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• � �� � 
 
 �� � � � � � 	 � � 
 � � 
 z = a + bi� � � � � �� � �� 	 � � � � � � � � 	 � �� �

z = |z|eiφ

� � � � � |z| � �	 � � � � % � �� 
 �� � � �� φ �� � % � � �� �� � i2 = −1�

• � �� � � � � �	 � � 
 � � � � � � � � %� � � 	 �� � � � � �$ � �� �� � � R
2

z = a + bi ∼ (a, b)

" � �� � |z|� � � % � �� � � �$ � �� � (a, b)� φ � $ 
� � � � � � � � �$ � �� �� �

� 	 � 
 OX�

• � �� � � 
� � � � �� �� � � � � � � � zk = 1	 
 
 �� � � � � �	 � � 
 � � � � � 	 � �� �

zl = ei 2π

k
l = (z1)

l
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�� � �� � �� � � � � 	 % �� � �
	 � �� 
 � � � � � �

� �� � �� � � � � � � � � 	 � � � � � � � �
� 
� � � % � $ � � 
 � � � � 	 � � � � � �

� �� � �� � � � � � � �� �� 	 � 
 �� 
� ��� �� �� ��� �� �� � �� � �� � 	 � � � � � % � �� � � �� �

�� � �$ 	 � � �� � � � � � � 	� �� �
X(f) =

∫

∞

−∞

x(t)e−i2πftdt

� � � � � f � � 	� �� � �
	 � �� 
 � � �� � � 
�� � � �� � � �� �� � % � 
� 
 � � �� �� � �� �� � �

	 � � � � � %

x(t) ∼ X(f)

" �� # �$ %� � % �
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� � 	 $ � �� � �
 � � � 	 � �� � �� � � � %� � �� � � � �
 �

� � �� � x(n) = x(nts) � �
� � � � 	 �� � � $ � � � � � � 	 � � � � � �� x(t)�

� �� � � �� 
 � 
 �� 
 � �� �� �� ��� �� �� � �� � � 	 $ � �� � �� � 	 � � � � � % x

� �� � � �� � � � 
� X� � �� � � � � � � � � � � � � � � ��

X(f) =
∑

n∈Z

x(n)e−i2πfn

� 
 �� � 
� � � � 	 $ �� � � � � � � � � � 	 � �� � � � � � � x(n) = 0� 
 � n < 0 �� ��

n > N � 
 � � � � � �� � N � � � � � 	 � � �� �� � � � � � � � � �	 � � � � 	 � � � % � 
� �

X(f) =
N

∑

n=0

x(n)e−i2πfn
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� � 	 $ � �� � �
 � � � 	 � �� � �� � � � %� � �� � � � �
 �� � � �

�� � � �� % � 
� f = 2π
N

�� � � � � % � �� �� � � 	 � � � % � 
� 
 � % � 
� 
 � � �� �� � �� �� � �

� � 	 $ � �� � �� � 	 � � � � � % x � 	 $ �� � � � � � � � � � 	 � �� � � � � � �

x ∼ X

� � � � �� � 
� X � �	 � � � �� � � � � � � � �� �� ��

X(m) =
N

∑

n=0

x(n)e−i 2πm

N
n

�� � �� � 
 � 
 �� 
 � �� �� �� � � �� �� � ��

x(n) =
1

N

N
∑

m=0

X(m)ei 2πn

N
m
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• � �� � � � �� � � # �� 
 � y(n) = ax1(n) + bx2(n)� 
 � � � � � �� � a, b ∈ R

� � �� �� �
Y (m) = aX1(m) + bX2(m)

• � �
 	 � � � � � % �� � � 	 % � � �� �� � x̃(n) = x(n − k)

X̃(m) = ej 2πm

N X(m)

• � 
 �� � 
� � � � � �� � � � �	 � �� � � �
 � �	� 	 � � �� � �� � � � ⇒ � � 	 � �� � � �

� � 
$ � � � � � � � �� � � �$ � � 
� % X

• �	 � � � � � � 	 � � � $ � � 
� �� �� � � �� � �� � � � � � � �
 � # �	� � � � � � � � � � �

� �� � 
 � � � � � �� �� � � 
 �� 
� ��� �� �� � 
 � 
 % � �� ��� �� �

� �� � �� � � � 		 � 
� �� �� �� � �� �
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	 � � � � � � � � � � �� � � � � �
 �

• # �� 
 � 	 � � � � � x(n) � �	� 	 �� � � $ � � � � � � � � � 	� �� 
 � � �� � � 
 fs� �

�� �� � X(m) � � �	 % � �� � �
	 � �� 
 � � � � �

f(m) =
mfs

N

• � � � � � % 
 % � 
� � � % � �� � � 
� � 
� % N � � � � � � �� � �� � � � � � � � � �� �

� � � �� � %� � 	 $ � � � � �$ 	 � 
 � �� � � � � 
� � � � � � �
 �

•
 � � � � � � �� � �� � �� � � � �
 � �	� � �� � � � � � � � � � �� � � 	 # � � � � � �

� � � � �� � � �� � � � � � � � �$ � � �� � � � � �� �� �� � � � � � 
� � � � �� �

� � �� � � � � �� � � � � � �� � � � �� � � � � �� � � � � � 
 � � $ � � � � � � �� � �

� � � 	� �� 
 � � �� � � �� � � �
� 
� �� � � � �$ � � �� � � � � � � 
 � $ � �� � �� � � �� �

� � � 	� �� 
 � � �� � � fs

N
⇒ � � 
 �� � 	 � � 	 � � � � � $ � � � $ � � � � � � �

" �� # �$ %� � % �
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	 � � � � � � � � � � �� � � � � �
 � � �� � � $ � � � �

� � �� � fs = 1

8000

�� � �
	 � �� 
 � � �� � �� � � $ � � � � � � � � �� � � $ �� � � �

	 �$ % � � � �� �� � � � ts = 1/fs = 8000 � 	 � � � $ �� � �� � � $ � � � � � � � � � �� �

� � 	 $ � �� � � 	 � � � � � � � �
� � � � � � �� � � � � � � � �� �� ��

x(n) = sin (2π1000nts) +
1

2
sin

(

2π2000nts +
3π

4

)

�� � � �� % � 
� N = 8 �� � � � � % � �� �� � �
x(0) = 0, 3535 x(1) = 0, 3535

x(2) = 0, 6464 x(3) = 1, 0607

x(4) = 0, 3535 x(5) = −1, 0607

x(6) = −1, 3535 x(7) = −0, 3535

" �� # �$ %� � % �
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	 � � � � � � � � � � �� � � � � �
 � � �� � � $ � � � �

�� � �� � � � �� � �� ωN = e−i 2π

N

X(1) = 0, 3535(ω0

N )1 + 0, 3535(ω1

N )1 +

+ 0, 6464(ω2

N )1 + 1, 0607(ω3

N )1 +

+ 0, 3535(ω4

N )1 + (−1, 0607)(ω5

N )1 +

+ (−1, 3535)(ω6

N )1 + (−0, 3535)(ω7

N )1 =

= 0 − 4i

� � � � � � � � � � � � � � � 
 �� � � � X(m)� 
 � m = 0, 2, 3, 4, 5, 6, 7�
" �� # �$ %� � % �
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	 � � � � � � � � � � �� � � � � �
 � � �� � � $ � � � �� � � �
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 � � �� � � � � � � � 	 � 
 �� � �

� � �� � � �
� � � � � � � � � � 
� h� �� � � % � 
� � � � � � � � � � 	 $ � �� � � 	 � 	 � ��


 �� � � � � � �� � �� x �� � �� � � 	 � � � � � � �� � � �� � 
� � � � �� � �� � 	 � � � � �

� �� � �� � �� � � � � � �

x →h y

� � � �� � �� � � �� � � � � �� �� % � � �� � � � � y = h ∗ x �	 � 
 �� � � � � � �

% � � � � � � � �� � � � �� � � � � � � � 	� � � % � 
� � � � 
 �� � �

Y (m) = H(m)X(m)

� � � � � � � �� � �� 
 � � � ��� � � � �� � � �

y(n) = h(n)x(n)

" �� # �$ %� � % �
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%

� � 
� � � � � �� � � �

� � 	� � � �� � 
� � � 
� � % � � �� � � �� �

y(n) =
L

∑

k=1

aky(n − k) +
M
∑

k=0

bkx(n − k)

	 � 
� � �	 � � � �� � � � � � � � �� � �� � � �� � 
� � 
 �� � �

a = (a1, . . . , aL)

b = (b1, . . . , bM )

" �� � � � � � 	 � � � � � � � � � � � � � 
� � � � � � �� � � �� �
• � � 
� � � � 	 $ �� � � � � � � � � � � � � �� � � �� � % 
	 � � � � � � � � � � ak = 0

• � � 
� � � � � � � 	 $ � � � � � � � � � � � � � � �� � � �� � % 
	 � � � � � � � � �
" �� # �$ %� � % �
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�� � 	 % � 
� � �
 � � � � % 	� � � � � � � � � � � �

y(n) =
L

∑

k=1

aky(n − k) +
M
∑

k=0

bkx(n − k)

�� � � � � % � �� �� � �

Y (m) = A(m)Y (m) + B(m)X(m)

� � � � � �

Y (m) =
B(m)

1 − A(m)
X(m) = T (m)X(m)

	 � 
� T (m) � �� � � �� � � � � � 	 � �� � �� � 
 �
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�� � �� � �� � � �	� � 
� � �� 	 � � 	 � � � � � � � � % � � � % $ 
 � � � � � � �$ 	 � �� �

� � � 	� �� 
 � � �� � � � 	 � � � � 
 � � � � � � � 
 � � � �� � 
$ � � � � � �� �

y(n) = x(n) − µx(n − 1)

� � � � � µ ∈ [0, 9; 1]�
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� � 	 � � � � � � � % � �

�� � � 
 �� � � � � % 	 � � � � �� � � �$ � � � � � � � �� � �� � �� � � � � �

� �� � � � �� � � �� � � � � 
 �$ � �� � � �$ � � � � � � �
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