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1   

 

  

  

│⁸ ⁸ ⌂≥─ ╣√ ⅛╠⁸ Ɽ꞉כ ╛ ⁸

─ ⅜☼כ♬≡⇔≥ ╕∫≡™╢⅜⁸►◄Ɫ◖☻♩⅜ ↄ⁸ ─Ⱡ♇◒≤⌂∫

≡™╢⁹◖☻♩ ─ │⁸ ⅜ ⇔ↄ⁸ ⌂ ≢№╢≤ ⌐⁸ ≢№

╢↓≤⅛╠⁸ ─ ╛ ≢│⁸ ⅜ ↄ ꜡☻⅜ ⅝ↄ⌂

╢↓≤⅜ →╠╣╢⁹ 

↓℮⇔√ ─ ≤⇔≡⁸ ◖ⱬꜟ◖ │⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ™√

⌐╟╢ ☻ꜝ▬◦fi◓ ╩ ⇔⁸ ─כꜘ▬fi◓꞉▫♥כ◖ ⌐ ⇔√⁹

╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ☻ꜝ▬◦fi◓ ⌐╟╡⁸ ⌐ ⅜ ∆╢≤™℮∞↑≢

⌂ↄ⁸ ─ ⁸►◄Ɫ─ ⅜ ⌐⌂╢≤ ↕╣╢⅜⁸ ⁸ ꜠ⱬꜟ─

♥☻♩≢│⁸ ⅜ ↕╣≡™╢╙──⁸ ⌐│ ∫≡™⌂™⁹ 

↓╣╩ ↑≡ 24 10 ⁸ ♃◌♩ꜞ│⁸ ≤─ ⌐╟╡⁸₈ כ◖

♥▫fi◓꞉▬ꜘכ⌐╟╢ ☻ꜝ▬◦fi◓ ─ ₉╩ ∫√⁹ ╩ ™√ ♥☻♩

─ ⁸ 5 × 10 × 1 ─ ◘fiⱪꜟ ♥☻♩≢│ ⌐ ™►◄Ɫ╩ ╢↓≤⌐

⇔√⁹ ≢⁸ ─כꜘ▬fi◓꞉▫♥כ◖ ╩ ⌐ ∆╢√╘─ ⅜⁸ ─꞉▬

│≥כꜘ ⌂╢↓≤╙ ╠⅛≤⌂╡⁸ ─כꜘ▬fi◓꞉▫♥כ◖ ⌐ ↑≡│⁸ ⌂

─ ≤⁸ כꜘ▬fi◓꞉▫♥כ◖ ⌐ ⇔√ ⅜ ≢№╢↓≤⅜╦⅛∫√⁹ 

≢│⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ►◄Ɫ─ ☻ꜝ▬◦fi◓ ╩

⇔⁸ ⌐╟╢ ꜡☻─ ⁸ ─ ╩ ∆╢↓≤⌐╟╡⁸ ⌂►◄Ɫ ─◖

☻♩♄►fi╩ ∆⁹ 

 

 ─ ┘  

╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ─ ⌐ ↑≡⁸ 25 │⁸ ♃◌♩ꜞ≤

│⁸ ╩ⱬכ☻≤⇔√ ╩ ™≡♥☻♩◌♇♩╩ ™⁸ fi◓꞉▫♥כ◖

כꜘ▬ ≢ ↕╣╢ ╩ ⇔⁸ ⌐ ⌂ ╩ ⌐∆╢⁹╕√⁸

☿fi♃⁸│כ ─כꜘ▬fi◓꞉▫♥כ◖ ⌐╟╡⁸ ⱷ◌♬☼ⱶ─ ⌐ ⌂

─♃כ♦ ╩ ℮⁹↓╣╠─ ╩ ⌐⁸ 25 ⌐ ╩ ™⁸ 26 ⌐

╩ ™≡⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ☻ꜝ▬◦fi◓ ╩ ⇔⁸H27 ⌐│

╩ ™⁸ ─ ╩ ∆╢ ≢№╢⁹ 



4 

 

♃◌♩ꜞ 

 

☿fi♃כ 

 

 

 

♃◌♩ꜞ 

 

 

  

 

 

 

  

ₒ ─ ₓ 

 

 

↕

(Ra)  

 

 

╡ 

 

꞉▬ꜘכ  

 

 0.5  15 30 120 

 0.1  3 15 100 

    0.1  0. 06 17 120 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ᵑ  

ה ♃◌♩ꜞ  
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╡  
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ה ☿fi♃כ 

ₔ630- 8031 129 1  

╡ ⱡ  
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 ∕─  

▪♪Ᵽ▬◙כ 

╕√│ 

 
│    

◖ⱬ

ꜟ◖  

ₔ651- 2271 

1- 5- 5 

TEL 078- 992- 3062 

   

  

 

▬fi◓꞉▫♥כ◖

כꜘ ꞉▬ꜘכ

ⱷ⁹כ◌כ 

꞉▬ꜘכ⌐ ⌂

ה ⌐≈™≡─

▪♪Ᵽ▬☻⁹  

  ₔ305- 8568  

≈ↄ┌

1- 1- 1 

TEL 029- 861- 5397 

Ɽ꞉כ◄꜠◒♩

꜡♬◒☻ ☿fi♃כ►◄

Ɫⱪ꜡☿☻♅כⱶ  

 

SiC ⌐ ∆╢

⌐≈™≡─

─ ⁹ 

─ ⌐≈

™≡─▪♪Ᵽ▬☻⁹ 

 

 

☻ꜝ▬☻ ⱷfiⱣכ  

ה     

  ♃◌♩ꜞ   

  ♃◌♩ꜞ    

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

    
 

 

  
 

☿fi♃כ 

ה כꜙꜞ♁ה
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☿fi♃כ 

ה כꜙꜞ♁ה
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☿fi♃כ 

ה כꜙꜞ♁ה

◦ꜛfi◓ꜟכⱪ  
 

  
 

Ɽ꞉כ◄꜠◒♩꜡♬◒☻ ☿fi♃כ

►◄Ɫⱪ꜡☿☻♅כⱶ   
▪♪Ᵽ▬◙כ 

  
◖ⱬꜟ◖

 
 ▪♪Ᵽ▬◙כ 

  ♃◌♩ꜞ   

  ♃◌♩ꜞ    

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   

  ♃◌♩ꜞ   
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5- 2  

1- 1

 

 

5- 3  

5- 2 ╠╣√ ╟╡⁸ ⌐ ╘╠╣╢
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( ) 

6- 1  

6- 2  

ₒ1- 1ₓ─♥☻♩ ⅛╠꞉▬ꜘכ ╩ ↕∑╢≤ ─꞉▬ꜘכ─√╦╖ ⅜

⇔⁸ ℮⌡╡─ ⅜ ∆╢↓≤⅜ ≢⅝√⁹∕↓≢ כ♃כ⸗│≢

╩▪♇ⱪ⇔⁸2000m/min╕≢ ∑╢╟℮⌐ ╩ ╘√⁹ 

5- 1 (MWS- 612DNX ) 

 

 

6- 3  

─ ⅜ 1300m/min≢№∫√↓≤⅛╠⁸∕╣ ─ ╩ →╢↓≤⌐ ∆

╢ │ ≢⅝≡™⌂⅛∫√⁹∕↓≢ ╩ ™≡ 1500m/min≤ 2000m/min≢

♥☻♩╩ ⇔√⁹ 

1500m/min≤ 2000m/min≢ ⇔√≤↓╤⁸ ─ ─ ⅜ ╣≡™√↓≤

⅛╠ 2000m/min⌐⅔™≡╙ ─ ⅜№╢↓≤⅜╦⅛∫√⁹ 

 

  

 

    

634- 8580  

   0744- 24- 8580     0744- 24- 6616 

e- mail  hideyuki.fukumitsu@takatori- g.co.jp

 

mailto:hideyuki.fukumitsu@takatori-g.co.jp
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2   

 

  

│⁸ ⁸ ⌂≥─ ╣√ ⅛╠⁸ Ɽ꞉כ ╛

⁸ ─ ⅜☼כ♬≡⇔≥ ╕∫≡™╢⅜⁸►◄Ɫ◖☻♩⅜ ↄ⁸ ─Ⱡ♇◒

≤⌂∫≡™╢⁹◖☻♩ ─ │⁸ ⅜ ⇔ↄ⁸ ⌂ ≢№╢≤ ⌐⁸

≢№╢↓≤⅛╠⁸ ─ ╛ ≢│⁸ ⅜ ↄ ꜡☻

⅜ ⅝ↄ⌂╢↓≤⅜ →╠╣╢⁹ 

↓℮⇔√ ─ ≤⇔≡⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ☻ꜝ▬◦fi◓ ⌐╟╡⁸

⌐ ⅜ ∆╢≤™℮∞↑≢⌂ↄ⁸ ─ ⁸►◄Ɫ─ ⅜ ⌐⌂╢≤

↕╣≡™╢⅜⁸ ⁸ ⌐│ ∫≡™⌂™⁹ 

≢│⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ►◄Ɫ─ ☻ꜝ▬◦fi◓ ╩

⇔⁸ ⌐╟╢ ꜡☻─ ⁸ ─ ╩ ∆╢↓≤⌐╟╡⁸ ⌂►◄Ɫ

─◖☻♩♄►fi╩ ∆⁹ 

25 │⁸ ♃◌♩ꜞ≤ │⁸ ╩ⱬכ☻≤⇔√ ╩ ™≡

♥☻♩◌♇♩╩ ™⁸ כꜘ▬fi◓꞉▫♥כ◖ ≢ ↕╣╢ ╩ ⇔⁸ ⌐

⌂ ╩ ⌐∆╢⁹╕√⁸ ☿fi♃⁸│כ ─כꜘ▬fi◓꞉▫♥כ◖

⌐╟╡⁸ ⱷ◌♬☼ⱶ─ ⌐ ─♃כ♦⌂ ╩ ℮⁹ 

↓╣╠─ ╩ ⌐⁸ 25 ⌐ ╩ ™⁸ 26 ⌐ ╩ ™≡⁸

╩כꜘ▬fi◓꞉▫♥כ◖ ™√ ☻ꜝ▬◦fi◓ ╩ ⇔⁸H27 ⌐│ ╩

™⁸ ─ ╩ ∆╢⁹ 
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כꜘ▬fi◓꞉▫♥כ◖  ─  

כꜘ▬fi◓꞉▫♥כ◖ ─ │⁸ ⌐ ═⁸ ─┼◒כⱨ꜡☻╛꞉כ◌™⌂

♄ⱷכ☺ ⌂≥⅜№→╠╣╢⁹ ≢№╢Ⱨ▪ⱡ ⁸♄▬ꜘ꞉▬ꜘכ ≤ ⇔™

≢№╢ כꜘ▬fi◓꞉▫♥כ◖ ─ⱷꜞ♇♩⁸♦ⱷꜞ♇♩│ ─ ╡≢№╢⁹ 
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ₒ ₓ ⌐כꜘ▬fi◓꞉▫♥כ◖  ⇔√ ─  

♃◌♩ꜞ  

 

ₒ ₓ  ╩ ™√☻ꜝ▬◦fi◓ ─  

 

₁│⁸ ╩כꜘ▬fi◓꞉▫♥כ◖ ⇔√ ⌐⁸ ⅜☻ꜝ▬◦fi◓ ⌐

ⅎ╢ ╩ ⅔╟┘ ≢ ⇔√⁹ ≤│⁸ ╩ ⌐ ↕╣√

≢№╢ ( 1 3 )⁹ ⌐ ⇔√ │⁸꞉כ◒≤꞉▬ꜘכ─ ╩כꜞꜝ☻⌐

⌐ ╡ ╗↓≤⅜⁸ ◓fi◦▬ꜝ☻─≢כꜘ▬fi◓꞉▫♥כ◖ ⌐⅔™≡ ∞

≤ ⅎ√⅛╠≢№╢⁹♃◌♩ꜞ ⱴꜟ♅꞉▬ꜘכ♁כ─ ≢№╢ ⅜⁸

╩ ™√☻ꜝ▬◦fi◓ ⌐⅔™≡⁸꞉ ─כꜘ▬꞉≥◒כ ⌐ ╩כꜞꜝ☻⌐ ╡

╘╢↓≤⅜╦⅛∫≡™╢⁹ ⌐ ╩ ⅎ╢ ⌂ │⁸ ⁸

⌂≥≢№╡⁸∕─ ╛꞉▬ꜘכ ≤─ ⌂ ╖ ╦∑⌐╟∫≡

─ ╩ ╢⁹ 

≢─☻ꜝ▬◦fi◓♥☻♩│⁸ ╩ ™√⁹ │⁸SiC─☻ꜝ▬◦fi◓

⌐ ╩ ⅎ╢ ─№╢ ⅜ ™↓≤⁸╕√ ≤∆╢ (SiC) ⅜ ⌐

⌂ ≢№╢↓≤⌐ ∆╢⁹╕√⁸ │ ─☻ꜝ▬◦fi◓ⱡ►Ɫ►─

╙ ╘≡ ─♥☻♩⅜ ≢№╡⁸ │ ⌂ ≢№╢≤ ⅎ

√√╘≢№╢⁹ ╩ ╘╢⌐№√╡⁸ ⌂ ╩ 1 1⌐⁸ ↕∑

√ ≤ ⇔≡™⌂™ ─ ╕≤╘√╙─╩ 1 1⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 בֿ
︡ לּ

2 בֿ
לּ Ḯ ︡ טּ

Ḯ

שּ בֿ ḭ︣קּ
ḭשּ

לּ Ḯ

1 1. ─  
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(1) ⌐≈™≡ 

≤│⁸ ─ⱬ◒♩ꜟ ≢ ≡ↄ╢⁸ ≈─ⱬ◒♩ꜟ⅜ ⌐ ╦╢↓≤╩ ⇔

≡™╢⁹≈╕╡⁸ ≈─ⱬ◒♩ꜟ(ⱬ◒♩ꜟA⁸ⱬ◒♩ꜟ B)⅜ ⌐ ╦╣┌⁸A⌐ ∆╢

B─ ╙⁸B─ A⌐ ∆╢ ╙♀꜡⌐⌂╢√╘⁸A≤ B│ ⇔√ ≤⌂╢⁹ ≢

∆╢≤ ⅜♀꜡≤™℮ ≢№╢⁹↓╣│⁸ ↕╠⌐│ ≢╙ ∂ ≢

№╢⁹↓─↓≤⅜ ─ ⌂⁸ ≤⌂╡ ⌂ ⅎ≢№╢⁹ 

─⌡╠™│ ─ ╩ ╘╢↓≤≢№╢⁹ ⇔≡™⌂™ ─ ⁸

₈ A│ A1≤™℮ ⅜╟™₉≤™℮ ╩ ≡╙⁸╒⅛─ ⅜B1⁸C1⁸D1─ ∞↑

─ ≢№╢ ⌐ B╩ B2⌐ ⅎ╢≤⁸A1≤™℮ │ A2⌐ ═≡ ™ ⅛╙⇔╣

╕∑╪⁹∕╣╠│⁸ B⁸ C⁸ D∕╣∙╣⌐≈™≡™ⅎ╢↓≤≢№╢⁹≈╕╡⁸

⇔≡™⌂™ ─ │⁸₈╦⅛╡╟℮⅜⌂™₉↓≤─ →─ ⌐ ∫≡™╢√╘⁸

⅜ ↄ⁸╕√ ⌐ ∆╢ ─ ⌐╟╡ ─ ⅜ ™≤™ⅎ╢⁹ 

↓╣⌐ ═⁸ ↕∑√ ─ ⁸A ≤™℮ ─ ─ ╩ ∆╢─⌐⁸ ─

∆═≡─ ╩ ∫≡⁸ ─ ( )╩ ≡™╢⁹∕⇔≡⁸↓℮⇔√ ⅛╠ A1

≤ A2≢│ A1(╕√│ A2)─ ⅜╟™≤™℮ ╩ ∆↓≤⅜⁸ ╩ ╘╢≤ ⌐

⌐ ∆╢ ─ ⌐≈⌂⅜╢≤ ⅎ╠╣╢⁹ 

╩ ∫√ ─ⱷꜞ♇♩⌐≈™≡│ ─╟℮⌂ ╙ →╠╣╢⁹ 

ᵑ ≢ ∆╢ ╩ ∆╢⁹ 

ᵒ ⌐ ╩≤∫≡ SN ╩ ╠⌂ↄ≡╙⁸ ─╖≢⁸№╢ ─№

╢ ⅜ ╕╢⁹ 

ᵓ ╩ ∫√ ≢│⁸∆═≡─ ⅜ ╦∫≡⅛╠ ⅜╦⅛╢─≢⁸ ╩

≢ ╘╢↓≤⅜⌂™⁹ ≤⇔≡⁸╟╡╟™ ⁸╟╡ ↄ─ ⌐ ∆╢

╩ ≢⅝╢⁹ 

ᵔ ↄ─ ─ ╩ ⇔≡ ℮─≢⁸ ─ ╛ ⅜ 1 ≢ ╖⁸ ≤⇔≡⁸

⅜ ≢⅝╢⁹ 

ᵕ∆═≡─ ⅜ ╦╢╕≢ ⅜ ⅎ⌂™√╘⁸ ⌐ ╩ ←╟℮⌐⌂╡⁸

⅜ ∆╢⁹ 

ᵖ ╩√ↄ↕╪ ╡ →╢─≢⁸ ─ ⅜ ≤⌂╡⁸ ⌐ ─

╩ ℮╟℮⌐⌂╢⁹ 

1 1. ↕∑√ ≤ ⇔≡™⌂™ ─  
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(2) ╩ ™√  

ᵑ  ▬fi◗♇♩  

╕∏⁸ ≤⇔√SiC▬fi◗♇♩│ 3▬fi♅≢№╢⁹ ⌐☻ꜝ▬◦fi◓ ⇔√▬

fi◗♇♩─ ╩ ─ 1 2⌐⁸SiC▬fi◗♇♩─ ╩ 1 2⌐ ∆⁹ 

 

 

 

 

ᵒ   

≤ ─ ╩ 1 3⌐ ∆⁹↓─ 2 ─ ⌐≡ ╩ ∫≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 50 10-15

3 75 10-15

4 100 5-10

1 2 SiC ▬fi◗♇♩─  

1 2 SiC ▬fi◗♇♩─  

  

1 3. ⌐ ⇔√ ─  

2  

3  

4  
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⌂⅔⁸ ₈o 1ₓ- 1 ⌐כꜘ▬fi◓꞉▫♥כ◖ ⇔√ ─ ₉⌐⅔

↑╢ ⌐⅔™≡⁸ ♃◌♩ꜞ│⁸ ─ ≤⇔≡ Model

MWS- 21 ╩ ⇔ ∫√⁹ ╩ 1 4⌐ ∆⁹ 

 

       

   

 ─  
 

1 4.  ─   Model MWS- 21 
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1 5. ►◄Ɫ─ PV ╩ ∆ 3D 

 

ᵓ  

╩ ℮⌐№√╡ ▬fi♅≢

⇔√ ⅔╟┘ ⌐ ⇔≡ ∆╢⁹ 

 

[ 3 ▬fi♅♥☻♩]  

1 3│3▬fi♅─☻ꜝ▬◦fi◓♥☻♩╩∆╢√

╘⌐ ⇔√ ⅔╟┘ ─ ≢№╢⁹ 

≤⇔≡│⁸꞉כꜝכ꜡◒כ─ ⁸

─ ⁸ ⁸ ⁸ ⁸꞉

─כꜘ▬ ⁸ ⁸◘▬◒ꜟ⁸꞉▬ꜘ

כ ⁸꞉▬ꜘכ ╩ ⇔⁸ │ L18╩ ™√⁹ 

 ♥☻♩≢│⁸►◄Ɫ─ ה ─ ה ─ ꜞ☻◒ ⌂≥꞉▬ꜘכ

◓fi◦▬ꜝ☻─≢כ♁ ─╠⅛כ◙כꜚ≡™⅔⌐ ⅜ ™ ╩ ≤⇔≡♥☻

♩╩ ⇔√⁹ 

 

ᵔ  ☻ꜝ▬◦fi◓ ⌐⅔↑╢ Peak- valley ─  

≢ ╡ √⁸☻ꜝ▬◦fi◓ ⌐⅔↑╢

Peak- valley ─ ( PV )─ ⌐≈™≡ ═

╢⁹↓─ │⁸FT- 330( )⌐╟∫≡ ↕

╣√╙─≢№╢⁹ ≢⁸ ≤⌂∫≡™╢─│

1 5⅔╟┘ 1 6⌐ ∆╟℮⌐⁸▬fi◗♇♩⌐

╢ ≤ ─ ╦╡─ ≢►◄Ɫ─ ⅜

⅝ↄ ∆╢↓≤≢№╢⁹ 

▬fi◗♇♩┼─ ≤ ─ ╩◖fi♩

⁸≡∫╟⌐≥↓╢∆ꜟכ꜡ ─ ⅜ ↕╣╢

↓≤⅛╠⁸ ╡ ╘≤ ╡ ꜟⱩכ♥─╡╦

─ ⅜ ╩ ∆─≢│⌂™⅛≤ ⅎ≡™

╢⁹ 

 

[3 ▬fi♅≢─ ─ ]  

13 35 ≢ ќPV  Ave.101um 

♥☻♩ ≢─ PV ─  ќAve.52um 

≢⁸13 ≢ ∆╢↓≤⌂ↄ

╢↓≤⅜ ⅛∫√⁹╕√⁸3 ▬fi♅─►◄Ɫ╩

Ave.52um≢ ╢ ⅜ ⅛∫√⁹ 

0

-100

100

deg 90 50

g/L 40 50 60

deg 0.5 1 1.5

deg/min 100 150 200

ṹ 20 22.5 25

m 2800 5600 8400

mm/ử 2 4 6

( / ) sec 2/11 2/26 2/56

m/min 700

N 20

2 31

1 3.  3▬fi♅▬fi◗♇♩─ L18  

1 6. ►◄Ɫ─ PV ─  

um 

☻ꜝ▬◦fi◓  

☻ꜝ▬◦fi◓  
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ᵕ  

1)  ─ ≤ ─  

─ ≤ ─ ╩ 1

7 ⌐ ∆⁹ ≤⇔≡│⁸ L ─ ─ ⌐

3.5 ⁸4.4wt ⁸5.3 ─ ≢♄▬

ꜘ⸗fi♪ ╩ ↕∑√⁹ ≤⇔≡

│ ⅜ ™╒≥ ╟ↄ ⅜

╢ ≤⌂∫√⁹↓╣│⁸ ─ ⅜

⇔⌂™≤ ⌂ ⅜ ╠╣⌂

™↓≤╩ ⇔≡™╢⁹∕─ ≢⁸ ≢─

√╕╡─ (ₒ5- 1ₓ )⅛╠⁸

⌐√╕╢ ─↓≤╩ ∆╢≤ ⌐│↕╠⌐ ≢№╢↓≤╙ ↕╣╢⁹↓─↓

≤⅛╠⁸╟╡ ≢ ∆╢⌐│ ─ √╕╡⅜ ⌐ ⅝ↄ ∆╢≤

ⅎ╠╣╢√╘⁸∕╣╩ ∆╢↓≤≢ │ ∆╢ ⅜№╢⁹ 

 

2) ꞉▬ꜘכ─ ≤ ─  

꞉▬ꜘכ─ ≤ ─ ╩

1 8⌐ ∆⁹ ≤⇔≡│ 2800 ⁸5600

⁸8400 ─ 3 ≤⇔√⁹ ≤⇔≡⁸

⅜ ™ ⌐│ ⅜ ∆╢

⌐№╢↓≤⅜╦⅛∫√⁹ ≤⇔≡⁸

⅜ ⌐ ↕╣╢↓≤≢꞉▬ꜘכ⌐

∆╢ ─ ™≈⅝( ╘ ╖) ⅜ ⌂ↄ

⌂∫≡⇔╕™⁸ ⅜ ⇔√ ∞≤

ⅎ≡™╢⁹ ─꞉▬ꜘכ─ ╩ ≡™⌂™⅜ ─╟℮⌂↓≤⅜ ≤

ⅎ≡™╢⁹ 

 

2)  ≤ ─  

≤ ─ ╩ 1 9⌐

∆⁹ │ 20ϴ⁸22.5ϴ⁸25ϴ─ 3 ≤⇔

√⁹ ≤⇔≡⁸ ⅜ ™╒≥ ⅜

≤™℮ ⌐⌂∫√⁹ ⅜ ≢№╣

┌ ╟╢ ─ ⅜ ⇔√↓

≤⌐╟╢ ≤│ ⅎ⌐ↄ™⁹∕↓≢⁸ 

─ ⌐⌂∫√ ≤⇔≡⁸

1 7. ≤ ─  

 

  1 8. ≤ ─  

1 9. ≤ ─  
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≢╙ ⇔ ═√⅜ ≤─ ⅜ ⌂™√╘ 25ϴ ⅜ ⌐⌂∫√≤ ⅎ≡™╢⁹

↓─ ⅜ ≢№╣┌⁸ ─ ╩ ∆╢ ⅜№╢⁹ 

 

3)  ≤ ─  

≤ ─ ╩ 1 10⌐

∆⁹ │ 2mm/h⁸4mm/h⁸6mm/h─ 3 ≤

⇔√⁹ ╩ →╢≤ ⅜ ⇔

√⁹⇔⅛⇔⁸∕─ │ ─ ≤ ⇔≡

⅝ↄ⌂™↓≤⅜╦⅛╢⁹↓─↓≤⅛╠⁸

⌐ ↑≡ ╩ ⇔√⁹ 

 

4)  ≤ ─  

≤ ─ ╩ 1 11 ⌐ ∆⁹

│ 100deg/min⁸150deg/min⁸200deg/min

─ 3 ≤⇔√⁹ │ 150deg/min⅜ ╙

™ ⌐⌂∫√↓≤≢№╢⁹ ╩ 0.5deg⁸

1deg⁸1.5deg≤┤∫√⌐╙ ╦╠∏ 150deg

⅜ ↄ ╣╢ ≤⌂∫√⁹↓─↓≤⅛

╠ ⌐ ⇔≡│↓─ ≢│ ⅜

⌂™≤ ⅎ≡™╢⁹ 

 

5)  ≤ ─  

≤ ─ ╩ 1 12⌐

∆⁹ │ 0.5deg⁸1deg⁸1.5deg─ 3 ≤

⇔√⁹ ≤⇔≡⁸0.5deg─ ⅜╙∫≤╙

⅛∫√⁹↓─ ⅛╠ ≤

⌐│ ⅜№╢─≢│⌂™⅛≤ ⅎ≡™

╢⁹ ⅜ ⌐ ⇔≡™╢≤ ⅎ╢

≤⇔≡⁸ ─ ┼─ ╡ ╖ ⅜

⌐╟∫≡ ⅝ↄ ╦╢⅛╠∞≤ ⅎ╢⁹√

≤ⅎ┌⁸ ⅜ ⅝™≤ ⅝ ╗ ⌐⁸ ╙ ⌐ ⅝ ╖ ⅜ ∆╢≤™

∫√ ⅜ ↓╢≤ ⅎ╢⁹≈╕╡⁸ ╩ ⅝ ╗↓≤≢ ⌐ ⅜⅛⅛╡⁸꞉▬

─כꜘ ┼─ ⅜ ⇔⁸ ─ ⌐≈⌂⅜∫√≤ ∆╢⁹↓╣⌐

⇔≡│ ⅜ ⌐⌂╢≤ ⅎ╢⁹ 

 

 

1 10. ≤ ─  

1 11. ≤ ─  

1 12. ≤ ─  
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6)  ◘▬◒ꜟⱤ♃כfi≤ ─  

 ◘▬◒ꜟⱤ♃כfi≤ ─ ╩ 1

13⌐ ∆⁹꞉▬ꜘכ♁כ≢│꞉▬ꜘכ╩

↕∑≡ ╩ ∆╢↓≤⅜ ≢

№╡⁸∕─ 1 ╩ 1◘▬◒ꜟ≤

╪≢™╢⁹1◘▬◒ꜟ─ ≤⇔≡

⌐ ∆╢ ⁸ ╩ ∆╢

⁸ ↕∑╢√╘─ ⅜

№╢⁹ 13≢ 2/11 ≤ ↕╣≡™╢ │⁸1

◘▬◒ꜟ 30 ⁸2/26 ≤ ↕╣≡™╢ │ 1◘▬◒ꜟ 60 ⁸2/56 ≤ ↕╣≡™╢

│ 1◘▬◒ꜟ 120 ≤⌂╢⁹ ≤⇔≡│ ─ ╩ 2 ≤⇔⁸ ─ ╩ 11

⁸26 ⁸56 ≤⇔√⁹ ─ ≤⇔≡⁸ ─ ╩ 26 ⌐ ⇔√ ⅜ ╙

≢№∫√⁹√∞⇔⁸11 ≤ ⅝⌂ ™⅜╖╠╣⌂™↓≤⅛╠⁸ ⅜ 26

╟╡ ⅝ↄ⌂╢≤ ⅜ ∆╢≤╙ ⅎ╠╣╢⁹ 

 

─ ⅛╠⁸3▬fi♅─ SiC▬fi◗♇♩─ ⌐⅔↑╢ ─ ╩

√≤ ⅎ≡™╢⁹↓─ │⁸▬fi◗♇♩─ ⅝↕⌐╟∫≡ ⅜№╢↓≤│

↕╣╢⅜⁸ ⌐ ⅝ↄ ∆╢≤™℮↓≤│⌂™≤ ⅎ≡™╢⁹∕─↓≤⅛╠⁸↓─ 3

▬fi♅≢─ ╩ ▬fi♅─ ⌐ ⇔≡™ↄ↓≤╩ ⅎ≡™╢⁹ 

 

ₒ ₓ  ⌐ ⌂ ─╕≤╘ 

 

ₒ ₓ ≢ ╠╣√ ╟╡⁸ כꜘ▬fi◓꞉▫♥כ◖ ⌐ ╘╠╣╢

╩ ⌐ ═╢⁹ 

ᵑ №√╡─◘▬◒ꜟ ( ◘▬◒ꜟ)⅜ ™ ─ ⅜ ⅜ ∆╢ ⌐

№╢√╘⁸ ◘▬◒ꜟ≢─ ⅜ ⌐│ ╘╠╣╢⁹ 

ᵒ ⅜ ⌐ ╩ ╓∆↓≤⅜╦⅛∫√⁹ 

⌐ ⅜ ™╒≥ ∆╢ ⌐№╢⁹↓─↓≤⅛╠⁸ ⅜ ─ ≢ ╟ↄ

∆╢↓≤⅜ ╘╠╣╢⁹ 

 

 

 

 

 

 

 

1 13. ◘▬◒ꜟ ≤ ─  
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ₒ ₓ ⌐כꜘ▬fi◓꞉▫♥כ◖  ⇔√ ─  

 

 

ₒ ₓ  ╩ ™√☻ꜝ▬◦fi◓ ─ SiC─  

 

ᵑ  ⅜►◄Ɫ ⌐

ⅎ╢ t 5mm  

ⱴꜟ♅꞉▬ꜘכ♁כ⌐

╩ ⇔⁸ ╩ ⅎ≡ SiC

╩ ⇔√ ─ ⌐≈™≡

꞉▬ꜘכ ┘⌐

⌐ ⇔≡∕╣∙╣ ⇔√ ╩

1- 14 ⌐ ∆⁹ (a) │►◄Ɫ

↕─ ⁸ (b) │►◄Ɫ

℮⌡╡─ ≢№╢⁹ (a)

╟╡⁸ ↕⌐ ⇔≡│⁸

꞉▬ꜘכ ⁸ ⌐

─ │ ↕™↓≤⅜

⅛╢⁹╕√⁸ (b) ╟╡⁸ ℮

⌡╡⌐ ⇔≡│⁸꞉ כꜘ▬

≤ ─ ≢ ─

⌐ ∫≡ ℮⌡╡⅜ ↄ⌂∫

≡™ↄ↓≤⅜ ⅛╢⁹ 

1- 15 ⌐ ≤ ─

╩ ∆⁹ ╟╡⁸ ⅜

0 08mm/min─ ─ ⅜ 0

75mm/min ≤⌂∫≡™╢─⌐

⇔⁸ ⅜ 0 12mm/min─ ─

│ 0 10mm/min ≤⌂∫

≡™╢↓≤⅜ ⅛╢⁹╟∫≡⁸

0 12mm/min─ ≢│ 0

08mm/min─≤⅝⌐ ═≡⁸꞉▬ꜘ

╖╦√─כ ⅜ ⇔√√╘⁸  

꞉▬ꜘכ  

 

꞉▬ꜘכ  

 

(b) ℮⌡╡ 

1- 14.  ≤►◄Ɫ  

(a) ↕ 

V=1000m/min  

a=0.5deg 

G=3ȋm 

V=1000m/min  

a=0.5deg 

G=3ȋm 
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  1- 15.  ≤  

 

℮⌡╡⅜ ⇔√╙─≤ ⅎ╠╣╢⁹⇔⅛⇔⌂⅜╠⁸ ≢ ™√ ─ⱴꜟ♅꞉

⁸│≢כ♁כꜘ▬ 0 12mm/min─≤⅝─ ℮⌡╡─ ⅜ ≢ 20ɡm

≤⌂∫≡™╢√╘⁸ ≢№╢↓≤⅜ ≢⅝√⁹ 

 1- 16⌐ ⌐⅔↑╢ ╡ↄ∏─ SEM ╩ ∆⁹ ╟╡⁸ ╡ↄ∏ │

ↄ⁸∑╪ ─ ╡ↄ∏⅜ ╠╣≡™╢↓≤⅜ ⅛╢⁹╕√⁸ 1- 17⌐►◄Ɫ ─

╩ ∆⁹ ╟╡⁸◦ꜞ◖fi╩ ⇔√ 8)≤ ⌐ ⅜ ⌐⌂∫≡™╢

↓≤⅜ ⅛╢⁹ ╟╡⁸ ≢│ ♪כ⸗ ⅜ ╦╣≡™√╙─≤ ⅎ╠╣╢⁹ 

 

1- 16. ╡ↄ∏ SEM  

0.08                      0.12 

V=1000m/min  

a=0.5deg 

G=3ȋm 
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1- 17. ►◄Ɫ ─  

 

1- 18 ⌐ ⌐⅔↑╢►◄Ɫ ╩ ∆⁹ ( a)│ ⅜ 0 08mm/min─

⁸ ( b)│ ⅜ 0 12mm/min─ ≢№╢⁹ ( a)╟╡⁸►◄Ɫ ⌐

─☻◒ꜝ♇♅ ⅜ ⌐ ∂≡™╢↓≤⅜ ⅛╢⁹╕√⁸ (b) ╟╡⁸ 0 12mm/min

─►◄Ɫ ⌐│☻◒ꜝ♇♅ ⅜ ⌂™↓≤⅜ ⅛╢⁹ ─►◄Ɫ─ ⅛╠☻◒

ꜝ♇♅ ─ ╛∕─ │ ⌐╟∫≡ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔⅛⇔⁸

≢ ⇔√ │ 2~3ɡm≤ ⌐ ↕ↄ⁸ ↕│ ⌐ ∆╢≤ ⅎ╠╣╢

√╘⁸ ─ ⅜ ↕⅛∫√╙─≤ ⅎ╠╣╢⁹ 

 

 

    ( a)  0 08mm/min         ( b)  0 12mm/min 

 

1- 18. ►◄Ɫ ─  
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ᵒ  ╖⅜►◄Ɫ ⌐ ⅎ╢  

 

 ╩ ⇔≡ SiC ─☻

ꜝ▬◦fi◓ ╩ ™⁸ ♥כ◖

▫fi◓꞉▬ꜘכ─ ╖⅜►◄Ɫ

⌐ ╓∆ ╩ ⇔√⁹

1- 19 ⌐ CS=0 12mm/min

⌐⅔™≡꞉▬ꜘכ─ ╖╩

↕∑√ ─ ╩ ∆⁹ (a)

│►◄Ɫ ↕─ ⁸ (b)

│►◄Ɫ ℮⌡╡─ ≢№╢⁹

(a) ╟╡⁸꞉ כꜘ▬ ≤

⌐ ╖─ ™⅜

↕⌐ ╓∆ │ ↕™↓≤⅜

⅛╢⁹╕√⁸ (b) ╟╡⁸꞉ ▬ꜘ

─כ ╖⅜ 7ɡm─ ⅜

─ ℮⌡╡⅜ ⇔≡™╢↓≤

⅜ ⅛╢⁹ 

1- 20 ⌐ ╖⅜ ⌂╢꞉▬

כꜘ ─ ─ ╩ ∆⁹

≢│⁸ ⌐╟∫≡꞉▬ꜘכ

⌐ ∂√ ─ ╩

≢ ╪≢№╢⁹ (a) │ ╖⅜

5ɡm─ ⁸ (b) │ ╖⅜

7ɡm─ ≢№╢⁹ (a) ╟╡⁸

│ 3 ≤ ⌂ↄ⁸∕─

⌐│ ╡⅜№╢↓≤⅜ ⅛╢⁹╕√⁸

(b) ╟╡⁸ │ 6 ≢

⅝⁸∕─ │ ≢№╢↓≤⅜

⅛╢⁹ ≢│⁸꞉▬ꜘכ

╢™≡╣↕◓fi▫♥כ◖⌐

⌐♄▬ꜘ⸗fi♪ ⅜ ⌐

╘ ╕╣╢↓≤⌐╟∫≡ ⅜↕╣≡™╢⁹╟∫≡⁸꞉▬ꜘכ─ ╖⅜ ↄ⌂╢↓≤

≢꞉▬ꜘכ ─ ─◒♇◦ꜛfi ⅜ ⇔⁸ ─ ⅜ ↄ⌂∫√√╘⁸

℮⌡╡⅜ ⇔√≤ ⅎ╠╣╢⁹ 

꞉▬ꜘ  

 

Cs=0.12mm/min 

꞉▬ꜘ  

 

Cs=0.12mm/min 

(a) ↕ 

   (b) ℮⌡╡ 
 

   1- 19. ╖≤  

V=1000m/min  

a=0.5deg 

G=3ȋm 

V=1000m/min  

a=0.5deg 

G=3ȋm 
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1- 21⌐ ⌐⅔↑╢►◄Ɫ ╩ ∆⁹ (a)│ ╖⅜5ɡm─ ⁸  

 

(a) 5ɡm 

 

 

(a) 7ɡm 

 

1- 20. ─꞉▬ꜘכ  

 

( b)│ ╖⅜7ɡm─ ≢№╢⁹ ( a)╟╡⁸►◄Ɫ ⌐ ∂√☻◒ꜝ♇♅ │

⌂™↓≤⅜ ⅛╢⁹╕√⁸ (b) ╟╡⁸ ╖ 7ɡm─►◄Ɫ ⌐│☻◒ꜝ♇♅

⅜ ⌐ ∂≡™╢↓≤⅜ ⅛╢⁹ ─►◄Ɫ─ ⅛╠☻◒ꜝ♇♅ ─ ╛∕─

│ ─כꜘ▬fi◓꞉▫♥כ◖ ╖⌐╟∫≡ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔

⅛⇔⁸ ≢ ⇔√ │ 2 3ɡm≤ ⌐ ↕ↄ⁸ ↕│ ⌐ ∆╢≤

ⅎ╠╣╢√╘⁸ ╖─ ⅜ ↕⅛∫√╙─≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 (a) ╖5ɡm            ( b) ╖7ɡm 

1- 21. ►◄Ɫ ─  

100ɡm 

100ɡm 
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ᵓ  ─  

1- 22⌐ ≢ ™√ כꜘ▬fi◓꞉▫♥כ◖ ≤♄▬ꜘ⸗fi♪꞉▬ꜘכ ╩

™√ ≢ ⇔√ ─►◄Ɫ ─ TEM ╩ ∆⁹ (a) │

─ ⁸ (b) │ ─ ≢№╢⁹ ( a)╟╡⁸ ≢│

⅜ 276nm№╢↓≤⅜ ⅛╢⁹╕√⁸ ( b)╟╡⁸ ≢│ ⅜

700nm№╢↓≤⅜╦⅛╢⁹↕╠⌐⁸ ≢ ⇔√►◄Ɫ⌐│ ⅜ ↕╣√⅜⁸

כꜘ▬fi◓꞉▫♥כ◖ ⌐⅔™≡│⁸ │ ↄ ↕╣⌂⅛∫√⁹ 

─ ╟╡⁸ כꜘ▬fi◓꞉▫♥כ◖ ─ ⅜ ┼ ⅎ╢♄ⱷכ☺─ ≢⁸

╟╡╙ ╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 (a) ◖כ♥▫fi◓꞉▬ꜘכ      (b) ♄▬ꜘ⸗fi♪꞉▬ꜘכ 

1- 22.  ─  

 

ₒ ₓ   

ᵑ  ⅜►◄Ɫ ⌐ ⅎ╢  

╩ ⇔≡◦ꜞ◖

fi─☻ꜝ▬◦fi◓ ╩ ™⁸

⅜►◄Ɫ ⌐

╓∆ ╩ ⇔√⁹

1- 23 ⌐ ╩

s=170deg/min ≤⇔≡

╩ ↕∑√ ─

↕ ─ ╩ ∆⁹

≢│ ─

↕⅜ ╙ ↄ⁸ ╩

∆╢↓≤≢ ↕⅜ ↄ⌂         1- 23 ≤ ↕─  

0

0.5

1

1.5
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↕
R
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Cs-=0.10mm/min  
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∫≡™╢↓≤⅜ ⅛╢⁹╕√⁸ ⅜ 0 3deg⅛╠ 0 5deg⌐⌂╢↓≤≢ ↕      

─ ⅜ ╠╣╢⅜⁸1deg ⌐⌂╢≤ ≤ ╕≢ ↕⅜ ⇔≡™╢↓≤⅜

⅛╢⁹ ⌐⁸ 1- 24 ⌐ ℮⌡╡ ─ ╩ ∆⁹ ↕≤ ⁸

≢│ 0 5deg ⅜ ╙ ↄ⁸↓─ ⅛╠ ╣╢⌐≈╣≡ ℮⌡╡⅜

∆╢↓≤⅜ ⅛╢⁹ 

 ≢│

⅜ ↕ↄ⌂╢≤

⅜ ⅝ↄ⌂╡⁸ ⌐╟∫≡

√╡⌐꞉▬ꜘכ⅜

╩ ╢ ⅜ ∆╢⁹╟∫

≡⁸ ⅜ 0 3deg─

≢│ ↕⅔╟┘ ℮

⌡╡⅜ ⇔√╙─≤ ⅎ╠╣

╢⁹ ⁸ ⅜ ⅝ↄ⌂╢

≤⁸ ⌐ ⅜ ⇔⁸       1- 24. ≤ ℮⌡╡─  

⅜ ∆╢╙─≤ ⅎ╠

╣╢⁹╟∫≡⁸ 1deg─

≢│⁸ ↕⅔╟┘

℮⌡╡⅜ ⇔√╙─≤

ⅎ╠╣╢⁹ 

 

ᵒ  ⅜►◄Ɫ

⌐ ⅎ╢

 

 ─ ≢│ ╩

≤⇔≡ ╩ ↕∑≡

™╢√╘⁸ ─ ⌐ ∫

≡ ╙ ∆╢⁹         1- 25.  ≤ ↕─  

╟╡ ⌂ ╩ ∆╢⌐│ ⌐╟╢ ╩ ∆╢ ⅜№╢⁹⇔√⅜∫≡⁸

⇔√ ⌐⅔™≡ ╙ ─ ™ 0 5deg⁸ 1 42Hz╩ ⌐⇔⁸

∕─±0 2deg ─ ⌐⅔↑╢ ╩ f=1 42Hz ≢ ⇔√⁹

1- 25⌐ ╩ f=1 42Hz ≤⇔≡ ╩ ↕∑√ ─ ↕

─ ╩ ∆⁹ ⌐╟╢ │ ↕™↓≤⅜ ⅛╢⁹ 

1- 26 ⌐ ╩ f=1 42Hz ≤⇔≡ ╩ ↕∑√ ─ ℮⌡╡

─ ╩ ∆⁹꞉▬ꜘכ ⁸ ⌐ ⌐╟╢ │ ↕™↓≤⅜ ⅛

╢⁹ 
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⌐⅔™≡│⁸ √

╡─ ⅜

≤⌂╢⁹╟∫≡⁸ ⌐

⅔™≡ ┼─☻ꜝꜞ

─כ ה │ ≢

№∫√╙─≤ ⅎ╠╣╢⁹

╕√⁸ ⅜ ≢

№╢↓≤≢⁸ √

╡⌐꞉▬ꜘכ⅜ ╩

╢ ╙ ≤⌂╢⁹⇔      1- 26. ≤ ℮⌡╡─  

√⅜∫≡⁸

⌐⅔™≡│⁸ ↕⅔╟┘

℮⌡╡⅜ ─ ╩

↑⌐ↄ⅛∫√╙─≤ ⅎ╠╣

╢⁹ 

ᵓ  ⅜►◄Ɫ

⌐ ⅎ╢  

 ╩ ⇔≡◦ꜞ◖fi

─☻ꜝ▬◦fi◓ ╩ ™⁸

⅜►◄Ɫ ⌐ ╓     

1- 27.  ≤ ↕─

 

∆ ╩ ⇔√⁹ 1- 27⌐ ╩

ɝ=0 5deg ≤⇔≡ ╩

↕∑√ ─ ↕ ─

╩ ∆⁹ ≢│ 0

708Hz≤ 1 42Hz⅜ ≢№╡⁸2 83Hz

≢│ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

1- 28⌐ ╩ ɝ=0 5deg

≤⇔≡ ╩ ↕∑√ ─ ℮⌡╡─ ╩ ∆⁹ ≢│ 0

708Hz≤ 1 42Hz⅜ ≢№╡⁸  1- 28. ≤ ℮⌡╡─  

2 83Hz≢│╦∏⅛⌐ ⇔≡™╢↓≤⅜ ⅛╢⁹ ⅜ ⅝ↄ⌂╢≤⁸

√╡─ ⅜ ⇔⁸꞉▬ꜘכ⅜ √╡⌐ ╩ ╢ ⅜ ∆╢⁹

⇔√⅜∫≡⁸ 2 83Hz≢│ ⌐╟∫≡꞉▬ꜘכ⅜ ╩ ╢ ⅜

⇔⁸ ℮⌡╡⅜ ⇔√╙─≤ ⅎ╠╣╢⁹ 
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ₒ ₓ   

ₒ1- 2 ⁸xo 1- 3ₓ≢ ╠╣√ ╟╡⁸ כꜘ▬fi◓꞉▫♥כ◖ ⌐ ╘╠╣╢

╩ ⌐ ═╢⁹ 

ᵑ  

⅛╠ ≢ ∫≡™╢ ◦ꜞ◖fi─ │ 500m/min≢ ™⁸

◘ⱳ▬fi ≢ ∫√ ≢│ 1000m/min≢ ╩ ∫√⁹∕╣╠─

╩ ∆╢≤⁸ │כꜘ▬fi◓꞉▫♥כ◖ ─ ⌐╟∫≡

≢№∫√⁹ ─ꜝ♇Ⱨfi◓ ≢│⁸ │ ™ ⅜ ⅜ ≢

⅝╢√╘⁸ כꜘ▬fi◓꞉▫♥כ◖ ≢│ 1500m/min ╕≢ ↕∑╢

⅜№╢⁹ 

 

ᵒ  

─ SiC ─ ≢│⁸ 5mm ─ ─ ─℮⌡

╡⅜ ⌐ ↄ⁸∕╣ │ ⇔≡™√⁹↓─ ╟╡⁸ ╩ ∆╢ ⌐│

─꞉▬ꜘכ ⅜ ≢№╡⁸↓─ ─℮⌡╡ ⅜ ─ ─

⌐ ↄ ╩ ╓⇔≡™╢⁹∕─√╘⁸ ─ ─╖ ↄ⇔≡ ≢⅝╢╟℮

⌂ ─ ╩ ∆╢ ⅜ ≢№╢≤ ↕╣╢⁹ 

 

ᵓ ☻ꜝꜞכ─ ה  

◘ⱳ▬fi ≢ ∫√ ≡⇔≥כꜞꜝ☻│≢ 5wt%─♄▬ꜘ⸗fi♪

╩כꜞꜝ☻ ⇔≡™╢⁹♄▬ꜘ⸗fi♪ ─◖☻♩│ ─꞉▬ꜘכ♁כ≢ ™╢

⌐ ⇔≡ ◖☻♩≢⁸ ⅜ ™√╘⁸ ≢ ⇔╛∆™⁹∕─√╘⁸

≢│⁸ ─ ↑─ ≢ ∆╢ ╩ ╕≢ ≢

⅝╢ ⌂ ╩ ∆╢ ↑ ⌐∆╢⁹꞉▬ꜘכ ⌐꞉▬ꜘכ⌐ ⇔≡ ┌

╣╢ ⌐כꜞꜝ☻ ╢╕≢⅝∟╪≤ ≢⅝╢ ╩ ∆╢ ↑ ⅜ ≢№╢⁹

╕√⁸♄▬ꜘ⸗fi♪☻ꜝꜞכ│ ─╟℮⌐♄▬ꜘ⸗fi♪ ⅜ ⇔╛∆™√╘⁸

╠⅛◒fi♃כꜞꜝ☻ ⱡ☼ꜟ╕≢─ ┘⌐ כꜞꜝ☻─ ↑

─≢╕◒fi♃כꜞꜝ☻╠⅛ ≢ ⅜ ╕╠⌂™╟℮⌐⁸ ─ ≤ ─

╛ ─ → ─ ╩ ∆╢ ⅜№╢⁹ 

 

ᵔ Ⱳⱦfi ⌐꞉▬ꜘכ⌐ ⅎ╢♄ⱷכ☺  

≢ ⇔≡™╢꞉▬ꜘכ│∕─ ⌐ ▬fi◓⇔≡№╢⁹꞉▫♥כ◖⅜

╩כꜘ ⌐ ↕∑╢ ⌐⁸꞉▬ꜘכ│ ⅝ ╡Ⱳⱦfi⌐ ⅝ ↑√╡⁸

⅝ ╡Ⱳⱦfi⅛╠ ╡ ⇔√╡∆╢⁹∕─ ⌐⁸꞉▬ꜘכ ─ ╩Ⱳⱦfi─≈┌

─ ≢ ╩≈↑≡™╢⁹Ⱳⱦfi─ ╛꞉▬ꜘכ≤─ ╩ ↕∑╢ ⅜

№╢⁹ 
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ₒ ₓ ⌐כꜘ▬fi◓꞉▫♥כ◖  ⇔√ ─  

 ₒ2ₓ ♃◌♩ꜞ  

 

ₒ ₓ ─כꜞꜝ☻  1 (♄▬ꜘ─ ⁸ ⁸ ⁸ )  

 

( 1) ─  

│⁸o 1- 1ₓ 1─ ╩ ™√ ☻ꜝ▬☻ ─ ♥☻♩─ ≤ ⅜

∆╢√╘⁸↓↓≢│ ─╖╩ ∆╢⁹ ─ │ 3▬fi♅▬fi◗♇♩╩

™≡ 3 ─ ≢⅔↓⌂∫√⁹ ⇔√ ⌐⅔™≡│ ⅜ ™ ≢ ⅜

∆╢≤™℮ ⌐⌂∫√⁹ 

 

ₒ ₓ  ─ ⅔╟┘ ─  

 

(1) ─  

ₒ1- 1ₓ- 1 ≢ ⇔√☻ꜝ▬◦fi◓ ⌐⅔™≡⁸꞉▬ꜘכ │ 700m/min≢ ⇔≡

™√⁹∞⅜ ◘ⱳ▬fi≢ ⇔√ ≢│ 1000m/min≢─ ⅜ ╢╟℮⌐

⌂∫√⁹∕↓≢ 1000m/min≢─ ╩∆∆╘√≤↓╤⁸ ⌐▬fi◗♇♩⅜ ∆

╢≤™℮ ⅜ ⇔√⁹ ─▬ⱷכ☺╩ 2 1⌐ ∆⁹↕╠⌐⁸↓─ ꞉▬ꜘכ─

╩ ≤⇔≡꞉▬ꜘכ⌐ ⇔≡™╢ ╖╙ 5um⅛╠ 7um⌐ ⇔≡™√⁹

↓╣╠─ ⅛╠⁸ ╩ →√↓≤⌂╠┘⌐ ─ ╖╩ ⇔√↓≤⌐╟╡ ─

⅜ ⇔√↓≤⅜ ─ ∞≤ ⅎ≡™╢⁹╙℮ ─ ≤⇔≡⁸▬fi◗♇♩ ⅜

─ ( 40ϴ)╟╡╙ ( 70ϴ≤ )⌐⌂∫≡™√↓≤⅛╠⁸ ⅜

─ ⌐╟╡ ⇔√≤╙ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 1. ▬fi◗♇♩ ─▬ⱷכ☺ 
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▬fi◗♇♩─ │⁸ ⌐⅔™≡ ∆═⅝ ⌂ ≢№╢⁹ ╩ ∆╢√╘

≢ ⇔√ 3≈─ ( ╩ →√↓≤⁸ ╩ ╛⇔√↓≤⌐╟╢ ─

⁸╕√│ ─ ⌐╟╢ ─ )╩╙≤⌐ ╩ ⇔√⁹ ≤⇔≡⁸

⅛╠ ⇔≡™╢ ╩ ∆╢↓≤╩ ⇔√⁹ 

⌐│⁸ ⅛╠ ⇔≡™╢ ─ UⱲfi♪(ST♃▬ⱪהWR♃▬ⱪ)⁸QⱲ

fi♪⅔╟┘ 3 ─Ⱳfi♪╟╡╙●ꜝ☻ ─ ™▪◒ꜞꜟ ─ ╩ ⇔

─ ╩ ⇔√⁹ │ ≢ ⌐ ∆╢⅛≥℮⅛╩ ⇔√⁹ Ⱳfi

♪≢─ ─ ─ ╩╕≤╘√╙─╩ 1 ⌐ ∆⁹ ╩ ℮⌐№√╡

1.8mm/h⁸3.6mm/h⁸5.4mm/h─ 3 ≤ ⇔ ─ ╩ ⇔√⁹ ≤⇔≡⁸▪◒ꜞ

ꜟ ─ ⌐≡ ⇔√╙─⅜ ╙ ⅜ ⅝™≤ ⅎ╠╣╢ ≢╙ ∑∏⌐

√⁹↓─↓≤⅛╠▪◒ꜞꜟ Ⱳfi♪⌐ ╩ ∆╢↓≤⌐⇔√⁹╕√⁸ ≤

⇔≡─ ⅜ ™≤™℮↓≤│ ╠╣√►◄Ɫ⅛╠ ╩ ∆╢ ⌐ ⅜ ⅜

╢≤™℮↓≤╙ ⇔≡™╢√╘⁸ ≢─ ♥☻♩╩ ∫√⁹ ≢ ⇔√ ╩

2 2⌐ ∆⁹≥─ ≢╙ ⌐ ╢↓≤╩ ≢⅝√⁹ ⇔√ │

⌐╟╡ ∆╢↓≤╙ ≢№╢√╘ ⌐ ⇔≡╙ ⌂ ╩ ⇔≡™╢↓≤

⅜╦⅛∫√⁹ 

 

 

 

2 1. Ⱳfi♪≢─ ─  

2 2. ♥☻♩╩ ∫√  
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(2) ♄Ⱶכ ─  

 

╛ ≢│☿ꜝⱵ♇◒─♄Ⱶכ  

(  ) ╩ ℮↓≤⅜ ™⁹⇔⅛⇔⁸

─≢כꜘ▬fi◓꞉▫♥כ◖ ⌐⅔™≡

│⁸ 2 3─╟℮⌐꞉▬ꜘכ─ ╛

─ ⅜ SiC≤♄Ⱶכ ─ ≢

∆╢↓≤⅜ ⌐╖╠╣√⁹↓─↓≤⅛

╠⁸ ⌂♄Ⱶכ ─ ╩∆╢√╘─

╩ ⇔√⁹ ≤⇔≡│⁸

─♄Ⱶכ ─ ╡ ╖ ⁸ ─ ⁸

꞉▬ꜘכ─ ≤⇔√⁹╕√⁸ │∆═≡ ≤⇔√⁹ │⁸4 ⌐

⇔√⁹ ↕⌐ ⇔≡│ 4 ⌐ ™ ≤⌂╢ ╩ ⌂ ≤∆╢↓≤⌐⇔√⁹ 

≤⇔√♄Ⱶכ │⁸☿ꜝⱵ♇◒⁸●ꜝ☻⁸◌כⱲfi⁸◦ꜞ◖fi⁸◘fiⱦכⱶ─ 5

≢№╢⁹ ⇔√♄Ⱶכ ─ ≤ ╩ 2 4⌐ ∆⁹ ≤⇔≡⁸ ╡ ╖ ─

↕≤ ─ ⌐ ⇔≡ ⌂ ╩ √─│●ꜝ☻≤◦ꜞ◖fi≢№∫√⁹⇔⅛⇔⁸꞉

─כꜘ▬ ─⇔⌐ↄ↕≤™℮ ─ⱶכⱲfi⅔╟┘◘fiⱦכ◌│≢ ⅜ ⌂ ≤⌂∫

√⁹ ⁸ ≤⇔≡ ⇔√ ╡ ╖─ ↕⁸ ─ ⁸꞉▬ꜘכ─ ─

⌂↕─∆═≡╩ √∆ ╩ ≈↑╢↓≤│ ⌂⅛∫√⁹√∞⇔⁸꞉▬ꜘכ─ ⌐

⇔≡│꞉▬ꜘכ─ ╩ ∆╢↓≤≢ ∆╢↓≤⅜ ≢№╢↓≤⅛╠⁸ ≢

│●ꜝ☻≤◦ꜞ◖fi⅜ ≢ ⌂♄Ⱶכ ≢№╢≤™℮ ╩ ⇔√⁹╕√◦ꜞ◖fi

⌐ ⇔≡│⁸SiC ≤ ↕∑≡☻ꜝ▬◦fi◓ ╩ ∫√⅜⁸ ⅔╟┘ ⌐ │

ↄ⁸╕√ ⌐╙ │╖╠╣⌂⅛∫√⁹∞⅜◦ꜞ◖fi│ ≢ ℮≤ ⅎ√

⌐ ⌂ ⌂─≢⁸ ≢ ⌂♄Ⱶכ ╩ ∆↓≤⅜ ─ ≢№╢⁹ 

 

 

 

2 3 ⇔√►◄Ɫ─  
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ₒ ₓ  ─ ─╕≤╘≤ ⌂ ╖ ╦∑─  

ₒ 1ₓ ≤ₒ ₓ ≢ ╠╣√ ╟╡⁸ ─ ≤ ⌂ ╖ ╦∑

╩ ⌐ ═╢⁹ 

 

ᵑ ⌐ ⇔≡│⁸ ™ ⌐⅔™≡PV ─ ⅜ ╠╣√⁹ 

ᵒ ╩ ↄ∆╢↓≤≤ ╖╩ ↄ∆╢↓≤│꞉▬ꜘכ ┼─ ╩

↕∑╢≤ ⅎ╠╣╢⁹ 

ᵓ UⱲfi♪⁸QⱲfi♪⅔╟┘▪◒ꜞꜟ Ⱳfi♪≢ ⅜ ╣≡™√─│▪◒ꜞꜟ

Ⱳfi♪≢№∫√⁹╕√▪◒ꜞꜟ Ⱳfi♪│ ≢ ∆╢↓≤╙ ⌂√╘ ⌐

⇔≡╙ ╣≡™╢↓≤⅜╦⅛∫√⁹ 

ᵔ ◖כ♥▫fi◓꞉▬ꜘכ≢♄Ⱶכ ╩☻ꜝ▬◦fi◓ ∆╢ ⌐⁸꞉ ─כꜘ▬

⅔╟┘ ╡ ╖ ≤™℮ ⌐⅔™≡⁸ ⌂ↄ ≢⅝╢≤ ⅎ╠╣╢─│◦ꜞ◖fi≤

●ꜝ☻≢№∫√⁹╕√꞉▬ꜘכ─ ⌐ ⇔≡│꞉▬ꜘכ ╩ ╘⌐ ╢↓≤⌐╟

╡ ≢⅝╢≤ ⅎ╠╣╢⁹ 

2 4. ⇔√♄Ⱶכ ≤  
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ₒ ₓ ⌐כꜘ▬fi◓꞉▫♥כ◖  ⇔√ ─  

 ₒ2ₓ   

 

ₒ 1ₓ ─כꜞꜝ☻  ⁸ ⁸ ⁸  

 

ᵑ ⅜2µm─ ⌐ ⅜ ⌐ ⅎ╢  

1 ⌐ ⅜ 2µm─♄▬ꜘ⸗fi♪ ╩ ™√ ─ ≤►◄Ɫ ─ ╩

∆⁹ (a) │ ↕⁸ (b) │ ℮⌡╡─ ≢№╢⁹ (a) ╟╡⁸ ╩

↕∑≡╙ ↕│╒≤╪≥ ⅜⌂™↓≤⅜╦⅛╢⁹╕√⁸ (b) ╟╡⁸

╩ ↕∑√ ⁸꞉▬ꜘכ ┘ ⌐⅔™≡ ℮⌡╡⅜ ⇔≡™╢↓≤

⅜╦⅛╢⁹╕√⁸ 2- 5─ ≢ ∆╢≤⁸ ⅜ 0 08mm/min─ │ ⅜2µm

─ ╩ ™√ ⅜ ℮⌡╡│꞉▬ꜘכ ┘ ≤╙⌐ ⇔≡™╢↓≤

⅜ ⅛╢⁹∕⇔≡⁸ ╩ ↕∑╢≤⁸ ⅜ 2µm─ ─ ⅜ ℮⌡╡│

⇔╛∆™↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) ↕                    (b)℮⌡╡ 

2-5. ≤ ─ ( 2um⁸ 3um) 

V=1000m/min  

G=2ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 
V=1000m/min  

G=2ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 

 
 

V=1000m/min  

G=3ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 

V=1000m/min  

G=3ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 



 

36 

ᵒ ⌐ ∆╢  

2- 6⌐ ─►◄Ɫ ─ TEM ╩ ∆⁹ (a) │ ≢ ⇔

√►◄Ɫ≢⁸ (b) │ כꜘ▬fi◓꞉▫♥כ◖ ≢ ╩ 0 08mm/min⁸

1µm≤⇔≡ ⇔√►◄Ɫ╩ ∆⁹ ─ │ ⅜ ∂⌐⌂╢╟℮⌐⇔≡ ⇔≡№╢⁹

(a) ╟╡⁸ ≢ ⇔√ ⌐│ ─ ⅝↕│ 5 10µm≢⁸ ─

│ ╩ ⅝ↄ│╖ ⇔≡™╢⁹∕╣⌐ ⇔≡⁸ (b) ⌐ ∆ fi▫♥כ◖

◓꞉▬ꜘכ ≢│ ↕™≤↓╤≢ 20nm⁸ ⅝™≤↓╤≢ 60nm ≢№∫√⁹ ─

╟╡⁸ כꜘ▬fi◓꞉▫♥כ◖ ⌐╟╢ ≢│►◄Ɫ ─♄ⱷכ☺ ─ ⅝↕╩

⌐ ≢⅝╢↓≤⅜╦⅛╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

2- 7 ⌐ כꜘ▬fi◓꞉▫♥כ◖ ≢ ╩ 0 08mm/min ≤⇔⁸ ╩ ⅎ

√≤⅝─ TEM ╩ ∆⁹ (a) │ ⅜ 3µm─ ≢⁸ (b) │ ⅜ 2µm

(a)♄▬ꜘ⸗fi♪꞉▬ꜘ♁כ         (b) ◓fi▫♥כ◖  

2-6. ♄▬ꜘ⸗fi♪꞉▬ꜘ♁כ≤ ◓fi▫♥כ◖ ─  

(a) 3µm          (b) 2µm 

2-7. ─ ™⅜♄ⱷכ☺⌐ ⅎ╢  

100nm 100nm 
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(a)               (b) ─ EDX  

─ ≢ ⇔√►◄Ɫ≢№╢⁹ ╟╡⁸3µm ─ ⌐ ─ ⅝↕│ 276nm

≢№╢↓≤⅜╦⅛╢⁹ (c) │ ⅜ 2µm─ ≢ ⇔√►◄Ɫ≢№╢⁹ ╟╡⁸

─ ⅝↕│ 58nm≢№╢↓≤⅜╦⅛╢⁹╟∫≡⁸ ⅜ ↕™ ⅜ ─♄

ⱷכ☺╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸ ╟╡ כꜘ▬fi◓꞉▫♥כ◖

≢│⁸ │ ↕╣⌂⅛∫√⁹ 

2- 8 ⌐ ⅜ 2µm─ ╩ ™√ ─ ⌐ ∆╢ ─ ╡ ─

╩ ∆⁹ (a) │ ╩ ⇔⁸ (b) │ EDX ─ ╩⁸ (c) │ ꜝⱴfi⌐

╟╢ ─ ╩∕╣∙╣ ∆⁹ (a) ╟╡⁸ ╡ ─ ⅜ ╣ ≤⌂∫≡™╢↓

≤⅜╦⅛╢⁹↓─↓≤⅛╠⁸ 2µm≢╙ כꜘ▬fi◓꞉▫♥כ◖ │ ♪כ⸗

≤⌂╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸EDX─ ≤ꜝⱴfi ─ ╟╡⁸

─ │ Si⁸C⁸O⅜ ↕╣⁸Si- C │ ≢⅝⌂™⅜⁸Si- O ⅜ ╠╣╢↓≤⅜

╠⅛≤⌂∫√⁹↓╣╠─↓≤⅛╠⁸ ≢│ SiC │ ⇔⌂⅜╠ ↕╣≡™╢

↓≤⅜ ╠⅛≤⌂∫√⁹ 

↓─ ⌂ ╩ ≢ ∂≡™╢√╘⁸ ╟╡╙ ꜘ▬fi◓꞉▫♥כ◖

כ ─ ⅜ │ ↕ↄ⌂∫√≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

35

40

45

50

55

60

65

70

75

80

85

90

95

100

105

200 400 600 800 1 000 1 200 1 400 1 600 1 800

P7-D2-ch

 4
7

5

Raman shift 

(cm-1)

In
te

n
s
it
y
(c

n
t/
s
e

c
)

Si-O

Si-C

Si 

O C 

(c) ꜝⱴfi  

2-8. ─  

 

SiCў  
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ᵓ ꞉▬ꜘכ ⅜ ⌐ ⅎ╢  

2- 9⌐꞉▬ꜘכ ≤ ↕─

╩ ∆⁹ ╟╡ ↕│꞉▬ꜘכ

╩ ↕∑╢≤꞉▬ꜘכ

┘ ≤╙⌐ ⇔≡™╢↓≤

⅜╦⅛╢⁹↓↓≢⁸ 2- 10 ⌐ ─

꞉▬ꜘכ ─ ╩ ∆⁹

(a) │꞉▬ꜘכ 1000m/min⁸ (b)

│꞉▬ꜘכ 1300m/min─ ─

≢№╢⁹ ╟╡⁸꞉▬ꜘכ ╩

↕∑≡╙╒≤╪≥꞉▬ꜘכ ⌐

™ ╪∞ ─ │ ╦╠⌂⅛∫√⁹∕

─√╘⁸ ↕⅜ ⇔√─│⁸꞉▬ꜘכ ⅜ ⇔√↓≤≢ 1 ≈ √╡─

⅜ ∫√√╘≢№╢≤ ⅎ╠╣╢⁹ 

 

 

 

 

2- 11 ⌐꞉▬ꜘכ ≤ ℮⌡╡

─ ╩ ∆⁹ ╟╡⁸ ℮⌡╡╙

↕≤ ⌐꞉▬ꜘכ ╩ ↕

∑╢↓≤≢꞉▬ꜘכ ┘

─ ℮⌡╡⅜ ⇔√↓≤⅜╦⅛╢⁹

↓╣│⁸꞉▬ꜘכ ╩ 1000m/min⅛╠

1300m/min⌐ ↕∑╢↓≤≢

√╡─꞉▬ꜘכ─ ⅜ 1 3 ⌐

∆╢√╘⁸꞉▬ꜘכ ╩ ↕∑╢

↓≤≢ ⅜ ↄ⌂╡⁸ ⌐⅔↑

╢꞉▬ꜘכ─√╦╖ ⅜ ⇔√√╘⁸

─ ℮⌡╡⅜ ⇔√≤ ⅎ╠╣╢⁹╟∫≡⁸꞉▬ꜘכ ╩ ↕∑╢↓≤≢

─ ⅜≢⅝╢ ⅜№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 
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2-9. ꞉▬ꜘכ ≤ ↕─  

100µm 100µm 

2-10. ─꞉▬ꜘכ ─  

2-11. ꞉▬ꜘכ ≤ ℮⌡╡─  

G=3ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 

G=3ȋm 

Cs-=0.10mm/min  

ɝ=0.5 deg 



 

39 

(a) 1µm                    (b) 2µm   

ᵕ  ⅜ ⇔√ ─►◄Ɫ ─  

2- 12⌐ ─►◄Ɫ ─ ╩ ∆⁹ (a) │ ⅜ 1µm⁸ (b) │

⅜2µm⁸ (c) │ ⅜3µm─ ╩ ™√ ─►◄Ɫ ─ ≢№╢⁹ ╟╡⁸

2µm⁸ 3µm⁸ 1µm─ ≢►◄Ɫ ─☻◒ꜝ♇♅ ⅜ ⌂™↓≤⅜╦⅛∫√⁹

╕√⁸ ⅜ 1µm─ │►◄Ɫ ─☻◒ꜝ♇♅ │╒≤╪≥ ⇔⌂⅛∫√⁹↓↓≢⁸

2- 13⌐ ─►◄Ɫ╩ ™≡⁸►◄Ɫ ┼─ ─ ─ ╩ ∫√⁹

(a) │ 1µm⁸ (b) │ 2µm⁸ (c) │ 3µm─ ╩ ™√ ─ ≢№

╢⁹ ╟╡⁸ 2µm⁸ 3µm⁸ 1µm─ ⌐►◄Ɫ ┼─ ─ ™⅜

™↓≤⅜╦⅛∫√⁹ 

─ ╟╡⁸ ⅜ 1µm─ ≢ ⇔√ ⁸ ─☻◒ꜝ♇♅ ╩ ≢⅝

╢√╘⁸►◄Ɫ ┼─ ─ ™⅜ ↄ⌂╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5mm 

100µm 100µm 100µm 

(a) 1µm         (b) 2µm            (c) 3µm 

2-12. ►◄Ɫ ─  

           (c) 3µm 

2-13. ►◄Ɫ ┼─ ─  

5mm 

5mm 
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►◄Ɫ╩ ∆╢Ɽ꞉כ♦Ᵽ▬

☻│⁸ ╖ ┼ ╩ ∆√╘⁸►◄

Ɫ╩ ↄ∆╢↓≤≢○fi ─ ™⁸

⌂Ɽ꞉כ♦Ᵽ▬☻≤∆╢↓≤⅜≢

⅝╢⁹∕↓≢⁸ ─ ≢│ Ⱨ♇♅

─ ╩ 1 0mm ≢ ╩ ∫≡™√⅜⁸

Ⱨ♇♅─ ╩ 0 4mm ⌐⇔≡ ╩

∫√⁹ 2- 14 ⌐ⱷ▬fi꜡כꜝכ─

Ⱨ♇♅─ ≤►◄Ɫ ─

╩ ∆⁹ (a)⅜ ↕⁸ (b)⅜

℮⌡╡╩ ⇔≡™╢⁹ (a)╟╡⁸

Ⱨ♇♅─ ⅜ 0 4mm ≢ ⇔√          ( a) ↕ 

─►◄Ɫ─ ↕│ ⇔≡™╢⁹

╕√⁸ (b)╟╡⁸ ─

│ ⇔√╙── ℮⌡╡─

│ ⇔≡™╢⁹↓╣│⁸ 5 ⅝⇔

√꞉▬ꜘ1─כ ⅛╠5 ─ ⅜

Ⱨ♇♅─ 1 0mm ─ ≢│ 4

0mm⁸ Ⱨ♇♅─ 0 4mm ─

≢│ 1 6mm ≤⌂╡⁸꞉▬ꜘכ─

⅜ Ⱨ♇♅─ 0 4mm ≢│ 1 0mm

⌐ ═ ≤⌂╢⁹꞉ כꜘ▬ ─

⅜ ↄ⌂╢↓≤≢⁸ ⅜ ⅝         (b) ℮⌡╡ 

ↄ⌂╡⁸꞉ ─כꜞꜝ☻─≢כꜘ▬   2- 14. Ⱨ♇♅ ≤►◄Ɫ ─  

        ( a) ↕                 (b) ℮⌡╡ 

  2- 15. ꞉▬ꜘ ≤ ╩ ↄ⇔√ ─ Ⱨ♇♅≤►◄Ɫ ─  

 

V=1000m/min  

t=3.0s 

tc=12.0s 

R=30% 

Cs=0.10mm/min  

a=0.5deg 

G=3ȋm 

V=1000m/min  

t=3.0s 

tc=12.0s 

R=30% 

Cs=0.10mm/min  

a=0.5deg 

G=3ȋm 

V=1300m/min  

t=3.0s 

tc=12.0s 

R=30% 

Cs=0.16mm/min  

a=0.5deg 

G=3ȋm 

V=1300m/min  

t=3.0s 

tc=12.0s 

R=30% 

Cs=0.16mm/min  

a=0.5deg 

G=3ȋm 
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⅜ ↄ⌂╢⁹↓─ ╟╡⁸ⱷ▬fi꜡כꜝכ─ Ⱨ♇♅─ ╩ ↄ∆╢≤►◄Ɫ─

│ ⇔√╙─≤ ⅎ╠╣╢⁹ 

2- 15⌐꞉▬ꜘכ ≤ ╩ ↄ⇔√ ─ Ⱨ♇♅─ ≤►◄Ɫ

─ ╩ ∆⁹ (a)⅜ ↕⁸ (b)⅜ ℮⌡╡╩ ⇔≡™╢⁹ 2-14(a)≤

2-15(a)╟╡⁸꞉▬ꜘכ ≤ ╩ ↄ∆╢≤Ⱨ♇♅ 0 4mm ≢ ⇔√

─ ─ ↕│⁸Ⱨ♇♅ 1 0mm ─ ⌐ ═╟╡ ⇔≡™           

╢⁹↓╣│⁸ ╩ ↄ⇔√↓≤⌐╟╡꞉▬ꜘכ─√╦╖ ⅜ ⇔⁸ ⅜

⅝ↄ⌂∫√√╘∞≤ ⅎ╢⁹ 2-14(b)≤ 2-15(b)╟╡⁸꞉ כꜘ▬ ≤ ╩

ↄ∆╢≤Ⱨ♇♅ 0 4mm ≢ ⇔√ ─ ─ ℮⌡╡│⁸Ⱨ♇♅ 1 0mm

─ ⌐ ═ │ ⅝ↄ⌂∫√⅜ │ ⇔≡™╢↓≤⅜ ⅛╢⁹↓─ ╟

╡⁸꞉▬ꜘכ ╩ ↄ∆╢≤ ℮⌡╡⅜ ⇔⁸╟╡ ⌂ ⅜ ⅎ╢≤™

℮↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

ₒ ₓ  ─ ⅔╟┘ ─  

─ │ ─ ≤ ◖☻♩─ ╩ ⇔≡◦ꜞ◖fi─Ⱪ꜡♇

◒≢ ⌐ ═╢ ╩ ∫√⁹ 

ᵑ  ─●ꜝ☻ ⌐╟╢ ┼─  

2- 16⌐ ─►◄Ɫ╩ ∆⁹ (a) │ ─►◄Ɫ─⸗♦ꜟ ╩⁸ (b) │

(a) ─ẽ─ ≢ ∫√ ─►◄Ɫ─ ╩ ∆⁸ (b) ╟╡⁸►◄Ɫ ≤

∆╢≤⁸ ─ ⅜ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹↓─ │⁸ ╩

⇔≡™╢ ╩ ⇔≡™╢ ≢⁸ ╩ ∆╢↓≤⌐╟∫≡ ⅜

⇔√√╘⌐↓─╟℮⌂ ╩ ∂√≤ ⅎ╠╣╢⁹↓─ ─ ╩ ↕∑╢√╘⌐⁸

─●ꜝ☻ ⌐ ⇔⁸ ─ ⌐╟╢►◄Ɫ ┼─ ⌐≈™≡

╩ ∫√⁹ 

 

 

 

 

 

(a)  ►◄Ɫ ─  

 

 

 

 

 (b) ►◄Ɫ ─  

 2- 16. ─►◄Ɫ 

10mm 
Adhesive 

surface 

S
lic

in
g

 d
ir

e
c
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o
n

 

Influence part of  bottom of wafer  

I nfluence length  Adhesive surface  

Start  surface of slicing  
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╕∏ 2- 17 ⌐●ꜝ☻ ≤ ─

╩ ∆⁹ ╟╡⁸●ꜝ☻ ⅜ ↄ⌂╢↓≤

≢⁸ │ ⇔≡™╢↓≤⅜ ⅛╢⁹↓╣│

●ꜝ☻ ⅜ ™ ─ ≢│⁸ ⌐

╟╢ ─ ⅜ ⇔⌐ↄ™√╘⁸ ─

│ ↕ↄ⌂∫√≤ ⅎ╠╣╢⁹ 

⌐⁸ 2- 18 ⌐●ꜝ☻ ≤►◄Ɫ ─

⌐≈™≡ ∆⁹ (a) │►◄Ɫ

↕⁸ (b) │►◄Ɫ ↕╩ ∆⁹

(a) ╟╡⁸●ꜝ☻ ⅜ ↄ⌂╢↓≤≢⁸►

◄Ɫ ↕│ ↕ↄ⌂╢↓≤⅜ ⅛╢⁹ (b) ╟╡⁸►◄Ɫ ↕│●ꜝ

☻ ⅜ ↄ⌂╢↓≤≢⁸ ↕ↄ⌂╢ ⅜№╢↓≤⅜ ⅛╢⁹↓╣│ ─●ꜝ

☻ ⅜ ↄ⌂╢↓≤

≢⁸ ⌐ ∆╢

╛ ─ ⌐╟∫≡⁸

⅜ ⇔⁸

⅜ ↕ↄ⌂╢↓≤⅛╠⁸

⅜ ⇔√√╘⁸►◄

Ɫ ─ ↕≤

↕⅜ ↕ↄ⌂╢≤ ⅎ

╠╣╢⁹ 

 

 

 

 

 

 

 

 

↓↓≢⁸ 2- 19 ⌐ ─►◄Ɫ─ ╩ ∆⁹ (a) │●ꜝ☻ 51ϴ⁸

(b) │●ꜝ☻ 103ϴ─ ─ ≢№╢⁹ ╟╡⁸●ꜝ☻ ⅜ 51ϴ

≢│⁸►◄Ɫ ⌐ ╛ ™☻◒ꜝ♇♅ ⅜ ╠╣╢⅜⁸●ꜝ☻ ⅜ 103ϴ≢

│⁸51ϴ─ ≤ ═⁸►◄Ɫ ⌐⅔↑╢ ╛ ™☻◒ꜝ♇♅ ⅜ ⌂ↄ⌂∫≡™

╢↓≤⅜ ⅛╢⁹  
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2-17. ●ꜝ☻ ≤ 

─  

(a) ↕         (b) ↕ 

2-18. ●ꜝ☻ ≤ ─  

200ȋm 200ȋm 

(a)●ꜝ☻ 51ϴ         (b)●ꜝ☻ 103ϴ 

2-19. ─►◄Ɫ ─  
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ᵒ  ─ ↕⌐╟╢ ─ ┼─  

2- 20 ⌐ ─ ≤ ─ ╩ ∆⁹

╟╡⁸ │ ⅜ ↄ⌂╢↓≤≢⁸ ↕ↄ

⌂╢ ⅜№╢↓≤⅜ ⅛╢⁹↓↓≢⁸ 2- 21 ⌐

─꞉▬ꜘכ─ ╩ ∆⁹ (a) │

─ ⅜ 40ɡm─ ⁸ (b) │ ─ ⅜

15ɡm─ ╩∕╣∙╣ ∆⁹ ╟╡⁸ ─

⅜ 15ɡm─ ⌐│⁸40ɡm─ ╟╡╙꞉▬ꜘכ

⌐ ⇔ ╕╣≡™╢ ─ ⅜ ↄ⌂∫≡™╢↓

≤⅜ ⅛╢⁹╟∫≡⁸ ╩ ↄ ∆╢↓≤≢⁸

─ ⅜ ↕╣⁸꞉▬ꜘכ ─

⌐ ⇔ ╕╣√ ⅜ ↄ⌂╡⁸∕─ ⁸ ─ ⅜ ↕ↄ⌂∫√≤ ⅎ╠╣╢⁹ 

⌐⁸ 2- 22 ⌐ ─ ≤►◄Ɫ ─ ⌐≈™≡ ∆⁹ (a) │►◄Ɫ

↕⁸ (b) │►◄Ɫ ↕╩ ∆⁹ (a) ╟╡⁸►◄Ɫ

↕│ ─ ⅜ ↄ⌂╢↓≤≢⁸ ↕ↄ⌂╢↓≤⅜ ⅛╢⁹ (b) ╟╡⁸ ─

⅜ ↄ⌂╢↓≤≢⁸►◄Ɫ ↕│ ↕ↄ⌂╢↓≤⅜ ⅛╢⁹↓╣│ ╩

∆╢ 

 

 

 

 

 

 

─ ⅜ ↕ↄ⌂╡⁸꞉

כꜘ▬ ─ ⌐ ⅜ ↄ

⇔ ╕╣√√╘⁸►◄Ɫ

─ ─ ⅜ ⇔⁸

►◄Ɫ ─ ↕⁸

↕⅜ ↕ↄ⌂∫√≤ ⅎ╠╣

╢⁹ ─ ╟╡⁸ ─

╩ ↄ∆╢↓≤≢⁸

─ ⅜ ↕╣⁸

⅜ ↄ⌂╡⁸►◄Ɫ ─

↕≤ ↕⅜ ↕ↄ⌂╢↓≤⅜ ╠⅛≤⌂∫√⁹ 
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2-20. ╖≤ 

─  

─  

(a) ╖ 40ȋm          (b) ╖ 15ȋm 

2-21. ─꞉▬ꜘ ─  

(a) ↕        (b) ↕ 

2-22. ●ꜝ☻ ≤ ─  

100ȋm Indentation by diamond  Wire  
100ȋm 
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ₒ ₓ  ─ ─╕≤╘≤ ⌂ ╖ ╦∑─  

ᵑ ─ ─▪☻Ɑ◒♩ ≤►◄Ɫ  

 2- 23⌐ ─▪☻Ɑ◒♩ ╩ ↕∑≡ ⇔√ ─►◄Ɫ ─☻◒ꜝ♇♅ ─

╩ ∆⁹ (a)⌐▪☻Ɑ◒♩ ─ ↕™ ╩ ™≡ ⇔√ ─☻◒ꜝ♇♅ ⁸

(b)⌐▪☻Ɑ◒♩ ─ ⅝™ ╩ ™≡ ⇔√ ─☻◒ꜝ♇♅ ╩ ∆⁹↓╣╠╩

╢≤⁸ (b)╟╡⁸▪☻Ɑ◒♩ ─ ⅝™ ╩ ™≡ ⇔√ ─►◄Ɫ │꞉▬

ꜘ ≤ ⌐☻◒ꜝ♇♅ ⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹╕√⁸ (a)≢│⁸☻

◒ꜝ♇♅ ⅜ ⌂™↓≤⅜ ⅛╢⁹↓╣│⁸▪☻Ɑ◒♩ ╩ ↕ↄ∆╢≤►◄Ɫ ⌐

™☻◒ꜝ♇♅ ╩ ↕∑╢╟℮⌂ ─ ⅜ ∫√√╘⁸☻◒ꜝ♇♅ ╩ ≢⅝√

≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

(a)  ▪☻Ɑ◒♩  

 

 

 

 

 

 

 

 

 

 

 

 (b)▪☻Ɑ◒♩  

 2- 23. ─▪☻Ɑ◒♩ ≤☻◒ꜝ♇♅ ─   

 

100ȋm 
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ᵒ ⅜ ⌐◒כⱴכ♁─ ⅎ╢  

2- 24⌐►◄Ɫ ─ ╩ ∆⁹ (a)│ 0 5deg≢ ⁸

(b)│ 0 5degќ5 0deg≢ ⇔√ ─►◄Ɫ ≢№╢⁹ (a)⁸ (b)╩

∆╢≤⁸ 0 5degќ5 0deg≢ ⇔√ ─►◄Ɫ │ 0 5deg≢

⇔√ ►◄Ɫ ⌐ ═⁸☻◒ꜝ♇♅ ⅜ ⌂™↓≤⅜╦⅛╢⁹ 

 

ᵓ ⅜►◄Ɫ ⌐ ⅎ╢  

 2- 25⌐꞉▬ꜘ ─ ─⸗♦ꜟ ╩ ∆⁹ ╟╡⁸ ≤│⁸

⌐ ∆╢꞉▬ꜘ ─ ⌐ ∆╢ S ─ ╩ ⇔√ ≢№╢⁹

╩ ⅝ↄ∆╢≤⁸S ⅜ ⇔⁸ ─ ╘≤ ╦╡─ ⅜ ↕ↄ⌂╢⁹  

 

 

 

 

 

 

 

 

 

 

 

2- 24. ╩ ↕∑≡ ⇔√ ─►◄Ɫ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

2- 25. ─꞉▬ꜘ  

( a) 0.5deg ( b) 0.5degќ5.0deg 

100ȋm 

 
 

 
 

 
 

 

 

S  

 

꞉▬ꜘ  

꞉ ▬

ꜘ
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 2- 26⌐ ╩ ∑≡ ⇔√ ─►◄Ɫ ─ ↕╩ ∆⁹ ╟╡⁸

╩ 30%⌐∆╢≤ ─ ↕⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

╕√⁸  2- 27⌐ ╩ ↕∑√ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- 27. ≤ ↕─  

2- 26.  ≤ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- 27. ≤ ─  

20                          30 

V=1000m/min  
t=3.0s 
tc=12.0s 
Cs=0.10mm/m
in  
P=0.4mm 
a=0.5deg 
G=3ȋm 

V=1000m/min  
t=3.0s 
tc=12.0s 
Cs=0.10mm/m
in  
P=0.4mm 
a=0.5deg 
G=3ȋm 
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╟╡⁸ 30%│ 20%⌐ ═≡ ⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹

↓╣│⁸ ╩ ⅝ↄ∆╢≤⁸ ─ ╘≤ ╦╡─ ⅜ ↕ↄ⌂╡⁸꞉▬

ꜘ ─ ⅜ ↕ↄ⌂╢⁹∕─√╘⁸ 20%⌐ ═≡ ⇔√ ⅜

≤⌂╡⁸ ⅜ ⇔√≤ ⅎ╠╣╢⁹↓─ ╟╡⁸ ╩ 30%⌐∆╢≤⁸

⅜ ⇔⁸꞉▬ꜘ─√╦╖ ⅜ ↕ↄ⌂╢√╘⁸ ⅜ ∆╢⁹∕─ ⁸

─ ↕⅜ ⇔⁸ ⅜ ↕ↄ⌂∫√≤ ⅎ╠╣╢⁹ ╕√⁸ ─

℮⌡╡│╒≤╪≥ ⇔⌂⅛∫√⁹ 

 

ᵔ ⅜►◄Ɫ ⌐ ⅎ╢  

 ≤│⁸꞉▬ꜘ 0m/min ⅛╠ ≢ ⇔√꞉▬ꜘ ⌐ ∆

╢╕≢─ ≤⁸ ≢ ⇔√꞉▬ꜘ ⅛╠꞉▬ꜘ 0m/min ⌐⌂ 

 

  

 

 

 

 

 

 

 

 

2- 28. ≤ ↕─   2- 29. ≤ ℮⌡╡─  

 

╢ ─↓≤≢№╢⁹ 

2- 28⌐ ≤►◄Ɫ─ ↕─ ╩ ∆⁹ ╟╡⁸ ↕≢  

∆╢≤ ╩ ↄ⇔√ ─ ─ ↕⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

 2- 29⌐⁸ ≤►◄Ɫ─ ℮⌡╡─ ╩ ∆⁹ ╟╡⁸ 6

0s ─ ─ ℮⌡╡⅜ ╙ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹⇔⅛⇔⁸ ⅜│∫⅝╡

≤⇔≡™⌂™√╘⁸ ⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

 

ᵔ ⅜►◄Ɫ ⌐ ⅎ╢  

 ≤│⁸ ≢ ⇔√꞉▬ꜘ ╩ ⇔√╕╕⁸꞉▬ꜘ⅜ ⇔ ↑

╢ ─↓≤≢№╢⁹ 2- 30 ⌐ ≤►◄Ɫ ┘ ─ ╩ ∆⁹

(a)⅜ ⁸ (b)⅜ ↕⁸(c)⅜ ℮⌡╡╩ ∆⁹ (a)╟╡⁸  

V=1000m/min  

tc=12.0s 

R=30% 

Cs=0.10mm/min  

P=0.4mm 

a=0.5deg 

G=3ȋm 

V=1000m/min  

tc=12.0s 

R=30% 

Cs=0.10mm/min  

P=0.4mm 

a=0.5deg 

G=3ȋm 
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( a)                    ( b) ↕ 

 

 

 

 

 

 

 

 

 

 

(c ) ℮⌡╡ 

2- 30. ≤►◄Ɫ ┘ ─  

 

╩ ↕∑≡╙ │╒≤╪≥ ⅜⌂™↓≤⅜ ╠⅛≤⌂∫√⁹⇔⅛⇔⁸ (b)╟

╡⁸ ⅜ ↄ⌂╢≤ ↕⅜ ∆╢≤™℮↓≤⅜ ╠⅛≤⌂∫√⁹ 2-30(c)

╟╡⁸ ⅜ ↄ⌂╢≤꞉▬ꜘ ⁸ ≤╙⌐ ℮⌡╡⅜ ⇔≡™

╢↓≤⅜ ⅛╢⁹ 

 

ᵕ ►◄Ɫ─℮⌡╡  

 ─ ╩ ⌐ 2inch ─ SiC ▬fi◗♇♩╩☻ꜝ▬◦fi◓ ⇔⁸∕─≤⅝─►◄Ɫ─

℮⌡╡╩ ⇔√ ╩ 2- 31⌐ ∆ │ ─►◄Ɫ℮⌡╡≢⁸C │ 25.08mm⁸

Si │ 29.06 mm ╩ ⇔⁸30 mm╩ ╢►◄Ɫ⅜≢⅝√  

 

 

V=1000m/min  t=3.0s 
R=30% Cs=0.10mm/min  
P=0.4mm  a=0.5deg 
G=3ȋm 

V=1000m/min  t=3.0s 

R=30% Cs=0.10mm/min  

P=0.4mm  a=0.5deg 

G=3ȋm 

V=1000m/min  t=3.0s 

R=30% Cs=0.10mm/min  

P=0.4mm  a=0.5deg 

G=3ȋm 

     12                  24 

 tc s 
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2- 31. ▬fi♅►◄Ɫ─ ─ ℮⌡╡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C  

Si  
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ₒ3ₓ  ☿fi♃כ  

꞉▬ꜘכ♁כ⌐⅔↑╢ ─ ≈⌐₈꞉▬ꜘכ─ ₉⅜ →╠╣╢⁹ ꞉▬ꜘכ♁כ

│⁸ ⇔√ ─꞉▬ꜘכ╩ ≤⇔≡ ∆╢ ≢№╢√╘⁸ ⌐꞉▬ꜘכ⅜

∆╢≤ ─ ╩ ⌂ↄ↕╣╢≤ ⌐⁸ ┘ ┼─ ╛ ╡

⌐╟╢ ꜡☻⌂≥ ⌂ ⅜ ∆╢↓≤⌐⌂╢⁹ 

↓─↓≤⅛╠⁸꞉▬ꜘכ─ ╩ ↕∑⌂™↓≤⅜꞉▬ꜘכ♁כ─ ⌐≤∫≡

⌂ ≢№╢≤™ⅎ╢⁹≤↓╤⅜⁸ ⌐ ∆╟℮⌐ ╩ ⅝ ↓∆ │ ↄ⁸

╕√∕╣╠│ ⌐ ⇔≡™╢≤ ⅎ╠╣╢⁹ 

∕↓≢⁸ ≢│↓╣╕≢⌐ ╠╣√꞉▬ꜘכ─ ⱷ◌♬☼ⱶ─ ╩ ⇔⁸

√⌐ ╡ ╗ ≡™≈⌐כꜘ▬fi◓꞉▫♥כ◖ ╛ ╩ ™⁸

─ ≤ⱷ◌♬☼ⱶ ⌐≈™≡ ⇔√⁹ 

 

 

 

 

 

꞉▬ꜘכ ─  
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ⱴꜟ♅꞉▬ꜘ⁸│כ♁כ◘ⱨ□▬▪╛◦ꜞ◖fi≤™∫√ ╩▬fi◗♇♩

─ ⅛╠ ⌐ ∆╢ ≢№╢⁹ ╩ ⌐ ∆⁹꞉▬ꜘכ╩ ⅝─

╟℮⌂꞉כꜝכ꜡◒כ ≢ ≢ ╠∑ ╩ ∆╢ ⌐כꜝכ꜡⁹╢™≡∫⌂≥

⌐╙꞉▬ꜘכ╩ ↄ↓≤⌐╟∫≡⁸ ⌐ ─ ►◄Ɫ ╩ ∆╢↓≤⅜≢

⅝╢⁹ 

╕√♃◌♩ꜞ ⱴꜟ♅꞉▬ꜘכ♁כ─ ≤⇔≡⁸꞉כꜝכ꜡◒כ╩ ⌐ ↕∑╢

↓≤⌐╟∫≡ ┼─ √╡╩ ↕∑╢ ⅜№╢⁹꞉▬ꜘכ│ ꜟכꜞ─

⅛╠ ≢╕ꜟכꜞ─ ≢ ⅜∫≡⅔╡⁸ ╡≤ ⅝ ⇔╩⅔↓⌂™⌂⅜╠ ₁⌐

⇔™꞉▬ꜘכ⅜ ↕╣╢⁹ ─ ╩ ⌐ ∆⁹ 

 

  

. ⱴꜟ♅꞉▬ꜘכ♁כ    . ⱴꜟ♅꞉▬ꜘכ♁כ─  

 

 

ₒ3- 1ₓ ≢─  

25 │⁸ ─כꜘ▬fi◓꞉▫♥כ◖ ⌂ ╩ ∆╢√╘⌐⁸

⌐╟╢ ─ ╩ ∫√⁹ ⌐ ⇔≡│⁸▬fi☻♩꜡fi☺ꜗⱤfi◌fiⱤ♬▬ꜞⱵ

♥♇♪ ─ 5565 ╩ ⇔√⁹ ╩ ⌐ ∆⁹╕√⁸

꞉▬ꜘכ╩ ∆╢ ⌐│⁸ ─W- 5074M ꞉▬ꜘכ ╩ ™√⁹ ─

╩ ⌐ ∆⁹ 
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.    . ꞉▬ꜘכ  . ⸗♦ꜟ 

 

│⁸ ⌐ ∆ ╡ ─ⱪכꜞכ ╩ 150mm⁸ 10mm/min≤⇔⁸

)כꜘ▬fi◓꞉▫♥כ◖ 0.12mm)─ ╩ ⇔√⁹ 

⌐ ≤ ─꞉▬ꜘכ♁כ≢ ⌐ ↕╣≡™╢ ─♄▬ꜘ꞉▬

כꜘ ─ ≤╩ ⇔⁸ ─כꜘ▬fi◓꞉▫♥כ◖ ⌐≈™≡

╩ ∫√⁹ 

⌐ ╩ ∆⁹ ≥כꜘ▬fi◓꞉▫♥כ◖ ─♄▬ꜘ꞉▬ꜘכ─

╩ ∆╢≤⁸ ─כꜘ▬fi◓꞉▫♥כ◖ │♄▬ꜘ꞉▬ꜘכ╟╡╙

™↓≤⅜ ⅛∫√⁹↓╣│ ─ ™╙ ↕╣╢⅜⁸ ⅝ↄ│꞉▬ꜘכ╩ ∫≡™╢ⱷ

♇◐ ≤ ─ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹♄▬ꜘ꞉▬ꜘכ│♄▬ꜘ⸗fi♪

╩ ↕ 20ɡm─ Ni ⱷ♇◐≢ ⇔≡™╢√╘⁸∕─ⱷ♇◐ ╙ ╩ ∫≡™╢⁹

⁸ │כꜘ▬fi◓꞉▫♥כ◖ ─ ⅜ ↕5ɡm≤ ↄ⁸╕√ ─ ╙Ni ⱷ

♇◐ ╟╡╙ ↕™↓≤⅛╠⁸ ⅜ ℮ │╒≤╪≥⌂™⁹∕─√╘⁸♄▬ꜘ꞉▬

⌐כꜘ ═≡ ⅜ ↕ↄ⌂╢≤ ⅎ╠╣╢⁹ 

⌐⁸꞉▬ꜘכ─ ─ ≈≤ ⅎ╠╣╢₈꞉▬ꜘ₉╣∂⌡─כ⅜ ⌐ ╓∆

⌐≈™≡ ╩ ∫√⁹꞉▬ꜘכ╩ ⌐ ⁸꞉▬ꜘכ⌐⌡∂╡╩ ⅎ√ ≢

╩ ⇔√⁹⌡∂╡╩ ⅎ╢⌐ √∫≡│⁸꞉▬ꜘכ⌐ 20N─ ╩ ⇔√

≢ ∫√⁹ 

⌡∂╡ ≤꞉▬ꜘכ─ ≤─ ╩ ⌐ ∆⁹⌡∂╡ ─ ⌐ ™⁸

│ ╠⅛⌐ ∆╢ ⅜ ╘╠╣√⁹↓╣│⁸⌡∂╢↓≤≢꞉▬ꜘכ⌐ ⇔≡

─∑╪ ⅜ ╦╡⁸∕─ ≢№╢ ⅜ ⇔√≤ ⅎ╠
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╣╢⁹√∞⇔⁸ ∫√ ╩כꜘ▬fi◓꞉▫♥כ◖ ⌐ ⇔≡⌡∂╢ ≢

│⁸꞉▬ꜘכ⅜ⱪכꜞכ ≢ ╡╛∆ↄ⁸ ─╖≢⌡∂╢↓≤⅜ ≢№∫√⁹ ∫

≡⁸ ⅝ ⅝⌡∂╣─ ⌐≈™≡ ╩ ↑╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⌡∂╡ ≤  

 

43.88 43.66

37.83

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

(N)  

ű

38.75

37.89

35.88

33.51

31.60

30.62

28.00

30.00

32.00

34.00

36.00

38.00

40.00

0 5 10 15 20 25 30

ű
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26 │⁸₈ →₉⌐╟╢ ┼─ ╩ ∆╢√╘⌐ ╩ ∫√⁹ⱴꜟ

♅꞉▬ꜘ⁸│כ♁כ∕─ ⁸꞉▬ꜘכ⅜ ⱪ⁸כꜞכ꞉⁸כꜝכ꜡◒כ꞉▬ꜘכꜞ

⌐ꜟכ ⅛╣≡⅔╡⁸ ≢꞉▬ꜘכ⅜ ∆╢ ⅝⅜ ∆╢⁹∕─ ⁸꞉▬ꜘכ⌐

│ ─╟℮⌂₈ →₉─ ⅜ ™≡™╢≤ ⅎ╠╣╢⁹ 

ⱴꜟ♅꞉▬ꜘכ♁כ⌐꞉▬ꜘכ╩ ╡ ↑⁸ ╩ ⇔⌂™╕╕꞉▬ꜘכ╩ ↕

∑╢₈ ₉╩ ─╙≤≢ ™⁸ⱪ⁸כꜞכ꞉⁸כꜝכ꜡◒כ꞉▬ꜘכꜞכꜟ≢

→╠╣√꞉▬ꜘכ─◘fiⱪꜟ╩ ⇔√⁹◘fiⱪꜟ─ ╩ ⌐ ∆⁹╕√⁸

◘fiⱪꜟ─ ≤⇔≡ ─꞉▬ꜘכ≤ ╖─꞉▬ꜘ2כ ⌐ꜞ

⌐ꜟכ ↕╣√꞉▬ꜘ⁸כ ┘ ⌐ ⇔√꞉▬ꜘכ ╩ ⇔√⁹ 

 

 

 

 

 

 

 

꞉▬ꜘ₈─כ →₉─▬ⱷכ☺  

 

◘fiⱪꜟ─  

 

 

 

 

 

 

 

 

 

─◘fiⱪꜟ⌐≈™≡ ╩ ⇔⁸ ╩ ⇔√ ⌐ ∂╢꞉▬ꜘכ⌐

∆╢₈ →₉─ ┼─ ⌐≈™≡ ╩ ∫√⁹ ⌐ ⇔≡│⁸▬fi☻

♩꜡fi☺ꜗⱤfi◌fiⱤ♬▬ꜞⱵ♥♇♪ ─ 5582 ╩ ⇔√⁹

─ ╩ ⌐ ∆⁹ 

 

 

 

 

No.

1

2 1.0mm

3 2.0mm

4 25N

5 6.0sec

6 18.0sec

7

8
20N50mm

(ű0.12mm)

12.0sec

1.0mm

20N

20N

1.0m/min3.0sec1000m/min

1000m/min 3.0sec 1.0m/min 12.0sec
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◘fiⱪꜟ─  

   

─꞉▬ꜘכ≤ ╩ ∫√꞉▬ꜘכ─ ╩ ∆╢≤⁸ ⌐

│ ╠╣⌂⅛∫√⁹∕─√╘⁸ⱪכꜞכ ⌐╟╢ →╛⌡∂╡⅜⁸ ▬fi◓꞉▫♥כ◖

─כꜘ ⌐ ╓∆ │ ⌂™≤ ⅎ╠╣╢⁹⇔⅛⇔⁸ ╖─꞉▬ꜘכ⌐⅔™

≡│ ─ ⅜ ↕╣√⁹ ╖꞉▬ꜘכ─ ╩ ∆╢≤⁸ ╛

─꞉▬ꜘכ⌐ ═ ↄ⌂∫≡⅔╡⁸ ─ ™⅜ ⌐ ⇔√≤ ⅎ╠╣╢⁹ 

 

ₒ3- 2ₓ꞉▬ꜘכ  

25 │⁸o 3- 1ₓ─ ≢ ⇔√꞉▬ꜘכ─ ╩ ⌐≡ ⇔

√⁹╕√⁸꞉▬ꜘכ─ ─ ⌐≈™≡╙ ╩ ⇔√⁹ 

⌐ ─ ╩ ∆⁹ │◌♇ⱪ▪fi♪◖כfi ─ ╩

⇔≡⅔╡⁸∕─ ⌐♦▫fiⱪꜟ( ↕⌂ↄ╓╖─ )⅜ ≢⅝╢⁹↓─

⅛╠⁸ ≢№╢≤ ↕╣╢⁹√∞⇔⁸⌡∂╡─ ⌐╟╢ ─ ⌐│

⅝⌂ │ ╘╠╣⌂⅛∫√↓≤⅛╠⁸ ⅛╠⌡∂╡─ ╩ ∆╢↓≤│≢⅝

⌂⅛∫√⁹ 

⁸ ⌐ ⇔√ ─꞉▬ꜘכ ≢│⁸⌡∂╡─ ⌐╟╡ ╠⅛⌂

⅜ ╘╠╣√⁹∆⌂╦∟⁸⌡∂╡╩ ⅎ⌂™꞉▬ꜘכ─ ⌐ ╠╣╢ ⅜꞉

─כꜘ▬ ≤ ≢№╢─⌐ ⇔⁸⌡∂╡╩ ⅎ√꞉▬ꜘכ ⌐ ╠╣╢

│ ⌐ ⅜№╢↓≤⅜ ⅛∫√⁹↕╠⌐⁸⌡∂╡ ─ ⌐ ∫≡ ⅜

⌐⌂╢↓≤⅜ ⅛∫√⁹↓─↓≤⅛╠⁸ ─꞉▬ꜘכ ╩ ∆╢↓≤≢⁸⌡

∂╡⅜꞉▬ꜘכ⌐ ╓⇔≡™╢ ─ ⅝↕╩ ≢⅝╢≤ ↕╣╢⁹ 
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꞉▬ꜘכ─  

 

   

   

   

   

꞉▬ꜘכ─ ─  
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26 │⁸ ≢ ═╢ ─꞉▬ꜘכ─ ─ ╩ ∫√⁹⌂⅔⁸

⌐⅔™≡ ⇔⌂⅛∫√꞉▬ꜘ⁸│≡™≈⌐כ ⌐ ⌐╟∫≡

↕∑√⁹ ⌐ ≢ ↕∑√ ╩ ⁸ ⌐

⇔√ ╩ ⌐ ∆⁹ ─ ≤⇔≡⁸꞉▬ꜘכ⌐ ≤⇔≡ 20N

─ ╩ ⅎ√ ⅛╠ 12N─ ╩ ⅎ√⁹ │ ╡ ⇔ 1000 ≢ ∟ ∫√

⅜⁸╙℮ │ ⌐ ╢╕≢ ╩ ⇔√⁹ 

╩ ╢≤⁸ ⌐ ─ ─ ≢№╢♦▫fiⱪꜟ≤ ┌╣╢ↄ╓╖

⅜ ⇔≡™╢↓≤⅜ ≢⅝╢⁹↓╣│ ╩ ∫≡™⌂™꞉▬ꜘכ─

─ ≤ ∂ ≢№╢⁹⇔⅛⇔⁸ ╩ ╢≤⁸♦▫fiⱪꜟ─ │ ╠╣∏⁸

⌐ ─ ╛ ╩ ⇔√⁹↓─ ─ │☿ⱷfi♃▬♩ ≤ ⅎ╠╣≡™

╢⁹☿ⱷfi♃▬♩│ ↄ≡ ™ ≢№╢√╘⁸ ⌐╟╡∕─−™ ⌂ ⌐ ╣⅜

∂√≤ ⅎ╠╣╢⁹↓─╟℮⌂ ╩ ∆╢↓≤≢⁸꞉▬ꜘכ⅜ ≢ ⇔√⅛

╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

 

⌐ ≢ ↕∑√꞉▬ꜘכ─  
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⌐ ⇔√꞉▬ꜘכ─  

 

ₒ3- 3ₓ ─  

26 │⁸ ⌐ ⇔√꞉▬ꜘכ ─ ─ ⅛╠⁸ ─ ⌐╟

╢₈ ₉⌐ ⇔√⁹ ⌐│⁸ ⅜ ⌐ ╓∆ ╩ ∆╢√╘⌐

)כꜘ▬fi◓꞉▫♥כ◖ 0.12mm)⌐ ⇔ ─ ⁸ ╩ ∫√⁹

⌐ ⇔≡│⁸▬fi☻♩꜡fi☺ꜗⱤfi◌fiⱤ♬▬ꜞⱵ♥♇♪ ─ E10000

╩ ⇔√⁹ ⁹╕√⁸꞉▬ꜘכ─ ⌐ ⇔≡│⁸ ∂ↄ▬fi☻♩꜡

fi☺ꜗⱤfi◌fiⱤ♬▬ꜞⱵ♥♇♪ ─꞉▬ꜘכ W- 5074M╩ ™√⁹

⌐╟╢◘fiⱪꜟ │⁸ ─ ╩ 100mm≤⇔⁸꞉▬ꜘכ┼─

⅔╟┘ ╩ - ⌐ ⇔√ ⌐ ⇔√⁹ ─ ╩ 0.1Hz≤⇔⁸

╡ ╡ ⇔ ╩ 1000 ≤⇔√⁹ 

≢ ⇔√ ꞉▬ꜘכ◘fiⱪꜟ╩ ⌐≡ ↕∑⁸∕─ ─

╩ ⇔√⁹∕─ ╩ - ⌐ ∆⁹ 
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          ꞉▬ꜘכ  

              

꞉▬ꜘכ  

 

 

 

 

 

 

 

 

꞉▬ꜘכ─  

 

 

 

 

 

 

 

       β ─ │(N)⁸×│ ⅜ 1000 ≢  

 

20

25

30

20 37.82 37.79 37.85 37.84 37.58 37.85

25 37.89 38.06 37.94 37.75 37.90

30 38.04 38.66 38.66
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≤⇔≡⁸ ⌐⅔™≡ ╩ ⇔≡╙ ─ │ ↕╣∏⁸

⌐╟╢ ┼─ │ ™↓≤⅜ ⅛∫√⁹ 

 √∞⇔⁸20±17.5N─ ─╖⁸1000 ≢ ⇔√⁹↓╣│ ⅜ ≤

╒╓ ∂≢№╢√╘⁸ ⅜ ╩ ⅎ√≤ ⅎ╠╣╢⁹∕↓≢⁸ 20N⌐⅔™

≡ ╩ ↕∑⁸ ⌐ ╢╕≢ ╩ ⇔√⁹∕─ ╩ ⌐ ∆⁹ 

 

⌐ ╢  

 

 

  

β₈₃₉│ 20000 ≢ ∑∏⁹ 

    

⅜ 10N ≢│ │ ↕╣⌂⅛∫√⅜⁸12N╩ ⅎ╢≤ ⅜

≢╙ ∆╢↓≤⅜ ↕╣√⁹∕─√╘ ─ ─√╘⌐│⁸ ∆⌂╦∟ ─

╩ ⅎ╢ ⅜№╢≤™ⅎ╢⁹ 

 

ₒ3- 4ₓ꞉▬ꜘכ ⌐≈™≡─ ה  

26 │⁸꞉▬ꜘכ─ ⌐≈™≡⁸ ⅜ ≤⌂∫≡™╢╙─⌐≈™≡ ╩

™≡ ╩ ∫√⁹ 

(1) ⱪכꜞכ─ ─  

─♄▬ꜘ꞉▬ꜘכ╩ ™√꞉▬ꜘ⁸│≢כ♁כⱪכꜞכ─ ⅜ ─

≈≤⇔≡ →╠╣≡™╢⁹ⱪכꜞכ≤꞉▬ꜘכ─ ⌐ ⅜ ∂╢↓≤≢∆═╡⅜

⇔⁸ ─╟℮⌐ⱪכꜞכ─ ⅜ ⌐ ╠╣╢⁹ ♄▬ꜘ꞉▬

╩כꜘ ™√꞉▬ꜘ⁸│≢כ♁כ∕─ ╩ⱪכꜞכ⅜ ∆╢↓≤≢⁸꞉▬ꜘכ⅜⌡∂

╠╣⁸ ⌐ ╢≤ ⅎ╠╣≡™╢⁹ 

26 ─ ≢│⁸↓─╟℮⌂ ⅜ ≡™⅔⌐כꜘ▬fi◓꞉▫♥כ◖

╙ ⇔≡™╢⅛╩ ⇔√⁹ 

─ ⌐≈™≡ ═╢⁹╕∏⁸ ─ⱪכꜞכ─ ╩ ∆╢⁹ ⌐꞉▬

╩כꜞכⱪ≥כꜘ ╡ ↑√ ≢ ─ ╩ ⇔⁸ ─ⱪכꜞכ─

╩ ∆╢⁹↓╣╠─ ⅛╠⁸ ─ⱪכꜞכ─ ≤ ─ⱪכꜞכ

─ ≤╩ ⇔⁸꞉▬ꜘכ ⌐╟╢ ╢↑⅔⌐כꜘ▬fi◓꞉▫♥כ◖ ─

╩ ∆╢⁹⌂⅔⁸ ─ │ ⌐ ∆ Steinbichler Optotechnik ─

COMET5 11M╩ ⇔√⁹ 

 

 

 

20 2,640 4,137 2,534 1,608
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ⱪכꜞכ─       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╩ ⌐ ∆⁹ ─ │ ─ ─ ╩ ≢

⇔√╙─≢№╡⁸ │ ─ ╩ ⇔√╙─≢№╢⁹ ╩

╣┌ ⅛╢╟℮⌐⁸ ≢─ ─ │ ≢⅝⌂⅛∫√⁹≈╕╡⁸ ─

⌐╟∫≡ⱪכꜞכ─ │ ⇔⌂⅛∫√⁹⇔√⅜∫≡⁸ fi◓꞉▫♥כ◖

─כꜞכⱪ⅜כꜘ▬ ╩ ∆╢∞↑≢│ⱪכꜞכ─ │ ∑∏⁸ⱪכꜞכ─

╙╦∏⅛≢№╢≤ ⅎ╠╣╢⁹ 

∕─ ⁸ ⅛╠ⱪכꜞכ─ ⅜ ⇔≡⅔╡⁸ ≤⇔≡ ⇔≡™╢↓

≤⅜ ⅛∫√⁹ⱪכꜞכ⅜ ⇔√ ≤⇔≡⁸꞉▬ꜘכ♁כ≢ ™╠╣╢ ⅜ⱪ

⌐כꜞכ ╖ ╪∞↓≤⅜ ⅎ╠╣√√╘⁸ ─ ≈─ ╩ ∫√⁹ 
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ᵑ꞉▬ꜘכ ─ⱪכꜞכ─ ╡ ↑ ─  

ᵒⱪכꜞכ╩ ⌐ ⇔⁸ ⁸ ⁸ ⌐  

 

ᵑ꞉▬ꜘכ ─ⱪכꜞכ─ ╡ ↑ ─  

    ꞉▬ꜘכ ─ⱪכꜞכ─ ╡ ↑ │ ─╟℮⌐⌂∫

≡™√⁹∕─ ╩ ⌐ ∆⁹ ≤ ╩ ╢≤ⱪכꜞ

─כ ≤ⱪכꜞכ≤─ ⌐ ⅜№╢⁹↓─ │꞉▬ꜘכ ⌐│ ╠╣⌂⅛

∫√↓≤⅛╠⁸ ─꞉▬ꜘכ ⌐ⱪכꜞכ─│╘ ╖⅜ ↄ⌂∫√≤

ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

─ⱪכꜞכ ╡ ↑    

 

ᵒⱪכꜞכ╩ ⌐ ⇔⁸ ⁸ ⁸ ⌐  

꞉▬ꜘכ♁כ⌐ ╦╣╢ ╩ √⇔√ ╩ ⇔⁸∕─ ⌐⁸♩ꜝⱣ

כ◘כ ⱪ⁸≥כꜞכ♥fi◦ꜛfiⱪכꜞכ╩ ╣╢⁹ ╣√ ⁸ ⁸

⁸ ⌐ⱪכꜞכ─ ≤ ╩ ∆╢⁹ ╩

⁸ ⌐ ∆⁹↓↓≢⁸ │♩ꜝⱣכ◘כ ⱪכꜞכ─

╩ ⇔⁸ │♥fi◦ꜛfiⱪכꜞכ─ ╩ ∆⁹ 

 

♩ꜝⱣכ◘כ ⱪכꜞכ─  

 

 

 

 

 

 

 



 

63 

♥fi◦ꜛfiⱪכꜞכ─  

 

 

 

 

⅛╠⁸♩ꜝⱣכ◘כ ⱪכꜞכ─ ≤ │≤╙⌐ ⇔≡⅔╡⁸

⌐│ ⅜ ╕∫≡™╢↓≤⅜ ⅛╢⁹ │ ≢ 0.11 mm⁸ ≢

0.04 mm≢№╢⁹ ⅛╠⁸♥fi◦ꜛfiⱪכꜞכ╙ ⌐ ≤ │≤╙⌐

⇔≡⅔╡⁸ ⌐│ ⅜ ╕∫≡™╢⁹╕√⁸ │ ≢ 0.11 mm⁸

≢ 0. 11 mm≢№╢⁹ ─ ⅜ 0.02 mm≢№╢↓≤⁸ ┘⁸ ⌐⅔™≡

ⱪכꜞכ⌐☻ⱪ꜠כ╩ ⇔√↓≤⌐╟╢ ╩ ⇔≡╙⁸ ─ⱪכꜞכ─

│ 0.1mm ⇔√≤ ⅎ≡╟™⁹ 

⌐⅔™≡⁸ⱪכꜞכ⅜ ⇔√ ╩ⱪכꜞכ─ ⌐№╢≤ ⅎ≡™╢⁹

≢ ↕╣≡™╢ⱪכꜞכ─ │►꜠♃fi≢⁸►꜠♃fi─ ─ ⌐│

╩ ™ ╖⁸ ↕╣≡ ∆╢╙─⅜№╢⁹꞉▬ꜘכ♁כ≢ ╦╣≡™╢ⱪ

╙כꜞכ ─ ╛ ╩ ⌐ ™ ╖⁸ ⇔√ ⅜ ™⁹╕√⁸∕

─ ─ ≤⇔≡ └∏╖╙ ⅎ╠╣╢⁹ 

ⱪכꜞכ⅜ ∆╢↓≤╩ ≢⅝√⅜⁸ⱪכꜞכ─ ⅜ ─ ≢№╢─

⅛ ⇔≡™⌂™⁹⇔⅛⇔⁸ⱪכꜞכ─ ⅜ ≢ ™╠╣≡™╢∆═≡─

ⱪכꜞכ≢ ≤│ ╠⌂™√╘⁸ⱪכꜞכ─ ⌐╟∫≡꞉▬ꜘ⁸⅜כ ⁸

⇔√ ╩ ╠⌂™ ⅜№╡⁸∕╣⅜ ┼─ ╩ ╓∆↓≤╙ ⅎ╠

╣╢⁹╕√⁸ⱪכꜞכ─ ─┌╠≈⅝⅜ ─┌╠≈⅝⌐ ╩ ⅎ╢↓≤╙

ⅎ╠╣╢⁹⇔√⅜∫≡⁸ⱪכꜞכ─ │ ⌐ ∆╢≤ ⅎ╠╣⁸ ─

≤ⱪכꜞכ─ ⅛╠⁸►꜠♃fi⌐ ╖ ╕⌂™ ╕√│ ⅜ ╖

╕⌂™ⱪכꜞכ─ ⌐ ∆╢ ⅜№╢⁹ ⅎ┌⁸ⱪכꜞכ⅜꞉▬ꜘכ─

⌐╟∫≡ ⇔⌂™↓≤⅜ ↕╣√─≢⁸ⱪכꜞכ╩▪ꜟⱵ⌂≥ ─ ≢≢

⅝√╙─⌐ ∆╢↓≤╙ ≢№╢≤ ≢⅝╢⁹ 

 

( 2)꞉כꜝכ꜡◒כ─ ─  

ⱴꜟ♅꞉▬ꜘכ♁כ≢│ ⌐ ∆꞉כꜝכ꜡◒כ⌐ ⌐╙꞉▬ꜘכ╩

⅝ ↑╢√╘⁸꞉כꜝכ꜡◒כ⌐│ ⅎ∏ ⅝─ ⅜⅛⅛∫≡™╢≤ ⅎ╠╣╢⁹

∕─ ⅝─ ⌐╟╡⁸꞉כꜝכ꜡◒כ⅜ ⇔≡™╢ ⅜№╢⁹ ─

√╘⌐│⁸ ─ ⇔√ ⅜ ≢№╡⁸ ⌐⅔™≡꞉כꜝכ꜡◒כ⅜≥─

╟℮⌂ ╩ ⇔≡™╢─⅛ ∆╢↓≤⅜ ≤⌂╢⁹∕↓≢⁸ ⌐ ∆

☻fi◄כ◐ כ◙כ꜠─ ☿fi◘ IL - S025 ╩ ™≡ ─꞉כ꜡◒כ

─כꜝ ╩ ™⁸∕─ ⌐╟∫≡꞉כꜝכ꜡◒כ─ ╩ ≢⅝╢⅛
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╩ ∫√⁹ 

│ ─≤⅔╡≤⇔⁸ ◘fiⱪꜟ⌐ ⇔꞉▬ꜘכ ╩ ↕∑⁸

─כꜝכ꜡╢↑⅔⌐ ╩ ⇔√⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    ꞉כ◙כ꜠      כꜝכ꜡◒כ ☿fi◘ 

 

 

 

 

 

 

 

 

 

◘fiⱪꜟᵑ│ ♥☻♩◌♇♩⌐ ⇔√ ≢ ─ ╩ ∫≡™╢꞉כ

⁹╢№≢כꜝכ꜡◒ ╡╟⌐כ♃כ⸗│ ∆╢⅜⁸ │ ≤⌂∫≡™╢⁹◘

fiⱪꜟᵒ│ ─꞉⁸╡№≢כꜝכ꜡◒כ◘fiⱪꜟᵑ≤─ ─√╘ ⇔ 

√⁹╕√ ─ ⅜ ⌐ ∆╢⅛╩ ∆╢√╘⁸ ⌐ ↕╣≡

™╢●▬♪─ ╙ ∫√⁹ 

⌐⅔↑╢꞉▬ꜘכ ─ ╩⁸ 0mm/min⅛╠3 ─ ⁸

∕─ ╩ 12 ∞↑ ∟⁸3 ≢ 0mm/min╕≢ ∆╢≤⇔√⁹⌂⅔⁸

꞉▬ꜘכ⅜ ⇔≡™╢ 18 ╩ ∆╢⁹ ≢│⁸ ≤⇔≡ ≤

⌂╢ ╩ ╡ →⁸ ≤⌂╢ ╩ ⅎ≡꞉▬ꜘכ─ ╩ ™⁸
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∕─ ↔≤⌐ ╩ ℮⁹ ≤⌂╢ ╩⁸5m/min⁸ ┘ 100m/min

⅛╠ 1000m/min╕≢ 100m/min ╖≢ ∆╢⁹ ─ ╩⁸ ⁸

⁸ ┘ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵑ- 1꞉כꜝכ꜡◒כ ( )─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵑ- 2꞉כꜝכ꜡◒כ ( )─  
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ᵒ꞉כꜝכ꜡◒כ ( )─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵓ●▬♪─  

 

╩ ╢≤⁸ᵒ ⌐♪▬●⁸ᵓכꜝכ꜡ ═≡⁸ᵑ ─כꜝכ꜡

⅜ ⅝™↓≤⅜ ⅛╢⁹↓╣│ ⅜ m/min─ ⌐╙ ⅜ ⅝™↓≤

─כꜝכ꜡⁸╠⅛ ⌐╟╢ ╛ ╣╙ ─ ≈∞≤ ⅎ╠╣╢⁹ 
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⌐כꜝכ꜡─╖ ∆╢≤⁸꞉▬ꜘכ ─ ⁸ ⌐ ⅜ ⅝ↄ

⌂∫≡™╢↓≤⅜ ⅛╢⁹↓─ │ ≢№╢꞉כꜝכ꜡◒כ (L) ─ ⅜⁸

≢№╢꞉כꜝכ꜡◒כ (u) ╟╡╙ ⌐ ╟⌐כ♃כ⸗⁸╘√╢™≡⇔

╢ ⅜ ⅎ╠╣╢⁹ 

≢כꜝכ꜡─╣∙╣⧵√╕ ⌂ ╣⅜ ≢⅝√⁹ ⌐ ∆╟℮⌐⁸

─꞉▬ꜘכ ⌐ ─ ╣⅜ ⅝ↄ⌂╢ ╩ ⇔√⁹↓╣╠─ ⌂

╣⅜꞉▬ꜘכ─ ╛⁸ ⌐ ∆╢⅛│⁸ ⅜ ≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

⌂ ╣ 
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ₒ ₓ ─  

♃◌♩ꜞ  

 

⌐│ 1 ╩ⱴכ♥≥ ⇔√⅜⁸ ╩ ╡ ↑≡ ∆╢↓≤⅜ ≢№∫√⁹

∕─√╘⁸ ─ ≤™℮ ╖≢ ⌐ ⇔≡│ ∆╢⁹ 

 

(1)   

4 1─ ⌐╟╢♥☻♩ ⅛╠⁸ ⌐╟╢ ─כꜘ▬fi◓꞉▫♥כ◖

┘ ─ ─ ⅜╖╠╣√⁹↓─↓≤⅛╠⁸ (MWS- 44SN)╩ⱬכ

☻≤⇔√ ─ ─ ╩ ╘√⁹ ─ ╩ 4 2⌐ ∆⁹ │⁸

ꜝfi♬fi◓◖☻♩ ─√╘⌐ ╩ ⌂℮↓≤╩ ⇔≡™√⅜⁸ ⌐╟╢

ⱷꜞ♇♩╩ ∆╢ ≢ ╩ ╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) ꞉כꜝכ꜡◒כ ─  

┼─ ≤⇔≡⁸꞉כꜝכ꜡◒כ ≢│◑▪

─ ╩⅔↓⌂∫√⁹↕╠⌐⁸ ─ ⌐꞉כ꜡◒כ

╩כꜝ ⇔≡ ⅛∆√╘⌐ ─ⱬꜟ♩─

╩⅔↓⌂∫√⁹ 4 3─╟℮⌐ ╩ ∫√↓≤⌐

╟╡ 1000m/min≢─  ( 40 3▬fi♅

 ) ⅜ ⌐⌂∫√⁹ 

 

 

4 3. ⱬꜟ♩ ─  

4 1. (MWS-21) 

 

4 2.  

(MWS-44SN 1000m/min ) 



 

69 

 

(3) ♩ꜝⱣכ◘─  

─♩ꜝⱣכꜞ)◘כꜟ┼─꞉▬ꜘכ─ ⅝≈↑ )≢│⁸ 1000m/min≢

↕∑╢≤꞉▬ꜘכ─ ⅝≈↑ ⅜ ⌐ ↕╣⌂⅛∫√⁹ ⌐│⁸ ⅝≈↑

⅜ ⌐ ↕╣⌂™↓≤≢ ─ ─ ⁸ⱪכꜞכ┼─꞉▬ꜘכ─ ╡⅜ ⌂™√

╘ⱪכꜞכ⅛╠꞉▬ꜘכ⅜ ╣╢ ⅜ ↄ ⇔√⁹∕─ ≢⁸ 4- 4⌐ ∆╟℮⌂

꞉▬ꜘכ─ ⅜ ╙ ↕╣√⁹ ≤⇔≡⁸♩ꜝ

Ᵽכ◘ ┼─꞉▬ꜘכ─ ╡ ( ↕)⌐╟╢╙

─∞≤ ≢╦⅛∫√⁹ ─♩ꜝⱣכ◘ ≤

─♩ꜝⱣכ◘ ╩ 4- 5⌐ ∆⁹∕─√╘⁸

≢│ ≢ ⇔√╟℮⌐ ╩ ∆╢↓≤⌐

⇔√⁹ ≤⇔≡⁸ ⌐꞉▬ꜘכ⅜ⱪכꜞכ⅛

╠ ╣╢ ─ ⅜ √⁹↓─↓≤⅛╠⁸

⌐ ↑≡│⁸♩ꜝⱣכ◘ ┼─꞉▬ꜘכ─ ╡

╩ ╛∆↓≤⅜ ≢№╢≤™℮ ╩ √⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─  ─  

4- 5.  ≤ ─♩ꜝⱣכ◘  

4- 4. ⱪכꜞכ─  
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(4  ⱪכꜞכ ─  

≢│⁸ⱪכꜞכ⅜ ∆╢≤™℮ ≢ ╩⅔↓⌂℮↓≤⅜ ─

⌂⅛∫√⁹∕─√╘⁸ ⌂ⱬ▪ꜞfi◓╩ ⇔≡™√⁹⇔⅛⇔⁸꞉▬ꜘכ─

╩ ⌐∆╢℮ⅎ≢ⱬ▪ꜞfi◓─ ⅔╟┘ ─ ╩⅔↓⌂∫√⁹ ⁸

⌐⅔™≡ꜝ☺▪ꜟ ─Ⱪ꜠⅜ ⌐⌂╢↓≤⅜╦⅛∫√⁹∕↓≢ꜝ☺▪ꜟ ─Ⱪ

꜠─ ⌂™ⱬ▪ꜞfi◓╩ ⇔ⱪכꜞכ ─ ╩⅔↓⌂∫√⁹╕√⁸ⱬ▪ꜞfi◓─

╩ ╠⇔ ╩ √∆↓≤╩ ⇔≡ⱪכꜞכ─ ╩ ⇔√⁹↕╠⌐⁸ⱪכꜞכ

╩ ⅝ↄ∆╢↓≤≢⁸꞉▬ꜘכ≤─ ⌐╟╢ⱪכꜞכ─ ╙ ⇔√⁹ 

 

( 5 ─ ╣─  

╩ ∆╢⌐№√╡⁸☻ꜝ▬◦fi◓♥☻♩≢ ⌐⌂∫≡™╢ ╣─ ╩

∫√⁹╕∏⁸ CAD≢ⱡ☼ꜟ─⸗♦ꜟ╩ ⁹ ⇔√⸗♦ꜟ⌐⁸ ⌐ ╩ ∆↓≤

⅜ ╢Autodesk simulation CFD≢ ─ ╩ ⇔≡ ╣─ ╩╖√⁹∕─ ⌐≈™

≡ ═╢⁹ 4 6│⁸ ≢ ⇔≡™╢ ⱡ☼ꜟ─CAD ≢№╢⁹ⱡ☼ꜟ─ │⁸2

≤⌂∫≡™╢⁹ 8 ─ ⅛╠ ╩ ⇔≡⁸ 5 ─ ≢ ∫√ ─

☻ꜞ♇♩⅛╠ ⅜ ↕╣╢ ≤⌂∫≡™╢⁹ ─ ≢⁸↓─2 ─ ⌐ ⌂

╩∆╢≤ ╩ ⌐ ∆↓≤⅜ ╢╟℮⌐⌂∫≡™╢⁹⇔⅛⇔⁸↓╣╠╩ ⌐

∆╢↓≤⅜ ≡™⌂⅛∫√↓≤⅛╠⁸◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤≢⁸ ─ ≤◦Ⱶꜙ꜠

fiꜛ◦כ ≤─ ╩ ⇔√⁹ 

 

ᵑ  ◦Ⱶꜙ꜠כ◦ꜛfi  

╕∏⁸ │⁸  60L/min ≤⇔≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹◦

Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√ ⱡ☼ꜟ│⁸ ─ⱡ☼ꜟ⁸ ╩ ⅎ√ ⱡ☼ꜟ⁸ ⱡ☼

ꜟ╩↕╠⌐ ⇔√CAD⸗♦ꜟ─╖─ⱡ☼ꜟ╩ ⇔√⁹ ⌐ ⇔≡│⁸ⱡ►Ɫ► ⌂ ⅜

ↄ ⇔⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

 

100mm
200mm

300mm
350mm

ךּ

ךּ

4 6.  ⱡ☼ꜟ─CAD  
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ᵒ  ◦Ⱶꜙ꜠כ◦ꜛfi  

 

╟╡ ™ ╩ (0mm)≤⇔⁸ ╟╡ ™ ╩(350mm)≤⇔≡◓ꜝⱨ╩ ⇔

√⁹ 4 7╩ ∆╢≤⁸ ─ⱡ☼ꜟ≢─ 0mm ≤ 350mm ─ ─ ╟╡╙⁸

╩ ⅎ√ ⱡ☼ꜟ≢─ ─ ⅜ ↕ↄ⌂∫≡™╢↓≤⅜╦⅛╢⁹◦Ⱶꜙ꜠כ◦ꜛ

fi ⌐ ⇔√⸗♦ꜟ≢│⁸↕╠⌐ ─ ⅜ ↕ↄ⌂∫≡™╢⁹↓─↓≤⅛╠⁸ ⌐

⇔√ ─ ⅜ √≤ ⌐⁸ √⌐ ⇔√CAD⸗♦ꜟ≢│⁸

⅜↕╠⌐ ↕ↄ⌂╢ ╩ √⁹↓─↓≤⅛╠⁸ ⅔╟┘ ⱡ☼ꜟ─

╩ ⅔╟┘ ≤™℮ ≢ ⇔≡⁸™ↄ╠─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢↓

≤≢ ─ ⅝™ ⅔╟┘ ⌐ ↕╣⌐ↄ™ⱡ☼ꜟ─ ⅜ ╢─≢│⌂™

⅛≤ ⅎ≡™╢⁹ ─ ⌐⅔™≡╙ ⌐ ™ ≢ ─ ⅜ ⌂™↓≤⅛╠

⅜≤╣≡™╢↓≤⅜╦⅛∫√⁹ 
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4 7. ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢☻ꜞ♇♩⅛╠─  
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ᵓ  ─ ⅜ⱡ☼ꜟ⌐ ⅎ╢ ─  

 

 ─ ⌐╟╡ⱡ☼ꜟ⅛╠─ ╣⅜ ∆╢↓≤⅜╦⅛∫≡™╢⁹ fi▫♥כ◖

◓꞉▬ꜘכ≢ ⇔≡™╢ ⌐ ⇔≡╙⁸ ≤ ≢⁸ ─ ⅜ ↕╣

√⁹↓─↓≤⅛╠⁸ ─ ™⅜ⱡ☼ꜟ⅛╠ ↕╣╢ ─ ⌐ ╩ ⅎ╢

╩◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ⇔√⁹ 4 8⌐∕─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√─│ ╩ ⅎ√ ⱡ☼ꜟ≢№╢⁹ │⁸

4 8⌐  30L/min≢ ╩ ⇔√ ⌐│⁸ ⌐ ™ ─ ⅜

™≤™℮ ╩ ⇔√⁹⇔⅛⇔⁸ ╩ →╢≤ ⌐ ™ ─ ⅜ ⇔⁸ ⌐

╟∫≡│ ⅜ ⅜╢≤™℮ ╩ √⁹≈╕╡⁸ ─ ↕™ ⌐⅔™≡│ⱡ☼ꜟ

─ ─ ↕⅜ ─ ⌐ ∆╢⁹↓─↓≤⅛╠⁸ ⅜☻ꜞ♇♩⅛╠ ↕╣

╢ ─ ⌐ ∆╢↓≤⅜╦⅛∫√⁹ ⇔√ ─ ╣⅜⁸ ⌐ ⅝

ↄ ∆╢≤─ ⅎ─╙≤ ╩ ∫√⁹⇔⅛⇔⁸ ╛ ≢ ╩ ╘≡™

ↄ≤ ─ ╣ ⌐ ╩ ╓∆ ⅜ ™↓≤⅜ ⅎ≡⅝√⁹∕─√╘⁸ ─

≤─ ╩ ╢√╘⌐ ⱡ☼ꜟ─ │ ∑∏⌐ ╩ ╘√⁹√∞⇔⁸

╠╣√ │ ─ ≢ ⌂ ≤⌂╡ⅎ╢⁹ 
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4 8. ─ ─  
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ₒ ₓ ─ ≤ ─ ─  

♃◌♩ꜞ  

 

ₒ ₓ ─ כꜞꜝ☻⁸ ⁸ ─  

 

 (1)  ─ ⌂ ⌐ ↑≡ 

⁸│≢כꜘ▬fi◓꞉▫♥כ◖ ⌐♄▬ꜘ⸗fi♪ ╩ ≥כꜞꜝ☻√∑↕

┬ ╩ ⇔≡▬fi◗♇♩╩ ∆╢⁹∕─√╘⁸ ⌐ ⇔≡™╢♄▬ꜘ⸗fi

♪ ─ ╩ ↕∑╢↓≤⅜ ≢№╢⁹≈╕╡⁸ ⌐ ⅜ ∆╢↓≤│

─ ╩ ⅝ ↓∆ ≤⌂╢⁹↓─↓≤⅛╠⁸ ╩ ™≡ ≢─

─√╕╡╛∆↕╩ ⇔√⁹ ─ ≤⇔≡│⁸└≤≈│ ─ ⌐ ⇔

√ ≢ ╩ ⇔⁸ ⅛⇔√ ⌐ ⌐╟╡ ─√╕╡ ╩ ∆╢≤

™℮ ⁸╙℮└≤≈│⁸√╕∫√ ╩ ⇔ ╩ ∆╢≤™℮ ≢№╢⁹ 

 

 

≤⇔≡⁸ ≢╙ ─√╕╡╛∆™ ⁸√╕╡⌐ↄ™ ─№╢ ⅜╦⅛∫

√⁹ 5 1⅛╠ ⌐≥╣∞↑ ⅜ ╢⅛⁸╕√ ─ ╩ ⅜≥╣∞↑

ↄ ╣╢⅛≤™℮↓≤⅜ ─√╕╡⌐ ⇔≡™╢↓≤⅜╦⅛∫√⁹╕∏⁸√╕╡⌐ↄ

™ ≤⇔≡│ ●▬♪ⱪכꜞכ─ ⅜ →╠╣╢⁹●▬♪ⱪכꜞכ─ │ ≢№

╢↓≤⅛╠⁸ ⅜√╕╢╟℮⌂⁸ ⌐ ⇔≡ ⌂ ⅜ ↑╠╣≡⅔╠∏ ─√

5 1. ─ ─ ∞╕╡  
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╕╡│ ⌂⅛∫√⁹ ⁸♥fi◦ꜛfi▪כⱶ│ ∂╟℮⌂ ↕⌐ ↕╣≡™╢⌐╙ ╦

╠∏ ─√╕╡⅜ ⅛∫√⁹↓╣│⁸ ╒≥ ═√↓≤─ ≢№╡⁸ ⌂ ⅜

∆╢√╘ ⅜√╕╡╛∆™─∞≤ ⅎ╠╣╢⁹∕─ ⌐√╕╡╛∆™ כꜞ│≡⇔≥

ꜟ ─◌Ᵽכ⅜ →╠╣╢⁹↓∟╠╙ ⌐ ⇔≡ ⌂ ⌐│ ⅜√╕╡╛∆™≤

™℮ ≤⌂∫√⁹⇔⅛⇔⁸◌Ᵽכ─ ⁸45° ─ ⅜ ↕╣≡™╢ ⌐ ⇔

≡│ ─√╕╡⅜ ⌂™↓≤⅛╠⁸ ⌂ ╩ ⇔⌂™ ⌐∆╣┌ ─√╕╡

╩ ╢≤ ⅎ≡™╢⁹╕√⁸╙∫≤╙ ─√╕╡╛∆™ │ ♃fi◒⌐╙

≥╢♪꜠fiⱤfi≤ ┌╣╢ ≢№╢⁹↓∟╠─ │ ─ ╩ ⌐╟∫≡ ⇔

≡⅔╡⁸∕─ ⌐ ⅜√╕∫≡™╢⁹↓─↓≤⅛╠⁸ ─ ╩ ╢ ╡

─⌂™ ⌐∆╢↓≤≢⁸ √╕╡╩ ╢≤ ⅎ≡™╢⁹ 

╕√⁸ ⌐√╕∫√ ╩ ⇔≡ ╩ ⇔√⁹ │⁸ 5 2─╟℮⌐

720 ─ ─℮∟ 76.5 ─ ⅜ ⅛╠ ╠╣√⁹≈╕╡⁸ 10 ─ ⅜

⌐ ⇔⌂™ ⌐⌂∫≡™╢≤™℮↓≤≢№╢⁹ ≢│╟╡ ≢ ∆╢↓≤

╩ ≤⇔≡™╢√╘ ─ √╕╡─ ⅜ ≢№╢↓≤⅜╦⅛∫√⁹ 

 

 

 

(2)  ─ ⌐ ↑≡ 

─ │ 700m/min╕≢─ ≢№∫

√√╘⁸ ≤⇔≡ ⇔≡↓⌂⅛∫√⅜⁸ 5

3 ⌐ ∆╟℮⌐ 1000m/min⌐⌂╢≤ ⅛

╠ ∆╢ ⁸⅔╟┘ ─ ⌐╟╡

─ ⅜ ∆╢↓≤⅜╖╠╣√⁹ ─

⅜ ∆╢≤™℮↓≤│⁸ ⌐ ◗fi▬ה

♇♩⌂≥↕╕↨╕⌂ ⅜ ╛ ╩∆╢≤™

℮↓≤≢№╢⁹ ⅜ ↕╣╢꞉▬ꜘ⁸≡™⅔⌐כ♁כ ─ │ ─

╩ ∆╢⁹↓─↓≤⅛╠⁸ ♃fi◒≢─ ─ ─ ⅜ ⌐⌂∫√⁹

∕↓≢ ₁│⁸♃fi◒─ ─ ╩ ∆╢↓≤⌐⇔√⁹ ≤⇔≡ →√─

5 2. ⌐√╕∫√ ─  

5 3. 1000m/min ─ ≤ ─  
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│⁸♃fi◒─ ה ╩ ─כꜝ♅╢∆ ─ 2 ≢№╢⁹ 

─ ⅛╠⁸♃fi◒─ ⅜ ⌂─⅛⁸ ↕╣╢ ⅔╟┘ ⅜

⌂─⅛╩ ⌐∆╢↓≤⌐⇔√⁹ ─ ♃fi◒│⁸ ⅝ↄ ∆╢≤⁸ ≤

╩ ∆╢ ─ 2 ≈─ ⅛╠ ↕╣≡™╢⁹∕─ ∆╢ ─ ⌐ ╩ ⇔

╪≢ ╩ ⅛╠ ∆╢≤™℮ ⅜№╢⁹↓╣╩ ≤ ╪≢™╢⁹

≢╠∑╪ ─Ɽ▬ⱪ╩ ∆╢ ─ ⌐ ⇔⁸ ╩ ⇔ ╖ ╩ ∆╢≤

™℮ ⅜№╢⁹↓╣╩☻Ɽ▬ꜝꜟ ≤ ╪≢™╢⁹ ─ ≢│↓╣╠ ≈─

╩ ⇔≡ ∫≡™╢⅜⁸ ≢ ∆╢♃fi◒⌐ ⇔≡│ ≢№╢↓≤⅛╠

─╖≤⌂∫≡™╢⁹ ╩ →╟℮≤∆╢≤ ≢ ╩ ↓∆↓≤⅜

⌂ ⌐≈⌂⅜╢≤ ⅎ╠╣╢⁹∕╣╩ ╕ⅎ≡ ⅎ╢≤ │⁸ ⌂ ╩

⅜ ∆╢√╘⁸ ⅜ ⅝ↄ≡╙ ⅜⇔⌐ↄ™ ≢№╢⁹ ⁸╠∑╪ ─

Ɽ▬ⱪ╩ ∆╢ ⌐ ∆╢≤ ≢ ⅜ ⇔╛∆™ ≤⌂╡ ⅜

↕╣╢↓≤⌐⌂╢⁹≈╕╡⁸ ⌂▬ⱷכ☺≢™ⅎ┌ ∂ 20ϴ─ ≢ ─ ( )

╩ ⌐№≡╢⅛≥℮⅛≢ ⅜ ∆╢↓≤≤ ∂ ≢№╢⁹ 

≤⇔≡│⁸ ♃fi◒⌐ ╩ ⇔⁸ 5 4─╟℮⌐ 1KW─ →

╖ⱥכ♃כ╩ ⇔⁸ ╩ ⇔√⁹ ⇔√ ♃fi◒│⁸ 5 5─╟℮⌂

ꜟꜝ▬Ɽ☻ה ≤╙⌐ ⌂ 30L─♃fi◒( ─♃fi◒│ 14L)⌐≡ ⇔

√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 4. ─  5 5. ─  
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│⁸ 5 6⌐ ⇔√╟℮⌐☻Ɽ▬ꜝꜟ⌐╟╢ ─ ╩ ∆ ≤⌂∫√⁹ 

 

  

 

 

⅛⌐⁸ ─ ≢│☻Ɽ▬ꜝꜟ≢─ ⌐ ⇔≡╙ ╟╡╙ 2ϴ

⇔≡™╢⅜⁸10 ⌐ ⅜ ⌐⌂∫≡™╢↓≤⅛╠ ≤─ ─ │

≢№╢⁹ 

↕╠⌐⁸ ⅜ ⇔≡™╢ ⌐ ╩ ⌐ ⇔√ ─ ⌐≈™≡╙

⇔√⁹ 5 7≢ ∆╟℮⌐☻Ɽ▬ꜝꜟ ─ ⅜ ⅜ ™↓≤⅜╦⅛╢⁹⇔⅛⇔⁸

─ ⌐ ⇔≡│☻Ɽ▬ꜝꜟ╙ ─ ⅜ ╟╡╙ 10ϴ ™↓≤⅛╠☻Ɽ▬

ꜝꜟ ─ ∞↑≢│ ─ ⅜ ⇔™≤™℮ ╩ ⇔√⁹ 

↓─↓≤⅛╠⁸ ≤⇔≡ ⅎ≡™√♅ꜝכ─ ∞↑≢│⌂™↓≤⅜╦⅛

∫√⁹╛│╡⁸♃fi◒─ ⌐ ⇔≡│ ⅛╠ ∆╢ ╩ ⇔√⁹

∕─√╘ ≢│ ─╟™ ─ ⅜ ⌐⌂╢≤ ╦╣╢⁹╕√⁸∕╣

⌐╟∫≡╟╡ ⌂™ ⌐╟╢ ╛ ☻Ɑכ☻≤™∫√ ≢─ⱷꜞ♇♩⅜ ≡ↄ╢

╙─≤ ╦╣╢⁹ 

5 6. ≤ ─  
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(3) ╩☺כ◕╖∏└ ™√ ─  

ⱴꜟ♅꞉▬ꜘכ♁כ─ ⌐ ╩ ⅎ╢

≤⇔≡⁸꞉ ꜡◒כ꞉─⧵⁹╢№⅜כꜝכ꜡◒כ

─כꜝכ ╩ ⇔⁸ ⌐ⱨ▫כ♪Ᵽ♇◒

∆╢↓≤│ ─ ⌐≈⌂⅜╢≤ ⅎ√⁹√

≤ⅎ┌⁸ ⅜⌂↑╣┌ ⌐ ⅜ ∆╢≤

™∫√ ⅜ ⇔⁸∕╣⅜ ⌐ ╩⅔╟

╓∆⅛╠≢№╢⁹⇔⅛⇔⁸ │ ⅜

∆╢≤™∫√ ⅜№╢↓≤⌂≥⅛╠◌ⱷꜝ─╟

℮⌐ ≢ ╛ ╩≤╠ⅎ╢↓≤│ ⌐

≢№╢⁹∕↓≢⁸ ₁│ ─ ╩

─ ≢ ≡™∟╙╩☺כ◕╖∏└⌂

─☺כ◕╖∏└⁹√⇔⌐≥↓╢∆ ╩ 5

8⌐ ∆⁹↓╣⌐╟╡⁸ ≢№∫≡╙

─ ╩ ∆╢↓≤⅜ ≢№╢≤ ⅎ╢⁹│

∂╘⌐⁸꞉ ≥♪♇Ⱨfi♪ꜟⱫ☻┘╟⅔כꜝכ꜡◒כ

╪≢™╢ ⌐ ⇔≡ ╩ ⇔√⁹ ≤⇔≡│⁸ 5 9─╟℮⌐ 3 ≤⌂

∫≡™╢꞉כꜝכ꜡◒כ─ ≢╙ ⇔≡™╢ ─꞉כꜝכ꜡◒כ ╩☺כ◕╖∏└⌐

↑≡ ─ ╩└∏╖ ≢ ∆╢↓≤⌐⇔√⁹ 

≤⇔≡│⁸ ⌐ ⇔⌂™≤™℮↓≤ ⌐│⁸ ≤ ∂ ⌐

╩ ⇔√⁹☿fi◘כ◕╖∏└⁸≡⇔≥כ☺≤ ∂ ⌐ ╙ ⇔√⁹⌂⅔⁸

5 7. ≤ ─ ( ) 

5 ☺כ◕╖∏└ .8  

5 ┘╟⅔☺כ◕╖∏└ .9 ☿fi◘כ  
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╩ ╢ ⌐ ─№╢⌂⇔╩ ≤⇔≡ ⇔√⁹∕─ ╩ 5 10⌐ ∆⁹ 

 

 

 

 

 

⅜ №╡⁸ ⅜ ⌂⇔─ ≢№

╢⁹ ⅜└∏╖⁸ ⅜ ╩ ⇔≡™╢⁹

↓─◓ꜝⱨ⅛╠╦⅛╢╟℮⌐ ⌐

─☺כ◕╖∏└⌐╙≥≥ ⅜ ─ ╩ ⇔≡

™╢↓≤⅜╦⅛╢⁹≈╕╡⁸ ─

╩☺כ◕╖∏└≡∫╟⌐ ⇔√ ⌐│

─ ⅜ ∫≡™╢↓≤⅜╦⅛╢⁹√∞

⇔⁸ ╡≈↑√ │ ⌐╟∫≡

∆╢ ≢№╢√╘ ⅜ ∫≡™╢↓≤│

ⅎ⌐ↄ™⁹ 

↓─↓≤⅛╠⁸≈⅞⌐ ─ ≤

≢ ⅜№╢─≢│⌂™⅛≤ ⅎ√⁹≈╕

╡⁸ 5 11─╟℮⌐ ≤ ≢ ⅜

∂╢≤☻ꜟⱷ─╟℮⌂▬ⱷכ☺≢∕╡⅛ⅎ╢─≢│⌂™⅛≤ ⅎ√⁹∕↓≢⁸↕╠⌐ 5

12─╟℮⌐☿fi◘כ─ ╩ ╛⇔≡ ╩⅔↓⌂∫√⁹ ≤⇔≡ ─ ≤

≢ ╩ ⇔√⁹ 

 

 

 

5 ─☺כ◕╖∏└╢╟⌐ .10  

5 11. ─☻Ⱨfi♪ꜟⱫ♇♪─ ≤  
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≤⇔≡ ─ ≤ ≢ ─ ⅜ √↓≤⅛╠ ≤⇔≡ →√

⌐ ⇔≡│ ⅜№╢≤ ⅎ╠╣╢⁹ 

↕╠⌐⁸ ─ ≢╦⅛∫√↓≤≤⇔≡꞉כꜝכ꜡◒כ─ ⌐ ⇔√└∏╖◕

─☺כ ┘ ╖─ ⅜◘▬◒ꜟ ≤ ╪≢™╢꞉▬ꜘכ─ ≤ ⇔≡™╢

⅜ ↕╣√⁹ 

─ ≤⇔≡⁸ 5 13⌐ ╩☺כ◕╖∏└⌐℮╟√⇔ ↑≡ ∞↑╩ ⇔

≡∕─ ╩ ⇔√≤↓╤⁸ 5 14─╟℮⌐≥─ ⌐⅔™≡╙◘▬◒ꜟ ⌐ ∆

╢╟℮⌂ ╩ ⇔√─≢№╢⁹ 

 

5 12. ─☻Ⱨfi♪ꜟⱫ♇♪─ ≤  

5 ─☺כ◕╖∏└ .13  
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╩ ╢≤◓ꜝⱨ⅜ ∫≡™╢ ≤™℮─╩ ∆╢↓≤⅜ ╢─≢№╢⅜⁸

↓─ ─ ≤꞉▬ꜘכ─ ─◘▬◒ꜟ⅜╒╓ ∂ ≢№╢↓≤⅜ √⁹↓─

↓≤⅛╠⁸ ─◘▬◒ꜟ⅜☻Ⱨfi♪ꜟⱫ♇♪ ─ ⌐ ╩ ⅎ≡™╢↓≤⅜╦⅛∫

√⁹꞉▬ꜘכ─ ⌐╟∫≡꞉▬ꜘכ─ ⅜ ⅝≡™╢↓≤╙ ↕╣╢√╘

∕╣╠╙ ≤⇔≡№╢─≢│⌂™⅛≤ ⅎ╠╣╢⁹ ⁸ ⅜ ╣╢ ⌐ ⇔≡

│ ─ ⁹╕√⁸ ─ ⌐ ∆╢ ⁹↕╠⌐⁸ ⌐╟╡ ∆╢

─└∏╖╩ ∆╢ ⌐ ─ ⅜≈™√≤ ⅎ≡™╢⁹ │↓╣╠─

ה ╩╙≤⌐ ⌐ ↑√ ╡ ╖╩ ╘≡™ↄ⁹ 

 

 

ₒ ₓ ╩ ™√ ☻ꜝ▬☻ ─ ♥☻♩ 

 

ₒ1- 1 -x 1─ ≤ ─♥☻♩≢│3▬fi♅─►◄Ɫ─ ╡─ (PV )⅜150um

≤⌂∫√⁹⇔⅛⇔⌂⅜╠ 5mm≤ ╡ ╦╡ 5mm─ ╩ ↄ≤ ╡─

(PV )│ 40um ≤⌂╢⁹↓╣╩╙≤⌐⁸ ≢│ ╡ ╘≤ ╡ ╦╡ ─

⌐ ╡ ╪∞⁹⌂⅔⁸(3) ꜟⱩכ♥─ ⌐╟╢♥☻♩⌐ ⇔≡│

≢─ ≢№╢⁹ 

 

 

 

5 14. ╩ ↕∑√ ─☺כ◕╖∏└─ ┘ ╖ 
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(1) ⌐╟╢  

╡ ╘─ ╡(PV )⅜ ™─│⁸ ⌐꞉▬ꜘכ⅜ ╩ ↑ ⇔√ ⅜

≡™⌂™─≢│⌂™⅛≤ ⅎ√⁹ ╩ ∆╢ ⅜ ╣┌ ╡ ⌐⌂╢≤ ⅎ√⁹

∕↓≢⁸ ≈╕╡⁸꞉▬ꜘכ╩ ↕∑╢ ╠⅛─ ⌐ ⅎ╢∞↑─ ╩꞉▬ꜘכ⌐

√∑╢↓≤⌐⇔√⁹ ≤⇔≡│⁸ 5 1⌐ ⇔√ ╩ 20N⅛╠ 25N⌐ ≤™℮↓≤

≢№╢⁹∕─ ╩ 5 15⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 15─ ╩ ∆╢≤⁸ ╩ 25N⌐⇔√↓≤⌐╟∫≡⁸ ╡⁸ ↕≤╙⌐

™ ( )⌐⌂∫√⁹ 

 

 

 

 

 

 

 

5 1. ( ─ ) 

 

5 15. ╡≤ ↕─ ( ─ ) 

 

 

 

 

  



 

82 

 

 

 

 

 

 

 

 

 

 

 

 

16─ ⅛╠ ╩ ╘√↓≤⌐╟╡⁸ ⌐꞉▬ꜘכ⅜ ↑╢ ╩ ≢⅝⁸

╡⁸ ↕≤≤╙⌐ ⅜ ∆╢≤™℮ ⅜ ╠╣√⁹√∞⇔⁸ ╩ 25N

⌐ ╘╢ ⁸ ─ ɫ0.12 ─꞉▬ꜘכ≢│ ─ꜞ☻◒⅜ ⌐ ↄ⌂╢≤™

℮ ⅜№╡⁸↓─↓≤⅛╠ ╩↓╣ ╘╢ │ ⇔™≤ ⅎ╠╣╢⁹↕╠⌐

≢ ╩ ⇔≡™ↄ ╩ ™╢ │ ╩ →≡ ╩ →╢ ╕√│

≢╙ ⇔√꞉▬ꜘכ ⅜≢⅝╢ ╩ ∆╢↓≤ ⅜ →╠╣╢⁹ ╩ →≡

)☻꜡ⱨכ◌│≢♩☻♥─ ╡⇔╤)⅜ ⅝ↄ⌂╢↓≤⌂≥⅜ ≤⇔≡ ⅎ╠╣╢⁹ 

 

(2) ꞉▬ꜘכ─√╦╖╩ ⌐⇔≡─♥☻♩ 

─▬fi◗♇♩╩ ─ ⌐ ⇔≡ ⌐ ∆╢ ⁸ ─ ⌐╟∫≡

↕⅜ ∆╢⁹( 5 17 )↓─↓≤⅛╠⁸ ╡ ╘≤ ╡ ╦╡│⁸ ╩

ↄ∆╢√╘⌐♥כⱩꜟ ╩ →╢ ⅜ ™⁹ ⅛╠⁸꞉▬ꜘכ─ ─

√╘⌐ ∂ ╩ ™√⁹↓─ ≢│ ⌂ ─ ⅜ ⇔⅛∫√√╘⁸ ─

≤⇔≡≈™≡™╢√╦╖ ╩ ™⁸ⱪ꜠♥☻♩╩ ⇔√⁹√╦╖ ≤│

≢№╢꞉▬ꜘכ─ (√╦╖)╩☿fi◘כ⌐╟∫≡ ⇔⁸√╦╖⅜№╢ ⌐⌂

ꜟⱩכ♥≥╢ ⅜ 0≤⇔⁸√╦╖⅜№╢ ⌐⌂╢≤ ⅝ ∆╟℮⌐ ∆╢

≢№╢⁹√╦╖│№╢ ꜟⱩכ♥≢─™⌂↑™┌╣↑⌂⇔⌐ │ 50mm/h≤ ™

⌐ ⇔⁸ │꞉▬ꜘכ⅜ 7mm√╦╗≤♥כⱩꜟ⅜ ∆╢╟℮⌐ ⇔√⁹ⱪ꜠♥

☻♩─ ╩ 5 2⌐ ∆⁹ 

 

 

 

 

 

 

5 16. ►◄Ɫ─ ╡ ( ─ ) 
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ⱪ꜠♥☻♩⌐╟╡⁸√╦╖ 7mm⌐∆╢ ꜟⱩכ♥─ ⅜╦⅛∫√⁹√╦╖ 7mm

─꞉כ◒ ╡ ╖ ≤ ─ ╩ 5 18⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 5 18╟╡√╦╖ ╩ 7mm ≢ ꜟⱩכ♥─╘√╢∆ ─ ⅜╦⅛∫√─≢⁸

5 ╩ꜟⱩכ♥⌐℮╟─18 ↕∑╢╟℮⌐ ⇔⁸♥☻♩╩ ⇔√⁹♥☻♩ ╩

5 19⌐⁸꞉כ◒┼─ ≤ ─ ╩ 5 20⌐⁸ ╡─ ≤⇔≡ ⇔√►◄

Ɫ ╩ 5 21⌐ ∆⁹ 

 

 

 

 

 

 

 

5 2. (ⱪ꜠♥☻♩) 

 

 

5 18. ꞉כ◒ ╡ ╖ ≤ ─ (ⱪ꜠♥☻♩) 

5 17. ꞉כ◒─ ↕─  
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 5 20╟╡ │╒╓ ≢ ⅜≢⅝≡™╢↓≤⅜ ≢⅝√⁹╕√ 5 21─

⅛╠ ╡─ ⌐ ⇔≡ ╡ ╘≤ ╡ ╦╡ ╩ ™≡│ 20um ≢ ≢⅝≡™╢

↓≤⅛╠⁸꞉▬ꜘכ─√╦╖╩ ⌐⇔≡ ⇔√↓≤⌐╟╢ ⅜№∫√≤ ⅎ╠╣╢⁹ 

 

 

 

5 19. ╡─ (꞉▬ꜘכ─√╦╖ ) 

 

 

5 20. √╦╖≤ ─ (꞉▬ꜘכ─√╦╖ ) 

5 21. ►◄Ɫ─ ╡ (꞉▬ꜘכ─√╦╖ ) 
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(3) ꜟⱩכ♥ ⌐╟╢♥☻♩ 

─꞉▬ꜘכ≢ ™▬fi◗♇♩╩ ∆╢ │ ⌐ ╦⇔≡ ╡ ╘≤ ╡

ꜟⱩכ♥─╡╦ ╩ ╘≡ ∆╢ ⅜ ™⁹∞⅜ ╩כꜘ▬fi◓꞉▫♥כ◖

™≡ ∆╢ │∕─ ╩ ™╢≤(2) ─ ⅛╠ ╡ ╘≤ ╡ ╦╡ ─ ╡─

╩ ∆╢↓≤│ ⇔™↓≤⅜╦⅛∫√⁹∕↓≢↓─ ≢│ ⌐ ╡ ╘≤ ╡

╦╡ ꜟⱩכ♥≢ ╩ ↄ⇔≡ 5 4─╟℮⌂ ≢♥☻♩╩ ⇔√⁹ᵒ≤ᵓ─

ꜟⱩכ♥ ╩ 5- 22⌐ ∆⁹╕√ ╡─ ╩ 5- 23⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 ꜟⱩכ♥) .4 ) 

 

ᵓ ᵒ ᵑ  



 

86 

 

 

 

 

 

 

 

 

 

 

 

5 4─ᵑ─ ≢│ ─ ꜟⱩכ♥⌐ ≤⇔√⁹ᵒ⌐≈™≡│SiC▬fi◗♇

♩─ ╡ ╘⅛╠ 0mm 2mm≤ 65mm LAST╕≢♥כⱩꜟ ╩ ↄ ⇔√⁹0mm─ │

꞉כ◒≤꞉▬ꜘכ─ ≢№╢⁹╕√ ╡ ╘ 0mm 2mm⌐ ⇔≡│ ╩ 0°≤

⇔≡™╢⁹ᵓ⌐≈™≡│ᵒ─♥כⱩꜟ ─ ⌐ ⅎ≡ ╡ ╘⅛╠ 2mm 15mm≢╙♥

ꜟⱩכ ╩ ↄ ⇔√⁹ 

 

5 23─ ╡─ ⅛╠ᵑ ᵓ─♥☻♩≢♥כⱩꜟ ─ ⅜ ╠╣√─│ᵒ

─♥☻♩≢⁸ ╡ ╘⅛╠ 0mm 2mm≤ 65mm LAST─♥כⱩꜟ ╩ ↄ⇔√↓≤⌐╟╢

⅜ √≤ ⅎ╠╣╢⁹╕√ ╡─ ≤⇔≡ ⇔√►◄Ɫ ╩ 5 24⌐ ∆⁹ 

 

 

 

5 23. ╡─ ꜟⱩכ♥) ) 

 

 

  

5 ꜟⱩכ♥ .22  

 

ᵒ  ᵓ 
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5 24─ ⅛╠ ╡ ╘ 0mm 2mm≤ ╡ ╦╡ 65mm LAST─♥כⱩꜟ ╩ ↄ⇔

√↓≤⌐╟╡⁸ ╡ ╘≤ ╡ ╦╡ ─ ╡⅜ ⇔≡™╢↓≤⅜ ≢⅝√⁹ 

 

(4) ꞉כ◒ ⌐◦ꜞ◖fi⁸ ↑ⱡ☼ꜟ─ ⌐╟╢  

Ⱨ▪ⱡ ⌐╟╢ ≢│ ╡ ╘─ ╡⅜ ↄ⌂╢ ⅜№╢⁹∕─ ≤⇔≡꞉כ

◒ ⌐☿ꜝⱵ♇◒╩ ∑ ∆╢ ╩ ™╢↓≤⅜ ™⁹ כꜘ▬fi◓꞉▫♥כ◖

╩ ™≡─ ⌐ ⇔≡╙⁸ ╡ ╘─ ╡⅜ ↄ⌂╢ ⅜№╡⁸ ∂ ≢ ╩∆

╣┌ ™─≢│⌂™⅛≤ ⅎ√⁹∞⅜☿ꜝⱵ♇◒│♄Ⱶכ ≤⇔≡ ⇔√ ⌐ כ◖

♥▫fi◓꞉▬ꜘכ≤ ⅜ ™↓≤⅜╦⅛∫≡™╢⁹∕↓≢ ≥כꜘ▬fi◓꞉▫♥כ◖

─ ™◦ꜞ◖fi╩꞉כ◒ ⌐ ∑≡♥☻♩╩ ╘√⁹╕√ ─♥☻♩≢│ ↑

ⱡ☼ꜟ ─ ⌐≈™≡╙ ╩ ∫√⁹ ↑ⱡ☼ꜟ⌐≈™≡│ ─ ╖ ╖╩

ↄ∆╢↓≤⌐ ™⅜№╡⁸ ▪♇ⱪ╩ ≤⇔≡™╢⁹ 5 5⌐ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

5 24. ►◄Ɫ─ ╡ ꜟⱩכ♥) ) 

5 5. (꞉כ◒ ⌐◦ꜞ◖fi⁸ ↑ⱡ☼ꜟ─ ) 

 

 

 ŋ    o

    

ᵓ

    

ᵔ

    

ᵕ

    

ᵖ
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5 5⌐│ 6◦ꜛ♇♩ ─♥☻♩ ╩ ⇔≡™╢⁹♥☻♩─ ╩ 5 25⌐

∆⁹╕√ ╡─ ≤⇔≡ ⇔√►◄Ɫ ╩ 5 26⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

5 25─ ⅛╠ 1000m/min≢ ⇔√ ⌐ ⇔≡│◦ꜞ◖fi⁸ ↑ ⌐ ⇔

─ ─ ⅜ ╡│ ╣√ ≤⌂∫≡™╢⁹∕╣⌐ ⇔≡ 700m/min─ ⌐│ ⌐◦ꜞ◖

fi⁸ ↑ ⌐ ╡─ ─ ⅜ ╡│ ╣√ ≤⌂∫≡™√⁹ ╩ 700m/min⌐ →√

≤⇔≡│ 1000m/min ⌐ ↑ⱡ☼ꜟ⅛╠ ⌐◒כ꞉⅜כꜞꜝ☻╢ ↄ ⅛∫≡

™⌂™↓≤⅜ ─ ╩ ™√ ⌐╦⅛∫√ ≢№╢⁹ ↑ⱡ☼ꜟ╩ ⇔√

─ ─ ⌐ ⇔≡│ ⇔⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

 

ₒ ₓ ⌐ ⌂ ─╕≤╘ 

 

ₒ ₓ≢ ╠╣√ ╟╡⁸ ⌐ ╘╠╣╢ ╩ ⌐ ═╢⁹ 

 

ᵑ ─ ─כꜞꜝ☻─ ╣⅜ ™ ⌐│ ∞╕╡⅜ ≢⅝√⁹ ⌐

⅜ ╕∫≡⇔╕℮≤♃fi◒ ─ ⅜ ⇔≡⇔╕™⁸►◄Ɫ─ ⌐

╩ ⅎ≡⇔╕℮─≢ ∞╕╡⅜ ⇔⌐ↄ™ ⌐∆╢↓≤⅜ ╘╠╣╢⁹ 

 

ᵒ ≤☻Ɽ▬ꜝꜟ ─ ─ ⅛╠ ─ ⅜ ≢⅝√─≢ 

☻Ɽ▬ꜝꜟ ╩ ⇔√♃fi◒╩ ∆╢↓≤⅜ ╘╠╣╢⁹ 

 

ᵓ └∏╖◕כ☺≤ ☿fi◘╩ ™≡─ ─ ⅛╠⁸ ─ ╩ ⅎ

╢↓≤⅜≢⅝╣┌ ─ ─└∏╖╩ ⅎ╣╢↓≤⅜ ≢⅝√─≢⁸ ⌐

─ ⅜ ↓╠⌂™╟℮⌂ ⌐∆╢↓≤⅜ ╘╠╣╢⁹ 

5 25 ╡─ (꞉כ◒ ⌐◦ꜞ◖fi≤ ↑ⱡ☼ꜟ─ ) 
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ₒ ₓ ─  

♃◌♩ꜞ  

 

⌐│ₒ6 1 ⁸xo 6 2ₓ─♥כⱴ╩ ⇔√⅜⁸ ╩ ╡ ↑≡ ∆╢↓≤⅜

≢ⱴכ♥─≈⁸2╘√√∫№≢ 1≈─ ≤⇔≡™╢⁹ 

 

ₒ ₓ ╩ ™√ ─ⱨ▫כ♪Ᵽ♇◒  

 

ₒ ₓ ─ ה  

 

(MWS- 44SN)─♥☻♩ ⅔╟┘ ⅛╠ ─ ╩ ∫√⁹

╩ 6 1⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) ה   

ₒ1 1ₓ 2─₈ ╩ ™√☻ꜝ▬◦fi◓ ─ ₉─♥☻♩ ⅛╠꞉▬ꜘכ

╩ ↕∑╢≤ ─꞉▬ꜘכ─√╦╖ ⅜ ⇔⁸ ℮⌡╡─ ⅜ ∆╢↓

≤⅜ ≢⅝√⁹∕─ ─ ≢│ 1300m/min╕≢ →╢↓≤⌐ ∆╢ │

≢⅝≡™╢⅜⁸ ─ ⅜ 1300m/min⌂↓≤⅛╠⁸∕╣ ─ ≢─ ⌐

│ ∫≡™⌂™⁹∕↓≢ כ♃כ⸗│≢ ╩▪♇ⱪ⇔⁸2000m/min╕≢ ∑╢╟℮⌐

╩ ╘√⁹ 

╕√ ─꞉כꜝכ꜡◒כ │ ∟ ∞∫√⅜⁸ ∟ ≤⇔⁸ ⌐ ⅛

╢ ⌐ ⅎ╠╣╢ ╩ ⇔≡™╢⁹( 6 2 )  

 

 

6 1. (MWS-612DNX ) 
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(2)  ─  

ₒ5 1ₓ─₈ ─ כꜞꜝ☻⁸ ⁸ ─ ₉─ ⅛╠ ≢ ╩∆

╢≤ ─ ⅜ ⇔⁸►◄Ɫ─ ⅜ ⅎ╠╣╢⁹∕↓≢ ≢│☻Ⱨ

fi♪ꜟⱫ♇♪─ ⌐ ╩ ⇔ ╖⁸☻Ⱨfi♪ꜟⱫ♇♪─ ╩ ≢⅝╢ ╩

⇔√⁹ 

 

(3)  ♃fi◒─ ⌐│☻Ɽ▬ꜝꜟ ╩  

ₒ5 1ₓ─₈ ─ כꜞꜝ☻⁸ ⁸ ─ ₉─ ⅛╠♃fi◒─

⌐│☻Ɽ▬ꜝꜟ ╩ ⇔√⁹╕√♃fi◒─ ⅜ ⌐╟╡ ╘╠╣╢≤ ⅎ╠╣╢

─≢⁸☻Ɽ▬ꜝꜟ ≤ ⌐ ╙≢⅝╢ ≤⇔≡™╢⁹( 6 3 )  

   

   

 

 

6 2. ─  

6 3. ─♃fi◒ 
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(4)  6▬fi♅╕≢─  

│ 4▬fi♅╕≢─▬fi◗♇♩╩ ≢⅝╢ ∞⅜⁸ ─ ⌐╟∫≡│

─ ⅜ ⌐⌂╢≤ ⅎ╠╣╢─≢⁸6▬fi♅╕≢─▬fi◗♇♩╩ ≢⅝╢ ≤⇔

√⁹ 

 

ₒ ₓ ╩ ™√ ☻ꜝ▬☻ ─ ♥☻♩ 

 

ₒ1 1ₓ 2─₈ ╩ ™√☻ꜝ▬◦fi◓ ─ ₉─♥☻♩ ⅛╠꞉▬ꜘכ

╩ ↕∑╢≤ ─꞉▬ꜘכ─√╦╖ ⅜ ⇔⁸ ℮⌡╡─ ⅜ ∆╢↓

≤⅜ ≢⅝√⁹∞⅜ ─ ⅜ 1300m/min≢№∫√↓≤⅛╠⁸∕╣ ─

╩ →╢↓≤⌐ ∆╢ │ ≢⅝≡™⌂⅛∫√⁹∕↓≢ ╩ ™≡

1500m/min≤ 2000m/min≢♥☻♩╩ ⇔√⁹ ⌐≈™≡│ 6 1─ ≢

⇔√⁹♥☻♩─ │ 6 4⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 1.  
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─ ╩ ∆╢≤⁸ ╡│ 2000m/min─ ⅜ ╣≡™√⁹╟∫≡ ⌐ ⇔≡

│ 2000m/min≢╙ ─ ─ ⅜№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 4 ╡─  

ừ 1500m/min  

Ỏ 2000m/min  
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3   

3- 1 ─  

 

ₒ1ₓ ◖כ♥▫fi◓꞉▬ꜘכ⌐ ⇔√ ─  

♃◌♩ꜞ/  

 

ₒ1- 1ₓ ╩ ™√☻ꜝ▬◦fi◓ ─  

♃◌♩ꜞ  

 

Peak- valley ( PV )

4 20

13 3

Ave.52um  

Ra

 

 

 

SiC

 

0.12mm/min

0.08mm/min

0.12mm/min 20 m

 

SEM
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SiC

7 m  

2 3 m

 

TEM

276nm 700nm

 

 

ₒ1- 2ₓ ╩ ™√ ─  

 

 

0.3deg

0.5deg 1deg

 

0.5deg

0.3deg

1deg
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f=1.42Hz

f=1.42Hz

 

=0.5deg

0.708Hz  1.42Hz

2.83Hz =0.5deg

0.708Hz  1.42Hz

2.83Hz

2.83Hz

 

 

ₒ1- 3ₓ ⌐ ⌂ ─╕≤╘ 

♃◌♩ꜞ/  

1- 1 1- 2

26
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1500m/min  

SiC 5mm

 

5wt%

 

 

 

ₒ2ₓ ◖כ♥▫fi◓꞉▬ꜘכ⌐ ⇔√ ─  

♃◌♩ꜞ/  

 

ₒ2- 1ₓ ☻ꜝꜞכ─ ( ⁸ ⁸ ⁸ )  

♃◌♩ꜞ  

⌐ ⇔≡─ ╩⅔↓⌂∫√⁹ ≤⇔≡⁸ ⅜ ™ ⌐⅔™≡

─ ⅜╖╠╣√⁹√∞⇔⁸ ⌐ ⇔≡│ ≢─ ─√╕╡⅜ ⇔

≡™╢ ╩ ⇔≡™╢⁹∕─√╘⁸ ─ ⅜ ≢№╢⁹ 

 

 

ⱴꜟ♅꞉▬ꜘכ♁כ╩ ™√ כꜘ▬fi◓꞉▫♥כ◖ ⌐╟╢ SiC ─

ה ╩ ≤⇔≡⁸◦ꜞ◖fi─ ⌐⅔↑╢ ┘ Si

≤ C ─ ⌐≈™≡ ⇔√ ∕⇔≡⁸ ╛ ♄ⱷכ☺ ⁸꞉▬ꜘ

כ ─ ╖⅜ ⌐ ⅎ╢ ╩ ⅜ 1 3µm─ ╩ ™≡ ╩

∫√ ╕√⁸꞉▬ꜘכ ╛ ⌂╢ ⅜ ⌐ ⅎ╢ ⌐ ⇔≡

╩ ∫√ ⁸ ─ ⅜ ╠⅛≤⌂∫√  
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(1)  ╩ ↕∑╢≤⁸ ⇔√ ≤ ─ ─ ⅜ ⅝ↄ⌂

╡⁸꞉▬ꜘכ ─√╦╖ ⅜ ∆╢√╘⁸ ℮⌡╡─ ⅜ ↑╠╣⌂

™↓≤⅜ ╠⅛≤⌂∫√  

(2)  ∂ ─ ⌐ ⅜ ↕™ ╩ ™√ ⅜ │ ∆╢√╘⁸

╩ ↕ↄ∆╢↓≤≢ ⌂╢ ⌐ ⇔≡ ≢⅝╢  

(3)  ╩ ↕∑√≤⅝│ ⅜ ⅝™ ╩ ™√ ⅜ ─

╩ ←↓≤⅜≢⅝╢√╘⁸ ⅜ ⅝™ ⌐╟╢ ה ⌐

⇔≡ ≢⅝╢  

(4)  ╟╡╙ כꜘ▬fi◓꞉▫♥כ◖ ≢ ╩ ℮ ⅜

╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√  

(5) כꜘ▬fi◓꞉▫♥כ◖  ⌐⅔™≡ ⅜ ↕™╒℮⅜ ╩

≢⅝╢↓≤⅜ ╠⅛≤⌂∫√  

(6) כꜘ▬fi◓꞉▫♥כ◖  │ ─ ╡ ⅜ ╣ ≢№╢√╘⁸ ⸗

♪כ ≤⌂╢↓≤⅜ ╠⅛≤⌂∫√  

(7)  ↔≤⌐ ╖─ ↕⅜ ⌐ ⅎ╢ ⅜ ⌂╢√╘⁸ ─

⅝↕⌐ ∆╢ ╖─ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√  

(8)  ꞉▬ꜘכ ╩ ↕∑╢≤ √╡─꞉▬ꜘכ ─ ⅜ ⅎ╢

√╘⁸ ⅜ ↄ⌂╡⁸ ─꞉▬ꜘכ ─√╦╖ ╩ ≢⅝⁸

⅜ ∆╢√╘ ה ┼─ ⅜≢⅝╢  

(9)  ⅜1µm─ ≢ ⇔√ ⁸ ─☻◒ꜝ♇♅ ╩ ≢⅝╢√╘⁸►

◄Ɫ ┼─ ─ ™╛►◄Ɫ─ ╤⌐№╢ ─ ™│ ↄ

⌂╢↓≤⅜ ╠⅛≤⌂∫√  

 

ₒ2- 2ₓ ─ ⅔╟┘ ─  

♃◌♩ꜞ  

⌐ ⇔≡│⁸ ─ ⅛╠◦ꜞ◖fi╕√│●ꜝ☻⅜ ⌂♄Ⱶכ ≢№╢

≤™℮ ⌐™√∫≡™╢⁹⇔⅛⇔⁸♄Ⱶכ │ ─√╘ ╢ ╡ ≢№

╢↓≤⅜ ╕╣╢⁹↓─╟℮⌐ ≢ ↑ ╣╠╣╢⅛≤™℮ ╙ ⇔⌂⅜╠

╩ ╘≡™ↄ⁹ ⌐ ⇔≡│⁸ √⌐ ⇔√▪◒ꜞꜟ ─ ╩

∆╢↓≤⅜ √⁹√∞⇔⁸ ─ ╖⅜ ⌐ ∆╢↓≤╙№╢√

╘⁸ ─ ⌐ ⇔≡╙ ╩ ╘≡™ↄ ⅜№╢≤ ⅎ≡™╢⁹ 

 

 

─ ⌐ ╩ ⅎ╢ ≤⇔≡⁸ ⌐ ╩ ∆╢
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╩Ⱳfiכ◌ ╣√ ╩ ⇔⁸ │ ╩ ∫√ ∕─ ⁸

Ⱳfiכ◌─ ╩ ↕∑╢↓≤≢⁸ ⅜ ↄ⌂╡⁸►◄Ɫ ─

↕╛⁸ ↕⅜ ↕ↄ⌂╢⅜⁸ ─♅♇Ⱨfi◓⅜ ⅝ↄ⌂╢↓≤⅜╦⅛∫√

∕─√╘⁸ ─ ─ 1 ≈≢№╢●ꜝ☻ ≤ ╩ ∆╢ ─

⌐ ⇔≡ │ ╩ ∫√ ∕─ ⌐ ═╢↓≤⅜ ╠⅛≤⌂∫

√  

 

(1)  ─●ꜝ☻ ╩ ↄ∆╢↓≤≢⁸ ⌐ ∆╢ ╛

─ ⌐╟╡⁸ ⅜ ↄ⌂╢ ╕√⁸►◄Ɫ ─ ↕≤ ↕

⅜ ∆╢  

(2)  ─ ╩ ↄ∆╢↓≤≢⁸ ─ ⅜ ↕╣⁸ ⅜ ↄ

⌂╡⁸►◄Ɫ ─ ↕≤ ↕⅜ ↕ↄ⌂╢  

 

ₒ2- 3ₓ ─ ─╕≤╘≤ ⌂ ╖ ╦∑─  

≢│⁸ ╩ ⇔√ ꜘ▬fi◓꞉▫♥כ◖ ╩ ™≡ SiC ─☻

ꜝ▬◦fi◓ ╩ ™⁸ ⁸ ⁸ ⁸ ⁸ ─▪☻

Ɑ◒♩ ⁸ ─ ⅜ ⌐ ⅎ╢ ╩ ⇔√ ⌐ ≢ ╠╣

√ ╩ ∆   

 

(1) ─▪☻Ɑ◒♩ ╩ ↕ↄ⇔≡ ╩ ℮≤⁸ ─ ⅜ ⌂ↄ⌂╡►◄Ɫ

─☻◒ꜝ♇♅ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√  

(2) ╩ ⅝ↄ⇔≡ ╩ ℮≤⁸☻◒ꜝ♇♅ ─ ⌂™ ╩ ╢↓≤⅜≢⅝

╢⅜⁸►◄Ɫ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√  

(3) ╩ ⅝ↄ⇔≡ ╩ ℮≤⁸꞉▬ꜘכ─√╦╖ ⅜ ⇔ ≤►

◄Ɫ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√  

(4) 3.0s≢ ╩ ℮≤⁸☻◒ꜝ♇♅ │ ↄ⌂╢⅜⁸☻◒ꜝ♇♅ ⅜

™ ≤ ⌂™ ⅜ ⌐⌂∫≡™╢√╘⁸ ↕│ ∆╢↓≤⅜

╠⅛≤⌂∫√  

(5) ╩ ↄ⇔≡ ╩ ℮≤⁸ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√  

(6) 2 ▬fi♅ SiC ─ ╩ ∫√►◄Ɫ─ ─℮⌡╡│ 30mm ╩ ╢↓

≤⅜╦⅛∫√⁹ 

 

 

ₒ3ₓ ◖כ♥▫fi◓꞉▬ꜘכ─ ⱷ◌♬☼ⱶ─  

☿fi♃כ  
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ₒ3- 1ₓ ≢─  

≢ ⇔√꞉▬ꜘכ⌐ ⇔≡│ ─ │ ≢⅝⌂⅛∫√⁹∕

─√╘꞉▬ꜘכ⅜ ∆╢∞↑≢│⁸ ⌐ │⌂™≤ ⅎ╠╣╢⁹ 

 

ₒ3- 2ₓ ꞉▬ꜘכ  

↓╣╕≢─ ⌐⅔™≡⁸ ⁸⌡∂╡⁸ ⌂≥ ≢─ ⇔√

꞉▬ꜘכ─ ╩ ⇔√⁹↓╣╠─◘fiⱪꜟ╩ ∆╢↓≤⌐╟╡⁸ ≢

⇔√꞉▬ꜘכ─ ≤ ⇔⁸ ─ ╩ ∆╢↓≤⅜ ≤⌂

╢≤ ⅎ╢⁹ 

 

ₒ3- 3ₓ ─  

⁸≡™⅔⌐כꜘ▬fi◓꞉▫♥כ◖ ─ ≢─ ─

│ ≢⅝⌂⅛∫√⁹⇔⅛⇔⁸ ─ ⅜ ⅝ↄ⌂╢≤⁸ ⌐ ╢

⅜☻כ◔ ↕╣√⁹∕─√╘⁸ ╩ ∆╢√╘⌐│ ─ ╩ ⅎ╢╟℮

⌂ ⅜ ≢№╢⁹ 

 

ₒ3- 4ₓ ꞉▬ꜘכ ⌐≈™≡─ ה  

ⱪכꜞכ⅜ ≢כꜘ▬fi◓꞉▫♥כ◖ ⇔≡™⌂™↓≤╩ ╠⅛⌐⇔√⁹

≢⁸ⱪכꜞכ⅜ ⌐╟∫≡ ⇔≡™╢ ╙ ╠⅛⌐⌂∫√√╘⁸ ⅜꞉

כꜘ▬ ╛►◄Ɫ─ ⌐ ⅎ╢ ╛⁸ⱪכꜞכ─ ╕√│ ─

⌐≈™≡─ ⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

╕√⁸꞉כꜝכ꜡◒כ─ ⌐≈™≡─ ╩ ⇔√⁹╕√⁸꞉כ꜡◒כ

≡⌐כꜝ ─ ⌐ ⌂ ╣⅜ ⇔≡™╢─╩ ╠⅛⌐⇔√⁹ 

 

ₒ4ₓ ─  

♃◌♩ꜞ  

 

 

⌐№√∫≡│⁸ ─ ⅜ ☻ꜝ▬☻ ⌐ ⇔≡™╢≤™℮
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╩╙≤⌐ ╩ ╘√⁹ ⅝⌂ ≤⇔≡│⁸꞉כꜝכ꜡◒כ ⁸♩ꜝ

Ᵽכ◘ ⁸ⱪכꜞכ ─ ╩⅔↓⌂∫√⁹꞉כꜝכ꜡◒כ ≢│⁸

⌐╟╢ ≤⌂╢ ─ ⌐ ⇔√⁹♩ꜝⱣכ◘ ⌐ ⇔≡│⁸꞉▬ꜘכ⅜

╣╢≤™∫√↓≤⅜ ⌐ ⇔√⁹↓╣⌐ ⇔≡│⁸ ⅜ ↓╠⌂™ ╩

⇔ ─ ╩ ↕∑╢↓≤⅜ √⁹ⱪכꜞכ ⌐ ⇔≡│⁸ ⌐

╟╢ⱪכꜞכ ─ⱬ▪ꜞfi◓─ ⌐ ∆╢√╘─ ╩⅔↓⌂∫√⁹ 

 

ₒ5ₓ ─ ≤ ─ ─  

♃◌♩ꜞ  

 

ₒ5- 1ₓ ─ כꜞꜝ☻⁸ ⁸ ─  

─ ≤⇔≡⁸ ≢─ ─√╕╡⁸ ─ ☺כ◕╖∏└⁸

⌐╟╢ ─ ─ ⅔╟┘▬fiⱪ꜡☿☻ ─☺כ◕╖∏└─ ⌐≈™≡

╩ ╘≡⅝√⁹∕─ ⁸ ⌐ ⇔≡│⁸ ≢─√╕╡╛∆↕╩

≢│№╢⅜ ∆╢↓≤⅜ √⁹ ─ ⌐ ⇔≡│⁸ ╟╡─☻

Ɽ▬ꜝꜟ⌂≥♃fi◒ ⌐ ╩ ↑╢↓≤≢ ╩ →╠╣╢↓≤⅜╦⅛

∫√⁹ │⁸ ─ ⌐ ⇔⁸ ⌂ ─ ╩ ╘√™≤

ⅎ≡™╢⁹└∏╖◕כ☺⌐ ⇔≡│⁸ ≢№╣┌ ⌐╟╡ ╩ ∆╢

↓≤⅜ ≢№∫√ ╩ ⌐ ∆╢↓≤⅜ ╢╟℮⌐⌂∫√⁹↕╠⌐⁸

≤─ ≢∕╣⅜ ⌐(√≤ⅎ┌ ) ∆╢╙─⌂─⅛╩ ∆╢ ╩

∆╢↓≤⅜ √⁹ 

 

ₒ5- 2ₓ ╩ ™√ ☻ꜝ▬☻ ─ ♥☻♩ 

 

 

(1)  

 

(2)  

( ) 

(3)  

700m/min

 

(4)  
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ₒ5- 3ₓ ⌐ ⌂ ─╕≤╘ 

ₒ5- 1ₓ ⌐ ╘╠╣╢

 

(1) ∞╕╡⅜ ∆╢≤►◄Ɫ─ ⌐ ╩ ⅎ≡⇔╕℮─≢

⌐∆╢↓≤⅜ ╘╠╣╢⁹ 

(2) ☻Ɽ▬ꜝꜟ ╩ ⇔√♃fi◒╩ ∆╢↓≤⅜ ╘╠╣╢⁹ 

(3) ⌐ ─ ⅜ ↓╠⌂™╟℮⌂ ⌐∆╢↓≤⅜ ╘╠╣

╢⁹ 

 

ₒ6ₓ ─  

♃◌♩ꜞ  

 

ₒ6- 1ₓ ╩ ™√ ─ⱨ▫כ♪Ᵽ♇◒  

ₒ6- 2ₓ ─ ה  

 ₒ1- 1 ⁸xo 5- 1 ≢x √ ╩ ⌐⁸ ( MWS- 612DNX )─ ╩ ∫√⁹ 

⇔ↄ ╡ ╣√ ⌐≈™≡ ⌐ ═╢⁹ 

(1) ה   

─꞉כꜝכ꜡◒כ │ ∟ ∞∫√⅜⁸ ∟ ≤⇔⁸ ⌐

⅛╢ ⌐ ⅎ╠╣╢ ╩ ⇔≡™╢⁹ 

(2)  ─  

≢─ 1000m/min ⌐ ─ ⅜ ╠╣√─≢⁸ ≢

│☻Ⱨfi♪ꜟⱫ♇♪─ ⌐ ╩ ⇔ ╖⁸☻Ⱨfi♪ꜟⱫ♇♪─ ╩

≢⅝╢ ╩ ⇔√⁹ 

(3)  ♃fi◒─ ⌐│☻Ɽ▬ꜝꜟ ╩  

♃fi◒─ ⅜ ⌐╟╡ ╘╠╣╢≤ ⅎ╠╣╢─≢⁸☻Ɽ▬ꜝꜟ ≤

⌐ ╙≢⅝╢ ≤⇔≡™╢⁹ 

(4)  6▬fi♅╕≢─  

─ ⌐╟∫≡│ ─ ⅜ ⌐⌂╢≤ ⅎ╠╣╢─≢⁸6▬fi♅

╕≢─▬fi◗♇♩╩ ≢⅝╢ ≤⇔√⁹ 

 

 

ₒ6- 3ₓ ╩ ™√ ☻ꜝ▬☻ ─ ♥☻♩ 

╩ ™≡ 1500m/min≤ 2000m/min≢♥☻♩╩ ⇔√⁹ 1500m/min
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≤ 2000m/min≢ ⇔√≤↓╤⁸ ─ ─ ⅜ ╣≡™√↓≤⅛╠

2000m/min⌐⅔™≡╙ ─ ⅜№╢↓≤⅜╦⅛∫√⁹ 

 

3- 2 ─  

─ ≢ ╡⌐ ⇔≡│ 2▬fi♅ SiC╩ 20um ≢ ∆╢↓≤⅜≢⅝√⁹

∕─ ─ ≤⇔≡│↕╠⌐ ─כꜘ▬fi◓꞉▫♥כ◖ ╩ ⅝ ∆√╘⌐

─ ╩ ™≡ ⁸╕√►◄Ɫ ╣ ╩ ⇔≢╙ ╛∆√╘⌐

⅔╟┘ ≤™∫√≤↓╤╩ ∆╢ ⅜№╢≤ ⅎ╠╣╢⁹╕√♄Ⱶכ

≤⇔≡ ∫≡™╢◦ꜞ◖fi⌐ ⇔≡│ ⌐ ⅜⌂ↄ ⌂™⅜⁸ ⌂

⌐⌂╢─≢ ⌂♄Ⱶכ ╩ ∆↓≤⅜ ≢№╢≤ ⅎ≡™╢⁹ 

ⱷ◌♬☼ⱶ─ ─√╘⌐│⁸ ≢ ⌐ ↕╣√ ꞉▬ꜘכ

─ ┘∕─ ⌐≈™≡↕╠⌐ ה ╩ ℮ ⅜№╢⁹ 
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3- 3 ─  

│⁸ ♃◌♩ꜞ⅜⁸ ╩ ⇔√ⱴꜟ♅꞉▬ꜘ

╩כ♁כ ∆╢↓≤⌐╟∫≡ ╩ ℮⁹ ♃◌♩ꜞ│⁸ ─☻ꜝ▬

☻ ─ ◦▼▪╩ ⇔≡™╢↓≤⅛╠⁸↓╣╠╩ ≤∆╢ ─Ɽ꞉

כ ╛ ─ ⅜⁸ ─ ⌐ ⅝ↄ ∆╢⁹ 

Ɽ꞉כ ╛ │ ≢№╢⅜⁸ │ ↕⌂ⱴכ◔♇♩≢

№╢⁹ⱴꜟ♅꞉▬ꜘ⁸│כ♁כ ≢ 250 ─►◄Ɫ╩ ∆╢√╘⁸4▬fi♅─

⁸1⁸000 ─ ╩ ╢↓≤⌐⌂╢⁹≈╕╡⁸ ⌐ ⇔≡ ⅜

⅝∆⅞╢↓≤⅜⁸ⱴꜟ♅꞉▬ꜘכ♁כ ⅜ ↕⌂ⱴכ◔♇♩≢№╢ ≢№╢⁹

Ɽ꞉כ │⁸ ⅝⌂ ╩ ℮─≢ ≢│⌂™⅜⁸ ↕⌂ⱴכ◔♇♩≢№

╢↓≤⌐ ╦╡│⌂™⁹↓─↓≤⅜ ≤⌂╡⁸ ≢№╢ ♃◌♩

ꜞ⅜ ◦▼▪╩ ≢⅝√ ≢№╢⅜⁸ⱦ☺Ⱡ☻≤⇔≡─ ⅜ ╡≠╠™≤™

∫√ ╙№╢⁹ │ ⅜ ↄ⌂∫≡⅝√≤│™ⅎ╕∞╕∞ ≢№╡⁸╕⇔≡⁸

─▬fi◗♇♩│⁸ ⅜ ™≤™℮ ⌐⁸ ⌐ ≢⅝╢╙─≢│⌂

Ᵽꜟ♬♇♅♩♇ⱪכ꜡◓⁸⅜™ ─ ╩ ∆╢√╘⁸ ≤╙ ⌐⁸↓─

┼─ ╩ ↑≡™ↄ⁹ 

╕√⁸ ─◖Ⱨכ ⌂≥┼─ ≤⇔≡⁸ ⇔™ ⌐ ╡ ╖⁸

╩ ↕∑⁸ ╩ ⇔⁸∕↓≢ ╖ ↕╣╢ ╩ ⌂

╩ ╘≡ ⇔√™≤ ⅎ≡™╢⁹



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


