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1.11.11.11.1        

│ ╩ ⇔⌂⅜╠ ∆╢ ≤≡╙ ⌂ ≤ ⅎ╢

│ ╩ ⅎ ─ ≢№╢ ⇔⅛⇔ ⌐⌂╢≤

⌂≥⌐╟╢ ╛Ᵽꜝfi☻ ⅜ ⅎ╢↓≤⌐╟╡

⇔╛∆ↄ⌂╢ ╛ ⌂≥≢ ╩ ↓∆≤ ↄ ꜞⱢ

ⱦꜞ♥כ◦ꜛfi⌐╟╡ ╩ ⇔⌂™≤ √⅝╡⌐⌂∫≡⇔╕℮ ╣

⅜№╢ 22 ─ ⌐╟╢ ≢│ ⅜ ⌐⌂

∫√ ≤⇔≡ ⌐ ⌐ ⌐ ⌐╟╢

⌐ ה ⅜ →╠╣≡™╢[1] ∕─√╘ ≢│ ⌐

╪≢™╢ ⌐⅔™≡ ꜞⱢⱦꜞ♥כ◦ꜛfi⅜ ₁ ⌐⌂∫≡⅝≡

™╢  

ꜞⱢⱦꜞ♥כ◦ꜛfi─ ≢│

⅜ ╦╣≡™╢[2] 1.1 ⌐ ∆─│ ≢№╢ │ ─

╩ ≢ ⅎ╢↓≤⅜ ⌂ ⅜ ∆╢╙─≢№╢ ⌐│

⅜ ⅝ ∫≡ ╩ ℮ 1.2 ⌐ ∆─│ ─ ⌐

╩ ╣≡ ∆╢ ─ ≢№╢ ─ ╩ ∆╢↓≤⅜≢⅝

─ ╢№≢כ♃☻ꜗ◐⅜ ⅜ ™ ⌂≥≢ ↄ ⇔≡™╢

⅜ ⅜ ↕╣≡™⌂™√╘⌐ ⌐ ∆╢ ≢ ∆╢ ╛

⌐ ≢ ⅎ⅝╣∏ ⌐ ∆╢ ╙№╢ ─כ♃☻ꜗ◐╙≥

⌐│ ⅜ ™√∞↑≢ ⌐ ⇔≡⇔╕℮↓≤╙№╢ ╕√Ᵽꜝfi☻╩

ⅎ╢ ╩ ≈ ◦☻♥ⱶ[3,4]╛ [5]╛ ╩ ∆

╢ [6 7]╙ ↕╣≡™╢ ⇔⅛⇔ ↓╣╠─ │

─ ⇔⅛≢⅝⌂™  
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1.1           1.2  

│ ∞↑≢│⌂ↄ ╘

⅛╠ ⌂ ⅛╠ ↕╣╢ ⇔√⅜∫≡ ─ꜞⱢⱦ

│≢fiꜛ◦כ♥ꜞ ↓╣╠─ ⌂ ╩ ↄ ∆◓fi♬כ꜠♩⌐

╣┌ ⅜ ≢⅝╢ ∕↓≢ ⌐ ⌂ ╩ ≢⅝╢

╩ ∆╢↓≤⅜ ⌐≤∫≡ ⌂ ≤⌂╢  

─ ─ ≢│ ╟╡ ─ ⌐ ™ ⌂ ╩

℮√╘ ∞↑≢│⌂ↄ ╘ ╙ ≢⅝╢

╩ ⇔√[8] ⌐╟╡ ⅜№╢↓≤⅜ ╘╠╣≡

™╢[9 10] ⇔≡™╢ ─ ⌐≈™≡│ ≢ ∆╢  
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1.21.21.21.2        

─ ≢ ↕╣√ ⌐≈™≡ ∆╢

≢│ ╕≢⌐ ─ ╩ ⇔≡™╢ ⌐⅔™≡

╩ ™ ⌐ ⅜╖╠╣√ ∕─√╘ √⌐ ╩ ⅎ√

≤⌂╢⅜ ⌐╟╡ ↕╣√ ≢│ ╩ ≤⇔

≡ ╩ ∆╢ ─ ╩ 1.3 ⌐ ∆  

 

1.3  

 

    

1.4 ○ⱶ♬ⱱ▬כꜟ 

 

⌐ ─ ╩ ∆╢ ↓─ │ ⌐○

ⱶ♬ⱱ▬כꜟ╩ ⇔ ⌐╟∫≡ ○ⱶ♬ⱱ▬כꜟ─ ╩
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↕∑╢↓≤≢ ╩ ⌐⇔≡™╢ ○ⱶ♬ⱱ▬כꜟ≤ ╩ 1.4

⌐ ∆ ○ⱶ♬ⱱ▬כꜟ│ ∆╢↓≤≢ ⌐ ≢⅝╢ ○ⱶ♬

ⱱ▬כꜟ─ ⌐│ⱨꜞכ꜡כꜝ⅜ ╡ ↑╠╣≡⅔╡ ⌐╙

⌐ ≢⅝╢  

─ ≤⇔≡│ ─ ⌐ ╡ ↑╠╣≡™╢♃♇♅Ɽ

Ⱡꜟ╩ ⇔≡ ∆╢ ╙⇔ↄ│ ↕╣√ ה ⌐ ∆

╢ ⅜№╢ ↓─ ─ │ ∆╢↓≤╙ ≢№╡

─ ⌐№∫√ ⱪ꜡◓ꜝⱶ╩ ≢№╢ ⅜

─ ⌐ ∂≡♦◙▬fi⇔√ ⱷ♬ꜙכ╩ ⌐ ⇔≡ ⅜

ⱷ♬ꜙכ⌐╟∫≡ ↕╣╢ ╩ ⇔≡ ╩ ℮  

↓─ │ ─ ╩ ∆╢√╘─ ⅜ ╡ ↑╠

╣≡™╢ ╕∏ │ⱢכⱠ☻ ♩כ◦╪⇔╪№ ╩ ─ ⌐ ⇔≡

╩ ℮ ↓╣⌐╟╡ ┼─ ╩ ∆╢↓≤⅜≢⅝╢ ⱢכⱠ☻⌐

⅜ ╦∫√ ⌐│ ☿fi◘⅜ ⇔ │ ∆╢

⌐│Ᵽ♇◒꜠☻♩╩ ╡ ↑≡⅔╡ ┼─ ╩ ∆╢↓≤⅜≢⅝

╢ ╙⇔ↄ│ ⅜ ≤ ⇔√ ⌐│ ⌐ ≢

⅝╢╟℮⌐ ─ ™Ⱳ♃fi⅜♃♇♅ⱤⱠꜟ─ ⌐ ╡ ↑≡№╢

∕─ ☿fi◘⅜ ╩ ⇔√ ⌐╙ │ ∆╢  
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1.1.1.1.3333        

│ ⅜ ─ ⌐ ∂≡♦◙▬

fi⇔√ ⱷ♬ꜙכ╩ ⌐ ⇔≡ ⅜ ⱷ♬ꜙכ⌐╟∫≡

↕╣╢ ╩ ⇔≡ ╩ ℮ ⇔⅛⇔ ↕╣╢ ⅛╠

⅜ ∂╢ ⅜№╢ ╩ ╡ ⇔ ⌡╢≤ ⱷ♬ꜙכ

╩ ⌐ ≢⅝⌂ↄ⌂╢ ─ ⱷ♬ꜙכ╩╟╡ ⌐ │

╟™ ╩ ╢√╘⌐│ ⅔╟┘ ╩╟╡ ∆╢

⅜№╢  

╕≢ ╩ ∆╢ ⱷ♬ꜙכ⌐╟∫≡ ↕╣╢ ╩

∆╢√╘⌐ ─ⱪכꜟ ╩ ∫≡⅔╡ ⅜ ™≤™℮

⅜ ↕╣≡™╢ │ ╩╟╡ ↕∑╢√╘⌐

⅛╠─ ⌐ ⇔√ ─ⱪכꜟ ◦☻♥ⱶ╩ ∆╢ ╩

∆╢ ─ ↑ ⌐╟╢ ─ ≤ ─ ⅜

╩ ↓∆ ≤⇔≡ ≢№╢≤ ⇔≡™╢ ꜞⱢⱦꜞ♥כ

◦ꜛfi─ ⅜ ─ ⌐ ╩ ↑╢ ∞

↑≢│⌂ↄ ─ ⌐ ╙№╢ ↓─ │ ─

≤ ╩ ↓∆ ∕↓≢ ─ ╩ ∆╢√╘

─ ╙ ∆╢⸗♦ꜟ╩ ∆╢ ↕╠⌐ ⅜ ⌐⅔™

≡ ─ ≤ ─√╘ ╩ ⇔√ ─⸗

♦ꜟ╩ ∆╢  
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1.1.1.1.4444    ────     

─ Ⱪ꜡♇◒ │ 1.5 ⌐ ∆  

≤ ─

≤

≤ ⅜ ∆╢

⸗♦ꜟ1≤∕─

─Ɽꜝⱷכ♃─

⌐⅔↑╢ ⸗♦ꜟ

≤ ⅜ ⌂╢

⸗♦ꜟ2≤∕─

2

1

3

5

4

6

 

1.5 ─  

≢│ ─ ⌐⅔↑╢ ╩

∆╢√╘⌐ ⌐ ╩ ⅎ╢ ╩ ⇔√ ≤⇔≡

─ ↑ ⌐╟╢ ─ ≤ ─ ⅜ ⌂ ≢№╢↓≤⅜

⅛∫√ ∕↓≢ ≤ ⌐ ⇔ ⌐ ≠™≡

─ ╩ ∆╢ ╕√ ⌂ Ɽ

ꜝⱷכ♃╩ ↄ ∆√╘⌐ ◒כⱠ♇♩꞉הꜟꜝכꜙ♬ NN ≤ ▪ꜟ◗

ꜞ☼ⱶ(GA)╩ ™≡ ─Ɽꜝⱷכ♃─ ╩ ∆╢ ↕╠⌐

─ ╩ ∆╢√╘ ⅛╠─ ─ ╙ ⇔ ⌐

─ ⸗♦ꜟ╩ ⇔ ╩ ∆╢   

≢│ ─ ⌐≈™≡ ∆╢  

2 ≢│ ≤ ⅜ ∆╢ ⸗♦ꜟ 1≤∕─ ⌐≈™≡

∆╢  
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│ ╩╟╡ ↕∑╢√╘⌐ ≤ ∏╣

⌐ ⇔√ ─ⱪכꜟ ◦☻♥ⱶ╩ ∆╢ ⌐⅔™≡

⌐ │ ⌂╡ ⌐ ↑╢ ╙ ∆╢ ⇔√⅜∫≡ ↓

─ ◦☻♥ⱶ─Ɽꜝⱷכ♃│ ≢№╢ ╟ↄ ╦╣≡™╢

─ │ ─ ╩ ⇔ ↓─ ⌐ ≠™≡

╩ ℮ ≢№╢ ≢│ ⌐ ≠™≡

─ ╩ ∆╢  

─ ╩ ∆╢─⌐ ⌂ ╩ ∆╢√╘⌐

─ ⸗♦ꜟ╩ ∆╢↓≤⅜ ≢№╢ ╕∏ ─

≤ │ ∂ ⌐№╢≤ ⇔≡ ⅜∏╣√ ╩ ⇔√

⸗♦ꜟ 1╩ ⇔√ ↓─ ⸗♦ꜟ 1⌐ ≠™≡ ≤ ∏╣─

⌐ ∆╢ ╩ ⇔√[11] ─ ⅜○fiꜝ▬fi≢

─ Ɽꜝⱷכ♃╩ ⇔ ╩ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡

⌂⇔≤ №╡⌐╙ ╦╠∏ ─ ™ ⅜ ╠╣√ ╟∫

≡ ה ─ ⌐ ⅜ ≢№╢↓≤⅜ ↕╣√  

3 ≢│ ≤ ⅜ ⌂╢ ⸗♦ꜟ 2≤∕─ ⌐≈™≡ ∆

╢  

─ │ ≤ │ ∂ ⌐№╢≤ ⇔≡ ⇔√⅜

│ │ ≢№╢⅜ Ᵽ♇♥ꜞ╛ │ ⌐

⇔≡™╢─≢ ⌐ ─ │ ╡≢№╢ ─

ⱷ♬ꜙכ╩ ∆╢ │ ─ ⌐ ⇔≡™ↄ√╘

─ ╩ ⌐ ↕∑╢ ⅜№╢  

─ ╩ ⇔ ≤ ⌐ ∆╢ ≤ ⅜

⌂╢ ⸗♦ꜟ 2╩ ⇔ ∕─ ⸗♦ꜟ 2⌐ ≠™≡

╩ ∆╢[12] ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ⌂╢ ≤ ∏╣⅜ ∂╢

≢╙ ╒╓ ∂ ⅜ ╠╣╢↓≤⅜ ↕╣√ ⇔≡

─ ╩ ↕╣√  

4 ≢│ ⌐⅔↑╢ Ɽꜝⱷכ♃─ ⌐≈™≡ ∆╢  
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2 ≤ 3 ⌐ ⇔√ ─ Ɽꜝⱷכ♃⌐╟∫≡

│ ⌂╢ ⱴ♬ꜙ▪ꜟ≢ ∆╢ ⅜⅛⅛╢ ⌐ ─Ɽꜝ

ⱷכ♃╩ ∆╢─│ ≢№╢√╘ ⌐Ɽꜝⱷכ♃╩ ∆╢ ⅜

≢№╢ ≢│ Ɽꜝⱷכ♃─ ≤⇔≡│ Ⱡהꜟꜝכꜙ♬

♇♩꞉כ◒ NN ≤ ▪ꜟ◗ꜞ☼ⱶ(GA)⅜ ⅎ╠╣╢  

╩ ╘╢ ╩ ≤⇔≡ ╘≡ ⇔ NN ╩ ≠

™≡Ɽꜝⱷכ♃─ ╩ ⇔√[13] ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡

─ ⅜ ↕╣√⅜ ⇔√ NN ≢│ ⌐╟╡ ⌐ ╢

⅜№╢ ∕─√╘ GA⌐ ≠™√ ─ ─

Ɽꜝⱷכ♃─ ╩ ⇔[14 15] ◦Ⱶꜙ꜠כ◦ꜛfi≢ ─

⌂Ɽꜝⱷכ♃╩ ∆ ∕─Ɽꜝⱷכ♃─ │ ╩ ∆

╢ ≤⇔≡ ⇔√  

≢│ ─ ╩ ╡ ↄ√╘ 8 ─ ╩ ─ ⌐ ↑

≡ ╩ ∫√ ⇔√ ╩ ™√ ─ ⌂⇔≤

№╡─™∏╣╙╒╓ ∂ ∞∫√ PID ≢│ ⌂⇔─

╙ №╡─ ╙ ⅜ ⅛╠ ╣√ ↓╣╠─ ⌐╟╡

─ ╩ ≢⅝╢↓≤╩ ≢⅝ ⇔

√ ─ ⅜ ↕╣√   

5 ≢│ ⌐⅔↑╢ ⸗♦ꜟ⌐≈™≡ ∆╢  

2 ≤ 3 ≢│ ≤ ∏╣⌐ ⇔≡

─ ╩ ⇔√ ⇔⅛⇔ ≢ ∆╢ ─

⌐ ↑╢ │ ─ ∞↑≢│⌂ↄ ─

⌐ ╙№╢ ⅛╠─ ⅜ ≤ ╩ ⅝ ↓∆

─ ⱷ♬ꜙכ╩ ⌐ ∆╢√╘ ─ ╩ ∆╢↓≤⅜

≢№╢ ╕√ │ ⌐№╢─≢ ∆╢ ─

╩ ⅎ╢ ⅜№╢  

5 ≢│ ╕∏ ⅛╠ ⌐ ⇔≡ │ ⸗♦ꜟ╩

∆╢ │ │ ⌐№╢─≢ ╩ ⇔√ ⸗♦ꜟ╩
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2222.1.1.1.1        

╩ ∆╢ ⱷ♬ꜙכ⌐ ↕╣√ ⌐ ∆╢

⌐│ ─ⱪכꜟ ⅜ ╦╣≡⅔╡ ⅜ ™≤™℮ ⅜

↕╣≡™╢ │ ╩╟╡ ↕∑╢√╘⌐

≤ ∏╣⌐ ⇔√ ─ⱪכꜟ ◦☻♥ⱶ╩ ∆╢  

⌐⅔™≡ ⌐ │ ⌂∫≡⅔╡ ⌐

↑√ ≤ ╙ ∆╢ ⅛╠─ ≢ ⅜ ↕

╣╢≤ ⅎ≡™╢ │ ⸗♦ꜟ─Ɽꜝⱷכ♃≤⇔≡ ≢№╢

╟ↄ ╦╣≡™╢ ─℮∟ │ ⸗♦ꜟ─Ɽꜝⱷכ

♃╩ ╢ ⅜№╢[1,2] PID │ ⸗♦ꜟ─Ɽꜝⱷכ♃⅜ ─

⌐╟ↄ ↕╣╢⅜ ─Ɽꜝⱷכ♃⅜ ⇔√ PID ─Ɽꜝ

ⱷכ♃╩ ∆╢ ⅜№╢[3] ⌐ PID ╩ ∫√╠

⌐ PID Ɽꜝⱷכ♃╩ ∆╢ ⅜№╢─≢ ≢№╢

│ ─ ╩ ⇔ ↓─ ⌐ ≠™≡ ╩ ℮ ≢№

╢[4-6] ∕↓≢ ─ │ ⌂─≢ │ ◦

☻♥ⱶ≢№╢ ≢│ ─ ⅛↑ ⌐╟╡ ≤ ∏╣⌐

⇔≡ ⌐ ≠™≡ ◦☻♥ⱶ─ ─ ∆╢  

≤ ∏╣─ ╩ ∆╢ ⌂ ╩ ∆╢√╘⌐│

─ ⸗♦ꜟ╩ ∆╢ ⅜№╢ ≢│ ╕∏

─ ≤ │ ∂ ⌐№╢≤ ⇔≡ ≤ ⅜

∏╣√ ╩ ⇔√ ⸗♦ꜟ╩ ∆╢ ⌐ ↓─ ⸗♦ꜟ⌐ ≠™

≡ ≤ ∏╣─ ⌐ ∆╢ ╩ ∆╢ ⇔√

─ ⅜○fiꜝ▬fi≢ ─ Ɽꜝⱷכ♃╩ ⇔ ╩

∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ה ─ ⌐
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◦☻♥ⱶ╩ ∆╢ ⌐ ─ ⌂ ╩ ∆ ⸗♦ꜟ╩

╢↓≤⅜ ≢№╢ ─ ⅜∏╣╢ │ ≤ ∏╣⌐

╟╢╙─≤ ⅎ╠╣╢ ∕↓≢ ≢│ ⅜∏╣√ ╩ ⇔√

⸗♦ꜟ⌐╟∫≡ ─ ┘ ╩ ∆╢     
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╩ ⸗♦ꜟ ⇔ ─ G ≤ C

─ ⅜ ∂ ⌐№╢≤ ∆╢ ⌐╟╡ ⅛╠ GH─

⅜∏╣√ ─ ─ ≤ ⸗♦ꜟ╩ 2.1 ⌐ ∆ Ɽꜝⱷכ♃

│ 2.1⌐ ∆  

C x′

y′

L
v

)( 11 fv

)( 33 fv )( 44 fv

)( 22 fv

αθ0r

x

y

O

x ′

y′

C

HG

 

2.1 ─ ⸗♦ꜟ 

o-xy⌐ ⇔≡ ╩≤╙⌂╦⌂™≢ ⌐ ∆╢

C-x'y'╩ ⅎ╢ 2.1 ─⸗♦ꜟ⌐⅔™≡○ⱶ♬ⱱ▬כꜟ─ │ ─

C ╩ ╢╙─≤∆╢ ╕√ ─ │ 2.1 ─╟℮⌐ 1 ○
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─ⱬ◒♩ꜟ≢№╢ 2.5 ⌐ Ɽꜝⱷכ♃─ │

2.1 ⌐ ∆ m≤ r0│ ─ ╛ ─ ↑ ⌐╟╡ ╦╢ ⱴ♩ꜞ◒☻ B

│ ≢№╡ ≤ ⌐ ∆╢ ⸗♦ꜟ 2.5 ╟╡

│ ◦☻♥ⱶ≢№╢↓≤⅜ ⅛╢  
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⌐ ™ ╩ ╢√╘⌐│ ⅜ ⇔√

≤ ⌐ ≢ ∆╢ ⅜№╢ ⌐ ─ ⅜ ⅛╢

↓≤⌐╟╢ ≤ ∏╣⅜ ≤⌂╡ ≤ ⌐ ⅜ ∂╢

∕─√╘ ≤ ∏╣⌐ ≢⅝╢ │ ≢№╢ │

─ ⌂≥─ ⌐╟╡ ─ ⅜ ⇔√ ─

⌐ ╦∑≡ Ɽꜝⱷכ♃╩ ↕∑≡™ↄ ≢№╢ ⇔√⅜∫≡

≢│ ╩ ≠™≡ ≤ ∏╣╩ ⇔√

─ ╩ ∆╢  
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⅝╢ ⇔√⅜∫≡ (2.5)│ (2.6)≤ ⅝ ⅎ╠╣╢  
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2.3 │ Ɽꜝⱷכ♃⅜ ─ ⅛╠ ⇔ ⌐ ∆╢ ╩ ⇔≡

™╢ 2.3 a ─ │ │ ⌂⇔─ ∟ 0=m kg≤ 00.00 =r �
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─ ⌐⅔↑╢ 1α̂ ─ ╩ ∆ 2.3 b ≤ 2.3(c)─ ⌐≈™≡

╙ 2.3 a ≤ ⌐ ⇔≡™╢ 2.3 b │Ɽꜝⱷכ♃ 2α̂ ─ ≢

№╡ 2.3 c │Ɽꜝⱷכ♃ 3α̂ ─ ≢№╢  

2.3 ⌐╟╡ ⌂⇔─ ⌐⅔↑╢ Ɽꜝⱷכ♃│ 

58ˆˆˆ1 =+= mMα kg  

58ˆˆˆ2 =+= mMα kg  

7.27ˆˆˆˆ 2
03 =+= rmIα kg m2

 

№╡─ ⌐│ 

1186058ˆˆˆ1 =+=+= mMα kg  

1186058ˆˆˆ2 =+=+= mMα kg  

1.334.57.2730.0607.27ˆˆˆˆ 22
03 =+=×+=+= rmIα kg m2

 

│ ⌐ ⇔≡ ⱨ▫כ♪Ᵽ♇◒─ ╩ ╡ ∆↓≤⌐

╟╡ Ɽꜝⱷכ♃─ ╩ ∫≡⅔╡ 40 ≢ ⌐ ⌐ ⇔

⅜ ⇔≡™╢↓≤╩ ⅛╘╢↓≤⅜≢⅝╢ ─Ɽꜝⱷכ♃

⌐╟╡ │ ⌂╢⅜ ⌐ ∆╢↓≤⅜≢⅝╢   
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№╢ 2.4 b │ 2.4 a ╟╡ ⅜ ⌐ ∆╢ 2.12
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╢↓≤⅜ ⅛╢     
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2.5 │ m=0kg ∏╣ r0=0.00m─ ⌐⅔↑╢ ≢№╢

2.5(a)≢│ │ │ x ─ │ x ⌐⅔↑╢

─ ╩ ⇔≡™╢ 2.5(b)≢│ │ │ y

─ │ y ⌐⅔↑╢ ─ ╩ ⇔≡™╢

2.5(c)≢│ │ │ ─ ⅝ ─ │ ⌐⅔

↑╢ ─ ⅝─ ╩ ⇔≡™╢ 2.5(d)≢│ │ x

─ │ y ─ │ │ ─
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2.5(a) 2.5(b)≤ 2.5(c)─╟℮⌐ ⅜ ⌐ ∆╢

√╘⌐│ 5s╒≥⅛⅛╢ ⇔⅛⇔ 2.5(d)─ ≢╙╦⅛╢⅜ ↄ ⇔

≡™╢ 2.6 ≢│ m=60kg ∏╣ r0=0.30m─ ─ ≢№╢

2.6 ─ │ 2.5 ≤ ≢№╢ 2.6 ≤ 2.5 ≢ ∆╟℮⌐ ─

⌐ ╦╠∏╒╓ ∂ ≢№╢  
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╩ ∆╢√╘⌐ ╩ ≤ ≤─ ─

╩ ─ ↕≢ ∫√ 2.20 ≤ ∆╢  
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x GGGd� −
=           2.20  

2.2 │ ╩ ⇔√╙─≢№╢ 2.5 ≢ m=0kg ∏╣

r0=0.00m─ ⌐⅔↑╢ 5s⅛╠ 60s╕≢─ │ 0.002m≢№╢ 2.6

≢ m=60kg ∏╣ r0=0.30m ─ ⌐⅔↑╢ 5s⅛╠ 60s╕≢

│ 0.007m≢№╢ ⌂⇔─ │ №╡─ ╟╡ ⅜ 0.005m

ⅎ╢⅜ ≤ ∏╣⌐ ⇔≡ ╟ↄ ⇔√↓≤⅜ ⅛╢  
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Ɽꜝⱷכ♃(λ ≤K )╩ ∆╢↓≤≢ ╩ ∆╢↓≤⅜≢⅝

╢[7] Ɽꜝⱷכ♃Γ │ ╩ ∆╢Ɽꜝⱷכ♃≢№╢ Ɽꜝⱷכ♃λ ≤

K ╩ ∑∏  
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╩ 2.8 ⌐ ∆ Ɽꜝⱷכ♃⅜ ⅛╠ ─∏╣⅜№╢√╘

⅜ ⅛╠ ⇔ ╣≡™╢ 2.3 ╩ ╢≤ ⅛╢╟℮⌐ ≢│

Ɽꜝⱷכ♃⅜ ⌐ ⌐ ↕╣╢ ⌐ ⌂ ⅜╖╠╣╢  
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⇔√ │ ⱴ♩ꜞ◒☻ 00 =M� ≤ ∆╢ ◦☻♥ⱶ⅜

∆╢≤ ╘╠╣╢ ≢│ ─ ≤ ─ ⅜ ─

⇔√ ─ ⌐≈™≡ ∆╢  

≤ Ɽꜝⱷכ♃─ ⌐≈™≡│ ⌐ ⇔√ ≤∆╢

≤ │ 2.21 ≢ ↕╣√ ≤∆╢  
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√∞⇔ 60/2π=w  

◦Ⱶꜙ꜠כ◦ꜛfi │ 2.9 ≤ 2.10 ⌐ ∆ 2.9 ╟╡ ≤

⅜ ╛⅛⌐ ∆╢ ─ │ ─ ─ ↄ≢№╢√╘ ↄ

∆╢↓≤⅜≢⅝╢ 2.10 ⌐ ⇔√ ⌐⅔™≡╙ ↄ ⇔≡™╢↓≤⅜

≢⅝╢  

�

-100

-50

0

50

100

Time [s]
0 10    20    30   40    50   60

3α̂

2α̂
1α̂

�

2.9 Ɽꜝⱷכ♃─  



�  ≤ ⅜ ∆╢ ⸗♦ꜟ �≤∕─ �

�������
�

0

2

4

6

8

0 2 4 6 8

y
po

si
tio

n 
[m

]

x position [m]

)0(Gdx

)0(Gx
robot

front

back

Reference

Response

 

2.10  

─ ⌐ 00 =M� ≤ ⇔√ 00 ≠M� ─ 2.13 ─

╩ ╘ 2.10 ≤ 2.11 ╩ ⇔≡ ─ ╩ ╢  

SMKS

SMSKSS

SMSeXMMSKSS

SMSSMStV

T

TT

TT
d

TT

TTT

)
2

1
(

2
1

2

1
ˆ])[ˆ(

2
1

)(

0

0

000

00

�

�

�����

����

−−=

+−=

+Γ∆++−−−=

∆Γ∆++=

ααλ

αα

  2.22  

02
1

MK �− │ ╩ √∆╟℮⌐ ∆╢↓≤⌐╟╡ ⌐ )(tV� ─

╩ ⌐∆╢↓≤⅜≢⅝╢  

2.21 ⌐╟╡  

�
�
�

�

�

�
�
�

	




=
wtw

wtw

wtw

M

cos15.000

0cos300

00cos30

0
�

  2.23  

 

⇔√⅜∫≡   



�  ≤ ⅜ ∆╢ ⸗♦ꜟ �≤∕─ �
�

�������
�

0)
2
1

()( 0 ≤−−= SMKStV T ��
             2.24  

↓╣╟╡ V(t)│ꜞ▪ⱪⱡⱨ ≢№╢.⇔√⅜∫≡ ∞→t ─≤⅝ 0→s ≤⌂

╢↓≤⅜╦⅛╢ ↓╣│ 

eeS λ+= �
 

⅛╠ ∞→t ─≤⅝ 0→e 0→e� ≤⌂╢↓≤╩ ∆╢  
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─Ɽꜝⱷכ♃│ ─ ⌐ ↕╣╢⅛╩ ∆╢√╘

⌐ ⇔√ ─Ɽꜝⱷכ♃ 2.19 ╩ ™≡ 2.18

⌐⅔↑╢ ⌂╢Ɽꜝⱷכ♃ a ≤ ⌐ ⇔≡ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi

╩ ℮ ─Ɽꜝⱷכ♃ │ ─ ╡≢№╢  

ᵑ

5104.3 −×−=a  rad·m/s3 ≤ 

3101.5 −×=b  rad·m/s2 

ᵒ

1101.1 −×−=a  rad·m/s3 ≤ 1.1=b  rad·m/s2 

a ≤ b ─ │ᵑ─╟℮⌐ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi t=150s ≢

│ 2.11 ⌐ ∆ ↄ ≢⅝╢↓≤⅜ ⅛╢ ᵒ─ │ ◦Ⱶꜙ꜠

fiꜛ◦כ t=10s ≢ │ 2.12 ⌐ ∆ ─

│ ⅝ↄ⌂∫≡™╢  
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2.12 t=10s  

ᵒ─ ⌐⅔™≡ ╟╡ ™ ╩ ╠╣╢√╘⌐ ─Ɽꜝⱷ

╩♃כ ∆╢↓≤⅜ ≢№╢ ⇔ ⇔√ │ 2.13⌐ ⇔

∕─ ─ ─Ɽꜝⱷכ♃│ ─ ╡≢№╢  
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2.13 t=10s  

─Ɽꜝⱷכ♃│ ≤ ∏╣⌐ ≢⅝╢⅜ ─

⌐ ≢⅝⌂™ ⇔⅛⇔ ᵒ─ 2.19 ⌐ ∆ ─
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─ ⌐≈™≡─ ╩ ⅛╘╢√╘ ╩

⌐ ↕∑ PID ≤ ⇔√ ≤─ ╩ ℮ PID ╩

2.14 ⌐ ∆ │ x ≢№╡ │ y ≢№╢ │

≢ │ ⌂⇔─ ⌐⅔↑╢ ≢№╡ │ №╡─ ⌐

⅔↑╢ ≢№╢ │ xG(0)≤∆╢ ╩ 2.18 ⌐ ∆ PID

─Ɽꜝⱷכ♃│ ⌂⇔─ ⌐ ≢ ⇔√  

⌐ ∆╢ PID ≢ ⌂⇔─ ⅜ ⅛╠ ╣

≡™╢ ╕√ №╡─ ≢│ │╟╡ ⅝ↄ⌂╢ PID ⌐

⅔↑╢ x y � ─ │ ─○ⱶ♬ⱱכꜟ 1 2 3 4 ⌐

↕╣╢ ⇔⅛⇔ │ ◦☻♥ⱶ≢№╢ ∟ ⌐

�⅜ ∆╢ ∕─√╘ PID ─Ɽꜝⱷכ♃╩ ∆╢ ⌐│

≤ ≤─ ⌐ ─ ⅜№╢√╘ ╟╡ ™ ╩ ╢─│

≢№╢[8]  

─ ◦☻♥ⱶ⌐ ⇔≡ ╩ ∆╢↓≤≢

2.5 ≤ 2.6 ⌐ ∆╟℮⌐ ⅜ ⌐ ↕╣√ PID

│ Ɽꜝⱷכ♃⌐╟╡ │ ≢№╢ ⅜№╢

│ Ɽꜝⱷכ♃⅜ ≢№╣┌ ⁸ │ ≢№╢↓

≤⅜ ≢⅝╢ ⌐╟╡ ⇔√ ─ ⅜ ↕╣√  
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│ ⅛╠ 0.16m ∏╣≡™╢ ∟ r0=0.16m � = 90°
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3.4(e)⌐ ∆ 3.4(e)≢│ │ x ─ │ y ─

│ │ ─ ╩ ∆ │
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≢№╢ ↓─ 10 ⅛╠ 150 ╕≢ │ 0.021 ≢№╢ ≤
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(a) ⌂⇔(m = 0 kg , r0 = 0.00 m) 

)0(Gdx

)0(Gx

Reference

Response

0

2

4

6

8

0 2 4 6 8

y
po

si
tio

n 
[m

]

x position [m]

0

20

40

60

80
A

ng
le

 [
ra

d]

Time [s]
0 10    20    30    40   50    600 10    20    30    40   50    60

 

(b) №╡(m = 60 kg, r0 = 0.30 m) 
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(a) ⌂⇔(m = 0 kg , r0 = 0.00 m) 
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(b) №╡(m = 60 kg, r0 = 0.30 m) 
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(a) ⌂⇔(m = 0 kg, r0 = 0.16 m, � = 90°
) 
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(b) №╡(m = 60 kg, r0 = 0.30 m, � = 140°
) 
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(a) ⌂⇔(m = 0 kg, r0 = 0.16 m, � = 90°
) 
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(b) №╡(m = 60 kg, r0 = 0.30 m, � = 140°
) 
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(a) ⌂⇔(m = 0 kg , r0 = 0.00 m) (b) №╡(m = 60 kg, r0 = 0.30 m) 
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(a) ⌂⇔(m = 0 kg , r0 = 0.00 m) (b) №╡(m = 60 kg, r0 = 0.30 m) 
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(m = 0 kg, r0 = 0.16 m, � = 90°
)      (m = 60 kg, r0 = 0.30 m, � = 140°

) 

3.12 ⸗♦ꜟ 2 2 

 

 






























































































































	Microsoft Word - 表紙と目次
	Microsoft Word - 第1章　序論
	Microsoft Word - 第2章　中心と重心が一致する平面モデル1とその制御法
	Microsoft Word - 第3章　中心と重心が異なる平面モデル2とその制御法
	Microsoft Word - 第4章　制御法におけるパラメータの自動調整
	Microsoft Word - 第5章　空間における三次元モデル
	Microsoft Word - 第6章　結論と今後の展開
	Microsoft Word - 謝辞.pdf
	Microsoft Word - 本論文に関する研究業績

