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                    ��� ا
 ا���	� ا�����
  

����� و����� ��	� ا��	� 
 رب ا����	�� وا���ة وا���م 
� ا��" ا!�ف �# 
���  .و#�" &�$ و%��$ و

  .أ�� ���
  Excel and Vensimه56 ه3 ا�	�2دة ا0و�" �/*�ب ���ء ا��	�ذج �+�*(�ام 

  .�:�ب ����9 ا��/��2ر28س
" و " – GHء أول –�Dق ا�*��B ا���A@3 " وآ	� ذآ�ت =3 �;��9 آ*�3 ا����;9 

 Excel, SIMAN, Arena and Generalم ا��	9H6 وا�	��آ�ة �+�*(�ا
Purpose Simulation System (GPSS WORLD)  " $�;���أن ه6ا ا�/*�ب آ

 5�8�JK2م �*:5�82 وL2ف أ� "���K 
��NO ��2دة إ�" ��!�ء ا
 3�0 و�+ذن ا
�$ ا�A/*�و�3 ه6ا 3�0 أ#*;� ان ا���2م وا�*;��9 /P� NO��و�K���N/P� $ ��*	� و

8*���K Q� R*:2ر ��28S 3/�K�*� ���H 3 آ*�ب= �T�Uان و V��� رع��*� N/P�و �
X��*�A��2ت وا�  .د9�/����8 ا�	2U2ع و��2Y ��# 3= 9%رة ا�	�
���ت ا0و��� 9	2U2ع ���ء ا��	�ذج ��. Z8Model Building:3 ه6ا ا�/*�ب ا0
 Dynamic Stochasticوا��	�ذج ا�6ي �����T ه�� ه3 �	�ذج ���O ��آ�2P# 9ا@3 

Systems ��\ 99 ��آ�	O�0 ]�69 ا��;�;�9 وآ	O�0ا �O�� N/PK 3*ووا� 
�3 اA��اع . #2Pا@�9 وا�*3 ه3 ��درة �Hا# �	*�K 3وه �	��K*�� ا��	9H6 =�� و#

 N�= 3= �����D ��6�^� �2 أ	ّ�ق =� N	# أي N^� �T�وا�(��ل وا�	�Tرات ا�`�د98 �^
3 �*��� ا���Jرة =/�ه	� ��8$ ا��9 0�*(�ام H	�Q أدوات درا��T	9 وا��	��`�9 ا��)

 �T�� وا�� Nآ a*�0 2اد	ت وا�Sbا c`� �T�� وا�� Nرة و�/� �2 ا#:3 آ�Jا��
d;= ض�Z��� 3`8 ��b9 =��9 وا�:L 2/8ن ا��ه� �L �`�*)� 3�و�L ا�*��XU .  آ�

�*(�ام +� 9H6	ا��Microsoft Excel و Vesim *��ري�3 ه6ا ا�/*�ب و آ�ن إ= 
�56T ا���ا�a ه2 إ�*�Pره� ا�/��� و 2Hد�TK ا�����9 وإ�*(�ا��T ا�2ا��UAf� Q=9 إ�" 

 aب �� ا�������:�� 9���J� 9)�� 2دHوVesimX��*�Aا "�#  .  
 N^� �Pت ا����`% aام ��ا��)*� =3 ا��	9H6 وا�	��آ�ة ا%��P*�� gا Excelإن إ

 �P9 %`��ت ا��H6	� X��%ت، وا����J3 آ^�� �� ا�=Spreadsheet 
Modelling $��L 3 و�����Jا� ��� �� ا�	2اQ�U ا�	T	�H 9ا وا��iور98 =3 ا�*�

 N�L �� 2=�ة*� �/K �� 2رة�� �T��/!أ N/� 9 ا������تJ���	� 9�@�Tا� �TK;�ر	وذ�[ �
9��bت ا���  . إ�*�Pر ا���

 XL�:K �;�Prototype Models =3 ه6ا ا�/*�ب إ�" إ�*��اض ا��	�ذج ا0و��9 
*�K 3*�� ا�	/��2ت ا0و��9 =3 ���ء ا�/^�� �� ا��	�ذج ا�	�;�ة ا�*K 3	N^ ا����� ا�

ا��;�;3، آ	� إ�*��XU ا0دوات ا��9�U�8 ا�	T	9 =3 ���ء ا��	�ذج �^N ا�	��دSت 
 9��U�`*ا�Differential Equations 9�Lوا�`�و Difference Equations 

  وK	�i= N�^ء ا����Matrix Algebra and Cagculus 9و���ب ا�	�`2=�ت 
State Space Representation  . اض��*�و=3 ا�GJء ا0���ة �� ا�/*�ب �K إ

 9��  .Case Studies���ء ��j ا��	�ذج O�0	9 ��آ�9 �(*�`S�� 3= 9ت درا
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ه6ا وار2Hا �� ا
 ان 28=;�3 =3 إ��Jز ه6ا ا��	TH2� N$ ا�/��8 و�YAاء ا�	/*�9 
  .�^N ه6ا ا�/*�با�����9 ا�`;��ة إ�" 

 3= X��*�A9 ا/�! "�# �H2ن �*2ا/���� و# R��D 3 0ي��J� 2ن ه6ا ا�/*�ب/��
 QL2	ا�pdf.ModelBuildingBook/ooksb/sw.abarry.www://http   

�  .وا
 ا�	2=
  
  

                                     l�B	ا�                             
  #���ن ���H #�� ا���	� ��ي.                                                د

  
��2د ]�                                                            9���H ا�	

  RHهـ1423                                                         ر   
 ��	*��   م2002                                                         
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  :ا���� ا�ول


ح و: أ&�&%�ت ا�$#"! )
   ا�#
ارد ا�+�ض و ا�

�" ا�$ ا�$#
ذج��8ف #  : /%/�� �%�#0 R�J8 �L 2ذج	ة أ!(�ص �� ه2 ا���# N�� 2� �^	= ، 

ه2 �	2ذج : هL 2:�ر ���9  و&��K/2ن إ�H�*$ : ه2 ���د�9 ر9�U�8 ، وR�J8 �L &�� : ا��ه� 

 ��& R�J8و $@�P" �8اد إ���	9: �D��)2ب =3 أ�� ���ت ا�Y ي�K�K 9د��.  

��� ا���fK 2� $ا� ���H2� �TK���Hك =3 إ�*P	ا� N�� "9;�;�� N�^	K " N^	K 9�U�8ت ا��Sد��	��= ،

�	*J� 2	X�K Q ا��را�9 �^� و L:�ر ا����8 9	L N^:�ر �;�;3 و �	2ذج ) ��آ�9(��/���/�9 

 lوآ� c��ا�	��" 8	N^ ا�N/P ا�6ي ����و #��$ ا�	��" ا��;�;3 ��� إ��P@$ ، ا����K 9	N/! N^ ا�	

�TO��  . #�� ر�Kا@$

��	2ذج \�� آ�=8 l�/= 3	K ���/;��� و�;�ر�9 ا��	�ذج ا�	(*�`9؟ =/N �� ا����9 � �ا�*��l8 ا����

�T*/� �;�ر�	8Sو �T��� *�ف آ����9 و�/� ه��ك إ;�;�� N�^	K 9���=	^� �(:d . وا�;:�ر ا�

�� N9�8 آ�	ا� �T�= Q;K 3*ة ا�����;�;9 !2ارع ��9�8 �� و�(:�D dق ا��`� =3 ا��� N�^	K �	T

و��8وان �*��T��P و�/� 8S	/� إ�*(�ام أ��ه	� �/�ن اb�� ، إذا ه��ك !�� 2Hه�ي �*;�� 

 0#�%� ذا �1ض:  #�" ا�$ ا�$#
ذج و��Purpose l8��K g��8 3��Kا�+�ض ا��	2ذج أS وه2 

 /%/�2��Z� 9�8�	ا� ]�K 2ارع! �T� و��K 3*9 ا�;�;��� N�^	K 22ارع هPا� d:)	= ،  لS�*�Aض ا

 g��8 "*�Sة و���[ ا��K 3= �`�ق ا��D "��*�Sل #�� g��8S ���D 2وه �T#2ار! "�#

�����[ ا�	�9�8 و�/� ه6ا N�J8S ا��	2ذج K 3= ور�	9 . �*���� �;�ط إزد��م ا�`�ه��ك أ�2اع �(*

^L ��)� N:�رات ا���0ب ، ���Ti ��ص ���R اD0`�ل و��� �Ti	��H 3	Q �	�ذج ا�;:�رات 

Q�ا�:2ا Q	H (9`�  .وه/6ا ، =��\�اض ا�	(*�`a*�K 9 �	�ذج �(*

�2 د#�ك أ�� ا�L�%0ء : ه��ك !�� 2Hه�ي &�� =3 ا��	2ذج و�2ف ��*��U$ �� �	^�ل ا�*��3

 9#��� ]� d)8 8;[ أن��� �/	�= ، �ا��Jد إ�" ���G$ 0ول ��ة وا���KS ���D Xف ا�:�8

، $�G�� "دي إ�BK 3*2ارع ا�P�� d:)� d:)� ]� 8(�ج �L أو �;*� ��\ d��� d:)� 2/8ن �L 

 ، $�G�� QL2� ]� �!B8و  �T��	�:;9 ا�*8 3��T�= �/ أو �(:P8 d	N ا�	�9�8 �/��� �O�� 3�ه��

�`9 ، وه6ا B8دي *)� ��ه56 ا�	(::�ت �L 2/8ن =��T در�Hت �(*�`9 �� ا�*`�%�N و�	;�c�8 ر


ح إ�" ��8�	" ��ر9H ا�2U2ح أو )
 ، =	^� �� ا���tionResolu N�%�`K �8��K Rا�

و�� ���=Focus ( 9��ون =2آc ( ا0!��ء �� %2رة ا�6ت ����82�K 9 �� ��8ل ���ه� ا��Bري 

����ة و�/� �*/2ن ا�*`�%�N وا�H 9�Uا و���دة إذا ا�6ت ����82�K 9 �� �2ع ��H و��� 

R�2Uح وه6ا 8*��� =���	�ذج ا�T� �i8 در9H و. !(� �*(�� =3 ا�*��82 و�� ��� ���



 10 

�9 ا�2U2ح . �	;�ار ا�*`�%�N ا��iور98 وا�9��T ا�*�K 3�N =3 ���ء ا��	2ذج��L ذج�	ك ���T=

Low resolution 2حU2ذج #���9 ا��	و� High resolution.   

 وا�A/����ت وPK	N ا�	2اد Resourcesا�#
ارد ا���P ا�2Jه�ي ا0��� =3 ���ء �	2ذج ه2 

وا�(��ة ا�	*2=�ة أو ا�		/� إآ*���U �T	� ا���G ا�	*�ح وا��#� ا���Pي ا�	�:�ة وا���G ا�	*�ح 

وا�	��3 ، =��" �Lر ا�	2ارد وا�A/����ت ��*:�Q ان ���3 �	2ذج ���Zض ا�	:�2ب و���2U2ح 

 d:)� ���R ��[ رDو d;= :�ة�ر%�ص و� ��Lء و�i�� 9Lور X�:#إذا ا �^	= ، R�ا�	��

/� ]*���H 2ل� ��2Pارع وا�	�ا=� c	� ]� *�ح	ا� ��G�8 وا��J*�	ا�:�ب ا� �T��)*�8 3

 j�� l�iKو j��ا "��� ��9:8 �(:2ط ��*;�	9 أ�2د #�K 2ف�� ، =���	2ارد ا�	�:�ة @�Lد

�� ا�:�ق �*� ]�+= 9�2�ا�����ت ا�*�K 3ل #�" ا�	�ا=� ا�	T	9 ، اbن �2 ا#:3 �[ أ�Lم �

�f� ��2ن ا��@���9 ��2ن وا�`�9�# ��2ن &�� وا�	�ا=� �H��	ا� �^	= �T*�#2� "�2ان �Kل #

�2ن &�� وه/6ا �8GK ا�*`�%�N وا�2U2ح �;�ر ا��Tف ا�	:�2ب � R#�	2ن وا��وا�	:�#� �

 �	K �L2ب و�وا�	2ارد ا�	*��9 =	^� ر�� أر%`9 أو أ!�Jر أو ���زل KS(�م ا��Tف ا�	:

2Dا XLج ا�" و�*�K �Tا� �	آ �T�2Uو �� N�;K N�%�`*� 9:8�)*�حا�	ل �� ا�.  

�89أ ا���#%7 �6 ا�&�� �3245 �� ا�	��دئ ا�	T	$ =3 ���ء ا��	�ذج وا�6ي ��*��$ =��JT�� 3 ه2 

nBottom up desig 9 �;�ر����N ا�2U2ح �Y ز�8دة ا�*`�%�N ا�	��L d��� 2ذج	وه2 ا���ء �� 

�`N ه6ا #/c ���أ ا�*�	�� �� اK�� .0�	g ا�	2ارد و�*" 8*�;� ا��Zض �� ا��	2ذج�� "�#

Top down design ، 9	T	ا� ��\ N�%�`*ا� �T�� N8G8 �Y آ^��ة و��;�ة N�%�`*� وا�6ي ��8أ 

  .      وا�6ي �� �*���5 ه��

 d;= 2ف �*:�ق� ��*��*(�ام ا�:�ق ا��9�U�8 �2$#�ذج ا��	�(% =3 درا+� "��K ذج�	وه3 � 

�2��9 ا��#��Lت �L�# ، 98��Hت ��:;�2K ، 9ز��8ت إ�*	���9 ، �2(�� aارز��ت و ��ا� .(

3U�82ذج ر	9 ���ء ���  .و�2ف �`f� �Tن ا��	9H6 ه3 #	

  : 7��4Real World and Model World ا��/%/  و7��4 ا�$#
ذج 

  

 N/P� 9�;�;ا�� Nآ�P	ا� �T= ن���Sا "�# 3��*�8 N/P� ا�H �;�� $�= ���� ا����� ا��;�;3 ا�6ي

��Sا fJ��ن ا�" ا�*;�R8 وا�*����P� dح 9���D ه56 ا�	�PآN �/3 آ��N او �*" GH@3 و�6Tا 8

������U 9��9 آ	� =3 ا�N/P ا�*��3 N/P� 3;�;ا����� ا�� N�^	K �/	8 ، �T�  :��8ول �
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Real Worl Model World

Model

Occam's razor

Interpreting and
Testing

Model results Formulating model
world problem

Mathematical
analysis  

  

 d��� 3�) K�2ى أ�Dا=$ و��ود5 �	2س اوآ�Tم(و8;�ب ا����� ا��;�;3 أو 6T8ب #�" !/N ه��

# N^	8 ا��;�;3 و���*;�ل �� ا����� وا�6ي ������ d���Kو R8�;K 22ذج ه	2ذج ، و#��� ا��	ا�� ���


س اوآ;�م ا��;�;3 إ�" #��� ا��	2ذج 8�*(�م �s Razor'Occam 3	�# 3`�� ، وه2 ���أ =

إ&�8I9 آ� ا����H%� 1%� ا��Gور	  أو 324 ا��F إ	8أ �Dه7 ) ا�#�Aآ�(��9�%? ا�<%�ء : 8;2ل

او 84�Fة ا�KA  ، ه6ا ا�	��أ ��3 #��$ ���أ )ا�#2�A (� 0�8د ه"ا ا�J%A ا����H%� ا��

Parsimony Principle   3 وا�6ي 8;2ل	�إذا آ�ن ه$�ك أآ�� �6 �#
ذج : =3 ا���V ا��

 

ذج ا�"ي 	�
ي ا�F 84د �6 ا�#�+%�ات وا�#7��I ه#$��P QR��$�9 ��� ا�	0/� �SI	 8Tوا

�GPذج ا�
2Eا ا�	��أ �� 2��Lن اP�8*�� وS أدل #�" ه6. ا�$# mc= �� 22ر وا�6ي هTP	ا� 

 �K2��� 92ن ا���آ��L ]�6ق ، وآ�DAا "�# �T	9 وأه�U�8ا�;2ا��� ا�� d��اmx F=ɺɺ و\��ه� 

  .�� ا�;2ا��� ا��9�U�8 ا����:9 ا�*�آ�R ا���O	9 ا�	��9��2

�l =3 وQU %�� و2Lا��� �� و�O� 9THي ان �� 8;/K �� ��^ء وا�����	�2م �$ ��j ا��

�l%2 �� أ�*��:�Ti�� ( 52 �� %`�9 او اآ^�(ر9�U�8 �:9�2 و��;�ة �� #�ة �:2ر 

��T و#�م P= و\:2ا gط ا�������*�Aا���� �� ا Nوا آ��� �L ، �TU2	\ه�� �*�;��ه� و��*�

�9 ا��;�;�� 9	N^ ه56 ا�;2ا��� و/P	�� �T����*�ا���� ا�	*/�`9 وا���f8 j�6ه� �� ��ب إ

)9U2	ط ) ا���و�8	N آ	� #	N� 5��\ N �8*;� ان إ�*���D$ �� 2/8ن �;�S2 و��*��� =3 ا0و
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82�2�K 9ي ا�/^�� �� ا�	*��Zات وا�	���� \�� D9 ��;�ة و�U�8ت رS9 ��ون ���د�	�ا��

 GKداد آN �� أ� ��Z*� ��`U�2R N;*وآ��ه�ن #�" ذ�[ =3 ا���Aار ا�	*��د �L	9 . ا��iور98

 N^� Q��*ا� ��Z*	9 أو ��:;�9 إ�" ا�����إ�" ا�	��د�9 �*" �2آ�ن ه6ا ا�	*8S ��Z	f� Xي %`9 

 ����c`� 3= 9 ا�	*J	Q 15 إ�" 5د���U �� 9�= Nط ا���J و أ2Dال اD0`�ل ��  ) �T�� Nآ

وه/6ا ��ى ا�/^�� �� ا����^�� GKد�� ) . �82Rدة =G8 3داد وه6ا �K 3:�8ا�2L dي و���*��3 ز

إ�*��� آN ا�*`�%�N : ���د�TKS ���/^�� �� ا�*`�%�N \�� ا��iور98 وه�� 3Kf8 �2س أوآ�Tم

  .\�� ا��iور�H 98ا وا�;3 ا��	2ذج =3 ا��d ا!/��$

��;�;9 أه� وأ%�R �:2ة =3 ���ء ا��	�ذج #	��N82�K 9 ا����� ا��;�;3 إ�" #��� ا��	2ذج ه3 =3 ا

 ��\ N�%�`*ا� N*��� آ�2ذج �	9 ���ء ا����وا�*3 �;2م �� �T��8�T* �	��أ �2س اوآ�Tم =`3 #	

. ا�	T	� $��Z��� �8�!�*ض وا�2U2ح او ا�*8S 3	�T*J���� �/ ��*�!��8 ���	2ارد ا�	*��9

 $�� N���*/� ا�	8 �J� "ا����� ا��;�;3 ا� Q:;� ���=2س	� Q:L 2� �	م أداة . آ�Tأ �2س اوآ���

 9��9 و�:�ة ، إذا اX�:*L ا�/^�� =+ن ا��N ا�	�*�*a �� ا��	2ذج �� 2/8ن �$ اي %���

�9 ���	2ارد ا�	*��9� R�����9 ا��;�;�9 وإذا اX�:*L ا�;��N =+ن ا��	2ذج /P	��� . ح�P� 2ف�

  :ا�N/P ا����� و�2س اوآ�Tم ���	^�ل ا�*��3

 3= X� وا�*Projectiles 3ا����U�8ت =2U2� 3ع ا�*`�NU وا�*/��2U2� Nع ا�;6ا@l �;� در

 X��Y N�J�K ل��	ق ��8أ ��;*!Aا ، �=�/� Q:L ر��� Q�*Kg 9#��9 وا�=��	� 0s و!�وط او��9 �

) و�/��N ا�	��د�0v 9و  )a t g= ��G��" اAزا�9 آ�ا�9 �# N���� ��K�� 

( ) 21
2 0 0s t gt v t s= + �9 =3 ا�����  . +/P	م =+ن ا��Tو�2س اوآ ��" 2Uء ا�N/P ا����#

 9\���� ��	L ، $T��!�� او �J� 39 آ���Y�	� 86`9 أو ا!��ءL 9آ�� �# B��*��� 2م;K 3;�;ا��

�9 ا��;�;�9 و�;��T إ�"/P	م ا�6ي ا=*�ض ان ا����� ا��;�;3 ا��T*(���� �2س اوآ�2ذج �	ا�� ���# 

�Q #�م و2Hد اي ) #�م و2Hد \�ف 2Hي(��:g و�	��ل N�J�K او �Hذ��X��Y 9 و=3 ا�`�اغ 

 �=�/� Q:L N/! "�2Lى ��YBة ا��ى ، U	� ه56 ا�`�وض او ه6ا ا����� =+ن �	2ذج ا�	��ر#

�9 و��$ ، �Y ا�*�� =3 ا�	�/PK �/وا ا��������N و����ت ا�	��آ6T� ، �^� 9ة ا0\�اض 

ا��	2ذج ������ �Hا ، ا�(:� ه�� �TO8 =3 ا�`�f� 9�Uن ا��	2ذج f��*8 ان H	�Q ا�;6ا@�T� l ��آ9 

) ��Q�*K)a�2� a ���ر #�" !/Q:L N �/�=� =3 ا����� ا��;�;3 ��ذا �2 ر���� ر9P8 أو آ�ة �Dو�9 

�. =3 و2Hد ر�8ح؟��T� ��S �i8وإ���ام ا X��^ا� N�J�*9 ���ل ا��U�= ان l@ا�;6ا ��# ��

9	8GTا���� وا� ��� N�`K �L :�ء�3 أ:�K2اء \�� %���9 وTض . �;�و�9 ا��Z� �/و�

 �=�/� Q:;ر ا���	2ذج ا�	`�`9 =+ن ��9 =3 28م =�$ ا���8ح ��;Y رة أو ا!��ء�J� 3ن ر�+= R8�;*ا�
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��H Rا��� .�*;�N� a@�*� �#�8 ا��	2ذج ان �Qi ا�`���Uت ا�*3 �� ا�	�H �Tا ا��Yء آ*��*�� �

أي (��3 #���T ا��	2ذج =`3 �^�ل ا�;6ا@l أ=*���U ان ا����� ا��;�;� 3��H28S g: \�ف 2Hي 

ه56 ا�`���Uت هGH 3ء ��T و��2ي �� . و�Hذ���Y 9�*9 و2L �H2KSى ا��ى) =3 ا�`�اغ

! ����:  �	2ذ ]H�f: ، =�*�د #��$ !ا��O: ا��	2ذج =����� 3��8 !(� �� ر9P8 و8;2ل �[ 

�**�Q ���ر #�" !/Q:L N �/�=� �2 ر��X =3 ا�`�اغ  X9 آ��P8ا�� . ]H2ذ	ان � ]���L �8د #

 $����!��ء ا�^;��9 وا�*��K 3" �	��=�ت : \�� وا����S ���0 3�L =3 =�اغ و��/2ن رد�� #

. �K^�*$ ا�*�Jرب ا�	�	�����L9ة =+ن ��YfK#�م و2Hد =�اغ ه��YfK 2 8	/� إه	��$ وه2 �

�8 ���	2ذج�Lوا��� ��//P	ا� �U :2ط ا��=�ع�2ذج ه3 �� اه� 	��  .ا�`���Uت واA�*��رات �

�*���ب ا�	�دة: (��PوعA ا�H �T� $�0 وع�P	ه6ا ا� N�� R��:ا� g��8(  

. ��`*�ض ا��� �2ف �;2م �	�Pوع ���9 ��	2زN�%2*� �8 ا�G��@� �� ��9�8 �� ا�" ا�Lب �:�ر

�`9 .  آ��5�JK�� �*�2 ا�2ا��50ا=*�ض ان ا�	��=9 ��� ا�	�9�8 وا�	:�ر /K R��� �8 ان��

إذا ا=*�XU ان ا����رة ��T . ا���6T� �8Gة ا�(���� 3/� 9�R ا���� ا�	���� R	�U�;ة ا�G�2ن

�25*2�d إ�*�Tك ��  :�A�� 6#*��ر �� 8�2��H .3ن/ آ

-��Z*K �L 9�8 ا�����Gر ا������   ا

-�L2د ز��م ��وري أو #��$ اوH2� �Yf*K N�%2*ت ا�  

-  2J982 ا��(  ���9 ا�L ا�:�ر، \��ر، ر�8ح(  

إذا آ�ن ا�	:�ر �^� =3 !	�ل ا�	�9�8 =+ن ا�G��@� =3 ا�2�Jب ( إ�*�ف ا�	��=�ت دا�N ا�	�9�8 -

  )K��Z*ق ر��*�T ���=9 ا2Dل

-Aر ام ا�:	�  �*�Oر �`�اغ �/�ن و2Hد �/�ن =�رغ  G�Aال ا�G�2ن #�� ا�2%2ل �

��*:�Q إ�J8د إ#*��رات ا��ى آ^��ة و�/� ��ذا #� �2س اوآ�Tم؟ هN آN ا�*`�%�N ا����;9 

  �T	9؟ ��ذا �f��T�� 6 واي ��Q:*;� �T؟ ���Zض ا�	:�2ب وU	� ا�	2ارد ا�	*��9؟
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  ا�*`/�� ا��3��O و��آ�9 ا���Oم

���ي 8;2م #�" #�9L ا���R وا�*��Yf ا�*����P� Q� NآN ا����� ا��;�;� 3�R ا5�JKA ا�*;Cause 

and Effectjا��� �Ti�� �# لG��� N/P� 9�/P	اء ا�GH6 أ�f8:9 و��ا�� .  

 3��O3 أو ا�*`/�� ا����O5 ا���JKAاSystem Approach/ Thinking "9 إ��/P	ا� Q:ّ;8S 

H2K م إذ�Oا�� �T�= 3*�8 ا����9 ا���*�� N/آ �T� �O�8 N� 9�G��� اءGHأ ��S 3*دة وا���*� d�روا �

 �T��	JK إ#�دة �Y ة�� "��� ا�6ه� =3 اA#*��ر وإ�*/S�� �T=�P �� ان ���O إ�" آGH Nء #

�;�S . ل��م �� �O� ت�=��Kو Rاآ��K �T=و�9 ا�*��ف و��� "�# G3 �8آ��Oا�� ��/`*��=

�*�اآ�R ا0و��9 إ�*(�ام �Kاآ�R أو��9 و�� ��K �Y" ا�*��Bات #� ��Kف ا���Oم #�" ه56 ا

�T��� �����O ا�" ا���Oم �� ����9 �2ا%$ ا�*�آ���9 . ا�	*��ف #��*K م�Oان ��آ�9 ا�� �	آ

�*/�Pف ا���Oم X�K ا��را�9 وه6ا 8�	�H+� gاء A ذج�	ء ���� R�:*K "*وا� ��Gا� Q� ة��Z*	ا�

� ��" ا�*�;# �#��K م وا�*3 ��وره��O9 ا��H6	� 9����� �� �;�*�� ا�*`/�� او إ�*��رات �

3��O5 ا���JKAا . R�� ف��*KS �T*���:� 9	O�03 2�8د إ�" ان ا��O5 ا���JKA3 ا��K 3= R��ا�

�8�g ه�� ا��اS ي���ا��	K . 9H6`/���� ا���K �L N� 3T8*��ف ��=� ����T8$ و�6Tا =+ن ا5�JKA ا�*;

=3 ا�*`/��  ه3 ا�� ا��iور�8ت Modeling or System dynamicsأو ��آ�9 ا���Oم 

� �� ا�`���Uت وا���2ل;�*K �T�0 3��Oا��.  

  :�I0ر	V ا&�&% 

   : Systemا�$�Wم 

jا��� �Ti�� "�# �	*�Kو N#�`*K 2#9 �� ا0!��ء	J�.  

 6Rآ�Entity:    

  .وه2 !�� =3 ا���Oم ��� =�$ إه*	�م ��ص

  �HAttribute:    

�@�/�  .وه2 ��%�9 او %`9 �

    :�A�Activityط 

�K 9��  .����ZK R =3 ���9 ا���Oمأي #	

    :��TState of the System or State Variables  ا�$�Wم او ��+%�ات ا����   

9���� 9O�� ��# م�O9 =3 ا��:P�0وا �TK�`%ا�/�@��ت و Nآ l�K ات��Z*� 32ر . وه:K و�8رس

  . ا���Oم �**�Q ا�*��Zات =3 ���*$
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  :���ل

�T�:L Q�	J*� 9#�i� a*�8 Q��� ��*��� . Q���*ا� ��L �	م ه�O3 ه6ا ا��= ������ا�GJ@�� ا0

9#�iج ا���*�A Q:;ه56 ا� Q	J8 وا�6ي Q�	J*ا� ��Lو Q:;ا� Q��8 وا�6ي . ��L �i8ه��ك ا

 9�Lا�� ��Lو ��P�� 9#�iا�� GTJ8 ا�6ي ��Pا� ��L2اد ا�(��9 و	ا� ��B8 �8ت وا�6ي�*P	ا�

�3 �;�9 اL0��ما�A*�ج وا�6ي 8�N�;* ا�:���ت #�3 ا���i#9 و8;�# N	ا�� �.  

  :=3 ه6ا ا���Oم

  اLS��م، ا�:���ت، اGH0اء، ا��Q@�i ا��: ا�/�@��ت ه3

��9 ا�*���Q =3 اL0��م : ا���D�Pت ه3	#  

�R، �2ع ا�;:�9، #�د ا�	/�@� =3 آL N�� ا��: ا��`�ت ه3D N/� 9�	/ا�  

�;0��
�� YIو�  $%I�  #W��  2��ا �SI	 8ول ا�����Zوا�: 

  

O9 %`�ت آ�@��ت �ما��:Pا� 

���رات ��ور =9��9#، ��� 9L2ا� 

�R  دا@�، ر�L ا����ب ز��@� ��[D ،�;� R��

 �Lض

2Dل ا�	/��	9TH ،9  �/��	�ت، ر��@N إS��Kت

 ا��KAل

N�%2K ،ل�� إر

 د=�L Q	9 ا�	P*��8ت �L@	9 ا�*�82� ز��@� �2ق ��آGي

  

ا��`�ت وا56T� 9:P�0 اO�0	9 0ن ذ�[ وه6ا ا��Jول 3:�8S ��� آ��J� N	�Q ا�/�@��ت و

��T ��رس ا���OمH9 ا0ه�اف ا�*3 �� ا=��� R�:*8 . �/	8 9�2�وإ#*	�دا #�3 ا0ه�اف ا�	:

9K��2/م و��O��  .�8��K و%l أدق �

 

���W$ا����%� ا� �W�  ;!ذج �6 و
  :�I0	V ا�$#

*� 9;�;��� N�^	K 9ا� "�3 ���	2ذج #@��� l8��K "إ� ��L�:K ان ��� 9Hض ���� و��ر�\ ��;�

 Systemو��8ف �� 9TH ا�*`/�� ا��3��O . و2Uح �����2U X�K 9ا�d ا�	2ارد ا�	*��9

Thinking$*����2ت �2ل ا���Oم ��Zض درا�	� Q	JK �� م 8*/2ن�O��� �8�JK $ا� "�#  .

�;�S 3 ه6ا= j�`*�� 2ف�  . و
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  :�%]  ا�$�Wم

�3 ا�	��N^� $�2� �� d ه56 ا�*��Zات �Yf*8 ا���Oم ���*��Zات ا�*��K 3ث ��رH$ آ	�# �YB8 $ا� 

�3 ���9 ا���Oم# �YBK . م و���*$ وه6ا�Oا���ود ��� ا�� G�	� م ان�O9 ا��H6	� ��# ا�H �T	ا� �	=

  .8*��د �	��=9 ا0ه�اف �� وراء درا�9 ه6ا ا���Oم

�YfK رج�� ��*�K ت�J*�	3 ا�����ت #:��� �/�*K 3*ا� Nا��2ا� Q��	6ا =`3 �^�ل ا�Tم و��Oا�� �

�3 ا�:�RJ�= R ا�6 ذ�[ ��0#*��ر إذ ان # ��YfK ض���=GH 3Tء �� ���9 ا���Oم و�/� إذا آ�ن �

  . ه��ك #��H�)� ��� 9Lت ا�	��Q وو%2ل ا�:���ت و�K*�� ه6ة ا����P� 9Lط �� ا�P:9 ا���Oم

   :Endogenous Activitiesا��SA  ا�8ا\%2  

  .وl�K اP�0:9 دا�N ا���Oم

   :SA�Exogenous Activities  ا���ر!%  ا�

�3 ه6ا ا���Oم# �YBK 3*م وا��O9 =3 ���9 ا��:P�0ا l�K9 . و�Hر��9 :P�f� �Yf*8S م ا�6ي�Oا��

� ��/c ا���Oم ا�6ي P�0�� �Yf*8:9 ا�(�ر9�H وا�6ي �O� $�f� l%28م �`*2ح�Z� م�O� 3	�8.  

   :Deterministic Activitiesا��SA  ا�#�8دة 

  .3 ا�*8 3	�K N/P�  �TJ@�*� �8��K �/م �� �����TKوه

  %Rا
AIا�  SAا��Stochastic Activities:    

وه3 ا�*��YfK ��Z*8 3ه� �2P# N/Pا@3 وK/2ن ��*�@�TJ إ�/����ت �*��دة l%2K �*2زQ8 إ�*	��3 

9 ��*J	�l%28 Q �*2زQ8 إ�*	��3 آ	� ان ا���G ��� إ#:��& $L�Z*�K ا�6ي XL2^� ا�	ل &�9 =

  .2P# N/P� ��Z*8ا@3

  :Continuous Systemsا��W#  ا�2��#[ 

وه3 ا�*�T�= ��Z*K 3 ���9 ا���Oم �N�*� N/P و��*	� =	^� إ5�JK ��آ�D 9@�ة =3 ���ر 2Hي 

 �#�� N/P� ث��K 3�bا�:��ر ا �/�K X�KSmooth5�JKAا g���*� .  

  :Discrete Systemsا��W#  ا�2��$#  

�T�= ��Z*K 3*وا� N/P� ��8ث Q9 =3 ا���#�i� ل�	إآ �^	= ��Gا� Q� Q:;*� N/P� م�O9 ا����� 

�3 ا��Q@�i ��8ث �Q:;*� N/P ا��# R�D و%2ل ،Q:;*�.  

  :�System Modeling#"!  ا�$�Wم 

 �l%2 ه6ا ا���Oم ��Zض إ�Hاء ��Modelرا��O� 9م �� RJ8 ان �/2ن او ���3 �	2ذج 

U9 وإ=*�ا����3 أ# 9��H�� رب�J*م ���!�ة وذ�[ �*3 ا��O3 ا���# �T@ا�H/� إ	8S ت�

i8S:�ب ا���Oم ا%0�3 و��8ث إر��Kك =3 #	�$ B8دي ا����ZK 3 ا���Oم و=;�ا�$ �(2ا%$ 
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ا%0��9 آ	� ان درا�9 ا��	2ذج ��S �� ا���Oم K	R8�JK �� �/ #�ة �2ارات �2ل ا���Oم وذ�[ 

Nاء آ�H9 #�� إ�� �2ار ��/c ا���Oم ا%0�3 ا�6ي إذا ��ZK �+#�دة ا��	2ذج ا�3 ا����9 ا%0

��ت ا���ض ��� ���Z*� دي��*Lم إ�O� 9�8S	/� إ#�د9K ��ة ا��ى ����*9 ا%0��9 =	^� ��را

�T�/# �/	8S a@�*� 3دي ا�B8 �L R�آ	� أن ا��	2ذج 8	/� ان �8رس =3 أز��9 إ=*�ا9�U . وا�:

و���=��K j�� 9=�ت ا���Oم �`*�ات #�ة =	^� 8	/� إ�Hاء ���آ�ة ����Oم �+�*(�ام ا��	2ذج 

9���L �@�L3 د= ����8� ا��	2ذج درا�9 ا���Oم N�L إ��P@$ وو2Hد5 . ا!�T او �D �# �/	8 ]�6وآ

 N/� 2ذج	2ن �/� Ni=ر ا����8 اي ��*�ا%� =	^� ���8 ���ء ���Q و����8 #�ة ���رات �����ء =

  .���ر و���آ��K 3ف ا�	��X�K Q ه56 ا�(��رات

  :ع ا�$#�ذجأ�
ا

%P  %R�	_ )  	د�� (Physical Models :  

 �T�وه3 ا�*3��K 3 �	2اد ���N^� 9 ���ء �	2ذج �:�@�ة =3 ����9 ا�*�	�� وذ�[ A�*��ر ه�/

  .X�K ��وف ����9

  :Mathematical Models) 0�2%2%  او �Z0	8	  ( ر	�(%  

 9�U�8ت ر�L�# �T@���� *(�م�9، دو( وا�*3 ����	2ز��8ت إ�*K��2ت ا���  )ال، �Hاول، ر

��	�ذج ا����Jة � l���K �i8ه��ك اStatic Models ذج�	وا�� ��Gا� Q� �T*��� ��Z*KS 3*وا� 

  .  وا�*Q� �T*��� ��Z*K 3 ا�Dynamic Models��Gا���آ�9 أو ا��9�/����8 

�D@�ة =3 وآ	^�ل #�3 ا��	�ذج ا�`��8G@�9 ا����Jة �	2ذج ����ء ا�	��J ا���ام، �	2ذج �`��9 او 

����3 ا�� وآ	^�ل ��	2ذج =��8G@3 ��آ3 �	�ذج &�9 ا�A*�اق ا��ا��3 =3 ور!9  R*/� 6ة=��

�9 وآ^�� �� ا��	�ذج ا�`��8G@�9 ا���آ�L N���� 3= 9�� ا�`��8Gء �/��9 ا���2م��T9 ا���  .آ

�8�	K :9ة وآ�6[ ا���آ����J9 ا��U�8ذج ا���	ا�� j��� 9�ا�*3 ا�2Oاه� : أ��8ذ.( أذآ� أ�^

��9 أو =�وK 9�L/2ن ��آ�9U�`K تSد��	� l%2K(  

 9�8� ��Sت درا�D �# ذج�	9 ���ء ا����;K 2ف ��رس�Case Study 3= 9`�*)� 9	O�0 

  �S�Jت ا0#	�ل واLA*��د وا����9 وا�`��8Gء وا�:R وا�	*J	Q ا�� 
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  :K	N�^ ا���Oم =3 ا�*`/�� ا��3��O و��آ�9 ا���Oم

9����  :��Kرl8 أ

   :Stockع ا�#��

 ��Gا� Q� ��Z*8 ��! 2ى ) د3/����8، �*��ك(أي*�� �i8" ا	�داد و�8;� و8G8Level او 

 9��� ��Z*�State Variable 9�#2*�	ا0!��ء �`*�ة ز���9 وه56 ا0!��ء ا� R#2*�8 *�ع	ا� ، 

 R��K ف أو�iK �Tإذ ا� ��O�� 3`*)K أو �TOKS)N;K (9ل =*�ة ز����� . 

9�� 3= 5�Gان، #�د ا0��T ا�*3 8	*�/�T ��*^	�، ا�:�9L ا�	(9�G =3 �:�ر98، #�د آ	�9 ا�	�: أ�^

�*���ب، أ�� ا�/�@��ت =*J� 3	Q، آ	�9 ا��;2د =3 ���ب ��/3،Aا�/�اه�9، ا ،RiZا�(2ف، ا�     

   :Flowا���%�ب 

�8G8 ا�	*�ع ا�A���ب ا�6ي .  ��Z8 �� ���9 ا�	*�ع، =�8G8ُ 2T أو �8ُِ;� �� ا�	*�عRateه2 ���ل 

، وا�6ي �8;� ا�	*�ع 8�	" أ�A���ب ا�(�رج أو 8Source�	" أ�A���ب ا��ا�N أو ا�	��ر 

   .Sinkا�2Zر 

9�986 ��(Gان : أ�^Z	5 ا���	9 ا��	أو ���ر(آ N�ب دا���2�9 ��$ ) إ���	رج أو (او ا���ب ���إ�

، )���ب ��رج أو \2رإ�(أو ا�	��#9 ) إ����ب دا�N أو ���ر(، #�د ا0��T ا�	P*�اة )\2ر

ا��:�ر�8ت ا��T� 9=�J أ����ب ��رج =;d وه3 ا�:�9L ا�/�T��@�9 ا�	�*(��9، #�د ا�/�@��ت =3 

، )إ����ب ��رج أو \2ر(وN;K أو �K;� ���	2ت ) إ����ب دا�N أو ���ر(�*J	S2��� �8GK Qدة 

إ����ب ( �����ف و�K;�) إ����ب دا�N أو ���ر(آ	�9 ا��;2د =3 ���ب ��/GK 3داد ��Aد��ر 

و�8;� )  إ����ب دا�N أو ���ر(، ا�(2ف G8داد ���م ا�2�Pر ����0ن )��رج أو \2ر

وN;8 ) إ����ب دا�N أو ���ر(،  ا�G8 RiZداد ���*��ش )إ����ب ��رج أو \2ر(���:	����9 

 R�:ا� N���*���)رج أو \2ر��ب ���أو ���ر(، ا�/�اه�9 )إ� N�ب دا���إ�  ( c=��*��� دادGK

�*���ب �DA�� �8G8ع )إ����ب ��رج أو \2ر(وN;K ���*��ون Aأو ���ر(، ا N�ب دا���إ�  (

إذ ا�$ " =�N"8	/� ان ���O ا�" ا�A���ب #�" ا�$ . ، ا��)إ����ب ��رج أو \2ر(وA�� N;8ه	�ل 

 "�  )ا�	*�ع" (أ�	�ء"8;2م �`�N او #	N =3 ا��	2ذج #

  

��84ة  أو ا�#�+%�ات ا�Convertersا�#�
`ت #Auxiliary Variables:   

 =2�KControllers 3ى أر�Lم، K;2م ��	���ت �����9 أو98��H أو ��:;�9 و�K*�� ا�	*�/	9 

 .ا��	2ذج
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9�ا�:2ا= 3= 9�Gان ا�	��5، ��� ا���T، ا��TJ، اA���ب، ا���N ا�Gا@� #� ا���9H، : أ�^

�# ،c=��*9، �2#�9 ا�*��ش، �2#�9 ا��G�	ر ا����ا�*��ض �� �O�8ع، ا�� و�DAت ا�#��د 

    adverbا��$ آ��ل او ��ف 

2
��ت Connectors ا�#
aHت I#ا�  Sأو را� Information Link:   

وه3 ا�*�K 3	N أو d��K ا�	����2ت �� GHء إ�" &�� =3 ا��	2ذج، �� ا�	�T أن ���� ان 

���2ت =;�;= d	N^� ( N� 9 ا�	��5 او ا�:�9L او ا��;2د(ا�	2%�ت N;�KS آ	��ت ��د98 �� N;�K 3ه

  .GHء �� ا��	2ذج GJ� N;*�Kء &��

9��3 #�د : أ�^# �YB8 �T�ا� ���ذراع ا�:2ا=9 =3 ا�(Gان N;�8 ��ى إرK`�ع ا�	��5 ا�" ا��	�م، 

ا0��T ا�*3 8	/� !�ا@�T، آ	�9 ا��TH N�ZP*� �TJز، #�د ا��Aث ا�;�درات #�3 ا�J�Aب، آ	�9 

 ،9Hا@� #� ا���Gا� N�2ل =*�ة ا�*��ش، ا��ا��D ،9�G�	ر ا������ ]U��K ار�;�.  

  :و	#�� ا�$�Wم ������%� ا�$�W�� و�Tآ%  ا�$�Wم آ������

Stock

Flow

AuxiliaryVariable

Source/Sink

Information
Link
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  :ا���� ا�����

   Differential Equationsا�#�Iد`ت ا����(%2  

��9 ه3 #��رة #� ���دSت K 98��H*/2ن ��وده� �� �P*;�ت ��ا�9 �	*U�`*ت ا�Sد��	ا� ��Z

9 ��*`�NU =	^� �2 آ�ن ���L ي��H( )x f t=  ��Z*	�� 9��U�`K تSن ا�*��3 ���د+= ( )x f t=  

2

2

3 2

3 2

3 0

5 14 10 0

2 0

dx
tx

dt

d x dx
x

dt dt

d x d x dx
x

dt dt dt

+ + =

+ − − =

− − + + =

 

 �T*H9 ��ر��U�`*ت ا�Sد��	ا� G�	*Kو Degree �T*�:�و  Linearity "2ف �*:�ق إ�� و

��9 ���ة �Dق . و�" وا�^���9 وا�(:�9ا�	��دSت �� ا��ر�Hت ا0U�`*ت ا�Sد��	ا� N�Kو

��8�R  ��*2ى ه6ا ا�	;�ر �� �T�� ض��*��.  

  :ا�#�Iد`ت ا����(2%  �6 ا�8ر!  ا�و�3 ا��S% : او`

N/Pا� "�  وه3 #

( ) ( ), , 0
dx

f t x h t x
dt

+ =  

 V��( ),f t x و ( ),h t x9 =3  دوال�:� t و x.  

N�`�� 9���L ات��Z*� 2ي�K تSد��� N�:  

 �� Nآ Xإذا آ��( ),f t x و ( ),h t xN/Pا� �T�U/� و	8   

( ) ( ) ( )
( ) ( ) ( )

,

,

f t x p t q x

h t x r t s x

=

=
 

��9 ه2U�`*د�9 ا���	ا� N/! أي 2/8ن  

 ( ) ( ) ( ) ( ) 0
dx

p t q x r t s x
dt

+ =  

)و#�" !�ط ان  ) 0s x ≠ ��L Q�	J� x :" و�	ل ا��J	3 ا�= ( ) 0p t ≠ ��L Q�	J� t ل�J	3 ا�= 

 "�)ا�	�:"، �;�	�D 9=3 ا�	��د�9 # ) ( ) 0s x p t    ��*:�N�= Q ا�	*��Zات آ��*��3≠

( )
( )

( )
( ) 0

q x r t
dx dt

s x p t
+ =  

�" ا��N��/*��� N ا�	��!�# Nو���  
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( )
( )

( )
( )

q x r t
dx dt C

s x p t
+ =∫ ∫  

 V��C9وط ا0و���Pا� "�  . X��Y إ�*��ري �8*	� #

  :���ل

��9 ا�*���9U�`*د�9 ا���	ا� N�  

1
0

1

dx x

dt t

−− =
+

 

  :ا���

 "�;�1�� �D=3 ا�	��د�9 # x− ط أن�! "�# 1x ≠"�# N���=   

1 1
0, 1

1 1

dx
x

x dt t
− = ≠

− +
 

 NU�`*ب ا�:�=�� =3 ا��i�dt�J� ا���ود R�K�Kو   

, 1
1 1

dx dt
x

x t
= ≠

− +
 

 X��%ن اbات ا��Z*	فا��D N/� N��/*6 ا��/� أ	و8 jا��� �Ti�� �# 9�2�`�  

, 1
1 1

dx dt
n C x

x t
+ = ≠

− +∫ ∫ℓ  

  أو

1 1 , 1n x nC n t x− − + = + ≠ℓ ℓ ℓ  

  أي

( )( )1 1 , 1x t C x− + = ≠  

 Q��*ا���Z*	�� Nو��x N;*�	ا� ��Z*	9 ا��S�� t  

1 , 1
1

C
x x

t
= ± ≠

+
 

�\b ل���:  

��9 ا�*���9U�`*د�9 ا���	ا� N�  

( ) 0, 0
dy

t x t y
dt

− − = ≠  
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)ا��وال  ) ( ), , ,f t x t h t x x t= = 8;�ل أن ا��ا�9  (   ه3 دوال �*��J�9 �� ا��ر9H ا0و�"−

( ),g x y 9H9 �� ا��ر���J*� n   9Lا��� X;;� إذا ( ) ( ), ,ng kx ky k g x y= ( 9;�;وه56 ا��

  : K��#� =3 ا��N آ��*��3

 j82�*�x st=�J� ت�U�`K N/! "�   ووQU ا�	��د�9 #

( ) ( )1 0, 0t s dt t s dt t ds t− − + = ≠  

 ��Z*	�   وا�*/��R�K�*�t�J� N ا���ود ������9 �

, 0
dt

ds C t
t

= − + ≠∫ ∫  

  أي

, 0s C n t t= − ≠ℓ  

 ��Z*	9 ا��S�� أوx   

( ) , 0x t C n t t= − ≠ℓ  

  :ا�	��د�9 ا�(:�9 �� ا��ر9H ا0و�"

  و��T ا�N/P ا���م

( ) ( )dx
P t x Q t

dt
+ =  

9L����� ":�8 Nا��  

( ) ( ) ( ) ( )P t dt P t dt P t dt
x Ce e Q t e dt

− −∫ ∫ ∫= + ∫  

 وا��� CFx وComplementary Function $� G��8 ا��ا�9 ا�	/	�V�� 9 ا��� ا0ول 8�	"

 أي ا��N 2/8ن #�" ا�PSx N/P وParticular Solution $� G��8ا�^��3 ا��N ا�(�ص 

CF PSx x x= +.  

  :���ل

9��U�`*د�9 ا���	ا� N�  

dx
tx t

dt
+ =  
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 9�)��H2 ا��ا�9 ا�	/	 )P t dt

CFx Ce
−∫= 6�f� ]وذ� ( )P t t= �Tأ� �J�= 

21
2t

CFx Ce−= Nوا�� 

)ا�(�ص  ) ( ) ( )P t dt P t dt

PSx e Q t e dt
−∫ ∫= ∫ V�� ( )Q t t= �J�= 

2 21 1
2 2 1t t

PSx e te dt−=  و2/8ن ∫=

   General Solutionا��N ا���م 
21

2 1tx Ce−= +  

�J8Aد ا�^��X اA�*��ري ��*�ج إ�" !�وط . ��SC ان ا��N ا���م 2�8ي X��Y إ�*��ري وا�� 

Initial Values (IV) �/*� 0xأو��9  = ����# 0t =82�*���=  �J� j0 1 1C C= + ⇒ = − 

و2/8ن ا��N ا���م X�K ا��Pوط ا0و��9 
21

21 tx e−= −.  

  : ���ل

9��U�`*د�9 ا���	�  أو�H ا��N ا���م �

2
2

2

1 td x dx
te

dt t dt
− =  

 QU2� �/9 ا�^���9 و�Hو �� ا��ر��K 9د���	ا�dx
y

dt
= �J�   

21 tdy
y te

dt t
− =  

  .8*�ك ���T آ*	��8 ��:��y .Rوه3 �� ا��ر9H ا0و�" =3 

�%2Iد`ت ا����(2%  �6 ا�8ر!�ت ا��I#ا� :Higher Order Differential 

Equations   

 Linear Equations with Constantا�#�Iد`ت ا��a��I#�  %Sت ���c  : أو`

Coefficients��ا�   ���Z�#ا�  �Homogeneous Case   

 N/Pا� "�  وه3 #

( )
1

1 1

n n

nn n

d x d x
a a x f t

dt dt

−

−+ + + =⋯  

�2ف ��*(�م G���K ��ص �*���N/! d ا�	��د�9 ه2 dx
x

dt
=ɺ و 

2

2

d x
x

dt
=ɺɺ م�# N/P�و 

( )
n

n

n

d x
x

dt
=N/Pا� "�   =*��g ا�	��د�9 ا����;9 #

( ) ( ) ( )1
1

n n
nx a x a x f t−+ + + =⋯  
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 V�� ،9*��Y 9�:� ت����	9 ���U�`K تSد��� "	�K1و 2, ,..., na a a X�2اY ) 2ن/K�� ����\

9�;�;� .( �T�= ت وا�*3 2/8نSد��	56 ا�T� c��J*	ا� N/Pا� S2ف ��رس او�( ) 0f t  أي =

N/Pا� "�  ا�	��دSت #

( ) ( )1
1 0n n

nx a x a x−+ + + =⋯  

 Nب ا���J� تSد��	ه56 ا� N��tx Ceλ= V�� 0teλ ، ���*�C 3= j82 و�^��X إ�*��ري ≠

a*�8 9;���د�9 ا���	ا�  

( )1
1 0n n t

na a eλλ λ −+ + + =⋯   

( ) 1
1

n n
nP a aλ λ λ −≡ + + . KCharacteristic Polynomial�	" آ^��ة ا���ود ا�		�Gة ⋯+

 ��Lλ 2ل�ا�	��د�9  ) أو 6Hور أو أ%`�ر( ا�	�	2ح ��T ه3 �

( ) 1
1 0n n

nP a aλ λ λ −≡ + + +  Auxiliary Equation وا�*K 3�	" ا�	��د�9 ا�	��#�ة  ⋯=

)و��V أن  )P λ 9Hه3 آ^��ة ��ود �� ا��ر n ن+= ( ) 0P λ = �T� n 6ورJا� �� 

1 2, ,..., nλ λ λ X1 وإذا آ�� 2, ,..., na a a �� 2ن �;�;�9 او ازواج/K 6ور إ�� انJ9 =+ن ه56 ا��;�;� 

,N �� ا�*����� آ . Complex Conjugatesا0#�اد ا�	�آ�9 ا�	*;�ر�9  1,2,...,it
i ix C e i nλ= = 

��X��^� 9 إ�*��ري U�`*د�9 ا���	�� N� 2هiCو2/8ن   

1 2
1 2

ntt t
nx C e C e C eλλ λ= + + +⋯  

  9� و=3 ���9 ا�	��دSت Complementary Functionأ�i8 �� و8�	3 ا��ا�9 ا�	/	

�9ا�	*��J�9 2/8ن ا��N ا���م ه2 ا��ا�9 ا�	/	.  

  :���ل

 9��U�`*د�9 ا���	ا� N�3 2 0x x x+ + =ɺɺ ɺ  

  :ا���

)ا�	��د�9 ا�	��#�ة  ) 2 3 2P λ λ λ≡ + ) و6Hور + ) 0P λ 1 ه3 = 21, 2λ λ= − =  و2/8ن −

  ا��N ا���م

2
1 2

t tx C e C e− −= +  

  .ط ا0و��9�^��*�� إ�*��ر��8 ��8دان �� ا��Pو

   :K 9���Repeated Roots/�ار ا�6Jر 

1λإذا K/�ر 6Hر �^�  λ= د�# r36ر هJ6ا ا�T� 9:�K�	2ل ا��   �� ا�	�ات =+ن ا��

1 1 1 12 1, , ,...,t t t tre te t e t eλ λ λ λ−  



 25 

  : ���ل

 9��U�`*د�9 ا���	ا� N�4 5 2 0x x x x+ + + =ɺɺɺ ɺɺ ɺ   

  :�ا��

)ا�	��د�9 ا�	��#�ة  ) ( ) ( )23 24 5 2 1 2P λ λ λ λ λ λ= + + + = + ) و6Hور + ) 0P λ  ه3 =

1 2 31, 1, 2λ λ λ= − = − =    �/�ر ����K =�/2ن ا��N ا���م−1 ا�6Jر −

2
1 2 3

t t tx C e C te C e− − −= + +  

,1أو��L �H ا�^2ا�X اA�*��ر98 ���Pوط ا0و��9  0, 1x x x= = =ɺ ɺɺ ����# 0t =   

 NU�`*ا� �8�D �# �H2� ا���م Nا�� ��  

( )
( )

2
1 2 3

2
1 2 3

1 2

2 4

t t t

t t t

x C e C t e C e

x C e C t e C e

− − −

− − −

= − + − −

= − − +

ɺ

ɺɺ
 

�J� 9ا0و�� ��;��� j82�*���و  

1 3

1 2 3

1 2 3

1

2 0

2 4 1

C C

C C C

C C C

+ =
− + − =

− + =
 

1وا�*�T� 3 ا���2ل  2 31, 3, 2C C C= − = �" ا��N ا�(�ص=# N��� j82�*���و   

( ) 23 1 2t tx t e e− −= − +  

�%��c :  ���c تa��I#�  %Sد`ت ا���I#ا�Linear Equations with Constant 

Coefficients  ���Z�#1%� ا�  ���ا� Inhomogeneous Case:   

 9���J*	ت \�� ا�Sد��	�  ا��N ا���م �

( ) ( ) ( )1
1

n n
nx a x a x f t−+ + + =⋯  

 N/Pا� "�CFه2 # PSx x x= + V�� CFx 9� Complementary Function 8�	" ا��ا�9 ا�	/	

  .Particular Solution 8�	" ا��N ا�(�ص PSxو 

  .�;� رأ��8 =3 ا�`;�ة ا����;9 آ�`�9 إ�J8د ا��ا�9 ا�	/	�9، و�2ف ��*��ض اbن إ�J8د ا��N ا�(�ص

  :�Dق إ�J8د ا��N ا�(�ص

9;8�D Nا���� D:  

l8��K : NU�`*ا� N��#D 9L����� و��8ف d
D

dt
≡ �^	= 

2
2

2

d
D

dt
 و ≡

n
n

n

d
D

dt
≡.  

) ���Polynomial Operatorف #��N آ^��ة ا���ود  ) 1
1

n n
nP D D a D a−≡ + + +⋯9L�����  
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( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1
1

1
1

n n
n

n n
n

P D f t D a D a f t

f t a f t a f t

−

−

≡ + + +

= + + +

⋯

⋯
 

 V��( )f t NU�`*�� 9���L 9دا� n أن ا��� ( ��ة ��Sna 20 ه
na D و ( ) ( )0D x t x t= أي 

 ).#��NU�`K N ا���2ة

  :ل���

 NU�`*ا� N��# N/! "���9 ا�*���9 #U�`*د�9 ا���	ا� QUD  

2

2
3 2

3 2

t

t

d x dx
x te

dt dt

x x x te

−

−

− + =

− + =ɺɺ ɺ

 

  :ا���

( )
2

2

3 2

3 2

t

t

D x Dx x te

D D x te

−

−

− + =

− + =
 

)ه��  ) 2 3 2P D D D≡ − +  


اص �4�� ا����(� \D:  

�� Nإذا آ�ن آ( ) ( ),f x g x وآ�ن NU�`*�� 9���L دوال( ) ( ) ( ), ,P D Q D R D ل آ^��ات�	# 

  ��ود =+ن #	�ل آ^��ات ا���ود ��T ا�(2اص ا�*���9

) ( ) ( ) ( ) ( ) ( ) ( ) ( )
) ( ) ( ) ( ) ( ) ( ) ( )
) ( ) ( ) ( )
) ( ) ( ) ( ) ( ) ( ) ( ) ( )
) ( ) ( ) ( ) ( )
) ( ) ( ) ( ) ( ) ( ) ( )
) ( ) ( ) ( ) ( ) ( ) ( ) ( )
) ( ) ( ) ( ) ( )

1

1

2

3

4

5

6

7

8

r r

P D Q D f x P D f x Q D f x

P D Q D f x P D Q D f x

D aD f x aD f x

P D f x g x P D f x g x f x

P D Q D Q D P D

P D Q D R D P D Q D R D

P D Q D R D P D Q D P D R D

D Q D DQ D Q Dλ λ

+

+ = +  

=      

≡

+ ≡ +  

+ ≡ +

≡      

+ ≡ +  

− ≡ −

 


ا�� I� �%2�ا��  	�W�The Factorization Theorem   

��1`*�ض أن آ^��ة ا���ود 
1

n n
na aλ λ −+ + +⋯ N2ا�# �T� ( ) ( ) ( )1 2, ,..., nλ λ λ λ λ λ− − − 

 6@��#  

( )( ) ( )1
1 1 2

n n
n nD a D a D D Dλ λ λ−+ + + ≡ − − −⋯ ⋯  

 N8د��K يf� *��ل�/� ان 8	8 �	ان ا�:�ف ا80 ��SPermutaion$� .  
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  :���ل

( )
( )( )
( )( )

2

5 6 cos

5 6 cos

2 3 cos

3 2 cos

x x x t

D D x t

D D x t

D D x t

+ + =

+ + =

+ + =

+ + =

ɺɺ ɺ

 

   Distinct Rootsا�Z"ور ا�#$��2  : ���ل

�T�  ����O ا�" ا�	��د�9 ا����9 �� ا��ر9H ا�^���N/! 3= 9 #2ا�

( )( )1 2 1 20,D D xλ λ λ λ− − = ≠  

)#2ض  )2D x uλ− =g��*= 9;���9 ا�L3 ا���=   

( )1 0D uλ− =  

  أو

1 0
du

u
dt

λ− =  

����J*� 9�9 �� ا��ر9H ا0و�" =3 U�`K 9وه3 ���د�uNا�� �Tو�   

1
1

tu C eλ=  

 �# j82�*���و( )2D x uλ− =�J�   

( ) 1

1

2 1

2 1

t

t

D x C e

dx
x C e

dt

λ

λ

λ

λ

− =

− =
 

����J*���\ 9�9 �� ا��ر9H ا0و�" =3 U�`K 9وه3 ���د�xN/Pا� "�   و#

 ( ) ( )dx
P t x Q t

dt
+ =   

  و���T ه2

  ( ) ( ) ( ) ( )P t dt P t dt P t dt
x Ce e Q t e dt

− −∫ ∫ ∫= + ∫  

 V��( ) 2P t λ= ) و − ) 1
1

tQ t C eλ= Nب(و2/8ن ا���:�  )K*�ك ا�*`�%�N آ*	��8 �

( )
1 2

1 2

1
2

1 2

1 2

t t

t t

C
x e C e

x C e C e

λ λ

λ λ

λ λ
= +

−

′= +
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   Repeated Rootsا�Z"ور ا�#��رة : ���ل

  ���*�� ا�	��د�9 ا�	*��J�9 �� ا��ر9H ا�^��^9

( ) ( )2

1 2 0D D xλ λ− − =  

 QUوو Nا��2ا� N8��*�( )2

1D x uλ− = a*�8 ( )2 0D uλ− = �T�2 وا�*3 �
1

tu C eλ= g��8و   

( ) 2
2

1 1
tD x C eλλ− =  

)و�/*��9  )1D x vλ−    g��K ا�	��د�9 ا����;9=

( ) 2
1 1

tD v C eλλ− =  

Nا�� �T� 3*وا�  

2 1
1 2

t tv C e C eλ λ′= +  

  وا���ا

( ) 2 1
1 1 2

t tD x C e C eλ λλ ′− = +  

"�# N��� �Tو��  

( )2 1
1 2 3

t tx C e C x C eλ λ′′= + +  

9O��� :N��� N�%�`*ل ا��	إآ R��:ا� "�#.  

  Complex Conjugate Rootsا�Z"ور ا�#�آ9  ا�#�/�ر�  : ���ل

�	��د�9 � R6ر ��آH 2دH3 ���9 و=( ) 0P λ = N/Pا� "� ا�*�T� 3 �����ت �;�;�9 #

iλ µ ν= + N/Pا� "�iλ =+��� ���ف ان ه��ك 6Hر &�� # µ ν=    و2/8ن !/N ا��N ا�(�ص−

( )1 2cos sinte C t C tµ ν ν+  

   ��ة =+ن ا��N ا�(�ص 2/8ن �$ ا�mN/Pو=��K 9��� 3د98 ا�6Jور 

( ) ( )1 1cos sint
m me P t t Q t tµ ν ν− −+    

 V��( )1mP t− و ( )1mQ t− 3= آ^��ات ��ود t 9H1 �� ا��رm  و�2Y �Tا�X إ�*��ر98 و�iKف −

)ه56 ا���ود إ�" ا���ود ا0��ي ا�*6H �� a*�K 3ور �;�;�9 ��	��د�9  ) 0P λ /�K 3:3 ا��ا�9  �=

 9�  .CFxا�	/	

  :���ل

  ����O إ�" ا�	��د�9

( )5 4 3 25 12 16 12 4 0D D D D D x− + − + − =  
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N2ا�# N/! 3=و  

( )( ) ( )2 2
1 1 1 0D D i D i x− − − − + =  

1µا��2ا�N ا�	�آ�9 ا�	*;�ر�9  1ν و = �9 ه3ا��ا�9 ا�	 . ��K �T� 2د98 =	/  

( ) ( )1 2 3 4 5cos sint
CFx e C C C t t C C t t= + + + +    

 Nا���� ���:K أن ���� �	آD �/9 و�� �8�N� d ا�	��دSت �N/P وا�J8A gUد ا��ا�9 ا�	/	

 N2ة ا����LDا�(�ص Nد ا���J8اآ^� =3 إ gi*K 2ف� .  

  *���/*��9 ���د���J*� ��\ 9�N/P��� 9 ا�	(

( ) ( )P D x f t=  

9L����� ":�8 ا�(�ص Nوا��  

( ) ( )1
PSx P D f t−=  

 V��( )1P D−3��*آ�� ��/2س و8`�	ا� Nا���� : 

�/��  

dx
x t

dt
= =ɺ  

  أو

Dx t=  

 ��Z*	�� N����xJ� �  

1 21

2
x D t t C−= = +  

  وآK  .]�6	N^ ا�*/��N ��ة وا��ة−1Dأي 

2D x t=  

�J� /2س�	د ا��J8+�  

( )2 1 1x D t D D t− − −= =  

N��/*���و �J� */�ر	ا�   

2 1 2 3
1 1 2

1 1

2 6
x D t D t C t C t C− −  = = + = + + 

 
 

  . ��ةrا�*/��N ا�	*/�ر  rD− 3��Kأي أن 
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)�	� أن  )P D 3= آ^��ة ��ود D ن+= ( )1P D− 3= 2ن آ^��ة ��ود/K 1D− 2ن ��/2س/Kو 

( )P Dأي  

( ) ( )1 1P D P D− ≡  

� ��/2س ��:K 9D���� 2ا�(�ص ه Nد ا���J8إذا إ( )P D "�# ( )f tأي   ( ) ( )1
PSx P D f t−= 

�" أن K/2ن #( )f tN��/*�� 9���L .  

V	�I0 : س
�I#ا� ���Iا�Inverse Operator  

)���N ا�	�/2س ��YfK ا� ) 1
D λ �" دا�9 −−# N	�8 وا�6ي ( )f t9L����� 3:�8   

( ) ( ) ( )1 t tD f t e f t e dtλ λλ − −− = ∫  

  :���ل

  أو�H ا��N ا�(�ص ��	��د�9

( )( )1 2 tD D x e− − =  

)ا����N ا�	�/2س ه2  ) ( )1 1
2 1D D

− −−    و2/8ن−

( ) ( )1 1
2 1 tx D D e

− −= − −  

 3�# �� ا�*��l8 ا������:*�( ) 1
1 tD e

−−a*�8   

( ) 1
1 t tD e te

−− =  

 "�# l8��*ا� ��:K �Y( ) 1
2 tD te

−−a*�8   

( )1 t
PSx t e= − +  

  .وه2 ا�	:�2ب

�\b ل���:  

  أو�H ا��N ا�(�ص ��	��د�9

( )2 2 2 tD D x e− + =  

Nا��:  

N2ا�# N/! "�  �QU2 ا�	��د�9 #

( )( )1 1 tD i D i x e− − − + =  

  :و�*��Q ا��N آ��*��3
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( ) ( )
( ) ( )

1

1 1

1 1

                  

t

i t i tt t

D i x D i e

e e e dt ie

−

+ − +

− + = − −

= =∫
 

  و���*��3 2/8ن 

( )
( ) ( )

1

1 1

1

                  

t

i t i tt t

x D i ie

e ie e dt e

−

− − −

= − +

= =∫
 

  أي ان ا��N ا�(�ص ه2
t

PSx e=  

 .وه2 ا�	:�2ب
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  :ا���� ا�����

  %Fد`ت ا���و�I#ا�ference EquationsDif   

ا�	��دSت ا�`�و9�L ه3 #��رة #� ���دSت K 98��H*/2ن ��وده� �� =�و�Lت �	*��H ��Zي 

�9  =	^� �2 آ�ن �`�� ��L 6�f8( ) , 0,1,2,...,k kx x t k n= =  ��Z*	�� 9�Lت =�وSن ا�*��3 ���د+= 

, 0,1,2,...,kx k n= 

1 2

1

0

2 5

3 0

3 7 0

k k k

k k

k

k

x x x

x x

x

x k

− −

−

− − =
+ =
− =
− − =

 

V	�I0:#  3`�   و�$ ا�(2اص ا�*���N��B9 اAزا�9 ا�(

)
) ( ) ( )
)
)
) ( )

1

2
1 2

1

1

2

3

4

5

k k

k k k k

m
k k m

k k

Bx x

B x B Bx B x x

B x x

Bc c

B cx cx

−

− −

−

−

=

= = =

=

=

=

 

V	�I0: �N��# 1 ا�*`�8 B∇ ≡   و�$ ا�(2اص ا�*���9−

)
) ( ) ( )
) ( )
)
)
) ( )

1

2
1 1 2

1

1

2 2

3

4 0

5

6

k k k

k k k k k k k

m m
k k

k k

k k k k

x x x

x x x x x x x

x x

c

cx c x

x y x y

−

− − −

−

∆ = −

∆ = ∆ ∆ = ∆ − = − +

∆ = ∆ ∆

∆ =

∆ = ∆

∆ + = ∆ + ∆

 

  :84�Fة

( )
0

1
m

m jm
k k j

j

m
x x

j
−

−
=

 
∆ = − 

 
∑  

9�1F ا3���0 ه��ك #����� &���8 ه	� #��N اAزا B−≡ 3@�T�bا Q�	J*ا� N��#1 وS −≡ ∆ 

9Hا��� XLو �T��)*�� 2ف�  .وا�*3 

  :ا�#�Iد�  ا���وF%  ا��S%  �6 ا�8ر!  ا�و�3

N/Pا� "�  وه3 #

0, 1, 1 , 1,2,...,k k k k ka x a x c k n−+ = =  
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N/Pا� "�# �i8ا R*/Kو  

1,
1

0, 0,

1

, 1,2,...,

, 1,2,...,

k k
k k

k k

k k

a c
x x k n

a a

x Ax C k n

−

−

= − + =

= + =
 

� V�0A ≠9*��Yو .  

N��1 ا�	��د�9   , 1,2,...,k kx Ax C k n−= + �" =�ض ان =# 0x QU2� ،1 ��:�ةk =�J�   

1 0x Ax C= +  

2kو�;�	9  =  

( )
( )

2 1

0

2
0

   

   1

x Ax C

A Ax C C

A x A C

= +
= + +

= + +

 

�3k;�	9 و =  

( )( )
( )

3 2

2
0

3 2
0

   1

   1

x Ax C

A A x A C C

A x A A C

= +

= + + +

= + + +

 

  و�N/P #�م

( )2 1
0 1 , 1,2,...k k

kx A x C A A A k−= + + + + + =⋯  

  ��S ان 

2 1

1
, if 1

1 1
, if 1

k

k

A
A

A A A A
k A

−
 − ≠+ + + + = −
 =

⋯  

Nا�� g��8و  

0

0

1
, if 1

, 0,1,2,...1
, if 1

k
k

k

A
A x C A

x kA
x Ck A

 −+ ≠= =−
 + =

 

  :1���ل

Xإذا آ��  

12 1, 1,2,...k kx x k−= + =  

0و�;�	9 او��9  5x =�J�   
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( )
( )

1 2
5 2 1 , 0,1,2,...

1 2

    6 2 1, 0,1,2,...

k
k

k

k

x k

k

 −= + = − 

= − =
 

  ....,�J� 5,11,23,47 ان ا��N 2/8ن ا�	**���9 ...,0,1,2 ا�;�� kو�+#:�ء 

   :�TExcel ا�#�Iد`ت ا���وF%  ا��S%  �6 ا�8ر!  ا�و�f� 3&��8ام 

  : آ��*��8Excel3	/� ا�;��م �9 �2ا�:N� 9 ا�	��دSت ا�`�وK 9�L/�ار�8 

  ):ا0�:� ا0ول و�*" ا�^���Y V ا��� ا��:� ا�^��V �*" ا�	�ى ا�	���R(أد�N ا�*��3 

   

 

9J�*ا��:  

 

  :و��T ا�N/P ا�*��3
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x(k)

0

1000

2000

3000

4000

5000

6000

7000

0 2 4 6 8 10 12

 

 

  :2���ل

Xإذا آ��  

12 4, 1,2,...k kx x k−− = =  

0و�;�	9 او��9  3x =�J�   

( ) ( )
( )

( )

1

1
21

2 1
2

1
2

1
2, 1,2,...

2

1
   3 2 , 0,1,2,...

1

   4 , 0,1,2,...

k k

k
k

k

x x k

k

k

−= + =

−
= + =

−

= − =

 

�J� 3 ان ا��N 2/8ن ا�	**���9 ...,0,1,2 ا�;�� kو�+#:�ء  7 151
2 4 8 163,3 ,3 ,3 ,3 ,....  

   :Excelا��� �f&��8ام 

  ):ا�^���Y V ا��� ا��:� ا�^��V �*" ا�	�ى ا�	���Rا0�:� ا0ول و�*" (أد�N ا�*��3 

 

9J�*ا��  
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  :و��T ا�N/P ا�*��3

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 1 2 3 4 5 6 7 8

k

x(
k)
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  :3���ل

Xإذا آ��  

1 1, 1,2,...k kx x k−+ = =  

0و�;�	9 او��9  1x =�J�   

( ) ( )
( )

( )

1 1, 1,2,...

1 1
   1 , 0,1,2,...

1 1

1
   1 1 , 0,1,2,...

2

k k

k
k

k

x x k

k

k

−= − + =

− −
= − + =

− −

 = + − =
 

 

  ....,�J� 1,0,1,0,1,0 ان ا��N 2/8ن ا�	**���9 ...,0,1,2 ا�;�� kو�+#:�ء 

   :Excelا��� �f&��8ام 

  ):ا0�:� ا0ول و�*" ا�^���Y V ا��� ا��:� ا�^��V �*" ا�	�ى ا�	���R(أد�N ا�*��3 

 

  ��*�9Jا

 

N/Pا� �Tو�:  
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0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25 30

k

 

 AF�$�:  

رأ��8 =3 ا�0^�9 ا����;9Y�Y 9 �� ا�	��دSت ا�`�و9�L آ�ن �N ا0و�" ���;�	9 ا0و��9 ا�	�:�ة  

 K*;�رب �**���9 �� ا0ر�Lم �*��#�ة، و�N ا�^���9 ���;�	9 ا0و��9 ا�	�:�ة  �**���9 �� ا0#�اد ا�*3

أي ا�;�� (  ا�	*/�رة 1 و 0 ،  و�N ا�^��^9 ���;�	9 ا0و��9 ا�	�:�ة  �**���9 �� رL	�� 4إ�3 ا���د 

  ).1 و K0*6�6ب ��� 

�8�	K :�;���. أو��L �H او��9 ��	��دSت ا�`�و9�L ا����;��K 3:�K V��� 9ف \�� ا�6ي ��O�Sة 

�� 9���**� 3:�K 3*9 ا0و��9 ا�	" ��ه3 ا�;���	^�ل�	*;�ر�9 =3 ا�	م أو ا0#�اد ا��Lوه/6ا1 ا0ر .  

9JK**���9 ا���	ا� "�  : ��YfK ا�;�� ا0و��9 #

�2ف ��*��ض ��YfK ا�;�	9 ا0و��9 #�" ��Kف ا�	**���9 ا���9JK �� ا��N ���	^�ل ا�*��3:  

  :4���ل

  �N ا�	��د�9 ا�`�و9�L ا�*���9

1

1 1
, 1,2,...

2 2k kx x k−= + =  

�0�;�� ا0و��9  0,1,2x =.  

  S&ا
   :Excelا��� �



 39 

 

 

  .����1 ان ه��ك �N ��*;� =3 آN ا���Sت إذ K*;�رب �**���9 ا��N إ�" 

  :5���ل

  �N ا�	��د�9 ا�`�و9�L ا�*���9

13 1, 1,2,...k kx x k−= − =  

�0�;�� ا0و��9  0,1,2x =.  
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  S&ا
   :Excelا��� �

   

 

N9 ا�����**� �#��*K 3 اي ���9 إذ= �;*�� N� ه��ك c�� ان ����.  

 %Fو�P  د��I#�  %2)��0  د��I� k	�/0:  

�T� 9���K 9�Lد�9 =�و��� N�� 98�T9 آ���U�`K 9د���	� N� د�J8/� إ		2ف �;*�� . �� ا��

# 9PL��	9ا�*��Y ت����	9 ا0و�" �Hت ا�(:�9 �� ا��رSد��	ا� "� . �/*�x ��;� 9=��� 9دا� 

 9�;�;�t 3 =*�ة= a t b≤ ≤ 9��U�`*د�9 ا���	ا� �;�K 3*وا�   

( ) ( ) ( ) ,
d

Dx t x t Ax t C a t b
dt

= = + ≤ ≤  
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 V��0A ) 2Yا�X إ�*��ر98 و��`�ض أن ا�;�	9 ا0و��C 9 و ≠ )0x x a=ة�:�� .  

�R اوS إ�*��ال ا�`*�ة :*K 9�Lد�9 =�و��	9 ���U�`*د�9 ا���	ه56 ا� R8�;*�a t b≤ ≤ 9��`�� ��;� 

��# 9�Lد�9 ا�`�و��	ا� l8��K �/	8�T . RH2	ا� gا���� �L6 ا���f��n �� ا�`*�ة ��و�; a "إ� 

b "إ� n و98 ذات ا�:2ل��*	اء ا�GH0ا �� ( )h b a n=    ��;�ط ا�*;��� −

0 1 2, , 2 ,..., nt a t a h t a h t a nh b= = + = + = + =  

)د#�� ���d ا���2ز �/*��9  ) ( )0k kx x t x t kh= = +.  

  �� ا�	��وف �� �;�ر ا�*`�NU ان

( )
0

lim k
k

h

x
Dx t

h→

∆=  

 9��U�`*د�9 ا���	ال ا���*�)و�6Tا ��8وا ������ إ ) ( ) ( ) ,
d

Dx t x t Ax t C a t b
dt

= = + ≤ ≤ 

9�Lد�9 ا�`�و��	���  

, 0,1,2,..., 1k
k

x
Ax C k n

h

∆ = + = −  

  أو

( )1 1 , 0,1,2,..., 1k kx Ah x Ch k n+ = + + = −  

ا�	��د�9 ا0���ة ه3 �:�9 =�و9�L �� ا��ر9H ا0و�" �	����ت .  ��:"Q�0x ا��Pط ا0و�" 

�  �Y�*9 و���T آ�����

( ) 01 , 0,1,2,..., 1
k

k

C C
x Ah x k n

A A
 = + + − = − 
 

 

0C#���� : ا����9 ا�(�9% =  

K�;��:*� ]9 وذ��	اه �T� 9��� 39وه	T	ا� �T . 9��U�`*د�9 ا���	ا�  

( ) ( ) ( ) ,
d

Dx t x t Ax t a t b
dt

= = ≤ ≤  

3 ���ا�9 O��8*���Q� R ا��ا�t 9 ������9 �ـ xأو ���ل ا�*��Z ا� x.  

  ا�	��د�9 ا�`�و9�L ا�*;�9��8 ا�*����T� 9 ه3

( )1 1 , 0,1,2,..., 1k kx Ah x k n+ = + = −  

�T�  وا�*3 �

( )0 1
k

kx x Ah= +  
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��9 ه2U�`*د�9 ا���	ا� N� ان ��S  

( ) ( )0

0
A t tx t x e −=  

 9��� 3=0A > 3���ا�a*�8 Exponential Growth 9 �	2 ا� x ����# 0 وA ��ث  8>

 3�   .Exponential Decayإ�/	�ش ا
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  ���c تa��I#�  %Sا��  %Fد`ت ا���و�I#ا�Linear Difference Equations 

with Constant Coefficients:   

�" ا�;�� # 9 ���=9�L80,1,2;�ل ان ���د�9 =�و,...k =N/Pا� "�# X9 إذا آ���:� �Tا�   

( ) ( ) ( ) ( ) ( )0 1 1 1 1k n k n n k n kf k x f k x f k x f k x g k+ + − − ++ + + + =⋯  

 V��0 1 1, ,..., , ,n nf f f f g− دوال �ـ k "�# 9=��� 0,1,2,...k إذا آ��X ا�	����ت . =

0 1, ,..., nf f f 9*��Y ت����	:�9 ��2ن /K 9د���	ن ا�+= X�2اY �T�8�Gم ان K/2ن g�Yا���9 ( آS  9*�

0إذا آ��X آN �� ). او �:�9 0f 0nf و ≠ ≠ 9H2ن �� ا��ر/K 9د���	ن ا�+= n.  

9�  :أ�^

9*��Y ت����	:�9 ��9 �Lت =�وSا�*��3 ���د  

1

2 1

3

2 6

3 2 3
k k

k
k k k

k k

x x

x x x

x x k

+

+ +

+

− =

+ + =
− =

 

K ���0/2ن #�.  #�" ا�*�3R�K و 2 و �T�1 در�Hت  1f  =	� ا;K Ni=0��� �D=3 ا�	��د�9 ≠

 N���� N�J� 3/� �T��#k nx    ���و�8 ��2ا�� وN/! g��8 ا�	��د�9+

( )1 1 1 1k n k n n k n kx a x a x a x r k+ + − − ++ + + + =⋯  

 V��( ) ( )0 0, 1,..., ;i ia f f i n r k g k f= = =.   

9�2ف ��*(�م ا�N/P ا0��� ��	��دSت ا�`�و9�L ا*��Y ت����	2ف �`*�ض ان . �(:�9 ��

1 2, ,..., na a a �i8وا X�2اY 0na ) وا��ا�9 ≠ ) , 0,1,2,...r k k  دا�9 إ�*��ر98 ���=9 #�" ا�;�� =

 3 و 2 و 1و#�3 ه6ا =��*��3 ه3 ���دSت =�و9�L �:�9 �	����ت �Y�*9 �� ا��ر�Hت . ا�	�:�ة

�  " ا�*2ا�#3

( )
( )

( )

1 1

2 1 1 2

3 1 2 2 1 3

k k

k k k

k k k k

x a x r k

x a x a x r k

x a x a x a x r k

+

+ +

+ + +

+ =

+ + =

+ + + =

 

  ا�	��د�9

1 1 1 1 0k n k n n k n kx a x a x a x+ + − − ++ + + + =⋯  

K�	" ا�	��د�9 ا�`�و9�L ا�(:�9 ا�	*��J�9 �	����ت �Y�*9 وا�*���9 ��	��د�9 ا�`�و9�L ا�(:�9 

 9*��Y ت����	9 ����J*	ا���\( )1 1 1 1k n k n n k n kx a x a x a x r k+ + − − ++ + + + =⋯.  
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 	�W�:  

)إذا آ�ن  )1x و ( )2x 9د���	�� ���� 1 1 1 1 0k n k n n k n kx a x a x a x+ + − − ++ + + +  =+ن ⋯=

( ) ( )1 2
1 2C x C x+ 98*��ر�إ X�2ا^� �T� N� �i81 ه2 اC 2 وC.  

98�O�:  

�	��د�CFx9إذا آ�ن � N�  9���J*	1 ا� 1 1 1 0k n k n n k n kx a x a x a x+ + − − ++ + + +  �PSx N وآ�ن ⋯=

 9���J*	د�9 \�� ا���	��( )1 1 1 1k n k n n k n kx a x a x a x r k+ + − − ++ + + + CF =+ن ⋯= PSx x+ N� 

 9���J*	د�9 \�� ا���	��( )1 1 1 1k n k n n k n kx a x a x a x r k+ + − − ++ + + + =⋯.  

  ���Z�#د�  ا��I#2� م�Iا� ��ا�ion of the Homogeneous General Solut

Equation:   

 9���J*	د�9 ا���	�1�2ف ��*��ض إ�J8د ا��N ا���م � 1 1 1 0k n k n n k n kx a x a x a x+ + − − ++ + + + =⋯ 

�9 آ��*��3^�f�:  

 1 (  9���J*	د�9 ا���	�  او�H ا��N ا���م �

2 0k kx x −− =  

 Nب ا���J��, 0k
kx λ λ= �" ا�	��د�9 ا�	�≠# N���=  ة�#�Auxiliary Equation   

( )

1

1

0

1 0

k k

k

λ λ
λ λ

−

−

− =

− =
 

0λو�	� ان  1 =+ن ا�	��د�9 ا�	��#�ة �GH �Tر�8 �*��و��8 ≠ 2 1λ λ=  و2/8ن ا��N ا���م =

�	��د�9 ا�	*��J�9  ه2�  

( )1 2

1 2

1

   

k
kx C C k

C C k

= +
= +

 

  . �8��K �*8ه� �� ا��Pوط ا0و��2C9 و 1Cو��Y �T�*�� إ�*��ر�8 

2 (  9���J*	د�9 ا���	�  او�H ا��N ا���م �

1 23 2 0k k kx x x− −− + =  

 Nب ا���J��, 0k
kx λ λ= �" ا�	��د�9 ا�	��#�ة ≠# N���= Auxiliary Equation   

( )
1 2

2 2

3 2 0

3 2 0

k k k

k

λ λ λ
λ λ λ

− −

−

− + =

− + =
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0λو�	� ان  ≠ g��K #�ة��	د�9 ا���	ن ا�+= ( )2 3 2 0λ λ− + 1 و��T ا�GJور = 21, 2λ λ= = 

  و2/8ن ا��N ا���م ��	��د�9 ا�	*��J�9  ه2

1 1 2 2

1 2   2

k k
k

k

x C C

C C

λ λ= +

= +
 

  . �8��K �*8ه� �� ا��Pوط ا0و��2C9  و1Cو��Y �T�*�� إ�*��ر�8 

3 ( 9���J*	د�9 ا���	�  او�H ا��N ا���م �

1 23 0k k kx x x− −+ + =  

 Nب ا���J��, 0k
kx λ λ= �" ا�	��د�9 ا�	��#�ة ≠# N���= Auxiliary Equation   

( )
1 2

2 2

3 0

3 1 0

k k k

k

λ λ λ
λ λ λ

− −

−

+ + =

+ + =
 

0λو�	� ان  ≠ g��K #�ة��	د�9 ا���	ن ا�+= ( )2 3 1 0λ λ+ +  و��T ا�GJور =

1 2

3 5 3 5
,

2 2
λ λ− + − −=   و2/8ن ا��N ا���م ��	��د�9 ا�	*��J�9  ه2 =

1 1 2 2

1 2

3 5 3 5
   

2 2

k k
k

k k

x C C

C C

λ λ= +

   − + − −= +   
   

 

  . �8��K �*8ه� �� ا��Pوط ا0و��2C9 و 1Cو��Y �T�*�� إ�*��ر�8 

 4  (9���J*	د�9 ا���	�  او�H ا��N ا���م �

1
1 24 0k k kx x x− −+ + =  

 Nب ا���J��, 0k
kx λ λ= �" ا�	��د�9 ا�	��#�ة ≠# N���= Auxiliary Equation   

( )
1 21

4

2 2 1
4

0

0

k k k

k

λ λ λ

λ λ λ

− −

−

+ + =

+ + =
 

0λو�	� ان  ≠ g��K #�ة��	د�9 ا���	ن ا�+= ( )2 1
4 0λ λ+ + 1 و��T ا�GJور =

1 2 2λ λ= = − 

  و2/8ن ا��N ا���م ��	��د�9 ا�	*��J�9  ه2

( )( )
1 1 2 2

1
1 2 2   

k k
k

k

x C C

C C k

λ λ= +

= + −
 

  .�� ا��Pوط ا0و���8��K �*8 9ه� 2C و 1Cو��Y �T�*�� إ�*��ر�8 

5 (9���J*	د�9 ا���	�  او�H ا��N ا���م �
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2 0k kx x −+ =  

 Nب ا���J��, 0k
kx λ λ= �" ا�	��د�9 ا�	��#�ة ≠# N���= Auxiliary Equation   

( )
2

2 2

0

1 0

k k

k

λ λ
λ λ

−

−

+ =

+ =
 

0λو�	� ان  )ة g��K  =+ن ا�	��د�9 ا�	��#�≠ )2 1 0λ +  و��T ا�GJور =

1 21, 1i iλ λ= = − = − = −    و2/8ن ا��N ا���م ��	��د�9 ا�	*��J�9  ه2−

1 1 2 2

1 2   cos
2

k k
kx C C

k
C C

λ λ
π

= +

 = + 
 

 

  . �8��K �*8ه� �� ا��Pوط ا0و��2C9 و 1Cو��Y �T�*�� إ�*��ر�8 

��9O� : 3�:L N/! "آ�9 إ��	ا0#�اد ا� N82�KPolar Form   

 Rآ�	2�8ل ا���د ا�a bi+ "�:;ا� N/Pإ�" ا� ( )cos sinr iθ θ+3��*ا� j82�*���   

2 2

2 2 2 2
cos , sin ,

r a b

a b

a b a b
θ θ π θ π

= +

= = − < ≤
+ +

 

R*/K  

 
( )

1

2 2

0 1

   cos sin

0 1 1

0 1
cos 0, sin 1

1 1 2

i i

r i

r

λ
θ θ

πθ θ θ

= = +
= +

= + =

= = = = ⇒ =

 

 N^	���2وλ 

  و2/8ن ا��N ا���م ��	��د�9 ا�	*��J�9  ه2

( )cosk
kx Ar k Cθ= +  

  

)8*�ك ��:��R آ*	��8 ا�*�j82 =3 ا�	��د�9  )cosk
kx Ar k Cθ= + N/Pا� "�# �T��J� 

1 2cos
2k

k
x C C

π = + 
 

.  

�8�	K : 9ا0و�� ��;��0 10, 1x x= sin ��ه� أن =
2k

k
x

π=���N ا����� .  
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9J�*�: إذا آ�ن   

1 1 2 2 0k k kx a x a x− −+ + =  

 V��1a 2 وa و X�2اY 2 0a    6Hري ا�	��د�9 ا�	��#�ة2λ و 1λ وآ�ن ≠

2
1 2 0a aλ λ+ + =  

 9�Lد�9 ا�`�و��	�1=+ن ا��N ا���م � 1 2 2 0k k kx a x a x− −+ +    �L����� ":�8ت=

1 1 2 2
k k

kx C Cλ λ= +  

   �;�;�� و�(*�`�� و2λ و 1λوذ�[ إذا آ�ن  

( )1 2 1
k

kx C C λ= +  

   �;�;�� و�*��و��8 و2λ و 1λآ�ن  وذ�[ إذا 

( )cosk
kx Ar k Cθ= +  

   ��آ��� �*;�ر��� أي #�" ا�2λN/P و 1λوذ�[ إذا آ�ن  

 
( )
( )

1

2

cos sin

cos sin

a bi r i

a bi r i

λ θ θ
λ θ θ

= + = +

= − = −
 

 

I#2� ا���ص ��د�  ا����2  ا��Particular Solution of the Complete Equation:   

9��2ف ��*��ض إ�J8د ا��N ا�(�ص ��	��د�9 ا�/��  

 ( )1 1 1 1k n k n n k n kx a x a x a x r k+ + − − ++ + + + =⋯   

�9 آ��*��3^�f�: 

  ���*�� ا�	��د�9) 1

2 13 2 3k
k k kx x x+ +− + =  

�2ف ����T �:�8;9 ا�	����ت \�� ا�	��دة Method of Undetermined Coefficients 

  :آ��*��3

 N/Pا� "�# N� د�J8ول ا����* 3k
kx A=X��^ا� N���	ا� V�� A��� 9 .  �� ��8د	�L د�J8ول إ���

*2/8ن =��T  ) إن و�Hت (�Aـ 
kx 2ض�� ، ��   
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( )
2

* * * 2 1
13 2 3 3 3 2 3

                          3 9 9 2

                          2 3

1

2

k

k k k
k k

k

k

x x x A A A

A

A

A

+

+ +
+− + = − +

= − +

=

∴ =

 

*و2/8ن  1
3

2
k

kx � ان و���H ا��N ا���م ��	��د�9 ا�	*��J�9 وه2 ا��ا�9 ا�	/	�9 .  ا��N ا�(�ص=��

�	��د�9 ا�/���9 ، و2/8ن ا��N ا���م ��	��د�9 ا�/���9 ه2�  

1
1 2 22 3k k

kx C C= + +  

  . �8��K �*8ه� �� ا��Pوط ا0و��2C9 و 1Cو��Y �T�*�� إ�*��ر�8 

2 (�	�	�K �^د�9 ا0آ��	ا� ��*���  

2 13 2 k
k k kx x x a+ +− + =  

 V��a �� X��Y  ) 6�f� ]%9 �� ه6ا وذ���9 ��� �3aا�	^�ل ا���� � آ	� =3 ا�	^�ل ا�). =���

 3�8�J*ا� N6 ا���f�* k
kx Aa=و��2ض   

( )
( )( )

( )( )

2

* * * 2 1
1

2

3 2 3 2

                          3 2

                          3 1 2

1
, 1,2

1 2

k

k k k
k k

k

k

x x x Aa Aa Aa

Aa a a

A a a

A a
a a

+

+ +
+− + = − +

= − +

= − −

∴ = ≠
− −

 

)و2/8ن  )( )
* 1

, 1,2
1 2

k
kx a a

a a
= ≠

− −
 ��S ان 6Hور ا�	��د�9 ا�	��#�ة ه3  . ا��N ا�(�ص

��1aذا �2آ��X  . 2 و 1 2a أو =   /� أي �^� �*=

2 13 2 1k k kx x x+ +− + =  

 Nب ا���J��* k
kx Aka= QU2�1 وa * 2/8ن =

kx Ak=و��2ض   

( ) ( )
2

* * *
13 2 2 3 1 2

                          

1

k k kx x x A k A k Ak

A

A

+ +− + = + − + +

= −
∴ = −

 

*و2/8ن ا��N ا�(�ص 
kx k= −.  

�8�	K : 9��� 3=2a 2 =3 ا�	��د�9 = 13 2 k
k k kx x x a+ +− + * ��ه� ان = 2k

kx Ak= ص�� �� 

 ����#1 2A = 9�Lد�9 ا�`�و��	2 وان ا� 13 2 2k
k k kx x x+ +− +    ��T ا��N ا���م=
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1
1 22 2k k

kx C C k −= + +  

  او�H ا��N ا�(�ص ��	��د�9) 3

2 18 6 5sin
2k k k

k
x x x

π
+ +− + =  

 Nب ا���J��  

* sin cos
2 2k

k k
x A C

π π= +  

 V��A و C3�8�J*ا� N���� �8ه�، ��2ض��K �*�� 9*��Y ت�����   

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

2 2 1 1
8 6 8 sin cos 6 sin cos

2 2 2 2

                           sin cos
2 2

k k k

k k k k
x x x A C A C

k k
A C

π π π π

π π

+ +

+ + + +   
− + = + − +   

   

 + +  

9�^�  و�+�*(�ام ا����Lت ا�	^

( )

( )

( )

( )

2
sin sin sin

2 2 2

2
cos cos cos

2 2 2

1
sin sin cos

2 2 2 2

1
cos cos sin

2 2 2 2

k k k

k k k

k k k

k k k

π π ππ

π π ππ

π π π π

π π π π

+  = + = − 
 

+  = + = − 
 

+  = + = 
 

+  = + = − 
 

 

a*�8  

( ) ( )* * *
2 18 6 7 6 sin 6 7 cos

2 2k k k

k k
x x x A C A C

π π
+ +− + = − + + − −  

 9��2�	:��;9 ا�	��د�9 هQ� 56 ا�	��د�9 ا%0 18 6 5sin
2k k k

k
x x x

π
+ +− +    ��J ان =

7 6 5

6 7 0

7 6
,

17 17

A C

A C

A C

− + =
− − =

= − =

 

  و2/8ن ا��N ا�(�ص

* 1
7sin 6cos

17 2 2k

k k
x

π π = − + 
 
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 AF�$�:  

)�� ا�0^�9 ا����;� 9�a*�* ان !/N ا��N ا�(�ص 8	/� إ�*���N/! �� $D ا��ا�9  )r k 9;8�:= ،

)ا�	����ت \�� ا�	��دة 8	/� إ�*(�ا��J�� �Tح إذا آ��X ا��ا�9  )r k ب�U N%�� 2ع او	J� 

 N/Pا�(:�9 ��وال �� ا� Rاآ��K, sin , cos ,k na bk bk k V�� a و b و X�2اY اي n د�# 

RH2� g��%. 

) ا��Jول ا�*��N/! 3:�8 3 ا���9   )r k;*�ح	3�8 ا��J*ا� Nوا��  

  

( )r k                                               *
kx  

2
0 1 2

2
0 1 2

                                      

sin / cos                      sin cos

                                     

                                 

k k

n n
n

n k k
n

a A a

bk bk A bk C bk

k A A k A k A k

k a a A A k A k A

+
+ + + +

+ + + +

⋯

⋯( )
( )sin / cos            sin cos

n

k k k

k

a bk a bk a A bk C bk+
 

  

  : ���ل

  أو�H ا��N ا���م ��	��د�9

2 14 4 3 2k
k k kx x x k+ +− + = +  

2ا�	��د�9 ا�	��#�ة  4 4 0λ λ− + �T� 1 ا�6Jر�8 ا�	/�رة = 2 2λ λ=  و#��K 9/2ن ا��ا�9 =

)ا�(�9%  )1 2 2k
CFx C C k= ا�:�ف ا80	� �� ا�	��د�9 ا��N ا�(�ص 8�a*�* �� ا���O ا�" . +

 N/Pا� "��*����J��� 9ول =��J ا�$ #Aوا* 2
0 1 2k

kx A A k Ak= + + ��L 0 و���د 1, ,A A A 

j82�*���  

( )* * *
2 1 0 1 14 4 2 8 2k

k k kx x x A A A k A+ +− + = − + +  

 Q� 9;�ر�	2��� 14 4 3 2k
k k kx x x k+ +− + = +�J�   

0 1 12 0, 3, 8 1A A A A− = = =  

1أي 
0 1 86, 3,A A A= =    و2/8ن ا��N ا���م=

( ) 21
1 2 82 6 3 2k k

kx C C k k k= + + + +  
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2
ل �f&��8ام �2� �R�;$ا����ف ا�Excel:   

�2ف ��رس ��Kف ا���2ل ا���N� �� 9JK ���د�9 =�و9�L �;�� أو��9 ��:�ة و��رس ا�*��ف 

 ����)*�� 9�3 ��	**����ت ا���د98 #�" أ�^@�Tا��Excel3��*آ�� :  

  �د�9 ا�`�و9�L ا�*���9أدرس ��Kف ا�	�) 1

2 13 2 0k k kx x x+ +− + =  

0�;�� أو��9  10, 1x x= 0 و = 11, 2x x= − = 0 و − 1 2x x= =  

Nا0و��9 : ا�� ��;��0 10, 1x x= =  

 

  .∞���� ان ا��N 8*��#� إ�" 

0و  ��;�� ا0و��9  11, 2x x= − = −  

 

−���� ان ا��N 8*��#� إ�"  ∞.  

0و  ��;�� ا0و��9  1 2x x= =  
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�" H	�Q ا�;�� ا0و��# �90 ���� ان ا���L N	�Y 9�*9 وه6ا �8:� 1x x=.  

  أدرس ��Kف ا�	��د�9 ا�`�و9�L ا�*���9) 2

2 12 3 2 0k k kx x x+ ++ − =  

0�;�� أو��9  1

1
1,

2
x x= 0 و = 11, 2x x= = 0 و − 1

3
2,

2
x x= = −.  

Nا0و��9 : ا�� ��;��0 1

1
1,

2
x x= =  

 

  .����0 ان ا��N 8*;�رب إ�" 

0و��;�� ا0و��9  11, 2x x= = −  
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9����  .���� ان ا��N 8*��#� �*�ددا ��� 9�H2� ��L و

0و��;�� ا0و��9  1

3
2,

2
x x= = −  

 

�  .�`c ا�*��ف ا���T@3 ا����

  	��د�9 ا�`�و9�L ا�*���9أدرس ��Kف ا�) 3

2 0k kx x+ + =  

0�;�� أو��9  11, 0x x= =.   
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  .ا��N 8*�دد ���ودا

  ��S أن 

1, if 0,4,8,12,...

cos 1, if 2,6,10,14,...
2

0, if 1,3,5,7,...

k
k

k

k

π
=

= − =
 =

 

  أدرس ��Kف ا�	��د�9 ا�`�و9�L ا�*���9) 4

24 0k kx x+ + =  

0�;�� أو��9  11, 0x x= =.   

 

  .0ا������H ���)*8 N إ�" 
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�1;� و���H ا��N ا���م �56T ا�	��د�9 ���;� وآ�ن 
cos

2 2

k

k

k
x A C

π   = +   
   

 و�;�� أو��9 

0 11, 0x x= g��8  1 ا��N ا���م  =
cos

2 2

k

k

k
x

π =  
 

��Scos ان . 
2

kπ ا�*�دد و R��8 

( )1 2
k���)*ا� R��8 .  

 AF�$�:  

1 (����H ���)*K ء اوd�� �L��*Kا�8 اوG*K 9 او*��Y NOK �L 9�ر�;*� N9 ا�����**� Xأ�� إذا . إذا آ��

−� �N/P ��*	� إ�"  ��98�T�S أو L��*K∞آ��X �*��#�ة =+�G*K �L �TاN/P� �8 ��*	� إ�"   أو ∞

3@�T�S ا�J`�� 3 او@�T� �	*�� ددا�K ي��K.  

�" آN �� ا�	��د�9 ا�`�و9�L وا�;�� ا0و��9) 2# Nف �**���9 ا����K �	*�8.  

3 (N��� 3@�T�8 ا�*��ف ا����K 3= 9	T	ا� Nا��2ا� �� ��*�K #�ة��	د�9 ا���	6ور ا�H.  

  :�WTa  ه�� 

��9 وا�`�و9�L  8*/2ن �� ا��ا�9 ا�	/	��GSx 9 ذآ��� أن ا��N ا���م �;U�`*ت ا�Sد��	�� CFx Nوا�� 

GS أي PSxا�(�ص  CF PSx x x= + . �� Nف آ��K "�# �	*�8 N��� 3@�Tا�*��ف ا��CFx و 

PSx ف��K و\���� ��2/8ن CFx 3��;*3 او إ����� Transient N�	i8ة و���L ة�*`� 

 ��Yf*=3 ا� �	*�9 و8�82D و8*�!" ��� =*�ةPSx .
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  :ا���� ا��ا��

��ب ا�#��
�Pت T�9 و!ebra and CalculusMatrix Alg:  

�K*�� ا�	�`2=�ت �� ا0دوات ا�	T	�H 9ا =3 ا�*���N ا��3U�8 و���ء ا��	�ذج، و�6Tا �2ف 

  .�*:�ق إ�" ا�;����H �� N و���ب ا�	�`2=�ت �	� 8(�م ه6ا ا�	;�ر

�:2ر وأ#	�ة N/! 3= ا0!��ء �� Rآ��K �Tا� "�و#�" ا�(�2ص . ��Kف ا�	�`9=2 #

��ija#�اد ا��;�;�9  ∈ℝ 9=2`�	ف ا���K A3��*آ��  :  

11 1

1

n

ij

m mn

a a

A a

a a

 
  = =   
  

⋯

⋮ ⋮ ⋮

⋯

 

 :ا�I#2%�ت ا�&�&%  324 ا�#��
�Pت

   H	Q ��`2=�ت-1

1- ij ij ijC A B c a b= + ⇒ = +   

  ا��iب ���د-2

2- ij ijC A c aα α= ⇒ =  

  ا��iب �	�`2=3-9

3- 
1

n

ij ik kj
k

C AB c a b
=

= ⇒ =∑  

 ��`2=9) ��;2ل( ��/2س -4

4- T
ij jiC A c a= ⇒ =  

   ا�	�`2=9 ا�	���5-9

5- , 1,..., ; 1,...,ijA a i n j n = = =   

   ��`2=9 ا���2ة-6

6- ( ) ( ) ( )( ), 0,...,0,1 k th position ,0,...,0
Tn n

n k kI e e = =   

�2ب ��`2=7-9;�   

7- 1AB I B A−= ⇒ =  

�" !�ط اKS/2ن #A ذة�! Singular   

   ��/2س ا�	;�2ب-8
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8- ( ) ( ) 11 T T TA A A
−− −= =  

   ���دة ا�	�`2=9-9

( ) ( ) ( )1

1 1
1

det 1 det
n

j

j j
j

A a A
+

=

= −∑  

 V��1 jA 9=2`�� ( ) ( )1 1n n− × ���T ��6ف ا��:� ا0ول وا��	2د −# N��� j �� 

  .A`2=9 ا�	�

  :�YI ا��
اص ا�#�%8ة �2#�8دات

( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( )

det det det

det det

det det

det 0  is nonsingular

T

n

i AB A B

ii A A

iii cA c A

iv A A

=

=

=

≠ ⇔

 

l8��K : 9=2`�� �# 2د ه2 #��رة	ا�� $J*�1m×  أي [ ], 1,2,...,iy y i m= =.  

J*� y$ =+ن x ��`2=9 و Aإذا آ�ن  Ax=3��8   

1

, 1,2,...,
n

i ij j
j

y a x i m
=

= =∑  

l8��K : ��TJ*	�� 3Hب ا�(�ر�iا�[ ], 1,...,ix x i m= , و = 1,...,jy y j n = =  ":�8 

9L�����  

1 1 1

1

n

T

m m n

x y x y

xy

x y x y

 
 =  
  

⋯

⋮ ⋮ ⋮

⋯

 

l8��K : ��TJ*	�� 3�,ا��iب ا��ا� 1,...,jx x j n = =  و , 1,...,jy y j n = =  ":�8  

9L�����  

1

n
T T

i i
i

x y x y y x
=

= =∑  

l8��K : 9=2`�	�] هA 2ا�*	^�N ا��	2دي � ]1,..., nA c c= V�� kc 2د	ا�� k 3= A.  

l8��K : 9=2`�	� هA 2ا�*	^�N ا��:�ي �
1
T

T
m

r

A

r

 
 =  
 
 

⋮ V�� T
kr �:�ا� k 3= A.  

l8��K : 9���	`2=9 ا��	8;�ل ان ا�A ة إذا آ�ن����*� , , 1,..., ,ij jia a i j n i j= ∀ = ≠ .   
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l8��K :  *����ة	9 ا����	`2=9 ا��	8;�ل ان ا�A�;�K ة إذا����*�  

T TA A AA I= =   

  أو 

1 TA A− =  

  أي

 0, , 1,..., ; 1,..., ,T
k jc c k n j n k j= = = ≠   

  أو 

0, 1,..., ; 1,..., ,T
k jr r k n j n k j= = = ≠  

l8��K : X11إذا آ�� ri i m≤ < < 11 و ⋯≥ sj j n≤ < <  =+ن ا�	�`2=9 ⋯≥

, 1,..., ; 1,...,pqB b p r q s = = =  9L����� 9=��	ا� 
p qpq i jb a= 9�@GH 9=2`�� 3ه 

Submatrix �� A Xوإذا آ�� ،r s= و p pi j= ��;� 1,...,p r= ن+= B 9�@GH 9=2`�� 

�" ذ�[  Principal Submatrixر@���9 # 9=�Uوإذا آ�ن إ p pi j p= = ��;� 1,...,p r= ن+= 

B 9��;*� 9���@9 ر�@GH 9=2`�� Leading Principal Submatrix. 

l8��K : 98�:;`2=9 ا��	ا�Diagonal Matrix �T�= وه3 ��`2=9 ����9 2/8ن 

0,ija i j= ∀    أي ≠

11 0 0 0

0 0

0 0 0

ii

nn

a

A a

a

 
 
 
 =
 
 
  

⋯

⋮ ⋮ ⋮ ⋮ ⋮

⋮ ⋮

⋮ ⋮ ⋮ ⋮ ⋮

⋯

 

 �T� G��8و( )diag , 1,...,iiA a i n= =.  

V	�I0 :ا�/%7 ا�##%_ة nvaluesEige 9���� 9=2`�	� A ��;2#9 �� ا�	J� 3ه { }1,..., nλ λ 

� ا�	��د�9;�K 3*وا�  

( )det 0, 1,...,iA I i nλ− = ∀ =  

V	�I0 : ت ا�##%_ة�;Z�#ا�Eigenvectors 9���� 9=2`�	� A ت�TJ*	2#9 �� ا�	J� 3ه 

�};�� ا�		�Gة ا�*���9 � }1,..., nλ λ�;�K 3*وا�   

, 1,...,i i iAv v i nλ= ∀ =  

  أو 
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( ) 0, 1,...,i iA I v i nλ− = ∀ =  

l8��K :G�		وج ا�Gن ا���	�8 �T� Q��K G�	� 9J*ة و�G�		9 ا�	ا�;�.  

l8��K : 2=9 ا�;��س`��Modal Matrix 9���	2=9 ا�`�	� ه3 ا�	�`2=9 ا�*A 3 ا�*���9 �

 9=2`�	��KA*/2ن ا#	��TJ*� �� �TKت �	�Gة �;�K 3*وا�   

1A M M −= Λ  

 V��( )diag iλΛ = 9=2`�	�  .A ه3 ا�	�`2=9 ا�;:�98 ا�	/9�2 #��%�ه� �� ا�;�� ا�		�Gة �

 ��S أنAM M= Λ.  

  أو�H ا�;�� ا�		�Gة و�*�TJت �	�Gة و��`��L 9=2س ��	�`2=9: �^�ل

2 3 4

0 1 0

2 2 4

A

− − 
 =  
 − − 

 

Nا��:  

 ( )
2 3 4

det 0 1 0 0

2 2 4

A I

λ
λ λ

λ

− − −
− = − =

− − −
  

( ) ( )( )
[ ]

22 4
1 1 2 0

2 4

1 2 0

1 0 0

0 2 0

0 0 0

T

λ
λ λ λ λ

λ
λ

− −
− = − − =

− −

∴ =

 
 Λ =  
  

 

  ��H2 ا�	*�TJت ا�		�Gة و��`2=9 ا�;��س آ��*��3

( )
1

2

3

11

1 12 1

13

2 3 4

0 1 0 0

2 2 4

3 3 4 1

1 0 0 0 0 1

2 2 3 0

i i

i i i i

i i

v

A I v v

v

v

v v

v

λ
λ λ

λ

λ

− − −   
   − = − =   
   − − −   

− −     
     = ⇒ = ⇒ = −     
     − −     
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21

2 22 1

23

31

3 32 1

33

4 3 4 1

2 0 1 0 0 0

2 2 2 1

2 3 4 2

0 0 1 0 0 0

2 2 4 1

v

v v

v

v

v v

v

λ

λ

− −     
     = ⇒ − = ⇒ =     
     − −     

− −     
     = ⇒ = ⇒ =     
     − −     

 

1 1 2

1 0 0

0 1 1

M

 
 = − 
  

 

�8�	K : أن �;�KAM M= Λ 1 وA M M −= Λ.   

V	�I0 :ة
/�  I���  P
��� �Pر kA V�� k3��*آ�� R��8 R��� ��\ g��% د�# :  

1k kA M M −= Λ  

)و  )diagk k
iλΛ =.  

l8��K : �YأTrace 9���	`2=9 ا��	ا�  A2ه   

( )
1

tr
n

ii
i

A a
=

=∑  

  :8	/� ��ه�9 أن

 ( )
1

tr
n

i
i

A λ
=

=∑  

  و

( )
1

det
n

i
i

A λ
=

= ∏  

  :����Oت

)��S أن ) 1 )A Iλ− و��� $J*� �H28S 6اT2=9 !�ذة و�`�� iv �;�8 ( ) 0i iA I vλ− = N/� 

iλ ذا آ�ن+= iv ةG�		9 ا�	�;�� Q��K G�	� $J*� iλ ]�6/=  ivα V�� 0α   وه6ا gU28 ان ≠

  .أه	�9 ا�	*J$ ا�		�K G/2ن =3 إ�JKه$ و��c �;�ار5

 Right and Left Eigenvectorsه��ك �2#�� �� ا�	*�TJت ا�		�Gة ا��	���9 وا����ر98 ) 2

}ا�*���9 ��;�� ا�		�Gة  }1,..., nλ λ�=�# أن ��� ، 9L����� 3��	ا�� G�		ا� $J*	ا� �

, 1,...,i i iAv v i nλ= ∀ = �� �T��# ���AM وا�6ي �� M= Λ ري ��8ف��ا�� G�		ا� $J*	ا� ،

 9Lا��� ��, 1,...,T T
i i i iu Av u i nλ= ∀ ) أو = ) 0, 1,...,T

i iu A I i nλ− = ∀ = N��� وا�6ي 
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 9Lا��� �� $��#1 1M A M− −= Λ ة�	أ# Xذا آ��+= M �� 2ن/*K iv 2ر:�1M =+ن   K*/2ن �� −

T
iu .ة و���ةG�		أن ا�;�� ا� ��S.  

V	�I0:  �Pر e I���  P

ة ���/�   

( ) ( )

( )

2 3

1

2! 3!

diag i

At

t

At At
e I At

M e Mλ −

= + + + +

=

⋯
 

   :)m%��0Singular Value Decomposition  )SVD ا�/%#  ا��Aذة 

 Xإذا آ��m nA ×∈ℝ��K����*� ��*=2`�� �H28 $�+=   

[ ]1,...,
m m

mU u u ×= ∈ℝ  

  و

[ ]1,...,
n n

nV v v ×= ∈ℝ  

 V���  

( ) ( )1diag ,..., , min ,T
pU AV p m nσ σ= =  

 V��� 1و 2 0pσ σ σ≥ ≥ ≥ ≥⋯ . 3	�Kiσ 9=2`�	� iv و iu وا�	*�TJت A ا�;�� ا��Pذة �

 $J*	ا�i $J*	ذ وا��Pا� ��ا80 i0ا�*2ا�3 ا "� .8	� ا��Pذ #

��ب ا�#��
�Pت TMatrix Calculus:   

 �/*�( ) ( )ijA t a t =   و ( ) ( )ijB t b t =   ��Z*	ا� "�# �	*�K 2=�ت`�� t  ه��%��# V��� 

( )ija t و ( )ijb tL 2ن دوال/K 9 ��!*;�ق��� .  

V	�I0 : P
  ��A/  ا�#��

( ) ( )ij

d d
A t a t

dt dt
 =   

 

V	�I0 :  P
  ��0�� ا�#��

( ) ( )ijA t dt a t dt =  ∫ ∫  

l8��K: ب�iة ا��#�L   

( ) ( ) ( ) ( ) ( ) ( )d d d
A t B t A t B t A t B t

dt dt dt
   = +   
   

 

 ( ) ( ) ( ) ( ) ( ) ( )
l imits

d d
A t B t dt A t B t A t B t dt

dt dt
   = −   
   

∫ ∫  
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V	�I0 :س
�I#ا�  /�A�  

( ) ( ) ( ) ( )1 1 1d d
A t A t A t A t

dt dt
− − − = −  

 
 

 Xإذا آ��ijA a =   و  ijC c =  9 =+ن*��Y 2=�ت`��   

1

At At

At At

d
e Ae

dt

e dt A e C−

=

= +∫
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  :ا���� ا�����

   :�GP �%�#0State Space Representationء ا����  

 �I�The State Space Equations andد`ت �GPء ا����  و�P �;2T ا�#�Zل ا�_�$� 

olutiontheir Time Domain S:   

�2ف ��آG ه�� #�" 9Y�Y �;�ط ه3:  

1-3�  . ا�*	^�N ا���م �	*��Z ا����9 =3 اO�0	9 ا���آ�9 و8�	�i= N/! "ء ا����9 ا�;��

2-3�  . �Dق وQU اO�0	9 ا����9 #�" ا�N/P ا�;��

3-3��Gل ا��J	ت ا����9 =3 ا�Sد��	� N� د�J8ق ا�D .  

O�09 اJ���	� 9ء ا�����i= N�^	K *(�م�ات ا����9 8��Z*� 9:� State	9 ا���آ�9 �2ا

Variables 3�   .Standard State Space Form وو�i= N/! 3= �T�Uء ا����9 ا�;��

 $J*	وال ا���� R*/8 �	*�� 3م ��آ�O�� 9ا���� ��Z*	� ا���م N/Pا�, , , ,x y u f g `2=�ت�	وا� 

,ا�^��*9  ,A C D/Pا� "�# N  

( ) ( ) ( ) ( )
( ) ( ) ( )

,
d

x t Ax t f x t Bu t
dt
y t Cx t Du t

= + +

= +
 

 V��( ),f x t9�:)ة وا���ود \�� ا���Z*	ت ا�����	ا� N2ي آ�K  . م�O2=9 ا��`��A أن RJ8 

  . 8	/� ان 2/8ن ��T اي !/N #�مD و C و KB/2ن ����9 وا�	�`2=�ت 

  :�1^�ل

  QU ���د�9 ا���Oم �� ا��ر9H ا�^���9 ا�*�����L N/! 3= 9س

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 1 2 1 1 2 1 3

2
2 1 2 2 2

1 2 2

7 3 4 2

9 5 3 4

2

d
x t x t x t tx t x t x t u t u t

dt
d

x t x t x t x t u t
dt
y t x t x t u t

= + + + − +

= − − +

= + −

 

Nا��:  

( ) ( ) ( ) ( )

( ) ( ) ( )

,

T T

d
x t Ax t f x t Bu t

dt

y t c x t d u t

= + +

= +
 

V��  
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( ) ( )
( ) ( )

( )
( )
( )

( ) ( ) ( ) ( )
( )

[ ] [ ]

1
1

2
2

3

1 1 2
2
2

,

47 3 1 0 2
, , ,

39 5 0 4 0

1 1 , 0 2 0T T

u t
x t

x t u t u t
x t

u t

tx t x t x t
A f x t B

x t

c d

 
   = =   
    

+  −   = = =    −−    

= = −

 

  :ا���
	� ا�3 <�� ا���� 

�� N82�*� 9;8�D ء ه�=�� ه�� ه2 إ#:�ء�i= N�^	K ا�(�2ص "�j اO�0	9 إ�" !/N ا����9 و#

 9H9 �� ا��ر	O�0 9ا����n ��\ 9	O�0ا N82�K9 و:���9 وا�98��J ا�	(*U�`*ت ا�Sد��	وا� 

  .�:�9 إ�" �:�9


	� ا�#�Iد`ت ا����(2%  ا��S%  �6 ا�8ر!  -1�0 n:  

  �Onم ا�*��3 �� ا��ر9H ��:" ا��

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1

1 11

1

0 1 11
                      

n n

n nn n

n n

n nn n

d d d
y t a y t a y t a y t

dt dt dt

d d d
b u t b u t b u t b u t

dt dt dt

−

−−

−

−−

+ + + + =

+ + + +

⋯

⋯

 

Qi�  

( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

1 0

2 0 1 1 1

2 2

3 0 1 2 2 22 2

1 1 2

0 1 1 1 11 1 2

j j j

j j j jj j j

x t y t u t

d d d
x t y t u t u t x t u t

dt dt dt

d d d d
x t y t u t u t u t x t u t

dt dt dt dt

d d d d
x t y t u t u t u t x t u t

dt dt dt dt

β

β β β

β β β β

β β β β
− − −

− − −− − −

= −

= − − = −

= − − − = −

= − − − − = −

⋮

⋯

 

 V��  

0 0

1 1 1 0

2 2 1 1 2 0

1 1 1 1 0j j j j j

b

b a

b a a

b a a a

β
β β
β β β

β β β β− −

=
= −
= − −

= − − − −
⋮

⋯

 

"�# N��� وه/6ا  
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( ) ( ) ( )

( ) ( ) ( )T

d
x t Ax t bu t

dt

y t c x t du t

= +

= +
 

V��  

  

( )

( )
( )

( )

[ ]
1 1

2 2
0 0

1 2 1

, , 1 0 0 ,

0 1 0 0

0 0 1 0

0 0 0 1

T

n n

n n n

x t

x t
x t b c d b

x t

A

a a a a

β
β

β

β

− −

   
   
   = = = = =
   
   

     

 
 
 
 =
 
 
 − − − − 

⋯
⋮ ⋮

⋯

⋯

⋮ ⋮ ⋮ ⋯ ⋮

⋯

⋯

 

  

 : �2^�ل

^	K "د�9 ا�*���9 إ���	ء ا����2�9ل ا��i= N�  

( ) ( ) ( ) ( ) ( ) ( )
3 2

3 2
6 8 4 2 7

d d d d
y t y t y t y t u t u t

dt dt dt dt
+ − + = +  

j82�*� 9;���ا�:�8;9 ا� ����)*��  

( ) ( ) ( )1 1j j j

d
x t x t u t

dt
β− −= −  

�J�  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

1 0

2 0 1

2 2 2

3 0 1 22 2 2
2

x t y t u t y t

d d d
x t y t u t u t y t

dt dt dt

d d d d
x t y t u t u t u t y t u t

dt dt dt dt

β

β β

β β β

= − =

= − − =

= − − − = −

 

  وآ�6[

( )

1 1 1 0

0 0

1 1 1 0

2 2 1 1 2 0

3 3 1 2 2 1 3 0

0

0

2

7 6 2 5

j j jb a a

b

b a

b a a

b a a a

β β β
β
β β
β β β
β β β β

−= − − −

= =
= − =
= − − =
= − − − = − −

⋯

 

9��U�`*د�9 ا���	3 ا�= j82�*���و �J�   
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( )
( )
( )

( )
( )
( )

( )

( ) [ ]
( )
( )
( )

[ ] ( )

1 1

2 2

3 3

1

2

3

0 1 0 0

0 0 1 2

4 8 6 5

1 0 0 0

x t x t
d

x t x t u t
dt

x t x t

x t

y t x t u t

x t

      
      = +      
      − − −      

 
 = + 
  

 

  : إ�3 <�� ا���� 03�
	� ��Wم �6 ا�8ر!  

":��  

( ) ( ) ( ) ( ) ( )
3 2

1 2 33 2

d d d
y t a y t a y t a y t u t

dt dt dt
+ + + =  

)�2ل ه6ا ا���Oم ا�" !/�O��� ،9��� N ان ا�:�ف ا80	� 2�8Sى �P*;�ت  )u t . ان �i8ا ���

 N� �� 9JK#�ة ا�����	د�9 ا���	6ور ا�H Q� 9;��:*� 9JKم ا����O`2=9 ا���	ة �G�		ا�;�� ا�

J*	د�9 ا���	:�ةا��	د�9 ا���	�  .���9 ا�*���9 �

Nت:ا����	56 ا����9 ���2ض ا�/T�   

( ) ( )

( ) ( ) ( ) ( )
1

2 1 1

x t y t

d
x t y t x t x t

dt

=

′ ′= = =
 

  و�N/P #�م

( ) ( )1j j

d
x t x t

dt −=  

 Q�( ) ( )1x t y t= QU2� 9=��	د�9 ا���	ن �� ا�bا ( ) ( ) ( )3 3'
d

y t x t x t
dt

′′′ ′= =�J�   

( ) ( ) ( ) ( ) ( )3 1 3 2 2 3 1

d
x t a x t a x t a x t u t

dt
= − − − +  

)=+ن ا�	��دSت =3 وه/6ا  )1x t′ و ( )2x t′ و ( )3x t′3��*2=3 آ��`�� N/! "�# QU2K   

( )
( )
( )

( )
( )
( )

( )
1 1

2 2

3 3 2 1 3

0 1 0 0

0 0 1 0

1

x t x t
d

x t x t u t
dt

x t a a a x t

      
      = +      
      − − −      

 

  و

( ) [ ]
( )
( )
( )

[ ] ( )
1

2

3

1 0 0 0

x t

y t x t u t

x t

 
 = + 
  
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  ا�	��د�9 ا�	��#�ة ��	��د�9 ا�	*��J�9 ه3
3 2

1 2 3 0a a aλ λ λ+ + + =  

N� �� ":�K 9`2=9 ا�����	ة �G�		وا�;�� ا�  

( )

3 2 1

det 0

1 0

0 1 0

A I

a a a

λ
λ

λ
λ

− =

−
− =

− − − −

 

�J� :� ا0ول�ة ������	و�`[ ا�  

( ) ( )
3 12 1

2
1 2 3

3 2
1 2 3

0 11
1

             1

             0

a aa a

a a a

a a a

λ
λ

λλ

λ λ λ

λ λ λ

−
− −

− − −− − −

= − + + −

= + + + =

 

���;� أي ان ا�;�� ا�		�Gة �	�`2=9 ا�����O�� 9م �:3  �T��# ���وهc`� 3 ا��*�9J ا�*3 ��

	�� �6H Qور ا�	��د�9 ا�	��#�ة ���:*K �;*��9���J*	د�9 ا���.  

2-  S2��#ا�  	�9Zد`ت ا����(2%  وا��I#ا�  ��T :  

3�  QU ا���Oم ا�*��3 #�" !/�i= Nء ا����9 ا�;��

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( )

1 2 1 4 5

2 2 3

3 4

4                     

                           5                         3

0                                                    

0                  

d d
x t x t x t x t x t u t

dt dt
d

x t x t x t u t
dt

x t x t

+ = − + + +

= − +

= +

( ) ( ) ( ) ( )
( ) ( ) ( )

1 2 3

1 2 5

        3                         7

0                                                     

x t x t x t u t

x t x t x t

= − + +

= − +

 

  ��/*R ه56 ا�	��دSت #�" ا�N/P ا�	�`2=3

( )

( )

( )

( )

( )

( )
( )
( )
( )
( )

1

1
2

2

33

4

4 5

5

1 1 0 0 0 4 0 0 1 1 1

0 1 0 0 0 0 1 5 0 0 3

0 0 0 0 0 0 0 1 1 0 0

0 0 0 0 0 1 3 1 0 0 7

0 0 0 0 0 1 1 0 0 1 0

d
x t

dt
d x tx t
dt x t
d

x tx t
dt

x t
d

x t x t
dt
d

x t
dt

 
 
 
   −     
        −        
        = +
        −        
        −       
 
 
  

( )u t  
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  ��;�� ا�	�`2=�ت آ��*��3

( )

( )

( )

( )

( )

1

2

3

4

5

1 1 0 0 0 4 0 0 1 1

0 1 0 0 0 0 1 5 0 0

0 0 0 0 0 0 0

0 0 0 0 0 1 3

0 0 0 0 0 1 1

d
x t

dt
d

x t
dt

d
x t

dt
d

x t
dt
d

x t
dt

  
  
  
    −     
          −       
    =                −              −         
  
  
    

( )
( )
( )
( )
( )

( )

1

2

3

4

5

1

3

1 1 0 0

1 0 0 7

0 0 1 0

x t

x t

u tx t

x t

x t

      
      

     
    +                                     

 

N/Pا� "�# X��%ا �;�  

( )

( )

( )
( ) ( )11 1211

21 22

0

0 0

d
d d

a a
a

d
x t

x t bC CE dt u t
x t bC Cd

x t
dt

 
       

= +       
        

  

 

Nا�� �T� 3*وا�  

( ) ( ) ( )d d

d
x t Ax t wu t

dt
= +  

V��  

( )
( )

1 1
11 11 12 22 21

1 1
11 12 22d a

A E C C C C

w E b C C b

− −

− −

= −

= −
 

3- %S\ 3إ�  %S\ �%1  #Wا�� �	
�0  :  

3 ����Oم:� R8�;K �Hأو  

( ) ( ) ( )
2
2

1 2 1
, ,

1 3 00

x t
A f bu t u t

−     
= = =    − −    

 

 QH�	6 ���9 ا��2ف �+�Reference State*2ازن  �;:9 ا�Equilibrium Point 

( )0 0dx t dt = Q� ( )0u t.   

Nا��:  

�2ف �`[ ا���Oم �2ل ( )0x t و ( )0u t3وه QH�	و���د ا����9 ا�   

( )

( ) ( ) ( )( )
0

0 0 0

0

, 0 0

d
x t

dt

Ax t f x t u t

=

+ + =
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   أو 

( ) ( ) ( )
( ) ( )

2
10 20 20

10 20

0 2

0 3

x t x t x t

x t x t

= − + +

= − −
 

  #�دة ا�*��J� R�K و�+

( ) ( )
( ) ( ) ( ) ( )( ) ( )

10 20

2
20 20 20 20 20

3

3 2 5 0

x t x t

x t x t x t x t x t

= −

+ + = + =
 

�*;�ار ه3Aوه/6ا ���*3 ا  

( ) ( )10 20

0 15
,

0 5
x t x t

   
= =   −   

 

 ا�*���� 9	J*$ ا����9 8	/� ا�*���� #�$ #�	� �fن Jacobian Matrixا�	�`2=9 ا��Jآ2��9 

( ) 0u tJ =  

( )
( ) ( ) ( )( ) ( ) ( ) ( )( )

( ) ( ) ( )( ) ( ) ( ) ( )( )
( ) ( )

( )
( ) ( ),0 0

0 0

1 1
1 2 2

2 2
1 2 ,

, ,
0 2

0 0
, , x t u t

x t

x t u t

f x t u t f x t u t
x t x t x t

J

f x t u t f x t u t
x t x t

∂ ∂ 
 ∂ ∂   = =   ∂ ∂  
 ∂ ∂  

 

 Q� QH�	9 ا������( ) [ ]0 0 0Tx t   ه2) ا�6ي N�H �:�� (  ا���Oم ا�(:3 =

( ) ( ) ( )1 2 1

1 3 0

d
x t x t u t

dt
δ δ δ

−   
= +   −   

 

 QH�	9 ا�����)و� ) [ ]0 15 5Tx t =    ا���Oم ا�(:3 ه2−

( ) ( ) ( )1 8 1

1 3 0

d
x t x t u t

dt
δ δ δ

− −   
= +   − −   

 

9`�3 ����Oم ا%0�3 �2ل ��Sت او��9 �(*:� R8�;K N^	K *;�ة�	9 ا�(:�9 ا�	O�0ه56 ا.  

Tة�/��  :� ا��W#  ا��S%  ا�#

 ���Z�#ة ا��/��  :ا��W#  ا��S%  ا�#

�2ف �;�رن ��� ا��N �	��د���Z*� 3= 9 #�دي Scalar 3=2`�� ��Z*	� 9د���	9( �J*�(  

  :ا����9 ا���د98

( ) ( ) ( )0 0, 0
d

x t ax t x x
dt

= =  

Nا�� �J� 9��U�`*ت ا�Sد��	ا� N�� 9;���ق ا��:���  
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( ) 0
atx t x e=  

 

  :ا����9 ا�	�`2=�9

( ) ( ) ( )0 0, 0
d

x t Ax t x x
dt

= =  

  ��`c ا�:�8;9 ا��N ه2

( ) 0
Atx t e x=  

 

   K State Transition Matrix�	" ��`2=9 إ�*;�ل ا����Ate 9ا�	�`2=9 

  :�2اص ��`2=9 إ�*;�ل ا����9

( )

( )

( )

1 1

1

1.

2.

3.

4. ,

5. ,

At At At

At At At

A t At A

A t At At At At

A B t At Bt

d
e Ae e A

dt

e dt A e e A

e e e

let t e e e I or e e

e e e if AB BA

τ τ

ττ

− −

+

−+ − −

+

= =

= =

=

 = − = = = 

= =

∫
 

%Sا��  #Wا�� ���Z�#ة 1%�ا��/��  :  ا�#

  :ا����9 ا���د98

( ) ( ) ( )d
x t ax t bu t

dt
− =  

Nا�� �J� 9��U�`*ت ا�Sد��	ا� N�� 9;���ق ا��:���  

( ) ( ) ( )0 0

t a tatx t x e e bu dτ τ τ−= + ∫  

  :ا����9 ا�	�`2=�9

( ) ( ) ( )d
x t Ax t Bu t

dt
− =  

  ��`c ا�:�8;9 ا��N ه2

( ) ( ) ( )0 0

t A tAtx t e x e Bu dτ τ τ−= + ∫  
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  :��  ��I#2د`ت ا���و�GP �%�#0 %Fء ا��

 N� ان �	9 آ��U�`*ت ا�Sد��	�� 5��O� �� ��^/� NT�K	�i= N�^ء ا����9 ��	��دSت ا�`�و9�L أ

 N^� a����� *(�م�م و8�O��8� �K N/�اري ��D �# �*8 aKم ا����Oا��Excel �	آ Nد ا���J8A 

�;�S ى���.  

  :ا����9 آ��*��QU2K3 أي ���د�9 =�و9�L �� أي درK N/P� 9H	�i= N�^ء 

1k k kx Gx Hu+ = +  

 V��kx ا����9 #�� ا�*/�ار $J*� k و G 9و ) ����9 (  ��`2=9 ا����H ��\ 2=9 ��ود`�� 

c��J*ا�.  

  : �1^�ل

9 ا�`�و9�L ا�*���9 �� ا��ر9H ا�^���9 و�*��Z ���9 إ�" ���د�*�� �� ا��ر9H ا0و�" �2ل ا�	��د�

  .و�*��Zي ���9

2 15 7 2k k kx x x k+ ++ − =  

Nا��:  

N/Pا� "�  :�Qi أوS ا�	��د�9 #

2 15 7 2k k kx x x k+ += − + +  

 QU1k kx y+ =a*��=   

1

1 5 7 2
k k

k k k

x y

y y x k
+

+

=
= − + +

 

  أي

1

1

1 0 0

5 7 2
k k

k k

x x
k

y y
+

+

      
= +      −      

 

 N/Pا� "�1kوه3 # k kx Gx Hu+ = +V��   

1 0

5 7
G

 
=  − 

 

  و

0

2
H

 
=  
 

 

�0;�� أو��9  01, 1x y= =����Oم ا����� N� �Hأو  
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  : Excelا��� �f&��8ام 

  :أد�N ا�*��3

 

�J�  

 

 N^� 99 ا���آ�	O�0و���آ�ة ا N���K a3 ��ا�= �T*J��� 9�2T�أه	�K 9	�i= N�^ء ا����9 ه2 

 a�����Vensim و STELLAو\��ه� .  

 9:�  :KVensim	�i= N�^ء ا����9 ��	��دSت ا�`�و9�L �2ا

 9:�   :KVensim	N�^ ا���Oم ا����� �2ا

x

y

dy

k

dx

 
 

 dx = y 

 dy = -5*y+7*x+2*k 

 k = LOOKUP( [(0,0)-(10,10)],(0,0),(1,1),(10,10)) 

 x = INTEG ( dx,  1) 

 y = INTEG ( dy,   1) 
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  :ا���� ا���دس

  :�YI ا�$#�ذج ا�&�&% 

��9 ا�*�K ��*�K 3آ���ت او��9 ����ء �	�ذج أآ^� �K;��ا ���2ف ���3 و��رس ��j ا��	�ذج ا0

  وا�Lب إ�" ا����� ا��;�;3 

1- 
  :ا���S ) ا`��aل(  �#
ذج ا�$#

���U�= 2 ان ا�	�*2ى او ا�	*�ع #�� = ،X��Y ل��	� �L��*8 داد أوG8 م�O�� Rآ��K d��ه6ا ا

 ��Gا�t ار�;	��� N^	8 ( )x t �8دةGن ���ل ا�+= ( )0a ) أو ا��;� < )0a <� ":�8 9L����  

( )
( )

dx t
x t a

dt
= =ɺ  

N/P��� N^	8و:  

x(t)

dx(t)/dt

a
 

)و �ـ  )0a >N/P��� ":�K   

Graph for x(t)

40

30

20

10

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

"x(t)" : Current
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9O��� : ـ� �	دا@ G��� 2ف�
( )dx t

dt
 G����� ( )x tɺ  

2- 
  : ا`&�) ا`��aل( �#
ذج ا�$#

� �	�*2ى أو �*�ع  �G*8ا�8 أو �8;� �	��ل 8*���Q� R ا�/	�9 ا�	2H2دة، =�2 ه6ا ا��	2ذج 8*�

 ��G*�ع #�� ا�	*2ى او ا��	ان ا� ��U�=t ار�;	��� N^	8 ( )x t �8دةGن ���ل ا�+= ( )0a  او <

)ا��;�  )0a <9L����� ":�8   

( ) ( )x t ax t=ɺ   

N/P��� N^	8و:  

x(t)

dx(t)/dt

a
 

)و �ـ  )0a >N/P��� ":�K   

  

Graph for x(t)

200

150

100

50

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

"x(t)" : Current
 

�8�	K  : 9	�;� ��;���ا� ���/Pا� ��)أر )0a <  
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3- �Sل ا��a��`وا 

ذج ا�$##�  :  

 X��Y ل��	ا�8 �G*8 *2ى�ع او ��*� N^	8و( )0a > ��& X��Y ل��	� �L��*8 XL2ا� c`� 3=و 

( )0b   : و8	N^ آ��*��3>

( )x t a b= −ɺ  

 

  

x(t)

dx(t)/dt

a

-dx(t)/dt

b
 

  

  


ذج ا�$#
 وا`��aل ا`&�-4#� :  

 2�� �	�*2ى أو �*�ع  G*8ا�8 و �8;� �	��ل 8*���Q� R ا�/	�9 ا�	2H2دة، =�ه6ا ا��	2ذج 8*�

) 8	N^ ���	;�ار tع #�� ا���U�= ��G ان ا�	�*2ى او ا�	*� )x t �8دةGن ���ل ا�+= ( )0a  و <

)ا��;�  )0b <9L����� ":�8   

( ) ( ) ( )x t a b x t= −ɺ   

N/P��� N^	8و:  

x(t)

dx(t)/dt

a

-dx(t)/dt

b
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5-�I%ذج ا����
  : ا�$#

��*�� �:�*�� ��� �/9J�*� 3:�8 3 ��آ�9 ، =	^� �2آ�ن ه6ا ا��	2ذ	# Q	J8 ج( )x t QL2� N^	8 

)��آ�9 =+ن  )x tɺ G����� 9#���� ��G9 ا�^��*9 و�2 ر��;=Sا �T*#�� N^	8 ( )v t)  أن ��S

( ) ( )v t x t= ɺ (= 2/8ن N�J�*ن ا�+
( )

( ) ( )
dv t

v t x t
dt
= =ɺ ɺɺ N/P� 9ت ا���آSد��� R*/Kو 

  ا�	��د�9 

( )x t a=ɺɺ  

 V��0a N�J�K 0a ز�8دة و  < < �;� N�J�K   

 

  

x(t)

v(t)

dx(t)/dt

dv(t)/dt

a
 

�Kدا��� N/! "���9 �� ا��ر9H ا�^���9 #U�`*د�9 ا���	ا� R*/K9 ا0و�" وH9 �� ا��ر��U�`K �

  :آ��*�����State Equations ( 3دSت ا����9 (

( ) ( )

( )

x t v t

v t a

=

=

ɺ

ɺ

 

  و�;�� او��9 

( )

( )

( )

( ) 2

0 0 k

0 0 k/sec

5 k/sec

3 k/sec

x

v

x t

v t

=

=

=

=

ɺ

ɺ
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Graph for x(t)

80,000

60,000

40,000

20,000

0
0 10 20 30 40 50 60 70 80 90 100

Time (Second)

"x(t)" : Current k
 

Graph for v(t)

400
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100

0
0 10 20 30 40 50 60 70 80 90 100
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"v(t)" : Current k/Second
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   �Birth-Death Model	2ذج ا�S2دة وا�	2ت ) 3 (

 

9��U�`*د�9 ا���	��� l%28و  

( )x b d x= −ɺ  

  و9�Lأو ا�`�

( )1 1t t tx x b d x− −= + −  

x
dx/dt

b d

<dx/
dt>

dx/dt=(b-d)x

 

 

  

)1(   3*�H2�  �Logistic Growth Model	2ذج ����" ا��	2 ا�

9��U�`*د�9 ا���	��� l%28و  

( )x k H x= −ɺ  

9�Lأو ا�`�و  

( )1 1t t tx x k H x− −= + −  
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x

dx/dt

k H

Inventory

Sales rate

Market limit

dx/dt=k(H-x)

 

   H2�  (Product Limit Growth�*3 (  �	2ذج ا��	2 ا�	��ود ��Pوط) 5(

�� l%289و��U�`*د�9 ا���	�  

( )x kx h x= −ɺ  

9�Lاو ا�`�و  

( )1 1 1t t t tx x kx h x− − −= + −  
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x

dx/dt

k

z

H

Product sold

Residual market

Market limit

Sales rate

z=H-x

dx/dt=kx(h-x)

 

 

��� 9	��Z*ي ���9) 6(U�`*ت ا�Sد��	��� l%28 2ذج	�:  

( )
( )

1

2

y k h y

x k y x

= −

= −

ɺ

ɺ
 

  ا�`�و9�L أو

( )
( )

1 1 1

1 2 1

t t t

t t t t

y y k h y

x x k y x

− −

− −

= + −

= + −
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y

dy/dt

h
k1

x

dx/dt

k2

Houses sold

Houses supply
y= Number of houses sold

h= Number of housholds

x= Number of airconditions

dy/dt=k1(h-y) Airconditions sold

Airconditions
supply

dx/dt=k2(y-x)

 

 

)7 (�Z*� 9 �^�ث��U�`*ت ا�Sد��	��� l%28 2ذج	ات ����9�:  

( )
( )

4

1

2 3

h k h

y k h y

x k y x k x

=
= −

= − −

ɺ

ɺ

ɺ

 

9�Lأو ا�`�و  

( )
( )

1 4 1

1 1 1

1 2 1 3 1

t t t

t t t t

t t t t t

h h k h

y y k h y

x x k y x k x

− −

− −

− − −

= +
= + −

= + − −
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h

y

x

dh/dt

dy/dt

dx/dt <dx/
dt>

k4

k1

k2 k3

Hous holds

Houses sold

Airconditions sold

Broken aircond.

dy/dt=k1(h-y)

dx/dt=k2(y-x)-k3x

dh/dt=k4h
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����  :ا���� ا�

  :�T`ت درا&%  �9$�ء �YI ا�$#�ذج

1-"�  :���ء �	2ذج ���آ�9 ا��2ق  �^�ل #

82� ��*a دا@��K 92ذج ���آ�	*��ض ���ء ��2ف ��ا��	2ذج gU28 �	2 ا��2ق . =3 ه6ا ا�	^�ل 

	� 3��2ف ��*�� ان ا�*�Pر ا�	��=2D �8�H a*� . 9ر ���V 8*� !�ا@$ ��ة وا��ة �/N ز�2نا�/

 �	*�8 a*�	6ا =+ن ���ل !�اء ا�Tو� a*�	ا��86 ا!*�وا ه6ا ا� �@��Gا� "�# �	*�K a*�	ه6ا ا� �#

"�#:  

)1( a*�	ا��86 ا!*�وا ا� �@��Gد ا��#  

)2( a*�	وا ا��*P8 ان QL2*8 �86ا� ��Lا��� �@��Gد ا��# 

)3(  9Hدر �Tإ�*/�آ ��# a*�	ا��86 إ!*�وا ا� �@��Gء ا��U�� ���L2*	ا� �@��Gع ا���*Lإ

jا��� �Ti��� 

Sا :أو�H آ��� ���L2*	ا� �@��Gد ا��# �T�= ا����9 ا�*3 2/8ن �L��� 2ف� )3@�T�S( ���2ف �: ،

 ��= a*�	ا��86 ا!*�وا ا� �@��Gا� "�#ActualCustomers) �8�*P� ( ان QL2*8 �86ا� "�و#

و�2ف ��*�� ا����9 ا�*�T�= 3 #�د ا�	*���L2 اآ�� ) �*P8PotentialCustomers) ���L2*�وا 

�8�*P	ز�8دة ا� �# �Oا�� jZ� X��Y ��8�;K NO8�8 و�*P	ا� �� ��^/� .  

c آN وا�� �� ا�	P*��8 2�8ل ∆��t`*�ض ا�$ �`*�ة ز������L 9ة  t∆ 3إ� ���L2*	ا� �� 

 V�� ،�8�*P�c RH2� X��Y ) N82�*ا� N����conversion coefficient ( 3:�8 وا�6ي

�8�*P� 3 2���8ا/� ���L2*	ع ا���LA �8�*P	ى =����9 ا��	� ����;�.  

 ��Gان #�� ا� ��U�*=إذا إt �H28 ( )n t 2ل� �T�� وا�� N�8 آ�*P	ا� �� c t∆ ���L2*	ا� �� 

 9���G�8 =3 ا�`*�ة ا��*P� "إ�t∆ ��Gا� ���= t t+ ∆ g��8 �8�*P	د ا��#   

( ) ( ) ( )n t t n t n t c t+ ∆ = + ∆  

  أو

( ) ( ) ( ) ( ) ( )
0

lim 1
t

n t t n t dn t
cn t

t dt∆ →

+ ∆ −
= =

∆
 

9����/K 9د���� N/! "�  أو #

( ) ( ) ( )0

0

2
t

n t n cn dτ τ= + ∫  

 V��0n ��G�8 #�� ا��*P	0 ه2 #�د ا�t    ، �N ا�	��د�9 ا����;9 ه2=
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( ) ( )0 , 0 3ctn t n e t= ≥  

9O��� : �� 9;���ت ا��L2ف ���� ا����#9�N/! 3 ���د�1(-)3 (�= 9(�Lو:  

 

( ) ( ) ( )

( )

( )
( ) ( ) ( ) ( )
( ) ( )

( )

1

1

0

1 0

2

2 1 0 0

3

3 2 0

0

for 1 (one time unit)

1

when 0,

1

1 1 1 1

1 1

or

1 , 0

t t t

t t

t

t

t

n t t n t n t c t

t

n n n c

n c n

t n n

n c n

n c n c c n c n

n c n n c

n n c t

+

+

+ ∆ − = ∆
∆ =
= +
= +

= =
= +

= + = + + = +

= + = +

= + ≥

 

 9Z�   Vensimا�N/P ا�*��8 3	N^ ا��	2ذج �

n(t)

dn(t)/dt

c

n(0)

 

 

 

 

(1) c = 1   Units: **undefined** 

(2) "dn(t)/dt" =  c*"n(t)"   Units: **undefined** 

(3) FINAL TIME  = 100   Units: Month   The final time for the simulation. 

(4) INITIAL TIME  = 0   Units: Month   The initial time for the simulation. 
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(5) "n(0)" =  1    Units: **undefined** 

(6) "n(t)"= INTEG ( "dn(t)/dt",  "n(0)")    Units: **undefined** 

  

(7) SAVEPER  =   TIME STEP   Units: Month   The frequency with which output    

                                                                                    is stored. 

(8) TIME STEP  = 1   Units: Month   The time step for the simulation. 

 

  : أو

 

Actual
Customers

ConversionFlow

ConversionConstant

InitialActualCustomers

 

 

 

(1) ActualCustomers = INTEG (  ConversionFlow, InitialActualCustomers) 

 Units: **undefined** 

(2) ConversionConstant = 1   Units: **undefined** 

(3) ConversionFlow =  ConversionConstant*ActualCustomers 

 Units: **undefined** 

(4) FINAL TIME  = 10   Units: Month   The final time for the simulation. 

(5) INITIAL TIME  = 0  Units: Month   The initial time for the simulation. 

(6) InitialActualCustomers =  1   Units: **undefined** 

(7) SAVEPER  =   TIME STEP   Units: Month   The frequency with which output  

                                                                                    is stored. 

(8) TIME STEP  = 1   Units: Month    The time step for the simulation. 
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Current 1 1 1 1 1 1 1 1 1

ActualCustomers
2,000

1,500

1,000

500

0 1 1 1 1 1
1

1

1

1

ConversionFlow
2,000

1,500

1,000

500

0 1 1 1 1 1
1

1

1

1

0 2.5 5 7.5 10
Time (Month)  

 

�8�*P� "إ� ���L2*	ب ا�����8 و ���ل إ��*P	د ا��# �� N/� 3�S2 ا	ا�� d	� ��S.  

����Y: ود��� ���L2*	د ا��# �T�= ا����9 ا�*3 2/8ن �L��� نb3( ا@�T�( 2	0ن =3 ا��;�;9 ا�� ،

�8S 3	/� ان 8�*	� �S�8 إذا آ�ن #�ده� ا�*P� "إ� �T���*�2�2ا آ ���L2*	وذ�[ 0ن ا� ���

  .���ود

3 ��	*���L2 ه2 � هt 2 =�/2ن #�د ا�G��@� ا�	*�;�� #�� ا���M ��G`*�ض ان ا���د ا�/

( )M n t− V�� ( )n t ��G�8 #�� ا��*P	ه2 #�د ا� t و ��`*�ض ان c N/� N82�*ه2 ���ل ا� 

 �H28 ����# ي�*P�M 3�8*��� R�Q� ��: ا���د ا�/ N82�*2ف �`*�ض ان ���ل ا�� ،���L2*� 

O�� *�;��� #�� اي	ا� ���L2*	�� N82�*ن ���ل ا�+= ���L2*	ا� l�� ";�K ^� �2 آ�ن	9 ز���9، =

/�/P� N*�ي ه2  2c 2ي ه�*P� N/� N82�*ن ���ل ا�+= ���L2*	ا� Q�3 ر;�K وإذا / 4cوه/6ا .  

   هX�K 9���Gt∆2 ه56 ا�`���Uت =+ن #�د ا�	*���L2 ا�	�� ���2	P*�ى وا�� =3 ا�`*�ة ا�

 ( ){ }M n t M c t− × ∆     

 N/� ���2�	ا� ���L2*	و2/8ن #�د ا�( )n t2ى ه�*P�   
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 ( ) ( ){ }n t M n t M c t× − × ∆    

 ��Gا� ��#t t+ ∆ g��8 �8�*P	د ا��#   

( ) ( ) ( ) ( ){ }
( ) ( ) ( ){ } ( )

n t t n t n t M n t M c t

n t t n t
c M n t M n t

t

+ ∆ = + × − × ∆  

+ ∆ −
= × − ×  ∆

 

  أو 

 

( ) ( ) ( ) ( )4
dn t M n t

c n t
dt M

−
= × ×  

9����/K 9د���� N/P� أو  

( ) ( ) ( ) ( )0

0

5
t M n

n t n c n d
M

τ
τ τ

−
= + × ×∫  

 V��0n ��G�8 #�� ا��*P	0 ه2 #�د ا�t    ، �N ا�	��د�9 ا����;9 ه2=

( ) ( ) ( )
0 0

, 0 6
1 ct

M
n t t

M n n e−= ≥
+ −  

 

   logistic curve�*3 �	���" 8�	" ا�	���" ا��H2) 6(ا�	��د�9 

9O��� : �� 9;���ت ا��L2ف ���� ا����)4(-)6 (9�Lد�9 =�و��� N/! 3�#: 

( )

1

1

1

1

1

where 1

t
t t t

t
t t t

t t t t

M n
n n c n

M
n

n n c n
M

n n c n n

M

α
α

+

+

+

−− = × ×

 = + − 
 

= + −
=

 

�2ف ����T �:�8;9 ا�*/�ار =+ذا =���U أن  :�9�9 \�� �L0وه56 ���د�9 =�و 1n  ه2 #�د =

 ��G�8 #�� ا��*P	0ا�t = N82�*1 و���ل ا�c 3 ��	*���L2 ه2 =�100M وا���د ا�/ =  

1 0.01Mα =     =+ن=

( )1 1t t t tn n c n nα+ = + −  

( )
( )

1 0 0 01

1 1 1 0.01 1 1 1.99

n n c n nα= + × −

= + × − × × =
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( )
( )

2 1 1 11

1.99 1 1 0.01 1.99 1.99 3.94

n n c n nα= + × −

= + × − × × =
 

( )
( )

3 2 2 21

3.94 1 1 0.01 3.94 3.94 7.73

n n c n nα= + × −

= + × − × × =
 

4

5

6

7

8

9

10

14.85

27.50

47.44

72.37

92.37

99.42

99.996

n

n

n

n

n

n

n

=
=
=
=
=
=
=

 

  :و��T ا�N/P ا�*��3

Graph for ActualCustomers

100

75

50

25

0 1 1
1

1

1

1

1

1

1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Month)

ActualCustomers : Current 1 1 1 1 1 1 1 1 1 1 1

 

�*(�ام +� ����`6 ا��	2ذج ا����Vensim3��*آ�� :  
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Potential
Customers

Actual
Customers

ConversionFlow

TotalMarket

InitialActualCustomers

ConversionConstant

 
(01) ActualCustomers = INTEG (  ConversionFlow, InitialActualCustomers) 

 Units: **undefined** 

(02) ConversionConstant = 1   Units: **undefined** 

(03) ConversionFlow =  

 ConversionConstant*(PotentialCustomers/TotalMarket)*ActualCustomers 

 Units: **undefined** 

(04) FINAL TIME  = 10   Units: Month   The final time for the simulation. 

(05) INITIAL TIME  = 0   Units: Month   The initial time for the simulation. 

(06) InitialActualCustomers =  1   Units: **undefined** 

(07) PotentialCustomers = INTEG ( -ConversionFlow,  

   TotalMarket-InitialActualCustomers) 

 Units: **undefined** 

(08) SAVEPER  =   TIME STEP   Units: Month  The frequency with which output  

                                                                                    is stored. 

(09) TIME STEP  = 1  Units: Month   The time step for the simulation. 

(10) TotalMarket =  100  Units: **undefined** 
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n(t)M-n(t)

dn(t)/dt

M n(0)

c

 

 

 

(01) c = 1   Units: **undefined** 

(02) "dn(t)/dt" = c*("M-n(t)"/M)*"n(t)"    Units: **undefined** 

(03) FINAL TIME  = 10  Units: Month  The final time for the simulation. 

(04) INITIAL TIME  = 0  Units: Month   The initial time for the simulation. 

(05) M = 100  Units: **undefined** 

(06) "M-n(t)" =  INTEG (  -"dn(t)/dt",  M-"n(0)")   Units: **undefined** 

(07) "n(0)" =  1  Units: **undefined** 

(08) "n(t)" = INTEG ( "dn(t)/dt", "n(0)")    Units: **undefined** 

(09) SAVEPER  =   TIME STEP   Units: Month  The frequency with which output  

                                                                                    is stored. 

(10) TIME STEP  = 1  Units: Month   The time step for the simulation. 
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Current 1 1 1 1 1 1 1 1 1 1

ActualCustomers
100

75

50

25

0 1 1 1
1

1

1

1

1
1

ConversionFlow
40

30

20

10

0
1

1
1

1

1

1

1

1

1
0 2.5 5 7.5 10

Time (Month)  

 

) ا�*;���ي ��	S �8�*Pا�N/P ا#0�" � ���8	d ��ف  )n t 9�*�H2� ا�	�d�K �	�����ت ا��	2 ا�

� N/!س و�Jا� N/! $�P8 ا�6ي N82�*2ب(���3 ���ل ا��وا�6ي ه2 ا�i8 ) او =��Jن ا�;2Tة ا�	;

3*�H2�  .ا�� ���@� ���Sت ا�*�N82 =3 ا��	2 ا�

   :����KDetermining Model Parameters ����� ا��	2ذج 

�	���" ا��H2�*3 �� ا��iوري ��� ا��iوري �Hا ��L ����K ا�	���� �/3 ��*(�ام ا��	2ذج، =

 �8��Kc 0 وn و M .3��*^�ل ا�	��� ����	8;9 �*���8 ه56 ا��D *��ض�2ف ��:  

 9�� �� N*و إ� X=2� و�*" ��9 1984ا������ت ا�*���9 ه� 3���L 9	9 ا��2ق �	�*�Jت �/�و

1994   

1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 Year 

49.5 50.0 46.5 29.0 17.0 13.0 7.0 7.5 4.0 2.5 3.0 Market 

Value 

  

 a����� ام�)*�+� SاوCurve Expert X�K 9 =3 ا����2د��ت ا������ N��K x 3= 2ق�9 ا�	�Lو 

 X�K 2د	ا��y *��ر�2ذج �+	و���8 ا�� User-Defined Model3��*آ�� :  
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User-Defined Model: y=a/(1+b*exp(-c*x)) 

  ���د ��L او��9 

Coefficient Data: 

a = 57.760559 

b = 286.77098 

c = 0.72892383 

S = 3.46006530
r = 0.98725204

X Axis (units)

Y
 A

xi
s 

(u
n

it
s)

0.0 2.0 4.0 6.0 8.0 10.0 12.00.25

9.33

18.42

27.50

36.58

45.67

54.75

 
User-Defined Model: y=a/(1+b*exp(-c*x)) 

Coefficient Data: 

a = 57.760567 

b = 138.3462 

c = 0.72892364 
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S = 3.46006530
r = 0.98725204

X Axis (units)

Y
 A

xi
s 

(u
n

it
s)

0.0 1.8 3.7 5.5 7.3 9.2 11.00.25

9.33

18.42

27.50

36.58

45.67

54.75

 

  

   7��I� 6%%I0Excel ا�$#
ذج  �f&��8ام 

  د�N ا�*���8�H 9�`% 3= 3ةأ

 

 

�:� ا0دوات أ�*�ر ا�*��3 ��  



 94 

 

  

   �TOKSolver ��=6ة 

 

 2�K Equal Toي �L	J� 9	2ع ا�	����ت ا�	�اد 5��Z�K و=��SSet Target Cell  3 أن 

 ا�*���Z*�By Changing Cells 3 ا�;��  ��*���Z وJ� ��Z�K �*8	2ع ا�	����ت Minأ�*��� 

�" D$1:$D$3$=3 ���8 ا�;�� ا0و��9 # dZU��و Solve"�# N���   
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 2�Kى ا2�K E16 NLى اbن ا�;�� ا���T@�9 ا�	;�رة ��	���� و D3 و D2 و ��SD1 ان ا�(��8 

.�L	� 9	J	2ع �����ت ا0�:�ء



 96 


ذج ��_ون �/
ة �4�2  -2#�:he Workforce Inventory Example T 

   ���8 2T= 3/����82ذج د	ة #� ��/��/�9 ���ء ���H ء =/�ة�:#A ا�H �T� d��2ذج ا��	ه6ا ا��

�2ب l��2K ا�;2ة ا�����BK �L 9دي إ�" #�م ���ت إدارة ا�	(Gون وا��� 3= N#�`*آ�`�9 ا�

�*;�ار =3 ا�A*�جA9 \�� ��:;�9. اJ�*� ���8 �i8ا�9 ا �	آ l��2K 3= ع�=��Aوه3 ان ا 

ا�N/P ا�*��gU28 3 د9/����8 . وK��g8 ا��	�ل 8	/� ان B8دي ا�2L 3ة #���9 اآ^� إ�*;�ارا

  : ا��	2ذج

Workforce

Inventory

Productivity

SalesProduction

NetHireRate

TargeWorkforce
TimeToAdjustWorkforce

TargetProduction

TargetInventory

InventoryCoverage

InventoryCorrection

TimeToCorrectInventory

  

   "�  ا��	2ذج �8*2ي #

   ) Levelأو ا�	�*2ى  ( 2�Stocks#�� �� ا�	*�ع ) ا

    Inventoryا�	(Gون  )1

2(  9�  Workforceا�;2ة ا����

   �Flows���ب أر��9 أ�2اع �� اA) ب

   )Inflowإ����ب دا�N (  و�8GK �� �*�ع ا�	(Gون Productionا�A*�ج  )1

�N �� �*�ع ا�	(GونSalesا�	����ت  )2;K3 (    وHر��ب ���أ�Outflow(  

�*(�ام ) 4و  )3A3 ���ل ا=�%NetHireRate9�  وه2 8;�N أو �8G8 �� �*�ع ا�;2ة ا����

   ��Z*�Auxiliary Variablesات ���#�ة ) ج

  TargetInventory	(Gون ا�	�*�Tف ا� )1

 g���KInventoryCorrection ا�	(Gون  )2

 TargetProductionا�A*�ج ا�	�*�Tف  )3

4(  9=�T*�	9 ا�� TargetWorkforceا�;2ة ا����

  

   2YConstantsا�X ا��	2ذج ) د

1(  9�H�*�AاProductivity  
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 ZKInventoryCoverage:�9 ا�	(Gون  )2

 TimeToCorrectInventoryا���G ا�	:�2ب �*���g ا�	(Gون  )3

4(  9� TimeToAdjustWorkforceا���G ا�	:�2ب �*��N8 ا�;2ة ا����

  

  

   Causal Relationships between Variables: ا����Lت ا�����9 =3 ا��	2ذج

Sون: أوG)	ع ا��*�:  

Inventory
Production

Workforce

Productivity

Sales
  

Inventory InventoryCorrection TargetProduction
  

����Y :9�  :�*�ع ا�;2ة ا����

Workforce

NetHireRate

(Workforce)

(TargeWorkforce)

TimeToAdjustWorkforce

TargeWorkforce
Productivity

TargetProduction
  

Workforce
NetHireRate (Workforce)

Production Inventory
  

�^��Y :ف�T*�	ون ا�G)	#� ا���	ا� ��Z*	ا�  

  

TargetInventory
InventoryCoverage

Sales
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TargetInventory InventoryCorrection TargetProduction
 

  

f��ون:راG)	ا� g���K �#��	ا� ��Z*	ا�   

InventoryCorrection

Inventory
Production

(Sales)

TargetInventory
InventoryCoverage

Sales

TimeToCorrectInventory
 

InventoryCorrection TargetProduction TargeWorkforce
 

  ا�	*��Z ا�	��#� ا�A*�ج ا�	�*�Tف : �����

TargetProduction
InventoryCorrection

Inventory

TargetInventory

TimeToCorrectInventory

Sales
 

TargetProduction TargeWorkforce
Workforce

NetHireRate
 

  

  ����د :9=�T*�	9 ا��  ا�;2ة ا����

TargeWorkforce

Productivity

TargetProduction
InventoryCorrection

Sales
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TargeWorkforce
Workforce

(NetHireRate)

Production

NetHireRate (Workforce)
 

 Feedback Loopsدورات ا��+"	  ا��%�2  

  :دورة ا�*986Z ا�(�`�9 �	*�ع ا�	(Gون

Loop Number 1 of length 6 

  Inventory 

       InventoryCorrection 

       TargetProduction 

       TargeWorkforce 

       NetHireRate 

       Workforce 

       Production 

9�  :دورة ا�*986Z ا�(�`�9 �	*�ع ا�;2ة ا����

Loop Number 1 of length 1 

  Workforce 

       NetHireRate 

Loop Number 2 of length 6 

  Workforce 

       Production 

       Inventory 

       InventoryCorrection 

       TargetProduction 

       TargeWorkforce 

       NetHireRate 

9 ��	*��Z ا�	��#� ا�A*�ج ا�	�*�Tف�`�  :دورة ا�*986Z ا�(

Loop Number 1 of length 6 

  TargetProduction 

       TargeWorkforce 

       NetHireRate 

       Workforce 
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       Production 

       Inventory 

       InventoryCorrection 

9 ��	*��Z ا�	��#� g���K ا�	(Gون�`�  :دورة ا�*986Z ا�(

Loop Number 1 of length 6 

  TargetProduction 

       TargeWorkforce 

       NetHireRate 

       Workforce 

       Production 

       Inventory 

       InventoryCorrection 

9=�T*�	9 ا��9 ��	*��Z ا�	��#� ا�;2ة ا�����`�  :دورة ا�*986Z ا�(

Loop Number 1 of length 6 

  TargetProduction 

       TargeWorkforce 

       NetHireRate 

       Workforce 

       Production 

       Inventory 

       InventoryCorrection 

  :���دSت ا��	2ذج

(01) FINAL TIME  = 100    Units: Month 

 The final time for the simulation. 

(02) INITIAL TIME  = 0  Units: Month 

 The initial time for the simulation. 

(03) Inventory = INTEG(Production-Sales ,300) 

 Units: Widget 

(04) InventoryCorrection = (TargetInventory - Inventory)/ 

                 TimeToCorrectInventory 

 Units: Widget/Month 

(05) InventoryCoverage = 3   Units: Month 

(06) NetHireRate  = (TargeWorkforce -  

                                                 Workforce)/TimeToAdjustWorkforce 

 Units: Person/Month 
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(07) Production = Workforce*Productivity 

 Units: Widget/Month 

(08) Productivity = 1   Units: Widget/Month/Person 

(09) Sales = 100 + STEP(50,20)   Units: Widget/Month 

(10) SAVEPER  = TIME STEP   Units: Month 

 The frequency with which output is stored. 

(11) TargetInventory = Sales * InventoryCoverage 

 Units: Widget 

  

(12) TargetProduction = Sales + InventoryCorrection 

 Units: Widget/Month 

(13) TargeWorkforce = TargetProduction/Productivity 

 Units: Person 

(14) TIME STEP  = 1  Units: Month 

 The time step for the simulation. 

(15) TimeToAdjustWorkforce = 3    Units: Month 

(16) TimeToCorrectInventory = 2    Units: Month 

(17) Workforce = INTEG(NetHireRate,  TargeWorkforce) 

 Units: Person 

  

  :	�:�ة =3 ا�`;�ة ا����;9ا0!/�ل ا�*���9J�*� 9 ���آ�ت ا��	2ذج ���;�� ا0و��9 ا�

runinv01 1 1 1 1 1

Inventory
600

450

300

150

0

1
1

1 1 1

Production
400

300

200

100

0

1

1 1 1 1

Sales
200

170

140

110

80
1

1 1 1 1

0 50 100
Time (Month)  
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runinv01 1 1 1 1 1

Workforce
400

300

200

100

0

1

1 1 1 1

NetHireRate
60

30

0

-30

-60

1

1

1 1 1

0 50 100
Time (Month)  

 

Graph for Inventory

600

450

300

150

0

1 1 1 1

1

1

1

1
1

1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
Time (Month)

Inventory : runinv01 Widget1 1 1 1 1 1 1 1 1 1
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Graph for Workforce

400

300

200

100

0

1 1 1 1

1

1

1
1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
Time (Month)

Workforce : runinv01 Person1 1 1 1 1 1 1 1 1 1

 

 

Time (Month) 0 1 2 3 4 5 6 7 8 9

 10 11 12 13 14 15 16 17 18 19 20

 21 22 23 24 25 26 27 28 29 30 31

 32 33 34 35 36 37 38 39 40 41 42

 43 44 45 46 47 48 49 50 51 52 53

 54 55 56 57 58 59 60 61 62 63 64

 65 66 67 68 69 70 71 72 73 74 75

 76 77 78 79 80 81 82 83 84 85 86

 87 88 89 90 91 92 93 94 95 96 97

 98 99 100  

"Inventory"    Runs: runinv01  

Inventory 300 300 300 300 300 300 300 300 300 300

 300 300 300 300 300 300 300 300 300 300 300

 250 241.667 269.444 322.685 388.272 453.215 506.799 541.985 555.977 549.973

 528.308 497.203 463.414 433.022 410.524 398.355 396.822 404.408 418.328 435.206

 451.737 465.224 473.925 477.189 475.377 469.638 461.582 452.939 445.246 439.628

 436.675 436.435 438.496 442.13 446.471 450.676 454.068 456.216 456.971 456.438

 454.92 452.836 450.626 448.68 447.279 446.565 446.542 447.099 448.047 449.163

 450.232 451.084 451.614 451.786 451.632 451.232 450.693 450.128 449.636 449.287

 449.115 449.119 449.269 449.516 449.802 450.074 450.288 450.418 450.457 450.414

 450.308 450.169 450.025 449.9 449.813 449.772 449.776 449.816 449.88 449.954  

 



 104 

Time (Month) 0 1 2 3 4 5 6 7 8 9

 10 11 12 13 14 15 16 17 18 19 20

 21 22 23 24 25 26 27 28 29 30 31

 32 33 34 35 36 37 38 39 40 41 42

 43 44 45 46 47 48 49 50 51 52 53

 54 55 56 57 58 59 60 61 62 63 64

 65 66 67 68 69 70 71 72 73 74 75

 76 77 78 79 80 81 82 83 84 85 86

 87 88 89 90 91 92 93 94 95 96 97

 98 99 100  

"Workforce"    Runs: runinv01  

Workforce 100 100 100 100 100 100 100 100 100 100

 100 100 100 100 100 100 100 100 100 100 100

 141.667 177.778 203.241 215.586 214.943 203.584 185.187 163.991 143.997 128.335

 118.894 116.212 119.607 127.502 137.831 148.467 157.585 163.92 166.879 166.531

 163.486 158.701 153.264 148.188 144.261 141.944 141.357 142.307 144.382 147.047

 149.76 152.061 153.635 154.341 154.205 153.392 152.148 150.754 149.467 148.483

 147.916 147.79 148.054 148.598 149.286 149.977 150.557 150.948 151.115 151.069

 150.852 150.53 150.172 149.846 149.6 149.461 149.435 149.508 149.651 149.828

 150.004 150.15 150.247 150.286 150.272 150.214 150.13 150.039 149.956 149.895

 149.861 149.856 149.876 149.913 149.959 150.004 150.04 150.064 150.074 150.069  
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3-�A��
9%P  I����� ذج
#� : Fibonacci Sequence Model    

  �� ا��ر9H ا�^���9 و�	*��Z ���9 وا��

( ) ( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

2 1 , 1 1, 2 1, 1,2,3,

1 3 2 1 1 1 2

2 4 3 2 2 1 3

3 5 4 3 3 2 5

y k y k y k y y k

k y y y

k y y y

k y y y

+ = + + = = =

= ⇒ = + = + =

= ⇒ = + = + =

= ⇒ = + = + =

⋯

⋮

 

 9Hإ�" ا��ر �T�2��9��� �8��Z*	�2ض ا0و�" و�� :  

( ) ( ) ( ) ( )1 , 1,2,3, , 2 1 1x k y k k x y+ = = = =⋯  

  :=*��g ا�	��د�9 ا�	��=� 9	3P*�2��= 9���** ��� ا�*��i= N/! 3= j82ء ا����9

( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( )
( ) ( ) ( )

( ) ( )
( ) ( ) ( )

( ) ( )
( ) ( ) ( )

( ) ( )

2 1 1

2 1

1,2,3,...

1 1, 2 1, 2 1 1

1 3 2 2 1 1 2

3 2 1

2 4 3 3 2 1 3

4 3 2

3 5 4 4 3 2 5

5 4 3

y k y k x k

x k y k

k

y y x y

k y y x

x y

k y y x

x y

k y y x

x y

+ = + + +

+ = +
=

= = = =

= ⇒ = + = + =

= =

= ⇒ = + = + =

= =

= ⇒ = + = + =

= =
⋮

 

9%
��f� �A&��8ام P  I����#�  ���ء ا��GP ��> ذج
#�Vensim   

y

x

dy

dx
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(1) dx = y 

(2) dy = y+x 

(3) FINAL TIME  = 10 

(4) INITIAL TIME  = 1 

(5) SAVEPER  =   TIME STEP  

(6) TIME STEP  = 1 

(7) x= INTEG ( dx,1) 

(8) y= INTEG ( dy,1) 

  

 

k 1 2 3 4 5 6 7 8 9 10 

y 1 3 8 21 55 144 377 987 2584 6765 

x 1 2 5 13 34 89 233 610 1597 4181 

 

 ��� 9	�;�� 3P*�2��= 9���**� ان ��Sy) 9�HوG2ى ا���ود ا��K ( وx)  2ي ا���ود�K

  ) ا�`�د98

1 2 3 4 5 6

1 3 8 21 55 144

1 2 5 13 34 89

k

y

x

↑ ↑ ↑ ↑ ↑ ↑ց ց ց ց ց
… 
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4-  %Rا
AI$��%�%  ا�	ا�$#�ذج ا�8 Dynamic Stochastic Models   

l8��K:  %P
   k  Markovian Property of order �� ا��ر9H ا���H%  ا�#�رآ

 ��G2ا@�9 #�� ا�Pه�ة ا���O9 ا�	�L ان "��" �L	�T #�� ا0ز��Kt 9;2ل ## �	*�K 

1, 2,...,t t t k− − −d;=  . Xإذا آ�� �^	={ },ty t−∞ < <   =+ن∞

 ( )( ) ( )1 2 1 21| , ,..., , ,... | , ,...,t t t t k t t t t kt kP y s y y y y P y s y y y− − − − − −− +< = <  

2Oرآ2=�9ه��ك ا�/^�� �� ا��	ا�(�%�9 ا� Q�*K 3*�  .اه� اLA*��د98 ا�


اR%  ا�#�رآ
f�  %P&��8ام AIآ%  ا���0#�%� ا�$#�ذج ا�Vensim:   

 و�H أ�� اLA*��د��� ��8	�Pه�ة وا�;��س ان ��� اLA`�ل ��0 ا�	2اد =98�T� 3 28م :�1^�ل 

Q� ��;���98 ا�����2 ا��T� 3= دة�	���� اLA`�ل � "� �:2P# fا@2K $� 3ز�K Q8اول �8*	� #

 �8��Kي و�`% d�2*	� 3���D2σه�ة.  ��6[ ا��2م�Oه56 ا� l�8 2ذج	آ2ن �.  

N98 ا��2م ه2 : ا���T� 3= ل�`LAا ��� =�/2ن ��tε R وا�(:f ا��2Pا@3 ه�ty 2`*�ض أن 

  2=�9ا�(�%�9 ا�	�آ

( )2
1 1 2 2 , ~ 0, ,t t t t ty y y N tφ φ ε ε σ− −= + + ∀  

 9�Lوه56 ���د�9 =�وDifference Equation 9��� ��Z*	� 9���J*� ��\ 9���^9 ا�Hا��ر �� 

1�2ف ���T�2 إ�3 در9H او�3 ����*��، ��`*�ض . وا�� 2t tx y−    =�/2ن=−

( )2
1 1 2 1

1

, ~ 0, ,t t t t t

t t

y y x N t

x y

φ φ ε ε σ− −

−

= + + ∀

=
 

2  =3 ا�	^�ل ا����� إذا آ��X:�2^�ل 
1 21.7, 0.72, 1andφ φ σ= = −  =�N ا�	��دSت ا����;9 =

0   �;�� أو��9 00, 0y x= =  

Nام : ا���)*�+�Vensim    
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x

y

eps
phi1

phi2

dx

dy

 

 

 

(01) dx = y 

(02) dy = phi1*y+phi2*x+eps 

(03) eps= RANDOM NORMAL(-3.99,3.99 ,0 ,1 ,19 ) 

(04) FINAL TIME  = 2    The final time for the simulation. 

(05) INITIAL TIME  = 0   The initial time for the simulation. 

(06) phi1 =  1.7 

(07) phi2 =  -0.72 

(08) SAVEPER  = TIME STEP   The frequency with which output 

is stored. 

(09) TIME STEP  = 0.01   The time step for the simulation. 

(10) x= INTEG ( dx, 0) 

(11) y= INTEG ( dy, 0) 
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dy v y 

4

2

0

-2

-4
-0.100 -0.050 0 0.050 0.100

y

dy : Current
 

 

x v y 

0.008

-0.009

-0.026

-0.043

-0.06
-0.100 -0.050 0 0.050 0.100

y

x : Current
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y 

0.2

0.1

0

-0.1

-0.2
0 0.50 1 1.50 2

Time (Day)

y : Current
 

 

dy 

4

2

0

-2

-4
0 0.50 1 1.50 2

Time (Day)

dy : Current
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x & y 

0.2
0.008

0
-0.026

-0.2
-0.06

0 0.50 1 1.50 2
Time (Day)

y : Current
x : Current
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5- kIAذج ا��
#� bifurcation:   

�	�ذج ا�*R�P �� أه� ا��	�ذج ا�*�K 3رس اbن �N/P� l^/� N/P رa*�K �T�2/� 3U�8 �� آ^�� 

  . �� ا�2Oاه� ا�:����9 وا�/9��2، وا��	2ذج ا�*��8 3	N^ أ�� ه56 ا��	�ذج

��9 ا�(:�9=3 ه6ا ا��رس �2ف ��*��ضU�`*ت ا�Sد��	2#9 ا�	J� ف��K   

0.5 , 0.4

0.5

x x ay a

y x y

= − + <
= −

ɺ

ɺ
 

  و�/*��i= N/P� �Tء ا����9 

( )

( )2

1

2

0.5

1 0.5

0.5

1 0.5

0.5
det det 0

1 0.5

0.5 0

0.5

0.5

x a x

y y

a

a

a

a

a

λ
λ

λ

λ

λ

λ

−    =    −    

− =  − 

− − − = = − − 

− − − =

= − −

= −

A

A I

ɺ

ɺ

 

 ?S�#� kIAذج ا��
#� �%�#0VenSim:  

x

y

dx/dt

dy/dt

b

c

a

 

(01) a =   -0.3   Units: **undefined** 

(02) b =  -0.5   Units: **undefined** 

(03) c =  -0.5   Units: **undefined** 
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(04) "dx/dt" =  b*x+a*y  Units: **undefined** 

(05) "dy/dt" =  x+c*y   Units: **undefined** 

(06) FINAL TIME  = 10   Units: Month  The final time for the 

simulation. 

(07) INITIAL TIME  = 0  Units: Month  The initial time for the 

simulation. 

(08) SAVEPER  = TIME STEP  Units: Month   The frequency with 

which output  

                                                                                  is stored. 

(09) TIME STEP  = 0.0625   Units: Month   The time step for the 

simulation. 

(10) x = INTEG ( "dx/dt",  1)   Units: **undefined** 

(11) y= INTEG ( "dy/dt",  1)   Units: **undefined** 

 

0.3a = −  

1
2

0.06
0.6

-0.2
-0.08

-1
-0.6

4

4 4
4

4
4

4 4 4 4 4

3

3

3

3
3 3 3 3 3 3 3

2 2

2

2

2
2 2 2 2 2 2 2

1

1

1

1 1 1
1

1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Month)

x : Current 1 1 1 1 1 1 1 1 1 1

y : Current 2 2 2 2 2 2 2 2 2 2

"dx/dt" : Current 3 3 3 3 3 3 3 3 3 3

"dy/dt" : Current 4 4 4 4 4 4 4 4 4 4

  

0.3a =   



 114 

2
4

0.06
0.6

0.8
0

-0.2
0

4

4
4 4 4 4 4 4 4 4 4

3

3

3
3 3 3 3 3 3 3 3 3

2
2 2 2 2 2 2 2 2 2 2 2

1
1 1 1 1 1 1 1

1
1

1
1

0 1 2 3 4 5 6 7 8 9 10
Time (Month)

x : Current 1 1 1 1 1 1 1 1 1 1

y : Current 2 2 2 2 2 2 2 2 2 2

"dx/dt" : Current 3 3 3 3 3 3 3 3 3 3

"dy/dt" : Current 4 4 4 4 4 4 4 4 4 4

 

 

 

0.3, 0.5, 0.5a b c= − = − =  

20
40
4
8

-20
-40
-4
-8

4
4

4

4
4

4

4

4

4

4

4

3

3

3

3

3 3

3

3

3

3
3

3

2

2 2

2

2

2

2
2

2

2

2

2

1
1

1 1

1

1

1

1 1

1

1

1

0 23 46 69 92 115 138 161 184 207 230
Time (Month)

x : Current 1 1 1 1 1 1 1 1 1 1

y : Current 2 2 2 2 2 2 2 2 2 2

"dx/dt" : Current 3 3 3 3 3 3 3 3 3 3

"dy/dt" : Current 4 4 4 4 4 4 4 4 4 4

 

 

0.3, 0.3, 0.5a b c= − = − =  
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800 B
2e+012

200 B
400 B

-0.8 Tr
-2e+012
-0.2 Tr
-0.4 Tr

4 4 4 4 4 4 4 4 4
4

4

3 3 3 3 3 3 3 3 3 3 32 2 2 2 2 2 2 2 2 2
2

1 1 1 1 1 1 1 1 1 1
1

0 23 46 69 92 115 138 161 184 207 230
Time (Month)

x : Current 1 1 1 1 1 1 1 1 1 1

y : Current 2 2 2 2 2 2 2 2 2 2

"dx/dt" : Current 3 3 3 3 3 3 3 3 3 3

"dy/dt" : Current 4 4 4 4 4 4 4 4 4 4

 

 

�8�	K :	2#9 ا�	J� ف��K 3��`N/� 9 �� أ�JK �Hرب #*)� ��;� 9��U�`*ت ا�Sد��a,b,c   

  

  

x

y

z

dx/dt

dy/dt

dz/dt

a

r

b
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( )x a x y

y xz bx y

z xy cz

= − −
= − + −
= −

ɺ

ɺ

ɺ

 

 

0.1, 0.02, 0.03a b c= − = = −

 

4
1
2

0.4
2
2

0
-1

-0.4
0

-2
-2

6
6

6 6

6

6
6

5

5 5

5

5 5
5 5

4

4

4 4

4 4
4

43

3

3

3

3

3
3

3

2

2

2

2

2 2
2

2

1
1

1
1

1
1

1
1

0 1 2 3 4 5 6 7 8 9 10
Time (Second)

x : Current 1 1 1 1 1 1 1
y : Current 2 2 2 2 2 2 2 2
z : Current 3 3 3 3 3 3 3 3
"dx/dt" : Current 4 4 4 4 4 4 4
"dy/dt" : Current 5 5 5 5 5 5 5 5
"dz/dt" : Current 6 6 6 6 6 6 6 6
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6-k2/ا� �P  2GI� �9	�/0 ذج
#�   :The Pumping Heart Model   

��Jاء ا�GHا Q�	H "ا��@9 إ� �� ��J�آS�� 3�Zا��م ا� N;�K 9)i	ن آ���Aا R�L /� إ#*��ر	8 .

�R ا�A��ن آ	� 8L 9H6	� �/	)ا�H 3�8�;K N/P� ( *�دد	آOscillator .  ��� م 8*�دد�Oآ� R�ا�;

��Systole أي ���9 إرK(�ء و إ�;��ض Diastoleإ����ط : ���*�� �N/P #�م;K 9��� أي  .

 *8Electro-Chemical��R =3 إ�;��ض وإ����ط #�iت ا�;�R ��`6 آ�Tوآ�	��@3 

Stimulus . أ ��U�*=ن =+ذا إx 9�i# 9`�� 2لD 2ه Muscle Fiber و R� آ	�v 9  =3 ا�;

 R��9 ا�;i# 9`�� 2لD 3= ض��;�Aط وا����A9 أن ���ل ا��ا�	�`6، =;� و�H �� ا�*�Jرب ا�	�	

 ����G8) Rداد �Q آ	�9 ا�	�`6 و�8;� �*����K X��^�0µ >  ( 9`����J� V ا�Y ��� ا�`�ق Q�

�T�2D9. و`��  .آ	� و�H أن ���ل آ	�9 ا�	�`2D Q� �L��*K 6ل ا�

S:��ت :أو�	ا� "���9 �� ا�;�R ��*	�ا #i# 9`�� 92ذج ��آ�	9 ����U�`*ت ا�Sد��	آ2ن ا� 

  .ا����;9

����Y: 2ذج	آ2ن � Vensima@�*ا�� �Lا�*���9 و�� ��;��� :  

( )
( ) ( )

2 / sec, 0 2

0 1 , 0 0.1 100 sec

cm x cm

v microgrm t

µ = =

= =
    

Nا��:  

S`6 و�8;� :أو�	9 ا��	آ Q� دادG8 R��9 ا�;i# 9`�� 2لD 3= ض��;�Aط وا����Aأن ���ل ا �	� 

 �����*�) R���K X��^�0µ ��J� V ا���`9 و�T�2D إذا)  <Y ��� ا�`�ق Q�  

( ) ( ) ( ) ( )3 3
dx t

v t x t x t
dt

µ  = − −   

  2D Q� �L��*Kل ا���`9 إذاو�	� أن ���ل آ	�9 ا�	�`6 

( ) ( )dv t
x t

dt
= −  

 d��� N/P� �T�*/و�  

( )3 3
dx

v x x
dt

µ= − −  

dv
x

dt
= −  

�%��c : Q����9� ��#� ذج
   Vensimا�$#
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x

v

dx

dv

mu

 

 

(01) dv =  -x    Units: microgrm/sec 

(02) dx = v-mu*(((x^3)/3)-x)  Units: cm/sec 

(03) FINAL TIME  = 100   Units: Second   The final time for the 

simulation. 

(04) INITIAL TIME  = 0   Units: Second  The initial time for the 

simulation. 

(05) mu = 2  Units: cm/sec 

(06) SAVEPER  =  TIME STEP   Units: Second   

 The frequency with which output is stored. 

 (07) TIME STEP  = 0.1   Units: Second   The time step for the 

simulation. 

(08) v = INTEG ( dv, 1)  Units: microgrm 

(09) x = INTEG ( dx, 2)  Units: cm 
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Current 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

x
4

2

0

-2

-4

1
1

1
1 1

1
1 1

1
1 1

1

1 1 1

1

dx
4

2

0

-2

-4

1

1

1 1
1 1 1 1

1
1 1

1

1 1

1

1

0 25 50 75 100
Time (Second)  

 N/!)1(  

Current 1 1 1 1 1 1 1 1 1 1 1 1 1

v
4

2

0

-2

-4

1 1 1 1 1 1 1 1 1 1 1 1
1

dv
4

2

0

-2

-4

1 1 1 1 1 1 1 1
1

1
1 1 1

0 25 50 75 100
Time (Second)  

 N/!)2(  
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Heart Rate v Fiber Length 

4

2

0

-2

-4
-3 -2 -1 0 1 2 3

x

dx : Current cm/sec1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)3(  

Heart Rate v Stimulus 

4

2

0

-2

-4

1 1 1 1
1

-3 -2 -1 0 1 2 3
v

dx : Current cm/sec1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)4(  
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Stimulus v Fiber Length 

4

2

0

-2

-4
-3 -2 -1 0 1 2 3

x

v : Current microgrm1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)5(  

 

Stimulus v Heart Rate  

4

2

0

-2

-4

1

1

1
1 1 1 1 1 1

-4 -3 -2 -1 0 1 2 3 4
dx

v : Current microgrm1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)6(  

a@�*9 ا��PL���:  

 N/! �� ���8)1 ( ط أن����Aل �� ا�;*�AاDiastole) 9�82D ض ) أ���ف��;�Aإ�" اSystole 

�**8S 3��R =3 إ����ب ��`3 وا�6ي ( ��Kث =��T ا�A;��ض ��dء =3 ا0ول ) أ���ف ���Lة(
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R���Q=�� Q8 ا��م إ�" ) B8ذي ا�; N/P� j�;�K `6 =+ن ا���0ف�	9 #���9 �� ا��	و�/� #�� آ

) 3(ا0!/�ل �� .  =3 ��*2ي ا�	�`6 و���ل Oscilation5��ZKدد ���8 ا�*�) N/!)2 . ا�(�رج

  :9��D gU2K ا�*�ددات  ا��ور98 =" ا�	�*�82ت) 6(إ�" 

1- N/! 9�i2ل ا��D �U R��9 ا�;i# ت�i�� 3( ���ل(  

2- N/! 6`�	9 ا��	آ �U R��9 ا�;i# ت�i�� 4( ���ل(  

3- N/! 9�i2ل ا��D �U 6`�	9 ا��	5( آ(  

4-U 6`�	9 ا��	آ  N/! R��9 ا�;i# ت�i�� 6(� ���ل(  

�8�	K:  

����H+� �L  )9اء �JKرب #�" ا��	2ذج -1L 9*/��9 ) ��ون �2ف �� ��وث i�� 9`�2D0ال �(*

a@�*رن ا���L6 و`�	�� 9`�  ا�;�R وآ	��ت �(*

�9 ا�;�R و #�� اي ��*�82ت ��	�`6؟-2i�� د�TH3 ��8ث إ*�   

3- R�  ؟µ ��هX��Y ��YfK 2 ا�*��

4- X��^�� 9	�L `6 أو #�� أي�	*2ى �� ا��د #�� أي ���  µ 9 ؟���L 9*/�أي ��K ) lL2*Kث 

3@�J= 2ف او =�ح� R��� ا�*�دد �# R��9 ا�;i#( 
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ذج !�ذ��ت �
ر	$�� -7#� Lorenz Attractors Models:  

 �� 9:��� 9#2	J� 3ه c*�8ذ��ت �2ر�H 9 ا����� إدوارد:�ا�	��دSت ا�	��دة 2Dرت �2ا

9 ��*��B #� ا�2J أن أي ��ZK . �2رc*�8 أ��Yء درا�*$ �0	�ط ا�2J ا�*KS 3*/�ر�����9 ا0/P	ا�

� ��Hح =�ا!9( و�� 2��d =3 ا�0	�ط ا0و��9 `� "	�8�� ��YfK ( د�	ا0#* ��	�وا�6ي 9�# ���8 #

  ." �*�@�i*� aر�9 أو #/��9ا����س #�3 ا��Pوط ا0و��B8 9دي إ�

 ��\ 9��U�`K تSث ���د�Y �� م ��آ3 8*/2ن�O�� ر��� N/! �# ه2 #��رة c*ذ�9 �2ر��H

 ��Z*	��6 ه6ا ا��وا��، إذا ا ��Z*	� 9�TJ*� 9ت ه6ة ه2 دا�Sد��	ا� N� ،"9 ا0و�H9 �� ا��ر�:�

�Gو��� ���T	� زاو98 =3 ا�	�ار �/2ن �� �. #�" أ��س ا�$ ا���G =+ن ا��Q�**8 N ���ر ��ار

  :ا�	��دSت ه3 آ��*��9Y�Y .3 أ���د

( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

d
x t ax t ay t

dt
d

y t bx t y t z t x t
dt
d

z t cz t x t y t
dt

= − +

= − −

= − +

 

  S&ا
  0Vensim#�%� ا�$#
ذج �

x

y

z

dx/dt

dy/dt

dz/dt

a

b

c

dx/dt=a(y-x)

dy/dy=bx-y-xz

dz/dt=xy-cz

a=10

b=28

c=2.67

x(0)=0

y(0)=0.1

z(0)=25

dt=0.02

start time=0

end time=100
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(01) a =  10   Units: **undefined** 

(02) b =  28   Units: **undefined** 

(03) c =  2.67  Units: **undefined** 

(04) "dx/dt" =  a*(y-x)  Units: **undefined** 

(05) "dy/dt" =  b*x-y-x*z   Units: **undefined** 

(06) "dz/dt" =  x*y-c*z   Units: **undefined** 

(07) FINAL TIME  = 100  Units: Second  The final time for the 

simulation. 

(08) INITIAL TIME  = 0  Units: Second  The initial time for the 

simulation. 

(09) SAVEPER  = TIME STEP  Units: Second  

 The frequency with which output is stored. 

(10) TIME STEP  = 0.02  Units: Second   The time step for the 

simulation. 

(11) x = INTEG ( "dx/dt",  0)   Units: **undefined** 

(12) y = INTEG ( "dy/dt",  0.1)   Units: **undefined** 

(13) z = INTEG ( "dz/dt",  25)  Units: **undefined** 
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y : Current 2 2 2 2 2 2 2 2 2

z : Current 3 3 3 3 3 3 3 3 3

"dx/dt" : Current 4 4 4 4 4 4 4 4 4

"dy/dt" : Current 5 5 5 5 5 5 5 5 5

"dz/dt" : Current 6 6 6 6 6 6 6 6
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Current 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

y
40

20

0

-20

-40

1

1
1

1

1 1 1

1 1 1
1

1
1

1 1

"dy/dt"
600

300

0

-300

-600

1
1

1 1 1 1
1

1 1 1 1 1
1

1
1

0 2.5 5 7.5 10
Time (Second)  
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Current 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

z
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xz-plane
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 129 

8-  %�Gذج  ا�#���س وا�
#� Prey and Predator Model:   

�" ه6ا ا�	2رد# d;= ���8 وا�6ي ]�T*�م 8*/2ن �� �2رد و��O�� 2ذج	2ذج ه6ا . ه6ا �	ا��

"�=	^� �L 2/8ن .  ا�	*J	Q ا�:`��3 ا�6ي ���8 #��8�T�*��ض إ�*�Gاف ا�	2ارد و��YfKة #

�[ Q�:L �� ا�^����Y�/*K ،R ا0را�R �� دورة ز���9 ����ى T*�	وا� Rا0را� �� Q�:L 2رد	ا�

 g	�KS R*2=�ة ��را�	2ارد ا�	9 أن ا�O��� Q� 9;���ده� =3 ا��ورة ا��# Q� R��	��ل 8*��

ه56 ا0را�*J� R	Q �� ا�^���R وا�6ي �8	2 وG8داد 8;*�ت #�" .  أر�f�500Rن ���8 أآ^� �� 

Rآ�ن ه��ك #�د آ�ف آ� ا0را� �	�  ���رس ��Oم ا�	��دSت ا�`�و9�L ا�*l�K 3 ه6ا ا���Oم. آ

Rد�9 ا���آ�9 ��را���	ا�  

1 1 0.001
500

k
k k k k k

r
r r g r r f+

 = + − − 
 

 

 R���^�  ا�	��د�9 ا���آ�9 �

1 0.001 0.02k k k k kf f r f f+ = + −  

��را����K R أن ا0را�GK Rداد �	��ل 8*���Q� R #�ده� #�" ا�8G8S #�ده�  ا�	��د�9 ا���آ�9 

ا�	���9 ا���آ�9 ��^������K R ان .  �� #�د ا�^���0.001R أر�R و�L��*K �	;�ار �#500 

 Q� ��� �� #�ده� آN 0.02 �� #�د ا0را�R و�L��*K �	;�ار 0.001ا�^���G8 Rداد #�ده� �*��

  .دورة

  :fVensim&��8ام 0#�%� ا�$#
ذج �

  l�8 ��آ�9 ا���OمVensimا������a ا�*��3 �+�*(�ام 

Rabbits

Foxes

change

changeRate

foxesChange

R(t)=R(t-1)+G[1-R(t-1)/500]R(t-1)-0.0001R(t-1)F(t-1)

F(t)=F(t-1)+0.0001R(t-1)F(t-1)-0.02F(t-1)
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Foxes
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Rabbits
change (Rabbits)

foxesChange Foxes
 

 

Loop Number 1 of length 1 
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       change 
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       foxesChange 
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(01) change = changeRate*(1-Rabbits/500)*Rabbits-0.0001*Rabbits*Foxes 

(02) changeRate =  0.01 

(03) FINAL TIME  = 100  Units: Day  The final time for the simulation. 

 (04) Foxes = INTEG ( foxesChange, 20) 

(05) foxesChange = 0.001*Rabbits*Foxes-0.02*Foxes 

(06) INITIAL TIME  = 0  Units: Day  The initial time for the simulation. 

(07) Rabbits = INTEG ( change,  400) 

(08) SAVEPER  =   TIME STEP   Units: Day     The frequency with which output  

                                                                                   is stored. 

(09) TIME STEP  = 1  Units: Day    The time step for the simulation. 

 

 

Current 1 1 1 1 1 1 1 1

Rabbits
400
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1 1 1
1

1

1

1

change
0
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1

1

1

1

0 25 50 75 100
Time (Day)  
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Graph for Rabbits
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 %99�  :أ��FaIت ا�

FoxesfoxesChange
(Foxes)

Rabbits
 

 

Foxes
change Rabbits

foxesChange (Foxes)
 

 :ا�8ورات ا��%�2 

Loop Number 1 of length 1 

  Foxes 

       foxesChange 

Loop Number 2 of length 3 

  Foxes 

       change 

       Rabbits 

       FoxesChange 
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Current 1 1 1 1 1 1 1 1
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 ����1:   

A9 وا���  �H��ت ���*��رات ا����;9ا0
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                   ��� ا
 ا���	� ا�����

  

  L�� ا���Aء و��2ث ا��	���ت

   ��203V ���ء ا��	�ذج: ا�	�دة 

 9��  اS�*��ر اSول ��#	�ل ا�`�

 N�`هـ1421/1422ا�^��3 ا�   

  

 ��Gا� :��*#��  

�9 ا�*���9���H 3	�Q ا0# RHأ:  

  

  : ا��rال ا�ول

���  : ت ا�*���9 وأ#:�T�� N/� S�^� 3#�ف ا�	�:

أ�A���ب ا�(�رج ) د (Inflowأ�A���ب ا��ا�N ) ج (Flowأ�A���ب ) ب (Stockا�	*�ع ) أ(

Outflow) هـ ( ر��	ا�Source) و ( 2رZا�)ا����2#9 (Sink) 9 ) ز�`�� 986ZK دورة

Feedback Loop) ح ( �#��	ا� ��Z*	ا�Auxiliary Variable) ط (O9 ا��H6	� م�System 

Modeling) ي ( 3 �*��كU�82ذج ر	�)د3/����8 (Dynamic Mathematical Model 

  )��N/� 9��# l =;�ة_ �	�9 #���ت (

  :ا��rال ا�����

��S �2زع �H�Yت ��9��G أن ا�	��ل ا�6ي Q��8 �$ ا�^��Hت �8*	� ���!�ة #�3 #�د ا�	��زل 

�[ �H�Yتا�*�H�Y �T� �H28S 3ت ��� وأن ه6ا ا�	��ل 	K 3*زل ا���	زد�8د #�د ا�+� �L��*8 . إذا

�[ 9H�Y ��� و�/� 2�Kي #�" إ�*�آ�T و Hإ=*���U أن 	K S 3*زل ا���	�� 3� 8	N^ ا���د ا%0

x9H�Y ]�	K 3*زل ا���	د ا��#  .  

�6 و��ة ا��� ) ��G	9H6 ا���Oم ا����� Difference Equation��� أن ا�	��د�9 ا�`�و9�L ) أ(

  :ه3) ا��2م

( )1 1t t tx x k H x− −= + −  

)lو�� ��*��#(  

0x إ=*�ض أن ) ب( = ����#0t 3 ��	��زل=�N� ، 20000H ه6ا ا��	2ذج ����د ا%0 و =

R���K X��Y   0.05k = ��;� ، 0,1,2, ,10t = ⋯) lو�� ��*��#(  
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#��9 (#�� ا�	*�ع و ا�A���ب وا�	*��Zات ا�	��#�ة وا�	��ر ودورة ا�*986Z ا�(�`�9 ) ج(

  )وا��ة

3 ��	*�ع وأ�A���ب ) د(:�:)K N/! �� ، و�`56 �+�*(�ام Stock and Flow Diagramأر

VensimJ�  )أر��9 #���ت. (J@�*� N[ و
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9�H2ذ	ت ا�����HAا: 

G8داد و�8;� و8�	" ا�i8 ) د3/����8، �*��ك( أي !�� Q� ��Z*8 ا�Stock ��Gا�	*�ع ) أ– 1(

  : و8	N^ آ��*��State Variable3 او �*�Level 9��� ��Z�*2ى 

Stock

Flow

AuxiliaryVariable

Source/Sink

Information
Link

 

9�  آ	�9 ا�	�� 3= 5�Gان، #�د ا0��T ا�*3 8	*�/�T ��*^	� ا��: أ�^

986 ��(Gان : أ�^��8G8  .9 أو �8;� �*�عRate ه2 ���ل Flow ا�0���ب )ب-1(Z	5 ا���	9 ا��	آ

  او ا�	��2�9 ��$، #�د ا0��T ا�	P*�اة أو ا�	��9#

986 ��(Gان، #�د ا0��T : أ�^�9. أ�A���ب ا��ا�N ه2 ���ل �8G8 ا�	*�ع) ج-1(Z	5 ا���	9 ا��	آ

  ا�	P*�اة

آ	�9 ا�	��5 ا�	��2�9 �� ا�(Gان، #�د : أ�^�9.  �8;� ا�	*�عأ�A���ب ا�(�رج ه2 ���ل) د-1(

  ا0��T ا�	��9#

�Gان ����9 ا�	��ة، ا0��T : أ�^�9. ا�	��ر ه2 ا�	��Q او اN%0 ا�6ي 6Z8ي ا�	*�ع) هـ-1(

  ا�	:�و�9 ��*�اول

ري او ا�	�J: أ�^�9. ه2 ا�;�ع او ا�	�=� او ا�	�Jري ا�6ي �8;� ا�	*�ع) ا����2#9(ا�2Zر ) و-1(

�L 2/8ن : ���9O(ا���ف ا���3 ��	��ة ا�(�ر9H �� ا�(Gان، ا0��T ا�	:�و�9 ��*��دل 

  )ا�	��ر وا�2Zر �`c ا��P آ	� =3 ا�	^�ل ا0���

�`�9 ه3 ا�*�T�= �YB8 3 ا�	*�ع #�" ا�0���ب ا�	6Zي �$) ز-1(� 986ZK 9. دورة�ا�(Gان : أ�^

 �/�*K 5��� ل ا��2ب��5 �� ��	6ى ���Z	ا� $�� Q`K�K انG)ة =3 ا���	ا� Q`K�K �	��$ �D=�9، آ

9�  ا�:�=�9 وN;K آ	�9 ا�	��5 ا��ا�

ا�	*��Z ا�	��#� ه�8 ��Z*� 2�N =3 و%l و#	N ا���Oم و�YB8 =3 ا�A���ب و�Yf*8 �L ) ح-1(

�*^	�ر: أ�^�9. ���	*�عA *�ح	ل ا��	ان، رأس ا�G)�  ا���9 ا�;�2ى �
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�^�L�# Nت رl�K 9�U�8 .  ر# l�8 3U�8	N ا���Oم�	9H6 ا���Oم، وQU �	2ذج) ط-1(

�T��" ا0# R��l�K 3 ���9 ا���ض وا�:��L د��*Lت إS5، ���د��	ان ���G)ل إ�*�ء ا����  

ه2 ا�6ي l%28 �	��دSت Q� ��Z*K ا���G و 8*/2ن ) د3/����8(�	2ذج ر3U�8 �*��ك ) ي-1(

9�L9 او =�و��U�`K تSد��� �� . N^�x kx=ɺ)  9������ ق�;*!Aا "�ا��;:9 =2ق ا����K Gل #

��G�� (3���9 �� ا��ر9H اSو�" وK	�O� N^م =3 ���9 �	2 اU�`K 9وه3 ���د�  

  ) أ-2(

( ) ( ) ( )

( )
( ) ( ) ( )
( ) ( ) ( )

( ) ( )

                         =

      1 1

x t x t dt
H x t dt

dt

k H x t dt

x t x t dt k H x t dt dt

x t x t dt k H x t dt dt

x t k H x t

− −
∝ − −  

− −  

− − = − −  

= − + − −  

= − + − −  

 

 9��U�`K 92 ���أ ����ء ���د�� Ni=0ق �� ا�;*!A9�2(=3 اT��� ( ،9�Lإ�" ���د�9 =�و �T�2�� �Y  

( )1 1t t tx x k H x− −= + −  

  ) ب-2(

( )
( )
( ) ( )

( )

1 1 0

1 0

2 1 1

3

4

0.05 20000 , 0, 0,1,2, ,10

0.05 20000 0 1000

0.05 20000 1000 0.05 20000 1000 1950

1950 0.05 20000 1950 2852.5

3709.875

t t tx x x x t

x x

x x x

x

x

− −= + − = =

= + − =

= + − = + − =

= + − =
=

⋯

⋮

 

�[ 9H�Y ) ج-2(	K 3*زل ا���	*�ع ه2 #�د ا�	ا�x  

1tا�A���ب ه2 ا�	��ل ا�6ي ��Kع �$ ا�^��Hت  tx x −−  

� 9H�Y ]�	KS 3*زل ا���	�� 3�  ��H و�/� 2�Kى إ�*�آ�T ا�	*��Z ا�	��#� ا���د ا%0

x �;�8 Hدورة ا�*986Z ا�(�`�9 آ�	� G8داد  x− �;�8 3��*���1 وt tx x −− N�ب ا��ا����Aوا 

 �� �8G8 6اT9 و�����  . وه/6ا8Sx	/� ان 2/8ن آ	�9 

  ) د-2(
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x

dx/dt

k H

 

xdx/dt

(x)

H

k
 

x dx/dt (x)
 

Loop Number 1 of length 1 

  x 

       dx/dt 
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Current 1 1 1 1 1 1

x
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5,000

0 1

1

1
1 1

"dx/dt"
1,000
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0

1

1

1 1 1
0 50 100

Time (Day)  

Graph for x
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  ��� ا
 ا���	� ا�����                    

 

  

��2د ]� 9���H ا�	

  آ��9 ا���2م

���تL�� ا���Aء و��2ث ا	��  

  

   هـ1421/1422اA�*��ر ا�^��3 0#	�ل ا�`�N ا�^��3 

  )���ء ا��	�ذج (  ��V �203	�دة 

   &�4 2: ا�_�6

  

�9 ا�*���9���" H	�Q ا0# RHأ:  

  

  :ا��Bال ا0ول

N�(Iterate) ��;� 1,2,...,15t ا�	��دSت ا�`�و9�L ا�*���9 ��;�� ا0و��9 ا�	�:�ة K/�ار�8  =  

1 2 0 1

1 2 0 1

2 0, 5, 1

6 9 0, 3, 15
t t t

t t t

x x x x x

x x x x x
− −

− −

+ − = = = −
+ + = = = −

 

 ��tx Q� 1,2,...,15tو=3 آN ���9 أر =.  

  :ا��Bال ا�^��3

ه��ك ا�/^�� �� ا�2Oاه� ا�:����N^� 9 ا�2Oاه� ا���982 وا����9�H2 واHA*	�#�9 واLA*��د98 ا�� 

���2ت اآ^� إ�Lأ #� (�	�Fibonacci Numbers ( = 2ن/K ��Gم د3/����8 #�� ا��O� 9�	آ �T�

t 9م #�� ا0ز���O9 ا���	3 آ��K 1t*	� ���!�ة # 2t و − − . Xذا آ��+=,tx t T∈ V�� T N^	K 

�K ،9���� 9م =*�ة ز����Oد9�/����8 ا�� l�K 3*9 ا�^���9 وا�H9 �� ا��ر�Lد�9 ا�`�و��	أن ا� �� �;

  : #�� أي ��9O ز���9 ه3

1 2 0,t t tx x x t T− −− − = ∀ ∈  

  

,�QU2 )  أ( 0t
tx λ λ= ≠ N/Pا� "�# R*/K #�ة��	د�9 ا���	2 ��� أن ا� 1 0λ λ− − = �Tو� 

  : ا��N ا�*��3
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1

2

1 5
1.6180339

2

1 5
0.6180339

2

λ

λ

+= ≈

−= ≈
 

  

�3 ا�tx N/P��� أن )  ب(# R*/K   

1 5 1 5
,

2 2

t t

tx A B t T
   + −= + ∀ ∈   
   

 

0و�;�� أو��9  0x 1 و = 1x 1 =+ن =

5
A 1 و =

5
B

�3 ا�txN/P و���*��3 =+ن =−# R*/K :  

( ) ( ) { }( )1
1 5 1 5 , 0,1,2,... 0,1,2,...

2 5

t t

tx t T = + − − = =
  

  

  

�*(�ام )  ج(+�Excel �Hأو tx ��;� 1,2,...,25t =  QU2� ]وذ� :  

A1=1 

A2=1 

A3=A1+A2 

. 

. 

. 

A(n)=A(n-1)+A(n-2) 

9O���: �8�)ا� ��	� ���   A4-A25 إ�*(�م ا���� وا�

 QU2�B1=A2/A1ان �;�K   

 1B(n) 1.6180339, As nλ→ ≈ → ∞  

 QU2�وC1=A1/A2ان �;�K  

 2C(n) 0.6180339, As nλ→ ≈ → ∞  

9O���: 6� n=30  

  

V��^ال ا�B�ا�:  



 143 

 8Markovian;2ل أ�� ���اء اLA*��د أن ��ه�ة إL*��د�T� 9���� 98 ا�(�%�9 ا�	�آ2=�9 ) أ(

Propertyذا�	9 ا�^���9 =H3��8؟ �� ا��ر   

��� اLA`�ل ���T !�آQ�*8 �� 9 ا�(�%�9 ا�	�آ2=�9 �� ا��ر9H ا�^���� 9�R ا�	��د�9 ) ب(

9�Lا�`�و  

( )1 2 , , ~ 0,4t t t t tx ax bx t T Nε ε− −− − = ∀ ∈  

 Second Order one State)�2ل ه56 ا�	��د�9 �� در� 9���Y 9H	��Z* ���9 وا�� 

Variable) 9��� ى��Z*	� "9 أو�Hإ�" در  (First Order two State Variables) ]وذ� 

 QU2�1 2t ty x− −=.  

�*(�ام ) ج(+�Vensim 5ار�;*�    �;�� (Steady State) آ2ن �	2ذج �6Tا ا���Oم وأ�*�� إ

1) 1.2, 0.7

2) 1.2, 0.7

a b

a b

= = −
= − = −

 

9O��� :9���*م ا�;�� ا��)*�  إ

RANDOM NORMAL(-3.99,3.99 , mean ,standard deviation ,seed=Prime 

Number ) 

INITIAL TIME  = 0 

FINAL TIME  = 2 

SAVEPER  =  TIME STEP  

TIME STEP  = 0.01 
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  ��� ا
 ا���	� ا�����

   ��203Vأ�� ا���2ل ا�		/�A 9�*��ر 

��Bال ا0ول� $��Hإ:  

1 2 0 12 , 5, 1

5,-1,11,-13,35,-61,131,-253,515,-1021,2051,-4093,8195,-16381,32771
t t tx x x x x− −= − + = = −

 

15105

30000

20000

10000

0

-10000

-20000

Index

C
2

 

1 2 0 16 9 , 3, 15

3,-15,-39,-57,-21,-93,51,-237,339,-813,1491,-3117,6099,-12333,24531
t t tx x x x x− −= − − = = −

 

 

 

15105

20000

10000

0

-10000

Index

C
3

 

  

9 ���Bال ا�^��3��Hإ:  
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 ��8��tx 3�# �	*�K 1tx 2tx و −    ��R ��:2ق ا�	�9�f أي−

1 2

1 2 0,
t t t

t t t

x x x

x x x t T
− −

− −

= +
− − = ∀ ∈

 

,�QU2 ) أ( 0t
tx λ λ= ≠ �J�   

( )
1 2

2 2

2

2
2

1,2 1,2

1 2

0

1 0

0

1 0

1 1 4 4
0,

2 2

1 5 1 5
1.6180339, 0.6180339

2 2 2 2

t t t

t

b b ac
if ax bx c then x

a

λ λ λ
λ λ λ

λ
λ λ

λ

λ λ

− −

−

− − =

− − =

≠

∴ − − =

 ± + − ± −= + + = = 
 
 

= + ≈ = − ≈

∵

 

�`9 =+ن ا��N ا���م ��	��د�9 ا�`�و9�L ه2�	� ان GHور ا�	��د�9 ا�	��#�ة �;�;�9 و�(*) ب(  

( ) ( )

1 2

0 1

0

1

,

1 5 1 5
,

2 2

0, 1

0

1 5 1 5
1

2 2

1 5 1 5
1

2 2

1 1

5 5
1

1 5 1 5 , 0,1,2,...
2 5

t t
t

t t

t

t t

t

x A B t T

x A B t T

x x

x A B A B

and x A B

B B

B A

x t

λ λ= + ∀ ∈

   + −= + ∀ ∈   
   

= =
∴ = + = ⇒ = −

   + −= + =   
   

   + −∴− + =   
   

−∴ = ⇒ =

 ∴ = + + − =
  

∵

 

 )ج(

A B C 

1 1 1 

1 1 1 

2 2 0.5 

3 1.5 0.666666667 

5 1.666666667 0.6 
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8 1.6 0.625 

13 1.625 0.615384615 

21 1.615384615 0.619047619 

34 1.619047619 0.617647059 

55 1.617647059 0.618181818 

89 1.618181818 0.617977528 

144 1.617977528 0.618055556 

233 1.618055556 0.618025751 

377 1.618025751 0.618037135 

610 1.618037135 0.618032787 

987 1.618032787 0.618034448 

1597 1.618034448 0.618033813 

2584 1.618033813 0.618034056 

4181 1.618034056 0.618033963 

6765 1.618033963 0.618033999 

10946 1.618033999 0.618033985 

17711 1.618033985 0.61803399 

28657 1.61803399 0.618033988 

46368 1.618033988 0.618033989 

75025 1.618033989 0.618033989 

121393 1.618033989 0.618033989 

196418 1.618033989 0.618033989 

317811 1.618033989 0.618033989 

514229 1.618033989 0.618033989 

832040 1.618033989 0.618033989 

 

  ���� أن 

( )
( )

1

2

1.6180339,

0.6180339,

B n As n

C n As n

λ
λ

→ ≈ → ∞

→ ≈ → ∞
 

V��^ال ا�B��� 9��Hإ:  

   k  Markovian Property of orderا�(�%�9 ا�	�رآ2=�9 �� ا��ر9H ) أ(

"��" �L	�T #�� ا0ز��t 9 ان �L	9 ا��Oه�ة ا��2Pا@�9 #�� ا�K ��G;2ل ## �	*�K 

1, 2,...,t t t k− − −d;=  . Xإذا آ�� �^	={ },ty t−∞ < <   =+ن∞
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 ( )( ) ( )1 2 1 21| , ,..., , ,... | , ,...,t t t t k t t t t kt kP y s y y y y P y s y y y− − − − − −− +< = <  

  ) ب(

( )1 2

1 2 1

1 1

1

, , ~ 0,4t t t t t

t t t t

t t t t

t t

x ax bx t T N

y x y x

x ax by

y x

ε ε

ε

− −

− − −

− −

−

− − = ∀ ∈
= ⇒ =

∴ = + +
=

∵
 

  ) ج(

x

y

dx

dy

epsa

b

 

 

(01) a = 1.2 

  

(02) b = -0.7 

  

(03) dx = a*x+b*y+eps 

  

(04) dy = x 

  

(05) eps = RANDOM NORMAL(-3.99,3.99 , 0 ,2 ,19 ) 

  

(06) FINAL TIME  = 2 
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(07) INITIAL TIME  = 0 

 

(08) SAVEPER  =  TIME STEP  

 

(09) TIME STEP  = 0.01 

 

(10) x = INTEG ( dx, 0) 

  

(11) y= INTEG ( dy, 0) 

 

Current

x
0.2

0.1

0

-0.1

-0.2
dx

4

2

0

-2

-4
0 0.50 1 1.50 2

Time (Day)  

  ا���Oم \�� ��*;�

  

(01) a = -1.2 
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(02) b = -0.7 

  

(03) dx = a*x+b*y+eps 

  

(04) dy = x 

  

(05) eps = RANDOM NORMAL(-3.99,3.99 , 0 ,2 ,19 ) 

  

(06) FINAL TIME  = 2 

 

(07) INITIAL TIME  = 0 

 

(08) SAVEPER  =  TIME STEP  

 

(09) TIME STEP  = 0.01 

 

(10) x = INTEG ( dx, 0) 

  

(11) y = INTEG ( dy, 0) 
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Current

x
0.2

0.1

0

-0.1

-0.2
dx

4

2

0

-2

-4
0 0.50 1 1.50 2

Time (Day)  

  ا���Oم ��*;�
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                       ��� ا
 ا���	� ا�����

 

  قسم الإحصاء وبحوث العمليات

  كلية العلوم

  جامعة الملك سعود

  

3 ��`�N ا�^��3 @�Tر ا����*�Aهـ1421/1422ا  

  )���ء ا��	�ذج( ��V �203	�دة 

   &��4ت3ا�_�6 

�" H	�Q ا0# RH9 ا�*���9أ���:  

 

  :ا��Bال ا0ول

��9 ا�(:�9 U�`*ت ا�Sد��	2#9 ا�	J	�Linear Differential Equations9���*ا� :  

0.5 , 0.4

0.5

x x ay a

y x y

= − + <
= −

ɺ

ɺ
 

�" !/�i= Nء ا����9 ) أ(# �T�*أآState Space =x Axɺ ةG�		ور ا�GJا� �Hوأو 

Eigenvalues 9=2`�	�� A 9	�L و��� أن a9��U�`*ت ا�Sد��	�  . ا�	�:�ة �K:3 �� ��*;�ا �

 ا�	/�=�9 ��	J	Linear Difference Equations 9#2أآ*R ا�	��دSت ا�`�و9�L ا�(:�9 ) ب(

�" !/�i= Nء ا����9 # �T�*;9 وأآ���ا�State Space 1 , 0,1,2,i i i+ = =x Ax هN ا��Pط . …

 9	�L "�#a�i8*;�ا ه�� ا�3:�8 �� � .  

�*(�ام ) ج(+�Excel 9ا0و�� ��;�� 9�Lت ا�`�وSد��	2#9 ا�	J� N� 0 01, 1x y=  و�;�� =

1,2, ,20i = 0.3a و … =.  

  :ا��Bال ا�^��3

)��bر#�د ا(Wells  x  ��  N�ب دا���داد �+�G8 ول�*� N;� 3=) `2رة�	ر ا���bاDrilling 

Wells  (  xɺ 3��3 #�د اb��ر و## �	*�K 3*9 ا��`� ( وا����(Drilling Fraction   d 

��YfK ( و Normal Drilling Fraction  n)�`� ا���د98 ���9 ا�(وا�6ي ه�U N%�� 2ب 

�" ���9 ا��`� # 3D��*�AاEffict of Reserves on Drilling Fraction  ( e وه6ا  

 ��� 9�H2� 9L�# 3:�8 ���03 ا��*�ول (اD��*إ�(Petroleum Reserves   r 3;�*	ا� 
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ا�GJء ا�	*�;3 �� إ�*��3D ا��*�ول ه2 #��رة #� ���9 ا�	�*2ى ا����3D��*�A 3 . و���9 ا��`�

وا��;�   Initial Petroleum Reserves   (iا�;�	9 ا0و��3D��*�A 9 ا��*�ول (ا��*�ول ا�" 

� 3;�K �	��X آ	�9 ا��*�ول ا�		/� =3 ه56 ا����9 3��8 ان آL �	�;�ار أNL �� إ�*��3D ا��*�ول آ

�;�K  �`9 ا����وه/6ا =+ن � �THا��د98 =3 إ��*LA9 ا	ا�;� X�L �	�  .إ�*(�ا�TH وآ

�;9 (#�د اb��ر �L��*8 �+����ب ��رج ه2 Z	ر ا���bاClosing Wells  ( x− ɺ 3وا�*3 ه  

�*(�اج (  و c) Normal Closing Fraction\�ق ا���د98 ���9 ا�U N%��)Aب Aا ��YfK

�3 ���9 اA\�ق #Effect of Extraction on Closing Fraction )f .  (�اج*�Aا ��YfK

 3�# ��Yf*ا� ���K 9ق ه2 دا��\A9 ا��3 ��#) ��� N/� اج�)*�AاExtraction per Well  (

p Q� 9ر��;	���  ) ��� N/� �O#0اج ا�)*�AاMaximum Extraction per Well (m 

�3 ���9 اA\�ق # . 3��K ��� N/� �O#0اج ا�)*�Aإ�" ا ��� N/� اج�)*�A9 ا��3 �= �;��f=

�*(�اج ا%�g أآ^� 2�%Aداد أن اGK 6اT�د98 و��*LAوا5 ا�H ا���� ���م N`L Ni=09 وا�$ �� ا�

�*(�اج اN/� �O#0 ���.  ���9 اA\�قAب ا�U N%�� 2ه ��� N/� اج�)*�Aو  ا) ��YfK

 ��� N/� اج�)*�Aا "�# 3D��*�AاEffect of Reserves on Extraction per Well  ( 

h�03  وه6ا اD��*�A*(�ج وا�	9 ��� ا��*�ول ا��H2� 9L�# 9 . �� ��8ي��� X�L��K �	�/=

��� N/� اج�)*�Aاآ^� %�2�9 و���*��3 =+ن ا g��8 اج�)*�A3 ا��*�ول =+ن اD��*إ� �L��*8 .

N�ب دا���إ� $� c�� 3 ا��*�ولD��**2ى إ��د =+ن ��J*� ��\ ا و0ن ا��*�ول ه2 ���ر���أ .

�*(�اج ( �� إ�*��3D ا��*�ول ه2 ا�/	�9 ا�/��rɺ �� 9ا�A���ب ا�(�رج AاExtraction  ( g 

�*(�اج �/N ��� و #�د اb��رAب ا�U N%�� 3982 وا�*3 ه��ا�.  

�6T� 9ا ا���Oم وأآ*R ا�	��دSت ا�`�و�L�# (Lت ����9( أر�� �(:d ��*2ى وإ����ب )  أ(

Difference Equations$�= �/�*K 3*ا�  .  

�*(�اج ا��*�ول �+�*(�ام ) ب(A 2ذج	آ2ن �Vensim   

  

V��^ال ا�B�ا�:  

��Jاء ا�GHا Q�	H "ا��@9 إ� �� ��J�آS�� 3�Zا��م ا� N;�K 9)i	ن آ���Aا R�L /� إ#*��ر	8 .

�R ا�A��ن L 9H6	� �/	8 �	ا(آ�H 3�8�;K N/P� ( *�دد	آOscillator.  ��� م 8*�دد�Oآ� R� ا�;

��Systole أي ���9 إرK(�ء و إ�;��ض Diastoleإ����ط : ���*�� �N/P #�م;K 9��� أي  .

 *8Electro-Chemical��R =3 إ�;��ض وإ����ط #�iت ا�;�R ��`6 آ�Tوآ�	��@3 

Stimulus .  أن ��U�*=ذا إ+=x 9�i# 9`�� 2لD 2ه Muscle Fiber و R� آ	�v 9  =3 ا�;
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 R��9 ا�;i# 9`�� 2لD 3= ض��;�Aط وا����A9 أن ���ل ا��ا�	�`6، =;� و�H �� ا�*�Jرب ا�	�	

 ����G8) Rداد �Q آ	�9 ا�	�`6 و�8;� �*����K X��^�0µ >  ( 9`����J� V ا�Y ��� ا�`�ق Q�

  .آ	� و�H أن ���ل آ	�9 ا�	�`2D Q� �L��*K 6ل ا���`9. و�T�2D) �و98أ#*�� ا0���د �*�(

S9 : أو��U�`*ت ا�Sد��	آ2ن ا�Difference Equations �� 9��i# 9`�� 92ذج ��آ�	�� 

  .ا�;�R ��*	�ا #�" ا�	�:��ت ا����;9

����Y : 2ذج	آ2ن �Vensima@�*ا�� �Lا�*���9 و�� ��;��� :  

( )
( ) ( )

2 / sec, 0 2

0 1 , 0 0.1 100 sec

cm x cm

v microgrm t

µ = =

= =
    

Q�ال ا��اB�ا�: 

 9�*�H2� Logisticه��ك ا�/^�� �� ا�2Oاه� ا�:����9 ا�*l%2K 3 ��آ�*�T ����ا�9 ا�

Function . �:�� 2	���� أ��K ه�ة�� l�K 9ه56 ا��ا� ) c��f*9 ا����� ( 3�g��8 �Y �	2ه� ا

Exponential زده�ر( �`*�ةA9 ا��9 ا��BD��*8 �Y)ai �	2ه� ( ������ ( lL2*8 �Y 2ه�	�

�*;�ار(A9 ا���� .( ��Gه�ة #�� ا��O9 ا�	�;� ��Gذا ر�+=t G����� ( )n t 0 =+نn "إ� G��K 

وهM)  2 وإذا آ�ن �;l ا��	56T� 2 ا��Oه�ة هInitial Value 2ا�;�	9 ا0و��9 او ا�	��@�9 

�$ #���� B8ول ا���G إ�" ��98�T�S–أ�L" ��8	/� ان N�K ا��$ �L	9 ا��Oه�ة �K 9;�;3 ا��=  (

  : ا�*l�K 3 ا��Oه�ة #�� آN ا0ز��9 هDynamic Model3=+ن ا�	��د�9 ا���آ�9 

( ) ( )0 0

, 0
1 ct

M
n t t

M n n e−= ≥
+ −  

 

  

  . �56T ا��Oه�ةVensimآ2ن �(:d ) أ(

  :ا�*�����9 ا������ت ) ب(

Year Volume  Year   Volume 

1984 0.0 1992 15.0 

1985 1.5 1993 18.5 

1986 2.0 1994 20.0 

1987 2.5 1995 22.5 

1988 4.0 1996 23.5 

1989 5.0 1997 23.0 
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1990 8.5 1998 27.0 

1991 11.5  1999   27.5 

  .c و 0n و �LMر ا�	���� 

9O��� : م�)*�  و�6 ا�	��د�9 #�" ا�ExcelN/P أو Curve Expertأ
1 cx

a
y

be−=
+

 أ�*(�م  

0آ;�� او��9  0 030, 30, 0.5a b c= = =9��  . أو أي ��L ا��ى �JKه� ���

  .وأ�Hي ���آ�ة ����Oم و���L ا��*�@a) أ(�6 ا�;�� ا�	;�رة آ	���� ��	(:d =3 ا�`;�ة ) ج(

9O��� : 9Lم ا����)*�)أ ) ( ) ( )dn t M n t
c n t

dt M

−
= ×   . ������ب×



 155 

  ��� ا
 ا���	� ا�����

3 ��`�N ا�^��3 @�T*��ر ا���9 ���  هـ1421/1422إ�H��ت ��*	

   ��203Vا�	�دة 

9 ���Bال ا0ول��Hإ:  

  ) أ(

( )

( )2

1

2

0.5

1 0.5

0.5

1 0.5

0.5
det det 0

1 0.5

0.5 0

0.5

0.5

x a x

y y

a

a

a

a

a

λ
λ

λ

λ

λ

λ

−    =    −    

− =  − 

− − − = = − − 

− − − =

= − −

= −

A

A I

ɺ

ɺ

 

 ��;�0.4 0.4a− < �J� 1 أن آ� �� > 1λ 2 و > 1λ   . وه56 !�وط أن 2/8ن ا��N ��*;�ا>

  ) ب(

1

1

0.5 , 0.4, 0,1,2,...

0.5
i i i

i i i

x x ay a i

y x y
+

+

= − + < =
= −

 

1

1

0.5
, 0,1,2,...

1 0.5
i i

i i

x xa
i

y y
+

+

−    = =    −    
  

� ه�� ا�i8 ه`� 3��T و#��$ =+ن ا�HA�9 =3 ا�`;�ة ا����State Matrix`2=9 ا����9 �:�K 9;��.  

  )ج(

               x             y 

1 1 

=-0.5*A2+0.3*B2 =A2-0.5*B2 

=-0.5*A3+0.3*B3 =A3-0.5*B3 

=-0.5*A4+0.3*B4 =A4-0.5*B4 

=-0.5*A5+0.3*B5 =A5-0.5*B5 

=-0.5*A6+0.3*B6 =A6-0.5*B6 

=-0.5*A7+0.3*B7 =A7-0.5*B7 

=-0.5*A8+0.3*B8 =A8-0.5*B8 

=-0.5*A9+0.3*B9 =A9-0.5*B9 
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=-0.5*A10+0.3*B10 =A10-0.5*B10 

=-0.5*A11+0.3*B11 =A11-0.5*B11 

=-0.5*A12+0.3*B12 =A12-0.5*B12 

=-0.5*A13+0.3*B13 =A13-0.5*B13 

=-0.5*A14+0.3*B14 =A14-0.5*B14 

=-0.5*A15+0.3*B15 =A15-0.5*B15 

=-0.5*A16+0.3*B16 =A16-0.5*B16 

=-0.5*A17+0.3*B17 =A17-0.5*B17 

=-0.5*A18+0.3*B18 =A18-0.5*B18 

=-0.5*A19+0.3*B19 =A19-0.5*B19 

 

            x            y 

1 1 

-0.2 0.5 

0.25 -0.45 

-0.26 0.475 

0.2725 -0.4975 

-0.2855 0.52125 

0.299125 -0.546125 

-0.3134 0.5721875 

0.32835625 -0.59949375 

-0.34402625 0.628103125 

0.360444063 -0.65807781 

-0.377645375 0.689482969 

0.395667578 -0.72238686 

-0.414549847 0.756861008 

0.434333226 -0.79298035 

-0.455060718 0.830823401 

0.476777379 -0.87047242 

-0.499530415 0.912013589 

0.523369284 -0.95553721 

9 ���Bال ا�^��3��Hإ:  
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( ) ( )
( ) ( )

( ) , ,

,

, , ,

, , , ,

x t x t dt u v dt u x v x

y t y t dt wdt w y

x bx y px x gx g cf

b ne p mh f p m e y a h y a

= − + − = =< − >

= − − =
= = < − >= =
= = = = =

ɺ ɺ

ɺ

ɺ ɺ ɺ
 

  )ب(

 

x

y

u v

w

dx/dt <-dx/dt>
n

b

e

a

h

p
f

m

c

g

dy/dt

 

  

x

u
b

(x)

v
g

(x)
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x

w y

u (x)

v (x)
 

 

yw
p

x
 

 

y
e b

h p
 

 

p
h

a

y

m
 

 

g
c

fm
 

  

 



 159 

V��^ال ا�B��� 9��Hإ:  

�9 ا�;�G8 Rداد �Q آ	�9 ا�	�`6 و�8;� ) أ(i# 9`�� 2لD 3= ض��;�Aط وا����Aأن ���ل ا �	�

 �����*�) R���K X��^�0µ ��J� V ا)  <Y ��� ا�`�ق Qإذا� �T�2D9 و`���  

( ) ( ) ( ) ( )3 3
dx t

v t x t x t
dt

µ  = − −   

  و�	� أن ���ل آ	�9 ا�	�`2D Q� �L��*K 6ل ا���`9 إذا

( ) ( )dv t
x t

dt
= −  

 d��� N/P� �T�*/و�  

( )3 3
dx

v x x
dt

µ= − −  

dv
x

dt
= −  

   Vensimا��	2ذج �	^a������ N ) ب(

x

v

dx

dv

mu

 

  

(01) dv=  -x 

 Units: microgrm/sec 

  

(02) dx= v-mu*(((x^3)/3)-x) 

 Units: cm/sec 

  

(03) FINAL TIME  = 100 
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 Units: Second 

 The final time for the simulation. 

 

(04) INITIAL TIME  = 0 

 Units: Second 

 The initial time for the simulation. 

 

(05) mu= 2 

 Units: cm/sec 

  

(06) SAVEPER  =  TIME STEP  

 Units: Second 

 The frequency with which output is stored. 

 

(07) TIME STEP  = 0.1 

 Units: Second 

 The time step for the simulation. 

 

(08) v= INTEG ( dv, 1) 

 Units: microgrm 

  

(09) x= INTEG ( dx, 2) 

 Units: cm 
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Current 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

x
4

2

0

-2

-4

1
1

1
1 1

1
1 1

1
1 1

1

1 1 1

1

dx
4

2

0

-2

-4

1

1

1 1
1 1 1 1

1
1 1

1

1 1

1

1

0 25 50 75 100
Time (Second)  

 N/!)1(  

Current 1 1 1 1 1 1 1 1 1 1 1 1 1

v
4

2

0

-2

-4

1 1 1 1 1 1 1 1 1 1 1 1
1

dv
4

2

0

-2

-4

1 1 1 1 1 1 1 1
1

1
1 1 1

0 25 50 75 100
Time (Second)  

 N/!)2(  
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Heart Rate v Fiber Length 

4

2

0

-2

-4
-3 -2 -1 0 1 2 3

x

dx : Current cm/sec1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)3(  

Heart Rate v Stimulus 

4

2

0

-2

-4

1 1 1 1
1

-3 -2 -1 0 1 2 3
v

dx : Current cm/sec1 1 1 1 1 1 1 1 1 1 1 1

 

/! N)4(  
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Stimulus v Fiber Length 

4

2

0

-2

-4
-3 -2 -1 0 1 2 3

x

v : Current microgrm1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)5(  

  

Stimulus v Heart Rate  

4

2

0

-2

-4

1

1

1
1 1 1 1 1 1

-4 -3 -2 -1 0 1 2 3 4
dx

v : Current microgrm1 1 1 1 1 1 1 1 1 1 1 1

 

 N/!)6(  

  

a@�*9 ا��PL���:  

 N/! �� ���8)1 ( ط����Aل �� ا�;*�Aأن اDiastole) 9�82D ض ) أ���ف��;�Aإ�" اSystole 

�**8S 3��R =3 إ����ب ��`3 وا�6ي ( ��Kث =��T ا�A;��ض ��dء =3 ا0ول ) أ���ف ���Lة(
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R���Q=�� Q8 ا��م إ�" و�/� #�� آ	�9 #���9 �� ا�	�`B8 ( 6ذي ا�; N/P� j�;�K ن ا���0ف+=

) 3(ا0!/�ل �� .  =3 ��*2ي ا�	�`6 و���ل ���8Oscilation5��ZK ا�*�دد ) N/!)2 . ا�(�رج

  :9��D gU2K ا�*�ددات  ا��ور98 =" ا�	�*�82ت) 6(إ�" 

1- N/! 9�i2ل ا��D �U R��9 ا�;i# ت�i�� 3( ���ل(  

�9 ا�;��U R آ	�9 ا-2i# ت�i�� ل���  N/! 6`�	�)4(  

3- N/! 9�i2ل ا��D �U 6`�	9 ا��	5( آ(  

4- N/! R��9 ا�;i# ت�i�� ل��� �U 6`�	9 ا��	6( آ(  

  

Q�ال ا��اB��� 9��Hإ:  

  )أ(

n(t)M-n(t)

dn(t)/dt

n(0)M

c

 

  K;��8 ا�	����) ب(

�*(�ام +� SاوExcel   

 

     A        B     C                                     D              E 

  c= 0.473488084598268  

  M= 27.218780487999  

  n0= 0.691567114138888  

Year Delta Year Value Logistic Sq Error 

1980 =A5-$A$5 0 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B5)) =(D5-C5)^2 

1981 =A6-$A$5 1.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B6)) =(D6-C6)^2 

1982 =A7-$A$5 2 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B7)) =(D7-C7)^2 

1983 =A8-$A$5 2.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B8)) =(D8-C8)^2 

1984 =A9-$A$5 4 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B9)) =(D9-C9)^2 
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1985 =A10-$A$5 5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B10)) =(D10-C10)^2 

1986 =A11-$A$5 8.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B11)) =(D11-C11)^2 

1987 =A12-$A$5 11.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B12)) =(D12-C12)^2 

1988 =A13-$A$5 15 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B13)) =(D13-C13)^2 

1989 =A14-$A$5 18.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B14)) =(D14-C14)^2 

1990 =A15-$A$5 20 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B15)) =(D15-C15)^2 

1991 =A16-$A$5 22.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B16)) =(D16-C16)^2 

1992 =A17-$A$5 23.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B17)) =(D17-C17)^2 

1993 =A18-$A$5 23 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B18)) =(D18-C18)^2 

1994 =A19-$A$5 27 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B19)) =(D19-C19)^2 

1995 =A20-$A$5 27.5 =$D$2/(1+(($D$2-$D$3)/$D$3)*EXP(-$D$1*B20)) =(D20-C20)^2 

   Sum= =SUM(E5:E20) 

 

 

      A          B     C                                     D              E 

  c= 0.473488085  

  M= 27.21878049  

  n0= 0.691567114  

Year Delta Year Value Logistic Sq Error 

1980 0 0 0.691567114 0.478265073 

1981 1 1.5 1.093543839 0.165206611 

1982 2 2 1.714073963 0.081753699 

1983 3 2.5 2.650992755 0.022798812 

1984 4 4 4.019328309 0.000373584 

1985 5 5 5.923649251 0.85312794 

1986 6 8.5 8.403403286 0.009330925 

1987 7 11.5 11.36711781 0.017657676 

1988 8 15 14.56684923 0.187619589 

1989 9 18.5 17.66362481 0.699523461 

1990 10 20 20.35934383 0.129127985 

1991 11 22.5 22.49780667 4.81069E-06 

1992 12 23.5 24.07261592 0.327888994 

1993 13 23 25.16994472 4.708660072 

1994 14 27 25.90542485 1.198094761 

1995 15 27.5 26.38562558 1.241830348 

   Sum= 10.12126434 

  

�*(�ام +� ����YCurve Expert   
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  و��J ا�;�� ا�;�رة ه3

 User-Defined Model: y=a/(1+((a-b)/b)*exp(-c*x)) 
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Coefficient Data: 

a = 27.218854 

b = 0.69156932 

c = 0.47348677 

,027.218854أي  0.69156932, 0.47348677M n c= = =  

  

  )ج(

n(t)M-n(t)

dn(t)/dt

n(0)M

c

 

 

(01) c = 0.47 

  

(02) dn(t)/dt = c*(M-n(t)/M)*n(t) 

  

(03) FINAL TIME  = 15 

 

(04) INITIAL TIME  = 0 

 

(05) M = 27.22 

  

(06) M-n(t) = INTEG ( -dn(t)/dt, 30) 
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(07) n(0) = 0.69 

  

(08) n(t) = INTEG ( dn(t)/dt, 1) 

  

(09) SAVEPER  =  TIME STEP  

 

(10) TIME STEP  = 1 

Current

"n(t)"
40

30

20

10

0
"dn(t)/dt"

6

4.5

3

1.5

0
0 3.8 7.5 11.3 15

Time (Month)  
Current

"M-n(t)"
40

30

20

10

0
"dn(t)/dt"

6

4.5

3

1.5

0
0 7.5 15

Time (Month)  

 

 



 171 

n(t)dn(t)/dt

M-n(t)

(n(t))

c

M
 

M-n(t)dn(t)/dt

(M-n(t))

n(t)

c

M
 

n(t) dn(t)/dt
M-n(t)

(n(t))
 

M-n(t) dn(t)/dt
(M-n(t))

n(t)
 

a@�*9 ا��PL���:  

���� �� ا�����2ت ا������9 ا���9JK ا�*��ف ا��H2�*3 ا�	2%2ف =3 ا��Bال ��V أن ا�	*�ع 

Stock  ( )n tlL2*8 �Y 3�) Flowا�A���ب .  �8	d�� 2ء �Y 8*�2ل �	52 إ�" �	2 ا )dn t dt 

 �L��*ا� fD��*8و Q8�� �L��K�8دة وG3 ا�= lL2K �Y 9�8����Z*8 �� ا��8Gدة ا��:��9 ا�" ز�8دة 

lL2*8 "*� =3 ا�*��طء �	*�و8.  
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                   ��� ا
 ا���	� ا�����

  

  

  قسم الإحصاء وبحوث العمليات

   بحث203 بناء النماذج: المادة 

 9��  اS�*��ر اSول ��#	�ل ا�`�

   هـ1422/1423ا�^��N 3 ا�`�

 ��Gا� :��*#��  

�9 ا�*���9���H 3	�Q ا0# RHأ:  

 : ا��rال ا�ول

  :#�ف ا�*��3) أ

 ، ���9 ا���Oم Activity ، ا���Pط Attribute ، ا��`Entity 9 ، ا�/�@� Systemا���Oم 

System State   

  .أذآ� أ�2اع اO�0	9) ب

  .آ�8 l	N^ ا���Oم =3 ا�*`/�� ا��3��O) ج

�  :rال ا�����ا�

�*(�ام +�Excel:�ة�	ا� ��;�� Nر ا����� �� : �N ا�	��دSت ا�`�و9�L ا�*���9 وار

  

( )
1 0

1 1 0

2
1 1 0

1) 0.3 10, 0, 1,...,50

2) 1 , 10, 1,...,50

3) 0.7 0.2, 1, 1,...,10

n n

n n n

n n n

x x x n

x x x x n

x x x x n

−

− −

− −

= + = =
= + = =

= + + = =

 

  :ا��rال ا�����

� ا��	2ذج �Dcy a bx= �" ا������ت ا�*���9 ��*(��� +# Excel Solver  

x 0 1 2 3 4 5 6 7 8 9 

y 32 47 65 92 132 190 275 312 509 690 

 

  .ار�� ا�;�� ا�	�:�ة وا�;�� ا�	:�;9
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                               بسم االله الرحمن الرحيم

  جامعة الملك سعود

  قسم الإحصاء وبحوث العمليات

  

  )�$�ء ا�$#�ذج ( ��� 203��دة 

   هـ1422/1423فصل الثاني الإختبار النهائي لل

  

   ساعات3الزمن 

  :أ!k 324 !#%� ا�&]2  ا����% 

  

 :ا��rال ا�ول

���أ او �L#�ة ا�2 ( gP (2�Occam's Razorس اوآ�Tم )  1: (#�ف و�+�*��ر 

Parsimony Principle  

) Endogenous Activities) 5اP�0:9 ا��ا���4 ( 9 ( 9���System State ا���Oم ) 3(

9:P�09 ا�Hا�(�ر Exogenous Activities)  6 ( 9�@2اP9 ا��:P�0اStochastic 

Activities)  7 ( 9� �System	9H6 ا���Oم ) Discrete Systems)  8اO�0	9 ا�	�`�

Modeling) 9 ( *�ع	ا�Stock) 10 ( ب���ا�0Flow   

) 12 (Auxiliary Variables أو ا�	*��Zات ا�	��#�ة Convertersا�	�S2ت ) 11(

  Information Link أو روا�d ا�	����2ت Connectors ا�	2%�ت 

  :ا��rال ا�����

ه��ك ا�/^�� �� ا�2Oاه� ا�:����N^� 9 ا�2Oاه� ا���982 وا����9�H2 واHA*	�#�9 واLA*��د98 ا��  

 ��Gم د3/����8 #�� ا��O� 3= ��Z*� 9�	آ �T�= 2ن/Kt2ع آ	J� وي��K  ��# ��Z*	ت ا���	

1tا0ز��9  2t و − − . Xذا آ��+=,tx t T∈ ��Gا� ��# ��Z*	9 ا��	آ N^	K t V�� T ة�*= N^	K 

  .ز���9 ����9

9�L �� ا��ر9H ا�^���9 وا�*l�K 3 د9�/����8 ا���Oم #�� أي ��9O ز���9 إ!*� ا�	��د�9 ا�`�و)  1

t T∈ .  
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QU ا���9L ا����;�i= N/! 3= 9ء ���9 ) 2 State Space Form N/P3 ا��# 

1, 0,1,...,t t t T−= =x Ax  

 V��  

      
1 1

0 1

 
=  
 

A  

�	�`Eigenvalues9=2أو�H ا�6Jور ا�		�Gة ) 3� A.  

f�1���L 6 أو��9 ) 4 21, 1x x= ��EXCEL �T و�+�*(�ام =# X� �N ا�	��د�9 ا�`�و9�L ا�*3 ��

 3=)1 ( ��;�1,2,...,30t ,QU1 ا��N =3 ا�(��8  . (= 2,..., 30A A A.(  

5 ( QU2�1 1 2,..., 29 29 30B A A B A A= 1و = 2 1,..., 29 30 29C A A C A A=  �Lرن ا�;�� =

 9=2`�	�  .Aا���Q� 9JK ا�6Jور ا�		�Gة �

  :ا��rال ا�����

 8Markovian;2ل أ�� ���اء اLA*��د أن ��ه�ة إL*��د�T� 9���� 98 ا�(�%�9 ا�	�آ2=�9 ) أ(

Property��8 ذا�	9 ا�^���9 =H3؟ �� ا��ر  

��� اLA`�ل ا��� 3�2��T !�آQ�*8 �� 9 ا�(�%�9 ا�	�آ2=�9 �� ا��ر9H ا�^���� 9�R ) ب(

9�Lد�9 ا�`�و��	ا�  

( )1 2 , , ~ 0,4t t t t tx ax bx t T Nε ε− −− − = ∀ ∈  

 Second Order one State)�2ل ه56 ا�	��د�9 �� در� 9���Y 9H	��Z* ���9 وا�� 

Variable) 9��� ى��Z*	� "9 أو�Hإ�" در  (First Order two State Variables) ]وذ� 

 QU2�1 2t ty x− −=.  

�*(�ام ) ج(+�Vensim 5ار�;*�  �;�� (Steady State) آ2ن �	2ذج �6Tا ا���Oم وأ�*�� إ

0 1x 0 و = 1y    و=

1) 1.2, 0.7

2) 1.2, 0.7

a b

a b

= = −
= − = −

 

9O��� :9���*م ا�;�� ا��)*�  إ

RANDOM NORMAL(-3.99,3.99 , 0 ,2 ,seed=19 ) 

INITIAL TIME  = 0     FINAL TIME  = 2 

SAVEPER  =  TIME STEP      TIME STEP  = 0.01 
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                             بسم االله الرحمن الرحيم

  

   هـ1422/1423إ!���ت ���t�  2#\��9ر ا�$;��R ����2 ا����� 

  )ذج �$�ء ا�$#�(  ��� 203��دة 

  

  :إ!��  �2�rال ا�ول

 

�	3 8;2ل2�Occam’s Razorس اوآ�Tم  )1(# 3`���*���d ا0!��ء :  وه2 ���أ =

)Nآ�P	ا� ( N�%�`*ه� ا�f� إ�8أ NL0ا "�إ�*��� آN ا�*`�%�N \�� ا��iور98 أو #

 ��Pد ه6ا ا���K 3*9(ا��/P	ا�(  

)2(  gPة ا��#�L أ او���Parsimony Principle63 وا�	�إذا : ي 8;2ل  =3 ا���V ا��

 NL2ذج ا�6ي 2�8ي ا	م =����	*��� a@�*ا�� c`� 3:�8 2ذج وا��	آ�ن ه��ك أآ^� �� �

Ni=02ذج ا	ه2 ا�� ����	ات وا���Z*	د �� ا��#. 

 وه��Z*� 3ات l�K آN ا�/�@��ت و%`�9���System State  �TK ا���Oم  )3(

9���� 9O�� ��# م�O9 =3 ا��:P�0ا. وا Q�**� م�O2ر ا��:K ات =3 و�8رس��Z*�

$*���.  

)4(   9��  . وl�K اP�0:9 دا�N ا���OمEndogenous ActivitiesاP�0:9 ا��ا�

)5(  9�Hر�)9 ا�:P�0اExogenous Activities م�O9 =3 ���9 ا��:P�0ا l�Kو 

�3 ه6ا ا���Oم# �YBK 3*وا� . ��Z� م�O� 3	�8 9�Hر��9 :P�f� �Yf*8S م ا�6ي�Oا��

:P�0�� �Yf*8 م ا�6ي�Oا�� c/��م �`*2ح�O� $�f� l%28 9 وا�6ي�H9 ا�(�ر.  

  وه3 ا�*��YfK ��Z*8 3ه� �Stochastic Activities N/PاP�0:9 ا��2Pا@�9  )6(

#2Pا@3 وK/2ن ��*�@�TJ إ�/����ت �*��دة l%2K �*2زQ8 إ�*	��3 =	^� ا�XL2 ا�6ي 

 ��Z*8 9�& إ#:�ل ��� ��Gان ا� �	3 آ��	إ�* Q82ز*� l%28 Q�	J*�� 9�& $L�Z*�K

  .�2P# N/Pا@3

)7(  9� وا�*�T�= ��Z*K 3 ���9 ا���Oم �Discrete Systems Q:;*� N/PاO�0	9 ا�	�`�

 3�# R�D و%2ل ،Q:;*� N/P� ��8ث Q9 =3 ا���#�i� ل�	إآ �^	= ��Gا� Q�

  .ا��Q@�i ��8ث �Q:;*� N/P ا��
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 ��را��O� 9م �� RJ8 ان �/2ن او ���3 �	2ذج �System Modeling	9H6 ا���Oم  )8(

Model ت�U9 وإ=*�ا����3 أ# 9��H�� رب�J*اء ا��Hض إ�Z� م�Oه6ا ا�� l%2� 

�3 ا���Oم ���!�ة وذ�[ �*i8S 3:�ب ا���Oم ا%0�3 و��8ث # �T@ا�H/� إ	8S

 9�إر��Kك =3 #	�$ B8دي ا����ZK 3 ا���Oم و=;�ا�$ �(2ا%$ ا%0��9 آ	� ان درا

�2ل ا���Oم وذ�[ �+#�دة ا��	2ذج ��S �� ا���Oم K	R8�JK �� �/ #�ة �2ارات 

ا��	2ذج ا�3 ا����9 ا%0��9 #�� إ�Hاء آN �2ار ��/c ا���Oم ا%0�3 ا�6ي إذا 

 ���Z*� دي��*Lم إ�O� 9�8S ��ZK	/� إ#�د9K ��ة ا��ى ����*9 ا%0��9 =	^� ��را

�T�/# �/	8S a@�*� 3دي ا�B8 �L R���ت ا���ض وا�:���آ	� أن ا��	2ذج 8	/� . 

ز��9 إ=*�ا9�U =	^� 8	/� إ�Hاء ���آ�ة ����Oم �+�*(�ام ا��	2ذج ان �8رس =3 أ

9���L �@�L3 د= ����وآ�6[ . و���=��K j�� 9=�ت ا���Oم �`*�ات #�ة ا!�T او 

8� ا��	2ذج درا�9 ا���Oم N�L إ��P@$ وو2Hد5 ا%� =	^� ���8 ���ء �D �# �/	8

Ni=ر ا����8 اي ��*� �/2ن �	2ذج �/N ���ر ���Q و����8 #�ة ���رات �����ء =

 .و���آ��K 3ف ا�	��X�K Q ه56 ا�(��رات

G8داد و�8;� و8�	" ) د3/����8، �*��ك( أي !�� Q� ��Z*8 ا�Stock ��Gا�	*�ع  )9(

 ، ا�	*�ع 8�R#2* ا0!��ء State Variable او �*Level 9��� ��Zا�i8 ��*2ى 

 ��O�� 3`*)K أو �TOKS 9�#2*�	ف أو �`*�ة ز���9 وه56 ا0!��ء ا��iK �Tإذ ا�

 R��K)N;K (9ل =*�ة ز����� . 

.  ��Z8 �� ���9 ا�	*�ع، =�8G8ُ 2T أو �8ُِ;� �� ا�	*�عRate ه2 ���ل Flowا�A���ب ) 10(

  ا�A���ب ا�6ي

، وا�6ي �8;� ا�	*�ع 8�	�8G8       Source " ا�	*�ع 8�	" أ�A���ب ا��ا�N أو ا�	��ر 

  أ�A���ب ا�(�رج 

   .Sink      أو ا�2Zر 

 2�Kى Auxiliary Variables أو ا�	*��Zات ا�	��#�ة Convertersا�	�S2ت ) 11    (

  أر�Lم، K;2م ��	���ت

  . =3 ا��	2ذجControllers            �����9 أو98��H أو ��:;�9 و�K*�� ا�	*�/	9 

  وه3 ا�*Information Link 3 أو روا�d ا�	����2ت Connectors ا�	2%�ت ) 12    (

d��K أو N	�K  

 N;�KS 2%�ت	أن ���� ان ا� �T	2ذج، �� ا�	=3 ا�� ��ء إ�" &GH �� ��2ت�            ا�	�

  �^N(آ	��ت ��د98 
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���2ت =;�;= d	GH 9ء �� ا��	2ذج GJ� N;*�Kء )            ا�	��5 او ا�:�9L او ا��;2د�� N;�K 3ه N�

��&.  

  :إ!��  �2�rال ا�����

1t و#�� ا�tx ��G ه9t 3 ا�	*��Z #�� ا���G �� ��:��ت ا��Bال آ	� )1 1tx ه3 − − 

 ��G2و#�� ا�t 2tx ه3 −   إذا −

1 2,t t tx x x t T− −= + ∈  

�" !/N ���د�9 =�و9�Lأو # :  

1 2 0,t t tx x x t T− −− − = ∈  

2( N/P3 ا��# 9�Lد�9 ا�`�و��	ا� Qi�:  

1 2,t t tx x x t T− −= + ∈  

 QU2�1و 2t ty x− −=�J�   

1 1

1

t t t

t t

x x y

y x
− −

−

= +
=

 

N/Pا� "�  وه3 #

1

1

1 1

1 0
t t

t t

x x

y y
−

−

    
=    
    

 

  .وه2 ا�N/P ا�	:�2ب

3( �K ةG�		6ور ا�J9ا�Lج �� ا����)*  

0λ− =A I  

1 1 1 0
0

1 0 0 1
λ   

− =   
   

 

1 1
0

1

λ
λ

−
=

−
 

( )( )
2

1 1 0

1 0

λ λ

λ λ

− − − =

− − =
 

1 2

1

2

1 5 1 5
,

2 2
1.618034

0.618034

λ λ

λ
λ

+ −∴ = =

=
=
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4 (  

1 1 1 

1 0.5 2 

2 0.666667 1.5 

3 0.6 1.666667 

5 0.625 1.6 

8 0.615385 1.625 

13 0.619048 1.615385 

21 0.617647 1.619048 

34 0.618182 1.617647 

55 0.617978 1.618182 

89 0.618056 1.617978 

144 0.618026 1.618056 

233 0.618037 1.618026 

377 0.618033 1.618037 

610 0.618034 1.618033 

987 0.618034 1.618034 

1597 0.618034 1.618034 

2584 0.618034 1.618034 

4181 0.618034 1.618034 

6765 0.618034 1.618034 

10946 0.618034 1.618034 

17711 0.618034 1.618034 

28657 0.618034 1.618034 

46368 0.618034 1.618034 

75025 0.618034 1.618034 

121393 0.618034 1.618034 

196418 0.618034 1.618034 

317811 0.618034 1.618034 

514229 0.618034 1.618034 

832040   

BK 1ول إ�" ����Bi أن ا�;�	9 =3  1.618034λ  BKول إ�"  Ci و ا�;�	9 =3 =

2 0.618034λ =  

  :إ!��  �2�rال ا�����
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 K;2ل #�" ان  k  Markovian Property of orderا�(�%�9 ا�	�رآ2=�9 �� ا��ر9H ) : ا(

 ��G2ا@�9 #�� ا�Pه�ة ا���O9 ا�	�Lt 9ا0ز�� ��# �T	�L "�# �	*�K 1, 2,...,t t t k− − −d;=  .

 Xإذا آ�� �^	={ },ty t−∞ < <   =+ن∞

 ( )( ) ( )1 2 1 21| , ,..., , ,... | , ,...,t t t t k t t t t kt kP y s y y y y P y s y y y− − − − − −− +< = <  

  

 Second Order one State)ا�	��د�9 ا�`�و9�L �� ا��ر9H ا�^���� 9	��Z* ���9 وا�� ) ب(

Variable)    

( )1 2 , , ~ 0,4t t t t tx ax bx t T Nε ε− −− − = ∀ ∈  

�" !/N در9H أو�" �	*��Zى ���9 # QU2K(First Order two State Variables)  

( )1 2

1

, ~ 0,4t t t t t

t t

x ax by N

y x

ε ε− −

−

= + +
=

 

   Vensimا��	2ذج ����Oم �+�*(�ام ) ج(

x(t)

y(t)

dx(t)

dy(t)

epsil
on

a

b

  

1- ��;� 1.2, 0.7a b= = −  

  

(01) a=  1.2 

 Units: **undefined** 

  

(02) b=  -0.7 

 Units: **undefined** 
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(03) "dx(t)"=  a*"x(t)"+b*"y(t)"+epsilon 

 Units: **undefined** 

  

(04) "dy(t)"=  "x(t)" 

 Units: **undefined** 

  

(05) epsilon=  RANDOM NORMAL(-3.99, 3.99 , 0 , 2 , 19 ) 

 Units: **undefined** 

  

(06) FINAL TIME  = 2  Units: Day 

 The final time for the simulation. 

 

(07) INITIAL TIME  = 0  Units: Day 

 The initial time for the simulation. 

 

(08) SAVEPER  =   TIME STEP  

 Units: Day 

 The frequency with which output is stored. 

 

(09) TIME STEP  = 0.01   Units: Day 

 The time step for the simulation. 

 

(10) "x(t)"= INTEG ("dx(t)", 1) 

 Units: **undefined** 

  

(11) "y(t)"= INTEG ("dy(t)", 1) 

 Units: **undefined** 
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Graph for epsilon
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Current
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,1.2;� �;�� واgU �� ا�N/P ا0��� ان ا��	2ذج ��* 0.7a b= = −  

2- ��;� 1.2, 0.7a b= − = −  

(01) a=  -1.2 

 Units: **undefined** 

  

(02) b=  -0.7 

 Units: **undefined** 
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(03) "dx(t)"= a*"x(t)"+b*"y(t)"+epsilon 

 Units: **undefined** 

  

(04) "dy(t)"= "x(t)" 

 Units: **undefined** 

  

(05) epsilon= RANDOM NORMAL(-3.99, 3.99 , 0 , 2 , 19 ) 

 Units: **undefined** 

  

(06) FINAL TIME  = 2   Units: Day 

 The final time for the simulation. 

 

(07) INITIAL TIME  = 0   Units: Day 

 The initial time for the simulation. 

 

(08) SAVEPER  =    TIME STEP  Units: Day 

 The frequency with which output is stored. 

 

(09) TIME STEP  = 0.01  Units: Day 

 The time step for the simulation. 

 

(10) "x(t)"= INTEG ("dx(t)", 1) 

 Units: **undefined** 

  

(11) "y(t)"= INTEG ("dy(t)", 1) 

 Units: **undefined** 
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 �� gU*;� �;�� وا�2ذج \�� �	ان ا�� ���ا0 N/P1.2ا�, 0.7a b= − = −  
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