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Habrobracon hebetor (Hym.: Braconidae)  
Comparison of non-linear models for predicting developmental rate of  

different life stages of Habrobracon hebetor (Hym.: Braconidae) 
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 ��	��H�*'��A ��F&*Habrobracon hebetor Say �����X �	��H�*'��A Idiobiont�   �_��H�'

0&'��A *' �(��* ('�N6 ��` 92' �� (Quicke & Van Achterberg, 1990) . ��	��H�*'��A ��F&* <�'

<	O�' �'�
 -'��' *' ]2�6 ���
 Farahbakhsh (1961)a�� <	3'�� *'  92' ��� ?�'"
 � ���� .

 �	��H�*'��A ��F&* *' �(�UH2'H. hebetorO�	
 Q�Hb+ J3�_ -'�b_ 0
 � c�dQ�Hb^ 9�� ��` sp. 

Heliothis  Q�2 *' -'��' �(���e �	O�6 �
 fghhhh-� )*�2��� � ��F&*   iE2 �( ��ff�h 

� ��%+ j�'"3 *' ��H$���(�
 *�T . 7R �(k 0
 �	��H�*'��A ��F&* <�' �	O�6 -'"	3 �Q�2 

�g�Lhhhh (��K ��3 <�' 7R �( c�lO�	
 Q�Hb+ m��A ��* iE2 � �	2� (�_ L �� �
'�
 

 ��$
 (�I& � ���2 �7,&�� 0��
 ���n �0FbA �b&�3 7_'�* -���	
 o�3 ���� ��` 0	�_ 0+

73  (��)(Anonymous, 2004.  

� *' )��	1
6 956 c�d�O�+' )���b�'�p �	Vo	�M'
 �  03 �3( �l��� �b��
 . 0$b�' J	O�
 '@O

����A j�M� -�$3 �( � Q�2 G�HI3 Q�q� �( �� 73 �rb
 �92' ���UH3 G�HI3 )��  �2�

 ]	53 <	
 J
�4H3 �V' 0NO�E3)
 0�3( �l�� ("� �'�%K ��� �sO�+' ��NO�E3 o�3 ����
 c�d 

)Cammell & Way, 1987(.  

 ��
 <	O�'fgh JFM Q�2 Reumore 0&'��A j�& c� )����` ��& � ��� )�� '� �3( m4& 

 ('( �'�M 72��
 (��3)Higley et al., 1986(�  a�*�6 )�� �3( �V' (��3 �( -�b+ �6 :���6 -� *'

)Mesenger, 1959( *�A��( �)Wagner & Villavaso, 1999(�
l�� �,�( � )����
 � O�	
 )���d� c

'�%K 9�� �)Aliniazee, 1976( ���� 7N	FR -�b��( � )Lopez et al., 1997; Dreyer et al., 

1997( 92' ��� �%Hb3 )(�NH3 �`�43 .m	A  0H�@
 Q�2 �t 7R �( �'�%K ��� D�& 7b	


��%K �( )(�
��+ 72�b�� )(�NH3 7u��� a
'�6 ��3 <�' �( � 0H��
 �'�M )(��* 0��6 (��3 

�� D�& G	t�6 )'�

 �� 07���M 0+ �92' ��� (��b%	A �3( *' 7N
�6 -'�b_ -� <��6  ?�� ��

*���  0��()Degree-Day(73   ���
)Curry et al., 1978( . <	�I6 ?�� 7��
 '� ?�� <�'

73 -�	
 "	& ��� 7EX �&�'( .� �3( <	
 0E
'� 0v �
'  JM'�K 0
 c�("& )�3( �( ���  

�	T �w+'�K � %	
 -�v �3' �92' 7EX73 D� 7b5b3 7EX mI
 �( ��� �'�43 <��H  ��(  

73 �'�M <	��A �� `�
 ��	1
 )���3( �( ���b
 �'�%K *' )��	1
 0$b�' J	O( 0
 �  ��&�	
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 ��

Q�3 <�'�
�b
 *�� )���  �&�'( 7F2�b3 ��'��+ 0��()Young & Young, 1998; Worner, 1992 .(  

Q�3 �u�K Q�K �( *�� )���"� -'�b_ 0
 0��( �x 73 ���� 74	U�6 9����3 �( o�3 ��
b �  

)Higley et al., 1986( . ��F&* )'�
 0b	3* <�' �( ��_.R'H. hebetor  0NO�E3 0
 �q5b3

Adashkevich & Saidova (1987)73  ���
 .�3( 0&�H2� -�4453 <�'� y	6�6 0
 '� `�
 � <	��A 

e/�f � �/��7H&�2 0��(  �3( j��Z3 � ('�
�3 {� )'�
 �V� ��  '� J3�+ ��%K �6 oI6 *' ��&

�/��L*�� � �(��& <		N6 0��( �&'.  

6 m��lA <�' �(p �	��H�*'��A ��F&* ���� JK'�3 ��� G�HI3 ����3( �	VH. hebetor  �

-� ?*'�
 Q�3 �
 �� �	T ���  �'�M 0NO�E3 (��3 �EX92' 0H��
.  

  

�"#�$ %�#  

&'(�� ��
 )�* �$ +,�$�- .���� ��/# �#�
: �(����3( �2��
 <�'  �L� ��� fh �f�� 

fg� f� ��h� �f� �g � ���H&�2 0��(  ('�
�   �F1& 9
�R�g ±Lh �t�(�  ���( Q�R 

 ���b����L �!���6 � � 9_�2 Q��_'��  .�(<�' �3*� �m ?���A �b�^ *' � 0H�� ��F&*

�	��H�*'��A H. hebetor �X� <2 )����` )�� Galleria melonella� �(�UH2'  -'�b_ 0
 0+ �

3	3 �( (���3 7b�+ *' -�
"{456 012	 ��4��%^ �!�"#��	
�6 	(�
 ��� 0 )Mohaghegh & 

(Amirmaafi, 2007 . <	
 �3( �� �'�
�ehh �6 fLhhoI6 (�_  )��h0H_�2  ( �	��H�*'��A ��F&*

 oHU� J1& *'F7  �'�
 � |�IH&' ��(�q6 ���q
 �(�
 ��� 0H�'@
 -�
"	3 ��` ��� 0^

2 �( �('�U&' ���q
 �(�
 �	��H�*'��A ��F&* oI6 J3�K 0^ -�
"	3 ��` �� ��2��
 9O��

JX'(}�~ �EM 0
 ��HA  g �H&�2  �'�M �(�
 ��� ��&���A �@T�^ Q��H2( ]2�6 -� G^ 0^ �H3

�� �('(.3( �� �'�
 �#2 � 0
 0R�
�3 ���
 �e `�
 �( 0^ �E�'�� �( � o	146 ���13 0H2( 

 ����' -� 0
�� J4Hb3 ��6�
�!&' 0
 ��� . �� oI6 0�K�3 �(e ���� 0�K�3 �( � ��F!� 9_�2 

� ��`  �� ��	U�fe���F!� 9_�2 }��~ ���� ����%3 ���� 0�K�3 � ('�N6 � ��(*�
 ��HA  

�( � ?���� ��(�
 9FV 0R�
�3 Q�'��.�+ 	�3*� 0�m 456 mI
 �( ��	 ���b
 <2 ��4

3{456 012	
 ��4	��!�"#7��%^ ��� ��Z&' -'��6  .  

�('( �	T Q�3 9U� �
 ���� D�& 0
 W�
�3 ��� �� �('( ?*'�
 ��* ��� 0
 �EX:  
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01  )��Exponential:0O(�N3 ���q
 ����& Q�3  �( )
( )( )minTT

T er −Ψ= ρ 92' . <�' �(

0O(�N3 ( )Tr ���� D�& T � �3( Ψ,ρ�3 Q�3 ����H3'��A  � �b��
 minT ��3( <��H�^ 

92' m��3*� (��3.  

21  )��Exponential Tb: � 92' ��� �('( �		S6 �<	x�A ��3( 0&�H2� �'�
 ����& Q�3 <�' 

0O(�N3 ���q
 ( )
( ) 1)( −= − bTT

T er ρ �3 ���
.0O(�N3 <�' �(  ( )Tr ���� D�& T � �3( 

ρ,bT  Q�3 <�' ����H3'��A�bH1�.  

31 )�� Tb Logan: ]2�6 Q�3 <�' Logan et al. (1979)92' ��� 0�'�'  . 0E
'� Q�3 <�'

��� D�& <	
  �0O(�N3 *' �(�UH2' �
 '� �3( �( )
( )( ) ( )( ){ }TTTTT

T
bb eer ∆−−− −Ψ= ρ 
 -�	

73 ����& .0O(�N3 <�' �( ( )Tr ���� D�& T� �3(  Ψ∆ ,,, ρbTT � Q�3 <�' ����H3'��A

�3 �b��
.  

41  )��Stinner:]2�6 Q�3 <�'  Stinner et al. (1974)  ��	���,	2 Q�3 [�2' �


92' ��� (��b%	A .<�' D�& <	
 0E
'� Q�3��� 0
 0O(�N3 ��* \� �
 '� �3( � ��� : 

)TTopt 〉( �( ) )1( ).( 21 TkkT e

c
r ++

= � )TTopt 〈( �( )
)1( ))2(( 21 TTkkT opte

c
r −++

= 

�3 G	t�6 �b^. 0O(�N3 <�' �( ( )Tr ���� D�& T�3 �3(  �b��
. �'�'( Q�3 <�' e �H3'��A 

ckkTopt ,,, 12 92'.  

��  ���Logan 1 : ]2�6 Q�3 <�'Logan et al. (1976) ����& Q�3 �( ���U6 [�2' �
 

 J4H13)mI
 ��b�( -�%& 0^ �bH1� �3( � ��� D�& 0E
'� �b5b3 �O�"& � �(�Nt ���( �

92' ��� 0�'�' .0O(�N3 [�2' �
 ��� D�& ( ) ( ))(( maxmax TTTTT
T eer ∆−−Ψ= ρρ 	
 -�

�3 ((�
.0O(�N3 <�' �(  ( )Tr ���� D�& T� �3(  Ψ∆ ,,, max ρTT Q�3 ����H3'��A�bH1� .  

��  ���Logan 2: ]2�6 Q�3 <�' Logan et al., (1976) Q�3 [�2' �
 �'�		S6 �^�&' �
 

g' q
 �3( � ��� D�& 0E
'� 0^ �92' ��� 0�'����:  

])1[( ))((1
)(

max TTTT
T ekexr ∆−−−−+= ρ 

92' ��� -�	
 .0O(�N3 <�' �( ( )Tr��� D�& �  T �3(  (�
� �'�'( 0O(�N3 <�' g �H3'��A 

*' �b6��F_ 0^ 92': xKPTT ,,,, max∆  
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�� IIIType :]2�6 Q�3 <�' Hilbert & Logan (1983)   Q�3 Q�' ����& mI
 i	5q6 �


g\� 0
 -� J��F6 �  92' ��� 0�'�' ��	���,	2 mI
 0+ ���t 0
:   

( ) ⎥
⎦

⎤
⎢
⎣

⎡
−

+
Ψ= ∆−− ))((

22

2
max TTT

T e
DT

T
r 92'.0O(�N3 <�' �(  ( )Tr ���� D�& T� �3(  

Ψ∆ ,,, maxTTD,minT �H3'��A���bH1�  .�'"�' ��& *' �(�UH2' �
 0b	3* <�' �( ��F2�53 0	�^ 

PMDS (Logan, 1988)�� ��Z&' .  

  

�	
��
� � �   

 �(Q��� � � �	��H�*'��A ��F&* )��� G�HI3 JK'�3 )��� ���( Q�RH. hebetor �( � 

 Q���f  ���H&(����
Q�3 ����H3'��A  �	T ��� �� �'�
 �EX \�*' oI6 ���� JK'�3 � 

 J3�^ ��%K �6 oI6 0�K�3 *' � ��	U� ���`)�(�3� �& �'�
 \	!U6 0
 (92' ��� 0�'�' .

�2��
  -�%& ��('(�('( 0^  Q�3 �( �
 �
�I
 0NO�E3 (��3 JK'�3 0	�^ ��� Logan 1  �Stinner 

0H��� ?*'�
 �&' )�'�43 [�2' �
r2( �<�'�
�b
�r& (��3 JK'�3 *' \� �� �'�
  �( �� �2��
 0
 

73 0HX'(�A Q�3  (��) Q�3 �J3�^ ��%K �6 oI6 � ��` ���� 0�K�3 �'�
 0HFO'Type III "	& 

0H��� ?*'�
 �
�I
 ��('( -�v �3' �̀ �t' �
�	U� � oI6 0�K�3 ��� �bH��	& Y�FE&' Q�3 <�' �
 

 *'����� ��'((�X -� .(  

 ��F&* oI6 ��� D�& <	
 0E
'� �2��
 <�' �(H. hebetor  �	T �`(�N3 �
 �
�I
 �3( �

 �EXStinner (r2=0.88) � Logan 1 (r2=0.86)9��� ?*'�
  . <�' oI6 ���� 0�K�3 �'�
 '@O

Q�3 *' \� �� �'�
 ]
'�� �	��H�*'��A 92' ��* ��� 0
 ��:  
  

Topt >T 
)1(

186.1
)217.0072.5()( TT e

r −+
= 

Q�3 Stinner  
Topt <T 

)1(

186.1
)12.66(217.0072.5()( TT e

r −−+
= 

 

Q�3 Logan 1 ][39.0 237.5

)18(83.22
(83.22148.0)18(148.0

)(

−−−×− −=
T

T
T eer 
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 ��

J!� �) a � b( �	��H�*'��A ��F&* oI6 0�K�3 ���� �b5b3 H. hebetor ]2�6 0H��� ?*'�
 

Q�3 )�� Logan 1 � Stinner�3 -�%& '�  ��( .!� �( 0^ ��E&���J ��('( 92' �I%3   ��

0H��� ?*'�
 Q�3 �
 �
�I
 �&'.  

Q�3 �
 �
�I
 "	& ��` ���� 0�K�3  ���Stinner (r2=0.95) � Logan 1 (r2=0.96) ?*'�
 

 ��bH�� .��� 0E
'� Q�3 ]2�6 �3( �
 �	��H�*'��A ��F&* <�' ��`  ���Stinner�  Logan 1  0
 ���

92' ��*: 

Topt >T 
)1(

653.0
)152.0451.4()( TT e

r −+
= 

Q�3 Stinner 

Topt <T 

)1(
653.0

)28.64(152.0451.4()( TT e
r −−+

= 

 

 Q�3Logan 1  ][104.0 916.1

)18(7.18
(7.18107.0)18(107.0

)(

−−−×− −=
T

T
T eer 

 

J!� � )c  �d( �� �'�
 ��` ���� 0�K�3 �'�
 '� �3( � ��� D�& <	
 0E
'� �
�I
 

Q�3 *' \� �3 -�%& �� ��(.  

�('( "	& �
�	U� 0�K�3 �'�
 Q�3 �
 ���� 0�K�3 <�' ��� �	T ��� �� �('( ?*'�
 �EX .

Q�3 Y�FE&' ���H& �3 <�' �'�
 � (�
 ��` � oI6 0�K�3 0
 0	F� ����('( "	& ���� 0�K  ��

 Q�3 �
 �
�I
Stinner (r2=0.919) Q�3 � Logan 1 (r2=0.919)Q�3 � �bH��� ?*'�
   <�' ���

92' ��* ��� 0
 W�F6�':  
  

Topt >T 
)1(

248.0
)179.0661.4()( TT e

r −+
= 

 Q�3Stinner  
Topt <T 

)1(
248.0

)38.71(179.0661.4()( TT e
r −−+

= 

 

 Q�3Logan 1 ][058.0 015.4

)18(1.24
(1.241.0)18(1.0

)(

−−−×− −=
T

T
T eer 

J!� � )e�  f ( �� �'�
 ��	U� ���� 0�K�3 �'�
 '� �3( � ��� D�& <	
 0E
'� �
�I
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Q�3 *' \� �3 -�%& �� ��( .  

�('(  �'�
 \	!U6 0
 J3�^ ��%K �6 oI6 ���� 0�K�3 *' �bN� ����� ���( J^ ���

� �& �'�%K Q�3 �
 �(�3 �	T ��� �� �('( Y�FE&' �EX . �( �� 0^ ('( -�%& �2��
 <�' ���H&

���
�('(  Q�3 �
 �
�I
 ��  ���Stinner (r2=0.99) � Logan 1 (r2=0.98)�3 ?*'�
  �b
�� . 0E
'�

Q�3 *' \� �� �'�
 �3( � ��� D�& 92' ��* ��� 0
 �(�3 � �& \	!U6 0
 ��:  

  

Topt >T 

)1(
141.0

)172.0404.4()( TT e
r −+

= 

 Q�3Stinner  
)���� ���� ���	 �
 ��
 
�	��(  

Topt <T 

)1(
141.0

)22.73(172.0404.4()( TT e
r −−+

= 

 

Topt >T 

)1(
138.0

)171.0335.4()( TT e
r −+

= 

 Q�3Stinner  
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 ��

���� �� ���������	 �
���� 
�� ��� ��� ���� �� ��� ���� ����� ��� ����� ���� ����� �!��� ��� H. hebetor  ��"# ����   

 �� $ %��&'±(#�)�$� ��$� 
�* +%��*� �,�� 
 -"( �.
��/ $ 0��1 23 $�4 $ %5�3  G. mellonella  6�7��8�� 7��)5.  

Table 2- Parameter values of different non-linear models fitted to data relevant to  

the different developmental stages of H. hebetor at different temperatures. 

  (Developmental stages)  ����� ر��

Egg Larva Pupa Egg to female  Egg to male  

M
od

el
 pa

ra
m

et
er

 
 value 

R2 

 ��ل
value 

R2 

 ��ل
value 

R2 

 ��ل
value 

R2 

 ��ل
value 

R2 

 ��ل

Ψ  0.243 0.115 0.061 0.036 0.036 

E
xp

on
en

ti
al

 

ρ  0.088 
0.68  

0.0797 
0.62 

0.072 
0.74 

0.071 
0.80 

0.069 
0.79 

Tb  

8.69 10.46 10.614 10.86 10.5 

E
xp

on
en

ti
al

 T
b 

ρ  0.029 

0.86 

0.014 

0.79 

0.0074 

0.89 

0.045  

0.96 

0.0044 

0.96 

Ψ  1.98 0.298 0.305 0.103 0.102 

ρ  0.0025- 0.017 0.002 0.014 0.013 

T∆  24.31 9.91 22.93 14.52 13.5 

L
og

an
 T

b
 Tb  13.75 

0.85 

15.28 

0.75 

14.55 

0.89 

14.61 

0.97 

14.71 

0.97 

c 1.186 0.653 0.248 0.141 0.138 

K1 5.072 4.451 4.661 4.404 4.335 

K2 -0.217 -0.152 -0.179 -0.172 0.171 St
in

ne
r

 

Topt 33.06 

0.88 

32.14 

0.95 

35.69 

0.92 

36.61 

0.99 

36.48 

0.99 

Ψ  0.39 0.104 0.058 0.048 0.036 

ρ  0.148 0.107 0.1 0.12 0.095 

Tmax 22.83 18.7 24.098 25.38 24.6 L
og

an
 1

 

T∆  5.237 

0.86 

1.926 

0.96 

4.015 

0.92 

6.005 

0.98 

4.187 

0.98 

α  1.219 -  - 0.149 - 

K 5.038 -  -  3.873 -  

ρ  0.211  -  -  0.159 -  

Tmax  21.6 -  -  23.07 -  

L
og

an
 2

 

T∆  1.104 

0.82 

-  

-  

-  

-  

1.183 

0.99 

-  

- 

Ψ  -  1.633 -  0.261 0.327 

Tmax  -  28.199 -  33.156 37.91 

T∆  -  0.272 -  0.854 2.228  

D -  43.54 -  30.16 37.47 T
yp

e 
II

I
 

Tmin -  

- 

7.46 

0.93 

-  

-  

7.283 

0.99 

6.088 

0.99 
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Fig. 1- Non-linear relationship between temperature and developmental rate of H. hebetor. 
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 ��

 ���Stinner ����� ���	
� ��

�� ���� Anderson et al. (1982) �Barnes (1976) �

McClain et al. (1990) � Amir-Maafi (2000)� ��� ��� ����� ����� ����  � ����
�� ���� ��

��� �
!�" ���# .��  $�%� �� ��� �&� '��	�� ��(��# ��� ���� �)
���*�� ����� ��� �&� �+�&�

� ��� ,� -/ 0�1 2�3�� �� �4�  ����(Got et al., 1994)  . 5��	
� ��6�����7 �� 8���� ��  

 ��� ,�Logan 1 ��� ��� ����� )Logan & Amman, 1986; Allen, 1988; Logan, 1988;  

Bentz et al., 1991; Gray et al., 1991; Arbab et al., 2006; Logan et al., 1991(. Worner (1992) 

9:� ��� �&;� �&��Logan <� -/ 5�6�
����* -��� ����� ��  ���� ) 5���>�
����* (�
@%� � 

<� <� ��4A� �� ��� ���
�/ �
����* �&� ���4� �!�B� -/ �� �� 9C�* �
����* -���  $�%� �� � ��,

D���4E �F�&�<
��� �G�� ��3 ,� ��H�� �	%��� ���� 5�6���  � ��� ��
!� �� ���� ���"I 5��J

�����.� �� &��� �K �� LAM� N6�O* �  5�6Logan1 � Stinner���� <��1 ��  ���� 5�6 P

(K ��� 5��� $Q��� �H. hebetor3�� �� �<� 2 ���K R���� �S% � ��&3�� �� ��� �� 2

� ������,���* 5��� 2(
A� $Q��� ��� T�� �&U�
�<� ��4� �� ��� � �	%��� ���� � ���� .  

Hilbert & Logan (1983)<� -���  ��� �K �����  <�1��V 5�6 $3� ��<	#�� ��� ,� ��  5�6

 � ��
W6 <�1��� �&� <� �6 ��� �� �� X��MQ 5��� 2(
A� $Q��� �4� � ��� �������6 5

��&�4� 2�3�� <��A� H�� � ��&�*. �"O&� ����" �&� �� ��� �� ��� T�� ��1��V ����� ��G� 

���" ,� ����W� ��7 � X��MQ �)&� ��6  ��� �6��" ��6)Briere & Pracros, 1998 .(��V  ��1

� T�� ��� ����� -���� �� ��B�! �&� ��� � ��I�� ��&  � ��� ����7 ��
�7 ��6��&��! �7 ��7

 ��
W6 ��1��V �4�)Lamb, 1992 .(� ������X�� ,� ��� � ��MQ ��� T�� �  LAM� $@# �6

 -���E �� � ���&Y
� Z�%�K� 9:� ��[&� 5,�� ��� �� <F&����	4G Z� N
� X��MQ �

<� 5,��  ��K)Jarosik et al., 2002.(  

�� �&�� LAM� <���� � ��� ����� �K& �4� � ��� 5��� <H. hebetor� � �\]  �^] 

<
��� �G�� ���� ���# ���" .� ��� ���� ����� � �� -/ �4�&��� ������ �& ��MQ �� 9A� ,� <

 ,� ����_`a/c± ^`]/] �� dd/c±``e/^f� ,��   ,� �� ��MQ �� 9A� ,�\gf/c± >gg/] �� 

faa/\±]ge/^^,��  ���� -���� � .���� �;!� �� <(K& h�G �� �6 5��� 5��� ���� ��� N

 N6�K ���� � ��&�!� .�
�& ��H�� 5�6��� �K ��� -�M� �(3�Q i)^g � ^]<
��� �G��  ���" (
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  ��

��" <�1 ���� ,� ��� T�� N6�K jE��&� .� <:��M� ����� ���� ;)Arbab et al. (2006  ��

� ;@� �
� ����� R(DeGeer) Aphis pomi�� ��6�M� ��� � .  

 k��� ��&�
!�  5�6 Miller (1996)-/ �� �K <��	%��� � �6�,�  ��� �� �
W��� �4� � ��� 5�6

�� 	4G����" � ,���* 5�6&U�
��
� ���� �&<� ���# �W "��* ���&��G� �� �� <��Elm� ��) 

* �K ���/ �6��1�N ��R���� $��E 0�A
�� � <� � ��
�K �� ���%��[&-�F�� -/ �� Z S*& �

<� ��� .�n ���Q �6 ���* ��N ��<� � ��� �� �
W��� ��� T�� ����� �:�� <U�6�,���* �&U�
� � �

��<� �o� �� �� -��; "��� �K <%�Q �� ����&� X��# � 5��/��� ����� $���E ��-��; &� <��� �� ;

���K&,���* <&U�
�� �IJ���
W6 ��S"� .���� �� <��
��  p�! 5�6 �� P���� X�Elm� � �KS%�

� ��� �� �
W��� ������� ��,���* � -��;&U�
�* ���N ��<� ���" �� P�@��� �� �� <3�1 5�6   � �6

$�� @m -��4�� 5,�� �6� R���� 5�6�<� 96��! <	 �� �K ���K&��,/ � ���� �&���� N .

��,/ � <����&<U�:� N �n�* ��N ��<� �6&<� < �������� 5��G� �� ��� � ��
�K 5�6�%��[& ,� Z

�m&��! ��@:� � ql3� r&4s� ���9 "�
�� �� P���� 5��@m -��4�� 5,���6� � <������ <	 

��� �M"� .  

%��� ��
�K ��F6�� �O&�� � X�!/ <
��(� �&�&�� ��� 5��� Z���4�(K��� X�	%��� �Z&[

�O&� ��)&�G � ��46� <� 5� ����� . <���,��Stiling (1993) -�M� <�  �K �6�^g $&H� ,� �3�� 

%��� ��
�K �� �WF� <��4E�<� ��6 � 0/ �&��� �� P�@��� �� �Z��lK Z&[ ���� .

-/ <	�@m -��4�� � X�!/ 5��� Z���4�(K��� X�	%���  �6 2�3�� ��-/ �&��!��YG 8&,��  �6

�t ���� �J�&����� � %�&;�! 5�6� <F&[�%�4
Q�-/ 5,���6�  �6�� rm��� �� 
A�  ���� 2(

�� ��7 (Messenger, 1959, 1971) . ���u46Stiling (1993)<� -���  ����3 �� ����  ��� �K

���" ��� 5,���6� 5�6 �
��� �&��6 � 0/ �&��� �  ��
!�" X��3 5,���6� -/ �� �K 5�

%��� ��
�K ��
!�� ��4
Q� ����� �
��� ��G� 5��",��� ���� �!/ ��	4G 9�o�� � Z&[

<	�@m �4��<� N&�;!� ���� 5,���6�  ���&.  

  

���������  

 ,� �%�
� -�"����)�� �&�&��t6��" X�
�
�� �W�+�;v <��M7 � �
��S" ���
1� �� �m�A
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 ��

<� <�����# � �FM� �r�
�� �&� X���F�� ��&�4� .��W�F� ,� ���u46  �� X�
�
�� NA� 5�6

� �&� w��"t 9��1 � 5��3 ��4�� � <�WQ �@K� <(E -�&�#/ �W� -�G��<� � <�/ 5��;)��v

<� ��&�4�.  

  

  

	�
������ 
���� : �+�Ov6��" ���" ���"���3 �Q� �
K� � -�,��! 9&�� k��:�

-l�" ��)M��� 5,���MK ��FM���x-��&� � �w��" �� X�
�
�� NA� �<!�	����� ��	W� �
K� 

 X�
�
�� �W��� �
W* p���3 ���M7 �+�;v6��"yz{z�-��:�  y|d|{�&� �-�.  
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