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'|Ì() 
ZY» ,Ì¼$Y +% +8Âe Z% ¾Ì�Z» 'Y .#Z5/-Y Á "'�ÁZ7¯ ?;% �# *ÂÌ-YVÌ¿ #�Â2» �# ÊeZ2�b4Y ¾/2�Y# ,CZn¿Z �Z¯ Á x�YV» �# Z$

Ê(g)Á ¾Ì�Z  ÊuY�4 �# +ÌWÁY "Z$'ZÌ¿ 'Y ,ÊY)VÌ_ "Z$ Ê» +4Â%�» "Z$ |�Z% .Ê2(g)Á ¾Ì2Ì3e "Y�% pÌRve ¾)Y �# +2Ì»Z% �]2% "Z2$
,%Â4� |)#�( Y�8Y i¸/;» "Z$ .'Y Ê/%Â4� fU- �ZÆm7Ze%20�e +)ZN �%)w.b.(|� +/_�( .¾Ì=¿Z2Ì» �U^ ,xZ5e�Y ,€�� ,:Â4

 -Y +)ÁY' ,+¿Y# �YV$ *'Á ,Ê%Z�u ¾Ì=¿ZÌ» �U^ ,Ê-|À$/fU- ,uZ�» Á `nu ,�Y�R,�)Â6e ,uZ�» ,2)Á�¯ 9)�2O Á?)YV2_Y Z2% 
'Y ,%Â4�7Ze%20%+'Y 9Ìe�e096/5Zemm 678/5,476/4Z2e mm 88/4,239/4Z2e mm 608/4,585/4Z2e mm 035/5,

604/4Zemm 136/5,615/56Zeg78/65,2/21Ze3/24,+8�# 054/0Ze064/0,18/66Zemm264/79,67/11Z2e mm2

6/14Á902/0Ze92/0#�¯ Y|ÌN ÊU  ?)YV_Y .Á .#Âe ÊWZ=m Á |»Z8 ÊWZ=m 'Y ,2%Â4� ?)YV2_Y Z2% Q2;¸;e ¾ÌÀd¼$7Z2e %20
'Y 9Ìe�/%33/1086 Ze kgm-3 1032 ,627Zekgm-3546 Á1/41Ze%38�Â4 +%ÊU  ?$Z2¯ #�2¯ Y|2ÌN .@ZYU2!Y 9)�2O

 +Ì»Z% �]% Ê)Z/�)Y +ÌWÁY ,%Â4� �# %)05/7(Á +2)A |2Àm [Â2m ,KÂ2ÌÀÌ»ÂWM ,#AÂ2_ ,.VÌ¿YÂWZ2( ¾2$M |À¿Z» Ê5¸/;» …ÂU- "Á� �% 
"Á� �% Ê)Z/�)Y @ZYU!Y 9)�O �Y|R» ¾)�/7Ì% +¯ |� ¾ÌÌ3e &Ì/-A fU-&Ì/-A Z% �%Y�% Á524/0�Y|R» ¾)�/¼¯ Á*M�2%Y�%

 Z%347/0fU- "Á� �%KÂÌÀÌ»ÂWM|»  ,-|%.

|Ì,¯Y+*':Ê(g)Á ,+Ì»Z% �]% ,%Â4� �ÌLZe ,ÊY)VÌ_ "Z$ 
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2077

1-Ä»|.» 
+Ì»Z%)okra ( Ê¼¸� KZ¿ Z%)Hibiscus Esculentus L. (Ê» @�ÌÀN Q( .�Ìe 'YÌ»Z% *M Ê%�� Á Ê-�Z_ KZ¿ +¯ |�Z%,-Y +.Q2!Y 
»Z%Ì+-M 'Y ÌZÁ)Z�_M )ZR»Ê|�Z% .Y ,»|^)¾(Ì.Z')#Z¿Ì,��6» )ZÆ*�^ �#12)Z13»Ì#b"Y)¾(Ì.Z» Y� Ê+/�Z¯ Z2NÁ�Y �# |2¿Y"
^��Ê�# qY�4Y �# )Z"|»)+¿Y�/ %Ì?Z- 'Y )�Y 'Y SZR¿ )¾V^- "» q�6»Ê#Â� ]3[.¯�e �#Ì+»Z% Ì+Y�% .#�¯ &7  Y� "q�62» 

 y *Z/�»'Ì.�»Ê|ÀÀ¯.»Z%Ì+(Ì$ZÊ�»�( ,-Y Ì�"`¯ #�- SZR¿ �# Á`¯ Á | 2» :Â62v»Ê#Â2�.»2Ì.Â2»�$ ÊÁ 'Y�# ,QY2� 
Â/v»"+¿Y# Z$"�ÂN Ì.|#�Y# �Ze 'Y.»Z%Ì+(Ì.ZYÂ$ ,»ÁZR» Á ,-Y K�( Q6_ "Á &À  )*Y|À^;Y�#�Y|¿ .Z»#"Y�% 9-ZÀ» "|2�� 

% *M +eÂ%Ì¾21Ze30/¿Z- +8�# Ê» #Y�( ÊZ%|�]7[.Y)¾(Ì.ZR/�» Y� ÌˆZ¼ »' �#Ì¾¸!Y Ê»Ê' |¿�Z¯)Y��Z¯ Z7¿ +% ,^�¿ ",»ÁZR» 
#�Y|¿ �Á]% »Z% Ì+%Â;% Ê/uY� +% ÁÊ¼¿ +¿YÂ8 Ê% �]% #Y|3e Y]W |À¿'Ì�/7"�/¼¯ +¸!Z_ �#"» +/�Z¯ Ê+eÂ% Z„- |¿Â� Z2$"_Z2OY Ê

» &ÀeÊ|¿Â� .C|» +% �Á]% +d¿ZÀm24 [M �# ,�Z- ÌZ+% |¿Â� » &¼¯ ZÆ¿M *#' +¿YÂ8Ê|À¯ .�- �Â<À» +%)�/3 V^2- �2/Æ% Á
¾Y¼» ZÆ¿M *|� Y# ,-).�YÂ -Á +% �]% ,;- Ì+¸-YÌ|�Â5WÂ- )&#Â� K�¿ ]2[..ZÌ( ¾)Y *Z/-'Â  �# �Â6;% Á �Â7¯ [ÂÀ8 �#

Ê» ,7¯ *Z/-Á|À$ ,*Z/�¯ZN ,+Ì¯�e |À¿Z» +¿ZÌ» �ÁZ  "Z$�Â7¯ 'Y Ê �% Á ZY)�»M �# �OZu :Zu �# #Â� ,72¯ Ê3Ì2-Á fU2- �# 
Ê» #Â�]4[.Ê» �Y�^ Ê5¸/;» "Z$|À)M�_ Á Q»YÂ� �ÌLZe ,ve q�6» *Z»' Ze ,�Y#�% *Z»' 'Y AÂ¼3» "'�ÁZ7¯ CAÂ6v» |2¿�Ì( .

Ê» Z$|À)M�_ ¾)Y .#Z- "Z$|À)M�_ |À¿YÂe VÌ¼e |À¿Z» "Y Y|8 ,*#�¯ "Z$|2À)M�_ +2YÀ)Y Z2) Á |À2�Z% ¾)'Â2e Á Ê)Z2n%Z8 ,Â7/�� ,*#�¯
Ê¸Ì¼Ye Ê(g)Á Ê�Â¿ +% +¯ |À�Z% Ê¸)|^e Z) Ê2» �Y�2^ �ÌLZe ,ve Y� :Â6v» "Z$ |2À$# .Ê2(g)Á , ZÀ2� ¾)Y�%Z2À% i2¸/;» "Z2$

 Ê» |À)M�_ �<¿ #�Â» qY|$Y ,Æ8 �# ZÆ¿M �ÌÌae Z) Á ~5u .Âv¿ Á ZÆ¿M ÊY)hÂWÂÌ% Á Ê)ZÌ¼Ì� ,ÊYÌ¿ZY»,ÊY)VÌ_ Ê¼¯ ~5u �# |¿YÂe Á
�Z% +/�Y# Ê)YV�% �ÌLPe :Â6v» Ê5Ì¯|]5[.Á Ê£Z2% Á "'�ÁZ72¯ CAÂ6v» "Y�% Ê5Ì¯ "Z$#�Y|¿Z/-Y ¾)Á|e ,Æ8�# KZ( ¾ÌW=ÁY

#Â^Æ% ¾ÌÀd¼$ ¾/�¿Y# ,CAÂ6v» ¾)Y "�ÁM�_ i¸/;» SÂU  Ê(g)Á "Z$ Q2»YÂ� �2LY�# Z2Æ¿M CY�2ÌÌae Á CAÂ62v» ¾)Y xÂÀ/» 
Ê» �<¿ +% Y]W ,-Y *Â(Z¿Â( ¾ÌÀm +ÌÆe :Z^¿# +% VÌ¿ Ê¿Y�)Y ¾ÌRRv» �(Y ,|-� *Z��Â72¯ "|2ÌWÂe CAÂ62v» "Y�% Ê)Z$#�Y|¿Z/-Y

 CY�ÌÌae *YVÌ» Á �Y|R» ¾ÌÌ3e 'Y �)V(Z¿ ,|À/�$Ê(g)Á "Z$Ê» 'ZÌ¿ #�Â» i¸/;» |À�Z%.

`0b� ,-�Æ_ 

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

,)Á�¯ 9)�O )-(Ø&mÂ¯ �U^ )mm(T
8K�+¿Â¼¿ )g(mtÊ-|À$ ¾Ì=¿ZÌ» �U^ )mm(Dg

.#Âe K�8)g(mbÊ%Z�u ¾Ì=¿ZÌ» �U^ )mm(Da

+¿Y# �YV$ *'Á )g(W100 ,uZ�»�)Â6e )mm2(P
�UR» [M K�8)g(W2fU- ,uZ�»)mm2(S

+¿Â¼¿ K�8)g(W1¾)YÂ/v»,%Â4� )w.b.%(MC

`nu+¿Â¼¿ )mm3(VtÊ)Z/�)Y @ZYU!Y 9)�O)-(µ
.#Âe `nu )mm3(VbÊ)ZÆ¿ ,%Â4� *YVÌ» )w.b.(M1

Q;¸;e )%(c+ÌWÁY ,%Â4� *YVÌ» )w.b.(M2

�Y�R/-Y +)ÁY' )deg(º

+¸¼8 'Y.ZÌ( P-Âe �Ì Y "ZÆ¿�^ �# +¯ Ê¿Z$ZÌ( Ê» +Ì»Z% .ZÌ( ,,-Y .|� Ê_�3» Á i7  ̄*Z-ZÀ� |�Z% ..Â2Ì» ,+Ì»Z% +YÌ)Zn¿M 'Y "Y
,-Y Ê¸6_"Y�% ,.ÂÌ» |)Z% ,#�¯ "�Y|Æ=¿ Y� *M .Z» ¾)|Àm "Y�% *YÂ/% +YÀ)Y Z$+¿Z #�- �#|¿Â� .#Y# �Y�^ i2¸/;» "Z2Æ$Z» �# Ze 

"�ÁM�_ SÂU  Z) �Y'Z% +¿YÁ� Ê(g)Á �Z^¿Y �# "�Y|Æ=¿ �LY �# Ê_�4 'Y Á |¿#�( Ê» �ÌÌae *M i¸/;» "Z$ |À¯]10[.¾/�¿Y# Á� ¾)Y 'Y
 .ÂÌ» ÊY)VÌ_ i¸/;» "Z$�/»Y�ZN.�Á# �# +¯ +Ì»Z% �]% Z) Á,%Â4� �ÌLZe ,ve "�Y#�Z^¿Y 'Y Ê5¸/;» "Z$ •�Z2  �Z2^¿Y 'Y i2¸/;» "Z$

 Ê» �Y'Z% +¿YÁ� Á .|� +/�% �# .ÂÌ» ,Ì5Ì¯ #Â^Æ% �Â<À» +% ,|¿Â� Ê2» |2Ì5» CY�#Z2! Á Q2R¿ Á Q2¼u ,"|À% |2�Z% .+2YÀ)Y +2% �2<¿
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Ê(g)Á Á �¼� ?)YV_Y �LY �# "'�ÁZ7¯ CAÂ6v» ÊY)VÌ_ "Z$ Ê» �ÌÌae "�Y#�Z^¿Y Z) |)Z¼¿ ]20[.¾Ì2Ì3e p2ÌRve ¾2)Y 'Y q|2$ Y]W
 Ê(g)Á Ê �% �ÌÌae *YVÌ» fU- 'Y �LZ/» +Ì»Z% �]% ÊY)VÌ_ "Z$ Ê» CÁZ5/» Ê/%Â4� "Z$ Ê2(g)Á ¾2)Y ¾/�Y# Z% Ze ,|�Z% *YÂ2/% "Z2$

 �Z^¿Y ,"|À% +/�% QÌ^^ 'Y ,,�Y#�% 'Y ZN i¸/;» "Z$|À)M�_ �# Y� :Â6v» CZ3)ZO *YVÌ» �# "�ÁM�_ Á CY�#Z! ,QR¿ Á Q¼u ,"�Y#
 ÊuY�4 �# VÌ¿ Á #Y# ?$Z¯ CZn¿Z �Z¯ ¾Ì�Z» "Z$ #�¯ .#Z5/-Y ,�Y#�% 'Y ZN "Z$|À)M�_ �Â6;» .Ê-��% �# .|2� KZ2n¿Y "Z$

 +6;7» ¾ÌÌ3e +ÀÌ»' �# ,|)#�( z;7» ÊY)VÌ_ i¸/;» "Z$ +Ì»Z% �Á]% ,-Y +/_�=¿ C�Â! ÊRÌRve *Y�)Y �#.Q2»YÂ� +¯ Zn¿M 'Y
,�)' Q»YÂ� ,ÊY)hÂWÂÌ% Q»YÂ� QÌ^^ 'Y Ê5¸/;»-�% "�Y#�Z^¿Y xÂ¿ Á ,�Y#�% ,,�Y# ,,�Z¯ BÁ� Á P)Y�� ,ÊUÌv» Ê2(g)Á "Z2$ 

Ê» �ÌLPe "|ÌWÂe :Â6v» i¸/;» ¾)Y CY�ÌÌae *YVÌ» Á �Y|R» ¾ÌÌ3e ,|¿�Y](Ê(g)Á "Z2$ �# ,2%Â4� "Z2$ i2¸/;» #Â2^Æ% ,2Æ8 ,
Z¯ "Z/-Y� �# Á ,�Y#�% 'Y ZN "Z$|À)M�_ ,:Â6v» ¾)Y Ê¿ZÆ8 C�Zne �# �/Æ% .Z=)Z8 +% Ê%Z) ,-# Á CZ3)ZO ?$|Ì5»Ê»|�Z%.

2-Z/�+� + {Y » 
2-1-{Y » 

,-Y .|� +ÌÆe *Z/-'Â  *Z/-Y 'Y pÌRve ¾)Y �# .|� .#Z5/-Y +Ì»Z% �]% .+¿Â¼¿ +2¿Y# Á .|� "'Z-Y|8 Á VÌ¼e Ê/-# �Â4 +% Z$ "Z2$
 Y|8 *M 'Y .#�Â  @Á�m Á +/�Y� ,Ê8�Z +¿Y# Á .|)#�( |� +/�Y]( �ZÀ¯ CZ7)Z»'M KZn¿Y "Y�% `WZ- "Z$.

2-2-Z/�+� 
¾ÌÌ3e "Y�% Á +ÌWÁY ,%Â4� "Z$ ,%Â4� �<¿ #�Â» +¿Â¼¿ 'Y ÊÀÌ3» �Y|R» ,C|» +% Z$24"Z»# �# ,�Z- 105- +8�# �ÂÌ�¸ *Á�# 

» Ê¿'Á #�Y|¿Z/-Y BÁ� �Z-Y �% Á |� .#Y# �Y�^ Ê$Z=7)Z»'M eZ8YRWÁY ,%Â4� �Y|�]% +ÌZ$|� "�Ì( .'Y|¿Y ]22[.�]2% +ÌWÁY ,%Â4�
 +Ì»Z% %05/7|»  ,-|% �e +)ZN �%.+2U%Y� p2^4 'Z2Ì¿ #�Â2» �2UR» [M �Y|R» ,�eAZ% ,%Â4� Z% "Z$ +¿Â¼¿ *#�ÁM ,-# +% "Y�%1

+¿Â¼¿ +% Á +^-Zv» |� +_ZOY Z$]16[.
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W2�UR» [M K�8)g(,W1¼¿ K�8 +¿Â)g(,M1Ê)ZÆ¿ ,%Â4� *YVÌ»)w.b. (,M2+ÌWÁY ,%Â4� *YVÌ» )w.b.(Ê»|�Z%.
�Z^¿Y Á "�ÁM�_ CZÌ¸¼� +YÀ)Y QÌW# +% Ê/%Â4� .#Á|v» �# "�Y#10Ze%20Ê» C�Â! �e +)ZN �%+2U%Y� �Z-Y �% [M �Y|R» ,#�Ì(1

…ÂU- Ze10,15Á20|� +_ZOY |)M ,-# +% |!�# .+¿Â¼¿ » +% Z$ C|7"Z»# Z% :Zd;) Q Y# 'Á� C¬5,2%Â4� Z2e |À/_�( �Y�^
 +¿Â¼¿ �-Y�- �# , YÂÀY) �ÂU% #Â� ?;N Z$ .+¿Â¼¿ •Á�  'Y ZN +¿Â¼¿ +% ,?)Z»'M xÁ�� 'Y ?ÌN Á :Zd;) 'Y Z$ |2� .#Y# .'Z8Y Z$

 |À-�% eZeY "Z»# +% Ze]12[.
.#Y# QÌ¸ve "Y�% "Z$�YV_Y K�¿ 'Y Z$2003 Excel.#Z5/-Y |�..'Y|¿Y "Y�% #Z3%Y ¾Ì=¿ZÌ» "�Ì(�Á]% #Á|u 100#|� +Ì»Z% �]% �ÂU% 

Ê¸!Y �Âv» +- Á [Z;/¿Y Ê_#Z6e �Á]% #�Â».'Y|¿Y "�Ì(,_�( �Y�^ .QY� �# +¯ �ÂU¿Z¼$ 1Ê» .|$Z7» |23% +- "�Ì( .'Y|¿Y #Â�
 Ê¸!Y "#Â¼��Á]%:Â4 Z) ‡�V% �U^ ,)mm,L(€�2� Z) P-Â/» �U^ ,)mm,W(�2U^ Á,»Z;2O Z2) &2mÂ¯ )mm,T(Z2%

 :Z/Ìn)# ZÌWÂ¯ 'Y .#Z5/-Y1.'Y|¿Y ,^# Z% "�Ì(01/0�/¼Ì¸Ì» |� KZn¿Y .�U^ Ê%Z�u ¾Ì=¿ZÌ»)mm,Da(Ê2-|À$ ¾Ì=¿ZÌ» �U^ Á
)mm,Dg(�Á]%P%YÁ� 'Y .#Z5/-Y Z% 2Á3|� +^-Zv»]16[.
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1 .Mitutoyo¾NYh �Â7¯ , Z- 
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ZÌ3» Ê» �Y�^ .#Z5/-Y #�Â» ˆZ»Â¼� �]% Z) .ÂÌ» QY� iÌ!Âe "Y�% +¯ "� Ê2» ,2)Á�¯ 9)�2O #�Ì( +2U%Y� 'Y +2¯ |2�Z%4+^2-Zv» 
Ê» #Â�]16[.

)12( 
L

LWT 3/1

I

�)Â6e fU-1(P)MÀ- ,uZ�» 'Y .#Z5/-Y Z%2|� "�Ì( .'Y|¿Y .fU- ,uZ�»3+U%Y� 'Y .#Z5/-Y Z% 5|»M ,-|% ]8[.
)13(gD 2S S

+¿Â¼¿ K�8 :Z/Ìn)# "Á'Y�e 'Y .#Z5/-Y Z% +¿Y# �YV$ *'Á ¾ÌÀd¼$ Á Z$4.'Y|¿Y ,^# Z% "�Ì(01/0.'Y|¿Y K�( |2� "�2Ì(.2%�Â2<À» +
`nu +^-Zv»�Á]% "Y�% ÊWZ=m ¾ÌÌ3e�Á]%|»Z8 ÊWZ=m Z) )(Pt+%Z8 BÁ� 'Yr)Z» Ê)Z8 )[M(+U%Y� p^46,-Y .|� .#Z5/-Y]1[.

)14(
t

t
t V

m
U

,+U%Y� ¾)Y �# mt=,+¿Â¼¿ K�8 �%9�ugÁVt=[M `nu)r)Z» (.|� Zn%Z8�% ,9�ucm3,-Y .
.#Âe ÊWZ=m "�Ì( .'Y|¿Y "Y�% )Pb(+U%Y� p^4 7,'Y �N Y� z;7» `nu Z% ÊWZ  +¿YÂ/-Y &) +Ì»Z% �Á]% .#Â2e K�8 `Ì�Re 'Y .#�¯

�Á]% .#Âe ÊWZ=m *YVÌ» ,.#Âe `nu �%|»M ,-# +%]17[.

)15(
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%.
.#Âe Q;¸;e |!�#�Á]%)c(ÊWZ=m Á .#Âe ÊWZ=m 'Y .#Z5/-Y Z%�Á]% +U%Y� 'Y 8Ê» +^-Zv» ##�(]8[.

)16(1001 ¸̧
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H

.'Y|¿Y "Y�% "�Ì( Z/�)Y @ZYU!Y 9)�OÊ))µ(+U%Y� p^49.'Y|¿Y Z% +)ÁY' "�Ì( +¯ "Y ?)Z2»'M #�Â» fU- "Á� �Á]% +¿Z/2-M �#
,¯�u Ê» �Y�^ ,|¿� ( +^-Zv»Ê»#Â� ..'Y|¿Y "Y�% ,�/»Y�Z2N ¾2)Y "�Ì( �Á]2% *Á�#:Â24 +2% �b2( �^)Z2_ ZÀ28 'Y +2^38 &2)

150 mm €�� ,100 mm xZ5e�Y Á40 mm Y|¿ �Z¼e fU- Z% +¯ +/� fU2- Z„- .#Y# �Y�^ +2% xÁ�2� ,2 YÂÀY) ,��2- Z2%
 �Âv» &) :Âu Ê¿Y�Á# ,¯�u Ê» Ê)AÂW |À¯ .+)ÁY' ,¿Yg¿Ze Ê2» �Y�^ ,¯�u +% xÁ�� –¿Z/-M �# *M "Á� �Á]% "ÁZu +^38 +¯ "Y-

Ê» Z/�)Y @ZYU!Y 9)�O Z% �%Y�% ,#�Ì( |�Z%]21 .[ 
)17( D tan

.1 Projected Area 

.2 Planimeter 

.3 Surface area 
4 -AND GF-600  ¾NYh , Z-  
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.'Y|¿Y "Y�% +)ÁY' "�Ì( �U^ +% ÊWZ Âe �|À¸Ì- ,�Y�R/-Y mm300 xZ5e�Y Ámm 500 'Y ZN Á |� .#Y# �Y�^ .VÌ¿YÂWZ( fU- "Á� �%
 |� QÌY7e �Á]% 'Y Ê¸Y� Ê4Á�;» .#Âe &) +nÌ/¿ �# +¯ .#�ÁM AZ% Y� *M Ê»Y�M +% ,�Á]% Z% *M *#�¯ �N..'Y|2¿Y Z2% Á �2U^ "�2Ì(

 ,-|% �Á]% �Y�R/-Y +)ÁY' Ê4Á�;» .#Âe xZ5e�Y |»M]15[.
3-:;] + <ËZf¿ 
3-1-ÄÌ»Z] �g] {ZR]Y �] Y] K� �ÌvZ! 

+ÌWÁY ,%Â4� �# +Ì»Z% �]% #Z3%Y %)05/7(:Á|8 �#1,-Y .|»M .QY� �# +¯ �ÂU¿Z¼$"Z$ 2Á3+U%Y� ¾ÌÀd¼$ Á10Ê» .|$Z7»
#Â�,'Y ,%Â4� ?)YV_Y Z% 05/7Ze%20Z% +Ì»Z% �]% :Â4 ,%41/11'Y ?)YV_Y 096/5eZmm 678/5Z% €�� ,%99/8?)YV_Y 'Y
476/4Zemm 88/4Z% xZ5e�Y ,%71/8'Y ?)YV_Y 239/4Zemm 608/4Z2% Ê2-|À$ ¾Ì=¿ZÌ» �U^ ,%7/9'Y ?)YV2_Y 585/4Z2e 
mm 035/5Z% Ê%Z�u ¾Ì=¿ZÌ» �U^ Á%56/11'Y ?)YV_Y 604/4Zemm 136/5ÊU  �ÂU% �ÌÌae,_Z) .Y�ÌÌae Z% CY�ÌÌae ¾)Y Êe

�]% #�Â» �# +¯"Z$ ,-Y .|� B�YV( |À^�|Àam Á +^ÀN ,c¿�¸( ,R%ZU»#�Y# ]9,18,14[.

(mm ,:Â4) L = 0.1972 Mc + 4.902 R2 = 0.989                                                   (10)
(mm ,€��) W = 0.135 Mc + 4.351 R2 = 0.993 
(mm 5e�Y,xZ ) T = 0.125 Mc + 4.114          R2 = 0.996                                                       
(mm ,Ê%Z�u ¾Ì=¿ZÌ» �U^) Da = 0.1769 Mc + 4.415            R2 = 0.996           

QY�1-Ê¸!Y #Z3%Y Á Z$�Âv»+Ì»Z% �]%

QY�2-+Ì»Z% �]% #Z3%Y �% ,%Â4� �ÌLZe �Y#Â¼¿ 
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(mm ,Ê-|À$ ¾Ì=¿ZÌ» �U^) Dg = 0.1506 Mc + 4.444           R2 = 0.987 
 
3-2-vZ! ÄÌ»Z] �+g] Ä¿Y{ �Y^Å ½�+ + 3�\ �] Y] K� �Ì 

QY� �# +¯ �ÂU¿Z¼$"Z$ 4Á5+U%Y� Á11Z% 9Ìe�/% ,%Â4� ?)YV_Y Z% +Ì»Z% �Á]% +¿Y# �YV$ *'Á Á K�8 ,-Y .|»M %28/18Á%
19/16'Y ?)YV_Y 058/0Zeg069/0'Y Á615/56Zeg78/65ÊU  �ÂU%,�Y# �ÌÌae .e +%Z7» CY�ÌÌae ¾)Y �# +2¯ ,2-Y ÊeY�ÌÌa

 #�Â» +¿Y# Á Â8 �]% ,-Y .|� B�YV( *Z/¯]11 Á13[.+2ÌWÁY ,2%Â4� �# +2Ì»Z% �Á]2% +¿Y# �YV$ *'Á Á K�8 ¾Ì=¿ZÌ» %)05/7(�#
:Á|81Ê» .|$Z7» #Â�.

(g ,+¿Â¼¿ K�8 ) mt = 0.0036 Mc + 0.055                       R2 = 0.995                                        (11)
(g ,+¿Y# �YV$ *'Á) W1000 = 3.0258 Mc + 53.842          R2 = 0.992

3-3-ÄÌ»Z] �+g] IZ,Z! + h48 �] Y] K� �ÌvZ! 
�Y|R» +% +Ì»Z% �Á]% `nu %175/19'Y ?)YV_Y 054/0Zecm3064/0�ÌÌae,_Z) 'Y ,2%Â4� +¯ Ê»Z=À$ 05/7Z2e %20?)YV2_Y 

,_Z).�Á]% `nu ¾Ì=¿ZÌ» +Ì»Z% +ÌWÁY ,%Â4� �# )%05/7(nu �ÌÌae Á`,%Â4� 'Y �LZ/» :Á|8 �# 9Ìe�/% 1QY2� Á6¾Ì2Àd¼$ Á
+U%Y�12Ê» .|$Z7» #Â� .Ze ,%Â4� ?)YV_Y Z% +Ì»Z% �Á]% Q;¸;e %20Z%%16/8'Y ?$Z¯ 1/41Ze%38¾)Y Q!Zu ,_Z) �ÌÌae 

QY� �# +nÌ/¿7:Á|8 Á1-Y .|»M ,.Á *Z/¯ �]% #�Â» �# +¯ ,-Y ÊeY�ÌÌae +%Z7» CY�ÌÌae ¾)Y ,-Y .|� B�YV( c¿�¸( �]%]9
Á11[.

(% Q;¸;e , ) c = -1.02 Mc + 42.1 R2 = 0.998                                                              (12)
(mm3 ,+¿Â¼¿ `nu) Vt = 0.0035 Mc + 0.05 R2 = 0.996

QY�4-�% ,%Â4� �ÌLZe �Y#Â¼¿ K�8+Ì»Z% �]%
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3-4-ÄÌ»Z] �+g] '{ ! ÊJZP)+ |»Z\ ÊJZP) �] Y] K� �ÌvZ! 
'Y ,%Â4� ?)YV_Y Z% %05/7Ze%20Z2% 92Ìe�/% .#Âe ÊWZ=m Á |»Z8 ÊWZ=m ,84/14Á%26/5'Y ?$Z2¯ 33/1086+2% kgm-3 

1032 'Y Á627+%kgm-3546 ,_Z) �ÌÌae ):Á|81QY� ,8+U%Y� Á13.(¯ ¾)Y ,¸� ,^�2¿ `nu �/7Ì% ?)YV_Y +% SÂ%�» ?$Z
 Ê» ,%Â4� ?)YV_Y Ê4 �# �Á]% K�8 +% |�Z% ..|2� B�YV2( +2d%�e �]2% Á +2^ÀN �]2% #�Â» �# +¯ ,-Y "�ÌÌae Z% p%ZU» �ÌÌae ¾)Y

,-Y]14 Á13.[ 

(kgm-3 ,|»Z8 ÊWZ=m) Pt = -4.1434 Mc + 1111.5             R2 = 0.967                                         (13)
(kgm-3 ,.#Âe ÊWZ=m) Pb = -5.9348 Mc + 665.48             R2 = 0.982

3-5-ÄÌ»Z] �+g] YË+�¯ _Ë�[ + �Y�.f�Y ÄË+Y� �] Y] K� �ÌvZ! 
'Y ,%Â4� ?)YV_Y Z%05/7+%%20Z2% 92Ìe�/% ,2)Á�¯ 9)�O Á �Y�R/-Y +)ÁY' �Y|R» ,62/14Á%14/2'Y ?)YV2_Y 2/21Z2e 3/24

'Y Á +8�#902/0Ze92/0,_Z) �ÌÌae .,-Y .|� Q!Zu ÊÆ%Z7» M)Z/¿ VÌ¿ +¸Ì¸^À� �]% Á +¿Y|$Z� �]% |À¿Z» ÊeAÂ6v» #�Â» �#]19 
Á6[.:Á|8 �# 9Ìe�/% ,)Á�¯ 9)�O Á �Y�R/-Y +)ÁY' CY�ÌÌae Á ¾ =¿ZÌ»1QY� Á"Z$9Á10+U%Y� Á14,-Y .|$Z7» Q%Z^ .

(deg +)ÁY',�Y�R/-Y ) º = 0.2354 Mc + 19.637             R2 = 0.995                                              (14)
Ø),)Á�¯ 9)�O (= 0.0064 Mc + 0.895                   R2 = 0.986 

3-6-ÄÌ»Z  �+g] ÊËZf]ËY ­Z(e�Y _Ë�[ �] Y] K� �ÌvZ! 
:Á|8 �# +¯ �ÂU¿Z¼$2&Ì/-A fU- "Á� �% +Ì»Z% �Á]% Ê)Z/�)Y @ZYU!Y 9)VO �Y|R» ¾)�/7Ì% ,-Y .|»M)524/0(¾)�/¼¯ Á

KÂÌÀÌ»ÂWM fU- "Á� �% �Y|R»)347/0(Ê»'Y ,%Â4� ?)YV_Y Z% �)#ZR» ¾)Y |�Z%05/7+%%20Z2% 92Ìe�/% ,21/19Á%63/12+2% 
625/0Á399/0|À/_Z) �ÌÌae )QY�11:Á|8 ,2+U%Y� Á15.(.|2� B�YV2( +^ÀN Á +¿Y|$Z� �Á]% "Y�% +¯ ÊeY�ÌÌae Z% CY�ÌÌae ¾)Y

 #Y# ,R%ZU» ,-Y]19 Á18[.

QY�8-�% ,%Â4� �ÌLZe �Y#Â¼¿ ÊWZ=m]%Á+Ì»Z% �
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)&Ì/-A fU- "Á� �% @ZYU!Y 9)�O( grub = 0.033 Mc + 0.493                       R2 = 0.997            (15)
)+)A |Àm [Âm fU- "Á� �% @ZYU!Y 9)�O( gwood = 0.0297 Mc + 0.469 R2 = 0.971 

)#AÂ_ fU- "Á� �% @ZYU!Y 9)�O( gst = 0.0344 Mc + 0.358 R2 = 0.993 
).VÌ¿YÂWZ( fU- "Á� �% @ZYU!Y 9)�O( ggal = 0.015 Mc + 0.36                        R2 = 0.968 
)ÌÀÌ»ÂWM fU- "Á� �% @ZYU!Y 9)�OKÂ( gal = 0.017 Mc + 0.328                       R2 = 0.995 

 

3-7-ÄÌ»Z] �+g] �Ë ?!+ te� Y8Z]» �] Y] K� �ÌvZ! 
:Á|8 �# fU- ,uZ�» Á �)Â6e fU- ¾Ì=¿ZÌ»1QY� �# ,%Â4� ?)YV_Y Z% ZÆ¿M CY�ÌÌae Á12+U%Y� Á16�ÂU¿Z2¼$ ,2-Y .|»M 

Ê» .|$Z7» +¯ 6e ,uZ�» Á fU- ,uZ�» #Â� 'Y ,%Â4� ?)YV_Y Z% +Ì»Z% �Á]% �)Â05/7+%%20'Y 9Ìe�/% 18/66+%64/79'Y Á
67/11+%6/14#�¯ �ÌÌae .,2-Y .|2� B�YV2( +^ÀN Á +¿Y|$Z� �]% ,*Z/¯ �]% "Y�% +¯ ,-Y ÊeY�ÌÌae +%Z7» CY�ÌÌae ¾)Y]11 ,19,
18[.

(mm2,fU- ,uZ�» ) S = 4.555 Mc + 61.705                   R2 = 0.997 (16)
(mm2,�)Â6e ,uZ�» ) P = 0.999 Mc + 10.47                    R2 = 0.974 

QY�11-�% ,%Â4� �ÌLZe �Y#Â¼¿ Ê)Z/�)Y @ZYU!Y 9)�O]% Á+Ì»Z% �
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4-Ä4Ìf¿ É�Ì= 
.'Y|¿Y 'Y �)' M)Z/¿ Ì_ "ZÆÌ(g)Á "�Ì( ¾Ì% ,%Â4� .Á|v» �# +Ì»Z% �Á]% ÊY)V7Ze%20-Y .|� Q!Zu �e +)ZN �%,.

1.» ?)YV_Y Z% *YVÌ 'Y ,%Â4�7Ze%20¾Ì=¿Z2Ì» �2U^ ,Ê2-|À$ ¾Ì=¿Z2Ì» �2U^ ,xZ5e�Y ,€�� ,:Â4 ¾Ì=¿ZÌ» �e +)ZN �%
+2Ì»Z% �Á]% +¿Y# �Y�$ *'Á Á +¿Â¼¿ K�8 ,Ê%Z�u 'Y 92Ìe�/%096/5Z2e mm 678/5,476/4Z2e mm 88/4,239/4Z2e 

mm 608/4,585/4Zemm 035/5,604/4Zemm 136/5,615/56Zeg78/65Á058/0Zeg069/0Ê2U  �ÂU% 
,_Z) ?)YV_Y.

2.'Y ,2%Â4� ?)YV2_Y Z2% +2Ì»Z% �Á]% �Y�R/-Y +)ÁY' Á Q;¸;e ,�)Â6e ,uZ�» ,fU- ,uZ�» ,+¿Â¼¿ `nu ,,)Á�¯ 9)�O
05/7Ze%20Y 9Ìe�/% �e +)ZN �% '902/0Ze92/0,054/0Ze064/0,18/66Zemm264/79,67/11Zemm26/14,
1/41Ze%38Á2/21Ze3/24+8�# ,_Z) �ÌÌae .'Y 92Ìe�/% .#Âe ÊWZ=m Á |»Z8 ÊWZ=m ¾ÌÀd¼$ 33/1086Z2e kgm-3 

1032Á627Zekgm-3546,�Y# �ÌÌae .
3.Y ÊU  �ÂU% ,%Â4� ?)YV_Y Z% Ê)Z/�)Y @ZYU!Y 9)�O ,_Z) ?)YV_ .'Y Ê)Z/�)Y @ZYU!Y 9)�O347/0Ze399/0�%

,KÂÌÀÌ»ÂWM fU- "Á�381/0Ze419/0,.VÌ¿YÂWZ( fU- "Á� �%389/0Ze493/0,#AÂ2_ fU- "Á� �%49/0Z2e 582/0
Á +)A |Àm [Âm fU- "Á� �%524/0Ze625/0#Â% �Ìa/» &Ì/-A fU- "Á� �% .

:Á|81-Ê(g)Á ,%Â4� �# +Ì»Z% +/�$ ÊY)�Ì_ "Z$05/7|!�# 
�e +)ZN �%

,:Â4mm 067/0±096/5

,€��mm 054/0±476/4
Z5e�Y ,xmm 041/0±239/4

,Ê-|À$ ¾Ì=¿ZÌ» �U^mm 044/0±585/4
,Ê%Z�u ¾Ì=¿ZÌ» �U^mm 045/0±604/4

,+¿Â¼¿ K�8g002/0±058/0
,+¿Y# �YV$ *'Ág7/0±615/56
,+¿Â¼¿ `nucm3001/0±054/0
,|»Z8 ÊWZ=mkgm-3 2/77±89/1062 
,.#Âe ÊWZ=mkgm-3 15/1±627 

,Q;¸;e%57/0±1/42
9)�O,)Á�¯ 006/0±902/0

,�Y�R/-Y +)ÁY'deg 24/0±2/21

:Á|82-…ÂU- "Á� �% +Ì»Z% �]% @ZYU!Y 9)�O 
#AÂ_ 02/0±356/0

+)A |Àm [Âm 03/±493/0
KÂÌÀÌ»ÂWM 02/0±306/0
&Ì/-A 03/0±524/0
.VÌ¿YÂWZ( 03/0±445/0
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mZn� É�Y^= 
ZR» ¾)Y *Z(|À�)Â¿ Ê)ZO� �|ÀÆ» "�ZY¼$ 'Y +W ¾Ì�Z» &Ì¿ZY» .Á�( �ZÀ��Z¯ ZÌ¯ .Z=72¿Y# "'�ÁZ72  ̄.|Y72¿Y# "'�ÁZ72¯ "Z$

 Á �Y7e ,)ZÆ¿ .Z=7)Z»'M Á Q)Z-Á ¾/�Y]( �ZÌ/ Y �# Á ÊWZ» &¼¯ �4Z;% ��|» ,Ì%�e .Z=7¿Y# 'Y ¾ÌÀd¼$ Á *Y�Æe ��|» ,Ì%�e
�Z„- |¿� # Y� "�YV(.
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