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2

2

=
××

== −

−

π
 4,�:                     و  

    ▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪ 
�� ا���&���d(.� E9 ([&9�� ا=&ى) 3     ��� �9��C      :  

       12 =OLCω      ⇐               
o

O c
L

ω
ω 1= � ا�&�8< ا��_�1& أ��I; وا��_�1& ا��p'���9 ;'�Iن       )     3-1 ,� :    

            H
Ncc

L
Oo

01,0
50010410

1

).2(

1

.

1
2522

=
×××

=== −πω
       4,�               : و

Ω=== 5,12
48,0

6

OI

U
r               ���d(ا� ��:          ا����و�� ا��.�� �.�ارة C?�وي ���و  

         
▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪  

. ),( cL �&([; ا�)���d وا��ارة '&ق ا�[)ر  >�) ϕ �م �8+� '; *��� ر�8<   �,�  . >��� ),( cL X.�8 أن c)ر ا��ارة)  3-2    
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         °= 3,68ϕ                                     ⇐               51,2
5,12

10.500.2..2 2

====
−ππωϕ

r

LN

r

L
tg OO  �,9��     :  

  ◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘ 
:K#�� '���9ء 3      �8�-� b)ة ا*���ك 

sm
s

m

t

d
v /209,0

10956

1020
3

2

≈
×

×=
∆

= −

−

ℓ
           1                          (  

▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪   
.b)ة ا:*���ك :  f
�

و.  دا'�� ار=����س: F
�

و.    ا�)زن  P
�

: =>ل f�K6oC �+c( ا��.� �.�)ى ا������ )2  

 
GamPFf
����

.=++ �,9�� >C(�,� ;8�Iن ا�(8��ا� U�$]�)            :  

  xmaPFf =+−−                               : oz  ر(ا��� J.� ط��fV�)      

0..9 2 =−++ mggVvr
dt

dv
m n ρπ :                      أي           

0.
.9 .2 =−++ gV

m

g
v

m

r

dt

dv n ρπ
 

     

 3.
3

4
rV π= و           

1

21

1
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.

.9

ρ
ρρ

ρ
π −=+

g
v

V

r
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dv n    ⇐     Vm .1ρ=   K�           :
1

.2

1.
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ρ
ρ

ρ
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gv
V

r
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dv n −=+  

   BvA
dt

dv n =+ .               ��Qا� J.�                                 :
1
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2

1

)(

.4.

..27

ρ
ρρ

ρ
−=+

g
v

rdt

dv n  �,9�    :      إذن �

       
1

21 )(

ρ
ρρ −

=
g

B     و                      
2

14

27

r
A

ρ
= :           K�  

                       
▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪   
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)(.4 21
2 ρρ −
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gr

A

B
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ℓ

      ⇐    BvA n =
ℓ

. :       و(�C D�Z$� ا��>�b ا�?�(�� آ�� 9.; 0=
dt

dv
ℓ ⇐     ��)�C  

ℓ
v    3 ( �,9��

   ▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪ 
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209,0
27

10)26,17.2(81,9)10(4

27

)(.4 322
21

2

=×−×××=
−

==
−ρρgr

A

B
v n
ℓ

 

      209,0loglog =
ℓ

vn                  ⇐      209,0loglog =nv
ℓ

 

1
209,0log

209,0log

log

20928,0log ===
ℓ

v
n  

  ◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘◘ 
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u9� '���9ء4   8)اس ا�.; ����8
1 (;��,]vا &�b ��&f �9��C:  

��آ� ا�رض( >��< c&ف ا�رض '�@ ��)ة C(�8< ا��[)  4�.� ��$. r   K6o9 ا���& اvV[,��; '; اVر��Cع
�,9�� >C(�,� ;8�Iن ا�(8��ا� U�$]�) :  

 
                                                                                    

▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪  

: درا�f 8)اس ا�.;)2  
: ا��K6o9 M�6 =>ل ا��Z(Zب �.�)ى ا������)2-1  

.                                        وز48:   P
�

                                                                               ●  
  :  D.?�1& ا�_C                      . R
�

●                                                                                
θ.CM t −=   :b)ى ا�.; ذات ا���م ●                              

θɺɺ                   :ن ا��M�6 '; *��� دوران.  
�

.∆∆ =Σ JFM        :M�6�ا� �� D9&��.� ��f�f�ا �b<ا�� U�$]C  
θɺɺ

��
.∆∆∆ =++ JMRMPM t :                         أي  

��)ر ا��وران K�.  �ن =[; C_�1&ه�� �9����cن  0=∆TM
�

∆=0   و PM
�

                   
θθ ɺɺ..00 ∆=−+ JC :                إذن                         

.ا����د�� ا����L.�� �.�&آ� ا��Z)Z(�� �,)اس ا�.;   0=+
∆

θθ
J

Cɺɺ  4,�:        و 0. =+∆ θθ CJ ɺɺ :                     أي  

 
∆

=
J

C
Oω                   ⇐                          

∆

=
J

C
o

2ω                                                              

          
▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪  

2-2(  

           ).
2

cos(.)( ϕπθθ += t
T

t
O

m   :            *� هYZ ا����د�� دا�� -�$�� M��C آ�� 9.;      

               ⇐                          
C

J
TO

∆= 22 4π             ⇐                     
C

J
T

o
O

∆== π
ω

π
2

2
 �,9�:                     و�  

radmN
T

J
C

O

/.1031,3
)607(

46,1104.4 4
22

2
−∆ ×=

×
××==

π  

▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪  

3(3-1 (J,�,4 دوري �)  أا��$Qم ا��g,.� U'ا��)ا (بهZ)Zل ا��<= eb�,�9 Kf(ن ا�.  
▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪▪ 

).
2

cos(.)( ϕπθθ += t
T

t
O

m 3-2 (  �,9��          :  

ssmnTO 4206077 =×== :   وآD�Z ا��ور ا��oص ه)  radm 8,0=θ  ��Qل ا�<= >�    2 ( Kf(ج ا�&o�?8    :  

 ).
210

cos(.8,0)( ϕπθ += tt .( :           أي                       
420

2
cos(.8,0)( ϕπθ += tt   :      �� و(D�Z �9$� ا�

 �$��f ��&?وا�     )M-(ا�� J�,ا�� |�� ;' U.],9 ن ا����&ك:( 0)( =tθ  ، ot =  : �g�.ا� ��$����8 8>*{ أ48 �, ϕ  
�9��C 

        ��Qا� &g8ا :  
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      ⇐          ϕcos8,00 =       ⇐          ).

210
cos(.8,0)( ϕπθ += tt :  (����)E9 '; ا���  0)( =tθ  : ot = �,�    

2

πϕ ±=            ⇐      0cos =ϕ  

   ).
2

sin(
2 ϕππθθ +−= t

TT OO
m

ɺ    �,9�ا�?&�� ا��او�9             :   و�  

   0>ϕ    ⇐    0sin >ϕ          ⇐   0sin
2 <− ϕπθ

O
m T

    ⇐          0=t �f ��&?و(�� أن ا� �g�.ا� �,� �$�  

          )
2

.
210

cos(.8,0)(
ππθ += tt :                   ا��� M��9 آ�� 9.;  ⇐   

2

πϕ += :  إذن  

)
2

.
2

sin(
210

8,0
πππθ +×−= t

TO

ɺ :                          و�C$�& ا�?&�� ا��او�9 ه)   

srad /102,1)
2

sin(
210

8,0 2−×−≈×−= ππθɺ : �او�9 ه;   ���b ا�?&�� ا� 0=t �g�.ا� �  و�,

  
  

 
 

                            
 


