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220 10 22

    :  

          xF yF    x y  i j :          

F i j10 2 10 2  

                  
   sin     cos ...  

  

  

¯Ãa.¬G6:     q1 q2  d     F    .q1 q22  d2     
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14-        cm30      N5          .15 
 ,           (k N.m / C )9 2 29 10  

(7 8  (6 9  (5 10  (3 12  
15 -         q1 SI  (q q C , k N.m /C )9 2 2

1 2 2 9 10  
 (F i j10 2 10 2  

(F i j10 2 10 2  

( F i j20 2 20 2  

( F i j20 2 20 2  
16-    q q2  d       x   .  q  q2 F i10   SI   

q2  q       
(F i20  (F i10  (F i20  (F i10  

17-           gr0 9/     q  cm1    
    .                  

(g N / kg , e C)1910 1 6 10/    ) (  
(146 25 10/    (106 25 10/   
(122 25 10/     (142 25 10/  

18 - A  m   q  B  m2   q2        .       
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¿°©³  ¾²aÂ± a? `1? ²\ ¯Â? »¨q1  ² 1½`1? ºb0]±0 aÂK5G ¿i`a?  

                 .         ...  

19-                a          
a42 10     .                     

          )   (  
(65 10    (75 10  
(62 5 10/     (72 5 10/  
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23 -            r    F      .            
                    

(5
4  (4

5  (4
25  (16

25   

24-         q1 q2  r             F1   .
    q1     q2                F2 
  .  F F2 1    
(q q1 22  (q q1 22  (q q1 22  (q q1 22  
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       !  

25 -             .     C4   C6    .     
       ............        ............       

.  (e C)191 6 10/  
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126 25 10/  
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      .  :       (k N .m / C )9 2 29 10  ) (  
 (  .         (  .        
 (  .         (  .        

27-                               .
            
    (    .          (     .    
    (     .        (    .    
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(F F    (F F  )   80(  
(F F    .          (  

29-                            F F 
   

(F F    (F F  
(F F    .              (  

1Fi0` Ã `\ 0² ¿ ÃaF ©0 `1? ]°S ¯Â? ¿°©³  ¾²aÂ± »>i1V  
               .               ...   

30-          q C1 2 5/q C2 1 
q C3 4   x         .q3 SI 

 (k N.m / C )9 2 29 10    )   80(  
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 ¾1½²aÂ± ]°Ã0a? ®]m a q]±`0\ `0a  1Fi0` Ã `\ D0`^ ·  ¿ 1 °½ ®³ b2 `1? a? \`0²  
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B A
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C B
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36-    q2           Q            

 (   (   (   (  
37-             y    . q2 

         q3    )      
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38 -                         .    
 x       
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) () ()  ((    ) ()  ((  

39 -   q C1 4 q C2 16  cm60      .   q3   d  q1  
               .q3   d       
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·x ± `1? ]°S ¾0a? ¿°©³  ¾²aÂ± ]°Ã0a? ·V q `\ 0² ¾0  
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40 -    Q Q q             .
        q   )   80  (  

(i10    (i10  

(j10    (j10   
41 -       q q q C1 2 3 4          

      .q1       ............q2    
    q1 . ............    ............(k N.m / C )9 2 29 10  

(40 2        (20 2       
(20 2        (40 2       

42-         x  .      q2 F 
  .q2   cm10  y        q2  

F     )   80  (  

 (1
2   (  (2

4  (2
2   

43 -                      .C10   
                   )  82   (  

(180 2       (180 2     
(270 2       (270 2     

44 -                      q0 
          .Q     

(q2    (q    
(q2    (q  

45-                  .q C4 1   
O      q2 q3     )  84(  

 (     (    
(45 3    (90 2   

46-       q2       q4       )   (  
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    (q    Q .    
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48-                    .   q   
    

 (     (19   
 (9 5/      (9 5/   

(¿ ÃaF ©0 ±²2) `0\`1? »©³¨  \1 G ¿i`a?  
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          ...  ...          

49 -     A   C1         B  kg2   
 C0 5/          T1     . A 

          (g N / kg , k N.m / C )9 2 210 9 10  

(5
3    (3

5    

 (     (  
50-      AB   Am Bm  Aq Bq            

           .      AF BF       
     )   80(  

  (AF BF        .  
     (        .   

     (  .         
 (B Am m     .   

51-               24       
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(e C , k N.m / C , g m / s )19 9 2 2 21 6 10 9 10 10/  
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·x ± `1? Ã 0ay0 `\ ¿ ÃaF ©0 ®0]Â  »>i1V ®2 a? aKμ  ¾1½aF 0`1C Â¨VG ² ¾0  
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52-           .       ............    ............   

   (       (      
     (    (       

53 -         C20          (k N.m / C )9 2 29 10  
(32 10  (62 10  (41 8 10/  (51 8 10/   )  80(  

54 -         132 5 10/            0 9/  
  (k N.m / C )9 2 29 10  

 (   (   (   (    
55-      q nC20  A( cm , cm)100 100    .  

         SI  (k N.m /C )9 2 29 10  

(E i j45 2 45 2    (E i j90 90  
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q ne
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53                   )     
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62            :     
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e
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73               :  
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81     A    B                     A 
     B        .       C  D   C     D   .  

  A  C    B  D      )   .   (  
      

        A    B   .A B(q ,q )0 0  
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        C    D   .C D(q ,q )0 0   
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92       A  B        B     B        .  
     C  D     C  B       C   B        C    D  

  .C   D      )        .    (  
101         :    

F | q || q |
k | q || q |F

r F
r

1 2
1 2
2

2
1  

111               :    

N.m
C

2

2
| q || q | FrF k k k| q || q |r

21 2
2 1 2

  

     k
0

1
4      ( )0    (k) :     

C
N.m

2
2 N.m

C

2
02k  

123           F r q  :     

|q | |q | q F qk | q || q | kqF F
r r F

r

1 2
22

1 2
2 2

2
1   

:            r            .  
  

134     q1q2 F     :  

| q || q | k |q ||q | ( ) ( )F k r r m cmFr

9 6 6
21 2 1 2

2
9 10 5 10 4 10 0 01 0 1 1018

/ /  

143        :    

  
| q ||q | |q ||q |

F k |q ||q | C C
r ( )

|q | |q | C

9 11 2 21 2 1 2
1 22 1 2

1 2

5 9 10 5 10 50
3 10

15
  

     C250     C15   ,     C5 C10    .  
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q  

q2 

2  

( )22 

15 1      )(   ).   (  
     .      

 ¯Ãa¬G :        q1 SI    
     (q q C , k N.m / C )9 2 2

1 2 2 9 10  
(F i j10 10    (F i j10 2 10 2  
(F i j20 2 20 2     (F i j20 20  

:  )(  

16 4         q  q2      q2  q     .        
   )        (             :     

q F i

q F i

2 10

10
  

17 2          )               (
:    

kq qF mg mg
r2   :  

q ( ) q C q C
( )

9 2
3 2 16 2 8

2 2
9 10 0 9 10 10 10 10
1 10

/  

             :    
q ne n ( ) n8 19 11 10110 1 6 10 10 6 25 101 6

/ //  

18 3         A  B       B  A            
  :    

F ma A
A B A A B B A B

B

a mF F m a m a ma m a
a m

22 2  

 :         A      B       B  .  
  

19 4               :      

e p

p p

| q || q ||q ||q | eF k k k
r r r F r a

F r|q || q | aeF k k
r r

21 2
1 2 2 2 82 21 1 1 72 1

42 1 2
2 2 2

2 2

10 2 5 1042 10
( ) ( ) /   

20 2    )          (       2 :   
FFk | q || q | F d dF d dF d dd

2 221 2
2

1 22
( ) ( )  

21 1  :             :    
k | q || q | k | q | | q |F F r r

r (r )
1 2 1 2
2 2

2 2  

:                          r       
      r 2  :    

q qk | | | |
F

r
1 2

2    
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224                x            .   :  
  
     :    :  

  

Q( x) Q( x)

k | q || q | k Q:F F
r r

k | q || q | (Q xQ)(Q xQ) kQ:F k ( x )
r r r

2
1 2
2 2

1 1
2 21 2

2 2 2

1

2 1

( )

( )

  

kQ kQF F ( x ) x x x
r r

2 22 2 2
2 2

15 15 15 15 1 11 1 1 %2516 16 16 16 16 4
( ) ( )  

   :          .         :        

  
| q || q |F F x x xF | q || q | F

2 21 2
1 2

15 1 11 25%16 16 4  
  

   :      F1
16 1

16 x .x 1
4    .  

:¯Ãa¬G  24
25  x     

:      F1
25 1

25 x .x 1
5 %20 .  

  

232                     .    20 1
100 5
( )   

           .             .      :    

    :    :  

F F q q| q || q | | q | | q | r rF k k k r rr r (r )
21 2

2 2 2

4 4
16 45 5
25 5'''''"

| || | ( )  

244         .            :    

F F

| q || q |F k | q || q | | q |F | q | | q |r| q || q |F k F | q || q | | q | | q |q q q qr
F k

r

 H¼i

2 1

1 2 21 1 2 12 2 1 11 2
2 1 1 2 2 2

1 1 2 1
2 2

1 1
2 4 0 5 0 5 14 41 1

2 2

ÏH¼w ¾Tw/ /| || |  

| q |
| q | | q | q q| q |

1
1 2 1 2

2
0 5 2 24
/  

:         :     
| q | F

q q F F| q | F
| q | F

q q F F| q | F

1 2
1 2 2 1

2 1
1 2

1 2 2 1
2 1

0 5 2 14

0 5 2 14

/

/

F | q |
F | q |
2 1
1 2

0 5 4
/  
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ازتچماسكرهها قبل ازتچماسكرهها بعد

q C1=-4� q C2=+6� q C� �1=+1 q C� �2=+1 25 3                         
:          

q C q q ( )q q C
q C

1 1 2
1 2

2

4 4 6 12 26
  

             C5             .    q ne  
        :  

q ne n ( ) n6 19 135 10 1 6 10 3 125 10/ /  
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