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: W(p) = k.

: h(t) = k 1(t).
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,  ( . 1). 
 = 1 , = –1 – .

- ,
, ,

, , , . .
2)  ( )

( ) ( )=
t

dttukty
0

, ku
dt

dy = , py = ku.

: W(p) = k/p.

: ( ) ( ) tkdttkth
t

⋅==
0

1   ( . 2), 

y – ; u – ; k – .

. 2. 

=1  « » W(p)=1/p.
 « » . :

, , . .
, .

 ( ) :
g(t)=k.1(t).

,
p jω:

   W(jω) – ;      A(ω)= ( ) ( )ωω 22 QP +    – ;

P(ω)= Re[W(jω)] – ;  Q(ω)=Im[W(jω)] – ;
ϕ(ω) = arctg[Q(ω)/P(ω)] – .

;
3)  ( )
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p1 =  1/T – D(p) = Tp + 1 = 0; D’(p1) = T, 
T – , k – .

. 3. 

 ( . 3), 
, h(t),

t,
.

,
. :

, ,
.

4)  ( )

ukyyTdyT =++22 , T1
2p2y + T2py + y = ku.
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12
22

1 ++
=

pTpT

K
pW .

T1 T2,

1

2
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T
r = . ( )

12
22

1 ++
=

pTpT

K
pW ,

T = T1.
r 1, W(p) p1 p2

: T2p
2 + 2rTp + 1 = T2 (p – p1).(p–  p2).

,
.

 – 
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r<1 W(p) ’ :
p1,2 = ± j .

,
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: μ y + y = k u,
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p1 = –1/T – D(p)=Tp+1=0; ,
D’(p1) = T.

 ( . 5). 
, ,

.
,

. . ,
.

. 5. 

, ,
(W(p)= Tp + 1, ),
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( ( )
1

1

2

1

+
+

=
pT

pT
pW , T1 >> T2), ,  (W(p)= e-  pT),

.

,
 « » ,

( δ- ), .
,

, ,

 ( . 6). 

                                   y= 

. 6. 

ωi:

A(ωi)= A (ωi)/ A (ωi),

 – .
μ

 ( . 7) μ
.

 1. 
 (COMPAS, SIMNON, MATLAB), 

, . 1. 
, .

 7. 

 2.  (  s ).

W(jω)
U=A  sin(ωt)  A  sin(ωt+ ϕ)
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 1 

1 2 3 4 5 6 7 8 9 
K 2,50 2,00 4,00 1,50 5,00 0,80 3,00 0,50 6,00 
T 0,20 0,40 4,00 0,80 2,00 1,50 0,50 1,00 3,00 
d 0,40 0,50 0,10 0,30 0,60 0,80 0,30 0,40 0,00 

μ 0,05 0,10 0,50 0,15 0,30 0,20 0,08 0,60 0,40 

3.  y ,
.

 4. . 1 .
 5. T ,

.
 6. . 1. 
 7. , T, d,

.
 8. 

. 1. 
9.

. μ
.

1. , ,
.

2. .
3.
.
4. .

1. , , , ,
.

2. , T, d
?

3.
T .

4. ,
’ .

5. ? ?
6. ?
7. ?
8. ?
9. ?
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, , ?
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(t) g(t)
, . 2,

3, 2, 3,  ( ) – 1.
: 2=2; 3=4; 2=0,04; T3=0,5 K1

y =2.
(t)

T2 T3. .
? T2 T3

.

, .
: .

, . :
.

 ( . 9):

. 9. ,

y(t)
g(t)=1(t) f(t)=0,5·1(t).

1.
: )()(15,0)()()(1)( 3321 pWtpWpWKtty ⋅⋅+⋅⋅⋅= .

2. :
)()()()(15,0)()(15,0)()()(1)( 323321 pWpWpWtpWtpWpWKtty K ⋅⋅⋅⋅−⋅⋅+⋅⋅⋅= .

f(t) ,
)()()()()()( 323 pWpWpWtfpWtf K ⋅⋅⋅=⋅ ,

)(

1
)(

2 pW
pWK = .

2

21
)(

K

ST
SWK

+= . :

)0001.01(

1
)(

2

2

SK

ST
SWK +

+= .

:
1) f(t);
2) .

’ .
’

( . 10). (t).

)(1)( ttg =
1K )(2 SW )(3 SW

)(ty1U

2U

−
)(SWK

)(tf



15

, . (t)
, , u(t)
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. 10  
.

(t) U2(t)
( ’ ).

y(t):
1. ’ :

);(*)()(*)(**)()( 3321 pWtfpWpWKtgty += );(1)( ttg = );(1*5,0)( ttf =

1
)(

2

2
2 +

=
sT

K
sW  . 

2. ’ :
)(*)(*)(*)()(*)()(*)(**)()( 323321 pWpWpWtypWtfpWpWKtgty −+=

:

)(*)(*)(1

)(
*)(

)(*)(*)(1

)(*)(
**)()(

32

3

32

32
1 pWpWpW

pW
tf

pWpWpW

pWpW
Ktgty

+
+

+
= .

, , ,
’ K y(t), ,

11 *)( KtgU = .

:

 K1 K2 K3 T2 T3 W (s)=K

1 4 1,25 2 0,05 0,3 0 

2 4 1,25 2 0,05 0,3 0,6 

)(1)( tNtg ⋅=
1K )(2 SW )(3 SW

)(ty)(1 tU

)(2 tU
−

)(SWOC

)(tf

’
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K
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g(t) f(t) :
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 1. 
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 2. 
WK(S) .

:
)()()()( 3213 SWSWKSWSW K ⋅⋅⋅= ,

)(

1
)(

21 SWK
SWK ⋅

= .

:
21

2 1
)(

KK

ST
SWK ⋅

+
= .

(t) :
) ;
) .

.

1. .
2. , ,

mt, my

y .
3.

(t) .

1. ?
2. ?
3. ?
4. ?
5. ’ ?
6. ?
7. ?
8. ?
9. ?
10. ?
11. ?
12. ?
13. ?
14. ?
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15. ?
16. ?
17. ?
18. ?
19. ’ ?
20. .
21. ?
22. ?

 3 

.
, , ’ .

W(p)

( ) ( )tjtUeUtu m
tj

m ωωω sincos ⋅+== ,

( ) ( ) ωωϕω jtj
m

tj
m eeYeYty ⋅== + ,

, ,
.

. , ’
,  ( ).

.
u(t) (t)

(a pn + a1p
n - 1 + a2p

n - 2 + ... + an)y = (b pm + b1p
m-1 + ... + bm)u.

,
ujejUeUpup tj

m
tj

m ωω ωω =⋅=⋅⋅=⋅ ,

pnu = pnUmejwt = Um (jw)nejwt = (jw)nu.
.
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( ) ( )
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( ) .
...
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1

10

1
10 ujWu

ajaja
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+++
+++
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p j W(p).
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W(j ) , :

( ) ( ) ( )ωωω 22 QP
Y

U
A

m

m +== ,

( ) ( ) ( ) ( ) ( )ωωωω ωϕ jQPeAjW j +== ,
P( ) –  ( ); Q( ) –  ( ); ( ) – 

( ): ( ) –  ( ).
,  – :

( ) ( )
( )ω
ωωϕ

Q

P
arctg= .

W(j ) ,  0 
 + ,  W(j ),

-  ( ) ( . 13). 
 –  0 

.

. 13. ,

( ) ( . 14): ( ) L( )
( ) ( ).

:
( )[ ] ( ) ( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )ωϕωωωω ωϕωϕ +=+=⋅= AeAeAjW jj lnlnlnlnln .

. 14. 
,

 20, , ,
L( )=20lgA( ). L( ) .

 10  10 .
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,  10  20 ,

==
1
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1

2
2

1

2 lg20lglg A
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A
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p .

.
 10 .

. lg(0) = – ,
.

, ,
. ( )

. : – + .
.

.

 15 .

. 15. 
:

)(1

)(
)(

sWK

sW
s

⋅+
= .

 ( . 16) :

. 16. 

. 16 )sin()( txtx m ω⋅= , )sin()( ϕω +⋅= tyty m .

m=const. ω ωmin ωmax , Ym(ωi)

ϕ(ωi) . )()( ωω
m

m

X

Y
A = ϕ(ω),

)( ωjW , . 13. 

Wi(s)
x(t) y(t) 

) :

Wi(s)

K

x(t) y(t)

) :

( ) ( )
x(t) y(t)

x(t)

y(t)
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TT
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2
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22

1
2
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K
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) 1)( <<⋅ KjW ω , )(lg20)(lg20 ωω jWj ≈ .
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12
)(

8
22

8

8
2 ++
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sTsT

K
sW

ξ
.
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)

2
8

22
8

2

8
1

)2()1(
)(

ωξω
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TT
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2
8

2
8

1 1

2
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T

T
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ω
ωξωϕ

−
−= ,

8

1
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,

2
8

2
8

1 1

2
14.3)(
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T
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8

1

T
>ω

.

)
2

8
22
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2
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2 1
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8

81
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8

81

T

KK+
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0

20

-20

101

20lgK
-1

-3

ϕ(ω)

ω[1/c]

ω[1/c]

L(ω)[ ]

ϕ1(ω) .= 3arctg(ω/ωCP1)
(K 1=1)

(K 2=0,3)

ϕ (ω)

ϕ2(ω) .= arctg(ω/ωCP2) 2arctg(0,2ω) (K 2=0,3)

−π

−π/2

−3π/2

ϕ2(ω)

(K 2=0,3) ωCP1=6 3

ωCP2

(K 1=1)
L (ω)

L 2(ω)

 
 

. 17.     )(3 sW       
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ST

K
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⋅+
=

4

4
4 1

)( ; ;
)1( 5

5
5 STS

K
W

⋅+⋅
=  K4=2, T4=0,3; K5=4; T5=0,5; 

 2.         
 A1(ω), ϕ1(ω), A2(ω), ϕ2(ω); )(lg20 1 ωA , )(lg20 ωj    , 

  ,   : 

)1)(1(
)(

21

21
3 STST

KK
sW

⋅+⋅+
⋅

= ;  K1=3; K2=5; T1=0,08 c; T2=0,4 c; K 1=1; K 2=0,5; 
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22
77

76
1

STSTS

KK
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=
ξ

; K6=2; K7=5; T7=0,1; ξ=0,4; K 2=1; K 1=2; 

22
88

8
2 21

)(
STST

K
sW

+⋅+
=

ξ
; K8=20; T8=0,05; ξ=0.2; K 1=1. 
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1. ?
2. ?
3.

?
4. ?
5. ?
6. ?
7. ?
8. ?
9. ?
10. ?
11. ?
12. , .
13. , .
14. , .
15. , .
16. , .
17. .
18. .
19. ,

100 ?
20. ?

 4 

.  ( . 18) 
.

. 18. 

mn
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v
ypW n
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...
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:

1
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3
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=Δ
−

−−

02

1

2

21

...00

0...00

...............

00...

00...

aa

a

aa

aa

nn

nn

.

, .

01 )(...)()( ajajajA n
n +++= ωωω ,

ω 0 ∞. , ,

ω=0, n
, n- ∞.

.
, ,

Wp (jω) (–1, j0) ω 0
∞.

 MATCAD 
 COMPAS. 

.
,  – ,   – 

, , ,
.

.

1. ,
 2. .

2. ,
.

,  (Δ).

 2 

k1 k2 T2 k3 T3 d

1 1 1,5 0,4 4 1,2 1,2 
2 5 0,8 0,2 3 1 1 
3 2 1 0,1 2 0,8 0,8 
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 . 2  
4 3 2 0,3 2 1,5 1,5 
5 1,5 4 0,5 1 0,9 0,9 
6 2,5 1,5 0,2 2 1 1 
7 4 0,6 0,2 2 0,7 0,7 
8 2 1 0,5 1 0,6 0,6 

 

3.       
k1,   ,       .  

    ,    
 .  

4.     k1=0,8 k1 ,  
.  

5.   d         
  k1 .   d      k1 .  

 k1 = k1 (d). 
6.      d .   d , 

    .  
7.   ,  2 .   

 2      .  
 

  

1.  . 

2.        . 

3.       . 

4.        
 . 

5.      k1 = k1   k1 = 0,8 k1 . 

6.   k1  (d). 

 

  

1.          ?  
2.       ?  
3.        ?  
4.         ?  
5.    ?  
6.      ?  
7.        ?  
8.      .  
9.    ?  
10.      ?  
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11. .
12. .
13. .
14. ?
15. ?
16. ?
17. .
18. .
19. . 69. 

.
20. . 69 ,

?
21. .
22. , ,

. 71. ?
23.

?

 5 

.
.

 – ,
 ( ) -

 ( ) .
 ( . 18-1, )

 ( . 18-1, ).

. 18-1.  ( );
 ( )
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 ( )
)(sWp  ( . 18, ),

.
ω

∞− ∞+
( ) )( jwWp  ( . 19). 

. 19.

, ∞−  0 (
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 0 ∞+  ( ).
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 0 ∞+ .
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»  « ». .
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)( jwWp ω ∞− ∞+ )0,1( j−
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1. . 20. 
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2.  « »,
.  100  100 

.
 (  2 

) . ,
,

. . 3. 
3. . 3 

.
4. .

 « », .
 (  2), . 3 

.
5. . 3 

( ). , ,
.

)(sWp .

 3 
 f, ,

/
, ,

|W(j )| 20lg|W(j )|,
( )

        

1. ?
2. ?
3.

? ?
3.

?
4. ?

 1 

.

:
( )
( ) ( ) upWu
pD

pK
u

apapa

bpbpb
y

n
nn

m
mm

⋅==
+++
+++

= −

−

...

...
1

10

1
10 .

W(p) .
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W(p)=y(t)/u(t), .
d/dt=0, p=0,

K=bm/an.
D(p)=aop

n+a1p
n-1+a2p

n-2+ ...+ an .
, p, D(p) , W(p)

, .
K(p)=bop

m+b1p
m - 1+ ...+ bm

. , K(p)=0 W(p)=0,

.
.

,
. , ,

.
.

,
.

.

.
.

.
.

  1. ’  ( . 21) – 
. :

y1 = W1 yo; y2 = W2 y1; ...; yn = Wn yn–1 = > yn = W1 W2.....Wn.yo = W yo,

i

n

i

WW
1=

= .

. 21. ’

,
,

.
2. - ’  ( . 22) – 

, . :
y = y1 + y2 + ... + yn = (W1 + W2 + ... + W3)yo = W yo,

=

=
n

i
iWW

1

.
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. 22. - ’

, , - ,
,

.
3. - ’  ( . 23, ) – ,

’ . ,
 (

) ’
W . :

y = W u; y1 = W y; u = yo – y1,
,
y = W yo – W y1 = W yo – W W y = >y(1 + W Woc) = W yo = > y = W yo,

k

k

WW

W
W

+
=

1
.

:
k

k

WW

W
W

+
=

1
  – .

. 23. - ’

W =1, ’  ( . 23, ),
W  = W  /(1 ± W ).

5.
,

. ,
,

,  ( . 24). 

W
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. 24. 

, . 24, ) y2 = (f + yoW1)W2.
. 24, ):

y2 = fW2 + yoW1W2 = (f + yoW1)W2,
. 24, ):

y2 = (f(1/W1) + yo)W1W2 = (f + yoW1)W2.

’  ( ).
 5. 

, ,
. ,

,  ( . 25). 
, . 25, ) y1 = yoW1.

. 25, ): y1 = yoW1W2/W2 = yoW1

. 25, ): y1 = yoW1.

. 25. 

6. :
 ( . 26, );  ( . 26, );

’ ,
.

.
,

 ( . 4). 
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1) ,
 (

);
2)

;
3)

.
: ( ) ( )

( ) 432111,0

1100
WWWW

pp

p
pW =

+
+= .

:
1) : W1 = K1 = 100 => L(w) = 20lg100 = 40; 
 2) : W2 = p + 1; 

: K2 = 1, T2 = 1, 2 = 1/T2 = 1; 
 3) : W3 = 1/p; 

L = 0 = 1;
4) : W4 = 1/(0.1p + 1); 

: K4 = 1, T4 = 0.1, 4 = 1/T4 = 10.
. 28. 

. 28. 

,
.

:
1) ,

,
, ± 20 / ;

2) ;
3) 1 = 1/T

;
4)

.
 2 

, . 5, 
.
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1 ( ) ( )
( )( )11011,001,0

11,010
2 +++

+=
ppp

p
pW

2 ( ) ( )11,001,0
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2 ++
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3 ( ) ( )
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p
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=
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5 ( ) ( )( )
( )( )110011,0

11,010
2 +++

++=
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pp
pW
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( )11,001,0

11,010
2 ++

+=
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=

pp
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, .
, . 29. 

. 29. 

:
W1=100, W2=1/(p+1), W3=0,1p+1

W4=1/(0,01p+1).
, :

( ) ( )
( )( )101,01

11,0100
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+=
pp

p
pW .

±20 / . , T
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( ) ( ) ( )
( )( ) ( )tu

pp

p
puWty p 101,01

11,0100

++
+==  => ( )( ) ( ) ( ) ( )tuptypp 11,0100101,01 +=++  => 

( ) ( ) ( ) ( )tuptypp 10010101,101,0 2 +=++  => 
( ) ( ) ( ) ( ) ( )tu
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tdy

dt
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1)         
   a1  an; 

2)          
 ,     ; 

3)          n  
. 

 :  ,    ,   ,  
 n      .   

  . 
    : 

1) n=1 =>  : a0p+a1=0.  : = 1=a1 >0 
 a0 >0,   : a0 >0, a1 >0; 
2) n=2 =>  : a0p

2+a1p+a2=0.  : 1=a1 
>0, D2=a1a2 –a0a3=a1a2 >0,  a3 =0,   : a0 >0, a1 >0, a2 

>0; 
3) n=3 =>  : a0p

3+a1p
2+a2p+a3=0.  : 1 

=a1 >0, 2=a1a2 – a0a3 >0, 3=a3 2 >0,  : a0 >0, a1 >0, a2 >0, a3 >0, 
a1a2  – a0a3 >0. 

 ,  n 2      
       .  n>2 

’   . 
    n 4.     

     .     
,    . 

   –  .  –   
  .         

     . ,      
n=an n-1=0   ,      .  

  an=0 –         
 ,    n-1=0 –    

       .  
     , ,  -
  Ki     n-1. 

 
 

 3 

         
   .    

  . 6. 
 

 
 

 



 
 

 6 

 

    

1  
1816,2864,0

8,10
23 ppp

pW  

2  
8,127,18,81,512,0

6,99,2
234 pppp

ppW  

3  
1419154,123,0

8,57,1
234 pppp

ppW  

4  
1215108141,0

4,212
234 pppp

ppW  

5  
5

23 10164848,0
4

Kppp
pW  

6  
683333,0

2,4
23 ppp

pW  

7  
3418244,0

8,4
23 ppp

pW  

8  
1516552,0

75,6
23 ppp

pW  

9  
ppp

pW
1369148

3,36
23  

10  
ppp

pW
83674

24
23  

11  
1521772,0

8,10
23 ppp

pW  

12  
ppp

ppW
209120

2348
23  

13  

ppp
pppW

6,116,804,7
13556

23

2

 

14  
43168674

135
23

2

ppp
pppW  

15  
361611

1354
23

2

ppp
pppW  

16  
1162613

42
23

2

ppp
pppW  

17  
32684

15
23

2

ppp
ppW  

18  
3658141

1115
23

2

ppp
ppW  
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 3 
’  3,  

:
.

4,62,382718
2,421)( 23 ppp

ppW

:
0)( 01

2
2

3
3 apapapapH , a1, a2, a3, a0 – 

.

04,62,382718)( 23 ppppH ,
a1 =38,2;  a2 =27;  a3 =18;  a0=6,4.

) :
,

a0>0, a1>0, a2>0, a3>0,…, an>0 a0<0, a1<0, a2<0, a3<0,…, an<0.
a0=6,4>0, a1=38,2>0, a2=27>0, a3=18>0, ,

.
) ,

.
:
,  (

), ,
,  – 

. .
:

02

13

02

3

0
0
0

aa
aa
aa

i-
i- - .

:

4,6270
02,3818
04,627

3

02721 a

02,9164,6*182,38*27
2,3818
4,627

13

02
2 aa

aa

068,58632,916*)1(4,6)1( 33
2

33
03 a .

, ,
.

. 6

19
ppp

ppW
2212

24
23

20
1021920

4
23 ppp
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  ( )   a0,    
     : 
   : 

0
03122 aaaa ,  

3,57
18

2,38*27

3

12
0 a

aaa  

:     ,     
    ,    

     . 
 

    3 
1.     ? 
2.    . 
3.     ? 
4.     ? 
5.    ? 

 
  4 

     
     

 .         
   . 

  
         

   ,    
       j : 

jp
pHjH )()(  

       m=0,    
 D(j )   

2
arg

0
njD . 

,   ,   D(j )      0  
+     

2
n .  

     ,   . 
    ,  D(0)=an,   

    n   , 
    n-   ( . 30, ). 

 
 
 

 
 

. 30.     
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    ( ,    
   n,        

( . 29, ),     –         
. 

.     . ,   
   ,      

  .    ,    
 . 

       D(j ) 
     : 

D(j ) = a0(j  – p1)(j  – p2)...(j  – pn) = a0(j )n + a1(j )n  – 1 + ... + an = 
=ReD(j ) + jImD(j ), 

  
ReD(j ) = an – an – 2

2 + an – 4 4 – ..., 
ImD(j ) = an – 1  – an – 3

3 + an – 5 5 – .... 
    0         

,    . 
 

 4 
          

   .    
  . 6. 

     4 
    ,    3. 

    : 
01

2
2

3
3)( apapapapH ,  

   
01

2
2

3
3 )()()()( ajajajajH . 

    ,      
    . 
H (j )=Re( )+jJm( ). 

  : 

),2,3818(4,6274,6)(2,38)(27)(18)(

4,62,382718)(
223

23

jjjjjH
ppppH  

 Re = –27 2+6,4; Jm = – (18 2–38,2). 
    H (j )  : 

 7 
 0 0,25 0,487 1 1,457 1,8  

Re 6,4 4,71 0 –20,6 –51 –81,1 –  
Im 0 9,26 16,25 20,2 0 –36,2 –  

 

1)   1  Re( 1)=0: 
–27 1

2+6,4=0 
1
2=6,4/27 
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1=± 487,027/4,6 (   0 <  < ) 
Im( 1)=16,52 
2)   Re  Im  2,   : 0< 2< 1 

2=0,25 
Re( 2)=4,71 
Im( 2)=9,26. 
3)   3  Im( 3)=0: 
– (18 2–38,2)=0 

) 31 =0 
) 18 322–38,2=0 
32 = ± 18/2,38 =1,457 ( .  0 <  < ). 

4)   Re  Jm  4,   : 1< 4< 3 
4=1 

Re( 4) = –20,6 
Im( 4) =20,2 
5)   Re  Jm  5,   : 3< 5<  

5=1,8 
RE( 5) = –81,1 
IM( 5) = –36,2 

   8   H (j ). 
      ,  

     0      H (j ) 
      n( /2). 

 ,     ,    
 ,     , 

    n ,    (  n – 
  ). 

:       ,  
   ,    ,  

    ,   . 
 

    4 
1.     ? 
2.    . 
3.     ? 
4.   ? 
5.     ? 
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  5 
     

     
 .        
   . 

 
  

        
 . 

    ,       
-   ( )     

 (–1; j0).   ,    
      (–1; j0).    

     . 
       

     . 
 5 

         
   .    

  . 8. 
 8 

    

1  
842664

10
23 ppp

pW  

2  
1878502

69
234 pppp

ppW  

3  
1495143

87
234 pppp

ppW  

4  
251841

1410
234 pppp

ppW  

5  
5

23 10648
24

Kppp
pW  

6  
2628333

4
23 ppp

pW  

7  
24282842

41
23 ppp

pW  

8  
55565052

65
23 ppp

pW  

9  
ppp

pW
232948

36
23  

10  
ppp

pW
183771

24
23  
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     5 
     3  4  ,  

  , : 

2,22,172718
2,421)( 23 ppp

W o  

jpo WjK )()(  

22222

2

22222

42

22222

242

22222

34223

22222

22

2222

22

23

)182,17()272,2(
)4,49104,26(

)182,17()272,2(
)3788,24724,9(

)182,17()272,2(
)4,49104,26()3788,24724,9(

)182,17()272,2(
6,7524,723782,3614,11324,95672,46

)182,17()272,2(
)182,17)(2,421()272,2)(2,421(

)182,17()272,2()182,17()272,2(
)182,17()272,2()2,421(

2,22,172718
2,421)(

j

j

jjjj

jjj
jj

jj
jj

jjW o

 

  
W (j ) = Re + j Im,  

22222

2

22222

42

)182,17()272,2(
)4,49104,26(Im

)182,17()272,2(
)3788,24724,9(Re

 

     ,  : 
 9 

 0 0,4 0,5 0,831 1 1,5 
Re 1,91 1,05 0,78 0 –0,196 –0,29 
Im 0 –1,12 –1,22 –1,059 –0,84 –0,365 

 
1) Re( 1) = 0 

0
)182,17()272,2(

)3788,24724,9(
22222

42

 

9,24+247,8 2-378 4 = 0 
1
2 = t 

–378t2 + 247,8t + 9,24 = 0 

756
5.2748.247

378*2
24*9*378*48.2478.247 2

2,1t  

t1 = 0.691, t2 = -0.0353 
    0 <  < ,  t2 – . 

t1 = 0,691 
1
2 = 0,691 

1 = ± 691,0 = 0,831 (   0 <  < ) 
Im( 1) = –1,059 



2)
3)
4) Jm
)
) –
42=

5)
6)
7)

j0),

 = 1

,

W (j )
 = 83° 

2 = 0; Im
2< 3< 1

Jm = 0; 4

41 = 0
–26,04 – 49
= /04,26

5 = 0,5; I
6 =1; Im(
7 = 0,5; J

.
1–1 = 0 

)
:

( 2) = 0; 
1; 3 = 0.4
4(–26,04 –

91,4 42
2=

4,491/

Im( 5) = –
( 6) = –0,
Jm( 7) = –

. 9 

.

 –1 

Re( 2)=1
4; Im( 3)
– 491,4 4

2)

=0
053,0 –

 1 
–1,22; Re(
84; Re( 6
–0,365; R

31.

,
.

,

(–1; j0).

47

1,91.
= –1,12; R

2) = 0; 

–
 2 

( 5) = 0,7
6) = –0,19
e( 7) = –

,

,

,

Re( 3)=1

.
78.
96.
0,29. 

 W (j

.
,

,05.

.

)

(

,

.

.

(
.

 (–1;;
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1.     ? 
2.    . 
3.     ? 
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 ’ .  ,     
     ,      

  .      
     [   

( ); 1 ( . 6–55); 2 ( . 10–23); 3 ( . 14, 20); 4 ( . 1, 3, 5); 5 ( . 14–58); 6 ( . 11–
12; 19–22, 123–141)]. 

         
,    . 

 
       

 1 
1.   ?  
2.    ?  
3.     ?  
4.      ?  
5.   ’  ?  
6.    ?  
7.    ?  
8.    ?  
9.      ?  
10.    ?  
11.   ?  
12.      ?  
13.    ?  
14.    ?  
15.         ?  
16.       ?  
17.      ?  
18.     ?  
19.      ’ ?  
20.      ?  
21.      ?  
22.        ? 
 

 2.   . 
      

       
  ’   ,  

 ,   ,    
    .  ,    

   ,  ,  
,    .     

       ,     
    ( ,   

, , , , ,  )  



 

 .        
   ,     

    .  ,    , 
,   . 

         [ ; 
1 ( . 34–122); 2 ( . 83–108); 3 ( . 5); 7 ( . 49–69)]. 

         
   , ,   . 

 
          

 2 
1.        .  
2.     ?  
3.     ?  
4.     ?  
5.    ,     

 ?  
6.       ?  
7.      ?  
8.       ?  
9.       ?  
10.     ?  
11.     ,   ?  
12.          . 
13.     ?  
14.   ?  
15.       .     

    ?  
16.    ?   ?  
17.      ?  
18.   ?  
19.     ?  
20.      ?  
21.        ?  
22.          ? 

?  
23.           ,    

   ?  
24.            

. 
25.           

 p?  
26.       ?  
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27.       
 .        

? ?  
28.           

  : (0,1p + 1)py(t)=100u(t).  
29.        ?  
30.       ?  
31.         ?  
32.      ?  
33.       ?  
34.         ?  
35.           

 ?  
36.    ’   ?  
37.         ?  
38.         ?  
39.    ’    ?  
40.     ?  
41.     ?  
42.           ?  
43.           ?  
44.           ?  
45.             ?  
46.                

 ?  
47.        ’   

 ?  
48.         ? 
49.         ?    ?  
50.    ?  
51.     ?  
52.    ?  
53.     ?  
54.          , 

    ?  
55.    ,   , 

 ,   ?  
56.    ,   ,  

,   ?  
57.    ,   , 

 ,   ?  
58.    ,   ,  

,   ?  
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59.      ,   , 
 ,   ?  

60.            
     ?  

61.       ?     
?  

62.       ,   
,  ,   ? 

63.    ?  
64.      ?  
65.         

  ?  
66.      ?  
67.       ?  
68.       ?  
69.      ?  
70.      ?  
71.      ?  
72.        ?  
73.      ?  
74.    ,     .  
75.    ,     .  
76.    ,     .  
77.    ,     .  
78.    ,     .  
79.         .  
80.         .  
81.        ,      

100 ?  
82.     ?  
83.         

  ?  
84.     ?  
85.        ,    

    10 ?  
86.      ?  
87.      ,    

,          ?  
88.    ?  
89.       ?  
90.          ?  
91.        ? 
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 3.   
         

   .     
      . 

,         
  ’ ,   .   

       
 [ ; 1 ( . 140–182); 2 ( . 110–114); 3 ( . 7); 5 ( . 82–100); 6 ( . 123–

141); 7 ( . 82–91); 8 ( . 6);].       
.       ,   

     .   
         

.     ,  ,  
      . 

 
        

3 
1.          ?  
2.       ?  
3.        ?  
4.         ?  
5.    ?  
6.      ?  
7.        ?  
8.      .  
9.    ?  
10.    ?  
11.     .  
12.   .  
13.   .  
14.        ? 
15.      ?  
16.        ?  
17.   .  
18.    .  
19.    .  
20.         

?  
 

 4.    
        

   ,     
     .   –   

       ,  
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      .   
       ,   

   ,      , 
    . 

 ,      
 [ ; 1 ( . 193–203, 211–214); 2 ( . 153–157); 9 ( . 164–171, 211–

221)].  
        

 4 
1.        ?  
2.          

 ?  
3.       ?  
4.    D- ?    ?   ?  
5.   D-     ?  
6.    ?  
7.       D-    

?  
8.   D-    D-    ?  
9.        ?  
10.         ?  
11.         ?  
12.          ,  

 –  ?  
13.          .  
14.          .  
15.       ? 
16.         

      ?  
17.          ?  
18.     ?  
19.    ?  
20.      ,    

     ?  
21.     ,     

 ?  
22.      ?  
23.        ?  
24.         ?  
25.       ,    

   ?  
26.        

 ?  
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27.         
 = 0?  

28.          ?  
29.          ?  
30.         ,   

?  
31.        ?  
32.     ?  
33.       ?  
34.     ,     

 ?  
35.       ,     

 ?  
36.      ?  
37.          

. 
 

 5.  .   
     : 1)      

   –    ; 2)    
      –    . 

    ,    
 . 

        
   .     

,       .  
        

  . 
       

   [ ; 10 ( . 140–157); 2 ( . 160–165); 3 
( .19)].  

 
        

 5 
1.    ’    ?  
2.    ?  
3.    ?  
4.     ’      

?  
5.        ’ ?   

?  
6.     ,   ’   
   ?  

7.     ?  
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8.          
  ?  

9.         
   ?  

10.          
   ?  

11.         
   ?  

12.           
  ? 

13.        ?  
14.        ?  
15.         ?  
16.        

  ?  
17.        

  ?  
18.       ?  
19.       ?  
20.       ?  
21.           

  ?  
22.           

  ?  
23.           

  ?  
24.       ?  
25.          
’ ?  
26.         ?  
27.        

  ? 




