bs(t) sinω0t (5)

ṡнч(t) = Us(t)e
j3s(t) (6)

Us(t) = |ṡнч(t)| =
√

A2
s(t) + B2

s(t) (7)

3s(t) = arctg
Bs(t)

As(t)
(8)
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As(t) = Us(t) cos3s(t) (9)

Bs(t) = Us(t) sin3s(t) (10)

s(t) = Us(t) cos
(
ω0t + 3s(t)

)
= Us(t) cosψs(t) (11)

ψs(t) = ω0t + 3s(t) (12)

ωs(t) =
dψs(t)

dt
= ω0 +

d3s(t)

dt
(13)
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Ṡ(ω) =

∞∫
−∞

Re
(
ṡнч(t)e

jω0t
)
e−jωtdt =

= 1/2Ṡнч(ω− ω0) + 1/2

∗
Sнч(−ω− ω0) (14)
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Аналитический сигнал

s(t) =
1

2π

∞∫
−∞

Ṡ(ω)ejωtdω =

=
1

2π

0∫
−∞

Ṡ(ω)ejωtdω +
1

2π

∞∫
0

Ṡ(ω)ejωtdω (15)

ṡа(t) =
1

π

∞∫
0

Ṡ(ω)ejωtdω (16)

s(t) = 1/2
(
ṡа(t) +

∗
sа(t)

)
= Re ṡа(t) (17)

s̃(t) = Im ṡа(t) (18)
ṡа(t) = s(t) + js̃(t) (19)
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Преобразование Гильберта

Ṡа(ω) =

{
0, ω < 0

2Ṡ(ω), ω > 0
(20)

Ṡа(ω) = Ṡ(ω) + jS̃(ω) (21)

S̃(ω) = −j sign(ω)Ṡ(ω) =

{
jṠ(ω), ω < 0

−jṠ(ω), ω > 0
(22)

s̃(t) = s(t) ∗ 1

πt
=

1

π

∞∫
−∞

s(τ) dτ
t− τ

(23)
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Ṡ(ω) = j sign(ω)S̃(ω) (24)

s(t) = −s̃(t) ∗ 1

πt
=

1

π

∞∫
−∞

s̃(τ) dτ
τ− t

(25)
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Свойства преобразования Гильберта

H
[
α1s1(t) + α2s2(t)

]
= α1 H

[
s1(t)

]
+α2 H

[
s2(t)

]
; (26)

H[α] = 0, α = const; (27)

H[cosωt] = sign(ω) sinωt (28)

H[sinωt] = − sign(ω) cosωt (29)

Если s(t) = As(t) cosω0t−Bs(t) sinω0t, то

s̃(t) = H
[
s(t)

]
= Bs(t) cosω0t + As(t) sinω0t (30)
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Us(t) = |ṡа(t)| =
√

s2(t) + s̃2(t) (31)

ṡнч(t) = ṡа(t)e
−jω0t (32)
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