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 ا��%#�� ا2ول $���0ء :  9  �.-
 �� �����: ABCD Kgm ، ������ ����� أن ���� ��ق 	��  1=   ���آ� ( )S  �! "#$ ��%�  

. mAB 1=  �α=030 و'� �%#��ى ا,��+ *�او��  ��#��* ./�� AB    �2ء �#���%+-  
.أ��+ �#���%+  BC   �2ء -

 ( ) ODIC 40ˆ ==θ 3�4 ا�او��   I و��آ��  mr 1=  �CD دا/�ي 5��6   �2ء- 

 
  ���#%* .�95�: ا ���%ا ( )iO
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,  "��%A >��; �5 أ!. ا ot *;ون 	��5 *;/�� �� ����  = A@� >�ر�<=�  ;�5 S  "#$�� ا���   
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��ة  �F���� BC و  AB ����� ��/�$  ا���4Hآ�ت 5�: ا
( ن1( . S "#$�Aآ� ا a �4آ� �#���%�� ����Kة *���@�م D" ا4#  ا�#�رع  AB 5�: ا$�ء  S 1 (  1 - 1- "#$*�� أن �4آ� ا  
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( ن1( .       Q '���� ا�Aآ� D" ا	���  
. Dv  �5�#* D   ���� CD��C. إ: ا �� *;ون ا���4ك 5���: ا$�ء ا;ا/�ي   C  ����S *;ون 	��5 *;/�� �� ا  3("#$�� ا���   
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  ( ن1( � �%��د +��A�#��  ا����� ا  �.#�ر   ا$#" *�; ��Kدر> S ),,( yxO ′′′    4 -1 ( "��%أو2; �+ ا  
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. KgNg /10=  9<�%�:�<4P .$4 ا�%QEL ا     OG �;%�.#  �%# ا��;  �� ��HI &�از�6 ا 0=t  �RE7���L ا  

 ( ن1( .         ��L ا���ازن  oℓ∆                      1 (@)�L��� ا�Tأو>� إ  

                  ( ن1( �E7#آ�) 2                     ��7I�,��.      أو>� ا�%<�د�� ا  
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V��7  ء��%�� ��\�ع ا

. وا%�ء E إ: >��ن ��آ  5[�ي  OHCH 3 COOHCHCHCH �_ ا%����Pل  −−− 223  `����<��  �cدي ��a%4 .5�b ا

( ن5,0( .  E   *%� �#%: هeا ا�5�b. ؟ أV5 ا	" ا%�آ )  1 
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( ن1( � �_ ا%����Pل) - 3 �5�b< ��A#�� ��دود >5�b. ا,	��ة �#��;ل a%4 ا��>����` *�U;ر�; ا��>����` ، اآ�  ���د.  
 :�5 .CA�� آ��%%$4�  �� ا%����Pل و��Sات �� a%4 ا������` ا V��i mol1,0 �� a%4 ا��>����` و  mol1,0 4 ( ��2�4 +�  C�  
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 ( ن5,0( .	��ة �5�b. ا, K ا�D  #4*�� ا��ازن) 4- 6  

�� +5��C)( اآ�  ���د� ا�5�b. ا�A!. ����� ا=;ف ا −+ + HONa ��ل ا�Cدا ) 7 A� ��	ا�* Q<��u	�� ا ��;5���%Uة اA��$� ا  
( ن5,0( .هeا ا�5�b.؟   

 molgOM /16)( =  ، molgHM /1)( =  ، molgCM /12)( =   +���:  
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GamRP
���

.=+  
Ox ر�E%� (�)�.�ط �Q7 ا
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. 0=Cv :        و  )cos1( θ−=− rzz DC   ⇐   θcosrzD = :    و   rzC =  ���; :  

 )cos1(
2

1 2 θ−= mgrmvD :  أي  )cos1( θ−= mgrEcD  

smgrvD /16,2679,4)40cos1(10.2)cos1(2 ==−=−= θ :     أي  )cos1(22 θ−= grvD  �:                    و��  
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����DU وز� "#$�#�� �<[_ ا �  *�; ��Kدر>
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.=Σ   �<��� +��P:*����� ا����ن ا  

         )1( GamP
��
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xo ′   *�H	��ط 5�: ا%�Aر

�5�#* "�< �%@��� ��%���#� �xo ���;م إذن �4آ� ′ xa′=0 >#�رع ا$#" 4#  ا%�Aر         ⇐          xam ′= .0  

 )  1( tvx D ).cos( θ=′ ��Aآ�  �����:              وا%��د� ا θcos.Dx vv =′    ��*�D  
yo ′ 5�: ا%�Aر  )1(   *�	��ط
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    )2( tvgty D ).(sin
2
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 mryM 766,040cos.1cos ===′ θ   :  M     ����C� ��;�5. ا$#" إ: ا  
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 ●          :�������7.�ى ا HaY�  ازن���       >#د ا�.�ى :   ا��;   ��L ا

OO KT ℓ∆= �M&�b  .ا�.�ة ا�%.#و�� (��&# ا��L� -�Y ا���ازن: OT
�

                                                                                      ●  

 �!+>�.&<=# �� b#ط ا���ازنهDW ا 0=∆− OKmg ℓ :                     أي gmPTO .== �:�ازن ����L �           �� ^+ل b#ط ا  
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        : �&��L� 4����                            O�=P&        (2 ا�.���ن ا
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  :  ;��وزن ا P
�

�������7.�ى ا             :  ●   S   ;��          ^+ل *#آ�HaY� 6 ا
  ixKT

�
ℓ

�
)( 0 +∆−= . ا�.�ة ا�%.#و�� (��&# ا��Y-  ^+ل ا��W)Wب:  T

�
                                                                                ●  
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���

.=+ :                          &9�A آ%� �47   GamF
��

.=Σ  �!+>�:                                    ا  

 )2( GamixKP
��

ℓ
�

.)( =+∆−  

��L� @)�L7 ا���ازن  .  47,;�)ا�R# ا�H� O=PL�)JAf ا�P#ف ا o ),( ��>�E� �M اJ,�2 أ:67  io
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 �%7>� #=�>�  

 
   Q7� JNE�  : ),( xo  �!+>��Q7 ا�%�Eر) �g) )2.�ط ا  

xo amxlKP .)( =+∆−+  

xmKxlKmg o ɺɺ.=−∆−  

K=N& �.)�;�:     $gن ا�<+!� ا 0=∆− OKmg ℓ   و(%� أ�6 �� ^+ل b#ط ا���ازن

� ��7I�,��.E#آ� 7 ا�%<�د�� ا 0=+ x
m

K
xɺɺ :                     أي         xmKx ɺɺ.=−  

.................................................................................................................................................. 
                 )cos()( ϕω += txtx om :*J ا�%<�د�� ا��,���7I ا�;�(.� �9�A آ%� �47 ) 3    

cmxm 4=   �L���:�� ^+ل ا�%<��Pت   

�L� 6�و(%� ا   
2

πϕ ±= ⇐  0cos =ϕ ⇐ ϕcosmxo = :    إذن  ox =   ، ot =   �RE7�����L� �L ا ��B�=�و�� ^+ل ا�f#وط ا  

�RE7���L هDW ا ov > 9<�%�ot  �%# ا��;  �� ��HI &�از�6 $4 ا�%QEL ا =  �RE7�ا  
).sin( ϕωω +−== txxv oomɺ :                                             $gن  )cos()( ϕω += txtx om :    و(%� أن       

   
2

πϕ −= :       إذن  0<ϕ ⇐ 0sin <ϕ   ⇐                  0sin >−= ϕωomxv      �L���       0=t  �Lو�  

)
2

.cos(10.4)( 2 πω −= − ttx o              4����:            و(�  
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π
:ا��ور ا��Yص   
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V��7  ء��%�� ��\�ع ا

1 (.5�b�: ���د� ا  

 
  .5�b�.*�>���ات ا%�P.:      اp	�� ا��>Q   ا	".            >5�b. ا,	��ة :   ا	" ا  

.............................................................................................................................................  
:�K�!-2 ا��و*���ل) 2  

 
+ وآ�Aل ���Dي *��%� ا%����Pل آ�Aل ا 2-ا��و*���ل��+  و*�yS����	 ل�A��� *h�C ا��� ����Aل .(  ��دود >5�b. اH	��ة ,� ��#��*

(. o
o60 ���Aل ا���Pي  ��#�و*� o

o67  +  ا,و
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.........................................................................................................................................................  
3 (  

  
............................................................................................................................................................  

gmolgmolMnm OCH 2,3/32.1,0. )( 4
===  4  ( ��%��#%: آ��� ا��Aل ا  

 gmolgmolMnm OHC 8,8/88.1,0. )( 284
=== Hا ���� 	��    آ�%��#%:  ا  

............................................................................................................................................................  
��  دور ا�bAر -5-1)  5� `���������دة 	��5 ا�a%4 )..5�b ا.(  

.......................................................................................................................................................  
.>�h�S ا�5�b.:  دور ا%�ء ا��رد  -5-2  

...................................................................................................................................................... 

5-3:  
 1,0                       1,0                            0  0  
                     x−1,0                       x−1,0                x      x  

xn tres −= 1,0tan   ���;��V آ%�� ��دة اa%A ا%���: �+ : �� Xi 2;ول ا��;م >    : ا

BEBtres VCn .10tan =  ����U* Vآ%>:  و�+ ا BEB VCn .=   c����     آ%�� ��دة اa%A ا%���: �+ ا���Hب:  و�� Xiل �SX5 ا

                      �xVC   :        و�� BEB −= 1,0.10  :�5 ���V >" >�ز��>:          أ��*�  ا���iر    إذن 10 ,ن ا  

BEB VCx .101,0 −=  
.....................................................................................................................................................  

�*�$�.             ���$� ا molx 2
exp 10.7,6 −= 5 -4 ( .5�b�;��� آ%�� ��دة اH	�� ا��>Q �5; �=��� ا :�A�%:�� Xiل ا  

o
o

x

x
r 6767,0

1,0

10.7,6 2

max

exp ====
−

  .5�b�:  ��دود ا  

..........................................................................................................................................................  
6- 4  

. >�;م ا�5�b. �5; ا��ازن  molmolxeq 067,010.7,6 2 == −   ���; .5�b�:�5; �=��� ا  

 +���v�C� V آ%� �>:>�آ�  ا  

  
 1,0                       1,0                            0  0  
                     033,0067,01,0 =−             033,0067,01,0 =−                067,0      067,0  

 �:�D*�� ا��ازن و��  

[ ][ ]
[ ][ ] 12,4

033,0

067,0
033,0033,0

067,0067,0

.

.
2

2

≈=
×

×
==

VV

VV
acidealcool

eauester
K  

................................................................................................................................................................. 
7(  

   
 .5�b�.ات ا�Cد��م ا��>Q ه� ��5رة �5 !�*�ن!���5 ا�C*�ن ,ن *�>���: ا=;ف �� هeا ا  

 
 e�%��5��=� ا .C4 ض�bA�20/20%; ��2ر :أ5�: ���� �+ هeا ا  

�%�A� e%; 5%�رة �� ا��� "D: 20/18  
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