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1-¾Ì�Z» &Ì¿ZY» |��Y Ê-ZÀ��Z¯ "Ân7¿Y# ,"'�ÁZ7¯ "Z$ &Ì¿Á�/YWY ,�N hazbavi3000@yahoo.com :
2-�ZÌ7¿Y# ¾Ì�Z» &Ì¿ZY» .Á�( ,��|» ,Ì%�e .Z=7¿Y# ,"'�ÁZ7¯ "Z$.|Y7¿Y# "'�ÁZ7¯ 
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1-Ä»|.» 
Z»�  |ÌWÂe �# Y� *ZÆ8 KÂ- +^e� *Y�)Y5:Z- �# *M |ÌWÂe *YVÌ» Á ,-Y�Y# 2005 Z^)�Re 900 Z2% �2%Y�% Ê/7¯ �)' fU- �# ¾e �YV$ 

185 Ê» �Z/Y$ �YV$ |�Z% .Z^)�Re Z»�  Ê¿ZÆ8 |ÌWÂe *YVÌ»6*ÂÌ¸Ì» ,-Y ¾e .Ê2» |2ÌWÂe �Â_Á +% *Y�)Y �# +¯ ,-Y ÊWÂ6v» Z»�  -
#Â� .#Á|u *Y�)Y �# Z»�  CZ3)ZO *YVÌ» 30 Ê» Q»Z� Y� :Â6v» Q¯ 'Y |!�##Â� )280¾e �YV$ (+2¯ +2% #�Y# ,2_Z)'Z% ,2Ì¸%Z^ 

,+¿Â¼¿ *YÂÀ� Ê» #Á|u ¾ÌÀd¼$ Á #�¯ .#Z5/-Y �ÂÌ4 Á KY# +)]ae �# Y� *M *YÂe10-15 *'Á |!�# Ê2» QÌY7e *M +/�$ Y� Z»�-
Ê» Á +/�Y|¿ Ê¿Z�¿Y q�6» +¯ |$# .|23» &e Á .|ÀÀ¯ �YÂ;7¿ CZ¿YÂÌu @Y�Â  �# 9-ZÀ» "�ÁM Q¼� Z% *YÂe #�2% �Z2¯ +2% "Y .�#

+U%Y� �# "#Á|v» �ZÌ�% ÊeZRÌRve "Z$�Z¯ *Y�)Y+/�$ .#�ÁM�2_ ¾2)Y 'Y "#Z2)' �)#ZR» +WZ- �$ Á ,,-Y +/_�( C�Â! Z»�  +2% Z2$
;» e�4Ê» #Â%Z¿ Ê5¸/##�( .[3] 

Â0Z_ +^b� #�Â» Z»�  |ÌWÂe +¯ ,-ZÆWZ-1,-Y +/_�( �Y�^ .&2)#V¿ �ÁZ2  Á Z2R)�_M :Z¼2� `Æ» CAÂ6v» 'Y ÊY) *YÂÀ� +% Z»� 
 :Z- 'Y Á .#Â% +RUÀ» "ZÆ/WÁ# +¼$ pÌRve #�Â» xÂOÂ»1954 *Z-ZÀ��Z¯ Â0Z_ ,|2ÌWÂe .�Z2%�# Á .#�2¯ �Z2¯ Z$�Â72¯ ¾)Y �/7Ì% �# 

^Y�» .#Y# +0Y�Y Ê)ZÆ��YV( Z»�  Ê%Z) �Y'Z% Á "�ÁY�_ ,,^|¿Y .,�2Ì¿ Z2»�  .Â2Ì» +2% #Á|v» PR_ Z»�  Q;¿ 'Y .|»M ,-|% :Â6v» .
"Z$AZ¯ WÂe Q%Z^ Ì'Y |'Y |Àe�Z^� Z»�  , �# :,*V%#Z2% ,+¯�2- ,œ2¿ ,:Z2%�£ ,KVÌ$ ,QÌ^¿' ,[ZÀ4 ,ÊW|À! ,Z5^ ,|^- ,iÌ¯ ,QYWY

Á KY# "Y]£.�Ì£ .% Z»�  +/�$ 'Y �/¼¯ Ê¿'Á "Y�Y# ,|�� P)Y�� Á `^� 9�u �5/0Ze4Ê2^)�Re :Â24 Z2% K�2( mm12 -36Á
#Á|u "ZÀÆN mm 6-13+¿Y# #�Y# ÊWÂ4 �ZÌ� &) `Y� ,¼- 'Y +¯ .|Ì7¯ ,-Y "Y .,ÌN Z»�  +/�$ +% AÂ¼3»)pit ( �# ÁÊ �%

 Z$�Â7¯)stone(Ê»|À)Â(.�/7Ì% AZ¼/uY Á �ZÌ�% Z»�  KZ^�Y #Y|3e 'Y3000 `^�,-Y .Z^)�Re400,#�Y# #Â28Á *Y�2)Y �# Z»�  `^� 
'Y |Àe�Z^� *Y�)Y �# M)Y� KZ^�Y :�% ,Ê¿Z$Z� ,K�ZÌN ,*Y�¼3/-Y ,"Ábu ,"|$Y' ,"�)# ,Ê/_Z�»$Á cÀ2-Y#�» ,[Z2Y^¯ ,Ê)Â2!Z  ,Ê 

.�Ì£.,*Z/7=¿Y +¸Ì-Â% +¸¼8 'Y i¸/;» e�4 +% "�Ì( +/�$ Á *Y|¿# ,#�Z¯ .�Ì£Ê» KZn¿Y �#Â.[2] +/�$ +¸Ì-Â% , �# ¾)Y �ÌjYe
 ZÆ�Â8ZN *#�¯ Zn%Z8 +¸Ì-Â% Z) Z»� )Z»   "Z$ +¿YÂ8 (#�Ì( Ê» C�Â!.Ê» KZ¼e :Z�Y) +¯ ,-Y Ê/ �# Q;¿ Ê(|¿' +À)V$ |¿YÂe

 |À¯ ¾Ì»Ze Y� '�ÁZ7¯ &) .*M .'Ze .ÂÌ» 'Y *Z/�%Ze �#ÊÀ3)|ÀÀ¯ Ê» .#Z5/-Y *M "Z»�  'Y *Z/�»' �# Á 94� .Z%ÌWY Á "Z2Æ(�% Á qZ
+^Z- +¿Z  *M "Z$ Ê» +/ Z- #Â� #�ÁM�_ 'Y Á.Ê» ,-# +% QYWY Á +¯�- ,Z»�  .�Ì� ,Z»�  |À^ *M "Z$M|2) .q�62» Z2»�  +/�2$

ZÆ»Y# "Y�% Ê)Y]£VÌ¿ #�Y# .[6] 

`0b� ,-�Æ_ 

|»Z8 ÊWZ=m)kgm-3(Pt‡�V% �U^ )mm(L
.#Âe ÊWZ=m )kgm-3(PbP-Â/» �U^ )mm(W

�O,)Á�¯ 9) )decimal(Ø&mÂ¯ �U^ )mm(T
|»Z8 K�8 )g(mtÊ-|À$ ¾Ì=¿ZÌ» �U^ )mm(Dg

.#Âe K�8)g(mbÊ%Z�u ¾Ì=¿ZÌ» �U^ )mm(Da

|»Z8 `nu )cm3(VtfU- ,uZ�»)mm2(S
.#Âe `nu )cm3(Vb+v5! �# �)Â6e ,uZ�» x-z )mm2(Py

,%Â4� *YVÌ» )w.b.%(MCY @ZYU!Y 9)�OÊ)Z/�))decimal(sµ
+¿Y# �YV$ *'Á )g(W100 Q;¸;e )%(c

+8Â8 +)]ae "Y�% Z»�  +/�$ �#ÂN 'YZ$T�» "Ê» .#Z5/-Y #Â� .,CY�|2Ì$Â%�¯ ,Ê2%�m ,¾Ì>eÁ�2N "#Z2)' �)#Z2R» "Y�Y# Z»�  +/�$
 ,-Y *Á�/-Y Á :Á�/-Y .+/�$ �# #Â8Â» ¾£Á� 'YZ»� *Â%Z! �#Ê7)Y�M CAÂ6v» +ÌÆe Á "'Z-Ê» .#Z5/-Y#Â�.[5] +2% +8Âe Z% 

¾ÌÌ3e ,*M CZ3)ZO ?)YV_Y Á Z»   |ÌWÂe *ÁV_Y 'Á� |��Ê(g)Á"Z$ CYV2ÌÆne ,,�Z¯ CYÁ#Y ÊuY�4 �Â<À» +% Z»�  +/�$ ÊY)VÌ_ 
¾Ì�Z» ,,_Z)'Z%+/�$ "Z$|À¯ Ê» Y|ÌN ,Ì¼$Y Ê¸ Y# KZ^�Y �# .�Ì£ Á Z»�  "�Ì(.

4. FAO 
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,�Y#�% *Z»' 'Y AÂ¼3» "'�ÁZ7¯ CAÂ6v» Ê» �Y�^ Ê5¸/;» "Z$|À)M�_ Á Q»YÂ� �ÌLZe ,ve q�6» *Z»' Ze |¿� ( .Z$|2À)M�_ ¾)Y
Ê» .#Z- "Z$|À)M�_ |À¿YÂe VÌ¼e |À¿Z» "Y Y|8 ,*#�¯ Ê¸)|2^e Z) Ê¸Ì¼Ye "Z$|À)M�_ +YÀ)Y Z) Á |À�Z% ¾)'Âe Á Ê)Zn%Z8 ,Â7/�� ,*#�¯

 Ê(g)Á Ê�Â¿ +% +¯ |À�Z% Ê» �Y ^ �ÌLZe ,ve Y� :Â6v» "Z$ $#|À., ZÀ2� ¾)Y�%Z2À% Ê2(g)Á "Z2$ ,Ê2Y)VÌ_ i2¸/;» ,ÊYÌ¿Z2Y»
 Ê» |À)M�_ �<¿ #�Â» qY|$Y ,Æ8 �# ZÆ¿M �ÌÌae Z) Á ~5u .Âv¿ Á ZÆ¿M ÊY)hÂWÂÌ% Á Ê)ZÌ¼Ì� Ê2¼¯ ~5u �# |¿YÂe :Â62v» Ê25Ì¯ Á

|�Z% +/�Y# Ê)YV�% �ÌLPe[4]  . 
�ÁZ7¯ CAÂ6v» "Y�% Ê5Ì¯ "Z$#�Y|¿Z/-Y ¾)Á|e ,Æ8�# KZ( ¾ÌW=ÁY"�ÁM�_ i¸/;» SÂU  #Â^Æ% ¾ÌÀd¼$ Á Ê£ % Á "',¾/�¿Y#

Ê(g)Á "Z$ CAÂ6v» ¾)Y xÂÀ/»Ê(g)Á +¸¼8 'Y ÊY)VÌ_ "Z$,-Y *Â(Z¿Â( Q»YÂ� �LY�# ZÆ¿M CY�ÌÌae Á.
Ê-��% .|� KZn¿Y "Z$ +¯ #Y# *Z7¿ +6;7» ¾ÌÌ3e +ÀÌ»' �#72¯ 'Y •�Z  �# +m Á *Y�)Y �# +m Z»�  +/�$ ÊY)VÌ_ i¸/;» "Z$ �Â

,-Y +/_�=¿ C�Â! ÊRÌRve.Ê» :Z^¿# pÌRve ¾)Y �# +¯ Ê_Y|$Y +nÌ/¿ �#'Y |Àe�Z^� |¿Â�:
1.Ê¸ Y# "Z»�  +/�$ `^� ?� Ê%Z�u Á Ê-|À$ ¾Ì=¿ZÌ» �U^ ,#Z3%Y |À¿Z» Ê-|À$ "Z$ Ê(g)Á Ê-��% Á ¾ÌÌ3e 
2.KZ^�Y ¾)Y "Y�% |»Z8 ÊWZ=m Á .#Âe ÊWZ=m |À¿Z» Ê¸RL "Z$ Ê(g)Á Ê-��% Á ¾ÌÌ3e 
3.ÌÌ3ei¸/;» #YÂ» …ÂU- "Á� �% Z$ +/�$ Ê¯ZYU!Y "Z$ Ê(g)Á Ê-��% Á ¾

2-Z/�+� + {Y » 
2-1-{Y » 

pÌRve ¾)Y �#?� +/�$ M)Y� KZ^�Y 'Y `^�Z»� "�# +2¯ �Â7¯ *Z/�2%Ze :Z2- 13862RUÀ» �# �Æ2�Â% Á *Z/2-'Â  +Á ,2�Z¯
 |)#�( [Z;/¿Y ,-Y .|� ,�Y#�% .'Y |Àe�Z^� .|� [Z;/¿Y KZ^�Y:¼3/-Y Ê2$�% Á K�% ,"|$Y' ,[ZY^  ̄,"�)# ,*Y� .'Y.#Â2e `2^� �2$

 #Á|u500 K�( +/�$ Ê_Z6e �Â4 +% Á Ê8�Z  #YÂ» Á |¿|� VÌÌ¼e ,^# +% ,-# Z% Z„- Á .|)#�( ¾)'Âe+/�$ "Z$ 'Y .|)# 9Ì-M
+¿Â¼¿ Y|8 Z$|)#�(.–ÌWÁY ,%Â4� +/�$Z$eZ8Y 'Y .#Z5/-Y Z% #�Y|¿Z/-Y BÁ� +% Á Ê$Z=7)Z»'M �#"Z2»#105 Z2e �ÂÌ�2¸- +28�# 

+/�$ +¯ Ê¿Z»' |À$|% ,-# 'Y b»Z¯ Y� #Â  ,%Â4� Z$|� ¾ÌÌ3e .[7] 

2-2-Z/�+� 
+/�$ #Z3%Y ¾Ì=¿ZÌ» "�Ì( .'Y|¿Y "Y�% #Á|u Z$100#|� #�Â2» `2^� �2$ Ê¸!Y �Âv» +- Á [Z;/¿Y Ê_#Z6e �ÂU% `^� �$ 'Y +/�$ 

,_�( �Y�^ +3WZU» .QY� �# +¯ �ÂU¿Z¼$ 1.|$Z7» :Â4 Z) ‡�V% �U^ ,Z$ +/�$ Ê¸!Y "#Â¼� |3% +- "�Ì( .'Y|¿Y #Â� Ê» )mm 
,L(€�� Z) P-Â/» �U^ ,)mm,W(,»Z;O Z) &mÂ¯ �U^ Á)mm,T(%&¼¯ +:Z/Ìn)# ZÌWÂ¯ 1.'Y|¿Y ,^# Z% "�Ì(0.01 

�/¼Ì¸Ì»|� KZn¿Y .�U^ Ê%Z�u ¾Ì=¿ZÌ»)mm,Da(�U^ Ê-|À$ ¾Ì=¿ZÌ» Á)mm,Dg(+/�$ Z% Z$ +^2-Zv» �2)' P%YÁ� 'Y .#Z5/-Y
|�.[9] 

)1()
3

( TWLDa




)2(3/1)(LWTDg 

ˆZ»Â¼� .ÂÌ» QY� iÌ!Âe "Y�% +¯ "�ZÌ3» +/_�( �ZY%Ê»#Â�Ê» ,)Á�¯ 9)�O Ê» +^-Zv» �)' +U%Y� 'Y +¯ |�Z%##�([9].

)3( 
L

LWT 3/1

I

�)Â6e fU-2(Py)'Y .#Z5/-Y Z%MÀ- ,uZ�»1|� "�Ì( .'Y|¿Y .fU- ,uZ�»2%+¸Ì-Â|»M ,-|% �)' +U%Y� [8].

1. Mitutoyo¾NYh �Â7¯ , Z- 
2. Project Area 
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)4(gD2S S
+¿Â¼¿ K�8 +¸Ì-Â% +¿Y# �YV$ *'Á ¾ÌÀd¼$ Á Z$ :Z/Ìn)# "Á'Y�e 5.'Y|¿Y ,^# Z% "�Ì(0.01 .'Y|¿Y K�( |� "�Ì(.%�Â<À» ++^-Zv»
 .ÂÌ» `nu "Y�%.ÂÌ» ÊWZ=m ¾ÌÌ3e»Z8 ÊWZ=m Z) |)(PtZ%+%Z8 BÁ�r)Z» Ê)Z8 )[M(�)' +U%Y� p^4¾ÌÌ3e|�[1].

)5(
t

t
t V

m
U

,+U%Y� ¾)Y �# mt=,+¿Â¼¿ K�8 �%9�umm  ,Vt=[M `nu)r)Z» (.|� Zn%Z8�% ,9�ucm3,-Y .
.#Âe ÊWZ=m "�Ì( .'Y|¿Y "Y�% )Pb(,Z»�  +/�$ 'Y �N z;7» `nu Z% ÊWZ  +¿YÂ/-Y &)Á .|)#�( 2$ .#Â2e K�8 `Ì�Re 'Y �2% +/�

.#Âe `nu)+U%Y�6(|»  ,-# +% .#Âe ÊWZ=m *YVÌ» ,[10].

)6(
b

b
b V

m
U

,+U%Y� ¾)Y �#mb9�u�% gÁ .#Âe K�8 ,Vb9�u �%(cm3)ml .#Âe `nu ,)+¿YÂ/-Y `nu (Ê»|�Z%.
Z$ +/�$ .#Âe Q;¸;e |!�#)c(%+¸Ì-ÂÊ» +^-Zv» �)' +U%Y� 'Y .ÂÌ» ÊWZ=m Á .#Âe ÊWZ=m ##�([8]:

)7(1001 ¸̧
¹

·
¨̈
©

§
�

t

b

U
U

H

.'Y|¿Y "Y�% "�Ì(Z/�)Y @ZYU!Y 9)�OÊ))dµ(+U%Y� p^48+)ÁY' "�Ì( .'Y|¿Y Z%+/�$ +¯ "Y …ÂU- "Á� �% ,¯�u +¿Z/-M �# Z$
 [Âm |À¿Z» i¸/;» #YÂ» +)A |Àm e�Á Á Ê»ÂÌÀÌ» WM e�Á ,.VÌ¿YÂWZ( e�Á ,"#AÂ_ Ê» +^-Zv» ,-Y #Â� .¾2)Y "�2Ì( .'Y|2¿Y "Y�2%

 ,�/»Y�ZN+/�$ Z$ *Á�# :Â4 +% �b( �^)Z_ ZÀ8 'Y +^38 &)150 mm €�� ,100 mm xZ5e�Y Á40 mm �Z2¼e fU2- Z% +¯ 
Y|¿+/� .#Y# �Y�^ Á |� +2)ÁY' ,¿Yg¿Ze ,#Â¼¿ Ê)AÂW �Âv» &) :Âu Ê¿Y�Á# ,¯�u +% xÁ�� , YÂÀY) ,��- Z% fU- 2^38 +2¯ "Y+

+/�$ "Á� Z$ fU-Ê» �Y�^ ,¯�u –¿Z/-M �#9)�O ,#�Ì(Ê» Z/�)Y @ZYU!Y |�Z%[11]:
)8( D tans

3. Planimeter 
4. Surface Area 
5. AND GF-600¾NYh , Z- 
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3-:;] + <ËZf¿ 
.#Y# QÌ¸ve "Y�% "Z$�YV_Y K�¿ 'Y Z$2003 Excel Á13 SPSS ,-Y .|� .#Z5/-Y .Ê(g)Á "Y�2% .|2� "�Ì( .'Y|¿Y ÊY)VÌ_ "Z$

+/�$ :Á|8 �# Z»�  "Z$1,-Y .|� .#�ÁM .¿ M)Z/¿ Ê» *Z7 fU2- �# "�Y# Ê2À3» qb/2 Y :Â24 Ê2(g)Á �2<¿ 'Y KZ^�Y +¯ |$#
 :Z¼/uY1% ,-Y �Y# ÊÀ3» qb/ Y "Y�Y# �=)# KZ^�Y Z% "�)# `^� +¿Â¼¿ `nu ¾ÌÀd¼$ |¿�Y# .'Y �2=)# KZ^�Y *ZÌ» �# +YÌe�Â! �#

#�Y|¿ #Â8Á "�Y# ÊÀ3» qb/ Y +¿Â¼¿ `nu ‹ZvW .:Â24 ¾)�/72Ì% "�2)# `2^�)24.51mm(�2� ,€)8.893mm(,»Z;2O ,
)7.469mm(�U^ Ê-|À$ ¾Ì=¿ZÌ» ,)11.75mm(Ê%Z�u ¾Ì=¿ZÌ» ,)13.624mm(+2¿Â¼¿ `2nu ,)0.963cm3(+2¿Â¼¿ K�28 ,
)1.208g(+¿Y#�YV$ *'Á ,)1206.5g(�)Â62e ,uZ�» ,)112.883mm2(fU2- ,uZ�2» Á)435.55mm2(*Y�¼3/2-Y `2^� ,

.#Âe ÊWZ=m ¾)�/7Ì%)683.11kgm-3 ( ;e |!�# ÁQ;¸)0.483(|»Z8 ÊWZ=m ¾)�/7Ì% [ZY^¯ `^� ,)1338.62kgm-3 ( `^� Á
,)Á�¯ 9)�O ¾)�/7Ì% Ê$�%)0.589 (.#Y# �Z6/ Y #Â  +% +3WZU» #�Â» KZ^�Y ¾Ì% �# Y�|¿Y.

QY�1-Z»�  +/�$ Ê¸!Y #Z3%Y Á Z$�Âv»
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OÌP¿ZÌ» te� �{ ¦Ë{� �Å �{ ½Z](Ë Y»9X Z] ÉZÅP<0.01ÊÀR» 2+ZB! |¿�Y|  É�Y{.
"�)# `^� "Z»�  +/�$ �U^ Ê-|À$ ¾Ì=¿ZÌ»)11.75mm ( :Á|8 �# +¯ �ÂU¿Z¼$1¾Ì2Ì3e �Y|2R» 'Y �/(�V% ,,-Y .|$Z7» Q%Z^ 

ÂWM#�' +/�$ "Y�% .|�)10.31mm ( *Â/)' +/�$ Á)10.47mm (Ê»|�Z%[8 ,12] . 2nu ¾Ì=¿ZÌ» +/�2$ +2¿Â¼¿ `"Z2»�  "Z2$
 *Â/)' +/�$ `nu 'Y �/¼¯ .|»M ,-|%)1.01.06cm3(,-Y .#Â%[11 ,14] . 

Z% �%Y�% 9Ìe�e +% *Â/)' +/�$ "Y�% Q;¸;e Á |»Z8 ÊWZ=m ,.#Âe ÊWZ=m976kgm-3 ,2295kgm-3 Á57.33 ,-Y .|� B�YV( 
+/�$ "Y�% .|� ¾ÌÌ3e �)#ZR» 'Y �/7Ì% �)#ZR» ¾)Y +¯-Y Z»�  "Z$,[8].

+/�$ "Z/�)Y @ZYU!Y 9)�O M)Z/¿ �# .VÌ¿YÂWZ2( Á &Ì/2-A ,+2)A |2Àm [Â2m ,Ê»Â2ÌÀÌ»ÂWM ,"#AÂ2_ …ÂU- "Á� �% Z»�  "Z$
 +/�$ KZ^�Y �j¯Y "Y�% Z/�)Y @ZYU!Y 9)�O �Y|R» ¾)�/7Ì% +¯ #Y# *Z7¿ +3WZU» #�Â» ,%Â4� :Á|8 �# +¯ �ÂU¿Z¼$ Z$1.|$Z72» 

Ê» ̄ Á ÊYÌ/-A fU- "Á� �% #Â� Ê» Ê»ÂÌÀÌ»ÂWM Z) "#AÂ_ fU- "Á� �% *M �Y|R» ¾)�/¼|�Z% ."Y�2% Z/�2)Y @ZYU2!Y 9)�2O

 µ+|\1-Ê=sË+ OÌP¿ZÌ» Z»�y Äf]Å Ê(Ë^Ìb ÉZÅ 

hd� 
Ê=sË+ 

*Y�¼3/-Y "|$Y' [ZY^¯ Ê$�% %K�"�)# 

,,%Â4� *YVÌ» Mc)w.b.%(8.91 9.12 9.55 8.85 8.22 8.34 

,:Â4L)mm(22.44±0.2d19.93±0.149c21.81±0.141d16.431±0.13a17.897±0.16b24.51±0.228e

,€��W)mm(7.248±0.061a7.525±0.01ab 7.7±0.053b8.071±0.067c8.559±0.093d8.893±0.086e

,,»Z;OT)mm(6.04±0.064a6.922±0.062b6.221±0.047a6.840±0.064b7.281±0.070c7.469±0.081c

,�U^ Ê-|À$ ¾Ì=¿ZÌ» Dg)mm(9.93±0.012ab 10.12±0.08bc 10.14±0.06bc 
9.676±0.07a10.36±0.074c11.75±0.094d

,�U^ Ê%Z�u ¾Ì=¿ZÌ» Da)mm(11.909±0.09c11.459±0.08b11.91±0.07c10.45±0.072a11.25±0.074b13.624±0.11d

`nu ,+¿Â¼¿ Vt)cm3(

0.564±0.02a0.597±0.02a0.599±0.005a0.483±0.011a0.615±0.008a0.963±0.02b

,+¿Â¼¿ K�8 mt)g(0.745±0.017b0.766±0.018b0.8±0.015b0.641±0.014a0.809±0.018b1.208±0.027c

,+¿Y# �YV$ *'ÁW100)g(739.09±7.31b732.38±4.64b795.72±3.02c622.16±6.75a808.79±8.82c1206.5±6.96d

,�)Â6e fU-Py)mm2(78.414±0.77b100.799±2.1d88.923±1.58c63.866±0.57a79.048±0.95b112.83±1.52e

,fU- ,uZ�»S)mm2(310.85±4.6ab 322.33±5.2bc 324.1±3.94bc 294.71±4.17a337.93±4.73c435.55±6.74d

,.#Âe ÊWZ=m Pb)kgm-3(683.11±1.62a750.1±2.41ab 707.12±1.78a760.1±1.14ab 813.42±1.72c726.02±1.13a

,|»Z8 ÊWZ=mPt)kgm-3(1321.26±3.1a1302.35±2.6a1338.62±2.5a1327.15±2.8a1315.21±3.4a1254.35±2.8a

,Q;¸;ec(%) 48.3±1.2c42.1±1.8ab 47.2±1.1bc 42.8±1abc 38.2±1.3a43.1±1abc 

,,)Á�  ̄9)�OØ0.444±0.003a0.508±0.004d0.465±0.002b0.589±0.003e0.580±0.005e0.481±0.004c

te� É+� ­Z(e�Y _Ë�[ 
#AÂ_ 0.26±0.01 0.31±0.02 0.25±0.01 0.21±0.01 0.23±0.01 0.30±0.01 

+)A |Àm [Âm 0.43±0.02 0.48±0.01 0.37±0.01 0.41±0.01 0.46±0.01 0.44±0.02 

KÂÌÀÌ»ÂWM 0.27±0.01 0.27±0.01 0.23±0.01 0.24±0.02 0.24±0.01 0.29±0.02 

&Ì/-A 0.51±0.03 0.56±0.02 0.52±0.03 0.50±0.03 0.42±0.02 0.47±0.02 

.VÌ¿YÂWZ( 0.34±0.02 0.36±0.03 0.27±0.01 0.25±0.01 0.29±0.02 0.32±0.01 
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"�)# `^� +/�$0.29 Ze 0.47 *Y�¼3/-Y `^� ,0.26 Ze 0.51 [ZY^¯ `^� ,0.23 Ze 0.52 Ê$�% `^� ,0.21 Ze 0.50 K�2% `^� ,
0.23 Ze 0.46 "|$Y' `^� Á0.27 Ze 0.56|»M ,-|% .

4-Ä4Ìf¿É� = 
Y �#Ê(g)Á Ê �% pÌRve ¾) ,Q2;¸;e ,fU2- ,uZ�2» ,�)Â62e fU- ,,)Á�¯ 9)�O ,`nu ,#Z3%Y Q»Z� Z»�  +/�$ ÊY)VÌ_ "Z$

 |� Ê-��% `^� 'Y Ê3%Ze *YÂÀ� +% Ê)Z/�)Y @ZYU!Y 9)�O Á |»Z8 ÊWZ=m ,.#Âe ÊWZ=m .Ê(g)Á ¾)Y ,CYV2ÌÆne Ê2uY�4 "Y�2% Z2$
 +/�$ "�Y|Æ=¿ Á :ZR/¿Y ,"�ÁM�_ ,"|À% +R^4 � "Z$,-Y 'ZÌ¿ #�Â» Z» .Ê(g)Á +3WZU» 'Y �)' #�YÂ» +/�2$ ÊY)VÌ_ "Z$ Z2»�  "Z2$

+nÌ/¿,-Y .|� "�Ì(:
 Ê(g)Á+/�$ ÊY)VÌ_ "Z$Ê» �Ìa/» `^� �# �ÌÌae Z% p%ZU» Z»�  "Z$|À�Z% .
 :Â4 ¾)�/7Ì% "Y�Y# "�)# `^�)24.51mm(€�� ,)8.893mm(,»Z;O ,)7.469mm ( Ê(g)Á �j¯Y ÁÊ2Y)VÌ_ "Z2$

�=)# |»Z8 ÊWZ=m ¾)�/¼¯ ÊWÁ )1254.35 ( Ê2» +3WZU» #�Â» �=)# KZ^�Y +% ,^�¿ |2�Z% .¾)�/72Ì% "Y�Y# Ê2$�% `2^�
 ,)Á�¯ 9)�O)0.589(,)Á�¯ 9)�O ¾)�/¼¯ "Y�Y# *Y�¼3/-Y `^� ,)0.444 ( ÊWZ2=m ¾)�/72Ì% "Y�Y# [ZY^¯ `^� Á

|»Z8)1338.62kgm-3 (#Â% KZ^�Y *ZÌ» �#.
 Â4 ¾)�/¼¯ "Y�Y# Ê$�% `^� ,uZ�» ,+¿Y# �YV$ *'Á ,+¿Â¼¿ K�8 ,|»Z8 `nu ,�U^ Ê%Z�u ¾Ì=¿ZÌ» ,�U^ Ê-|À$ ¾Ì=¿ZÌ» ,:

 Ê2» �2=)# KZ2^�Y +2% ,^�¿ �)Â6e ,uZ�» Á fU- Z2% �2%Y�% 92Ìe�e +2% Á |2�Z%16.43mm ,9.676mm ,10.45 ,
0.483cm3,0.483g ,622.16g ,63.866mm2Á294.71mm2|»M ,-|% .

 $ "Y�% Z/�)Y @ZYU!Y 9)�O .VÌ¿YÂWZ( fU- "Á� �% "|$Y' `^� +/�)0.357(#AÂ_ ,)0.311(+2)A |Àm [Âm ,)0.481 (
 &Ì/-A Á)0.559 ( `2^� Ê»Â2ÌÀÌ»ÂWM fU2- "Á� �2% +¯ Êe�Â! �# ,�Y# +3WZU» #�Â» KZ^�Y ¾Ì% �# Y� �Y|R» ¾)�/7Ì%

 �Y|R» ¾)�/7Ì% "�)#)0.287 (,-Y .#Y# �Z6/ Y #Â  +% Y�.

5-ZÅ{Z/À�ÌA 
)Y *Âm Ê(g)Á "Á� �% +¯ ,-Y ÊRÌRve ¾ÌWÁY pÌRve ¾,.|� KZn¿Y Z»�  +/�$ "Z$ Ê» #ZÆÀ7ÌN+¯ #Â� ¾2)Y �2/Æ% "�ÁM�2_ "Y�% 

�% .Áb� ,:Â6v»6Ê(g)Á ,.|� Ê-��% `^� Ê2» ,2_Z) �Â2_Á +2% *Y�)Y �# +¯ �=)# i¸/;» KZ^�Y "Z$ #Â2� "�2Ì( .'Y|2¿Y #Â2� .
Á �% `^� �% .Áb� ,%Â4� �ÌLZe Ê-��% ¾ÌÀd¼$Ê(g)+/�$ ÊY)VÌ_ "Z$#Â� KZn¿Y ,Z$.

É�Y^P�Zn� 
ÊWZ» ,)Z¼u Á Ê$Z=7)Z»'M CZ¿ZY»Y Á Q)Z-Á *#�¯ ZÌÆ» "Y�% ��|» ,Ì%�e .Z=7¿Y# "'�ÁZ7¯ .|Y7¿Y# 'Y pÌRve ¾)Y *Z(|À�)Â¿

 |¿�Y# Y� �Y7e ,)ZÆ¿ pÌRve ¾)Y 'Y .,Ê¸  �/¯# ,ZOZRe BÂ  �/¯# C|�Z�» Á &¼¯ 'Y *Z(|À�)Â¿ ¾ÌÀd¼$ ,ZÌ¯ Ê)ZO� �|ÀÆ»
 Á �Y72e ,Z2$ +2¿Â¼¿ +2ÌÆe "Y�2% �Æ2�Â% Á 'YÂ$Y "Z»�  CZRÌRve +�-Â» 'Y ¾ÌÀd¼$ Á pÌRve ¾)Y KZn¿Y :Â4 �# "�yM Á Â¼À

Ê» "�YV=-Z„-|ÀÀ¯ .
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