
 ا	����ع ا�ول-
.
 /�.�	�-�� ا���ن +* ا	(��رات : آ�'�
 ا&�%�ل ا	�$�دة ا	�!� �

��آ�ت ����� ا	���رات  ����أ��
 �� ا	��وري أن � ������ ا	"��دة 	�+*�( )��� ا'����ت�"&�� و�%"$� �#�"	"!�� ا ��ن ا ���� ��  
�#( �3%�� ��#��*�� أ@?ه�2 1*0 �#( إ>�ر ;��: ة و$�9� �� �"��7�8 	�56 ا	$�4� �2�3( 1*0 أول و��د  و. 1*0 ���A%9 (air bag) ��B�9"	ا   

. ا	+%��Aن �#")�ت �#�7G ���"$� .وا�D�� �EFك    
� ا	OG#2 و��M3�$ N !��ز ا	�K& �#D ا	"��دة ا	�IEJ!�7ل ا�%?ام A� ��4و�� �� ا	�D�2آA%+	�9( أن $�?&�  ���+( ا ��P7��� ا	6ي $+"م �Bا"�

.ا	�اآD( Q" ا ��م   

 
 N�"9و R  N��21"د �+�و K%��� ���  Qآ��C �7�#� ا���4ل ه6ا ا	��Tز	 -1 � ����.N�A� �7G#� ن�("#$ :��G	ك وا'>�ر ا�D�2	ء اVT	ا  

.  K	��	3#( ا	��: )�62ج ا	?ارة  E  �   ا	#����Dآ

 
 ���ف ا	��Tز &K ]��ب ا�Y%?ام :

 ، K &K ]��ب ا�Y%?ام $��Q ���رع ا	���رة ا	K& J!�72 ]*^ �9>� ا	���ر ا	#����KB.   $#"ن  ا	OG#2 ��7]� �9( ]*^ �9>� ا	���ر   
�%K ا	OG#2 و�?ة ا	���ر &K ا	?ارة G2$( ا	3#( ا	��	K ���4ا.  $�� ]*^ �9>� ا	���ر �� ���.ت آ( �� ا	�"��  0=t   ?�1 �`D	  

 
.ه6ا ا	3#( 1*0 ا	0�D�2 ا	G22( 	*�"�� وا	0�D�2 ا	G22( 	3?ة ا	���ر ا	#����I*A� KB !"ا��A�  K&bف) 1-1  
� )`��K ا���4ل ا	?ارة ) 1-2��$�+� ��7�#�.@?د 1*0 ا	#3(   

. mstchoc 200= : و�9ر)�� �� �?ة ا�Y%?ام  RC 1-3 (Q%+	ا KB��G	 ��V	ا ����; �@?د ����)�� 2�9  
. R 1 -4 ( ���� ا	V�� و���; ��A� M1أنأ�2�9� ا	2+�و� f����ا �; ��V	ا ?A� ��	  

2-( OG#2	ا �D� :  

 ��ا��� �����
 : ��آ�	�ر��   2010
  ا	�����ء :
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�%K ا	OG#2 و�?ة ا	���ر ا	#����K& KB ا	�`�م ا	?ا�B 0 ا	3#( ا	���^ @ا�2�1دا 1*) 2-1�� ���.?د 2�9� ا	�"��   
. q  2-2 (OG#2	ا ��D� �B?ا	`�م ا�	ا K&  f����ا  

� ا�Y%?ام  )3 `D	 ��B"ا�	دة ا��"	ق اI%(ا  :  
� ا�Y%?ام أن  1*�2 `D	 ���"�*	رب ا�+� Q��$  OG#2	ا �A� �.&K ازد$�د 2�9  


 �1� ا��9Yاح) 3-1�D�	ا        :  
 

) �+����� ا	?ارة ا	��  �(�A��Yا �2#$.( E �  �9( ا�Y%?ام 	Y?� q � ا	���A� OG#2  و�D� cu 3 -2(���A� M1أ  
���Y%?ام) 3-3 ��4�$ Y OG#2	ا K%��� ������ أن ا	�"�� OG#2	ا ��D� �. وأن ا�Y%?ام $��K& Q ز$�دة 2�9  

OG#2*	  . q 3 -4 ( ��D3	ل ���4 اIE و)�ت��#	Yا ���� 1*0 ا	��آ�Q ا	���^ ��0D @�آ  
. q  OG#2	ا ��D�i و  � 	*���ر ) 3-5�`D*	3?ة ا	ا M��� K�	ا �9IA	ا M1أKB��ا	#��  

��B"ا�	دة ا��"	ق ا)��7خ اI%(ل اIE ��4�$ 6ي	2+?ار ا	ا ���� ا	��Pرات ا	��	� �� ��1 :  
�%K ا	OG#2)                        ا�� ���.ا	�"��   
�?ة ا	���ر ا	#����K& KB ا	?ارة )                       ب    .  
�%K ا	2"	)                        ج�� ���.?ا	�"��   
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 :  b�(�#�2	ا -K(�G	ع ا"n"2	ا 
   1) ا	VTء ا ول : آ�ة ا	%��Bة :  

 ��2! ���A(آ�ت�#�@Yا �� و)���A ا	#�ة )+%�*2�� .  
smvo �#"ن /18=  �1���و mOA 5,3=  
� ا رض ���1 �7� �%&��2� A   ا	#�ة �� )+%�ا	Q1I 	*#�ة ا	%��Bة ي ر�( راة���IEل  

.  A �� ا	MP ا &+K ا	�2ر ��  O7=α  �زاو$  
N*7�3#( أ	ا NDn"$ �2آ �. �� ا	#�3 m12=ℓ   �&��� 0*1 Q1Fل آ�ن ا���1? ا'ر  

ا	6ي BC  
;� ��+K& M ا	�T2ل  ا رض 1� �% mh 43,2=   	#K $#"ن ا'ر��ل ��QT$ ��B أن ��2 ا	#�ة &"ق ا	#�3� ا	�K �"!? 1*0 ار��7ع
. mD 9=   N	"<:  

2/10 smg =  K%A( :  
 
 
 



 
. ),,( yxo 1 -1 (�*A2	ا K& #�ة	ر ا��� �أو!? ��Aد	  

"ق ا	#�3� ؟ ��2 ا	#�ة & h∆ 1*0 أي ار��7ع) 2- 1  
إذا 	� $��n��A أي Q1Y؟ BC � ��+M ا	#�ة &K ا	�T2ل) 1-3`D	 �&K أ$  

ه( ا'ر��ل ��QB؟) 1-4  
 : �  2) ا	VTء ا	K(�G : آ�ة ا	�*

 �� o45=α  ��#"ن ������T زاو$ ov  �1���C و A �"ب ا	�?ف  �n"2	ا �#�ة �	ا ?$?��	 Q1Y ع"%�$ �  IEل ���راة 	#�ة ا	�*
 ��� �mOA و)���A أن ا	�Dآ 2=  . �)K%A ا	��2& mh 3=  �&��2	�� ),( xo C ا &+�K"ى  	*�*� 1� ا	�2   MP	اK+& ا  .�+*D	ا Vآ�� ?A�$  

 s$ار"�*	 I#�ة أ�	ا ?$?�� �`D	3#( ( و	أ)`� ا.( ),,( yxo &K ا	��2"ى   

 
. ),,( yxo  �*A2	ا K& a

�
� ا	���رعKأو!? إ@?ا;��) 2-1 �T��  

�*A2	ا t7( K& . v
�

2 -2 (�� ا	��1�T�� K��;إ@?ا f����ا  
�.وا�����A� fد	� ا	��2ر و>��  .N�A	�Dآ� ا	#�ة ا	����A( Kه� )+%� )(tgy = و  )(tfx = 2-3 (������V	ا ���	د�A2	ا f����ا  

  K?ف و�� ه�	ا Q1I	ا Q��$ K#	 oV  ��B?�	ا �2�9� ا	��1 f����#�ة ، ا	ا ?$?�� �`D	 mOH 1,7= �A?ا	1Q1I*�2 أن ) 2-4 1*0 ?!"$  
� ا	Iز�� 	���T( ا	�?ف؟���V	2?ة ا	ا  

�� mh 5,2=′ �� ا	Q1I ا	�2?د وان $?5 ��( إ	0 ار��7ع  md 9,0= �A?إذا 1*2: أ، ا	?&�ع $�#") 2-5 1*0 ?!"$ �Eu Q1Y �� ن  
 
ه( $�2#� ا	� Q1I� 	t2 ا	#�ة ا	�2�*� ؟ . ا رض�%  

: 
�D��	ا 
 ا	����ع ا�ول -ا	�����ء :

 
. N�%��� ����%K ا	N(  OG#2 �1? ]*^ �9>� ا	���ر D3$� ا	OG#2 و$�Vا$? ا	�"�� �� ��� (1  uc ��"�	ا )G2$  a 0�D�2	1-1 : ا 

�?ة ا	���ر ا	#����K& KB ا	?ارة  ن �?ة ���ر ا	D3� ����v9 إ	0 أن $�A?م . )G2$ b 0�D�2	وا 
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nst .ا�+�(Y	Kا	�`�م  $�"د   5= :  و  0=t    1 -2  (��� ���`D*	ا  

.ا	�`�م ا	?اD�$�B+^      إ	0 �� &"ق  nst 5=   ا��?اء  ��  
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  �� 	?$�� ا	2?ة ا	#�&��B"ا�	دة ا��"	ق إذن اI%(I	 τ choct≺≺τ ��  اآ�� �#��Gم�?ة ا�Y%?ا      ⇐ ns1=τ 1-3 ( 0*1 )�D( ��(����:  
Qاآ�	ا �.و@$�2  
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RC=τ 1-4   : ��$?	             :  

 �:  	?$�� ا ��Aد�����2Aل ��Aد	  



      [ ] [ ]
[ ]I

U
R = ⇐

i

u
R R=                ⇐        iRuR .=  

       [ ] [ ] [ ]
[ ]U

tI
C

×=  ⇐

dt

du
i

C
c

=    ⇐             
dt

du
Ci C=  

    ��V	ا ?A� ��	 . τ     ⇐       [ ] [ ] [ ] [ ]
[ ]

[ ] [ ]
[ ] [ ]t
U

tI

I

U
CR =××=×=τ   N��و              :  

Ω=== −

−

10
10.100

10
12

9

F

s

C
R

τ
 

....................................................................................................................................................  
Vuc 5=  2   ( 2  -1 (  OG#2	ا K%��� ���  ا	�"�� 

0=i    �B?ا	`�م ا�	ا K& KB��:و�?ة ا	���ر ا	#��  
. CVFECq 1012 10.55.10.100. −− ===  2-2 (OG#2	ا ��D� �B?ا	`�م ا�	ا K&  

��2 أن �+�رب ا	*�"���) 1- 3)   3    OG#2	ا �A� �.  $��K& Q ازد$�د 2�9  

  ه" �D�	��9اح اYن اw&  : d � ا	V� OG#2داد v9���� ��?�1 ا	��2&�و A� �2 أن�  
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 . E  �	Y?�q �9( ا�Y%?ام    OG#2	ا ��D� ���Aو� cu 3 -2 (  ���A�  

 
��%��^ �9)"ن ���2T ا	�"��ات :  

  Euc = ⇐           0=i    ⇐      ^+D�� �B?ا	`�م ا�	ام ا?%�Y�9( ا    EuiR c =+.    ⇐           Euu cR =+  

CECuq c == :                                               و	?$��   
....................................................................................................................................                     ...........

     .�("D3� 0+�$ ام?%�Yا ?A� OG#2	ا. te
c CEu ==   3-3 ($ Y ام?%�Y�2 أن ا�OG#2	ا K%��� ���  xدي إ	0 &�
 ا	?ارة &wن ا	�"�� 

���Y%?ام  ��4�$ Y OG#2	ا K%��� ���.                            ا	�"��  ⇐                                
V�� qا$? . ECq . إذن  ..= � ا	OG#2 و	?$�� A�C ��2 أن ا�Y%?ام $xدي إ	V� 0ا$?   

.................................................................................................................................................... 
3-4 ( KB��.  0D�� t#1 ا	���ر ا	#��  

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

dt

dq
i =        3-5(                              

...........................................................................     ...........................................................................  
. ����; 0+�$ OG#2	ا K%��� ���    3-6)                           ا) y%E   ن  ا	�"�� 

� إذن �?ة ا	���ر ا	#����K& KB ا	)  ب                                   �D3*	 ��4� ه��ك 
�D���4��  ارة?    .  
                      .����; 0+�$  E �%K ا	2"	? �� ���                                     ج) y%E    ن  ا	�"�� 

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

 :  b�(�#�2	ا K& K(�G	ع ا"n"2	ا  
 M+&. P
�

ا	#�ة � ��P� ��&69 ?A	�y;�� وز)��) 1-   )1  
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ooy

oox

o vv
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          :   t=o  �`D*	ا K&       



: �;: !9+�� ��6�78 ا	�3�5ن ا	3�4* 	.��/2 0�1 ا	��ة   
   GamP

��
.=  

  0=xa ⇐   xam.0 =   ox ��'�+�ط 1*0 ا	D2"ر  

αcos.Ox vv =   ����; �1��� ��� �2`��� ��2�+��� :   ox      @ �⇐ �Q ا	D2"را	�Dآ         0=xa    

tvx O ).cos.( α=      ����V	ا ���	د�A� :  

               gaY −= ⇐   yamP .=−   oy ��'�+�ط 1*0 ا	D2"ر  

αsin. Oy vtgv +−=  ⇐ Oyyy vtav += .  : oy   ��2�+��� Q�@ �����4ة ��)�`�م ، دا	� ا	��1 oy ا	�Dآ� @�Q ا	D2"ر   ⇐   gaY −=    

OAtvgty o ++−= ).sin(
2

1 2 α � ��Aد	��    ���V	ا �  

� ���ر ا	#�ة A��<                           : K2T*� . OAtgx
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x
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:              ��Aد	� ا	��2ر  
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hy ′= ℓ=x : و :  �1?�� ��2 ا	#�ة &"ق ا	#�3� �#"ن إ@?ا;����� ) 2- 1   
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cmmhhh 2929,0 ==−′=∆ :      إذن ��2 ا	#�ة &"ق  ا	#�3� 1*0 ار��7ع    
...................................................................................................................................................  

 OAtvgt o ++−= ).sin(
2

1
0 2 α  N��و                       : 0=y :  �#"ن  BC �1? �+"ط ا	#�ة &K ا	�T2ل) 1-3  

        0≻t  ��       : 05,3.2,2.5 2 =++− tt :                      أي   
 .    BC � �+"ط ا	#�ة &K ا	�T2ل    `D	 Kوه  st 085,1=  �� ا	��	�T���	ا �:         $K%A @( ه56 ا	�A2د	  

........................................................................................................................................................  
 .  D+ℓ  �� N(ر�+( �; : BC � ه( ) 1-4&�A2	ل��ا'ر Y أم QB��  :?D(لأ&�"ل د�T2	ا K& ��<"+� �`D	 #�ة	ا  

 
 �: �+"ط ا	#�ة أ&�"ل )+%  

mtvx O 38,19085,1)45(cos18).cos.( =×== α                                                 

                             mD 21=+ℓ :                                                و	?$��   
 QB�� ل��ا'ر.  ⇐   BC ⇐       ا	#�ة ��+K& M ا	�T2ل               Dx +ℓ≺ :        إذن   
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ا	#�ة � ��P� ��&69 ?A	�y;�� وز)��) 1- 2  
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          :   t=o  �`D*	ا K&       

:  ا	��ة �;: !9+�� ��6�78 ا	�3�5ن ا	3�4* 	.��/2 0�1  
   GamP

��
.=  



 
  0=xa ⇐   xam.0 =   ox ��'�+�ط 1*0 ا	D2"ر  

             gaY −= ⇐   yamP .=−   oy ��'�+�ط 1*0 ا	D2"ر  
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  : ),,( yxo  �*A2	ا K& a
�

� ا	���رعKإ@?ا;��  �T��  
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2-2 :  

αcos.Ox vv =   �� ��2�+�������; �1��� ��� �2`�           :                                  ox ⇐ ا	�Dآ� @�Q ا	D2"ر              0=xa      

αsin. Oy vtgv +−=  ⇐ Oyyy vtav += .  : oy   ��2�+��� Q�@ �����4ة ��)�`�م ، دا	� ا	��1 oy ا	�Dآ� @�Q ا	D2"ر   ⇐   gaY −=    
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�� ا	��1�T�� K��;إ@?ا  
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2-3 (  

tvx O ).cos.( α=   �2`��� ��2�+��� ����V	ا ���	د�A� : ox ⇐ ا	�Dآ� @�Q ا	D2"ر              0=xa      

OAtvgty o ++−= ).sin(
2

1 2 α  :  ��2�+��� ����V	ا ���	د�A� م�`�(��:  ����4ة  oy ا	�Dآ� @�Q ا	D2"ر   ⇐   gaY −=    
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:                                     ��Aد	� ا	��2ر  

                  �A��<#�ة	ر ا��� :  K2T*� .  
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: Ov 2 -4  (�2�9  

. Ov  �2�9 f����(��2ر و	ا ��A� K& Cد	  . K��;ض إ@?ا"A( إذن C  �	#Q��$ K ا	Q1I ا	�?ف $QT أن $�2 ���ر ا	#�ة �� ا	�+%  
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 . )(tx    ����V	ا �K&     oV ا	�A2د	 ��	 �� ا	Iز����V	2?ة ا	ل 1*0 ا"�D*	ض و"A?ف )�	( ا�T  

      tvx O ).cos.( α=                                             
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         ⇐                     COC tvx ).cos.( α= :                 Q��� �� ?�1 ا	#�ة ا	�?ف  
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� ��وره� &"ق ا	D� Q1I?$? ار��7ع ا	#�ة) 2-5`D	:  

dx ;� )+�رن ه6ا = �′h ذات ا &�"ل )D?د أر�"ب ا	#�ة �1? ��وره� �� ا	�+% 	�A2ة ه( ا	 Q1I��t2* ا	#�ة ��?5 ا	�K ��( إ	0 اYر��7ع    
. h′ اYر�"ب ��    

. Y $�2#� ا	� Q1I� 	t2 ا	#�ة  ⇐  hmOAtgd
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         ��$?	 dx =   ?�1:  
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