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  تعريف با�لة

�0"� %"/�� ؛   ، ��!�, 2��97/� ���8 (	��7!ث �5 �0	4ت ا��"!م ا�,	,��  ،�

	���") ��
�/�> ا�0	��	ت وا�;�:	ت ا��"/�� وا��7 5� $�
 ،وا�*��A@��، �@�? ا��7!ث �"�<� �$ ا��	=

�0	ل  ا��H�"0�I و�@�? �"�<� ��;	 (G!7	) ً	�E"*�$ ا���(�� و .وا�!ط$ ا���(5 وا�ول ا��Cى $/J

�K ا�/0"�L�.   

�� أ4ّ        ,�P �<�ھ	 �<*�ط �5 ا��7!ث ا�/@Q 0"�  ،�9!ن� 5� �>�"� ��!�@��� أو @� ��Sو

 ذ�U �5 ط"T و�A" ،أ�Cى#W� أن X=	ا�� $� T�!� 5ACY ��7*ا� Z�[،�إ�8 ر  	4 �0!ز �َّ أ#/ Y

KL"� ,�P أن �<� �5 �0ـ"� ا��ــ"ـ!م أو �<� Q 	�  .أي �;� �<� أ�Cى �Y�%5  إ%	دة �<� 
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  رئيس التحرير

  ھى ��a	ن ا�@�5 .د

  مدير التحرير

 ا��!,5/7�  �	ط/� 

  هيئة التحرير

 ��ج %"5 أ(!�a	�� .د

 ا�7اد .د/7�  ا�7/��% 

�d*	ح ا�/�7<5 .د ��7*� 

 أ(!7a/ .أ/7� 8dA��� 
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غوية
ُ
  المراجعة الل

 ,	�e ا�� .د/7��!)�E�) 5 (��)�%  

  %	دل (<�� (	دي (��E إ���H�"0) .د

  

  الهيئة الاستشارية للمجلة

�5 .د�Q	أ%*�@� ا�� /7� 

�"�A	ن .د ��>)  ا�/�0�% 

 او=�ه .د/7� ا��gم �% 

 أ���� %"5 ا����*5 .د

 ا�@!��ي .أ/7� ا�;	دي �% 

  =!اء أ=/ ا��و�	�5 .أ
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  قواعد النشر

ر    ��!  �5ا�/) �"0	�e07 ا�/�	,T وا�/j;� ا�P[g و=�i	 ً%"8 أن ��� 	��k� ،T,	�/ا� lQ!ا�

�e ا��7!ث �"�<�:@�   ا�*�9م (/�ا%	ة ا�@!ا% ا�*	��� %�

�ّ إ* �@م ا��7!ث �"�<�  �E"�	) KL"/) �)!7��ود ��2  ا ��H�"0�I	 )	��E" ا���(�� = 5�)

 (�7diو	��) KL"/) �)!7	�E" ا) ��H�"0�I	��E"  إّ�(�7di 2�  .� ا���(�� (�5 =ود �

  ?Cل دا	9a�اول وا�	ً �i 5!ر�Y ا��;	]�� �*o/�	ً اaI	رة إ�8 ا�0�L� X7ا�� ?iم أ@� *

�> �Jورة إر�	ق �Qص �Eo!ط  ،ًg�"�*� ً	/�Q�� �/Q��ا��X7 و��A!%	ً %"8 ھ�:� 7di	ت 

)CD(  50�	��) 8"% X7ا�� Y�"% ً	%!�A�
gث PDF) و ]word 2007[ 2007وورد () 	@��� ،

�Qور r���،  د �5 ا�@�ص!�!��	ً �/	 ھ! 	/� �@)	A� X7�"� ��Qا�!ر �Lأن �9!ن ا��� T0و�

   .)CDا�/Eo!ط (

�$ ا��T*9� *X7 %�!ان ا��	=X ا�#	د�  ��"dا�� ��a	75 �5 ا�/.  

 ً	������، ا�/!اد وط�ق ا��/? أو ا���!انا)�5 ( %"8 ا��7! * �9!ن ا��X7 ا���(5 ا�H0ء ، ا�/@

�	ص ا��	=X، ا��*	]s وا�/�	Q<�، ا4,*�*	�	ت *Cا T�= 5/"درإا��	�ت eG ا�/�، وا�/�ا�> ن و

 eGABSTRACT(.  ا��7!ث 	��*T*9 ��;	 ا��igL ا���(�� �5 �;	�� ا��X7 %"8 أن  ا��H�"0�I أ

�7di 2�� 8"% �igLا� �H� 4.  

 �E"�	) �)	*9ا� * ��H�"0�Iا  tL) 7!ث�"�Times New Roman 0=  tLا� e12   $و�	وا���

وا���	و�$  e014 ا�tL أ�	 ا�9*	(� ا���(�� �"�7!ث �B16، 7و%�!ان ا��X7 �9!ن   14Bا��]��� 

1.5�> ��ك ��	��  ،B18و%�!ان ا��16B،  X7ا��]���  �A,�ا $�).  

رھ	 * �*�ك ا�;!ا�v ا��"!��Q ��	�/) 5 e,  ��"d5.7وا�� e,، �7 وd� 4 ھ	ر��	وھ	�v �/�$ ا�

e,.  
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 g9$، و���	ر �5 �o/!ن ا��X7 #"/	 أ*C4ت  �5*ا	7di �H� 4 X�7) ح	o�I]? ا	ازدواج و,

 $% X77 30ا��di�P=g/اول وا�      .، (/	 �5 ذ�U ا��,!م وا�9a	ل وا�0

 w�)�"!��$ ا�	ل (	9a�و�9!ن ا��,!م وا ،K��7 �5 ا���J!*ل ا�	9a�وا ���	رج ا��,!م ا���� *

	;"d,��7 أ�J!*ت ا�	j=g/وا� 	ؤھ	أ,/ T*9و� ،ًg�"�*� ً	/�Q�� eQ,!د و���وا.  

Kاول �5 ا���*�"�gً و�T*9 أ,/	ؤھ	 أ%gھ	 ،* �رج ا�0 ً	/�Q�� eQو��. ّ�	 ا�/j=g	ت أ

  .�"�E ا���(�� 12و ا�E"� ��H�"0�I  10و�9!ن ا�9*	(� دا;"C	 tL)  ،ا�*!T*9*� ��7�J أ,d? ا�0ول

)  %� إ%اده ��7
* أن X=	2 (ا���W/ا� 	;�"% ، ��7*!ي ا��Q 8"% X7	]/� (	�/�ا�> ا�*5 ا%*/

�9!ن %�ض ا�/�ا�>   .(X�7 �*�> �5 إ%اد Q	]/� ا�/�ا�> ط��@� ا�*;/�v ا�/*��� �5 ھyه ا�/0"�

] g
�!ث ] %"8 أن �T*9 ا��17-5[ ،]2،1[ ،]1داC? ا��X7 ا�/@�!ل %"8 ھ�:� أرQ	م داC? أQ!اس  

�"� �5 �;	�� ا�/@	لd/ا� <��"� �Q 5	]/� ا�/�اd�. T@"ا� T*9� X�7)، ر	�*Cا اe,4 ول�ا، 

  .ا��eG �7d ,�� ا��<� ،ا,e ا�/0"� أو �9	ن �<� ا��X7 ،ا���!ان

�=	*d���$ ا���(T0� *� )Key Words 5 أن �7*!ي #? (X7 %"8 #"/	ت L"/ا� ?d,أ <J!� (

�I0أو ا% $% �H� 4ي %"8 أH�"ت	/"# �>.  

$����C ?�Q $�و إن ��	رض ا�*@!�/	ن �"oL� *،  ~0> ا��X7 �"/�ا��� ا��"/�� وا�*P�Q ا�"E!ي 

?�d"� X�	G ���C e�97� 8إ�.  X7ا�� T=	i 8"%ناو!��أو  �) yC	��i!*	ت ا�*5 �@*�=;	 ا�/�ا

�;� ��jه!) e;%	�Qإ.          

(@!ا%  �و�*�yر �Q!ل أي (H*"� 4 X7م �d�W ،��	ع Q!ا% ا��<� ا�/!�7J �5 ا�/0"�إ* �Jورة 

�e ا��7!ث �"�<�@�.  
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  الافتتاحية

  

   e"@�	) eَّ"% يyا� � %"e ا��I	ن �	 �e"�� e، أ=/ه وأ�9aه وأY�"% 5�G ا�Y"# ��L، وأi"5  ،ا�7/

 و%"8 /7� 	���� 8"% e",آوأY)	7iوأ Y�.?J	��ا�5 ا!Cإ، Y�	#�)ور=/� الله و e9�"% مgا��،  َّ�	 أ

�):  

 م@أن � ا�/97/� ا��"!م ;�:� ����7 �0"�، أن ��� �وطY)g%"8 أھ? ا��"�-  e	�o� $/� - �8? الله   

�? أن �9!ن �5 ��*!ى ��"A	�e; و�7? اھ*/	�;eوا�yي  ،�"@�اء 
	�5ا��د ا�~�.   

ا�*@� (~i!ل �~�? ھ�:� ا�*���7 أن �*��i�= e;	 ا�ا]e %"8 رi	�� ھyا ا�/��� ا��"/5 #/	    

�$ �Q? ا���Lاء �5 ا� ،�e�!@� 5 ا��7!ث %"/�	ً ا��X7 ا��"/5 وQ!ا%ه *L� ً ��H*"� �@�Q�	ت ا�

��!A*اع وا�)Iت ا	5 %$ �/�"L*ت ا��"/�� ا����@� دون ا�g0/ا� Pط��.  

   �	*C ً	 م�gء ا��y$  ،(<�9ي ا��H0? �;�:� ا�*���7، أ�@H"4ت,أو�	(� ا�/@	ء  ،;/!ا �5 #*g�H"و�

#/	 أ�9a ا��	�"�$ اIدار��$  .ا��y$ #	ن �;e دور (	رز �gi e��@� 5=�� ا�/@	4ت �"�<� ،ا�/97/�$

 ��	# $�yار أا�iI e;*Qوو eھ ./0"�ھyه ا�,;/!ا (0;

") �7"�� Y�� 	/� e#	الله وإ� 	و�@�P��!*والله و�5 ا� 	�*��	 وأ 

  الله و(�#	�Y �وا��gم %"�e9 ور=/

   ھى ��a	ن ا�@�5 .د  

 ا�*���7 �ر]��  
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  ا+لة رؤية
  ا�ر���ء ������ ا����� ور��� ������ و��
	ت ا������

  

  رسالة ا+لة
 �لباحثP، وNO اMحوث ا�حكمة وفق   

ً
 علميا

ً
�ية متمYة � XسV ا�جلة �صبح 7رجعاZ معاي[ مهنية

  .العلوم الأساسية وا�طبيقية، وذ�ك بNe الأcاث العلمية ذات ا%ودة العا)ة الa `دم ا�جتمع
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  أهداف ا+لة
 :أهم الأهداف الa تأ7ل هيئة hر�ر 5لة العلوم hقيقها

 .لuها وخدمة ا�ختصP وا�هتمP با�جال العؤتطو�ر ا�عرفة وpثرا) 1(

  .إثراء ا�كتبة العلمية باMحوث واvراسات ا�تخصصة) 2(

بتوف[ ا�وسيلة وتهيئة ا�ناخ وذ�ك  ،واMاحثP � العلوم الأساسية وا�طبيقية خدمة طلاب العلم)3(

بعد hكيمها من أساتذة  ،}م، وتمكينهم من c NOوثهم ودراساتهم و7لخصاتهم وpبداZتهم

Pمتخصص. 

وا�ختصP وا�ثقفP بصفة Zمة  ،الفرص لأعضاء هيئة ا�در�س با%امعة بصفة خاصةتوف[ (4) 

  .لc Neوثهم

  .تعز�ز ثقافة اMحث العلv uى أعضاء ا}يئة ا�در�سية والطلبة (5)

، وذ�ك من خلال ا�علومات �فةا�جالات  � بالأOشطةا�ساهمة � دعم خطط ا�نمية وا�هوض (6)

aجلة وا�تائج ال�  .تقدمها اMحوث العلمية ا�eشورة با

   



 15  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

  ا�������ت

  ا�#"�!  ا����  .م.ر

 �3 1$-�ت �2 01/ ا�-�/ !ا�.�$� وا��-�,* ��+�* ��( ا�)#�%' ا�"$&��%$!  1
  !�#*ا�ا��$�� ��-��! 

 ا���	وي/7� eاط، إ(�اھ��oدق ا�	��"�A	ن، =�	ن ا� /7��	ط/�  ،%	دل 
  .ا��	دق ا��oاط

17  

2   !���–1ا�4)	ص أ��ن ا�
�د�$�م ا�.-�%� �2 ����$�� ا���%$! ��ا�4! ا��*

  ;*��;�0 3$-$/)9$���ر��–4(–3–�-&وا�/

 زو(5/7���، أ=/ ا	% /7�  35  .ا�/;ي 

  �3ن ;�����2�ھ* و<�ل ��*ھ-!   3

  45  .%	دل (<�� (	دي

  درا4! 1+د�! ���A0! د�*@�$? ا��+�! �3 9	9! أ���د  4

  57  .ا�*;	�5 �!ح زQ!ط�	ط/� 

5  !$���
  C�Dة 21 ا����د�ت ا��

  0�v.  77!ى ��ج ا�رو�

6  !$D�.ا� !��  ا�#$F ا���$�ر�! �����د�ت ا��"��E$! ا��&%$! ا�)�$! �2 ا�*

��g� أ(!/7� ��/,.  93  

7  �G���$���  ID*�! ;���� ــ ھ�����ن و

��g�  109  .���0 أ(!
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ا����Aة �3  ا���L$*ات �3 1$-�ت �2 �$�ه ا��*ب��+�* ا��0*ة ا�
�$! و��(   8

�  �$�$� ـ !�+�-! �#*ا

 ا���	وي/7� eاط، إ(�اھ��oدق ا�	�  121  .ر�o	ن ��� ا�;"!ب ،�	ط/� ا�

)إ�P ا�)*D�4! اPVC  !$��"4Oإ3�E! �)�"�ت �+ا%2 ��ل ;��ر�+ ا�"��-$/ (   9

!D�4*(اص ا��Q P�1  �G�  ا����$! و درا4! �9A$*ا

 �%��	i $) ��>) 5�	5، ا���	5 ا�<��� %"5 ا�*!/7� ، eإ(�اھ� Z�!أ� /=

v��;ا�، Q�Q /7� /7�.  137  

10   21 R�0ا��� S��9ر ا����ط P�1 د�4Uو�! �*ض ��� ا���"2 ا���

 Aternaria alternateا�"�*

 ���!ان/7��	ن ا��ا�d, ،5)!Q	ن ا�@"�H، �!ز�� ا��d*!ري ا�*��59 ،="�/� %.  151  

11   P�1 *�1&ا�*���ن وا� ����D وراقU 9$* ا���0)�#�ت  ا���%$! ا���رة وا���ردةA�

 *�3 ��DAspergillus niger 

 أ(!��	ح/7�  167  .�!ز�� ا��d*!ري ا�*����7*� ،59 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

   ا�.�$�! وا��-�,* ��+�* ��( ا�)#�%' ا�"$&��%$!
  !�#*ا�ا��$�� ��-��!  �3 1$-�ت �2 01/ ا�-�/

S$ا��#�وي ���+ إ�*اھ  

  ا��*اط ا�#�دق <-�ن

  1��$��ن���+ �1دل 

  ا��*اط ا�#�دق �3ط�!

'(��  

    �d"*L� Pط	����ا�� �$�e �0/�> %��	ت �$ %�? ا��7? �$ أر(�� � ����وا�����  ،�5 ����	 

��� ھ5 %�? ��*!رد وذ��E� Uض 	Lر��ا�	و .ا�/@e� �)!ا��ط ��@� 5���) pH(، ا��eQ ا�;�رو

� و ا�*!�i? ا�9;�(5ا���	د ا�9"5 و �"�@
�!م وا��7	س �5 �ا��i	ص وا�9	د :?
و(�w ا���	�i ا�

�d"*L*�$ ( ط��@� و.%��	ت ا���? ا�/L*	رة $�*@��A) ت	ا���� eoھ eض�	وط��@�  ا4=/

 �"�@
�;	ز ا �5ا�/��9وو�2) و#�Q e� U�y	س �7*!ى ا���	�i ا� �A,ت (!ا	ا����Iريyص ا�	�*� 

)Atomic-absorption 5�  (��*L��$ $�d"*L�. l�	#و% ?��$ ا�/L*��ات ا��*	]s ا�/*7 	;�" Q

�@	ر�� ��ا#�H ا���	�i ا�
@�"�g*C.  eGف �5 أ�Cىإأظ;�ت �!ا�w��� P ا����	ت و l/� e�@�	) 

�������اوح ا�س ا�;�رو���5  .ا�/<	ر إ��;	 (	�/!اdi	ت ا�/�*/ة �w�) 5 ا�ول ا���(�� وا�

) pH   $��7*!ى ا���	د �$  13.50 إ�%8  8.28، �7*!ى ا��ط!(� �$ 5.2 �8إ 3.75)  ،%   

�*!,t ��اوح.ms/cm 0.73 إ�ms/cm 0.69 8 و ا�*!�i? ا�9;�(5 �$ % 0.20 إ�%8  0.00 

$��"e0# / e0  1.856 إ�H�#��0.05 8 ا��i	ص �5 ا����	ت ا�*e� 5 ھ;/o	 ��A)@� ا�=/	ض 

 $��"e0# / e0 0.446إ�8  0.016وا�9	د��!م ��اوح �*!,H�#�� tه  	��*!,t  ا��7	س �*�اوح أّ

  ____________________________________________________________    
1 ���	�Yا����  adel_mlitan@yahoo.com/ #"�� ا��"!م / e�Q ا��9/�	ء 
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�	]K ا��H�d	]�� وا���	�i ا�Lا� w�) ��@�  

 $��"e0# / e0، أ�	 �5 =	�� ا�;eo (	�/��9وو�2 �*�اوح �*!,H�#�� t  1.474إ�H�#��0.24  8ه 

 $��"e0# / e0 و  0.0094إ�8  0.092�"e0# / e0 و ا�9	د��!م �$  0.005إ�8  0.004ا��i	ص 

 $��"e0# / e0 0.0218إ�8 0.0094ا��7	س   

  ا�/9!�	ت ا��9/�	]�� �"��?، ا���	�i ا�
@�"�، ا���?: �"��<$!;���ت 

  ا���+�!

��y ا��	م     1962�Qا�� 5� ً	�ا�*"!ث ا���:) 5	���	�i ا�
@�"� وا�/��ات  ��"�T ا��7? دوراً ھ	

م �7? ا���?  ،وا�/!اد ا�/<��L*,وأ�	0*��ا�*"!ث (	���	�i ا�
@�"� ا��	�� ��jا  Y "% �aW/#8و

;) <*/*� K[	�C ة�	]K ا�*�#���� (ا���;	  ،	 ا��7?إ�8 %L morphological  ?7? ا����� (

وھ�	ك %ة �/�Hات  16- .ا�*"!ث (	���	�i ا�
@�"� ا��	�� %"T�"� Y"�0�8 دور �!G!ق (Y �5 ا�9<2 

 ?�% 	;) H�/*�?7ا�� �G	9*ات ,;!�� %/"�� ا�H�//ه ا�yھ $��!د �5  - أ�o	ً - و ، و!�ھ! #	]$ =5 

e�	ا�� $�
��ة # $#	�اً .أ� �A��) ?7�"� ��[اyEت ا�	�"A*/ا� U�y# ا� $�ن ��e ا��7"� أ//�Hات �0 و

AE�8 ��"Lإ�8 ا� 	وا��!دة (; 	ت (;	G!"/ق ا�	�و��*�� ا��7"� =<�ة  ،(<���ات ��	% %"8 ا�*

*���7 �7ث �5 ا���:� ا�/�A�7، وi ��S ��E� ي�ا � �,	�= ���Q ?7ة ا��	�= t,!

 ا����> �"L"�� أو ا�/�*�/�ة .����	��@!م ا��7?  و#H�/*� U�y#، U�y ا��7? (	��7#� ا�ا]/�  وا�*0

	����AQ 2 ا�/�	�(	���Aان � ?��*�ات �!��	) �	ت #���ة (و�!"�# �GgG ?7ا�� 	إ��; ?�� ا�*5 �

(	JI	��  8, 7 .ا�/�A@� ا�*5 ��%8 %"�;	 �"!ث ھyه �aW/#8 %" ھ	�	ً  و�;yا ا���T�"� T ا��7? دوراً 

 0� Uوأإ�8 ذ� 	ر�;	�H) ?7ء وھ!اء �@!م ا��	��9!�	ت ا���:� �$ ��(� و��	ت و <�/�yC %��	ت أن 

P�=ا�� Pط�� $% ��"Lإ�8 ا� 	ع (;!�   10 ,9.أو ا�/	ء ،أو i/� ا���?، أو =�!ب ا�"@	ح ،��;	 وا��

ى  ،ا�*"!ث (	���	�i ا�
@�"� ا��	�� �/�j!رة وھ5 �<9"ا�إ=ى ا�/"!G	ت ��S  ا��X7 ��	ول   �و

�i	ه ا���y;) ل %"8 ا�*"!ث� ����$ ا�را,	ت %د وا,*�	دا إ�8  ،أ�9	��� إ�0	د ��aWات (�!�!

 e� ع!J!/ا ا�y(@� �5 ھ	5 إ ا��� �"�@
ام %�? ا���aW/# ?7 %"8 �"!ث ا���:�� (	���	�i ا�L*,

@A����ا���@	ر�� او .��  eت�	diا�/!ا <� 	;�"% ?�ا���(��  ا�/�*/ة ���w ا�ول ��*	]s ا�/*7

  .���? ا��7? وا��	�/��
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  Y ا����ا%��اد و ط*

  ):Study Area�-��! ا�+را4! (

��ا�   � ������A@� ا�را,� �5  <@�� 8"% 	���� $� ��)�Eا� �@A�/="5 �5 ا�	ا�� t��>ا�،  H�/*�

�@A�/ه ا�yدة  ھ!��!(� ��(*;	 وL)	;�
? ا���T  إ�*	� Y#ا!dر ا�	0aأ 	;�� ��!*� X�= 5%راHا�

��	خ ،وا��ر و#U�y أ0a	ر ا�H%*� ،وا�*d	ح وا�L!خ ��*�� X�=  ��)�*� ً	/[g� ً	C	�� �@A�/ه ا�yھ

  .ا��7? و�;yه ا�,�	ب �e اC*�	ر ھyه ا�/�A@� �*9!ن ��A@� ا�را,�

  ) Sampling]�� ا��$-�ت(

��A@� أ�$ %�? ا��7? �$  �e �0/�> ار(> %��	ت    $� �d"*L� $#	�ا�را,� وا�*5 �@> �5 ر(��  أ

��ا� ������ $���*!ردة  2�i2013  ا�2��C 2012 8 �5 ا�d*�ة  ���% U�y#ت   .و	ا���� l�	#

 $��$ ا���? وl"/a أ �d"*L�%�? ا��ر و%�? ا��(�> و%�? ا�E	(	ت و%��� ��*!ردة �$ �!اع 

���  500إ�8  250و �e أyC =!ا�5  ،���@�	إ��!ب 	���ام �$ #? %��� و�jd= e;	 �5 %�!ات ز

 ��	�25 () %� در�� =�ارة ا��d�j�Clean and dry Glass) Bottle���E و  ��!:� �� )در

 e"j�  .=�$ ا�/�	�aة �5 %/"�� ا�*7"�?إ�8 و�5 �9	ن 

) ?9a1	ا���� yCا $#	���A@� ا�را,� �!7J	 %"�;	 أ �A��C (Zر�	oت و� �@A�/ا�  

 .) ���$ أ�	#$ ا�*@	ط ا����	ت وأ�!اع ا����	ت واe,4 ا�/7"8 �"��	ت ا��	] �5 ا�/�A@�1وا�0ول (

�	�� �;a $��$ a;� د��/�� وا���2 ا�ول  5�	
  .�%��	ت %�? ا��ر �e أyCھ	 �5 ا���2 ا�
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 ) eQول ر�  ,/;	 ا�/7"5 وا��"/5او�!%;	 و�0/��;	 ا����	ت و�9	ن  :)1

*�+�� *�  (Determination of heavy metal)  ;$& ا��-�,* ا�.�$�!ا

�$ ا��Aق �*@�� ���� ا�/�	دن �5 ا���? إ4  ��
�$ و�!د ا�9 eSصط��@�  نأ%"8 ا��	�*� ا4

�$ أ#
� ا��Aق  ��*�� )Atomic absorption( ا�yرى�"�@
ھyه  .ا�/*��� �@�	س ��#�H ا���	�i ا�

�$ ا�!�j� lQا ���%*;	 �5 ا�*7"�? ،ا���A@� ذات د�Q و#d	ءة %	��� ��
و�;	 =�	,��  ،و�!�� ا�9

�;	ز �*��o7 ا����� �*9!ن �	ھHة �"@�	س (!ا قوھ�	ك ط� .%	��� �@�	س ��ا#�H أT"S ا�/�	دن �A,

�	ص*�
?ا�yري،  ا4�: eo;ا�  �A,ا!) U��*ا��� w/=، و �A,ا!) eo;ا  �5و ،2ا�/��9وو�ا�yھ

$�*@��Aام ا�L*,ا e� X7و .ا�� �@��A) ت	ا���� �i	�% H�#�� ��@� e� eo;ا� �	ص(�*� ا4

�L*�� �5ا�yرى $�d"*L� $�.11-15 

 S�Gضا���>U��  

   e�  5� ?ا��� $� ��/# yCأ!)G �@crucible ن�d5 ا�� Y�Jوو Dry Oven ��=�ارة  %� در

ة أر(> 500/� ��!:� ��ووl�J �5 ا�/��د  (� ذ�U أyCت ا����� �$ ا��dن ،$ ,	%��و%<� در

desiccator ان  .=*8 ���دH�� �A,ا����� (!ا $���ام   %/"�� ا�*2�d0 وا�*��� �e أyC وا=�)

�$  e�20 إJ	��  .ق C	ص (�/"�� ا�;eoووl�J �5 دور ،Analytical balance=�	س  e"�

 U��*ا��� w��L"!ط =	HNO3،  w�ا�ورق ا�/!�!دة  إ�UHClO4   ����)1:1 8ا����#"!ر�و=	

وJ> ا�ورق ا�/!�!د ��Y ا����� و�L"!ط ا�7	�w �!ق ا�/�L$ ور�> در�� ا��7ارة  .��Y ا�����

�ة gGث ,	%	ت =*8 �/� sر�*�	)5d  8"% رب	ط و�@!"L/ف�!ن ا�	d0ا�Dryness.  ��"/% �)

 ا�/L"!ط ���� e� ا����� eoإ�8ھ  ��	Jوإ ���Eارة ا��= ���w  5در	= $� e"�  Uرو#"!ر�ا�;�

HCl 1N ورق ذ�e� U إ#/	ل ا�ورق (	�/	ء ا�/�Hوع ا��!�	ت .إ�8 ا��)Deionized water 8إ�

�9	ن ا�*@	ط ا�����  رeQ ا����� �@A�/5 ا��   �!ع ا���	ت ا��	]

 اe,4 ا��"/5 اe,4 ا�/7"5

��ا�� ( ,	,!) 1� Ziziphus lotus( L.) ( Lam.) ا��ر  
 Forest honey %�? ا�E	(	ت %�? ��*!رد ( ��!ب ا���@�	 ) 2
��ا�� ( ط/��� ) 3� Ziziphus lotus( L.) ( Lam.) ا��ر 

 Ziziphus lotus( L.) ( Lam.) ا��ر ز��*$ ( ,!ق ا�
Gg	ء) 4
 Multiflora ا��(�> ز��*$ ( ,!ق ا�
Gg	ء ) 5
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Y*�, يyورق ا��� ا�/!�!دة �5 ا�gا����� 50 ا�� eQل %"8 ر�P %"8 ا�ورق �"� <Jوو e"�، 

	;,	�Q ا�/�اد �"�@
��� ا����� �	ھHة �@�	س ا���	�i ا�� U�y)ز ا و	;� �A,ا!)I ص	�*�

  16,17.ا�yري

2-*
$���� S�Gو�\وا�   

    eا���?(أ� $� ���% yC1  �A,ا!) l/oام) وھ��6   U��*ا��� w/= $� ?�HNO3 65 و %

�$ �!ق 2 ?� ا�;�رو��$ أ��#H2O2 5� l�Jا�/��9وو�2وو eo;"�،  eG2 أ�J10  $� ?�

�P %"8 ا�ورق �ل %"8  �? 50 8إ�#/? ا�e07 أ=*5  ا�/	ء ا�/@�A ا�/�Hوع ا�4!�	ت"� <Jوو

  .=�T ا4رa	دات ا�/���� (	�0;	زا���l %/"�� ا�;eo .رeQ ا�����

  )Results and Discussion( ا�-��%^ وا��-�[�!

  )pHاUس ا�G$+رو]$-� (.1

�$ ا�<9? (    s[	*ل ا��gC $� �=g�2( ) 5���) �0/�> ا����	ت �*�اوح �$ pHأن ا�س ا�;�رو

) pHو���> اg*Cف e�Q ا�س ا�;�رو���5 ( 4.56وا�/*!,t �0/�> ا����	ت ھ!  ،5.02إ�8  3.75

واg*C4ف ���yE� 5 ا��7? �$ =�X �!ع ا���	ت  ،�0/�> ا����	ت إ�8 اg*C4ف �5 أ�!اع ا���?

و#U�y اg*Cف ا�*�#�T ا��9/�	]5 �"��? �$ =�X ���� ، %"�;	 ا��7? 8ا��	] �5 ا�/�A@� ا�*5 ��%

و#Z9�� U�y ا�dL	ض ا�س  .) Asif et. al., 2002 �5 ا���? ( ةا�/�	دن و ا�=/	ض ا�/!�!د

) 5���رة أ) �pH 5ا�;�روQ ت	ا���� T"S �@�Qا���? %"8 ا�@o	ء وQ*? ا�=�	ء ا�

�% pH  )3.7 -4.5( 18 5[اyEر ا�!*,، و=�T ا�/!اdi	ت ا�و��� ا�/�*/ة �"��? و�@	 �"

) Codex(1981، ) ��0�"Lت ا�	di1992وا�/!ا ����) �~ن �Q/� ا�س 2003() وا�/

)5��� %$  أpH T0� (4ا�;�رو�H�4، رو0 أن %��	ت ا���? ا�/� U�yو� eQ3،5، 2,� ر   ��S

�A	y;� �@)ه �diا�/!ا، Uذ� �) �diا�/!ا l�#�� �Q/� ��س أ�*���  ،Codex(1998) و%

 5����A	y;� �@)ه  �*9!ن اT"S ا��*	]s ا�/*7�? %"�;	 �5 %��	ت ا���? ا�/رو,� ،5ا�;�رو

�diا�/!ا.  
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) ?9a2( )5���  �5 %��	ت ا���? ا�/رو,� )e�QpH ا�س ا�;�رو

  Ash Content ����ى ا�*��د .2

0 أن ا�/*!,t 3ا�<9? ( إ�8 و(	��/�� �j	 �P"�* (/7*!ى ا���	د �5 %��	ت ا���? ا�/رو,�   � (

و���> اg*C4ف �5 ھyه ا��*	]s إ�8 اg*C4ف  ،0.20إ�8 % 0.0وا�/ى �$ % ��0.20	وى %

 ،و#U�y اg*C4ف �5 �!%�� ا���	ت ا��	] �5 ا�/�A@� ،�5 ���� ا���	�i ا�/!�!دة �5 ھyه ا����	ت

%��	ت  و(/@	ر�� ا��*	]s ا�/*7�? %"�;	 �5 .إ�8 اg*C4ف �5 ا�/!Q> ا��E0ا�5 �9? %��� - أ�o	ً - و

�diا!� <�ور(�� وا�/!اdi	ت ا� ،)Codex Alimentariusا�,*!ر ا�yEا]5 ( ا���? ا�/رو,� 

)EU honey Standards 7�100�e /  0.6 ى4 �*�*!ى ا���	د ) و��;/	  <�/�0 أن � e�

�> ھyه ا�/!اdi	ت �@)	A*�  11.ا����	ت 

  

) ?9a3( �,رو�7*!ى ا���	د �5 %��	ت ا���? ا�/ e�Q  

0
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  )  Moisture Content ����ى ا�*ط��! ( .3

 أد�8 % ) �0 أن ���� ا��ط!(� �5 ا����	ت �*�اوح �	4ا�<9? ( �$ gCل   = $�)8.28  و=

% 8�Qوى% ،13.50أ	�� t,!*/11.87وا�. <��*!ا�@�  	;�"% ?��/�> ا��*	]s ا�/*7 Codex 

AlimentariousCommission)) ��)ورو�ت ا	diا�/!ا <���;/	 ����  "*	ن) ا�EU ) و�*!ا�@� 

 %"8 % ا��ط!(� 4�H�35،  	ھو(/@	ر�� ا��*	]s ا�/*7�? %"�;	 �5 %��	ت ا���? ا�/رو,� �0

��$ اT"S دول ا��	�eأو ،> ا�/!اdi	ت ا�@�	,�� �"��?�*!ا�@�  ?Q،  ع	dإ�8 ار� Uذ� <�ور(/	 ��

ذا زادت ���� إو(	�*	�5 �!دة ا���? ا�"��5  ،(	�/@	ر�� �> (�w دول ا��	�e ،در�� ا��7ارة �5 ����	

�$%أا��ط!(� �5 ا���?  ��#17.1  $�HL*ارة ا��= ���:!�� و���� ��#11 �$أودر ��در

�$ %أرات ا��9(!ھ� �Ei83 J�% ?9!ن ا����� �/L*"�،  	;�"% ?�و(	���j �5 ا��*	]s ا�/*7

�$ %أ�0 أن ���� ا��ط!(� �5 %��	ت ا���? �5 ��A@� ا�را,�  ?Q17.1  5��"�0? ا���? ا�� 	/�

ن �/�> ا����	ت ,"�/� �$ أد��? %"8 ھyا و ،و�@	وم %/"�� ا�*�HL$ إ�8 �*�ة ط!�"� ،ذو �!دة %	���

vE12.ا�  

) ?9a4�,رو�7*!ى ا��ط!(� �5 %��	ت ا���? ا�/ e�Q (  

4-  ) !$%��*G
  ) : Electrical Conductivityا���,�$! ا�

) و��*�� �$ (/�� electrical conductivity EC	 �) P"�*	���E*/ ا��ا(> ا�/!i"�� ا�9;�(	]��   

 mS/cmأن ا�/*!,t ��	وي  �g=� )5ا�<9? ( و�$ gCل ،ا�/*��Eات ا��0ة �@�	س �!دة ا���?

0.708 $��*!ا�@� �> mS/cm 0.734،إ�mS/cm 0.692 8وا�/ى  s[	*ه ا��yوھ ،

)CodexAlimentarius)(mS/cm0.8 <) ��)ور�ا �diا�/!ا <� mS/cm 0.8)، و�*!ا�@� 
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وو�@	 �;yه ا��*	]s ��*�� %��	ت ا���? ا�/رو,� �A	(@� �"/!اdi	ت ا��	�/�� وذات �!دة  )>

  14و13.%	���

  

) ?9a5�,رو  ) e�Q ا�/!i"�� ا�9;�(	]�� ����	ت ا���? ا�/

  D�9$� : ا��-�,* ا�.�$�! :

  Pb ا�*,�ص

   $��� ا��i	ص �5 %��	ت ا���? 6) وا�<gC2) ?9ل ا�0ول ( �% H�#�� ى�) �g=� أن 

 $�1.856�"e0#/e0 إ�8  0.005ا�*5 ھl/o (	�=/	ض  ،e0#/e0"� ��	وىوا�/*!,t ا��7	5)  

0.6525  e�	دول ا�� w�) 5� 	;) 4ت ا�/�/!ح�> ا�/� s[	*ه ا��yر�� ھ	@/) ،e0#/e0"�0 أن  ،�

�8 ا�/�/!ح (Y �5 ����	 وو�@	 �"/!ا�di ا��	درة �5 Q�ا  %"8 4 2008ا�7�H�0.5 e0#/e0"� 

) أ#�� ��3،5	ت  (�0 أن ا�� ،و(	�/@	ر�� �> ا��*	]s ا�/*7�? %"�;	 �5 %��	ت ا���? ا�/رو,� ،15

Y) 8 ا�/�/!ح�Q�ا  Y �َّ أو�/9$ ا�@!ل  ،ا����	ت �A	y;� �@)ه ا�/!ا) �di	5Qو ،�$ ا�7�!� 4

�8 ا�/�/!ح (i�"� Y	ص �5 ا	 ا�7أ�ّ   .�"!ث �5 ��	طP أyC ا����	تQ�ا  7�4EU	د ا�ورو(5 

 e0#/e0"�ول ()  1.0ھ!(��$ ا�7 أن �/�> ا��*	]s ا�/*7�? %"�;	 y;�kا ا�7 � وا,*�	داً ) 2 ?Q

 Y) 8 ا�/�/!ح�Q�ا	�
 �"!ث (	��i	ص �) 5	5Q ا����	ت ا��Cى، 5(%��� ( ء(	,*� .و4 �!

��ا�� و��A@� ,!ق/ )��;	 ھ5 ��A@� ط/���3،5ا����	ت ( Cyأا�/�	طP ا�*e� 5 و/) g
(��H*$  	ءGا�

�"� 0.65,1.856( و#	ن ��#�Hھ/	 ،%"8 ا�*!ا�5e0\ ���d"*L و�! Pط	��e0# %"8 ا�*!ا�5) وھ8 

��	�	ت (��ة 	;��)،  Y�"%ا�/و $� و  ،ا�@�ب �$ ا�*0/�	ت ا��9	��� 5إ�,�T ا�*"!ث  ىن ��Hأ$9 /

م (9
�ة �5 ھyه ا�/�	طP ،ا�,/ة وا�/��اتL*�� 5*ا�، ) eQ5 �"!3و ا����� ر�~� ( ُG	;  $� 	oأ�
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 ھ	)  �	ن ��#�7Hأ�	 ا����	ت ا�*5 ھl/o (	�/��9وو��a.) ?9a  2	ل ا��7ا]P (	�@�ب �$ ا�/�	=?إ

$�0.0025 e0#/e0"��!اdi	ت (�w ا�ول �0 أن  0.005 إ�8  <� s[	*ر�� ا��	و(/@ e0#/e0"�

Y) 8 ا�/�/!ح�Q�ا �$ ا�7 ?Qت أ	ا���� <�/�،  �و�/�> ا����	ت �A	y;� �@)ه ا�/!ا�di و4 �!

  .�"!ث �5 ��	طP أyC ا����	ت

  

a) ?96�,رو�� ا��i	ص �5 %��	ت ا���? ا�/�% H�#�� ض )	=/�	(  

  

  

) ?9a7�,رو�� ا��i	ص �5 %��	ت ا���? ا�/�% H�#�� ) 2/��9وو��	( 
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ول (�2e�	دول ا�� w��� ?ص �5 ا���	iت ا��	diا!�  *� (10-16	s[ و

  
�"s#/e0  ا�/ى / ا�/*!,t ا�/9	ن 

( �diا!�) 	���� 0.5 

(�diا!�  8�0.5إ 0.4 (!��ا( 

( �diا!� 1.0 أورو(	( 

( �diا!� ) 	��	� 0.2 رو

 0.85إ�8  0.1 ا�ردن

 0.0321إ�8  0.01 ��#�	

 0.45إ�A�                                    0.0033  8	��	إ
) 	�#��Kayseri  ( 0.1  80.85إ� 

 0.11إ�8  0.01  �<�"5

	��	� 0.18إ�8  0.03 رو
 0.2إ�8 > 0.002              �0"*�اإ

 0.186إ�A� Siena( 0.0032  8	��	 (إ

 80.127 إ� Burgos ( 0.004 ,�	��	 (إ

��� 9.3إ�4.2  8 

U�>*1.3إ�8  0.0184 ا�  

 Cd ا�
�د�$�م -2

ى8ا�<9? (�$ gCل    ��� ا�9	د��!م �5 %��	ت  ) ( ا�;) eo	�=/	ض g� (=� أن �% H�#��

0.016�$  *�اوح�ا���?   e0#/e0"��"e0#/e0، 80.446 إ�  t,!*����	ت �"�*	]s ه ا�yھو

 (	����� �"/!ا�di ا�ور(�� أ%"8 �$ ا�*�#�H ا�/A"!ب ،5 ،4 ،3 ،���2	ت �".�"e0#/e0 0.313ھ!

ول (�و%"�Y ��*�� أT"S ا����	ت ا�/رو,� �"!�G (	�9	د��!م و�@	 �;yه ا�/!اdi	ت، �;5 أ%"3(،  8

gب د��!"A/ل ا�و(	�*	�5 �"!ث ا�/�	طP ا�*5 أyCت  ،%"8 �"!ث ھyه ا����	ت (	�9	د��!م �$ ا�/�

��;	 ا����	ت،  0? �5, H�#�� 8"%ا�����أن أ  eQز��*$ ) 4ر ����ر , ?�% )، A��@� أن %��	ت 

�$ ا����	ت ا�/*!Q> و�!د �"!ث (���� ا�9	د��!م  �ط/�� l�	# ء	Gg
��jا �@�(;	 �$ (;	 و,!ق ا�

ام ا�/��ات (L*,و ا <�	��$ ا�/ ��
) �5 ا�/�	طinsecticides  Pا�*0/�	ت ا��9	��� وو�!د ا�9

9�	 (	����� �";��A) eo@� ا�/��9وو�2 ا�<9? (أ ،ا�Hرا%�� 	�j=4(أ	ا���� <�/�ت J/$ ا�7ود ن 

�"e0#/e0 إ�8 0.005وھ8 (;	 ا�/�/!ح  0.092 e0#/e0"�. 
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) ?9a8�,رو�� ا�9	د��!م �5 %��	ت ا���? ا�/�% H�#�� ( ض	ا4=/ 

  

) ?9a9�,رو�� ا�9	د��!م �5 %��	ت ا���? ا�/�% H�#�� ) 2/��9وو��	( 

ول (�3e�	دول ا�� w��� ?م �5 ا���!���!اdi	ت و�*	]s ا�9	د (10-16  

�"e0#/e0  ا�/ى/ ا�/*!,t ا�/9	ن 
( �diا!�) 	���� 0.00 
(�diا!�0.1 (!��ا(  

( �diا!� 0.1 أورو(	( 
( �diا!� ) U�>*0.5 ا� 
( �diا!� ) 	��	�  0.02  رو

 5.785إ�8  0.0 ا�ردن
 0.35 إ�8 0.31 ��#�	

$�� 0.267إ�8  0.102 أ���9	 + ا��"d	دور+ا�/U��9 + ا�
) 	�#��Kayseri  ( 0.11  80.18إ� 

 0.05إ�8  0.00 �<�"5
 0.0043إ�Galicia  ( 0.0  8,�	��	 (إ

 0.3إ�8  0.0003 �0"*�اإ
 0.00074إ�A� Siena( 0.0005  8	��	 (إ
 0.00189إ�Burgos ( 0.00008  8 ,�	��	 (إ

��� 0.5إ�0.01  8 
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  Cu ا�-��س-3

10�$ gCل ا�<9? (   (  ���% H�#�� ى أن�� $�1.474�"e0#/e0 إ�8  0.24ا��7	س �5 ا�/ى  

0.879�"e0#/e0 وا�/*!,t ��	وي  e0#/e0"��> ا�/�4ت ا�/�/!ح (;	 �5  ، s[	*ه ا��yر�� ھ	و(/@

e�	دول ا�� w�)، ) eQول ر�4 <� s[	*ر�� ا��	درة ) و(/@	�ن أ��*�*s  ،2008ا�/!ا�di ا�"���� ا�

�$ ا�7 ا�/�/!ح ( 8%"أ�/�> ا����	ت  Y15 س	7��	0? �;! �"!ث (�� H�#�� وأي،  P"�*� 	/�� 	�أ

1.0���k�  ��9ن ��#�H ا��7	س �5 ا���? 4 �*0	وز (	�/!ا�di ا�  �diه ا�/!اy;� 	@وو� e0#/e0"�

�A	(@� �"/!اdi	ت ��S ت	ا���� ej��و�$ gCل ا��*	]s ا�/*7�? %"�;	 �5 %��	ت ا���?   ،

 ?0, H�#�� 8"%أن أ  )د��*!ر( 2 رeQ �وا���� ،(,!ق ا�
Gg	ء) 3رeQ  �5 ا�����ا�/رو,� �0

�$ gCل �*	]s ا�<9? رeQ (.( ط/���) 5رeQ  �وا���� 	�
وا�*5 �/) 11أ?  	;/oھ e� 5*ت ا�	ا����

 �$ أھe أ,�	ب .�����9ن �/�> ا����	ت �A	(@� �"/!اdi	ت ا�@�	,�� ا�أ(	�/	��9وو�0� 2 ?��

ام L*,س ھ! ا	7��	أا�*"!ث (Y�	�#�� =،  v[	>7دة ا�	)I �%راHس �5 ا�	ت ا��7	وھ! #���*

�$ ا�/�	طP ا�*5 �9
� ��;	 ا�Hرا%� Pط	ه ا�/�yھ T"Sرة #!ن أ	oا�.  

  
) ?9a10�,رو�� ا��7	س �5 %��	ت ا���? ا�/�% H�#�� ض )	4=/	(  

  

) ?9a11�,رو�� ا��7	س �5 %��	ت ا���? ا�/�% H�#�� ) 2/��9وو��	(  
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ول (�4( e�	دول ا�� w��� ?س �5 ا���	ا��7 s[	*ت و�	diا!� 

 ا�/ى �"e0#/e0 ا�/9	ن

(�diا!�) 	���� 0.00 
	9��� 1.0إ�8  0.1 أ

	��	A��) 0.035  86.51إ� 
	��	A0.216إ�8  0.144 ا� 
 2.3إ�8  1.2 ا,�	��	

	��	� 0.05إ�8  0.0001 رو

U�>*1.55إ�8  0.057 ا� 
 35.0إ�8  10.0 �����0	
 34.56 ا�8 3.368 ا�ردن
 2.66إ�8  0.02 ا�/�Eب
��� 1.75إ�1.0  8 
 0.4إ�8  0.15 ��#�	

 1.73ا�8 0.23 �Hر ا��9	ري
 2.31إ�8  0.0 ا�s�"L ا���(5

 s[	*ر�� ا��	أن و(/@ ة�0%	�*��$ ا�/Zd�� $���*L ا����	ت �*@	ر(� أ=�	�	 و 	;�"% ?� ا��*	]s ا�/*7

��;	 ط��@� ھU�  eoذ�5  ا���T أو ا�,�	ب ىو�/9$ أن ��H ،أ�Cي ا=�	��	 ?��$ ا��!ا �"/0�

#/	 �/9$ أن �9!ن .���A@� ا�;eo (	�/��9وو�L� 2*"2 %$ ط��@� ا�;eo (	�=/	ض ،ا�����

ا��Q) �5 ا��/? ��") e	��Aق ا�@�	,�� وا�0�� (ا�/ ��S ( ?�"7*�	) e[	@ا� KL>ا� ) Y�d� ?"7/ا�

  : --ى ��;	 �Cأ%!ا�?  إ�8ا���T  ى��H#/	 �/9$ أن 

��d�Aت ا�gCام ��S أ�/9$ ا�@!ل  و%/!�	ً  ،ا�*اgCت ا��9/�	]�� وا�*L*�/ا� T;"9!ن ا�� 	��% Y�

��;9�9d� T	 � atomization �/	م %/"�� ا�*yررإ %"Q8	در � �*)	G ن ذ�W� Uدي kأو �9!ن أ#	,�

�/	 ��GW %" �8إ ?Cاوث �!ع �$ ا�*=8 ��	;�"% ?�ا��Q ا��*	]s ا�/*7.  

ر ا��a4 ا�5AL �5 ا�0;	ز %	دة (��hallow cathode lamb(  ��S Y�a l�	# ��	= 5� و

 �Wدي Q اyوھ ?Cا� T��� 	/)ر �*)	G8ر  إ�	ا�/< $���*L/5 ا�� 	;�"% ?�اg*Cف �5 ا��*	]s ا�/*7

ر ا��� ��=gi T�= 	/;ز�	;� ?9� ��a ا� �� =�	,�� ا�0;	ز و=@*detection limit 

� ?oىوا� H�#�*"�. 5A�� يyا� H�#�*ا� 	,�� : �ُ��ف أ�;	ر�2 ا��7	�� $�و=ة  0.043

�	ص *��	ص 1.0ي �	 ��	دل أا*� ا4#*<	ف أ% ا= 	�detection limit.  أ����ف Yأ� ��/# ?Q

 5�	L%$ ا�/7"!ل ا� 	ھH��/� $9/و� 	;,	�Q دة ا�/�اد	ا�/ $�blank  	;d���� $9/� 	/#إ 	أ�; 	�[	�=
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ا��7	,�� و= ا4#*<	ف �d"*L	ن (	g*Cف 2�Jstandard deviation (s)L=2s ا��7!د ا�@�	,5 

��L*�/وا�*@��� ا� 	ھ��@� e*� 5*ز ا�/�*�/? وا�/!اد ا�	ا�0;.  

� ?oىأ� H�#�*"�optimum concentration range  %	دة ��أ �$ ��ا#�H ��	وي أ�J	ف =

 8و�"7�!ل %" calibration curveا�*�#�H ا�yي ��أ %�ه ��5�7 ا�/�	��ة  إ�8#*<	ف و�/* ا4

�� �T0 أ�o? ا��*	]s ,!اء �"���� أL*�/,�� ا�	? ا�@���	أو �"/7 ىن �9!ن ��ا#�Hھ	 �5 ا�/

م �5 =	��ا�L*�/ز ا�	ا�0; Y�A�� يyا� H�#�*"� ?o�  Anatomic absorption Flame  	��	S

	� �اً ا���Qg ا�AL ى�9!ن ��$ ا����	ت(	�/@	ر�� ( �� �"0;	ز %	�5  �و�;yا %	دة %�  ،/7*!ي ا��

�� ھyه ا�/�	دن �*e ا,*gLص @�extraction  Pط�� $% T#ا�*�ا�/�ن ا�/A"!ب  �i 5!رة 

-APP-Cammonium-pyrrolidineوا�/	دة J MIBK-iso-butyl-ketone-methyl	�� إ

di-thio-carbamate $�"*,ھ!اء ا T;� ل	/�*,	) td>"� 	;/�@� e� $�  .و
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Determination of some physical properties and heavy 

metals in Libyan honey bees at Misrata region 

Ibrahim M. Al Assawi 

Hanan S. Derrat 

Adel M. Mlitan  

Fatma S. Al Durrat 

Abstract 

Samples of Libyan honey bees were collected from four different areas from 

Misurata region and the fifth honey samples was imported from South 

Africa for comparing. Determination of moisture content, pH, total ash and 

electrical conductivity were studied in addition to some heavy metals; lead, 

cadmium and copper. Samples had digested by two different methods i.e 

acids and microwave. Heavy metals were determined by two in two 

laboratories by atomic absorption technique and the results which obtained 

from two laboratories showed agree to some samples and difference in 

others. 

 Results have compared with the specifications adopted in some Arab and 

foreign countries and most results agree with Arabic and international 

specifications. pH ranged from 3.75 to 5.2, moisture content from 8.28% to 

13.50%, ash content from 0.00% to 0.20% and the electrical conductivity 

0.69 to 0.37. 
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 For samples which digested by acids, lead concentrations ranged from 

0.005  to 1.856mg/kg, cadmium from 0.016 to  0.446mg/kg, and coper from 

0.24 to1.474mg/kg.  For samples which digested by microwave method, 

lead concentrations ranged from 0.004 0.005mg/kg, cadmium from 0.092 to 

0.0094mg/kg, and coper from 0.0034 to 0.0218mg/kg.   

Keywords: Honey, physical properties, heavy metals.  

  





 

35 

��ا��� ���	�ر %$ #"�� ا��"!م / �� 

  ا�4)	ص أ��ن ا�
�د�$�م ا�.-�%� �2 ����$�� ا���%$! 
 !���  9$���ر�� ;*��;�0 3$-$/)–4(–3–�-&وا�/–�1�ا�4! ا��*

  1أ<�+ ا���+ زو��

  2ا��G+ي ���+ �1�*

  ا���)'

   �
��	 ��X7 %$  .��*�� ا�*"!ث ا���:5 (	�/�	دن ا�
@�"� أ= أ#�� اھ*/	�	ت ا��7!ث ا��"/�� ا�7 	;��

�"�@
�$  ،إ�0	د أ��T ا��Aق �*@�� وا,*gLص أ�!�	ت ا�/�	دن ا� �i	ه ا���yھ e#ا�� Y���� 	/�

رة %	��� %"8 �9!�$  .وا���:�AC!رة #���ة %"�7i 8 ا��I	ن Q 	ر�!�!�
أظ;�ت �<*@	ت ا�

 T#�/ا� ��o7� e� U�y� ،م!��ة ��	دن ��;	 ا�9	د% <�ات ��*@�ة @��- H�)-3-)4وا�?-1

 �K�L>� e ا�/�#T (!ا,�A ط�2 ا����$ ا��!وي ا�/�E	ط��5 Q، و	ر�!�!�G (?���� 5�#!)�#

NMR  ي��/�#T ا�/�o7 �5 ا,*gLص أ�!ن ا�9	د��!م دُر,d# l	ءة ا� .(CHN)وا�*7"�? ا���

��A	ف  �A,س (!ا	ص ا�/@gL*,4ا �7	��Y" ا�/	]�� �$ gCل �@	ر�� ��#�Hه �Q? و(� $� 5[	�
ا�

 أظ;� #d	ءة ا,*gLص �d!ق Qري، وyص ا�	�*� .% �5 ا�/7	��? ا�/80�ddLا4


�!�!ر�	ا�*"!ث ا���:5، ا,*gLص ا�9	د��!م، �<*@	ت اا�
���ت ا��"��<$!: �. 

  ا���+�!

��aWات ا�*"!ث ا���:5  �$ أھe ،��*�� ��ا#e ا�/�	دن ا�4*@	��� ا�
@�"� �5 ا�*�(� وا�/�	ه وا�yEاء   

 �$ ا�را,	ت %$ ا�/*Hا� ��
ا�yي ��GW ,"�	 %"8 =�	ة ا��I	ن وا��7!ان وا���	ت، �X7�� U�y ا�9
  ____________________________________________________________    
���  –e�Q ا��9/�	ء (9"�� ا��"!م  1	���ا���.  
��ا�� –e�Q ا��9/�	ء (9"�� ا�*�(��  2� ���	�.  
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  ا,*gLص أ�!ن ا�9	د��!م ا�

�$ ��ا#e ھyه ا�/�	دن، و#U�y ا��X7 %$ ط�ق ا,*gLص ذات #d	ءة %	���  7"� ��,	��إ�0	د (ا]? 

�	در ا�*"!ث$ %�/�	��0 ��	ه ا���ف ا�/"!�G ا��	��0 �.  

م ��#�	ت ا�
�!�!ر�	 #/!اد �o	دة �"*�#? و�o	دة ��#�ةL*��،  ا��!��/�ات w�) �%	�i 5و�

[1]�ام L*,ا 	
���	 ، #/	 ازداد =!�!�) ��	�dات ا��$ ا�/�@ �<*@	ت ا�
�!�!ر�	 ���o7� 5 ا��

وذ�U 4=*!ا];	 %"8 %���ي ا�l���9 وا���*�و��$، =�U"*/� X ا�/*�gت ا�/7*!�� %"8  ،]3،2[

 5�ات �*/�H (�<	ط;	 ا���!�!@��م [4]ھ�y$ ا������$ S	��	 ا�@رة %"9� 8!�$ L*�� 	� 	;�/� ،

��	
�o	دة �" ��Q	@�#��� #	��?  ،و�H/اض ا����$ ا� ��
و,�ط	ن ا�/��w  [5]و�5 ��	��0 ا�9

ز [7,6]�I،وا  	أ�!اع ا��9*��� w�)ت[9,8]و	ت ��/! ا���	/j�/# 	;o�) مL*,ا 	[11,10]، #/.  

�"�@
�� �5 ا,*gLص (�w ا�/�	دن ا�L*�/ت ا�	ا�/�#� eأھ $�ات ا�
�!�!ر�	 @�� و�5  ،#/	 ��

ات ��*@�ة �> ھyه  ،��<�ي (	�P�[H وا��i	ص%gج ا�*�/e ا@��ر�;	 ا��	��� %"9� 8!�$ @�

  .[12] ا�H"dات

    	;o�) مL*�� X�= ،	��!�!�) �A>ا�� 	ر�!�!�
�<*@	ت ا� eأھ $�إن ��#�	ت (�Hوا�? �G!�!ر�	 

وا�7<�ات  ،[15]و#/��ات ��%<	ب  ،K[14]و�o	دات �"��Ad	ت  ،o/#[13]	دات �"�9*���	 

[16]. Q5 درا,�  وd� ،ات�$ ا��7!ث �را,� ا�*�#�T ا���	]y;� 5ا ا��!ع �$ ا�/�@ �أُ���l ا��

 �G	�G ?���� 5[!�!ر�	 �> �"Hي ا���9? ا�
�	]5 وا�P�[H ا�
�	]5 م2002أ���l %	م @�/[17]� X�= ،

��*!ي  <)�� ?9a yC~دي ا��!اة و�	ا���9? أ= @�� أن �Y�� t و���� (square planer)و

 5[	�G Yأ� � ا�P�[H و@�� 	�ا�
�!�!ر�	 (<�G ?9	]5 ا��$ �$ gCل ذر�5 ا�l���9 وا���*�و��$، أ

�<*@	ت  م2003و�5 ,��  .(binuclear complex)ا��!اة  $�ة �� �%!/0� ��o7� e�

 �G	N`,N -5[#"!رو��Hوا�?) �G!�!ر�	 و -�G-N-)4	]5 �!ر�	ل (�و(	�?- �G[18] :?/>�N`,N!�!ر�	 

?����-N-)4- و 	ر�!�!�G (?رو����!"#N`,N -?���� 5[	�G-N -)4-?����-	ر�!�!�G (?ا�H�).  l/� Qو

 <�ا�;	 @�� أl�G أ�;	 �/*"9a U? ر(	%5 ا��A!ح  Cu (II)و  Ni (II)و  Co (II)درا,� Qو

�>   .(distorted tetrahedral)ا�/<!ه  5[	�
ات ا�9	د��!م ا�@�� $� �"�", ��o7� e� 	/#

�
�!�!ر�	 <*@	ت أ��9"��"� ���	��$ gCل ذرة ا�l���9 �5 ا�
�!�!ر�	 إ�8  ،وأرو e*� P,	�*أن ا� �وو

  .Cd(II) [19,7,6] أ�!ن
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    w�) �%	�i]�� و	وا]� ا�9;�(
? �i	w�) �% ا���$ ا���	%	ت  �م ا�9	د��!م �5 ا��L*��

�/	 أدى إ�8 ���	d,!dة ا� �w�) 5 ا�,/�ز�	دة ��#�H ا�9	د��!م �w�) 5  ا�,"�7، #/	 و

Pط	ي  .ا�/�yم ا�!���� ا�9	د�% $� ��yS�ا w�) 7*!ى�ت (�w ا�د�� %"8 ار�d	ع �#/	 و

�L	ط� #���ة %"�7i 8 ا��I	ن وا���:� 5� T���.  ر�� %"8 ,/�� أ�!ن	ا�*@ $� � ا���!� X�=

5[	�
#/	  .ز ا����5 وا����0 ا���7 %/!�	ا�yي ��GW ,"�	 %"8 ا��j	م وا�9"8 وا�0;	 ،ا�9	د��!م ا�

�>  Cd (II)و��jا إ�>� 8	Y) أ�!ن .W�[20]دي إ�8 ز�	دة �L	ط� اiI	w��) �) أ�!اع ا���ط	ن 

�$  Zn (II)أ�!ن  ���ا#H ا4ر��	ط �5 ا�� 5� Y"7��kن أ�!ن ا�9	د��!م ��*�A> أن �7? 

��*�A> أن �Wدي ا�!ظ	]2 ا��7!�� ا�*5  ا�H�I/	ت وا���و���	ت �9!�� (�و���	ت ا�9	د��!م ا�*5 4

��ض  �����ا �5 ا�;�9? ا��j/5 ����	ن �a 	d�J T��� 	/� U�Hت ا�	(�و��� 	م (;!@�Itai-itai 

[21].   

     �A���/ا� ��o7� 8إ� X7ف ا��ى - H�) -3-)4وا�?- �1;�#��G (?���� 5�#!)!�!ر�	، ودرا,� 

5[	�
ا�yي ��*�� �$ ا���	�i ا�
@�"� ا�/���� �"*"!ث ا���:d#،  5	ء�;	 �5 ا,*gLص أ�!ن ا�9	د��!م ا�

ف ا�*@"�? �$ ��ا#/Y �5 ا���:�;).  

  ا��&ء ا�����

أ���!(�Hو�gC ،Uت -!�	,�!م، #"!ر� ا���Hوا�?، =	�w (	راا�/!اد ا��/�9	�G :��[!,�	�	ت ا��


	�!ل�Iف وا	ا�0 $�Hم، ا���!���$  .ا�9	د ��L*�/ت ا�	��y/ت وا�	و�	ا��9/ ?#Aldrich  و

Merck ���	Jت ��@�� إ	ون أي %/"�). L*,]��اوا	? ا�/��	ا�/7 ��o7*� ت	!���وع اH��  .م �	ء 

��: %��l در�	ت ا�4�;	ر ا��;HةL*�/ر ا�/��9و,9!(5 ا�	;��;	ز �Q	س در�	ت ا�4 �A,ا!)

(Gallen Kamp Hot Stage) ���ا�*7"�? ا���"� P�Q	�i �5 ا�/�/? ا�/*@م �"*7	��l  ?وأ

ام �;	ز L*,	) Z")ا�A) 5/"ا�� X7�"� ���، (Elementer, Vario E1)ا��9/�	]�� ا�*	(> �";�:� ا�@!

�0�� eز و�	ط��5 (0;	�E/ف ا����$ ا��!وي ا�	أط� ?Bruker 300 MHz،  ��a�و,0? ط�2 ا

�;	ز  �A,ا�7/�اء (!ا l7�Infrared spectrometer (Bruker, ISS 25)  ��م �*@L*,ا 	/#

�	ص ا�yري *���/? ا�*7"�? (/��>  H�#��(Hitachi 30-180) ا�9	د��!م �;	ز �Q	س ا4 5�

��ا��/) T"� وا��  .ا�7
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  ا,*gLص أ�!ن ا�9	د��!م ا�

�  ;*��;�0 3$-$/) 9$���ر��:-4(- 3-�-&وا�/-$��1* 

�"� �G!,�	�	ت ا��!�	,�!م (    2�Jل،  0.5أ!��e) ا��"T ا�0	ف %"i 8!رة ��7!ق  48.5

69.25�!ل،  �0.5	e% إ�8 �7"!ل #"!ر� ا���Hوا�? (  ?%	d*ا� t�"C $L, ،ف	ا�0 $�H5 ا���� (e�

 9
5�120o 2 =/	م ز�*5 %�� l7� U��7*ا� <�eG  .,	%� 12راد �7/? #"!ر� #	���!م �/ة م 

T,�*/م ا�!�,	�!) �e� ?L"L ا�7�!ل  ،(ُّ�د ا�t�"L ور�a #"!ر� tEJ l7� T�y/ا� ��L�*)و

?�@G l�H# ?وا�Hت ا���	�	�,!�GوH8 أ�"%. Uذ� �) eG ) 2�Jأ ���	
16.3�!ل،  5�0.1 ا�AL!ة ا� 

 w��$ ھyا ا�/�#T إ�8 �7"!ل =	 (e�30�e) �5 =!ا�5  13.7�!ل،  U0.1 (أ���!(�Hو�- 4  ?�


	�!ل، �Iا $� eG م	ُّ�د ا�/7"!ل �5 =/) eG ،U��7*ا� <�9
2 راد �/ة ,	%*�$ � l7� t�"Lا� $L,

�<*P ا�
�!�!ر�	 T,�*� X�= 50"G.  Uذ� 
	�!ل ا��	ردو(��I	) ?�Sُو T,ا��ا �aُّر،  Y� l���eG أ


	�!ل و�2d و=�d �5 و�Iدة ("!رة �5 ا	إ% tEJ l7� م!���	# %	ء ا�*2�d0 �7!ي #"!ر�

?L"L�.  s�	ره ����76 ا��	;��	i	ت ا�/�#2�A� T ا���a  .مo 236-234%، در�� ا�*�أھe ا

  �l7 ا�7/�اء:

IR (KBr, Cm-1): 3368 ν(O-H), 3258 νas(N-H), 3005 νs(N-H), 2848 ν(Ar-H), 

1698 ν(C=O carboxylic), 1682 ν(C=O amide), 1603 ν(C=C), 768 ν(C=S).     

 :T#�/"�DMSO-d6 ا��	�0,1H-NMR  5� s? ط�2 #/	 

δ (300 MHz, DMSO-d6): 7.66 (t, 2H, benzoyl group), 7.78 (t, 1H, benzoyl 

group), 7.81  (d, 2H, benzoyl group). 7.88 (d, 2H, substituted phenyl group, 

J = 8.5 Hz), 7.93 (d, 2H, substituted phenyl group, J = 8.5 Hz). 10.54 (s, 1H, 

Ar- NH-CS), 11.66 (s, 1H, CS-NH-CO), 12.79 (s, 1H, COOH).  

 $� 5[	�
ط��@� اgL*,4ص: �e اC*�	ر #d	ءة ا�/����A ا�/�o7ة �5 ا,*gLص أ�!ن ا�9	د��!م ا�

�$ gCت ا�9	د��!م ( H�#�*ا� �d"*L� ��[	� ?��	7��/"�!ن ��o7ة �Hء (	 100و  1 ،3 ،5 ،7

�*�	و�� ( ���!� T��) (2�dL*�	)1:1�A���/م وا�!���$ أ�!ن ا�9	د (.  5� �A���/ا� lأذ�� X�=

�$ gCت ا�9	د��!م (10 5[	�
	�!ل ا��	eG ،$C أ2�J ھyا ا�/7"!ل إ�8 �7"!ل �Iا $� ?�40  (?�
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�%	, 2�ة �/� s�H/5 ا�"Sه، و.و���� eG  ا�*����) ُ�T,�*/ا� رت ا��a�  ��/9 ا�/�@Qو

�	ص ا�yري*���A	ف ا4 �A,م �5 ا�/7"!ل (!ا!��  .ا�/*�@�� �$ ا�9	د

  ا�-��%^ وا��-�[�!

  �e ا�7�!ل %"8 ا�/����A ا�/�*;�� %"AC 8!��$ و�P ا�/�	د�� ا�*	���: 

Cl

O

N=C=S

O

N=C=S

O

KNCS
+ KCl

+ OH

O

H2N

N

O OH

O

N

S

HH

1 2

2 3 4

  

�> 1	%"� #"!ر� ا���Hوا�? () (/�oّ=ُ2d �5 ا�AL!ة ا�و�8 ا�/�#T أ�Hو�G!,�	�	ت ا���Hوا�? ( (

��G120 o w!,�	�	ت ا��!�	,�!م �5 ا����H$ ا�0	ف %� در�� =�ارة 	= <� s�	ا�� ?%!� eG ،م


	�!ل3أ���!(�Hو�U (-(	را�Iل %"8  ،) �5 ا!�
	�!ل �"7�I5 ا� T,دة ("!رة �"�ا	إ% l���eG أ

) �A���/ط��5 وا�*7"�? 4ا�	�E/�0? ط�2 ا����$ ا��!وي ا��*) T#�/"� 5[	�/�9ا� T�#�*ا� l�Gوأ ،(

�i	��"� 5/9ا�.    

�$ ��#��;	 ا��9/�	]5 (!ا,�A ط�2 ا����$ ا��!وي ا�/�E	ط��5     ا�*~#�) �A���/ا� l�L*,ا، 

�Y�!"7 ا�/	]5وا�*7"� $� S"5 ا�/7"!ل  .? ا���"� 5/9	�i �5 ا,*gLص أ�!ن ا�9	د��!م ���

�A���/ا� $��I/	م %/"��  ،) �/ة ��2 ,	%�1:1وgCت ا�9	د��!م ((���� �!���  ،ا�/9!ن 

م ز�$  ،اgL*,4ص �!=� �9!ن را,Y�!� T أ�di �5 ا��ا��@� <� w�)�إ�8 ا�"!ن ا ��E� eG

%$ ھyا ا��!ع �$ ا�/�@ات  ���d� $[7,6] ھyا ا�*��E ا,*�	دا إ�8 ا�/�"!�	ت ا�/*!��ة ا�*d	%?، و�/9

1H-NMRو�*	]s ا�*7"�? ا���"� 5/9	�i وط�2 ا����$ ا��!وي ا�/�E	ط��5 �"��و�!ن (@�/"� (. 

!���> أ�!ن ا�9	د �A���/ا� ?%	d� $� s*�� 	ر�!�!�
�<*@	ت ا� <� ا�9	د��!م @��م �/$ ا�/�"!م أن 

ا أ�di ا�"!ن  1:2(���� @�� ��!9�[22].  �di�ا و(	�*	�5 ا,*�	دا إ�*� 8	s[ ا�*k� ?�"7ن ا�/�@
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  ا,*gLص أ�!ن ا�9	د��!م ا�

�$ ار��	ط ذر�5 ا�#��0$ وا�l���9 �5 ا�
�!�!ر�	 �> أ�!ن ا�9	د��!م  s�	� ا��ا�/*9!ن �5 ا��

 T#�/5(ا�( ، w�)�ا T,ط ��*9!ن ا��ا	ا4ر�� <J!� 5� T���� دة	إ% lG= eG.  

N

O O

O

N

S

HH

N

O
O

O

N

S

H H

Cd+2

5 

�@	ر�� ط�2 (           �%1H-NMR رة (�و�!ن	aء إ	d*Cا�"!ن �!=� ا w�)أ ) �"/����A وا�/�@

 �%!/0�NH- -  5*%!/0� $�) ��Qا�!اC=O  وC=S،  �%!/0�و#U�y اd*C	ء إa	رة (�و�!ن 

 �% �A���/5 ط�2 ا�� 	ظ;!رھ/ <� �Hء (	�/"�!ن  12.79و  11.65ا��9(!#��? �5 ط�2 ا�/�@

�0�	� ة �5 ط�2 ا�/�@���$ (�و�!�	ت �0/!%� ا�gLت  %"8 ا�*!ا�5، (	�/@	(? ظ;�ت إa	رة 

 �	ص �0/!%� ا��9(! .�Hء (	�/"�!ن �%1.94*��� اH= م ظ;!ر�5 ط�)?��  2	JI	�� إ�8 %

���!��Iرة ا!�ل %"8 و�!دھ	 �5 ا�� 	/� %"8 ھyه ا���	�	ت  (�	ءً  .ا�l7� ��a ا�7/�اء �"/�@

�0/!%� ا�g��#!)�9ت (	�/����G ?9a 5� �A	]5 ا��$  <� t�����/9$ ا,*�*	ج أن أ�!ن ا�9	د��!م 

 T#�/ت (ا�gL0/!%� ا���> و�!د �0/!%� ا��9(!��? �5 ا�
�!�!ر�	 �5 6و�> #�(!#��gت  ،(

�> ذرة ا �����وھ! �	 ���d ظ;!ر  ،�il���9!رة ا��I!ل و����t (�و�!ن ا��I!ل (�ا(�A ھ�رو

�Hء (	�/"�!ن ) %� 1H-NMRإa	رة %���o و�d��J �5 ط�2 (.  $� T�#�*ا ا�yھ �#~� e� Qو

 �i	��"� 5/9ا�*7"�? ا� s[	*� لgCول (ـ  .)1(ا�0

N

O O

O

N

S

H

O

O
Cd+2

H

6  
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T#�/ا�  ��:�H0ا� �E��  ا�
در�� ا�4�;	ر 

)o(م  
�!ن 

  ا��"!رات

�"��	�i:ا�/�7!(� و  ا�*7"�? ا�5/9
  (ا��/"��)

C % H %  N %  

 �A���/ا�

)4(  
C15H12N2O3S 

234 -236  

�diأ  

60.00  

 )60.28(  

4.028   

)4.043(  

9.325   

)9.293(  

 ا�/�@

)6(  
(C17H14N2O5S)Cd  

 <360  

w�)أ  

43.06 

)42.66(  

3.21   

)3.15(  

5.28   

)5.93(  

ول  �ھ	 �> ا�9	د��!م ا�
�	]w�) : 5 ا�L!اص ا��H�d	]�� و�*	]s ا�*1?�"7@��  ا��A���/"� 5/9 و

5[	�
م  ،�5 �	 �*�") P	C*�	ر #d	ءة ا�/����A ا�/�o7ة �5 ا,*gLص أ�!ن ا�9	د��!م ا�L*,ا @�

�� ��#�H ھyا ا��!ن �Q? و(� %/"�� اgL*,4ص )ا�2�A ا�yري(�;	ز �Q	س @*�.  l�L*,ا

�$ gCت ا�9	د��!م  H�#�*ا� �odL�� ?��	7�(	JI	�� إ�8 �7"!ل  ،�Hء )	�/"�!ن1 ،3 ،5 ،7 ((

) 	���� H#��100 H�#ه ا�*�اyھ �Hء (	�/"�!ن) �/@	ر�� #d	ءة اgL*,4ص %�.  s[	*ا�� l7Jأو

ول �) 	;�"% ?�ا �*�ى �/��;	 ���� 2ا�/*7�ة �� l�	# صgL*,4ءة ا	d# 5 80) أن� %

�ddL/? ا���	ا�/7 ،  <� 	���� ?Qأ l�	# 	/��) lE") X�= اH�#�� �
ھyه ا���T  .%65ا�/7"!ل ا�#

 $� eSم، %"8 ا��!��ا�/���J!� ��d ا�d9	ءة ا��	��� ����	 �;yه ا�/����A �5 ا,*gLص %��� ا�9	د

 P*>/"� �@)	, �,درا $� 	;�"% ?��$ ا�d9	ءة ا�/*7 ?Qأ 	وا�?-1أ�;H�) -3-  	ر�!�!�G ?����[23] ،

�> ,�T ا�dL	ض #d	ءة �� Qوث واgL*,4ص إ�8 و�!د �0/!%� ا��9(!#��? ا�*5 أدت إ�8 =

 T#�/ط �*9!�$ ا�	ا4ر�� <Q!� 5� T���� دة	ء أ%"8  6إ%	5 ا�/� Y�	)ذو ��")	Q ي �7*/? أن �9!نyا�

 T#�/ا� $�5.   

ول �  : �*	]s %/"�� اgL*,4ص2

  �� �gL*,gصا����� ا�/:!  �*!,H�#�� t أ�!ن ا�9	د��!م (�Hء (	�/"�!ن)  رeQ ا�����
 اgL*,4ص  �Q? اgL*,4ص�)  

1  1.01  ±0.06  0.14  ±0.05  86.14%  
2  3.02  ±0.05  0.50  ±0.02  83.44%  
3  5.01  ±0.04  0.22  ±0.04  95.61%  
4  6.99  ±0.03  0.74  ±0.05  89.41%  
5  99.99  ±0.45  34.61  ±0.18  65.39%  

�Hء (	�/"�!ن 0.01=�	,�� ا�0;	ز = .  
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    T#�/ا� ��o7� e�1-?وا�H�)-3 -)4-	ر�!�!�G(?���� 5�#!)�#  ?��	7*ا� l��� أQح و	0�)

5[	�
م ھyا ا�/�#T �5 ا,*gLص أ�!ن ا�9	د��!م ا�L*,]5، وا	ا��9/� Y��#�� $� #~*"� ���e  .ا�gز

 ا�*�#�T ا��9/�	]5 �"/�@ ا��	�s (!ا,�وا�*7"�? ا���"� 5/9	2�(1H-NMR)  �i ــ� طـAــ�7

(C, H, N) أظ;� �<*P ا�
�!�!ر�	 ا�/d# �o7	ءة %	��� �5 ا,*gLص  .ا�اC"� �5 �9!�$ ا�/�@

�7	��Y" ا�/	]�� (���� ا,*gLص �0	وزت  $��dوھ! �	 � .%80أ�!ن ا�9	د��!م   T#�/ا ا�yأن ھ

���	��0 ا�/�	ه ا�/"!�G (	�9	د��!م �"*@"�?  5� Y�اL*,4 ?ھW�ل ��ا#/Y �5 ا���:��� $.  
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Extraction of Cadmium Ion (II) From its Aqueous 

Solutions by 1-benzoyl-3-(4-carboxyphenyl)thiourea 

Ahmed E. Zubi1 

Almahdi M. Amer 2 

Abstract 

The environmental pollution by heavy metals has recently gained a great 

interest in terms of determination and extraction heavy metal ions, since 

accumulation of these ions cause dangerous health problems on human and 

environment. Thiourea derivatives have shown great ability to form stable 

complexes with many heavy metals including cadmium. Therefore, 1-

benzoyl-3-(4-carboxyphenyl) thiourea was successfully synthesised then 

characterised by NMR and CHN elemental analysis. The efficiency of this 

compound in extraction of Cd (II) from its aqueous solutions was evaluated. 

The concentrations of Cd (II) before and after extraction were determined 

by atomic absorption spectroscopy. The results show the efficiency of 

extraction was more than 80% in the diluted solutions.    

Keyword:  Thiourea derivatives, 1-benzoyl-3-(4-carboxyphenyl) thiourea,  

  ____________________________________________________________    
1 Chemistry department, Faculty of sciences, University of Misurata  
2 Chemistry department, Faculty of Education, University of Misurata  
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

  ) �3ن ;���2( و ) ���ھ*( <�ل ��*ھ-! 

  �11دل ��$* ��دي

 ا���)'

 أن �X(7دا�� ��*/�ة   �*�ا(�A و�*�ا�i و�*��$9!�!��� ز��ة   �*$9

���ھ�� ھ�	ك . �9?   	;*�Gأ)$��T ـ*ــ9ـ9$ أن �ــ�/ ا�ا��  �@*5o أن )�	ن #	

�<	#?  */�ة و ـ�ــ� �ــدا�  =�X أن  !رةــ�ـ"8 ا�ــ%

م �5 ھyه ا�!ر�Q (�ھ	�	ً �;yه  .ھ5 دا]�ة ا�!=ة �5 ا�/�*!ي ا�/�#T  زُ��ي ��*/� و@�

$���Y �	ن #	Q يy5 ا�"i�ن ا	2 %$ ا���ھ"*L� ��i	Lا�.   

�� ا�*�!�!���  :�"��<$! ;���ت Hُا� -  �A)ا�/*�ا ��Hُوا� �iخ - ا�/*�ا	�	ر (!����GWات �!("*�Q- H	س ھ	ر  -    

!�+��  

    ] �Qم ] 5�12 ا�!رQ)ن	ــ# �$��	( )E. van Kampen(  ھ������/�*� e ى	ت �ــ���ھإ=

���ھ��  .]4[ (H. Bohr)� ــ(!ھ K��)$��ز��ة �*�ا�i و�*�ا�A)  %"8 أ�Y إذا #	��(  l	ن #	

 l�	#ــ�*/�ة  و�=�k� ،  Xن �9?  ن إ=�X دا�ـ� 

��ة   دا�� ��*/�ة و Hا� $� �/*����ة  �<	#? ���ي Hإ�8 ا�

.  H�اد ا�/�#�� ا��%Iة  .�<�� إ�8 =@? ا��H) 	د ھ�!�ا�/@

�*�ا�i و�*�ا(�A و��a P@7ط ھ	و,ورف ���ا�yي  ��ھ	نا� .�*�ا�i و�*�(�A ھ! ز��ة ��!�!

 Y�Q)$���� � �@!م %"C 8!اص) �	ن #	@*� 5� ��Hُ(Lie Groups)  ًا� ��*L� ا�!ر�Q �5.وھ! 

(�ھ	ن وھ!  (Measure Algebras)�5 ,�	ق ��!ر ا�@�	س�;yه ا�L	��i 	ن (�ھ�e ط�ح ] 11[
  ____________________________________________________________    
��ا��   �"!م#"�� ا� - ا���	�J	ت @�e أ,*	ذ �<	رك ( 1� ���	�adbabadi@yahoo.com  
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م أ�9	رL*و�� ��*L� s[	*ا� و� ���j� $���	ھ!9!!�!�(Cohomology Theory)e� 	/# ،  e*�

�@!م %"8  (�ھ	�	ً �;yه ا�/��ھ�� ھ�	 �@م .]5�11 [ )(!ھ�(أو ور�Q  )�	ن #	��$(ور�Q إ�8 اaI	رة 

�Y ھ�	 ھ! ����t �ا .]11[ �5 ا�!ر�Q ا��9	ر ا�*5 وردت] 11[��9	ر ا�!اردة �5 ���ھ	ن ا�yي �@


? و�!د �Q	س ھ	ر � ً	��J!� �iا�/*�ا ����� ا�*�!�!H"� ��,	,�ا K[	�Lا� w�) مL*�� X�=

(Haar Measure) ا�و w�)L!اص �خ ا	�	�0!ر (� ��,	,(Banach Algebras).  

���ھ�� )$���;/� أداة  ھ5 )�	ن #	) ?��اً ��7	ب �Q/� ا��Index H*")!� ات�GW/� (

)Toeplitz operators) 	;� H�) ھ! �o	ء ا�وال ا�/�*/�ة Symbol space) ا�*o� 5	ء ا��

] �jأ� ،�iا�*�/��ھ�� �إ�G	ت ھ�	ك ] 5�2 ا�!ر�Q [ .]1،3،5،7،8،9،10%"8 ز��ة �*�ا(�A و

A8 ا��"% �;)	>� Bounded symmetricا���!(5 ( �!ع	Q	ت ا�/7ودة ا�/*/	G"� ذات ا�

domains of tube-type(.  

!�Gو�$! ا��Uاص ا�( ا�)��  

 .5 ,�7*	ج إ��;	 �5 ا��� ا�@	دم*�@م �5 ھyا ا��� (�w ا�/d	ھ�e وا�L!اص ا�;	�� ا�

�ا�*	��� ,� ��ھ��ا�/L*��Qه ا�!رyات �5 ھ��ة % 	;.  

   1��*ھ-! 
 2
��3ء  D"*ض أن  .��3ءان �����]$�ن دا�! ���0*ة <$� أن  ��

��]+ ����1! �"��<!  وUي  Uي  .�����]� ��*اص  P�1 ي����


/  ��$� أن  �.  

 أ�Y �ـــ�0 �$ ا,*/�ار�� ا�ا��  .�9$ � ا��*ھ�ن: ?9 � ــ�!

�0/!%*	ن �d*!=*	ن   X�=نَّ إ   ���	وا�/*�

�$ ا�!ا�J أن ا��	]"�  .و�ي  �*7@@� �ي  

�$ و��k� U�yَّ  .ھAS 5	ء �d*!ح �"od	ء ا�*�!�!�5 ا�/*�اص   ��;*�� �%!/0� �!� Y

  ���ف ا�/0/!%� ا�/d*!=� . نَّ إ=�X  ا��@	ط 

.  
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 إذا #	ن �!� Y�k� ، X�= 4=� أن  . نَّ إ  U�y)و

  �kن 

.  

  �kن  و�ن 

.  

0 أن � $����C�*�$ ا��	ا�/*� $�  و

.  

  □ .و(;yا �*P@7 ا�/A"!ب و��*;5 ا���ھ	ن

�*�اi	��k� ،ً	 ���ف ا�/0/!%�  إذا #	ن  ً	����#��%"8 أ�;	 �0/!%� ا�وال  �o	ءً ��!�! 

 ، �kن ا�/0/!%��9?  إذا %���	  .ا�/�*/�ة %"8 وا�@�/� 

��� (	�	خ�9!ن   e�jا ا��yھ <�  ���ف ا�/0/!%� .

.  

  ���ف ا�ا��  �ي  .�d*!=� �5  0/!%�ھ5 � ا�/0/!%� 

.  

   .4=� أن ھyه ا�/*�"�"� �*@	ر(� وأن 

  ، ���k	 �g=� أنإذا %���	 ا�/0/!%� 

.  

 �Qg��	) ����/ا�� ا��H  ا���	) 	;� H�ھ! ا�/7	� ا��o(5  4=� أن  .��

4=� أن ا�ا��  .�*9$  .وأن  ���0 (	�	خ 

  �Qg��	) ����/ة ا��/*����	ر  و(k� U�yن  .ھ5 دا�� 

 $��0/!%�  اC*�	ر�� �kن ھyا �o/$ أن  و(/	 أن  .�5  إ�8  

�A)ا�*�.   
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/*�ا(�A �5 ا�/�#�� ا�ھ5o*@�   5 أن] 5�6 [ 2.15ا��*�g%  �0وة %"8 ذ�k� Uن

 .�7*!ي %"8 ا�ا�� ا�*5  

  �3ن ;���2 - ��ھ* ��*ھ-!

  �3ن ;���2) -(��ھ* 2��*ھ-! 
 ?D�; إذا  ?D�;دا�! ���0*ة ��$� أن  ز�*ة ��*ا��! و��*ا,! و 

 /
���;/ ز�*ي � +[�� �Dd3 ،  �$> +$>نَّ إ���0* وو   )���

.  

ة �/;�ات �"!i!ل إ�8  .إ�G	ت ھyه ا�/��ھ�� �7*	ج إ�8 %ة AC!ات% 5� ?
ھyه ا�AL!ات �*/

 ز��ة �*�ا(�A و�*�ا�i وأن  �d*�ض أن �5 (@�� ھyا ا��� , .(�ھ�� ا�/A"!ب

، =�X أن �dض أن �7*	ج إ�8 ا�#X�7) �?9.  U�y أن دا�� ��*/�ة 

��ة  H5 ا��   .ھ! ا����� ا�/7	�

 +$G��3  
ھ� ]��P�1  �$>  !1 ا�#�رة  ��
2 ;���! ا�����1! 


/ إ<$�  �-�G$! �2 ا������1ت ا���*ا,! � �D  دا�! ���0*ة +[��

���Y ا��*ط$2 ا����2$$:   

1 ( /
� ،.   

2 ( /
� ،.  

�X�=  ?9  ا�ا��  ���ف���k	 ، 	ن#إذا  ا��*ھ�ن:

ا�/����   ا�ا�� ���$ أن .4=� أن  .

 �Qg��	)  5ةھ�/*��  .دا�� 

 lّ�
 نَّ إ��*/�ة، =�X  (/	 أن ا�ا��  .و��$9  �

�$ ا�، �9?  Y�k� ، ح  1/��ھ��!*d��!ار  �!�  ����"� 

 X�7)9? ن إ� ،.  U�y)نوk�  
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�ن  ��*/�ة %"8  و(;yا �kن  ��*/�ة %�  ھyه ا�/*�	��� �o/$ أن ا�ا��  .�9? 

  .اC*�	ري 

�7*!ي ا�*5  /*�ا(�A �5 ا�/�#�� ا�ھ5   �$ ا��� ا��	(P؛ ا�/0/!%�

��ة  4=� .%"8 ا�ا�� H0/!%�  أن ا���*�ا(�A و(/	 أن ھ5 

  .، �k� ، ?9ن 

 	�*ّ�G إذا �� دا�� ��ة أ�Cى ا����!� Y�k� ،  X�=نَّ إ 

  #	�*	�5: ���ف ا�ا�� ا�/�*/�ة  .

  

 ?9�.  

��  ، �/��9	 اC*�	ر �!ار �*�اص �1 ��ھ��$ ا�/��"�  X�=9?  نَّ إ� ،

ھyه ا�/*�	��� �o/$ أن .)، �9? (4=� أن  

 .ا�/�#S!"�e T	ر�* ! ا��dع ا�,	,5ھ ��$9  .

 ا�ا�� ، �kن ��*/�ة %"8 ا�/0/!%�  (/	 أن 

X�= ،ة�/*������� (	���Qg ا�ا��  نَّ إ   ?9� ،

  .، �9? 4=� أن  .

�$ ا�!ا�J  .���ف ا�ا�� ا�/�*/�ة 

، �k� ، ?9ن (/	 أن  .)P@7�1 ا�<�ط ( أن 

.  

�$ ا���	�i  (/	 أن  Y*�� نَّ إ=�X  اC*�	ري، �Y�k �/��9	 اC*�	ر %د 

 �iة  ا�0!ارات ا�/*�ا��H"� ًء	AS 9!ن� T���*8 ا�"% �i	ه ا���y;) �A���/ا� ،
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ا�/���y;) �Aه ا���	�i %"8  �*/�ة #/	 أن ا�وال ا�/

  □.)2)، (1ا�*���P@7� T ا�<�ط�$ (

 $9*�  ا�وال  و�*9$  3ا�/0/!%	ت ا�/*�ا�i ا�/���� �5 ا�*/;�

T���*ت %"8 ا�	ه ا�/0/!%y;) �@"�*/ت ا��!ر�"��  .ا�/�*/�ة ا�	ف ا�/0/!%���(Borel Sets)

�	  و  #	�*	�5:  �%. 

�"� �G	]�	ً وأن  4=� أن ا�/0/!%	ت d��.   

   .إذا #	ن  ، =�X أن ���ف ا�ا�� 

 +$G��4  
  ا���*3! أ1	ه ھ� دا�! ��ر��$! ����� ���)�اص ا����$!: ا�+ا�! 

1 ( /
� ،.  

2 ( /
� ،.  

3 /
  .���0*ة ، ا�+ا�! ) �

4 ( /
� ،.  

�$ ����2 ا�ا��  ا��*ھ�ن: ) K[	�Lا� P@7� ��"دا�� (!ر� 	أ�; �=g�1) ،(2) ،(3(. ) ت	�GI4 (

  ) �o/$ أن42=� أن (

  

 ?9�.  0� Y��  أنو

  

 X�=��7  نَّ إi د�$ ا��;?  .%$� 
��l  ا�*~#� �% Yا�� ا�/����  أ��kن ا�

 �Qg��	)  8دي إ�W� اyوھ <A@*��9!ن دا�� ��*/�ة �$ �o	ء �*�ا(t إ�o� 8	ء 

�*)	G دا�� 	د  .أ�;0 أن:��*/ �@t %"8 ا�/*���E$  إذن ا��� Uذ� $�  ، و
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  □.، �9? إذن 

��ة �Q	س ھ	ر  ��$9 H8 ا�"% =�X ا��  .ن إ   نَّ إ، =�X ���ف ا�

  

 ?9�.  �i	رب �9? ا���	@*� ?�7ودةدا�� (!ر�"��   �ن 4=� أن ھyا ا�*9	�.  

 +$G��5  

/  ا���*3! أ1	ه ھ� دا�! ���0*ة و  ا�+ا�! �

.  

�Y�k �9?  1 ��ھ��(T�7 ا�/ .و��$9  ��$9  .��*/�ة أن  أو4ً ���ھ$  ا��*ھ�ن:

��  �/��9	 اC*�	ر �!ار �d*!ح  ��"�  X�7) ،

 ?9�.  $9��  �=!*d/5 ا�/0/!%� ا�� ��، أي %�

  �kن:

 

  .اC*�	ري �ن  ��*/�ة %"8  وھyا �o/$ أن ا�ا�� 
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 �"�0 أن:(	����� �"/*��E  4ا�*/;� �5  )4ا�L	��i ( ا�/�	واة �9/)5	� ،  

  

�$  .4=� أن  .�9?  s*�� 	/#

  إذن .أن  ��E�4 ا�@�	س 

  

  □.و(U�y ��*;5 ا���ھ	ن .�9? 

    .�*o/$ ا��*��0 ا�*	��� (<9? ��	�a 5ا�/�	واة �5 ا�*/;�

 !�$�D6  
  .ا���*3! أ1	ه ھ� دا�! ���0*ة ا�+ا�! 

  .�	ن #	��$ -إ�8 (�ھ	ن ���ھ�� (!ھ���? ا)ن 

�$ ا�*/;� 2ا�L	). ) ��i	���Qg  ���ف ا�ا��  :]��2*ھ-! ا�[ ا��*ھ�ن (

4  0 أن 5و�$ ا�*/;��  

  

7ودة، ��k (/	 أن ا�ا��  .�9? �<�A*�� 	�  ن أن	�) �A��) �>Q	�/) ?9� ،

0 أن  و(U�y .�<	#? زُ��ي ��*/� إذن ا�ا��  .�.  

 (�ھ�	 و�!د @�  5�	JIا�<�ط ا l7�.  P�A� 	��k� ً	@@7*�إذا �e �9$ ھyا ا�<�ط 

�/��9	 #*	(� ا��د  .��0 أن  ا��*��0 ا�*i!� 5"�	 إ��;	 %"8 ا�ا�� 

 T#�/رة  ا�!� و(k� U�yن  .%د ��#X�= T  %"8 ا�

 <J!)ب و!"A/إ�8 ا� ?��.  
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 �<	#gن ��*/�ان =�X أنَّ  ��dض أن  .و=� �e ��@8 ,!ى إ�G	ت أن ا�*<	#? 

 w��� ،.   

<J!)   X�=. �=4  أن  ،?#	>� U�y)نوk�  

  

 �Qgه ا��yھ $�د ��7i و�$ ا,*/�ار�� ا�ا�� % �!� Yأ� 0�  نَّ إ=�X   و=�

 ?9� ،.  $�أ ��0 أن  @�اءا4,*�

�T  ، �ي !� ��7i د(/	 أن  .و�ي %

7ودة، �kن  �  □.و=� ، أي أن ا�*<	#? إذن  .دا�� 

I>	� !7  
�$2 و���Y ���0*دا��$2  إذا ;�D?  .�$0? و<$+ة �32 ا���*ھ-!  ا�+ا�! 

 نَّ إ<$�  ����1! ��*ا,! � �Dd3�U  g$�, ?��9 +[ن  .

.  
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On a Theorem of Bohr and van Kampen 

Adel B. Badi1 

Abstract 

Let  be a compact and connected topological group and let  be 

a continuous function such that  for all . There is a result of 

van Kampen asserting that  can be written in the form  where 

 is a continuous function,  is a continuous group 

homomorphism and  is the unit circle in the complex plane. In this paper 

we introduce a proof of this property which is different from the original 

proof introduced by van Kampen’s. 

Keywords:Topological Groups –Compact Connected Groups – Banach Algebras – Haar 

Measure – Toeplitz Operators. 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

  درا4! 1+د�! ���A0! د�*@�$? ا��+�! �3 9	9! أ���د

  1ا��D ���G�ح ز[�ط�3ط�! 

  ا���)'

درا,� (�w ا�L!ارز��	ت ا��د�� �7? ��~�� ا�@�/� ا�7�� ذات �aوط  5�l ھyا ا��X7 ��	و�    

ا ا��dوق  .د���GgG 5� l�"a ا(�	د�ھyه ا��Aق �C l�/o!ارز��	ت ا��dوق ا�/�*;�� (�7

 The Alternating Directionا�/�#��H ا�/�*;��) وا���A@� ا�0�g� ���/o	ھ	ت ا�/*�	د�� 

Implicit Method (A.D.I).  

��	د�� g)4س ;���ت �"��<$! :،  ��  .ا��dوق ا�/�*;��  ،��~�� ا�@�/� ا�7

  ا���+�!  - 1

��	د�� g)4س ��*�� أ= أ(�t وأھe ا�/�	د4ت �5 ��	]? ا��H�d	ء ا���	��J و="!ل ھyه ا�/�	د��    

وال ا�*!ا�@�� (�	8 (/��Harmonic Functions(، ��
��ة ھ	# K[	�C 	;� وال ،وھyه ا�

أ ا�@�/� ا�@�!ى أ=ى إو���	]K ا�*5 �/9$ =�	(;	 =��	 ھ5 Lه ا�yھ e[1]ھ.  

02إذا =ث إن #	ن  =∇ u  $9/� 4 Y�	� 	� �@A��و %j/8 أ�;	�� �Eiى  uن �9!ن �"ا�� أ�5 

%"8 أ�;	 �/
? �!ز�> ا��7ارة �5 ا�7	�� ا�/�*@�ة  k�uذا أ�yC	  G.	#u �*)	�l  إذاداC? ا�/�A@� إ4 

����� �=!� 5�، �k َّ� �Jا�!ا $� Y9!ن  نَّ أ� $� 	� �A@�  #? ا��@	ط أا��7ارة %��% 	;�� ��#

lG ھyه ا�7	�� ��4	l) ا��7َّ � ،ا�@����= !� Y $� U�y) �""@��ارة �$ ا��@	ط ا��	��C إ�8 ا��	ردة 

��C	ط ا��	ا��@   .ا��7ارة %�

  ____________________________________________________________    
1  Yا���� ���	�  e�Q ا���	�J	ت –#"�� ا��"!م  -
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�� 0�I	د ="!ل ��	]? ا�@�/�  C!ارز��	ت ا��dوق ا�/�*;�� ��*�� ،%د�	L*�/ق ا��Aا� eأھ $�

��"J	d*د4ت ا�	ا�/� $�=�e*� X ا,*�ال ا�/<*@	ت �5 ا�/�	د��  ،ا�7�� ا�/<*/"� %"8 ھyا ا��!ع 

  .[1],[2]ا�*d	J"�� (*@���	ت ا��dوق ا��;	]��  

2 – !$4�4�  ��( ا��"�ھ$S ا

 \�*����~�� ا�@�/� ا�7�� ھ1 ) 5 :Boundary Value Problem(،  ف إ�8 وا�/�~�� ا�*5 �;

Q  =? ا�/�	د�� ا�*d	J"�� و�@	 �<�وط ����� %"8 دا�� ا�7? %��
� �"/*��E ا�/�*@?  أو أ�/*�$ �7#

) ��  .)Boundary Conditionsھyه ا�<�وط ��/�a 8وط	 =

 \�*��  : ا��*وط ا��+�!  2

 �GgG �  �#(:5	 ;	��d!اع �$ ا�<�وط ا�7�� ���أ�!

  ) Dirichlet Condition@*ط د�*@�$? ( – 1

��~�� د��l�"a  ، %"8 ا�7ود �Q l�A%u/� ا�ا�� أإذا  8/�� ��~�/�	�)Dirichlet Problem (

��  .وھyه ا�/�~�� �;	 =? و=� �T�7 (!ا,�A ا�<�وط ا�7

  )DVon-Neumann$���ن ( –@*ط �3ن  – 2

%l�A ا�/<*@� ا0�4	ھ�� أإذا 
n

u

∂
∂

�	ن ، �5 ا0�4	ه ا��/!دي %"8 ا�7ود !�� ��~�� 8/�� ��~�/�	�. 

 u%"8 ا�Jc  ?7	�� G	Yu � ��~�/"� g=k) Y�k l) إذا #	�l �َّ � ،و="!ل ھyه ا�/�~�� ���l و=�ة

 �C8 =? أ"% ?�o�+u	 وھ! أ�7 c.  

  )Robin Condition@*ط رو�2 ( – 3

 :�E��  ھ! ��#�5AC T �<�ط5 د��l�"a و��!�	ن و�Y ا�

fhu
n

u =+
∂
∂
ℓ  

 $� g# <J!) ن	���	وى ا���d �5 ا�/�	د��  hو ℓو�/9$ ا�7�!ل %"�a 8ط5 د��l�"a و��!

T���*(@� %"8 ا�	ا��.  
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�� %"8 درا,� ��~�� ا�@�/� ھyا ا��5 *@�, X7�l�"aا�/�ا�@� �<�وط د�� ��  .ا�7

 \�*����� وا���d"L وا�/�#��H, و,�5d*9 (*���2 ا��dق : ا��dوق ا�/�*;�� و�</? ا��dوق ا� 3	�

  .ا�/�#Hي ا�/P�A �5 ھyه ا�را,�

  )Central Differenceا�"*ق ا��*;&ي: (

  fف ا��dق ا�/�#Hي ا�ول �"ا�� ��َّ �ُ �%x : 5�	*8 ا��7! ا�"%  

( ) ( ) ( )
2 2

δ = + − −
h h

f x f x f x  

ا�� "� 5�	
  fو���ف ا��dق ا�/�#Hي ا��%x  	;ذا� �@��A�	)  

2 ( ) ( ( )) ( ) ( )
2 2

δ δ δ δ δ= = + − −
h h

f x f x f x f x  

)()(2)( hxfxfhxf −+−+=  

 ��  :و(�!رة %	

1( ) ( ( ))δ δ δ
−=n nf x f x  

 \�*�� C:Successive Over Relaxation!ارز��� اC�*,4	ء ا�Hا] ا�/**	�4 ) 5

Algorithm, S.O.Rه ) وy;� ��د�	 �5 ھyا ا��X7 و ا����E ا��	% �@�A/ا� ���ھ5 ا�L!ارز

  :ا�L!ارز��� ھ5









−−+−= ∑ ∑

−

= +=

−−
1

1 1

)1()()1()( )1(
i
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n

ij

k
jij

k
jiji
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k
i

k
i xaxab

a
xx

ωω  

 X�=ω  ,ء	C�*,4ا t�,8/��20 و << ω.  
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3 - : !$D�.ا� !����*�R ا������ت �2 ا�*  

    ��"J	d*د�� ا�	/��	ت (	ا�/<*@ T��@� س	وق ا�/�*;�� �@!م %"8 أ,�dت ا�	��ا,*�ال  : يأC!ارز

و�9!ن ا��*��0  ، ا�/<*@	ت (L!ارج �Q/� ��وق �7!��$ ا�/�	د�� ا�*d	J"�� ا�H0]�� إ�8 ��	د�� ��ق

�$ ا�/�	د4ت ا�����0 ا���AL ا)��� ( ��!j����~�� ا�@�/� ا�7�� إ�8  ?�!7�Simultaneous (

I	) 5*وا����9	ن =";	 �*@��T ا�7? �/�~�� ا�@�/� ا�7.  

X7ا ا��y5 ھ� ��/o*/س ا�g)4 د��	��  

0
2

2

2

2

2

2
2 =

∂
∂+

∂
∂+

∂
∂=∇

z

u

y

u

x

u
u  

 ���	
�$ ا����� ا�
	���, �*!T��@� ��d�# ��J ا�/<*@	ت �$ ا����� ا� ��[H��<*@	ت  8"% ?/*>�

�*�d�u  $���Eض دا�� و�*$9  5�x ,y  �@*>/� يH#�/ق ا��dا� �E�i 8"% ل!�7""�

),(
2

2

yx
x

u

∂
∂

م L*��  

     )1(),(
!4

),(
!3

),(
!2

),(),(),(
4

)4(4

3

)3(3

2

22

y
x

uh
yx

x

uh
yx

x

uh
yx

x

u
hyxuyhxu +

∂
∂+

∂
∂+

∂
∂+

∂
∂+=+ ζ  

),(; hxx +∈+ζ  

)2  (),(
!4

),(
!3

),(
!2

),(),(),(
4

)4(4

3

)3(3

2

22

y
x

uh
yx

x

uh
yx

x

uh
yx

x

u
hyxuyhxu −

∂
∂+

∂
∂−

∂
∂+

∂
∂−=− ζ  

),(; xhx −∈−ζ  

7�? %"2:8و ( 1)(0/> ا�/�	د�*�$ (� (  

)],(),([
!4

)],(),(2),([
1

),(
4

)4(

4

)4(2

22

2

y
x

u
y

x

uh
yhxuyxuyhxu

h
yx

x

u −+

∂
∂+

∂
∂−−+−+=

∂
∂ ζζ
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  أو

)],([
12

)],(),(2),([
1

),(
4

)4(2

22

2

y
x

uh
yhxuyxuyhxu

h
yx

x

u ζ
∂
∂−−+−+=

∂
∂

)3         (

            ),(; hxhx +−∈ζ  

�"G	/�ام �9d!ك �	�"!ر �"ا��  و(�!رة L*,ا e*�u  ��E*/5 ا��y  ق�dا� �E�i 8"% ل!�7"�

2),(ا�/�#Hي �ـ 

2

yx
x

u

∂
∂  X�=  

),(
12

)],(),(2),([
1

),(
4

)4(2

22

2

ηx
y

uk
kyxuyxukyxu

k
yx

y

u

∂
∂−−+−+=

∂
∂

     (4) 

),(; kyky +−∈η  

�	را �/��9	 #*	(�: *Cوا  

2"
2 12

)(
)(

)()(2)(
h

f
xf

h

hxfxfhxf iv

n
nnn ++=−+−+ ζ

  

  أو

)(
2 2"

2
11 hOf

h

fff
n

nnn +=+− −+                                                    (5) 

  -: ���د�! ��	س �3 9	9! أ���د - 4

��	د�� g)4س �5  : 5�	*�	# T*9� د	أ(� �GgG  

  
0
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2

2

2

2
2 =

∂
∂+

∂
∂+

∂
∂=∇

z

u

y

u

x

u
u                                                    (6)      
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 T��@*� يوH#�/ق ا��dا� T��@� امL*,ا e*� د��	ه ا�/�yت �5 ھ	د�� ( ا�/<*@	/��	5ا�/��ف ( (

 �A@ا�� ال ا�/<*@	ت (/9!�	ت ا��dوق ا�*5 �@�ب ا�/<*@	ت %��*,	) Uوذ�),,( kji zyx.  <J!) و

hzyx   :, �/9$ #*	(� ھyه ا�/�	د�� #/	 �"5 ∆=∆=∆=

  )7(
1, , , , 1, , , 1, , , , 1,2

2 2

, , 1 , , , , 1
2

2 2

2
0

+ − + −

+ −

− + − +
∇ = +

− +
+ =

i j k i j k i j k i j k i j k i j k

i j k i j k i j k

u u u u u u
u

h h
u u u

h

  

  أو :

)8               (2
, ,2

1

1
1

01 6 1

1

1

i j ku u
h

        ∇ = =− 
        

  

 و �*!T���� ��J ا��@	ط, ��dض  ،�9!ن ��	و�	 �/*!,t ا�@�e ا��l ا�/0	ورة uأي أن ا�0;

n=m=4  : ?)	@/5 ا�<9? ا�� �J!�  #/	 ھ! 
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�/�> ا��@	ط 8و(*P��A ا�/�	د�� ( 8"% (P27,…,P2,P1  ��AC ��!j�� e*�AU=B ا�7�!ل %"8 

 ���ام C!ارزL*,	) 	;"= د	9$ إ�0/�S.O.R (���	**/ا� , =�C )[4][3] X!ارز��� اC�*,4	ء ا�Hا]

A  �d!�	ت ذات (�� ��!d��(n-1)X(n-1) :  
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� Bو  )�d!�� ذات (�n-1(2X(n-1)2  : ?9>ا� yC~و�  
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����di ��!d ذات ا���  Cو � :(n-1)2X(n-1)2.  
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X�=  َّه ا�/�~�� ھ!    إنy;� ص	Lا�7? ا�zyxzyxu ++=),,(  

∆=∆=∆=0�25.0	د ا�7? ا��دي �;yه ا�/�~�� �*e اC*�	ر Iو zyx، ) د��	ا�/� P��A*) 8و e*� (

 �� ��AC ذات (�!j���!/# �7J	 �27X27 : 5"ا�7�!ل %"8  ,  

 

+

  

  

�� C P��A*)S.O.R!ارز��� و !j�/ه ا�yا]5 �"7?  ،%"8 ھ�> ا%*�	ر �*Y0 ا(*

x(0)=(0,0,0,…,0)t، �@��/د�� ا�در�	ت ا��7ارة %�  إنَّ =�e*�،  X ا�7�!ل %"8 ا��*	]s ا��

  ا�*�9ار ا�ول �9!ن :
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  ا��@Z Y X �A  ا�7? ا��دي

3.750000000000000E-001 0.25  0.25  0.25 P1 

4.687500000000000E-001 0.25  0.50  0.25 P2  

9.921875000000000E-001 0.25  0.75  0.25 P3  

4.6845000000000E-001 0.25  0.25  0.50 P4  

8.87375000000000E-001 0.25  0.50  0.50 P5  

1.11914062500000 0.25  0.75  0.50 P6  

9.92187500000000E-001 0.25  0.25  0.75 P7  

1.11914062500000  0.25  0.50  0.75  P8  

1.934570312500000 0.25  0.75  0.75 P9  

4.687500000000000E-001 0.50  0.25  0.25  P10  

4.843750000000000E-001 0.50  0.50  0.25  P11  

1.119140625000000 0.50  0.75  0.25 P12  

4.843750000000000E-001 0.50  0.25  0.50  P13  

3.63281500000000E-001 0.50  0.50  0.50  P14  

1.150390625000000 0.50  0.75  0.50  P15  

1.119140625000000 0.50  0.25  0.75  P16  

1.150390625000000  0.50  0.50  0.75  P17  

2.183837890625000 0.50  0.75  0.75  P18  

9.92187500000000E-001  0.75  0.25  0.25  P19  

1.119140625000000 0.75  0.50  0.25  P20  

1.934570312500000  0.75  0.75  0.25  P21  

1.119140625000000 0.75  0.25  0.50 P22  

1.150390625000000  0.75  0.50  0.50  P23  

2.183837890625000  0.75  0.75  0.50  P24  

1.934570312500000  0.75  0.25  0.75  P25  

2.183837890625000  0.75  0.50  0.75  P26  

3.512878417968750 0.75  0.75  0.75  P27  

ول ( �1(  
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 ا�*�9ار ا�*	,> وا��<�ون ھ5 :ودر�	ت ا��7ارة �%  

  ا��@Z Y X �A  ا�7? ا��دي
7.499999925368525E-001 0.25  0.25  0.25 P1 

1.000000004220556 0.25  0.50  0.25 P2  

1.250000004032780 0.25  0.75  0.25 P3  

1.000000004220556 0.25  0.25  0.50 P4  

1.250000006468170 0.25  0.50  0.50 P5  

1.500000000756622 0.25  0.75  0.50 P6  

1.250000004032780 0.25  0.25  0.75 P7  

1.500000000756622  0.25  0.50  0.75  P8  

1.75000000003342312 0.25  0.75  0.75 P9  

1.000000004220556 0.50  0.25  0.25  P10  

1.25000000006468170 0.50  0.50  0.25  P11  

1.500000000756622  0.50  0.75  0.25  P12  

1.25000000006468170 0.50  0.25  0.50  P13  

1.50000000004777328 0.50  0.50  0.50  P14  

1.75000000004574050 0.50  0.75  0.50  P15  

1.500000000756622 0.50  0.25  0.75  P16  

1.75000000004574050 0.50  0.50  0.75  P17  

2.0000000000371461 0.50  0.75  0.75  P18  

1.250000004032780  0.75  0.25  0.25  P19  

1.500000000756622 0.75  0.50  0.25  P20  

1.75000000003342312  0.75  0.75  0.25  P21  

1.500000000756622 0.75  0.25  0.50 P22  

1.75000000004574049 0.75  0.50  0.50  P23  

2.0000000000371461  0.75  0.75  0.50  P24  

1.75000000003342312  0.75  0.25  0.75  P25  

2.0000000000371460 0.75  0.50  0.75  P26  

2.2500000000294815 0.75  0.75  0.75  P27  

ول (�2(  

�$ و ا�L/�!ن ،و در�	ت =�ارة ا4,*@�ار	
 ا�*�9ار ا��% 	;�"% ?�7�.  



 67  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

 

5 %� ا��@	ط ا�/�	ظ�ةو"�dا�7? ا� <��@	ر�� ا�7? ا��دي  $/o*� 5�	*ول ا�  .ا�0

 ~ALا�
P"A/ا�  

ا�7? 
5"�dا�  

  ا��@z Y X �A  ا�7? ا��دي

0.000  0.75 7.50000000000000E-001 0.25  0.25  0.25 P1 

0.000 1.00 1.000000000000000 0.25  0.50  0.25 P2  

0.000 1.25 1.250000000000000 0.25  0.75  0.25 P3  

0.000 1.00 1.000000000000000 0.25  0.25  0.50 P4  

0.000 1.25 1.250000000000000 0.25  0.50  0.50 P5  

0.000 1.50 1.500000000000000 0.25  0.75  0.50 P6  

0.000  1.25 1.250000000000000 0.25  0.25  0.75 P7  

0.000  1.50 1.500000000000000 0.25  0.50  0.75  P8  

0.000 1.75 1.750000000000000 0.25  0.75  0.75 P9  

0.000 1.00 1.000000000000000 0.50  0.25  0.25  P10  

0.000 1.25 1.250000000000000 0.50  0.50  0.25  P11  

0.000 1.50 1.500000000000000 0.50  0.75  0.25  P12  

0.000 1.25 1.250000000000000 0.50  0.25  0.50  P13  

0.000 1.50 1.500000000000000 0.50  0.50  0.50  P14  

0.000 1.75 1.750000000000000 0.50  0.75  0.50  P15  

0.000 1.50 1.500000000000000 0.50  0.25  0.75  P16  

0.000  1.75  1.750000000000000 0.50  0.50  0.75  P17  

0.000 2.00 2.000000000000000 0.50  0.75  0.75  P18  

0.000  1.25  1.250000000000000 0.75  0.25  0.25  P19  

0.000 1.50 1.500000000000000 0.75  0.50  0.25  P20  

0.000  1.75  1.750000000000000 0.75  0.75  0.25  P21  

0.000 1.50 1.500000000000000 0.75  0.25  0.50 P22  

0.000  1.75  1.750000000000000 0.75  0.50  0.50  P23  

0.000  2.00  2.000000000000000 0.75  0.75  0.50  P24  

0.000  1.75  1.750000000000000 0.75  0.25  0.75  P25  

0.000  2.00 2.000000000000000 0.75  0.50  0.75  P26  

0.000 2.25 2.250000000000000  0.75  0.75  0.75  P27  

ول (�3(  
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  ا��*��! ا���-$! �	���ھ�ت ا�����د�! - 5

The Alternating Direction Implicit Method (A.D.I)  

��[H0ا� ��"J	d*د4ت ا�	وق ا�/�*;�� �7? ا�/��dام ط��@� ا�L*,ا �d!�� ا�/�	�gت  �0 أنَّ  ،%��

) �A@ا� ��A��a �0 �9!ن�	ا��Banded(، ) ر	diأ 	ھ�i	�% ej��  .Sparse ([2-1]و 

�gت ��GgG ا�AQ	ر	�� ��!d���*e  ،و �GgG أ(�	دأ#	�l ا�/�	�� �5 (��$ أ,!اء  ،و �"7�!ل %"8 

ام ا���A@� ا�0�g� ���/o	ھ	ت ا�/*�	د��L*,ا.  

ام ط��@� L*,ا ���A.D.I $��) 5� ?[	�/"�، : 5"� 	/# T*9� سg)4 د��	��  

2
2 2

2 2

( ) ( )

− + − +
∇ = +

∆ ∆
L O R A O Bu u u u u u

u
x y

                       (9) 

 X�=LRA uuu %"�Ou  8<�� إ�8 ا��@	ط ��	ر و�/�$ و ا%"8 و أ,d? ا��@�A ا�/�#Bu  ��Hو  ,,

  .ا�*!ا�5

yxو(�dض  ∆=∆ �k َّ�) د��	(� ا�/�	دة #*	ا% 	��9/� Y9: ���	*ا�*�9ار�� ا� �E��  ) �5 ا�

( 1) ( )( 2 ) ( 2 )+− + =− − +K k
L O R A O Bu u u u u u                                  (10) 

X�=  َّإن �ا T�	05 ا�� e�@ا�l)ا!G $% رة	ا�*�9ار ( ،�/$ %�   ) ا�/�	د4ت �9!ن :k+2و %�

)1()2( )2()2( ++ +−−=+− k
ROL

K
BOA uuuuuu                                              (11) 

U�y#، ف ا��A5 ا�� e�@ا��/�l)ا!G $% رة	5 : ،$ %�"� 	/# �@��Aا� T*9� رب	و �*��0? ا�*@  

))2()2(( )1()()1( ++ +−++−+= k
BOA

K
ROL

k
O

k
O uuuuuuuu ρ                     (12) 

��� :11و ا�/�	د��(� (  
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))2()2(( )2()1()1()2( ++++ +−++−+= k
ROL

K
BOA

k
O

k
O uuuuuuuu ρ          (13) 

%	دة ��k e�jو( ، $ �5 ا0�4	ه ا�*	�e*� X�=�/�Y� 5 ا�*�!�) w	�e�@ ا��	��0 �$ #? ا�0	ه �5 ا��Aف ا�

7�? %"8 :13) , (12ا�/�	د�*�$ (� (  

)(

)1()1()1( )2
1

()2
1

(
k

BOA
k

R
k

O
k

L uuuuuu 






 +−+=−++− +++

ρρ
                 (14) 

)1(

)2()2()2( )2
1

()2
1

(
+

+++







 +−+=−++−
k

ROL
k

B
k

O
k

A uuuuuu
ρρ

                    (15) 

  .%"8 ا�*!ا�5�5 ا0�4	ھ�$ ا��@5 و ا��أ,5 

��(�� ا�<9? ) 2�.�ل ( �7�di ض�*d� ��J!*"�،  ة و	A�� ,�7�d�در�	ت ا��7ارة %"8 =ود ا�

  .و ا�/A"!ب =�	ب در�	ت =�ارة =	�� ا4,*@�ار �5 ھyه ا���7�d ،)2#/	 �5 ا�<9? (

  

 

 

 

 

 

 

 

��ل (                                                    2(  

��ن ا	��	��ن :� !� ھذه ا	��	� ��م �ر��م ا	���ط !� ا���ه ا	��ور�ن #�( ا	�وا	� ��� ھو �و'& !� ا	%

O

Y 

X 

100
0 

100
0 

100
0 

100
0 

0
0 

0
0 

0
0 

0
0 
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 yC~)9.0و=ρ  ر	�*Cو اtu )0,0,0,0()0( =  �P��A أ, �0�% 	;�"% ?�ن ا��*	]s ا��د�� ا�/*7

  ھ5 #/	 �5 ا�0ول ا�*	�A.D.I : 5ط��@� 

ول (�4(  

vi ui     ا�*�9ارi 
  0              0             0          0  0 

35.846    11.522     83.21     
58.89 

  1 

  49.86     75.46      24.26     49.86 2 
50.70       25.26    74.73   49.71    3 

  50.0       74.98     25.0      50.0  4  
49.99     24.99    75.00    50.00    5 

  50.0      75.0        25.0       50.0  6 
50.00    25.00    75.00    50.00   7 

  

 �GgG 5� ?[	�/""5 :أ�� 	س #/g)4 د��	�� �)	*# e*� د	�)  

zzyyxx uuu +=−  

  

 

 

 

 

 

�ل (%                        3-b) ل�%                                        (3-a( 

 x!� ا���ه ��ور                                   y                     !� ا���ه ��ور 

O 

Y 

X 

100
0 

100
0 

100
0 

100
0 

0
0 

0
0 

0
0 

0
0 

       

v2                                 v1     

      v4             v3   

 

 
O 

Y 

X 

100
0 

100
0 

100
0 

100
0 

0
0 

0
0 

0
0 

0
0 

       

u2                                 u1     

      u4             u3   
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 e*� 5ت %"8 ا�*!ا�	ھ	دل ا0�4	ر إو (*�	ا%*� <��d!�� ا�/�	�gت �5 #? ا�0	ه %"8 =ه, ��0	د 

  .$ = ?# 5� )	�� G (!ا(�l/�ا�@�e �5 ا��Aف ا�

  �d*�ض ��~�� ا�@�/� ا�7�� ا�/�A	ة �5 ا�/
	ل ا�ول :  (3)�.�ل 
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x

x

y
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,

,

,

,

,

,

zyzyu

zyzyu

zxzxu

zxzxu

yxyxu

yxyxu

xu

++=
+=

++=
+=

++=
+=

<<=∇

1),,1(

),,0(

1),1,(

),0,(

1)1,,(

)0,,(

1002

  

)0,0(...,)0,0...,0(..(	%*�	ر ا�/*0;	ت ا4(*ا]��  )0()0( ==== tt vc  5� w�!�*ا� TQ	�*)و

�@�(� إ�8  إنَّ  =�X ، ا0�4	ھ	ت ا�
�Gg %"8 ا�*!ا�5 �7�? %"8 ا�*�9ارات ا�/!�7J أد�	ه e�@ا�

  %"8 ا��7! ا)�5 :  رQ	م ���!��أ�Qب �GgG أ

 ا�*�9ار ا�ول:�% e�@ا�  

  ا��@Z Y X �A  ا�7? ا��دي
0.476 0.25  0.25 0.25  P1 

0.644 0.25  0.25 0.50  P2  

0.921 0.25  0.25 0.75  P3  

0.443 0.25  0.50 0.25  P4  

0.493 0.25  0.50 0.50  P5  

0.776 0.25  0.50 0.75  P6  

1.052 0.25  0.75 0.25  P7  

1.233 0.25  0.75  0.50  P8  

1.496 0.25  0.75 0.75  P9  

0.443 0.50  0.25  0.25  P10  

0.493 0.50  0.25  0.50  P11 

0.776 0.50  0.25  0.75  P12  

0.259 0.50  0.50  0.25  P13  

0.164 0.50  0.50  0.50  P14  

0.481 0.50  0.50  0.75  P15  

0.868 0.50  0.75  0.25  P16  

0.904 0.50  0.75  0.50  P17  
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1.201 0.50  0.75  0.75  P18  

1.052 0.75  0.25  0.25  P19  

1.233 0.75  0.25  0.50  P20  

1.496 0.75  0.25  0.75  P21  

0.868 0.75  0.50 0.25  P22  

0.904 0.75  0.50  0.50  P23  

1.201 0.75  0.50  0.75  P24  

1.627 0.75  0.75  0.25  P25  

1.822 0.75  0.75  0.50  P26  

2.072 0.75  0.75  0.75  P27  

ول (�5(  

 �% e�@5:ا��	
  ا�*�9ار ا�

  ا��@Z Y X �A  ا�7? ا��دي

0.595 0.25  0.25 0.25  P1 

0.772  0.25  0.25 0.50  P2  

1.106 0.25  0.25 0.75  P3  

0.772 0.25  0.50 0.25  P4  

0.898 0.25  0.50 0.50  P5  

1.295 0.25  0.50 0.75  P6  

1.106 0.25  0.75 0.25  P7  

1.295 0.25  0.75  0.50  P8  

1.618 0.25  0.75 0.75  P9  

0.514 0.50  0.25  0.25  P10  

0.543 0.50  0.25  0.50  P11  

0.892 0.50  0.25  0.75  P12  

0.543 0.50  0.50  0.25  P13  

0.469 0.50  0.50  0.50  P14  

0.908 0.50  0.50  0.75  P15  

0.892 0.50  0.75  0.25  P16  

0.909 0.50  0.75  0.50  P17  

1.269 0.50  0.75  0.75  P18  

1.255 0.75  0.25  0.25  P19  

1.446 0.75  0.25  0.50  P20  

1.767 0.75  0.25  0.75  P21  

1.443 0.75  0.50 0.25  P22  

1.578 0.75  0.50  0.50  P23  

1.966 0.75  0.50  0.75  P24  
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1.767 0.75  0.75  0.25  P25  

2.039 0.75  0.75  0.50  P26  

2.278 0.75  0.75  0.75  P27  

ول (  �6(  

    : X�	
 ا�*�9ار ا��% e�@ا�  

  ا��@Z Y X �A  ا�7? ا��دي
0.755 0.25  0.25 0.25  P1 

0.913 0.25  0.25 0.50  P2  

1.319 0.25  0.25 0.75  P3  

0.913 0.25  0.50 0.25  P4  

1.021 0.25  0.50 0.50  P5  

1.508 0.25  0.50 0.75  P6  

0.740 0.25  0.75 0.25  P7  

1.509 0.25  0.75  0.50  P8  

1.906 0.25  0.75 0.75  P9  

1.021 0.50  0.25  0.25  P10  

1.022 0.50  0.25  0.50  P11  

1.509 0.50  0.25  0.75  P12  

1.022 0.50  0.50  0.25  P13  

1.004 0.50  0.50  0.50  P14  

1.609 0.50  0.50  0.75  P15  

1.374 0.50  0.75  0.25  P16  

1.609 0.50  0.75  0.50  P17  

2.106 0.50  0.75  0.75  P18  

1.338 0.75  0.25  0.25  P19  

1.514 0.75  0.25  0.50  P20  

1.906 0.75  0.25  0.75  P21  

1.516 0.75  0.50 0.25  P22  

1.623 0.75  0.50  0.50  P23  

2.106 0.75  0.50  0.75  P24  

1.876 0.75  0.75  0.25  P25  

2.101 0.75  0.75  0.50  P26  

2.493 0.75  0.75  0.75  P27  

ول ( �7(  

در�	ت  إنَّ =�X  ،ا�7�!ل %"8 در�	ت =	�� ا4,*@�ار�*e وھy9ا ��*/� ا��/"�� ا�*�9ار�� =*8  

ول (� 5� �7J!/ا4,*@�ار ھ5 ا� ��	3=(.  
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A Numerical Study for Dirichlet Boundary Problem 

in Three Dimensions 

Fatma Altuhami Noah Zaggout1 

Abstract 

In this research some numerical methods have been discussed for boundary 

value problem with Dirichlet conditions in three dimensions. These methods 

include the finite – differences algorithms (central differences) and the 

alternating direction implicit method (A.D.I). 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

!$���
  C�Dة 21 ا����د�ت ا��

  �Di1�ى 3*ج ا�+رو�

  ا���)'

�$ ا�/�	]? ا��H�d	]�� ا�*5 �/9$ =";	  إنَّ     �ام ا�/�	د4ت ا�*d	J"��ا��L*,	)،  <�A*��-أ ً	o� - 

#�gج �/�	]? �5 ا��H�d	ء  ��Cاً أ#
� د�Q ھ5 ا�/�	د4ت ا�*9	�"�� ا�*5 ظ;�ت أ=";	 (L!ارز��	ت 

 ،ا�*9	�"�� )��دھ!�e(ا��!ر ا��	�� �/�	د��  lُ و�5 ھyا ا��X7 در, ،ا�*��A@�� و��9	��9	 ا�/!ا]>


"� وط��@� =";	 �/�	د�� (�w ا� تُ ا�*9	�"�� وذ#� )�!�*��ا(و��	د�� �)e�!دھ��(  $� ��"�ا�*9	

5�	
�? ،ا��!ع ا�d"� �")	Q اة!� <�، ���	0*��	 �9!ن ا�/�	د�� �% U�y#، و  	و#/!*) l/QJ� �

 ���	
�$ ا����� ا� ��"J	d� د��	����	د�� �9	�"�� �8إط��@� �7!�? .  

��	د�� �9	�"�� ;���ت �"��<$!:– ��"J	d� د��	��–e�!د�� ��دھ	��  .ا��!اة–��	د�� �!�*��ا–

  ا���+�!

�$ ا�*��A@	ت ا��H�d	]�� ا�*5  إنَّ     ���*;"= <�A	 L)!ارز��	ت  ، �/9$ =";	 (/�	د4ت �d	J"��ا��

ام أL*,	) ?7"� Y")	Q ��S ��~�/9!ن ا�� 	��% 	;�اL*,9$ ا/� U�y#و  ��"�
� د�Q #	�/�	د4ت ا�*9	#

��"J	d*د4ت ا�	7? ا�/�� ��(�w أ�!اع ھyه ا�/�	د4ت  إ�8و�5 ھyا ا���A*�, X7ق  .ا��Aق ا�*@"�

	;d����? و�d"� Y")	@ذات ا��!اة ا� ��"�
"�eG إ%A	ء (�w ا��Aق �7";	 �> ذ#� (�w ا� ،ا�*9	�، 

��	د�� �d	J"�� %	د��  ?�!7� U�y#�8إو 	و="; ��"���	د�� �9	.  

  ____________________________________________________________    
�7	�J �5 #"�� ا��"!م 1/Yا���� ���	� 
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 :!$���
[3],[2]��*�\ ا����د�! ا�� 

��ة وا=ة أو %ة ��ات  �"�	9�  .ھ5 ��	د�� �j;� ��;	 ا�ا�� ا�/0;!�� #ا�� 

:!$���
�#-$\ ا����د�ت ا��  

 ��"�  [3],[2],[1]�!اع :أgGث  �8إ���2 ا�/�	د�� ا�*9	

) ��دھ!�e(�� أ�;	 ��	د�� ذا #	�l �;	�*5 ا�*9	�? (�5 ا�/�	د�� ا�*9	�"�� ) G	(*� ��@!ل %$ ا�/�	دإ

��"�;	 �َّ أ=ى ا��;	�*�$ �*��Eة ��@!ل %�;	 إذا #	�l إو ،Fredholm Integral Equationا�*9	

 .Volterra Integral Equationا�*9	�"��  )!�*��ا�(��	د�� 

�$ ا��!ع ا�ولإ 8/�� ?��� ا�*9	g% l7� t@� �;j� ��!;0/ا�� ا� ذا ظ;�ت �g# 5إو ،ذا #	�l ا�

5�	
 .ا�0	���$ وC	رج %/"�� ا�*9	�? �9!ن �$ ا��!ع ا�

g
�:  

��	د�� )e�!ول �9!ن  )��دھ�ا��!ع ا $� ��"�  :ا��!رة %"8ا�*9	

���� = � ���, 	�
�	��	�
  

 5�	
  إذا #	�l: )��دھ!�e(و�9!ن ا�/�	د�� �$ ا��!ع ا�


��� = ���� + �� ���, 	�
�	��	�
  

��	د��  	� :ا��!رة %"8�ول �;5 �$ ا��!ع ا )!�*��ا�(ا

���� = ����, 	�
�	��
 �	 

�$ ا��!ع ا�
	�5 �;	 ا��!رة) !�*��ا�(و:  
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	���ا���� ا�  

  


��� = ���� + ����, 	�
�	��	�
  

 X�=
,��� و و ا�/A"!(�أ��/8 ا�ا�� ا�/0;!��  �	� 	� 8/�� ?� ,���� )(kernel �!اة ا�*9	

�� �9!ن!"��  .(	را�*� ��/5 (	�@�/� ا�yا��� �	و.دا�� 

 	�����و%� = 0  ���	0*� 9�homogeneous!ن ا�/�	د�� 


��� = �� ���, 	�
�	��	�
  

	��	 �9!ن  أو .إ=ى �;	�*5 ا�*9	�? أو #gھ/	 �4;	]�� �9!ن �9!ن ا�/�	د4ت ا�*9	�"�� a	ذة %��%

:?
� ?�ى ا�*9	� 5� �
]�� %� �@�A أو أ#	4 �; ?� �!اة ا�*9	


��� = ���� + 	� ��exp −	 |� − 	|�
�
�� �	��	 

���� = ��1 �� − 	��⁄ �
�	��	�
�  

: /��
  ]2[أD�اع D�اة ا��

:?��$ �!اة ا�*9	 $�%!� 	���  

 ?�d"� �")	Q اة!�separable kernel 

  وھ5 ا�*5 �/9$ #*	(*;	 %"8 ا��!رة �0/!ع �;	]5 �$ ا�7ود

���, 	� = !"���#
"$% &". �	� 



80  ��"�  ��yة %$ ا�/�	د4ت ا�*9	

X�=  َّوال  إن��*@"� �AC	 ���)!ا�.  

 �"G	/*�   �symmetric kernel!اة 

                                            l�	# إذا���, 	� = �∗�	, ��  

                         X�= H��H �/�ا�P ا�ا�� ا�/�#�� � )∗( ا���  

�	 �9!ن =@�@��                           ,���و%� 	� = ��	, ��  

  C[2]ا�$! ا��$S ا�Cا�$! وا�����Gت ا�

  ا��!رة:  %"8ا�/*0	���  )��دھ!�e(ذا #*��	 ��	د�� إ

����, 	�
�	��	 = μ
���, μ = 1/�
 � 

X�=  َّإن μ ذا��� �/�Q، 
  .و ا�ا�� ا�//�Hةأ��	ظ� ا�ا�� ا�yا���  �	�


���$! �� D�اة [���! ��"#/ � [3],[2]:</ ���د�ت 

  �?  �dدھ!�0�e	د =? ا�/�	د�� ا�*9	�"�� �إ%�d"� �")	Q اة!� <� 5�	
  =? ا�/�	د�� أي�$ ا��!ع ا�


��� = ���� + 	�����, 	�
�	��	 
�	��, 	� = !"���&"�	�#

"$%  

��� ا�/�	د��:�  


��� = ���� + 	� !"����&" �	�
�	��	#
"$%  
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"% 5���  و%"5 �����2	اC*�	ر ا��	را�*� ا�/�#T 8=? ھyه ا�/�	د�� 

," = �&"�t�
�t��	 
 X�=,"  د��	5 ا�/�� w�!�*�	)و l)ا!G  


��� = ���� + � ,". !" . ���#
"$%  

7�? %"1.6.38) �5 (���1.6.4!ض ب ( ",وا�/�~�� ���� ھ5 إ�0	د   � (  

 !"��� .," −�&" �	� /��	� + � ,0!0���#
0$% 1 �	2 = 0#

"$%  

  �9!ن ��*@"� �AC	  أي أن���"!�9$ ا�وال 

," −�&"�	� /��	� + � ,0!0�	�#
"$% 1 �	 = 0 

3 = 1,… . , 5 
�&"�	���	��	 = �" 
�&"�	�!0�	��	 = !"0 

X�=�"!"0,  د��	ا�/� ����� و(	�*	�5 �!"�� l)ا!G)1.6.6(  

," − 	� !0,0 = �" 	, 3 = 1,… . , 5#
0$%  
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�$ ا�/�	د4ت =�n   Xوھ! �j	م ���ي �5 ,( Y�� د4ت	د ا�/�7�  ا�/0	ھ�? و

D(�)=66
1 − �!%% −�!%� …… . . −�!%#−�!�% 1 − �!�� …… . . −�!�#...−�!#% −�!#� …… . .1 − �!##6

6  

 ��دة =ود �$ ا�ر�*�  ��n   5وھ! 
�وھ�	  ≠ 0، � َّ� 	��% Y� = 0  ?����8ا�*e�Q�  ?�0� 5  ا�!=ة و�7�8"% ?9 ≠ �9!ن  0

",�"�j	م ا���0ي  − �∑!0,0 = �"	,					3 = 1,…… , 5  �  ."�� =? و=�وا�/�	د�� ا�*9	

 �;� $����8ا�*�C�  ?�0� 5ى �e�Q ?9 أو = 0  ��"��kن ا��j	م ا���0ي ا��	(P وا�/�	د�� ا�*9	

)1.6.1(  ?7"� �")	Q l��� ا�7"!لأ�9!ن $� .و �;	 %د ;�4	5[ 

  )   1.1.1�.�ل(

��	د�� أ   ?= ��$ ا��!ع ا�
	�5 ا) )��دھ!�e(و ��"�  ���:ا�*9	

:��� = � + �� �xt� + x�t�:�t�dt%
�  

,���ا��!اة    إنَّ =�X   ا��/: 	� = �	� + ��	  ?�d"� �")	Q. "% 	;*)	*# $9/رةو�!�                  :8 ا�

���, 	� = ∑ !"���&"�	��"$%   

!%�x� = �	, !���� = ��	, &%�	� = 	�	, &��	� = 	 
	��	�0!�	�"&>        نَّ أو(/	                      = !"0  

  :(U�y �9!ن ا�/�	�gت ھ5           

,!%% = < &%�	�!%�	��	 = < 	�. 	�	 = %=%�%�  
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!%� = �&%�	�!��	��	 = �	�	��	 = 15
%
�

%
� , 

!�% = �&��	�!%�	��	 = �	. 	�	 = 13
%
�

%
� , 

!�� = �&��	�!��	��	 = � 	. 	��	 = 14
%
�

%
� . 

7د ا�/�	�gت �   :ا��!رة %"8و(	�*	�$9/� 5 #*	(� 

8��� = /1 − %=� −AB−AC 1 − %=�1 
  

0 أنَّ               �                           D1 − EF�G� − AH%B = 0  

            � 	;��240ن                      kو − 120� − �� = 0  

  

8"% 	;�� ?�  ا�@�e ا�yا��� وا�*7� 5

�% = −60 + 16√15		, �� = −60 − 16√15 
و�5 ا��/!م ا�/�	د�� ا�*9	�"�� �9!ن و��? ھ	��$ ا�@�/*�$ ا�/�	د�� ا�/*0	��� �;	 �di ��S ?=ي 

?7"� �")	Q l���.  	�  :إنَّ ن ا�j�"� ?7	م ا���0ي =�L�k X*"2 %$ ھ	��$ ا�@�/*�$ � �و�$9 %�
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c% = �t�:�	��	%
� 				 , ,� = �	:�	��	%

�  

��� ا�/�	د��        �  

:��� = � + 	�,%� + �,��� 
  ��ي �$ ا�/�	د4ت�j	م � �8إا�*) 5	�w�!�* %�;	 �5 ا�/�	د�� �*7!ل 

,% = 14 + 14 �c% + 15�c� 
c� = 13 + 13 �c% + 14�c� 

  :و=? ھ	��$ ا�/�	د�*�$ �9!ن

c% = �60 + ��/�240 − 120� − ��� 
c� = 80/�240 − 120� − ��� 

:��� = �240 − 60��� + 80����/�240 − 120� − ��� 
 e�!دھ�d� ��"�
? ا�7? �"/�	د�� ا�*9	/� ��C�وا  

  )1.1.2�.�ل (

��	د�� أ   ?= ��$ ا��!ع ا�
	�5 : )��دھ!�e(و ��"�  ا�*9	

:��� = cosh � + � �	:�	��	%
�  

,���ھ�	  	� = �? و�/9$ =? ا�/�	د�� (�;!�� 	�d"� �")	Q  
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:��� = cosh � + �� 	:�	��	%
�  

= cosh � + ,� 
  X�=  َّإن c  و�9!ن l)	G  

, = � 	�cosh 	 + ,	��	%
�  

= � 	%� cosh 	 �	 + ,� 	��	%
�  

= 1 − Q�% + ,�13� 
,ھ�Qc  5/�  نَّ kو(	�*	�5 � = C� �1 − Q�%�  

  وا�7? �9!ن :

:��� = cosh � + 32 �1 − Q�%� 
  

  ):1.1.3�.�ل (

��	د�� أ ?= ����:ا�/*0	��� :  )��دھ!�e(و = 	� < R35 � R35 	:�	��	S/��  

  

  ا�7?:



�"����yة %$ ا�/�	د4ت ا�  86	9*  

:��� = � sin � � sin 		:�	��	 = ,�R35�																									V/�
�  

   X�=  َّإن c !ھ:  

, = � sin 	:�	��	V/�
�  

= � sin 	�,� sin 	��	S �W
�  

= ,��12 �1 − cos2 t�dt 
= ,�2 Xt − 12 sin 2tYZ π/20 = , �\4  

c = ]1 − �π4 ^ = 0 
� = 4π 

  :وا�7? ا�/@	(? �;yه ا�@�/� ھ!

:��� = _ sin � 
 X�= َّإنA  ري	�*Cا l)	G.  

  

1.7  /����!$�E�"�
���$!: إ�P ���د�! �  ���د�! 

�$ ا����� إ ��"J	d� د��	�� 	��� l�	# ذا���	
  ا�



 87  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

  

`" + _�R�`b + c�R�` = d�R� 
�> ا�<�وط ا4(*ا]��  

`�!� = e�	,						`b�!� = e% 
 X�=yb, ,_وا�وال R(	����� ل  `�d	gJت ا�ا��  "` c, d  �@"E/ة ا��*d5 ا�� �"�*������ و ! ≤ R ≤ �? (	����� ل  &	9*�	)R 8"%  $�  R إ�8  !ا�d*�ة 

`b|R! + �_�R�`b�Rh
 + �c�R�`�Rh

 = �d�R��Rh
  

 ?�ام ا�<�وط ا4(*ا]�� �7L*,	)8و"% :  

`b�R� − e% = −�_�R�`b�Rh
 − �c�R�`�Rh

 + �d�R��Rh
  

 ?�ام ا�*9	�? (	�*H0يء �"7 ا�ول �7L*,	)8و"%:  

`b�R� − e% = 

−_�R�`�R� − �Dc�R%� − _b�R%�G`�R%��R% + �d�R%��R% + _�!�e�h


h
  

 ?���ة أ�Cي �7 ?�  :%"8و(	�*9	

`�R� − e� = −� _�R%�`�R%��R% −� � �c�R%� − _b�R%��hE


h
 `�R%��R%�R�h

  

+� � d�R%��hE


i
j R%�R� + �_�!�e� + e%��R − !� 
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) <�ة �5 ا�/"P7 ا�/!�!د �5 ا�/�%	�� �@)	A*�ام L*,	)1و Y7di (285  

 X�= َّھ5 إن �@)	A*/ا�:   

� � …� � d�R%��R%�R�hH


hk


hl


i
j …�R#�%�R#

= X 1�5 − 1�!Y� �R − 	�#�%d�	��	h
  

مL*��, 	وھ�:   

�� ��R%��R%�R� = ��R − 	�d�	��	h


hE

i
j  

∴ `�R� = e� + �_�!�e� + e%��R − !�
+ ��R − 	�d�	��	h

−� o_�	� + �R − 	��c�	� − _b�	��ph
 `�	��	 

  :ذا ا��H*C	إ     

��R, 	� = �	 − R��c�	� − _b�	�� − _�	� 
��R� = ��R − 	�d�	��	 + �_�!�e� + e%h

 ��R − !�+e� 
∴ `�R� = ��R� + ���R, 	�`�	��	h
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�$ ا��!ع ا�
	�5!�*��ا �وھ5 ��	د�� .  

  �.�ل:

��	د�� �9	�"��: إ�8=!ل ا�/�	د�� ا�*d	J"�� ا�*	���   

y" +ω�` = 0				,					`�0� = 0, `b�0� = 1 
     ��AC بy)y� د��	��  LINEAR OSCILLATOR EQUATIONوھ5 

 <�  ا�/�	د�� ا��	(@� �0(/@	ر�*;	 

_��� = 0		, c��� = r�	, :��� = 0 
    :نَّ أو(	�*�!�w �5 ا���� ا��	(@� �0

`��� = � + r���	 − ��`�	��	�
�  

�> ا�<�وط ا4(*ا]�� ��"i�ا ��"J	d*د�� ا�	�/"� Y:�	9�  .ھyه ا�/�	د�� �9!ن 

�> ا�<�وط ا�7��إ�	 أ l�	# ذا  

`b�&� = 0	, `�0� = 0 
X�=  َّإن `b�0�  ��S8A��.  

`b = −r��`�� + `b�0��
�  

8"% ?���ة ا�Cى �7 ?�  :و(	�*9	
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` = −r���� − 	�`�	��	 + `b�0���
�  

 �7*�`b�0�  <�ط�	ض (!��`�&� = 0  

r���b − t�y�t�dt = byb�0��
�  

"% ?�   8:و(	�*�!�y;) wه ا�@�/� �5 ا�/�	د�� ا��C4ة �7

`��� = −r�� �� − 	�`�	��	 + r� �&�
� � �& − 	�`�	��	t

�  

,�0ذا �$7 �Hأ�	 ا�d*�ة ا�/E"@� إ &�,��x*���$  إ�8  b�, �0, ��   X�= َّإن  

�b �& − 	� − �� − 	� = 	& �& − �� 
 ���` نَّ أ�0 = r� < u��� �& − ��`�	��	 + r� < ���� �& − 	�`�	��	  

�k"% ا��!اة 	رة 8ذا %���!�   :ا�

v��, 	� = w	& �& − ��						, 	 < ��& �& − 	�						, � < 	  
"% ?�7� U�y)8و:  

`��� = r�� v��, 	�`�	��	�
�  
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���	
  .وھ5 ��	د�� ��دھ!�e ا�/*0	��� �$ ا����� ا�

<�  ا�/�ا

��� ا�d	�� ط�ا("Z/#"�� ا��"!م.%"5 %!�$ .د.�7	�Jات �5 ط�ق ا���	�J	ت أ .1	�/ T*9دار ا�_ 	����
ة ا�/*7ة�  .1ط.ا�0

Linear Integral Equations. Theory and Technique. Ram.P.Kanwal,Pennsylvania.2 
state university,Academic press 1971. 
Mathematical Methods for Physicists.G.Arfken, maimi  university. Oxford, ohio,.3 
Third ED 
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Introduction about Integral Equations 

Najwa Farij Eldarwish 1 

Abstract 

Many physical problems which are usually solved by differential equation 

methods can be solved more effectively by Integral equation methods. 

Indeed, the latter have been appearing in current literature with increasing 

frequency and have provided solutions to problems heretofore not solveable 

by standard methods of differential equations. Such problems abound in 

many applied fields, and the types of solutions explored here will be usefull 

particularly in applied mathematics, theoretical mechanics, and 

mathematical physics. 

In this search we study the form of Fredholm and Voltera Integral Equations 

from the first and second kind with separable Kernel,and we give some 

examples finally how we can transform differential equation of second order 

to integral equation. 

KeyWords: Differential Equation, Integral Equation, Kernel, Fredholm Equation, Voltera 

Equation. 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

 !��ا�#$F ا���$�ر�! �����د�ت ا��"��E$! ا��&%$! ا�)�$! �2 ا�*
!$D�.ا�  

  �41$! ���+ أ��]	�!

  ا���)'

   �ALا� ��[H0ا� ��"J	d*د4ت ا�	2 ا�/������، �5 �8 إ��9/$ أھ/�� �Q	:�، و��	9�: زا]��، و

�GgG أ�/	ط أ,	,�� ھ5: �@? ا�/!��، وا�4*<	ر، و��	]? ا�7	��  e��@�8 ا�/�	]? ا��Hd	]�� إ�

  .ا�/�*@�ة

ة �7!�? ا�/�	د4ت ا�*d	J"�� ا�H0]�� إ�[	� ?
ا����E ا�/��	ر�� �t���� 5 ھyه ا�/�	د4ت،  �8*/

>� X�7)*"% ?/8  أو ���	 �9!ن ا�/�	د4ت ا�*d	J"�� زا]�% ���	
�H]�� وا=ة �$ ا����� ا� �@*>�

�$ ا����� ا�
	��� �5 ا����E ا�/��	ر�� ا�7@�@� �"/�	د4ت  8�9	�:�؛ و�<*/? %" $�*�[H� $�*@*>�

��[H0ا� ��"J	d*د4ت ا�	د ا�7? ا�*7"�"5 �"/�	إ�0 ?;�� U�y)؛ و��Q	ا�� ��"J	d*ا�.  

  ا�7? ا�*7"�"5 �"/�	د4ت ا�*d	J"�� ا�H0]��–ا����E ا�/��	ر��–����2 ا�/�	د4ت ا�*d	J"�� ا�H0]��: ��<$!;���ت �"

  ) ا���+�ــــ!:1

��jاً �ھ/�� درا,� ا�/�	د4ت ا�*d	J"�� ا�H0]��، و(�	ء ا�7"!ل �;	، �A"�� ا���	�J	ت؛ ودC!ل    

�$ ا�j!اھ� ا��H�d	]ھyه ا�/�	د4ت  �5 و2i ا�� �#	�l �5 =@? ,��	ن ا�/!ا]> أ ��، ,!اء

 ،ا��7
�� �~ردت أن أ(�$ �5 ھyه ا�!ر�Q .,��	ن ا��7ارة م �5ا�9;�(	]��، ا�/�9	����9، ا������ أ

 $� 8/jا�� ���"S�ا eo� 	;�� ؛���	
�$ ا����� ا� ��[H0ا� ��"J	d*د4ت ا�	2 ا�/����� ��d�#

  ____________________________________________________________    
��ا��1� ���	�  #"�� ا��"!م / 



94  ���	
�$ ا����� ا� ��ALا� ��[H0ا� ��"J	d*د4ت ا�	ر�� �"/�	ا�/�� ���  ا�

را,� ا����E ا�/��	ر�� �"/�	د4ت ا�*d	J"��  ,!ف ��أ �5 ھyه ا�!ر�Qو .ا�/�	د4ت ا�/;/�)

�$ ا��� ��[H0ت �ا�	�Gا� ا�و�8، �$ أ�? إدC	ل �d;!م ا�*g�!7ت ا�*5 �7!ل ا�/�	د�� �$ ا4=

 ��"i�إ�8ا �Cت أ	�Gا8، �"7�!ل %"ىا=  ���ا����E ا�/��	ر�� �;	، و(	�*	�5 �!��� ا�,	س �"

���	
�$ أ�/	ط  .ا�/��	ر�� �/�	د4ت ا����� ا� t/� ?9� ر��	ا�/�� �E��eG ,���د #��i ��d	�S ا�

�"
��	) ��J!*ا� <� ���	
�$ ا����� ا� ��[H0ا� ��"J	d*د4ت ا�	ر�� و .ا�/�	ا�/�� ����Q? درا,� ا�

  �*��ض أوw��� ً4 ا�*���d	ت:

1��*�ـــ\:�y�  

�$ �@	ط :ا�ا�� ا��	%/� ھ5  �A@� ?# �% �"�*� 	;*@*>��"� و*�  .�A	Q;	دا�� 

2��*�ـــ\:�y�  

  Q	9��g� ًg)	س (a ��S ?�!7� :X�7	د إذا #	ن ��8/ }وzا�*7!�?

| = }�z, {�}��, `� = Zz� z~{� {~Z ≠ 0 
2:Pو�����) ا�#$L! ا���$�ر�! �����د�ت ا��"��E$! ا��&%$! ا�)�$! �2 ا�*��! ا 

�$ ا����� ا�و�8 %"  ��ALا� ��[H0ا� ��"J	d*د�� ا�	ا�/� 	رة: 8إذا ا%*���!�  ا�

	���, `��� + 8��, `��~ + d��, `�� + ���, `� = 0															�1� 
ام �� ?�!7	e% وa ��S	د و��9$  إ�8و��� �7!�? ھyه ا�/�	د�� L*,	) Uر�� وذ�	ا�/�� �E��و  zا� η و 	/;��) �Qg9!ن :دا�*�$ وا��� ��"i�ات ا��E*/ا� $�)  

z = z��, `�		,			{ = {��, `� 
  وا��Qg	ت ا�����9 ھ5:

� = ��z, {�		,			` = `�z, {� 



 95  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

  

ة 1ا�/�	د�� ( %"�8"7�!ل �ا�G	ت ا�0=I��4 ا) (z  وη  5� ��[H0ت ا�	د ا�/<*@	إ�0 T"A*�

ا�G	ت ا�/�	د�� =I��4 ا)z  وη :��"ة ا��%	Q P��A*) Uو ذ�  

�� = ��z� + ��{� 					, �~ = ��z~ + ��{~ 
) 5� w�!�*�	)1:أن 0� (  

D�z� + 8z~G�� + D�{� + 8{~G�� + d� + � = 0											�2�			 
  <Jو e*و��z� + 8z~ = �}�أو   0 + 8{~ = �	 اC4*�	ر ا�ول �7�? %"8وإ 0Cذا أ 

  ا�/�	د��:

D�{� + 8{~G�� + d� + � = 0																	�3� 
�� ا�*	���: zو �/9$ إ�0	د !j�/ا� $�  

��� = �8̀ = �z0  

.و �(��4 }	و  X�7)z �9!ن ا�*� ?�!7	e% وa ��S	د و��;? إ�0	د  }و �*e اC*�	ر  `  

 ا�7?: :1�.ــــــــــــ�ل� ا����E ا�/��	ر�� �"/�	د�� ا�*d	J"�� ا�H0]�� ا)��� eG أو�  أو

	�� + ��~ = ` 
  ا��ــــــ/:

7�? %")8	�w�!�* (	�/<*@	ت ا�H0]�� �5 ا�/�	د�� �*:  

Dz� + �z~G�� + D{� + �{~G�� = ` 



96  ���	
�$ ا����� ا� ��ALا� ��[H0ا� ��"J	d*د4ت ا�	ر�� �"/�	ا�/�� ���  ا�

�$ ا�/�	د��  }�/9$ إ�0	د {� + �{~ = 0  5A�� د��	ه ا�/�yو=? ھ{ = %��� − و(	C*�	ر  ` z = �  

| = ���,�����,~� = �1 0� −1� = −1 ≠   إذن            0

�إذاً ا��Qg	ت ا�����9 ھ5  = z, ` = %�z� − { "% ?�7*� ��"i�د�� ا	5 ا�/�� w�!�*�	)8و :  

�� = 12z� − { ⟹ u = 16zC − ηθ + ��{� 
0 أن: إ�8و(	���!ع � ��"i4ت ا	�Gا ا4=

u = 16 �C − � �%��� − `� + � �%��� − `� 

X�=  َّر�� � إن	�*Cدا�� ا.  

3 !$�E�"ت ا���,��ا��&%$! ا�)�$! �2 ا�*��! ا�.�D$!:) ا�#$L! ا���$�ر�! �����د �, y�  

 $�"@*�� $���E*�,��ا�/�	د�� ا�*d	J"�� ا�H0]�� ا���AL ذات  `� ∈ 8 "% T*9� 9/�8$ أن 

  ا��!رة: 

   _��� + c��~ + ��~~ + 8�� + ��~ + d� + � = 0            �4� 

X�=  َّإن _, c, �, 8, �, d, �  ��4,�دوال (   ا�/�	د�� #/	 �"5:���2 ھyه  .`

1 �A@ا�� �% ��,��) ا�/�	د�� �9!ن زا] =∆إذا #	ن  �` c� − 4_� > 0.  

 �A@ا�� �% �:�	9�,��ا�/�	د�� �9!ن  =∆إذا #	ن  �` 0. 

 �A@ا�� �% ��Q	� د�� �9!ن	ا�/���, >∆إذا #	ن  �` 0.. 
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	���ا���� ا�  

  

:�	9�� �و ا�/�	د�� ا�*d	J"�� ا�H0]�� �9!ن زا]�� أو Q	� ق %"8 �أو	Aد��  8ا��	ا�/� l�	# إذا

:�	9�� �ا�*d	J"�� ا�H0]�� زا]�� أو  Q	� ق  8%" �أو	Aط ا��	@� <�/�8.  

  2�i ا�/�	د4ت ا�*d	J"�� ا�H0]�� ا)���: :2�.ــــــــــــ�ل

1)��� − 2��~ + �~~ = 0  

2)��� + 2R35�	��~ − ,�R��	�~~ − ,�R�	�~ = 0  

��	د�� 4(gس) ))��� + �~~ = 03  

���� + `�~~ + ��� + `�~ = 0)4  

  ا��ــــــ/:

1)  _ = 1	, c = −2	, � = 1 ⟹ ∆= c� − 4_� = 4 − 4 = 0	  

�:�	9�  .إذاً ا�/�	د�� �9!ن 

2)  _ = 1	, c = 2R35�	, � = −,�R�� 
⟹ ∆= c� − 4_� = 4R35�� + 4,�R�� = 4 > 0 

��  .إذاً ا�/�	د�� �9!ن زا]

3) _ = 1	, c = 0	, � = 1 ⟹ ∆= c� − 4_� = 0 − 4 = −4 < 0  

��Q	� د�� �9!ن	إذاً ا�/�.  

4) _ = �	, c = 0	, � = ` ⟹ ∆= c� − 4_� = 0 − �`  

 (i"% �:�	9�  .`و�7!ر ��7!ر  8ا�/�	د�� �9!ن 



98  ���	
�$ ا����� ا� ��ALا� ��[H0ا� ��"J	d*د4ت ا�	ر�� �"/�	ا�/�� ���  ا�

 (ii <)5 وا��ا�	
  .ا�/�	د�� �9!ن زا]�Y �5 ا��(> ا�

(iii X�	
�� �5 ا��(> ا�ول وا�Q	� د�� �9!ن	ا�/�.  

�$ �/t إ�و� ��E*� ��[H0ا� ��"J	d*د�� ا�	ا�/� t/� ل ا��ا(> أن	
آ) �C	g*Cف  g8=� �5 ا�/

Pط	ا�/�.  

ام �� ?�!7	e% وa ��S	ا����E ا�@�	,��  إ�e*��4� 8 �7!�? ا�/�	د�� L*,	)و��9$  ذz  وη  �Qgوا��

  (��;/	 و(�$ ا�/*��Eات ا�i"�� �9!ن:

z = z��, `�		,			{ = {��, `� 
ة ا��"�"�%	Q امL*,	) د��	�/"� ��[H0ت ا�	ب ا�/<*@	�1و(�7�:  

			�� = ��z� + ��{�					, �~ = ��z~ + ��{~ 
		��� = ����z��� + 2���z�{� + ����{��� + ��z�� + ��{�� 
��~ = ���z�z~ + ���Dz�{~ + z~{�G + ���{�{~ + ��z�~ + ��{�~ 
�~~ = ���Dz~G� + 2���z~{~ + ���D{~G�+��z~~ + ��{~~ 

7�8�?  �)�4	�w�!�* %$ ھyه ا�@�e �5 ا�/�	د�� "%:  

_̅��� + c���� + �̅��� + 8��� + ���� + d�� + �̅ = 0									�5� 
X�=  َّإن:  

_̅ = _�z��� + cz�z~ + �Dz~G� 
c� = 2_z�{� + cDz�{~ + z~{�G + 2�z~{~ 



 99  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

  

�̅ = _�{��� + c{�{~ + �D{~G�
 

8� = 		_z�� + cz�~ + �z~~ + 8z� + �z~ 
�� = 	_{�� + c{�~ + �{~~ + 8{� + �{~ 

d� = d�z, {�			, �̅ = ��z, {� 
,��ا�#$L! ا���$�ر�! �����د�ت ا�&ا%+�!: 3.1 ��  

��d و (	�@�/�  �cو̅_(/�	واة �	8("% Dz~G��D{~Gو   8"%  ?�  : %"8ا�*!ا�7� 5

_̅ = _Dz� z~⁄ G� + cDz� z~⁄ G + � = 0				 
�̅ = _D{� {~⁄ G� + cD{� {~⁄ G + � = 0	 

 ?�  أن: %"8و(7? ھ	��$ ا�/�	د�*�$ �7

z�z~ = c + √c� − 4_�2_ 		,			{�{~ = c − √c� − 4_�2_ 												�6�	 
 ،$��H�/*/د�*�$ ا�	/��	ن (	د�*	ن ا�/�	�	4=� أنَّ و��/8 ھ  $� ?9�z� z~⁄  و{� ="�$ �7@@	ن  ⁄~} �6�  $� ?# ���� 59� 	/;�� ?9� t@� ًا�diاً، و ا���T ا�!=� ھ! أ��	 4  ̅�و̅_إ4 أ��	 �0 وا=

7�? �~Zd� yC ا�y0ر�$ ��َّ � y[�% Y8"%  أنz = {.  

  أن:	 و(/

l)	G = z��, `� 	⟹ �z = z��� + z~�` = 0 ⟹ �` ��⁄ = −Dz� z~⁄ G 
l)	G = {��, `� 	⟹ �{ = {��� + {~�` = 0 ⟹ �` ��⁄ = −D{� {~⁄ G 



100  ���	
�$ ا����� ا� ��ALا� ��[H0ا� ��"J	d*د4ت ا�	ر�� �"/�	ا�/�� ���  ا�

��`� إذاً ا�/�	د�*	ن ا�//��H	ن ���7	ن: = c ± √c� − 4_�2_  

 5� w�!�*�	) ًھ5: ��5إذا ��0 أن ا����E ا�/��	ر�� �"/�	د4ت ا�*d	J"�� ا�H0]�� ا�Hا]�  

c���� + 8��� + ���� + d�� + �̅ = 0                            �7� 

 ا����E ا�/��	ر�� �"/�	د��: : 3�.ــــــــــــ�ل�  أو

     ���� + �� − `���~ − `�~~ = 0     , � > 0 , ` > 0               
  ا��ــــــ/:

_ = �, c = � − ` , � = −`, 8 = � = d = � = 0 

⟹ ∆= c� − 4_� = �� − 2�` + `� + 4�` = �� + `�� > 0 

  وا�/�	د�� ا�//�Hة ھ5: ��	د�� زا]�إذاً ا�/

�`�� = c ± √c� − 4_�2_ = � − ` ± �� + `�2� = w 2�2� = 12`2� = − �̀ 

⟹ � − ` = ,%    ,   �`̀ = − ���  ⟹ �` = ,� 

�$ و%"�k� Yنَّ �ا��G$ ا�0=Iا z  : }و	ھ/  

z = � − `    , { = �` 

c� = 2_z�{� + cDz�{~ + z~{�G + 2�z~{~ = ��� + 2�` + `�� 



 101  ���2015ا��  -  ولا��د ا�- 
	���ا���� ا�  

  

8� = 		_z�� + cz�~ + �z~~ + 8z� + �z~ = 0 
	�� = 	_{�� + c{�~ + �{~~ +8{� + �{~ = �� − `�	,			d� = �̅ = 0 

7�8�?  �)�7	�w�!�* �5 ا�/�	د�� "%:  

��� + 2�` + `����� + �� − `��� = 0 
��� − `�� + 4�`���� + �� − `��� = 0 

 e�Q د	0�k)�  ��4  `و)z  و{  ?�  ا����E ا�/��	ر��: %"7*�8

�z� + 4{���� + z�� = 0 
3.2 :!k3�
,��ا�#$L! ا���$�ر�! �����د�ت ا�� y�  

 	���5�c ا�/�	د�� ا�/9	�:� � − 4_� = 0 ⟹ � = c� وا�/�	د�� ا�//�Hة �"/���7	ت ⁄_4

 :����  

�`�� = c2_ 
�/�H وا= و��$9  5�7�� 	��� �=�T ا�<�وط ا��	(@� وy;)ا �9!ن  zو�*e ��ض ا�C( }و(;yا �!

 :	���  

�̅ = 0	, c� = 2_ ]z� + c2_ z~^ ]{� + c2_ {~^ = 0 
5� w�!�*�	) ًأنَّ  ��5إذا   ا����E ا�/��	ر�� �"/�	د�� ا�/9	�:� ھ0� :5

_̅��� + 8��� + ���� + d�� + �̅ = 0													�8� 
 ا����E ا�/��	ر�� و ا�7? ا��	م �"/ :4�.ــــــــــــ�ل�  �	د��:أو



102  ���	
�$ ا����� ا� ��ALا� ��[H0ا� ��"J	d*د4ت ا�	ر�� �"/�	ا�/�� ���  ا�

									`���� − 2`��~ + �~~ = �� + 6`																																 
  ا��ــــــ/:

_ = `�, c = −2`	, � = 1	, D = −1	, E = 0, F = 0	, G = −6y 
∴ ∆= c� − 4_� = 4`� − 4`� = 0 

  إذاً ا�/�	د�� �9	�:� وا�/�	د�� ا�//�Hة ھ5:

�`�� = c2_ = −2`2`� = − 1̀ ⟹ � + 12`� = , 
 <o�{ = � + %� `�zو�L*	ر   = ` :X�7)  

| = }�z, {�}��, `� = Zz� z~{� {~Z = Z0 11 `Z = −1 ≠ 0 
_̅ 	= _ ]z� + c2_z~^� = 1 

8� = 		_z�� + cz�~ + �z~~ + 8z� + �z~ = 0 
�� = 	_{�� + c{�~ + �{~~ +8{� + �{~ = 0				, d� = �̅ = 0 

�8*7�?  �)�8	�w�!�* �5 ا�/�	د�� "%:  

��� = 6`	 ⟹		��� = 6z ⟹ 	� = zC + z��{� + :�z� 
  إذن:

���, `� = `C + `� ]� + 12`�^ + : ]� + 12`�^ 
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	���ا���� ا�  

  

,��ا�#$L! ا���$�ر�! �����د�ت ا�-�[#!: 3.3 y�  

 	��� ��Q	د�� ا��	5 ا�/��c� − 4_� <   أن ا�/�	د�� ا�//�Hة �"/���7	ت ھ5:	 و(/ 0

�`�� = c ± √c� − 4_�2_  

 $��#�� $���7�� 	��� �!� Y�k�z  رة:  %"8 }و!�  ا�

					z =   + 3¡	,			{ = α − 3¡ 
)	>���	 ا����E ا�/��	ر�� ا�/�#�� �"/�	د4ت  �و(7	�� � �����E ا�/��	ر�� �"/�	د4ت ا�Hا]"�

�� ھ5:Q	ا��  

c���� + 8��� + ���� + d�� + �̅ = 0																�9� 
م ا�*7!�?  %"8و�"7�!ل L*��  ��@�@7,�� ا�	رة ا�@�!�  :ا�

α = 12 �z + {�				,				¡ = 12 3�{ − z� 
�� = �¤ � + �¥¡� = 12 D�¤ − 3�¥G 
�� = �¤ � + �¥¡� = 12 D�¤ + 3�¥G 
																		��� = }}z ¦12 D�¤ + 3�¥G§ 

																												= 14 D�¤¤ − 3�¤¥ + 3��¤¥ − 3�¥¥�G 	= 14 D�¤¤ + �¥¥G 
 5� w�!�*�	)�9�  ?��� وھ7�8"% : 5Q	د4ت ا��	ر�� ا�7@�@�� �"/�	ا�/�� �E��  ا�



�$ ا����� ا�
	���ا���� ا�/��	ر�� �"/�	د4  104 ��ALا� ��[H0ا� ��"J	d*ت ا�  

c�4 D�¤¤ + �¥¥G + 8�2 D�¤ − 3�¥G + ��2 D�¤ + 3�¥G + d�� + �̅ = 0	�10� 
 ا����E ا�/��	ر�� و ا�7? ا��	م �"/�	د��: : 5�.ــــــــــــ�ل�  أو

						`��� + �~~ = 0		, ` ≠ 0																																 
  ا��ــــــ/:

_ = `, c = 0	, � = 1, 8 = � = d = � = 0 
⟹ ∆= c� − 4_� = 0 − 4y = −4` 

  l�	# إذا ��Q	� د��	إذاً ا�/�` > 0 �`إذا #	�l  �وزا] < 0.  

 ��Q	� :5و��ا ��	ا�7�` > ��	 ا�/�	د�� ا�//�Hة: �0�  

�`�� = c ± √c� − 4_�2_ = ±2¨−`2` = ± 3¨`` = ± 3̈̀  

�`�� = ± 3̈̀ 	⟹ 3�� = ±¨`�` ⟹ 3� = ∓23 �`�kH + , 
�$ و%"�k� Yنَّ �ا��G$ ا�0=Iا	z  : }و	ھ/  

z = 23`kH + 3�				, { = 23`kH − 3� 
c� = 2_z�{� + cDz�{~ + z~{�G + 2�z~{~ = 4` 
8� = 		_z�� + cz�~ + �z~~ + 8z� + �z~ = 12¨` 
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�� = 	_{�� + c{�~ + �{~~ + 8{� + �{~ = 12¨`	, d� = �̅ = 0 
�8*7�?  �)�9	�w�!�* �5 ا�/�	د�� و"%:  

��� + 18`C �⁄ D�� + ��G = 0 ⟹ ��� + 16 �z + {��%D�� + ��G = 0 
  ا����E ا�/��	ر�� ا�o� ��@�@7>: إ�8و�*7!�";	 

α = 12 �z + {� = 23`kH,				¡ = 12 3�{ − z� = �				 
 5� w�!�*�	)�10و�  ?�7�8"% :  

�¤¤ + �¥¥ = − 13  �¤ 
 ��`�ا�7	�� ا�
	���: زا] < ��	 ا�/�	د�� ا�//�Hة: �0�  

�`�� = c ± √c� − 4_�2_ = ±2¨−`2` = ± 3 ∗ 3 ∗ ¨`3 ∗ ¨` ∗ ¨` = ± −1¨−` 
�`�� = −1¨−` ⟹ � − 23 �−`�kH = ,%	, �`�� = 1¨−` 	⟹ � + 23 �−`�kH = ,� 

$��ا��G$ ا�0=Iن اk� Y�"%و	z  : }و	ھ/  

z = � − 23 �−`�kH				, { = � + 23 �−`�kH 
c� = 2_z�{� + cDz�{~ + z~{�G + 2�z~{~ = 4` 
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8� = 		_z�� + cz�~ + �z~~ + 8z� + �z~ = −12¨−` 
�� = 	_{�� + c{�~ + �{~~ + 8{� + �{~ = 12¨−`			 , d� = �̅ = 0 

 5� w�!�*�	)�7� :أن 0�  

4`��� + 12¨−` D�� − ��G = 0 ⟹ ��� − 18�−`�C �⁄ D�� − ��G = 0 
∴ ��� − 16�{ − z� D�� − ��G = 0 

  ا��*ا]ـــ�

ا��	�5 ھT ا����.د  -1 �% أ,	,�	ت ا�/�	د4ت ا�*d	J"�� ا�H0]��، ا�H0ء ا�ول، دار و�9*�� ا�<�T  ،أ=/
  .�2004"�<� وا�*!ز�>،

��� %/� ا�/L*	ر،  .ا�/�	د4ت ا�*d	J"�� ا�H0]��، �~��2 أس �	ر�!، ���/� د -2 	��;	 %!اد، ��<!رات 
  .ا���o	ء

R.S.Johnosn, classification and canonical form, school of mathematics and -3 
statistic, university of newcastle upon tyne,  2007. 
Igor Yanovsky, Partial differential equation, 2005                                               .- 4 

E.Miersemann, Partial differential equation, department of mathematics, Liepzig-5  
university, 2012. 
Sanyasiraju V.S.S.Yedida, MA-2020 Differential equations.                                 - 6  
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Canonical Form For Linear Partial Differential 

Equations Of  Second Order 

Sumia Mohammed Abujalala1 

Abstract 

Linear partial differential equations are classified to be hyperbolic, 

parabolic, and elliptic equations. The importance of this classification is to 

divide physical problems into three basic types; wave transformation, 

diffusion, and steady-state situations.  

The benefit of transforming partial differential equations to the canonical 

form is to simplify them. When the partial differential equations are 

hyperbolic or parabolic would include one partial derivative of second 

order, and include two partial derivative of second order in the real 

canonical form if it is elliptic. This would facilitate finding the analytical 

solution for partial differential. 

Keywords: classification of partial differential equations – canonical form – analytical 

solution for partial differential. 

 

  ____________________________________________________________    
1Misurata University / Faculty of Science 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

�G���$���  ID*�! ;���� ــ ھ�����ن و

  �D1$! أ��]	�!

'(��  

   5"�	# ���j� ��*�� - ن!*"�اً  ھ	� ���!ص ا�/�	د�� ا�//�Hة �*��0 ھ	L) ة�d�م ،وL*�� و 

د�و ���9!س ا�/�0�I �!d	د�*��d!�� ا�7ود  ة�	%�	 �5 ا�*���� %$ /"���ة /*�د ( ،�$ أي در

ود ="�!d�/��  $� ?Qأ ���$ درn X�= ،n ��!d� ا�وال إ�0	د�	%�	 �5 �و#U�y  ،ر��� ا�/

�d!��، وو �ا�,�/"� ��
"
م ا�وال ا�/L*�� ���jه ا��yھ– ً	oور  -أ�y��d!��ا0�I	د /�.  

دة =ود ،ا�/�	د�� ا�//�Hة ،ا�/�d!�� ا�/�(�� ،ا�/�d!�� :$!�<��"ا�ا�
���ت �*�،  ���jن�!*"�  .#	�"5 ـــ ھ	

  ا���+�! -1

دات ا�7ود  	��	د��   �*� ��J	ت ا���	@��A*ا� $� =? ا�/�	د4ت ا�*d	J"�� و��Sھ	 �%

�@/�	 (;yا ا��/? ا�/*!اJ> ا�yي �رس   ، %"8 ا�A	�T إ�0	دھ	 �$ ا���9T!ن ��  ،�"/�d!�	ت

دات ا�7ود �"/�d!�	ت�*�وC	�i ا�*5 �$ ا�ر��  ، ����j  #	�"5 ــ ھ	�"*!ن ا�*5 ��0? إ�0	د 

ا�;	 �5 =? ا�/�	د4ت ا�*d	J"��و����ة  ا��"�	 ,;"�L*,ا <�A*�� 5*=.  د	0�I مL*�� U�y#و

5��9!س ا�/�d!�� وC	�i ا�*5 �$ ا�����  > 2  X�=5 و ��!d�ا  ر��� ا�/�� e"�� U�y#


�� و ا�Hا]��  �5 ا���	�J	ت"
�y;"� l/Q 5"/% 5ا  ، ا�ھ/�� ا�*5 �"��;	 ا�وال ا�,�� وا�وال ا�/

�d!�	ت/"� ��
"
را,� ا�وال ا�,�� وا�/) ،  ���j� �,را) Uوذ� ��!d�و إ�0	د �yور ��	د�� ا�/

�$ ا��!ع  _���ف %	دة ا�/�d!�� ا�*5 #	�"5 ـــ ھ	�"*!ن 	ª × 5  $� Y"�A*�� ��!j��أ�;	 

 	;� �i	ا���ª ف و!d��$ ا�%/ة و#U�y �/9$ ����2 ا�@�/� ا�yا���  5�$ ا��  !d�/"� :	;�~) ��

  ____________________________________________________________    
1Yا���� ���	�  #"�� ا��"!م / 
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 l�	# ا��!ع  _إذا $� ��)�� ��!d��5 × #	ن ھ�	ك  إذا_�9!ن �Q/� ذا��� �"/�k��  ��!dن  5

�*�di ��S Y0ي x  X�7)_� = ��،   ��!d�  (	�<9? : _و#U�y ���ف ا�/�	د�� ا�//�Hة �"/

|_ − �¬| = 0 

  ] ID2,5*�! ;���� ــ ھ�����ن[   -2

��	د�*;	 ا P@7� ��)�� ��!d��  �//�Hة "" #? 

  أي أن:

 l�	# ا��!ع  _إذا $� ��!d��5 × 5  ��!d�  ھ5: _و ا�/�	د�� ا�//�Hة �"/

|_ − �¬| = !� + !%� + ⋯ … … … … . +!#�# = 0 

  �kن:

!�¬ + !%_ + ⋯ … … … … . +!#_# = 0 

  ا���ھ	ن :

 l�	# ا��!ع  _إذا $� ��)�� ��!d��5 ×   أي أن: _ا�/�	د�� ا�//�Hة �"/�d!�� ���8و  5

8��� = |_ − �¬| = !� + !%� + ⋯ … … … … . +!#�# = 0 

_�®�!����d�cض  − �¬�  ��!d�_�أي أن %�	�iھ	 �9!ن ا��!ا�? ا�/�ا�@� �"/ − �¬� 

دة =ود �5 �*�5�$ ا�ر��  �و�9!ن  −   إذن : 1

c��� = &� + &%� + ⋯ … … … … . +&#�%�#�% = 0 

ام ا�/7دات �9!ن:و0�I	د ��9!س أي:  L*,	) ��)�� ��!d��  
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��% = 1|�| !�®��� 

%��وو�o)� <Jب �5  = ¬: 8"% ?�7�  

�!�®��� = |�|¬ 
 X�=� ��)�� ��!d��  .أي 

<J!)  � = _ − 0 أن: ¬��  

�_ − �¬�!�®�_ − �¬� = |_ − �¬|¬ 

�_ − �¬��&� + &%� + ⋯ … … … … . +&#�%�#�%� 																																			= !�¬ + !%¬� + ⋯………… .+!#¬�# 
,ا�/�	�gت(*�	وي  ��, �%, ……�# ?�7�8"% :  

_&� = !�¬ 
−&�¬ + _&% = !%¬ 

⋮ 
−I&#�� + A&#�% = !#�%¬ 
−¬&#�% = !#¬ 

�_(�oب ا�/�	د�� ا�و�5 �5  = ¬ ، 5� ���	
��	د�� �5 _وا� �Cب أ�Jو _#  ?�و(	�7� </0

8"%:  

!�¬ + !%_ +⋯………… .+!#_# = 0 
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  : =@���j� P #	�"5 ــ ھ	�"*!ن إذا #	ن : �1ل .�

_ = ²2 15 2³ 
  ا�7?:

  ھ5 : _�"/�d!�� ا�/�	د�� ا�//�Hة 

|_ − �¬| = �� − 4� − 1 = 0 

  إذن:

_� − 4_ − ¬ = ² 9 420 9³ − 4 ²2 15 2³ − ²1 00 1³ = ²0 00 0³ 
⟹ _� − 4_ − ¬ = 0 

���$��ت !�*ID ����; ن�ــ ھ���� :  

3��
�س ا��#"�3! [ -1 :[  

 l�	# ا��!ع  _إذا $� ��)�� ��!d��5 ×   ����j� T�= Y�k #	�"5 ــ ھ	�"*!ن �9!ن: 5

!�¬ + !%_ + ⋯ … … … … . +!#_# = 0 
 ��!d���9!س إذا #	ن  _�9!ن �"/!� = |_| ≠ �5 ا�/�	د�� ا��	(@� �7�?  %�_و(�oب  0

8"% :  

!�_�% + !%¬ + ⋯ … … … … . +!#�%_#�� + !#_#�% = 0 
  إذن:

_�% = −1!� �!%¬ + ⋯ … … … … . +!#�%_#�� + !#_#�%� 
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دة =ود �5  %�_و�9!ن�*�5�$ ا�ر��  �ھ5  − 1.  

: !I>	�  د	0�I 5*= 	;@��A� <�A*��_��  ........و �C_و  

  

  : إذا #	ن2�.�ل

_ = /1 2 02 −1 00 0 −11 
 �,%�_أو _��  

  ا�7?:

|_ − �¬| = �C + �� − 5� − 5 = 0 

ام ����j #	�"5 ھ	�"*!ن �9!ن:L*,	)  

_C + _� − 5_ − 5¬ = 0 

  : %"5�8 ا�/�	د�� ا��	(@� �7�?  %�_(�oب 

_� + _ − 5¬ − 5_�% = 0 

⟹ _�% = 15 �_� + _ − 5¬�, _�� = 15 �_ + ¬ − 5_�%� 

  ] :6,  1���+دة <+ود ���#"�3! [ -2

دة =ود �5 �*�  أي أن: _��dض أ��	 ��� =�	ب 

d�_� = &�_´ + &%_´�% + ⋯ … … … + &´¬ 
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���k�8ذا #	ن   = |_ −   إذن =����j� T _� ا�/�	د�� ا�//�Hة �"/�d!�ھ5  |¬�

  #	�"5 ــ ھ	�"*!ن �9!ن: 

��_� = 0																																																			�1� 
C	رج ا�@�/�  

µ�A�¶�A�  ودد�5 =�*� 5A��·���, e���  : X�7)  

d��� = ����e��� + ·����2� 
  l�=·��� = ����·�	degأو  0 < 5  

 <J!)_  $� 48) �7�? 1(	�/�	د�� () وا�*�!�w 5�2 ا�/�	د�� (�	("% :  

d�_� = ·�_� 
دة =ود �5 �*�5�$ ا�ر��  _و�9!ن  − 1 ?Qأو أ.  

 �3ل.��  : أو

c = _¹ − 5_º + 7_» − 3_B + _= − 5_C + 8_� − 2_ + ¬ 
:X�=  

_ = /2 1 10 1 01 1 21 
  ا�7?:

  ھ5 : _�"/�d!�� ا�/�	د�� ا�//�Hة 

|_ − �¬| = �C − 5�� + 7� − 3 = 0 
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c = _¹ − 5_º + 7_» − 3_B + _= − 5_C + 8_� − 2_ + ¬ = 

�_B + _��_C − 5_� + 7_ − 3¬� + _� + _ + ¬	 = _� + _ + ¬ 
= /5 4 40 1 04 4 51 + /

2 1 10 1 01 1 21 + /
1 0 00 1 00 0 11 = /

8 5 50 3 05 5 81 
  ] :C[4ور ا��#"�3![ -3

  (	���A@� ا�*	��� : �_��d/9$ إ�0	د 

 l�	# ود �5  ���·إذادة =�*�  أي �;	 ا����E : �ھ5 

·��� = !#�%�#�% + !#���#�� +⋯………+ !%� + !� 
 l�	# ذا���  "�وإذا �/�Q ��!d�/"�_ X�=  َّإن d�_� =   إذن:  �_�·

d��"� = ·��"� 
  ن:	ن ���	 =	�*ا)

 ��!d�,%�e�Q ذا��� ��d"*L  _ا�7	�� ا�و�5 : إذا #	ن �"/ ��, …   �kن: #�

					d��%� = ·��%� 
= !#�%�%#�% + !#���%#�� +⋯………+ !%�% + !�		 

					d���� = ·���� 
= !#�%��#�% + !#����#�� +⋯………+ !%�� + !� 

⋮ 
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d��#� = ·��#� 

= !#�%�##�% + !#���##�� + ⋯ … … … + !%�# + !�d��#� 

 X�=!�, !%, … … . !# *)	G ?�  .�%!ا

 l�	# إذا : ���	
�$ ا�/�ات �kن ��*�9رة  _�"/��Q ��!d/� ذا���  "�ا�7	�� ا�:  

d��"� = ·��"� 

��� d��"� = ��� ·��"� 

⋮ 
�¼�%�� d��"� = �¼�%�� ·��"� 

X�=  َّإن !�, !%, … … . !# Y*)	G ?�  .%!ا

 ا�y0ر ا�*�(��5 �"/�d!�� : 4���ل � =�X : _أو

_ = ²2 11 2³ 
  ا�7?:

  ھ5 : _�"/�d!�� ا�/�	د�� ا�//�Hة 

|_ − �¬| = �� − 4� + 3 = 0 

 ��!d�  ھ5: _��9!ن ا�@�e ا�yا��� �"/

�% = 1	, �� = 3 
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·�_� =  %_ + �_��	و¬�  = √_ 
·��� =  %� + ����	و�  = √� 

�_��و(/	 أن:  =   إذن: �_�·

√_ =  %_ +  �¬�1� 
  إذن:

��1� = ·�1� 
��3� = ·�3� 

 ?�,� e�Q   %"8و(7? ا��j	م �7  % G) د��	5 ا�/�� w�!�*�	) e1ب!"A/8 ا�"% ?�7� (.  

: !I>	� ��!d�دة =ود �"/�*�م ھyه ا�0�I 5*= �@��A	د L*��. ���j� مL*�� U�y#5 ــ و"�	#


�� وا�,�� �"/�d!�� و ��Sھ	 �$ ا�وال ،ھ	�"*!ن"
��	ع �Zd ا���A@� 	وذ�0�I، ) U	د ا�وال ا�/

رس ا�/� Uن ذ�	و��� ��!d�  	ل ا�*	�5:
ا�/*��� 0�I	د �yور ا�/

 5�.�ل �  إذا #	ن: _sin: أو

_ = ½\ 1 00 \ 04 1 \2¾ 
  ا�7?:

 ��!d�  ھ5 : _ا�@�e ا�yا��� �"/

�% = π2	, �� = �C = \ 
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·�_� =  �_� +  %_ + �_��	و¬�  = sin _ 
·��� =  ��� +  %� + ����	و�  = sin � 
·́��� = 2 �� + ����À	و%  = cos � 

�_��و(/	 أن:  =   إذن: �_�·

sin_ = �_� +  %_ +  �¬�2� 
  و(U�y �9!ن:

� �\2� = ·�\2� 
��\� = ·�\� 
�À�\� = ·́�\� 

 ?�,� e�Q  %"8و(7? ا��j	م �7  %	,  � G) د��	5 ا�/�� w�!�*�	) e2ب!"A/8 ا�"% ?�7� (.  

,QÁuو #�A*�� U�y> =�	ب  QÁ X�=  َّإن t  <J!) Uوذ� ��E*�c = _	  T�7و�QÂ  Zd�)


"� ا��	(@��  .ا���A@� ا�/*��� �5  ا�

  ا��*ا]�
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CAYLEY- HAMILTON Theorem and its 

applications 

Najia Abujalala 1 

ABSTRACT  

A very important and useful result regarding characteristic equation is the 

CAYLEY – HAMILTON Theorem. It is used to find the inverse of matrix and 

helps us in expressing matrices polynomial of any degree in terms of a 

polynomial of degree less than n, where n is the order of the matrix, as well 

as it helps us to find the exponential and trigonometric functions of matrix, 

and also this theorem could be used to find the roots of a matrix equation.       

Keywords: Matrix – Square Matrix – Characteristic Equation – Polynomial – Kayley-

Hamilton.   
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

*�+��  ا��*ب �$�ه �2 1$-�ت �3 ا���L$*ات و��( ا�
�$! ا��0*ة 
 �$�$� - !�#*ا� �+�-! �3 ا����Aة

S$1ا��#�وي ���+ إ�*اھ  

  2ا��*اط ا�#�دق �3ط�!

  3ا��G�ب D#* ر���ن

  ا���)'

ر أھe وھ! ،ا��7	ة ھ! ا�/	ء   ��0د *�ي ا�/�	ه �!دة ��ا��Q .����	ن ��$ �Y�!*7 و�	 �@	و�;	 و 

 .�"!YG و%م ا�/	ء �@	وة �5 ا�*e97 �5 ا�/;/� ا��!ر �$ و��Sھ	 �yا(� أ�gح

�	]K و(�w ،ا�9"�� ا����ة �@�� ھ! ا�را,� ھyه �$ ا�;ف   Lت �5  ا�	��% $� ا�<�ب ��	ه 

��ا�� (/��� ا�/��~ة�.  e� <�/0� GgG�$ ���% $� إ�) 8	JI	�� ا�9"�� ا����ة و�@�� ا�/7"5 ا��!ق 

�� ،ا�9	���!م %��ة ،ا�/	���S!م ،ا�9	���!م ،ا�9;�(5 ا�*!�i? ،ا�;�رو���5 ا��eQو ،ا��7ارة در

�@	ر�*;	 �/l %"�;	 ا�/*7�? ا��*	]s.ا�/	���S!م %��ة <� (WHO) وا��	�/�� ا�"���� ا�/!اdi	ت 

   .,	(@� وأ(7	ث

Correlation (R) ا4=�	]5 ا�*gC ?�"7ل �$و   
2
) and Stepwise method) e� t)ر s[	*ا�� 

?��> �"���ة %"�;	 ا�/*7 s[	*� K[	�L,��  ا�	,�ا�*5 ا e� 	ھ��@�،  X�= �=!� أن K[	�Lا� 

 ،ا�/	���S!م و��#�H ا�9	���!م ��#�H ھ5 ا�/رو,� ا����	ت �5 ا�9"�� ا����ة ��#��GW� 8"% H ا�*5

 و%��ة ا�9	���!م ��#�H (�$ �	م إر��	ط �!�!د �*��0 ا�/	���S!م و%��ة ا�9	���!م %��ة و(	�/@	(?

�$ ا�9	���!م �;�، H�#م و��!���S	/م و%��ة ا�!���S	/ا� $� �;�  .أ�Cي 

  ____________________________________________________________    
��ا�� –e�Q ا��9/�	ء 1� ���	�  #"�� ا��"!م / 
��ا� –e�Q ا��9/�	ء 2� ���	�  �#"�� ا��"!م / 
��ا��3� ا�#	د�/�� ا�"���� / ��ع 



��	ه ا�<�ب  122 $��� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت @�  

 .ا�/	���S!م ،ا�9	���!م ،ا�9"�� ا����ة ،ا�/��~ة ا�/�	ه : �"��<$!ا� ا�
���ت

!�+�� 

 و#���ة و�*!,��Ei �Aة =0	ما� �Q �d"*L	رورات �5 وا��	��7 ا��@�� ا�<�ب ��	ه �!�� إن      

�!داً  ا�/	ء أX�= ��i ، اg;*,4ك �$ دتوزا  وا��d7 ا��@? �;",!�,;? و ،%"�Y ا�7�!ل و,;? 

�� وا��9$ ا��/? �9	ن8 �إ إ=o	ره	QIء وا	�Gوأ �dل ا��	وا�*�=.  (��%� ا�/��~ة ا�/�	ه AQ	ع �/	 �@

lQ	�  �%�, !/� �%	�i ت	ي ا�/<�و(�C�أ (0/�> ا	;�	9a ز��	Eا� ��Sز�� و	Eر ،ا�@�� 	� ��!*� 

ر ا�,!اق �5 ا�/��~ة ا�/�	ه@) 	�  �aب ا��	س �$ ا�9
��ون و�od? ،و��	و�;	 %"�;	 ا�QI	ل �*Hا�

��	ه %$ ا�/��~ة ا�/�	ه ��d�7ا�، Uب وذ�	,��ة �% 	;�� :!"C ه	ا�/��~ة ا�/� $� e�Aوي ا�	ا��9/ $� 

ة و�i	%�	ً  ط��	ً  ��	��0 ا�/��~ة ا�/�	ه ن� ،ا��) ��7	�d!ا] ا�/�*;"U %*@	دا #U�yو ا�9"!ر�� و

 ًgiدة �"<�ب أ	و% e*� 	ؤھ	�*Qإ $� ا�*9	��2 (	ھ# �j	�l وإن =*5 ،وlQ أ,�ع �5و �9	ن أ�Qب 

   .ا�/����H ا�<�ب ��	ه %"�Q 8	,	 أ=�	�	ً 

   5� T"Sول أ��	ه ا��9	ن �$ ا�9
��ون �<�ب 4 ا�ور(�� ا� ��d�7داد ،ا�Hك و�g;*,ه ا	ا�/� 

��	ه %"8 ن	ا��9 ��;	  �7�? ا�*5 ا���	%�� ا��"ان �5 =*5 ,�!�	ً  7% (/�ل %	�/�	ً  ا�/��~ة 

���H�� و��	ه ،ا������A ا�/���� ا�/�	ه ھ5 ا�/��~ة ا�/�	ه �9!ن ا�=�	ن (�w �5و .ا�0!دة %	��� 

7دة ��	��� ا�/���� ا�/�	ه و��*!�5 ،ا�/�9رة وا�/�	ه ا���	(�>���	ه �;�  5	G*)و  ���!� ��@� ���	Cو 

$��$ �	(*T�� G %"8 و�7*!ي ���� (�Aق ,�7;	 و�*e ا�*"!ث �$ C	��� أ�;	 #/	 ،ا�/��9و(	ت  

 ،C	ر��� ىأ�% �C	�i أي ��;	إ �o	ف و�� 4	�s 4 ط����� ��	ه وھ5 ،ا��	درة وا���	�i ا�/�	دن

 َّ���	ه أ�o~ وھ5 ا�/��~ة ا���	(�> ��	ه �;5 ا�
	�5 ا��!ع 	أ ���!� ��/7� $�7ودة ا�*"!ث � ا�/�	��0 


? ا��oورة %��(� ا�9	��� ا�*;!��:  	�7;, $� ��	�s ا�*5 ا�/�	ه �;5 ا�
	�X ا��!ع 	أ�َّ  ،ا���	(�> 


? (�Aق و��	�s ،وا�Hا]ة ا��	�@� وا�/!اد ا���	I w�) �iزا�� #�/�	]�	ً  و ط����	ً � ��A@ا�* 

�J	�*ا�*~�$ زا��إو ا��5�9 وا� yCWه و�yه ھ	ا�/� $� ھ�	ك .[1]ا���	(�> أو ا����7ات أو �;	را� 

ة درا,	ت�% e� 	اؤھ��  . [10 -2] : ا�/��~ة ا�/�	ه %"8 إ
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�	]K و(�w ا�9"�� ا����ة �@�� إ��8;ف  ا�را,� ھyهو   Lا� parameters  5� ت	��% $� 

��ا�� (/��� ا�/��~ة ا�<�ب ��	ه�.  eQ��	# 5��� ،ا�9	���!م ،ا�9;�(5 ا�*!�i? ،ا�;�رو

 ا�/!اdi	ت �> %"�;	 ا�/*7�? ا��*	]s و�@	ر�� ا�/	���S!م %��ة ،ا�9	���!م %��ة ا�/	���S!م،

�> �"���ة %"�;	 ا�/*7�? ا��*	]s ر(e� t #/	 .,	(@� وأ(7	ث وا�/7"�� (WHO) ا��	�/�� s[	*� 

��ھ	 �e ا�*5 ا��Cى ا�/*��Eات@� �����ي و� �G~� )��E� (H�#�� ه �5 ا����ة	ا�/� H�#ا�*) هyھ 

�i	ا��� $��	]5 ا�*gC ?�"7ل =Iا. 

 ا����� ا��&ء

�	 (�$  ا�*0ـ	ر�� ا�/�	ه �$ %��� 30 %"8 ا��9/�	]�� ا�*7ـ	��? إ��اء �e ا�را,� ھyه �5   <��� أو 

���~ة <�با� �/�	ه �7"�� و=ات ?Cدا ������ا�� �، Qو l�/��$ ا�/�	ه %��	ت  <�	�� 	;� إ�*	

��	�aة wا) وا����C $� w�) تg7/ر�� ا�	ا�*0 �i	Lه و(�> (*7"�� ا�	ا�/�، <� yC�5 ا� 

 ا4%*�	ر�% </��	]��E� w�) K إ=*/	��� �*d	دي ،ا���!ات إ�*	ج =ا�G ا����	ت C ه	ا�/� <� 

�� و#U�y، ا��g=�� ا�*;	ء اQ*�ابg, ا���!ات $� X�= م ا�AE	ءوو�!د  (;	 G@!ب أي و�!د %

e97/ا� ،داً  ا����	ت أyC %/"�� �</? وأن ا��0% $� <�	��ر �!ز%� Q ن	9�I2 %"8 ا"*L� 

Pط	�� ������ا��، �0ول �!�7J ا����	ت أ,/	ءو �	) eQ(1) ر. e� ��@�  ًg# $�  ��، ا��7ارة در

 Ca ا�9	���!م %��ة , Ca ا�9	���!م ��#�EC, H ا�9;�(	]5 ا�*!pH, ?�i ا�;�رو���5 ا�س

hardness , H�#�� م!���S	/ا�Mg , م %��ة!���S	/ا� Mg hardness .  Qوe� اء�� ا�0	�T ا

��ا�� �0	��� -  ا��7!�� ا��7!ث e�Q( وا4,*<	رات ا��7!ث (/�#H ا��/"5� (Uــ�ــ= وذ�T 

  .[11 ,12] ا�@�	,�� �Aقـــا�

 e� امL*,ط ا	ار ا4ر��Regression and Correlation R( وا7�4
 إذا ��/	 �را,�) 2

� ا��Cى ا�/9!�	ت و��#�H �"/�	ه (TH) ا�9"�� ا����ة ��#�H (�$ ار��	ط %�Qg ھ�	ك #	نJ!!ع 

  .ا�را,�



��	ه  124 $�  ا�<�ب �@�� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت 

ول� ا�/��~ة ا�/�	ه %��	ت :1

eQر 

 ا�����

 

e,4ري ا	ا�*0 

 

e0= ا����� 

eQر 

 ا�����
e,Iري ا	ا�*0 e0= ا����� 

 �*� 7 ا��و�	ن 16 �*� 10 ا�!ا=� 1

 �*� i 1.5	��� أ�;	ر 17 �*� 7 ا��0ة 2

 �*� 7 ا��7	ة ��> �a 1.5 �*� 18/	ء 3

 �*� i 1.5	��� ��> 19 �*� 7 أروه 4

 �*� 1.5 ا�;�	ء 20 �*� 1.5 ا�/Hن 5

6 ��	�o7 ا���? 21 �*� 0.5 ا� �*� 

7 l97 ا�9~س 22 �*� 7 ا�� �*� 

 �*� 1.5 ,/	 23 �*� 7 �9*!ر�	 8

9 ���	a 330 ?"�ق 24 E7 ا� �*� 

10 �"� �*� 7 ا�//�H 25 �*� 7 أو

�� 26 �*� 7 ����	 ا#!ا 11g� 7 �*� 

�!ل 27 �*� 7 راو�� 12d7 ا4ر(�� ا� �*� 

13 ��� �*� 1.5 ا��dات 28 �*� 7 ا�/

���<� 29 �*� 7 ا�/�;? 14 7 �*� 

15 �)yم 30 �*� 1.5 ا��H� �*� 7 ز

 

 وا��-�[�! ا�-��%^

 Temperature   ا��*ارة در]!

   ?od� ه �9!ن أن	��
�� �5 ا��7ارة در�� و��GW ،دا�:� �9!ن أن %"8 (	ردة ا�<�ب # $� 

K[	�Lا� ��[	�H�d]�� ا�	ه وا��7!�� وا��9/�	ا�<�ب �/�.  

   �=g� $� 27.2 إ�8 م25.7 �$ ��او=l ا�را,� %��	ت �0/�> ا��7ارة در�	ت أن (1) ا�<9? 

�*@	ر(� و=�ار�;	 ،م37  �$ أQ? (	ردة ��	ھ;	 ��*�� ا����	ت و�/�> ،م، l"0,ا����� و eQ19( ر (

<�� ���	i ?Qأ ���!ل ا�//�H)  25،27( رeQ ا����*	ن ,l"0 =�$ �5 ،م25.7   =�ارة درdوا� 

  .م 27.2 =�ارة در�� أ%"8 ا�*���T %"8 ا�ر(��
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   Qو �Jأو ��G~� �� ا�*�#? أن ا�/�	ه ��	�Corrosion 5� ej� �0 ا�*�#? %"8 ا��7ارة در�H� 

ا��# �� أ#
� %	��� =�ارة در�	ت �;	 ��	ه ��;	 �/� ا�*5 ا��	(�T �9!ن و%"�Y ،[13]ا��7ارة �ر

�J�% ?#�*"� $� ، ا������A ا�/�	ه (7!ث �5 ا�;	�� ا��!ر �$ ا��7ارة درا,� و��*�� ��Sھ	، 

	;��اً  ھ	م ���T وذ�U ا�<�ب ��	ه و��? ا��7ارة أن وھ! 	% ?Cا*� <� ��@) ?� ا�/رو,� ا��!ا

  .[14] ا��Cى ا�/*��Eات و(@�� ،ا�yا]�� وا��gح وا����ة، ا�;�رو���5 ا�س �> ا�7	�� ھ5 #/	

S]*رو]$-� ا�+$Gا�   pH Value 

 ا�/ى ��Q <@� 5/	ً  (2) ا�<9? �5 �!�7Jھ5  و#/	 ا�;�رو���5 ا��*� ?�"7� eQ	s[ أظ;�ت   

ا  Y) (6.5-8.5) ا�/�/!ح%	��!ل ،ا�/���) 28 ،27 ،13 ( رQ	مأ ا����	ت dر(�� ا��ات ،ا�dوا� 

X�= l=او�� e�Q eQ5 ا�����
? وھ5 ،ا�*!ا�5 %"8)  6.1،6.2،6.2( �;	 ا�;�رو/� (% 10)$� 

ق ا�/Hن،( %��*	ن ،(30)ا����	ت �0/!عEا� $� 30 ���% (6.66 % eQ5 ا�����
�أ ا�;�رو# $� 

)7،7.3، 7.1  (8"% T���*ا�  	� ا��eQ �*�اوح %83.33 %��� 25 و%دھ	 ا����	ت (	5Q أ

5��� 8.5 - 6.5 ا�/ى �5 �@> ا�L	م ا�/�	ه �/�ej ا�;�رو���5 وا��eQ .7 – 6.5 (�$ �;	 ا�;�رو

[15] tو���� eQ5 ا�������A) �d"*Lق ا�;�رو <�/0) e�	�� �ن ��jاً  ،�@���	ً  ا��Cى ا�/�	ه �!دة 

 .[16] وا�;�رو#��? ا�;�رو��$ أ�!�	ت دا]/	ً  �*o/$ �"/	ء ا��9/�	]5 ا�*!ازن

�> ا�را,� ����	ت ا�;�رو���5 ا��*� eQ	s[ (/@	ر��    s[	*�  �,م درا	Q 	;) [10] ر��	ه (�$ �"/@	ا�/� 

���~ة ��	ه %��� 178 %د ا�را,� A� l"/a	��	إ �5  ا��	�� ا�<��9 و��	ه ا�/��~ة ��	Jد أ�� 157 

��	ه %��� �9�a ��	% )��d�7ا�( 0�� ?Qأ �/�Q ?�7� 	;�"% X=	ه ا��	ا�/��~ة �"/� l�	9� 4.1 5"%وأ 

�/�Q 8.8 	/��) l�	# e�Q pH ه	�/� ��d�7ا� $��> ا�را,� ھyه �*	]s و(/@	ر��  7.2 - 8.6  s[	*� 

X7) [3] د���~ة ��	ه %��� 23 �� ��"7���*!ردة، ��i	ف %��	ت 7 ، 0� ?Qأ �/�Q  pH ت	���"� 

 �Q  8.10/� وأ%"�Q 7.42 8/� أQ? ا�/�*!ردة و���i	ف �Q 8.60/� 8وأ%" 7.02 ا�/7"��

  Electric Conductivity (E.C.)   ا�
G*��%� ا���,$/

 ا�9;�(5 ا�*!e�Q ?�i إن (3) رeQ 	�<9?( ا�/رو,� �"���	ت ا�9;�(5 ا�*!*� e�Q ?�i	s[ أظ;�ت   

�*@	ر(� ا�/رو,� �"���	ت، l"0,اءة 8أ%" و�Q ?�i!*"� 5)�;9ا����� �5 ا�  eQا#!ا11 ( ر 	����( 

���9و  479 =!ا�5 Z�/�, / e, وا����� eQ5 ر ?Qأ �/�Q 5�9و 21.4 =!ا��� Z�/�, / e,، $� و

ول� 2��� ا�/رو,� ا����	ت �$ %93.33 ���� أن �*�o ا��i!*"� 5)�;9? ط�@	ً  ا�<�ب ��	ه �



��	ه ا�<�ب  126 $��� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت @�  

ة ��	ه ھ8) ����	 ا#!اe 11 (رQ ا����� و�/
";	 ا����	ت �$ %3.33 و���� �/*	زة ��	ه ��*���� e�Q 

?�i!*ا�9;�(5 ا� 	750و 400 (�$ �@> �;  	ھ! #/ �J!��$ %3.33 و���� (3) رeQ ا�0ول �5  

��	ه ھ5) ا�/Hن  5( رeQ ا����� و�/
";	 ا����	ت ?�i!*ا�9;�(5 ا� 	;� ?Qأ $����9و 50  Z�/�, / 

e,. 

�> ا�را,� ����	ت ا�9;�(�� ا�*!*� e�Q ��"i	s[ و(/@	ر��    s[	*� [10]  7�? ا�*5 ا��*	]s نأ �0� 

	;�"% X=	ا�� l=او�� $� 18 – 4090 Z�/�,�9و�� / e, ه	ا�/��~ة �"/� 	ه (��/	�� ��d�7ا� l=او�� 

$����9و 76 – 2360  Z�/�, / e, 	��$ �9	�l �*	]�0	 أ 479 – 21.4 Z�/�,�9و��/e,. 

ول� eQ2 : 2 ر��� .(µs/cm ) ا��i!*"� 5)�;9? ط�@	ً  ا�<�ب ��	ه �
 

�/*	زة ��	ه 

 

50 – 400 

 

ة ��	ه�� 

 

400 – 750 

 

��	ه $9/� ا,*�/	�;	 

 

750 – 1500 

ر                                         �  [17] : ا�/

    Calcium and Magnesium وا���m-0$�م ا�
��0$�م

$� s[	*�7 ا��J!/9? ا�>�	) eQأن ���$  (4) ر e�Q H�#!م ��ا���	�0ام ا�9�""/�	) / �*� l=او�� $�) 

�""��0ام 25.6  – 3.2/ �*� X�= l�/o� s[	*(%66.66) %���  20 ا�� H�#�� !م���	ا�9 	;�� ?Qأ 

$� و%د �*� / �""��0ام 15 – 10 �$ ا�9	���!م ��#�H (%23.33) %��	ت 7و �*� / �""��0ام 10 

�""��0ام 15 �$ أ#
� ��;	 ا�9	���!م ��#�H (%10) %��	ت 3 / �*�.  

�!�J ھ! #/	 �*� / �""��0ام 12.96 -1.44 (�$ ا�/	���S!م ��#�H ��اوح  ?9>�	) eQ(5) ر X�= 

l�/o� s[	*د ا��%27 ���% (90%) H�#�� م!���S	/ا� ?Qأ $� %��	ت 3 و%د �*� / �""��0ام 10 

(10%) H�#�� م!���S	/ا� 	أ#�� ��; $��""��0ام 10  / �*�، e5 و��~� �diا�"���� ا�/!ا eQ10 ر ���� 

 .[18] ا�/	���S!م أو ا�9	���!م �*�#�Y)  H ا�/�/!ح �"7 e�Q ذ#� %"8 ا�/��~ه ا�<�ب �/�	ه 2008


? ا�7 �8إ [19] ا�<�ب �/�	ه 1992 ���� 82 رeQ ا�"���� ا�/!ا�di أa	رت =�$ �5��8  ا�Q�وا 

�""��0ام)  30،150( وا�/	���S!م)  75،200( ا�9	���!م �$ #Y) H�#�*� g ا�/�/!ح / �*� 8"% 

T���*ا�. $� s[	*ا�� ?�
? ا�7 إ�8 ��? �e وا�/	���S!م ا�9	���!م ��ا#�H أن  %"�;	 ا�/*7� ا�
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اً  Q"�"� وا�/	���S!م ا�9	���!م ��ا#�H ��*�� (? (	�/!ا�di ��;	إ ا�/<	ر��@	ر��  7�	) ?
� ا�

 .ا�*!ا�5 %"8 وا�/	���S!م ا�9	���!م �$ �Y) )75،30 (?9 ا�/�/!ح

�$ وا�/	���S!م ا�9	���!م �i	,�� ا���	,�ا e�0� ن	و ،ا��4$�7�? أن ا�//$9 *� e�0ا� $% 

$�yھ $��� 4 �;	إ4 أ وا�/	���S!م (	�9	���!م ���S أ��yS ��	ول %� وذ�U ،ا��A	م ط��P %$ ا���

7�? ا�*5 ا�9/�� ��!ض*� 	;�"% e�0ا� $��� ا�9	���!م ،ا�<�ب ��	ه �% e;� و�Y %"8و 

�!صLل ا�	dط�� <Jا�� ?���	ه ،وا��j	م ا�,�	ن و�9!�$ ��/! أ�o	�J  ًوري وھ!، وا�7!ا 

 .[20] ا�9	���!م (�@�Qg% K ذات أ��اض و�����S ��7i T ��*�� ا�9	���!م �$ ا�d@��ة ا�<�ب

 ��او=l وا�*5 ا�را,� ھyه �5 %"�;	 ا�/*7�? ا�/	ء ����	ت ا�9	���!م ��#�*� e�Q H	s[ (/@	ر��و   

H�#!م ��ا���	ا�9 	;�� $��""��0ام 3.2 - 25.6)( /�*� <� s[	*�  [10]  ��ا#��Q H/� أن �0

7�? ا�yي �*� / (	�/""��0ام ا�9	���!م� 	;�"% Dinelli  l=�0ام 168.0  – 0.1 (�$ ��او�""/�	) / 

��	ه ����	ت �*� ��d�7ا� �����	ه و(	ا�/��~ة �"/� l=�0ام 473.5 -1.26 (�$ ��او�""� و(/@	ر�� �*� / 

s[	*ا�� <�7�? ا�yي ا�9	���!م أ�!ن ��#�e�Q H أن �!=� [3] درا,� � 	;�"%  – 2 �$ ��او=l زاھ

 53 -1.2 (�$ ا�@�e ��او=l ا�/�*!ردة و�"/�	ه ا�/7"�� ا�/��~ه �"/�	ه (	����� �*� / �""��0ام  42

 - 1.8 (�$ ��او=l ا�9	���!م ��ا#�e�Q H أن �!=�  [2]  درا,� �> �*	]�0	 و(/@	ر�� ،�*� / �""��0ام

 ��او=l وا�*�5، ا�/رو, ا�/	ء ����	ت ا�/	���S!م ��#�*� e�Q H	s[ (/@	ر�� .�*� / �""��0ام   49.2

�""��0ام) 12.96 -1.44(/ �*� <� s[	*� [10] �=!� أن �/�Q H�#م ��ا!���S	/�0ام ا��""/�	) / �*� 

l=ت 52.6  – 0.01 (�$ ��او	ه ����	�� ��d�7ا� �����	ه و(	ا�/��~ة �"/� l=75.7- 0.26 (�$ ��او 

 (�$ ��او=l ا�/	���S!م  أ�!ن ��#�e�Q H أن �!=� [3] درا,� �> ا��*	]s (/@	ر�� �*�، / �""��0ام

- 5.2 (�$ ا�@�e ��او=l  ا�/�*!ردة و�"/�	ه ا�/7"�� ا�/��~ه �"/�	ه (	����� �*� / �""��0ام13.7– 1.2

 ا�/	���S!م ��ا#�e�Q H أن �0 [2] درا,� �> �"/	���S!م �*	]�0	 و(/@	ر�� �*�، / �""��0ام  22.2

l=�0ام 44.2 - 1.0 (�$ ��او�""� / �*�. 

  Total Hardness ا�
�� ا��0*

   �=!� $�ات %�;	 ����اً  #	���!م #�9(!�	ت ا�9"�� ا����ة e�Q أن (6) رeQ ا�<9? =!) e0"�/�*� 

l=او�� 	� $�)  13.91- 117.29e0"�/�*�. 



��	ه ا�<�ب  128 $��� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت @�  

   $� ���	�� e978 ا�"% �� # �/�Q	�l ذاإ ���ا ��*�� ا�/	ء أن %	م (<9? ا�/	ء ��� أو %�� در

 180 – 60 (�$ ا�*�#�H ��اوح ذاإ ��� ��S و��*�� ،�*� / �""��0ام 60 �$ أQ? ا�/@ر ا�9"5 ا����

 ا�/	ء و��*�� ،�*� / �""��0ام�a زادت اذا ا���� Y*/�Q $% 180 �0ام�""� و(;yا ،[8] �*� / 

2�����	ه و�/
? 29 ،25 ،23 ،12 ،11 ،9 رQ	مذات ا� ا����	ت ا%*�	ر �/9$ ا�* �"� ا#!ا ،أو

��	ه ھ5 ، و���<� ،ا�//�H ،,/	 ،راو�� ،����	 ��S ت و(@�� ���ة	ا���� 	دھ��	ه ھ8 %��� 24 و% 

دت .���ه= �diه ا�"���� ا�/!ا	ا�/��~ة ا�<�ب �/� eQ2008 ���� 10 ر �/�Q ا�/�/!ح ا�9"5 ا���� 

Y) ت	م #�9(!�!���	#) 7# 5�Q�0ام 200 أ�""� �l7 ا�/رو,� ا����	ت �/�> و)	�*	�(5 �*� / 

   .(;	 ا�/�/!ح ا�7ود

�w ا����E ا�0!��� �"/�	ه �9!ن �	 و%	دة ،ا����7A ا�/�	ه �$ %	م (!�Y أ%�� ا�0!��� ا�/�	ه   	7) 

U��!)�9#��0$ ا��وا T[اyرة ا�Q Tو�y� ���	% �)�*"�، ر أو!L� ذات �@	د�� %"8 �7*!ي ا�*5 ا�

��	دن �$ a~ن l��"9ا� Z�0وا� l�� إ�8 ��? %��ة ��*s أن �/9$ و(	�*	�5 ،وا�و�!��$ ا�� 

  .[18] ا�"*� �5 ا�/"��0ا�	ت آ4ف

�> �"���	ت ا�9"5 ا���� �*	]s (/@	ر��    s[	*�[12]  �$ ��او=l ا�9"5 ا���� �Q/� أن �0 0.3 – 

�""��0ام  528.8 / ،�*� <��""��0ام 159 ھ8 ا��Q ���"� 5"9/� أ%"8 أن �0 *� [4]	s[ و / �*�، 

?Qوأ �/�Q 19 �0ام�""��$ ا��*	]s �*�او=l ا�/�*!ردة ا����	ت أ�	 ،ا�/7"�� �"���	ت �*� /  30 – 

�""��0ام 225 / �*�، <�0 *� [1]	s[ و� e�@ا� l=او�� $��""��0ام 11.6 – 298.0  /�*� 5� $�= 

l=او�� 	�0[	*� $� 13.91- 117.29e0"�/�*�. 

 and Magnesium Hardness  Calcium وا���m-0$�م ا�
��0$�م 01*ة

   �=!� $�ات %�;	 ����اً  ا�9	���!م %�� e�Q أن (7) رeQ ا�<9? =!) e0"�/ �*� l=او�� 	� $�) 

�$ %��	ت �GgG .�"9	���!م (	�����  .ا�9	���!م #�9(!�	ت  64 - 8 (% 10) %��� 30 l"0, اءة�Q 

?Qأ $�د ،�*� / �""��0ام 10 % (% 53.33) %��� 16 l"0, اءة�Q $�) 10 – 20 �0ام�""� / �*�، 

 ,l"0 (% 20) %��	ت 6 %د �*� / �""��0ام 30 – 21 �$ �Qاءة ,l"0 (% 16.6) %��	ت 5 %د

�""��0ام  30 �$ �!ق �Qاءة / �*�.  

   	��$ ا��*	]s �*�او=l ا�را,� ����	ت ا�/	���S!م %�� e�Q أ 53.36 – 5.92 e0"� ھ! #/	 ،�*� / 

�J!� ?9>�	) eQد .(8) ر و%د ،�*� / �""��0ام 10 �$ أ�Q ?Qاءة ,l"0  (% 16.6) %��	ت 5 %

12 ���% (40%)  l"0, اءة�Q $�) 10 – 20 �0ام�""� �Qاءة ,l"0 (% 30) %��	ت 9 %د ،�*� / 
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$��""��0ام 30 �$ أ%"�Q 8اءة ,l"0 (%13.33) %��	ت 4 %د ،�*� / �""��0ام 21 – 30  / �*� 

e5 و��~� �diا�"���� ا�/!ا eQه 2008 ���� 10 ر	ذ#� %"8 ا�/��~ه ا�<�ب �/� e�Q   (Y ا�/�/!ح �"7

H�#�*� ��% !م���	م %�� وأ ،ا�9!���S	/ا� 	/��) l7Jأو �8 ا�7Q�ا�/�/!ح ا Y) ا�9"�� �"���ة 

8 �"7 ط�@	ً   ،�*� / �""��0ام 200 وھ!�Q�ا�/�/!ح ا Y) ���� !م���	م ا�9!���S	/ي وا�yرت ا�	aأ 

Yا�� �/j�� �7� أن ا�@!ل �/�kY� $9  [21] ا�*!ا�5 %"8 �*� / �""��0ام)  400،100  ( ا��	�/�� ا�

<�/� .(;	 ا�/�/!ح ا�7ود �5 �@> ا����	ت 

�> ا�را,� ھyه ��*	]s ا�/	���S!م و%�� ا�9	���!م %�� (/@	ر��    s[	*� [2]  %�� e�Q أن �0

7�? ا�*5 ا�/��~ة �"/�	ه ا�9	���!م� 	5( %"�;L�>)ا� l=�0ام 126 – 4.2 (�$ ��او�""� / �*� 

 ���� �*	]�0	 ��او=l (��/	 ا�/	���S!م ���� e�Q ذ#� %"8 ا�را,� �~�8 و�e ،#	���!م #�9(!�	ت

�""��0ام 64 – 8 �$ ا�9	���!م/�*�.  

�*�	�$ ا���� �"/	ء ��ادا� أو ا�/�	ط�Q P!ل    $��8ا� ا�e�A و= أ�C ا�8 ��د Q (Threshold) 

�8 ا�7 /	(�� ا�/���t ا��!ن %"8 ا%*/	داً  ،�""��0ام 300 ـ 100 �$ ا�9	���!م ��!نQ�ن ا!�� 

 .[22] �"9	���!م ا�/7*/? �$ أQ? ا�/	���S!م

  

 :  Statistical analysisاO<#�%� ا����$/

   e� ا�*�اض Y4 أ� �!� �Qg% د��4 ذات ��[	���*!ى %� إ= �@G 95% $�) ا�9"�� ا����ة TH  

 �;yه ا���? وا��dض  H0 ا��م (��J�d  ا���J�d ھyه و��/8، ا�را,� ��C ?7ىا� وا�/9!�	ت

��J�dأ ھ! ا�Y� �!� �Qg% د��4 ذات ��[	���*!ى %� إ= �@G 95% $�) ا�9"�� ا����ة TH  

ام .ا�را,� ��C ?7ىا� وا�/9!�	تL*,	) ��H7ا� ��[	�=Iا SPSS e� ل!� ا��*	]s %"8 ا�7

�7J!/ول �5 ا�  .3 رeQ ا�0

e� امL*,ط ا	ر��Iا ) (Correlationار %�Qg ھ�	ك #	ن إذا ��/	 �را,� (Regression)  وا7�4

  وھ5   ا�را,� �7?  ا��Cى ا�/9!�	ت و��#�H �"/�	ه (TH) ا�9"�� ا����ة ��#�H (�$ ار��	ط

�� %��ة Ca ،ا�9	���!م ��#�EC H ،ا�9;�(	]5 ا�*!pH  ?�i،ا�;�رو���5 ا�س T ،ا��7ارة در

 ..Mg hardness،ا�/	���S!م %��ة Mg،ا�/	���S!م ��#�Ca hardness H ،ا�9	���!م



��	ه ا�<�ب  130 $��� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت @�  

 ���4)+ام �G$�1 ا�
�$! ا��0*ة �� ا��+رو4! ���
��Dت �G$�1 ا����#/ ا��$�  S�gE  : 3 ر[S ]+ول

   SPSS اO<#�%$! ا��&�!

  ا�/*��Eات
 )ا�/9!�	ت(

?�	�� 

 ا4ر��	ط

R 

?�	�� 

� ا�*7

R
2

 

��*!ى 

��4 ا�

Sig 

 ا�/:!�� ا�����

Percent 

�Qg% ا�9"�� ا����ة 

��E*/�	) 

pH 0.220 0.048 0.243 4.8% �d��J  ًا� 4 �!� �Qg% �d��J 

EC .7890 0.622 0.000 62.2% ��!Q  ٍ	���� �!� 

Ca 0.979 0.978 0.000 97.8% ��!Q �!� 

Ca Hard 0.989 0.979 0.000 97.9% ��!Q �!� 

Mg 0.987 0.974 0.000 97.4% ��!Q �!� 

Mg Hard 0.984 0.974 0.000 97.4% ��!Q �!� 

Temperature 0.046 0.002 0.810 0.0% 4 �!� 4 �!� 

$�8 �7�"�	 (3) رeQ ا�0ول "% �Qg% ط��	ار�� ��!Q ة أو�� ا�/9!�	ت و�/�> ا�9"�� ا����ة (�$ 

 (�$  ار��	ط و�!د ���d وھyا ا��7ارة ودر�� ،pH ا�;�رو���5 ا�/7*!ى (	,*
�	ء ا�/رو,�

  (��;	 ��/	 ا�/�*@"� ا�/9!�	ت ھyه (�$ �H]�� وأ �	�� �Qg% ��AC و�!د أي ،ا�/رو,� ا�/9!�	ت

U�yو� e� مL*,ط��@� ا stepwise ار7�g� 5ALد ا� %"8 ا�/�GWة ا��d"�� ا�/9!�	ت �/���� ا�/*�

H�#�� ا�9"�� ا����ة.  وا=اً  ا�/�*@"� ا�/*��Eات إدC	ل %��) �Cات ا)!AL( �"�"�*�ام L*,	) 

8 �7�"�	و Stepwise ا7�4ار ط��@�"% s[	*ا�� ���	ا�* :  

ANOVA
c
(4) ا�*�	�$  ول �   

 Model Sum of Squares Df Mean Square F Sig.  

1  

Regression 18802.688 1 18802.688 1275.672 .000
a

 

Residual 412.704 28 14.739   

Total 19215.392 29    

2  

Regression 19215.388 2 9607.694 6.821E7 .000
b

 

Residual .004 27 .000   

Total 19215.392 29    

a. Predictors: (Constant), Ca hardness 

b. Predictors: (Constant), Ca hardness, Mg hardness 

c. Dependent Variable: Total hardness 

  

$�ول �  ا�/��!�� ��*!ى �Q/� أن �*�o أ%gه ANOVA ا�*�	�$ �7"�? 

 ا��/!ذج ھyا أن %"8 �ل وھyا  Sig = 0.000 ا�/�7!ب�� W��*"�. 	/# ت أنg�	�� ا7�4ار 

l�	# 8"% !7ا)�5 ا��  
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Coefficients
a
ول  (5) ا�/�	�gت  �  

 

Model 
Unstandardized 

Coefficients 

Standardized 

Coefficients T Sig. 

 B Std. Error      Beta   

1  
(Constant) 1.363 1.344  1.014 .319 

Ca hardness 1.868 .052 .989 35.717 .000 

2  

(Constant) -.008- .004  -1.829- .079 

Ca hardness 1.000 .001 .529 1877.611 .000 

Mg hardness .999 .001 .483 1711.672 .000 

a. Total hardness 

 وھ! ا�9	���!م %��) Ca hardness( ا�/*��E ھ! ا7�4ار �/!ذج �5 ا�اC"� ا�/*��Eات أول إن 

���!ي X�= ن	ى #!*�� ا7�4ار �/!ذج �5 ا�اC? ا�
	�5 ا�/*��E وأن ،)Sig = 0.000( ا�/��!�� 

 ا�/*��Eات (	5Q أ�	 ا�/	���S!م، %��ة) Mg hardness( ا�/*��E ھ!@� e� 	دھ	د ا,*��!�!� 

  .Q!ي ذا�5 ار��	ط

ول� (9) �J!� ?�	�� � ا�*7

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate 

1 .989a .979 .978 3.83920 
2 1.000b 1.000 1.000 .01187 

$��? �Q/� أن �*�o ا��*	]gC sل 	�� � Ca ( ا�/�*@? ا�/*��E إدC	ل =	�� �# Y*/�Q 5	�R2 l ا�*7

hardness (��% !م���	ا�9 t@�  l�	# (0.979)، 	���	ً  ا�/�*@"�$ ا�/*���E$ إدC	ل =	�� �5 أ )Ca 

hardness (��% !م���	و ا�9 )Mg hardness (م %��ة!���S	/ا� @� l�	# Y*/�Q ) (1.00 أي 

�$ �GW� ����) 100%ان ا�/*���E$ ھ�y$ أنَّ  ��E*ا� ?i	75 ا�� ��E*/(> ا�	ا�9"��) ا����ة( ا�* 

�!د ا�7ار ��	د�� أ�k� ?oن و(	�*	�5!) l)	G ار : ا)�5 ا�<# 8"% ?9	�l ا7�4

TH = -0.008 + Ca hardness + 0.999 Mg hardness 

	� ا�<# 8"% ?9	�l) إھ/	�Y و�/��Ei $9ة Y*/�Q( ا7�4ار G	l) و�!د (�م ا�7ار ��	د�� أ�o? أ

  : ا)�5

TH = 0.529 Ca hardness+ 0.483 Mg hardness 

	/"# ��E*� !م %��ة���	ار ا�9 �*��E و#"/	، 0.529 (/@ار ا�9"�� ا����ة �*��E وا=ة و=ة (/@

ام ،0.483 (/@ار ��E*� TH وا=ة و=ة (/@ار ا�/	���S!م %��ةL*,	) s�	��) Minitab  Y�"%و



��	ه ا�<�ب �@�� ا����ة ا�9"�� و(�w ا�/*��Eات �5 %��	ت  132 $�  

	�"�7�  ً	���@� 8"% Zd� s[	*ا�� <� ا�/	���S!م و%��ة ا�9	���!م (*�#�H ا�9	���!م %��ة ا,*�ال 

H�#�*) م!���S	/ا�، $� ��#��GW� 8"% H ا�*(Parameters) 5 ا�/*��Eات إنَّ  ا�@!ل �/9$ ھ�	 و

 %��ة و(	�/@	(? ا�/	���S!م و��#�H ا�9	���!م ��#�H ھ5 ا�/رو,� ا����	ت �5 ا�9"�� ا����ة

�$ ا�9	���!م و%��ة ا�9	���!م ��#�H (�$ �	م ار��	ط �!�!د �*��0 ا�/	���S!م و%��ة ا�9	���!م 

�;� H�#م و��!���S	/م و%��ة ا�!���S	/ا� $� �;�  .ى�Cأ 

  ا���,$�ت

1-  �0�*� $�	�� e�Q ���	�/رة ا�!#y/ا���!ات %"8 ا� )P� �!5i ا�/@	,� )	�(e�@ ا�/"�>*) �)	Qا�� 

�	�> %"8 وا�/*	(�����	��0( ا�/�	ه �7"�� و�g7ت  - �:��� – $�HL� (ي� ا�/�	�> ھyه �A	(@� و

�$ ا��	��0 ا�/�	ه %"8 ا�ور�� اC4*�	رات وإ��اء وا����d ا����7 �"<�وط <�	��$ ا�/ ?�Q ت	ا�0; 

  .ا���Qg ذات

��ا�� (/��� ا�/�	ه �!دة (/�ا��Q ا���Qg ذات (	�/L*��ات ا4ھ*/	م -2� X� ا�*7"�? أ�;Hة و�7

	;�  .ا�gز�� ا�*<�E? و�!اد وا�9!ادر ا�) ���d	���	�i ود%/;	 �

�� ا�*@��	ت (0!دة ا4ھ*/	م -3L*�/ه �7"�� �5 ا�	���	�> �5 ا�/��~ة ا�<�ب � ا�/�	ه �7"�� و�g7ت 

5� ������ا�� � .ا�gز�� وا�*<���	ت ا�@!ا��$ ,$ gCل �$ وذ�U ،%	م (<9? و����	 ،

4- ��!A� �diه ا�"���� ا�/!ا	و(<9? ا�/��~ة ا�<�ب �/� �/*�� ا�*�ا#�H ا�/!اo*� �di/$ وأن، 

  .وا�/	���S!م ا�9	���!م �����ي (;	 ا�/�/!ح

 ا�/��~ة ا�/�	ه %�!ات �$ ا��"�e وا�*) K"L	d*,4	دة ا4ھ*/	م5- �) 	;#g;*,ا.  

 -6P���*ات (�$ ا���*L/ذات ا� �Qg5 ا��� ������ا�� �،  Uضوذ��E� <ا��� $� ھyه و#d	ءة �!دة 

 .ا�/L*��ات
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Determination of Total Hardness and some     

Parameters in some Bottled drinking water samples 

from Misurata city – Libya 

Ibrahim M. Al Assawi 

Fatma S. Al Durrat 

Ramdan N. Al Haloob  

Abstract 

Water is the most important resource for human. Water is essential 

to health however its purity, Potability and the mineral content is important 

for Consumption by humans.              

The objective of this study was to determine total hardness Content 

in some samples of bottled water from Misurata city, Libya. A total of thirty 

commercial bottled drinking water (non-Carbonated) were purchased from 

Super market all over Misurata City. Total hardness for samples 

investigation along with Temperature, pH value, Electric Conductivity EC, 

Calcium Ca, Magnesium Mg, Calcium hardness and Magnesium hardness 

were determined. The results obtained are compared with international and 

national Specifications and Previous research. Most samples were agreed 

with the permissible value as given by W.H.O. 
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By Statistical analysis, Correlation (R2) and Stepwise method, found 

that total hardness value influenced by concentration of calcium and 

magnesium in addition to calcium hardness and magnesium hardness.   

Key words: Total hardness, bottled water Calcium hardness, Magnesium hardness.  
Misurat 

 



 

137 

��ا��� ���	�ر %$ #"�� ا��"!م / �� 

  ) PVCإ3�E! �)�"�ت �+ا%2 ��ل ;��ر�+ ا�"��-$/ ( 
P4"��$! ا����$!  إ�Oا !D�4*(و ا��Q P�1�اص   �Gدرا4! �9A$*ا

!D�4*(ا�  

g��, 2� *$�� �11+ ا�����  

�D��$�ا� ���2���+ ��1 ا��  

 nD��S$إ�*اھ i�*G3ا<�+ ا�   

+]*] +��� +���4  

  ا���)'

    َّe� l"d,Iا $� �d"*L� T�� Z/L) ��*"d,إ ���	ا,�C ت	A"C اد)%  7 ،6.5 ،6 ،5.5 , 5( إ%

l"d,4ا $� 8"
�l ط��@� �	رa	ل �5 ����$ ا�9/�� ا�/L*,ا Qو،  eG ر	�*Cاء ا��I 	ھH�;0�

  .و ا���4	ب ،ا�
�	ت ا�!زن ا��!%5، و

 �و Q e ��	J7!قإ��PVC )  T��)0.025، 0.050، 0.1، 0.15%(  ���	
إ�8 ا��A"L ا�/

�	رa	ل(و��Q e	س �Q/*5 اC*�	ر  ،ا�/7دة(  $� ���	Lا� ���	
وا�!زن ا��!%5 و�@	ر�*;	 (	��A"L ا�/

 أa	رتو ،PVC ة�	دQ  s[	*ا����"oدة  إ�8 أ�	� ��	JإPVC  ��*"d,Iا ���	ا,�Lت ا�	A"L8 ا�"%

��	JIم ا�@	ر�� (�.   

  ____________________________________________________________    
��ا��, ��*yب �"�/? (	#	د�/�� ا�را,	ت ا��"�	  1� ���	���ا��-e�Q ا��9/�	ء #"�� ا�*�(�� �  
اد ا�/ر(�$ (/��ا��  2%I 5�	ا��  ا�/�;
3  اد ا�/ر(�$ (/��ا�� ا�/�;%I 5�	ا��  
اد ا�/ر(�$ (/��ا�� 4%I 5�	ا��   ا�/�;
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�d"L	ت ا�"ا]$ ،"*��: ا��L,	�	ت اd,4ا�
���ت ا��"��<$!،   .ا��L,	�	ت ا�/7!رة ،�	���? #"!ر�

  ا���+�!  .1

�$ ا��#	م (~=0	م ��d"*L وا�/	دة ا��ا(�A وا�/	دة ا�/	�:�    ��*"d,Iا �A"Lر ا�/!اد  ،�*9!ن ا�	�*Cا e*�

�	د�� ا�و��� ا%*/	داً *Qرات ���� وا	8 ا%*�"%،  �����و�;yا ���5E أن �*!�� �5 ھyه ا�/!اد C!اص 

e�/�  .[1]و�T0 أن �9!ن �A	(@� �"/!اdi	ت ا�/*��� �5 ا�*

 و ،(� ا��7ب ا��	�/�� ا�
	���ظ;� �@م ��/�e ا��L,	�� اd,I"*��  إنَّ    Q 5� ة ط�قظ;�ت %

�/�e ا��L,	�� اd,I"*�� و�$ أa;� ھyه ا��Aق ھ5 ط��@� �	رa	ل�.  Q5 طو� �@��Aه ا�yرت ھ!

 Bruce Marshall )(�وس �	رa	ل(أ���9	 gCل أر(���	ت ا�@�ن ا��<��$ %$ ط��P ا�/;�س 

��*"d,Iت ا	A"Lا� ��Qا��5 ��/�e و� 	;�اL*,4 U[2]وذ�.  

    	;*�!;�� Uوذ� ،e�	ت �5 ا��	A"Lا� e�/�� 5� ��L*�/ق ا��Aا� �
��*�� ط��@� �	رa	ل �$ أ#

م ھyه ا���A@� �5 =	�� ا�A"L	ت و�!�� ا�/�ات L*�� ق, و�Aات ا���*L� ej�� 5� 	;) �i	Lا�

 $% $>Lم ا�	ت ا��#	���= e0= �H� 4 X�7) ��C	25ا�� e�ام اl"d,I ا�,/�*5 #/	دة  ،L*,ا <�

�A)را،  ��*"d,Iا ��	,�Lا� e�/��0	ل � 5� lG]e ا�*A!ر ا�yي =ث *�gو�> ا�*A!رات ا�*5 =

ا�� ا�@�ن ا��<��$�5 و,	]? ا) <� ?@��،  ��	,�Lء ا�	م �5 إ�<	دة ا4ھ*/	وره إ�8 ز�وا�yي أدى (

و(/�ور ا����$ زادت ا���Lة ا��/"�� وا�����j �5 ھyا ا�/0	ل، و�$  .[2]اd,I"*�� (/!اdi	ت %	���

�$ gCل %د #��� �$ ا�<�#	ت T��	,�ا $� ��$  ،eG [3] وا#T ھyه ا��H	دة �A!�� وإ%اد ا��

ام ا�/!اد ا�"ا]��� (  ،gCل �$��7 �@	و�� ا��L,	�� ا��G~*� ��*"d,I ا��!ا�? ا�0!��L*,ا ��*�� X�=

��*"d,Iا �A"Lت ا�	9!�� $/J $��? ���7$ أ�$  ،ا��!��/��� ) �$ ا�/!اد ا��d	�� ا�*o� 5	ف 

@�  .[4]و�*;	 �*~��G ا��!ا�? ا���!0	C!اi;	 و

    $� ��l ا��L*,ا Qا]��� (ا��!��/��� ) #/!و�"A"L	ت ا�,�L	���   �o	�اد �أ�!اع ا�/!اد ا�"

E����*"d,Iت ا	�	,�Lط�� ،ض ���7$ ا�	A/ه ا�/!اد ا�yھ $�ا�*5 �</? �A	ط ا��*	���$   ،

 إ�8و��Sھ	 �$ أ�!اع ا�/A	ط�	ت, =�W� Xدي إJ	�� ھyه ا�/!اد  ،وا�/A	ط ا�5���A ،$�ا�(�!�	د

 (ا��L,	��� اd,I"*�� )ا�A"L	ت  �8 إ�ــ:ـو#U�y ا�L!اص ا��7ار�� ا�!اط ،إdJ	ء C!اص ا�/�و��


? - ا��L,	�	ت   إ�8�$ ا�/!اد ا��Cى ا�*o� 5	ف   .[6-4]�ا��!�5  :ا�/!اد ا��!��/��� ا�"ا]���  
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وھyه ا�/!اد �5do  ،ا��!�5 ا,*�ات و��Sھ	و ،g*����G( PET)تا��!�5 ا��"�$ و  ،)PEا��"�$ (

8"% �Lدةا�gi ��*"d,Iا ��	,، ��d���  .[7,4-8] و#C U�y!اص =�ار�� 

�  �o/$ ا��/? اC*�	ر إ=ى أ�!اع ا�/!اد ا��!��/��� ا�"ا]��� وھ5 ا��!�5 #"!ر�Qو	) ?���PVC(، 

���م ��7!ق �$ ھyه ا�/	دة وا�/L*,ا Q57 �و��d"L	ت أ�	(�T ا�/�	ه وا���ف ا� $�#/	دة  ،

	A"Lت ا�	9!��   .ت اd,I"*�� وذ�A%I U	ء ا�A"L	ت (�w ا�L!اص ا�/�9	����9 ا�//�Hة�o	�� إ�8 

  ا���اد ا���0)+�!: .2

  ا4O"�? أو ا��$���2$:   1.2

 s�	� l"d,ل إ	ا,*�/ e�% 8%!� ا�� ذو وزن��� �@A�/) ���gC $1.025 eط �a#� ا�Ea	ل ا��	

/e,3.  

  ا�*;�م ا�)�2:  .2.2

�$ gCط $>Lم ا�	ل ا��#	ا,*�/ e� ا����� �@A�/) ��  .�a#� ا�Ea	ل ا��	

2. 3 :S1�-ا�*;�م ا�  

��ا��� �@A�/) ���$ gCط �a#� ا�Ea	ل ا��	 e%	م ا��	ل ا��#	ا,*�/ e�.  

4.2. : !kا���دة ا����  

��ا��� �@A�/) ��  .�e ا,*�/	ل ا�/	دة ا�/	�:� �$ gCط �a#� ا�Ea	ل ا��	

  ا�3�EOت : .5.2

ا]$ �e ا,*�/	ل ��7!ق �	دة ا�"PVC 57��$ ا�/d"L	ت ا�� ��9�*,g��	T�) ا�/�	ه وا���ف ا�، 

 ?L�� $� أ����	 اC4*�	ر ا�/�L"5 �9	ن ا�/	ر Qم  100وL*�/ھ! ا� �d9�9و وا�/07!ز %"8 ا��	�

   .�5 ھyا ا�/<�وع

��/? ا�/<�و%	ت �Cg*�	رات  5� e%	وا�� $>Lم ا�	ت ا�/�/"�� �"�#	i!7dا� ?# l��� أQ و

,  .��ا�;�
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3. :!$��"4Oا !$D�4إ1+اد ا�)���ت ا�)*ا  

ا�/!اdi	ت  8و(	4%*/	د %" ،�e إ%اد ا�A"L	ت ا��Lا,	��� اT�= ��*"d,I ط��@� (�	رa	ل)   

) eQ��7 رAت ا��	A"Lرج ا��2d0 =!ا�5 و ،)12ا��	�� ���<	ء ور2i ا��Aق (ا�/�*� ا��ا(>) �

120  ��64e*9!ن ھyه ا�9/�� ��	,�� �!;�J	 �Q 5	�T ار�d	Y%   ،°م105-110��ام �$ ا��#	م %� 

�$ اl"d,I (و .�102eو �AQه  �)!"A/ت ا�	وزن ا�9/� e*�5  ,5.5 ,6 ,6.5 ,7 ا� $�زن ا�5"9 !% 

�> ا���T ا�/y#!رة �$ و  ��L$ ا�I l"d,I@	ص �Hو�*Yو ،�"����) Y��L�� ا (����t"L ا��#	م 

د اl"d,I و �!J> ا�t�"L �5 ا�) �i	C �Q�A/) U� �J105-135(�  �5 =�ارة  @�75	�T و �

��ور  ،�9? �	�T° م �) T�	@ا� $���*! ،دQ	T7��5 P[ ا�����  �A, 8"% إ�8 أن ���د  ىو �*�ك

���Eارة ا��= ��أ�	 ا����	ت ا�/7!رة (	�/�7!ق ا��o�� 59�*,g	ف ا�/�7!ق  .[9]إ�8 در

�	دة  $� 59�*,gا��PVC )0.025، 0.050، 0.100، 0.150 اد��	�aة إ�8 اl"d,I و �*e إ% %(

	@)	, <�*�   .ا����� #/	 ھ! 

4. :!$��"4Oا�)���ت ا S$�#�  

    l"d,Iا  T�� 5� ��*L/�	) 	;/�/�� e� 5*ا� ��*"d,Iت ا	A"L2 ا�"*L�]9-11[،  T�� l�	#و

:5�(	# t"Lم  - ا�	����1.5 ر# )م  ،%)10	(و ���� ا ،%)42( 1و ���� ر# 	و ����  ،%)9�46!���

�$ ا�!زن  ،)7,  6.5,  6,  5.5,  ����5 اl"d,I (و .�$ ا�!زن ا�9"5 �"�#	م ،%)2ا�/	دة ا�/	�:� (

�A"L"� 5"9.ا� �	59 �9�*,g/�7!ق ا���	ت ا�/7!رة (	ا���� 	���7!ق �	دة  lأ ����PVC 

)0.025، 0.050، 0.100، 0.150%(.  

  ا����Qرات: .5

 ا��زن ا�-��1: .1.5

�$ �<�>  ،) دQ	J!� eG3-5P[> �5 ا�/	ء �/ة �$ ( ،)e*�A وزن ا��/!ذج �5 ا�;!اء ( #~*"�

 وز�Y داC? ا�/	ء ( ،ا��dاS	ت (	�/	ء�7� e*و�B(،  eG ً	��>��*e إ�Cا�Y و�Y7A, 2d0 و�!زن 

�	ف ا���A �5 ا�;!اء (C(، ���% ?9� و �9? ����  .و��9ر �Gg
yCW� eG ا�/*!,t �"�/	ذج ا�

l"d,[9]إ.  
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GÃt$	 ÄÅÆÇ	 
  ا���Qر ا�.��ت وا�0D$�ب:   .2.5

  ً	��e*�  ًg إ�Cاج ا��/	ذج �$ ا�@!ا�T و�*�ك �!	#، �0� eGً �ـ ى	5 و�@ـ�~� 	� �ASTM1559;ـ	 

�;	ز  [9] �A,ر (!ا	�*C4ا اyل(��0ي ھ	aر	�( ��م), ° 60=�ارة (، و�*J!) e> ا��/	ذج �5 در

ة ��2 ,	%� 	 �5إ�َّ إ�	 �5 ��ن �/ة ,	%*�$, و/� 5[	�ل G	l) و��0?  ،=!ض �/) ?@G t"و��

�@�	س Q!ة ا�
�	ت :وھ/	 ،�Qاء�	 ا�/@�	,�$،  	����7 ا�
�	ت %�� �j=g� <�و�@�	س ا���4	ب، 

�e)9�64!ن ,/U ا��/!ذج 4 ��	وي (.  

  ا�-��%^ و ا��-�[�!:  .6

  ��ت ا�)*D�4$! �+ون إ3�E!:ا�)�  .1.6

 إ��اء و ،(	����� ��,l"d ة�*��Eو ،�e إ%اد A"C Z/C	ت إ,G T��) ��*"d	(*� (	����� �"�#	م�)

  ا��*	]s ا�*	��� : %"8اC4*�	رات �e ا�7�!ل 

1.1.6 . : !3�.
  ا��	[! ��0D 2$! ا4O"�? وا�

      �Qgام ا��L*,	) �d"*L/ا� l"d,Iا T�� ذات ��*"d,Iا ���	,�Lت ا�	A"L"� ��	
�e ����$ ا�9

  :[12]� ا�*	��










−
==

cb
aγ   ��	
 ا�9

�=X ن:إ  

 a5 ا�;!اء� ��	��<��� ا��c �Aو  ،= وزن ا����� �5 ا�/	ء b ،= وزن ا�����  ��	� .= وزن ا����� 

ن أ إ�8
	�� �Hداد �> ز�	دة ���� اl"d,I �5 ا��A"L و�/9$ أن ���> ذ�U أن ا�9 ا�<9? و���$

 l"d,Iا ُ�/� �A"L"� ��[ت ا�;!ا	Sا�dا�.  
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) /
  .ا��	[! ��0D 2$! ا4O"�? �� ا�
.�3! :)1ا��

  ا��	[! ��0D 2$! ا4O"�? وR0D ا�"*ا�mت ا�G�ا%$!:  .2.1.6

ام     L*,	) �d"*L/ا� l"d,Iا T�� ذات ��*"d,Iا ���	,�Lت ا�	A"L"� ��[ت ا�;!ا	Sا�dا� $���� e�

  : [12]ا���Qg ا�*	���

100*
Gmm

1Va 




 −= γ
 =  ا��dاS	ت ا�;!ا]�� 

 X�=نّ إ:γ��	
�Gmm   �A"L"� 8 .: ا�9Q�ا�!زن ا��!%5 ا:.   

  

) /
  .ا��	[! �$2 ا4O"�? وا�"*ا�mت ا�G�ا%$! :)2ا��
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ن أ إ�8و���> ذ�U  ،�@? ا��dاS	ت ا�;!ا]�� (ا���*!��$) (�H	دة ��T ا�Y l"d,Iأ�!�J ا�/�8�7 

�7? ا��dاS	ت ا�;!ا]�� ?7� l"d,Iا.   

  ا��	[! �R0D 2$ ا4O"�? و�0D! ا�"*ا�mت ا�G�ا%$! �3 ا�*;�م:   .3.1.6

ا�;!ا]�� �5 ا��#	م �"A"L	ت ا��L,	��� اd,I"*�� ذات ��T اl"d,I ا�/e� �d"*L ����$ ا��dاS	ت 

ام ا���Qg ا�*	���L*,	)[12]:  






 −=
Gsb

s)-(1 *
1*100VMA

γ
 = ا��dاS	ت �5 ا��#	م 

 l�=نَّ إ  :γ��	
 .: ���� اs  l"d,I .: ا�9

Gsbج!�  .: ا�!زن ا��!%5 �"�#	م ا�/

 �J!�Y أ� 5ا�/��7 ،و��T ا��dاS	ت ا�;!ا]�� �5 ا��#	م ،���$ ا���Qg (�$ ��T اl"d,I) 3ا�<9? (

 ?�����  أ���H)6 %،  eG	دة ���� اl"d,I �5 ا�H� �A"Lداد ا��dاS	ت ا�;!ا]�� �5 ا��#	م =*8 �

 .ا��dاS	ت ا�;!ا]�� (	��@�	ن

  

) /
  .�3 ا�*;�ما��	[! ��0D 2$! ا��$���$2 وا�"*ا�mت ا�G�ا%$! : )3@

13.2

13.4

13.6

13.8

14

14.2

14.4

14.6

5 5.5 6 6.5 7

�م
ر�

 ا�
%

� 
��

وا"
��

ت ا
�#

را
$�
ا

%

� ا���و��ن �%



144   ) ?���	dا� �d"L	ت �ا]$ (!ل #"!ر� ��	JإPVC (  

4.1.6.  : ?�"4O�� ءة�ت ا�����m�0! ا�"*اD4"�? وOا R0D 2$� !]	ا��  

      l"d,Iذات ���� ا ��*"d,Iا ���	,�Lت ا�	A"L"� l"d,I	) ت ا�//"!ءة	Sا�dا� ���� $���� e�

ام ا���Qg ا�*	���L*,	) �d"*L/[12]ا�:  






=
VMA

VA-VMA
*100VFA*���	) ت ا�//"!ءة	Sا�dا� =$��! 

V.M.Aم	ت ا�;!ا]�� �5 ا��#	Sا�dا� :. Va��[ت ا�;!ا	Sا�dا� ���� :.  

و�!�J ا�/�5�7  ،) ا���Qg (�$ ���� اl"d,I و���� ا��dاS	ت ا�//"!ءة (	���4l"d,I$ ا�<9? (  

   .(�H	دة ��T اH� l"d,Iداد ���� ا��dاS	ت ا�//"!ءة (	Y l"d,Iأ�

  

  

) /
@4( : !�0D 2$� !]	ا���ت ا�����m$2 وا�"*ا��2$ة ����ءا��$�$���.  

  ا��	[! ��0D 2$! ا4O"�? و��+ار ا�0D$�ب:  .5.1.6  

�;	ز     $�ار ا���4	ب �$ gCل ا�@�اءات ا�/~C!ذة @� $���� e�)ل	aر	�) ���$ 5ا�<9? )و .(

ار ا���4	ب@�   .�Q/� ا���4	ب ?(�H	دة ���� اY @� l"d,Iأ�َّ  8و�!�J ا�/��7 ،ا���Qg (�$ اl"d,I و
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) /
  .ا��	[! ��0D 2$! ا��$���$2 و ��+ار ا�0D$�ب: )5@

ار ا�   ا��	[! ��0D 2$! ا4O"�? و��+ار ا�.��ت:  .6.1.6@� $���� e�
�	ت �$ gCل ا�@�اءات 

�;	ز  $��	رa	ل(ا�/~C!ذة ،(  $�ار ا� و @�ز�	دة ���� ن أ �*��o	ت 
ا��T�� $�) �Qg اl"d,I و

ار ا�
�	ت ا�dL	ض 8اW� l"d,Iدي إ�@�.   

  

  

) /
  .ا��	[! ��0D 2$! ا��$���$2 و ��+ار ا�.��ت: )6@
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"
7�8د ا��A"L ا��L,	��� ا�/  $�9
	�� أ%"8"� �/�Q،  ت ا�;!ا]��و	Sا�dا� $�ار ا� ،@� $� ،�	ت
و

�*!,t ھ�و yC~ye�@ه ا�،  eG�"
[12] 78د ا����� ا�/ l�	# 5*ا�  l"d,ا�!زن ا�9"5 6(���� إ $� %

�A"L"�.     

  :PVCا�)���ت ا�)*D�4$! ا3�Ed� !$��"4O! ��0�ق  .2.6

  وا�
.�PVC  :!3ا��	[! �R0D 2$ ��0�ق  .1.2.6

 T�� ذات ��*"d,Iا ���	,�Lت ا�	A"L"� ��	
��7!ق �e ����$ ا�9PVC  �Qgام ا��L*,	) �d"*L/ا�

  :[12]ا�*	���










−
==

cb

aγ��	
 ا�9

 X�=ن:إ  a5 ا�;!اء� ��	�= وزن ا����� �c 5 و  ،= وزن ا����� (� ا�b  �/Eو ،= وزن ا����� 

  .ا�/	ء

  

) /
  .�PVC�gE ا��	[! �$2 ا�
.�3! و�0D! ��0�ق  :)7ا��
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�> ا�9
	��  PVCا���J!�5  T�� $�) �Qg ا�/��7 X�=دة ���� إ	ز� <� ?@� ��	
�PVC  5ن ا�9

 �A"Lا�/7!رة ب ا�PVC ا�/7!رة ��S ��	,�L"� ��	
   .و ��9;	 أ%"8 �$ �Q/� ا�9

  و��+ار ا�0D$�ب: PVCا��	[! �R0D 2$ ��0�ق  .2.2.6

�;	ز  $�ار ا���4	ب �$ gCل ا�@�اءات ا�/~C!ذة @� $���� e�)ل	aر	�8�$ ا�/��7و .)  �=g�

5� K@�  ���� دة	ز� <�ار ا���4	ب @�PVC ��	o/و�8 ا��ا ��	JI5 ا�،  �/�Q دادH� eG

59�*,g2 ا��"L/7!ق ا���  .ا���4	ب �> ز�	دة ���� 

  

) /
  .و��+ار ا�0D$�ب � PVC�gE ا��	[! �R0D 2$  :)8ا��

  و��+ار ا�.��ت: PVCا��	[! �R0D 2$ ��0�ق .3.2.6

ار ا�
�	ت �$ gCل ا�@�ا@� $���� eلءا�	aر	��;	ز  $�  .ت ا�/~C!ذة 
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) /
  ا�.��تو��+ار  �PVC�gE ا��	[! �R0D 2$  :)9ا��

�> ��T 9ا�<9? ( ��*"d,Iا ��	,�L"� ت	�
ار ا�@� $�) �Qgا�� $��� (PVC ف	o/ا�،  �J!و�

ار ا�
�	ت �> ز�	دة ����  5ا�/��7@� �/�Q دة	ز�PVC، و �A"Lا� s[	*� <� s[	*ه ا��yر�� ھ	@� �%

 ��	Jون إ)PVC  � إJ	�� أو�% Y�PVC  لار ا�
�	ت، وھyا �@��	%"�� إJ	��  H�8"%داد 

PVC  ��	,�L"ا���*"d,I.  

  ا�)	,!: .7

• ��*"d,إ ���	,�C �A"C ادو�$ درا,� ا��A"L و��T ا�e� t"L ا�!i!ل إ�8 ا��A"L ا�/
"e�،  8 إ%

 l"d,6(���� إ $� �d"*L� T��  ��	Jإ eو� , �A"L"� 5"9ا�!زن ا� $� %PVC ت ا�	d"L� $� s�	�

57�  .أ�	(�T ا�/�	ه وا���ف ا�

�$ ھyه  • K"L*57 �/9$ ا��ام ��7!ق �d"L	ت أ�	(�T ا�/�	ه وا���ف ا�L*,ل اgC $�

  .ن �7"? ھyه ا�/!اد �*T"A ,�!ات ط!�"�إا�*5 ��*�� أ= ا�/���	ت �*"!ث ا���:�، =�X  ،ا�/d"L	ت

��7!ق  • ��	Jإ ��G~� �,درا $� $���PVC $� s�	وا�� �d"L	ت أ�	(�T ا�/�	ه وا���ف ا��57 إ�8 

��d"*L إC!اص ا��L,	�� اX�= ،��*"d,I  %"8 	ً ا�0	Y  �GW��)ا��L,	�� اd,I"*�� أ�َّ  T�� ��	Jن إ

��7!ق  $� �d"*L� T�� ��	Jأن إ 	/# ،��*"d,Iا ��	,�Lت ا�	�G دة	أدى إ�8 ز� Y��PVC  8A%أ

ة�� .�Q/� ا���	(�� 

  ا��*ا]� .8

1-  ،5�!*�5 %� ا��=/$، �7/!د =��$ /;� دار ا�Q  T*9�اص و�#�$S ا�)���ت ا�)*اD�4$!،أ=/
�9ر��,Iا ،���� .)1985(،ا�0	

2 -  ،5"% �d�"C /7���<!رات �T*9 ا��7!ث وا4,*<	رات ھ-+4! ا�*,\�7/!د %/�ان ا��	رك،  ،
Z")ط�ا ،��,  .)2003( ،ا�;�

، دار ا�9*	ب ا��	�/�� �"�<� �%� �����ت ا�*,\ ����*ق ا4O"��$!ا��#�$S اDO�2��a �*57 ا�<�	�5،  - 3
 .)2005وا�*!ز�>، ا�@	ھ�ة، (

ام ا�/!اد ا��!��/��� ،أ�/$ %
/	ن - 4L*,	) ��*"d,Iت ا	A"Lاص ا�!C $��7� ،$�H= ��H=،  �/�W$ أ=/
)  ?@�"� 50�"L2008.1.24ا�(.   

Morrison, G. R.,Vander Stel. R., Hesp.S.A.M., Modification of asphalt 5 -
bindersand Asphalt concrete mixes with crumb and Chemically devulcanized waste 
rubber, Transport research record, CODEN TRREDM,0361-(1981).    
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 ا��	�i $) ��>) 5	�� و  - 7�%,����درا,� �	��G اJ	��  أ(!(�9 %�الله ا��A? و %�ا��	�d�"C �i أ(!
7!ث ا�/7"�� , �0"� ا��اd,I"*�� ا�/d"L	ت ا��g,*���9 ((!�5 ا�
"�$ g*����Gت) %"C 8!اص ا��L,	�	ت

  .)2013( ا�ول،ا4#	د�/��, ا��د 
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Study of Addition of waste polyvinylchloride (PVC) 

powdered to Local Asphalt Concrete's bitumen 

Abdulali Bashir Ahmed Ben Saleh  

Mohammed Ali Elshibani 

YunisEbrahim Elhereash 

Mohammed Moahmmed Gargad 

Abstract:   

Varies of asphalt concrete mixtures were prepared with different ratios of 

bitumen (5, 5.5, 6, 6.5 and 7 % of whole concrete weight). The Marshall 

mix design method was used to determine optimum amount of bitumen in 

asphalt concrete and verified with some tests such as specific weight, 

stability and flow Test. The different percentages of waste PVC powder 

(0.0, 0.05, 0.10, and 0.15% of bitumen weight) were added to optimum 

asphalt concrete, and then specific weight and Marshall test were evaluated. 

These asphalt-PVC mixtures were found to more qualify than traditional, 

unmodified asphalt mixtures. However, the results indicate that improved 

pavement performance can be achieved with asphalt-PVC binder. 

Keywords: Asphalt concrete, additives to asphalt concrete, waste PVC, modified asphalt. 
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��ا��� ���	�ر %$ #"�� ا��"!م / �� 

 S��9ر ا����ط P�1 د�4Uو�! �*ض ��� ا���"2 ا���  
  Alternaria alternata ا���R�0 21 ا�"�*

  1<�$�! ���+ 3*��ان

�
  3�ز�! ا�"$��ري ا��*�

&$��D4"$�ن ا  

  �D+1ن ا�*ا[���

  ا���)'

�	ت %"8 ا��Ad ا�//�ض    "L*�/ا� ��G~� �,أظ;�ت درا A. alternata ��A��
ا�@رة ا�*

�	ت ا�/	]�� ���	�5 ا�@��d? وا�@���"�"L*�/، ي�oL8 ا��/! ا�"% �d"*L��"�Ad  و(*�#�Hات 

�/�> ا�*�#�Hات ا�//�ض lG
�A	ً %"8 �/! ا��Ad ،  وأ=���$ �~��Gاً "L*�/ا� g9� ة��*L/ا�

 H�#�� ا�//�ض �Ad"� ي�oLا��/! ا� t��
ا��oLي �"�Ad ا�//�ض، و#	ن أ#
�ھ	 #d	ءة �5 �

10.0  H�#�*ا� Y�"� eG %7.5 ?d��@ت ا�	�� K"L*�/� %.  

   ?� .�Ad"� A ا�//�ضا��7!�� ا�@رة %"8 �
��t ا��/! ا��oLي  ا�/9	�U�y#�7 أظ;�ت �/�> %!ا

  alternate ��، و أ#
�ھ	 #d	ءة �5 �
��t ا��/! ا��oLي �"�Ad ا�//�ض ھ! �5 ا�/Hارع ا�/Hدو

5 �
��t ا��/! ا��oLي ا�T. harzianum ،  �Ad ا��Ad ا�/o	د � 	;"QوأT. pseudokoningii.  

:��=	*d/ت ا�	ا�9"/T. pseudokoningii , A. alternata  T. harzianum,   

  ____________________________________________________________    
1 e"% e�Qا����� ���	�  ا���	ت /#"�� ا��"!م / 



152  eط	/Aر ا�	/G 8"% ,!د�ا $d�*ض (@> ا��� ���@	و  

  ا�+را�4ت ا����0!و���ــ+�ـ! ا .1

   Zط	Aل ا��!�7� �) e�	5 ا��� ً	#g;*,ا �oLا� ?�i	7� �
�$ أ# eط	/Aرع  ،��*�� ا�H� X�=

��� و ا�d,!d!ر  ،�$ أ�? ا�7�!ل %"G 8/	رھ	 ا�) ���E	���	�i ا�/��ا�*5 �7*	�;	 ا��I	ن #	�7

اد ا�e�0 (	��<	ط ا��7!ي ،وا�9	���!م�I �����	ت ا�gز	*�d�	) ���S 	;أ� 	ا]5  ،#/yEا� ?�
و��e�j ا�*/

 $��	*�� $� ا�Z�0 و ،4C[12]=*!ا];	 %"8 ���� %	��� ��Alternaria   ت	أ#�� ا�/��� أ=

����Aر وا,> �5 ا�	وذو ا�*< ��J�/را%�� ,!اء  ،ا�Hا� ?�i	7/ا� T�� م�5 ا�7@? أأ#	ن �;! �

�Ad) ب	�د #��� �$ ا��7!ب وا�d!ا#Y وا��oLوات،   Alternariaأ�G	ء ا��@? أو ا�HLن، و�%

 Z�0� 5/*و��Alternaria   $� �
ا�yي  A. alternataو�$ ھyه ا��!اع ا��Ad  ،�!ع 150أ#

eط	/Aت ا�	�	ن ��	�7  ���@d"ض ا��� T���،  U�y#وروyر وا��	/
"� Y*)	iإ، $� ا�/9	��7 ط�ق و

م ا�*5L*�� ح	(�0 	��	5 =� ���	ت ھ5 ،ا�/���J ا�/���	ت �@	و"L*�/ا]? ا� %$ وا%ة ا���	��� #�

 l�Gأ إذ ا��9/�	]�� ا�/@	و�� ط�ق���;	 ��	��*;	 ا�� 5� ��  .[30]وا��9*���  ا����Ad ا�/���	ت �@	و

    .�DAlternaria sp+ة 21 ا�"�*   .1.1

    Z�0ا� ��Alternaria ت أ	���Adس ا�	��� أ=���Q	ا�� Deuteromycetes ره	�>*�	) H��/*و�  ,

����Aا�!ا,> �5 ا� ،  $�  مأ��5 ا�7@�?  أ#�	ن #�� ا�/���	ت ا�/�7/"� ��J	�i? ا�Hرا%��� ,�!اءأ��

داً أ�G	ء ا��@? أ% T��[20]��$ ا��!اع ا���7!ب وا�d!ا#�Y وا���oLوات   #���اً  و ا�HLن �;! �،  <��*�

 Z�0ا�Alternaria أ $� �
��5 ا��ا;*��J	   �Alternaria!اع ا�Z�0 أو��*/ ، [36]�!ع  #150

  ���#	����"!��H وا��Extracellular enzymes  H����g"��	ت %"8 إ�*	�;	 ����H/	ت ا�L"!�� ا�L	ر

  .وا���و���H و��Sھ	

����ة #!����� و=!ا�"�Y ا�"�!ن دا#�$ ���Aي %Hل�A�A. alternata  �9!ن   Q ?�/7� ?�,g, $�� 

e�Gا��0ا ����? ط!��? ��@�	ر ت ذا ا�<9? ا�9/
��� ا�9!��� Y��!8إ ط�� X�"G ط�!ل ���!G�0أ ا�	�ً�	�=، 

����!G�0وا� ����د و%����J	ً  ط!����	ً  �@���/� ا�9!�����) $�����@��5 ا����Ad =���	 ���5 (@	���	 ، و[38]ا���0ران 

 $�ة �*�اوح /� �)	��> ا�@رة ا�/� ،وa[19];� �5 ا�*�(�  12 – 10ا���	�	ت ا�/�����J  ��Ad"� 

A. alternate I ج	د ا��*��$ ا�H�I/�	ت  ا�L	ر���� ا�� ����9Extracellular enzymes  أو ً	�o�  

 $��� Y���9/� 5��*ا� ����!�	
ة ���$ ا��!ا]��?  ا��iI	(� وإ=��اث ،ا�����	�5 ا������H��S sو���!ا�s ا����w ا�����"�

�$ ا�H�I/	ت ا�*�d� 5زھ	 ���A[23-22-16]ا���	��� ،A. alternata e�Hإ�� H��!�"ا���Cellulase  ،
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 H�����gا� e�Hإ���Lipase  ، Hا���و���� e�Hإ���Protease  ، H���"��، إ���e�H ا��Amylase H�����*9إ���e�H ا�

Pectinase ل!��� e�Hأ، إ�    H�  .Phenol Oxidase[17-21-31-34]و#�

   :�#�ت ا�-���$! ا���%$!)o ����0ا��9A$* ا��.� .1.2

�$ اC4*�	رات أ   ��� #/�!اد �!ا(�?���l ا��L*��/ت ا�	��	ا��� $��و��;�	  ،�*@��d# e	ءة %�ة أ��!اع 

5 �
��t �/! و�<	ط ا���Ad	ت� ?d��@ت ا�	7!ق ����ا�*5 أ�d# l�*�G	ءة ھ�yا ا�/��7!ق (*
���t �/�! و  

  .إ�*	ج ا��0اe�G وإ�*	ج ا��/!م �5 ا���Ad	تِ 

   ?i!� 5*ا� s[	*إأظ;�ت ا�� 	[11] ��;?d��@ت ا�	7!ق �����5 ا�*~��G ا�*o	دي %"d#  8	ءة 

�$ =�X أAQ	ر ا�/�*�/�ات و إ�*	��� ا��0اF. oxysporum  e�Gو �A� ��!�=A. alternataي  

 t,رأ�5 و	��	ت أl*�Gو ،ا��A	ط	 وا���9 "L*�/ا� ���	]��  ا���	ا�!رة(ا�/ )وا���7	ن وا��H*!ن ا�


�ھ	أا�ا�!رة  ��*K"L و#	ن ،ا�//�ض ا�d# wdL�� !/� �Ad	ءة# 	A��
� �%  H�#�*25ا� 

eE"��? اذ("�/ 85.55 % K"L*��أن  [13]أظ;�ت �*	]s و،[4]ا���7	ن  eG ،ا��H*!ن �gه 

��*Q K"L<!ر ا���	ن #	ن أ#
� �~��Gاً   �Ad8 �/! ا�"%Alternaria sp.   �Adا� $� 

Rhizoctonia sp.  

1.3.  *�3Trichoderma spp. !��$> !�3�
� /���;:  

  l����) s[	��*� د	��o*ا�  $��� g��# 	��;�"% ?���رةا��Ad  [3] ا����7!ي ا�*��7� 5��QTrichoderma 

harzianum   8"% t��
�  �Adا� !/�A. alternata إذ lE") ����  t��
�> 73.33ا�* Pd*� اyوھ %

 ?��i!� 	�����T.harzianumا����Ad  ن أ Y����[10-28] إ	��, Y���oاد ا�!��� s*����  ����J�/ت  ا�	����Ad"�

ى#��U�y  ،وE���i	ت ا�4
�ا#����!ن Trichodermolو   Trichoderminوھ�5 ��  ����")	Q ���Adا ا�yھ��

  .�Cى=�	ء ا�ا�*�	�Z %"8 ا�yEاء وا�*dA? %"8 ا�

��$ �a	رتأ #/	   ��رة ��8إ ا���7!ث ا���Q وم	ا���7!ي  ا�/@� T.harzianum 8�"% ت ا���از	�/�Hإ� 

��""7����o	دات وأ  ����!�= ?�
� Clgatoxins و Trichodermin و Emodine اد ����ازإو!��� 

���oز��� ا�	S ?�
� [14]  Acetaldhyde،   ��رة   T. harzianumأن  ا���Ad   [11] و�Q Y��

�Adا� J ���	% د��	o�، ا�//�ض �Adا�  A. alternataأوs[	�*وم نأ ظ;�ت  ا��	ا���7!ي ا�/@�T. 

Harzianum ن	اً   ,��عأ #�!�/� $�� ��Adا�//��ض ا�A. Alternate 8 ذإ�AS ه!�/� ?��	# �=	���� 
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P�Aح دون ا�	ا��/ ��Ad"� /! ا�//��ض��	ا ،(�yد ,�0? �����  نأ ����5 وھ�	�o*100ا� ��Adا� �J %

ة �~��G، [4]أو�J ،ا�//�ض% ?� ذإا���Ad   %�$ ا�/*��T ا��	gQء وراقأ ��@> ��ض �/9	��7 %!ا

�����*L	 ��o	د�� %	���� #�d	ءة T. harzianumا���7!ي ا�/@�	وم l��Gأ l�E") 100 %  5�*ا� s[	�*و ا��

 ?i!إ� $�� T.harzianum �/�! ا���Ad نأ ��8إ�<���  ،[6] ��;	 #? �Q 8أ�A% ���%	����  ��o	د در

 l"i100 %�8 إوJ  �Adا�.A. alternata  

  أھ+اف ا�+را4! : .1.4

 1- 5J�/ا� T��/ل و����2 ا�H%.  

2- eط	/Aت ا�	ر ��	/G 8"% و��H�/ت ا�	��Ad"� ��J�/رة ا�  .�@��e ا�@

3-  w�) رةQ ر	�*Cا T��/ا� !/� t��
�	ت ا���	��� ا�/*!��ة �5 ا���:� ا�"���� %"8 �"L*�/ا�

Y=	@� ?�"@� 8 أوJ�/ا�.  

4-  �7�	9� ?��� #�!اL*�/ا� ���إ�o	ح %�Qg ا�*o	د أو ا�*w�) $�) ?dA ا�/�	در ا���!�!

5J�/ا� T��/و ا� ��!�=.  

  ا���اد وط*ا%Y ا���� .2

  :ا���اد .2.1

  :]�� ا��$-�ت .2.1.1
   e� $d�� ت	�g%أ%�اض و 	;�"% �;j� 5*ا� �)	��/> %��	ت G/	ر ا�A/	طe ا�/Alternaria  $�

��ا�� ("���	� �@A�/) ��"7/وات ا��oLأ,!اق ا� w�).  

   :��9ر ا�)�*وات ا���0)+�! �3 ھCه ا�+را4! .2.1.2
eط	/Aت ا�	�	ر ��	/G �,را�l �5 ھyه ا�L*,ا،  �/�", l�	# X�7) ا����� �@A��وا�/�*5� �0 

وش أو إi	(	ت ���9و(��C أي $�.  
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  ا�"�*��ت ا����دة ا���0)+�! �3 ا�+را4!  .2.1.3

�ا    L*,l هy5 ھ�   Z�0� ��)	� ���A� را,� ,*� أ�!اع .TوھTrichoderma5ا�

harzianum,  T. pseudokoningii, ,  T. koningii,  H#�� $�وا�*e� 5 ا�7�!ل %"�;	 

�� ا���(���   .ا���Ad	ت ا�*	(> �0	��� أ,�!ط (0/;!ر�� 

   :ا�-����ت ا���0)+�! �3 ���$* ا���0)�#�ت ا���%$! .2.1.4
  �L*,را,�ا�$ ا���	�	ت ا����A وھ5 ��	ت ا�@��l ?d ا� $�%!�)Syzygiumو ( e� يyء ا�H0ا�

ا�Y ا���ا%e ا�Hھ��� و��	ت L*,ا�@���ا )Cinnamomum( ءH0ا�@"2 وا� Y�اL*,ا e� يyا�.  

   :ط*ا%Y ا���� .2.2

  Isolationا��&ل .2.2.1
�	ت ��d$  10ر %د 	=e�o إ  g%أ%�اض و 	;�"% �;j� eط	/Aر ا�	/G $� �)	��%��	ت 

Alternaria، ري	ء ا�0	/�	) P��) 	;"�S eG،  eG�@��/	;  د�!م!�ام ھ��!#"!را�l ا�L*,	) ً	�7A,

 H�#�*)5 ،$�*@�Qة د/� % e@���<�ط  �A,ة  ،(!ا��Ei اءH�AQ eG> ا��Hاء ا�/�	(� إ�8 أ

�)	���A@� �/	س ا�/�A@� ا��"�/� �> ا�/ $� �i	Cو،  eG $���� e@�/ا� �A@/ء ا�	/�	) <A@ا� ?�S

��@e، و(k(�ة ا��Hل ا�/�@/ ;	�d0�dو ��a�� ق (*�ي �7*!ي %"8 �*� (�$ ورق	إ�8 أط� <A@ا� ?@� e

 e@�/ا]5 ا�yEا� t,!ا�PDA  د ا��7!ي	o/ا� Yف إ��	o/وا�Ampicillin  ار�"��0ام/  500(/@

 ،�*�� eG$o7  ارة�= ��  .أ�	م 5- 3�$  2مْ+  25ا�ط�	ق %� در

  Purification and identificationا��-�$! وا���*�\  .2.2.2
   � 	dف ھ��A) لHام ط��@� ا��L*,	) ولH�/ا� �Adا� ��@�� e*Hypha tip Isolation[25]  �)

و�e ا�*���T�= 2 ا�<9? ا�j	ھ�ي  )e�PDA زرا%*;	 %"8 ا�!,t ا�yEا]5 ( ا�*5 ��@�� ا��4Hت

ام ا�/�ا�> ا�/*	=�L*,	) ��  .[20]�"/��"�!م وا��0اe�G ا�9!��

2.2.3.  !$Eا*��  Pathogenicity testا���Qر ا
 �Adا� $� ��H% ��Jا��ة  .Alternaria spاC*��ت ا>�	�	�GI eط	/Aر ا�	/G $�ا�/�Hو�� 

 �Ad"� ��J�/ا�Alternaria sp.  <Qا!) eط	/Aر ا�	/G 8"%4 �9رات�(X�@� X�7 ا�
/	ر  ،

) 5��"dا� TQ	
��9رات (@�ص �$ ا��/!  ،�"(Cork porer  �A@)10 e(!ا,�A ا� �GgG l7@و�

 $�
� ا��/! %/�ھ	 �*�اوح �= ���A� ة�/�*�� $�و=@$ ا�/�9ر ،  أ�	م 7- 5ا��Adي ا�/~C!ذ 

 	;diا�*5 و �@��Aا� T�= Uي وذ��Adون �/! ا� .[18-2]ا��ا(> (@�ص �$ ا�!,t ا�yEا]5 (
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5�	���"? (/	ء ��@e �5 #~س ز e@�� ��a�� �9ر %"8 ورق� ?# <Jو e@��ld"S eG ا�W9وس ، 

(�/@�� ��"/���� (و�e ذ�U �5 ظ�وف � 2± مْ 25و=l�o �5 در�� =�ارة  ،(~وراق ا�@

 ً	��  .و�/ة أ,�!ع و,l"0 ا�/j=g	ت �!

2.2.4. *�3 P�1 !$%ا��� !$�  A. alternateدرا4! ا��9A$* ا��.�o ����0)�#�ت ا�-��
    $� ?# 	;diا�/�*�/�ة ا�*5 و �AQ س	�Q �@ط�� l�L*,[29-26]ا K"L*�/ا� ��o7� 5�

� yC~10 ـذ�e*�) U ا�/	]5 و e� 	تـ� وا���ا%e ا�Hھ��� ���ـ	ت ا�@��ـ2 ��ـ$ ا�/�7!ق ا�0	ف �@"ـ

?d��@5 ,��  ،ا��	�200�? �7*!ي  500ووJ> �5 دورق ز  ،�A@��	ء  ?� eG دة	ا�/ lA"C

ھ	 ا����	ت �59  �15/ة  Magnetic stirrer)ا���	��� (	�/@"T ا�/�E	ط��5 ( �) l#�� ،�@�Qد

�? ا��!ا�P ا����9ة ،��*@�d� ش	ش ا�<	/Q $�ھ	 (
gث ط�@	ت �) l7aر،  eG��0ى  ��a�*ا�

�? ا��!ا�P ا �15/ة  Centrifugesا��;	]5 (	,*�/	ل �;	ز ا��Aد ا�/�#Hي d� �@�Qةد��E��، 

�?  100وا�7�!ل %"8 �7"!ل را]eG ،P ا�7�!ل (�ھ	 %"8 �7"!ل أ,	,5 وإ#/	ل ا�e07 إ�8 

�	ت (!ا,�A  *�>�(	�/	ء ا�/@�A، و"L*�/ا� l7aى، ور�C�ا H�#ا�*�ا ��o7� 5� �@��Aا� Zd�

��7a	ت Cellulose acetate Filters  	رھ	AQت أ	�	��  .µm 0.2ذي 

  ���	ت ا�/	]�� %"8 ا��Ad يأ"L*�/"� ��A��
ام أر(>  A. alternataاC*�	ر ا��d	��� ا�*L*,	)

K"L*�� ?9� H�#ا]5  10 -  7.5 - 5.0 - 2.5 - 0.0وھ5 ( ،��اyEا� t,!إ�8 ا� ld�Jوأ (% 

PDA   اص�Q~) ق	ط��ا <�/� l7@� Y�"�� ?�Qه و���� �) e@�/5  8ا�� �Adة ا��/�*�� $� e�

P�Aا� H#�� eG ،� ارة�= ���"�  4مْ  �/ة o725$ ا�ط�	ق (ر	��أ�	م و(!اgG <Qث ��9رات �9? 

(5�	�� K"L*��ون ) ) �"� ا�<	ھ	���> و�!د .  

  eو�  ل ا�*
��t �5 ا��/! ا��oLي �"�Ad (@�	س �*!,A	ت أAQ	ر ا�/�*�/�ات (��� 24=�	ب 

�$ ا�*"@�� و�/ة  �%	,7 Pو� t��
  ا�/�	د�� ا�*	���: أ�	م،و=��T�� l ا�*

100% ×






 −=
A

BA
  

  <$� إن:

A�*!,�AQ t ا�/�*�/�ة �5 =	�� ا�<	ھ :.  

B5�	ا��� K"L*�/�	) �"��*!,�AQ t ا�/�*�/�ة �5 =	�� ا�/�	 :.  
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  �3 ا��&ارع ا��&دو]!    ���3A.  alternata$! ا��
��3! ا��$��! �"�*  .2.2.5

 koningiT. harzianum, , T .اC*��ت ��	��� (�w %!ا�? ا�/9	��7 ا��7!�� وھ5 

pseudokoningii.. T      ا�//�ض �Adا� JA.  alternata.  

       e07) اص�Qت أyCأ X�7)10  $�
� ا��/! �*�اوح %/�ھ	 ��Hارع = $� e"�أ�	م �$  7إ�5  8

,e �7*!ى ا�!,t  9ط�	ق (*�ي �AQھ	 ا��Ad ا�//�ض و ا���Ad	ت ا�/o	دة، وزر%l �5 أ

و�5 ا��Aف ا�/@	(? �Y وJ>  ،زرع  �Qص �$ ا��Ad ا�//�ض �5 ط�ف ا�PDA  ُGe P�Aا�yEا]5 

 ًg# دة	o/ت ا�	��Adا� $�ه، و �Qص = 8"% e� U�y# t,!ا�//�ض %"8 ا� �Adا� $�زرع �Qص 

�$ أ�	م 5 و(�  2±  مْ  l�o=25 ا�ط�	ق �5 در�� =�ارة  eG وا,*�/? #<	ھ،  PDAا�yEا]5  

$�o7*ا�  ُ=l�� t��
  .[9] ذ#�ھ	 ا�*5 ا�/�	د�� =�T ���� ا�*

 X�=ن:إ% 100
 − = ×  

A B
A

  ن:

A   - �*!,�AQ t ا�/�*�/�ة �5 =	�� ا�<	ھ.  

B - د	o/ا� �Ad�	) �"��*!,�AQ t ا�/�*�/�ة �5 =	�� ا�/�	.  

2.2.6.  �%�#>Oا����$/ اStatistical Analysis     
ام �7"�? ا���	�5 (L*,	) 	�[	�) و=دت ا��dوQ	ت e�ANOVA One Way �7"�? ا���	�	ت إ=

  .L.S.Dا�/��!�� (	,*�/	ل ط��@� أQ? �!ق ���!ي 

  ا�-�ـــ�%ــــ^ وا��-�[�! .1

�$ ا����	ت �!J!ع  4H%Alternria spت �$ ا��Ad  10م %Hل و��@�� و����2  :ا��&ل .3.1

��ا�� ("���	،   ا����	ت ا�را,� (G/	ر ا�A/	طe )، و�H% eل� �@A�/) وات�oLأ,!اق  ا� w�) $�

  �Adا� $� .Aو�$ gCل %/"�	ت ا��Hل وا�*�@�� وا�*���e� 2 ا�7�!ل %"4H% 8ت �@�� 

alternata   )   ?9a1 ?i!� 	� <� Pd*� s[	*ه ا��yإ) وھ X=	ا�� Y��[20].  
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ا	�وم ا.ول ا	�وم ا	/��� ا	�وم ا	/�ث ا	�وم ا	را�1 ا	�وم ا	��2س ا	�وم ا	��دس ا	�وم ا	���1

ا	%�ھد ا	/��ر ا	�����

��*�/�ة ا�A -   �Ad)  1? (ا�<9 ?9aA. alternata t,!8 ا�"%PDAو- B   ?9a  ا�/��"�!م

  .x)40وا�7!ا�? وا��0اe�G ا�9!���� �l7 ا�/0;� ا�Q) 5[!o!ة ����9 

  :ا��+رة ا��*E$! ��&�! ا�"�* ا��)��*ة .3.2

  �Adا� ��H�) ��%	�� إ��اء ا��وى ا��% Yرا,� أ�Hو�� �$ G/	ر ا�/�  A. alternateأظ;�ت ا�

ا����H ا�/L*��ة ا,*A	l% إ=اث ��ض %d$ ا�4*��	ر�	 �
/	ر ا�A/	طe  ھyه ا�A/	طe  أن 

i	(� وا�/��"�!م %"8 ا�
/	ر ا�/L*��ة، و�$ gCل ا��*	]s ا�/���� (@> اI ت=�X ظ;� ،ا�/L*��ة

) ?9>�	)2lQ!ا� <�  (	�*Hا�Cأ  �)	iIا �@A�� �AQ أن �=g� (،  Pط	��i	(� اIوظ;�ت 

�$ ا��!م ا4ول ا%*�	راً ،  lE") X�=2 e"��"e 4ا��!م ا�
	�lE") 5 و ،،  lE") X�	
�"e  8وا��!م ا�

 lE") <)16وا��!م ا��ا e"�،  lE") Z�	L29وا��!م ا� e"�،  lE")  دس	38وا��!م ا�� e"�و�5 �;	��  ،

 lE")  <)	48ا�*�0(� �5 ا��!م ا��  ��!����	]5 ���$ و�!د ��وق =Iل ا�*7"�? اgC $��"e، و

اً �@	ر�� (	�<	ھ ا(*ءا �$ ا��!م ا�ول و=*8 ا��!م ا��	(>�وھyا ر(/	 را�> إ�8 أن G/	ر  ،%	��� 

(���� ) ���Aر  ا�	/
[12] ذ#�و�Q/*;	 ا�yEا]�� %	��� �"@ ،ا�A/	طe  ھ5 �$ ا�   eط	/Aر ا�	/G أن

�$ =/w ا�"�/!ن وا���و���	ت  1.7 - %0.3 �$ ا�/!اد ا�����9 و  6.4- 7�1.6*!ي %"8  %

 $���"e0 و��*	���	ت C )14-94و��*	 (%A, B1, B2, B6, P, K،  ر!d,!dوا� �وأ�gح ا�7

94%�? إ�8 وا��!�	,�!م وا�9	���!م وا�/����E!م و�!اد دھ��� و#/�� %	��� �$ ا�/	ء �.  

رة ا��Ad  إ�8�> ��ھyا ر(/	 و  QA. alternate   ا�ـ e�H8 ا��از ا�"%α-tomatin   Y� يyوا�

  .G[2]/	ر ا�A/	طe ��/! ا�pH  �Adو�Tomatin  �/[gا�@رة %"8 ����9 ا�ـ 

***

***
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) ?9a2�)	iIا �@A�� �AQ t,!*�  ( �*/�"/�	) �Ad�	) eط	/Aر ا�	/G 8"%A. alternata  ا��!م $�

  .ا��	(> إ�8ا�ول 

   :ا��
��3! ا��$��! .3.3

�	ت ا�/	]��    "L*�/"� ��A��
�<�� �*	]�0	 �5 ھyه ا�را,� ا�*5 �$ ;�gC	 �e ا�*��ف %"8 ا�@رة ا�*

?d��@5 ا��	وا�@��� ،���، ) �d"*L�% ) %"8 ا��/!  10.0%،  7.5 ،% 5.0%، 2.5و(*�#�Hات 

)، �~ظ;�ت �/�> ا�*�#�Hات  4- 3#/	 �5 ا�<A.alternata، ) ?9/�ضا��oLي �"�Ad ا�/


�A	ً %"8  ا��/!  ا��oLي �"�Ad ا�//�ض���$ �~��Gاً "L*�/ة �9? ا���*L/ا�A. alternate  

 ً	�"/��، �Ad"� ي�oLا��/! ا� t��
��*K"L ا�@��A. alternate ?dو#	ن أ#
�ھ	 #d	ءة �5 �  H�#��

 H�#�*)10.0  %و Y�"� H�#�*7.5ا�  K"L*�/ذات ا� $���*K"L ا�@���  (*�#�H و%  Y�"�10.0 

�$ ذات ا�/�*Y�"�7.5 K"L ا�*�#�H و%   %،  H�#�� Y�"� eG5.0 9� %? $��"L*�/ا�،  P@=و?Qأ 

 H�#�� ا�//�ض �Ad"� ي�oLا� !/�"� t��
� ����2.5 $���*L/ا� $��"L*�/ى  .% �9? ا�H��

	o*5 ا�� ���	ءة ا��	d9ا� T�, ?d��@ت ا�	]��إد�� �/�7!ق ��	ت #�/�	�#��ة % Y#g*�
? ،�8 ا�:   

Amphotericin B, Ketoconazole, Fluconazole and Itraconazole �> �5 �َّ ا�*5 �

و#U�y ا�/���	ت ا�/���J ا�/�d"*L ا�*�gC،  5	 ��	ت ا�@��o/# ?d	دات  �;0/	ت ا)�	ت ا�7<���

%$ ا�ور ا����9 ا�yي �@!م (Yِ ز�l ا�@��d? ا�yي  �goو ،[32]�� ا���Ad	ت وا=ة �$ أ(�زھ	

���Y ا���	ت � - ً	oأ� -  �7ث �"d	 #���اً أ[33]�@ و� ?d��@ا� lن ز�  U�y# ���Adا� ��"Lار ا�0�

5 �"/�*!#!�ر�	��$ ا�E<	ء ا��gز Pط	�� ،ا�4و(gز��� وS<	ء ا�<��9 ،�7ث �Jرا �5 %ة 

Hرة ىو��و�!د ا�/!اد ا��d	��  5إ�ا�*o	د�� �/�*K"L ا�/	]5 �@"2 ��	ت ا�@���  ا���T �5 ا�@

9!,�ات وا�*	���	ت،�g9ت، ا�	ت ا��ا��0	��!)	�  .[15]وا���d!4ت  ا�
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 :�3 ا��&ارع ا��&دو]! ���3A. alternata$! ا��
��3! وا�0$�*ة ا��$��! �"�*  .3.4

أن �/�> %!ا�? ا�/9	��7 ا��7!��  إ�8) 6) وا�<*� ��>�5) ?9	s[ ھyه ا�را,� #/	 �5 ا�<9? (    

 �Ad"� ي�oLا��/! ا� t��
% T��)83.33 �*�اوح (�$  A.alternateا�/L*��ة #	�Q l	درة %"8 �

%، و#	�l ا��dوق �5 �/�> ا�/�	�gت %	��� ا�/��!�� �@	ر�� (	�<	ھ =�X ,0?  97.00و =*8 

 .Y�"�T ا��Ad  % (	�/@	ر�� (	�<	ھ،97.00ا��Ad أ%"8  ���� �
���Ad�T. harzianum  lE") t  ا

koningii lE") t��
� ����)86.66�T. pseudokoningii  5و�~�5 ا��Ad   ،% (	�/@	ر�� (	�<	ھ

*** ***

***
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0%

50%

100%

A. alternataT. harzianum   T. koningiiT.

pseudokoningii

0%

97%
83.33%86.66% %���� ا	�/��ط 

) �
�	
��83.33% �
��lE") t ��ا�/���� ا� و�5 �/�> ا�7	4ت l�G أن �/�>   .(	�/@	ر�� (	�<	ھ

��*L/ا�//�ض ا� �Ad"� ي�oLا��/! ا� t��
 ،%!ا�? ا�/9	��7 ا��7!�� ا�/L*��ة �;	 ا�@رة %"8 �

 ��C�ن ا	5و#�	% 	,�� �;	ا��7.  

 Pd*� �,را�$  إ�8إن ا��*	]s ا�/*7�? %"�;	 �5 ھyه ا� ?# Yإ�� ?i!� 	� <� ���# =[3-4-6] و�@

 ��$ ا)��	ت �*!��J ا�*~��G ا�*o	دياl=�*Q ا��،  ?��� #�!اL*�/ت ا�	��Ad"� ��A��
وا�@رة ا�*

 Z�0� ��)	*ا� U"� �i	C�7 =�!�� و�	9�Trichoderma  )1  5[اyEا� t,!ا��/! ا����> %"8 ا� (

l�9�� t>� e��*� �Ad# ?[	ه ا��	0�	ا�//�ض  ،( �Adا� !/�� = <o� اد 2، ([27]أو!�) إ��از 


� Y�	, $����dا� ?Viridin [39] ،ز�d� U�y#Sesquiterpin Gliovivin, Gliotoxin, 

Viridio-Heptelidic acid, Gliocladic acid,Valinotricin,[37]) ،3 ا�/!اد w�) إ��از (

�oا� sى #�!ا��C�د�� ا	o*ت ا��ازأو �ا�	/�H�Iورھو ا�!2Q �/! ا��� 	ا�*8 (   $�

 .[24]ا�//�J	ت

) ?9a5ا : ( ��G~*دي�	o*ا�   �Ad"� ي�oL8 ا��/! ا�"% ���Ad�7 ا��	ا�/9 ?�  w���A. alternata %!ا

  

) ?9a6 �Ad� ي�oLا� !/�"� ���Ad�7 ا��	ا�/9 ?� أ�	م �7/ة A. alternata ) ا�*~��G ا�/
�w��� t %!ا
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  ا���,$�ت .4

�$ gCل �*	]s ا��Hل وا�*���2 -1،  �Adأن ا�  �oا�A. alternata  ت	أ#�� ا�/���  ھ! �$ أ=

eط	/Aر ا�	/G $d�*� ��J�/ي �وا ،ا�y�! P�!�*وا� $�HL*ت ا�5�0 وا��@? وا�	م (�/"�	ا4ھ*/ T�

 �Ad�	) �)	iIا $% s�	ا�� Q	dا� ?�"@*�A. alternata.  

 ا�7�	د -2�) �i	Cو ���	اض ا������	ت ا���	��� �5 �9	��7 ا�"L*�/ام ا�L*,ا.  

  ا��*ا]�

ا���	�	ت ا�����A و��*0	�;	 ا�Hرا%�� وا�وا]��، ا����A ا�و�5، ا�ار  .)1988ا��ز�+ D#* ا����ت ( - 1
�� - ا�@	ھ�ة ،ا���(�� �"�<� وا�*!ز�>�.  

2 - ) P�1 @���!، 3*ج�2000أ�(.  ��*��	����  - (���G~� w ا���Ad$ %"8 ا�A/	ط2�i e، ر,	�� 	�
��ا�� �  .ص����72	،  - 

 �Ad"�Alternaria alternata درا,�  .)2011( <��د و ا��0+ون، �1+الله ,��g +ي�G ا�4+ي، ر�& - 3
T��/# س �/�ض	�C <"ط ?�L�  �/*0"� –ا��  .2:ا��د 10 :ا�*/� ا�/0" �L"� �(7	ث ا����ة 

�	ت  .)2006]	ل ا�+�2، أD"�ل ��y+ و ا��
*���، �D	ء ط�رق و ����D ،nDل ذD�ن ( - 4"L*�/ا� ��G~�
 �Adا� �� ا��د،17 ا�/0" ا��ا��$، %"!م �Alternaria alternata،�"0ا�/	]�� ���w ا���	�	ت �5 �@	و

  .89- 82ص  ،ا��7	ة (�"!م C	ص،10
%/	ن،  - ا���Ad	ت، ا����A ا�و�8، دار د�"� �"�A	%� وا��<� .) 2009ذQ$	ن، �1+ ا��&�& ��$+( - 5

  .ا�ردن
6 - S�+D ،$* ( ر���ن�ي ���D ،��وم ا��7!ي  .)2006أ<�+ و ا��	ا�/@ ��G~�Trichoderma, 

Gliocladium  "0� ،e"0"� ا�*�(�� وا��� ،e�/ور ا��y) $�  .4، ا��د 5�18 ا���Ad	ت ا�/�Hو�� 
 Alternariaا�*o	د ��7!ي �"�Ad  .)�11991+ ا�*�E ط� و ا��$���، ��]+ ھ&اع ( ،4*<�ن - 7

alternata 	��*9ت وا��	��Adا� w�) امL*,~). ��%راH0"� ا��"!م ا��. 22 )1 : (206 – 215.  
���2 ا���	�	ت ا�Hھ��� .)41994	�!، 3�زي ���+ ( - 8�،  �/% ���	�ا����A ا4و�5، ��<!رات 

   .����	 –ا���o	ء  ،ا�/L*	ر
��� ا�/!i?،  وا��<�، �"�A	%� ا�T*9 دار ا�/��ات،.D  )P"�#�( 1993&ار و ا��	ح، @���ن،1�اد - 9	� 

 250 �7di.  
�yور ا��	gQء .)�1988�P4 ا�*اھ$S (  ،ط� - 10 $d�*� ��!�7�7 ا��	ا�/9. ��*��	� ،#"�� ا��"!م –اط�و=� 

$���� giح ا�	�  .ا���اق –ار(�?  ،
11 - ) *$�Uري، إ@*اق �1+ ا�و ا���� \$�Q 0/!%�  .)�12008*ان، ز�+ان/� �����Aا� sا��!ا� ��	d# e�!@�

�$ ا���	�	ت ��A� ��!�= 5ي  Alternaria  alternata  وFusarium oxysporium  ��/"0"� ا���
 ?)	) ���	0�vol:16، (no):1414-421:pp.  

ا�/7	�i? ا�Hرا%�� �5 ا�//"�9 ا���(��  .)1984ا����+ات، ���+ �1�د و ا��$z، �1+ الله ���+ ( - 12
  .ا����A ا�و�8، دار ا�/���A"� r	%� وا��<� _ ا���!د�� ،!د��ا���
�~��G ا��d	��� ا�*o	د�� ���w  .) 2002ر@$+ ��$+ و ا����،  ,��ح ���} <�$R ( [$.�ر، - 13

�	ت ا���	��� %"8 �/! ا�=�	ء ا�/0;���"L*�/0"� ا�*@�5، ،ا�� �>% $�	
  .3ا��د  ،ا�/0" ا�
�7	��j  .)2003(ا����، �D�ي ��$*  - 14 5� ���Adا� e�/ور ا��y�ا�/@	و�� ا�/*9	�"� ���w أ��اض 

��� ا�/!i?، ا�/!i? _ ا���اق	�  .���!ي،  اط�و=� د#*!راه، 
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15 - )+�E ي+G� ،�0$م و ا����و ��1، و,�ل ھ S4�[ S�*
ا�*~��G ا�*
��5A  .)2008ھ�@S، �1+ ا�
�$  K"L*�/"�Cinnamomum zeylonicum ا��H*5 ���	ت ا�@���  $��#!�g�4ج ا	5 �/! وا�*�

�Adا�Aspergillus flavus.  
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Control of Black Rot Disease on Tomato Fruit 

Caused by Aternaria alternata 

Halima, M. Freewan 

Fuzia F. Altraiki 

S. Englaiz 

A. Alragubii 

Abstract 

       All tested concentration of plant extracted showed inhibitory effect on 

A. alternata growth, The Syzygium extract showed the highest growth 

inhibition of A. alternate of 10% , while the Zeylanicum extract showed lets 

effect, and all biocontrol agents were tested on dual culture, showed the 

ability of experimental antagonistic against A. alternate,  T. harzianum was 

the best biocontrol agent, while the T. pseudokoningii was the least inhibitor 

agent.     

Keywords: A. alternate, biocontrol agents, antagonistic and Syzygium extract  
 





 

167 

��ا��� ���	�ر %$ #"�� ا��"!م / �� 

 ����D وراقU 9$* ا���0)�#�ت  ا���%$! ا���رة وا���ردةA�
  ا�*���ن وا�&�1* 

 *�3 ��D P�1Aspergillus niger  

  ��31$! ���+ أ��]-�ح

�
  32�ز�! ا�"$��ري ا��*�

  ا���)'

�	ت ا���	��� ا�/	]�� ا�7	رة وا��	ردة      "L*�/ا� ��G~� �,درا X7ا ا��y;) e�،  5�	�� وراق�

 Aspergillus%"8 ا�Thymus serpyllum،  �Ad وا�Ocimum basilicum �*%H ا���7	ن 

niger، 5[اyEا� t,!5 %"8 ا���%2 در�� =�ارة  Potato dextrose agar (PDA) وا��	 ± 

25ºو���$   .مd#ن أ	ن #	وا���7 �*%H5 ا��	ر ���	]5 ا�7	ا�/ K"L*�/را,� أن ا��$ ھyه ا�~ 

 �Adا� !/� t��
�	ت �5 �"L*�/ا�A. niger  ) ����)67.8 %، 06.66  T"�% ) %"8 ا�!,t ا�

   .%"8 ا�*!ا�5

) lE") t��
% )  45 .3%،  5�66.22 =�$ أ%8A ا�/�*K"L ا�/	]5 ا��	رد �9? ا���	��$ ���� �

 t,!8 ا�"%PDA 58 ا�*!ا�"%.     

  Aspergillus nigerا�/	]5  ا�7	ر وا��	رد �وراق ��	�5 ا���7	ن وا�K  �A� _  �*%Hا�/�*L": ا�
���ت ا��"��<$!

  ____________________________________________________________    
��ا�� –#"�� ا��"!م  –e"% e�Q ا���	ت 1� ���	� 
��ا�� –#"�� ا��"!م  –e"% e�Q ا���	ت 2� ���	� 



168  �*%Hن وا�	5 ا���7�	وراق ���ردة 	رة وا��	]�� ا�7	ت  ا�/	�"L*�/ا� ��G~�  

  ا���+�!

��ej ا�/��ات ا��9/�	]�� ا����Ad إنَّ     �� �:��"� �G!"�و��GWة (<9?  ،و,	�� ����	ن وا��7!ان ،

 ،وز�	دة %د ا��4gت ا����Ad ا�/@	و�� ��d? ا�/��ات ا��9/�	]�� ،�	ء ا�*�(� ا��Cى,"�5 %"8 أ=

	;�� e�Q ءة	d# إ�8 ��دي ��	Jد ="!ل  ،إ	إ�8 إ�0 ��
 د�> ھyا ا��� (	�/W,�	ت ا�Hرا%�� ا��7@�

ام ا��!ا�s ا������A ؛ �"���Aة %"8 ����	ت ا���اض ا���	���L*,ا Pط�� $% �"�)، # 	ن �@

��	ت ا���	��� ا�0	�T ا����9 �$ ا4ھ*/	م �5 �9	��7 ا��"L*�/ل ا�	اض  4,*�/������	ت أ $�

،���Adت ا�	ا��� 	�:�) �)!S���!اد ��	�� ذات di	ت  $��	ت "L*�/ه ا�yھ Y�!*7� 	/�،  	;""7*#

�;	 ا��	�5 ،ا����> و,/�*;	 ا�@"�"��Lت ،و�	�	ا��� $� �*%Hن وا�	5 ا���7�	�� �� ؛  و��L*�/ا�

�$ (�w ا���اض ا����Ad ا�*5 ���T ا���	ت K"L*"�.   

   �ا�"> ا�L*,أن ا $� eم ��) $��	ت ا���	��� �5 �@	و�� أ��اض ا���	ت ��!د إ�8 ز"L*�/4ّ إ ،ا� 

�	ت ا���	�	ت وا�%<	ب  ،�5 ا���!ات ا���Cة #���اً  8Q4 Y اھ*/	�	ً �َّ أ"L*�� l�L*,ا X�=

���Aا�، ��	�dر �"/!اد ا��  ،ا�*5 �T�#�� 5� ?C ا�واء ،#/�	در �I*	ج ا��@	��Q ا����A أو #/@�

�!7� 	��	ت ا���	��� و"L*�/ا� ��G~� ة =!ل��
�!اد ��	�� �5 �
���� t	���  Yأ���l درا,	ت # $�

�@	و�� ا�/��T ا�/�5J �; ،و�/! ا���Ad	ت �"Q !ت ھ	�"L*�/ه ا�y;) م	ب ا4ھ*/y��";	  ،	وا�yي 

5 �
��t �/! ا��Ad ا�/��T �"/�ض� ���	% ���	��.   

و�/*"U ا�/@	و�� ا��7!�� ���اض ا���	ت ا�7 ا�د�8 �$ ا�*~��Gات ا�����9 %"8 ا��/"�	ت    

��� �5 ا���	�	ت!�!��dط� ا���:�� ،ا�	L/ا� $�(��T �7!ل ا��!ا�s ا��;	]�� (�;!��  ،#/	 أن �;	 ا�@"�? 

	a ��!o% اد!�ا�;	 أAC ?Q!رة %"�7i 8 ا��I	ن  ،]��إ�8 L*,ا $% e0�� 5*#? ا�	و��*�� ا�/<

�� ��	ت ا���7	ن (، ]18 ،7[�@	ر�� (	��ا]? ا���	%��  ،وا��7!انL*�/ت ا�	�	ه ا���yھ $� Sweetو

basil   (Ocimum bashlicum، 5/*�� يyا� �"[	�"�Lamiaceae،  ��L*�/ب ا�	%<�ا $�وھ! 

r�A/ت ز��� �5 ا�	�	���4  ،#���i K[	�C 8"% �"[	ه ا��yت ا�*5 ��!د إ�8 ھ	�	7*!ي ا���� 	/#

���	�
? : ا��H!ت ا�رو�م #/o	دات أ#�ة ،L*و��  	;Q،ا�*5 �*9!ن �5 أورا  	ورھy) 7*!ي� 	/#

�!اد ) �;��a	�o/	دات ا��7!�� 14] [ %"8.  
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   ( P�7ا� ) ن	ت ا���7	أن �� 	/#O.basilicum، �L*�Y��، ا�وراق وا�زھ	ر #��	�	ت %���A م 

�	ب ،وا�AJا(	ت ا�/�ة ،وإدرار ا�"�$ ،وط	ردة �"E	زات ا�/�!��%�� t>��و#g% 5� U�yج  ،و


?: ا�8/7 ا��	��0 %$ ��> ا�7<�ات�م #�gج  ،��S ا���8 وا�Hوا=2 L*�� ً	oوأ� @� J

  .]9 , 1[  .وا�4*;	(	ت ا�0"�� e=	,� ا�<

  U�y# $��� ��	ت ا�H%*� ا�yي ��*/5 �"�	]"� L*�/ت ا�	�	ا���Lamiaceae،  ت	�	ا��� $�وھ! 

=�X أ�Y �7*!ي %"8 ز�l ط�	ر ذو را]���A% �7  ،ا�a ���A	]�� ا4,*�/	ل �5 ا�*اوي (	�%<	ب

  .] 20 [وا�*H�� 5ى إ��;	 ا�/�d!ل ا�Thymol،   5�Aو%"8 �!اد ���!���  أھ/;	

  T�	0ا ا�y5 ھ� ��	�� ���	ت ��	�"L*�� #	ن ھ��	 ھ! ����� #d	ءة  ،و��Eض ا�*�7ي %$ @�

 �A� ?
��;/	 ا�/	]5 �5 �
��w�) !/� t ا���Ad	ت "L*����7!ق أوراق ) ا���7	ن وا�( �*%H و

Aspergillus niger ) (.  

  ا���اد وط*ق ا���/

   :أو� : ]�� ا��$-�ت


�ن و��ر�z ا���� :1�_  

       ) �;a ا���/> أوراق ��	�5 ) ا���7	ن  وا�gC ( �*%Hل ( e�11  م	5  2012) ��*@A�� $�

                                                                            .(ا�Z/L _ ا���Eان )

  _  و[? أCQ ا��$-! :  2


? �yC ا����	ت       � ا�!lQ ا��7� e�، 	;igL*,دة ا�/�اد ا	ف ا�/g*C	) lQ!2 ا�"*Lو�.  

  _ ا�Q$�ر ا��$-! :  3

�$ ا���اض ��e اC*�	ر ا����       ���	Lء ا��"�/� ،ا��"�/� ا�	o%�ا yCأ eو�،  	;�"% ا�*5 �4<	ھ

   .أ%�اض �@K ظ	ھ���
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�-I$\ ا��$-! :  4   _  

      A@�	) ن	وراق ا���7� ���	وراق ا����2 ا�j�� eا��� $،  eG ٍ�9	ن (�� 5� 	;�Jو  ��aأ $%

ة أ�	م =*8 �20 �/	�	 ،ا�</Z وا��E	ر�� l#5 ا�/�7ك  ،و��� ��	وراق ا�0�ا l@7, eG

  .ا�9;�(	]5

  ��1$! ا��"{  :  – 5

    ��9�*,g) س	ا����� �5 أ#� <Jو e�،  ) ارة�= �� در�% ��g
م) =*8 وº lQ 4و=ljd �5 ا�

   .اgL*,4ص

 : !$�  D�9$� : ا���*ف P�1 ا��$-! ا�-��

 �e ا�*��ف %"8 اe,4 ا��"/5 �"��	�	ت ا�/رو,� @�،  ���	�(	�*�	ون �> e�Q ا���	ت (9"�� ا��"!م 

��ا���.    

  ] ��9Aspergillus niger.] 3.� : ا�"�* ا���0)+م  : �3* 

  X�= e�� �Adا ا�yل ھH%$ �)�*ا�، G ا��7!ث H#�/) Y�"% ا�*��ف e ��%راHـا�) ����/;!ر��  )

��*<� وھ!  ،�*/�H (��!رات ,!داء ا�"!نو ،Ascomycetesوھ! �$ ا���Ad	ت ا���QH  ،ا���(�� )

ا���T _ ا�d!ل  –و���T أ��اض �"��	�	ت #/�ض ا��d$ ا�,!د %"8 ( ا���?  ،(<9? وا,>

���2 ھyا ا��Ad �;! #	�*	�5 :  ،ا��!دا�5 )� 	�  أ

                                             Kingdom : Fungi    

Phylum : Ascomycota     

Subphylum : Pezizomycotina 

Class: Eurotiomycetes  

Family: Trichocomaceae 

Genus : Aspergillus 

Species : niger 

 �Ad2 ا��iA. niger  أورده	� T�=] 13[ 
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  را��� : ا��o4 ا�CLا%� ا���0)+م ��"�* : 

Potato dextrose agar   )PDA(.   

   �*%Hن وا�	5 ا���7�	وراق ���رة 	ردة وا�7	ت ا��	�"L*�/ا� l7aر Qا وyھ  $�
gث ط�@	ت )

��ي ا�*���a ا��;	]5 (	,*�/	ل �;	ز ا��Aد ا�/�#Hي �"7�!ل %"8 ا�/7"!ل أQ،  eG/	ش ا�<	ش

 P[ا��ا] ت ,"�"!ز�� ،] 7 , 2	7a��ام L*,	) Y/�@�� eو�، H�#�� ن	5 #�	*�	5  و(� �aا��ا

 .% 10ا���	��$

��
رت ���� ا�*Q Qوt  :���	*د�� ا�	ا�/� T�=  

 = t��
�*!,�AQ t,!*–  �AQ t ا�/@	ر�� (����� ا�*�"�  ] 8 [       100×)ا�/�	

�*!,�AQ t ا�/@	ر��                                                 

  ا�-��%^ وا��-�[�!

�	ت ا�/	]�� ا��	ردة    "L*�/"� t�
 .Oوا�7	رة ���	�5 ا���7	ن  ،أظ;�ت �*	]s درا,� ا�*~��G ا�/

brasilicum وأ  �*%Hا�  T. serpyllum �Ad8 ا�"%A.niger،   ًا��G~�  5[اyEا� t,!8 ا�"% 	A�
�

 T"�  و#	�l %"8 ا��7! ا)�PDA،  :5ا�

�9A$* ا���0)�' ا���%� ا���ف ا���ر  : ��� ا�*���ن وا�&P�1 *�1 ا��o4أو��D وراقU  �%اCLا�

PDA  *�"ا� ��D o$�.� �3A. niger _:  

  t�
� ا��Ad  ،أظ;�ت ا��*	]s أن ھ�	ك �<	ط وJA. niger  t,!8 ا�"%PDA    t,!*� �"��

2.8��*K"L ��	ت ا���7	ن (ا�P�7)  �AQ ا�/�*�/�ة �5 e"�،  ����) �Adا� !/� t�G X�=       

)66.6 %(  �*%Hت ا�	ا�/�*�/�ة �5 �� �AQ 	��"2.65eأ، ) ����) �Adا� !/� t�G X�=67.8  ،(%

�@	ر�� (	�<	ھ وا� Y�� ا�/�*�/�ة �AQ t,!*��"y8.25eي ("� ،  ) !/�"� ��!:� ،% )91.6و(���� 

0ول( ھ! #/	 �	) �J!�  .) 5) وا�<1  ) ?9

�9A$* ا���0)�' ا���%� ا���ف ا���رد Uوراق  : �$D�9o4�ا� P�1 *�1&ا�*���ن وا� ����DPDA، 

�.�$�D o� ا�"�*  �3A.niger _ :  
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   �Adا� J t�
��*!,�AQ t ا�/�*�/�ة  ،PDA%"8 ا�!,9�A. niger   t	ن ھ�	ك �<	ط و �"��

��*K"L ��	ت ا���7	ن  5�5.8e"�، ) ��!:��*!,�AQ t أ�	 ��	ت ا ،%)22.6(����  �"�� �*%H�

�@	ر�� (	�<	ھ وا�yي ("� �*!,�AQ t ا�/�*�/�ة  ،% ) 45.3�:!�� (  و(���� ،�"4.1eا�/�*�/�ة 

 Y��7.5e"�،  ) ��!:�0ول (  ،) %83.3و(���� ) �J!�   .)6) وا�<#1 ) ?9/	 

 	� <� Pd*� s[	*ه ا��yوھ  Yإ�� ?i!� ]10 [ وراق�رد 	ر وا��	]5 ا�7	ا�/ K"L*�/ام ا�L*,ا $�

 ،%"w�) !/� 8 ا���Ad	ت ا�/�Hو�� �$ (�w ا�/!اد ا�yEا]�� ،��Zizphusspin giti	ت ا��ر 

4ت =�d ا�*"!ث (	���Ad	ت��          إذ ("lE ا����� ا�/:!�� �"*
��X�=،  t أظ;�ت ا��*	]s ار�d	ع 

  .% ) �5 ا�/�*K"L ا�/	]5 ا�7	ر وا��	رد %"8 ا�*!ا�5 34.0 ،% 38.73( 

   	� <� Pd*� s[	*ه ا��yوھ  Yإ�� ?i!�]5 [،  !/� t�G 2�d0*ا� �) �*%H"� 5[	/ا� K"L*�/ن ا�~)

 ����) �Ad2 .% 77ا��d0*ا� �) �*%Hت ا�	5 ��� ��	�dدة ا�	ا�/ H�#�� 8إ� Uذ� <��� Qو.  	oأ�

 Yإ�� ?i!�	� <��	ت ا�/	]�� �"Pd*�] 11[   �*%H ا��*	s[ ا��	(@� "L*�/"� t�
�$ درا,� ا�*~��G ا�/

 �Ad8 ا�"%A. niger ا �% H�#�*�25?� / eE"�،  t��
   .% lE") X�=86.2 ���� ا�*

    X7ا ا��yھ s[	*� l@dوا�	� <� Yإ�� ?i!�[8 ]  ت	�"L*�/ا� w��� 5A��
�5 درا,� ا�*~��G ا�*

 ا��Ad  ا�*5 �$ J/�;	 ��	ت ا�H%*� ،ا�/	]�� �/0/!%� �$ ا���	�	تJGeotrichum 

candidum، �= ) ��!:/ا� t��
  .) # X88.5%	�l ���� ا�*

 ��Hى ھyا ا�*~��G ا�/
�I t=*!اء ��	ت ا�H%*� %"8 ا���d!4تQ،  ل!/�
�	#Thymol  #�ول	ر�	وا�9

Carvacrol �A�
 ] 18 [ .أو ا�@	�"� ��=�	ء ا�/# ���;0	���Ad	ت ،ا�/

	/# l@dه  ا�y]ھ	ا��*s 	� <�  Yإ�� ?i!�]16 [ن	أوراق ا���7 K"L*��ام L*,أن ا $�أدى إ�8  ،

 wdCء��/! ا�gQ	ور ا��y� $dدرات و��	ت ا�/���� �/!ت (	��Ad"� ي�Adل ا�H،  	;�/J $�وا�*5 

 )Alternaria solani _ F. solani(،  T��)61 ام ،% %"8 ا�*!ا�5 65.5وL*,ا �%          2 

��*K"L ا���7	ن $� %،  H�#�*5 �/! ا� 8وأدى ا�� wdC 8ا�% إ�  75.5رHل ا��Adي (/@

   .%���� ا�/@	ر�� 85.5و
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?: ا=*!اءر(/	 ���d ھyه ا��*	]s إ�8 � ا�/�*K"L ا�/	]5 �وراق ا���7	ن %"8 ��#�	ت ��	�� 


�A	 �0	ه ا�=�	ء  ،ا�*	���	ت وا��!����d!4ت وا�*���!�ات وا�@"!�ات� [�/0;��� اا�*��G~� U"*/� 5ا 

 ��Hى]15Q، اyھ  ً	oأ� ���!��dت ا�	ا�/�#� ���	ا �; إ�8 ��yت	ت  ،ا���	/�H��ا t��
� 8"% وا�*5 ��*/

�> ا���و���	ت ،%$ ا�*d	g%ت ا����o ا�,	,�� ا�/�Wو�� K�L*/ا� ��S 	;"Cا�/	 �Wدي إ�8  ،(*

رة ا�=�	ء ا�/0;��� %"8 ا4,*/�ار (	��/!  ،��r ا���و��$@�م % eG $�  .] 17 [و

�	ت ا�/	]�� ا�/�d"*L ���	�5 ا���7	ن وا��A� 8"% �*%H  1ا�0ول ( "L*�/"� t�
  A.niger) ا�*~��G ا�/

K"L*�/ع ا�!�   t,!*�  ا����� ا�/:!�� �"*
��AQ  % t	ر ا�/�*�/�ات (e,)أ

  0  8.25  ا�<	ھ

  66.06  2.8  .�"��7	ن ا�/�*K"L ا�/	]5 ا�7	ر

  H"�.  2.65  67.8%*� ا�/�*K"L ا�/	]5 ا�7	ر

  22.66  5.8  .ا�/�*K"L ا�/	]5 ا��	رد �"��7	ن

�*%H"� رد	]5 ا��	ا�/ K"L*�/45.3  4.1  .ا�  

  

  

            K"L*�/]5ا�	رد           ا�/	ف ا��	ا�0                       ا�<	ھ

 ) ?9a1  �Adن %"8 ا�	ت ا���7	رد ���	ف ا��	]5 ا�0	ا�/ K"L*�/"� t�
 A. niger) ا�*~��G ا�/
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                K"L*�/]5ا�	ر                    ا�/	ف ا�7	ا�0             ا�<	ھ

 ) ?9a2  �Ad8 ا�"% �*%Hت ا�	رد ���	ف ا��	]5 ا�0	ا�/ K"L*�/"� t�
  niger. A) ا�*~��G ا�/

  

            K"L*�/]5ا�	ر                      ا�/	ف ا�7	ا�0                 ا�<	ھ

 ) ?9a3  �Adن %"8 ا�	ت ا���7	ر ���	ف ا�7	]5 ا�0	ا�/ K"L*�/"� t�
 A. niger) ا�*~��G ا�/
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              ا�/�*K"L ا�/	]5 ا�0	ف ا�7	ر                           ا�<	ھ

 ) ?9a4     �Ad8 ا�"% �*%Hت ا�	ر ���	ف ا�7	]5 ا�0	ا�/ K"L*�/"� t�
 niger. A)  ا�*~��G ا�/

  

) ?9a5    �Ad8 ا�"% �*%Hن وا�	5 ا���7�	ر���	]5 ا�7	ا�/ K"L*�/ا� ��G~� (A.niger 
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�	ت  ا�/	  176"L*�/ا� ��G~��*%Hن وا�	5 ا���7�	وراق ���ردة 	رة وا��	ا�7 ��[  

  

 ) ?9a6       �Ad8 ا�"% �*%Hن وا�	5 ا���7�	رد ���	]5 ا��	ا�/ K"L*�/ا� ��G~� (niger. A 

  

  ا��*ا]�

ا�ار ا���(��   - ا����A ا�و�8  ،_ أ(!ز� ا�<7	ت ��� : ا���	�	ت ا�����A و��*0	�;	 ا�Hرا%�� وا�وا]�� 1
  .) 1988( ،ص 437 ،ا�@	ھ�ة ،�"�<� وا�*!ز�>

2 e�97ا�5 %�الله %�J	@4 ،_ ا�	ح : ا,*�/	� ا��/7� Y�di Y��
(�w ا���	�	ت �5 ا�TA ا�<��5  ت(
   .) E�)، )1988	زي ،ا����A ا�و�8  - ا�H0ء ا�ول  ،ا�"��5

3  : /7� H�Hا����� ط�ا("Z ا�e�Q -   ���A ا���	ت  ،أ,	,�	ت ا���Ad	ت ا��/"5_ ا��!�5 %�	�#"�� ا��"!م 
   .) 1990(  ،ا�و�8

4 -  /7�، $��#!�g��ت ا�/�*�0 ��/!م ا	��Ad%"8 ا� ���	ت ا���	�"L*�/ا� w�) : 8��% ��	i،  �=أط�و
��� ا�/!i? ،#"�� ا�Hرا%� وا�E	(	ت ،د#*!راه	�  .) 1999(  ،ا���اق ،

 (�H،  wي_ ا��� 5J ت ط���	�	ت ��	�"L*�� : درا,� ا�*~�2 (�$ ��*K"L ا�
!م و/7� 5"% ?�>�
��*��  ،ا���Ad	ت ا�//��J ����	ن	���� ا�/!i? _ ا���اق  - #"�� ا��"!م  - ر,	�� 	�،  )2001 (.   

6  - ���Aت ا�	�	وا���  ��Q	@ا�� e"% : K"�  .) 2002(  ،ا����A ا�و�8 ،ا�ردن  - %/	ن  ،,�7 
�	ت أوراق ا����	ع �> ا���Ad	ت ذات ا�L	��i ا�*o	د��  ،,�=	ن - 7"L*�� ��	Jإ ?Cا� : Yط 	Jا���%

�0"� وQ	�� ا���	ت ا���(�� .%"8 ا���Ad	ت ا�/�ا�@� ��yور ا��@!��	ت. 2006(  ،124 -  118 ،) 2( 24 (.  
 ،ا��	��ي - 8/7�  ،ھ�? أ=/ وJ ��[	/ت ا�	�"L*�/ا� w��� 5A��
i	�� %��8 : درا,� ا�*~��G ا�*

 �Adا�Geotrichum candidum. )  -  90ا���7d (  - )  10ا��د (  - )  17�0"� %"!م ا��ا��$ _ ا�/0"
99 (،  )2006 (.   
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�@	و�� ا���Ad	ت ،ا��5�7 -  9 5� �����Aا� ���	ت ا���	�"L*�/دور ا� : H�Hا�� �% $) 5�ا�/����  ,	
��اض ا���	�����،  �@�Qء د	أ=� K�L� 5 ا��"!م� ��*��e�Q ا���	ت  - ر,	�� إ,*9/	ل �/*A"�	ت در�� ا�/	
 �@�Q��� ا�/"U ,�!د - #"�� ا��"!م  - وا�=�	ء ا�	�، )2007 (.  

/! �8�7 وداد ھ	��G~� : ea ا��*K"L ا�/	]5 وا�79!�5 �وراق ��	ت ا��ر %"8 � ،=��$ ,"!ى =/Hة -  10
��� �20 ا��aف��w�).  �"0 ا���Ad	ت ا�/�Hو�� �$ (�w ا�/!اد ا�yEا]�� �5 ا�,!اق ا�/5� ��"7 

��� ذي Q	ر	� -  )    .) 2011(  ،) 86ا���7d ( - )  4ا��د (  - )  6ا�/0"
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The effect of cold and hot aqueous Thymus serpyllum 

and Ocimum basilicum leaves extracts on growth of 

Aspergillus niger 

Fathia,M. Abu – janah 

Fuzia, F. Altraiki 

Abstract 

This study was carried to examine the effect of cold and hot aqueous 

extracts of  Thymus serpyllum and and Ocimum basilicum leaves on 

Aspergillus niger grown on PDA (Potato dextrose ager) to determine their 

inhibitory effect on fungi growth. 

 The results showed that hot aqueous extracts of Thymus serpyllum and 

Ocimum basilicum leaves were more efficient, in their effect, on fungus 

growth. The reduction in the growth ofAspergillus niger reached upto 67.8 

and 66.06% respectively, on the medium PDA at 25ºc±2.While the cold 

water extraction of the both plants showed lower inhibition activity on 

fungal colony diameter growth. The reduction in the growth of Aspergillus 

niger reached only to 22.66 and 45.3% respectively, on PDA medium. 

Keywords : The aqueous extracts of Thymusserpyllumand and Ocimum basilicum  

leaves_  Aspergillus niger  _ Tempreture25± 2                              
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Preparation and Antibacterial Activity of New Polyesters 
Based on Pyrazoline Moiety in the Main Chain. 

Ismail A.Alkskas1 

Abdulhafid M. Belazi2 

Aldukali A.Alkeskas3 

Abstract 

2-phenyl-3-p-hydroxyphenyl-7-p-hydroxy-benzylidene-cyclo-hexa-

pyrazoline III and 2-phenyl-3-vanillyl-7-vanilly-lidene cyclo-hexa-

pyrazolineIV  were used as new starting materials for preparing new 

unsaturated polyesters. The polyesters were prepared by reacting III  or IV  

with adipoyl, sebacoyl, iso-phthaloyl and tere-phthaloyl-dichlorides 

utilizing the interfacial poly-condensation technique. The model compounds 

were synthesized by reacting III and IV with benzoyl chloride. Synthesized 

poly-esters have been characterized by elemental and spectral analyses. 

They have exhibited inherent viscosities of 0.59-0.88 dl/g. All the polyesters 

are semi-crystalline and most of them are partially soluble in common 

organic solvents but completely soluble in aprotic solvents. They showed 

moderate antibacterial activity against tested Gram-negative and Gram-

positive bacteria 

Keywords :  pyrazoline, polyesters, interfacial, characterization, antibacterial. 
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1 Department of Chemistry, Faculty of Pharmacy, Misurata University. 
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6 Preparation and Antibacterial Activity of New Polyesters 

Introduction  

Polyesters are one of the most important matrix resins for composite 

applications. They possess a wide range of properties and are used in 

marine, automobile, construction, sport, and in self-extinguishing 

materials,[1–4] and they have also led to the need and development of high-

performance unsaturated polyesters. Aromatic polyesters are generally 

difficult to perform because of their limited solubility in organic solvents 

and their high-melting temperature or high glass-transition temperature 

byvirtue of their rigid structures. Several research have reported the 

preparation of unsaturated polyesters by the poly condensation of 

dicarboxylic acids or acid anhydrides with diols, where at least one of 

themonomers contains an unsaturated carbon–carbon double bond[5–

8].Therefore, development of polyesters for usage at high temperature with 

improved solubility is an important goal.  The presence of heterocyclic rings 

in the polymer chain lead to specific physical properties and also enhance 

thermal stability together with excellent solubility that is highly significant 

in aromatic heterocyclic polymers with rigid chains [9, 10]. The 

introduction of pyrazolinering in the main chain has the direct effect on the 

solubility and the thermal stability. Moreover, pyrazolinehas an interesting 

ring unit containing both the electron-withdrawing group and the electron-

releasing group that lead to interesting on to-electronic properties, such as 

photoconductivity[11,12] and photorefractive applications[13,14]. Several 

reports concerning the polymers containing pyrazoline unit in the side 

chains have been found in literature [15, 16]. However, there are few reports 

concerning the synthesis of poly- mers-containing pyrazoline unit in the 

main chain [17].In continuation of our study on the synthesis and properties 

of different polyesters based on benzyl-idene-cyclo- alkanones possessing 
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interesting properties [18-22], here we report the synthesis and 

characterization of a new series of polyesters based on benzyl-idene-cyclo-

hexa-pyrazoline in the main chain. The antibacterial activity of the 

synthesized poly esters was also examined. 

Experimental Procedure 

1- Instrumentation: Melting points (°C) were determined with an open 

glass capillary tube and are uncorrected. Elemental analyses were performed 

on Elementar-Vario EL III instrument.IR spectra were recorded, as KBr 

pellets, on a Schimadzu IR-470 spectrophotometer and wave numbers are 

given in cm-1.1H -NMR spectra were run on a Bruker 11.1HO100-MHz 

NMR spectrometer at room temperature in dimethyl-sulfoxide (DMSO) 

using tetra-methyl-silane as the internal reference. Viscosity measurements 

were made with a 0.5% (w/v) solution of polymers in dimethyl-formamide  

(DMF) at 258°C using an Ubbelohde suspended level viscometer. The X-

Ray diffracto grams of the polymers were obtained with a Phillips X-ray 

unit (Phillipsgenerator Pw-1710) and Ni-Filtered CuKaaradiations. The 

average number of molecular weight (Mn) was evaluated by end group 

analysis according to the previous work [22]. 

2. Reagents and solvents: 4-Hydroxy-3-methoxy-benzalde-hyde (Merck)4-

hydroxy-benzaldehyde,cyclo-hexanone and phenyl-hydrazine(Aldrich) were 

used without purification. Terephthaloyl chloride (Aldrich) was 

recrystallized from n-hexane (mp 83–84°C ), isophthaloyl chloride (Aldrich) 

was recrystallized from n-hexane (mp44°C ). Adipoyl and sebacoyl-

dichlorides were freshly used distilled at 125°C /11 Torr, and at 182°C /16 

Torr, respectively were used. Benzoylchloride (BDH) and sodium 



8 Preparation and Antibacterial Activity of New Polyesters 

hydroxide were of analytical grade. Dichloromethane and all other solvents 

were of high purity and further purified by standard methods [23,24]. 

3. Monomers synthesis: 

3.1. 2,6-bis(4-hydroxy-benzylidene)cyclo-hexanoneI and 2,6-di-vanilly-

idene-cyclo-hexanone II  were prepared as described in the  literature [25]. 

3.2. 2phenyl-3-p-hydroxy-phenyl-6-p-hydroxy-benzyl-idenecyclo-hexa-

pyrazolineIII.  

A mixture of 0.01 mole (3.06g) of dibenzyl-idene-cyclo-hexanoneI  and 

0.01 mole (0.982 g) of phenylhydrazine (98%) in methanol(50ml) was 

stirred under reflux for 5 hours . The reaction mixture was then allowed to 

cool and was kept at 0°C for 24 hrs. The precipitated product was filtered 

off, washed with petroleum ether 60-80 and was recrystallized from a 

mixture (30:1) of methanol-hydrazine hydrate to yield (80%). The pure 

product was conserved in a dark bottle in the refrigerator, mp. 286°C. 

Calculated composition of C26H24O2N2:  C,  78.78; H, 6.06; N, 7.07 % 

Found: C,78.41; H, 6.52; N, 7.13%. IR(KBr, νcm-1): at 1590 cm-1 (s, C = C), 

at 1645cm-1 (s, C = N),at 2950 cm-1 (Ar-H stretch) at and at 3430 cm-1 (br, 

OH stretch). The mass spectrum showed a molecular ion peak at m/z=396 

(3%) which is in agreement with its molecular formula (C26H24O2N2). 
1H-

NMR (DMSO-d6): at 9.50 (m, 2H of 2-OH groups),at 7.9 (s, 1H of CH=C), 

at 7.70-6.75(m, 13H of Ar-H ),at 4.50(s, 1H at C3a of cyclo-hexapy-

razoline), at 4.20(s,2H of -CH2– at C5 of cyclo-hexapy-razoline) and at 

1.2(s,2H of -CH2– at C4 of cyclo-hexa-pyrazoline) at 2.60 (m, 4H of CH2 of 

cyclo-hexanone)and at 1.50(m, middle of CH2 of cyclo-hexanone) ppm. 

3.3. 2-phenyl-3-vanillyl-6-vanillyl-idene-cyclo-hexa-pyrazoline IV. 
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     A mixture of 0.01 mole (3.66 g) of divanilly-idene-cyclo-hexanoneII  and 

0.01 mole (0.982g) of phenyl-hydrazine (98%) in methanol (50ml) was 

stirred under reflux for 5 hours . The reaction mixture was then allowed to 

cool and was kept at 0° for 24 hrs. The precipitated product was filtered off, 

washed with petroleum ether 60-80° and was recrystallized from chloroform 

to yield (85%). The pure product was conserved in a dark bottle in the 

refrigerator, mp. 155°C. Calculated composition of C28H28O4N2: C, 73.68; 

H, 6.14; N, 6.14% Found: C, 73.61; H, 6.09; N, 6.27%.IR(KBr, νcm-1): at 

1595 cm-1 (s, C = C), at 1630 cm-1 (s, C = N),at 2950 cm-1 (Ar-H stretch)  

and at 3450 cm-1 (br, OH stretch).The mass spectrum showed a molecular 

ion peak at m/z=366.21(45%) which is in agreement with its molecular 

formula (C28H28N2O4).
1H-NMR (DMSO-d6): at 9.2 (m, 2H of 2-OH 

groups), at 7.6(s, H of CH=C), at 7.2-6.6(m, 11 H of Ar-H  ),at4.5 (s, H of 

CH benzal) at 4.4(s,1H at C3a of cyclo-hexapy-razoline), at 3.8 (s, 6H of 2-

OCH3), at 2.80 (m, 4H of CH2 of cyclo-hexanone)and at 1.70(m, middle of 

CH2 of cyclo-hexanone) ppm. 

4. Synthesis of model compounds A and B: 

4.1. General Procedure:  2-phenyl-3-p-hydroxy-phenyl-6-p-hydroxy-

benzyl-idene-cyclo-hexa-pyrazolineIII   or 2-phenyl-3-vanillyl-6-vanillyl-

idene-cyclo-hexa-pyrazolineIV  (0.01mol) was dissolved  in 20 ml sodium 

hydroxide solution (0.02mol) and stirrer at 25°C. After stirring benzoyl 

chloride (0.02mol) was carefully added within 20 min.  At the end of the 

reaction time, a highly yellowish solid precipitated.  The solid product was 

filtered off, washed with water, dried and recrystallized from an appropriate 

solvent. 
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4.2. 2-phenyl-3-p-hydroxy-phenyl-6-p-hydroxy-benzyl-idene cyclo- hexa-

pyrazoline dibenzoate A 

    An analytical sample was obtained by re-crystallization from ethanol, 

m.p. 260°C yield 80%.  Calculated composition of C40H32O5N2: C, 79.47; 

H, 5.29; N, 4.63%  Found: C, 79.31; H, 5.26 ; N, 4.95.07 %. IR(KBr): at  

1595 cm-1 (s, C = C), at 1625 cm-1 (s, C = N),at 1720cm-1 (s, C=O of ester) 

and at 2980 cm-1 (Ar-H stretch). 1H-NMR (DMSO-d6): at 8.2-8.0(s, H of 

CH=C and m, 6 H of Ar-H of benzylidene ), at 7.50(m, 10 H of Ar-H of 

benzoate rings ), at 7.30(m, 5 H of Ar-H of aromatic ring ) 4.5 (s, H of CH 

benzal) at 4.4(s,1H at C3aofcyclohexapyrazoline), at 3.0 (m, 4H of CH2 of 

cyclohexanone) and at 2.0(m, middle of CH2 of cyclohexanone) ppm. 

4.3. 2-phenyl-3-vanillyl-6-vanillyl-idene-cyclo-hexa-pyra-zolinedi-

benzoate B 

     A pure sample was obtained by recrystallization from ethanol, m.p.  

180°C, yield 75%.  Calculated composition of C42H36O6N2 : C, 75.90; H, 

5.42; N, 4.21% Found: C, 75.81; H, 5.13; N, 4.65%.IR(KBr):  at 1595 cm-1 

(s, C = C), at 1625 cm-1 (s, C = N), at 1720cm-1 (s, C=O of ester) and at 

2980 cm-1 (Ar-H stretch).1H-NMR (DMSO-d6): at 8.2-8.0 (s, H of CH=C 

and m, 6 H of Ar-H of benzyl-idene ),at 7.50 (m, 10 H of Ar-H of benzoate 

rings ), at 7.30 (m, 5 H of Ar-H of aromatic ring ) 4.5 (s, H of CH benzal) 

at 4.4 (s,1H at C3aofcyclohexapyrazoline), at 3.8 (s, 6H of 2-OCH3), at 3.0 

(m, 4H of CH2 of cyclo-hexanone) and at 2.0 (m, middle of CH2 of cyclo-

hexanone) ppm. 

 Polymersynthesis: In a three-necked flask equipped with a mechanical 

stirrer (2000rpm), dry nitrogen inlet, outlet and dropper,a mixture of 0.01 
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mol di-benzyl-idene-cyclo-hexa-pyrazolineIII  or IV , 25 ml methylene 

chloride, and sodium hydrox-idesolution (0.02mol) was introduced. After 

mixing, 0.01 mol of acid chlorides Va-d dissolved in 30 ml methyl-ene-

chloride was added over a period of 5 min at 25°C and vigorously stirred. 

After complete addition of acid chloride, stirring was continued for 1–2 hrs, 

and a dark yellow solid polymer separated out. The solid polymer was 

filtered off, washed with water, hot alcohol, and dried under reduced 

pressure (1 mmHg) at 30°C for 1 day. The synthesized polyesters, their 

yield and some of the IR-properties are listed in Table 1. 

6. Antibacterial activity: The antibacterial activity of tested polyesters VI a-d 

and VII a-d was determined using the nutrient agar medium supplemented 

with 1 g yeast extract per liter. The sterile medium (about 200 ml) in Petri-

dishes was uniformly smeared with cultures of the tested bacterial species. 

Sterile 6 mm filter paper disks (Whatman) were impregnated with solution 

of the tested compounds (1% in DMF). The plates were incubated at 37°C 

for 24 hrs, and the size of the resulting inhibition zone was determined [26]. 

Results and discussion 

1. Monomers:  

In 1964, by using Michael condensation, Sammouret.al [27] has reported 

the preparation of some substituted cyclo-alkanones with phenyl hydrazine. 

In another study, doubly unsaturated ketones such as di-benzyl-idene-

acetone underwent Michael condensation independent of each other[28]. In 

the present work new monomers based on cyclo-hexa-pyra-zoline moiety 

were prepared by condensation of 2,6-bis (p-hydroxy-benzyl-idene) cyclo-

hexanoneI  or 2,6-di-vanilly-idene-cyclo-hexanoneII  with phenyl-hydrazine, 
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as shown in Scheme1.The structure of these new monomers was elucidated 

by elemental and spectral analyses (see Experimental part). 

N N

HO

OH

O

HO OH

NH NH2

CH3OH

Reflux

I , R = H  :    II, R = OCH3

R R

R

R

III, R = H  :  IV, R = OCH3

Scheme  1.Synthesis of pyrazoline monomers III and IV.  

      The structure of these new monomers was elucidated by elemental and 

spectral analyses (see Experimental part). 

2. Model Compounds: 

Before attempting the polymerization, model compounds A and B were 

prepared by the reaction of 2-phenyl-3-p-hydroxy-phenyl-6-p-hydroxy-

benzyl-idene-cyclo-hexa-pyrazoline III and 2-phenyl-3-vanillyl-6-vanilly-

lidene-cyclo-hexa-pyrazoline IV , respectively, and benzyl chloride in 

sodium hydroxide solution.   Based on good agreement between calculated 

and found analytical data, IR and 1H -NMR, these reactions are depicted in 

Scheme 2. 
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N N
R R

HO OH

N N
R R

O O

O

O

Cl

O

2

aq
NaOH25oC

III , R = H  :    IV, R = OCH3

A : R= H   ;  B :  R= OCH3

Scheme 2. Synthesis of model compounds A and B.

 

3. Polymerization: The polymerization of 2-phenyl-3-p-hydroxy-phenyl-6-

p-hydroxy-benzylidene cyclo-hexa-pyrazolineIII  or 2-phenyl-3-vanillyl-6-

vanillyl-idene cyclo-hexa-pyrazolineIV with a dipoyl, sebacoyl, iso-

phthaloyl, ortere-phathaloyl-di-chlorid-esresulted in the formation of 

novelun-saturated polyesters. Typical polymerization conditions involved 

the reaction of the stoichio- metric amount of III or IV  with di-acid 

chlorides Va–d and the application of interfacial-poly-condensation with 

NaOH/CH2Cl2 at ambient temperature to afford new unsaturated polyesters 

as shown in Scheme2.  Reaction times varied from 1 to 2 hrs and the dark 

yellow solid polymer so obtained were isolated immediately at the end of 
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the reaction period. The elemental analyses of newly synthesized monomers 

as well as polymers Table1 were found in accord with their theoretical 

values showing a deviation of 0.20 to 0.75%. However, it is not uncommon 

for polymers to trap solvent molecules within the poly-mermatrix, 

especially polymers of high molecular weight and those polymers 

containing polar groups which are capable of hydrogen bonding with 

solvent molecules. 

N N

HO
OH

N N

O O

R- Cl

O

Cl

O

O

R-

O

R R

R R

n

Va - d

Interfacial

NaOH ,CH2Cl2

III , R = H  :    IV, R = OCH3

VIa-d ,  R = H

VIIa-d ,  R = OCH3

V

R-

B D  A C

Va Vb Vc Vd

, , ,- (CH2)4- - (CH2)8-

Scheme 3. Synthesis of pyrazoline polymers VIa-d and VIIa-d.  

Spectral data support the structural assignment for thepolymers and are in 

agreement with spectral data obtained for the reapeting unit.  IR data 

obtained in KBr disks for all polyesters indicated the disappearance of the 

characteristic absorption band of the OH group and the appearance of the  of 

ester groups at 1745-1757 cm-1 , at 1620-1645 cm-1 for the C=N of cyclo-
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hexa-pyrazoline, at 1590-1600 cm-1 for C=C groups, at 2876cm-1 for C-H 

aliphatic and the other characteristic absorption bands for the rest of the 

molecule Fig1. 

Figure 1. IR spectra of polymer VId. 

  The number average molecular weight (Mn) of the unsaturated 

polyesters was determined using end-group titration techniques and it ranges 

between 10450-13760 gram per mol and the analytical data are presented in 

Table1. 

The inherent viscosities (ηinh) of polyesters VI a-d andVII  a-d were 

determined in DMF at 25°C with an Ubbelohde suspended level viscometer. 

The inherent viscosity value is defined as: 

ηinh = (2.3 log t/to)/C 

Where to and t represent the viscometer flow periods for DMF and the 

polymer solution, respectively; while solution concentration C is 0.5 g/100 

ml. It can be clarified from Table1 that polyesters having high inherent 

viscosity values and ranged from0.59–0.88dI/g. Table 1. Elemental 

Analysis, Yields and Inherent Viscosities 
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Polymer Yield Mnbηinh
a Molecular formula Elemental analyses 

  number % dIg-1 (mol. wt)  C% H% N% 
VIa 85 11799           

0.72 
C34H26N2O4 

(526) 
             Calc. 
           Found 

77.56 
78.02 

4.94 
4.96 

5.32 
5.01 

VIb 75 11593           
0.68 

C34H26N2O4 
(526) 

             Calc. 
          Found 

77.56 
78.01 

4.94 
5.03 

5.32 
4.92 

VIc 75 10450         
0.59 

C32H30N2O4 
(506) 

             Calc. 
           Found 

75.88 
75.53 

5.92 
5.86 

5.53 
5.98 

VId 80 12750           
0.74 

C36H38N2O4 
(562) 

             Calc. 
          Found 

76.86 
76.11 

6.76 
6.18 

4.98 
4.73 

VIIa 75 13760           
0.58 

C36H30N2O6 
(586) 

             Calc. 
           Found 

73.72 
74.03 

5.11 
5.38 

4.77 
4.18 

VIIb 85 10983           
0.63 

C36H30N2O6 
(586) 

             Calc. 
           Found 

73.72 
73.91 

5.11 
5.88 

4.77 
4.19 

VIIc 80 12800           
0.88 

C34H34N2O6 
(566) 

            Calc. 
           Found 

72.08 
72.48 

6.00 
5.94 

4.94 
4.62 

VIId 78 11635           
0.79 

C38H42N2O6 
(622) 

            Calc. 
          Found 

73.31 
73.49 

6.75 
6.22 

4.50 
4.84 

        Table 1. Elemental Analysis, Yields and Inherent Viscosities of 
Pyrazoline Polymers VIa-d andVIIa-d . 

aMeasured for solutions in DMF, with C= 0.5 g/100 ml at 25°C.bMeasured by end group 
analysis.   
 

4. Polymer Characterization 

4.1 Solubility 

 The solubility of unsaturated polyesters synthesized in this study was 

determined for the powdery samples in various organic solvents including 

di-methyl-sulfoxide (DMSO), N-N di-methyl-form-amide (DMF), N-

methyl-pyrrol-idone (NMP), tetra-hydro-furan (THF), Dichloromethane 

(DCM) and concentrated sulphuric-acid at 3.0% (w/v) and the results are 

presented in Table2. It was found that all the polymers dissolved readily in 

concentrated H2SO4 at room temperature giving deep red color due to the 

unstability of the polymers. All polymers were soluble in various aprotic 

polar solvents such as DMSO, DMF, NMP and THF. The good solubility of 
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these polymers may be elucidated by loose of packing of the 

macromolecules because of rigid-pyrazoline rings and low crystallinity [26]. 

Moreover, introducing the-pyrazoline ring as polar group into poly-

heterocyclic polymers gives rise to slight increase in solubility of the 

polymers. In common organic solvents and halogenated hydrocarbons  the 

polymers VI a,b, and VII a,b were partly soluble whereas  polymers VI c,d and 

VII c,d are soluble which may be attributed to the presence of aliphatic chain 

with four and  eight methylene groups, with  the rigid cyclo hexa pyrazoline 

position of the main chain causing  increase in solubility. It should be noted 

that the polymer VII c is more soluble than VI c and this behavior could be 

attributed to the steric hindrance effect of the methoxy group, which causes 

both unsymmetrical orientation thereby making solvation easier [21]. 

Table2. Solubility Characteristics of Pyrazoline Polymers VIa-b and 
VIIa-b . 

          ++: Soluble at room temperature (RT), +: Partially soluble at RT and −  : Insoluble. 

4.2 X-ray analysis: 

The X-ray diffraction confirmed that the polymers were semi-

crystalline because of a small portion of crystalline peaks in the region 

2θ=10-60o or (d in Ao) as shown in Fig 2. In spite of small crystalline 
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regions in every case, amorphous patterns are due to a lower packing of the 

unsymmetrical polymer back bones. In particular,  the bulky cyclo-hexa-

pyrazolinerings along the backbone most probably is the main reason for the 

amorphous nature of the present poly-esters, it is also evident that the 

presence of the pyrazoline ring in the polymer main chain tends to destroy 

the polymer’s ability to form crystalline structures. The presence four and  

eight methylene groups in polymers VI c,d and VII c,d increases polymer 

chain flexibility, and that might be responsible for the approach  and mutual 

attractions  of adjacent  chains and thus induce small  crystalline peaks. 

Moreover, the presence of C=N as polar groups in addition to high C=C 

bond levels induces some order between two adjacent chains in the polymer, 

leading to some extent of crystallinity [26]. It should be noted that the 

inclusion of pyrazoline moiety as rigid group in the polymer main chain 

causes slight decrease in the degree of crystallinity compared with those 

polyesters based on diaryl-idene-cyclo-alkanones which were revealed in 

literature [29,30]. 

 

Figure2. X-ray diffraction patterns of polymers VIc, VIIc and VIIa.  

4.3Antibacterial activity of the tested: 
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The antibacterial activity of the synthesized polyesters based on 

pyrazoline moiety was tested against Gram negative (E. coli) and Gram 

positive (Micrococcus luteusandM. roseus) bacteria, using chloram-phenicol 

as standard drug. The results in Fig3 clearly indicate that the poly-esters 

which contained methoxy groups in the main chain were the most active 

against the tested organisms. In particular, polyesters VII b, VII c and VII d, 

which are based on cyclo-hexa-pyrazolineIV moiety were conspicuously 

inhibited the growth of E. Coli and Micrococcus luteus. The poly-estersVI c 

and VI d, which are based on cyclo-hexa-pyrazolineIII moiety exhibited an 

inhibitory effect on M. roseus and but showed no effect on the growth of 

Micrococcusluteus. Moreover, poly-esters VI a and VII a, which contains 

aromatic chain were slightly active only against E. coli, but were inactive 

against another tested bacterial strains. Again, poly-esterVI b, which is based 

on cyclo-hexa-pyrazolineIII moiety, and contains aromatic units, was 

devoid of any antibacterial activity. The poly-ester derivatives exerted 

variable inhibitory effects depending upon the structure and the tested 

species. The standard drug chloram-phenicol exhibited marked antibacterial 

activity. Results are presented in Fig3. 

 

Figure 3. Anti-bacterial activity of poly-esters VIa-d and VIIa-d. 
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Conclusion 

 Linear unsaturated polyesters based on diaryl-idene-cyclo-hexa-

pyrazoline derivatives have been prepared.  An interfacial poly-

condensation synthesis technique at ambient temperature was used.  The 

majority of the polyesters were soluble in aprotic polar solvents.  X-ray 

diffraction analyses showed that the inclusion of pyrazoline group in the 

polymer chain causes decrease in the degree of crystallinity. 
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Abstract  
     The fetal hormonal (androgen) disruption induces in adult male rat 

offspring a long-term apoptotic process in testicular germ cells, supporting 

the concept of a fetal programming of apoptosis in the adult germ cells. 

However, the molecular machinery behind this programming remains to be 

investigated as the upstream altered mechanisms leading to the chronic cell 

death process are unknown. By using as a model adult rats treated in utero 

with the anti-androgen flutamide (0.4-10mg/kg•d), we have identified here a 

chronic alteration of the expression of glutathione S-transferase α (GSTα). 

Fetal treatment with flutamide induced a decrease in GSTα mRNA and 

protein levels in adult rat, While the decrease in GSTα expression in the 

adult isolated Sertoli cells was chronic when exposure to flutamide occurred 

in utero, it was reversible when the treatment with the anti-androgen 
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occurred during adulthood. Moreover, the inhibitory effect on GSTα was 

still observable in purified Sertoli cells from testes with fetal hormonal 

disruption and cultured alone or with mature germ cells (spermatocytes or 

spermatids) originating from untreated adult testes. Furthermore, in co 

cultured adult germ cells with Sertoli cells, an increase in effect or caspase-3 

activation, a key step in the cell death apoptotic process, was observed when 

Sertoli cells were fetally treated with the anti-androgen. Finally, the 

decrease in GSTα protein levels occurred without upstream alterations in 

the hormonal components such as testosterone plasma levels, Androgen 

Receptor expression and androgen targeted Sertoli cell number, suggesting 

that GSTα expression inhibition might be related to some epigenetic 

changes at the level of the androgen dependent transcriptional machinery. 

Together, (i) assuming that GSTα plays a crucial role in the detoxification 

processes, (ii) the long-term effect of the fetal treatment with the anti-

androgen on GSTα expression in the adult gonad further supports the 

concept of a fetal programming of the GSTα expression in an adult tissue. 

Abbreviated title: polymorphisms  and testicular GSTW, infertility . 

Key words:  spermatogenesis , Glutathione-S-transferase α, Sertoli cells, , infertility. 

INTRODUCTION 

The fetal hormonal (androgen) disruption induced by various 

chemical compounds give rise to a chronic apoptotic germ cell death 

process in the adult testis, supporting the concept of a fetal programming of 

the death process in an adult organ as the testis(Bozec et al., 2004; Florin et 

al., 2004; Omezzine et al., 2003b; Uzumcu et al., 2004). Although it was 

shown that this apoptotic process was related to a long term increase in the 

expression and activation of effector caspases-3 and -6 (Omezzine et al., 
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2003b) probably resulting from changes in the ratio of Bcl-2 family peptides 

in favour of the pro-apoptotic members, with a specific decrease in (anti-

apoptotic) Bcl-2 and Bcl-w and an increase in (pro-apoptotic) Bax protein 

levels (Bozec et al., 2004), the upstream mechanisms leading to this chronic 

germ cell apoptosis process remain still to be investigated. In the present 

study, we have examined the possibility that such a chronic death process 

might be related to an alteration of the detoxifying processes that protect 

germ cells from genotoxic factors such as mutagens, carcinogens and 

reactive oxygen species (ROS) (Bisseling et al., 1997; Hayes and Mantle, 

1986; Ketterer et al., 1990; Mannervik and Danielson, 1988; Pickett and Lu, 

1989; Vos and Van Bladeren, 1990). Specifically, the present work has been 

focused on the expression of glutathione-S-transferase α (GSTα) which is a 

member of a large family of detoxification iso-enzymes that conjugate many 

toxic substrates to glutathione. The GSTs (EC 2.5.1.18) belong to a super-

family of enzymes that catalyze the nucleophilic addition of glutathione to 

the electrophilic centers of a wide variety of electrophilic compounds, many 

of which are produced during xenobiotic metabolism. In the testis, these 

enzymes have been shown to protect the germ cells from the genotoxic 

products including ROS, carcinogens and mutagens (Gu and Hecht, 1996; 

Hermo et al., 1994; Institoris et al., 1995; Listowsky et al., 1998; Peltola et 

al., 1992; Sahu et al., 2000; Yoganathan et al., 1989). One of the interesting 

aspect in the expression of these enzymes is that they are targeted by 

hormones and specifically, the expression of GSTα in the testes is targeted 

by androgens (Benbrahim-Tallaa et al., 2002a; Benbrahim-Tallaa et al., 

2002b). 

In the present study, we have examined the possibility as to whether 

a fetal hormonal disruption may chronically affect the detoxification process 
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in the adult gonad with a chronic germ cell death process and reported a 

long term alteration of glutathione-S-transferase alpha expression in this 

tissue. 

MATERIALS AND METHODS 

Materials 

Flutamide, obtained from Sigma (Meylan, France), was dissolved in an 

aqueous solution of methylcellulose 400 (Fluka, Mulhouse, France) at 0.5% 

(w/v) and stored for a maximum of one week at approximately 5°C (± 3°C). 

Dulbecco modified Eagle medium (DME)/Ham's F12 (1:1) medium, reverse 

transcriptase (M-MLV), polyacrylamide 37.5:1 solution, ponceau red, 

antibody raised against actin and TRIzol® were obtained from Life 

Technologies (Eragny, France). Collagenase/dispase and protease cocktail 

inhibitor were obtained from Roche (Mannheim, Germany). Gentamycine, 

3-cyclohexylamino-1-propanesulfonic acid (CAPS), kodak XOMAT films, 

Diaminobenzidine (DAB), sodium bicarbonate, HEPES, DNaseI, MOPS, 

SDS, random primers and bovine serum albumin (BSA) were purchased 

from Sigma (Meylan, France). Rabbit polyclonal anti-human GSTα 

antibody (NCL-GSTα) (Mehta et al., 1994; Murray et al., 1995) was 

purchased from Novocastra-TEBU (Le Perray en Yvelines, France). 

Peroxidase-conjugated goat anti-rabbit immunoglobulin G and covalight 

chemiluminescence detection kit were obtained from CovalAb (Lyon, 

France). Androgen receptor rabbit polyclonal antibody (sc-816) was 

obtained from Santa Cruz Biotechnology, (Santa Cruz, CA). Antibody 

diluent, Harris’ hematoxylin and Envision+ kit were obtained from Dako 

(Copenhagen, Denmark). Bradford reagents and Pierce detection kit were 
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purchased from Bio-Rad Laboratories (Richmond, CA). Hybond C 

membranes [α-33P] dATP and [α-32P] dCTP were purchased from 

Amersham Biosciences (Aylesbury, UK). Proligo SA (Paris, France) was 

the source for oligonucleotides primers. Random priming DNA labeling kit 

and Taq polymerase were purchased from Promega Life Science (Madison, 

WI). Schleicher & Schuell PVDF membrane was obtained from Merck 

Eurolab (Strasbourg, France). Goat anti-rabbit peroxidase-conjugated 

antibody was purchased from Immunotech (Marseille, France). 

Animals 

Virgin female Sprague Dawley rats from Charles River laboratories 

(St Aubin les Elbeuf, France) were individually housed in controlled 

conditions of lighting (12 hours light, 12 hours dark), temperature (22°C ± 

2°C), humidity (55% ± 15%) and ventilation (approximately 15 air changes 

per hour) and given free access to water and feed (certified rodent pellet diet 

AO4C; UAR, Villemoisson-sur orge, France). Females were mated on a 

one-to-one basis with males of the same strain from the same supplier. Day 

0 of gestation (GD 0) was considered when a vaginal sperm plug was noted. 

Pregnant rats were administered daily the vehicle alone or flutamide by 

gavage from GD 6 to the day before delivery (GD 21 or 22). Animals were 

administered flutamide at dose levels of 0, 0.4, 2, or 10mg/kg body weight 

per day (adjusted daily based on body weight). Dams were weighed daily 

from GD 6 to day of delivery. At birth, each pup was sexed, weighed and 

identified. The male offspring received no flutamide treatment and was 

raised until study termination (90 days-old). At 90 days, male rats were 

killed by CO2 inhalation. Each testis was weighed before being fixed or 

frozen. Only bilateral descended testes were studied in the present report. 

All studies on animals were conducted in accordance with current regulation 
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and standards approved by the INSERM (French Institute for Health and 

Medical Research) animal care committee. 

Cell Isolation and culture.  

 Interstitial Leydig cells and seminiferous tubules were isolated from 

adult rats exposed in utero to flutamide as followed: once the albuginea was 

removed, the testicular tissues were mechanically dispersed with forceps in 

DME/F12 medium (supplemented with 1.2mg/ml sodium bicarbonate, 

15mM HEPES, and 20Wg/ml gentamycin) containing DNAse I 

(0.05mg/ml). Testicular tissues were then dispersed by collagenase/dispase 

treatment (0.5mg/ml) in DME/F12 medium through mild stirring. After 

enzymatic dissociation, testicular cells were washed by submission three 

times to gravity sedimentation (3-5 min). The supernatants containing the 

interstitial (Leydig) cells as well as the sedimented tissues containing the 

seminiferous tubules (with Sertoli cells) were collected separately. The 

seminiferous tubules were washed at least three times to remove potential 

contaminating Leydig cells. Interstitial Leydig cell preparations were not 

contaminated by seminiferous tubules. Leydig and Sertoli cells were dry-

frozen and kept at -70°C until use. 

In the co-culture Sertoli cell – germ cell model, Sertoli cells were 

isolated, by collagenase dissociation,  from pre-pubertal (15 day-old) rat 

testes exposed in utero to the anti-androgen flutamide (0 or 10mg/kg•d) and 

purified as described elsewhere (Florin et al., 2004; Goddard et al., 2003). 

Meiotic (spermatocytes) and post-meiotic (spermatids) germ cells were 

isolated and purified from adult rat testes not exposed to the anti-androgen 

by the centrifugation-elutriation method as previously reported (Boussouar 

et al., 2003). The Sertoli cells were seeded in 6cm diameter Petri dishes 
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(Falcon, Los Angeles, CA) at a density of 500,000 cells/cm2 and cultured in 

standard conditions (Goddard et al., 2003). Two days after Sertoli cell 

isolation and culture, germ cells were added to Petri dishes generating three 

groups of cultured cells: Sertoli cells cultured (alone) without germ cells, 

Sertoli cells cocultured in the presence of spermato-cytes (500,000 

cells/cm2) and Sertoli cells co-cultured in the presence of spermatids 

(500,000 cells/cm2). After 72 h of co-culture, the cells were either collected 

in an ice-cold lysis buffer (Tris 25mM, SDS 0.1%, protease inhibitor 

cocktail 1% vol/vol) for western blotting analysis or in 1ml of TRIzol® for 

RT-PCR analysis. 

For Sertoli and Leydig cell counting, nine 90 day-old rats 

(originating from three different litters) exposed in utero to flutamide (0 or 

10mg/kg•d) were used for each experimental condition. After the animals 

were killed by CO2 inhalation, the testes were rapidly dissected in order to 

remove the connective tissue and the epididymis and were weighted. The 

left testis of each animal was fixed overnight in Bouin’s solution by 

immersion. The fixed testes were weighted and were then sampled in a 

random systematic manner. The testes were sliced transversally into 6 

pieces and the slices 1, 3 & 5 or 2, 4 & 6 were randomly processed in 

graded ethanol and infiltrated with JB4 resin (TAAB, Berkshire, United 

Kingdom). After full polymerization, 25µm sections were cut on an Ultracut 

microtome (Reichert-Jung Inc., Wien, Austria) using glass knives, mounted 

onto adhesive glass slides and stained with Harris hematoxylin. Sertoli and 

Leydig cells were then counted using the Optical Dissector method as 

described by Wreford and Sharpe (Sharpe et al., 1998; Sharpe et al., 2000; 

Wreford, 1995). The thick sections were viewed at high magnification and 

optically sectioned with a microscope equipped with a microcator to 
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measure stage movement in the z axis. The top of the section was focused 

and a small guard area of 3µm was traversed, the microcator was zeroed, 

and the section was then viewed at a series of 1.5µm intervals for a further 

15µm. The images of each plane were acquired using a video camera 

coupled with a Leitz Quantimet 570 image analyzer system (Milton Keynes, 

United Kingdom). Sertoli and Leydig cell nuclei were then counted in an 

unbiased counting frame of 6,400µm2 area giving a 96,000µm3 volume for 

each field. More than 100 Sertoli or Leydig cells were counted for each 

animal representing at less 1,000 counted nuclei for each experimental 

condition. The counting results gave a direct estimation of the number of 

Sertoli or Leydig cell per mg of testis. 

Northern blotting analysis. 

To prepare the GSTα probe, approximately 600ng of DNA were amplified 

by PCR using the following primers: forward, 5’-

GCTGGCCAACTTCCCTCTGC-3’ and reverse, 5’-

TGCGTGCGAACAAAACAAAAT-3’. Hybridization temperature for PCR 

was 63°C to amplify PCR products of 331pb. The PCR products were 

separated by electrophoresis in a 1% agarose gel and extracted from gel. 

PCR products were checked by sequencing. GSTα purified cDNA was 

labeled with 50µCi of [α-32P] dCTP using a random priming DNA labeling 

kit as previously described (Benbrahim-Tallaa et al., 2002a). 

Total RNAs from adult rat testes were prepared using TRIzol®, a 

monophasic solution of phenol and guanidine isothiocyanate. Briefly, cells 

or tissues were lysed by adding 1ml of TRIzol® reagent. The homogenized 

samples were incubated for 5 min at room temperature before adjunction of 

200µl of Chloroform. After centrifugation, the aqueous phase was 
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precipitated with isopropanol (500µl), and pellets were washed with 70% 

ethanol. After solubilization in RNase-free water, the amount of RNA was 

estimated by spectrophotometry at 260nm. About 10µg of total RNAs, 

denatured for 15 min at 65°C in the presence of 2.2M formaldehyde, 12.5M 

formamide and 1x 3-N-morpholino propane-sulfonic acid (MOPS) were 

size-fractionated by electrophoresis on 1.2% agarose, 2.2M formaldehyde 

gels. After migration in 0.02M MOPS running buffer, RNAs were 

transferred to Hybond-C membrane by capillary transfer with 10x SSC 

(1.5M NaCl, 0.15M Sodium Citrate) and fixed at 80°C for 2 hours. After 4 

hours of pre-hybridization at 42°C, filters were hybridized with the labeled 

probe (1-4 X 106cpm/ml) overnight at 42°C in 50% form-amide, 5x SSPE 

(0.9M NaCl, 0.05M Sodium phosphate, 5mM EDTA pH 7.5, 5x Denhardt 

solution (1g Ficoll, 1g polyvinylpyrrolidone, 1g BSA/liter), 1% SDS, and 

100µg/ml yeast RNA). After this period, membranes were washed four 

times in 2x SSC/0.1% SDS (20 min at room temperature), followed by 40 

minutes at 55°C. Filters were exposed to films for 1-2 days at -70°C. The 

intensities of the autoradiographic bands were estimated by densitometric 

scanning using Intelligent Quantifier Software (Bio-Image, Cheshire, UK). 

The data are expressed as GSTα/ 18s mRNA ratio.  

Co amplification RT-PCR with an endogenous control. 

Total RNA (2µg) were reverse-transcribed into complementary 

DNAs (cDNAs) 1 hour at 37°C, using M-MLV (10U/µl) in 1x first strand 

buffer, random hexanucleotides as primers (5µM), dNTPs (250µM) and 

dithiothreitol (10µM). PCR was then performed on 1µl RT product, using 

500nM each of the sense and antisens specific androgen receptor primers 

co-amplified with the HPRT (Hypoxanthine-guanine Phospho Ribosyl 

Transferase) primer pair as endogenous control, Taq polymerase (0.5U), 1x 
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PCR buffer, 1.5mM MgCl2, dNTPs (200µM each) and 0.75µCi [W-33P] 

dATP. PCR mixes were submitted to an initial denaturing step at 95°C, 

followed by 25 cycles consisting of 30 sec denaturation at 95°C, 30 sec 

annealing at 55°C and 30 sec extension at 72°C and the reaction ended with 

a final extension step of 5 min at 72°C. Primers for androgen receptor were: 

upstream primer 5’-ATTGTCCATCGTGTCGTCTCCG-3’, down-stream 

primer 5’-GAGTTGACATTAGTGAAGGACC-3’ (447bp); for HPRT 

upstream primer 5’-CCTGCTGGATTACATTAAAGC-3’, downstream 

primer 5’-GTCAAGGGCATATCCAACAAC-3’ (354bp). PCR products 

were subsequently resolved on 8% polyacrylamide gels, which were then 

exposed to a Storage Phosphor Screen and the signals were analyzed using 

the Cyclone™ OptiQuant Software (Packard, Meriden, CT). Results from at 

least 3 separate experiments were used for statistical analysis. PCR analyses 

were carried out from the logarithmic phase of amplification. PCRs with 

different cycle numbers were realized for each primer pair to determine the 

minimum number of cycles necessary to detect the PCR product. Primers 

were designed inside separate exons to avoid any bias caused by residual 

genomic contamination. Moreover, for all primers, no amplification was 

observed when PCR was performed on RNA preparations. 

Western blotting analysis. 

Total proteins were extracted from rat testes treated under different 

conditions. Briefly, tissues were homogenized in ice-cold hypotonic buffer 

(25mM Tris-HCl pH 7.4, 1mM EDTA, and protease inhibitor cocktail 1% 

vol/vol). For GSTα, homogenized tissues were centrifuged at 100,000 g for 

10 min at 4°C, for androgen receptor homogenized tissues were sonicated 

10 sec at 80. Protein concentration was determined in the supernatant using 

the Bradford assay with BSA as a standard. Protein extracts (80µg/well for 
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GSTα, 150µg/well for androgen receptor) were incubated at 100°C for 5 

min under reducing conditions, then size-fractionated on SDS/ 

polyacrylamide gel. After electrophoresis, for GSTα the proteins were 

transferred at a constant voltage of 100V for 30 min onto nitrocellulose 

membranes (PVDF) using 10mM CAPS (pH 11) containing 10% methanol; 

for androgen receptor the proteins were transferred at a constant voltage of 

100 V for 105 min onto nitrocellulose membranes (Hybond C) using 25mM 

Tris, 185mM glycine (pH 8.3) containing 20% methanol. Following 

transfer, the membranes were incubated in a blocking buffer (TBS) 

containing 5% nonfat dry milk at 4°C. The membranes were washed with 

TBS and stained with Ponceau red. After two washes with TBS, the 

membranes were then incubated with the rabbit polyclonal anti-GSTα 

antibody diluted 1:1,000 or the rabbit polyclonal anti-AR antibody diluted 

1:100 in a solution of TBS with 0.5% nonfat dry milk for 2 hours at room 

temperature. After washing with TBS, the membrane was then incubated 

with the goat anti-rabbit peroxidase-conjugated antibody diluted at 1:2,000 

in TBS buffer with 0.5% nonfat dry milk. The antibody-antigen complexes 

were detected by chem-iluminescence using CovalAb detection kit. The 

protein loading was checked by reprobing the blot with a rabbit IgG anti-

actin antibody (1:500). 

Immunohistochemistry and TdT-mediated dUTP-X Nick End Labeling 

(TUNEL).  

Paraffin sections of Bouin-fixed testes were cut onto silanized slides. 

Samples were deparaffinized, and rehydrated in PBS. The Ultravision 

Detection System (LabVision Corp., Fremont, CA) was used as 

recommended by the manufacturer. Briefly, endogenous peroxidases were 
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quenched in 3% H2O2 for 15 min. The GSTα primary antibody was diluted 

1:200 in the antibody diluent and incubated for 2 hours at room temperature. 

After washing, biotinylated goat antipolyvalent secondary antibody was 

applied and, after washing, a peroxidase-streptavidin complex was applied. 

DAB was used as the peroxidase chromogen. Sections were briefly 

counterstained with Harris’ hematoxylin and mounted in aqueous mounting 

medium. Similar procedures were used to immuno-localize the androgen 

receptor in the testis except that the Envision+ kit was used for the detection 

step. The androgen receptor primary antibody was diluted 1:200. Negative 

controls were performed by using, instead of the primary antibody, 0.1% 

PBS/BSA or non-immune rabbit serum. For apoptosis detection, paraffin 

sections (5µm) of Bouin-fixed testes were deparaffinized and rehydrated 

(xylene 5 min, ethanol 100%, 95%, 70% 1 min each) then washed in 

distilled water before beginning the TUNEL reaction as previously 

described (Mauduit et al., 2001). The number of TUNEL positive germ cells 

within seminiferous tubules was evaluated at least 100 seminiferous tubules 

were counted for each slide. The results were expressed as the number of 

TUNEL positive germ cells per 100 seminiferous tubules. 

Data analysis. 

Data are expressed as the mean ± SD. Three to seven animals from different 

litters were used. For statistical analysis one way analysis of variance 

(ANOVA) was performed to determine whether there were differences 

between all groups (P<0.05), and then the Student’s t-test or Bonferroni test 

were performed to determine the significance of the differences between the 

pair of groups. A P value below 0.05 was considered significant. The 
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statistical tests were performed on StatView software version 5.0 (SAS 

institute Inc, Cary, NC). 

RESULTS 

Immuno-expression of GSTα during the postnatal rat testis 

development . 

GSTα protein was immuno-localized in the rat testis cell types 

during postnatal development from the perinatal to the adult period i.e. at 3 

days, 2 weeks, 3 weeks and 4 months after birth. GSTα was immuno-

detected in Leydig cells with a high intensity at the four time points 

examined (Fig. 1). By contrast, GSTα was not immuno-detected in Sertoli 

cells at the perinatal (3 days, Fig. 1A) period, weakly at the pre-pubertal (2 

weeks, Fig. 1B) and pubertal (three weeks, Fig. 1C) periods and with a 

highest staining intensity in adult (4 months) Sertoli cells (Fig. 1D, F). Germ 

cells as well as peritubular myoid cells were not stained with the GSTα 

antibody indicating that GSTα is expressed exclusively in the somatic cells 

from the interstitial compartment (Leydig cells) and the seminiferous 

tubules (Sertoli cells). 

Differential effects of in utero exposure to flutamide on GSTα 

expression in Leydig and Sertoli cells. 

As GSTα is expressed in two different testicular cell types, namely 

Leydig and Sertoli cells, we therefore examined how GSTα is expressed in 

the two different testicular cell types. The data in fig. 2 show that the fetal 

hormonal disruption induced a differential effect on GSTα expression in 

Leydig (interstitial tissue) and Sertoli (seminiferous tubules) cells isolated 
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from the adult rat testes. Clearly, in utero flutamide exposure induced a 

dose-dependent increase in GSTα mRNA levels in Leydig cells from the 

isolated interstitial tissue 2 (P=0.04) and 10 (P=0.02) mg/kg•d of flutamide 

(Fig. 2A). A similar and parallel increase in GSTα protein was observed in 

Leydig cells at protein levels (Fig. 2B). In contrast, in the isolated 

seminiferous tubules, in utero flutamide treatment resulted in a decrease in 

GSTα mRNA levels in Sertoli cells with a significant decrease observed at 

2 (P=0.01) and 10 (P=0.001) mg/kg•d of flutamide (Fig. 2C). The decrease 

in GSTα mRNA levels was associated with a parallel decrease in GSTα 

protein levels in the Sertoli cells (Fig. 2D). Such a decrease in GSTW 

protein levels was also observed earlier in the less mature (14 day old) rat 

testes fetally treated with the anti-hormone at 2 (P=0.01) and 10 (P=0.01) 

mg/kg•d. (Fig. 3B). These results reinforce the observation that the 

inhibition in GSTW occurs in Sertoli cells as at this age (14 day old), Sertoli 

cells are the major somatic cell population in that it represents more than 

50% of testicular cells compared to Leydig cells population (around 2%) 

(for review, see Ivell and Spiess, 2002). Based on these observations, it was 

hypothesized that the decrease in GSTα expression in Sertoli cells from rats 

exposed in utero to the anti-androgen may result from a fetal programming 

of this enzyme expression under androgen control. To further confirm such 

a possibility, Sertoli cells were isolated from 14-day-old rat testes exposed 

in utero to 10mg/kg•d of flutamide and then were cultured alone or with 

mature (spermatocytes or spermatids) germ cells originating from adult rat 

testes that were not treated with the anti-androgen. In utero treatment with 

the anti-androgen reduced GSTα levels in post-natal Sertoli cells whether 

cultured alone (75% decrease, P=0.0006, Fig. 3C) or co-cultured for 3 days 

with spermatocytes (80% decrease, P=0.012, Fig. 3D) or with spermatids 
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(94% decrease, P=0.002, Fig. 3E) indicating that GSTW inhibition remained 

not affected by the presence of mature germ cells. Together, these data may 

support the concept of a fetal programming of GSTα expression in Sertoli 

cells under androgen control. Furthermore, as the fetal androgen disruption 

was shown to induce in the adult rat testis an apoptotic cell death process in 

the mature germ cells with increased caspase-3 activation (Omezzine et al., 

2003b), we therefore asked the question as to whether the active enzyme 

levels might be affected in cocultured mature germ cells with Sertoli cells 

fetally treated by the anti-hormone (Fig. 4). Activated caspase-3 was not 

affected in Sertoli cultured alone treated or not in utero with flutamide (Fig. 

4A) while in contrast, it was significantly enhanced in cocultured 

(untreated) spermatocytes (Fig. 4B, P< 0.0001) or spermatids (Fig. 4C, 

P=0.037) with fetally treated Sertoli cells with the anti-hormone 

(10mg/kg/day). Together these data point out to the existence of link 

between inhibition of GSTW and the increase in the activation of caspase-3, 

a key component in the cell death machinery. 

Hormonal disruption effects during adulthood on GSTα mRNA and 

protein levels in the testis. 

One of the other questions raised by our observations was as to 

whether the long-term decrease in GSTα expression in adult (Sertoli cell) 

testes was related to the period during which the endocrine disruption occurs 

i.e. during the fetal period. To test this hypothesis, GSTα expression was 

also examined in adult rat testes treated with the anti-androgen during 

adulthood. In control experiments, we first determined that the treatment 

with flutamide (10mg/kg•day, 24 to 72 hours) during adulthood induced a 

decrease in GSTα expression. The inhibitory effect was time-dependent and 

a significant (P=0.002) decrease in GSTα mRNA was observed after 72 
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hours of treatment with the anti-androgen (Fig. 5A). A similar decrease in 

GSTα protein levels in flutamide-treated testes was observed (Fig. 5B). To 

determine whether this inhibitory effect on testicular GSTα expression was 

reversible after the cessation of flutamide treatment at adulthood, the 

enzyme mRNA and protein levels were evaluated in adult rats treated for 

three days with the anti-androgen (10mg/kg•day) and one week after the 

cessation of the flutamide administration. While three days after the anti-

androgen treatment, a decrease in GSTα mRNA and protein levels was 

again observed (Fig. 5C, lane F0), one week after the cessation of flutamide 

administration, the rats recovered almost completely the expression of the 

testicular GSTα expression in terms of both mRNA (Fig. 5C, lane F7) and 

protein (Fig. 5D, lane F7) levels. Together, these findings would indicate 

that when exposure to the anti-androgen occurred during adulthood, the 

decrease in testicular GSTα was transient as testicular enzyme expression 

was almost recovered after the cessation of the anti-androgen 

administration. 

Effects of in utero exposure to flutamide on hormone plasma levels, 

androgen receptor expression and Sertoli cell number in the adult rat 

testes. 

As it was previously shown that GSTW expression in Sertoli cells is 

targeted by hormones and particularly by androgens, in these experiments 

we have asked the question as to whether the decrease in the expression of 

this androgen dependent gene (in the adult rat testes exposed in utero to 

flutamide) might be related to alterations in the upstream androgen signal 

components including hormone plasma levels, Androgen Receptor (AR) 

expression and the (target) Sertoli cell number. 
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Fetal androgen disruption by using in utero flutamide (0.4, 2, and 

10mg/kg per day) administration was shown to be with no effect on the 

plasma levels of testosterone as well as on its active metabolite, estradiol, 

and on those of gonadotropins FSH and LH (table 1). Concerning the AR 

expression, immuno-histochemical experiments, first, revealed that AR 

nuclear staining occurred, as expected, in Sertoli, peritubular myoid and 

Leydig cells from adult rat testes (Fig. 6), while in the fetal (19 days post-

coïtum) testes, AR appears to be present only in peritubular myoid cells and 

interstitial Leydig cells but not in Sertoli cells (Fig. 6C). Fetal treatment by 

flutamide (10mg/kg•d) did not affect AR immuno-localization in the adult 

(Fig. 6A, B) and in the fetal (Fig. 6C, D) rat testes. AR expression was not 

affected in the adult testis fetally treated by the anti-androgen, as evaluated 

through mRNA (Fig. 7A) and protein levels (Fig. 7B). Finally, the 

evaluation of the number Sertoli cells, the cells expressing AR in the 

seminiferous tubules in the adult testes, indicate that the anti-androgen was 

with no effect on their number (Fig. 7C) while it induced a slight but 

significant increase (P=0.03) in (interstitial) Leydig cell number (Fig. 7D). 

DISCUSSION 
Several reports have indicated that following an in utero hormonal 

disruption by using molecules specifically with anti-androgen activity, the 

normal development of germ cells in the adult rat testis was chronically 

impaired (Gray et al., 1994; McIntyre et al., 2001). Although a chronic 

apoptosis of germ cells (Bozec et al., 2004; Florin et al., 2004; Omezzine et 

al., 2003a; Uzumcu et al., 2004) has been identified as a possible underlying 

cause of anti-androgen induced alterations in adult germ cell development, 

upstream mechanisms that trigger the germ cell apoptosis remain yet to be 
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investigated. Because (i) oxidative stress in the testis is one of the major 

factors that induces germ cell apoptosis (Aitken et al., 2004) and (ii) the 

detoxifying mechanisms, particularly through the GST activities, against the 

products of oxidative stress in the testis are under the endocrine control 

(Benbrahim-Tallaa et al., 2002b), it was hypothesized, in the present study, 

that the increased germ cell death process in adult rat testes with fetal 

endocrine disruption might be related to an alteration of the detoxifying 

machinery in the seminiferous tubules. In this context, we have specifically 

studied the expression of GSTα, a key enzyme in the phase II detoxification 

processes, in adult rat testes treated in utero by the flutamide anti-androgen. 

 Glutathione-S-transferase α (GSTα) is known as a member of a 

large family of detoxification iso-enzymes that conjugates many genotoxic 

substrates to glutathione, protecting the germ cells from genotoxic products 

including reactive oxygen species (ROS), carcinogens and mutagens (Gu 

and Hecht, 1996; Hermo et al., 1994; Institoris et al., 1995; Listowsky et al., 

1998; Peltola et al., 1992; Sahu et al., 2000; Yoganathan et al., 1989). In 

addition to their role as phase II detoxification enzymes involved in the 

conjugation of electrophilic xenobiotics, GSTW also contributes, 

particularly in the testis, to a major portion of the selenium-independent 

glutathione peroxidase (GPx) activity towards phosphatidylcholine 

hydroperoxide (Bisseling et al., 1997; Hayes and Mantle, 1986; Ketterer et 

al., 1990; Mannervik and Danielson, 1988; Pickett and Lu, 1989; Vos and 

Van Bladeren, 1990). All together, these observations would suggest that 

GSTW may be crucial in protecting testicular germ cells from ROS-induced 

damages. 
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In the present study, GSTW was shown to be expressed exclusively 

in somatic Leydig and Sertoli cells. GSTW was constitutively immuno-

expressed in Leydig cells from the neonatal period to adulthood while in 

Sertoli cells, GSTW immuno-staining was increased at the pre-pubertal 

period reaching a maximum in the adulthood. Such an observation is 

consistent with previous data supporting that GSTWW expression in Sertoli 

cells (Benbrahim-Tallaa et al., 2002a; Benbrahim-Tallaa et al., 2002b) is 

under androgen control (Benbrahim-Tallaa et al., 2002b). We primarily 

investigated whether a fetal androgen disruption by using the flutamide anti-

androgen affected GSTW mRNA and protein levels in adult rat testes. In 

order to study gene expression in this model, the doses of the anti-androgen 

were chosen to avoid or minimize important germ cell loss i.e., before the 

occurrence of major histological lesions that may confound the 

interpretation of the in utero flutamide effect on testicular gene expression. 

Indeed, alterations in testicular cellularity (i.e. the ratio of somatic cells to 

germ cells) may confound the interpretation of the effects of the anti-

androgen on gene expression in the different testicular cell types (for a 

review see, Ivell and Spiess, 2002). The data obtained indicated that in utero 

hormonal disruption resulted in an opposite effect on GSTW expression in 

Leydig and Sertoli cells in the adult rat testes. Indeed, while GSTW 

expression was increased in Leydig cells, it was reduced in Sertoli cells. 

Although we do not know the reasons for the increase in GSTW expression 

in Leydig cells, it is possible that such an increase could be related to the 

hyperplasic process affecting Leydig cells as yet suspected on the slight 

increase in cell number here and observed in older animals treated with 

higher doses of flutamide (unpublished data). 
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The occurrence of the decrease in GSTW levels in adult Sertoli cells 

was further confirmed by the reduction in the enzyme levels in immature 

(15 day old) rat testis which in terms of somatic cell population contains 

predominantly Sertoli cells (around 50% of Sertoli cells vs less than 2% of 

Leydig cells, Ivell and Spiess, 2002) and ultimately in purified and cultured 

Sertoli cells. These observations would suggest that the decrease in the 

enzyme expression is a long term effect resulting from a fetal androgen 

disruption as the inhibition of GSTW expression in the adult testis was 

reversible when hormonal disruption occurred during adulthood. 

Based on the observation showing that a fetal exposure to an anti-androgen 

induced a long term alteration of GSTα expression in the postnatal testis, 

the existence of a fetal programming of GSTW expression under androgen 

control was therefore hypothesized. Indeed, there is now considerable 

support to the hypothesis that events occurring in fetal life could have life-

long consequences on the health of the adult (Barker et al., 1989). Fetal 

programming was defined as the physiological “setting“ by an early 

stimulus or insult at “sensitive“ period through, for example, interaction 

with the environment, resulting in long-term consequences for functions 

(Lucas, 1991). The concept of fetal programming could be important for 

reproductive functioning arguing the importance of the neonatal period for 

reproductive development (for a review see, Davies and Norman, 2002). In 

this context, the recent apparent rise in testicular dysgenesis syndrome, 

phenomena which associates testicular cancer, potentially linked to 

fetal/neonatal exposure to environmental endocrine disruptors, illustrates the 

concept of fetal programming (Skakkebaek et al., 2001). In the present 

study, (i) the decrease in GSTW levels in Sertoli cells treated in utero by the 

anti-androgen and (ii) the reduction in the enzyme levels still observable in 
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isolated purified (and cultured) Sertoli cells from testes with fetal hormonal 

disruption support a potential fetal programming of the detoxifying 

processes under hormonal control. 

As GSTα expression in Sertoli cells is dependent upon androgen action 

(Benbrahim-Tallaa et al., 2002a; Benbrahim-Tallaa et al., 2002b; Catania et 

al., 2000), the question as to whether the decrease in GSTα expression in 

adult testes with fetal endocrine disruption was related to an alteration of the 

upstream components of the androgen signal arose. Indeed, the androgen 

signal could be evaluated at least through four components including the 

plasma levels of testosterone, the number of Sertoli cells which are targeted 

by androgens in the adult seminiferous tubules, AR expression and the 

transcriptional machinery involved in the specific androgen targeted genes. 

Firstly, circulating (the present study; Goddard, 2003 #1705;Florin, 2004 

#1809) and intratesticular (Kassim, 1997 #1460) levels of testosterone in 

adult animals exposed to flutamide were not different from those found in 

untreated control animals. Additionally, we show here that the circulating 

levels of the active testosterone metabolite were also not affected. Secondly, 

AR expression, at least evaluated though the mRNA and protein levels, was 

also not altered (the present study). Indeed, in the seminiferous tubules, AR 

is normally immuno-expressed in (hormone-targeted) Sertoli cells and in 

(mesenchymal) peritubular myoid cells in adult animals treated in utero by 

flutamide. Thirdly, fetal androgen disruption by flutamide (10mg/kg•d) was 

found not to affect the number of Sertoli cells in the adult testes. Together, 

the absence of changes in testosterone levels, Sertoli cell number and AR 

expression suggest that the action of testosterone on GSTW expression may 

be compromised downstream the AR, probably at the level of the androgen-

dependent gene transcriptional machinery. In this context, it is possible that 



44 The flutamid effect on the expression of gst- alpha in rat testes 

the alterations of the androgen targeted gene expression and specifically that 

of GST α in the adult rat testes with fetal hormonal disruption might be 

related to some epigenetic changes involving for example AR cofactor 

recruitment and/or the methylation pattern of the androgen-dependent gene 

promoters. Interestingly, such a possibility has been yet suggested at least 

for two genes, lactotransferrin (Li et al., 1997) and c-fos (Li et al., 2003) in 

adult mice neonatally exposed to diethylstilbestrol.  

Another question raised by the alteration of GSTW expression in postnatal 

Sertoli cells exposed in utero to flutamide is related to the role of the 

mesenchymal peritubular myoid cells in such alterations in the enzyme 

expression. Indeed, as shown here and by others (You and Sar, 1998), 

during the fetal life, i.e. at the period of flutamide exposure in the present 

model, AR is expressed in peritubular myoid cells but not in Sertoli cells in 

the seminiferous tubules. AR started to be expressed in rat Sertoli cells, 

later, at 3 days after birth (You and Sar, 1998). This would suggest that 

GSTα expression alteration in postnatal Sertoli cells may also potentially 

result from changes (alterations?) in mesenchymal (peritubular myoid) cell - 

epithelial (Sertoli) cell interactions, which has been shown to play a crucial 

role in the steroid hormone action (Cunha et al., 2004). The mechanistic 

basis of these stromal – epithelial interactions in hormonal responses is 

poorly understood but growth factors appears to be mediators of these cell-

cell interactions (Cunha et al., 2004). 

Finally, our present findings may contribute to answer the question 

as to whether the increased germ cell apoptotic process resulting from the 

fetal androgen disruption might be related to alterations of the detoxifying 

processes as supported in the present study by the decrease in GSTW 

expression in the seminiferous tubules. Indeed, it is possible that the fetal 
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androgen disruption by  inducing a long term inhibition of GSTα expression 

in the seminiferous tubules impairs the detoxifying processes against lipid 

peroxidation resulting from ROS production during spermatogenesis 

(Aitken et al., 2004) leading therefore to the chronic increase in the 

apoptotic process observed in meiotic and post-meiotic germ cells 

(Omezzine, 2003 #1647;Florin, 2004 #1809;Bozec, 2004 #1787}. Although 

it still remains to be directly demonstrated that the inhibition of GSTW 

results in an increased germ cell death, there are several lines of evidence 

clearly supporting such a possibility. Firstly, the importance of the GSTs in 

the protection against oxidative stress in the testis was underscored by 

studies from Rao et al. (Rao and Shaha, 2000) showing that when GST 

activity is inhibited, accumulation of lipid peroxidation products is 

increased, resulting in germ cell apoptosis. Secondly, these observations 

have been further strengthened by data demonstrating that over-expression 

of GSTA2-2 (a member of the GSTW class) in K562 cell lines attenuates the 

cytotoxic effect of H2O2 and other oxidants and protects against H2O2-

induced apoptosis by blocking caspase 3 activation (Yang et al., 2001). In 

this context, it is interest to note that this last observation is consistent with 

our findings obtained with the cocultured Sertoli-germ cell system. Indeed, 

it was observed an increase in caspase-3 activation when (untreated) adult 

germ cells were cocultured with fetally anti-androgen treated Sertoli cells 

exhibiting a reduced GSTW levels. All together, it seems reasonable to 

suggest that it is possible that chronic alterations of the detoxifying 

processes (against ROS and carcinogens) resulting from prenatal endocrine 

disruption may represent one of the key mechanisms underlying the 

reproductive disorders as well as the adult tumour formation observed in 

experimental models and suspected to occur in humans. Specifically, it will 
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be of interest in the future to investigate as to whether, following fetal 

hormonal disruption, the increased in the number and incidence of 

carcinogen-initiated tumors occurring in different organs might be related to 

chronic alterations in the detoxifying mechanisms (e.g. GST activities?) (for 

detailed references , see in Birnbaum and Fenton, EHP, 111, 2003, 389-394) 

In summary, by using as a model adult rat testes treated in utero by the anti-

androgen flutamide, we reported a decrease in GSTW expression in Sertoli 

cells in the seminiferous tubules. Assuming that GSTα plays a crucial role 

in the detoxification processes, specifically against reactive oxygen species 

known to induce germ cell apoptosis, the decrease of GSTW in the 

seminiferous tubules may provide one of the basis of explanation for the 

chronic increased apoptotic germ cell death process observed in the model 

with fetal hormonal disruption; (ii) the long-term effect of in utero hormonal 

disruption on GSTα expression supports the concept of a fetal programming 

of the GSTα expression in the adult gonad. 

Table 1. Plasmatic hormonal status of adult rats exposed in utero to flutamide. 

The testosterone, LH, FSH and estradiol plasmatic levels were evaluated by 
using specific RIA assay. Data from 16 animals from 8 litters are expressed 
as the means ± SEM. NS, not significant (control (0) versus the different 
doses of flutamide). 

 Control Flutamide Flutamide Flutamide 
Dose (mg/kg 
per day) 

0 0.4 2 10 

Testosterone 
(ng/ml) 

4.52 ± 2.18 3.64 ± 2.60 NS 4.41 ± 3.71 NS 3.24 ± 1.71 NS 

LH (ng/ml) 0.785 ± 0.290 0.705 ± 0.212 NS 0.675 ± 0.118 NS 0.579  ± 0.25 NS 

FSH (ng/ml) 21.20 ± 4.53 21.84 ± 5.24 NS 19.44 ± 3.82 NS 21.33 ± 7.28 NS 
Estradiol 
(ng/ml) 

22.89 ± 4.99 21.87 ± 3.30 NS 24.11 ± 5.36 NS 19.97 ± 3.57 NS 
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               FIG. 1. GSTα immuno-staining during the rat testicular 

development. 

Testes obtained from rats at different ages were fixed, sectioned and 

incubated with polyclonal anti-GSTW primary antibody. Testis sections 

were obtained from 3 day-(A), 2 week-(B), 3 week-(C) and 4 month-(D) old 

rats (scale bar = 50µm). Testis sections were obtained from 4 month-(F) old 

rats (scale bar = 25µm). (E) shows a negative control. 
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Figure 2: Effects of in utero exposure to flutamide on GSTα mRNA and protein levels in 
the adult rat testes. 

Rats were exposed in utero to increasing doses of flutamide (0, 0.4, 2 and 
10mg/kg•d). A, B: Leydig cells; C, D: Sertoli cells. The data show 
representative autoradiograms (upper panel) and the histograms (lower 
panel) represent mean ± SD. Evaluation of GSTα mRNA (A, C) and protein 
(B, D) were realized on Sertoli cells (A, B) or Leydig cells (C, D). 

 

Figure 3: Effects of in utero exposure to flutamide on GSTα mRNA and protein levels in 

the testes from pre-pubertal rat testes and in Sertoli cell – germ cell co-cultures. 

 Rats were exposed in utero to increasing doses of flutamide (0, 0.4, 2 and 

10mg/kg•d). GSTα mRNA (A) and protein (B-E) levels were determined in 
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whole testis (A, B) from 14 day-old rats exposed in utero to flutamide (0-

10mg/kg•d) or on Sertoli cell isolated from rat not exposed (0) or exposed 

(10) in utero to flutamide (10mg/kg•d) and cultured either alone (C) or in 

the presence of spermatocytes (D) or spermatids (E) purified from not 

exposed rats. The data show representative autoradiograms (upper panel) 

and the histograms (lower panel) represent mean ± SD 

 

Figure 4 : Cleaved caspase 3 protein levels in Sertoli cell - germ cell co-cultures. 

Cleaved caspase 3 protein levels were determined in Sertoli cells isolated 

from pre-pubertal rats not exposed (-) or exposed (+) in utero to 10 

mg/kg•day of flutamide. Sertoli cells were cultured alone (A) or in presence 

of spermatocytes (B) or in presence of spermatids (C) isolated from 

unexposed adult rats. The figure represents the values from non-exposed (∆) 

or exposed (•) and the mean (-). In the upper panels are shown 

representative auto-radiograms. (*) p<0.0001, (**) p<0.037. 
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Figure 5 : Effects of exposure to flutamide during adulthood on testicular GSTα mRNA 

and protein levels. 

Rats were exposed to flutamide (10mg/kg•d) for 0-72 hours. (A) GSTα 

mRNA levels were analyzed by Northern blot. The data show representative 

autoradiograms (upper panel) and the histograms (lower panel) represent 

mean ± SD. (B) GSTα protein is evidenced as a band about Mr 28,000 and 

actin protein as a band about Mr 40,000. Male rats were exposed during 

adulthood to flutamide (10mg/kg•d) during 3 days. GSTW mRNA (C) and 

protein (D) levels were evaluated at the end of exposure to the anti-

androgen, F (0) and one week after the cessation of exposure, F (7) and in 

untreated rats C (0). 

 

Figure 6: Androgen receptor localization in the adult and fetal rat testes exposed in utero to 

flutamide. 
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Testes obtained from rats not exposed (A, C) or exposed (B, D) in utero to 

flutamide 10mg/kg•d, were fixed, sectioned and incubated with polyclonal 

anti-AR primary antibody (scale bar = 50µm). Testes were obtained from 90 

day-old (A, B) or 19 day post-coïtum old (C, D) rats 

 

Figure 7: Androgen receptor mRNA and protein levels and Sertoli and Leydig cell 

quantification in the adult rat testes exposed in utero to flutamide. 

Androgen receptor levels were determined in adult (90 day-old) rat testes 

not exposed (0) or exposed in utero to 0.4, 2 or 10mg/kg•d of flutamide. (A) 

AR mRNA levels were evaluated through co-amplification RT-PCR. The 

values represent the mean ± SD. In the upper panels are shown 

representative autoradiograms. (B) AR protein levels were evaluated by 

Western blotting. AR protein is evidenced as a band about 112 kDa and 

actin protein is evidenced as a band about 40 kDa. Sertoli (C) or Leydig (D) 

cell number per mg of testis was evaluated in 90 day-old rats not exposed 

(0) or exposed (10) in utero to 10mg/kg•d of flutamide. 
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Abstract 

 In the present study the hazardous effect of the organophosphate 

insecticide, Diazinon on histology of liver of the fresh water fish (Clarias 

gariepinus) after exposure to sub-lethal concentration of Diazinon (3.3 ppm) 

in semi-static bioassays for 14 and 28 days was investigated. Tissues were 

collected from both control  and experimental groups at two different time 

intervals up to one month (14 and 28 days) and the technique of microtome 

was used for the pathological study of the tissues. The liver of treated fishes 

showed different degrees of damage ranging from mild portal to congestion 
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of central veins. In conclusion, the results indicated the role of antioxidants 

(vitamine C and E) in reducing the possibility of toxicity of these organic 

compounds used in this study. 

Keywords: Clarias gariepinus, liver, microtome, pollution, Diazinon.  

INTRODUCTION 

 Pesticides are one of the most potentially harmful chemicals 

introduced into the environment. They are capable of causing damage to 

biological systems. Accordingly, it is the contamination of surface waters by 

pesticides used in agriculture is a problem of worldwide importance [1-4]. 

The use of pesticides is one of the factors contributing to the decline of fish 

and other aquatic species [5, 6]. Diazinon is one of the pesticides 

(organophosphorus, OP's) widely used in the world to control flies of 

ornamental plants and food crops, nematodes, soil insects in croplands by 

inhibiting acetylcholinesterase, on fruit and vegetable field crops. Although, 

the aquatic environment is not the direct target of pesticides, but they find 

their way into water bodies [7].  

 Histopathological changes in liver have been widely used as 

biomarkers in the evaluation of the health of fish exposed to contaminants, 

both in the laboratory [8-10] and field studies [11, 12]. The aim of the 

present study is to evaluate the toxicity of sublethal concentration of the 

Diazinon and it’s interaction with supplementation of vitamins C and E on 

histology of the liver tissues of the Nile catfish,  C. gariepinus  by light 

microscopy during different exposure periods (14 and 28 days). C. 

gariepinus  was selected for the bioassay experiments since it is one of the 
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most economically important freshwater fish that is extensively cultured in 

Egypt and other African countries.  

MATERIALS AND METHODS 

 Present investigation has been carried out to study the effect lethal 

concentration of diazinon on liver of the freshwater fish Clarias gariepinus. 

Healthy specimens of experimental fish (weighing 300 ± 15g) were 

collected from the Nile River at Assiut, Egypt. Collected fishes were 

immediately transported to the fish laboratory in the Department of 

Zoology, Faculty of Science, Assiut University and were kept in glass 

aquarium containing 160 litres of dechlorinated tap water. The experimental 

fish fed pellets at a rate of 2-3 % of wet weight twice daily. Feces and 

residual food were aspirated regularly. Fishes were starved for 24 hours 

prior to the experiment and were not fed during the period of the 

experiment. Water temperature, pH and dissolved oxygen (DO) 

concentration was measured daily (22.5 ± 1.33 °C, 6.65 ± 0.19 pH and 6.75 

± 1.40 mg/L DO). 

 The present study used dose a sublethal of Diazinon (3.3 ppm) 

according to the LC50 value of the organphosphorous  pesticide (11.75 ppm) 

which was obtained from [13].  

 During experimentation, the specimens were divided in two groups 

(8 fish/tank) according to dose of Diazinon (0.0 and 3.3 ppm), vitamin C (50 

mg/kg) and vitamin E (100 mg/kg) (Table 1). Control group is kept in 

Diazinon free water  and the experimental group is treated with the pesticide 

Diazinon at sub-lethal concentration for  (14 and 28 days). The technique of 

rotary microtome is being used for the preparation of 3.3 ppm 
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histopathological sections of liver of but control and experimental fish 

Clarias gariepinus.  

 At 2 weeks intervals, representative samples of liver from control 

and treated fish groups (4 surviving fish of each group) were fixed in 10% 

neutral buffered formalin. Fixed tissues were processed routinely for 

paraffin embedding technique. Embedded tissues were sectioned 5µ and 

stained with hematoxylin and eosin [14]. 

Results 

Control liver 

The liver of the control fish C. gariepinus appears as a continuous mass of 

hepatic cells (hepatocytes) that exhibit cord-like pattern interrupted by blood 

vessels and sinusoids. The cords of hepatocytes are arranged around the 

central vein. The hepatocytes are large in size, polygonal in shape with 

centrally located nuclei (Fig. 1A). The hepatocytes have homogenous 

eosinophilic cytoplasm. The sinusoids are seen as communicating channels 

occupied by blood cells (Fig.1B). 

Treated liver 

 Histological examination revealed that treatment of fish with vitamin 

C (VC) and /or vitamin E (VE) for 14 or 28 days had no effect on the 

appearance of the liver structure which had essentially normal appearance 

such as control. 

Examination of liver sections of the fish C. gariepinus exposed to 3.3 mgL-1 

diazinon for 14 days showed that hepatocytes had lost their normal 
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polygonal shape and they were delimited by ruptured cell membrane and 

hydropic degeneration of the hepatocytes as well as pyknosis in some 

hepatocytes. The lymphocytic aggregation and melanomacrophages were 

observed close to the dilated blood vessels with congestion of blood vessels. 

There was also hypertrophy in Küpffer cells (Fig. 2A). After 28 days of 

exposure to the same dose of Diazinon, the proliferation of hepatocytes was 

increased and lead to dissociation of hepatocytes and most of them showed 

ruptured membran. Hepatocytes were delimited by ruptured cell membrane, 

Inflammation and thickening in the wall of some blood vessels was noticed. 

Marked necrosis among the hepatic tissue was also observed with 

vaculation in hepatocytes (Fig. 2B). 

The liver tissue didn't show improvement after 14 days of exposure to 3.3 

mgL-1 Diazinon plus vitamin C. Lipid vacuolation and necrosis were 

observed close to the dilated blood vessels. Thickening in the wall of some 

blood vessels still present (Fig. 3A). After 28 days of exposure to the same 

dose of Diazinon and vitamin C, also no improvement in the liver tissue was 

observed. Degeneration of hepatocytes, lymphocytic aggregation and 

necrosis were observed. Proliferation of hepatocytes was increased and lead 

to dissociation of hepatocytes and most of hepatocytes displayed. Rupture in 

their membranes close to the dilated blood vessels was observed (Fig.  3B).  

Similarly, the liver tissue didn't show improvement after 14 days of 

exposure to 3.3 mgL-1 Diazinon plus vitamin E. The hepatocytes appeared 

large in some regions, thickening in the wall of some blood vessels, necrosis 

and congestion of lymphocytes and rupture of central vein (Fig. 4A). After 

28 days of exposure to the same dose of Diazinon and vitamin E, no 

improvement in the hepatic tissue was observed. Lymphocytic aggregation, 
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necrosis, rupture and melanomacrophages were observed close to the 

blockage of blood vessels and degeneration of hepatocytes (Fig.4B). 

After 14 days of exposure to 3.3 mgL-1 diazinon and both vitamin C and E, 

the liver showed enlarged hepatocytes in some regions with degeneration 

and presence of rupture membrances. Congestion in the central vein, 

necrosis, thickening in the wall of some blood vessels, and rupture of central 

vein were observed. Some lipid vacuolation in hepatocytes and 

melanomacrophages appeared (Fig. 5A and B). exposure for 28 days to both 

vitamins C and E and Diazinon increases  necrosis around central vein and 

blood sinusoids. Thickening in the wall of some blood vessels and 

inflammation were observed. Degeneration of hepatocytes, lymphocytic 

aggregation and proliferation of hepatocytes were increased and lead to 

dissociation of hepatocytes, rupture in the membranes of most hepatocytes 

close to the dilated blood and melanomacrophages was observed (Fig. 6). 

Discussion 

 The liver is the largest gland in the body and is characterized by a 

multiplicity of complex function [15, 16]. Histopathological alterations can 

be used as indicators for the effects of various anthropogenic pollutants on 

organisms and are a reflection of the overall health of the entire population 

in the ecosystem. These histopathological biomarkers are closely related to 

other biomarkers of stress since many pollutants have to undergo metabolic 

activation in order to be able to provoke cellular change in the affected 

organism [17].  

 The present results exhibited severe damage in liver tissue of C. 

gariepinus including necrosis and decrease in the cell number along with 



 vol. (2) issue (1) February 2015 63 

vacuolation with increasing exposure time to Diazinon. Similar results were 

recorded by [18-22]. Current study showed that  hemorrhage, central venous 

congestion, pyknosis and lymphocytic aggregation which were similar to 

those reported by [18, 23]. Furthermore, the hepatocytes showed ruptured 

cell membrane, Inflammation and thickening in the wall of some blood 

vessels. Similar observation was noted in several fishes after exposure to 

some heavy metals and pesticides [22, 24].  

 The effeciency of vitamin C and vitamin E as a scavenger of 

superoxide radicals and hydroxyl radicals has been demonstrated in Clarias 

gariepinus [25]. Vitamin C is closely related to the immunological system 

performance and has antioxidant properties by acting as a hunter of free 

radicals preventing the autointoxication of immunological cells such as 

macrophages and maximizing the defensive capacity of fish [26]. In this 

work, administration of the antioxidant (vitamin C and E) to fish exposed to 

Diazinon display and partial improvement of the general structure in the 

liver of experimental fish, especially during short exposure time to a 

pesticide ( 14 days ) than in fish exposed for a longer period. This results are 

in agreement with those observed in liver of C. gariepinus exposed to 

vitamin C and E aginst lead induced oxidative stress [27, 28]. 
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Table 1. Fish groups exposed to diazinon dose (3.3 ppm), vitamin C (50 mg/Kg BW), 

vitamin E (100 mg/Kg BW) and their combinations.  

Treated 

Control Treatment Group 

4 
Group 3 Group 2 Group 1 

3.3 0 0 3.3 0 
Diazinon 

(mg/L) 

50 0 50 0 0 
Vitamin C 

(mg/kg) 

100 100 0 0 0 
Vitamin E 

(mg/kg) 

 

 

Fig. 1. (A): Photomicrography of liver of control C. gariepinus showing normal polygonal 
hepatocytes (Ph), neucleuos (N), cetoblasim (C), Küpffer cell (K), sinusoidal (S), leumen of 
central vein (Lcv) and simple squamous epiyhelium (Ss) (lining of leumen central vein of 
liver). (B): magnification  of part tissue for shown  normal polygonal hepatocytes (arrow) 
(H&E, 400X).  

25µ 

25µ 
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Fig. 2: Photomicrographs of the liver of C. gareipinus after exposure to 3.3 mgL-1 diazinon 
for 14 (A) and 28 (B) days. (H&E, 400X) showing hepatocytes lost their normal polygonal 
shape causes by rapture cell membrane (R), necrosis (N), sinusoidal (S), central vein (Cv), 
peripheral nucleus (Pn), Rupture of central vein (Rcv), Küpffer cell (K), thickened wall of 
central vein (TW), pal nucleus (Pl) and Inflammation (If).  

Fig. 3: Photomicrographs of the liver of C. gariepinus after exposure to 3.3 
mgL-1 plus VC for 14 (A) and 28 (B) days (H&E, 400X) showing 
hepatocytes (Ph), central vein (Cv), branch of hepatic artery (Bh), bill duct 
(Bd), necrosis (N) blood sinusoid (Bs), thickened wall of central vein (Tw), 
lipid vacuolation (V) and rapture cell membrane (arrowhead). 
melanomacrophages (arrowhead), hepatocytes lost their normal polygonal 
shape, hepatocytes delimited by ruptured cell membrane (R) and 
proliferation (Pr). 
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Fig. 4: Photomicrographs of the liver of C. gariepinus after exposure to 3.3 mgL-1 diazinon 

plus VE for 14 (A) and 28 (B) days, (H&E, 400X) showing hepatocytes (HP), rupture 

central vein (Rcv), central vein (Cv) and sinusoidal (arrowhead), increase of necrosis (N), 

rupture of cell membrane (arrowhead), melanophorus (M) and congestion of lymphocytes 

(Con). 

 

 

 

 

 

 

Fig. 5: Photomicrographs of the liver of C. gariepinus after exposure to 3.3 mgL-1 diazinon 
plus Vitamin C and E for 14 days, (H&E, 400X). (A) Showing polygonal hepatocytes (H), 
congestion of lymphocytes (Con), lumen of central vein (Lcv), lipid vacuolation (V) and 
sinusoidal (S). (B): Showing thickened wall of central vein (TW), hepatocytes (H), rupture 
( R), simple squamous epiyhelium (Ss) and necrosis (N).  
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Fig. 6: Photomicrograph of the liver of C. gariepinus after exposure to 3.3 mgL-1 diazinon 

plus Vitamin C and E for 28 days, (H&E, 400X) showing hepatocytes (Ph), central vein 

(Cv), sinusoidal (S), necrosis (circle around it), rupture (R), Inflammation (If), thickened 

wall of central vein (TW) and melanomacrophages (M).  
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