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É�Yg=�Z] Y;!  JZ»�y ' Ì» �Zfb� ÄRJZe»)639(
Ê)ZÀÌ» |Ì3-1"ÁZ%Vu Ê�Ì� ,2*Z)#Z^^ CY�% ,1Ê¼‰Z¯ bÆ� ,3

'|Ì() 
ÂWZ»�  .ÂÌ» ÊYÌ¿ZY» Á ÊY)VÌ_ "Z$ Ê(g)Á )LDiospyrus kaki (,2-Y .|� +0Y�Y pÌRve ¾)Y �#.Ê2(g)Á ¾2)Y "Y�2% Z2$

 Ê» 'ZÌ¿ #�Â» "|À% +/�% Á "|À% +/-# ,QR¿ Á Q¼u Á "�ÁM�_ ,Á�# CYVÌÆne ÊuY�4 À�Z%|.Ê(g)Á Z$,.Â2Ì» �2U^ Á :Â24 |À¿Z» Ê)
 ,2Æ8 Á# �# �)Â6e ,uZ�» ,fU- ,uZ�» ,Q;¸;e ,|»Z8 ÊWZ=m ,.#Âe ÊWZ=m ,,)Á�¯ 9)�O ,Ê-|À$ ¾Ì=¿ZÌ» �U^ ,`nu ,K�8

 m ,QY� �ÌÌae ,,�Y� "Á�Ì¿ ,@ZYU!Y 9)�O ,CZ6/;» "Z$�Âv»R,2%Â4� �# ,�2Y� +2UR¿ �# ,�2Y� "h�¿Y Á Ê=»� %
21/75|¿|� ¾ÌÌ3e .Z2% �2%Y�% 92Ìe�/% ÂWZ2»�  .Â2Ì» "Y�2% ,)Á�¯ 9)�O Á Ê-|À$ ¾Ì=¿ZÌ» �U^ ,K�8 ,�U^ ,:Â4 ¾Ì=¿ZÌ»mm 
09/63,mm 84/41,mm 96/54,g87/103Á87/0%|»M ,-# +."Y�2% Q2;¸;e Á .#Âe ÊWZ=m ,|»Z8 ÊWZ=m ,`nu ¾Ì=¿ZÌ»

 Z% �%Y�% 9Ìe�/% ÂWZ»�  .ÂÌ»cm387/103 ,kgm-3 2/1032 ,kgm-3 35/492Á%52|� +^-Zv» .#Y# *Z7¿ M)Z/¿ ,uZ�2» +2¯
 �Âv» ,Æ8 �# �)Â6e fU- ,fU- X �Â2v» ,2Æ8 �# Á Z2$YZ2% �2%Y�% 92Ìe�/% Z2$cm256/95,cm217/30Ácm21/24

Ê» |�Z%.,+)A |Àm [Âm |À¿Z» #YÂ» Ê �% "Á� �% ÂWZ»�  .ÂÌ» @ZYU!Y 9)�O +3WZU» e�ÁÀÌ»ÂWM Á #AÂ_ ,.VÌ¿YÂWZ( #Y# *Z72¿ KÂÌ
 'Y Z/�)Y @ZYU!Y 9)�O +¯41/0Ze KÂÌÀÌ»ÂWM fU- "Á� 59/0#Â% �Ìa/» +)A |Àm [Âm fU- �% .,,�2Y� "Á�2Ì¿ *M �% .Áb�

 Z2% �2%Y�% 92Ìe�/% K�2¿ "ÂWZ2»�  "Y�% ,�Y� +UR¿ �# Ê=»�am Á ,�Y� "h�¿Y ,QY� �ÌÌaeN1/27,mm 32/7,J092/0Á
kJm-3 88/0/% ,5- .ÂÌ» "Y�% ÁZ% �%Y�% 9Ìe�N7/50,mm 52/9,J11/2ÁkJm-3 03/2|� ¾ÌÌ3e .

|Ì,¯'*Y+:Ê(g)Á ,ÊYÌ¿ZY» "Z$ Ê(g)Á "Z$ÊY)VÌ_,.ÂÌ»ÂWZ»�  

1-¾Ì�Z» &Ì¿ZY» .Á�( �ZÌ7¿Y# &Ì¿Á�/YWY ,�N ,"'�ÁZ7¯ "Z$ :sminaee@gmail.com 
2-¾Ì�Z  &Ì¿ZY» |��Y Ê-ZÀ��Z¯ "Ân7¿Y# '�ÁZ7¯ "Z$,",��|  ,Ì%�e .Z=7¿Y# ,*Y�Æe .|Y7¿Y# "'�ÁZ7¯ 
3-�Y Ê-ZÀ��Z¯ "Ân7¿Y# ,��|» ,Ì%�e .Z=7¿Y# ,*Y�Æe ,Ê¿Z^£Z% KÂ¸� |�.|Y7¿Y# "'�ÁZ7¯ 
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1-Ä»|.» 
Ê» �Y�^ Ê5¸/;» "Z$|À)M�_ Á Q»YÂ� �ÌLZe ,ve q�6» *Z»' Ze ,�Y#�% *Z»' 'Y AÂ¼3» "'�ÁZ7¯ CAÂ6v» |¿�Ì( .Z$|2À)M�_ ¾)Y

Ê» À¿YÂe .#Z- CZÌ¸¼� |VÌ¼e |À¿Z» "Y Y|8 ,*#�¯ Ê¸)|2^e Z2) Ê2¸Ì¼Ye "Z$|2À)M�_ +YÀ)Y Z) Á |À� % ¾)'Âe Á Ê)Zn%Z8 ,Â7/�� ,*#�¯
 Ê(g)Á Ê�Â¿ +% +¯ |À�Z% Ê» �Y ^ �ÌLZe ,ve Y� :Â6v» "Z$ |À$# .Ê2(g)Á , ZÀ2� ¾)Y�%Z2À% ,ÊYÌ¿Z2Y» ,Ê2Y)VÌ_ i2¸/;» "Z2$

 Á Ê)ZÌ¼Ì� ~5u .Âv¿ Á ZÆ¿M ÊY)hÂWÂÌ% Ê» |À)M�_ �<¿ #�Â» qY|$Y ,Æ8 �# ZÆ¿M �ÌÌae Z) ÁÊ2¼¯ ~5u �# |¿YÂe :Â62v» Ê25Ì¯ Á
|�Z% +/�Y# Ê)YV�% �ÌLPe]1[.#Â2^Æ% ¾Ì2Àd¼$ Á Ê£ 2% Á "'�ÁZ7¯ CAÂ6v» "Y�% Ê5Ì¯ "Z$#�Y|¿Z/-Y ¾)Á|e ,Æ8�# KZ( ¾ÌWÁY
 "�ÁM�_ i¸/;» SÂU ZÆ¿M Ê(g)Á ¾/�¿Y# ,CY�ÌÌae Á CAÂ6v» xÂÀ/» "Z$�# ZÆ¿M ,2-Y *Â(Z¿Â( Q»YÂ� �LY.Ê2(g)Á AÂ2!Y ,Z2$

 :Â6v» "#ZÌÀ% �Z/ Z- :Z6eY +R¸u )Á [ÂÌ� ,ÊWZ/�)�¯ �Z/ Z- ,Ê¼eY CAZ6eY (... *M œ-ZN Á),2ÌWZ3_ ,Ê)ZÌ¼Ì2� ,2ÌWZ3_ ,?À2e
 Á ÊY)hÂWÂÌ% (...Ê»Ê(g)Á Q»Z� +¯ |À�Z%Ì¼Ì� ,ÊeÂ! ,"�Â¿ ,ÊY)�/YWY ,Ê)Z»�( ,ÊYÌ¿ZY» ,ÊY)VÌ_ "Z$ ,Ê¯ZYU!Y ,Ê¿Z)�8 ,Ê)Z

 ,ÊYÌ»ZÀ)#Á�|Ì$ ,ÊYÌ»ZÀ)#Á�)M Ê» .�Ì£ Á Ê�Ì4ZÀa»Á�/YWY |À�Z% .Ê(g)Á Ê2» +/5( Ê)Z$�/»Y�ZN +Ì¸¯ +% ÊYÌ¿ZY» "Z$ +2% +2  ̄#Â2�
Á�Ì¿ �Z/_�-Ê» SÂ%�» #YÂ» QY� �ÌÌae |¿Â�]16[.

P-Âe �OZu *�^ �# +¯ Ê¿Z$ZÌ( +¸¼8 'Y.ZÌ( ( ,,-Y .|� Ê_�3» Á i7¯ *Z-ZÀ� Ê2» ÂWZ»�  .ZÌ |2�Z% .&2) ÂWZ2»�  +2YÌ)Zn¿M 'Y
Ê¸6_ :Â6v»,,-Y "Y�% i¸/;» "ZÆ$Z» �# Ze #Y# �Y�^ +¿Z #�- �# Y� .ÂÌ» |)Z% ,#�¯ "�Y|Æ=¿ Y� *M .Z» ¾)|Àm Ê4 *YÂ/% +YÀ)Y 

|¿#�( "�ÁM�_ SÂU  Z) �Y'Z% +¿YÁ� .Ê(g)Á ,�Z^¿Y �# "�Y|Æ=¿ �LY �# Ê_�4 'Y i2¸/;» "Z$ .Â2Ì» Ê2» �2ÌÌae |2À¯]18[.'Y,Á� ¾2)Y 
,CY�#Z2! Á Q2R¿ Á Q2¼u ,"|À% +/�% �# .ÂÌ» ,Ì5Ì¯ #Â^Æ% �Â<À» +% ÂWZ»�  ŒÂÌ» ÊYÌ¿ZY» Á ÊY)VÌ_ i¸/;» "Z$�/»Y�ZN ¾/�¿Y#

Ê» |Ì5» |�Z%.
|� z;7» r%ZÀ» Ê-��% �#+¯Rve +¿Â=dÌ$ +ÀÌ»' �# ÊRÌ ¾ÌÌ3e Ê(g)Á Á ÊY)VÌ_ "Z$ .ÂÌ» ÊYÌ¿ZY» +m ,ÂWZ»�  *Y�)Y �#+m Á

�Â7¯ 'Y •�Z  �#,-Y +/_�=¿ C�Â! .Y]W pÌRve ¾)Y 'Y q|$Ê(g)Á Ê �% ¾ÌÌ3eÂWZ»�  .ÂÌ» ÊYÌ¿ZY» Á ÊY)VÌ_ "Z$ Ê»|�Z% .
+¯ Zn¿M 'Y,�)' ,ÊY)hÂWÂÌ% Q»YÂ� QÌ^^ 'Y Ê5¸/;» Q»YÂ�-�2% "�Y#�Z2^¿Y xÂ2¿ Á ,�Y#�% ,,�Y# ,,�Z¯ BÁ� Á P)Y�� ,ÊUÌv»

Ê(g)Á "Z$i¸/;» WÂe :Â6v» Ê» �ÌLPe "|Ì �_ CYÁ#Y +ÀÌÆ% ÊuY�4 �Â<À» +% ¾ÌÀd¼$ Á |¿�Y](MÁ Q2R¿ Á Q2¼u ,"�Y#�Z^¿Y ,"�Á
 ¾ÌÌ3e ,"�Y#�Z^¿Y �Z¯ ,WÂÆ-Ê(g)Á "Z$ Ê» |Ì5» ÂWZ»�  .ÂÌ» ÊYÌ¿ZY» Á ÊY)VÌ_ |�Z% .�# �Z2-Y ¾2)Y �%,�2;¿ +2¸u�» ,%Ê2 �

Ê(g)Á "Z$ ÂÌ» ÊY)VÌ_.ÂWZ»�  'Y |Àe�Z^� +¯ :#Z3%Y )� ,:Â4xZ5e�Y Á €�(» ,*YVÌ ÊWZ2=m ,,2%Â4� 1)|2»Z8 Á .#Â2e(,*'Á ,`2nu ,
,)Á�¯ 9)�O Á... ¾ÌÀd¼$ ÁÊ(g)Á "Z$,,�Y� "Á�Ì¿ |À¿Z» ÊYÌ¿ZY»,QY� �ÌÌae ,�Y� "h�¿Y ÁÊ=»�am2.'Y|¿Y Ê» "�Ì(-

#Â�.
ÂWZ»� 3Z%Ê¼¸  KZ¿Diospyros kaki .#YÂ¿Z  'Y ÁEbenaceae,|ÌWÂe .|¼� CAÂ6v» 'Y ÊY) "+2^e� *Y�2)Y Á ,2-Y �Â7¯ 

#�Y# Y� *ZÆ8 �# |ÌWÂe `/7$ .,-Y �Y#�Â �% "#Z6/^Y ,Ì¼$Y 'Y *M +% SÂ%�» Q)Z�» …�4 Á� ¾)Y 'Y.*Y�2)Y �# +2¯ ÂWZ2»�  , �#
Ê»Â% Q!Y �# ,,-Y "�ÂÆ7» , �# ,-Y ¾NYh Á ¾ m .+/�]( 'Y , �# ¾)Y *Y�)Y #�YÁ �Á# Z/^�¿ "Y .|� SZ2R¿ �/7Ì% �# .'Á�»Y Á

Â7¯ �Ê» � jYe Á +/�Z¯ #Â�.�Â7¯ �# .ÂÌ» ¾)Y |ÌWÂe *YVÌ» 1000,-Y ¾e .+/)�YÁ "Y�Y# *Y�)Y �# ÂWZ»�  ,2-Y i2¸/;» "Z2$ .�#
'Y Ê �% +/)�YÁ ,-Y .|Ì7¯ Z/^�¿ �=)# Ê �% �# Á "Á�¯ b»Z¯ .ÂÌ» Z$ .,�Â( ?;% .ÂÌ» �Y# "#Z2)' �Y|R» "Â/v» #YÂ2» "|2À^,

¾¿Ze ,-Y ¾Ì»Z/)Á Á.+¿Â( 'Y "�ZÌ�% .ÂÌ» Ê» Ê   ÂWZ»�  "Z$ |�Z% .c¿� Ze ¾�Á  #�' Á Ên¿�Z¿ 'Y ZÆ¿M .�2Ìe V2»�^ Á Ên 2¿
5/»ZÀ% ZÆ¿M �U^ Á ,-Y CÁZ +¿Â( �% ¾Ì%2Ze8,-Y �/¼Ì/¿Z- .SÂ2¸% +Ì^2� Z2) "Á�¯ ,-Y ¾Y¼» *M +¿Â( �Z-Y �% ÂWZ»�  QY�
|�Z% .Á Z( +¿Â( Á# ZÆ¿M �Ì£|¿�Y# Z( ]4[..|Ì2-� K�2¿ V2»�^ Á ,52- V»�^ ,#�' ,V^- "ÂWZ»�  Q»Z� ÂWZ»�  .ÂÌ» |�� QuY�»
Ê» .ÂÌ» 'Y pÌRve ¾)Y �# +¯ |�Z%"ÂWZ»�,-Y .|� .#Z5/-Y ,5- ��Z¿ V»�^ "ÂWZ»�  .ÂÌ» ¾ÌÀd¼$ Á K�¿ .|Ì-� V»�^ .

1. Density 
2. Toughness 
3. Persimmon  
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2-Z/�+� + {Y » 
2-1-{Y » 

#Á|u ,pÌRve ¾)Y CZ7)Z»'M "Y�%100 K�( Â¸Ì¯ ,Ê2ÀNYh `2^� "ÂWZ»�  .ÂÌ» Diospyros kaki *Z/�2%Ze �2 YÁY �# ,86Á +2ÌÆe 
|� QR/À» +4Â%�» .Z=7)Z»'M +% +¸!Z_b%.Z„- Á .|� Y|8 .|)# +»|! Á :Z¯ ,[Y�  "Z$ÂWZ»�  .Â2Ì» "Z2$ Á# +2% .|Ì2-� `WZ2-

 |¿|� `Ì�Re K�¿ Á ,5- "Z$ÂWZ»�  +/-#..ÂÌ» ,%Â4� *YVÌ» ¾ÌÌ3e �Â<À» +% ÂWZ»�  ,#Y|3e 20&) �$ 'Y Á .ÂÌ» #|� +% +3U^ Á#
 ,»Z;Omm 3)#�( Y|8 Á |"Z»# �# ,Ê$Z=7)Z»'M eZ8Y �# 65|» +% �ÂÌ�¸- +8�# C24|� .#Y# �Y�^ ,�Z- ,%Â4� *YVÌ» Á

ÂWZ»�  .ÂÌ» ,%Â4� *YVÌ» +nÌ/¿ �# |)#�( ¾ÌÌ3e Ê¿'Á C�Â6% %21/75�e +)ZN �%|� +^-Zv»]12[.

2-2-'�Y|¿Y @+� Ê=sË+ É�Ì=Ê(Ë^Ìb ÉZÅ 
:Z/Ìn)# ZÌWÂ¯ 'Y .#Z5/-Y Z%1.'Y|¿Y ,^# Z% "�Ì(mm 01/0‡�V% �U^ ,)a(&mÂ¯ �U^ Á)c(ÂWZ»�  .'Y|2¿Y |¿|2� "�2Ì(.QÌW|2% 

.�)Y# �%Y�% Z^)�Re +¯ P-Â/» �U^ ,ÂWZ»�  ÊO�� rUR» *#Â% "YZ%|7¿ "�Ì( .'Y|¿Y ,-Y ‡�V% �U^ .
.ÂÌ» Ê-|À$ �U^ ¾Ì=¿ZÌ» Z$)Dg ( ,-# +% �)' +U%Y� 'YÊ»|)M]13[:

)18(3/123/1 )()( caabcDg 

*M �# +¯aÁ ‡�V% �U^ ,b,Á P-Â/» �U^c9�u �% +¿Â¼¿ &mÂ¯ �U^ ,mm |À�Z% Ê» )QY�1.(

hp9X Y��/b 

|»Z8 ÊWZ=m)kgm-3(pt‡�V% �U^)mm(a
.#Âe ÊWZ=m)kgm-3(pbP-Â/» �U^)mm(b

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

.#Âe K�8)g(mbfU- ,uZ�»)cm2(S
|»Z8 `nu)cm3(Vt�# �)Â6e ,uZ�» �Âv» ,Æ8-Z)cm2(Px-y 
.#Âe `nu)cm3(Vb�# �)Â6e ,uZ�» �Âv» ,Æ8-X)cm2(Py-z 

,%Â4� *YVÌ»%)w.b.(MCÊ)Z/�)Y @ZYU!Y 9)�O sµ
Q;¸;e(%) c

�Y�^ .#Z5/-Y #�Â» ,.ÂÌ» QY� iÌ!Âe "Y�% ̂Z»Â¼� +¯ "�ZÌ3»Ê»,)Á�¯ 9)�O #�Ì(,-Y +U%Y� 'Y +¯ 2Ê» +^-Zv» ##�(]13[:

)19( 
100

a
DgI

fU- ,uZ�»2+U%Y� Z% )3(Ê» +^-Zv»�#Â]13[:
)20(2S gDS

�)Â6e fU- Z$ .ÂÌ»(P) .Z=/-# Z% |� "�Ì( .'Y|¿Y MÀ- ,uZ�»)QY�2(.

1. Mitutoyo  ¾NYh �Â7¯ , Z- 
2. Surface Area 
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%�Â<À» +.ÂÌ» `nu +^-Zv» "Y�% .ÂÌ» ÊWZ=m ¾ÌÌ3e |»Z8 ÊWZ=m Z) )(Pt+%Z8 BÁ� 'YZ8r)Z» Ê))[M(.|� .#Z5/-Y �)' +U%Y� p^4
,-Y ]2[.

)21(
t

t
t V

m
U

,+U%Y� ¾)Y �# +¯ mt=,+¿Â¼¿ K�8 �%,K�( 9�uVt=[M `nu)r)Z» (.|� Zn%Z8�% ,Y» �/¼Ì/¿Z- 9�u3,-Y 9.
.#Âe ÊWZ=m "�Ì( .'Y|¿Y "Y�%)Pb(&) ,+^38 » `nu Z% ÊWZ ¾Ì3 ÂWZ»�  .ÂÌ» 'Y �N Y� .|� Á.Â2Ì» .#Â2e K�8 `Ì�Re 'Y`2nu �2% 

|»M ,-# +% .#Âe ÊWZ=m *YVÌ» ,.#Âe ]14[:

)22(
b

b
b V

m
U

,+U%Y� ¾)Y �# +¯mb9�u�% gÁ .#Âe K�8 ,Vb9�u �%cm3.#Âe `nu ,)+¿YÂ/-Y `nu (Ê»|� %.
.ÂÌ» .#Âe Q;¸;e |!�#)c(+U%Y� 'Y .ÂÌ» ÊWZ=m Á .#Âe ÊWZ=m 'Y .#Z5/-Y Z%6Ê» +^-Zv» ##�(]8[:

)23(1001 ¸̧
¹

·
¨̈
©

§
�

t

b

U
U

H

QY�1-‡�V% �U^ ) a (&mÂ¯ �U^ Á) c (.ÂÌ» QY� 2-|3% Á# �# ÂWZ»�  �)Â6e fU- 
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2-3-Ê=sË+ É�Ì= '�Y|¿Y @+� Ê(Ì¿Z(» ÉZÅ 
¾ÌÌ3e "Y�%Ê(g)Á "Z$ .ÂÌ» ÊYÌ¿ZY»ÂWZ»� #YÂ» *Â»'M .Z=/-# 'Y1Z2% Load cell 200 N  Ê24 "�Â2v» &2e "�Z72_ *Â2»'M
 |� .#Z5/-Y.%+�Z  QY� QÌW#,Ê3Ì^4 ,WZu �# ÂWZ»�  .ÂÌ» Y�j¯Y Ê» �Y�^ p_Y fU- "Á� "�Â4 (#Â¼� *M &mÂ¯ �U^ +¯ #�Ì

Ê» p_Y fU- �%|�Z% .,_�( C�Â! &mÂ¯ �U^ ,Æ8 �# "�Y](�Z% Y]W ]21[.
ÊÀvÀ» `-� ,"�Âv» &e �Z7_ *Â»'M 'Y q|$ Á�Ì¿ "Z$-"'YÂ2» +v52! Á# ¾Ì2% .#�Â2;¿ ,-# .ÂÌ» QY��ÌÌae )QY2�3(Z2% Á

,��- mm/min5Ê»|�Z% ]5,7,11,17[.¿ +% +8Âe Z% ?)Z»'M �$ �#Á�Ì¿ �Y#Â¼-"Á�2Ì¿ Á ¾ 2Ì3e ,,�2Y� +2UR¿ ,QY��ÌÌae 
|� ,0Y�^ +¿Â¼¿ ,�Y� .Ê_�6» "h�¿Y):Áh 9�u �%(Á�2Ì¿ Ê2ÀvÀ» �2)' fU- +^-Zv» Z% VÌ¿ +¿Â¼¿ ,�Y� "Y�%-,QY2��ÌÌae 

Ê=»�am �Y|R» ,+¿Â¼¿ �$ `nu �% ,�Y� "h�¿Y *YVÌ» `Ì�Re Z% Á |»M ,-|%)kJ/m3(#�( +^-Zv» )|.
@ZYU!Y 9)�O�)Y Z/)dµ(+)ÁY' "�Ì( .'Y|¿Y Z% ,¯�u +¿Z/-M �# :Â6v» +¯ "Y…ÂU- "Á� �%|2À¿Z» i2¸/;» #YÂ» e�Á ,[Â2m 

Z(WQÌ/-Y e�Á Á Ê»ÂÌÀÌ»ÂWM e�Á ,.VÌ¿YÂ ,-Y Ê» +^-Zv»#Â�..ÂÌ» ,�/»Y�ZN ¾)Y "�Ì( .'Y|¿Y "Y�% fU2- Z2% +¯ +/�% &) Q Y# Z$
 Y# �Y�^ fU- �$ "Á� �% ,|¿�Y|¿ Ê-Z¼e +¿Â( ŸÌ$.#Ê»|¿Â�.&2) :Â2u Ê¿Y�Á# ,¯�u +% xÁ�� , YÂÀY) ,��- Z% fU- Z„- 

+)ÁY' ,¿Yg¿Ze ,.#Â¼¿ Ê)AÂW �Âv» Ê» �Y�^ ,¯�u +% xÁ�� –¿Z/-M �# *M "Á� �% .ÂÌ» +¯ "Y �%Y�% ,#�Ì( Z% Y @ZYU2!Y 9)�O 2)Z/� 
Ê»|�Z% ]19[:

)24( D tans

3-:;] + <ËZf¿ 
3-1-Ê=sË+Ê(Ë^Ìb ÉZÅ 

:Á|8 �# +¯ �ÂU¿Z¼$1Ê» .|$Z7» :Â4 ¾Ì=¿ZÌ» #Â�)‡�V% �U^(,,»Z;O )&mÂ¯�U^ (ÁÂWZ2»�  .Â2Ì» Ê-|À$ ¾Ì=¿ZÌ» �U^
Z% �%Y�% 9Ìe�/%mm  09/63,mm 84/41Ámm 96/54�Z2¿Y .ÂÌ» :Â4 'Y �/¼¯ +¯ |»M ,-|%)mm 5/65(,2%Â4� �#%51/57

�e +)ZN �%+^¿Y .ÂÌ» ,)mm 8/66(:ZRe�N .ÂÌ» ,)mm 21/69(,%Â4� �# %89�e +)ZN �%Ê%b( .ÂÌ» Á)mm 93/71('Y �/7Ì% ÊWÁ 
Â¸$ .ÂÌ» :Â4)mm 02/45:ZRe�N Ê-|À$ ¾Ì=¿ZÌ» �U^ 'Y �/¼¯ Á)mm 76/70('Y �/7Ì% ÊWÁ ,»Z;O �Z2¿Y .ÂÌ» )mm 4/35(Á

Â¸$ .ÂÌ»)mm 85/40(Ê»|� % ]3,6,9,10[.,`nu ,K�8 Z2% �%Y�% 9Ìe�/% Q;¸;e Á ,)Á�¯ 9)�O ,|»Z8 ÊWZ=m ,.#Âe ÊWZ=m g

71/106,cm387/103 ,kgm-3 35/492,kgm-3 2/1032,87/0Á%52,¾Ì22Àd¼$ ,22Æ8 �# �)Â622e ,uZ�22» ,fU22- ,uZ�22»

 
1. H50 K-S ¸Ì5�¿Z$ ,¯�� , Z-|

QY�3-"�Y](�Z% ¾Ìu �# #YÂ» ,�e .Z=/-# .ÂÌ»ÂWZ»�  
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�Âv»Z- �Âv» ,Æ8 �# ÁX- % ÂWZ»�  .ÂÌ» "Y�% +Z% �%Y�% 9Ìe�e cm256/5,cm217/30,cm210/24,2%Â4� �#%21/75�2% 
�e +)ZN �Z¿Y .ÂÌ» `nu 'Y �/¼¯ +¯ |»M ,-|%)cm374/126(:ZRe�N .ÂÌ» Á)cm368/206(Ê2%b( .ÂÌ» `nu 'Y �/7Ì% ÊWÁ )cm3

96/89(�Z¿Y .ÂÌ» K�8 'Y �/¼¯ ,)g51/163(:ZRe�N .ÂÌ» ,)g71/175(Ê%b( .ÂÌ» Á)g57/109(�Z2¿Y .Â2Ì» |2»Z8 ÊWZ=m 'Y �/¼¯ ,
)kgm-3 1290(Ê%b( .ÂÌ» Á)kgm-3 3/1224(:ZRe�N .ÂÌ» |»Z8 ÊWZ=m 'Y �/7Ì% ÊWÁ )kgm-3 5/865(Ê2» |2�Z% .,.#Â2e ÊWZ2=m

 �Âv» ,Æ8 �# �)Â6e ,uZ�» ,fU- ,uZ�» ,,)Á�¯ 9)�O ,Q;¸;eX- �Âv» ,Æ8 �# �)Â6e ,uZ�» ÁZ- Ê2%b( .ÂÌ» "Y�% 
Z% �%Y�% 9Ìe�/% kgm-3 74/641,%9/46,831/0,cm292/111 ,cm22/20Ácm257/15Z2% �2%Y�% 92Ìe�/% :ZRe�N .ÂÌ» "Y�% Á

kgm 8/527,%2/40,024/1,cm22/162 ,cm214/49Ácm248/47,-Y .#Â% ]3,6,9,10,20[.
+% +8Âe Z%n)Z/¿¸Ê+U%Y� Ê-|À$ �U^ Á `nu ,K�8 ,&mÂ¯ �U^ ,‡�V% �U^ ,|� +0Y�Y +¯ +2U%Y� ÊWZ2=m Á `ÌR/�» Ê2-ÂY3» Z2% 
» .'Y|¿YÌ.Â,�Y# ÂWZ»�  .» .'Y|¿Y *|� ‡�V% Z% ÊÀ3)Ì,.Â ,-Y +/_Z) ?$Z¯ ÊWZ=m .[M ?)YV2_Y Á .Â2Ì» Ê(|Ì-� QÌW# +% �»Y ¾)Y

Ê» ÂWZ»�  �# #Â8Â» |�Z%.
Ê» *Z7¿ .ÂÌ» #Z3%Y �)#ZR» ¾Ì=¿ZÌ» Ê¿YÁY�_ r)'Âe ÊÀvÀ» +¯ |$# %60.ÂÌ» 'YZ$:Â4 "Y�Y# )‡�V% �U^ (.#Á|v» �#61Z2e mm 

73)QY�4(,%80.ÂÌ» xZ5e�Y "Y�Y# Z$)&mÂ¯ �U^ (.#Á|v» �#38Zemm 44)QY�5(#Á|u ,%70.ÂÌ» K�8 "Y�Y# Z$ 83Z2e 
g143)QY�6(#Á|u ,%90.ÂÌ» ̀ nu "Y�Y# Z$ 70Zecm3130)QY�7(#Á|u ,%96.Â2Ì» |2»Z8 ÊWZ2=m "Y�Y# Z2$ 93/0Z2e 

kgm-315/1)QY�8(d¼$ |¿#Â% ¾ÌÀ #Á|u %76.ÂÌ» Z$,)Á�¯ 9)�O "Y�Y# 83/0Ze%89/0)QY�9(#Á|u ,%76.ÂÌ» Z2$ 

fU- ,uZ�» "Y�Y# 38/87Zecm233/125 )QY�10(#Á|u Á%70Z�» "Y�Y#u�)Â6e ,24Zecm239 �Â2v» ,2Æ8 �#Z- 
)QY�11(Á%70"Y�# Z�»u�)Â6e ,20Zecm229 �Âv» ,Æ8 �#X- )QY�12(Á#Á|u ¾ÌÀd¼$ %67"Y�Y# Z2$ .Â2Ì» 'Y 

¾Ì% Ê-|À$ ¾Ì=¿ZÌ» �U^ 52Zemm 60)QY�13(Ê»|À�Z%.

:Á|81-Ê(g)Á ,%Â4� �# ÂWZ»�  .ÂÌ» ÊY)VÌ_ "Z$ %21/75�e +)ZN �% 

Ê(g)Á �Y|R» 
,xZ5e�Yb)mm(3/2±84/41

,P-Â/» �U^a)mm(89/6±09/63
,Ê-|À$ ¾Ì=¿ZÌ» �U^Dg)mm(65/4±96/54

,K�8m)g(82/25±71/106 
,,)Á�¯ 9)�OØ)%(03/0±37/87

,`nuV)cm3(37/26±87/103 
,|»Z8 ÊWZ=m Pt)kgm-3(24/6±28/1032 
,.#Âe ÊWZ=m Pb)kgm-3(52/1±35/492 

,Q;¸;ec)%(01/0±52/0
,�)Â6e fU- Px-y)cm2(52/6±17/30
,�)Â6e fU- Py-z)cm2(52/3±1/24

,fU- ,uZ�»S)cm2(82/15±56/95

QY�4-�Y#Â¼¿r)'Âeª_:Â4 Ê¿YÁY�)‡�V% �U^(ÂWZ»�  .ÂÌ»

0.00

10.00

20.00

30.00

40.00

49-55 55-61 61-67 67-73 73-79

 (mm) JKLM ·Wze dτ•

(%
)r

\ZP
Zd
¸

QY�5-.ÂÌ» &mÂ¯ �U^ Ê¿YÁY�_ r)'Âe �Y#Â¼¿ ÂWZ»� 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

35-38 38-41 41-44 44-47

 (mm) Q2'4 pu29 ή*^

(%
)r

\ZP
Zd
¸
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3-2-Ê;BËÁ !Z5ÊCÌ¿ZC» 
ZÀ8 Z% fU- �ZÆm "Y�% Ê)Z/�)Y @ZYU!Y 9)�O -Zv» Ê»ÂÌÀÌ»ÂWM Á +)A |Àm [Âm ,#AÂ_ ,.VÌ¿YÂWZ( e�Á "Z$ |� +^ .¾Ì=¿Z2Ì»

 Z% �%Y�% +)A |Àm [Âm fU- "Á� Z/�)Y @ZYU!Y 9)�O 59/0Z% �%Y�% "#AÂ_ e�Á fU- �% ,517/0�2%Y�% .VÌ¿YÂWZ2( fU- "Á� ,
Z% 473/0Ê»ÂÌÀÌ»ÂWM fU- "Á� Á41/0.'Y|¿Y |� "�Ì(.Ê» .|$Z7» +¯ �ÂU¿Z¼$ #Â�Z/�)Y @ZYU!Y 9)�O ¾)�/7Ì% fU- "Á�

 %Y�% Á +)A |Àm [ÂmZ% �59/0�%Y�% Á Ê»ÂÌÀÌ» WM fU- "Á� *M ¾)�/¼¯ Á41/0fU2- *Â2m ,-Y ÊRUÀ» b»Z¯ +¯ |� +^-Zv» 
qZ! +ÌR% 'Y Ê»ÂÌÀÌ»ÂWM fU- Á +ÌR% 'Y �e�%' ,+)A |Àm [Âm,-Y �e):Á|82(R» 'Y �/7Ì% �)#ZR» ¾)Y +¯ �)#Z .'Y|2¿Y .|2� "�2Ì(

QY�6-ÂWZ»�  .ÂÌ» K�8 Ê¿YÁY�_ r)'Âe �Y#Â¼¿ 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

63-83 83-103 103-123 123-143 143-163

 (g) JKLM ‹dh

(%
)r

\ZP
Zd¸

QY�7-ÂWZ»�  .ÂÌ» `nu Ê¿YÁY�_ r)'Âe �Y#Â¼¿ 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

50-70 70-90 90-110 110-130 130-150

(cm3) JKLM ƒ„…

(%
)r

\ZP
Zḑ

QY�8-ÂWZ»�  .ÂÌ» |»Z8 ÊWZ=m Ê¿YÁY�_ r)'Âe �Y#Â¼¿ 

0.00
10.00
20.00
30.00
40.00
50.00
60.00

0.93-1.04 1.04-1.15 1.15-1.26
 (kgm-3) JKLM UMSh r†S‡ˆ

(%
)r

\ZP
Zḑ

QY�9-�  .ÂÌ» ,)Á�¯ 9)�O Ê¿YÁY�_ r)'Âe �Y#Â¼¿ ÂWZ»

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00

0.83-0.85 0.85-0.87 0.87-0.89 0.89-0.91 0.91-0.93

 (%)  JKLM usPd¹ ºsd»

(%
)r

\ZP
Zd¸

QY�10-ÂWZ»�  .ÂÌ» fU- ,uZ�» Ê¿YÁY�_ r)'Âe �Y#Â¼¿ 

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00

62.08-74.73 74.73-87.38 87.38-100.03 100.03-112.68 112.68-125.33

 (cm2) JKLM ‘τc u…S‰M

(%
) F

1+`
+ή˰˰

˰˰˰3

QY�12-+v5! �# �)Â6e ,uZ�» Ê¿YÁY�_ r)'Âe �Y#Â¼¿ y-z

0.000

5.000

10.000
15.000

20.000

25.000

30.000

35.000

17-20 20-23 23-26 26-29 29-32

 (mm2) JKLM dsK§“ u…S‰M

(%
)r

\ZP
Zd¥
¸

QY�11-+v5! �# �)Â6e ,uZ�» Ê¿YÁY�_ r)'Âe �Y#Â¼¿ x-y

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

19-24 24-29 29-34 34-39 39-44

 (mm2) JKLM dsK§“ u…S‰M

(%
)r

\ZP
Zd¥¥
¸

QY�13-�U^ Ê¿YÁY�_ r)'Âe �Y#Â¼¿ ¾Ì=¿ZÌ».ÂÌ» Ê-|À$ 
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.VÌ¿YÂWZ( ¾$M fU- �% :ZRe�N .ÂÌ» "Y�%)247/0(,[Âm fU- "Á� Á)258/0(Ê)Z/�2)Y @ZYU2!Y 9)�2O 'Y �/72Ì% ¾ÌÀd¼$ Á
.VÌ¿YÂWZ( fU- "Á� �% Ê%b( .ÂÌ»)243/0([Âm fU- "Á� �% Á)261/0(Ê»|�Z% ]10 Á20[.

:Á|8 �# +¯ �ÂU¿Z¼$3Ê» .|$Z7» #Â� ,�Y� "Á�Ì¿ ¾Ì=¿ZÌ»)Ê/;- (,52- "ÂWZ»�  .ÂÌ» %87,�2Y� "Á�2Ì¿ 'Y �/72Ì% 
»�  .ÂÌ» K�¿ "ÂWZ Ê»|�Z%."�Y]( �Z% ,��- �# K�¿ "ÂWZ»�  "Y�% ,�Y� "Á�Ì¿ ¾Ì=¿ZÌ»mm/min 5Z% �%Y�% N1/27"Y�% Á

Z% �%Y�% ,5- "ÂWZ»�  N7/50|»M ,-|% ,¾Ì d¼$ ,5- "ÂWZ»�  .ÂÌ» "Y�% ,�Y� +UR¿ �# QY� �ÌÌae ¾Ì=¿ZÌ» %30�/7Ì% 
K�¿ "ÂWZ»�  .ÂÌ» QY� �ÌÌae 'Y,-Y.¾Ì=¿ZÌ» Z% �%Y�% K�¿ "ÂWZ»�  "Y�% ,�Y� +UR¿ �# QY� �ÌÌae *YVÌ» mm 32/7"Y�2% Á

Z% �%Y�% ,5- "ÂWZ»�  mm 52/9|� Q!Zu ..Áb3% »Ì=¿ZÌ¾h�¿Y "Y�% ,�Y� "Z»�  ",5- %190%Ì�/7 h�2¿Y 'Y ",�2Y� 
Y�%"ÂWZ»�  "» K�¿ Ê|�Z%.Z% �%Y�% K�¿ "ÂWZ»�  .ÂÌ» ,�Y� "Y�% K'A "h�¿Y ¾Ì=¿ZÌ» J092/0Z2% �2%Y�% ,52- "ÂWZ2»�  ÁJ

211/0¾ÌÌ3e |)#�(.»Ì=¿ZÌ¾=»�am ÊY�% "ÂWZ»�  ",5- 3/1% �%Y�% Ì�/7 » 'YÌ=¿ZÌ¾=»�am ÊÂWZ2»�  ",2-Y K�2¿ .¾Ì=¿Z2Ì»
 Z% �%Y�% K�¿ "ÂWZ»�  .ÂÌ» "Y�% Ê=»�am kJm-3 88/0,52- "ÂWZ»�  .ÂÌ» "Y�% Ê=»�am ¾Ì=¿ZÌ» ÁkJm-3 03/2|2� Q2!Zu .

�Y|R» +^¿Y .ÂÌ» "Y�% .|� B�YV( �Y|R» 'Y �/7Ì% ,5- "ÂWZ»�  .ÂÌ» " Y�% ,�Y� "Á�Ì¿ )N96/32(Â2¸$ .ÂÌ» 'Y �/¼¯ ÊWÁ )N

6/59(Ê»|�Z% ..|Ì-� 9Ì- .ÂÌ» �Y|R» 'Y �/¼¯ K�¿ "ÂWZ»�  .ÂÌ» "Y�% ,�Y� "Á�Ì¿ �Y|R»)N33 (,2-Y "�Y|R» 'Y �/7Ì% ÊWÁ
.|Ì-� +^¿Y .ÂÌ» "Y�% +¯)N39/22(,-Y .|� B�YV( ]6,9,15[.

:Á|82-"YÂ/v» �# ÂWZ»�  .ÂÌ» Ê)Z/�)Y @ZYU!Y 9)�O 

,%Â4� %21/75�e +)ZN �% �Á"i¸/;» #YÂ» …ÂU- 

fU- Ê)Z/�)Y @ZYU!Y 9)�O 

025/0±473/0 .VÌ¿YÂWZ( e�Á 

021/0±517/0 "#AÂ_ e�Á 

018/0±41/0 M e�ÁÊ»ÂÌÀÌ»ÂW 

027/0±59/0 +)A |Àm [Âm 

:Á|83-Ê(g)Á ,%Â4� "YÂ/v» �# ÂWZ»�  .ÂÌ» ÊYÌ¿ZY» "Z$ %21/75�e +)ZN �% 

+¿Â¼¿ %sig 

Ê(g)Á 
,5- "ÂWZ»�  "ÂWZ»�  K�¿ ÷0.05)(

,�Y� "Á�Ì¿ )N(7/501/27*

*ZY» �ÌÌae)mm(52/932/7ns 

,�Y� "h�¿Y)J(211/0092/0*

Ê=»�am)KJ/m3(03/288/0*

*fU- �#05/0ÊÀ3» ,-Y �Y#.**  fU- �# 01/0ÊÀ3» ,-Y �Y#.ns fU- �# 05/0ÊÀ3» ,�Ì¿ �Y#.
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4-Ä4Ìf¿ É�Ì= 
�Z-Y �%+/_Z)Ê» pÌRve ¾)Y "Z$#�¯ 9�¯ Y� �)' M)Z/¿ *YÂe :
1.¯|¿Y �ÌÌae ,.ÂÌ» .'Y|¿Y �Z-Y �% ,)Á�¯ 9)�OÊ¼¿ Ê¿Y|Àm �ÌÌae .ÂÌ» "�$Z‰ QY� *Âm #�Y# Ê|À¯.
2.Z% �%Y�% Á +)A |Àm [Âm fU- "Á� Ê)Z/�)Y @ZYU!Y 9)�O ¾)�/7Ì% 59/0�%Y�% Á Ê»ÂÌÀÌ» WM fU- "Á� *M ¾)�/¼¯ Á

41/0qZ2! +2ÌR% 'Y Ê»Â2ÌÀÌ»ÂWM fU- Á +ÌR% 'Y �e�%' ,+)A |Àm [Âm fU- *Âm ,-Y ÊRUÀ» b»Z¯ +¯ |� +^-Zv» �2e
-Y,.

3.,�Y� "Á�Ì¿ ¾Ì=¿ZÌ»)Ê/;- (Z% �%Y�% ,5- "ÂWZ»�  .ÂÌ» N7/50+¯ |� +^-Zv» %87.ÂÌ» ,�Y� "Á�Ì¿ 'Y �/7Ì% 
K�¿ "ÂWZ»� )N1/27(Ê»|�Z%.

4.Z% �%Y�% ,5- "ÂWZ»�  .ÂÌ» "Y�% ,�Y� +UR¿ �# QY� �ÌÌae ¾Ì=¿ZÌ» mm 52/9+¯ |  +^-Zv» %30�2ÌÌae 'Y �/72Ì% 
¿ "ÂWZ»�  .ÂÌ» QY�K�)mm 32/7(,-Y .

5.Z% �%Y�% ,5- "Z»�  "Y�% ,�Y� "h�¿Y ¾Ì=¿ZÌ» J211/0+¯ |� +nÌ/¿ %190"ÂWZ2»�  "Y�% ,�Y� "h�¿Y 'Y �/7Ì%
K�¿)J092/0(Ê»|�Z%.

6.,5- "ÂWZ»�  "Y�% Ê=»�am ¾Ì=¿ZÌ» kJ/m303/2+¯ |»M ,-|% 3/1K�2¿ "ÂWZ2»�  Ê2=»�am ¾Ì=¿ZÌ» 'Y �/7Ì% �%Y�%
,-Y.

7.Ìae Vn% ÂWZ»�  ¾Ì% "�Y# ÊÀ3» qb/ Y ÊYÌ¿ZY» "Z$ Ê(g)Á �=)# �# QY� �ÌZ$+% SÂ%�» +¯ |� .|$Z7» K�¿ Á ,5- "
|�Z% Ê» :Z¯ Á .|Ì-� .ÂÌ» ,_Z% qb/ Y.

ZÅ{Z/À�ÌA 
 Ê(g)Á ¾ÌÌ3e "�Y](�Z% ,��- 'Y �LZ/» ÂWZ»�  ÊYÌ¿ZY» "Z$ 

É�Y^= mZn� 
e BÂ  �/¯# "Z^M "�ZY¼$ 'Y +WZR» ¾)Y *Z(|À�)Â¿ Ê)ZO� �|ÀÆ» Á .Á�( �)|» ZOZR ¾Ì2�Z» &2Ì¿ZY» .Á�2( �ZÀ2��Z¯ ZÌ¯ "Z2$

 �Z2Ì/ Y �# Á ÊWZ2» &2¼¯ �4Z2;% ��|2» ,Ì%�e .Z=7¿Y# 'Y ¾ÌÀd¼$ Á *Y�Æe ��|» ,Ì%�e .Z=7¿Y# "'�ÁZ7¯ .|Y7¿Y# "'�ÁZ7¯
�Z„- Á �Y7e ,)ZÆ¿ .Z=7)Z»'M Á Q)Z-Á ¾/�Y]( |¿�Y# Y� "�YV(.
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