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1   

1.1  

 CG ─ │ ╕⇔ↄ⁸ ≢│№╠╝╢╙─╩ꜞ▪ꜟ⌐ ≢⅝╢╟℮⌐⌂╡≈≈

№╢⁹ ⌂ CG ╕√│ ╩ ∆╢√╘⌐│꜠fi♄ꜞfi◓ ⅜ ≢№╢⅜⁸

∕─ ⌐⅔™≡ ≤∆╢ ─ ╩ ⌐⸗♦ꜞfi◓∆╢↓≤⅜ ≢№╢⁹

≤↓╤≢⁸ ╡ │ ⌐ ↄ⅛╠ ╦╢ ─ 1 ≈≢№╡⁸ ≢│ ≢ ⌂ ╡

⅜ ₁⌐ ╡∞↕╣≡™╢⁹∕─╟℮⌂ ╡ │ ─ ╩ ↄ√╘⁸ ─ ⌐

™╠╣╢↓≤╙ ™  1-1 ⁹⇔⅛⇔⌂⅜╠⁸↓─╟℮⌂⁸ ™ ⅜ ⌐ ╡ ⌂∫

≡≢⅝╢ ╩ ⌐ ⌐ ∆╢↓≤│ ≢│⌂™⁹∕─√╘⁸ ╡ ─ ╩

⌐ ⇔√ CG ╕√│ ╩ ∆╢⌐│ ⌂ ╩ ∆╢≤™℮ ⅜№╢⁹

ⅎ┌⁸  1-2⌐ ∆╟℮⌂ ╡ ─ ⸗♦ꜟ╩ ─ CG ♁ⱨ♩►▼▪╩ ™

≡ ⇔√≤↓╤⁸30 40 ╒≥─ ⅜ ≢№∫√⁹ 

1.2  

 ≢│⁸ ⌂ CG ⌐ ™╢↓≤─≢⅝╢ ╡ ─ ⸗♦ꜟ╩ ⌂ ≢

≢⅝╢╟℮⌐∆╢↓≤╩ ≤∆╢⁹ ╡ ⌐│ ₁⌂ ─ ⅜ ∆╢⅜⁸↓↓

≢│⁸ ⌐ ╡√√╕╣√ ─╙─≤ ⌂ ─╙── 2 ⌐ ↑≡ ⅎ╢⁹

⌐ ╡√√╕╣√ ─ ╡ ╡ ≈™≡│⁸ ─ ⇔√ ╡ ─

◄♦▫♃ ORIPA[3]⌐╟╡⁸∕─ ⅛╠ ╡√√╖ ─ ─ ≤⁸∕─ ─ ⌂╡

╩ ╘╢↓≤⅜≢⅝╢⁹∕↓≢⁸ORIPA⅛╠ ↕╣╢↓─ ╡√√╖ ╩ ⌐⁸

─ ╖╩ ⇔≡ ⸗♦ꜟ╩ ∆╢ ╩ ⇔√⁹╕√⁸ ₁─ ╡ ⅜ ≈

∕─ ─ ╩ ≢ ∆╢↓≤│ ⇔™√╘⁸ ≢─ ╩ ℮√╘─

─☻כ▼fi♃ⱨ▬◙כꜚ ╩ ∫√⁹∕─ ⁸  1-3⌐ ∆╟℮⌂ ⅜ ╠╣√⁹ 

 ⌂ ─ ╡ ⌐≈™≡│⁸↓↓≢│ ⌐ ╩ ≈ ─╟℮⌂ ─╙─

⌐ ⇔≡ ⅎ╢↓≤≤⇔√⁹ ╡ ≢│ ╡√√╖ ╩ ⌐ ⸗♦ꜟ╩

∆╢↓≤⅜≢⅝√⅜⁸ ╩ ≈ ╡ ⌐ ⇔≡∕─╟℮⌂ ╩ ╢↓≤│ ≢│

⌂™⁹∕↓≢⁸ ─ ╩ ∆╢─≢│⌂ↄ⁸ ⅜₈ ╡ ╠⇔ↄ₉ ⅎ╢↓≤╩

⇔⁸ ─ ╡ ─╟℮⌐ ⅎ╢ ⸗♦ꜟ╩ ∆╢ ╩ ⇔√⁹∕─ ⁸

 1-4⌐ ∆╟℮⌂ ⅜ ╠╣√⁹ 

 

   

 1-1 : ─ ⌐ ™╠╣√ [1][2] 
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 1-2 : [ ]─ ≤∕─ CG  

 

  

 1-3 : 3 ─ ≢ ⇔√ ⸗♦ꜟ ≤∕─꜠fi♄ꜞfi◓  

  

 1-4 : 4 ─ ≢ ⇔√ ⸗♦ꜟ ≤∕─꜠fi♄ꜞfi◓  

1.3 ─  

 │ 5 ≢ ↕╣╢⁹ 1 ≢│ ≤ ╩ ═√⁹ 2 ≢│ ─

⌐≈™≡⁸ 3 ≢│ ╡ ─ ⸗♦ꜟ╩ ∆╢ ⌐≈™≡⁸ 4 ≢

│ ─╟℮⌂ ─ ╡ ─ ⸗♦ꜟ╩ ∆╢ ⌐≈™≡⁸ 5 ≢│

╩ ═╢⁹ 
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2   
 ↓─ ≢│ ⌐ ∆╢ ⌐≈™≡ ∆╢⁹│∂╘⌐ ╡ ─⸗♦ꜟ ⌐

∆╢ ⌐≈™≡⁸ ⌐ ╡ ─ CG ─ ⸗♦ꜟ ⌐ ∆╢ ⌐≈™≡⁸ ⌐

╡ ─꜠fi♄ꜞfi◓⌐ ∆╢ ⌐≈™≡ ═╢⁹ 

 

2.1 ╡ ─⸗♦ꜟ ⌐ ∆╢  

 ╡ ╩ ⌐⸗♦ꜟ ∆╢ ⅜ ↕╣≡™╢⁹Kato╠[4]│⁸ ╡ ⌐ ╕

╣╢ ⅛╠ ╡ ╩ ⇔⁸ ╡ ⸗♦ꜟ╩ ∆╢↓≤≢ ⌐ ╡

╩ ╡ ╗ ╩ ⇔≡™╢⁹ [5]│⁸ ⌐ 2 Ᵽכ◖כ♪⅜ ↕╣√

╩ ™⁸∕─ ╡√√╪∞ ╩ ⇔√ ⅛╠ ╡√√╖ ╩ ⇔≡ ⌐

⸗♦ꜟ ∆╢ ╩ ⇔≡™╢⁹╕√⁸ ─ ⇔√ ╡ ─ ◄♦▫♃

ORIPA[3]⌐│⁸ ╡ ─ ╩ ≤⇔≡⁸∕─ ╡√√╖ ─ ≤ ─ ⌂╡

╩ ∆╢ ⅜ ↕╣≡™╢  2-1 ⁹↓╣╠─ ≢⸗♦ꜟ ↕╣√ ╡ │⁸ ↕

0 ─ ─ ≤⇔≡ ↕╣⁸ ─ ╖⌐╟╡ ∂╢ ╩ √⌂™⁹∕─√

╘⁸↓↓≢ ↕╣╢⸗♦ꜟ╩ ⌂ CG─ ⌐ ™╢↓≤│≢⅝⌂™⁹ ≢│⁸

⌂ CG ⌐ ™╢↓≤⅜≢⅝╢╟℮⌂ ╡ ─ ⸗♦ꜟ╩ ∆╢↓≤╩ ≤

∆╢⁹ ─ ↕╩ ⌐ ╣√ ╡ ─ ≤⇔≡│⁸ ╠[6]─ ⅜ →╠╣╢⁹

╠│ ↕╩ ∫√ ╩ ⌐ ╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸∕─ ⌐ ∂╢ ─ ╖≤∏╣

╩ ─◖Ⱨכ ⅔╟┘ ╩ ∫√ ≤─ ╩ ∫≡™╢⁹ 3 ≢│⁸

↓↓≢ ↕╣≡™╢ ─ ↕─ ╩ ™√⁹ 

 

 

  

 2-1 : ORIPA [3]⌐╟╡ ↕╣√ ╡ ─ ≤ ╡√√╖ ─ ⁹ ≢

↕╣√ ─ ╡√√╖ ─ ⌂╡ ╩ ∆╢↓≤≢⁸ ╡√√╖ ─ ╩ ⇔≡

™╢⁹ 
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2.2 ╡ ─ CG ─ ⸗♦ꜟ ⌐ ∆╢  

 CG ⌐ ™╢√╘─ ╡ ─ ⸗♦ꜟ ⌐ ⇔≡│⁸Nistch[7]⅜ 3DCG ♁ⱨ♩

►▼▪ Maya╩ ™≡ ╡ ─ CG ╩ ∆╢ ⌐≈™≡ ═≡™╢⁹Nistch│ Maya 

8.0⌐ ↕╣≡™╢ ╩ ™≡⁸ ╡ ╩⸗♦ꜞfi◓∆╢ ≤ ╡ ╠⇔™ ╩

∆╢√╘─ⱴ♥ꜞ▪ꜟ ⌐≈™≡ ╩ ∫≡™╢  2-2 ⁹⇔⅛⇔⁸ ╡ ─╟℮⌂

⅜ ⌐ ╡ ⌂╢ ⸗♦ꜟ╩ ∆╢ ⌐│⁸ ⌐ ╩ ≢ ╢ ≤ ═≡ ≢

⌂ ⅜ ⌐⌂╢↓≤⅜ ™⁹╕√⁸ ─ ⅜ ↓╡╛∆™≤™℮↓≤⅛╠╙⁸

≢⸗♦ꜞfi◓╩ ℮↓≤│ ≢│⌂™⁹Miyazaki╠[8]╛ ╠[9]│ ╡ ─◦Ⱶꜙ

─♃כ꜠ ⅔╟┘ ╩ ∫≡™╢  2-4 ⁹╕√⁸Paczkowski ╠[10]│ⱴꜟ♅♃♇♅ה

▬fi♃ⱨ▼כ☻╩ ™≡⁸ ─╟℮⌂ ™ ─⸗♦ꜞfi◓╩ ℮√╘─◦☻♥ⱶ╩ ⇔

≡™╢⁹↓╣╠─◦☻♥ⱶ≢│ ─ ⸗♦ꜞfi◓⌐ ∆╢↓≤≢ ⌂ ─ ╡ ≢

№╣┌ ⌐ ≢⅝╢╟℮⌐⌂∫≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ≢ ╡ ─⸗♦ꜞfi◓

╩∆╢↓≤⅜ ≢№╢≤™℮ │ ⌐│ ↕╣≡™⌂™⁹ 

 ≢ ╡ ─ ╩ ∆╢ ≤⇔≡│⁸Tachi[11]─ ⇔√◦☻♥ⱶ⅜ →╠╣╢⁹

Tachi │⁸₈ ─ ⅜ⱥfi☺≢ ↕╣√⸗♦ꜟ₉≤ ⅝ ⅎ╢↓≤─≢⅝╢ ╡ ╩

≤⇔≡⁸∕─ ⌐ ≠ↄ ─ ⅝╩◦Ⱶꜙ꜠כ◦ꜛfi∆╢↓≤≢⁸ ╡ ─

⅛╠∕╣╩ ∫≡≢⅝╢ ╩ ∆╢ ╩ ⇔≡™╢  2-6 ⁹ ⌐╟╡

╪∞ ╩ ╢↓≤⅜ ⇔™ ╩◓fiꜞ♦⸗⅜◙כꜚ⁸⅜╢№╙ ℮ ⌐ ═≡ │

⅛⅛╠⌂™⁹ 

 ≢│⁸◦☻♥ⱶ⌐╟╢ ─▪ⱪ꜡כ♅╩ ™≡ ╡ ─ CG ─ ⸗♦ꜟ╩

⌐ ≢⅝╢╟℮⌐∆╢↓≤╩ ∆⁹ 

 

  

 2-2 : [7]─ ⁹CG ♁ⱨ♩►▼▪Maya╩ ™≡⸗♦ꜞfi◓≤꜠fi♄ꜞfi◓╩

℮ ╩ ⇔⁸ ─╟℮⌂ ─ ╩ ∫≡™╢⁹ 

 



5 

  

 2-3 : [8]─◦☻♥ⱶ⌐╟╡ ↕╣√ ⁹ⱴ►☻─♪ꜝ♇◓ ≢ ╩ ⅛∆↓

≤≢ ─ ╩ ∆╢↓≤⅜≢⅝╢▬fi♃ⱨ▼כ☻⅜ ⇔⁸ ─╟℮⌂ ⸗♦ꜟ╩ ⇔

≡™╢⁹ 

  

 2-4 : [9]─◦☻♥ⱶ⌐╟╡ ↕╣√ ⁹ⱴ►☻╩ ™≡ ⌐ ─ ╡ ╩

℮↓≤─≢⅝╢▬fi♃ⱨ▼כ☻⅜ ⇔⁸ ─╟℮⌂ ⸗♦ꜟ╩ ⇔≡™╢⁹ 

 

 2-5 : [10]─◦☻♥ⱶ⌐╟╡ ↕╣√ ⁹♃♇♅ⱤⱠꜟ ╩ ™≡ ─ ╩

⌐ ∆╢↓≤─≢⅝╢▬fi♃ⱨ▼כ☻⅜ ⇔⁸ ─╟℮⌂ ⸗♦ꜟ╩ ⇔≡™╢⁹ 
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 2-6 : [11]─ ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi─ ⁹ⱥfi☺≢ ↕╣√ ─ ─ ⅝╩◦

Ⱶꜙ꜠⁸⇔♩כ∕─╟℮⌐ ℮↓≤─≢⅝╢ ╡ ─ ⸗♦ꜟ╩ ⇔≡™╢⁹ 
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2.3 ╡ ─꜠fi♄ꜞfi◓⌐ ∆╢  

 ⌂ CG─ ⌐│꜠fi♄ꜞfi◓ ⅜ ≢№╡⁸ ≤∆╢ ─ ╩ ⌐

∆╢ ⅜№╢⁹Bartman╠[12]│⁸ ╩ ℮↓≤≢⁸ ─ ⅜ꜝfiⱣכ♩

≢│⌂™↓≤╩ ⇔≡™╢⁹Papas╠[13]│ ─ ╩ ™≡ ╩ ™⁸∕─ ⌐ ≠™

≡ ─ BSDF ╩ ⇔≡™╢  2-7 ⁹ 

 2.1 ≢ ═√╟℮⌂ ≢ ╡ ╩ ⌐ ∆╢ ⁸ ╡ │ ─

⅜ ≢ ⌂∫≡™╢╟℮⌂ ≢ ↕╣╢↓≤⅜ ™⁹ ╠[14]│⁸∕─╟℮⌂

╩╙≈ ─♃כ♦ 3 ╩ ⌐ ⌐ ≢⅝╢╟℮⌂⁸ⱡfiⱨ◊♩ꜞ▪ꜞ

☻♥▫♇◒─꜠fi♄ꜞfi◓ ╩ ⇔≡™╢  2-8 ⁹↓─ │꜠fi♄ꜞfi◓╩ ℮

⌐꜠fi♄ꜞfi◓ ≤∆╢ ╡ ⸗♦ꜟ─ ╩ ∆╢ ⌐ ⅜№╢⁹ 3

≢│⁸↓↓≢ ↕╣≡™╢ ╩ ─ ╖╩ ∫√ ╡ ─ ⸗♦ꜟ─ ⌐ ™√⁹

╕√⁸ [15]│ ─ ⌂╡ ⌐ ╩ⱪכꜟ ≈ ╡ ╩ ≤⇔≡⁸ ⅛╠ √

╩ ⇔™ ╡√√╖ ≢ ∆╢ ╩ ⇔≡™╢⁹Furuta╠│⁸ ╟╡╙

╡ ─ ╩ ⇔≡ ╩ ∆╢↓≤≢⁸ ─ ⅜ ↓∫≡™╢ ╡ ─

⸗♦ꜟ╩ ⌐ ⇔ↄ꜠fi♄ꜞfi◓∆╢ ╩ ⇔≡™╢  2-9 ⁹↓∟╠│ ≤

╩ ╡ ⌐ ∑∏⁸ ⌂ ─╙─╙ ℮↓≤⅜≢⅝╢⁹ 

 ↓╣╠─ ╩ ╖ ╦∑╢↓≤⅜≢⅝╣┌⁸ ⌂ ╡ ─꜠fi♄ꜞfi◓⅜ ⌐⌂

╢≤ ↕╣╢⁹⇔⅛⇔⌂⅜╠⁸꜠fi♄ꜞfi◓╩ ℮√╘⌐│ ─ ╩ ⌐⸗♦

ꜞfi◓∆╢ ⅜№╢⅜⁸ ╡ ─╟℮⌂ ⌐≈™≡│ 2.2 ≢ ═√╟℮⌐⁸ ─

⅜ ⇔™≤™℮ ⅜№╢⁹∕↓≢⁸ ≢│ ╡ ─꜠fi♄ꜞfi◓ ⌐ ∆╢

│ ╦∏⁸™⅛⌐ ⌂ ≢ ╩ ∫≡ ∫√↓≤⅜ ╦╢╟℮⌂ ╡ ─ ⸗♦ꜟ

╩ ∆╢⅛⁸≤™℮ ⌐ ╩ ™√⁹ 

 

 

 2-7 : [13]─ BSDF╩ ™√꜠fi♄ꜞfi◓ ⁹ ⌐ ≠ↄ ─ BSDF⅜ ↕╣≡⅔

╡⁸∕╣╩ ™╢↓≤≢ ─╟℮⌂꜠fi♄ꜞfi◓ ⅜ ╠╣≡™╢⁹ 
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 2-8 : [14]─ ⌐╟╢ ≤ ─꜠fi♄ꜞfi◓ ⁹

─╟℮⌐ ⌐ ⌂∫≡™╢⸗♦ꜟ─ ╩ ∆╢↓≤≢⁸ ─╟℮⌐∕─

⅜ ⌐ ≢⅝╢ ╩ ⇔≡™╢⁹ 

 

 2-9 : ⌂꜠fi♄ꜞfi◓ ≤ [16]─ ⌐╟╢꜠fi♄ꜞfi◓ ─ ⁹(a)─╟℮⌐

╩ ↓⇔≡™╢ ╡ ─ ⸗♦ꜟ⌐ ⇔≡⁸ [16]─ ╩ ™╢↓≤≢(b)─╟℮

⌐ ∆╢↓≤⅜≢⅝╢⁹(c)─╟℮⌐◄♇☺─ ╙ ⇔ↄ ℮↓≤⅜≢⅝╢⁹ 
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3  ╡ ─ ⸗♦ꜟ  
 

 ≢│ ╡ ─ ⸗♦ꜟ╩ ∆╢ ⌐≈™≡ ═╢⁹3.1 ≢ ╩

⇔⁸3.2 ≢ ╩ ™≡ ⇔√ ⸗♦ꜟ⌐≈™≡ ═╢⁹ 

3.1  

 

 3-1 : ─ ╣⁹╕∏ ╡√√╖ ╩ ╖ ╗⁹∕─ ⁸ ╖ ╪∞ ╩ ⌐

⸗♦ꜟ─ ╩ ℮⁹ 

 ╡ ─ ⸗♦ꜟ ─ ╣│⁸  3-1 ─╟℮⌐⌂╢⁹╕∏ ╡√√╖

╩ ╖ ╖⁸↓╣╩ ™≡ ─ ╖⌐╟╢ ╩ ∫√ ⸗♦ꜟ╩ ∆╢⁹

∕─ ⅜◙כꜚ⁸ ⸗♦ꜟ─ ─ ╩ ™⁸ ─ ╖╛ ⅝╩ ⅎ╢↓≤≢ ⸗

♦ꜟ⅜ ↕╣╢⁹ ⁸3.1.1≢ ╡ ─ ╡√√╖ ⌐≈™≡⁸3.1.2≢ ╖╩

∫√ ⸗♦ꜟ─ ⌐≈™≡⁸3.1.3≢ ◙כꜚ 3.1.3 ⌐╟╢ ⌐≈™≡ ⌐

∆╢⁹ 

3.1.1 ╡ ─ ╡√√╖  

 ≤∆╢ ╡ ─ ╡√√╖ │⁸ORIPA[3]⌐╟╡ ╩♃כ♦╢╣↕ ™

√⁹ORIPA≢ ╠╣╢ ╡√√╖ │⁸ ─ ─ ≤ ⅔╟┘ ─

⌐ ∆╢ ≤⁸ ─ ⌂╡ ─ ≢ ↕╣╢⁹ ─ ⌂╡ │ ╡ ╩ ∆╢

─ ╩ ≤⇔√≤⅝ ≢ ⅎ╠╣⁸ │ ─ 3≈─ ─℮∟─™

∏╣⅛≢ ↕╣╢⁹ 

 

 ̧ U ( Upper )  :  │ ─ ⌐ ⌂╢⁹ 

 ̧ L ( Lower )  :  │ ─ ⌐ ⌂╢⁹ 

 ̧ - ( Undefined ) : ≤ │ ⌂╠⌂™⁹ 

  

╢╟⌐◙כꜚ  ⸗♦ꜟ─  
╡√√╖ ─ 

╖ ╖ 
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3.1.2 ╖╩ ∫√ ⸗♦ꜟ─  

 ╘⌐ [14]≢ ↕╣≡™╢ ⌐ ╡ ⌂╢ ─ ╩ ™≡⁸ ─

≤ ─ ⅞ ─ ╩ ™⁸ ╖─№╢ ⸗♦ꜟ╩ ∆╢⁹∕─ ⁸ ⌂╡ ╩

⇔≡ ─ ╩ ™⁸ ↕╣√ ↔≤⌐ ↕ ─ ╩ ⅎ╢↓≤≢⁸╟╡

╡ ╠⇔™ ⌐ ≠↑╢⁹╕√⁸ [14]≢ ─ ≤↕╣≡™√ ─ ╩

←╟℮⌂ ╙ ∫√⁹ ≢∕╣∙╣⌐≈™≡ ⇔ↄ ═╢⁹ 

 

─  

 ORIPA≢ ↕╣╢ ╡ ⸗♦ꜟ│ ─ ≢ ↕╣╢⁹∕─√╘⁸ ⌂╡

℮ ⅜ ⌐ ↕╣⁸ ╡ ⸗♦ꜟ│ ─ ╖⌐╟╢ ╩ √⌂™⁹ ╠

[14]│⁸ ╩∕─ ⌂╡ ⌐ ∫≡ ─ ↕ ⌐ ⌐ ∆╢↓≤≢⁸

╡ ─ ╩ ⌐ ≢⅝╢╟℮⌐∆╢ ╩ ⇔≡™╢⁹ ≢│⁸╕∏↓─

╩ ™≡ ╖─№╢ ⸗♦ꜟ╩ ∆╢↓≤≤⇔√⁹ 

 ╠─ ≢│⁸ ⌐ ⌂╢ ─ ⌂╡ ╩ ≤∆╢⁹∕─√╘⁸╕∏

↕╣√ ─ ⌂╡ ⅛╠↓╣╩ ╘╢⁹ ╡ │∆═≡─ ⅜ ⌐ ⌂╢√

╘⁸∕─ ─ ⌂╡ │⁸ ─ ⌂╡ ╩ ╘╢↓≤≢ ↕

╣╢ ↓↓≢⁸ ─ ⌂╡ │⁸ ↕ ≢ ╙ ⌐ ⌂╢ ╩ 0 ≤⇔√ ⁹↓─≤⅝⁸3.1.2

≢ ═√ ─ ⌂╡ ─ │⁸ ─╟℮⌂ ≤ ⌐ ∆╢ ⌐ ⅝ ⅎ

╠╣╢⁹ 

 

 ̧ U ( Upper )  :  

 ̧ L ( Lower )  :  

 ̧ - ( Undefined ) : - 

 

⸗♦ꜟ ─ ≡─ ⅜ ™⌐ ⌂∫≡™╢ ⁸ ─ ⌂╡ ⅛╠ ╠╣╢

╩ ↄ↓≤≢⁸ ≡─ ─ ⌂╡ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹∕─ ⁸ ╠

╣√ ─ ↕™ ⅛╠ ⌐ ╩ ╡ ≡╢↓≤≢⁸ ─ ⌂╡ ╩ ≢⅝╢⁹ ⁸

⸗♦ꜟ ─ ⌐ ™⌐ ⌂╠⌂™ ─ ⅜№╢ ⁸ ─ ≢⅝⌂™ , ─ ⅜

∆╢⁹∕─√╘⁸ ─ ⌂╡ ╩ ⌐ ∆╢↓≤│≢⅝⌂™⅜⁸↓↓≢│ ⌂ ⌂

╡ ─℮∟─ 1≈╩ ⌐ ∆╢↓≤≤⇔√⁹≤↓╤≢⁸₈ ₉╛₈⌡∂╡ ╡₉─╟℮

⌐ ⌂╡ ⌐ ╩ⱪכꜟ ≈╟℮⌂ ╡ │⁸∕╙∕╙ ↔≤⌐ ⌂╡ ╩ ∆╢↓≤⅜

≢⅝⌂™≤™℮ ⅜№╢⁹ [15]│ ⌂╡ ⌐ ╩ⱪכꜟ ≈ ╡ ⌐ ⇔≡⁸∕─

⅛╠ ─ ⌂╡ ╩ ╘⁸ ⌐ ⇔ↄ CG ∆╢ ╩ ⇔≡™╢⁹↓─╟℮

⌂ ╡ ⌐ ⇔≡│ ─ ⌂╡ ╩ ™⌂™ ─▪ⱪ꜡כ♅╩ ∆╢ ⅜№╢⅜⁸

≢│ ─ ⌂╡ ╩ ╘╢↓≤─≢⅝╢ ╡ ─╖╩ ℮↓≤≤⇔⁸↓─╟℮⌂ ╡ ╩

℮ ⅛╠ ∆↓≤≤⇔√⁹ 

 

 ⌐⁸ ─ ≢ ╠╣╢ ─ ⌂╡ ╩ ™≡⁸ ─ ↕ ─ ╩ ℮⁹

─ ↕ ─ │⁸ ─ ╖≤ ─ ⌂╡ ─ ≢ ↕╣╢⁹≤↓╤≢⁸ [6]

─ ≢│⁸ ╩ 2 ≈ ╡⇔√ ─ ─ ╖│ ≢ ∆╢≤ ⌐ ™ ⅜ ╠╣╢

↓≤⅜ ↕╣≡™╢⁹ 

  (1)  
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(1)⌐⅔™≡⁸│ ─ ↕⁸│ ─ ─ ↕⁸│ ╡ →√ ─ ⌐ ∆╢ ─ ⁸

│ ─ ≤─∏╣╩ ∆╢Ɽꜝⱷ⁹╢№≢♃כ [6]≢│⁸ ⁸ ≤⇔√ ⌐

≤─∏╣⅜ ≢№∫√≤ ═╠╣≡⅔╡⁸ ≢╙↓─ ╩ ™√⁹ 

 

─ ⅞  

 ⅝ ⅝ ╠[14]─ ⌐ ∫≡⁸ ⌐№╢ 2 ≈─ ─ ⌐ ⅞ ≤⇔≡ ╩

∆╢⁹1≈─ ⅞ │ 3 ─ ─ ≢ ↕╣⁸  3-2─╟℮⌐⁸ ⅜ ⌐⌂╢

╟℮⌐ ∆╢⁹↓↓≢⁸ ⅞ ─ ↕│⁸  3-3─╟℮⌐⁸ ─ ⅞ ─ ↕╩ ≤

⇔√ ⁸∕╣╩╕√™≢ ∆╢ ⅞ ─ ↕│ ≤⌂╢╟℮⌐∆╢⁹∆⌂╦∟⁸ ⌐№

╢ ⅞ ─ ↕─ ⅜ ≢№∫√ ⁸ ≤⌂╢╟℮⌐∆╢⁹ [14]⌐⅔™≡ │

(1)≢ ╘╠╣╢ ─ ↕─ 2 ─ 1⁸ ─ ─ ↕│ ─ ↕ ≤↕╣≡⅔

╡⁸ ≢╙↓─ ╩ ™√⁹ 

 

 3-2 : ⅞ ╩ ∆╢ 1⁹ ⌐⅔™≡⁸ ─ │ ─ ⁸ │ ⁸ │

─ ─ ╩ ∆⁹ ─╟℮⌂ 2 ─ ⌐ ⇔⁸ ⌐ ≢ ∆╟℮⌂ ╩ ⅞

≤⇔≡ ∆╢⁹ 

 

 3-3 : ⅞ ╩ ∆╢ 2⁹ ─ ⅞ ─ ↕╩ ≤⇔√≤⅝⁸∕╣╩╕√← ─

⅞ ─ ↕│ ≤∆╢⁹ ─ ↕╩ ≤⇔√≤⅝⁸ ─ ↕ │⁸ ≤∆╢⁹  
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↕ ─  

 ↓↓╕≢─ ≢ ╖─№╢ ╡ ─ ⸗♦ꜟ╩ ∆╢↓≤⅜≢⅝╢⁹⇔⅛⇔⌂

⅜╠⁸ ╠[14]─ │ ╡ ─ ╩ ≤⇔≡™╢√╘⁸ ↕╣╢ ⸗♦ꜟ─

╩ ─ ╡ ─ ≤ ⇔√ ⁸ ↕ ⌐≢⅝╢ ≤∕─ ╡─ ─ ⌐

™⅜№╢⁹↓─ ≤ ─ ─ ™│⁸  3-4 ─╟℮⌂⁸ ─ ⅜ ⌐ ╣╢

≢ ≢№╢⁹ ⅎ┌⁸  3-4⌐⅔™≡│⁸ ↕╣╢ ⸗♦ꜟ≢│ ≢ ⇔√ 2

⅜ ≢ ⌐⌂∫≡⅔╡⁸2 ─ ⌐│ ⌐ ⅜№╢↓≤⅜╦⅛╢⁹ ≢⁸

─ ╡ ≢│ │ↄ─ ⌐ ⅜∫≡⅔╡⁸2 ─ │ ≢⌂™↓≤⅜╦⅛╢⁹ 

 

 

 3-4 : ↕╣╢ ⸗♦ꜟ≤ ─ ╡ ≤─ ─ ⁹↓↓╕≢─ ─ ≤

⅞ ≢ ↕╣╢₈╛∫↓₉─ ⸗♦ꜟ ≤ ─ ─ ╩

⇔√ ╩ ∆⁹ 
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 ↓─ ╩ ∆╢√╘⌐ ─╟℮⌂ ╩ ∫√⁹⁹↓↓≢⁸ ⅞ ╩ Bridge⁸Bridge≢

⌂™ ╩ Face⁸Face╩ ⇔≡ ╠╣╢ ╩ Subface≤ ┬╙─≤∆╢⁹ 

 

Step 1. Face╩ ↕ ⌐ ⌂╢ ─ Face─ ≢ Subface⌐ ∆╢⁹ 

Step 2. Subface╩ ↕ ─ ╩ ╘╢╟℮⌐ ∆╢⁹ 

Step 3. Subface╩ ∆╢⁹ 

 

─ ╣╩  3-5⌐ ∆⁹ (i)─╟℮⌂ Face─ ⅜ ⅎ╠╣√≤⅝⁸ Step 1.≢│⁸(ii)─

╟℮⌐ Face╩ Subface⌐ ∆╢⁹↓↓≢ ↕╣√ Subface│⁸3≈─ Subface Group A,B,C

─™∏╣⅛⌐ ∆╢⁹Step 2.≢│⁸(iii)─╟℮⌐ Subface─ ╩ ℮⁹Step 3.≢│⁸(iv)─

╟℮⌐ Subface─ ╩ ℮⁹ ⁸∕╣∙╣─ Step≢ ℮ ─ ⌐≈™≡ ⇔ↄ ═

╢⁹ 

 

 3-5 : ₈ ↕ ─ ₉─ ╣ ⁹ ⌐⅔™≡⁸ │ Face╕√│ Subface─ ⁸

│ ⁸ │ Face⁸ │ Subface╩ ∆⁹(i)─╟℮⌂ Face─ ⅜ ⅎ╠╣√≤⅝⁸ (ii)─

╟℮⌐ Face╩ ∆╢ Step 1.⁹ ⌐ (iii)─╟℮⌐ Subface─ ╩ ℮ Step 2.⁹

⌐ (iv)─╟℮⌐ Subface─ ╩ ℮ Step 3.⁹ 

 

 Step 1.≢│ ⸗♦ꜟ ─ Face─ ╩ ℮⁹∕╣∙╣─ Face│⁸ ↕ ⅛╠ √ ─

Face─ ⌐╟∫≡ ─ Subface⌐ ∆╢⁹  3-6⌐ ─ ╩ ∆⁹ ⅎ┌⁸  

3-6⌐⅔↑╢ Face │ 3≈─ Subface⌐ ↕╣⁸3≈─ Subface│∕╣∙╣ Subface Group 

B, C, D⌐ ∆╢⁹ 

 

 3-6 : Face─ ─ ⁹4≈─ Face - ⅜ ⌂∫≡™╢≤⅝ ⁸ Face╩∕─

─ Face─ ≢ ∆╢ ⁹  : [17]  
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 Step 2.≢│⁸Subface─ ╩ ℮⁹↓↓≢⁸ ↕ ≢ ™⌐ ⌂╡ ℮ Subface─

╩ Subface Group≤∆╢ Step 1.⌐⅔↑╢⁸1≈─ Face╩ ⇔≡ ∆╢ Subface─

≤│ ⌂╢↓≤⌐ ↕╣√™⁹  3-6─ ⁸A, B, C, D─ 4≈─ Subface Group⅜ ↕

╣╢⁹ ₁─ Subface│™∏╣⅛ 1≈─ Subface Group⌐ ⇔⁸ ─ Subface Group⌐ ∆

╢↓≤│⌂™ ⁹↓─≤⅝⁸Subface ⌐ ↕ ─ ⅜ ↄ⌂╢╟℮⌐⁸Subface Group↔

≤⌐ Subface─ ╩ ℮⁹Subface─ ─ ╩  3-7 ⌐ ∆⁹Subface─ │

Subface Group↔≤⌐ ╦╣⁸ Subface─ ─ ↕ ─ │⁸∕─ Subface─

Subface Group ≢─ ⌂╡ ≢ ↕╣╢ ↓↓≢⁸Subface─ ⌂╡ │⁸ ↕ ≢

╙ ⌐ ⌂╢ Subface─ ⌂╡ ╩ 0 ≤⇔√⁹  3-7 ⌐⅔™≡⁸Subface Group A

⌐ ╕╣╢ Subface ─ ⌂╡ │∕╣∙╣ 0,1,2≤⌂╢ ⁹ ⌂╡ ─ Subface

─ ↕ ─ │⁸ ⌂╡ 0─ ↕ ─ ≤⌂╢⁹ 

 

 

 3-7 : Subface─ ─ ⁹ ─╟℮⌐ 3≈─ Subface Group⅜№╢≤∆╢⁹↓─≤⅝⁸

─╟℮⌐ Subface─ ─ ↕ ─ ─ ⅜ ↄ⌂╢╟℮⌂ ╩∕╣∙

╣─ Subface Group↔≤⌐ ℮⁹ 

 Step 3.≢│⁸ ─ Face⅛╠ ↕╣√ Subface╩ ∆╢ ╩ ℮⁹Subface─ │⁸

Subface╩ ∆╢ ─ⱴכ☺⌐╟∫≡ ℮⁹Subface ─ ╩  3-8⌐ ∆⁹ ↕

─ ⅜ ⇔™ 2 ─ │⁸∕─ 3 ╙ ⇔™√╘⁸ⱴכ☺ ≤ ≢ ─

─ │⌂™⁹  3-8 ⌐⅔™≡⁸ ─ ─ ≤ ─ ─ │∕╣∙╣ ⌂╢

⌐ ↕╣≡™╢⅜⁸ ⌐│ 3 ≢ ─ ⌐ ↕╣≡™╢⁹ ↕

─ ⅜ ⌂╢ 2 ─ │⁸ ↕ ─ ⅜ ™ ⌐ ─ ╩ⱴכ☺∆╢↓≤≤

⇔√⁹  3-8 ⌐⅔↑╢ ─ ─ ≤ ─ ─ ─ │⁸ ─ ─

⌐ ─ ─ ⅜ⱴ⁹╢╣↕☺כ 
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 3-8 : Subface ─ ⁹ ⌐⅔™≡ ≢ ╕╣√ ─ ╩ ∆╢↓≤≢⁸ ─

╟℮⌐⌂╢⁹ ⌐⅔™≡⁸ ─ ─ ≤ ─ ─ ≢│ ─ ─ ─ ⅜

↕ ≢ ⌐ ⇔≡™╢√╘⁸ ─ ─ ⌐ ─ ─ ⅜ⱴ⁸╣↕☺כ ─╟℮

⌐⌂╢⁹ 

  



16 

⅞ ─ ─  

 [14]≢│  3-9─╟℮⌂ ≢⁸ A ≤ D, B≤ C⅜∕╣∙╣ ─ ⌐⌂∫√≤

⅝⁸ ⅞ ⅜ ∆╢≤™℮ ⅜ ≤⇔≡ ↕╣≡™√⁹ ≢ ≤⇔√ ╡

─ ⌐╙↓─╟℮⌂ ╩ ≈╙─│ ⌂ↄ⌂ↄ⁸  3-10⌐ ∆₈⅛┬≤₉⅜ ≤⇔≡ →

╠╣╢⁹ ≢│↓─ ╩ ∆╢√╘⁸  3-11⌐ ∆╟℮⌐⁸ ⅞ ╩ ∆╢ ─

─ ╩∕─ ⅞ ─ ↕ ─ ⌐ ↕∑╢ ╩ ∫√⁹№╢ ─

│⁸ ╩ ⌐ ╗ ╙ ⅝™ ⅞ ─ ↕⌐ ⌂ ╩ ⅎ√ ≤⇔√⁹↓↓≢

≤⌂╢─⅜⁸ ─ ─ ─ ≢№╢⁹ ⌐ ⅞ ─ ↕ ≤ ⅝⌐

↕∑√ ⁸ ─ ─ ∆╢ ─ ⅜ ╪≢⇔╕℮  3-12 ⁹ ─ │ ─

⅝↕⌐ ⇔≡ ⌂ ≢№╢√╘⁸ ─ ╖∕─╙─⅜ ⸗♦ꜟ─ ⌐ ╩ ⅎ╢↓

≤│⌂™⅜⁸  3-12 ⌐ ≢ ⇔√╟℮⌂ ₁─ ⅛╠│╖ ∆ ⅜ ─ ≤

╩ ↓∆ ⅜№╢⁹∕↓≢⁸↓─╟℮⌂ ╩ ←√╘⁸↓↓≢│ ─╟℮⌐ ↔≤

⌐ ╩ ∆╢↓≤⇔√⁹ 

(1) ∆╢ 1≈─ ⅜ ∆╢ ─  

 ⅜ 2 ─ ≤⌂╡⁸ ─ ╩ ≤∆╢ ─ │ 0 ⁹↓─≤

⅝⁸ │⁸ ─ ⅛╠ √ ⌐ ≤ ⅛≈ ⅜ ─ ≤ ≤─ ⌐

∆╢⁹  3-13⌐ ─ ╩ ∆⁹ 

(2) ∆╢ 2≈─ ⅜ ∆╢ ─  

 ⅜ 2 ─ ≤⌂╡⁸ ─ ╩ ⁸ ─ ⅛╠ √ ⌐ ≤

⅛≈ ⅜ ─ ╩ ⁸ ─ ╩ ⁸ ─ ⅛╠ √ ⌐ ≤ ⅛

≈ ⅜ ─ ╩ ≤∆╢⁹↓─≤⅝⁸ │ 2 ─ ⌐ ∆╢⁹  3-14⌐

─ ╩ ∆⁹2 ⅜ ╩ √⌂™ ⁸ ─╟℮⌂ ≢ ∆╢⁹ ╩

⌐ ≈ ─℮∟ 2 ─ ∆╢ ⌐ ╕╣╢ ╩∕╣∙╣ , ≤∆╢⁹ ≤ ⁸

≤ ─ ╩∕╣∙╣ , ≤⇔⁸↓─ 2 ─℮∟ ≤ ─ ⅝™ ⌐ ∆╢ ⌐

∆╢⁹  3-15⌐ ─ ╩ ∆⁹ 

 

 3-9 : ╩ ≠↑√≤⅝⌐ ⅞ ⅜ ☻כ◔╢∆ :[14] ⁹ A≤ D, B≤ C⅜

™⌐ ≠™√≤⅝⁸ AB⅔╟┘ CD⌐ ∆╢ ⅞ ⅜ ™⌐ ⇔№℮≤™℮ ⅜ ↓

╢⁹ 



17 

 

 3-10 : ⅞ ─ ⅜ ↓╢ ⁹ ─ ≢│ ─ ≢ ∫√ ⌐ ⅜№

╢⅜⁸↓↓╕≢─ ≢ ↕╣√ ⸗♦ꜟ ≢│ ⅞ ─ ⌐╟╡ ⅜ ╣≡™

⌂™⁹ 

 

 

 3-11 : ⅞ ╩ ∆╢ ─ ─ ─ ⁹ │ ⅛╠ ╩ √ ≢⁸ ─

│ ─ ⁸ │ ⁸ ─ │ ⌐№╢ ─ ╩ ∆⁹ ─╟℮⌂ ≢

⅞ ⅜ ∆╢↓≤╩ ↑╢√╘⁸ ─╟℮⌐ ╩ ⅞ ─ ↕ ≤ ⅝⌐ ↕∑

╢⁹ 

  

 3-12 : ╩ ⌐ ↕∑√ ⁹ │ ⅛╠ ╩ √ ≢⁸ ≢ ╕╣√ ⅜

⁸ ⅜ ⁸ ⅜ ╩ ∆⁹ ⌐ ≢ ⇔√ ╩ ↕∑╢≤⁸∕╣∙╣─ │

─ ≢ ∆╟℮⌂ ⌐⌂╢⁹↓─≤⅝⁸ ≢ ⇔√ ⅜ ─ ⅛╠│╖ ⇔≡⅔

╡⁸ ─ ≤ ╩ ↓∆↓≤⅜№╢⁹ 






























