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,�!*9 <8��8��.:+]�$ 5��J>��, ^,���pq/p�� ���� <
�76��+/ >��@/qppp ��9��9 )!��A�� ^,��� 	pw/p.����$ )��G�/

	�� :�7 5��9 8�-�@� 39�/?���A����� 39��/ <?��*�' :�,1 6> ��7 ��, 
tansig >A9 
�aF 39��/ (� 
;	�F :,1 5��9 	��,purelin 0>�X!��� 

�$.

O5�? 013�; ��NnP� �����; V�� 5��9 0�$ 56	2 �� 5(������R!�� ��, 
A65,5 A���	)9�#�w'T��		); 765�%��9��,�G M	d��	� ,��2�6,����9:� ,�	N� p��%��


92 :9 
-2 )��x1=O/A w/pjq/pow�/pp�p/p

#F�. 8N��x2=RS rpmwppjopp�o�/ooo���/��
��>x3=TC©vpjopq�w/oq�yq/o
pH x4=pHow/qqj��/q�y�/����/q

#F�. ?��(x5=tminopjww/qo�pw/w

O5�?31e,�!� ]$:�5(�� M4�� (� 6A�-�)!, 5�7 �' 6�`!�� �aF 

A�	K6�� F9�,�d�� ,��<; 6��N; 
�����,� A��,�	N�

RMSER2

x�]�A-j�62A 6����yqq/q��y/p

[	6]$�:(��
�/A�� 5BFGSwvp�p�/y�vv/p

�6�� ��A/ ?�,>��Joqy��v/o�yy/p


,��9 )�G�/ )!,6A�-�woy��w/p��q/p

?�,>��J #7� ��w���/v��w/p
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 O5�?{1
NA�_� 
]_N :+]$ 5��9 0�$ #,��(2 5�76�!F�� (� 5>��@/MLP 

7,�$
 
��-' �<�
 ,�9B�:�����,� A��,�	N�

�?5�B ��e �5�� 6��N;)×6��N;���.G ��e ,6 �5��×(A65,5RMSE R2

qq×w×w��q/v���/p
oq×�×w���/o�yv/p
vq×�×wpv�/o���/p

yq×�×w�o�/q���/p

wq×�×wyqq/q��y/p

�q×qp×w���/q���/p

�q×qw×wpwo/o���/p

�q×y×w×wqw�/v�o�/p

�q×y×�×wq�v/v�oo/p

qpq×�×�×wpvy/w�yq/p

�K�6�
9�,(6� 5�76��@�RMSE 	R2:9 6A �� :+]$ 5��9 ^��/�/
 �9��9yqq�/q	��y/p:9.��2 8�>~9�a/ 0>�> 
�9 
�9��/ 5��7

#�' �,>�K� 	:+]�$ ���A/ 0�$ 
��9MLP M+�$ 6>q0��$ 0>6	2
.8�� M+$qj0>�> :�7 3,(A/ h-� ?�`� �6 �7 
�:�&,�K� 	 ��7> 5�

#�' �,>�K� 	 
@Q�	 �,>�K� 
�9 
� ?�`� �6 0�$ 
��9 .�7> :�;A/ ��9
 M+�$ 6> 0�$ 0>�> ?�`� e,�!� :9qj%
�� 0�7��`� >A�$ :�r ����/

 V�� 	 0>A9 8��6 �F O, :9 O,>�� g�K�MLP 0>�> 
9AF :9 5�7
#�' �6 
9��/ 
��9
��,���.

@<
01#�' �,>�K� 
��9 0�$6>0>�> M9�K� 0>(�9 5��9 
9��/ 5�7
 :+]$ �9 ���R!��MLP 

t131O�� ,�9B�:RBF 
5��9 
]�_N :+]�$ 
���PRBF 0>�X!��� 
���AJ 39��/ (� <.��$ (�

:+]$ 6> )*� >6�A� 5�7RBF :@�A/ �!��6�' :+]�$ 8��� #�K� :� 

 
�J6�9 6��K� 8�� �!*9 	 >6�> :+]$ )��@/ 8��9�Q >A]*9 6> 56��&9
 %�R!��8,��6 :+]$ )��@/ 8��9�Q �/ >A$ ?����� :�!]-� .�$�9 #R9

 ?2 %��R!�� 6> ��,�9 	 >6�> :��&� YA� :9 
�!&9 �!��6�' 
,� 
J6�9
 0>�> 
��9 ~��]a/ .>6	2 M��N :�9 
���  8Q> �,>��K� 	 
�9��/ 5��7

#�' :+]$ ��A/ 0�$ 
��9RBF M+$ 6>o.8�� 0�$ 0>6	2 

t1{1O�� ,�9B�:SVR  
6> V��SVR (�M��  
� 0>�X!�� 
X�!R� 5�7 �6�]N :  >A$ (� ����

 ���AJ <�	> :;6> <
aF
5���A����� <O�!�&�- <:���;��. 	�5.
M��  39�/ 5�7�!��6�' M��$ σ<C	ε.8�� 
�,� (� O, �7 ���z/ �9


� ���z/ 
9�,(6� 5�76��@� <�7�!��6�' V��� :�+�,� 5���9 .�� SVR 
�$�9 :!$�> �6 >�+��N 
,�!*9<�9?2 5�7�!��6�' �, :�9 8�Q> :]���\�


,� 6> .��A$ 5�7�!��6�' :-�K�σ<C	ε:�9 ��aF 	 d��� �6A�4
:9 V	�; 6> .��2 8�>yM���  (� 0>�X!�� e,�!� 0>6	2 h��!R� 5��7

.8�� 0�$ V	�; :9 :;A/ �9yM���  <M���  
,��!*9 �ywo 
��AJ
>A��9 M����$ M����  
��,� :����*9 5���7�!��6�' .γ�/p<σ�ywo/p<C

qpp	εp�/p.8�� 0>�> >��@/ 
��f�7 [(A�2 5�7qpw >��@/ 	
?�]�!`' 5�76�>�9�w:�!��J ��G� 6> .��$ M+�$ 6>v�a/~9� 
��9

0>�> 5�7 #�' �,>�K� 	 
9��/ :+]�$ ���A/ 0��$ 
���9SVR 0>6	2
.8�� 0�$ ?��7 6AP 
�� 0�7��`� :  5��76��@� >A�$RMSE 	R2

9�5�� ,��:9 8]&� :+]$ 
:+]�$ 5��7MLP  	RBF �,>��K� 5��!*9
:9 :  ��6�> �9��9 ^�/�/��v�/p	��/p:9��9 
,��9���9 .��2 8�>

 M+$ :9 :;A/v:+]$SVR #�' 5��9 >�+���N ���R!�� 0>(�9 
��9
 
��� ?���`� 5��!*9 V	���; 6> .���7>w5���76���@� :�9 
���9�,(6� 

9 O�+X/�0>�> 5�� 	 
���6�]!N� <[(A�2 5�7?A�(2 :� �7 5��9 
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All Data: R2 = 0.98441  ,  RMSE = 1.4117
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@<
31#�' �,>�K� 
��9 0�$ 0>�> M9�K� 6>0>(�9 5��9 
9��/ 5�7 :+]$ �9 ���R!��RBF 

O5�?t1>��@/5M��  (� �75��9 :!�6 6�  :95V��SVR 

7,�$
 @��X ��� 
O�� A���9��,�G�����,� A��,�	N�

ε22
1
σ

=γCRMSE R2

qO�!&�-(logistic)p�/pp�/pqpp�yp/���w/p
oO�!&�-(logistic)p�/p�/pwpp�vy/q�vy/p
v5���A����p��/p�pw�/pqpp�oy/v���/p
y
�AJ(Gaussian)p�/p�/pqpp��v/p���/p
w
�AJ(Gaussian)ppq�/p�o/pqppy�w/qo���/p
�
�AJ(Gaussian)q/p�q�p/pwpp�yp/w���/p

O5�?|1:+]$ 
9�,(6� 5�76��@� 
�9 :&,�K� 0�,> [(A�2 5�7 
�<�
 �����,� A��,�	N�76�6 �'�$U� �$���SVRRBFMLP

R2

[(A�2���/p���/p���/p


��� 6�]!N� 9�w�/p�y�/p

?A�(2���/p�o�/p���/p

0>�> M �7���/p��o/p��y/p

RMSE 

[(A�2yv�/povy/p��p/p


��� 6�]!N� 9owv/q�pw/o

?A�(2�vp/pv��/p�yq/q

0>�> M �7��v/p���/pyqq/q
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All Data: R2 = 0.97259  ,  RMSE = 1.867
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@<
{1#�' �,>�K� 
��9 0�$0>�> M9�K� 6>0>(�9 5��9 
9��/ 5�7

 :+]$ �9 ���R!��SVR 

0>6	2 :+]$ YA� 
� ?�`� e,�!� .8�� 0�$ � :  �7>�V�9 �7�:F�
9A
9 	�Q> ���9 8���2 1���,> [(A��0�$ 0� .��� 
�9 6> V��� :���6� 5��7


� ?�`� e,�!� 0�$ �>�9 V�� :  �7>68]�&� 5�/1�9 8Q> ?�]�!`' 
V�� �,�� :9 .>6�> �7 

t1t1���9��,�G �:,�� 
V�� d��� �9 5�7 :�9 
;	�F mAa� <0�,> [(A�2 6�>A��� �6A�4

m�P 	 5�@9 :� 5��7��z!� ��U��/ ?>�> ?��`� 5���9 56A!���  5��7
:9 ���R!�� 0>(�9 �9 5>	6	 #��' 
]�_N :+]�$ V��� ?�A��N <
���9

M+$ 6> �76�>A�� 
,� .�$ 0��`  5�7y	w:a9�6 .8�� 0�$ 0>6	2
=
aF�� 
� �6 >A;A� M+$ 6> ?�A/ :�9 �7 �,> mA��	�<(� O�, ��7

�@� ��U�/ �7�!��6�'
6�> ���R!�� 0>(�9 5	6 �9 56�>�.�

�92 :�9 
�-2 
���� 8]&� (O/A) ����U��/ 6A�/	6 8N��� 	
���R!��� 0>(�9 5	6 �9 5>�,( 8�$�> U��/ . 8]�&� ��O/A 5	6 ��9

 ���R!�� 0>(�9=?��( :9 :!&9�	 	 
aF��8�� h��!R� mAa�� 6> .
O/A ?��( #,���� �9<:�9 	 >�> ?��`� #,����� ���!9� ���R!�� 0>(�9
�K� 8���, #7��  ���� 	 ���6 >AF �� ��� 6� )�+$�Myj.(h�-�
����9 #,�����( 6> 0>(���?��9 5��7 ��� 
qo��/q��K�Q>�#7��  	 :

?��( 6> 0>(�9 5�7q��/op:K�Q>:9mA�	 
� 0�,> .>A$?��7 6AP 
M+$ 6> : yj
� 0�7�`� %,���� �9 <>A$ �,>�K� 
���/ 6> ��> #

(h-�)(%)
@<
t1U�/����� 8]&�
-2
92 :9
	6 �95���R!�� 0>(�9h-� <j^&��9 % <?��(j^&��9 ��> 

@<
|1U�/ 6A/	6 8N�� �����z/ �� 	pH ���R!�� 0>(�9 �9 
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All Data: R2 = 0.99926  ,  RMSE = 0.68363
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O/A #7��  ���� 	 #,����� ���!9� ���R!��� 0>(��9 <8���� :�!��,.
8]&� %�R!��O/A 
�9o/p�/v/p0>(��9 6���K� 
,�!`�9 ^;A�

 
�@, ���R!���w�46>>A9.6A�/	6 8N��� #,����� �9 ?A!�� 6>
���R!��<�7(�� 
�9 d��/ {a�5�!�`�9 :!��A�' 	 0��� ��' ��$ 	

#,���� ��; V�K!�� �,8���7(�� 5�,��'cAX� :���!� 6> 	
7>(��9 	
?A!�.8��, #,���� �P (��
�+�� ���,> �� >A�9 %A�a���� 0��,�'

 �6 ���R!��� ?A!� 6> ?��zP .��7> :���*9 6���K� %��R!�� 
,��9���9
 56	�� ��� O, 6A/	6 8N�� 5��9:9
� �G� ��6.#,����� 6���K�

 :���*9 6���K� 	 6A�/	6 8N��� 8]�&� :���; (� ���,> >6�A�� :�9 ?2
 	 
92 :9 
-2 
��� pH U��/ .>6�> 
�!�&9 ��� 8N��� ������z/ ��

 	 6A/	6pH M+$ 6>w8N��� 
�,��' mAa�� 6> .8�� 0�$ 0>6	2
 #,���� �9 6A/	6pH #,����� ��� 	 #7�  ��!9� 0>(�9 <.8���, 6>

#,���� �9 6A/	6 8N�� 51�9 mAa�pH 0>(�9 <�����#,<:�!��, :�9
 >AF �� ��� 6��K� ����6 ?��`� #7��  ���� 	>�> .O�, %��R!��

 6��K� pH 
�9 
�,�'o	y�/�(� #��9 ���R!�� 0>(�9 :9 ������
�46>.�$ 

t1|1����2�6�<�$' O�� ����	:�K, O�� ��Z�QB�	 
���R!��� 0>(��9 	 
��6�9 >6A� 5�7�!��6�' 
�9 g�]/6� 
��@/ 5��9 

�9 
��,6 :a9�6 M�� :���;��. V��� :,�' :�9 �	> :�;6> 5� �6A�4
 :a9�6qv8�� 0�$ :��6�.oq:a9�6 :9 gA9�� ^,��qv0>�X!��� �9

 (�qwp :��2 8�> :9 >A;A� 
9��/ 0>�> :NA��� 

Y=477.0.277-119.549X1+0.771X2+8.340X3-
153.759X4+2.975X5-368.476 2

1X + 0.0005 2
2X )DZ(

-0.013 2
3X +0.072 2

4X -0.027 2
5X -25.534X1X2+

407.177X1X3 - 388.186X1X4- 7.752X1X5-
0.355X2X3+1.819X2X4-0.003X2X5-
5.704X3X4+0.010X3X5-0.006X4X5

:r1�9 :a9�6 6> 
Y	 M���� ���R!���� 0>(���9 6����K�X1<X2<X3<X4	X5<:��9 ^���/�/

 <��> <#F�. 8N�� <
92 :9 
-2 
��� 8]&�pH #F��. ?��( 	
8��V�� 	 V�� 
,� 
��R/ 
,���A/ . ��9 
]�_N :+]$ �9 
�!]� 5�7

 (� 0>�X!��vyM+�$ 6> .���$ :&,�K� ��,�+, �9 <0>6AR� 8�> 0>�>
y5��9 ?2 
���R/ 6��K� 	 ���R!�� 0>(�9 
@Q�	 6��K� 6��*. V���

 ��F 51��9 :�  
P��K� M+�$ 
�,� 6> .8��� 0�$ 0>6	2 S\9 >6A�
 
�,� �,( g�K� 	 
@Q�	 6��K� (� �!`�9 <��6�> 6��Q (V	� 396 (�&���)

$ 0>( 
��R/ 
@Q�	 6��K� (� �!�  <�F�0���7 .�����?�� 6A�P�6> :
+$�M�	6 <8�� 0��2 [SVR 5�6�> ^,�� 
,�!`�9
��@/ 	

MLP: R2 = 0.923, RMSE = 3.321 Non-Linear : R2 = 0.796 , RMSE = 5.236 

SVR: R2 = 0.962, RMSE = 2.362 RBF : R2 = 0.9183 , RMSE = 3.729 

@<
}1#�' 	 
@Q�	 �,>�K� 5��9 M�� ���R!�� 0>(�9 0�$ 
��9vy0>6AR� 8�> 0>�> 
h-�j% <�	> :;6> (� 
aF��= ?A���J6 V��jV��MLP� <jV��RBF> <jV��SVR 
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76�6 7,�$
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�19 ~9�a/�>�K� 
,@Q�	 �
' 	�#9��
��9 0�$5vy(� 0>�X!�� �9 0>�>6�*. >A;A� V�� 

6��K� 
,�!� �aF �	> :`,6 
������ 8�� [	6 >��+��N 3Q�	 6> .
SVR #�' 6> 0>�> 
��9 [	6 :9 8]&� �,�; 5�7 5�7MLP <RBF 

�!*9 
aF��= ?A���J6 V�� 	8�� :�9 
,��9��9 . [	6 O�, ?�A��N

� ���$A7 V��� (� ?�A�/SVR #��' 	 
���R/ 5���9 ���,��� 
���9

:9 
��f�7 	 %n��� (� M�� ���R!�� :���*9 �,���$ 
!���, 6A�G��
 ��,���.>A�� 0>�X!�� 
M+$�:&,�K� ���A/ 
�9 5�,#�' 
0>�> 
���9 ��7 5���9 ��,�; 5��7
6���*. V����
��� ?���`� �6 .���7> ���K� 
���9 ~9���a/6����K� 	 
��@Q�	6�
#�' V�� ��A/ 0�$ 
��9SVR .8�����' 
9A�F :�9 M+�$ 
�,� 6>

 V���� :��9 gA��9�� ���aF 
,���!� SVR 8���� ���9��9 ?2 6����K� :�� 
p�p�/p�aF 
,�!`�9 	 8�� �9��9 56��K� �9�pwv/q�gA�9��

8�� 
aF��= ?A���J6 V�� :9.

|19��U	 A�	K 

,� 6>#7	l' Vn�� (� 0>�X!��� ��9 %n���� (� M��� ���R!��� <
TBP V�� >6A� V�� 5��9 .8��J 6��Q 5(�� :+]$ YA� :� (� 5(��

 V�� O, 	 
NA�_� 
]_N=0>�X!�� �	> :;6> 
aF���$6�!F�� .
:��*9 ?	�!���' 
]_N :+]$ (� 5�1��. :,�'6AF ��9 0�,> [(A�2

 	 ?��*�' :�,1 O�, ��9 <��aF 6�`!�� �' )!,6A�-��:�,1 6> ?	���
 ^����� M���  3�9�A/ �9 :��*9 5�76�!F�� 
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