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�

          ) .      
 (.  m1           (W m g h )= + Δ1 1 1  
  m2           (W m g h )= − Δ2 2 2 
 .    :  

  W m g h J
W m g h J

= + Δ = × × =
= − Δ = − × × = −

1 1 1
2 2 2

3 10 2 60
2 10 1 20  

  tW W W ( ) J= + = + − =1 2 60 20 40   
                  :    

t ff i f fW K (m m )(v v ) ( )(v ) v v m / s= Δ = + − = + − = =2 2 2 2
1 2

1 140 2 3 0 16 42 2  

      m2   m / s4  .  
  
  
  
  

                      .   
    )   ( .  

  
                  -      gU   
  .              -        .  

    m       h       .
          :  

   m  (kg)g     (m/ s )2 h  
(m)    gU  (J)  :  gU mgh=     

      
        )1 (       )2 (  .

      g( U )Δ   :  
  gU U U mgh mgh mg(h h ) mg hΔ = − = − = − = Δ2 1 2 1 2 1   

         hΔ       
    :  mgW mg h= − Δ   

       :  g mgU WΔ = −   
             .  

   
      U mg hΔ = Δ  hΔ             
 hΔ           hΔ     .  

 g mgU WΔ = −                  .  
                    .     

            .       .      
       (h )=0  .  

  

   (Ug)
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          gU   .           
 g( U )Δ       .                 

            gUΔ   gU mg hΔ = Δ    .  
  gUΔ     U  !  

  

      A         
  B   .     kg200     

       AB     (g m/ s )== 210  
1(8000     2(12000   
3(−8000     4(−12000   

:���� ۴                       
   :  h h h mΔ = − = − = −2 1 4 10 6  

    gU mg hΔ = Δ       :  gU ( ) JΔ = × × − = −200 10 6 12000  
                 :  mg gW U J= −Δ =12000   

  

               A 
  .    A B        

   (cos , g m/ s )° = = 2160 102  
1(−1     2(1   
3(2     4(−2   

:����        g mgU WΔ = −             . 

             :  mg
g mg

g

W
U W UΔ = − = −Δ 1  

  
            .        
         .           
        .     eU  

  .       .  )1 (       .  )2 (
                    

                    
     .   )3(           

                   
            .      

  :  eW Uo¹Î = −Δ  
  

                 .  
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             )   (         
                  .  

                  
   .              

              
            

1 (    2 (     3 (    4 (    
:���� ۴          .   

              ( )θ =0  
    .            

  ( )θ = °180          
eU Wo¹ÎΔ = −   eUΔ  .  

  
       kg1      

             .  
         

1(32   2(16   3(8   4(4   
:����                .             

                :  

  t

t

W K
W K K KW W o¹Î

o¹Î

= Δ
= Δ = −= 2 1   

                        
  .    K =2 0 :  v

KW K K W mv Jo¹Î o¹Î
=
== − ⎯⎯⎯→ = − = − × × = −2

2

0 2 2
2 1 10

1 10 1 4 82 2  
            :  eU W ( ) Jo¹ÎΔ = − = − − =8 8  

                :  
  eU U U U U U JΔ = − = − = =2 1 2 2 20 8   

        J8 .  

  
                

  .  
             

      .          
        .  

 

 
331.   

         :  
(��	)  (     U mg hΔ = Δ     .       hΔ <0   

  UΔ <0 .  
(
)  (                 .   

              .  
(�)  (                   .  
(�)  (                     

  U mg hΔ = Δ   .  
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332.  
           U mg hΔ = Δ   . 

       ( h)Δ         .  
       A B     h mΔ = −4  . 

  :  U mg h / ( ) JΔ = Δ = × × − = −0 4 10 4 16  
        U mg hΔ = Δ    .  

 hΔ  .  
333.   

                
           .    

          :  
  h mΔ = −20   

    U mg hΔ = Δ        :  
  m / kg

h mU mg h U / ( ) J=
Δ =−Δ = Δ ⎯⎯⎯⎯→Δ = × × − = −0 2

20 0 2 10 20 40    
  

  

334.   
               mgU WΔ = −  .     

   :  mgU W ( ) JΔ = − = − = −30 30   

     A   :  
B

U J
B A A AU JU U U U U JΔ =−

=−Δ = − ⎯⎯⎯⎯→− = − − = −30
50 30 50 20  

335. ۴   
        :  U U U JΔ = − = − − = −2 1 100 300 400   

           U mg hΔ = Δ  .      m4    
( h m)Δ = −4 .    :  U mg h m ( ) m kgΔ = Δ − = × × − =400 10 4 10    

336. ۴   
      U mg hΔ = Δ :  m kg

h mU mg h U ( ) J=
Δ =−Δ = Δ ⎯⎯⎯⎯→Δ = × × − = −4

2 4 10 2 80   
                      

          .               
         »«    .  

337.    
     :    

h h h hΔ = − = −2 1 2 80   
      U mg hΔ = Δ  .    ) 

              (.     
        ( U J)Δ = − × 46 10     :     

U mg h h h m
h h m

Δ = Δ − × = × ×Δ Δ = −
− = − =

4

2 2

6 10 200 10 30
80 30 50

   

  
  

338.    
             m5   m15   m25    . 

        :  h mΔ = −5   
   U mg hΔ = Δ      :  U mg h m ( ) m / kg m gΔ = Δ − = × × − = =20 10 5 0 4 400  
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339.    
                 

   h      : U mgh= .   F   

          g
4       .      

F    :  
ga

F ma F mg ma F m(g a) F mg}²Ii

=
= − = = + ⎯⎯⎯→ =4 5

4  
            F   .F      ( )θ =0:   

  
F mgd h

F FW Fdcos W Fhcos W mgh
==

θ== θ ⎯⎯⎯→ = ° ⎯⎯⎯⎯→ =
5
4

0
50 4   

          :  F mghW
U mgh= =

5
4 5

4   

340.   
                      :  

  mg
mg g

g

W
W U U= −Δ = −Δ 1   

           :  g mgU WΔ = −  
341.   

                   
     )    (      U mgh= 

      .            
                .  

        (h )=0.     
        »«    .  

             
     .  

342.    
      :  

 »« :                    
       .:                     U U U m g h m g h¾ø¼ \¶Δ = Δ + Δ + = Δ + Δ +1 2 1 1 2 2  

 hΔ     !  
  

   U mg hΔ = Δ            .   
    m1   :  hU m g h UΔ =Δ = Δ ⎯⎯⎯→Δ =1 0

1 1 1 1 0  
         m2   :  

  U m g h ( ) JΔ = Δ = × × − = −2 2 2 6 10 1 60  
                :    

U U U ( ) J¾ø¼ \¶Δ = Δ + Δ = + − = −1 2 0 60 60  
343. ۴   

                  .     
m kg=1 5        m kg=2 3      .   U mg hΔ = Δ 

         :    
U m g h ( ) JΔ = Δ = × × − = −1 1 1 5 10 2 100  

  U m g h ( ) JΔ = Δ = × × =2 2 2 3 10 2 60      
               :  

  U U U J¾ø¼ \¶Δ = Δ + Δ = − + = −1 2 100 60 40   
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344 .   
                

                ( )θ =0 .
           .   W F.d.coso¹Î = >0 0   

             :  W
e eU W Uo¹Î

o¹Î
>

Δ = − ⎯⎯⎯→Δ <
0 0  

             :              
               .  

345. ۴   
                         .         :  

  eW Ut
e

t

W K
W K U K K KW W

o¹Î

o¹Î
o¹Î

=−Δ= Δ
= Δ ⎯⎯⎯⎯⎯→−Δ = Δ = −= 2 1   

                .           

 (K )=2 0:   eU J
eU K K K K JΔ =−Δ = − ⎯⎯⎯⎯→− = − =

0 128
2 1 1 1128 128  

  m kgmv v v m / s== ⎯⎯⎯→ × × = =42 2
1 1 1

1 1128 4 128 82 2   

346.    

        F N= 30 Fo¹Î    
        .F      ( )θ =0   

    :  FW Fdcos W Fdcos / J= θ = ° = × × =0 30 0 4 1 12  

           F   (W )o¹Î :  FW J
t F tW W W W Wo¹Î o¹Î

== + ⎯⎯⎯⎯→ = +12 12  
                 :  

  m kg
t tv m/sW K K K mv W J=

== Δ = − = ⎯⎯⎯⎯→ = × × =
2

0 62 2
2 1 2 1

1 1 6 1 32 2    

        Wo¹Î    :  t

t

W W
W W J

W J
o¹Î

o¹Î o¹Î

= +
= + = −

=

12
3 12 9

3
  

 eU Wo¹ÎΔ = −         :  eU W ( ) Jo¹ÎΔ = − = − − =9 9  
347.    

    k(f mg)=        
       cm30       :  

  k
k k k

f mg g m/s
f k f fd / mW Fdcos W f d cos W mg / ( ) W m= =

== θ = × × ⎯⎯⎯⎯→ = × × − ⎯⎯⎯⎯→ = −
210

0 3180 0 3 1 3   

                    
kfW m= −3  . 

                :    

k kf fW W ( m) m
®¨

= − = × − = −2 2 3 6  

                  )        (  
                          :  

  
kt fW W m

®¨
= = −6   

                        :  

  
tW m v m/s

tW K K K m(v v ) m m (v v ) (v )

v v m / s

=− == Δ = − = − ⎯⎯⎯⎯→− = − ⎯⎯⎯⎯→− = −

= =

16 42 2 2 2 2 2
2 1 2 1 2 1 2

2
2 2

1 1 16 6 42 2 2
4 2
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703. ۴   
                  m21        

      FP
A

= :  F PA N= = × =5 510 1 10  

          :  F mg m m kg= = × =5 410 10 10  
 10     

704.   
          F PA=      P            

 : 

  F ( gh)A F ( ) ( ) F N−= ρ = × × × × = ×4 31000 10 10 100 10 1 10  
705.    

 :    F PA=P gh= ρ              :  
      cm÷ =2 2 1     SI / kg / m× = 313 6 1000 13600 :    

  A rF ( gh)A F / ( / ) F / N N=π π== ρ ⎯⎯⎯→ = × × ×π× ⎯⎯⎯→ =
2 3213600 10 0 1 0 01 4 08 4  

 :            F mg=         .  

  m PV F Vg F / ( ) F N= = ρ = × ×π× × =2113600 0 10 1 4100   

706.    
                              

        :  P gh hA V
m VF PA F ghA F mg=ρ =

=ρ= ⎯⎯⎯→ = ρ ⎯⎯⎯→ =  

                        
          F PA=                 

              .  

  
707. ۴   

          ABC D              
 .         F PA=        »«      B D 

  cm21                      » «  .  
708. ۴   
            .        F ghA= ρ   :  

  A B

A B

P PA A A A A
h h B B BB B

F ghA F A F cm
F A FF ghA cm

=
=

= ρ
⎯⎯⎯→ = = =

= ρ
2
2

8 2
312

   

                 .  
709.    

          F ghA= ρ     .  
   h  cm30    cm20!   

  F ghA F / ( ) F N−= ρ = × × × × =4800 10 0 3 100 10 24  
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710.    
 :    F PA=   P gh= ρ            
 .  :  

  F gh A / ( ) N
F F F N

F gh A / ( ) N

−

−
= ρ = × × × × =

Δ = − = − =
= ρ = × × × × =

4
1 1

2 14
2 2

1000 10 0 1 20 10 2 10 2 8
1000 10 0 5 20 10 10

  

  8                    
        .  

                .  
 :            F gA hΔ = ρ Δ   .  

711.    
                F PA=  

    P gh= ρ .          h1    :  
  F gh A= ρ1 1    

         h2      :  F gh A= ρ2 2  
         .:  F F F gh A gh A F gA(h h )Δ = − = ρ −ρ Δ = ρ −2 1 2 1 2 1  

  

        :  ( / ) / ( h) h / m h cm= × × × Δ Δ = Δ =360 1 2 10 10 0 01 0 5 50  
712. ۴   

                    
  =32 8      .  

 :                     
     )    (   :    

  
m VA A A A A A

B B B B B B

F m g F V A h
F m g F V A h

=ρ= ⎯⎯⎯→ = =
  

         A r= π 2   :  A B

A B

r rAA A A
h hB BBB

r hF F
F Fr h

=
=

×= ⎯⎯⎯⎯→ = =×

2 22
22

2 2 81 1  

          P gh= ρ     :  A B

A B

A A A A
h hB B B B

P gh P
P gh P

ρ = ρ
=

ρ
= ⎯⎯⎯⎯→ =

ρ 2 2  

 :                     A8   B 

 A
B

F
F = 8      A    B  A 2 B  .    

713. ۴   
               F P A®¨=         .  

                      :  
  P P P / / PaJA ¸ü»n= + = × × + × × =1000 10 0 1 800 10 0 05 1400   

           cm250   :  F PA ( ) N−= = × × =41400 50 10 7  
                           .  

714.    
            F PA=       

A     P          F  
   N2  .          

m              :  

  mg mF ( gh)A ( / ) m / kg m gA ¾L¹QJ¼a
·¼TvÃQ

−
−= + ρ = + × × × × = =

×
4

4
102 1000 10 0 1 10 10 0 2 200

20 10
 

             θ             .  
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715.    
               .               

F ghA= ρ        :  F g / F g− −= ρ × × × = ρ4 4
1 10 20 5 10 10  

  F g / F g , F g / F / g− − − −= ρ × × × = ρ = ρ × × × = × ρ4 4 4 4
2 2 3 30 25 4 10 10 0 2 6 10 1 2 10  

      :  F F F= <1 2 3  
716.    
           .   P gh= ρ   

     F PA=          .  
       cm75     cm230  . 

         :  V Ah cm cm cm= = × =2 330 75 2250  
         :   V / cm′ = × − = 37 5 1000 2250 5220   

        :  V A h h , h cm , h cm / m®¨
′ ′ ′ ′ ′= = × = = + = =5250 150 35 75 35 110 1 1   

         :  P gh ( ) / Pa= ρ = × × × =33 10 10 1 1 33000   

          :  F PA , F ( ) N−= = × × =433000 30 10 99   

           F mg=         .      
  » «    .  

717.    

 »«:                      
                 

  (P)       (F)        :    

  ghAhP gh P g F P .A½nHk]½nHk] ½nHk]
ρ= ρ = ρ = =2 2  

  A                
 .   

  
     :  ( ) ( / / )F F N

−× × × × ×= =
21000 10 40 10 0 2 0 4 1602  

    cm cm×25 40  .  
718.    

        h   r  S r h= π ×2    .  
                  ghP ρ= 2         

       .   
  S r h / / / mÂLºI] = π × = π× × = π 22 2 0 1 0 2 0 04    

   :  gh /P Paρ × ×= = =1000 10 0 2 10002 2    

       :  F PA /= = × π1000 0 04   
  F N N= π =40 120   

719.    
 »«:         P gh= ρ         h      
  .                          

F ghA= ρ     .                     
          :  
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(��	            :  

  
hA V ( ) V mF ghA F g V F m g¾ºH¼TwH ´\e= ρ == ρ ⎯⎯⎯⎯⎯⎯⎯→ = ρ ⎯⎯⎯⎯→ =1 1 1

1 1  
  m1       V1     (A) .     

    m      :  ( ) F m g m gÍÄI¶ ®¨ýoË þ¨oM ÍÄI¶ Á»oÃº = <1  
:                              .  

           .  
(
               :  

  
hA V ( ) V mF ghA F g V¾ºH¼TwH ´\e= ρ == ρ ⎯⎯⎯⎯⎯⎯⎯→ = ρ ⎯⎯⎯⎯→1 1 1

1  
  m1       V1    (A) .F m g= 1  

    m       :  ( )F m g mgýoË þ¨oM ÍÄI¶ Á»oÃº = >1  
:                  

          .  
            

             .     »  
 )(  )  (         .«  

          F          .
            (F )′      

                      
  F′         .  

               )F′1 (           .
                .  N F mg N mg F′′+ = = −1 1  

                 .  

                           
                 .  

    )     (m      m′      
              mg m g′+ .  

  

  

                    .     
       .                  

 .  
720.    

  ( )1                            
 ( )2                         .  

721.    
                     .  

722.    
                       .       

 P P=1 2 .F1 F2                       
       .F F=1 2 .    F1 F2     F F=1 2   

F F>1 2  .  



 ��
� �����             190

 �& �
!�'()
� � *
�+
� �,�

723.    
 :                 (P gh)= ρ        

               F PA ghA= = ρ        :  

  P P r r
A r

F P A F r F
F P A F Fr

= =
=π

π
= ⎯⎯⎯→ = ⎯⎯⎯→ =

π
1 2 1 2

2

2 21 1 1 1 1 1
22 2 2 2 22

4  

 :                        F mg>1     
 F m.g<2     F F>1 2            (P gh)= ρ   » «   .  
724.    

                             
                     . 

  
W

N F( ) N W W F WýoË
ýoË ÍÄI¶ ÍÄI¶[¹w»oÃº

=
== + ⎯⎯⎯⎯→ =

0
  

725.    
            (F W)>1        

(F )1    (W)  .             
        .  

 F1 W        V1 V2     .  
726. ۴   

           F ghA= ρ       :  

  
hA V

. A V
m V

V m

F ghA

F g V F m g

SwH ½à køI¤ IM  ÂòoÎ ¾ºH¼TwH ´\eß

ÂòoÎ ´\e ·»nj ÍÄI¶ ³o]

′=
′

′ ′=ρ
′ ′

= ρ ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→

′ ′= ρ ⎯⎯⎯⎯⎯⎯⎯⎯⎯→ =
  

     m′               » «  .  
  

  

  
  
  

                      .  

                  
            .  

        U   .     

a      A  .  f     fP a=  

                        
        F          :    

  f F F AP P
a A f a

Δ = Δ =1 2 =  

    f      F      .  
                   :  

  A R F A R
f a ra r

= π
= π

2 2
22 = =  

  R    r    .  
                  

    .  
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                   .  
                   

     .  
1831.   

                       .  
Q           .  S  Q  .        . 

   P        P        .  
1832.    

                .    A       
B      A   B  .    A   B  .  
1833.   

        M            
        .  O       )   

 (  .        .  
  

  
1834.    

          »«                  
         .  

»    «        »«    .  
1835.    

   FE
| q |

=   :  /E N / C−= = 20 2 1020  

1836.    
  F qE=  q   F  E      

            F     q   .  
     A B CE E E= =        

q        .  
1837.   

    FE
q

=  q < 0         :  ( i j) NE / i j N / CC
− + μ= = −

− μ
15 20 7 5 102 

  F qE=  q         .  
1838.   

 »«:     m  q    E           :  

  F qE=     mg .  
                 :  

  F qE mgF mg F mg qE mg E q
= −+ = = − ⎯⎯⎯→ = − =0  

        g      .q >0)  (      
   E g      q <0)  ( E        g 

       :   
  
  
  
  

mgE q
−=

q > 0

q < 0 ESwH  ¸ÃÄIQ  ¾Mï »n  ·HkÃ¶

ESw¯IM  ¾Mï  »n  ·HkÃ¶
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       ( C)− μ5             :  

    mgE E N / C| q |
−

−
× ×= = = ×

×
3 4

6
10 10 10 2 10

5 10
  

1839.    

    »«             :  EmgE q
q

SwH  ¸ÃÄIQ  ýoö  ¾M= − ⎯⎯⎯⎯⎯⎯→ <0  

  mg | q | E /E m kg m g| q | g
− −× × ×= = == = × =

6 5 20 4 10 5 10 2 10 2010  

1840.    

    q    e / C−= × 191 6 10 :  q ne=  
    :            .              
   .             .  A   B      

      :  q ne
E

mg /F mg qE mg q n / nE /

−= − × ×= = = ⎯⎯⎯→ × × = =
×

1419
5

1 6 10 101 6 10 10
1 0 10

  

1841.    

      )  (      
       .      .   

       :  

         .               
        .           )   (   :  

  
F qE

b b bF F mg F | q | E mg F / N= − −− − = ⎯⎯⎯→ = + = × × + × × =6 4 30 10 10 10 10 10 10 0 2  
1842.    

 »«:   q     m    …     E         

           F qE=  :  TF F

T

F qE
ma qE

F ma
==

⎯⎯⎯→ =
=

  

 E a.SwH S¿]ï´À  ( ) q.k{IM SLX¶ o¬H>⎯⎯⎯⎯⎯⎯→0  

   qa Em= 

 E a.SwH S¿]  ý°i ( ) q.k{IM Âÿ¹¶ o¬H<⎯⎯⎯⎯⎯⎯→0  
  

                        
                     :  V at V= + 0  

  V V
x at V t x t

+
Δ = + Δ = 02

0
1
2 2   

  V V a x− = Δ2 2
0 2   

     :  qa E
m

=  

   q          .  
1843.    

    m       E  F     :   
  F qE=  

   »«    :    

  qa E
m

=   
q <0)  (   E        E A   

B  )  (   A  B .  
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1844.    

                  .  
                           

                  .   ( )2   . 
1845.    

           v at v= + 0   .  
                   T TF ma F qE= =»   :  

  qEma qE a m / sm
−
−

× ×= = = =
× ×

6 2 2
6

10 10 10 10
20 10 10

   

           :  vv at v v m / s== + ⎯⎯→ = × + =0 0
0 10 2 0 20  

1846.   

  »«          qa E
m

=           :  

  E E , m m , m m
q q , q q

a q m a aqE m a a
q m q ma a aE

= = =
=− =

−= × × ⎯⎯⎯⎯⎯⎯⎯⎯⎯→ = × = − = −2 1 1 2
2 1

42 2 1 2 2 2
1 221 21 1 11

2 1 24 2  

1847.    
       :              . 

                 .  

      :  T F |q|E

T

F ma
F mg ma

F F mg
==

+ = ⎯⎯⎯→
= +

1
1

  

  | q | E mg ma a a m / s
− −− − −

−
++ = × × + × × = = =

2 26 4 3 3 2
3

10 101 10 10 1 10 10 10 20
10

  

1848.    
       :  (mg)   E(F qE)= .     

 .                   
     .          :     

T EF F (mg) (qE) (mg)= + = +2 2 2 2   

  T
T

FF ( ) ( ) N , a m / sm
−− − −
−

×= × × + × × = × = = =
×

36 6 2 3 2
6

2 2 10200 10 10 200 10 10 2 2 10 10 2
200 10

  
1849.    

       :        .      
  .        TF     .       

           TF   . mg F=  
           TF        

       »«  .  
1850.    

           .               F qE= 
   :  F qE / N−= = × × =3 22 10 10 0 2  

       mg          :  mg / N−= × × =340 10 10 0 4  
           :  TF ma mg F ma / / a a m / s−= − = − = × × =3 20 4 0 2 40 10 5  

      t          :  
  vx ( t ) v x ( ) x / m=Δ = α − + ⎯⎯→Δ = × × − Δ =0 0

0
1 12 1 5 2 2 1 7 52 2  

           t  x ( t ) vΔ = α − + 0
1 2 12    .  
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1851.   
 :  ( )1                    .  

  »«     )  (             
   :  

  E EF mg T F mg T+ + = + = −0  
 ( )2 EF mg             .    

    EF  mg)     °37 (  °37     :  
tanE

q
F | q | E qtan tan
mg mg

q C q C

°=
> −

−

×° = ° = ⎯⎯⎯⎯→ =
× ×

= × = μ

3 437 4
0 3

5

10337 37 4 40 10 10
3 10 30  

             .  
 :              :  

EF |q|EE EF Tsin F | q | Etan tan q C
mg mgmg Tcos

´À  oM  ´Ãv£U == °
⎯⎯⎯⎯→ = ° ⎯⎯⎯⎯→ ° = = μ

= °
37 37 37 3037  

1852.    

              .  
                       .    

                  .    
                  )mg T (   

 )EF (    :  Emg T F+ = −  
  mg T      .     

  T mg
(T , mg)

mg / N F Tcos( ) T cos T
T / N

− == × × = ⎯⎯⎯→ = = × ° =
=

350 10 10 0 5 1202 2 6020 5
  

EF (T,mg)F          EF mg T / N= =0 5    EF | q | E= 
      :  

  EF | q | E / E E N / C−= = × = ×6 30 5 20 10 25 10 
1853.    

        q   .          
   .                   

                       
  :  

sin sinE E E
E

F F Fmg mg F / N
sin sin sin sin

−°= ° × ×= ⎯⎯⎯⎯⎯⎯→ = = =
° ° ° °

3150 30 20 10 10 0 2150 150 30 30 1 1
2 2

  

     q   :  E
/F | q | E | q | q C−= = = − × 3
2

0 2 2 10
10

  

1854.    
            .  

          EF mg      .  
       :  

  E EF Ftan mg mg° = =60 3  
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 °60   °30          :  E EF Ftan mg mg
′ ′

° = =330 3  

             :  EF |q|E q qE
E

F | q | E E
F | q | E E

= =′ ′ ′= ⎯⎯⎯⎯→ = ⎯⎯→ =1 1 1
3 3 3  

           .      :  

  
E EE E /E E %

−′−= = = − − −
1

23 66 6 673    
1855.    

    E      » «       °45    :  

  E
E E

| q | EF | q | Etan tanmg mg mg
α = °

=α = α = ⎯⎯⎯→ =1
2 1

45 11 

          °37       :  

 :  
tan| q | E | q | E

tan
mg mg

°=
° = ⎯⎯⎯⎯→ =

3372 24 337 4  

  E E E
E E E

oM Δ − −⎯⎯⎯⎯→ = = = = −2 2
1 1 1

3
3 3 4 14 251 4 4 4 %  

  
 :                 

  .      .    
         175%    .            3

4  
         :  

  
EE| E | | E E | E E E /E E %

−− Δ −Δ = − = − − = = = = − = −
1

2 1 1 1 1
1 1

7
3 7 74 1 75 1754 4 4 %  

  
  
  
  

                     :  
     :  F (F,d)(N) (m)(J)

W F d cos= θ  

(F, d)θ  F   (d)  FW  F       .  

     m   v          :  
(J) (kg) m( )s

K m v=
2

21
2   

     :  TW K K(nI  ̈ ®¨ ) = −2 1  
       h      :  gU mgh=   

   :  E U K= +   
   :  E E U K U K= + = +2 1 2 2 1 1   

    F   d         .   FW Fd=    

    F   d°180       .   FW Fd= −     

    F   d°90      .    FW =0     


