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����� ��	 "%�"�'�� 3% 8&09� �0B�2 "�� �� �� 
���. ��	�K ���� ��� ���� �0!2(��(RNNs)  3 ���� ��� 

���� ��5��4(MLNNs).   .��06��� �3% ��	 �� ���� �� S�I 70�"
)�	 :(
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.%�/0�	 ���"��� (	: TI ���	�I <��%	�2 ��3�� (traingd) 
��3�� <��%	�2 �� ?��J ���	�I TI (traingdm) 


O*� ��3�� �� ���	�I TI ��*�U� lr  )V�� ��*2%�� ((traingda) O*� ��3��w ���	�I TI / 0��J� 3 ��*�U� 

LR (traing DX) 
3 ���	�I TI Leverberg  Marquardt (trainlm). 
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� (�*� ��	% (	  ��
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� �� ���*0�% �	�� ��	�B	 �0K� ���)*�  �� .%�/0�	
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� . ��	 ������ RNN  3 MLNN.   .��06����� 3% �� �"�'�� "% ��( �9� ?�	 .�� �>	"	.  

2.1. �#����  

2.1.1. �#���� �
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��� ��	 
$%&'�� 

RNN �� .�� �J	�, a�� ���� Elman  .%
� �� �0A���. ����Elman 
���� �	 ��5 3% ���	�I TI 
.3R� �� 

=� ��	�� %"
A(�� (	 �C3�A ��5 <�K�I �%3"3 �� <; ?�	 .�*6� ��	 %"
A(�� �	�� ���� Elman 
��*2%�� �	�� 

3 �0A��� �*�
� ���
)�	 ����(�*�c'� 3 
 ���
)�	 ���dB %(�� �� �6*� 	" [6].  �	 ��5 3% ����Elman  "%

 F��1 <�!� .%	% .�� ?�	. 

  

 F��1. �"�'��(	  ����Elman [10].  

  

� ���Elman �0A��  .���	"	% <3"
� ���tansig  "% ) <�K�I ��5�0!2(��( 
3 ��� <3"
�purelin  "%  ��5

�C3�A %
A �� ?�	 F�� "% 2 33  <�!� .%	% .�� ?�	 .%	��� "% �� <3�� ��� ��5 <�K�I �C3�A 3 O*��� �� 
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��	����� %3" �� "�$0�	 �� ���� e���� (	 �� �
1 �)�% ��� ���� <3�� ���� <	[10].  O*��� ��	  ?&� ��	 �� ^�A
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�*��� ���� �� Elman (	 D3�/0� ���� ��� ��5 ��
'�� 	��( 
?�	 ��5 �3	 �	"	% ����	 =� "��� ?�	.  �*A��

��	 "% ����	 (	 	" ���%��� 
�&J�� ��� �� .�*Ag �&�1 "% ��	
� �� �� �&J�� �"�C <��( .%�/0�	 %
�.  
��	�����

�2	 �0J � 3%��� Elman 
�� <�'� <	(3	 3 e���� �� 
��� �%3"3 <�6�� �*�� =� "% �&J��  <��(����� �*�� 


 �C3�A�K�; �	
� ���� ?&� ��  ���D5�J %"
A(�� 
8&09� D3�/0� ����� [5]. 
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2. �� 3% �%3"3 ����J	3 ����J	3 3 ��*�( ) (	 ��3�2�� �����J	3 ���)*�  %"
A(�� 	"(	 �&J�� �&�1  �� ?B��"%

����[8]( <�K�I ����J	3 .����'� �� �(�6���B 	" 

3. <�K�I ����J	3 �*� �� %"
A(�� ���B �(�� ����J	3 ) ���% �� TI 	" ��*�(h� <%�� �	
0X� (	 �J	3 �/9�( 

4. �J	3��� �C3�A "% �6���� �� �%3"3 7&�� ) ���*2 �� "	�1 �C3�A�$� %"
� (3 ���	�I TI �UA �	�� 7*$�� 

�]�"�� D"�1 ����	 %"
� .%�/0�	 "	�1  ��%�*2. 

 D5���	��� "��� �� <�K�I ����J	3 ���� ���% �� .(�C	 �� �C3�A �&�1 %
A 	" ���*�� �"
, ��  ��"�0B"  ����

��	
� �� �� ��� [��I �&�1 F�� .%�*)� ,���"	D� �0!2(�� �� ��06� ��*4 �$B�J ���� ���% �� �>	"	 	". 

 �*�c'��J	3��� 
��*�( "<�K�I"   ��06����� ��	 �� �K�; �� 	��X�� �� �)�% ��� .�2 �� ���� �&A	% 
3 ��  <�KC

b"�A  ��"	% F����. [7]  

2.1.2.  �#���� ��
� 
��� ��( �"�  

MLNN �� �� ��5 �J	�, .�� ?�	 "
U��'� ��  F�� "%4 <�!� .%	% .�� ?�	 .���� %"
A(�� 3% �	"	% ��5 

<�K�I <3"
� tansig (F1 3 F2) <; (	 TI 3 =� �C3�A ��5  ��� <3"
� (	purelin (F3).  .?�	 %	���<3��  ��

��5 "% �/9� a3% 3 �3	 7  33 %
�. �J	3��� 3 <�K�I �C3�A �J	3 �*�  �	"	%��06� e���� ._�	�� ��	 e���� F\� 

<	(3	 "% �� (	 D5���	 �J	3 ?�	 ������ �C3�A <;  ."	
'�1  .?�	��5 ����4 (	 ���� ��� �
&� H�	
� �� 

���0�	 �UA �*i ���� 
��*2%�� �UA �*i �U�	" 3 �UA �*� "	%�� 3 �%3"3 �C3�A .%(�� �� �6*� 	" ��� I T

���	�I ��� =� 
��5 ��4 	��( ?�	 ��5 ��� 	�]� %"	%. �� <3"
� "% <3"% ��5 (	 =� �� �� �� <3"
� ��  ��5 (	

��� "3�]� (	 +��, ��� "	�0KC ��� ��
� �� F�0� .j*� <�*� f���"	 <3"
� "%  =���5  %
C3�%"	�. 

 _�B?KC �	�� D��R,	 <���C (�B %"
A(�� F'� �� .%	% <�!�?�	 .. "%�&J�� ���	�I TI :(
�; 
�� ���)*�  	"

?KC "% e
���  .%�0��B��
� ��.  



 

 

  

 F��4. �"�'������ ���� ��5 �� [10].  

 ���� ������ ��5 f  ��( %"	
� :��% �� a�]�	 	""% �
, %"
A(�� (�B  
�J	3 �%3"3 
���)*� =� �%3"3  	"

��� �� ?B��"% 3 ��	 �� 	" ���)*� (	 =� �� 3<�K�I ����J	 "% ��5 �*�3	 <�K�I �9I �� ��� .(	 =� �� 

<�K�I ����J	3
  <�� ���B%
A 	" ��� �� ����X� 3 %
A ���)*� 	" �� <�K�I ����J	3 "% ��5 a3% �0��B �� .

 Th���  (	 =��J	3��� <�K�I "% ��5 a3% 
 <�� ���B%
A 	" ��� �� ����X� 3 	" %
A ��� ���)*� �� �J	3 

C3�A� �� "% .�0��B ?��K� �J	3 
�C3�A 
 	" %
A ?*���BF*�!� �	�� [��I l��A �	�� �
)�	 �%3"3 .%	% .�� 

����X�  D�� "% .��� ��(�B :(
�; 
�J	3 �� �C3�A 
���B�(�6 .�� ����X� 	" %
A �� "	���  �	�� %
A N��

�**�� �UA "% f���"	 �� �J	3 <; ��� �� �6���� ��	 .�UA ��5 (	 �C3�A "% ��5 �*��I �� �� �� �J	3 a�'�  H�(
�

%
� ��
 3 ����" (3" �� �	�� �*� 	" <	(3	 �*� 3 �C3�A ��5 a3% �/9� %
� �� .%�/0�	 .��UA ����X� .�� "% 

��5 a3% �� ���J	3 a�'� "% ��5 �&�1 H�(
� %
� �� 3 ����" (3" �� �	�� <	(3	 �*� ��5 a3% �/9� 3 ��5 �*�3	 

�I<�K %"
� .%�/0�	 "	�1  ��%�*2.  ��UA"% .�� ����X� ��5 �*�3	 <�K�I
 ����" (3" �� <	(3	 �*� ��5 �*�3	 

<�K�I 3 ��5 �%3"3 .%�/0�	 	" �� ���.  

2.2. �
�� ��	 )'��* 
��� ��	 

 ������� ���� 70�"
)�	 (	 .%�/0�	 �� ���	�I TI .��% :(
�; � .��
� ��D	�**Z �	�� �%��0� 70�"
)�	 :(
�; 

���	�I TINN  %
C3 %"	%. ��	 D	�**Z�
 e��	 ����("	 :3" ��� <
�(; ���� �-
� .	" �&� �	�� ����(�6 

706*� �06��.  �*� D3�/�3 :(
�; ?1% ��� 7*'�� ���
)�	 "%  .�� g�9�	<
�(; �0/K�  .?�	?1% P
A :(
�; 

	" <	
� �� F*�!� �� ���(�� ��*2 7*'�� ��� .�*c*I  %"3; ?�% ��%
A ��
� �� �� (�*� �� =� ���� .(	��	 



 

 

m"��  .%"	%�*�c'� ?1% 
7*'�� �� (�*� P
A "�!B �*� (	 �J �� �3" ?XE 3 ?1% :(
�; n%"	�� 7*&��  (	 �*�

�J  ?�	 ��'��� 7*'�� O��9� �]�� �0B�� %
�. ��	  ��"
E "% %"
� V" ����%  ��(	 �"�*6� <�K�I ����J	3 

� .%�/0�	
�� [12].  �%	����"�'�� (	 ��� ���� 3 �J	�, �� 8&09� ��� ��
'� ��� .%	%  �I��
�  ����(; %"
�

���*2 �� "	�1 . �0�	% 
N����3" P
A :(
�; 
(	 P��0C	 �	�� F�!� �J (	 �*� ���'� ?�	 
3  N�� �0�	%

H��� �*)��*� �UA (MSE) "% :(
�; ���;�B ?�	 .?�	 .�� ?��- [10] �� B�G	<%
'� � �B%��� ��
� ���)*� �� 

%"
� �$� "% :(
�; ���	�B ���� ��� ���� (	 �� ��	
� 7*'��  ����	" %
�K� 3 �!9� �� ��	
� ��*2%�� ���	�B 	" 

(	 �� <�� %"	3 7'*�*� �&X� .���'� ��*2
&C P��0C	 ����. Y�B  �� �*��XK  �)��*� ���� k(	 a	 "	%�� �%3"3 

n?�	  yi 
�C3�A i 	a ��5 (	 �C3�A ?�	 .di(t)  ������ [��I %"
� �$� �C3�A �	�� <3"
� i <��( "% t  ?�	 

<; "% �� t lA�� <��( "% �0662 ?�	. ���)*� �UA�EI (T)  <	
�� �� �*� D3�/� [��I N�� DI (T)  3 [��I 

��1	3 (T)  .%
� �� 8����  

  

 (	 N����*2%�� 
<����" F1	�J �� ����� H��� ��	 ��e ���)*� �UA EI (T) 
�� �� �C
� ����0�	"�I ���� )<	(3	 


?�	 (�� �� �"
, �� [��I ��1	3 �� <3"
� �C3�A ���� "% ��	 �� [��I N�� ��� �� F*� [6].  =� "�*��

 5
'��.%�/0�	 .�� �	�� H��� �����
 "�*�� MSE  �� ?�	<	
�� �� _�
0� "	��� ���H ��UA `
']� H��� 8���� 

 ��:%
�  

 

 ��"% <; E 
 "
�	�I	 "�$0�	 �"��;  ?�	3 �']
`
 �3" �'� <3"
� ��� �C3�A ��5  .%
� �� �0B�2 5
'��+��U� 

	(3	<  �K��(	 .%�/0�	 �� ��� ���)*� �$� %"
� di(t)  a�]�	"% .%	% ]6[ �� %
� �� <�*� =� ���)*� DI (t) + ni 



 

 

(t)  <	
� �� 	" ���)*� =� <	
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