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Abstract: In recent years analysis of �-ray spectra using wavelet transform has offered a new 
approach for an improved noise reduction resulting in an accurate identification of dominant 
interactions of photon with material in �-ray spectras. Examples of such interaction are: 
Photoelectric effect, Compton edge, Scattared photon’s. In this paper, a novel approach is presented 
for denosing of �-ray spectras (60Co, 137Cs). The approach is based on searching for a wavelet basis 
that provides the best nonlinear approximation of a given spectra. It is shown that such a basis  will 
have the best wavelet denoising performance in the sense of spectrum estimation error. The result of 
simulation indicate that an improvement of up to 15% is achieved in SNR using optimally designed 
wavele t  over  the  same length  Daubechies  wavelet  in  denoising of  the spectra . 
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3 Discrete Wavelet Transform                          

Archive of SID

www.SID.ir

www.SID.ir


14           ������ ��*� ),�� �	��� ;�* �+,�XN�X B, ��,=B �*9E��,*�=,� )d��, ��	���H )�$��H*9�! 7,�O��, G�� l	_�$��6?�\ )�$ 

 )��*� )��+, -��+ ��.��/ ��0�

 

Journal of Control,  Vol. 3, No. 1, Spring 2009  ��� ����	
 ���3 ����� �1 ���� �1388  
 

11 �� �Wg   6IIII���9 B, �IIII��� �IIIIo�� )�IIII'[ �IIII
 �� �tf 1� 
B,� �tf �II �GII�,=*II� .     �II�]� )�II|/ �II�B E= �II� �II���9 WII�0
2,2 �� VW -��$ E4=�
 ��*(9 �*X]� )�$  �I �I,=, )� �I��� . �I�B-

)�$�|/jV �� 4c q,*[ EK�*"  P�,E�)2 ( E)3 (� 4���=*�: 

...... 21012 ������ �� VVVVV  )2(                                       

      );(2 �
�

��

LVj�  )3 (                                                      

W_� 3 �$= � l���� ,� *9�=*9 )�$�|/ ��B -�, .  
    

  
 W_�3 : )�$�|/ ��B W�� *9�=*9 )�$�|/ ��B B, �����jj VW , 

 )�$�|/ ��B �= �_� ��]� ���! ^�,*9jW  EjV  4��� ��B P�,E� P�*9
�=*�:  

Zjkktjj
kj �� ,)2(2 2/

, ��  )4(             
Zjkktjj

kj �� ,)2(2 2/
, ��  )5(                  

 4c �= �
� �t� E �=� ;�* �� �t�� i��� ^��9 ��� ���� -

�_��*X:  

� � � � 000 ��� dtt� )6                                           (  

� � � � 001 ��� dtt�                                   )7(  
  E� � � ��� �� , ���*/ W���9 6�9�9 ��� � � �tt �� ,��	��� .

 4=�
 ��*(9 KR=�]� �tf ��B )E�� 4��� ��B K�*" �� �$�|/ -

=*�:  

  � �� �
�

��

�

��

�
j k

jj
kj ktatf 22.)( 2

, �  )8(                               

��
  

� ��
�

��
� .22).( 2

, dtkttfa jj
kj �  )9(                          

kja , � 4��� ,� i��� 6�,�.�	
 .4c B, �,���� )�$�|/ ��B �


jV  P�� ,r? �	��� � *9�=*9)(tf G��� ��]� . ^�,*9 -�	Z�$

� �
�
�
�

�
�
�

�
�zkj

jj kt
,

2 22 � =*� �	$,*O� ��]� �$ i��� ���9�� �= .

�	]�:  
� � � � ,,022,22 '

,

22
'

''

jjwhenktkt
zkk

jjjj ����
�

��  )10(   

  )�I|/ ),�� ,� ��]� )�$ ���! �	�,*9 ��� ^�,*9 -�, -�,���	�)(2 �L 
�	$= W�_<9 .    )�I|/ �I�B �I
 G�, �	] -��� *9�=*9 )�$�|/��B1V 

 W�� )�|/��B0V  )�|/ ��B E2V  )�|/��B W��1V -��$ E �*X
  )�II|/ �II�BjV   )�II|/��B W�II�1�jV  �II��� �II .  6II�9�9 -��II�

� �t� )�|/��B �= �
0V       �I��! ^I�,*9 6I�+ �I� �I�,*9 � �=�,= �,��
)�|/ ��B �� }*��1V ��B �'�,� C��')y��9, �?=�] (=*� 4���.  

� � � � � �ktkht
k

� � 22 �� )11(                                      

 4c �= �
� �kh ��*(9� �t� )�|/��B ���! ^�,*9 )E���1V �-

��c � G��� ��B �'�,� B, E �����:  

� � � � � � .22 dtkttkh � �
�

��
�� )12(                           

    )�I|/ B, �I�]� �I���9 ;� �� 4���� �*L	 ��)(2 �L  )�$�I|/ �
WII.�&9jW _ 4,*II	0 �II� ,� )�$�II|/ WII�jV�=1�jV �II NII��]9

��*� . W_�3 �$= � 4�<� ,� W.�&9 )�$�|/��B -�, .�� �� *H),�
:  
.1 ��� jjjjj WVandWVV �  )13(                        

)�$�|/��BjW  )�|/)(2 �L ,� ��  ��B � ����9 ��]� )�$�|/
�		
 .����*H),�
:  

).(, 2'
' ��� 

�

��
LWandjjifWW jjjj

 )14     (  

)�IIIIIIIII|/ �IIIIIIIII�BjW  ^IIIIIIIII�,*9B, ), ��IIIIIIIII�= ���IIIIIIIII�*�

�II��!� �	 
.22
,

2

zkj

jj kt
�

��    �II
 =*II� �II �=,= lII�*! �

  ;I�* ��	T�� ��E=E= ��/�� i��� E ��/�� G&��� �t�  I��� �I�	 .
   ��	T�II��$ -�,���II	�)()( 2 �� Ltf    K�*II" �II� 4,*II9 �II ,�

G�*� ���! ^�,*9 -�, B, �'[ 6�
�9:  

� �� �
�

��

�

��

�
j k

jj
kj ktbtf 22.)( 2

, �  )15                              (  

� ��
�

��
� dtkttfb jj

kj 22).( 2
, �  )16                                (  

)�$�|/ ��B ��_�����cB,jW �	��$ ��]� . P�� ;� �P�� -�,
��	T�� B, ��]�)(tf���� � .kjb , � ����� ;�* 6�,�.-

=*� . KR=�])15 ( E)16 ( W���9 W���9 E 6�
�9 KR=�] Y$ ��
�	$= � W�_<9 ,� �����H ;�* .)(t� �|/ ��B �= )0W  �,��
 )�|/��B B, �<O� �
 �G�, ��/�H1V ���� � . ^��9 4,*9 � -�,���	�

 ;�*)(t� )�|/ ��B �� }*�� ���! ^�,*9 6�+ �� ,�1V  ��
��B �?=�] K�*");�* �?=�] (=*�� 4���:  

 � �
k

ktkgt )2()(2)( ��  )17                                     (  

�
)(kg  ��*(9)(t�  )�|/��B ���! ^�,*9 )E���1V  E ���� �
��c � G��� ��B �'�,�B, .  

Archive of SID

www.SID.ir

www.SID.ir


                       ��*� ),�� �	��� ;�* �+,�XN�X B, ��,=B �*9E��,*�=,� )d��, ��	���H )�$��H*9�! l	_�$�� 7,�O��, G��6?�\ )�$                         15  
)��+, -��+ ��.��/ ��0 )��*� 

 

Journal of Control,  Vol. 3, No. 1, Spring 2009  ��� ����	
 ���3 ����� �1 ���� �1388  
 

.)2()(2)( dtkttkg � �
�

��
��  )18                    (  

  ��B    W_I� �= *I9�=*9 )�$�I|/3     B, �II
 �	�I�$ �I�, �I��! ^II�,*9 ),�,=
��	T�� N��O )�$ i���)(t� ��, ��� C�< .   �I$ GI��T� -�,���	�

��	T��)(tf  ,� ��	T�� -�, 4��= 4�_, ^�,E�= �$�|/��B -�, )E���
     �I$= �I NI��O )�I$ ;I�_&9 E �$ i��� �= . �=    R�I� )�I$ i�I��

;�* 6�,�.� �kjb ,     M�I� K�I�o��)(tf    �= ��I$= �I 4�I<� ,�
      GOI� )�I$ ���[�I� ;I�* 6�,�I. �9 -���! )�$ i��� �= �_�?�+

)(tf   �II	
 �II )�II�H �B,�II�, ,� .    ;II� �II
 GII�, 6II�9�9 -��II�
��	T�II�)()( 2 �� Ltf   �II��H�	A ;II�_&9 �II� WII���9 ;II� �=

�_� ��]�1   =*I� �I �I���9 �o�� ^�,*9 B, =E���� )�� ;� �� � . �=
 )�III|/��B�$ ��III�
 GIII?�+MV Y���III� ^III�� B,

MNNV
!

    E

MjNjW
!"

��c � G��� ��B K�*" ��:  

.... 121 ��� ����� MNNNNM WWWWVV )19    (  

���	T�� �$ ����H ;�* W���9 -�,���	)()( 2 �� Ltf � -

=*� 4��� ;�* 6�,�. B, )=E�� =,�]9 ����*� ��,*9 . �� ��*9��
 ��	T�� �$ R�� �?=�]MVtf �)(  6�,�. 6�+ �� ��,*9 �

��%0 =�* )�$ i��� �= ;�*� �MjN !" 6�,�. E �
 i��� i��� �=N�� �MN ! =*� �=,= P����B K�*" ��.  

� � � �.2222)( ,

1
2

,
2 �� �

�

��

�

��

�



���
k

j
kj

k

M

Nj

jN
kN

N ktbktatf ��   )20   (  

 ��	T�� �H,)(tf ���� =E�� . G&�� ���5� )E��� =E�+K   �=
G�, =E�� R�� K���0 . )=E�� =,�]9 �� =E�� )�$ ��	T�� -�,���	�

bO< i��� E ;�* 6�,�. ��*� � .4c B,���� �

� � 01 VVt �� ��  E �=*�� � 01 VWt ���� � -�, �����

� ^�,*9)�|/ ���! ^�,*9 B, �'[ 6�
�9 K�*" �� �	�,*90V  l����
��*� �=,=:  

)2(][2)( ktkht
k

� �
�

��

��   )21                           (  

)2(][2)( ktkgt
k

� �
�

��

��   )22                           (  

�	A ;�_&9 �� W���9 )�|/ �=    )�I$ �I?���= �I_� ��]� ���H][kh  E
][kg  KR=�] �=)21 ( E)22 (   �I	�c )�I$����/ ���I. {��! �T���� ),

���9���A(QMF)2 �	��$]9 .[�rH -���! ����/][kh   )�,�I��� }�� ��
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 Gŷ B,f �$ �
 �

 )��*III� 6��III.mgy,   �III'[��\ ^��III9 �III� W��III� �*III'� ,�
� �x$� N�]|9� 4��� -�	A ��	
=*�:  

� � m

N

m
m ggyy �

�




1

0
,ˆ $   )28                            (               

 �
mg  E �	��$ ���! )�$ �,=��  

  
3   Vanishing moments 
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�(O<)�$3 ��",f =*�� ���]9 . )�'[][m2  ���c G���

 �
 G�, �'[ 6���9 )�'[ B, ��_A*
 ��9�E�.M  B, W��� �,=��
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2
,min pBB f;  )41                                                            (  

 ���!B �
;  4,�� -���<�� E =*� �$,*[ x*�' ���! ����� W�,�+ ,�
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 �=*�

=�,= �?�� W+ �= ��,��� ��t�9.  
 

�!"#	 1�& �	 _&	* *�7"� <'�*^ C""G( � �2�*3 : 4��$
 �� �)=��	<�! hE� �= ��� �=,= ��� lO� -�, ),���, �= �
 �*X

 ���! ����=B ���*H �� Y�=�H ���] �
 ),; 
 �'�,� �= �)41 ( �=,=
W�,�+ ���==�H .����c B, P�*9 G�, ;�* ���! ;� ���! -�, �
 �

 ����/][kh � N�"*9 W�
 �*'�==�H . ��	��� ���! -�, -�/�� ,r?
-�/�� �=�]][kh   G�, 4c ���	� . ����/ �	]�][kh  �� ������*H ),

 ���! �
 =*� x�O��,B  ���] 4c �� ���	�; ����� W�,�+ ,� . ),��
 P�,E� �= ��� �=,= }E�� )�,���� B, 4�	��X, �*(+)23 ( �9)25 ( B,

 6�,�. )B�� )��,��!][kh   �=�&��, �� ����� W�� lO� �= �

�==�H .�� 6�9�9 -�, �� -�/�� �� W���9 �-�] P�,�� �� �	��� ����/ -�/

  
2  Perfect Reconstruction Quadrature Mirror Filter(PR QFM) 
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)�$��,��!< � G�=E�� 4E��==�H . �� �	��� ;�* �+,�X ),��
 bO< �*XL���] �; � ���*�B�� -�	A ,�Y�	
:  

2

,}{min
pB

f
i<

;    )47                                 (                    

�
i<)�$��,��! 4��$ �$< �'�,� �=)46 ( �"�	0 =,�]9 E �	��$
�0*��}{ i<  �*X ��L )�*X ;�* (=�,= �T��� .W�,�+ ),�� -

� ���] -�, )B��*�� �=�&��, �&��O )B�� �	��� )�$ hE� B, 4,*9= .
 W�,�+ -�/�� ),�� K�]�� -����
 hE� B, �?�� -�, �=;  �=�&��,

G�, ��� .4�	A �'�,� B, �
)40 (���G��
 �,�� ���cp  ���B �9
 �	��� �	�c�/ )E��� )�t, ����� ��� bO< �B�� �= �
)B��  �$,*O�

G�,= .�
 G��	] 4,�� -�, W�,�+ �'�,� )�$)47 ( �� ����,Ep �	���� .
 �*X �� )����/ ),�� )=*�� K�*" �� 6�' -�,4  E3  N��O �,��

p  N�X )B�� �	��� ),�� ECs 137 G�, ��� �=,= 4�<�.   

  
 W_�4  : �	��� ���] �	�	 �,=*��; N��O �,�� ��  ),��p  

  
6-  &� �	 ,�!D"� $Z�� 0'

      �'I� E ��*I� �	���I! �'I� 4�I� J�� K�*" �� ��*� �� ��	T�� G���
=*� � N��]9 ��	T�� ���, . ��*� �� ��	T�� G��� ������T? N��]9

�*�/ K�*" ��)48 (���� � . 

 )(log20)(log10 1010
noise

signal

noise

signal

A
A

P
P

SNR   )48(              

 �
P  E ��	T�� 4,*9 P�*� ��	����A �	,= ��	����(rms ) G�, .  
    

7- )��� �"Z? `'���  
  

,�!D"���������� )�/ :   �hE� -I�, =�I_��0 �T�*TA ����� ),��
      ��I� �I���� =�,����I�, ��	T�I� �I�*�� �	A )E��� ,� 4c =�_��0 ,���,

G�,  .��	T��   ��	T�I� �=�&�I�, =�*I )�$  )�I$Doppler �Bumps E �
Polynomial Piecewise  EHeaviSine �	�II�$ .   -II�, B, M,�II
 �II$

����	T�HF�E ),�,= ��� x�O��, )�$ ��E E �	��$ 4�B �� ���5� )�$
��	T�� hB,=�! �= )=��B ���<9 ���,= �]�,E )�$]2 .[    �*IX ),�I� ,�I��,

bO< ����/ L  ��	T�I� B, ;I� �$ ),�� �	��� �_�* R�� hE� �� �  �I$
� �+,�X==�H .  �I �I���� ��*� �� ��	T�� G��� =*��� 4,�� #s�-

==�H.  ��	T�I� -�, �)=��	<�! hE� )�9�� 4=,= 4�<� E ����� ),��  �I$
  ��*I� �I�� =�,�����, ;�* ;� ����*�  ��I� �I�,=B �I�, . ���I��c B,   �I


;�* �=,*��[ )�$Daubechies      -���I<�� �-�I] �I���/ �*X ),B, ��
��*� G����� -���<�� ),�,= ,r? ��	��$ ,�,= ,� ���*� *� �E��<H =,�]9-

��,=B        �I� �=,*��I[ -I�, GI�� -�I�$ �I� E �	��$ bO< �*X ),B, ��
G�, ��� x�O��, J���� ����� ),�� �]�� 4,*	0 . ��	T�I�   =�*I )�I$

 W_� �= �����5 ��� �=,= 4�<���, .   
  

  
N?,  

  
x 

  
7  

  
=  

 W_�5  :)�$ ��	T�� ;�* �+,�X hE� =�_��0 G�&�
 ����� ),�� �<��Bc   
N?, (Doppler   x( Bumps  7 (HeaviSine   = (Piecewise Polynomil  

�	��� �'�,� �
 G�, �
� 4���� )B��)47 (i��� ),�� ���� �
 ���$
��*�� M���, ���c �= ��,=B=*� �=�&��, =��H .i��� -�, y*� �� �$

=�,= �T��� 4c 4=*� �,*�$ 4,�� E ��	T�� .��	T�� ),�� �
 ���$
�&?*�
�/ )�$� ���,�� )=��B )R�� #�i��� 4,*9;A*
 ,� �$ �9

=*�� x�O��, .��	T�� ),�� ����� �= E ���,= ^��� K,���59 �
 ���$
i��� �= )B�� �	��� W�0 ��	��$ R�� #��
�/ K�0%X, )E�+ )�$

� M���, �9R��=��H . �hE� -�, =�_��0 �T�*TA B, �?�u �o,�, ),��
 ��,�� ����/ �*X6 � =,Bc ��,��! E= �� ��	 �
 ��� ��/�H �L� �= -

==�H . �=,*��[ B, 4c =�,�����, �*X Y$ ;�*Daubechies  ;�*
db3 =*� �$,*[ . )�$ ��,��!1<  E2<  ���] �,�� �,��$ ��;  ),��
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 ;�* Daubechies )3db; ( ��� �+,�X �	��� ;�* E
)optimal; ( �E�� �=1 ��� �=,= l������,.  

  
 �E��1 : �	��� )�$��,��! ��=��

1<  E
2<  � �*X ),B, �� ���� =�* )�$ ��	T�� ),�

����/ 6 .  

3db;  optimal; 
�	��� ��,��! 

)(2 rad< 
�	��� ��,��! 

)(1 rad< 
 )�$ ��	T��

=�,�����,  
8419/45  1226/36  6868/1  2058/1  Doppler 
3673/11  8411/10  9525/2  0525/1  Bumps  
6392/22 0583/15  0831/3 2424/1 HeaviSine 
3694/18  4088/8  5704/1  5415/1  Piecewise 

Polynomial 
  

W_� �= 6  =�_��0 �� )=��	<�! hE� �� ��� �+,�X ;�* =�_��0
 ;�*Daubechies G�, ��� ����� .  

 
N?,  

 
x  

 
�  

    
K  

 W_�6 : ��� �+,�X �	��� ;�* ����*� ��*� �� ��	T�� G��� =*��� 4,�� ����� �,=*��
 =�,�����, ;�* Edb3 �� ��,=B ��*� hE�Visu N?, =�,�����, )�$ ��	T�� ),�� (

 ��	T�� ),�� ��*� �� ��	T�� G��� =*��� 4,�� ����� �,=*��Doppler  �*'� �=
x ��*� N��O ( ��	T�� ),�� ��*� �� ��	T�� G��� =*��� 4,�� �,=*��Bumps  �=

� ��*� N��O �*'� (��*� �� ��	T�� G��� =*��� 4,�� �,=*��  ��	T�� ),��
Heavisine K ��*� N��O �*'� �= ( ),�� ��*� �� ��	T�� G��� =*��� 4,�� �,=*��

 ��	T��Piecewise Polynomial  ��*� N��O �*'� �=  

 
 W_� �= ;�* E= =�_��0 ����� Y���*T?,7 ��� �=,= l���� G�,.  

  
 

                W_�7 : ��	T�� G��� =*��� ����� K��A*�/��*� ��  
  

4"3 )6*��5&(0'�&'���)�/ )60Co  �137Cs :( ���< ��
 �*��
G�, W�� lO� . �*X ),�� ,���, �	]�L� �+,�X �	��� ;�* �  =*�

�*9E��, *�=,� )d��, N�X ��*� �� ��	T�� G��� =*��� 4,�� #s� E -
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 ��H *9�! ��	���H )�$)60Co � 137Cs ( E )=��	<�! hE� ����*�
, ;�* =�,�����)db3 (� �������=�H .���] E �$��,��! ��=��; 

�	��� ),��i��� �= )B�� )�$6 �7 �8 �9  ��� �=,= l���� �E�� �=
G�,.  

 �E��2 : N�X ),�� �	��� ��,��! �,��  ����/ �*X ),B, �� ����� =�*6.  

3db;  optimal;  
�	��� ��,��! 

)(2 rad< 
�	��� ��,��! 

)(1 rad< 
 N�X

��H *9�!  
610980  444200  0237/34622/0 60Co 

29327040  21321600  6854/1      1859/1  137Cs 

 W_�8 ��*�� 4,*	0 ���HF�E �� 6��	� ��� �+,�X �	��� ����/ B, ), -

 N�X )�$60Co )�	�c����/ 6�,�. �	��� ;�* �� }*�� ���9���A ),
 ��� �+,�X (=�,�����, ;�* �� }*�� ����/ 6�,�. �� �,��$  db3  

G�, ��� �=,= l���� .  

N?,  

x  

7  

=  
 W_�8  :�	�c ����/ 6�,�.=�,�����, ;�* E ��� �+,�X ;�* ���9���A ), db3  

�� l� ����/ �*X ),B, �� N�X ),60Co  N?, (����9 �rHR�� ����/ 6�,�.  x ( 6�,�.
7 ����9 �rH -���! ����/ (= )B��B�� �rHR�� ����/ 6�,�. ( �rH -���! ����/ 6�,�.

)B��B��  

  
W_� �= )�$9  E10  �� ),�� ��� �+,�X �	��� )�$ ;�* 6�9�9

�*9E��,*�=,� N�X��H*9�! ��	���H )�$  Y���137 )137Cs( 
E G?��
60 )60Co ( E�*X Y$ =�,�����, ;�*  �*X ),B, �� ���c6  l����

G�, ��� �=,=.  

  
 �9?9  : 4"3 )�*	 ��? �2�*3 1�&137Cs  1�& �

�? *�7"� ,&3 )�*	 ���������)L=6(  
  

  
 W_�10 :E ��� �+,�X ;�* l�����/ �*X ),�� =�,�����, ;�* E(L=6)  
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W_� �= )�$13-11    �� 4,�I� �I��       ���I�*� ��*I� �I� ��	T�I� G�I�� =*I�
��� ����� Y$ �� =�,�����, ;�* E ��� �+,�X ;�*��,.  

  

 
 W_�11  : �+,�X �	��� ;�* ����*� ��*� �� ��	T�� G��� =*��� 4,�� ����� �,=*��

 =�,�����, ;�* E ���db3  ��,=B ��*� hE� ��Visu  ��H *9�! N�X ),��)60Co (
 N��O �*'� �=��*�  

 
 W_�12 : E ��� �+,�X �	��� ;�* ����*� ��*� �� ��	T�� G��� l�,�/, 4,�� �,=*��

 =�,�����, ;�*db3  ��,=B ��*� hE� �� ��*� N��O �*'� �= Visu 

  

 
 W_�13  : �+,�X �	��� ;�* ����*� ��*� �� ��	T�� G��� =*��� 4,�� ����� �,=*��

 =�,�����, ;�* E ���db3 ��*� hE� �� ��,=BVisu  ��H *9�! N�X ),��)137Cs (
��*� N��O �*'� �=  

 
 W_�14 : E ��� �+,�X �	��� ;�* ����*���*� �� ��	T�� G��� l�,�/, 4,�� �,=*��

 =�,�����, ;�*db3 ��,=B ��*� hE� �� ��*� N��O �*'� �=Visu 
  

 W_� �=15  E16 �*9E��, *�=,� )d��, N�X)�$  ��H *9�! ��	���H
)60Co E 137Cs (G�, ��� �=,= l����.  

   
 

 W_�15  : �*9E��, *�=,� )d��, N�X60Co 

  

  
 W_�16  : �*9E��, *�=,� )d��, N�X137Cs  

 
 W_�17   ��� ��,=B��*� E )��*� N�X B, ��*�� ;�60Co  E137Cs  ��

)B�� �	��� hE� B, �=�&��, ��� =��	<�! )�	��� ;�* ���0,  �+,�X
)��*� N�X B, ��*� l$�
 G�� ��� (� l���� ,��$=. 

  
N?,  

  
x  

  
�  
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K  

 W_�17 :N�X��*� E )��*� ���", )�$�	��� ;�* ����*� ��� ��,=B .N?, ( N�X
 )��*�60Co x (��*� E ��", N�X ��� ��,=B60Co � ( )��*� N�X137Cs x ( N�X

��*� E ��", ��� ��,=B137Cs  
  

7- )*"+ �-"��
   =�*I ��	T�I� �� 6��	� �	��� ;�* �+,�X ),�� ��E� �?�� -�, �=

 �I�=�H �o,�, hB,=�! .        =�I��, ;I�* 4=*I� �I	��� ),�I� ���IO��, ��I�]
      GI�, ��I� x�IO��, ;I�* �I��! �= ��	T�I� �'[��\ 6���9 -����� .
  �	T�I� G�I�� =*��� 4,�� -���<�� �� ��	 ���] -�, �
 �� �=,= 4�<� �

� ��*� ��==�H .��	T�� )E� �� )B�� ���� J����    �I�� E =�,����I�, )�I$
N�X )�$60Co E 137Cs l	_�$�� �����	� �
   �= �I��c �= 6I?�\ )�$

�=E�����$ �_��! �= �(�O<9 )�$ )d��, )4�<� G�, Y� ),  �IH
hE� �� )=��	<�! hE� )�9��G�, =�,�����, )�$ .  

 �� ��*9 ��G��� J���� lO� B, ��c7  � �L+% NI�X ),�� �
 =*�  
60Co ,  )=��	<�! hE� B1/0  W� ��=)5/1 �"�=    �I� ��	T�I� l�,�/,

��*�  ( �919/1 W� ��=)5/11 ��*� �� ��	T�� l�,�/,�"�=(  E137Cs  ,B 
21/0 W� ��=)7/1l�,�/, �"�= G��� ��*� �� ��	T�� ( �92/1 ��=  WI�

)15 l�,�/,�"�= G�����	T�� ��*� ��(   =�,����I�, ;�* B, ����db3 
� W�0�	
 .-�, �= -�,���	� �?�� ;�*)�$ �	���),  NI�X ),��  )�I$

60Co E 137Cs   G�� �����	�l	_�$��   6I?�\ )�I$ �=  �I��c  �I+,�X
�II� . NII�X ),�II� �II	��� )�II$ ;II�* �II+,�X -�,���II	� NII��O )�II$

�*9E��,*�=,� ��,*9 � ��H *9�! ��	���H )�$    =*I��� GI�� )��I_$,�
l	_�$�� �����	����� ���c K�(O< ;�_&9 E 6?�\ )�$  . 
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