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.1               
 

1.         m = 3 kg,

= 2 m       

        

 .       

F,     F = 10 N   -

       .   

t
1

       

= 4 rad/s. N  :

)        t
1

)     F     = 2 rad

)     F   t
1
  

)           t
1
.  

           = 1

3
m

2
.  

m = 3 kg , = 2 m , F = 10 N , = 4 rad/s , = 1

3
m 2

 

) K = ;
   

 

            = 1

3
m 2 = 1

3
3 22 kg m2 = 4 kg m2.        

      , K = 1
2

I 2 = 1

2
4 42 J K = 32 J.  

) = 2 rad , W
F
= ;

   
 .1    

  F        .

  F            , :

 W
F
=

F
= +F = +10 2 2 J = +40 J W

F
= +40 J  

         F            
   .

) P
F
= ;

   
 .2    

    F   t1 (  ) PF = F = +F = +10 2 4 W = +80 W P
F
= +80 W.  

) 
dK

.

dt
= ;

   
 .4    

         
dK .

dt
=   (1).

       w      zz ,    ,  -

F .
          ,    ,   F.

 E =
w(A)
+

F .(A)
+

F(A)
= 0 + 0 + F = F = F   (2).

 (1) 
(2)

 
dK

.

dt
= F = +10 2 4 W = +80 W

dK
.

dt
= +80 W  
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2.      m = 4 kg  R = 1 m  

             

.            -

F
1
= 10 N F

2
= 4 N.   t

1
    -

   = 10 rad/s.  :

)        t
1

)      F
1
, F

2
,     = 4 rad  

)      F
1

       F
2

  t
1
 

)           t
1
.  

           I = 1

2
mR

2
.  

m = 4 kg , R = 1m , F
1
= 10 N , F

2
= 4 N , = 10 rad/s , I = 1

2
mR2

 

) K = ;
   

    

            I = 1

2
mR2 = 1

2
4 12 kg m2 = 2 kg m2.  

      , K = 1
2

I 2 = 1

2
2 102 J K = 100 J.  

) = 4 rad , W
F1
= ; , W

F2
= ;

   
 .1   

 •   F1        .
   F1            , :

  
W

F1
=

F1
= +F

1
R = +10 1 4 J = +40 J W

F1
= +40 J  

 •  H F2        .
   F2            , :

  
W

F2
=

F2
= F

2
R = 4 1 4 J = 16 J W

F2
= 16 J

 •        F
1

   F
1

       , -

        .

 •        F
2

   F
2

        , 

        .

 : E W
.
= W

F1
+ W

F2
= +40 J 16 J = +24 J.  

             ,      

  .

) P
F1
= ; ,

dW
F2

dt
= P

F2
= ;

   
 .2    

 •    F
1

  t
1
(  ) P

F1
=

F1
= +F

1
R = +100 W P

F1
= +100 W.  

 •   F
2

   t
2
 (  ) P

F2
=

F2
= F

2
R = 40 W P

F2
= 40 W.  

) 
dK

.

dt
= ;

   
 .4   

         
dK .

dt
=   (1).

   :

 •            w  ,      

 •    F
1
, F

2
,       .

 
( )
=

w
+

F .
+

F1
+

F2
= 0 + 0 + F

1
R F

2
R = F

1
F

2( )R   (2).

 (1) 
(2)

 
dK

.

dt
= F

1
F

2( )R = 10 4( ) 1 10 W = +60 W
dK

.

dt
= +60 W  

 

dK
.

dt
= P

F1
+ P

F2
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3.           m = 3 kg, = 2 m  -

            -

       .        

  (  )           
cm
= 10 m/s.

)          ( )

)               ( )   ( )

)             -

     ( )   ( )     ( )   ( ).

               

   
cm
= 1

12
m

2
g = 10 m/s

2
.  

                                    
m = 3 kg , = 2 m ,

cm
= 10 m/s ,

cm
= 1

12
m 2 , g = 10 m/s2  

) K = ;      

 •             :

  I =
cm
+ m

2

2

= 1

12
m 2 + m

2

4
= 1

3
m 2 = 4 kg m2  

 •          AK =
2
= 1m.    -

   
cm

   ( ) 
cm
= ( ) = 10 rad/s.  

 •       , K = 1
2

I 2
K = 200 J.  

) W
w(I,II)

= ;  

          ( )   ( ),    

h (   )      h =
2
= 1m.    

  , Ww = +mgh W
w
= +3 10 1J W

w
= +30 J.  

 

             W
w
= ±mgh.  

h:    (   )         .

±:  (+)       (–)    .

• W
w(II,III)

= +mgh
(II,III)
= +mg

2

      

• W
w(III,I)

= –mgh
(III,I)
= –mg   

) i) U
(I,II)
= ; ,   ii) U

(I,III)
= ;  

            ’     

        ( ). U
(I)
= +mg , U

(II)
= +mg

2
, U

(III)
= 0.  

 
i) U

(I,II)
= U

.( )
U

.( )
= +mg

2
mg = mg

2
= 30 J U

(I,II)
= 30 J       

 ii) U
(I,III)
= U

.( )
U

.( )
= 0 mg = mg = 60 J U

(I,III)
= 60 J  

 

           

’             ( ), :

U
(I)
= +mg

2
, U

(II)
= 0, U

(III)
= mg

2
 

U
(I,II)
= U

.( )
U

.( )
= 0 mg

2
= mg

2
= 30 J

U
(I,III)
= U

.( )
U

.( )
= mg

2
mg

2
= mg = 60 J  

             

       .

    :            , U = Ww . 

 • U
(I,II)
= W

w(I,II)
= +mgh

(I,II)
= mg

2
= 30 J       • U

(I,III)
= W

w(I,III)
= +mgh

(I,III)
= mg = 60 J  
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.2                   
    

1.    m = 0,5 kg         

  = 2 m  M = 1,5 kg,      

            

    .  :

)       -        

    = 8 m/s  

)          ( ), ( ), ( ),   -

           

.

               

    
cm
= 1

12
M

2
g = 10 m/s

2
.  

m = 0,5 kg , = 2 m , M = 1,5 kg , g = 10 m/s2 ,
cm
= 1

12
M 2  

) = 8 m/s , K
.
= ;     A  

                , :

 
K . =

1
2 .

2   (1)

 •              
2

     . -

    Steiner, :

  

I =
cm
+ M

2

2

= 1

12
M 2 + M

2

4
= 1

3
M 2 = 1

3
1,5 22 kg m2 = 2 kg m2  

  
I

.
= + . = + m 2 I . = 4 kg m2  

 •       = = 2 m.         :

  = ( ) = = = 4 rad/s       

  (1) K
.
= 1

2
4 42 J K

.
= 32 J.  

    :        -  K . = + .   (2),
 K , .              .
 •       , K = 1

2
2 = 1

2
2 42 J = 16 J K = 16 J .  

 •         (   ), :

  K . =
1
2

m 2 = 1

2
0,5 82 J = 16 J K . = 16 J       

  (2) K
.
= 32 J.  

) U
.( )
= ; , U

.( )
= ; , U

.( )
= ;

   
 B   

                  
     , U . = U + U .   (3).

 
U

( )
= +Mg = +30 J                U

( )
= + g

2
= +15 J       U

( )
= 0  

 
U .( )

= +mg
3

2
= +15 J

       

U .( )
= +mg

2
= +5 J        U .( )

= mg
2
= 5 J      

 •  (3) U
.( )
= U

( )
+ U .( )

= +45 J U
.( )
= +45 J  

 •  (3) U
.(I )
= U

(I )
+ U .( I)

= +20 J U
.( I)
= +20 J  

 •  (3) U
.( II)
= U

( II)
+ U .( II)

= 5 J U
.( II)
= 5 J    
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2.           (1)  

(2)     , R
1
= 0,1 m R

2
= 0,3 m  m

1
= 9 kg

m
2
= 1 kg .        -

 ,            .   

        ,     

  .         

  F
1
= 21 N F

2
= 8,5 N.   t

1
 -

      = 10 rad/s,     

 .  :

)        t
1
 

)                 

  = 20 rad  

)              t
1
 

)            t
1
.  

                  -

    
cm
= 1

2
mR

2
.  

R
1
= 0,1m , R

2
= 0,3 m , m

1
= 9 kg , m

2
= 1kg , F

1
= 21 N , F

2
= 8,5 N , = 10 rad/s ,

cm
= 1

2
mR2  

) K
.
= ;     A   

             . K . =
1
2 .

2   (1).

         :

 
I

.
=

(1)
+

(2)
= 1

2
m

1
R

1

2 + 1

2
m

2
R

2

2 = 0,09 kg m2 I . = 0,09 kg m2  

 (1) K
.
= 1

2
0,09 102 J K

.
= 4,5 J  

) = 20 rad , W
1
= ; , W

2
= ;     .1   

     , :

 
F

E
= 0 F

1
= T

1
T

1
=

1
( - ), T1 = 1 = F1 = 21 N . 

 
F

Z
= 0 F

2
= T

2
T

2
=

2
( - ), T2 = 2 = F2 = 8,5 N .

 •   1        .
   1            , :

  
W

1
=

1
=

1
R

1
= 21 0,1 20 J = 42 J W

1
= 42 J  

 •   2        .  

   2            , :

  
W

2
=

2
= +

2
R

2
= +8,5 0,3 20 J = +51 J W

2
= +51 J

 •        
1

   
1

        , 

        .

 •        
2

   
2

       , 

        .

 : W
.
= W

1
+ W

2
= 42 J + 51 J = +9 J.  

             ,     

   .

) P
1
= ; , P

2
= ;     .2   

 •    
1

  t
1
(  ) :

  P
1
=

1
=

1
R

1
= 21 0,1 10 W = 21 W P

1
= 21 W  

 •    
2

  t
1
(  ) :

  P
2
=

2
= +

2
R

2
= +8,5 0,3 10 W = +25,5 W P

2
= +25,5 W  
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) 
dK

.

dt
= ;     .4   

         
dK .

dt
=   (3).

    :

 •            w
1
, w

2
  ,      

 •   
1

,
2

,       .

 
( )
=

w1(K)
+

w2 (K)
+

F .( )
+

1( )
+

2 ( )
= 0 + 0 + 0

1
R

1
+

2
R

2
=

2
R

2 1
R

1 ( ) = 2 R2 1 R1( )   (4).

 (3) 
(4)

 
dK

.

dt
=

2
R

2 1
R

1( ) = 8,5 0,3 21 0,1( ) 10 W = +4,5 W
dK

.

dt
= +4,5 W  

.3        
        

      

     , M = 14 kg  R = 0,1 m,

              -

      .       -

   ,          m = 3 kg.

        t
0
= 0   -

 ,            

     .  :

)              

 

)              

)                

   t
1
= 2 s

)        -    t
1

 

)                       

0 t
1

)   t
1
:

            

i)       

ii)          

iii)           

iv)         -

 

v)        

 .

           = 1

2
MR

2
g = 10 m/s

2
.

M = 14 kg , R = 0,1m , m = 3 kg , g = 10 m/s2 , I = 1

2
MR2  

) = ; , = ;  

   t
0
= 0    , :

 •           w        -

   

 •               

    

       w   T  .

       w
.
,      F .

 

    .

 •      , T = ( - )
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 •         , :
  –                 .    -

  , = . = R  

  –                    -
  , = = R. 

  

 :

T =   (1)

= R   (2)

= R   (3)

  m   .

F
Z
= m

w T = m  

mg T = m  

= mg m   

T = 30 3   (4)

= t (5)

x = 1
2

t2 (6)
    

     .

= R = 1

2
MR2 (1)

T = 1

2
MR

(3)

T = 1

2
M

T = 7   (7)

= t (8)

= 1
2

t2 (9)
  

 •   (4), (7) 30 3 = 7 10 = 30 = 3 m/s
2 .       

 •  (3) = R =
R

= 30 rad/s
2  

) T = ;

 (4) T = 30 3 3( )N T = 21 N  

) t
1
= 2 s ,

1
= ; ,

1
= ;  

 •  (5)
1
= t

1 1
= 3 2 m/s

1
= 6 m/s       •  (8)

1
= t

1 1
= 30 2 rad/s

1
= 60 rad/s  

) K
.
= ;

   
 A   

       -             
       , K . = . + .   (10). 

 •       , K . =
1
2 1

2 = 1

2

1

2
R2

1

2 = 1

4
14 0,12 602 J = 126 J.  

 •       , K . =
1
2

m 1
2 = 1

2
3 62 J = 54 J.  

 (10) K
.
= 180 J  

) W
w
= ; , W = ;

   
 .1   

   0 t
1
= 2 s       x

1
       

1
.  

 (6) x
1
= 1

2
t
1

2 = 1

2
3 22 m = 6 m x1 = 6 m       (9)

1
= 1

2
t
1

2 = 1

2
30 22 rad = 60 rad 1 = 60 rad  

 •    w              , 
Ww = +wx1 = +mgx

1
= +3 10 6 J = +180 J W

w
= +180 J.  

 •          .
              , :

  
W = 1 = + R

1
= +21 0,1 60 J = +126 J W = +126 J  

) i) P
w
= ; ,    ii) P

T
= ; ,    iii) P = ; ,    iv)

dK
.

dt
t1

= ; ,    v)
dK

.

dt
t1

= ;     .2

  •       , :
     i) P

w
= +w

1
= +mg

1
= +3 10 6 W = +180 W P

w
= +180 W

     ii) P
T
= T

1
= 21 6 W = 126 W P

T
= 126 W  

  •       , :   

     iii) P =
1
= + R

1
= +21 0,1 60 W = +126 W P = +126 W  

     iv)
dK

.

dt
t1

= F
1
= w T( ) 1

= mg T( ) 1
= 30 21( ) 6 W = +54 W

dK
.

dt
t1

= +54 W  

   v)
dK

.

dt
t1

=
1
= + R

1
= +21 0,1 60 W = +126 W

dK
.

dt
t1

= +126 W  
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.4        

.   

K = K
.
+

.  

K = 1

2
M

cm

2 + 1

2
I

2  

dK

dt
=

dK
.

dt
+

dK
.

dt
 

dK

dt
= ± F

x cm
+  

•   x x      
cm

    .

• F
x

         x.

•               .

.  WF – P
F

 F

   F   -
 ,      

      
:

W
F( .)

=
F

P
F( .)

=
F  

•         F      

 F         (  ).

   F   -
 ,     

:

W
F( .)

= ±F
x
x

cm  
P

F( .)
= ±F

x cm  

   F    
 :

W
F
= W

F( .)
+ W

F( .)  
P

F
= P

F( .)
+ P

F( .)  

•      -

 W
F
, P

F
   -

   .

•      F     

 ,     

     ,  

        

 , :

       , 

W
F
= 0.  

        

     , W
T .
= 0.  

           ,  ,    

            .     

  :

     (
0
= 0,

0
= 0)   ,    -

               

  .      .     ,    -

     .     F,       -

 .                

        I = 1

2
MR

2
.

1.  cm = R   (1),   cm = R   (2),    xcm = R   (3).

) 

•    F    .   

  (    ) -

  x
cm

, WF (A, ) = +Fxcm .  
•     .      

,        -
   ,      ( = 0 ).  

           , WT .
= 0.  

.    
dK

dt
 



73

  –  –    

    
       .

         WT .( .) = .xcm .
         W

T .( .)
=

.
= +

.
R

(3)

WT .( .) = + .xcm .
  (+)    T

.
     . 

W
T .( , )

= W
T .( .)

+ W
T .( .)

=
.
x

cm
+ T

.
x

cm
= 0 WT .

= 0.  

) 

•  PF ( ) = +F cm  

•  PT .( ) =
dWT .

dt
= 0 W

T .
= 0( )  

      

   
P

T .( )
= P

T .( .)
+ P

T .( .)
=

. . cm
= +T

.
R

. cm

(1)

 
. cm

T
. cm
= 0 PT .( ) = 0  

)  

K = K
.
+

.
= 1

2
cm

2 + 1

2
I 2 = 1

2
cm

2 + 1

2

1

2
MR2 2 (1)

 

1

2
M

cm

2 + 1

4
M

cm

2 = 3

4
M

cm

2  

K = 3
4 cm

2 , K . =
1
2 cm

2 K . =
1
4 cm

2 , K . = 2 .. 

)    

dK
.

dt
= = +

.
R

(1)

 
+T

. cm

dK .

dt
= +T . cm  

dK
.

dt
= + F

x cm
= + F T

.( ) cm

dK .

dt
= + F T .( ) cm

dK

dt
=

dK
.

dt
+

dK
.

dt
= +T

. cm
+ F T

.( ) cm
= +F

cm

dK
dt
= +F cm  

2.  cm = R   (1), cm = R   (2), xcm = R
 
(3).

) 

•    F   w   

.     (   

 )   

x
cm

, :

– WF (A, ) = +Fxcm

– W
w( , )

= W
wx ( , )

+ W
wy ( , )

=

   
= w

x
x

cm
+ 0 = Mg x

cm

   
Ww( , ) = Mg xcm

  

•     .     
 ,           ,      -

( = 0 ).            , W
.
= 0.  

    
       .

         WT .( .) = .xcm .  
         W

T .( .)
=

.
= +

.
R

 

(3)

 
WT .( .) = + .xcm .  

 (+)    T
.

     . 

W
T .( , )

= W
T .( .)

+ W
T .( .)

=
.
x

cm
+ T

.
x

cm
= 0 WT .

= 0. 
) 

•  PF ( ) = +F cm , P
w( )
= P

wx ( )
+ P

wy ( )
= w

x cm
+ 0 = Mg

cm
Pw( ) = Mg cm   

•  PT .( ) =
dWT .

dt
= 0 W

T .
= 0( )  

)  

K = K
.
+

.
= 1

2
cm

2 + 1

2
I 2 = 1

2
cm

2 + 1

2

1

2
MR2 2 (1)

 

1

2
M

cm

2 + 1

4
M

cm

2 = 3

4
M

cm

2  

K = 3
4 cm

2 , K . =
1
2 cm

2 K . =
1
4 cm

2 , K . = 2 .. 
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)    

dK
.

dt
= = +

.
R

(1)

 
+T

. cm

dK .

dt
= +T . cm  

dK
.

dt
= + F

x cm
= + F w

x
T

.( ) cm

dK .

dt
= + F wx T .( ) cm

dK

dt
=

dK
.

dt
+

dK
.

dt
= +T

. cm
+ F Mg T

.( ) cm
= + F Mg( ) cm

dK
dt
= + F Mg( ) cm  

3. cm = R   (1),   cm = R   (2),   xcm = R   (3).

) 

• Ww( A ) = +mgxcm  

•          -
 ,      ,   

   ( = 0 ).  
          

, WT = 0.  
    

        -

 .

         

 WT ( .) = xcm .  
        -

  W
T( .)

= = +
.
R  

(3)

 WT ( .) = + xcm .
 (+)           .

W
T( , )
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