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Ã|Ì°" 
,/] LZU|/33+ $Y1zD/< = &Y. �-�/] ,/Ì/4 ÉY�/] ,/+ ÊD/¸+ = ÃZ/+ = Ê/¸#Y LZ/ËZ_$Z/Q |/»Zm = GËZ/» h(1iT �Y Ê»Y. .1+ 

)/�Y Ã|/� CÌ°D/4 ,,/-T$ $Z+.gZ/? ÊËZÌ5Ì/� = Ê/°ËEÌT >Y1/? .1/H/] ÉY�/] ÊTZ/+ |/Ì*» = É%/r» .Y1/» ÉY$Y. =$ ¾/ËY �Y
Y)�..�/ÌU Ê/» $Y�/' Ã.Z*-/�Y .$1/» ,/+ )/�Y Ê»Y. ÉZ#.1+ �Y Ê°Ë =ZU .1+ .&�/m L.1/] ¾ÌËZ/_ )/¸� ,/] Ê/XÌHA )/2Z@ $.

)/�Y �/] ,/3ËE# = C°D/» =ZU .1+ C:< = C5@ >1�z» .L.�/+ )/¸_ = L.�/+ Ã.�D/T C°D/» ¾/ËY G/T$ ÉZ/# ÃY$ �Y Ê/°Ë
 Ê/» LB |/�Z] .)/¸_ Ê/°ËEÌT >Y1//? = =Z/U .1//+ L.�/+ )//¸_ ª/Ì:v4 ¾//ËY $.$Y�//' Ê/�$�] .$1//» .1/+ ¾//ËY �Y C/"Z@ ÉZ//#
)T�U .�Y Ê-]1/A$ ÉY1/-v» �ËYE/TY Z/] ,+ .Y. LZD< ZËZ-<6%,/]20%�Y Ã.1/4 >1�/z» &�/m660,/] 630�/] &�/U 1/¸Ì+ 

�Y Ã$P >1�/z» &�/m = �#Z+ WX°» �-»1095,/] 1583|/]  Ê/» �ËYE/TY W/X°»�-» �/] &�/U 1/¸Ì+ .)/¸_ &Y=. ¾Ì/3n5#
]1A$ Ã.=|v» ¾ËY $. Z# �Y Ê-34%Z453%)�Y �Ìr-».

Ã#YÁ|Ì$¯:Ã.14 >1�z» &�m ,Ã$P >1�z» &�m ,)]1A$ ÉY1-v» ,=ZU .1+ ,)¸_ 

1-¾Ì�  ^Ì<Z°» |�$Y Ê�Z3�$Z+ É16D<Y.É�$=ZD+ ÉZ#,LZvË$1]Y uË.�_ ,LY�/4 ÃZ´D<Y. ^Ì<=�-°2Y )�_ ,:com.yahoo@rezaeifar_j
2-ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U $ZË.Z-�YÉ�$=ZD+,LZvË$1]Y uË.�_ ÃZ´D<Y. ,LY�/4 
3-ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U $ZË.Z-�Y É�$=ZD+,LZvË$1]Y uË.�_ ,LY�/4 ÃZ´D<Y. 
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CÌ°D/4 ,,/-T$ $Z/°] LZU|/33+ $Y1zD< = &Y. �-�] ,Ì/4 ÉY�] ,+ ÊD¸+ = ÃZ+ = Ê¸#Y LZËZ_$Z/Q |»Zm = GËZ» h(1iT �Y Ê»Y. .1+

 )�Y Ã|� .ŠZv2 �Y= �*�T &Z54 ,h�Y d�< ZHË�:4 = )�Y GËZ» .1+ �]Y�] ,� |»Zm Ê»Y. .1+ |Ì214 ,Ê<�=40%.1+ $. .1m1» NZ-_

 Ê» E+�5-» LB |»Zm )5�' $. Ê»Y. É.ZË� m�$Y É.Z�-'Y ŠZv2 �Y ,+ )�Y 8%m C]Z' h�Y É.ZË� $Y|:» ÉY$Y. GËZ» )5�' ,|�Z]
.$Y. .k��» .$1» ,T1¸� �Y Ê»Y. .1+ |»Zm )5�' Ê» LY1Ì@ h$1/" ,/] Ê2= ,-T�U $Y�' m$Y1U ÃZ´-�. Ã�Ì� �ÌYZ4 )v4 ,+ |�Z]

 ,|/3ËB$. Ê<|/X» hZHÌ+�4 h$1" ,] LB Ê2B .Y1» Z4 Ã|� Ã|Ì�1_ Y|-]Y |ËZ] ÃZÌU Ã.Z*-�Y )/m )�Y Ã|»ZÌ< $. LY1Ì@ ÉY�] 8%m C]Z'
 2ZXT ,6Ì-< $. ,+ )�Y Ã|� CÌ°D4 É.Y1» �Y Ê»Y. .1+ GËZ» )5�' ,+ Ê4$1" $.= h�Y Ã|/5� )5�/' = Ã|/� |/Ì214 Ê21¸� )Ì

 |�Z] Ê» 8%m C]Z' )��� ,] LB $. .1m1» 7Ì�Z-_]2.[
É�$=ZD+ ÉZ/+Z? ,Ë%r4 ÉY�] m�$Y Z] Ê<|X» .Y1» ÉY$Y. = .�ÌU Ê» $Y�' Ã.Z*-�Y .$1» ,+ )�Y Ê»Y. ÉZ#.1+ �Y Ê°Ë =ZU .1+

)�Y ..=|@6Ê» |Ì214 LY�ËY $. ,<(Z� =ZU .1+ ¾4 L1Ì¸Ì» 1�,-/�ZH<Y 7/# É=$ �/] �Z/] ÉZiT $. Z/Ë$Y|»Y. Cv» $. (15X» ,+ .
Ê»Ê» Z/Ë$Y|»Y. OÌv» ÊU.12B = LB É%r» .Y1» �#Z+ |�Z] ,+ .1� ..�U]1.[

)�Y ZÌ<. $. Ê»Y. ÉZ# .1+ �Y Ã.Z*-�Y Ã|33+ .=|v» C»Y1� �Y .1+ ,¸°D-» .Y1» L.1H< LZ�°Ë ÃY�5# ,] .ZË� 76@ = )]1A$ .$.

] ÊXÌHA )2Z@ C5@ ,>1�z» &�m L.1] ¾ÌËZ_ )¸� ,=)21//� WH/� ,+ ÊËZ/#Y$ ,¸5m �Y ,)�Y ,3ËE#�_ = C°D» =ZU .1+ C:<
C5@=,3ËE# �#Z+ = C:< Ê» Z# 7+Y�-» ªË�A �Y .1+ ¾ËY 76@ �#Z+ ,.1� )¸_ = É�Z� )�Y L.�+ .É�$=ZD/+ ÉZ//+Z? ,n<Z3Q

 7+Y�-» |3ËB�T ¾5j $. ,|3�Z] É%r» .Y1» �:T $ZQ.É�Z�Ê»7/# Z] = Ã.�+ WÌ+�4 Ê»Y. .1+ Z] Y$ ÃZÌU �ZÌ< .$1» ÊËZÌ5Ì� .Y1» LY14
Ê» �#Z+ Ê#. .1+ ,3ËE# 7# = Ã|� G*4�» ÃZÌU É.1+ �ZÌ< 7# ªË�A ¾ËY ,] ,.15< Ã.�DT |]ZË]5=15.[

Ê» )X3" $. .Y1» L.�+ Ã.�DT )/m ZËY$ = V=Y|-» ÉZ/�=$ �Y Ê°Ë L.�+ )¸_|�Z .] Ê#. C°� ¾ËY Z�Z�Y �#Z/+ $1l3» ,
Ã�Ì?P = C:< = C5@ )21/� )/m .Y1» 76@)@Y$ É�Z�,¸T .Y1» ,] )H�< LB �4Ê» h$1" ,Ì2=Y ÉY .�Ë%_]8=9.[

,¸Q1] = �¸U1+$1
VZ� $. 1969 ,3Ì/] = Ê@Y�A )/m �ZÌ< .$1» ÉZ#�-»Y$Z_ 7-�Ì� É�Z�7+Y�-» ÉZ#  1S/� W�/@ �/] É�Z/�

 |3ËB�T ÉZ#�Ìr-»)»� ,W2Z' Ê�|3# .ZX]Y W2Z' $ZDT = Z». ,)@Y�-�Y LZ (.Y1» ÉZ#�Ìr-» =)C°/� = EËZ/� ,)/]1A$ G/Ë�14 = $Y|/:»
 Ê°Ì<Z°» = ÊËZÌ5Ì�1Ì] ÉZ# ,�zD» = hY$P GË�14 Ã1v< ,hY$P (,/] Ê]ZÌ-�. ,+ |<|Ì�$ ,6Ì-< ¾ËY ,] = |<.Y. $Y�' Ê�$�] .$1» Y$

@ $. |ËZ] ÊT��» ,3ËE# = |Ì214 Ã.�Z] ,É0�<Y k��» ,7+Y�4 ¾Ë�-/].�Ì´] $Y�' .1? ,3Ì/] )2Z]16.[
¾3Ì+1_ = CÌ#2

VZ� $.1988 Ã|33+ )¸_ É=$ �] Ê:Ì:v4 �Y ¾Ì/�Z» = |/3ËB�T ÉZ#�Ìr-» = |<.Y. &Z6<Y &Y. gY$1? É$Z64 ÉZ#
 |<.Y. $Y�' ,X2ZS» .$1» Y$ Ã|3H�Q C»Y1� = hY$P Ã.14 Ê2Z´Q ,,T1¸� )Ì*Ì+ ,hY$P )]1A$ ,Z». ,W2Z' .ZX]Y CÌH' .¾ËY ZËZ-< ,/X2ZS»

)¸_ )Ì*Ì+ .1H/] |�Z] |Ë.�U Z#]12.[
)¸_ hY�/ÌÌr4 = )/]1A$ G/T. = 8%/m ÉZ#|3ËB�T = d¸-z» ÉZ#=�Ì< �ÌYZ4 )v4 É$Y|/´< = ÊËZ6]Zm = |Ì214 C@Y�» ÊA $. Z#

 Ê» ÊËZ».|3�Z] .Y ÉY�] $1D+ ;$YE» RS� ,] |Ì214 LZ°» �Y Ã|� ^D? = Ã|� |Ì214 .Y1» ÊËZ6]Zm = VZ:-<Y $1l3» ,] W/¸cY Ã.Z*-�
 = Ã|/� Ã|/Ë. hZ/XT. ,/] Z# )¸_ .$1» $. €Z*4Y ¾ËY ,°Ë$1S] ,..�U Ê» gZ? = Ã.�? ,] CË|H4 = |-TY Ê» €Z*4Y Z# )¸_ Ê´-�°�

 Y.=|@ Ã|� gZ? hY$P20Z430%É(Z] Ê#Z´/U =50%)�Y Ã|� m$YEU EÌ< .)¸_ hZXËZj É(Z] LYEÌ» ,] Ê#Z´< Z] ¾ËY�]Z3] ,Z#
 )¸_ )Ì*Ì+ .1H/]#É$=�j W�Z3» Ã|3H�Q .Y1» �Y Ã.Z*-�Y = ¾Ì�Z» = ÊSÌv» ÉZ#�-»Y$Z_ CÌH' �Y ,3Ì/] = W�Z3» OËY�� .Z6ËY Z] Z

Ê»|�Z] .)¸_ 7/» Ê°ËEÌT �-»Y$Z_ ^Ë &Y=. )¸_ ÊËZ<Y14 = C5v4 �´<ZÌ] ,+ |�Z] Ê» Z# $. ,/+ É|Ì214 ÉZ#$Z] = Z#=�Ì< C]Z:» $. Z#
 Ê» ÊËZ6]Zm = C:< = C5@ C@Y�» ÊAZ]|�.)¸_ Z"1�z» Ê/» �/4$=. {Z/:< ,] VZ:-<Y ÉY�] ,+ ÊËZ# É�-D/Ì] &Y=. �Y |/ËZ] |3/�Z]

 |3�Z] $Y.$1?�] .)¸_ &Z°v-�Y É(Z] |@ ,] Ê]ZÌ-�. Ê/A $. .Y1/» hY$P L|� ^Ë.E< |�Z] ,+ .$Y. Ê´-�] Ê°ËEÌT ÉZ#=�Ì< ,] Z#
Ê» )?Z� C@Y�».1�]20.[

LY$Z°5# = L1�»Z� Ê4Z:Ì:v4 ÊA $.3
VZ� $. 2000LY$Z°5# = mZ<Zm =1

VZ/� $.2001 )/¸_ |/3ËB�T É=$ �/] ÊËZ/D/ËZ»�B 
|/<.Y. $Y�/' Ê]Z/Ë�$Y = C/Ì¸v4 = ,ËE64 .$1» ,Y$ L.�+ )¸_ |3ËB�T )/m �ZÌ< .$1» É0�<Y = |<.Y. &Z6<Y NZ»1Ì] .Y1» L.�+ .LBZ/#

)¸_ Ê-z� ,+ |3-TZË$. EËZ� �Y VZ]�c hY$P Ã�Y|<Y �#Z+ Z] O�1-» $1S] Z#2/3],8/2Ê¸Ì» |]Z  Ê» �ËYETY ,�-»]13=18[.

1- Rehkugler and Buchele 
2- Hill and pulkinen 
3 - Samson et al 
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 VZ� $.2001 )¸_ É=$ �] Y$Z# O�14 Ê4ZX2ZS» ¾_Y0 $. LB $. = |/� &Z/6<Y $.=�-�/+Y �Y Ã.Z*-�Y Z] &Y. .1+ �Y Ã|� |Ì214 ÉZ#
 )T�U $Y�' Ê�$�] .$1» )¸_ &Z°v-�Y É=$ �] .1+ $. .1m1» gZ? = .�U = )]1A$ hY�ÌÌr4 �ÌYZ4 .B ZËZ-< NZ�Y �])�|] hZDËZ»�

)¸_ &Z°v-�Y gZ? = )]1A$ $Y|:» �ËYETY Z] ,Ã|»B )¸_ CÌ°D4 ÉY�] .1+ Ê-]1A$ ÉY1-v» ¾Ë�-/] = )TZË �#Z+ Z#45%ÉY�] =
)¸_ É$Y.$ZH<Y �Ë� Z/<B )]1A$ .1+ ÉZ#20%|� .Z/3DÌ_]11.[

LY$Z°5# = �_=$ O�14 Ê:Ì:v4 ÊA $.2
VZ� $. 2005m=$)¸_ |Ì214 ÉY�] ÉY Ã.Z� |Ë.�U ,†Y$Y Êc�» .1+ .Z] ªÌ:v4 ¾ËY $.

)¸_ Z». = Ê#.Y1# ,ÃZ´-�. m.�U )��� ,)]1A$ |"$. ÉZ#�-»Y$Z_ 7Ìl34 )/Ì5#Y ,/»Y.Y $. = |/»B )/�|] É=�+ C°� ,] ÊËZ#
 )/T�U $Y�' �ËZ»�B .$1» .Y1» ÊU|3+Y�_ >Y1? = É%r» .Y1» |"$. |3<Z» .1+ ÉY�] É.�]$Z+ ÉZ#�-»Y$Z_ .3ËY Z/] m=$ ¾/ËY $.,/°

)¸_Ê» $ZH<Y Ê-@Y$ ,] Z# |<.Y. LZD< &Y=. )�4 $. .1? �Y É�-5+ )»=Z:» Ê2= |<|�]17.[
LY$Z°5# = Ê<Z»3

VZ� $.2006)¸_ Ê°Ì<Z°» >Y1? �] )]1A$ ÉY1-v» = hY$P Ã�Y|<Y ,É$ZDT ÉZ#=�Ì< �YY �Y Ã|� .Z6ËY ÉZ#
 L1n5# É.Y1» :�' Ê]ZË�$Y .$1» Y$ LZ#ZÌU ÉZËZ:] = ,T1¸� ,ÃZ+ hY$P Ã�Y|<Y �Y �Ìc ,] Z#�Ìr-» ¾ËY ,+ |<|Ì�$ ,6Ì-< ¾ËY ,] = |<.Y. $Y

)¸_ Ê2Z´Q É=$ �]Ê3X» $1A ,] Z#Ê» �ÌYZ4 $Y.|<$Y%U]14.[
ÊËZ6]Zm CÌ/�4 ÉY�] Ê"Z? C°� ZË = |3+ Y|Ì_ �#Z+ Z/<B 76@ Z4 |<1� Ã.�DT |ËZ] .Y1» É�$=ZD+ ÉZ#|3ËB�T �Y É$ZÌ�] $.

.�Ì´] .1? ,] .Y�] Ê°Ì<Z°» = Ê°ËEÌT >Y1? Ê?�] ¾-�<Y. ,É$ZDT É=�Ì< ¾ËY )/m &�( h$|' ¾ÌÌX4 = L.�DT |3ËB�T ,H�Zv» É
)�Y É$=�j m$ZDT hYEÌ/64 $. �Y’» C»Y1� = .Y1»]3.[�Z/Ì< .$1/» LY1/4 ¾Ì/ÌX4 )//m .Y1» Ê°Ì<Z°» = Ê°ËEÌT >Y1? ¾ÌÌX4

,3Ì/] $1l3» ,] |3ËB�T CÌ¸v4 = L.�+ )¸_ |3ËB�TLB É�Z� )�Y É$=�j ]19.[

�Á� Á {Y-&Z/

3{�¯ d$W dVm {-¯ )�Á8�9 Á ÄÌVe 
,/Ì/4 )/�|+Z_ LZ-/��/� G/]Y14 �Y €(E/' ÉZ-�=$ $. G'Y= LY�/4 ÃZ´D<Y. LZvË$1]Y uË.�_ É$Y|»Y. �Y �ËZ»�B .$1» É=ZU .1+

|Ë.�U .] LB )]1A$ = .1� Ã|Ì�1_ 81? Z4 |� É$Y|/´< �Z] ÉZiT $. ÃZ» �� h|» ,] =ZU .1+ = L|� .�? C]Z' ,+ |��] É|@ ,
|�Z] L.�+ ^2Y .�» ,¸Ì�1] .1+504

|� VZ]�c ,]7.[

d$W |Ì·-e dVm {-¯ �{ d]-�� {ZU2Y 
Ã�Y|<Y ÉY�] ,<15< ,� ,)]1A$ ÉY1-v» É�ÌU10.$Y|<Z-�Y ªHA .1U Ê»�U ASAE S358.2  ÉZ». Z] L=B C?Y. $.3±103,/m$. 

h|» ,] N1Ì�¸�48Z4 |� Ã.Y. $Y�' )�Z� |ËB )�. ,] LB ,Ì2=Y )]1A$ .,<15< ,Ì/4 ÉY�] ,S]Y$ ªHA 81¸S» )]1A$ Z] Z#)1(,]

|� ,TZjY �S:» 8B .1+.

)1(
wf

wiwfi
w M

MMm
m

�

�


1
)(

,S]Y$ ¾ËY $. ,+:
Mwi =  �4 ÉZ3H» �] .1+ ,Ì2=Y )]1A$ 
Mwf =  �4 ÉZ3H» �] ÊËZ/< )]1A$ 
mi=�4 ÉZ3H» �] .1+ ,Ì2=Y L�= 

mw=L�=Ã|  ,TZjY 8B .

1 - Jannasch et al 
2 - Roeper et al 
3 - Mani et al 
4 - Mesh No.50 
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,<15< ,�S:» 8B L.15< ,TZjY �Y u_ h|» ,] Z#48ÉZ». $. )�Z� 5,�Ì+ $. N1Ì�¸� ,m$. VZnzË $. ,-�] $. Ê°Ì-�!_ ÉZ#
 ,<15< $. )?Y13°Ë $1A ,] )]1A$ Z4 |� É$Y|/´< .1� GË�14 Z# .,<15< ªÌ:v4 ¾ËY $. $. Z#4,)/]1A$ RS� 6) %,/Ì2=Y )/]1A$(,

10%,15%=20%|<|� ,Ì/4 .,<15< )]1A$ ÊX'Y= $Y|:» ¾ÌÌX4 ÉY�] ,<15< ,� ,Z#10Ã.Y. $Y�' L=B $. Ê-]1A$ RS� �# �Y Ê»�U 
|�.

3{�¯ d$W �Á� 
,<15< L.�+ )¸_ ÉY�] C°� $. Ã|� Ã.Y. LZD< Ê°Ì2=$|Ì# N�_ ÃZ´-�. �Y Z#1,/+ ,-�/] W2Z' ^Ë =Ã$Y1/@�A C°/� $. LB 2

|� Ã.Z*-�Y ,)�Y Ã|� Ã.Y. LZD<]4.[$|3¸Ì/� �S' ,] É$|3¸Ì� C?Y. .1+ Y|-]Y $. ,+ )�Y WÌ4�4 ¾Ë|] $Z+ m=$10Ê/¸Ì» = �/-»

 V1A60Ê¸Ì» Ê» .=|�» $|3¸Ì� Êm=�? = Ã|� ,-zË$ �-» L1-�Ì_ u~� ,|Ë.�U),H3�()/+�@ Z/] = Ã|/� Ã.Y. $Y�/' $|3¸Ì� C?Y. 
Ê» 7+Y�-» Ê5+ .1+ )�. » ¾ËY �Y |X] ,.1� É�ÌUY1# $|3¸Ì� Z4 |� É=�Ì< Z] .1+ Ê°Ì2=$|Ì# N�_ ,¸Ì�1] ,¸@�5/12¾41/Ì< 1¸Ì+ 

Ê» 7+Y�-».1� .É=�Ì< ,+ Ê<Z»� h|»5/12Ê» VZ5�Y L1-�Ì_ ,] ¾41Ì< 1¸Ì+ ¾Ì] .1�10Z420)@Y�-/�Y LZ/»� ,/+ )/�Y ,Ì<ZY 
Ê» Ã|Ì»Z<.1� .Ê» GS' Y$ Ê2Z5�Y É=�Ì< ,ÃZ´-�. V�-3+ 7-�Ì� LZ»� ¾ËY �Y |X]|3+ .¾ËY �Y |X] .1+ = Ã|� �Z] W2Z' Êm=�? ,¸@�» 

Ê» Ã|<Y$ L=�Ì] ,] $|3¸Ì� C?Y. �Y Ã|� Ã.�DT.1�.

6°71-Ê°Ì·Á�|Ì/ n�W ÃZ´f�{ 6°72-Ã�Y-u�� D·Z\ )Die(

Ã�c p-JK& O�m1

¾ËY ,] ,m14 Z] )¸_ ,+ ,<Y1-�Y Ã|� |Ì214 ÉZ# �S' = V1A ,|3-�# C°� ÉY10] $Z5Ì4 �# �Y )¸_ .|� Z] VZ-Ì6Ë. uÌ21+ ^Ë ,¸Ì�1
 )'.01/0Ê¸Ì» Ã�Y|<Y �-» |� É�ÌU .)'. Z] VZ-Ì6Ë. É=�Y�4 ^Ë ,¸Ì�1] )¸_ �# �oZ3-» &�m ¾Ì3n5#01/0Ã�Y|<Y &�U |� É�ÌU .

O]Y=$ ªHA )¸_ Ã$P >1�z» &�m = 76@)2(=)3(Ê» )�|]|ËB.

1- Particle Density 
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

)3(
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p
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m
U

Ã{-e p-JK& O�m EÌÌFe Ã-@01
6K$Ke Á2

.$Y|<Z-�Y ª]ZS» Ã.14 >1�z» &�m ¾ÌÌX4 ÉY�]ASAE S269.4,<15< ;Z*4$Y �Y Z#610Ê¸Ì» ,<Y1-�Y k�o ^Ë É(Z] É�-»-
�S' Z] ÉY300 Ê¸Ì» ;Z*4$Y = �-»310 Ê¸Ì» .1� �_ k�o Z4 |<|� Z#$ �-» .)¸_ ÉE¸T ,v*" ^Ë &Y$B )+�@ Z] ÊTZjY ÉZ# É=$ �]

|<|� Ã|<Y$ L=�Ì] ,] Ê»Y$B ,] k�o Ê<Z'1T ,H2 .�ËZ»�B ¾ËY5|Ë.�U $Y�°4 $Z] .)¸_ Ã.14 >1�z» &�m ,/<15< &�/m 7Ì�:4 �Y Z#-
Ê» )�. ,] k�o 76@ ,] k�o C?Y. ÉZ#|ËB .)¸_ Cz¸z4 ¾ËY ¾ÌÌX4 ÉY�] &�/m = Ã$P >1�/z» &�/m L.1/] fzD/» Z/] Z#

 ,S]Y$ �Y Ã.Z*-�Y Z] Ã.14 >1�z»)4(Ê» )�. ,]|ËB.

)4(
p

b

U
U

H �1

OYÁ{
3

)¸_ ,Ì/4 �Y u_ ,<15< &Y=. �63� ÉY�] Z#|� Ã.Z*-�Y &Y=. $ZÌX» �Y Ã|� .Z6ËY ÉZ# .,<15< V1A &Y=. L1/»�B $. Ã.Z*-�Y .$1» ÉZ#
|� 8Zz-<Y ,<15< �S' �]Y�] ,� ..$Y|<Z-�Y ªHA �] &Y=. L1»�B $. Ã.Z*-�Y .$1» ÃZ´-�.ASAE S269.4|� ,-?Z� = Ê@Y�A .¾/ËY

 C°� Ê¸ÌS-�» WX°» ,l*v» ^Ë C»Z� ÃZ´-�. .ZX]Y Z] CÌ-�Y u3m �Y300$.300$.125Ê¸Ì»)�Y �-» .^Ë O�14 ,l*v» ¾ËY
 =�-°2Y ^Ë ,] $1v»-Ê<Y$=. )��� Z] ,+ |� C�-» u°]�ÌU50Ê» ,:Ì'. �] $=. |Ì?�Q)C°�3.(,/<15< &Y=. �63� ÉY�] ,Z/#

500Uh|» ,] = Ã.Y. $Y�' ÃZ´-�. ,l*v» L=$. $Z5Ì4 �# �Y Ã|� |Ì214 )¸_ &�10|� Ã|Ì<Z?�Q ,:Ì'. ]6[.

,<15< &Y=. ,S]Y$ �Y Z#)5(|Ë.�U ,H�Zv»:

)5(100 ))¸_ C+ &�m L1»�B �Y CH' Z#/)¸_ &�mL1»�B �Y |X] Ã|<Z» Ê'Z] ÉZ# =(&Y=. 

1- Bulk Density 
2- Porosity 
3- Durability 
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6°73–d$W OYÁ{ 3-&*8 ÃZ´f�{ )ASAE S269.4 standard(

G@] Á H2Zf0 
C°� $.4-)¸_ Ã.14 >1�z» &�m hY�ÌÌr4 d2Y )¸_ Ê-]1A$ ÉY1-v» ,] )H�< Z# )�Y Ã|� Ã.Y. LZD< Z# .¾/ËY �Y ,+ ,<1´<Z5#

 �Y )]1A$ LYEÌ» �ËYETY Z] )�Y|Ì_ C°�6%,]20%�Y Ã.14 >1�z» &�m660 ,] WX°» �-» �] &�U1Ì+ 630�/-» �/] &�U1¸Ì+ 
Ê» �#Z+ WX°»|]ZË .Ê» .1m= ,] Ã.14 Ê2Z´Q $. ÉEÌQZ< �#Z+ .1+ )]1A$ $Y|:» �ËYETY Z] ):Ì:@ $.|/ B .$Y|/:» �ËYE/TY Z/]

 )�Y �ZÌ< .1+ L.�+ $ZH<Y ÉY�] É�-DÌ] ÉZiT $Y|:» ,] ,.1+ )]1A$.¾ËY $. Ã|»B )�. ,] ZËZ-< Z3Ì�ZT hZ:Ì:v4 ZËZ-< Z] Zm1
$. ,+ 

»� &Y.Z] )�1_ )¸_ .$1» .$Y. Ê<Y1z5# ,)�Y Ã|� &Z6<Y Ê3Ì]10.[
)¸_ Ã$P >1�z» &�m hY�ÌÌr4 )¸_ Ê-]1A$ ÉY1-v» ,] )H�< Z# C°/� $. Z/#4-)/�Y Ã|/� Ã.Y. LZD/< 8.C°/� ¾/ËY $.

Ê» Ã|#ZD» �Y )]1A$ LYEÌ» �ËYETY Z] ,+ .1�6%,]20%�Y Ã$P >1�z» &�m1095 ,] WX°» �-» �] &�U1¸Ì+ 1583 &�U1/¸Ì+ 
» �-» �]Ê» �ËYETY WX°|]ZË .Ê» Z/<B 76@ �ËYETY �Y �-DÌ] Z/- _̧ &�m �ËYETY LYEÌ» �´Ë. h$ZH� ,] |/�Z] .&�/m �ËYE/TY Ã|/Ë|_

 )¸_ Ã$P >1�z» �Y Ê-]1A$ ÉY1-v» �ËYETY Z] …�» .1+ �Y Ã|� ,Ì/4 ÉZ#6%,]22%�Y1350,/] WX°» �-» �] &�U1¸Ì+ 1550 
|� Ã|#ZD» WX°» �-» �] &�U1¸Ì+.$1A ,])¸_ Cz¸z4 ,,]ZD» Ê» �ËYETY .1+ )]1A$ ÉY1-v» L|� .ZË� Z] 7# Z#|]ZË ]15.[
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C°�5)¸_ &Y=. �] )]1A$ ÉY1-v» �ÌYZ4 Ê» LZD< Y$ Z#|#. .)¸_ &Y=. �Y Z#34%Z453%)/]1A$ Ã.=|v» $.6%Z/420%�/Ìr-»

)�Y .)¸_ É$Y|ËZ_ ZË &Y=. ,Ê-]1A$ ÉY1-v» LYEÌ» �ËYETY Z] �w+Y|@ $Y|:» ,] = ,-TZË �ËYETY Y|-]Y Z#53%Ê-]1A$ ÉY1-v» $.10%

1- Fasina 
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Ê»|�$ .)]1A$ $.�Y �-DÌ] ÉZ#10%)¸_ É$Y|ËZ_ ZË &Y=. Ê» �#Z+ Z#|]ZË .Y|-]Y ,+ )�Y )¸� ¾ËY ,] �»Y ¾ËY )/]1A$ �ËYETY Z]
 Ê» .1? 75ËE+Z» $Y|:» ,] = ,-TZË �ËYETY Ê21°21» ¾Ì] ÉZ#=�Ì< $Y|:» ¾Ì/] ÉZ#=�Ì< �#Z+ WH� )]1A$ �-DÌ] �ËYETY Ê2= „|�$

 {1¸z» L|� É�ZT=. WH� Ê-@ = Ã|� Ê21°21»)|»Zm �ZT = GËZ» �ZT (Ê».1� .Ê» WH� ,.1+ )]1A$ �ËYETY �´Ë. h$ZH� ,] .1�
 Ê°Ë0121†$ >Y1? ̂ Ì-�(Y 1°�Ë= )2Z@ �Y = |]ZË �ÌÌr4 .1+ 1

|]ZË �ÌÌr4 ^Ì-�!_ 1°�Ë= .Y1» ,] .$. .1/+ Ê°Ë0121†$ >Y1? �ÌÌr4
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1�z» &�m ,Ã$P >1�z» &�m ¾Ì] O]Y=$ ¾ÌÌX4 $1l3» ,] )¸_ Cz¸z4 = Ã.14 >)¸_ )]1A$ ÉY1-v» Z] Z# CÌ¸v4 �Y Ã.Z*-�Y Z] Z#
 O]Y=$ L1Ì��U$)6(,)7(=)8(V=|/m $. ,A1]�» ¾ÌÌX4 WËY�j ÃY�5# ,] O]Y=$ ¾ËY ,+ |<|»B )�. ,]1Ã|/»B |/<Y .,/+ ,/<1´<Z5#

 Ê» Ã|#ZD» )¸_ Cz¸z4 = Ã.14 >1�z» &�m ,Ã$P >1�z» &�m hY�ÌÌr4 |<=$ .1� » Z] Z# Ê]1/? $ZÌ�] WË�:4 Z] )]1A$ ÉY1-v
)�Y ÊS? .

V=|m1.,A1]�» ¾ÌÌX4 WËY�j = Ê<1Ì��U$ O]Y=$ 
V|» ¾ÌÌX4 WË�j V|» 

)6(R2 = 0.975 ƒb= 670.948 - 2.133 M
)7(R2 = 0.936 ƒp= 835.68 + 38.456 M
)8(R2 = 0.941 = 0.2974+ 0.016 M „

ÄUÌf0)�Ì= 
LZD< Ã|»B )�|] ZËZ-< Ê» )¸_ ÊËZ6]Zm = É$Y.$ZH<Y >Y1? ,+ |#.Ê» .1+ )]1A$ �Y �YZ-» =ZU .1+ �Y Ã|� CÌ°D4 ÉZ# $. = |�Z]

 )¸_ m=$ ¾ËY )]1A$ Z] =ZU .1+ �Y Ã|� CÌ°D4 ÉZ#10Ê» &Y=. ¾Ë�4(Z] ÉY$Y. |"$. |�Z .$1+%/» ÉZ/# )/¸_ &Y=. $Y|/:»53%
|� Ê]ZË�$Y .

Ê0Y{�|\Á �°:e 
» )ËZ5@ �Y ,¸Ì�13Ë|] ¾-/�Y%U $Z/Ì-?Y $. �AZ/? ,/] LY�//4 ÃZ´D<Y. ÊD#=ƒ_ )<=ZX» = É$1/5m )�ZË$ LY�´D#=ƒ_ €=|3" Ê2Z

Ê» É$YE´�Z~� ªÌ:v4 ¾ËY hZ<Z°»Y.1�.

1- Viscoelastic 
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Physical Characteristics of Pellets from Cattle Manure in Close Die Method 

Javad Rezaeifar, M. H. Kianmehr, S. R. Hasan-Beygi *

Abstract 
Livestock manure was made from liquid and solid waste. Also it is contained the straw 
and stubble that used for the livestock bed. Therefore it contains sufficient nutrients to 
improve physical and chemical properties of soil. The cattle manure is one of the livestock 
manure was used.  The density of the cattle manure is low naturally, then it is difficult and 
costly to transport. Densification and pelleting is one of the ways to solve this problem. In this 
study, pelleting of the cattle manure and the physical characteristics of the resulting pellets was 
investigated. Results showed that by increasing moisture content of cattle manure from 6% to 
20% (w.b.) the bulk density of the pellets decreased from 660 to 630 kg/m3 and particle density of 
the pellets increased from 1095 to 1583 kg/m3.The durability of the pellets is variable (from 34% 
to 53%) in this range of the moisture content.   

Keywords: Pellet, Cattle Manure, Moisture Content, Bulk density, Particle density. 
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