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Ϛȳ ›ṕ 

   ֪ ֥ о еּפ Ϯװ פּ Є Ȳ ПɦṺ ứ ɧȲц

ὑеа ד2012 ϡ о ᾼ Ὅ ạ֯ Ȳ כ Єӂ֮ Ὥ╥ ӑ

ẃӣḊȲ ᵅϡ о Ὅ ’ȳ ᵅכӐ צ ᾼѠᾎȴӂ֮ ὭПכ

ὨȲԓ ᾼ Ὥ֯ ד2005 8,010е Ȳӂ֮ Ὥ Ϡצ Ё’ׄȳ

’Ṏȳ ȳ Ӣᾬֵ ἤП׀ ҵȲ ὭѤ Ӧԏ֥ᵂӣ Ὲ М

ᵮןϡ о Ȳ ю ⅍ ȲӔ╥ ᵅЄ Мϡ о ⇔ ’ȳ ᵅכӐ

צ ᾼѠᾎȲӂ֮ Ὥ╜ ╥ᶺ ֥Ṻ ứ Ȳ ֮ ḋϚԌІ

ᾼ ԉȲ ױ ᴷӂ֮ Ὥ֮ϡ о П оȲѿ ע П Є

Ὠȴ 

    ᶺ ӂ֮ Ὥѿ 1500 /haⱢ ᾼ ⇔Ȳ Ὥכ♄ ḖⱢ Ὥϝד

в 70%ѿϱȲѠ ẞ Ὥ ᵗ Ȳ ♄׀∟ ד ю 2%П ȴү

еҨ   ϟ ὑ ҒϤӂ֮ד2002 ὭᴩԝȲṤЭ Ὥи

ῴ ȲӦὑ ṏ Ȳѿḕе 1500П ȲẔ׀♄ ӂᶁ ϥ

ṅשѿϱȴӐׁכ   ϟ Ὥ֮М Ὥ Є῏П

ᴩ ▲иέὭивᾼḕѤᴯ ȳӴѤ ѿцὭиӢ  ȲṳѿӂᶁѤᾎȲ

ậ֢ М ᾿ ẞӂᶁ Ғ Ϛ ПӴѤᵂⱢ έ

П ѤȲ ѿиέӂ֮ ὭѤᾼנ Ӣ  ȴӐ ПӭᾼⱢȸ 

1. ∂ӴЊ ⁮◦ḏȳ֙⇔ ȳЄ ῧїѤϮ ᾼנ ᾿ ц Ӣ 

ȴ 

2. ∂ӴЊ ⁮◦ḏȳ֙⇔ ȳЄ ῧїѤϮ ᾼנ Ὥи цӢᾬ

Ӣ  ȴ 

3. ∂Ӵӭ Ὥ֮ᾼὭи ȴ 
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ϡȳׁשṅḊ Ѡᾎ 

(Ϛ)ү ϟ Ὥ֮ ᾓиέ 

Ӑ ֮ᴯὑ   Ȳ ү еҨ ◕ϟ Ȳᴞ 2002

ד Ởӂ֮ Ὥ ╟ צ 142.4828е Ȳѻ Ὥ Ҕᵶ רּ

о ѿцẓӢ ѤḊ ȲҔ╗Њ ⁮◦ḏȳ ῧїѤȳ֙⇔ ȳ

ү Ԛ 15 Ȳ֢ Ὥ ֽῶ 1ȴ▲ ֢ủ Ὥц Ṏ ᵫȲ

Ẕ Єѹ נ Ὥ῏ҬצЄ ῧїѤ(Swietenia macrophylla King..)ȳ֙⇔

(Pterocarpus indicus Willd .)ѿцЊ ⁮◦ḏ(Araucaria excelsa Lamb.)Ȳᶁὑ

ד2002 Ὥᶙכѹ ЄȲ╝ ⱢӐ ṅשׁ ȴ 

ῶ 1. ϟ ὭѤ ῶ 

 Ὥ (ha)  Ὥ (ha)  Ὥ (ha) 

Є Ч 2.00 ᴎ▼ 1.00 їӰ 1.16 

Ѫ╫ 0.53  ⁫  1.00  2.20 

ү Ѥ 4.81 ⁮◦ḏ 4.84 Ѥ 7.14 

ӪϾ  5.30  4.98   

ԏ  9.42  3.80   

֙⇔  49.42 ῧїѤ 44.88 ֥  142.48 

ẃ ȸ  ϟ е⅍ 

(ϡ) ▲  

      ϟ 142.4828 е Ȳ ֮ М צ 67 Ȳ֢ П Ὥ

Л֝ Л צȲ֝ד и и  Ὼ Ӗ Ȳ ṅשׁ▲ Њ

⁮◦ḏȳ֙⇔ ȳЄ ῧїѤϮ ѻ Ὥ ᴯὑ 30ȳ44ȳ

45ȳ50ȳ52ȳ58 (ֽ 1)ȲӐׁשṅѿ Є ▲ ᾼѠהѿ с

ԓὭиᾭ ᾼ҅ῶἤȲ ⁄Ɫ 50m×50mЄЊᾼ 0.25 haѠᶮ Ȳ ֥

Ὥ֮ ᶮᾭѿц Ὥиᾼ Ȳ ἤ ѠᴯȲϮ Ꞌ

  

1

1 
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4 ᶮ ȲԚ 12 Ȳ 2.48 haȴ 1Ἤ 1 ᴟ 4 Ɫ

Є ῧїѤȷ 5ᴟ 8 Ɫ֙⇔ ȷ 9ᴟ 12 ⱢЊ ⁮◦ḏȲӦὑ

Њ ⁮◦ḏП Ὥ ⱢЊȲ╝ Ҭ ЊП ᶮȲиᵑⱢ 0.08 е

0.16е ȴ 
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1   ϟ ӂ ц ▲ ᴯ  

0      600m   

300m     900m 
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(Ϯ) ḕѤ ▲ 

ὭиӴѤ ▲ᾼ ӭҔᵶ ᾿ DBH(cm)ȳ H(m)ȳὬϯ LH(m)ȳ

′ CW(m) Ѥ Ȳ ứṼ Ὥ ᶝӘϵ ▲ᵂ Ɫ Ȳḟ

ứ ѤМї ∟Ȳᵓӣ (m)ѿц Ѥᴟ (m) ṳ ứ вḕ

Ѥᴯ Ȳ ᴯ ѿϯиὼᾼӴѤиᵑ ứЛ֝ᾼӴѤ ȴӴѤ ᴯ

ӱ ֽ 2ȴ 

Ӧ ▲ Ȳ ӣ ArcGIS 9 ҏӴѤᴯ ȳ Ẕӂᶁ ȳ

ӂᶁ Ȳ ϚḔϠ Ὥи ȴ 

 

2ӴѤ ᴯ ӱ (Ὥ  Ȳ2007) 

(ҳ) Ѥ Ԅ Ӣᾬ ᵂ  

    ὭṤЭȲϮ צ֢ ἤȲ вЛѽ₤ ֕ ᾿ П ѤȲя

Ẕ֙⇔ ắẞѐ Ӄ Ȳ ї Ṏ( Ὤȳ ȳ ȳ )Ȳ

Ἠ ПӴѤȲꞋ Ӣ ԛӢ ᶮȴ ▲ Ȳ вἬ׀צ♄ӴѤԓ

ϤȲὑ֢ ᴩ Ѥ Ԓ ₤ ֕ П Ѥ Ẕ҃ Ɫ
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Ȳ Ϡױ ֯Ӕ Ӣ  ᾓϯȲ ѤӢ П ᶮȴ 

Ӧ֢ ӢӴѤ иᵉ ᶮȲṼӂᶁѤᾎ(average tree method) ҏ֢

ПϱѤȳМѤ ϯѤȲѿ ẞ ӂᶁ ӂᶁ ԈПӴѤⱢМѤȲ

ӂᶁ ҒϚ ПӴѤⱢϱѤȲ ӂᶁ Ϛ ПӴ

ѤⱢϯѤȲὑ в ҏ ֥ ԈПӴѤᵂⱢԄ П Ѥȴ 

 

 

 

3 Ӑ ậӱ (Ӧѵԑ Ȳ2007 Ḃ) 

Ѥ Ԅ ⇔ 0.3еѐȳ1.3еѐцѿϱḕϚеѐậϚ ᵂ έ

ПӣȲṳѹὑ ϱ ӱѠᴯȳ҅ ⇔Ȳ∕ П∟ + ᴟ й

ԏ Ȳד Ὑ Ȳṳᵓӣ ᵒ ֢ М╡ּוḊП ἤ оȴ 

(Х) ѤḊ Ӣᾬ  

    ѤḊ ӣ Smalianеה иḖ ᾎɎ ȳὭѝ‐Ȳ2001ɏȲ

иѿ ₤ ▀ Ȳ ⇔ 0.0 m Ӧ ⇔ 0.3 m

1.3 m Ȳֽе(1)הȲBA0.0Ɫ ⇔ 0.0 mП Ȳd0.3Ɫ ⇔ 0.3 m

ПӒЀ᾿ Ȳd1.3Ɫ ⇔ 1.3 m ПӒЀ᾿ ȴ 

  
( )2

3.13.03.0
0.0

2

3.0
ù
ú

ø
é
ê

è -³+
Ö=

ddd
BA p                  (1) 

    Ḋ (vn) ӣ ȲהМ dnῶӱ ӒЀ᾿ Ȳhnῶ

ӱ ᴟ П Ȳֽе(2)הȴ 
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3

2

2

n
n

n

h
d

v

³ö
÷

õ
æ
ç

å

=p                              (2) 

    ӦԄ П ѤἬ ậП Ȳɔ ӣ SPSS П ἤ

(linear regression)‍ ἤ (nonlinear regression)הȲḖ SchumacherḊ

…ȲaȳbȳcиᵑⱢ(3)הȲеה ȴ 

 
cb HDBHaV ³³=                          (3) 

ѻ Ӣᾬ ▲Ṽ έѠה Ѥи◕ȲҫὑὬϯ ȳ ⇔ 1/2

ц ⇔ 3/4 ȲӼậ Ȳֽ 3Ȳὑ иᵑ ẔӒЀ᾿ ȳ ӫ⁴⇔ѿц

Ẕ Ȳ֢◕ ֫∟ѿ 105ʕ ᴟ Ȳ ױ ᵶѬ Ӣᾬ ȴ 

    ӣи ậᾎ(stratified clip technique)▲′ Ӣᾬ ȲṼ′ ⇔иⱢ

ϱȳМȳϯϮ Ȳṳ ֢ Ἤ ӢПἬצὬ І֢ᵑи Ẕ ȲԛậẔ

Ὤ Ӑ 500 gȳ І Ӑ 500 gȲ ∟ ֫ѿ 105ʕ ᴟ

ȲḖ Ӑ ѩṳС Ȳֽ 4ȴ 

 

4 ′ Ӣᾬ ▲ӱ (Ӧѵԑ Ȳ2007 Ḃ) 

(г) Ὥи иέ 

1. Ὥи᾿ иӁ 

ֵᾼׁשṅ Ὑ ᵄ ⇔ẗ (Weibull probability distribution function, 

Weibull pdf)Ҡѿ‍ צ ᾼч Ὥи᾿ ѿцד Ȳɔ ӣ ἬצӴ

Ὤ и  
Ẕ  

и ậ  иᵑậ  ϱ  

М  

ϯ  
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Ѥᾼ ᾿ ἨὭ ⇔ ȲҠѿ ֥ ▼ ⇔ẗ Ȳ∂ Ὥ

Ѥᾼ᾿ иᵉẗ ἨὭ иᵉẗ ȴеה 4ἬӱⱢӐׁשṅἬ ӣᾼ ▼ ⇔

ẗ ₤ȲהМ X҅ῶ ᾿ Ȳf(X)҅ῶ᾿ ᾼὭѤ ȴ 

î
î

í

î
î

ì

ë
¢³ö

÷

õ
æ
ç

å -
³

=

ö
÷

õ
æ
ç

å -
-

-

                                                            ,0

)  where,
)(

1

otherwise

X(ae
b

aX

b

c

Xf

c

b

aXc

       (4) 

    Ẕ иᵉẗ ⱢḖ ֢ ᾿ П Ȳ֢ ᾿ Ḗ Ѡ

Ȳה UL <¢X Ȳ⁄(L, U) П ֽеה 5                        

c

b

a
c

b

a

ee
ù
ú

ø
é
ê

è -
-ù

ú

ø
é
ê

è -
-

-=<¢

)(U)(L

U)XP(L            (5) 

Ӑׁשṅ ӣ Bailey and Dell (1973)⁄∂ ӣ Kolmogorov-Smirnov test 

Weibull ẗ ֥⇔ȴ ӣ֯ ӕ ⇔иᵉẗ МȲ

ᾼ ֥⇔ ȲK-S test ѩ G ứ қѠ ứḆẓצ ϩɎSokal and Rohlf, 

1981ɏȴ 

פ .2 ȳḊה ה Ӣᾬ Пה  

    Ὥи Ḋ ֪ ứ Ɫᵺ Ȳ ὭѤ ӣ Ѥ∂Ӵ פ ה

цḊ Ȳѿ―ᴷה Ḋ ȴӐׁשṅѿЛ֝П ה ПȲ ӣ spss

sigmaplot П ἤ ‍ ἤ Ḗ ֢֫ Пה Ȳṳ ӣד

… (R
2
) RMSE ᵅ῏ᵂⱢ ПṼה ȲἬ П פ ȳḊה

ה Ӣᾬ ה ẁ Ὥ ᴕȴ 

3. Ὥи Ӣᾬ Пᴷ  

ӴѤḊ ѻ ֪ІⱢ ᾿ ц Ẓ ֪ІȲ̓ ᵓӣЊ ᾼ
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▲ Ю цẔ ᾼ …(еה 6)Ȳ ᵑ╥‍ Њ ᾼ − ὔ ӢЛ

ᴷȲѻ ֪ⱢЊ ᾼ҅ῶἤ ȲֽὨЊ ᾼὭи

ᾎ҉ич╣ҏԓὭи ᾓȲ ᴷἨᵅᴷὭи ᾼ Ὠ Ӣȴ 

)(

)(
)/(

3
3

ha

m
ham

Ḋ
Ὥи ᴯḊ =                 (6) 

Ӑׁשṅ ӣЄ Ɫׁשṅ Ȳᵀ╥ȲⱢḖ ЬѿὭи Ɫ

֣ȲṼ Ὥиᾼ᾿ иᵉẗ ᴷԓὭ֢᾿ ᾼӴѤ Ȳṳ ѿ ᾿֝ד֥

ᾼ ӴѤӂᶁḊ Ɫ (multiplier)Ȳ ᴷὭив ứ᾿ ᾼὭиḊ

ȲԛḖ ԓὭиᾼḊ ᴷ ȴὭи Ӣᾬ Пᴷ Ϟᵓӣ -

᾿ Ȳה ᴷԓὭи֢᾿ ᾼ ȲԛᵓӣӴѤḊ ה Ӣᾬ ה ֥᾿

иӁḖ Ὥи ᴯ ᾼḊ Ӣᾬ ȴ 

(ϝ) ѤӢ иέ 

1. έ 

    ѵὲӘ Ϝ╢ (1984)╓ҏȸᶮכ П♄ Ϛứᾼצ Ȳ֪ױẔ∟ӢѤ

П ȲӼ ҏ ἤᾼ оȴױ ἤ о ⱢӢ  (growth ring)Ȳᴖ

֮Ѡ╥ѿϚדⱢϚ ᾼȲἬѿ Ɫד (annual ring)ȴ ֮

‍ ȲױϮ ֯Ӣ Ӣ ϱϷẓצὙ Ȳᵓӣ ЬҠᵒ

֢ М╡ּוḊП ἤ оȲⱢ ᵍד ᵒȲ֢ ԒӦԄ ⇔ 0.3 mȳ

1.3 m 2.3 mП Ṽ ἤ оᵒᵑ Ӕד Ȳᵒứד ⱢּוḊ ╡ḊП

ꜜ ȲṳṼױϚ ϱד ∟ ᴟ ᴯ 10
-2

 ˟Ȳṳ ȳ

Ḋ П ȳד Ӣ ѿц Ӣ  Ȳц ҏ έ ȴ 

2. Ӣ  иέ 

    ȳὭѝ‐(2004)╓ҏ Ӣ  ד оᵧἮ П S₤פ ȴױ פ

ᵂӢ פ (growth curves)ȴ᾿ ȳ ȳ ȳḊ Ἠ ֪І
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П Ӣ פ Ȳ Л ȲᵀЄ֝ד ϱꞋ╥ֽױ оȴӐׁשṅᵓӣ (Box 

Polt)ѿד Ɫ x Ȳ Ӣ  Ɫ y Ȳиᵑ ҏϮ П ᾿ ᾼ

Ӣ иӁ ȲṳѿἬצ Ѥᾼ ᾿ Ἠ ᾼӂᶁ ⱢṼ ȲѿὭ Ɫᴞ

Ȳ ᾿ Ἠ ⱢṼ Ȳ GompertzӢ  הе)ה 7) (Cabanettes et al. 

1999)Ȳ ѿ Ϯ ᾼ ᾿ Ӣ  П о ȴе(7)הМȲYmax҅ῶ

Ṽ ᾼϱ Ȳk҅ῶṼ ᴞ Ḃ ᾼ ȲX0Ɫ чפ

Ἤ ᾼᴞ П  

[ ]kXX
e

/)0(exp
maxYY

--
Ö=                  (7) 

Ϯȳ Ὠ                    

(Ϛ) ᾓ 

    ứṼ Ὥ ᶝӘϵ ▲ᵂ Ȳᵓӣ GPSứᴯ Мї

Ȳṳ ӣ ӔѠᶮ Ȳ ҖѠⱢ ϱѠ Ȳ⁮ѠⱢ ϯ

Ѡ Ȳ ӴѤ Ѡ֣ Ἤצ Ȳֽῶ 2  Ԉȴ 

ῶ 2  ᾓ 

 Ὥ    TM ϡ⇔и (97Ṇ ) 

ha ha X  Y  

Є ῧїѤ 44.88 

1 0.25 181818 2525467 

2 0.25 181767 2525498 

3 0.25 181723 2525535 

4 0.25 181410 2525190 

֙⇔  49.42 

5 0.25 180681 2525941 
6 0.25 180627 2525962 

7 0.25 180561 2525982 

8 0.25 180505 2525997 

Њ ⁮◦ḏ 4.84 

9 0.08 181691 2525487 

10 0.16 180721 2525463 

11 0.08 179982 2527820 

12 0.16 180442 2526308 
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(ϡ) ▲ Ὠ 

    ֯ Ὥῴ Ɫ ֥Ὥ ᶝἬ Пϝדв ’═ḕе צ 70%ѿϱП׀♄

Ȳ Ϣѿḕе 2000 ӴѤ ὭȲṳ ї Ṏȴ֢ МꞋצ ю

ԌПЛ֝ Ȳ֯ Ὥ ПὭи Пӂᶁ ȳӂᶁ ȳ᾿ иӁ

Сѿ Ȳ׀♄ ȳ Ḋ ц Ӣᾬ Сѿ Ϥȴ 

    ֽῶ 3Є ῧїѤ׀♄ Ȳ 95.4 %Ȳ ᵅⱢ 76 Ȳ̟ӂᶁ Ɫ 9.39 

cmȲӂᶁ Ɫ 9.02 mȷ֙⇔ ♄׀ Ȳ 78.0 %Ȳ ᵅⱢ 68.6 ˖Ȳӂ

ᶁ Ɫ 7.90 cmȲӂᶁ Ɫ 5.79 mȲᴖЊ ⁮◦ḏП׀♄ цӢ  ᶮ Ȳ

75.0 %Ȳ ᵅⱢ 50.31 ˖Ȳӂᶁ Ɫ 6.15 cmȲӂᶁ Ɫ 3.52 mȴ 

    ѿ иẃכȲЄ ῧїѤ Мצ Ӣ  Ṿ῏Ɫ ҳ

Ȳ Ɫ ϡ Ȳ Ҭᴕ ӴѤ⇔П֪ Ȳ ҳ Ҡ ֪Ɫ ю

צ ᵅП ᾨ ϩȲѹ֯ὭиМצ ЄᾼӢ Ὲ Ȳ╝ ὑẔ҃ ȸᴖ֙⇔

П Ӣ ꞋЊὑЄ ῧїѤȲЊ ⁮◦ḏП׀♄ ᵅȲѹ

֯ Ӣ  ᾓϱὙ ȲἬצ ѤМ Є 11 cmȲ

6.5 mȲҠ ֮ Л ֥ Њ ⁮◦ḏἨ╥Ữӑ Ἠ╥ ῴ Ӣ

  ᶮ П …ȴ 

    Ӧ 12 П ▲ Ὠ ῀ȲϮ П Ὥῴ Ӣ  ᶮѿЄ ῧ

їѤ ṾȲẔװⱢ֙⇔ Ȳ ῏ⱢЊ ⁮◦ḏȴ 

(Ϯ) Ѥ Ὠ ֢ Ѥἤ  

    Ӧ֢ ӢӴѤ ᾓȲṼӂᶁѤᾎ(average tree method)ҏ֢

ᾎ ѤȲֽῶ 5ȳ6ȳ7 5ȳ6ȳ7ȳ8ȳ9ȳ10ἬӱȲиᵑⱢϮ П

֢ Ѥἤ ȲẔ ꞋⱢ ӢӴѤȲЄד7 ῧїѤП ѤḊ Ӣᾬ
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Є 0.0663 m
3

45.17 kgȲὬ ІӢᾬ ѩẂ ᾼ Ғᴖ ҒȲ

ᴖᵶѬ ⁄╥ ІʥὬ ʥӫʥѤḊȷ֙⇔ П ѤḊ Ӣᾬ Є

0.0425 m
3

38.54 kgȲὬ ІӢᾬ ѩẂӼ ᾼ Ғᴖ ҒȲᴖᵶ

Ѭ ⁄╥ ІʥӫʥὬ ʥѤḊȷЊ ⁮◦ḏП ѤḊ Ӣᾬ Є

0.0289 m
3

20.55 kgȲὬ ȳ ȳѻ ПӢᾬ ѩẂỮѹЛ ứȲ Іȳӫȳ

Ὤ ᵶѬ Ꞌ֯ 180%ҿҢȲѤḊᵶѬ ứⱢ 130%ҿҢȴ 
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ῶ 3 ֢ Ὥи ἤῶ(ҟ Ẕ҃ Ѥ) 

 
  

вӴѤ⇔  (cm)  (m)  ḕе  ′  

♄׀  (%)  Є  ӂᶁ  Њ   Є  ӂᶁ  Њ   Ḋ (m
3
) Ӣᾬ (ton) (%) 

Є

ῧ

їѤ 

1 0.25 441 88.20  17.5 9.1 1.5  12.6 8.5 1.8  61.84 36.42 140.32 

2 0.25 480 96.00  18.3 9.0 2.2  11.9 8.8 1.1  66.14 35.82 129.91 

3 0.25 476 95.20  14.1 9.5 1.0  12.2 9.2 0.9  75.37 42.22 116.18 

4 0.25 397 79.40  16.0 10.3 1.7  11.9 9.2 1.1  75.29 50.18 110.46 

 ӂᶁ 0.25 449 89.70   9.48    8.93   69.66 41.46 124.22 

֙⇔

 

5 0.25 398 79.60  17.2 6.6 0.5  10.0 4.8 0.4  24.41 13.44 80.24 

6 0.25 434 86.80  16.3 6.2 1.0  8.9 4.5 0.5  22.68 11.85 96.20 

7 0.25 448 89.60  16.7 6.7 1.0  9.6 4.8 0.7  26.13 13.95 64.12 

8 0.25 469 93.80  15.4 6.6 0.5  10.0 4.8 0.4  27.67 15.16 103.84 

 ӂᶁ 0.25 437 87.45   7.90    5.79   25.22 13.60 86.10 

Њ

⁮◦

ḏ 

9 0.08 102 63.75  7.8 5.3 2.4  4.3 3.0 1.1  29.24 6.92 36.70 

10 0.16 192 60.00  7.9 5.1 2.6  4.7 2.9 0.6  25.77 6.26 29.29 

11 0.08 120 75.00  11.5 8.0 4.0  6.5 4.5 1.8  122.48 16.91 66.61 

12 0.16 161 50.31   9.5 5.7 2.2   5.3 3.2 0.9   30.29 6.30 25.90 

 ӂᶁ 0.12   145 62.27   6.03    3.40   51.94 9.10 39.63 

ȸױῶ Ɫ ὭПὭи Ȳ вю ПẔ҃ Л ֯ẔМȷᵶ вю ПẔ҃ ПὭи ἤֽῶ 4 
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ῶ 4 ֢ Ὥи ἤῶ(ᵶ╗Ẕ҃ Ѥ) 

 
  

вӴѤ⇔  (cm)  (m)  ḕе  ′  

♄׀  (%)  Є  ӂᶁ  Њ   Є  ӂᶁ  Њ   Ḋ (m
3
) Ӣᾬ (ton) (%) 

Є

ῧ

їѤ 

1 0.25 450 90.00  17.5 9.1 1.5  12.6 8.5 1.8  62.66 36.92 140.32 

2 0.25 480 96.00  18.3 9.0 2.2  11.9 8.8 1.1  66.14 35.82 129.91 

3 0.25 477 95.40  14.1 9.5 1.0  12.2 9.2 0.9  75.43 42.26 116.18 

4 0.25 400 80.00  16.0 10.3 1.7  11.9 9.2 1.1  75.58 50.33 110.46 

 ӂᶁ 0.25 452 90.35   9.46    8.92   69.95 41.33 124.22 

֙⇔

 

5 0.25 409 81.80  17.2 6.6 0.5  10.0 4.8 0.4  25.59 14.31 80.24 

6 0.25 438 87.60  16.3 6.2 1.0  9.1 4.5 0.5  22.81 11.94 96.20 

7 0.25 459 91.80  16.7 6.7 1.0  9.6 4.8 0.7  26.50 14.19 64.12 

8 0.25 480 96.00  15.4 6.6 0.5  10.0 4.8 0.4  27.85 15.34 103.84 

 ӂᶁ 0.25 447 89.30   7.90    5.79   25.69 13.95 86.10 

Њ

⁮◦

ḏ 

9 0.08 102 63.75  7.8 5.3 2.4  4.3 3.0 1.1  29.24 6.92 36.70 

10 0.16 192 60.00  7.9 5.1 2.6  4.7 2.9 0.6  25.77 6.26 29.29 

11 0.08 127 79.38  12.5 8.0 4.0  1.8 4.5 6.5  122.48 16.91 66.61 

12 0.16 161 50.31   9.5 5.7 2.2   5.3 3.2 0.9   30.29 6.30 25.90 

 ӂᶁ 0.12 146 63.36    6.03     3.40    51.94 9.10 39.63 

ȸӂ֮ ὭП׀♄ Ɫḕе 1500 Ȳ0.25 е ⁄ 375 ȲṼױ ⁄Є ῧїѤ ֙⇔ ♄׀ 100%ȲᴖЊ

⁮◦ḏ 9ᴟ ♄׀12 иᵑⱢ 85%ȳ80%ȳ100%ȳ67.08%ȲӂᶁⱢ 83.02%ȴ 
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       ῶ 5  Є ῧїѤҳ έ֢ ѤПἤ  

sample age DBH H(m) V(m
3
) 

biomass 
Efa 

(kg) 

1_  7 12.1 10.3 0.0663 35.25 1.54 

1_  7 9.2 9.2 0.0332 14.35 1.26 

1_  7 9.5 7.6 0.0309 14.29 1.31 

2_  7 11.5 10.4 0.0568 32.60 1.18 

2_  7 9.5 9.2 0.0385 23.29 1.27 

2_  7 8.1 8.0 0.0222 13.66 1.24 

3_  7 11.5 10.4 0.0599 40.26 1.23 

3_  7 10.4 9.1 0.0437 26.02 1.31 

3_  7 10.1 8.6 0.0370 17.10 1.24 

4_  7 13.3 9.7 0.0640 45.17 1.45 

4_  7 11.0 9.8 0.0540 33.24 1.49 

4_  7 9.7 9.9 0.0410 19.47 1.31 

7.25%

9.30%

33.45%

6.23%

5.78%

38.00%

5.76%

4.76%

39.47%

6.41%

6.61%

36.97%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Ť

Ť

Ť

 

5  Є ῧїѤ֢ ԌӢᾬ ѩẂ 

193.81%
184.60% 183.65% 187.36%

157.33%

113.32%

145.40%

71.83% 66.21% 68.95% 69.00%

177.89%171.69%

180.16%
181.82%

165.54%

0%

50%

100%

150%

200%

250%

 
6  Є ῧїѤ֢ ԌᵶѬ  
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       ῶ 6  ֙⇔ ҳ έ֢ ѤПἤ  

sample age DBH H(m) V(m
3
) 

biomass 
Efa 

(kg) 

5_  7 11.9 8.5 0.0425 38.54 2.1 

5_  7 8 5.5 0.0169 9.66 1.9 

5_  7 5.5 4.5 0.0069 2.54 1.5 

6_  7 10.6 6.4 0.0323 17.67 2.1 

6_  7 7.4 6.3 0.0157 7.28 1.5 

6_  7 4.5 3.7 0.0039 1.35 1.1 

7_  7 10.2 7.3 0.0298 15.73 2.1 

7_  7 7.8 5.3 0.0147 6.51 1.5 

7_  7 5.3 4.95 0.0064 3.10 1.1 

8_  7 11.2 7.78 0.0399 17.35 1.2 

8_  7 6.1 5.25 0.0076 4.65 1.4 

8_  7 4.7 4 0.0052 2.03 1.1 

10.07%

33.22%

56.71%

9.67%

26.45%

63.88%

4.88%

11.69%

83.43%

8.21%

23.78%

68.01%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Ť

Ť

Ť

 

7  ֙⇔ ֢ ԌӢᾬ ѩẂ 

188.17% 197.99%

251.51%

212.56%

301.74%

386.73%

351.73% 346.73%

117.78% 121.21%
97.57%

112.19%

257.62%

315.40%
339.89%348.67%

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

(
%
)

 

8  ֙⇔ ֢ ԌᵶѬ  
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        ῶ 7  Њ ⁮◦ḏҳ έ֢ ѤПἤ  

sample age DBH H(m) V(m
3
) 

biomass 
Efa 

(kg) 

9_  7 6.9 5.9 0.0115 10.64 2.3 

9_  7 5 3 0.0056 4.73 2.4 

9_  7 3.4 2.5 0.0029 3.19 2.1 

10_  7 6.9 3.95 0.0116 9.09 1.9 

10_  7 4.9 2.95 0.0051 4.54 2.4 

10_  7 3.3 2.33 0.0023 2.59 2.4 

11_  7 10.7 5.1 0.0289 20.55 1.5 

11_  7 8.1 4.6 0.0166 12.61 2.2 

11_  7 6.5 3.7 0.0097 5.62 1.7 

12_  7 7.6 4.65 0.0156 8.92 2.7 

12_  7 6.5 4.5 0.0109 7.71 2.0 

12_  7 5.8 4 0.0085 7.33 1.7 

36.87%

12.00%

51.13%

40.07%

12.66%

47.28%

35.32%

13.99%

50.69%

37.42%

12.88%

49.70%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
Ť

Ť

Ť

 
9  Њ ⁮◦ḏ֢ ԌӢᾬ ѩẂ 

171.39%

190.08% 197.07%

137.83% 131.63% 125.04%

179.78%

187.23%

180.71%

185.88%

215.26%

182.09%
183.33%

186.15%
193.04%

131.50%

0%

50%

100%

150%

200%

250%

 
10  Њ ⁮◦ḏ֢ ԌᵶѬ
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(ҳ) Ὥи  

1. ᾿ иӁ 

    Ӑׁשṅ ӣ᾿ 1 ˟Ɫи ȲṼ ֢ П Њ Є иכ 6

ᴟ 16 Ȳ֢ Пи ֽῶ 8Ȳ֢ П᾿ иᵉ Ꞌ

ⱢЛ֝ ȲЄ ῧїѤҳ Ꞌиᵉ֯ 9-10П Ȳ֙⇔ ⁄╥

5-6П ȲЊ ⁮◦ḏ᾿ ПиӁ Ɫи ȲṼ ᶧⱢ 5-6ȳ4-5ȳ9-10

6-7Ȳ֢צЛ֝ȲҠ ╥֪ⱢὭиỮ ὑ∂ ῴ ȲẔ ἤỮЛὙ ȴ 

    ὭиП ᾿ П …Ȳѿẗ ẃ Ҡᵌὢ … Лὔẓ оП

Ȳ ӣ Bailey and Dell (1973)ứ Weibull 3-parameters ה Ὥи᾿

иӁҠѿצ ᾼ ֢ П᾿ иӁȲֽ 11ȳ12ȳ13ȳ14ȳ15ȳ16ȳ

17ȳ18ȳ19ȳ20ȳ21ȳ22ȴ 

ᴖẔ aȳbȳc K-S testֽ ῶ 8ȳ9ȳ10Ἤӱȴ 

    Weibul 3-parametersП Dplus ꞋЊὑ Dn Ȳ ӱ қѠ ứ K-S ứȲ

ѹѹ P ʨ0.05 ẞἴ ắצ П Ȳ Ὠ ӱ Weibull 

3-parameters צ ᾼ Ẕ иᵉȴ 
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Є ῧїѤ  ֙⇔   Њ ⁮◦ḏ 

1 2 3 4  5 6 7 8  9 10 11 12 

0-1 0 0 1 0  9 1 7 10  0 0 0 0 

1-2 1 0 3 3  18 35 14 30  0 0 0 0 

2-3 5 3 3 14  28 52 40 39  3 12 0 5 

3-4 7 11 4 7  34 38 41 48  24 39 1 20 

4-5 11 10 4 3  58 53 45 41  17 49 11 43 

5-6 19 19 7 10  54 55 59 51  24 38 10 28 

6-7 45 28 26 11  49 42 44 51  22 39 16 33 

7-8 42 67 46 18  33 42 55 33  12 15 20 20 

8-9 79 101 73 28  25 30 44 53  0 0 22 9 

9-10 86 104 109 60  23 32 34 44  0 0 26 3 

10-11 53 75 104 78  16 18 24 22  0 0 13 0 

11-12 49 39 61 57  17 15 20 21  0 0 1 0 

12-13 28 15 26 52  14 5 11 13  0 0 0 0 

13-14 7 4 8 36  9 7 6 5  0 0 0 0 

14-15 7 2 1 14  6 6 1 7  0 0 0 0 

15-16 0 1 0 6  3 1 2 1  0 0 0 0 

16-17 1 0 0 0  1 2 1 0  0 0 0 0 

17-18 1 0 0 0  1 0 0 0  0 0 0 0 

18-19 0 1 0 0  0 0 0 0  0 0 0 0 

ế 435 477 469 380  343 346 387 390  102 192 120 161 

ῶ 8 ֢ П᾿ иӁῶ 



 20 

0

10

20

30

40

50

60

70

80

90

100

1
-2

2
-3

3
-4

4
-5

5
-6

6
-7

7
-8

8
-9

9
-1

0

1
0

-1
1

1
1

-1
2

1
2

-1
3

1
3

-1
4

1
4

-1
5

1
5

-1
6

1
6

-1
7

1
7

-1
8

weibull 3-parameter

  

0

20

40

60

80

100

120

2
-

3

3
-

4

4
-

5

5
-

6

6
-

7

7
-

8

8
-

9

9
-

1
0

1
0

-
1

1

1
1

-
1

2

1
2

-
1

3

1
3

-
1

4

1
4

-
1

5

1
5

-
1

6

1
6

-
1

7

1
7

-
1

8

1
8

-
1

9

w e i b u l l  3 - p a r a m e t e r

 

11Є ῧїѤ 1            12 Є ῧїѤ 2  

     ᾿ иᵉ Weibull pdfẗ         ᾿ иᵉ Weibull pdfẗ  
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13 Є ῧїѤ 3            14 Є ῧїѤ 4   

     ᾿ иᵉ Weibull pdfẗ         ᾿ иᵉ Weibull pdfẗ  

 

            ῶ 9 Є ῧїѤ֢ ПWeibull pdf Ὠῶ 

result 
plot 

1 2 3 4 

a -0.002
**

 0.274
**

 -13.4
**

 -101
**

 

b 10
**

 9.48
**

 23.8
**

 112
**

 

c 4.23
**

 4.6
**

 13.9
**

 49.8
**

 

Dn 0.0647  0.0620  0.0622  0.0682  

Є Dplus 0.0376  0.0533  0.0062  0.0522  
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15 ֙⇔ 5              16 ֙⇔ 6   

      ᾿ иᵉ Weibull pdfẗ         ᾿ иᵉ Weibull pdfẗ  
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17 ֙⇔ 7             18 ֙⇔ 8   

     ᾿ иᵉ Weibull pdfẗ         ᾿ иᵉ Weibull pdfẗ  

 

            ῶ 10 ֙⇔ ֢ ПWeibull pdf Ὠῶ 

result 
plot 

5 6 7 8 

a 0.352
**

 0.928
**

 0.347
**

 0.013
**

 

b 7.09
**

 5.85
**

 7.13
**

 7.37
**

 

c 1.94
**

 1.64
**

 2.16
**

 2.08
**

 

Dn 0.0681  0.0652  0.0642  0.0627  

Є Dplus 0.0297  0.0648  0.0278  0.0477  
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19 Њ ⁮◦ḏ 9           20Њ ⁮◦ḏ 10    

      ᾿ иᵉ Weibull pdfẗ      ᾿ иᵉ Weibull pdfẗ  
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21 Њ ⁮◦ḏ 11          22Њ ⁮◦ḏ 12  

     ᾿ иᵉ Weibull pdfẗ      ᾿ иᵉ Weibull pdfẗ  

 

ῶ 11 Њ ⁮◦ḏ֢ ПWeibull pdf Ὠῶ 

result 
plot 

9 10 11 12 

a 1.64
**

 2.12
**

 -1.39
**

 2.12
**

 

b 4.05
**

 3.38
**

 10.1
**

 4.3
**

 

c 2.86
**

 2.46
**

 6.16
**

 2.12
**

 

Dn 0.1345 0.0980 0.1240 0.1070 

Є Dplus 0.0735 0.0486 0.0494 0.0641 
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פ .2 ȳḊה ȳӢᾬה Пה … 

    ֙⇔ цЊ ⁮◦ḏẒ ῴ Ӣ  ᾿ ẓצ ᾼ ἤ

…Ȳ ӣ ᾿ ᴷӴѤ ᾼ ἤ )ה 24ȳ25)֢ẓצ 0.7390ц

0.8817ᾼḟứ… ȲЄ ῧїѤᾼ ᾿ ᴷ ᾼ ╓Ɫה ₤

₤( 23)Ȳ …ᾼḟứה Ɫ 0.5605Ȳ ᾿ ЄȲ ╓כ ϱс

₤ ᾼӢ Ȳ ᾿ ẞ 9 cmѿϱ Ȳ פּ 7-8 mП Ȳ Ӣ פ ϱ

с ⇔ ѹצ ạ ᶮȲ ה ӱ Єצ ῧїѤὭиᾼ Ӣ

 ֯ӭ›ᾼὭиӴѤ⇔цὭ′ ⇔ ԈϯȲὭѤ ⇔Ӣ ᴿѾБ Ӣ

ạ ȴד ὑЄ ῧїѤӴѤᾼ Ӣ Ȳ֙⇔ цЊ ⁮◦ḏẒ

ᾼὭи ⇔⁄ ὑ᾿ ϱс ◕Ȳ֯ ′ὭиӴѤ⇔цὭצ ⇔ ԈϯȲ֙

⇔ цЊ ⁮◦ḏЬẓצ Ẕ ⇔Ӣ ᾼד Ὲ ȴ 

DBH(cm)

0 5 10 15 20

H
(m

)

2

4

6

8

10

12

14

H=-5.4131+16.1184*(1-exp(-0.2595*x))

R
2
=0.5605

n=1645

 

           23 Є ῧїѤ - פ  
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H=2.0884+0.4708*DBH

R
2
=0.7390

n=1131

DBH(cm)

2 4 6 8 10 12 14 16 18

H
(m

)

0

2

4

6

8

10

12

 

          24 ֙⇔ - פ  

DBH(cm)

0 2 4 6 8 10 12

H
(m

)

1

2

3

4

5

6

7

H=0.6239+0.4767*DBH

R
2
=0.8817

n=510

 

            25 Њ ⁮◦ḏ - פ  
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ӴѤḊ ѿה Schumacher ₤ ֥ӴѤᾼ ᾿ ц Ἤ∂ӴḊ

Ȳה ὑ Ὥ ѤḊ ẓצ Ṿᾼ ᴷ ϩȴѿӐׁשṅ ᴷȲ

Є ῧїѤȳ֙⇔ ѿцЊ ⁮◦ḏϮ Ḋ הе)ה 8-9)ᾼḟứ…

ЊⱢ 0.989Ȳ ЄⱢ 0.997ȴ 

156.1727.1562427810005777236.0 HDV ÖÖ=     R
2
=0.989        n=12a (8) 

234.0237.2920682460001055843.0 HDV ÖÖ=     R
2
=0.996        n=12a (9) 

185.1987.12465458240.00019277 HDV ÖÖ=      R
2
=0.997        n=12 (10) 

   Ӑׁשṅ֝ ӣ SPSS ѿἬצ ѤП Ȳ Л֝ П Ѥ

ᴩ ȳ ӂѠ ѿцה Schumacherה Ȳѿẁה ứ

֮ϱ Ӣᾬ ȴ 

ῶ 12 Ӣᾬ ה ῶ 

 ה 
 

R
2
 P 

a b c 

Sm 

A 2.2967 -6.258 - 0.9025 <0.0001 

B 0.1722 0.71 - 0.9404 <0.0001 

C 0.0082 2.220 1.249 0.9410 <0.0001 

Pi  

A 3.5698 -17.192 - 0.7881 <0.0001 

B 0.2257 -4.53 - 0.8401 <0.0001 

C 0.0147 2.04 1.19 0.9470 <0.0001 

Ak 

A 2.2967 -6.258 - 0.9025 <0.0001 

B 0.1722 0.71 - 0.9404 <0.0001 

C 0.3599 1.285 0.496 0.9470 <0.0001 

ȸ ה A Ɫ Y = b+a*DBHȲBⱢ Y = b+a*DBH
2
*HȲCⱢ Y=a*DBH

b
*H

cȲ

҅ ⱢȸЄ ῧїѤȸSmȳ֙⇔ ȸPiȳЊ ⁮◦ḏ Ak 
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   ֫ Ὠֽῶ 12Ϯ ѿה Schumacher Ɫה ṾȲ ֯ ҵ

▲ Ȳ Ҡѿ᾿ ậȲᴖ ᾼ ὔ ӢϢⱢ Ȳ ֯

Ѥ Ӣᾬ П ה… Ҭ Ϥ Ɫᴞ Ȳ Ɫ ―Ȳᵀ╥

ⱢᵅȲ֪ױȲ ֯ ▲ Ҭ ᾼ ậ Ȳ⁄ ὑ Ӣᾬ ᾼ

ᴷꞋצ Єᾼ ᵗȴ 

3. Ὥи Ӣᾬ Пᴷ  

    ӣϱ П ה ֥᾿ иӁ ᴷ֢ П Ӣᾬ Ȳ Ὠֽῶ

14ȳ15ȳ16 ἬӱȲӐׁשṅ Ἤצ ֥Ẇ֯Ϛ Ẕ᾿ иᵉ Weibull 

3-parameter pdfȲ ѿЄ ᾼ Ӑẃᴷ Ἤצ П Ӣᾬ

ȲẔ Ὠֽῶ 10 26ȳ27ȳ28 ἬӱȲϮ Ꞌ K-S ứȲṿ

Weibulll-3parameter pdf צ ᾼ ֮ ПὭи Ȳ Ӧ᾿ ꞋиӁ

П ὨȲ Ὠ ӱЄ ῧїѤḕе П Ӣᾬ Ɫ 67.14 m
3

37.8 tonȲ

֙⇔ ḕе П Ӣᾬ Ɫ 22.65 m
3

12.7 tonȲЊ ⁮◦ḏḕе П

Ӣᾬ Ɫ 41.15 m
3

7.7 ton 

ῶ 13 Є ῧїѤȳ֙⇔ ȳЊ ⁮◦ḏԓ ᾿ иӁӴѤ ᵄ  

      ⇔ẗ K-S test Ὠῶ 

result 
species 

Sm Pi Ak 

a 2.11
**

 2.8
**

 2.12
**

 

b 8.38
**

 5.8
**

 4.3
**

 

c 4.08
**

 1.91
**

 2.12
**

 

Dn 0.0335  0.0404  0.0601  

Є Dplus 0.0329  0.0133  0.0476  
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ῶ 14 Є ῧїѤԓὭ᾿ иӁПḊ Ӣᾬ ῶ 

᾿    Weibull 3-parameter pdf    ὭиḊ    ὭиӢᾬ  

ϯꜜ  ϱꜜ  
⇔ 

  ⇔ ᾿  ⇔ Ḋ  Ӣᾬ   ᾿ Ḋ  Ḋ   ᾿ Ӣᾬ  ҒӢᾬ  

(cm)  (cm)    Pi N*Pi Di(cm) H(m) Vi(m
3
)  (kg)   (m

3
) (m

3
/ha)    (kg)  (kg/ha) 

1 2 3  2  0.00  4.75  2  5.11  0.00  0.29   0.0060  0.0060   1.4001  1.4001  

3 4 5  21  0.01  21.06  4  7.00  0.01  2.03   0.1263  0.1323   42.7616  44.1617  

5 6 7  136  0.08  151.68  6  7.31  0.01  5.27   1.9278  2.0602   800.0703  844.2319  

7 8 9  441  0.27  423.07  8  8.68  0.03  12.39   10.7870  12.8472   5242.3371  6086.5691  

9 10 11  643  0.39  588.24  10  9.50  0.04  22.76   24.4702  37.3174   13386.7511  19473.3202  

11 12 13  318  0.19  371.37  12  9.99  0.06  36.31   22.4253  59.7427   13484.4356  32957.7558  

13 14 15  75  0.05  84.40  14  10.28  0.08  52.99   6.8743  66.6171   4471.8272  37429.5830  

15 16 17  7  0.00  4.96  16  10.45  0.10  72.77   0.5188  67.1358   360.9853  37790.5683  

17 18 19   2   0.00  0.05  18  10.55  0.13  95.67    0.0062  67.1421    4.6116  37795.1799  
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ῶ 15 ֙⇔ ԓὭ᾿ иӁПḊ Ӣᾬ ῶ 

᾿    Weibull 3-parameter pdf    ὭиḊ    ὭиӢᾬ  

ϯꜜ  ϱꜜ  
⇔ 

  ⇔ ᾿  ⇔ Ḋ  Ӣᾬ   ᾿ Ḋ  Ḋ   ᾿ Ӣᾬ  ҒӢᾬ  

(cm)  (cm)    Pi N*Pi Di(cm) H(m) Vi(m
3
)  (kg)   (m

3
) (m

3
/ha)   (kg) (kg/ha) 

3 4 5  164   0.14  162.50  4  3.97  0.00  1.29   0.5265  0.5265   208.9198  208.9198  

5 6 7  319   0.27  307.48  6  4.91  0.01  3.79   2.5937  3.1202   1164.4276  1373.3474  

7 8 9  277   0.26  295.98  8  5.85  0.02  8.39   4.9507  8.0710   2483.4182  3856.7656  

9 10 11  198   0.18  200.28  10  6.80  0.03  15.80   5.7147  13.7856   3163.7074  7020.4731  

11 12 13  112   0.09  103.12  12  7.74  0.04  26.74   4.5605  18.3461   2757.3323  9777.8054  

13 14 15  47   0.04  41.78  14  8.68  0.06  41.98   2.6793  21.0254   1753.8202  11531.6256  

15 16 17  11   0.01  13.56  16  9.62  0.09  62.32   1.2008  22.2263   844.8407  12376.4663  

17 18 19   1    0.00  3.56  18  10.56  0.12  88.38    0.4199  22.6462    315.0068  12691.4731  

 

 

 

 



 30 

ῶ 16 Њ ⁮◦ḏԓὭ᾿ иӁПḊ Ӣᾬ ῶ 

᾿    Weibull 3-parameter pdf    ὭиḊ    ὭиӢᾬ  

ϯꜜ  ϱꜜ  
⇔ 

  ⇔ ᾿  ⇔ Ḋ  Ӣᾬ   ᾿ Ḋ  Ḋ   ᾿ Ӣᾬ  ҒӢᾬ  

(cm)  (cm)    Pi N*Pi Di(cm) H(m) Vi(m
3
)  (kg)   (m

3
) (m

3
/ha)    (kg)  (kg/ha) 

1 2 3  9  0.19  91.34  2  1.58  0.00  1.09   0.1198  0.1198   99.4066  99.4066  

3 4 5  166  0.33  160.06  4  2.53  0.01  3.41   1.4570  1.5768   545.4241  644.8308  

5 6 7  204  0.40  194.65  6  3.48  0.03  6.77   5.7925  7.3694   1318.6005  1963.4313  

7 8 9  92  0.21  103.95  8  4.44  0.07  11.11   7.2971  14.6665   1154.3318  3117.7631  

9 10 11  39  0.06  29.12  10  5.39  0.14  16.35   4.0109  18.6774   475.9728  3593.7359  

11 12 13   0   0.01  4.47  12  6.34  0.24  22.46    1.0720  19.7494    100.3036  3694.0394  
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(Х) ὭѤᾼ᾿ Ӣ  Ӣ  

    ֽ 29ȳ30ȳ31ⱢЄ ῧїѤȲ֙⇔ ȳЊ ⁮◦ḏП 0.3 m ⇔П

Ȳ Ӧ ȲҠѿὙ ᵑד ꜜ Ȳ֯›Ẓד ῴӢ ȲЄ ῧїѤ ֙

⇔ ЛὙ Ȳ ѿц Ẕ҃ Ӣ ᾓᾭЬҠ ȴ 

    Ἤצ Ӑ έ∟Ȳ ӣ ѿ x Ɫ y Ɫ֢ד П

Ӣ  ҏ ( box plot )Ȳ ╥ѿ ᶮẃ ӱ ПϚ צ Ѡ

ᾎȲ Ẕӂᶁ ȳ І ⇔ȳ Є Њ Ϡ Ϯ ֯

ד ҒӢ П ȲᵠϢ еה 7 П Gompertz Ӣ פ ╥Ϛ S₤Ӣ פ

Ȳ (age)П оȲהМ Dmax̔ ῶӂᶁ ϱ П Ȳk ҅ῶ Ȳ

aiⱢד ᾼчפ ȴ 

1. Ӣ  Ὥ ᾼ … 

Ϯ П Ӣ  ֽ 32ȳ33ȳ34ἬӱȲЄ ῧїѤᵧ Ὼᴿ᾿

Ӣ  ᶮȲᴖ֙⇔ гדҿҢ Ởӂ ᵧ S₤Ӣ  ȲᴖЊ ⁮◦ḏ

› Ӣ  Ȳ∟ ῶ ῺᴿϚ᾿ ȴẔӢ  ᶮ Ȳֽῶ 14ȲϮ

П ӂᶁדӢ  ⱢЄ ῧїѤȲẔװⱢ֙⇔ Њ ⁮◦ḏȲṼᶧ

Ɫӂᶁḕכד  1.09 cmȳ0.83 cmȳ0.64 cmȴӂᶁᴖṕЄ ῧїѤ Ѿ╥Ϛד

Ӣ  1 ˟ᾼ᾿ Ȳ֯ Ӣ ϱҠѿ ד╥ ȲẔװⱢ֙⇔ ȲᴖЊ ⁮

◦ḏ ῴ Ӣ  Ɫ Ȳ֯ ҳדП∟ẔӢ  Ὼ╥ϚדӢ  1 ˟ȴ 

ῶ 14 Ϯ П  Ӣד  

 Ӣד   
 (m)   (cm) ד
  Sm Pi Ak   Sm Pi Ak 
1 0.08  0.06  0.00   1.37  1.01  0.72  
2 1.38  0.54  0.09   1.27  0.83  0.30  
3 0.94  1.05  0.24   1.21  1.24  0.31  
4 1.22  1.24  0.83   1.35  0.73  0.68  
5 1.21  0.95  0.87   1.37  0.59  0.53  
6 1.30  1.00  1.28   1.20  0.60  0.52  
7 1.50  0.95  1.13    1.14  0.50  0.40  
ӂᶁ 1.09  0.83  0.64   1.27  0.78  0.49  

ȸἬצ ѤПӂᶁ  



 32 

 

 

29 Є ῧїѤ ד ꜜ  

 


