
 

 ����� ��	�
  

 ��� ����	
�� ���	� �� ����� ���  ���1402 -1403    

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

 +&��'   (�!,-	.��/  0123   !4��  

 ��� ���  ������ �������� ������ ���� �   ��� 56�  

  
����             �  ���	   √                    

 
���   √  
���                   �  

�������      √  ���	-
���          

!7�� ��!8�    3   ��9:� ���    $;	�7 !��3 !	:  

 +	< ���� =�	�   �9>�#	< (�!, -	.��/   ��*�9>� ?@A�  3454  

 CD ���� =�	�     E	���9".� ��<  Hossei_m@modares.ac.ir 

  

  F�!D����: 

١.  (�!, (��4�� $A* ��9H�: �) $&�;4/�	����@&� IJ��83 �7 (��) 

٢. ��#.�K L!&� �)  ���D I���3 +&�->� �6M;3 �) ��4�� ?&� =� $N8) (���� 

٣.  (��!&�< � �1H -	.��/ 

۴.  ��4�� $&��O�D 

  �3���) � P.�13 �6��:�Q* �� ����� ���� �� ���� ���� �� �� �!  �)- (��% &��
 ��'�(��  � )*��+ ,�� -��
 ����  

��A�  ���4   56%63 ��� ��A�   I��	%6�  

�� ��A�  � �6�� �A�� =� �	NR !;K �) (���3  S�6� $&�9"&  L/ (��!&�< � �D) �	.�� T&��4 �    

 ��� ��A�   +&��� 5�6�� U�V��� !3 �) �	����@&� IJ��83 (�D L/ $"&-	> $8R�� (�D�D  ��6� �

 I��@� �)  (=�3 �&��3 � �	.�� ��!23 �&��3 (�D  

$O9@D ?&��� ):  63�> $N8) X��Y9:�(�:� $3�-.� 6[#��� T:6� �D  

  

 �6: ��A�   \�� �Q*� $3�' E� (�D �9��' (�1H ]\�� �V��3 ^&�8� ]$8%63 (=�:  

 \�� ��6O;&� (��'=�: I���% (�� _�) � �D  C	D�@3 ?&� �) ��6�  

$O9@D ?&��� ):  63�> $N8) X��Y9:�T:6�  !4 `&�!� C	D�@3 �) ��6� � �D  

6[#���  (�:� $3�-.�  

  



 

 ����K ��A�   \�� �H�: $O�6OK :L6'��6' $3�' E� (�D  

1-  �A	� T�) =�  ��@9:�  

2-    ?	83�� P&��% \�� �)  

 

 

 

$O9@D ?&��� ):  63�> $N8) X��Y9:�6[#��� T:6� �D (�:� $3�-.�  

�H�:  $O�6OK   \�� (�D

  E�  \��  �)  L6'��6'  $3�'

  L�6;,  �)  �*  ?	83��  P&��%

 ��6��   \��  �A&��  �  L6	D  (�D

  �D��6*  �O���  �&  �9:��	<

$3!�64  �a�7  !;��6� .    �9V.�)

�)� (    (�D  \��  X��Y9:�  

�O��� -  ��6*      ���!��9:� \��

  �:� �#&� L�9H�� =�  ��@9:�

  �!8) �*  L�3= ?94�� I�6a ��

 $>�*(!4 !D�6H �9@' .  

C[;< ��A�  1-  \�� $&��O�D3�' c� (�D$ ]  

2-  �9��' (�1H (��) $V��[3 T�) (�:��: (=�:  

   

  �  $&��O�D  $;83  d&�#�

 CD��>  �  �=J  I�3!23  (=�:

  $&��O�D  I�Ve�  `f:

\��3�'  c�  (�D $  T�)  ]

(��)  $V��[3  (�1H    �9��'

 (�:��: (=�:  

�A C#4 ��  ١-   \�� ?&� (���� �� L��* ��' (�D�1H ���/�)  =�  ��@9:� �)�293 �e� $:��) � �D

  6��g3 (�� �	A�� �) EK6* $A	H �� ��' 6� � EK6* !7 =� +	) ��'  $8R�� (�D

�* 3 6[#��� (��)A���' �6� .  

2-   \����' 6� �9;* (�D  $V&�2� ��!23 ��&�23 �) :  

   ��@9:� ��63 (�!, \�� =� �a�7 S�6� ��&�23�& ]I��@93 ��' 6� �� (�=�) S�6�

�V��3 �� �) p  �p+1  

)\���O��� (�D  �& h�VA> (��6*embedded methods (  

 

 

$O9@D ?&��� ):   63�> $N8) X��Y9:� �)   ���D �D   (����   �3���)�6H T:6� $�&6� 

 (�:� $3�-.� !;4�) �&�3 �* $��)= �D �) 6[#���  

(�D�1H ���/�) � $:��)    ��'

L��*   ?&� (���� ��   \��  � �D

$:��)  �e�  �)�293   =�   ��@9:�  

��' 6�   !7 =� +	) � EK6*  

EK6*  $A	H  ��  ��'  6�    �)

�	A��   �g3  (��  (�D    $8R��

3  6[#���  (��)  �*�A  �6

���' .  



 

 C9@D ��A�    \��$3�'!;K (�D  $1H  

 

 

 

$O9@D ?&��� ):  63�> $N8) X��Y9:��)  ���D �D  �3���) (�����6H T:6� $�&6�  

(6[#���  

1 - \�� ?&� �) $.����  �O��D  

2-$O�6OK  �H�:   \��(�D 

  $3�' !;K  (���93  �Aa�@.�   =�  

 \�� �	VR-3��/ (�D  �6@#) i  

�  (6O#	<)   L69.63  -3��/  

 (�O7Qa�)  

C9#D ��A�  \��$A* $3�' !;K (�D  

 

 

 

(����)   �3���)�6H T:6� 56%63 �) P:�;93 $O9@D $�&6� (6[#���  

1- ](��'=�: I���% � ^&�8�  

 (�1H� �V��3 ^&�8�    �9��'

(=�:   (�:��:  

2 -    ^&�8�$&��O�D   L!&�  �  

 ��6��$&�D    =� \�� (�D

 ��'��  $3�'!;K   �    �)  ��6�

 $&��O�D I�&���%  

 C�� ��A�  \�� $&��O�D  $3�'!;K (�D  

 

 

 

$O9@D ?&��� ):  63�> $N8) X��Y9:��)  ���D �D (����   �3���)  �6H T:6� $�&6�

(6[#���  

  ��3/  (��!&�< ^&�8� �) (=�:  

 ]$A%�@� IJ��83 S�6�  

  ?&!;K I�Ve� � �&��� �)  ���D

 ]C�3 �	NR�	NR I�Ve� `f:  

\�� $&��O�D  $3�'!;K (�D

 P:�;3 T&��4 ��� $A*  



 

 CD� ��A�    (�� J�) P.�13 !	*�� \�� $1H $3�'!;K (�D  

 

 

$O9@D ?&��� ): (56%63 �) TV��3  

 $&��O�D  I�3�-.�  j	V1�  

\�� (�� $A* $3�'!;K (�D  

\��$3�'!;K  (�D    �  $1H

 I�Ve�  

:C�3  ��	�)  �	NR   \��  

  �'� �:��O�D $1H $3�'!;K

�   �'� T2>   �@a � ��!&�<-  ��!&�<

!4�) .  

 CD�=�& ��A�   $)�	���) ]$V��[3 T�) ]��&6".�� �	NR  

$O9@D ?&��� ):  �3���) �)  ���D 56%63 �) TV��3($�&6�  

 ��  ��&6".��  �	NR  d&�#�  

��63    �V��3  ?&��J�)   ?"�3  

  \��  E& $1H  $3�'!;K  

�@a-��!&�<  ]�	NR   Gragg  

��    $V��[3 T�) ��63    ��)��* �

  $)�	���) ��  

 �A� �

 CD�=���  

 \�� $A�, (�	'��")$3�'!;K (�D  

$O9@D ?&��� ):  �3���) �)  ���D 56%63 �) TV��3($�&6�  

 (�	'��")  $A�,  IQ"#3  

\��(�D   �  �&-[�  $3�'!;K  

 $3  �	A��]�64   \�� (�D

$3�'!;K    �) ��' I��@93 (�D   �

 ��'  ���/�)   ���  P:�;3� �  

$3�64 .  

 CD�-	: ��A�    �Y: �	����@&� IJ��83Stiff  

$O9@D ?&��� ):  �3���) �)  ���D 56%63 �) TV��3($�&6� 

�& � IJ��83   IJ��83  �O9:�  

�Y:  �	����@&�  V�	  ?	

$3]�64   \��  IQ"#3(�D 

!,�j>63  �7  ��  (   L/�D 

  L�-	3  �)  �V�� L/  $9Y:�D 

 $3   ���  L�#�]�64    I���%

�) ��6�  (��!&�< �6�@3    ^	8%

\���  �D  P.�13   TV��3  

 .�64 $3 d&�#�  

  

 CD����K ��A�A-��!&�<(  $V�� (��!&�< �  

  

$O9@D ?&��� ):  �3���) �)  ���D (��!&�< $7�6� ?		8�($�&6�  

 (��!&�<  �  jA13  (��!&�<  

 \��  $V���D   $:��)  ��63  

 $3  ���R  �  ��	'   $O�6OK

?		8�    (��!&�< $7�6�    � jA13

$V��   $3 �9H63/ .�64    ?	�D



 

�)  C	D�@3   ��  �		k�  l!��  

\��  $3�'  !;K  (�D    �

\���O��� (�D -��6*    ��@9:�  

$3 .!�64    $7�6�  +&���

(��!&�<   \�� -3��/  (�D -

�  i�6@#)  -3��/ - �  L69.63  

 L/ I��@��) �D   (��!&�< $7�6�  

�O��� -�D��6*    

 CD�-��< ��A�  \���O��� (�D - d&�a ��6*  ]�K6) P&��% �!�  K O  $O�6

]\�� �H�:   ](��!&�< � �V��3  

 $&��O�D -	.��/  

 CD�-��4 ��A�  \���O��� (�D - ��6* $;�%   ]�K6) P&��% �!�   $O�6"K

 ]\�� �H�:  (��!&�< � �V��3  

  

  

 

 :$)�	4=�� \��  6� �� $�&6� �3���) � ?&��� ��� ] 

                ��� L�	3 L��93�  ] 

                ��� L�&�< L��93� . 

  

 :   نابعم

Bulirsch & Stoer , Int. Numerical Analysis, 3rd Edition. Springer  

D.J. Lambert, Numer. Methods for ODEs, Wiley, 1991 

D.F. Griffith & D.J. Higham, Numer. Methods for ODEs, Springer, 2010  

 


