
 

  

  ا���ى، ا����� و ا�����  – ا����
ت ا���و��
��� ������ل���ر�� ��  

�$#��ء ��رودا �  

 

 
  

�%��'�$�ت &��� �����ر�� ا����  
 --------------------------------  

  
mn = 1,00866u    ;    mp = 1,00728u     ;  me=5,5.10-4 u   ;  1u = 1,66054.10-27kg  ; 
1u.c2=931,5MeV   ;    1eV = 1,6022.10-19J  ;     c = 3.108m.s-1 

 --------------------------------------  
1  

          )�' :  
  ( ) uOm 995,1516

8 =  
 ( ) uHem 0026,44

2 =  

 	���ا��� ���	
 ا	��� ��O16ا��� �

He4و  8

2.  
  

��ارا �� ا���ى��  .أي ا	��ا��� أآ�� ا
  
2 


 )�' ا$&%ر ا�ورا$��م          �ج ا	%�)+ $�وي *$,� -.�4/�-� 30%-م $���ون ���اة ا�ورا$��م  0235/ ،
U235

Ce146$�اة ا	����0م �; )�: ���0 ���  ا$9&%رات ا	..�7
 ا$&%ر 6$-  92
Sexو $�اة ا	�������م  58

 yو )-د  85
  .�� ا	����و$ت

  :ا��'�$�ت
um

U
9935,234235 =      ;        um

Ce
8782,145146 =        ;      um

Se
9033,8485 =  

د	
 ه?ا ا	�<�ل ا	��وي و �-د/� ��  .yو  xا	/-د�0  اآ
  

 A��  .ا	.3�� 	C?ا ا	�<�ل m∆ا��� ا	���B ا	7
  

ء ه?ا ا	�<�ل ا	��وي MeVا��� �	�6ل و �E.<�رة أ	ا 
�   .ا	%
 

3  
        A	���� ا	�<�ل ا	��وي ا	/$:  

nHeHH 1

0

4

2

3

1

2

1 +→+  

 ا	.<�رة       �	��-ة   ا��� ا	%�eV G�7�  .ن $�اة ه����م	
  :ا��'�$�ت       

H2  ا	��اة

1  H3

1  He4

2  
 
0��	 
���	
 ا	��� ���(MeV/nucléon) 1,10  2,83  7,07  
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4  

د	
 ا$&%ر ا�ورا$��م /� ���/$235 
�	�  :ا	
nxXeSrUn 1

0

140

54

94

38

235

92

1

0 ++→+  
  .x ا	/-د ا	H�>3 �-د

  


 ا$&%ر $�اة %�
 ا	.<�رة ��ا�ت ا	���)�� )� ا	%�� 
0
 أورا$��م �-9	��	 
���	�.  
  


�  :ا��� ه?I ا	%
  :ا��'�$�ت          

U235  ا	��اة

92  Sr94

38  Xe140

54  
 
0��	 
���	
 ا	��� ���(MeV) 7,6  8,6  8,3  

  
5  

       
�	�د	
 ا$9&%ر ا	��وي ا	/� ���/$:  
eynxLaMonU 0

1

1

0

139

57

95

42

1

0

235

92 −+++→+  
  

  .yو  x ا	/-د�0 ا	3<�<���-د 
  


 $�0-ة��XA أ)� �/��� آ

Z  ���	ا 
�� 
	9-� lE 0-ة��	ا I?C	  وA  وZ  وmp وmn  وc.  
  

 
�ء ه?ا اE 9أ)� �/��� ا	%�E.<�رة أ	0-اتا��	ا +�  .cو ا	-�JK و  $&%ر �-9	
 آ
  

 ���/� ;����ت ا	��� و  Eا�� 
	9-�c  وme و mp   وmn.  
  

	��-��� Eا��� � : eV و   J.  
  :ا��'�$�ت         

  
 

  
  
  

6  
  

U235: �235-د ��آ�� $�اة ا�ورا$��م 

92  
  

 ���-��	  .kgو  uا��� ا	��L ا	7�� A	I?C ا	��اة �
  

  ���-��	
 ا	���    eVو Jا��� ��0
 	I?C ا	��اة ME ا������	 
���	
 ا	��� ���.  
  

��ار $�اة ا�ورا$��م ��
 ا	��� 	I?C ا����ة ��وي  226و $�اة ا	�اد�0م  �235رن ا� أن �.�(
1731,16MeV          .  

         )�' :  
m(235U) = 234,99332u 

  

 
0��	 
���	
 ا	��� ���
(MeV/nucléon) 

U235

92  Mo95
42  La139

57  
7,6 8,6 7,75 
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.2.4 

.3.4 
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  ا,+���

1 
              

 �0-	:  
( ) ( ) 216216 ].)([. cOmmZAZmcmOE npl −−+=∆=  

  :ت ع
( ) 216 .]995,1500866,1.800728,1.8[ cuOEl −+=  

MeVcucu 44,123.13252,0.]995,1500866,1.800728,1.8[ 22 ==−+=  
( ) ( ) 2424 ].)([. cHemmZAZmcmHeE npl −−+=∆=  

  :ت ع
( ) 24 .]0026,400866,1.200728,1.2[ cuHeEl −+=  

MeVcucu 27,27.2928,0.]0026,400866,1.200728,1.2[ 22 =−+=  

0��	 
���	
 ا	��� ��  :	�<�� أو9 �

( ) ( )
A

OE
O l

16
16 =ξ  

  :ت ع

( ) nucléonMeVO /72,7
16

44,12316 ≈=ξ  

( ) ( )
A

HeE
He l

4
4 =ξ  

  :ت ع

( ) nucléonMeVHe /82,6
4
27,274 ≈=ξ  

 أن.� :( ) ( )OHe 164 ξξ )إذن $�اة > )O16ξ  ارا �� $�اة����  .He4أآ�� ا

2  
  

          
nySeCenU x

1
0

85146
58

1
0

235
92 ++→+  

- A	.R*ت ا  :ا$<,ظ )-د ا	��0
235+1=146+85+y 
y=5 

- 
�K��C7	ا 
  :ا$<,ظ ا	&<�
92=58+x 
x=34 

A	�	  :و ه7?ا �3�H ا	./د	
 آ
nSeCenU 1

0
85
34

146
58

1
0

235
92 5++→+  
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UnSeCenUnSeCe

mmmmmmmmmm 2358514623585146 45 −++=−−++=∆  

  :ت ع
um 17736,09935,23400866.1.49033,848782,145 −=−++=∆  

um 17736,0−=∆  
 

2.cmE ∆=  
  :ت ع

JJMeVcuE 11-1962 10.65,21,6022.10.10.21,16521,1655,931.17736,0.17736,0 −−≈−=−=−=−=  

3  
( ) ( ) ( )HeEHEHEE lll

432 −+=  
  :ت ع

MeVE 59,1707,7.483,2.31,1.2 −=−+=  

4  
  

0ت        ���	 A	.R*/-د ا	ظ ا  :ا$<,
1+235=94+140+x 
x=2 
 

( ) ( ) ( )SrXeUE 94140235 .94.140.235 ξξξ −−=  
  

  :ت ع
MeVE 4,1846,8.943,8.1406,7.235 −=−−=  

5  
  

          
0ت -���	 A	.R*/-د ا	ظ ا  :ا$<,

235+1=95+139+x 
x=236-234=2 

- 
�K��C7	ا 
  .ا$<,ظ ا	&<�
92=42+57-y 
y=99-92=7 

  

( )
2

)(.
c

E
mZAmZXm l

np

A

Z −−+=  

  
( ) ( ) ( )( ) 2235

92

139

57

95

42

2 .72. cmUmmmLamMomcmE nen −−+++=∆=  

( ) ( ) ( )( ) 2235

92

139

57

95

42 .7 cUmmmLamMom en −+++=  
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( ) ( ) ( ) 2
2

235
92

2

139
57

2

95
42 .14392782575342 c

c

UE
mmmm

c

LaE
mm

c

MoE
mmE l

npen
l

np
l

np 












+−−++−++−+=  

 
( ) ( ) ( ) 2

2

139
57

2

95
42

2

235
92 .777 cmmm

c

LaE

c

MoE

c

UE
E nep

lll













−++−−=  

( ) ( ) ( ) ( ) 2139
57

95
42

235
92 .7 cmmmLaEMoEUEE neplll −++−−=  

 

 
 
 

( ) JMeVE 114 10.82,166,1135,931.10.5.500728.100866,1775,7.1396,8.956,7.235 −− −=−=−−−−−=
 

6 
  

  .(N=A-Z=235-92=143)$���و$  ��143و��$ و  ��92  �235��7ن $�اة ا�ورا$��م          
  

   
))().(.( 235

92UmmZAmZm np −−+=∆  

  :ت ع
um 91482,1)99332,23400866,1.14300728,1.92( =−+=∆  

kgm 2727 10.18,310.66054,1.91482,1 −− ==∆ 
  

2235

92

2 ))().(.(. cUmmZAmZcmE npL −−+=∆=  

  :ت ع
JEL

101627 10.862,210.9.10.18,3 −− ==  

V178610.786,1
10.6022,1
10.862,2 9

19

10

MeeVEL === −

−

 

nucléonMeVnucléonJ
A

EL /6,7/10.22,1
235

10.862,2 12
10

==== −
−

ξ  

        �0-	:  
nucléonMeVU /6,7)(235 =ξ  

nucléonMeV
A

RaE
Ra L /66,7

226
16,1731)(

)(
226

226 ==ξ  

0
 $�اة ا�ورا$��م ��	 
���	
 ا	��� ��0
 $�اة ا	�اد�0م  �235. أن ���	 
���	
 ا	��� ��� �� �BT226أ 
��ار �235ورا$��م إذن $�اة ا�� .��226 $�اة ا	�اد�0م  اأ�+ ا
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