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      The Viscosity of Gases��و�
 ا��
زات  )(2.3.2 
�� �����ل ز�� ��� ا	����
�ت أو ا	����ت ��� �
#" 	! و�� ھ� ا� �إن  ا	�%��$ ا	

  أد��ه   (6.2)ا	,�ز
� ا�+$ ا	*() 
Moving wall                                                   x                           

     B                  
             

v.λ(dv/dx) 
Velocity                                              
Gradient                                        y  

        V            
A                     

                   Momentum    
transfer                       z   

 
Stationary wall                                                                                    

     
 �
� ا	��P$Q 	! و�� ا	,�ز  (6.2)ا� �$+R!	 ذج���  

  

#�ت ��Q ا�U) V!WX ا	����  � ���B#� ا	�P$Q إ	Va ط���a  أ�`�ا	_ي 
%�$ض    �Y �UZR[\A%  ا	

�[

#�ت \" ا	����a   ) ا	�$ �و�aW g�R�ac ذ	fa ا��a%eض \�W$c (�!�Y V!W (�[Y �`�d\B   "a ا	
) (%acXا �aQ� �`�
#�ت ا	�� ��a��cھ�   ) Aإ	�aUB   Va ا	����a  ا	 �� و��i�� �U أ�$ى \�ن ا	


#�ت ط���  � �W$c دة�

ZaQث \�Za[� ka  إنو��	��	" إ	V ز
�aدة ز��`A  . �a\" ز �� a	ا (aأن�� 
�#
 �و�_ا 
(�ن ا���qف \" ا	�$�W ��� ط$\" ا	���\� ا	�_�Pرة  ⅔ λت Z[Uل m��Y  �\��U ا	

 �
و
VWZa أ
�a*Y  �as$ إ	Va ا	�,�a\ $a" ا	�λ. dv / dx    ra�i dv / dx  ) �W$a ⅔ إ	�a�U Vaو
 �W$a�	ار اZaQ��� (velocity gradient   �a!�P ذي �a#
 � ��_aأ� �a!\m  �a���	ا �aU ك$aQ�YB   

  وھ�: ��R�cA) إ	V ا	����    Z∆Sار �U ا	 �� ا	 اZu \�ن A �U   إ	V ا�X$ى
  

∆S = m ( v  +  ⅔λ . dv / dx ) -  m v                                                     (28.2)    
 : "YX�P �	]�د�	ھ_ه ا |�}Y k����	ا Z[و�  

∆S = m (  ⅔λ). dv / dx                                                                        (29.2)   
  

   �\�a�U m��Y "�	ت ا�#
 �)إن ا	]�N* C   (aU ½ ھZai�� �aة ا	λ ⅔ �U aو��� إن ZWد ا	
½  $a�Xا �a}R	ا �aUأ ( (%cXأو ا )V!WXا �Q� ���Y ت�#
 �
*�$ إ	V إن \" P) ط��� �{� ا	

a��R�	ا "a!)	ا �� a	ا �a���P �a)�
 _auZRW ( �P�a[�	ه ا�a�Yا� _���\ �aوھ) �i�a��	ة اZai�� �a����	�� (

VWZ ��	%�� أ	 ��"Js ھ� (  

  
Js = (  ½ N* C   ) m (  ⅔λ). dv / dx    = ⅓ . N* λ mc . dv / dx            (30.2)  

  
"aa�� 	أ ��aa%	ا ا_aaھ  )(Js  �aa�P�)�iة ا��aa�	ا  = f  ) �aa��[�	ة ا�aa�	ا  (  �aaUزq	ا �i�aa��	ة اZaai��

 "\ $�,Y د��و V!W �+\�Q�!	( �
  ا	�]�$ RW`� ��	�]�د	� ا	��	��  ا	�$�W ��� ا	����ت ا	,�ز
  

f α dv / dx                                                                                            (31.2)   
f = η dv / dx                                                                                        (32.2)  
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 (a��Y ra�i η  �a�
aU�[U) ا	! و��a أو ����aط� 
VWZa ا	! و��a و��a[U k�$aد	�"  �a%!Y ),  ( eta ا
  �V!WJs = f    V!W (}Q ا���Wر إن  (32.2)و (30.2)

  
 η =  ⅓ . N* λ m C                                                                              (33.2) 
                                                                              

  ρ =N* m   _uZRWو	(� ا	(��\� 
  
η =  ⅓ .ρ λ C                                                                                       (34.2)  

  
�ن ���س ا i�Y ( 34.2 )" ا	�]�د	� � $Q	ر ا���	ا kc��U ���� ب��i �)��	ا �U ([�
	! و�� 

  U �U]$\� ا	(��\� وا	�$�W 	!,�ز .
 �W �R��W وإذاλ  �	د�[U "\(33.2)      : �R	 g�R
  

                                       
1                                    m C                                        

η = ⅓ . N* m (                           ) C   =                                              (35.2)  
                            √ 2    πσ2 N*                   3 √  2       π σ2  

  
� وان ا	��� ا	%� (35.2)
� |s	�U �R ا	�]�د	� �\��P V!W Z��[Y � ,�ز	ا ��و 	ا ھ� أن _`	 "u�
 

 �aaU (aa�!� دZaaW ة أي إن$a��P �\�aa�U Vaa!W �� aa	ا "a\ ل�aaث ا����ZaaQ
 �aa#اط�	ا �a\��)	ا �aa	�i "aa\ �aا�
 $aQ	ر ا�a��	ل اZa[U $a�P ��a�� fa	وذ �a+Wأ �aز� (a�� maU ى$aأ� V	ط��� إ �U  %��c ت�#
 �ا	


]�دل  $Q	ر ا���	ل اZ[Uت و�#
 �V ا	(��\s[� �a`� ا	�]� و��	��a	a��Y ".و����� 	_	f \�ن ZWد ا	
ا��X$ة � V!W Z��[Y ا	(��\� (و� 
�U ���R ذP$ أqWه Va!W ا	,�aزات  أنأو �W �!���U ا	! و�� .

  ا	r�i .�����Q و�Zت ا	! و�� \" Y ا
mU Z ا	(��\� ).
T  �aUا	! و�Va!W Za��[Y �a در��a ا	aQ$ارة  أن
���� 	�aR  (35.2)وiqU ZRW+� ا	�]�د	�   

 �W$a�	ا kac��U لqa�C   
� وmaU �ac�R� ( T ½ a�!W ا	�a_ر أ	�$��] "a	Zر��a ا	aQ$ارة (ا	a_ي 
maa����   η  أن  maaU $aa�,�Y T½�aas
� ZaaRW ا	Zaaر��ت  أ�aacس
�(�aa�%Y �aa$ ھaa_ه ا	+�aaھ$ة Vaa!W .أaaا�

 �a�

]� �qaل �aR�[U �i�a�U .و�a\ _auZRW	��ة $ac رة�}� (��R�c �� 	\�ن ا ��	]�	ا �
 أنا	Q$ار
ac!�ك  إن(ز
�aدة ا	��aة aR[Y" ز
�aدة ا	! و�Y  .( �a داد �U ا�) ا	�a%Qظ �aP$i Va!W ط���aت ا	,�aز

a�	 ة$
�a,U رة�a}� $`+Y ,�زي ھ_ه	م ا�+R	ا �	�i "\ ��! و	ا� �a\$[�  . (u�a�	ك ا�!ac �aW ra�i

]�aaد  ��aa�	ارة . وا$aaQ	ا �aa�د در�aa

�aaن أ�`aac $aa�P	� ) أ�(aa 	 و�ZaaRW ( �aa ازد$�
(�aaن ا	Vaa	إن إ 

 �
�aن �a�QYج 	 و�� ا	��a�� �aU �a`�!W $��a�U (u) ا	��aى ���a ا	$�
#�aت وaY Va�i داد �a�!�W ا	

#�ت  �ط��� �aU ا�a) ا	`a$وب �aU ��را�a`Y وھa_ه ا	����U �a��aدة �Zر��a أ�i "a\ $a�P	�a  إ	Vا	

!W ھ� ��U ��	�[	ا �
� \" �i	� ا	Zر��ت ا	Q$ار
� ا	�اط#�.ا	Zر��ت ا	Q$ار�  
و�� ZRW V!W درا�c ا	! ��ن ا	! و�� � V!W Z��[Y ا	k,s  أ
�sو�Z و�Q¢ ا	���رب   

 �aU ىZaU Va!W ن�aPز ا�ر�a£ درس �UZaRW �a���¤ �a�! و	ت ا$a`ظ r�i ط�,s	ا �U mcى واZU

�(atm .  ¥�ae!Y �a 50 و  0.01atmا	s,�ط ��� "a�	ه واqaWأ �aھ$Pذ $aU "a�	ت ا����R�acا�

  ھ" :
  .Y داد 	 و�� ا	,�ز ��زد
�د در�� ا	Q$ارة  •
• ) k,s	ا V!W ,�ز	ا ��و 	 Z��[Y � �U mcى واZU V!W ط�,s	ا (. 


 ل�aaa� �,�aaa¦ Vaaa!W ةZaaa��[�	ا faaa!Y "aaaھ �aaa�! و	د ا�aaa�
§ �aaa�`�	ق ا$aaa�	ا �aaaUو formula 
Poiseuille's   $�� �}� ل أ����� ذاتq� mu��	ن ا�
$� "\)r( "!
 ��P :  

  
dv / dt  = ( P1

2 -  P2
2 ) π r 4 / 16 L η P0                                      ( 36.2)   
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 r�iv Q	ا (��
�� ا	��ري و  dv / dt  �aUز أ�a,	ن ا�a
$� �W$c "ھP1 , P2  ���,as	ا q�a��\


�" أ����� ط�	`� �`� ZRWL  ��i "\P0  $�*YV	إ . ��Q	س ا��
  ا	k,s ا	_ي ZRWه 
  


��aوي   1atmو�,ZRW289K  k در�� i$ارة  �HIز ,إذا �Pن ��$ ا	�{�دم 	 :(12.2)&%
ل 
5.55 x 10-10 m 	 ��! و	ا (U�[U ��i,�ز ا	؟`_ا ا   

: "!
 ��P يء أو� ���P Z!� ا	� :(Q	ا  
  

                                                  Kg mol-1  0.128                            ( "#
   M (وزن � 
m =                                    =                                                           =   2.125 x 10 -25 kg   

                                     molecules mol-1  6.023 x 10 23                   (درو�P�\د اZW) N             
  
  Z�� �¤C    "!
 ��P  
 8 ( 8.314 J mol-1 K-1 ) (289K)         ½                                       

C = [ 8RT / π M ]½ =                                                                  =  222 m s-1         
                                           3.14 ( 0.128 kg mol-1 )   

�+iqU:  �W$�	ات اZiن و�)Y �UZRWms-1  ��

# وZiات (�نY أن �   kg mol-1ـ� "وزن ا	
R,  )  8.314 J mol-1 K-1  (  ��X 1J = 1Kg m2 s-2  

��د U�[U) ا	! و�� 
  : Ze��� (35.2)م ا	�]�د	�  ηو§
                    m  c 

                                                                                                                                   =η  
                  3 √  2        π σ2  

  
             ( 2.125 x 10 -25  kg  )    ( 222 m s-1   )  
    =                                                                         =  1.72  x 10 -5  kg m-1 s-1  
          3 √ 2     (3.14) ( 5.55 x 10 -10 m  ) 2   

  

ل%& (13.2) :  

��� ZRW در�� i$ارة �PوX£�ز ا ��و 	 ¢��P 298إذاK  k,1و�atm   وي��Y  
 1.92 x10 – 4 Poise وي�a�

�aن ھa_ا ا	,�aز �qaل أ�����a ��$ھ�a ا	Zaا�!" $� �W$ac �a�iا .

0.368 cm   �`	220وط� cm   ھ� �����Xا �U �
�`� (P ZRW k,s	1وان ا atm , 2 atm   ؟  
: (Q	ا  

 η  = 1.92 x 10 – 4  Poise ( g cm-1 s-1 )  =   1.92 x10 -5   kg m-1 s-1   
  
r  =    0.368 / 2  =  0.184 cm     =   1.84 x 10 -3 m    
L =   220 cm    =  2.2 m  
P1 =  2 atm  ,  P2 =  1atm  , P0 = 1 atm   

  
P1

2 – P2
2  =  22 – 12  =   3 atm 2   =  3  ( 1.01325 x 10 5 N m-2  ) 2  

  
                =  3.08  x  10 10   N 2  m – 4  

  ( 36.2 )وأ�ن ���Zeم ا	�]�د	� 
  

dv / dt  = ( P1
2 – P2

2 ) π r 4 / 16 L η P0                                                           
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               ( 3.08 x  1010   N 2  m- 4 ) ( 3.14 ) ( 1.84 x 10 -3 m ) 4   

=      
       16 ( 2. 2 m ) ( 1.92 x10 -5  kg m-1 s-1   )  (1 x 1.01325 x  10 5 N m -2 )    

  
=    1.6  x 10 -2  m3 s-1  

  

ل%& (14.2) :  

    ZRW289 K در�� i$ارة  ��Y 15x 10 – 6 kg m-1 s-1وي  CO2إذا ��P¢ 	 و�� £�ز 
  k,1و�atm  .   ,�ز	ة Z!}	($ة ا	ا $�� ��iاCO2 ؟  
  

 Z�� : (Q	اC     "!
 ��P  
8 ( 8.314 J mol-1 K-1 ) ( 289K )     ½                                           

C = [ 8RT /π M ]½ =                                                                 =  0.379 x 10 -3 m s-1       
                                          3.14  x  0.044  kg mol -1  

  
  

Kg mol – 1                                                                            0.044                           ( "#
   M(وزن � 
m =                                  =                                                          =   7.3 x 10 -26 kg    

                                 molecules mol-1  6.023 x 10 23             (درو�P�\د اZW)N                
  
  
                                                  (  7.3 x 10 -26  kg molecule )  ( 0.379 x 10-3 m s-1 )  

η =  15 x 10 -6 kg m-1 s -1 =          
                                                                3 √ 2       (3.14 ) σ 2      

      
σ  =   24.2 x 10 -10 m     

  
  . (x 10 -5 poise 8.41 )	 و�� £�ز ا	`�Zرو��� ZRW ا	{%$ ا	�#�ي ھ"  :)   (15.2&%
ل

 k,و� �

#� f!Y ZRW ا	Zر�� ا	Q$ار �!	 $Q	ر ا���	ا kc��U ��W1atm ؟  
                                                                                    : (Q	ا     

، ��� أن  Yρ(�ن ��	�� / ¤���� . 	�]���   C، ٣\" ا	,$ا�Uت / ��ρ �c	��از وا	(��\�  η إذا
 k,s	#�ي وا�	{%$ ا	ارة ا$Q	ا ��در) ��c��� +$وف	ل 1ا�U ن�\ . ( �� Ziوا ) ( 2 gm  

  ��i (,*
  .   �U22400 cm3 ا	`�Zرو��� 
  

ρ = 2 / 22400  =  8.9 x  10 – 5 gm / cm3   
  

8  x  8.314  x 107 x 273          ½                                        
C = [ 8RT /π M ]½ =                                                                      =  1.7  x 10 5 cm s-1         
                                                         3.14  x  2         

   :�+iqU   $ع�	ات اZiن و�)Y �UZRW cm s-1 ـ� "#
 ��� أن Y(�ن وZiات وزن ا	
  
  g mol-1   ,�ز	و¤��¢ ا erg K-1 mol-1) R 8.314  x 107 1) �نerg = 1g cm2 s-2  

�� ��� �
�[η  ،ρ  ،c  �	]�د�	(34.2)\" ا  ) $Q	ر ا���	ل اZ[U V!W (}Q�λ (  
η =  ⅓ .ρ c λ    
8.41 x 10-5 gm.cm-1.s-1 =   ⅓ . (8.9 x  10 -5 gm / cm3 ) (1.7  x 10 5 cm s-1 ) λ   
λ = 1.76 x 10 – 5  cm  
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3.3.2) (  

 ا�.-ار+/�
   Thermal Conductivityا0+1
  ��	�}
� �a	a\ $a�,�!" در��a ا	aQ$ارة .ا	��¦Y  (�a*�$ ا���� �a���	ل ا�aا��� Va	إ �
ا	Q$ار

  (6.2)ا	���� ا	]!�� وا	�%!V \" ا	*()   إنا	Q$اري 	!,�ز �W	R� g%� ا	�$
�� P! و��� .�%$ض 
 $�,Y Z��
 �" در��a ا	aQ$ارة ��i "\\ �aU �Za	� c(�ن و	(� ZRW در��ت i$ار
� �eU!%� أي ا�

 �W$�	,�$ \" ا�	ا	اري !$aQ	ل ا�aا���� �W$ac ن�a\ . ز�,J  $a�,�	ا maU �ac�R�
 ( "��a�	ا ��a%	ا)
�و
�(� ا	�]��$ d T / dx RW) Thermal gradient ا��ZQار ا	Q$اري  ا	Q$اري ( ��q[	��  

  ا	$
���� ا	��	�� :
  

J = -    K (   d T / dx   )                                                                        (37.2)   
 r�iK )  ���P( Kappa . �
  ھ" U�[U) ا�
{�	�� ا	Q$ار

  
  U$	�a� "a!�)	ا ��a%	ا Va	إ $�a*� "��a�	وا "a!�)	ا ��a%	ا  Uر ���  ����	ا (`�
أو  J massو	(" 

Jm  "���	%�� ا	أووا   U$	�� اري$Q	اJh  أو J heat        . 

 

���P (�QY �#
 � (P إن �R�$�\ارھ� وأ�ن إذا اZ�U ����	ا �U  ε  )  ن�!��
  ) \�ن  epsilonا
    Jh  =  ε Jm                                         (38.2)                                                

                                     
  ��	" ��	*() ا	   Y    (38.2){�| ا	�]�د	�  (19.2)و��Ze�cام ا	�]�د	� 

Jh = - D ε ( dc / dx  )                                                                            (39.2)  
  


#U  ) �a ا	�$�P  ا	���"  إنو���  �
��وي ���P ا	���� ا	�" �QY!`� ا	ε  a�P$�	ا "a\ و��$asU (
C  �	]�د�	ا ����P �)�
 _uZRW(39.2) : ��	��	ا �,�}	��  

Jh = - D ( dU / dx )                                                                             (40.2)    
  

 ���Y �	]�د�	أنھ_ه ا  "��a�	ا  �P$�	,�$ \" ا�	ا ��cا�� ��[�
و��( dU / dx )  �aا	%�� ا	���" 
� ��Z	� ا	�,�$ ا	Q$اري وذ	Ze�c�� fام  ا��X$ أنRW $��[�	ا �)�
  ا	]��q ا	��	�� 
  

( dU / dx ) = (n / v )  Cv,m  (d T / dx )                                                  (41.2)   
  

 r�iCv,m  �

�(� ����P ا	�]�د	�a ا	���ر
� ��Y) ا	�]� ا	Q$ار _uZRW. ��Q	ت ا��¤ ZRW(40.2) 
 ��	{�,� ا	��	�� 

Jh = - D  (n / v )  Cv,m (d T / dx  )                                                         (42.2)  
  

 �P(d T / dx  )ن ا	�,�$ \" در��a ا	aQ$ارة  إذاا��  إ	YV*�$  أqWها	��	�� \" ا	�]�د	�  وا§�Ãرة
��ه Yن \" ا��)�c ارة$Q	ن ا�
��ه ا	Q$ارة ا	��Ux  . �s%eR���" \�ن �$Yوھ� ا �	��	ا  

�[U k�$� " وأ�ن�	(37.2)و (42.2)د : V!W (}QR	  
K =  D ( n / v ) C v,m                                                                           (43.2)   

  
 �W �

�(U ����P _uZRW �RR]�د	� U �U(27.2)]�د	� ��� 
��و
`�  DوZRW ا	�]� )  (43.2 

"YX�P :  
K =  ⅓ . λ C ( n / v ) C v,m                                                                   (44.2) 

                                                                                             



 ٥٤

 $Q	ر ا���	ا kc��U �W �
ھ" ZaWد  *��1 /  √2     л σ2 N*  r�i)N	��Zار   λوZRW ا	�]�
 �
#�ت 
��وي ���P ا	,�ز sU$و�� �]Zد ا\��aPدروا	 ��� .وZWد ا	Q	ة اZiت \" و�#
  �aRR)�
 .(

  ��	*() ا	��	" : (44.2)إذن ����P ا	�]�د	� 
                          C .  C v,m  
K =  ⅓                                                                                             (45.1)      
                     √  2     π σ2 N  

  
 r�i N،د ا\(�دروZW ھ�  ZQ	ا V%ا��)(n / v   ن� f	وذN*   �`RW �
  . �Y)( n N /v ا	�]�

  

ل%&(16.2) :  

  �[c f!��
اU�[U ��i) ا�
{�	�� ا	Q$ار
� ZRW در�� i$ارة ا	,$\� 	,�ز ا�ر�Pن ا	_ي 
 �
  . x 10 -10 m  σ 3.54 = و��$ Y{�دم   iC v,m = 12.5 J K-1mol-1$ار
� ��Uر

:(Q	ا  
 Z�     Cاو�" �

  
  8 ( 8.314 J mol-1 K-1 ) (289K)      ½                               

C = [ 8RT /πM ] ½ =                                                              =  379 m s -1        
                                        3.14  x ( 0.004  kg mol -1 )  

  
  (45.2)¤� ���� ا	�]�د	� 

                      C .  C v,m  
K =  ⅓                                                                                                          
                   √  2     π σ2 N  

  
                                   ( 379  m s-1 )  (   12.5  J K-1  mol-1    )     

   = ⅓                                                                                                              
               √  2   (3.14) ( 3.54 x 10 -10 m )2 ( 6.023 x 1023 molecules mol-1 )    
                 
   = 1.62 x 10 -2  J K-1 m-1 s -1    
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 �9
:&  
 -1����!P�
�a�	ا ��Yو$a� ر�a*ا��� (aU�[U myoglobin  ارة$ai �a�در ZaRW20ºC    وي�a�
  

11.3x 10-7 cm2 s-1  =D20,W  ا �U a	ل ا Za[U �a�� . ء�a�	ا "a\ ����!P�
�a�	ا �a#
 �	qaزم 	
 �\��U ر�*��q	10µm.��!e	ا ��i ��!��
  ،ا	_ي 

: (Q	ا  )t = I 2 / 2 D  = 0.44 sec (  
  

 �P (1.78 x10-4 poise = 1.78 x10 -3 kg m-1s-1)ن U�[U) ا	! و� �a	�a,ز ا	a�R$و��� إذا2-
 ZRW1atm 25وºC �U ��iا . "!
:-  


#�ت \" 1- �  )2.491x 1025(ا	��اب 25ºCو ZW1m3  ZRW1atmد ا	
-2�W$�	ل اZ[U  0.475 x 103 m s-1)(  

#� واZiة  3- �    x 10 -26 kg) (4.65ا	(�!� 	
   σ ( 3.74x 10 -10 m )  ��$ ا	�{�دم 4-
-5 $Q	ر ا���	ل اZ[U(6.50 x 10 -8 m )  
6- Z1 (7.31 x10 9 collision s-1)   

-7 Z11 ( 8.99 x 10 34 collisions m-3 s-1)   
 


��aوي  إذا3-   ���a�PوXا �a#
 ��aP(0.361 nm = 3.61x10 -10m)  ZaRWن ��a$ ا	�{�aدم 	
25ºC  ZRW $Q	ر ا���	ل اZ[U ارZ�U �U.(a)  k,�1atm (b) 0.1Pa  .  

   7.02 x 10 -8 m (b) 0.071m = 7.1cm (a)ا	��اب 
  


�a��σ "�a$ ا	�{�aدم  4-$�Y وي�a�

#�a ا	`�Zaرو���  �	2.5Å or 2.5x 10 -8 cm  .ز�a,	H2 
 ZRW0ºC 1وatm   ��iا،: "!
 �U-  

-1 .�W$�	ا m�$U لZ[U ر_� �W$c  

#�ت 2- � �U Ziل وا��	 ��	ا����� ��P$Q	ا ����	اH2 .  
  �U ا	,�ز. ZWH2  "\1cm3د � 
#�ت  3-
-4 .$Q	ر ا���	ل اZ[U  
-5  �#
  .(Z1)\" ا	����� ا	�اZiة   ZWH2د ا	�{�د�Uت 	() � 
  . �U(Z11) ا	,�ز ٣\" ¤���� واZiة \" ZW �cد ا	�{�د�Uت ا	(!�� 6-
  U�[U.(η )) ا	! و��  7-
  

-5  ZRW ���و$�R	ز ا�,	 $Q	ر ا���	ل اZ[U ��i1اatm  25و ºC  . اب��  . 65nm. ا	
  

 -6 (a) ���روZa�`	ز ا�a,	 $aQ	ر ا�a��	ل اZa[U ��iا(σ =0.247nm)   ZaRW1atm   0.1وpa 
ZRW  25 ºC اب�� : 1.50x 10-7 , 0.152m. ا	

(b)     (!�ر	,�ز ا	ت ����Q	ا ZWاσ = 0.496 nm) .(  : اب��  x 10-8 ,0.037 m 3.72ا	
 


#�ت  cm2/secاZW ��iد ا	�{�د�Uت 	() 7- �	����PوXا ZRW ارZ�.  ºC 25و  mU1atm ا	
  x 10 23 2.73.    ا	��اب : 

  

                    
    

   
   



 ٥٦

  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  

r	��	%{) ا	ا  
$Q	(����ء ا	ا(��u����)	ت اqW�%�	ا �W$c) ��P  


