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  !�ض �#�وس !  ��دة ا	�����ء وا	��
��ء               ���17/5/2008 ا� ا	��
�ن ا	����           ��م 
 %
.  34,% ا	�53م ا	�را-�% و34,% ا	#��ة وا2رض    ��	0�(��% ا	�/��% و.�(��% -,+ ا� ا	*�*�و(  �)و'د &��  

 

 Iا	9
��8 ا2ول !  ا	�����ء.
).ا(>� ا	*�;( BC �� ��اDE% 	�ح ��B; ��ن(+رس ��آ% ��9	@  !�ق ا	
�ء < F	ل ا/  

 
�&�9�  ;,� %DEورا  ��ورق ��ا�G�  از��ء و�
، و 	�ID ا	 A  %DF) 8� %�B+� %-�E ون+� K5DL� kgm 70=   M959@ آ	�9
  ا	

. NF 250=  5- K,D��N&+4 ة�O M�  
. B  %DFL	ا  ! hkm /72  �N9
�O %-�E @	�9

P59 ا	� mAB 200=  %!��
�QDO +3 ا	  

. B و A 1 (@	�9
  8��L 8�9DF ا	 ا����R& S ا	O�D% ا	#�آ�% 	5
. B A و �O  fة ا'��9�ك ا	
T5- %F,D  ا	
�9	@  !�ق IDE ا	
�ء ��8 2( 8�9	  

. f  %
�O +Vاو، B A و � K�,D9� M�5- %#�آ�	ا %O�D	ا %L8,�ه��  
.  !�ق IDE ا	
�ء mH 5= M-��وار& mBC 10= 3(  ;Y�L�@	�9
و�3Y+ !�ق 	�ح ��ن ���Z ;B	M   -8 ا	#,;ا	  

. Nf 500'= M&�O .��9% !�ق ا	�5ح -5
� أن ا'��9�ك   
�NL� ;آ ;R4 Sا�� �.   . BC  3 -1 :/> @	�9
ل ا'(F9�لا�Vد ا	�Fى  ا	
T5- %F,D ا	  

.  	�5ح C 3-2 :%
F	ا +L- @	�9
�K�,D9 �,�هL% ا	O�D% ا	#�آ�% أو�E  +V-% ا	  
ه   D 5
��ر ) .  �_ه
�ل &�.�� ا	�Nاء( ،	 %
F	ا +L- @	�9
�E-% ا	 C �Y; -8 ا	�5ح ا(O/D� �8 ا) 4L� و ��F� @	�9
	DFL% ا	  

.( CzgmEpP += .. . %�+3L� ء�
:(O�Z ��,3&  D3% ا	�Qa ا	F0�	�%( (93,�أن  O�Z% ا	�Qa ا	�F0	�IDE +L- % ا	 smv /9=  

 ��F	ذا؟</ل ا�
	  .   4-1(  ��F	@ !  �+ا�% ا	�9
5	 %���)���
�d.ا��S ا	O�D% ا	#L& %O�D	ا efه; ه   


% ا	
��ر O؟. D 
% ا'ر&��ع)4-2 �O  ه �� %DFL	ا +L-، ء�
��	 %,�L	�ID ا	  

.؟ �� ه  �E-% ا	
�9	IDE T5- MZ�FE +L- @ ا	
�ء) 4-3  
2/10 smg =   D3):  

 IIا	9
��8 ا	0�(  !  ا	�����ء
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��8 ا	��
��ء.& III 
:9�&@ !  ا	#�'ت ا	9�	�%اآS9 �3�د	% &��-; ا�9E2ة وا-i ا�E ا�9Eh ا	) 1 


k ا	,�و��(��P )   أ             � ;-��& +L- ,�و��ن	ول 2- وا.  

k ا	
�0�(��P و./.  )  ب              � ;-��& +L-1 -1-2;�0�  &�� ول 1- �ن .  

 
.هfا ا2<�� ��39
; آ %N�L	Vo�ص !  �k3 ا	
*�و��ت ا	����% .; ا	,�&�;��0- 3إ�0�(�ات  :  ، ه�    E  �9Eإ  

�. K���	#�ل ا�	8 ا�  k
(�DO p�qات �8 � g44 8 �
k اP��)�0�h و � g60  %5V��  ! ;>+) ، E ��q#& ;V8 ا�  Sآ�
ا	  
;-��.ا	�,��P�9 ا	
�آ�، و(�8r ا	h�� i�5rر&+اد 	
+ة pO�) �. ،%-�E ا	9  

39
�ل ا	s�Y ا	 pYL�L*�رةأآS9 �3�د	% ا)2-1E�� k
9��-; ��8 ا	�#�ل وا	#	.  
2-2(;-��.ا-G�_� i�ز �
��ات هfا ا	9  
��ه� دور ا	8�r�9؟و	
�ذا &�39
; ا	h�� 8�r�9ر&+اد؟) 2-3  
2-4 (;-��39
; �_!�اط؟. ا��S آ
�% ��دة آ; �8 ا	#
k وا	�#�ل ا	
+<5% !  �+ا�% ا	9�� �
Nأ�  

 �9Eh8  ا�د.�� %�
.ة ا�9Eh ا	
��ن .� ا9L9E@ ��دود ا	9��-;أوV+ آ g52 2 -5(T5- ;-��5
� أ(N) +L- ;Y#) �L��% ا	9-  
2-6 ( 8�r�9	ا%��N) +L- i�5r	ا S9@ &�آ�L9Eا.  
8 �
0/ن &�Dر)2-7�f5	8 ا��L#L
�v ا	*�; ا	) T5- �Eار%�
LR� �+ ا�9E2ة �3+  ��دة ا	#
k .� ا�9Eh �+'	% ا	��8 ��-9,�ر أ(O �L+ �5آ

 %-�E ور���9 .Ehن ا��& %-�E 8-و k
.��ذا �
�8 ا	�Fل -�E 8-%ا<9��ء ا	#  
. molgOM /16)( =  ، molgCM /12)( =  ، molgHM /1)( =   D3) :  
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:����� 
 ا����	� ا�ول ��
	�ء:
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mMM
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)ن0.25(                                            sm
s

mMM
v /1
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2
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4 === −

−

τ
                        

)ن0.5(                                                               2
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1
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2
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−

τ
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-- --- --- ---- -------- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- --  

 
 

4,0.4        )ن0.5(                            += tv    ⇐            2
3

/4
10503

/6,0

03

4,01
sm

s

sm

t

v
a =

××
=

−
−=

∆
∆= −τ

 

- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---  
teCttx ++= .4,0.4.

2

1 2 :   ه  4,0.4 +t :   و�8R! ML ا	+ا	% ا	  9�N9F9*� &��وي 4,0.4 += t
dt

dx
:     إذن 

dt

dx
v = 4 ( �L�+	:  

. 0=teC t=0 إذن ا	0��%9  L- 0=x+ ا	#5>%   �L�+	 ت��D3
و�8 </ل ا	  
)ن0.5(                                                                    ttx .4,0.2 2 += :ا	
3�د	% ا	���L% 	#�آ% ا	���% ه    

--- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- -  
5(��+3L� �N5R4 ن���  	9�	و�� ID�	ا T5- %د��
.إذا آ�(x ا	#�آ% &�9 �+ون ا��9�ك !_ن ا	�Fة ا	
�FوIDE ��.(9� %) ا 	9
�س &��ن -  

.� ���ن E �N5R4�	, ����9�ك !_ن ا	�Fة ا	
�FوIDE ��.(9� %) ا	9
�س &��ن �� v�-  ! %5B�T#L ا	#�آ% و��	9�	إذا آ�(x ا	#�آ% &�9   
: R
�

  &#+�+ R4; ا	�Fة
: R
�

P و
�

 8�&�F5	 Qqr&  9	ا:  M2 و     M1 	���% ��8 ا	K�,D9�8�9DFL �,�هL% ا	O�D% ا	#�آ�% -T5 ا   
RWPWE MM

��

+=∆ >− 21
 

JMMgmPWEcEcRW 02,05,0.105,2108,008,0sin...)4,06,0.(8,0
.2

1 2
21

22
12 −=×××−=−−=−−= −α

��

 

 اذن ا	#�آ% &�9 ����9�ك.                                             ( 1ن)
8�9DF) %8 أو أ��  ;�G�9	ا. BوA 
�8 ا-9,�ر �  
-- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- -  

(1 )  GamRP
���

.=+    ⇐                 GamF
��

.=Σ : �L�+	:،%���	ا T5- 8&��L	  )�0	ن ا�)�F	ا K�,D9� (6 
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     fRt = 
�%       ا	
�آ,% ا	
��E% و<L
.ه  �Oة ا'��9� ك وا	
�آ,% ا	
ny

tx

RR

RR
R

=
=�

:    	N���آ,8�9  R
�

ا	�Fة   

⇐                               amfP .sin =−+ α                 :  ox   إFE�ط ا	T5- (1 )%O/3 ا	
#�ر
)ن1 (                   Namgmf 8,048,05,0108,0.sin.. =×−××=−= α  

    -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- - --- --- --- ---- --- --- ---- ----  
7(  

   oy 5
#�ر 	 %,�L	�� ن��E %	��  ! ��G	0   اcos =+− nRP α                  :  oy   إFE�ط ا	T5- (1 )%O/3 ا	
#�ر

NgmRN  )ن0.5(                                                      93,6866,0108,0cos.. ≈××== α          
      -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- --- --- ---- --- --- ---- ------ -- ---- --- --- ---- --- --- ---- ----  

 NRRR TN 7966,68,092,6 2222 ≈=+=+=                   ⇐             
NfR

NR
R

T

N

8,0

92,6

==
=�

8(  

1156,0                                                           ( 1ن)                                 
92,6

8,0 ====
N

T

R

R
tgk ϕ   �3��; ا'��9�ك

BوA8�� %#�آ�	8 ا��	5% -8 اF�
 K�,D9� (9 ا	O/3% ا	
 

ABavv AB ..222 =−  

smABavv AB /2,1.16,0424,0..2 22 =××+=+=  

ttx .4,0.2 2 += 39
�ل ا	
3�د	% ا	���L% 	#�آ% ا	���% :                E�� أو  
mcmABx 01616 ===  �L�+	 B 	DFL%!  ا   

⇐ tt .4,0.216,0 2 +=    ML�و                  : ttAB .4,0.2 2 += :               أي  

016,0.4,0.2 2 +−+ tt  

44,116,0244,0 2 =××+=∆  
( 0≻t �;  ��z�F,�ل 2ن  st 4,02 −= (و st 2,01 =  

4,0.4 += tv :و�8 </ل دا	% ا	��-%   
smtvB                                 )ن1 (                                         /2,14,02,044,0.4 1 =+×=+=         

10(10 -1(  
 :CوB8�� %���	ا T5- %#�آ�	ا %O�D	ا %Lه�,� K�,D9�  

RWPWEc CB

��

+=∆ >−  

)    2( 0)(. +−=− CBBC zzgmEcEc                                 

)cos1(cos''0 αα −=−=−== rrrHOOOHzB  �L�+	       :  
)cos1(cos'''' θθ −=−=−== rrrHOOOOHzC             

 

 
)cos(cos αθ −=− rzz CB   ML�و         :  

    BC EcrgmEc +−= )cos(cos.. αθ  %O/3	2(   ا         ( I,Y&                 :  

22 ..
2

1
)cos(cos....

2

1
BC vmrgmvm +−= αθ :                أي   
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                                )ن1(                         

 smrgvv BC /06,1122,1308,02,1)30cos45(cos..2 22 ==−=−+=  
C و B8�� %���)���
  O K�,D9�    :%�)�. %F��Z�(�ن ا(#��ظ ا	O�D% ا	

                       CCBB EpEcEpEc +=+                       ⇔ CB EmEm =  

 %O/3	2(وه  ا( )(. CBBC zzgmEcEc −=− ⇔ CCBB zgmEcgzmEc ... +=+ :                                 أي   
--- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- -------- --- --- ---- --- --- ---- ---- -- ---- --- --- -  

2        )ن0.5(                                             
2

/2,11 sm
r

v
a C

N == 10-2.  

- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
C 10-3(�)�F	ا K�,D9ن�%DFL	% !  ا���	ا T5- ن��L	  )�0	ا  

GamRP
���

.=+  
),,( nuC
��

  L��! �53�  

 ),( uc
�

  E�

��FEh�ط -T5 ا	  

tamoP .sin. =+− θ  

T5-2ا �#) %|Z�,9� %���	2/745        )ن0.5(               . 2ن ��آ% اsin10sin. smgat −≈×−=−= θ   ML�و:  
 

 

 II )ا	9
��8 2 !����ء
smsmhKmvB /203600/1072/72 3 =×==  1) &#��; ا	��-%:                

JvmEcEcEc         ( 1ن)                                   BAB
322 10142070

2

1
0.

2

1 ×=××=−=−=∆  &��R ا	O�D% ا	#�آ�%: 

             - ---- ---- -- ---- --- --- ---- ------ --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --  
. R
�

و	IDE ��.(9 ا	
�ء F
�

�G	ة ا�F	و P
�

 M)ز�	@ 	�9
�Qqr ا	 AB </ل ا'(F9�ل)2  

 

��E%��آ,� %. tR
�


�% و<L� %,آ�� nR
�

R :إ	T ��آ,8�9 
�

���P ا	�Fة  & 8�
�  
:�L�+	 %#�آ�	ا %O�D	ا %Lه�,� K�,D9� 

 
 

 

N                                 )ن1(                
AB

EcABF
f 180

200

1014200250. 3

=×−×=∆−=       ML�و    :      

--------------------------------------------------------------------------------------------------------------- 
3(  
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JHmgHmgzzgmPW        )ن0.5(   CBCB 350051070.)0()(. −=××−=−=−=−=>−−

�

 

JBCfBCffWnRWRW        )ن0.5(   500010500'.'.0''' −=×−=−=−=+=                              
:�L�+	 %#�آ�	ا %O�D	ا %Lه�,� K�,D9� 

    ⇐              '..
2

1 2 RWPWvcm +=
�

⇐                         'RWPWEc CB +=∆ >−−  

smRWPW        )ن0.5(          
m

vv BC /54,12157)50003500(
70

2
20)'(

2 22 ==−−−=+−=
��

 

-- ---- ---- -- ---- --- --- ---- --- --- ---- ----- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- -  
. 0=z  +L- 0=Epp C=0 	��ن   CzgmEpP�Q ا	0��%9  += .. 4-1( %�	�F0	ا Qa�	ا %O�Z:  

zgmEpP ..= :         و��	9�	     
:     ه  C  %DFL	@ !  ا	�9
5	 %���)���
ا	O�D% ا	  

          )ن0.5(  
.(%���)���
�d ا	O�D%ا	#L& M	�R94#�!>�%.(</ل ا�ة �O زن�	2ن ا d�#L& %���)���
�� ' �Qqr ا	
�9	�E @ى 	�(M ، إذن M9O�Z ا	F	ل ا/> 

- ---- --- --- ---- --- --- ---- ----- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -  
JEE McMD 8995== : %O�D	ظ ا��: 	+�O S�� �L�(�ن ا(# D    %DFL	@ !  ا	�9
5	 %���)���
  4 -2)ا	O�D% ا	

PpDCDM EEE
D

+=  

'..9.70
2

1
8995 2 Hgm+××=  

mH        )ن0.5(                              8,8
700

28358995
' =−=                                                    

            
      .(2-4 T5- %��Vo	 DوC8�� 8��	5% -8 اF9�
39
�ل ا	O/3% ا	E8 ا�
� :%}�#5�  

 T5- ;Y#L!    : ga −= HHyy  و DC −=− '  Q�                          : )(.222
DCyCD yyavv −×=−  

       m
g

vv
HH DC 8,88,35

20

81157
5

.2
'

22

=+=−+=
−

+=  

- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
 (�L�+	 : 4-3 
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iF! M)9).�� وز	@ 	�9
:إذن ا	O/3% ا	
3,�ة -8 ا	F�(�ن ا	  )�0	S9�& 8&��L آ
� � +3�.   5�R�در&M ا	�5ح �Qqr ا	  
teCvx   و�8 </ل  =  S�� %-��	0  إذن ا=ax ⇐ axm.0 = ⇐           ( cx  ) 1( I,Y&  9	ر   ا�#
( ��S ا	 GamP

��

.=  

αcos.vc
dt

dx = : ه  )(cx  S�� %5#�آ	�5% a��  أي ا	
3�د	% ا	9
dt

dx
vx =      �L�+	و αcos.vcvx =   %�B+,	% ا	#�	ا :  

. 0=x ،  0=t L- 2ن   + tvcx ).cos.( α= 39
�ل ا	�9��;  E�و�   :  
   : ),( yc  %O/3	ط ا�FE_ر )1( و��#
-T5 ا	  

   
dt

dy
vy =                 Q� : αsin.. vctgv y +−=    ML�و:             g

dt

dv y −= ga أي : y −=   ⇐ yamP .=−     

tvtgy c ).sin.(.
2

1 2 α+−= :                              إذن             

α
α

sin..

cos.

cy

cx

vtgv

vv
v

+−=
=�

5
�9	@ </ل ا	��Fط ا	#� 	N� ��آ,8�9 	  : v                  إذن ا	��-%     

  )2( 2222 )sin..()cos.( αα ccyx vtgvvvv +−+=+=  �N
<L�  :  

Hy −= :،   &��ن  -�FE +Lط ا	
�9	IDE T5- @ ا	
�ء  

    05.27,6.5 2 =++− tt ⇐ tvtgH c ).sin.(.
2

1 2 α+−=−                     :أي 

  .  0>t st ا	#; ا	�E  )�0	 ��z �N! S�F,�ل 2ن �+ة ا	��Fط  8,1
10

8,1127,6 ≈
−

−−= ⇐ 3,13910039 =+=∆   

  ! k��39	��)2(.  

smvtgvv cc /166,1379,117)5,054,128,110()866,0.54,12()sin..()cos.( 2222 ≈+=×+×−+×=+−+= αα
 

 ا	F��D% ا	0�(�%:
 :%���)���
 هfا ا	�~ال ا2<��4-3) �
�8 اO K�,D9� M�5- %��Vh�(�ن ا(#��ظ ا	O�D% ا	

EECM EpEE +=  

)ن 0,75       ) sm
m

E
v M

E /16
70

89952.2
=×== ⇐     2..

2

1
EM vmE =   ⇐            0=EEp ⇐ 0=Ez  

▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫▫  

  &I�#Y ا	��
��ء 
)  أ)  1 

             )ن0.5(  
�9Ehا �E�0;- ��1و��(�ات : ا�h�0; ا�.  

 

         )ن0.5(  
�9Ehا �E0�(�ات :ا��,�و��; ./.  2-1-1	�0; ا�ن0.25(   .(         

-- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- -  
2-  
2-1(;-��: �3�د	% ا	9  

 
           )ن0.5(                                                                                                                                                      

-- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
         )نD�.                                        )0.25 ء و' ��اري �#+ود ،:  �
��ات &��-; ا'�9Eة )2-2
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- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --  
2-3 (8�r�9	و� &�� ه�دور ا ، ;-��8 (�39
; Q ا	9�r�9	ا&@��'ر&+ادا�L	ت وا/-��9
         )ن .   )0.25	�  Q�q& ' آ
��ت ��دة ا	

 --- --- ---- -------- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ----  

mol        )ن0.5(                                                               
OHCM

m
aciden 1

60

60

)(
)(

2142

=== 2-4(  

39
; �_!�اط��  k
mol                    )ن0.5(                               .  ا	#
OHCM

m
alcooln 5,0

88

44

)(
)(

125

===  

--- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

mol             )ن0.5(                                                              
OHCM

m
estern 4,0

130

52

)(
)(

2147

=== 2-5(  

molx 4,0exp= 9��-; ا'�9Eة ه�  	  ,��G9	م ا+F9	إذن ا                  :  
;-��
% ��دود ا	9�O ج�r9�& ML�و   : molx 5,0max = 9��-; ا	
#+ ه� ا	�#�ل ، !_ن ا	F9+م ا2 
:TYO و�
� أن ا	  
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