

 ا	 ا�����ن ��


��� ���� و��� و���� أ���
�،،  ا���� ��� 
��� ا	 و�� آ" �� !�� 
 �    و��� %'م ا��%�$و��.���ن �      

 
 



  

 

 



 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

 
 



 

 
 

 
 
 
 



 

�ء :�
 �'>'ع ا�8

1(1 -1(  

 
 
"إ%��7'ات ا��� و�   

- ---- ------ ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --  
1-2(  

 
 

 ا���0ت آ�
�ت ا���دة ����'ل
1 1 0 0 -
Fا����- ا��� 

fx−1  fx−1  fx  fx  -
F� Gا����- ا� 

-- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
OHCOOCHHOCOOHCH 233 +−→+− −− 2 (2 -1(  

-- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ------ ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- -  
: mLV 51 =  2 -2(
H2 ا��I �J�+ا�� Kدة ا����� -
  آ�

3

3

. 1 / .28,4.10
5,68 /

5.10
EB B

a
a

c v mol L L
c mol L

v L

−

−= = =           �Gو� :                           . .
Ea a B Bc v c v= :�6M �� NIل �L6- ا�+8  

. 5,68 / .0,1 0,568a a on c V mol L L mol= = =  �G%و��         :  
 

-- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
�+� ا��8'ن )2-3Pدة ا�� -

- ��TL آ�
- ��دة .(ا��+�4�" آ�
- ��دة ا���6M ��= Kل ��ول ا�+�Jم %+Q( أن  آ�Fا��� Kدة ا����� -
وه2 آ�

-
J�+ا�� Kا���.(  
molnn aester 432,0568,011 =−=−=   

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

dt

dx

V
v .

1= 
- �+�4�" ا0�+�ة) 1- 3) 3V��
� ا����- ا���! :  

hmol
tt

xx

t

x

dt

dx

B

B /536,0
01

0536,0

0

0 =
−

−=
−
−

=
∆
∆=   �
��
��:  

11
3

..4/536,0
107,132

1 −−
− ≈×

×
= hLmolhmol

L
v  

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

. در�- ا���ارة أو ا���4ز )3-2  
- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

ht 75,02/1 =  ��� "*��                       : mol
x axm 335,0

2

67,0

2
==  XI2/1 !'اt (  �
��
��   3-3 

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

%6767,0
1

67,0

0

====
mol

mol

x

x
r f :��دود ا�+�4�") 3-4  

--- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- -  
3-5(  

molx f 67,0= 
�- ا�+�Jم ��G � �%- ا�+�4�" !��وي  L " ���0- ا�[�� ، ��6\ أن�م ا�+�4�J! ات�
� ا�_ي 7�%" !^G�G6ل ا��M ��:  

 

 
 

 ا���0ت آ�
�ت ا���دة ����'ل

-ا��� 0 0 1 1Fا��� -�  
33,0  33,0  67,0  67,0  -
F� Gا����- ا� 

:�5�+- ا�+'ازن ا���Jو�- �+�4�" ا`�+�ة   

[ ] [ ]
[ ] [ ] 4

33,0

67,0

)1(11 2

2

2

2

≈=
−

=
−

×
−

×
=

×
×=

f

f

ff

ff

x

x

V

x

V

x
V

x

V

x

alcoolacide

eauester
K  



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

 -
Fا����- ا��� ��� "*�� ،-J���ا� -
F2 ا����- ا���I ا��'�'دة -
F�
�
 (1 -4 (4��G إ>�I- 1 ا��'ل �� ��K اP%��7'ك إ�� ا���H'�- ا�8
-
:ا��H%�ة ا�+��  

 

 
 

 ا���0ت آ�
�ت ا���دة ����'ل
 ا����- 0 0 1 2


-ا��H%�ةFا��� 

- ا��H%�ة F2 ا����- ا���I "��4+رج ا��M 8'ن% c�_�و:  

4=K       و��%�G  ، �5�+- ا�+'ازن
[ ] [ ]

[ ] [ ] 0' , =
×
×=

alcoolacide

eauester
Q ir  

�dا���� ��G2 ا��I ر'e+! -
F�
�
⇐ .ا���H'�- ا�8          KQ ir <,  

-- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- -  
� ا�����d ، ��ول ا�+�Jم ه' آ�� %�2  ��� أن )4-2�G2 ا��I ر'e+! -
F�
�
:ا���H'�- ا�8  

 

 
 

 ا���0ت آ�
�ت ا���دة ����'ل

- ا����- ا��� 0 0 1 2F

�%�Hةا�  

fx'2 −  fx'1−  fx'  fx'  -
F� Gا����- ا� 

molx f 0845' = :�XJ�+G �� آ'ن !�Jم ا�+�4�2I " ���- ا�+'ازن ا��H%�ة ه'    

[ ] [ ]
[ ] [ ] 4

155,1155,0

714,0

)845,02).(845,01(

845,0

)'2).('1(

'
'

22

, ≈
×

=
−−

=
−−

=
×
×=

ff

f
ir xx

x

alcoolacide

eauester
Q  

 ا�4
[%�ء
 ا���#"! ا ول: درا�� ���� ����� و���� �����:

msdivmsdivT 6,0/1,06 =×= :ا�%ور )1-1) 1   
- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

. mcmdd 2
12 105,205,20415,61 −×==−=−=λ :ا����� ا������ '�ل )أ) 1-2  

- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
2

3

20,5 10
342 /

0,6 10

m
v m s

T s

λ −

−

×= = ≈
×

�#+� ا*�(�ر ا����� ا������ ) ب :  

 --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ----  
. ا��9ء ��ا��7 ��456دا��0 �3#زه� ا��1#�� ه0 /�ه#ة  .�ه#ة ا� )2-1)2  

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

D

L

.2
=θ  2-2(  

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

nmm
m

mm

D

aL
63310633

32

105106,7

.2
9

52

=×=
×

×××=×= −
−−

λ  ⇐                 
D

L

a .2
=λ        2-3( �;"%�           :     ---

-- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
RL   ا���#"! ا�?�*0:            <;��0 ا�=7>

Euu RL =+ :�%";� :  إ����C ا����#ات  A4> @�*�ن)1-1)  1  

 



EiR
dt

di
Lir =++ ..  

EirR
dt

di
L =++ )( :        ا���Hد�� ا����F��G ا���E==�� 0 6%ة ا����ر  

rRRt +=                         I�               : EiR
dt

di
L t =+ .  

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

)1( τ
t

eAi
−

−= 
- ه' )2- 1-�: �" ا����د�- ا�+�4>  

τ

τ

t

e
A

dt

di −
= . :إذن    

 ��� "*�� -
�:���+�'%2I K ا����د�- ا�+�4>  

EeARe
A

L
t

t

t

=−+
−−

)1(. ττ

τ
 

t

t

t

t

RAEeARe
A

L ... −=−
−−

ττ

τ
:أي   

t

t

L

R

E
A

R

τ =


 =


     ⇐              







=−

=−

0.

0

ARE

R
L

t

tτ       ⇐                       ARER
L

Ae tt

t

.)( −=−
−

τ
τ  

 )1( )1(
)(

)(
)( rR

L

t

e
rR

E
ti

+−
−

+
=   K;و�:  

- ---- --- --- ---- --- --- ---- -------- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -  
1-3(  �MN! -�
d'ا� -��Lرإ�
.ا�+
�ر ا�2I 2F��� 8 ا��ارة ��G إ6jق gh�L ا�+  

-- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- --  
ms5,0=τ 1-4( ��*��3� :  

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

 
rR

E
i

+
= :  و6%ة ا����ر   0

)(
→

+− rR
L

t

e  :     ∞+  Lإ� t   1-5( �@NHل ا�NO !� )1 (ولQ� ��%;+  

A2   !�Rا� ��S%� ات 6%ة ا����ر#�T� U?�" يVا� L;�;ل ا��NO !وي:  و��A� ا�(%ة WVه  

Ω=−=−= 5,05,56
2

R
E

r          ⇐     rR
E +=
2

       ⇐           2=
+ rR

E :إذن     

HrRL 33 1036105.0)( −− ×=××=+= τ                 ⇐            
rR

L

+
=τ        !�Rو�%";�  <���� ا�:  

--- --- --- ---- ----- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- -  
 2)           ا�+_�_��ت ا���ة :

�V� دوري م ��d .  
.  ��Vم ��d دوري  ←    2-1                                         (-J
1 ا�'5  

←                                              .��Vم 0 دوري   -J
2                                                  ا�'5  
 

- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- ---- ---- -- ---- --- --  
msT 4= : ��d ا��ور )2-2  

- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
msTTO 4==  g�   : cLT .20 π= 
- ا�^
� ���kة  ا��ور ا)2-3F��� 8ت ا���_�_+�:��kص �  

2 3 2
40

2 2 3

(4 10 )
1,35 10

4 . 4. 3.10

T
c F

Lπ π

−
−

−

×= = ≈ ×
×

         ⇐           cLTO ..4 22 π=  

--- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----- -  
2-4(  

2 2 2 2 4 2 2 3
0 3 3 3

1 1 1 1
. . . . ( ) 1,35 10 (6 4 ) 1,35 10

2 2 2 2o oc u cu c u u Jξ ξ ξ − −= − = − = − = × × − = ×  

- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
 ا�+��%�   3                       درا�- ا���H'�- ا��+_�_�-



. R
�

 �
�e( ا�+��س     و!51 F
�

 K��Gف ا��h �� -J�eة ا��'Jا�   P
�

 -
: وز�� :  %6M gQkل ��آ+� ��J'ى ا�+�� S 1 -1(
�Hا�  

 
GamF
��

.=Σ  �!'
G� 2��7ن ا�'��Jا� X
�e+�    :  

ixKF
��
..−=          �G%و�� :              GamRFP

����
.=++  

GamRixKP
����

... =+−                        ⇐  

xamxK .0.0 =+−               :  ox � ا���'ر ���Jط �P��  
0.. =+ xKxm ɺɺ :أي   

m

K=0ω   -
�
J+��  ص�kا� � Q��  -
�

- و��_�_! :   S  
�H0        ��آ- ا�. =+ x
m

K
xɺɺ ���آ-� -
�:       ا����د�- ا�+�4>  

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

K

m

m

K
T ππ

ω
π

.2
.22

0
0 === :ا��ور ا��kص ����آ- ) 1-2  

mN
T

m
K /10

)6,0(

1092.4..4
2

32

2
0

2

=××==
−ππ

                                 ⇐               
K

m
T 22

0 .4π=    

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

).
6,0

.2
cos(.104).

.2
cos(. 2

0

ϕπϕπ +×=+= − tt
T

xx m ���آ- )1-3� -
G�]ا����د�- ا� :  

).
3

.10
cos(.104 2 ϕπ +×= − tx :أي                   

    . 0=ϕ        ⇐             1cos =ϕ          ⇐            mx 2104 −×=    ،             0=t  -V��:        و��% �G��G ا�  

tx .
3

.10
cos.104 2 π−×= : و���+��2   

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

mx 222 104cos.10.43,0
3

10
cos10.4 −−− ×−==×= ππ

                :  0=t  1 -4(-V��   ��G ا�

ixKF
��
..−= :L'ة اPر!�اد    

 
i
�

  ��G� q4� � � F
�

⇐                      ا�J'ة           0<x  g�           :  
NmmNxKF 4,0)104(.10. 21 =×−×−=−= −−  � !�d :  

 --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- -------- ---- -- ---- --- --- ----  
���H'�- ا��+_�_�- :� -
L�eا� -� 2)ا��را

2.
2

1
xKE pe = :L�h- ا�'>g ا����- ) 2-1     

Epe   �G�G7" ) 1( ا���%  ⇐      JEpe 008,0)10.4.(10.
2

1 22 == −       ⇐         mxx =     ،    t=0  -V����G ا�  

Ec   �G�G7"        ) 2(ا���% ⇐                     0=Ec :              أي  0=v   ،     0=t  �G�2 و

2

1
mvEc = :�� أن و�   

 
  . mE  �G�G7" ) 3(   ا���% ⇐           pecm EEE +=   �G%�� -V�� "2 آI:  

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

8
- إ�� و�'د ا�0+�8ك )2-2
��8
. %�[ى !TL�G ا�L�e- ا��  
---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

: ه'  st 3,03 = ot=0  و  2 -3(Jا� "^d �
+V��
� ا�� 
�Hا� ��� K��Gف ا��h �� -J�eة ا��'  

)(
2

1 2
3

2
0 xxKFW −=

�
 

mxx m
2

0 104 −×==   �G%��:  



42
3 108

10

004,0
2

3
2 −×=×==

K

Epe
x ⇐  JEpe 004,03 =   ،   st 3,0=  �
��
��G ا���V-   و�� 2

33 2

1
KxEpe = 
 أن���      : 

 JxxKFW 3442
3

2
0 10.4)10.810.16(10.

2

1
)(

2

1 −−− =−=−=
�

 

 


