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  ij,ij,ij,ijij, ™woldwšwy›`™w ,·$ZT» Q#Y �$ij,w" �¿ "9  i" �¿ ,] Ê¿Z*» ,#] _Y j _Y 

iy" �¿ ÊC �I i _Y › >�*³$Z# {�¿ �f»Y�Zaj`=)Y "Z#$Y�³.(
7-Ê¿Z*» " �¿ �0�#$Z+» Ê» }/C º0 Z] Y� X#Z.I"9   1À(Zc»  y*c@F qZ#Z] ,d/C  Z0Ê» ,&)$$�³ ) .,.]Y� b&a

  ij,ij,ij, ™woldww .( 
8-" �¿ �0"9  qZ#Z] ,d/C Ê¿Z*»  ÊC�ZI =)Y 516 y*c@F X#Z0.
9-$Â6 Ê» X#Z»9: i4ÂF �Z*T» :

1(16Z] 516 Q**TF X*a 9Y �Y1+» 9Y �f/( 8-*) �0 �$ Z.I 'ZT]�» Q*V¿Z*».
2(I "Z#$Y�³516 Q**TF X*a 9Y �Y1+» h# 9Y Z.$$�³ �f-rÂ( >Y.

,( =)Y Ê»Y!·Y ,f-¿ Q#Y �(g ZeÀ#Y �$Y�³ ,&)Zc» N � ,#] >Y�] "Z#$=)Y ' ZAf» Ê¿Z*»  ÊC�ZI >Z0.
8-6 ÊV¿ÂVr Ê)��] 9Y �a YºfE*) ÊCZfÀf)Y �ÂFÂ»  X¿Y$ 5ZV#Za >�*³ #�f/B» 5ZV#Za $Ze#Y Y$Â6 _Ze¿Y 1#Z] ,( >�Z( Q

ÊCZfÀf)Y �ÂFÂ»  X¿Y$)" �fb)�a ,-&6(�Y!HY _�¿ f*c» �$MATLAB 7.1 ÊE#Â¿ 1( '�Â[ ,] 16Z] Ê» .,-&6 O1» �$
�G¿ $�Â» Ê&@<Â» �Y!HY _�¿ X¿Y$ 5ZV#Za �$ ,( KÂ*<  Ê]Y�I ºZ3< >$ �  Y=)Y $ÂC Ê]Y�I  ,-&6 >Z0 Q#Y ,] f&F�» KÂ*< 

#�Z¼� =°�3
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ÊC �I YºZ3<1À0$ Ê» 8*-�F Y� ,-&6 >Z0 .ºB» ,f-¿ Z»Y>Â4 ÊCZfÀf)Y 1`Y  Qf6Y$ >Zf)Y� �$Ê69Â»: S�c» }]ZF KZLf¿Y 
,]  ,-&6=)Y ÊC �I �$ Z.I "1¿Z)� �A[ .

3->9Z) 5$Z*a h/( ,] 5�&I ºfE*) �Y!HY _�¿ MATLAB 7.1  
Ê]Y�I  ºZ3< =/E4 Q#Y �$X¿Y$ 5ZV#Za �$ ,( f&F�» >Z0516 >1À] 1(�#�FZ» '�Â[ ,] Y1¿Y 1( ÊC �I  >$ �  >Z0

ÊCZfÀf)Y �ÂFÂ» ,]  516 ÊE#Â¿ $Y$ N9Â»:  $Ze#Y �#9 '�Â[ ,] ,(Y$Â6 Ê» 5$$�³ Ê» f&F�» .
}]ZFnewff Y�ÂL�*a ,-&6 h#)ºf#�ÂV·Y Z] ,#]1Àr " �fb)�aBP(8»Z6 ,( 1À( Ê» $Ze#Y Y� 4>$ �  16Z] Ê» .Q*· Y

 >$ � R�#�FZ»  $ 8»Z6 ,( =)Ymin max �@À< �0 >Y�] �#$Z+» R>$ �  �Y$�] 9Yp=)Y .#Y�: >$ �  Q*» $,>Y
�0 >Z0!#Z) 8»Z6=)Y ,#] .,#Y�: >$ �  Q*»Â)]YÂF 8»Z6 =)Y >Y,(�c» }$Â6 Ê» 5$ZAf)Y ,#] �0 �$ �$ ,( >Y .Q#�I:

=)Y 5$ZAf)Y $�Â» N9Â»: }]ZF _Z¿ 8»Z6 Y >$ � .
net = newff (minmax(p),[,#] �0 !#Z)],{,#] �0 �$ ,(�c» }]YÂF},Ê69Â»: }]ZF)

$ >Y�]�#�FZ» =T)  8*·$ ,] 'Z<3aY "$YZ0,»Z¿�] 9Y >$ �  >Excel 5$ZAf)Y 516$ÂC  _1< Z# $ÂC   Z] Y� Êd»Z< 0Z#1
Ê» 5$Y$ "Z�¿$Â6Y16Z] f&F�» �G¿ $�Â» Ê]Y�I ,] Ê/Z3< �³Y ,( '�Â[ Q#1] 1$1< '�Â@À#Y �*‡ �$  $Â6 Ê» 0bdTF "Y1] 

�#�FZ» �b) Y$�*³ Ê»�G¿ $�Â» >Z0 td.» �Y!HY _�¿ �$Ê» 51¿YÂI$Â6 .

¿ma] Á ?ËZ! 
,-&6 5�&I �Y!HY _�¿ �$ >Â4 ÊCZfÀf)Y �ÂFÂ» Qf6Y$ =BC ,#] $Y1TF Z] Ê#Z0" �¿ $Y1TF YidfL» >Z0 }]YÂF  idfL» >Z0

 5�Z/6 O 1C �$ U#Zf¿ ,( 16 5$Y$ �Y�4 Ê)��] $�Â» idfL» h#�cF3Ê» 510Z�» $Â6 .N9Â»: }]ZF 9Y 'Z�#Z»9: Q#Y �$
traingdm¿ ": =<�) 8*·1] =)Y 516 5$ZAf)Y �V#$ }]YÂF ,] =&E ." �¿ $Y1TF  S�c» }]ZF Q**TF >Y�] Q/p �$ N � ,] Z0

Ê» KZLf¿Y $�Y$ >�f/( >Z.I ,( Y� Êf·Z` �0  516 8/< Z.I  ÊT) S�c» }]ZF ZeÀ#Y �$ ,( $Â6purelin " �¿ $Y1TF  1
S�c» }]ZF  ÊC �I �$tansig " �¿ $Y1TF  50Â» Ê¿Z*» ,#] �$=)Y ,fH�³ �Y�4 5$ZAf)Y $� .8-6 ,] ,-&6 >Z•<Y ,e*f¿ �$

Ê» �#9 1À6Z]:

Z.I X0Z( ,] ,CÂF Z] !*¿ >�*³$Z# {�¿  ºfÀ»Â» t#�p Q**TF N9Â»: 'ZTH$ $Y1TF  516 70000 =)Y 516 KZLf¿Y � $ ,] _9] Y
] 10YÂI �f+*4$ ,-&6 �ZfH� 16Z] �f�*] N9Â»: 'ZTH$ $Y1TF ,r �0 ,( =)Y �(g=)Y �f/( Ê#ÂVL)Za =<�) Ê·  $Â.

#�Z¼� µÁ|m3

Z.I YÂF S�c» }] " �¿ $Y1TF 
0450 ./satlins-satlins 10-30
0120./logsig-logsig 10-35
0130 ./logsig-tansig 1-35
0180 ./logsig-purelin 1-40
0190 ./ –purelin purelin 1-40
0200 ./ purelin-tansig 1-40
0180 ./ tansig-tansig 1-40
0054 ./ satlins-purelin 1-45
0028 ./ tansig-purelin 1-45
0015 ./tansig-purelin 1-50
0022 ./tansig-purelin 1-55

    traingdm''},purelin'',tansig'{',50,1,pminmaxnewffnet 



˻̋˼

] ,CÂF Z] ZeÀ#Y �$ $�Y$ ,-&6 ,( >!*rZ¿ >Z.I ,)8-64(,-&6 Y)†ZfÀf)Y �ÂFÂ»(�$  =)Y 5$Y$ t)ZÀ» Ÿ)Za KÂ*< Ê»Z/F ,] 
Z.I 1[Ê» �A[ ( 16Z]Ê» >Â4 ÊCZfÀf)Y �ÂFÂ» Qf6Y$ ,e*f¿ �$  ,-&6 y*c[ N9Â»: �V¿Z�¿ Q#Y ,16Z].

,-&6 8»Z( N9Â»: 9Y �a)f)Y �ÂFÂ»ÊCZfÀ('Z<3aY O$Z&F  Ê#ÂVL)Za 5$Z»: 5�&I �Y!HY _�¿ YZ],cA[ b#�a 9Y "Y�]�Z( 
16Z] Ê» ºfE*) >Y 5� Zc».16 ,fIY$�a �Y!HY _�¿ Ê]Z#9�Y  X#Z»9: ,] Q#Y�]ZÀ].

=BC,»ZÀ�)�a YºfE*) X#Z»9: Z] >Y15Y�I ºZ3< 51¿�*³ �] �$ ,( OYÂ) ,] Y$Â] Ê]4KYÂC  ,ZY�Y 5�&I >Z0�0$�Â» �$ h# 
1#$�³ Ê)��] Y516 ˆ�.» OYÂ) .']YÂ) Q*/0)Ê]Y�I ºZ3<(>Y 5� Zc» ,cA[ �$ !*¿ 516 $Ze#Y 5�&I ºfE*) )'�Â[ ,] ,f&·Y

F �Y!HY _�¿ ÊFZ<3aY h¿Z] �$ ,( Ê#Z01(=)Y 516 i#�T (KYÂC  1#$�³ $�Y �Y!HY _�¿ >Z05�&I )"$Y$ >Y9Y �$ KÂ*< l*L�F
Ê]Y�I =»3<(!*¿ =H�³ �Y�4 Ê)��] $�Â» .�Y!HY _�¿ 9Y 8[Z` U#Zf¿5�&I >$ �  "$Y$ >Y9Y �$ KÂ*< l*L�F Y)Ê]Y�I ºZ3<(Y

"Z³�&I Z] ,E#Z+» �$)"Y�Z(�*/TF (8]Z+» �$ ,(15f&F�» OYÂ) )15Ê]Y�I =»3< (Ÿ)Za 1¿$Â] 5$�( "Z*] Y� $ÂI Ê@@LF >Z0 Y
Z] 1fHY Ê» vZAFY =*T4Y  �$ ,R¿: )0Z�» �ÂGÀ»Ê]Y�I "Z/0 51=)Y 8/< �$ Z0 (5�Z/6 O 1C �$4$$�³ Ê» 510Z�» .

�=°4-Ä°^� ÉZsy Ä] hÂ]�» �Y$Â¼¿ 
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 #�Z¼� µÁ|m4–(Y�|¿ Ä,ËZG» 4ÊmÁ�  Z] �Z¯�1¼67 #�^y $�R #�^y  !,1& 
OYÂ) 5�Z/6 

1
2
3
4
5
6
7
8
9
10 
11 
12 
13 
14 
15 

5�&I Ÿ)Za1
1
1
1
1
0
1
1
1
0
1
1
1
1
1
1

5�&I Ÿ)Za2
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1

5�&I Ÿ)Za3
1
1
0
1
1
1
1
1
1
1
0
0
1
1
1

5�&I Ÿ)Za4
1
1
1
0
1
1
1
1
1
0
1
1
1
0
1

ºfE*) Ÿ)Za 
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1

5�Z/6 O 1C 9Y ,( �Â.¿Z/0 4a $Â6 Ê» 510Z�»Ÿ)Z $1< Z] y*c[ >Z01Ÿ)Za  $1< Z] fd‡ >Z00=)Y 516 lL�» )*T4Y  =
Z)Y Q#Y �]KYÂC Ê»Z/F ,( =)Y q1#Z] Z0116Z] .(1#: Ê» =)1] �#9 U#Zf¿ Y >�Z»: 8*dcF h# �$:

#�Z¼� µÁ|m5–�YPRY c�¿ ÉZÅ €&Z) Ä,ËZG» Z] #�^y |n �$ Á QZ;�^y n ÊËÂ"K&Z) µZ¼!kY r1a 

a OZ/f`Y 1[�$ fd‡ Ÿ)Za $Y1TF y*c[ Ÿ)Za $Y1TF>ÂVL)Z y*c[ 
�Y!HY _�¿5�&I 

14 13/93
5�&I1

13 26/86
5�&I2

14 13/93
5�&I3

12 380
5�&I4

12 380
/f`Y 1[�$ f)Âf» "Z³�&I y*c[ Ê#ÂVL)Za OZ =99/84

-OZ/f`Y ,] 3/93Ÿ)Za �Y!HY _�¿ >Z05�&I 1¿�Y$ b]Z.F 5$Y$ {� Ê]Y�I =*T4Y  Z] )5�Z/6 O 1C5(.
-,]OZ/f`Y99/84Ÿ)Za Z05�&I $Y�HY >)"Y�Z(�*/TF (1¿�Y$ b]Z.F =*T4Y  Z])5�Z/6 O 1C5.(
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-OZ/f`Y ,] 69/91Ÿ)Za �Y!HY _�¿ >Z05�&I 1¿�Y$ b]Z.F º0 Z] 5�&I $Y�HY  .
5�Z/6 O 1C ,] ,CÂF Z] OZ` 5_�¿ y*c[ Ê#ÂVL)Za OZ/f`Y 1[�$ Ê)��] ,] ,( KÂ*< y*c[ l*L�F �$ "Z³�&I  �Y!HY

Âf(Y�F �ÂFÂ»Ê» �Ê» Y$9Y$�a=IY$�a 516 Ê`Y�a ºfE*) Ê]Z#9�Y ,] "YÂF .Ÿ)Za ,d[Z` U#Zf¿ ,] ,CÂF Z]�Y!HY _�¿ >Z05�&I �$
I =*T4Y  Z] >�f�*] b]Z.F Y5�&I $Y�HY Z] ,E#Z+»Ê]Y� $�Y$ Z0Ê]Y I  KÂ*< >�f�*] "ZÀ*/aY Z] Ê» lL�» Y� Z0$9Z).Q#1] 

E*) t)ZÀ» $�-d/< ,] ,CÂF Z] t*F�F t*< �$ 516 $Ze#Y 5�&I ºfÊ» � FÂ» Ê]Z#N � ,] >9Z*¿ ,-À#Y " 1] "YÂF 8-�» >Z0

t*<  �ÂFÂ» 'ZT.4 "$�( 9Z] 1À¿Z» Ê]Z# ...$�] Êa �Âf(Y�F �ÂFÂ» �$ �G¿ $�Â» t*< ,] Y16Z].

É�1; ÄV1!¿ 
>�*³ �Z( ,] 5�&I ºfE*) )X¿Y$ ,#Za �] Ê/fE*)(�Â (Y�F �ÂFÂ» KÂ*< l*L�F =BC Y=4$ X#Y!HY ‰<Z] l*L�F �$

Ê]Y�I9 X0Z( ": ,e*f¿ �$  Z0,À#!0 X0Z( Q*ÀR/0  'Y�*/TF "Z»16 10YÂI >�Y1BV¿  'Y�*/TF >Z0 .h# �$ ,( Ze¿: 9Y
E*)51/< X+¿ �Âf(Y�F "Â*)Y!*¿Z-» ºfÀ( Ê» ZA#Y Y� >Y,À#!0 X0Z(  Ê]Y�I "Z»9 X0Z( Y1 >Z0Z.I 9Y Ê6Z¿ ÊFY�*/TF >Z0

 Ê» Ê¿ZE¿Y5�B] 1¿YÂFºfE*) �$ Y� >�f�*] $Â)  >� Z] ,f6Y$ �] �$16.Ÿ)Za ,E#Z+»  Ê]Z#9�Y U#Zf¿ �Y!HY _�¿ >Z0Ÿ)Za Z] 5�&I-
Q*&» Y"Z@@Lf»  "Z³�&I >Z0Ÿ)Za �Y!HY _�¿ ,( =)Y ,f-¿ Q#Y >Z0 >�F]Z] "ZÀ*/aY 1[�$ Z])=*T4Y  ,] �F h#$!¿(�$ Y� 

�ÂFÂ» KÂ*< l*L�F: Ê» $ÂC  ,]$� .
ZBf¿Y �$$ZBÀ�*aÊ]Y�I  Ê]Y�I ºZ3< ,( $Â6 Ê»=/E4 �V#$ �$ Yf&F�» >Z0�Âf(Y�F >Z0 Yt+<  ÂdC 8E(Y Y�-]�*³ �*G¿ 

 8*E¿Y�A#$...$Â/¿ ,ZY�Y �Âf(Y�F �*/TF  Ê]Z# t*< =BC }»ZC �Y!HY _�¿ h# "YÂf] ,( ÊF�Â[ ,] $Â6 Ê)��] !*¿ .Q#Y ,e*f¿ �$
KÂ*< Ê#Z)ZÀ6 Y�Z($$�³ Ê» �#ma "Z-»Y l@Lf» �Â•` " 1] 'Y!*BeF .

�|/ Á �°C7¿Y$Ê

5ZV�¿Y$ Q#Y "YÂC "Y�V�0 �a Q/e¿Y  "Z»�( �À0Z] 1*B6 5ZV�¿Y$ >� ZÀH  Ê�0 �a =¿ ZT» Ê·Z» =#Z/` Z] X0 �a Q#Y 
=)Y 516 _Ze¿Y.

#$Z%!&Y $�Â» M]Z9» Á MmY�» 
1-_ YÊ`Z#� .¿Z-» ºfE*) 8*dcF  ,#!eF YÊ Ỳ�a  'Y�*/TF Ê)1ÀB» Q/e¿Y =#Z) Y,¿Y�*V�*a =6Y10ZV¿ Ê)1ÀB» 5!*

"Y�#Y >�Y1BV¿.
2-Y†ZBÀ»�4Z] .1387�*&( �*»Y ÊfTÀ[ 5ZV�¿Y$ Y"Y�BF YÊ<ÂÀ@» Ê&@< >Z0 ,-&6 Y.
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