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1.1   

  ─꜡◔♇♩─ ∟ → ─ ⌐╟╡ ∕─ ≢ ╡ ╩ ∟

→╢≤™℮ ╖⅜ ╦╣≡™╢ 2009 ⌐ ∟ →╠╣√ H-IIA ꜡◔♇♩ 15

│ 1 ─ ⌐ ╡ 7 ╩ ⇔√ 1) ─ ⅜ 1.7 t ≢№

╢─⌐ ⇔ ╡ ─ │ ─∕╣≤ ∂ 100 kg ≢№∫√

↓─╟℮⌂ ⱪ꜡☺▼◒♩┼─ ╖⅜ ⇔≡⅝≡™╢

│ ⅜ ↄ ◖☻♩⅜ ⅎ╠╣╢√╘ꜞ☻◒─ ─

⅜ ≢⅝╢ ∕╣⌐╟╡↓╣╕≢ ╠╣√ ⌂≥≢⇔⅛ ╦╣≡™⌂

⅛∫√ ⌐ ╛ ꜠ⱬꜟ≢ ∆╢↓≤⅜ ≤⌂╡ ₁⌂

≢ ╦╣≡™╢ ╕√ ╩ ↕∑√ ╩ⱨ◊כⱷכ◦ꜛfiⱨ

ꜝ▬♩↕∑╢↓≤⌐╟╡ ≤ ─ ╩ √∑╢↓≤⅜≢⅝╢ 2) ↓╣⌐

╟╡ ⅜ ⇔√ ⌐ ─╖╩ ∆╣┌╟ↄ ╩ ≢ ∟ →╢

↓≤⌐╟╡ ─ ⅜≢⅝╢≤™℮ ⅜№╢ ↓╣╠─↓≤⅛╠ ─

⅜ ╕∫≡™╢ ╕∆╕∆ ─ ─ ⅜ ⅜∫≡™ↄ≤ ⅎ╠╣╢

⅜ ∕─√╘⌐│ ⅜ ≢№╢ ⇔⅛⇔⌂⅜╠ │∕─◘▬☼─

╛ ≢⅝╢ ⅜ ╠╣≡™╢↓≤⅛╠ ⅜ ↕╣≡™⌂™─⅜ ≢

№╢  

  │ ─ ╛ ⌂≥⌐ ™╠╣≡™╢ │ ⅝ↄ

≤ ─ 2≈⌐ ↕╣╢ ─ ≢ │ ↕╣

⌂≥⌐ ↕╣≡™╢ │ ◄Ⱡꜟ◑כ⌐╟╡ ╩ ⱪה

ꜝ☼ⱴ ↕∑ ∕╣╩ ⇔√ ≢ ╩ ╢ ╖≢№╢ │

≤ ⇔≡ │ ↕™⅜ ╩ ∆ ≢№╢ Specific 

impulse : Ὅ ⅜ ⅝™ ∕─√╘ ∂Ⱶ♇◦ꜛfi╩ ⇔√ │

⅜ ↕™√╘ ⌐ ⅜⅛⅛╢⅜ ∆╢ │ ≤ ⇔≡ ⌐

⌂ↄ≡ ╗ ╟∫≡ ─ ⅜ ╘╠╣╢ ─ ╛

─ ⌐ │ ⇔≡™╢≤ ⅎ╢  

♩♇▼☺◒כ▪│⌐   MPD ☻ꜝ☻♃ ⱱכꜟ☻ꜝ☻♃ ▬○fi☻ꜝ☻

♃⌂≥ ₁⌂ ⅜ ה ↕╣≡™╢ 1.1⌐ ─ ≤

─ ╩ ∆ ∕─ ≢ⱱכꜟ☻ꜝ☻♃│ 50 %╩ ⅎ╢ ™ ≤

╩ ∆╢↓≤⅜≢⅝╢ ╕√ ⱱכꜟ☻ꜝ☻♃│▬○fi ⅜
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⌐ √╣≡™╢√╘ ▬○fi☻ꜝ☻♃─╟℮⌐ ─ ╩ ↑∏

ⱪꜝ☼ⱴ▬○fi─ ⅜ ≢№╢ 3,4) ↓─↓≤⅛╠ⱱכꜟ☻ꜝ☻♃│ ∂

≢№╢▬○fi☻ꜝ☻♃≤ ⇔≡╙ 1 ⅝™ ╩ ╢↓

≤⅜≢⅝╢ ∂ ⅜ ⌂ ⱱכꜟ☻ꜝ☻♃│ ⅜ ⅝™√╘ ─

≤ ⇔≡☻ꜝ☻♃─ ⅜ ↑╠╣ ⌐ ⇔≡™╢≤ ⅎ

╢ ╕√ⱱכꜟ☻ꜝ☻♃│ ─ ≢╙▬○fi◄fi☺fi╩ ∫≡™╢ ↓

╣╠─↓≤⅛╠ⱱכꜟ☻ꜝ☻♃│ ─ ≤⇔≡ ╙ ↕≡⅔

╡ ≢ ∫≡ ⅜ ╘╠╣≡™╢ 5)
 

 

 

1.1  ─ ≤  
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1.2  ⱱכꜟ☻ꜝ☻♃─  

  1.2⌐ⱱכꜟ☻ꜝ☻♃─ ╩ ∆ ⱱכꜟ☻ꜝ☻♃│ ─ ♅ꜗⱠ

ꜟ ♅ꜗⱠꜟ ─ ╩ ≈ ≤⌂∫≡™╢ ♅ꜗ

Ⱡꜟ─ ⌐ ⅜ ⌐ ⅜∕╣∙╣ ↕╣≡™╢ ⅛╠♅ꜗ

Ⱡꜟ ⌐ ⇔√ │ ⌐╟∫≡♩ꜝ♇ⱪ↕╣ ─ ≤ ⇔⌂

⅜╠ ⌐ ∆╢ ↓─≤⅝ ─ ≤ ─ ⌐╟╡♅ꜗⱠꜟ ─

⅜ ⌐ E×B ♪ꜞⱨ♩⇔ ⌐ⱱכꜟ ⅜ ↕╣╢ ↓─ⱱכꜟ

≤ ⌐╟∫≡ ♠fi꜠כ꜡╢∆ ⌐╟╡ │♅ꜗⱠꜟ ⌐ ╕╢ ╟∫

≡ⱱכꜟ☻ꜝ☻♃─ ♅ꜗⱠꜟ │ ⌐ √╣ ─

╩ ↑⌂™√╘▬○fi☻ꜝ☻♃≤ ⇔≡ ⅜ ⅝ↄ⌂╢ ↓─╟℮⌐♅ꜗ

Ⱡꜟ ⌐⅔™≡ │ ⌐♩ꜝ♇ⱪ↕╣╢⅜ ≢▬○fi│ ─ ╩ ↑

⌂™ ∕─√╘▬○fi│ ⌐╟∫≡ ⌐ ↕╣ ⱱכꜟ☻ꜝ☻♃│ ╩

╢  

  ♅ꜗⱠꜟ ≢ ⅜ ⌐ ⇔ ▬○fi⅜ ⌐ ↕╣╢√╘⌐│ ─Ɽ

ꜝⱷכ♃╩ √∆ ⅜№╢  

 

 ḻρ (1.1)† 

 ὶḺὒḺὶ (1.2) 

 ὒḺ‗  (1.3) 

 

↓↓≢ (Ú│ ─◘▬◒꜡♩꜡fi †ÓÅÃ│ ─ ὶÍ≤

ὶÍ│∕╣∙╣ ≤▬○fi─ꜝכⱴכ ὒÍ│ ♅ꜗⱠꜟ ‗ Í│▬

○fi─ ≢№╢ ↓╣╠─ ╩ √∆╟℮⌐ⱱכꜟ☻ꜝ☻♃│ ↕

╣≡™╢ ⌐∕╣∙╣─ ╩ ∆╢  

 

1) ḻρ† 

  ↓─ │♅ꜗⱠꜟ ≢ ⅜ E×B ♪ꜞⱨ♩∆╢ ≢№╢ Ɽꜟכⱱ│†

ꜝⱷכ♃≤ ┌╣≡™╢ ⌂ⱱכꜟ☻ꜝ☻♃─ⱱכꜟⱤꜝⱷכ♃│ 200~300

≤⌂∫≡™╢ 6) ─◘▬◒꜡♩꜡fi ≥ ─ †│ ─╟

℮⌐ ↑╢  

 

 †
ρ

„ὲὺ
 (1.5) 
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Ὡὄ

ά
 (1.6) 

 

„Í │ ─ ὲÍ │ ὺÍ Óϳ │ ─ ὄ4│

ά ËÇ│ ─ ≢№╢ ♅ꜗⱠꜟ ─ ⅜Ⱳꜟ♠ⱴfi ≢№╢

≤ ∆╢≤ ─♪ꜞⱨ♩ ὺ│ ─╟℮⌐ ↕╣╢  

 

 ὺ
ςὯὝ

ά
 (1.7) 

 

↓↓≢Ὧ│Ⱳꜟ♠ⱴfi Ὕ│ ≢№╢  

 

2) ὶḺὒḺὶ 

  ↓─ │ │♅ꜗⱠꜟ ─ ⌐♩ꜝ♇ⱪ↕╣╢⅜ ▬○fi│ ⌐ ╠╦

╣∏⌐ ⌐╟∫≡ ↕╣╢ ╩ ∆ ≢№╢ ≤▬○fi─ꜝכⱴכ

ὶ≤ὶ│∕╣∙╣ ─ ≢ ↕╣╢  

 

 ὶ
άὺ

Ὡὄ
 (1.8) 

 ὶ
άὺ

Ὡὄ
 (1.9) 

 

ά ËÇ│▬○fi─ ὺÍ Óϳ │▬○fi─ ≢№╢ ▬○fi─ ⅜ ⌐

╟╢ ⌐ ═≡ ≢⅝╢╒≥ ↕™≤ ∆╢≤ ▬○fi ὺ│ ─╟℮

⌐ ╘╠╣╢ 

 

 ὺ
ςὩὠ

ά
 (1.10) 

 

↓↓≢ὠ 6│ ≢№╢  

 

3) ὒḺ‗  
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  ↓─ │♅ꜗⱠꜟ ≢▬○fi⅜ ≤ ∆╢↓≤⌂ↄ ה ↕╣╢

╩ ∆ ≢№╢ ▬○fi─ ‗│ 

 

 ‗
ρ

τЍς

ρ

„ὲ
 (1.11) 

 

≤ ↕╣╢  

 

 

 

1.2  ⱱכꜟ☻ꜝ☻♃─  

 

 

1.3  ⱱכꜟ☻ꜝ☻♃─  

  ⱱכꜟ☻ꜝ☻♃│ ♅ꜗⱠꜟ─ ↕⅛╠ ⅝ↄ 2 ⌐ ↕╣╢ 1960 

⌐ ♁ ─Morozov ╠⌐╟∫≡ ↕╣√ SPT Stationary Plasma Thruster
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⌐ ↕╣╢≤ ⌐ ♁ ─ Zharinov ╠⌐╟∫≡ ↕╣√ TAL Thruster 

with Anode Layer ⌐ ↕╣╢▪ⱡכꜘ▬꜠♪כ ⱱכꜟ☻ꜝ☻♃≢№╢ ⱴ

◓Ⱡ♥▫♇◒꜠▬ꜘכ ⱱכꜟ☻ꜝ☻♃≤─ ╩∕╣∙╣ 1.3, 1.4⌐ ∆

ⱴ◓Ⱡ♥▫♇◒꜠▬ꜘכ │ ♅ꜗⱠꜟ⅜ ↄ☿ꜝⱵ♇◒☻ ≢№╢↓≤ ▪ⱡ

כꜘ▬꜠♪כ │ ♅ꜗⱠꜟ⅜ ↄ ≢№╢↓≤⅜ ≢№╢ ⱴ◓Ⱡ♥▫

כꜘ▬꜠◒♇ │ ♅ꜗⱠꜟ⅜ ™√╘ⱪꜝ☼ⱴ⅜ ⇔≡ ↕╣╢ ∕─√

╘ ⅜ ↄ ⌐ ↕╣≡™╢ ▪ⱡכꜘ▬꜠♪כ │

ⱪꜝ☼ⱴ ⅜ ™√╘ ╙ ↄ ⅜ ╣≡™╢⅜

─ ⅜ ╠╣≡™╢ 7) ▪ⱡכꜘ▬꜠♪כ │♅ꜗⱠꜟ ⅜ ™√╘ⱴ◓Ⱡ♥

כꜘ▬꜠◒♇▫ ≤ ⇔≡ⱪꜝ☼ⱴ─ ⅜ ⌂ↄ ╕√ ꜛ☺כ꜡◄─

fi╙ ⅎ╠╣╢√╘ ⅜ ≢⅝╢ ╕≢ⱴ◓Ⱡ♥▫♇◒꜠▬ꜘכ ⱱ

כꜘ▬꜠♪כⱡ▪≥♃☻ꜝ☻ꜟכ ⱱכꜟ☻ꜝ☻♃╩ ה ∆╢ ╖⅜⌂

↕╣≡⅝√⅜ ─ ≤™℮ ⅜ ⇔≡™╢  

  Kaufman │ 1.5⌐ ↕╣╢◄fi♪ⱱכꜟ ☻ꜝ☻♃≤ ┌╣╢ ╩

⇔√ 8) │☻ꜝ☻♃ ─ⱳכꜟ⅜ ™√╘ ∂ ≢№╣┌ⱴ◓Ⱡ♥▫

כꜘ▬꜠◒♇ ≤ ⇔≡ ╩ ⅝ↄ∆╢↓≤⅜≢⅝╢ ╕√▬fi♫כ◖

▬ꜟ⅜ ⌐ ╕╣≡™⌂™√╘◖▬ꜟ─ ╩ ≢⅝╢ ⇔⅛⇔◄fi♪ⱱכ

ꜟ ─ │ⱡ☼ꜟ ≢№╢√╘ ™ ⌐╟╢ ─ ⅜

⇔ ▬○fi⅜ ⌐ ⇔⌂™ ┼╙ ↕╣≡⇔╕℮ ╕√↓─☻

ꜝ☻♃│ ♅ꜗⱠꜟ⅜ ─√╘ ♅ꜗⱠꜟ⌐☿ꜝⱵ♇◒☻╩ ™≡™╢

ⱴ◓Ⱡ♥▫♇◒꜠▬ꜘכ ≤ ⇔≡ ⌐⅔↑╢ ⌐╟╢ⱪꜝ☼ⱴ

⅜ ↕™ ∕─√╘ ┼ ∆╢ ⅜ ⅝ↄ⌂╡ ⅜

⅝ↄ⌂∫√ ↓╣╠─ ◄fi♪ⱱכꜟ ☻ꜝ☻♃─ │ ™ 20%

╙─⌐ ╕∫√  

  2000 ⱪꜞfi☻♩fi ⱪꜝ☼ⱴ ─ Raitses ╠⌐╟∫≡ⱴ◓Ⱡ♥▫

כꜘ▬꜠◒♇ ⱱכꜟ☻ꜝ☻♃≤◄fi♪ⱱכꜟ ☻ꜝ☻♃─ ╩ ╖ ╦∑√

⅜ ↕╣√ 9) ↓─ │◦ꜞfi♪ꜞ◌ꜟⱱכꜟ☻ꜝ☻♃ Cylindrical 

Hall Thruster : CHT ≤ ↑╠╣√ ∕─ ╩ 1.6⌐ ∆ ⅛╠ ⅛╢

╟℮⌐CHT │◄fi♪ⱱכꜟ ⌐ ⇔√ⱡ☼ꜟ ≤ⱴ◓Ⱡ♥▫♇◒꜠

כꜘ▬ ⌐ ⇔√☿ꜝⱵ♇◒☻ ♅ꜗⱠꜟ╩ ≈ 10,11) CHT │☿ꜝⱵ♇◒☻⌐

╟╢ⱪꜝ☼ⱴ ⌐╟╡ ╩ ↕ↄ∆╢↓≤⅜≢⅝╢ 2.6 cm

─ CHT │◄fi♪ⱱכꜟ ☻ꜝ☻♃⌐ ═≡ ™ ~32 % ╩

⇔√ 12)  
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1.3  ⱴ◓Ⱡ♥▫♇◒꜠▬ꜘכ ⱱכꜟ☻ꜝ☻♃─  

 

 

 

☿ꜝⱵ♇◒☻  

▬fi♫כ◖▬ꜟ  

♅ꜗⱠꜟ  

♅ꜗⱠꜟ  

 



 

8 

 

 

1.4  ▪ⱡכꜘ▬꜠♪כ ⱱכꜟ☻ꜝ☻♃─  

 

 

1.5  ◄fi♪ⱱכꜟ ☻ꜝ☻♃─  

 

▬fi♫כ◖▬ꜟ 

 

  

▬fi♫כ◖▬ꜟ 
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1.6  ◦ꜞfi♪ꜞ◌ꜟⱱכꜟ☻ꜝ☻♃─  

 

1.4   

  ⱱכꜟ☻ꜝ☻♃─ ╩ ⇔√╕╕ ה ⇔ ⌐

∆╢↓≤⅜≢⅝╣┌ ─ │ ⌐ ∆╢ ∕↓≢

─ │ 50 kg ─ ┼─ ╩ ⇔ 50 W≢

∆╢ ⅛≈ ⌂◦ꜞfi♪ꜞ◌ꜟⱱכꜟ☻ꜝ☻♃╩ ⇔ ∕─

╩ ∆╢↓≤≤∆╢  

 

 

 

 

 

 

 

 

 

 

 

☿ꜝⱵ♇◒☻  

 

▬fi♫כ◖▬ꜟ 



 

10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2    

 

2.1  ⱱ꜡כ♁◌כ♪─  

  ⱱכꜟ☻ꜝ☻♃⌐⅔™≡ⱱ꜡כ♁◌כ♪│ ♅ꜗⱠꜟ ┼─ ─

┘ ─ ╩ √∆ 2.1⌐ⱱ꜡כ♁◌כ♪─ ╩ ∆ ⱱ꜡כ◌

♩ⱨ▫ꜝⱷfi│♪כ♁ ≤ ∆╢≤ ●☻╩ ≤∆╢≤™℮ ⅜№╢

⅜ ⇔√ ╩ ℮↓≤⅜≢⅝╢↓≤╛ 1000 ─

≢№╢↓≤⌂≥─ ⅛╠ⱱכꜟ☻ꜝ☻♃─ ≤⇔≡ ↄ ™╠╣≡™╢ ⱱ꜡

│♪כ♁◌כ ─ ™Ᵽꜞ►ⱶ⌂≥╩ ∆╢ ╩▬fi◘כ♃כ≤

⇔≡ ⇔≡™╢ ↓─▬fi◘כ♃כ╩ⱥכ♃כ⌐╟╡ ╕≢ ∆╢≤ ▬fi◘

│כ♃כ ╩ ∆╢ ↕╣√ │ ●☻≤ ⇔ ⱱ꜡כ◌

♪כ♁ ≢ⱪꜝ☼ⱴ╩ ↕∑╢ ♪כ♁◌ ≥כⱤכ◐⌐ ⌐♪כ♁◌╢╣┌

⇔≡ ⌐ ↕╣√ ╩ ∆╢≤ ⱪꜝ☼ⱴ⅛╠ ♪כ♁◌⅜ ⌐ ⅝

↕╣╢ ↓╣⅜ⱱ꜡כ♁◌כ♪─ ╖≢№╢ ♪כ♁◌ ⌐│ ⱥכ♃כ

╩ ™≡▬fi◘כ♃כ╩ ∆╢⅜ ⅜♪כ♁◌╪√∫™ ∆╢≤ ⌐╟

∫≡ ╩ ∆╢↓≤⅜≢⅝╢  
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2.1  ⱱ꜡כ♁◌כ♪─  

2.2  ☻ꜝ☻♩☻♃fi♪─  

  ☻ꜝ☻♃─ ╩ ∆╢√╘⌐☻ꜝ☻♩☻♃fi♪╩ ™╢ 2.2⌐⌡∂╡┌

⌡ ☻ꜝ☻♩☻♃fi♪─ ╩ ∆ ὰ Í│ ⅛╠☻ꜝ☻♃╕≢─

ὰ Í│ ⅛╠ ☿fi◘─ ╕≢─ ≢№╢ ↓─☻ꜝ☻♩☻♃

fi♪⅜ ≢⅝╢ Ὂὔ─ ╩ ╘╢ ☻ꜝ☻♩☻♃fi♪─ ╡─

│ ≢ ⅝ ∆↓≤⅜≢⅝╢  

 

 Ὕὸ ὐ
Ä—

Äὸ
ὅ
Ä—

Äὸ
ὑ— (2.1) 

 

↓↓≢Ὕ.ϽÍ  │♩ꜟ◒ ὐËÇϽÍ │ ╡─ ♩ⱷfiכ⸗ ὅËÇϽÍ Óϳ │

─  ὑ.ϽÍ ÒÁÄϳ │ⱣⱠ —ÒÁÄ│ ≢№╢

≤⌂∫√ │ ─╟℮⌐ ↕╣╢  

 

 Ὕ ὑ— (2.2) 

 

♩ꜟ◒Ὕ│ Ὂ≤ ⅛╠☻ꜝ☻♃╕≢─ ὰ ╩ ™≡ 

 

ⱥכ♃כ 

 כⱤכ◐

▬fi◘כ♃כ 

●☻ 

Xe 

- 

- 

- 

Xe+ 

Xe+ 

Xe - 
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 ὊϽὰ ὑ— (2.3) 

 Ὂ
ὑ

ὰ
— (2.4) 

 

☿fi◘≢ ↕╣╢ ὼÍ│ὼ ὰϽÓÉÎ—≤ ⅝ ∆↓≤⅜≢⅝╢─≢ 

 

 Ὂ
ὑ

ὰ
ÓÉÎ

ὼ

ὰ
 (2.5) 

 

↓╣╟╡ ─ ╩ ╘╢↓≤⅜≢⅝╢ ⌐☻ꜝ☻♩☻♃fi♪─

╩ ╘╢  (Ú│ 

 

 
ὑ

ὐ
 (2.6) 

≤ ↕╣╢  

 

2.2  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪─  

 

 

2.3  ◄Ⱡꜟ◑כ▪♫ꜝ▬◙─  

  2.3 ⌐◄Ⱡꜟ◑כ▪♫ꜝ▬◙─ ╩ ∆ ◄Ⱡꜟ◑כ▪♫ꜝ▬◙ RPA: 

Retarding Potential Analyzer │ RPA ⌐ ∫≡ↄ╢▬○fiⱦכⱶ⌐ ⇔≡◓ꜞ♇

ὼ 

 

— 

 

Ὂ 

 

ὰ 

 

ὰ 
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♪ IRG ⌐ ╩ ⇔ ∕─◄Ⱡꜟ◑כ⌐ √⌂™ ◄Ⱡꜟ◑כ▬○fi╩

∆╢↓≤⌐╟∫≡◓ꜞ♇♪⌐ ⇔√ ─◄Ⱡꜟ◑כ╩╙≈▬○fi─╖

╩ ∆╢ ≢№╢ ≢ ™√ RPA │ 4 ─◓ꜞ♇♪≤◖꜠◒♃⅛╠

↕╣≡™╢ ◓ꜞ♇♪ ┘◖꜠◒♃─ ╩ ⌐ ═╢  

 

1) FG Floating Grid  

  1 ─◓ꜞ♇♪│ FG ≤ ┌╣ RPA ─ ⅜ⱪꜝ☼ⱴ ⌐ ⇔

╩ ⅝ ↓∆↓≤╩ ←√╘─◓ꜞ♇♪≢№╢ ∕─√╘⌐↓─◓ꜞ♇♪│

⌐ ⅛∑≡№╢  

 

2) ERG Electron Retarding Grid  

  2 ─◓ꜞ♇♪│ ERG ≤ ┌╣ ⅜ RPA ┼ ∆╢↓≤╩ ←√

╘─◓ꜞ♇♪≢№╢ ∕─√╘⌐ ⅜ ↕╣≡™╢  

 

 

3) IRG Ion Retarding Grid  

  3 ─◓ꜞ♇♪│ IRG ≤ ┌╣ RPA ⌐ ⇔≡⅝√▬○fi⌐ⱨ▫ꜟ♃

╩⅛↑╢ ╩ ∆╢◓ꜞ♇♪≢№╢ ↓╣⌐╟╡ ─   

 

4) SESG Secondary Electron Suppression  Grid  

  4 ─◓ꜞ♇♪│ SESG ≤ ┌╣ ◖꜠◒♃⌐ ⇔√▬○fi⌐╟∫≡ 2

⅜ ↕╣╢↓≤╩ ←◓ꜞ♇♪≢№╢ ↓─◓ꜞ♇♪╙ ERG ≤ ⌐ ─

⅜ ↕╣≡™╢  

 

5) Collector  

─◖꜠◒♃│ IRG ─ ⌐╟╢ⱨ▫ꜟ♃╩ ⇔√▬○fi╩ ∆╢

▬○fi◖꜠◒♃─ ╩ ╘╢√╘⌐ ╩ ↕╣╢  

 

  ▬○fiⱦכⱶ◄Ⱡꜟ◑כ ὪὉ│ RPA ─◖꜠◒♃≢ ↕╣√▬○fi

Ὅ!≤◓ꜞ♇♪ ὠ 6╩ ™≡ ≢ ↕╣╢  

 

 Ὁ Ὡὠ  (2.7) 
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 ὪὉ
ρ

Ὅ

ÄὍ

ÄὉ
 (2.8) 

 

↓↓≢ Ὅ !│◓ꜞ♇♪ ⅜ 0 V ─≤⅝⌐◖꜠◒♃≢ ↕╣╢▬○fi

≢№╢ ╠╣√▬○fiⱦכⱶ◄Ⱡꜟ◑כ ╩ ⌐ ∆ 2.4 ≢ ═╢◄Ⱡ

כ◑ꜟ –╩ ╘╢√╘⌐▬○fiⱦכⱶ─ ◄Ⱡꜟ◑כὉ Å6⅜ ⌐⌂╢

▬○fiⱦכⱶ─ ◄Ⱡꜟ◑כ─ ⌐│ ≢ ╠╣√▬○fi◄Ⱡꜟ◑כ

ὪὉ╩ ™≡ ╟╡ ╘╢  

 

 Ὁ ὪὉ Ὁ ὨὉ (2.9) 

 

 

 

 

2.3  ◄Ⱡꜟ◑כ▪♫ꜝ▬◙─  

 

 

2.4   

  ☻ꜝ☻♃─ ╩ ∆╢√╘⌐ –╩ ╘╢ │ ─╟℮⌐

∆↓≤⅜≢⅝╢  

◖꜠◒♃ 

FG 

ERG IRG 

SESG 

☿ꜝⱵ♇◒☻ 
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 –
Ὂ

ςάὠὍ
 (2.10) 

 

↓↓≢Ὂ.│ άËÇÓϳ │ ὠ 6│ Ὅ!│ ≢№

╢ │☻ꜝ☻♃⌐ ↕╣√ ⅜≥╣∞↑ ╩ ∆╢ ◄Ⱡꜟ◑

⌐כ ⇔√⅛╩ ∆ ≢№╢  

  –╩ ╘╢ │ ─ ≢ ↕╣╢  

 

 –
Ὅ

Ὅ
 (2.11) 

 

 

↓↓≢Ὅ!│▬○fiⱦכⱶ ≢№╢ │▬○fiⱦכⱶ ╩

≢ ⇔√ ≢ ╘╠╣ ╩≥╣∞↑▬○fi─ ⌐ ⇔√⅛╩ ∆

≤⌂∫≡™╢  

  –│ 

 

 –
άὍ

Ὡά
 (2.12) 

 

≤ ↕╣╢ │ ⇔√ ⅜≥╣∞↑ ⇔≡▬○fiⱦכⱶ≤

⌂∫√⅛╩ ∆ ≢№╢  

  ◄Ⱡꜟ◑כ –│ 

 

 –
Ὁ

Ὡὠ
 (2.13) 

 

≤ ↕╣╢ ◄Ⱡꜟ◑כ │ ⅜≥╣∞↑▬○fiⱦכⱶ─ ⌐ ╦╣√

⅛╩ ∆ ≢№╢  

  ╕√ – – ◄Ⱡꜟ◑כ –│ ≤ ┌╣╢

↓╣╠─ ─ │ –≤⌂╢  
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 – ––– (2.14) 

 

 

 

 

 

 

 

 

 

 

 

 

3    

 

3.1   

  │∆═≡ 1.0 m ↕ 1.2 m ─☻♥fi꜠☻ ≢ ∫√ ⌐

™√ ╩ 3.1⌐ ∆ ⱳfiⱪכꜞ♃כ꜡│ Rotary  pump

Ⱳכ♃┘ ⱳfiⱪ Turbo molecular pump ╩ ™≡ ╩ ∫√ כ꜡

│ⱳfiⱪכꜞ♃ ≤⇔≡ ™╠╣ │ 27 L/sec≢№╢ ꜞ♃כ꜡

≡∫╟⌐ⱳfiⱪכ 50 Pa ╕≢ ⅜ ╦╣√ 2230 L/sec─♃

Ⱳכ ⱳfiⱪ≢ ╕≢ ∆╢ Ⱳכ♃ ⱳfiⱪ─ ⱳכꜞ♃כ꜡│

fiⱪ⌐╟∫≡ ⅜ →╠╣≡™╢ │●☻ ⌐ 5.7×10-4 Pa≢№

∫√  
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3.1  ≢ ™√  

 

 

 

 

 

ה  3.2 ●☻  

  ≢│ ┘ⱱ꜡כ♁◌כ♪ ●☻⌐◐☿ⱡfi ─ⱱ꜡כ

─♪כ♁◌ ⌐▪ꜟ◗fi╩ ⇔√ ◐☿ⱡfi ┘▪ꜟ◗fi│∕╣∙╣ⱱכꜟ☻

ꜝ☻♃≤ⱱ꜡כ♁◌כ♪─ 2 ⌐ ⅛╣ ⱴ☻ⱨ꜡כ◖fi♩꜡כꜝ⌐╟╡∕╣∙

╣ ⇔≡ ╩ ↕╣╢ ה ●☻ ─ ╩ 3.2⌐ ∆  
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ה  3.2 ●☻ ─  

 

 

 

 

 

 

 

 

3.3  ⱴ▬◒꜡  

  ≢ ™√ⱴ▬◒꜡ ─ │ 2.45 GHz ≤ 4.2 GHz ─╙─≢№╢

⌐ 2.45 GHz ─ ⌐ ↕╣╢ⱴ◓Ⱡ♩꜡fi ─ⱴ▬◒꜡ ─

≢│ ⅜ ≢№╢≤™℮ ╩ ≈ ∕─√╘ ≢│

⌐╟╡ ↕╣√ⱴ▬◒꜡ ╩▪fiⱪ⌐╟╡ ∆╢↓≤≤⇔√  

  ⱴ▬◒꜡ ─ⱨ꜡כꜗ♅כ♩╩ 3.3 ⌐ ∆ ⱴ▬◒꜡ │

Xe 

Ar  

ⱴ☻ⱨ꜡כ 

◖fi♩꜡כꜝ 

ⱴ☻ⱨ꜡כ 

◖fi♩꜡כꜝ 

ⱱ꜡כ 

 ♪כ♁◌

ⱱכꜟ☻ꜝ☻♃ 
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⅛╠ ↕╣√ ▪fiⱪ⌐╟∫≡ ↕╣ ▬fiⱧכ♄fi☻ 50 ɱ ─ N

╡╟ꜟⱩכ◔ ↕╣╢ ↕╣√ │Ɽ꞉כ⸗♬♃⌐╟╡ ↕╣ ≤

─ ╟╡ ↕╣╢ ╕√ │♄Ⱶכ꜡כ♪⌐≡ ≤⇔≡ ┼ ↕

╣╢  

 

3.3  ⱴ▬◒꜡  

 

 

 

3.4  ⱱכꜟ☻ꜝ☻♃ 

  ⌐№√∫≡ (1.1)-(1.3)─ ⌐ ╡ ⱱכꜟ☻ꜝ☻♃╩ ⇔√ ∕

─ ⱱכꜟ☻ꜝ☻♃─ ≤ ╩∕╣∙╣ 3.4, 3.5⌐ ∆ ⱱ►

─ ─ ♅ꜗⱠꜟ│ 18 mm 10 mm ≢♅ꜗⱠꜟ │ 4 mm ≢№

╡ ♅ꜗⱠꜟ │ 9 mm ≢№╢ │ ↕ 1 mm ─ ≢ ≤♅ꜗⱠꜟ─

⌐ ↕ 4 mm ╩Ⱳfiכ◌─ ╪≢™╢ ⅜ ∆╢↓≤⅜№∫√─≢☻ꜝ☻

♃╩ ∆╢ ⌐ ╩ ↕∑ ∆╢  
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  ↓─ⱱכꜟ☻ꜝ☻♃│ ≤ ⌐╟╡ ♅ꜗⱠꜟ ⌐ ⌐

╩ ⇔≡™╢ │ 4 mm×4 mm×12 mm ─ ⌐ ⇔√◘ⱴꜞ

►ⱶ◖Ᵽꜟ♩ Sm-Co ╩ 4 ╕√│ 5 ™√ ╩ 4 5 ≤⇔

√≤⅝─♅ꜗⱠꜟ─ ה ╩ 3.6, 3.7⌐ ∆  

 

♅ꜗⱠꜟ ─ │ủủT ⌂─≢ ≤▬○fi─ꜝכⱴכ │ủủm ≤⌂╢

♅ꜗⱠꜟ ⅜ 9 mm ⌂─≢ ↓╣│ (1.2)╩ √⇔≡™╢  

 

╕√ ↓─ ☻ꜝ☻♃│ SMA ◖Ⱡ◒♃≤▪fi♥♫╩ ⇔≡ⱴ▬◒꜡ ╩ ≢

⅝╢╟℮⌐⌂∫≡™╢ ↓╣⌐╟╡ⱴ▬◒꜡ ⌐╟╡♅ꜗⱠꜟ ≢ⱪꜝ☼ⱴ╩

↕∑╢↓≤⅜≢⅝╢ 3.8⌐▪fi♥♫─ ╩ ∆  

 

 

 

3.4  ⱱכꜟ☻ꜝ☻♃─  

 

 

ⱱ►  

  

 Ⱳfiכ◌

Sm-Co  
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3.5  ⱱכꜟ☻ꜝ☻♃─  

 

 

 

3.6  4 ≤⇔√≤⅝─♅ꜗⱠꜟ─  
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3.7  5 ≤⇔√≤⅝─♅ꜗⱠꜟ─  

 

 

 

3.8  ⱱכꜟ☻ꜝ☻♃⌐ ↕╣√▪fi♥♫ 

 

 

 

 

 

 



 

23 

 

3.5  ⱱ꜡כ♁◌כ♪ 

  ≢│ ⌐ⱱ꜡כ♁◌כ♪ Ion -Tech HC252 ╩ ⇔√

⌐ ™√ⱱ꜡כ♁◌כ♪─ ╩ 3.9 ⌐ ⱱ꜡כ♁◌כ♪─ ╩ 3.10

⌐ ∆ ●☻⌐│◐☿ⱡfi 99.999 % ╩ ™ ☻●─┼♪כ♁◌ │ 0.28 

mg/s≤⇔√ כⱤכ◐ ה │∕╣∙╣ 10 V 0.20 A ⱥכ♃כ ה

│ 4~5 V 3.5 A ≢№╢√╘ ⱱ꜡כ♁◌כ♪─ │ 20 W ≢№╢  

 

 

 

3.9  ⌐ ™√ⱱ꜡כ♁◌כ♪─  
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3.10  ⱱ꜡כ♁◌כ♪─  

 

 

3.6  ☻ꜝ☻♩☻♃fi♪ 

  ⱱכꜟ☻ꜝ☻♃─ ╩ ∆╢√╘⌐ ╩ ℮ ⅜№╢ ⱱכꜟ☻ꜝ

☻♃─ │ mN ≥כ♄כ○ ⌐ ↕™√╘ ≢│ ⌐

─☻ꜝ☻♩☻♃fi♪╩ ™√ ─ ⌐│ LED ─ⱴ▬◒꜡ ☿fi◘╩

⇔√ ⌐ ⇔√ ╡ ☻ꜝ☻♩☻♃fi♪≤⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi

♪⌐≈™≡ ═╢  

 

3.6.1  ╡ ☻ꜝ☻♩☻♃fi♪ 

  ⇔√ ╡ ☻ꜝ☻♩☻♃fi♪─ ≤ ╩ 3.11, 3.12⌐ ∆ ↓─

☻ꜝ☻♩☻♃fi♪│ C/C ◖fiⱳ☺♇♩ ─ ╖⌐ 1 ─♫▬ⱨ◄♇☺≢ ⅎ╠

╣√ C/C ◖fiⱳ☺♇♩ ⅜ⱶכ▪─ 2 ∫≡⅔╡ ╣∙╣⧵│⌐ⱶכ▪─⧵ 1

≈∏≈♫▬ⱨ◄♇☺⅜ ╡ ↑╠╣≡™╢ ⌐ⱶכ▪ ╡ ↑╠╣√ 2 ─♫▬

ⱨ◄♇☺─ ⌐ 220 mm×64 mm×10 mm Ⱳfiכ◌─ ⅜ ∫≡™╢ Ⱪꜝfi◖

─╟℮⌂ ⌐⌂∫≡™╢ Ⱳfiכ◌│♃☻ꜝ☻ ─ ⌐ ─ ♥

ⱨ꜡fi │∕─ ⌐∕╣∙╣ ↕╣≡™╢ ⅛╠☻ꜝ☻♃╕≢ │

325 mm ≢№╢ ☻ꜝ☻♃⅜ ⇔ ⅜ ∆╢≤ 6 ─♫▬ⱨ◄♇☺⌐╟╡

Ⱳfiכ◌ │ ⌐ ↄ ∕─ ╩ LED ─ⱴ▬◒꜡ ☿fi◘ OMRON

Z4D-F04A ╩ ™≡ ⇔ ╩ ∆╢ ─ │ ─

╩☻ꜝ☻♃⌐ ⅎ ∕─ ╩ ⇔ ≤ ─ ╩ ╘
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╢ ∕─ ≤☻ꜝ☻♃ ─ ─ ⅛╠ ⅜ ╕╢ ☻ꜝ☻♩☻♃

fi♪─ │ ╩ ™☻ꜝ☻♃⌐ ⌐ ⅜⅛⅛╢╟℮⌐⅔╙╡╩

⌐ ╢⇔ ─╡╙⅔╢⅛⅛⌐♃☻ꜝ☻≡∫╟⌐כ♃כ⸗ ╩ ⅎ╢↓≤⌐╟∫

≡ ℮ ─ ╩ 3.13⌐ ∆  

 

 

3.11  ╡ ☻ꜝ☻♩☻♃fi♪─  

☻ꜝ☻♃ 



 

26 

 

 

3.12  ╡ ☻ꜝ☻♩☻♃fi♪─  

 

 

3.13  ─  
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3.6.2  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪ 

  ⇔√⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪─ ≤ ╩ 3.14, 3.15⌐ ∆

↓─☻ꜝ☻♩☻♃fi♪│☻♥fi꜠☻ ─ ≤ 2≈─ Flexural pivot Riverhawk

5006-400 ≢ C/C ◖fiⱳ☺♇♩ ╩ⱶכ▪─ ⅎ╢ ⌐⌂∫≡™╢ ▪

─ⱶכ ⌐│∕╣∙╣☻ꜝ☻♃≤ ─ ☿ꜝⱵ♇◒☻ ⅜

↕╣≡™╢ ⅛╠ ╕≢─  ὰ │ 340 mm ⅛╠ ☿fi◘

─ ╕≢─  ὰ │ 200 mm ≢№╢ ☻ꜝ☻♃⅜ ∆╢≤ pivot ╩

⅜ⱶכ▪≡⇔≥ ⌐ ⇔ ☿ꜝⱵ♇◒☻ ⅜ ∆╢ ∕─ ╩ ╡

☻ꜝ☻♩☻♃fi♪≤ ⌐ⱴ▬◒꜡ ☿fi◘╩ ™≡ ⇔ ╩ ∆

╢  

 

 

 

3.14  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪─  

 

 

 

 

 

☻ꜝ☻♃ 

pivot  
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3.15  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪─  

 

 

3.6.3  ⱴ▬◒꜡ ☿fi◘ 

  ☻ꜝ☻♩☻♃fi♪⌐ ⇔√ⱴ▬◒꜡ ☿fi◘╩ 3.17 ⌐ ∆ ⌐│ⱴ

▬◒꜡ ☿fi◘ OMRON Z4D-F04A ╩ 2 ≈ ™√ ↓─ ☿fi◘

─ ╩ 3.1⌐ ∆ ☿fi◘│ ╩ ╪≢∕╣∙╣ 4 mm ─ ⌐

⇔√ ☿fi◘⅛╠ ↕╣√ │ ⌐╟╡ ↕∑≡ ╩

⇔√  
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3.17  ⱴ▬◒꜡ ☿fi◘─  

 

 

3.1  ☿fi◘─  

 4 ± 1.25 mm 

 5 ȋm  

 5 ms  

 1~5V 1.6 V/mm ±10 %  

 

 

3.7  ◄Ⱡꜟ◑כ▪♫ꜝ▬◙ 

  ⱱכꜟ☻ꜝ☻♃⅛╠ ↕╣√▬○fiⱦכⱶ─▬○fi◄Ⱡꜟ◑כ ╩ ∆

╢√╘⌐ RPA ╩ ⇔√ ⇔√◄Ⱡꜟ◑כ▪♫ꜝ▬◙─ ≤ ╩∕╣

∙╣ 3.18, 3.19⌐ ∆ ⇔√ RPA │▪ꜟⱵ♬►ⱶ─ⱬכ◌≥☻כⱲfi─

C/C◖fiⱳ☺♇♩─○ꜞⱨ▫☻ ⌐ 4 ─☻♥fi꜠☻ ⱷ♇◦ꜙ≤◌כⱲfi

◖꜠◒♃╩ ⇔√ ⌐⌂∫≡™╢ ≢│ⱱכꜟ☻ꜝ☻♃ ╟╡

200 mm ─ ≢ ╩ ∫√  

  EGR ⌐⅔™≡ ⅜◓ꜞ♇♪─ⱷ♇◦ꜙ╩ ╠⌂™╟℮⌐∆╢√╘⌐│ⱷ♇◦

ꜙ─ ╡╟☻כ◦⅜ ↕™↓≤⅜ ≤⌂╢ ─☻כ◦ ╖⅜♦Ᵽ▬ ─

≤ ⅎ╢≤ ERG ─ⱷ♇◦ꜙ│ ⌐⅔↑╢ⱪꜝ☼ⱴ─ ⅛╠ ╘╠╣

╢ ⱱכꜟ☻ꜝ☻♃ 200 mm ─ ⌐⅔↑╢ ╩∕╣∙╣ 1 

eV 1.0×1017 m-3≤∆╢≤ ♦Ᵽ▬ │ 0.032 mm ≤⌂╢ ↓─ 2 ─ כ◦⅜
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☻─ ╖≤∆╢≤ ERG ⌐ ™╢ⱷ♇◦ꜙ│ 400 mesh/inch ╟╡ ⅛™ⱷ♇◦ꜙ

≢⌂↑╣┌⌂╠⌂™ ↓─↓≤╩ ⇔≡ ERG ⌐│ 500 mesh/inch ─☻♥fi꜠☻

ⱷ♇◦ꜙ╩ ⇔√ IRG │ RPA ⌐ ⇔≡⅝√▬○fi⌐ⱨ▫ꜟ♃╩⅛

↑╢√╘─◓ꜞ♇♪≢№╡ ≡─▬○fi⌐ⱨ▫ꜟ♃╩⅛↑╢√╘⌐ⱱכꜟ☻ꜝ☻

♃─ ─ ╕≢ ⇔⌂↑╣┌⌂╠⌂™ ⱷ♇◦ꜙ ⅜ ™≤ⱷ♇

◦ꜙ─ ⌐ ╟╡╙ ™ ⅜≢⅝ ╟╡ ™◄Ⱡꜟ◑כ─▬○

fi⅜ IRG ╩ ⇔≡⇔╕℮ ╟∫≡ IRG ⌐│ 500 mesh/inch ─ ⅛™☻♥fi꜠☻

ⱷ♇◦ꜙ╩ ⇔√ 3.2 ⌐ RPA ⌐ ™√◓ꜞ♇♪─ ╩ ∆ ⌂⅔▬○

fi◖꜠◒♃⌐│▬○fi ╩ ╘╢√╘⌐-30 V ─ ╩ ⇔√  

 

3.2  ◓ꜞ♇♪─  

◓ꜞ♇♪ 
ⱷ♇◦ꜙ 

[mesh/inch]  
[V]  

Floating Grid  250 ḣ 

☻♥fi꜠☻ 
Electron Retarding Grid  500 -40 

Ion Retarding Grid  500 0~250 

Secondary Electron Suppression Grid  250 -40 

 

3.18  ⇔√◄Ⱡꜟ◑כ▪♫ꜝ▬◙─  

◖꜠◒♃ 

40 V 30 V 

0 ~ 250 V 

SESG 
IRG ERG 

FG 
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3.19  ⇔√◄Ⱡꜟ◑כ▪♫ꜝ▬◙─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

32 

 

4   ┘  

 

4.1  ☻ꜝ☻♩☻♃fi♪ 

  ⱱכꜟ☻ꜝ☻♃─ ╩ ∆╢ ≤⇔≡ ⇔√☻ꜝ☻♩☻♃fi♪─

╩ ∫√ │ ─ ╩☻☻ꜝ☻♃⌐⅛↑√ ─ ╩ ∆

╢↓≤⌐╟∫≡ ╦╣╢ 4.1, 4.2⌐ ╡ ☻ꜝ☻♩☻♃fi♪≤⌡∂╡┌⌡

☻ꜝ☻♩☻♃fi♪≢ ╩⇔√ ⌐ ╠╣√ ☿fi◘─ ╩ ∆

⅛╠ ⅛╢╟℮⌐ ⅜⅛↑╠╣√≤⅝⌐ ⅜ ⅝ↄ⌂╡ ⅜⌂ↄ⌂╢

≤ ⅜ ╩⅛↑╢ ─ ╕≢ ∫≡™╢ ↓↓≢ ╡ ☻ꜝ☻♩☻♃fi

♪≤⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪⌐⅛↑√⅔╙╡│∕╣∙╣ 1 g≤ 300 mg≢№

╢ ─ │∕╣∙╣ 3.78 V ≤ 1.49 V ≢№∫√ ↓╣╟╡⌡∂╡┌⌡

☻ꜝ☻♩☻♃fi♪─ ⅜ ─ ⅜╟™↓≤⅜ ⅛∫√ ╟∫≡ ─ ≢

│ ⌐⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪╩ ™╢↓≤≤∆╢ ⌂⅔ │

☿♇♥▫fi◓⌐╟╡ ∆╢√╘ ☿♇♥▫fi◓╩ ⅎ╢√┘⌐ ╩ ℮  

 

 

 

4.1  ╡ ☻ꜝ☻♩☻♃fi♪⌐≡ ╠╣√  
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4.2  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪⌐≡ ╠╣√  

 

 

 

4.3  ⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪⌐≡ ╠╣√ ≤ ─ ─  
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4.2  ⱱכꜟ☻ꜝ☻♃─  

⌡∂╡┌⌡ ☻ꜝ☻♩☻♃fi♪╩ ™≡ ⱱכꜟ☻ꜝ☻♃─ ┘

─ ╩ ∫√ ≤ⱱ꜡כ♁◌כ♪─ ●☻⌐│◐☿ⱡfi╩ ™√  

 

4.2.1   

  ☻ꜝ☻♃─ ╩ 4 ╩ 0.20 mg/s≤ 0.30 mg/s≤⇔

╩ ↕∑√≤⅝─ ╩ 4.3⌐ ∆ 0.20 mg/s─ │

125 V ≢ⱪꜝ☼ⱴ╩ ≢⅝⌂⅛∫√ 0.30 mg/s≢│

╩ 100 V ╕≢ →≡╙ⱪꜝ☼ⱴ╩ ∆╢↓≤⅜≢⅝√ ─ │

0.30 mg/s 250 V ─ ─ 3.1 mN ≢№∫√  

  ⌐ ≤ ─◓ꜝⱨ╩∕╣∙╣ 4.4≤ 4.5⌐ ∆ 4.4─

│☻ꜝ☻♃─ ⅜∕╣∙╣ 50 W≤ 30 W≢№╢↓≤╩ ⇔≡™╢◓ꜝ

ⱨ≢№╢ ↓↓≢ ─♪כ♁◌⌐ │ ╕╣≡™⌂™ ╩

╛⇔√↓≤⌐╟╡ │ ⌐ ⅝ↄ⌂∫√ ⱱכꜟⱤꜝⱷ╩ḻρ†♃כ

√∆ ♅ꜗⱠꜟ ─ ╩ ╢ ─ Ὀ│ 

 

 Ὀ
ὯὝ

ά†

ὯὝ„ὲὺ

ά
 (4.1) 

 

≤ ↑╢ (4.1)╟╡ ╩ ╛⇔√↓≤⌐╟╡ ♅ꜗⱠꜟ ─

⅜ ⅝ↄ⌂╡ ╩ ∫≡ ┼ ⅛℮ ─ ⅜ ⅝ↄ⌂╢ ↓─

⅜ ⅝ↄ⌂╢≤ ╩ ∫≡ ┼ ⅛℮ ⅜ ⇔ ╙

∆╢ ∕─ ≤⇔≡ ⅜ ↕ↄ⌂╡ ⅜ ⇔≡⇔╕℮↓≤

≤⌂╢  

  ╙ ⅜ ⅛∫√─│ 0.30 mg/s 250 V ─ ─

13.2 %≢№∫√ ╕√ 50 W ─ ≢╙ 0.29 mg/s

125 V ⌐⅔™≡ 1.73 mN 11.4 %╩ ≢⅝√ ╕√

0.20 mg/s 0.30 mg/s≤╙⌐ 30 W≢─ ⅜ ≢№∫√ ↓╣

│ⱱ꜡כ♁◌כ♪─ 20 W≤№╦∑≡╙ 50 W╩ ╢↓≤≤⌂╢  
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4.3  ─ 4  

 

 

 

4.4  ─ 4  
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4.5  ─ 4  

 

 

4.2.2   

  ⱱכꜟ☻ꜝ☻♃⌐ ™╠╣≡™╢ Sm-Co ╩ 4 ⅛╠ 5 ⌐ ⇔

0.20 mg/s≤⇔≡ ╩ ∫√ 4.6⌐ 4 ─ ≤ 5

─ ─ ╩ ∆ ╩ 4 ≤⇔√ ─ ≤ ⇔≡

5 ≤⇔√ ─ │№╕╡ ⇔⌂⅛∫√ 4.7⌐ 0.20 mg/s

─ ─ ─ ╩ 4.8⌐ 0.20 mg/s─≤⅝─

4 ─ ≤ 5 ─ ─ ╩∕╣∙╣ ∆ ↓∟╠╙ ≤ ⌐

│╒≤╪≥ ╦╠⌂⅛∫√ ╩ ↕∑≡╖√⅜ ⌐ ⅜⌂ↄ

⌐ ⇔⌂⅛∫√  
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4.6  ─ 0.20 mg/s  

 

 

 

4.7  ─ 0.20 mg/s  

 

 
















