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3Y{�´]Zf98 6= )ZV=�4$= 3|7 1:y |À2Y�9 )*Z� ,|& )Y�] )|2|m ,|& ÄjY�Y)554(
Ê<Z? É|X�1

,Ê†YE? .Y1m 2

Ã|Ì°" 
/U�H¸U g�Z< ,Ë( L|� ^D? |3ËB�T ,] {1]�» ÉZ#�-»Y$Z_ ¾ÌÌX4 = É�Z� V|» ,,X2ZS» ¾ËY $. .$1» LY.�´]Z-TB CU ÉZ

)T�U $Y�' Ê�$�] .�ZT = GË�� L|� ^D? v�< Z] ,Ì2=Y �ZT ^Ë C»Z� .Y1» L|� ^D? |3ËY�T ,+ |<Y Ã.Y. LZD< Ê¸H' hZÌ]�64
|�Z] Ê» L|� ^D? �-5+ v�< Z] &=. .L|� ^D? v�< �Y Ê]ZË�$Y •Ì# ,+ )�Y LB .1m1» Ê]�64 ÉZ# V|» ,5# Ã|5� C°D»

Y$Y &=. �ZT $. Ã.Z»|3#. Ê5< ,† .É|Ë|m V|» ªÌ:v4 ¾ËY $.)Ê†YE? V|» (|3ËY�T CÌ¸v4 ,] $.Z' Ê]1? ,] ,+ )�Y Ã|� ,†Y$Y
|�Z] Ê» EÌ< &=. �ZT $. .Y1» L|� ^D? .^D? ^Ë O�14 hZDËZ»�B ,ªÌ:v4 ¾ËY $. $. …Y. ÉY1# LZË�m ;1< �Y Ê#Z´DËZ»�B ¾+

 ÉZ». ,�30,40=50)��� =. $. = .Y�´Ì-<Z� ,m$. 4/0=8/0|<|� &Z6<Y ,Ì<ZY �] �-» .^D? |3ËB�T $. ,+ |<.Y. LZD< ZËZ-<
 CU ÉZ/U�H¸U L|� ^D? v�< V�-3+ $. $1-+ZT ¾Ë�-5/» = |D< Ã|#ZD» L|� ^D? )]ZY v�< LY.�´]Z-TB CU ÉZ/U�H¸U L|�

.1] Y1# ÉZ». ,LY.�´]Z-TB .Ê3v3» m�B�] ÉY�] ÊjZË$ V|» Z3_ �Y ªÌ:v4 ¾ËY $. L|� ^D? ÉZ#|� Ã.Z*-�Y .V|»= ZÌ_ V|»
|<.1] V1�v» L|� ^D? $Z-T$ LZÌ] ÉY�] Z/2|» ¾Ë�-/] &�4 =. Z] ÊËZ5< .É�Z� V|» ÉY�] ÊTZ+ )'. ÉY$Y. EÌ< Ê†YE? V|»

.1] V1�v» L|� ^D? |3ËY�T .)��� = Z#Z». Ã.=|v» $. Ê-]1A$ �Y1» �z_ WË�j �Y ,X2ZS» ¾ËY $. Ã|� Ã.Z*-�Y ÉZ#13 -10 

×362/1Z4

13-10 ×205/9.1] �Ìr-» ,Ì<ZY �] G]�» �-» .

Ã#YÁ|Ì$¯:ÊjZË$ É�Z�2|» ,LY.�´]Z-TB CU ÉZ/U�H¸U ,Ê-]1A$ �Y1» �z_ WË�j ,g�Z< ,Ë( L|� ^D? 

1-É16D<Y. Ê�Z3�$Z+ |�$Y ^Ì<Z°» ¾Ì�Z» ÉZ# $=ZD+�É,ÃZ´D<Y. LY�/4 ,uË.�_ LZvË$1]Y^Ì<=�-°2Y )�_ ,:skhani@ut.ac.ir 
2-Y$ZË.Z-� Ã=�U ^Ì<Z°» ¾Ì�Z» ÉZ# $=ZD+�É,ÃZ´D<Y. LY�/4 ,uË.�_ LZvË$1]Y 
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1-Ä&|'&  
�Y Ê°Ë L|� ^D? 7/» ÉZ#|3ËY�T|�Z] Ê» Ê#ZÌU = ÊËY%c .Y1» )�Y.�] �Y u_ .L.�+ ^D? �Y k|# Ã$=. �ËYETY LZ°»Y .Y1» 

<Z/<B É$Y|/´ �#Z+ ,Z/<B É|3] ,-�] ÉY�] &�( ÉZiT = .Y1» 76@ �#Z+ =ÉZ# ,3ËE#|�Z] Ê» C:< = C5@.&Z< Z] LY.�´]Z-TB
 Ê5¸�Helianthus annuus L.h(1�v» �Y Ê°Ë = ,,<Y. ,,DË$ ,Z# e�] C»Z� LB d¸-z» YEmY ,+ )�Y m�$Y Z] Ê-X3"

3-» ÊËY%c = ÊË=$Y. k$Z�» &Y|+ �# LB ,'Z�|<$Y. Ê�1 .,�Y�-�B Ã.Y1<Z? �Y ÃZÌU ¾ËY1
|�Z] Ê» Z°Ë�»B LB Ê¸"Y ÃZ´-�Y1? =]8[.

.$Y. ÊË=$Y. k��» ,+ LY.�´]Z-TB 7/» ÉZ# �z] �Y Ê°ËCË1A ÉZ# e�H¸U G'Y= AY $.ZË }Z4 kY�LY.�´]Z-TB CU2
,+ |�Z] Ê» 

Ê»q<$ ,] |3<Y14.$� ÉZ#,Ê2Zr4�_ ,q<$ �ËZ� ZË ÊËZ»�? |3�Z] Z#.?.1? ,] ZÌ<. $. Y$ ÊU$E] É$Z64 $Y�Z] Z# e�H¸U ¾ËY Ã|� ^D

.1� Ê» k��» ÉZQ h$1" ,] = )�Y Ã.Y. >Z�-?Y .,NZ�Y ¾Ì5# �]Ê@Y�A ÉY�] = V1�v» ¾ËY ¾+ ^D? 7-Ì� W�Z3»

 )�Y É$=�j ,LB ªÌ'. V�-3+ LZ°»Y ¾Ì3n5# ,+>Y1? L|� ^D? ,X2ZS» Y1# d¸-z» ÉZ# )��� = Z#Z». $. V1�v» ¾ËY
U..� .Y,-�%U $. ,Q�UhZX2ZS»É.ZË� L.�+ ^D? ,3Ì»� $. = ÊËY%c h(1�v»É�$=ZD+)�Y Ã|� m$YEU ,Z»Y Ê:Ì:v4 •Ì#

,3Ì»� $.CU ÉZ/U�H¸U g�Z< ,Ë( L.�+ ^D? |D< )TZË LY.�´]Z-TB .
�Y |<.1] h$ZH� ªÌ:v4 ¾ËY &Z6<Y �Y k|# :1(D? >Y1? �] Y1# )��� = Z». �ÌYZ4 Ê�$�] = ,X2ZS»U�H¸U L|� ^ÉZ/CU

LY.�´]Z-TB ,2(V1�v» ¾ËY L|� ^D? ÉZ#�-»Y$Z_ ¾ÌÌX43(ÉZ# V|» ÊiX] Z] V1�v» ¾ËY L|� ^D? |3ËB�T É�Z� V|»
 ªÌ:v4 ¾ËY $. Ã|� ,†Y$Y |Ë|m V|» Z] EÌ< = G]Z3» $. Ã|� ,†Y$Y Ê]�64)Ê†YE? V|» (=4(= Z/2|» ¾ËY m�Y�] )Ì¸]Z' LZ°»Y Ê�$�]

�-H�Z3» 8Zz-<Y ÊjZË$ V|» ¾Ë 

1-1-)�-xe IZhuk& 
,ÊËY%c .Y1» L|� ^D? |3ËY�T ÊA $. ,+ |<Y Ã.Y. LZD< Ê¸H' ÉZ# Ê�$�] )]1A$ VZ:-<Y Ê» h$1" �z_ |3ËB�T ªË�A �Y Z4|5�

 ,.�ÌU ,+ Ê]1? ,]^ÌT &=. L1<Z' O�143
ZÌ]LÊ».1� ]-[.�U �l< $. Z] �H¸U ,°3ËY ¾-TUÉZ/ CU4 Ê» ZHË�:4 LY.�´]Z-TB ,] |<Y1

Ê-]1A$ ÉY1-v» .1� p�T RS�» C°� $.�#,S:< x�# $. = Ã.Z» C?Y. $.LZ»�t|<Y14 Ê» L|� ^D? �Y u_ h$1" ,]
 �Ë� ,2.ZX».1� LZÌ] .

)˺(( )eff
M MD
t x x

w w w


w w w
p�T Z] )]ZYB�T V1A $. 7�m C°� L|<Z»L|� ^D? |3Ë ,VZ:-<Y GË�� Z»�U =-?Y13°ËÊ�z_ )]1A$ $.C?Y.V1�v» ,

Ê¸Ì�<Y�*Ë. ,2.ZX»1Y$LY14 Ê» Ê-@Y$ ,] C@.�+.ªË�A �Y )]1A$ VZ:-<Y ,°3ËY p�T Z] = RS�» ,�|3# Z] Ê»Z�mY ÉY�]|3ËY�T 
�z_Ê» h$1".�ÌU ¾Ì3n5# =L|� ^D? �YY $. Ã|-» ÊU|Ì+=�Q $Y|:»)�Y EÌQZ<,,2.ZX» C@ Ê¸Ì�<Y�*Ë. 1» h$1" ,]�ËE 

� Ê» LZÌ] .1]10[./»)]1A$ �Y1» �z_ WË�j ,V|» ¾ËY $. &�4 ¾Ë�-5 ÉZ# Ã.Y. ^5+ ,] = V|» ¾ËY �Y Ã.Z*-�Y Z] ,+ )�Y 
.1] |#Y1? ¾ÌÌX4 C]Z' Ê-@Y�] ÊDËZ»�B .

)2(
LB $. ,+:
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M-Me/Mº-Me:)]1A$ )H�<)MR(
Deff :Ê-]1A$ �Y1» �z_ WË�j),Ì<ZY �] G]�» �-»(

L:,'$= )»Zzj d�<)�-»(
N:)Hw» RÌv" .|� 

1. Asteraceae 
2. Ray floret 
3.Fick 
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Ê»15� = ¾Ë�-5/» �Y ÊiX]V|» ¾Ë�4 É�Z�2|» ÉY�] ,+ Ê]�64 ,5Ì< = Ê]�64 ÉZ#B�TÉ�$=ZD+ h(1�v» L|� ^D? |3Ë
 Ã.Z*-�Y|<Y Ã|� ,V=|m $.1)�Y Ã|� Ã.$=B .Z/2|» ¾ËY ,+ |<.Y. LZD< Ê¸H' ÉZ# Ê�$�] ÉY�] Ê21H' C]Z' )'.B�T CÌ¸v43Ë|

É�$=ZD+ h(1�v» �Y É$ZÌ�] L|� ^D? |<Y ,-�Y.]˺[.

,Á|m1.Ã|7 Ã{ZNf�Y Ê]�Ue )ZV·|&)*Z� ,|& )Y�]Ã{Y{ 1:y )Z/
 3{�¯)*�ÁZ:¯ I{-J@&  

,2.ZX» V1»�T V|»

(3) )exp( n
R KtM � Page

(4) ))(exp( D

E
tM R � Weibull

(5) )exp()exp( tKbKtaM oR �� Two-term

(6) CKtAM R � )exp( Logarithmic

(7) tKK
tMM

21
ot 
� Peleg

2-1-Ê2YSy ,|&1

�-5+ v�< Z] &=. �ZT = GË�� L|� ^D? v�< Z] ,Ì2=Y �ZT ^Ë C»Z� .Y1» L|� ^D? |3ËY�T ,+ |<Y Ã.Y. LZD< Ê¸H' hZÌ]�64
|3�Z] Ê» L|� ^D? .$ �ZT (15X» L|� ^D? &=. �ZT.1� Ê» Ã|Ì»Z< ¾DÌ�° Ȩ̈ ..Y1» 8B 8%m |3ËY�T $. $Z-T$ ¾ËY ,]ZD»

)�Y Ã|� Ã|Ë. É�$=ZD+ .,5# Ã|5� C°D»V|»Ê] 64 ,5Ì< = Ê]�64 ÉZ# V=|m $. Ã|� ,†Y$Y 1)�Y LB v�< �Y Ê]ZË�$Y •Ì# ,+
|3#. Ê5< ,†Y$Y &=. �ZT $. Ã.Z» L|� ^D? .WËY�j ):Ì:@ $.K=. Z] ÊËZ5< ,ZÌ_ ÉZ/2|» $.WË�j ,Ê5-Ë$Z´2 = &�4 E$. 

WË�j EÌ< = V1HË= V|»K1|3�Z] Ê» V=Y �ZT $. Ã.Z» L|� ^D? v�< �Y É$ZÌX» Z/34 Z/<B ,+ )�Y LB q¸_ V|» $..WËY�j

K2 EÌ< = q¸_ V|» $.D3�Z] Ê» Ã.Z» 8B 8%m )Ì¸]Z' �Y É$ZÌX» EÌ< V1HË= V|» $.|.É|35D<Y. = Ê†YE? NZ�Y ¾ËY �]
)2007 (É|5v» = Ê†YE? EÌ< =)2008 (LZÌ] �Ë� Ê]�64 V|» Z] LY14 Ê» Y$ .Y1» 8B 8%m = L|� ^D? |3ËY�T ,+ |<.Y. LZD<

.15< )Ê†YE? V|»(]?[o]F[.

)8(/(1 )relt T
t rel relM M M e k t�  � o

M°:,,Ì2=Y )]1A$%
Mrel :Ã|� }$Z? )]1A$ $Y|:» �Y»V1�vL|� ^D? V=Y �ZT $.,%

Trel :¾DÌ�°¸Ë$ LZ»�,:Ì'. ,
Krel :¾DÌ�°¸Ë$ �ZT $. L|� ^D? v�<),:Ì'./1(

¾DÌ�°¸Ë$ LZ»� V|» ¾ËY $.(Trel),,] V1�v» ÊËZ/< )]1A$ L|Ì�$ ÉY�] �ZÌ< .$1» LZ»� Mrel 63/0Ê»|�Z].�´ . h$ZH� ,] 
Trel L|� ^D? )��� Ã|3#. LZD<Ã.Z» .|�Z] Ê» L|� ^D? V=Y �ZT $.¾Ì3n5# krel L|� ^D? v�< Ã.Z» &=. �ZT $.Y$

|#. Ê» LZD<,+�] NZ5» O? WÌ� ¾ÌÌX4 ªË�A �Y )5�'<Y.1� Ê» ,H�Zv» L|� ^D? Ê3v3» ÉZ/-)C°�1.(C°� ª]ZS»
1,�YÉZËYE» V|» ¾ËY ,Ì¸+ ,+ )�Y LB &�4 LY14 Ê» Y�<B ÉZ#�+ ^D? Ê3v3» É=$ �Y Z5Ì:-�» L..$=B )�|] Ã.Z».hY�ZÌ-»Y �Y

1. Khazaei 
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�´Ë.,Ê]�64 ,5Ì< = Ê]�64 ÉZ/2|» �ËZ� ,] )H�< V|» ¾ËY B 81? ÊËZ<Y14 $. LCÌ¸v4 L.�+ ^D? &=. �ZT )¾DÌ�°¸Ë$ �ZT(
Ê»|�Z].Ê»15� ÉZ/2|»,†Y$YV=|m $. Ã|� 1Z/34 L.�+ ^D? V=Y �ZT $. .Y1» L|� ^D? $Z-T$ |<$.Z'|3ËZ5< CÌ¸v4 Y$.$.

Ê2Z@|3��] V.ZX4 )2Z@ ,] �Ë. Ê¸Ì? )�Y ¾°5» = )�Y Ê<(1A Z/<B L|� ^D? LZ»� ,+ É.Y1» ÉY�] ,+ ,^D? $Z-T$ ¾ÌÌX4
 L|� Z/<B¾DÌ�°¸Ë$ �ZT $.|3+ Ê» 7#Y�T Y$ LZ°»Y ¾ËY Ê]1? ,] Ê†YE? V|» ,+ )�Y 7/» EÌ< .

6°71.y ÊÀ@À& *Y Ã{ZNf�Y Z] ÊjYSy ,|& �{ {-m-& )Z/�f&Y�ZW EÌÌFe{Y-& 3|7 1:.

2-Z/ �Á� Á {Y-& 

1-2-A2Z&*8 OZU0Y �Á� 
U�H¸U LY.�´]Z-TB CU ÉZ/ ,�$E» �Y ,ªÌ:v4 ¾ËY $. Ã.Z*-�Y .$1»Y�/4 ÃZ´D<Y. LZvË$1]Y uË.�_ ÊË=$Y. LZ#ZÌUL|<|� É$=B G5m .

ÉZ». $. L=B m=$ ªË�A �Y Z/U�H¸U ,Ì2=Y )]1A$103 h|» ,] .Y�´Ì-<Z� ,m$. 24¾ÌÌX4 )�Z� |�.$.ÉY�] hZDËZ»�B ¾ËY
V1H' C]Z' ¾Ì´<ZÌ» ^Ë ,] L|Ì�$ �ËZ»�B �# ,3|� $Y�°4 ,H4�» .,<15< ,Ì2=Y )]1A$ V.ZX» Z#81|Ë.�U ¾ÌÌX4 |"$. .

2-2-A2Z&*8 ÃZ´f�{ 
¾+ ^D? ,ªÌ:v4 ¾ËY $. Ã.Z*-�Y .$1»,7Ìl34 C]Z' E+�» �Y EË�U ¾T ^Ë C»Z� <Z+ZVVZ:-<Y,&�U ÉY1# D? ,l*v»,¾+ ^

Ê3Ì�,<15< É=Z@ Z#Z». V�-3+ = É�ÌU Ã�Y|<Y ÉZ# 7-�Ì� =Ê»|�Z])C°�2.($=. �ÌÌr4 Z] É.=$= ÉY1# )��� ,ÃZ´-�. ¾ËY $.
|� Ê» &Z6<Y Ê-�. h$1�] = ¾T .�Ì�.1] Ê'�] �-Ì# ^Ë C»Z� ÃZ´-�. ¾ËY Ê#.Z»�U 7- ,+ $.)�Y Ã|� ,ÌHX4 VZ<Z+ C?Y..Z».

ªË�A �Y^Ë7-�Ì� V�-3» NZ�Y �] ,+ 2�-3+=�°Ì» )'. Z] .�+ Ê» $Z+ Z/5/0.Y�´Ì-<Z� ,m$. � Ê  V�-3+ ,|.�Y Y1# )���

 ^Ë ªË�A)���Ê2Z-Ì6Ë. Z3� Y Ã.=|v» Z] É�ÌU Ã�Y|<0Z415|� É�ÌU Ã�Y|<Y ,,Ì<ZY �] �-» .¾ËY $. Ã.Z*-�Y .$1» ¾Ë�14 7-�Ì�
 C»Z� hZDËZ»�BÉ=�Y�4 ^Ë )'. Z] VZ-Ì6Ë.01/0.1] Ã|� É�Z�Zm ÃZ´-�. $Z3+ $. L.�+ ^D? ,l*v» L=�Ì] $. ,+ .1] &�U .

.$1» ªÌ:v4 ¾ËY $. ,-H2Y ,+ .1] É.=$= ÉY1# )]1A$ $Y|:» V�-3+ 7-�Ì� = �Z� )]1A$ 7-�Ì� ^Ë C»Z� ¾Ì3n5# ÃZ´-�. ¾ËY
)T�´< $Y�' Ã.Z*-�Y .
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6°72Ê/Z´:2Z&*8 E¯ 1:y 1ÌeZ57 6°7 .

3-2-OZU0Y �Á� :2Z&*8IZ

.=|@ $. �ËZ»�B �# $.10Z-TB CU e�H¸U &�U|� Ã.Z*-�Y LY.�´].,<15< Z#,l*v» É(Z] �] ,+ É|H� C?Y. $. )?Y13°Ë $1S] 
|<|� Ê» �z_ .1] ,-T�U $Y�' ¾+ ^D? .ÉZ#Z». $. L.�+ ^D? hZDËZ»�B30,40=50)��� =. $. = .Y�´Ì-<Z� ,m$. ÉY1# 

4/0=8/0|<|� &Z6<Y ,Ì<ZY �] �-» .,Z# ,<15< )]1A$ )TY LYEÌ» ¾ÌÌX4 ÉY�]Z/<B L�= hY�ÌÌr4C"Y1T $. Ê<Z»� 2Z45ÉY�] ,:Ì'. 
�# u~� = V=Y )�Z� ^Ë15,:Ì'. $ZH°ËZ] Ê2Z-Ì6Ë. É=�Y�4 ªË�A �Y)'. 01/0&�U|� Ê» )HY .L|Ì�$ Z4 L.�+ ^D?

.=|@ ,] V1�v» ÊËZ/< )]1A$ g H2O/g DM 074/0)TZË ,»Y.Y.�Y$YETY &�<sigma plotY�  ¾ÌÌX4 = ZËZ-< CÌ¸v4 É
Y ÊjZË$ ÉZ/2|» WËY�j|� Ã.Z*-�.

4-2-Ã{Y{ ÊmZ2� )*Z� ,|& Z/

Ã.Y.A$ ÉZ# V1�v» )]1)^D? ÉZ3H» �] (,S]Y$ ªHA(M-Me)/(M°-Me) |X] Ê] C»Z� h$1" ,] CË|H4 Ê-]1A$ )H�<

|<|� .,] ªÌ:v4 ¾ËY $. ,-H2Y¸�L.�+ ^D? |3ËY�T V1A $. Y1# ÊH�< )]1A$ ,-�1Ì_ LZ�1< )�Y Z# Ã.Y. L.�+ EË(Z»�< ÉY�] ,
m=$M/M°|� Ã.Z*-�Y .|<Y Ã.�+ m$YEU Y$ m=$ ¾ËY �Y Ã.Z*-�Y EÌ< ¾Ì::v» �ËZ�]˼[.L|� ^D? v�< hZDËZ»�B ¾ËY $.
U�H¸U LY.�´]Z-TB CU ÉZ/ �Ë� ,S]Y$ ªHA ,H�Zv»|Ë.�U :

)˺7(t dt tM M
dt

 �=½|� ®�y w�¿ 

ÉZ# Ã.Y. ÊjZË$ É�Z�2|» ÉY�] ^D? V=|m $. Ã|� ,†Y$Y ÉZ# V|» ,LY.�´]Z-TB CU L|�1ÉZ# Ã.Y. ,] Ê†YE? V|» EÌ< =
= |<|� Ã.Y. m�Y�] ÊDËZ»�BV|» ¾Ë�-/]ÊjZË$ |Ë.�U 8Zz-<Y )�Y. Y$ m�Y�] ÉZS? ¾Ë�-5+ ,+.)]ZY �Y Z/2|» WËY�j = Z#

 m=$U$$YETY &�< �Y Ã.Z*-�Y Z] ÊS? �Ìc L1Ì��Sigma plot |� ¾ÌÌX4|<.RÌv�4 WË�j R2
ZS? hZX]�» ¾Ì´<ZÌ» ,DË$ =1

ÉY�]8Zz-<Y ¾Ë�-/] V|»|� Ã.Z*-�Y |<.

3-G@] Á H2Zf0 
3-1-3{�¯ 1:y )Z/ ÊÀ@À& 

Ê-]1A$ ÉY1-v» hY�ÌÌr4)^D? ,ËZ_ �] (L|� ^D? LZ»� Z] LY.�´]Z-TB CU ÉZ/U�H¸UZ». $.)��� = Z# ^D? d¸-z» ÉZ#
 C°� $. L|�3)�Y Ã|� Ã.Y. LZD< .V1�v» Ê-]1A$ ÉY1-v» hY�ÌÌr4 �] É$Y. Ê3X» �ÌYZ4 Y1# ÉZ». )�Y|Ì_ ,+ $1S<Z5#

 
1 .ERMS 
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)�Y. ..Y. LZD< É�-5+ �YY Y1# )��� ,°Ì2Z@$. .|<Y Ã.�+ m$YEU ÊË=$Y. LZ#ZÌU �ËZ� ÉY�] Y$ Ê/]ZD» ZËZ-< É.ZË� ¾Ì::v»
]7[.

6°73.�� )Y-f@&1:y 3Z&* *Y ÊF]Ze 3Y-À] Ä] Êf]- d]�� Á )Y-/ )Z&{ MY-/ 

ÉZ# C°� $. L|� ^D? LZ»� = Ê-]1A$ ÉY1-v» Z] L|� ^D? v�< hY�ÌÌr44)�Y Ã|� Ã.Y. LZD< .$. L|� ^D? v�<
Ê-'= L|� ^D? LZ»� ;=��0t oq¸_ V|» ªË�A �Y 1

,2.ZX» ª]ZS»17|»B )�. ,] .

)˺F(
1

0
1)(
Kdt

MMR t
tdtt

o 
�

 


)]ZY ¾-�<Y. Z]k1q¸_ V|» $.),2.ZX»7(�Ë.Z:» ,Y1# d¸-z» OËY�� $.R°ÉY�] ,+ |<|� ,H�Zv» LY.�´]Z-TB CU ÉZ/U�H¸U
 C°� $.4|<Y Ã|� m$YEU .Ã.Y. ªË�A �Y ,L|� ^D? ÉZ/<Z»� �ËZ� $. V1�v» L|� ^D? v�< �Ë.Z:»ËZ»�B ÉZ# ª]ZS» = �

,2.ZX»3|<|� ,H�Zv» .C°� 4Ê-]1A$ ÉY1-v» �#Z+ = LZ»� )�%UZ] ,-�1Ì_ $1S] L|� ^D? v�< �Ë.Z:» ,+ |#. Ê» LZD< ,

|]ZË Ê» �#Z+.)��� ÉY�] Ê/]ZD» ZËZ-<8/0|»B )�|] ,Ì<ZY �] �-» .C°� �Y ,+ $1S<Z5#4L|� ^D? |3ËB�T $. ,)�Y|Ì_ 
Y v�< LY.�´]Z-TB CU ÉZ/U�H¸U|D< Ã|#ZD» L|� ^D? )]Z .e�H¸U $. )]1A$ VZ:-<Y �] 7+Z@ &EÌ<Z°» ,+ )�Y Z3X» ¾Ë|] ¾ËY

|�Z] Ê» )]1A$ $ZD-<Y ,ËZ_ �] LY.�´]Z-TB CU ÉZ# .^D? |3ËY�T É=$ �] Ã|� &Z6<Y ÉZ#$Z+ Z] Ê]1? ª]ZS4 ªÌ:v4 ¾ËY ZËZ-<
 )�Y. h(1�v» �ËZ� ÉZ/U�] = Z/¸U L|�]O[.

1. Peleg 
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6°74.�0 IY�ÌÌBe d]�� �{ Y-/ L$fK& )Z/Z&{ �{ Êf]-�� )Y-f@& Z] 3|7 1:y C4/0ÄÌ0ZP �] �f& 

3-2-Ä4�Z@& )*ZQ·ZF9 )#�0Y Á Êf]-�� �P-& AKW D2�m 
^ÌT &=. L1<Z' �Y Ã.Z*-�Y Z] LY.�´]Z-TB CU ÉZ# e�H¸U �Y1» Ê-]1A$ �z_ WË�j),S]Y$1($Y.15< WÌ� ¾ÌÌX4 Z] =Ln(MR) 

)�. ,] LZ»� �]Y�] $. |»B )C°�6.(,2.ZX» �Y6$Y.15< 7�$ Z] Ln(MR) Z] Ê5Ì:-�» O? L|� ^D? LZ»� �]Y�] $.
WÌ�

2
eff

2 LD /S|ËB Ê» )�. ,] .�Ë.Z:» DeffÉY�]V=|m $. d¸-z» ÉZ#Z». 3)�Y Ã|� ,†Y$Y .Ê3X» �ÌYZ4 Z». ,+ )�Y|Ì_

 �Ë.Z:» �] É$Y.Deff3X» Y1# )��� �ÌYZ4 ,°Ì2Z@ $. )�Y. .1H< $Y. Ê.

,Á|m3.3{�¯ 1:y L$fK& )Z/Z&{ Á Z/ d]�� �{ Ã|&8 d�{ Ä] �P-& Êf]-�� AKW D2�m �2{Z'&)ÄÌ0ZP �] X]�& �f&.(

�P-& AKW D2�m

d]�� �{ Êf]-��8/0�f& 
ÄÌ0ZP �]

�P-& AKW D2�m

 d]�� �{ Êf]-��4/0�f&

ÄÌ0ZP �] 
Z&{ 

13-10×362/1 13-10×434/1 30
13-10×337/2 13-10×693/6 40

13-10×0/9 13-10×205/9 50

N1Ì3#$B ,S]Y$ ªË�A �Y �Y1» Ê-]1A$ �z_ WË�j �] Z». �YY),2.ZX»18(e�H¸U É�Z� VZXT É0�<Y $Y|:» LB �Y Ã.Z*-�Y Z] = LZÌ]
|Ë.�U ,H�Zv» LY.�´]Z-TB CU ÉZ# .�Ë.Z:» $1l3» ¾ËY ÉY�]Ln(Deff)|� 7�$ ª¸S» ÉZ». u°� C]Z:» $.)�C°7.(0�<Y Ê

C°� $. ÊDËZ»�B ÉZ# Ã.Y. �] Ã|� m�Y�] O? WÌ� ,H�Zv» ªË�A �Y É�Z�2ZXT7ÉZ# ,<15< ÉY�] LB �Ë.Z:» ,+ ,|� ,H�Zv» 
)��� $. Ã|� ^D?4/0V.ZX» ,Ì<ZY �] �-» 501¸Ì+ )��� $. Ã|� ^D? ÉZ# ,<15< ÉY�] = V1» �] V=ƒ8/0,Ì<ZY �] �-» 

V.ZX»7/411» � V=01¸Ì+ |Ë.�U ,H�Zv» V.|� É$Z�2ZXT É0�<Y �#Z+ ,] �63» Y1# )��� �ËYETY .�Ë.Z:» ¾Ì3n5#Ea)�|]

 Ã.=|v» $. ,X2ZS» ¾ËY $. Ã|»B15Z460,+ .1] V1» �] V=01¸Ì+ )�Y Ã|� m$YEU ÊËY%c .Y1» ÉY�] W¸cY]L[.

][exp
RT

E
DD

abs

a
oeff � æí( )
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6°76.IY�ÌÌBeLn(MR) ]]Ze 3Y-À] ÄY-/ d]�� Á Y-/ )Z&{ M3|7 1:y 3Z&* *Y ÊF.
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Reciprocal of Absolute Temperature, 1/Tx10-3, (K-1)
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6°77�8 Ä`]Y� /n-ÌÀ�] Z&{ �ÌPZe 6Ì$@e )Y�]�P-& Êf]-�� AKW D2�m 3Y{�´]Zf98 6= )Z/ |�4$= .

3-3-3{�¯ 1:y )Z/ Ã{Y{ )*Z� ,|& 

V=|m $. |� �+P ÊjZË$ V|» Z3_ = ÊËYE? ÉZ/2|» m�B�] ÊS? �Ìc L1Ì��U$ CÌ¸v4 ZËZ-<1Ã.Y. �] V=|m $. ÊDËZ»�B ÉZ#4
)�Y Ã|� ,†Y$Y .|3-�Y. ÊDËZ»�B ÉZ# Ã.Y. �] Ê]1? m�B�] ,q _̧ V|» �Y �Ìc Z/2|» ,5# ,+ )�Y|Ì_)>0.981R2(.Z] Ê2= 

�Ë.Z:» ¾Ë�-DÌ] Ê5-Ë$Z´2 V|» VZv3ËYR2
$Y|:» ¾Ë�-5+ =ERMS)�Y. Z/2|» �ËZ� ,] )H�< Y$ .¾Ë�-/] Ê5-Ë$Z´2 V|» =�3ËY �Y

ÉY�] V|»|� 8Zz-<Y LY.�´]Z-TB CU ÉZ# e�H¸U L|� ^D? |3ËY�T CÌ¸v4 .C°� $.8Ê3Ì] �Ì_ �Ë.Z:» = �ËZ»�B ÉZ# Ã.Y. 
|<Y Ã|� Ã.Y. LZD< Ê5-Ë$Z´2 V|» ,¸Ì�1] Ã|� .Ã|� Ê3Ì] �Ì_ �Ë.Z:» = ÊDËZ»�B ÉZ# Ã.Y. ¾Ì] Ê]1? ª]ZS4 )�Y|Ì_ ,+ $1S<Z5#

)�Y. .1m=.



7˼L

 ,Á|m4.dÌ$]Z\ Á d]ZP D2Y�m d]�� �{ 3Y{�´]Zf98 6= )ZV=�4$= 3|7 1:y )Z/ Ã{Y{ �] ÊmZ2� )ZV·|& �*Y�]4/0�] �f& 
ÄÌ0ZP.

Z».),m$.

.Y�´Ì-<Z�(Ã|� ,H�Zv» WËY�j $Y|:» = V|» R2ERMS EMD 

Khazaei (Mo=4.3061, Mrel= - 3.1002, Trel=384.6, Krel= - 0.0014) ̂̂̂/  ,/ ,/O
Weibull (D =1.0652, E =402.8) ̂̂P/  ,/ Q/RO

30 

Peleg (K1=108.4589, K2=0.1258) ̂̂S/  O/ ˻/P
Khazaei (Mo=4.2526, Mrel= - 3.450, Trel=312.5, Krel= - 0.0015) ̂̂O/  ˻/ P/R,
Weibull (D =1.003, E =289.9) ̂SS/  ̊/ S/˻P

40 

Peleg (K1=77.9958, K2=0.1291) ̂̂Q/  ̂/ P/O
Khazaei (Mo=4.307, Mrel=-3.901, Trel=133.3, Krel= - 0.0013) ̂̂Q/  Q/ ,/˻
Weibull (D =1.0598, E =131.6) ̂̂P/  ,/ P/,S

50 

Peleg (K1=30.8934, K2=0.1592) ̂̂ /  ̂/ ˻ /̂

V=|m �Y ,+ $1S<Z5#4LY.�´]Z-TB CU ÉZ/U�H¸U L|� ^D? ÉZ# Ã.Y. �] q¸_ V|» ,] )H�< É�-/] m�Y�] ÊËYE? V|» ,)�Y|Ì_ 
)�Y. .C°� $. L.�+ ^D? d¸-z» ÉZ#Z». = Z# )��� $. V|» ¾ËY .�°¸5�9)�Y Ã|� Ã.Y. LZD< .ÉZ# Ã.Y. ,+ )�Y|Ì_

Z»�B 7Ì:-�» O? kY�AY $. ÊDË1:1 �´<ZD< ,+ |<Y Ã|� E+�5-» ÉZ# e�H¸U L|� ^D? $Z-T$ LZÌ] $. ÊËYE? V|» 81? ÊËZ<Y14
|�Z] Ê» LY.�´]Z-TB CU.V=|m �Y Z35j 4�Ë.Z:» �] ÊD#Z+ �YY Y1# ÉZ». ,+ )�Y|Ì_ Krel)�Y. .�Ë.Z:» ,+ )�Y RjY= ¾Ì3n5#
 ,Ì2=Y Ê-]1A$ ÉY1-v»(Mo)14 Ã|� ¾ÌÌX4 )�Y �ËZ»�B ªË�A �Y Ã|»B )�. ,] �Ë.Z:» ,] ^Ë.E< ÊËYE? V|» O�.

C°�8.)��� ÉY�] Ê5-Ë$Z´2 V|» O�14 Ã|� ¾ÌÌX4 = ÊDËZ»�B L|� ^D? ÉZ# Ê3v3» ,�ËZ:»4/0,Ì<ZY �] �-» .
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y = 0.9993x - 0.0069
R2 = 0.998
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C°�9.ÉZ# Ã.Y. ,�ËZ:» ÊDËZ»�BZ] Ã|� Ê3Ì] �Ì_ ÉZ# Ã.Y. =ÊËYE? V|» 

4-)�Ì= ÄUÌf0 
,] ZËZ-<Ê3v3» ,+ .Y. LZD< ,X2ZS» ¾ËY $. Ã|»B )�. $Y�' Y1# ÉZ». �ÌYZ4 )v4 �-DÌ] LY.�´]Z-TB CU ÉZ/U�H¸U L|� ^D? ÉZ#
|<$Y. .,Y1# ÉZ». �ËYETY |Ë.�U V1�v» L|� ^D? LZ»� $Y. Ê3X» �#Z+ WH� .�Y1» Ê-]1A$ �z_ WË�j CU ÉZ/U�H¸U

 LY.�´]Z-TB)TZË �ËYETY Y1# ÉZ». �ËYETY Z] .$Y|:» É�Z�2ZXT É0�<Y )��� $. Ã|� ^D? ÉZ# ,<15< ÉY�]4/0,Ì<ZY �] �-» 
V.ZX»501¸Ì+ )��� $. Ã|� ^D? ÉZ# ,<15< ÉY�] = V1» �] V=ƒ8/0V.ZX» ,Ì<ZY �] �-» 7/41,H�Zv» V1» �] V=01¸Ì+ 
|Ë.�U .CU ÉZ# e�H¸U L|� ^D? ÉZ# Ã.Y. �] É�-/] m�Y�] Ê5-Ë$Z´2 V|» ,+ |<.Y. LZD< ZËZ-<)�Y. LY.�´]Z-TB .ZËZ-< Z35j

 ,+ |<.Y. LZD<)�Y. LY.�´]Z-TB CU ÉZ/U�H¸U L|� ^D? ÉZ# Ã.Y. �] q¸_ V|» ,] )H�< É�-/] m�Y�] ÊËYE? V|».
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