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1.  
1.1.  -

 

 
2d x

dt
x

2 0
2 0 ,  

   - ; 

0
2 = k/m, 0 - , k -  

, m - . 

1.2.  
 X X tm cos( )0  

 t - ; Xm   - ;  
( t +  ) -  t. 
1.3.  

v = 
dX
dt

d X t
dt

m[ cos( )]0 =  Xm  sin( t +  ) =  

= vm sin( t +  ), 

 vm = Xm  -  ( ). 
1.4.  

 = 
d X
dt

dv
dt

d v t
dt

m
2

2
0[ sin( )]

 = vm cos( t +  ) =  

=  amcos( t +   ), 

 am = vm  = Xm
2 - . 

1.5.   
  = 2    = 2  / 0 ,  

 0 - . 
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1.6.  
 0 = 2 m

k
, 

 m - , k -  .   
, .  

1.7.  

0 = 2  
g

, 

 - ; g - . 

1.8.  

0 = 2  
J

mgb
, 

 J - -
; “b” - .  

 
1.9. ,  

  

 = 
mxm

2
0
2

2
 = 

kxm
2

2
. 

1.10.  Xm ,  
  

,  

Xm Xm Xm m Xm
2

1
2

2
2 2X 1 2 2 1cos( ) , 

 Xm1,  Xm2 - ; 1  2 -  
. 

1.11.  ,  
 ,  

,  

arctg x x
x x

m1 m2

m1 m2

sin sin
cos cos

1 2

1 2
, 

 Xm1  Xm2 - ; 1  2 - -
. 
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 1.1 
 m = 5,0 -

  =  0,50  .   Xm = 3,0 . 
: 

1.  v ,  X = 1,5 ; 
2.  Fm, ; 
3.  . 
 

: 

:  
m = 5,0·10-3   

 = 0,50  
Xm = 3,0  = 3,0 · 10 2  
X = 1,5  = 1,5 ·10 2  

1. v - ? 
2. Fm - ? 
3.  - ? 
 
 

v = dX/dt = Xm 0 sin( 0 t + )  (1.3) 
 (1.1)  (1.3)  (1.2) :  

X = Xm cos(2  t + ) 
  v = 2 Xmsin(2  t + ) 

 

cos(2  t + ) = X
Xm

; sin(2  t + ) = 
v

2 Xm
  

 

cos2(2  t + ) = X
X

2

m
2 ; sin2(2  t + ) = 

v2

2 24 Xm
2  

 

cos2(2  t + ) + sin2(2  t + ) = X
X

2

m
2 + v2

2 24 Xm
2 ; 

1.  
: 

X = Xm cos( 0 t + ),    (1.1) 
 Xm, 0   - -

,  
. 

 0 = 2  (1.2) 
,  

: 
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1 = 
X
X

2

m
2  + 

v2

2 24 Xm
2 ; 4 2 2Xm

2  = 4 2 2X2  + v2; 

v = 4 42 2 2 2X - Xm
2 2 ;  v = 2 X - Xm

2 2 ; 

v = 2 · 3,14 · 0,50 ( , ) ( , )30 10 15 102 2 2 2 = 8,2 · 10 2  
, -

 ,  - -
 . 

2. , ,   
: 

    F = ma,    (1.4) 
 F - ,  -  
, : 

a = dv
dt

X tm 0
2

0cos( )  
 (1.2)  

a 4 2 2X
m

cos(2  t + ). 
 (1.4),  

F = 4 2 2mXm cos(2  t + ). 
,  ( ) : 

Fm = 4 2 2mXm , 

  Fm = 4·3,14
2
·0,50

2
·5,0·10

3
·3,0·10

2
 = 1,5·10

3
. 

3.  
. -

, , 
.  

,  
, .  

  
 km ): 

    = km = mvm
2

2
,         (1.5) 

 vm - . 
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 (1.3) ,  (  
)   

vm = Xm 0 = Xm2  
 vm  (1.5), : 

E mX m Xm
m

4
2

2
2 2

2 2 2 , 

E = 2 ·(3,14)
2
·5,0·10

3
·(0,50)

2
·(3,0·10

2
)

2
 = 2,2·10

5
. 

 1.2 

, -
 

X1 = Xm1 cos (t + 1), 
X2 = Xm2 cos (t + 2), 

 Xm1 = 1,0 , Xm2 = 2,0 , 1 = 1/6 , 2 = 1/2 ,  = -1. 
1.  Xm    

; 
2. . 

: 

:  
X1 = Xm1 cos (t + 1) 
X2 = Xm2 cos (t + 2) 
Xm1 = 1,0   
Xm2 = 2,0  

1 = 1/6   
2 = 1/2 ,      = -1 

1. Xm - ? 
2. X(t) - ? 

 
1 = 1 = /6  
2 = 2 = /2  

 Xm  
, .  
 

Xm Xm Xm m Xm1
2

2
2 2X 1 2 2 1cos( ) . 

1. ,  
: 

            X1 = Xm1cos( t + 1)     (1.6) 
            X2 = Xm2cos( t + 2)     (1.7) 

-
: 

             X1 = Xm1cos( t + 1)      (1.8) 
             X2 = Xm2cos( t + 2)      (1.9) 

 (1.6), (1.8)  (1.7), 
(1.9)   

:  
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 Xm1, Xm2, 1, 2 -
: 

Xm ( , ) ( , ) , , cos ,10 2 20 2 2 10 20
2 6

26  

  , 
, . 

tg =
Xm1 Xm2
Xm1 Xm2

sin sin
cos cos

1 2
1 2

. 

 Xm1,  Xm2, 1, 2 -
: 

tg =
10

6
2 0

2

10
6

2 0
2

2 9
, sin , sin

, cos , cos
,  

    = arctg 2,9 = 71° = 0,39  
2. , -

 .  
 : 

X = Xm cos( t + ) 
 Xm,   : 

X = 2,6 cos( t + 0,39) . 
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2.   
2.1.         

d x
dt

2 dx
dt

x 0
2

2 o
2 , 

  - ,  = r/2m; r - -
, o -   

. 
2.2.  

 X = Xm(t) cos ( t + ),  
 Xm(t) -  t;  

 - . 

2.3.  

X t X em m
t

0 , 
 Xmo -  t = 0;  = 1/ ,   

 -  ,  .  ,   
 e . 

2.4.  

 = o
2 2 . 

2.5.  

T = 
2
2 2

. 

2.6.  

ln X
X T

m

m

(t)
(t )

, 

 Xm(t)  Xm(t + T) - , -
;  - , , 

 e . 
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. 

 2.1 
  

 = 0,492    r = 175 . 
  =  0,568  .   

 t1 = 2,36    Xmo = 68,4  
 Xm1 = 7,25 . : 

1.    ,  ,  
 ,  m ; 

2. 0  k 
. 

3.  N = 7 -
; 

4. . 

: 

: 
 = 0,492  

r = 175  
t1 = 2,36  
Xmo = 68,4   
Xm1 = 7,25  

 = 0,568  
 N = 7  

1. , , , m - ?; 
2. 0, k - ?; 
3. Xmo / Xm1 - ?; 
4. X(t) - ? 

 
 = 1/  = 1,05 . 

,     
 r  m : 

 = r/2m. (2.2) 
 

1.   
 

   X t X em m
t

0 , (2.1)  

 Xmo - ,  - -

.  Xm1=Xmo e t1 .   
:     

 = ln(Xmo/Xm1)/t1;      
 = ln(68,4/7,25)/2,36 = 0,951 c-1. 

  -  ,  -
 e , -

  
 : 
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m = r/2  = 0,175/(2.0,951) = 0,0920  = 92,0 . 

   
 = T,  - .  

 = 0,951.0,492 = 0,469. 

2.   
  

  

0
2 2 . (2.3) 

  2
0
2 2  0

2 2  
  

 = 2 / ,  (2.3) : 

0
2 22 T ; 

0
2 20 951 12 86,28 0,492 , , -1. 

  
 = 2 /  = 0,491 . 

    
 “k”  m   

0
2  = k/m. 

           
k = 0

2 m 
k = (12,8)2.0,0920 = 15,1 . 

3.  X t X em m
t

0 . -
 = t/N,  N  - , 

 t,    t = TN = N. -
 Xm  N , ,  

 

Xm=Xmo e N . (2.4) 
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 X  Xm. 

n = Xmo/ Xm = Xmo/ X e N  = e N , 
n = e0,469·7 = 26,7 . 

4.  

Xm(t) = Xmo e t cos( t + ). (2.5) 
 X  = 68,4   = 0,568  

;   = 0,951 -1 .1; -
   

 = 2 /  = 12,8  -1.  (2.5): 
X(t)  = 68,4 e 0,951t cos(12,8t + 0,568) .  

:  
 (N = 7 - , -

), -
. 

 2.2 

  
,  

,   
b  = /4 .  

  = 32,5  e 0,420t cos4,40t. :  
1.    -

;  ;  
2.  ; 
3.   m  

 N = 4 ; 
4.   1  t1 = 3,71 c  

. 
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: 
: 

b =  /4 
 = 32,5 e 0,420t cos 4,40t 

N = 4 
t1 = 3,71  

1.  / To - ?,    - ? 
2.  - ? 
3. m/ mo - ? 
4. 1 - ? 

  -
:  

 = 1/ , (2.6)  
 = 1/0,420 = 2,38 . 
  -

  

o
2 2 . (2.7) 

  o
2 2 . -

:  

To
o

2 2
2 2

. (2.8) 

   To -
 (2.6)  (2.8): 

To

1 2 1
2

1
2 2

2

, 

To

1
628

4 40
0 420

1 167
2

,
,

,
, . 

  = T,  
 = 2  /   - . 

 = 2 / , 
 = 6,28 . 0,420 / 4,40 = 0,600. 

1. -
,  

-
 ,  

 ,   
-

 :  = 32,5 ,  = 0,420 1, 
 = 4,40 1  = 0.  
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2. , ,  
.  -

    

o
mga

J
, (2.9) 

 m - , J - -
, “a” -  

. 
-

,    
a = /2  b = /2  /4 = /4. (2.10) 

  J -
 

J = Jo + ma2 ,  
 Jo - , -

. ,    
Jo = (1/12) m 2.      

J = (1/12) m 2 + m( /4)2 = (1/12 + 1/16) m 2 = (7/48) m 2.  (2.11) 
 J  “a”   : 

o
mga

J

mg

m

g4
7
48

12
72

. 

 
12
7

12
72 2 2

g g

o
,   

12

7

9 81

4 2 0,420 2 0,861
,

,40
 . 

3.  m  t   
 

 m (t) = mo e t .   (2.12) 
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  t = NT,  - , . -
, N -  t.   

t = N = N. 
 (2.12) : 

mo / m = e t = e N , 

mo / m  = e0,600 ·4 = 11,0 . 

4.  1  t1  
 

1 = 32,5 e 0 420t1, cos4,40t1, 

1 =  32,5 e 0,420 ·3,71cos4,40 . 3,71 =  5,58 . 

. 1.  3 -
; 

2. , . , -
  t1,    t1 = 4,40·3,71 = 16,3 , 

.  
 



 16

3.  

3.1.     

d x
dt

dx
dt

x F
m

to
m

2

2
22 cos , 

 F(t)  =  Fmcos t - ,  
 

; Fm - ; m -  
. 

3.2.  -
 

X = Xmcos( t + ),  
  - , -

; Xm   -  
 (  

). 

3.3.      

X
F

m
m

m

o( )2 2 2 2 24
. 

3.4.   (  
  

) 

arctg
o

2
2 2

. 

3.5.     

p o
2 22 . 

3.6.     

X F
m

F
mmp

m

o

m

2 22 2
, 

   -  

3.7.     
p = arctg(– p/ ). 
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. 

 3.1 
  m = 3,88 -

,    
X(t) = 7,40cos(66,4t - 1,47)  . 

 p  n = 5,90 -
 . : 

1.  , 
   

 ; 
2.  F(t) ; 
3. -

. 
: 

  
1. -

 
 

    X(t) = Xmcos( t + ),  (3.1) 
 

: Xm = 7,40   -  -
,  

 =  66,4  -1 -  
 (  

-
),  = – 1,47   - .  

  

 tg 2
2

0
2

,  

  - ,  -  
.  

  p o
2 22 . 

  

 2 2 22o . (3.2) 

:  
m = 3,88 ·10-3   
n = 5,90  

p = n  
X(t) = 7,40cos(66,4t - 1,47)   
 
1.  - ?,  - ?,  - ? 
2. F(t) - ? 
3. Xm / Xmp - ? 
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  = n ,  (3.2) :  
n2 2 = o

2 -  2 2.  
  o

2 = n2 2   + 2 2 = 2(n2 + 2).              (3.3) 
:   

  tg
n

2
22 2 2

.    

   
tg  (n2 + 2) 2 - 2tg  + 2  = 0. 

 

2
2

2

22
2 2

0
n tg n

. 

:  
2 - 2·0,182  - 120 = 0. 

   = 0,182 0182 1202, . 
,  

 = 0,182 + 0182 1202, = 11,1 -1. 
 (3.3)   

o
2  = n 2 2 = 67,3 -1 ;  

 = n  = 65,5 -1. 
    

  =   (3.4),   
  =  2 /  - ,   -  

.   2 2  (3.4). -
 (3.2)  : 

2 2
2

2
1

2

1
105

2 2 2 2 2 2 2n n n
, . 

2.  
 F(t) = Fmcos t.  (3.5)  

.  Fm -
-
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X F m
m

m

o

/

2 2 2 2 2
1
24

. 

           Fm m o
2 2 2 22

4 , 

Fm = 740 10 3 388 10 3 6732 6642 2
4 1112 6642, , , , , , =  

= 0,0425  = 42,5 . 
 (3.5), : 

F(t) = 42,5 cos 66,4t . 
3. : 

 Xmp = 
F
m
m

2
. (3.6) 

 Xm/Xmp 

mX
X mp

Fm

m

Fm
m

mX
X mp

0
2 2 2

4 2 2
2

2

0
2 2 2 4 2 2

2 0
2 2

0
2 2 2 4 2 2

0 996

( )
,

( )
, .

 
 1,               

 = 66,4 -1   = 65,5 -1. 
 

 3.2 
  

F(t)  =  Fmcos t,   
,  Fm = 6,13 .   

1 = 48,9 -1  2 = 85,6 -1 -
 1 = – 1,39  2 = – 2,91 .  

 r = 760 . : 



 20

1.  ,  0  
 m ; 

2.   
; 

3.   Xmp   
 .  

 
: 

 
: 

tg
o

2
2 2 ,  

  - ,  
 -  

,  -  
  

-
). 

,  
: 

tg

tg
o

o

1
1

1
2 2

2
2

2
2 2

2

2
 

: 
tg
tg

tg
tg

tg
tg

tg
tg

tg tg
tg

tg
tg tg

tg tg
tg

o

o
o o

o

o

1

2

1

2

2
2
2

2
1
2

2
1
2 1

2

1

2

2
2
2

2 1

2

1

2

1

2
1
2

1 2

2
1
2 1 1 2 2

1 2

2 2

2 1 1 2

0
2

1 2
1 1 2 2

2 1 1 2
0 1 2

1 1 2 2

2 1 1 2tg
tg tg
tg tg .

 

 

: 
F(t)=Fm cos t 
Fm = 6,13  

1 = 48,9 -1  
2 = 85,6 -1 

1 = –1,39  
2 = –2,91  

r = 760  
 
1.  - ?, 0 - ?, m - ?; 
2. x1(t), x2(t) -? 
3. Xmp - ?,   - ?. 

(3.8) 

(3.7) 
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,  
0 = 50,1 -1 

 0,   ( ,  (3.7)): 

1
2 2

1
2 2

1
1

1
1

2

1

o otg tg
. 

:  = 6,65 1. 
 -

 r     
r
m2

,   m r
2

. 

, : 
 m = 0,0571  = 57,1 . 

2.  
 X(t) = Xmcos( t + ), (3.9) 

 Xm - .  
 1  2,   1  2 ,  

 Xm1  Xm2 -
. 

  

 X F m
m

m

o( )2 2 2 2 2 1 2
4

, (3.10) 

 Fm - . 
 (3.10)  

Xm1 = 0,162  = 162 , 

   Xm2 = 0,0216  = 21,6 . 
 (3.9),  

X1(t) = 162cos(48,9t – 1,39) , 
 X2(t) = 21,6cos(85,7t – 2,91) . 

 
3.  

p o
2 22 . 

, :  = 49,2 -1 

 -
.   



 22

p o
2 22  

 m,  
: 

  X
F m F

rmp
m m

2
,  (3.11)  

 o p
2 2 2 2  -  

.  (3.11)  
Xmp = 0,163  = 163 . 

. -
,  3 . 
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4.  
4.1.  

S(x,t) = Smcos( (t - x/c) + )     
 

S(x,t) = Smcos( t - kx + ),  
 S(x,t) -  x  t; 

Sm - ;  - ;  
c -  ( ),  
 = /k; k - , k = 2 / ;   - ;  -  

.  
4.2.    -

 
 = cT              = c/ . 

4.3.     ,  
 ( )  x,  

 = 2 . x/ . 
4.4.  x  t 

 V(x,t) = dS(x,t)/dt = - Vmsin( t - kx + ), 
 Vm  = Sm - . 

4.5.  x  t 
a(x,t) = dV(x,t)/dt  = d2S(x,t)/dt2 = - amcos( t - kx + ), 

 am = Vm = 2Sm - . 
 

 

 4.1 
  = 2,5 -

.   = 4,0 .  
Vm   1,5 . -

  = /6 .  
1.  S(0,t) ; 
2. ; 
3.   Sm  

;    
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 Vm ;  
 t1, , -

 x = 5,0 ; 
4.   S(x, ) ,  

  = 3,2 ; 
5.  S( ,t) ,  

  = 2 . . 

: 
1.  
S(0,t)  ( -

 x = 0 ): 
     S(0,t) = Smcos( t + ),     (4.1) 

 Sm - ;  
 - ; 
   - . 

 
,  

 S(x,t): 

V = dS(x,t)/dt = 

=  Sm sin( t - kx + ).    
 V   -

  ,    
                                                   sin( t - kx + ) = 1,                             

       Vm = Sm , 
                                    Sm = Vm/ ,                                (4.2) 
                                  = 2 ,   

  - . 
 = 2 ·2,5  =  5,0 1 

 Sm ,  (4.2) -
 Vm  : 

Sm = (1,5 )/(5,0 ) = 0,30 ; 

: 
 = 2,5  
 = 4,0   

Vm = 1,5  
 = /6 

X = 5,0  
 = 2  
 = 3,2  

 
1. S(0,t) - ? 
2. S(x,t) - ? 
3.  / Sm  - ?, c/Vm  - ?, T/  - ? 
4. S(x, ) - ? 
5. S( , ) - ? 
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 Sm, ,    (4.1)  
: 

                                   S(0,t) = 0,30cos(5,0 t + /6) . 
2. : 
               S(x,t) = Smcos( t - kx + ),                  (4.3) 

 k - . 
k = 2 / ,     k = 2 /4,0 = 0,50 -1. 

 Sm, ,  k,   (4.3), -
 S(x,t) : 

    S(x,t) = 0,30cos(5,0 t - 0,50 x + /6) .            (4.4) 
3.  /Sm : 

/Sm = 4,0/0,30 = 13, 
    c = ,  

c/Vm = / Vm , 
c/Vm = (4,0·2,5)/(1,5·3,14) = 2,1. 
 t1, , 

 X  =  10  :   t1 =  X/c  =  X/ .      
 T/t1: 

T/t1 = T /X = /X,  T  = 1. 
T/t1 = 4,0/5,0 = 0,80. 

4.  S(X,t)  (4.4):     
S(x, t) = 0,30cos(5,0 t - 0,50 x + /6) . 

 t   = 3,2  
 S(x, )    . 

S(x, ) = 0,30cos(5,0 ·3,2 - 0,50 x + /6) , 
S(x, ) = 0,30cos(16,2  - 0,50 x) . 

.  cos    sin    m (m - ),  
 

S(x, ) = 0,30cos(0,20  - 0,50 x) . 
5. ,  S( ,t) , -

  = 2 ,  
(4.4)  x   = 2  = 2· 4,0 = 8  

S( , t) = 0,30cos(5,0 t - 0,50 ·8 + /6) , 
S( , t) = 0,30cos(5,0 t - 3,8 ) . 
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S( , t) = 0,30 cos(5,0 t - 3,8 ) = 0,30 cos(5,0 t + 0,2 ) . 
-  

. 
.   

, .  

 4.2 
 ,   
c = 634 , ,   
T  =  8,17   Sm = 0,940 .  

  = /4. : 
1.  , - 

 ,  k  Vm 
 ; 

2.   S(0,t) ,  
S(x,t)   S(x, )  

  = 3T/8; 
3.   ,  

 x1 = 3,70     x2 = 7,15 . 

: 
1.  

 
, -

-
  = 2 . 

   = 6,283/8,17.10 3  = 769 1. 
   

 = cT,  = 634.8,17.10-3 = 5,18 . 
 k  
  k = 2 /  . 

k = 6,283/5,18 = 1,21 1.  
 Vm -

-
 Sm  Vm = Sm. -

,   

: 
 = 634  
 = 8,17  

Sm= 0,940  
 = /4 
 = 3T/8 

x1 = 3,70  
x2 = 7,15  

1.  - ?,    - ?, k - ?, Vm/c - ?  
2. S(o,t) - ?, S(x,t) - ?, S(x, )  
3.  - ? 
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 Vm/c = Sm/c. (4.5) 
Vm/c =  769 0,000940/634 = 1,14.10 3. 

2.  S(x,t)   
     

            S(x,t) = Smcos( t kx + ).            (4.6)    
 x = 0,   

 S(0,t) = Smcos( t + ), (4.7) 
  -  (  

). 
 S(x, )   

-
.  t =     (4.6):     

   S(x, ) = Smcos(  - kx + ). (4.8) 
   (4.6)  (4.7)   

S(x,t) = 0,940cos(769t - 1,21x + /4) , 
S(0,t) = 0,940cos(769t + /4) . 

    (4.8),     
 = .3T/8 = 3 T/8 = 3.2 /8 = 3 /4. 

,     
 =  - kx +  = 3 /4 - kx + /4 =  - kx. 

S(x, ) = 0,940cos(  - 1,21x) . 
, -

: 
S(x, ) = - 0,940cos1,21x ( ). 

3.     
 = 1 - 2 = ( t - kx1 + ) - ( t - kx2 + ) = k(x2 - x1),        

 = 1,21(7,15 - 3,70) = 4,17 . 

. -
. 
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