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    (1)  GamP
��

.= GamF          أي:             
��

.=Σ         : ��)�K� 
�:�L ا����(ن ا���3�    

 te
x cv =   
=0  و@��%��

dt

dvx xa=0   أي    ⇐            xam.0 =     : ox 8� (1)�-2 ا���(ر :M;ط ا����  إ

. Ox Vv =  NK!و                  : OV :و!� MRل ا��1وط ا�:/��� �%OP أن ا��D� �%@�3وي    

ot = S ا�)! �#��� ���� /K� oO xtVx += . :�� K! �����%D! K%��� !;�د�%$� ا� ! ox   �%@�B ���Dا���(ر ا� TD= �إذن ا���آ ،  

 tVx O .= 
:                                                             و@��%�� 0=ox ه(    

 oy ga ا�%�Dرع C@�B : إذن ا���آ� =TD ا���(ر y −=   ⇐         yamP .=−  :    oy 8� (1)�-2 ا���(ر :M;ط ا����  إ

         tg
dt

dy
v y .−== S!         : tgv y .−= 0         :                @��%��
  و   =yvo S! oyy vtgv +−= . !%��Xة @��%��م   

Y�);%��@. H ot ا�����ة �(6/ �
 ا>ر�#�ع  = �K/ ا�-���    '..
2

1 2 ctgy +−=      oy TD= �آ��-� ��K! ا��;�د�� ا�  

 Htgy +−= 2..
2
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:     و@��%�� Hc =' : أي '0 cH +=  ��@�Dا��;�د�� ا� 
�:  
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�/دي: ا��;�د�%�� ا� !�K%�� �-��آ� � L�:��  

C Z�� NK!8$� ا����#� \]�@� ا�$/ف   و�X%D� 
�-2 ا��/ة ا� !�K� ا�% 0 7840.9,40 2 +−= Ct :   أي 0=Cy :  C   ا�$/ف��K/ إ]�@ 

s
g

H
tC 4010.16

8,9

7840.2.2 2 ==×==  

----------------------------------------------------------------------------------------  
x @�/ة ��(ط 
 !;�د�� � t 8�;%$� ا�����ة �
 ���� إ]�@� ا�$/ف ، ��#
 أن �;(ض) 3- 1 
�-�Z(ل �-2 ا���D�� ا�%  

. tx .125= �� �B@%� !;�د�� =�آ%$� �!D%���� ا����#�، `ن =�آ� ا�����ة �D@ ���%K! .  
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KmmtAA C 5500040.125.125' ====  

 ����  إ]�@� ا�$/ف ��(ن ا�����ة �(�a�:! N8ة� Nأي ا�  . KmAAOC 5'==  
:       ه OC ���Dأن ا�� b%K%D� NK!و  

------------------------------------------------------------------------------  
.O ���Kا� �! mR 200= �$��;a 2 دا��ة-�KmH ، !� أ06 إ]�@� ه/ف �(6/  19602 =   إذا آ��C ا�����ة �%��ك �-2 ار�#�ع)2
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�:�L ا����(ن ا���3�    

 te
x cv =   
=0  و@��%��

dt

dvx xa=0   أي    ⇐            xam.0 =  :     ox 8� (2)�-2 ا���(ر :M;ط ا����  إ
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. βsin'.Ox Vv =  NK!و                  : βsin'.OV :و!� MRل ا��1وط ا�:/��� �%OP أن ا��D� �%@�3وي    

ot =  ���� /K�  oO xtVx += ).(sin' β ox :�ا� !K! �����%D! �K%��� !;�د�%$�  �� �B@%� ، إذن ا���آ� =TD ا���(ر �Dا�  
. 0=x L�ا����#� �(ا ����� ���� 
S ا�����ة �)!  

 tVx O .)(sin' ×= β 
:                                                             و@��%�� 0=ox : �b%K%D أن      

ga  ا�%�Dرع C@�B : إذن ا���آ� =TD ا���(ر y −=   ⇐         yamP .=−  :    oy 8� (2)�-2 ا���(ر :M;ط ا����  إ

βcos'. oVtg
dt

dy
v y −−== S!   : βcos.'. oVtgv y −−=  NK!و     : βcos.'oVvoy −= S! oyy vtgv +−= . !%��Xة @��%��م   

 . 3H ot ا�����ة �(6/ �
 ا>ر�#�ع  = �K/ ا�-���   Nو@�� أ�  ')..(cos'..
2

1 2 ctoVtgy +−−= β  : oy TD= ��K! ا��;�د�� ا�  

  3
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1
HtoVtgy +−−= β 
:    و@��%�� Hc =' : أي '003 cH ++=  Y�);%��@ ��@�Dا��;�د�� ا� 
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votav += .1 ��#�h� �� دا ��: !;�د�%$�  @/>�� ا� !� ، �:�رة  S1  (1-1 (AD&ات =�آ� ا���X� 03�� 2 ا��يK�Kا�� 1 
�%�B ��f N@%� و@��%��
 �iن =�آ%��X%! �����%D! Nة @��%��م��.إذن   

votav += .1            :       S1����  ��K/د �;:�� !;�د�� 

. 1S  AD&رع ا��D� )1 هa     S! :   2
1

1 .5,2
)012,0(

.)5,08,0( −
−

=
−

−=
∆
∆= sm

s

sm

t

v
a N6)ا��;�!0 ا��  

 . 5,0.5,2 += tv :      إذن 1.5,0 −= smvo  

---------------------------------------------------------------------------------  
teCt

t
x ++= .5,0

2
.5,2

2


:  ه 5,0.5,2 +t :      و! NK�iن ا�/ا�� ا�%
 !�D� �$%�%1وي  5,0.5,2 += t
dt

dx
:     إذن 

dt

dx
v = -2.1 (  

. ttx .5,0.25,1 2 += 
:  و@��%�� 0=teC ⇐ 0=x ،  ot = �K/ ا�-���: @�� أن   

--------------------------------------------------------------------------------- 
  j�?و�/ور ا�y ���D���@S2AD&0 ا��%K�  x  ���D�@S1 �K� �!/K%�0 ا�&AD@�� أن ا�?���f j �8@0 �-�/ و)2 N�i� 2 ا�:��ة-� L� K� <  

     θ.rs =  
K�Kل ا��)Z�`وا  syx ==   S! : s  
K�Kل ا��)Z�`�@ 2 ا�:��ة-� ا��-#(ف 

       θɺɺ.21 raa == :                    أي  
2

2

2

2

2

2

.
dt

d
r

dt

yd

dt

xd θ==           ⇐ a<�@             θ.ryx%��ق !����      == : إذن   

  θɺɺ.ra = :                                                       إذن 21 aaa ==   ��: ��Dرع ا��&�(  
?� )$� 
:SP �-�(ى ا�%�����%A @/ون ا=%��ك و@��%��  S2 -2(AD&آ� ا��=  

 :     Nوز�                      . 2P
�

 

�O ا�%��س   : ��O `ن ا�%��س �%A @/ون ا=%��ك.ا��(ة ا���:�� !� �nف D2 ا�-���(د��  
.وه 2R
�

 

 :  j�?ف ا��n �! ��:�.ا��(ة ا�� 2T
�

 
 

 
21 aaa == :       `ن  amRTP

����
.2222 =++    
:                    ا�;8M� ا��;:�ة �� ا����(ن ا���3
 �T%�� ��)�K آ�� �-  


 !2�K ا���آ�� N6)ا�� : ox ���ط �-2 ا���(ر \�@  
amOTP .sin. 222 =+−+ α                                     

NagmT 81,4)5,230sin.81,9(2)sin.(22 =−=−= α   NK!و:  
�-2 ا�:��ة ا�%
 �?SP �-�(ى ا�%����) 2-3 ����%-� ������:�L ا�;8M� ا`%@:  

.وز�$�:   P
�

 
.���Bo !�(ر ا�/وران  :  R
�

 
. 1S :���Bo ا�?�j ا����:j ب:    1T

�
 

. 2S :���Bo ا�?�j ا����:j ب:    2T
�

 

 
θɺɺ

����
.21 ∆∆∆∆∆ =+++ JTMTMRMPM  �K�/�                            :  

        
r

J
TT

θɺɺ.
12

∆=−           ⇐                       θɺɺ...00 12 ∆=−++ JrTrT :                        أي  
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:   �iن  :                                 
r

a=θɺɺ                         و@�K أن             

NNamT
r

arm
T

r

aJ
TT 406,45,26,05,081,4..

2

1
..

2

1
.

22

2

2221 ≈=××−=−=−=−= ∆  

--------------------------------------------------------------------------------- 
{S1} را�� ا��&�(��د) 2-4  

:ه�e ا��&�(�� �?SP �-�(ى ا�%����  
.وز�$�:   1P
�

 

�O ا�%��س   : ���" !2�K ا���آ� `ن ا�%��س �%A @�=%��ك.ا��(ة ا���:�� !� �nف  
� �-��! 
.وه 1R
�

 

 :  j�?ف ا��n �! ��:�.ا��(ة ا�� 1T
�

 

 
.S1  %@AD&2 ا�-� ��)�K� 
�:�L ا����(ن ا���3  

  21 aaa == :                                                   `ن  amTRP
����

.1111 =++  )                       2       (  

 �#" !2�K ا���آ�� N6)ا�� : 'ox ���ط �-2 ا���(ر \�@  

( f ��دة 8(ة ا>=%��ك ��K!  إ��$� ب: �$��D� 
��" !2�K ا���آ� وا�% 
� �$6)! ) tR1  ����$� !�آ:%�� : !�آ:� !�� 1R
�

  ا��(ة

�O ا�%��س.)   ا��� ا�0�1:� 2-���(د�� )  nR1   : ����K! �:و!�آ                              

 
 T%�� : 'ox   �8M;ط ا�����-2 ا��(ر) 2(إذن إ  

⇐ amTR t .0 111 =+− )     3              (  

NNamTR t 8,281,25,25,006,4.111 ≈=×−=−=  


 وا��(N6 ��( ا`�-T%��  2 آ�� �-��Kأ�� S! L:�Kا�� : 'oy �-2 ا���(ر  �$n���وإ  

 ⇐ )`�N > =�آ� �-&TD= AD ه�ا ا���(ر  ( 0011 =++− nRP      

NgmnR 9,481,95,0.11 ≈×==  
 L@�Dل ا�0�1 ا�MR �! �K�/رس(و�)f�3�@ �Kه�:! L�:�%@:(  

   NRRR tn 7,58,29,4 222
1

2
1 ≈+=+=           ⇐              2

1
2

1
2

1 tn RRR +=  

                                  
 ا�
	��� ا�����

              
).ا��� ا�0�1( BC  R ق ا���ء)�  b� %! �ح !��0 !�ن�/رس =�آ)� ���Mل ا��#  @(ا  
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��)%!  0:= ����O ا���ء و!(از  !&�ورا  @ ورق @(اD� و ، A  ���� �! ���/@ �����-L @/ون K� kgm 70=   N%-%آ  b� %ا��  

. NF 250=  �$�/a 8(ة N�-� L:��  
. B  ���Kا� 
� hkm /72 -%��  �$%��8 ���� b� %ا�� � mAB 200=  ���Dا�� S�8 /;@  

. B و A 1 (  ��%�ا=��X� TD ا���8� ا���آ�� �-�% �b @�� ا��  
. B A و �O ا����-2  ا��% �b  �(ق  ��:�f �ء @�� 8(ة ا>=%��ك ا�� 2( ��%�  

. f B ،او6/ ��8�  A و ��@ N�-��:�L !:�هK� ا���8� ا���آ�� %@  
�O ا���ء�.  �(ق  mH 5= N�وار�#� mBC 10= 3(  0Z#K�b� %ا��:0ا�� ��   N�)n 0��! ق �(ح !�ن)� /;Zو�  

. Nf 500'= �B N�)8@%� �(ق ا�-(ح �-�� أن ا>=%��ك   
�$K! 00 آXa TD=ا AB   . BC �-2 ا��% �MR bل ا>�%��ل: 1- 3  ��:�ا�6د ا��(ى  ا��  

.  �-(ح C �K/ ا����@%�:�L !:�هK� ا���8� ا���آ�� أ: 3-2 b� %ا�� ����و6/    
 
ه D �K/ ا���� �-��Dر ) .  @iه��ل ���Bo ا�$(اء( ، b� %ا�� ���� C 4 ( ���K�8 !� ا�M��� ا�-(ح ا� 0Z#K� و  #�� b� %ا��  

.( CzgmEpP += .. �O ا���ء ن�;%:� أ.� /K�
 �;:�� 8�n� ا�(S ا�8�n   �!/;K! )�����3� ا�(S ا�����3� �;�: smv /9=  

.  ���ذا؟MRل ا��#   
 @/ا�� ا��#   )4-1  � b� %�-� �8� ا�����������ه0 ه�e ا���u#�K� �8.ا=TD ا�   

.؟ �8� ا���Dر D �� !� ه
 ��8� ا>ر�#�ع)4-2 �Kا� /K��O  ا���ء ،D� �:DK��@  

�O ا���ء ) 4-3� 2-� Nn)�� /K� b� %ا�� ���� 
.؟!� ه  
2/10 smg =  
�;�:  

 

                       �����  ا�
	��� ا�����
 

smsmhKmvB /203600/1072/72 3 =×==                 :���D1) ��(�0 ا� 

JvmEcEcEc BAB
322 10142070

2

1
0.

2

1 ×=××=−=−=∆   ���X ا���8� ا���آ��:              

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

�O ا���ء� ��Bo%و� F
�

و��(ة ا�&� P
�

 Nز�)� b� %ا�� SP?� AB   ا>�%��لMRل)2
 

 
���.!�آ:� !�� tR

�
!�آ:� !���K� و nR

�
R :إ�2 !�آ:%�� 

�
���� �#��� ا��(ة    

:�K�/� �8� ا���آ����:�L !:�هK� ا�%@ 
 

 

 

N
AB

EcABF
f 180

200

1014200250. 3

=×−×=∆−=               NK!و                :  

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

�
 

JBCfBCffWnRWRW 500010500'.'.0''' −=×−=−=−=+=                              
:�K�/� �8� ا���آ����:�L !:�هK� ا�%@ 

    ⇐              '..
2

1 2 RWPWvcm +=
�

⇐                         'RWPWEc CB +=∆ >−−  

smRWPW
m

vvc B /54,12157)50003500(
70

2
20)'(

2 22 ==−−−=+−=
��

 

--- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- -- -  
. 0=z  /K� 0=Epp C=0 ��(ن  S! CzgmEpP ا��3@%�  += .. :8�n� ا�(S ا�����3� )4-1  

zgmEpP ..=   
:         و@��%��  

:     ه C  �Kا� 
� b� %�-� �8� ا�������������ا�  

 
�(ى �(�N ، إذن N%8�n ا���������� �u#�K `ن ا�(زن 8(ة !������.(MRل اu#�K� N��X%a ا���8� ا����������). b� %ا�� SP?� <  #ل ا��MR 

- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
JEE McMD 8995== : �8��: �/�TD= �K ��8(ن ا��#�ظ ا� D    ���Kا� 
� b� %�-� �8� ا�����������  4 -2)ا�

PpDCDM EEE
D

+=  

'..9.70
2

1
8995 2 Hgm+××=  

mH 8,8
700

28358995
' =−=  

- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ------ ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -  
( �K�/� : 4-3 

 
 

j�� Nوز� ��Bo%� b� %ا�� SP?� ا�-(ح Nدر��X! /;@.
:  إذن ا�;8M� ا��;:�ة �� ا����(ن ا���3
 �T%�� ��)�K آ�� �-  
teCvx   و!� MRل  =  TD= ���D0  إذن ا�=ax ⇐ axm.0 = ⇐           ( cx (    ا�%
 �TD= O:Z ا���(ر)1(   GamP

��
.=  

αcos.vc
dt

dx = 
: ه )(cx D= �آ��-� ��-T   أي ا��;�د�� ا�%#�
dt

dx
vx =      �K�/و� αcos.vcvx = : ا����� ا�:/���    

. 0=x ،  0=t  /K�tvcx  `ن  ).cos.( α= :   و@��%;��ل ا�%��!0    
   : ),( yc  �8M;ط ا����i@2 ا���(ر )1( و-�  
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dt

dy
vy =  S!                : αsin.. vctgv y +−=    NK!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

+−=
=�

:  �-�% �MR bل ا��D(ط ا��� �$� !�آ:%��  v      ���Dإذن ا�                 

  )2( 2222 )sin..()cos.( αα ccyx vtgvvvv +−+=+=  �$��K!  :  

Hy −= �O ا���ء� 2-� b� %ط ا��)�� /K�:،   ��(ن    

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

1 2 α+−=− :                   أي   

  .  0>t ��� T���f )$ !�:(ل `ن !/ة ا��D(ط  
st ا��0 ا���3 8,1
10

8,1127,6 ≈
−

−−= ⇐ 3,13910039 =+=∆   

 
� Y�);%��@)2(.  

smvtgvv cc /166,1379,117)5,054,128,110()866,0.54,12()sin..()cos.( 2222 ≈+=×+×−+×=+−+= αα
. E D  و   ��%��K8� ا���آ�� @�� ا���  !-�(,� : ���� ا\�6@� �� ه�ا ا�wDال @%�:�L !:�هK� ا�

     EDDE PWEcEc >−−−−=−
�

                                                                     
)(. EDDE zzgmEcEc −=−  

�.-2 و!(N6 ��( ا` B S! L:�K! N-[أ T��0(  @��%:�ر !�(ر ا`��'(. −=− HgmEcEc DE                                        
     '.. HgmEcEc DE =−  

gHmvmvm DE ...
2

1
..

2

1 22 +=  

smgHvv DE /168,810281'.22 =××+=+=  

                                                         ا�
	��� ا��ا��
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                                   �����  ا�
	��� ا��ا��
 

sm
s

mMM
v /6,0

10.100

10.6

2 3

2
31

2 === −

−

τ
   1               (  

sm
s

mMM
v /1

10.100

10.10

2 3

2
53

4 === −

−

τ
                        

          2
3

1
24

3 /4
10.100

.)6,01(

2
sm

m

smvv
a =−=

−
= −

−

τ
 2(  

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

 
 

   4,0.4 += 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! NK��X ا�/ا�� ا�%
 !�D� �$%�%1وي 4,0.4 += t
dt

dx
:     إذن 

dt

dx
v = 4 ( �K�/�:  

. 0=teC ن ا��3@%�  إذ 0=t �K/ ا�-���  0=x  �K�/� ت���و!� MRل ا��;  
ttx .4,0.2 2 +=  
:ا��;�د�� ا� !�K� ���آ� ا����� ه  

- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---  
 5) ��آ��:

�!/;K! �$-Xa ن)�� 
�O و@��%��D2 ا�-��O ا �%��س ��(ن ��(د�� � ��Bo%@ �ن ا��(ة ا����و�i� ون ا=%��ك/@ A%� �ا���آ Cإذا آ��.  
��" !2�K ا���آ� و@��%�� 
�O ا�%��س ��(ن !��-� �� ��Bo%@ �ن ا��(ة ا����و�i� ك��%=�@ A%� �ا���آ Cإذا آ��
a ن)�� :��� �$-X�.  

: R
�

  ��/�/ 0Xa ا��(ة
: R
�

P و
�

 ���)�-� SP?� 
:ا�%  M2 و     M1  ��%��K2 ا����� @�� ا�-��:�L !:�هK� ا���8� ا���آ�� %@  
RWPWE MM

��
+=∆ >− 21
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JMMgmPWEcEcRW 02,05,0.105,2108,008,0sin...)4,06,0.(8,0
.2

1 2
21

22
12 −=×××−=−−=−−= −α

��
 

 إذن ا���آ� �%A @�=%��ك.
(1 )  GamRP

���
.=+    ⇐                 GamF

��
.=Σ : �K�/�:،�2 ا����-� ��)�K� 
�:�L ا����(ن ا���3%@ (6 

 

     fRt = . ك وا���آ:� ا�����K� كا>=%��      ا���آ:� ا������ وه
 8(ة 
ny

tx

RR

RR
R

=
=�

:    �$�!�آ:%��  R
�

ا��(ة   

⇐                               amfP .sin =−+ α                 :  ox �-2 ا���(ر 8�( 1)M;ط ا����  إ
Namgmf 8,048,05,0108,0.sin.. =×−××=−= α  

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

   oy ��(ن @��DK:� �-��(ر  ���= 
� AD&0   ا�cos =+− nRP α                  :  oy �-2 ا���(ر 8�( 1)M;ط ا����  إ

NgmRN 93,6866,0108,0cos.. ≈××== α          
     -- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- --- --- ---- --- --- ---- ----  

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

NR
R

T

N

8,0

92,6

==
=�

8(  

1156,0
92,6

8,0 ====
N

T

R

R
tgk ϕ   !;�!0 ا>=%��ك
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