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��0ى ا�	� ��yو !�
b� ]0�0آ d
  .d�p ر
3
�د 	 �D 2�3ف ا�
�ورة =E5Z !3�
B
F ��ة  ��0<�= ��ازن ا�
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  !�KF7 )  أ(ا�E8� :0.00 =++− LFTr      ⇐          TrLF =.     ⇐      
L

rT
F

.= Q�  βsinmgT =  

               ⇐                      
L

rgm
F

βsin...=  

N               :     ت ع
m

mkgNkg
F 4,0

5,0

30sin.08,0./10.5,0 ==  

��ازن �0)�ن �� !�	� +, !F,5! ��ا�E� !Z	�E� ]EZ	�
�n ا�>)�  :  
-    !�Z	B0� !Rر	3AB  	b��DL   	b0�0آ ،KgM ، وا�
F0	�O   Q|� �|ا�
|	ر �|� ا�?<5|!    ∆)(، �	
�! ���وران ��ل ا�
��ر      =103

AB.  

-  uZ	B0� د�
3'OO l��  :
3

L
ODOB ==. 

-  ���S ]0�0آ ���Kgm 200=!�
b� ]?�0آ ��0� �E� !5"ا�
 =�F�. 

  
 

1-  !Rر	F2�3 ا� !>E5
  .ABا��د ا�<�ى ا�

2-              �|Eا�� ���|�
�E50= ا�>�ط ا�n	Z+ ���0ازن ، 
�� أن .�ة BD        +�	|00|� �3|2 ا�|>)� ا�(�  :)
2

2(
cos

'
M

m
g

T +=
α

�|� ا�|��   . 

'T. 
 +5FZKgNg /10

=

.  


� � ر��: 9 �
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3-        2�3 !>E5

�(ات ا�<�ة    �n�AB ا�d6 ا�
F�a+ ��<�ى ا�� 	�Z	�E� m0?0"ا �� ،R
r


|�د  Fف ا��D �� !>E5
�3|2 ا�F	رOO   !|R'ا�
AB.  

Ncm: ا����  310.21 →  


!ا	�G  
1-  !Rر	F2�3 ا� !>E5
 .ABا�<�ى ا�

T
r

 : d�6ا� ���� AC.  

'T
r

�� ا� : �� �E�BD.  
P
r

  . FAB	رR!وزن ا�: 
R
r

  . O ,+ ا�?<5! ����4 ���ر ا��وران : 

  
..........................................................................................................................................................  

2- �0�� +Z	nا�>�ط ا� =�E50
AB     : 0=Σا�F	رR! ازن 2�3  ∆ FM
r

  

0' =+++ ∆∆∆∆ RMTMTMPM
rrrr

  )ب   (

                                                              
6

..'
L

POGPPM −=+=∆

r
   

                                                             
3

2
...

L
TOATTM −=−=∆

r
  

                                                                                      0=∆ RM
r

  

                                                 αsin.
3

'.'.'
L

TOHTTM +=+=∆

r
  

     
OD

OH=αcos     ⇐   αα cos
3

cos.
L

ODOH ==  

 !�KFب(ا� ( +�  	
�7E8 آ :  

00cos.
3

'.
3

2
.

6
. =++−− αL

T
L

T
L

P 06(ل بZ      
3

L
      ⇐ 0cos'....2

2

1
. =+−− αTTP  

gmT: و�� ?	  .=   ��Bازن ا����S    0cos'....2� Kpل .�ط 
2

1
. =+−− αTmgMg    ⇐   

2
..2cos'.

Mg
mgT +=α       ]?و�    :)

2
..2(

cos
'

M
m

g
T +=

α
  

1==
OD

OB
tgα ن@     :

3

L
ODOB ==    ⇐         °= 45α  

N:  ت ع 
KgNM

m
g

T 12728)500400(
45cos

/10
)

2
..2(

cos
' ≈+=+=

α
  

......................................................................................................................................................  
2-  	? �� :NT 12728'=  

NP 410=  
NT 310.2=                 

°=
45

α

	ل ا����  F0"	
 Ncm 310.21 → +F�a
  : و
�"� ا�d6 ا�
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P
r

 ← cm5   ،           'T
r

  ← cm4,6   ،   T
r

 ← cm1         
  

  
 !bB0
�D 2�3 �8�ZRل ا�

r
 ،cm114≈ ن .�ة ا�<�ةq, ���ر ا�	E03	
R و

r
NR:  ه+    . �Q ا],<+24°!  و�)�ن زاو ≈22800

 2�3 �8�Z !�����0ل ا��5 <! ا�	
F0"	
NRو 22847≈  
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