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mN

MRMR iprei

N

i

�

�

¦


2
,exp,

12
)(

F
(7)

2
1

2
exp,

1
, ))(1( i

N

i
ipre MRMR

N
RMSE � ¦



(8)

+¯MRexp,iÊ^�¿ ,%Â4� +¿Â¼¿ Ê$Z=7)Z»'M i,KYMRpre,I +¿Â¼¿ .|� Ê0Â=7ÌN Ê^�¿ ,%Â4� i,KYNÁ CY|$Z7» #Y|3em#Y|23e 
|�Z% Ê» *|� &7  "ZÆ/%ZL .9)�2O +2% +28Âe Z2% |2À¯ iÌ!Âe Y� Á#�( *|� &7  CZÌ!Â6  |¿YÂe Ê» +¯ Ê�'Y�% ¾)�/Æ%

Ê=/�^¼$ R2AZ% ,Ê7$Z¯ Á# Êm2ȤÁRMSE |� [Z;/¿Y ¾Ì)ZN .
&¿�¯ P-Âe "Á�¯ :ZY�Y �# �Y|)ZNZ¿ P)Y�� "Y�% &Ì_ KÁ# *Â¿Z^ Ê¸Ì¸ve Qu ]14[,2%Â4� :Z2R/¿Y |2¿YÂe Ê» Ê2WÁV¿ +2¸u�» �#

|À¯ iÌ!Âe Y� *#�¯ &7  +-Á�N .�LÂ» Ê/%Â4� ?;N *#�¯ &7  +-Á�N �# +YÀ)Y €�_ Z%,,2-Y Ê�Z32� Á ,%ZL Ê2» *YÂ2e 
Y� *M �Y|R» +^-Zv» �)' :Â»�_ 'Y .#Z5/-Y Z% #Â¼¿:

¦
f



�
�
�


1

2
22

22 )exp(16
n o

eff

eo

et

r

tD
n

nMM
MM

MR S
S

(9)

*M �# +¯ n.|� +/_�( �<¿ �# "ZÆ»�e #Y|3e +W#Z3» 'Y ,t,*|� &7  *Z»' Deff,�LÂ» ?;N 9)�O ro+2-Á�N �# +¯ .�¯ xZ3� 
,-Y .|� €�_ ,%ZL *|� &7  .+¯ Ê¿ 't,|%Z) Ê» ?)YV_Y KZ¼e e% "ZÆ»�+�Ì£ ,:ÁY K�e 'Y |¿Â2� Ê» �5! .�2<¿ q�2! Z2%

AZ% "ZÆ»�e 'Y *#�¯`)�Y# :

)exp(6
2

2
2

o

eff

r
tD

MR S
S

� (10)

+W#Z3» )10(,-Y .|� .#Z5/-Y *hÂÌ5)# iÌ!Âe "Y�% "#Z)' ¾ÌRÌRv» P-Âe]17Á16Á15[.,+-Á�N ¾)Y �# xZ3�ro�2<¿ �# ,2%ZL
#Â� Ê» +/_�(.*YÂe Ê» +W#Z3»)10(% Y� ,�Â¿ VÌ¿ ÊU  C�Â6 .`)�Y# �Z¯ ¾)Y "Y�%:

)()6ln()ln( 2
2

2
o

eff

r
tD

MR S
S

� (11)

Q%ZR» �# Ê$Z=7)Z»'Y "Z$ .#Y# `-� Z%*Z»' 9)�O,-|% *hÂÌ5)# Ê» |)M .`-� 'Y+W#Z3»)11(,*Z»' Q%ZR» �# /-Y� P Ê9Ì� Z% 
k1|)M Ê» ,-|%:

2

2

1
g

eff

r
D

k
S

 (12)

$Á#�( Ê-|À$ �U^ ¾Ì=)ZÌ» ZVÌ¿#Â� +^-Zv» �)' +W#Z3» 'Y |¿YÂe Ê»]18[:



2250

3
1

)( TWLDg  (13)

Z»# �ÌLZeYÂ$ "ZÆÌ(g)Á Á ,��- ,"Z$ +/)�YÁ i¸/;» "% |¿YÂe Ê» Êe�Y�u ?;N 9)�O "Á� �Â2ÀÌ$�M +2W#Z3» &2) 'Y .#Z5/-Y Z
#Â� *ZÌ%.,YÂ$ "Z»# ,?;N 9)�O ¾Ì% +U%Y� �( "Y�% +/)�YÁ "ZÆÌ(g)Á Á ,��-,-Y C�Z^� Á#:

)exp(),,,( 4321

abs
oooeff T

WRWVTWRWVfD DD DDD � (14)

4-:;]+ <ËZf¿ 
4-1-ZÅ+{�= Z/Ì=^Ë+ �Y ÊƒR] 

+ÌWÁY ,%Â4� "Â/v»)�e +)ZN((w.b.%) Q¯ *'Á +% [Âm ,^�¿ ,(WR%) :Á|28 �# Á#�2( 'Y +2/)�YÁ �2$ ¾Ì=)Z2Ì» �2U^ Á1
,-Y .|� B�YV(.

:Á|81..'Ze "Z$Á#�( "ZÆÌ(g)Á 'Y Ê�3% 
Ê(g)Á “Á�|N”“-�”“67”Z“82”K

+ÌWÁY ,%Â4� "Â/v»)�e +)ZN(˼̊̄˹˼ ˼˻̄˾˺ ˼˹̄˻˾ ˻́̄ 

Á#�( *'Á Q¯ +% [Âm |!�# )WR%(˾̂̄̂˻ ˾˻̄˻́ ˾˹̄˿ ˽̀̄˻̀ 

¾Ì=¿ZÌ» Ê-|À$ �U^)�/» Ê¸Ì»(˼˾̄˿˾ ˼˼̄˽˺ ˼˼̄˽˿ ˼˿̄̀˼ 

4-2-½|� ®�y ½Z»� É+� ZÅ�ÌÌlf» �vY 
:Á|8 2U» #�Â» "Z$�ÌÌa/» "Y�% Z¿Z)�YÁ +)Vne |$# Ê» *Z7¿ Y� .|� +3WZ .Z¿Z)�YÁ +)Vne(ANOVA),+2/)�YÁ +2¯ #Y# *Z72¿ 

*|� &7  *Z»' "Á� "�Y# ÊÀ3» �ÌLZe YÂ$ ,��- Á *|� &7  "Z»##�Y#)0,0000<..(¾ÌRRv» P-Âe +%Z7» M)Z/¿�=)# V2Ì¿
*Z7¿+¯ .#Y# Ê¼Æ» �Â/¯Z_ Z»# "Á� �% *|� &7  *Z»'|�Z% Ê»]19Á20Á21[.

:Á|82.+)VneZ¿Z)�YÁ(ANOVA)Á#�( *|� &7  *Z»' "Á� ,��- Á YÂ$ "Z»# ,+/)�YÁ �ÌLZe "Y�% 
r^À» "#Y'M +8�# MSE FP>F 

Z»# ˺˽ƒ…Ð˼˼˼ ˻˾œÐ˺˻
*** 

ƒÐƒƒƒ
ƒ

+/)�YÁ ˼˼˼ Ðƒ…˼ ˻˺ƒÐ˼œ
*** 

ƒÐƒƒƒ
ƒ

,��- ˺…˾Ð˼˼˼ ˾˼Ðœ˼*** ƒÐƒƒƒ
ƒ

Z»#×+/)�YÁ ˼˼Ð˻˻˻ ˻Ðƒ˼n.s. ƒÐ˺˻œ
œ

Z»#×,��- ˺˽Ðƒ…˼ ˻Ð˾œn.s. ƒÐ˺˺œ
›

,��-×+/)�YÁ ˼„Ð˻˻˻ ˼Ð›˻** ƒÐƒ˺„
˽

ZU  ˼˾ ˺Ð˾…… 

Q¯ ˽œ 
***Á** fU- �# �Y# ÊÀ3»1,|!�#5|!�# n.s.ÊÀ3» Ê% .

4-3-½|� ®�y ÉZÅ ÊÀ;À» 
QY�2,��- �# Á#�( Ê^�¿ ,%Â4� "Á� +/)�YÁ �LY1"Z»# Á +Ì¿ZL �% �/»32|2$# Ê2» *Z72¿ Y� #Y�=Ì/¿Z- +8�# .+2ÌR% Z2$�Y#Â¼¿ 
Y�Ê¸|¿�Y# ÊÀvÀ» ¾)Y +% +Ì^� .#�Y# *|� &7  ÊÀvÀ» "Á� Ê¼Æ» �ÌLZe +/)�YÁ +¯ ,-Y fOYÁ .+/)�YÁ‘Á� N’*YVÌ»W0ÁWR 

,#�Y# Z$ +/)�YÁ +ÌR% +% ,^�¿ "�/7Ì% Z$ +/)�YÁ +ÌR% ÊÀvÀ» Ê)AZ% +/)�YÁ ¾)Y *|� &7  ÊÀvÀ» ¾)Y �%ZÀ%#�Ì( Ê» �Y�^ ,
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QY� .2./)�YÁ �ÌLZe "Z»# �# Z$Á#�( Ê^�¿ ,%Â4� "Á� +32,��- Á #Y�=Ì/¿Z- +8�# 1+Ì¿ZL�% �/» 

QY�3�ÌLZe "Á� �% Z»# Ê^�¿ ,%Â4� Á#`^�‘�-’Á’z67‘ ,��- �# Á#�(1|$# Ê» *Z7¿ Y� +Ì¿ZL �% �/»."Z2»# �# ?)YV_Y 
YÂ$ ,"�Â^� "Ê^�¿ ,%Â4� :Â6v» Y��/7Ì% |$# Ê» ?$Z¯ ,eAZ% "YÂ$ "Z»# Y�)' ?$Z¯ h�Z% ��/7Ì% Ê2» ,2%Â4� "Â2/v» 

|)|� ,%Â4� ?$Z¯Á .|� "�eAZ% C�Y�uÁ K�8 :ZR¿Y h�Z% �eAZ% "Z$Z»# Êe�Z^� +% Z) #Â��e,-Y .
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QY� .3.�ÌLZeZ»#Z$Á#�( Ê^�¿ ,%Â4� "Á� �#,��-1+Ì¿ZL�% �/» +/)�YÁ "Á� “�-”Á”67” Z

QY�4%Â4� "Â/v» Q%ZR» �# �Ì;^e w�¿ ÊÀvÀ» �ÌLZe ,��- �# ,1+Ì¿ZL �% �/» �% `^� "Á�‘�-’Á’z67‘ |2$# Ê2» *Z7¿ Y� .
`¼)V¯Z2» �Y|R» +% Ê$ZeÂ  ̄C|» 'Y ZN Á .|� xÁ�� +ÌWÁY ,%Â4� "Â/v» �# �5! 'Y �Ì;^e w�¿ +¯ ,-Y z;7» #Â2  2-�Ì|Á .

.�Z%Á# /%Â4� "Â/v» ?$Z¯ Z% *|� &7  "ZÆ/¿Y �# Á |%Z) Ê» ?$Z¯ *Z»' ,�]( Z% Ê)#V¿ �5! +% #Â� Ê» &."Z2»# &) �#
+/)�YÁ *Z�Y)‘�-’"�eAZ% �Ì;^e w�¿ �Y|R» Z$ +/)�YÁ +ÌR% +% ,^�¿ #�Y# .z;7» +/)�YÁ &) �#)‘�-’Z)‘z67’ (�eAZ% "Z»# 

#Â� Ê» �nÀ» Y� "�eAZ% �Ì;^e w�¿ .
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QY�.4.�ÌLZeZ»# "Á� �Ì;^eZ$Á#�( �#,��-1+Ì¿ZL�% �/» +/)�YÁ "Á� “�-”Á”67” Z

QY� �# Ê^�¿ ,%Â4� "Á� YÂ$ ,��- M)Z/¿5"Z»# "Y�% 32+/)�YÁ "Á� #Y�=Ì/¿Z- +8�# ‘Á�|N’Á‘�-’Z7¿ *,2-Y .|2� .#Y# .
M)Z/¿|� .|$Z7» P)Y�� �=)# "Y�% ÊÆ%Z7» .*|� &7  +ÌWÁY CZ<vW �# �Ì;^e ÊÀvÀ» "Á� "�Y# ÊÀ3» �ÌLZe YÂ$ ,��- Á�À)Y 'Y

ÌLZe , *Z»' ,_�7ÌN Z% ,#�Y# Á#�(|%Z) Ê» ?$Z¯ �Ì;^e w�¿ "Á� ,��- �.

4-4-ZÅ ÊÀ;À» @�Y�] <ËZf¿ 
"�eÂÌ„»Z¯ �YV_Y K�¿ �# .�ÌÌa/» |Àm *ÂÌ-�(� QÌ¸veMATLAB |� KZn¿Y .Á#�( *|� &7  &Ì/ÀÌ- |¿YÂe Ê» +¯ ÊW|» ¾)�/Æ%

 +% +8Âe Z% |À¯ iÌ!Âe Y� ¾Ì=¿ZÌ» �Y|R» ¾)�/7Ì%R2¾Ì=¿ZÌ» �)#ZR» ¾)�/¼¯ Á2ȤϭRMSE /¿Y |� [Z; .:Á|283B'Y�2% M)Z2/¿ 
), Ê=/�^¼$ 9)�O ¾Ì=)ZÌ»2ȤÁRMSE ZÆ/%ZL Á(:|» "Y�% Y�Page &72  &Ì/ÀÌ2- iÌ2!Âe "Y�% ÊOZ)� :|» ¾)�/Æ% +¯ 

Á#�( *|� |$# Ê» *Z7¿ Y� .|� [Z;/¿Y Ê$Z=7)Z»'M "Z$ .#Y# 'Y .#Z5/-Y Z% .:|2» , CZ72)Z»'M KZ¼e �#Page Ê%Â2  Ê¿YÂ2;¼$ 
*|� &7  "Y�% ,�Y# Á#�( +)A &e .b¯"�Y R» ¾Ì=¿ZÌ» R2,2ȤϭRMSE :|» "Y�% Page9Ìe�e +% C�Â2! +2% 9981./-

9921 ./Á8-10×029/1-4-10×527/2Á021854/0-002603./|»M ,-|% .
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:Á|83.:|» +% SÂ%�» "ZÆ/%ZL Á B'Y�% M)Z/¿Page 
+/)�YÁ Z»# ,��- R2RMSE Ȥ2kn

Í˼ ˺ƒÐ››„˻ ƒÐƒ˺˽ƒ˼˺ ˾-˺ƒ×˼Ð›„˽ ƒÐ˺˾„˺ ƒÐœ˼˾˼ 
˽˼ ˼ƒÐ››˾˼ ƒÐƒ˺„˻œ… ˾-˺ƒ×˽Ðœ˾˼ ƒÐ˺œ˽ƒ ƒÐœ˼ƒ… 
˼˻ ˺ƒÐ››˻˺ ƒÐƒ˻˺ƒ˺› ˽-˺ƒ×˻Ð˾˻œ ƒÐ˺˼›… ƒÐœ˻›„ 

“Á�|N”

˼˻ ˼ƒÐ››œ„ ƒÐƒ˺ƒ›œ˽ ˾-˺ƒ×˺Ð„œ˽ ƒÐ˺˽„˾ ƒÐœ˻œ… 
˽˼ ˺ƒÐ››…˺ ƒÐƒ˺ƒ˼…˺ „-˺ƒ×„Ð„›… ƒÐ˺˽ƒ… ƒÐ…˺…… 
˽˼ ˼ƒÐ››˻˺ ƒÐƒ˻˺…˾˽ „-˺ƒ×˻Ð˾˻˻ ƒÐ˺˽œ˽ ƒÐ…ƒ„… 
˼˻ ˺ƒÐ››˾› ƒÐƒ˺˾˺œ˼ ˾-˺ƒ×˾Ðƒ›… ƒÐ˺˻ƒ› ƒÐœ››˽ 

“�-”

˼˻ ˼ƒÐ››˾˾ ƒÐƒ˺˾˼˺œ ˾-˺ƒ×˽Ð„˻˼ ƒÐ˺˾˼… ƒÐœ˼œ› 
˽˼ ˺ƒÐ››…˽ ƒÐƒƒ›„˼… „-˺ƒ×˽Ð˺„… ƒÐ˺˼˽› ƒÐ…˻›˻ 
˽˼ ˼ƒÐ››…˼ ƒÐƒƒ›…„ƒ „-˺ƒ×˼Ðœ›ƒ ƒÐ˺˽›› ƒÐ…˻˾ƒ 
˼˻ ˺ƒÐ››œ˺ ƒÐƒ˺˻œƒ˾ ˾-˺ƒ×˺Ð…›„ ƒÐ˺˺›ƒ ƒÐ…˻˺˽ 

“67”Z

˼˻ ˼ƒÐ››œ˽ ƒÐƒ˺˺„…… ˾-˺ƒ×˺Ð˻˾› ƒÐ˺˽˺… ƒÐœœ˺ƒ 
˽˼ ˺ƒÐ›››„ ƒÐƒƒ˽œ˺… œ-˺ƒ×˺Ð˻„˼ ƒÐ˺˻…œ ƒÐ›˺ƒ„ 
˽˼ ˼ƒÐ›››… ƒÐƒƒ˻„ƒ˼ …-˺ƒ×˺Ðƒ˻› ƒÐ˺˽œœ ƒÐ……ƒ… 
˼˻ ˺ƒÐ›››˻ ƒÐƒƒ„˽ƒ˻ œ-˺ƒ×…Ð˺˺˾ ƒÐ˺˺›œ ƒÐ…˽œ˾ 

“82”K

˼˻ ˼ƒÐ››…˾ ƒÐƒƒ…›˻˻ „-˺ƒ×˻Ð˾˽˺ ƒÐ˺˽˾˻ ƒÐ…˺…˾ 

4-5-µ|» ÉZ/f]Zv É+� ZÅ�ÌÌlf» �ÌvZ! Page
:|» "ZÆ/%ZL +¯ #Y# *Z7¿ ¾ÌÀd¼$ Z¿Z)�YÁ +)Vne M)Z/¿Page"�Y# ÊÀ3» �Â4 +% (P<0.0000)�ÌLZe YÂ$ ,��- Á +/)�YÁ ,Z»# 'Y

#�)]N Ê» ):Á|84Á5(.+¿ÂWZ%M "Z$ +/_Z) Z% .|»M ,-|% M)Z/¿ *Y�ZY¼$ Á]22[#�Y# Ê¿YÂ;¼$ .

:Á|82.Z¿Z)�YÁ +)Vne(ANOVA)"Á� ,��- Á YÂ$ "Z»# ,+/)�YÁ �ÌLZe "Y�% k):|» ,%ZLPage(
r^À» "#Y'M +8�# MSE FP>F 

Z»# ˺ƒÐƒƒ˺½Ì „›Ð˽…*** ƒÐƒƒƒ
ƒ

+/)�YÁ ˼ƒÐƒƒƒ›˻ ˽˺Ðƒ˽*** ƒÐƒƒƒ
ƒ

,��- ˺ƒÐƒƒ˽˺˻ ˺…˼Ð…*** ƒÐƒƒƒ
ƒ

Z»#×+/)�YÁ ˼ƒÐƒƒƒ˺› …Ð˻œ*** ƒÐƒƒƒ
˼

Z»#×,��- ˺ƒÐƒƒƒ˻… ˺˻Ð„˼*** ƒÐƒƒ˺
˺

,��-×+/)�YÁ ˼ƒÐƒƒƒƒ˾ ˻Ð˼…n.s. ƒÐƒ…„
˼

ZU  ˼˾ ƒÐƒƒƒƒ˻ 

Q¯ ˽œ 
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:Á|83.Z¿Z)�YÁ +)Vne(ANOVA)"Á� ,��- Á Y $ "Z»# ,+/)�YÁ �ÌLZe "Y�% n):|» ,%ZLPage(
r^À» "#Y'M +8�# MSE FP>F 

Z»# ˺ƒÐƒƒ˺½… ˻ƒœÐ˾˽
*** 

ƒÐƒƒƒ
ƒ

+/)�YÁ ˼ƒÐƒ˼„˾˾ ˽œœÐ˼„
*** 

ƒÐƒƒƒ
ƒ

,��- ˺ƒÐƒƒ„„ …„Ð˻˻˻
*** 

ƒÐƒƒƒ
ƒ

Z»#×+/)�YÁ ˼ƒÐƒƒ˺œ˽ ˻˻Ð„…*** ƒÐƒƒƒ
ƒ

Z»#×,��- ˺ƒÐƒƒ˻ƒ… ˻œÐ˺›***ƒÐƒƒƒ
ƒ

,��-×+/)�YÁ ˼ƒÐƒƒƒœ„ ›Ð……*** ƒÐƒƒƒ
˺

ZU  ˼˾ ƒÐƒƒƒƒ… 

Q¯ ˽œ 

:|2» "Z2Æ/%ZL "Á� *|2� &72  "Z$�ÌÌa/» �LY +^-Zv» "Y�%Page,,2%Â4� "Â2/v» ,,��2- ,YÂ2$ "Z2»# Q2%ZR» �# Z2Æ/%ZL 
+ÌWÁY(W0)Á,^�¿ Q¯ *'Á +% [Âm *'Á(WR)|¿ 2� Q2Ì¸ve .�2ÌÌa/» |2Àm *ÂÌ2-�(� 'Y .#Z5/-Y Z% .'Y ¾2Y¼» CZ2^Ì¯�e KZ2¼e

 *|� &7  i¸/;» "Z$�ÌÌa/»#�Â» Ê¿ÂÌ-�(� QÌ¸ve |À/_�( �Y�^.

)54.310exp(29.1 4821.02274.00273.0

abs
o T

WRWVn � ��� 0,9607 R= 

)3.592exp(397.1 7239.019.01198.0

abs
o T

WRWVk � � 0,9213 R= 

4-6-�v » Êf] K� yZA Äa�Z;» 
,%Â4� +% Z$Á#�( +¯ Ê3^Â» Ze CZ7)Z»'M ,*#�¯ &7  +-Á�N :Â4 �#8�e +)ZN |!�# (w.b.%) %|-�,,%Â4� ,,_Z) Ê» +»Y#Y 

Ê^�¿(MR)'Y .#Z5/-Y Z% +U%Y�)1(|»M ,-|% .QY�6�Y#Â¼¿ Ln(MR) Q2%ZR» �#*Z2»' )+2Ì¿ZL(,;» P)Y�2� �#"Y�2% YÂ2$ i2¸/
+/)�YÁ82KY�|$# Ê» *Z7¿ .�Y R» Deff 'Y .#Z5/-Y Z%+U%Y�)12(#Â� Ê» +^-Zv» .�)#ZR»Deff:Á|8 �# CZ7)Z»'M "Y�% 6B�YV( 

,-Y .|� .+/)�YÁ "Y�% Ê/%Â4� ?;N �Y|R» ¾)�/¼¯‘Á� N’YÂ$ ,��- +¯ Ê3^Â»1YÂ$ "Z»# Á +Ì¿ZL�% �/» 32#Y�=Ì/¿Z2- +28�# 
,-Y ,7-10×54/3|�Z% Ê» .¾Ì d¼$ +/)Y�Á "Y�% Ê/%Â4� ?;N �Y|R» ¾)�/7Ì%82K,��- Ê/^Á 3YÂ2$ "Z2»# Á +2Ì¿ZL �2% �/» 

43 ,-Y #Y�=Ì/¿Z- +8�# ,7-10×92/9|�Z% Ê» .Ê)Z2»# .#Á|v» �# *#�¯ +/��% C|» �# e|À_ "Y�% Ê/%Â4� ?;N 9)�O100-
160 #Y�=Ì/¿Z- +8�# ¾Ì%7-10×759/11-7-10×301/2�% r%�» �/» ,-Y .|� B�YV( +Ì¿ZL ]5[.
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QY�6.Ln(MR) *Z»' Q%ZR» �#)+Ì¿ZL (+/)�YÁ "Y�%82.K

:Á|86.?)Z»'M �$ "Y�% �LÂ» ?;N 9)�O 
+/)�YÁ Z»#(ºC) ,��- Deff R2

Í˼ ˺œ-˺ƒ×˽Ð›„ ƒÐ›„›ƒ 
˽˼ ˼œ-˺ƒ×„Ð˾˽ ƒÐ›……„ 
˼˻ ˺œ-˺ƒ×˼Ð˾˽ ƒÐ›…œ› 

“Á�|N”

˼˻ ˼œ-˺ƒ×˽Ð…œ ƒÐ›…˾˾ 
˽˼ ˺œ-˺ƒ×„Ðƒ„ ƒÐ›…›œ 
˽˼ ˼œ-˺ƒ×„Ð›˺ ƒÐ››˾› 
˼˻ ˺œ-˺ƒ×˽Ð˾˼ ƒÐ›…˽› 

“�-”

˼˻ ˼œ-˺ƒ×˽Ð˾„ ƒÐ›„œ˻ 
˽˼ ˺œ-˺ƒ×˾Ð›ƒ ƒÐ›…œ… 
˽˼ ˼œ-˺ƒ×„Ð›˼ ƒÐ››˻œ 
˼˻ ˺œ-˺ƒ×˽Ð…˾ ƒÐ›…˽œ 

“67”Z

˼˻ ˼œ-˺ƒ×˽Ð…… ƒÐ›œ›œ 
˽˼ ˺œ-˺ƒ×›Ð˼ƒ ƒÐ››œ˻ 
˽˼ ˼œ-˺ƒ×›Ð›˻ ƒÐ››„œ 
˼˻ ˺œ-˺ƒ×„Ð…˽ ƒÐ››˽˺ 

“82”K

˼˻ ˼œ-˺ƒ×…Ðƒ˽ ƒÐ››˾˾ 

"Â�)�]23[+¯ #�¯ *ZÌ%9)�O �LÂ» ?;N #YÂ» 9Ì¯�e Á Z»# +% Ê=/�%#�Y# .Z$�ÌÌa/» �ÌLZe)Z$ +/)�YÁ "ZÆÌ(g)Á Á YÂ$ P)Y�� (
#Â� Ê» iÌ!Âe �ÂÀÌ$�M +W#Z3» &) +¸Ì-Á +% �LÂ» Ê/%Â4� ?;N "Á�.%Â24� ?2;N "Á� Z$�ÌÌa/» �ÌLZe �)' +W#Z3» �# �LÂ2» Ê/

:Â4.�Á# |$# Ê» *Z7¿ Y� Á#�( *|� &7  .

)6.2633exp(1001.1 0859.08614.21275.04

abs
oeff T

WRWVD � �� 0,9193 R= 

4-7-ZÅ+{�= ½|� ®�y ½Z»� Êp P�ÌA 
*Z»'(t) TY# "YÂ$ P)Y�� Á Z$ +/)�YÁ "ZÆÌ(g)Á +% Z$Á#�( *|� &7  Ê=/�% #�Y# .Ê0Â=72ÌN "Y�2% .�ÌÌa/» |Àm *ÂÌ-�(� VÌWZ¿M
*Z»'(t) $�ÌÌa/» Z% *|� &7  +ÌWÁY ,%Â4� "Â/v» +¸¼8 'Y +/�%YÁ "Z(W0)Q¯ *'Á +% [Âm *'Á ,(WR),YÂ2$ "Z$Z»# (Tabs)
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Abstract 
Drying characteristics of walnut were determined experimentally as a function of 
temperature, air velocity and variety ('Serr', 'Pedro', Z67, K82). In order to estimate and 
select a suitable form of the drying curve, five different semi-theoretical and/or 
empirical models were fitted to the experimental data. Experiments were performed at 
temperatures of the air of 32 and 43°C. At each temperature two air velocity values 
were adjusted: 1 and 3m/s. Consequently, of all drying models, Page model was 
selected as the best mathematical model accordingly R2, U2 and RMSE. Drying time and 
Page model constants were found to be significant dependent of the variables studied. 
Correlations of drying constant k and n with drying air condition and varieties properties 
were determined in terms of Arrhenius type model. The effective moisture diffusivity of 
walnuts varied from a minimum of 3.54×10-7 to a maximum of 9.92×10-7 m2/s. The 
variables effect on effective moisture diffusivity represented by an Arrhenius-type 
relationship. 
 


