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ع ا������ء   �
 ) ن7(�

:                        ; ا�&	�" �/� در:� ��ارة ��8�9�  وا�7ي �&ّ� و45 ا�&�	�N2O5 3	ز أآ��� 0/	." ا-زوت &�+*(��� درا)� ا�&'ّ�ل ا�&	مّ وا�$#"ء �
2 N2O5 (g) --> 4 NO2 (g) + O2 (g)  

�ن ا�=	ز ا�+	�;)	>
� �	دة ا�=	ز،  PV = ngRT A�� ، ng(mol):  (8&$� آ; ا�=	زات 5" ه7ا ا�&�	�; آ	�!� ، و(7آّ� �
 P(Pa) ،B#=C آ
V(m3) ،B
D� T(°K) ،B9ار�� �� ا�=	زات ا�+	�!� R= 8,31(SI) در:&
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&&) I=Gر ا��#9 F$P ء	��  . ��ور ا���F�K  5" ا�

  

3-1-3 ( M7ه K� 	ًOP#)ا�OP8أو:� 89$��  ا� x  �0 ا�&<�م ��O ب	�'
  ن)5,1(  . x = f(t)ار)� ا�
/'/�  و، x أ9
� :�ول ا�<�	)	ت 
2-3-;�	�&!� ��
D'ا� �  ن)5,0(.  �ّ�ف ا����


&K� B ا�
/'/�t1/2  ، �0 �ّ�ف ز�ST) K ا�&�	�; 3-3- �O K�ّ�.     )1(ن   

4-3- �max ا��U ا�/�$
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� ا�I=G 5" ا���	ء �/� 
�O ���T>ا� B&
�O غ ا�&<�م�  ن)5,0(    . !

-5-3 �W'!5" ا� "X&/� �� ;�	�&أنّ ا� K� 4>ّ'9 t = 100 s. �W'!ا� M7ه �/� I�!Yا� Uن)1(   .�0 أو:� �9آ�  

  ���6  -�����1 �����ء

��ت ��������� ذات  ��ددات               � ���
�
��� ا��%�
$� ، �" اآ ����� ا��
��ت �
ق ا���� ,(+  1883$�م آ(��ة ���ر�� �& ا��
��ت ا�

  .  Francis Galton :  ��ا�2�% ��� 
نا0�1/��ي�" ا�-�
9��7
ا��  ، 8�97 ���� �� ��7 ا� 6(���ت ا�5�50ة ��
��� ، �50 �/? ا��% -�/� �< :=�$� ا�%��رات  �� أ�+ �;�دي ا:56ا��
��ت �
ق ا��/� 


��� ا� < ��
م 97%�ب ا��%�ر 7-@ ا���ة اB1 �-�ر ���7
��ت �
ق ا��C7 ���

ان �D &E7 لGH �������
��ة �� �
,���B Kرة �/����J أي أو��L
  .اP� +Q�Lداء دون ا����9 إ�N ��2 ا�%�MJ �-0/� ا����دة

 (1 ��9�Tق ا���:	ت 5
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�:   
-1-1 �:�
���ف ا��+�)	+�
  ن)5,0(.ا�
2-1-��ا��&
� ا��+�)	+�
� ا�:�
  ن)5,0( . ��ف ا�

	 ؟-3-1X/�
�9� و�	 ا���ق �Tق ا���:	ت  5
�9� وا��Tت ا�	:�
  ن)5,0( .  �	 \8�$� ا�
4-1  -  K�
�ا[; &!� ��9�Tق ا���:	ت 5
  ن)5,0( وا�<
�؟ا�رض�
	ذا ^ 9�&8
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2 (��9�Tق ا��5 �:�
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، �
&�
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�B ;a وا��	
 YB 7ب
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� را)� ا�&7
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<�$O  K	�B وFG)A ،5" ا�$�ا�� ، ا�b	b �!� Kه��	`
� ا�$	�A :/$	 إ�� :/c�P) ، U أن ا�
/'��K ا�.  
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�Oدد  و�&υ �g8$/
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7
79 K�
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  ��9�Tق ا���:	ت 5
�ل هM7 ا�\ U��0 ا� �:�
  ن)5,0( .    ��ف \�ل ا�
� ا(&`	ره	– 3-2��( �
�O i&/&(ا  v.)1(ن  
� �/� ا�
�a; اbj	رة �/'/� (3) �8#" ا�`+; -  4-2#>&!

�K ا�
�&<$!YB ا� �5	�
�ن ا�+9 	��/� K� Aو  B "ه d2.  

  
 �5	�

	 d2أو:� ا�!� 	X)أ K�
�رة T'� 3,5cm  4,0 وcm. )1(ن  

� ���	رة -  3$�/�	
  . 9'��� �+	ن �	:� 
 U/: إ�� 	$/: K���C�� ��9�Tق ا���:	ت 5

	�A و��&<$; �! K� ن�
XD	ز �&+ S!Yا� K� ة�XD� رة	�(.  


�8 ��ور  �/��	 9&�ا:F ا���	رة ('� ا��T� ، S!Yر I>&!&5 �:	� �!� k+8/9 �0 ��9�
Xg8	9ms ا�XD	ز ��:	ت 5�ق [ lر�	9 K� .  
�9� 9�	وي �Tق ا��5 �:�

	 أن )��� ا(&`	ر ا�!� :1200km/h �5	�
 ن)1( .ا�'	:�  ا�&" T�9; ا���	رة �dK  ��د ا�

  ���7: �����2 �����ء


ز �<1)   ��
11-�
أ7
رواد و�&   ،1969 �  �J��   آ%�ت�$  N/$ T6Bرض و ا�;�:/�  ا��%������س �/%��ح 7 ا����L57,� $����ا���� ��7 ا .

ء  و �(:ا�-�آ2  7
ا�6B ���ر �(�Eت 8�97 � " إر�BلEر ا���ا�  �$�B ���-�X,�Y %� يZا� [,
��� ,��س  � ا��
��ت GHل ا�Zه�ب وا\��با�

  .� �����و  12 و 8�� ��7 ا��
��ت  �% -�+ ا1� ��ص ا�=��` $� ا�GYف ا�0
ي ���/ �/�^ و .ا��%��� ��7 اLرض وا����

ر 2co ��7ا�/��ر ���Q<  أوآ%�5 ا���7
ن �9� X �

ل �b  m.9µ وm.5,11 µ�Bا�5را cZ�� "JG� 5�.    

  
� أو��  -3
�D9 "5 ">$)λ  وD&
� لk�>) �0 K�d ا��8ض 0	�!&Y� ��>� �$�/�	
   : .a   i.	&/ا� �/'/
�ا
*  ا)&/&i .   2 أ�#H ا�: P!8�

'�'Tة ا������ ا�OP8ا���>

�K ا�OP8	ت ا��	 K� . )5,0(ن  
4-��)	0 �
�D9 "5  I$G)a و λ �!�:mma � d  9=��ات (3)�
g;  ا�`+; . nm600=λ  و =1,0�^�
 D .�&
	gا� �
�O i&/&(ا k "5 اردة�ا�

	Xإ�� ;]�� ا�&" �9 ا�&'�'Tا� �OP8ن)25,1( .ا�  
5-H
� ا�و�� إذا �!
�D&5" ا� �!
8&�
� ا��.�Gا� �:�
�ل ا�\ i&/&(ا �5	�
� ه"  D  أن ا�
�D&ا� M7ل هPa: D=1,5m. )25,1(ن  
6-  �g�	0 �
�D9 "5�#O I�Y
8�ض ا�'	:� ) M a 	XC�� �� ��آ���.�C �8>
 �!� ;T'/5 ،d=20mm �5	�

 �8$9 �b	b �!�D=1,5m 

 I�Yا� K� . �#>ا� �
�O U�ا�a  IY!�    . ;
8&�
�ء ا�G!� �:�
�ل �\ "#8)nm670=λ.    )25,1(ن  
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3-3 -��J���X ��, K ا�=� N5م  ا� ;�$+ إ��� ���� +�.      ز�� ��K ا� ;�$+ ه< ا��5ة ا���=�� ا� < �
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P
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+
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+
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 �e9/5 ا�=$ X =� "� +$�; ن ا�f� >�� ��7وt=100s.   
 5=$ ��/gا� hآ���t=100s                     :      =�5�� �e9/ا� cZ5 ه=$ :     molmx f .14,4=        

molmxnONn fof .66,414,48,82)( 52 =−=−=  

            molmxNOn ff .56,1614,444)( 2 =×==  



                                 molmxOn ff .14,4)( 2 ==  

 1 ����� ا�;����ء

�� ا����������1-1- ) 1�  �Bو >� X�
�Zا ا�
�Bدون ا���دي ��ن ه< �jه�ة ا� ��ر ��� ��
   . ��ل �/��دة ا���

***************************************************************************************************************************** 

  .��=(& ا��
��ت% �� و�ا��
�� ا���������� ا�� 
ا��� � ��k\ &6�=� 1 �� %� &7رات ��������� ����0 $� ا��6اب ���ن  - 2-1-


��ت- 3-1� ���
�
��� وا��
��ت �
ق ا��
��� ��DGD ا�(-5  ا��
��ت ا�b ���������  . ���
�
$� �Pذن ا�(����  و�
ق ا��%� ���
�ا��
��ت ا�

$� Lن ��دده� �;
ق �%� ��lkHz20.  

*****************************************************************************************  

اء و- 4-1�
ا:+ ��7 اLرض وا����   �Hرج ا�GYف ا�0
ي �=-5م ا� /� ���
��� �% /�م و�6B ��د�� 1 �% -�+ ا��
��ت �
ق ا��L. )  >� �� =� 1

  .)ا�;�اغ 

sµ25=divsdivT :  ا�5ور - 2-1  ) 2 /10.5,2 µ×=            وا� �دد  :                 kHz40=
sT 610.25

11
−==υ  

*********************************************************************************************  


ل ا��
�� ه< ا��%��� ا� < ��6-�� ا��
�� GHل �5ة ز�=�� �%�وي دور �oآ� ا��=(& - 2-2b.�6-ا� ����و� �,G-ا� ��      :
υ

λ v
Tv == .  


�ة ا�8	�bة �!� 9�ا45 5" ا�#�ر!� ;T') ���%�/� �)%=��7 d                  ⇐            cm84,0=
10

4,8
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s
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−
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*********************************************************************************************  

        ⇐.    $/N �-�آ2 �< ا�6
ر   (3) و    (2)             ا��=9=��� �< ا���/�� - 4-2
2

)12(2

λ+= kd &�        :Nk ∈  

cmdcm:                و��5=�  45,3 2 ≤≤                ⇐         cmkcm 4
2

)12(5,3 ≤+≤ λ
 X=�و              :  

    
2

1
42

2

1
5,32 −×

≤≤
−×

λλ k 26,467,3:       أي ≤≤ k                ⇐       4=k إذن         : cm78,3= 
2

)142(2

λ+×=d  

*******************************************************************************************  

        ⇐  d2  �1�7-��س ��6& ا��
��ت ا��%���-3
t

d
v
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= 2

                   ⇐     m5,1=  
2

10.9
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3

3

s
s
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d

−××

=∆=  

  2 ����� ا�;����ء


��� �< ��5ان ا�h6    �% -�+ ا��
��ت 1-1�
ق ا���$�=��� 7-@ ا��9
ا��ت �Q+ ا�p���;g وا��5;�� /����س $�M ا�(�9ر و�% -� و�% -�+   وا�
 ��
ل أ��آ� و�
د ا����c.� 5�59 ���ن ���% o &�0 /� ات� ��
  .... آ�� �% -�/�� ا�;�/� $/N �%��� $5ة آ�/

********************************************************************************************  
 . �9] ا���9اءاkL-� ��0ل 2-1

*********************************************************************************************  
  .                �jه�ة ا��9
د  2)1-2

  
*********************************************************************************************  

-2-2 �,G-(1)  ا�  
a

Dk
d

.λ= ل
�� �;2 أ7-�د ا�6� 
m

mm
m

×= ،   ��7 hB�=� وه=�كd و λ      �9�9: إذن.    

   �,G-(2) ا�  
2

.

a

Dk
d

λ= ��7 hB�=� ه=�ك dو λ ل
2  ��� �;2 أ7-�د ا�6��  ���
2m

mm
m

  .   ��l :�9�9         إذن≠×

 �,G-(3) ا�       
λ
aDk

d
�� �;2 أ7-�د ا�6
ل =.�   

m

mm
m

×=  ،  ��7 hB�=� 2 ه=�ك�� ��� d و λ      ��l �9�9إذن:.    

 �,G-(4) ا�  
2

2.

a

Dk
d

λ= ��7 hB�=� ه=�ك   dو λ ل   و
�� �;2 أ7-�د ا�6� 
m

mm
m

  .   :�9�9إذن      =×2

  
 �,G-(5)ا�  Dakd λ.= ��7 hB�=� ه=�ك   dو λ 2;� ��  .  إذن ��l :�9�9  أ7-�د ا�6
ل         ���  ��2  �

*****************************************************************************************  



3- N=9=أن  (2) �(�� ا�� d  &� ادا�bإ hB�= � 
a

1
  (1) ا�Zي �c50 �< ا�-G,� ء ا��<

a

Dk
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*****************************************************************************************   
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a

Dk
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a

k
k
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******************************************************************************************  

5- �� � 1λ7�0 ا��% -�/� �< ا� ��J
Eا� ��

ل ا��b � (1)  .  h �� �9�9�: ا�-G,� ا�
a

Dk
d
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a
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1
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 &� :Dkk ..'' 1λ= ��     :    N=9=� (2) ا���Q+ �< ا�"�/�% �� ��Q+ ا��-��+ ا��
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−
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∆
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==λ  

****************************************************************************************  
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a 9
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