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�ء ا(ول : (7ن)�
* ا����+(I 
 

5 234 01/ ا���ء �.	ض ا��	-�ت�67 � 58- 5?<8= +�دد ا�	��ض 234 أآ�8 :�5.  �	-5 �7	ا�  S 5.
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�ء ا�N?�Z : (6ن)�
* ا����+ (II 
. 5j�j "-	+ °= 30Oi R، !�او
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).ا?�J ا�P�W( 	-_ ا�� 7	ي �5S063 ا��-�-5  �* ا� cmD 50=  5H� ا�� NH  
. 1=airn :�P��S ا?� �ر ا��-�ج و?P��S� N0S ا?� �ر ا�[	اء n  N� ?  

ن).5,0(                                                     .                                 I        1-1 (506Mا� NH ء	ر ا�<� �?) رت��
اآg4 m7:5 د  
ن).5,0(  J ؟  ���ذا ؟                                                                                                  1 -2 (  506Mا� NH ع�SW3� P@.
��ذا   

ن).5,0(  i ؟            ، D   . ، PY  *! 5:gSا� ��OY PY أر+	ب ?506 ا0G"ام ا�SW�ع ا��hZ8M �] ا�5j�W 234 ا��.	ر      1-3 (*��  

*77!�b   *78-	�.( b   (a و 
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λ

λ b
an +=     1-4 ( Nj	5 آ:gS� �S8+ O-5 ، وذ�	ل  ا��	5 �0�34� أن �P��S ا(?� �ر دا�M+  5�ز�  

ن).5,0(                                                                          .                      ��ذا ?W�ه" 234 ا�5j�W ؟ P34 -	ا!O)     أ
ن).75,0(   �  اP��S� a7M71 ا?� �ر ا��-�ج !��D]� 58 Mا اSjo�عb ���.!��Sjp� 58 M�ع ا� i أو-" :�5 ا��او
5  )         ب  
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Yrouge = 17,5cm                                                                   
 

 
 

 5S06ض ا�	S?وλ (  [Hر =q �0: "
".+ P--7_  �* أ	ل �	T زرrء ا	8] �<M�! k S? 2	ض NH ا��L7!5 ا� �!56 ���5 ا�<	ء ا�!
 =8>3� P!�:. a�]R�4 ة�sG 5.7H _! "-	+  �-�.! 5  ا��-�-
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 ��"M4 5S68�4ض ا� �s7
 K       آ

ن).5,0(   . a  5�)"! L           2 -4  (   ات�s+ PZ�
56 ا�7��5 ا��2M.M ا�Dي b	234 ا� �ار1  
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. cma 5,5'= 5
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●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● 

�ء ( 7 ن).�
* ا����+(III 
 3

2 100cmv = Lmolc و  /2,01 =  N�	� �: ذي +�آ )(
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)( aqaq
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             .  −2
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2I  Ne�Mb �
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8
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λ
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.( 2=k  [� λ.1 kSM = .� �0	ل ا��	-5   .G وي 4"دا� + ��]M!    )  
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8

122 ==
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λ
3 -6             (  

5H� ر   �ن ا��	ا�0 NH Eآ�S+ 234 �7ان]+ 2M و  S        ⇐           
2
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4
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2

2 ==
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mmSM
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2
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λ+= kSM M[�� + �وي 4"دا �Hد
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. S  [� Eآ�S+ 234 2M :       و�* -[5 أ�qى    S  [� hHا	1  234 +M      �M
"� :  
.  +[�7ان S+ 234�آNH E ا�0	ر 2M 1M و  :    و�a7M7 ? _M أن   

     

................................................................................................................. 
.        +[�7ان S+ 234�آNH E ا�0	ر 2M 1M و   3-7  (  

mm2 2M ، ه	    506Mا� [R	� ن	�
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. mmy 22 −= : 5J.3ا� E�? NH 2M +�	ن ا071��5  mmy 21 +=  : Nه 1M   +.} �	R] �1	?[� .او !@5s أ�qى إذا آ�?} ا071��5

     

.................................................................................................................  
       5|0! 5
( أآ�8!36P ?�* +�دد ا��	-5 ا��7	ا�W? (5�ه" ��آ5 {�ه� Hze 51=υ 5 234 ا��7دد e	><�ت ا��	8= +�دد ا�R "M4 (8-3       

.Eآ�S2 ا��.Mا�� NH 5 ��3	-5 ا��7	ا�
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λ≤a :     ?.@P 234 {�ه�ة ا�.	د إذا آ�ن �4ض ا��5.7 ) 4      
    mmcm 88,0 ==λ :                                     !�� ان   

.      ?.@P 234 ا�.	د λ<1a                          ⇐                           mmcma 33,01 == :ا�.��5 ا(و�2  *   
.    (  ?.@P 234 ا�.	د λ>2a                          ⇐                           mmcma 1012 ==  * 5?�Zا�.��5 ا� :  

5!�L7ا� UD�8زه� ه+ N7ه�ة ا��Jا�:N5 234 01/ ا���ء: ه�?��	د ا��	-�ت ا��� ).P�Wا� �J?ا:(  

 
.ا��	-�ت ا��."ة و ا��	-�ت ا�	اردة  �[� ?�T E	ل ا��	-5   
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a7M7 ? vv أن ا���ء و1= �8"د �ن  54�1  ا?W7�ر ا��	-5              >' +@8/ 54�1 ا(?W7�ر  υυ >'  M4 (5"�� ?<8= ا��8M] ا��[�7 234 +�دد 
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              ) 1( inio sinsin =                             . I      1   (1-1 (506Mا� NH ء	ر ا�<� �?) رت��
g4:5 د  

.............................................................................................................  
N�JM�  _?� . J 1 -2 (506Mا� NH ع�SWا� � �M
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Y
itg P=)(    1-3-    (  

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

2
)(

λ
λ b

an += !�� أن  �P��S ا(?� �ر دا�M+  5�ز�5 �0	ل  ا��	-5 ، وذ�gS� �S8+ O:5 آ	Nj ) أ)  1-4      

   k.    yHن آP إSj�ع أ��دي ا�3	ن 1	ف 
�M � !�او
K37F+    5 4* اP@.MH �qr 234 +8"د ا�<	ء ا�!  
                                                                                    .kK ا�<	ء ا�!T   5j�Wه" 234 ا��W?و  

.............................................................................................................  
              °= 3,19Vi               ⇐                           35,0

50

5,17 ===
cm

cm

D

Y
tgi R

R )             ب  

    RRo ini sinsin =              
	S7��! 5:gSا� NH k)1      (234 P@.?   58 M��! ا?� �ر ا��-�ج P��Sع��Sjp� ���: ا�  

51,1
3,19sin

30sin

sin

sin
===

R

O
R i

i
n  

     

                     °= 19Vi               ⇐                           346,0
50

3,17 ===
cm
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D

Y
tgi V

V )            ج  

   VVo ini sinsin =  5:gSا� NH k
	S7��!  )1       (34 P@.?2 NL �M8ع ا��Sjp� 58 M��! ا?� �ر ا��-�ج P��S�:  

53,1
19sin

30sin

sin

sin
===

V

O
V i

i
n  

        

............................................................................................................. 
R ��M	ء اrزر أ��دي ا�3	نا�<	ء ا�!S7� k"د ا��	ان ) 2-1             !  .    

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

 
 2-2  (hW56 �* ا�Z8M5 ا��e	>5 ا�Sjر ا�� � )�Wا� �J?اP         . (  

 N8] وه�Mآ� hW7@�ف ا�
 
  5e	>-�ت ا�	د ا��	�  .ا�J�ه�ة ا�N7 +�8زه� هUD ا��L7!5 هN {�ه�ة 

 

 ................................................................................................................. 
2-3 (  

�ا آ�3� آsG hWا آ�3� آ�ن �4ض ا��sG hWن �[�5 آ�3� �4ض ا�	د +�	.�8 �4ض ا�5S68 ا���آ�
5  و�a7M7 ? _M  أن {�ه�ة ا�.  
 

 ................................................................................................................. 
  . a  5�)"! L           2 -4 (ات   ا���s+ PZ�
2M.M ا�Dي   
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2-5(  

. cma 5,5'= 5

�	ن �4ض ا�5S68 ا���آ� ، [Hا�� =F��! hWض ا�	S? ��"M4  
. md µ551 =   P�S7 ا�� [Hا�� =F3�. 1d � ا��06?�  ?."د  �8

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
�ء ( 7 ن).�
* ا����+(III 

  
    .  −− 2

4
2

82 / OSOS II−     و  /2 :?N0S ا���ود-7* .  S�د�5 ا��7	از?P4��73� 5  ا�.�m7�M�  PG  ا��2-1       

     −2
82OS   +    −I2     →      2I +      −2

422 OS          
  

.................................................................................................................  
  .                                     −2

82OS    : ه	gqل هDا ا�P4��7 ا�M	ع ا�Dي �mS دور ا��uآ " ) 2- 2     

. −I mS دور ا���7Fل                                   ا�M	ع ا�Dي �  
 

................................................................................................................. 
. NM8ن ا�	ا�3 	ه P4��7ا ا�D4* ه a+�Mد ا�	� Ne�Mb ا��
 2-3) ا�3	ن ا�Dي 

.............................................................................................................  2-
4 ( P4��7ا ا�Dول +6"م ه"-.  
 

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

    molmmolx .12012,0max ==           ⇐                 0012,0 max =− x 
 ا	��� ��.       ه� ا	�� −2
82OS إذا آ�ن*    

     molmmolx .1001,0max ==           ⇐                 0202,0 max =− x 
 ا	��� ��.       ه� ا	�� −I إذا آ�ن*    

molmx .10max = و��	��	� ا	���م ا���� ه� :  −I yH maxxن ا��P4��7 ا��." ه	 :  �5 ل:: �sGأ hHا	
  و!�� أن ا��P4��7 ا��." 

P4��7د�5 ا��S�         2I    +          −2
422 OS           → −I2 +         −2

82OS            

  molآ��ت ا���دة  ا�67"م  ا�.��5
5e"8012,0  02,0  0  0  0  ا�.��5 ا�  
 5J.3ا� "M4t  x  x  x2  x202,0 −  x−012,0  
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5 ا�P4��7 ه	 �]? "M4 =3Fا� m: و�yH _Mن +�آ  

  
 
 
 

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

3 (  
: −II /2 :  وا���دو-5 −− 2

32
2

64 / OSOS 
�ة ) 3-1           �Sل ا��gq PG�.ا� P4��7د�5 ا��S�   .5-ا���دو N0S? :  

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

.            �8S} دور ا���7Fل    : −2
32OS               3 -2 (P4��7ا ا�Dل هgq:7�ت
	آ�8b ت�?	
أ  

��آ�Nن( +	:K ا�P4��7 . دور ا���ء ا�8�رد  : و  P��4 در-5 ا�.�ارة  .(  

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

                  3-3 (  

            
 

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

                                         r
rrr

rr

v
L

vLmol

v

vc

v

vc

v

In
I .5

10.10.2

/1,0

.2

.2

.
)(

][
3

2
2 =×==== −              3 -4 (  

  

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

4 (4 -1(  
59 54 44 36 30 25 20 16 8 4,5 0 )(mnt  
9,2 8,4 7,4 6,9 6,1 5,6 4,8 4 2,4 1,8 0 )( 3cmvr  
46 42 37 34,5 30,5 28 24 20 12 9 0 LmolmI /.][ 2  

  
.      !"(�5 ا���*  ][ 2I �ات   s+ PZ�M�:  

 

       2I    +          −2
422 OS           → −I2 +         −2

82OS          
01,0  02,0  0  002,0  
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.............................................................................................................  

4-3(  

 
  molmxx f .01,0max ==  P4��3� 5e�]M5 ا���� أن ا�6g?  

 mol
x

tx 005,0
2

01,0

2
)( max

2/1 === 
�	ن   : 2/1t  5J.3ا� NH :  


�	ن 5J.3ا� UDه NHو:  

[ ] LmolmLmol
L

mol

vv

mol

Vs

tx
I

r

/.25/25,0
10.20

005,0005,0)(
3

2/1
2 ===

+
== −  

 K@M5 ز�* ا��: 234 �?�8� P@.?و :  

 

.  mnt 222/1 ≈  

.............................................................................................................  
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��* ا��
�دة �* 54�1 ا�P4��7 !	ا501  أ�" ا�S	ا�P ا) 4-4      5   .در-5 ا�.�ارة و +�آ� ا��g4��7ت أو ا�.��ز : �.�آ5 ا�7��

▒▒▒▒▒▒▒▒▒ 

 
Sbiro abdelkrim  

Lycée agricole oulad –taima région d’Agadir  Maroc 
Mail : sbiabdou@yahoo.fr  

msn : sbiabdou@hotmail .fr  
pour toute observation contactez moi  

 
 
 
 

 


