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ÉZ/<Z»�21,41=39|<Y Ã|Ì�$ Ê2.ZX4 )]1A$ ÉY1-v» ,] )�Z� .= |#Z� ÉZ# ,<15< L|� ^D? LZ»� ,+ .1� Ê» Ã|#ZD» Y%2
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W�Z3» $Z5Ì4 �Ì_ �Y Ã.Z*-�Y m�$Y Z] V1�v» ¾ËY hZXËZj �#Z+ ÉZ# ÃY$ �Y Ê°Ë $1l35] L|/� ^D? LZ»� �#Z+

 |�Z] Ê» .kY|#Y ¾Ë�-5/» L.�+ ^D? |3ËY�T $.,Z+,7/XA �l< �Y (Z] )Ì*Ì+ Z] V1�v» ,] Ê]ZË )�. = L|� ^D? LZ»� �#

 |�Z] Ê» V1�v» ÉY ,�*' �5� �ËYETY ¾Ì3n5# = q<$ = ÃE» .ÊËZÌ5Ì� ÉZ# V1¸v» ÊiX] �Y Ã.Z*-�Y ,$Z/5Ì4 �Ì/_ LY1/3� ,/] 
Z//<B $. 8B �/ÌzH4 q/3#B �ËYETY = h(1�v» LZ5-?Z� �] �ÌYZ4 ªË�A �Y L|� ^D? LZ»� �#Z+ |�Z] .1/� Ê/» .¾Ë�-D/Ì]

 )�Y .1m1» $1´<Y L.�+ ^D? .$1» $. ÊËZÌ5Ì� ÉZ/21¸v» .�]$Z+ ,3Ì»� $. hZÌ]�64)2.(LY$Z°5# = u<ZU$Y m$YEU NZ�Y �])7(
=�T ,<Y|Ì] $1´<Y L.�+ ^D? ÉY�] &�( LZ»� h|» ÉZ/-��/� $. hZ/X2=Y C/Ì4Y ¾c=$ = 7Ì�Z-_ hZ3]�+ V1¸v» $. Ã|� Ã.�]m/s 

3/0=m/s 24�-] WÌ31=17WÌ4�-] L|� ^D? LZ»� ,OËY�� LZ5# $. Ã|D< $Z5Ì4 ÉZ# ,<15< ÉY�] = )�Z� 70=42)�Z� 
.1] .LY$Z°5# = �†1U�Y=)14(= |<.�+ Ã.Z*-�Y Y$ 8B $. 7Ë|� |Ì�+=$|Ì# V1¸v» ¾Ì3n5# = hZ‰2=Y ¾c=$ = 7Ì�Z-_ hZ3]�+ V1¸v»

 Ã|ÌH�Q hY$P ,$Z5Ì4 �Ì_ ¾ËY É=. �# ,+ |<.�+ m$YEU $. 8B $ZD-<Y ,] )»=Z:» ¾ËY�] Z3] = ,-�Y.�] Y$ Ê»1» ,Ë( ,Ã.�+ k%@ Y$ 
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.1� dÌw+ �4�Ë. $Z5Ì4 �Ì_)14.(É�_ = Y1Ë$ m$YEU NZ�Y �])10(-_ hZ3]�+ |/�Z] hZX2=Y ¾c=$ Z] ÃY�5# ,+ Ê-'= >1�z] 7Ì�Z
 ,/ËE64 ÉZ/D/3+Y= �/´Ë. = L|/� ÉY Ã1//' �Y = |#. Ê» �#Z+ Y$ L|� ^D? LZ»� ,EË$ ÉZ/TZ°� .Z6ËY = Ê»1» ,Ë( k%@ Z]

|#Z+ Ê» EÌ< |3#. Ê» $Y�' �ÌYZ4 )v4 Y$ )Ì*Ì+ ,+ Ã|33+ .V1¸v» �Y Z/<B3%= hZX2=Y CÌ4Y %5/2] 7Ì�Z-_ hZ3]�+ ÉY3$. ,:Ì'. 
8B40h|5] Y$ Z/D5D+ EÌ< L|� ^D? �Y u_ = |<.�+ Ã.Z*-�Y 108B $. ,:Ì'. 40¾/c=$ �Y Ê�Z< |34 7XA Z4 |<.�+ $= ,A1c 

$Z]=. Y$ V1�v» )ËZ/< $. = .=�] ¾Ì] �Y Z/<B hZX2=YÃ|<.�+ ^D? )14.(�Y C/H' Z/# Ã1/Ì» )�Y �ZÌ< L|� ÉY Ã1/' �Y 8Z3-mY ÉY�]
=. Z] L|� ^D?|<1� $Z5Ì4 .�U1U |Ì�+Y É. .)11.(

Z�T = Ê]=�°Ì» .Z�T �Y É�ÌU1¸m ,6Ì-< $. = LB �Y 8B L.�+ }$Z? ÊËY%c Ã.Z» ^Ë L.�+ ^D? �Y k|# = ÊËZÌ5Ì/� .
B ÉY ,�*' �5� �ËYETY )�Y L.|/» E/Ì< Y$ V1�/v» ÊËY%c m�$Y = 7XA = q<$ ,)TZ] š*@ )�ËZ] Ê» L.�+ ^D? |3ËY�T ÊA

)�Y. �l<...�U VZ5�Y Ê4$Y�@ hZXËZj �Y É�ÌU1¸m $1l3» ,] Ê:Ì'. ÉZ/2�-3+ |ËZ] |3ËY�T ¾Ì@ $. Y%2 .
L|� ^D? q3#B 7�$ �Y ,+ É$Y.15<)N(^D? L�= ,ËZ_ �] )]1A$ |"$. C]Z:» $.)X(^D? q3#B Ê3v3» |ËB Ê» )�|]

.1� Ê» Ã|Ì»Z< L|� )3($Y|:»N]Y$ �Y|ËB Ê» )�|] �Ë� ,S:

dt
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N=8B �ÌzH4 q3#B )h1.kg/m2(
A=|�Z] h=Z*-» h$Y�@ VZ:-<Y RS� �Y .$Y1» ÊiX] $. )�Y ¾°5» ,+ �ÌzH4 RS�)m2.( 

Ms=V.ZX» ÊvS� ,+ )�Y ^D? É Ã.Z» &�mA.$Y. )kg.(
$Y|:» �UYA.1� Ê» LZÌ] )�Z� �] Ã|� �ÌzH4 8B &�U 1¸Ì+ h$1�] �ÌzH4 q3#B ,|�ZH< &1¸X» )4.(L|/� ^D? q3#B Ê3v3»

 .1� Ê» RÌv�4 �´Ë. OËY�� ÉY�] W¸cY = |ËB Ê» )�|] �ËZ»�B ªË�A �Y OËY�� É�� ^Ë $. Ã.Z» �# ÉY�] )8.(Ê/3v3» ¾/ËY
 <Y ÉZ/2.ZX4 .$1» $. Y$ Ê¸»Z+ hZ�!AY Ê/» $Y�/' Ã.Z*-�Y .$1» ¾+ ^D? ^Ë Ê@Y�A = É�Z� ,ÌH� ,É�Z� V|» $. ,+ &�m = Ê_�

 |#. Ê» ,ËY$Y Y$ |<�ÌU)13.()�Y YE6» ,¸@�» =. ÉY$Y. (15X» L|� ^D? q3#B Ê3v3» .^D? q3#B LB $. ,+ V=Y ,¸@�» $.
LY RS� $. L|� ^D? = )�Y 81A�» !»Z+ GËZ» ,¸Ì�1] Ã.Z» RS� ,)�Y )]ZY L|�.�ÌU Ê» h$1" .q/3#B ,/¸@�» ¾/ËY $.

.1� Ê» V�-3+ Ê<=�Ì] C»Y1� O�14 !+ L|� ^D? .= Z/». ,)��/� C»Z/� C»Y1� ¾ËY ÊËZ6]Zm ªË�S] h$Y�@ VZ:-<Y )2Z@ $.
|�Z] Ê» Ã|33+ ^D? �ZU )]1A$ $Y|:» .)/�Y )/]ZY EÌ< L|� ^D? q3#B |3�Z] )]ZY OËY�� ¾ËY �UY ¾ËY �]Z3] .,É|/X] ,/¸@�»
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 3#B ,¸@�» )�Y L|� ^D? q.Ê» �#Z+ RS� ,] GËZ» VZ:-<Y q3#B ,°Ì2Z@ $. = )�Ì< 81A�» !»Z+ .Y1» RS� ,¸@�» ¾ËY $.
 .1� Ê» ,-�Z+ ZË$|4 ,] EÌ< Êm$Z? C»Y1� �ÌYZ4 h|� �Y ,|]ZË .{1/]�» Ã.Z/» >Y1? ,] ZT�" L|� ^D? q3#B Ê<ZËZ_ C@Y�» $.

.1� Ê»)1.(
6K$Kf& {Y-& 3|7 1:y ÊÀ@À& :Y|»Zm $. |]ZË Ê» LZË�m ,-Ë$!Ì_Z+ ,¸Ì�1] �-DÌ] )]1A$ Cz¸z-» h.L|/� ^D? Ê3v3»

 C°� h$1�] (15X» .Y1» ¾ËY1|<Z» Ê» )]ZY �ÌzH4 q3#Y )�Y 8B �Y �_ }�T = C¸? L1Q �»Y ÉY|-]Y $. )�Y )O/? Ã$Z_AB.(
Ê3XË ,V=Y Ê<Y�v] ,S:< $.B=�� )]1A$ )�Y É|X] C@Y�» �Y Ã.=|v» ^Ë ;=�� ,S:< ,+ Ê/» |»Zm L=$. ,] Ê3ÌD< W:� ,] ;

|3+ .|]Z  Ê» �ËYETY )�Y ^D? ,+ RS� �Y É��+ Ã.=|v» ¾ËY $.)O? Ã$Z_BC.(LZ/5# ,/] EÌ< Ã.=|v» ¾ËY $. �ÌzH4 q3#B

 .$Y. Ê´-�] V=Y ,¸@�» ,] {1]�» C»Y1� .)�Y €�*-» �ZT h$1�] Y1# = ,-�1Ì_ �ZT h$1" ,] Z# Ã�*@ $. 8B Ã.=|v» ¾ËY $..¾/ËY

v» )�Y ÊS? (15X» Ã.=| .$Y%/UY= .�/*3» ÉZ/?Y$1/� ,] Ã|<Z5Ì'Z] 8B = .1� €�*-» 8B = |ËB$. ,-�1Ì_ �ZT h$1�] Y1# ,+ Ê-'=
 |3+ Ê» {1:� Ê<Z/UZ< $1S] L|� ^D? h|� ,.1� ),S:<C.(|3Ë1U Ê» &=. Ê<Y�v] ,S:< Y$ ,S:< ¾ËY .^D/? q3#B Ê3v3»

X» = $ZD-<Y V|» ªHA ,S:< ¾ËY �Y |X] L|�|�Z] Ê» �X:» (15)8.(

6K$Kf& �Ìy {Y-& 3|7 1:y ÊÀ@À& := |/3°Ì» )/+�@ |/»Zm �/�Y�� $. $ZD/-<Y ª/Ë�A �Y )]1A$ Cz¸z-» �Ìc hY|»Zm $.
�Y �/4 Ã|/ÌnÌ_ ÉY ,/l@!» C/]Z' $1S] &EÌ<Z°» !5� ,Q �UY ,|3Ë1U $ZD-<Y ,¸Ì�1] L|� ^D? Y$ Cz¸z-» �Ìc .Y1» L|� ^D?

 )�Y Ã.Z� $ZD-<Y .D-<Y |/3+ Ê/» V�/-3+ Z/<B $. Y$ L|� ^D? Ê¸+ q3#Y ,+ )�Y Ã|<1� ^D? �Ë. hY|»Zm hZ�zD» �Y $Z.$.

.$Y. Ê5+ �YY ZË .$Y|< �YY ZË L|� ^D? É=$ Y1# )��� )2Z@ ¾ËY .q/3#B ,|/]ZË Ê/» �ËYE/TY Z». �ËYETY Z] $ZD-<Y ,+ ÊËZ6<Y �Y
.1� Ê» .ZË� |»Zm ÉZ». �ËYETY Z] EÌ< L|� ^D? )C°�2)(8(.

3|7 1:y 3Z&* Ä4�Z@& :^D? .1m1» OËY�� )v4 ,Ã.Z» L|� ^D? ÉY�] &�( LZ»� ,7/» )Ì5+ ,Z/3+ ^D? Ê@Y�A $.
 .�Z� Ê» fzD» ¾ÌX» )ÌT�o ÉY�] Y$ &�( ÃZ´-�. Ã�Y|<Y )Ì5+ ¾ËY L1Q ,)�Y ¾+)8.(hY�ÌÌr4 Ê3v3» �UYN�Y ÊX]Z4 h$1�] 

X,.1� 7�$Y )]1A$ $Y|:» �#Z+ ÉY�] &�( LZ»� �X1,]X2|ËB Ê» )�|] �Ë� ,S]Y$ �Y)7.(

[2]                          

7�$ ,L|� ^D? LZ»� L.$=B )�|] ÉY�] Ê¸5� C@ ÃY$ ^Ë $Y.15<
N
1

$. C]Z:» XL.$=B )/�|] = Ê6<�S� %cZ+ ^Ë $.

)�Y Ê3v3» �Ë� RS�)3.(TY &�< Z] Y$ $Z+ ¾ËY ,Ê-@Y$ ÉY�].Y. &Z6<Y LY14 Ê» 7# É�41Ì~»Z+ ÉZ#$YE .
Äf�-W 3|7 dK� Á ^Á�" Á EÌ":)]1A$ �UY g=�/Q = ¾ÌQ Ã.Z» LB ,.1� Y|m Cz¸z-» �Ìc É|Ì†1¸+ |»Zm ^Ë �Y $1�v» 

( �Y �/-5+ Z# ,Ë( ¾ËY $. )]1A$ )l¸c = |#. Ê» )�. �Y Ê<=$. ,Ë( �Y �4 .=� Y$ .1? )]1A$ ,Ê<=�Ì] ,Ë( ,+ Y�Q .1� Ê» ,/Ë
 )�Y Ê<=$. ÉZ# .)�Y )]ZY LY 76@ = |3+ Ê5< �ÌÌr4 7�m C?Y. ,°<B VZ@ ..Z/6ËY ,ÊU|/Ì+=�Q ,L|/� ^D? q3#B �#Z+ Z]

 .1� Ê» 7+ ,-�1_ L|� )z� = L.$1? g�4 ,kZ°� .Ã|/33+ ^D? ÉY1# )]1A$ V�-3+ Z] EÌ< L|� ^D? q3#B G'1» ¾ËY $.
.1� Ê» V�-3+ �4 )@Y$)8.(Ë�+ Cw» Ê°ËEÌT hY�ÌÌr4 v�< = &�m VZ:-<Y ÉZ# &EÌ<Z°» É=$ L|� ^D? |3ËY�T ¾Ì@ $. L|� ,2Z-�

.$Y%U Ê» �YY Ê3Ì] �Ì_ C]Z' �Ìc $1S] Ã.Z» $. Z»�U VZ:-<Y ÉZ#)4.(
4-ZV7Á� Á {Y-& 

$. �Y ,21? h$1" ,] )�. �Y Ã.Z*-�Y Z] )'. Z] ^�$� É$Y|:» �ËZ»�B &Z6<Y ÉY�] .1] Ã|Ì�$ !»Z+ ^�$� ,+ ÃZ5<Z]B $.Ã|ÌQ )?
 |3ÌH< ,»|" ^�$� ÉZ# ,H@ Z4 |� .Ê]1/3m LZ/�Y�? LZ-/�Y $. ,/+ ,/<Y|Ì] ^�$� ;1< �Y �ËZ»�B ¾ËY ÉY�] Ã|� Ã.Z*-�Y ^�$�

.1] .1� Ê» ,-�Z+.

N
dx

A
Mt

x

x

s
f ³�

2

1
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 Ã*Ze 17�* d]-�� |.�{ )�Ì= Ã*Y|0Y:,<15< ^Ë ,Ã�Z4 ^�$� )]1A$ |"$. ¾ÌÌX4 ÉY�]10L=B ^Ë $. Ê»�U v77h|» ,] 
48�U $Y�' )�Z� )T)8(,<15< ÊËZ/< L�= =63/2|� &�U .u~� �Ë� O]Y=$ �Y�4 L�= ,ËZ_ �] )]1A$ |"$. ,H�Zv» ÉY�])Xwb (

^D? =)(Xdb|� Ã.Z*-�Y:

[3] 100
1

21 
�


M

MMXwb [4] 100
2

21 
�


M

MMXdb 

Ã�Y|<Y ̂ �$� ,H@ ÊH<Zm RS� É�ÌU :^�$� ,H@ ÊH<Zm RS� )A(�/ÌzH4 q/3#B ,H/�Zv» ÉY�])N()/�Y &�( .,/H@ C°/�
.�+ p�T L1U ÊiÌ] LY14 Ê» Y$ Ã�Z4 ^�$� ..1� Ê» Ã.Z*-�Y �Ë� ,S]Y$ �Y ,H@ ÊH<Zm RS� É�ÌU Ã�Y|<Y ÉY�].

baA .14.3 [5] 
 A : ^�$� ,H@ ÊH<Zm RS�)mm(
:a ^�$� ,H@ e$E] �S' )mm (b:^�$� ,H@ ^Q1+ �S')mm(

L.$=B )�|] ÉY�]a=b.ZX]Y 111+ �Y Ã.Z*-�Y Z] ^�$� ,H@ ,H/�Zv» ÉY�/] = |� É�ÌU ¾Ì´<ZÌ» Z/<B �Y = |� É�ÌU Ã�Y|<Y uÌ2

A�U $Y�' (Z] V1»�T $.)T.
Z/�Z5Ìe AÌW :$Z/Q �Ì_ �ÌYZ/4 ÊËZ//< V1�v» )Ì*Ì+ = L|� ^D? LZ»� É=$ )�Y ¾°5» ,|� Ê» NZ�@Y ,+ d¸-z» $Z5Ì4

|�Z] ,-�Y. )�Y �Ë�  �D] ,+ |� ,-T�U $Z°]:
L·Y-Z8 Z] �Z5Ìe 90:Y $.$. L.�/+ $Z/5Ì4 m=$ ¾ËY Y%2 ,|Ë. |Ë|� ,»|" 8B $. ¾-T$ =�T Œv» ,] ^�$� ÉZ# ,H@ )2Z@ ¾Ë

|D< Ã.Z*-�Y É|X] C@Y�».
Z-IZF·ÁY EyÁ� Á [Ì�ZfW IZÀ]�¯ ,-$@& Z] �Z5Ìe )ZYSzÌe (Z8 �{20:W/Ì4�-] m=$ ¾/ËY $.2%=3%$.1/_ �Y Ê/<�=

 Y 8B �-Ì2 ^Ë $. hZX2=Y ¾c=$ = 7Ì�Z-_ hZ3]�+ |� Ã.Z*-� .h|» ,] ^�$� ,<15<1|� .�] =�T V1¸v» $. ,:Ì'. .V1¸v» �Y u~�

|#|] )�. �Y Y$ .1? ÊvS� )]1A$ Z4 ,|� Ã.Y. $Y�' .Y�B ÉY1# $. = Ã|� }$Z?.
o-Z8 Z] �Z5Ìe 50:8B $. Ã|� Ã.Z»B ,<15< )2Z@ ¾ËY $.50|/� ,-/�Y. ,/´< ,:Ì'. Y h|» ,] = |� Ã.�] =�T .$. ,/<15< u~/�

#|#|] )�. �Y Y$ .1? ÊvS� )]1A$ Z4 )T�U $Y�' .Y�B ÉY1.
{-�Z5Ìe 3Á|] Ä0-50 )|/Z7 :(|D< &Z6<Y L.�+ ^D? �Y CH' É|3ËY�T ,<1U •Ì# ,<15< ¾ËY É=$ �].

3|7 1:y )Z/ ÊÀ@À& [�� :8B Z/] Ã|/� $Z/5Ì4 ,$Z/5Ì4 L=|] ,<15< ,� �Y L|� ^D? ÉZ# Ê3v3» 7�$ ÉY�]50= ,/m$. 
$Z5Ì4 ,<15< |� Ã.Z*-�Y 8YEÌ4 Z] Ã|� .ÉZ». Z] $1T $. LZ»E5# $1S] Z# ,<15<60Ê<Z»� C"Y1T $. = |<|� Ã.Y. $Y�' .Y�´Ì-<Z� ,m$. 

)'. Z] VZ-Ì6Ë. É=�Y�4 ^Ë Z] = Ã|� Ã.$=B L=�Ì] ¾ÌX»01/0|<|� Ê» ,-�Y%U LB L=$. Ã$Z]=. ,¸"ZT!] = Ã|� L�= &�U .
Ä$.Z9 �/ �{ �ÌK4e lÀ/8 Ä4�Z@& )Y�]*,S]Y$ �Y Ê<Z»[1]|� Ã.Z*w�Y ,/S]Y$ CÌ°D/4 ÉY�/] &�( ÉZ#�-»Y$Z_ Y|-]Y |ËZ] Y%2 ,

.1� Ê» Ã.$=B LY ,H�Zv» m=$ �Ë� $. ,+ |<|� Ê» ,H�Zv» :,<15< ^Ë ÉY�]30RS� Ê»�U A.1/� Ê» ,H�Zv» �Ë�  �� ,] :
,H@ �# O�1-» L�= L1Q23/0V1»�T �Y Ã.Z*-�Y Z] LB ÊH<Zm RS� = &�U mm2 3/205,)�Y ,/<15< ^Ë ÊH<Zm RS� u_ 30

�Y )�Y h$ZH� Ê»�U:

M20267783.03.205
23.0

30
A

Ms ,<15< $. .1m1» ^D? Ã.Z» L�= ,30Z] )�Y �]Y�] Ê»�U :
gr 8.726.030 sM

dx Ê2Y1-» É�ÌU Ã�Y|<Y LZ»� =. $. ^D? L�= ,ËZ_ �] )]1A$ |"$. k!-?Y)dt ( )�Y 

$Y|:»A=Msh|» V1A &Z54 ÉY�] 7# (Z] Ã|� ,H�Zv» $Y|:» LZ5# �ËZ»�B )�Y .
5-G@] Á H2Zf0 

B �Y C"Z@ .Y|�Y ÉZ/<1-� C»Z� ÊËZ/2=|m h$1" ,] hZDËZ»� :=. ,¸"ZT $. L�= �#Z+ LYEÌ» ,,<15< L�= ,¾Ë�14 LZ»�
 �ÌzH4 q3#B Z-ËZ/< = ^D? Ã.Z» L�= ,ËZ_ �] )]1A$ |"$. ,Ê2Y1-» ¾Ë�14)N(�< �Y Ã.Z*-�Y Z] = |� W4�» $YE/TY &Excel ¾/ËY ,
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 |Ë.�U ,ËY$Y �Ë� ÉZ#$Y.15< h$1�] hZ�!AY .LB )/ËZ/< $. ,+ |Ë.�U m�Y�] Z# Ã.Y. �] d¸-z» h(.ZX» $YETY &�< ¾ËY Z] ¾Ì3n5#
Ê2|» Ê´-�H5# WË�j ¾Ë�-DÌ] ,+ )R2(Y$�ËZ»�B ÉZ# Ã.Y. Z] |Ë.�U 8Zz-<Y ,2.ZX» ¾Ë�-/] LY13� ,] )�Y. .

ϥ�ϣί ϞΑ�Ϙϣ έΩ ΖΑϮσέ ϥ΍ΰϴϣ ̶ϨΤϨϣ

y = 0.0014x2 - 0.1255x + 2.9144
R2 = 0.9981

y = 0.0014x2 - 0.1231x + 2.8845
R2 = 0.9988

y = 0.0068x2 - 0.2689x + 2.8135
R2 = 0.9996
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C°�5-1-1A$ ,S]Y$ L|� ^D? LZ»� = Z# ,<15< )] 

C°�5-1LZ/»� = ,/<15< Ê-]1/A$ ÉY1/-v» ¾Ì] ,S]Y$ LY14 Ê» ,+ Ê2|» ¾Ë�-/] ,<15< ,� �# ÉY�] ,+ |#|Ì» LZD< 
LB $. ,+ )�Y =. ,m$. Ê3v3» .�+ Ê3Ì] �Ì_ LB Z] Y$ |3ËY�TR2

8B Z/] $Z/5Ì4 �Ì/_ = |#Z� ,Ê]YEÌ4 ,<15< ,� ÉY�] WÌ4�-] 50
�]Y�] ,m$.96/99%,81/99%=88/99%)�Y Ã|»B )�|] .C°� ª]ZS» ,+ |#. Ê» LZD< ZËZ-< ¾Ì3n5#1�Ì/_ ÉZ/# ,<15< 

8YEÌ4 Z] Ã|� $Z5Ì4 )7Ì�Z-_ hZ3]�+ = hZ‰2=Y CÌ4Y ¾c=$ V1¸v»(8B ,50ÉZ//<Z»� Ê/A WÌ4�-] $Z5Ì4 L=|] = ,m$. 21,41=39
|<Y Ã|Ì�$ Ê2.ZX4 )]1A$ ÉY1-v» ,] )�Z� .6Ì-< ¾ËY Z/] ^/�$� L|/� ^D/? �] 8YEÌ4 Z] Z# ,<15< $Z5Ì4 �Ì_ �YY >1�? $. ,

= u<Z/U$Y m$YE/U NZ/�Y �/] ,/+ É$1/S] .$Y. ):]ZS» $1´<Y L.�+ ^D? >1�? $. �´Ë. LZ::v» O�14 Ã|»B )�|] ZËZ-<
 LY$Z°5#)7(/c=$ = 7Ì/�Z-_ hZ/3]�+ V1¸v» $. Ã|� Ã.�] =�T ,<Y|Ì] $1´<Y L.�+ ^D? ÉY�] &�( LZ»� h|» $. hZ/X2=Y C/Ì4Y ¾
ÉZ/-���m/s 3/0=m/s 2WÌ4�-] 31=17WÌ4�-] L|� ^D? LZ»� ,OËY�� LZ5# $. Ã|D< $Z5Ì4 ÉZ# ,<15< ÉY�] = )�Z� 

70 =42.1] )�Z� .LY$Z°5# = �†1U�Y=)14(Y$ 8B $. 7Ë|� |Ì�+=$|Ì# V1¸v» ¾Ì3n5# = hZ‰2=Y ¾c=$ = 7Ì�Z-_ hZ3]�+ V1¸v»
 YEU = |<.�+ Ã.Z*-�Y )»=Z:» ¾ËY�] Z3] = ,-�Y.�] Y$ Ê»1» ,Ë( ,Ã.�+ k%@ Y$ Ã|ÌH�Q hY$P ,$Z5Ì4 �Ì_ ¾ËY É=. �# ,+ |<.�+ m$

|3#. Ê» �#Z+ Y$ $1´<Y )�1_ $. 8B $ZD-<Y ,])14.(É�_ = Y1Ë$ m$YEU NZ�Y �])10(Z] ÃY�5# ,+ Ê-'= >1�z] 7Ì�Z-_ hZ3]�+
 � .Z6ËY = Ê»1» ,Ë( k%@ Z] |�Z] hZX2=Y ¾c=$ �/´Ë. = L|/� ÉY Ã1//' �Y = |/#. Ê» �#Z+ Y$ L|� ^D? LZ»� ,EË$ ÉZ/TZ°

 |#Z+ Ê» EÌ< |3#. Ê» $Y�' �ÌYZ4 )v4 Y$ )Ì*Ì+ ,+ Ã|33+ ,ËE64 ÉZ/D3+Y= .8B $Z/5Ì4 �Ì_ �Y Ã.Z*-�Y50|/�Z] Z//34 ,/< ,/m$. 
)�Y Ã.�+ EÌ< �4 |3+ Y$ LB ,°¸] Ã|Ë.�´< ^�$� L|� ^D? |3ËY�T ,] L|ÌDz] )��� .Z5# ,<15< $Z5Ì4 �Ì_ |� �+P ,+ $1A L

..�/U Ê» L|� ^D? GË��4 |�Z] Z# ,H@ RS� É=$ Ê»1» ,Ë( É1D-�� = Êm$Z? ,-�1_ $. EË$ ÉZ# g�4 .Z6ËY ªË�A �Y Z#
 8B $. É$= ,A1c $Z5Ì4 �Ì_ (Z5-@Y ,+50ÃP=E/TY Z/] p1/� $. .$Y%/´] Z# ,<15< �] Y$ �YY =. ¾ËY )�Y ,-�<Y1-< .Y�´Ì4Z� ,m$. 

L|� Z# ,<15< ,] )]1A$ É$Y|:» )É$= ,A1c ¾Ì@ $.()�Y Ã|Ë.�U |#Z� ,<15< ,] )H�< L|� ^D? LZ»� L|� Ê<(1A |�Z]
 )41C]Z:» $. )�Z� 39)�Z� .(
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y = 0.0149x2 - 4.232x + 78.581
R2 = 0.9789

y = -0.01x2 - 0.4872x + 33.05
R2 = 0.9294

y = -0.0146x2 - 0.2785x + 29.554
R2 = 0.9274
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6°75-2-3Z&* 6]Z'& �{ 3|7 1:y lÀ/8 ÊÀ@À& 
X» ;1< �Y Z/2|» ¾Ë�-/] EÌ< |3ËY�T LZ»� = L|� ^D? q3#B ¾Ì] ,S]Y$ Ê3Ì] �Ì_ ÉY�] ,m$. ,2.Z2|/<.1] )C°/�5-

2.(8B Z] Ã|� $Z5Ì4 ,<15< = $Z5Ì4 L=|] ,<15< ,Ê]YEÌ4 ,<15< L|� ^D? q3#B |3ËY�T ÉY|-]Y $.50WÌ4�-] ,m$. :76,30=36)
hr-1.gr.m-2 (.1])ÉZ/¸°�5-5,4,3,2.(8B = |#Z� ÉZ# ,<15< L|� ^D? q3#B ,+ .1� Ê» Ã|#ZD» Y%250ZHË�:4 ,m$. 

,] |<Y ^Ë.E< 7#)30=36(�Y Ê/ < ,+ )�Y �´Ë. ,<15< =. �]Y�] =. �Y �Ì] L|� ^D? q3#B ÉY$Y. Ê]YEÌ4 ,<15< ,+ Ê2Z@ $. 
Z# ,H@ É=$ $Z5Ì4 �Ì_ hY�YY )Ê�+Y= ,Ë( k%@ = g�4 .Z6ËY (|�Z  Ê» .8B ,<15< L|� ^D? q3#B50Y|/-]Y $. E/Ì< ,m$. 

2|] ¾ËY = )�Y |#Z� ,<15< �Y �-DÌ] )]1A$ CÌ ÊvS� V1�v» É1D-�� �Y Ê�Z<)�Y .$.12Z] Ê]YEÌ4 ,<15< ,|3ËY�T ,Ì2=Y )�Z� 
ÉZ/-<Y Z4 |<.1] $Y.$1?�] É�-5+ q3#B �Y ,+ �´Ë. ,<15< =. ,)�Z� ¾ËY �Y u_ Ê2= |#. Ê» ,»Y.Y L|� ^D? ,] É�-DÌ] q3#B

 |<1� Ê» ^D? É�-XË�� q3#B Z] |3ËY�T)C°�5-2.(q3#B Ê3v3» |34 WÌ� Ê3ÌD/< W/:� �Y Ê/�Z< Ê]YEÌ4 ,<15< L|� ^D? 
)�Y Z# ,H@ Ê<ZÌ» )5�' ,] ,-�1_ �Y 8B �ÌzH4 ,:S3» .

,<15< ,� �# ÉY�] L|� ^D? |3ËY�T &Z54 = |<Y Ã.Y|< LZD< Y$ )]ZY q3#B Z] L|� ^D? ,¸@�» Z# ,<15< �Y &Y|+ •Ì#
 )�Y Ã.Y. v$ Ê2=E< ,¸@�» $. )ÉZ/¸°�5-3,4=5.(Ì» LZD< ¾ËY )/+�@ ,/+ )/�Y Ê/°ËEÌT &EÌ<Z/°» ¾Ë�-5/» $ZD-<Y ,+ |#|

 |3+ Ê» )Ë�Ë|» Y$ Z# ,<15< C?Y. $. )]1A$)5.(C/ÌH' �Y ÊËZ/# Ã1/Ì» L|/� ^D/? $. �´Ë. LZ::v» O�14 Ê6ËZ-< ¾Ì3Q ^Ë

 )/�Y Ã|/»B )/�|] E/Ì< EË�H2Z/» = $1/´<Y ,1/2B.$� )Raouzeos & Saravacos, 1986; Vagenas & Marinos 
Kouris, 1991: Doymaz & Pala, 2003 .( )/+�@ |/»Zm ��Y�� $. $ZD-<Y ªË�A �Y )]1A$ Cz¸z-» �Ìc hY|»Zm $.

|3Ë1U $ZD-<Y ,¸Ì�1] L|� ^D? Y$ Cz¸z-» �Ìc .Y1» L|� ^D? = |3+ Ê» .,+ )�Y Ã|<1� ^D? �Ë. .Y1» hZ�zD» �Y $ZD-<Y
 |3+ Ê» V�-3+ Z/<B $. Y$ L|� ^D? Ê¸+ q3#Y .Y1# )��� )2Z@ ¾ËY $..$Y. Ê/5+ �/YY Z/Ë .$Y|/< É�YY ZË L|� ^D? É=$ .�Y

.1� Ê» .ZË� |»Zm ÉZ». �ËYETY Z] EÌ< L|� ^D? q3#B ,|]ZË Ê» �ËYETY Z». �ËYETY Z] $ZD-<Y ,+ Z6<B .
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6°75-3-d]-�� 3YSÌ& 6]Z'& �{ �Z5Ìe 3Á|] Ä0-50 3|7 1:y lÀ/8 ÊÀ@À& 

̶Α΍ΰϴΗ ϪϧϮϤϧ ϥΪη ̮θΧ ̲Ϩϫ΁

y = 26.597Ln(x) + 46.378
R2 = 0.9896
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y = 12.462Ln(x) + 19.911
R2 = 0.9264
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y = 10.955Ln(x) + 18.637
R2 = 0.9322
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 ÉY�/] ,/+ |� m�Y�] Ê3v3» ;Y1<Y �ËZ»�B �Y C"Z@ ÉZ# Ã.Y. �] ,)]1A$ LYEÌ» = �ÌzH4 q3#B ,S]Y$ Ê3Ì] �Ì_ ÉY�]
15< ,� �#¾Ë�-DÌ] �Y Ê5-Ë$Z´2 V|» ,<R2.1] $Y.$1?�] .�Z5Ë=. )Doymaz, 2004 (�/] $Z/5Ì4 �Ì/_ �ÌYZ4 Ê�$�] ÉY�] EÌ<

 uÌ]Z_ = L1�$|3# C»Z� Ê*¸-z» ÉZ/2|» 12Y.$� L|� ^D? É=$ )Henderson and Popis (uË12 ,)Lewis (ZÌ_ )
Page ($Z´2 V|» )ËZ/< $. = .�+ Ã.Z*-�Y Y$ Ê5-Ë$Z´2 =.1] �4 W�Z3» ,5# �Y Ê5-Ë .

6-)�Ì= ÄUÌf0 
-7Ì�Z-_ hZ3]�+ = hZ‰2=Y CÌ4Y ¾c=$ V1¸v» �Y Ã.Z*-�Y �Ì_ ÉY�] ÊXÌ�= RS� $. ,+$Z5Ì4 LZ/»� �#Z/+ ÉY�] $1´<Y 

�/-5+ ,] Y$ L|� ^D? LZ»� ,+ É$1S] )�Y �Y1» $ZÌ�] EÌ< ^�$� L|� ^D? LZ»� �#Z+ $. ..�U Ê» Ã.Z*-�Y L|� ^D?

Z+ d�< �Y|#. Ê» �# .8B Z] $Z5Ì4 ,+ Ê2Z@ $.c°50)�Y|< L|� ^D? LZ»� �] Ê<Y|3Q �ÌYZ4 .
-q/3#B ,/¸@�» $. |/3ËY�T h|/» &Z/54 = |<.Y|< LZD< Y$ )]ZY v�< Z] L|� ^D? ,¸@�» .1? �Y Z# ,<15< �Y &Y|+ •Ì# 
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Effect of Pre- treatments using ethyl oleate, hot &  warm water on drying 
characteristics of  barberry 

Chaji, H. Ghasem zadeh, H. Ranjbar, I 
 

Abstract 
Barberry is an important product of south Khorasan. Annually more than 10000 

tons barberries produced in iran. Now it dried in traditional methods, so the process is 
very long and 30 -35% of total product is wasted. One solution for reduction of process 
duration is using of pre-treatment. Ethyl oleate and potassium carbonate (Tizab) is a 
will known pretreatment for grapes. So in this study we investigated effect of Ethyl 
oleate and potassium carbonate (Tizab), warm and hot water on drying kinetics of 
barberries.  

The results shown, the hot water caused serious damage. The control and pre-
treatment samples with warm water are the same but ethyl oleate and potassium 
carbonate (Tizab) reduced the duration of process to half approximately. The process 
durations for Tizab, warm water & control samples were 21, 41 & 39 hours 
respectively. Any samples didn’t have constant period of drying rate and all of them 
were in falling part of curve. So diffusion is the most physical phenomena for mass 
transfer in all of samples.    
Key words: pre-treatment, drying, barberries                          

 


