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-·Z4·8 ^*Z0 Ä2{ 3|7 1:y )Y�] �ÌK4e C�0 ÊmZ2� ,|& ÄjY�Y(Prunus cerasus L.)
)148(

$=B�/» |»Z@1
,�/5<ZÌ+ ¾Ì�@|5v»2

,»1¸�ZHcB Êi4�3
Ê3Ì�@ 8�� |5v» �H+Y ,4

,Ê<Z/6Ì?Y Ê5Ì5" É.Z#5

Ã|Ì°" 
)�Y L.�+ ^D? ,�=�_ V1A $. É0�<Y k��» f?Z� ,�ÌzH4 v�< .C]Z:» $. �ÌzH4 v�< ÉY�] ÊjZË$ V|» ^Ë ,2Z:» ¾ËY

,|3+ Ê» ,†Y$Y LZ»� |<Y Ã|� ªË|�4 Ê#Z´DËZ»�B ÉZ# Ã.Y. Z] ,+ .�] �ÌzH4 v�< dÌ"14)ËE» ,LZ»� W�@ �Y .$Y. É.ZË� ÉZ#
,¸5m :

1-¾+ ^D?  �A L.�+ ,3Ì/] LB ÉYEmY = Z# ,Z# 
2-¾+ ^D? 7-�Ì� ÉY�] ,3Ì/] VZ°�Y = >Z? ÉZ#.�]$Z+ fÌzD4 ,Z# 
3-LZ�B V�-3+,

4-81¸S» Êm=�? V1�v» .
] ÉY� ,Z*-�Y )]ZY ,l*v» Ê#Z´DËZ»�B ¾+ ^D? ^Ë �Y Ê#Z´DËZ»�B ÉZ# Ã.Y. L.$=B )�.|� Ã. .Ã|� )�Y.�] Ã�Z4 É12ZH2B

ZS» ÉY�]|Ë.�U ,Ì/4 ¾+ ^D? hZX2 .ÉZ# �ËZ»�B ÊH�< )]1A$ Z] ÊSÌv» $.35-29h$Y�@ ,m$. ,|"$. 36-25,m$. 
ÉZ#Z». $. ,.Y�´Ì-<Z�70,80=90)��� RS� ,� = .Y�´Ì-<Z� ,m$. 0,3 ,0,9=1,8|<Y Ã|� &Z6<Y ,Ì<ZY �] �-» .Ã.Y. m�Y�] ÉY�]

< ÉZ#$YETY &�< �Y ,Ã�Ìr-» |3Q L1Ì��U$ �Y Ã.Z*-�Y Z] LZ»� C]Z:» $. �ÌzH4 v�(MATLAB)|� Ã.Z*-�Y .] Ã|� ,†Y$Y V|» ,
ÉZ#$ZÌX» ,¸Ì�= -Re-wZÌ» ,DË$ =<|� ªË|�4 ZS? G]�» ¾Ì´ .$.|� Ê $�] Ã|� ,†Y$Y V|» ¾Ì5z4 h$|' ,)ËZ/<.

Ã#YÁ|Ì$¯:,g�Z< ,Ë( L|� ^D? ,�ÌzH4 v�< $ V|»12ZH2B ,ÊjZË 

1-|�$Y Ê�Z3�$Z+ É16D<Y. ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°»^Ì<=�-°2Y )�_ ,LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ :ir.ac.ut@hamedm
2-LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°» Ã=�U$ZË.Z-�Y 
3-LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°»|�$Y Ê�Z3�$Z+ É16D<Y. 
4-°» Ã=�U$ZË.Z-�Y LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z 
5-LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°»|�$Y Ê�Z3�$Z+ É16D<Y. 
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,LZ-�/2 $. Ã|5� $1A ,] 12ZH2B ,,Ì�=$ ,LZ-�]�" ,LZ-�$Z6» ,LY�ËY ,�Ë�4Y .1� Ê» |Ì214 LZ52B = LZ6ËZ]$PB .1†ZT $Z»B NZ�Y�]

),Ê<Z/m $Z]$Y1? LZ»�Z�2006(,.=|@ $. LY�ËY48,67 V.ZX» ,+ |Ì214 ¾4 L1Ì¸Ì»5%)�Y Ê<Z/m |Ì214]1[.,Ì/4 ÉY�] 12ZH2B
,$Z-°< |3<Z» Ê*¸-z» h(1�v» ,u� ,,20 = hZH< 8B .1� Ê» Ã.Z*-�Y Z]�».š*@ ÉY�] ÉY Ã.�-�U $1A ,] L.�+ ^D? VZ@ �/]

.1� Ê» Ã.Z*-�Y 12ZH2B]2[.|�Z] Ê» ÊËY%c = É�$=ZD+ h(1�v» š*@ ÉY�] Z/�=$ ¾Ë�4 Ê5Ë|' �Y Ê°Ë L.�+ ^D? .^D?

 L.�+] L�= = 76@ �#Z+ �AZ? ,] ÊËY%c .Y1».�Z� Ê» C:<= C5@ C]Z' L|� ^D? ,�=�_ �Y |X]3[.$.ÉZ/<Z»� É$ƒ<Y ,7Ë|'
|� Ê» Ã.Z*-�Y L.�+ ^D? )/m |Ì�$1? ..$Y. .1m= m=$ ¾ËY �Y Ã.Z*-�Y $. É.ZË� h!°D» Z»Y,¸5m �Y:$. W�Z3»Z< hY�ÌÌr4

,L.�+ ^D? ,�=�_ $. ÊTZ+ V�-3+ &|� ,Y%c )Ì*Ì+ Ê<(1A L.1]�Ìc = L|� ^D? LZ»�V1�v» L.1] Ê-�Y|/] .Ê4!°D»

CÌH' ¾ËY �Y.�Z� Ê» &�( Y$ L.�+ ^D? ,�=�_ $. |Ë|m É01213°4 �Y Ã.Z*-�Y .,C]Z:» $. ÊËZËYE» Ê-X3" ÉZ/3+ ^D? )H�<
 Ê-3� m=$,¸5m �Y |<$Y.:,,�$E» $. hZ*¸4 �#Z+ ,V1�v» G'1» ,] )�Y.�] 8B 81¸S»Z< OËY�� $. )�Y.�] ÉY�] ÉEË$ ,»Z<�]

ËY1#=,Ê,ÊË %c .Y1» É$Y.$ZH<Y h|» �ËYETY )�|] ,ÊËY%c .Y1» hZ*¸4 �Y .|6» Ã.Z*-�YL.$=B = Z# ,3ËE# �#Z+ ,81¸S» V1�v» 
LZ»� h|» �#Z+É$=B�T .É0�<Y k��» Z] hZÌ¸5� ^Ë Y$ L.�+ ^D? ,L.�+ ^D? )X3" $. É0�<Y �Y É.ZË� $Y|:» k��»

.ZË� .�Z� Ê»  �S» Ê-X3" .ZË� )Ì5#Y Z] Ê2=]4[.= &�m VZ:-<Y |3<Z» É�$=ZD+ h(1�v» Ê4$Y�@ = Ê°ËEÌT >Y1? ¾ËY�]Z3]
,L01Ì*Ë., h$Y�@ ,Ê4$Y�@ )ËY|# WË�j �Ì H4 v�< = ÃƒË= ÊËZ»�U,.1m1» ÉZ# 7-�Ì� .1H/] ZË |Ë|m 7-�Ì�� ^Ë Ê@Y�A ÉY�] 
.1� ,-?Z3� |ËZ] .�] Z# ,<Y. L.�+ ^D? |3ËB�T ,] g�Z< ,Ë( L.�+ ^D? Ê»] ,+ ..�U LZ�°Ë OËY��$. Z# ,<Y. &Z54 Ê-�ËZ

 …Y. ÉY1#))]ZY )]1A$ = Z». ^Ë $.(|<�ÌU $Y�' .Ê» É�  V|» g�Z< ,Ë( L|� ^D? NZ�Y �] …Y. ÉY1# ÉZ/3+ ^D? &Z54
|<1�]5[.É$1‰4 , Ê]�64 ÉZ/2|» �Y É.ZË� hZX2ZS» ,Q�U h(1�v» ÉY�] g�Z< ,Ë( L|� ^D? É�Z� V|» �Y É$1‰4 ,5Ì< =

É�$=ZD+,Z# Ã1Ì» |3<Z» ,] d¸-z» ,<Y..$Y. .1m= h(Z:» $. hZ6ËEH� = Z#]16,15,14,13,12,11,10,9,8,7,6,2[Ê2= hZ�!AY 
.$Y. .1m= LZ»� W�@�] �ÌzH4 v�< É�Z�2|» �Y Ê5+]18,17[..$Y. É.ZË� ÉZ/-ËE» LZ»� W�@ �] �ÌzH4 v�< É�Z�2|»,,¸5m �Y:

,Ã.Z� V�-3+ ,�-5+ É0�<Y k��» ] Êm=�?V1�v» ,3Ì/,,3Ì/] OËY�� L.$=B )�|] = Z# Ã0=�_ Ê@Y�A $. É.Z�-'Y hZl@!» .
|�Z] Ê» ªÌ:v4 ¾ËY Ê¸"Y k|# 12ZH2B g�Z< ,Ë( L|� ^D? ÉY�] �ÌzH4 v�< É�Z�2|».= )��� ^Ë ÉY�] ¾+ ^D? �UY

= |ËB Ê» )�|] LZ»� �Y ÊX]Z4 W�@ �] Z/34 �ÌzH4 v�< ,.1� Ê@Y�A >Z? ÉZ»�U)ËZ/< $.<Y,S:< $. &�( É0�ÉY^D? ,�=�_ 
|ËB Ê» )�|] L.�+.

ZV7Á� {Y-& 
Z/ Ä0-50 ÄÌVe 

ÉZ». $. VZnzË $. hZDËZ»�B &Z6<Y ÉY�] = |� ,Ì/4 $Y�Z] �Y Ã|� )�Y.�] Ã�Z4 É12ZH2B5+|� É$Y|/´< .Y�´Ì-<Z� . .N$Z< ÉZ#12ZH2B
 Ã|� Y|m Ê-�. $1S] |�ZT ==)?Y13°Ë ÉZ# ,<15<�ËZ»�B &Z6<Y ÉY�] 8Zz-<Y |<|Ë.�U .1-v»YZ#12ZH2B ,Ì2=Y )]1A$ É,] ,m=$

 L.�+ ^D? $.|»B )�|] L=B .Z# ,<15<É20»�UÊÉZ». $. L=B $.2±105.Y�´Ì-<Z� ,m$. h|» ,]7)�Z� |3-T�U $Y�'.
=. ¾Ì] Ê<�= �ÌÌr4 ,°Ë$1AL.�+ L�= $Z] Ã|#ZD» |D< .|<=$ ¾ËY $.5$Y�°4 ,H4�» |�.,+ .Y. LZD< ZËZ-< ,Ì2=Y )]1A$ É1-v» 

.=|@ $. Z#12ZH2B75,4 �4 ,ËZ_ |"$. |�Z] Ê».
IZ:2Z&*8 OZU0Y Á 3{�¯ 1:y f2Y�7 

=.�U L|� ^D? ^Ì-3Ì� ,2Z:» $. É�ÌU Ã�Y|<Y $YE]Y = ¾+ ^D? ^Ì4Z5� C°�(Juglans regia L.)LZ»� h|» $.
)�Y Ã|� RË�� …Y. ÉY1# Z] L|� ^D?.

IZ:2Z&*8 t�� 

hZDËZ»�B &Z54$Z] ,� ªÌ:v4 ¾ËY$. )��� RS� ,� ÉY�])90=80,70.Y�U Ê-<Z� ,m$.()��� RS� ,� =)1,8 =0,9,0,3 �-»
,Ì<ZY �](|<Y Ã|� $Y�°4 .��v3» �ÌYZ4 Z#�ÌÌr-» hY�YY ÊHÌ+�4 = .�*])Y1# )��� = Z».(�ÌzH4 v�< 75ËE+Z» É=$ �ÌzH4 v�< V=|» =

»Z+  �A ^Ë NZ�Y�] 12ZH2B L|� ^D? ÉY�]!"ÊT.Z�4 )333(u<ZË$Y= ,ËE64 �Y m=$ Ã.Z*-�Y Z])ANOVA(=Ã.Z*-�Y Z] 
É�41Ì~»Z+ $YETY &�<MATLAB |� &Z6<Y .
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)�-xe IZhuk& 
LY1¸/_= V�rA)2003(|<.�+ ,†Y$Y �ÌzH4 v�< L.�+ V|» ÉY�] =. ,m$. ,2.ZX» ^Ë]18[.

2ctbtaDR  (æ)

Z»� Z] �ÌzH4 v�< hY�ÌÌr4.1� LZÌ] |<Y14 Ê» ÊËZ5< ,2.ZX» ^Ë ,¸Ì�= ,] L]17[.
)exp( btaDR � (ç)

|33+ LZÌ] Y$ �ÌzH4 v�< )'. ,] |3<Y14 Ê5< h(.ZX» ¾ËY L1Q)>1�z]L|� ^D? ,Ì2=Y hZlv2 $.(,V|» ÉY�] |Ë|m V|» ^Ë

Ê» .Z/3DÌ_ �ÌzH4 v�< L.�+..�U.
12ZH2B ÉY�] �ÌzH4 v�< �Y Ã.Z*-�Y Z] ,2.ZX»)3(..�U Ê» ,H�Zv»:

dt
MCMCDR tdtt �

  )˼(

LB $. ,+DR,�ÌzH4 v�< MCt+dtLZ»� $. )]1A$ É1-v» t+dt,MCtLZ»� $. )]1A$ É1-v» t,dt Ê<Z»� ,¸"ZT L�= ¾Ì]
,<15< L.�+)�Y Z#.

.1� Ê» Ã|#ZD» ,Ì2=Y hZlv2 $. �ÌzH4 v�< ,+LZ»� )�%U Z] Ë Ê» �ËYETY )��� ,] $Y|:» ¾Ë�-DÌ] ,+ Êm=Y ,S:< ^Ë ,] = |]Z
Ê» )�Y �ÌzH4 v�<|�$ LB �Y |X] =v�< LZ»� )�%U Z]�ÌzH4 |]ZË Ê» �#Z+ &Y=|» $1S] .Ê» �ÌzH4 v�< ÊUƒË= ¾ËY O�14 |<Y14

.1� LZÌ] Ã|� �+P ,2.ZX»]19[.

)1exp()(max k
t

k
tDRDR � )7(

,+ LB $.k4Y �ÌzH4 v�< ¾Ë�-DÌ] ,+ )�Y Ê<Z»� ,|-TY Ê» €Z* DR,fzD» ,lv2 $. �ÌzH4 v�< DRmax�ÌzH4 v�< 75ËE+Z» =t

L.�+ ^D? LZ»� h|»)�Y .
)�Y �+P ,] &�( $. ,+ �Ë.Z:» h(Z@ �Y É$ZÌ�] k=DRmax )�|] �ÌzH4 v�< Ã|� É�ÌU Ã�Y|<Y ÉZ# Ã.Y. �Y 7Ì:-�» $1S] 

|ËB Ê».
,3Ì/] $Y|:» ,ÊSËY�� ¾Ì3Q )v4 m�Y�] ÉZS? ,+ ÉYZ# Ã.Y.|3+ Ê» �*" Y$ ,Ê»L�= C'Y|@ C"Y �Y ,+ �Ë� ,2.ZX» C@ Z] |<Y14

|ËB Ê» )�|] hZX]�»,|��] C'Y|@ ,] .

0)())(1()()(
max

2

max

�»
¼

º
«
¬

ª
��¦ tk

k
t

k
tLn

DR
DRLn

DR
DR )8(

É�41Ì~»Z+ ÉZ/�=$É.ZË� |<Y Ã|� .Z6ËY Ã|� É�ÌU Ã�Y|<Y ÉZ# Ã.Y. ,3Ì/] $Y|:» L.$=B )�|] ÉY�] .kÊ»�]�ÌzH4 v�< V=|» ,]
Y = ..�U|3+ Ê» ¾ÌÌX4 Y$ �ÌzH4 v�< Ê3v3» C°� Ã�Y|<.
$ZÌX» ,� Ê´-�H5# WË�j)2R(,ÊD#Z+ =. ÊQ )2w(=ZS? G]�» ¾Ì´<ZÌ» ,DË$ )RMSE(Ã.Z*-�Y Ã|� ,†Y$Y V|» ªË|�4 ÉY�] 
,|<Y Ã|� ÉZ/21»�T �Y Ã.Z*-�Y Z] ,+�Ë�|<.�U Ê» ,H�Zv» :
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,exp,

12
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2
1

2
exp,

1
, ))(1( i

N

i
ipre DRDR

N
RMSE � ¦



)L(

,+ LB $.DRexp,iÊDËZ»�B ÉZ# Ã.Y. i�ÌzH4 v�< &Y ,DRpre,i,�ÌzH4 v�< Ã|� Ê†1´DÌ_ ÉZ# Ã.Y. N= hY|#ZD» .Y|X4 m.Y|X4 
�ÌzH4 v�< ÉZ/-]ZY)�Y .

Á H2Zf0 G@] 
C°� ÉZ#4-2Ê3v3»] 12ZH2B g�Z< ,Ë( L|� ^D? ÉY�] �ÌzH4 v�< ÉZ# Ê» LZD< Y$ )]ZY )��� = Z». d¸-z»  1S� ÉY�
|#. .Ê3v3» &Z54,†Y$Y V|» C»Z� ,Ã|� m�Y�] ÉZ#Ê» Ã  |3�Z] .C°� $. ,+ É$1S<Z5# ÉZ#4-2Ê» Ã|#ZD» ,.1� hZlv2 $.

,L|� ^D? ,Ì2=Y = Ã.�+ Y|Ì_ �ËYETY �ÌzH4 v�< ^Ë ,] $Y|:» Ê» Ê55ËE+Z»|�$ .LB �Y u_4 v�< ,LZ»� )T�DÌ_ Z] $1S] �ÌzH
Ê» �#Z+ &=Y|»|]ZË)Ê2=E< ,¸@�» .( Ã|� m$YEU L.�+ ^D? ,�=�_ V1A $. É�$=ZD+ h(1�v» �ËZ� ÉY�] Ê/]ZD» ZËZ-<

)�Y]24,23,22,21,20,14,11,9,7[.C°� �Y ¾Ì3n5# ÉZ# 4-2)�Y fzD» ,ÉY1# )��� Z] ,+ )Ã|� Ã|Ì». ()]ZY,75ËE+Z» 
$. �ÌzH4 v�< Ê» €Z*4Y Z». ¾Ë�-DÌ]|-TY .,�ËZ:»C°� ¾ËYZ#�´Ë|°Ë Z]Ê» LZD<|#. )��� �YY ,+�] Y1# �ÌzH4 v�< É=$ EÌQZ< 

Y)�.<Z5#,°Ë$1S C°� $. ,+�ÌYZ4 ,.1DÌ» Ã|#ZD» Z#,�Ì H4 v�< É=$ Z». 7Ì:-�» )�%U �Y |X] 150-80ZHË�:4 ,:Ì'."Ê» 7+-
.1�LB �Y |X] Ê2= ,,Ê» u°��] �ÌzH4 v�< É=$ Z». �ÌYZ4.1� .
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C°�2.Y1# )��� ,+ Ê-'= d¸-z» ÉZ#Z». $. LZ»� C]Z:» $. ,�4 ,ËZ_ NZ�Y �] �ÌzH4 v�<0,3 ^D? ÉY�] )�Y ,Ì<ZY �] �-»

12ZH2B g�Z< ,Ë( L|� 
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C°�3.Y1# )��� ,+ Ê-'= d¸-z» ÉZ#Z». $. LZ»� C]Z:» $. ,�4 ,ËZ_ NZ�Y �] �ÌzH4 v�<0,9 ^D? ÉY�] )�Y ,Ì<ZY �] �-»

,Ë( L|�12ZH2B g�Z< 
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C°�4.Y1# )��� ,+ Ê-'= d¸-z» ÉZ#Z». $. LZ»� C]Z:» $. ,�4 ,ËZ_ NZ�Y �] �ÌzH4 v�<1,8 ^D? ÉY�] )�Y ,Ì<ZY �] �-»

12ZH2B g�Z< ,Ë( L|� 

$YETY &�< Z] Ã�ÌÌr-» |3Q Ê<1Ì��U$ CÌ¸v4MATLAB|� &Z6<Y .V=|m1m�Y�] ZËZ-< )Ê´-�H5# WË�j 2R,=. ÊQ ÊD#Z+ 2w

=RMSEZS? G]�» ¾Ì´<ZÌ» ,DË$ (,Ë( L|� ^D? ÉY�] Ê#Z´DËZ»�B ÉZ# Ã.Y. �Y Ã.Z*-�Y Z] ,Ã|� ,†Y$Y V|» -12ZH2B g�Z< Y$ 
|#. Ê» LZD<.V|» ,+ .Y. LZD< m�Y�] ZËZ-<V1H' C]Z' �ÌzH4 v�< Ê3v3» ÉY�] Ã|� ,†Y$Y Ê3v3» ,+ )�Y Ê2Z@ $. ¾ËY = )�Y 

V1A $. Ê5l3» hY�ÌÌr4 ,�ÌzH4 v�<.$Y|< L|� ^D? .LZ»� h|» &Z54 $. Y$ ÊTZ+ )]1A$ )�Ì< $.Z' g�Z< ,Ë( 7+ ;Z*4$Y L1Q
|3+ š*@ ,Ë( É=$ L|� ^D? .Ê<Y1z5# Ã|� ,†Y$Y V|» ,Z/DËZ»�B &Z54 $.,Ë( L|� ^D? �ÌzH4 v�< Ê3v3» ÉY�] Ê]1? 

)�Y. 12ZH2B g�Z< .Ê´-�H5# WË�j �Ë.Z:»2R,=. ÊQ ÊD#Z+
2w=RMSEÌ» ,DË$ ZS? G]�» ¾Ì´<Z,Ã|� ,†Y$Y V|» ÉY�] ,]

WÌ4�4 ¾Ì]0,9988-0,9906 ,12-102,14 Z410 -101,50 =4-109,91 Z4 4-102,86 )�Y. $Y�'.

V=|m1.Ã|� Ã.Z*-�Y V|» ÉY�] m�Y�] ZËZ-< 
æ,í,Ì<ZY �] �-» å,9,Ì<ZY �] �-» å,3,Ì<ZY �] �-» )��� 

w2 RMSE R2 w2 RMSE R2 w2 RMSE R2 ƢǷƽ 
æç �æå×ê,íè  é�æå×è,êç  å,îîèì æç �æå×ç,æé  é�æå×ç,íë  å,îîìî æç �æå×í,åë  é�æå×é,åè  å,îîêí 70.Y�´Ì-<Z� ,m$. 
æç �æå×ì,îì  é�æå×é,êì  å,îîíæ ææ �æå×è,êë  é�æå×ë,îæ  å,îîæë æå �æå×æ,êå  é�æå×î,îæ  å,îîåë 80.Y�´Ì-<Z� ,m$. 
æç �æå×ê,íå  é�æå×é,îè  å,îîíí ææ �æå×ì,ëç  é�æå×í,ìè  å,îîêì ææ �æå×ì,åê  é�æå×í,îê  å,îîêì 90.Y�´Ì-<Z� ,m$. 
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 V=|m $. hZDËZ»�B &Z54 ÉY�] �ÌzH4 v�< V=|»2)�Y Ã|� m$YEU .

V=|m2.�ÌzH4 v�< V=|»k),:Ì'. (hZDËZ»�B ÉY�] 
Y1# OËY�� 0,3,Ì<ZY �] �-» 0,9,Ì<ZY �] �-» 1,8,Ì<ZY �] �-» 

70.Y�´Ì-<Z� ,m$. 1,14±65,15 1,2±61,02 2,54±61,62 
80.Y�´Ì-<Z� ,m$. 2,90±44,15 2,41±41,51 2,14±37,97 
90.Y�´Ì-<Z� ,m$. 2,12±31,81 2,88±31,56 3,25±30,02 

= Z». �Y É$Y. Ê3X» $1A ,] �ÌzH4 v�< V=|» ,+ .Y. LZD< u<ZË$Y= EÌ2Z<B ZËZ-< Y1# )���Ã|� Ã|Ì». É.�Ë%_ Ê» �ÌYZ4 .¾Ì3n5#

Ì2Z<B ZËZ-<�ÌzH4 v�< 75ËE+Z» ,+ .Y. LZD< u<ZË$Y= E,]$1A Ê3X» )��� �YY ,°Ì2Z@ $. .�Ë%_ Ê» �ÌYZ4 Z». �Y É$Y. Ê3X» )�Ì< $Y.
)V=|m3=4.(

V=|m3.u<ZË$Y= ,ËE64(ANOVA)�ÌzH4 v�< V=|» É=$ ÉY1# ÉZ». = )��� �YY ÉY�] )k(
GH3» d.f. MSE FP>F 
Z». 22317,49 42146,45*** 0,0000 

)��� 233,58 610,68*** 0,0000 
Z».×)��� 46,34 115,35*** 0,0000 

ZS? 180,05 
C+ 26

*** RS� $. $Y. Ê3X»1,|"$.n.s.Ê3X» Ê] 

V=|m4.u<ZË$Y= ,ËE64(ANOVA)É=$ ÉY1# ÉZ». = )��� �YY ÉY�] 75ËE+Z»�ÌzH4 v�< )DRmax(
GH3» d.f. MSE FP>F 
Z». 2å,åååîíçåî*** å,åååå 

)��� 2å,ååååæ ç,ìçn.s. å,åîçì 
Z».×)��� 4å,ååååé ì,íë*** å,åååí 

ZS? 18 å
C+ 26

$Y|:»kÊ» LZD< Y$ Ê<Z»� .$Y. �ZÌ< )]1A$ L.Y. )�. �Y ÉY�] É0�<Y $Y|:» ¾Ë�-DÌ] ,] V1�v» ,+ |#..¾ËY 3] $Y|:» LB ,]

= V1�v» )TZ] ÉZ/ÌUƒË= …Y. ÉY1# OËY��´-�]LY13� ,] LB �Y = .$Y. ÊZ/3+ ^D? Ê@Y�A $. W�Z3» $ZÌX» ^Ë Ê» Ã.Z*-�Y 
.1� .

Ã|� ,H�Zv» $Y|:» , Ê#Z´DËZ»�B ÉZ# Ã.Y. NZ�Y�] k�Y65,15 Z430,02 ,3»Y. $. 12ZH2B g�Z< ,Ë( L|� ^D? ÉY�] ,:Ì'.
ÊËZ». 90-70ÉY1# )��� = .Y�´Ì-<Z� ,m$. 1,8 -0,3,Ì<ZY �] �-» )�Y �ÌÌr-» .,+ )�Y fzD» $Y|:» �-»Y$Z_ k,Z». $.Z#É

Z». ,] )H�< (Z]Z#¾ÌËZ_ É,)�Y �-5+ .h$ZH� ,]�´Ë. Ê<Z»� h|»)�Y �ZÌ< ,+ 7Ì��] �ÌzH4 v�< $Y|:» ¾Ë�-DÌ] ,],Z». $. Z#É

(Z] Z] ,�ËZ:» $.)�Y �-5+ ,¾ÌËZ_ ÉZ#Z»..
,�ÌzH4 v�< V=|» É=$ Z#�ÌÌr-» hY�YY ,H�Zv» ÉY�] k=DRmax L1Ì��U$ �Y Ã.Z*-�Y Z] …Y. ÉY1# )��� = Y1# ÉZ». C]Z:» $.

m�Y�] Ã�ÌÌr-» |3Q|<|� .¾°5» h(Z@ &Z54ÉY�  |� )�4 L|� ^D? ÉZ#�ÌÌr-» Ê´5# ,+ ,|< C»Z� Ê<1Ì��U$ CÌ¸v4 |<.1].



77?

VTk 487.2573.132.173 �� ˹zO8˼-=-R

1] Ã|»B )�|] hZDËZ»�B &Z54 ÉY�] ,+ �ÌzH4 v�< 75ËE+Z».,Ã|� m�Y�] Ã�ÌÌr-» |3Q L1Ì��U$ Z] Y1# OËY�� C]Z:» $. |<Y .,2|X»

)�Y Ã|� �+P �Ë� $. ,A1]�» Ê´-�H5# WË�j = ,A1]�»:
VTDR 0001.0001134.006271.0max �� ˹zO8O˹=-R

�ÌzH4 v�< É=$ )��� �ÌYZ4 ,+ |#. Ê» LZD< ,2.ZX» ¾ËY )�Y EÌQZ< .ÊX]Z4 W�@�] �ÌzH4 v�< ÉY�] Ê¸+ ,2.ZX» Y1# OËY�� �Y
.1� LZÌ] �Ë� h$1" ,] |<Y14 Ê» LZ»� = …Y. É.

)
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.1� Ê@Y�A …Y. ÉY1# )���= Z». �Y Ê"Z? OËY�� ÉY�] ¾+ ^D? �UY)90-70= .Y�´Ì-<Z� ,m$.1,8 -0,3 )��� ,Ì<ZY �] �-»
Y1#(,Ê» )�|] LZ»� �Y ÊX]Z4 W�@�] Z/34 �ÌzH4 v�<|ËB .C°�5ÉZ# Ã.Y. Ê†1´DÌ_ ÉZ# Ã.Y. C]Z:» $. �ÌzH4 v�< Ê#Z´DËZ»�B 

12ZH2B g�Z< ,Ë( L|� ^D? ÉY�] |Ë|m V|» �Y Ã.Z*-�Y Z] Ã|�Y$|#. Ê» LZD< .O? ^Ë Ê°Ë.E< $. Z# Ã.Y.45$Y�' ,m$. 
.$Y. Ê]1? ¾Ì5z4 h$|' Ã|� Ã.Z*-�Y V|» ,+ )�Y fzD» = |3-T�U.

R2 = 0.9947
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C°�5.�Y Ã|»B )�|] �ÌzH4 v�< ,�ËZ:» |<=$ ÉY�] Ã|� ,†Y$Y V|» Z] Ã|� ÊË1´DÌ_ �Ë.Z:» C]Z:» $. Ê#Z´DËZ»�B ÉZ# Ã.Y. 

12ZH2B L|� ^D? 
)�Ì= ÄUÌf0 
,,2Z:» ¾ËY $.12ZH2B g�Z< ,Ë( �ÌzH4 v�< L.�+ V|» ÉY�] ÊjZË$ V|» ^Ë )�Y Ã|� ,†Y$Y.ªË|�4 ÉY�] Ê#Z´DËZ»�B ÉZ# Ã.Y.

_ ÉY�] V|» .�]$Z+ = Ã|� Ã.Z*-�Y |Ë|m V|»)�Y Ã|� RË�D4 L|� ^D? ÊX'Y= ÉZ# ,�=� .= LZ»� �Y ÊX]Z4 W�@�] �ÌzH4 v�<
)�Y Ã|� LZÌ] 12ZH2B g�Z< ,Ë( L|� ^D? ÉY�] …Y. ÉY1# OËY�� .ZËZ-< Ã|»B )�|]V|» ,+ .Y. LZD< Ã|� ,†Y$Y ¾Ì5z4 h$|'

.$Y. Ê]1? .-]ZY �Ì?Y ,2Z:» ¾Ì3n5# Ê&Z3]kÊ» ÊT�X» k�X» ,+ |3+4 v�< V=|» �ÌzH,|�  Ê» =Ã0=�_ Ê@Y�A $. Ê5/» $ZÌX»
|�Z] Ê» ¾+ ^D? ÉZ# .= Z». �Y Ê"Z? OËY�� ÉY�] ¾+ ^D? �UY LZ»� �Y ÊX]Z4 W�@�] Z/34 �ÌzH4 v�< ,.1� Ê@Y�A )���

|� |#Y1? ,H�Zv».
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Abstract 

Drying rate is the index of energy consumption during the drying process. This paper 
presents a mathematical model of drying rate versus time during thin-layer drying, 
which was verified with experimental data. Definition of the drying rate as a function of 
time has many advantages such as (1) optimizing the design of drying systems and their 
components, (2) identifying appropriate applications and optimal configurations for 
drying systems, (3) easy control and (4) desired product output. The laboratory scale 
static-tray dryer was used to obtain the experimental data. Freshly harvested sour 
cherries were used for drying studies. The experiments were carried out in ambient air 
with 29–35% RH and at a temperature of 25–36°C. Also, the Experiments were 
performed at air temperatures of 70, 80 and 90°C. At each temperature, three air 
velocity values were used: 0.3, 0.9 and 1.8 m/s. MATLAB software was used to fit the 
drying rate curves against time using the multiple regression analysis technique. The 
presented model was verified with R2, w2 and root mean square error (RMSE). 
Consequently, the estimating power of the new model was evaluated.  
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