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� ��ل ���ر ����( ����� ���ر��    
 ا	����ن ا	����ا���             �� ���   ا	$�#�� ��آ�	�ر��    )��آ� دوران 
                                                                                              

I –  �� �#�&�	)��'� ا�	(� ا*+#:  
  - ��� )c( .*�*آ M= 1kg  /	01� 2�' ك�*&��*�ى ���	ا5678 ا ) :&9	ك .)ا#;� ا�9 ا=�*&��+�k= tg φ = 0,19      
24و'0م �CDره� ��	�1(� 	���ره�   r = 5cm   �&�ة  @+�'?�-   .1025,1 mkgJ −

∆ ×=. 
Iور �Iون ا#0=ق '�2 ��ا�D ��J K�L �F�� 9	�I�*د وذي آ*�� �?��� و �) � �F)���)c�	m��(  آ*�*?� (S)   آ���-      

  .�)�ى ا	(&�ة
     1( �?Oر��*5 �	;� ا��	57 ا t=0�'��(�	ر ا��# ،   ��QI� �'�� ونI�  .   

 . a	�?� TU# ا	*��رع   (S)و) c(  '�2 أن  ��ه�    1-1                                   
 
        )c(                     2-1  رع�*�	أن ا ���a ���&�	 (S)       5	�*	:&9 ا	2 ا�' �*&�:  

             (S)                      g

r

J
mM

tgMm
a ×

++

×−=
∆
2

ϕ
  

  .Om      ، ��'���DOm أآ(� �� m ��I� ���D = ��&� أن �&�ن 57 ��آ� إ= إذا آ�#� آ*�*?� (S) ��� أن ا	&���  )2   
  . t1=2s 57 	�;� ��ر�O?�(S) وا �*Y*1 ��'� ا	&��� a ا��� ا	*��رع )3   

 5F+#                 m=500g      ،     g=10m.s-2.  

     4( �?Oر��*5 �	;� ا��	57 ا t1  ع�U&���  '�2 ار�	ا I���mh 45,0= ��[F\\\�  ا8رض K�O	9 '� اCU1و� .  
 � .  أ�ـ1�ء ��6^?� ا	��ا8رض 'I1 و��	?�إ	��(S) [F� 2'� ا	&���  ا��

                                                                                                                    
II ( ���  ��(	 �&��1S ��*&	ذي ا gm 1001 ��	α �)�1=030ى ��9Q �0او��  دون ا�*&�ك '�2 ��*��01	/    أن=

 KO�	5678ا                                                                                       .     

  
�#1�9 ا	)��  S ��� ��(�2S.*�*آ gm 1002 ��� ا	K�O 57 �)�ى . ��ا�D ��J K�L �F�� 9	�I�*د وذي آ*�� �?��� =

  . �Iون ا#0=ق '�2 �)�ى ا	(&�ةI�Kور ا	�O و ∆ أ��567ل ���ر  ?� ا	Iوران��&�1&�ة ذات آ*�� �?��� 
  . �Iون ��'� �t ��QI=0	*�ر�57c ا	��;� ذات ا ��0 ا	�F1�1S �F61/ ا	)�� 

� آ�� �����1S  5 أن ���رع ا	)��        1) *&�: ( )αsin1
2

−= g
a ،   dLe#2.10 −= smg.  

C f�� mOC ا	�F61 إ	1S2ا	*9C� 5 �7?� ا	)�� ctا��� ��ر�c ا	��;�     2)   25,1=.  .*'�� Y*1*ا� ��cv 
 �F61	ا gd57 ه.  

  .9CU1� 2S  ا	K�O '� ا	)�� C ا	�F61إ	I1' 1S2 و��ل )3
 .؟'�9 ��ا�1Sh �� ^(�+� ��آ� ا	)�� 3-1           
           3-2�F61	ا ��� ����U	�7 ا���	ا ��C�F61	وا D ��(	ا ��7? jD�*�� 5*	1اS 9)Dأن�F61	/ #�� ا	01� O        

3            -3  �F61	)�� �� ا	ق اkF#9 اCU� 5*	��1�0 ا	ة اI�	ا � .ا	�F61 هgd إ	2 ور��'. O    ا��
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I –  

1(  K�O	ان   ا �ة ���&)	ور ��ل اI� ��I1+7  I��	 9��D ��Jدون ا#0=ق و
θryx:           و	1�I�θ   و�Iور ا	(&�ة �0او�� ���  y�S9\\\\\\\\\\\6*1�  �7)( l7ن ا	&������x��7) (1�c*96 ا	)��   ==             

�                       2�' 9C�#��#�$	ة ا���	 �Dk+	ا gdق ه�6*@�              :  
          . 	?�� #TU ا	*��رع2Sوا	)�� 1Sو�m*� .1] ان ا	)��  

   
                                                            

 } C ا	)�� {  : ا	�Iرو��1ا	�)��'� 
omO� :  1P 	��6ى ا	*����  c ا	)��  :��د ا	�6ى* 

�
1T.وز#. :  

�
����R ا	K�O ا=567  : 

�
  ����� �F] ا	*��س:  

   ) .ا#;� ا	:&9 ( ى��$�9 ا	�6*
* /�)F� ����1	 5#�$	#�ن ا�6	ا)h���1�I�	 �����=ا �Dk+	)�� )ا	( '�2 اc(   ��*&	ذي اM      :∑ ×= GaMF

��
     

 �6)F�	�6ى ا	ت ا�ع �*)?��(����    .و�*)?� ���رع ��آ�CD 0رg  آ*�� ا	)�� ���وي �Iاء '�2 
GaMRTP                                                                                               :أي  

����
.11 =++  

l7 ����6*��              :                      iaaGن ) c(��� ان ��آ� ا	)�� 

���
.=                                  

ox 9C�#    2�':                                aMRT '�2 ا	���ر )  1(�� �6�ط * .sin0 1 =−+ ϕ                                 
aMRT      (2 ):                                                            و�1. .sin1 += ϕ  

       #�oy2�' 9C '�2 ا	���ر )  1(�� �6�ط و *
   ay=0�	 آ���= .#=��( c ���                                            oy0cos01 =++− ϕRP 

c :  (gMP(        ��� أن وزن ا	)��   .1         : 7�ن=
ϕcos

.gM
R =    :        

 57 s��+*	�2(و�( 9 '�2C�#       :                                )a(      �'��(�	2ا 
 }  S  ا	&��� :        {  :ا	�Iرو��

omO� : -2P 	��6ى ا	*�	��(s)ا	&���:  ��د ا	�6ى*
�

2T-.     وزن ا	&��� :   
�

  .  ���� ا	K�O ا	�أ�5:   
  ) ا#;� ا	:&9 ( ��$�9 ا	�6ى*
                                            

  
  

 

θɺɺraaa yx ===  

aMtggMT ...1 += ϕ  
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*/�)F�����1	 5#�$	#�ن ا�6	ا  )h���1�I�	 �����=ا �Dk+	&���  )ا	('�2 اS(   ��*&	ذات اm  :                   
 ∑ ×= GamF

��
  

 �6)F�	�6ى ا	ت ا�ع �*)?��(����   .و�*)?� ���رع ��آ�CD 0رg  آ*�� ا	)�� ���وي �Iاء '�2 
GamTP      (3) :                                              أي                     

���
.22 =+  

lD              :jaaGن ) ��*�6���(��� أن ��آ� ا	&��� رأ��� 

��
.=  

y’o2�' 9C�#    :                            amTP '�2 ا	���ر )  3(�� �6�ط * .22 =−  
                                                                                            

gmP وزن ا	&��\\\\\\� :   #+�� ان  .2          ) (b                                   و�1.        =
  }ةا	(&�{ : ا	�)��'� ا	�Iرو��

:                                                                                                     ا	(&�ة �omO 	��6ى ا	*�	��  : ��د ا	�6ى*

1'T
�

T'2 .���� ا	K�O ا=567: 
�

2T
�

P .���� ا	K�O ا	�أ�5:
�

R .وزن ا	(&�ة:
�

                   .����e ���ر ا	Iوران '�2 ا	(&�ة:
  .ا#;� ا	:&9  : ��$�9 ا	�6ى*

                                                                                      +       

                                                
                                                             

  )ا#;� ا	:&9.( ان#O*�ر �2�1 ���(� 	�Iور * 
θɺɺ        ��	� ا	Iوران.('�2 ا	(&�ة*���F# h(/ ا	+�Dk ا=������ 	��� *

�
.∆∆∑ =Μ JF  

∆∆∆∆=θɺɺ.∆J:                                                                   أي  +++ '' 12 TMTMRMPM
����

                                        
                                                                                                                           

                                                               θɺɺ.∆= JrTrT '.'.00 12 −++  

11 ' TT ���TU1� wU*��  .F6# o ا	*��� ⇐D ��J .#8�� 9	��I(    ���� ا	K�O ا=567      = 57(  
    22 ' TT                          )�*TU1� wU ا	*��� 57 ���D ��J .#8⇐ � .F6# o�� 9	��I(    ���� ا	K�O ا	�أ�5:    =

         ) (c ا	+�Dk ا	���C� �6(]ا                                                                                            
  

 �s��+� o) (c و   ) a (، b)(وه&dا �� kLل ا	+Dk�ت 
r

a=θɺɺ 2�' 9C�#    :  

                                                   
2

.
...

r

aJ
amMatggMmg ∆++=− ϕ       .1و�      :  

                                                             

g

r

J
mM

tgMm
a ×

++

−=
∆
2

. ϕ
  

    .m0*�6/ ذ	�I1' h��&�ن آ*�� ا	&��� ���و�� �و   57 ��	� �&�ن�&�ن  ا	&����I1'0=a� �&�ن ) 2
               αtgMm .0 =            (a=0)  

  .  �&�ن ا	&��� 57 ��آ�   〈�0mm�	�1(� ل
gm:  هS ( 5(ا	&��� آ*��  و��� أن     .g190=kg19,0=19,01×=om.ع .ت l7 : :momن =500 ا	�)��'� 57 اذن  <

  :        و  ���ر'?�. ��	� ��آ�

)(2 agmT −=  

'T
�

 

•  

P
�

 
'2T
�

 

R
�
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( )

2

22

4
.210

10.5

1025,1
5,01

19,015,0 −

−

−
=×

×++

×−= sma  

�� أي @5ء و�)� أن �&�ن D�درا '�2 ا#)�ز هgd ا	+���� دون �I:  ا�*+��ل ا=	� ا	���(� =#)�ز ا	*F(�/ ا	+Iدي ا	���/
)ا��� ا	�6�م : او=: ،�� أ�9 ذ	o)*� h ا	�FOات ا	*�	�� ا	1�6�DIأ9D �� '�2 ور�D ا	��c و57  )2210.5 �� اد�L. ا	2 −

410.25,1اآ*� ا	(��: K��#�     M+ �� ا	0ر SHIFT��sto+��ل ا	0ر*ا	dاآ�ة ��� �� ا��D '�2 �� 57 ا	dاآ�ة ���*+��ل  −
	h �&�ن  و�d= �� اKzy '�2  5,0 ��1اjy ا	�.  : ��	$�  M   ��=2�' 9C�*�0,05+ ا	0ر �� RCL �� ا	0ر÷ا	0ر

IDرع�*�	م ا�2 �6�' ��C� 55,1 ، �L2 .أد	لإ�*+���اآ�ة �d	ا SHIFT�� sto ��+MID ا �&�نd&م أ وه�6� ��Lد
19,015,0اآ*\\\\\\� ا	(�\\\\\\K  را�+�.1,55) (ا	*��رع ا	2 ا	dاآ�ة ×−�� Kyل و=  '�2 ا�*+���اآ�ة �d	57 ا �2 ��' ��Dا 

  .9C�*72 '�2 10 ا�yب 57 �� ا��Lا .9C0,2 '�2 وه&dا �*�=�� M+�� ا	0ر��RCL ا	0ر÷ا	0ر 

Mx=ت ا	���(� '���� ا	*��0O �*� ���*+��ل ا	0رs+� 57 ا{☺   →�� =I� K67 : ل�ا�*+�sto �� +M 
   .I� K67  RCL ��+M= �� ا�*+��ل RM�ل ا	0ر و'���� ا�*���ع �� 57 ا	dاآ�ة �*� ���*+�

  
��st'� ا	&��� 57 ا	��;� اذن �� kLل دا	� ا	��'� #�9C '�2 .  ��آ� ا	&��� �*��zة ��#*;�م �*��ر'�-)3 21 =             

 �1�I	svtav 4022. 01 =+×=+=  

4 (K�O	ا �' �?	�CU#ا I+�  �?#ز�	 omO� ���&	اP
�

 K67 .  
/)F# �'h���1�I�	 �����=ا �Dk+	ا  �?�:              

 
                                GamP

��
.11 =                                                       

jaaG :)��*�6�5( ��آ� ا	��6ط ا	�� 	�&��� رأ�5 و��� أن

��
.=                              

  :  '�2 ���ر رأ�5 و���. #�� ا=�9C�# 9U '�2 ��~�6�ط                  
                                          amP .11 =+  

amgm                          :                       أي  .. 11 =  
2.10 −= smga =  

  .�*��ر'� #�� ا=�9Uإذن ��آ� ا	&���                                                       
 �&*	2vا=رض [F� 2	ا �?	��  .��'� ا	&��� 'I1 و

:              hgvv	1�I�F(�/ ا	+�Dk ا	��*��6 '� ا	��0 �* ..22
1

2
2 =− 

122:                                                                 إذن 
12 .545,0.10.242 −=+=+= smghvv 

  ☺9U#5 أ��$	*���� ا	ا [��C� �;#ا  

II (   
  .ن�*6���*� زاو�*�ن �y+�ه�� �*+��Iان: D�I'ة 

  )Deux angles à cotés perpendiculaires sont égaux(  



 5 

  
  

                 
  
  
  
  
  
                                                

  
 9Q��	*�ى ا��	آ� '�2 ا��	ا �	�)�� 57 �	وزن ا g�(ا� �*5 �&�#?	0او�� ا	ا )*�	*�ىـا��	ا اd?961 '�ى( o� g�(ا�

  .'�2 ا	��*�ى�زاو�� ��9 ا	��*�ى ا	��9Q �*6���*�ن�1;�5 ا	KO ا	
   )1Sا	)�� ( ا	�)��'� ا	�Iرو��  •       )1
1P: 	��6ى ا	*�	�� �1SomOا	)��  :��د ا	�6ى•

�
1T .وز#.

�
���e�. R ا	K�O ا	�أ�5 

�
'��. ⊥�F� ���e] ا	*��س وه5:

  .=ن ا=�*&�ك �?�9 

  
     .ا#;� ا	:&9 :��$�9 ا	�6ى •

و�Iور    ��� 96*1� y�l7 2S �7ن��� x��I1+71S�7� �96*1�� 9	��I     ا	I� K�Oور ��ل ا	(&�ة دون ا#0=ق وD ��Jأن��� 
θryx:        و	1�I�   θا	(&�ة �0او��  ==             

                      �� 2�' 9C�#��#�$	ة ا���	 �Dk+	ا gdق ه�6*@              :  
  .	?�� #TU ا	*��رع 2S وا	)��1S و�m*� .1] ان ا	)�� 

     •  /�)F� ����1	 5#�$	#�ن ا�6	( ا	 ����ا=� �Dk+	اh���1�I�( ��(	1'�2 اS:∑ = GamF
��

.1  

                                     GamRTP
����

.1111 =++  

K6�#ox:           amTP '�2 ا	���ر  .0sin 111 =++− α  

   amgmT 111 sin += α  
  

       • /�)F� ����1	 5#�$	#�ن ا�6	ا)h���1�I�	 �����=ا �Dk+	)�� ) ا	2'�2 اS : يd	ا ��	�*	�6ى ا�	 omO�:2P
�

2T و
�

   

                                                                   amTP
���

222 =+  
  :K6�#oy  هgd ا	+�Dk '�2 ا	���ر 

                                                                    amTP 222                                        :و�1.    −=
amgmT 222 −=  

                                 

θɺɺraaa yx ===  
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• h���1�I�	 �����=ا �Dk+	ا /�)F� (&�ة	�*5 :'�ى	ا ��	�*	�6ى ا�	 omO� :P
�

،R
�

،1T
�

2Tو
�

:                                               

∑ ×= ∆∆ θɺɺ
�

JFM 

                                                  θɺɺ.∆J=  ∆∆∆∆ +++ '' 12 TMTMRMPM
����

  
                                                    θɺɺ.∆J  =rTrT '.'.00 12 −++ 

11'أن                   و���  TT 22       و= ' TT =8  �?� �� I��	 9��D ��J K�O	ن ا.  
  

  
  
  
  
 

  
  

    

 �?�om آ*�� ا	(&�ة �?��� ���أن أ�Lىو��  2=ن (   l70=∆Jن '0م �CDره�  =

2

1
mrJ =∆   .(  

C� :021(] ذن ا	+�Dk ا	����6إ =+− rTrT         أي:    

21 TT =  

amgmamgm      :                        إذن 2211 sin −=+α     

)()sin(       :أي 1221 αmmgmma −=+     

g                  :.و�1
mm

mm
a ×

+
−=

21

sin12 α
mmm:   و��� أن                ==   :                  l7ن21

( )αsin1
2

−= g
a  

).:                ع.ت ) 2.5,25,0.5)5,01(530sin1
2

10 −==−=−= sma   

 l7ن ��آ*. �*��zة ��#*;�م و��	*�	5 ا	�+�د	� ����'. ��5 و���ر�1S*��6�� أن ���ر ��آ� ��آ�CD 0ر ا	)��)2
   :ا	��1�0 	��آ*. �&*� آ�9 ��5

                                                   00
2

2

1
xtvatx ++= �1�I	 00 =vقkF#ا oy�� ر��*L�1 و�S k� ا

9���7�	( )00 =x�	د�+�	ا [)C� :2

2

1
atx =  

2:                                  و��	*�	5

2

1
cc atOCx ==   

s:                                                         و�1.
a

OC
tc 1

5,2

25,12.2 =×==  

∗ '��� 1S7 �F61	5 اC: 1.5,2. −== smtav cc  
3(   

1.3  
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P'� ا	C� ID K�O(] L�y+� 	�ز#.I+�1S ا#CU�ل ا	)��   
�

R و	*F� ���e] ا	*��س
�

2 ا	�F] =ن  وه5 '��د�� '�
  .ا=�*&�ك �?�9

                                                             

     �Dk+	ا /)F# ����1	 5#�$	#�ن ا�6	(ا����ا�8h���1�I�	 (��(	1 '�2 اSK�O	ا oF6� I+�:  
                                    '.11 amRP
���

=+  
K6�#ر���	2 ا�' �Dk+	ا gdه ox:  '0sin 11 amP =+− α  

sin':                 أي   11 amgm =− α  
   :و�1.

2.5sin' −−=−= smga α  
      
  
  
  
  
  
  
  
  
  
  
  

  
                      

2.3  

  �F61	م ��� ا�#*;�^�� ��آ� �*(��	2 �&�ن ا	ا=و �����	57 اC  �F61	وا D �?�7 jD�*�� 5*	1 اS.  
Dk+	ا /)F#*��6 '� ا���	��0  ا	���C وD:  

                                                                          CDaVV CD '.222 =−                    o� 0=Dv  

  :و�1. 

        m
a

v
CD C 625,0

)5.(2

5,2

'2

22

=
−

−=−=  

3.3  

  : ور��'. ا	2 هgd ا	�F61 ه1S ��  O5ا	�Iة ا	��1�0 ا	*9mU� 5 ا#kFق 

                                       DOCDOC tttt ++=     

                                stt COC 1==  

CD :#�*+�9 �+�د	� ا	��'� kLل ا	����� ا=و	2 ∗ vtav += '  

s:و�1.
a

vv
t CD

CD 5,0
5

5,20

'
=

−
−=

−
=  

∗�F61	ر ا�*O# D  �� ا	�+�د	� ا	1S I1' D�1�0وا	��;� ا	*5 �&�ن �7?�  	�7���k 9أ*&*7 cار��*�	 k�� 	���آ�  ا

gd:DODDO ا	����� 57 ه tvtaDO −−= 2'
2

1 o� 0=Dv 2: إذن'
2

1
DOtaDO −=  
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s                          :و�1.
a

DO
t DO 866,0

5

)625,025,1.(2

'

.2 =
−
+−=−=   

st                                        :و��	*�	5 37,215,0866,0 ≈++=  

☺                                   o��(�	 I�+� w�  
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