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                         ∑ =⇒= 33.40 yy FdF                    
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    ∑ ←==+⇒= tonFaF XX 5.56*75.010  

            

            

                

                        ∑ ↑=⇒=↑+ 67.40 ay FyF 

        ∑
←+

↑=⇒=−−⇒= 33.408*44*5120 cycyb FFM  
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2-3  

           

                    

 LH)�1 �1  G���� G� 5 !� ���; �� ��:  

                                °=⇒= 556.20
40

15
θθTan 

∑
→+

=++++−−⇒= 020*1540*1560*1580*1515*55.20cos60*556.20sin0 dde FFM

                                                                                   tFd 44.8=⇒ 

                               87.36
20

15
1

1

1 =⇒= − θθ tg                                       

 

                                  56.26
20

10
2

1

2 =⇒= − θθ tg  
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0556.20sin44.8556.26sin87.36sin0 =−−⇒=∑ baX ffF  

     )1         (3045.06.0 =−⇒ ba ff   

0556.20cos44.8556.26cos87.36cos0 =−+⇒=∑ bay ffF 

     )2          (809.08.0 =+⇒ ba ff 

 %,���� �� 7��0+/ 8? 5�)1 ( �)2 (G����:  

                   tFax 56=                 tFay 42=        

                   tFbx 56=                  tFby 56=        

                 tFcx 85.79=      ↑=−−= tFcy 07.692.114260 

                                                    

 

2-4  

              

     °=⇒= − 56.26
2

1
1

1

1 θθ tg                 °=⇒= − 86.36
20

15
2

1

2 θθ tg 

∑
→+

−+−⇒= 20*66.36sin2080*56.26cos15*56.26sin0 bba FFM 

47.580)604020(3015*86.36cos2030*86.36cos20 =⇒=++−−− bF 

∑ =⇒=+−−⇒=↑+ 7.61056.26cos*47.5890)86.36sin20(20 bybyy FFF 

86.556.26cos47.58)86.36cos20(20 =⇒=−⇒=∑ axaxX FFF 
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∑
←+

=⇒=++−−⇒= 33.930)503520(4020*50120*0 gygyd FFM 

°=⇒= − 15.53
15

201 ββ tg              °=⇒= − 56.26
40

201 αα tg  

 O��1�1 G� 5 !� ���; �� ��: 

∑ =+−+⇒=↑+ 01.53cos33.6312056.26cos0 dcdFy FFF 

∑
→+

=+−⇒= 0501.53cos25.26sin0 dcdFX FFF 

                                   tFdF 5.72−=         tFdc 95.21=                                                               

44.32=dfxf         44.32=dfxf  

01.53sin75.2734.51cos34.51cos0 =−+⇒=∑ bcacX ffF 

34.51cos95.2134.51sin0 +⇒=∑ acX fF 

tFbc 4.27=  ,       tf ac 587.5=  

44.32=bcxf          tf acx 51.3=        

tfbcy 59.17=          tf acy 97.4=  
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2-6  

Mint:Find the reaction on the beam (ab) by cutting cable between A and B and C and E 

.Find cable benison by isolation pulley D  

  

          

   

  

∑ =⇒= tFF axX 50 

∑ =+⇒= 150 byayy FFF  

∑
←+

−+=⇒= 4*57*521*1033*0 bya FM 

tFay 18.8=           tFby 82.6= 

  

∑ =⇒= tfF BxX 10 

∑ =+⇒= tfFF AByy 10 

∑ =+−⇒= 04*4*118*10 AB fM 

   tFAx 1=   �tFAy 5.3=     �tf A 5.3−= 
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      ���CD :  

                               

∑ =⇒= tFF dxX 400 

∑ =+⇒= 00 dycyy FFF  

∑ −−=⇒= 2*4013*4012*4020*0 dyc FM 

tFcy 6=           tFdy 6−= 

                        

∑ =⇒= tFF axX 400 

∑ =+⇒= 460 byayy FFF  

∑ −+=⇒= 3*408*4016*624*0 bya FM 

tFay 67.33=           tFby 33.12= 
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�P�2�5  %Q@<98 ! ���� 7����
 45�� =�#C 5�:  

��(C ����� �� ��5 3���; 8+�,� B-..  

  

                 

 ��(C =�$? �� 45�� %� �R�� 3�/��� ��#�� !*"�$� ��(A ��. ��S %� ���� ��T(� ��� %�

 7� 75� �R� 1Q� �� U�A 
���� % �>��&V !���� U�A 3�� ���; 8+�,� B-. � 8��C W	C

 ��+. G�)#$� %X��Q� %� 8��X� %,�$� �� Y�*�� 45�� �� �R�� 3�/��� %-(�� 5� B�

��� !� 8+�,� B-.. ��&� ���; � U�A ��� !C�-H<� %C 1�� ��� �� J�
 ��� %&��

 �; �� ��+. �� ��� ����� 3���  ������(� � ���� ab ��Z> !� U�A 0C�� 5� 7E �R� �; �.  

                                                

∑ ←=⇒= +
240 BxX RF 

∑
←+

+↑=⇒=+⇒= 5.3705.37*4040*0 ayayb RRM 

∑
←+

−↓−=⇒=++−⇒= 5.5040*30*245.12*400 bybya RRM 

O.K ∑ =−⇒=↑+ 05.55.370yF                              Cont:    
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Find:  
Stability and unstability Determinate and Indeterminate 

                                        

Answers:  
Internal External 

Stable 

 

Determinate 

Geomet cally 

Unstable 

Indeterminate 

First degree 

  

  

  

  

Find:  
Stability and unstability Determinate and Indeterminate 

  

Answers: 

Internal External 

Stable 

Indeterminate 

First degree  

stable 

Indeterminate 

First degree 
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Find:  
Stability and unstability Determinate and Indeterminate 

 

Answers:  

Internal External 

Stable 

Indeterminate 

Third degree 

Unstable 
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3  

  

  

                           











=+=

−=→=

=→=

→

94.112*
3

2.4
41

02.5

x

mx

mx
3)1(71.04)1(05.7 −−−−= xxxm  
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5 

  

∑
←+

=⇒−−+=⇒= 23.21*63.1*8966*0 ByByA RRM  

∑ ↑=⇒=↑+ 77.60 Ayy RF  

O.K. ∑
←+

=−+++−−⇒= 07*67*95*667.0*82*86*77.60 RM B Cont:     

  

  

6  
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 !P*P� ��� !(�� G"�2 ��� 3��# � �� %C ��� �� ��� �>�4t/m  �2t/m  �R� �\��-� �� �� 8�H#$�

G���� G�/�                            :  

                                                  

  !(�� % �/� ��� ��x=2  ����� �� �/ ���2t/m  G���� ���� !�:  
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7  

            

                          
0

29.2

71.7

=

↑=

↑=

H

V

H y

  

        I       

                     ∑
←+

=−−⇒= 05.125.430 HVM m  
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II  

                    

∑
←+

=−+⇒= 2.0915.17440 HVM B  

12.0,35.4, ==⇒ HVIII  

      ∑ =⇒= 62.40 xx MF     �∑ =⇒=↑+⇒ 34.100 yy MFI  

      ∑ =⇒= 12.00 xx BF     �∑ =⇒=↑+⇒ 25.120 yy BFII  
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 G�� 3���V-Dia    ��e-f  1�]. �)
V  1�]. � �(C !� ���^� 8$ ��@�� ������ ��m 

 !(Q(� ��5 _H� !(��V  G�� 3���m-dia �(C !� ���^�.  

     

  

  

12  

   

 

 

 

                       

2t/m 
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2t/m 

2t/m 
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→  
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15  

∑
←+

=+⇒= 808100 xyC ccM 8-� ��I 

∑
←+

=−⇒= 80860 xyd ccM 8-� ��II 

1.6

125.3

=

=

x

y

c

c
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16  

∑
←+

=+⇒= 6*2410120 xya ccM 8-� ��I 

∑
←+

−=−⇒= 6*2410120 xye ccM 8-� ��II 
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R=3       r =3         m =10     j=6                                                                                                                 1-1 

R=r                                !&��; ���� 13123106*2 <⇒+<     ������            %&�� '�)��  ���

!*;��(  
R=6       r =3         m =6     j =20                                                                                                                1-2 

R-r =3      !&��; ����  �                          404033720*2 =⇒+=       ��� �������!*;�� �  
R=5       r =3         m =10     j=10                                                                                                               1-3 

R-r=2       !&��; ����   2%&��                  3106*2 +<  ������                 �!*;�� �����  %&�� '( ) 

R=4       r =3         m =25     j=14                                                                                                               1-4  

R-r=1       !&��; ���� �  %&�� '�         32514*2 +=  �������   ���               !*;��                               

  
R=3       r =4         m =26     j=15                                                                                                               1-5  

R<r          !&��; ����                             42615*2 +>                        !*;�� ����   ������                        
R=3       r =3         m =14     j=9                                                                                                                 1-6 

R=r          !&��; ����                             17183149*2 >⇒+>            !*;�� �������                        
R=4       r =4         m =24     j=14                                                                                                               1-7 

R=r          !&��; ����                              32424*2 +>                         !*;�� �������                        
R=3       r =4         m =25     j=14                                                                                                               1-8 

R<r         !&��; �������                              42514*2 +<                       !*;�� �����  %&�� '�    
R=3       r =3         m =47     j=8                                                                                                                 1-9 

R=r          !&��; ����                              34724*2 +<                   2   !*;�� �����  %&��      ������  
R=4       r =3         m =13     j=8                                                                                                               1-10 

R>r          !&��; ���� %&�� '�                  4138*2 +<                         ������  � !*;�� �����  %&�� '� 
   
R=5       r =5    C=2       m =19     j=12                                                                                                    1-11  

R=r          !&��; ����                             51912*2 +=                         !*;�� ����   ������                       
R=4       r =5     C=2       m =17     j =10                                                                                                  1-12 

R>r       !&��; ����  �       51710*2 +<  2   !*;�� �����  %&��      �������  )O�� 8+Q� 8�,� %�  %*���� 8 ��

�/(             

R=5       r =5   C=2      m =31     j=18                                                                                                      1-13 

R=r          !&��; ����                              53118*2 +=          ������� )�@< ��� W���5E (!*;�� ����                     

R=3       r =3         m =26     j=14                                                                                                             1-14 

R=r          !&��; ����                             32614*2 +<                       ������  �  �����  %&�� '�

!*;��   
R=3       r =3         m =10     j=6                                                                                                               1-15 

R=r          ���� !&��;                         3106*2 +<       %&�� '� �� !*;�� �����  !&��; ����  �������  
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R=3       r =3         m =56     j=28                                                                                                             1-16 

R=r          !&��; ����                             35628*2 +<                  ������       3 !*;�� �����  %&��( )   
R=3       r =3         m =17     j =10                                                                                                            1-17 

R=r          !&��; ����                             31710*2 +=          !*;�� ���� �������                                    

R=6       r =4    C=1     m =40     j=22                                                                                                      1-18 

R-r=2          !&��; ���� �  2%&��               44022*2 +=                         ������        !*;�� ����     
R=4       r =3         m =43    j=22                                                                                                              1-19  

R-r=1        !&��; ���� �  %&�� '�              34322*2 +<     ������2    !*;�� �����  %&��                       

R=4       r =3         m =16     j=9                                                                                                               1-20  

R<r         !&��; ���� �  %&�� '�                3169*2 +<     !*;�� ���� �  %&�� '� ������                             

R=5       r =5   C=2      m =43     j=24                                                                                                      1-21 

R=r          !&��; ����                             54324*2 +=                                           !*;�� ����                  

  
R=3       r =3        m =14     j=8                                                                                                                1-22 

R=r          !&��; ����                              3148*2 +<                              !*;�� �����  %&�� '�               

  

R=3       r =3         m =17     j=9                                                                                                             1-23 

R-r=0        ; ����!&��                              3179*2 +<                    !*;�� �����  %&�� '�    ������  

R=3       r =3         m =9     j=6                                                                                                                 1-24 

R-r=0          !&��; ����                           396*2 +=                                 !*;�� ����     ������    
R=3       r =3         m =25      j=14                                                                                                            1-25 

R-r=0          !&��; ����                           32514*2 +=        ������                       � !*;�� ����    

R=4       r =4    C=1   m =28     j=16                                                                                                      1-26  

R=r          !&��; ����                             42816*2 +=                               !*;�� ����   ������                        
R=5       r =3        m =28     j =18                                                                                                             1-27 

R�r=2       !&��; ���� 2�  %&��                  33518*2 +<  4   !*;�� �����  %&��                 ������           

R=4       r =3         m =9     j=6                                                                                                              1-28 

R-r=1          !&��; ���� �  %&�� '�            396*2 +=                                    !*;�� ���� ������  

R=6       r =3        m =18     j=10                                                                                                          1-29 

R-r=3          !&��; �����                         31810*2 +<           !��(/������ �  �  �����  %&�� '�

!*;��    

R=2       r =3         m =12    j=7                                                                                                              1-30 

R<r          !&��; �������                            3127*2 +<                 �� ����� %&�� '� �� !*;   �������  
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R=6       r =6   C=3      m =38     j=22                                                                                                      1-31 
R=r          !&��; ����                             63822*2 +=                          !*;�� ����     ������ �                 

  
R=3       r =3               m =15     j =8                                                                                                        1-32 

R�r=0       !&��; ����                             3158*2 +<     ������ � 2   !*;�� �����  %&��                                     

R=4       r =5    C=2     m =25     j=14                                                                                                      1-33 

R<r                                       !&��; ������� 52514*2 +<        ������ � 2         !*;�� �����  %&��   
R=4       r =3              m =17    j=10                                                                                                         1-34  

R-r=1        !&��; ���� �  %&�� '�              31710*2 +=      !*;�� ���� ������                                                  

R=7       r =7    C=0     m =49     j=28                                                                                                      1-35  

R=r         !&��; ����                             64628*2 +>    !*;�� ���� �  %&�� '� ������                        
  
R=5       r =5              m =25     j=15                                                                                                        1-36 

R=r          !&��; ����                             52515*2 +=                              !*;�� ����   ������                 

   
R=4       r =3        m =25     j=14                                                                                                              1-37 

R-r=1        !&��; ���� �                           42514*2 +<                         !*;�� �����  %&�� '�                    

R=3       r =3         m =25     j=14                                                                                                            1-38 

R-r=0        !&��; ����                             42514*2 +<                        !*;�� �����  %&�� '�     

R=8       r =7         m =57     j=32                                                                                                            1-39 

R-r=1          !&��; ���� �                          75732*2 +=                                    !*;�� ����         

R=7       r =7        m =55      j=31                                                                                                             1-40 

R=r          !&��; ����                               75531*2 +=       ������                    � !*;�� ����    
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°== −
45)

2

2(
1

h

h

tgα          4�>1        (1)  

  

             
31210 −−

+ =⇒=→ ∑ FFFx
                                  

2
20220 11

P
FFPFy ==⇒=〈〉−+−⇒=↑+ ∑  

                 3��	
           
2

2
3121

P
FF == −− 

                                                   °= 45β        (2)     

 

                                                                                                                  

 !		C
2

2
0

2

2
*

2

2
*

2

2
0 5252

P
FF

P
Fx =⇒=+−⇒=→ −−

+ ∑   3��	
     

∑ =⇒=−−⇒=↑+ −− PFF
p

Fy 4242 045cos
2

2
0 
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                                                                                   (3)   

                                                          

3��	
           ∑ =⇒−+⇒=↑+ −−
2

2

2
45cos0 3434

P
FP

P
FFy  

22

2
*

2

2
0 5454

P
FF

P
Fx =⇒=⇒=→ −−

+ ∑ 

G���� ���; 7��� 7��)#� 8�,� %�:  

                              3��	

2

53

P
F =−  

         

  

42  

           

 O�� B`� � 4���� 1��� �� ��*+�,� B-. ��#��1 �1 G� 5 !� ���; �� ��:  

1 �1  
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a,�(      

∑
←+

=++−−−⇒= 09*105.13*1018*359*20 112 FM 

          3��	
4521 =−F                       4521 −=−F 

          !		C∑ =⇒=−−−⇒=↑+ − 21.21045cos520350 511 FFFy 

=  ( 4�>11  

 

                            !		C∑ =⇒=↑+ − 100 511FFY 

b     (  

 

                 !		C∑ =⇒=−⇒=↑+ −− 7045sin100 2525 FFFY  

2 �2    LH)� 
�?2 �2 G���� � G� 5 !� ���; �� ��:  
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                               09*355.4*109cos**14 =−+− −F 

                            3��	
43.4214 =−F 

∑ =++−⇒=↑+ − 045cos43.42351045cos*0 104FFy 

                                          7104 =−F 

 

 

43 

 G�(C !� J�
    :P=2      

                   

G�(C !� 8? c�X(/ O�� 5� 4��@#�� �� �� ���;. %*�� %C d��S ����x ����� �� 3�& %� � %#

 %*�� 7Ea G���� G�/� !� ���2 ��:  
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%&�� : 1,�? ��II  %#
�> �T  �� ���X  !&��; ��� % �\e�/ ���; !*;�� 3�/���  %X��Q� 3���

���:  

0=′+′ ii fxF  

001*0 =⇒=+⇒ xx 

iii fxFF ′+′=  
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%*��  iF  ifx ′  if ′  iF ′  

 1-2  -4 0  0  -4  

 1-7  0  0  0  0 

 2-6  22− 
 

2

2
− 

 0 22− 

 2-7  22 
 

2

2
 

 0  22 

 4-3  0  0  0 0  

 4-5  2  0  0  2 

 3-5  0 
 

2

2
 

 0  0 

 3-6  0 
 

2

2
− 

 0  0 

 5-10  2  1  0  2 

 5-8  0 
 

2

2
− 

 0  0 

 8-10  22−  2−  0  22− 

 10-11  2  1  0  2 
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%*��  iF  ifx ′  if ′  iF ′  

 8-6 22− 
 

2

2
− 

0  22− 

 6-9  0 
 

2

2
− 

 0  0 

 7-9  0 
 

2

2
− 

 0 0 

 7-12 2  1  0  2 

 11-12  2 1  0 2 

 11-8 0  0  0  0 

 11-9  0  0  0  0 

 a=8-9  0  1  0  0 

 9-12  0  2−  0  0 
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  3��	
∑
←+

=⇒=−−−⇒= 30080*1060*1040*1060*0 ByByA RRM 

   !		C∑
←+

↓=⇒=−−−−⇒= 30080*1060*1040*1030*0 AyAyB RRM 

     O.K                     ∑ =−⇒= 030300yF  CONT:           

 ��*+�,� B-. 7���� 1��� :G�(C !� 0�,� E ��5 ���< %� � 4�> O�� 5� 4��@#�� �� �� ���;                                                     :

 4�>(K)          )1(  

°=⇒= − 87.36
40

301 αα tg  

            ��	
3∑ =⇒=+−⇒=↑+ 34.13087.36cos0 KjKjKIFy 

                  !		C∑
→+

=⇒=−⇒= 67.16087.36sin100 KIKIFX
 

                           4�>(J)              )2(  
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                       !		C∑
→+

=⇒= 100 IjFX
                 3��	
         

∑ =⇒=↑+ 34.130 jHFy                                                  4�>I           )3(  

°= 87.36β    °= 13.53α 

∑
→+

=−−+⇒= 06.06.0106.0*67.160 GIHIFX
 

         I        206.06.0 =+ GIHI 

∑ =−+⇒=↑+ 08.08.08.0*62.160 GIHZFy 

           II       39.138.08.0 =− GIHI 

 4�\#�� �� 7��0+/ 8? 5�I  �II  ��E !� 1���:  

        !		C   33.8=GI                 3��	
25=HI                                           

4�>)H (          )4(  

°= 87.36α  

        3��	
∑ =⇒=+⇒=↑+ 34.3334.1387.36cos250 FHFHFy 
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                !		C∑
→+

=⇒=+⇒= 251087.36sin250 HGHGFX
                                         

4�>)F)            (5(  

       3��	
∑ =⇒=↑+ 34.330 FBFy 

                                               ∑
→+

=⇒= 00 FEFX
 

     4�>G           )6( 

∑ =⇒=↑+ ����GEFyم 0 �∑
→+

=⇒= ����GDFXم 0 

     4�>B           )7(  

∑ =⇒=↑+ ����BCFyم 0  �∑
→+

=⇒= ����BEFXم 0 

     4�>C           )8( 

∑ =⇒=↑+ ����CEFyم 0   �∑
→+

=⇒= ����ACFXم 0 

     4�>A           )9( 

                ∑ =⇒=↑+ ����ADFyم 0   �∑
→+

=⇒= ����AEFXم 0 

     4�>E          )10( 

                           ∑ ⇒=↑+ .0 CONTFy     �∑
→+

⇒= .0 CONTFX
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   !		C∑
←+

↓=⇒=−++⇒= 20010*1010*2030*1020*0 ByByA RRM 

  3��	
∑
←+

=⇒=+++−⇒= 50030*1010*1030*2020*0 AyAyB RRM 

     O.K                     ∑ =−+−−⇒= 0205010200yF  CONT:           

 ��*+�,� B-. 7���� 1��� :G�(C !� 0�,� E ��5 ���< %� � 4�> O�� 5� 4��@#�� �� �� ���;:  

                               4�>(F)       )1(  

             °= 3.56α  

       !		C     ∑ =⇒=−⇒=↑+ 240203.56sin0 FEFEFy 

       3��	
      ∑
→+

=⇒=⇒= 32.133.56cos240 FGFGFX
 

                              4�>(E)       )2(  

                    °= 42.33α  

      ∑ =⇒=−+−⇒=↑+ 97.41044.26*83.042.33cos240 EGEGFy                

∑
→+

=⇒=+−⇒= 44.26042.33sin42.33sin240 EDEDFX
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                        4�>(G)        )3(  

                     

  3��	
  ∑
→+

=⇒= 32.130 GDFX
 3��	
 �∑ =⇒=↑+ 47.410 HGFy 

           4�>D        )4( 

      

∑ =⇒=↑+ ����DCFyم 0  � ∑
→+

=⇒= ����DHFXم 0  

     4�>C      )4( 

∑ =⇒=↑+ ����CBFyم 0    �∑
→+

=⇒= ����ACFXم 0  

     4�>B     )5( 

              ∑ =⇒=↑+ ����ABFyم 0   �∑
→+

=⇒= ����HBFXم 0  

     4�>A        )6( 

     ∑ =⇒=↑+ ����AHFyم 0  �.0 CONTم����ACFX∑
→+

=⇒= 

     4�>H    )7( 

                  ∑ ⇒=↑+ .0 CONTFy        �.0 CONTFX∑
→+

⇒= 
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3��	
 ∑
←+

=⇒=−−−⇒= 5.32040*2030*40120*10160**0 ByByA RRM 

3��	
∑
←+

=⇒=+++−⇒= 5.37040*1030*40120*20160**0 AyAyB RRM 

     O.K                     ∑ =−−−+⇒=↑+ 01040205.375.320yF  CONT:           

                                                      4�>(A)       )1(  

                        °= 45α  

        3��	
∑ =⇒=−⇒=↑+ 8.53045sin5.370 AFAFFy 

     !		C            ∑
→+

=⇒=−⇒= 5.37045cos03.530 ACACFX
 

)2( H)� L1 �1 G� 5 !� ���; �� ��: 

3��	


∑
←+

=⇒−=⇒=−+−⇒= 4.554.55040*40*2080*5.370 JHJHJHD FFFM  

 3��	
∑ =⇒−=⇒=−+⇒=↑+ 7.247.240205.3745sin0 IDIDIDy FFFF 

!		C            ∑
→+

=⇒=+−−⇒= 86.7204.5545cos7.240 CDCDX FFF 
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)3(  LH)�2 �2 G� 5 !� ���; �� ��:  

3��	
∑
←+

=+−−−⇒= 020*86.7220*2060*5.3740*45sin0 JL FM  

 

3��	
  88.1388.1302.1457400225028.28 =⇒−=⇒=++−− JJJ FFF 

)4(      4�>F  

                               

    !		C  ∑ =⇒=↑+ 92.660 FCFy 

              3��	
         ∑
→+

=⇒= 63.890 LX FF 

��� !� 8+. 1��� 1+� %�H2 3��� F���� ��+/ %� �.  

  

47  

  

G� 5 !� ���; �� 8-� 3� 4���� O�� ��#��  

)1(     4�>I  
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°=⇒= − 43.63
5

101 ββ tg              °=⇒= − 57.71
5

151 αα tg  

         4�> 3��� 
���� ����� 
�+.� 3���I G����:  

  (I)        ∑
→+

=+⇒= EFEDECFX 43.63cos57.71cos0       )1( 

     (II) ∑ =⇒=⇒=↑+ EDECEDECFy 94.043.63sin57.71sin0  )2(                            

)()(),( IIIاب��III ⇒ 

)2(      4�>F     

                             

°=⇒=′ − 57.26
15

101 ββ tg              °=⇒=′ − 45
15

151 αα tg  

 4�> 3��� 
���� ����� 
�+.� ��F G����:  

       (IV) ∑ =⇒=⇒=↑+ FDFBFBFDFy 27.145cos57.26cos0    

(V)  ∑
→+

=⇒=+⇒= EFEDEFFBFDFX 4.145sin57.26sin0         

   (VI)       FDEDEDFDIVV 89.174.04.1)(),( =⇒=⇒   5�  

)3(      4�>D  

°=′′ 57.26β              °=′′ 14α      °=−= 57.2643.6390γ  

 4�> 3��� 
���� ����� 
�+.� ��D G����:  

(VII) ∑
→+

+−=⇒= 57.26sin57.26sin14cos0 FDEDADFX
  

)a,�           (14cos4.0)(),( DAFDVIVII =⇒     5�  
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       (VII) ∑ +=+⇒=↑+ 14sin1056.26cos56.26cos0 DAEDDEFy  )                             =

14sin1059.2)(),(),( DAFDVIIIVIVII +=⇒  5� 

 !,���� �� %,���� �� 4�\#�� 8? 5�)1 ( �)29 G����:                                      

3��	
    53.153.1 =⇒−= DADA  

 %H���)3 (7)(),( =⇒ EDVIIIVII  5�⇒                                                                                                            

                                                                              !		C  72.372.3 =⇒= FDFD  

  

  

    !		C           %H���)3 (===⇒ 772.3*89.1EDVI 

             3��	
2.572.3*4.14.1 ===⇒ EDEFV 

            3��	
72.472.3*27.127.1 ===⇒ FDFBIV 

OK=cont.      !		C %H���)3( ====⇒ 7
74.0

2.5

74.0

EF
EDIII 

                !		C58.67*94.094.0 ===⇒ EDECII 

G���� �/���  ��� 7���E 1��� 5� B�:  

                          

G�(C 8? 4�> O�� 5� 4��@#�� �� �� ���; ��� G� ��� !�.5� 1$���X. 0�,� � F����:  

)1    ( 4�>B 

∑ =⇒= ����BAFyم 0   �∑ =⇒= ����BCFXم 0  
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)2    ( 4�>A   

∑ =⇒= ����ACFXم ����Rم�  0 =1 ����ABم =  

)3    ( 4�>C                                                                                                          

����ACم                                                                          =  

 %*�� �� ��� CN ��� !� Y�*�� .⇒                                                               

����BCم                                                                    =                                                               

                                                       ∑ = 0yF       ∑ = 0XF  

  

  

48  

  

G���� �/ 4�> 3��� 
���� ����� 
�+.� �� � ��*+�,� B-. 7���E 1��� 5� B�: 

          !		C       ∑ =⇒= 400 BIFy
     →                           4�>B      (1)  

    !		C        ∑ =⇒= 300 HIFy
     →                          4�>C      (2)  

  !		C           ∑ =⇒= 200 CDFy
       →                          4�>D      (3)                                                   

                                       ∑ =⇒= 00 MIFX
      →                          4�>M      (4)                                                   

                                                    ∑ =⇒= 00 AMFy
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                              ∑ =⇒= 00 GFFX
       →                            4�>F      (5)                                  

∑ =⇒= 00 FEFy
                                                               

 3��	
     ∑ =⇒= 57.560 AIFy
      →                            4�>N      (6)  

                             3��	
       ∑ =⇒= 400 IHFx
  

 3��	
     ∑ =⇒= 28.280 GEFy
       →                          4�>G      (7)  

                            3��	
      ∑ =⇒= 200 HGFx
  

)8 ( O��1�1  %H)  
�? � G� 5 !� ���; �� ��H  G���\�� 7�+�VG����:  

  

  

 3��� BC  3���  7E 
�X � %� � ���> !� Y�*��AH  O�� d��S 5� ���; � ���> !� Y�*��

���> !� 0�,� E !#?�� %� ��5 F���� %� 4�>         :                                    

∑ =⇒= ����ABFXم 0       →                                    4�>B       (8)                                        

∑ =⇒= ����DCFXم 0       →                                   4�>C       (9)                                           

∑ =⇒= ����DEFXم 0       →                                   4�>D      (10)    

 O��2�2  3�/���  � 4�5 ���; �� ��GH  �HE G�(C !� ���� ��:                                            

                             ∑ =⇒= ����EGFXم 0       →                                   4�>E      (11) 
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49  

  

 O�� ��*+�,� B-. 7��C ���� 5� B�1�1  �� 4���; O�� 3�/���  � G� 5 !� ���; �� ��

� %X��Q� �� ���; 3�/���  !(�� G�(C !be  �mD  �CD  5� 4��@#�� �� B`� � �� !� ����

���> !� 0�,� E !#?�� %� ���; 4�> O��.  

             ∑ =⇒= ����beFXم 0       →                  4�>b         (1)                                  

             ∑ =⇒= ����bmFyم 0 

                        ∑ =⇒= 200 mCFY
      →                    4�>C        (2)                             

                                                                                 ∑ =⇒= ����BCFXم 0           

         ∑ =⇒= ����amFXم 0       →                    4�>m        (3)     

    ∑ =⇒= ����AmFyم 0  

    ∑ =⇒= ����AeFXم 0       →                     4�>e         (4)     

  !		C  ∑ =⇒= 100 eaFy
 

   ∑ =⇒= ����AaFyم 0       →                        4�>a         (5)     

   ∑ =⇒= ����amFم x 0 
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             ∑ = 0XF       →                         4�>A         (6)     

  .cont⇒     ∑ = 0yF  

                                      

 O�� 
�+.� �� 1��� 1+� %�H2 3��� F���� ��+/ %�2 �2  
�+.� 3��� ��5 F���� �

 �/ 4�> 3��� 
���� ������V ���> !� 0�,� E ���;:  

                                                                          4�>f             (7)     

  4�>E             (8)     

  4�>N             (9)     

  4�>F             (10)     

  4�>g             (11)     

  4�>G             (12)     

  

50  

  

���> !� 0�,� E 4�> O�� 5� !#?�� %� ���; ��*+�,� B-. 7���� 1��� 5� B�.��� 0�,� � F�

1�� ��5 ���< %�:  

     ∑ =⇒= ����abFXم 0       →                       4�>a        (1)     
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     ∑ =⇒= ����adFyم 0  

    ∑ =⇒= ����dcFXم 0       →                          4�>c        (2)     

     ∑ =⇒= ����bcFyم 0 

   ∑ =⇒= ����bdFyم 0       →                       4�>d          (3)     

        ∑ ⇒= .0 contFx
  

 

  

 

51  

  

���> !� 0�,� E 5� !#?�� %� ���; ��*+�,� B-. 7���� 1��� 5� B�. ���< %� 0�,� � F����

1�� ��5:  

                       ∑ =⇒= ����abFXم 0    →                    4�>a         (1)     

 !		C∑ ==⇒= ����afFyم 400  

       ∑ =⇒= ����bcFXم 0       →                    4�>b         (2)     

       ∑ =⇒= ����bfFyم 0  



     taXk shghvd                                                        62صفحه                                                         

Copyright by : www.afshinsalari.com  
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                                        ∑ =⇒= 00 efFX
      →                     4�>e        (3)                

                     ∑ =⇒= ����edFyم 0 

  4�>f      (4)     

                    4�>d     (5)     

= cont.            4�>c      (6)     

 

 

   51  

  

          3��	
∑
←+

=⇒=−⇒= 5.22030*3040*0 yya eeM 

                      !		C∑ =⇒=↑+ 5.220 yy aF 

       o.k ∑ =−⇒= 030*3040*5.220eM      Cont:  

 !*;�� 3���  !)
� %@,�� G�(C !� J�
 �/ W(C�� %X��Q� 5� B� ���; ��� 8? 3���

f.�fe  �����H  ���� !		C � .       
���� 5� ���[(�� ��f  !)
� %@,�� %C ��� !� %��# 

af  ����� 0� H  �f. !*;�� 3���  0�  �fc ���� !� �����.  

 
�[�� ��5� G$& ����+  !���� 5�c  3�/���  G"�2 � !)
� 3�/ %@,�� %C G���> !� %��# 

 %*�� �� �/ !*;��bc  �cd ����� F���� %� �(��� !�             ��. �� �/���  %C 7�(C�5  �� %*��



     taXk shghvd                                                        63صفحه                                                         

Copyright by : www.afshinsalari.com  

����� ��	
�  

 F$?H  LH)� %*���� �� ���; � � 4�� �����1�1  �� ���; 1��� 1+$2 � G� 5 !� O��

G�(C !� ��& . %H)  
�? �� �/���  3�\(, 
���� �>� 
�?O  �)
 8<�? %,���� �� G�$��(�

 
���� '�H G���� �Z, 1��� �/��; ��&�:  

∑
←+

=⇒=−++−⇒= 100*305.22*40010*3040*5.2220*20*0 HHM O  

1�� �������  ���; �Z, G��� !� g2�(� %� 7�A.  

  

  

  

  

52  

  

3.13
90

40

30
=⇒= bc

bc
 

35.33
2

3.13
40 =−=fN 

°=⇒= − 93.60
35.33

601 αα tg 

G�(C !� %X��Q� �� ���; 3��*+�,� B-. ��#��:  
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3��	
∑
←+

=⇒=−−+++⇒= 10020*2060*590*1060*1520*1540*0 yyg iim  

                 3��	
∑ =⇒=+−⇒=↑+ 40050100 yyy ggF 

           !		C505100 =⇒=++⇒=→ ∑+
xxX ggF 

ok    ∑
←+

=+−++−−⇒= 020*2060*590*1020*1520*1540*400im cont:    

G�(C !� 0�,� � LH)� � 4�> O�� 5� �� ���; 
�?:  

                                                                             °= 93.60α      4�>f    (1)      

                                        

3��	
          34.893.60cos0 =⇒=⇒=→ ∑+
fgfgfbFx

  

                        

 

     !		C∑ =⇒=⇒=↑+ 16.171593.60sin0 fbfbFy                                                             

°= 47.77α      4�>g   (2)    

  

      !		C45.4535.8cos0 =⇒+=+⇒=→ ∑+
ghgdghFx α 

         3��	
 ∑ =⇒=⇒=↑+ 414047.77sin0 gdgdFy 

                            °= 93.60α      4�>j   (3)     
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 4�> �� %��	� 8�,� %�f G����:  

    3��	
              34.8=ji                               		C     !16.17=jc                                                               

°= 97.77α      4�>i   (4)    

  

    12.6034.847.77cos0 =⇒=+−⇒=→ ∑+
hihiieFx 

     3��	
       ∑ =⇒=⇒=↑+ 24.101047.77sin0 ieieFy 

 4�>b  LH)� ��1�1:  

                                 

°==′= − 1.66
3.13

301tgββ  

∑
←+

=−−−⇒= 03.13*2030*45.430*12.66.26*1.66sin0 heM d
 

   3��	
              1.2=hd                   !		C24=he 
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•  4�> 
���� 5� �+�)#$� � G�(-  4��@#�� LH)� 5� ��(�� �� G� ��� !�h  8? �

 4��E 1��� !,���� �� � %,���� �� 4�\#��hd  �he G�(C ���� ��.  

                °= 96.77β             4�>a     

             

∑ =⇒=↑+ acabFy 0  

      3��	
 2346.7cos2100 =⇒=⇒=→ ∑+
ababFx  

                   !		C23=ac                

%&�� : LH)� 5� G�#$ ��� !� ��(�� ��3 �3 �� 0�  � G�(C 4��@#ab  �ac G���E 1��� ��:  

°= 47.77α             4�>b                  

                                       °=′ 47.77α 

°= 93.60β 

°= 47.77γ  

047.77cos547.77cos2393.60cos16.1747.77cos0 =++−−−⇒=∑ bebdFx 

  (I)          33.847.77cos47.77cos =+−⇒ bebd 

∑ =−−−−⇒= 093.60sin16.1747.77sin47.77sin47.77sin230 bdbeFy 

  (II)         45.3747.77sin47.77sin =−−⇒ bdbe 

 %,���� �� 7��0+/ 8? 5�I  �II G����:  

                 

      

    3��	
   4.38=bd            !		C016.0, =⇒ beIII  
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 LH)� 5� ���; ��� 8? 3��� G� ��� !�2 �2 �@#�� 0�  3��� F���� ��+/ %� � G�(C 4�

G�(C !� 8+. ���; 1��� 1+� %�H2.  

  

53  

  

G�(C !� 0�,� � ��5 F���� %� �� ���; ��*+�,� B-. 7��C ���� 5� B�:  

∑ =⇒= ����BdFXم 0    →                                      4�>a     (1)  

∑ =⇒= ����aBFyم 0  

∑ =⇒= 00 BdFX
   →                                    4�>b     (2)   

                ∑ ==⇒= ����abbcFyم 0   

∑ =⇒= ����BCFXم 0    →                                   4�>B     (3)   

                   ∑ =⇒= ����BcFyم 0  

∑ =⇒= 00 ihFX
   →                                      4�>i    (4)                                                     

   ∑ =⇒= ����iHFyم 0 

∑ =⇒= 00 ghFX
   →                                                 4�>h   (5)  

   !		C  ∑ =⇒= 50 hHFy
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∑ =⇒= ����HGFXم 0    →                                           4�>H     (6)  

∑ =⇒= ����HgFyم 0 

 4�> %-(�� 5� B�6  3��� �� 
���� ������ O�� G�#��  7E1 �1  �+� 5 !� ���; �� ��

 %H)  %� 1X$ E  %#
�> 7�+�fe  7�� ���� �� � ��� !� hD	�fe  
�? �#
�> 7�+� �

 %H) F  3��� Me  3���  7E 
�X � %� �FE  ����  %� ��� 7�� ���� 5� B� � ��� !� ����

 %C 1��� %&�� ���� ���> !� 0�,� E !#?��� ���;Fdc=Fde=Fef=Ffg . %� 7�� ���� 5� B�

 3��� FFb  �FFI   �FMe ���� !� ��5 ���[� ���; 0�,� E F����. %� 0�  iA 1+� %+�  ��

 O�� F���� ��+/2 �2  3��Q� 3���  %� � 4�5 ���; �� ��de  ,  EN   ,  ED    !� hD	� ��

G�(C.  

              ∑ =⇒= ����dcFXم 0    →                                              4�>d     (7)   

 !		C    ∑ =⇒= 100 dNFy
                                                                                   

∑ =⇒= ����FmFXم 0    →                                            4�>F     (8)   

     ∑ =⇒= ����FGFyم 0  

∑ =⇒= ����CDFXم 0    →                                            4�>D     (9)   

     ∑ =⇒= ����DNFyم 0  

∑ =⇒= ����mGFXم 0    →                                     4�>m     (10)  

∑ =⇒= ����mjFyم 0 
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∑ =⇒= ����NCFXم 0    →                                     4�>N     (11)  

∑ =⇒= ����NCFyم 0 

∑ =⇒= ����GHFXم 0    →                                  �>  4G     (12)  

∑ =⇒= ����GgFyم 0 

.0 contم����ghFX∑ =⇒=    →                                    4�>g     (13)  

����contgmFyم      =⇒=∑ 0  

       ∑ =⇒= ����CcFXم 0    →                                  �>  4C     (14)   

        ∑ =⇒= ����BcFyم 0  

  

54  

  

 !� 0�,� E �� ���; 4�> O�� 5� 4��@#�� �� B`� � G���E !� 1��� �� ��*+�,� B-. ��#��

G���� � G�(C:  

        3��	
↑= 23yf                   3��	
↑= 47ya           

                                                                           4�>f     (1)   
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∑ =⇒= 230 fFFy
        ∑ =⇒=→+ 00 FEFX

        

                                                                        4�>F     (2)   

                  

                !		C                    ∑ =⇒= 5.250 FeFX
   

3��	
               ∑ =⇒= 180 FEFy
  

                                   4�>e     (3)   

    

              !		C         ∑ =⇒= 5.250 eDFX
                                                 

                                      3��	
          ∑ =⇒= 360 eEFy
  

      ��� !� 
�+.� ��5 3�/ 4�> 3��� 
���� ������ F���� %� �:  

����EdEDم                                                         =,    →                                  4�>

E     (4)   

����dcEdم =,    →                                  4�>d     (5)  
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����DcCDم =,    →                                 4�>D     (6)  

     4�>B     (10)         4�>b     (9)      

     4�>C                            (8)  4�>c      (7)  

     4�>A     (12)        4�>a      (11)  

 

55  

  

5� 1$���X. ���; 0�,� E F���� ��*+�,� B-. 7���� 1��� 5� B�:  

                                                        0, =GFGg    →                                4�>G     (1)   

0, =FfEF    →                                  4�>F     (2)  

����gFgEم =,    →                                  4�>g     (3)  

����EeEDم =,    →                                  4�>E     (4)  

����gffefDم == ,,0    →                                   4�>f     (5)  

����ecedم =,    →                                  4�>e     (6)  

����CDDdم == ,0    →                                4�>D     (7)  

����dcdBم == ,0    →                                  4�>d    (8)  

>  4�C     (9)  

  4�>c     (10)  

  4�>B     (11)  
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  4�>b    (12)  

  4�>A     (13)  

 

 

 

56  

                      

                                     4�>a      (1) 

 

   !		C     ∑ ==⇒= 28.28
45cos

20
0 aBFy    

       4�>b      (2)        

  

                                                            4�>B      (3)  
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45=α 

∑ −=+⇒=↑+ 45sin45sin45sin28.28200 BcBCFy 

)I              (4545sin45sin =− BcBC 

∑ =+⇒= 45cos28.2845cos45cos0 BcBCFX 

)II              (2045cos45cos =− BcBC 

 %,���� �� 7��0+/ 8? 5�I  �II  G���> !� %��# :  

             

     3��	
14.14=Bc                 !		C43.42=BC  

 4�>C     (3) 

                                °= 45β                °= 93.14α 

    !		C  ∑ =⇒=+−⇒=→+ 31093.14cos45cos42.420 CDCDFX 

   3��	
  ∑ =⇒=+−−⇒=↑+ 98.37093.14sin3145cos42.420 CcCcFy  

 4�>c     (4) 

                                °= 45β                °= 45α 
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3��	
 

∑ =⇒−=⇒=+⇒=→+ 76.2276.22045cos14.1443.63cos0 cDcDcDFX 

   3��	


∑ =⇒=++−−⇒=↑+ 33.68098.3745sin14.1443.63sin76.220 cycyFy  

           3��	
67.11=iy  

 4�> 3��� �� ���*+. F���� ��+/ %� � 3�/D  �d  �E � e  �F  �f  3��� �� ��+/ %��	� �

���> !� 0�,� E ���; F���� ���� � G�(C !� ���-� ���; 1��� 1+� %�H2.  

  

 

57  

  

G�(C !� =�$? �� ���; 3��*+�,� B-. ��#��:  

∑
←+

=−−−−−⇒= 020*2525*2*2025*4*1025*5*525*6*1025*8*0 ya iM  

                             3��	
 25.23=⇒ yi  

 3��	
∑ =⇒=−−−−−−⇒=↑+ 875.410105102020125.230 yyy aaF  

cont:                                                                                     

∑
←+

=+++++−⇒= 025*2*1025*3*525*4*1025*6*2025*7*2025*8*875.410im

 ok 
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 4�> O�� 5� 4��@#�� �� � ��C 0�,� E �� j�
 3���; 7��� !� !"��(� %� 4�> O�� 5� 4��@#�� ��

� 0�  ����� LH)� O�� �G���� � 4��C 0�,� E �� ���; G� ��� !:  

          4�>a      (1)  

  

 4�>b      (2)  

 

             4�>A     (3) 

       °= 66.38α 

    3��	
  ∑ =⇒=−⇒=→+ 32.52066.38cos0 ACACABFX 

    !		C ∑ =⇒=−⇒=↑+ 67066.38sin85.410 ABABFy 

 LH)� 5� 4��@#�� ��1 �1               4�>B     (4)  
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°= 66.38β  

∑
←+

=⇒=+−⇒= 16025*2040*66.38cos0 BcBcM C
  

 4�> �� G�#$ ��� !�B  3�#��� �� �� 
���� ������x  �y  4�\#�� '� 8�-	� �� � %#�� 

 
���� 3�/���  !,���� �� %,���� ��BC  �Bc G�(C Y�*�� ��.  

 4�>B     (5)  

  

!		C ∑ =⇒=+−⇒=→+
BcBcFX 066.38cos66.38cos6766.38cos160 

 4�>c     (6)  

  

  

  

��	
   3∑ =⇒=−−⇒=↑+ 88.1102066.38cos510 cCcCFy  

!		C ∑ =⇒=+−⇒=→+ 82.39066.38sin510 cdcdFX 

 4�>C     (7)  
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°= 66.38β  

   ∑ =⇒=+−−⇒=↑+ 99.2086.1166.38sin1666.38sin0 CdCDFy  

∑ =⇒=+−−⇒=→+
16.42032.5266.38cos1666.38cos0 CECECDFX

 

3��	
 

)8(  !� 0�,� E !"��(� %� ���; 4�> �� � LH)� � 4�> O�� 5� 4��@#�� �� F���� ��+/ %� �

� 0�,� E F���� ���>���� !� ��5 F���� %� ����� LH)� � 4�> O�� 5� 4��@#�� �: 

                                                                                              0=⇒ DE               

 LH)�2 �2     (9)  

    !		C82.39=de   �0=⇒ Dd          4�>d     (10)  

     !		C99.2=⇒ De                  4�>D     (11)  

  3��	
  125.23=iI   �0=⇒ ih          4�>i     (12)  

   !		C     م����IGIH ==⇒          4�>I     (13)  

����hgHhم           ==⇒ ,0          4�>h     (14) 

����HGم      =⇒               LH)�4�4      (15) 

����Hgم     =⇒                   4�>H    (16) 

����gFGgم   ==⇒                    4�>g    (17)  

 4�>G   (18) 
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� 7��)� 3���� ���;G���� � ���> !� 0�,� E !#?��� 4�> O�� 5� ���; 7��)� 8�,�� B� ���� !:  

50== yy ga 

             4�>a     (1)  

                   

                °= 58α 

    !		C  ∑ =⇒=+−⇒=→+ 29.31058cos0 aBaBaBFX 

    3��	
 ∑ =⇒=⇒=↑+ 96.585058sin0 aBaBFy  

               4�>B     (2)  

 

                °= 32α 

    3��	
  ∑ =⇒−⇒=→+
24.3132sin96.580 BDBDFX 
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    !		C ∑ =⇒=−⇒=↑+ 50032cos96.580 BABAFy 

             4�>c     (3)    

  

  

    

 

      ∑ =⇒=→+
cdcbFX 0 

  !		C ∑ =⇒=↑+ 200 CcFy 

             4�>C     (4)  

 

                °=−= 87.3656.25*290γ  

°=−+=′ 56.2690)43.6313.53(γ 

 3��	
 ∑ =⇒−=⇒=′−−⇒=′↑+ 36.2236.220cos20cos0 cbcbcbFy γγ 

             4�>b    (5)  
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                °= 57.26α 

   !		C  ∑ =⇒=+−−⇒=→+
24.51024.3157.26cos36.220 bcbcFX

  

    !		C ∑ =⇒=−+−⇒=↑+ 3002057.26sin36.220 bAbAFy 

             4�>A     (6)  

  

                °=′ 57.26β  °=′ 7.16α  

  

    (I) ∑ =⇒′=′⇒=→+
ADcAAcADFX 07.1coscos0 βα  

(II) ∑ =+−−⇒=′↑+ 02057.26sin7.16sin0 cAADFy 

        !		C94.27=cA         3��	
11.26, =⇒ ADIII 

             4�>C     (7)  

 

!		C

∑ =⇒=++−⇒= 58.5057.26cos36.2257.26cos57.26cos94.270 cdcdFX  

              4�>c     (8)  
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                       !		C           ∑ =⇒= 24.510 cdFX 

G���> !� %��#  ���; 7��)� 8�,� %�:  

!		C   50=FG   ,  !		C   30=fG ,  !		C  29.31=gF  3��	
� 96.58=gf  

3��	
 20=eE   , !		C  58.5=EF , !		C 94.27=GE  3��	
� 11.26=GD 

!		C   24.51=ef ,  !		C    24.51=ed  3��	
� 24.31=DF 

 

59  

  

 ���; ��� 8? �� !*<� %*k$� B-. 7���� 1��� �� ���� !� ��*+�,� B-. 7���E 1���

���> !� 0�,� � !#?�� %� ���; ��*+�,�.  

G���� ��*+�,� B-. 7���E 1��� 3���:  

                                                                                                 4�>          (1)         J    
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°= 2.50α  

!		C ∑ =⇒=⇒=↑+ 65502.50sin0 JIJIFy 

3��	
 ∑ =⇒=⇒=→+
6.412.50cos0 JHJHJIFX  

 (1)        LH)�1 �1 G� 5 !� ���; �� ��:        

 

!		C ∑
←+

=⇒=−⇒= 3.83050*5030*0 EIEIM H
 

3��	
 ∑
←+

=⇒−=⇒=−−⇒= 7.417.41030*25*500 JHJHJHM I
 

��	
∑
←+

=⇒−=⇒=+−−⇒= 6565030*7.4175*5050*2.50sin0 IHIHIHM E
 

)3(  LH)� Y�� %*?�� ��3�3 G� 5 !� ��:  

  

!		C ∑
←+

=⇒=−+⇒= 65050*5025*2.50sin30*2.50cos0 EDEDEDM H
 

3��	
 ∑
←+

=⇒=+−−⇒= 14.50060*2.50cos6575*5025*0 HGHGM F
 

∑
←+

=⇒−=⇒=++−⇒= 8.648.64030*2.50cos75*14.50125*500 HFHFHFM D
 

∑
←+

=+−+−−⇒= 030*2.50cos6575*2050sin6550*2.50sin8.6450*14.500jM C

ont:    O.K 
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                                                                                                 4�>          (4)               F    

       

          ∑ =−−⇒= 02.50cos8.642.50sin2.50cos0 FgeFFX  

                   (I)           8.64=+⇒ FgeF 

         ∑ =−−⇒= 202.50sin8.642.50sin2.50sin0 FgeFFy 

            (II)         78.692.50sin2.50sin =− FgeF 

 4�\#�� �� 7��0+/ 8? 5�(I) ,(II)  G����:  

3��	
 8.77=eF           3��	
 1313 =⇒−= FgFg 

4�>          (5)                g   

  

  

°= 8.39β  

∑ =⇒=−−⇒= 13.6008.39cos1314.500 gygyFy 

 7��E 1��� ��gy ��� !� 0�,� E !#?��� ���; � 4��E 1��� 0�  ��*+�,� B-. ����:  

3��	
 

∑
←+

=⇒=+++−−+⇒= 8.640)125755025(20200*50150*13.60100*0 yya FFM 

3��	
 ∑ ↑=⇒=↑+ 07.50 yy aF 

°= 2.50α
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0150*07.5)12510045(*2050*5050*8.6425*20: =−+++−−⇒∑
←+

g

MCont

O.K 

1�� ��5 ���[� 0�,� E F���� ��*+�,� B-. 7��C ���� 5� B�:  

����aBم����abم == ,    →                     4�>a    (1)  

����bcbBم == ,20    →                    4�>b     (2)  

����BcCcم == ,0    →                   4�>C     (3)  

����Dcم����dcم == ,    →                   4�>c     (4)  

20=dD    →                   4�>d     (5)  

  4�>e     (7)    4�>D     (6)  

 

60  

  

 3�#��� �� 
���� %,���� ��#��x G�$��  !� ���; 8C 3���.G����:  

3��	
         ∑ =⇒= 300 exFX  

)1(  3���; 
�?bfed G�(C !� ��& ���; 8C 5� ��:  

  

°= 31.56α  
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(I)     ∑ =+⇒=−−+⇒= 302.1010*3020*3060*31.56cos300 bceybceyM a
 

)2 (  3�#��� �� 
���� %,���� Y�� %*?�� ��y  4�> 3���c G�(-�� 
�+.�.  

°= 31.56α  

(II)         ∑ =⇒==⇒=↑+ bccybcbccyFy 6.06.031.56cos0 

)2 ( %H)  %� 1X$  �+���> !� �T  �� �� ���; 8C Y�� %*?�� ��a  � G���> !� ���#	>

G����:  

    (III)   ∑ =+−⇒=−−+−⇒= 302010*3020*303060*0 eycyeycyM a
  

          (IV)          302.1 =+−⇒ eybc   5�II  �III   

                                  00 =⇒= cybc           ↑=⇒ 
��ريey 30    5�I  �IV  

 

 3�#��� �� � ���; 8C 3��� �� 
���� %H��� 
�?y G���� � G�$��  !�:  

          !		C↓= 30ay  

O.K  010*3020*3030*3060*30: =−−−⇒∑
←+

c

MCont 

-. 7���E 1��� ��5� 1$���X. 0�,� E F���� ���� !� 4��� ���$� ���; 0�,� E ��*+�,� B:  

)1    ( 4�>c 

   ∑
→+

=⇒= 00 afFX
           !		C∑ =⇒=↑+ 1.540 abFy  

)2    ( 4�>a 
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   ∑
→+

=⇒= 00 afFX
               ∑ =⇒=↑+ 1.540 abFy  

)3    ( 4�>e  

∑
→+

=⇒= ����efFXم 0         ∑ =⇒=↑+ ����edFyم 0  

)4    ( 4�>b 

����abم   == 1.54              ∑
→+

=⇒= ����bfFXم 0 

����bcم    == 0              ∑ =⇒=↑+ ����bdFyم 0  

)5    ( 4�>f              Cont: 

)6    ( 4�>d              Cont: 

  

61  

  

)1(     3�#��� �� ���; 8C 3��� �� 
���� %H��� ��#��x G���� � G�$��  !�:  

               3��	
∑ =⇒= 60 dxFx  

)2  ( O��1 �1 G� 5 !� ���; �� ��:  
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°= 87.36α  

(I)  ∑ =+⇒=−+−⇒= 1506440020*580*87.36cos10*540*0 gFdygFdyM a
 

)3  ( 3�#��� �� �� 
���� %H���y  4�> 3���g �(C !� 
�+.�G:  

  

      (II)      gFgygygF 8.087.36cos =⇒= 

)4 (%*?�� ��  Y���A  %H)  %� 1X$  �+���> !� �T  �� �� ���; 8Ca  � G���> !� ���#	>

G����:  

    (III)   ∑ =−⇒=−−−⇒= 1508040080*10*520*540*0 gydygydyM a
  

          (VI)          156440 =−−⇒ gFdy   5�II  �III   

         

0=gF  3��	
�75.3=⇒ dy %,���� �� 7��0+/ 8? 5�(VI) , (I)  

)5 ( 4�> 3��� 
���� %H��� 
�+.� ��g  G����:  

0,0,0 === gfgygF  

)6 ( 3�#��� �� 
���� %H��� 
�+.� ��y G���� ���; 8C 3���:  

        !		C∑ =⇒= 75.30 ayFy  

O.K  020*510*580*75.340*75.3: =−−+−⇒∑
←+

g

MCont 

 �� ���; 0�,� E F���� ���� !� 1?�� ���$� ���; 0�,� E��*+�,� B-. 7��E 1��� ��

1�� ��5 F���� %� 4�> O�� 5� 4��@#��:  
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    0== fFeF           4�>f             (2)  0== gfgF           4�>g  (1)  

aBabآ��� 7.4,0 ==     4�>a       (4)  0,5 == eF���آDF    4�> F (3)  

 0,7.4 == BDري��
BC      4�>B         (6) 0== bBbc         4�>b  (5)  

 4�>C    )7( 

����eDedم    ==            4�>e      (8)    

  

62  

                  

%C 1�� !"�/��� ���; ��� 8? �� !*<� %*k$�  !"��� %*�� �� 5� %*�� �/ 3�/ % �/� ��� ��

� �� !� ����. G�(C 0�,� E �� ���; B`� � G��X� ��� 5� �� �/���  ��� ���� 3��C�/ 5� 8X2

G����:  

 8-� d��H� %*�� '� ��1  8-� 35�� %,���� G� ��� !�2 G�/� Y�� � 7E 3���:  

                

  

�� �� G� ��� !� �� ��� 3���; B�G���� G�(C 35�� 
���� ��5 3���; !(�� 7E 
��:  

  

����CdCDم ==
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°= 13.53α  

  

���> !� 0�,� E !#?��� ���; 8+. ��� Y�� � 5� B�. 

  

63  

  

  

 '��0  ��*+�,� B-. %� �� G�(C !� 8? 4�> O�� 5� ���� 7�-�� %C !"�� E �� �� ���; ��#��

G���:  

                                                                                                 4�>          (1)            A   

  

°== − 69.33)
30

20
(1

tgα  
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∑ =⇒=⇒= 28.18010069.33sin0 AmAmFy 

3��	
 ∑ =⇒=⇒= 150069.33cos0 aAaAFX  

4�>          (2)                             a    

  

∑ =⇒= 00 amFy 

3��	
     ∑ =⇒= 1500 aBFX 

4�>          (3)                            m    

  

62.2238.6790 =−=γ 

∑ =⇒=′ 00 mBFy 

  ∑ ==⇒=′ 28.1800 AmmNFy  

                                                                                                 4�>          (4)                  N   

  

°= 69.33α  

∑ =⇒=⇒= 10069.33sin28.1800 BNBNFy 

!		C ∑ =⇒=⇒=⇒= 15069.33cos180cos0 NPNPNPmNFX α  

4�>          (5)                             P    
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∑ =⇒= 00 PcFy 

!		C    ∑ ==⇒= 1500 PDPNFX
 

 O�� %*?�� ��� ��1�1 � G� 5 !� ���; �� �� G����:  

  

°== − 13.53)
15

20
(1

tgβ 

3��	


∑
←+

=⇒=+++⇒= 5.12060*15040*15030*sin40*cos0 DCDCDCM E ββ 

  

3��	
 ∑ =⇒=+−−⇒= 5.1120150cos0 ExExPDDCFX β  

!		C ∑ =⇒−=⇒=+⇒= 2502500sin0 EyEyEyDCFy β 

 �#��� �� �+�)#$� �� G� ��� !� 
�?Ex  �Ey  %H)  
�? 3��> 7�+� �Cy  � G�(C ���� ��

 B`�By  �Cx  7�� ���� �� �� �DC 3��� %*?�� %� 4�����  4�> 0�,� E %CP   � %#	>�� ���

G�(C 0�,� E ��5 ���[� �� %����:  

4�>          (6)                             C    
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3��	
   ∑ =⇒=⇒= 5.18713.53cos5.3120 BCBCFX 

∑ =⇒= 00 CyFy  

4�>          (7)                             B    

  

!		C ∑ =⇒= 1500 ByFX 

3��	
 ∑ =⇒= 5.3370 BxFX 

 3�#��� �� 
��� %H��� 
�+.� ��y ��� !� %��#  ���; 8C 3���:  

∑ =⇒= 4000 CyFy  

%&��: O�� 5� ���*+. l��� 7�+/ 7E � G�(C =�D# � 3�\�� O�� G� ��� !�1 �1  !�

����.  

64  

  

 O��1�1 G���� � G� 5 !� ���; �� ��:  
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   ∑
←+

=−+−⇒= 040*10060*120*2*30*2000 FyAGM E
 )1( 

(I)                                       800060120 −=+−⇒ FyAG  

)2( 3�#��� �� �� 
��� %H��� 
�?y  4�> 3���G G�$��  !�                 :  

 

      (II) ∑ =⇒= GyAGFy 0 

)3( %H)  %� 1X$  � G���> !� �T  �� �� ���; 8C Y�� %*?�� ��E G���\�� 7�+�       . 

   ∑
←+

=+−+⇒= 060*40*10030*200*2120*0 FyGyM E
 )1( 

       (IV)                      800060120 −=+⇒ FyAG 

 !,���� �� %,���� �� 4�\#�� 7��0+/ 8? 5�I  �IV G����:  

   0=AG                     3��	
3.133=Fy  

 3�#��� �� 
���� %,���� �>�y G���� G���\� �T  �� ���; 8C 3��� ��:  

    !		C∑ =⇒=↑+ 3.330 EyFy  

O.K  030*200*280*10060*3.133120*3.33: =+−−⇒∑
←+

GMCont 
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65  

  

      3��	
∑
←+

↑=⇒=+−−⇒= 70040*30*8020*200 dydya RRM 

         !		C∑
←+

↓=⇒=−+⇒= 50030*8020*2040*0 ayayd RRM 

        O.K   0205070: =−−Cont 

                                                                                                 4�>          (1)                 a   

  

°= 87.36α  

!		C     ∑ =⇒=⇒= 3.835087.36sin0 ababFy 

!		C ∑ =⇒=+−⇒= 4.1308087.36cos3.830 aeaeFX  

                                                                                                 4�>          (2)                e   
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                                                                                                 4�>          (3)          C   

  

°= 13.53α  

  3��	
  ∑ =⇒=⇒= 60cos0 CdCbCdFy α 

!		C ∑ =⇒=⇒= 10080sin0 CbCbFX α  

                                                                                                 4�>          (4)               d   

  

°= 87.36α  

3��	
     ∑ =⇒=⇒= 7.164.13cos0 bdbdFx α  

                    Cont=O.K.  ∑ =+⇒= 7060100yF  

 

 

 

4-1  

 

+ � ∑MA=0 � -10×160+5×60+RB×40=0 �RB=17.5 ↑ 

+�∑FY=0 � -15+17.5+RA=0 �RA=2.5 T �  
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Control : � ∑MB=0� 2.5 ×40-10×60+5×100=0 OK √ 

 4�> ��#��A G�(m�� 0�,� E �� E � 4��	n 7���� ��:  

1) 

 

)=45
60

60 α=Tg-1(  

+�∑FX=0 � AC=AD  

                                                 ∑ =⇒= 00 ECf y             ���E )2  

+�∑FY=0 � 2AC Sin45=2.5 � AC=AD=1.77            

3( O�� B`�1 �1  ����  � G� 0o� ���; �� ��GD G���p�� 1�� %� ��:  

+�∑Mf=0 � GD Cos45×20+GD Sin45×20+5×40=0 

� GD=-7.07 T 

GD=7.07T���	
  

4 ( 4�>D :  

                                            +�∑FX'=0 � DfCos45=7.07+1.77 

Df=12.5 q		n  

+�∑FY'=0 � 12.5Cos45+mD=0  
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mD=8.83 ���	
  

5(  4�>m             :  

     ∑FY'=0 � mn=mD=8.82���	
  

  

 

 

2-4  

 

8+�,� Bm. ��#�� را �ي ����هG���p�� 1�� %�:  

5.520150*20120*4090*4060*20240*0 =⇒=−−−−⇒=∑
←+

AAB RRM 

∑ =⇒=−−−−+⇒=↑+ 5.670204040205.520 BBy RRf 

CONTROL: 

OK.      ∑ =++++−⇒= 018*20150*40120*4090*20240*5.670AM 

��ا ��� )1�  :را ���ون �� آ��� Aا
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∑ =⇒=↑+ 
��ريABf y ∑و5.520
→+

=⇒= 00 Amfx  

2( ���B:  

  

3.56)
40

60
(1 == −

tgα  

∑ =⇒=⇒=↑+ BnBnfآ��� y 62.945.523.56cos0  

∑
→+

=⇒=⇒= 
��ريBCBCf x 72.783.56sin62.940  

3( ���C:  

  

0=Cnريو��
BCCD 72.78==  

4( ���D:  

  

0=Dfريو��
DE 72.78=  

5( ���C:  

  

0=EGريو��
EDEL   R=72.78و==72.78
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3-4 

 

  

G���p�� 1�� %� �� ��/�> %�m� 8+�,� Bm. ��#��:  

+�∑MA=0 � RB×20-30×60+10×40=0 

RB=70↑  ����	
  

+�∑FY=0 �70+RA10-30=0  

q		n�RA=30↓  

Control: +�∑MB=0 � 30×20-30×40+10×60=0   O.K 

1 ( O��1�1  G���� G� 0�� ���; �� ��:  

 +�∑MB=0 � -30×40+GD×15=0  

 q		n� GD=80  

2( O�� ��?2 �2  G���� G� 0�� ���; �� ��:  

 +�∑ME=0 � -30×20+80×15-LB×15=0  

 q		n� LB=40  



     taXk shghvd                                                        100صفحه                                                    

     

Copyright by : www.afshinsalari.com  

����� ��	
�  

3( 4�> ��?B G���� G�	m�� 7���� ��:  

 =36.87 )
20

15
(  α=Tg-1  

+�∑FX=0 � EB COS36.87=40   

 q		n� EB=A=40  

4( 
���� ����  7���E 1�� %� ����B  1+� 1+$2 �� O�� �� F���� �o+/ %� 0� 

 G���� G� 0�� 0�  ���; iA:  

 +�∑MC'=0 � 10×40-G'D'×15=0  

 q		n� G'D'=26.67  

5( O�� B`�4 �4  G���� G� 0�� ���; �� ��:  

  

+�∑MA=0 � -26.67×30-E'C'×15=0 � E'C'=-53.34  

 ���	
�E'C'=54.34  
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4-4:  

  

 G���p�� 1�� %� �� ���; ���/�> %�m� 8+�,� Bm. ��#��:  

 RA=RB=100 ���	
  

 O��1�1  � 4�5 ���; �� �� G�(m�� ��& �� iA 1+� 1+$2:  

α=63.44 

+�∑Mc=0 � -100×30+50×20+DE Sin63.44×15=0  

 q		n� DE=149  

 O�� Y�� %*?�� ��2 �2  G�(m�� ��& �� iA 1+� %m�� 4�5 ��:  
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 =26.56 )
30

15
( =Tg

-1α  

+�∑ME=0 � -mn Cos26.56×10-mn Sin26.56×10+50×20+50×50-100×60=0  

 q		n� mn=186.34  

  

  

 +�∑Mn=0 � -mnCos26.56×10-mECos45×10+50×10+50×40-100×50=0  

 ���	
� me=589.27  

 O�� Y�� %*?�� ��3 �3  G�(m�� ��& �� 1��� %m� � 4�5 ��:  

  

+�∑Mc'=0 � 100×30-50×20-D'E' Sin63.44×15=0  

 q		n� D'E'=149  

G�� %#m : � Y�� 1+$2 �� 7�5 O�� 7��� G� ��#�� �� � G���\� %��#  ���; 7��)� 8�,� %

 %n:  

DE=D'E'=149  

 ���	
C=589.27  
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4-5:  

 

G�"�+  !� %X��Q� �� ���; 3��*+�,� B-. ��#��: 

 +�∑MA=0 � RB×30-20×60+10×30=0   

 ���	
� RB=30 

∑FY=0 � -10-20+30+RA=0 � RA↑+  

  

Control: � �∑MB=0 � 0-20×30+10×60=0 � O.K  

+�∑MC=0 � -20×45-DE×20=0  

 

 ���	
� DE=-45 � DE=45  

=33.69:)
30

20
(  =Tg-1α  

 7���E 1�� %� � %*?�� ��� 5� B�fDE  O��2 �2  G� 0�� ���; �� ��:  
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 =33.69 )
15

10
(  Tg-1=α  

+�∑Mm=0 � -20×15-45×10-nn' Cos33.69×20=0  

 ���	
� nn'=45  

+�∑Mf=0 � -20×30-45×20-nn' Sin33.69×30-mn×15=0  

N= ���	
� mn=150  

  

4-6:  

  

  

 G�(m�� %X��Q� �� ��*+�,� Bm. ��#��:  

+�∑MA=0 � RB×120-40×90-30×60-20×30=0  

 ���	
� RB=50  

∑FY=0 � 50-40-30-20+RA=0 ↑+ 

 ���	
� RA=40   

Control: +�∑MB=0 � -40×120+20×90+30×60+40×30=0 o.k  

*+�,� Bm. 7��n ���� 5� B� O�� ���; ���1 �1  G���� � G� 0�� ���; �� ��:  
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�∑MC=0 � -EF×30+20×30-40×60=0   

 ���	
� EF=60=D  

  

  

  ؟ s3و  s2و  s1مطلوبست خطوط تأثير : مثال

1 ( %H)  �� �?�� ���1 G���� ���� ���2:  

  

 (RA=1,RB=0)                 �                (S1=S2=S3=0)  

2 ( %H)  �� �?�� ���2 G���� ���� ���2:  

 6+S3×9=0×)
6

5
( +�∑M=0 �  

=26.56 )
6

6
(  α1=Tg-1  

=45 )
6

6
(  α1=Tg

-1  

=0 )
6

5
( ∑FY=0 � -S2 Cos45+ S1 Sin26.56-1+ ↑+  
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S1 Sin26.56- S2 Cos45=0.17               (1)  
�∑FX=0 �0.83+ S1 Cos26.56+ S2 Cos45=0  

 (2)          S2 Cos45=-0.832+S1 Cos26.56  

 (1), (2) � S1=-0.3             ,              S2=-0.54  

3 ( %H)  �� �?�� ���4 G���� ���� ���2:  

 ×6+S3×6=0 � S3=0.44 )
6

4
(− +�∑M3=0 �   

=0
6

4
�∑FY=0 � S1 Sin45-S2 Cos45+  

� S1=-0.78 , S2=0.16  
+�∑FX=0 � S1Cos45+ S2 Cos45=-0.44                                       

4 ( %H)  �� �?�� ���5 G���� ���� ���2:  

 +�∑M3=0 � S3=0.33  
+�∑FY=0 � S1=-0.6  
+�∑FX=0 � S2=0.12  

5 ( %H)  �� �?�� ���5 G���� ���� ���2:  

RA=0 , RB=1 

S1=0 , S2=0 , S3=0  

 ��Rs� �;S1  

  

  

 ��Rs� �;S2  
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 ��Rs� �;S3  

  

 Go�2 �f. ��Rs� �; 
�?s G���p�� 1�� %� �� :  

  

1 ( %H)  �� �?�� ���1                 S3=0  

2 ( %H)  �� �?�� ���2   

                        (GA+6/6)=(GA+12/9)                        )
6,4

()
3,2

( 4GGS =
#�$�

#�$�
  

9GA+54=6GA+72            � GA=6  

×6=0 � S=0.4
6

5
+�∑MG=0 � -1×12+S×18+  

3 ( %H)  �� �?�� ���4 ���� ���2  

×6=0 � S=0.77
6

4
+�∑MG=0 � -1×18+S×18+  

4 ( %H)  �� �?�� ���5 � ���2���  

×6=0 � S=-0.17
6

3
+�∑MG=0 � -S×18+  
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5 ( %H)  �� �?�� ���B ���� ���2  

  

  

  

  

  

 ���+�1 :  

  


�� O�� :�?�� ��� O��  

1 ( ��� �?�� ��� ���A�B ���X��:  

12

x +�∑MB=0 � RA×12=12-x � RA=1-  

           � (x=0 � RA=1 � RB=0) 
12

x +�∑FY=0 � RB= 

                                              � (x=12 � RA=0 � RB=1)  
                                              � (x=15 � RA=-0.25 � RB=1.25) 

2 ( ��� �?�� ���A�B  1��2�� %� � ���X��C 1�� 4���� :  
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            0<x<3 )
12

(
x

− VC=1-(x/12)-1=  

00
12

=→=→
−

=
CC

Vx
x

V  

                 �x=3 � VC=-0.25 

3 ( ��� �?�� ���A�F  1��2�� 5� � ���X��C 4�� ��:  

  

                      � x=3 � VC=0.75
12

x  VC=1-  

                                             � x=12 � VC=0 

                                             � x=15 � VC=-0.25 

4 ( 1��2�� %� �?�� ���D  1,�? �( �� 1�� 4���� 2:  

      0<x<12         � x=0 � VD=0
12

x−  VD= 

                                            � x=12 � VD=-1 

5 ( 1��2�� 5� ���D  1,�? �( �� 1�� 4�� ��3:  

0121512
12

1 =→=→<<−=
DD

Vxx
x

V KK  

                                            � x=15 � VD=-0.25  

6 ( 1��2�� %� ���E 1�� 4���� :  
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 +�∑FY=0 � VE=0 , 0<x<12 

7 ( 1��2�� 5� ���E 1�� 4�� ��:  

  

+�∑FY=0 � VE=1 , 12<x<15  

8 ( 1��2�� %� ���F �� 4����  1,�? �( �� 16:  

  

VF=0 , 0<x<13.5 

9 ( 1��2�� 5� ���F  1,�? �( �� 1�� 4�� ��7:  

VF=1 , 13.5<x<15 

10 ( 7��n ���� ����mC  1��2�� %� ��� G�(m�� J�
 
�� 1,�? ��C  �( �� 1�� 4���� 

Y�� 1,�?:  

4

3

4
333)

12
1(3

xx
x

x
xm

C

−
=+−−=×−−−=−  

0030
4

3
=→=→<<= mxx

x
mC KKK  

                                     � x=3 � m=9/4=2.25 

11 ( 1��2�� 5� ���C  1�� 4�� ��mC  1,�? �( �� ��	�� ����3:  

4
303)

12
1(

x
m

x
m

CC
+−=→=×−+  

3<x<15 � x=3 � mC=2.25 

              � x=12 � mC=0 

              � x=15 � mC=-0.75 

12 ( 1��2�� %� ���D 1�� 4���� .  
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0� mD+12-x-12+x� mD=0=)
12

1(
x

− 0<x<12 � mD+12-x-12  

13 ( 1��2�� 5� ���D 1�� 4�� ��.  

  

xm
x

m DD −=→=−− 120)
12

1(12  

12<x<15 � x=12 � mD=0 

                � x=15 � mD=-3 

14 ( 1��2�� %� ���E  1,�? �( �� 1�� 4���� 6 :  

0<x<12 � mE=0 

15 ( 1��2�� 5� ���E ��  1,�? �( �� 4��7:  

  

 

mE=12-x       12<x<15 � x=12 � mE=0 

                                     � x=15 � mE=-3 

16 ( 1��2�� %� ���F 1�� 4���� .  

mf=0 � 0<x<13.5  

17 ( 1��2�� 5� ���F 1�� 4�� ��.  
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mf=-x+13.5         13.5<x<15  
x=13.5 � mf=0 , x=15 � mf=-1.5  

  

  استفاده از روش ترسيمي: دوم روش

  

25.0
4

1
"'

3

"'

'

"'

12

1

12

1
21 ==→==→== FF

FF

BF

FF
TgTg αα 

75.0
93

1
1"' =→=

−
→=+ x

xx
CCCC  

 ��Rs� �; F��BF"  �; F�� 5� ����AD' �(n �����.  

 ��� 7�AAB B� �(m�+  1n�? 7��� 1��R 8�,� %�EE'   �����1 ���X��  

 ��� 7�AAF B� �(m�+  1n�? 7��� 1��R 8�,� %�NF   �����1 ���X��  

1
9

4
1

9

3
1

93
121 =→=

+
→=+→=+

yyyy yθθ  

3"'
3

"'
1 =→= FF

FF�25.2
4

9
9 ==→= yAy
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     taXk shghvd                                                        117صفحه                                                    

     

Copyright by : www.afshinsalari.com  

����� ��	
�  

  

  

  روش نقطه يابي: روش سوم

  

mC=0, VC=0  

1( %H)  �� �?�� ���A ���� ���2:  

  

    %H)  ����A                 mD=0 , mE=0 , mF=0 , RB=0 , VE=0 ,VD=0 , VF=0  

   

2 (���  %H)  �� �?��C ���� ���2:  

  

VC=0.75 , mC=2.25,  VD=0.75 , mD=0 %H)  �� C: mE=0 , VE=0 , mF=0 , VF=0 , VD=0 

3( %H)  �� �?�� ���B ���� ���2:  

  

mE=0 , VE=0 , mF=0 , VF=0 ,RA=0 , mD=0 , VD=0 , RB=1 mC=0 , VC=0   

4 ( %H)  �� ���F ���� ���2:  
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RA=-0.125 , RB=1.125,  mD=-1.5 , mE=-1.5 , VE=1 , MF=0 ,VF=1 , mC=-0.375  VC=-0.125 

  

5 ( %H)  �� �?�� ���F' ���� ���2:  

  

mC=-0.75 , VC=-0.25 , mD=-3 , VD=-0.25, mE=-3 , mF=-1.5 , VE=1  VF=1 

*1�� 4�� G�� 8X2 %Q@< �� �/����+ .  

  

  

  

  

  :2تمرين 

  

  روش بار واحد: روش اول

1( ��� ���A,C G���� ���� ���2:  
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6

x
+�∑MB=0 � RA×6=6-x � RA=1-  

0<x<10.5 � x=0 � RA=1 

                 � x=6 � RA=0 

                 � x=10.5 � RA=-0.75 

6

x
+�∑FY=0 � RB= 

0<x<10.5 � x=0 � RB=0 

                 � x=6 � RB=1 

                 � x=10.5 � RB=1.75 

+�∑FY=0 � VC=0 

 

  :قرار دارد C,Dبار بين ) 2

  

+�∑MC=0 � -1×(4.5-x)+VD×4.5=0  

                  0<x<4.5
5.4

x
 RD=1- 

X=0 � RD=1  

5.4

x
                                     , +�∑FY=0 � VC= 

X=4.5 � RD=0  

  :قرار دارد C,Dرد شده و بين  Cبار از موقعيت ) 3

  

+�∑FY=0 � RD=0          0<x<10.5  

  :قرار دارد C,Dرد شده و بين  Cبار از موقعيت ) 4
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5.4

x
 VC= 

 ��� 3��#�� 5�)10.5<x<15 ( ��� ���# � 5� �� �)0<x<4.5(  

6
05.4

5.4
60

x
R

x
RM AAB

−
=→=×−×−→=∑ +�  

��� 3��#�� 5� x=15  �o x=0 � RA=0��� ���# � 5�  

 ��� 3��#�� 5�x=10.5  �o x=4.5 � RA=-0.75��� ���# � 5�  

                                                                                  � x=0 , RB=0  

6

5.10

5.4
65.10

5.4
0 ×=→×=×→=∑

x
RR

x
M

BBA

+�  

                                                                                  �x=4.5 , RB=1.75  

  

  :عبور نكرده Eبار از موقعيت ) 5

  

03)
2

3( =−+−− x
x

M
E

  

22

x
x

x
M E =+−=  

6
,

2

x
V

x
M

EE
== KK  

0<x<3 � x=0 � ME=0 , VE=0  
            � x=3 � ME=1.5 , VE=0.5  

6 ( 1��2�� 5� �?�� ���E � 4��n ��X.1�:  

  

2
3

x
M E −=  

6
1

x
VE −=  
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3<x<10.5 � x=3 � ME=1.5 , VE=0.5 

                 � x=6 � ME=0 , VE=0 

                 � x=10.5 � ME=-2.25 , VE=-0.75 

 7���E 1�� %� 3���VE,ME  %*<�
 ��10.5<x<15  1,�? 5�4 G�(m�� 4��@#��:  

  

2
,

6

x
M

x
V EE

−
=

−
= KK  

 ��� ��#�� 5�(x=15)  ��� 3��# � 5� ��(x=0):  

VE=0 , ME=0   

x=4.5   ��x=10.5 :  

ME=-2.25 , VE=-0.75 

7 ( 7���E 1�� %� ����Vf,mf G���\�� �T  �� 1,�? �� 0� :  

  

a,� ( %H)  5� ��� 
�� 1,�?E 4��m  ��X.:  

03
6

9)
6

1()9( =+×−×−−−
f

m
xx

x  

mf=0         0<x<9 � VF=0 

=(  %H)  5� ��� Y�� 1,�?F 1�� 4��n ��X.:  

  

→=+×−×−− 03
6

9)
6

1(
f

m
xx  

mf=9-x , Vf=1                  9<x<10.5 

k=9 � mf=0 , x=10.5 � mf=-1.5 
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 7���E 1�� %� ����Vf,mf  4���Q� ��10.5<x<15  1,�? 5�4  %S���� ���*+�,� Bm. ��

G�(m�� 4��@#��:  

  

5.40
65.4

6

5.46

9
03

6

5.10

5.4
9

6
<<

×
=→

×

−
=→=+××−× x

x
V

x
mm

xx
fff

KKKKKKK  

                                                                                                                           10.5<x<15 

x=0 � mf=0 , Vf=0 

x=4.5 � mf=-1.5 , Vf=1  

8 ( 7���E 1�� %� ����mG,VG G���� G�(m�� J�
 1,�? �� 0� :  

  

5.4
,

5.4

1.2
4.2)

5.4
1()4.2(

x
V

x
m

x
xm

GGG
==→×−+−−= KK  

0<x<2.4 � x=0 � mG=1.12 , VG=0.53 

 %H)  5� �?�� ��� J�
 Y�� 1,�? ��G G���� ���� 4�� b��;:  

  

)
5.4

(1,4.2)
5.4

1(
x

V
x

m GG +−=×−= KK  

2.4<x<4.5  � x=2.4 � mG=1.12 , VG=0.47 

                   � x=4.5 � mG=0 , VG=0  

  

 7���E 1�� %� ����mG,VG  4���Q� ��0<x<10.5 G����:  

  

VG=0 , mG=0                  0<x<10.5 
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  روش ترسيمي: روش دوم

75.0'
5.4

'

6

1

6

1
=→=→= CC

CC
Tgα 

75.1
6

5.10
'

5.10

'

6

1
==→== CC

CC
Tgα 

75.0'
5.4

'

6

1

3

5.0
=→=== CC

CC
Tgα  
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5.1
2

3
1

3

2
121 ==→=→=+ y

y
αα  

25.2'
5.4

'

2

1

3

5.1
2 =→=== CC

CC
Tgα�5.1'

5.1

'
1 =→= CC

CC 

CC'+CC"=1 , GG'=x , 53.0
1.2

1

4.2
=→

−
= x

xx  

  

  

  

  وش نقطه يابير: روش سوم

1 ( %H)  �� �?�� ���A ���� ���2:  

  

mG=0   ,   RD=0   ,   VG=0   ,   mE=0   ,   VE=0   ,   RB=0   ,   mf=0   ,   Vf=0 

2 ( %H)  �� �?�� ���E ���� ���2:  

 

mG=0   ,   RD=0   ,   VG=0   ,   mE=1.5   ,   VE=-1/2   ,   RB=0.5   ,   mf=0   ,   Vf=0   ,RA=0.5 

3 ( %H)  �� �?�� ���B ���� ���2:  

  

mE=0   ,   VE=0   ,   RB=0   ,   Vf=0 

4 ( %H)  �� �?�� ���F ���� ���2:  

12.11
1.24.2

121 =→=+→=+ y
yy

αα
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mG=0   ,   RD=0   ,   VG=0   ,   mE=-1.5   ,   VE=0   ,   mf=0   ,   Vf=1 

5 ( %H)  �� �?�� ���G ���� ���2:  

  

mG=2.4   ,   RD=0.4 , VG=0.53  ,  mf=-0.8  , Vf=0.53  , VC=0.53  ,  mG=1.12   ,   mE=-1.2  

6 ( %H)  �� �?�� ���D ���� ���2:  

  

 

mG=0   ,   RD=1   , VG=0   , mE=0   , VC=0   , RB=0   ,   mf=0   ,   Vf=0   ,RA=0   ,   VE=0 

  

  

  

  

  :3تمرين 

  :روش نقطه يابي: روش اول

  

1 ( %H)  �� �?�� ���A �� ���2��:  
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2 ( %H)  �� �?�� ���B ���� ���2:  

  

3 ( %H)  �� �?�� ���2 ���� ���2:  

  

ma=-0.53×12=-6.36 

4 ( %H)  �� ��� �?�� ���1�2 ���� ���2:  

 
  

ma=-0.27×12=-3.24  

5 ( %H)  �� �?�� ���1 ���� ���2:  

  

ma=0  

6 ( %H)  �� �?�� ���C ���� ���2:RA=0 , RB=0 , RC=1 , RD=0   

7 ( %H)  �� �?�� ���D ���� ���2: RA=0 , RB=0 , RC=0 , RD=1 

  

  :روش ترسيمي: روش دوم

53.0
815

1
=→== x

x
Tgα�4.2

5

12
1

12

5

312
1 ==→=→+= y

yyy  
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4.6
83

4.2
2 =→== x

x
Tgθ

  

  

  

  

  

  

  :4تمرين 

  

  :نقطه يابي: روش اول

1(  %H)  �� �?�� ���A ���� ���2:  



     taXk shghvd                                                        128صفحه                                                    

     

Copyright by : www.afshinsalari.com  

����� ��	
�  

  

Vb=0 , RB=0 , RC=0 , VC=0 , RD=0 , mB=0 , mC=0 , mb=0 , mC=0 ,   

2(  %H)  �� �?�� ���1 ���� ���2:  

 ma=0 , Va=0 , RA=0  

mC=0, VC=0 

  

Vb=0.5 , mb=1 , mB=-2 , mC=0  

3(  %H)  �� �?�� ���B ���� ���2:  

  

Vb=0 , RD=0 , VC=0 , RA=0 , mB=0 , mC=0 , mb=0 , mC=0  

4(  %H)  �� �?�� ���C ���� ���2:  

  

Vb=0 , RD=0 , VC=0 , RA=0 , mB=0 , mC=0 , RB=0  

5(  %H)  �� �?�� ���2 ���� ���2:  
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Vb=-0.5 , mC=-2 , mb=-1 , mB=0   

6(  %H)  �� �?�� ���D ���� ���2:  

  

RA=0 , RB=0 , RD=1 , RC=0  

  

  :روش ترسيمي: روش دوم
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  :5تمرين 

  

  :بار واحد: روش اول

2(  ��� �?�� ���A,D ���X��:  

  

6

x
+�∑MD=0 � -RA×8+8-x=0 � RA=1-  

8

x
+�∑FY=0 � RD=  

0<x<8 � x=0 � RA=1 , RD=0 

            � x=8 � RA=0 , RD=1 

2 ( 1��2�� 5� �?�� ���A,D 4�� b��;:  

  

+�∑MA=0 � RD=0 , RA=0     8<x<12 

3(  ��� �?�� ���A,D ���� ���2:  
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16
4

8
80

x
R

x
RM

CCB
=→×=×→= +�∑  

80,
16

<< x
x

KK  RB=   

x=0 � RB=0 , RC=0  

2

1
 , RC=

2

1
 x=8 � RB=  

4(  1��2�� 5� �?�� ���A,D 1�� 4�� b��;.  

  

 ��� !(��B,C ���� ���2.  

  

RB=0 , RC=0 

5(  ��� ���A,D ���� ���2.0<x<8  

 

4

x
+�∑MD=0 � mD=  

x=0 � mD=0 

x=8 � mD=2 

6(  1��2�� 5� �?�� ���A,D 4�� b��; .8<x<12  

  

mD=0  
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  :روش ترسيمي: روش دوم

  

  

  

  :روش نقطه يابي: روش سوم

1(  %H)  �� �?�� ���A ��	�� ����:  

  

2(  %H)  �� �?�� ���D ��	�� ����:  

  

2

1
 , RC=

2

1
 mD=2 , RB=  
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  :210صفحه  6مسأله شماره 

  

  :روش اول روش بار واحد) 1

1(
�� 1,�? : ��� �?�� ���C,C' G���� ���� ���2:  

  

  

+�∑MC=0 � -0.8RD×9+0.6 RD×9+x=0   

 %H)  l��� %H) C  

x=0 � RD=0                         %H) C  

x=9 � RD=-5        %H) C'   

1
8.1

6.0
0 +=→=

x
CF

yy
+�∑  

8.1

8.0
0

x
CF xx =→= +�∑  

Y�� 1,�? : 4���Q� 5� b��; �?�� ���C.C' G���� ���� ���2:  

+�∑MC=0 � RD=0              0<X<15           %H)  l��� %H) A  

90
8

<<
−

=→ x
x

RD KKKK
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2 (
�� 1,�?:  

 5� b��; �?�� ���A,C ���� ���2(0<x<9)  %H)  l��� %H) C :  

  

0)
8.1

98.0
(6)1

8.1

6.0
(90 =

×
−×+−×−→=

xx
RM AB

+�∑ 

)%H)  5� (C                                                               40
3

2

3

2
<<−

−
xx KKK  RA=  

      ,       x=9 � RA=0.7
3

2−
 X=0 � RA=  

Y�� 1,�? : 4���Q� �� �?�� ���A,C  ���� ���2(0<x<15)  %H)  l��� %H) A:  

  

9

x
+�∑MB=0 � -RA×9+(9-x)=0 � RA=1-  

X=0 � RA=1 , x=15 � RA=-0.7 , x=9 � RA=0 

+�∑FY=0 � RBy=1        0<x<15 

-1         0<x<15
9

x
+�∑FX=0 � RBx=  

x=0 � RBx=-1 

x=9 � RBx=0 

x=15 � RBx=0.7 
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 7���E 1�� %�RB  4���Q� 5� b��; �� �?�� ��� %m����< ��A,C  ����(0<x<9)  l��� %H) 

 %H) C  1,�? �( ��2)
�� 1,�?:(  

) %H)  5�C(  

KKKKK 90)
3

2

8.1

4.0
(0)

8.1

8.0
(

3

2

3

2
0 <<+=→=+−−→= x

x
R

x
xRF BxBxX

+�∑  

x=0 � RBx=0.7 , x=9 � RBx=2.7 

8.1

6.0 x
+�∑FY=0 � RBy=1+  

x=0 � RBy=1 , x=9 � RBy=4 

 

3 (
�� 1,�?:  ��� �?�� ���A,E ���� ���2                              :0<x<4.5 

  

   Y�� 1,�?:  %H)  5� �?�� ���E 1�� 4�� ��:                       4.5<x<24  

  

4 � 
�� 1,�?:  ��� �?�� ���C,C' ���� ���2:  

  

40
8.1

8.0
<<

−
= x

x
V

f
KKK 

x=0 � Vf=0 , x=9 � Vf=-4 
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9022
8.1

6.3
0

8.1

)5.48.0(
<<−=→−=

−
→=

×
+− xxmx

xx
m ff L 

x=0 � mf=0 , x=9 � mf=18 

 

Y�� 1,�?:  ��� �?�� ���A,C �2G���� ���� ��:  

  

Vf=0 , 0<x<15 

mf=0  

  

  :روش ترسيمي: روش دوم
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 Y�� O��:!��� %H)   O��  

1 �  %H)  �� �?�� ���A ���� ���2: 

  

∑
←+

=→=⇒= 000 CDC VRM 

∑
←+

=⇒=⇒=+−⇒= 1109*19*0 AxAxAxB RRRM  

∑ ∑ −=⇒==⇒=↑+ 10,10 BxxByy RfRf 

∑
←+

−=−===⇒= 1,5.4,0,00 EEfff VmVmm  

2 �  %H)  �� �?�� ���E ���� ���2: 

  

∑
←+

=⇒=+−⇒=
2

1
05.49*0 AAB RRm  

∑ =−=====−=⇒=↑+ 0,1,0,0,0,1,
2

1
0 DEffEByBxy RVVmmRRf 
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3 �  %H)  3��� �� �?�� ���B  ���� ���2) %H)  ��B'( 

  

  

∑
←+

========⇒= 0,0,0,0,1,0,0,00 DEEBxByffAB RmVRRVmRm 

4 �  %H)  �� �?�� ���C  ���� ���2: 

  

0,0,0,0,0,1,7.0 ======= DEffEByBx RVVmmRR  

∑
←+

−=−=−=⇒=−−⇒= 7.0
3

2

9

6
06*19*0 AAB RRm  

5 � �� �?�� ���  %H) C' ���� ���2: 
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∑
←+

−=⇒−=⇒=+−−⇒= 58.1909*6.09*8.09*10 DDDDC RRRRM  

∑ =⇒=−−⇒=↑+ 405*6.010 CCy VVf 

4,185.4*5*8.0 −=== ff Vm  

∑
←+

=⇒=−−⇒= 7.209*6*40 AAB RRm 

∑ −==⇒=↑+ 7.2,40 BxByy RRf 

  

  

  9تمرين 

      

                                 

  


�� O��  
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1 �              60 << x          
6

1

x
R =     �

6
10

x
R −=  

                                         

    




=⇒=

=⇒=

16

25.10

A

A

Rx

Rx
  ⇒

−
=⇒=∑

←+

24

30
0

x
RM AB 

                                                                                                      







=⇒=

−=−=⇒=

06

25.0
4

1
0

B

B

Rx

Rx ⇒
−

=⇒=↑+ ∑
24

6
0

x
Rf By 

                                                       

         






=⇒=

==⇒=

−

−

06

25.0
4

1
0

21

21

Vx

Vx ⇒
−

=−
24

6
21

x
V 

 

2 �  %H)  5� l���1  8 ��)4��� ���2 
���
 ��           (  

 60 << x                                                           

 8 �� 3��#�� 5� l���)4���  ���2 
���
 ��(  

126 << x                      
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10 =⇒=→ ARx  

                  ⇒
−

=⇒=+−+−⇒=∑
←+

24

24
018*

6
24*)

6
1(24*0

x
R

xx
RM AAB 

75.06 =⇒=→ ARx                                                                





=⇒=

=⇒=

25.06

00

B

B

Rx

Rx
⇒=⇒=↑+ ∑

24
0

x
Rf By 

         %H)  l��� %H) 1       →<< 60 x   

8824

3
0

246
0 212121

x
V

xx
V

xx
Vf y =⇒==⇒=+−⇒=↑+ −−−∑ 





=⇒=

=⇒=

−

−

75.06

00

21

21

Vx

Vx
 

3 � 8 ��3 �2   

60 << x      ) 8 �� l��� %H) 2)(4��� ���2 
���
 ��                                                                                (

182 << x   )��� 3��#�� l��� %H) )(4���  ���2 
���
 ��(  
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⇒+=⇒=−−−⇒=∑
←+

2424

6
012*

6
6*)

6
1(24*0

x
R

xx
RM BBA  





=⇒=

=⇒=

5.06

25.00

B

B

Rx

Rx
 





=⇒=

=⇒=

5.06

75.00

A

A

Rx

Rx
⇒

−
=⇒=↑+ ∑

24

18
0

x
Rf Ay 

                                                                                  

    

  




=⇒=

=⇒=

−

−

5.06

75.00

21

21

Vx

Vx
  ⇒

−
=−

24

18
21

x
V  

4 �  8 ��4 �3                                                     

60 << x      ) 8 �� l��� %H) 3)(4��� ���2 
���
 ��( 

2418 << x   )4���  ���2 
���
 ��              (                      

                                  

⇒
+

=⇒+−=⇒=∑
←+

24

12
18*

6
12*)

6
1(24*0

x
R

xx
RM BBA  





=⇒=

=⇒=

75.06

5.00

B

B

Rx

Rx
  





=⇒=

=⇒=

25.06

5.00

A

A

Rx

Rx
⇒

−
=⇒=↑+ ∑

24

12
0

x
Rf Ay 
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



=⇒=

=⇒=

−

−

25.06

5.00

21

21

Vx

Vx
  ⇒

−
=−

24

12
21

x
V 

5 �  8 ��5 �4        60 << x                      

  

                                          





=⇒=

=⇒=

06

25.00

A

A

Rx

Rx
⇒−=⇒−=⇒=∑

←+

244

1
6*)

6
1(24*0

x
R

x
RM AAB  





=⇒=

=⇒=

16

75.00

B

B

Rx

Rx
⇒+=⇒=↑+ ∑

4

3

24
0

x
Rf By  

                                                                   

  




=⇒=

=⇒=

−

−

25.06

5.00

21

21

Vx

Vx
  ⇒

−
=−

24

12
21

x
V  

 

  :روش ترسيمي:روش دوم

 %H) A  %H)  ��� �; F�� B� �(C !+  1C�?2�5  %H)  �; F�� 5� ����1�0  1��X�

G���� �Z, �(C:  

     




=

=

75.0

25.0

y

x
  ⇒

+
=⇒=

+

1

131

1

3

xx

xy
⇒

−

−
=

)10(

)52(

#�$�

#�$�


x

y  

 %H) 2  �3  %H)  B`� � G�"�+  !� G�� �� !*<� ��� ��R�� �; ��#�� 4��-  1C�?2�3  ��

G�(C !� 8[#� G/ %�.  
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  :روش نقطه يابي:روش سوم 

1 �  %H)  �� �?�� ���1 �(C !� ��R��:  





=

=

0

1

B

A

R

R
∑
←+

⇒= 0Bm                                      

  %H)  ��1     00 21 =⇒=↑+ −∑ Vf y                  

                                 %H)  ��1                                    

  

2 �  %H)  �� �?�� ���2 �(C !� ��R��:  



     taXk shghvd                                                        146صفحه                                                    

     

Copyright by : www.afshinsalari.com  

����� ��	
�  

                                        

   %H)  ��2        25.0,75.0 == BA RR           

   %H)  ��2     25.0,75.0 3221 == −− VV  

  

3 �  %H)  �� �?�� ���3 �(C !� ��R��: 

                                             

  

    %H)  ��3        5.0,5.0 == BA RR  

     %H)  ��3     5.0,5.0 3221 == −− VV  

 

4 �  %H)  �� �?�� ���4 �(C !� ��R��: 

                                       

    %H)  ��4        75.0,25.0
4

1
=== BA RR 

     %H)  ��4        25.0,25.0 3221 == −− VV 

5 �  %H)  �� �?�� ���5 �(C !� ��R��: 
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    %H)  ��5        0,1 == BA RR 

     %H)  ��5     03221 == −− VV 

6 �  %H)  �� �?�� ���0 �(C !� ��R��: 

                                         

           25.1
4

5
5*14*0 ==⇒−=−⇒=∑

←+

AAB RRM 

     %H)  ��0     25.0−=BR 

 %H)  ��0        25.03221 == −− VV 
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  10تمرين 

  :روش بار واحد: روش اول

  

1 �   4���Q� �� �?�� ���60 << x)��� 3��#�� 5�(G���� ���� ���2: 

  

6
10)6(*16*0 001

x
RXRM −=⇒=−+−⇒=∑

←+

 

6
0 1

x
Rf y =⇒=↑+ ∑  

 

         60 << x            




=⇒=

=⇒=

16

00

A

A

Rx

Rx
   ⇒=⇒=∑

←+

6
0

x
RM AB 

∑ =⇒=↑+ 00 By Rf  

 

         60 << x         ∑ ==⇒=↑+ −− 0,00 4343 mVf y 

∑ =⇒=↑+ − 00 32Vf y  
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2 �  4���Q� ��� �?�� ���186 << x )��� 3��#�� 5� ( G���� ���� ���2:  

)120 << x (4��� ���2 
���
 ��  

  

∑
←+

−=⇒=
6

10 12

x
RM 

6
0 2

x
Rf y =⇒=↑+ ∑  

 

     126 << x     








=

+−=

24

1
24

x
R

x
R

B

A

⇒−+=⇒=∑
←+

24*)
6

1(18*
6

24*0
xx

RM AB  





==⇒=

==⇒=

5.0,5.012

75.0,25.06

BA

BA

RRx

RRx
  

 

∑ −=⇒=+⇒=↑+ −−
24

0
24

0 4343

x
V

x
Vf y 

24
06*

24
4343

x
m

x
m =⇒=+− −− 







=−=⇒=

=−=−=⇒=

−−

−−

3,5.012

1,25.0
4

1
6

4343

4343

mVx

mVx  

 

     %H)  5�2   60 << x          ∑ −=⇒=↑+ −
24

0 32

x
Vf y 
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 ��� 3��#�� 5�126 << x 









−=⇒=

−=⇒=

=⇒=

−

−

−

5.012

25.06

00

32

32

32

Vx

Vx

Vx

 

4

3

4

3

12

9
018*

24
222

x
m

xx
m

x
m =⇒==⇒=+− 

  

22
12*

24
33

x
m

xx
m =⇒== 












==⇒=

==⇒=

=⇒=

=⇒=

6,912

3,5.46

00

00

32

32

3

2

mmx

mmx

mx

mx

 

3 �  8 �� ��4 �3 ���� ���2 �?�� ��� 

  

60 << x                          
���
 ��
6

,
6

10 43

x
V

x
VM B =−=⇒=∑

←+

  

  

           60 << x       
242

1
12*)

6
1(6*

6
24*0

x
R

xx
RM AAB −=⇒−+=⇒=∑

←+

 

∑ −=⇒=↑+
242

1
0

x
Rf By  







=⇒=

==⇒=

25.012
2

1
,

2

1
0

A

BA

Rx

RRx
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



=⇒=

−=⇒=

−

−

25.06

5.00

43

43

Vx

Vx
⇒+−=⇒+−−= −−

82

1

6242

1
4343

x
V

xx
V  

  

  

  

  





=⇒=

=⇒=

−

−

25.06

5.00

32

32

Vx

Vx
⇒−=⇒=++− −−

242

1
0

242

1
1 3232

x
V

x
V 

 





=⇒=

=⇒=

36

60

3

3

mx

mx
⇒−=→−=

2
6)

242

1
(12 33

x
m

x
m  

  





=⇒=

=⇒=

5.16

30

2

2

mx

mx
⇒−=→−=

4
36*)

242

1
( 22

x
m

x
m 

4 �  8 �� 4���Q� �� �?�� ���4 �6 �(C !� 1C�?: 

  

6
,

6
1 54

x
R

x
R =−= 

           
���
 ��120 << x      
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244

1
6*)

6
1(24*0

x
R

x
RM AAB −=⇒−=⇒=∑

←+

 

 ��� 3��#�� 5�3618 << x 









−=⇒=

=⇒=

=⇒=

⇒

25.012

06

25.00

A

A

A

Rx

Rx

Rx

 

  

  

  

 









−=⇒=

=⇒=

=⇒=

⇒

−

−

−

25.012

06

25.00

43

43

43

Vx

Vx

Vx

244

1
43

x
V −=−  

  









−=⇒=

=⇒=

=⇒=

⇒

−

−

−

25.012

06

25.00

32

32

32

Vx

Vx

Vx

244

1
32

x
V −=−  

 

42

3
6*)

244

1
( 22

x
m

x
m −=→−= 

2
3)

244

1
(12 33

x
m

x
m −=→−= 
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







−=−=⇒=

==⇒=

==⇒=

⇒

5.1,312

0,06

5.1,30

23

23

23

mmx

mmx

mmx

 

  :روش ترسيمي:روش دوم

  

  :روش نقطه يابي : روش سوم

1 �  %H)  �� �?�� ���0 �(C !� �R�: 

  

0,0,0,0,0,0 433232 ====== −− BA RRVVmm 

2 �  %H)  �� �?�� ���1 �(C !� �R�:  

  

0,1,0,0,0,0 433232 ====== −− BA RRVVmm  
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3 �  %H)  �� �?�� ���2 �(C !� �R�: 

  

25.0,75.0,25.0,25.0,3,5.4 433232 ====== −− BA RRVVmm 

4 �  %H)  �� �?�� ���0 �(C !� �R�: 


�� 1,�?:  %H)  iA 1+� �� �?�� ���3 �(C !� ��R��:  

 

 

5.0,5.0,5.0,5.0,6,9 433232 ==−=−=== −− BA RRVVmm  

Y�� 1,�?:  

  

5.0,5.0,5.0,5.0,6,3 433232 ====== −− BA RRVVmm 

5 �  %H)  �� �?�� ���4�(C !� �R�: 

  

75.0,25.0,25.0,25.0,3,5.1 433232 ====== −− BA RRVVmm 

6 �  %H)  �� �?�� ���5 �(C !� �R�: 
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1,0,0,0,0,0 433232 ====== −− BA RRVVmm 

7 �  %H)  �� �?�� ���6 �(C !� �R�: 

  

25.1,25.0,25.0,25.0,3,5.1 433232 =−=−=−=−=−= −− BA RRVVmm 

 

 

  

  11تمرين 

  :بار واحدروش :روش اول 

  

1 � ��� �?�� ���A  �C G���� ���� ���2:  

  

∑
←+

=⇒= 00 EB RM  

∑ =⇒=↑+
3

0
x

Rf By 









==⇒=

==⇒=

==⇒=

0,5.112

0,13

000

EB

EB

EB

RRx

RRx

RRx
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        ∑
←+

=⇒= 00 DD MM          �∑ =⇒=↑+ 00 DEy Vf 

       ∑
←+

=⇒= 00 aa MM          �∑
←+

=⇒= 00 EE MM 

2 �  8 �� ��� �?�� ���C  �E ���� ���2 :30 << x  

  

62

1
03*)

3
1(6*0

x
R

x
RM BBE −=⇒=−+−⇒=∑

←+

 

∑ +=⇒=↑+
62

1
0

x
Rf Ey 





==⇒=

==⇒=

1,03

5.0,5.00

EB

EB

RRx

RRx
 







=⇒=

−=⇒=⇒
03
2

1
0

DE

DE

Vx

Vx ∑ +−=+−−=⇒=↑+
62

1

3
1

62

1
0

xxx
Vf DEy 





=⇒=

=⇒=
⇒

03

5.10

D

D

mx

mx
∑
←+

−
=⇒−=−=⇒=

2

3

22

3
3*)

62

1
(0

x
m

xx
mM DDD 

30 << x

0333*)
3

1(6*)
62

1
(0 =⇒+−−=⇒−−−=⇒=∑

←+

EEEE MxxM
xx

MM 

∑
←+

=⇒= 00 aa MM  

3 �  8 �� �?�� ���E  �f ���� ���2      :  

5.40 << x  
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6
1,

6
03*

3
6*0

x
R

x
R

x
RM EBBE +=−=⇒=−−⇒=∑

←+

 









=−=⇒=

=−=⇒=

==⇒=

75.1,75.05.4

5.1,5.03

100

EB

EB

EB

RRx

RRx

RRx

 

2
03*

6
0

x
M

x
MM DDD −=⇒=+⇒=∑

←+

 









−=⇒=

−=⇒=

=⇒=

→

25.25.4

5.13

00

D

D

D

mx

mx

mx

 

xM
x

MM EEE −=⇒=+⇒=∑
←+

06*
6

0 









−=⇒=

−=⇒=

=⇒=

→

5.45.4

33

00

E

E

E

mx

mx

mx

 

22
5.1*

3
0

x
M

xx
MM aaa −=⇒−=−=⇒=∑

←+

 









−=⇒=

−=⇒=

=⇒=

→

25.25.4

5.13

00

a

a

a

mx

mx

mx

 










−=⇒=

−=⇒=

=⇒=
⇒

75.05.4

5.03

00

DE

DE

DE

Vx

Vx

Vx
∑ −=⇒=↑+

6
0

x
Vf DEy 

 

  :روش نقطه يابي : روش دوم

1 �  %H)  �� �?�� ���A ���� ���2:  
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0,0,0,0,0,0 ====== BEDEaED RRVmmm  

2 �  %H)  �� �?�� ���B ���� ���2:  

  

1,0,0,0,0,0 ====== BEDEaED RRVmmm  

3 �  %H)  �� �?�� ���C ���� ���2:  

  

4 �  %H)  �� �?�� ���D ���� ���2:  

 
  

RB=0.5 , RE=0.5 , mD=1.5 , mE=0 , ma=0 , VDE=-0.5 

5-  %H)  �� �?�� ���E ���� ���2:  

  

RB=0 , RE=1 , mD=0 , mE=0 , ma=0 , VDE=0  

6-  %H)  �� �?�� ���f ���� ���2:  

  

RB=-0.5 , RE=-0.5 , mD=-1.5 , mE=-3 , ma=-1.5 , VDE=-0.5 
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  روش ترسيمي: روش سوم

5.1'
9

'

6

1

6

1
=→=→= FF

FF
Tgα  

75.1'
5.10

'

6

1
=→= NN

NN  

 %H) D,E �((n 1n�? �( ��#�+ .  

  

  

  

  

  

  

  : 13تمرين 
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1 ( 4�> �� �?�� ���A ��	�� ����.  

RA=1 , RD=0 

Fa=0 , Fb=0 , Fc=0 

2( 4�> �� �?�� ���B G���� O�� �� 4��+/ ��	�� ����:  

  

=63.43
6

12
1=Tg

-1 α  

=14.036
12

3
 α2=Tg-1  

×12=0
6

4
+�∑MB=0 � -Fa sin(14.036)×6- Fa cos(14.036) × 9- 

 %H)  �� Fa=-0.79                    B  

=0 � Fb=-0.53
6

4
+�∑FY=0 �Fb sin63.43 – Fa sin14.36 +  

+�∑FX=0 � -0.79 cos14.036 – 0.53 cos63.43 + Fc=0 � Fc=1 

3 ( 4�> �� �?�� ���C G���� ��	�� ����:  

  

G���� ���; �� O�� t� 7�5 ��:  
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=63.43
6

12
1=Tg

-1 α 

=14.036
12

3
 α2=Tg

-1  

×12=0
6

2
+�∑MB=0 � -Fa sin(14.036)×6- Fa cos(14.036) × 9-  

Fa=-0.39  

=0 � Fb=-0.24
6

2
+�∑FY=0 �Fb sin63.43 – 0.39 sin14.36 +  

+�∑FX=0 � - 0.39 cos14.036 – Fb cos63.43 + Fc=0 � Fc=0.49 

4( 4�> %� �?�� ���D ��	�� ����:  

RD=1 , Fa=0 , Fb=0 , Fc=0 , RA=0   

  

  

  

  :1مثال 
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1 �  ��� %H)  �� �?��A ���� ���2:  

  

RC=0 , RE=0 , RG=0  

MB=0 , VH=0 , VC'=0 

VC'=0 , VD=0 , mH=0 

2 �  %H)  �� �?�� ���B ���� ���2:  

  

VC'=1, VC'=-1  
VH=1, mH=1  

  

3 �  %H)  �� �?�� ���C ���� ���2:  

RE=0, RG=0 , MB=0 , VH=0 , VC'=0 , VC'=0 , mG=0 , RA=0  

4 �  �� �?�� ��� %H) D ���� ���2:  

VC'=0 , VC'=0 , RC=0  

 

VH=-1, mH=-1  
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5 �  %H)  �� �?�� ���E ���� ���2:  

  

mC=0 , RG=0 , RC=0 , RA=0 

VC'=0 , VC'=0 , VH=0, mH=0  

6 �  %H)  �� �?�� ���F ���� ���2:  

  

  

RE=0 , RC=0 , RA=0 

, VH=0 , VC'=0 , VC'=00 mH=0  

7 �  %H)  �� �?�� ���G  ���2����:  

mG=0 , RG=1  

  

1
1

1 =⇒= x
x
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  :2مثال 

  

1 �  %H)  �� �?�� ���A ���� ���2:  

RA=1 , Vb=0 , RB=0 

2 �  %H)  �� �?�� ���b ���� ���2:  

  

-Vb=1+0.5=0 � Vb=-0.5 

 

Vb-1+0.5=0 � Vb=0.5  

  

3 �  %H)  �� �?�� ���B ���� ���2:  
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+�∑MA=0 � (RB√2)/2=1 � RB=1.4 , RA=0  

  

  :175حل مثال صفحه 

 

1 �  %H)  �� �?�� ���1 G���� ���� ���2:  

+�∑MA=0 � RC(√2/2)×9+RC(√2/2)×6+1×3.6=0 

RC=-0.34 , CV=0.24 ↓ , CH=0.24 � 

+�∑FY=0 � -1+0.24+AV=0 � AV=1.24↑+ 

+�∑FX=0 � AH=0.24 ← - 

Va=0.24 

                1.�� ��/ %��). 1�& u]; ��               ma=-0.24×2.4=-0.52 � ma=0.58  
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Vd=0.25 

                                     1.�� ��/ %��). u]; ��md=-0.24×5.4=-1.3              md=1.3  

  

                                                  1.�� ��/ %��). 1�& ��Vb=-1 , mb=-1.8 � mb=1.8   

2 � ���  %H)  �� �?��2 ���� ���2:  

+�∑MA=0 � RC=0 � Vd=0 , AH=0 , CH , CV=0 , ma=0 , Va=0 , md=0 

3 �  %H)  �� �?�� ���d ���� ���2:  

+�∑MA=0 � -1×3.6+Rc(√2/2)×9+RC(√2/2)×6=0 � (CV=0.25 ↑+ , CH=0.25 +� 

AV=0.75 ↑+ , AH=0.24 +�  

  

  

   1.�� ��/ %��). 1�& ��                        ma=0.58                      Va=-0.24  

V=0.24 ↓-   , md=1.3 ,  

              V-1+0.24=0 � V=0.76  

  

4 �  %H)  �� �?�� ���C ��	�� ����:  

+�∑MA=0 � -1×9+RC(√2/2) × 9+ RC(√2/2) × 6=0 

RC=0.85 � (CH=0.6 ←-   , CV=0.6 ↑+  ) 

 

+�∑FY=0 � AV=0.6 ↑+  
+�∑FX=0 �AH=0.4 +�Va=0.6 ←- 
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             1.�� ��/ %��). 1�& ��ma=1.44  

Vb=0 , mb=0  

  

  

  

  

  

  

  

  :كتاب سازه طاحوني 185حل مثال صفحه 

1 �  %H)  %� �� �?�� ���L0 G�(m�� ����:  

RL0=1 , V1-2=0 , fU1L2=0 , V2-3=0 , fL2U3=0 , RL6=0  

2 �  %H)  %� �� �?�� ���L1 G�(m�� ����:  

6

1
             ,            RL6=

6

5
RL0=  

 O��1�1 G� 0�� ���; �� ��:  
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-1=0
6

5
+�∑FY=0 � -V+  

6

1−
 V1-2=  

3 �  7���E 1�� %� ����fU1L2 G����:  

-1=0
6

5
+�∑FY=0 � fU1L2 cos45 +  

 ���	
fU2L2=0.24   

4 �  7���E 1�� %� ����V2-3 G����) 4�> %� �?�� ���L2 ��	�� ����(  

  

8

2−
=0 � V=

6

2
 V+  

5 �  7���E 1�� %� ����fU2L3  G����) 4�> %� �?�� ���L2 ��	�� ����: (  

=0
6

2
+�∑FY=0 � -L2U3cos45+  

fL2U3=0.47 

6 �  4�> %� �?�� ���L2 G���� ��	�� ����:  

  

6

4
 V=  

=0
6

4
+�∑FY=0 � fU1L2cos45+  
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� fU1L2=-0.94 

FU1L2=0.94 

7 �  4�> %� �?�� ���L3 G���� ��	�� ����:  

              ,                fU1U2=0.7           (1)
6

3
 V2-3=  

×√2                                                  (2)
6

3
 EL2U3=  

8- 4�> %� �?�� ���L6 G���� ��	�� ����:  

RL6=1 , V1-2=0 , fU1L2=0 , V2-3=0 , fL2U3=0 , RL0=0  

  

  

  

  

  :كتاب سازه طاحوني 190حل مثال صفحه 

  

1 � H)  %� �?�� ��� %L0 ��	�� ����:  

RL0=1 , RL8 , fL1L2=0 , fU3U4=0 

FU5U6=0 , fU5m5=0 , fU4L4=0 , fm3L3=0 , fU2m3=0 

2 �  %H)  �� �?�� ���L1 ���� ���2:  

  

3 �  O�� 7�5 ��1 �1 G���� ���; ��:  

  

875.0
8

7
= ×12=0 � fL1L2=

8

7
+�∑MU1=0 � fL1L2×12- 
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4 � (e+/ O�� 7�5 �� ��2�2  O�� �( ��1 �1  8 �� ��4 �3 G����:  

×3×12+1×2×12=0 � fU3U4=0.0625
8

7
+�∑MLB=0 � fU3U4×12- 

5 �  8 �� �� G�)#$� O��6 �5 G���� G� 0��:  

  

=��� �f. �� ����� 
8

1
−=V    

=��� �f. �/ ����� 0625.0
2

8/1
=

−  

6 � �� �f. �� ���  7���E 1�� %� ��U5-m5 G����:  

  

U5-m5=-VU5m6=0.0625  

7 �  �f. �� ��o  7���E 1�� %� ����U4L4  !��� ����  7�A G����m5U4  ��/�f.m3L4 

 �� �\��m� �R� B� �(#$/ 1�]�,� a*#D� �� E F�� 7��� u]; %� %&�� �� � ���$�

 � 4��n qP(;fU4L4 ��	�� �@<.  

8 � �� %� ���� �f. �� ���  7���E 1m3L3 G����:  

  

=0.0625
18

1
 m3L3=-V2-3=  

9 �  �f. �� ���  7���E 1�� %� ����U3m3 G����:  
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U3m3=-V2-3=-0.0625 

Y�� 1,�?:  

  

1 �  %H)  �� �?�� ���L2 ��	�� ����:  

8

2
 RL8=�

8

6
 RL0=  

2 � �5 �� O�� 71 �1 G���� ���; �� :  

 ×12+fLl1l2×12=0
8

6
− +�∑MU1=0 � 

fL1L2=0.75  

3 �  O�� 7�5 �� ��(e+/2�2 G���� ���; ��:  

  

×3×12=0
8

6 +�∑ML3=0 � fU3U4×12+1×12- 

� fU3U4=1.25 

4 �  7���E 1�� %� ����VU5U6  8 �� �� O�� t� 7�5 ��6 �5 ����G :  

 =��� �f. �� �/ ����)
8

2
(− V=  
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 =��� �f. t� ����125.0
2

8/2
−=  

5 �  �f. �� ���  7���E 1�� %� ����L4U4  ��/�f. q��� ����  7�Am3L4 , m5L4  ���$�

 � 4��n qP(; �� �\��m� �R� B� �(#$/ 1�]�,� a*#D� �� E F�� 7��� u]; %� %&�� �� �

fU4L4 ��	�� �@<.  

  

6 �  �� ���  7���E 1�� %� ����m3L3 G����:  

  

  :حالت سوم

1 �   

  

×12=0
8

5 +�∑MU1=0 � fL1L2×12-  

� fL1L2=0.625  

2 �   

  

×3×12=0
8

5 +�∑ML3=0 � -fU3U4×12-  
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� fU3U4=-1.875 

 

3 �  7���E 1�� %� ����VU5-M6 G����:  

  

�� �/ ����  =��� �f.)
8

3
(− V=  

VU5m6= =��� �f. �/ ����=0.1875 )
16

3
(− V=   

4 �  7���E 1�� %� ����U5m5 G����:  

  

U5m5=-VU5m6=0.1875  

5 �  5� ��� 7�A �L3  ��L0  B� �(m�� 1n�?fL3U4  

6 �  �� ���  7���E 1�� %� ����m3L3 G����:  

                              m3L3+V2-3-1=0� m3L3=1-0.312 � m3L3=0.69  

7 �  �� 7���E 1�� %� ����U3m3 G����:  

  

U3m3=V2-3 

U3m3=0.3125 
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�� ���L4 G�H)  �� �?%  :حالت چهارم��� ���� ���2:  

1 �   

  

=0.5
8

4 +�∑MU1=0 � FL1L2=  

2 �   

  

+�∑ML3=0 � U3U4=-1.5 

3 �   

  

V=-0.25 

 

4 �   

 FU5L5=0.25  

  

5 �   

  

FU4L4=1-(VU4m5+VU4m3) � FU4L4=0.5 
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6 �  7���E 1�� %� ����fm3l3 G����:  

  

m3L3=-0.25 

7 �  7���E 1�� %� ����fu3m3 G����:  

  

FU3m3=0.25  

  

  :14مساله 

  

1 �  4�> %� �?�� ���A ��	�� ����  

RA=1 , fa=0 , fb=0 , fc=0 , fd=0 , fe=0 

 

2 �  4�> %� ���B �	�� �����  

  

G���� O�� t� �� 4��+/:  

  

×30=0
6

5 +�∑MB=0 � -fa×15+1×15-  

� fa=-0.77 

+�∑FX=0 � fb=0.77 
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G���� G� 0�� ���; �� ��\�� O�� 
�?:  

  

+�∑FX=0 � fb=f'b 

=0 � fb=0.19
6

5 +�∑FY=0 � 2fbcos63.43-1+  
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 پايان

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


