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x
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25

x
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s

m
16,0    iii) 0] 
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2 25t s.   [ . ( ) 
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m
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.              
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2.54.           xx

    : HzfmmA 4,8,0,05,0 .    -

         : 

.   x = 0,  t = 0  y = 0  V > 0. 

.   x = 0,1 m  t = 0  y = 0  V > 0. 

[ . ( ) )x25,1t4(205,0y (SI)   ( ) 
8

7
x25,1t4205,0y (SI)] 

2.55.   ,        x x,   -

 t = 0        : y 0,04 t  

(S.I.).     x    K     

,       O  x   = 24 cm  x = 36 cm, -

.     t = 0,15 s      K    

          = 6 . 

.    ,        . 

.      . 

.             

   ; 

.  ,     ,      -

,     . 

.          t = 0,15 s. 
 

2.56.       )x24,0t30(08,0y (SI). 

.   

i)    . 

ii)         . 

.      ,   t = 0,    

       x = 25 /3 m.  

.      ,   t = 0,1  s,  -

         x = 50  m.  

 [ . ( ) i) 
s

m
125    ii) 

s

m
V 4,2max    ( ) 

s

m
V 4,2    ( ) 

s

m
V 4,2 ] 

 

2.57.           xx  

   ,1,0 mA     = 0,4 m   f = 4 Hz.   

     O  .  t = 0,   x = 0  -

  y = 0,1 m. 

.   

i)    
2

k . 

ii)        . 

iii)     . 
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.              

. 

[ . ( ) i) 5  m–1  ii) s
4

1
, 

s

rad
8   iii) 

s

m
6,1    ( ) 

2
, 

4

1
5,2421,0 xty  (SI)] 

 

2.58.        O  

  .      O  t10104y 2

(SI)         .   -

  0,8 m.  

.       ; 

.      . 

.         ,    

st 25,1            O  

.4 mx      [ . ( ) 
s

m
4    ( ) )x25,1t5(2104y 2 (SI)   ( ) m104 2 ] 

 

2.59.      x      -

 ,   1 m/s.   1 m, 1,5 m  2 m    , 

   .        0,02 10 . .y t S I . 

        K  . 

[  0,02 10 5 , 0,02 10 5 .K My t y t S I ] 
 

2.60.        5 m   2 s.  

     2 mm        -

   10 cm,       -

     . :      -

  = 1000     4 /
m

g m .     [ . 2,5 . 10-7 J]  

 

2.61.           

   xx       ,4 cmA   -

  = 20 cm   .2
s

m
    t = 0     

 ,    .xx            

t = 0           .  

.              

. 

.             

    x = 15 cm,     .  

.       ,    ,   

: .
2

T5
,T2,

2

T3
,T,

2

T
,0  

[ . ( ) )t20(4y    ( ) )s t cm, y (
2

t204y ] 
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2.62.        ,   t = 0,  

      t2010y  (t  s, y  cm), -

 ,     Ox,    .1
s

m
 

.     ; 

.              

     x = 2 m;  

.              

     t1 = 5,625 s.          

   ;  

.      ,           

(t1 = 5,625 s)   ;
3

2
72       ; 

.               

. [ . ( ) 0,1 m  ( ) 2 s  ( ) )cmy,st()20t10(210yM , 10 cm, 

2
72 , ( ) m

120

1
      ] 

2.63.           

        y =2 (2 t + )   ( t  s,  y  cm).  

      x = 0        

4

T
t ,      .    t = 0    

        .     

            t = 0,    

      d = 25 cm.  

.     .  

.             xx   

 ,            . 

.             -

     ,         

  x = 10 cm.  

.              -

 Ox,       x         

t = 5 s. 

.          t = 4,5 s. 

 [ . ( ) 
2

   ( ) 
20

x

4

1
t22y  (t  s,  x, y  cm)  

( ) 
4

1
t24V  (t  s,  V  

s

cm
),   

4

1
28 2 t  (t  s,    

2s

cm
)] 
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 (rad)

10

2 
x (m)

t = 2 s 

 

2.64.      

    -

      -

   ,   

    .xx  

   x = 0    

   .   

      

 (I)  (II),   

.        

. 

.     . 

.    . 

.      -

,      

     -

       x = 10 cm    t = 0,8 s. 

.           t = 0,4 s. 

[ . . 10 cm,  0,8 s   ( ) 
s

cm
12,5   . 

10

x
t25,122y  (t  s, y  x  cm) 

. 0, 0,
s

cm
 5 ] 

2.65.     mA 1,0     -

       -

   .xx      

 O,       ,xx  

 .tAy       -

        

  x       t = 

2 s.  

.          .  

.       ; 

.      . 

.       t = 4 s        -

         x = 1 m, 

i)         . 

ii)    . 

iii)    . 

.          t = 2 s. 

[ . ( ) 0,4 s   0,4 m   ( ) 
s

m
1    ( ) )x5,2t5,2(21,0y  (SI) ( ) i) 0   ii) 

s

m
5,0  

iii) 0] 

x (cm)

y (cm) 

2

- 2

5 10 15 20 

t = 0 

( )

t (s)

y (cm) 

2

- 2

0,4 0,8 1,2 1,6 

x = 0 

( )
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2.66.          

      x x,    .    

  x = 0        t = 0    

 y = 4 10-2 t (S.I).         -

      x        -

  t = 1 s. 

 .      

. 

 .      -

     x = 4 m,  

      

,  

 1.      

    

  2.     . 

 .      -

,         t = 1,6 s  4  rad,   

        . 

 .          0,6 s  

0,65 s.      [ . y = 4 10-2 2 (5t – 0,5x) (S.I)] 
 

2.67.     

   -

    

     

x x,    -

.      

x = 0    -

    t = 0 

    y = 4 10-2 ( t + ) (S.I).     -

      t = 0,6 s. 

 .      . 

.         x    -

    t = 1 s. 

.             

    ,      x = 8 m. 

 .          t = 0,7 s. 
  

 (rad) 

10 

10  

0 

t = 1 s 

x (m) 

 y (cm) 

4

- 4

t = 0,6 s 

2 4 

x (m)

6 
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2.68.         

  ,     

  Ox,        

IStxy .
3

5
10104 2 .    

       t = 0 

         

      mx
3

5
0 .  

.           . 

.      . 

.            , 

     x,     t = 1 s. 

.          t = 13/12 s. 

.            

,     x = 29/3 m,     . 

[ . 2 m, 10 m/s, ISxtxy .
6

5
5,052104 2 ] 

 

2.69.           ,   

    Ox,        

IStxy .
3

5
10104 2 .  

         -

 t = 0           

     mx
3

2
0 .  

.           . 

.      . 

.            , 

     x,     t = 1 s. 

.          t = 13/12 s. 

.            

,     x = 29/3 m,     . 

[ . 2 m, 10 m/s, ISxtxy .
6

5
5,052104 2 ] 

 

2.70.            

   ,       ,  

    1 20,1 2 0,1 3 2 ( . )y t y t S I . 

.             

. 
  

4

- 4

x (m)1,5 

t = 0 

y (cm) 

0,5 1

x0 

 

4

- 4

x (m)

t = 0 

y (cm) 

0,6 

x0 
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.            x x,  

           .   -

    2 m/s.      . 

.         +3 m  +8 m, .   

         
14

3
,      -

      ; 

[ . . 0, 2 2 .
3

O
y t S I , . 

1
0, 2 2 0,5 .

6
y t x S I , . 

3
] 

 

2.71.    O,       , -

    120   .     

     .        

,   .A         x  -

  6  “ ”     d = 2,5 m.  

.          . 

.       ; 
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§2.3                     
 

           -
 .  

             -

,             

   ,          
        .   y1  y2   

             
 ,            

    y = y1 + y2. (       1 2V V V

  1 2a a a ). 
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       .    
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          -
    y = A t. 

 1       ,     -
  1 2.              

 1       ,       « -
»   « »    ,       -
  2   ,       « »    

   « »,         
2 .             

 . (   1         -
   ,      .)    

       « »     « »,   -
        .     

     .      -
,            -
   2     0.  

            
    .       

               .  
   ,       1  2  r1  r2, 

.          1   

1
1 2

rt
y A

T
         2    

2
2 2

rt
y A

T
.        y = y1 + y2.  

   1 22 2
r rt t

y A
T T

            (2.10) 

     ,      

    : 2
2 2

A B A B
A .  

     2.10  : 

2

2

t

T
y A

1 2
r t

T
2 1 22 2

2 2

r r rt t

T T
  

 

    2 1 1 2
2

2 2
2 2

r r r rt
y A

T
            (2.11) 

  2.11          
 t,        ,     

      ,       t   
     (      ).  
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     2.11   1 22
2

r rt
y A

T
  

2 12
2

2

r r
A A .       

     

2 12
2

2

r r
A A

            
(2.12) 

  0 2A A .  
 

   
 

max 2A A    

2 1 2 12 2 2
1 1

2 2

r r r r 2 1

2

r r
k 1 2r r k   k  

   1 2 , 0,1,2...r r n n              (2.13) 
 

   
 

min 0A   2 1 2 12 2 2
0 0

2 2

r r r r 2 1

2

r r
k

2
 

1 2 1 2 2 1 ,
2 2

r r k r r k k    1 2 2 1 , 0,1, 2...
2

r r n n        (2.14) 

             
       ,    

 2  (  ),          
            
   (  ).  

 

  
 

   2.13       n,     

1 2 .r r  ( .  r1 – r2 = ±3 ).       ,  

           ,  
   .  

 

,    2.14      n,    

1 2 .r r  ( .  
1 2 7

2
r r ).         -

 ,     . 
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         1 2 3r r ,     

 ,        1  2. 
   1 2       k =0. 

 

:    2.13  2.14       
      (    2.2.1),    

        (    2.2.2). 
 

 2.7.      1  2, -

        0,5 cm    
5 Hz.           40 cm/s. 

              
    1  2  28 cm  44 cm, . 

.         ,      
; 
.        ; 
.              

 t = 2,25 s; 
.      1 2     -

.              -
  1 2,       ; 

 

 
 

  = 0,5 cm = 5.10-3 m, f = 5 Hz  T = 0,2 s, r1 = 28 cm, r2 = 44 cm   
 = 0,4 m/s.         

 0, 4 0, 2 0,08T m m  

  

|k= 0 k= + 3 

| 2 | 1 

x

y

0

k= - 3 

r1 

r2 
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a.            

3 3

1 1

0,28
5 10 2 5 10 10 7 ( . .)

0, 2 0,08

t
y y t S I  

3 3

2 2

0,44
5 10 2 5 10 10 11 ( . .)

0, 2 0,08

t
y y t S I  

    1 2 1 210 7 10 11 4t t .   

     ,        
. 

.    2.12   

2 1 3
2 2 0,44 0,28

2 2 5 10
2 2 0,08

r r
A A A m  

2 210 2 10A A m  

.    2.11       ,  -
  

2,25
2 20,28 0,44 72

10 2 2 10 10
0,2 2 0,08 8

t st
y y t

2 2 210 22,5 9 10 13,5 10 1y y y m y cm . 

.             
2.14,    

1 2

0,08
2 1 , 0,1, 2...

2
r r n m n     1 2 4 2 1 , 0,1,2...r r n cm n  

 
 

 1 2 1 2
1 2

2 2
r x r x .  1 2

2
x 1 2

2
4 2 1x n cm  

0

minmin
2 8 4 4 2 2 2

n

x n cm x n cm x cm x cm  

         2 cm       
  2 cm      . 

 

1 2   

r1 r2 

x 
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       1, 2;  

.      1 2,    .  1 2     
 1 2.         x x,      

 1 2,      . 

 

      |r1 – r2| = ( 1 2) = d.  
1

2

d
r x   

2
2

d
r x . 

    2.11  
2 2

2 2
2 2

d t x
y A

T
  

2 2
d t x

y A
T

.    ,      

2
d

A A      d     .    

d = n ,  2
n

A A 2 2 1 2A A n A A A A ,   

     2 .  2 1
2

d n ,   

2 1
22

n
A A  2 0

2
A A n A ,      

   x x   .  1 2,  . 
 
.         x x     1  

2.  
 

 
          , -

     ,       ,   
  

1 2   

r2 

x 

r1 

d 

1 2   

r1 r2 

x 
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1 22 2
t x t x

y A y A
T T

.        

1 2 2 2
t x t x

y y y y A
T T

 

2

2

t

T
y A

2
x t

T
2

2

x t x

T
2

t x

T

2
 

2 2
2

x t
y A

T
  

2
2

x
y A t             (2.15) 

         ,    
    ,       2.15    

 .         « »   -
 .        -

    ,         . 

      -
    ,   
       
   .  

 

             
           . 

         ,     -
             -
 . (    ) 

 

  | |    .  
2

2
x

A A .           (2.16) 

   2.16  
min

2 x 2 x
A = 0, = 0 =k + x = 2k +1

2 4
, 

k            -
. 

   2.16: 
max

2 x 2 x
A = 2A,  = 1  = k x = k

2
, k . 

           -
. 

        ,      

x = 2k +1 2.174 k       
2.18

x =k
2
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1      
 

   . 

        ,    
  k   , . .     +1.   2.17   

x = 2 +1 +1  - 2 +1 x  = 2 +3-2 -1
4 4 4

 
2

x            (2.19) 

 

   . 

        ,    
  k   , . .     +1.   2.18   

k kx = +1 - x = +1-1
2 2 2

 
2

kx             (2.20) 

      . 

      ,   x  > x ,   
1

k > 2n +1 2k > 2n +1 k > n + .
2 4 2

       1k n  

 - -x = n +1 - 2n +1 x = 2n
2 4

+2- 2n -1
4

  

      
4

x             (2.21) 

(           
1

x > x 2n +1 > k 2n +1 > 2k k <n +
4 2 2

,   k = n.)  

        2.17  2.18    
      .      

     2 .  

x

y

2A

-2A
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§2.4       
     -
       -
     -
       

  ,   -
       

(  2.15)     t.  
      
   (   )  

   /2,   
    -

,        

1

2
2

x
y A t ,      2

2
2

x
y A t  

2

2
2

x
y A t ,        . 

:        

       -

  . 

 

  . 
     , ,  « »   -

 .       . 
**   ,      ,     ,  

  « »            . -
        ,       

               -
. 

 

     . 
1.           ,     

          .  
2.            , 

    . 
3.        ,     

      . 
4.           , 

          -
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x
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 2.8.          

 ,      ,  

    : 1

t x
y A 2

T
  

2

t x
y A 2

T
.          -

   . 
      
i.         20 cm. 
ii.     ,        

   5 Hz   8 cm. 
.      x = 0      . 
.         . 
.      . 
.             

 
1 2 3

7 3
0,

12 4

T T
t t t ,      . 

 

   i.   20 40 0,4
2

cm cm m . 

   ii.   f = 5 Hz    ,       
  ,    . ,     -
       2A   2A = 8 cm   

A = 4 cm. 

.  x = 0  1 22 2
t t

y A y A
T T

,   

1 2 2 2
t

y y y y A
T

 

  x = 0  -
   2 , 

    -
. 

.  
0, 4 5f m Hz

2 /m s ,    . 

.     -
    

2 2
2

x t
y A

T
 

0,08 5 10 . .y x t S I  

  

-0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

-10

-8

-6

-4

-2

2

4

6

8
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x(m)

y(cm)

t3

t2
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.  t1 = 0  y = 0   x,       -
    x x . 

 
2

7T 7 7
t = = s= s

12 12 5 60
  

2 x 7
y = 0,08 10

0,4 60
 

 

7 2 x 1
y = 0,08 5 x y = 0,08 - y = -0,04 5 x S.I.

6 0,4 2
 

 3

3T 3 3
t = = s = s

4 4 5 20
  

2 x 3
y = 0,08 10

0,4 20
 

3 2 x
y = 0,08 5 x y = 0,08 -1

2 0,4
 

0,08 5 . .y x S I  

 

 2.9.         -

    
100

0,05 40 . .
3

x
y t S I           (2.9.1) 

.    ,           -
       ; 

.              
; 

.             x = 1,5 cm 

   
9

8
t s ; 

 
            

    . (  2.15).  ,  
 ,             

.       :  
2 = + + -  

 2.9.1 :
0,05 100 x 100 x

y = + 40 t + -40 t
2 3 3

 

0,05 50x 50x
y = 2 20t+ - 2 20t-

2 3 3
 

0,05 50x 50x 1
y = 2 20t + + 2 20t- +

2 3 3 2
.     -

   : 1

50
0,025 2 20 0,5

3

x
y t  (S.I.)   

          2

50
0,025 2 20

3

x
y t  (S.I). 
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   y2         

  , :  = 0,025 m  A = 2,5 cm, 20 t
t

0,05T s
T

 

 
50

0,06
3

x x
m   6cm .       

0,06
/

0,05
m s

T
 1, 2 /m s .  

 
.    | | = 0    

100 100 3
0 ( )

3 3 100

x x
k x k m k  [    k = 0   

x = 0,     .]  
           k  

 , . .    +1. 
 

 k = : 
3

100
x    k = +1: 1

3
1

100
x .    -

  
1

3
3

100
x x x x m x cm .  

 
.          

100 100
0,05 40 40 2 40 ( . .)

3 3

dy x x
V V t V t S I

dt
   (2.9.2) 

 

 x = 1,5 cm = 0,015 m  
9

8
t s ,  2.9.2  

100 0,015 9
2 40

3 8
V  

2 5 45 0V V .  

 
 [ : E          ,  

 x    t, o        
y

V
t

 (  

).  
,  ,    .        

 2.9.1,        x,       
y = f(t)  y = A t,  V =  ( t + /2)  V = -  t.   -

   t     V.] 
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          1 2
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2
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2

x
y A t 2 2
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y A

T T T

2

2 1
2

2

t x
y A

T
               (2.23) 

         ,     
 ,  1 2y y y ,     2.22  2.23 

 

2 2

t

T
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2 1

2

x t

T

2

2
2

x t x

T

1

2

t x

T

2
 

 

2 2 2
x t
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T

 (2.24) 

        2 2
x

A A  (2.25) 

   x = l  | | = 0,     (x = l)  . 

       ,   x = 0   | | = 2  ,  -
  

0
2 1 2 k

2 1
2 1

2 2
f k  2 1

4
f k ,   Nk   (2.26) 
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4
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1

4
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  . . . 
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x = 0 x = l x
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 2.10.          -

          ,    -
  ,      .   

          
y = 0,04 20 t (S.I.).           

 4 m/s.   
.        . 
.       ,     -

      , .      1,2 m. -
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     ( x = 0)        
  x      . 

.         . 

.      ,    x = 10 cm     

x = 120 cm     t1 = 1,025 s  t2 = t1 + 
3

4
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            . 
 

 
         A = 0,04 m   

 = 20  rad/s.  
2 2

0,1
20

T T T s   
1

10f f Hz
T

. 

.      4 / 0,1 0, 4T m s s m . 

.          x.       

         1

x
y A t .   , 

         
1 B
y A t . -

     ,         .  
          

2

x
y A t 2 2

2 2
2

x t x
y A t y A

T T T

2

2
2

t x
y A

T
 

           1 2y y y   

2
2 2 2 2 2

t x t x x t
y A y A

T T T
 (2.10.1) 

1, 2 1,2
0,08 2 2 0,08 2 3 2,5 2 10 3

0,4 0,1 0,4

x t
y y x t    

0,08 5 20 . .y x t S I  (2.10.2) 
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.        , ,   2.10.1    

2 0 2 2 1
2 4

x x
k x k   

0, 4
1, 2 2 1

4
x k   

1,1 0,2 ( )x k m  (2.10.3) 

 0 0 1,1 0,2 1,2 1,1 0,2 0,1 0,5 5,5x k k k  

0,1, 2,3, 4,5k .       k  2.10.3  

k 0 1 2 3 4 5 
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