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ªÌ:v4 ¾ËY $.YE¸+ L|� ^D? |3ËY�T �41Ì~»Z+ ,] VZ�4Y C]Z' É|@Y= ,� Ê#Z´DËZ»�B ¾+ ^D? ÃZ´-�. ^Ë É�ÌU$Z°] Z] 

= |� Ê�$�] ,-�1Ì_ = ,Ë( ^4 h$1�]Ã.Z*-�Y Z]Y�= L.�+ ^D? ÉZ». 7/» C»Z� =. hY�ÌÌr4 �ÌYZ4 ÊT.Z�4 ‹!»Z+ É$Z»B  �A
L.�+ ^D? q3#B hY�ÌÌr4 = LZ»� �-»Y$Z_ É=$ �] &�U ÉY1# ÊËZ6]Zm )��� V|» = É�Z� VZXT É0�<Y , )]1A$ P1*< WËY�j ,

L|� ^D? |3ËY�T É�Z� YE¸+ Y�_=Y 7'$Z». $. Z#É40,50,60��� =. = N1Ì�¸� ,m$. &�U ÉY1# ÊËZ6]Zm )1=2�] �-» 
,Ì<ZY »$Y�' Ê]ZË�$Y .$1)T�U..Y. LZD< Ã|»B )�|] ZËZ-< ^D? |3ËY�T É=$ �] Y1# ÊËZ6]Zm )��� = Z». ÉZ#$1-+ZT �ÌYZ4 ,+

 $Y. Ê3X» YE¸+ V1�v» L|� |�Z] Ê» .�Y |3ËY�T ÉZ». �ÌÌr440,]60, N1Ì�¸� ,m$. 4/66B L|� ^D? LZ»� �Y |"$. L

.15< 7+ Y$ .�Y ,&�U ÉY1# )��� �ÌÌr41,]2Wm1» ,Ì<ZY �] �-» 4/29|Ë.�U LB L|� ^D? LZ»� $. �#Z+ |"$. .WË�j 
�Y ªÌ:v4 ÊËZ». Ã.=|v» $. YE¸+ ,<Y. )]1A$ P1*< 8-10×05694/2Z4

8-10×8061/5$=%6» ,Ì<ZY �] �-»|3+ Ê» �ÌÌr4 .É0�<Y

EÌ< É�Z� VZXT .=|@ $.34/274Z49/37V1» �] V=0 1¸Ì+ |»B )�|] .ÉY$Y. ZÌ_ V|» YE¸+ L|� ^D? |3ËY�T É�Z� V|» $.
¾41Ì< V|» .�]$Z+ Ê]ZË�$Y .$1» ÉZ/�?Z� $. ÊËEm k!-?Y = ¾41Ì< V|» $. )]ZY WËY�j L.1] 7+ CÌ2|] Ê2= .1] É�-/] m�Y�]

|�Z] Ê» )Ìvm$Y ÉY$Y. 

Ã#YÁ|Ì$¯ :É�Z� VZXT É0�<Y ML.�+ ^D?,^D? ,Ê#Z´DËZ»�B ¾+ YE¸+ 

1-É�$=ZD+ Ê�|3/» = Ê3T hZ:Ì:v4 ,��1» ,L1Ì�YEÌ<Z°» = É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°» hZ:Ì:v4 �z] �#=ƒ_ $ZË.Z-�Y .}�+ 
Ê-�_ €=|3" 845-31585^Ì<=�-°2Y )�_ ,:com.yahoo@hgazor

2-N$|» )Ì]�4 ÃZ´D<Y. É�$=ZD+ Ã|°D<Y. ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°» �z] $ZÌD<Y. .
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Ã.14 ,] &�U ÉY1# .=$= �Y CH' Ê-�ËZ] ,+ |3�Z] Ê» 7/» ÉZ#$1-+ZT �Y LB ÊËZ6]Zm )��� = &�U ÉY1# $Y|:» ¾+ ^D? ^Ë $.

1� É�ÌU Ã�Y|<Y V1�v»<|.Y$ Z». hY�ÌÌr4 É�ÌU Ã�Y|<Y = 7Ìl34 )Ì¸]Z' Ê-�ËZ] É�ÌU Ã�Y|<Y 7-�Ì� ¾Ì3n5# EÌ< |/�Z] ,-/�Y.]5[.
¾Ì] Ê3c=$ ÉZ# ,<Y. = h!c L.�+ ^D? ÉY�] �Z6» ÊËZ». Ã.=|v»50Z470N1Ì�¸� ,m$. |�Z] Ê» .)»Zzj W�Z3» ,/Ë(

 ¾Ì] Ê-X3" Ê<Ez» ÉZ/3+ ^D? $. V1�v»1Z45/1�-» |�Z] Ê» ]8[.&�( $ZD/T �/] L.�+ ^D? ÉZ#Z». hY�YY Ê:Ì:v4 $.
|� Ê�$�] YE¸+ ¾c=$ VZ�v-�Y ÉY�] .B ÉZ#Z». �Y |<.1] h$ZH� �ËZ»�60,80,100=120N1Ì�¸� ,m$. ÉZ/#Z». $. YE¸+ =

RS� Z4 €1T5/6.1] Ã|� ^D? �4 ,ËZ_ �] |"$. .LB L.�+ ^D? ÉZ». = �-DÌ] ,<Y. $. )]1A$ $Y|:» ,Q �# ,+ .Y. LZD< ZËZ-<
 )�Y �-5+ ¾c=$ VZ�v-�Y ÉY�] &�( $ZDT $Y|:» , |�Z  �4 ¾Ì†Z_ .�H5# G'Y= $.H�Z3» Ê´-Ê= L.�/+ ^D? ÉZ». hY�ÌÌr4 LZÌ» 

.$Y. .1m= ,<Y. �Y ¾c=$ }=�? ÉY�] &�( $ZDT $Y|:»]21[.^D/? ÉY�] 81¸S» ÉZ#Z». = Y1# $1H� ,] )»=Z:» É�´Ë. ªÌ:v4 $.
|� Ê�$�] YE¸+ = LY.�´]Z-TB Ê3c=$ ,<Y. =. L.�+ .LY.�´]Z/-TB L.�/+ ^D? ÉY�] W�Z3» ÉZ#Z». ,+ .Y. LZD< ZËZ-< )/]1A$ Z/]

 ,Ì2=Y12Z416Ã.=|v» |"$. 55Z465N1Ì�¸� ,m$. |�Z] Ê»]22[.L.�+ ^D? ÉY�] �UY ,+ |� É�ÌU ,6Ì-< ªÌ:v4 ^Ë $.
,Ì2=Y )]1A$ Z] YE¸+11,13=15RS/� Z4 V1�v» ¾ËY L.�+ ^D? ÉY�] , |�  W�Z3» ,Ë1/4 ÉY$Y. ¾+ ^D? ÃZ´-�. |"$. 

)]1A$6É0�<Y k��» LYEÌ» ,|"$. LYEÌ» ,] 30Z460|]ZË Ê» �#Z+ |"$. ]18[., ZË1/� , q<�¸U ÉZ/»Z3] Ê3c=$ ,<Y. $Z/Q
 GS:» ^Ë $. YE¸+ = LY.�´]Z-TB 12/0�-» ^D/? ÉY�/] �Z/6» ÉZ/#Z». Z4 |3-T�U$Y�' Z»�U p�X» $. VZÌ� �-�] ¾+ ^D? $. =

|<.�U ¾ÌÌX4 h(1�v» ¾ËY L.�+ .ÉZ». ,+ .Y. LZD< Ã|»B )�|] ZËZ-<60Ê/<� ,/<Y1m LZ/°»Y &|/� É=$ �/] É$Y. Ê3X» �ÌYZ4
 .$Y|< Ã|� �+P h(1�v»]10[.ÊËZ». Ã.=|v» $. ZË1� L|� ^D? ^Ì-3Ì� É=$ �] .1? ªÌ:v4 $. .Yƒ< Ê<Z�Z+ = ÊXÌT$ 30Z4

70 |/�Z] Ê/» ZÌ/_ V|» ZË1� L|� ^D? |<=$ ¾Ì5z4 ÉY�] W�Z3» V|» ,+ |<.�+ É�ÌU ,6Ì-< ,N1Ì�¸� ,m$. ]1[.¾Ì/::v»

 , EH/� ZÌ]12 = EH� C*¸T ,€|3T L.�+ ^D? �Ìl< É�$=ZD+ h(1�v» L.�+ ^D? $. ^Ì-3Ì� ÉZ# V|» .�]$Z+ ,3Ì»� $. É.ZË�
 L.�/+ ^D/? ,/3Ì»� $. V1/H' C/]Z' V|/» LY1/3X] ZÌ_ V|» Z/<B �Y É$ZÌ�] $. ,+ |<Y Ã.15< ªÌ:v4 Ê´<�T h14 = ,-�_ , 12B.$�

 )�Y Ã|� ÊT�X» É�$=ZD+ h(1�v»]4[]16[]20[]23[.Ê]ZË $Y ªÌ:v4 ¾ËY &Z6<Y �Y k|# 7//» C/»Z� =. hY�ÌÌr4 �ÌYZ4
 É=$ �] &�U ÉY1# ÊËZ6]Zm )��� = L.�+ ^D? ÉZ». ^Ì-3Ì� ^D?L|� ÊËZ». Ã.=|v» $. YE¸+40Z460N1Ì�/¸� ,m$. 

Ê�$�] ªÌ:v4 $. EÌ< YE¸+ ^D? |3ËY�T É�Z� V|» LB�] Ã=!� .1]|�.

Z/ �Á� Á {Y-& 
.�41Ì~»Z+ ,] VZ�4Y C]Z' = É|@Y= ,� Ê#Z´DËZ»�B ªÌ'. ¾+ ^D? ^Ë �Y Ã.Z*-�Y Z] ªÌ:v4 ¾ËY $)C°�1(,ÉZ . ,� $.40,

50=60N1Ì�¸� ,m$. &�U ÉY1# Ê]Z6]Zm )��� =. =1=2,Ì<ZY �] �-» ,$Y�°4 ,� $. ,] &Y|'Y L.�+ ^D? V1�v»
 Y�_Y 7'$ YE¸+(Opera) Ë( ^4 h$1" ,],)g�Z< ,Ë((.�UË|hY�ÌÌr4  1S� = C:-�» ÉZ#�Ìr-» V=|m $. ,A1]�»1,l@!» 

..�U Ê» .

V=|m1-hY�ÌÌr4  1S� = C:-�» ÉZ#�Ìr-» ÊT�X» ªÌ:v4 $. ,A1]�» 
�ÌBf& IY�ÌÌBe t-`� 

Z».)N1Ì�¸� ,m$.(40 (T1) 50 (T2) 60 (T3) 
&�U ÉY1# )���),Ì<ZY �] �-»(1(V1) 2(V2) 
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)1(,C� .12)2(,,<15< É=Z@ Ê3Ì�)3(,V1�v» ,] É.=$= ÉY1# �´�@)4($141»DC,)5(,É.=$= ÉY1# ,nË$.)6(,Êm=�? ÉY1# ,nË$.)7(�´�@

 , Êm=�? ÉY1# ÉZ».)8(Ã|33+ V�-3+ = hZ�!AY %?Y h$Z+)9(�41Ì~»Z+ 

6°71-Nf�Y {�-& E¯ 1:y 1ÌeZ57 eÌ'@e �{ Ã{Z 

V|» ¾ÌH4B VZ-Ì6Ë. Z3� Z». ,¸Ì�= ,] ,+ É.=$= ÉZ». hY�ÌÌr4 �Y |<.1] h$ZH� ¾+ ^D? $. Ã|� ,-T�U Ã�Y|<Y ÉZ#�-»Y$Z_
AT400-K )'. Z]1|Ë.�U Ê» )HY = 7Ìl34 N1Ì�¸� ,m$. .)'. Z] L�= hY�ÌÌr41)'. Z] Êm=�? ÉZ». = &�U 1/0

�14 $Z+.1? h$1�] N1Ì�¸� ,m$. Ê<Z»� ÉZ# Ã�Z] �Y Z# Ã.Y. É$=B G5m 7-�Ì� O15�41Ì~»Z+ ,] ¾+ ^D? �Y ÉY ,:Ì'. 
|Ë.�U Ê» C:-3» .Z3� .Z] O�14 EÌ< Y1# )��� hY�ÌÌr4 /V|» L=�412 ,Z3� )]1A$AM- 4205 Z] Z# ,<15< RS� �Ë� $.

)'.1/0|� É U Ã�Y|<Y ,Ì<ZY �] �-» .15< )]1A$ $. Ê-?Y13°Ë .Z6ËY $1l3» ,] h(1�v» �Y &Y|+ �# ÉY�] ÊDËZ»�B ÉZ# ,<24
,S]Y$ �Y Ã.Z*-�Y Z] = �S:» 8B ,¸Ì�= ,] Z# ,<15< , L.�+ ^D? |3ËY�T ;=�� �Y CH' )�Z�)1({=�D» hZÌ¸5� 

É�Z�(conditioning)|� &Z6<Y ]14[.
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=Mf$Y|:» )]1A$ ,-�Y1? Ã|(% d.b)=WiL�= ,Ì2=Y ,<15<(g)  

|� ¾ÌÌX4 Ê<�= m=$ = L=B �Y Ã.Z*-�Y Z] V1�v» ,Ì2=Y )]1A$ u~� ]6[..=|@ $. YE¸+ V1�v» ,Ì2=Y )]1A$20,ËZ_ �] |"$. 
|»B )�|] ^D? .Z3� .Z] �Y Ã.Z*-�Y Z] EÌ< ÃZ´DËZ»�B ÉY1# ÊH�< )]1A$ hY�ÌÌr4 Ã.=|v» /V|» L=�412 ,Z3� )]1A$ 

AM- 4205 Ã.=|v» $. hZDËZ»�B V1A $.33Z449|� É�ÌU Ã�Y|<Y |"$. .u_L|� ^D? hZÌ¸5� &Z54Y �Y)L|Ì�$ ,]
|3ËY�T ÊËZ/-<Y C@Y�» $. Ê2.ZX4 )]1A$ .=|@ (= ,-TZË ,54Z? L.�+ ^D? hZÌ¸5� �Y Ã.Z*-�Y Z] hZDËZ»�B  �A W2Z' $. CË$1-+ZT

 ÊT.Z�4 ‹!»Z+ ,O�1-» �Ìl< ÊËZ# f?Z�ÉZ# �ËZ»�B ÉZ#$Z5Ì4 ÉY�] L|� ^D? q3#B = LZ»� LZ»� Z4 L|Ì�$ YE¸+ ,]
 Ê-]1A$ �Z6» Ã.=|v» )6Z48"$. |^D? ,ËZ_ �](Ê�$�]|�.hY�ÌÌr4 = LZ»� |@Y= $. V1�v» )]1A$ hY�ÌÌr4 Ã1v< ¾Ì3n5#

 )�|] $Z5Ì4 �# ÉY�] EÌ< L|� ^D? q3#B»B|

]8[]9[]10[]11[]15[.
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 $. �ËZ»�B ÉZ#$Z5Ì4 �Y &Y|+ �# ÉY�] É|X] ,¸@�» $. 50|X] ,� ,$Y�°4 a, b, cuÌ21+ Ã.Z*-�Y Z] YE¸+ ÉZ# ,<Y. ,Ì<$=

 )'. Z]02/0,<Y. ¾Ì´<ZÌ» ;ZX� Z] = |»B )�|] Z». ,� �# ÉY�] Y$ Ã|� ^D? ÉYE¸+ ,<Y. ¾Ì´<ZÌ» �S' = É�ÌU Ã�Y|<Y �-5Ì¸Ì» 
V=|m  �� ,]2|� ,†Y$Y ]17[.

,Á|m2-A2Z&*8 )Z/�Z5Ìe �{ Ã|7 1:y YS$¯ Ä0Y{ EÌ´0ZÌ& _ZF7 
Z&{ 

)n-ÌQ$� Äm�{(
Y-/ d]�� 

)Ì0ZP �] �f&Ä(
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)�f&(
100203/0001015/0 40 
200201/0001005/0
100198/0000990/0 50 
200194/0000970/0
100193/0000965/0 60 
200191/0000955/0

,S]Y$  �� ,] C°� É=�+ &Z�mY ÉY�] ^ÌT ,2.ZX» C@ �Y P1*< WË�j ¾ÌÌX4 $1l3» ,] u~�)2(|� Ã.Z*-�Y]19[.
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Mo=,Ì2=Y )]1A$)&�U1¸Ì+^D? Ã.Z» &�U1¸Ì+ �] (
Deff = P1*< WË�j),Ì<ZY �] �-» $=%6» (

t=LZ»�),Ì<ZY(
r=Ã�+ ;ZX�)�-» (

CH' hZ:Ì:v4 Z] ,]ZD»]7[,]11[,]13[,2.ZX» $. ,Ã|� ^D? V1�v» = �ËZ»�B OËY�� ,] ,m14 Z] =)2(�UYn=1|�Z  
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ln LZ»� W�@ �]),/Ì<ZY (,/<Y. �/# ¾Ì´<Z/Ì» ;ZX/� =

P1*< WË�j)effD(|»B |#Y1? )�|] ,A1]�» .
..�U Ê» &!�Y $Z5Ì4 �# ÉY�] ,6Ì-< = ,-T�U ¾Ì´<ZÌ» Ã|»B )�|] ÉZ#P1*< WË�j �Y $Z5Ì4 �# ÉY�] .)/ÌX]Z4 ,/] ,/m14 Z]

ÌX4 ÉY�] ,Z». Z] P1*< WË�j N1Ì3Ë$B ,S]Y$ �Y $Z5Ì4 �# É�Z� VZXT É0�<Y ¾Ì)5(|� Ã.Z*-�Y]11[]19[.
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)5(
RT
EDD a

oeff
�

 exp 
,S]Y$ ¾ËY $. 

Deff = P1*< WË�o),Ì<ZY �] �-» $=%6» (
Do=P1*< WË�o Z3H» ÉZ». $.),Ì<ZY �] �-» $=%6»(
Ea=É�Z� VZXT É0�<Y)V1» $. &�U1¸Ì+ �] V=0 1¸Ì+ (
R=Z#�ZU Ê<Z/m )]ZY)314/8¾Ë1¸+ $. V1» �] V=0 (
T=Z».)¾Ë1¸+ (

YZ/4 hZ/X]�» C'Y|@ m=$ �Y Ã.Z*-�Y Z] , YE¸+ L|� ^D? LZ»� = �ËZ»�B ÉZ#Z». ¾Ì] ,S]Y$ ^Ë L.$=B )�|] $1l3» ,] �Ì
ÊËZ». Ã.=|v» $. YE¸+ L|� ^D? LZ»� �] Z».40Z460|� &Z6<Y É�Z� V|» ÊS? L1Ì��U$ h$1�] N1Ì�¸� ,m$. .

YS$¯ 3|7 1:y 1ÌfÀÌ� )*Z� ,|& 
)]1A$ )H�< É�Z� V|» $1l3» ,](MR) É.Z/Ë� .�]$Z+ ,+ ZÌ_ = ¾41Ì< Ã|� ,-?Z3� V|» =. �Y YE¸+ L|� ^D? |3ËY�T $. YE¸+ 

L.�+ ^D? $.É�$=ZD+ d¸-z» h(1�v» V=|m  �� ,] |<$Y.3|� Ã.Z*-�Y ]8[]4[]12[.2|»Z/)H�< hY�ÌÌr4 Ê<1Ì��U$
 LZ»� C:-�» �Ìr-» NZ�Y�] L|� ^D? ÊA $. )]1A$&�< ,¸Ì�1] $YETYStatistica |� C@ .$ZÌX» ,� �YWË�j L1Ì��U$)r(,

G]�» ÉZ+1)2F(Ã.Y. ÉZS? G]�» O�1-» ,DË$ =Z#(RMSE)2
|� Ã.Z*-�Y V|» ¾Ë�-/] �63� ÉY�] V|/» �/# ÉY�/] ,/+

$Y|:» ,Q�# 2r= �-DÌ] 2F=RMSE)�Y �-/] V|» |�Z] �-5+ ]4[]12[.

)6(
nN

MM ipre
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�
 ¦ 

2
,1 exp,2
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F

)7(
2

1

1

2
exp,, )(1

»
¼

º
«
¬

ª
� ¦



n

I
iipre MM

N
RMSE 

,(Z] h(.ZX» $.iM exp, )]1A$ ZË1� $. Ã|� Ã|#ZD»iÃ�Y|<Y ¾Ì»Y É�ÌU ,ipreM ,)]1A$ YE¸+�Ì_ $. V|/» �Y Ã|� Ê3Ì]i
Ã�Y|<Y ¾Ì»Y É�ÌU ,NhY|#ZD» .Y|X4)Ã.Y. Z#(=nÉZ/-]ZY .Y|X4 2.ZX» $. ,-T$ $Z°] )�Y ,.

$. L1»�B .$1» ÉZ/2|» ÉZ/-]ZY = WËY�j $Y|:» �ËZ»�B d¸-z» OËY��|Ë.�U ,H�Zv» L1Ì��U$ m=$ ,] .Z/] ,V|/» �/# ÉY�]
 ¾/+ ^D? $. &�U ÉY1# )��� = Z». C:-�» ÉZ#�Ìr-» NZ�Y�] Z/-]ZY = WËY�j V|» ,ÉZ/-]ZY = WËY�j d¸-z» �Ë.Z:» ,] ,m14

 . ,+ |»B )�|] |� }Y�z-�Y V|» �# ÉY�] ,<ZU|3Q L1Ì��U$ )ËZ/< $.fzD/» �/4 W/�Z3» V|/» ,Ê]Z/Ë�$Y ÉZ/�?Z� NZ�Y�]

|�]4[.

,Á|m3-)ZV·|& �{ Ã{ZNf�Y {�-& ^*Z0 �fQ] Ã{-e 3|7 1:yYS$¯ 
dË.$ V|» &Z< V|»

#

1(N)¾41Ì< )exp( ktMR �

2(P)ZÌ_ )exp( nktMR �

#-MR:)H�<)]1A$,t:LZ»�(min) n,=k2|» ÉZ/-]ZY |3�Z] Ê» Z/ .

1 - Chi-square 
2 - Root Mean Square Error 
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G@] Á H2Zf0 

V=|m h$1�] �ËZ»�B ÉZ#$Z5Ì4 L|� ^D? q3#B O�1-» = LZ»� ,] {1]�» ÉZ# Ã.Y. u<ZË$Y= ,ËE64 ZËZ-<4,†Y$Y 
)�Y Ã|� .

,Á|m4-YS$¯ 3|7 1:y |À2Y�9 )Z/ …yZ7 >0Z2�YÁ Ä2SUe H2Zf0 

IZF]�& EÌ´0ZÌ&(MS) IY�ÌÌBe X]ZÀ& 
(SOV) 

){Y*8 Äm�{ 
(df) 3|7 1:y 3Z&* 3|7 1:y lÀ/8 

Z». 2**50/7362 **0247/0
Y1# )��� 1**50/2812 *0021/0

Z». ×Y1# )��� 2n.s50/337 n.s 0003/0
ZS? 1200/100 0004/0
C+ 17

CV 5/142/15
**$Y. Ê3X» k!-?Y .1m= VZ5-@Y RS� $.1%

*$Y. Ê3X» k!-?Y .1m= VZ5-@Y RS� $.5%
n.s VZ5-@Y RS� $. $Y. Ê3X» k!-?Y .1m= &|� 5%

=. �] É$Y. Ê3X» �ÌYZ4 Y1# )��� = Z». hY�ÌÌr4 ,.1� Ê» ,l@!» V=|m $. ,+ ,<1´<Z5# ^D? q3#B = LZ»� C:-�» f?Z�

.$Y. L|� ..$Y|< .1m= É$Y. Ê3X» C]Z:-» �YY Ã|� �+P C»Z� =. ¾Ì] ¾Ì3n5# .L|� ^D? q3#B = LZ»� ÉZ# ¾Ì´<ZÌ» ,�ËZ:»
)V=Y|m5=6(�Y Z». �ËYETY ,+ |3#. Ê» LZD<40,]60�Y �Ì] LYEÌ» ,] L|� ^D? q3#B �ËYETY Wm1» N1Ì�¸� ,m$. 

= �]Y�] =.�#Z+7/66.1� Ê» L|� ^D? LZ»� É|"$. .V.ZH4 = ,-TZË �ËYETY Y1# $. )]1A$ 8%m )Ì¸]Z' Z». �ËYETY Z]
W�Z3» $ZÌ�] L1»Y�Ì_ ÉY1# Z] ,<Y. )]1A$ &Z6<Y .�ÌU Ê».

,Á|m5-YS$¯ 3|7 1:y 3Z&* )Z/ EÌ´0ZÌ& ÄQ2Z'& )Ä'Ì\{ (*

Z&{(°C) 
Y-/ d]��(m/s) 40 5060EÌ´0ZÌ& 
11258040B67/81
2855530A67/56

EÌ´0ZÌ& c105 b5/67a35 

*RS� $. $Y. Ê3X» k!-?Y ÉY$Y. Y1# )��� = Z». ÉZ# ¾Ì´<ZÌ» 1%|3�Z] Ê».
**       |3�Z] Ê» Y1# )��� = Z». hY�ÌÌr4 ,] {1]�» ÉZ/3Ì´<ZÌ» ,�ËZ:» ÉY�] WÌ4�4 ,] e$E] = ^Q1+ k=�@ .
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 ,Á|m6-YS$¯ 3|7 1:y lÀ/8 )Z/ EÌ´0ZÌ& ÄQ2Z'& )d]Z� �{ 1:y Ã{Z& O�=-$Ì¯ �] Z8 O�=-$Ì¯ (*

Z&{(°C) 
Y-/ d]��(m/s) 40 5060EÌ´0ZÌ& 
1064/0117/0187/0B123/0
2088/0137/0211/0A145/0

EÌ´0ZÌ& c076/0b127/0a199/0
*RS� $. Z». ÉZ# ¾Ì´<ZÌ» 1%=RS� $. Y1# )��� ÉZ/3Ì´<ZÌ»5%|3�Z] Ê» $Y. Ê3X» k!-?Y ÉY$Y..

**       |3�Z] Ê» Y1# )��� = Z». hY�ÌÌr4 ,] {1]�» ÉZ/3Ì´<ZÌ» ,�ËZ:» ÉY�] WÌ4�4 ,] e$E] = ^Q1+ k=�@ .

�Y Z». �ËYETY O�1-» $1S] ,ªÌ:v4 ¾ËY $.40,]50�Y =50,]60WÌ4�4 ,] N1Ì�¸� ,m$. 6/35%=7/47%^D? LZ»�
.15< �-#Z41+ Y$ YE¸+ L|�)V=|m7(.$Y. Ê<Y1z5# EÌ< Ê¸H' Ã|� &Z6<Y hZ:Ì:v4 Z] �jZ@ ZËZ-<]2[]3[.

,Á|m7-YS$¯ 3|7 1:y 3Z&* A/Z¯ |.�{ �] Z&{ A2YS9Y �PY 

Z&{ IY�ÌÌBe)n-ÌQ$� Äm�{(
Y-/ d]��)ÄÌ0ZP �] �f&(50W4060W5060W40EÌ´0ZÌ& 

10/360/500/683/51
23/355/457/645/48

EÌ´0ZÌ& 6/357/474/66

$. V1�v» )]1A$ hY�ÌÌr4 �Y Ã|»B )�|] ÉZ# Ê3v3» = ,-TZË �ËYETY YE¸+ �Y )]1A$ }=�? )��� ,+ |� Wm1» Z». �ËYETY

|3�Z] Ê/m14 C]Z' ÊD#Z+ ÉZ#|<=$ ÉY$Y. L|� ^D? q3#B = LZ»� |@Y= .Z». �ËYETY )�|] ÉZ# Ê3v3» �-DÌ] WÌ� Wm1» 
|�Z] Ê» |3ËY�T É(Z] )��� �´<ZÌ] = ,-DU L|� ^D? q3#B = )]1A$ hY�ÌÌr4 .$1» $. Ã|»B)ÉZ# C°�2=3.(ÉZ# Ã.Y. �Y

ÉZ». $. = Ã|� 7+ Z». �ËYETY Z] YE¸+ Ê2.ZX4 )]1A$ , �´Ë. ÊËY%c .Y1» Z] ,]ZD» ,+ .�+ É�ÌU ,6Ì-< LY14 Ê» EÌ< Ã|»B )�|] 60
.=|@ ,] N1Ì�¸� ,m$.2/2%ÉZ». ÉY�] $Y|:» ¾ËY ,°Ì2Z@ $. |��] ^D? ,ËZ_ �]40.=|@ N1Ì�¸� ,m$. 5/4%,ËZ_ �]

.1] ^D?]9[.
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Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 40 ̵�ϣΩ
Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 50 ̵�ϣΩ
Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 60 ̵�ϣΩ

 
6°72-)Y-/ d]�� Z] YS$¯ 3|7 1:y 3Z&* �] Z&{ �ÌPZe 2Ä2{ 1e I�-J] ÄÌ0ZP �] �f& 

y = 0.007x - 0.0208
R2 = 0.9442

y = 0.018x - 0.0529
R2 = 0.942

y = 0.0275x - 0.0261
R2 = 0.9936
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Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 40 ̵�ϣΩ
Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 50 ̵�ϣΩ
Ω΍ή̴ϴΘϧ�γ ϪΟέΩ 60 ̵�ϣΩ

 
6°73-YS$¯ 3|7 1:y lÀ/8 �] Z&{ �ÌPZe )Y-/ d]�� Z] 2Ä2{ 1e I�-J] ÄÌ0ZP �] �f& 

�#Z+ É=$ �] Ã|� �ËZ»�B &�U ÉY1# )��� =. $. Z». �ÌYZ4 ,+ |� É�ÌU ,6Ì-< ªÌ:v4 �Y Ã|»B )�|] ÉZ# Ã.Y. ,] ,m14 Z]
 ÉY1# )��� $. L|� ^D? LZ»� É=$ �] Z». �ÌYZ4 O�1-» = Ã.1] $Zl-<Y �Y }$Z? L|� ^D? LZ»�1, ,Ì<ZY �] �-» 77/5%

ÉY1# )��� �Y �-DÌ]2|�Z] Ê» ,Ì<ZY �] �-» )V=|m6. (V1�v» �Y )]1A$ }=�? )��� L.1] .=|v» �Y �YZ-» ,¸‰�» ¾ËY CÌ2.
 &�U ÉY1# )��� $. YE¸+ ,<Y. �Y )]1A$ �-XË�� }=�? $. $=EÌ2Z4Z+ ^Ë LY13X] Z». �ÌYZ4 ,+ )�Y LB |Ë1» Ã|»B )�|] ZËZ-< = Ã.1]

1,Ì<ZY �] �-» ¾+ ^D? ÉY1# )��� ,+ )�Y Ê<Z»� �Y �-DÌ]2|�Z  ,Ì<ZY �] �-» .)��� �ËYETY Z] )T$ Ê» $Zl-<Y ,n<Z3Q Y%2
|D< &Z6<Y �-XË�� Z# ,<Y. L.�+ ^D? |3ËY�T ¾+ ^D? $. Y1# .Z] &�U ÉY1# $1H� ,] É�ZÌ< V1�v» ¾ËY L.�+ ^D? $. Y%2

 �Y �Ì] Ê-���1V1�v» É( ,]( �Y ,Ì<ZY �] �-» É0�<Y k!4Y ,] �63» Ã|� �+P $Y|:» �Y �Ì] Y1# )��� �ËYETY = Ã.1H< 
|� |#Y1? .Ã.=|v» $. ,+ .Y. LZD< ªÌ:v4 ZËZ-< L|� ^D? LZ»� �#Z+ �] �ËZ»�B ÉZ#Z». $. Y1# )��� �ÌYZ4 Z] ,S]Y$ $.

 ÊËZ».40Z450�Y Y1# )��� �ËYETY N1Ì�¸� ,m$. 1,]2. �-/] ,Ë1/4 = ,Ì<ZY �] �-» = q3#B �ËYETY Wm1» V1�v» Ã.14 $
.=|@ LYEÌ» ,] V1�v» L|� ^D? LZ»� �#Z+32%�Y ¾+ ^D? ÉZ». �ËYETY Z] Z»Y ,.1� Ê»50,]60N1Ì�¸� ,m$. 

�ËYETY �ÌYZ4 ,,<Y. RS� �Y LB }=�? = Ã.Z» RS� ,] Ê¸?Y. ,Ë( �Y )]1A$ P1*< LB LZÌ» �Y )]1A$ $1H� L|� .=|v» CÌ2|]
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Y1# )��� Z/34 )2Z@ ¾ËY $. = Ã|� �-5+ 25%.1� Ê» ,-�Z+ L|� ^D? LZ»� �Y)V=|m8.($. .15< É�ÌU ,6Ì-< LY14 Ê» Y%2
 ¾+ ^D? $. Y1# ÊËZ6]Zm )��� L|� .ZË� ,Z». �ËYETY Z] ,DÌ5# ÊËY%c .Y1» = É�$=ZD+ h(1�v» L.�+ ^D? |3ËY�T

|� |#Y1? É0�<Y k!4Y Wm1» Ê#ZU= Ã.1H< 81¸S» .$Z+ |3ËY�T É�Z� ,3Ì/] = Z/3+ ^D? Ê@Y�A $. C»Z� =. ¾ËY RÌv" .�]
|�Z] Ê» 7/» L.�+ ^D?.

,Á|m8-YS$¯ 3|7 1:y 3Z&* A/Z¯ |.�{ �] Y-/ d]�� A2YS9Y �PY 

Y-/ d]�� IY�ÌÌBe)ÄÌ0ZP �] �f&(
Z&{)n-ÌQ$� Äm�{(

2W1
40 0/32
50 3/31
60 0/25

EÌ´0ZÌ& 4/29

,<15< ÉZ/¸°� $. YE¸+ L.�+ ^D? q3#B = LZ»� �] &�U ÉY1# )��� �ÌYZ4 �Y ÉY 4=5..�U Ê» ,l@!» .
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Ϫϴϧ�Λ ήΑ ήΘϣ 1 ΍Ϯϫ Ζϋήγ
Ϫϴϧ�Λ ήΑ ήΘϣ 2 ΍Ϯϫ Ζϋήγ

 
6°74-�{ YS$¯ 3{�¯ 1:y 3Z&* �] O�= )Y-/ d]�� �ÌPZe 50n-ÌQ$� Äm�{ 
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y = 0.0143x - 0.0368
R2 = 0.9669

y = 0.0115x - 0.0293
R2 = 0.9695
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Ϫϴϧ�Λ ήΑ ήΘϣ 1  ΍Ϯϫ Ζϋήγ
Ϫϴϧ�Λ ήΑ ήΘϣ 2  ΍Ϯϫ Ζϋήγ

 
6°75-�{ YS$¯ 3{�¯ 1:y lÀ/8 �] O�= )Y-/ d]�� �ÌPZe 50n-ÌQ$� Äm�{ 

°� =. �# $. ,+ ,<1´<Z5# .=|@ $. Z# ,<Y. )]1A$ |3ËY�T ;=�� LZ»� $. .1� Ê» ,l@!» C20Z422{Z/:< = Ã.1] |"$. 
|3�Z] Ê» Y�´5# Ê3v3» =. �# ,] {1]�» .{Z/:< = |]Z] Ê» �ËYETY C°� =. �# $. Z# Ê3v3» WÌ� Y1# ÊËZ6ËZm )��� �ËYETY Z]

 |<1� Ê» Y�U Y= 7# ,] )H�< Ê3v3» =. �oZ3-» .T Ê<ZËZ_ C@Y�» $.=. ,.1/� Ê/» }Y�z-/�Y Ê/¸?Y. ÉZ/# ,Ë( �Y )]1A$ ,+ |3ËY�
 .1� Ê» d'1-» L|� ^D? |3ËY�T = Ã|� ^Ë.E< �´Ë|°Ë ,] Ê3v3» .$. ª/Ì:v4 ÉZ/#$Z5Ì4 $. )]1A$ �Y1» P1*< WË�j hY�ÌÌr4

 V=|m9)�Y Ã|� Ã.Y. LZD< .Y�T $. Y1# )��� = Z». �ËYETY Z] ..�U Ê» ,l@!» V=|m ¾ËY $. ,+ ,<1´<Z5# L|/� ^D/? |3Ë
 $. Z». �ÌYZ4 ,+ .$Y. ÊDËYETY |<=$ ^Ë )]1A$ �Y1» P1*< WË�j ,Z# ,<Y. O�1-» ;ZX� �#Z+ É=$ �] �ÌYZ4 �] Ã=!� ,YE¸+ ÉZ# ,<Y.

 )�Y �4�$Z] �»Y ¾ËY .ÊËZ». Ã.=|v» $.40Z/4 60�Y YE/¸+ )/]1A$ P1/*< WË�/j N1Ì�/¸� ,/m$. 8-10×05694/2Z/4 8-

10×8061/5$=%6» |3+ Ê» �ÌÌr4 ,Ì<ZY �] �-» .�°» = Ê21°¸» �H3m .Z6ËY $. Y1# )��� = Z». �$Z] �ÌYZ4 ,¸‰�» ¾ËY ;1'= CÌ2.
 |�Z] Ê» $1+%» WË�j �ËYETY = �-DÌ] ÊvS� .h(1�v» �´Ë. .$1» $. Ã|� &Z6<Y hZ:Ì:v4 �ËZ� $. Ã|»B )�|] ZËZ-< Z] ,]ZD»

 &|3U ÉY�] ‹!w» ..�U Ê» ,l@!» 7# É�$=ZD+ ÊËZ». Ã.=|v» $.21Z4ºC80¾Ì/] )/]1A$ P1/*< WË�j 12-10×9/6Z/4 10-

10×8/2ÊËZ». Ã.=|v» $. h$P ÉY�] ZË |»B )�|] 40Z480¾Ì] )]1A$ P1*< WË�j N1Ì�¸� ,m$. 11-10×6/3Z411-10×3/8
|»B )�|]]19[.

V=|m9-#$Z5Ì4 $. YE¸+ ,<Y. )]1A$ �Y1» P1*< WË�j hY�ÌÌr4 �ËZ»�B ÉZ 
Z&{ IY�ÌÌBe 

)n-ÌQ$� Äm�{(
Y-/ d]�� IY�ÌÌBe

)ÄÌ0ZP �] �f&(
r

)�f&(
Deff 

)ÄÌ0ZP �] �f& �Á~U&(

1001015/08-10×05694/2 40 
2001005/08-10×0854/3
1000990/08-10×0094/3 50 
2000970/08-10×9315/3
1000965/08-10×8890/4 60 
2000955/08-10×8061/5
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 ÉZ# Ã.Y. hY�ÌÌr4 |<=$ �Y ÉY ,<15<
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�

ln LZ»� W�@ �] Z#$Z5Ì4 (t) C°� $.6.1� Ê» ,l@!» .
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C°�6-ÉZ# Ã.Y. hY�ÌÌr4 

eo

et

MM
MM

�
�

ln LZ»� W�@ �] Z#$Z5Ì4 ),:Ì'.(

Y1# )��� = Z». �ÌÌr4 Z] .1� Ê» ,l@!» C°� $. ,+ ,<1´<Z5# v�/< �ËYE/TY �´<Z/Ì] ,/+ .1/� Ê» �-DÌ] ,¸"Z@ {1S? WÌ�
 .1] |#Y1? LZ»� |@Y= $. )]1A$ hY�ÌÌr4 .ÉY1# ÉZ/-��� ÉY�] �ËZ»�B ÉZ#$Z5Ë ÉY�] É�Z� VZXT É0�<Y1=2,/] ,/Ì<Z_ �/] �-» 

WÌ4�449/37=34/27|»B )�|] V1» �] V=0 1¸Ì+ .

YS$¯ 3|7 1:y 1ÌfÀÌ� )*Z� ,|& 
» L1Ì��U$ WË�j ÉZ/2=|m h$1" ,] YE¸+ L.�+ ^D? $. Ã.Z*-�Y .$1» ÉZ# V|10=11)�Y Ã|Ë.�U ,†Y$Y .#$. ,+ ,<1´<Z5

 81/? ªTY14 �´<ZÌ] ,ªÌ:v4 d¸-z» OËY�� $. ,-T$ $Z°] V|» =.�# ÉY�] Ã|»B )�|] ¾ÌÌX4 WË�j .1� Ê» ,l@!» V=|m =. �#
|�Z] Ê» ,-T$ $Z°] ÉZ# V|» Z] Ê#Z´DËZ»�B Z# Ã.Y. .
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 V=|m10-)]ZY �Ë.Z:» Ê<1Ì��U$ V|» WË�j =¾41Ì<Z». ^Ì°*4 ,]¾+ ^D? ÉY1# )���= 
Z&{)ºC(Y-/ d]��(m/s) kR

1011921/09986/0 40 
2014616/09966/0
1017114/09972/0

50 
2026273/09968/0
1032568/09997/0

60 
2046506/09997/0

V=|m11-.Z:» )]ZY �Ë Ê<1Ì��U$ V|» WË�j =ZÌ_ Z». ^Ì°*4 ,]¾+ ^D? ÉY1# )���= 
Z&{)ºC(Y-/ d]��(m/s) kNr

1007766/0092312/19997/0 40 
2007571/0148547/19992/0
1009440/0140422/19995/0

50 
2044663/0864113/09990/0
1036274/0970760/09998/0

60 
2046056/0002889/19997/0

=. �/# g�Z/< ,/Ë( h$1�] YE¸+ L.�+ ^D? ÉY�] ,¾+ ^D? $. Y1# ÊËZ6]Zm )��� = ÊËZ». Ã.=|v» $. ,+ .1� Ê» ,l@!»
 |3�Z] Ê» Z# Ã.Y. Z] ÊH�Z3» m�Y�] ÉY$Y. ,-T$ $Z°] V|» .-T$ $Z°] ÉZ/2|» Ê¸+ Ê]ZË�$Y ÉY�] , ,<ZU |3Q L1Ì��U$ �Y Ã.Z*-�Y Z] $. ,

�B OËY�� V=|m ZËZ-< ,] �ËZ»12.1� Ê» ,XmY�» :

V=|m 12-YE¸+ g�Z< �-�] Ã.14 L|� ^D? Ê<1Ì��U$ ÉZ/2|» Ê]ZË�$Y 
Ê���] {�-& )ZVJyZ7 Á D2Y�m ,|& 

knrx2RSME 
Ee-Ì0(N) 020413/0-9973/0000416/019860/0
HÌW(P) 038769/0845490/09991/0000139/0011482/0

,m14 Z] V=|m �Y Ã|»B )�|] ZËZ-< ,] 12, ¾/+ ^D? ÉZ». ÉZ#�ÌÌr-» NZ�Y�] Y$ )]1A$ )H�< ¾41Ì< V|» �Y �-/] ZÌ_ V|» 
|3+ Ê» Ê3Ì] �Ì_ L|� ^D? LZ»� = Y1# )��� .)�Y Ã|Ë.�U ,l@!» EÌ< ,-�%U hZ:Ì:v4 $. ZÌ_ V|» .�]$Z+ )Ìvm$Y ]1[,

]4[.
EÌQZ< $ZÌ�] k!-?Y ,] ,m14 Z] ,-H2Y WË�j .Y|X4 L.1] 7+ ,] ,m14 Z] = YE¸+ L|� ^D? |3ËY�T ¾Ì5z4 ÉY�] ,-T$ $Z°] V|» = =.

|�Z] Ê» ,Ì"14 C]Z' YE¸+ L|� ^D? |3ËY�T ¾Ì5z4 $. V|» ¾ËY .�]$Z+ , ¾41Ì< ,2.ZX» $. )]ZY .
)]ZY ,Ê<1Ì��U$ V|» CÌ¸v4 = ,ËE64 NZ�Y�]k$1�] ¾+ ^D? $. Y1# )��� = Z». �Y ÊX]Z4 h$1�] ,2.ZX» h)8(Ê» ,†Y$Y 

.1� :

)8(K= 0.001313×T + 0.008597×V – 0.053735                                                                 

$1" ,] Z/-]ZY = WËY�j L.Y. $Y�' Z] Y%2h$. )/]1A$ hY�/ÌÌr4 )H�/< ÊËZ//< V|» ,¾+ ^D? ÉY1# )���= ÉZ». �Y ÊX]Z4 
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Influence of temperature and air velocity on canola  
drying kinetic  

H.R. Gazor1 S. Minaee2

Abstract 
Canola drying process was investigated by using three units Lab. scale dryer. Dryers 

connected to the PC computer and drying process of each unit recorded continuously. 
Completely Randomized Design (CRD) was used for statistical analysis with three 
replications. Effect of temperatures 40 , 50 , 60  C° and air velocities 1, 2 m/s were used 
for study of drying kinetics and models in monolayer. Besides effective moisture 
diffusion coefficient (Deff) , activation energy were measured and studied for drying 
rocess respectively.   

Results of experiments indicated that, changes of temperature have the most effect 
on canola dying time. Increasing of temperature from 40 to 60  C° , causes to drying time 
decreasing 66.4 percent. Changes of air velocity from 1 to 2 m/s reduced drying time 
29.4 percent averagely. Deff and activation energy changed from 2.05694 ×10-8 to 
5.8061×10-8 m2/s and 27.34 to 37.49 kJ/mol respectively. Page's model has better 
agreement with experiment than Newton model. Newton model has less parameter than 
Page, so it is recommended to use for modeling of canola drying process.    
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