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─ ╡─ ─ ⅜ ∆╢ │⁸ ─ ╛ ─ ≤⁸ ─ ─ ≈⌐ ↕╣╢⁹

│⁸ ≢ ╠╣╢ⱫfiꜞהכⱭ♪꜡☻◐₈─כ │ ⌐⇔√⅜℮₉─ ⌐ ↕╣╢╟℮⌐⁸

─ ⅜ ≤⌂╡ ⅜ ↕╣≡⅝√ ⁹ │⁸ ╛ ⌂≥⁸ ╩ ╡ ↄ

⅜ ⇔√↓≤≢⁸∕╣╕≢ ∞∫√ √⌂ ╩ ≢⅝╢╟℮⌐⌂∫√ ≢№╢⁹

─ │↓╣╠─≥∟╠⅛⁸╙⇔ↄ│ ⅜ ≤⌂∫≡ ⇔≡™╢⁹ 

 

ⱨ꜠כⱶ─ │⁸ ⅜ ─ ↕╣√ⱨ꜠כⱶ─ ⌐ ⇔≡ ╩ ⅛∏⁸ ─

∫√ ╙ ⅛∫√↓≤⅛╠⁸ 100 ⌐ ∫≡ ⇔≡™⌂™ ⅜№╢⁹ 
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◦ꜛfi─ │⁸ ╠ ≤⌂╡⁸ ╠─ ╩ ⌐ ↕∑╢↓≤ Ɽהꜟ♫♁כⱨ□Ⱪ

fiꜛ◦כ◔ꜞ ╙ ⌐⇔≡™╢⁹ 
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─ⱪ꜡☿☻╩ ⇔≡⁸ ─◖fi♥◒☻♩⌐ ╦∑√ ⇔™ⱨ꜠כⱶ─ ╩ ∆╢⁹
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1. │∂╘⌐ 

 

 

1.1 ─  

 

 

√∟⅜ ₁ ⇔≡™╢ ─ ╡─ │⁸ ⌂╙─⅛╠ ⌂╙─╕≢⁸№╠╝╢ ╩ ∫≡

⇔≡™╢⅜⁸ ─ ⅜∕─ ≤ ⌐ ↕╣≡™√╙─⌂≥ ™⁹ ™ ╩ ≡ ─ ⌐ ∫

√╙─┌⅛╡≢№╢⁹ ≢│⁸ ─ ⅜≥─╟℮⌐ ⇔≡™ↄ─⅛⁸ ╩≤╡№→⌂⅜╠ ≡™ↄ⁹ 

 

─ ⌐≈™≡│ √∟⅛╠╙⁸∕─ ⌐≈™≡ ⌂ ⅜ ╦╣≡⅝√⁹ ⌐ ─ ≢│⁸

₈ ─ │≥℮ ↕╣╢═⅝⅛₉≤™∫√ ⅜ ⅎ⌂™⅜⁸∕─⌂⅛≢ ─ ≤₈ ₉─ ╩

∆╢ │ ⅛∫√⁹ 

 

ⱦ☺▼│₈ꜟ◖הꜟ │ ╗√╘─ ₉≤ ═⁸ ⅛╠ ╩ ⇔⁸ ─ ╩ √∆ ─ ╩

⇔√⁹╕√⁸ ─ ≤ ─ ╩ fl□fi╙₈ꜞ◘ה☻▬ꜟ√⇔≥ │ ⌐⇔√⅜℮₉≤⇔≡⁸

─ ≤ ⅜ ⌂ ⌐№╢↓≤╩ ⇔≡™╢⁹ 

 

≡⇔fi►♄ꜟכ◔☻╠⅛ ─ ╡─ ⌐⅔™≡│⁸ ─ⱫfiꜞהכⱭ♩꜡☻◐כ⅜ ╠╣≡™╢⁹

Ɑ♩꜡☻◐⁸│כ◖ꜟⱦ☺▼╛◘ꜞfl□fi╠ ─₈ │ ⌐⇔√⅜℮₉≤™℮ │ ⌐⅔™≡

│ ≢│⌂ↄ⁸₈ │ ⌐⇔√⅜℮₉⅜ ∞≤⇔≡™╢⁹ ─ ╡─ │⁸ ╩ ⅝√ ₁─

╩ ⇔≡ ↕╣√₈ ╛ ₉⅛╠⁸ ╩ ╡ ⇔√ ─ ⌐ ⅝ ™√≤ ∆╢⁹ 

 

Ɑ♪꜡☻◐כ─ ≢│ ─ ─ ⅜ ─₈ ╛ ₉⌐ ↕╣≡™╢⅜⁸ ⌐│∕╣≤

⌐⁸₈ ─ ₉╙ ⅝⌂ ─ ≈≤ ⅎ╢∞╤℮⁹ ⅜ ╛ ╩ ∂≡™⌂™

≢№∫≡╙⁸ ╛ ⅜ ⇔√↓≤≢⁸∕╣╕≢ ⅎ╠╣╙⇔⌂⅛∫√╟℮⌂ √⌂ ⅜ ╕╣

╢↓≤╙№╡℮╢⁹╕√⁸₈ ╛ ₉≤⁸₈ ─ ₉─ ⅜ ⇔™Ᵽꜝfi☻≢ ≤⌂╢↓≤╙

№╢⁹ 

 

Ɑ♪꜡☻◐⁸⅜כ [1]─ ≢₈ ⅜ ⌐⇔√⅜℮₉ ╩ ∆╢ ≤⇔≡ ╡ →≡™╢ ╩

≢™ↄ≈⅛ ⇔⌂⅜╠⁸∕╣∙╣⌐ ∆╢ ╩ ═≡™ↄ⁹ ⁸ ≢ ∆╢ ⌐≈™≡│⁸ ≡

─ [1]⅛╠ ∆╢⁹ 
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1.1.1 ⱨ◊כ◒ 

 

 

≢│ ╩ ⇔≡⁸ ⌐∕─ ╩ ∑∏⌐ √╡ ─↔≤ↄ ⇔≡™╢ⱨ◊⁹◒כ⇔⅛⇔∕─

│ ≤ ↄ⁸ ─ ─ ⅜ ↕╣√─│ ⅛╠ 200 ╒≥ ≢№╢⁹ⱨ◊⁸│◒כ ─ ⅜ ⅛

╠ ⁸ ⅛╠ ≤ ⅎ≡™⅝⁸ ─ ⌐ ∫√⁹≈╕╡⁸ⱨ◊כ◒│ ₈♫▬ⱨ₉∞∫√≤╙

ⅎ╢⁹ 

 

1 ─ⱨ◊כ◒ ♫▬ⱨ ─ ╕╡│ ╕≢ ╡⁸ │ⱨꜞfi♩╛ ≤™∫√ ─ ╩ ⇔

√╙─≢ │ ™≡│™⌂⅛∫√⁹∕─ ⁸ ⅜ ⅛╠ ⌐ ∫≡ ╦╠╣⁸ ─ ⌐╟╡

─ ⅜ ⇔⁸ ∟╛∆™╟℮⌐≤ ⅜≈↑╠╣√⁹╕√⁸ │ ⅜ ≢ ⌐ ┬ ⌐ ≢№∫

√√╘⁸ ⅜ ↄ ↕╣╢⌂≥─ ╙↕╣√⁹ 

 

↓╣╠─ ⅜ ↓∫≡╙⌂⅔⁸ ⌐ ─ⱨ◊כ◒ ♫▬ⱨ ╩ ∟⁸ ≢ ═ ╩ ⇔≡╙℮

≢ ═ ╢≤™℮ ☻♃▬ꜟ │⁸ │№╢╙── ⌂ↄ≤╙ 12 ╕≢ ™√⁹ ─

⌐⅔™≡ ≢№∫√▬◑ꜞ☻⌐⅔™≡│ 17 ╕≢ ™√≤↕╣≡™╢⁹ 

 

∕─ ─ⱨ◊כ◒⅜ ≤⇔≡ ⇔⁸ ⌐ ╢ ⅛╠ ⌐⅔™≡╙ ↕╣╢╟℮⌐⌂

∫√⁹17 ⁸2 ─ⱨ◊⁸│◒כ╟╡ ═ ╩ ⇔╛∆ↄ⁸ ┼ ┘╛∆ↄ∆╢√╘⁸3 ⁸4 ┼

≤ ⌐∕─ ─ ╩ ╛⇔≡™∫√⁹ 

 

↓─╟℮⌐ⱨ◊כ◒─ │⁸ ⌐ ═╙─╩ ┬ ≤⇔≡─ ╩ ⇔≡ ╠╣√ ₁⌂₈ ╛ ₉

─ ⅜ ─ ≤⌂∫≡⁸ ─ ┼≤ ₁⌐ ⇔≡™∫√≤ ⅎ╢↓≤⅛╠⁸ ⌐Ɑ♪꜡☻◐₈─כ

│ ⌐⇔√⅜℮₉ ─ ╡≤ ⅎ╢⁹ⱨ◊כ◒─ ─ ⌐⅔™≡│⁸₈ ─ ₉╟╡╙

─₈ ╛ ₉⅜ ≤⇔≡ ╘╢ │ ⅝™⁹ ─ │ⱨ◊כ◒─ ╩ ╡ ⅎ√⅜⁸

⅜ ⅎ╢√┘⌐ ⇔√ ⇔™ │⁸ ≤─ │ ↄ⁸ ⇔™ │ ⌐₈ ╛ ₉⅛╠ ╖

↕╣√≤ ⅎ╢⁹  
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1.1.1-1 ─ ─ⱨ◊כ◒ ♫▬ⱨ  

 

 

1.1.1-2 16-17 ⌐ ↕╣√ ─ⱨ◊כ◒ ♫▬ⱨ  

 

 

1.1.1-3 19 ⌐ ↕╣√ⱨ◊כ◒≤♫▬ⱨ─☿♇♩  
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1.1.2 ♀ⱶ◒ꜞ♇ⱪ 

 

 

₁ ⌂ↄ ⇔≡™╢ ─ ≤╙ ⅎ╢♀ⱶ◒ꜞ♇ⱪ⁹ ⌡√ ╩ ╘≡⅔ↄ≤™℮◦fi

ⱪꜟ⌂ ─√╘⌐ ↕╣√⅜⁸ ╩ ™√ ─ ⅜ ⇔√─│ 1930 ≢ ⅛╠

100 ╙ ⇔≡™⌂™⁹ 

 

ⱨ◊כ◒─ ⅜│∂╘ ≢♫▬ⱨ≤ №∫√╟℮⌐⁸♀ⱶ◒ꜞ♇ⱪ╙│∂╘│ ⌂╢₈Ⱨfi₉≢№∫√⁹

Ⱨfi│⁸ ↄ ⇔√ ╩ ⌂ ↕⌐ ∫√ ≢⁸∕─ ╩ ╠∑√∞↑─ ⌂╙─№∫√⅜⁸

⌡√ ╩╕≤╘╢≤™℮ │⇔∫⅛╡≤ √⇔≡™√⁹ 

Ⱨfi─ │ ╘≡ ↄ⁸ ⅛╠ ╛ ─ ╩ ╢⌂≥⇔≡ ╠╣≡│ ╩≤╘╢√╘⌐ ╦╣≡™

√⁹╛⅜≡ │ ⌐ ╦╠╣⁸19 ⌐⌂╢≤ ─ ╙ ⇔√⁹ 

 

↓℮⇔≡ ⇔√ ╙ ↕╣√Ⱨfi≢№∫√⅜⁸∕─ ⌐│ ⌂⅛╠∏ ╩ ╪≢™√⁹ 

≈│⁸ ╩ ≈↑≡⇔╕℮↓≤⁹ ⌡√ ╩Ⱨfi≢ ∆╢≤⁸ ⌐ ⅜ ™≡⇔╕℮↓≤⅛╠ ⌂

─ ⌐│ ⅝≢№∫√⁹╙℮ ≈│⁸ ╩∆╢ ⅜№╢↓≤⁹ ─ ∫√Ⱨfi─ ™│ ⇔ↄ⁸ ⅔

℮≤ ⌐ ∫√ ⌐ ∫≡ ╩ ⇔≡⇔╕℮↓≤╙ ₁№∫√⁹ 

 

∕℮™∫√ ╛ ⅛╠⁸19 ⌐│ⱣⱠ╩ ™√ⱭכⱤכ◒ꜞ♇ⱪ⅜ ↕╣√⅜⁸↓╣╙╕√ ╘√

⅜ ⌐ ∫≡⇔╕℮ ╛⁸ⱭכⱤכ◒ꜞ♇ⱪ≢ ⇔√ ╩ ⌡√ ⌐⅛↕┌╢ ⅜ ∂≡™√⁹

↓℮⇔√ ╩ ∆╢═ↄ⇔≡⁸♀ⱶ◒ꜞ♇ⱪ│ ↕╣√─≢№╢⁹↓─╟℮⌐⁸ ⌡√ ╩≤╘

╢≤™℮ ─╙≤≢ ╠╣√ ─ ╛ ⅜⁸♀ⱶ◒ꜞ♇ⱪ─ ╕≢─ ⌐│ ⌐ ≡ ╣╢⁹ 

 

⇔⅛⇔⁸↓↓≢ ⇔⌂↑╣┌⌂╠⌂™│⁸♀ⱶ◒ꜞ♇ⱪ─ ⌐│ ─ ⅜ ≢№∫√≤™℮

↓≤∞⁹ ⌂ ╩ ∫√ ─╟℮⌂ ⅜ ↑╣┌⁸ ─ ╛ ⌐╟∫≡♀ⱶ◒ꜞ♇ⱪ─▪▬

♦▪│╙√╠↕╣≡╙⁸ │⇔⌂⅛∫√≢№╤℮⁹ ≢╙ ⌐ ⌐ ╩ ∫√ ⅜ ⇔≡™

√↓≤⅛╠╙ ⅛╢╟℮⌐⁸ │♀ⱶ◒ꜞ♇ⱪ─ ╟╡╙ ⌐ ∆╢ ≢№∫√⅜⁸♀ⱶ◒ꜞ

♇ⱪ⌐ ⌂ ╩ ∆╢√╘⌐│ ⅜ ╡ ↕╣√≤⁸Ɑ♪꜡☻◐כ─ ⌐╙ ⅛╣≡™╢⁹ 

≈╕╡⁸ ─ ─ ≢№╢₈ ╛ ₉≤₈ ─ ₉⅜ ⌐ ⇔≡™√√╘⁸♀ⱶ

◒ꜞ♇ⱪ│ ⇔√≤ ⅎ╢⁹ 
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1.1.2-1 19 ┌⌐ ╠╣≡™√Ⱨfi─☿♇♩ 

 

 

 

1.1.2-2 ╩≤╘╢√╘─ √∟ 

 

 

 

1.1.2-3 ♀ⱶ◒ꜞ♇ⱪ─  
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1.1.3 ⱨ□☻♫כ 

 

 

ⱨ□☻♫כ─ ╙⁸ ⇔≡⅝√ ⌐ ╪≢ ⌂╙─≢№╢⁹ ─ ╩ ╘╢≤™℮ ╩ √

∆√╘⌐ ⌐ ↕╣√─│⁸ ⌐╙ →√Ⱨfi─╟℮⌂ ≢№∫√⁹ ─ ╛ ╩ ⇔≡ │

╠╣≡™√≤ ⅎ╠╣╢⅜⁸ ⌐∕╣│ ⌂≥─ ⌐ ╦╠╣╢⁹Ⱨfi│⁸ ─ ╩ ╘╢≤™℮ │

⅛⌐ √⇔√⅜⁸⇔┌⇔┌ ↑ ∟≡≥↓⅛┼ ∫≡⇔╕℮ ⌐ │ ╕↕╣≡™√⁹ ≤ ⌐

⅜ ™≡╙ ╩ ↕∑╢ ⅜Ⱨfi⌐│ ╘╠╣≡™√⁹ 

 

∕╪⌂ ╖╩ ⇔√─⅜⁸19 ⌐⌂∫≡ ↕╣√ Ⱨfi≢№∫√⁹ⱣⱠ─ ╩ ™≡Ⱨfi⅜

∆╢╟℮⌐ ↕╣√ Ⱨfi│⁸∕╣╕≢─Ⱨfi─╟℮⌐ ↑ ∟╢↓≤⅜ ⅛∫√⁹⇔⅛⇔∕╣≢╙ ⁸

⌐├∫√╡ⱨ▫♇♩∆╢╟℮⌂ ─ │ Ⱨfi≢│ ⌐ ≢⅝⌂⅛∫√⁹ Ⱨfi≢ ⇔√

─ ⅜☻ꜟ☻ꜟ≤ ™≡⇔╕℮⅛╠≢№╢⁹∕─ ≢ Ⱨfi╟╡╙ ╣≡™√ⱨ♇◒╛Ⱳ♃fi│ 13

⌐ ⌐ ↕╣≡™√⅜⁸ ╡ ⇔⌐⅛⅛╢ │ Ⱨfi≤ ∂ↄ⁸╙⇔ↄ│∕╣ ⌐ ╩▬ꜝ▬ꜝ

↕∑≡™√⁹ 

 

↓℮™∫√ ─ ╩ ⇔√─⅜⁸19 ⌐⌂∫≡ ↕╣√ⱨ□☻♫⁹√∫№≢כ ─ ╩

⌐ ╖ ╦∑√ⱨ□☻♫⁸≢→⅛⅔─כ ⌐ ╠∏ ⌂≥⌐⅔™≡╙ ™ ⅜ ⌐⌂∫√─≢№╢⁹ 

 

Ɑ♪꜡☻◐כ│ⱨ□☻♫₈╙≡™⅔⌐כ │ ⌐⇔√⅜℮₉─ ⅜ ↕╣⁸ ─ ─ ⅜

╩ ╪∞─∞≤ ⇔≡™╢⅜⁸↓─ │ ⅛╠ ╩ ╗╟℮⌂ ≢№╢√╘⁸ ⇔ ⅜ ⌂╢╟℮⌐

ⅎ╢⁹ⱨ□☻♫כ─ ↕╣╢ ⌐│⁸ ⅛⌐ ─ ⌐⅔™≡─ ⅜ ⇔≡™√⅜⁸∕╣╕≢

⇔≡™√Ⱨfi╛ Ⱨfi⁸↕╠⌐│ⱨ♇◒╛Ⱳ♃fi─ ≤│⁸ⱨ□☻♫כ─ │⅛↑ ╣≡™╢⁹ 

 

╕√⁸ⱨ□☻♫כ│ ≤⇔≡ ⇔│∂╘─ ⌐℮╕ↄ ⅜≢⅝⌂™ ⅜ ⇔≡⅔╡⁸⅛ⅎ∫≡

⌐ ╩ ⅎ╢ ≤⌂∫≡⇔╕∫≡™√≤ ℮⁹∕─√┘⌐ ⅛⌂ ╩ ╡ ⇔≡⁸ ─ ⌂ↄ

⅜ ⅎ╢ ⌐ ∫√ ⅛╠│⁸ ≢ ╡ →√ ─ ⌐ ╠╣√╟℮⌂⁸ ⅛╠ ↕

╣╢ ─ ╩ ∂↕∑╠╣╢⁹ 

⇔√⅜∫≡⁸ⱨ□☻♫כ─ │ ∕─╙─╩ ↕∑√≤ ⅎ╢─≢⁸₈ ─ ₉⅛╠ ⅜

⇔√≤│ ∏⇔╙ │≢⅝⌂™≤ ╦╣╢⁹↓─ ⁸₈ ─ ₉⅜ⱨ□☻♫כ─ ╩ ↕∑

√≤ ∫√ ⅜ ⅛╙⇔╣⌂™⁹ 
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1.1.3-1 Ⱨfi─  

 

 

 
1.1.3-2 19 ⌐ ↕╣√ⱨ□☻♫כ 

 

 

 

1.1.3-3 20 ─ ⇔√ ─ ⅎ╢ⱨ□☻♫כ  
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1.2 ⱨ꜠כⱶ─  

 

 

↓↓╕≢ ─ ╡─ ─⌂⅛⅛╠ ╩ ⇔⌂⅜╠ ═≡⅝√╟℮⌐⁸ ₁ √∟⅜ ⇔≡™╢ ─

│⁸ ─ ╛ ─ ⁸ ─ ─™∏╣⅛⁸╙⇔ↄ│ ⌐╟∫≡ ⅜╙√╠↕╣≡⅝

√↓≤│ ⅛≢№╢⁹ 

 

∕╪⌂⌂⅛ ⱨ꜠כⱶ│⁸ ─ ⅜ ↕╣∏⁸ ╙ ⅝⌂ ╩ ∑⌂⅛∫√↓≤⅛╠⁸

100 ⌐ ∫≡ ⅜ ⇔≡™⌂™⁹ 

 

⌐ ╩ ™≡╖╢≤⁸ ╙ ⌂♄▬ꜘ⸗fi♪ ⌐ ∟ ™≡ ⁸ √⌂ ─ ⅜↕╣≡

™⌂™↓≤⅜╦⅛╢ 1.2-1 ⁹ ™ ╩⅛↑≡ ╛ ╩ ╡ ∆⌂⅛≢⁸ Ɽ▬ⱪ─ ⌐╟

∫≡ ─ ⁸ ⁸ ╩ ≢⅝╢♄▬ꜘ⸗fi♪ ⌐⁸ ↄ╙ ↄ╙ ∟ ™≡⇔╕∫≡™╢≤

ⅎ╢⁹ 

 

≢│⁸♄▬ꜘ⸗fi♪ ≤⁸∕─ ⌐ ♪כ●♇♃☻⌂ ⁸♄Ⱪꜟꜟכⱪ ─ ╩ ╡ →⁸∕╣

∙╣─ ╩ ∆⁹ 

 

 

 

 

 

1.2-1 ⱨ꜠כⱶ─ ─ ─ [2]  

≢ ╕╣√ ⌐⅔™≡ ⌐ ⅜ ™  
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1.2.1. ♄▬ꜘ⸗fi♪  

 

 

JIS ─ ⱨ꜠כⱶ⌐ ∆╢ 3 ╩ ╢≤⁸♄▬ꜘ⸗fi♪ ≤∕─ ≤⌐ ↕╣≡

↕╣≡™╢↓≤⅛╠╙ ⅛╢╟℮⌐⁸ ⌐ ∆╢ⱨ꜠כⱶ─ │♄▬ꜘ⸗fi♪ ⅜ ≢№╢

1.2.1-1 ⁹ 

 

≈─ ╩ ↕∑√♄▬ꜘ⸗fi♪ │⁸ ≤ ≢ ∂◘▬☼─♃▬ꜘ╩ ∆

╢⌂≥⇔≡⁸ ╩ ╘√ ─ ⁸ ↄ─ ⌐ ↕╣≡⅝√⅜⁸∕─ ≤⇔≡│

╛ ⁸ ⌐⅔™≡ ≢№╢↓≤⅜ ⅝™⁹ 

 

⌐ Ɽ▬ⱪ╩ ™╢ ⌐⅔™≡⁸ ↕∑╢ ╙⌂ↄ ≤ ≤™∫√ ─╖≢≈ↄ╠╣╢♄

▬ꜘ⸗fi♪ │⁸ ⅜ ╘≡ ™⁹╕√⁸ Ɽ▬ⱪ─ ∞↑≢ⱨ꜠כⱶ─ ≢⅝╢↓≤⅛╠ ≢

№╡⌂⅜╠⁸ ╙ ≢⅝╢⁹ 1.2.1-3  

 

₈ⱴⱴ♅ꜗꜞ₉≤ ┌╣╢╟℮⌂◦♥▫◘▬◒ꜟ⌐│⁸ ♪כ●♇♃☻╢∆ ╛♄Ⱪꜟꜟכⱪ ⅜ ≢│

™⅜⁸ⱴ►fi♥fiⱣ▬◒╛◒꜡☻Ᵽ▬◒⁸꜡כ♪Ᵽ▬◒≤™∫√☻ⱳכ♠Ᵽ▬◒≢│♄▬ꜘ⸗fi♪ ⅜

╩ ╘≡™╢⁹ 
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1.2.1-1 JIS ⌐ ↕╣≡™╢ ⱨ꜠כⱶ [3]  

1.2.1-2 ♄▬ꜘ⸗fi♪ ⱨ꜠כⱶ─ [4]  

 

 

 

 

1.2.1-3 ⱨכⱶ─ JIS D9401 [5]  

  

  ⱨ꜠כⱶ─

  

 ╡  

 

 

 

 2   

 

 

 

 Ⱬ♇♪ ♩כ◦   

  

 Ɫfi●כ

  

   

          

  

  ,   

∕─           

  

 ,   

 ⱴ►fi♥fiⱣ▬◒             

  

 ,   
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♪כ●♇♃☻ 1.2.2  

 

 

♪כ●♇♃☻ │⁸♄▬ꜘ⸗fi♪ ─ ⌐ ⌂ ≢⁸♩♇ⱪ♅ꜙכⱩ ╩ ↄ⇔√ⱨ꜠כⱶ≢№╢⁹

♩♇ⱪ♅ꜙכⱩ⅜ ↄ ╡ ↑╠╣≡⅔╡⁸ ⅛╠ ╩ →≡╕√→╢─≢⁸ ╛ ⁸ ⌐≤∫≡╙

╡╛∆™⁹ 

 

⇔⅛⇔⁸∕─ ♄▬ꜘ⸗fi♪ ⌐ ═╢≤ ⅜ ╢√╘⁸ ╩ ↄ∆╢⅛⁸ ╩ ⅝ↄ⇔⌂↑╣┌⌂╠∏⁸

╙ ⇔≡⇔╕℮⁹ 

₈ⱴⱴ♅ꜗꜞ₉╩│∂╘≤∆╢◦♥▫◘▬◒ꜟ─ ⁸ ╛ ≤™∫√ │ ↕╣⌂™√╘⁸₈ ╡╛

∆↕₉╩ ♪כ●♇♃☻√⇔ ╛⁸ ∆╢♄Ⱪꜟꜟכⱪ ⅜ ↕╣≡™╢⁹ 

 

 

 

 

♪כ●♇♃☻ 1.2.2 ⱨ꜠כⱶ─ [6]  
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1.2.3 ♄Ⱪꜟꜟכⱪ  

 

 

♄Ⱪꜟꜟכⱪ ♪כ●♇♃☻⁸│ ≤ ╪≢♄▬ꜘ⸗fi♪ ⌐ ← ─ ™ⱨ꜠כⱶ ≢№╢⁹☻♃♇●

♪כ ╩ⱬ⁸≡⇔≥☻כ♩♇ⱪ♅ꜙכⱩ ╩ ↕∑╢↓≤⌐╟╡⁸↕╠⌐ ⅛╠╕√™≢ ╡╛∆ↄ

⇔≡™╢⁹ 

 

╡╛∆↕⌐ ♪כ●♇♃☻│≡⇔ ╩╙ ╢⅜⁸∕─ ≤⇔≡ │ ≢ ╡ →√ ─℮∟≢

│ ╙ ↄ⁸╕√ ╙ ╙ ™⁹◦♥▫◘▬◒ꜟ─ⱨ꜠כⱶ│⁸↓─♄Ⱪꜟꜟכⱪ ⅜ ╙ ™⁹ 

⌐⁸ ≢ ⇔√ ─ⱨ꜠כⱶ─ ╩ ⌐╕≤╘√ 1.2.3-2 ⁹ 

 

 

 

 

1.2.3-1 ♄Ⱪꜟꜟכⱪ ⱨ꜠כⱶ─ [7]  

 

 

1.2.3-2 ⱨ꜠כⱶ─ ─  

 ♄▬ꜘ⸗fi♪ ♪כ●♇♃☻   ♄Ⱪꜟꜟכⱪ  

 ™ ╛╛ ™ ™ 

 ™ ╛╛ ™ ™ 

 ☻ⱳכ♠◘▬◒ꜟ⌐ ™╠╣╢⁹

╙◦fiⱪꜟ∞⅜⁸ ⅜№╡⁸

≢№╢⁹ 

◦♥▫◘▬◒ꜟ⌐ ™╠╣╢⁹♩♇ⱪ♅

Ⱪכꜙ ⅜ ↄ↕╣⁸ ⅛╠ ™

≢ ╡╛∆™⁹ 

₈ⱴⱴ♅ꜗꜞ₉⌐ ™╠╣╢⁹☻♃♇●

♪כ ╟╡↕╠⌐ ⅛╠ ™≢ ╡╛

∆™⁹ 
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2. ∆╢ ה  

 

 

≢│⁸ ≤ ∆╢ ╛ ╩ ╡ →╢⁹╕√⁸ ─ ╩ ⅎ╢♦☺♃ꜟהⱨ□Ⱪꜞ◔כ

◦ꜛfi╛⁸Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi⌐≈™≡ ∆╢⁹
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 ⱷ▬♪◦☻♥ⱶכ♄כ○ 2.1

 

 

ⱨ꜠כⱶ─ ⌐│ ⇔≡⅝√ ╡⁸♄▬ꜘ⸗fi♪ ♪כ●♇♃☻╛ ⁸♄Ⱪꜟꜟכⱪ ─ ⅜

≢⁸ ⌐ ≢№╢⁹╕√⁸∕─ ╙♩♇ⱪ♅ꜙכⱩ ─ ↕∞↑⌐ ╕╢╟℮⌂ ≢№╢⁹ 

 

↕╣√ⱨ꜠כⱶ─ ⌐ ╩ ⅎ╢ ⅜ⱷ▬♪◦☻♥ⱶכ♄כ○⁸│⌐ ≈─ ≤⇔≡№╢⁹

ⱨ꜠כⱶ─○כ♄כⱷ▬♪◦☻♥ⱶ─ ↄ│⁸ ≤⌂◒▬Ᵽ♪כ꜡─ ╩ ∆╢ ≢ ↕╣≡

™╢⅜⁸ ⌐ ∆╢ ─ⱨ꜠כⱶ⌐⅔™≡╙○כ♄כⱷ▬♪≢≈ↄ╢↓≤⅜ ≢№╢⁹ 

 

│ ─ ─ ⅛╠ ╡╛∆↕╩ ∆╢ ⁸⅜╢∆כ♄כ○≢ ⌐ ⅜ ⅝⌂ ≤™℮↓≤

 ⁹╢⅝≢│≥↓╢∆כ♄כ○⁸╙≡∫№≢

 

╩ⱷ▬♪◦☻♥ⱶכ♄כ○⁸⇔⅛⇔ ∆╢ ⌐│ ™◖☻♩⅜ ↑╠╣⌂™⁹ ☻◦♪▬ⱷכ♄כ○⌂

♥ⱶ≢ Panasonic ─ ∆╢₈POS Panasonic Order System ₉≢│ 10 ⅛⅛∫≡⇔╕℮↓≤

⅛╠⁸ ┼─ │ ™ ⌐№╢⁹ ╩ ∆╢ ╩כ◙כꜚ─ ⅝⁸ ™◖☻♩╩ ∫≡╕≢

─ ⇔™ ─ ╩ ╘╢↓≤│ ™∞╤℮⁹ 

 

 

 

 

2.1 POS Panasonic Order System [8]   
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 fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦ 2.2

 

 

Ⱶꜞfi◓ⱴ◦fi⁸3D╛כ♃♇◌כ◙כ꜠ ⱪꜞfi♃≤™∫√♦☺♃ꜟ♦כ♃╩╙≤⌐ ╩ ℮♦☺♃ꜟ

⅜⁸ⱷ▬◌כ♫▬◙♦╛כ∞↑≢⌂ↄ⁸◄fi♪ꜚכ◙כ─ ⌐⅔™≡╙ ⅜ ⅜∫≡™╢⁹ ─

⅜ ╕∫√↓≤╛⁸ ╛ ⅜ ╪∞↓≤⅜∕─ ⌐№╢⁹ ─ ≤⇔≡ ↕╣≡

⅝√ 3D ⱪꜞfi♃≤⁸ ─♦☻◒♩♇ⱪ♃▬ⱪ─ 3D ⱪꜞfi♃─ ⅝↕╩ ═╢≤∕╣│ ≢№╢

2.2-1,2 ⁹∕℮⇔√♦☺♃ꜟ ╩ ™√╙─≠ↄ╡╩₈♦☺♃ꜟהⱨ□Ⱪꜞ◔כ◦ꜛfi₉≤ ┬⁹ 

 

─╙─≠ↄ╡≤─ ⅜fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦≡™⅔⌐ ╣≡™╢─│⁸ ─ ⌂ ⅜

ⅎ╢ ⌐≥╙╩♃כ♦ꜟ♃☺♦⁹╢№⌐ ╩ ∆╢↓≤⅛╠⁸▪♫꜡◓≢│ ∞∫√╟℮⌂ ⌂

╙ ≢⅝╢ 2.2-3 ⁹ 

⌐≤∫≡│⁸ ≢⅝╢ ─ ⅜ ⅜∫√↓≤╙ⱷꜞ♇♩≤⇔≡ ⅝™⁹√≤ⅎ┌⁸↓╣╕≢ DIY ≤

ⅎ┌⁸ ─ꜟכ♠ ⅛╠ ⅜ ↕╣╢↓≤⅜ ⅛∫√╟℮⌐ ꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁸⅜℮

fi ╩ ∆╣┌⁸▪◒ꜞꜟ╛ ⁸●ꜝ☻╛ ─ ╙ ≢№╢⁹ 

 

─fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁸⇔⅛⇔ │⁸♦☺♃ꜟ≤ⱨ▫☺◌ꜟ╩ ⌐⁸∕⇔≡ ⌐ ⅎ╢↓

≢fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁹╢№≢≥ ↕╣╢ 3D ☻◐ꜗ♫│⁸ⱨ▫☺◌ꜟ⌂ כ♦⌂ꜟ♃☺♦╩

♃┼ ⁸3D ⱪꜞfi♃│♦☺♃ꜟ⌂♦כ♃╩ⱨ▫☺◌ꜟ⌂ ┼ ∆╢ ≢№╢⁹ 

╕√⁸3D ⱪꜞfi♃≢ ╩ꜟכꜙ☺⸗╢⌂≥ ⇔⁸∕╣╩ ▪☿fiⱩꜞ⇔≡ ╩≈ↄ╢≤

∆╣┌⁸∕─ │ ≤ ╖ ≡─ ⅜ ↕╣╢↓≤⅛╠⁸ ⌂╙─≠ↄ╡╙ ∆╢⁹ 

 

∆╠√╙⅜fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁸⌐℮╟─↓ │ ⌐╦√∫≡™╢⁹ 

 

            

2.2-1 3D ⱪꜞfi♃[9]              2.2-2 ⇔√ 3D ⱪꜞfi♃[10]  
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2.2-3 ⌐ ⌂ ╡ ╖╩ ╣√╙─[11]  

 

 

 fi⌐⅔↑╢⁸ꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦ 2.2-4

♦☺♃ꜟ≤ⱨ▫☺◌ꜟ─ [12,13] 

 

 

2.2-5 ≢≈ↄ╠╣√ [14]  
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2.3 Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi 

 

 

♦☺♃ fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ ─ ⁸ ⌐╟∫≡∕╣⅜◄fi♪ꜚכ◙כ⌐╙ ↕╣√↓≤≢⁸

₈ ₉≤₈ ₉≤™℮ ⌂ │ ╣ ╘≡™╢⁹♦☺♃ꜟ │⁸ ⌐ ⌐╟╢╙─≠

ↄ╡╩ ╪⌐⇔√∞↑≢│⌂ↄ⁸ ─ ╩ ≤⇔√ ≢│ √∑⌂⅛∫√ ─ ╩ ⇔

√⁹ 

 

─ ≢│ ⅜ ↕╣⁸ ─ ⅜ ≤↕╣╢↓≤⅛╠⁸ ∕╣∙╣⅜ ≈

╩☼כ♬╢⌂ √∆↓≤│ ≢№∫√⁹√≤ⅎ┌⁸○ꜝfi♄─♦◙▬♫כJens Dyvik ─ ⇔√ ─Ɽ

ꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ╩ ⇔√♅▼꜡ │⁸ ─ ⌐ ⌂ ╩ ╠ ⇔⁸CNC

Computer Numerical Control ╩ ⇔≡ ⇔√⁹ ♅▼꜡ │⁸ ↕╣╢ ─⌂⅛

⅛╠⁸ ─ ⌂ ⌐ ∫√ ↕⁸ ─ ╩ ∆↓≤⅜ ≢№∫√∕℮∞⁹₈♅▼꜡╩ ∆╢

⌐ ╢₉≤™℮ ─ ≢│ √∑⌂⅛∫√ הꜟ♃☺♦⁸╩☼כ♬⌂♅♇♬⌐ ╩ ⇔≡ ⌐

⇔√─≢№╢⁹╕↕⌐⁸₈ ⌐╟╢ ─√╘─╙─≠ↄ╡₉≢№╢ 2.3-1,2 ⁹ 

 

♦☺♃ꜟ ╩ ⅜ ∆╢↓≤─ ─ │⁸↓℮⇔√ ≢│ √∑⌂⅛∫√ ₁ ─♬

─☼כ ⌐№╡⁸↓─╟℮⌐ ⅜ ╩☼כ♬─ ↕∑√ ╩ ה ∆╢↓≤╩₈Ɽכ

≥fi₉ꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♫♁ ┬⁹ 

╕≢ ╙⇔ↄ│ ⇔⅛ ≢│◖☻♩ ─ ⅛╠ ≢⅝⌂⅛∫√⅜⁸ ⅜ ≤

⌂╢Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi⌂╠┌⁸ ⅜ ≤⌂╡⁸ ⅛╠≢╙ ∆╢↓≤⅜≢⅝╢─

≢№╢⁹ ⅛╠№╢ DIY ≤ ∆╢≤⁸ ⌐╟╢ ─√╘─╙─≠ↄ╡≤™℮ │ ∂≢№╢

⅜⁸ ⌐⇔⅛ ╦╣≡↓⌂⅛∫√ ⌂♦☺♃ꜟ ╢∆≥ꜟכ♠╩ ≢⁸Ɽהꜟ♫♁כⱨ□Ⱪ

│fiꜛ◦כ◔ꜞ ≤ ⅎ╢⁹ 

 

    

 

2.3-1 ╠♦☺♃ꜟ ╩ ⇔≡ ╩ ∆╢ [15]  

2.3-2 Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi⌐╟∫≡ ⌐ ↕╣√ [15]  
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↓↓╕≢⁸ ─ ⌂ ⌐fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♫♁כfi≤Ɽꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁸╢⌂≥

≈™≡ ═≡⅝√⅜⁸∕─ ≤ ⌐≈™≡⁸ 2.3-3 ⌐╕≤╘√⁹ 

ꜟ♃☺♦╩♃כ♦ ─ ╩ ⇔≡ fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦╢∆ │⁸│╢⅛ ⅛╠

⇔≡™√⅜⁸∕╣⅜ ⇔√─│↓↓ ─ ≢№╢⁹╕√⁸∕╣⌐ כ◔ꜞⱨ□Ⱪהꜟ♃☺♦≡∫

◦ꜛfi≢≈ↄ╠╣╢╙─╙ ⇔√⁹∕╣╕≢⁸♦☺♃ꜟ ─ⱳ♥fi◦ꜗꜟ╩ ⅛⇔√ ⌂ ─╙─╩

≈ↄ╢√╘⌐ ↕╣≡⅝√⅜⁸ ⌐╟╡◄fi♪ꜚכ◙כ┼╙ ⅜ ⇔√↓≤≢⁸ ⌂╙─≠ↄ╡

⌐╙ ↕╣╢╟℮⌐⌂∫√⁹∕⇔≡ ⌐∕╣│⁸╙── ⌐╙ ⅝⌂ ╩ ⅎ≡™╢⁹∕╣╕≢

─ ╩ ↑≡™√ ╠─▪▬♦▪│ ↕╣⁸↓╣╕≢ ⌐ ⇔⌂⅛∫√╟℮⌂╙── ⅜ ╖

↕╣≈≈№╢⁹ 

 

 

   

─◘▬☼ 

 
 

≈ↄ╠╣╢╙─ 

  

╙──  

 
 

 

─fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦ 2.3-3 ─ [16-19] 
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2.4 ─  

 

 

fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦ ─ │⁸◄fi♪ꜚכ◙כ─╙─≠ↄ╡╩ ↕∑√⅜⁸∕╣│ ⌂

╢ ─ ≢│⌂ↄ⁸ ⌐│ ⇔⌂⅛∫√╙─╩♦☺♃ꜟ ≢≈ↄ╢⁸₈ ⌐╟╢ ─

√╘─╙─≠ↄ╡₉Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi╩╙√╠⇔√⁹ ⌐╟∫≡ ↕╣╢ ╩

⅜ ∆╢≤™℮ ─♩♇ⱪ♄►fi⅛╠⁸ ╠ ⇔≡ ∆╢Ⱳ♩ⱶ▪♇ⱪ⌐⁸╙── ≤

─ │ ╡ ⅎ╠╣≈≈№╢⁹╕√∕╣│⁸╙── √⌂ ╩ ╖ ⇔≡╙™╢⁹ ╕≢ ─ ╩

↑≡™√◄fi♪ꜚכ◙כ─▪▬♦▪│ ↕╣⁸ ⌂ ≢╙─╩≈ↄ╢↓≤⅜ ≤⌂∫≡™╢⁹ 

 

↓╣⌐╟∫≡⁸ ⅔╟∕ 100 ⌐╦√∫≡ ⅜ ⇔⌂™ ⱨ꜠כⱶ⌐⅔™≡╙⁸ √⌂ ⅜ ⅜

∫≡™╢⁹ ≤⇔≡ ⇔≡™╢ ⱨ꜠כⱶ─ │⁸ Ɽ▬ⱪ╩ ≤⇔≡ ™╢↓≤⅜ ≤↕╣

≡⅝√↓≤⅛╠♄▬ꜘ⸗fi♪ ♪כ●♇♃☻╛ ⁸♄Ⱪꜟꜟכⱪ ⌐ ↕╣≡⅝√⅜⁸ ⌂ ⌐ ⇔≡

⌂ ╩ ⅎ╢♦☺♃ꜟהⱨ□Ⱪꜞ◔כ◦ꜛfi ─ ≢│⁸ ⅜ ─ ⅝⌂ ─ⱨ꜠כⱶ╩ ∆

╢↓≤╙≢⅝╢⁹ 

 

∕↓≢ ─fiꜛ◦כ◔ꜞⱨ□Ⱪהꜟ♃☺♦⁸│≢ ┼─ ╩ ╕ⅎ⁸Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠

─ꜟכ ╩ ⇔≡⁸ ⱨ꜠כⱶ─ √⌂ ─ ╩ ℮⁹ ⌐│⁸♦☺♃ꜟ ≢ ─⇔ ™

╩ ∆╢⁹₈Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ─ ─♃כ♦╢╟⌐ ₉Ƃ₈♦☺♃ꜟ ⌐╟╢

─♃כ♦ ₉Ƃ₈ ─Ɽכ♠≤ ╖ ≡₉≤™℮ ─ⱪ꜡☿☻╩ ⇔≡⁸ ─◖fi♥◒☻♩⌐ ╦∑√

⇔™ⱨ꜠כⱶ─ ╩ ∆╢⁹ 
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2.5 Holz  Racer 

 

 

≢│Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ─ ╩ ∂≡ ⁸CNC⌐≥╙╩♃כ♦√╣↕ Computer 

Numerical Control ₈ShopBot₉≢ ╩ ∆╢↓≤≢⁸ ⇔™ ─ ⱨ꜠כⱶ╩ ∆╢⁹

─ ≢ ⱨ꜠כⱶ╩ ⇔≡™╢ ≤⇔≡₈Holz  Racer 2.5-1 ₉╩ ∆╢⁹ 

 

Holz  Racer │ ⱨ꜠כⱶ─Ɽ▬ⱪ─ ╩ ⇔⁸ ─ⱨ꜠כⱶ⌐ ╘ ╗↓≤≢⁸Ɫfi♪ꜟ╛Ɑ♄ꜟ

≤™∫√ Ɽכ♠≤─ ╩ ⇔≡™╢⅜⁸ ≢╙↓─ ≢ⱨ꜠כⱶ╩ ⇔≡™╢⁹ ≢≢⅝

√ⱨ꜠כⱶ⌐ ─Ɫfi♪ꜟ╛Ɑ♄ꜟ≤™∫√ Ɽכ♠╩ ╘ ╗≤⁸∕╣╠─ ⌐╟∫≡

⅜ ⇔≡⇔╕℮√╘⁸↓─╟℮⌂ ╩ ⇔≡™╢⁹ 

 

╩♦☺♃ꜟ ≢ ⇔⁸ Ɽכ♠╩ ╘ ╪≢ ─ ⱨ꜠כⱶ╩ ⇔≡™╢ Holz  

Racer│⁸ ─ ╛ │ ≢№╢⅜⁸Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ─ ≤∕─ ╩ ⇔≡

√⌂ ╩ ∆╢ ≤│ ⌂╢⁹ 

╕√⁸Holz  Racer │♦☺♃ꜟ ≤ ♁ⱨ♩─ ⌐╟∫≡ ⇔√╙─≢№╡⁸Ɽהꜟ♫♁כⱨ

□Ⱪꜞ◔כ◦ꜛfi╩ ≤⇔√ ≤│ ™⅜№╢⁹ 
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2.5-1 ₈Holz  Racer₉[20] 

 

 

2.5-2 CNC ╩≈⅛∫≡ ╩ ∆╢[20] 

 

 

2.5-3 Ɽכ♠╩ ╘ ╗[20] 
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2.6 Bike CAD  

 

 

ⱨ꜠כⱶ─ √⌂ ─ ╩ ≤⇔≡Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ─ ╩ ℮ ⌐ ⇔⁸

⇔≡™╢ ⱨ꜠כⱶ─ ⁸│≡⇔≥ꜟכ♠ ⌂╙─⌐₈Bike CAD 2.6 ₉⅜№╢⁹ 

≤ Bike CAD Pro ≤⅜№╡⁸ ≢│╟╡ ⌂ ─ ⅜ ⅎ╢⁹ 

 

⇔⅛⇔⁸Bike CAD │№ↄ╕≢ⱨ꜠כⱶ─ ─ ╩ ℮↓≤⅜ ╡╟כ◙כꜚ♪fi◄⁸╡№≢ꜟכ♠─

╙ⱷ▬◌כ─◄fi☺♬▪⅜♃⁸╘√─⧵⁹╢™≡╣↕≥♩♇◕כⱨ꜠כⱶ─ ─ ⌐⁸ ╛ⱪꜞfi♩ ⌂≥⁸

╩ ≢⅝╢ ⅜ ⇔≡™╢⅔╡⁸ ≤⇔≡─ ▬ⱷכ☺╩ ⇔╛∆ↄ⌂∫≡™╢⁹↓─

↓≤⅛╠⁸ ⌐╟╢Ɽהꜟ♫♁כⱨ□Ⱪꜞ◔כ◦ꜛfi╩ ≤⇔≡™╢ ≤│ ⌂╢⁹ 

 

╕√⁸ ≢ ∆╢ ╩⁸Bike CAD ≢ ⇔√ ⅛╠ ∆╢↓≤│≢⅝⌂™↓≤⅛╠⁸ ⌐

≢ ╩♃כ♦⌂ ∆╢ ─Ɽꜝⱷ♩ꜞ♇◒ה⸗♦ꜞfi◓♠כꜟ≤│ ⌐ ™⅜№╢⁹ 

 

 

 

 

 

 

2.6-1 ₈Bike CAD ₉[21] 

 

 

 
















































