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I.

1.

s(t) 1.

t
= -20, 20 30

1.2. ( )
s(t

V
.2).

1.3. ( ).
s(t) = U0 cos ( 0 t +

+ 0), 0 t .

T T = 2 0 -

1.4. ( ) u(t

[0, T] .3
U0 A

v(t)

u(t
v(t).

1.5. ( ). S( )
s(t) = A t exp(- t) (t).

1.6. ( ) q1(t) q2(t)
s(t

q1(t) = s(t) + s(- t), q2(t) = s(t) - s(- t).
Q1( ) Q2( ) q1(t) q2(t)

S( ) s(t).

t,
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1.7. ( ). n

T
S0(

1.8. ( ) U(p)
u(t) U0 u

t0 = 0. U(p S0( )

0 Su( Sv(
u(t v(t

4.
u, v

1.10. ( ) Eu
,

1.11. ( ). Wuv( )
u(t v(t) T U1 U2.

1.12. ( )
:

u1(t) = 5 exp ( - 105 t) (t), ;
u2(t) = 5 exp [ - 105 (t - 2 10-6)] (t - 2 10-6), .

1.13. (
s(t) = A exp ( - t) (t).

1.14. ( ) f
u(t) = U0 exp ( - t) (t),

s(t),
2.

Es

4

0

Su( ),Sv( )

A1 Su

SvA2

1 2

5
0
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Wu, B2/c
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0,2 10-6

0,4 10-6
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2.2. ( )

f = 12 t0

2.3. ( x(t)
U0 u = 2

x (t -
-

u = 5

2.4. ( ) -

Um = 5

2.5. ( ). T
{xk} = (1, 1, 1, 0, 0, 0

2.6. ( ) T
{xk} = (1, 0, - 1, 0

x(t

{xk} = (1, 0, - 1, 0).

2.8. ( ) {xk}
c0 = 0,5; c1 = 0,5; c2 0; c3 = 

= 0,5
{xk} x(t

2.9. ( N
,

c0

2.10. ( ) {xk}
{xk} = (1, - 1, 2, - 2 z - X(z).

2.11. ( z -
x(t) = at, t 0 a -

2.12. ( ) Z - {xk} X(z) = 
= (z + 1)/z). xk

2.13. ( Z - {xk} X(z) = 
= (z2 + 2z + 1)/z2. xk .
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2.14. ( ) s
ˆ̂ (n)

{si} = (1, 1, 1, - 1, 1).

s
ˆ̂ (n)

{si} = (1, 1, 1, - 1, -1, 1).

2.16. ( ) uv
ˆ̂ (n)

{ui} = (1, 1, - 1 {vi} = (- 1, 1, 1).

3.1. ( tU~s As(t)
Bs(t) -

s(t) = Um (1 + M cos t) cos ( t + /4).

3.2. ( ) :
s(t) = 10 cos t cos 0t + [30 sin t + 5 sin (2 t + /4)] sin 0t.

3.3. ( Us(t)
s(t)

- S0,

3.4. ( )
s(t) = Um cos ( t + m sin t).

.
tU~s As(t) Bs(t)

s(t) 0 S0 = S0 e -b .
z s(t).

3.6. ( )
s(t) ŝ̂ (t) = - s(t).

3.7. ( ). -
u (t) = 130 [1 + 0,25 cos (103t + 30 ) + 0,75 cos ( 103t + 45 )] cos (103t + 30 )

3.8. ( )
-

3.
M1 M2

F1 F2.

-
3.1

f

20 15-2015

50

f0-F1 f0 f0+F1 f0+F2f0-F2
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i (t) = 200 (1 + 0,8 cos 3t ) cos 6t, R = 75

- Pmax / P .

3.10. ( ) -
M 1

Umax Umin.

3.11. ( ). -
R = 2

u (t) = 75 (1 + 0,4 cos 103t ) cos 6t, .
Pmax Pmin

3.12. ( )

P0 = 4 Pmax
- - Pmax

P M = 0,8.

3.13. ( f
-

V = 300 /

.

3.14. ( )
u(t) = 8 cos (106t + 0,06 sin 104t), .

- f0 =
= 80 F = 15 m = 12

fmax fmin

3.16. ( )
m = 16 N

.

3.17. ( - U0 = 2,7

(t) = 109 (1 + 10- 4 cos 3t - 1.
- m.

3.18. ( ) max min

(t) -
u(t) = U0 cos ( 9t + 2 sin 107t + /6).

3.19. ( -
f0 = 50 F = 7
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fmin, fmax f(t

m 40.

3.20. ( )
= 15

f = 25 B
.

4.

4.1. (
4.

R = 1,6 ,

i (u ) S = 20
= 30

Ri = 15
K0

f -

4.2. ( )
4.2

f = 28 ,
Q = 95,

= L/C = 430
k = L1/(L1 + L2) = 0,6,

i (u )
S = 20

Ri = 15 .

.

4.3. -
= 0,8 0 = 6 - 1

= 4 - 1 = 0

t

4.4. ( ) u = 20
f0 = 10

f = f0
Q = 40

t

Cn UU

R

n

2

C

UU

n

U0

C
L1

L2

L
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4.5. (

g(t
4.3 a = 0,8.

4.6. ( )
h(t)

4.1
S

i (u )
Ri R

C

4.7. ( ).
K = 50 f = 1

Q = 80 -
u (t) = 15 (1 + 0,8 cos 2 104t) cos (2 106t), .
u (t)

4.8. ( )

0 = t = 0,73/ 0,707

0,707 - 1/ 2 =
= 0,707 .

4.9. (
{hk} = (1, 1, 0, 0

(j , - | (j |
- (

4.10. ( ) -

yi = (1/2 (xi + xi-1 + xi-2). -
| (j | - (

4.11. (
yi = 1,75 xi - 0,55 xi-1 + 0,25 xi-2

H(z)
4.12. ( ) -

yi = xi + 0,5 xi-1 - 0,75 xi-2.

{hk}
-

yi = 2,5 xi - 0,8 yi-1.
4.14. ( )

RC -

4.3

0 2 3 4 5 6

t

h(t)

A

-aA

-a3A -a5A

a4A
a2A
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h(t) = exp(- t/ ), t 0,

{hk} = (1, e - / , e - 2 / ).
(j

- h(t) .

4.15. (
RC - h(t) = exp(- t / ), t 0,

: {hk} = (1, e - / , e -2 / ,...).
(j

- h(t) .

4.16. ( ) -
yi = xi + 0,9 yi-1

n = 8
Um = 1 2

4.17. ( z - X(z {xk}
xk = k, k = 0, 1, 2,...

4.18. ( )
yi = xi - 2 xi-1 + xi-2 ,

1 -

5.1. ( -
i(u) = 10 u3

i(u) = a0 + a1 (u - U0) + a2 (u - U0)2 + a3(u - U0)3,
U0 = 2

5.2. ( )
5.

a0, a1, a2
U0 = 0,7

5.3. (
i (u ),

0,05
0,15

0,5

0 0,5 0,7 0,9

U

i , mA

5.1
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B.606010
B,600

,U,,U
,U,Ui

-
u (t) = 0,4 + 0,75 cos t P

5.4. ( ) -
u (t) = 0,6 + 0,5 cos 0t

i (u ) -
S = 0,66 U = 0,7

R 1.

5.5. ( -

.UuUUS
,UuUUuS

Uu
ui

212

211

1

,
,

,,0

u(t) = U0 + Um cos t.
I0 I1

Um = 1,5 U0 = 0,1 S = 6
U 1 = 0,7 U 2 = 1,2

5.6. ( ) - i(u)
-
U = 0,6 S = 25

u(t) = U0 + Um cos t = 0,2 + 0,8 cos t, .
I0

I1

5.7. (
4.2. -

B.200
B,202050

,U,
,U,,UUi

R = 0,8
E = 9 -

(U0 = U = 0,2
Um

5.8. ( ) 4.2)
Um = 0,42

R = 20
E = 12 U0 = 0,5

i (u ) -
: S = 15 U = 0,8
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P0

P 1 P
.

5.9. ( -
i(u) = 25 u + 4 u2 u(t) = 5 + 2 cos t + 1,5 cos 0t

0 -
Im .

5.10. ( )
i (u ) U0 = 1,2

i (u ) = 15 + 40 (u - 1,2) + 6,5 (u - 1,2)2 + 2,5 (u - 1,2)3, .
I1(Um

u(t) = 1,2 + Um cos t, .

5.11. (
-

U
S

Um

I1 / SUm
U0 U

- (U0 - U ) / Um,
5.4

Mmax

5.12. ( )

- -
U = 0,6 Um = 0,4 ,

Um = 0,1 , U0 = U = 0,6

5.13. ( -
i(u) = a0 + a1 u + a2 u2.

u(t) = Um1 cos 1t + Um2 cos 2t.

6

5.4

(U0 - U )/Um

0,4 0,8
0,2 0,6

1
-0,6

-0,8
-0,2

0-0,4-1

0,4

0,8

0,2

0,6

1,0
I1/SUm
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5.14. ( )

5.5
R = 18

-
-

S = 10
U

5.15. ( ).
u(t) = 1,5 cos 2 107 t

G(t) = 10-3 + 2 10-4 sin 2 106 t,
Im , 9

5.16. ( ) ,

, 5.6
= | - |,

-
R = 18

u (t) = 50 cos t, , u (t) = 0,8 cos t, .

ic(t) = 7,5 (u +
+ 2)2 u -2 Um

.

5.17. ( f = 7,5
f = 465

f = f + f .
f = f - f Q

- 25

5.18. ( )
-

i(u) = 25 (u - 0,2 u 0,2
u (t) = 1,2 cos t, .

S .

5.19. (
C(t) = C0 exp(- t / ) (t), (t) -

u(t) =
= at (t). i(t)

5.20. ( )
R = 560

R = 400

5.5

cn

U

U

R

.6

U
U

+ n

U
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G

6.1. ( .
6.1. 

(p) =
= U (p) / U (p).

6.2. ( )
6.2

(p) =
= 1/Tp, T -

6.3. ( K (p)
,

(p) = 0 / (1 + p ).

-
2 0,707

6.4. ( )

: (p) = - 0 / (1 + p ) (p) = - (1 + pT1) / (1 + pT2).

i (u ) S =
= 7 R =
= 3

U
- u = 0,15

6.6. ( )
,

R = 2,7 C = 1,8
= - 12

u (t) = U0 (t U0 =
= 0,1 u (t -

U

2( )

1( )

+ 1( ) 2( )
VU

- 0/ (1+ ) - 0/ (1+ )

1/

U

-
+ U

6.4

R
U

+ n

U
U

-
+

R1

2 3
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t0

6.7. ( )

-

S = - 5
R =

= 32
k

6.8. ( )

L = 16 L = 3 C =
= 90 R

i (u )
S = 1,4

k

- -
,

S1(U) = 4 + 0,3U2 - 0,12U4

U = 1,5

6.10. ( )

S1(U) = a1 + (3/4) a3U2, a1 = 1 a3 =
= -2,5 - -

0 = 8 - 1 Q = 25.

= 3 .

- i (u )

, -
U = 0,8 S = 45

S1 - -
U0 = = 0,55

Um = 1,2

6.12. ( )
6

= 107 - 1

Q = 50 =

U0

L

6.6

C

7

L U0

+ n

L

R

8

L1 L2
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= 200 i (u )

S = 4 L1 L2

II.

1

1.1. t0)

.tt
tt,
tt

tt
0

0

0

0

,1
,,50
,,0

, 10, 10 -20
-20 20 30 , s(t) =

= 10[10 (t + - 5) + (t - - 5) - 2 (t - - 5)],

1.3. dttsEs
2 .                    (1)

s(t) = U0 cos ( 0 t + 0), 0 t , (2)

dttUEs
0

00
22

0 cos . (3)  = 0t +

+ 0 : dt = d / U0
2, [ 0, 0 u + 0].

00

0

2
0

2
0 cos

u

dUEs . (4).

cos2 = (1 + cos 2 )/2 (5)
Es = [(U0

2
u )/2] {1 + [sin 2( 0 u + 0) / 2 0 u] - (sin 2 0 / 2 0 u)}. (6)
0 u 1 2 u/T 1,

T - .
u T
|sin x| 1,

Es (U0
2/2). (7)

1.5. 

S( ) = ts exp( - j t) dt (1).

s(t) = A t exp(- t) (t) (2),  : S( ) = 
0
t exp[ - ( + j )] dt (3).

u dv = uv - v dv (4).
t = u exp[ - ( + j )t] dt S( ) = A {- [t / ( +

+ j )] exp [ - ( + j )t]
0

+ [1 / ( + j )] 
0

exp[ - ( + j )t]} = 
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= A {0 - [1 / ( + j )2] exp [ - ( + j )t]
0

} = A / ( + j )2 . (5).

uv
0 0

1.7. kT s0 (t - kT)
S0( ) s0 (t)

SkT ( ) = S0 ( ) exp(-j kT) (1).

: s (t) =
1

0
0s (t - kT) (2). : 

S ( ) = 
1

0
0s (t - kT) exp(-j t) dt (3). (3)

s ( ) = 
1

0
0s (t - kT) exp(-j t) dt (4).

S ( ) = S0 ( )
1

0
exp (-j kT) (5).

r = exp(-j T)
1

0
r = (1 - r n) / (1 - r ) (6).  S ( ) =

= S0 ( 1 - exp ( - j n T)] / [1 - exp ( - j T))] (7).

1.9. : (u, v) = (1/2 ) S ( ) Sv ( ) d .

Su( ) Sv( )
-

(u, v) = [(A1 A2) / ]
1

0
d = (A1 A2) 1 / .

1.11. u(t) v(t)
Su( ) Sv( ) Wuv( ) = 

= Su( )Sv ( ) (1). Su( ) Sv( )
u(t) v(t

Su( ) = U1

2

2
exp (- j t) dt = - (U1 / j ) exp(- j t)

2

2
= - (U1 / j ) [exp(- j T/2) -

- exp(j T/2)] = (U1T) [sin ( T/2) / ( T/2)] (2)  Sv( ) = (U2T) [sin ( T/2) / ( T/2)]. (3)
Su( ) Sv( ) - ,

Wuv( ) = U1U2T2 [sin2 ( T/2) / ( T/2)2]    (4).
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1.13. s(t) = A exp ( - t) (t)

Ks( ) = ts s(t - ) dt.

: Ks( ) = A2 exp ( - t) exp[ - (t - )] dt = - (A2 / 2 ) exp( )exp[ - (t - )] =

= (A2 / 2 ) exp( - ). Ks( ) Ks( ) = (A2 / 2 ) exp( - | |).

2

2.1. = 1
s1 = 20 , s0 = 10 , s1 = -20

s(t) = tu (1)  , ck

= (s, uk) =
2

1

t

t
ts uk(t) dt - (2)  , [t1, t2] -

s(t) Es = 2 (3).

s(t) = s {sin[ (t - k / )]} / [ (t - k / )] (4),

= 2 f = / f = 1/2 - - 1 sk = s(k ) -

sin x / x

sk ck = sk = (1/ f2 ) sk = sk

Es = (s-1
2 + s0

2 + s1
2) = [202 + 102 + (-20)2] 10-3 2 = 0,9 2 .

2.3. 
0 : 0/ =

= -6 / -3 = 2, -3 1
- (t).

Sx ( ) = 

=(1/ ) xS ( - 2 n/ ) (1),  = /(N - 1) = 2/(10 - 1) 0,22 -

N - Sx( ) -
Sx( ) =

=
2

2

u

u

tx exp(- j t) dt = U0

2

2

u

u

exp (- j t) dt = U0 [sin ( u/2)] / ( u/2)   (2). 

Sx ( ) = (U0 / ) sin {( - 2 n/ )] u/2} / {( - 2 n/ )] u/2}.
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1 = 2 /

2.5. Cn c xk

Cn = (1/N)
1

0

N
x exp(-j 2 nk/N) (1), 

N
N/2 - CN -n = Cn (2). 

CN/2 = (1/N)
1

0

N
x (- 1)k (3). C0 = (1 +1+

+1)/6 = 1/2, C1 = [1 + exp(- j 2 /6) + exp(- j 4 /6)]/6 = [1 + (cos /3 - j sin /3) +
+ (cos 2 /3 - j sin 2 /3)]/6 = [1 + (1/2) - (j 3 /2) - (1/2) - (j 3 /2)]/6 = (1 - j 3 )/6, C2 =
= [1 + exp(- j 2 /3) + exp(- j 4 /3)]/6 = [1 + (cos 2 /3 - j sin 2 /3) + (cos 4 /3 -
- j sin 4 /3)]/6 = [1 - (1/2) - (j 3 /2) - (1/2) + (j 3 /2)]/6 = 0. C3 = (1 -
- 1 + 1)/6 = 1/6 C4 = C2 = 0, C5 = C1 = (1 + j 3 ).

2.7. Cn

xk {xk} = (1, 0, -1, 0) (1) Cn =

= (1/N)
1

0

N
x exp(-j 2 nk/N) (2), N -

C0 = (1 - 1)/4 = 0, C1 = [1 - exp(- j 2 1 2/4)]/4 = (1 + 1)/4 = 1/2, C2 =
= [1 - exp(- j 2 2 2/4)]/4 = (1 - 1)/4 = 0. N

N/2 -
CN -n = Cn (3) CN/2 = C2 C3 =

= C1 = 1/2.

x(t) = C0 + 2 |C1| cos [(2 t/T) + 1] + 2 |C2| cos [(4 t/T) + 2] +
+ |CN/2| cos [(N t/T) + N/2]   (4), n = arg cn. C0 = C2 = 0 C1 =
= 1 x(t) = cos [(2 t/T).

2.9. cn xk

{xk} Cn = (1/N)
1

0

N
x xk exp(-j 2 nk/N) (1), N -

xk x0

Cn = (x0/N)
1

0

N
exp (-j 2 n/N)k   (2). n 0

N a1 = 1

q = exp(-j 2 n/N), 
1

0

N
exp (-j 2 n/N)k =

= a1 (1 - qN)/ (1 - q) = [1 - exp(-j 2 n)]/[ 1 - exp(-j 2 n/N)] = 0,
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exp(-j 2 n) 1 cn n 0 = 0. n =0 n = x0N/N = x0.

2.11. Z - x(t) = a t

X(z) =
0

(k ) z -k = a k z -k = a (z -1 + 2 z -2 + 3 z -3

-
2.13 xk {xk}

z xk = (1/2 j) 1z X(z) dz (1). 

zf dz =

= 2 j
N

i
res

1
[f(z)]

z = ai
(2), f(z) - ai - i -

f(z), N - a m- res [f(z)]
z = a

=
= [1/(m - 1)!] d m - 1| f(z) (z - a) m|

z = a
/ dz m - 1 (3). f(z) a 1-

, f(z) = (z) / (z), res [f(z)]
z = a

= (z) / (z)
z = a

(4). f(z)

, f (z) dz = 0 (5). X(z) = (z2 + 2z + 1) / z2 (6),

xk = (1/2 j) 3z (z2 + 2z + 1) dz (7). k = 0 (7) 
f(z) = (z2 + 2z + 1) / z3 z = 0 m = 3.

x0 = (1/2!) d2(z2 + 2z + 1) / dz2
z = 0

= 1. k = 1
f(z) = (z2 + 2z + 1) / z2

z = 0 m = 2 x1 =
= (1/1!) d(z2 + 2z + 1) / dz

z = 0
= 2. = 2 f(z) =

= (z2 + 2z + 1) / z z = 0 m = 1
x0 = (z2 + 2z + 1) /1

z = 0
= 1. 2

x
2

= 0. {xk} =
= (1, 2, 1, 0, 0, ...).

2.15. 

i
nii ssnK̂̂ (1).   {si} = (1, 1, -1, -1, 1)

nK̂̂ n 0:

14111110000000
03011111000000
32001111100000

01000111110000
50000011111000

41

31

21

11

1

s

s

s

s

s

K̂̂s
K̂̂s

K̂̂s
K̂̂s
K̂̂s

nK̂̂ = (1, 0, -3, 0, 5, 0, -3, 0, 1).
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3.1. s(t) = Um (1 + M cos t) cos ( t + /4) (1) 
s (t) = Us(t) cos [ t + s(t)] (2). 

tU~s = Us(t) exp [j s(t)]  (3). (1) -
- (3) : tU~s = Um (1 + M cos t) exp (j /4) (4).

As(t) = Us(t) cos s(t) (5), Bs(t) = Us(t) sin s(t)   (6).
cos s(t) = cos /4 = sin s(t) = sin /4 = 1/ 2 , Us(t) = Um (1 + M cos t),

(5) (6) : As(t) = Bs(t) = (Um/ 2 ) (1 + M cos t) (7).

3.3. Us(t) s(t)
Us(t) = |Zs(t)|  (1).

S( ) = .
,,S

0
0 (2).

Zs(t) = (1/ )
0

S ( ) exp (- j t) d =

= (S0/ ) exp
0

(- j t) d = (S0/j t) [1 - exp (- j t)]  (3). (3) (1) : 

Us(t) = |Zs(t)| = (S0 / ) |1 - exp (- j t)| / t = (S0 / sin ( t/2)| / ( t/2) (4).
exp (- j t) = cos t - j sin t,

sin2 t + cos2 t = 1, 1 - cos t = 2 sin2 ( t/2).

3.5. Zs(t) =

= (1/ )
0

S ( ) exp (- j t) d (1). S( =S0 exp (- b )  (2),  

Zs(t) = (S0/ )
0
exp [- (b + jt) ] d = - [S0/ (b + jt)] exp [- (b + jt) ]

0
= S0/ (b + jt).

3.7. -

U (t) = U0 [1 +
N

n
nM

1
cos ( nt + n)] cos ( 0t + 0) (1).

U (t) = 130 [1 + 0,25 cos (103t + 30 ) +
+ 0,75 cos ( 3t + 45 )] cos (105t + 60 ) U0 = 130 M1 = 0,25;
M2 = 0,75; 1 = 103 -1; 2 = 3 -1; 1 = 30 ; 2 = 45 ; 0 = 105 -1; 0 = 60 ; N = 2.

U (t) = U0 cos ( 0t + 0) +

+ 2
1

0 /MU
N

n
n {cos [( 0 + n)t + 0 + n] + cos [( 0 - n)t + 0 - n]} =

= 130 cos (105t + 60 ) + 16,25 cos (1,01 105t + 90 ) + 48,75 cos (1,03 5t + 105 ) +
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+ 16,25 cos (0, 5t + 30o) + 48,75 cos (0, 5t + 15 ) (3). 

48,75; 16,25; 130; 16,25
48,75 0, 5; 0, 5; 105; 1, 5 1, 5 - 1

15 , 30 , 60 , 90 , 105 .

3.9. ,
i (t) = I0 (1 + M cos t) cos 0t (1). i (t) =
= 200 [1 + 0,8 cos ( 3t)] cos ( 6t) I0 = 200 ; M = 0,8; = 103 -1;

0 = 106 -1 R Pmax =
= Imax

2R/2 (3) Imax = I0(1 + M).
P = I0

2R/2
P = (I0M/2)2R/2 = I0

2M2/8, P = I0
2R/2 +

+2 I0
2M2R/8 = I0

2R(1 + M2/2)/2 I0 =
= 200 M = 0,8; R = 75 Pmax = I 0

2R(1 + M)2/2 = 4,84 , P =
= I0

2R(1 + M2/2)/2 = 1,98 . - Pmax / P = 2,4.

3.11. -
u (t) = U0 (1 + M cos t) cos 0t (1). 

u (t) = 75 [1 + 0,4 cos (103t)] cos (106t), U0 = 75 ; M = 0,4.

Umax = U0 (1 + M) (3), Umin = U0 (1 - M) (4). 
R = 2

Pmax = Umax
2/2R = 2,8 Pmin = Umin

2/2R = 0,5 .

3.13. 
T = u + u -

f0
F = 1/T.

f = 2/ u (2). 
F = V/60 = 300/60

=
= 5 T = 1/F = 0,2

u = u = T/ 2 = 0,1
f = 2/ u = 20

3.15. 
u ( )(t) = U0 cos ( 0t + m sin t) (1),

U0 - m - 0 = 2 f0 (2) = 2 F (3) -
f0 F -

(t) = d (t) / dt (4),
(t) = 0t + (t) = 0t + m sin t (5) - (t) -

(t) = 2 f(t) (6), f(t) = f0 + mF cos (2 Ft)
(7) - fmax = f0 + mF (8),
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fmin = f0 - m F (9). fmax = 6 +
+ 3 , = 80,18 ; fmin = 6 - 3 , = 79,82 .

3.17. -
(t) = 0 + cos t 0, -

(t) = 109 (1 + 10 -4 cos 3 t - 1
0 = 109 - 1, =

= 109 -4 = 105 - 1, = 3 -1 -
u (t) = U0 cos ( 0t + m sin t) (3 m -

(t) = 0t + m sin t (4) -
(t) =

= d (t) / dt (5), (t) =
t

0
( )d (6). 6 (t) = 0t +

+ ( / ) sin t (7). 4 7 m = / (8
, m = 105 / 3 = 50

U0 = 2,7 ; m = 50; 0 = 109 -1 = 3 -1,
u (t) = 2,7 cos (109t + 50 sin 3t), .

3.19. 
u (t) = U0 cos ( 0t + m sin t) (1), U0 - m -

0 = 2 f0 = 2 F (3) -
f0 F -

(t
(t) = 0t + m sin t (4) (t) = d (t) / dt (5)

(t) = 2 f(t) = 2 [f0 + m cos (2 Ft)]   (6), 
: f(t) = f0 + m cos (2 Ft)   (7)

fmax = f0 + m F (8), fmin = f0 - m F (9).
fmax = 6 + 3 ,

50,28 fmin = 5 6 - 40 7 3 49,72

4.1. 
K(j ) = - SR / (1 + j C R R =

= R Ri / (R + Ri )   (2) -
, K0 = SR    

K( ) = |K(j )| = K0 / 21 n R    
2

= 2 f = 1 / C R (5). R =
= 1, / (1,6 15) = 1,44 ,

K0 = -3 3 = 28,8
f = 1/2 C R = 1/ -12 3 = 

= 3, 6 3,7
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4.3. U (t) = U0 (1 + M cos t) cos 0t (1)

: U (t) = - K U0 [(1 + M cos ( t - )]
cos 0t (2), K - M =

= M / 21    (3), = 2Q /    (4) -
0 + , = arctg    (5) t = /    (6) -

- M = M / 221 Q (7),
t = (1/ ) arctg (2Q / 

M = 0,8 / 1 + ( 4 / 6)2 = 0,6;
t = (1 / 4) arctg (2 4 / 6) = 24,43

4.5. g(t)

h(t) g(t) =
t
h

0
( ) d - .

T
A

0
dt = At

0
=AT (2). 

4.5
T.

g(t)
N , N -

h(t) -
1 - a + a2 - a3 + a4 - a5 + ...

a0 = 1 q =
- a. = a0 / (1 - q) = a0 / (1 + a) = 1/1,8 0,56

g (t)
t

= AT 0,56 AT.

4.7. -
u (t) = U0 (1 + M cos t) cos 0t (1). 

u (t) = 15 [1 + 0,8 cos (2 103t)] cos (2 106t), U0 = 15
M = 0,8; = 2 F = 2 104 -1; M = 104

0 = 2 f0 = 2 106 -1; f0 = f = 106

u (t) =
= - K U0 [1 + (M / 21 ) cos ( t - )] cos 0t (3), K -

= 2Q / -
0 + , = arctg -

t = / . 3)
K , f , Q , U0, F M,

u (t) = -0,75 [1 + 0,424 cos (2 104t - 1,012)] cos 2 106t, (4).

4.5

g(t)

0 2 3 4 5 6

t

A

A(1-a)T A(1-a+a2-a3+a4-a5)T
A(1-a+a2-a3+a4)T

A(1-a+a2-a3)T

A(1-a+a2)T
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4.9. 

K(j )
H(z): K(j ) = H(z)

z = exp(j )
(1), -

{hk}. 
H(z) {hk} z - H(z) =

=
0
h z - k   (2). {hk} = (1, -1, 0, 0 H(z) = 1 - z -1   (4), 

K(j ) = 1 - z -1
z = exp(j )

= 1 - exp(j ) (5).
|K(j )| = |1 - exp(j )| = |1 - cos + j sin | =   

= 22 sincos1 + sin2 = cos12 = 2 |sin ( /2)|   (6),
( ) = arg K(j ) = arctg [sin / (1 - cos )] (7).

4.11.
-

yi =
= a0xi + a1xi -1 + a2 xi -2 (1), 

a0 = 1,75; a1 = -0,55; a2 = 0,25.
z -

Y(z) = a0X(z) + a1z -1X(z) + a2 z -2X(z),    (2), z-1 -

4.6 H(z)
z -

(2 H(z) = Y(z)/X(z) = a0 + a1z -1 + a2 z -2 = (a0z 2 + a1z + a2) / z 2 =
= (1,75z 2 - 0,55z + 0,25) / z 2 (3).

4. 13. z -
H(z): h = (1/2 j) 1z H(z) dz   (1). 

z -
: H(z) = Y(z)/X(z)   z -

yi = 2,5xi
- - 0,8 yi - 1 (3) Y(z) = 2,5X(z) - 0,8z -1Y(z) (4). z -1 -

H(z) =
= 2,5 / (1 + 0,8 z -1) = 2,5z / (z + 0,8) hk =
= (1/2 j) [ 52, z k / (z + 0,8)] dz (6).

f(z) a 1-
, f(z) = (z) / (z), f (z) dz =

= 2 j res [f(z)]
z = a

   (7), res [f(z)]
z = a

= (z) / (z)
z = a

   (8). 
f(z) = 2,5z k / (z + 0,8), (z) = 2,5z k, (z) = z + 0,8 1- a = -0,8.

hk = 2,5(-0,8)k,

z-1 z-1

+

x

y

0=1,75 2=0,251=-0,55
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{hk} = [2,5; -2,5 0,8; 2, (0,8)2; -2, (0,8)3 + ...] = (2,5; -2; 1,6; -1,28;...).

4.15. 

{hk} =
= [1, exp(- / ), exp(-2 / ),   ] (1) 

yi =
0
h xi - k = h0 xi + h1 xi - 1 + h2 xi - 2 + ... (2). hk

yi = xi + exp(- / ) xi - 1 + exp(- 2 / ) xi - 2 + ...   (3).
K(j ) H(z):

K(j ) = H(z)
z = exp(j )

(4)

{hk} z - H(z) =
0
h z - k   (5),

{hk} : H(z) = 1 + exp(- / )/z + exp(- 2 / )/z2 + ...   (5)
q =

= exp(- / )/z a1 = 1, H(z) = a1/(1 - q) = 1 / [1 -
- exp(- / )/z]   (6). K(j ) = 1 / (1 - exp{- [(1/ ) +
+ j ]})   (7). H(z) = z / [z - exp(- / )]   (8) 

- H(z) = az / (z - b) (9), 

a = 1, b = 
exp(- / ) yi

= xi - exp(- / ) xi - 1 (10).
4.7.

4.17. Z - {xk} X(z) =

=
0

z - k   (1).

xk = k k = 0, 1, 2 X(z) = 1 + ( /z) + ( /z)2 + ...(3). 

X(z) = a1/(1 - q) (4), 
a1 = 1 - q = /z -

X(z) = 1 / [1 - ( /z)] = z / (z - )   (5).

5

5.1. i(u)
U0

an = (1/n!) d ni(u) / dun
u = Uj

U0

i(u) = 10 u3 a0 = i(U0) = 3 = 80 ,
a1 = (1/1!) di(u) / du

u = Uj
= 30 U0

2 = 2 = 120 / , a2 = (1/2!) d2i(u) / du2
u = Uj

=
=60 U0/2 = = 60 / 2, a3 = (1/3 d3i(u) / du3

u = Uj
= 60/6 = 10 3 -

xi yi

= - /

z -1

+
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- i(u) = a0 + a1(u - U0) + a2(u - U0)2 + + a3(u - U0)3

U0 = 2 i(u) = 80 + 120(u - 2) + 60(u - 2)2 + 10(u - 2)3

5.3. -

i (u ) = 0 u U , S (u - U u U (1); u (t) = U0 + Um cos t (2). 

S = 10
, U = 0,6 U0 = 0,4

Um = 0,75 . P ,
P = I0U0 + I1Um /2 (3) I0 = SUm 0( ) = (SUm/ )(sin - - cos ) I1 =

= SUm 1( ) = (SUm/ )( - sin cos )   (5) -
1- -

0( 1( ) - - -
cos = (U - U0)/Um = arccos [(U -

- U0)/Um)]   (7), sin = 2
01 mU/UU (8). -

S, U , U0 Um P = 1,52

5.5. 5.7

i(u)
5.8 5.9: i(u) =

= i1(u) - i2(u). (1). 
i1(u) = 0 u U 1, S (u - U 1) u > U 1 (2); i2(u) = 0 u U 2, S (u - U 2)

u > U 2   (3) I0
I1 I0 =

= I01 - I02 (4), I1 = I11 - I12 (5), I01(2) = SUm 0( 1(2))   (6), I11(2) = SUm 1( 1(2))   (7), 
0( ) = (1/ )(sin - cos )   (8), 1( ) = (1/ )( - sin cos )   (9), Um -

, 0( ) 1( ) -
1- . 1 2

cos 1(2) = (U 1(2) - U0)/Um 1(2) = arccos [(U 1(2) - U0)/Um)]   (11),
sin 1(2) = 2

01 mU/UU (12).

5.7. -
i (u ) = 0 u U , S (u - U ), 

u U (1).
S = 50 U = 0,2

U
1

0

i(u)

U
2

u

U
1

0

i1(u)

u

0

i2(u)

U
2

u
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Um    Um = I1R    I1 = SUm 1( )   (4) -
1- 1( ) = (1/ )( - sin cos )   (5) -

- . cos =
= (U - U0)/Um (6 = arccos [(U - U0)/Um )]   (7), sin =
= 2

01 mU/UU (8). - U = U0

) = /2, cos = 0, sin = 1. Um

/ SR (1/ )( /2) 9 / 50 10 -3 , 3 ,5 0,45

5.9. -
i(u) = 25 u + 4 u2 u(t) =

= 5 + 2 cos t + 1,5 cos 0t, (2), : i(u) = 25 (5 + 2 cos t + 1,5 cos 0t) + 
+ 4 (5 + 2 cos t + 1,5 cos 0t)2 = 125 + 50 cos t + 37,5 cos 0t + 4 [(5 + 2 cos t)2 +
+ 2 (5 + 2 cos t) 1,5 cos 0t + (1,5 cos 0t)2],    (3). 

0

- iAM(t) = 37,5 cos 0t + 60 cos 0t + 24 cos t cos 0t =
= 97,5 [1 + (24/97,5) cos t] cos 0t, = 97,5 (1 + 0,246 cos t) cos 0t, (4). 

- iAM(t) =
= Im (1 + cos t) cos 0t (5), Im = 97,5 = 0,246.

5.11. -
: = (Um max - Um min) / (Um max +

+ Um min) (1) Um max Um min -
-

Um = I1R = SUm 1( ) R (2),
R - 1( ) = (1/ )( -

- sin cos )   (3) - -
cos = (U - U0)/Um

= arccos [(U - U0)/Um )]   (5), sin = 2
01 mU/UU (6).

I1/SUm

1( ) U0 - U )/Um = -(U - U0)/Um
= ( 1max - 1min) / ( 1max + 1min) (7)

1max =
= 0,95; 1min = 0,05 = (0,95 - 0,05) / (0,95 + 0,05) = 0,9.

5.13. 

= |n1 1 + n2 2 ... + nm m +...|   (1), m -
nm - 0

N = |n1| + |n2| ... + |nm| + ...   (2). aN(u - U0)N

N, N - 2,
N - 4,... 0 1

- i(u) = a0 + a1 u + a2 u2 (3) ( U0 = 0)
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- u(t) = Um1 cos 1t + Um2 cos 2t (4). 

a0 N = 0 0 a1u
N = 1 1, a2u2 N = 2

2 0
= 0 0 a0 + a2(Um1

2 +
+ Um2

2)/2; 1- 1 2
a1Um1 a2Um2;

- 2 1 2 2 a2Um1
2 / 2

a2Um2
2 / 2 1 + 2 1 - 2

a2Um1Um2.
cos2 = (1 + cos 2 )/2 (5),

cos cos = [cos ( + ) + cos ( - )]/2 (6).

5.15. G(t) = 
= G0 + G1 sin t   (1) u(t) = Um cos 0t   (2) 

i(t) = G(t) u(t) = (G0 + G1 sin t) Um cos 0t = G0 cos 0t +
+ (1/2) G1Um sin [( 0 + )t] + (1/2) G1Um sin [( 0 - )t]   (3).

cos sin = [sin ( + ) - sin ( - )]/2 (4). 
0 = 2 107 -1 = 2 106 -1

9
(3) (107 - 106 = 6 = 9

Im = G1Um/2   (5). 5 G1 = -4 Um = 1,5
:

G(t) = 10 -3 + -4 sin 2 106t, (6), u(t) = 1,5 cos 2 107t, (7)
Im = -4 ,5/2 = 1, -4 150

5.17. -
, c = 2 fc K( ) = | (j )|

= K / 221 cc /Q (1), K(f) = | (j2 f)| = 

= K / 221 cc f/ffQ (2) K -

f fc
f , fc f ,

= 20 lg[K(f )/K ], = -20 lg 221 cc f/ffQ =
= -10 lg{1 + [2Q(f - fc)/fc]2},    (3). lg xn = n lgx n = 1/2

|f - fc| = 2f , : = -25 f = 465
= 0,465 106 fc = f + f = 7, 106 + 0,465 106 = 7,965 , (3) :
lg{1 + +[2Q(f - fc)/fc]2} = lg[1 + 16 0,465/7,965)2 Q2] = lg (1 + 5, -2 Q2) = 2,5 (5). 

2,5 = lg 102,5 = lg 316 5, -2 Q2

= 315 Q = 315/5,38 = 76,5.

5.19. i(t) = 
= d q(t) / dt (1), q(t) = C(t u(t)   (2) - u(t) = at (t)   (3)
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C(t) = C0 exp(- t/ ) (t)   (4)

(t) - -
i(t) = aC0 d[t exp(- t/ )] / dt = aC0 {[(dt / dt) exp(- t/ ) +

+ t d [exp(- t/ )] / dt} = aC0 1 - (t/ [exp(- t/ )] (t) (5).

6.1. 
K1 (p) (p), V(p) =

= U (p) K1(p) + V(p) 1(p) K1(p)   (1
K1 (p) = V(p) / U (p) = K1(p) / [1 - 1(p) K1(p)]   (2). 

U (p) = 
=U (p) K1 (p) K2(p) + U (p) 2(p K1 (p) K2(p

K (p) = U (p) / U (p) = K1 (p) K2(p) / [1 -
- 2(p K1 (p) K2(p)] = K1(p) K2(p) / {1 - [ 1(p) K1(p) + 2(p K1(p) K2(p)]}   (4).

6.3. 
U (p) = U (p) K (p) K2(p) - U (p) K (p K (p) = 

= K0 / (1 + )   (2) - K0 -
U (p) = U (p) [K0 / (1 +

+ )] -U (p) [K0 / (1 + )] (3),
: K (p) = U (p) / U (p) = [K0 / (K0 + 1)] / [1 + p / (K0 + 1)]   (4).

K (j ) = K (p)
p = j

=
= [K0 / (K0 + 1)] / [1 + j / (K0 + 1)]   (5), -

|K (j )| = [K0 / (K0 + 1)] / 2
0 11 / (6). 6)

1 / 2 = 0,707
K0 / (K0 + 1)

/ (K0 + 1) (7 = (K0 + 1) /    (8).

6.5. -
u = u + u u = i R (2), i

i (3) - , R - i = S u (4) -
S -

K = u / u u
=
= SR u u = u / SR
u = (u / SR ) + u = u [1 + (1/SR )]   (8). 
K = 1 / [1 + (1/SR )] = SR / (1 + SR )   (9). S = 7
R = 3 K = -3 3 / (1 + -3 3) 0,96
u = K u / SR u = 0,15
u = SR u / K = -3 3 ,15 / 0,96 3,3

6.7. 
R = k 2 R    (1),

k -
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- S > 1/R S -

G = S .
G G = 1/R    

S = -5
R = 32

k > 1 / RS = 1 / 33 1032105 = 0,08.

6.9. 
S1(U)

1 / 0QM, 0 ,Q M -

dS1(U) / dU
U = U

0 (1), U -
S1(U .

S1(U) = 4 + 0,3 U2 - 0,12 U4

U = 1,5 dS1(U) / dU
U = U

= 0,6 U - 0,48 U3
U = U = 1,5

=
= -0,72 2 0

6.11. -

S1 =
= I1 / Um = SUm 1( ) / Um = S 1( )   (1), I1 - -

S - Um -
1( ) = (1/ )( - sin cos )   (2) - -

- cos = (U - U0)/Um   
= arccos [(U - U0)/Um)]   (4), sin = 2

01 mU/UU (5) (1) - (5) 

: S1 = (S/ ) {arccos [(U - U0)/Um)] - [(U - U0)/Um)] 2
01 mU/UU } (6).

S = 45 Um = 1,2
U = 0,8 U0 = 0,55 S1 = 16,57

III

1

1.4. u(t) v(t)
2 2

.

1.6. q(t) = s (-t)
: Q( ) = S ( ).
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1.8. 

1.10. 

1.12. u, v

1.14. 22/d = (1 / ) arctg ( / ).

2

2.12. z -
a

f(z) res [f(z)]|z = a
=

= [1 / (m + 1)!] d m -1 | f(z) (z - a )m||z = a
/ dz m -1, m - m = 1

f(z) = (z) / (z) res [f(z)]|z = a
= (z) / (z)|z = a

.

2.14. 

2.16. {ui} {vi}

3

3.4. cos ( + ) = cos cos - sin sin
= m sin t, = t .

3.6. 

3.10. 
Umax = U0(1 + M ), Umin = U0(1 - M ).

3.14. m = 0,06 1

3.16. m 1
.

4

4.4. t d arctg ax / dx = a / [1 +
+ (ax)2].

4.6. 
RC
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4.8. 

.

4.10. 

4.16. 
z -

a
f(z) m = 1 f (z) = (z) / (z

res [f(z)]|z = a
= (z) / (z)|z = a

.

4.18. K(j ) 1
e e 1 + ( /1!) + ( 2/2!) + 

+ ( 3/3!) + . . .

5

5.2. 

a0, a1, a2.

5.4. 
R 1 = Um / I 1 Um - , I 1 -

1- .

5.12. 

Umax = U0(1 + M ), Umin = U0(1 - M )
- 1(

.

5.14. 

- -

5.16.

6

6.2. -

6.4. -

6.6. 

6.8. k = / 21LL .
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6.12. 
RS L1 / L2.

IV

1

1.2. Es = V2 /3, || s || = V 3/u , s = V 3 .

1.4. A = (2/ ) U0 = 0,637 U0.

1.6. Q1 = 2 Re S( ), Q2 = j 2 Im S( ).

1.8. U(p) = (U0/p) [1 - exp( - p )], Su( ) = (U0/j ) [1 - exp( - j )].

1.10. Eu = 0,191 2

1.12. (u1, u2) = 10 -4 2 , u1, u2 arccos 0,8 = 35o.
1.14. f

2

2.2. t0 = 41,67

2.4. 2 = 3,3 10 -5 2.

2.6. c0 = c2 = 0, c1 = c3 = 1/2.

2.8. x(t) = 0,5 + cos (2 t / T).

2.10. X(z) = (z2 + 2)(z - 1)/z3.

2.12. {xk} = (1, 1, 0, 0, ...).

2.14. sK̂̂ (n) = (. . . , 0, 0, 1, 0, 1, 0, 5, 0, 1, 0, 1, 0, 0, . . .).

2.16. uvK̂̂ (n) = (. . . , 0, 0, 1, 2, -1, -2, 1, 0, 0, . . .).

3

3.2. Us(t) = 10 cos t - j [30 sin t + 5 sin (2 t + /4)].

3.4. As(t) = Um cos (m sin t), Bs(t) = Um sin (m sin t).

3.8. M1 = 0,8; M2 = 0,6.

3.10. M = (Umax - Umin) / (Umax + Umin).

3.12. Pmax = 12,96 Pmax/ P = 2,45.

3.14. u(t) = 8 cos(106t)+ 0,24 cos (1, 6 t) - 0,24 cos (0,99 6 t), .

3.16. N = 34.

3.18. max 3,02 -1, min = 2,98 - 1.
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3.20. B = 2356, = 1, 13 c - 2.

4

4.2. = 148,6; = 584

4.4. t = 1,27

4.6. h(t) = - (SR / ) exp (- t/ ), t 0, = R , R = R Ri / (R + Ri).

4.10. |K(j )| = (1/2)(3 + 4 cos + 2 cos 2 )1/2,
( ) = - arctg[(sin + sin 2 ) / (1 + cos + cos 2 )].

4.12. 

4.14. K(j ) = 1 + exp{ - [(1/ ) + j ]} + exp{ -2 [(1/ ) + j ]}.

4.16. 2 = 5, -6 2.

4.18. K(j )
0 K(j ) (j )2

K(j ) = j .

5

5.2. a0 = 0,15 a1 = 1,125 a2 = 3,125 2.

5.4. R 1 = 4,05 .

5.6. I0 = 2,18 , I1 = 3,92 .

5.8. P0 = 3,69 P 1 = 3,35 P = 0,34 = 0,91.

5.10. I1(Um) = 40Um + 1,875Um
3 .

5.12. = 0,32.

5.14. = 0,93.

5.16. Um = 5,4

5.18. S = 4,9

5.20. G = 4, 10 -3

6

6.2. 0.

6.4. 
0 1, 0 ( + 2)/ 1.

6.6. u (t) = - (U0 / RC) t, 0 t t0, t0 = 0,575 ; E , t t0.

6.8. K = 0,23.
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6.10. M = 0,067 U = 0,42

6.12. L1 = 49,45 L2 = 0,55

V.

1.1. 

1.2. 
1.3. 
1.4. 
1.5. 

1.6.
1.7. 

1.8.
1.9.

1.10. 

1.11. 

1.12. 

1.13. 
1.14. 

1.15. 

1.16. 
1.17. 

,
1.18. 

1.19. 
1.20. 

1.21. 
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1.22. 

1.23. 

1.24. 

1.25. 

1.26. 

1.27. 

1.28. 

2.1.

2.2. 

2.3. 

2.4. 
2.5. 

2.6. 
2.7. 

2.8. 
2.9. 

2.10. -

2.11. 

2.12. -

2.13. 

2.14. 

2.15. -
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2.16. 

2.17. 

2.18. 

2.19. z -
z -
2.20. z -
2.21. 

2.22. 

2.23. 

3.1. 

3.2. 

3.3. 
3.4. ,

3.5.

3.6. 

3.7. 

3.8. 
3.9. 

3.10. 

3.11. 

3.12. 

3.13.
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3.14. 

-
3.15. 
3.16. 

3.17. 

3.18. 

3.19. -

3.20. -
-

3.21. 

3.22. 

3.23. 

3.24. 

4.1. 
4.2. 

4.3. 
4.4. 

?
4.5. RC -

4.6. RC -

4.7. 

4.8. 
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4.9. 

4.10. 

4.11. 
-

4.12. 
4.13. 

4.14.

4.15. 
-

-
4.16. 

4.17. -

4.18. 

4.19. 

4.20. -

4.21. 
-

4.22. 

4.23. 

4.24. 

4.25. 
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4.26. 

4.27. 
4.28. 

4.29. 

4.30. 

4.31. 

4.32. 
-

5.1. -

5.2. 

5.3. 

5.4. 

5.5. 

5.6. 

5.7. 
-

5.8. 

5.9. 

5.10. 

5.11. 

5.12. 



43
5.13. 

5.14. 

5.15. 
5.16. -

5.17. 

5.18. 
5.19. 

5.20. 

5.21. 

5.22. 

5.23. 

5.24. 

5.25. 

5.26. 

5.27. 

5.28. 

5.29. 

6.1. 
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6.2. 

6.3. -

6.4. -

6.5. 

6.6. 

6.7. RC-

RLC -
6.8. 

« »

6.9. 

« »?
6.10. 

6.11. 

6.12. 
6.13. 

6.14. 

1.
2005

2.

3.

4.


